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*<�=>    

����	 ����� �� ����  !�"#� $��   �%�"& �%'��()� !��* +,     �� -'%�./0 12%3� +�%0�4&, ��
����0 �'("	 �� �5�/6#, ����	 $�� 789�"�- �� ;��<69, ;2��� ��3 .  >�%?�, @�%A&�)� ��   ;2%3

  !�%�  �3�B �� +��� C�"& �� ��, 1�9, ;23 �89�"� ���D E��F @��G �� $�� -�, !,��, ��
�� �''H	 2�* .+2�2# I6���4&, 1�F�J 7&�K� �� LM -�, N�� ����� ��  ��OP�� +,�� $�� !�"#�

�9, ;23 ��Q�R'� ���D�'S �6�,��� @��G �� ����  .      +�%9 ��OP�%� �%� 1I6���%4&, T%U�  , V�
 W�O� �X !,��, +,�� @�"'#�	 $�� ���� 1344- 1389 �6M,��� I�, .TU� I6���4&, �� ;�,�  ;23

 ;23 �6��B ��� �� [�\�  , �A��	 @�"'#�	 $�� 1+��� ���8� �� �#�	 ��   �6%RB �� �O� �%� O
]�9 �� !�"#� $�� ^(6_� ����K�    �%9, ;2%3 �8%9�"� ^(6_� +�0 .     �%� 1�%(J�� -%�,  , V%�

V� �� @�"'#�	 $�� �'D`	 �� �#�	 �� O a���6('�  , ;��<69,   �%� !��  �X $�� -�, ����K� 1 ,2�,
�9, ;23 �89�"� �'&O, ����K� b/* .     ��%4&, -%�, �� �%'&O, �,2%K� c�%_6�, ����� ��  $�%� 1I6�

  �%9, ;2%3 �6��B ��� �� �B2�  �� 2'�,  , �A��	 ����  !�"#� .    W�O� �� ���%�  !�%"#� $�%�
 T9�6� ��X �� !,��, ��\6d, +,�� �9��� �"	38/2 �9, ;2�P �9� �� 2G�� . -�, 1-'�./0

]�9 -'� $��  +�01355- 1367   �%� �%* �9, �63,� +��AG +2�O�      O a%�# �%(5 �%� 2%�,�	
����'/X,�� 0]�9 �� g���� +� 23�� chK�, b���� +�0 . @��%G @�89�"� i�9, ��    -%�, �%6��B

 W�O� �X �('/"	 a�#  , V� $��1368- 1389 �9, ;��� �&O�� +2�O� +,�,�.  

?�@A �<B�JEL :H431 Q01.  

 <�35E
�*:   �� 2'�, 1b'6�j I6���4&, 1!,��, ��\6d,V� 1�B2� ����  !�"#� $�� 1 ,2�,. 

                                                      
1.        1�5�%/6#, >�%(5 O ����2%� 1��%\6d, W2k%R�,� 1 ,�'%3 ;�4R�,� >�, V���� 1>�, !,2'� 1 ,�'3 1]�lU� W2�U���

-<(	 1��\6d, m_� :09173152490  

2 .�5�/6#, >�(5 O ����2� 1��\6d, W2kR�,� 1 ,�'3 ;�4R�,� 1>�, V���� 1>�, !,2'� 1 ,�'3-   -%<(	 1��%\6d, m_� :

09173009174 
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1 .?/<�/  

� $������  !�"#1 I'0�<�  , �k� ;��<69, +2'(* �� ;23 ��\6d, I(5  �%9, .  ��%\6d, ��

@��G �� $�� -�,  , >�9�� �9, ;23 ;��<69, ^(6_� +�0 .  �h%	 1]�%n� +,��    , ���%0

�9�'9 O !��,���\6d, +�9   2%��,�6� �%	 �9, �6��B @��G !,�,�B  �%(A� � �,   1[�%\�

O �'��()� � �6J �� �,��, ;����U  2%��* �89�"� ,� �0 .    �%���	 +,�%� $�%� -%�,  ,   !��%*

��"& �'��()�         �� �5�%/6#, �%���	 $�%� 78%9�"� �� -'%�./0 12%3� +�%0�4&, �� +,

����0 �'("	- �9, ;23 ;��<69, ��'U� ;2���.  

'F��7 o�,�  p�\M �����  !�"#�� qr�/A� �* �9, -�, $�� -�,   !,�%# ��'U� �,��, +,��

 2J -��	r�� �� �'� OO !�'� �,��, +,�� -'��� ��'U� ]�9  �%9, �	 . �%.�      ���O2%"� �%(5 �%� �%0

s,��, !�3 O �  �� 2'�, �(5 �� !,�'�2-'��� �B �3�8U� ��X �� 1!  2%��,� ��r�� ����  !�"#� .

�� !�/B  >,O 1,�%K� +,�� ;t�O ��X �� ����  !�"#� ��3   !�B2%��'B   2%3�� r�%� !�%�,�# O.   +,�%�

1]�n�  ;23 N()� ��M uh5r +��/'�  , �* �\_3 �9,   ,� ���%�  !�%"#� �� ���QB�� m�,��,

�� ���?	 2�* .��� �6<B +��l	 -�, � �U�, �* ��3! q�5�� �0 ]�J ,� �� ;2��P  v'#�%	  �%�  2%�0� .

�(5 !P I0 ;2��P  , ����'/X,�� 1�9, ,��  !�U�, �0 -l/)� 2�6U'� �	 �* ;2�  2�,. 

  v'#�%	 ;2��P �� ,� ]�J [�\� �,��, �* �9, -�, �0�4&,  , +��'U� �� �9�9, w��

��  �%3,� 20,�M ��#O �8n� ����  v'#�	 $�� �?'6� �� O 2�0� .    +�%9  , �%6k� -%�,

   �%� ,� ]�%J �,��, 7/0 ��,2� ��O�& �* �9, �6��B �,�d ��� 2� ��h9, ��\6d, �� �M��

 v'#�	 ;2��P2�0� .      ]�%J �%� ,� ;2%��P !�%U�, �%6J �9, -k/� �)�,�3 �"	 �k���x

 �%� ]�J O ;2��P �� �8U� �� O 20� v'#�	   2%3�� @O�%<	 . �%/�      q���%G ]r26%9, �%� !,�%	

!,O� �6J O +��\6d,    ��%* �����%Qy, ;2%��P �� ]�J �A)d v'#�	 p�\M �� ���9��3 .

  �%\� +r�%* +��� !,�8# ���6�, !O2� +��� ;�B �k���x     w�%d +�%4�� �%� ,� ��%M ��

�� ��OP �9� �� +��� N<� !�Q# -�, �� O ;2��P �� �k��, !O2� 120� .  

g�8	�, ��3 �#�	 !P �� 2��� �* +�4�� 76k�     � �, >�%Q<� �%� ���%�  v'#�	 !�,�

    �%Rd��� O z%"� ���%� ��h9, ��\6d, W �J !��,��\6d, ;�B2��  , �* �9, ]�� ���� 

�9, .�M�� 1���/� +,��     �����%9 ��%6�� z%"� �� !�/(%U� !��,��\6d,  ,    $�%� 1+�,�%B

;��* w�� �<G ,� ����  v'#�	 2��,� �<&�_� !P �� �4�� �0O�B �{�, 12�, .  1]�%n� +,��

                                                      
1. Time Preference Rate 
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I'Q�  !�M1 )1991 ( ��#O �<G ����  !�"#� $�� +,�� �Q'#�	 ~'0 �* �9, 2K6A�

��,2� .�� �5�, +O � ����  !�"#� +,�� �Q�	 �� �* 2�*   �%A�� ��h%9, ��\6d, �� �8n

�� ��\6d, -�, �� �'� ]�� ����  � �, �6J �k(� 1��,2� ��#O 23�� �63,� ��#O 2�,�	 .

            m'%�  , �,2%K� @��%G �%� ���%�  � �, -%�, �6%U��� �%��  , +�'B�%(# +,�%� �%68&,

-''A	 ��'4� �,�d ;�#O EJ�G �9,�M�� ���� ;23 .    � �, O o'#�%	 @��%G -%�, ��

� ]�� ���� � ��3 ;��<69, ^(9 O ;��#, 2���� +��,�� +,�� 2�,�	 .  

   O �%U'� �%��D q��O�& �,��, ����  @�"'#�	 �* �9, ��, -�, �� �#�	 �4�� IQ� 76k�

�� 2�* �''H	 !��  �3�B �� 2�,�	 .      �,�%�, 7%/0 +,�%� !�%Uk� ���%�  !�"#� $�� w��

���D ���X  , O �A��# Ad,O�'S +��, !��  �X $�� -�, !��� �%� ��� �� �   2%9�),O, O,2 1

1968 .(�� N�,�# O �,��, ����  !�"#� �� �''H	    �� �%''H	 E8%9 2�,�	 V%�  O  ,2%�,  ��

�?'6� �����9  +�,�B��3 . 1�	��85 ��V� O [�\�    ��%� �%0  ,2�,   �'D`%	 �%"	  !�%"#�

 +O ���� �9,. V� !�R� �6R'�  ,2�, 2�0�W -'��� ����  !�"#� $�� Vk5�� O �9, �	 .  

�� ����  !�"#� $�� +�0�����* �4��  , �O� �� !,�	  ;��3, ����	 $�� 789�"� +�0

��* .#�	 $��@�"'  !�� �5�� ��	 $����  �9,�* /\	 ��I' B+�' 9 �%9�'  �%0+ �� �%� 

/Q� mK�� ��,�. <�2'�O� !��� �0+ �25+ U� ��+��' ; �J  , �0+  ,�%� ��\6d,+   �%J

2d @hkR�1�/� �./0-'  2�2# ���U��9, ;23 ���D .     @�%"'#�	 �%k��, �%� �%#�	 ��

�� 12��,2� �6��D $�� !��  �X q��O�&   , !,�	�O� �0+ �25+ +,��  ��OP�� -�, $�� �'H6�

��* ;��<69,.  �9, ;23 -3O� !��*, 1-�, �� ;Oh5U�+��' 9  ,�9�' �0+ �T'"  �6U� 

   �%� �,�%d �'D`%	 �"	 ,� �A��# ;���  2%�0� .   8%9�"� ��%��� �%�7  �%�� ,  , �%G�J N� -%� 

9�9�' 1�0  �9, > r�,��, �* ��3 �_R� �+ N<� ,��+ �)M m0�*�0 � �x ��!,�'  ��

 !�,� �9�  ,�/	 2�P���� 2��,�.    2%�P�� !�,� �%9�  , �� �,��, ���/	 �9��� ����� ��

!P ����  !�"#� $�� !��  �X 2��� ��3 �89�"� �0 .  

IQ�  , 1-�,�����    ���%�  !�%"#� $�� ��OP�� +,�� �3O� 7�,�, �'K"	 -�, [,20, -��	

�9, ���D�'S �6�,��� @��G �� .   ���%�  !�%"#� $�� �* �	�A&�)� �,2A	 !,��, ��\6d, ��

�9, �O2"� ��'U� 12�3�� ;��* �89�"� ,� .    �%� $�%� -%�, @�A&�)� -�, 7/0 �� ���X  ,

, ;23 �89�"� ���D E��F @��G �� !��  �3�B�9 .      $�%� -%�, +�%�� C�%"& �%� ��,

                                                      
1. Fahim Khan 

2. Uzawa 
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�� 2�* �''H	 !��  �X 2�,�	 . -�, N�� ����� ��LM      , ;��<6%9, �%� �%&�K� -�, @�'��, ��

 1��� -'&O, +,�� 2�2# I6���4&, b�  @�%"'#�	 $��      �%��D�'S �6�,��%� @��%G �%� ���%� 

�9, ;23 ��OP��. "'#�	 $�� ����  +�9 ��OP�� �� 1I6���4&, -�, TU�  , V�  ���%�  @�

 W�O� �X !,��, ��\6d, +,��1344- 1389 �6M,��� I�, .  

!�/0     �%� �%* �%9, ;23 ;�,� TU� �/6���4&, ,26�, �'K"	 -�, �� 123 ;��3, �* ��X

�� !P  , ;��<69,      ��OP �%9� �%� ���%�  +�%9 @��%G �� ,� ����  @�"'#�	 $�� !,�	 .

������ 76U�   >�%�  , ;��<6%9, �� I6���4&, -�, �U���      �%9, ;2%3 �6%3�� E%(6� �,�%�,.1  ��

TU� I6���4&, ;�,�     �� [�%\�  , �A��%	 @�%"'#�	 $�� +��� ���8� �� �#�	 �� ,26�, ;23

     ]�%9 �� @�%"'#�	 $�%� ^%(6_� ����%K� �6RB �� �O� �� O �6��B ���    ^%(6_� +�%0

�9, ;23 �89�"� .      $�%� �'D`%	 �%� �%#�	 �%� O a%���6('� �O�  , ;��<69, �� !P  , V� 

V� �� @�"'#�	      7%'&O, ����%K� �%� �%#�	 �� !��  �X ����  @�"'#�	 $�� ����K� 1 ,2�,

�9, ;23 �89�"� �_R� .    ;��<6%9, +�%6('�  , �%'&O, @�"'#�	 $�� c�_6�, ����� ��

;��* �9, ;23 �6��B ��� �� @�"'#�	 $�� �� �B2�  �� 2'�, �'D`	 !P �� �* I�,.  

23 I'��	 �/Ud m3 �� �&�K� -�,�9, ; .     �%�,�, m0Ot%� 7�'%R'� >O� �/%Ud ��

�%%� ��%%3 . ��,� p�%%\6M, +�%%�� ���%%8� �%%� >�%%9 �/%%Ud . I6���%%4&, O ��OP�%%� �O�

TU� ;�,� �9, ;23 ;�,� v'F�	 >��Qx �/Ud �� ;23 .    O ���%�  @�%"'#�	 $�%� ��OP��

     �%9, ;2%3 �%�,�, I?�%� �/%Ud �� !,��, ��\6d, +,�� o��6� �'("	 .    �%� ���%Q� �/%Ud

N/# ���?'6� O +2 ��,� p�\6M, +�'B.  

2 .6H�IJ KB�"�J 

 p�\M ����K�       ;��<6%9, ����%K� z%'J  , ���%�  @�%"'#�	 $�%� +��OP�%� ��  %3 �� ;2

��,� ��#O �A'9O ���	 @�A&�)� .       �� @�%A&�)�  , +�,2%A	 �%9��� �%� �/%Ud -%�, ��

      �%9, ;2%3 �%6M,��� ���%�  @�%"'#�	 $�%� ��OP�� 7�'�  .   �%R'� ��%K65, �%�2)1930( 1

-'6U*,3)1961(i�2�0 14)1965(!�692�'& 15 )1972( ���R� �'� O ��� $��  �9, +,

                                                      
.1 ,�- 6U�7 ������ ���U� ��� ���!�B2�U ��#�� �9, �* �� @��G �9,�M�� ��,�, 20,�M 23. 

2. Fisher 
3. Eckstein 
4. D. Henderson 
5. Lindstone 
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   2%�0� v'#�%	 ;2%��P !��  �� �,2K� !�/0 �� ,� ]�J !��  [�\� �* �,��, +,�� .  �%6dO

 �'��()��'- ;�O�,   �%� �%9��� !�%�  �X +        �%���	 �� ��%� �%* �%9, �%K)�� 1��%3

2�* ����� ,� ��� ]�/6J, 1�	P �'��()�.    �%A��# �%�5 �0 �* ��3 w�� �B, 1-�,�����

�� ����	 !��  !P �	 !2��/� ;2�  ]�/6J, �� ,� ��M �	P �'��()�   �%� 12%�*    +,�%� !,�%	

��* C�"& �'� O ��� T9�6� $�� ���X  , ,� w�� -�, �A��#.  

�M�� �* �9, -�, ��3 �#�	 !P �� 2��� �?��, �� �* �/Q� 76k�  $�� !�"#� ����  

�Q�	 ,� ������ �(5 ;�Q� �� >,O �0 �6U�,�  O !�"#� ����   ,� �&�%M  ��%#  +��%'��  $�%� 

;�Q� �6��B ��� �� 2�, .     I6%U'9 +,�%� ���%�  !�%"#� $�%� 789�"� ;�B2�� -�, ��   +�%0

�� ��* ;�Q� $�� i�9, �� �* +��\6d,   �%� �%�� �� +�O�F +��, 2��*  2%9�.1   1-�,���%��

 ��\6d, �� ;�Q� $�� ��  �'� �0O�B       �%'#�	 N%�,�# �%� �,�%�, ���%�  !�%"#� ���X  , ,�

;��* 2�, .   W �%J �� p�%\M �� 1!��,���\6d, �M�� ��K6�, ���� @23 �� ;�B2�� -�, �68&,

�9, �6��B �,�d ��h9, ��\6d,.  

�K�2G2 )2006 (    �%G�A� !�/(%U� !��,��%\6d, !�'� 7Rd��� �9��� �� ��M 7&�K� ��

 ]�� ����  � �, p�\M ���� � ,��� .�� z"� +O     �%� ,� �%(A� [�%\� >��� �* 2�*

�/� v'#�	 �	P [�\�      ��%3 E8%9 �%* 2%��,� ��#O +�4�� ��,�5 w�5 �� �{�, 12�0�

!P  2�P�� �	�O  ������ �0)�(A� [�\� �� ( 2%�0� v'#�	 �	��� 2�P�� �� ,� .  z%"� +O

�� �)K�  , �* 2�* v'#�	 �� O �8n� ����  !�"#� �� ��h9, ���   2%�P�� �	�O  ������

�/� >,O +,�� �,��� ������ +,�� �Q'#�	 2�,�	 23�� ���\� +�0. 

-UJ �'8* O 2/J,3 )2009 (     ��h%9, 7%'&�� �� ]�%� >�%Q<� ����  � �, �9��� �� �'�

�� 2� ,��� .!P �����9 +,�� >�Q<� -�, �'/0, �� 2'*`	 -/F �0 ����� 1+�,�B    !P �&�%� +�%0

h9, ��\6d, +,�� ,��� �� �� z"� �{�, 2�����    �%U'� ���%# ��h9, ;�B2�� �� �.�P �* 2��*

�� ]�� ����  � �,  , ;��<69, 7&���   -'%'A	 m'%�  , �,2K�    w�%d +,�%� ;2%3  �%9�0.4   �%68&,

     z%"8� ��,O O �%9, ;�%�� O r�%* [�\� �� g���� ����  v'#�	 z"� +O� �&�K� -�, �*�/	

�/� ]�� ����  !�"#� ��3. 

                                                      
1 .m'� @�'��# +,�� �� �	  �� !,�	����0 )2011 Herbener, (��* �A#,��. 

2. Siddiqui 
3. Ahmad and Kabir Hassan  

4 .�9, �&�K� -�, [,20,  , u��M !P �� -6M,��� �* ��,� �(K6U� z"� �� u�'6J, ��F�� -�, �68&,.  
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� ��7A&�) !�69,1 )2006( �9��� ����� �� H	@,�''  ,�%0 O cP��  #�	 $�%� @�%"' 

��� �� ��,�� O ���D � 1/0  ��()� m%R* O ]�9 �� 2G�� �%'  �%Q���    �%� �%�,��1   �%�� ��

�9, ;23 �6��B .M��� ("	�' 1!,�B   �%(/#  , �6��4%9,�2 )2007(1  -��%6�O3 )2007 ( O

i�0����4 )2007( �� !�'�  2��*�* -'��� ����K�    �� ���%�  @�%"'#�	 $�� +�0�6�,���

!�69, 7A&�)�  ����	 $���� 5�/6#, ���-'� �?�� �9, ;23. , ��-� 	�	 E' %G�	�'  �%0+ 

9 �69�' !�69,�A&�)� -�, ��  2K� ,��� 2��* .!�69,    -'��%� ����%K� ��	 �6�,��%�  �� �%�

�&�K� -�,  ,��� � ��' �0+ �9, ;��* @�8D, +��6��. 

)� ��@�A&�    Vk��%05 )1994 ( �U&�%%�����9 O6 )2003 (  �,2%K�05/0  O �%?�6��B 1

���%%%%���,�7)2004( !,��%%%%k/0 O ���*,�'%%%%9 18 )2009 ( �,2%%%%K�04/0  O �%%%%/&�� O

!,��k/09)2010(  �,2K�01/0  ��� �� $�� -�, +,�� ,��6��B  2%�,10 .   @�%A&�)� �%M�� ��

 �� �* �9, ;23 �89�"� ����  !�"#� $�� �'� �(M,�  @�%A&�)� -�,  , +�,2A	 �� ��,�,

�� �6M,��� 3��.  

       �%� -6%3,2� �%9�69� �%(5 �%� ���%�  !�"#� $�� 789�"� +,�� @�A&�)� -�, ��

 2�P�� �� [�\� �8U� �'�� 1-��4��# +�0�'H6�  , 1!P @�5hX,)�
�

 (   m%_� [�%\� ��

]�9 �� >��	 $�� �6J O �G�\M �� 1�8d +�0 �     6%9, ���%�  !�%"#� �M�%3 7%&�� ;��<

�9, ;23 .�&r� 7A&�)� i�9, ��   ���Q<G,)1391 (��A� O �8n� 7)�,�   $�%� -'� +�,�

�9, ;2�P �9� �� >��	 $�� O ����  !�"#�.  

�9�85 7A&�)� �� �#�	 ��  !,��k/0 O �,t�)1388(     �,2%K� �%Ad,O +��%?	 �,O�, +�%4&, �� 1

 ����	 ���5 7�r�9)β ( -'�92/0  �	96/0 !P �(\� �,2K� O  -'�98/0  �	99/0   ��%\6d, +,��

�9, ;23 ��OP�� !,��, .    ���%�  @�%"'#�	 $�%� O ����	 ���5 7)�,� �k��, �� �#�	 ��)ρ (  �%�

 @��G)β = + ρ
1

1
 ( �,2K� -�,����� 1�9,ρ  7(G�� ��01/0  �	08/0 ���B 20,�M �,�d.  

                                                      
1. Stern 
2. Dasgupta 
3. Weitzman 
4. Nordhaus 
5. Hofkes 
6. Sampaolesi 
7. Gretegny and Rutherford 
8. Sirakaya et al. 
9. Palma et al. 

10. ���� �� 7&�K� �� �6R'� @�A&�)� �9��� �>O�B O �0 !��� )2005 (��3 �A#,��. 
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;�3 7A&�)� ��  +�,��)1389( @�"'#�	 $�� �6�,��� 1)ρ (     ��OP�%� I'K6%U� ��%X �%�

�9, ;2R� . ���/5 ]��A	 +�4&, �� �k(�ρ     �%4�� +�%0�6�,���  , �A��%	)k(1( f (k))ρ =  

�� ^��A	 ��3 . �,2K� ,26�, 1-�,�����k  V�9 1��OP���      �8%9�"� ��*�%� N��%	 i�%9, ��

�9, ;23 . ����  @�"'#�	 �6�,��� �A&�)� -�, ��4 �9, ;2�P �9� �� 2G��.  

 �&285)1388 (�A&�)� ��   �%9, �%6M,��� �5�/6#, ����	 $�� ��OP�� �� +, .  -%�, ��

 �'� O ��� $�� �A&�)�)!2��/� ;2�  ]�/6J, (�� �A��# ��    �� ���%�  !�%"#� $�� 7&���

��B ��� ��,�� !,��, ��\6d, +,�� $�� -�, O �9, ;23 �65/5   ]�%9 +,�� 2G��1385  ��

�9, ;23 �6��B ��� .�� $�� -�, 789�"� �� �(M,� @�A&�)� �4��  ,    O �%&r� �%� !,�	

 !,��k/0)1387 ( �&285 O)1388 ( �,2K�055/0  �%9��'* 1)1386 (   �,2%K� �%�09/0  O

-��  +2/"�01/0 ��* ;��3,.  

!�/0 ��X     @��%G �%� ���%�  @�"'#�	 $�� 1�(M,� @�A&�)� �� 123 �9��� r�� �� �*

�9, ;2R� ��OP�� I'K6U� O �'H6� .�M�3 1�A&�)� 2�x �� TK�    $�%� 78%9�"� +,�� ���0

     �%9, ;2%3 ;��<6%9, 1!�%�  �%X ���D @��G �� ����  @�"'#�	 .     ~'%0 1-%�, �%� ;Oh%5

�A&�)� M,���� ���D�'S $�� -�, ��OP�� �� +,�9, �6 .  �%� �h%	 �A&�)� -�, ��    -%�, ��%3

��3 ��OP�� I6���4&,  , ;��<69, �� $�� .   I6���%4&, v'%F�	 O +��� ���8� �9��� �� ��,�, ��

TU� ;�,� �M,��� I'0,�M !��  �X ����  @�"'#�	 $�� 789�"� ����� �� ;23.  

3 .'()
 ���L�, � �-M. !.�@/  

�� >�(5 ��\6d,+ U�'��+��l	  , +  �0   �%��d �%* 2�6U0 ��68� ���0��6M�9 O �0�'H6� ��

; ,2�, ���d I'K6U��'S �� ;20�R� 2�6U'� +�'B .  ���%�  v'#�	 $�� �0�'H6� -�, �(/#  ,

�9, .�� +��6M�9 @r��A�  , ;��<69, 7&��� ;,� [�X�� +,�� �(J      �%� �k%R� -%�, !��%*

�� ��* �O�.  

�%%'#�	 A�+�%%0��' +��%%6��  O-6��%%B �%%�� �� 	 $�%%����%%� 5�%%/6#,�%%��D �  �%%*

VkA�� $�� W2��*  ����	�, �� !�'� �� 23�� @2�   , ;��<6%9, �� 1   ���%�  @�%"'#�	 $�%� 

���D !�k�, �U'� ����.1 ��U	 O ���*2 )2007 ( ��p�\M mK�  ���%�  @�"'#�	 $�� 

                                                      
1 . �,� �, �� >,2� �� ]�J !�9�� �9, O @�8D ���* �� �, �� ��#O ��,2�. 

2. Karp and Tsur 
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����   �%��D�'S 8)	 �� �%' , -%�  [2%0 O� )      �, �%� �� �%���	 $�%� O +��%6�� +�%0��'A�

!�'� @2�(  ��b� &,�4  ���� ]�/6J, -'�z"� ��,�J ��dO ;��* 2�,.  

789�"� �� m�,�B ���X  , �'H6� ����  !�"#� $��  ���(5 ��<69, ��'%U� W  ,    $�%� -%�,

@��G �� ��	�� &�&�0 �)β = + ρ
1

1
 (�� ��6�� ��\6d,+ �9, .   �&�&�%0 �%���	 +�%0�4&,1   �%�

+��?�0�� v'F�	 ����� ��6�� 2���� ���0    �%9, ;2%3 ;��<69, +��� @�"'#�	 �� ;23��k3P

)-'�,�2 11998 .(,-� �0�4&, �� �O�����  W q�68U� 2���� 1;�	�*   !�%�  @2%�  B2%� �  b%�  ��%� 

�� ;��<69, 2��3 ., ��-�  1]�J �'H6� ����  @�"'#�	 $��,��+ A&�)� 7  ���U��U� "�  �%)'

)2���� +��B2��� �0 �B+ ���_(B ,+ (�� �/5+ �r�X� ��' �9, IQ�.  ��  @�%A&�)� -%�,   �%�,  ,

U���' �r�X� �� �O2"���3 �� ;��<69, ��3 .���D w�� ��  !���$�� �0 +��	1��  @��%UM  +�%0 

�����/� �* 1 !P  , !,�	 �0 IRx3��  �%A'8X N��%�� �� 1��* � P �� ;2%�� ,+  %� �O��   %� T%��� 

 ��%# ]�/5, �%U'� + .  $�%���	 �%�  �%��D O   I%Rx �%��d %3�� �) �	 $�%�  -'��%� �%��(   E8%9

���G �#�� �m' U� 2J  ,� +�0 �(A� ,���'AFO ��8Q� + �U�  +�0P ;2��)qr�/6J, �S�  �%	 (

�%%� ��%%34 )�k%%U�('.'x5 11996� �%%'06 12001 !�4��%%& O �%%& O7 12000 .( ��%%F�� -%%�,

!�R� ��3 �6��B ��� �� �'H6� 2��� !��  �X ����  !�"#� $�� �* �9, -�, W2�0�. 

 @�"'#�	 $�����D ����   ��F�� -�, ���&r� ��,� �*     -'%� c�%()� ]��%8	 �� ���/	

�U� ;�O� �0 �� �&,�6� +�0 �9, ���D +, .1]�n� +,�� �/	�� &��8	 ��   O� +,�%� �%* �  �%U�

1��,� ��#O �F�J ]�J �� �&,�6� �/	 !�/0��  ��]��8	 �-'   &,�%6� �%U� O�� P �� ;2%�� ,+ 

 �O��3,� 20,�M ��#O . !�R� ���?	�� ;�O� �� 20�   O� -'%� �&��8� �� ���/	 ^(6_� +�0

�9, �'H6� �U� .��3 w�� ���D 2��8� !��  �X ����  !�"#� $�� 1-�,����� .   �%� �%#�	 ��

 ���D�'S !��  �X ����  @�"'#�	 $�� 1�A&�)� -�, �� ��F�� -�,) �%'H6� (   ;2%3 ��OP�%�

�9, .�2�P O ���* 7A&�)� ��8 )1994 (  , ;2%3 ;�,� !�%R�   2%��� �%* �%9  %�  @�%Q'#�	 -'

                                                      
1. Hyperbolic discounting 
2. Rabin 
3. Very long or infinite horizon 

4. �� ,��+ 1]�n� u�M !��* �'m  , 2J �� m0�* �0 �B+ ���_(B ,+ ,��+ ��8Q�  %"�'T  � �%U  �%U�  �%0+  %	P�   ,

+�9 �U� �0+ ��#+ @��G �� B'��. 
5. Chichilnsky 
6. Heal 
7. Li and Lofgren 
8. Cropper and Ayded 
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�U� �0+ �(A�  OI��3 ���d ���/	 �	P .   �%/� ,� �O� ��'%U� ���%�  7(G�� �� �U� O�    , !,�%	

���D ����  !�"#� $�� �9, -k/� ��, 1�,� �'/	 �4�2k� P ��;2�� +, ��� �O�b�    �<%G �%�

23�� .!�R� ����  @�"'#�	 $��  �� �A��# ���8'k3 O �8G !,�'� W2�0�   N��%��  , ;��<6%9,

�9, i�69� �� .       �%��X  , O �%A��# �,�%�, 7%/0 +,�%� !�%Uk� ����  !�"#� $�� w��

���D �� ��� �� �Ad,O�'S +��, !��  �X $�� -�, !���  29�),O, O,1 11968.( 

  �%� ;2��P O ]�J [�\� ��'R��# ���/	 �4��'� �* ����  o'#�	 $�� �4�� ^��A	 ��

 q���/5 1�9, �4�2k� +�#  !O�%� �6�,��%� @��G ��      �%6��B �%�� �� �%'��()� N��%	 �� , 

�� ��3.2 bx�* ����K�        �%(A� � �, �%* �%9, �%�A� -%�, �%� ����  @�"'#�	 $�� �	

[�\� +,�� �	P [�\� �9, �6R'� ;2��* .[�\� T�,�3 -�, ��   ��%� 20,�M ���� ;2��*

  �K� �� O � ,2%�, �%��A	 �� +�6R'� !,�'� �� ,� ��M �(A� [�\�  V%� �%�    ,� ��%M  ,2%�,

20� m�,��, .V� m�,��, �� �� O �����9 �3�8�, 1 ,2�,    m�,�%�, [�%\� O 2'&�	 !P ]�8��

���� 20,�M .���� ����K� Vk5��    �6%R'� �%A��# �,��, �* �9, !P �4��'� �6�,��� -�, �	

V� O� -�,  , O ;2��P �	 2�6U0 ��M ]�J [�\� !,�4� �� m0�* ,� ��M  ,2�, 2�0� . %� �

V� m0�* �����9 !P ]�8�� �� O �����9 �3�8�, 1 ,2�, �� m0�* +�,�B �  O� -%�,  , O 2��

�3,�B 20,�M �<�� �'D`	 @2�2�(� +��\6d, 23� �� .  $�%� �6�,��� �,2K� 1i�9, -�, ��

�)K�  , ����  v'#�	        ���%J �,2%��� 7A%9�	 O @2%�2�(� +��%\6d, 2%3� �� ���'69� ���

�9, �'/0, .* +��X ��   �%&r� �A%9�	 �� �8U� @2�2�(� ��4� �� !P -'��� ����K� �

���� ����K� O ��,� I*�J �� �y��6� !P �	 ;�	�* ��4� !���  �%9, �A9�	 �� �8U� @2� .

�� ����  v'#�	 $�� m0�* 1�4�� !�'� �� V� m�,��, 2�,�	      ;,�%/0 ,� �%A��# �%*  ,2%�,

 23� 2��,�� N��U	 �� ���X -�,  , O 23�� �63,�     �%D, ��,�%9 2%�P�� m�,�%�, O +��\6d,

��,�4� .   @�%"'#�	 $�%� �6�,��� �,2K� �* �)�,�3 �� �* �9, !P �� ���6�, ]�J -'5 ��

I*�J 7)9,O �� 123�� r�� ;�	�* ��4� !��� ;�Q� O ;��<69, 1�A9�	 �� �8U� @2�  +�,���

;��Q�  , �6R'�        O N��%�� �6%R'� �%x �%0 7%'(_	 E%#�� �A'8X N���� O �0   �%'<'* �%�,

T'"� ��3 �U�  .�� �&O� 1-�,�����    �� @2%�2�(� 2%3� �<J �� m�,�B E'S�	 �� 2�,�	

+��� ��?�, O �A��# �,��, -'� j��,+  O2�, ���/5 �0�BP m�,��, ;,�/0   7A9�	 �� �8U�

 2�* ��?�, ,� �,2��� 7A9�	 [,20, �� ���'69� 7�'�  �,2���) 1�	,�01391.(   

                                                      
1. Uzawa 
2. Fredreick et al. 
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 ,O, O,)1968 ( 78%%9�"� �� ���%%�  !�%%"#� $�%%� �%%* �%%��B �%%�� �� ,� !�%%k�, -%%�,

-'� �'��()� ;�O� 23�� �63,� �46U� �'��()� v)9 �� +, .    @��%G �%� ,O, O, ;�%�� N��	

 7)�,�1 �9, ;23 �63��.  

)1(  
t u(c ) dvvW u(c ) e dtt

 
  

− ρ∫∞= ∫
0

0  

         , 1�A��%	 ���%�  !�%"#� �%�P $�%� �%?��, �� �%* �9, ;��� -�, ,O, O, ��k6�,  v)%9

�9, +��# �'��()� .-'� �'��()� + �9�n*,2J 7(lU� @�A&�)� �n*, �� ;�O�  �,���M +,

 7)�,� @��G ��2 �9, ;23 w��.  

)2(  u(c ) ttJ(.) Max e dt
 
 

−σ
∞ −ρ= ∫ −σ

1

0 1
  

�)�,� -�, ��1 u(c) ��"& �'��()� ��  N��	 +,1 �9, .    v)%9 �%� �%'��()� N��	 -�,

  [�%\�)ct (  ��,� �%8n� 7%%)�,�)uc >0 .(  ,O, O, ;�B2%%�� i�%%9, �%� 1-�,���%%��)1968 (

��  ,� ����  !�"#� $�� !,�	)ρ ( �%��B ��� �� [�\�  , �A��	 .   7%)�,� 1-�,���%��3  ,�

�3,� I'0,�M.  

)3(  t t(c )ρ = ρ  

,�� ���X   ���� �A��# ��,O� ��6�� �� ����  !�"#� $�� I'�,�   �%9, +�6�,��� O ���B

!�9�� !��  �X �* �/� ���?	 ,� �B��� +�0       �%'� �%8d W�O� !�%"#� �%� �(k%3 �� O 2�*

 �3,� 20,�M �46U�)( )t t tρ = ρ ρ −1 .(     $�%�  , �A��%	 @��%G �%� !�"#� $�� 1-�,�����

�� �6��B ��� �� �8d W�O� ����  !�"#� $�� O �G�\M m_� [�\�  ��3) 7)�,�4 .(  

)4(  γ θ

t 0 t - t tρ = α +βρ  γ c +θ p2 2

1 1 1  

 7)�,�4   �%9, ;2%3 ;��<69, �)�,� -�,  , I6���4&, ]O, 7(J�� �� �* �9, �6RB �� .

V� $�� 7)�,� �9��� �� ��,�, �� �9, ;23 �6M,��� ����  !�"#� O  ,2�,  

 $��-'��� ����  !�"#� q���/5 �	  ��@�2d m'�   �	r�%� �%�'�  �,�%�,    �#��%M T'%"� ��

�9, ;,�/0. m'� !,�	 -�, �� ��'�    E%U*  , �%� ����,�'� T'"� �� @,�''H	  , �3�� 2�,�	

                                                      
1. instantaneous subutility function 



!�"#$�� %�&�'()
 $
 *	�+�,
 �� �
-&
 �	 !.�/$ ���0� 1-. 	��2-�   277  

 

 

('9O �� m�,�7     2%3�� !�%�,�'� T'%"� �� !P ]�%/5, O �,��, ) i�P �%���11 2011( .  �%�A�

�� ����  !�"#� �(M,� ��,�5 ���X  , 2�,�	 �� �#��M  ��   ��%'B �,�%d �'D`%	 �"	 O� �0. 

����  �* m'� ���d O s2�, !P �''H	 @23 �� ���6�, ���)� �)'"� @,�''H	 ��'�   �%9, �	

�� m0�* ����  !�"#� 2��� .�&O� �0 1�69�'9 @,�''H	 ��?�, ��  qr�%/A�     ��%#O �%� N��%�

2�P�� !��'/X, -�, ! 2��3.   ��%�  !�%"#� $���   �%# �%�����4�  !�%'�  ,�%�,m�  �%Q���  ��

 2�P�� 1@O�D��  ]�J [�\��� P;2�� ��,� ;��3, .   V%� O 2%�P�� �%� �_3 b�    1�<%G  ,2%�,

   �%� !�%R� 1��,� +�6%R'� 2�P�� �* �U* �� �8U� ,� +�	r�� ����  !�"#�  2%0� .  �%6dO

 +2�P�� N������� � ��)9  , �6R'� 2%���� m�,��, m6R'A1    ���%�  !�%"#�+O    ��%X �%�

�69�'�1 q��O�& �� ��,  �%)M @��G ��    �%��� 2%0,�M m0�%* . -�,���%��1    �� ���%�  !�%"#�

��� r�� +O2� N�,�#; �9, �6��� m0�* �6��R'� N�,�# �� O )a�'��B2 12008 .(  1-�,���%��

�� �5�, V� $�� �� ����  !�"#� $�� ��3 9, g�8	�, ��  ,2�,�. 

+��0�& @�A&�)� �� �#�	 ��3 )1968 (-'k�'	�� O4 )1968 (V� $�� �� �'�  ,2�,  2�,�	

   78%9�"� �� �%k��, �� �#�	 �� O i�9, -�, �� O ��3 ^��A	 �����9 �0� �� $��  , �A��	

�� ��,� ��#O ����  @�"'#�	 $�� 1;�Q� $�� �� �����9 �0� �� $��   �%* ��* ��)� !,�	

V� $��  ��  ,2�, 23�� ����  @�"'#�	 $��  , �A��	 2�,�	.  

i�9, ��    a%�'��B 7%A&�)� O ����  !�"#� $�� 7'&O, ^��A	)2008 ( �%�    $�%� !,�%	

V�    �%U�,� ����  !�"#� $��  , �A��	 ,� �A��# ��  ,2�,)s s( )t t= ρ .(   �%* �	��%G ��

  �%3,� I'0,�M I'�* w�� �)M ,� �)�,� -�,)     I6���%4&, >O� 7%(J�� �� �%)�,� -%�,  ,

�9, ;23 ;��<69, :(  

)5(  st t= δ +δ ρ0 1  

     2%%��,�B�'D`	 ���%�  v'#�%%	 $�%� �,2%%K� �� �%<(6_� �%%�,�5 �%(* ��%%X �%� . o��%%6�

�9��� >�?�, +�0 �A��# �� �* �9, !P �4��'� �)�,� -�, �� ;23   1@h'%\"	 v)9 �* +,

       $�%� 12%3�� �&�%5 v)%9 �� @,��%K� O -'�,�%d �� >,�6J, O ��,�9 2�P�� 1�B2�  �� 2'�,

v'#�	 ��� 20,�_� r�� ����  .�� ���6�, i�9, -�, ��       ��%\6d, ��6M�%9 �%� �%#�	 �%� �O�

                                                      
1. Francisco Perez-Arce 
2. Patrick Gunning 
3. Levhari 
4. Patinkin 
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�� !,��, � 23�� �,���M�� �)9�6� �,2K�  , �6�,��� -�, �A9�	 ]�J �� ��R* 7&��)  �%&r�

 1!,��k/0 O1387.(  

�/Ud ��    @�%"'#�	 $�%� �<G ]�9 �� �_R� 7'&O, !�"#� $�� w�� �� �8d +�0

]�9 �X ����  0 ^(6_� +�)�9��� �"	 (�9, ;23 ��OP�� .   ��OP�%� �%� �/Ud -�, ��

�M,��� I'0,�M �'&O, ����  !�"#� $��.  

 !�692��r ��K65, ��)1972 (���R� �'� O ��� $��     [�%\� �%* �,�%�, +,�� �9, +,

      2%�0� v'#�%	 ;2%��P !�%�  �� �,2%K� !�%/0 �� ,� ]�J !��  .  �%� 1-�,���%��    $�%� !,�%	

����  @�"'#�	     �%�� �� �B2%�  �%� 2'�, �M�3  , �A��	 �� �'� O ��� $��  , �A��	 ,�

 ���B) 1�&2851388 .(  7%)�,� @��G �� �)�,� -�,6    �%� �%6��B �%�� ��   ��%3)  -%�,  ,

�9, ;23 ;��<69, I6���4&, >��Qx 7(J�� �� �)�,�.(  

)6(  a b LEt tρ = + ×  

   i�%9, �%� �GhM ��X �� 1-�,�����  �%9��� @�%A&�)�       $�%� �%* 2%3 �_%R� ;2%3

     �%9, ;�O� �%0 �� [�%\�  , �A��%	 �%9 b�  , ����  @�"'#�	 .    $�%� 1�%4�� [�%X  ,

V� $�� �� I'K6U� @��G �� @�"'#�	 �� �'D`	  ,2�,  ��,�%B .  �%� 1-�,���%��    $�%� !,�%	

V� ��* w�� ����	 $��  , �A��	 @��G �� ,�  ,2�, .    �B2%�  �%� 2%'�, �M�3 1-'�./0

)�'� O ��� $�� (��,� i�kA� +�'D`	 ����  @�"'#�	 $�� �� .   2%'�, �M�%3 1-�,�����

�9, Vk5 �8U� @��G �� �'D`	 -�, O ��,� �'D`	 ����  @�"'#�	 $�� �� �B2�  �� .  �%�

V� $�� �k��, �� �#�	  �%� �''H	 �A��# �� �B2�  �� 2'�, O  ,2�,     ��%�6�, 1-�,���%�� 2%�*

 @�"'#�	 $�� �* I��,�  2%�* �%''H	 !��  �X �'� ����  .    �%A&�)� ~'%0 �� $�%� -%�,  +,

�9, ;2R� �89�"� . �/6���4&, ^��A	 �� �A&�)� -�, ��      !�%�  �%X $�%� -%�, ��OP�� ��

�9, ;23 �6M,��� .   I6���%4&, v'%F�	 �� r�� o��6�  , ;��<69, O o��6� �� �#�	 �� ��,�, ��

�M,��� I'0,�M !�"#� $�� 789�"� ����� ��.  

4 .���0� 1-. !.�/$ �-, K@,��/ �
-� %�&�'()
 O�� 

;��<69, I6���4&, �/Ud -�, ��      �%�,�, !�%�  �%X ���%�  @�"'#�	 $�� ��OP�� +,�� ;23

�� ��3 . �k31      ,� ���%�  @�%"'#�	 $�%� 78%9�"� +,�� I6���4&, -�, �RM�x �,��/�

�� !�R� 20�. 
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 P=�1 . 1-. K@,��/ �
-� !"L-> %�&�'()
!.�/$ ���0�  

 �k3 �� �#�	 ��1  ���3 I6���4&, -�,4 �9, �(J�� .  -%�, �9��� �� ��,�, �� �*4 

�M,��� I'0,�M �(J��.  
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1.4. Q�
�K �"#$��! @,��/K 1-. ���0� 

 �6RB �� 7)�,� �9��� �� �(J�� -�, ��4 �M,��� I'0,�M . �(F�<	 7)�,�4 �� ,�   !,�%	

+�# �� O �6RB �� �O� �� �� +�,�B ��* �J ���� .  ,� �%)�,� 1b� W�O� +,�� 1]�n� +,��

�� �U��� ��  I'�*:  

)7(  cγρ = α +βρ + γ 2

11 10 0  

 7)�,� �� �#�	 �� 1-�,�����7   1�%9, ��#�� [�\� �� ���Q� �'� ����  +�9 �k��, O

 !�"#� $�� 7'&O, �,2K� -63,� ��ρ0  �,2K�ρ1  �%9, �89�"� ���d .    1@��%G -'%/0 �%�

 7)�,�4 �� �0�O� ���9 +,�� ,� +�# �4�2k� �� O I'U��� �� +�,�B I'�* .  �%J 1-�,�����

 , �9, @��85 �(F�<	 7)�,� -�,:  

)8(  
TT i T i

T i
i

[ Cγ− −

=
ρ = β ρ + α β + γ β∑ 21

0 0 1
1

  

 7)�,�  , ;��<69, ��8     2%3 2%0,�M �8%9�"� !�%�  �X !�"#� $�� .   78%9�"� +,�%�

$��   +�%0�6�,��� 2��� !��  �X !�"#� +�0( , , , , , )α β γ γ θ θ1 2 1 20 0   �,2%K� Oρ0   �6%3,� ,�

I'3�� .   7%'&O, !�%"#� �,2K� ��OP�� ]�8�� �� I6���4&, -�, ��ρ0    7%)�,� +�%0�6�,��� O4 

I'6U0.  

2.4 .�H-�/
��J 	��2-�� Q�
�K �"#$��!  

�� +��� ���8� �� ;23�*� @�A&�)� �� �#�	 �� V� $�� !,�	    , �A��%	 ,� �A��# ��  ,2�,

 �U�,� ����  !�"#� $��)t ts s( )= ρ .( 7)�,� �� �#�	 ��5    ,� �%)�,� -%�, �* �	��G ��

�3,� I'0,�M I'�* w�� �)M.  

   

)9(  
t ts = δ + δ ρ0 1  

 !�"#� $�� ����  +�9 -63,� ��tρ  7)�,� +�0�6�,���9   @�%A��� �d,2J �O� �� ,�

�&�/A�1 ��* I'0,�M ��OP�� . !�� P W���P O �0�6�,��� ��OP��  , V�t  @�%A��� -'4��'� 1

�)M2 )MSE (�9, �89�"� ���d �'� .      7%)�,� �� ^%(6_� +�%0�6�,��� �%� �%#�	 ��4   �%�

                                                      
1. Ordinary least square (OLS) 
2. Mean square error (MSE) 



!�"#$�� %�&�'()
 $
 *	�+�,
 �� �
-&
 �	 !.�/$ ���0� 1-. 	��2-�   281  

 

 

�_R�    +�%9 ���%�  !�%"#� 7'&O, $�� !���       ,� !�%"#� $�%�  , �	O�%<6� ���%�  +�%0

�3,� I'0,�M . 7)�,�  , ���0�6�,��� ]�8�� ��9  �,2K� �* I'6U0MSE  2%�* �d,2J ,� .

�d,2J [20 1-�,�����  7)�,� + �910 �9,.  

)10(  
T

t t
t

ˆmin (s s )∗

=

−∑ 2

1
  

 �)�,� -�, �� �*tŝ∗    ;2%3��OP�� �,2%K�)ts  �%K"	  �%6��� (    @�%A��� �d,2%J �O� �%�

 7)�,� �� �&�/A�9 �� �* �9, �3�� ��  @��G �� ,� !P !,�	:  

)11(  
t t t

ˆ ˆŝ s∗ = − δ − δ ρ0 1  

 7)�,�10 �� ,�  7)�,� @��G �� !,�	12 �3��:1  

 )12(  

T T T

t t t t tT
t t t

t T
t

t t
t

s s c
min

T T
c

γ
−

= = =

γ=
−

=

     
  ρ α + βρ + γ          − ρ − 

      α + βρ + γ           

∑ ∑ ∑
∑

∑

2

2

2

0 1 1
1 1 1

2
1

0 1 1
1

  

��'Q� �O�  , ;��<69, �� 1v'#�	 $�� 7'&O, �,2K� ��#O w�� ��    b%'6�j I6���%4&, + �9

 +�0�6�,��� ����K�, , ,α β γ γ0 1 2  [20 N��	 �� �#�	 �� ,�122   �6%RB �� 7)�,� O4   �8%9�"�

�� I'�* .�M,��� I'0,�M b'6�j I6���4&, �J,�� �9��� �� �\6_� @��G �� ��,�, ��.  

3.4 .�'()
&%� �.E�R  

!�/0   7%)�,� +�0�6�,��� ��OP�� ����� �� �/Ud -�, �� 123 ��)� �8d �/Ud �� �* ���B

 �6RB ��4 ��'Q� ��   �%)M�'S [20 N��	 + �912    ;��<6%9, �%�   b%'6�j I6���%4&, �O�  ,

�9, ;23 �6M,��� �69�'� .�O� �� ;Oh5 ��'Q� +�0 ;�O� �� 1!���,�B �� ��68� + �9   +�%0

�O� �'M, ��'Q� +�0 �O� !,��5 �� + �9  +�0��'Q�  2�/%3�0 + �9 	   �%9, �%6��� �A%9� .

IQ� �O� -�, ���� -��	      7%)K� -6��%� �%� [2%0 N��	 �6R� ��  �'� !O2� �* �9, -�, �0

�� !P 7�'Q� 2� ,��� .�O� �� �U��K� �� 1-'�./0       >,� �� �%6/* !�%��,�B �%� �%�68� +�%0

                                                      
1 .���G +,��  7)�,� u,�_69,  , ���#12 1 �'� @��G �� ��, 1;23 +�,���M �?��, ��     �%)�,� -%�, u,�_69, @�'��#

�9, ��#�� !�B2�U��� ���.  

.2 ,�- N��	 [20 S')M�� �9, O �� �O� �0+ Q�'��  �9+ ]�/A� /�� !,�	 ��K��� Q�'�7 ,� !P ,� �89�"� ��*. 
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�� �("� 7�'/* 2�6�, .�� ���K� �B,          -%�, 12%3�� �%("� 7%�'Q� c,�%# �%� !2'%9� [2%0

�O�    �O� �%� �%U��K� �� +�%6/* �5�9 �9, -k/� �����* �� �6U� �0     �%� �%�68� +�%0

2�3�� �63,� !���,�B .�O� -�, !�'�  ,  �%� �0    �%� !,�%	 I6���%4&,   b%'6�j +�%0 1  I6���%4&,

@,�� ��/6#,11  ���(* I6���4&,)�x��� �0(2 1���	 +�?6U# 1�'83 2��8	 + �9 ;23 1  �%��k	

�(F�<	 1�0��8�  ���(* I6���4&,  O+��/A69, ���d� I6���4&, ��* ;��3, .    , �%A&�)� -%�, ��

��'Q� ����� �� b'6�j I6���4&,  7)�,� + �912 �9, ;23 ;��<69,.  

b'6�j I6���4&,3;,� -6��� +,�� �?6U# b'�k	 1   �J��'Q�    �%9, �?6%U# ���U� O .

I6���4&,  , �G�M ��� I6���4&, -�, b'�k	  , �* �9, ���k	 +�0   �%U�  +�%0   �%9��3

 2�����D,�O  OmQ# �� ;��<69, 2�* .I6���4&, -�, b'�k	 +,�� E(S, �0 m'� +�0   �%�'�

 +��8� ��!�'9�B� �� ��/3 �� ���M 7���B 2�O� .�� b'6�j I6���4&, +��,��  ,   �%� !,�	

��'Q� >�?�, ����,�	 �� 1�69�'� O �6UUB +�0�'H6� �� + �9 �6R� �� + �'�    +,�%� +�%'B

��'Q� + �941 ��'/* �'_R	 1���  +�0�'H6� �� !��*��* ����,�	  Q� +�%0   ���%�,�	 O �%�'

;�,� �� ��*  ��* ;��3, �('("	 N�,�	 O ���?	 1+�25 +�0) ���05 11996.(  

�� I'UK	 �69�'� O ��O�O� 769� O� �� b'6�j I6���4&,  ��%3 .    �%� �%A&�)� -%�, ��

�69�'� �(5 �9, ;23 ;��<69, �69�'� b'6�j I6���4&,  , �0�6�,��� !��� .  >�%?�, �J,��

69�'� b'6�j I6���4&,I6���4&, 7/0 2���� � ��'Q� +�0    [2%0 O �%0�'H6� ^��A	  , + �9

�� �O�3 I0 �9��� �� O ��3 �� !���� �� ��,�B 29�. 

 �6RB �� 7)�,� +�0�6�,��� ��OP�� ����� ��4  7'&O, !�"#� $�� w�� ��ρ0   �%J ��

��'Q� 7(lU� �d,2J �� [20 1+ �9  7)�,� + �912 �9,.6 

   2%3 2%0,�M �%9��� �0�6�,��� ^(6_� ����K� +, , �� [20 N��	 b'6�j I6���4&, �� .

�M�x @��G �� I6���4&, �� ��,�, +,  �  ��%3 �8%9�"� [20 N��	 �d,2J �,2K� �	 2�� .  �%�

  @��%G �� ,� >O ��O�* b� 1b'6�j I6���4&, ���X  , �0�'H6� I'��	 2��,��  �SP �����

��,�P H6� ����K�  , +, �0�') 7)�,� +�0�6�,��� �?��, ��4 �9, (  2%��� ��'Q� [20 N��	 �*

                                                      
1. Particle swarm algorithm 
2. Ant colony algorithm 
3. Genetic algorithm - GA 

.4  , @hkR� Q�'��  �9+ N�,�	 �6UUB 
5. Haupt 

6 .�* �b )�,�7 qh��* S')M�� �9,. 
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!P i�9, �� 0�� ^��A	 1��3 ��'Q� � I'�* .>O ��O�* 1-�,�����   �%9��� �"	 7(lU� +�0

�9, ��  @��G �� �A&�)� -�,:  

)13(  [ ]Chromosome , , ,= α β γ γ0 1 2  

,� !P 2��� 1�9, �?6U# �O� b� b'6�j I6���4&, �* �?�P  ,     7%'J�� �� �O�%* �%�

 ��%* �O2"� ���  , �\_R� .        c,�%# 2%3�� �	�O2%"� �%0�'H6� �%9��� +�%�� �%x�0

�'d� �3,� I'0,�M ,� +�	 .       �%0�6�,��� 7%'&O, +�?6%U# 7%'J�� p�%\M �� �%* �?�P  ,

�/� +�'x �'&O, �U� 2��� I'�,�1      , �%8d �%4&, �%	 I��'4� ��� �� ���6� ���* W ,2�, �� ,�

, +O� !23�*�/6�2'� m_�        ]�%KA� W ,2%�, �%� �%'H6� +�%�� �� �O�%* �� �J,�� -��	

� ,���� .�(G�� 2��� 1-�,�����    7%)�,� +�%0�6�,��� ����K� +,�� +,13     �%* I��%'4� �%�� ��

� ,���� ��'Q� �,2K� +�?6U# �� �(G�� -�, �� I6���4&, . 

 �,2K�m  �%� c�_6�, I6���4&, �O�3 +,�� �'&O, �'A/#  I'%�* .    �%0�'H6� 7%/0 ,2%6�,

]���� �� + �9     , ����%\	 V��	�%� b� O 2�3�� �63,� b� O �<G -'� +�,2K� �	 2��3

�� ��#O �� b� V����,O O �<G -'4��'� �� ]���� N� �	 I��OP . >O �%�O�*    �%'A/# +�%0

;2�  +,�� ���* W ,2�, �� �* �'&O, ���E9��� !2 2�,    �%A'8X c�%_6�, 7%(J�� ��2   c�%_6�,

�� 2��3 .>O ��O�* -�, �U� !,2� �� �0 �� ��#O �� ,� ;2��P +�0 2��OP .   �%A&�)� -%�, ��

 �� ��,�� �U� �''H	 $��k �9, ;23 �6��B ��� �� 2G�� . �(J�� �0 �� ��A�k    , 2%G��

>O ��O�* ��'��� �'A/#  O [�J �0-k1 �_6�, ��r�� 2G���� c ��3.  

>O ��O�* �,2A	 >�S�, +,�� �* ���03 E9���    �%'A/# �� �%U� �''H	 $�� c�F  , 2��	

�� �9� �� �'&O, 2��P . 1-�,�����(S= k*m) ��O ��O�*  E9��� �'K�  , �*    �_6%9, �%9, �	

  �%� ��%#O �� ,� �n�2'&�	 ��OP .       uO  ����%\	 �O� �%� �2%� O ���%� �n�2%'&�	 �_6%9, ��

�� 2��3 . �0uO   , b� �� ��#O �� 2� �� O� �0  2%��,� 2&,O O� �0  , �	�'G�\M �* 2��OP .

�� ;2�  �'� -�2&,O     2%�0� �'k%R	 ,� +2%A� �%U�  , �R_� �	 2���� .   �O�  , >�%S�, +,�%�

! O     �%9, ;2%3 ;��<6%9, � �, i�9, �� �0� )  1�%��01996 .(    2%&,O O� 2%A� 7%(J�� ��

c�_6�,  I0 �� 1>�S�, 7(J�� �� ;23  �%� E%'*�	      �%� ��%#O �%� ,� !,2%� �� O 2��%3  2%��OP .

                                                      
1. Initial generation 
2. Natural Selection 
3. Cross Over or Mating 
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�O� �n�2'&�	 +,�� ���B���B +�01  �<%3�k� E'*�	 �O�  , �A&�)� -�, �� 1��,� ��#O  +,

)t��(k��� ( �9, ;23 ;��<69, �n�2'&�	 +,��) 1t��(k���1994.(  

�'J�� +�9 �� �5�9 �� b'6�j I6���4&, �9, -k/�   I%0 [2%0 N��	 7�O�  , +,   ,�%B

��3 .I0 123�� +�9,�9 ��'Q� b���� �'J�� -�, �B,   �%9, I6���%4&, ��9 �� ��,�B .  �%�,

     �%("� 7%�'/* �%� I6���%4&, �9, -k/� 2��,� +���  �("� 7�'Q� g�K� �* �A�,�	 +,��

I0 ��3 ,�B .    �%("� 7%�'/* +�%9 �� I'�* �0� ��M ]�J �� ,� I6���4&, �B, N�,�	 -�, ��

I0 +�# �� O 23 20,�M ,�B   �,� 2%0,�M ��,�%B ,� �("� 7�'/* +�9,�9 7�'/* .  +,�%�

 ����\	 @,�''H	 ��?�, �� �kR� -�,  , c��6#,)mQ#(2    �,�,O ,� I6���%4&, 1�%0�'H6� ��

�� 2�* �9��� ,� [20 N��	 7�O� �4�� �X��� I'�* .  �%�,�� mQ# $���    �%6��B �%�� ��

�� I'�* �*�J ��O� �4�� �/Ud �� �	 ��3 .�	 -'/0 ��     �,�%k	 b%'6�j I6���%4&, E%'	

��      2%��* ,2%'� �_%R� +�%0�6�,��� �%� �#�	 �� ,� [20 N��	 I/'�'� �	 ��3 .  �k%32 

��'Q� 7(lU� �J +,�� ,� b'6�j I6���4&, �J,�� �� !�R� + �9 20�.  

  

 P=�2 .�
	'�. �	-#! �'()
&%� �.E�R J�?�,'  

                                                      
1. Reproduction 
2. Mutation 
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c�_6�, 7'&O, g�K� �"G  , !��'/X, +,��  O ;23    �%(* 7%�'Q� 7%)K� �� -6��%B�,�d1 1

 �k3 �J,��2  ,�n �� �,�k	 ��� I'�* .     -%�, �� [2%0 N��%	 7%�'Q� ����K� 1V�9n   ��%�

��'Q� O �U��K� ,� �,�k	 ��* I'0,�M c�_6�, ,� �&�J -��	.  

 7)�,� +�0�6�,��� ����K� �(J�� -�, �	4  O9  �9��� !�"#� $�� 7'&O, �,2K� w�� ��

23 . �� ��,�, ���M,��� I'0,�M �'&O, !�"#� $�� ��OP��.  

4.4. 	��2-� 1-. ���0� )�
�?  

@��G �9��� �� �#�	 ��     �%/5 W�O� O �B2%�  �%� 2'�, m�,��, �� 1+��� ���8� �� �6��B

��r�X �� m0�* ����  @�"'#�	 $�� �	 2��� . 7)�,� 1-�,�����6 �<�� 2'd �� 2��� ,�  !���

 �,2K�b ��* ��OP��.  

 w�� �� ��#On     �%J,�� �%� �%#�	 �� �'&O, ����  !�"#� $�� +,�� �,2K�1   �%	3 1n 

�� �9� �� @�"'#�	 $�� +,�� ����  +�9 2�P . -�, +,��n  7)�,� 1����  +�914  �� ,�

2'K� @�A��� �d,2J �O�2 �� ��OP�� I'�*.  

)14(  
t ta b LE

S.t

b

ρ = + ×

≤ 0

  

 �0 +,��n @��G ��OP��  �6��B) �#�	 ��     @�%"'#�	 $�%� 7%'&O, �,2%K� �%� (  -'4��%'�

 �)M @�A���)MSE (   ���%�  +�%9 !P  , V%� O �89�"� ,�3    -��%6/* �%* ,�MSE   �%�

v'F�	 -��6R'�  7)�,� +�4&, �� ,� �B2�0�14 �� c�_6�, 123�� �63,� I'�*.  

�� �Q��� V�  ,      ;��%�P  , �%3�,�B E%9��� ���%�  +�%9 c�_6�,    W2%3��OP�� +�%0

O� +�0�6�,��� T�,9  O14� ,�� �d� !,�'� 1)2R( ��"�� 1T�,O� -�, � ,�� +�0   O ;2%3

23 20,�M ��,�, ����  @�"'#�	 $�� ����K�.  

 �,��/� �� �#�	 ��1 �9��� �J,�� O    78%9�"� +,�%� �* ���0�'H6� I6���4&, �� ;23

@��85 �9,  �'� I6���4&, -�, �� ����  @�"'#�	 $��  , 2�,:  

1 . [�\� ����  +�9 �G�\M m_�)ct(�  

2 .V� $�� ����  +�9     ,2�,)st(� 

                                                      
1. Global optimum 
2. Restricted least square 

3. �9+ ��� � $�� !�"#� ��� � �� �#�	 �� ��K��� &O,7' $�� #�	'@�"  
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3 . �9��� �"	 W�O� �� �B2�  �� 2'�, �M�3)LEt.( 

   W�O� �� !,�%�, ��%\6d, +,�� ����  @�"'#�	 $�� I6���4&, -�,  , ;��<69, �� ��,�, ��

 ���� 1344- 1389 �9, ;23 ��OP��.  

5.4 .�
-&
 	�
��
 �
-� ����0-� 1-. 	��2-� 

 ��       �%0 +,�%� ���%�  !�%"#� $�%� ��OP�%� 1m0Ot� 7�'R'� O ��2K� @�"'F�	 �� �#�	

�9, +�O�F +��\6d, .   ���%�  W �%� �� $�� -�, ��OP�� �� �/Ud -�, ��1344- 1389 

�9, ;23 �6M,��� !,��, ��\6d, +,��.  

     +�%9  , �%�� ���%� W�O� �� ���%�  !�%"#� $�� ��OP�� ����� ��     �%�  ���%�  +�%0

 ;��<69,�9, ;23.  

1 .;�,�   2�P�� �� [�\� �8U� +�0)   2%�P��  , [�%\� IQ%9) (�	 (  ]�%9 �%X   +�%0

1344- 1389 )N8�� :���/� O +�*�� b���  ]�9 +��\6d, +�0 ^(6_� +�0(� 

2 .V� $�� ����  +�9     �%G�\M m%_�  ,2�,)
	 (  ]�%9 �%X   +�%01344- 1389 

)N8�� :�M�3  ���Q# b��� 1���U�, 7A9�	 +�0(� 

3 .�B2�  �� 2'�, �M�31 )LEt( ]�9 �X  +�01344- 1389 )N8�� : �M�%3   +�%0

���Q# b��� 1���U�, 7A9�	.(  

 ]O2# �� b'6�j I6���4&, +�0�6�,���1 �9, ;23 ��,�,. 

 S�<01. R��.E %�&�'()
 ��H-�/
��J  

�6�,��� �,2K� 

 �'&O, �'A/#)m( 1000 
I0 �Q# �� �,�k	 �,2A	  ��,�B)l(  300 

$��  mQ#)µ( 2/0 
 �U� �''H	 $��)k(  5/0 

 b'6�j I6���4&, �,�k	 �,2A	)n(  30  

�9�85 7A&�)� �� �#�	 ��  !,��k/0 O �,t�)1388( �&285 1)1388 (  �� �%* ���R� @�A&�)� O

 -'� �'&O, ����  !�"#� $�� �,2K� 1;23 ��)� ��'R'�01/0  �	06/0 �9, ;23 c�_6�,2.  

                                                      
1. Life expectancy 
2. / /≤ ρ ≤00 01 0 06  
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 ]O2# 7'&O, ����K� �� �#�	 �� 1I6���4&, +,�#, ��1     !�%"#� $�%� 7%'&O, �,2K�50/2 

       T%�,O� W2%3��OP�� +�%0�6�,��� �%'&O, �,2%K� -%�, �� �#�	 �� O ��OP�� 2G��4 19  O14 

 W���P ;,�/0t  ]O2# �� �6�,��� �0 +,��2 �9, ;23 ��,�,. 

 S�<02 .%�&�'()
 O�
�� �<�	��2-� ��H-�/
��J  

�6RB �� 7)�,� 
) 7)�,�4(  

t t tcγ
−ρ = α +βρ + γ 2

0 1 1  

V� $�� 7)�,�  ,2�, 
) 7)�,�9(  

t ts = δ + δ ρ0 1  

�B2�  �� 2'�, �M�3 7)�,�  
) 7)�,�14(  

t ta b LEρ = + ×  

�6�,��� �,2K� �6�,��� �,2K�  W���Pt �6�,��� �,2K�  W���Pt 
α0  013/0 -  δ0 306/5 131/118 a  0271/0  5643/72  

β  002/0  δ1  65/200- 1/111 -  b  0037/0 - 0077/6-  

γ1  039/0      

γ2  093/0  MSE / * −301 6 10  MSE 00000036/0  
    R2  997/0  R2  993/0  

 �#�	 ��;���P ��  ]O2# +�02  !��'/X, v)9 �� �0�6�,��� >�/	5 2��,���A� 2G�� .  

 7)�,� +�0�6�,��� �� �#�	 �� ���X  ,4 c�_6�, ����  !�"#� 7'&O, �,2K� O   +�%9 W23

 ����  W �� �� ����  !�"#� $�� ���� 1344 - 1389  ]O2# ��3 �9, ;23 ��,�,.  

 S�<03 .	��2-� ����0-� 1-. !.�/$ �-, �
-&
 	�
��
 �
-� *<�)<U�	(  

]�9  �,2K�    ]�9  �,2K�    ]�9  �,2K�    ]�9  �,2K�  

1344  50/2    1356  47/2    1368  57/2    1380  47/2  
1345  51/2    1357  52/2    1369  51/2    1381  45/2  
1346  52/2    1358  51/2    1370  49/2    1382  46/2  
1347  49/2    1359  55/2    1371  48/2    1383  45/2  
1348  50/2    1360  57/2    1372  44/2    1384  44/2  
1349  50/2    1361  55/2    1373  44/2    1385  44/2  
1350  50/2    1362  55/2    1374  46/2    1386  42/2  
1351  47/2    1363  54/2    1375  43/2    1387  44/2  
1352  44/2    1364  56/2    1376  46/2    1388  42/2  
1353  42/2    1365  58/2    1377  49/2    1389  40/2  
1354  49/2    1366  53/2    1378  47/2        
1355  44/2    1367  58/2    1379  45/2        
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 ���� ����K� �� �#�	 �9�  ]O2# �� ;2�P3      �� !,�%�, ��%\6d, +,�%� ���%�  !�%"#� $�� 1

 �k33 �9, ;23 I9� .]�9 -'� �,��/� -�, �� �#�	 ��  +�01355 - 1367  ]�%9 ��A�   +�%0

�9, �63,� �R�,��, 2�O� @�"'#�	 $�� �('/"	 a�# O chK�, �� b���� .    �%� m�,�%�, -%�,

�� �(5 ����'/X,  �9, ���0   �%9, �6%3,� ��%#O ;�O� !P �� �* .     -'%� ���%�  !�%"#� $�%�

]�9  +�01367 - 1389 �9, �63,� �R0�* 2�O� .        $�%� �,��%/� -%�, �%� �%#�	 �%� �%��X  ,

 ����  W �� �� !P �,2K� O ��,� �B2�8Ux !�"#�45  �&�91/0 �9, �63,� !�9�� 2G�� .  

 
 P=�3 .�
-&
 	�
��
 �
-� ��/$ !A !.�/$ ���0� 1-.  

 �k3 -'�./04 � ,�� �,2K� ���M   �%K"	 O ;2%3    V%� $�%� 7%6���    7%)�,� ��  ,2%�,

V� �� !�R� ,�  ,2�,  20�)     I%9� �,��%/� -%�, �%4&, ��OP�� @�2d �2?� �9��� ����� ��

�9, ;23 .(�k3 7U��K� O �#�	 ��   +�03  O4   �%� �_%R�       $�%� m0�%* �%� �%* ��%3

V� $�� ����  !�"#� �9, �6��� m�,��,  ,2�, .�'#�	 +��l	 ���  , ��, -�,   �%9, ���%� .

  �%9, ;2%��P  , !��'/X, O ;2��P �� 2'�, �(5 �� ����  !�"#� $�� m0�* .   �%� 1-�,���%��

V� $�� I��,� ���6�, ;2��P �� !��'/X, m�,��, 2��� m�,��,  ,2�,.  

  

 P=�4 .W$
-� �
<�/ X��� � *<� YJ 1-. K�Z�& $
<.
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5 .[�0 ?;��. � �<B� �-�#  

/\	@�/' (A�V� O [�\� � E89  ,2�, H	�'' ,�0 O cP )T'"� �'<'* �U�  ( ;2��P ��

O 23 20,�M  �� ;��� �	P W�O� �,�d �'D`	 �"	 ,� �%�  2%0� . 1-�,���%��    , ;��<6%9,  �,2%K�

�'H6� !�"#� ��� �[�)A�, 1 ��+�� +,�� ��r�� ]2�  �9 +�� I0,��  2%�*.  �k%R�   !��%�

�?	�� ("	 O�' �0�4&, ��  ���%�  @�"'#�	 $�� S�' �%��D   �����%*  �%0�4&, -%�,   �O2%"� ,�

�� 2�* .�� !P  , ;��<69, �� �* �9, ;23 ;�,� TU� �/6���4&, ,26�, �A&�)� -�, ��  !,�	

  ��%* ��OP�%� �_R� ����  W�O� �� ,� ����  @�"'#�	 $�� .     -%�, i�%9, �%� �%��X  ,

������ 76U� I6���4&, >��  , ;��<69, �� �U���    ;��<6%9, �%� �* �9, ;23 �63�� E(6� �,��,

�� !P ��* ��OP�� +��\6d, �0 +,�� ,� !��  �X �'H6� ����  @�"'#�	 $�� !,�	.  

 ��0'~>,2*      I'K6%U� @��%G �%� ���%�  @�"'#�	 $�� ��OP�� �� �(M,� @�A&�)�  ,

�9, ;2R� �6M,��� .�M�3 �A&�)� 2�x �� �Q�	  �%9, ;23 w�� $�� -�, +,�� ���0 .  ,

�A&�)� ~'0 �� ���X  �9, ;2R� �6M,��� !��  �X $�� -�, ��OP�� O v'F�	 �� +,)  �%*

�� v'F�	 2�,�	 23�� !��  �X +��'U� N��dO W2�0� .(   $�%� -%�, ��OP�� �� �A&�)� -�, ��

�9, ;23 �6M,��� I6���4&, �O�  , ;��<69, ��.  

�9��� @�A&�)� i�9, ��  @�"'#�	 $�� �* 23 �_R� ;23 �A��	 �9 b�  , ���� 

�9, ;�O� �0 �� [�\�  , .       $�%� �� I'K6%U� @��%G �%� @�%"'#�	 $�%� �4�� [�X  ,

V� �� �'D`	  ,2�, ��,�B .�� 1-�,����� V� $�� !,�	   �%���	 $��  , �A��	 @��G �� ,�  ,2�,

��* w�� . �B2�  �� 2'�, �M�3 1-'�./0)�'� O ��� $�� (   $�%� �� i�%kA� +�'D`	

@�"'#�	 ��,� ����  .     �'D`%	 ���%�  @�%"'#�	 $�%� �� �B2�  �� 2'�, �M�3 1-�,�����

�9, Vk5 �8U� @��G �� �'D`	 -�, O ��,� .V� $�� �k��, �� �#�	 ��     �%� 2%'�, O  ,2%�,

�� �''H	 �A��# �� �B2�    !�%�  �X �'� ����  @�"'#�	 $�� I��,� ���6�, 1-�,����� 2�*

2�* �''H	.  

TU� I6���4&, �� ;�,�      V%� $�%� 1�%G�\M m%_� [�%\� $�� 1;23    O �,���%M  ,2%�,

�9,  �'� ����  !�"#� $�� 789�"� +,�� �B2�  �� 2'�, �M�3 . ���3 I6���4&, -�,4 

�9, �(J�� .         �%'&O, !�%"#� $�%� ���%�  +�%9 �6%RB �� 7%)�,� b%� �� ]O, 7(J�� ��

     @��%G �%� !�%"#� $�%� I6���%4&, �(J�� -�, �� �* �9, ;23 �89�"�    $�%�  , �A��%	

�� �6��B ��� �� �8d W�O� ����  !�"#� $�� O �G�\M m_� [�\�  ��%3 .  �%��X  ,

V� $�� 1����  !�"#� $�� 7'&O, ^���A	 i�9, ��    !�%"#� $�%�  , �A��	 �A��# ��  ,2�,
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