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Abstract 

Most countries have experienced an increase in retirement costs and a decline in fertility 

from about a century ago. Because the increase in the aging population and reducing 

fertility will lead to major problems in protecting the elderly in the near future, the paper 

aims to ascertain the extent to which saving and fertility decisions are affected by the 

availability and attractiveness of market-based or state-provided alternatives to the family 

as a source of old-age support. Therefore, saving and fertility equations are estimated by 

Johansen and Joselius cointegration method from Iranian time-series data over the period 

1973-2017. Our results show that the expansion of social security coverage and the 

development of financial markets have a negative and significant effect on fertility. Also, 

expanding social security coverage has a negative effect on savings, while improving 

financial development has a positive and significant effect on saving. The empirical 

findings appear to support the hypothesis that individual decisions are motivated by 

intergenerational altruism rather than self-interest. 
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����
!�!  d !�! "���� ��! ��6� ��9�!gC 3     �� ����#! �#! }�� ��#WE� ,f� �! �+�& �! .,.�

 $V! t r o          �#W6  �#! ,#.� �#� 3#
� �#9�� ,#@& �#� ��� �e  "#2 "
�#+ ���  �#�
|##:2  eC2 =##� � ���## � ( )ey d C− − 2 ;�##��. ��##C  �� �##� " �##�� 3
�!�##�! .,##.�

3�2?&   �W6  �� "E�*�+�f ��! ����� � ��! =� &"2 ��� �  �#W6  �� �#� " ��� .����  e  �# ��!
��*� �+ �����5  =#� �2� � �2   "#2 ���#� �� ��#9��� �   � �
��#�� �#%�� �� .�#���  �#9�� �
3�2?&  "2 "E�*�+�=� � ��&.��� ���� �
 �
���� �� ��� �  
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 �F01G�� �1H ,�	!> . <�	����  

) �>3�� � �$�1� :J=$�1992(  

2.1.2 ����� �
  �������� ��  

  �#+�& ��)! c�  $��� � ���)& �! c�  � �� ,.� �� 3
� ���C2 ! U�2 3
� "#2   �#�� �
;� |:2 ����2 � ���62 3��A   c#�  #*E U�k     "#2 ��#� h �#2 �� �#)! ��#�   D!�#& .�#��

�! �� 3
� ,�!�KW2   :,.� 
� /��f  
( , , , , )t t t t t tU U C C C n U +

=
1

1 2 3     )9(  

         $�#�� � J�#.� #! c#C� U�#2 |05#! "<��� �#5 ���� /F�#6� � �U�#2 3
� ��  ��#�
7�  "2 }�% � � ��.��   #
� �� �#2� ����� ��#+� U�2 3
� �� "IK�S2 7�� � .��9   U�#2 �� �#-�62 3

) 3.�K
� d.�& $�9 �q���Wildasin) (1990  .,.� $�9 $��I�.� (  
( , , )tU U C C n=

1 2      )10 (  

:�� ,.� /��CE �� "K�  3�! �+��! ,
���@2   
B

C y T
r

= + −1 1 1      )11 (  
B

C y T
n

= + +2 2 2      )12 (  
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 �%�
� �� ��B  c�  d.�& "���
�� ���2  �iT U�6� � � c6     ��#! ,#-�� u-�#5 ���
 c� i .,.� ,
���@2) ���11� ( )12"2 �� ( �! ���&  ,
���#@2 ����E ,@& �
� /��f

:,9�  "K�  3�! �+��!   

( )
n n

C C y T y T
r r

+ = + + +
1 2 1 1 2 2    )13(  

 3
�-��C 1 �C 2  �n "2 m�S� � ��) �W!�� ,�!�KW2 �& ����10  ,
���#@2 �! ,C�  �� (
) �+��!13����� �"q�+ /�6��2 .���� ����� (   /�#��w& �#! ,C�  �� 3
�-�� ������ ���

  ���## �� �##%��  �� � ��##9��5 "-�##2 /02�##)2 $���## � ��##9  "##2 �##�<   /�##>� .�##��
"
���
�  ��
�62  ��r  �����! ��� n=� � ��� � S�! �( ���2 d.�& "2 ,.�   .�
(  

S y T C≡ + −1 1 1     )14(  

( )
S B n

H H H
r Hr B n

µ µ∂
= + +

∂
21 31 412    )15(  

( )
n B n

H H H
r Hr B n

µ µ∂
= − + +

∂
23 33 432    )16(  

"
���
� /�>� ".�! �! U�� -��
�62 3�2?& �� "E�*�+�"2 ;
����:  

( ( ) )
dn dT

H H nH
dT H r dT

µ= + +
2

43 33 431 1
1 1    )17(  

�  

( ( ) )
dS dC dT

H H nH
dT dT H r dT

µ= − = + + +
1 2

41 31 411 1 1
1 11 1    )18 (  

 3
�!��!n �
���� �!T 1 "#2 ���� �  � �#!�
S       "#K� �#�� �#1�
� �#! ��#�!C 1  �T 1 

y��! 	A�� �
 &  �� &( )
T

C

1

1     U�� �#K�� �� #<� .�#!�
 ���� �
 �
���� ,.� 31*2 ��9�!

  #! "�C�2 /��>?& �����! 3��A ����! ��9�! ��9��  ".�.� �
�2. ����! �! $��� �5n  �S 
"2 ���2 ���� .���B< /��� �� "�S! � ��C%2 U�.     �#��� c#6��2 3#�2 ��#�� �! �� ��5 �
5

3
��� ��=� /��f� �>?& ,@& ��� �"2 ��$�� ��+� �� �! ,6�6� �� .��<  " �#�2 c�
3�2?& �9�� �
���� �! �� ,.� i8��=� "E�*�+�"2 ���� ��� �  ) U��#+ .�#!�
1  �>?#& (



&'(!� �'(!) *���+
	 ,�-( �. /��	 0� �� � #
12
 ) ...	5!�6 72��� 81!� �
�9�� � ��:((   135 

=� ��� ���K� ����w�2 ) ���# �S ) �����#! � (n     ,#-�� �� �� $��� �#5 ��#��� ��#! �� (
"��C2 7�  � ":S9 D���2 ! "2 ���  "�.�� 5( ���. .���   �>?#& �� c#f�� "!%& s
��  �

 ) ����#. 3�*S& ���K� ����w�21991 $��� ��#! �� (     � �����#! ��� �#�-��
� ��#�� ��#�
=�  "#2 ���  ��� �   ,#20E .�#��?           U�#2 #! �#k�!2 #�w�2 �>?#& �#� ,#.� "#�)2 ���#!

uS�2�    ,20E � ,.�+? "2 ��h� � �2� ,.� uS�2�  �>?& �� ,.� "�)2 ���!   �#� ���
.�9�! ��9�� ,C�2 >�  

 ,�:A1K� C�� �� C:1�L C	��1M�� �1NO> . C���	� � 3�:��  

S= K� 3�:��  
n=C���	� 

J%	$� �P0 G�� ����� Q1(P> �$�1� 

S n S n S n 

�9�� 3�2�& "E�*�+� ?  -  - o + o 

��� 3�2?& "E�*�+�  - o ?+  -  - o 

".�.� �! D!��2 "-�2 ?  - + + +  - 

t  $V! ")��� ?  - ? ?+ o  - 

) �>3�� � �$�1� :J=$�1992( 

  
34�� . 5�,6� ��
78  

$�� ��+� �� �!      �#��V! U�#2 �� $��I�#.� � " �#�2 c#�   �#�K. ���#.��   �#S! ��2 -1 -2 
D!��&  =� ��.���    �#! $��� �#5 #� ��! �����! � ��� �   "#2 ,#.�       �#� �#� 3#
� �#! .�#
(

"<�
�    "#2 U�#*E� ��#.��� "-��A D
��& D!�& 	
 �� $��� �5 ���     � ����#. �#� �*� ���#9
) "&���1992=� � �����! ����� 3��C& ��! �%�
� �� �� "-�2 ( "2 ���< h �� ��� �   ��#9

�! �f:,.� 
� /�  

( , , , ; )TFR TFR SSC SSD FD R Z=     )19 (  
( , , , ; )SAV SAV SSC SSD FD R Z= 2     )20(  

c� �����! t  ��%�
� �� �� )TFR ( ��#�        �#� ,#.� " ��# �� ���#)& 3�� �#�2 $�#���
�  "2 "<� � U�k �� ��   ) (" �#V+ 	# �!) ���#. �-��2 � ��&World Bank   �#� $��� 3#
� .(
�!  TFR $��� D!��2 �� $�9 $��� ���     "#2 z�S�#.� " �#V+ 	 �! ��     �#9�� u5�#9 .��#9
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) "E�*�+� 3�2?&SSC�! �( ��
�� ,C�  /��f 3�2?& ��2��. ���     ��#�� ���#)& �#! "E�#*�+�
65   � U�.65    ;#� .,#.� $�#9 �C.�@2 F�! �! U�.       �� u5�#9 3#
� �C#.�@2 ��#! 3�#�A

  �#9 �#� $�9 $��I�.� ��  ��
� "����    ) "E�#*�+� 3�2?#& �#9�� $��#�< u5SSC 2( 
�! � ,.�    ��#�� ���#)& �! ��2��. �9�� ,@& ���� ���)& ,C�  /��f65    &F�#! � �-�#.

"2 �
)&$��� � ��2( �S! �� �� ��9 .,.� $�9 z�S�.� "E�*�+� 3�2?& ��2��. ���3  
) "E�##*�+� 3�2?##& �##��SSD |0�##5� � �##�! �(�##�
�� � D!�##�2 3�##! ��2��##. ��##�

3�2?&      $��� � ��#2( �#S! �� �#� ,#.� "E�*�+�       z�S�#.� "E�#*�+� 3�2?#& ��2��#. ��#�
$�9    ) "-�#2 �)#.�& u5�9 ��! .,.�FD     �#! "��
�#6  ,C#�  "#���� �� ( GDP  ��#!

$��� �           z�S�#.� ��#�2 	# �! �� $��� 3#
� .,#.� $�#9 $��I�#.� "-�#2 �)#.�& ����2 ��<
$�9  ,.�$��. ��. t  �� .�! /�2��K! ��� $��� � ��! ":5�9 ����E    $#V! t#  �#�<

) /�2��K! ")���R.,.� $�9 z�S�.� ���2 	 �! �� �( ���62 �� $�9 $��I�.� (  
 ���!Z��! ����w�2 ���! �  ! ��B<�>?& ���n � S  c2�#9   c#!�� �#2(�� ) |#:&YD(  �

) ��*�.� |�19GW!�� �2(�� .,.� (|:& c YD       ���#+ /F�#6� � }�#*& ��#� ���#8� �!
      "#��5��� ���#+ /F�#6� � }�#*& ��#� �� � (��6 �o "E�*�+� /F�6� � �%!) "����
��

�! ���V  �S! �
 ���� 	
 ��-�� �2(�� �! (��6 �o "E�*�+� /F�6� � �%!)  "#2 ,.�   �#
(
   |�1#9 .,#.� $�9 z�S�.� ���2 	 �! �� ��  $��� 3
� .(���2 	 �!)  ��*�#.�GW  ��

         ��*�#.� |�1#9 �C#.�@2 ��#! ���#2 �#! ��# � ��*�#.� ;�
���- ,C�  �� /�6�6@& ���
$��I�.�  "2 �! �2� ���93
� c�-�$��� ��
� �� ��  �� ���#2 � �� � ��! 	�1I& �! ��*�.� ���

      ) ��#�A�<�< �#)-�W2 �� ��#�� �#! ����#� 3#
� �� �����  ��+� �0� iW.1393 :l �
155� (��� �
k ��S! �� 	
 � �! "��  c#� ;��6& � /�2�5 � ������� �,)�f ���

      �C#.�@2 �#S! #� �� (��# �) ���#2 ��*�.� ����2 �,�)*+ c� �! (�� �) ���2 ,�)*+
$��� .,.� $�9  ��#2( ��2 � ���2 	 �! �� ��*�.� |�19 �C.�@2 ��! $��I�.� ���2 ���

�! .,.� $�2( ,.�  
=� �-��)2 �� �=� ���!�� �w�2 ���) "f�:5 ��� �S�! .,.� (   L�#!2 ��#2( �1�
� c�-�

 �!=�  ��� �"*  ���2 ��
� ��2( ���2 �� "f�:5=� �C.�@2 ��! ���9  "#f�:5 ��� �
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� ���  ) ��#*�& � "&F�#< G�� �� �)-�W2 3
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Thimann) (1997� � "###2�V! �###� () " 0###f1384 :l �122 �( �� ��###5 �###-�62 �� (
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"k  =� �(m��� /�E0k� J�.� ! �"f�:5 �S! ��� �  ��#@&� �� $��I�.� �! � "K2 ���
 �C.�@2 
� c19 �! ("�I  ����2(�� m����� ���!) "K2 �2(��2" ��9:   

( ) ( ) ( )PS GFI PFI T GCON X NO M= + − − + −    )21(  

 �%�
� �� ��PS =�  �"#f�:5 �S! ��� �I GFI PFI= +   7�#*%2 �
�2#.   ���B#<
 �"f�:5 � "�-��T GCON−   z��#S2 �����.� �! ,-�� �+��! ��� �
�2#.   ���B#<

 �,-��XNO M−   �#-��)2 "@�8�& ����w�2 .,.� "�I �o /����f u-�5 =#�   ���# �
.�9 $���( F�! �� �� ,.� �����! �-��)2 "@�8�& ����w�2 ��*�  

  
4:(�;� ��<�� ���=�� > 
�� .  

1.4 :;�� <��� ���3S  
��2�( �
k �� ��-� � ����w�2 ��K� "
�
�� �S! 3
� �����     "#1
� �#��� �#�
� -  -�#�

;�*)& ���
/�
� � � -   "#2 ��#� "#.�! ���2 ��
�� �     "#1
� ��#2�( J�#.�! .�#�< -  -�#�
;�*)& "2 ���  s
��  ����
    �#�)2 iW#. �� �#� ���  ����5      �� �#�-� ��#��w�2 �#*� �#f��

��       � $��#! �#
���  iW#. �� �# �� � ��C2 �� �E �! � � �� ���! � ��C2 �� �E �! ,-��
	
�! c8�I& ��! $�9 �
�� ��<  � � U��+)2 /�#
� ��2�( �� .( -  �#�  ��
��# �     �#�-� �#. #�

"2 J�.� 3
� ! � � ��� iW. �� ���w�2 "
�
���  ! ,-F�   ��#��w�2 �#� ,�< �%��  ���&
	
 �� =� �k�!2 ����5�. ,�19 ��@- �! ��-�c8�I& ��!$�9 �
�� ��<  U��#+) � �3 .(

  	#
 �C&2 �� D*%*� ��-� ����w�2 3
�!��!)1(I   "#2 � ���#��   ;#� G�� �� ���#&   "#)*+
3� ���
 ���V���� -) J��K.�+1990   ��#��w�2 3�#! /�2��K! d!��� ��+� ��2�( ��! (
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138   ����	 
 ����
 �������
�� �� ���� ����� �����  ��!�"  �����# �1399  

 ,�:A2�F�� :;�� <��� ���3S T�	�� . --1(!> �"�% <�%	�  

�1M�� 

�� U#� �� �V	.> <=>�� ,�� <@1�� 
���3S 
��	�	� 

�! �E �� ��C2 
�! �E �� ��C2 

� � �� 
�! �E �� ��C2 

�!  �� �E��C2 
� � �� 

LTFR 04/0 - 48/3 - 64/8 - 35/8 - )١(I 

LSAV 28/0 - 19/2 - 02/5 - 98/4 - )١(I 

LSSC 003/1 - 53/2 - 65/5 - 81/5 - )١(I 

LSSC 2 47/1 - 48/2 - 30/4 - 08/4 - )١(I 

LSSD 69/2 - 16/3 - 93/8 - 84/8 - )١(I 

LFD 99/0 - 10/3 - 83/3 - 86/4 - )١(I 

R 39/1 - 82/1 - 24/9 - 39/6 - )١(I 

LYD 48/0 69/1 - 24/5 - 60/5 - )١(I 

LGW 20/0 - 50/1 - 68/5 - 24/6 - )١(I 

���62 " �@! 
�� iW. 5% 

93/2 - 54/3 - 93/2 - 54/3 -  

W1)X>  	=�	X� :J=$�  

 ,�:A3 ��3 :;�� <��� ���3S . -3���:�� 

�1M�� 

C��"� A C��"� B C��"� C 

U�. 
,�19 

$��2( t 
U�. 

,�19 
$��2( t 

U�. 
,�19 

$��2( t 

LTFR 1386 7016/4 - 1381 4491/3 - 1386 8562/3 - 

LSSC 1360 7783/3 - 1363 3691/3 - 1369 7111/4 - 

LSSC 2 
1382 0069/4 - 1375 3381/3 - 1382 6629/3 - 

LFD 1387 8120/3 - 1383 2027/3 - 1369 7298/3 - 

R 1369 5579/4 - 1375 4252/2 - 1369 6648/4 - 

LSSD 1366 5433/3 - 1378 7674/3 - 1376 7463/3 - 

LYD 1387 0741/1 - 1387 8627/2 - 1387 1410/4 - 

LGW 1372 8193/3 - 1366 9612/3 - 1365 8597/3 - 

LSAV 1370 2074/3 - 1382 5878/3 - 1380 8986/3 - 

LTFR∆ 1378 1543/5 - 1372 7371/5 - 1370 8089/5 - 

LSSC∆ 1373 4971/6 - 1370 9862/5 - 1373 7156/6 - 
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LSSC∆ 2 1377 3086/5 - 1385 7929/4 - 1377 3661/5 - 

LFD∆ 1374 5157/8 - 1370 3599/7 - 1374 7003/8 - 

R∆ 1376 1283/8 - 1370 1733/7 - 1376 0319/8 - 

LSSD∆ 1364 6096/10 - 1367 1921/11 - 1369 2241/11 - 

LY D∆ 1386 8858/6 - 1386 7602/8 - 1386 6288/9 - 

LGW∆ 1368 0314/8 - 1375 0160/7 - 1368 8448/7 - 

LSA V∆ 1386 0910/7 - 1381 8402/6 - 1386 9204/6 - 


��62 " �@! 
�� 5 �f�� 

93/4 - 42/4 - 08/5 - 

W1)X>  	=�	X� :J=$�  

  
2.4 Q11!> ��:!> <.��C	� Y�<$1 ��"�C VAR 

�� 3
� �S! ���)& �I����� V!��� ��-�� VAR �!� ����! �-��)2 ��� =� ���� � ��  �#
k 
���)2 �&���9 3
��! )Schwarz-Bayesian information criterion=SBC(   ���#)& ��) �#I��  ��#� 

��*� �� ,.� "2��� (3��)& "2��9��  �! �+�& �! .s
 �3
 )2���   ���#)& �#I��  ��#�  �#��V! 
��##�-� VAR �##!�   ��##-��)2 �� ##�1 )& �##I��3�##� ##2"��##< .3
�!�##�! ��##�-� 

,�<��!��5  ����!  �!1  ���(! �I��"2  ��9.4  

 ,�:A4<$1Y� <.�� ,�B Q11!>  . C���	� <"�	!�  

���3S LR ��:!> �:0 �	1!� SBC AIC  �	1!�  ,�B <.�� 

 - 3388/5 0829/5 0 

9570/419 *4030/4 - 1945/6 - 1 

7606/59 3198/3 - 6469/6 - 2 

*6067/51 5183/2 - *3811/7 - 3 

W1)X>  	=�	X� :J=$�  
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 ,�:A5<$1Y� <.�� ,�B Q11!> . K� <"�	!� 3�:�� 

���3S LR ��:!> �:0 �	1!� SBC AIC  �	1!�  ,�B <.�� 

 - 41188/10 - 67580/10 - 0 

6685/328 *16176/18 - 00920/20 - 1 

70622/62 30459/17 - 73555/20 - 2 

*33302/73 03478/18 - *04926/23 - 3 

W1)X>  	=�	X� :J=$�  

  
3.4 -� ���3S Q
�	��� �!(A -[�1���A 

�I�� ���)& 3��)& �� =� ���-� ���V! ��� VAR       3�#! /�#2��K! �#W!�� ��#+� "#.�! ��!
3� ���
 ")*%*� ��2�( "��
�! ��-� ����w�2 -    s
�#�  J�#.� #! .��� }�% � �� J��K.�+

            �#9�! ��#9�� ��#+� �#�-� ��#��w�2 3�#! "#)*%*� ���#! 	#
 c���#� #<� ��2�( 3
�
"2 ���&  I<"2 /�C>� �! ��-� ����w�2 3�! /�2��K! �W!�� ��+� �� , .�.�  

 ,�:A6Q11!> . ��:!> C	������ -�C���	� <"�	!� J(A 

���3S �N� ���3S �]L�:; �	)��� ���� 

<1V�% �.^ <1V�% ��	)� ���62 $��2( 
��2�( 

���62  �@!" 
�� iW. 95% 

���62 $��2( 
��2�( 

���62  �@!" 
�� iW. 95% 

4804/120  7536/95  35798/57  0775/40  r = o  r ≥ 1  

12238/63  8188/69  76352/27  8768/33  r ≤ 1  r ≥ 2  

35886/35  8561/47  61029/14  5843/27  r ≤ 2  r ≥ 3  

74856/20  7970/29  21664/12  1316/21  r ≤ 3  r ≥ 4  

531927/8  4947/15  053413/8  2646/14  r ≤ 4  r ≥ 5  

W1)X>  	=�	X� :J=$�  

 U��+ s
��  �! �+�& �!6         ���#! 	#
 ���#)& $�#
� 
��#62 ����#� ��#2�( � >� ��2�(
;� "2 ���  ��-� ����w�2 3�! �� ")*+     �#�-� ��#��w�2 3�#! /�2��K! �W!�� 	
 �B- .���
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U�2  �� �)! ��-� ����w�2 �! L�!2 ")*%*� ���! � ���� ��+�   ��#� p&2 � ���.  �#!
 /��f
�  $��2� �� �� c5�� ���E�) ,.�t :(,.� 

( / ) ( / ) ( / ) ( / )

( / )

/ / / / /

/

LSSC LSSD LFD R

LGW

LTFR
− − − −

−

− −

−

= − −
3 00654 7 388 18 5014 7 5825

0 6777

0 9158 0 1819 0 9174 0 147 0 0182

0 4122
  

3
� �W!�� ���  "2��� �� �� �/�2��K! G��< �9�� 3�2?& "E�*�+�  ��#�� )LSSC (
� �
���� ���  3�2?#&  "E�#*�+� )LSSD �( ��#CV!  �)#.�&  "-�#2 )LFD �( �
��#��  |�1#9 

��*�.� �� � � ���2 )LGW (� ��  �
���� t  $V! "6�6� )R>?& (� I�2"  ����#�)2 ��   #!
����!�   .����  

        "E�#*�+� 3�2?#& �#9�� �� �
��#�� �#f�� 	#
 �#� ,.� � �< 3
�! p
�8 ��I&
pC.  "2  c� �����! t  ���918  "#2 �� "I�2 �>?& 3
� .�!�
 ���� �f��  3#
� ���#&   �# �<

    �#! "��#�� ��! ��#6� �� ��
� c�2 "
������ �� �� �� ��+�& U�#.   �� ,���#�2 ��#�
       ��#6� ���#� p#+�2 ���#� ����#! �� "#K� �
 "q�+ z�5 � �<� �,.� dC&2 �������!

"2 "���� ��!       "#2 ���#� �� "#K)� �#2(�� �#� c#�-� 3#
� �! �V�& �  4��9   �� �#1K! ��#!�

3
�  ,f� �� ���	*� �%��  �� � "Kw9 ���   "#2 ���#� �#�  �� �! "-�*��� ���   .�#!�


"
�% (�� ��       "#2 z��#5 ��#� ����#! �� �� ���#2 l�#:S! � 3
�-�� ����� 	
 �-�&   ��#��
��
�� "2 ��  "���� ��! ��6� c2�9 �� � �� 3�9�� ���    ��#�� � $�#� ��#�� �
���� ���9

"2 �5?& �! �� ��5 �����! �
 � ��� �����! ���� �! c
�*&�! .� ��� �  ��#+� ��
� /��CE
��2 �! "���� ��! ;���. 	
 ��#*� .,.� �����! �� "�*8 /��-�2 	
 a-    "#9�+ �#���k

)Joshi) (1998 :176( "2 $��9�     "#2 "��#8� �#�
�� 3#
� �#��    �#! � F�#! ���#�! �# ��&   ���#�E
	
 .�9�! ��9 ���� �� ��! $� �����! c2�E 

    "#2 p#+�2 "-�#2 �)#.�& �� �
���� �f�� 	
     c#� �����#! t#  ��#915   �#f��
����  3
� ���2 �� .�!�
   �#! "#I�2 �W!��    "#2 $�#2( ,#.�   ��#*� ,#I< ���#&    �� �#� ��#k
" �C2         � �# �� 3�#9�� �#! ��#�� G#�  ���<�# �< "-�2 /��.x2 ��+� ��9 $��9� �h 

"2 vE�! � $��� ��w& �� $��� �5 c�1�&        "-�#2 3�2?#& ��#! ��� �#5 ;�#��. �� #�
� ��#9
�����        
�##+ "-�##2 ��##�����! D##��� �� .�##��1  $��I�##.� �##��  �����##! ��##! "�
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m��@2  "2   .� �9  
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�! �����!    �B#<�>?& p#+�2 ��#5 3
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�62 �#! 3��A

) U��+1"2 (   $��� �#5 ��#��� ,I< ���&         #! "#��C2 �#��! ������#! ���#2 �� "# �
� ��#�
7�  3�! "�.�� .,.� $��! "K�   

      ���#)& 3�#�)& ��#! $�#
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��#62 ����� =
&�2 � >� =
&�2 ��2�( s
��   ��#����!
;� =� �-��)2 ")*+ ��#2�( �s
��  �! �+�& �! .,.� $�9 $��� ���  
� U��+ �� ��� �    #>�

 ���)&3 ;� ���!  ���)& ��  $�
� 
��62 ����� ��2�( � ")*+1   ;#� ���#!    3�#! �� "#)*+
"2 ���  ��-� ����w�2   �$�#
� 
��62 ����� ��2�( J�.� ! �B- .���1   ;#� ���#!   "#)*+

"2 m�S� � .���� ��+� ��-� ����w�2 3�! /�2��K! �W!�� 	
 �3
�!��! .��9  

 ,�:A7Q11!> . ��:!> C	������ -�K� <"�	!� J(A3�:��  

���3S �N� ���3S �]L�:; �	)��� ���� 

<1V�% �.^ <1V�% ��	)� ���62 $��2( 
��2�( 

���62  �@!" 
�� iW. 95% 

���62 $��2( 
��2�( 

���62  �@!" 
�� iW. 95% 

2678/129  7536/95  9043/49  0775/40  r = o  r ≥ 1  

3634/79  8188/69  6894/30  8768/33  r ≤ 1  r ≥ 2  

6739/48  8561/47  4310/24  5843/27  r ≤ 2  r ≥ 3  

2429/24  7970/29  3867/19  1316/21  r ≤ 3  r ≥ 4  

8561/4  4947/15  1967/4  2646/14  r ≤ 4  r ≥ 5  

W1)X>  	=�	X� :J=$�  

;� ���!  ��-� ����w�2 �! L�!2 ")*+U�2  �� �)!    ���#! 	#
 !�! ��� U�*E�) ���.
"�)
 ����!�� �w�2 p
8 LSAV���]& J�.� ! ��� p&2 � ( ���:��� ���   /��#f �#!

  :,.� 
� 

( / ) ( / )( / )

( / ) ( / )

/ / / /

/ /

LSAV LSSC LSSD LFD

R LY D

−−

−

+

= − +

+

2 4 5069 6 95564 3907

2 9499 13 2396

4 9377 0 5202 0 3097 0 0888

1 6677 0 7027
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��
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=� ���! �
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���� vE�! � ��&     ��#+� �#! �#
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"
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3
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