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1- σ-Convergence. 
2- β-Convergence. 
3- Divergence.  
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1- Ceteris Paribus. 



  ����� ��� 	�
�� 	
����� 
� ���� ��� �����  ��... ���  

  

          *� �(%�
� 6�%��* �1
%0� �(*
A�� 6�
� �
*
 �%L� "*
���  C��S   /E� �( 

6�*
 ���*�> *� 
(� �1
%0� "
�, C%���� "
E�( %� � <
��K�
 "����3:  

)   �(  ( ) ( )
( ) ( )[ ]( )δ+α−=

′δ+−δ+=β ∗
∗

∗∗
nk1

kf

kfkn
n k

� ( ) ( ) ( )[ ]∗β∗ −+≅ k0kektk t     

  �!  ( ) ( )
( )∗

∗∗
∗ ′

=α
kf

kfk
kk  @  �%��       � 4��1�3 �* �(%�
� ���β     ��(*
A�� 6�
�� 

6�* .  

  '(*
�%&�k    6�
� �
 ( )( )δ+α−=β n1 k            4��� 
�E�� �
 
��> l��* ���  

  ��*�B�)∗k ( �� *
A�� 
�� . ��T '���        
���� �
 ��-�*� '(*  4��K�
     F��� ��*
�� 

6�* [
%S .  

)��(  ( ) [ ]∗β−∗ −+= y)0(yeyty t  

   *
� 4� �BP# �s�K" B1%� �    &) 4�� �� 
�� � (M % �� �&) 6)
L�   �B��*4� 
��,� 

4�%�.       �1�� 4�� V4� �
 
#* j     6)
L�M }
� �*�� σ &) � ��
�  *�   &� �%21 *� �� @

     /�*�� �
 C�%P3 %�&3��  6�
 <4�K    �K  �� 6�* ��     "%,   C�%���)n( λ++δ   �*
�	 

    B� �
 � 6)
# 4�*�>�      +B� C4�� 4&�� V
%03 �
 �; ��
   %��"         4��� }
�� %�� ��*
�� 

��
� *�" λ

� 4�*�> 4��  @�23 �
 %�*�*
A�� ��(3�%P3 ��S%� ���  
�� .  

   �(*
A�� 6�
� �-�*� G%�*
�  @    6��0�, 4��� }
�  @       ���� � �D�B��* }
��

    '��03 *� �(*
A�� 6�
� �(%�
� ��  &!    �� 
�� � 4&         *� %��
B�*�%M '�(* ��� �B��%

 
�%� 
9%B� 
�  F�� �(*
A��6�*
 4�*�> 
�9o3 .  

����� ��	
� ��
����   

 V%� �
  %�           "
%�(� �%�E� ��
;3 "%��%! �(*
A�� 4��� ���
� �&��� �

�>* "

          6�* <
�� �(%M��* "%���L! �
 %��K 
BL�� �! 6�* �B)
# C��S .   %;&(* �
��  ��T 

! �* 
��� 4&W �� 
OBI��� <�%�* ��L! �>*
 � ��%> �
 <4� ]%;�* "%��% ��&!.  

 V%� �
����   �%�
 ��B�*  " ) ���   3�%� � �#*��* ��      N��� ���
� �� '�)%� '

6>*

M  %�    1�3 �(*
A�� �
 V*�4) "� ��-&� 4    �%B�* �
 "*   %��    4�&B>*

M *
%��%! " .



  ���  ����	
� ��
�
�� ���� /  ������� /  ��	������  

 

  ���
� 
��� <��
 udddjabca    �%B��* 
*403 �   %�� ��      6��* <
��� 
����  .  "*
��

�  ��%�
� 
9* ���
                   �* ��%B��* ��(*
A�� 
�� V*�4�) 6�1�
 ��B>*

M C�%�PB� "%��

    6�* <4� <
%PB�* �%�F�� CZ
%0� �BE�� � ��%M ����
#� . �B�%�� "%�
�+B�

  V%+B�* ���� ��%�    )  �� �%7B�* �!          ��P&� N�� C
,%�� �(�L3 ]4� ��1
 �� 6)�

   4�%� �B�*
 �(*
A�� �
 ( 6>*

M �  %�   �%�
�*
� ")�!   �� 
7� ��        6��Q� 
�9* 4���

 4�%� �B�*
 (4�
�� .  C�%P3 `�5�3 "*
�  %� ��-&� "          ��� =1%�> C
,%��� 
�+B� "*

      6�* <4� 
�*� �BE�� �
 ��-&� 
� .�;�B� '(*     �!YZ�*    �%B�* '�� �
 �(*
A��   %� 

     � 6�* �B�*
 
�,�]�
  @6>*

M  %�         V%+B��* ����� 6��%� 61�
 " 
�9o�3    � ��P&� 

�&0�   �B�*
 "�*
  �*4 .]��  @6>*

M  %�           ��(*
A�� $(
E�3 "%B��*� �
 �%�� 
�*
� "

<

! ��� 4�* .�&0� � �P&� F�� C
,%�� 
�+B� |(
5 6�* <
�� �*
 .  

j        V%�� �
 ]�
BE�#
� �(�4(
) ����  �%�� "   ���
� �*��&� 6�23 *� �  
�9o�3 

 ��-&� 6�%��  *"   (*
A�� 
� 61�
 � 4�K�
  0	*� ��*
� �       H��BI� �T%�&� '�� �
 

   ]%;�* 4g��
*
 .   *
�� �%� '(*" ��         *
�� 4g��� ��L�� �
 ���-&� "   <��
 ����  %�3 

����    F�� � ����   %3 ����  6)
# C��S  .14��        ���
� ���7&� ��� ��� �   N��� 

6�%�� %�"6�* <
�� 
(� C��S �� 4� <
%PB�* 61�
 :  

  

  
( )

i90703i702

i701i45

20*

i45

i70

Migr.IND.

AGR.INClog*
20

e1
a

INC

INC
log

20

1

−

β−

δ+δ+

δ+
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ −−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

   

)��(  �  

  
( )

ii5i85490703i702

i701i70

20*

i70

i90

uSupport.GVTEXP.Migr.IND.

AGR.INClog*
20

e1
a

INC

INC
log

20

1

+δ+δ+δ+δ+

δ+
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ −−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

−

β−

  

  

��β  �   (*
A�� 6�
�  @iINC 4�K�
 0	*� �  ��-&� ��*
� i  @AGR   �E�� ��� � 

�Dv%�   ���%L� NI� �
 "  ��-&� 
�   @iIND   ��� �Dv%�      
�� 60&S NI� �
 



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

  

 � ��-&�Migr     Z%� =1%> C
,%�� }
� /��B�       �T ��-&� 
� ���
 �� ���  <��
 

����
� 
������6���*  .%���
�+B�"AGR�iIND*
��� " �
 ����� C*
��9* 'B)
��# 

<%3��        <4� 
�*� V4� �� 4�� 
� C4�  4�* .          %��
�+B� ��4�� *� 6E�I� V4�� *4�B�*" 

��-&� 6�%�� *"*
� " <��
 ����%3 ���� 
��*
� <

! 4�* .%;�K �* �� Y%�(
�3 ��� 

����-&� 6���%�� *"   V%��� �* 4��0� � 
���� ���B)
A� C����S �%���� '��(* %��3 ���� 

6�%��  %�" ��-&�   *"    �0� �� 4�4� V%��* �       4&B>%�� 
9%�B� *� w4� �T%&�   @ �


 *
� �;�B�" ��
� �    6��%�� N���    %��"             
��+B� �
 �%�21 %�� ]�
 ��1
%0� 6�1�
 

B�%��� iSupport    �  GVTEXP 
��*
� 4�  @  ��iSupport    � %�4�E��� ��%� 

]*�  %�" (%-�* �   T �T%&� �� �   <��
 ����%3����     6���	 G%�*
� �� 6�*    %��" 

����  <4� �(4�3   4�* . ��T '��� 85GVTEXP     *
�� 61�
 ��%I� �*F�� "   V%�� 

1%�� ����    6�* ��-&� 
� �
  .    [�) V4� �
��  C��S  �->
�v�     l�� %�� SUR 


��*
� <4�  4�*. �;�B� '(*   �� YZ�*      (*
A�� <��
 �
 V�T �
 �       6��* �B��*
 
��, �  .

�
 ��%��9��(*
A�� 6�
��� �*
��� ����-� " <��
 ��j��
�4���  ��/�  6�
��� �

��(*
A���T
��� ���T �<��
 '��(*  d��/� 6���* <
���� . <��
 �
��j�� 6�
��� 

(*
A��� T
� � ) 
�+B� ��4�%�" B�%�� �(   �� ���/�   (*
A�� 6�
� ��   ���-� 

 �������/� 6��)%( N(*F��)* .��(*
A�� 6�
��� <��
 '����� �
�T
��� � �%��21 %��� 

%�
�+B�" B�%�� �    �	� �� df/d    6�)%( N�%�� .   �T '(*
�%�&�� ����    %�3 ���� 

(*
A���     �T%&� '�� �
 ��    6�* <
%B)* [%P3* 4g�� ��%# .  
A(
 ��� �;�B� '(*    ��� 

   &� �%7B�* wD> 
�    <4� 6(%�� �T%)w4� (4��"        �* 4�0� �T%&� ���� �* 
B0(
� 

)
0�� 6�%��   %�" ��-&�   *"  V%� �
 ���� �B�*4�   4�* .
A(
 '(*   ��  B1�
 ��%I� � 

  <4�� ��� ��  *"   ��-&� 6�%�� �*   *"   � ���L3 *� �  <
*
, }
�   %�"  ��-&� 4��   *" 

   6�* �B>%E� 
9%B� *� ) � |(
5� &0� �  6�* <
�� ( . ��T '���  ���
� � �(*
A�� � 

           �B(�%�A1 
�*4�%B�* w*
2�* =>%� �* <
%PB�* %� %�A�� ��� 4��K�
    �0	*� ��*
�� � 

   #4&�*
M N�%� �* �%L��  T �
 � V%�   %�"��   %3 ��   
�*
 ��  ��T   �* ��(d��/d  �


V%���   �� ��/�    V%� �
����  6�* <4���  . (*
A�� '(*
�%&��       F��� %�A��� ���� 

T���
� 
��� <��
 �
�*
 
�,�  .  



  ���  ����	
� ��
�
�� ���� /  ������� /  ��	������  

 

 (
 �*                 *
��  �%E�(�# � '��%�� ��01%-� ��&��� '(* �
 <4� ]%;�* C%01%-� 
A" 

��
��  6�%�� N��   %�"    (*
A�� �
 %M��* �(
%23* �   ��-&� 4�� �   *"    6��* <
���  .

      
BL��� 4���%3 ��01%-� '(*"           6��1%0) ��(
T �* 6�1�
 N��� 
��    %��"    � ����23 

�0��3( )D&R  @ B0&S 6�%���  @     6�P�� � CD�O23 ��
��"  �B�*
 �%�    6��*  .

     6�1%0) `�5�3 � ���23 �� *4B�*  %�"      NI� �
 �� �0��3 � ���23    %��"  �(*
,* �  � 

  �B�� �
 ��  %�" ��� �  � C�%PB� �  
�*

M .        N�I� �� ���23 '(* ]�%�W NI� �


�%�*�   �%�� �� ���23  ��   �� 
�� 
��*
�  �>
��  V4��    %��"  
%O�B	*    ;&���  *
�� " 

��
��      =1%�>%� 4��1�3 '�� /�*��   ��>*
 �     ��%�I� � ��*
�� ( )D&R     ��� ��*
�� 

 NI� ���P3  %�" (*
,* �  �B�� �    %��" ���� �  6��* ��B>*

M  . ��%�I�( )D&R 

     ���� NI� �
 <4� w
S�                CD�O�23 � �1%�� CD�O�23 N�I� 
�(� �
 ��� *� 

  �3%�4�� � ��E�3�             ��� NI� 
(� �
 �� *� �1%� CD�O23 %;�K �* � 4&�  �%E��* ]� 

 �%�B,* ��( )SSH   0��T ]��� � �  �4&�� � �( )NSE  � ���P3 �  4&� .  
��� <��


��
������j����  6�* <
��  . ��T '��� (%�
�+B� �  ������ �   *
�� *� "  �*��� � 

F�
�"  �*�� � � �%� ��  *"      C�%�P3 �%�21 ��7&� ��    %��"  ���-&�   *"     
�*� V4�� �
 

�� &!4 . V4�1��0� C%0�
� �	*4� l�� %��OLS 
��*
� 6�* <4� .  

�;�B� '(*   ��  +B� ��� �    ��%�I� Y%S�O�> %�
( )D&R     V%�� �
 ����  
�9o�3 

&0��  �*
"    �B�*
 �T%&� 4�� 
�      * ��� 4�* �(           �
 %�M��* 6��%�� 6����* �* �%L�� '

       
�*
�%�� N�%� ��7&� �� �0��3 � ���23"   %��"  ���-&�  *" 
�*
  . �P3 �
 ��   
�9* �

    � �0��3 � ���23 ��%I�� NI� '  %�"    
%OB	* 4�� 
� H�BI� "       4�� '�(* ��;�B� 

��( )D&R O23 � 1%� CD�  
�9o�3 �  ��
BL"      ��� 6�E�� ( )D&R  N�I�    %��" 

*
,*�(  6�
� �   %�" �%;3 " �B�*
   6�* . ��T '���  �P3 �
 �   �23 ��%I� 
9* �� �

�    1%� CD�O23 NI� �0��3 � � � �B�� '  %�"   ]����%E�*�  �4&�� � � B�� * �; �(' 

  ��%I� �� 4�( )D&R �B��   %�"   �%E��* ]��� �     �%��B,* ]���� � �   � 
�9*  ��
BL" 

    ��%I� �� 6�E�( )D&R �B��   %�" &) �  �4&�� � ���-&� 4�� 
�  *"�B�*
  4�* .

B���; '(*   �� *F)* (N    ��%I� ��� ( )D&R    1%� CD�O23 NI� �
 � ��   <8�(�  �
 

�%E�* ]��� <�����%�B,* � �� �
�*
�%� N�%� �
 
BL" %�"��-&�  *"6�* 
9U�  .  



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

  

      *
A�� �� $,*� �01%-� �
��L! �>*
 �
 ��(      6��* <4�� ]%�;�*  .     �%�! �
 %��&3

    �! <4� <4�%L�  Y%)
S       � %�B� ��� �(*
A�� 4��� ���
� ��    ��B>*

M %�A���      � 4��*

<�%�*     6�%�� N�� �� "*  %�  <

���    4��* .  V%�� �
   %��    "�%L�)* 
��>* " )���� ( �


�01%-�        �
 �(*
A�� �*�&� 623 "* 4��K�
     �%B��* �
 ��*
��    %��  �*
�(* " ) �����K 

 �1�� �(
7�j �*�� (  @      V%�� �T �(*
A�� 6�05� ���
� ��   %��  "����   %�3���� 

    �� 6�* �B>*

M �K �
   �
� �� %�&3  *
A�� ��(   �%B�* '�� ��-� �  %� �B>*

M    4��* .

    *
A�� 6�
� �01%-� '(* �
(              ����
� 
���� <��
 V��T �
 �*
�(* �T%�&� '�� �

���/�         �1%�� 
�� �&0( 6�* <
�� ��/ .           �B��%� ��%B��* ��*
�� w%��� �* 4�S�


��  
�� . ��T '���        ��� �(*
A�� �� 4� <
*
 �%L� σ    �%B��* '�(* �
   %��  Y%��(
�3 

      V%� �* � 
�*4� 
�,���   %3 ��   �#4&�*
M 4�K�
%�"         <
��� N(*F�)* ��� �� ��%B�* 

 6�*�� ��T �* ��(�/�  V%� �
���� �� ���/�  V%� �
����6�* <4���  .  

�%��� �    \�%� � j   ��* N(�

) �)���� ( �(*
A���  ���-&�   *"     
%O�B	* �
 *� 

 T �*
(*�   <��
 ����   %3 ���� *
� " ��  ��L� �%B�*  ��
� � <

�   4�* . *
��"   '�(* 

  <
*
 �* �%�  %�"    �*4(
 <

y� �� ���
� "   %, �� ��*
� "       <
%PB��* ��*
�� V�O�2� 

<4�  6�*  .       �%B)� �
 6�%�� 
�,� *� �%� '(* ��1
   �K    <

� �*�&� 
�+B� �
  4�* . ��

 ��
� ��7&�� (*
A�� � ��� β       ���* /(*
� �
 �� *� CZ
%0� �    *� ��� �  �0	�   ��� 

<
*
 �*
	 <
%PB�* 
��� 
(� C��S 4�* .  

)��(  ( )( )( )( ) ( ) u90ddnlog10/10exp1a
90ddn

00ddn
log

10

1
0 +β−−+=⎟

⎠

⎞
⎜
⎝

⎛ 

)��(  ( )( )( )( ) ( ) u90ddrlog10/10exp1a
90ddr

00ddr
log

10

1
0 +β−−+=⎟

⎠

⎞
⎜
⎝

⎛  

     CZ
%0� '(* �
 ��00ddn   � 90ddn   �*4(
 <

y� ��*
� " ��* �  V%� �
    %��" 

����   � ���� 4&BE�  .   ���T '���� 00ddr   � 90ddr      �*4�(
 <

y�� ��*
�� " 

0	*��  �%B�* �
   %�  4&BE��  .β      �(*
A�� 6�
�� F��� �  6��*  .      `��5�3 ���7&� ���

(*
A��� T
� � *
� "  C�%P3 �%21   %�" ��-&�   *"     
*�E��� }
� 
�+B� �
 " 0IL  � 

            ��� ��� ��O�23 V%�� �
 �%(�;L�*
 6�E�     �%B��* 
�� 6��0�, )PPS( 0   ��� 



  ��0  ����	
� ��
�
�� ���� /  ������� /  ��	������  

 

        6��* <4�� �)%�5* [��) CZ
%0� .       l�� �
 ��� CZ
%�0�OLS   � NLS  
��*
�� 

<4�  4�* .R(%B�   '(*
��*
�  � �%L��      -> l�� �
 �� 4�
�  (*
A�� 
�,� �    �
 ��� 

  �*4(
 <

y� ��*
�" ��* �   0	*� �� � � 4�(o3 ��  
��,  �&0( �       }
�� /���B� '��� 

  �*4��(
 <

y��� '(�%��vK 6�0��5� � <��
 4����" 
�*
 
���,� G����0� ���-�*�  .

|(
50PPS         |(
�5 � �%7B�* 
��� 6�D� �)*�� � 6�Q� 0IL      H1%�I� � 6��Q� 

 6�* �%7B�* .   -> 
�v l�� �
�  ��� �
       (*
A�� [�) CZ
%0� �* ]*4��    %�B� 3 4��(o 

��� (*
A�� |(
5 � 
����%�K �%21 �� %��K �
 "&0� 4	%) �6�*  .  

    +B� l�� �* %��K �B�1*� �*F�* 
"  <

� <
%PB�*     4�*   * �
 ��� �(     <
%PB��* ��01%-� '

      *
A�� 
�,� X
) %� %3 6�* <4L��(  � 
9* � 6��%   %��"    ��
�� 6�1�
 " *
A��  ��( 

��
��
��  .  

*
�"  (*
A�� `�5�3 �       �*� =>%�� �* %�A��� ���      �*4�(
 <

y�� \�%�(")  ���

��*�   0	*� �� � � ( T �
�    6�* <4� <
%PB�* <��
  .     �� �%L�� ��;�B��      ��� 4��


 ��* \�%(�*�� �*4(
 <

y� "��* �T �
 ��*
� �
�0S 4��� <��
 "�B�*
  ,\M 

(*
A���      �*4(
 <

y� �
 %�A�� ��� �* " ��* �    
�*4�� 
��,�  .    �0	*� /(*
�� �
� 

  �*4(
 <

y� \�%(�*�" ��> � �%���   6�* �B�*4�   @    V%�� �
 ��W
#   %��"  *4�B�* " 

 4��� <��
" 1�F� �   V%� �
 �   %�"   4��� <��
 
>K " 
�0S "  6�* �B�*
   @  '(*
�%�&�

(*
A����*4(
 <

y� �
 %�A�� ��� "0	*� � F�� 4�(o3�� � 
�� .  

������ ��	   
�  

      
�+B� G%�* 
� �(*
A�� C%��
*4�K�
      J
�-� ��*
� V�O2� %( �      6��* <4��

  K �* �1�   ���
� C%�DT* �! %;� ��          <*
��# � 
�4�2� �%�E�� �*
�(*       4&BE�� <4�&&!

���      G%�* 
� �*�34�K�
     6>*

M �(*
A�� ���
� �� ��*
�  .      ��� "*
�� '(*
�%�&�

        �#8(� �! "
A(
 '(FA(%, 
�+B� ?( �* ��L� '(*  %�  "4�K�
     4�%� *�*
 *� ��*
� 

 <

! <
%PB�* �(* .        �%B��* "�*4�(
 <

y�� '(FA(%�, 
�+B�         ��� ��! *
�W 6��* �

                  r�&�K ��� � 6��* 
%��B�* ��%	 � 
�,�� ��%�� <��
 ?( "*
� �T��
� C%�DT*

C*
��+3   �K   4&�%��4�K�
  6�* ��*
�   @      ��(*
A�� �* ��7&� \M '(* �*  @  ��(*
A��



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

  

    6�* �0	*� "�*4(
 <

y� �
 .  %&�� $	*� �
" 
7� " ��  "
�#�%� <
*
  %�"   <

y�� 


(�*4"   %�, �� "GDP    �� ��01%-� �
  �%���   ��* � � ���
  *�"    <

y�� ���>   %��" 


(�*4"  
7� �
 ( � ����  %�" �%;3 " �� ���  
7� �  �(   � %E�M �� F�&(  ' 6��* .  "*
��

'(*    �%!       V%� �T "�*4(
 <

y� �� ���
� 
(
%�� *4B�*  %�" ����j����    "*
�� � 

   ��%� ��%� "�%;3 ?�%�  %� C�%;3 "  @   �*
#�%�� <%�)�  @ �y��  @ C*�
%�S  @ "���%L�� @

'�E�  @6��  @   ��� ���  C��S  �%B�* ?��P3 �� ���*  %�  %�� \y� � <4� �*
IB�* 

    =>%� 
� 
(
%�� '(* ��E�3  %�         l�*F�# ��2� �* ��! ��%B�* 6��	 "   "%��   ?��%� 

 $�, "F!
�   <4� "��K    4�*      <4� ���%2�  "�*4(
 <

y� �0	*� 
(
%��   4��* .  �* 4�0� 

�K4(%�    �0	*� 
(
%�� ��  C��S   �� �(4�3 ��*
�        �� �%! '(* "*
� � 4�4�    �*F��� �� �%

 �%B�* 6�0�,  %�        l�� G%�*
� �! 
�� ���
� 
��� <��
 �T   %�" 
��*
�  6�0�,

<4� �(4�3 ��*
� �� 
(
%�� � <4� 
%;(* �%�K '(* 4�*.  

     �%B�* �* ��0� �! %;�K �*  %�   V%� �
 �*
(* "  %�        ����
� 
���� <��
 �(*4�B�* "

 �B�*4� 
�,�      %�&3 %� 4�*��        *
 �*
�	 tD�� *� ��L! �%B�* <
        �* 4�&3�%�� ��! ��(* :

�*
�3  @�%�PS*  @�%�*
>  @�*�4��%�  @ �D��#  @ G�%�)  @ �*4���  @ �%�;��  @ �%B����> @

<%L�%�
�  @�%B�

�  @]D(*  @�%B�
1  @
����  @�%#F�
�  @"F�
�  @�%&��  @  � �%BE��

�%BEW���  @ 4��*
(��� �(������  @
F(  @�%&��  @ �	
� �%;(%���K  @   ���
v �%;(%���K

 �%�*
> � .   
!� ��%	        �*�4��%� �F, *� �%BE�# �%B�* %� �� �! 6�*  @  F, *� '(�F	� 

�%;�� @F, *� �	��*
�3  @F, *� ���
�* ��<

� �%21 �	
� �%;(%���K  �(* .  

   ��7&� ��~%EB�* C�%P3   %�  ���-&� "     V4�� �
 "*   %��        ��� �* <
%PB��* 
���� "

 C
,%�� 
�+B� )  �!��  �*�&�                ��
 ��T �%B��* 
�� �* <4�� ��%�> 
*
�)* =1%�>  <

����j����  �� H(
03  
��(     ��O23 V%� �
 �%(�;L�*
 
*403)   ��%E��* �(%�
�

 �%B�* 
� (         6�* <4� <
%PB�* ��-&� 
� �
 �%! "%(�, �*�%��� � .    '��1�* �* %��%�K

      �*
(* ��D�* "����, ��%E�* �0��3 ��� l�*F#)���� ( l�*F# �   "%��   ����
� 

<4� �*
IB�* �*
(* �%�K F!
� ��%E�* "�
�� �� *4�.   

     6�%�� N�� ���
� "*
� ��*
* �
  %�    ��-&� �(*
A�� �
 61�
 "     �* ��0� "*

  ����� ��	
� �	�

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



  ��1  ����	
� ��
�
�� ���� /  ������� /  ��	������  

 

��    �$�%&

'(& !���)� �!   �	*  +�� ��,
-   �$� .   ��	�
� /�	� 	�

��� 0��      ��1�2 ���)�-

      �	��� 
� �� ����� 34!) �$�
�6 7�	4�(  9  :$	! ��	�6� ;<
=>&  	�) ?  @%, :$	!  (

      A�B ;	
�	� ��C
� � �	��� 
� ��         �	��� 
� /D� �� +�� ����)     � E
��>�� ;	�
�	�

E
��>� 

F ( �* ���>������
2 G	�� 
! � �12��  	�H	� �IJ +�� �K�	D� ��$ .  

������� 	
� �
 �������  ������� �  

��������	 
�� 
������  σ  

  �� ���
� "*
�     �%B�* '�� �
 %�A�� ��� �(*
A  %�        ��*
�� \�%�(�*� �* �*
�(* "

 �! 6�* <4� <
%PB�* �0	*� "�*4(
 <

y��� C��S�� ���%2� 
(�  
��:  

)��(  [ ]∑
=

μ−=
24

1i

2
titt ddrn*

24

1
D  

��   tD      � ��*
�� �0	*� <

y� \�%(�*� itddrn         ��0	*� "�*4�(
 <

y�� w
�0� 


�  �%B�* �
 ��*i    V%� �
 t 6�*  .  
B�*�%Mtμ       ]%��3 ��*
� �0	*� <

y� '�A�%��

�%B�* %�V%� �
 t6�*  .  

 ��T '���    �(%(�M �
*
 �%L� "*
�   %�        ��*
�� ��0	*� "�*4(
 <

y� \�%(�*� "

  �� �T �
   ��	
 6E3 � �%      %�A�� ��� �(*
A�� ��5
) 
3  @   F��� 
(� �1
%0�  
��*
�� 

�� 
��:  

)��(  ( )2
t ,0 νσ≈ν    �       t1t10t DD ν+α+α= −  

��1tD −�P	�   "*�*tD6�*  .  

    �1
%0� G%�* 
�)�� (  �
�3��S  ��11 >α        �
 "�*4�(
 <

y�� \�%(�*� 4�%� 

            *
#*� %�� %�� "
��03 �� %( � 
�� 4�*�> N(*F)* V%� �(        ��*
�� ��0	*� <

y�� �
 �

�%B�*  %�    
#* � ��BE� �,*�� 11 <α    <��
�
 \�%�(�*� 4�%� t    <��
 �* 
�B�� 1t − 

� <
�� *� <

y� �
 �(*
A��6�*
 ���*�> ��*
� �0	 .  

�-�*� �3%��%2� �;�B� )�� ( �
�*
���6�* <4�K 
(� V�4, � :  



  ����� ��� 	�
�� 	
����� 
� ���� ��� �����  ��... ���  

  

sigma convergence

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

varyance= 0.0218 0.033 0.0193 0.0195 0.0153 0.013 0.0133 0.0127 0.0252 0.0489 0.0667

1369 1370 1371 1372 1373 1374 1375 1376 1377 1378 1379

  

�%��  ���#    �
 �� �*
���    ��� <4�%L��            <

y�� ��0	*� ��*
�� �#4�&�*
M 
���

  �%B�* �
 "�*4(
  %�   V%� �* �*
(* "  %�    <��
 "*4B�* ")��   %3 ��(    r&�K %�  ���%&�

 �B�*
 N�%! 6�* .   V%� '(* �
    %��  @ %�� *
A�� 4� �(        "�*4�(
 <

y�� ��*
�� �
 �

�%B�*  %� 
�� <  �(* .              "*4�B�* �
 ��0	*� ��*
�� <

y�� \�%(�*� [�) V�4, G%�* 
�

    ���
� 
��� <��
)���� (  V
%0����/�           V%�� �
 
��> �	*4� �� �� 6�* <
�� 

��   �&0()����/�( ��  4�� .   V%� �*��       *4�M N(*F)* %0(
� �#4&�*
M '(* 40� ��  

��   4&���  T����(   �K         ��T �
 �� �#4&�*
M �
 N�%� �*4���   �(
��4�%�� V%�� 

        4� �*
�, %�&3 �� 40� V%� �� �T �
,          ��� ���
� �*4�� �* 
3Z%� �2-� �� ���� 

 V%���4���  .  

    *
A�� 
��,� "*
� �&���3 ���# ��� '(*
�%&� �(    
�*4�� 
��,� %�A��� ���� �. 

'(* �� %(K Y%0	*� ��B�*
 �(*
#*� <��
 �T �� �
 *
A�� %( �( <�%�� �1
%0� �)�� (

<

� G
#� *� �;�B� �� �(* �K 6�* 
(� C��S ��:     

)�� (  ( )67.3t,15.0t,62.0R 21
2 =−== �  1tt D26.10013.0D −

∧
+−=  

�%��  ���#    �� �%L� �1
%0� �!       �� �,�3 %� 4�
�&0�  �*
 |(*
5 "  @    %�� \�%�(�*�

              ����� 4�%�� '(*
�%�&� 6��* N(*F)* V%� �
 "4�%O3 �>
�     ��*
�� �
 ��(*
#*�

�%B�* �
 �0	*� "�*4(
 <

y� %���BE� �*
(* " .  
  



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

 

������� �	
 ��
����  )���� ���� ����(  

�%��  ���#              
3
��) �T%&� �! 6�* '(* %B� ��� �(*
A�� �* ��7&� 4� �BP# �! 

      �B�*
 
34&�3�
9 �T%&� �� 6�E� "
BL�� 4�� ,\M     *
A�� �1
%03 `-� ?( ��  

�� 4��� .  G%�*
�   ��-� "%B� �(*
A�� H(
03)�T
�
�v (       ?�( ��� �T%�&� ���

  V
%03 �* `-�  �� ���  &&!4 .       �%B�* '�� �
 ��-� �(*
A�� ���
� ��7&� ��  %� "

     Z%� � ��%� �1
%0� G%�*
� �! 
(� �1
%0� �*
(*j"Kj'�3�%� )���� (  <4�� ��*
T

6�*,�*
	 <
%PB�* 
��� ��  

�#:  

)��(  ( )2,0 συ�   ( ) ( ) t69ddrnlog*
10

)*10exp(1

69ddrn

79ddrn
log

10

1 υ+⎥⎦

⎤
⎢⎣

⎡ β−−+α=⎥⎦
⎤

⎢⎣

⎡∗  

��79ddrn         V%�� �
 "�*4(
 <

y� �0	*� ��*
� �� � 69ddrn     "�*4�(
 <

y�� 

      �� ~�E2� <��
 �%vK �
 ��*
� �0	*�   � 
��β    *
A�� 6�
�� F��  �(  6��* � . . �


�3��S  ��β    4�%� �P&�     �%B�* ]%�3 �(*
A�� 4�%� %�  %�         �1
%�03 `-�� ��( ��� 

            �*4(
 <

y� '(�%vK 6�05� '�� �-�*� 
A(
 "
��03 �� %( � 
�� ���*�>"  �%B�* 

        
�� 4�*�> G��0� <��
 �T 4�� }
� /��B� �  @   �%B�* 
A(
 �3�%�� ��  %�(  � ��! 

  ~��-�%� ��1�* 6�05�   
3  4��*
       �%B��* �� 6�E� "
B#�F� 4�� }
� "*�*
   ��%   %�� "

  ~��-� ��1�* 6�05� 4&BE�
3.    �%B�* ��� �;�B� �
   %�    ?�(
F� �� ��   ���   4���� .

 
#* \�0��β   �%B�* 4�%� 6�Q�   %�       *
#*� �
 �%��� ��T �
  ��(       � <
��� 
A(4��( �*

�� 
34&�3�
9 <�*��� 4&�3�
9 � 
3
��) <�*��� 
��) '(*
�%&� 
�� .  

�;�B� 
��*
� 
%0� �-> 
�v <�%�� �1�� �� C��S6�* 
(� :  

)��(  )69ddrnlog(09.0*)e1(*1.00207.0)69ddrn/79ddrnlog(*1.0 10*0610.0−+−=                   
 (-0.49) (-2.25) 

    <�%�K FB�*
M �>*
 
*4�* �!t     4&BE�� |(*
�5 �� ���
� . �%���   ����#    ��;�B� ��!  


��*
�   �� �%L� V4�     �(*
A�� 6�
� |(
5 4�
( )β  @  �P&� 6�D� "*�*
   6��* 

 �*4�� �!   �K 
�*
�)���/� (6�* . YZ�* '(*
�%&�  @    �%B�* '(�%vK 6�05� '�� �-�*�   %�� 

)     ��*
� �0	*� "�*4(
 <

y� �%21 �� (  �%B�* 4�� �  %�      �%B��* � <
��� �P&�    %�� "

      �%B�* �� 6�E� "
B#�F� 4�� "*�*
 
3
��)  %�      ��� �;�B� �
 4&BE� 
34&�3�
9 "

�%B�*  %�    �(*
A�� H(
03 ��T 
�               *
�A�� C%��9%� V
%�03 �* `-�� ?�( �� ��-� 



  ����� ��� 	�
�� 	
����� 
� ���� ��� �����  ��... ��-  

  

��  4��� .Y%��%9     �%B�* '�� �
 �(*
A�� 6�
�   %� V
%0� )���/� (   ��Z%� �&0( 6�*

�              V
%03 6�05� � ��*
� �0	*� "�*4(
 <

y� ��0) 6�05� '�� w%�� �* 4S�
 

�� w
T
� �*4(%M 
�� .  

     �� <4�%L� ��� �
 �s�K %�*  �%B�* �! 6�* '(* 
�� %� %3     �%�21 ��� "
�4��

 ��-&� "%�
B�*�%M     4&BE�� C�%�PB� "*  @ \�M          6�(%P! ���-� ��(*
A�� ����
�  

���    � 4&!  4(%�     �(�*

y� �T
� ��� �(*
A�� ���
� �� .        [��) ��1
%0� ����03 %��

*
A�� �
*
 �%L� "*
�(�T
� � @ �1
%0�)�j� (4� 4�*�> �(4�3 
(� C��S ��: 

)��(  ( ) ( ) TV.69ddrnlog*
10

)*10exp(1

69ddrn

79ddrn
log

10

1 υ+Φ+⎥⎦

⎤
⎢⎣

⎡ β−−+α=⎥⎦
⎤

⎢⎣

⎡∗  

  '(* �
 �!   �1
%0� V  @     �#8(� <4&&� '��03 "%�
�+B� �* "�*

�  %�    ��� %�
%OB	* "

       *
A�� ���
� "*
� �1
%03 6�05� '�� F(%�3 ��7&�(  6�* �T
� � .  �(%��
�+B�

     %� %;&(* �
 ����  �*�&� '��03  <4&&�  V
%03 "%�   ��-&� "%�    ��� <
%PB�* "*   ���&�, 

   V%� �T C
,%�� }
�  %�  "����   %3 ����  �%B�* �*    %��    ��L�� 
��*
� "@   
*4�03 

     �%B�* �
 ��O23 V%� �
 �%(�;L�*
     �*�&� �� H�BI� "%� '��03     �
�23 <4�&&�

           �%B�* 
� �
�%! "%(�, �%��� 
*
)* 
*403 � ��%E�* �(%�
�6�*  @    �
 
�+B� �� '(*

        *
A�� ���
� �&��� �
 <4� ]%;�* "%��%� �* "�%�E�(     4�4�� <
%PB��* �T
� � .

�B��; 
��*
�  �1
%0� '(* �->
�v�� C��S6�* 
(� :  

���� �� �	�
 �	��
 
�� ����� �
 ���� �������.  

3δ  2δ  1δ  β  α  ����  

������	/�  ������
/��  ������/��  �
��/� �  ��/��  �����  

��/�  

/��  ��/	�  
	/	�  �
/��  �����t  

                    

�%��  ���#        
� [�) V4� �;�B� �* �! ��  4(K  @        ��4�� �T
�� ��(*
A�� 6�
��

 6�%�� �%21  %�   61�
 "Y%�(
�3        
��*
� ���-� ��(*
A�� 6�
� %�  �     F��� l�*4���  

����/���  4�%� .   �
� |(*
5 �)
T �*  
�+B� �� ��      ����%�� V
�B&! "%�    "* Y%��(
�3 

��   4&BE� �&0� .               ��� �2�%E�� ���! %��  ��! 6��* '�(* �;�B�        ��! 6�P# 
���



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

 

C�%P3   <4�� "%�     �%B�* '�� �
 "*  %�     � �B�*4� 
�,� Y%�(
�3  4&BE� 'A��  .   '�(* 
�

 
�4� G%�*��   �� V�T V%�     ��� %3 4L!�       ��0) 6�0�5� '�� ��S%) �* �   <

y�� 

�*4(
" 0	*� � 
�  �%B�* ��*  %�            w
�T
� C%��9%� V
%�03 6�0�5� %� ��L! 
�*
� "


�� .  

���� ���� 	
�� �
����� )��
�� �
�� 
� 
����� 	(  

6�%��  %�    H�BI� �T%&� �
 61�
 " ��    4�*�3�%9K         
�� 4��� "�� 
�� �3�%PB� 

       4��%� �B��*
 < *
�� �� ��-&� .             ����23 ]�
 V*��� ��� �
*
 ~*��, ���7&� ��� @

   �B�%�� "%�
�+B��*          �� 
�*� CZ
%0� �BE�� �
 4� <�%�* %��K �� �!   ���&! . �


            6��%�� N��� ����
� ��7&� �� �! �(*
A�� �1
%0� C��S '(*   %��    �
 6�1�
 "

�� �*
	 <
%PB�* 
��� �(*
A�� 
�� 4�*�> 
(� C��S �� 

�#:  

 

( ) ( )

t32

13

TASHILi.i75PERTAX.

IiINVESTGHAT.6575AVMOHAJER.i69AVBIK.2

i69AVDAN.169ddrnlog*
10

)*10exp(1

69ddrn

79ddrn
log

10

1

ν+π+π+

π+δ+δ+

δ+⎥
⎦

⎤
⎢
⎣

⎡ β−−+α=⎥
⎦

⎤
⎢
⎣

⎡∗

   

  
 
���+B� ���!AVDANi �%(�;L���*
 /����B�  @AVBIKi �*�%����� /����B�  @

AVMOHAJERi /��B� �*
,%���%B�* �* i 4&BE�  .%�
�+B� '(* @  "%��
�+B�

���%�           ��%�� ���%�* V4� �
  V
B&� � "*  6��*  . "%��
�+B�IiINVESTGHAT @

�(%�
�  "�*^#  ��0-	   @i75PERTAX  @   ��*
�� C%��1%�  @�TASHILi  @  CD��E�3

�(%-�* @��-&� 6�%�� "%�
�+B� 4��� ~�E2� "* .�� �%7B�*  "%�
B�*�%M �� 
��

3211 ,,, πππδ "%�
B�*�%M� 6�Q� 23,δδ4&�%� �P&�  .  

�;�B� 
��*
�  �-> 
�v l�� �� �1
%0� '(*�� C��S6�* 
(� :  

 �������	 
� �
�� ������� �	�� ���
�� �
������ �
.  

3π  2π  1π  3δ  2δ  1δ  β  α  ����  

������	/� ����
�/� ���	�
/� ��������/� ������/�� ���		
/� �
��/��  ��/��  �����  

��/��  �	/�  
�/
  ��/��  
�  ��/�  ��/	�  ��/	�  �����t 



  ����� ��� 	�
�� 	
����� 
� ���� ��� �����  ��... ���  

  

           ����%� "%��
�+B� 6�* <4�K [�) V�4, �
 �! �;(%B� G%�*
�     V
�B&! � "* @

  "�%�K �%21 �� �! C
,%�� F;�
�9o3�&0�  ��-&� 4�� 
� "�*
    6��* �B��*4� "*

�� 
�+B� ��      "%�-> `-� �
 %��    4�S�
  ��&0�  �*
  4&BE��  .   ���T '����   |(*
�5 

   4&BE� �%7B�* ��%-� �T��
� .         4��� �%B�* 
� ��O23 V%� �
 �%(�;L�*
 N(*F)*

   �� N(*F)* *� ��%B�*  4�
 .          �*4�(
 <

y�� 4��� F�� �%B�* 
� �
 �*�%��� N�%!" 

   
���� *� ��%B�* ��*
� ��  4LI� .    4&W
� C
,%�� 
�+B��9o3
  l�&0�  �*
   6E��� 

       �%B�* 
� �* ��%> �� C
,%�� N(*F)* �1�)     ��%E��* �(%�
� ��
> �1F&� �� ( 4��� 

  �K   �� N�%! *� �%B�*  4�
 .      C�%�P3 N��� 61�
 
��� '(*
�%&�   %��  ���-&� "    *� "*



! �BE,
� .  

    V4� '(* �
) �(%�� V4� (    V
%0� �(*
A�� 6�
�����/�     ��Z%� �&0( 6�*  

��/�    � w%�� �* 4S�
  �0) 6�05� '��   �*4�(
 <

y� "     1
%�03 `-�� � �   �K   
��

 �� w
T  
�� .Y%�(
�3 ��   �� V�T V%�              
��� w
�T 
�� w%��� '(* HO� %3 4L� .

�;�B� 
��*
�   �� �%L� V4�                 "%��
�+B� �*��&� ��� ��� "
��+B� ��� 
� �! 4�


 ��-&� 6�%��      4&BE� 61�
 ���BE� V
B&! 623 "*  @     "*�*
 "�%�K :�� �*
�9o3 

�&0�  �*
"     4&BE� ��%B�* 4�� "�� 
�  .�(%�
� �W 
� �� 
�� '(* 
� �%7B�*  "�*^#

  �%B�* �
 �B1�
  %�       
��� $(
E3 %��K 4�� 4�%� 
BL��  .         
��+B� '�(* F��� %�;&(* �


             �
 V%(� ������ �( N(*F)* � 6�* �*
%&0� � 6�Q� |(
5 "*�*
 �(%�
��   "�*^�# 

�%B�*  %�    61�
 /��3 ��  ��T      ���-&� 4��� /���B�     *� "* �T�   <��
 ��/�   4�S�
 

 �� N(*F)*  4�
 .    �(%�
� �*F�� �
 C�%P3 '(*
�%&�     �%B��* �
 "�*^#   %��  H��BI� " @

�%B�* 4�� "%�
�E� �
 C�%P3 �� 
;&� %���  
�� .  


��A(
 
���+B�  @C%���1%� �*F���� %��� ��*
��� "$���, "��K�%B���* 
��� �
 <4���  

)i75PERTAX (6�* .      ) V�4, �
 V4� R(%B� G%�* 
�      F��� 
�+B� '(* [� 
�9o�3 

     �%B�* 4�� 
� "�*
%&0� � 6�Q�  %� 
�*
  .         C%��1%� =�O�I3 
�A(
 
���03 ���   %�� "

$�,  "��K        ��-&� 4�� �* �B�E	 � <
�� ~��-� <4�       6��* <
*
 `�5�3 *� "* .  
��

       C%�1%� �;� �
 N(*F)* V%(� �*F�
� G%�* '(*  %�          ��� 
�;&� �%B��* 
�� ��*
� "

 N(*F)*��/�/��B� �
 4S�
 "
%OB	* 4��  �K �%B�*��  
�� .  



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

 

      6�%�� N�� �)
0� "*
� �� ���� 
�+B�  %� ��-&� "      �%21 V4� �
 61�
 "*


���� <4��� @]*� �  CD��E��3 �*F���� %�������%� �(%��-�* " %������B1�
 C%E���U� �  

( )TASHILi  �%B�* ��   %� 6�*  .  �;�B� G%�* 
�  
��*
��          �
 F��� 
��+B� '�(* V4��

   "%-> `-��� 
    "*�*
 4S�
�9o3    �%B�* 4�� �
 "�*
%&0�   %� 6�*  .   6��D� %��* 

  �K  6E�� �%7B�* ��%-� .       ��-&� 4�� N(*F)* �
 %�&3 �� "
��03 ��     
9U�� "* <
���� 

�%B�* 4�� "*
� <4&�%� ���%� ���� 6�* %��� ~�E2�  
�� .  

��  �*�&�    �� ��! �;�B� ?(       6��%�� �! ��(�A� ���*�3   %��  ���-&� "     6�1�
 "*

E�*�3�B  4�*  ��-&� 4��      4&LI� 
���� *� "*,      ��! *
�W  Y%��(
�3     �B��%�� "%��
�+B� 

  �&0� |(*
5 "*�*
 4&BE� V4� �
 "�*
 .    '�(* %�(K ��! 6�* '(* ��%�* V*U� %�*

   ��-&� 4�� �
 N(*F)*            �
�> %( 6�* �B)
# C��S �T%&� �(*
A�� "%B�*� �
 "*

         �
 �(*
A�� 6�
� �E(%�� V*U� '(* �� �
*
 ~*�, "*
�      ��� �(*
A�� V4�  �
 

   61�
 �%21 ��4� �T
� )��(  @       6�%�� �%21 %� �T
� ��� �(*
A�� V4� �  %� "

61�
)�� ( �� 6(%P!  4&!� .       6��%�� �%21 ��4� �T
� �(*
A�� �;�B� �
   %�� "

     �%B�* '�� �
 �(*
A�� 6�
� 61�
  %� )V4���(  @       ��	� V
%�0� ��(*
A�� 6�
�

����/�     
�4� G%�* �K
� �! 
�� ��  T V%�  �� V�     �%B�* ]%�3 %3 4�L!  %�  ���� � 

     1
%03 6�05� %� 
�> w%�� �*�  T *� � 4&&�   @  �;�B� �
 %�* 
��*
�    ��(*
A�� V4�

   6�%�� �%21 %� �T
�  %� 61�
 "  @      ��� ��	� '(*����/�      

�! *4��M N�%�!  .  ���

      6�05� '(* �
 
A(
 C�%����  V�T V%�  ��        �%B��* ]%��3 %�3 4L!   %��  PO�� �  �* 

    3 6�05� %� 
�> w%��1
%0�    4�
�� '�� �* *�  .  6�* '��� �;�B�  @    �
 61�
 
��� %�

    �(*
A�� 6�
� V4�)V
%0�����/� (         �T �%��� C4�� � ��B)%( N�%!�   �

�� 

����   �%B�* w%�� �*   %�  6�05� %�   %�" 1
%03 �   
�4� �     6�* <
%B)* 
�>%3 �� V%�  .

      6�%�� %(K �! V*U� '(* ~*�, '(*
�%&�  %�       *
A�� $(
E�3 "%B��*� �
 61�
 "  ��(

<
��    4�*      6�%�� '(* � 6�* �P&� 
�> %(  %�       <
���� �(*
A�� "%B�*� �
 %�&3 ��     4��*

___________________________________________________________________  

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


��� .     ����� ��� ���
� �)�* �+&, "�  ��-�! 	�
             /0��! ��� �� �12�( ���
� �!*�� ���
%&
 �� �'(� 	� ����

3��4 �5�� Fredrik - Bergstrom��� . 



  ����� ��� 	�
�� 	
����� 
� ���� ��� �����  ��... ��*  

  

  6�
� �* ����   �K  �B�%! F��    4�* .  �� �1%E� '(*  �� 4�*�34&W 4��%� ��1
  .   ��,�3 %�(

  �%B�* �� 61�
  %�            6�* <
�� �! �(%-�* CD��E3 � ��*
�� ��%I� �;� �%21 �* 

 %( � '(*     �!   � %��K =�OI3 <�2� �%B�* '�  %�         �%B��* $�P� ��� � <
�� ~��-�%�    %�� "

      � 6�* <4� ]%�3 
34&�3�
9(% '(*   ��     * �* �S%� $)%&� V%�B�* (  O�I3 '�=   %��   ��� 

�%B�* %�"�, 6�*� 
9* 
� 
34&�3�
9 �(&W �M '�4�%"6�* �B�*
  .  

�������  	
��
�� � ����  

                ��� 
�(� ���%�* V*U�� �
 �� �
*
 ~*�, V%��
 �� ���23 V�T �
<
  ��(* .V�* 

'(*    �!   �%B�* '�� �
 %(K  %�        ]�
 �
�> %( 
�*
 
�,� �(*
A�� 4��� �*
(* "  '�(*     ��!

 6�%�� %(K  %� ��-&� "        <
�� �)�� �(*
A�� $(
E3 �
 61�
 "*       �,�3 %� �
�> %( 4�*

 :2� ��  %�      V4� �� ���
� R(%B�� <4� J
-� "  %�" 
��*
�       ��� 
�7� ��� <4�    4���

 ~*�, ���*�B�   $�%	 "%� &!<4&    V*U� �� "*   "%��    ���4�� [��)  .        ]%��3 �
 ��! %�;�K �*

V4�  %�   �(*
A�� �� ���
� "( )β,     �%B�* ��1�* 6�05� '�� �-�*�   %�)     ��*
�� 
7� �*

 <

y� �0	*�  "�*4(
 (                ��(*
A�� �* ����� *^�1 
��� ��P&� ��%B��* 4�� /��B� �

 �%B�* '�� �
 �T
� %� N�M �&����  
�� .(*
�%&�    
�� ��&�� ����23 V�* ��5
) '

 �(*
A�� 4��� 
�,�)%B� ���(�%B�* '�� �
 %� �*
(* "4�(o3��  
�� .  

 ��T '���     6��%�� �%21 %� ��W    %��  ���-&� "          ��(*
A�� V4�� �
 6�1�
 "*

     �* �(*
A�� 6�
� �T
�����/�   �� ����/�     V%� � <

! *4�M N�%!   %�  ]�Z "

    ��� 'B)� '�� �* "*
��    
 <

y� w%�� �* �*4(" 0	*� �     �%B��* ]%��3 ��*
�    %��   %�� 

 1
%03 6�05��    �* C%�9%� ��   �� ��    6�)%( N(*F)* V%�   @ \�M      ��&�� ]�
 ���5
) 

  6�%�� 6�Q� N��  %� ��-&� "        �� 
� �(*
A�� $(
E3 �
 61�
 "* 
�� .   6E�3 %�

           4�4�� <
*
 ~*��, ����23 ��S* CZ*U� ��5
) �
 '(* .      ��(*
A�� �* ����� Z�*

   �%B�* '�� �
 �T
� %�   
�*
 
�,� �*
(* "  @Y%��%9  6��%��    %��      �
 4�&W
� 6�1�
 "

��-&� 4��  "*
9U�<
%B)*  <
��� �(*
A�� $(
E3 "%B�*� �
 4�* 4�* .  

�B)%( 6�*
(� �*
	 �� ���23 
A(
 "%�:  

�j      <
%PB�* %� %�A�� ��� �(*
A�� ���
�           ��0	*� ��*
�� \�%�(�*� =>%�� �*



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

 

       �1%� <
 <��
 �T "�*4(
 <

y����� %3  ����        "*4�B�* %3 4&W
� �! 
*
 �%L� 

  V%����� �%B�*   %�           *� "�*4�(
 <

y�� �0	*� ��*
� �
 �#4&!*
M N�%! �*
(* "

 <

! ��
;3        V%� �* 40� %�* 4�*����            6��* ��B)%( N(*F�)* C4�� ��� �#4�&!*
M  .

��  ��T   ��! ����K  %�                 ��(*
#*� ����� <��
 ��! �
 ��! 4��
*
 �%L�� <4� ]%;�* "

)%�A�� (*
� �

�*
 
�,� "�*4(
 <

y� �0	*� �� .  

�j    �;�B� G%�*
� ����K     �%B�* '�� �
 ��-� �(*
A��   %��    ��! 4�� =IL�� 

    6�
� %� %�
%OB	*�(
�3  ����/�       � �4� *
A�� V%� �
 V%� �
 %   �1
%03 6�05� 

%�   4&BE� 
�> C%�9 .         ���-&� "%�
B�*�%M �
�� �%E�( X
) %� 
A(
 �3�%�� ��  "* @

   K 6�05� '�� �-�*� �%B�* '(�%v  %�          � ��*
�� �0	*� "�*4(
 <

y� 6�05� 
7� �* 

     �P&� <��
 �T ��%B�* 4�� /��B�,    �%B�* �;�B� �
 <
��   %�      4��� }
�  
3
��) "

�%B�* �� 6�E� "
B#�F� %�4&�3�
9 "  
3�B�*
 4�*.   

�j          � ��1
B&! "%��
�+B� �%�21 %�� �! 4� '��� �T
� �(*
A�� `�5�3 �
 

���%�    *
A�� 6�
� "*      C�%P3 N�� � 

�� �	
) ���> �(  %� ��-&� "   �
 "*4&(*
) 

    �! �%�E� �(*
A��
9* 4�  .       
��+B� �%�21 %�� %��*        V4�� �
 �B��%�� "%��  @  N���

 ���%� "%�
�+B�      �BE, 
� V
B&! � "*               "�%��K �%�21 ��� %���K ��� � 4� 
3 
�9o�3 

�&0�  �*
   ��-&� 4�� �
 "     4�
�*^# "%, 
� "* . * �
 �(      ��(*
A�� 6�
�� 6�1%� ' 


�4� ���/� 
��*
� 4�  .  6�%�� �;�B� �
  %� ��-&� "       ��(*
A�� 6�
� 61�
 "*

<
*
 ����3 *� 4�*.  

�j                    � 6�1�
 6�1%>
 ��4�� �T
�� V4�� �
 �
 ��(*
A�� 6�
�� �E(%�� %� 

      �� '(* �;�B� 61�
 61%>
 %� �T
�          �
 6�1�
 �B�%�� "%�
�+B� �B	� �! 
��

  �� 
�*� V4�    4���   �(*
A�� 6�
�  �*����/� �   �����/�N�%!  �� *4�M    4�&!  � 

 V%� 
*403  %�   T "*
� ]�Z "� %� V
%03 �* ��S%) HO� �4�   C%��9,�* ��   ��� V%�� 

��     ��� N(*F�)* V%�    4��%(.    6��%�� '(*
�%�&�    %��  ���-&� "        $(
E�3 �
 6�1�
 "*

<
�� �)��%� �(*
A�� <

! ��� F�� \�� 6�, �
 �B� � 4�* 4�* .  



  ����� ��� 	�
�� 	
����� 
� ���� ��� �����  ��... �-�  

  

��
�� ����� 
��  �����	
�  ��
����, )����(,  ���� ����	       
�� 
��� �� ���������� ����� ���     ���� ���

���� ������� ��
���
� ���
� �
�
�  ���	�! "
#$��% %
&'*� "�+$��% . 

-�  /�
$0�  ��	��, )��1�( ,  ����� ����!"� �����   ����� ��� )  ��#��#�#� $%��&' �#��(( �

��
�$�23���
4��

  � "�
����.  

5�  62	'742	
  ����2  �)8599(,  � +��� ���  �  �!
�: ��; ���<	!  �   ��
�	
 �
��
� =��
$'��

�<%>
2 .  

?�  @�+�
 �/�����A�, )85B8(, ��� �'��,��-� �� ����� ������ ���	$� .  

C�  D�2	�  �E���, )859F( , 
���� �����             ����, ����#.�/ �� �0�/ ������� ��� ���

1#� ����
� �
�
����� ��
���
�  �G��� H�
	! "
#$��% .  

I�  J�><  �/K�	L
M, )859N( ,%��2�      �������� ������ ��  �       2 %�3O� ���	4
OP	�EQ ��O�<	!

�
�	�� ���: ��<%>
2 ��
�	
 �
��
� =��
$'�� .  

1�  J�>OO< �R>�
OO�, )859S( ,��������� ����� 3�����&' ��OOTUL VL
OOW ��OO�<	! � 	$OO�J�	�

��
#$��% .  

��  ��
�	� X
YW ���Z�, )85BS( ,�� %245� ������)��#6	 
����� ��( �$'��H�� =��
 .  

[�  �0�	W  �	T\�, )8599( ,  �'�7�%��'��  8��  %245� %9�#	 � ��  �     �O�
�	
 �
��
O� =��
$'��

�<%>
2 . 

�]�  "	* �
�Q

 ,�^!	� ,)8598( ,%9�#	 � ��� ������ , ��<8 2 - ,�� 	$�.  

���  �!�	Z4  ���%>��%, )859B(, �:5������� ��< �2�  �   ��$O�	
� ���: ��<	!  �  =��
$O'��

��	�! "
#$��% .  

���  ���/2  �_�
`L>
�, )85BS( ,    ����� ������� ��� �0/ �����7���  �    ��7O�>� =��
$O'��

 2 =
aL
U��@�23 
���
4��

 / . 
13-  Aghion, P. , and P. W. Howitt, (1998), "Endogenous Growth Theory", 

The MIT Press.  
14-  Baltagi, B. H. , (1999), "Econometrics", Springer.  
15-  Barro, Robert J. , and Xavier Sala-i-Martin, (1991), "Convergence 

across States and Regions", Brookings Papers on Economic Activity, 
No. 1.  

16-  Barro, Robert J. , and Xavier Sala-i-Martin, (1995), "Economic 
Growth", The MIT Press.  

17-  Barro, Robert J. , and Xavier Sala-i-Martin, (1998), "Government 
Spending in a Simple Model of Endogenous Growth", NBER Working 



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

 

Paper Series, Working paper No. W2588.  
18-  Brasher, Lucas, (1999), "Knowledge Diffusion and the Development of 

Regions", The Annals of Regional Science, Vol. 33, Issue 3, August.  
19-  Carluer, F. , and E. Sharipova, (2001), "Regional Convergence in 

Russia? Or When Economic Geography Confirms Macroeconomic 
Analysis", Russian –European Center for Economic Policy, Working 
Paper Series, June.  

20-  Chen, Jian, and B. M. Fleisher, (1996), "Regional Income Inequality and 
Economic Growth in China", Journal of Comparative Economics, Vol. 
22, Issue 2(4). 

21-  Cheshire, Paul, and Stefano Magrini, (2000), " Endogenous Processes in 
European Regional Growth: Convergence and Policy", Growth and 
Change, vol. 31, Issue 4, Fall.  

22-  Dotsey, Michael Mao, and Ching Sheng, (1997), "The Effects of Fiscal 
Policy in a Neoclassical Growth Model", Federal Reserve Bank of 
Richmond, Working Paper, Number 97-2, June.  

23-  Funke, Michael, and Holger Strulik, (1999), "Regional Growth in West 
Germany: Convergence or Divergence?", Economic Modeling, Vol. 16.  

24-  Gaulier, Gauillaume, Christophe Hulin, and P. Jean-Pierre, (1999), 
"Testing Convergence: A Panel Data Approach", Annals D,economie ET 
de statistique, No. 55-56.  

25-  Gonzalez, Patricio Aroca, and Domingo Claps Arenas, (1997), 
"Regional Convergence Analysis of Chilean Economy Between 1960 
and 1996", Department of Economics and IDEAR Universidad Catolica 
Del Norte, Antofagasta, Chile.  

26-  Greene, William H. , (2000), "Econometric Analysis", Prentice Hall 
International, Inc. , Fourth Edition.  

27-  Guisan, M. Carmen, M. T. Cancelo, M. R. Diaz, (1998) ,"Evaluation of 
the Effects of European Regional Policy in the Diminution Regional 
Disparities", ERSA Conference Papers, ersa98.  

28-  Johansson, Paul, (2000), "A Nonparametric Analysis of Income 
Convergence across the U. S. States", Economic Letters, Vol. 69, May.  

29-  Kaufman, Martin, Swagel Philippe, and Steven Dunaway, (2003), 
"Regional Convergence and the Role of Federal Transfer in Canada", 
IMF Working Papers, wp/03/97, May.  

30-  Keller, Richard, and Norman Gemmel, (2003), "Fiscal Policy, Growth 
and Convergence in Europe", Treasury Working Paper Series, 03/14, 
June .  

31-  PekkalA, Sari, (1999), "Regional Convergence across the Finnish 
Provinces and SubRegions, 1960-94", Finnish Economic Papers, Vol. 
12, Spring.  

32-  Petrakos, George, and Yiannis Saratsis, (2000), "Regional Inequalities in 



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

  

Greece", Papers in Regional Science, Vol. 79.  
33-  Quah, Danny T., (1996), "Empirics for Economic Growth and 

Convergence", European Economic Review, Vol. 40.  
34-  Rahmani, Teymur, and Hans-Friedrich Eckey, (2004), "Testing Regional 

Convergence in Iran,s Economy, Iranian     Economic Review, Vol. 19, 
No10, Spring.  

35-  Rey, Sergio J., and B. M. Montouri, (1998), "U. S. Regional Income 
Convergence: a Spatial Econometric Perspective", Regional Studies, 
August.  

36-  Romer, David, (2001), "Advanced Macroeconomics", MacGraw Hill.  
37-  Shankar, Raja, and Anvar Shah, (2003), "Bridging the Economic Divide 

within Countries: A Scorecard on the Performances of Regional Policies 
in Reducing Regional Income Disparities", World Development, Vol. 31, 
No. 8. 

38-  Shioji, Etsuro, (2001), "Composition Effect of Migration and Regional 
Growth in Japan", Journal of the Japanese and International 
Economies, Vol. 15.  

39-  Shupp, Franklin R., (2002), "Growth and Income Inequality in South 
Africa",  Journal of Economic Dynamics and Control, Vol. 26(9).  

40-  Steger, Thomas M., (2003), "The Segerstrom Model: Stability, Speed of 
Convergence and Policy Implications", Swiss Federal Institute of 
Technology Economic Bulletin, June.  

41-  Sum, Andrew, Gustav Schachter, and Ishwar Khatiwada, (2002), 
"Regional Convergence in Outpouts and   Income in Italy and the U. S", 
ERSA Conference Papers, 02, August.  

42-  Trivedi, Kamakshya, (2002), "Regional Convergence, and Catch up in 
India between 1960 and 1992", University of Oxford Economic Papers, 
W01, December.  

  




