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Abstract 

With the introduction of knowledge-based economy as a new form of economic 

development model, we have witnessed the publication of many books and research 

papers in recent years. One of these works is the book Knowledge-Based Economics: 

Basics, Concepts, Methodology, which was recently published, and this article 

introduces and reviews its content. In terms of content, according to the authors' 

emphasis on the importance of tacit knowledge and placing it in the focus of 

discussions, their approach to the knowledge-based economy can be considered 

evolutionary, and also considering the emphasis on institutions for the foundation of the 

knowledge-based economy, their analytical framework is institutional economics. The 

book is comprehensive, but it is not completely consistent 

with the selected title in which the methodology is mentioned. Also, while the 

theories rely on statistical evidence, the oldness of the presented statistics makes it 

necessary to update the sources and reports used. There is no room for different views 
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on the knowledge-based economy and the discussion about the complexities of 

intellectual property rights in the book. But in general, the book has been able to present 

the fundamentals and concepts of a knowledge-based economy to the audience in clear 

and simple language. 

Keywords: Knowledge, Knowledge-Based Economy, Technology, Institution, Education. 

JEL Classification: B52, D80, O33. 
 

Extended Abstract 

During recent decades, wealth creation and increasing productivity through knowledge 

have attracted the attention of economists and social science theorists. In the new model 

of development, knowledge has appeared as a dominant factor and main player in the 

production process and has become a new competitive advantage among individuals, 

organizations, and societies. The authors of the book "Knowledge-based Economy: 

Basics, Concepts, Methodology" by understanding the position of the evolution that 

occurred in the model of economic progress, are trying to expand the importance of this 

subject among academics as much as possible.  According to their words in the preface 

of this book, they have tried to provide a little of the basic knowledge needed for the 

understanding of the knowledge revolution. This book was selected for review from the 

same angle due to the importance of its subject. The book "Knowledge-based Economy: 

Basics, Concepts, Methodology" was published by Farshad Momeni and Seyed 

Mohammad Baqer Najafi, the faculty members of Allameh Tabatabai University and 

Razi University respectively, in the fall of 2021 by Samt Press. This book includes a 

preface and five chapters. In the first chapter titled "historical review of human 

economic life", familiarity with the knowledge-based economy is provided through 

history. In the second chapter, a knowledge-based economy is introduced using its main 

features. The third chapter "fundamental characteristics of knowledge as the most 

important production factor in the knowledge-based economy" is dedicated to the 

description of the concept of knowledge. The fourth chapter “institution of education in 

the age of knowledge ", seeks to answer this question: what is the starting point and the 

most important initial steps in the transition to a knowledge-based economy? In the fifth 

chapter titled "knowledge-based economy and the structure of economic activities of 

society", the relationship between knowledge-based economy and economic structure is 

discussed, that is, what is the relationship between common economic activities in a 

society and the possibility of achieving a knowledge-based economy? 
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In terms of the appropriateness of the title and content, the book lacks 

methodological topics. The concepts of knowledge and education are well discussed in 

the section of terminology explanation. However, there has been no discussion about 

the nature of the institution and the various views on the knowledge-based economy. 

One of the advantages of this book is the reliance of arguments on statistical evidence, 

but the old reports used in several parts of the book make it necessary to update the 

sources in its subsequent editions. Different parts of the book show that the authors look 

at the knowledge revolution and its developments from an institutional perspective. 

They warn that any reduction of the knowledge revolution and the knowledge-based 

economy to a hardware and superstructure change will result in the same thing that 

happened in the industrial revolution. In that period, the unsuccessful countries only 

paid attention to the hardware aspect of that economical, political, and cultural complex 

phenomenon, and the result was the lack of success in achieving the results of the 

industrial revolution and lagging behind European countries. 
Therefore, it is necessary to identify the institutional prerequisites for realizing a 

knowledge-based economy. Since reaching a knowledge-based economy is subject to 

fundamental change in the economy and deep changes in the role of previous 

production factors and the overall structure of the economy- it actually means the 

occurrence of an economic transition- and during the transition process, a change 

happened in an object, concept or system from one state to another and a set of 

institutions turned into another, therefore the framework of the institutional economy 

that the authors have chosen to analyze the issue is an acceptable approach. 
Also, the book is successful in explaining the results of the knowledge revolution, so 

that after reading it, the reader becomes aware of the importance of a knowledge-based 

economy and the great losses caused by ignoring it. But we can ask which knowledge-

based economy and what roadmap? Are we facing a unique or diverse model for the 

knowledge-based economy? For example, the model that is being used in European 

countries with high wages and technology, will not necessarily be favorable for Iran. 
Although the authors do not explicitly categorize the knowledge-based economy and 

their approaches in this regard, their emphasis on implicit knowledge in different 

chapters of the book, it can be understood that they believe in evolutionary models that 

focus on the complexities of production, transfer, and knowledge application. The 

authors do not take a clear approach in important areas such as the strict protection of 

knowledge or its widespread dissemination, as well as adopting an approach towards 

innovation as the main element of knowledge-based economy. This issue can be 
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considered in the next editions of this book. For example, if innovation is the core and 

driving force of the knowledge-based economy, what direction should the national 

innovation system take in Iran's economy, where we are faced with widespread 

unemployment? Overall, this book presents the basics and primary concepts of 

knowledge-based economics in a simple language and can be introduced as a textbook 

for knowledge-based economics, information economics, or selective subjects in 

economics at the undergraduate level. 
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� - ���� W�����    +�3 ���?!�� Q���ML '�D �� =$ 3< �� �����    �! ���-$��� - ����%H ��;

���� ���	
� P2C! �� =$ 3< +3 w�� �� ����� .���  
+3 �"%� Q M>3 -� W����� �3�      :��	� ���B_�- 7%�!��������/ $� ���M� .9��� p��� ���
 9��� !

 ����� ���	
� �N],3 ��
 �� ��B��,% � ��(%-� - A��      A��� ����M� T��� �< P�2C! - ������� 
7%�� &-���    ����M� ���(%-� :�O	�� J+%��L �% �< U%��! - ��M� W����� �T%�8	3 - �O�3 �	�!
� :�	� ��+8 9���� .�G� �� �< �� ��/      �� :��	� 7�%� J��B���,% � � �� $� ����	3 01�23 7%�$�
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   W������ 4��! � +!�C>n �� - 7%$�t< * �D �� � � : 6 �A�� 4�� ��	�3 ���M� ���	
� W$ F
 J+	,�L - ��M��< � 7%� �� +3 ���(! :�	� UN	O3 0�C>n �� �8� � ��   +�3 4��� y��E !  ���� 

 �C>n �Q��ML '�D �� �	?#�122'2� ���M� 0����� $� � * 
 +3 +%��     4��! � - Q��"���%� ��3� ��%<
4���� 6 ���� - A�� �� ��M� J+	,�L A,�� ���< ���M� ���	
� �� �� ��    +�8� ��& +� �6  .��	D�  ��

�%7 �&�  A�� : 6�� �� 4���� *�8&��9 � ��� � 
 +N� ���!%>+    ��� ��R��� ���M� $� �� �� A��� 4 
+3 �� ! �%' 6�� -�� N�+ �	�� ���� ���: 1. ���!%>+  ��� �� ��M� ��  ����3�   �	�,� - ��)� 
�   ���
��� �� �� �< �-� 3+ ��� �"�%�	,  -2. ���!%>+ �� �� ��M� �� ���3� ��� �� - ��� "#�  ���	D�J� 

#���!+ 3+    - ����-T%�) ����"� ����"%� 1394(   ���� A�,O� 4-��B .%A �C! - �%l�   �� �����	D�
3 ���
 �& !�� 3+ ��� ) �� � �iB�� .�� ����	D� l� 6 Q-� 4-�B -Douglass North ��� (   �� ��)

�	,&�� �!%7 -� SD��3%��(  �3 *-�+  B �%�   �����M�» �-��C3A%  ����  )�����+     ��� ��	�,� ����
� l0i3��!���+� ���	
��� 8	&� -)�+ R��� �� - 4��� '(� �� -�� ��	6��� ���� B��$J+   4��3$-�
8
� Q�) $����� 3+ �����« )North 1990: 3   �����T�� �����M� ��� �� 4�"� $� .(�   �C3 lA6�����m  -

TB%�� ��� /�J� -�� $��%���( "�� J'3� ) $� -�4T �O�+   �3 A�M& �� ��� ��	D� �� ��	,�+  ����� .
J������� � ��M�� ���3� 6�� �4�)�
+ &-�6 �� �� � 6 �& !+ / -+ < l��3     - �	6��� z �K�3 ��)� 


�� �� ����M� ���3� N(�+  ��	D� $�%�  "#�+%  #����!+  ��! ���	D� �� �%U  4����     A������ � �Mo .����
#���!+ �G� �-TD�$-� ������ - =�	,B 'n�F ��M� $��% $��� � �� .A�� ���	
� ��%7 -�% ���(� 
 M>3Q �& ��� *���!%��"+ � C3� ��� 0���G	�� ��< �
��	3 - ���� ����� ���BW  .!��	����  ��� 

����	D� -� �%�" $��%���( 8�� $��A ,���� ) A�� ���� 6��Richter 2015: 21� �� .(%7 -�% ���(� 
3 ��D+ � � i2) l���D� ��+%  ��%h �%�"  ���3$�! - 4� � '3��! ��+  � ���% ��"  �8�+  �� �!  ���� 

� ?M�� }() ��� 'n�F '8�#� ��� �3���� �%T� ��W ��� ������� �� � 6 ���  �%h �% ��" �! ���� 
3+ ���� )Crawford and Ostrom 1995: 582� �� .(%7    ��) 8j3 ��#�
 �� ���M� �4�"� ��  ��	M� $�%7 

����- ��� M�) '��2	3����"� (%�	, 3+ � � )Dequech 2006: 477�$� - (%7 $�� lz��C�� -�% ����(  $�
�< *���!) �� ��� t (���i2)�+% .A�� ���� ���	
� IC� �� �3�  �������   ��� ���    $� ��^�B �����3

�� ��M� 9MD �A�� �"%� J: NK3 SE- h% �� � & 3 SE- ���3�     �� ���	M� +�N�NC! ��T��� �)� 

+3 �3 ���	6�      ����� ����	
� ��� ��^�B �����L ��M�       J���	6��� - ����M� 0������! -��B �� ������

����	
�   � +����   �  +)�8	&�  �+#���! ��(%-� �� �� A�� +#�F�� 7%� - A�� 9�� ����M�   � �L
�� *���!� ��3 ���	+ �%�	, ����� ��B%� ����� � & 3 SE- �>F - �2� �� - L���   �����
  7�%�

-�%��( & ! ���� ?! �� A�� PD 3 ����M� 0�?;��7 �!��0��  ���M���      �A��� ��^�B J+�!�� ��� ��� 
 '(�3��-� A�-�.  



16  ����� ��	
 ���
	�� ���	�� � ��
� ��� 	��	� ������  '�(24 -.�&/ �1 .�1� �1403  

 

   ��� �1��8	F�) ���M����� J��?�! $� T�� :�	� ��& ��L ��      - 9�M3 ����,� ������M� �����3
+3 4��>	�� (+%����%$    �C>�n lA�� ��/ �� �� � �121   J*����3meta institution   �< �����

A�� 4�3<� �<$� ��/ ���&  l��-meta ��  ����3»$� ��� «9� �A�� �T�L   ��� h%T�D�	3 � L
 �< ��?K#�����3��� +3 7%� �9�% B  - ��M���� ��meta institution h% *���3  'C3 ������ �"%�

!H.A�� '3 

���� ���	
� �"%� J9M3 �iKn�  ��� *-� '�D �� �� A�� �����    Q-� '��D �� - *��8&�
�� +B.%- W����� '��>! +3 4��� y�E ! �< 9���>3 - ��     W������ ��� A��� �< �N],3 �3� .� �

���� ���	
� ����9� ��  �< J��22C3 ���3 �+)�8	&� Q N) 9���>3 �%�� � L X��>!�    � �&- ��G�
���� ���	
� J+	,�L �� A?,� +>N	O3 �����(%-� - U%���! �^# - �����     4��� ��R��� ������

4�B�%� Jq �! 7%� .A�� +8� ��K3 �E�F :�	� �� ��  �N],3 7%� .A�� +#�6 �< ��& - � �
�< TR�F �& +3 A�8�� � �� � ����� ���	
� =�%^/ � �� ����� ���3�     ��� ���� ! � �"#� h%

+3 �� �� A�D�o �� ����	3 A,%�� �� � 6 ���   ����	
� $� +n�6 J+2N! - q � P2C! *�?��
���� .���� ����� -� �� '
�1%l��( ���� ���	
� �� A?,� 0-�>	3 �����    �#-� :A��� ���K3+ 

�G�%� ��� �&%� �� �� ���� �� ��	,� ���  �� �)%h # ! '3�)�� # ! S��! ���-��  +�3  ����� 
J�2� �� - �!��7 ����W ! 4�-TD� =$�� PN6 �� �<H��� 3-� .�����+ �G��%  M�,!�J'  $�����J� 

�-��D �� �< �� �� A�� ����� i
�0�) ! 0�
�?!�� -H��� 3+ � �� �� .%7   =�	�,B �4�"�
��n - �-�D%S /�V��W ?!�3�� A��F *���3 �< �� m  �� ���� ���	
� �����   3 �� - .A���+ 

*�3 ��� � K!� ! �� ��	,�H� ���     �8�E ����� ��� �� � �6+  0���M3 -  ��D �� ���% ������ 
���	
�� 3+ ��M�� �� .%7 �8E ���� �4�"�+ 4�"�� �� A��  ���  A���
� -  ̂ �/%�J� �<   $� �� ���

%h �%�" �8	3%T 3+ ��� �-< � S?�3 -�  -%B����� �� �< V�$ �) A���+  ������+ 1389.( 
�� ��L�� ���� ���	
� �� UN	O3 �����(%-� W����� AF��n   h�%�� J+���� - �2� - �����
A#1� - �< ��� �� 7O� :�	� 7%� �� ���%� ���	
� ���� ��     ��& !�� �A��� 4��3��� ����3   ���

!H     �� ����j%� ���G� �< U�N	O3 ������ +����� - +�8E ���� �� �� ���� *��2	�   ���-$��� -
!H+3 :�	� 7%� UN	O3 * �D �� ���	
� �� �< J���^B��; +3 ��-�  4�"� �� ��� A����� �� !

���� ���	
� �� ��B��,% � *�3 +��% Q � �	�� $� �����   '��NC! ���?3 �� A�� �� K! ���
4�"�� ���# ! �� ! ��2!�� - +�8E ���� A�8�� �� ��  +�3 ���
 ��   9�� ������   C>�n � �L �

177 �� �� +3 AF��n  :��,% �»9M3 �� A�� +�8E ���� 7%�      +	���
� A�%T3 '�3�) 7%��!
4�"�� +3 '�(�! �� ��� �� - �� ���«.  
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3.5 &'��� ���()�	 � �*
�+ ,' -$,./ ��0�
  

+B.%- $� +(%   ��� 7	�3 ����� �� ���	3 Q�
�� - ��3< �R��� :�	� A?�3 ���     ��� ���� �� �� ��)
 l0�%�G� - 0��)�3��K3        4��� 4��>	��� +8%��
 Q��
�� - ���3< $� ���v�� �7%�� &-�� .A�� 4��

A��. ��3$�� � � $� �� ���� 3 ���� 7�� ��� =��TB 4�� 8� +NN8#�    ���	�3 ��%�& ��1�� ���
+3 +3 ���O�3 �� � �� ��3$��� �� ��� 3 7%� �� �� !   :��� 4���� ��	,� +����$-�  

R �C>n 63: 3���T ���n�6 - 1�� 0l0�3� ����3< ������ ��� ���   0���j! ��3$��
��M&+  *�� ��2010�  

R  �C>n81A�#��D 9M� : ���� ���   ��3$��� ���� �� J+N6�� �#�6�� ��# ! �� � C3
 *�� �� ��3$�� 7%� =��TB ������ ����	
� ��� ! - ���(8�1996�  

R  �C>n89 �����3< ������ +��M& ��� ! - P�2C! ��%T� �� ��� �� 9M� :  ��3$���
 *�� �� ����	
� ��� ! - ���(8�2010�  

R  0�C>n133  -1340-�; ��3< : A��� ��� - ��M& ����3   *��� �� ��! �k3�� ���
1997 ���� 0�3�6 W�-TD� =$�� -  *�� �� �(%�3< �� ��2007.  

� #̂� 7�)��        0�-��E ��3� �A��� ���� �6�� ��� �� ��� �%�G� ��(!� $��	3� $� :�	� �� *�F
$���3<$-�4��� J� +3 ��,F� �i3�� S���3 - �� .� �  

  
4.5 2�$
 � 3,0$�	 4'�$)	
 �	��� ��*  

���� ���	
� ����� JQ M>3 ��ML * F :�	� �� 9�	>B =$ 3< �������   +�3 ���M� -    W���(L .����B
 :�	�  ���� +�
 �� A�� 7%� 4��8��� JQ M>3 ��ML ������       - ����� ��� �D +�/�� ���6� ����

 +!1 C! �0�)i
�9�L AF�� �� ��B    ����	
� ��n�) �� �� 4��� u� ��� +B��$ UN	O3 ���
  +��	?3 ��8�2	�,3 �� 4��3�j�� ���	
� $� +N(� � Mo ��    S�%$ ! ����# ! ����    - ����� $� 4��>	��� -

    =$�� P�N6 �� �� mN�,3 ��2� - �	,�� +	�� l��# ! '3� ) ��& �� �� +���� .A�� 0�)i
�
+3 �>%� 4�-TD� ���� � ��!�8)    - *��2	�� �� 7% �� ����	
� P2C! ��N� � #̂ - A�� +�8E ���� q � $

��   ���� ��L�� J���B���    ��� ����� J��!      ��� +�8�E ����� - 9�)� � �
     $� - A��� ��6� � �

7�8� 9M3 =$ 3< �� A��& 3 ��M� 7%�!x���� ���	
� P2C! �� �;  +�3 � C3     =$ �3< ��3� .� ��

�� 7�8v! +%�M�! A��� ��(N8) - :�O	�� W����    L ��(N� �A�,�� ������	
� �M  - ����M� : L��
A�#��D ��	6�� :�O	�� �� �� A�� ��3�& ����	
� ��� ��� ���    A��#��D A�M&�� ����B   ����

+3 AM& �# 3�� �% �# 3 +3 �< J+Nn� 7�� ��ML �G�3 $� :�	� +���� �� *�F .��� .9%$���/  
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1.4.5 5/
3 3�6�7
 8
�� 9����'  

�� �����-�	�� 7��?! �� :�	��� 
 �A�� PD 3 +%���� :i2  �� �< ��#�K3 $� }/ 4���� 6 ��
���� ���	
� P2C! A�8�� +3 U
�- �< $� AN>t J9�G) 0���,6 - � C3  +�3 �3� .� �   9��� �!
���� ���	
� Q��� 9���k�       ����	
� ����� ��F�- � �"#� h�% �� �%< �+��� ��2� �L �� - � C3

���� � �� ��D�n �N],3 �� 9�M&� 3 � C3        $� +) ��! ��� ��% A��� �< JP�2C! Q��) ��% P2C! �
���� ������	
� A�� yK� �� +%�/-�� ���� �� �� �� +#�3 �i�3 �� 9�M&� 3 � C3  - ���T3

     +!����?) ��� ��% �� �� ��� O� : NK3 +% "#� ���%� ���� ��3�T#� A�� P2C! *�F�� 1�� ��-��D
���L ��"%�  �C>n �� :�	� ��60 +3 �-<��%  :� �»4$ 3< zi6��  h���i� ���	
� 9N) ���� 

    A�8�
 ����� ��� ��� +Nn� A��
� �< �� ��        ����	
� �� �A��� '�3�� A���
� ��$��� �� ���
����  A��� ��-< � �� �� ������ A��
� �� C3«  +�3 ��������� �      ���-< �� Q���� �����/ �� �!

��-< � �%�3�� ��� S���3 �% ������ ���  �-�- 0�) E 3 7%� �� :�	� ���+8� +3 .���   ��� 9����
��-< � 7%� $� h%�� 0��?!  A����� �� * >�3 ����) 7%� - A�� 0-�>	3 ��  ���^�B   ����

���� ���	
�   ����	
� W��k! �N
 ��-< � �B� .A�� ��� �� ��� ! Q��ML �3���� $� ���%� �� �����
���� ���%� ���	
� �� �A�� ������ +� �� �� �M&� 3 ��� �-��� W��	,B ����A���� �9  - ���^B

A8� �L ��-< � J+N3 Q�G� ! ����� �	��� �%�� +% �-H    ����	
� $� 4��3<�� W���%�TD J��-< � ��;
+3 �A,�L +3 8) 4�D� �� +����     ������-��D l��T�� :i�2�� �� +/�� �`%��! * 
�� �� 9����

��3�& $� +�O�� �	,�� 	� �� 0��M3 ���  ����� ��B$�� 01 C! �� �� � 6 ���  A���$� ���  ����
4�� 4�D� ���� ��L� � 6 't��3 �� ���� �< ��&     4��D� - +B���$ � �?M� �� ��-��D �M& ��

�<   ) A�%��1 �?��& .���� 4��3�j�� ��Luddite movement     $� +�(% +	���n :i�2�� $� }�/ (
�� 8� 7���3 � Mo +	�� J��B��D�� - ��B��,%� :A�� q E 3 7%� � M�3 ���   +B���,%� ���

�� -��-< �) +(���(3 J+B��D �< �%�O! �� - 4��-��� :�! �� ($-������ ���    ������-< �-� ���
7���3 7%� ����L I)�� �� �� A��$� +���-   +�3 ����Nt��3 7	D�      T��� ��E�F ���) �� .����%�

+3 ���� ���	
� P2C! ���� QT) ������ A,%�� ! ������HA���� ��;     U�N	O3 ��� %����� - ���
�< �� '�� ���� .��j�� ��3�& UN	O3 0�2?
 J+3 8) 4�D� �� �� 	�� z$ &�N"�T	  �� ��#�23 �� 

3 ��+ ��� ! ���� ��A�� ��^B� ��� ���� ���	
� P2C! ����� � ��%��� ���� �TD�  ���� 7�8� ��
% ���3$�-<�� 3+ � �:  

��%� 3��� �-< �� ��� �-< � - $-������� ��� �3��%� $-��� %� S���3    �M� X��D $-�����9 �#-� .+ 
��� �E�2!� ��-�� 3 ���� �� ���+ ��� A�� $� - 3 ���T3+ ����� . �%7   ���F I�C�+  �< $�
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�-< ��� U��N	O3 q� ���� ���� A����� ��3+ ����� ! !-���>	3 �i3���� ����;<+ 	����
� J*�����! ����+  -
N)+ ~ �O#� $ ! ��%S �! �i�3 .���� �	��� �3<����l0�� ���-��D�  �3��� - �TD����%�  �T�D�   ���

�& !��) -�  ��%h E�)�  ���- � & 3� �3���% �C�3 (�O�3+ � NK3 0���(3��A   ��� ���
���� ����W � NK3 yK� �����F�lA  (4�D�)%h �& !�� 4-�B � NK3 yK� ���A �%���"   �A���
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 �� ���"%� 3) A,�� '�D-x +>j� - +�31400 :877%� �i�3 .(     +�
 '�/�� ���

�� $� +(% �� ��6� ��� ��L=$ 4�"�� 7%�!��3  +�/ $� +��� �� A�� 4�� *�� ��M& ��� <  �����3
���� ���	
� - ���� J+>�3 +&��6   ��� ��(N� ������       ��6�L ��� A���� 7�%� mN�,! �
��6   ����

 ���-< ���/ A��� +��,�� �%�3���   9�� '�/�� �B� �� �	?#� .A�� ��-��D ���$�3 ��2!�� -   ��� 4��
B� #< �i�3 � 6 ����-��D 0���# !+ A,%$ ���  �;� �	��� �� 4�2D 7%� ���� ��j%� T�� +K�C3 ���� 

+3 ���
 +>�3 +&��6         A�N3 ��% ����D� ����3 ��������� �%�T�D� ��^�# .����B     l0���?! $� ��%�� �� ���
)consequence+/ �� ���� +2N! +%���� :i2�� - ���� ( <) +&��6 ����3externality   U�%��! ��� (

 �����L .�< �����	
�   ���   ~) Q����ML '��D �� ���"%� +) �E 3 �� ��B����,% �143 �-<����% (
+3  :�� �»�<$� ���� ���	
� ��) �� ���&        7%������� �A��� +	���
� +N�n� A�%T3 ����� �� C3

S%�� �L�� 4�%� �!      +	���
� $���	3� $� ��!�-$ ��
 ��3 4�"�� �% ��D ��� � ������� 0�)��	6� - ��
+3 ���� 6�� +3 - � � �� � � ��� !�  ��!��� �,�«.  
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2.5.4.5 =VW .�1X Y(�� � J�D �	�. S��VW �6�Z S�7� ��E .� ��  

 ~) ��B��,% � �"%� ��)�3103 �� A�� 7%� (»      � �"#� � �Mo - ��-���D - ����� AD����/
���� ��# ! =-� - ����T�� q���� �� �����    �	��� 6 '��8C! 0���
 �7% � ���    - ���8�	��� ����

����?	���  -�� +B��� ����,�� ��� �� �� �� A�� 4��� �%�TD� 0��«.    +�
 ��� A�� +#�F�� 7%�
A3 (F 9� ���6� ��
 `��/ � 6 Q��3 *�?
�� ��  4��� �! B     7��� ��n�) �� 9�� - ����   �+�NN8#�

AN3 h% �� �� h%�T� �"%� 4�� �!      +�(%�T� 7�%� $� +��O� - ���� ���     - 0��)i
� ��-���D ���3
 :i2�� w�C3 � ! 3 +��% �0�
�?!��  +	���/��.� ��� 4$-�3� ��� 8� ���� .A�� 4� � �+%�����   ���

���M� $� +(% p�& q 
- +Nn� ���  - ����   A�N3 ��������8�	��      �� �� �� �	��^B �-��
 �� ���
�(?� �� +)�8	&� ��� +3 Q (C3 - 4$��?3 0��   �-T��� �� +3 
 - ���.� ��!�� �� �iR�
 - � �

+3 ���
 3 T�� ���?	�� W����� .����B+  �� �� ! � � �Mo �%�W  9�(F  ����   A�3 (F �������� + ��� ��� 
1990 ��� 4����+#�F�� . �	�^B �� �� $� N
��F A#-�+ �� 4�� �� �)   +�3 7O�� 'F  A�D� �  +�


��� T��8! ��6� ��� 9(F �� ���+  ��� : 6  ����3�   � 0���
 *��8)l�� ���+�  ����	
��� ���� -� 
`��/ �� ��
 ������  B+%� �O��;� -+ �	D�B ���
 A��. 7%� 9(F �6�� +��M& h��� ��   +����

3 �� ��x`��/ - �G���Mo� PF �>#        �0����23 A��>�� �A�#-� +��O��;� �+����� 0��?; �+% B
� ��
 A�8��F� +3 �R��� �#���� �� ��,D *�	�� -  ) ����Kaufmann et al. 2004   +��� ��� ��� - (

     4�� ��%$ $� A�%�(F ������� � �6 4��"%�& ��2!�� ��   ��B���
 7��� A�3 (F 7	D    =�%^�/ - ���
9(F �< � � $� : 6 +���   .���� �� 

7%� +��%�/ �	(� -        A�3 (F ���?	��� �4���%�TD ��������� ��J& 3 +%����� :i�2�� �B� ��  ����  -
AN3 ��8�	�� '��
 +% "#� ������ }/ �A��� '��
 - q�D� ��/    4��8���� ��� �3 ����L �A,�� ��M�

��3�< '��23 �K2� +"8� �� ��� ���4� � `%��! * 
 .��� 

 

6 .+9��� 	-�: 

�#�23 7%� ���  :�	� J+%� 	C3 - +N(� �2� �� ����� ���	
�    =-� �9����>3 �+���?3 :������  +����� 
   }�N�� �4T����/ +��	3 �� 4���� 6 - A�� ���� 6�� +� 6 ���	���%- $� :�	� .9�	6���/�  ��-� -

��-� +3 -� C� ��& � 	C3 - �� �) J����! �G� $� .� �=-� I   $� .A��� +#�6 :�	� �� +����
 ��� =$ 3< - ���� J9���>3 �0�FiKn� ��v%� �O� �� �+%� 	C3 �G�     ����
 I�C��� 3 +� �6

�	D�B        4�B��%� q ��! - 4���� +��C� �����L ���M� J+	�,�L W����� �3� ����      ����	
� ��� A?�,� ���
����  *1�	��� ��(!� :�	� 7��C3 $� +(% .A�� 4��� ��K3 T�� � C3  ���     ����3< ��� �� ���
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A��� 7�)�� +8%�
 �*�F   =��T�B �� ��    ��O� �� 4��>	����� 3 ����     :��	� $� �����	3 ����
�� ��L �� S���3 J+����$-� +3 Q�&1 �� :�	� ���� ���    4��%� - �����(%-� +���%$�� .�$��   ����

 L ��� A�� �< $� +��F T�� :�	� �� C3 �M       ����G� ��� A��� ����M� �:��	� J+�N�NC! : L��
»���� ���	
� �� ��^B A���3 �����«� �8� - ���	6�� 0�����! -�B �� ��    �A��� �����	
� �?��&

   ��� ��B���,% � ���L�� .A�� 4�� :�O	�� q E 3 +���� ���� * ?23 ���(%-�    ��� AF���n
�	�� ���� ���	
� J���� 7%��� � 6 SE 3 - � C3 +8� 4���  ��& !�� ���$���/  ! ���H    ����� ��� ����

 �� +�8E+3 �:�	� UN	O3 * �D   *��3 ��� 'R�
 �� ��� ��?�	�� �� !     W$ �F �� �� �K! ����
��	,� +%���� ���	
�� *�3 +B��V�/ �� ���T��8! �� +%��    *��2	�� ����# ! �����  ��� -�  ����� ���

4$ F �� ��B��,% � �3� .A��     - �< W��	�,B ����	�� ��% ���� $� �%�� Ao�>F ��G� +8M3 ���
9� (%-� ��O!� 7��L�%�3�� �$-������) ��-< � �� A?,� �� $-���� S���3 -  ��� ($-���    ��N
 �� ��)

���� ���	
� W��k! +8� +��-� SE 3 ����� �< �� 7	6���/ 0� n�� �� ����B   ���L �� ���   ����
+3 ���    :��	� �'���� .�%�T>�� :�	� J+N�NC! JP8) �� ��� !  ����� ����	
�     �9����>3 �+���?3 :������
=-�  +����$ ��  ����� ����	
� ��#-� 9���>3 - +��?3 4��� +���     +�3 - 4���� ��R��� �� ������   ���� !

�� ��� �� �) �3�� ���� ���	
� ���� �� 0�)i
� ���	
� �������    ����	
� �� +���O	�� 0�) E 3 �%
.� � +D��3 +������� SK23 ��  

  
7 .��< 	�-�
�� 	������ 

R  ������ Q�
�� - ��3< J�$���3<$-�=��TB ��3$�� �%�& ��� �+��M& ��� 

R =-� IC� ��-TD� ��Tj3 ��	�! '%� :�	� �� 	C3 �� +���� 

R  ����� ���	
� W����� �� +>N	O3 �����(%-� ��-TD�      A��(#�3 X �2F �N]�,3 - ������
.���� � &- ���� 

  
���� +��� 

���G	��� %: 2� )1382(� NC!�' 4�"���� '3��!  � 9�L $� A��n $���� ���	
� +�	?3   ����� ����   :����M!  T���3
��-./ ��� �� � }Nj3� 3i��+.  

��3��8C3 ����-T%� ���"%� - )1394( �»	3 �����(%-� +��%$�� :��M� U%��! �� +�-��H  U�%��! �� '%�� J�6
��M�« �'�D 3��� �3���� �&� � - �T%�� W�-� 20�  =4� 185 -210.  

�%�-�  ) -�#� ��1387(� ��,D�� ��� !� 8&�!� ��?) � 8C3�# 4��$�  :���M!.���	6�  
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V�$ �+ �����+� ������9 )1389(� -�%����( ��?3 -+ ���� ���	
� � C3�  :���M!2C! T��3�0�2 .!��	��%h.  
+V�$ � �����) 9������ �+1393(� �� ���� ���	
����! :HN3+ ��>3 ���9 �G� -%� �� � 6��� :��M>n�%7  .  

+N)�n�� �+8�G)  - ��j�) ����� 6��1388(� �����+% ����� ��� ���� ���	
� ������ ���M!   : T���3 �2C! 0��2 
��A�� 8N)+ � ��.         

9������ �+&�B  -�3 ��3 ) ��%� k�N)1391(�  ���	
�����+% � C3! �A#��) �-�� :���M.  
3 	 �  N + � 3 C 8 �  ) ���"%� -1395(� ���� ���	
� ��������� :+ �-��D �2�� �-< � -�  ��� ! �� � ����	
�� �

�8�L :���M!.  

 2F A�-��3+ �%A�� � M8&) �1383(�   �3���� � ���
�   ��� ! Q���ML�  ����	
�� )��8	&� �+�  �"���D -+ 

� M8&� 3i��+ �%����  :���M!-�! A�-��3%�7 2�!�y� �� 
 ���	�� -�7 0���23 -  .  
3 x3 � + � D �� ��  -���
���8C3� >j�+ )1400(�  ���	
�����  ����� :��?3+� ��>3��9 =-� ����+ �A8� :���M!.  
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