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Abstract 

The study of erosion rate and sediment size distribution under flow erosion in dry 
farming fields 

Mohammad Aligoli 

The knowledge of sediment size distribution is very important for assessment of on-site effects of soil 
erosion on soil fertility and quality, predicting of water resources and depositional site pollution, and also 
for studying the processes of particle transportation. This research was conducted to study the effects of 
flow rate and slope steepness on sediment concentration and size distribution in rill erosion at the Soil and 
Water Conservation Research Station of Tehran University located in Kuhin, Qazvin province. 
Experiments were performed under four flow rates of 0.028, 0.083, 0.167 and 0.2 liter per second (L s-1) at 
three slopes of 1, 3 and 5%. For each experiment, three trapezoidal rills were preformed along the slope. 
The length, depth, bottom and top width of the rills were 3, 0.05, 0.05 and 0.12 m, respectively. Soil was 
saturated for at least 10 hours before each experiment with a very gentle flow. Runoff samples were 
collected periodically from the the middle rill, and analyzed for sediment concentration and sediment size 
distribution. All the experiments were repeated in two seasons of autumn and spring. The results of this 
field study confirmed the previously published laboratory results including; (i) sediment concentration 
reduces with time and reaches an almost steady state value, (ii) sediment concentration increases with 
increasing flow rate in each slope and with slope for a given flow rate, (iii) there is a size selective pattern 
for particle transportation which depends on the hydraulic conditions, and (iv) the particles of different 
sizes transport by different mechanisms. The results also showed dynamic changes in sediment 
concentration and particle size distribution. 
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©Â§�lËZf¿�,ÃÁÔ ]�Ã|��¶�Zu�ÊÅZ´�ËZ»�M��ËY����{_Á�e�ªÌ¬ve��{�µZj»�½YÂÀ��Ä]�d·Zu�¾Ë�fÆ]��{�Á�|¿Y�½Y�Z°¼Å�Á�|·Á�»�½Á

]Tromp-van Meerveld et al., 2008[��°Å��¹Â¸§� �Y� ,d Ì^���ËY���Ä]�½|��®Ë{�¿�ÉY�]d�Y� Ã|��Ã{Z¨f�Y� �Y{. ��ÅÁ�a

mÂe�Z]���ZudË�Á���Á�dÌ¼ÅY�Ä]�Ä�Ä¯�¾ËY���§�Z]�Á��Â¯~»�ÉZÅÃ�Y|¿Y��Ë�Âe�Á��Y|¬»�¾Ì»��\Ì��Á�½ZË�m�c|��Z]�[Â���cY�}�É
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Ê»�½M�Z�À»�Ä¯�Ã|ÀËZ��§[M�|¿YÂe,�{Z],�Á�µZrzË�ZË�¶¬i�ÉÁ�Ì¿���´Ë{�Ê¿Z°»�Ä]�Á�Ã|��Y|m�{Ây�Ê¸�Y��f�]��Y�|�Z]Ê»�¶¬fÀ»�{Â�

]ÊÅZ§�, ����[.�Z���³YÃ|ÀËZ��§�¶»Ê»�Ê]M��ËZ��§�Y��½M�|�Z]�[M�,Zy�É�Êy�]�Ä]�Ä»Y{Y��{�Ä¯�Ê¿Â³Z¿Â³��YÂ¿Y�Ä]�{Ây�Ä¯�|À»Z¿

½M��YÊ»�Ã�Z�Y�ZÅÃÁ�³�,{Â�Ê»�É|À]{Â�.  

¦·Y(�Ê»�{ÂmÁ�Ä]�Zy�t���Z]�½Y�Z]�cY��«�{�Ây�]��iY� �{� ,Ê¿Z¼�Za��ËZ��§�Ì]�Á�|ËM�{�Y{�cY�}�½{�¯� Y|m��{� Y���ÌiZe�¾Ë�e

]�ÊÅZ§, ����.[  

[ (Ä«�Á��ËZ��§µY{Â³� Á�Zy�Êf]Â�����Z^¿Y�dÌ§��� �Y��Ì]�Ê³|¿�Z]� �Y|¬»� Ä¯�Ê�ËY��� �{� ,ÉY¾Ì»��t���ÉZÅ,��c|�� Á

ÄÅY�]M�Ä¯�[M��Y�ÊfyYÂÀ°Ë��Ì£�½ZË�m�,|�Z]�Zy�Ä]�[M�}Â¨¿�dÌ§����Y��Ì]�Ê³|¿�Z]�Ê¼¿�Ê�z�»�Z]�{�¯�¾ÌÌ e�½M�ÉY�]�½YÂe

Ì���{�½Z�°Ë�Z^Ë�¬e�d»Zz�Äbe�\Ê»�¶Ì°�e�ZÅÊ¸Ì»�®Ë��Y��Ì]���«�Z]�ÊeY�}�c�|¿�Ä]�Ä¯�{Â�Ê»�µZ¬f¿Y� Y���f»�|ÀÅ{]ÊÅZ§�, 

����[.  

_ (]��Y�[M�d¯�u�Z]�,É�ZÌ���ËZ��§�¯�¼f»�½ZË�m�,\Ì��¾ÌËZa�Ä]�ÓZ�Ê»�¶Ì°�e�ÄÅY�]M�Zy�t����]�Á�Ã|�Ã�Y|¿Y�Ä¯�|Å{�É

Ã�Y|¿Y�Á�½ZË�m�c|��Ä]�,½M��{�Ã|��¶¬fÀ»�cY�}�É�{�Y{�Ê´f�]��ZÌ�]ÊÅZ§�, ����.[  

c (Ä»Y{Y� Z]� ,Ê«|Ày��ËZ��§d¼�«� �{�½ZË�m�É¾ÌËZa�ÉZÅÄÅY�]M� ,\Ì���e�É{ZË�� �Y|¬»� ÃY�¼Å�Ä]�Êf«Â»�½ZË�m�Ä¯�Ê¼WY{�ÉZÅ

Ã�Y|¿Y�Z]�[Â��Ê»��Â^��½M��Y�½Â³Z¿Â³�ÉZÅÊ»�¶°��|ËZ¼¿Ê¼¿�¾Ì]��Y�Ê�Y���cZÌ¸¼����Âe��ZÌ��¥Ôy�]�Ä¯�|¿�Ì³Á�Á�|¿Á���cYÁ{Y

Ê¼¿�É��ÁZ�¯½M������Y�|À¿YÂe�|ÀËZ¼¿��Â^��ZÅ]ÊÅZ§�, ����.[  

g (Ê»�w��ºÆ»�©Z¨eY� Á{� ,Zy�ª¼��Ä]�É|ÌWÂ¸¯�{YÂ»�ÊnË�|e�½|��Äf��� Z]��ËZ��§��Â¿�¾ËY� �{� ,É{Â¼���ËZ��§�µÁY� ,|Å{

h�Z]�{�Â»�Á{��Å�Ä¯�Zy�ª¼���{�º¯�É�Ë~a}Â¨¿�Z]�ÄËÓ�®Ë�¶Ì°�e�¹Á{�Á�Zy�É�Ìz¸�Zu��ÅZ¯���{�ÊÅZÌ³���Âa��ÅZ¯

Ê»��ËZ��§�Ä]�d^�¿�Zy�½|��| f�»�ÄnÌf¿��{�Á�t���{{�³]ÊÅZ§�, ����.[  

Ã|Ë|aÄ�Â¼n»�Ä¯�{�Y{�µZ^¿{�Ä]�É{ZË��ÉZÅ|»ZÌa�Zy��ËZ��§�É½M�ÉÊ»� Y�� ZÅÄf�{�Á{�Ä]�½YÂeÄ����½Á�{�cY�iY�É�Á�ÉY

Ä����½Á�]ÉY��ËZ��§��Y�¶�Zu ÃÁ�³{�¯�É|À] ]ÊÅZ§�, ����[.�«Äf�{��{�Ä¯�d�Y��¯}�¶]Z�ÅZ¯�¶j»�ÊeY�iY�µÁY�É�Á�dÌ¨Ì¯�

Äy�q�ºÌ�Àe��{�Zy��¬¿��{�µÔfyY� ,Zy�|Ì·Âe�½YÂe� ,Zy�Êf§ZË�Z]��¬¿�ÊËY�Z¯��ÅZ¯�,[M�É�Ê°Ìf¿��Êf�Ë���ÂÀe��ÅZ¯

� 
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Ã�Ì£� Á�Zy�Äf�{� �{� ÁÄÅY�]M� dÌ§����ÅZ¯� ,É�Y~³� [Â��� �iY� �{� Ê�Y�Y� \Ë�ze� ¶j»� ÊeY�iY� ¹Á{� É�Zz»� Á� ZÅ�\Ë�ze� ,½

Ã�Z��Á�cZ�Ì�ZeÊ�|ÀÆ»�ÉZÅ[M��]ZÀ»�Ê³{Â·M�,�Y�«�Ã�Ì£�Á��{�Y{ ]ÊÅZ§�, ����[.  

� -� -� -�Ê�ZÀ��¾Ì»���ËZ��§  

¾Ì»���ËZ��§½Y�Z]� �Ì�¿�Ê Ì^��¶»YÂ�� �iY� �{� Y��vÀ»�Ê�ZÀ�,�{Z],�d�{� Á� Ã{Y{�w�� Ã�Ì£� Á�½Y|À^zËÊf§�]M�ÉZÅ,�Äbe�ÉZÅ

ÊÀ�,�Ê»�{ÂmÁ�Ä]�Y��Ã�Ì£�Á�ZÅZf·{{�ÁM,��¶Ì°�e�d����,½M�¥�Z f»��Â¿��{�Á�{�Y|¿�Êf·Zy{�Ä¿Â³�pÌÅ�½M�{ZnËY��{�½Z�¿Y�¾ËY�]ZÀ]

�d�Y�Zy�d§��|Å�d����Z]��]Y�]�¶«Y|u�Zy]ÊÅZ§�, ����.[  

� -� -� -�É|Ë|�e��ËZ��§  

Ã�Æ]� �Á��� Z]�É|Ë|�e��ËZ��§ZÌ�]�½M� �Y|¬»� Á� Ã|�� �Z£M�É��ÁZ�¯� �Á��� Z]�Ê¿ZÌ]� Ä]� Á�¾Ì»�� �Y�½Z�¿Y�É�Y{�]�Ì]� ���Y� �e

Ê»�Ê Ì^���ËZ��§|�Z] .º¯�Zy�¶Ì°�e�d�����ËZ��§� �Â¿� ¾ËY� �{Ê»�Zy�d§��|Å�d���� �Y� �e� |�Z]]ÊÅZ§�, ���� .[

�½Â�{Zm]Judson, 1981 [µZ��Ä]�d^�¿�Y��ZË�{�Ä]�É{Á�Á�cZ]Â���{Á|u�É��ÁZ�¯���f�³��Y�¶^«�ÉZÅ�/���Ze��{��¾Ì¼ze��]Y�] .

�¾»|·Y]Oldeman, 1991 [�Ì]�eÃ�Z«��{� Y��½Z�¿Y���Âe�Zy��]� Ã|��µZ¼�Y�\Ë�ze�¾Ëd�Y�Ã{�¯���Y�³�ZÌ�M�É .���¿�ª^�

�µY{Á{]Dudal, 1981 [Ê»�½M�d�³�]�¶]Z«��Ì£�¾f§��¾Ì]��Y�h�Z]�Ê�Y�Y�\Ë�ze�Ê¸ §�d���{Â� ]��Y�¶¬¿�Ä]Lal, 1994.[  

� -�-��ËZ��§�ÉZÅ|ÀËY�§  

� -� -� -�Ê³|¿�Z]��Y�Ê�Z¿�ÉZÅ|ÀËY�§  

ËZ��§�ÉZÅ|ÀËY�§Ê»� Y��Ê³|¿�Z]� �Y�Ê�Z¿�Ê�½M� Ä]� Ä»Y{Y� �{� Ä¯� {Â¼¿� ºÌ�¬e� Äf�{� Ä�� Ä]� ½YÂe�d�Y� Ã|�� Ã�Z�Y� ZÅ]�,É|�Y

����:[  

¦·Y (¶»Z��Ä¯�Ã|ÀÀ¯Y|m�ÉZÅ|ÀËY�§- )� (Ä¿Y|¯Zy�½|��Äf�°�Ã��«�{�Ây�]��iY��{�Ä¯�ZÅÄf�Âa�|ÀËY�§�Á�½Y�Z]�ÉÊ»�w��½|��ÉY -

Ä¿Y|¯Zy��{�Ä¯�|Å{�Âa�,º¯�É�Y|ËZa�Z]�ZÅÄfÄ¿Y|¯Zy��{�Á�½|��ÉYÃ��«�{�Ây�]�,��Âf»�É�Y|ËZa�Z]�ZÅÊ»�Ã|Ë|a�¾ËY�h�Z]�½Y�Z]�É-

�,{{�³)� (Ä¿Y|¯Zy�½|��Ã|ÌWZ��Á�{ZË��É�Y|ËZa�Z]�ÉZÅ)� (,d�Y�Ã�¨u�{ZnËY  

[ (¶»Z��Ä¯�Ã|ÀÀ¯�¶¬fÀ»�ÉZÅ|ÀËY�§- )� (Ã��«��Å�{�Ây�]� Z]�½M��{�Ä¯�ÊËYÂÅ�½Z¼�Za�cY�}� ,Zy�t����]�½Y�Z]�É�ÃY�¼Å�Ä]

��«Ê»�[Ze�a�¥Y��Y�Ä]�Ã��«�{�Ây�]�¶v»��Y�ZÅ�,|¿Â�)� (�Ä]�Ã|��{�y�cY�}�µZ¬f¿Y�h�Z]�,Ê³|¿�Z]�ÉY|f]Y��{�Ä¯�Ê�Æm�½Z¼�Za

Ê»�¥Y��YÃ��«�Ä¯�Ê·Zu��{�{Â�Ê»�®�y�Zy�[~m�½Y�Z]�É� ,{Â�)� (Ã��«�{�Ây�]��Y�| ]�½M�Ê���{�Ä¯�Ê��y�½Z¼�Za�É

� 



µÁY�¶�§ -��]ZÀ»�Ê���]�Á�cZÌ¸¯ �

ËÓ�,¾Ì»��t���Z]�½Y�Z]Ä�¯�¼·Y|vf»�ÉY��«�{�Ây�]�d�����Y��Ì]�Êf����Z]�½ZË�m��Yy�t���Z]�Ã��¾Ì§���Ä]�{�Ây�]�¶v»��Y�Z

Ê»�d¯�u|À¯�f³��]�cY�}���y�h�Z]�Ä¯½M�d¯�u�Á��Ê»�¥Y��Y�Ä]�ZÅ{{�³��Á)� (Á�d�Y�ªÌ¸ e  

_ (Ê^¿Zm�ÉZÅ|ÀËY�§��-¶»Z��Ä¯)� (�Á�Zy�Êv���ÄËÓ�½|��º¯Y�f»)� (Y�Êv���Ã{Á|¿Y�¶Ì°�ed�.  

� -� -�-�½ZË�m��Y�Ê�Z¿�ÉZÅ|ÀËY�§  

Y�ÉZÅÁ�Ì¿�Ä]�d^�¿�¶¬i�ÉÁ�Ì¿�Á�dmÁ�·��iY���Âe�½ZË�m�¶¼�����ËÊ»��z�»�Ê��À���¯�ÉÁ�Ì¿��ËY���Ê� ]��{�Á�{Â�

�|�Z]��iÂ»�½ZË�m��]�d�Y�¾°¼»��Ì¿�Êv��]�,Ê�Z¨����� .[|�Z]�Zy�Ê��]�d»ÁZ¬»��Y��Ì]�½ZË�m�Ê��]��Àe�ÃZ³�Å,�d�Y{�]�

cY�}�Ê»�w��|Å{]� ,ÊÅZ§����� .[d�Y{�]� �Y� | ],�Ê»�cY�}� �Y�Ê°Ë� Ä]�|À¿YÂe�Á��¦¯� �Z]� Á�ª¸ »� ,µÂ¸v»�ÉZÅ)�,�Æm�¶»Z�

½|Ì�¸£�Á���y(�u�|¿Â��¶¼)¶°��-�(.  

� -�-�[Â�� 

Ê]M��ËZ��§�hv]��{�Ê¸¯��Â��Ä],�Äf§ZË��ËZ��§�Zy��Y�d�Y�c�Z^��[Â��Ê»�k�Zy�Ä�Âu��Y�Ä¯�ÉY{Â� .[Z¿YÁ��Á�Ê³|¿�Z]�

��Ä]Ã|Ë|a�Ê¸�Y�¶»Z��Á{�½YÂÀÊ]M��ËZ��§�É,�Ê»|À�Z]��iÂ»�[Â���|Ì·Âe��{�|À¿YÂe .��Ì/]�Ê³|¿�Z]�Z»Y�����ÉÁ���/]�Y��{Â/y��/iY�¾Ë�/e

Ê»�cY�}��ËY|mÊ»��¬§�Á�{�Y~³É�Â��Ä]�|ËZ¼¿�ºÅY�§�cY�}�½|��Äf���ÉY�]�Y��ÄÀÌ»��|¿YÂe����Y|/¬»�|/���z�»�Ê�ËZ»�M��{�Ä¯

Ê»�Y|m�Ê³|¿�Z]��iY��{�Ä¯�ÊeY�}��|¿Â����Ze���Ê³|¿�Z]���Âe�Ä¯�|Àf�Å�É�Y|¬»��]Y�]��Ê/»��·Zy�µZ¬f¿Y��|/À]ZË]�ÊÅZ/§�, ���� .[

Ê»�dÌ¼ÅY�ÉY�Y{�[Â���|Ì·Âe��{�[Z¿YÁ���¬¿�¾ËY�]ZÀ]|�Z] .Ã|Ë|a��ÌiZe�dve�Ä¯�ÊËY�mY�Á�cY�}���Z/y�Ê¸/�Y��f�]��{��ËZ��§�É

Äf�³�µZ¬f¿Y�¶]Z«�Á�Ã|��d���,|¿Y½Z¼Å�¶°���{�Ä¯��Â��-��Z�¿�,d�Y�Ã|��Ã{Y{�½Ê»ºÆ»�½YÂÀ��Ä]�[M�½ZË�m���Âe�|À¿YÂe�¾Ë�e

Ã|ÀÀ¯�¶¬fÀ»�¶»Z� �������|/¿�ÁM�{Â/mÁ�Ä/]�Y��[Â/���Á�Ã|/��k�Z/y�Ä�Âu��Y�Á�Äf§ZË�µZ¬f¿Y�¦¯��Z]�Á�ª¸ »��Z]�,Ê·Ôv¿Y��Z]�c�Â��Ä��Ä]

]ÉÁ|Æ», ����[.  

  
�¶°��-� -�½M�d¯�u�µZ°�Y�Á�Ä¸¬fÀ»�cY�}��YÂ¿Y�½ZË�m�®Ë��{�ZÅ]�,ÉÁ|Æ»����[  
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Ã�Y|¿Y��Ë�Âe�Á��Y|¬»���À»�Á{��Y�Ã|��|Ì·Âe�[Â��d�Y�Ê���]�¶]Z«�½M�cY�}�É .Ã�Y|¿Y��Ë�Âe��Y�ÊÅZ³M�[Â���cY�}�ÉµZ¬f¿Y -

Äf§ZË�Ê»�Ê�Y�Y�t����Y|�Z]�dÌ¼ÅY�ÉY�Y{�Ê¨¸fz»�cZÆm��Y�|¿YÂe. ,Ä°¿M�d�z¿��É�Ìz¸�Zu�dÌ �Á� Á�dÌ¨Ì¯��]��ËZ��§��iY

�Ê�Y�Y)Ä����½Á�{��iY��§�ÉY�ËZ (��{�Á�É�Ë��Ä]{�Y{�Ê´f�]�Äf§��|Å�cY�}�Êf .,Ä°¿M�¹Á{ �[Â���cY�}�Ã�Y|¿Y��Ë�Âe�dÌ �Á

�Ê³{Â·M�Á�[M��]ZÀ»Ä���Ê»��z�»�Y��\Ì��e�É|ËZ¼¿ .Ä�Â¼n»�½ZÌ»��Y[M�{�YÁ�Ä¯�ÊËY�mY�Á�cY�}�ÉÃ|��Êv���ÉZÅ�cY�}�|¿Y

Ê»�¾Ì�¿�Äe�Ê¿Z�M�Ä]�Á��e{Á��d��{�ÉY�mY�ÁÊ·Zu��{�|¿Â���Ä¯�Ê¿ÓÂ��Zf^�¿�Ê³{Â·M�¶³�cZ^mÂ»����Á��Ë��d¸Ì��Ã�ËÁ�Ä]�ZÅ�e�Ë

|ÀËZ¼¿�Ê»�ºÅY�§�Y��[M�c|» .Ê»�,|À�Z]��Ë��Ä¿Y{�cZ]Â���º��Y��z]��³Y|ÀÀ¯�ºÅY�§��Ì¿�Y��ÊËZÌ¼Ì��Ê³{Â·M�cZ^mÂ»�|À¿YÂe .�cY�}

��¶¼u�¶Ì·{�Ä]��Ë�,[M��]ZÀ»�½Á�{�Ä]�ÊËY~£���ZÀ�½M�Ã{�¯�ÊÀ£�Y��ZÅ]Fukue et al., 1999 [�Ì�¿�ÊeY�iY�Á��½ZÅZÌ³�|����ËY�§Y

Ã|Ë|a�{ZnËY� Á�[M�t���ÉÁ���]|¿�Y{�Ê°^¸m���f�³�Á�ÊËZ§Â°��É .Ä°ÀËY� Ä^Àm�¾Ì»Â�, �,[Â���cY�}� Ã�Y|¿Y��Ë�Âe�¾f�¿Y{� Z]

Ê³�ËÁÊ»��z�»�É|u�Ze�µZ¬f¿Y�|ÀËY�§�Á�½ZË�m�,�f�]�ÉZÅ�{Â�]Asadi et al., 2007a,b.[��|Ì·Âe�[Â����Y|¬»�¾ÌÀr¼ÅÃ|�,�

Ã|Ë|a��Y�®Ë��Å�¦ ��Á�c|�Ê»�½ZÌ]�Y��©Â§�ÉZÅ|À¯.  

{Y{�½Z�¿�É{ZË��cZ ·Z�»d�Y� Ã�zf¿Y�|ÀËY�§�®Ë�Zy�É�ZÌ��¾Ì]��ËZ��§�Ä¯Á�d�Y�Ê]Z�Ã�Y|¿Y� �{�cY�}�½M�Ê��Á����É

Ê»�¶¬fÀ»�Ê¸�Y�Zy��f�]��Y�d¸Ì��|¿Â�]:DQ�HW�DO���������%DVLF�HW�DO���������/HJXHGRLV�HW�DO�������� Malam et 

DO���������$VDGL�HW�DO�������D�E[ .�ËZ»�MÃ{Y{�½Z�¿��Ì¿�É{ZË��ÉZÅÃ�Y|¿Y��Ë�Âe�,�Y|ËZa��ËY����{�Ä¯�|¿Y�|u�Ze�[Â���cY�}�É

ÄÌ·ÁY��f�]�Ä]�É{ZË��{�Y{�dÅZ^��Zy�É]%HXVHOLQFN�HW�DO���������+RJDUWK�HW�DO�������[ .�½Y�Z°¼Å�Á�É|�Y]Asadi et 

al., 2007b, 2011[�Ã�Y|¿Y��Ë�Âe�Ä¯�|¿|Ì���ÄnÌf¿�¾ËY�Ä]�Ê¸Ìy�cY�}��z]�Á{�¶»Z��Á�Ã{Â]�ÊËZ¼¿�Á{�c�Â��Ä]�[Â���cY�}�É

d�Y�d��{�Ze���Âf»�Á��Ë� .½Mº�Ì¿Z°»�Ä¯�|Àf§�³�ÄnÌf¿�ZÅÃ�Y|¿Y�Z]�cY�}�ÊvÌm�e�µZ¬f¿Y�\mÂ»�¦¸fz»�ÉZÅÊ»�¦¸fz»�ÉZÅ -

|¿Â� .½Â»�M�¹Zn¿Y�ÊÅZ´�ËZ»�M��ËY����{�©Â§�ÉZÅÃ|�_Á�e�ªÌ¬ve��{�µZj»�½YÂÀ��Ä]�d·Zu�¾Ë�fÆ]��{�Á�|¿Y�½Y�Z°¼Å�Á�|·Á�»�½Á

]Ttomp-van meerveld et al., 2008[��°Å��¹Â¸§��Y�,d Ì^���ËY���Ä]�½|��®Ë{�¿�ÉY�]Ã|��Ã{Z¨f�Y��Y{�d�Y.  

Ê»�µ�fÀ¯�Y��[Â����Y|¬»�Á��Â¿�Ä¯�|Àf�Å�É{ZË��¶»YÂ�|ÀËZ¼¿�½ZÌ]�Ä]�ZË��®Ë��Y�Ä°ÀËY��´Ë{Ã�Y|¿Y�Z]�Ã�}��Â¿�Äq��z�»�É

Ê»��Y|¬»|�Z]�{ÂmÂ»�[Â����{�|¿YÂe,�Ê¨¸fz»��ËY����ÌiZe�dve��Ì�¿- )�(��Y|¬»���f�{��{�Ä�����{�Ã�}Ê�ËZ��§�É, )�(��½Z°»Y

Ê���{�Ã�}�|Ì·Âe�Ã|Ë|a��ËZ��§�Á )�(�|ÀËY�§�½{Â]�Ê]Zzf¿Y��Ì£�ZË�Ê]Zzf¿YcY�}�µZ¬f¿Y�ÉZÅ���Y�«�{�Y{]�,É|�Y����.[  

� -� -� -�Äm�{��iY[Â����Â¿�Á��Y|¬»��]�\Ì��É 

Äm�{��Y|¬»��]�Äq�Å\Ì��É )�f�]�Ê³�ËÁ(�Ê»��ËY�§Y��Ì¿�[Â���|Ì·Âe�Á��ËZ��§��Y|¬»�{Â��Ã{Á�§Y�Ze��ËY�§Y�¾ËY�Äf^·Y�|]ZË

\Ì��ÉZÅ���Äm�{�½M��Y�| ]�Á�Ã|��Ã|ÅZ�»�Ê»��ÅZ¯�Y{|n»�|]ZË]ÊÅZ§�, ����.[ Z��½{Â]�½Z�°Ë�c�Â���{�¾ËY�]ZÀ]�,�ËY����Ë

� 
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\Ì��Ì]�[Â���|·Â»�|Àe�ÉZÅÊ»��z]�¾ËY��{�Ä¯�|Àf�Å�É�e��ËY�§Y�Z]�[Â����Y|¬»��ËY�§Y�¶Ì·{�½YÂÀ��Ä]�Y���Ë��{�YÂ»�½YÂe

Äm�{{Â¼¿�Ê§� »�\Ì��É:  

)�(�ZË�m�Ê³|ÀËZ��§�c�|«��ËY�§Y½:�Äm�{��ËY�§Y�Z]\Ì��É,��Ì]�d����Z]�½ZË�mÊ»�É�Zm�¾ÌËZa�¥���Ä]�É�eÌf¿��{�Á�{Â��Än

�Ì]�½M�Ê³|ÀËZ��§�c�|«�Á�Ê�^Àm�É��¿YÊ»��e{{�³ .�½ZË�m�d����,|À¯�Y|Ìa��ËY�§Y��]Y�]��ZÆq�¾Ì»��\Ì���³Y�Ä¯�d�Y�ÊÀf¨³

�|À]ZË�Ê»��ËY�§Y��]Y�]��ZÆq�Á�Á{�\Ìe�e�Ä]�½M�Ê³|ÀËZ��§�c�|«�Á]ÊÅZ§�, ����.[  

)� (½ZË�m�¶¼u�½YÂe��ËY�§Y:�Äm�{��ËY�§Y�Z]\Ì��É���Y�Ê°Ë�½YÂÀ��Ä]�iÂ»�¶»YÂ�Ä·{Z »��]ZÀ]�½ZË�m�¶¼u�½YÂe�,�É� -� ��ËY�§Y

|]ZË�Ê»:  

)�-�(  6aVQ   

½M��{�Ä¯- Q ¹�m�Ã�}¶¬fÀ»�ÉÃ|��,a��Á�\�ZÀe�\Ë��V�d�Y�ÉÁ|]M�d���.  

�|]ZË�µZ¬f¿Y�½ZË�m�Z]�|¿YÂe�Ê»�Ä¯�cY�}��Y�Ê¿�Á�{Â���]Y�]�Á{�Ê¿ZË�m�d�����³Y��a���Ê»�¶^«�d·Zu��]Y�]�{Â�]ÊÅZ§�, ����.[  

)� (Ã|ÀËZ��§�¶»Z���Y|¬»��ËY�§Y:�Ã�Ìy}��ÅZ¯��Ì�¿�É{ZË��¶ËÓ{�Ä]Ê]ÓZq�É \Ì���{�Ã�Ì£�Á�}Â¨¿��Y|¬»��ÅZ¯�,Äm�{�Z]�ÉZÅ�É
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