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�ÉZ»{��{�½{Y{��Y�«��Y��a�Á�k�Zy��ËZ»�c�Y��Y

���ËZ�´zË� ,É�Z»� ¾]� {Y�³� Êf¿Z�� Äm�{�Ê
|¿|� .�Ê]ZË��YÉZÆÌ³�ËÁ�ÊeZÌu� ,�¾ÌÌ e�¶»Z�

¿�� Z]� ­�vf»� Á� Ã|¿�� ¹�b�Y� |��{�É�Ì»M�²
� ÊaÂ°�Á�°Ì»� ��Z¼�� Á� µÂ¸��Ä]� |�� ¹Zn¿Y

�®Ë� YÁ�ÂeZ»�b�Y� ­�ve� |��{� ¾ÌÌ e� �Â�À»
�ÉÁ��É�Â·ÂË�Ì§�¹���Ã��«�®Ë�Á�¹�b�Y�Ã��«

�Ã|��¹�³��Ìa��Y�¹Ó|��ÄfzË�.��ÉÁ���b�
{Y{� �Y�«� ¶»Ó� ½M|�� Ã�Â¼¿� Ze��Â�� Ä]� ZÅ� Ä¿

|À]ZË���f�³�dyYÂÀ°Ë .�Á�ºÌ¬f�»�Ã|ÅZ�»�Z]
�d¯�u�ÉY�Y{�ÉYÁ�ÂeZ»�b�Y�ÉZÆ·Â¸����Z¼�

� ½Y|Ì»� �{� Ã|¿Á�� �Ìa� ºÌ¬f�»�|Ë{
¿�_Â°�Á�°Ì»�ÊËZ¼À³��]� Z]�É�ÂX ��,��{Y| e

�Á���Z¼�� ¹�b�Y�¶¯� {Y| e� Á�­�vf»� ¹�b�Y
� ­�vf»� ¹�b�Y� |��{|�� ¾ÌÌ e .�²¿�� ÉY�]

�� ¹�b�Y� Ã��«� ®Ë� ,É�Ì»M�®Ë� Z]� Ã|�� ªÌ«
«¾Ë�ÂWY�²¿��Ã��-��¾Ë�Á�´Ì¿��Y��a�Á��Â¸z»
����{� Ze� ÄÌÆe� ¹Ó� ÉÁ�� ÉY� Ã�f�³� Ä¬Ì«{

{Â�� ®�y� YÂÅ� c�ÁZn» .ZÆ»�b�YÉ��»�«,�
ZÆ»�b�Y� Á� Ã{�»É ,Äf§�´¿�²¿�����¿� �{� Ã|¿�

|�� Äf§�³��Z]� ÊaÂ°�Á�°Ì»� |Ë{� ½Y|Ì»� �{� Á
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ÊËZ¼À³��] X�� � ��Z¼�|¿|� )��(. �Ä]
���]� dÆmÊ��ZnÀÅZ¿É�ÅZÉ�¿Z¼fyZ�Ê�

Z¬¿� ,YÁ�ÂeZ»�b�YË{�³� ��Z¼�� ZÆ¿M� �Ë�Ä¯� |
Z¬¿Ë��§� �Ê��Z]� ��� ¶»Z�Ë�±��]� ��� ,®
£Ì^��Ì ÊY|m�¹Á�Á�¯M�, ¼y�_Â·�¹{�,Ã|�ÌÃ|�
Á �� Ã��«Ì¼�ÔaÂfÊ�� {Â])��.(�� ÉY�]�d�|]

� ½{�ÁM�Z]� |��{Ë]ZÊ�¿Z»� Ã|¿�� Á� ­�veÊ,�
¿Z»�Ã|¿��Á�­�ve�|��{�d^�¿Ê��{Z¼n¿Y��Y�| ]

{Z¼n¿Y�Y� ¶^«� Ä] |�� Äf§�³� ��¿� �{. �¾ËY
Ê§{Z�e�0Ô»Z¯�s���\·Z«��{��ËZ»�M��Z]��eÌ��Z¼

� Á���Y�°e M�ÉZÅ� Ã{Y{�d§�³�c�Â��Z]��ËZ»�
�É�Z»M� �Y�§Y� ¹�¿� �Y� Ã{Z¨f�YSAS�|�� �Ì·Z¿M|¿ 

)��(.���ËZ»�M� Ä¸u�»� �Å� �Y�¶�Zu�ÉZÅ� Ã{Y{
�¾Ì´¿ZÌ»� Á� d§�³� �Y�«� �¿ZË�YÁ� ÄË�ne� {�Â»

� ÉY� ÄÀ»Y{� |Àq� ½Â»�M� Z]� ZÅ� Ã{Y{¾°¿Y{ 
)��/�P<(�|¿|�� Ä�ËZ¬» .�É|��{� ¶Ì·{� Ä]

�ÄfÌ·Z»�¿�d�e��Y��ËZ»�M�¾ËY��{�ZÅ�Ã{Y{�½{Â]
½Âq�Á�|��Ã{Z¨f�Y�ZÅ�Ã{Y{��µZ»�¿��Ë�Âe�ÉY�Y{

|�¿�Ã{Z¨f�Y�ÉY�ÄËÁY��¶Ë|^e��Y�|¿{Â]. 

  
Zf¿Ël�hv]�Á  
¦·Y -���Y� ¶^«� ­�vf»� Á� Ã|¿�� ¹�b�Y� |��{

{Z¼n¿Y  
     ¿�� ¹�b�Y� |��{� �]� µÁ��Ì¸³� �ÌiZe��{� Ã|
Ä»Z³���{�{Z¼n¿Y��Y�¶^«�¶°���|��Ã{Y{�½Z�¿�Ã
d�Y .��Y� ¶^«� Ã|¿�� ¹�b�Y� |��{� ¾Ì´¿ZÌ»

�sÂ����{��Ë�e�Ã|ÀÀ¯�ªÌ«���{�{Z¼n¿Y�, ���Á
��µÁ��Ì¸³� |��{ \Ìe�e� Ä] �/�±��, 
�/�±�� � Á�/�± ���|¿{Â] .�Ä�ËZ¬»  

�½Z�¿� ¾°¿Y{� ½Â»�M� �Y� Ã{Z¨f�Y� Z]� ZÅ� ¾Ì´¿ZÌ»
¹�b�Y�|��{�¾Ë�f�Ì]�Ä¯�{Y{��t����{�Ã|¿���

|¿�� ¹�b�Y�|��{�¾Ë�f¼¯� Á�µÁ��Ì¸³�|��{�Ã

� t��� �{��|�� ¶�Zu� µÁ��Ì¸³� |��{ 
)��/�P<( .�|��{� �]� µÁ��Ì¸³� �ÌiPe  

¹�b�Y�ÉZÅ�� ¶^«� ­�vf»� �Y��{� {Z¼n¿Y  
��Ë�e�Ã|ÀÀ¯�ªÌ«���Ì¿{Â]��Y{�ÊÀ » .�¾Ì´¿ZÌ»

¹�b�Y� |��{�ÉZÅ���{� {Z¼n¿Y� �Y�¶^«�­�vf»  
�sÂ����{��Ë�e�Ã|ÀÀ¯�ªÌ«���,���Á���|��{

�\Ìe�e�Ä]�µÁ��Ì¸³��/�±��, ��/�±�/����Á
��/�±�/���|¿{Â] .�Z]� ZÅ� ¾Ì´¿ZÌ»� Ä�ËZ¬»

�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿�¾°¿Y{�½Â»�M��Y�Ã{Z¨f�Y
� t��� �{� ­�vf»� ¹�b�Y� |��{���|��{

µÁ��Ì¸³,��vf»�¹�b�Y�|��{�¾Ë�f¼¯�Á��{�­
� t�����|�� ¶�Zu� µÁ��Ì¸³� |��{

)��/�P<(,�� sÂ��� ¾Ì]� Äq�³��� Á���|��{
�d�Y|¿� {ÂmÁ� É�Y{� ÊÀ »� ¥ÔfyY� µÁ��Ì¸³

)� ¶°�� .(ZÆ¯Â�É�Z»��ÊË��� �{Ê   
�Z�� {��É�Z»{� ZeÉ ��f¿Z�� Äm�{Ê��Ä]� {Y�³

·Z §��ÅZ¯ÌÁ�d¯�u�Á�d�Y�§YË~a}Â¨¿��Ë�É�
� Ä]� Z�£Ë,ZÆ¿Â �¿MËZÆ¼ )��(, ATP �kÁ�y� Á
·Â¨�§ÌbÌ� Á� ¹�b�Y� �Y� ZÅ|� �ÅZ¯�� �{Ì·ZÌ�d
»�LZ�£Ê |»Zn¿Y )��.(�Y�]ZÀ]Ë�¾¸³��YÌ�Ä]�µÁ��
�½YÂÀ�Ë~a�}Â¨¿�Ã|ÀÀ¯�d�§Zv»�Ã{Z»�®Ë�Ä]��

»�Ã{Z¨f�Y�µÂ¸��¶yY{Ê��Ä¯�{Â�Ë�c�Â��Ä]�Z
ËY�Ä¸u�»�®É�Z»{��{É ���f¿Z��Äm�{Ê��{Y�³

� ÁËY� Ä¸u�»� Á{� ZÉ�Z»{� �{É ��f¿Z�� Äm�{Ê�
«��Ä]�{Y�³Ì»� Ã{Á�§Y� Ã|ÀÀ¯�ªÊ {Â� )��( .�Z]

cZ��Y�³� Ä]� ÄmÂe�½Â»ÓZ��µÂ�¯Z»� Á )�� (
ZÌ]�Ä¯�ÉZ»{��{�µÁ��Ì¸³�½{Á�§Y�|¿{Â¼¿�½�� 

�É�f Ì�Á��Â��Ä]�Á��e�Ê¸¼��{Y�³�Êf¿Z��Äm�{
{Â�� Ê»� Ã{�]� �Z¯� Ä]� oÂ«� ÊÀ»� {Z¼n¿Y� �{ .

µÁ��Ì¸³� ½{Á�§Y�,�ËZ»�M� ¾ËY� �{��c�Â�� Ä]
ËY� Ä¸u�»�®É��Ä]� ÄmÂe� Z]� Ä¯� |�� Ã{�]� �Z°]
Zf¿Ë��Y��eÓZ]�sÂ���,¶�Zu�l���d�¿YÂf¿�|��{
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� �iYÊf^j»��� Á�­�ve� �]¿Z»� Ã|¿Ê��YÁ�ÂeZ»�b�Y
�µÁ��Ì¸³�½{Á�§Y�Á�|�Z]�Äf�Y{�{Z¼n¿Y��Y�¶^«
�c�Â��É�Z��µ{Z e� �Â�À»� Ä]� {Z¼n¿Y� �Y�¶^«

d§�³ .¸³��eÓZ]�sÂ��Ìy�]� �{�µÁ��Ê��{�YÂ»
»Â¼�»� \^�Ì»� µÂ¸�� dÊ��ZÆ·Â¸�� Á� {Â�

ÓZ]�d�¸£�¶¼ve�c�|«É�¸³Ì|¿�Y|¿� Y��µÁ��,�
�µÁ��Ì¸³� Ä¯�Ê¼¯�½Z»��c|»� Ä]� ÄmÂe� Z]� Z»Y

�{���eÓZ]� sÂ��� {Â]� YÁ�ÂeZ»�b�Y� Z]� �Z¼e
d�¿YÂf¿� µÁ��Ì¸³��µÂ¸�� Ä]� \Ì�M� \^�
� Á� YÁ�ÂeZ»�b�Y� �ÅZ¯Ê³�ËÁÉZÅ��ÊeZÌu
{Â�� YÁ�ÂeZ»�b�Y, ¾ËY�]ZÀ] ��{�½M�t����ÅZ¯

{� Z]� \�ZÀeË«�� LY�mY� �´Ì�{Â^Æ]� �{� Ã|ÀÀ¯� ª

¿Z»� Ã|¿�Ê�{Â]��iÂ»�¹�b�Y�­�ve�Á .Zf¿�Ä¯Ë�l
� �ÅÁ�a� ¾ËY� Z]��Y�³��¨ mÉ ÀÅM� É�´�Á

� �mZÆ»)�� (d�Y{�d¬]Z�» .�|¿{Y{�½Z�¿� ZÆ¿M
Ä¯�� d�¸£��¸³� |��{Ì�{Â^Æ]� \^�� µÁ��

¿Z»� Ã|¿�� Á� ­�veÊ���Y� ¶^«� µ�� oÂ«� ¹�b�Y
� {Z¼n¿Y{Â�� Ê» .�´Ë{� Ê�ÅÁ�a� �{, �¨ mÉ 
É�´ÀÅM��Á�Â¿� ÁÉ )�� (�Á� É�Z��ªÌ«�� ÉY�]
{Z¼n¿Y�¹�b�Y �d�¸£��Y�Ã{Z¨f�Y�,ÊqÂ¸]�oÂ«��

¸³�|��{Ì��Y�¶^«� Y��µÁ��Á��{Z¼n¿YÉ��­�ve
¿Z»� Ã|¿�� ÁÊ�� ¹�b�Y� ½YÂÀ�� Ä]Æ]� d�¸£ÌÄÀ 

|¿{�¯�{ZÆÀ�Ìa.  

 
 

 
¶°� � - »Ì´¿ZÌ¿Z»�Ã|¿��|��{�¾Ê�¹�b�Y���Y�¶^«

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  

  
 �¶°�� -�»Ì´¿ZÌ­�ve�|��{�¾�¹�b�Y���Y�¶^« 

�{Z¼n¿Y±�Z�yÉ�f�Y{�Y|¿Z  

[-�|��{�ÉZÆË�ZnÀÅZ¿��Á� Ê°Ë�Â·Â§�Â»
{Z¼n¿Y��Y�¶^«�Ê Ì^��¹�b�Y  

     �|//��{��//]�µÁ�//�Ì¸³��ÌiP//eÉZ//ÆË�ZnÀÅZ¿�
��{�{Z¼n¿Y��Y�¶^«�Ê Ì^��¹�b�Y�Á�Ê°Ë�Â·Â§�Â»

�{Â^¿��Y{�ÊÀ »��Ë�e�Ã|ÀÀ¯�ªÌ«�)��/� P>.( 
��¾/°¿Y{�½Â»�M��Y�Ã{Z¨f�Y�Z]�ZÅ�¾Ì´¿ZÌ»�Ä�ËZ¬»

{�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿�Z/]�Ê Ì^��¹�b�Y�|�� 
��/�±�/���¾Ë�///////f¼¯�Á�É�Z///////nÀÅZ¿�

Z]�Ê°Ë�Â·Â§�Â» ��/�± �/���t����{���|��{
�|»M�d�|]�µÁ��Ì¸³)�µZ°/�Y � �Á� .(��Â/�u�

¸³Ì�µÁ�������Ë�/e�Ã|/ÀÀ¯�ª/Ì«���{�/»Ê��|/¿YÂe�
��ÅZ//¯�\^//�ÉZ//ÆË�ZnÀÅZ¿��Â//·Â§�Â»Ë°Ê��Á

//�MÌ��{�\½Z//»��{Z//¼n¿Y�­Â//�É��Z//»Y�{{�//³
��Z/»�M�{�Â/»�sÂ��Ë����ÌiZ/e��/À »Ê��Y{É����/]

ZÆË�ZnÀÅZ¿�¹�b/�Y�É���·{�Ä/¯�d/�Y|¿�/Ì�Y��½M�¶  
//»Ê�����Y�ÃÂ//v¿��{�cÁZ//�«�Ä//]�½YÂ//e//Ë]ZÊ��Á  

|��{�{Z¼n¿Y��Y�¶^«�¹�b�Y�Ê¿Z»�Ã|¿�
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ÊËZ//ÆË�ZnÀÅZ¿�{Y{�d^//�¿�//���{�Ä//¯Ê�Æe//Ì�Ä
Y�Ã�f�³Ë�{Zn|�Ã����Y�/§Y�Y��Z/�y�µZ/¼fuY�ÁË��

//»Ê�,|//Å{���Ê]Z//Ë��Y�cÔ°//�»��Y�Ê//°Ë�Y�//Ë�
�Á�½{Â///]�É{�Â///»�YÁ�ÂeZ»�b///�Y�É�Â///·Â§�Â»  

�//ÌÌ¤e �É�Ë~//aM{��Ì//�¨e�Ä//¯�d//�Y�½�Á�ª//Ì«
�����¶°//�»�Y��cZ//�ËZ»�M�¾Ì//]�lËZ//f¿�Ä//�ËZ¬»  

{�Z//��Ê//» .���ÌiZ//e�d//ve�¹�b//�Y�É�Â//·Â§�Â»
½Âq�Ê¨¸fz»�ÉZÅ�Âf¯Z§ �ÊËZ/n]Zm�ÉZÅ��Á�  

   
  

��/f¼Æ»�Ä¼Å��Y�Á�¹�b�Y�dÌ¨Ì¯,¹�b�Y,���c�Z/Æ»
��0Z/^«Z f»�Á�d/�Y�[ZË��Y��z���¶/»YÂ��¤f»���/Ì

�{�É{ZË� Ê���]�����Ê]Z/Ë��Y�¹�b/�Y�É�Â/·Â§�Â»
��Âe�Ã|� ���/³�¦/¸fz»�{Y�§Y��Ê/»���Y�{Â/�. 

)��(. Àr¼ÅÌ�¾����|/���Ê/»��/�¿�Ä/] ¸³Ì��µÁ�/�
]Ì»Z¼e��]��f�Ì{��¬¿�¹Á�Á�¯M�d�|/�Z]�Äf�Y��Á

�MÌZÆ^É�YÁ�/ËY��{�Ä¯�|Å{��ÅZ¯�Y��½M��]�{��¾
Z»�MË���]�{�Â»��Ê�d§�´¿��Y�«.   

  

  
�¶°�� -�»Ì´¿ZÌ�|��{�¾¹�b�Y�ÉZÆË�ZnÀÅZ¿���Y�¶^«

�{Z¼n¿Y±�Z�yÉ�|¿Zf�Y{�Y  
 �¶°�� -�»Ì´¿ZÌ^��¹�b�Y�|��{�¾Ì Ê���Y�¶^« 

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  
  

k -��Y� | ]� ­�vf»� Á� Ã|¿�� ¹�b�Y� |��{  
     ��{Z¼n¿Y  
     ��Y�| ]�Ã|¿��¹�b�Y�|��{��]�µÁ��Ì¸³��ÌiPe

� {Z¼n¿Y� �{¶°� ��|�� Ã{Y{� ½Z�¿d�Y� Ã.�
| ]� Ã|¿�� ¹�b�Y� |��{� ¾Ì´¿ZÌ»���{� {Z¼n¿Y� �Y
�sÂ����{��Ë�e�Ã|ÀÀ¯�ªÌ«���,���Á���|��{

�\Ìe�e� Ä]� µÁ��Ì¸³��/�±��/��� ,��/�±���
Á ��/�±��/���{Â] .�Z]� ZÅ� ¾Ì´¿ZÌ»� Ä�ËZ¬»

�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿�¾°¿Y{�½Â»�M��Y�Ã{Z¨f�Y
�t����{�Ã|¿��¹�b�Y�|��{��µÁ��Ì¸³�|��{,�

�t����{�Ã|¿��¹�b�Y�|��{�¾Ë�f¼¯�Á���|��{
µÁ��Ì¸³�|�� ¶�Zu )��/�P<.(�Àr¼ÅÌ�¾

�ÌiZe��­�vf»�¹�b�Y�|��{��]�µÁ��Ì¸³�a���Y
{Z¼n¿Y�� �Y{Â¼¿� �{��|�� Ã{Y{� ½Z�¿d�Y� Ã.�

­�vf»� ¹�b�Y� |��{�¾Ì´¿ZÌ»��a��{Z¼n¿Y� �Y
� sÂ��� �{��Ë�e� Ã|ÀÀ¯� ªÌ«�� �{�� ,��� Á��

� \Ìe�e� Ä]� µÁ��Ì¸³� |��{��/�± ��/��, 
��/�± ��/���Á ��/�± ��/��{Â] .�Ä�ËZ¬»

Ì´¿ZÌ»�½Z�¿� ¾°¿Y{� ½Â»�M� �Y� Ã{Z¨f�Y� Z]� ZÅ� ¾
�t����{�Ã|¿��¹�b�Y�|��{�¾Ë�f�Ì]�Ä¯�{Y{��

|��{��¶^«�¹�b�Y�ÉZÆË�ZnÀÅZ¿{Z¼n¿Y��Y
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�Ã|¿�� ¹�b�Y�|��{�¾Ë�f¼¯� Á�µÁ��Ì¸³�|��{
� t��� �{��|��{ d�|]� µÁ��Ì¸³ |»M 

)��/�P<.( �{Z¼n¿Y� Ê�� �{� Ä°ÀËY� Ä]� ÄmÂe� Z]
�[Á}ÉZÅ�f»Y�Za��Ê¸�Y�½Âr¼Å� ¹�b�Y�­�ve

� É�Â·Â§�Â»� Á½M�»� �Y�«� �ÌiZe� dve�{�Ì³� Ê
�É{Z¼n¿Y� �Ìv»� ®Ë� �Y� Ã{Z¨f�Y� ¾ËY�]ZÀ]
�Á�|À¯�¾Ì»Pe�Y��¹�b�Y�­�ve�Á�Z¬]�Ä¯�\�ZÀ»

� ÉZÅ�\Ì�M� ½Y�Ì»Ê�Z¿�¿Y� �Y��ÅZ¯� Y�� {Z¼n
�Ê¼Æ»�¹Z³�|¿YÂe�Ê»�,|Å{��{��Y�Ã{Z¨f�Y�dÆm
Ê�ÂÀ�»� tÌ¬¸e� ®ÌÀ°e�|�Z]� |À¨�Â³� �{ 

)��( .� µÁ��Ì¸³�f¼Æ»Ë� ¾Ã|ÀÀ¯� d�§Zv»�
Y�]É�À»�{Z¼n¿YÊ��Y|¿Zf�a½Y d�Y )��( .�Á��Â¿

� ½Y�Z°¼Å)�� (�Ê¨¸fz»�ÉZÅ� Ã|ÀÀ¯�d�§Zv»
��Â·ZÅ�e�Á��Á�¯Â��,µÂË|¿ZaÁ�a�,µÁ��Ì¸³�½Âq

�ÉÁ�� �]� Y�ÊÀ»� {Z¼n¿Y���Y�«�Ê���]� {�Â»�oÂ«
��Y��a�Y��¹�b�Y�­�ve�|��{�¾Ë�fÆ]�Á�|¿{Y{

{Z¼n¿Y,��{ �d�|]�µÁ��Ì¸³�ÉÁZu�Ã|ÀÀ¯�ªÌ«�
|¿{�ÁM. µÁ��Ì¸³ ¸]Z«Ì~a� }Â¨¿� dË�É�ÓZ]ËÊ 
Äf�Y{�� Á� Z]·Â¸�� ½Á�{� �iYÊ�Á��°]MÊ�|�Ë|�,
\^��°�e��ÅZ¯Ì� ¶ÉZÅ�Â¸]�ZÅÉ Ë�½Á�{� x
·Â¸�Ê�»Ê {Â��Ä¯�¿Z°»Ìº���Êf�Z¨u

� µÁ��Ì¸³�¿Zfa� Ä]ÌÓZ]� ¶É aÌ]M� |¿ÂÊ �½M
»� �Â]�»Ê��{� Ä¯� {Â� f¿ÌÄn,��d�¸£

·Á�f°·YÌZÅ�dÉ�Y�§Y�Ã|��{Y�MË��ËÁ�Äf§Z {ZnËY�
�¯ËZÅ� µZf�É ËyPe� Ä]� xÌ� Á� Ã{Zf§Y� �Ë��Y|¬»� Z

»��ÅZ¯� ½MÊ Ë|]Z )���� Á��( .�xË�ÉZÅ�Â¸]
�¶Ì°�e� Z»Y� Ã{Â]� ���� Ê]� µÂ¸�� ÉY�]�®qÂ¯
�,ÊËZ�´zË�Á�{Z¼n¿Y�¹Z´ÀÅ��{�±��]�xË�Ã�Z]Á{

��ÉY�]�Êv���{Y�M�É��¿Y��iY��]�|¿YÂe�Ê»�µÂ¸
�Z]��z]�½ZË���ZÌ�]| )��( .µÁ��Ì¸³,��µÂ¸�

� ¹�b�Y� Y�� ¶]Z¬»� �{��Y� Ê�Z¿� µÂ¸v»� cY�iY
ZÆ°¼¿�d�¸£��Ã|ÀÀ¯�ªÌ«��Ê¿|��¶u�LY�mY� Á

»�d�§Zv»Ê Á�|À¯��Z]ËZÅ�½ÂÉ��¸§É�¶Ì°�e�
��°¸b¼¯,Ã{Y{  {�YÁ�d����Ä]��b��ÉZÆ·Â¸��

¹�b�YZÅÉ��Ã|¿�Ã|��Á �¯Y�{�Â»Ì�Y|Ì��Y�«�½Â
»Ê�³Ì{� )�� Á ��(.�µÁ��Ì¸³� ÊWÂ�� �Y�Z] 

���{Á�ÁË·Â¸��½Á�]��iY�,µÂ¸��½Á�{�Ä]��Ê�¿Ì��
»Ê�|�Z]�Äf�Y{�|¿YÂe )�, ���Á ��(��Ä¯�d�¸£
ZÆ¿ËÊ µÁ��Ì¸³�«���{Ì¤f»�ZÅ�Ã|ÀÀ¯�ªÌ��d�Y�

����Y�ÁË¼��ªÌ�Á�dË|À»{Â��cY�iY� Z��Á�É�
 e� ¹�b�YÌÌ»� ¾Ê�{Â� )���� Á��( .�d�¸£

�ÓÂ»Ë¸³� ÄfÌÁ� �]� µÁ��Ë³�Ê §� ÉZÅÌ�Ë°Ê�
�Ì~a}Â¨¿� ,º�ÔaÂfË�É�Z�£� La� ÁÌ�½ÓYÂ¯� |¿Â

XeÁ�aÌ¾�ZÅÉ�t���Á� d�Y� �Y~³�ÌiZe� ¹�b�Y 
�µÂ¸��d¸°�Y��]�|¿YÂe�Ê»�|Ì¨»�cY�iY��]�ÃÁÔ�

¸³� �ZfyZ�� ÁÌ·Z¯Â°Ì°����cY�iY� LZ�£� t��
¨À»Ê�Á� Äf�Y{��Á� ZÆ¿ÂË� É�Ë~a}Â¨¿��ËY�§Y� Z]

� ¥��»� �ËY�§YATP�� ¹|�� \^�µ{Z e�
�Á�®Ë��¿YÂÌ]{Â��É��¿Y�¥��»��ËY�§Y )��( �Á

µÁ��Ì¸³� ÉÓZ]� sÂ��� É�Ì³�Z°]� �»Y� ¾ËY Y��
�Ê»�{Á|v»{�Z� .ÄmÂe�Z]�Ä] �Ã|»M�d�|]�lËZf¿

�ÉÁZu��Z¼Ìe�,ªÌ¬ve�¾ËY��{���µÁ��Ì¸³�|��{
��Y��a� Y��Ê¿Z»� Ã|¿�� Á�­�ve� |��{�¾Ë�eÓZ]
�¶¼���Z¼Ìe�¾ËY��{�Á�{Y{�½Z�¿�{Ây��Y�{Z¼n¿Y
�Á�Äf§�³�c�Â���fÆ]�µÁ��Ì¸³�Z]�[M�ÊÀË�´ËZm

� 0ÓZ¼fuY\�ZÀ»�É�¼�Y� �Z�§��eÉ��Ã|���Y�«�]
M�Z¯�Á�d�Y�ÊË�fÆ]É�Â¸���Y�d�§Zv»��{��{�µ

d�Y� Äf�Y{� �´Ë{� ÉZÅ�Z¼Ìe� Z]� Ä�ËZ¬»,��Z»Y
Y�§YË�cY�iY� Ä]� ÄmÂe� Z]� µÁ��Ì¸³� d�¸£� �

�Ê¼�� 0ÓZ¼fuY� Á� LZ�£� �ZfyZ�� �]� ½M� Ê¨À»
�Á� µÂ¸�� dÌ»Â¼�»� \^�� ,µÁ��Ì¸³� ½{Â]

Y��Z�§��ËY�§Y�Äf�³�É�¼��­�ve��ÅZ¯�Z]�Á
�ÃY�¼Å� {Z¼n¿Y� �Y��a� YÁ�ÂeZ»�b�Y�Ê¿Z»� Ã|¿�� Á

d�Y� Ã{Â].��M�¾ËY�lËZf¿lËZf¿� Z]��ËZ»��ÓÂ¯ 
1- Glycocalyx 
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)�(� ,É�¨ m�É�´ÀÅM��Á�Â¿� ÁÉ )��(�,
Ê¿Z¼Ì¸� )��(µZ]� Á� �ZfË�� , )��(��Á� ¶¿M� Á
½Y�Z°¼Å )�( d�Y{� Ê´ÀÅZ¼Å .� ½Z¿M�d�¸£
� ÊËZÆ¿��Y�]� µÁ��Ì¸³� |��{É��¹�b�Y� {Z¼n¿Y
oÂ«�� ½YÂÀ�� Ä]� Y��|¿{Â¼¿� Ê§� »� ÄÀÌÆ]�d�¸£
�Ä¯½Y�Z°¼Å�Á��¨¿Y�Á�§�lËZf¿�Z] )��(��d�¸£�Ä¯
����{¸³� |ÌÁ�� �]� Y�� µÁ��É��¹�b�Y� ­�ve

fz]� oÂ«Ì�ZÉ�|Àf�¿Y{�\�ZÀ»�»ÓM� µY� ÁÊ��Á
� cÂ§)� (��{� Y�� ­�ve� w�¿� ¾Ë�fÆ]� Ä¯  

  
  

ÁZu� Ã|ÀÀ¯�ªÌ«�É ���d�|]�µÁ��Ì¸³�|��{
|¿{�ÁM Á�Àr¼ÅÌÊ��Ì»{� Á� �¼¿Â��¾ )��(�Á  

�½Y�Z°¼Å� Á� Á�|¿Z�·Y{)�( � Ä¯�d�¸£���|��{
¸³ÌZÀ»� oÂ«� ¹�b�Y� {Z¼n¿Y� ÉY�]� Y�� µÁ���\�

|Àf�¿Y{,�{Â]� ¦·Zz»��ZÆe�ËZ¤»� ¾ËY� ¶ËÓ{� Ä¯
�ºze� Ã{��� ¦¸fz»� ÉZÆf�¸£� Ä]� d�Y� ¾°¼»

��ªÌ«��¦¸fz»� ÉZÅ�d^�¿� ZË� ¡�»�ZË� Á� É�Z
�,Ã|ÀÀ¯�ªÌ«��cZ^Ì¯�e��Â¿YÁ�ÂeZ»�b�Y�d�¸£ �Á

�{Y�¿��Â¿�ZË�Â]�»�|�Z] )����Á��(.  
  
  

  
�¶°�� -�»Ì´¿ZÌ¿Z»�Ã|¿�|��{�¾Ê��Y¹�b���Y��a

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  

  
�¶°��-�»Ì´¿ZÌ�­�ve�|��{�¾�¹�b�Y��Y��a 

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y

  
{ -�� |��{ÉZÆË�ZnÀÅZ¿�Á� Ê°Ë�Â·Â§�Â»  

       {Z¼n¿Y��Y�| ]�Ê Ì^��¹�b�Y  
     �ÌiZe�|��{� �]� µÁ��Ì¸³��ÉZÆË�ZnÀÅZ¿

^�� ¹�b�Y� Á�Ê°Ë�Â·Â§�Â»�Ê Ì�a��{Z¼n¿Y� �Y
�Ë�e�Ã|ÀÀ¯�ªÌ«���{���{µZ°�Y ���Á���½Z�¿

|��Ã{Y{.��¾°¿Y{�½Â»�M�Z]�ZÅ�¾Ì´¿ZÌ»�Ä�ËZ¬»
�Á�Ê Ì^��¹�b�Y�|��{�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿

� ¾Ë�f¼¯É�ZnÀÅZ¿�� t��� �{�Ê°Ë�Â·Â§�Â»�  

 
 

�|»M�d�|]�µÁ��Ì¸³�|��{)��/�P< .(�¹|�
¸³� �Â�uÌ«�� �{� µÁ��Ì� �{� Ã|ÀÀ¯� ª½Z»��

Y�§ËY� |ÀY�§Y� \^�� {Z¼n¿Ë� �ÉZÆË�ZnÀÅZ¿�
Ê°Ë�Â·Â§�Â» ¹�b�Y�|¿Â�� Ê» � Ä¯·{� Ä]Ì�¶

°�eÌZÅ�Â¸]�¶É ËzÊ �d�Y¸»Z��Ä¯Ê��MÌ�\
|Àf�Å�µÂ¸�� LZ�£� Ä]�½Z��.���Â�u� 0ÓZ¼fuY

¸³Ì]� µÁ��ÌiPe� �f�Ì»Z¼e� �]� �Ì�Á� ¹Á�Á�¯M�d
Z»�M� �{� Ä¯� {�Y{� ¹�b�Y� Z�£Ë� {�Â»���Ã�Z�Y 

 
 

|��{�{Z¼n¿Y��Y��a�¹�b�Y�Ê¿Z»�Ã|¿�  

� 

��

��

��

��

|��{�µÁ��Ì¸³

|�
�{

�
Ê¿
Z»�
Ã|
¿�

 a

b 
c

� � � 

|��{�{Z¼n¿Y��Y��a�­�vf»�¹�b�Y

� 

�� 

�� 

�� 

|��{�µÁ��Ì¸³

|�
�{

�
­
�v
e

 

a

b 
c

� � � 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

ap
.s

an
ru

.a
c.

ir
 o

n 
20

25
-1

0-
19

 ]
 

                             9 / 14

https://rap.sanru.ac.ir/article-1-158-en.html


�ÌiZe�oÂ«�ÊÀ»�ÉZÆÌ³�ËÁ��]�µÁ��Ì¸³�¦¸fz»�sÂ����{Z¼n¿Y��Y��a�Á�¶^«��ËY����{�©ÓY{................................................................................. ��  

|�¿�Ê���] .¸³� {ÂmÁÌ³Â¸m� Z]� µÁ��Ì�É���Y��� ¹�Âe� �Y� �¿Z»� µÂ¸�� ¶yY{� Ä]� [M� {Á�Á
»� ¹�b�YÊ�{Â� .Y� �{ËZ»�M� ¾Ë��  

¸³� ¦¸fz»� sÂ��� Äq�³Ì�]� µÁ��  
¹�b�Y�ÉZÆË�ZnÀÅZ¿ ÌiZeÀ »��Ê��Y{É�d�Y|¿,�

»� Z»YÌ½Y��� ¹�Âe»� Ä]� ��Ì�]� ½Y�ÌqZ¿� �ZÌ��
{�³� Ã|ÅZ�»Ë| .¸³�¦¸fz»� sÂ��Ì��]� µÁ��

Ê°Ë�Â·Â§�Â»�ÉZÆË�ZnÀÅZ¿�{Ë�´, |À¿Z»�Ã��« 
�Ì¼�ÔaÂfÊa� ¹{� ,Ì���� Á� Y|m��� ,Ã{�Ây�p
�Z]ËiPe�®Ì�É�·Á�d�Y|¿Ê�Za�sÂ����{ÌË��e�¾
¸³ÌµÁ��, ÉZÆË�ZnÀÅZ¿��­Â�� �Y� ¶�Zu

{Z¼n¿YÉ��Y|¬»� Ä]��f¼¯É�|�� Ã|ÅZ�» .
ÀÌ·Â»Ì� ½Y�Z°¼Å� Á� Z)�� (�d�§Zv»  

� É{Z¼n¿Y� ÉZÅ� Ã|ÀÀ¯)�¾¸ÌeY� ,µÁ��Ì¸³
µÂË|¿ZaÁ�a� Á� µÂ°Ì¸³ (�ÉZÅ� d�¸£� �{� Y�  

)��� Ze����{|� (�oÂ«� ÊÀ»� {Z¼n¿Y� ÉÁ�� Y�  
  
  

�½Y�Ì»� Ä¯� |¿{Â¼¿� ��Y�³� Á� |¿{�]� �Z°]
�sÂ��� ¹Z¼e� �{� YÁ�ÂeZ»�b�Y� ¹Á�Á�¯Y�dÌ»Z¼e
�ÉZÅ� Ã|ÀÀ¯� d�§Zv»� Ä]� d^�¿� µÁ��Ì¸³

{Â]� �eÓZ]� �´Ë{ .� �ÅÁ�a� ÄËZa� �]Á� �¼¿Â� 
Ê��Ì»{ )�� (��Y�Ã{Z¨f�Y��|��{�¸³ÌµÁ���

»Ê�|¿YÂe��MÌZÅ�\É »Á�Á�¯MÊ�ZÅ�¹�b�Y�ÁÉ�
£Ì��^�Ì Ê�|Å{��ÅZ¯�Y�. ½Y�Z°¼Å�Á�{Z��§  
)�� (|��{� ¾Ë�eÓZ]�� ¹�b�Y�Z]� �]� Ê Ì^�  

µZ»�¿�¹Á�Á�¯M�Y���t����{���µÁ��Ì¸³�|��{
� ¾ËY� ¶Ì·{� Ä¯� |¿{�ÁM� d�|]� cÁZ¨e� Z]�lËZf¿

�,{Y�¿� �Â¿� Ä]� |¿YÂe� Ê»� ��Zu� �ËZ»�M
��Y� cÁZ¨f»� ÊuÂ��� Z]� µÁ��Ì¸³� É�Ì³�Z°]

�Z]��Â]�»�Ê]ZË��Y�ÃÂv¿�Á��ÅÁ�a�¾ËY|.  
  
  

  
�¶°�� - »Ì´¿ZÌ�|��{�¾¹�b�Y�ÉZÆË�ZnÀÅZ¿���Y��a

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  

  
�¶°�� -�»Ì´¿ZÌ�|��{�¾Ê Ì^��ÉZÅ�¹�b�Y���Y��a

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  

s- �{�Z]�|�Ë]ZÊ�¿Z»�Ã|¿�Ê�­�ve�Á  
     �ÌiZe�fz»�sÂ��¦¸�¸³Ì����|/��{��/]�µÁ�/�
�Z]Ë]ZÊ�|¿�¿Z»�ÃÊ��­�ve�Á��{�µZ°/�Y ���Á���

�|��Ã{Y{�½Z�¿]�ÁÌ�f�Ë�Z]�¾Ë]ZÊ�¿Z»�Ã|¿�Ê�Z] 
��/�± ��/����Á�|��{�|��{�ÄÀÌ�Ì]�Z]�/Ë]ZÊ�

Z]�­�ve �/�± �/����t���{�|��{����|/��{
¸³Ì�|///»M�d///�|]�µÁ�///� .��¾///ËY�Ä///ËZa��///]  

�,�ÅÁ�a������Á�Ê¿Z/»�Ã|/¿��Ê]Z/Ë�Z]��/]�µÁ�/�Ì¸³  
�­�veÌiZe��������Z/]�Ä/¯�É�Â/��Ä/]�Äf/�Y{�Êf^j»

�����d^/�¿�¾/ËY��Y|/¬»��/]�µÁ��Ì¸³�t����ÅZ¯

|��{�{Z¼n¿Y��Y��a�¹�b�Y�ÉZÅ�É�ZnÀÅZ¿  
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{{�³�Ê»�Ã{Á�§Y .�{ÂmÁ�����{�µÁ�/�Ì¸³�|��{
�sÂ���Z]�Ä�ËZ¬»��{��Ë�e�Ã|ÀÀ¯�ªÌ«����Á��

�����ÉY�/]�É�/e�\/�ZÀ»��ËY�/��,µÁ��Ì¸³�|��{  
  

��¨u�dÆm��{�Á�Ã{Â¼¿�{ZnËY�¹�b�Y�É�Z³|¿Z»
�����Ã{Â/¼¿�Z/¨ËY�Y��Ê/¼Æ»��/¬¿�Ê·Â¸��½Á�{�[M

d�Y.  
  
   

  
¶°� � - »Ì´¿ZÌ�Z]�|��{�¾Ë]ZÊ�¿Z»�Ã|¿�Ê�¹�b�Y ±�

Z�yÉ�{�Y|¿Zf�Y  
  

  
¶°� ��- »Ì´¿ZÌ�Z]�|��{�¾Ë]ZÊ�­�ve�¹�b�Y ±�

Z�yÉ�{�Y|¿Zf�Y  

  
�Ë��¶WÓ{�Ä]�ÄmÂe�Z]:  

-���Â/¸y�Äm�{�Z]�µÁ��Ì¸³�{ZË���ZÌ�]�ÄÀË�Å  
   Z]Ó  
-�//¯�d//¼Ì«��ÅZ//¯�Á�µÁ�//�Ì¸³�t�//���ÅZ  
���ªÌ«��½M��Y�Ê�Z¿�Ã|ÀÀ¯  
-��a�Ê¿Z»�Ã|¿��Á�­�ve�|��{�{Â^Æ]�Á��¨u  
  �{Z¼n¿Y��Y  

- �­�ve�Á�Ê¿Z»�Ã|¿��Ê]ZË�Z]�d^�¿�½{Â]��eÓZ]
�������Â/�À»�Ä/]�Á�µÁ�/�Ì¸³�º/¯�t�/���{�¹�b�Y
�½YÂe�Ê»�©ÓY{�oÂ«�¹�b�Y�c|»��Y�{�É�Y|Æ´¿

�½Y�Ì»��Y�Ã{Z¨f�Y���|��{�Y��µÁ�/�Ì¸³���d/Æm
¹�b�Y�É�Z��ªÌ«��{Â¼¿�{ZÆÀ�Ìa.  

   
  
  
  
  
  
  
  

|��{�{Z¼n¿Y��Y��a�¹�b�Y�Ê¿Z»�Ã|¿��Ê]ZË�Z]
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Effect of Various Levels of Glycerol on Dallagh Rams Semen Characteristics in 

Pre and Post Freezing Conditions   

M. Ahmadi Hamedani1, Y. Jafari Ahangari2 and Y. Hassanpour3 

    

Abstract 
     The objective of this study was to investigate the effect of different levels of glycerol 
on Dallagh rams semen characteristics in pre and post freezing conditions. Semen 
samples were collected from 4 healthy and mature rams using an electro ejaculator, 
were mixed with Tris extender in a ratio of 1:4 semen and assessed at 5°c. 0.5 ml of 
straws were filled with diluted semen and kept above liquid nitrogen vapor within 7 
minutes and after 10 days were thawed to investigate live and motility percentage of 
spermatozoa and morphological characteristics. The experiment was carried out on the 
basis of completely randomized design with 3 treatments including 3 levels of glycerol 
(4, 6, 8%) and 9 replicates. Results showed that the effect of glycerol on live and 
motility percentage of pre and post freezing spermatozoa was significant (P<0.05), but 
had not significant effect on morphological characteristics of spermatozoa  (P>0.05). 
The highest survival and motility percentage and the lowest morphological defects of 
spermatozoa were obtained in 4% glycerol. Therefore using 4% glycerol in Tris 
extender is recommend for semen storage of Dallagh rams in pre and post freezing 
conditions.   

Keywords: Semen characteristics, Glycerol, Dallagh ram 
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