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º¹�ÒäÈã	Óº® �È°�º�© m¯È�ËÓÒ« ÓÈ °�È�ÒÒ ÓÈ�¯ËmÈ�

È �È}ÎË ©°�¯º® º°�ÈÓºm}Ò m¯È�ËÓÒ« �¹ÒÓ�Ëã« ÏÈ

°�Ë� ªãË}�¯º�ÒÓÈäÒ�Ë°}º�º �º¯äºÎËÓÒ« ¹¯Òmº�È ÓÈ

°�È�ÒÒ ¹¯º}ºm}Ò�

cÒ°� �� �°�ÈÓºm}È �ã« °mÈ¯}Ò �¯ËÓÒËä v������ È Û °²ËäÈ� Û
º�Ò® mÒ�

cÒ°� �� ¡Ò}ãº�¯ÈääÈ ÒÏäËÓËÓÒ« �È°�º�© m¯È�ËÓÒ« Q ¹¯Ò ¯ÈÏ�
ãÒ�Ó©² mÈ¯ÒÈÓ�È² °mÈ¯}Ò �¯ËÓÒËä ° ¯Ë��ãÒ¯�Ëä©ä �º¯äºÎËÓÒ�
Ëä� � Û }ºÓmËÓ�ÒºÓÓ©®� � Û }ºäÒÓÒ¯ºmÈÓÓ©®� � Û
}mÈÏÒÒÓË¯�ÒºÓÓ©® ¹¯º�Ë°°� W Û m¯Ëä«
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rãÈ�º�È¯« Ò°¹ºã	ÏºmÈÓÒ
 ªãË}�¯º¹¯Òmº�È ¹º°�

�º«ÓÓº�º �º}È� m©�Ë¯ÎÒmÈ
�Ë�º �È°�©Ë ¹�°}Ò Ò º°�

�ÈÓºm}Ò� m }ºÓ°�¯�}�ÒÒ äÈ�ÒÓ© ��Èãº°	 º�}ÈÏÈ�	°«

º� ä�Á�© °�Ë¹ãËÓÒ«� °��Ë°�mËÓÓº �mËãÒ�ÒmÈ
�Ë®

äºäËÓ� ÒÓË¯�ÒÒ m¯È�È
�Ò²°« äÈ°°�

�¯º�¯ÈääÒ¯ºmÈÓÒË Èm�ºäÈ�Ò�Ë°}º�º �Ò}ãÈ °mÈ¯�

}Ò Ò }ºÓ�¯ºã	 ¹¯º�Ë°°È º°��Ë°�mã«Ë�°« ¹¯º�¯ÈääÒ�

¯�Ëä©ä }ºÓ�¯ºããË¯ºä ½lÒ}¯ºik��lr���� ��z�

���� zºÓ�¯ºã	 Ò �¹¯ÈmãËÓÒË ¯Èº�º® Ò°¹ºãÓÒ�Ëã	�

Ó©² äË²ÈÓÒÏäºm m©¹ºãÓ«Ë�°« ¹º°¯Ë�°�mºä °Ò�ÓÈãºm

º� Ë°}ºÓ�È}�Ó©² �º¯�Ëm©² ¹Ë¯Ë}ã
�È�ËãË®� ªãË}�

�¯º}ºÓ�È}�Ó©² äÈÓºäË�¯ºm� �È��Ò}ºm �ÈmãËÓÒ«� ¯Ë�

ãË ¯È°²º�È� ÒÏäË¯Ò�Ëã	Óº�º ¹¯Ëº¯ÈÏºmÈ�Ëã« �ÈmãË�

ÓÒ« ½vÈ¹ÁÒ¯�� ¹º�}ã
�ËÓÓ©² } m²º�Ó©ä �Ë¹«ä

äº��ã« �z���� iã« ��º°�mÈ mÒÏ�Èã	Óº�º }ºÓ�¯ºã«

°ºº�mË�°�m�
�Ò² º¹Ë¯È�Ò® �Ò}ãÈ °mÈ¯}Ò ÓÈ m²º��

Ó©² Ò m©²º�Ó©² äº��ã«² }ºÓ�¯ºããË¯È ¹¯Ë��°äº��

¯ËÓÈ °mË�ºmÈ« ÒÓ�Ò}È�Ò« m}ã
�ËÓÓº�º °º°�º«ÓÒ«

�È��Ò}ºm Ò äË²ÈÓÒÏäºm� �¯º�¯ÈääÒ¯ºmÈÓÒË �Ò}ãÈ

°mÈ¯}Ò äºÎË� º°��Ë°�mã«�	°« }È} ¹º m¯ËäËÓÒ ° �º��

Óº°�	
 �º ��� °� �È} Ò ¹º º°È�}Ë ÓÈ�¯ËmÈ ° �º�Óº°�	


�º ��� ää ¹¯Ò ¹ºäº�Ò Áº�ºªãË}�¯Ò�Ë°}º�º ¹¯Ëº�

¯ÈÏºmÈ�Ëã« ��ãºm©² ¹Ë¯ËäË�ËÓÒ® {p���k��

sÈ �°�ÈÓºm}Ë v����� ºË°¹Ë�ÒmÈË�°« mºÏäºÎ�

Óº°�	 ¹¯º�¯ÈääÒ¯ºmÈÓÒ« º°ÓºmÓ©² �Ë²Óºãº�Ò�Ë°�

}Ò² ¹È¯ÈäË�¯ºm� �ÒÓÈäÒ}Ò ¹¯ÒãºÎËÓÒ« �°ÒãÒ« ¹¯º�

}ºm}Ò� ��º ¹ºÏmºã«Ë� m ÏÈmÒ°Òäº°�Ò º� �ÒÈäË�¯È�

Áº¯ä© °Ë�ËÓÒ« Ò äÈ�Ë¯ÒÈãÈ °mÈ¯ÒmÈËä©² ÏÈ�º�ºmº}

¯ËÈãÒÏºmÈ�	 ¯ËÎÒä© }ºÓmËÓ�ÒºÓÓº�º ÒãÒ }ºäÒÓÒ�

¯ºmÈÓÓº�º ¹¯º�Ë°°È °mÈ¯}Ò �¯ËÓÒËä m �Ò¯º}ºä �Ò�

È¹ÈÏºÓË °mÈ¯ÒmÈËä©² °Ë�ËÓÒ®�

{ ¹¯º�Ë°°Ë m©¹ºãÓËÓÒ« Ò°°ãË�ºmÈ�Ëã	°}Ò² ¯È�

º� ©ãÈ ¹¯ºmË�ËÓÈ äº�Ë¯ÓÒÏÈ�Ò« °²Ëä© �¹¯ÈmãË�

ÓÒ« ¹¯Òmº�ºä m¯È�ËÓÒ« Ò Ò°¹ºãÓÒ�Ëã	Ó©ä �Ò�¯º¹�

¯Òmº�ºä �º¯äºÎËÓÒ«� ÓÈ¹¯ÈmãËÓÓÈ« ÓÈ ¯È°�Ò¯ËÓÒË

�Ë²Óºãº�Ò�Ë°}Ò² mºÏäºÎÓº°�Ë® �°�ÈÓºm}Ò v�����

¹º°¯Ë�°�mºä �¹¯ÈmãËÓÒ« �ÒÓÈäÒ}º® �º¯äºÎËÓÒ« ÓÈ

ÏÈ}ã
�Ò�Ëã	Óº® °�È�ÒÒ ¹¯º�Ë°°È °mÈ¯}Ò�

lº�Ë¯ÓÒÏÒ¯ºmÈÓÓÈ« °²ËäÈ �¹¯ÈmãËÓÒ« m °º�Ë�

�ÈÓÒÒ ° Ò°¹ºã	ÏºmÈÓÒËä Á¯Ò}�ÒºÓÓº�º äÓº�º�Ò°�

}ºmº�º �º¯äºÏÈ ° ¯Ë��ãÒ¯�Ëä©ä �Ò�¯ÈmãÒ�Ë°}Òä

¹¯Òmº�ºä ¹ºÏmºã«Ë� �¹¯Èmã«�	 ¹¯º�Ë°°ºä �º¯äºÎË�

ÓÒ« m¯È�ËÓÒ« ¹º ÏÈ�ÈÓÓº® ¹¯º�¯ÈääË Ò ¯ËÈãÒÏºmÈ�	

Óºm�
 �Ë²Óºãº�Ò
 °mÈ¯}Ò �¯ËÓÒËä ° ¯Ë��ãÒ¯�Ëä©ä

�º¯äºÎËÓÒËä �¯Ò°� ��� �¯Ò °mÈ¯}Ë ¹º ª�º® �Ë²Óº�

ãº�ÒÒ äºÎÓº ºË°¹Ë�Ò�	 �Ë¯äº�ËÁº¯äÈ�ÒºÓÓ©Ë �°�

ãºmÒ« Áº¯äÒ¯ºmÈÓÒ« °ºË�ÒÓËÓÒ®� ÈÓÈãº�Ò�Ó©Ë �È�

}ºm©ä ¹¯Ò }ºÓmËÓ�ÒºÓÓºä ¹¯º�Ë°°Ë �©°�¯ºË �º¯�

äºÎËÓÒË Û }¯ÒmÈ« ��� }ºäÒÓÒ¯ºmÈÓÓºä ¹¯º�Ë°°Ë

�¹º°�º«ÓÓÈ« °}º¯º°�	 m¯È�ËÓÒ« ¹¯Ò ÓÈ�¯ËmË Ò ÒÓË¯�

�ÒºÓÓºË ÏÈmË¯�ËÓÒË Û }¯ÒmÈ« �� Ò �ã« º¹¯Ë�ËãËÓ�

Óº�º �ÒÈ¹ÈÏºÓÈ �ÒÈäË�¯ºm Û }mÈÏÒÒÓË¯�ÒºÓÓºä

¹¯º�Ë°°Ë ��©mÈ
�È« mº m¯ËäËÓÒ �È°�º�È m¯È�ËÓÒ«

Û }¯ÒmÈ« ���

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓ© ÒÏ�ËãÒ«� m©¹ºãÓËÓÓ©Ë

°mÈ¯}º® �¯ËÓÒËä ° ¯Ë��ãÒ¯�Ëä©ä �º¯äºÎËÓÒËä ÓÈ

�°�ÈÓºm}Ëv������sÈÒã���ÒË ¯ËÏ�ã	�È�©¹º °mÈ¯}Ë

¯©�È�È }º¯º}Ò ¹Ë¯Ë�È� Èm�ºäºÒã« ½lº°}mÒ��

�°�Èã	 ��ts�k� ¹ºã��ËÓ© ¹¯Ò °¯ÈmÓÒ�Ëã	Óº ©°�

�¯ºä �º¯äºÎËÓÒÒ m¯È�ËÓÒ« �ÈÓÈãº�Ò�Óº }ºÓmËÓ�

�ÒºÓÓºä� ¹¯º�Ë°°��� |¹�ÒäÈã	Ó©Ë �°ãºmÒ« Áº¯äÒ�

¯ºmÈÓÒ« °ºË�ÒÓËÓÒ® ¯º�º¯ºm ��¯º}ºä¹¯Ë°°º¯ºm

�ÒÏËã	Ó©² �mÒ�È�ËãË® �°¹ãÈm yv��iz � °�Èã	

��t� ºË°¹Ë�ÒmÈ
�°« ¹¯Ò }ºäÒÓÒ¯ºmÈÓÓºä ¹¯º�

�Ë°°Ë� È °ºË�ÒÓËÓÒ® ÒäË�ÈããÒ�Ë°}Ò² °�ÈãËÈã
äÒ�

ÓÒËm©² ¹Ë¯Ë²º�ÓÒ}ºm Û ¹¯Ò }mÈÏÒÒÓË¯�ÒºÓÓºä�

�Ë²Óºãº�Ò�Ë°}ÒË Ò �Ë²ÓÒ�Ë°}ÒË ¯Ë�ËÓÒ«� ÏÈãº�

ÎËÓÓ©Ë m }ºÓ°�¯�}�ÒÒ �°�ÈÓºm}Ò v������ È �È}ÎË

Óºm©Ë� ¯ËÈãÒÏºmÈÓÓ©Ë ¹¯Ò ¹º°ãË��
�Ë® ËË äº�Ë¯�

ÓÒÏÈ�ÒÒ� «mã«
�°« ÈÏº® �ã« ¯ÈÏ¯Èº�}Ò ¯«�È �ÓÒ�

mË¯°Èã	Ó©² Ò °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©² äÈ�ÒÓ °

¯ÈÏãÒ�Ó©ä º°Ëm©ä �°ÒãÒËä Ò �Èã	ÓË®�Ë�º °ºmË¯�

�ËÓ°�mºmÈÓÒ« ºº¯��ºmÈÓÒ« �ã« °mÈ¯}Ò �¯ËÓÒËä�

{©mº�©

�� |°ÓºmÓ©äÒ �ËÓ�ËÓ�Ò«äÒ °ºÏ�ÈÓÒ« ºº¯��ºmÈÓÒ«

�ã« °mÈ¯}Ò �¯ËÓÒËä «mã«
�°« °ºmË¯�ËÓ°�mºmÈÓÒË

}ºÓ°�¯�}�ÒÒ� ¹ºm©�ËÓÒË �¯ºmÓ« Èm�ºäÈ�ÒÏÈ�ÒÒ

¹¯º�Ë°°È °mÈ¯}Ò Ò }ºÓ�¯ºã« }È�Ë°�mÈ °ºË�ÒÓËÓÒ®�

ÓÈ¹¯ÈmãËÓÓ©Ë ÓÈ ¯È°�Ò¯ËÓÒË �Ë²Óºãº�Ò�Ë°}Ò² mºÏ�

äºÎÓº°�Ë®� �mËãÒ�ËÓÒË °�ÈÒã	Óº°�Ò ¯Èº�©� ¹¯º�

ÒÏmº�Ò�Ëã	Óº°�Ò� �º�Óº°�Ò Ò }È�Ë°�mÈ °mÈ¯}Ò�

�� cÈº�©� ¹¯ºmº�Òä©Ë m ÓÈ°�º«�ËË m¯Ëä« mjwv

Òä� p� |� �È�ºÓÈ m ºãÈ°�Ò °ºmË¯�ËÓ°�mºmÈÓÒ« ºº�

¯��ºmÈÓÒ« �ã« °mÈ¯}Ò �¯ËÓÒËä� ÓÈ¹¯ÈmãËÓ© ÓÈ ¯ÈÏ�

¯Èº�}� °²Ëä äº�Ë¯ÓÒÏÈ�ÒÒ °Ë¯Ò®Ó©² }ºÓmËÓ�ÒºÓ�

cÒ°� �� jÏ�ËãÒ«� m©¹ºãÓËÓÓÓ©Ë °mÈ¯}º® �¯ËÓÒËä ° ¯Ë��ãÒ¯�Ë�
ä©ä �º¯äºÎËÓÒËä ÓÈ �°�ÈÓºm}Ë v������ È Û ¯©�È� }º¯º}Ò
¹Ë¯Ë�È� Èm�ºäºÒã« ½lº°}mÒ��� Û ¯º�º¯© ��¯º}ºä¹¯Ë°°º¯ºm
�ÒÏËã	Ó©² �mÒ�È�ËãË®� m Û °�ÈãËÈã
äÒÓÒËm©® ¹Ë¯Ë²º�ÓÒ}
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Ó©² äÈ�ÒÓ Ò °ºÏ�ÈÓÒ« äÈ�ÒÓ Óºmº�º ¹º}ºãËÓÒ«�

ºË°¹Ë�ÒmÈ
�Ò² ¯Ë��ãÒ¯ºmÈÓÒË �ÒÓÈäÒ�Ë°}Ò² ²È�

¯È}�Ë¯Ò°�Ò} Ò°¹ºãÓÒ�Ëã	Ó©² äË²ÈÓÒÏäºm Ò ¯ËÈãÒ�

Ï�
�Ò² ¯ÈÏãÒ�Ó©Ë ¯ÈÏÓºmÒ�Óº°�Ò ¹¯º�Ë°°È °mÈ¯}Ò

�¯ËÓÒËä�

�� �°�ÈÓºm}È v������ ¯ÈÏ¯Èº�ÈÓÓÈ« Ò ÒÏ�º�ºm�

ãËÓÓÈ« m jwv Òä� p� |� �È�ºÓÈ� ãÈ�º�È¯« °mºÒä

}ºÓ°�¯�}�ÒmÓ©ä º°ºËÓÓº°�«ä Ò �Ë²ÓÒ�Ë°}Òä ¯Ë�Ë�

ÓÒ«ä� ¯ËÈãÒÏºmÈÓÓ©ä m ¹¯º�Ë°°Ë Ò°°ãË�ºmÈ�Ëã	�

°}Ò² ¯Èº�� äºÎË� °�È�	 ÈÏºmº® äº�Ëã	
 Óºmº�º

¹º}ºãËÓÒ« äÈ�ÒÓ �ã« °mÈ¯}Ò �¯ËÓÒËä ° ¹¯º�¯ÈääÒ�

¯�Ëäº® �ÒÓÈäÒ}º® ÒÏäËÓËÓÒ« �Ë²Óºãº�Ò�Ë°}Ò² ¹È�

¯ÈäË�¯ºm�

�� {Òãã	 {� j� vmÈ¯}È äË�Èããºm �¯ËÓÒËä� Û ��� lÈ�ÒÓº°��
¯ºËÓÒË� ����� Û ��� °�

�� vmÈ¯}È �¯ËÓÒËä� v¹¯Èmº�ÓÒ} � {� z� �ËË�Ëm� j� k�  Ë¯�
ÓËÓ}º� {� j� {Òãã	 Ò �¯� Û ��� lÈ�ÒÓº°�¯ºËÓÒË� �����
Û ��� °�

�� /HEHGHY 9� .�� &KHUQHQNR ,� $� )ULFWLRQ ZHOGLQJ �� 6RY�
7HFK� 5HY� &� :HOG� 6XUI� Û ����� Û �� Û 3� ��Ü����

�� ½6FLDN\� �� %XOOHWLQ G
′
LQIRUPDWLRQ LQWHULHXUH� Û ����� Û

¢ ��� Û 6� ���

�� {ºÒÓºm {� ��� {Ë�Ë¯ÓÒ}ºm s� l�� rºã�©¯Ëm c� s� |°º�
ËÓÓº°�Ò ¹¯ºä©�ãËÓÓº® �Ë²Óºãº�ÒÒ °mÈ¯}Ò �¯ËÓÒËä ��
vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û v� �Ü���

�� �ËË�Ëm {� z�� lÒ¯�º¯º� �� k�� ¡�¯�ã	 j� k� vmÈ¯}È
�¯ËÓÒËä �ÒãÒÓ�¯Ò�Ë°}Ò² ÏÈ�º�ºmº} ÓË¯ÈmÓ©² °Ë�ËÓÒ® ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� vmº®°�mÈ °ºË�ÒÓËÓÒ®� m©¹ºãÓËÓÓ©² °mÈ¯}º® �¯ËÓÒËä ÒÏ
°�Èã	Ó©² ÏÈ�º�ºmº} ÓË¯ÈmÓ©² °Ë�ËÓÒ® � j� k�  Ë¯ÓËÓ}º�
k� {� cË�Ë�Ó«}� {� w� nÒãÈ�ºm Ò �¯� �� �Èä ÎË� Û
����� Û ¢ �� Û v� ��Ü���

�� )RLVWHU 3� 9� +HDW XQGHU SRZHU �+83� IULFWLRQ ZHOGLQJ
�� 3URF� 7KLUG LQWHUQ� FRQI� RQ DGYDQFHV LQ ZHOGLQJ
SURF� �+DUURJDWH� �Ü� 0D\� ������ Û +DUURJDWH� ����� Û
3� ���Ü����

�� 'XIILQ )� '�� %DKUDQL $� 6� 7KH GHFHOHUDWLRQ SKDVH LQ WKH
IULFWLRQ ZHOGLQJ RI PLOG VWHHO �� :HOGLQJ 5HVHDUFK ,QWHUQ�
Û ����� Û �� ¢ �� Û 3� �Ü���

��� vË¯Ë�ÒÓ v� k�� vË¯Ë�ÒÓ k� v� &mÈ¯}È äË�Èããºm �¯ËÓÒËä
ËÏ Ò°}�°°�mËÓÓº�º �º¯äºÎËÓÒ« �� vmÈ¯º�� ¹¯�mº� Û
����� Û ¢ �� Û v� ��Ü���

��� z���}�Ð�ËÓ}º v� j� vº°�º«ÓÒË Ò ¹Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò«
°mÈ¯}Ò �ÈmãËÓÒËä �� vmÈ¯}È Ò ¯º�°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ m
;;, mË}� v� ÓÈ��� �¯� äËÎ��ÓÈ¯� }ºÓÁ� Û zÒËm� jwv
Òä� p� |� �È�ºÓÈ� ����� Û v� ���Ü����

��� .XFKXN�<DWVHQNR 6� ,�� =\DNKRU ,� 9� )ULFWLRQ ZHOGLQJ RI
GLVVLPLODU PHWDOV �� ([SORLWLQJ VROLG VWDWH MRLQLQJ ,QWHUQ�
FRQI� �&DPEULJH� ��Ü�� 6HSW�� ������ Û &DPEULGJH� �����
Û 3� ���Ü����

&XUUHQW WUHQGV LQ GHYHORSPHQW RI HTXLSPHQW IRU IULFWLRQZHOGLQJ DQG SHFXOLDULWLHV RI GHVLJQLQJ RI PDFKLQHV IRU LWVPRGLILFDWLRQV�

VXFK DV FRQYHQWLRQDO� LQHUWLD DQG FRPELQHG IULFWLRQZHOGLQJ� DUH DQDO\VHG� 7KHZRUNSHUIRUPHG DW WKH(�2� 3DWRQ(OHFWULF:HOGLQJ
,QVWLWXWH LQ WKH DUHD RI GHYHORSPHQW DQG PDQXIDFWXUH RI WKH IULFWLRQ ZHOGLQJ HTXLSPHQW LV GHVFULEHG� 3HFXOLDULWLHV RI GHVLJQ RI
WKH 67���� PDFKLQH� ZKLFK FDQ EH WKH EDVLF PRGHO IRU D QHZ JHQHUDWLRQ RI WKH IULFWLRQ ZHOGLQJ PDFKLQHV� DUH SUHVHQWHG�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� ����������
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