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¯«ÎËÓÒ® Ò ÓÈãÒ�ÒË ÏÈ}Èãº�Ó©² äÒ}¯º°�¯�}��¯�
º¹¯Ë�Ëã«
�Ò² ¯Ò°} º¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�
�ÒÓ�

�¯Ò ¯È°�Ë�Ë äÒ}¯º°�¯�}��¯Óº�º °º°�º«ÓÒ« äË�
�ÈããÈ �mÈ Ò º}ºãº�ºmÓº® ÏºÓ© ¹¯ÒÓÒäÈãÒ� ��º
²ÒäÒ�Ë°}Ò® °º°�Èm ¹¯Ò°È�º�Óº�º äÈ�Ë¯ÒÈãÈ Ò º°�
ÓºmÓº�º äË�ÈããÈ º�ÒÓÈ}ºm Ò °ºº�mË�°�m�Ë� °º°�Èm�
°�ÈãÒ ����v ��|v� �����Ü���� äÈ°� ��
& ����… ����� 6L ���…���� 0Q ����… ���� &U ����
1L ���� &X � ���� 3� ������ 6 � ������ 1 ! ������
$V � �����

j°¹ºã	ÏºmÈãÒ �ÒÈ�¯Èää� ÈÓÒÏº�Ë¯äÒ�Ë°}º�º
¯È°¹È�È È�°�ËÓÒ�È }ºÓ}¯Ë�Óº® °�ÈãÒ >��@� ÒäË
�
�Ë® ²ÒäÒ�Ë°}Ò® °º°�Èm m �}ÈÏÈÓÓºä �ÒÈ¹ÈÏºÓË�
tÈ¯È}�Ë¯Ó©ä ¹È¯ÈäË�¯ºä� º¹¯Ë�Ëã«
�Òä �Ë¯äÒ�
�Ë°}Ò® �Ò}ã º²ãÈÎ�ËÓÒ« Ò ¯È°¹È�È È�°�ËÓÒ�È�«m�
ã«Ë�°« m¯Ëä« ∆W���� °ºº�mË�°�m�
�ËË º²ãÈÎ�ËÓÒ

º¹¯Ë�ËãËÓÓº® �º�}Ò� ÓÈ�¯ËmÈËäº® m©�Ë $F� m ÒÓ�

�Ë¯mÈãË �Ëä¹Ë¯È��¯ ���… ��� Åv�
iã« mÈ¯ÒÈÓ�È ÓËÁ�Ë¹¯ºmº�È �5�δ  

 ������� ää ¹¯Ò ÏÈmÈ¯}Ë }ÈmË¯Ó© �G  �� ää�
+  � ää� ËÏ ¹º�º�¯ËmÈ Ò ° ¹º�º�¯Ëmºä �º 7� 
 ��� Åv ¹¯Ò K  � ää� ,°m  �� k ° ¹ºäº�	

¯È°�Ë�ºm ¹ºã��ËÓÈ ÒÓÁº¯äÈ�Ò« º�Óº°Ò�Ëã	Óº m¯Ë�
äËÓÒ ¹¯Ë©mÈÓÒ« ∆W��� äË�ÈããÈ �mÈ Ò º}ºãº�ºm�
Óº® ÏºÓ© m ÒÓ�Ë¯mÈãË �Ëä¹Ë¯È��¯ ���…��� Åv
��Èã� � Ò ¯Ò°� ��� È �È}ÎË °ºº�mË�°�m�
�ÒË äÒ}�
¯º°�¯�}��¯© ��Èã� ��� j°²º�ÓÈ« äÒ}¯º°�¯�}��¯È
º°ÓºmÓº�º äÈ�Ë¯ÒÈãÈ m}ã
�ÈãÈ �� � Ë®ÓÒ�ÈÒ �� �
ÁË¯¯Ò��¹Ë¯ãÒ�È� r©ãº º¹¯Ë�ËãËÓº� ��º ¹¯Ò ÏÈ�
mÈ¯}Ë ËÏ ¹º�º�¯ËmÈ �ã« º°ÓºmÓº�º º�ËäÈäË�ÈããÈ�
ÓÈ�¯ËmÈËäº�º m©�Ë ��� Åv� ∆W��� ≈ �…� °�

sÈ ¹ºmË¯²Óº°�Ò �¯�© ÒäËË�°« ÏºÓÈ U ≈ ��� ää�
��Ë ∆W��� ≈ � °� ~�Ë°	 äÒ}¯º°�¯�}��¯È m º°ÓºmÓºä
¹¯Ë�°�Èmã«Ë� °ºº® �� � Ë®ÓÒ�È Ò �� � äÈ¯�ËÓ�
°Ò�È� |�ÓÈ}º m �}ÈÏÈÓÓ©² º��Ëã	Ó©² ÏºÓÈ² °º�
�Ë¯ÎÈÓÒË äÈ¯�ËÓ°Ò�È �º°�Ò�ÈË� �� Ò �ÈÎË �� ��
��º ¹¯Ò ÏÓÈ�Ò�Ëã	Ó©² ¯È°�«�ÒmÈ
�Ò² º°�È�º�Ó©²
ÓÈ¹¯«ÎËÓÒ«² σUU äºÎË� ¹¯Òmº�Ò�	 } º¯ÈÏºmÈÓÒ

²ºãº�Ó©² �¯Ë�ÒÓ mãÒÏÒ �¯ÈÓÒ�© °¹ãÈmãËÓÒ« °
º°ÓºmÓ©ä äË�Èããºä �U ≈ ���…���� ää��

j°¹ºã	ÏºmÈÓÒË ¹¯Ë�mÈ¯Ò�Ëã	Óº�º äË°�Óº�º ¹º�
�º�¯ËmÈ �º ��� Åv �mËãÒ�ÒmÈË� ∆W��� �º ��… �� °�
lÒÓÒäÈã	Ó©Ë ÏÓÈ�ËÓÒ« ∆W��� ≈ � ° ¹¯Ò U ≈ ��� ää�
��º °��Ë°�mËÓÓº °}ÈÏ©mÈË�°« ÓÈ äÒ}¯º°�¯�}��¯Ë�
vº�Ë¯ÎÈÓÒË äÈ¯�ËÓ°Ò�È ÓË ¹¯Ëm©�ÈË� �� �� |°�
ÓºmÓÈ« äÈ°°È º�ËäÈ m ÏºÓË ÏÈmÈ¯ËÓÓº�º �ËÁË}�È
ÒäËË� Ë®ÓÒ�Ó�
 °�¯�}��¯� ° °º�Ë¯ÎÈÓÒËä äÈ¯�
�ËÓ°Ò�È º}ºãº ��… �� ��w�º ÏÓÈ�Ò�Ëã	Óº °ÓÒÎÈË�
mË¯º«�Óº°�	 º¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ ¹¯Ò
ÓÈãÒ�ÒÒ ¯È°�«�ÒmÈ
�Ò² º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ®�

�¯Ë�°�ÈmãËÓÒË º ÒÏäËÓËÓÒÒ º°�È�º�Ó©² º}�
¯�ÎÓ©² σββ Ò ¯È�ÒÈã	Ó©² σUU ÓÈ¹¯«ÎËÓÒ«² m ÏÈ�
mÈ¯ËÓÓº® }ÈmË¯ÓË �ÈË� ¯Ò°� � Ò �� ~�Ë°	 ¹¯ÒmË�ËÓ©
ÏÓÈ�ËÓÒ« σββ  σUU ¹º �ºã�ÒÓË δ m�ºã	 º°Ò ]
¹¯Ò U  � Ò �� ää m ÏÈmÒ°Òäº°�Ò º� ¯ÈÏãÒ�Ó©²
�°ãºmÒ® ÏÈmÈ¯}Ò }ÈmË¯Ó© m �¯�Ë ÓËÁ�Ë¹¯ºmº�È
¯ÈÏäË¯ºä ������� ää ÒÏ °�ÈãÒ ����v ¹¯Ò ,°m  
 �� k� G  �� ää� +  � ää�

jÏ ÒÏãºÎËÓÓº�º m©�Ë °ãË��Ë�� ��º �¯ºmËÓ	 º°�
�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ®¹¯Ò ÏÈmÈ¯}Ë }ÈmË¯Ó© �ºmºã	Óº
°�ÈÒãËÓ } �Ë²Óºãº�Ò�Ë°}Òä�°ãºmÒ«ä���º ²È¯È}�Ë¯Óº
�ã« °mÈ¯}Ò ¯È°°äÈ�¯ÒmÈËä©² °�ÈãË® >�@�

v��Ë°�mËÓÓº °ÓÒÏÒ�	 º°�È�º�Ó©Ë ÓÈ¹¯«ÎËÓÒ«
mºÏäºÎÓº ¹¯Ò ÓÈ�Èã	Óºä ¹º�º�¯ËmË ¹¯ÒãÒÏÒ�Ëã	�
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{©mº�©

�� ÐÏmËÓÓ©Ë º�ÒÓº�Ó©Ë �ËÁË}�© äº��� ©�	 ÏÈ�
mÈ¯ËÓ© m �Ë®°�m�
�Ò² �ÈÏº� Ò ÓËÁ�Ë¹¯ºmº�È² °
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ÎÒäÈ² ¹¯Ò �º°�È�º�Óº® �ºã�ÒÓË ¹¯Ò��¹ãËÓÒ« s�
Ò°}ã
�È
�Ò² º¯ÈÏºmÈÓÒË ¯ÈÏ¯��ËÓÒ« ¹Ë¯Ëä©��
}Ò m ¹¯º�Ë°°Ë °mÈ¯}Ò ¹º äË²ÈÓÒÏä� ¹ãÈ°�Ò�Ë°}º®
ÓË�°�º®�Òmº°�Ò ¹º� �ÈmãËÓÒËä�

�� �¯Ò ÏÈmÈ¯}Ë «ÏmËÓÓº�º �ËÁË}�È m �¯�º¹¯º�
mº�È² ÒÏ º�Ë�Ë°�mËÓÓ©² �¯�Ó©² °�ÈãË® mºÏÓÒ}ÈË�
¹¯ºãËäÈ ¹º«mãËÓÒ« ²ºãº�Ó©² �mº�º¯º�Ó©²� �¯Ë�
�ÒÓ� v �Ëã	
 ¹¯Ë��¹¯ËÎ�ËÓÒ« ª�Ò² �ËÁË}�ºm ÓË�
º²º�Òäº Ò°¹ºã	ÏºmÈ�	 �Ë²Óºãº�Ò�Ë°}ÒË äË¯º�
¹¯Ò«�Ò« �ã« °ÓÒÎËÓÒ« °º�Ë¯ÎÈÓÒ« mº�º¯º�È m ÏºÓË
°mÈ¯}Ò� iã« °ÓÒÎËÓÒ« °º�Ë¯ÎÈÓÒ« ÓËãÈ�º¹¯Ò«�Ó©²
°�¯�}��¯ �äÈ¯�ËÓ°Ò�È� ÓÒÏ}º�Ëä¹Ë¯È��¯Óº�º Ë®ÓÒ�
�È�� º� }º�º¯©² ÏÈmÒ°Ò� º¯ÈÏºmÈÓÒË ²ºãº�Ó©² �¯Ë�
�ÒÓ� äºÎÓº ¹¯ÒäËÓ«�	 ¹º�º�¯Ëm �º ���

º
v�

�� $3, 6WDQGDUW ����� :HOGLQJ RI SLSHOLQHV DQG UHODWHG IDFLOL�
WLHV� $SSHQGL[ ���6HUYLV :HOGLQJ� Û $PHULFDQ 3HWUROHXP
,QVWLWXWH� Û 6HSW�� �����

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® σUU m ÏÈmÒ°Òäº°�Ò
º� ] ¹¯Ò U  � ¹¯Ò ¯ÈÏãÒ�Ó©² mÈ¯ÒÈÓ�È² ÏÈmÈ¯}Ò }ÈmË¯Ó© ¹¯Ò
�5  ���� ää� G  �� ää� δ  �� ää� � Û ÏÈ¹ºãÓËÓÒË }ÈmË¯Ó©
m º�ÒÓ °ãº® �K  � ää�� �Û �º ÎË m �¯Ò °ãº« ° K  � ää }ÈÎ�©®
�º°ÓºmÓº® mÈ¯ÒÈÓ��� � Û �º ÎË m �mÈ °ãº« ° K  � ää }ÈÎ�©®�
� Û ÏÈ¹ºãÓËÓÓ©Ë }ÈmË¯Ó© ° ¹¯Ë�mÈ¯Ò�Ëã	Ó©ä ¹º�º�¯Ëmºä ¹¯Ò
7
�
 ��� Åv� � Û ÏÈ¹ºãÓËÓÒË }ÈmË¯Ó© ¹º º°ÓºmÓºä� mÈ¯ÒÈÓ��

¹¯Ò 3  �� � Û ÏÈ¹ºãÓËÓÒË }ÈmË¯Ó© ¹º º°ÓºmÓºä� mÈ¯ÒÈÓ��
¹º°ãË ÓÈãºÎËÓÒ« º�ÎÒ�È
�Ë�º mÈãÒ}È� � Û �º ÎË ¹º°ãË äË²È�
ÓÒ�Ë°}º�º ��ÈãËÓÒ« º�ÎÒ�È
�Ë�º mÈãÒ}È

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® σUU m ÏÈmÒ°Òäº°�Ò
º� ] ¹¯Ò U  �� ää ¹¯Ò ¯ÈÏãÒ�Ó©² mÈ¯ÒÈÓ�È² ÏÈmÈ¯}Ò }ÈmË¯Ó©
¹¯Ò �5  ���� ää� δ  �� ää� G  �� ää� �Ü� Û °ä� º�«°ÓËÓÒ«
¯Ò°� �� � Û ÏÈ¹ºãÓËÓÒË }ÈmË¯Ó© ¹º º°ÓºmÓºä� mÈ¯ÒÈÓ�� ¹º°ãË
ÓÈãºÎËÓÒ« º�ÎÒ�È
�Ë�º mÈãÒ}È� �Û �ºÎË ¹º°ãË äË²ÈÓÒ�Ë°}º�º
��ÈãËÓÒ« º�ÎÒ�È
�Ë�º mÈãÒ}È
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�� cÈÏ¯Èº�}È ¯ËÎÒäºm ÏÈmÈ¯}Ò }ÈmË¯Ó äÈ�Ò°�¯Èã	Ó©² ÓËÁ�
�Ë¹¯ºmº�ºm ¹º� �ÈmãËÓÒËä � Ð� j� r�¯È}� {� t� �Èã
}�
k� v� iÎÈ¯�ÎÒäÈÓºm Ò �¯� �� �¯ÈÓ°¹º¯� Ò ²¯ÈÓËÓÒË
ÓËÁ�Ò Ò ÓËÁ�Ë¹¯º��}�ºm� Û l�� ����� Û {©¹� �� Û
v� ��Ü���

�� 1XPHULFDO DQDO\VLV RI UHVLGXDO VWUHVV GLVWULEXWLRQ LQ WXEHV
ZLWK VSLUDO ZHOG FODGGLQJ � %� 7DOLDW� 7� =DFKDULD� ;��/�
:DQJ� ,� 5� .HL]HU HW DO� �� :HOGLQJ -� Û ����� Û
3� ���Ü����

�� j°È�ËÓ}º {� ��� |°Ò¹ºm {� k�� v�²ºäËã k� v� �Ë¹ãº¹Ë¯Ë�
�È�È� Û l�� wÓË¯�Ò«� ����� Û ��� °�

�� p¯º²ÒÓ k� k� zÒÓË�Ò}È äË�Èãã�¯�Ò�Ë°}Ò² ¹¯º�Ë°°ºm ���º�
mº® °mÈ¯}Ò� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� �¯º�Óº°�	� �°�º®�Òmº°�	� }ºãËÈÓÒ«� v¹¯Èmº��� { � �� �
�º� ¯Ë�� j� k� rÒ¯�Ë¯È� Ð� �� �ÈÓºm}º� Û l�� lÈ�ÒÓº°�
�¯ºËÓÒË� ����� Û ��� °�

�� lÈ²ÓËÓ}º {� j� cÈ°�Ë�Ó©Ë äË�º�© Ò°°ãË�ºmÈÓÒ« }ÒÓË�Ò�
}Ò °mÈ¯º�Ó©² ÓÈ¹¯«ÎËÓÒ® Ò �ËÁº¯äÈ�Ò®� Û zÒËm� sÈ�}�
��ä}È� ����� Û ��� °�

�� 1XPHULFDO PHWKRGV RI WKH SUHGLFWLRQV RI ZHOGLQJ VWUHVVHV
DQG GLVWRUWLRQV � 9� ,� 0DNKQHQNR� (� $� 9HOLNRLYDQHQNR�
9� (� 3RFKLQRN HW DO� �� :HOGLQJ DQG VXUIDFLQJ UHYLHZV �
(G� E\ %� (� 3DWRQ� Û +DUGZRRG� +DUGZRRG DFDG� SXEO��
����� Û ��� S�

�� iÈÁÁÒ n�� w®Ë¯� c�� lÈ}°Ò �� | ¹ºmË�ËÓÒÒ �ËÁË}�ºm m
°º°��È² �ÈmãËÓÒ« �� sºm©Ë äË�º�© º�ËÓ}Ò °º¹¯º�ÒmãË�
ÓÒ« äÈ�Ë¯ÒÈãÈ ²¯�¹}ºä� ¯ÈÏ¯��ËÓÒ
� Û l�� lÒ¯� �����
Û v� ���Ü����

��� 6H\IIDUWK 3�� 0H\HU {�� 6FKDUII $� *URβHU $WODV 6FKZHLβ�
=78�6FKDXELOGHU� Û 'XXVVHOGRUI� 'W� 9HUO� )XU 6FKZHLV�
VWHFKQLN� '96Ü9HUO�� ����� Û ��� 6�

7KH DUWLFOH FRQVLGHUV WKH SRVVLELOLW\ RI ZHOGLQJ UHSDLU RI SLWWLQJ FRUURVLRQ GHIHFWV ������� PP LQ GLDPHWHU RQ WKH RXWVLGH
VXUIDFH RI ZDOOV RI D PDLQ RLO SLSHOLQH RI VWHHO ��*�6 ZLWKRXW LQWHUUXSWLRQ RI LWV RSHUDWLRQ� 'HVFULEHG LV WKH JHQHUDO SURFHGXUH
IRU VHOHFWLRQ RI SDUDPHWHUV RI DUF ZHOGLQJ RI D GHIHFW� ZKLFK HOLPLQDWH EXUQ�WKURXJK DQG IUDFWXUH LQ WKH ZHOGLQJ ]RQH E\
WKH PHFKDQLVP RI SODVWLF LQVWDELOLW\ DW KLJK WHPSHUDWXUHV DQG GXH WR FROG �K\GURJHQ� FUDFNV�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� ����������
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