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cÒ°� �� z¯Òm©Ë �°�Èãº°�Ò Ò Ò² ����Ó©Ë �ºmË¯Ò�Ëã	Ó©Ë �¯ÈÓÒ�©
�ã« °ºË�ÒÓËÓÒ®� ¹ºã��ËÓÓ©² °mÈ¯}º® lj� ��� Ò �j� ��� ¹¯º�
mºãº}ÈäÒ vmkl�� �È� Ò vmkz� ��� '�VÛ º¯ÈÏ�© �Ò¯ÒÓº®
��� P� O Û ���� T Û ��� ää� °mË�ã©Ë �º�}Ò Û °mÈ¯}È lj��
�ËäÓ©Ë Û �j�

cÒ°� �� |º�ËÓÓ©Ë °¯Ë�ÓË°�È�Ò°�Ò�Ë°}ÒË }¯Òm©Ë �°�Èãº°�Ò º�
¯ÈÏ�ºm� m©¹ºãÓËÓÓ©² °mÈ¯}º® lj� ��� �� Ò �j� ��� �� ¹¯ºmº�
ãº}ÈäÒ vmkl�� ��� �� Ò vmkz� ��� ��� Ò ¯ËÏ�ã	�È�© Ò°¹©�ÈÓÒ®
º¯ÈÏ�ºm� m©¹ºãÓËÓÓ©² °mÈ¯}º® lj� Ò ¹¯º�Ë��Ò² �º¹ºãÓÒ�
�Ëã	Ó�
 º¯Èº�}��OÛ º¯ÈÏ�©�Ò¯ÒÓº® ��� ää ° Ò°}�°°�mËÓ�
Óº ÓÈmË�ËÓÓ©äÒ ¹º¹Ë¯Ë�Ó©äÒ ¯È°�«�ÒmÈ
�ÒäÒ º°�È�º�Ó©äÒ
ÓÈ¹¯«ÎËÓÒ«äÒ �V

º°�
 ��� l�È�� °mÈ¯Óº® �ºm m©¹ºãÓËÓ ¹¯ºmº�

ãº}º® vmkl��� '� V Û �Ò¯ÒÓº® �� ää °º °Ó«�©äÒ m©¹�}ãº°�
�«äÒ� °mÈ¯Óº® �ºm m©¹ºãÓËÓ °ºº�mË�°�mËÓÓº ¹¯ºmºãº}ÈäÒ
vmkl�� Ò vmkz�
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�� �¯�Á«}ºm {� j� �°�Èãº°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� Û zÒËm�
sÈ�}� ��ä}È� ����� Û ��� °�

�� bºÓÒÓ {� k� kÓÈãÒÏ ¯ËÏ�ã	�È�ºm �°�Èãº°�Ó©² Ò°¹©�ÈÓÒ®
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® °¹ãÈmÈ kl�� �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ �� Û v� ��Ü���

�� 6DQGHUV :� :�� 'D\ 5� +� )DWLJXH EHKDYLRU RI DOXPLQXP DOOR\
ZHOGPHQWV �� :56 %XOOHWLQ� Û ����� Û ¢ ���� Û �� ¯�

�� 'YRUHWVNLL 9� ,�� 0LNKHHY 3� 3�� 6KRQLQ 9� $� $ SURFHGXUH
RI IDWLJXH DQDO\VLV RI DOXPLQXP VWUXFWXUH ZHOGHG MRLQWV� Û
6� O�� >����@� Û �� S� Û �,QWHUQ� ,QVW� RI :HOGLQJ� 'RF�
,,: ;,,,�����Ü����

�� zËã°Ò c� k�� sº¯�äÈ¯} �� p� {ãÒ«ÓÒË º°�È�º�Ó©² ÓÈ¹¯«�
ÎËÓÒ® ÓÈ °º¹¯º�ÒmãËÓÒË �°�Èãº°�Ò °�©}ºm©² °ºË�ÒÓËÓÒ®
Èã
äÒÓÒËm©² °¹ãÈmºm �� vmÈ¯}È Èã
äÒÓÒËm©² °¹ãÈmºm
}¯Òº�ËÓÓº�º Ò º�Ë�º ÓÈÏÓÈ�ËÓÒ«� lÈ�Ë¯ÒÈã© °ºmË�°}º�
ÈäË¯Ò}ÈÓ°}º�º °ËäÒÓÈ¯È� zÒËm� Ò
Ó	 ���� �� Û zÒËm� sÈ�}�
��ä}È� ����� Û v� ���Ü����

�� bºÓÒÓ {� k� vº¹¯º�ÒmãËÓÒË �°�Èãº°�Ò °mÈ¯Ó©² °ºË�ÒÓË�
ÓÒ® Èã
äÒÓÒËm©² °¹ãÈmºm ° ��Ë�ºä mãÒ«ÓÒ« º°�È�º�Ó©²
ÓÈ¹¯«ÎËÓÒ®� km�º¯ËÁ� �Ò°� ��� }ÈÓ�� �Ë²Ó� ÓÈ�}� Û zÒËm�
����� Û �� °�

�� ci ������Ü��� cÈ°�Ë�© Ò Ò°¹©�ÈÓÒ« ÓÈ ¹¯º�Óº°�	� cÈ°�Ë��
Óº�ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë äË�º�© º�ËÓ}Ò °º¹¯º�ÒmãËÓÒ« �°�È�
ãº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� lË�º�� �}ÈÏÈÓÒ«� Û l�� jÏ��
mº °�ÈÓ�È¯�ºm� ����� Û �� °�

�� bºÓÒÓ {� k� �¯Ë�Ëã© º�¯ÈÓÒ�ËÓÓº® m©Óº°ãÒmº°�Ò °mÈ¯�
Ó©² °ºË�ÒÓËÓÒ® °¹ãÈmÈ kl�� �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� ��Ü���

�� ci ������Ü��� sÈ�ËÎÓº°�	 m �Ë²ÓÒ}Ë� {Ë¯º«�Óº°�Ó©® äË�
�º� ¯È°�Ë�È ÓÈ �°�Èãº°�	 °mÈ¯Ó©² }ºÓ°�¯�}�Ò®� lË�º��
�}ÈÏÈÓÒ«� Û l�� jÏ��mº °�ÈÓ�È¯�ºm� ����� Û �� °�

��� zÈÏÒäÒ¯ºm k� k�� sË�º°Ë}È k� Ð� | º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ�
«² Ò �ËÁº¯äÈ�Ò«²� mºÏÓÒ}È
�Ò² ¹¯Ò °mÈ¯}Ë °¹ãÈmÈ kl��{
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

��� |°ºËÓÓº°�Ò ¯È°¹¯Ë�ËãËÓÒ« ¹ºmË¯²Óº°�Ó©² º°�È�º�Ó©²
ÓÈ¹¯«ÎËÓÒ® m °mÈ¯Ó©² ¹ãÒ�È² ÒÏ °¹ãÈmÈ ÈmÒÈã	 � v� s�
zÒ°ËãËm� {� k� tÈmÈÓºm� �� l� v}º¯Ó«}ºm� {� j� �¯Ë�Ò��
}ÒÓ �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û v� �Ü��

��� 7DQDND (�� +LUDWD .�� 7DNHXFKL .� 5HVLGXDO VWUHVV LQ EXWW�
ZHOGHG ���� DOXPLQXP DOOR\V� 6WXGLHV RQ UHVLGXDO VWUHVVHV LQ
ZHOGHG MRLQWV RI DOXPLQXP DOOR\V �� /LJKW 0HWDOV� Û
����� Û ¢ �� Û 3� �Ü���

��� sË�º°Ë}È k� Ð� |°�È�º�Ó©Ë ÓÈ¹¯«ÎËÓÒ« m ¹ãÈ°�ÒÓÈ² ¹¯Ò
°mÈ¯}Ë °�©}ºmº�º �mÈ �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ ��� Û v� ��Ü���

��� |°Óºm© �ã	�¯ÈÏm�}ºmº�º ÓË¯ÈÏ¯��È
�Ë�º äË�º�È º¹¯Ë�Ë�
ãËÓÒ« ÓÈ¹¯«ÎËÓÒ® m �mË¯�©² �ËãÈ² � k� s� ��Ï	� n� ��
lÈ²º¯�� |� j� ���È� {� z� �ËË�Ëm� Û zÒËm� sÈ�}� ��ä�
}È� ����� Û ��� °�

��� |}Ë¯ãºä s� |� vmÈ¯º�Ó©Ë ÓÈ¹¯«ÎËÓÒ« m äË�Èããº}ºÓ°�
�¯�}�Ò«²� Û l�� ��� lÈ��ÒÏ� ����� 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 ��� °�

��� {ãÒ«ÓÒË º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® ÓÈ °º¹¯º�ÒmãËÓÒË �°�È�
ãº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Èã
äÒÓÒËm©² °¹ãÈmºm � {� j�
�¯�Á«}ºm� �� �� lÒ²ËËm� {� k� bºÓÒÓ� l� �� �º¯Ò�}Ò®
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� bºÓÒÓ {� k� {ãÒ«ÓÒË º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® ÓÈ °º¹¯º�
�ÒmãËÓÒË ÓË°��Ë�º ªãËäËÓ�È ÒÏ °¹ãÈmÈ kl�� m äË°�Ë ¹¯Ò�
mÈ¯}Ò ¹º¹Ë¯Ë�Ó©² ¯ËË¯ �� �Èä ÎË� Û ����� Û ¢ �� Û
v� ��Ü���

��� lÒ²ËËm �� ��� bºÓÒÓ {� k� vº¹¯º�ÒmãËÓÒË �°�Èãº°�Ò
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® Èã
äÒÓÒËm©² °¹ãÈmºm ° ��Ë�ºä º°�È�
�º�Óº® ÓÈ¹¯«ÎËÓÓº°�Ò �� vmÈ¯}È Èã
äÒÓÒËm©² °¹ãÈmºm
}¯Òº�ËÓÓº�º Ò º�Ë�º ÓÈÏÓÈ�ËÓÒ«� lÈ�Ë¯ÒÈã© °ºmË�°}º�
ÈäË¯Ò}ÈÓ°}º�º °ËäÒÓÈ¯È� zÒËm� Ò
Ó	 ���� �� Û zÒËm� sÈ�}�
��ä}È� Û ����� Û v� ���Ü����

��� lª��º}° v� iÎ� vºmË¯�ËÓ°�mºmÈÓÒË ¹¯ÈmÒã ¯È°�Ë�È ÓÈ
�°�Èãº°�	 °mÈ¯Ó©² }ºÓ°�¯�}�Ò® �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ ������ Û v� ��Ü����

��� ��Ï	 k� s�� lÈ²º¯� n� ��� ���È |� j� {mË�ËÓÒË m È}�°�
�º�¹¯��º°�	� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� lÈ²ÓËÓ}º {� j�� lº°ËÓ}Ò° c� �� cÈ°�Ë� }ºªÁÁÒ�ÒËÓ�ºm
}ºÓ�ËÓ�¯È�ÒÒ ÓÈ¹¯«ÎËÓÒ® m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² °º °�©�
}ºm©äÒ Ò ��ãºm©äÒ �mÈäÒ �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� �Ü���

��� |°È�ãËÓ}º �� ��� zº�ËÓ}º w� {� im�²º°ÓºË ¯È°�«ÎËÓÒË Ò
��m°�mÒ�Ëã	Óº°�	 äÈ�Ë¯ÒÈãÈ } }ºÓ�ËÓ�¯È�ÒÒ ÓÈ¹¯«ÎËÓÒ®
�� �¯ºã� ¹¯º�Óº°�Ò� Û ����� Û ¢ �� Û v� ��Ü���

7KH SDSHU SUHVHQWV WKH UHVXOWV RI HYDOXDWLRQ RI UHVLGXDO VWUHVVHV LQ EXWW ZHOGHG MRLQWV RI DOXPLQLXP DOOR\ $'�� ������ � PP
WKLFN RQ VDPSOHV RI GLIIHUHQW ZLGWK ��������� PP� SURGXFHG E\ 7,* DQG 0,* ZHOGLQJ SURFHVVHV� ([SHULPHQWV DUH XVHG WR
GHPRQVWUDWH WKH LQIOXHQFH RI ORQJLWXGLQDO DQG WUDQVYHUVH WHQVLOH UHVLGXDO VWUHVVHV RQ WKH VWUHQJWK DQG IDWLJXH OLIH RI ZHOGHG
MRLQWV ZLWK D WUDQVYHUVH ZHOG XQGHU D[LDO ORDG�
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