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�� �º��ÈË�}Ò® {� {�� �
º¯Ë� j� j� vmÈ¯º�Ó©Ë Áã
°©� Û
zÒËm� �Ë²ÓÒ}È� ����� Û ��� °�

�� �º²º�Ó« j� z� �ÈÏ© m °mÈ¯Ó©² �mÈ²� Û l�� lÈ�ÒÓº�
°�¯ºËÓÒË� ����� Û ��� °�

�� z�Ï	äËÓ}º {� �� | °¹ãº�Óº°�Ò �ãÈ}ºmº® ººãº�}Ò ¹¯Ò
°mÈ¯}Ë ¹º� Áã
°ºä �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� ��Ü���

�� �
Èm°}Ò® z� {� lË�Èãã�¯�Ò« Èm�ºäÈ�Ò�Ë°}º® °mÈ¯}Ò
äÈãº��ãË¯º�Ò°�º® °�ÈãÒ ¹º� Áã
°ºä �� {º¹¯º°© �Ëº�
¯ÒÒ °mÈ¯º�Ó©² ¹¯º�Ë°°ºm� Û l�� lÈ��ÒÏ� ����� Û
v� ��Ü����

�� �º��ÈË�}Ò® {� {� cËÈ}�ÒÒ m È�äº°ÁË¯Ë ���Ò ¹¯Ò °mÈ¯}Ë
¹º� Áã
°ºä �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� ��Ü���

�� �º��ÈË�}Ò® {� {�� sºmÒ}ºmÈ �� �� | m©�ËãËÓÒÒ Á�º¯Ò°�
�º�º }¯ËäÓÒ« ¹¯Ò ÓÈ�¯ËmË Áã
°È m ¹¯º�Ë°°Ë °mÈ¯}Ò Ò °���
}Ò �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

�� %UDWODQG '�� )HNUL $� ËW DO� 9DSRXU SUHVVXUH RI VLOLFRQ WHW�
UDIOXRULGH DERYH PL[WXUHV RI IOXRULGHV DQG VLOLFD �� $FWD
&KHPLFD 6FDQGLQDYLFD� Û ����� Û ¢ ��� Û 3� ���Ü����

�� z�Ï	äËÓ}º {� �� |°ºËÓÓº°�Ò ¯ËÈ}�ÒÒ m °äË°«² Á�º¯Ò°�º�
�º }Èã	�Ò« Ò }¯ËäÓËÏËäÈ �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� ��Ü���

�� c©°° j� �� tÒäÒ« Á�º¯È Ò Ë�º ÓËº¯�ÈÓÒ�Ë°}Ò² °ºË�ÒÓË�
ÓÒ®� Û l�� �º°²ÒäÒÏ�È�� ����� Û ��� °�

��� z�Ï	äËÓ}º {� ��� ��ÏË® {� j� �Ò�¯È�È�Ò« Áã
°ºm ° ãº�
}Èã	Óº ÒÏäËÓËÓÓ©ä ²ÒäÒ�Ë°}Òä °º°�Èmºä ÏË¯ËÓ �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

3URSHUWLHV ZHUH VWXGLHG RI IXVHG ZHOGLQJ IOX[HV RI PDQJDQHVH�VLOLFDWH W\SH� QRW FRQWDLQLQJ IOXRULQH DQG VXEMHFWHG WR IOXRULQDWLQJ
KHDW WUHDWPHQW WRJHWKHU ZLWK DPPRQLD VDOW RI K\GURIOXRULF DFLG �1+�)� DQG PDJQHVLXP KH[DIOXRVLOLFDWH �0J6L)��� ,W LV
HVWDEOLVKHG WKDW WKH ZHOG PHWDO UHVLVWDQFH WR SRUH IRUPDWLRQ LV DFKLHYHG� ZKHQ XVLQJ ��� � HDFK RI WKH DERYH VDOWV IRU IOX[

WUHDWPHQW� )OXRULQH FRQWHQW LQ WKH IOX[ LV HTXLYDOHQW WR DGGLQJ ��� � &D)� WR LW� 7KH HIIHFW LV DFKLHYHG GXH WR ORFDO DUUDQJHPHQW
RI IOXRULQH RQ WKH IOX[ JUDLQ VXUIDFHV�

IhklmibeZ \ j_^Zdpbx ����������
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Ï�Ëäº�º �ã« º°ÈÎ�ËÓÒ« �Ë¯äºÈ¯	Ë¯Ó©² �¯È�ÒËÓ�Ó©² ¹º}¯©�Ò®

lÒ}¯º°�¯�}��¯È ¹º¹Ë¯Ë�Óº�º °Ë�ËÓÒ« �Ë¯äºÈ¯	Ë¯�
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�� rÈ¯�ËÓËm v� v�� nË�	}º �� ��� �¯Ò�º¯ºm k� j� iË�ºÓÈ�
�ÒºÓÓ©Ë ¹º}¯©�Ò« m äÈ�ÒÓº°�¯ºËÓÒÒ� Û ��� lÈ�ÒÓº°��
¯ºËÓÒË� ����� Û ��� °�

�� iË�ºÓÈ�ÒºÓÓºË ÓÈÓË°ËÓÒË ¹º}¯©�Ò® ÓÈ �Ë�ÈãÒ ÈmÒÈ�mÒ�È�
�ËãË® Ò �Ë²Óºãº�Ò�Ë°}º�º º°ÓÈ�ËÓÒ« ° ¹º°ãË��
�Ë® äÈ��
ÓÒ�ÓºÈ¯ÈÏÒmÓº® º¯Èº�}º® � {� k� rº��°ãÈËm� k� j�

iºãäÈ�ºm� �� i� yËäÈÓ
} Ò �¯� Û ~È¹º¯ºÎ	Ë� iË}È�
����� Û ��� °�

�� bº¯�º¯ºm l� t�� tÈ¯ãÈäºm �� k� nÒÏÒ}º�²ÒäÒ�Ë°}ÒË
º°Óºm© �Ë�ºÓÈ�ÒºÓÓº��ÈÏºmº�º ÓÈ¹©ãËÓÒ« ¹º}¯©�Ò®� Û
l�� sÈ�}È� ����� Û ��� °�

�� ~mË¯Ëm k� j�� bÈ¯Òm}Ë¯ v� ��� k°�È²ºm p� k� iË�ºÓÈ�
�ÒºÓÓºË ÓÈ¹©ãËÓÒË ¹º}¯©�Ò®� Û ��� v��º°�¯ºËÓÒË�
����� Û ��� °�

�� zÈ¯Èä©�ËmÈ v� k�� �¯º²º¯ºm p� v� {ãÒ«ÓÒË Áº¯ä© Ò
°�Ë¹ËÓÒ ÏÈ¹ºãÓËÓÒ« °�mºãÈ mÏ¯©m�È�º® °äË°	
 ÓÈ ¹È¯ÈäË��
¯© ¯ÈÏ�ºÓÈ �È°�Ò� m �°�ÈÓºm}È² �Ë�ºÓÈ�ÒºÓÓº�º ÓÈ¹©ãË�
ÓÒ« �� {º¹¯º°© Ò°¹ºã	ÏºmÈÓÒ« �Ë�ºÓÈ�ÒÒ m �Ë²Óºãº�Ò�
�Ë°}Ò² ¹¯º�Ë°°È²� v� ÓÈ��� �¯� Û sºmº°ÒÒ¯°}� jÓ��
�Ò�¯º�ÒÓÈäÒ}Ò v| ks vvvc� ����� Û v� ���Ü����

�� /XJVFKHLGHU (�� 3DSHQIXE�-DQ]HQ 1� 6LPXODWLRQ RI WKH LQ�
IOXHQFH RI VSUD\ SDUDPHWHUV RQ SDUWLFOH SURSHUWLHV LQ $36
�� 3URF� RI WKH ���� ,QWHUQ� WKHUPDO VSUD\ FRQI� Û (VVHQ�
����� Û 3� ��Ü���

�� tÈ¯ãÈäºm l� �� iÒÓÈäÒ}È �°}º¯ËÓÒ« Ò ÓÈ�¯ËmÈ ¹º¯º�}È
�Ë�ºÓÈ�ÒºÓÓº��ÈÏºmº® °�¯�Ë® �� cË°�¯°ºÏË¯��È
�� �Ë²Óº�
ãº��� mÒ¯ºÓÒ��mÈ �È º¯º}Ò �Ò°}ºä äÈ�Ë¯Èã�m � äÈ�ÒÓº�
���mÈÓÓ�� ~� ÓÈ�}� ¹¯È�	� { � ��  � �� Û ���ÈÓ°	}�
vs� �ä� {� iÈã«� ����� Û v� ��Ü���

�� rËãº�Ë¯}ºm°}Ò® |� l�� iÈm©�ºm �� l� lË�º� }¯�¹Ó©²
�È°�Ò� m �ÈÏºmº® �ÒÓÈäÒ}Ë� Û l�� sÈ�}È� ����� Û ��� °�

�� sÒ�äÈ��ãÒÓ c� j� |°Óºm© äË²ÈÓÒ}Ò �Ë�Ë¯º�ËÓÓ©² °¯Ë��
Û l�� sÈ�}È� ����� Û ��� °�

��� y�ÈÓ v� k�� nË�ËÓ
} {� j� �È¯ÈäË�¯© ¯ÈmÓºmË°Óº�º �È�
Ïºmº�º ¹º�º}È m °�mºãË �Ë�ºÓÈ�ÒºÓÓº® �°�ÈÓºm}Ò �� nÒ�
ÏÒ}È �º¯ËÓÒ« Ò mÏ¯©mÈ� Û ����� Û ¢ �� Û v� ���Ü����

��� sÒ}ºãÈËm �� k� lº�Ëã	 }ÒÓË�Ò}Ò ²ÒäÒ�Ë°}Ò² ¯ËÈ}�Ò®
¹¯Ò m©°º}Ò² �Ëä¹Ë¯È��¯È² �� �Èä ÎË� Û ����� Û ¢ ��
Û v� ��Ü���

��� tÈ¯ãÈäºm l� �� {©�Ò°ãËÓÒË °º°�ÈmÈ ¹¯º��}�ºm Ò ¹È¯È�
äË�¯ºm �Ë�ºÓÈ�ÒÒ �ÈÏºm©² °äË°Ë® ¹¯Ò ÓÈ¹©ãËÓÒÒ ¹º}¯©�
�Ò® �� {�°Ó� vs� �ä� {� iÈã«� Û ����� Û ¢ ��� Û
v� ���Ü����

��� z¯��ãºm {� {�� rº¯Ò°ºm {� {� j°}�°°�mËÓÓ©Ë ÓË®¯ºÓÓ©Ë
°Ë�Ò� �Ëº¯Ò« Ò ¹¯È}�Ò}È� Û l�� �º¯«�È« ãÒÓÒ«Ü�ËãË}ºä�
����� Û ��� °�

��� �ËÓË�Ò�Ë°}ÒË Èã�º¯Ò�ä©� Ò°}�°°�mËÓÓ©Ë ÓË®¯ºÓÓ©Ë °Ë�Ò
Ò ¹¯ºãËä© mÒ¯��Èã	Óº® ¯ËÈã	Óº°�Ò � �� z� {º¯ºÓºm°�
}Ò®� z� {� lÈ²º�Òãº� v� s� �Ë�¯È�Ëm� v� k� vË¯�ËËm� Û
tÈ¯	}ºm� |°ÓºmÈ� ����� Û ��� °�

��� rÈ�Ò�Ëm i� j�� j°ÈËm v� k� |¹�ÒäÒÏÈ�Ò« äÓº�ºª}°�¯Ë�
äÈã	Ó©² Á�Ó}�Ò® ° ¹ºäº�	
 �ËÓË�Ò�Ë°}Ò² Èã�º¯Ò�äºm
�� {©°º}ÒË �Ë²Óºãº�ÒÒ m �Ë²ÓÒ}Ë� äË�Ò�ÒÓË Ò º¯ÈÏº�
mÈÓÒÒ� lËÎm�Ï� °� ÓÈ��� �¯� Û {º¯ºÓËÎ� {���� ����� Û
v� �Ü���

$ PHWKRG LV SURSRVHG WR GHWHUPLQH WKH RSWLPXP SURFHVV SDUDPHWHUV RI GHWRQDWLRQ�JDV VSUD\LQJ RI FRDWLQJV E\ WKH FULWHULRQ
RI HQHUJ\ FKDUDFWHULVWLFV RI WKH VSUD\HG SRZGHU SDUWLFOHV� ZKLFK LV EDVHG RQ WKH XVH RI D JHQHWLF DOJRULWKP� $GYDQWDJHV RI
WKLV DSSURDFK DUH GHPRQVWUDWHG FRPSDUHG WR RWKHU PHWKRGV RI VROYLQJ WKH RSWLPL]DWLRQ SUREOHPV� DQG FRPSXWHU PRGHOLQJ

LV XVHG WR GHPRQVWUDWH LWV HIIHFWLYHQHVV�

IhklmibeZ \ j_^Zdpbx �����������
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cÒ°� �� �ºÒ°} º¹�ÒäÈã	Ó©² �Ë²Óºãº�Ò�Ë°}Ò² ¹È¯ÈäË�¯ºm ¹¯º�
�Ë°°È i�s� ¹º}¯©�Ò® �ã« �È°�Ò� º}°Ò�È Èã
äÒÓÒ«� DÛ ÓºäË¯
¹º}ºãËÓÒ« W  ��  Û �� P Û ��� x Û ��
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�� 	������	
� ��� ���������� ��� ��� �	���� ��������	����	��� ���	������ 	� �����	����
����	����"� �� ���!�� 	�� �������� ����	���	�.

�� �������	����	�� 	���������	
� ���	������ ����	����� 	� 	����	�� 	�� �	�.
�� ���������	�� ������	�	����	�� ��������	��	�� ���	������ ����	����� 	� 	����	�� 	�� �	�.
�� ��������	�� ����	�	���	������ 	������	�� �� ����������		� �� ��� ����	
	� ������	���		� �

�	����� /��9U�D1�
1���#��	�-�������������	��������VWX�&66�FY���	���VWHZ"�[���	
�.�������������
�	���

�	������	��������B\O]^_TOQ�(C.���������
��	�����	����	��	������	��`aN.�������������	��.
�
��	������ �����.� ��	 ���� ��
� ���������	
� ������	�	����	�� ��������	��	��
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��� �ãÈÏäËÓÓÈ« °mÈ¯}È �Ò�ÈÓºm©² °¹ãÈmºm � {� p� rãÈ��}�
�� l� |Óº¹¯ÒËÓ}º� �� l� bËãËÓ}ºm Ò �¯� �� km�ºäÈ��
°mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� lÒ}¯º¹ãÈÏäËÓÓÈ« °mÈ¯}È � �º� ¯Ë�� r� p� �È�ºÓÈ� Û
zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� sË¯ºmÓ©® {� l� i��ºmÈ« °mÈ¯}È m mÈ}��äË �Ò�ÈÓºm©²
°¹ãÈmºm �� �Ë²Óºãº�Ò« äÈ�ÒÓº°�¯ºËÓÒ«� Û ����� Û
¢ �� Û v� ��Ü���

��� �º¯È� {� i�� tmÈã©Ó°}Ò® {� s� sºm©Ë �Ë²Óºãº�ÒÒ ÒÏ�º�
�ºmãËÓÒ« ÓË°��Ò² °ÁË¯Ò�Ë°}Ò² }ºÓ°�¯�}�Ò® ÒÏ�ËãÒ® äº¯�
°}º® �Ë²ÓÒ}Ò �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ �� Û
v� ��Ü���

��� ~Èä}ºm {� s�� �©�}º j� j�� �º¹ºã	°}Ò® {� n� wbv ¹ãÒ� ÒÏ
�Ò�ÈÓºmº�º °¹ãÈmÈ *UDGH � �� km�ºäÈ�� FmÈ¯}È� Û ����� Û
¢ �� Û v� ��Ü���

��� <XVKFKHQNR .� $�� /\FKNR ,� ,�� 6XVKFKXN�6O\XVDUHQNR ,� ,�
(IIH°WLYH WHFKQLTXHV RI HOHFWURVODJ ZHOGLQJ DQG SURVSHFWV IRU
WKHLU DSSOL°DWLRQ LQ ZHOGLQJ SURGXFWLRQ� Û ����� Û 9RO�
��� Û ��� S� Û �:HOGLQJ DQG 6XUIDFLQJ 5HYLHZV��

��� *HGRSW -�� 'HODUEUH (� 3XOVHG 1G� <$* ODVHU ZHOGLQJ RI WL�
WDQLXP ($5 LPSODQWV �� /DVHU WHFKQRORJLHV LQ ZHOGLQJ DQG
PDWHULDOV SURFHVVLQJ� 3URF� RI ,QWHUQ� FRQI�� 0D\ ��Ü���
����� .DWVLYHOL� 8NUDLQH� Û .LHY� (� 2� 3DWRQ (OHFWULF
:HOGLQJ ,QVWLWXWH� ����� Û 3� ���Ü����

��� �Èm¯Òã
} {� v�� yÒã}ÒÓ k� l�� jmÈÓºm s� �� �ÈÏË¯ÓÈ«
º¯Èº�}È äÈ�Ë¯ÒÈãºm �� �Ë²Óºãº�Ò« äË�Èããºm� Û �����
Û ¢ �� Û v� ��Ü���

��� $EERWW '� +�� $UFHOOD )� *� /DVHU IRUPLQJ WLWDQLXP FRPSR�
QHQWV �� $GYDQFHG 0DWHULDOV DQG 3URFHVVHV� Û ����� Û
���� ¢ �� Û 3� ��Ü���

��� �ÈÏË¯ÓÈ« º¯Èº�}È äÈ�Ë¯ÒÈãºm � l� l� �¯ºÓÒÓ� {� s�
v�È¯�Ëm� {� |� �º¹ºm Ò �¯� �� {º¹¯� äÈ�Ë¯ÒÈãºmË�ËÓÒ«�
Û ����� Û ¢ �� Û v� ���Ü����

��� jºÓÓºã��ËmÈ« °mÈ¯}È �Ò�ÈÓºmº�º °¹ãÈmÈ {�� � l� i� �È�
ºmÒ�� l� s� �¯º�ËÓ}º� {� Ð� �º¯Ò�}Ò® Ò �¯� �� km�º�
äÈ�� FmÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� �ÈºmÒ� l� i�� tºäÒ� {� k�� sÈÏÈ¯ËÓ}º |� z� wãË}�¯ºÓ�
Óº�ÒºÓÓºã��ËmÈ« °mÈ¯}È ° ãË�Ò¯ºmÈÓÒËä �mÈ �� �Èä ÎË�
Û ����� Û ¢ ��� Û v� ��Ü���

��� cÈÏ¯Èº�}È Ò ¯ÈÏmÒ�ÒË �Ë²Óºãº�ÒÒ °mÈ¯}Ò� ¹È®}Ò Ò �Ë¯�
äÒ�Ë°}º® º¯Èº�}Ò °mË�ºm©ä ã��ºä � {� k� n¯ºãºm�
s� v� �¯ºÓÒÓ� v� k� nË�º¯ºm� l� j� |¹È¯ÒÓ �� vmÈ�
¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û v� ��Ü���

��� iËä�Ò�Ëm �� ��� lÈ¯	ÒÓ v� r� w}°¹¯Ë°°�nvk ¹¯º�Ë°°È
°mÈ¯}Ò ¹º�¯�ÎËÓÓ©ä mºã	Á¯Èäºm©ä ªãË}�¯º�ºä ��
vmÈ¯}È m vÒÒ¯Ò� Û ����� Û ¢ �� Û v� ��Ü���

$ UHYLHZ KDV EHHQ PDGH RI SUDFWLFDO DSSOLFDWLRQ RI YDULRXV SURFHVVHV RI IXVLRQ ZHOGLQJ RI WLWDQLXP DQG LWV DOOR\V� 5HFRP�

PHQGDWLRQV DUH JLYHQ RQ DSSOLFDWLRQ RI WKH ZHOGLQJ SURFHVVHV� DQG WKHLU DGYDQWDJHV DQG GLVDGYDQWDJHV DUH QRWHG�
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�� �¯Ë�«} s� �� vmÈ¯}È �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä Èã
äÒ�
ÓÒËm©² °¹ãÈmºm �|Ïº¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
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�� zº¯¯ºÏÒºÓÓÈ« °�º®}º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Èã
äÒÓÒ«
¹º°ãË ¹ãÈ}Ò¯ºmÈÓÒ« mÏ¯©mºä � {� �� �Ë���}ºm� l� j�
~º�ºm� v� �� �ºã«}ºm Ò �¯� �� �Èä ÎË� Û ����� Û ¢ ��
Û v� ��Ü���

�� z��ÒÓºm {� l�� zº¯º�ËËm k� Ð� vmÈ¯}È mÏ¯©mºä m äË�Èã�
ã�¯�ÒÒ� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� $670 * ��� 6WDQGDUG SUDFWLFH IRU SUHSDUDWLRQ DQG XVH RI
EHQW�EHDP VWUHVV�FRUURVLRQ WHVW VSHFLPHQV�

�� $670 * ��� 6WDQGDUG SUDFWLFH IRU HYDOXDWLQJ VWUHVV�FRUURVL�
RQ FUDFNLQJ UHVLVWDQFH RI PHWDOV DQG DOOR\V E\ DOWHUQDWH LP�
PHUVLRQ LQ ���� VRGLXP FKORULGH VROXWLRQ�

�� $670 * ��� 6WDQGDUG SUDFWLFH IRU SUHSDUDWLRQ DQG XVH RI
GLUHFW WHQVLRQ VWUHVV�FRUURVLRQ WHVW VSHFLPHQV�

�� $670 * ���� 6WDQGDUG SUDFWLFH IRU HYDOXDWLQJ LQWHUJUDQXODU
FRUURVLRQ UHVLVWDQFH RI KHDW�WUHDWDEOH DOXPLQXP DOOR\V E\ LP�
PHUVLRQ LQ VRGLXP FKORULGH � K\GURJHQ SHUR[LGH VROXWLRQ�

�� 49$�=��������� ,QWHUJUDQXODU FRUURVLRQ WHVW IRU DJH�KDUGH�
QDEOH DOXPLQLXP DOOR\V�

(YDOXDWLRQ RI H[SORVLRQ ZHOGLQJ DSSOLFDWLRQ ZDV FRQGXFWHG IRU WKH FDVH RI FODGGLQJ ZHOGHG MRLQWV RI DOXPLQXLP DOOR\V ����

DQG ���� ZLWK SXUH DOXPLQLXP� ,W LV VKRZQ WKDW VXFK D SURWHFWLRQ RI ZHOGV SUHYHQWV VWUHVV FRUURVLRQ FUDFNLQJ RU LQWHUFU\VWDOOLQH
FRUURVLRQ�
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