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/DERUDWRU\�6FDOH�'HWHUPLQDWLRQ�RI�2SWLPXP�)ORWDWLRQ�&RQGLWLRQV�RI�
&KDOFRFLWH�DW�WKH�6DUFKHVKPHK�&RSSHU�&RPSOH[�8VLQJ�WKH�7DJXFKL�0HWKRG
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FRXOG�EH�GHWHUPLQHG�ZLWK�PLQLPXP�QXPEHU�RI�H[SHULPHQWV��2YHU�WKH�ODVW�WZR�GHFDGHV��YDULRXV�W\SHV�RI�H[SHULPHQWDO�GHVLJQV�KDYH�
EHHQ�XVHG��$PRQJ�WKH�GLIIHUHQW�PHWKRGV�RI�H[SHULPHQWDO�GHVLJQ�VXFK�DV�FRPSOHWH�DQG�SDUWLDO�IDFWRULDO�DQG�/DWLQ�VTXDUHV�GHVLJQ��
WKH�7DJXFKL�PHWKRG�KDV�IRXQG�ZLGH�DSSOLFDWLRQV�LQ�VRPH�LQGXVWULDO�GLYLVLRQV�EHFDXVH�RI�LWV�FRPSUHKHQVLYH�QDWXUH��,Q�WKLV�SDSHU��
WKH�ODERUDWRU\�VFDOH�IORWDWLRQ�RI�WKH 6DUFKHVKPHK FRSSHU�RUH�ZKLFK�PDLQO\�FRQVLVWV�RI�FKDOFRFLWH�ZDV�VWXGLHG�XVLQJ�WKH�7DJXFKL�
PHWKRG��7KH�HIIHFWV�RI�VHYHQ�IDFWRUV�QDPHO\�FROOHFWRUV��=����;DQWKDWH��DQG�5��� �0HWK\O�LVRERXW\O�FDUERQ\O���IURWKHUV��SLQH�RLO�DQG�
$�� �3RO\SURS\OHQH�JO\FRO���SDUWLFOH�VL]H��S+�DQG�IORWDWLRQ�WLPH�ZHUH�LQYHVWLJDWHG��,Q�DGGLWLRQ�WR�D�VLJQLILFDQW�UHGXFWLRQ�LQ�FRVW�DQG�
WLPH�RI�H[SHULPHQWDWLRQ��WKH�UHVXOWV�LQGLFDWHG�WKDW�D����LQFUHDVH�LQ�FRSSHU�UHFRYHU\�FRXOG�EH�REWDLQHG�LI�DOO�WKH�IDFWRUV�DUH�WHVWHG�
DW� WKHLU� KLJK� H[SHULPHQWDO� OHYHOV�� DV� VXJJHVWHG� E\� WKH� 7DJXFKL� PHWKRG�� 7KH� RSWLPDO� IORWDWLRQ� WLPH� ZDV� DOVR� IRXQG� WR� EH� ���
PLQXWHV�

.H\ZRUGV� 6WDWLVWLFDO�GHVLJQ�RI�H[SHULPHQWV��7DJXFKL��)ORWDWLRQ��6DUFKHVKPHK��&KDOFRFLWH�

Î�¶¯v¤¯�
µzº¸]�¹ bÀº À§�uº^º¸]¶]�¶§�uº]�v·Yººs zºgR¯�¾º³Z¯{�½y¹

sz#�{Y�zº¿x�Z³�Yvºk ¾º�t]�ayºº�`��ºc�¹ ¾oYz��`v´¿Yz��
vº¿Myu�vÀº«ºc�uZ dº�Yyu�µ&¿¹�¶] Z¸�¿Z¯{M�¾oYz��½Z¸º�¹y�{Y�µ

>Z�º�s��¶�º�ºc�¶Àº«¹Y�ªoYzº¯½Yz]aÇº�p¯�vÀ«ºc�¾oYz��
½Y�µ&¿¹�bÀ°·Y�{Y�uºkº¯�aÇº�p¯�bÀ À§��¿Y|�Y�Z¿�¹ vº¿vk

b�Y�yYuyºsz]@Î>�
v³Yºc�¾¯��¿Z¯{M�¾oYz��½yZ¯M�½Z¸�¹y�{Y�nÀp��µuZ dº�Y

f�Z]��aÇº�p¯�vÀ«ºc�ªoYzº¯ yu�b«º¸º� zº] µ¹Èº�Z¤cyY½
®d�À��uz¨¬°��uº^¸]�¹ aÇºº�p¯�bÀº À§�{Y�±Z´ºÀ°�Y�n�º�

uººº��¹ ©ººº�p¯�¶�ºº�ºc�¹ ¾ººoYz��v´ºº³Yºc�¾ºº¯ Z¸ºº�¹y�²ºº¿Y
ª]Z£�±Y|À¯�¶]�Yy�vÀ«ºc�v´¿Yz��aÈ¨�¯�ªo�Z]��^czº¯ ½Z¸dºÀ«Z��

v´�t]�uº^¸]�¾¸kºc@Ï>�
¦¿�ª¯Z��µvº� ¾ºoYz��½Z¸º�¿Z¯{M���¿zº�c�¶º] Z´º]½z�

¸³M�yu�¶§�b�Y�¾¿Z¸�¿Z¯{M½u¹y¹�½Z·zÀ�d¯�yu�¶³Z·Z-M�yº��¶]�Z
¾º¯ µuYu�¾ºcYzÀÀ�c�v´¿Yzº�aYzÀÀ�c�±Y|À¯�¢¿z��²¿Y�{Y�Zºc �uºº�

rº�Z��yu�ªº�Zo�¾ºk¹zs�uº��¾¿Z�Z´��¹ µv·Z�¯�v´¿Yzº��
aÈ¨�¯���y�Z¿�¶��ºc�yu�±Yºc�¾¯�Yy��¿Z¯{M�¾oYz��½Z¸�¹y
½v´¿Yz��¶]�²d�Z¿�b�u�Z¿�¹ ±M�uz¨¬°��uº^¸]�¶lÀd³�yu�¹ v´¿Yz�
bÀ�Z�o�v£Z���©zd´§�ª]Z£�zÀ��yYx-�zÀgPc�ª¯Yº��¶]�b^º�³�¶º§

vº�Z]�±uº]�¹Z¤¯�b�z-�yZ¨]���¾oYz���¹y�z.¿u�ayZ^��¶]
¶§�b�Y�½vÀ ¯�½Z¸�¹y�¶º¬°k�{Y��Z¸º�¿Z¯{M��ºc±Yºc�¾¯�±M�

�t�¯�z]�yYx-�zÀgPc�½vÀº¬§�½Z·zºÀ�d¯`v´¿Yz��z�³�uyº¯�¾ À§�
¾¿Zº�Z´��Yyuzº§�º] Zº]¶y ²¿Y�½zºÀ-yZ§¾¯��¹½Z·zÀ�d¯�±Yºc

Z¸³M�aYzgY�¹ uYu�zÀÀ�c�¦ÀcZ°d�À��yº��¶]�Yy�©zd´§�ª]Z£�½u¹y¹
¾k¹zs�ª¯Yº��zº] Yy�©º�p¯�¾]Z¿{yYuz§�¶]�¶§�¾¿Z¸�¿Z¯{M

yu�aYzÀÀ�c�±Y|À¯�v´º³Yºc�¾º¯ �v³ºº�¾º¯ ¾ºoYz��½yZº¯M�yºº�
¹ v´·u��·Zº§ ¾º¸kºc�ªº]Z£�yYvº¤¯�¶º] Yy�¾º À§�aZº�t�¯

zº¿uZ¤¯�²Àº´$°·�mº�º��]f�Z]�¶§�©zd´§�ª]Z£�½Z·zÀ�d¯�¶´À¸
¾¯�v´¿Yz��uz¨¬°��uº^¸]º�²ÀÀ�c�Yy�v³v´´§@Ð>�

¾�yz]� Z¿�²À°tc�½Yz]�Çº°�¯� µv��¾oYz��½Z¸�¿Z¯{M� {Y
µ{Yv³Y�ª]Z£�r�Z��½Z´^¯z]��Zs�ª¯Yº��bÀ°·Y¦¿�bpc�½zÀ-

¾¯�µuZ d�Y�|À³�¾�¿Z¯{M��¿Yz��½z�uº��

Ï�¾#º-Zc��¹y�½zd¯YyZ��¾oYz��
Y �vºº·²ÀººÀ�c��¾ººoYz��yu�¾ºº#º-Zc��¹y�½zººÀ-yZ§�¶ºº] {

v´¿Yz��½z¿x��zÀgPc�±Y|À¯�¶�«Z�¯�¹ ¾oYz��yu�zºgº¯�½Z·zºd¯YyZ�
b�Z·zd¯YyZ��²¿Y�aYzÀÀ�c�¶]�b^º�³�WYyY��v·��¶¬oz¯�²¿Y�yu`
u¹vp¯�yu�¶§�¾�Z¿y�¶º�]Yy�¦º¿_´¯Yu�{Y�¾�À�¹�`ª¯Yº��zÀÀ�c�

bº�À³��vº�Z]�zº^d�¯�¤d¯�aYzÀgPc�uºk¹�¾#º-Zc��¹y²À]�ª]Z
¾º¯ �Àtº�c�Yy�¾ºoYz��½Z·zºd¯YyZ�Z]�Yy�Z¸³M�zÀgPc�¾«¹�vº·u
¾oYz��~¿zcZ¯�uZl¿Y�yu�¾¬�Y�aYzºÀgPc�ºp³_Z¸�¿Z¯{M�Zl³Y��

¾º¯ \À§zºcv´º§�uYv�c�½YzkY�¶§�¾º³Z¯{�¾º#º-Zc�zº�³�¢^º�
zd¸]��b�¹z]¹y�ª¨�¯�¹ b¿u¹vp¯�Z]�{ZÀº³ uyºº¯ ½Z¸º�¿Z¯{M

½Z·�zd¯YyZ��uYv�c�[Ztd³Y�½Zk�¶] bº�Y¹ ¾�¿Z¯{M�mz��yu�®§�
²À°tc�½Yz]�¾ºoYz��~¿zºcZ¯�yu�Z¸³ºdº� ¶Àº¤]�²dº�Yx-�¾º£Z]
¾oYz��~¿zcZ¯�yu�½uZ¿{�¾oYz��½Z·zd¯YyZ���ª]Z¤dº¯ aYzºÀgPc

v³ºº� µuYu�b§zº��"À·�¶§�b�Y�±M�z]�¾�º� bº«Zo�²º¿Y�yu
½uY{M�¶ºkyu�~¿zºcZ¯�yu�uY{M�±ºdº��½Z�s�²Àº°tc�½Yzº] �
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µv³Z°Àº£Z]�~³Z¿yY¹�x-�½Zk�z]��uº�³�¶d�Y�¶§�¾d«Zo�½Yz]�²¿Y
\�Z´¯�¾¬Às�v´�Z]�¶´¿|·�zº� ¹ uZº¿{�Z¸º�¿Z¯{M�½YzºkY�uYvº�c

bº�Y�½Z¸�¿Z¯{M�uYv�c��¾oYz��½Z·zd¯YyZ��uYvº�c��¿Y|º�Y�Zº]
�¾¿Zc¹u�ª]Z¤d¯�aYzÀgPc�¹ ¾¬�Y�aYzÀgPc�¶°·�²À°tc�½Yz]��{Ç

b�Z¿�v·Yºs��¿Y|�Y�½zÀ.°�#�yº��¶]@Ñ>�
�¹y�²º¿Y�¶¨´º¿Y�uººk¹�Zº]aYzÀgPc�²À°tc�v��ªÀº«u�¶º] �

j¿Zd³�aZ£¹Y�\¬�Y�Z¯Y��b�Y�¶d�zº- yYzº£ uZ¤dº³Y�uyºº¯ �ª]Z¤dº¯
aYzÀgPc�uyYº¯�\¬�Y�yu�±º#�µuº]�yZ-{Zº� bÀº�£Y¹�Zº] ªº�Zo

¾¯�\«Z��ª]Z¤d¯�aYzÀgPc�z]�¾¬�Yv³º�@Ò>�
�¾#º-Zc��¹y�{Y�µv¯M�b�u�¶] ¶´À¸]��¿Yz��©Z°�Y�±Z¯{�yu

º�Àp¯�½Z·zºÀ�d¯�¶º§ bº�Y�zºd¸]Zc�v³º��¶º�«Z�¯�bº£u�¶º] ¾
½v´¿Yzº�Zº³z�¯�¾�Àp¯�ª¯Yºº� ªº]Z¤¯�yu�¹Zº¤¯�¹ }Zº�o

uº��¾oYz��
½z��²ÀÀ�c�½Yz]�¾#º-Zc���ºc�µv��¶ºWYyY�¾ºoYz��vº³¹y
�¿Y|�Y�Yy�®d�À��{Y�z�³�uyºº¯ rº�Z��¶º§ ¾ºoYz��½Z·zºd¯YyZ�

¾º¯vº·u�¢À¤pc�²¿Y�yu�¾º]Z¿{Z]�v´º³Z¯�¶�Ès�yº��¶] z¿{�yu
b�Y�µv��µuy¹M@Î>�

xv´´§�uZºl¿Y�ª¯Yºº� ²ÀºÀ�c�¹ ¾ºoYz��½Zº· zºd¯YyZ��²ÀºÀ�c_
´¯Yu�¹ ®¸¯��Z�d�Y`Z¸³M�aYzÀÀ�c�

xª¯Yº��¶]�¶kºc�Z]��Z¸�¿Z¯{M�Zºl³Y�µººp³�¾¬º�Y�mzº� ¶Àº¸c
�Z�d�Y�µv´´§�uZl¿Y�ª¯Yº��¹ ¾¬�Y

x½yZ¯M�¾]Z¿{yY�¹ µv��¾oYz��½Z¸�¿Z¯{M�½YzkY
xuZ¤¯�¾´À]��À��½Yz]�½yZ¯M�z¿uZ¤¯�{Y�µuZ d�Y~¿zcZ¯�v¿vk�z¿

¾oYz��{ZÀ³�ayº��yu�
xZ¸�¿Z¯{M�Zºl³Y½Yz]¾´À]��À��z¿uZ¤¯�}Z�Y�z]�¾l´��yZ^d�Y�

ª^£�¶¬oz¯�yu�µv�
¾º¬�Z¸�¿Z¯{M�½yZ¯M�¾oYz��¶]�zº�Zo�¢Àº¤pc�yu�¶¨´º¿Y�®º�y

¾«¹�b�Y�µv��¶dsYuzº�½Yz]½Z¸�¹y�¶]�¢¬�¯�½Z¨cY�{Y�|À·z��
¾ºº¬^£�½Zºº· ¶]zººlc�¹ ±ºÀºº�Zcº¬��|ººÀ³Z¨¯��½yZºº¯M²ºº¿Y�yu�

±Yº´��¶]�yZº¯M�{Y�¹ bº�Y�µvº� ¶d�zº- zº�³�yu�|ºÀ³��ºº�s
µvºº� µuZ dºº�Y�Zºº· µuYu�®Àºº�´c�¹ ±uYu�b�zºº� ½Yzºº] ½Y�¶¬Àºº�¹

b�Y�

Ð��¿Z¯{M�Zl³Y�v³¹y�Z·
Ð�Î��¿Z¯{M��v·�

�¹y�½Yz]�¾cZÀ¬°���¿Yz��²¿zd¸]�²d�Z¿��mz��²º¿Y��vº·
�Y�¾³v�¯�,´��½Yz]�¾]Z¿{Z]��¿Y|�Y�yº�´¯�¶]�±ºÀº�Zcº¬�¶§�b

bÀ�º¨«Z§�±M�\º«Z��¾º³Z§�&X�6�½¹Zo�z.¿u�½Z¸À³Z§�¹ µuº]
bÀº«¹º§�ª¯Zº� ±M�yu�~º¯�&X6�b¿zÀ��ºº¨«Z§¹�&X)H6��

bÀºº³yº]¹�&X�)H6��±M�yu�uºººkº¯�zºº.¿u�½|ºº¬��½Z¸Àºº³Z§�¹
b¿zºººÀ��)H6��bÀººº³v^À«º¯¹�0R6��bÀººº³º°À«�)H22+�
b¿z«Z º�Y�=Q6�bÀºcZ°·�)H�2��bÀd´.¯�¹�)H�2��v´d�·�

yu�¾¬¤À����Z¤¯�¾�yz]�¢¿z��{Y�¾�Z´��¾³Z§�aZº�«Z�¯�j¿Zdº³
�½yºº³ �º¨º�¹z¨À¯�zº¿{ªÀ¬pcyu�uºkº¯�,³Z-�¹ ¾¿ZÀ°À��

©¹Yvk�yu�¾dÀ�º¨«Z§�±v�¯�,´��Î�¹�Ï�b�Y�µv��¶WYyY��
¾WZÀ°À��uYº¯�yYv¤¯��mz��²¿Y�yu�¾cZÀ¬°���¿Yz��{Y�yº�´¯

¹ v³Z¯�±Z¯{��µv��uzs�¾³v�¯�µuZ¯�uZº�]Y��¾�zº�¯S+aZÀ¬°��
¾·Z.�¿Z¯{M�}ZÀ¤¯�yu�±ºÀ�Zcº¬�b�Y�

¾oº���²ÀÀ�c��¿Z¯{M�Zl³Y�{Y��vº·�½yYv¤¯�ª¯Yº��{Y
©zºd´§�ªº]Z£½Yzº]b�Y�¾]Z¿{Z]�yYv¤¯�²¿zd�À]�¶]�¾]ZÀdº�u��¶]
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