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��,QWURGXFWLRQ 
�,QGR[DFDUE��&��+��&O)�1�2��� LV�DQ�R[DGLD]LQH�LQVHFWL�

FLGH� WKDW� LV�EURDG�VSHFWUXP��KLJKO\�HIIHFWLYH�� ORZ�PDPPDOLDQ�
WR[LFLW\�� QRQV\VWHPLF�� RUJDQRSKRVSKDWH� UHSODFHPHQW� LQVHFWL�
FLGH� DQG� FRQVLGHUHG� DV� UHGXFH� ULVN� LQVHFWLFLGH�� DQG� UHFHQWO\�
UHJLVWHUHG� IRU� WKH� XVH� RQ� YHJHWDEOHV� WR� FRQWURO� OHSLGRSWHUDQ��
VXFNLQJ� PRXWKSDUWV� SHVWV� DQG� RWKHUV� �:LQJ� HW� DO��� ����� DQG�
8UYDVKL� HW�DO��� �������,QGR[DFDUE�LV�DFWHG�E\�EORFNLQJ�WKH�VR�
GLXP�FKDQQHO�LQ�LQVHFW�QHXURQV��/DKP�HW�DO���������� 

6XJDU�EHHW��SODQW�%HWD�YXOJDULV�/��LV�WKH�PRVW�YLWDO�FURS�
DV�ZHOO�DV�VXJDUFDQH� LQ�(J\SW� UHSUHVHQWLQJ�����RI�VXJDU�SUR�
GXFWLRQ��,Q�(J\SW��WKH�ORZHU�\LHOG�SHU�IHGGDQ�LV�RQH�RI�WKH�PD�
MRU� SURGXFWLRQ� SUREOHPV�� 7KH� FRWWRQ� OHDI� ZRUP� 6SRGRSWHUD�
OLWWRUDOLV��%RLVG���WKDW�KDELWXDOO\�H[WHQVLYH�DWWDFNV�PDQ\�(J\S�
WLDQ�ILHOGV�DQG�RWKHU�FRXQWU\�FURSV�H[FOXVLYHO\�YHJHWDEOHV�OHDG�
WR� ORZHULQJ� \LHOG�� &RQVWDQWO\� DQG� KHDYLO\� LV� LQIHVWLQJ� VXJDU�
EHHW� GXULQJ� WKH� JURZLQJ� VHDVRQ�� 7KH� KLJK� SRSXODWLRQ� GHQVLW\�
UHTXLUHV� LQWHQVLYH� XVH� RI� H[LVWHG� LQVHFWLFLGHV� DIIHFWLQJ� WKH�
JURXQGV� RI� WKH� GHYHORSPHQW� RI� UHVLVWDQFH� WR� PDQ\� UHJLVWHUHG�
SHVWLFLGH� �6DLG� HW� DO�� �������7KH�SHVW�PRQLWRULQJ� LV� WR� JDWKHU�
LQIRUPDWLRQ� RQ� LQVHFW� SHVW� SRSXODWLRQ� VWDWXV� ZLWKLQ� D� OLPLWHG�
WLPH�DQG�VSDFH��VXEVHTXHQWO\��SURYLGH�LQIRUPDWLRQ�IRU�PDNLQJ�
PDQDJHPHQW� GHFLVLRQ� DERXW� GHWHFWLQJ� SHVW� HPHUJHQFH� VSUHDG��
DQG� JHQHUDWLRQV� E\� FRXQWLQJ� VRPH� LQVHFWV� SHU� SODQW� LQWR� WKH�
DUHD�RI�LQYHVWLJDWLRQ���6KHOWRQ� DQG� 7UXPEOH�� �������5HFHQWO\��
DOO� UHVHDUFK� ZRUN� DERXW� WKH� LQVHFWLFLGHV� WKDW� KDYH� D� XQLTXH�
PRGH�RI�DFWLRQ��DQG�HQYLURQPHQWDOO\�IULHQGO\�DQG�OHVV�KDUPIXO�
LV�EHQHILFLDO� WR� UHSUHVHQW�DV�QHZ�DOWHUQDWLYH�FRPSRXQGV� WR� UH�
GXFH� WKH� H[WHQVLYH� SHVWLFLGH� XVHV� DQG� OHVV� SROOXWLQJ� WKH� HQYL�
URQPHQW� �/DKP� HW� DO��� ������� 7KLV�ZRUN�DLPHG� WR� LQYHVWLJDWH�
WKH�ILHOG�HIILFDF\�RI�LQGR[DFDUE�LQVHFWLFLGH�DERXW�LWV�ELRORJLFDO�

KDOI-OLIH�DQG�UHVLGXH�SDWWHUQV�GXULQJ�VXJDU�EHHW�FXOWLYDWLRQ�DQG�
WKH� ILQDO� UHVLGXH� OHYHOV� DW� KDUYHVW� DW� KLJK� LQIHVWDWLRQ� OHYHOV� RI�
WKH�(J\SWLDQ�FRWWRQ�OHDIZRUP�DQG�LWV�GLVVLSDWLRQ�SDWWHUQ�LQ�WKH�
VRLO�LQ�WKLV�JURZLQJ�VHDVRQ� 

��0DWHULDOV�DQG�PHWKRGV 
����,QVHFWLFLGH�DQG�SUHSDUDWLRQV� 

 

,QGR[DFDUE��$YDXQW�����(&��IRUPXODWLRQV�ZHUH�RULJ�
LQDWHG� IURP�(J\SWLDQ�FHQWUDO� DJULFXOWXUDO�SHVWLFLGH� ODERUDWRU\��
7KH� LQVHFWLFLGH� VROXWLRQV� ZHUH� SUHSDUHG� E\� GLOXWLRQ� ZLWK� GLV�
WLOOHG�ZDWHU�DW�WKUHH�GRVHV�WKDW�IUHVKO\�UHTXLUHG�� 

����6XJDU�EHHW�PDWHULDO� 
6XJDU� EHHW� VHHGV� XVHG� LQ� WKLV� VWXG\� LQWURGXFHG� IURP�

6XJDU�&URXS�5HVHDUFK� ,QVWLWXWH��$JULFXOWXUH�5HVHDUFK�&HQWHU��
(J\SW��'HPDSRO\�FXOWLYDU��6HHGV�ZHUH�VDZQ�DW�QXUVHU\�SODQWD�
WLRQ� LQ� ��-��-����� DQG� WUDQVSODQW� LQ� WKH� RSHQ� ILHOG� DW� ��-��-
�����DW�'RNNL�LQ�*L]D�*RYHUQRUDWH��6HHGOLQJV�VRZQ�LQ�KLOOV�����
FP�DSDUW�DQG�HYHU\� WKLUW\�GD\V�IURP�VRZLQJ�IHUWLOL]DWLRQ�ZHUH�
DSSOLHG��7KH�SORWV�ZHUH�LUULJDWHG�HYHU\����GD\V� LQWHUYDOV��6RLO�
VXUIDFH�ZDV� FRYHUHG�E\�KHUELFLGH� DSSOLFDWLRQ� WR� FRQWURO�ZHHG�
DIWHU����GD\V�IURP�VRZLQJ�� 

,QGR[DFDUE�5HVLGXH�$QDO\VLV��'LVVLSDWLRQ�DQG�)LHOG�(IILFDF\�RQ�6XJDU�%HHW�
$SSOLHG�IRU�6SRGRSWHUD�/LWWRUDOLV�,QIHVWDWLRQ 

6GHHN��)D\]D�$��DQG�+DQDQ�6��7DKD 

$JULFXOWXUH�5HVHDUFK�&HQWHU��&HQWUDO�$JULFXOWXUDO�3HVWLFLGH�/DERUDWRU\��'RNNL��*L]D��(J\SW 

$EVWUDFW�� 7KH�VHYHULW\�RI�6SRGRSWHUD�OLWWRUDOLV�IURP�DWWDFNLQJ�HGLEOH�SODQWV�HVSHFLDOO\�YHJHWDEOHV�WKDW�UHTXLUHG�KHDY\�LQVHF�
WLFLGH�DSSOLFDWLRQ��LQVHFWLFLGH�UHVLGXH�DQDO\VLV�PXVW�WDNH�SODFH�WR�VHUYH�KHDOWK�FRPPXQLWLHV��,Q�WKLV�H[SHULPHQW�SHVW�LQIHVWDWLRQV�
PRQLWRULQJ�RQ�WKH�VXJDU�EHHW�SODQWV�SHU�OHDI�ZHUH�FRPSOHWHG�EHIRUH�DQG�GXULQJ�WKH�WKUHH�GRVHV�RI�LQGR[DFDUE�DSSOLFDWLRQ��3HU�
FHQWDJHV�RI�SODQW�GDPDJH�UHGXFWLRQ�GDWD�VKRZHG�IOXFWXDWLRQ�EHWZHHQ�VDPSOHV� UDQJHG�DERXW�PRUH� WKDQ�����UHSUHVHQWLQJ�JRRG�
HIILFDF\�RQ�WKH�WKUHH�OHYHOV�RI�FRQFHQWUDWLRQ�WHVWHG��7KH�UHGXFWLRQ�SHUFHQWDJHV�RI�WKH�6�OLWWRUDOLV�ODUYDH�SHU�OHDI�ZHUH�UDQJHG�EH�
WZHHQ��������WR�����DW���GD\�DIWHU�DSSOLFDWLRQ�WR����DQG��������DW����GD\V�DIWHU���GRVHV�RI�LQGR[DFDUE�DSSOLFDWLRQV��5HVLGXHV�RI�
LQGR[DFDUE�LQ�WKH�URRW��OHDI��DQG�VRLO�ZHUH�DQDO\]HG�XVLQJ�4X(&K(56�PHWKRG��DYHUDJH�UHFRYHULHV�RI�WKH�DOO�VDPSOHV�ZHUH�UDQJHG�
EHWZHHQ���������IRU�VRLOV��������IRU� OHDYHV�DQG��������IRU� URRW��7KH�FDOLEUDWLRQ�FXUYHV�ZHUH�ZLWK�D�JRRG� OLQHDULW\��H[FOXVLYH�
FRQFHQWUDWLRQ�UDQJHV��DQG�KDG�D�FRHIILFLHQW�RI�GHWHUPLQDWLRQ��U���RI�������RU�EHWWHU��7KH� OLPLW�RI�GHWHFWLRQ��/2'��DQG� OLPLW�RI�
TXDQWLILFDWLRQ��/24��RI�WKLV�PHWKRG�ZHUH�LQ������DQG�����ȝJ��J�ORZHU�WKDQ�WKH�PD[LPXP�UHVLGXH�OLPLWV��05/�������7KH�UHVLGXH�
OHYHOV�RI�LQGR[DFDUE�RQ�VXJDU�EHHW�DIWHU�WKUHH�GRVHV�RI�DSSOLFDWLRQ�ZHUH������������XQGHWHFWDEOH�DQG�����������SSP�DW���GD\V�IRU�
OHDI��URRW��DQG�VRLO�DW�WKH�VWDQGDUG�GRVH�RI�DSSOLFDWLRQ��UHVSHFWLYHO\��5HVXOWV�REWDLQHG�ZHUH������������XQGHWHFWDEOH�DQG�����������
IRU�WKH�GRXEOH�GRVH�DQG�ZHUH������������XQGHWHFWDEOH�DQG������������IRU�WKH�WULSOH�GRVH��7KH�DYHUDJH�LQLWLDO�GHSRVLWV�ZHUH�HVWL�
PDWHG�DV������8'�DQG�����SSP�IRU�OHDI��URRW�DQG�VRLO�DQG������8'�DQG������SSP�DQG�������8'�DQG������SSP��UHVSHFWLYHO\��IRU�WKH�
VWDQGDUG�GRVH��GRXEOH�DQG�WULSOH��7KH�ELRORJLFDO�KDOI-OLYHV�RI�LQGR[DFDUE�LQ�VXJDU�EHHW�ZHUH�����������DQG������GD\V�IRU�OHDI��URRW��
DQG�VRLO�UHVSHFWLYHO\��IRU�WKH�VWDQGDUG�GRVH��DQG�WKH�3+,�IRU�URRW�ZDV�DERXW���GD\V�IRU�WKH�VWDQGDUG�DQG�GRXEOH�DSSOLFDWLRQV�DQG���
GD\V�IRU�WKH�WULSOH�GRVH� 

.H\ZRUGV��,QGR[DFDUE��UHVLGXH�DQDO\VLV��GLVVLSDWLRQ��VXJDU�EHHW��6SRGRSWHUD�OLWWRUDOLV��LQIHVWDWLRQ� 
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����([SHULPHQWDO�FRQGLWLRQV� 
7KH� H[SHULPHQWDO� ILHOG� DUHD� ZDV� ����Pð� ZHUH� GLYLGHG�

LQWR� IRXU�SORWV� �HDFK�SORW�ZHUH����Pð����� URZV�DQG����SODQWV��
7KH� SORWV� ZHUH� ODLG� RXW� DV� WKUHH� WUHDWPHQWV�� LQFOXGLQJ� WKUHH�
UHSOLFDWHV� WR� HDFK� WUHDWPHQW� DQG� WKH� FRQWURO� SORW�� ,QVHFWLFLGH�
WUHDWPHQWV�ZHUH�DSSOLHG�ZLWK�WKH�FRPPHUFLDO�SURGXFWV�DFFRUG�
LQJ�WR�WKH�VWDQGDUG�IRU�VXJDU�EHHW�LQ�(J\SW�LQGR[DFDUE��$YXDQW�
���� (&�� DW� VWDQGDUG� GRVH� DSSOLFDWLRQ� RI� ������� P/�IHGGDQ��
������ P/�IHGGDQ� DQG� ������� P/�IHGGDQ� UHSUHVHQWLQJ�
WUHDWPHQW� RQH�� WZR� DQG� WKUHH�� ,QLWLDOO\�� SHVW� VWDWXV�PRQLWRULQJ�
EHJDQ� IURP�WUDQVSODQWLQJ� LQ� WKH�RSHQ� ILHOG�DQG�GXULQJ� WKH�H[�
SHULPHQW�� DQG� WKH�DFWLRQ� WKUHVKROG�RI�DOO�SHVWV�PRQLWRUHG�ZDV�
FRQVLGHUHG��7KH�FRQWURO�SORW�ZDV�PDLQWDLQHG�DW�D�VDIH�GLVWDQFH��
7KH� WUHDWPHQW� LQVHFWLFLGH� ZDV� DSSOLHG� ZKHQ� LQIHVWDWLRQ� E\�
6SRGRSWHUD� OLWWRUDOLV� UHDFKHG� ��� HJJ-PDVVHV�� ���� VXJDU� EHHW�
SODQW�DV�D�WKUHVKROG�OHYHO��$SSOLFDWLRQV�ZHUH�LPSOHPHQWHG�XV�
LQJ�D�NQDSVDFN�VSUD\HU����/�6L]H�ZLWK�D�VSUD\�YROXPH�RI�����/�
P�� RI� D� ILHOG�SODQWHG��'XULQJ� DOO� WKH� H[SHULPHQWDO� SHULRG�� WKH�
DYHUDJH�UHODWLYH�KXPLGLW\�UDQJHG�IURP�����WR������ZLWK�PD[�
LPXP�DQG�PLQLPXP�DYHUDJH�GDLO\�WHPSHUDWXUHV�RI����&�WR�����
&�IURP�2FWREHU������WR�0D\�������UHVSHFWLYHO\�� 

����3HVW�0RQLWRULQJ�DQG�)LHOG�6DPSOLQJ�RI�6��OLW�
WRUDOLV�LQIHVWDWLRQ� 
)RU� GHWHFWLQJ� SODQW� GDPDJH�� SHVW� HPHUJHQFH� SDWWHUQ� RU�

JHQHUDWLRQ� SHDNV�� WKH� UHODWLYH� SRSXODWLRQ� GHQVLWLHV� SHU� DUHD�
PRQLWRULQJ�EHJDQ�IURP�FXOWLYDWLRQ�GDWH�WLOO�GDPDJH�UHDFKHV�WKH�
WKUHVKROG� OHYHO�� $OO� RWKHU� ODUYDH� LQ� WKH� OHSLGRSWHUD� FRPSOH[�
ZHUH�PRQLWRUHG��3HUFHQW�RI�LQIHVWDWLRQ�OHYHO�DQG�SODQW�GDPDJH�
ZHUH� UHFRUGHG� GXULQJ� WKH� JURZLQJ� SHULRG�� 6DPSOHV� ��� SODQWV�
SORWV��� ZHUH� WDNHQ� UDQGRPO\� DQG� SHULRGLFDOO\� WZLFH� D� ZHHN�
EHIRUH� WKUHVKROG� UHDFK� LQIHVWDWLRQ� DQG� DIWHU� WKUHVKROG�� 6XEVH�
TXHQWO\��DIWHU�DSSOLFDWLRQ��VDPSOHV�ZHUH�FROOHFWHG�DW�ILYH�WLPHV��
�����������DQG����GD\V�DIWHU�WUHDWPHQW�DQG�WKHQ�ZHHNO\�WLOO�VLJ�
QLILFDQW�VXUYLYDO�ZDV�REVHUYHG�LQ�ODUYDH�H[SRVHG�WR�WKH�LQVHFWL�
FLGH-WUHDWHG�OHDYHV��3ODQWV�ZHUH�FDUHIXOO\�H[DPLQHG�IRU�FRXQW�
LQJ� WKH� ODUYDH�DW� WKH�SUH�DQG�SRVW-WUHDWPHQW�� DQG� WKH� VXUYLYHG�
ODUYDH�ZHUH� FROOHFWHG� IURP� HDFK� WUHDWPHQW� SORWV� DQG� WDNHQ� WR�
WKH�ODE�IRU�DGXOW�HPHUJHQFH�SHUFHQWDJH�H[SORUDWLRQ�� 

����'DWD�DQDO\VLV� 
7KH� H[SHULPHQW� SODQQHG� DV� FRPSOHWH� EORFN� GHVLJQ�

DERXW�WKUHH�UHSOLFDWH�IRU�HDFK�WUHDWPHQW��'DWD�ZHUH�DQDO\]HG�E\�
DQDO\VLV�RI�YDULDQFH��$129$��XVLQJ�,%0-6366-���VWDWLVWLFDO�
SURJUDPPH��,%0-6366������������0HDQV�RI�WUHDWPHQWV�ZHUH�
VHSDUDWHG�E\�7XNH\�WHVW�DQG�WKH�OHDVW�VLJQLILFDQW�GLIIHUHQFH�WHVW�
DW� ��� OHYHO�� DQG� WKH�/6'�ZDV� XVHG�� ,QGR[DFDUE� HIILFDF\� DQG�
SHUFHQWDJH�RI�SODQW�GDPDJH�UHGXFWLRQ�E\� WUHDWPHQWV�ZHUH�FDO�
FXODWHG�FRPSDULQJ�ZLWK�WKH�FKHFN�XVLQJ�+HQGHUVRQ�DQG�7HOWRQ�
�������IRUPXOD�� 
��UHGXFWLRQV� ��-��WUHDWPHQW�DIWHU�î�FRQWURO�EHIRUH�� WUHDWPHQW�
EHIRUH�î�FRQWURO�DIWHU�[������ 

����$QDO\WLFDO�SURFHGXUHV�IRU�LQGR[DFDUE�LQVHFWL�
FLGH�UHVLGXHV� 
������6DPSOLQJ�RI�OHDYHV� 

$IWHU�WKH�VSUD\�RI�WKH�WHVWHG�LQVHFWLFLGH��VDPSOHV�RI�VXJDU�
EHHW� OHDYHV�ZHUH� WDNHQ� UDQGRPO\� IURP�HDFK� UHSOLFDWH�DW� LQWHU�
YDOV�RI�]HUR�WLPH����K�DIWHU�DSSOLFDWLRQ����������DQG���GD\V��DQG�
VWRUHG�DW�–���&�XQWLO�XVHG�IRU�DQDO\VLV��� 
�������6DPSOLQJ�RI�VRLO�DQG�URRWV� 

5HSUHVHQWDWLYH� VDPSOHV� RI� VRLO� DQG� URRWV� ZHUH� FROOHFWHG�
UDQGRPO\�IURP�WKH�GHSWK�DW���FP�IURP�WKH�DUHD�XQGHU�WKH�WUHDW�

HG�RU�XQWUHDWHG�SODQWV�DW�LQWHUYDOV�RI�]HUR-GD\���K�DIWHU�DSSOLFD�
WLRQ��� ��� ��� �� DQG� �� GD\V�� DQG� VWRUHG� DW�–��� �&� XQWLO� XVHG� IRU�
DQDO\VLV��$OVR�DW�KDUYHVW������GD\V�IURP�VRZLQJ���URRW�VDPSOH�
IURP�HDFK�SORW�ZDV�XVHG�WR�HVWLPDWH�WKH�LQGR[DFDUE�UHVLGXH�RQ�
URRW�\LHOGV� 

����([WUDFWLRQ�DQG�FOHDQ�XS��,QGR[DFDUE� 
������5HDJHQW�DQG�FKHPLFDOV 

,QGR[DFDUE� UHIHUHQFH� VWDQGDUG� �������� SXULW\�� ZDV� SXU�
FKDVHG� IURP�'U��(KUHVWRUIHU�$XJVEXUJ��*HUPDQ\��$OO�RUJDQLF�
VROYHQWV�XVHG�LQ�WKLV�ZRUN�ZHUH�RI�+3/&�DQDO\WLFDO�JUDGH�DQG�
SXUFKDVHG�IURP�6FKDUODX��%DUFHORQD��6SDLQ���6ROYHQWV�VXLWDELO�
LW\�ZHUH�HQVXUHG�E\�UXQQLQJ�WKH�UHDJHQW�EODQN�DORQJ�ZLWK�DFWX�
DO� DQDO\VLV�� $QDO\WLFDO� JUDGH� VRGLXP� FKORULGH� ZDV� REWDLQHG�
IURP�(O-1DVHU� 3KDUPDFHXWLFDO�&KHPLFDOV� &R�� �&DLUR��(J\SW���
$QDO\WLFDO�JUDGH�DQK\GURXV�PDJQHVLXP�VXOIDWH�ZDV�SXUFKDVHG�
IURP�0HUFN��*HUPDQ\���DQG�DFWLYDWHG�E\�KHDWLQJ�DW�����&�IRU�
��K�LQ�D�PXIIOH�IXUQDFH��7KHQ�LW�ZDV�FRROHG�DQG�NHSW�LQ�D�GHVLF�
FDWRUV
�EHIRUH�XVH��*UDSKLWL]HG�FDUERQ�EODFN��*&%��DQG�SULPD�
U\�� VHFRQGDU\� DPLQH� �36$�� ��� �P� %RQGHVLO�� ZHUH� REWDLQHG�
IURP�6XSHOFR��%HOOHIRQWH��3$�� 
������4X(&K(56�PHWKRGV��IRU�UHVLGXH�DQDO\VLV� 

7KH�4X(&K(56�PHWKRG�KDV�GLVWLQJXLVKDEOH�DGYDQWDJHV�DV�
7DNNDU� DQG� PDQ\� VFLHQWLVWV� VDLG� WKDW� D� UDSLG�� VLPSOH� DQG� DQ�
HIILFLHQW�PHWKRG�IRU� WKH�GHWHUPLQDWLRQ�RI� LQGR[DFDUE� LQ�FDXOL�
IORZHU� DQG� VRLO� VDPSOHV� ZDV� GHYHORSHG� DQG� YDOLGDWHG� XVLQJ�
4X(&K(56�WHFKQLTXH��4XLFN��(DV\��&KHDS��(IIHFWLYH��5XJJHG�
DQG�6DIH��7DNNDU�HW�DO����������� 
��������([WUDFWLRQ��� 

7KH�VDPSOHV�ZHUH�FRPPLQXWHG�XVLQJ�WKH�ODERUDWRU\�EOHQG�
HU�� DQG� UHSUHVHQWDWLYH� KRPRJHQL]HG� ���J�� RI� HDFK� ZDV� WKHQ�
SODFHG�LQWR����P/�SRO\HWK\OHQH�WXEH��6DPSOHV�ZHUH�H[WUDFWHG�
DQG�FOHDQHG�XS�LPPHGLDWHO\�DIWHU�VDPSOLQJ��)LIWHHQ�P/�RI�DFH�
WRQLWULOH�	���DFHWLF� DFLG�ZHUH� DGGHG� WR� HDFK� WXEH��7KH� VDP�
SOHV�ZHUH�ZHOO�VKDNHQ�XVLQJ�D�YRUWH[�PL[HU�DW�PD[LPXP�VSHHG��
$IWHUZDUGV����J�RI�DQK\GURXV�PDJQHVLXP�VXOIDWH�DQG�����J�RI�
VRGLXP�FKORULGH�ZHUH�DGGHG��WKHQ�H[WUDFW�E\�VKDNLQJ�YLJRURXV�
O\�RQ�YRUWH[�IRU���PLQ�DQG�FHQWULIXJHG�IRU����PLQ�DW�������USP�
�+DVVDQ�HW�DO��������� 
���������&OHDQLQJ-XS�� 

$Q�DOLTXRW�RI���P/�ZDV� WUDQVIHUUHG�IURP�WKH�VXSHUQD�
WDQW� WR�D�QHZ�FOHDQ���-P/�FHQWULIXJH�WXEH�FRQWDLQLQJ�����PJ�
36$�DQG�����PJ�DQK\GURXV�PDJQHVLXP�VXOIDWH��7KH�VDPSOHV�
ZHUH�DJDLQ�YRUWH[HG�IRU���PLQ�DQG�WKHQ�FHQWULIXJHG�IRU����PLQ�
DW� ������ USP��$Q� DOLTXRW� RI� ��P/�ZDV� ILOWHUHG� WKURXJK� D� ����
�P�37)(�ILOWHU��0LOOLSRUH��86$���7KH�VDPSOH�ZDV�WKHQ�UHDG\�
IRU� WKH� ILQDO� DQDO\VLV� LQ� /&� V\VWHP� �$QDVWDVVLDGHV� DQG� /H�
KRWD\�������� 
���������+3/&�DQDO\VLV� 

7KH�PHDVXUPHQWV�ZHUH�SHUIRUPHG�ZLWK�DQ�$JLOHQW������
+3/&�V\VWHP� �86$���ZLWK�TXDWHUQDU\�SXPS��PDQXDO� LQMHFWRU�
�5KHRG\QH���WKHUPRVWDW�FRPSDUWPHQW�IRU�WKH�FROXPQ�DQG�SKR�
WRGLRGH�DUUD\�GHWHFWRU��7KH�FKURPDWRJUDSKLF�FROXPQ�ZDV�&���
=RUED[�;'(������PP�[�����PP�����P���7KH�FROXPQ�ZDV�NHSW�
DW� URRP� WHPSHUDWXUH�� 7KH� IORZ� UDWH� RI� PRELOH� SKDVH�
�DFHWRQLWULOH�ZDWHU� �������Y�Y��ZDV�����P/�PLQ��� DQG� WKH� LQ�
MHFWLRQ� YROXPH� ZDV� ��� �/�� 'HWHFWLRQ� ZDYHOHQJWK� RI� LQGR[D�
FDUE�ZDV�VHW�DW�����QP��7KH�UHWHQWLRQ�WLPH�RI�LQGR[DFDUE�ZDV�
�����PLQ��5HVLGXHV�ZHUH�HVWLPDWHG�E\�FRPSDULVRQ�RI�WKH�SHDN�
DUHD�RI�VWDQGDUGV�ZLWK�WKDW�RI�WKH�XQNQRZQ�RU�VSLNHG�VDPSOHV�
UXQ�XQGHU�LGHQWLFDO�FRQGLWLRQV�� 
�5HFRYHU\�YDOXH� ��J�LQVHFWLFLGH��J�VDPSOH�IRXQG���J�LQVHFWL�
FLGH��J�VDPSOH�DGGHG� 



(J\SWLDQ�6FLHQWLILF��-RXUQDO�RI�3HVWLFLGHV���������������-��  ZZZ�HVMSHVWLFLGHV�RUJ�HJ 

ϵ 

��������,QVHFWLFLGH�UHVLGXH�FDOFXODWLRQ� 
7KH� UHVLGXHV�ZHUH�FDOFXODWHG�E\�DSSO\LQJ� WKH� IROORZLQJ� HTXD�
WLRQ�RI�0ROOKRII�������� 
�����������������������������SSP SV�%��9��SVW��*�&�)����������:KHUH��������������������� 
) ����5�����UHFRYHU\�IDFWRU������SVW VWDQGDUG�SHDN�DUHD 
5 DYHUDJH�RI�UHFRYHU\��� ���� � � � � � �9 ILQDO�RI�WKH�VDPSOH�VROX�

WLRQ���PO�� 
SV� �VDPSOH�SHDN�DUHD���������������% �DPRXQW�LQMHFWHG�RI�VWDQG�

DUG�VROXWLRQ��QJ� 
* �VDPSOH�ZHLJKW��J��������������& DPRXQW�RI�VDPSOH�VROXWLRQ�

LQMHFWHG�� 
���������+DOI-OLIH�&DOFXODWLRQ� 

+DOI-OLIH�WLPH��W�����RI�LQGR[DFDUE�UHVLGXHV�ZHUH�FDOFXODW�
HG�DFFRUGLQJ�WR�0R\H�HW�DO�� ��������7KH�GLVVLSDWLRQ�NLQHWLFV�RI�
LQGR[DFDUE� UHVLGXHV�ZHUH�GHWHUPLQHG�E\�SORWWLQJ� UHVLGXH�FRQ�
FHQWUDWLRQ� DJDLQVW� HODSVHG� WLPH� DIWHU� DSSOLFDWLRQ� DQG� HTXDWLRQ�
RI�WKH�EHVW�FXUYH�ILW�ZLWK�PD[LPXP�FRHIILFLHQWV�RI�GHWHUPLQD�
WLRQ��5���ZDV�GHWHUPLQHG��)RU�GLVVLSDWLRQ�RI�LQVHFWLFLGH�LQ�VXJ�
DU� EHHW� DQG� VRLO�� ZDV� FRQVLVWHQWO\� DSSOLFDEOH� WR� WKH� NLQHWLFV�
HTXDWLRQ����&W &�H

-NW� 
:KHUH�&W� UHSUHVHQWV� WKH� FRQFHQWUDWLRQ� RI� WKH� SHVWLFLGH�

UHVLGXH�DW� WKH�WLPH�RI� W��&��UHSUHVHQWV� WKH�LQLWLDO�GHSRVLWV�DIWHU�
DSSOLFDWLRQ� DQG� N� LV� WKH� FRQVWDQW� UDWH� RI� SHVWLFLGH� GLVDSSHDU�
DQFH�SHU�GD\��)URP�WKLV�HTXDWLRQ��WKH�GLVVLSDWLRQ�KDOI-OLIH�SHUL�
RGV��W���� �/Q�����N��RI�WKH�VWXGLHG�LQVHFWLFLGH� 

��5HVXOWV�DQG�'LVFXVVLRQV 
����7KH� ILHOG�SHUVLVWHQFH�RI� WKH� WHVWHG�FRPSRXQG�

UHVLGXHV� 
3HUFHQWDJHV� RI� SODQW� GDPDJH� UHGXFWLRQ� GDWD� ZHUH� LQ�

7DEOH������DQG�VKRZHG�XS�DQG�GRZQ�IOXFWXDWLRQ�EHWZHHQ�VDP�
SOHV�RI�GD\V�DIWHU�DSSOLFDWLRQ��EXW�FOHDUO\��PRVW�RI�YDOXHV�ZHUH�
PRUH� WKDQ�����UHSUHVHQWLQJ�JRRG�HIILFDF\�RQ� WKH� WKUHH� OHYHOV�
RI� LQGR[DFDUE� FRQFHQWUDWLRQV� WHVWHG� DQG� WKH� LQFLGHQFH� RI� WKH�
SODQW�GDPDJH��7DEOH�����VKRZ�WKH�UHGXFWLRQ�SHUFHQWDJH�RI� WKH�
6�OLWWRUDOLV� ODUYDH� SHU� OHDI� FDOFXODWHG� ZLWK� +LQGHUVRQ� DQG�
7LOWRQ� HTXDWLRQ� �������� DQG� UHVXOWV� ZHUH� UDQJHG� EHWZHHQ�
�������WR�����DW���GD\�DIWHU�DSSOLFDWLRQ�WR����DQG��������DW����
GD\V� DIWHU� DSSOLFDWLRQ��5HVXOWV� SURYHG� WKDW� WKH� HIILFDF\� RI� LQ�
GR[DFDUE�DJDLQVW�6��OLWWRUDOLV�RQ�VXJDU�EHHW�SODQW�ZDV�GHFUHDVHG�
WR� ���� DIWHU� WZR�ZHHNV� IURP� WKH� ILUVW� DSSOLFDWLRQ� WKDW� QHHGV�
DQRWKHU� DSSOLFDWLRQ� WR� JHW� ,%0-6366� ��� FRPSXWHU� SURJUDP�
$129$� PXOWLYDULDWH� EDVHG� /HYHQ¶V� WHVW�� 'XQFDQ� DQG� ILW� RI�
PHDQ� GLIIHUHQFHV� VKRZHG� VLJQLILFDQW� GLIIHUHQFHV� ZHUH� IRXQG�
EHWZHHQ� WKH� WKUHH� FRQFHQWUDWLRQV�� HDFK� RWKHU¶V�� DQG� EHWZHHQ�
VDPSOH� GD\V� LWVHOI� DQG� EHWZHHQ� WUHDWPHQW� DJDLQVW� FRQWURO� DV�

IROORZV��) �������') ��DQG�6LJ ���������) �������') ��DQG�
6LJ ��������DQG��) �������') ���DQG�6LJ �������UHVSHFWLYHO\� 

7KH�HIILFDF\�RI�DQ\�DSSOLFDWLRQ�PXVW�EH�DIIHFWHG�E\�WKH�
GXUDWLRQ�RU�SHUVLVWHQFH�RI� WKH� UHVLGXDO�HIIHFW�RI� WKH�SURSHU� LQ�
VHFWLFLGH�DSSOLFDWLRQ�WKDW�DOZD\V�DIIHFWHG�E\�WUHDWPHQW�QXPEHU�
UHTXLUHG� IRU����GD\V� WR�DIIHFW� HPHUJHG�PRWKV�DQG� WKH� LQVHFWL�
FLGH�GRVH-PRUWDOLW\�UHVSRQVH�IRU�WKH�VSHFLILF�SHVW�� 
�,Q�JHQHUDO�� WKH�HIILFDFLHV�RI�PRVW�RI�WKH�LQVHFWLFLGH�WR�FRQWURO�
PDLQ�SHVWV�ZHUH�PRUH�WKDQ������1DJDO�HW�DO�� �������SRLQW�WKDW�
WKH� HIILFDF\� RQ� 6SRGRSWHUD� OLWXUD� RQ� EHOO� SHSSHU� VKRZHG� WKH�
KLJKHVW� PHDQ� UHGXFWLRQ� ZDV� UHFRUGHG� LQ� IOXEHQGLDPLGH�
����������IROORZHG�E\�HPDPHFWLQ�EHQ]RDWH�����������LQGR[D�
FDUE� ���������� ELIHQWKULQ� ��������� DQG� FKORUDQWUDQLOLSUROH�
����������6DJKIL� DQG� 9DOL]DGHJDQ� ������� VWXG\� HIIHFWV� RI�
S\ULGDO\O� RQ� 6SRGRSWHUD� H[LJXD� LQVWDUV� ODUYDH� ORVV� RQ� VXJDU�
EHHW�SODQWV�JURZQ�LQ�SRWV��ZHUH�������������DQG������UHVSHF�
WLYHO\�DW�/&���ZDV����������DQG������SSP��UHVSHFWLYHO\��HVWL�
PDWHG�DIWHU����K�RI�WUHDWPHQW��$OO�WKH�UHVXOW�SUHVHQW�ZHUH�OHDGV�
WR�WKH�PDLQ�SRLQW�WKDW�WKH�DSSOLFDWLRQ�WR�FRQWURO�6��VSHFLHV�PXVW�
EH�LQ�YLWDO�DJHV�� 

,QVHFWLFLGH� HIILFDF\�PD\� GLIIHU� EHWZHHQ� HDFK� JURXS� RI�
FKHPLFDOV�RWKHU�DV�ZHOO� DV�6DLG� HW� DO�� �������� LQ�D� VXJDU�EHHW�
ILHOG� VWXG\� WKH� HIILFLHQF\� RI� WKH� ELRFLGHV� DJDLQVW�6�� OLWWRUDOLV�
ZHUH� FRPSDUHG� DQG� DUUDQJHG� DV� IROORZV� YLUXVHW�� DJHULQ��
EURIHFW��SURWHFWR��������������������������������UHGXFWLRQ�LQ�
WKH� LQLWLDO� NLOO� DIWHU� ILYH� GD\V�� UHVSHFWLYHO\�� EXW� ODQQDWH�� FRUG��
DQG� IOD[H�ZLWKLQ�HOHYHQ�GD\V�DIWHU� WUHDWPHQW�ZDV�SHUPDQHQWO\�
HTXDO�������UHGXFWLRQ�� UHVSHFWLYHO\��EXW� ,*5
6�� WRSRURQ�� UXQ�
QHU��DQG�GHPHOLQ�ZHUH�JDYH�DURXQG������UHGXFWLRQ��UHVSHFWLYH�
O\��DIWHU�RQH�GD\�RI�WUHDWPHQW��,EUDKLP��������FRQGXFWHG�HIILFD�
F\� H[SHULPHQW� DW� VXJDU� EHHW� ILHOGV� LQ� WZR� VHDVRQ� DW� 6KHQQR�
YLOODJH� �.DIU� (O-� 6KHLNK� *RYHUQRUDWH�� SURYHG� WKDW� ,*5¶V�
FDXVHG�KLJK� UHGXFWLRQV� LQ�6�OLWWRUDOLV� ODUYDH�SRSXODWLRQV�DERXW�
������ DQG� ������� DV� ZHOO� DV� WKH� FRQYHQWLRQDO� RQH� ���������
EXW�SURYLGHG�ORZ�UHGXFWLRQ�LQ�QDWXUH�HQHP\�� 

����,QGR[DFDUE� 5HVLGXHV� LQ� VXJDU� EHHW� OHDYHV��
URRWV��DQG�VRLO�� 
7KH� H[FHOOHQW� VHQVLWLYLW\� DQG� VHOHFWLYLW\� RI� DQ\�PHWKRG�

GHSHQGHG�RQ� WKH�SUHFLVH�TXDQWLWDWLRQ�DQG� LGHQWLILFDWLRQ�DW� ORZ�
OHYHOV�ZLWK�D�PLQLPXP�UXQ�WLPH��LQVHFWLFLGH�UHFRYHU\�OHYHO�DQG�
FDOLEUDWLRQ�FXUYH�OLQHDULW\�DQG�DFFXUDWH� 
������,QGR[DFDUE� 5HFRYHU\� OHYHO� LQ� VXJDU� EHHW� OHDI�� URRW��

DQG�VRLO�� 
'DWD�SHUFHQWDJH�RI�LQGR[DFDUE�UHFRYHU\�IURP�SODQW�OHDI�

DQG�VRLO�ZHUH�GHPRQVWUDWHG� LQ�D� WDEOH� �����$YHUDJH�UHFRYHULHV�
RI�VSLNHG�VDPSOHV�ZHUH���������IRU�VRLOV��������IRU�OHDYHV�DQG� 

3ODQW�GDPDJH�UHGXFWLRQ�SHUFHQWDJH�DW�LQGLFDWHG�GD\V�DIWHU�LQGR[DFDUE�WUHDWPHQW��'$7�GXULQJ����� 

WUHDWPHQWV �'$7����)HE� �'$7����)HE� ��'$7���PDU� ��'$7���PDU� ��'$7���PDU� ��'$7���PDU� 

�������PO�IHGGDQ �� ����� ����� ���� ���� �� 
������PO�IHGGDQ �� �� ����� ���� �� ���� 
�������PO�IHGGDQ ����� ����� �� �� ���� ���� 

'$7 
 

7DEOH������5HGXFWLRQ�SHUFHQWDJHV�RI�3ODQW�GDPDJH�FRQIHUULQJ�6�OLWWRUDOLV�VWDWXV� 

5HGXFWLRQ�SHUFHQWDJHV���6(��RI�6SRGRSWHUD�OLWWRUDOLV�/DUYDH�DW�LQGLFDWHG�GD\V�DIWHU�WUHDWPHQW�GXULQJ����� 

WUHDWPHQWV ��)HE��' ��)HE��' ��0DU���' �0DU���' ��0DU���' ��$GXOW�
HPHUJHQFH <LHOG:HLJKW 

�������PO�IHGGDQ ��������� ���������D ��������� �������� �������� ��������� ���WRQ�IHG 
�����PO�IHGGDQ �����D ��������� ��������� �������� �������� �������� ���WRQ�IHG 
������PO�IHGGDQ �����D ���������D ��������� �������� �������� �������� ���WRQ�IHG 

&RQWURO -- -- -- -- -- ��������� ����WRQ�IHG 

'DWHV 

7DEOH������,QGR[DFDUE�HIILFDF\�DW�WKUHH�GRVHV�RQ�6��OLWWRUDOLV�LQIHFWHG�VXJDU�EHHW�SODQW� 

0HDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��7XNH\¶V�+6'��Į� ������ 
0HDQV�DQG�VWDQGDUG�HUURU�DUH�H[SUHVVHG�DV�SHUFHQWDJH�UHGXFWLRQ�RI�6�OLWWRUDOLV�� 



6GHHN�DQG�7DKD 

�� 

7DEOH������5HFRYHU\�DQG�6SLNH�OHYHO�RI�WKH�DQDO\WLFDO� 
PHWKRG�IRU�LQGR[DFDUE�LQ�VXJDU�EHHW� 

����� �� IRU� URRW�� 7KHVH� UHVXOWV� ZHUH� VLPLODU� WR� PRVW� RI� WKH�
EURDGFDVWHG� UHVXOWV� UHFRUGHG� E\� 8UYDVKL� HW� DO� �������� LQ�
LQGR[DFDUE�UHVLGXHV�LQ�FDEEDJH�IROORZLQJ�WKUHH�DSSOLFDWLRQV�RI� 
,QGR[DFDUE�DW������DQG�������J�D�L��KD��7KH�DYHUDJH�UHFRYHULHV�
RI�LQGR[DFDUE�RQ�FDEEDJH�IRU�IRUWLILFDWLRQ�OHYHOV�RI������������
DQG�����PJ�NJ�ZHUH�REVHUYHG�WR�EH��������������DQG���������
UHVSHFWLYHO\�� 7KLV� SURSRVHG�PHWKRG� ZDV� VXFFHVVIXOO\� DSSOLHG�
WR�GLIIHUHQW� IUXLW� VDPSOHV��DQG�VDWLVIDFWRU\�UHFRYHULHV�� UDQJLQJ�
IURP����WR��������ZHUH�REWDLQHG��EHVLGHV�WKH�UHODWLYH�VWDQGDUG�
GHYLDWLRQV� �56'V���ZHUH� LQ� WKH� UDQJH�RI����–������ �%HGDVVD�
HW�DO��������� 

�������&DOLEUDWLRQ�FXUYH�� 
,Q� WKLV� VWXG\�� WKH� FDOLEUDWLRQ� FXUYH�ZDV� EXLOGLQJ� XVLQJ�

WKH� VXJDU� EHHW� VDPSOH�ZLWK� D� JRRG� OLQHDULW\� �)LJ�� ������ H[FOX�
VLYH�FRQFHQWUDWLRQ�UDQJHV��DQG�KDG�D�FRHIILFLHQW�RI�GHWHUPLQD�
WLRQ� �U��� RI� ������ 7KH� OLPLWV� RI� GHWHFWLRQ� �/2'�� DQG� OLPLW� RI�
TXDQWLILFDWLRQ��/24��RI�WKLV�PHWKRG�ZHUH������DQG�����PJ�NJ��
UHVSHFWLYHO\��ZKLFK�ORZHU�WKDQ�WKH��05/������PJ�NJ� LQ�VXJDU�
EHHW�URRW��()6$��������� 

,Q� WKLV� UHVSHFW��8UYDVKL� HW� DO�� ������� SURYHG� WKDW� WKH�
/24� IRU� LQGR[DFDUE� RQ� FDEEDJH�ZDV� �����PJ�NJ��7KH� LQLWLDO�
GHSRVLWV� ZHUH� ����� DQG� ����� PJ� NJ-��� UHVSHFWLYHO\�� DW� VLQJOH�
DQG�GRXEOH� WKH�DSSOLFDWLRQ� UDWH��7KHVH� UHVLGXHV�GLVVLSDWHG�EH�
ORZ�LWV�/24�RI������PJ�NJ-�DIWHU���DQG����GD\V��UHVSHFWLYHO\��
DW� VLQJOH� DQG� GRXEOH� GRVDJHV� DQG� WKH� +DOI-OLIH� RI� WKHP� ZDV�
�����DQG������GD\V��UHVSHFWLYHO\� 
�������'LVVLSDWLRQ�RI�,QGR[DFDUE�LQ�VXJDU�EHHW� 

7KH�SUHVHQW�VWXG\�KDV�VFUHHQHG�WKH�OHYHO�RI�LQGR[DFDUE�
UHVLGXHV�LQ�VXJDU�EHHW�URRW�VDPSOHV�DW�KDUYHVW�DQG�LPPHGLDWHO\�
DIWHU�DSSOLFDWLRQ�DQG�LQWHUYDOV�WR�DVVHVV� WKH�GDQJHU�RI�WKH�SUH�
VHQW�UHVLGXHV�WR�WKH�FRQVXPHU��7KH�UHVLGXH�OHYHOV�RI�LQGR[DFDUE�
RQ�VXJDU�EHHW�DIWHU�WKUHH�OHYHOV�RI�DSSOLFDWLRQ�ZHUH�GHPRQVWUDW�
HG�LQ�WDEOHV�������DQG�����7KHVH�WDEOHV�VKRZ�WKDW�YDOXHV�RI� LQ�
GR[DFDUE�UHVLGXHV�ZHUH��������������XQGHWHFWDEOH��DQG��������
�����SSP�DW���GD\V�IRU�OHDI��URRW��DQG�VRLO�DW�WKH�VWDQGDUG�GRVH�
RI� DSSOLFDWLRQ�� 2WKHUZLVH�� LQGR[DFDUE� UHVLGXHV� LQ� URRWV� ZHUH�
GHWHFWHG�DIWHU����KRXUV�RI�DSSOLFDWLRQ�� LW�ZDV�����������SSP��
7KLV� FRXOG� EH� UHJDUGHG� DV� WKH� IDFW� WKDW� LQGR[DFDUE� GLG� QRW�
VSUD\�GLUHFWO\�RQ�WKH�URRW��7KH�UHVXOWV�ZHUH��������������XQGH�

)LJ� ����� /LQHDULW\� RI� ,QGR[DFDUE� FDOLEUDWLRQ� FXUYH� DW� �-��
QJ�P/�RI�FRQFHQWUDWLRQV�� 

WHFWDEOH��DQG�������������IRU�WKH�GRXEOH�GRVH��RWKHUZLVH�LW�ZDV�
�����������SSP�LQ�VXJDU�EHHW�URRW�DIWHU�RQH�GD\�RI�DSSOLFDWLRQ��
6DPH�REVHUYDWLRQV�ZHUH�REVHUYHG�IRU� LQGR[\FDUE�UHVLGXHV�DI�
WHU�WKH�WULSOH�GRVH�RI�DSSOLFDWLRQ�ZKHUH�LW�ZDV������������XQGH�
WHFWDEOH�� DQG� ����� ������ SSP� DQG� ���������� LQ� URRW� DIWHU� ���
KRXUV�RI�DSSOLFDWLRQ��/LNHZLVH�ILJXUHV��������DQG����VKRZV� WKH�
GLVVLSDWLRQ�EHKDYLRU�RI�LQGR[DFDUE�RQ�VXJDU�EHHW�OHDI��URRW��DQG�
VRLO� ZLWK� WKH� WKUHH� WHVWHG� GRVHV� IRU� WKH� VWDQGDUG� GRVH� �������
P/�IHGGDQ�� GRXEOH� ������ PO�IHGGDQ� DQG� WULSOH� ������� P/�
IHGGDQ�� 

7KH� ELRORJLFDO� KDOI-OLYHV� RI� LQGR[DFDUE� LQ� VXJDU� EHHW�
ZHUH�������� ������ DQG�������GD\V� IRU� OHDI�� URRW�� DQG� VRLO�� UH�
VSHFWLYHO\� IRU� WKH� VWDQGDUG� GRVH�� $OWKRXJK� GLIIHUHQW� DSSOLHG�
FRQFHQWUDWLRQ�DQG�SHVWLFLGH�DSSHDUHG�LQ�WKH�WHVWHG�VDPSOHV��LW�LV�
QRWLFHG�WKDW�WKHUH�LV�LQVLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�FDOFX�
ODWHG�KDOI-OLYHV� LQ� WKH� VWXGLHG�SDUDPHWHUV��7KLV� UHVXOW�ZDV� WRR�
VPDOOHU� WKDQ� WKDW� UHFRUGHG� E\�$GULDQD� �������� ZKR� UHSRUWHG�
WKDW� ILHOG� GLVVLSDWLRQ� KDOI-OLYHV� RI� LQGR[DFDUE� DUH� YDULDEOH��
UDQJLQJ�IURP����WR�����GD\V��7KLV�FRXOG�EH�DV�D�UHVXOW�RI�PL�
FURELDO�GHJUDGDWLRQ�RI�LQGR[DFDUE�ZKLFK�LV�DQ�LPSRUWDQW�GHJUD�
GDWLRQ�SDWKZD\�LQ�WKH�VRLO��,QGR[DFDUE�XQGHUJRHV�UDSLG�GHFRP�
SRVLWLRQ�LQ�WHUUHVWULDO�HQYLURQPHQWV�WKURXJK�PLFURELDO�GHJUDGD�
WLRQ� �%UXJJHU�� ������� 2WKHUZLVH�� LQ� VLPXODWHG� VXQOLJKW�� WKH�
+DOI-OLIH�ZDV�����GD\V��)$2�� �������$IWHU�GRXEOH�GRVH�DSSOL�
FDWLRQ�� WKH� KDOI-OLYHV� ZHUH� ������� ������ DQG� ����� GD\V� IRU�
OHDYHV��DQG�URRWV��UHVSHFWLYHO\��7DEOH�����DQG�)LJ��������2WKHU�
ZLVH�� LQ� WULSOH� GRVHG� VDPSOHV�� LW� ZDV� ������� ������ DQG� ������
GD\V��WDEOH�����DQG�)LJ��������7DEOH�����VKRZHG�WKDW� LQ�FDVH�RI�
UHFRPPHQGHG�GRVH�DV�ZHOO� DV� LQ�GRXEOH�GRVH�� WKH�3+,�ZDV���
GD\V� LQ� OHDYHV��VRLO�DQG�URRWV�ZKHUH� WKH�UHVLGXH�ZDV� OHVV� WKDQ�
05/����� PJ�NJ��� 2WKHUZLVH�� LI� GRVH� DSSOLHG� PRUH� WKDQ� WKH�
UHFRPPHQGHG�GRVH�RU�GRXEOH��WKLV�IRUFHG�IDUPV�WR�LQFUHDVH�WKH�
VDIH�WLPH�IRU�FURS�FROOHFWLRQ���GD\V���� 

7KHVH� UHVXOWV� ZHUH� VLPLODU� WR� VRPH� UHVHDUFKHV� DURXQG�
LQGR[DFDUE�UHVLGXHV��DV�<RRQ�HW�DO�� ��������ZKR�VWDWHG�WKDW�WKH�

6DPSOHV 6SLNH�OHYHO���PJ�NJ� ��5HFRYHU\ $YHUDJH 
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��,QVLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�GLIIHUHQW�KDOI-OLYHV�XVLQJ�Ȥ��SURED�
ELOLW\�WHVW�DW�3���������8'�XQGHWHFWDEOH� 

'D\ 
6DPSOH 

/HDI 5RRW 6RLO 

� ��������� 8' ��������� 
� ��������� ��������� ��������� 
� ��������� ��������� ��������� 
� ����� �������� ��������� 
� ����� ����� ��������� 

+DOI-OLIH ������GD\ ������GD\ ������GD\ 
3+, ��GD\ �GD\ ------- 
Ȥ� ��������� 

7DEOH������,QGR[DFDUE�UHVLGXHV�DIWHU�GRXEOH�GRVH�DSSOLFD�
WLRQ��SSP��

 
��,QVLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�GLIIHUHQW�KDOI-OLYHV�XVLQJ�Ȥ��SURE�
DELOLW\�WHVW�DW�3���������8'�XQGHWHFWDEOH� 

'D\ /HDI 5RRW 6RLO 

� ��������� 8' ��������� 
� ��������� ��������� ��������� 
� ���������� ��������� ��������� 
� ���������� ��������� ���������� 
� ���������� ���������� ��������� 

+DOI-OLIH ������GD\ ������GD\ �����GD\ 
3+, �GD\ �GD\ ------ 
Ȥ� �������� 

6DPSOH 



(J\SWLDQ�6FLHQWLILF��-RXUQDO�RI�3HVWLFLGHV���������������-��  ZZZ�HVMSHVWLFLGHV�RUJ�HJ 

ϭϭ 

ELRORJLFDO� KDOI-OLYHV� RI� LQGR[DFDUE� LQ� FDXOLIORZHU� ZHUH� �����
GD\V�IRU�WKH�VWDQGDUG�GRVH��DQG������GD\V�IRU�WKH�GRXEOH�GRVH��
UHVSHFWLYHO\�� 7KH� LQLWLDO� DQG� SHUVLVWLQJ� FRQFHQWUDWLRQV� RI� LQ�
GR[DFDUE� ZHUH� DOO� EHORZ� WKH�05/� IRU� EURFFROL� ����� PJ�NJ���
7DNNDU��������IRXQG�WKDW�UHFRYHU LHV�DW�IRXU �FRQFHQWUDWLRQV�
RI� ������ ������ ���� DQG� ���� PJ�NJ� UDQJHG� IURP� ���� WR� ����
ZHUH� DFKLHYHG�� WKH� LQLWLDO� GHSRVLWV� RI� ����� DQG� ����� PJ�NJ�
ZHUH�REVHUYHG�DIWHU�ODVW�DSSOLFDWLRQ�RI�LQGR[DFDUE�DW������DQG�
������J�D�L���KD�DW�UHFRPPHQGHG�DQG�GRXEOH�WKH�UHFRPPHQGHG�
GRVDJHV��UHVSHFWLYHO\���6KLP�HW�DO����������&KORUIOXD]XURQ�ZDV�
VSUD\HG�RQWR�SHDU�WUHHV�DW� WKH�UHFRPPHQGHG�GRVH��UHVLGXH�GH�
WHUPLQDWLRQ�ZDV�HYLGHQFHG�E\�LWV�JRRG�OLQHDULW\��!�������LQ�WKH�
FRQFHQWUDWLRQ�UDQJH�EHWZHHQ������DQG����ȝJ�P/��7KH�UHFRYHU�
LHV�DW�WZR�GLIIHUHQW�IRUWLILFDWLRQ�OHYHOV�ZHUH������DQG������SSP��
UDQJHG�IURP������������WR������������� 

&RQVLGHULQJ� WKH� UHVLGXHV� RI� WKH� WHVWHG� FRPSRXQG� LQ�
VXJDU�EHHW� URRWV�DW� KDUYHVW� WLPH�� LW�ZDV� IRXQG� WKDW� QR� LQVHFWL�
FLGH� UHVLGXHV� FRXOG�EH�GHWHFWHG� LQ� WKHVH� URRWV��6R�� VXJDU� EHHW�
URRWV�DW�KDUYHVW�WLPH�FRXOG�EH�XVHG�GLUHFWO\�DIWHU�KDUYHVWLQJ� 

,Q�FRQFOXVLRQ�� LW� LV�DGYLVHG�WR�LQFUHDVH�WKH�3+,�DIWHU� LQ�
GR[DFDUE�DSSOLFDWLRQ�E\���GD\V�WR�EH�VXUH�IURP�FURS�WR�EH�IUHH�
IURP� WKH� VWXGLHG� LQVHFWLFLGH� DV� UHVXOWLQJ� IURP�SHVWLFLGH�PLVV-
XVH� 

5HIHUHQFHV 
$GULDQD� 0�� �������� (QYLURQPHQWDO� )DWH� 2I� ,QGR[DFDUE��

(QYLURQPHQWDO� 0RQLWRULQJ� %UDQFK� 'HSDUWPHQW� RI�
3HVWLFLGH� 5HJXODWLRQ� ����� ,� 6WUHHW� 6DFUDPHQWR�� &$�
�����-������ KWWS���ZZZ�FGSU�FD�JRY�GRFV�HPRQ�
SXEV�IDWHPHPR�LQGR[DFDUE�SGI 

$QDVWDVVLDGHV��0��DQG�/HKRWD\��6�-�� ��������)DVW�DQG�HDV\�
PXOWLUHVLGXHV�PHWKRG�HPSOR\LQJ�DFHWRQLWULOH�WUDFWLRQ�
SDUWLWLRQLQJ� DQG� ³GLVSHUVLYH� VROLG-SKDVH� H[WUDFWLRQ´�
IRU�WKH�GHWHUPLQDWLRQ�RI�SHVWLFLGH�UHVLGXHV�LQ�SURGXFH��
-��RI�$2$&�,QW�����������–����� 

%HGDVVD��7���*XUH��$�� � DQG� �0HJHUVD��1�� ��������0RGLILHG�
4X(&K(56� 0HWKRG� IRU� WKH� 'HWHUPLQDWLRQ� RI� 0XO�
WLFODVV� 3HVWLFLGH�5HVLGXHV� LQ� )UXLW� 6DPSOHV�8WLOL]LQJ�
+LJK-3HUIRUPDQFH� /LTXLG� &KURPDWRJUDSK\�� )RRG�
$QDO��0HWKRGV�������–����� 

%UXJJHU��.�(���DQG�.DQQXFN��5�0���������7LHU ���(QYLURQ�
PHQWDO� 5LVN� $VVHVVPHQW� RI� '3;-03���� DQG� &RP�
SHWLWLYH� ,QVHFWLFLGHV� LQ� WKH�86$��'XSRQW�$JULFXOWXUH�
3URGXFWV�'RFXPHQW�1R��$05�����-���� 

()6$� �������� 0RGLILFDWLRQ� RI� WKH� H[LVWLQJ� 05/V� IRU � LQ�
GR[DFDUE�LQ�FKHUULHV�DQG�VXJDU�EHHWV��3UHSDUHG�E\�WKH�
3HVWLFLGHV� 8QLW� �35$3H5��� ()6$� 6FLHQWLILF� 5HSRUW�
������� ����� �-��� �� ,VVXHG� RQ� �� -XO\� ������ KWWS���
RQOLQHOLEUDU\�ZLOH\�FRP�GRL���������M�HIVD���������U�
SGI 

)$2� ��������)$2�6SHFLILFDWLRQV�$QG�(YDOXDWLRQV�)RU �$J�
ULFXOWXUDO� 3HVWLFLGHV� ,QGR[DFDUE�� )$2�:+2�(YDOXD�
WLRQ� 5HSRUW� 2Q� ,QGR[DFDUE�� KWWS���ZZZ�IDR�RUJ��
ILOHDGPLQ�� WHPSODWHV�� DJSKRPH�� GRFXPHQWV��
3HVWVB3HVWLFLGHV�6SHFV�,QGR[DFDUE���SGI� 

*DR��0���0X��:���:DQJ��:��� =KRX�� &�� DQG�;LXKXDQ�� /L�
�������� 5HVLVWDQFH� PHFKDQLVPV� DQG� ULVN� DVVHVVPHQW�
UHJDUGLQJ�LQGR[DFDUE�LQ�WKH�EHHW�DUP\ZRUP��6SRGRS�
WHUD�H[LJXD��3K\WRSDUDVLWLFD���������–���� 

+DVVDQ�� (���1HYLHQ�$KPHG� DQG�$ULHI��0�� ��������'LVVLSD�
WLRQ� DQG� 5HVLGXHV� RI� 3HQFRQD]ROH� LQ� *UDSH� )UXLWV��
:RUOG�-RXUQDO�RI�$QDO\WLFDO�&KHPLVWU\�����������-��� 

7DEOH������,QGR[DFDUE�UHVLGXHV�DIWHU�7ULSOH�GRVH�DSSOLFD�
WLRQ��SSP��

 
��,QVLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�GLIIHUHQW�KDOI-OLYHV�XVLQJ�Ȥ��SURE�
DELOLW\�WHVW�DW�3���������8'�XQGHWHFWDEOH� 

'D\ /HDI 5RRW 6RLO 

� ��������� 8' ��������� 
� ��������� ��������� ��������� 
� ��������� ��������� ��������� 
� ���������� ���������� ���������� 
� ��������� ��������� ��������� 

+DOI-OLIH ������GD\ ������GD\ ������GD\ 
3+, �GD\ �GD\ ------ 
Ȥ� �������� 

6DPSOH 
 

)LJ�� ����� 'LVVLSDWLRQ� EHKDYLRU� RI� LQGR[DFDUE� �SSP�� DIWHU�
VLQJOH�GRVH�DSSOLFDWLRQ� 

 
)LJ�������'LVVLSDWLRQ�EHKDYLRU�RI�LQGR[FDUE��SSP��DIWHU�

GRXEOH�GRVH�DSSOLFDWLRQ 

)LJ�� ����� 'LVVLSDWLRQ� EHKDYLRU� RI� LQGR[DFDUE� �SSP�� DIWHU�
7ULSOH�GRVH�DSSOLFDWLRQ� 

)LJ�� �����7KH� VORSLQJ� FXUYH� RI� OHDI� UHVLGXHV� DIWHU� GLIIHUHQW�
LQGR[DFDUE�DSSOLFDWLRQ� 



6GHHN�DQG�7DKD 

�� 

,%0-6366� ��� �������� ,%0� 6366�� 6WDWLVWLFDO� 3DFNDJH� IRU�
6RFLDO� 6FLHQFH�� 6WDQGDUG� 9HUVLRQ�� &RS\ULJKW� 6366� ,QF���
����-������ $OO� 5LJKWV� 5HVHUYHG�� ,%0� OLFHQVH�� &RS\ULJKW�
��,%0�	�6366�,QF� 

,EUDKLP��$�6+�0����������5ROH�RI�,QVHFW�JURZWK�UHJXODWRUV�
�,*5V�� )RU� &RWWRQ� /HDIZRUP�� 6SRGRSWHUD� /LWWRUDOLV�
%RLVG�� DQG� FRQVHUYLQJ� WR� VRPH� SUHGDWRUV� LQ� 6XJDU�
EHHW�)LHOGV��-��3ODQW�3URW��DQG�3DWK���0DQVRXUD�8QLY���
9RO��������������–������ 

/DKP��*�3���0F&DQQ�6�)���+DUULVRQ�&�5���6WHYHQVRQ��7�0��
DQG� 6KDSLUR�� 5�� �������� (YROXWLRQ� RI� WKH� VRGLXP�
FKDQQHO� EORFNLQJ� LQVHFWLFLGHV�� WKH� GLVFRYHU\� RI� LQ�
GR[DFDUE�� $JURFKHPLFDO� GLVFRYHU\�� &KDS� ��� SS� ��–
���� 

/RRPLV��5�6����������$UP\ZRUPV�DQG�SODQWLQJ�GDWH��- ��$P��
6RF��6XJDU�EHHW�7HFK�������������F�I��$NLO�������� 

0ROOKRII�� (�� ��������0HWKRG�IRU �JDV-FKURPDWRJUDSKLF�GHWHU�
PLQDWLRQ� RI� UHVLGXHV� RI� WRNXWKLRQ� DQG� LWV� R[RQ� LQ�
SODQWV� DQG� VRLO� VDPSOHV�� 3IODQ]HQVFKXW]-1DFKULFKWHQ�
%D\HU������������-���� 

0R\H��+�$���0DODJRGL��0�+�/�<RK�-���/HLEHH��*�,��.X�&�&��
DQG�:LVORFNL��3�*�� ��������5HVLGXHV�RI�DYHUPHFWLQ�
E�D�URWDWLRQDO�FURSV�DQG�VRLOV�IROORZLQJ�VRLO�WUHDWPHQW�
ZLWK� �&���� DYHUPHFWLQ� E�D�� -�� $JULF�)RRG� &KHP���
������-���� 

1DJDO�*��� 9HUPD�.�6�� DQG� � 5DWKRUH�� /�� ��������0DQDJH�
PHQW� RI� 6SRGRSWHUD� OLWXUD� �)DEULFLXV�� WKURXJK� VRPH�
QRYHO� LQVHFWLFLGHV� DQG� ELRSHVWLFLGHV� RQ� %HOO� SHSSHU�

XQGHU�SRO\KRXVH�HQYLURQPHQW��$GYDQFHV� LQ�/LIH�6FL�
HQFHV����������-����� 

6DJKIL��0��DQG�9DOL]DGHJDQ��2����������6WXG\�WKH�(IIHFWV�RI�
3\ULGDO\O�RQ�/DUYDH�RI�6SRGRSWHUD�H[LJXD��+XEQHU��DW�
)LUVW�� 6HFRQG� DQG� 7KLUG� $JHV� 'XULQJ� ��� +RXUV� LQ�
/DERUDWRU\� &RQGLWLRQV�� ,QW�-�&XUU�0LFURELRO�$SS�6FL��
���������-���� 

6DLG��$�$�$���6KDKHHQ��)�$�+���6KHULHI��(�$�+��DQG�)RXDG��
+�$�0�� �������� (VWLPDWLRQ� RI� FHU WDLQ� FRPSRXQG�
DJDLQVW�FRWWRQ�OHDIZRUP��6SRGRSWHUD�OLWWRUDOLV��ERLVG���
2Q� VXJDU� EHHW� SODQWV�� -�� 3ODQW� 3URW�� DQG� 3DWK���
0DQVRXUD�8QLY���9RO���������������–������ 

6KHOWRQ��$�0��DQG�7UXPEOH��-�7�����������0RQLWRU LQJ�LQVHFW�
SRSXODWLRQV�� &5&�+DQGERRN�RI� SHVW�PDQDJHPHQW� LQ�
DJULFXOWXUH��9RO�����S����-��� 

6KLP��-�-+��$EG�(O-$W\��$�-0���&KRL��.�-+��DQG�&KRL��<�-6�
�������� 3RVW-KDUYHVW� +3/&� GHWHUPLQDWLRQ� RI�
FKORUIOXD]XURQ�UHVLGXHV�LQ�SHDUV�WUHDWHG�ZLWK�GLIIHUHQW�
SURJUDPV��%LRPHG��&KURPDWRJU���������–����� 

7DNNDU��5���6DKRR��6��.���6LQJK��*���0DQGDO�.���%DWWX��5��
6��� 6LQJK��%�� ��������3HUVLVWHQFH�RI�,QGR[DFDUE�RQ�
&DXOLIORZHU� �%UDVVLFD� ROHUDFHD� YDU�� ERWU\WLV�� /��� DQG�
,WV�5LVN�$VVHVVPHQW��$PHULFDQ�-RXUQDO�RI�$QDO\WLFDO�
&KHPLVWU\����-��� 

8UYDVKL�� *DJDQ� -\RW�� 6�� .�� 6DKRR�� 6DUDEMLW� .DXU�� 5�� 6��
%DWWX�� %DOZLQGHU� 6LQJK� �������� (VWLPDWLRQ� RI� ,Q�
GR[DFDUE�5HVLGXHV�E\�4X(&K(56�7HFKQLTXH�DQG�,WV�
'HJUDGDWLRQ�3DWWHUQ�LQ�&DEEDJH��%XOO��(QYLURQ��&RQ�
WDP��7R[LFRO��������–����� 

:LQJ��.�'���6DFKHU��0���.DJD\D��<���7VXUXEXFKL��<���0XO-�
GHULJ��/���&RQQDLU��0��DQG�6FKQHH��0�����������%LR�
DFWLYD-� WLRQ�DQG�PRGH�RI�DFWLRQ�RI�WKH�R[DGLD]LQH�LQ�
GR[DFDUE�LQ�LQVHFWV��&URS�3URWHFWLRQ���������-����� 

<RRQ��-�-<���3DUN��-�-+���0RRQ��+�-5���+DQ��*�-7��DQG�/HH��
.�-6�� �������� 5HVLGXH� SDWWHUQV� RI� LQGR[DFDUE� DQG�
S\ULGDO\O� LQ� WUHDWHG� FDXOLIORZHU�� $JULF�� 6FLHQFHV�
9RO����1R�������-���� 

)LJ�������7KH�VORSLQJ�FXUYH�RI�URRW�UHVLGXHV�DIWHU�GLIIHUHQW�
LQGR[DFDUE�DSSOLFDWLRQ� 

ΏέΎϛΎδϛϭΪϧϻ�ΪϴΒϣ�ΕΎϴϘΒΘϣ�ϞϴϠΤΗ��ϦτϘϟ�ϕέϭ�ϩΩϭΩ�ϪΤϓΎϜϣ�ϲϓ�ϪΘϴϟΎόϓ�ήϳΪϘΗϭ�ϪΑήΘϟ�ϲϓ�ϪΗΎΒΛ�ήϳΪϘΗϭ
ήϜδϟ�ήΠϨΑ�ΕΎΒϧ�ϲϠϋ 

Ϫρ�ϦϳΪϟ�Ρϼλ�ϥΎϨΣ�ϭ�ϖϳΪλ�ΪϤΣ�ϩΰϳΎϓ 
�Δϴϋέΰϟ�ΙϮΤΒϟ�ΰϛήϣ-��ΕΪϴΒϤϠϟ�ϯΰϛήϤϟ�ϞϤόϤϟ-�ϰϗΪϟ-�ΓΰϴΠϟ-�ήμϣ 

ϲΑήόϟ�κΨϠϤϟ 
 

������ϟ�ϪΤλ�ϲϠϋ�ϪϨϣϭ�ϪϟΎόϓ�ϪϳέϭΩ�ϪϘϳήτΑ�ΕΪϴΒϤϟΎΑ�ΎϬΘΤϓΎϜϣ�ΐΠϳ�άϟ�ϪγήθΑ�ϪϳήμϤϟ�ΕϭήπΨϟϭ�ϞϴλΎΤϤϟ�Ϣψόϣ�ϦτϘϟ�ϕέϭ�ϩΩϭΩ�ϢΟΎϬΗ�ϡΰѧϠѧΘѧδϳ� άѧϟ���ϦρϮϤ
�ΕΎѧϓϻ�κѧΤѧϔѧΑ� ήѧϜѧδϟ�ήΠϨΑ�ΕΎΗΎΒϧ�ϲϠϋ�ϪΑήΠΗ�ϞϤϋ�ϢΗ�Ϛϟάϟ��ϚϠϬΘδϤϠϟ�ΎϬΘΣΎΗ�ϞΒϗ�ΕϭήπΨϟ�ϩάϬϟ�ΕΪϴΒϤϟ�ΕΎϴϘΒΘϤϟ�ϪϘϴϗΩ�ΕϼϴϠΤΗ�ϞϤϋϲѧΘѧϟ��άѧϨѧϣ�ΕΎѧΒѧϨѧϟ�ΐѧϴѧμΗ

ϕέϭ� ϩΩϭΪѧΑ�ΕΎѧΒѧϨѧϟ� ϪѧΑΎѧλ�ϪϳΪΑ�ϲϓ�ϦϴΗήϣ�ΎϬΗΎϔϋΎπϣϭ�ϲϠϘΣ�ϝΪόϤϛ�ΎϬΑ�ϲλϮϤϟ�ϲϫ�ΕΎϋήΟ�ΙϼΜΑ�ΏέΎϛΎδϛϭΪϧϻ�ΪϴΒϣ�Ϧϣ�Ϫηέ�ϪϴϘϠΗ��ϪΘϋέί�ѧϟ�ΕήѧϬѧυ� �� ϦѧτѧϘ
�ϦϴΑ�ΡϭήΘϳ�ϪΑΎμϤϟ�ΕΎΗΎΒϨϟ�ΕΎϫϮθΗ�ϲϓ�κϘϨϟ�ϪΒδϧ�ΞΎΘϨϟ���ϪϓϻΎΑ�ΕΎΗΎΒϨϟ�ϪΑΎλ�ϲϓ�κϘϨϟ�ϪΒδϧ�ΎϤϨϴΑ������ϲϟ�������ϱϮѧΘѧδϣ�ϲѧϠѧϋ�εήѧϟ�Ϧϣ�ΪΣϭ�ϡϮϳ�ΪόΑ
�ϲϟ�ϞμΗ�ΎϤϨϴΑ��έϮϛάϤϟ�ΪϴΒϤϟ�Ϧϣ�ϪϣΪΨΘδϤϟ�ΕΰϴϛήΗ�ΙϼΜϟ����ΪόΑ��������������εήϟ�Ϧϣ�ϡϮϳ 

�����ѧϴѧϗ�Ϧϋ�Εήϔγ�ΩΎμΤϟ�ΪόΑ�Ύπϳϭ�ΕΎϨϴόϟ�άΧ�ΕήΘϓ�ϲϠϋϭ�εήϟ�έϮϓ�έϭάΠϟϭ�ϪΑήΘϟϭ�ϕέϭϻ�ϲϓ�ΪϴΒϤϟ�άϬϟ�ΕΎϴϘΒΘϤϟ�ϞϴϠΤΗ�ϢΗ�Ϊϗ�ϭ�ϦѧϴѧΑ� ωΎѧΟήѧΘѧγ� ϪѧϤ������
ϭ�ϪΑήΘϟ�ΕΎϨϴόϟ������ϭ�έϭάΠϟ�ΕΎϨϴόϟ������� ΩϭΪѧΣ�ϲѧϓ�ΖѧϧΎѧϛ� ήѧϳΪѧϘѧΘѧϟ� ϪѧϗΩ� ΩϭΪѧΣϭ�ϒθϜϟ�ΩϭΪΣ�ΪϴΒϤϟ�άϬϟ�ϩήϳΎόϤϟ�ϲϨΤϨϣ�οϭϭ�ϕέϭϻ�ΕΎϨϴόϟ������ ϭ����

�ϲϘΒΘϤϟ�Ϣϴϗ�ΖϧΎϛ�ΎϤϨϴΑ�ϭ��ϢΟ�?ϡήΟϭήϜϴϣ�����������ϭ�ϩέΪϘϣ�ήϴϏ�ϪϤϴϗ��ϭ������������ϱ� ϡϮѧϳ� ήѧϔѧλ� ΪѧϨϋ�έϭάΠϟϭ�ϪΑήΘϟϭ�ϕέϭϼϟ�ϲϟϮΘϟ�ϲϠϋ�ϥϮϴϠϤϟ�ϲϓ�˯άΟ
��Ϛϟάϛ�ϢϴϘϟ�ΖϧΎϜϓ�ϩήϣ�ϪϋήΠϟ�ϒόο�ϡΪΨΘγΎΑ�Ύϣ���ΎϬΑ�ϲλϮϤϟ�ϪϋήΠϟ�ϡΪΨΘγΎΑ�ϚϟΫϭ�ϦϴΘϋΎδΑ�εήϟ�ΪόΑ�ϩήηΎΒϣ�����������ϭ�ϩέΪϘϣ�ήϴϏ�ϪϤϴϗ�ϭ������������ϭ
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