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7KH�ULVLQJ�SUHYDOHQFH�RI �PXOWLGUXJ�UHVLVWDQW ��0'5��KHDOWK�
FDUH�DVVRFLDWHG�LQIHFWLRQV��+$,V��QHFHVVLWDWHV�UREXVW�YHWHUL�
QDU\�DQWLPLFURELDO �VWHZDUGVKLS� �ZKHUH�ULJRURXV�LQVWUXPHQW
UHSURFHVVLQJ�LV�IXQGDPHQWDO�WR�PLWLJDWLQJ�QRVRFRPLDO�WUDQV�
PLVVLRQ�DQG�UHGXFLQJ�DQWLPLFURELDO�UHOLDQFH�>���@��7KLV�VWXG\
HYDOXDWHV�WKH�DQWLPLFURELDO �HIILFDF\�RI �D �QRYHO �VWHULOL]DWLRQ
V\VWHP�FRPELQLQJ �JDVHRXV �2� �DQG �89�& �UDGLDWLRQ �DJDLQVW
0'5�.��SQHXPRQLDH�DQG�6��SVHXGLQWHUPHGLXV��7ZR�GLVWLQFW
HTXLSPHQW�VHWV�ZHUH�LQRFXODWHG�ZLWK�IUHVK�FOLQLFDO �LVRODWHV
����m����&)8�P/��DQG�DOORZHG�WR�IRUP�GU\�VXUIDFH�ELRILOPV
WR�VLPXODWH�UHDO�ZRUOG�FOLQLFDO�FKDOOHQJHV�ZKHUH�RUJDQLF�PDW�
WHU �SURWHFWV �SDWKRJHQV� �6HW �� �FRPSULVHG ����VWDLQOHVV�VWHHO
VXUJLFDO �LQVWUXPHQWV �IHDWXULQJ �FRPSOH[ �PHFKDQLFDO �MRLQWV
�ER[�ORFNV�DQG�UDWFKHWV���6HW���FRPSULVHG����KHWHURJHQHRXV
GHYLFHV �FKDUDFWHUL]HG �E\ �FRPSOH[ �JHRPHWULHV� �LQWHUQDO �OX�
PHQV��DQG�SRURXV�PDWHULDOV��ODU\QJRVFRSHV��FOLSSHU�EODGHV�
HQGRWUDFKHDO�WXEHV��KLJK�IORZ�QDVDO�FDQQXODV��DQG�QRQ�LQYD�
VLYH �EORRG �SUHVVXUH �FXIIV�� �7KUHH �SUH�WUHDWPHQWV �ZHUH �DV�
VHVVHG�EHIRUH�2��89�&�H[SRVXUH��3URWRFRO�$��GLUHFW�SDFNDJ�
LQJ� �VLPXODWLQJ �QRQ�FRPSOLDQW �RPLVVLRQ �RI �SUH�WUHDWPHQW��
3URWRFRO�%��VWDQGDUG�GHFRQWDPLQDWLRQ�DQG�PHFKDQLFDO�FOHDQ�
LQJ���DQG�3URWRFRO�&��FRPSOHWH�SURWRFRO�LQFOXGLQJ�PHFKDQL�
FDO�FOHDQLQJ�DQG�KLJK�OHYHO�FKHPLFDO�GLVLQIHFWLRQ���7R�LVRODWH
WKH �VSHFLILF �EDFWHULFLGDO �HIILFDF\ �RI �WKH �2��89�&�V\VWHP� �D
SDUDOOHO�FRQWURO�SKDVH�ZDV�LQWHJUDWHG��GHYLFHV�ZHUH�PLFUREL�
RORJLFDOO\ �VZDEEHG �LPPHGLDWHO\ �DIWHU �WKH �GHFRQWDPLQDWLRQ
SKDVH�RI�3URWRFROV�%�DQG�&��ZLWKRXW�VXEVHTXHQW�2��89�&�H[�
SRVXUH� �6WHULOLW\�ZDV�DVVHVVHG�YLD�TXDOLWDWLYH�DQG�TXDQWLWD�
WLYH��&)8��PLFURELRORJLFDO �DQDO\VLV� �7R�GHWHFW �D�VLJQLILFDQW
GLIIHUHQFH�EHWZHHQ�WUHDWPHQW �SURWRFROV� �DQ�D �SULRUL �SRZHU
DQDO\VLV�ZDV�FRQGXFWHG��$VVXPLQJ�DQ�H[SHFWHG�R]RQH�HIILFD�
F\ �RI ������e�HUURU � ������� �D �PLQLPXP�RI �� �GHYLFHV �SHU

JURXS�ZDV�UHTXLUHG��WKH�VDPSOH�VL]H�ZDV�LQFUHDVHG�WR����WR
HQVXUH�VWDWLVWLFDO�UREXVWQHVV��8QGHU�WKH�QRQ�FRPSOLDQW�3UR�
WRFRO�$��6HW����VXUJLFDO�LQVWUXPHQWV��VKRZHG�D�����IDLOXUH
UDWH� �ZLWK�EDFWHULDO �SHUVLVWHQFH�ORFDOL]HG�H[FOXVLYHO\�ZLWKLQ
WKH�ER[�ORFNV�DQG�UDWFKHWV�RI�DUWLFXODWLQJ�WRROV��6HW����FRP�
SOH[ �PHGLFDO �GHYLFHV� �H[KLELWHG�D ������IDLOXUH �UDWH �XQGHU
WKH�VDPH�SURWRFRO��ZLWK�VLJQLILFDQW�EDFWHULDO�SUROLIHUDWLRQ�GH�
WHFWHG�DFURVV�DOO�SRURXV�DQG�OXPLQDO�JHRPHWULHV��PHGLDQ�!
����&)8���&RQYHUVHO\��3URWRFROV�%�DQG�&�DFKLHYHG�WRWDO�VWHU�
LOL]DWLRQ����&)8��DFURVV�ERWK�VHWV��3RVW�GHFRQWDPLQDWLRQ�FRQ�
WUROV�GHPRQVWUDWHG�WKDW�PHFKDQLFDO�FOHDQLQJ�DORQH�ZDV�LQVXI�
ILFLHQW�IRU�VWHULOLW\��HVWDEOLVKLQJ�WKH�2��89�&�DGYDQFHG�R[LGD�
WLRQ �SURFHVV �DV �WKH �HVVHQWLDO �IDFWRU �IRU �FRPSOHWH �EDFWHULDO
HUDGLFDWLRQ� �6WDWLVWLFDO �DQDO\VLV �YLD �WKH �)ULHGPDQ�WHVW �FRQ�
ILUPHG�WKDW�WKH�UHGXFWLRQ�LQ�EDFWHULDO�ORDG�EHWZHHQ�3URWRFRO
$ �DQG �3URWRFROV �%�& �ZDV �KLJKO\ �VLJQLILFDQW ��S������� �IRU
ERWK �GDWDVHWV� �1R �VWDWLVWLFDOO\ �VLJQLILFDQW �GLIIHUHQFH �LQ �DQ�
WLPLFURELDO �HIILFDF\ �ZDV �REVHUYHG �EHWZHHQ �3URWRFRO �% �DQG
3URWRFRO�&��S!������

6\QHUJLVWLF�2���89�&�HIIHFWLYHO\�HUDGLFDWHV�0'5�.��SQHXPR�
QLDH�DQG�6��SVHXGLQWHUPHGLXV��VXSSRUWLQJ�YHWHULQDU\�DQWLPL�
FURELDO �VWHZDUGVKLS� �$V �RUJDQLF �ELREXUGHQ �VKLHOGV �DJDLQVW
2�� �GLIIXVLRQ �DQG �89�& �UDGLDWLRQ� �ULJRURXV �SUH�FOHDQLQJ �UH�
PDLQV�D�SUHUHTXLVLWH�IRU�VWHULOL]LQJ�LQVWUXPHQWV�ZLWK�DUWLFX�
ODWLQJ�MRLQWV��LQWHUQDO�OXPHQV��DQG�SRURXV�PDWULFHV�
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