
7KH�(IIHFW�RI�&DUU\�±�2YHU�RQ�5HJHQHUDWRU�5HIUDFWRULHV��

$�7HVW�0HWKRG�IRU�6HOHFWLRQ�

(��%XUDN�ù]PLUOLRøOX
��2QXUDOS�<�FHO

��6HUGDU�g]JHQ

��(ûUHI�$\GÖQ


�

6,6(&$0��7UDN\D�&DP�6DQ��$�ù���.ÕUNODUHOL���785.(<�



,VWDQEXO�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�&KHPLVWU\�	�0HWDOOXUJ\���
0DVODN��øVWDQEXO�±�785.(<�




6,6(&$0��*ODVV�5HVHDUFK�&HQWUH��øVWDQEXO���785.(<�
�

�
7KH� VHOHFWLRQ� RI� JODVV� IXUQDFH� UHIUDFWRULHV� LV� YLWDO� IRU� WKH� TXDOLW\� RI� JODVV� DQG� IRU� WKH� OHQJWK� RI�

FDPSDLJQ�� ,Q� D� JODVV� IXUQDFH� LQLWLDOO\�� D� JRRG� SURSRUWLRQ� RI� WKH� WRWDO� LQYHVWPHQW� LV� PDGH� XS� RI�

UHIUDFWRULHV�� 7KHUHIRUH�� WKH� TXDOLW\� RI� WKH� UHIUDFWRULHV� WR� EH� XVHG� PXVW� EH� DVVXUHG� ULJKW� IURP� WKH�

EHJLQLQJ�E\�DOO�PHDQV�DYDLODEOH��$V�D�URXJK�DSSUR[LPDWLRQ��WKH�FRVW�RI�UHIUDFWRULHV�XVHG�LQ�WKH�PHOWHU�

DQG� WKH� UHJHQHUDWRUV� LQ�JODVV� IXUQDFHV� �IORDW� DQG� FRQWDLQHU�� LV� DERXW� �����DQG�������ZKLOH� WKH� WRWDO�

ZHLJKW�RI�UHIUDFWRULHV�LQYROYHG�LV������DQG������UHVSHFWLYHO\��

9HU\� IUHTXHQWO\�� LQ� JODVV� IXUQDFHV�� FDVHV� OHDGLQJ� WR� FROG� UHSDLU� RULJLQDWH� IURP� UHJHQHUDWRU� SUREOHPV��

7KHUHIRUH�� VSHFLDO�PHDVXUHV� KDYH� WR�EH� WDNHQ� IRU� WKH�EHVW� FKRLFH�RI� UHIUDFWRULHV�� ,Q� WKLV� VWXG\�� D� WHVW�

PHWKRG�KDV�EHHQ�GHVLJQHG� WR� LQYHVWLJDWH� WKH� HIIHFW� RI� YDULRXV� FRPELQDWLRQV�RI� EDWFK� FRPSRQHQWV� RQ�

FDQGLGDWH�UHJHQHUDWRU�UHIUDFWRULHV���

7KH� JDV� ILUHG� WHVW� IXUQDFH� GHVLJQHG� KDG� VXIILFLHQW� YROXPH� WR� DFFRPPRGDWH� QRUPDO� VL]H� EULFNV�� 7R�

VLPXODWH�FDUU\�RYHU�SKHQRPHQRQ� WKH�EDWFK�FRPSRQHQWV�ZHUH� LQMHFWHG�RQ� WR� WKH�SDWK�RI� IODPHV�DW� WKH�

UDWH�RI����JU�SHU�KRXU��7KH�WHVW�ZDV�FDUULHG�RXW�DW�D�WHPSHUDWXUH�RI������&��

7KH� EULFNV� ZHUH� LQYHVWLJDWHG� XVLQJ� GLIIHUHQW� PLFURVFRSHV�� [�UD\� GLIIUDFWLRQ� � DQG� PLFURDQDO\VLV�

PHWKRGV��7KH�DOWHUDWLRQ�RI�WKH�KRW�IDFH�DQG�WKH�SHQHWUDWLRQ�KDYH�EHHQ�PHDVXUHG��

7KH�HIIHFW�RI�ILQH�JUDLQHG�FXOOHW�RQ�WKH�FRUURVLRQ�RI�UHIUDFWRULHV��LQ�WKLV�FDVH�EDVLF�PDWHULDOV��ZDV�IRXQG�

WR� EH� UHPDUNDEOH�� 7KH� ILQH� SURSRUWLRQ� RI� VDQG� ZKLFK� LV� WKH� PDMRU� FRPSRQHQW� RI� EDWFK� KDV� DOVR� D�

VLJQLILFDQW�FRQWULEXWLRQ��7KH�FDUU\�RYHU�RI�VRGD�DVK�DOVR�KDV�VRPH�EDFN�JURXQG�FRQWULEXWLRQ���

,W�DSSHDUV�WKDW�D�FRQWURO�RQ�WKH�JUDLQ�VL]H�RI�FXOOHW�PD\�SD\�IRU�WKH�ORQJ�UXQ�DV�UHODWHG�WR�WKH�FDPSDLJQ�

RI�WKH�IXUQDFH��KRZHYHU�WKH�VDQG�JUDLQ�VL]H�PXVW�DOVR�EH�FRQVLGHUHG���

�
,QWURGXFWLRQ�

�
$�JODVV�IXUQDFH�EHKDYHV�OLNH�DV�´UHDFWRUµ�LQ�FKHPLFDO�SODQWV�RU�V\VWHPV��ZKHUH�DOO�WKH�

UHDFWLRQV�RFFXU��+LJK� WHPSHUDWXUH�FRQGLWLRQV�DUH� WKH�FKDUDFWHULVWLF�RI�JODVV�SURGXFWLRQ��
$GGHG� WR� WKLV�� WKHUH� LV� D� KLJKO\� FRUURVLYH� HQYLURQPHQW� WKDW� SUHYDLOV� DOO� WKURXJK� WKH�
FDPSDLJQ�� 7KHUHIRUH�� PDWHULDOV� XVHG� IRU� WKH� OLQLQJ� �UHIUDFWRULHV�� RI� WKH� IXUQDFH� QHHG�
VSHFLDO� FDUH� DQG�PXVW�EH�RI�KLJK�TXDOLW\� WR�ZLWKVWDQG� WKH� FRQGLWLRQV��7KLV� SUHUHTXLVLWH�
PHDQV�KLJK�UHVSRQVLELOLW\�DQG�KLJK�FRVW��ULJKW�DW�WKH�EHJLQLQJ�RI�WKH�LQYHVWPHQW��$OO�SDUWV�
RI�WKH�IXUQDFH�GHVHUYH�WKH�VDPH�DWWHQWLRQ��
�
,Q� WKLV� VWXG\�� HPSKDVLV� ZLOO� EH� JLYHQ� WR� WKH� UHIUDFWRULHV� RI� WKH� UHJHQHUDWRUV�� $V� D�
JXLGHOLQH��WKH�FRVW�RI�WKH�PHOWHU�UHIUDFWRULHV�DQG�WKRVH�RI�WKH�UHJHQHUDWRUV�DUH������DQG�
������ZKHUHDV�WKH�TXDQWLW\��ZHLJKW��LQYROYHG�LV�����DQG������UHVSHFWLYHO\��7KHUHIRUH��LW�
LV�QRW�D�ZURQJ�VWDWDPHQW�WR�VD\�WKDW�UHJHQHUDWRU�UHIUDFWRULHV�DUH�QR�OHVV�LPSRUWDQW�XQGHU�
DQ\�FLUFXPVWDQFHV�WKDQ�WKH�PHOWHU�UHIUDFWRULHV��,W�LV�WKHUHIRUH�HYLGHQW��WKDW�WKH�TXDOLW\�RI�
WKH� UHJHQHUDWRU� UHIUDFWRULHV� WR� EH� XVHG�PXVW� EH� DVVXUHG� ULJKW� IURP� WKH� EHJLQLQJ� E\� DOO�
PHDQV�DYDLODEOH��9HU\�IUHTXHQWO\�� LQ�JODVV�IXUQDFHV��FDVHV�OHDGLQJ�WR�SDUWLDOO\�KRW�RU�FROG�
UHSDLUV�RULJLQDWH�IURP�UHJHQHUDWRU�SUREOHPV��
�

�



5HJHQHUDWRU�3UREOHPV�

�
7KH� UHIUDFWRULHV� RI� WKH� UHJHQHUDWRUV� DUH� VXEMHFWHG� WR� WKHUPDO�� FKHPLFDO� DQG�

PHFKDQLFDO�LQIOXHQFHV�DOO�WKURXJK�WKH�FDPSDLJQ��7KH�WHPSHUDWXUH�RI�WKH�FKHFNHUV�YDULHV�
IURP�����&�DW�ERWWRP�WR�DERXW������&�DW� WKH�WRS��7KHUHIRUH�WKH�GHJUHH�DQG�QDWXUH�RI�
UHDFWLRQV�ZKLFK�WDNH�SODFH�DUH�KLJKO\�YDULDEOH�DW�DQ\�ORFDWLRQ��$OO�SRVVLEOH�GHYHORSPHQWV�
DUH�LQGLFDWHG�LQ�)LJXUH��PRVW�RI�ZKLFK�DUH�FRQFXUUHQW��,Q�SUDFWLFH��WKH�UHJHQDUDWRUV�DUH�
XQGHU�WKH�ÖQIOXHQFH�RI�WZR�QHJDWLYH�GHYHORSPHQWV��
�������������������

�
�
)LJXUH����7KH�LQIOXHQFHV�RI�WKHUPDO��PHFKDQLFDO�DQG�FKHPLFDO�SDUDPHWHUV�RQ�UHJHUHUDWRU�
UHIUDFWRULHV��
�

• 7KH� WUDVSRUW� RI� VROLG� SDUWLFOHV� RI� EDWFK� RULJLQ� YLD� WKH� FRPEXVWLRQ� JDVHV� �FDUU\�
RYHU���

�
� ,Q�WKLV�FDVH�WKH�JUDLQ�VL]H�RI�WKH�EDWFK�FRPSRQHQWV��WKH�PRLVWXUH�FRQWHQW�RI�WKH�
EDWFK��� WKH�YHORFLW\�RI�JDVHV�DQG�WKH�IODPH�JHRPHWU\�DUH�LPSRUWDQW��$V�DQ�RYHUDOO�UHVXOW�
� WKHUPDO��FKHPLFDO�DQG�PHFKDQLFDO�GHYHORSPHQWV�FDQ�WDNH�SODFH��

�
• 7KH� WUDQVSRUW� RI� JDVHV� RULJLQDWLQJ� IURP� WKH� HYDSRUDWLRQ� RI� WKH� JODVV� DQG�JDVHV�

IURP�WKH�UHDFWLRQ�RI�EDWFK�FRPSRQHQWV��
�
� 7HPSHUDWXUH�LV�GRPLQDQWO\�FULWLFDO�DV�LW�PD\�OHDG�WR�VODJ�IRUPDWLRQ��VRIWHQLQJ�RI�
WKH�� RULJLQDO� PDWHULDO�� WUDQVIRUPDWLRQ� RI� UHIUDFWRU\� OHDGLQJ� WR� VFDOLQJ� HWF��
&RQGHQVDWLRQ�RI�� JDVHV� LQ� GLIIHUHQW� SDUWV� RI� WKH� UHJHQHUDWRUV� LV� DOVR� ODUJHO\�
WHPSHUDWXUH�GHSHQGHQW��HJ��� WKH�VXOIDWH�FRQGHQVDWLRQ�]RQH�EHORZ������&��

6RPH� UHIUDFWRU\� FRPSRQHQWV� DUH� XQVWDEOH� XQGHU� WKH� HIIHFW� RI� EDWFK� FRPSRQHQWV�� 7KH�
FODVVLFDO� H[DPSOH� LV� PDJQHVLWH� �0J2�� DQG� VDQG� �6L2���� 0DJQHVLWH� LV� FRQYHUWHG� WR�
IRUVWHULWH��0J�6L2���XQGHU�VXLWDEOH�WHPSHUDWXUH�FRQGLWLRQV��)LJXUH�����



�
)LJXUH� ��� 7KH� HIIHFW� RI� FDUU\�RYHU� RI� VDQG� �EDWFK�� RQ� PDJQHVLWH� EULFNV�� UHVXOWLQJ� LQ�
VSDOOLQJ��
�
,Q� RUGHU� WR� FKRRVH� WKH� EHVW� UHIUDFWRU\� WR� ZLWKVWDQG� WKH� WRWDOO\� XQDYRLGDEOH� FDUU\�RYHU�
FRQGLWLRQV�D�WHVW�WKDW�VLPXODWHV�WKH�SKHQRPHQRQ�KDV�EHHQ�GHVLJQHG��
�

7HVW�)RU�&DUU\�2YHU�6LPXODWLRQ�

�
,W� LV� LPSRUWDQW� WR�HVWDEOLVK� WKH�H[WHQW�RI� FDUU\�RYHU�RQ� UHJHQHUDWRU� UHIUDFWRULHV� DQG�

WKH�EHKDYLRXU�RI�UHIUDFWRULHV�WR�WKLV�SKHQRPHQRQ��$�WHVW�IXUQDFH�ZLWK�VXIILFLHQW�YROXPH�
WR� DFFRPPRGDWH� UHDVRQDEOH� VL]H� RI� EULFNV� KDV� EHHQ� FRQVWUXVWHG�� 7KH� EXUQHU� ZDV�
SRVLWLRQHG� GLUHFWO\� RSSRVLWH� WKH� EULFNV� WR� EH� WHVWHG� DQG� WKH� EDWFK�ZDV� LQMHFWHG� RQ� WKH�
SDWK�RI�WKH�IODPH�VR�WKDW�PD[LPXP�LPSLQJHPHQW�ZDV�UHDOL]HG��)LJXUH�����
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���������������)LJXUH����7HVW�IXUQDFH�XVHG�LQ�WKLV�VWXG\�

&KLPQH\�

5HIUDFWRU\�%ULFNV�

)ODPH��
%DWFK�

*DV�)LUHG�

%DWFK�



,W�WRRN�D�JRRG�GHDO�RI�HIIRUW�WR�GHFLGH�D�VXLWDEOH�DPRXQW�RI�EDWFK�IHHGLQJ�UDWH�����JU�SHU�
KRXU� ZDV� IRXQG� WR� EH� VXIILFLHQW�� +DYLQJ� LQVWDOOHG� WKH� FRPELQDWLRQ� RI� UHIUDFWRULHV� D�
WHPSHUDWXUH�RI������&�ZDV�DWWDLQHG��%DWFK�IHHGLQJ�ZDV�VWDUWHG�DW�WKLV�WHPSHUDWXUH�DQG�D�
UXQLQJ�SHULRG�RI���KRXUV�ZDV�IXOILOOHG���
�
7KH� VHOHFWLRQ� RI� LQGLYLGXDO� EDWFK� FRPSRQHQWV� RU� VXLWDEOH� FRPELQDWLRQV� ZLWK� SUH�
GHWHUPLQHG� SURSRUWLRQV� DQG� JUDLQ� VL]HV� ZHUH� FDUHIXOO\� DVFHUWDLQHG�� $W� WKH� HQG� RI� WKH�
H[SHULPHQWV� WKH� UHIUDFWRULHV� ZHUH� VXEMHFWHG� WR� WKRURXJK� LQYHVWLJDWLRQ� E\� XVLQJ�
PLFURVFRSHV��;5'�DQG�HOHFWURQPLFURSUREH�WHFKQLTXHV��7KH�GHJUHH�RI�WUDQVIRUPDWLRQ�RI�
WKH� EULFN� VDPSOH� IURP� WKH� KRW� IDFH� DQG� WKH� H[WHQW� RI� SHQHWUDWLRQ� ZDV� IRXQG� WR� EH�
HULWLFDOO\�UHODWHG�WR�WKH�W\SH�RI�EDWFK�FKDUJHG��FDUULHG�RYHU���7KH�REVHUYDWLRQV�PDGH�DUH�
KLJKO\�VLJQLILFDQW�DQG�FRQFOXVLYH��7KLV�LV�LQ�D�ZD\�D�VHPL�TXDQWLWDWLYH�GLVSOD\�RI�FDUU\�RYHU�
SKHQRQHQRQ�IUHTXHQWO\�XVHG�LQ�JODVV�OLWHUDWXUH��
�
1R�GRXEW� WKHUH�PD\�EH� VHYHUDO� FRPELQDWLRQ�RI� FRUURVLYH�PL[WXUHV�� IRU� WKH�SXUSRVH�RI�
WKLV�VWXG\����GLIIHUHQW�PL[WXUHV�KDYH�EHHQ�SUHSDUHG��7KLV�VHW�XS�ZLOO�KHOS�WR�GHFLGH�ZKLFK�
UHIUDFWRU\�PDWHULDO�LV�OLNHO\�WR�EH�FKRVHQ�IRU�WKH�SDUWLFXOODU�ORFDWLRQ�XQGHU�LQYHVWLJDWLRQ��
7KH�EDWFK�FRPSRVLWLRQV�� WKH�JUDLQ�VL]H�FKDUDFWHULVWLFV��ZLWK�VSHFLDO�UHIHUHQFH�WR�����P��
DQG� WKH� FRUUHVSRQGLQJ� SHQHWUDWLRQ� FDXVHG� RQ� WKH� UHIUDFWRU\� XQGHU� VWXG\�� LQ� WKLV� FDVH�
PDJQHVLWH�DUH�DOO�GLVSOD\HG�LQ�)LJXUH����
�
�
�

������������������ �
����
)LJXUH� ��� 7KH� HIIHFW� RI� FRUURVLYH� PL[WXUH� RQ� UHIUDFWRU\� GHWHULRUDWLRQ� LQGLFDWHG� DV�
SHQHWUDWLRQ��
�

�



&RQFOXVLRQV�

�

7KH�IROORZLQJ�FRQFOXVLRQV�KDYH�EHHQ�GHULYHG�LQ�WKLV�VWXG\��

�

• 2Q�LQGLYLGXDO�EDVLV��FXOOHW�ZDV�IRXQG�WR�EH�WKH�PRVW�FRUURVLYH�DJHQW�DPRQJ�WKH�

SDUWLFXODWH� PDWWHU� FDUULHG� RYHU� WR� WKH� UHJHQHUDWRU�� 7KH� LQIOXHQFH� LV� YHU\�

UHPDUNDEOH�LI�WKH�JUDLQ�VL]H�LV�OHVV�WKDQ�����P��)RU�SUDFWLFDO�UHDVRQV��GXULQJ�

RSHUDWLRQ�HYHU\�HIIRUW�VKRXOG�EH�PDGH�WR�HOLPLQDWH�WKH�ILQH�SRUWLRQ�RI�FXOOHW���

�

([WUD� FDUH� VKRXOG� DOVR� EH� WDNHQ� GXULQJ� KHDWLQJ� XS� RI� IXUQDFHV� ZKHUH� RQO\�

FXOOHW�LV�FKDUJHG��7KH�ILQH�IUDFWLRQ�VKRXOG�EH�VHLYHG��,W�LV�WKH�DXWKRUV�SURSRVDO�

WKDW��WKH�PLQLPXP�VL]H�IRU�FXOOHW�VKRXOG�QRW�EH�OHVV�WKDQ�����P��

�

• 7KHUH�LV�DOVR�VRPH�FRQWULEXWLRQ�WR�WKH�FRUURVLRQ�RI�UHIUDFWRU\��E\�WKH������P�

IUDFWLRQ�RI�WKH�EDWFK��7KLV�LV�PXFK�OHVV�WKDQ�WKH�FRQWULEXWLRQ�RI�FXOOHW���

�

• ,Q� WKLV� VWXG\�� FRQWDLQHU� EDWFK�ZLWKRXW� FXOOHW� ZDV� XVHG�� 7KH� DXWKRUV� SURSRVH�

WKDW�� E\� HOLPLQDWLQJ� ILQH� FXOOHW� DQG� SD\LQJ� HQRXJK� DWWHQWLRQ� WR� WKH� ILQH�

SURSRUWLRQ�RI�WKH�EDWFK�DQ�LPSRUWDQW�PHDVXUH�ZLOO�KDYH�EHHQ�WDNHQ�WR�OHQJWKHQ�

WKH� FDPSDLJQ� RI� WKH� IXUQDFH�� DQG� RI� FRXUVH� LPSURYH� WKH� TXDOLW\� RI� JODVV� E\�

UHGXFLQJ�UHWUDFWRU\�FRUURVLRQ��ERWK�LQ�WKH�PHOWHU�DQG�UHJHQHUDWRU���
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