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$� EDVLF� UHTXLUHPHQW� IRU� WKH� SURGXFWLRQ� RI� JODVV� XQGHU� WHFKQLFDO� FRQGLWLRQV� DUH�
UHIUDFWRULHV�ZKLFK�JXDUDQWHH�WKH�TXDOLW\�RI�WKH�JODVV�SURGXFW�DQG�D�VXIILFLHQWO\�ORQJ�JODVV�
WDQN� FDPSDLJQ�� 7KH� UHIUDFWRULHV� XVHG� LQ� JODVV� PHOWLQJ� WDQNV� DUH� VXEMHFW� WR� SHUPDQHQW�
FRUURVLYH� DWWDFN�� 7KHUHIRUH� WKH� PRVW� LPSRUWDQW� UHTXLUHPHQWV� DUH� D� KLJK� FRUURVLRQ�
UHVLVWDQFH�RI� WKH� UHIUDFWRULHV� DJDLQVW�JODVV�PHOWV� DQG�D� ORZ�JODVV�GHIHFW�SRWHQWLDO�RI� WKH�
XVHG�UHIUDFWRU\�PDWHULDOV�LQ�WKH�FRUUHVSRQGLQJ�JODVV�PHOWV��
$Q� DVVXPSWLRQ� IRU� WKH� VHOHFWLRQ� RI� WKH� VXLWDEOH� UHIUDFWRU\�PDWHULDO� DV�ZHOO� DV� IRU� WKHLU�
LPSURYHPHQW�DQG�GHYHORSPHQW�RI�QHZ�UHIUDFWRULHV�LV�WKH�NQRZOHGJH�RI�WKH�PHFKDQLVPV�
RI�WKH�FRUURVLRQ�DQG�RI�WKH�IRUPDWLRQ�RI�JODVV�GHIHFWV��7KHUHIRUH�WKH�LQWHUDFWLRQ�EHWZHHQ�
JODVV� PHOWV� DQG� UHIUDFWRU\� UHJDUGLQJ� WKH� GLIIHUHQW� LQIOXHQFLQJ� IDFWRUV� PXVW� EH� NQRZQ��
7KHVH� GLIIHUHQW� IDFWRUV� DUH�� GLIIXVLRQ�� FKHPLFDO� VROXWLRQ�� IRUPDWLRQ� RI� VDWXUDWLRQ�
FRQFHQWUDWLRQ�ZLWKLQ�WKH�ERXQGDU\�OD\HU�UHIUDFWRU\�JODVV�PHOW�ZKLFK�OHDGV�WR�D�FKDQJH�RI�
WKH�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV��WKH�WKUHH�W\SHV�RI�FRQYHFWLRQ��IRUFHG��IUHH�GHQVLW\�
DQG� LQWHUIDFLDO� L�� H�� VXUIDFH� WHQVLRQ� GULYHQ� FRQYHFWLRQ��� HTXLOLEULXP� SURFHVVHV� RI�
SRO\YDOHQW�LRQV�DQG�HOHFWURFKHPLFDO�SURFHVVHV��
,Q� WKLV� SDSHU� WKH� LQIOXHQFH� RI� WKH� GLIIHUHQW� IDFWRUV� �ZLWK� H[FHSWLRQ� RI� HOHFWURFKHPLFDO�
SURFHVVHV��DQG�PHFKDQLVPV�UHJDUGLQJ�WKH�FRUURVLRQ�EHKDYLRXU�DQG�JODVV�GHIHFW�SRWHQWLDO�
ZLOO� EH� GLVFXVVHG� WR� JLYH� D� VXUYH\� DERXW� WKH� LQWHUDFWLRQ� EHWZHHQ� JODVV� PHOWV� DQG�
UHIUDFWRULHV��
�

'LIIXVLRQ�DQG�FKHPLFDO�VROXWLRQ��

7KH�FRUURVLRQ�SURFHVV�RI�UHIUDFWRU\�PDWHULDOV�E\�JODVV�PHOWV�ZLOO�EH�FRQWUROOHG�E\�WKH�
WUDQVSRUWDWLRQ�NLQHWLFV�RI�WKH�VROYHG�R[LGHV��DZD\�IURP�WKH�UHDFWLRQ�SRLQW��

7KHUHIRUH� WKH� ILUVW� VWHS� RI� WKH� LQWHUDFWLRQ� EHWZHHQ� JODVV� PHOW� DQG� UHIUDFWRU\� LV� WKH�
FKHPLFDO� UHDFWLRQ�ZKLFK� LV� GHWHUPLQHG� E\� WKH� GLIIXVLRQ� RI� WKH� GLIIHUHQW� LRQV� IURP� WKH�
JODVV� PHOW� LQWR� WKH� UHIUDFWRU\� PDWHULDO� DQG� YLVH� YHUVD�� )XUWKHUPRUH� WKH� VROXELOLW\� RI�
GLIIHUHQW�R[LGHV�IURP�WKH�UHIUDFWRU\�PDWHULDO�LQ�WKH�JODVV�PHOW�UHVSHFWLYHO\�WKH�VDWXUDWLRQ�
FRQFHQWUDWLRQ� RI� WKH� ERXQGDU\� OD\HU� UHIUDFWRU\� �� JODVV� PHOW� LQIOXHQFHV� GHFLVLYHO\� WKH�
FRUURVLRQ�EHKDYLRXU��

$�SXUH�GLIIXVLRQ�ZLWKRXW�SDUWLFLSDWLRQ�RI�DQ\�NLQG�RI�FRQYHFWLRQ�RU�FKHPLFDO�UHDFWLRQ�LV�
QRW� SRVVLEOH� LQ� WKH� V\VWHP� JODVV�PHOW�UHIUDFWRU\� ��� 7KHUHIRUH� IRU� WKLV� V\VWHP� D�PRYLQJ�
SKDVH�ERXQGDU\�PXVW�EH�FRQVLGHUHG��)RU�WKH�SKDVH�ERXQGDU\�VROLG���IOXLG�WKH�GLIIXVLRQ�
PRYHPHQW�LV�SURSRUWLRQDO�WR�W������W� �WLPH�����
7KH�GLIIXVLRQ�SURFHVV�RI�WKH�V\VWHP�JODVV�PHOW�UHIUDFWRU\�LV�D�PXOWLFRPSRQHQW�GLIIXVLRQ�
SUREOHP� GHSHQGLQJ� � RQ� WKH� LQWHU� ²� RU� DEVROXWH� GLIIXVLRQ� FRHIILFLHQWV� RI� VRGLXP��
SRWDVVLXP�� DONDOLQH� HDUWKV�� DOXPLQLXP�� VLOLFRQ�� R[\JHQ� DQG� VR� RQ�� 7KHUHIRUH� DQ� RYHUDOO�
GLIIXVLRQ�FRHIILFLHQW�ZDV�LQWURGXFHG��FDOOHG�WKH�HIIHFWLYH�GLIIXVLRQ�FRHIILFLHQW�'HII����
'HII� �I��F�1D�$O�6L���'1D��'&D��'$O��'2��7���
7KHVH� HIIHFWLYH� GLIIXVLRQ� FRHIILFLHQWV� FDQ� EH� FDOFXODWHG� LI� DOO� WKH� RWKHU� YDOXHV� RI� WKH�
FRUURVLRQ�HTXDWLRQV�DUH�GHWHUPLQHG����



%\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�R[LGHV�RI�WKH�UHIUDFWRU\�PDWHULDOV�DQG�RI�WKH�JODVV�PHOWV�
WKH� FKHPLFDO� VROXWLRQ� RI� GHWHUPLQHG� R[LGHV� RI� WKH� UHIUDFWRULHV� L�� H�� $O�2�� DQG� &U�2��
LQIOXHQFH�GHFLVLYHO\�WKH�IRUPDWLRQ�RI�ERXQGDU\�OD\HUV��
�
7KH�FKHPLFDO�VROXWLRQ�H��J��RI�ÅSXUH´�FKURPLF�R[LGH�UHIUDFWRULHV�LQ�VRGD�OLPH�VLOLFD�JODVV�
PHOWV� DQG� LQ� ILEHU� JODVV� PHOWV� LV� VR� VORZO\� WKDW� WKHUH� LV� SUDFWLFDOO\� QR� IRUPDWLRQ� RI� D�
GLVWLQFW�ERXQGDU\�OD\HU��)RU�WKH�PRVW�XVHG�UHIUDFWRULHV�LQ�JODVV�PHOWLQJ�WDQNV��JODVV�PHOW�
FRQWDFW� PDWHULDO�� OLNH� IXVHG� FDVW� DQG� FHUDPLF� ERQGHG� $=6�� DOXPLQD�� FKURPLF� R[LGH�
DOXPLQD�DQG� VR�RQ� LW� FDQ�EH�DVVXPHG� WKDW� WKH� VROXWLRQ� UHDFWLRQ� LV� VXIILFLHQWO\� UDSLG�� WR�
UHDFK� LPPHGLDWHO\� WKH� VDWXUDWLRQ� FRQFHQWUDWLRQ� RI� DOO� FRPSRQHQWV� ZLWKLQ� WKH� SKDVH�
ERXQGDU\��7KXV��WKH�FRUURVLRQ�SURFHVV�ZLOO�EH�FRQWUROOHG�E\�WKH�WUDQVSRUWDWLRQ�NLQHWLFV�RI�
VROYHG�FRPSRQHQWV�� DZD\� IURP� WKH� UHDFWLRQ�SRLQW� WKURXJK�ZKLFK� WKH�FRQYHFWLRQ�KDV�D�
GHFLVLYH�LQIOXHQFH�EHVLGHV�WKH�GLIIXVLRQ��

&RUURVLRQ�XQGHU�WKH�LQIOXHQFH�RI�YDULRXV�FRQYHFWLRQ�IORZV�

$�YHU\� LPSRUWDQW�DVVXPSWLRQ�IRU�TXDQWLWDWLYH� LQYHVWLJDWLRQV�RI�FRUURVLRQ�SURFHVVHV�
DW�UHIUDFWRULHV�LV�WKH�NQRZOHGJH�RI�WKH�LQIOXHQFH�RI�FRQYHFWLRQ�RQ�FRUURVLRQ��
7KHUH� DUH� WKUHH� NLQGV� RI� FRQYHFWLRQ� LQ� JODVV� PHOWLQJ� WDQNV�� IRUFHG� FRQYHFWLRQ�� IUHH�
ODPLQDU�GHQVLW\�FRQYHFWLRQ��IUHH�ODPLQDU�VXUIDFH�WHQVLRQ�GULYHQ�FRQYHFWLRQ�L��H��LQWHUIDFLDO�
FRQYHFWLRQ��7KHVH�WKUHH�NLQGV�RI�FRQYHFWLRQ�H[LVWLQJ�LQ�JODVV�PHOWLQJ�WDQNV�KDYH�D�VWURQJ�
LQIOXHQFH�RQ�WKH�FRUURVLRQ�UDWH�RI�WKH�YDULRXV�UHIUDFWRU\�FRUURVLRQ�WHVWV��WRR��

&RUURVLRQ�E\�WKH�LQIOXHQFH�RI�IRUFHG�FRQYHFWLRQ�

,Q�JODVV�PHOWLQJ�WDQNV��WKH�FRUURVLRQ�E\�LQIOXHQFH�RI�IRUFHG�FRQYHFWLRQ�LV�FDXVHG�E\��
EXEEOHUV��PHFKDQLFDO�VWLUUHUV�DQG�E\�WKH�PHOWLQJ�UDWH�7KH�PHOWLQJ�UDWH�FDXVHG��HVSHFLDOO\�
DW�WKH�WKURDW��D�KLJK�YHORFLW\�RI�IORZ��

:LWK� WKH� H[FHSWLRQ� RI� WKH� DOUHDG\�PHQWLRQHG� FDXVHV�� WKDW�PHDQV� EXEEOHUV��PHFKDQLFDO�
VWLUUHUV� DQG� WKURDWV�� WKH� LQIOXHQFH� RI� WKH� IRUFHG� FRQYHFWLRQ� RQ� WKH� FRUURVLRQ� LQ� JODVV�
PHOWLQJ� WDQNV� KDV� RQO\� D� VXERUGLQDWHG� UROH� LQ� FRPSDULVRQ� ZLWK� WKH� VXUIDFH� WHQVLRQ�
FRQYHFWLRQ�DQG�GHQVLW\�FRQYHFWLRQ��7KH�UHDVRQ�LV��WKDW�DW�WKH�IRUFHG�FRQYHFWLRQ��WKH�IORZ�
ERXQGDU\�OD\HUV�DUH�YHU\�ODUJH��WKDW�PHDQV�XS�WR�D�IHZ�PHWHUV��
+RZHYHU�� WKH� LQYHVWLJDWLRQV� RI� FRUURVLRQ� XQGHU� WKH� LQIOXHQFH� RI� D� GHILQHG� IRUFHG�
FRQYHFWLRQ� EULQJ�� DV� FRUURVLRQ� WHVWV�� LQIRUPDWLYH� GLUHFWLRQV� DERXW� WKH� EHKDYLRXU� RI�
UHIUDFWRULHV�LQ�SUDFWLFDO�XVH�LI�WKH\�WDNH�LQWR�FRQVLGHUDWLRQ�WKH�SDUWLFXODULW\�RI�WKH�SUDFWLFH��
$�YHU\�H[DFW�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�FRUURVLRQ�UDWH�XQGHU�WKH�LQIOXHQFH�RI�
IRUFHG�FRQYHFWLRQ�LV�WKH�URWDWLQJ�F\OLQGHU�VXUIDFH�PHWKRG������

&RUURVLRQ�E\�WKH�LQIOXHQFH�RI�IUHH�ODPLQDU�GHQVLW\�FRQYHFWLRQ��

,Q�JODVV�PHOWLQJ�WDQNV��WKH�IUHH�ODPLQDU�GHQVLW\�FRQYHFWLRQ�LV�FDXVHG�E\�WHPSHUDWXUH�
JUDGLHQW� LQ�WKH�WDQN��DQG�E\�FRQFHQWUDWLRQ�JUDGLHQWV�RI� WKH�GLVVROYHG�FRPSRQHQWV�IURP�
WKH�UHIUDFWRU\�ZDOO��%RWK�FDQ�OHDG�WR�FRQYHFWLRQ�IORZV�LQ�WKH�VDPH�RU�RSSRVLWH�GLUHFWLRQ��
,I�WKH�UHDVRQ�RI�WKH�IUHH�FRQYHFWLRQ�LV�D�GHQVLW\�LQFUHDVH�RI�WKH�JODVV�PHOW�VDWXUDWHG�ZLWK�
FRPSRQHQWV�RI�WKH�UHIUDFWRULHV��WKHQ�WKH�IUHH�GHQVLW\�FRQYHFWLRQ�RQ�WKH�WDQN�ERWWRP�LV�WR�
EH�QHJOHFWHG�LQ�FRPSDULVRQ�ZLWK�WKH�FRQYHFWLRQ�RQ�WKH�ZDOOV���
%\� UHDVRQ� RI� WKH� VROXELOLW\� RI� WKH� UHIUDFWRU\�PDWHULDO� LQ� JODVV�PHOWV�� JHQHUDOO\� WKHUH� LV�
DOZD\V�D�FRQFHQWUDWLRQ�FDXVHG�GHQVLW\�FRQYHFWLRQ��
:LWK� FRQFHQWUDWLRQ�FDXVHG� IUHH� GHQVLW\� FRQYHFWLRQ�� WKH� VSDFH� DUUDQJHPHQW�RI�ZDOO� DQG�
VDPSOH�� UHVSHFWLYHO\�� WR� EH� LQYHVWLJDWHG� LV� RI� ODUJH� LPSRUWDQFH� IRU� WKH� PDVV� WUDQVIHU��
%HFDXVH� LQ� SUDFWLFH�� WKH� IUHH� FRQYHFWLRQ� RI� YHUWLFDO� ZDOOV� LV� RI� LQWHUHVW� IRU� WKH�



GHWHUPLQDWLRQ�RI� FRUURVLRQ�E\� WKH� IUHH�GHQVLW\� FRQYHFWLRQ� LQ� WKH� ODE�� WKH� H[SHULPHQWDO�
DUUDQJHPHQWV�PXVW�EH�YHUWLFDOO\�DUUDQJHG�SODWHV������

&RUURVLRQ�E\�WKH�LQIOXHQFH�RI�IUHH�ODPLQDU�LQWHUIDFLDO�FRQHFWLRQ�

7KH� IUHH� LQWHUIDFLDO� FRQYHFWLRQ� OHDG� WR� IOX[� OLQH� HURVLRQ��EXEEOH�GULOOLQJ� DQG�GULOOLQJ�E\�
PROWHQ� PHWDO� GURSOHWV�� $OO� WKHVH� NLQGV� RI� VXUIDFH� WHQVLRQ� GULYHQ� FRQYHFWLRQ� FDXVH�
HURVLRQV��ZKLFK�OHDG�WR�JUDYH�ORVVHV�DW�WKH�UHIUDFWRULHV�RI�JODVV�PHOWLQJ�WDQNV��(VSHFLDOO\�
WKH�IOX[� OLQH�FRUURVLRQ�DQG�WKH�EXEEOH�GULOOLQJ�DUH�DOZD\V�SUHVHQW� LQ�JODVV�PHOWLQJ�WDQNV�
DQG�KDYH�WKH�VWURQJHVW�HIIHFW�LQ�FRPSDULVRQ�ZLWK�RWKHU�FRQYHFWLRQ�LQIOXHQFHV��
�
)OX[� OLQH� HURVLRQ� DQG� EXEEOH� GULOOLQJ� KDYH� WKH� VDPH� SULQFLSOH�� ZKLFK� PHDQV� WKDW� WKH�
FRQYHFWLRQ�IORZ�WDNHV�SODFH�DW� WKH�WZR�SKDVLF� WKUHH�FRPSRQHQWV�ERXQGDULHV��SXUH�JODVV�
PHOW�VDWXUDWHG�JODVV�PHOW�ZLWK�GLVVROYHG�UHIUDFWRU\�FRPSRQHQWV�JDV�DWPRVSKHUH��
7KH� GULYLQJ� IRUFH� IRU� WKH� LQWHUIDFLDO� FRQYHFWLRQ� LV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� VXUIDFH�
WHQVLRQ�RI�WKH�KRVW�JODVV�PHOW�DQG�WKH�UHIUDFWRU\�FRPSRQHQWV�VDWXUDWHG�JODVV�PHOW��'XH�WR�
WKH� SDUWLFDO� RU� FRPSOHWH� PLVFLELOLW\� RI� WKH� FRPSRQHQWV� RI� UHIUDFWRULHV� ZLWK� WKH� JODVV�
PHOWV��WKHUH�LV�D�FRQWLQXRXV�VXSSO\�IRU�WKH�GLIIHUHQW�LQWHUIDFH�HQHUJLHV�7KHUH�DUH�LQWHUIDFH�
HQHUJHWLF�EDODQFLQJ�SURFHVVHV�E\�WKH�GLIIHUHQW�LQWHUIDFH�HQHUJLHV�RQ�WKH�WZR�SKDVLF�WKUHH�
FRPSRQHQWV� ERXQGDU\�� ZKLFK� OHDG� WR� D� FRQYHFWLRQ� IORZ�� 7KLV� LQWHUIDFLDO� FRQYHFWLRQ�
UHGXFH�WKH�WKLFNQHVV�RI�WKH�1HUQVW�GLIIXVLRQ�OD\HU�DW�D�WKUHH�FRPSRQHQWV�ERXQGDU\��WKDW�
PHDQV�RQ�WKH�IOX[OLQH��7KLV�OHDGV�WR�DQ�LQFUHDVH�RI�WKH�PDVV�WUDQVIHU�YHORFLW\��
$V�DOUHDG\�PHQWLRQHG�E\�GLVFXVVLQJ�WKH�IUHH�GHQVLW\�FRQYHFWLRQ�� WKH�VSDFH�DUUDQJHPHQW�
RI�WKH�ZDOO�DQG�VDPSOH��UHVSHFWLYHO\��WR�EH�LQYHVWLJDWHG�LV�RI�ODUJH�LPSRUWDQFH�WR�WKH�PDVV�
WUDQVIHU��%HFDXVH� LQ�SUDFWLFH� WKH� IUHH� LQWHUIDFLDO�FRQYHFWLRQ� WDNHV�SODFH�DW�YHUWLFDO�ZDOOV��
WKH�H[SHULPHQWDO�DUUDQJHPHQWV�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�FRUURVLRQ�E\�IUHH�LQWHUIDFLDO�
FRQYHFWLRQ�LQ�WKH�ODE�PXVW�WKHUHIRUH�LQFOXGH�EH�YHUWLFDOO\�DUUDQJHG�SODWHV���������

,QIOXHQFLQJ�IDFWRUV�WR�WKH�FRUURVLRQ�UDWH�XQGHU�WKH�DFWLRQ�RI�YDULRXV�FRQYHFWLRQ�IORZV�

7DEOH���VKRZV� WKH� LQIOXHQFLQJ� IDFWRUV�DQG�GHSHQGHQFH�RQ� WKH�FRUURVLRQ�UDWH�XQGHU� WKH�
DFWLRQ�RI�WKH�GLVFXVVHG�WKUHH�NLQGV�RI�FRQYHFWLRQ���

7DEOH����&RUURVLRQ�UDWHV�5�DV�D�IXQFWLRQ�I�RI�WKH�LQIOXHQFLQJ�IDFWRUV�XQGHU�WKH�DFWLRQ��

�RI�YDULRXV�FRQYHFWLRQ�IORZV�
�

&RQYHFWLRQ�IORZ�LQ�JHQHUDO� 5�  ���I�[GULYLQJ�IRUFH�������JHRPHWU\��������NLQHWLFV��������VROXWLRQ]�
)RUFHG�FRQYHFWLRQ� � 5)&�  ���I�[��ω���
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,QWHUIDFLDO�FRQYHFWLRQ� � 5,&�  ����I�[�J�⋅�∆σ�σ∞�
���
�����������%�� 'HII

���
��ν����� ∆F��]�

ω� �DQJXODU�YHORFLW\�RI�WKH�URWDWLQJ�F\OLQGHU��'HII� �HIIHFWLYH�GLIIXVLRQ�FRHIILFLHQW��ν� �
NLQHPDWLFDO� YLVFRVLW\�� � � � � ∆F�  � FV� �� F∞�� FV�  � VDWXUDWLRQ� FRQFHQWUDWLRQ� RI� WKH� VROYHG�

FRPSRQHQW� LQ� WKH�SKDVH�ERXQGDU\� OD\HU��&∞� �FRQFHQWUDWLRQ�RI� WKLV�FRPSRQHQW� LQ� WKH�

KRVW�JODVV�PHOW��J� �JUDYLW\�DFFHOHUDWLRQ��∆ρ� ��ρV���ρ∞��ρ∞��ρV� �GHQVLW\�RI�WKH�VDWXUDWHG�

JODVV�PHOW�LQ�WKH�SKDVH�ERXQGDU\�OD\HU��ρ∞� �GHQVLW\�RI�WKH�KRVW�JODVV�PHOW��\� �FXUUHQW�

FRRUGLQDWH�DORQJ� WKH�ZDOO��∆σ� � �σV�σ∞��σ∞��σV� �VXUIDFH� WHQVLRQ�RI� WKH�VDWXUDWHG�JODVV�

PHOW�LQ�WKH�SKDVH�ERXQGDU\�OD\HU��σ∞� �VXUIDFH�WHQVLRQ�RI�WKH�KRVW�JODVV�PHOW��%� �IDFWRU�
GHSHQGHQW�RQ�JHRPHWULFDO�IHDWXUHV�RI�WKH�IRUPHG�IOX[OLQH��
*HQHUDOO\��WKH�FRUURVLRQ�UDWH�LQ�HDFK�FDVH�GHSHQGV�RQ�WKH�GULYLQJ�IRUFH��RQ�WKH�JHRPHWU\��
RQ� WKH� NLQHWLFV�� DQG� RQ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� JLYHQ� FRQFHQWUDWLRQ� RI� WKH�

FRUUHVSRQGLQJ�FRPSRQHQW�LQ�WKH�JODVV�PHOW�F∞�DQG�WKH�VROXELOLW\�FV��



�7KH�LQIOXHQFH�RI�WKH�FRQFHQWUDWLRQ�GLIIHUHQFH��∆F��HQWHUV�ZLWK�WKH�IXOO�H[SRQHQW����ZKLOH�
WKH�NLQHWLFV��'HII�DQG�ν���DQG�WKH�GULYLQJ�IRUFH��ω��J��∆ρ�ρ∞��∆σ�σ∞���HQWHU�WKH�HTXDWLRQV�
ZLWK�DQ�H[SRQHQW�ORZHU�WKDQ����
�
7KH�JHRPHWU\�GRHV�QRW�HQWHU�WKH�IRUFHG�FRQYHFWLRQ�IORZ��EXW�RQO\�IRU�WKH�VSHFLDO�FDVH�RI�
WKH�URWDWLQJ�F\OLQGHU�HQG�IDFH��+RZHYHU��LQ�RWKHU�FDVHV�WKH�JHRPHWU\�SOD\V�DQ�LPSRUWDQW�
UROH��IRU�H[DPSOH��%�IRU�WKH�IOX[OLQH�FRUURVLRQ�DQG�\�����IRU�WKH�FDVH�RI�GHQVLW\�FRQYHFWLRQ�
IORZ��
�
:LWK�WKH�NQRZOHGJH�RI�WKHVH�LQIOXHQFH�SDUDPHWHUV�LW�LV�SRVVLEOH�WR�GHULYH�VXJJHVWLRQV�IRU�
WKH�UHGXFWLRQ�RI�WKH�FRUURVLRQ�UDWH�DQG�VXJJHVWLRQV�IRU�WKH�LPSURYHPHQW�RI�WKH�FRUURVLRQ�
UHVLVWDQFH�RI�UHIUDFWRULHV�����

7R�GHPRQVWUDWH�WKH�VWURQJ�LQIOXHQFH�RI�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�VDWXUDWHG�ERXQGDU\�
OD\HU�WKH�H[DPSOH�RI�WKH�YLVFRVLW\�ZLOO�EH�EULHIO\�GLVFXVVHG��)LJXUH���VKRZV�WKH�YLVFRVLW\�

�ORJ�η��RI�D�FRQWDLQHU�JODVV�PHOW�DQG�WKDW�RI�WKH�VDWXUDWHG�ERXQGDU\�OD\HU�IXVHG�FDVW�$=6�
���� FRQWDLQHU� JODVV� PHOW� FRUUHVSRQGLQJ� WR� WKH� FKHPLFDO� FRPSRVLWLRQ� RI� WDEOH� �� DV� D�
IXQFWLRQ�RI�WHPSHUDWXUH��7KH�YLVFRVLW\�RI�WKH�VDWXUDWHG�PHOW�LV�PXFK�KLJKHU��DW��������&�

ORJ�ηV� ������ UHVSHFWLYHO\�ηV� ��������G3DV�� WKDQ� WKDW�RQH�RI� WKH�SXUH�FRQWDLQHU�JODVV�

PHOW��DW��������&�ORJ�η∞� ������UHVSHFWLYHO\�η∞� �����G3DV��GXH�WR�LWV�KLJKHU�DOXPLQD�DQG�
ORZHU� VLOLFD� FRQFHQWUDWLRQ� ��� 7KLV� KLJK� YLVFRVLW\� RI� WKH� VDWXUDWHG� JODVV�PHOW� HIIHFWV� DV� D�
GLIIXVLRQ�EDUULHU�DJDLQVW�DJJUHVVLYH�LRQV�IURP�WKH�JODVV�PHOW�OLNH�VRGLXP��)XUWKHUPRUH�WKH�
KLJK�FRQFHQWUDWLRQ�RI������$O�2��UHGXFHV�WKH�VROXELOLW\�RI�]LUFRQLD�LQ�WKLV�ERXQGDU\�OD\HU�

WR�≤��������DQG�����
7KH�RWKHU�SK\VLFDO�SURSHUWLHV��VXUIDFH�WHQVLRQ�DQG�GHQVLW\��VKRZ�VLPLODUH�EHKDYLRXU�DQG�
LQIOXHQFH�VWURQJO\�WKH�FRUURVLRQ�EHKDYLRXU�FRUUHVSRQGLQJ�WR�WKH�IDFWRUV�LQ�WDEOH����
$OO� WKHVH�SDUDPHWHUV� DUH� UHVSRQVLEOH� IRU� WKH� UHODWLYH�KLJK� FRUURVLRQ� UHVLVWDQFH�RI� IXVHG�
FDVW�$=6����PDWHULDOV� �L�H��0RQRIUD[�&6��� DJDLQVW� DONDOL� R[LGH�²� DONDOLQH�HDUWK�R[LGH�²�
VLOLFD�JODVV�PHOWV��

�
)LJXUH����9LVFRVLW\��ORJ�η��RI�D�FRQWDLQHU�JODVV�PHOW� )LJXUH����&RQFHQWUDWLRQ�SURILO�RI�D�VRGD������������

DQG�WKDW�RI�WKH�VDWXUDWLRQ�ERXQGDU\�OD\HU�RI�� OLPH�VLOLFD�JODVV�PHOW�IXVHG�FDVW��WKH��

FRQWDLQHU�JODVV�PHOW��IXVHG�FDVW� FRPELQDWLRQ�$=6����ERXQGDU\�OD\HU�DIWHU�

RI�WHPSHUDWXUH� $=6����DV�D�IXQFWLRQ�����KRXUV�DW��������&��

�



)RUPDWLRQ�DQG�EHKDYLRXU�RI�ERXQGDU\�OD\HUV��

7KH� IRUPDWLRQ� DQG�EHKDYLRXU� RI� WKH� ERXQGDU\� OD\HUV� RI� YDULRXV� UHIUDFWRU\� �� JODVV�
PHOW�W\SHV�DUH�SDUWO\�FRPSOHWH�GLIIHUHQW��2Q�WKH�RQH�VLGH�WKHUH�DUH�UHIUDFWRU\���JODVV�PHOW�
FRPELQDWLRQV� ZKLFK� IRUP� D� UHODWLY� WKLFN� UHDFWLRQ� OD\HU�� RQ� WKH� RWKHU� VLGH� WKHUH� DUH�
UHIUDFWRU\���JODVV�PHOW�FRPELQDWLRQV�ZLWK�YHU\�WKLQ�ERXQGDU\�OD\HUV��QR�YLVXHOO�UHDFWLRQ�
OD\HU���
�
,Q�WKH�IROORZLQJ�SDUW�RI�WKLV�SDSHU�RQH�H[DPSOH�RI�HDFK�ZLOO�EH�GLVFXVVHG��IXVHG�FDVW�$=6�
��VRGD�OLPH�VLOLFD�JODVV�PHOW� LQ� WKH� ILUVW�FDVH� �WKLFN� UHDFWLRQ� OD\HU��DQG�FKURPLF�R[LGH���
VRGD�OLPH�VLOLFD�JODVV�PHOW�LQ�WKH�VHFRQG�FDVH��QR�YLVXHOO�UHDFWLRQ�OD\HU���

%RXQGDU\�OD\HU�RI�IXVHG�FDVW�$=6���6RGD�OLPH�VLOLFD�JODVV�PHOW�

)RU�WKH�SURGXFWLRQ�RI�DONDOL�R[LGH��DONDOLQH�HDUWK�R[LGH�VLOLFD�JODVVHV�IXVHG�FDVW�$=6�
PDWHULDOV� DUH� WKH� PRVWO\� XVHG� UHIUDFWRULHV� LQ� WKH� JODVV� FRQWDFW� DUHD�� ,Q� FDVH� RI� WKH�
FRPELQDWLRQ� IXVHG� FDVW� $=6� �6RGD�OLPH�VLOLFD� JODVV� PHOW� WKH� YHORFLW\� RI� WKH� FKHPLFDO�
VROXWLRQ� LV�PXFK� IDVWHU� WKDQ� WKH� FRQYHFWLYH�GLIIXVLYH� WUDQVSRUWDWLRQ��7KLV� LV� WKH� UHDVRQ�
IRU� WKH� IRUPDWLRQ� RI� VDWXUDWLRQ� FRQFHQWUDWLRQ� LQ� WKH� IXVHG� FDVW� $=6� �6RGD�OLPH�VLOLFD�
JODVV�PHOW�ERXQGDU\�OD\HU�����
�
)LJXUH���VKRZV�D�W\SLFDO�FRQFHQWUDWLRQ��SURILOH�RI�GLIIHUHQW�LRQV�ZLWKLQ�WKH�UHDFWLRQ�]RQH�
RI�D�IXVHG�FDVW�$=6������FRQWDLQHU�JODVV�PHOW�DIWHU�����KRXUV�UHDFWLRQ�WLPH�DW��������&��
7KH�VDWXUDWLRQ�FRQFHQWUDWLRQ�RI�VLOLFD��DOXPLQD��]LUFRQLD�DQG�FDOFLXP�R[LGH�DSSHDUV�DV�D�
VKRXOGHU��WKH�VDWXUDWLRQ�FRQFHQWUDWLRQ�RI�WKH�VRGLXP�R[LGH�LV�JLYHQ�E\�WKH�PD[LPXP�RI�
WKH�FRQFHQWUDWLRQ�SURILOH��
�

7DEOH����&KHPLFDO� FRPSRVLWLRQ�RI� IXVHG� FDVW�$=6�����$=6����DQG� LWV� JODVV\SKDVH��

FRQWDLQHU�JODVV��DQG�LWV�VDWXUDWLRQ�OD\HU�
�

��E\�

ZHLJKW�

IXVHG�FDVW�

$=6����

IXVHG�FDVW��

$=6����

*ODVV\�SKDVH�RI��

$=6����DW�������&�

&RQWDLQHU�

JODVV�

6DWXUDWLRQ�

ERXQGDU\�OD\HU�

6L2�� ��� ��� ��� ��� ���

$O�2�� ��� ��� ��� ���� ���

=U2�� ��� ��� �� �� ≤≤≤≤���

1D�2�

��.�2��

����������������������

≤≤≤≤����
���������������������������

≤≤≤≤���
����������������������������������������

��

��������������������������

���

�������������������������

���

&D2�� �� �� �� ��� ��

2WKHUV� ���� �� �� �� ��

�

7DEOH���VKRZV�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�D�IXVHG�FDVW�$=6�����RI�D�IXVHG�FDVW�$=6����
DQG� LWV� JODVV\� SKDVH�� RI� D� FRQWDLQHU� JODVV� DQG� RI� WKH� VDWXUDWLRQ� FRQFHQWUDWLRQ� RI� WKH�
ERXQGDU\�OD\HU�IXVHG�FDVW�$=6������FRQWDLQHU�JODVV��
%\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�R[LGHV�RI�WKH�UHIUDFWRU\�PDWHULDO�DQG�RI�WKH�JODVV�PHOW�WKH�
GLIIXVLRQ� RI� WKH� GLIIHUHQW� VSHFLHV� LQ� ERWK� RSSRVLWH� GLUHFWLRQV� OHDGV� WR� WKH� SUHVHQWHG�
FKHPLFDO� FRPSRVLWLRQ� RI� WKH� VDWXUDWLRQ� FRQFHQWUDWLRQV� RI� WDEOH� ���7KH� ODUJH� GLIIHUHQFH�



EHWZHHQ� WKH� FKHPLFDO� FRPSRVLWLRQ� RI� WKH� SXUH� FRQWDLQHU� JODVV�PHOW� DQG� WKH� VDWXUDWLRQ�
FRQFHQWUDWLRQ�RI� WKH� IOXLG�ERXQGDU\� OD\HU� OHDGV� WR�GLIIHUHQW�SK\VLFDO�SURSHUWLHV�RI� HDFK�
RQH� L�� H�� WKH� VDWXUDWLRQ� FRQFHQWUDWLRQ� RI� WKH� ERXQGDU\� OD\HU� KDV� D� YHU\� LPSRUWDQW� UROH�
UHJDUGLQJ�WKH�FRUURVLRQ�DQG�JODVV�GHIHFW�SRWHQWLDO��
�

�

� � �

)LJXUH����7\SLFDO�PLFURVWUXFWXUH�RI�D�� )LJXUH� ��� %RXQGDU\� OD\HU� DUHD� RI� D

� IXVHG�FDVW�$=6����PDWHULDO�� � IXVHG�FDVW�$=6����EORFN��

� 0RQRIUD[�&6��� � 0RQRIUD[�&6����OHIW��ZLWK�

� � � D� VRGD�OLPH� VLOLFD� JODVV

� � � �ULJKW��DIWHU�D�UHDFWLRQ�WLPH�

� � � RI� ���� KRXUV� DW� ����� �&�

� �

�

)LJXUH���VKRZV�WKH�W\SLFDO�PLFURVWUXFWXUH�RI�D�IXVHG�FDVW�$=6����PDWHULDO�������=U2���
�����$O�2��������6L2��� � L��H��JUH\�DOXPLQD�FU\VWDO�ZLWK�HPEHGGHG�ZKLWH�EDGGHOH\LWH��WKH�
FRDUVH�ZKLWH�ÅIUHH´�EDGGHOH\LWH�DQG�WKH�GDUNHU�JUH\�JODVV\�SKDVH��
�
)LJXUH���VKRZV�WKH�ERXQGDU\�OD\HU�DUHD�RI�D�IXVHG�FDVW�$=6����EORFN��OHIW��ZLWK�D�VRGD�
OLPH��VLOLFD�JODVV��ULJKW��DIWHU�D�UHDFWLRQ�WLPH�RI�����KRXUV�DW��������&��:LWKLQ�D�GLVWDQFH�
RI� DERXW� � ���� �P� LQ� WKH� ERXQGDU\� OD\HU� DUHD� RI� WKH� IXVHG� FDVW� $=6� ��� PDWHULDO� WKH�
DOXPLQD� FU\VWDOV� DUH� VROYHG� LQ� WKH� JODVV�PHOW� LQ� ZKLFK� WKH� EDGGHOH\LWH� VHDP� �ZKLWH�� LV�
HPEHGGHG��2Q�WKH�WRS�RI�WKH�SLFWXUH�D�SDUW�RI�WKH�NQRW�JODVV�ZLWK�EDGGHOH\LWH�LV�PRYLQJ�
WR�WKH�KRVW�JODVV�PHOW��3RVVLEO\��EXEEOHV�ZHUH�WKH�UHDVRQ�IRU�SXVKLQJ�RXW�WKHVH�SDUWLFOHV�
RI�WKH�ERXQGDU\�OD\HU�WR�IRUP�JODVV�GHIHFWV��

�

�



0HFKDQLVP�RI�NQRW�IRUPDWLRQ�LQ�WKH�UHDFWLRQ�]RQH�IXVHG�FDVW�$=6���6RGD�OLPH�VLOLFD�JODVV�PHOW�

)LJXUH���VKRZV�WKH�VFKHPDWLFDO�UHSUHVHQWDWLRQ�RI�WKH�UHDFWLRQ�]RQH�EHWZHHQ�D�KLJK�DONDOL�
R[LGH�DONDOLQH�HDUWK�R[LGH�VLOLFD�JODVV�PHOW�DQG�D�IXVHG�FDVW�$=6�EORFN��7KH�FRUXQGXP�LV�
GLVVROYHG� E\� GLIIXVLRQ� SURFHVVHV�� HVSHFLDOO\� RI� DONDOL� LRQV� IURP� WKH� JODVV�PHOW� LQWR� WKH�
OLTXLG�JODVV\�SKDVH�RI�WKH�$=6�EORFN�DQG�E\�WKHLU�VXEVHTXHQW�UHDFWLRQV��%HFDXVH�RI�WKHVH�
SURFHVVHV�� D� EDGGHOH\LWH� VHDP� ²� HPEHGGHG� LQ� D� KLJK� YLVFRXV� JODVV\� UHDFWLRQ� OD\HU� ²� LV�
IRUPHG� RQ� WKH� EORFN� VLGH� RI� WKH� SKDVH� ERXQGDU\�� 7KH� FKHPLFDO� FRPSRVLWLRQ� RI� WKLV�
JODVV\� UHDFWLRQ� OD\HU� FRUUHVSRQGV� WR� WKDW� RI� WKH� JODVV� NQRWV�� $W� DQ� LQFUHDVH� RI�
WHPSHUDWXUH�� WKHUH� LV� WKH� IRUPDWLRQ� RI� R[\JHQ� EXEEOHV�� FDXVHG� E\� UHGR[� HTXLOLEULXP�
SURFHVVHV�RI�SRO\YDOHQW�LRQV��VXFK�DV�LURQ�R[LGH�LQ�WKH�JODVV\�SKDVH�RI�WKH�$=6�PDWHULDO��
7KH�JDVHV�VHW�IUHH�LQ�WKH�JODVV\�SKDVH�RI�WKH�$=6�EORFN�FDQ�RQO\�H[LW�WKURXJK�WKH�UHDFWLRQ�
]RQH��7KH�EXEEOHV�SXVK�RXW�SRUWLRQV�RI�WKH�JODVV\�UHDFWLRQ�OD\HU�DQG�FDUU\�DORQJ�=U2��
FU\VWDOV�RI�WKH�EDGGHOH\LWH�VHDP��%HFDXVH�WKH�VXUIDFH�WHQVLRQ�RI�WKH�JODVV\�UHDFWLRQ�OD\HU�LV�
ODUJHU� WKDQ� WKDW� RI� WKH� KRVW� JODVV�PHOW�� WKH� IRUPHU� FRQWUDFWV� LQWR� ÅVSKHUHV´� DQG� OHDGV��
WKHUHIRUH��WR�NQRW�IRUPDWLRQ��
�

�

)LJXUH����6FKHPDWLFDO�UHSUHVHQWDWLRQ�RI�WKH�UHDFWLRQ� )LJXUH����3ROLVKHG�VHFWLRQ�RI���

� ]RQH�EHWZHHQ�WKH�KLJKO\�DONDOL�R[LGH�DONDOLQH�� � ERXQGDU\�OD\HU�UHJLRQ�

� HDUWK�R[LGH�VLOLFDWH�JODVV�PHOW�DQG�WKH�IXVHG�FDVW�� � EHWZHHQ�DQ�$=6�EORFN�

� $=6�EORFN�� � �OHIW��DQG�D�JODVV�PHOW�

� � � �ULJKW���ZLWK�EXEEOHV�DQG�

� � � NQRW�JODVV�ULVLQJ�IURP�DUW

� � WKH�SDUW�RI�WKH�=U2��VHDP��

� � � � �

� � � � �

� ����

)LJXUH���SUHVHQWV�WKH�ERXQGDU\�OD\HU�UHJLRQ�EHWZHHQ�DQ�$=6�EORFN��OHIW�KDQG�VLGH��DQG�
WKH�JODVV�PHOW��ULJKW�KDQG�VLGH��ZLWK�EXEEOHV�DQG�JODVV�NQRWV�ULVLQJ�IURP�WKH�SDUW�RI�WKH�
=U2��VHDP�WKDW�KDV�EHHQ�SXVKHG�RXWZDUGV��7KH�JDV�FRQWHQW�RI�WKH�PRVW�EXEEOHV�FRQVLVWV�
SULPDULO\�RI�R[\JHQ�����
�
$� FRQFOXVLRQ� RI� WKLV� EHKDYLRXU� VKRXOG� EH� WR� DYRLG� PDQ\� DQG� VWURQJ� WHPSHUDWXUH�
LQFUHDVHV�GXULQJ�RSHUDWLRQ�RI�JODVV�PHOWLQJ�WDQN�WR�UHGXFH�VXFK�JODVV�GHIHFWV�L��H��EOLVWHUV��
VWRQHV��NQRWV�DQG�FRUGV��



%RXQGDU\�OD\HU�RI�LVRVWDWLF�SUHVVHG�FKURPLF�R[LGH�&5��:$���6RGD�OLPH�VLOLFD�JODVV�PHOW�

)LJXUH���VKRZV�DQ�LVRVWDWLF�SUHVVHG�&5��:$�������&U�2�������7L2���RQ�WKH�OHIW�KDQG�
VLGH�ZLWK� WKH�GHQVH�PLFURVWUXFWXUH��$IWHU�D� UHDFWLRQ� WLPH�ZLWK� WKH�VRGD�OLPH�VLOLFD�JODVV�
PHOW� �ULJKW� KDQG� VLGH�� RI� ���� KRXUV� DW� ������ �&� WKHUH� LV� QR� YLVLEOH� UHDFWLRQ� ]RQH��7KH�
UHDVRQ�IRU�WKLV�EHKDYLRXU�LV�WKDW�WKHUH�LV�QHDUO\�QR�VROXELOLW\�RI�FKURPLF�R[LGH�LQ�VXFK�D�
JODVV�PHOW��7KHUHIRUH�WKH�YHORFLW\�RI�WKH�FKHPLFDO�VROXWLRQ�RI�WKH�LVRVWDWLF�SUHVVHG�ÅSXUH´�
FKURPLF�R[LGH�LQ�D�VRGD�OLPH�VLOLFDWH�JODVV�PHOW�LV�PXFK�ORZHU�DV�WKH�FRQYHFWLYH�WUDQVSRUW�
SURFHVVHV� L�� H�� WKHUH� LV�QR�SRVVLELOLW\� IRU� WKH� IRUPDWLRQ�RI�D� VDWXUDWLRQ�FRQFHQWUDWLRQ� LQ�
WKH�ERXQGDU\�OD\HU�DUHD��7KHUHIRUH�KDV�VXFK�DQ�LVRVWDWLF�SUHVVHG�FKURPLF�R[LGH�PDWHULDO�D�
YHU\�JRRG�FRUURVLRQ�UHVLVWDQFH�DQG�QR�JODVV�GHIHFW�SRWHQWLDO��

)LJXUH����%RXQGDU\�OD\HU�DUHD�RI�DQ�LVRVWDWLF�� )LJXUH����%RXQGDU\�OD\HU�RI�DQ�LVRVWDWLF����

SUHVVHG�&5��:$�EORFN��OHIW������&U�2��� � SUHVVHG�&5��:%�EORFN��OHIW�±������

����7L2���ZLWK�D�VRGD�OLPH�VLOLFDWH�JODVV� � &U�2�������7L2���ZLWK�D�VRGD�OLPH���

�ULJKW��DIWHU�D�UHDFWLRQ�WLPH�RI�����KRXUV� � VLOLFDWH�JODVV��ULJKW��DIWHU�D�UHDFWLRQ��

DW��������&�� � WLPH�RI�����KRXUV�DW��������&��

�
%RXQGDU\�OD\HU�RI�LVRVWDWLF�SUHVVHG�SRURXV�FKURPLF�R[LGH�&5��:%���6RGD�OLPH�VLOLFD�JODVV�PHOW�

)LJXUH��� VKRZV� WKH�PLFURVWUXFWXUH�RI� DQ� LVRVWDWLF�SUHVVHG�&5��:%�������&U�2��� ����
7L2���ZKLFK� KDV� D� ORZHU� EXON� GHQVLW\� DQG� D� KLJKHU� SRURVLW\� EXW� DQ� LPSURYHG� WKHUPDO�
VKRFN� UHVLVWDQFH� LQ� FRPSDULVRQ� WR� WKH� DERYH� GLVFXVVHG�&5��:$��7KH�&5��:%� �OHIW��
VKRZV� D� FRDUVH�GHQVH�&U�2��JUDLQ�ZLWKLQ� D� ILQH� VL]HG�&U�2��PDWUL[�ZKLFK�KDV� D�KLJKHU�
SRURVLW\��$IWHU�D�UHDFWLRQ�WLPH�RI�����KRXUV�DW��������&�WKHUH�LV�D�OLWWOH�ODUJHU�FRUURVLRQ�LQ�
WKH�PDWUL[�DUHD�UHFRJQL]DEOH�EXW�QR�UHDFWLRQ�]RQH�LV�YLVLEOH�DQDORJRXV�WR�WKH�&5��:$��
7KLV�LV�WKH�UHDVRQ�ZK\�WKH�&5��:%�KDV�D�YHU\�JRRG�FRUURVLRQ�UHVLVWDQFH�DJDLQVW�VRGD�
OLPH�VLOLFD� JODVV� PHOWV� DQG� QR� JODVV� GHIHFW� SRWHQWLDO�� 7KLV� IDFW� LV� FRQILUPHG� E\� WKH�
DSSOLFDWLRQ�RI� WKH�&5��:%�PDWHULDO� LQ�PRUH� WKDQ����JODVV�PHOWLQJ� WDQNV� LQ�ZKLFK� WKLV�
FKURPLF� R[LGH�PDWHULDO� LV� LQVWDOOHG� LQ� WKURDWV�� ZHLU� ZDOOV�� DV� GRJ� KRXVH� FRUQHU� EORFNV��
EXEEOHU�EORFNV�DQG�DV�RYHUFRDWLQJ�WLOHV��
�
+HUH� DUH� RQO\� WZR� GLIIHUHQW� H[DPSOHV� VKRZQ� IURP� D� ORW� RI� SRVVLEOH� FRPELQDWLRQV�
UHIUDFWRU\� PDWHULDO�� JODVV� PHOW�� EXW� LW� SUHVHQWV� KRZ� LPSRUWDQW� LW� LV� WR� FRQVLGHU� WKH�
IRUPDWLRQ� DQG� EHKDYLRXU� RI� ERXQGDU\� OD\HUV� IRU� WKH� VHOHFWLRQ� RI� UHIUDFWRU\� PDWHULDOV��



)XUWKHU�H[DPSOHV�RI�GLIIHUHQW�FRPELQDWLRQV�UHIUDFWRU\���JODVV�PHOW�UHJDUGLQJ�IRUPDWLRQ�
DQG�EHKDYLRXU�RI�ERXQGDU\�OD\HUV�DUH�GHVFULEHG�LQ�����
�

&RQFOXVLRQV�

$OO� GLVFXVVHG� SDUDPHWHUV� ZKLFK� RFFXUH� DW� WKH� LQWHUDFWLRQ� EHWZHHQ� JODVV� PHOW� DQG�
UHIUDFWRULHV�LQIOXHQFH�VWURQJO\�WKH�FRUURVLRQ�UHVLVWDQFH��WKH�IRUPDWLRQ�RI�ERXQGDU\�OD\HUV�
DQG� WKHUHIRUH� WKH�JODVV�GHIHFW�SRWHQWLDO��7KH�NQRZOHGJH�DERXW� WKH�GLIIHUHQW� LQIOXHQFLQJ�
IDFWRUV�WR�WKH�JODVV�PHOW�²�UHIUDFWRULHV�LQWHUDFWLRQ�LV�YHU\�LPSRUWDQW��)RU�WKH�VHOHFWLRQ�RI�
WKH� VXLWDEOH� UHIUDFWRULHV� ZKLFK� HIIHFW� WKH� SURGXFWLYLW\� RI� JODVV� PHOW� WDQNV�� IRU� WKH�
LPSURYHPHQW� DQG� GHYHORSPHQW� RI� UHIUDFWRULHV�� DV� ZHOO� DV� WR� RSWLPL]H� WKH� RSHUDWLRQ�
FRQGLWLRQV�RI�JODVV�PHOWLQJ�WDQNV��

�

�

�
�
�%U�FNQHU��5���:HFKVHOZLUNXQJ�]ZLVFKHQ�*ODVVFKPHO]H�XQG�)HXHUIHVWPDWHULDO��*ODVWHFKQ��
%HU������������QR�����S���������

�
�:DJQHU��&�� ,Q�� -RVW��:���'LIIXVLRQ� LQ� VROLGV�� OLTXLGV� DQG�JDVHV��1HZ�<RUN��$FDG�� 3UHVV�
������6���������

�
� 'XQNO�� 0��� %U�FNQHU�� 5���&RUURVLRQ� RI� UHIUDFWRU\� PDWHULDOV� E\� D� FRQWDLQHU� JODVV� PHOW�
XQGHU�WKH�LQIOXHQFH�RI�YDULRXV�FRQYHFWLRQ�IORZV��*ODVWHFKQ��%HU������������QR�����S���������

�
� *RUULV�� %U�FNQHU�� 5��� 'XQNO�� 0��� %HVWLPPXQJ� GHU� .RUURVLRQVUDWH� YRQ� IHXHUIHVWHP�
0DWHULDO�GXUFK�*ODVVFKPHO]HQ�EHL�HU]ZXQJHQHU�.RQYHNWLRQ��*ODVWHFKQ��%HU������������QR��
����S�����������

�� ODPLQDUHU� .RQYHNWLRQ� QDFK� GHU� 0HWKRGH� GHU� URWLHUHQGHQ� =\OLQGHUVWLUQIOlFKH��
*ODVWHFKQ��%HU������������QR�����S���������

�
� 'XQNO��0��� %U�FNQHU�� 5���&RUURVLRQ� RI� UHIUDFWRU\�PDWHULDO� XQGHU� WKH� DFWLRQ� RI� IRUFHG�
FRQYHFWLRQ�IORZ�E\�PHDQV�RI�WKH�URWDWLQJ�F\OLQGHU�IDFH�DUHD�DW�������&��*ODVWHFKQ��%HU�����
�������QR�����S�����������

��
'XQNO��0���&RUURVLRQ�WHVWV�²�$�YHU\�LPSRUWDQW�LQYHVWLJDWLRQ�PHWKRG�IRU�WKH�VHOHFWLRQ�RI�
UHIUDFWRULHV�IRU�JODVV�WDQNV��*ODVWHFKQ��%HU������6FLHQFH�7HFKQ����������QR�����S�����������

�
� 'XQNO�� 0��� %U�FNQHU�� 5��� %HVWLPPXQJ� GHU� .RUULRQVUDWH� YRQ� IHXHUIHVWHQ� %DXVWRIIHQ�
GXUFK� *ODVVFKPHO]HQ� EHL� IUHLHU� ODPLQDUHU� 'LFKWH�� XQG� *UHQ]IOlFKHQNRQYHNWLRQ��
*ODVWHFKQ��%HU������������QR������S�����������

�
�'XQNO��0���%U�FNQHU��5���%HVWLPPXQJ�GHU�.RUURVLRQVUDWH� IHXHUIHVWHU� %DXVWRIIH� GXUFK�
*ODVVFKPHO]HQ� EHL� IUHLHU� ODPLQDUHU� 'LFKWH�� XQG� *UHQ]IOlFKHQNRQYHNWLRQ� XQWHU�
EHVRQGHUHU� %HU�FNVLFKWLJXQJ� YRQ�*HI�JHHLQIO�VVHQ�� *ODVWHFKQ�� %HU�� ��� ������� QR�� ���S��
���������

��
�'XQNO��0���&RUURVLRQ�RI�UHIUDFWRULHV�E\�JODVV�PHOWV�DQG�VXJJHVWLRQV�IRU�WKH�UHGXFWLRQ�RI�
WKH�FRUURVLRQ�UDWH��3URFHHGLQJV�RI�WKH�81,7(&5�&RQJUHVV�������$DFKHQ��S�����������

��
�%U�FNQHU��5���'XQNO�0���/H[RZ��-���HW�DO���6lWWLJXQJVNRQ]HQWUDWLRQ�DQ�GHU�3KDVHQJUHQ]H�
IHXHUIHVWHU�0DWHULDOLHQ�XQG�+RKOJODVVFKPHO]H��*ODVWHFKQ��%HU������������QR�����S�����������



��
�0DQIUHGR��/��-���0F1DOO\��5�1���6ROXELOLW\�RI�UHIUDFWRU\�R[LGHV�LQ�VRGD�OLPH�JODVV��-��$P��

&HUDP��6RF������������QR�����S��&�����&������

��
� 0DQIUHGR�� /�� -��� 0F1DOO\�� 5�1��� 7KH� FRUURVLRQ� UHVLVWDQFH� RI� KLJK� =U2�� IXVLRQ�FDVW�
$O�2��=U2��6L2��JODVV�UHIUDFWRULHV� LQ�VRGD�OLPH�JODVV��-��0DWHU��6FL������������QR�����S��

�����������

��
� 'XQNO�� 0��� 6WXGLHV� RQ� WKH� JODVV\� DQG� UHDFWLRQ� SKDVHV� JLYHQ� RII� E\� IXVHG�FDVW� $=6�
EORFNV�DQG�WKHLU�HIIHFWV�RQ�JODVV�TXDOLW\��*ODVWHFKQ��%HU������������QR������S�����������

��
� 'XQNO�� 0��� *XSWD�� $��� 6HONUHJJ�� .��� )RUPDWLRQ� RI� ERXQGDU\� OD\HUV� RQ� GLIIHUHQW�
UHIUDFWRULHV�LQ�JODVV�PHOWV��3URFHHGLQJV�RI�*ODVV�3UREOHPV�&RQIHUHQFH�������&KDPSDLJQ�

�
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