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,QWURGXFWLRQ�

6HOHQLXP� SLQN� LV� WKH� PRVW� VXLWDEOH� GHFRORUL]LQJ� DJHQW� IRU� WKH� JUHHQ� WLQW�� ZKLFK� LV�
LQWURGXFHG�LQWR�IOLQW�JODVV�WKURXJK�LURQ�FRQWDPLQDWLRQV��+RZHYHU��WKH�SURILW�RI�WKH�SRVLWLYH�
GHFRORUL]LQJ� SURSHUWLHV� LV� OLPLWHG� E\� WKH� SRRU� UHSURGXFLELOLW\� RI� VHOHQLXP� GHFRORUL]DWLRQ��
$FFRUGLQJ� WR� WKH� JHQHUDO� RSLQLRQ� WKLV� LV� FDXVHG� E\� WZR� SUREOHPV�� ��� WR� ��� �� RI� WKH�
VHOHQLXP��ZKLFK�LV�LQWURGXFHG�ZLWK�WKH�EDWFK��HYDSRUDWHV�GXULQJ�PHOWLQJ��ZKLOH�RQO\����WR����
��RI�WKH�LQWHJUDWHG�VHOHQLXP�DUH�LQ�WKH�HOHPHQWDO�VWDWH�ZKLFK�LV�XVHG�IRU�GHFRORUL]DWLRQ���

(OHFWURFKHPLFDO�VHOHQLXP�VHQVRU�

(OHFWURFKHPLFDO�PHWKRGV�DUH�VHQVLWLYH� WR�VHOHQLXP���7KLV�HQDEOHV� WKH�PHDVXUHPHQW�RI�
WKH� VHOHQLXP� FRQFHQWUDWLRQ� RQOLQH� XQGHU� LQGXVWULDO� FRQGLWLRQV� E\� PHDQV� RI� D� IRUPHUO\�
GHYHORSHG�YROWDPPHWULF�VHQVRU����)LJXUH���VKRZV�WKH�UHVXOWV�RI�VXFK�D�VHQVRU�PHDVXUHPHQW�
LQ�D�IOLQW�JODVV���

�

)LJXUH����6HOHQLXP�FRQFHQWUDWLRQ�LQ�D�IOLQW�JODVV�PHDVXUHG�E\�PHDQV�RI�DQ�

HOHFWURFKHPLFDO�VHQVRU�DQG�,&3�$(6��$GGLWLRQDOO\��WKH�H[WLQFWLRQ�DW�WKH�VHOHQLXP�EDQG�

DW�����QP�DUH�LQFOXGHG��



7KH� PRVW� FUXFLDO� SRLQW� RI� HOHFWURFKHPLFDO� RQOLQH� PHDVXHPHQWV� LV� WKH� FDOLEUDWLRQ�� 6LQFH�
SURGXFWLRQ� TXDOLW\� PXVW� QRW� EH� DIIHFWHG� FRQVLGHUDEOH� YDULDWLRQV� RI� WKH� FRQFHQWUDWLRQV� RI�
FRORULQJ� HOHPHQWV� DV� LQ� XVXDO� FDOLEUDWLRQ� SURFHGXUHV� DUH� QRW� DOORZHG�� 7KXV�� FDOLEUDWLRQ� LV�
RQO\� SRVVLEOH� E\� REVHUYLQJ� D� PHOW� RYHU� D� VXIILFLHQW� ORQJ� SHULRG�� ,Q� FDVH� RI� ILJXUH� ��
DGYDQWDJHRXVO\� QRWLFHDEOH� YDULDWLRQV� RI� WKH� VHOHQLXP� DGGLWLRQV� WRRN� SODFH�� 7KH� REVHUYHG�
VHOHQLXP�FRQFHQWUDWLRQV�DUH�LQ�WKH�UDQJH�RI�WKH�GHWHFWLRQ�OLPLW�RI�QRUPDO�DQDO\VLQJ�PHWKRGV�
OLNH� ,&3�$(6��+RZHYHU�� FDOLEUDWLRQ� E\�PHDQV� RI� WKH� ,&3� DQDO\VLV� UHVXOWV� LQ� DQ� H[FHOOHQW�
DJUHHPHQW�ZLWK�RSWLFDO�PHDVXUHPHQWV��$IWHU�RPLWWLQJ�WKH�VHOHQLXP�DGGLWLRQ�LQ�WKH�EDWFK��WKH�
VHOHQLXP�FRQFHQWUDWLRQ�GHFUHDVHV�YHU\�VORZO\�PRVWO\�GXH�WR�FXOOHW�UHF\FOLQJ��)LJXUH���PDNHV�
FOHDU�WKDW�WKH�PRVWO\�XVHG�UDZ�PDWHULDOV�PHWDOOLF�VHOHQLXP�DQG�]LQF�VHOHQLWH�GR�QRW�GLIIHU�LQ�
WKHLU� GHFRORUL]LQJ� SRZHU�� 2EYLRXVO\�� LQ� LQGXVWULDO� JODVV� PHOWLQJ� WKH� VHOHQLXP� UHWHQWLRQ� LV�
PDLQO\�JRYHUQHG�E\�WKH�IXUQDFH�VHWWLQJV��

�

,QIOXHQFH�RI�UHGR[�VWDWH�

7KH� GHFRORUL]DWLRQ� EHKDYLRU� RI� VHOHQLXP� GHSHQGV� SULPDULO\� RQ� LWV� R[LGDWLRQ� VWDWH��
6HOHQLXP�H[LVWV� LQ�R[LGLF�JODVV�PHOWV� LQ�IRXU�YDOHQFH�VWDWHV��6H����6H����6H��DQG�6H����6H��DQG�
6H���SURYLGH�QR�FRORU�ZKLOH�6H�� H[KLELWV� WKH�W\SLFDO�VHOHQLXP�SLQN�DQG� WKH�FRPELQDWLRQ�RI�
LURQ� DQG� 6H��� IRUPV� DQ� DPEHU� FKURPRSKRUH��7KH�GLVWULEXWLRQ� LQWR� WKH� IRXU� YDOHQFH� VWDWHV�
GHSHQGV� RQ� WKH� R[\JHQ� SDUWLDO� SUHVVXUH� RI� WKH� JODVV� PHOW�� +RZHYHU�� LI� RWKHU� SRO\YDOHQW�
HOHPHQWV� DV� LURQ� DQG� VXOIXU� DUH� SUHVHQW� LQ� WKH� JODVV�PHOW�� WKH� R[LGDWLRQ� VWDWH� GLVWULEXWLRQ�
DGGLWLRQDOO\�VKLIWV�GXH�WR�HOHFWURQ�H[FKDQJH�UHDFWLRQV��7KH�UHGR[�GLVWULEXWLRQ�RI�VHOHQLXP�LQ�
D� VXOIXU� UHILQHG� JODVV� ZLWK� LURQ� FRQWDPLQDWLRQ� KDV� EHHQ� FDOFXODWHG� E\� PHDQV� RI� D�
WKHUPRG\QDPLF� FDOFXODWLRQ� PRGHO� ZKLFK� LV� EDVHG� RQ� WKH� EDODQFH� RI� FKHPLFDOO\� ERQGHG�
R[\JHQ� LQ� JODVV� PHOWV��� 7KH� PRGHO� KDV� EHHQ� FKHFNHG� E\� FRPSDULVRQ� ZLWK� ZHW�FKHPLFDO�
DQDO\VHV�RI�WKH�VHOHQLXP�R[LGDWLRQ�VWDWHV��

,Q� LQGXVWULDOO\�PHOWHG� IOLQW� JODVV� VHOHQLXP� LV� UHGXFHG� GXULQJ� FRROLQJ� E\� LURQ� DV�ZHOO� DV� E\�
VXOIXU��,Q�VXOIXU�UHILQHG�IOLQW�JODVV�WKH�PDLQ�UHDFWLRQ�LV�FDXVHG�E\�VXOIXU��)LJXUH���VKRZV�WKH�
HIIHFW�RI�VXOIXU�RQ�WKH�6H��DQG�ILJXUH���RQ�6H���DVVXPLQJ�YDULRXV�VHOHQLXP�VXOIXU�UDWLRV��7KH�
VPDOOHU�WKH�VHOHQLXP�VXOIXU�UDWLR��WKH�KLJKHU�LV�WKH�VKDUH�RI�6H����7KXV��LQ�W\SLFDO�IOLQW�JODVVHV�
VHOHQLXP�LV�FRPSOHWHO\�UHGXFHG�WR�WKH�VHOHQLGH�VWDWH��2EYLRXVO\�� LQ� LQGXVWULDOO\�PHOWHG�IOLQW�
JODVVHV�VHOHQLXP�GHFRORUL]DWLRQ�LV�QRW�SURYLGHG�E\�WKH�SLQN�FRORU�RI�HOHPHQWDO�VHOHQLXP�DV�
DVVXPHG�VR� IDU�EXW�E\� WKH�DPEHU�FRORU�RI� LURQ� VHOHQLGH��7KHVH� ILQGLQJV�DJUHH�ZLWK�RSWLFDO�
PHDVXUHPHQWV�� )LJXUH� �� VKRZV� WKH� &,(/$%� YDOXHV� RI� WZR� VHOHQLXP� FRQWDLQLQJ� JODVVHV��
6HOHQLXP�DGGLWLRQ�DOZD\V�FDXVHV�DQ�DGGLWLRQDO�\HOORZ�WLQW�EHVLGH�WKH�UHTXLUHG�UHG�WLQW��

,Q�RUGHU�WR�LOOXVWUDWH�WKH�LQIOXHQFH�RI�R[\JHQ�SDUWLDO�SUHVVXUH�DQG�VHOHQLXP�VXOIXU�LQWHUDFWLRQ�
RQ� WKH�FRORUDWLRQ�RI�D� IOLQW�JODVV� ILJXUH��� VKRZV� WKH�DEVRUSWLRQ�RI� WKH�HOHPHQWDO� VHOHQLXP�
DQG�LURQ�VHOHQLGH�EDVHG�RQ�OLWHUDWXUH�GDWD�RI�WKH�DEVRUSWLRQ�FRHIILFLHQWV���$Q�LQFUHDVLQJ�LURQ�
FRQWHQW� VKLIWV� WKH� SRLQW� ZKHUH� WKH� VHOHQLXP� SLQN� EHFRPHV� GRPLQDQW� LQ� WKH� GLUHFWLRQ� RI�
KLJKHU�R[\JHQ�SDUWLDO� SUHVVXUHV��([SHULHQFH�ZLWK�R[\JHQ� VHQVRUV� LQ� WKH�JODVV�PHOW� VKRZHG�
WKDW� XQGHU� LQGXVWULDO� FRQGLWLRQV� IOLQW� JODVV� LV� PHOWHG� DW� DQ� R[\JHQ� SDUWLDO� SUHVVXUH� RI�
DSSUR[LPDWHO\� ����� EDU��$FFRUGLQJ� WR� ILJXUH� �� LURQ� VHOHQLGH� FRORULQJ�SUHGRPLQDWHV� LQ� WKLV�
R[\JHQ�SDUWLDO�SUHVVXUH�UDQJH��'XH�WR�WKH�RUJDQLF�FRQWDPLQDWLRQ�RI�UHF\FOHG�FXOOHW�DQG�WKH�
SRRUHU�UHILQLQJ�EHKDYLRU�RI�VXOIXU�XQGHU�R[LGL]LQJ�FRQGLWLRQV�D�GHFRORUL]DWLRQ�E\�PHDQV�RI�
VHOHQLXP�SLQN�LV�LPSRVVLEOH�XQGHU�LQGXVWULDO�FRQGLWLRQV��



6XPPDU\�

7KH�VHOHQLXP�FRQWHQW�LQ�LQGXVWULDOO\�PHOWHG�IOLQW�JODVV�FDQ�EH�GHWHFWHG�E\�PHDQV�RI�HOHFWURFKHPLFDO�VHQVRUV�
GRZQ� WR� FRQFHQWUDWLRQV� RI� �� SSP�DQG� EHORZ��5HVXOWV� RI� LQYHVWLJDWLRQV� EDVHG� RQ� VXFK� VHQVRU�PHDVXUHPHQWV�
VKRZHG� WKDW� WKH� W\SH� RI� VHOHQLXP� UDZPDWHULDO� KDV� QR�PHDVXUDEOH� LQIOXHQFH� RQ� WKH� VHOHQLXP� UHWHQWLRQ��7KH�
R[LGDWLRQ� VWDWH� RI� VHOHQLXP� LV� JRYHUQHG�E\� WKH� LQWHUDFWLRQ� EHWZHHQ� VXOIXU�DQG� VHOHQLXP�� ,QGXVWULDOO\�PHOWHG�
IOLQW�JODVVHV�DUH�SULPDULO\�GHFRORUL]HG�E\�WKH�LURQ�VHOHQLGH�FKURPRSKRUH��
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)LJXUH����&DOFXODWHG�6H��FRQFHQWUDWLRQV�LQ�VRGD�OLPH�VLOLFD�JODVVHV�ZLWK�GLIIHUHQW�WRWDO�

VHOHQLXP�FRQFHQWUDWLRQV�DV�D�IXQFWLRQ�RI�VXOIXU�FRQFHQWUDWLRQ��c������SSP���������SSP��
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VHOHQLXP�FRQFHQWUDWLRQV�DV�D�IXQFWLRQ�RI�VXOIXU�FRQFHQWUDWLRQ��c������SSP���������SSP��
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)LJXUH����&,(/DE�FRORU�FRRUGLQDWHV�RI�LQGXVWULDOO\�PHOWHG�IOLQW�JODVVHV�ZLWK�YDU\LQJ�

VHOHQLXP�FRQWHQWV��
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)LJXUH����&RQFHQWUDWLRQV�RI�WKH�FRORULQJ�FRPSRQHQWV�HOHPHQWDO�VHOHQLXP�DQG�LURQ�

VHOHQLGH�ZHLJKWHG�ZLWK�WKH�UHVSHFWLYH�DEVRUSWLRQ�FRHIILFLHQWV�LQ�JODVVHV�ZLWK�GLIIHUHQW�

LURQ�FRQWHQWV��c��6H��ZLWK�����SSP�)H��z��6H��ZLWK�����SSP�)H��U��6H���ZLWK�����SSP�

)H�DQG�S��6H��ZLWK�����SSP�)H��
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