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1E�105�� 7KH� LQWURGXFWLRQ� RI� QRELXP� LQ�

SKRVSKDWH� DQG� ERURSKRVSKDWH� QHWZRUNV� OHDGV� WR� D� GHSRO\PHUL]DWLRQ�� 7KHUH� LV� HYLGHQFH� IRU� WZR� QRELXP�

HQYLURQPHQWV�LQ������[�1D32��[1E�2��JODVVHV��
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LQWURGXFWLRQ�

%RURSKRVSKDWH� JODVVHV� KDYH� IRXQG�PDQ\� DSSOLFDWLRQV� �� VROLG� VWDWH� VLOYHU� HOHFWURO\WHV���
HOHFWURGHV� RI� OLWKLXP� EDWWHULHV��� IXHO� FHOOV��� ELRPDWHULDOV��� VHDOLQJ� JODVVHV���� DQG� RSWLFDO�
FRPSRQHQWV���,Q�WKH�ODWWHUV��WKH�LQWURGXFWLRQ�RI�QRELXP�HQDEOHV�WR�REWDLQ�JODVVHV�ZLWK�QRQ�
OLQHDU�RSWLFDO�SURSHUWLHV���7KH�QRQ�OLQHDULW\� LV�GXH�WR�WKH�QRELXP�SRO\KHGUD��(;$)6�VWXG\��
RI� VRGLXP�QRELXP�ERURSKRVSKDWHV�KDYH� VKRZQ�WKDW�QRELXP�SRO\KHGUD� DUH� LVRODWHG� LQ� WKH�
SKRVSKDWH�PDWUL[� DW� ORZ� QRELXP� FRQFHQWUDWLRQ�� EXW� EHFRPH� FRQQHFWHG� WR� HDFK� RWKHUV� DW�
KLJKHU�FRQFHQWUDWLRQV���

2XU� DLP� LV� WR� VWXG\� WKH� VWUXFWXUH� RI� VRGLXP� QRELXP� ERURSKRVSKDWHV�� DQG� UHODWH� WKH�
VWUXFWXUDO� GDWD� WR� RSWLFDO� SURSHUWLHV�� 6ROLG� VWDWH� 105� LV� XVHG� WR� LQYHVWLJDWH� WKH�
ERURSKRVSKDWH� JODVV� VWUXFWXUH�� 0$6�105� LV� LQGHHG� D� SRZHUIXOO� WRRO� WR� FKDUDFWHUL]H� WKH�
SKRVSKDWH�JODVV�QHWZRUNV��2QH�GLPHQVLRQDO�105�PHWKRGV��PDLQO\���3�0$6�105��SURYLGH�
D� VKRUW� UDQJH� GHVFULSWLRQ�� OLPLWHG� WR� 4Q� VLWH� GLVWULEXWLRQ�� 7KH� UHFHQWO\� LQWURGXFHG� WZR�
GLPHQVLRQDO�105�LQ�VROLG�VWDWH�H[SHULPHQWV�KDV�EURXJKW�FRQVLGHUDEOH�LPSURYHPHQW�RI�WKH�
VWUXFWXUH�FKDUDFWHUL]DWLRQ��H[WHQGLQJ�WKH�GHVFULSWLRQ�WR�PHGLXP�UDQJH�RUGHU�E\�LQWURGXFLQJ�
DUJXPHQWV�EDVHG�RQ�WKH�FRQQHFWLYLWLHV�EHWZHHQ�KRPR���RU�KHWHURQXFOHL���

'XH�WR�VHYHUH�UHVRQDQFH�RYHUODSSLQJ�ZKLFK�RULJLQDWH�IURP�FKHPLFDO�VKLIW�GLVWULEXWLRQ��
WKH�LQYHVWLJDWLRQ�RI�FRPSOH[�JODVV�V\VWHPV�LV�VWLOO�GLIILFXOW��7KLV�LV�ZK\�ZH�GHFRPSRVHG�WKH�
VRGLXP�QRELXP� ERURSKRVSKDWH� JODVVHV� LQ� VLPSOHU� SVHXGR�ELQDU\� JODVVHV� �� 1D32��1E�2���
DQG� 1D32��1D�%�2��� 7KHVH� WZR� V\VWHPV� ZHUH� FKRVHQ� EHFDXVH� VRPH� GDWD� DUH� DOUHDG\�



DYDLODEOH�RQ� WKHLU� VWUXFWXUH� DQG�SURSHUWLHV�� DV�ZHOO� DV� FKHPLFDO� VKLIW� UHIHUHQFHV����7KHQ� WKH�
PRUH�FRPSOH[�1D32���1D�%�2��1E�2��V\VWHP�ZLOO�EH�FKDUDFWHUL]HG��

:H� UHSRUW� KHUH� WKH� LQYHVWLJDWLRQ� RI� �����[�1D32��[1D�%�2��� �����[�1D32��[1E�2��
DQG������[�>����1D32������1D�%�2�@�[�1E�2���JODVVHV�XVLQJ�

��3�DQG���1E�105��

�

([SHULPHQWDO�SURFHGXUHV�

7KH� JODVVHV�ZHUH� SUHSDUHG� IURP�1D32���1E�2�� DQG�1D�%�2��� 7KH\�ZHUH�PHOWHG� LQ�
FUXFLEOH�XQGHU�DLU�DWPRVSKHUH��ZLWK�WZR�KRXUV�PHOWLQJ�WLPH��7KH�PHOW�ZDV�WKHQ�TXHQFKHG�RQ�
D�VWHHO�SODWH���

7KH� ��3�105� H[SHULPHQWV� ZHUH� FDUULHG� RXW� DW� %R � ���� 7� XVLQJ� D� %UXNHU� $6;����
VSHFWRPHWHU��7KH���3�/DUPRU�IUHTXHQF\�LV�������0+]�DW�WKLV�PDJQHWLF�ILHOG��$���PP�0$6�
SUREH�ZDV�XVHG�DW�D�0$6�IUHTXHQF\�RI���N+]��$OO�WKH�JODVV�VDPSOHV�ZHUH�SUHSDUHG�ZLWK�DQ�
DGGLWLRQ�RI�����ZW��0Q2�WR�UHGXFH�WKH�VSLQ�ODWWLFH�UHOD[DWLRQ�WLPH�7���$W�WKLV�ORZ�PDJQHWLF�
ILHOG�� WKH� 7�� UHOD[DWLRQ� WLPH� LV� FORVH� WR� �V� �PHDVXUHG� E\� LQYHUVLRQ�UHFRYHU\��� 7KXV� WKH�
UHSHWLWLRQ� WLPH� FRXOG� EH� OLPLWHG� WR� �� V�� DQG� ��� VFDQV� KDYH� EHHQ� DFFXPXODWHG�� 7KH� SXOVH�

OHQJWK�IRU�WKH��'�H[SHULPHQW�ZDV�����µV��π�����

7KH���1E�VSHFWUD�ZHUH�UHFRUGHG�RQ�D�$YDQFH����VSHFWURPHWHU�RSHUDWLQJ�DW�����0+]��
0$6�VSHFWUD�ZHUH�UHFRUGHG�DV�HFKRHV��ZLWK����V�UHSHWLWLRQ�WLPH��

�

5HVXOWV�DQG�GLVFXVVLRQ�

)LJ�� �� VKRZV� WKH� ��3�0$6�105� VSHFWUD� RI� �����[�1D32��[1D�%�2�� JODVVHV� IRU� [ ��
DQG� [ ��� ,Q� 1D32�� � JODVV�� RQO\� 4

��1D�� VLWHV� DUH� REVHUYHG� DW� ���� SSP�� ,Q� WKH� VRGLXP�
ERURSKRVSKDWH� JODVV�� DFFRUGLQJ� WR� UHIHUHQFH���� WZR� UHVRQDQFHV� DUH� REVHUYHG� �� PLGGOH�
SKRVSKDWH�JURXSV�ERQGHG�WR�VRGLXP�4��1D��DW�����SSP��HQG�SKRVSKDWH�JURXSV�ERQGHG�WR���
ERUDWH� JURXS�� 4��2%�� DW� ���� SSP�� DQG� HQG�SKRVSKDWH� JURXSV� FKDUJH� FRPSHQVDWHG� E\�
VRGLXP��4��1D���DW���SSP��

)LJXUH���VKRZV�WKH���3�VSHFWUD�RI������[�1D32��[1E�2��JODVVHV��'HVSLWH�WKDW�FKHPLFDO�
VKLIW� UHIHUHQFHV� DUH� QRW� DYDLODEOH� IRU� QRELXP� SKRVSKDWHV�� WKH� GHSRO\PHULVDWLRQ� RI�1D32��
FKDLQV� LQWR� 4�� VLWHV� �ORFDWHG� DW� ²� �� SSP�� LV� FOHDUO\� YLVLEOH�� :KHQ� WKH� 1E�2�� FRQWHQW� LV�
LQFUHDVHG�� WKH�4�� UHVRQDQFH�VKLIWV� WR� ORZHU�ILHOG��)LJ������ ,W� LV�DWWULEXWHG� WR�WKH�ERQGLQJ�RI�
WKHVH�HQG�JURXSV�WR�DQ�LQFUHDVHG�QXPEHU�RI�1E����DV�REVHUYHG�LQ�DOXPLQRSKRVSKDWH����RU�WR�
WKH�DSSDULWLRQ�RI�4��VLWHV��LVRODWHG�PRQRPHULF�SKRVSKDWH�VLWHV���

7KH� ��1E� VSHFWUD� RI� �����[�1D32��[1E�2�� JODVVHV� �)LJXUH� ��� VKRZ� WZR� EURDG�
FRPSRQHQWV�DW�²�����DQG�������SSP��7KH�LQWHQVLW\�RI�WKH�ORZ�ILHOG�UHVRQDQFH�LQFUHDVHV�ZLWK�
[��DQG��IRU�WKH�KLJKHVW�1E�2��FRQWHQW��[ �����RQO\�RQH�UHVRQDQFH�DSSHDUV�RQ�WKH�VSHFWUXP��
,Q�FU\VWDOOLQH�QRELDWH�FRPSRXQGV��WKH�FKHPLFDO�VKLIW�RI����QRELXP�LQ�FRUQHU�VKDUHG�QRELXP�
SRO\KHGUD� OLNH� 3E�1E�2�� LV� FD�� ������ SSP

���� ,Q� 3E1E�2��� QRELXP� SRO\KHGUD� VKDUH� ERWK�
FRUQHUV�DQG�HGJHV��DQG�WKH�FKHPLFDO�VKLIW�LV�������SSP����7KLV�ZRXOG�LQGLFDWH�WKDW�WKH�KLJK�
ILHOG�UHVRQDQFH�LQ�WKH�JODVVHV�LV�GXH�WR�HGJH�DQG�FRUQHU�VKDUHG�SRO\KHGUD��DQG�WKH�ORZ�ILHOG�



RQH�WR�FRUQHU�VKDUHG�SRO\KHGUD��+RZHYHU��WKH�UHODWLYH�LQWHQVLW\�RI�WKH�KLJK�ILHOG�UHVRQDQFH�
GHFUHDVH� IRU� LQFUHDVLQJ� QRELXP� FRQWHQWV�� 7KLV� LQWHUSUHWDWLRQ�ZRXOG� EH� WKHQ� FRQWUDGLFWLRQ�
ZLWK� (;$)6� UHVXOWV��� $QRWKHU� K\SRWKHVLV� ZRXOG� EH� WKDW� WKH� FRRUGLQHQFH� RI� QRELXP� LV�
GLIIHUHQW�IRU�WKH�WZR�UHVRQDQFHV���WKH�ORZ�ILHOG�RQH�FRXOG�EH�DWWULEXWHG�WR�QRELXP�SRO\KHGUD�
ERQGHG�WR�D�KLJKHU�QXPEHU�RI�SKRVSKDWH�JURXSV�WKDQ�WKH�KLJK�ILHOG�RQH��)XUWKHU�FU\VWDOOLQH�
UHIHUHQFH�DUH�QHHGHG�IRU�WHVWLQJ�WKLV�K\SRWKHVLV��LQ�SDUWLFXODU�QRELXP�SKRVSKDWH�VDOWV�ZLOO�EH�
LQYHVWLJDWHG��

7KH� ��3� 0$6�105� VSHFWUD� �)LJXUH� ��� RI� �����[�>����1D32������1D�%�2�@�[� 1E�2��
JODVVHV� DUH� EURDG�� RZLQJ� WR� WKH� PXOWLSOH� SRVVLELOLWLHV� RI� QRELXP� ERQGLQJ� WR� WKH�
ERURSKRVSKDWH�QHWZRUN��7KH�VKLIW�RI�WKH�VSHFWUD�WR�ORZHU�ILHOG�ZLWK�LQFUHDVLQJ�DPRXQWV�RI�
1E�2��LQGLFDWHV�D�GHSRO\PHUL]DWLRQ�RI�WKH�QHWZRUN��LQ�DFFRUGDQFH�ZLWK�WKH�EHKDYLRU�LQ�����
[�1D32��[1E�2��JODVVHV���
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