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PHOWV� ZHUH� HTXLOLEUDWHG� XQGHU� DLU�� WKHQ� TXHQFKHG�� 7KH� 9
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�9

�,9�
� UHGR[� UDWLR� ZDV� GHWHUPLQHG� E\� D� ZHW�

HOHFWURFKHPLFDO� PHWKRG�� 7KH� UHODWLYH� DPRXQW� RI� 9
�,9�
� GHFUHDVHV� ZLWK� LQFUHDVLQJ� WRWDO� YDQDGLXP� LQ� WKH�

JODVVHV�� RU� ZLWK� LQFUHDVLQJ� 3E2� FRQWHQW�� 7KLV� LV� H[SODLQHG� E\� WKH� YDULDWLRQ� RI� WKH� JODVV� EDVLFLW\�� WKDW�

LQIOXHQFHV� WKH� UHGR[� UDWLR��
��
3� 0$6�105� VKRZV� WKDW� WKH� LQWURGXFWLRQ� RI� 9�2�� GHSRO\PHUL]HV� WKH�

SKRVSKDWH�FKDLQV�XS�WR�LVRODWHG�32��WHWUDKHGUD��

LQWURGXFWLRQ�

6HPL�FRQGXFWLQJ� SURSHUWLHV� RI� WUDQVLWLRQ� PHWDOV� ZHUH� GLVFRYHUHG� E\� 'H� %RHU� DQG�
9HUZH\� LQ�������8VLQJ�WKRVH�HOHPHQWV� LQ�WKHLU�JODVV�FRPSRVLWLRQV��'HQWRQ��6WDQZRUWK�DQG�
5DZVRQ��FRXOG�SUHSDUH�WKH�ILUVW�VHPL�FRQGXFWLQJ�JODVVHV�LQ�������,Q�VXFK�JODVVHV��WUDQVLWLRQ�
PHWDOV� H[LVW�XQGHU� VHYHUDO�R[LGDWLRQ� VWDWHV�� DQG�HOHFWURQLF� FRQGXFWLYLW\� LV�GXH� WR� HOHFWURQLF�
MXPSV� RU� SRODURQ� KRSSLQJ�� 3�2��9�2�� VHPL�FRQGXFWLQJ� JODVV� V\VWHP� LV� RQH� RI� WKH� PRVW�
VWXGLHG�����EXW� VHPL�FRQGXFWLRQ�ZDV�DOVR�GHWHFWHG� LQ� WHUQDU\�JODVV� V\VWHPV� OLNH�$J�2�9�2��
3�2�

��RU�1D�2�9�2��3�2�
���

2XU� DLP� LV� WR� VWXG\� FRQGXFWLYLW\�� VWUXFWXUH� UHODWLRQVKLSV� LQ� VHPL�FRQGXFWLQJ� JODVVHV��
7KH� 3E2�9�2��3�2�� LV� LQWHUHVWLQJ� VLQFH� OHDG� R[LGH� FDQ� RFFXS\� ERWK� JODVV� IRUPLQJ� DQG�
PRGLI\LQJ� VLWHV�� PRUHRYHU� ERWK� ��3�� ��9� DQG� ���3E� QXFOHL� DUH� REVHUYDEOH� ZLWK� VROLG�VWDWH�
105����2�QHHGV�DQ�LVRWRSLF�HQULFKPHQW�EHFDXVH�LWV�QDWXUDO�DEXQGDQFH�LV���������

2QH�RI�WKH�PDLQ�WURXEOHV�ZKHQ�SUHSDULQJ�VHPL�FRQGXFWLQJ�JODVVHV�LV�WKH�FRQWURO�RI�WKH�JODVV�
UHGR[��L�H��WKH�UDWLR�RI�R[LGDWLRQ�VWDWHV�RI�WKH�WUDQVLWLRQ�PHWDO��+LUDVKLPD�HW�DO���UHSRUWHG�WKH�
FRQGXFWLYLW\�GDWD� IRU�3E2�9�2��3�2�� JODVVHV�� EXW�QR� V\VWHPDWLF� FRQWURO� RI� WKH� UHGR[�ZDV�
XQGHUWDNHQ�� ,Q� WKHVH� JODVVHV�� WKH� FRQGXFWLYLW\� LQFUHDVHV� ZLWK� WKH� 9�2�� FRQWHQW

��� DV� DOVR�
REVHUYHG�LQ�3�2��9�2��JODVVHV

���

:H�UHSRUW�KHUH�VRPH�IDFWRUV� LQIOXHQFLQJ� WKH�UHGR[�RI�3E2�9�2��3�2��JODVVHV�� WKH�PHOWLQJ�
WLPH��WKH�DWPRVSKHUH�FRQWURO��DQG�WKH�JODVV�FRPSRVLWLRQ��

([SHULPHQWDO�SURFHGXUH��

3E2�9�2��3�2�� JODVVHV�ZHUH�SUHSDUHG� IURP�3E2��9�2�� DQG� �1+���+32���7KH�EDWFK�
ZDV�KHDWHG�ILUVW�VORZO\�WR�UHPRYH�DPPRQLD�DQG�ZDWHU��WKHQ�XS�WR�����&��XQGHU�DLU��H[FHSWHG�
ZKHQ�VSHFLILHG�LQ�WKH�WH[W��7KH�PHOWLQJ�WLPH�ZDV�W\SLFDOO\����K��H[FHSWHG�ZKHQ�WKH�HIIHFW�RI�
PHOWLQJ� WLPH�ZDV� HYDOXDWHG��$OXPLQD� FUXFLEOHV�ZHUH� XVHG�� EXW� QR� FRQWDPLQDWLRQ� IURP� WKH�
FUXFLEOH�ZDV�GHWHFWHG��SUREDEO\�RZLQJ�WR�WKH�ORZ�PHOWLQJ�WHPSHUDWXUH��



7KH�9���9WRWDO�UDWLR��WKH�JODVV�UHGR[��ZDV�PHDVXUHG�E\�D�SRWHQWLRPHWULF�PHWKRG���7KH�
JODVV�FRQGXFWLYLW\�ZDV�PHDVXUHG�E\�WKH�FRPSOH[�LPSHGDQFH�PHWKRG��

7KH� ��3� 105� H[SHULPHQWV� ZHUH� FDUULHG� RXW� DW� %R � ���� 7� XVLQJ� D� %UXNHU� $6;����
VSHFWURPHWHU��7KH���3�/DUPRU�IUHTXHQF\�LV�������0+]�DW�WKLV�PDJQHWLF�ILHOG��$���PP�0$6�
SUREH�ZDV�XVHG�DW�D�0$6�IUHTXHQF\�RI���N+]�����VFDQV�KDYH�EHHQ�DFFXPXODWHG��7KH�SXOVH�

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

5HVXOWV�DQG�GLVFXVVLRQ��

5HGR[�YV��0HOWLQJ�WLPH��

)LJXUH���VKRZV�WKDW�WKH�PHOWLQJ�WLPH�KDV�QR�LQIOXHQFH�RQ�WKH�UHGR[�UDWLR�RI�D���3E2�
��9�2����3�2�� JODVV�� 7KLV� PHDQV� WKDW� DQ� HTXLOLEULXP� VWDWH� LV� UHDFKHG� HYHQ� IRU� VKRUWHU�
PHOWLQJ�WLPHV��7KH�YHU\�ORZ�YLVFRVLW\�RI�WKH�PHOWV�FDQ�FRQWULEXWH�WR�WKLV�REVHUYDWLRQ��

5HGR[�YV��9�3�UDWLR��

:H�SUHSDUHG�[9�2�������[����3E2���3�2��� JODVVHV��)LJXUH� �� VKRZV� WKDW� WKH� UHGR[� LV�
KLJK�DW�VPDOO�9�2��DGGLWLRQ��EXW�GHFUHDVHV�WR�D�FRQVWDQW�YDOXH�IRU�KLJK�9�2��FRQWHQW��7KLV�
EHKDYLRXU� LV� DWWULEXWHG� WR� WKH� HIIHFW� RI� JODVV� EDVLFLW\� RQ� UHGR[�� DFFRUGLQJ� WR� WKH� IROORZLQJ�
UHDFWLRQ���

9��������2�������2
�����92���

1RWLFH�WKDW�WKH�VWRHFKLRPHWU\�RI�WKLV�UHDFWLRQ�KDV�KHUH�RQO\�DQ�LQGLFDWLYH�FKDUDFWHU��EXW�
LV�QRW�VXSSRUWHG�E\�H[SHULPHQWDO�HYLGHQFH��

3�2��ULFK� SKRVSKDWH� JODVVHV� DUH� DFLGLF� JODVVHV� �DFFHSWRUV� RI� 2
����� DQG� WKHQ� KDYH� D�

UHGXFLQJ� FKDUDFWHU��� ,QFUHDVLQJ� WKH� 9�2�� FRQWHQW� GHFUHDVHV� WKH� JODVV� DFLGLW\
���� DQG� DOVR�

FKDQJHV�WKH�FRPSRVLWLRQ�IURP�D�SKRVSKDWH�LQWR�D�YDQDGDWH�VROYHQW��7KH�5HGR[�YDOXH�LV�WKHQ�
JRYHUQHG� E\� � WKH�9���9��� HTXLOLEULXP� LQ� D� YDQDGDWH�PDWUL[��7KH�9���9WRWDO� UDWLR� LQ� SXUH�
9�2��KHDWHG�LQ�DLU�DW�����&�LV�LQGHHG�FORVH�WR�WKH�YDOXH�LQ�)LJXUH�����������

5HGR[�YV��3E��3�9��UDWLR��

)LJXUH���VKRZV� WKH�HIIHFW�RI�3E2�DGGLWLRQ� LQ� D���3�2����9�2��JODVV��7KH�PRUH�EDVLF�
OHDG� R[LGH��� GHFUHDVHV� WKH� JODVV� DFLGLW\�� OHDGLQJ� WR� D� UHGXFHG� UHGR[� IRU� LQFUHDVLQJ� 3E2�
FRQWHQW��

��3�0$6�105�

2Q�WKH���3�0$6�05�VSHFWUXP�RI�WKH���3E2��9�2����3�2��JODVV��WZR�UHVRQDQFHV�DUH�
REVHUYHG�DW�����DQG����SSP��7KH\�DUH�DWWULEXWHG�WR�4��DQG�4��SKRVSKDWH�VLWHV��UHVSHFWLYHO\��
7KH� 4�� VLWHV� DUH� DVVXPHG� WR� RULJLQDWH� IURP� WKH� ERQGLQJ� RI� YDQDGLXP� SRO\KHGUD� WR� WKH�
SKRVSKDWH� JURXSV�� VLQFH� WKH� LQWHQVLW\� RI� WKLV� UHVRQDQFH� LQFUHDVHV� ZLWK� WKH� 9�2�� FRQWHQW��
$ERYH� ���PRO��9�2��� D� WKLUG� UHVRQDQFH� DSSHDUV� DW� �� SSP� �)LJXUH� ���� 6LQFH� LWV� LQWHQVLW\�
EHFRPHV�LQGHSHQGHQW�RI�WKH�9�2��FRQWHQW�DERYH����PRO��9�2���LW�LV�DWWULEXWHG�WR�LVRODWHG�
4��VLWHV��



�

��

��

��

��

��

��

� �� ��� ���
0HOWLQJ�WLPH��PLQ�

U�
��

�

�

)LJXUH����5HGR[�UDWLR�U��9���9WRWDO��YHUVXV�PHOWLQJ�WLPH�RI���3E2���9�2����3�2��JODVV��

�

��

��

��

��

���

� �� ���

[

U�
��

�

�
)LJXUH�����5HGR[�YHUVXV�[�RI�[9�2��������[����3E2���3�2���JODVVHV��

�

�

�

�

�

� � � �
3E�9

U�
��

�

�

)LJXUH�����5HGR[�YHUVXV�3E�9�RI�[3E2����[�>��9�2����3�2�@�JODVVHV��



��3E2��9�2����3�2�

��3E2���9�2����3�2�

��3E2���9�2����3�2�

��3E2���9�2����3�2�

�������������������

�SSP� �

)LJXUH�������3�0$6�105�VSHFWUD�RI�3E2�9�2��3�2��JODVVHV��

�

������������������������������ �������������������

��(�3��'HQWRQ���+��5DZVRQ�DQG�-�(��6WDQZRUWK��1DWXUH������S���������������

��$��)HOW]�DQG�%��8QJHU��-��1RQ�&U\VW��6ROLGV�����S��������������

��0�.��(O�0DQV\��0DWHU��&KHP��3K\V������S��������������

��%�5ROOLQJ�DQG��.�)XQNH���-��1RQ�&U\VW��6ROLGV������S������������

��0��:DVLXFLRQHN��-�(��*DUEDUF]\N��%��:QHWU]HZVL��3��0DFRZVNL��:��-DNXERVNL�6ROLG�6WDWH�

,RQLFV�����S��������������

��)�0�(]]�(OGLQ��1XFO��,QVWU��DQG�0HWK��LQ�3K\V�5HV��%�����S��������������
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