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,Q¿OWUDWLRQV�RI�PHOWV��DQG�RU�ÀXLGV��LQ�PDQWOH�URFNV�DUH�ZLWQHVVHG�E\�WKH�SUHVHQFH�RI�JODVV�EHDULQJ�

SRFNHWV�LQ�SHULGRWLWH�[HQROLWKV�EURXJKW�WR�WKH�VXUIDFH�E\�DONDOLQH�YROFDQLVP��6HYHUDO�JODVV�EHDULQJ�
SRFNHWV�IRXQG�DURXQG�VSLQHOV�FRUURGHG�DW�GLIIHUHQW�GHJUHHV�ZHUH�LQYHVWLJDWHG�IRU�WKHLU�FKHPLFDO�FRP>
SRVLWLRQV��LQFOXGLQJ�WKH�)HGI�6)H�UDWLRV��LQ�WZR�[HQROLWK�VDPSOHV�E\�HOHFWURQ�SUREH�PLFURDQDO\VLV��7KH�
GLVVROXWLRQ�UHFU\VWDOOL]DWLRQ�RI�VSLQHOV�HQULFKHV�WKH�PHOW�LQ�DOXPLQD��:H�VKRZ�WKDW�WKH�VSLQHO�GHULYHG�
J.GI�LRQV�FRXOG�KDYH�EHHQ�DFFRPPRGDWHG�WR�WKH�PHOW�QHWZRUN�¿UVW�DV�QHWZRUN�PRGL¿HUV��7KHQ�$OGI'
LRQV�ZHUH�QHWZRUN�IRUPHUV�XVLQJ�.I�LRQV��H[WUDFWHG�IURP�WKH�DTXHRXV�ÀXLG�XSRQ�PHOW�GHK\GUDWLRQ��DV�
VWDELOL]HUV�ZLWKLQ�WKH�WHWUDKHGUDO�VLWH��7KH�WUDQVIHU�RI�.I�IURP�WKH�DTXHRXV�ÀXLG�WR�WKH�PHOW�QHWZRUN�LV�
FRXQWHUEDODQFHG�E\�DQ�LQYHUVH�WUDQVIHU�RI�&D2�PROHFXOHV�WKDW�IRUP�FU\VWDOOLQH�SKDVHV�H[VROYHG�XSRQ�
HUXSWLRQ��7KH�HYROXWLRQ�RI�WKH�$O�FRQWHQW�FOHDUO\�VKRZV�WKDW�DQ�LQFUHDVLQJ�IUDFWLRQ�RI�WKH�VSLQHO�GHULYHG�
DOXPLQD�PROHFXOHV�ZDV�H[VROYHG�DV�WKH�PHOW�GHK\GUDWLRQ�SURFHHGHG��6SLQHO�FRUURVLRQ�FRXOG�DOVR�EH�
DW�WKH�RULJLQ�RI�PHOW�R[LGDWLRQ�WKURXJK�GHK\GURJHQDWLRQ�UHDFWLRQV�UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�$OGI'
-$('B#GI�DQLRQLF�FRPSOH[HV�ZLWKLQ�WKH�PHOW�QHWZRUN��7KLV�VWXG\�VKRZV������KRZ�WKH�VWUXFWXUH�RI�WKH�
SHUFRODWLQJ�PHOW�LV�PRGL¿HG�E\�WKH�DFFRPPRGDWLRQ�RI�FKHPLFDO�HOHPHQWV�SURGXFHG�E\�WKH�GLVVROXWLRQ�
RI�PLQHUDOV��DQG�����KRZ�WKLV�SURFHVV�FRXOG�PRGLI\�WKH�R[LGDWLRQ�VWDWH�RI�WKH�PHOW�
5$67+%8.9(6LOLFDWH�PHOW��PDQWOH�[HQROLWKV��HOHFWURQ�PLFURSUREH��)HGI�6)H�PHDVXUHPHQWV��PHOW�

IOXLG�VSLQHO�LQWHUDFWLRQV

"*1/7.8#1"7*
*ODVV�EHDULQJ� UHDFWLRQ� WH[WXUHV� DUH�ZRUOGZLGH� NQRZQ� LQ�

PDQWOH�[HQROLWKV��7KH\�XVXDOO\�FRQVLVW�RI�VLHYH�WH[WXUHG�ULPV�
RQ�FOLQRS\UR[HQH�DQG�VSLQHO��UHDFWLRQ�ULPV�RQ�RUWKRS\UR[HQH��
DQG�UHDFWLRQ�SRFNHWV�GHYHORSHG�DURXQG�DPSKLEROH�DQG�VSLQHO��
%HVLGHV�SDWFKHV�RI�JODVV��WKH�SRFNHW�DVVHPEODJH�FRQWDLQV�VHF>
RQGDU\� VPDOO� FU\VWDOV� RI� ROLYLQH�� FOLQRS\UR[HQH�� DQG� VSLQHO��
7KH�WH[WXUDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�UHDFWLRQ�]RQHV�
KDYH� EHHQ� FRQVLGHUHG� DV� LPSRUWDQW� FOXHV� IRU� HOXFLGDWLQJ� WKH�
RULJLQ�RI�WKH�DVVRFLDWHG�JODVV�DQG�LQWHQVLYHO\�VWXGLHG�RYHU�WKH�
SDVW�WZR�GHFDGHV��+RZHYHU��WKH�LQWHUSUHWDWLRQ�RI�WKH�UHDFWLRQ�
WH[WXUHV�UHPDLQV�FRQWURYHUVLDO�DV�LW�LV�GLIILFXOW�WR�XQHTXLYRFDOO\�
GHWHUPLQH� WKH� SURFHVVHV� DQG� WLPLQJ� RI� WKHLU� IRUPDWLRQ��7ZR�
PDLQ� RSSRVLWH� LQWHUSUHWDWLRQV� KDYH� EHHQ� DUJXHG� FRQVLGHULQJ�
WKH�UHDFWLRQ�WH[WXUHV�HLWKHU�DV�SURGXFWV�RI�PDQWOH�SURFHVVHV�RU�
UHVXOWLQJ�IURP�UHDFWLRQV�SRVWHULRU�WR�WKH�[HQROLWK�HQWUDLQPHQW�
LQ� LWV�KRVW�PDJPD��3DUWLDO�PHOWLQJ�PD\�KDYH�RFFXUUHG� LQ� WKH�
PDQWOH�LQGXFHG�E\�KHDWLQJ��H�J���0DDORH�DQG�3ULQW]ODX�������
RU�GHFRPSUHVVLRQ��H�J���6X�HW�DO���������,W�PD\�DOVR�UHVXOW�IURP�
WKH�SHUFRODWLRQ�RI�IOXLGV��H�J���&DUSHQWHU�HW�DO��������&ROWRUWL�HW�
DO���������RU�LQYDGLQJ�PHOW��H�J���3HULQHOOL�HW�DO�������DQG�SDSHUV�

LQ�&ROWRUWL�DQG�*UpJRLUH��������,Q�FRQWUDVW��WKHVH�WH[WXUHV�PD\�
KDYH�GHYHORSHG�LQ�FUXVWDO�PDJPD�FKDPEHUV�RU�GXULQJ�WKH�[HQR>
OLWK�WUDQVSRUW�WR�WKH�VXUIDFH�E\�GHFRPSUHVVLRQ�LQGXFHG�SDUWLDO�
PHOWLQJ��RU�UHDFWLRQV�ZLWK�WKH�PDJPD�KRVW��H�J���&DUSHQWHU�HW�
DO��������6KDZ�HW�DO�������DQG�UHIHUHQFHV�WKHUHLQ��:DQJ�HW�DO��
�������,Q�K\GURXV�[HQROLWKV��WKH�UHDFWLRQ�WH[WXUHV�PD\�DOVR�KDYH�
GHYHORSHG�DIWHU�WKH�LQFRQJUXHQW�EUHDNGRZQ�RI�DPSKLEROH�LQ�WKH�
PDQWOH�RU�GXULQJ�WUDQVSRUW��H�J���6KDZ�DQG�.O�JHO�������%DQ�HW�
DO��������,VPDLO�HW�DO��������6KDZ�������

:H�SUHVHQW�KHUH�D�GHWDLOHG�LQYHVWLJDWLRQ�RI�IUHVK�JODVV�SDWFKHV�
SUHVHUYHG�LQ�UHDFWLRQ�WH[WXUHV��IURP�IHZ�WHQV�RI�P1D>'%,'11D>
VL]HG�� LQ� WZR� OKHU]ROLWH� [HQROLWKV²RQH� DQK\GURXV� DQG� RQH�
K\GURXV²IURP�WKH�)UHQFK�0DVVLI�&HQWUDO��7KH�DLP�RI�WKLV�VWXG\�
LV�WR�H[DPLQH�WKH�H[FKDQJHV��LQYROYLQJ�$O�DQG�)H�SDUWLFXODUO\��
EHWZHHQ�WKH�PHOW�IOXLG�DQG�WKH�SHULGRWLWH�PLQHUDOV�E\�WKH�PHDQV�
RI�DQ�HOHFWURQ�PLFURSUREH��(03��LQYHVWLJDWLRQ��LQFOXGLQJ�WKH�
PHDVXUHPHQWV�RI�WKH�)HGI�6)H�UDWLRV�

3%7&73"#)&'781&"*%0
7KH�)UHQFK�0DVVLI�&HQWUDO� LV�SDUW�RI� WKH�9DULVFDQ�EHOW� LQ�

:HVWHUQ�(XURSH�� ,W� VKRZV� DQ� LQWHQVH�&HQR]RLF� DONDOLQH� YRO>
FDQLVP� OLQNHG� WR� WKH� XSZHOOLQJ� RI�PDQWOH�PDWHULDO�� SRVVLEO\�
UHODWHG�WR�D�KRWVSRW�RU�WR�FKDQQHOLQJ�RI�DVWKHQRVSKHULF�PDWHULDO�
WKURXJK�OLWKRVSKHULF�IUDFWXUHV��H�J���*UDQHW�HW�DO��������������
+RHUQOH�HW�DO���������7ZR�GLVWLQFW�OLWKRVSKHULF�GRPDLQV�VLWXDWHG�
QRUWK�DQG�VRXWK�RI�WKH���q��ƍ1�SDUDOOHO�KDYH�EHHQ�UHFRJQL]HG��
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�(�PDLO��PLFKHO�ILDOLQ#XSPF�IU
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�
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