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2Q� WKLV� FRQWH[W�� LW� VKRXOG� EH� RI� LQWHUHVW� WR� XQGHUVWDQG� WKH� UROH� SOD\HG� E\� WKH�PHWDOOLF� DWRPV� DGVRUEHG� RQ� WKH� 83'� VLWHV� DQG� WKHLU� LQIOXHQFH� RQ� WKH� K\GURJHQ� DWRPV�DGVRUEHG�RQ�WKH�23'�VLWHV�7KH� HOHFWURFDWDO\WLF� EHKDYLRU�RI�SODWLQXP�HOHFWURGHV�PRGLILHG�E\� WKH� DGVRUSWLRQ�RI�ELVPXWK�DWRPV��DQG�WKH�3W�%LDG HOHFWURGH��IRU�WKH�+(5��KDYH�EHHQ�VWXGLHG�E\�GLIIHUHQW�DXWKRUV� >�����@�� ([SHULPHQWV� FDUULHG� RXW� RQ� 3W������%LDG >�@� DQG� 3W� ������%LDG >�@�FRQFOXGHG� WKDW� WKH� UDWH� RI� WKH� K\GURJHQ�HYROXWLRQ� UHDFWLRQ� �KHU��ZDV� VWURQJO\� UHGXFHG��+RZHYHU�� LW�VKRXOG�EH�PHQWLRQHG�WKDW� WKH�H[SHULPHQWDO�FRQGLWLRQV�XVHG�LQ� WKHVH�VWXGLHV�ZHUH�QRW�DSSURSULDWH��DV�WKH�HOHFWURO\WH�VROXWLRQ�ZDV�QRW�VDWXUDWHG�E\�GLVVROYHG�K\GURJHQ��RULJLQDWLQJ VWURQJ�XQFHUWDLQWLHV�RQ�WKH�DQDO\VLV�RI�WKH�H[SHULPHQWDO�UHVXOWV��2Q�WKH�RWKHU�KDQG�� UHFHQW� VWXGLHV� FDUULHG� RXW� XQGHU� PRUH� ULJRURXV� H[SHULPHQWDO� FRQGLWLRQV� LQGLFDWH�WKDW�WKH�K\GURJHQ�R[LGDWLRQ�UHDFWLRQ��KRU��RQ�3W�������%LDG >���@�ZRXOG�EH�OHVV�VHQVLWLYH�WR�WKH�SUHVHQFH�RI�%LDG��DOWKRXJK�WKHUH�LV�D�OLPLWLQJ�NLQHWLF�FXUUHQW�DW�KLJK�RYHUSRWHQWLDOV�ZKLFK�LV�ORZHU�WKDQ�WKH�OLPLWLQJ�GLIIXVLRQDO�FXUUHQW�UHFRUGHG�RQ�SXUH�SODWLQXP�,Q�VSLWH�RI�WKH�VWXGLHV�FDUULHG�RXW�RQ�WKLV�VXEMHFW��WKHUH�DUH�PDQ\�DVSHFWV�WKDW�PXVW�EH� FDUHIXOO\� DQDO\VHG� LQ� RUGHU� WR� LPSURYH� WKH� XQGHUVWDQGLQJ� RI� WKH� UROH� SOD\HG� RQ� WKH�+(5� E\� WKH� DGVRUSWLRQ� RI� ELVPXWK� RQ� SODWLQXP��2Q� WKLV� EDVLV�� WKH� SUHVHQW�ZRUN� GHDOV�ZLWK� WKH� VWXG\� RI� WKH� +(5� RQ� SRO\FU\VWDOOLQH� 3W�%LDG WKURXJK� WKH� HYDOXDWLRQ� RI� WKHGHSHQGHQFH� RI� WKH� HTXLOLEULXP� SRODULVDWLRQ� UHVLVWDQFH� �5S�� RQ� WKH� ELVPXWK� VXUIDFH�FRYHUDJH� ��%L��� 7KLV� VFDUFHO\� XVHG� WHFKQLTXH� >�����@� LV� XVHIXO� IRU� WKH� VWXG\� RI�HOHFWURFKHPLFDO� UHDFWLRQV� RQ� PDWHULDOV� ZKHUH� WKH� UHYHUVLEOH� HOHFWURGH� SRWHQWLDO� LV�SHUIHFWO\�GHILQHG��DEVHQFH�RI�FRUURVLRQ�SURFHVVHV���2Q�VXFK�FRQGLWLRQV��HDFK�HOHPHQWDU\�VWHS�RI�WKH�UHDFWLRQ�WDNHV�SODFH�ZLWK�VLPLODU�YDOXHV�RI�WKH�IRUZDUG�DQG�EDFNZDUG�UHDFWLRQ�UDWHV�DQG�FRQVHTXHQWO\�WKH�ZKROH�EHKDYLRXU�RI�WKH�HOHFWURGH�UHDFWLRQ�FDQ�EH�DSSURSULDWHO\�FKDUDFWHULVHG��([SHULPHQWDO&HOO� GHVFULSWLRQ�� 7KH� H[SHULPHQWDO� GHWHUPLQDWLRQV� ZHUH� FDUULHG� RXW� LQ� WKUHH�HOHFWURGHV�3\UH[�JODVV�FHOOV��7KUHH�GLIIHUHQW�FHOOV�ZHUH�XVHG��RQH�IRU�WKH�%L�DGVRUSWLRQ��DQRWKHU�IRU�WKH� YROWDPPHWULF� FKDUDFWHULVDWLRQ� DQG� WKH� ODVW� RQH� IRU� WKH� SRODULVDWLRQ� UHVLVWDQFH�PHDVXUHPHQWV�XQGHU�K\GURJHQ�JDV�EXEEOLQJ��/DUJH�DUHD�SODWLQXP�FRXQWHUHOHFWURGHV�DQG�K\GURJHQ�EXEEOH�UHIHUHQFH�HOHFWURGHV�LPPHUVHG�LQ�WKH�VDPH�VROXWLRQ�ZHUH�XVHG�LQ�DOO�RI�WKHP�� 6SHFLDO� DWWHQWLRQ� ZDV� SDLG� WR� WKH� SXULW\� RI� WKH� HOHFWURO\WH� VROXWLRQV�� ZKLFK� ZDV�YHULILHG�E\�HVVD\V�RI�DGVRUSWLRQ�R[LGDWLRQ�EHIRUH�HDFK�H[SHULPHQWDO�UXQ�

3UHSDUDWLRQ� RI� 3W�%LDG HOHFWURGHV�� 7KH� LUUHYHUVLEOH� DGVRUSWLRQ� RI� ELVPXWK� RQ� D� FOHDQ�SODWLQXP� HOHFWURGH� ZDV� FDUULHG� RXW� SRWHQWLRVWDWLFDOO\� LQ� D� �� ���� 0�%L��62��� VROXWLRQ�SUHSDUHG�IURP�%L�2� GLVVROYHG LQ�����0�+�62� VROXWLRQ��7KH�DGVRUSWLRQ�SURFHVVHV�ZHUH�FDUULHG�RXW�LQ�WKH�UDQJH�RI�SRWHQWLDOV�������9�d (DG d �����9��,W�VKRXOG�EH�QRWLFHG�WKDW�DW�(DG ��������9� WKH�PDVVLYH�GHSRVLWLRQ�RI�%L� LV�SURGXFHG��7KH� WLPH�RI�DSSOLFDWLRQ�RI� WKH�DGVRUSWLRQ�SRWHQWLDO�ZDV�YDULHG�LQ�WKH�UDQJH����V�d WDG d ����V��7KH�HOHFWURGHV�ZHUH�WKHQ�UHPRYHG� IURP� WKH� FHOO� DW� FORVHG� FLUFXLW� DQG� LPPHGLDWHO\� ZDVKHG� LQ� RUGHU� WR� DYRLG�DGVRUSWLRQ�E\�FRQWDFW��



6WXG\�RI�WKH�K\GURJHQ�UHDFWLRQ�RQ�ELVPXWK�PRGLILHG�SODWLQXP�HOHFWURGHV ��
7UHDWPHQW�RI�3W�HOHFWURGHV��7KH�SODWLQXP�HOHFWURGHV�ZKLFK�ZHUH�VXEMHFWHG�WR�D�ELVPXWK�DGVRUSWLRQ� SURFHVV� FDQQRW� EH� UHFRYHUHG� WKURXJK� FRQYHQWLRQDO� SUHWUHDWPHQWV� VXFK� DV�DQRGLF�HOHFWURGHVRUSWLRQ��DV�WKH�%LDG�FDQQRW�EH�HOLPLQDWHG�IURP�WKH�HOHFWURGH�VXUIDFH�\HW�DIWHU�D�ODUJH�QXPEHU�RI�GHVRUSWLRQ�F\FOHV��7KHUHIRUH��D�QHZ�SURFHGXUH�ZDV�GHYHORSHG�LQ�RUGHU� WR� REWDLQ� 3W� HOHFWURGHV� IUHH� IURP� %LDG�� ZLWK� D� UHSURGXFLEOH� YROWDPPHWULF� VKDSH�LQGHSHQGHQWO\� RI� WKHLU� SUHYLRXV� KLVWRU\�� 7KLV� H[SHULPHQWDO� WUHDWPHQW� FRQVLVWHG� LQ� WKH�IROORZLQJ�VWHSV���L��SROLVKLQJ�ZLWK�HPHU\�SDSHU��������LL��SROLVKLQJ�ZLWK�DOXPLQD�SRZGHU�����PP���LLL��JURZWK�RI�D�3W2� OD\HU�LQ�DFLG�VROXWLRQ�WKURXJK�WKH�DSSOLFDWLRQ�RI�SHULRGLF�SRWHQWLDO�VLJQDOV�RI�KLJK�DPSOLWXGHV�DQG�IUHTXHQFLHV�>��@�DQG��LY��UHGXFWLRQ�RI�WKLV�R[LGH�ILOP�� 7KH� WLPH� XVHG� IRU� WKH� R[LGH� ILOP� JURZWK� ZDV� YDULHG� LQ� RUGHU� WR� REWDLQ� ZRUNLQJ�HOHFWURGHV�ZLWK�D�URXJKQHVV�IDFWRU�RI�DSSUR[LPDWHO\����WR������
9ROWDPPHWULF� FKDUDFWHULVDWLRQ�� 7KH� ZRUNLQJ HOHFWURGHV� ZHUH� VXEMHFWHG� WR� F\FOLF�YROWDPPHWU\�LQ�D�WKUHH�HOHFWURGHV�FHOO�LQ�D�����0�+�62� VROXWLRQ�IUHH�IURP�%L�� LRQV�DW�D�VZHHS�UDWH�RI�������9�V����7KH�DLP�RI�WKHVH�YROWDPPHWULF�UXQV�ZHUH���L��FKDUDFWHULVDWLRQ�RI�3W�DQG�3W�%LDG HOHFWURGHV���LL��YHULILFDWLRQ�RI�WKH�SXULW\�RI�WKH�HOHFWURO\WH�VROXWLRQV�DQG��LLL��TXDQWLILFDWLRQ�RI�WKH�DPRXQW�RI�%LDG��,Q�WKH�ILUVW�FDVH��WKH�SRWHQWLRG\QDPLF�VZHHS�ZDV�DSSOLHG� EHWZHHQ� WKH� SRWHQWLDOV� (ORZ  � ���� 9� DQG� � (XS�  � ���� 9� LQ� RUGHU� WR� REWDLQ� WKH�FRUUHVSRQGLQJ�YROWDPPRJUDP�DQG�DOVR�LQ�WKH�UDQJH�(ORZ  �����9�DQG��(XS� �������9�IRU�WKH�HYDOXDWLRQ�RI�WKH�YROWDPPHWULF�FKDUJH�UHODWHG�WR�WKH�HOHFWURVRUSWLRQ�RI�+�DWRPV�ZLWKLQ�WKH�83'�SRWHQWLDO�GRPDLQ��7KH�YHULILFDWLRQ�RI� WKH�SXULW\� RI� WKH� HOHFWURO\WH� VROXWLRQV�ZDV�PDGH� WKURXJK� WKH�DSSOLFDWLRQ�RI�WZR�FRQVHFXWLYH�VWHSV�RI�SRWHQWLRVWDWLF�DGVRUSWLRQ�XQGHU�QLWURJHQ�EXEEOLQJ�DW�������9�GXULQJ���PLQ�DQG�����9�GXULQJ�DQRWKHU���PLQ��UHVSHFWLYHO\��,PPHGLDWHO\�DIWHU�WKH�DGVRUSWLRQ�DQG�ZLWKRXW� LQWHUUXSWLQJ� WKH�HOHFWULF�FLUFXLW��D�SRWHQWLRG\QDPLF�VZHHS� LQ�WKH�DQRGLF�GLUHFWLRQ�ZDV�DSSOLHG�XS� WR�(XS� �����9�� UHWXUQLQJ� WKHQ� WR�(ORZ  �����9�DQG�DIWHU�WKDW�DSSO\LQJ�UHSHWLWLYH�F\FOHV�EHWZHHQ�WKHVH�OLPLWLQJ�SRWHQWLDO�YDOXHV��7KH�SXULW\�RI�WKH�VROXWLRQ�LV�GHWHUPLQHG�E\�WKH�DEVHQFH�RI�SHDNV�RU�HOHFWURR[LGDWLRQ�SURFHVVHV�GLIIHUHQW�IURP� WKRVH� FKDUDFWHULVWLFV� RI� WKH�3W� HOHFWURGH� DQG�RU� WKH� LQKLELWLRQ�RI� WKH�FXUUHQW� SHDNV�UHODWHG�WR�WKH�+�DQG�2�83'�HOHFWURVRUSWLRQ��VHH�)LJXUH�����)LQDOO\��LQ�RUGHU� WR�TXDQWLI\� WKH�DPRXQW�RI�%LDG�� WKH�LQKLELWLRQ�RI� WKH�+DG �83'��VLWHV�ZDV�HYDOXDWHG��7KH�FKDUJH�RI�+DG REWDLQHG�LQ�SUHVHQFH�DQG�LQ�DEVHQFH�RI�%LDG ZDV�HYDOXDWHG�WKURXJK�SRWHQWLRG\QDPLF�F\FOHV�UXQ�EHWZHHQ�(ORZ  �����9�DQG��(XS� �������9�EHIRUH�DQG�DIWHU�WKH�%L�DGVRUSWLRQ�
(OHFWURFKHPLFDO� PHDVXUHPHQWV�� 7KH� SRODUL]DWLRQ� UHVLVWDQFH� RI� WKH� K\GURJHQ� HOHFWURGH�UHDFWLRQ� ZDV�PHDVXUHG� RQ� 3W� DQG� 3W�%LDG HOHFWURGHV� WKURXJK� JDOYDQRVWDWLF� SRODUL]DWLRQ�SXOVHV�DSSOLHG�QHDU�WKH�HTXLOLEULXP�SRWHQWLDO��_K_�d ���P9���0HDVXUHPHQWV�ZHUH�FDUULHG�RXW� LQ ���� 0� +�62� VROXWLRQV� VDWXUDWHG� ZLWK� K\GURJHQ� DW� D� SUHVVXUH� RI� �� DWP�� 7KH�PHDVXUHPHQWV� ZHUH� PDGH� XVLQJ� D� SRWHQWLRVWDW�JDOYDQRVWDW� 5DGLRPHWHU� 3*3�����FRQWUROOHG� E\� D� GDWD� JHQHUDWLRQ�DFTXLVLWLRQ� FDUG� $GYDQWHFK� 3&/����� DQG� WKH� VRIWZDUH�/DEWHFK�1RWHERRN���&XUUHQW�VWHSV�ODVWLQJ����V�ZHUH�DSSOLHG��UHJLVWHULQJ�FRQWLQXRXVO\�WKH�YDULDWLRQ�RI�SRWHQWLDO�RQ�WLPH��ZKLFK�DOZD\V�UHWXUQHG�WR� WKH�UHVWLQJ�SRWHQWLDO�YDOXH��)RU�HDFK�VWHS������SRWHQWLDO�PHDVXUHPHQWV�ZHUH�PDGH�DQG�WKH�DYHUDJH�YDOXH�����ZDV�DVVLJQHG�
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WR� WKH� FXUUHQW� �,�� RI� WKH� DQDO\VHG� VWHS�� ,Q� WKLV�ZD\� WKH� GHSHQGHQFH� ,����ZDV� REWDLQHG��EHLQJ�DOO�H[SHULPHQWV�FDUULHG�RXW�DW���r��&�7KH�HTXLOLEULXP�SRODULVDWLRQ�UHVLVWDQFH��5S��ZDV�HYDOXDWHG�IURP�WKH�UHJUHVVLRQ�RI�WKH� GHSHQGHQFHV� ,���� E\� D� VHFRQG� RU� WKLUG� RUGHU� SRO\QRPLDO�� 7KH� OLQHDU� FRHIILFLHQW� RI�VXFK�ILWWLQJ�SRO\QRPLDO�FRUUHVSRQGV�WR�WKH�SRODULVDWLRQ�UHVLVWDQFH�YDOXH

)LJXUH����9ROWDPPRJUDP�RI�D�3W�HOHFWURGH�UHFRUGHG IRU�WKH�YHULILFDWLRQ�RI�WKH�VROXWLRQ�SXULW\�����0�+�62���Y� �������9�V�������&�
5HVXOWV%LVPXWK�DGVRUSWLRQ�RQ�SODWLQXP��7KH�YROWDPPHWULF�EHKDYLRXU�RI�WKH�3W�%LDG ZDV�DOPRVW�LQGHSHQGHQW� RI� WKH� DGVRUSWLRQ� SRWHQWLDO�� DOWKRXJK� WKH� DPRXQW� RI� %LDG TXDQWLILHG� DV� WKH�DPRXQW� RI� LQKLELWHG�+DG �83'�� GHSHQGV� XSRQ� WLPH� DQG� DGVRUSWLRQ� SRWHQWLDO�� )LJXUH� ���OLQH� D�� VKRZV� WKH� YROWDPPHWULF� UHVSRQVH� RI� D� 3W� HOHFWURGH� EHWZHHQ� ����9� DQG� ����9��)LJXUH����OLQH�E��LV�WKH�SURILOH�REWDLQHG�DIWHU�D�%L�DGVRUSWLRQ�DW�(DG� ��������9�GXULQJ����V�EHWZHHQ�����9�DQG�������9��UHFRUGHG�IRU�WKH�HYDOXDWLRQ�RI�WKH�GHJUHH�RI�LQKLELWLRQ�RI�WKH�+DG �83'��� )LQDOO\�� )LJXUH� �� �OLQH� F�� LV� WKH� UHVSRQVH� REWDLQHG� DIWHU� �E�� ZKHQ� WKH�SRWHQWLRG\QDPLF�VZHHS�LV�H[WHQGHG�WR�����9��ILUVW�DQG�VHFRQG�F\FOH���7KLV�SURILOH�VKRZV�D� FXUUHQW� SHDN� DW� ����� 9� GXULQJ� WKH� DQRGLF� VZHHS� DQG� D� VLJQLILFDQW� LQFUHDVH� RI� WKH�FDWKRGLF�FKDUJH�FRUUHVSRQGLQJ�WR�WKH�HOHFWURUHGXFWLRQ�RI�2DG��,W�VKRXOG�EH�PHQWLRQHG�WKDW�WKLV� HIIHFW� GHSHQGV� VWURQJO\� RQ� WKH� WLPH� DQG� WKH� SRWHQWLDO� RI� DGVRUSWLRQ�� 7KH� RSSRVLWH�EHKDYLRXU��WKDW�LV�D�GHFUHDVH�RI�WKH�HOHFWURUHGXFWLRQ�FKDUJH�RI�2DG��FDQ�EH�DOVR�REWDLQHG�ZLWKRXW�DSSUHFLDEOH�HIIHFW�RQ�WKH�DQRGLF�VKDSH�RI�WKH�YROWDPPRJUDP��$QRWKHU�LPSRUWDQW�DVSHFW� LV� WKDW� WKH� UHSHWLWLYH� F\FOLQJ� EHWZHHQ� ���� 9� DQG� ������ 9� GRHV� QRW� FKDQJH� WKH�YROWDPPHWULF� SURILOH�� ZKHUHDV� WKH� SRWHQWLRG\QDPLF� VZHHS� EHWZHHQ� ���� 9� DQG� ���� 9�SURGXFHV�D�FRQWLQXRXV�GHFUHDVH�F\FOH�E\�F\FOH�RI�WKH�DQRGLF�SHDN�ORFDWHG�DW������9�DQG�D�OHVVHU�LQKLELWLRQ�RI�WKH�+DG �83'��$OO� WKH� VWXGLHV� FDUULHG� RXW� RQ� WKH� 3W�%LDG HOHFWURGHV� LQGLFDWH� WKDW� ZKLOH� WKH�HOHFWURGH�SRWHQWLDO�LV�KHOG�EHORZ������9��WKH�%LDG OD\HU�LV�KLJKO\�VWDEOH�
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(YDOXDWLRQ� RI� WKH� EHKDYLRXU� RI� WKH� +(5� QHDU� WKH� HTXLOLEULXP� SRWHQWLDO�� ,Q� RUGHU� WR�HYDOXDWH� WKH� SRODULVDWLRQ� UHVLVWDQFH�� WKH� FXUUHQW�SRWHQWLDO� GHSHQGHQFH� QHDU� WKH�HTXLOLEULXP� SRWHQWLDO� ZDV� HYDOXDWHG� E\� WKH� DSSOLFDWLRQ� RI� FXUUHQW� SXOVHV�� )LJXUH� ��LOOXVWUDWHV� WKH� DSSOLHG� FXUUHQW� VLJQDO� DV� ZHOO� DV� WKH� FRUUHVSRQGLQJ� SRWHQWLDO� UHVSRQVH��6RPH� RI� WKH� H[SHULPHQWDO� FXUUHQW�SRWHQWLDO� FXUYHV� ,���� REWDLQHG� IURP� WKHVH�PHDVXUHPHQWV� FDQ� EH REVHUYHG� LQ� )LJXUHV� ����� 7KH� YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 3W�HOHFWURGH� IUHH� IURP�%L� DUH� LQGLFDWHG� DV� RSHQ� FLUFOHV� �,���3W�� DQG� WKH� GDVKHG� OLQH� LV� WKH�FRUUHVSRQGLQJ� UHJUHVVLRQ� FXUYH�� $IWHU� WKH� LUUHYHUVLEOH� DGVRUSWLRQ� RI� ELVPXWK�� WKH�HYDOXDWLRQ�RI�WKH�GHSHQGHQFHV�,���3W�%L ZHUH�FDUULHG�RXW��ZKLFK�DUH�VKRZQ�LQ�WKH�)LJXUHV�����DV�ILOOHG�FLUFOHV��EHLQJ�WKH�FRQWLQXRXV��OLQH�WKH�FRUUHVSRQGLQJ�UHJUHVVLRQ�FXUYH�$� F\FOLF� YROWDPPRJUDP� EHWZHHQ� ���� 9� DQG� ������ 9�ZDV� UHFRUGHG� LQ� RUGHU� WR�GHWHUPLQH�WKH�VXUIDFH�FRYHUDJH�RI�%LDG WKURXJK�WKH�GHJUHH�RI�LQKLELWLRQ�RI�WKH�+DG �83'���DV�LW�LV�LOOXVWUDWHG�LQ�WKH�)LJXUH����OLQH�E���)LJXUHV�����FRUUHVSRQG�WR�GLIIHUHQW�GHJUHHV�RI�LQKLELWLRQ�DQG�LW�FDQ�EH�REVHUYHG�WKDW��DOWKRXJK�WKH�FDVHV�XQGHU�DQDO\VLV� LQYROYH�YDOXHV�FRPSULVHG� EHWZHHQ� ��� WR� ������ WKH� GLIIHUHQFHV� EHWZHHQ� WKH� GHSHQGHQFHV� ,���3W�%L DQG�,���3W DUH�DOPRVW�QHJOLJLEOH��
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� � �� � � PR %L, , T ���7KH�FRUUHVSRQGLQJ�H[SUHVVLRQ�IRU�WKH�SRODULVDWLRQ�UHVLVWDQFH�LV��� �  �RS P%LS
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ZKLFK� JLYHV� D� Z YDOXH� PXFK� OHVV� WKDQ� XQLW\� \HW� DW� ORZ� ELVPXWK� VXUIDFH� FRYHUDJH��EHFDXVH��IRU�H[DPSOH��P� ����IRU�WKH�FDVH�RI�3W������>�@�'LVFXVVLRQ7KH�SUHVHQW�VWXG\�GHPRQVWUDWHV�WKDW�WKH�HTXLOLEULXP�SRODULVDWLRQ�UHVLVWDQFH�RI�WKH�K\GURJHQ�HOHFWURGH�UHDFWLRQ��+(5��RQ�SODWLQXP�LV�LQVHQVLWLYH�WR�WKH�H[LVWHQFH�RI�ELVPXWK�DWRPV�LUUHYHUVLEO\�DGVRUEHG�RQ�WKH�HOHFWURGH�VXUIDFH��7KLV�H[SHULPHQWDO�UHVXOW�LV�REWDLQHG�\HW� DW� GHJUHHV� RI� LQKLELWLRQ� RI� WKH� 83'� K\GURJHQ DWRPV� JUHDWHU� WKDQ� ����� $�VWUDLJKWIRUZDUG� FRQVHTXHQFH� RI� WKLV� VWXG\� LV� WKDW� WKH� +(5� UHTXLUHV� DGVRUSWLRQ� VLWHV�GLIIHUHQW�IURP�WKH�83'�VLWHV��1HYHUWKHOHVV��VHYHUDO�FRQVLGHUDWLRQV�VKRXOG�EH�PDGH��
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,I�WKH�+H\URYVN\�VWHS�GRHV�QRW�FRQWULEXWH�VLJQLILFDQWO\ WR�WKH�+(5�QHDU�WKH�HTXLOLEULXP�SRWHQWLDO��HTXDWLRQ�����FDQ�EH�ZULWWHQ�DV�

� � ��§ ·# �¨ ¸© ¹S H H9 7
575 ) Y Y ���

7KHUHIRUH�� WKH� LQYDULDELOLW\� RI� WKH� SRODULVDWLRQ� UHVLVWDQFH� LPSOLHV� WKH� FRQVWDQF\� RI� WKH�HTXLOLEULXP�UHDFWLRQ�UDWH�RI�WKH�9ROPHU�DQG�7DIHO VWHSV��7KLV�FRXOG�EH�H[SODLQHG�RQ�WKH�EDVLV�RI�D�VPDOO�LQIOXHQFH�RI�WKH�ELVPXWK�DWRPV�DGVRUEHG�RQ�WKH�83'�VLWHV�RQ�WKH�23'�VLWHV��7KLV� LV�HTXLYDOHQW� WR�DVVXPH� WKDW� WKH�VWDQGDUG�*LEEV� IUHH�HQHUJ\�RI� WKH�K\GURJHQ�DGVRUEHG� RQ� WKH� 23'� VLWHV� � �� �PR+ R GRHV� QRW� GHSHQG� RQ� WKH� %L� VXUIDFH� FRYHUDJH� DQG�WKHUHIRUH�WKH�EHKDYLRXU�RI�+DG��23'��ZRXOG�EH�WKH�VDPH�DV�RQ�D�SXUH�SODWLQXP�HOHFWURGH��7KLV�DSSUR[LPDWLRQ�VHHPV�WR�EH�XQOLNHO\�GXH�WR�WKH�ZLGH�UDQJH�RI�LQKLELWLRQ�RI�WKH�83'�VLWHV��$Q� HOHFWURQLF� HIIHFW RQ� WKH�23'� VLWHV� VKRXOG� EH� UHDVRQDEOH�ZKHQ� WKH�%L� VXUIDFH�FRYHUDJH�LV�KLJK��6RPH�HYLGHQFH�LQ�IDYRXU�RI�D�VWURQJ�LQWHUDFWLRQ�EHWZHHQ�3W�DQG�%L�ZDV�SRVWXODWHG� E\� +DPQ� HW� DO� >��@�� ZKR� DQDO\VHG� WKH� %L��I�� ELQGLQJ� HQHUJ\� RI� WKH� ;36�VLJQDO�RI�WKLV�HOHFWURGH��7KHUHIRUH��LW�VHHPV�PRUH�DSSURSULDWH�WR�FRQVLGHU�WKH�H[LVWHQFH�RI�
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)LJXUH����([SHULPHQWDO�K�,��GHSHQGHQFHV������3W�%LDG �� DGLQK+T  ��������|��3W��5HJUHVVLRQ�FXUYHV���� � ���3W�%LDG����FF��3W������0�+�62������&�$� ORFDO� YDULDWLRQ� RI� WKH� VWDQGDUG�*LEEV� IUHH� HQHUJ\� RI� WKH�+DG� �23'�� ZLWK� WKH�GLVWDQFH�ZLWK�UHVSHFW� WR�DQ�83'�VLWH� � � � � � � � 'R R R+ S + R SP P P LV�FRQVLGHUHG��EHLQJ� � �PR+ S WKH�HQHUJ\�YDOXH�RI�DQ�23'�VLWH�DGMDFHQW�WR�DQ�83'�VLWH�DQG� � �PR+ R WKH�FRUUHVSRQGLQJ�HQHUJ\�RI�WKH�23'�VLWH�IDU�IURP�83'�VLWHV��([SUHVVLRQV�RI� HT DQG� rLN DV�D�IXQFWLRQ�RI� ' RP ZHUH�SUHYLRXVO\�GHGXFHG�>�����@�
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� �� � � � � ��� � ' � � RS
HRHS 57H HR R H PTT T T ���

� �� � � � � '� � RS 579 S 9 RN N H E P ��D�



4XDLQR��3�0��HW�DO��
� ��� �� � � � � '� � RS 579 S 9 RN N H E P ��E�
� ���� �� � � � � '� � RS 577 S 7 RN N H E P ��D�

� ��� � � � � '� � RS 577 S 7 RN N H E P ��E�ZKHUH�E LV� WKH� V\PPHWU\� IDFWRU� DVVRFLDWHG� WR� WKH�YDULDWLRQ� RI� WKH� DGVRUSWLRQ� DFWLYDWLRQ�HQHUJ\�ZLWK� � �PR+ S ��7KH�VXEVWLWXWLRQ�RI�HTXDWLRQV�������LQWR�HTXDWLRQV���D��DQG���E��OHDGV�WR� WKH� FRQFOXVLRQ� WKDW� WKH� LQIOXHQFH� RI� � �PR+ S RQ� WKH� HTXLOLEULXP� UHDFWLRQ� UDWHV� FDQ� EH�FRQVLGHUHG�QHJOLJLEOH��GXH�WR�FRPSHQVDWLRQ�SURFHVV�EHWZHHQ� HT DQG� rLN ��0RUHRYHU��LI�WKH�DGVRUSWLRQ�SURFHVV�LV�FRQVLGHUHG EDUULHUOHVV�E # ��DQG�RQ�WKH�EDVLV�RI�H[SHULPHQWDO�UHVXOWV�LW�FDQ�EH�DVVXPHG�WKDW� � � ���HRT ��HTXDWLRQV���D��DQG���E��FDQ�EH�ZULWWHQ�DV�
� � � � � � � � � � � ��� �� �# �   H H H H9 S 9 R R 9 R R 9 RY N N YT T ��D�� � � �� �� � � � � � � � � � � ��� �#  �  H H H H7 S 7 R R 7 R R 7 RY N N YT T ��E�

)LJXUH����'HSHQGHQFH�RI�Z  �5S�3W����5S�3W�%LDG��RQ�WKH�GHJUHH�RI�LQKLELWLRQ�RI�+DG� 83'�
DGLQK+� �T �

7KHUHIRUH��LQ�VSLWH�RI�WKH�DSSUR[LPDWLRQV�PDGH��D�UHDVRQDEOH�NLQHWLF�LQWHUSUHWDWLRQ�RI�WKH�H[SHULPHQWDO�EHKDYLRXU�KDV�EHHQ�JLYHQ��)XUWKHUPRUH��SUHOLPLQDU\�UHVXOWV�REWDLQHG�LQ�WKLV�ODERUDWRU\� LQGLFDWH� WKDW�LQ�WKH�RYHUSRWHQWLDOV�UHJLRQ� ������9�d K d ����9�WKH�KHUGRHV� QRW� GHSHQG� RQ� WKH� SUHVHQFH� RI� DGVRUEHG� ELVPXWK� DWRPV��1HYHUWKHOHVV�� LW� LV� OLNHO\�WKDW� DW� KLJK� RYHUSRWHQWLDO� YDOXHV� WKH� HIIHFW� RI� ODWHUDO� LQWHUDFWLRQV� FRXOG� SURGXFH�
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