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5HFHLYHG�1RYHPEHU���������
&RPSRVLWLRQ�� PDQXIDFWXULQJ� PHWKRG�� DQG� VRPH� SURSHUWLHV� RI� FRPSRVLWH� FHUDPLFV� IRU

PHGLFDO� SXUSRVHV� RQ� WKH� EDVLV� RI� ERQH� DSDWLWH� KDV� EHHQ� GHVFULEHG�� 7KH� VWXGLHV� LQFOXGH
GHWHUPLQDWLRQ�RI�S\FQRPHWULF�GHQVLW\��SRURVLW\��DQG�ELRDFWLYLW\�GHJUHH�RI�FRPSRVLWHV�ZLWK
YDULRXV� PDVV� UDWLRV� RI� FU\VWDOOLQH� DQG� DPRUSKRXV� SKDVHV� GHSHQGLQJ� RQ� VLQWHULQJ� FRQGL�
WLRQV�� 6RPH� UHVXOWV� RI� WHVWV� LQ� YLYR� DUH� SUHVHQWHG�� WKH� LQIOXHQFH� RI� WKH� JODVV\� SKDVH
SUHVHQFH�LQ�WKH�LPSODQWV�RQ�WKH�ERQH�UHJHQHUDWLRQ�UDWH�DQG�VL]H�RI�WKH�LPSODQWHG�ELRPDWH�
ULDO�JUDQXOHV�LV�QRWHG�
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%LRPDWHULDOV�EDVHG�RQ�FDOFLXP�K\GUR[\D�
SDWLWH� �+$S�� DWWUDFW� D� VHULRXV� DWWHQWLRQ� RI
UHVHDUFKHUV� DOO� RYHU� WKH� ZRUOG� GXH� WR� KLJK
DIILQLW\�WR�ERQH�WLVVXH�DQG�DELOLW\�WR�EH�VXE�
VWLWXWHG�E\�D�QHZ�ERQH��7KHVH�PDWHULDOV�DUH
XVHG� ZLGHO\� LQ� JHQHUDO� VXUJHU\�� RUWKRSDH�
GLFV�� WUDXPDWRORJ\� DQG� GHQWLVWU\� WR� FXUH
ERQH�GHIHFWV��7KH�PDWHULDOV�GLIIHU�LQ�SUHSD�
UDWLRQ� WHFKQRORJ\�� VWUXFWXUH�� DQG� IHDWXUHV
RI� ELRORJLFDO� LQWHUDFWLRQ� DQG� FDQ� EH� FDOOHG
�FDOFLXP� SKRVSKDWH� FHUDPLFV�� >�@�� 7KH� ELR�
JHQLF�K\GUR[\DSDWLWH��%+$S��LV�D�ERQH�PLQ�
HUDO� WKDW� ZH� UHIHU� WR� DV� �RVWHRDSDWLWH��� ,W
FDQ�EH�XVHG�WR�SURGXFH�WKH��K\GUR[\DSDWLWH�
JODVV�� FRPSRVLWHV� LQ� WKH� IRUP� RI� SDUWLFOHV
GLIIHULQJ�LQ�VL]H�DQG�KDYLQJ�LQWULQVLF�SRURV�
LW\�DQG�FDQ�EH�XVHG�DV�D�QDWLYH�ERQH�>����@�
:H� XVHG� LWV� LQWHUDFWLRQ� ZLWK� ORZ�PHOWLQJ
JODVV� EDVHG� RQ� VLOLFRQ�� VRGLXP�� DQG� ERURQ
R[LGHV�XQGHU�OLTXLG�VLQWHULQJ�WR�LQFUHDVH�WKH

KDUGQHVV� RI� LPSODQWV� >�@�� 7KH� SXUSRVH� RI
WKLV� ZRUN�ZDV� WR� GHWHUPLQH� H[SHULPHQWDOO\
WKH� SRUH� VL]H� GLVWULEXWLRQ� LQ� %+$S�JODVV
VSHFLPHQV� REWDLQHG� XQGHU� YDULRXV� VLQWHULQJ
FRQGLWLRQV�DQG�WR�HVWDEOLVK�D�UHODWLRQVKLS�EH�
WZHHQ�WKH�ELRDFWLYLW\�DQG�WKH�SRUH�VWUXFWXUH�

7KH� FRPSRVLWH� SUHSDUDWLRQ� SURFHVV� FRQ�
VLVWV�RI�WZR�VWDJHV���L��WKH�SULPDU\�VLQWHULQJ
DW�WHPSHUDWXUH�7��EHLQJ�YDULHG�ZLWKLQ����Ü�����&�UDQJH��DQG��LL��WKH�VHFRQGDU\�VLQWHU�
LQJ� DW� D� FRQVWDQW� WHPSHUDWXUH� 7�� QRW� H[�FHHGLQJ�����&��7KH�SULPDU\�VLQWHULQJ�GXUD�
WLRQ�LV�DOVR�YDULHG�IURP������WR���K�>�Ü�@�

)RU� WKH� SULPDU\� VLQWHULQJ�� IUHH�IORZLQJ
SRZGHUV�ZHUH�XVHG��7KHQ�WKH�VLQWHUHG�PDWH�
ULDO� ZDV� FUXVKHG� GRZQ� WR� JUDQXOH� VL]H� /��FRPSDFWHG�DQG�VLQWHUHG�DJDLQ��7KH�ELRPDWH�
ULDO� LQLWLDO� FRPSRVLWLRQ� �PROH� SHU� FHQW�� FDQ
EH�SUHVHQWHG�DV���
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7KH� H[SHULPHQWDO� FDOFLXP� DQG� VLOLFRQ
FRQWHQW� YDOXHV� FRLQFLGH� ZLWK� WKH� FDOFXODWHG
RQHV�ZLWKLQ�WKH�GHWHUPLQDWLRQ�DFFXUDF\��7KH
WRWDO�PDVV�SHUFHQWDJH� RI� LPSXULW\� HOHPHQWV
LQ�ELRPDWHULDOV�UHDFKHV��������ZKLFK�PHHWV
WKH� UHTXLUHPHQWV� RI� $670� )�������
�6WDQGDUG� 6SHFLILFDWLRQ� IRU� &RPSRVLWLRQ� RI
&HUDPLF� +\GUR[\DSDWLWH� IRU� 6XUJLFDO� ,P�
SODQWV���7KH�HOHPHQWDO�FRPSRVLWLRQV�RI�YDUL�
RXV� VWUXFWXUDO� SDUWV� RI� WKH� VDPSOHV� ZHUH
GHWHUPLQHG�XVLQJ�WKH�HOHFWURQLF�PLFURVWUXF�
WXUH� DQDO\VLV� RI� WKH� RXWHU� VXUIDFH� DQG� WKH
IUDFWXUH�VXUIDFH��7KH�VDPSOH�SKDVH�FRPSRVL�
WLRQ� ZDV� GHWHUPLQHG� XVLQJ� ;�UD\� DQG� ,5
RSWLFDO� DEVRUSWLRQ� VSHFWUD� REWDLQHG� LQ� .%U�
7KH�SLFQRPHWULF�GHQVLW\��SRURVLW\��¯º�Ë�VL]H
GLVWULEXWLRQ�� XOWUD�YLROHW� RSWLFDO� UHIOHFWLRQ
VSHFWUD��DQG�PHFKDQLFDO�VWUHQJWK�ZHUH�FKRVHQ
DV�PDLQ� FRPSRVLWH� FKDUDFWHULVWLFV�� 7KH� EDVLF
t�EDQGV� IRU� WKH� VDPSOHV� FRLQFLGH�ZLWK� WKRVH
IRU� K\GUR[\DSDWLWH�� 7KH� DEVHQFH� RI� t�EDQGV
IRU� VRGLXP�� FDOFLXP�DQG�RWKHU� VLOLFDWHV� WHV�
WLILHV� WR� DPRUSKRXV� VWUXFWXUH� RI� WKH�JODVV\
SKDVH�� 7KH� VDPH� FRQFOXVLRQ� FDQ� EH� GUDZQ
IURP� WKH� ,5� RSWLFDO� DEVRUSWLRQ� VSHFWUD� RI
WKH�VDPSOHV�

$W� 7�� ������&�� WKH� H[SHULPHQWDOO\� RE�WDLQHG� GHSHQGHQFH� RI� WKH� FRPSRVLWH� SLF�
QRPHWULF�GHQVLW\�RQ�WKH�RVWHRDSDWLWH�FRQWHQW
SURYHG�WR�EH�YHU\�FORVH�WR�WKH�FDOFXODWHG�RQH
ZKLOH� DW� KLJKHU� WHPSHUDWXUHV� 7��� WKH� SLF�

QRPHWULF�GHQVLW\�YDOXHV�DUH� ORZHU� WKDQ�FDO�
FXODWHG� RQHV� �7DEOH����� )RU� WKH� FRPSRVLWHV
VLQWHUHG� DW���� ������&�� WKH� DSSDUHQW� GHQ�VLW\�H[FHHGV�WKDW�RI�FRPSRVLWHV�RI�WKH�VDPH
FRPSRVLWLRQ� VLQWHUHG� DW� ��� ORZHU� WKDQ�����&�� 7KH� FRPSRVLWH� SRZGHUV� SULPDULO\
VLQWHUHG� DW� 7�� DUH� FRPSDFWHG� EHWWHU� WKDQLQLWLDO� SRZGHUV�� SURYLGHG� WKH� FRPSDFWLQJ
SUHVVXUH�GRHV�QRW�H[FHHG�RI���WRQV�SHU�FPÜ��
7KH�SRURVLW\�RI�DOO�WKH�FRPSRVLWH�FRPSRQHQW
PL[WXUH�LQFUHDVHV�DIWHU�VLQWHULQJ�GHSHQGLQJ
RQ�WKH�SDUWLFOH�VL]HV�RI�WKH�SRZGHUV�SULPDU\
VLQWHUHG� DQG� FUXVKHG� EHIRUH� WKH� VHFRQGDU\
VLQWHULQJ�� 6RPH� SRUH� VL]HV� DUH� VKRZQ� LQ
7DEOH����3RUHV�RI���WR���PP�VL]H�DUH�IL[HG�LQ
DOO� WKH� VDPSOHV� DQG� WKXV� DUH�QRW� LQGLFDWHG�
7KH� SRUH�YROXPH�GRHV�QRW� H[FHHG�������RI
WKH�WRWDO�SRURVLW\�RI�FRPSRVLWH�VSHFLPHQV�

7KH�PLFURVWUXFWXUH�RI�|z���VDPSOH��W\SL�
FDO�RI�RWKHU�VDPSOHV��LV�VKRZQ�LQ�)LJ�����7KH
PDLQ�HOHPHQWV�RI�WKLV�VWUXFWXUH�DUH�FU\VWDO�
OLQH�RVWHRDSDWLWH�JUDLQV��ZKLWH�SDUWLFOHV���LQ�
FOXGHG� LQ� WKH� JODVV� PDWUL[� �GDUN� EDFN�
JURXQG��� %RWK� WKH� FU\VWDOOLQH� JUDLQV� DQG
JODVV\�PDWUL[�FRQWDLQ�SRUHV�RI�YDULRXV�VL]HV�
7KH� HOHPHQWDO� DQDO\VLV� VSHFLILHG� WKH� SUHV�
HQFH� RI� FDOFLXP�� SKRVSKRUXV�� DQG� VLOLFRQ
LRQV� LQ� ERWK� FU\VWDOOLQH� JUDLQV� DQG� JODVV\
LQWHUVSDFH�� 7KH� FRQWHQWV� RI� FDOFLXP� DQG
SKRVSKRUXV�LRQV�LQ�FU\VWDOOLQH�JUDLQV�H[FHHG
WKRVH�LQ�WKH�JODVV\�SKDVH��7R�GHWHUPLQH�WKH
VPDOOHVW� SRUHV� IUDFWLRQ�� WKH� FRPSXWHU�SURF�
HVVLQJ� RI� VSHFLPHQV� PLFURSKRWRV� REWDLQHG
XQGHU� WKUHH� PDJQLILFDWLRQV� ZDV� SHUIRUPHG�

7DEOH����$SSDUHQW�GHQVLW\�RI�FRPSRVLWH�VDPSOHV
2VWHRDSDWLWH
FRQWHQW�
���PRO��
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7KH� UHVXOWV� DUH� SUHVHQWHG� LQ� )LJ�����$V�VHHQ�
LW�LV�SRVVLEOH�WR�GLVWLQJXLVK�WKUHH�EDVLF�SRUH
JURXSV� RI� PD[LPXP� VL]HV� FORVH� WR� ��� ���
DQG����PP��7KH�GHSHQGHQFHV�RI�WKH�FRPSRV�
LWH� SRURVLW\�RQ� WKH� WHPSHUDWXUH�7�� DQG� WKHRVWHRDSDWLWH�FRQWHQW�DUH�VKRZQ�LQ�)LJ����

7KH� UHVXOWV� RI� WKH� RSWLFDO� YLVLEOH� DQG
XOWUD�YLROHW� UHIOHFWLRQ� VSHFWUD� DQDO\VLV� JLYH
FRQILUPDWLRQ� WR� VXUIDFH� LQWHUDFWLRQ� RI
RVWHRDSDWLWH�SDUWLFOHV�ZLWK�WKH�JODVV\�SKDVH
GXULQJ� VLQWHULQJ� �7DEOH����� $OO� WKH� VSHFWUD
FRQWDLQ� D� GLVWLQFW� UHIOHFWLRQ� PLQLPXP
ZLWKLQ� WKH� VSHFWUDO� LQWHUYDO� �����Ü
������°PÜ��DQG�DOPRVW�OLQHDU�FKDQJH�LQ�5�Q�
LQ� WKH� UHJLRQ� RI� GHFUHDVLQJ� ZDYH� QXPEHUV
�)LJ������ 7KH� VSHFWUDO� SRVLWLRQ� RI� WKH� LQ�
FUHDVH�5�Q��RQVHW�XVXDOO\�GHILQHV�WKH�RSWLFDO
EDQG� JDS� ZLGWK� LQ� VHPLFRQGXFWRU� VXE�
VWDQFHV��(J� �KQJ��7DEOH����>�@�7KH� UHVXOWV� RI� ;�UD\� DQG� J\VWRPRU�
SKRORJLF� VWXGLHV� RI� DQLPDO� ERQH� SDUWV� ZLWK
LPSODQWV� IURP� RVWHRDSDWLWH�JODVV� FRPSRVLWH
FRQILUP� WKHLU� KLJK� RVWHRFRQGXFWLYLW\�� 7KH
VWXGLHG� G\QDPLFV� RI� RVWHRJHQ� JURZLQJ� LQWR
LPSODQW� JUDQXOHV� DQG� EORNV� ZLWK� JUDGXDO
IRUPDWLRQ� RI� D� GHQVH� QHWZRUN� RI� RVWHDO
EHDPV� WHVWLILHV� WR� WKH� DGHTXDWH� LQWHUDFWLRQ
RI� WKH� ELRPDWHULDOV� ZLWK� DGMDFHQW� WLVVXHV�
7KH�DEVHQFH�RI�DQ\� LQIODPPDWRU\�UHVSRQVHV
RI� DQLPDO� RUJDQLVPV� DQG� KLJK� DGKHVLRQ� RI
WKH� QHZO\� FUHDWHG� RVWHDO� WLVVXH� WR� WKH� LP�
SODQW� VXUIDFH� ZLWKRXW� GHYHORSPHQW� RI� D� IL�
EURXV�VKHDWK�DOVR�WHVWLILHV�WR�WKHLU�RVWHRFRQ�
GXFWLYLW\�� 7KH� SURFHVV� RI� RVWHRQ� JURZLQJ

)LJ�����7\SLFDO�VWUXFWXUH��0DJQLILFDWLRQ����������������

)LJ����� 3RUH� VL]H� GLVWULEXWLRQ� LQ� |z� �� FRP�
SRVLWH�VSHFLPHQ�

7DEOH���� ,QWHUEDQG� RSWLFDO� HOHFWURQ� WUDQVL�
WLRQV�LQ�FRPSRVLWHV�2.��

&RQWHQW�RI�
RVWHRDSDWLWH��PRO����

�����&� pJ� �KQJ�r������H9�
���QDWLYH�ERQH�LQ�FRPSRVLWH ��� ����

� ��� ����
� ���� ����
� ���� ����

���ZLWK�UHDG\�JODVV ���� ����

)LJ�����'HSHQGHQFH�RI�WKH�FRPSRVLWH�SRURVLW\
RQ�WKH�RVWHRDSDWLWH�FRQWHQW�������&����������������������������XVLQJ�QDWLYH�ERQHV������

)LJ�����2SWLFDO�GLIIXVLYH� UHIOHFWLRQ� IURP� VXU�
IDFHV� RI� 2.� �� ELRPDWHULDO� VDPSOHV�� ��� ��&������������������������������
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LQWR� SRURXV� LPSODQW� JUDQXOHV� LV� DFFRPSD�
QLHG� E\� WKHLU� IUDJPHQWDWLRQ� DQG� JUDGXDO
GLVVROXWLRQ� RI� WKH� RXWHU� DQG� LQQHU� VXUIDFHV
RI� VHSDUDWH� JUDQXOHV� ZLWK� VXEVHTXHQW� UH�
SODFHPHQW�ZLWK�D�QHZ�ERQH�>�@��8VLQJ�;�UD\
VWXG\� RI� WKH� LPSODQWV� �� ZHHNV� DIWHU� WKH
LPSODQWDWLRQ�� ZH� REVHUYHG� LQKRPRJHQHRXV
WKLFNHQLQJ� RI� RVWHDO� WLVVXH� ZLWK� LQGLVWLQFW
FRQWRXUV��7KH�EORRG�YHVVHOV�KDG�JURZQ� LQWR
WKH�ELRPDWHULDOV�ZLWK� IRUPDWLRQ�RI�ERQH� LV�
ODQGV� FORVH� WR� JUDQXOH� VXUIDFHV�� 7KH� GHSWK
RI�ERQH�JURZWK�LQWR�WKH�LPSODQW�YROXPH�ZDV
���Ü���� PP� DIWHU� ��� ZHHNV�� 7KH� GHQVLW\
DQG�VL]HV�RI�VHSDUDWH�JUDQXOHV�GHFUHDVHG�VLJ�
QLILFDQWO\�

7KH�SUHVHQFH�RI�VPDOO�VRGLXP�DQG�VLOLFRQ
DPRXQWV� LQ� FU\VWDOOLQH� JUDLQV� DQG� RI� FDO�
FLXP�DQG�SKRVSKRUXV�LQ�WKH�JODVV�SKDVH�WHV�
WLILHV�WR�WKH�LQWHUGLIIXVLRQ�RI�WKHVH�HOHPHQWV
GXULQJ� VLQWHULQJ�� 7KH� RXWHU� VDPSOH� VXUIDFH
LV� HQULFKHG� LQ� WKH� JODVV� SKDVH� DV� FRPSDUHG
WR� WKH� EXON�� 7KH� SUHVHQFH� RI� SRUHV� LQ� FRP�
SRVLWHV� LV� GXH� WR� WKH� IROORZLQJ� FDXVHV�� WKH
LQWULQVLF� SRURXV� VWUXFWXUH� RI� WKH� RVWHRDSD�
WLWH�SDUWLFOHV� VL]LQJ� IURP���� WR�����PP�EH�
IRUH�VLQWHULQJ�DQG�WKH�IRUPDWLRQ�RI�SRUHV�LQ
WKH� JODVV\� PDWUL[� GXULQJ� VLQWHULQJ� GXH� WR
LQWHQVH� UHOHDVH� RI� JDVHV� VXFK� DV� ZDWHU� YD�
SRUV��FDUERQ�R[LGHV�DQG�LQ�SDUW�ERURQ�R[LGH�
IURP� WKH� JODVV� SKDVH�� ,W� VKRXOG� EH� QRWHG
WKDW�LQ�WKH�FRPSDFWHG�FRPSRVLWH�VDPSOHV�EH�
IRUH� WKH� VLQWHULQJ�� WKH� SRUHV� DUH� SUHGRPL�
QDQWO\� RSHQ�� EXW� DIWHU� FRPSDFWLQJ� DQG� VLQ�
WHULQJ��D�SDUWLDO�WUDQVIRUPDWLRQ�RI�WKH�RSHQ
SRUHV� LQWR�FORVHG�RQHV�RFFXUV��7KH�UDWLR�EH�
WZHHQ� TXDQWLWLHV� RI� RSHQ� DQG� FORVHG� SRUHV
GHSHQGV� RQ� WKH� DPRXQW� RI� JODVV\� SKDVH� LQ
WKH�VDPSOH�FRPSRVLWLRQ�DQG�RQ�WKH�VLQWHULQJ
FRQGLWLRQV�� 7KH� PHFKDQLVP� RI� WKH� SRURVLW\
WUDQVIRUPDWLRQ�LV�QRZ�XQGHU�VWXG\��7KH�QD�
WXUH�RI�SRUHV�RI�XQGHU����PP�VL]H�LV�PDLQO\
FRQQHFWHG� ZLWK� WKH� SRO\SRURXV� RVWHRDSDWLWH
VWUXFWXUH�� 7KH� RVWHRDSDWLWH� SRUH� VL]HV� DUH
ZLWKLQ�WKH�UDQJH�RI���WR�����PP�DQG�FDQ�EH

VXEGLYLGHG� LQWR� VPDOO�� PHGLXP�� DQG� ODUJH
JURXSV� FRUUHVSRQGLQJ� WR� �Ü��� �Ü���� DQG
!���PP�� UHVSHFWLYHO\�� 7KH� SRUH� VL]H� GLVWUL�
EXWLRQ� LV� PRUH� GLVWLQFW� IRU� 2.� �� VDPSOH
REWDLQHG� DW� 7�� ������&� WKDQ� WKDW� LQ� WKHVDPSOHV�REWDLQHG�DW���� �����&��7DEOH����7KH� FRPSRVLWH� VDPSOHV� REWDLQHG� DW� 7�RYHU� �����&� H[KLELW� WKH� ORZHVW� SRURVLW\
��������DQG�WKH�KLJKHVW�PHFKDQLFDO�KDUGQHVV
�����03D��� ,W� LV� HYLGHQW� WKDW� WKH� SHQHWUDWLRQ
RI� WKH� OLTXLG� SKDVH� EHWZHHQ� WKH� VROLG� SKDVH
SDUWLFOHV�XQGHU�KLJK�WHPSHUDWXUH�SULPDU\�VLQ�
WHULQJ�LV�PRUH� LQWHQVLYH�WKDQ�DW�7���������&�ZKLFK�UHVXOWV� LQ�D�JUHDWHU�VDPSOH�VWUHQJWK�
HQLQJ� DW� WKH� ILQDO� VLQWHULQJ� VWDJH�� $Q� LQ�
FUHDVH� LQ� WKH� FRPSRVLWH� SRURVLW\� ZLWK� LQ�
FUHDVLQJ�FU\VWDOOLQH�SKDVH�DPRXQW� LV�FDXVHG
E\�WKH�LQWULQVLF�SRURVLW\�RI�RVWHRDSDWLWH�SDU�
WLFOHV��$�VLJQLILFDQW�GHFUHDVH�LQ�WKH�FRPSRV�
LWH� SRURVLW\�ZLWK� LQFUHDVLQJ�7��PD\�EH�GXHWR� WZR� FDXVHV�� ���ZLWK� LQFUHDVLQJ� VLQWHULQJ
WHPSHUDWXUH�� WKH� JODVV\� SKDVH� YLVFRVLW\� GH�
FUHDVHV�� ZKLFK� UHVXOWV� LQ� HDVLHU� UHPRYDO� RI
UHOHDVLQJ�JDVHV�DQG�WKXV�LQ�EHWWHU�GHQVLILFD�
WLRQ� RI� WKH� JODVV\� SKDVH�� ��� DQ� LQWHQVLILHG
LQWHUDFWLRQ� EHWZHHQ� DPRUSKRXV� DQG� FU\VWDO
SKDVHV� DW� 7��!������&� UHVXOWV� LQ� LQFUHDVHGSHQHWUDWLRQ�RI�WKH�JODVV\�SKDVH�LQWR�RVWHRD�
SDWLWH� SDUWLFOH� YROXPH� DQG� VR� LQ� GHFUHDVHG
LQLWLDO�SRURVLW\�

7KH�(J� YDOXHV� UDQJH� IURP����� WR����� H9IRU� DOO� WKH� FRPSRVLWHV� LQYHVWLJDWHG�� 7KHVH
H[FHHG� WKH� RVWHRDSDWLWH� EDQG� JDS� ZLGWK
�IURP����� WR����� H9�� >�@��7KDW�PD\�EH� FRQ�
QHFWHG� ZLWK� WKH� SUHVHQFH� RI� D� WKLQ� JODVV
OD\HU�RQ�WKH�VXUIDFHV�RI�VHSDUDWH�FU\VWDOOLQH
JUDLQV� �RU� DJJORPHUDWHV� WKHUHRI��� 7KH� EDQG
JDS�ZLGWK�RI�WKH�WKLQ�OD\HU�JODVV�LV�DQ�DGGL�
WLRQ� RI� WKH� (J� HLJHQYDOXHV� RI� ERWK� SKDVHVDQG�LV�VLWXDWHG�WKHUHIRUH�ZLWKLQ�WKH�LQWHUYDO
���Ü����H9��7KH�(J�YDOXH�LQFUHDVHV�ZLWK�LQ�FUHDVLQJ� 7�� �7DEOH���� EHFDXVH� RI� WKH� EHVWSKDVH� LQWHUDFWLRQ� DW� PD[LPXP� VLQWHULQJ
WHPSHUDWXUHV��,I�D�UHDG\�JODVV�LV�LQWURGXFHG

7DEOH����3RUH�VL]H�GLVWULEXWLRQ�LQ�|z���FRPSRVLWHV

����&� +HDWLQJ�UDWH�'7��'W��GHJ�PLQÜ�
6L]H�SRUH�UDQJH��PP� 3RURVLW\���� 0HDQ�SRUH�VL]H�'
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LQ� WKH� FRPSRVLWH� LQLWLDO� SKDVH�� WKH� LQWHUDF�
WLRQ� RQ� RVWHRDSDWLWH� JUDLQ� VXUIDFHV� LV� OHVV
LQWHQVH� WKDQ� LQ� FDVH� RI� XVLQJ� JODVV� FRPSR�
QHQWV�� DQG� WKH� HQHUJ\� (J� GHFUHDVHV�� 7KHKLJK�ELRDFWLYLW\�RI�WKH�FRPSRVLWHV�GHYHORSHG
LV� FRQQHFWHG� DGYDQWDJHRXVO\� ZLWK� WKHLU� SR�
URXV� VWUXFWXUH� FRUUHVSRQGLQJ� WR� WKH� LQWULQ�
VLF� SRURXV� VWUXFWXUH� RI� RVWHRDSDWLWH�� DOVR
ZLWK�LWV�KLJK�ELRDFWLYLW\�DQG�ZLWK�DGGLWLRQDO
DFWLYDWLQJ�HIIHFW�RI�WKH�JODVV\�SKDVH�RQ�WKH
RVWHRJHQHVLV�>�Ü�@�

7KH� WKLFNQHVV� RI� WKH� RVWHDO� WLVVXH� OD\HU
RQ�JUDQXOH�VXUIDFHV�GHSHQGV�RQ�WKH�JUDQXOH
VL]H�� ,Q� WKH� FDVH� RI� LPSODQWDWLRQ� RI� ERWK
RVWHRDSDWLWH� DQG� FRPSRVLWH� ZLWK� JUDQXOHV
VL]LQJ� LQ� WKH� UDQJH� RI� ���� WR� ����PP�� WKH
OD\HU� RI� QHZO\� FUHDWHG� RVWHDO� WLVVXH� ZDV
WKLFNHU� WKDQ� WKDW� DW� XVLQJ� ����Ü����� PP
JUDQXOHV��$Q�DGGLWLRQDO�DFWLYDWLQJ�LQIOXHQFH
RI�WKH�JODVV\�SKDVH�SURPRWHV�WKH�JURZWK�RI
D� QHZ� WLVVXH��7KLV� LV� HVSHFLDOO\� HYLGHQW� � LQ
HDUO\� WHUPV� DIWHU� LPSODQWDWLRQ� >�@�� 7KH
DPRXQW� RI� QHZO\� FUHDWHG� WLVVXH� DURXQG� F\�
OLQGULFDO�LPSODQWV�ZDV�HVWDEOLVKHG�WR�GHSHQG
RQ� WKHLU� FRPSRVLWLRQ� DQG� SRURVLW\� >�@�
��� ZHHNV� DIWHU� LPSODQWDWLRQ�� WKH� JUHDWHVW
FKDQJHV� ZHUH� REVHUYHG� LQ� ELRPDWHULDOV� OLNH
|z�����FRQWDLQLQJ�WKH�PD[LPDO�RVWHRDSDWLWH
DPRXQW� DQG� KDYLQJ� D� SRURVLW\� RI� ��� ��
6XFK�PDWHULDOV�KDYH�VXFFHVVIXOO\�SDVVHG�WKH
FOLQLFDO� DSSUREDWLRQ� DW� WKH� 'HSDUWPHQW� RI
RVWHR�SXUXOHQW� VXUJHU\�� ,QVWLWXWH� RI� 7UDX�
PDWRORJ\�DQG�2UWKRSDHGLFV�RI�WKH�$FDGHP\
RI� 0HGLFDO� 6FLHQFHV�� ZKLFK� FRQILUPHG� WKH
VXFFHVVIXO� XVH� WKHUHRI� DV� SODVWLF� PDWHULDOV
IRU� FXULQJ� IURP� RVWHDO� GHIHFWV� RI� YDULRXV
RULJLQV�� 6R� H[SHULPHQWV� LQ� YLYR� WHVWLI\� WR
KLJK�ELRFRPSDWLELOLW\�DQG�RVWHRFRQGXFWLYLW\
RI�RXU�ELRPDWHULDOV�

7KXV��WKH�IRUPDWLRQ�RI�UHTXLUHG�SRURVLW\
RI�RVWHRDSDWLWH�JODVV�FRPSRVLWHV�KDV�EHHQ�DW�
WDLQHG�GXH�WR�XVLQJ�WKH�OLTXLG�SKDVH�VLQWHU�
LQJ�DQG�RVWHRDSDWLWH�SDUWLFOHV�ZLWK�LQWULQVLF
SRO\VL]H� SRURXV� VWUXFWXUH�� 7KH� WRWDO� SRURV�
LW\�RI�FRPSRVLWHV�LV�PD[LPDO�LI�QDWLYH�ERQHV
DUH� XVHG� DV� FRPSRQHQW� RI� WKHLU� UDZ� PDWH�
ULDO��7KH�KLJK�ELRDFWLYLW\�RI�WKH�FRPSRVLWHV
LV� FRQQHFWHG� DGYDQWDJHRXVO\� ZLWK� WKHLU� SR�
URXV�VWUXFWXUH�DOVR� LWV�KLJK�ELRDFWLYLW\�DQG
DGGLWLRQDO� DFWLYDWLQJ� HIIHFW� RI� WKH� JODVV
SKDVH�RQ�RVWHRJHQHVLV�
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