
3UHSDUDWLRQ�DQG�VFLQWLOODWLRQ�SURSHUWLHVRI�/*62�&H FU\VWDOV
2�7V�6LGOHWVNL\��9�*�%RQGDU��%�9�*ULQ\RY��'�$�.XUWVHY��9�1�%DXPHU
��.�1�%HOLNRY
��=�9�6KWLWHOPDQ
��6�$�7NDFKHQNR��2�9�=HOHQVND\D�1�*�6WDU]KLQVN\��.�$�.DWUXQRY��9�$�7DUDVRY

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�
,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
���/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�2FWREHU���������
/X�[*G�±�[6L2��&H� VLQJOH� FU\VWDOV� ZLWK� GLIIHUHQW� /X��/X�*G�� DWRPLF� UDWLR� KDYH� EHHQREWDLQHG� E\� WKH�&]RFKUDOVNL� WHFKQLTXH�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH� SRO\PRUSK� WUDQVLWLRQ

c���°Ü&��°�VSDFH�V\PPHWU\�DW�VXEVWLWXWLRQ�RI�*G�DWRPV�E\�/X�WDNHV�SODFH�DW�/X��/X���*G� ����Ü�����7KH�REWDLQHG�FU\VWDOV�ZLWK�&��°�V\PPHWU\�W\SH�GHPRQVWUDWH�JRRG�VFLQWLOODWLRQ
FKDUDFWHULVWLFV�� +LJK� &H��� VHJUHJDWLRQ� FRHIILFLHQW� WRJHWKHU� ZLWK� SUHIHUUHG� LQFOXVLRQ� RI
FHULXP� LQWR� WKH� VHYHQ�IROG� R[\JHQ�Û� FRRUGLQDWHG� SRVLWLRQ� SURYLGH� KLJK� OLJKW� \LHOG� DQG
JRRG�HQHUJ\�UHVROXWLRQ�RI�WKH�FU\VWDOV�
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&U\VWDOV� RI� KLJK�WHPSHUDWXUH� R[LGHV�
VXFK�DV�UDUH�HDUWK�VLOLFDWHV�DQG�DOXPLQDWHV�
GRSHG�ZLWK�FHULXP��DUH�ZHOO�NQRZQ�VFLQWLOO�
ODWRUV� XVHG� LQ� GHWHFWRUV� IRU� KLJK�HQHUJ\
SK\VLFV�� QXFOHDU� SK\VLFV�� PHGLFDO� GLDJQRV�
WLFV��DQG�ZHOO�ORJJLQJ��7KH�PDLQ�DGYDQWDJHV
RI� UDUH�HDUWK�RUWKRVLOLFDWHV�DUH�JRRG�FKHPL�
FDO� VWDELOLW\�� QRQ�K\JURVFRSLFLW\�� KLJK� GHQ�
VLW\�DQG�KLJK�HIIHFWLYH�DWRPLF�QXPEHU��(IIL�
FLHQW� VFLQWLOODWRUV� EDVHG� RQ� *G�6L2��&_�*62��DQG�/X�6L2��&_��/62��ZHUH�GHYHORSHGLQ� ����WKÜ����WK�� 7KHVH� PDWHULDOV� SRVVHVV
KLJK�OLJKW�\LHOG�DQG�IDVW�GHFD\� �/62���JRRG
HQHUJ\� UHVROXWLRQ� DQG�PRGHUDWH� FRVW� �*62�
>�Ü�@��7KH�PDLQ�GUDZEDFNV�RI�/62�DUH�EDFN�

JURXQG� UDGLRDFWLYLW\� DQG� DIWHUJORZ�� *DG�
ROLQLXP�RUWKRVLOLFDWH�FU\VWDOV�SRVVHVV�UDWKHU
ORZ� OLJKW� \LHOG� DERXW� ������ 3K�0H9� DQG
WHQG�WR�FUDFNLQJ�GXULQJ�JURZLQJ�DQG�PDQX�
IDFWXULQJ�RI�HOHPHQWV�
'XULQJ�ODVW�WZR�GHFDGHV��PL[HG�RUWKRVLOL�

FDWHV� /X�[<�±�[6L2�� �/<62��� *G�[<�±�[6L2��*<62��� /X�[*G�±�[6L2�� �/*62�� DUH� LQ� GH�YHORSPHQW� LQ� RUGHU� WR� PLQLPL]H� WKH� DERYH�
PHQWLRQHG� GUDZEDFNV�� 7RGD\�� ODUJH� /<62
FU\VWDOV� ZLWK� ORZ� \WWULXP� FRQWHQW� >�@�� DQG
FUDFN�IUHH�/62�FU\VWDOV�RI�XS�WR����PP�GL�
DPHWHU� DQG� ZLWK� KLJK� VFLQWLOODWLRQ� FKDUDF�
WHULVWLFV� >�@� DUH� FRPPHUFLDOO\� SURGXFHG�
+RZHYHU�� SUREOHP� RI� KLJK� DIWHUJORZ� DQG
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EDFNJURXQG� LQ� OXWHWLXP�FRQWDLQLQJ� RUWKR�
VLOLFDWHV�LV�VWLOO�XQVROYHG��$WWHPSWV�WR�PRG�
LI\� WKH�*62� FU\VWDO� SURSHUWLHV� E\� \WWULXP
DGGLWLRQ� ZHUH� DOVR� PDGH�� ,PSURYHPHQW� RI
UDGLDWLRQ�UHVLVWDQFH�DQG�PHFKDQLFDO�SURSHU�
WLHV� RI� *G�[<�±�[6L2��&H� KDYH� EHHQ� UH�SRUWHG�� EXW�QR� VXEVWDQWLDO� LQFUHDVH� RI� VFLQ�
WLOODWLRQ�FKDUDFWHULVWLFV�ZDV�REVHUYHG�>����@�
7KH�/*62� FU\VWDOV� DUH� DOVR�PDWHULDOV� RI

SURPLVH��EHFDXVH�D�VXEVWDQWLDO�QXPEHU�RI�/X
DWRPV�FDQ�EH�VXEVWLWXWHG�E\�*G�ZLWKRXW�SR�
O\PRUSK� WUDQVLWLRQ�� $GGLWLRQ� RI�*G� UHVXOWV
LQ�D�UHGXFHG�UDGLRDFWLYH�EDFNJURXQG�FDXVHG
E\� ���/X� LVRWRSH�� DQG� D� GHFUHDVHG� FU\VWDO
FRVW�� 5DWKHU� KLJK� YDOXHV� RI� OLJKW� \LHOG� >��
��@� DQG� HQHUJ\� UHVROXWLRQ� �XS� WR� ���� �
>��@�� ZHUH� REWDLQHG� IRU� FU\VWDOV� ZLWK� WKH
VDPH� VSDFH� V\PPHWU\� W\SH� DV� /62� �PRQR�
FOLQLF��&��F���7KH�SUHSDUDWLRQ�RI�/*62�FU\V�
WDOV�LV�VRPHZKDW�GLIILFXOW�GXH�WR�SRO\PRUSK
WUDQVLWLRQ� IURP� PRQRFOLQLF� ODWWLFH� c���°�*62��WR�&��F��/62��UHVXOWLQJ�LQ�D�ORZHUHG
FU\VWDO�WUDQVPLVVLRQ�DQG�FUDFNLQJ�RI�ERXOHV�
7KLV� VHHPV� WR� EH� WKH� FDXVH� RI� IDLUO\� KLJK
DIWHUJORZ�REVHUYHG� LQ�/*62� >��@� H[FHHGLQJ
WKDW�IRU�/62�
7KXV�� DQ� DFWXDO� WDVN� LV� WR� REWDLQ� /*62

FU\VWDOV� ZLWK� ORZ� /X�*G� UDWLR�� KLJK� OLJKW
\LHOG��HQHUJ\�UHVROXWLRQ��DQG�ORZ�DIWHUJORZ�
$OVR��PHFKDQLVPV�RI�FDWLRQ�VXEVWLWXWLRQ�DQG
DFWLYDWRU� HQWU\� LQWR� WKLV� PDWUL[� VKRXOG� EH
VWXGLHG�� DQG� LQIOXHQFH� RI� WKHVH� IDFWRUV� RQ
VFLQWLOODWLRQ� FKDUDFWHULVWLFV� VKRXOG� EH
FKHFNHG�
7KH� FRQVLGHUDWLRQ� RI� DERYH�PHQWLRQHG

SXEOLFDWLRQV� VKRZV�WKDW� LW� LV� MXVW�R[\RUWKR�
VLOLFDWH� VFLQWLOODWRUV� KDYLQJ� D� PDWUL[� RI
PRQRFOLQLF� &��F� VSDFH� JURXS� WKDW� GHPRQ�
VWUDWH� WKH�EHVW� HIILFLHQF\��$OVR��D� FRQVLGHU�
DEOH� /X� FRQWHQW� LQ� WKH� PDWUL[� VHHPV� WR� EH
QHFHVVDU\� EHFDXVH� WKH� VLPLODULW\� RI� HOHF�
WURQLF�SURSHUWLHV�IRU�&H���DQG�/X���G�RUELWV
SURYLGHV�HIILFLHQW�HQHUJ\�WUDQVIHU�RI�H[FLWHG
VWDWH� IURP� WKH�PDWUL[� WR� WKH� DFWLYDWRU� LRQ�
6XFK�D�WUDQVIHU�GHSHQGV�VWURQJO\�RQ�WKH�HQ�
HUJ\� GLIIHUHQFH� EHWZHHQ� WKH� FRQGXFWLRQ
EDQG� ERWWRP� DQG� WKH� DFWLYDWRU� LRQ� H[FLWHG
VWDWH�� 7KH� VPDOOHU� LV� WKLV� YDOXH�� WKH� PRUH
HIILFLHQW� WUDQVIHU� PXVW� RFFXU�� 7KH� /62�&H
FU\VWDO� LV� FKDUDFWHUL]HG� E\� D� VPDOO� HQHUJ\
GLIIHUHQFH��7KHUHIRUH��WKH�H[FLWHG�G�VWDWH�RI
&H��� DFWLYDWRU� LRQV� LV� VLWXDWHG�QHDU� ERWWRP
RI� WKH� FRQGXFWLRQ� EDQG� IRUPHG� E\� H[WHUQDO
�KROORZ��G�RUELWV� RI�/X��� LRQV��$W� WRR�VPDOO
HQHUJ\�GLIIHUHQFH�EHWZHHQ�WKH�DFWLYDWRU� LRQ
H[FLWHG� VWDWH� DQG� WKH� FRQGXFWLRQ� EDQG� ERW�
WRP�� QHJDWLYH� HIIHFWV� IRU� VFLQWLOODWRU� DUH
SRVVLEOH�� VXFK� DV� WKH� DFWLYDWRU� LRQ� LRQL]D�
WLRQ� DQG� HOHFWURQ� FDSWXUH� E\� WUDSV�� $Q� DI�

WHUJORZ� LV� REVHUYHG� LQ� WKH� FDVH� RI� FRQWLQX�
RXV� UHWHQWLRQ� RI� WKHVH� HOHFWURQV� LQ� WUDSV�
FDXVLQJ� D� GHWHULRUDWLRQ� RI� WKH� VFLQWLOODWRU
RSHUDWLQJ�FKDUDFWHULVWLFV��7KDW�LV�ZK\�D�SRV�
VLELOLW\� WR� FRQWURO� WKDW� HQHUJ\�GLIIHUHQFH� LV
RI� LPSRUWDQFH� LQ�REWDLQLQJ�RI�QHZ�OXPLQHV�
FHQW�PDWHULDOV��7KH�FKDQJH�LQ�WKH�FRYDOHQFH
H[WHQW�RI�WKH�LRQ�OLJDQG�ELQGLQJV�GHILQHG�E\
WKH� VWUXFWXUH� RI� WKH� FU\VWDO� PDWUL[� EHLQJ
DFWLYDWHG�LV�DPRQJ�WKH�PHWKRGV�RI�WKDW�GLI�
IHUHQFH�YDULDWLRQ�>��@�

/*62�&H� FU\VWDOV� ZLWK� GLIIHUHQW� /X�*G
UDWLR� ZHUH� REWDLQHG� E\� WKH� &]RFKUDOVNL
PHWKRG� IURP� PL[WXUH� RI� VWDUWLQJ� R[LGHV
*G�2��� /X�2��� 6L2�� DQG� &H2�� ZLWK� SXULW\RI� DW� OHDVW� ���������&U\VWDOV� RI� ���PP� LQ
GLDPHWHU� DQG� XS� WR� ��� PP� OHWKQJ� ZHUH
JURZQ�XVLQJ� LULGLXP�FUXFLEOHV�RI����PP�LQ
GLDPHWHU�DQG����PP�KHLJKW�XQGHU�DUJRQ�DW�
PRVSKHUH�ZLWK� DGGLWLRQ�RI�XS� WR�����YRO��
2��� 7KH� SXOOLQJ� VSHHG�ZDV� ���� WR� ��PP�K�WKH� FU\VWDO� URWDWLRQ� VSHHG�� ZDV� ��Ü
��� URW��PLQ�� &HULXP� FRQFHQWUDWLRQ� LQ� PHOW
ZDV� �� PRO���� 7KH� JURZWK� GLUHFWLRQ� ZDV
>���@� RQ� VHHGV� RI� WKH�c���°� VWUXFWXUH�� DQG>���@� RQ� VHHGV� RI� WKH�&��°� RQH��7KH� JURZQ
FU\VWDOV�ZHUH�DQQHDOHG�DW������&�
;�UD\�VWXGLHV�RI�/*62�VDPSOHV�ZHUH�FDU�

ULHG� RXW� XVLQJ� DQ�;FDOLEXU��� VLQJOH� FU\VWDO
GLIIUDFWRPHWHU� �2[IRUG� 'LIIUDFWLRQ�� 0R.D
UDGLDWLRQ�� O� ��������c�� JUDSKLWH� PRQR�
FKURPDWRU�� D� 6DSSKLUH��� &&'�GHWHFWRU�� Z�T
Û�VFDQQLQJ� LQ� WKH� �T� UDQJH�XS� WR� ����� DF�
FRXQW� IRU� DEVRUSWLRQ� E\� HTXLYDOHQW� UHIOHF�
WLRQV���7KH�VWUXFWXUHV�ZHUH�FDOFXODWHG�XVLQJ
6+(/;���� DQG�:LQ*;� VRIWZDUH�� 7KH� XQLW
FHOO�SDUDPHWHUV�ZHUH�UHILQHG�E\�WKH�5LHWYHOG
PHWKRG� XVLQJ� GLIIUDFWRJUDPV� REWDLQHG� IRU
SRZGHUV�RI�WKH�VDPH�FU\VWDO�VDPSOHV�XVLQJ�D
6LHPHQV� '���� SRZGHU� GLIIUDFWRPHWHU�� 5H�
VXOWV�REWDLQHG�E\� WKH�VLQJOH� FU\VWDO�PHWKRG
ZHUH�WDNHQ�DV�LQLWLDO�GDWD�IRU�UHILQHPHQW�E\
WKH�5LHWYHOG�PHWKRG�

/X� DQG� *G� FRQFHQWUDWLRQV� ZHUH� GHWHU�
PLQHG�XVLQJ� DQ�DWRPLF�HPLVVLRQ�VSHFWURPH�
WHU� ZLWK� LQGXFWLYHO\� FRXSOHG� SODVPD
�75$&(� 6&$1� $GYDQWDJH�� 7KHUPR� -DUUHOO
$VK��86$���7KH�DQDO\WLFDO�OLQHV������c�DQG
�����c� ZHUH� XVHG� IRU� /X� DQG� *G�� UHVSHF�
WLYHO\��/X�DQG�*G�FRQFHQWUDWLRQV�ZHUH�GHWHU�
PLQHG�E\�WKH�H[WHUQDO�VWDQGDUG�PHWKRG��7KH
FDOLEUDWLRQ� VDPSOHV�ZHUH� SUHSDUHG� LQ�ZDWHU
VROXWLRQV� RI� WKHVH� HOHPHQWV� LQ� WKH� SUHVHQFH
RI� SKRVSKRULF� DFLG�� 7KH� UHODWLYH� VWDQGDUG
GHYLDWLRQ�GLG� QRW� H[FHHG� ������&HULXP�FRQ�
FHQWUDWLRQV� LQ� /*62� FU\VWDOV� ZHUH� GHWHU�
PLQHG� E\� DWRPLF� HPLVVLRQ� VSHFWURJUDSK\
EDVHG�RQ�HYDSRUDWLRQ�RI�WKH�VXEVWDQFH�LQ�DQ

2�7V�6LGOHWVNL\�HW�DO����3UHSDUDWLRQ�DQG�VFLQWLOODWLRQ���
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$&� DUF� GLVFKDUJH�� DQG� UHJLVWUDWLRQ� RI� WKH
HPLVVLRQ� E\� D�')6��� VSHFWURJUDSK�� 7KH� GH�
WHFWLRQ�OLPLW�ZDV�������ZW�����
/LJKW� \LHOG� DQG� HQHUJ\� UHVROXWLRQ� ZHUH

GHWHUPLQHG�E\�SXOVH�PHWKRG�XVLQJ� D� VWDQG�
DUG� VSHFWURPHWULF� VHWXS� LQFOXGLQJ� D� %86��
��E� SUHDPSOLILHU�� %8,��z� OLQHDU� DPSOLILHU�
DQG� klk��)� PXOWLFKDQQHO� DPSOLWXGH� DQD�
O\]HU��$�+DPDPDWVX�5�����307�ZLWK���LQ�
FDWKRGH�ZDV� XVHG� DV� SKRWRGHWHFWRU��7KH� DI�
WHUJORZ�OHYHO�DIWHU�D�FHUWDLQ�WLPH�ZDV�PHDV�
XUHG� XVLQJ� D� VSHFLDO� PHDVXULQJ� VHWXS� FRQ�
VLVWLQJ� RI� D� 5$3$1����� SXOVH�;�UD\� HPLW�
WHU� �p²� ����Ü���� .H9��� DQ� 6����
SKRWRGLRGH�� D� FXUUHQW�WR�YROWDJH� FRQYHUWHU�
PXOWLSOH[HU�� FRQWUROOHU��$�'�FRQYHUWHU��3&�
D�&������RVFLOORJUDSK�� DQG� FRQWURO�XQLW� IRU
WKH�;�UD\�HPLWWHU�
7KH� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� RI� WKH

JURZQ� FU\VWDOV� DUH� SUHVHQWHG� LQ� 7DEOH���� $
VKDUS� LPSURYHPHQW� RI� VFLQWLOODWLRQ� SURSHU�
WLHV� �GHFUHDVH� RI� DIWHUJORZ�DQG�DERXW� WULSOH
LQFUHDVH�RI�OLJKW�\LHOG��LV�REVHUYHG�DW�FKDQJH
RI�VSDFH�V\PPHWU\�JURXS�QHDU����DW����/X�
$�YHU\� ORZ�DIWHUJORZ�DV�FRPSDUHG�ZLWK� OLW�
HUDWXUH� GDWD� IRU� /62� >��@� LV� RI� D� VSHFLDO
LQWHUHVW�
,W� KDV� EHHQ� VKRZQ� EHIRUH� WKDW� D� SRO\�

PRUSK� WUDQVLWLRQ� LQ� /*62� WDNHV� SODFH� DW
/X��/X�*G�� ����� �LQ� DFFRUGDQFH� ZLWK� >�@��
DQG� ���� �LQ� DFFRUGDQFH� ZLWK� >��@��� ,Q� JHQ�
HUDO�� WKH� GDWD� IURP� >��@�ZHUH� FRQILUPHG� LQ
WKLV�ZRUN��7KH�FU\VWDOOL]DWLRQ�LQ�PRQRFOLQLF
c���°� VWUXFWXUH� LV� REVHUYHG� LQ� WKH� UDQJH�d/X��/X�*G�������� LQGHSHQGHQWO\� RI� WKH
VHHG�VSDFH�V\PPHWU\��7KH�SKDVH�ZLWK�PRQR�
FOLQLF� &��F� JURXS� LV� FU\VWDOOL]HG� DW
/X��/X�*G��!������7KH�IRUPDWLRQ�RI�FU\VWDOV
RI� ERWK� W\SHV� LV� SRVVLEOH� LQ� PHOW� ZLWK
/X��/X�*G�� UDWLR� RI����� WR������7KH�FU\VWDO

ODWWLFH� W\SH� RI� WKH� XVHG� VHHG� LV� RI� PDMRU
LPSRUWDQFH�LQ�WKLV�FDVH�
/LJKW� \LHOG� LQFUHDVH� FDQ� EH� H[SODLQHG

ZKHQ� FRQVLGHULQJ� WKH� /X�*G� VXEVWLWXWLRQ
FKDUDFWHU�LQ�WKH�PDWULFHV�ZLWK�WKH�GLIIHUHQW
VSDFH�V\PPHWULHV��)LJ������:KHQ�OXWHWLXP�LV
DGGHG�WR�WKH�c���°�PDWUL[��WKH�FU\VWDO�TXDO�LW\� DQG� VFLQWLOODWLRQ� SURSHUWLHV� GHJUDGH
JUDGXDOO\��$�QRWLFHDEOH� LQFUHDVH� RI�/X� FRQ�
FHQWUDWLRQ� LQ�FU\VWDOV� LV�REVHUYHG�DW� WUDQVL�
WLRQ� WR� &��F� ODWWLFH�� 7KH� XQLW� FHOO� YROXPH
GHFUHDVHV� ZLWK� /X� DGGLWLRQ� GXH� WR� GLPQLQ�
LVKLQJ�HIIHFWLYH�FDWLRQ�UDGLXV�LQ�WKH�PDWUL[
�)LJ������ 7KH� VWUXFWXUH� WUDQVLWLRQ� LV� RE�
VHUYHG� DW� FDWLRQ� HIIHFWLYH� UDGLXV� RI� DERXW
�����c�
7KXV�� WKH� HIIHFWLYH� FDWLRQ� UDGLXV� LQ� WKH

&��F� PDWUL[� FDQ� EH� LQFUHDVHG� IURP� �����c
�/X� LRQLF� UDGLXV�� WR� �����c� ZLWKRXW� FKDQJ�
LQJ�WKH�VSDFH�V\PPHWU\�W\SH��7KLV�PXVW�UH�
VXOW� LQ� LQFUHDVLQJ� &H� VHJUHJDWLRQ� FRHIIL�
FLHQW��EHFDXVH�WKH�VPDOOHU�WKH�GLIIHUHQFH�EH�
WZHHQ� LRQLF� UDGLL� RI� PDWUL[� DQG� DFWLYDWRU�
WKH� ODUJHU� WKH� VHJUHJDWLRQ� FRHIILFLHQW� >��@�

)LJ�����&RQFHQWUDWLRQ�RI�/X�LRQV� LQ�PHOW�DQG
LQ�JURZQ�FU\VWDOV�

7DEOH����6FLQWLOODWLRQ�FKDUDFWHULVWLFV�RI�WKH�REWDLQHG�FU\VWDOV
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E\�(J� �����.H9
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/X�����*G�����6L2� &��F ����� ��� �����
/X�����*G�����6L2� &��F Ü Ü �����
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'LUHFW�PHDVXUHPHQWV� RI� N�&H�� FRQILUP� WKLV
ODZ� �)LJ������ 7KH� VHJUHJDWLRQ� FRHIILFLHQW� LV
LQ� WKH� UDQJH� ����� WR� ������ ,W� LV� DERXW� WKH
VDPH�DV�WKDW�IRU�*62��DQG�H[FHHGV�VXEVWDQ�
WLDOO\� N�&_�� IRU� /62� �a����� >��@�� )RU� FRP�
SDULVRQ�� WKH� N�&_�� YDOXH� IRU� /*62� ���� DW�
�� /X�� REWDLQHG� LQ� >��@� LV� SUHVHQWHG� LQ� WKH
VDPH�)LJXUH�
7KH� LQFUHDVH�RI�DFWLYDWRU�VHJUHJDWLRQ�FR�

HIILFLHQW� LWVHOI� FDQQRW� H[SODLQ� VR� VKDUS
FKDQJHV� RI� VFLQWLOODWLRQ� SURSHUWLHV�� /HW� WKH
VWUXFWXUH� RI�&��F� FU\VWDO� ODWWLFH� EH� FRQVLG�
HUHG�WDNLQJ�/62�DV�WKH�H[DPSOH��7KLV�VSDFH
JURXS�FRQWDLQV���� LRQV� LQ�XQLW�FHOO�� LQ�SDU�
WLFXODU��HDFK�RI���/X�LRQV�RI�ILUVW�W\SH��/X��EHLQJ� FRRUGLQDWHG� ZLWK� �� R[\JHQ� DWRPV�
ZKLOH� HDFK� RI� �� VHFRQG� W\SH� LRQV� �/X��� DUHFRRUGLQDWHG� ZLWK� �� R[\JHQV�� ,W� LV� NQRZQ
WKDW� HQHUJ\� RI� &H��o� /X�� VXEVWLWXWLRQDPRXQWV�������H9��ZKLOH�WKDW�RI�&H��o/X�RQH�������� H9�� ,Q� ERWK� FDVHV� WKH� HQHUJ\� LV
SRVLWLYH��EHFDXVH�&H���LRQLF�UDGLXV�LV�ODUJHU
WKDQ�WKDW�RI�/X����'LIIHUHQW�GLVSODFHPHQW�RI
R[\JHQ� LRQV� DIWHU� &H��o/X��� /X�� VXEVWLWX�WLRQ� LQ� /X2�� DQG� /X2�� SRO\KHGUD� SURYLGHVVXEVWDQWLDOO\� GLIIHUHQW� VFLQWLOODWLRQ� FKDUDF�
WHULVWLFV�RI�WKH�VXEVWDQFH��/LJKW�\LHOG��OXPL�
QHVFHQFH� PD[LPXP� ZDYHOHQJWK�� DQG� GHFD\

WLPH� GHSHQG� RQ� WKH� QXPEHU� RI� &H��� LRQV
VXEVWLWXWLQJ� /X�� DQG� /X�� RQHV�� 7KH� GHFD\WLPH� RI� &H�� OXPLQHVFHQFH� FHQWHU� �SRO\KH�GURQ� /X2��� LV� ��Ü��� QV�� DQG� OXPLQHVFHQFHPD[LPXP� LV� DW� ���Ü���� QP�� 7KH� GHFD\
WLPH� RI� &H�� OXPLQHVFHQFH� FHQWHU� �SRO\KH�GURQ� /X2��� LV� ��Ü��� QV� DQG� OXPLQHVFHQFHEDQG�LV�DURXQG����Ü����QP��7KH�VLPXOWDQH�
RXV�SUHVHQFH�RI�&H���LQ�ERWK�/X2��DQG�/X2�FDXVHV�WKH�VXEVWDQWLDO�GHFUHDVHG�OLJKW�\LHOG�
LQFUHDVHG� OXPLQHVFHQFH� WLPH� XS� WR� ��Ü
��� QV�� DQG� GHFD\� WLPH� VKLIW� WRZDUGV� WKH
EDQG� RI� UHGXFHG� 307� VHQVLWLYLW\�� 7KH� EHVW
FKDUDFWHULVWLFV�DUH�REVHUYHG�LQ�FU\VWDOV�FRQ�
WDLQLQJ�&H���LRQV�RQO\�LQ�/X2��SRO\KHGUD�>����Ü��@�
([SHULPHQWDOO\� REWDLQHG� GDWD� RQ� FDWLRQ

GLVWULEXWLRQ� LQ� WKH� SRVLWLRQV� LQ� WKH� PDWUL[
DUH�SUHVHQWHG�LQ�7DEOH����/X���LRQV�DUH�VLWX�
DWHG� SUHIHUDEO\� LQ� ��FRRUGLQDWHG� SRO\KHGUD
/Q2�� LQ� FU\VWDOV� ZLWK� c���°� VSDFH� V\PPH�WU\��,Q�FRQWUDVW��OXWHWLXP�LRQV�LQ�FU\VWDOV�RI
&��°�VSDFH�JURXS�DUH�VLWXDWHG�SUHIHUDEO\�LQ
��FRRUGLQDWHG� SRO\KHGUD�� 7KHVH� UHVXOWV� DUH
TXLWH�H[SHFWDEOH��DFFRXQWLQJ�IRU�WKH�VPDOOHU
/Q±2�DYHUDJH�ERQG�OHQJWK�������c��IRU�/Q2�

)LJ�����&HULXP�VHJUHJDWLRQ�FRHIILFLHQW�YV�� OX�
WHWLXP� FRQFHQWUDWLRQ� LQ� PHOW�� 'DWD� IURP
>������@�DUH�GHQRWHG�E\�VTXDUHV�

)LJ�����8QLW�FHOO�YROXPH�RI�WKH�JURZQ�FU\VWDOV
�WKH�YDOXH�IRU�/62�FRUUHVSRQGV�WR�>��@��

7DEOH����3RSXODWLRQ�RI�FDWLRQ�SRVLWLRQV�LQ�WKH�PDWULFHV
/X��/X�*G�����LQ

PHOW
/X��/X�*G�����LQ

FU\VWDO
6SDFH�V\PPHWU\

W\SH
)UDFWLRQ�RI�/X�DWRPV�����LQ�SRO\KHGUD

,Q���IROG ,Q���IROG
� ��� 3���F � 1RW�REVHUYHG
�� ��� 3���F �� 1RW�REVHUYHG
�� ���� 3���F �� �

,Q���IROG ,Q���IROG
�� ���� &��F �� 1RW�REVHUYHG
�� ���� &��F �� �
�� ���� &��F �� ��
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LQ� FRPSDULVRQ� ZLWK� WKDW� IRU� /Q2�� ������c�LQ� /62� >��@�� 6PDOOHU� /X��� LRQV� DQG� ODUJHU
*G��� DW�KLJK�SUREDELOLW\�ZLOO�EH�VLWXDWHG� LQ
/Q2��DQG�/Q2��SRO\KHGUD��UHVSHFWLYHO\��7KLVGLVWULEXWLRQ� RI� OXWHWLXP� DQG� JDGROLQLXP
LRQV� LV� HQHUJ\�IDYRUDEOH� DQG� PXVW� SURPRWH
VLWXDWLRQ�RI�&H��� LRQV�ZLWK� ODUJHU� LRQLF� UD�
GLXV�������c��LQ�WKH�VHYHQ�IROG�R[\JHQ�FRRU�
GLQDWHG�SRVLWLRQ�
7KH�GLVWULEXWLRQ�RI�&H���LRQV�LQ�/X2��DQG/X2�� SRO\KHGUD� FDQ� EH� HVWLPDWHG� IURP;�UD\� OXPLQHVFHQFH� VSHFWUD� RI� JURZQ� FU\V�

WDOV� �)LJ������ )RU� FU\VWDOV�ZLWK� VSDFH� JURXS
&��F� ������DQG������/X��� LQWHQVLW\�RI�WKH
���� QP� SHDN� FRUUHVSRQGLQJ� WR� VHYHQ�IROG
FRRUGLQDWHG� &H��� LV� VXEVWDQWLDOO\� KLJKHU
WKDQ� WKDW�RI� WKH� VHFRQG�SHDN�QHDU�����QP�
7KLV� UHVXOW� FRQILUPV� WKH� K\SRWKHVLV� RQ� WKH
SUHIHUUHG� VLWXDWLRQ� RI� DFWLYDWRU� LRQV� LQ� WKH
VHYHQ�IROG� FRRUGLQDWHG� SRVLWLRQ�ZLWK� KLJKHU
OXPLQHVFHQFH�LQWHQVLW\�
7KXV�� /X�[*G�±�[6L2��&H� FU\VWDOV� LQ� WKHUDQJH� [� ��Ü����� KDYH� EHHQ� VWXGLHG�� $

VKDUS� LPSURYHPHQW� RI� VFLQWLOODWLRQ� SURSHU�
WLHV� DW� WUDQVLWLRQ� IURP�PRQRFOLQLF�c���°� WR&��°� V\PPHWU\� KDV� EHHQ� REVHUYHG�� +LJK
OLJKW� \LHOG� YDOXHV� DW� ²t���� DUH� FRQQHFWHG
ZLWK� KLJK� FHULXP� LQFOXVLRQ� FRHIILFLHQW� DQG
SUHIHUUHG� VLWXDWLRQ� RI� DFWLYDWRU� LQ� WKH
VHYHQ�IROG�R[\JHQ�FRRUGLQDWHG�SRVLWLRQ��7KH
FDXVHV�RI�VXEVWDQWLDO�DIWHUJORZ�GHFUHDVH�RE�
VHUYHG�LQ�WKLV�ZRUN�DV�FRPSDUHG�ZLWK�RWKHU
DXWKRUV� DUH� QRW� NQRZQ� DW� WKH� PRPHQW�� $
GHWDLOHG� VWXG\� RI� /*62� HQHUJ\�EDQG� VWUXF�
WXUH�LV�QRZ�LQ�SURJUHVV�

$FNQRZOHGJPHQW��$XWKRUV�DUH�JUDWHIXO�WR
0U�,JRU� =HQ\D� �,QVWLWXWH� IRU� 6FLQWLOODWLRQ
0DWHULDOV��ZKR�KDV�PHDVXUHG� WKH� DIWHUJORZ
OHYHOV�LQ�WKH�FU\VWDOV�

5HIHUHQFHV
� ���+�,VKLEDVKL�� .�6KLPL]X�� .�6XVD�� 6�.XERWD�

,(((�7UDQV��1XFO��6FL������������������
� ���&�/�0HOFKHU�� -�6�6FKZHLW]HU�� ,(((� 7UDQV�

1XFO��6FL������������������
� ���/�3LGRO�� $�.DKQ�+DUDUL�� %�9LDQD� HW� DO��

7UDQV��1XFO��6FL�������������������
� ���9�0�*DUPDVK�� 6�<D�%HORJORYVNL�� 6�/�/XEHWVL�

1XFO��,QVWU��0HWK�LQ�3K\V�5HV��$������������������
� ���-�&KHQ�� /�=KDQJ�� 5��<�=KX�� ,(((� 7UDQV�

1XFO��6FL�������������������
� ���<X�'�=DYDUWVHY�� $�,�=DJXPHQQ\L�� 6�$�.RXWR�

YRL� HW� DO��� LQ��� 3URF���WK� ,QW�� :RUNVKRS� RQ
&U\VWDO�*URZWK�7HFKQRORJ\��%HDWHQGHUJ��6ZLW�
]HUODQG���������S����

� ���9�%RQGDU�� /�1DJRUQD\D�� 9�0DUW\QRY� HW� DO��
LQ���3URF��,QW��&RQI��RQ�,QRUJDQLF�6FLQWLOODWRUV
DQG�7KHLU�$SSOLFDWLRQV�6&,17�������$OXVKWD�
8NUDLQH���������S����

� ���0�-LH��*�=KDR��;�=HQJ��-��&U\VW��*URZWK������
�����������

� ���3DWHQW�86�����������%���������
����3DWHQW�86�������������$���������
����0�0RV]\QVNL�� $�1DVVDOVNL�� :�&]DUQDFNL� HW

DO���,(((�7UDQV��1XFO��6FL�������������������
����$�1DVVDOVNL�� 0�.DSXVWD�� 7�%DWVFK� HW� DO��

,(((�7UDQV��1XFO��6FL����������������
����3�1�=KPXULQ�� <X�9�0DO\XNLQ�� 6SHFWURVFRS\

RI� 5DUH�(DUWK� ,RQV� LQ� 9ROXPH� DQG� 1DQRVL]H
&U\VWDOV�� ,QVWLWXWH� IRU� 6LQJOH� &U\VWDOV�
.KDUNLY���������>LQ�5XVVLDQ@�

����0�(�*OREXV��%�9�*ULQ\RY��,QRUJDQLF�6FLQWLOOD�
WRUV��$NWD��.KDUNLY��������>LQ�5XVVLDQ@�

����$�0DVDORY��2�9\DJLQ�� ,�*DQLQD�HW�DO���3LV�PD
Y�=K��(NVSHU��7HRU��)L]�����������������

����6�$�6SHDNPDQ�� :�'�3RUWHU�� 0�$�6SXUULHU�
&�/�0HOFKHU�� 0DWHULDOV� 5HV��%XOO��� ���� ���
�������

����&�'�%UDQGOH�� $�-�9DOHQWLQR�� *�:�%HUNVWUHV�
VHU��-��&U\VW��*URZWK�����������������

����7�8VXL�� +�<DPDPRWR�� <�<RNR\DPD� HW� DO��
,(((�7UDQV��1XFO��6FL���1�������������������

����+�0DWVXPXUD�� 6�:DWDQDEH�� 2�1DNDPXUD�
7DNHVKL�,WR��-��&U\VW��*URZWK������������������

����%R�/LX��&K�6KL��0�<LQ�HW�DO���-��/XPLQHVFHQFH�
����������������

����'�:�&RRNH�� %�/�%HQQHWW�� .�-�0F&OHOODQ� HW
DO���3K\V��5HY��%�������������������

����/�3LGRO��2�*XLOORW�1RHO��$�.DKQ�+DUDUL�HW�DO��
-��3K\V��&KHP��6ROLGV�����������������

)LJ�����;�UD\�OXPLQHVFHQFH�VSHFWUD�RI�WKH�RE�
WDLQHG�VLQJOH�FU\VWDOV�
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