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7KH� WDVNV� RI� RSWLFDO� LQIRUPDWLRQ� UHFRUG�
LQJ�� WUHDWPHQW�� DQG� VWRUDJH� GHILQHV� WKH� LQ�
WHUHVW� LQ�UHVHDUFK�DQG�PRGLILFDWLRQ�RI�RSWL�
FDO� SURSHUWLHV� RI� SKRWRUHIUDFWLYH� FU\VWDOV�
$PRQJ� WKRVH�� WKH� VLOOHQLWH� IDPLO\� FU\VWDOV
%L��02��� �%02�� ZLWK� F� �6L�� *H�� 7L�� VWDQGRXW�GXH�WR�KLJK�VHQVLWLYLW\�WR�OLJKW�IURP�WKH
YLVLEOH� DQG� QHDU� ,5�ZDYHOHQJWK� UDQJH�� 7KH
VHQVLWLYLW\� GHILQHV� D� QXPEHU� RI� SKRWRLQ�
GXFHG� HIIHFWV� �SKRWRFKURPLF�� SKRWRUHIUDF�
WLYH�� SKRWRUHVLVWLYH�� HWF���� 7KDW� LV� ZK\� WKH
%02� FU\VWDOV� DUH� XVHG� DV� IXQFWLRQDO�PHGLD
LQ� GLIIHUHQW� W\SHV� RQ� OLJKW�PRGXODWLQJ� DQG
KRORJUDSKLF� GHYLFHV�� $W� WKH� KRORJUDP� UH�
FRUGLQJ�� SKRWRUHIUDFWLYH� DQG� SKRWRFKURPLF
KRORJUDSKLF�HOHPHQWV�DULVH�LQ�%02�FU\VWDOV�
7R� GDWH�� D� FRQVLGHUDEOH� DWWHQWLRQ� KDV� EHHQ
JLYHQ� WR� H[SHULPHQWDO� DQG� WKHRUHWLFDO� UH�
VHDUFK�RI�SKRWRUHIUDFWLYH�HIIHFW�DQG�DOVR�RI
UHYHUVLEOH� FKDQJHV� LQ� UHIUDFWLYH� LQGH[� DQG
QRQOLQHDU� LQWHUDFWLRQ� RI� RSWLFDO� UD\V�� ,Q
FRQWUDVW�� WKH� SKRWRFKURPLVP� RI� %02� FU\V�
WDOV� LV� VWXGLHG� LQVXIILFLHQWO\�� ,W� LV� NQRZQ
WKDW� WKH� GRSLQJ� LQIOXHQFHV� HVVHQWLDOO\� WKH
RSWLFDO� DEVRUSWLRQ� DQG� VSHFWUDO� FKDUDF�
WHULVWLFV� RI� SKRWRFKURPLF� HIIHFW� �3(��� ,Q
SDUWLFXODU��GRSLQJ�E\�$O��*D��&D��)H�DQG�9
LRQV� TXHQFKHV� 3(�� ZKLOH� LPSXULW\� &U�� 0Q

DQG� &X� DPSOLI\� DQG� FKDQJH� LWV� VSHFWUDO
FKDUDFWHULVWLFV� >�@��7KH�VSHFWUDO� IHDWXUHV�RI
3(� DUH� FRQQHFWHG� ZLWK� LQWUD�FHQWHU� WUDQVL�
WLRQV�LQ�WKH�GRSLQJ�LRQV�RI�WUDQVLWLRQDO�PHW�
DOV� >����@�� +RZHYHU�� WKH� PHFKDQLVP� RI
FKDUJH� VWDWHV� FKDQJH� LQ� WKRVH� LRQV� XQGHU
LOOXPLQDWLRQ��WKH�NLQHWLFV�RI�WKHUPDO�H[FLWD�
WLRQ� DQG� RSWLFDO� H[WLQFWLRQ� DQG� DOVR� UHOD[D�
WLRQ� FKDUDFWHULVWLFV� RI� 3(�� ZHUH� DOPRVW� QRW
VWXGLHG��7KH�FRPSOH[�UHVHDUFK�UHVXOWV�RI�VSHF�
WUDO� DQG� NLQHWLF� FKDUDFWHULVWLFV� RI� 3(� LQ
%L��6L2��� FU\VWDOV� GRSHG� ZLWK� FRSSHU
�%62�&X��DUH�SUHVHQWHG�LQ�WKLV�ZRUN�

7KH�%62�&X�FU\VWDOV�KDYH�EHHQ�JURZQ�E\
WKH� &]RFKUDOVNL� PHWKRG�� &RSSHU� FRQFHQWUD�
WLRQ� LQ�GRSHG� FU\VWDOV�ZDV������ZW����7KH
VDPSOHV�ZHUH�VKDSHG�DV�SODQH�SDUDOOHO�SODWHV
RI�����DQG�����PP�WKLFNQHVV�DQG�ZLWK�ODUJH
������VXUIDFHV��7KH�RSWLFDO�WUDQVPLVVLRQ�VSHF�
WUD� W�O�� ZHUH� PHDVXUHG� XVLQJ� &DU\��(�� 6SH�
FRUG�0����6SHFRUG�1,5���VSHFWURSKRWRPHWHUV
LQ�WKH�ZDYHOHQJWK�UDQJH�O� �����WR���PP��7KH
WHPSHUDWXUH�ZDV� YDULHG� LQ� WKH� UDQJH��� ���
WR� ���� z�� $� QLWURJHQ� FU\RVWDW� ZLWK� TXDUW]
ZLQGRZV�ZDV�XVHG�IRU�ORZ�WHPSHUDWXUHV��7KH
DEVRUSWLRQ�VSHFWUD�D�O��ZHUH�FDOFXODWHG�XVLQJ
WKH�PHWKRG�GHVFULEHG�LQ�>�@�
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7KH�3(�ZDV�H[FLWHG�E\� OLJKW�SXOVHV�ZLWK
O� ����Ü����QP��GDUN�EOXH��RI�W� ���V�GXUD�
WLRQ� �DW� WKH� VDPH�TXDQWXP�HQHUJ\�KQ���7KH
3(� ZDV� TXHQFKHG� RSWLFDOO\� E\� LOOXPLQDWLQJ
ZLWK�OLJKW�RI�O� ����Ü����QP��UHG���([FLWDWLRQ
DQG�RSWLFDO�GHVWUXFWLRQ��2'��ZDV�VWXGLHG�DW��� ���� DQG� ��� ����� z�� 7KH� VWDWLRQDU\� D��KQ��SKRWRLQGXFHG�DLSKJ�KQ��DEVRUSWLRQ�DQG�LWV�RSWL�FDO� GHVWUXFWLRQ� DLSKU�KQ�� VSHFWUD� ZHUH� LQYHVWL�JDWHG� IRU� LWK� LOOXPLQDWLRQ� GRVH�� 7KH� 3(� DQG
RSWLFDO�GHVWUXFWLRQ�VSHFWUD�ZHUH�GHWHUPLQHG�DV
GLIIHUHQFHV� 'DLSKJ�KQ�� �DLSKJ�KQ��Ü�D��KQ�� DQG'DLSKU�KQ�� �DPD[SKJ�KQ��Ü�DLSKU�KQ�� UHVSHF�
WLYHO\�� ZKHUH� DPD[SKJ�KQ�� LV� WKH� PD[LPDOYDOXH� RI� SKRWRLQGXFHG� DEVRUSWLRQ�� .LQHWLFV
RI� 3(� DQG� 2'� ZDV� UHSUHVHQWHG� E\� GHSHQG�
HQFHV� 'DLSKJ�W�� DQG� 'DSKU�W��� ZKHUH� W� LV� WKHWRWDO� GXUDWLRQ� RI� SKRWRDFWLYH� LOOXPLQDWLRQ
GRVHV�� ,QIOXHQFH� RI� WHPSHUDWXUH� RQ� RSWLFDO
DEVRUSWLRQ� �WHUPRFKURPLF� HIIHFW� �7(��� ZDV
HVWLPDWHG� IURP� WKH� 'DL�L�KQ�� �DL7L�KQ��ÜD�7R�KQ��VSHFWUD�REWDLQHG�DW�7R� �LQLWLDO��DQG7L� �FXUUHQW�� WHPSHUDWXUH� YDOXHV��6SHFWUD� RIWKHUPDO� GHVWUXFWLRQ� RI� FRORU� FHQWHUV� ZHUH
SUHVHQWHG� DV� 'D7'�KQ�� �D��7R�KQ��ÜD��7R�KQ��� ZKHUH� D��7R�KQ��� D��7R�KQ�� DUHVWDWLRQDU\� VSHFWUD� SULRU� WR� DQG� DIWHU� KHDW�
LQJ�

,Q� WKH� RSWLFDO� DEVRUSWLRQ� VSHFWUD� RI
%62�&X�FU\VWDOV��WKHUH�DUH�IRXU�ZLGH�EDQGV
LQ� WKH� SKRWRQ� HQHUJ\� UDQJHV� KQ� ������ WR
����� H9� �k��� ����� WR� ���� H9� �%��� ���� WR

����H9� �&��DW�7� ����.���DQG����� WR�����H9
�'�DW�W� ����.���)LJ������7KH�SUHVHQFH�RI�&X
LRQV� FDXVHV� DSSHDUDQFH� RI� WKH� $� DQG�%� DE�
VRUSWLRQ� EDQGV� LQ� QHDU� ,5� UHJLRQ� �)LJ���D��
EHFDXVH� XQGRSHG� %62� FU\VWDOV� LQ� WKHVH
UDQJH� VKRZ� FRQVLGHUDEO\� ZHDNHU� DQG� PR�
QRWRQRXVO\� IDOOLQJ� YDOXHV� �DW� KQ� UHGXFWLRQ�
>�@�� 2Q� WKH� ORQJ�ZDYH� HGJH� RI� WKH� $� EDQG�
DQ� HOHFWURQ� YLEUDWLRQDO� VWUXFWXUH� PXVW� EH
DSSDUHQW�� EHFDXVH� WKH� HQHUJ\� GLVWDQFH� EH�
WZHHQ� LWV� ILUVW� WZR� FRPSRQHQWV�� 'KQ� 
�������H9��FRUUHVSRQGV�WR� WKH� IUHTXHQF\�RI
RSWLFDO� ORQJLWXGLQDO� SKRQRQV� �QSKRQ� ����°PÜ���LQ�%62�FU\VWDOV�>�@�

7KH�%�EDQG�FRQWDLQV�IRXU�FRPSRQHQWV�RI
DOPRVW� HTXDO� LQ� LQWHQVLW\� DW� ��� .�� ZKLFK
IRUP�D��VPDOO�FRPE��VWUXFWXUH�WKDW�LV�W\SL�
FDO� RI� LQWUD�FHQWHU� �G�G�� RSWLFDO� WUDQVLWLRQV
LQ� &X��� LRQV� �HOHFWURQ� FRQILJXUDWLRQ� �G��
FHQWHULQJ�RFWDKHGURQV�RI�&�� ORFDO�V\PPHWU\>�@�� ,Q�%62� FU\VWDOV�� VXFK�VLWXDWLRQ�ZLOO�EH
UHDOL]HG� ZKHQ� &X��� LRQV� UHSODFH� %L��� RQHV
�&X%L���� ORFDWHG� LQ� WKH� FHQWHU� RI� R[\JHQSVHXGR�RFWDKHGURQV�ZLWK�WKH�V\PPHWU\�QHDU
WR� &��� 7KH� IHDWXUH� RI� WKRVH� SVHXGR�RFWDKH�GURQV� FRQVLVWV� LQ� WKDW� WKH� FHQWHULQJ� &X��
FDWLRQ��DV�ZHOO�DV�%L����LV�VHYHQ�FRRUGLQDWHG�
L�H�� RQH� RI� VL[� &X±2� ERQGV� LV� UHSODFHG� E\
WZR� ORQJHU�ERQGV��7KH�FKDUJH�FRPSHQVDWLRQ
LV�UHDOL]HG�GXH�WR�WKH�KROH�FHQWHUV�2±��KRZ�
HYHU�� WKH� H[FHVV� SRVLWLYH� FKDUJH� RI� WKH�2±
LRQ� �KROH�� LV� QRW� ORFDOL]HG� EXW� MXPSV� RYHU
IURP�RQH�WRS�WR�RWKHU��)LJ���D��

)LJ����� 6SHFWUD� RI� VWDWLRQDU\� RSWLFDO� DEVRUSWLRQ� D��KQ�� �È�� ��� ��� E�� ��� ��� F�� ��� ��� DQG� RSWLFDO
DEVRUSWLRQ�DSKJ�KQ��DIWHU�LOOXPLQDWLRQ�ZLWK�HQHUJ\�RI�TXDQWD�KQ� ������H9��È��������E��������F�����DW
WHPSHUDWXUH���� �È��������E��������F��������DQG�����.��D��������E��������F������7KLFNQHVV�RI�%62�&X
FU\VWDO�G� �������D��E��DQG������FP��°��
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7KH� ZLGH� &� EDQG� LV� LQ� WKH� �VKRXOGHU�
DEVRUSWLRQ�UHJLRQ�RI�XQGRSHG�%62�FU\VWDOV�
7KH� LQWULQVLF� %62� GHIHFWV�� DQWL�VWUXFWXUDO
%L6L��� DQG�%L6L��� LRQV� UHSODFLQJ�6L��� LRQV� LQR[\JHQ�WHWUDKHGURQV��DUH�UHVSRQVLEOH�IRU�DE�
VRUSWLRQ� LQ� WKLV� EDQG� �)LJ���E�� >�@�� 7KH
FKDUJH� FRPSHQVDWLRQV� RI� %L��6L� LRQV� RFFXUVDOVR�� DV�ZHOO� DV� IRU� WKH�&X%L��� FHQWHUV�� GXHWR� WKH� KROH� FHQWHUV� 2±� ZLWK� D� GHORFDOL]HG
KROH�� ,Q� WKH� FDVH� RI� %L��6L�� WKH� FRPSHQVD�WLRQV� LV� SRVVLEOH� GXH� WR� FDWLRQ� YDFDQFHV� LQ
WKH� VHFRQG� FRRUGLQDWLQJ� VSKHUH� RU� GXH� WR
WKDW� D� FHUWDLQ� QXPEHU� RI� WKH� SDLU� FHQWHUV
%L��6L� DQG� %L��6L� KDYH� �RQ� WKH� DYHUDJH�� WKHFKDUJH�RI�%L��6L��)LJ���E��7KH�LQWHQVH�DEVRUSWLRQ�LQ�WKH�'�EDQG�DG�
MRLQLQJ� WR� WKH� IXQGDPHQWDO�DEVRUSWLRQ�HGJH
RI� %62� FU\VWDOV� �)LJ���F�� LV� FDXVHG� PRVW
OLNHO\�E\�FKDUJH�WUDQVIHU�RSWLFDO�WUDQVLWLRQV
RI� WKH� �OLJDQG�PHWDO�� �/�0�� W\SH�� 2�±
l&X%L����6XFK�WUDQVLWLRQV�LV�RQH�PRUH�W\SL�FDO� IHDWXUH� RI�&X��� LRQV� ZLWK� FRRUGLQDWLRQ
QXPEHU� �F��Q�����DQG�RFWDKHGURQ� ORFDO�V\P�
PHWU\� &�� >�@�� 7KH� DEVRUSWLRQ� LQ� DOO� EDQGVLQFUHDVHV�DV�WKH�WHPSHUDWXUH�ULVHV��IURP���
WR�����.���WKXV��WKH�VKLIW�RI�WKH�DEVRUSWLRQ
HGJH�PDVNV�WKH�'�EDQG�VWUXFWXUH��)LJ������$
VLPLODU�WHPSHUDWXUH�EHKDYLRU�ZDV�REVHUYHG�
IRU� H[DPSOH�� IRU�&X��� LRQV� ZLWK� F�� Q�� �� LQ
&U&X&O��FU\VWDOV�>�@�,W�FDQ�EH�DVVXPHG�WKDW��DORQJ�ZLWK�&X%L��LRQV��&X���LRQV�DUH�SUHVHQW�LQ�WKH�%62�FU\V�
WDOV� WKDW� DUH� UHSODFLQJ� %L� LRQV� LQ� R[\JHQ
SVHXGR�RFWDKHGURQV� �&X%L����� 7KH� FKDUJHFRPSHQVDWLRQ�LV�QRW�UHTXLUHG�KHUH��7KHRUHWL�
FDO�HVWLPDWLRQV�VKRZ�WKDW�RSWLFDO�WUDQVLWLRQV
LQ�&X%L��� ��G��� LRQV�� ORFDWHG� LQ� WKH� RFWDKH�GURQ�JLYH�WKUHH�ZLGH��DERXW������WR������H9
KDOIZLGWK�� DEVRUSWLRQ� EDQGV��kc�� {c�� DQG�&c
>�@�� )URP� H[SHULPHQWDO� VSHFWUD� RI� WUDQVL�
WLRQDO�PHWDO�LRQV�ZLWK��G��HOHFWURQ�FRQILJX�
UDWLRQ�� VSHFWUDO� DEVRUSWLRQ� RI� WKHVH� EDQGV

KDV�EHHQ�GHWHUPLQHG��KQ� ������WR�������kc��
����WR������{c���DQG������WR������H9��'c��>�@�

$V� WKH�$�EDQG� LQ� WKH�DEVRUSWLRQ�VSHFWUD
RI� %62�&X� FU\VWDOV� FRUUHVSRQGV� WR� WKH� kc
EDQG�� LW� FDQ� EH� VXSSRVHG� WKDW� WR� EH� GXH� WR
WUDQVLWLRQV� LQ� &X%L��� LRQV� ZLWK� F�� Q�� ��� %cDQG�'c�EDQGV�JHW��RU�DUH�SDUWO\�RYHUODSSHG�
LQWR�WKH�%�DQG�'�EDQGV�RI�&X%L��� LRQV�ZLWKF��Q�� ��� ,Q� WHWUDKHGUDO� FU\VWDOOLQH� ILHOG� �UH�
SODFLQJ� RI� LRQV� RI� 6L��� E\� &X��� RQHV��� WKH
&X��� LRQ� DEVRUSWLRQ� EDQGV� DUH� FRQVLGHUDEO\
VKLIWHG�WRZDUGV�,5�UHJLRQ�RI�WKH�%62�FU\V�
WDO�ODWWLFH�DEVRUSWLRQ��DQG�VKRXOG�QRW�EH�RE�
VHUYHG��(QWHULQJ�RI�&X��LRQV�LQVWHDG�RI�6L��
DQG�%L��� LV�XQOLNHO\�GXH�WR�RI�ODUJH�GLVWLQF�
WLRQV�LQ�FKDUJHV�DQG�LRQLF�UDGLXV�

7KH�3(�UHVXOWV�LQ�LQFUHDVHG�DEVRUSWLRQ�LQ
WKH�%��&�EDQGV��)LJ���D��E��)LJ���D���UHGXFHG
$�EDQG�DEVRUSWLRQ��)LJ���D��)LJ���D��DQG�UH�
GLVWULEXWLRQ� LQ� WKH� '� EDQG� �)LJ���G�� )LJ�
�E��� 7KH� EDQG� VWUXFWXUH� RI� 3(� 'DSKJ�KQ�
VSHFWUD�LV�UHSUHVHQWHG�LQ�)LJ�����,W�LV�WR�QRWH
DOVR� WKDW� WKH� 3(� FDQ� EH� HVVHQWLDOO\� FRP�
SOHWHO\�RSWLFDOO\�GHVWUXFWLRQ�XQGHU�LOOXPLQD�
WLRQ� LQ� WKH� ���� WR� ���� H9� UDQJH�� L�H��� WKH
VWDWLRQDU\� DEVRUSWLRQ� VSHFWUD� DUH� UHSURGXF�
LEOH��)LJ������7KH�WHPSHUDWXUH�LQFUHDVH�IURP
��� WR� ���� .� UHVXOWV� LQ� GHFUHDVHG� 3(� LQ� $
DQG�%�EDQGV�UHODWHG� WR�&X� LRQV� �)LJ���D��E�

)LJ����� 6SHFWUD� RI� SKRWRLQGXFHG� DEVRUSWLRQ
'DSKJ�KQ�� DIWHU� LOOXPLQDWLRQ� DW� TXDQWXP� HQ�
HUJ\�KQ� ������H9��D���������c��E��DQG�RSWLFDO
GHVWUXFWLRQ� RI� SKRWRFKURPLF� HIIHFW� 'DSKJ�KQ�
DIWHU� LOOXPLQDWLRQ� DW� TXDQWXP� HQHUJ\� KQ� 
����Ü�����H9��D������c��DW����z��7KH�FXUYHV��c
DQG� �c� DUH� IUDJPHQWV� RI� FXUYHV� �� DQG� �� GLV�
SODFHG�DORQJ�YHUWLFDO�D[LV�E\����DQG�Ü���UHVSHF�
WLYHO\�

)LJ����� 7KH� R[\JHQ� SVHXGR�RFWDKHGURQ� FHQ�
WHUHG�E\�&X��%L� LRQV� �D�� DQG�R[\JHQ�KHSWDKH�GURQ�LQ�D�FHQWHU�ZLWK�WKH�LRQV�%L��6L��E��
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)LJ���D��� 7KH� 3(� LQ� WKH� &� EDQG� �)LJ���E�
)LJ���D�� GURSV� VLPLODUO\� WR� WKDW� LQ� XQGRSHG
%62�FU\VWDOV�>�@�

7KH� SKRWRLQGXFHG�GHFUHDVH� RI� DEVRUSWLRQ
LQ� $� DQG� %� EDQGV� LV� DFFRPSDQLHG� E\� LQ�
FUHDVH� RI� DEVRUSWLRQ� LQ� %� DQG� '� EDQGV� RI
'DSKJ�KQ��VSHFWUD��)LJV���������7KLV�DOORZV�XV
WR� DVVXPH� WKDW� WKH� 3(� LV� FDXVHG� E\� WKH
FKDQJH� RI� UDWLR� EHWZHHQ� WKH� FRORU� FHQWHUV

FRQQHFWHG�ZLWK�FKDQJH�RI�WKHLU�FKDUJH�VWDWH
DFFRUGLQJ� WR� WKH� VFKHPHV�� &X%L����H�o�&X%L����%L6L������Ë�o�%L6L���� 7KH� FKDUJHQHXWUDOLW\� LV� SURYLGHG� LQ� ERWK� FDVHV� E\� VL�
PXOWDQHRXV� IRUPDWLRQ� RI� WKH� KROH� FHQWHUV
2±��WKXV�� LW� LV� MXVW�WKH�SDLU�FHQWHUV�&X%L��±2±� DQG�%L6L��±2±�ZLWK� D�KROH�GHORFDOL]HG� DW
WKH� YHUWLFHV� RI� R[\JHQ� SVHXGR�RFWDKHGURQV
DQG� WHWUDKHGURQV�� UHVSHFWLYHO\�� WKDW� DUH� UH�
VSRQVLEOH�IRU�3(��7KH�VXJJHVWHG�PHFKDQLVP
RI� 3(� DQG� 2'� �RSWLFDO� GHVWUXFWLRQ�� LQYROY�
LQJ� WZR� W\SHV� RI� FRPSOH[� FHQWHUV� LV� FRQ�
ILUPHG�E\�WKH�FRQVLGHUDWLRQ�RI�H[SHULPHQWDO
'DSKJ�W��� DSKU�W�� GHSHQGHQFHV� FKDUDFWHUL]LQJ
WKH� NLQHWLFV� RI� WKH� IRUPDWLRQ� DQG� GHVWUXF�
WLRQ�SURFHVVHV�DV�ZHOO�DV�E\�WHPSHUDWXUH�LQ�
IOXHQFH�RQ�WKH�UHOD[DWLRQ�SDUDPHWHUV��)LJ�����

(DFK�RI�WKH�GHSHQGHQFHV�SUHVHQWHG�LQ�WKH
VHPLORJDULSKPLF� VFDOH� DV� OQ���Ü
'DSKJ�'DPD[SKJ�� �I��W�� DQG� OQ�'DSKU�'D�SKU� �I��W��� ZKHUH� 'DPD[SKJ� FRUUHVSRQGV� WR� WKH'DSKJ�W�� YDOXH� DW� W�o�f�� ÈQG� 'D�SKU�� WKH'DSKU�W��YDOXH�DW�W� ����LQFOXGHV�WKUHH�OLQHDU
VHFWLRQV�IRU�ERWK�W\SHV�RI�FHQWHUV��7KLV�PDNHV
LW�SRVVLEOH�WR�GHVFULEH�WKRVH�DV�IROORZV�

'DSKJ� �'DPD[SKJ>����¦DJL
L �

�
H[S��W�e�WJL�@��

���

'DSKU� �'D�SKU¦DUL
L �

�
H[S��W�e�WUL��

���

,Q� RWKHU� ZRUGV�� HDFK� RI� ERWK� SURFHVVHV
LQFOXGH� WKUHH� DGGLWLYH� H[SRQHQWLDO� FRPSR�
QHQWV�� ZKHUH� DJL�� DUL� DUH� WKH� VKDUH� KROGLQJ

)LJ����� .LQHWLF� GHSHQGHQFHV� RI� SKRWRJHQHUD�
WLRQ� 'DSKJ�W�� �È�� ��� ��� E�� ��� ��� DQG� SDUWLDO
RSWLFDO� GHVWUXFWLRQ�'DSKU�W�� �D�������� E�������
RI� FRORU� FHQWHUV� &X%L��±2±� �D�� DQG� %L6L��±2±
�E��LQ�WKH�DEVRUSWLRQ�EDQG�ZLWK�KQ� ������DQG
�����H9�DW�����D��������E��������DQG�����z��D�
������ E�� ������� 7KH� FDOFXODWHG�'DFDOOSKJ�W�� GH�SHQGHQFH� IRU� SKRWRJHQHUDWLRQ� LQ� WKH� EDQG
KQ� ������H9��E���c��

7DEOH����7KH�UHOD[DWLRQ�RI�SDUDPHWHUV�FKDUDFWHUL]LQJ�WKH�SKRWRJHQHUDWLRQ�DQG�RSWLFDO�GHVWUXFWLRQ
RI�FRORU�FHQWHUV�LQ�%62�&X�FU\VWDOV�
7KH�VSHFWUDO
SRVLWLRQ�RI
FRORU�FHQWHU
DEVRUSWLRQ
EDQG��KQ��H9
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1RWH��UHOD[DWLRQ�WLPH�W���W���W��DQG�D���D���D��DYHUDJHG�RYHU�WKH�WLPH�W�J��W�J��W�J��D�J��D�J��D�J�IRU3(�DQG�W�U��W�U��W�U��D�U��D�U��D�U�IRU�2'�

7�9�3DQFKHQNR��.�<X�6WUHOHWV���7KHUPDOO\�LQGXFHG����

)XQFWLRQDO�PDWHULDOV������������� ���



FRQVWDQWV�� WJL�� WUL�� UHOD[DWLRQ� WLPHV� RI� WKHFRPSRQHQWV� GHILQLQJ� WKH� SKRWRJHQHUDWLRQ
�DJL�� WJL�� DQG� GHVWUXFWLRQ� �DUL�� WUL�� SURFHVVHVRI� WKH� FRORU� FHQWHUV��7KH�TXDQWLWLHV�DJL��DULDQG� WJL�� WUL� KDYH� EHHQ� IRXQG�XVLQJ� WKH� VXF�FHVVLYH� GLVFULPLQDWLRQ� RI� WKH� FRPSRQHQWV�
VWDUWLQJ�IURP�WKH�PRVW�VORZ�RQHV��7DEOH����
7KH�UHVXOWV�REWDLQHG�DOORZ�WR�JHW�WKH�FDOFX�
ODWHG� GHSHQGHQFHV� 'DFDOOSKJ�W�� DQG
'DFDOOSUQ�W�� GHILQHG� E\� H[SUHVVLRQV� ���� DQG�����UHVSHFWLYHO\��DQG�UHSURGXFLQJ�WKH�LQLWLDO
H[SHULPHQWDO� 'DSKJ�W�� DQG� 'DSUQ�W�� GHSHQG�
HQFHV�WR�ZLWKLQ�d�����)LJ���D��

)XUWKHU�� WKH� IROORZLQJ� JHQHUDO� IHDWXUHV
RI� UHOD[DWLRQ� SURFHVVHV� DUH� WR� EH�QRWHG�� ���
)RU�ERWK�FHQWHU�W\SHV��&X%L��±2±�DQG�%L6L��±2±�� W\SLFDO� DUH� ODUJH� YDOXHV� RI� UHOD[DWLRQ
WLPH�WJL�DQG�WUL��7DEOH����H[FHHGLQJ�WKH�WLPH�a��Ü�� V�� QHFHVVDU\� IRU� H[FLWDWLRQ� RI� HOHF�
WURQ�VXEV\VWHP�RI�WKH�FHQWHUV������%RWK�FHQ�
WHU� W\SHV� DUH� FKDUDFWHUL]HG� E\� VHWV� FRQVLVW�
LQJ� RI� WKUHH� GLIIHUHQW� UHOD[DWLRQ� WLPHV� WJL�WJ��� WJ��� WJ��� DQG� WUL� �WU��� WU��� WU���� WKDWHYLGHQFHV� WKUHH� UHOD[DWLRQ� SURFHVVHV� ZLWK
GLIIHUHQW�VKDUH�FRQWULEXWLRQ�WR�EH�LQYROYHG�LQ
SKRWRJHQHUDWLRQ� DQG� RSWLFDO� GHVWUXFWLRQ� RI
FRORU�FHQWHUV��WKH�VKDUHV�EHLQJ�GHILQHG�E\�YDO�
XHV�RI�DJL��DJ���DJ���DJ���DQG�DUL��DU���DU���DU���UHVSHFWLYHO\��7DEOH����

'LVWLQFWLRQ� RI� WKH� UHOD[DWLRQ� SURFHVVHV
UHODWHG�ZLWK�&X%L��±2±�DQG�%L6L��±2±�FHQWHUV
LV� VHHQ� ERWK� DW� ORZ� �7�� ���� .�� DQG� URRPWHPSHUDWXUH� �7�� ����� .�� DQG� FRQVLVW� LQZKDW�IROORZV��

���$W�7�� ����.��WKH�SKRWRJHQHUDWLRQ�RI&X%L��±2±�FHQWHUV�LV�LQ�JHQHUDO�D�PRUH�VORZ
SURFHVV�DV�FRPSDUHG�WR�WKH�%L6L��±2±�FHQWHU
JHQHUDWLRQ�� ZLWK� VKRUWHU� UHOD[DWLRQ� WLPHV� RI
IDVW� �WJ��� DQG� VORZ� �WJ��� FRPSRQHQWV� FRQWULE�XWLQJ�PDLQO\��������WR�WKH�3(��7KH�%L6L��±2±
FHQWHUV�GLIIHU�\HW�LQ�WKDW�WKH�PDLQ�FRQWULEX�
WLRQ��������WR�WKHLU�IRUPDWLRQ�LV�SURYLGHG�E\
WKH�FRPSRQHQW�ZLWK�DQ��LQWHUPHGLDWH��UHOD[D�
WLRQ�WLPH��WJ����7DEOH�������7HPSHUDWXUH�ULVH�XS�WR���� �����z�UH�YHDOV� D� WUHQG� WR� GHFUHDVH� WKH� UHOD[DWLRQ
WLPH�DQG� HTXDOL]LQJ�RI� VKDUH�SDUWV� RI�YDUL�
RXV�FRQWULEXWLRQV�WR�3(��7DEOH����

���,Q�FRQWUDVW�WR�3(��WKH�GHFD\�RI�&X%L��±2±� Û� FHQWHUV� LV� D� PRUH� IDVW� SURFHVVHV� DV
FRPSDUHG�WR�%L6L��±2±�Û�RQHV��WKH�IDVW��WU��
DQG� VORZ� FRPSRQHQW� �WU��� SURYLGLQJ� WKHPDLQ�FRQWULEXWLRQ�WR�WKLV�SURFHVV��7DEOH����

��� 7KH� WHPSHUDWXUH� ULVH� XS� WR� 7�� ����.�UHVXOWV� LQ�DFFHOHUDWLRQ�RI�WKH�RSWLFDO
GHVWUXFWLRQ��SURFHVVHV�IRU�ERWK�FRORU�FHQWHU

W\SHV��WKH�FRQWULEXWLRQ�RI�VORZ�SURFHVVHV�GH�
FUHDVHV�FRQVLGHUDEO\���������7DEOH����

7R� H[SODLQ� WKH� UHVXOWV� REWDLQHG�� LW� LV� WR
WDNH�LQWR�DFFRXQW�WKDW�WKH�%62�DQG�%62�&X
FU\VWDOV�DUH�KLJKO\�GRSHG�FRPSHQVDWHG�ZLGH�
EDQG�VHPLFRQGXFWRUV��L�H��WKHVH�FU\VWDOV�FRQ�
WDLQ� LRQL]HG� GRQRUV� DQG� DFFHSWRUV� GXH� WR
LQWULQVLF� GHIHFWV�� ,Q� WKH� SKRWRFRQGXFWLYLW\
VSHFWUDO�UHJLRQV�FRUUHVSRQGLQJ�WR�GDUN�EOXH
DQG�UHG�OLJKW��D�VKDUS�SKRWRFRQGXFWLYLW\�LQ�
FUHDVH� E\� �� DQG� �� WR� �� GHFLPDO� RUGHUV�� UH�
VSHFWLYHO\�� LV� REVHUYHG��7KLV� LV� GXH� WR� HOHF�
WURQ�WUDQVLWLRQV�IURP�QRQ�LRQL]HG�GRQRU�OHY�
HOV� DQG� LRQL]HG� DFFHSWRU� RQHV� WR� WKH
FRQGXFWLYLW\� EDQG� >����@�� 7DNLQJ� LQWR� DF�
FRXQW� WKDW� WKH� 3(� LV� H[FLWHG� E\� GDUN� EOXH
OLJKW� DQG� LV�GHVWUXFWLRQ�E\� UHG�RQH� IRU�XQ�
GRSHG� %62� FU\VWDOV� DQG� WKRVH� GRSHG� ZLWK
GLIIHUHQW�LPSXULWLHV�>�@��ZH�EHOLHYH�WKH�SKR�
WRJHQHUDWLRQ� DQG� RSWLFDO� GHVWUXFWLRQ� SURF�
HVVHV� RI� FRORU� FHQWHUV� ZLWK� WKH� HOHFWURQ
WUDQVLWLRQV�VKRZQ�LQ�)LJ����

0RUHRYHU��ZH� DVVXPH� WKDW� WKH� IDVW� FRP�
SRQHQWV�RI�JHQHUDWLRQ��WJ���WJ���DQG�GHVWUXF�WLRQ��WU���WU���RI�FRORU�FHQWHUV�SURYLGLQJ�WKHPDLQ�FRQWULEXWLRQ��DERXW����WR�������LQ�WKH
LQWHQVLW\� FKDQJH� RI� {� �&X%L��±2±� FHQWHUV�
DQG� &� �%L6L��±2Ü� FHQWHUV�� LQGXFHG� DEVRUS�WLRQ� EDQGV� GHILQH� GLUHFWO\� WKH� UHFKDUJLQJ
&X%L��l&X%L���DQG�%L6L��l%L6L���LRQV�DW�ORZWHPSHUDWXUHV�� 7KH� UHFKDUJLQJ� LV� SURYLGHG
GXH�WR�RSWLFDO�HPSW\LQJ�RI�LRQL]HG�DFFHSWRUV
�SKRWRJHQHUDWLRQ�� LOOXPLQDWLRQ� ZLWK� GDUN

)LJ�����6FKHPH�RI�HOHFWURQ�WUDQVLWLRQV�UHVSRQ�
VLEOH�IRU�WKH�FKDUJH�FKDQJH�RI�&X%L�������DQG%L6L������� LRQV� DW� H[FLWDWLRQ� �FRQWLQXRXV� OLQHV�DQG�RSWLFDO�GHVWUXFWLRQ��GDVKHG�OLQHV��RI�SKR�
WRFKURPLF�HIIHFW�ZLWKRXW� �È��DQG�ZLWK� �E�� LQ�
YROYHPHQW�RI�WKHUPRLQGXFHG�H[FKDQJH�E\�WKH
FKDUJH� FDUULHUV� EHWZHHQ� WKH� FRQGXFWLYLW\
EDQG� DQG� WKH� YDOHQFH� EDQG� �GRXEOH� GRWWHG
OLQHV��DW�����È��DQG�����z��E��
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EOXH� OLJKW�� RU� QRQ�LRQL]HG� GRQRUV� �RSWLFDO
H[FLWDWLRQ�ZLWK�UHG� OLJKW���7KH�HPSW\LQJ�RI
DFFHSWRUV� RU� GRQRUV� LV� DFFRPSDQLHG� E\� WKH
GLIIXVLRQ�WUDQVSRUW�RI�FKDUJH�FDUULHUV��HOHF�
WURQV��LQ�WKH�FRQGXFWLYLW\�EDQG�DQG�UH�WUDS�
SLQJ�LQ�WKH�ORFDO�OHYHOV�RI�WKH�IRUELGGHQ�JDS
IRUPHG� E\� WKH� &X%L��� DQG� %L6L��� LRQV� �)LJ��D��� 7KH� ORZ� PRELOLW\� RI� HOHFWURQV� LQ� WKH
%62� �P�a���Ü��°P��9�°�� H[SODLQV� WKH� ODUJH
YDOXHV�WJ���WJ��DQG�WU���WU��7KH�GHFUHDVH�RI�WJ���WJ��DQG�WU���WU��DW�WKHWHPSHUDWH� LQFUHDVH� WR� ��� ����� z� DJDLQVWWKH� VKDUS�GHFUHDVH� RI�SKRWRFRQGXFWLYLW\� >��
�@�� GHFUHDVH� RI� 3(� DQG� 2'� HIIHFWV� FDQ� EH
H[SODLQHG� E\� LQYROYHPHQW� RI� FRPSHWLWLYH
WKHUPDO� LRQL]DWLRQ� SURFHVVHV� RI� WKH� DF�
FHSWRUV� DQG� GRQRUV� �)LJ���E��� 'XH� WR� WKHVH
SURFHVVHV��DW�KHDWLQJ�WR��� ����Ü����z��ZH
REVHUYHG� 7(� �DGGLWLRQDO� WKHUPDOO\� LQGXFHG
FRORUDWLRQ��� EXW� D� IXUWKHU� WHPSHUDWXUH� LQ�
FUHDVH� FDXVHG� WKHUPDO� GHFRPSRVLWLRQ� RI
FRORU�FHQWHUV��)LJ�����

2I�D�SDUWLFXODU�LQWHUHVW�LV�WKH�SUHVHQFH�RI
VORZ� FRPSRQHQWV� �WJ�� DQG� WU��� LQ� SKRWRJHQ�HUDWLRQ� DQG� RSWLFDO� GHFD\� SURFHVVHV� RI

&X%L��±2±� DQG� %L6L��±2±� FHQWHUV�� 3HUKDSV
WKH� VORZ� SURFHVVHV� DUH� WKHUPDOO\� DFWLYDWHG
DVVRFLDWLRQ� �GLVVRFLDWLRQ�� RI� WKH� &X%L���%L6L��±2±�GHIHFWV� LQWR�&X%L��±2±� DQG�%L6L��±2±�FHQWHUV��7KH� DVVRFLDWLRQ� �GLVVRFLDWLRQ�� LV
DFFRPSDQLHG� E\� HTXLOLEULXP� VWDWH� HVWDE�
OLVKPHQW� LQ� WKH� HOHFWURQ� VXEV\VWHP� GXH� WR
VWURQJ� HOHFWURQ�SKRQRQ� LQWHUDFWLRQ� LQ� VLO�
OHQLWH� FU\VWDOV� RI� >�@�� ,Q� DGGLWLRQ�� WKH
&X%L��±2±� DQG�%L6L��±2±� FHQWHUV� FDQ�EH� RUL�
HQWHG��GLVRULHQWHG��XQGHU�LOOXPLQDWLRQ�

7KH� SK\VLFDO� PHFKDQLVPV� RI� VXFK� SURF�
HVVHV� FDQ�EH�YDULRXV� IRU�FRPSOH[�GHIHFWV� LQ
YDULRXV� FU\VWDOV�� ,Q� SDUWLFXODU�� WKH� D[LDO
&X%L��±2±�FHQWHUV�DUH�RULHQWHG�LQ�WKH�DLZ2�FU\VWDOV�XQGHU�DFWLRQ�RI�SRODUL]HG�OLJKW�ZLWK
WLPH� FRQVWDQW� RI� DERXW� ����� V� DW� ���� z
>��@�� 7KH� UHOD[DWLRQ� WLPH� RI� WKH�PHQWLRQHG
ORQJ�WLPH� UHOD[DWLRQ� SURFHVVHV� GHFUHDVHV
ZLWK� LQFUHDVLQJ� WHPSHUDWXUH�� WKDW� LV� LQ
DJUHHPHQW� ZLWK� WKH� H[SHULPHQW� �7DEOH����
6WDELOLW\�RI�WKH�&X%L��±2±�DQG�%L6L��±2±�FHQ�
WHUV� DQG� VRPH� LQFUHDVH� LQ� WKH� 3(� EDQG� LQ�
WHQVLW\�LV�SURYLGHG�LQ�ERWK�FDVHV�

5HIHUHQFHV
� ���7�9�3DQFKHQNR�� 6�<X�.RS\ORYD�� )HUURHOHF�

WULFV�����������������
� ���%�%ULDW�� $�+DPUL�� )�5DPD]� HW� DO��� LQ�� ;,,

&RQI��RQ� 6ROLG� 6WDWH� &U\VWDO� 0DWHU��6FLHQFH
DQG�$SSOLFDWLRQV��63,(�3URFFHGLQJ��=DNRSDQH�
3RODQG���������������S�����

� ���7�9�3DQFKHQNR�� )L]��7YHUG��7HOD�� ���� ����
�������

� ���7�9�3DQFKHQNR�� 1�$�7UXVH\HYD�� <X�2VHWVN\�
)HUURHOHFWULFV�������������������

� ���9�k�.L]HO�� 9�,�%XUNRY�� *\URWURSLFV� RI� &U\V�
WDOV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

� ���'�7�6YLULGRY�� 5�.�6YLULGRYD�� <X�)�6PLUQRY�
$EVRUSWLRQ� 6SHFWUD� RI� 7UDQVLWLRQ�0HWDO� ,RQV
LQ� &U\VWDOV�� 1DXND�� 0RVFRZ� ������� >LQ� 5XV�
VLDQ@�

� ���7�9�3DQFKHQNR��=�=�<DQFKXN��)L]��7YHUG��7HOD�
����������������

� ���7�9�3DQFKHQNR��=�=�<DQFKXN��)L]��7YHUG��7HOD�
����������������

� ���7�9�3DQFKHQNR�� 6�<X�.RS\ORYD�� <X�2VHWVN\�
)L]��7YHUG��7HOD������������������

����6�$�%DVXQ�� /�6�6RFKDYD�� '�5�(YDQV�� )L]�
7YHUG��7HOD�����������������

)LJ����� 6SHFWUD� RI� WKHUPRLQGXFHG� RSWLFDO� DEVRUS�
WLRQ�'D7L�KQ��DIWHU�KHDWLQJ�IURP�����WR�����z����
DQG�FRROLQJ�IURP�����WR�����z������WKHUPDO�GLVFRO�
RUDWLRQ�VSHFWUD�'D7'�KQ��RI�%62�&X�FU\VWDOV�DIWHU
KHDWLQJ�FRROLQJ�F\FOH������c��
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