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,QWURGXFWLRQ

&DOL[DUHQHV�FRQWDLQLQJ�EHQ]RTXLQRQH�FKURPRSKR�
UHV��FDOL[TXLQRQHV��DUH�SURPLVLQJ�EXLOGLQJ�EORFNV�IRU
UDWLRQDO�GHVLJQ�RI�YDULRXV�ELR�DFWLYH�FRPSRXQGV��FKH�
PRVHQVRUV��1/2�PDWHULDOV��HWF�>����@��
&DOL[TXLQRQHV�ZKLFK�FKDQJH�WKHLU�FRORU�XSRQ�WKH

FRPSOH[DWLRQ��DUH�SURPLVLQJ�DV�LRQRSKRUHV�DQG�RSWLFDO
VHQVRUV�>�������@��)RU�H[DPSOH��FRPSRXQGV����)LJ����
ZHUH� XVHG� DV� UHGR[�DFWLYH� LRQRSKRUHV� IRU� VHOHFWLYH
UHFRJQLWLRQ�RI�FHVLXP�DQG�UXELGLXP�FDWLRQV�>�@��$E�
VRUSWLRQ�PD[LPXP�LQ�89�VSHFWUD�RI�FDOL[GLTXLQRQH���
IXQFWLRQDOL]HG�ZLWK�FRPSOH[DWLQJ�DPLGH�JURXSV�DW�WKH
ORZHU�ULP�RI�PDFURF\FOH��LV�VLJQLILFDQWO\�VKLIWHG�LQ�D
SURFHVV�RI�VHOHFWLYH�DQLRQ�ELQGLQJ�>�@��&DOL[TXLQRQH
GHULYDWLYH���FRQWDLQLQJ�PDFURF\FOLF�FURZQ�HWKHU�V\V�
WHP� FKDQJH� LWV� FRORUDWLRQ� DV� D� UHVXOW� RI� VHOHFWLYH
FDOFLXP�FRPSOH[DWLRQ�>�@�
6\QWKHVLV�DQG�SURSHUWLHV�RI�FDOL[DUHQHV�FRQWDLQLQJ

PDLQO\�WZR�RU�IRXU�TXLQRQH�JURXSV�ZHUH�GHVFULEHG�LQ
OLWHUDWXUH�>�����@��%XW��WKHUH�DUH�RQO\�IHZ�ZRUN�GHGL�
FDWHG� WR� V\QWKHVLV�RI�FDOL[>�@PRQRTXLQRQHV�>�������
��@��:H�UHSRUW�KHUH�WKH�V\QWKHVLV�DQG�VSDWLDO�VWUXFWXUH
RI�FDOL[>�@PRQRTXLQRQH���EHDULQJ�UHDFWLYH�QLWUR�JURXS
DW�WKH�ZLGH�ULP�FDSDEOH�WR�VXEVHTXHQW�

5HVXOWV�DQG�GLVFXVVLRQ

3KHQROLF�ULQJ�R[LGDWLRQ�RI�GLK\GUR[\��DQG�WHWUDK\�
GUR[\�FDOL[>�@DUHQHV�LV�SULQFLSDO�PHWKRG�RI�FDOL[>�@TXL�
QRQHV�V\QWKHVLV��3URGXFWV�RI�WRWDO�R[LGDWLRQ�x�GLTXL�
QRQHV� DQG� WHWUDTXLQRQHV�x�DUH�PDLQO\�REWDLQHG�E\
WKHVH� URXWHV��7R[LF�DQG�H[SHQVLYH� WDOOLXP�QLWUDWH�RU
WULIODWH�DUH�XVXDOO\�XVHG�DV�R[LGL]LQJ�DJHQWV�>������@��,W
ZDV�GHVFULEHG�RQO\�IHZ�H[DPSOHV�RI�WKH�IRUPDWLRQ�RI
QLWUDWHG�FDOL[TXLQRQHV�DW� WKH�FRQGLWLRQV�RI�QLWUDWLRQ
UHDFWLRQ�>��@��2[LGDWLRQ�RI�FDOL[DUHQHV�WR�TXLQRQHV�E\
RWKHU�UHDJHQWV�ZDVQsW�GHYHORSHG�
:H�KDYH�IRXQG�FRQGLWLRQV�RI�VHOHFWLYH�R[LGDWLRQ�RI

RQH�SKHQROLF�IUDJPHQW�RI�GLK\GUR[\�GLSURSR[\FDOL[>�@DUH�
QH���E\�WKH�PL[WXUH�RI�����QLWULF�DFLG�DQG�JODFLDO�DFHWLF
DFLG��&DOL[PRQRTXLQRQH���LV�DIIRUGHG�E\�WKLV�UHDFWLRQ
�6FKHPH��� 7KH� UHDFWLRQ� ZDV� FDUULHG� RXW� DW� ����¯�
'RXEOH�FKDQJH�RI�UHDFWLRQ�PL[WXUH�FRORU�IURP�\HOORZ
WR�GDUN�SXUSOH�DQG�WR�RUDQJH�LV�REVHUYHG�
6LPXOWDQHRXVO\�ZLWK�R[LGDWLRQ��D�QLWUDWLRQ�RI�SDUD�

SRVLWLRQ� SKHQROLF� ULQJV� LV� RFFXUUHG��$V� WKH� UHVXOW� D
PL[WXUH�RI�QLWURFDOL[>�@DUHQH�PRQRTXLQRQH���DQG�GL�
QLWURFDOL[>�@DUHQH���LV�IRUPHG��7KH�FRPSRXQGV�ZHUH
VHSDUDWHG� E\� FROXPQ� FKURPDWRJUDSK\� �VLOLFD� JHO� /
�������� GU\� FKORURIRUP��� $QDORJRXV� WHFKQLTXH� RI
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GLQLWURFDOL[>�@DUHQH���REWDLQLQJ�ZDV�GHVFULEHG�LQ�WKH
OLWHUDWXUH��EXW�DQ\�GDWD�DERXW�IRUPDWLRQ�RI�FDOL[TXL�
QRQH�ZDV�QRW�SUHVHQWHG�>��@�
7KH�VWUXFWXUH�RI�GLQLWUR�GLSURSR[\FDOL[>�@DUHQH��

ZLWK�&�Q�V\PPHWU\�LV�SURYHG�E\�WKH�
�+�105�VSHF�

WUXP��,W�FRQWDLQV�WKH�FKDUDFWHULVWLF�VLJQDOV��GRZQILHOG
VLQJOHW�RI�K\GUR[\O�JURXSV��G������SSP���ZKLFK�IRUP
LQWUDPROHFXODU� K\GURJHQ� ERQGV� ¬«¬3U�� VLQJOHW� �G
�����SSP����GRXEOHW��G������SSP�����+]��DQG�WULSOHW
�G������SSP�����+]��RI�DURPDWLF�K\GURJHQ�DWRPV��SDLU
RI� GRXEOHWV� VSLQ� V\VWHP� $%� RI� D[LDO� �G� �����SSP
�����+]��DQG�HTXDWRULDO��G������SSP������+]��SURWRQV
RI�PHWK\OHQH�VSDFHUV��/LNH�RWKHU�GLDONR[\FDOL[DUHQHV
>��@��GLQLWURFDOL[DUHQH���DGRSWV�LQ�VROXWLRQV�D�SLQFKHG
FRQH�FRQIRUPDWLRQ��7KLV�LV�FRQILUPHG�E\�WKH������SSP
GLIIHUHQFH�EHWZHHQ�D[LDO�DQG�HTXDWRULDO�SURWRQV�RI�WKH
PDFURF\FOLF�PHWK\OHQH�JURXSV�>��@�

�+�105�VSHFWUXP�RI�FDOL[TXLQRQH����ZKLFK�DGRSW
D�SDUWLDO�FRQH�FRQIRUPDWLRQ�LV�PRUH�FRPSOLFDWHG��)LJ�
����+\GURJHQ�DWRPV�RI�QLWURSKHQRO�DQG�TXLQRQH�ULQJV
DUH� DSSHDUHG� DV� VLQJOHWV� DW� G� ����� DQG� ����� SSP
FRUUHVSRQGLQJO\��3URWRQV�RI�DON\ODWHG�SKHQROLF�ULQJV
DUH�UHYHDOHG�DV�SDLU�RI�RYHUODLQJ�GRXEOHWV�DW�G������SSP
DQG�WULSOHW�DW�G������SSP��(TXDWRULDO�DQG�D[LDO�K\GUR�

JHQ�DWRPV�RI�PHWK\OHQH�VSDFHU�DUH�UHYHDOHG�DV�WZR�SDLU
RI�GRXEOHWV�DW�G������DQG������SSP�������DQG������+]�
DQG�G������DQG������SSP�������DQG������+]���,W�LV
VXJJHVWHG�WKDW�WKUHH�EHQ]HQH�ULQJV�DUH�GLVSRVHG�RSSR�
VLWHO\�WR�TXLQRQH�IUDJPHQW�UHODWLYHO\�WR�WKH�SODQH�RI
PHWK\OHQH�JURXSV��,W�LV�NQRZQ�>��@��WKDW�TXLQRQH�ULQJ
FDQ�HDVLO\�URWDWH�DURXQG�$U�&+��4XLQ�ERQGV�HYHQ�DW
����¯��3URWRQV�� RI�¬¯«��JURXSV� DUH�GLDVWHUHRWRSLF
DQG�DSSHDUHG�DV�WZR�PXOWLSOHWV�DW�G������DQG������SSP�
'LIIHUHQFH� LQ� FKHPLFDO� VKLIWV� EHWZHHQ� D[LDO� DQG

HTXDWRULDO�SURWRQV��ZKLFK�GHWHUPLQHV�PXWXDO�RULHQWD�
WLRQ��V\Q�RU�DQWL��RI�QHLJKERULQJ�DURPDWLF�IUDJPHQWV
RI�PDFURF\FOLF�VNHOHWRQ�LV������SSP�LQ�&'&O��VROXWLRQ
DQG������SSP�LQ�PRUH�SRODU�GLPHWK\OVXOIR[LGH��,W�LV
VKRZQ�WKDW�FRQIRUPDWLRQ�RI�PROHFXOH�LV�LQIOXHQFHG�E\
QDWXUH�RI�VROYHQW��'HWDLOHG�VSDWLDO�VWUXFWXUH�RI�FDOL[�
TXLQRQH���ZDV�LQYHVWLJDWHG�E\�WKH�;�UD\�DQDO\VLV��)LJ�����
'LKHGUDO�DQJOHV�EHWZHHQ�PHWK\OHQH�JURXSVs�SODQH

DQG�TXDVLSDUDOOHO�DON\ODWHG�SKHQROLF�ULQJV�RI�PDFURF\�
FOH�DUH�HTXDO���������DQG����������3ODQHV�RI�WKHVH�ULQJV
IRUP�DQJOH�RI����������4XLQRQH�ULQJ�LV�WXUQHG�DQG�IRUP
DQ�DQJOH�RI����������1LWURSKHQROLF�ULQJ�IRUPV�PRUH
REWXVH�DQJOH�RI����������3DUWLDO�URWDWLRQ�RI�ODVW�ULQJ�LV
SUREDEO\� FDXVHG� E\� LQWUDPROHFXODU� K\GURJHQ� ERQG

)LJXUH��

6FKHPH
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IRUPDWLRQ�EHWZHHQ�WKH�K\GUR[\O�JURXSV�DQG�SURSR[\
IUDJPHQWV� �GLVWDQFHV� ¬vvv¬� DUH� HTXDO� ������ DQG
�����$����$� GLVRUGHUHG� RQ� WZR�SRVLWLRQ� FKORURIRUP
PROHFXOH� LV� LQFOXGHG� LQWR� PDFURF\FOLF� FDYLW\�� &O�S
LQWHUDFWLRQV�DUH� LQGLFDWHG�E\� VSDWLDO�RULHQWDWLRQ�DQG
VKRUW�GLVWDQFHV��������DQG�������$���EHWZHHQ�FKORULQH
DWRPV�DQG�EHQ]HQH�ULQJV��7KH�VKRUWHVW�GLVWDQFHV�EH�
WZHHQ�R[\JHQ�DWRP�RI�WKH�TXLQRQH�ULQJ�DQG�WKH�FDUERQ
DWRP� RI� WKH� FKORURIRUP� DUH� ������ $�� DQG� LQGLFDWH
& 2vvv+�¯�LQWHUDFWLRQ��)LJ������
7KH� HOHFWURVWDWLF� LQWHUDFWLRQ� EHWZHHQ� SRVLWLYHO\

FKDUJHG� QLWURJHQ� RI� WKH� QLWUR� JURXS� DQG� R[\JHQ� RI

)LJXUH�����+�105�VSHFWUXP�RI�FKDUDFWHULVWLF�VLJQDOV�FDOL[TXLQRQH���LQ�&'&O�������.��

)LJXUH����0ROHFXODU�VWUXFWXUH�RI�FDOL[TXLQRQH�����7ZR�VLGH
SURMHFWLRQV��+\GURJHQ�DWRPV�DUHQsW�VKRZQ�IRU�FODULW\��

)LJXUH����&U\VWDO�VWUXFWXUH�RI�FDOL[TXLQRQH���
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TXLQRQH�ULQJ��GLVWDQFH�1vvv2�LV�HTXDO�������$���DUH
WKH�PRVW�VWURQJ�LQWHUDFWLRQ�LQ�WKH�FU\VWDO�VWDWH��)LJ�����
5RGV�DUH�IRUPHG�GXH�WR�WKHVH�LQWHUDFWLRQV��4XLQRQH
DQG�S�QLWURSKHQROLF� ULQJV�RI�DGMDFHQW�PROHFXOHV�DUH
GLVSRVHG�DOPRVW�SDUDOOHO�RQH�WR�DQRWKHU��GLKHGUDO�DQJOH
LV���������%XW��GHVSLWH�RQ�VKRUW�GLVWDQFHV�EHWZHHQ�WKHP
�VKRUWHVW� GLVWDQFHV� ¯vvv¯� DUH� HTXDO� ������ DQG
������$����S�S�LQWHUDFWLRQV�DUH�QRW�REVHUYHG��EHFDXVH
ULQJV�DUH�ORFDWHG�QRW�RSSRVLWH�RQH�WR�DQRWKHU��
1LWURFDOL[TXLQRQH��� LV�RUDQJH�FU\VWDO�FRPSRXQG�

VROXEOH�LQ�PRVW�RUJDQLF�VROYHQWV��89�VSHFWUXP�UHFRUGHG
LQ�WKH�WHWUDK\GURIXUDQH�VROXWLRQ�FRQWDLQV�WZR�LQWHQVLYH
DEVRUSWLRQ�EDQGV�ZLWK�OPDÓ�����QP��H�����/�PROvVP�
DQG�OPDÓ�����QP��H�����������/�PROvVP���

6XPPDU\

7KH�PHWKRG�RI�VHOHFWLYH�R[LGDWLRQ�RI�VLPSO\�DFFHV�
VLEOH�GLK\GUR[\�G\SURSR[\FDOL[>�@DUHQH�WR�QLWURFDOL[�
PRQRTXLQRQH�E\�PL[WXUH�RI�����QLWULF�DFLG�DQG�JODFLDO
DFHWLF� DFLG� ZDV� GHYHORSHG�� 7KH� QLWURFDOL[PRQRTXL�
QRQH�LV�SURVSHFWLYH�DV�V\QWKRQH�IRU�GHVLJQ�RI�RSWLFDO
VHQVRUV�DQG�UHGR[�VHQVLWLYH�ELR�DFWLYH�FRPSRXQGV��

$FNQRZOHGJHPHQW

7KH�ZRUN�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�$FDGHP\
RI�6FLHQFHV�RI�8NUDLQH��7KH�VHQVRU�V\VWHP�DQG�WHFK�
QRORJLHV� 3URJUDP�� DQG� E\� WKH� 3ROLVK� 0LQLVWU\� RI
6FLHQFH�DQG�,QIRUPDWLRQ�6RFLHW\�7HFKQRORJLHV��*UDQW
��7��$����������

([SHULPHQWDO�SDUW�

,5�VSHFWUD�ZHUH�UHFRUGHG�DW�6SHFRUG�0����VSHF�
WURPHWHU��89�VSHFWUD�ZHUH�UHFRUGHG�DW�D�VSHFWURSKR�
WRPHWHU�6KLPD]X�89������� �+�105�VSHFWUD�ZHUH
UHFRUGHG�RQ�t9DULDQ����u�VSHFWURPHWHU�DW���������0+]
�706�DV�LQWHUQDO�VWDQGDUG���'LSURSR[\FDOL[>�@DUHQH�ZDV
REWDLQHG�FRUUHVSRQGLQJO\�WKH�OLWHUDWXUH�SURFHGXUHV�>��@�
1LWUDWLRQ�UHDFWLRQ�ZDV�FDUULHG�RXW�DW�DQK\GURXV�FRQGLWLRQV�

1LWUDWLRQ�RI�������GLSURSR[\FDOL[>�@DUHQH���
7R�D�YLJRURXVO\�VWLUUHG�FRROHG�WR���¯�VROXWLRQ�RI

������GLSURSR[\FDOL[>�@DUHQH���������J����PPRO�� LQ
PHWK\OHQH�FKORULGH�����PO��ZDV�DGGHG�D�PL[WXUH�RI
����QLWULF�DFLG������PO��DQG�JODFLDO�DFHWLF�DFLG������PO��
7KH� FRORXU� RI� WKH� UHDFWLRQ�PL[WXUH� WXUQHG� WR� GDUN
SXUSOH�DIWHU������PLQ��2YHU� OHVV� WKDQ���PLQXWH� WKH
FRORXU�RI�WKH�PL[WXUH�FKDQJHG�WR�RUDQJH��7KH�UHDFWLRQ
PL[WXUH�ZDV�GLOXWHG�ZLWK�ZDWHU������PO��DIWHU����PLQXWHV�
7KH�ZDWHU�OD\HU�ZDV�ZDVKHG�ZLWK�PHWK\OHQH�FKORULGH
��[���ÊÉ���7KH�FRPELQHG�RUJDQLF�OD\HUV�ZHUH�ZDVKHG
ZLWK� ��� VROXWLRQ�RI� VRGLXP�FDUERQDWH� ����PO�� DQG
WZLFH�ZLWK�EULQH����Ó����PO���7KHQ�LW�ZDV�GULHG�XSRQ
1D�62��RYHU�QLJKW��6ROYHQW�ZDV�UHPRYHG�LQ�YDFXXP
����PP�� ���¯��� 5HVLGXH� ZDV� UHIOX[HG� LQ�PHWKDQRO
GXULQJ���KRXUV��$IWHU� FRROLQJ� WR� URRP�WHPSHUDWXUH�
SUHFLSLWDWH�RI�PL[WXUH���DQG���ZDV�ILOWHUHG�DQG�GULHG

RQ� DLU�� 7KH� PL[WXUH� ZDV� VHSDUDWHG� E\� SUHSDUDWLYH
FROXPQ� FKURPDWRJUDSK\� �VLOLFD� JHO�� /� �������� GU\
&+&O����5I����������������������

��1LWUR�������GLR[R����K\GUR[\�������GLSURSR[\�
FDOL[>�@DUHQH���
2UDQJH�\HOORZ�FU\VWDO�FRPSRXQG��\LHOG�����J�������

PHOW��SRLQW���������¯���«�105��G��SSP��&'&O���
������W��-� �����+]���+��2�&+��&+��&+���������
������P���+��2�&+��&+��&+����������G��-� ������+]�
�+�� $U&+HT4XLQ��� ����� �G�� -�  � ����� +]�� �+�
$U&+HT$U�12���� ���������� DQG� ���������� �WZR�P�
�+��2�&+��&+��&+��GLDVWHUHRWRSLF���������G��-� 
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