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7KH�PHWDEROLVP�SURFHVVHV�RI�WKH�ODEHOHG����K\GD]HSDP
&�E\�WKH�K\GUD]LQH�IUDJPHQW�KDYH�EHHQ�VWXGLHG��8VLQJ
ERWK�WKH�WKLQ�OD\HU�FKURPDWRJUDSK\��WKH�5I�GDWD��DQG
PDVV�VSHFWURPHWU\�PHWKRGV��WKH�FRPSRVLWLRQ�RI�PHWD�
VWDEOH�LRQV�LQ�WKH�PDVV�VSHFWUD��WKH�VWUXFWXUH�RI�WKH
PHWDEROLWHV� RI� K\GD]HSDP� KDYH� EHHQ� GHWHUPLQHG�
/\SRSKLOLF�PHWDEROLWHV�RI�K\GD]HSDP�EHVLGHV�WKH�LQLWLDO
VXEVWDQFH��DUH�SUHVHQWHG�E\�1��GHDOF\OK\GD]HSDP�DQG
��K\GUR[\GHDON\OK\GD]HSDP��2[\DFHW\OK\GUD]LQH�DQG
LWV�GHULYDWLYHV��ZKLFK�DUH�WKHRUHWLFDOO\�SRVVLEOH��EHORQJ
WR� WKH� ZDWHU�VROXEOH� FRPSRXQGV�� 7KH� TXDQWLWDWLYH
GHWHUPLQDWLRQ�RI�WKH�UDWLR�RI�K\GURSKLOLF�DQG�OLSRSKLOLF
PHWDEROLWHV� LQ� WKH� XULQH� RI� UDWV� DOORZHG� PDNLQJ� D
FRQFOXVLRQ� DERXW� WKH� KLJK� LQWHQVLW\� RI� WKH� DF\OK\�
GUD]LQH�VXEVWLWXWH�R[LGDWLRQ�RI�WKH�K\GD]HSDP�PROH�
FXOH�LQ�WKH�SURFHVVHV�RI�WKH�GUXJ�V�PHWDEROLVP��
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$PRQJ�DOO� VLGH�HIIHFWV�RI�PHGLFLQDO� WKHUDS\�DOOHUJLF
UHDFWLRQV� DSSHDU� DSSUR[LPDWHO\� LQ� ���� RI� FDVHV�
3ULQFLSDO�UHDVRQV�RI�GHYHORSPHQW��IHDWXUHV�RI�FOLQLFDO
PRWLRQ�� GLDJQRVWLFV�� SURSK\OD[LV� DQG� WUHDWPHQW� RI
EDVLF� IRUPV�RI�PHGLFLQDO� DOOHUJ\�DUH�SUHVHQWHG��7KH
PRVW�IUHTXHQW�DOOHUJLF�UHDFWLRQV�DUH�FDXVHG�E\�DQWLEL�
RWLFV��7KH�DOOHUJLF�DIIOLFWLRQV�RI�VNLQ�DIIHFW�ZRPHQ�PRUH
IUHTXHQW��WKDQ�PHQ��(VSHFLDOO\�RIWHQ�DOOHUJLF�UHDFWLRQV
WR�DQ�DPSLFLOOLQ�DULVH�XS�DV�VNLQ�UDVKHV�DW�SDWLHQWV�ZLWK
PRQRQXFOHRVLV�DQG�O\PSKDWLF�OHXNHPLD��0RVW�RI�E�ODF�
WDP�DQWLELRWLFV��SHQLFLOOLQ��FHSKDORVSRULQ��GHYHORS�VH�
ULRXV� DOOHUJLF� UHDFWLRQV�� KHUH� LV� SRVVLEOH� IRUPLQJ� RI
FURVV�K\SHUVHQVLWLYHQHVV��7UDQVLWLRQDO�DJH��SUHJQDQF\�
PHQVWUXDWLRQV��FOLPD[��LQIOXHQFH�RI�VXQ�UDGLDWLRQ�DQG
GLIIHUHQW�HPRWLRQDO�VWUHVVHV�DUH�FRQWULEXWRU\�LQIULQJH�
PHQW� IDFWRUV� RI� GHYHORSPHQW� RI� PHGLFLQDO� DOOHUJ\�
'HWHUPLQDWLRQV�RI�SVHXGRDOOHUJ\�DQG�LGLRV\QFUDV\�DUH
SUHVHQWHG�� 'HWHUPLQLQJ� VWUDWHJ\� RI�PHGLFLQDO� WUHDW�
PHQW��GRFWRU�PXVW�PLQLPL]H�WKH�DPRXQW�RI�PHGLFLQHV
WR�WKH�UDWLRQDO�PLQLPXP��UHPHPEHULQJ�DERXW�SRVVLELO�
LW\�RI�WKHLU�VLGH�HIIHFWV�DQG�VLPXOWDQHRXVO\�H[WHQGLQJ
UDWLRQDO�PHDVXUHV�
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7RJHWKHU� ZLWK� WKH� WKHUDSHXWLF� DFWLRQ� YLWDPLQV� OLNH
RWKHU�PHGLFDWLRQV� FDQ� FDXVH� WKH� DGYHUVH� UHDFWLRQV�
9LWDPLQ�%�GUXJV��KDYH�UHYHDOHG�WKH�JUHDWHVW�DPRXQW
RI� DGYHUVH� UHDFWLRQV� �$5�� LQ� 8NUDLQH� DPRQJ� WKH
ZDWHU�VROXEOH�YLWDPLQV��7KH�XVH�RI�WKLV�YLWDPLQ�GUXJ
LV�PRUH�RIWHQ�DFFRPSDQLHG�E\�WKH�GHYHORSPHQW�RI�WKH
DOOHUJLF�DGYHUVH�UHDFWLRQV�YDU\LQJ�LQ�WKHLU�QDWXUH�DQG
VHYHULW\�� %HVLGHV� WKH� DOOHUJLF� $5� GHYHORSHG� RQ� WKH
EDFNJURXQG� RI� DGPLQLVWHULQJ� 9LWDPLQ� %�� GUXJV� WKH
GHFUHDVH� RI� WKH� EORRG� SUHVVXUH�� KHDUW� DUUK\WKPLDV�
LPSDLUPHQW�RI�WKH�FRQWUDFWLYH�DFWLYLW\�RI�WKH�VNHOHWDO
PXVFOHV�� WKH�&16�VXSSUHVVLRQ�KDYH�EHHQ�REVHUYHG�
7KH�UHVSLUDWRU\�IDLOXUH�PD\�DSSHDU�UDUHO\�LQ�KLJK�GRVHV�
7KH� SHFXOLDULWLHV� RI� WKLDPLQH� LQWHUDFWLRQ�ZLWK� RWKHU
PHGLFLQHV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�$5�GHYHORS�
PHQW��7KH�DQDO\VLV�SHUIRUPHG�KDV�GHPRQVWUDWHG�WKDW
DGYHUVH�UHDFWLRQV�ZKLOH�WDNLQJ�9LWDPLQ�%��GUXJV�RFFXU
PXFK�PRUH�IUHTXHQWO\�LQ�8NUDLQH�WKDQ�LQ�WKH�ZRUOG
DQG� WKLV� IDFW� UHTXLUHV� IXUWKHU� GHWDLOHG� VWXG\� DQG
IROORZ�XS�GHFLVLRQ�PDNLQJ��
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2ZQ�LQIRUPDWLRQ�DERXW�SUHYDOHQFH�RI�GLDEHWHV�PHOOLWXV
,,�W\SH��'0�,,��DQG�LQVXOLQ�UHVLVWDQFH��,5��DW�SDWLHQWV
ZLWK�D�DUWHULDO�K\SHUWHQVLRQ��$+��LV�SUHVHQWHG�LQ�WKH
DUWLFOH�� ,W� LV� VHW� WKDW� YLRODWLRQV� RI� FDUERK\GUDWHV
H[FKDQJH�DUH�PDUNHG� DW�������SDWLHQWV�� VXIIHULQJV
$+��7KXV�,5�FDPH�WR�OLJKW�LQ�����WLPH�PRUH�IUHTXHQWO\�
WKDQ�&'�,,�W\SH�LQ�������DQG�������FDVHV�DFFRUG�
LQJO\��DW�SDWLHQWV�ZLWK�$+�DQG�YLRODWLRQ�RI�FDUERK\�
GUDWHV� H[FKDQJH�� 9LRODWLRQ� IURP� WKH� VLGH� RI� OLSLGV
H[FKDQJH� LQ� D�JUHDW�GHDO�GHSHQGHG�RQ� WKH� ,5�SUHV�
HQFH�DEVHQFH�DW�WKLV�FRQWLQJHQW�RI�SDWLHQWV��6R��WKH
OLSLGHPLD�W\SH�,,�LV�PDUNHG�DW�SDWLHQWV�ZLWK�$+�ZLWKRXW
,5��DQG�WKH�,9�W\SH�DW�SDWLHQWV�ZLWK�$+�DQG�,5��6XFK
GLVWLQFWLRQV�UHTXLUH�GHWHUPLQDWLRQ�RI�,5�DW�WKLV�FRQWLQ�
JHQW� RI� SDWLHQWV� IRU� SURYLGLQJ� RI� WKH� GLIIHUHQWLDWHG
DSSURDFK�WR�LWV�FRUUHFWLRQ��
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1RZDGD\V�DSLWKHUDS\�KDV�WXUQHG�IURP�WKH�WUDGLWLRQDOO\
IRON�VWDJH�RI�GHYHORSPHQW�WR�WKH�VWDJH�RI�VFLHQWLILFDOO\
JURXQGHG�SKDUPDFRWKHUDS\��0RGHUQ�GLUHFWLRQV�IRU�GHYHO�
RSLQJ�RI�DSLFXOWXUH�DQG�DSLWKHUDS\�ZHUH�GHWHUPLQHG�DW
WKH� ´´´�G�&RQJUHVV�RI� WKH�8NUDLQLDQ�DSLWKHUDSHXWLVWV� �
ZKLFK�ZDV�KHOG�LQ�6HSWHPEHU�������RQ�WKH�EDVH�RI�WKH
183K��7KH�DFKLHYHPHQWV�RI�WKH�IXQGDPHQWDO�UHVHDUFK
DW� WKH�'UXJ� 7HFKQRORJ\�'HSDUWPHQW� RI� WKH�1DWLRQDO
8QLYHUVLW\�RI�3KDUPDF\�LQ�FUHDWLQJ�PRUH�WKDQ����RULJLQDO
PHGLFLQHV�RQ�WKH�EDVLV�RI�DSLFXOWXUH�SURGXFWV�KDYH�EHHQ
SUHVHQWHG�DQG�WKH\�DUH�DW�GLIIHUHQW�VWDJHV�RI�LQWURGXFWLRQ
LQWR�WKH�PHGLFLQDO�SUDFWLFH��7KH�YDULRXV�SKDUPDFRORJLFDO
DFWLYLW\�RI�WKH�GUXJV�GHYHORSHG�LV�GHWHUPLQHG�E\�D�ULFK
FRPSRVLWLRQ�RI�ELRORJLFDOO\�DFWLYH�VXEVWDQFHV��7KH�GUXJV
KDYH�D�ZLGH�VSHFWUXP�RI�WKH�WKHUDSHXWLF�DFWLYLW\�DQG�ORZ
WR[LFLW\�DQG�LW�DOORZV�XVLQJ�WKHP�IRU�WUHDWLQJ�GLIIHUHQW
GLVHDVHV��2QH�RI�SURPLVLQJ�VFLHQWLILF�GLUHFWLRQV�RI�WKH
GHSDUWPHQW� LV� FUHDWLRQ� RI� DQWLWXEHUFXORXV� PHGLFLQHV�
7ZR�QHZ�PHGLFLQHV�KDYH�EHHQ�GHYHORSHG�RQ�WKH�EDVLV�RI
WKH� ELJ� EHH� ODUYD� ELRPDVV�� ZKLFK� FDQ� EH� XVHG� ERWK
LQGHSHQGHQWO\�DQG�LQ�WKH�FRPSOH[�WUHDWPHQW�RI�WXEHUFX�
ORVLV��7KH�VFLHQWLILF�DFKLHYHPHQWV�RI�WKH�GHSDUWPHQW�DUH
JLYH�LQ�WZR�PRQRJUDSKV��
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7KH�PDLQ� SUHFRQGLWLRQV� VWLSXODWLQJ� WKH�QHFHVVLW\� RI
WUDLQLQJ�VSHFLDOLVWV�IRU�FDUU\LQJ�RXW�FOLQLFDO�WULDOV�KDYH
EHHQ�FRQVLGHUHG��7KH�FODVVLILFDWLRQ�RI�WKH�FOLQLFDO�WULDOV
V\VWHP�KDV�EHHQ�JLYHQ��$�EULHI�UHYLHZ�RI�WKH�FXUUHQW
OHJLVODWLRQ��ZKLFK�UHJXODWHV�RUJDQL]DWLRQ�DQG�SHUIRUP�
DQFH�RI�FOLQLFDO�WULDOV�RI�PHGLFLQHV�LQ�8NUDLQH��KDV�EHHQ
FRQGXFWHG��7KH�DSSRLQWPHQW�RI�WKH�EDVLF�VSHFLDOLVWV�LQ
WKH�RUJDQL]DWLRQ�DQG�WKH�SHUIRUPDQFH�RI�FOLQLFDO�WULDOV
DFFRUGLQJ� WR� WKH� LQWHUQDWLRQDO� SUDFWLFH� KDYH� EHHQ
SUHVHQWHG��7KH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�VSHFLDOLVW
ÙFOLQLFDO�SKDUPDFLVWµ�KDYH�EHHQ�JLYHQ�DQG�WKH�SHUVSHF�
WLYH�RI�WKH�FOLQLFDO�SKDUPDFLVW�SDUWLFLSDWLRQ�LQ�SUHSDU�
LQJ� DQG� FRQGXFWLQJ� D� FOLQLFDO� UHVHDUFK� KDV� EHHQ
DQDO\]HG�
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2Q�WKH�EDVLV�RI�DQDO\VLV�RI�VWDWH�EDVHV�LQ�WKH�SKDUPD�
FHXWLFDO�OHJLVODWLRQ�RI����FRXQWULHV�RI�WKH�ZRUOG�WZR
JURXSV�RI�FULWHULD�KDYH�EHHQ�VHOHFWHG�IRU�FODVVLILFDWLRQ
RI�WKH�VWDWH�PDQDJHPHQW�SKDUPDFHXWLFDO�V\VWHPV��E\
WKH�GHJUHH�RI�FHQWUDOL]DWLRQ�RI�IXQFWLRQV�DQG�SOHQDU\
SRZHUV�RI�WKH�VWDWH�DXWKRULWLHV�LQ�LQGXVWU\��DV�ZHOO�DV
WKH� FKDUDFWHU� DQG� WKH� OHYHO� RI� LQIOXHQFLQJ� RI� WKH
JRYHUQPHQWDO�DQG�SXEOLF�FRQWURO�RI�WKH�SKDUPDFHXWLFDO
DFWLYLW\��7KH�EDVLF�FRXQWULHV��)UDQFH��'HQPDUN��6ZLW�
]HUODQG�DQG�3RODQG��KDYH�EHHQ�GHWHUPLQHG�DFFRUGLQJ
WR�WKH�FODVVLILFDWLRQ�IHDWXUHV�DQG�WKH�FRQWHQW�DQDO\�
VLV�RI�WKH�SULQFLSDO�EDVHV�DQG�SOHQDU\�SRZHUV�RI�WKH
VWDWH� PDQDJHPHQW� RUJDQV� LQ� SKDUPDF\� LQ� WKHVH
FRXQWULHV� KDYH� EHHQ� FRQGXFWHG�� $FFRUGLQJ� WR� WKH
REMHFWLYH� SURJUHVV� WUHQGV� RI� LQGXVWU\�� LW� KDV� EHHQ
VKRZQ� WKDW� WKH� HIILFLHQF\� RI� WKH� QDWLRQDO� VWDWH
FRQWURO�V\VWHPV�RI�WKH�SKDUPDFHXWLFDO�EUDQFK�QHHGV
WKH�JURXQGHG�FRPELQDWLRQ�RI�WKH�SULQFLSOHV�RI�FHQ�
WUDOLVP� DQG� GHFHQWUDOLVP�� DV� ZHOO� DV� WKH� UDWLRQDO
LQIOXHQFLQJ�RI�WKH�JRYHUQPHQWDO�DQG�SXEOLF�FRQWURO
RI�WKH�SKDUPDFHXWLFDO�DFWLYLW\�
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7KH�UHVXOWV�RI�WKH�H[SHULPHQWDO�VWXG\�RI�DQWLUDGLFDO
SURSHUWLHV�DQG�UHVHDUFK�RI�WKHLU�LQWHUDFWLRQ�ZLWK�WKH
DQWLVFOHURWLF�DFWLYLW\�RI�(OJDFLQ��DQ�RULJLQDO�GRPHVWLF
PHGLFDWLRQ�ZLWK�WKH�DFWLYH�VXEVWDQFH�FRQWDLQLQJ�WKH
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