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DQG�GLVLQIHFWDQW�DFWLRQ�FRPSDUHG�WR�WKH�ILOP�IRUPLQJ
DQWLVHSWLF� FHULJHO�� ZKLFK� EDVLF� DFWLYH� VXEVWDQFH� LV
FHW\OS\ULGLQLXP�FKORULGH��7KH�DEVHQFH�RI�WKH�LUULWDWLQJ
DFWLRQ� RI� DPRVHSW� RQ� WKH� VNLQ� DQG� WKH� SUHVHQFH� RI
GHVHQVLELOL]DWLQJ�SURSHUWLHV�KDYH�EHHQ�VKRZQ�LQ�DQL�
PDOV��7KH�ODUJH�VFDOH�FOLQLFDO�REVHUYDWLRQV�KDYH�SURYHQ
WKH� KLJK� HIIHFWLYHQHVV� RI� DPRVHSW� DV� D� UHPHG\� IRU
SUHYHQWLQJ�VXSSXUDWLRQ�RI�PLFURWUDXPDV��7KH�REVHUYD�
WLRQV�RI�����SDWLHQWV�GXULQJ�WKH�SRVWRSHUDWLYH�SHULRG
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WLRQV�LQ�FKLOGUHQ�EDVHG�RQ�����REVHUYDWLRQV�KDV�EHHQ
FDUULHG�RXW��7KH�JUDP���IORUD�KDV�EHHQ�IRXQG�WR�SUHYDLO�
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7KH�ZLGH�FLUFXODWLRQ�RI�FOLQLFDO�SDWKRJHQV�VWUDLQV�WKDW
UHVLVWDQW�WR�DQWLELRWLFV�LV�DQ�LPSRUWDQW�SUREOHP�RI�WKH
PRGHUQ�DQWLPLFURELDO� FKHPRWKHUDS\��2QH�RI� WKH�DV�
SHFWV�IRU�LPSURYLQJ�WKH�DQWLPLFURELDO�FKHPRWKHUDS\�LV
FUHDWLRQ� RI� KLJK� FRQFHQWUDWLRQV� RI�PHGLFLQHV� LQ� WKH
QLGXV�RI�LQIHFWLRQ��ZKLFK�KHOSV�WKH�UDSLG�DQG�FRPSOHWH
GHDWK�RI�SDWKRJHQV��0RGHUQ�SKDUPDFHXWLFDO�WHFKQROR�
JLHV� DOORZ� VWUHQJWKHQLQJ� WKH� YHFWRU� SURSHUWLHV� DQG
ELRDYDLODELOLW\�RI�PHGLFLQHV��7KH�DQDO\VLV�RI�WKH�OLWHUD�
WXUH�KDV�VKRZQ�WKDW�RQH�RI�WKH�PRVW�VXFFHVVIXO�DQG
SHUVSHFWLYH� PRGXODWRUV� RI� PHGLFLQHV� DUH� OLSRVRPHV
SRVVHVVLQJ�TXDOLWDWLYHO\�QHZ�RSSRUWXQLWLHV�RI�UHDOL]D�
WLRQ�RI�WKH�FKHPRWKHUDSHXWLF�DFWLYLW\�DW�WKH�FHOOXODU
OHYHO��7KH�UHYLHZ�SUHVHQWV�PRGHUQ�VFLHQWLILF�GDWD�DERXW
YDULRXV�NLQGV�DQG�ZD\V�IRU�REWDLQLQJ�OLSRVRPDO�IRUPV
RI�PRUH�WKDQ����DQWLPLFURELDO�PHGLFLQHV�ZLWK�YDULRXV
SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV��7KH�GDWD�RI�H[SHUL�
PHQW�DQG�PHGLFDO�SUDFWLFH�VKRZ�WKDW�OLSRVRPDO�WHFK�
QRORJLHV�LQWHJUDWH�WKH�VROXWLRQ�RI�VHYHUDO�SUREOHPV��WKH
GLUHFWHG�GHOLYHU\�RI�DQ�DQWLPLFURELDO�DJHQW�LQ�WKH�QLGXV
RI� LQIHFWLRQ�� GHFUHDVH� RI� LWV� VLGH� HIIHFWV�� DV�ZHOO� DV
LPPXQRVWLPXODQWLQJ��DQWLWR[LF�DQG�PDQ\�RWKHU�SRVL�
WLYH� ELRORJLFDO� HIIHFWV� RI� OLSRVRPHV� UHODWHG� WR� WKH
IHDWXUHV�RI�WKHLU�FKHPLFDO�QDWXUH�
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7KH�UHVHDUFK�UHVXOWV�RI�WKH�DQWLPLFURELDO�SURSHUWLHV�RI
WKH�DQWLPLFURELDO�DJHQW�Û�KRURVWHQ�DUH�JLYHQ��,W�KDV
EHHQ�IRXQG�WKDW�WKH�QHZ�DQWLVHSWLF�SRVVHVVHV�D�KLJK
EDFWHULFLGDO� DFWLRQ� LQ� UHODWLRQ� WR� FOLQLFDO� VWUDLQV� RI
PLFURRUJDQLVPV�LVRODWHG�IURP�WKH�SDWLHQWV�ZLWK�VXS�
SXUDWLYH�DQG�LQIODPPDWRU\�FRPSOLFDWLRQV��,W�KDV�EHHQ
GHPRQVWUDWHG�WKDW�KRURVWHQ�KDV�D�KLJK�DFWLYLW\�DV�WR
FRQWDPLQDQWV� LVRODWHG� IURP�WKH�XUHWKUDO�DQG�YHQRXV
FDWKHWKHUV�� +RURVWHQ� KDV� EHHQ� SURYHQ� WR�PHHW� WKH
FRQWHPSRUDU\� UHTXLUHPHQWV� IRU�K\JLHQLF�DQWLVHSWLFV�
7KH�FRPSDUDWLYH�LQYHVWLJDWLRQ�RI�WKH�DQWLVHSWLF�SURS�
HUWLHV� RI� KRURVWHQ� LQ� WKH� FRQGLWLRQV� RI� DUWLILFLDOO\
FRQWDPLQDWHG�KDQG�V�VNLQ�RI�YROXQWHHUV�KDV�VKRZQ�LWV
KLJK� HIILFDF\� IRU� UHPRYLQJ� RI� WKH� DOORFKWKRQLF� PL�
FURIORUD��
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7KH�YLURORJLF�PRQLWRULQJ�RI�WKH�pvs|�YLUXVHV�FLUFX�
ODWLRQ�LQ�GLIIHUHQW�UHJLRQV�RI�8NUDLQH�LV�JLYHQ��3KHQR�
W\SLF�DQG�JHQHWLF�VLJQV�RI�SDWKRJHQV�LQ�LQWHUSUHWDWLRQ
RI� WKH� HVWLPDWLRQ� RI� WKHLU� YLUXOHQW� SRWHQFLHV� DQG
FDSDELOLWLHV� WR�HPLGHPLRORJLF�FKDUDFWHULVWLFV� LQ�WKHLU
PRUELGLW\� KDYH� EHHQ� GHWHUPLQHG�� ,Q� WKH� YLURORJLF
UHVHDUFK�RI�pvs|�YLUXVHV�VWUDLQV�RI�W\SHV����������
�������DQG����LW�KDV�EHHQ�IRXQG�WKDW�VWUDLQV�LVRODWHG
IURP�KHDOWK\�SHUVRQV�E\�WKH�JHQHWLF�PDUNHU�UFW���ZHUH
FKDUDFWHUL]HG� DV� UFW��

��� DQG� VWUDLQV� LVRODWHG� IURP� LOO
SHUVRQV� ZHUH� DV� UFW��

��� ,Q� WKH� JHQHWLF� UHVHDUFK� RI
pvs|�YLUXVHV� VWUDLQV� RI� W\SH� �� �E\� WKH�PHWKRG�RI
VHTXHQDWLRQ���ZKLFK�ZHUH�LVRODWHG�LQ�����������IURP
GLIIHUHQW� UHJLRQV� RI�8NUDLQH�� ��� SDLUV� RI� QXFOHRWLGH
PXWDWLRQV�EHWZHHQ�VWUDLQV�LVRODWHG�IURP�KHDOWK\�DQG
LOO�SHUVRQV�KDYH�EHHQ�UHYHDOHG��
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7KH�FKHPRWKHUDSHXWLF�GLUHFWLRQ�RI�DQWL�HSLGHPLRORJL�
FDO� VLJQLILFDQW� DSSOLFDWLRQ� RI� SURPHGLFLQHV� LQ� WKH
WUHDWPHQW�DQG�SURSK\ODFWLF� FRQWURO� RYHU� QRVRFRPLDO
LQIHFWLRQV�KDV�EHHQ�VXEVWXWLDWHG�DW�WKH�OHYHO�RI�PLFUR�
ELRORJLFDO� JHQHUDOLVDWLRQ� RI� DQWLVHSWLF� GLIIHUHQFHV� RI
KH[DPHWK\OHQHWHWUDPLQH�DQG�SKHQ\O�VDOLF\ODWH��,W�KDV
EHHQ�IRXQG�WKDW�KH[DPHWK\OHQHWHWUDPLQH�DQG�SKHQ\O
VDOLF\ODWH�SRVVHVV�WKH�JHQHUDOLVHG�GLIIHUHQFHV�LQ�UHYHDO�
LQJ�WKH�DQWLPLFURELDO�DFWLYLW\�GXH�WR�WKH�SDUWLDO�LVROD�
WLRQ�IURP�WKH�SKHQROLF�VWUXFWXUH�ZLWK�WKH�SRODU�FKDQJHV
RI� WKH� DFLG�EDVLF� EDODQFH� DQG� WKH� DELOLW\� WR� NHHS
LQDFWLYLW\� DW� WKH� QHXWUDO� ¯s� YDOXHV� RI� WKH� LQWHUQDO
HQYLURQPHQW�RI�DQ�RUJDQLVP��7KH�SHUVSHFWLYHQHVV�RI
XVLQJ�SURPHGLFLQHV�DV�PHGLFDO�SURGXFWV�LQ�QRVRFRPLDO
LQIHFWLRQV� KDV� EHHQ� SURYHQ� RQ� WKH� H[DPSOH� RI� WKH
FRPSDUDWLYH�FRPSDULVRQ�RI�DQWLPLFURELF�SURSHUWLHV�RI
KH[DPHWK\OHQHWHWUDPLQH�DQG�SKHQ\O�VDOLF\ODWH��
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6RPH�SUREOHPV�LQ�WKH�HIILFLHQF\�HYDOXDWLRQ�RI�SUREL�
RWLFV�WKHUDS\�RI�WKH�LQWHVWLQDO�G\VEDFWHULRVHV�KDYH�EHHQ
VWXGLHG�RQ�WKH�H[DPSOH�RI�WKH�GLUHFWHG�PLFURELRORJLFDO
UHVHDUFK� RI� SURSHUWLHV� RI� ELILGXPEDFWHWLQH�� ELILFRO�
FROLEDFWHULQH�DQG� ODFWREDFWHULQH�DV�SURELRWLFV�RI� WKH
ZLGH�FOLQLFDO�DSSOLFDWLRQ��7KH�VHOHFWLYH�DELOLW\�RI�FROL�
EDFWHULQH��ODFWREDFWHULQH��ELILGXPEDFWHWLQH�DQG�ELILFRO
DV� WKH� DFWLYH� UHSUHVHQWDWLYHV� RI� SURELRWLFV� RI� WKH
JDVWUR�HQWHUDO�DSSOLFDWLRQ�WR�IRUP�WKH�UHVLVWDQFH�RI�ELOH
KDV�EHHQ�VWXGLHG��%\�UHVXOWV�RI�WKH�UHVHDUFK�SHUIRUPHG
UHVLVWDQW�YDULDQWV�RI�SURELRWLFV�KDYH�EHHQ�SURYHQ�WR
UHDOL]H�WKH�FXOWLYDWLRQ�SRWHQFLHV�E\�XWLOL]LQJ�XVHV�RI
PHWDEROLFDOO\�PRGLILHG�ELOH�DQG� IDWW\�DFLGV� IURP�WKH
FRPSRVLWLRQ�RI�WKH�ELOH�V�VWUXFWXUDO�FRPSRQHQWV��,W�KDV
EHHQ�SURYHQ�WKDW�WKH�ELOH�UHVLVWDQW�YDULDQWV�RI�SUREL�
RWLFV�ORVH�QDWXUDOO\�WKH�DQWDJRQLVWLF�SURSHUWLHV�FKDUDF�
WHULVWLF�WR�WKHP�E\�LQWHJUDO�VLJQV�RI�EDFWHULRFLQRJHQLFLW\�
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7KH�UHVXOWV�RI�WKH�FRPSDUDWLYH�VWXG\�LQ�YLWUR�RI�WKH
DQWLPLFURELDO�DFWLYLW\�RI�PHGLFLQHV�ZLWK�WKH�SURSROLV
WLQFWXUH� DQG� LWV� SKHQROLF� K\GURSKLOLF� DQG� SKHQROLF
K\GURSKRELF�IUDFWLRQV�KDYH�EHHQ�JLYHQ��7KH�PHGLFLQHV
VKRZ�D�ZLGH�VSHFWUXP�RI�WKH�DQWLPLFURELDO�DFWLRQ��LWV
OHYHO�GHSHQGV�RQ�WKH�FRPSRVLWLRQ�DQG�WKH�PHGLFLQDO
IRUP�RI�WKH�PHGLFLQH��7KH�H[SHGLHQF\�RI�DSSOLFDWLRQ�RI
PHGLFLQHV� ZLWK� SURSROLV� WLQFWXUH� DQG� LWV� SKHQROLF
K\GURSKLOLF�DQG�K\GURSKRELF�IUDFWLRQV�DV�DQWLPLFURELDO
PHGLFLQHV�KDV�EHHQ�H[SHULPHQWDOO\�SURYHQ��,W�KDV�EHHQ
IRXQG� WKDW� WKH� PHGLFLQHV� UHYHDO� WKH� PRVW� PDUNHG
DFWLYLW\�LQ�UHODWLRQ�WR�JUDP�SRVLWLYH�PLFURRUJDQLVPV�
7KH�SDUDPHWHUV�RI�WKH�SKDUPDFRORJLFDO�DQG�WHFKQRORJL�
FDO�FRPSDWLELOLW\�EHWZHHQ�SURSROLV�PHGLFLQHV�DQG�V\�
QHUJLF� DQWLELRWLFV� DQG� DQWLVHSWLFV� LQ� FUHDWLQJ� WKH
SHUVSHFWLYH�QRPHQFODWXUH�RI�DQWLPLFURELDO�PHGLFLQHV
KDYH�EHHQ�JURXQGHG��7KH�UHVXOWV�RI�WKH�FRPSDUDWLYH
VWXG\� RI� WKH� DQWLPLFURELDO� SURSHUWLHV� RI� Ù$QWLFHSWµ
VXSSRVLWRULHV��Ù&\SURIOR[DFLQµ�DQG�Ù3URSROLV�WLQFWXUHµ
PHGLFLQHV�VKRZ�WKDW�Ù$QWLFHSWµ�H[FHHGV�JUHDWO\�Ù&\S�
URIOR[DFLQµ�DQG�Ù3URSROLV�WLQFWXUHµ�E\�LWV�OHYHO�RI�WKH
DQWLPLFURELDO�DFWLYLW\�UHODWLQJ�WR�WKH�ZKROH�VSHFWUXP
RI�WKH�WHVW�VWUDLQV�XVHG�
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7KH� VWXG\� RI� GLVRUGHUV� RI� WKH� DFLG�EDVLF� VWDWH� DQG
JDVHRXV�FRPSRVLWLRQ�RI�EORRG�LQ�FRQGLWLRQV�RI�DUWHULDO
K\SHUWHQVLRQ�DQG�SHUVSHFWLYHV�RI�WKHLU�FDUERUHQ�FRU�
UHFWLRQ�KDV�EHHQ�SUHVHQWHG�LQ�WKH�SDSHU��,Q�FRQGLWLRQV
RI�DUWHULDO�K\SHUWHQVLRQ�WKH�SDWKRJHQHWLF�LQIOXHQFH�RI
WKH�LQIHFWLRQ�IDFWRU�RQ�GLVRUGHUV�RI�WKH�DFLG�EDVLF�VWDWH
DQG�JDVHRXV�FRPSRVLWLRQ�RI�EORRG�KDV�EHHQ�LGHQWLILHG�
'LVRUGHUV� RI� WKH� DFLG�EDVH� VWDWH� LQ� VSRQWDQHRXVO\
K\SHUWHQVLYH�UDWV�DUH�UHYHDOHG�E\�WKH�PHWDEROLF�DFLGR�
VLV��QDPHO\�UHGXFWLRQ�RI�WKH�DUWHULDO�DQG�YHQRXV�EHG
VDWXUDWLRQ� ZLWK� KHPRJORELQ�� LQFUHDVH� RI� WKH� SDUWLDO
SUHVVXUH�RI�&2��LQ�WKH�DUWHULDO�EORRG��GHFUHDVH�RI�WKH
R[\JHQ�SDUWLDO�WHQVLRQ�LQ�WKH�DUWHULDO�DQG�YHQRXV�EHG
DQG�GLVRUGHU�RI�SUDFWLFDOO\�DOO�EXIIHU� V\VWHPV�RI� WKH
YHQRXV�EORRG��&DUERUHQ�LQ�WKH�GRVH�RI������PJ�NJ�LQ
FRQGLWLRQV� RI� DUWHULDO� K\SHUWHQVLRQ� LQ� VSRQWDQHRXVO\
K\SHUWHQVLYH�UDWV�QRUPDOL]HV�KHPRJORELQ��SKRVSKDWH
EXIIHU�V\VWHPV�DQG�WKH�EORRG�SODVPD�V\VWHP��,W�VKRXOG
EH�QRWHG� WKDW� LW� KDV�EHHQ�SUHYLRXVO\� LGHQWLILHG� WKDW
FDUERUHQ� KDV� FRQFRPLWDQW� W\SHV� RI� DFWLYLW\�� DQWLK\�
SR[LF�DQG�DQWL�R[LGDQW�RQH��DQG�WKH�FRPSHQVDWLRQ�RI
WKH�DFLG�EDVLF�VWDWH�LQ�VSRQWDQHRXVO\�K\SHUWHQVLYH�UDWV
KDV�JUHDWO\�LQIOXHQFHG�E\�WKHVH�DFWLYLWLHV��WR�RXU�PLQG�
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7KH�UHVXOWV�RI�WKH�LPPXQRORJLF�UHVHDUFK�RI�WDEOHWV�RQ
WKH� EDVLV� RI� FRPELQDWLRQ� RI� WKH� ELRORJLFDOO\� DFWLYH
VXEVWDQFH� RI� WKH� SODQW� RULJLQ� IURP� WKH� H[WUDFWLYH
PDWHULDO� RI� JUDSHV� �&DEHUQH�6RYLQLRQ� VRUW�� DQG� WKH
V\QWKHWLF� VXEVWDQFH� �PHWK\OXUDFLO�� KDYH� EHHQ� SUH�
VHQWHG��7KH�UHVXOWV�REWDLQHG�WHVWLI\�DERXW�WKH�V\QHU�
JHWLF� DFWLRQ� RI� WKH� SRZGHU�V� FRPSRQHQWV� RI� JUDSHV
H[WUDFWLYH�PDWHULDO�DQG�PHWK\OXUDFLO�RQ�WKH�DELOLW\�WR
IRUPDWLRQ�RI�DQWLERGLHV��,W�KDV�EHHQ�VWDWHG�WKDW�WDEOHWV
FRQYHQWLRQDOO\� FDOOHG� Ù9LWDFLOµ� DFWLYDWH� SRVWYDFFLQH
LPPXQH�UHVSRQVH��ZKLFK�UHDOL]HV�LQ�WKH�V\QWKHVLV�RI
DQWLEDFWHULDO� DQG� DQWLWR[LF� DQWLERGLHV�� 7KH� WDEOHWV
GHYHORSHG�KDYH�EHHQ�SURYHQ�WR�KDYH�WKH�LPPXQRPRGX�
ODWRU\�DFWLYLW\��ZKLFK� UHYHDOV�YLD� VWLPXODWLRQ�RI� WKH
DQWLVWDSK\ORFRFFDO�LPPXQLW\�DQG�SRO\FORQDO�DFWLYDWLRQ
%�O\PSKRF\WHV�
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