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7KH� WKHRUHWLFDO�PHFKDQLVPV� RI� DFHWRQHPLD� GHYHORS�
PHQW�LQ�FKLOGUHQ�ZLWK�WKH�G\VIXQFWLRQ�RI�FDUERK\GUDWH
DQG� OLSLG�PHWDEROLVP� RQ� WKH� EDFNJURXQG� RI� FULWLFDO
VWDWHV� DUH� UHSUHVHQWHG� EULHIO\� LQ� WKH� DUWLFOH�� 7KH
DEVHQFH�RI�WKH�GHWDLOHG�GDWD�DERXW�WKH�VWDWH�RI�FDUER�
K\GUDWH� DQG� OLSLG�PHWDEROLVP� DQG� VRPH� VWUHVV� KRU�
PRQHV�LQ�FKLOGUHQ�ZLWK�WKH�FULWLFDO�DFHWRQHPLD�RI�WKH
LQIHFWLRXV� JHQHVLV� LV� QRWHG�� 7KH� GUDZEDFNV� RI� WKH
H[LVWLQJ�PHWKRGV� RI� WUHDWLQJ� WKH� FKLOGUHQ�ZLWK� DFH�
WRQHPLD� RQ� WKH� EDFNJURXQG� RI� FULWLFDO� VWDWHV� DUH
VKRZQ�� 7KH� WKHRUHWLFDO� SUHPLVHV� IRU� XVLQJ� Ù;\ODWµ�
[\OLWRO�FRQWDLQLQJ�LQIXVLRQ�VROXWLRQ�IRU�FRUUHFWLQJ�DFHW�
LQHPLD� DUH� GHPRQVWUDWHG�� 7KH�PHWKRG� IRU� DQWLNHWR�
JHQLF� LQIXVLRQ� WKHUDS\� E\� WKH� FRPELQDWLRQ� RI� ���
JOXFRVH�VROXWLRQ�LQ�WKH�GRVH�RI����PO�NJ�DQG�Ù;\ODWµ
LQ�WKH�GRVH�RI����PO�NJ�SHU�GD\�DV�D�SURORQJHG�LQIXVLRQ
LV�SURSRVHG��7KH�UHVXOWV�RI�WKH�RZQ�LQYHVWLJDWLRQ�UHIOHFW�
LQJ�WKH�FKDQJHV�RI�FDUERK\GUDWH�DQG�OLSLG�PHWDEROLVP�
DV�ZHOO�DV�WKH�FRQWHQW�RI�VRPH�VWUHVV�KRUPRQHV�LQ�WKH
VHUXP�RI�FKLOGUHQ�ZLWK�DFHWRQHPLD�RQ�WKH�EDFNJURXQG�RI
FULWLFDO� VWDWHV� ZKHQ� XVLQJ� GLIIHUHQW� VFKHPHV� RI� WKH
DQWLNHWRJHQLF�LQIXVLRQ�WKHUDS\�DUH�JLYHQ��
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7KH�DQDO\WLFDO�UHYLHZ�RI�WKH�PRGHUQ�GRPHVWLF�DQG
IRUHLJQ� OLWHUDWXUH� IRU� WKH� ODVW� GHFDGH� GHGLFDWHG� WR
SUREOHPV�RI�SKDUPDFRWKHUDS\�RI�HF]HPD�KDV�EHHQ
JLYHQ��7KH�PDLQ�SULQFLSOHV�DQG�GLUHFWLRQV�RI�JHQHUDO
WKHUDS\�SDWLHQWV�ZLWK�HF]HPD� WDNLQJ� LQWR�DFFRXQW
WKH�PXOWL�VWDJHG�SDWKRJHQHVLV�RI�HF]HPD��PRUELGLW\�
DFXWHQHVV�DQG�FOLQLFDO�FRXUVH�RI�GHUPDO�SURFHVV�KDYH
EHHQ� UHYLHZHG�� 7KH� GDWD� DERXW� WKH� DSSOLFDWLRQ� RI
K\SRVHQVLWL]LQJ��VHGDWLYH��LPPXQR��FRUUHODWLQJ�DQG
KRUPRQDO� GUXJV�� YLWDPLQV�� DQWLR[LGDQWV� DQG�PHP�
EUDQR�VWDELOL]LQJ�GUXJV�LQ�WKH�FRPSOH[�WUHDWPHQW�RI
HF]HPD��DV�ZHOO�DV�WKH�FRUUHFWLRQ�RI�G\VIXQFWLRQV�RI
LQQHU�RUJDQV��WKH�HQGRFULQH�V\VWHP�DQG�PHWDEROLVP
DUH�SUHVHQWHG��7KH�QHFHVVLW\� RI� DSSOLFDWLRQ�RI� WKH
H[WHUQDO� WKHUDS\� LQ� WKH� FRPSOH[� WUHDWPHQW� RI� SD�
WLHQWV�ZLWK�HF]HPD�LV�SUHVFULEHG�GHSHQGLQJ�RQ�WKH
VWDJH�DQG�WKH�FOLQLFDO�SLFWXUH�RI�WKH�GLVHDVH�XVLQJ
KRUPRQDO�FUHDPV�DQG�RLQWPHQWV�
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7KH�JHQHUDOL]HG�HPSLULF�PRGHO�RI�WKH�SKDUPDFHXWLFDO
DLG�SURYLGLQJ�WR�WKH�SRSXODWLRQ�KDV�EHHQ�SUHVHQWHG��7KH
GHVLJQ� RI� WKH� QDWLRQDO� PHGLFLQDO� SROLF\� RULHQWHG� WR
SURYLGLQJ�WKH�ILUVW�PHGLFDO�VDQ�WDU\�DLG��)06$��LQ�WKH
FRQGLWLRQV�RI�WKH�IDPLO\�PHGLFLQH�LQWURGXFWLRQ�KDV�EHHQ
FRQGXFWHG��7KH�SUREOHPV�LPSHGLQJ�WKH�LQWURGXFWLRQ�RI
WKH� IDPLO\� PHGLFLQH� LQ� 8NUDLQH� DW� WKH� SURSHU� OHYHO
QRZDGD\V� DQG� UHTXLULQJ� WKH� LPPHGLDWH� VROXWLRQ� KDYH
EHHQ�IRUPXODWHG��WKH\�DUH�LQFRPSOHWH�UHDGLQHVV�RI�WKH
KHDOWKFDUH� V\VWHP� WR� JLYH� WKH� OHJDO�� HFRQRPLF� DQG
DGPLQLVWUDWLYH� LQGHSHQGHQFH�WR�WKH�)06$�VWUXFWXUHV�
YDJXHQHVV�RI�WKH�SULQFLSOHV��PHFKDQLVPV�DQG�PRGHOV�RI
WKH� QDWLRQDO� PHGLFLQDO� SROLF\� RULHQWHG� WR� WKH� IDPLO\
PHGLFLQH�� 7KH� LVVXHV� FRQFHUQLQJ� WKH� QRUPDWLYH� OHJDO
EDVH��SUHSDUDWLRQ�RI�VSHFLDOLVWV�IRU�WKLV�EUDQFK�KDYH�EHHQ
VHOHFWHG��7KH\�UHTXLUH�WKH�GHFLVLRQ�PDNLQJ�LQ�WKH�FRQGL�
WLRQV� RI� WKH� )06$� UHIRUPLQJ� ERWK� DW� WKH� VWDWH� DQG
UHJLRQDO�OHYHOV��2Q�WKH�EDVLV�RI�WKH�OLWHUDWXUH�GDWD�WKH
H[SHULHQFH�RI�WKH�JHQHUDO�SUDFWLWLRQHU�LQVWLWXWLRQ�GHYHO�
RSPHQW�LQ�WKH�86$�DQG�LQ�8NUDLQH�KDV�EHHQ�SUHVHQWHG�
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7KH�UHVHDUFK�LQ�VWXG\LQJ�WKH�PHFKDQLVP�RI�WKH�DQWL�LQ�
IODPPDWRU\�DFWLRQ�RI�EXWD[DQ�KDV�EHHQ�FDUULHG�RXW�LQ�WKUHH
GLUHFWLRQV��7KH\�DUH�WKH�LQIOXHQFH�RI�WKH�SURVWDJODQGLQV
OHYHO�LQ�EORRG�SODVPD�LQ�WKH�FRQGLWLRQV�RI�WKH�H[SHULPHQWDO
LQIODPPDWLRQ�LQ�UDWV��WKH�LQIOXHQFH�RQ�WKH�NDOOLNUHLQ�DQG
NDOOLNUHLQRJHQ�FRQWHQW�LQ�EORRG�SODVPD�LQ�QRUP�DQG�LQ�WKH
FRQGLWLRQV�RI�WKH�LQIODPPDWLRQ�LQ�UDWV�DQG�WKH�LQIOXHQFH
RQ� l'k� DFFXPXODWLRQ� DW� 1$')�s�)H���DVFRUEDWH�GH�
SHQGLQJ�3|/�RI�PLFURVRPHV�RI�WKH�UDW�V�OLYHU��'LFORIHQDF
VRGLXP�ZDV�XVHG�DV�D�UHIHUHQFH�GUXJ��7KH�GDWD�DQDO\VLV
KDV�VKRZQ�WKDW�WKH�PDUNHG�LQKLELWLQJ�HIIHFW�ZDV�REVHUYHG
RQ�WKH�EDFNJURXQG�RI�WKH�EXWD[DQ�V�DFWLRQ�RQ�WKH�3*(�
OHYHO��WKH�FRQWHQW�GHFUHDVH�LQ�SODVPD�LQ�������FRPSDULQJ
ZLWK� WKH� LQWDFW� DQLPDOV�� ,Q� WKH� H[SHULPHQW� ZLWK� UDW�V
FDUUDJHHQ�RHGHPD��WKH�H[SHULPHQWDO�JURXS��WKH�OHYHO�RI
WKH�NDOOLNUHLQ�DQG�NDOOLNUHLQRJHQ�LQFUHDVHG�LQ�������DQG
������UHVSHFWLYHO\�FRPSDULQJ�ZLWK�WKH�LQWDFW�JURXS�RI
WKH�DQLPDOV��7KH�NDOOLNUHLQRJHQ�FRQWHQW�XQGHU�WKH�DFWLRQ
RI�EXWD[DQ�LQFUHDVHG�LQ�������7KH�NDOOLNUHLQ�FRQWHQW�ZDV
������ OHVV� WKDQ� LQ� WKH� XQWUHDWHG� UDWV�� 7KH� OHYHO� RI
NDOOLNUHLQRJHQ�LQ�UDWV�ZLWK�FDUUDJHHQ�RHGHPD�WUHDWHG�ZLWK
EXWD[DQ� LQFUHDVHG� LQ�������DQG�WKH�NDOOLNUHLQ�FRQWHQW
GHFUHDVHG� LQ� ������ FRPSDULQJ�ZLWK� WKH� JURXS� RI� WKH
XQWUHDWHG� DQLPDOV�� %XWD[DQ� LQ� WKH� FRQFHQWUDWLRQ� RI
���PN0������PJ�O��UHGXFHG�WKH�DFFXPXODWLRQ�RI�l'k
LQ�DOO�ZD\V�RI�WKH�3|/�LQFXEDWLRQ�LQ��������FRPSDULQJ
ZLWK�WKH�FRQWURO�JURXS��%XWD[DQ�LQ�WKH�FRQFHQWUDWLRQ�RI
���PN0�DQG����PN0�FDXVHG�LQKLELWLRQ�RI�)H���DVFRUEDWH�
GHSHQGLQJ�3|/�LQ�������DQG�������UHVSHFWLYHO\��
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7KH�UHVHDUFK�RI�WKH�DQWLR[LGDQW�DFWLRQ�PHFKDQLVP�RI�D
QHZ�FRPELQHG�DGDSWRJHQLF�PHGLFDWLRQ�3ROOHQWDU�DQG�LWV
VXEVWDQFH�FRPSRQHQWV��WKH�IORZHU�SROOHQ�DQG�WKH�VXF�
FLQLF� DFLG�� KDV� EHHQ� FDUULHG� RXW� FRPSDULQJ�ZLWK� WKH
FODVVLFDO�DGDSWRJHQLF�DJHQW�Û�(OHXWKHURFRFFXV�H[WUDFW�
,W�KDV�EHHQ�SURYHQ�WKDW�WKH�3ROOHQWDU�V�IORZHU�SROOHQ�LQ
WKH� FRQFHQWUDWLRQ� RI� ����PNO�PO�RI� WKH�PHGLXP�FDQ
LQKLELW�WKH�VXSHUR[LGH�UDGLFDO�JHQHUDWLRQ�LQ�WKH�ÙDGUHQD�
OLQ�DGUHQRFKURPHµ� V\VWHP� DW� WKH� OHYHO� RI� ������DQG
������UHVSHFWLYHO\�DQG�LQ�WKH�Ù[DQWLQ�Û�[DQWLQR[LGDVH
Û�QLWURWHWUD]ROLXP�EOXH�µV\VWHP�DW�WKH�OHYHO�RI������
DQG�������UHVSHFWLYHO\��DV�ZHOO�DV�LQKLELW�PDUNHGO\�WKH
DFWLYLW\�RI�[DQWLQR[LGDVH� LQ�������DQG�������LQ�WKH
FRQFHQWUDWLRQ�RI�����PNO�PO�RI�WKH�PHGLXP��7KH�VXF�
FLQLF�DFLG�KDV�SUDFWLFDOO\�QR�DQWLUDGLFDO�SURSHUWLHV�DQG
DQWL[DQWLQR[LGDVH�V�DFWLYLW\��7KH�HVVHQWLDO�UROH�LQ�SURYLG�
LQJ�WKH�DQWLUDGLFDO�DFWLYLW\�RI�3ROOHQWDU�EHORQJV�WR�WKH
ELRORJLFDO� DFWLYH� VXEVWDQFHV� RI� WKH� IORZHU�SROOHQ��7KH
FODVVLFDO�DGDSWRJHQLF�DJHQW�Û�(OHXWKHURFRFFXV�H[WUDFW
LQ�WKH�VWXGLHG�FRQFHQWUDWLRQ�UDQJH�RI���������PNO�PO�RI
WKH�PHGLXP�LQKLELWHG�WKH�VXSHUR[LGH�UDGLFDO�JHQHUDWLRQ
DW�WKH�OHYHO�RI��������RQO\�LQ�WKH�V\VWHP�ZLWK�[DQWLQ�
R[LGDVH�DQG�LQKLELWHG�WKH�HQ]\PH�V�DFWLYLW\�DW�WKH�OHYHO
RI������������UHVSHFWLYHO\��
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,W�LV�ZHOO�NQRZQ�WKDW�WKH�WKHUDS\�RI�SHSWLF�XOFHU��LQ
SDUWLFXODU�LWV�DFXWH�VWDJH��LV�FRPSOH[��1RZDGD\V�WKH
TXHVWLRQ� DERXW� WKH� LPSURYHPHQW� RI� WKH� DQWL�XOFHU
WKHUDS\�LV�VWLOO�LPSRUWDQW��7KH�LQWURGXFWLRQ�RI�DQWLR[L�
GDQWV�WR�WKH�VFKHPH�RI�FRPELQHG�DQWL�XOFHU�WKHUDS\
KDV�EHHQ�SURYHQ�WR�EH�SDWKRJHQHWLFDOO\�VXEVWDQWLDWHG
DQG�LW�LPSURYHV�WKH�UHVXOWV�RI�WKH�WKHUDS\��7KDW�LV�ZK\
LW�LV�LQWHUHVWLQJ�WR�VWXG\�WKH�LQIOXHQFH�RI�WKH�FRPELQHG
DSSOLFDWLRQ�RI�WKH�WUDGLWLRQDO�DQWL�XOFHU�GUXJ�UDQLWLGLQH
ZLWK�GLIIHUHQW�DQWLR[LGDQWV�RQ�WKH�WKHUDSHXWLF�UHVXOWV
RI�WKH�H[SHULPHQWDO�JDVWULF�XOFHU��7KH�DQWL�XOFHU�HIIHFW
RI�UDQLWLGLQH�LQ�WKH�PRQRWKHUDS\�DQG�WKH�DFWLRQ�RI�LWV
FRPELQDWLRQV� ZLWK� DQWLR[LGDQW� GUXJV� �HU\VRG�� HPR�
[\SLQ��UHWLQRO��UXWLQ��KDYH�EHHQ�VWXGLHG�LQ�WKH�H[SHUL�
PHQWDO�DFHWLF�JDVWULF�XOFHU�LQ�UDWV��,W�KDV�EHHQ�SURYHQ
WKDW�WKH�FRPELQHG�DSSOLFDWLRQ�RI�DQWLR[LGDQWV�ZLWK�D
WUDGLWLRQDO� DQWL�XOFHU� GUXJ� OHDGV� WR� WKH� VLJQLILFDQW
LPSURYHPHQW� RI� WKH� DQWL�XOFHU� WKHUDS\� UHVXOWV�� 7KH
DQWLR[LGDQWV�VWXGLHG�FDQ�EH�UHFRPPHQGHG�DV�D�FRP�
SRQHQW�RI�WKH�FRPELQHG�DQWL�XOFHU�WKHUDS\��7KHVWXG\
RI� WKH� SHFXOLDULWLHV� RI� WKH� DQWL�XOFHU� DFWLRQ� RI� WKH
DQWLR[LGDQWV� PHQWLRQHG� DERYH� LV� SURPLVLQJ� IRU� WKH
SXUSRVH�RI�HOXFLGDWLQJ�WKH�FRQGLWLRQV�RI�WKHLU�UDWLRQDO
XVH�DQG�WKH�RI�DQWL�XOFHU�WKHUDS\�RSWLPL]DWLRQ��
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$V� WKH� UHVXOW� RI� WKH�SQHXPR�SURWHFWLYH� UHVHDFK� LW
KDV�EHHQ�SURYHQ�WKDW�WKHUDSHXWLF�DQG�SURSK\ODFWLF
XVH�RI�Ù%URQKRILWµ�WLQFWXUH� LQ�WKH�GRVH�RI�����DQG
����PJ�NJ�FDXVHV�D�VWDWLVWLFDOO\�UHOLDEOH�GHFUHDVH
RI� WKH� OXQJV�� PDVV� LQGLFHV� �LQ� ���� DQG� ���
UHVSHFWLYHO\��� 7KH� OXQJV��PDVV� RI� WKH� DQLPDOV� LQ�
MHFWHG� ZLWK� Ù%URQKLFXPµ� LQ� WKH� VDPH� GRVHV� GH�
FUHDVHG� LQ� ��� DQG� ����� 7KH� DGPLQLVWUDWLRQ� RI
Ù%URQKRILWµ� WLQFWXUH� KDV� SURYHQ� WR� GHFUHDVH� WKH
PDVV�LQGLFHV�RI�WKH�OXQJV�ZLWKLQ�WKH���GD\V�RQ�WKH
PRGHO�RI�EURQFKLROLWLV�FDXVHG�E\�VHIDGH[��%DVHG�RQ
WKH�KLVWRORJLFDO�LQYHVWLJDWLRQV�LW�LV�SRVVLEOH�WR�VXP�
PDUL]H�WKDW�WKHUDSHXWLF�DQG�SURSK\ODFWLF�DGPLQLVWUD�
WLRQ� RI� WKH� Ù%URQKRILWµ� WLQFWXUH� DVVLVWV� WKH� PRUH
UDSLG�HOLPLQDWLRQ�DQG�GLOXWLRQ�RI�WKH�VHFUHWLRQ�IRU�
PHG�� 7KH� DPRXQW� RI� JO\FRVDPLQRJO\FDQV� LV� LQ�
FUHDVHG�LQ�WKH�VHFUHWLRQ�SURGXFHG��,W�LV�SRVVLEOH�WR
REVHUYH�WKH�VLJQLILFDQW�VSDVPRO\WLF�DFWLRQ�RI�Ù%URQ�
KRILWµ�WLQFWXUH��7KH�Ù%URQKLFXPµ�UHIHUHQFH�GUXJ�LV
LQIHULRU�D�OLWWOH�WR�Ù%URQKRILWµ�WLQFWXUH�LQ�LWV�DFWLYLW\�
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7KH�PRUSKRORJLFDO�VWDWH�RI�WKH�OLYHU�LQ�KHDOWK\�ZKLWH
UDWV�DIWHU�WKH���GD\�DGPLQLVWUDWLRQ�RI�GUXJV�XVHG�IRU
WUHDWLQJ�SDWLHQWV�ZLWK�WKH�XOFHU�RI�VWRPDFK�DQG�GXR�
GHPXQ�KDV�EHHQ� VWXGLHG� LQ� WKH�GRVHV�HTXLYDOHQW� WR
VXFK�DQLPDOV�GRVHV�DV��ODQVRSUD]ROH�Û�����PJ�NJ���
FODULWKURP\FLQH�DQG�äËWURQLGD]ROH�Û������PJ�NJ���
7KHLU�DGPLQLVWUDWLRQ�FDXVHV�WKH�G\VWURSKLF�FKDQJHV�LQ
WKH�KHSDWRF\WHV�RI�KHDOWK\�ODERUDWRU\�DQLPDOV��ZKLFK
DJJUHJDWH�JURZV�XQGHU�WKH�HIIHFW�RI�GUXJV�FRPELQD�
WLRQV��HVSHFLDOO\�LQ�WKH�FRPELQDWLRQ�RI�DOO�WKUHH�GUXJV�
7KH�YDVFXODU�GLVRUGHUV��WKH�OREXODU�VWUXFWXUH�G\VIXQF�
WLRQV��WKH�VLJQV�RI�LQIODPPDWLRQ�DSSHDU��7KH�SKHQRP�
HQD�RI�KHSDWRF\WHV�UHJHQHUDWLRQ�DUH�DOVR�PDUNHG��7KH
OLYHU�V� PRUSKRORJLFDO� SLFWXUH� DSSHDUHG� GXH� WR� WKH
DFWLRQ�RI�WKH�FRPELQDWLRQV�RI���RU���GUXJV�VKRZV�WKH
SUHVHQFH�RI�VXPPDWLRQ�DQG�SRWHQWLDWLRQ�RI�WKH�QHJD�
WLYH�HIIHFW�RI�DQWL�XOFHU�GUXJV�RQ�KHSDWRF\WHV�DQG�LW
DLPV� IRU� VHDUFKLQJ� WKH� ZD\V� IRU� LQFUHDVLQJ� OLYHU
UHVLVWDQFH�WR�WKH�XQIDYRUDEOH�HIIHFW��
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7KH�UHVXOWV�RI�WKH�H[SHULPHQWDO�VWXG\LQJ�RI�WKH�LQIOX�
HQFH�RI�$OWDQ� DQG�(OJDFLQ�GUXJV�REWDLQHG� IURP� WKH
FROOHFWLYH�IUXLW�RI�$OQXV�JOXWLQRVD�DQG�$OQXV�LQFDQD�RQ
WKH�DFWLYLW\�RI�WKH�SURFHVVHV�RI�SHUR[LGH�R[LGDWLRQ�RI
OLSLGV��32/��DQG�DQWL�R[LGDWLYH�V\VWHP��$26��VWDWH�RI
KHDOWK\�UDWV�ZLWK�GLIIHUHQW�DJH�DUH�JLYHQ��,W�KDV�EHHQ
IRXQG�WKDW�WKH�SURFHVV�RI�WKH�QDWXUDO�DJHLQJ�RI�OLYHU
DQG�P\RFDUGLXP� LV�DFFRPSDQLHG�E\�WKH�HTXLOLEULXP
GLVRUGHU�RI�32/�$26��&RPSDULQJ�WKH�DJH�GLVRUGHUV
LQ� OLYHU�DQG�P\RFDUGLXP�RI�ROG����PRQWK�DJHG�UDWV
WKHUH�ZHUH�GHHSHU�FKDQJHV�LQ�P\RFDUGLXP��LW�FRQILUPV
WKH�GDWD�DERXW�GLIIHUHQW� UDWHV�RI� DJHLQJ� LQ�GLIIHUHQW
RUJDQV��$OWDQ�DQG�(OJDFLQ�QRUPDOL]HG�WKH�HTXLOLEULXP
RI�32/�$26� LQ� OLYHU�DQG�P\RFDUGLXP�UHVSHFWLYHO\
GLVWXUEHG�ZLWK�DJH��7KH�PHGLFLQHV�DFWLYDWHG�RI�WKH�ROG
UDWV��DQWL�R[LGDWLYH�V\VWHP��7KH�UHVXOWV�REWDLQHG�WHVWLI\
WR�JHUR�SURWHFWLYH�SURSHUWLHV�RI�HOODJRWDQQLQ�FRQWDLQ�
LQJ�GUXJV�$OQDQ�DQG�(OJDFLQ�DQG�IXUWKHU�UHVHDUFK�FDQ
EH�SURPLVLQJ�IRU�FUHDWLQJ�RI�JHUR�SURWHFWLYH�GUXJV�RQ
WKHLU�EDVLV�
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7KH� SUDFWLFDO� PHGLFLQH� KDV� D� FHUWDLQ� GHILFLHQF\� LQ
SKDUPDFRORJLFDO�DJHQWV��ZKLFK�DFWLYHO\�LQIOXHQFH�WKH
V\VWHP�RI�EORRG�FRDJXODWLRQ��7KH�VHDUFK�RI�ELRORJLFDOO\
DFWLYH�VXEVWDQFHV�RI�D�SODQW�RULJLQ�LV�RI�VFLHQWLILF�DQG
SUDFWLFDO�LQWHUHVWV�EHFDXVH�RI�WKHVH�VXEVWDQFHV�SRVVHVV
D�ZLGH�VSHFWUXP�RI�SKDUPDFRORJLFDO�DFWLRQ�DQG�D�ORZ
WR[LFLW\��,Q�WKLV�FRQQHFWLRQ�WKH�VHDUFK�DQG�WKH�IXUWKHU
SKDUPDFRORJLFDO�VWXG\�RI�PHGLFDWLRQV�RI�D�SODQW�RULJLQ
DUH�SURPLVLQJ��$V�D�UHVXOW�RI�WKH�UHVHDUFK�LW�KDV�EHHQ
SURYHQ�WKH�DQWL�HQ]\PDWLF�FKDUDFWHU�RI�WKH�DQWL�ILEUR�
O\WLF� DFWLRQ� PHFKDQLVP� RI� D� GU\� H[WUDFW� RI� 5XEXV
FDHVLXV� VKRRWV�� LW� EORFNV� SURILEULQRO\VLQH� �SODVPLQR�
JHQ��DFWLYDWRUV�Û�VWUHSWRNLQDVH�DQG�XURNLQDVH�Û�DQG
VXSSUHVVHV�WKH�DFWLRQ�RI�ILEURO\VLQH��SODVPLQ��LQ�WKH
H[SHULPHQWV�LQ�YLWUR��7KH�GUXJ�KDV�D�VSHFLILF�KDHPR�
VWDWLF� DFWLRQ�� 6LPXOWDQHRXVO\� WKH� WHQGHQF\� RI� WKH
FRDJXODWLRQ� LQLWLDO� VWDJHV� GHFUHDVLQJ� ZDV� REVHUYHG�
7KH�GU\�H[WUDFW�IURP�5XEXV�FDHVLXV�VKRRWV�LQKLELWV�WKH
ILEULQRO\WLF�DFWLYLW\�RI�WKH�LQWDFW�DQLPDOV��EORRG�ZKHQ
ILEULQRO\VLV�LV�GLVWXUEHG�GXH�WR�WKH�GLUHFW�DQG�LQGLUHFW
DFWLYDWLRQ�RI�SODVPLQRJHQ�
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7KH� DUWLFOH� JLYHV� WKH� H[SHULPHQWDO� GDWD� RI� WKH� HIIL�
FLHQF\�UHVHDUFK�RI�WKH�UHFRPELQDQW�VXSHUR[LGH�GLVPX�
WDVH�GUXJ�Û�5H[RG�Û�LQ�GH[DPHWD]RQH�GLDEHWHV�LQ
UDWV��,W�KDV�EHHQ�SURYHQ�WKDW�ZKLOH�XVLQJ�5H[RG�WKHUH
LV� WKH� UHGXFWLRQ� LQ� WKH� LQWHQVLW\� RI� WKH� IUHH� UDGLFDO
SURFHVVHV� R[LGDWLRQ� �LQ� WKH� OHYHO� RI� WKH� 7%$�DFWLYH
SURGXFWV��'&���WKH�DFWLYLW\�RI�WKH�IHUPHQWDWLYH�OLQN�RI
WKH�DQWL�R[LGDWLYH�V\VWHP��62'��FDWDODVH��JOXWDWLRQ�
LV�LPSURYHG��DQG�LW�SURPRWHV�WKH�LPSURYHPHQW�RI�WKH
FDUERK\GUDWH�PHWDEROLVP�VWDWH��7KH�HIILFLHQF\�RI�UH�
FRPELQDQW�VXSHUR[LGH�GLVPXWDVH�GUXJ�Û�5H[RG�H[�
FHHGHG�LQ���������WLPHV�WKH�HIILFLHQF\�RI�D�WRFRSKHURO
DFHWDWH�LQ�DOO�LQGH[HV�VWXGLHG��7KH�GDWD�REWDLQHG�WHVWLI\
WKH� H[SHGLHQF\� RI� IXUWKHU� UHVHDUFK� RI� WKH� QDWXUDO
DQWLR[LGDQWV� LQ� GLDEHWHV� PHOOLWXV� DV� FRUUHFWRUV� RI
PHWDEROLF�SURFHVVHV��
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7KH�UHVHDUFK�RI�SURVXOIDEHQ�HIIHFW�RQ�WKH�IXQFWLRQ�RI
NLGQH\V�KDV�VKRZQ�WKDW�SURVXOIDEHQ�LQ�GRVHV�RI��������
�����������DQG����PJ�NJ�LQFUHDVHV�XULQDWLRQ�ZLWKLQ
�� KRXUV� LQ� ������������� DQG�ZLWKLQ� �� KRXUV�Û� LQ
������������� 2Q� WKH� EDVLV� RI� WKHVH� LQYHVWLJDWLRQV
('���RI�SURVXOIDEHQ��ZKLFK�LV������PJ�NJ��KDV�EHHQ
FDOFXODWHG��3URVXOIDEHQ�H[FHHGV�K\SRWKLD]LGH�LQ�����
WLPHV�LQ�LWV�GLXUHWLF�HIIHFW�DQG�LW�FDQ�EH�FRPSDUHG�ZLWK
WKH�FRUUHVSRQGLQJ�DFWLRQ�RI�IXURVHPLGH��7KH�UHVHDUFK
RI�SURVXOIDEHQ�V�HIIHFW�RQ�WKH�VSRQWDQHRXV�GLXUHVLV�KDV
VKRZQ� WKDW� ZKHQ� LQWURGXFHG� RQFH� LW� LQFUHDVHV� XQ�
DXWKHQWLFDOO\�WKH�TXDQWLW\�RI�WKH�GDLO\�FRQVXPSWLRQ�RI
ZDWHU��VWUHQJWKHQV�WKH�JORPHUXODU�ILOWUDWLRQ�LQ�������
DQG�WKH�SRWDVVLXP�H[FUHWLRQ�Û�LQ�������3URVXOIDEHQ
H[FHHGHG� WKH�DFWLRQ�RI�K\SRWLD]LGH� LQ������WLPHV� LQ
WKHVH�H[SHULPHQWV�DQG�LW�FDQ�EH�FRPSDUHG�ZLWK�WKH
DFWLYLW\� RI� IXURVHPLGH�� +RZHYHU� SURVXOIDEHQ� HOLQL�
PDWHV�OHVV�DPRXQW�RI�SRWDVVLXP�LRQV�LQ�����FRPSDU�
LQJ� WR� K\SRWLD]LGH� DQG� LQ� ������ FRPSDULQJ� WR� IX�
URVHPLGH�� 7KXV�� SURVXOIDEHQ� UHYHDOHG� WKH� H[SUHVVHG
GLXUHWLF�HIIHFW�H[FHHGLQJ�WKH�FRUUHVSRQGLQJ�DFWLRQ�RI
K\SRWLD]LGH� DQG� LW� LV� FRPSDUDEOH� ZLWK� IXURVHPLGH�
KRZHYHU�� FRPSDULQJ� WR� WKHVH�GUXJV� LW� H[FUHWHV� OHVV
SRWDVVLXP�LRQV�IURP�WKH�RUJDQLVP��
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