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0DOJUDW� OD�JUDQ�TXDQWLWDW�GH� WqFQLTXHV�H[LVWHQWV�SHU�D� O¶HVWXGL�GH�PRVWUHV�GH�ELRILOPV��DYXL�HQ�GLD�HQFDUD�QR�HV
GLVSRVD� G¶XQ� PqWRGH� HVWDQGDUGLW]DW� L� jPSOLDPHQW� DFFHSWDW� SHU� DYDOXDU� HO� GHVHQYROXSDPHQW� GH� ELRILOPV� HQ
VLVWHPHV� GH� GLVWULEXFLy� G¶DLJXD�� (Q� HO� WUHEDOO� SUHVHQWDW� HQ� DTXHVWD� PHPzULD� V¶KD� GHVHQYROXSDW� XQ� VLVWHPD
H[SHULPHQWDO� SHU� DQDOLW]DU� OD� FRORQLW]DFLy� PLFURELDQD� GH� VXSHUItFLHV�� HVSHFLDOPHQW� D� SDUWLU� GH� VLVWHPHV� GH
GLVWULEXFLy�G¶DLJXD��$TXHVW�VLVWHPD�SUHVHQWD�XQHV�FDUDFWHUtVWLTXHV�DGHTXDGHV�SHU�OD�VHYD�IDFLOLWDW�G¶RSHUDFLy� L�HO
EDL[� PDQWHQLPHQW�� FRQYHUWLQW�OR� HQ� DSOLFDEOH� WDQW� SHU� PRVWUHMRV� GH� FDPS� FRP� DO� ODERUDWRUL�� (O� VLVWHPD
H[SHULPHQWDO�FRQVWD�GH�GLYHUVRV�UHDFWRUV�GH� OOLW�HPSDFDW��SOHQV�G¶HVIHUHV�GH�YLGUH�GH���PP�GH�GLjPHWUH�FRP�D
PHGL� GH� VXSRUW�� SHU� RQ� HV� ID� FLUFXODU� O¶DLJXD� TXH� HV� YRO� HVWXGLDU�� /D� FRQILJXUDFLy� HQ� IRUPD� GHO� OOLW� HPSDFDW� IL[
SHUPHW�OD�SURGXFFLy�GH�ELRILOPV�FRQWURODQW�HO�JUDGLHQW�GH�YHORFLWDWV��DOKRUD�TXH�V¶REWp�HO�Pj[LP�GH�VXSHUItFLH�HQ�HO
PtQLP�HVSDL�SRVVLEOH�

,QLFLDOPHQW� HV� YD� UHDOLW]DU� O¶RSWLPLW]DFLy� GHO� PqWRGH� H[SHULPHQWDO�� HVSHFLDOPHQW� SHO� TXH� ID� UHIHUqQFLD� DO
SURFHVVDPHQW� SUHYL� GH� OHV� PRVWUHV� GH� ELRILOP� ±� UHQWDW� L� VHSDUDFLy� ��� DO� PDWHULDO� GH� VXSRUW� L� D� OHV� FRQGLFLRQV
KLGURGLQjPLTXHV� XWLOLW]DGHV� GH� IRUPD� UXWLQjULD�� $L[t�PDWHL[�� HV� YDQ� VHOHFFLRQDU� OHV� DQDOtWLTXHV�PLFURELROzJLTXHV
TXH�YDQ�SHUPHWUH�TXDQWLILFDU�DOKRUD�OHV�PRVWUHV�SODQFWzQLTXHV�L�GH�ELRILOP��'HVSUpV�GH�SURYDU�GLIHUHQWV�PqWRGHV
GH� WLQFLy� GLUHFWD� GHOV� � ELRILOPV� HV� YDQ� HVFROOLU� OHV� WLQFLRQV� DPE� WDURQMD� G¶DFULGLQD� L� DPE� /LYH�'HDG� %DFOLJKW�
DSOLFDGHV�DOKRUD�HQ�HOV� UHFRPSWHV� WRWDOV�GH� OHV�PRVWUHV�GLVJUHJDGHV��(V�YD�DSOLFDU� L�RSWLPLW]DU� OD� WqFQLFD�GH� OD
FULRLQFOXVLy��WLQFLy�DPE�'$3,�L�&7&�L�FULRVHFFLy�DOV�ELRILOPV�GHVHQYROXSDWV�DO�PDWHULDO�GH�VXSRUW��HVIHUHV�GH�YLGUH��
7DPEp� HV� YD� RSWLPLW]DU� OD� PLFURVFzSLD� HOHFWUzQLFD� GH� UDVWUHLJ� DPELHQWDO� �(6(0�� L� OD� PLFURVFzSLD� FRQIRFDO�
)LQDOPHQW�� OHV� PRVWUHV� HV� YDQ� REVHUYDU� LJXDOPHQW� DPE� XQ� SHUILOzPHWUH� zSWLF� FRQIRFDO� TXH� XWLOLW]D� XQ� SDWUy
G¶HVFOHW[HV�SHU�DO�UDVWUHLJ�

$�FRQWLQXDFLy�� OHV� WqFQLTXHV�GHVFULWHV�HV� YDQ�DSOLFDU� HQ� O¶DYDOXDFLy�GH� OD� IRUPDFLy�GH�ELRILOPV�D�SDUWLU� G¶DLJ�HV
VXEWHUUjQLHV�VHQVH� WUDFWDU��(V�YD�UHDOLW]DU�XQ�VHJXLPHQW�GHO�GHVHQYROXSDPHQW�GH�ELRILOPV�D�SDUWLU�GH� O¶DLJXD�GH
GUHQDWJH�UHXWLOLW]DGD�SHU�DO�UHJ�GH�SDUFV�XUEDQV�D�6DQW�0DUWt���SRX�G¶$OIRQV�HO�0DJQjQLP��%HVyV��%DUFHORQD��L�GH
OD�PLQD�GH�5LEDWDOODGD��&$66$��6DEDGHOO���(Q�HOV�GRV�FDVRV�V¶KDQ�SRJXW�DwOODU�GHO�ELRILOP�GLIHUHQWV�PHPEUHV�GH�OD
PLFURELRWD� DXWzFWRQD�� $� PpV�� OD� SUHVqQFLD� G
LQGLFDGRUV� GH� FRQWDPLQDFLy� IHFDO� FRP� HOV� FROLIRUPHV� WRWDOV� R
(VFKHULFKLD�FROL�DL[t�FRP�RSRUWXQLVWHV�R�SDWzJHQV��LQGLFDULD� OD�SRWHQFLDOLWDW�G¶DTXHVWV�ELRILOPV�FRP�D�UHIXJL�SHU�D
WRW�WLSXV�GH�PLFURRUJDQLVPHV�

$�SDUW�GHO�VHJXLPHQW�SHU�UHFRPSWH�GH�YLDEOHV� L�UHFRPSWH�GLUHFWH�PLFURVFzSLF�GHVSUpV�GH�GLVJUHJDU� OHV�PRVWUHV�
WDPEp�V¶KD�PRQLWRULW]DW�HO�GHVHQYROXSDPHQW�GHOV�ELRILOPV�D�WUDYpV�GH�OD�PLFURVFzSLD�FRQIRFDO��$TXHVWD�WqFQLFD�KD
SHUPqV�VHJXLU� OD�FRORQLW]DFLy�GHOV� UHDFWRUV�DO� OODUJ�GHO� WHPSV��$� O
HVWDFLy�H[SHULPHQWDO�XELFDGD�D�6DQW�0DUWt�� OD
IRUPDFLy�GH�ELRILOPV�KD�DUULEDW�D� OD�IDVH�GH�GHVHQYROXSDPHQW�Pj[LP�HQWUH�HOV��������GLHV�G¶H[SRVLFLy�D� O¶DLJXD
IUHjWLFD��(Q�DTXHVW�FDV��D�PHVXUD�TXH�HO�ELRILOP�PDGXUD�KD�HVWDW�SRVVLEOH�GLIHUHQFLDU�PpV�DJUHJDWV�FHOÂOXODUV��L�D
SDUWLU� GHOV� ��� GLHV� GH� FRQWDFWH� DPE� O
DLJXD� HO� ELRILOP� KD� UHFREHUW� OD� PDMRULD� GH� OHV� jUHHV� SUqYLDPHQW� QR
FRORQLW]DGHV��'HVSUpV�GHOV�������GLHV� L� ILQV�DO� ILQDO�GH� WHPSV�G¶H[SRVLFLy�V¶KD�REVHUYDW� OD�SUHVqQFLD�GH�ELRILOPV
SOHQDPHQW� GHVHQYROXSDWV� L� DOWDPHQW� HVWUXFWXUDWV�� DPE� SUHVqQFLD� G¶XQD� FDSD� EDVDO� GH� �����µP�� ]RQHV� RQ� HO
ELRILOP�VREUHVXUW�G¶DTXHVWD�FDSD�EDVDO�L�]RQHV�SOHQHV�GH�FDQDOV�G¶DLJXD�VHQVH�FqOÂOXOHV�

/HV�PRVWUHV� GH� ELRILOP� REWLQJXGHV� D� SDUWLU� G¶DLJ�HV� VXEWHUUjQLHV� V¶KDQ� FRPSDUDW� DPE� XQD� WHUFHUD� HVWDFLy� GH
PRVWUHLJ�� RQ� V¶KD� XWLOLW]DW� DLJXD� G¶XQD� [DU[D� GH� GLVWULEXFLy� G¶DLJXD� SRWDEOH�� (Q� DTXHVW� FDV�� HOV� ELRILOPV� QR� KDQ
DUULEDW�D� IRUPDU�HVWUXFWXUHV�FRPSOH[HV�FRP� OHV�REVHUYDGHV�D� OHV�DOWUHV�GXHV� ]RQHV�GH�PRVWUHLJ��PRVWUDQW� XQD
EDL[D�GHQVLWDW�FHOÂOXODU�

(O�FRQWURO�GH�OD�IRUPDFLy�GHOV�ELRILOPV�SRW�LQFORXUH�WUDFWDPHQWV�DOWHUQDWLXV�D� OD�GHVLQIHFFLy��(Q�DTXHVW�VHQWLW�� O¶~V
GH� FRQGLFLRQDGRUV� FDWDOtWLFV� KD� GHPRVWUDW� SUHVHQWDU� XQ� HIHFWH� SRVLWLX� UHGXLQW� OD� IRUPDFLy� GHO� ELRILOP� GH� IRUPD
VLJQLILFDWLYD��DOKRUD�TXH�QR�DIHJHL[�FDS�SURGXFWH�TXtPLF�D� O¶DLJXD��$TXHVW�HIHFWH�V
KD�SUHVHQWDW�HQ�OD�PDMRULD�GH
JUXSV�EDFWHULDQV�HVWXGLDWV��UHGXLQW�OD�SUHVqQFLD�GHOV�EDFWHULV�WRWDOV�HQ�SODFD��FROLIRUPHV�WRWDOV�L�3VHXGRPRQDV�

)LQDOPHQW��V¶KD�GHVHQYROXSDW�O¶HVTXHPD�PHWRGROzJLF�SHU�DYDOXDU�HO�ULVF�PLFURELROzJLF�SHU�D��OD�VDOXW�S~EOLFD�GH�OD
UHXWLOLW]DFLy� G¶DLJ�HV� VXEWHUUjQLHV� HQ� OD� LUULJDFLy� GH� SDUFV� L� MDUGLQV� XUEDQV�� 6¶KD� DGDSWDW� OD� PHWRGRORJLD� GH
O¶DYDOXDFLy�GHO�ULVF�PLFURELj�SHU�D�O¶HVWXGL�GH�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD��RQ�HO�GHVHQYROXSDPHQW�GHOV�ELRILOPV
SRW� IRPHQWDU� OD� SUHVqQFLD� G¶DJUHJDWV� D� OD� IDVH� OtTXLGD�� (Q� DTXHVW� VHQWLW�� HO� SRWHQFLDO� GH� IRUPDFLy� GH� ELRILOP� �
SDUjPHWUH� GHWHUPLQDW� D� SDUWLU� GH� OHV� GDGHV� REWLQJXGHV� DPE� HO� VLVWHPD� H[SHULPHQWDO� ��� � HV� FRQILJXUD� FRP� XQ
SDUjPHWUH�EjVLF�L�TXH�QR�HV�SRW�QHJOLJLU�GH�FDUD�D�O¶DYDOXDFLy�GHO�ULVF�VDQLWDUL�SHU�D�OD�VDOXW�S~EOLFD�
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$�SHVDU�GH�OD�JUDQ�FDQWLGDG�GH�WpFQLFDV�H[LVWHQWHV�SDUD�HO�HVWXGLR�GH�PXHVWUDV�GH�ELRILOPV��KR\�HQ�GtD�WRGDYtD�QR
VH� GLVSRQH� GH� XQ� PpWRGR� HVWDQGDUL]DGR� \� iPSOLDPHQWH� DFHSWDGR� SDUD� HYDOXDU� HO� GHVDUUROOR� GH� ELRILOPV� HQ
VLVWHPDV� GH� GLVWULEXFLyQ� GH� DJXD�� (Q� HO� WUDEDMR� SUHVHQWDGR� HQ� HVWD� PHPRULD� VH� KD� GHVDUUROODGR� XQ� VLVWHPD
H[SHULPHQWDO� SDUD� DQDOL]DU� OD� FRORQL]DFLyQ� PLFURELDQD� GH� VXSHUILFLHV�� HVSHFLDOPHQWH� D� SDUWLU� GH� VLVWHPDV� GH
GLVWULEXFLyQ�GH�DJXD�

(VWH� VLVWHPD� SUHVHQWD� XQDV� FDUDFWHUtVWLFDV� DGHFXDGDV� SRU� VX� IDFLOLGDG� GH� RSHUDFLyQ� \� EDMR� PDQWHQLPLHQWR�
FRQYLUWLpQGROR�HQ�DSOLFDEOH�WDQWR�HQ�PXHVWUHRV�GH�FDPSR�FRPR�GH�ODERUDWRULR��(O�VLVWHPD�H[SHULPHQWDO�FRQVWD�GH
YDULRV�UHDFWRUHV�GH�OHFKR�HPSDFDGR�� OOHQRV�GH�HVIHUDV�GH�YLGULR�GH���PP�GH�GLiPHWUR�FRPR�PHGLR�GH�VRSRUWH�
SRU�GRQGH�FLUFXOD�HO�DJXD�TXH�VH�TXLHUH�HVWXGLDU��/D�FRQILJXUDFLyQ�HQ� IRUPD�GH� OHFKR�HPSDFDGR� ILMR�SHUPLWH� OD
SURGXFFLyQ�GH�ELRILOPV�FRQWURODQGR�HO�JUDGLHQWH�GH�YHORFLGDGHV��D�OD�YH]�TXH�VH�REWLHQH�HO�Pi[LPR�GH�VXSHUItFLH
HQ�HO�PtQLPR�HVSDFLR�SRVLEOH�

,QLFLDOPHQWH�VH�UHDOL]y�OD�RSWLPL]DFLyQ�GHO�PpWRGR�H[SHULPHQWDO��HVSHFLDOPHQWH�HQ�OR�TXH�VH�UHILHUH�DO�SURFHVDGR
SUHYLR�GH�ODV�PXHVWUDV�GHO�ELRILOP��ODYDGR�\�VHSDUDFLyQ���DO�PDWHULDO�GH�VRSRUWH�\�D�ODV�FRQGLFLRQHV�KLGURGLQiPLFDV
XWLOL]DGDV� GH� IRUPD� UXWLQDULD�� $Vt� PLVPR�� VH� VHOHFFLRQDURQ� ODV� DQDOtWLFDV� PLFURELROyJLFDV� TXH� SHUPLWLHURQ
FXDQWLILFDU� D� OD� YH]� ODV�PXHVWUDV� SODQFWyQLFDV� \� GHO� ELRILOP�� 'HVSXpV� GH� SUREDU� GLIHUHQWHV�PpWRGRV� GH� WLQFLyQ
GLUHFWD�GH�ORV�ELRILOPV��VH�HVFRJLHURQ�ODV�WLQFLRQHV�FRQ�QDUDQMD�GH�DFULGLQD�\�FRQ�/LYH�'HDG�%DFOLJKW��DSOLFDGDV�D
OD�YH]�HQ�ORV�UHFXHQWRV�WRWDOHV�GH�ODV�PXHVWUDV�GLVJUHJDGDV��6H�DSOLFy�\�RSWLPL]y� OD� WpFQLFD�GH� OD�FULRLQFOXVLyQ�
WLQFLyQ�FRQ�'$3,�\�&7&�\�FULRVHFFLyQ�D�ORV�ELRILOPV�GHVDUUROODGRV�HQ�HO�PDWHULDO�GH�VRSRUWH��7DPELpQ�VH�RSWLPL]y
OD�PLFURVFRStD�HOHFWUyQLFD�GH�EDUULGR�DPELHQWDO� �(6(0��\� OD�PLFURVFRStD�FRQIRFDO��)LQDOPHQWH�� ODV�PXHVWUDV�VH
REVHUYDURQ�FRQ�XQ�SHUILOyPHWUR�FRQIRFDO�

$�FRQWLQXDFLyQ��ODV�WpFQLFDV�GHVFULWDV�VH�DSOLFDURQ�HQ�OD�HYDOXDFLyQ�GH�OD�IRUPDFLyQ�GH�ELRILOPV�D�SDUWLU�GH�DJXDV
VXEWHUUiQHDV�VLQ�WUDWDU��6H�UHDOL]y�XQ�VHJXLPLHQWR�GHO�GHVDUUROOR�GH�ELRILOPV�D�SDUWLU�GHO�DJXD�GH�GUHQDMH�XWLOL]DGD
SDUD�HO�ULHJR�GH�SDUTXHV�XUEDQRV�HQ�6DQW�0DUWt��SR]R�GH�$OIRQV�HO�0DJQjQLP��%HVyV��%DUFHORQD��\�GH�OD�PLQD�GH
5LEDWDOODGD� �&$66$�� 6DEDGHOO�� (Q� ORV� GRV� FDVRV� VH� KDQ� SRGLGR� DLVODU� GHO� ELRILOP� GLIHUHQWHV� PLHPEURV� GH� OD
PLFURELRWD�DXWyFWRQD��$GHPiV��OD�SUHVHQFLD�GH�LQGLFDGRUHV�GH�FRQWDPLQDFLyQ�IHFDO�FRPR�ORV�FROLIRUPHV�WRWDOHV�R
(VFKHULFKLD� FROL�� DVt� FRPR� RSRUWXQLVWDV� R� SDWyJHQRV�� LQGLFDUtD� OD� SRWHQFLDOLGDG� GH� HVWRV� ELRILOPV� FRPR� UHIXJLR
SDUD� WRGR� WLSR� GH� PLFURRUJDQLVPRV�� $SDUWH� GHO� VHJXLPLHQWR� GHO� UHFXHQWR� GH� YLDEOHV� \� UHFXHQWR� PLFURVFySLFR
GLUHFWR�GHVSXpV�GH�GLVJUHJDU� ODV�PXHVWUDV�� WDPELpQ�VH�KD�PRQLWRUL]DGR�HO�GHVDUUROOR�GH�ELRILOPV�D� WUDYpV�GH� OD
PLFURVFRStD�FRQIRFDO��(VWD�WpFQLFD�KD�SHUPLWLGR�VHJXLU�OD�FRORQL]DFLyQ�GH�ORV�UHDFWRUHV�D�OR�ODUJR�GHO�WLHPSR��(Q�OD
HVWDFLyQ�H[SHULPHQWDO�XELFDGD�HQ�6DQW�0DUWt��OD�IRUPDFLyQ�GH�ELRILOPV�KD�OOHJDGR�D�OD�IDVH�GH�GHVDUUROOR�Pi[LPR
HQWUH� ORV� ������� GtDV� GH� H[SRVLFLyQ� DO� DJXD� IUHiWLFD�� (Q� HVWH� FDVR�� D� PHGLGD� TXH� HO� ELRILOP� PDGXUD� KD� VLGR
SRVLEOH� GLIHUHQFLDU� PiV� DJUHJDGRV� FHOXODUHV�� \� D� SDUWLU� GH� ORV� ��� GtDV� GH� FRQWDFWR� FRQ� HO� DJXD� HO� ELRILOP� KD
UHFXELHUWR�OD�PD\RUtD�GH�ODV�iUHDV�SUHYLDPHQWH�QR�FRORQL]DGDV��'HVSXpV�GH�������GtDV�\�KDVWD�HO�ILQDO�GHO�WLHPSR
GH�H[SRVLFLyQ�VH�KD�REVHUYDGR�OD�SUHVHQFLD�GH�ELRILOPV�SOHQDPHQWH�GHVDUUROODGRV�\�DOWDPHQWH�HVWUXFWXUDGRV��FRQ
SUHVHQFLD�GH�XQD�FDSD�EDVDO�GH������µP��]RQDV�GRQGH�HO�ELRILOP�VREUHVDOH�GH�HVWD�FDSD�EDVDO�\�]RQDV�OOHQDV�GH
FDQDOHV�GH�DJXD�VLQ�FpOXODV�

/DV�PXHVWUDV�GH�ELRILOP�REWHQLGDV�D�SDUWLU�GH�DJXDV�VXEWHUUiQHDV�VH�KDQ�FRPSDUDGR�FRQ�XQD�WHUFHUD�HVWDFLyQ�GH
PXHVWUHR��GRQGH�VH�KD�XWLOL]DGR�DJXD�GH�OD�UHG�GH�GLVWULEXFLyQ�GH�DJXD�SRWDEOH��(Q�HVWH�FDVR��ORV�ELRILOPV�QR�KDQ
OOHJDGR�D�IRUPDU�HVWUXFWXUDV�FRPSOHMDV��FRPR�ODV�REVHUYDGDV�HQ�ODV�RWUDV�GRV�]RQDV�GH�PXHVWUHR��PRVWUDQGR�XQD
EDMD�GHQVLGDG�FHOXODU�

(O�FRQWURO�GH�OD�IRUPDFLyQ�GH�ELRILOPV�SXHGH�LQFOXLU�WUDWDPLHQWRV�DOWHUQDWLYRV�D�OD�GHVLQIHFFLyQ��(Q�HVWH�VHQWLGR��HO
XVR� GH� DFRQGLFLRQDGRUHV� FDWDOtWLFRV� KD� GHPRVWUDGR� SUHVHQWDU� XQ� HIHFWR� SRVLWLYR� UHGXFLHQGR� OD� IRUPDFLyQ� GHO
ELRILOP� GH� IRUPD� VLJQLILFDWLYD�� D� OD� YH]� TXH� QR� VH� DxDGH� QLQJ~Q� SURGXFWR� TXtPLFR� DO� DJXD�� (VWH� HIHFWR� VH� KD
SUHVHQWDGR�HQ� OD�PD\RUtD�GH� JUXSRV� EDFWHULDQRV� HVWXGLDGRV�� UHGXFLHQGR� ORV� UHFXHQWRV� GH� EDFWHULDV� WRWDOHV� HQ
SODFD��FROLIRUPHV�WRWDOHV�\�3VHXGRPRQDV�

)LQDOPHQWH�� VH� KD� GHVDUUROODGR� HO� HVTXHPD�PHWRGROyJLFR� SDUD� HYDOXDU� HO� ULHVJR� PLFURELROyJLFR� SDUD� OD� 6DOXG
3~EOLFD�GH�OD�UHXWLOL]DFLyQ�GH�DJXDV�VXEWHUUiQHDV�HQ�OD�LUULJDFLyQ�GH�SDUTXHV�\�MDUGLQHV�XUEDQRV��6H�KD�DGDSWDGR
OD�PHWRGRORJtD�GH� OD�HYDOXDFLyQ�GHO� ULHVJR�PLFURELDQR�SDUD�HO�HVWXGLR�GH� ORV�VLVWHPDV�GH�GLVWULEXFLyQ�GH�DJXD�
GRQGH�HO�GHVDUUROOR�GH�ORV�ELRILOPV�SXHGH�IRPHQWDU�OD�SUHVHQFLD�GH�DJUHJDGRV�HQ�OD�IDVH�OtTXLGD��(Q�HVWH�VHQWLGR�
HO� SRWHQFLDO� GH� IRUPDFLyQ� GH� ELRILOPV� VH� FRQILJXUD� FRPR� XQ� SDUiPHWUR� EiVLFR� SDUD� SRGHU� HYDOXDU� HO� ULHVJR
VDQLWDULR�SDUD�OD�6DOXG�3~EOLFD�
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8S� WR� QRZ�� WKHUH� DUH� QR� JHQHUDO� VWDQGDUGL]HG� DQG� ZLGHO\� DFFHSWHG� PHWKRGV� IRU� UHPRYDO� RI� DWWDFKHG

PLFURRUJDQLVPV�LQ�ZDWHU�GLVWULEXWLRQ�V\VWHPV��2XU�VWXG\�DGGUHVVHG�WKH�GHVLJQ��GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�DQ

H[SHULPHQWDO�V\VWHP�WR�PHDVXUH�GLUHFWO\�WKH�H[WHQW�RI�ELRILOP�IRUPDWLRQ�LQ�ZDWHU�V\VWHPV�

%HFDXVH�RI�LWV�FRPSDFWQHVV��UXJJHGQHVV��ORZ�FRVW�DQG�YHUVDWLOLW\��WKLV�LV�D�VXLWDEOH�V\VWHP�IRU�ILHOG�DQG�ODERUDWRU\

H[SHULPHQWV��:H�KDYH�GHYHORSHG�LW�XVLQJ�SDFNHG�EHG�UHDFWRUV�IXOO�RI���PP�JODVV�EHDGV�DV�VWDQGDUG�DWWDFKPHQW

PHGLD�� WLJKWO\�SDFNHG� LQ�F\OLQGULFDO� WXEHV�DQG�VWHULOL]HG�SULRU� WR�VWDUWXS��7KH�H[SHULPHQWDO�V\VWHP�ZDV� IHHG�ZLWK

ZDWHU�SXPSHG�IURP�WKH�VRXUFH�XVHG��GHSHQGLQJ�RQ�WKH�H[SHULPHQWDO�FRQGLWLRQV��7KH�UHDFWRUV�ZHUH�RSHUDWHG�LQ�DQ

XSZDUG�IORZ�PRGH�DOORZLQJ�WKH�FRQWURO�RI�YHORFLW\�JUDGLHQW��DQG�ZDWHU�H[LWHG�DW�WKH�WRS�RI�WKH�UHDFWRUV��FRYHULQJ�WKH

HQWLUH� V\VWHP� LQ� RUGHU� WR� DWWDLQ� D� EHWWHU� UHJXODWLRQ� RI� WKH� WHPSHUDWXUH�� $W� WKH� VDPH� WLPH�� SDFNHG� EHG� UHDFWRUV

LQFUHDVH�WKH�UDWLR�RI�VXUIDFH�DUHD�WR�YROXPH��SHUPLWWLQJ�LQWLPDWH�FRQWDFW�RI�IOXLG�HOHPHQWV�DQG�ELRPDVV��:DWHU�ZDV

DOORZHG� WR� IORZ� WKURXJK� WKH� EHG� RI� JODVV� VSKHUHV� GXULQJ� D� FHUWDLQ� SHULRG� RI� WLPH� DIWHU� ZKLFK� WKH� UHDFWRU� ZDV

UHPRYHG�DQG�WKH�EHDGV�WUHDWHG�WR�DQDO\]H�WKHLU�FRQWHQW�RI�DWWDFKHG�PLFURRUJDQLVPV�

)LUVW��ZH�DGGUHVVHG� WKH� RSWLPL]DWLRQ� RI� H[SHULPHQWDO� V\VWHP�� LQ� RUGHU� WR� LPSURYH� WKH� SUHOLPLQDU\� SURFHVVLQJ� RI

ELRILOP�VDPSOHV��ULQVLQJ�DQG�UHPRYLQJ����WKH�XVH�RI�GLIIHUHQW�DWWDFKPHQW�PDWHULDO�DQG�WKH�K\GURG\QDPLF�FRQGLWLRQV�

:H� VHOHFW� WKH� GLIIHUHQW� WHFKQLTXHV� IRU� PLFURELDO� DQDO\VHV�� IRU� TXDQWLI\LQJ� WKH� VHVVLOH� �ELRILOP�� DQG� SODQNWRQLF

SRSXODWLRQV� DW� WKH� VDPH� WLPH�� 6DPSOHV� ZHUH� DOVR� H[DPLQHG� XVLQJ� DFULGLQH� RUDQJH� DQG� /LYH�'HDG� %DF/LJKW

VWDLQLQJ� DQG� HSLIOXRUHVFHQFH� PLFURVFRS\�� DQG� ZLWK� D� FU\RHPEHGGLQJ� WHFKQLTXH� DQG� VWDLQLQJ� ZLWK� '$3,�&7&�

)XUWKHUPRUH��ELRILOP�VDPSOHV�ZHUH�H[DPLQHG�XVLQJ�FRQIRFDO�PLFURVFRS\�DQG�HQYLURQPHQWDO� VFDQQLQJ�HOHFWURQLF

PLFURVFRS\��(6(0���)LQDOO\��ZH�DSSOLHG�D�QHZO\�GHYHORSHG�FRQIRFDO�SHUILORPHWHU�IRU�WKH�VDPH�SXUSRVH�

7KH�GLIIHUHQW� WHFKQLTXHV�ZHUH�DSSOLHG� LQ�RUGHU� WR�DVVHVV� LQ�VLWX� WKH�ELRILOP�GHYHORSPHQW� IURP�JURXQGZDWHU��7KH

H[SHULPHQWDO� V\VWHP�KDV�EHHQ�XVHG� WR�DVVHVV� WKH�ELRILOP� IRUPDWLRQ� IURP� WZR�GLIIHUHQW� JURXQGZDWHU� V\VWHPV�� D

JURXQGZDWHU�ZHOO�XVHG�IRU�XUEDQ�SDUNV�LUULJDWLRQ��LQ�WKH�%HVyV�ULYHU�EDVLQ��ORFDWHG�QRUWK�RI�%DUFHORQD��6SDLQ��DQG

WKH�5LEDWDOODGD�JURXQGZDWHU�LQ�6DEDGHOO��0HPEHUV�RI�WKH�DXWRFKWKRQRXV�ZDWHU�PLFURELRWD�ZHUH�LVRODWHG�IURP

WZR� UHFODLPHG� JURXQGZDWHU� H[DPLQHG�� $PRQJ� WKHP� ZH� FRXOG� LGHQWLI\�(VFKHULFKLD� FROL��(QWHUREDFWHU� VS��

(QWHUREDFWHU�DJJORPHUDQV�DQG�RWKHU�PHPEHUV�RI�WKH�(QWHUREDFWHULDFHDH��DQG�GLIIHUHQW�3VHXGRPRQDV�DQG

0\FREDFWHULXP� VWUDLQV�� 7KH� ELRILOPV� ZHUH� DOVR� H[DPLQHG� LQ� ILHOG� H[SHULPHQWV� XVLQJ� WKH� FRQIRFDO� VFDQQLQJ

PLFURVFRSH��:LWK�WKH�DLG�RI�D�SRO\FDUERQDWH�FHOO�� LPDJHV�RI�HDFK�LQGLYLGXDO�JODVV�VSKHUHV�FRXOG�EH�REWDLQHG��$W

%HVyV�JURXQGZDWHU�ZHOO��WKH�JODVV�VSKHUHV�ZHUH�UDSLGO\�FRORQL]HG�DQG�DSSHDUHG�WR�IRUP�ELRILOP��ZKLFK�ZDV�LQLWLDOO\

ORFDOL]HG��ZLWK� ODUJH�DUHDV�XQFRORQL]HG��$V�WKH�ELRILOP�PDWXUHG�LW�ZDV�SRVVLEOH�WR�GLIIHUHQWLDWH�VRPH�FHOO�FOXVWHUV�

DQG�EDFWHULDO�JURZWK�LQILOOHG�WKH�SUHYLRXVO\�XQFRORQL]HG�]RQHV�DIWHU����GD\V��%LRILOPV�UHDFKHG�WKHLU�PD[LPXP�OHYHO

RI�GHYHORSPHQW�DIWHU�������GD\V��ZKHUH��D�ORZ�EDVDO�OD\HU�RI�FHOOV�FRXOG�EH�GLVWLQJXLVKHG��ZKLFK�ZDV�������P�LQ

KHLJKW��ZLWK�VWDFNV�RI�ELRILOP�FRPLQJ�XS�IURP�WKH�VXUIDFH�

%LRILOP�VDPSOHV�REWDLQHG�IURP�JURXQGZDWHU�VXSSOLHV�ZHUH�FRPSDUHG�ZLWK�ELRILOPV�IURP�D�SRWDEOH�ZDWHU�GLVWULEXWLRQ

V\VWHP��,Q�WKLV�FDVH��ELRILOPV�SUHVHQWHG�D�ORZ�FHOO�GHQVLWLHV�DQG�KDG�QRW�UHDFKHG�WR�IRUP�FRPSOH[�VWUXFWXUHV�OLNH

ZH�REVHUYHG�IURP�JURXQGZDWHU�VXSSOLHV�

&RQWURO� RI� ELRILOP� IRUPDWLRQ� FDQ� LQFOXGH� DOWHUQDWLYH� WUHDWPHQWV� WR� GLVLQIHFWLRQ�� ,Q� WKLV� VHQVH�� XVH� RI� FDWDO\WLF

FRQGLWLRQHUV� SUHVHQWHG� D� VLJQLILFDQWO\� SRVLWLYH� HIIHFW� UHGXFLQJ� ELRILOP� IRUPDWLRQ�� ZLWKRXW� DGGLQJ� DQ\� FKHPLFDO� WR

ZDWHU����7KLV�SRVLWLYH�HIIHFW�RI�FDWDOLWLF�FRQGLWLRQHUV�KDV�EHHQ�REVHUYHG�LQ�WKH�PDMRULW\�RI�PLFURELDO�JURXSV�VWXGLHG�

UHGXFLQJ�EDFWHULDO�FRXQWV��3VHXGRPRQDV�DQG�FROLIRUP�SUHVHQFH�

)LQDOO\��ZH�GHYHORS�WKH�VFKHPDWLF�PHWKRGRORJ\�WR�HVWDEOLVK�WKH�3XEOLF�+HDOWK�ULVNV�LQ�JURXQGZDWHU�UHFODPDWLRQ�IRU

LUULJDWLRQ��RI�XUEDQ�SDUNV��:H�DGDSWHG� WKH�JHQHUDO�5LVN�$VVHVVPHQW�PHWKRGRORJ\� LQ�RUGHU� WR�DVVHVV� WKH�ELRILOP

HIIHFW� WR� LQFUHDVH�EDFWHULDO�DJJUHJDWHV� LQ� OLTXLG�SKDVH�� ,Q� WKLV�VHQVH�� WKH�SRWHQWLDO� RI� ELRILOP� IRUPDWLRQ� FRXOG�EH

XVHG�DV�D�EDVLF�SDUDPHWHU�WR�DVVHVV�WKH�3XEOLF�+HDOWK�ULVNV�


