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6H� HYDOXDURQ� GXUDQWH� �� DxR� ODV�
WDVDV� GH� GHVFRPSRVLFLyQ� � \� WDVDV� GH�
PLQHUDOL]DFLyQ�GH�QLWUyJHQR�\�IyVIRUR�HQ�
UDtFHV� GH� GLIHUHQWHV� WDPDxRV� GH� 3LQXV�
WDHGD /��EDMR� VLVWHPD� VLOYRSDVWRULO��/DV�
WDVDV� GH� GHVFRPSRVLFLyQ� �.�� HVWLPDGDV�
IXHURQ� PD\RUHV� UHVSHFWR� D� ORV� YDORUHV�
FLWDGRV� SRU� OD� ELEOLRJUDItD� FRQ� XQD�
SpUGLGD�GH�SHVR�VHFR�TXH�DOFDQ]y�HO����
�� UHVSHFWR� DO� SHVR� LQLFLDO�� (O� IyVIRUR�
SUHVHQWy� WDVDV� GH� PLQHUDOL]DFLyQ�
HOHYDGDV�FRQ�YDORUHV�GH�.�PD\RUHV�D���\�
XQD� PDUFDGD� LQPRYLOL]DFLyQ� HQ� ORV�
PHVHV�LQYHUQDOHV��$O�ILQDOL]DU�HO�HVWXGLR�
DO� PHQRV� HO� ��� �� GHO� IyVIRUR� RULJLQDO�
IXH� PLQHUDOL]DGR�� (O� QLWUyJHQR� IXH�
LQPRYLOL]DGR� GXUDQWH� WRGR� HO� HVWXGLR�
H[FHSWR�HO�GH�ODV�UDtFHV�PiV�ILQDV��HQ�ODV�
TXH�SUHVHQWy�PLQHUDOL]DFLyQ�GHO������\�
��� ��7DQWR� HO� WDPDxR� GH� ODV� UDtFHV�
FRPR� ODV� FRQFHQWUDFLRQHV� LQLFLDOHV� GH�
IyVIRUR� \� QLWUyJHQR� SUHVHQWDURQ� YDORUHV�
DOWRV�GH�FRUUHODFLyQ�FRQ�OD�WDVD�GLDULD�GH�
GHVFRPSRVLFLyQ�GH�ODV�UDtFHV��/DV�UDtFHV�
SXHGHQ� VLJQLILFDU� XQD� IXHQWH� GH� IyVIRUR�
GHQWUR� GHO� HVTXHPD� GH� PDQHMR�
VLOYRSDVWRULO� \� WHQGUtDQ� XQ� SDSHO�
LPSRUWDQWH�HQ�OD�GLQiPLFD�GHO�QLWUyJHQR�
FRPR� LQPRYLOL]DGRUHV� WHPSRUDOHV� GH�
HVWH�HOHPHQWR�
3DODEUDV� FODYH�� PLQHUDOL]DFLyQ��
IyVIRUR�� QLWUyJHQR�� SLQR� WDHGD��
$UJHQWLQD�

BBBBB6800$5<

'HFRPSRVLWLRQ�DQG�1LWURJHQ�DQG�
3KRVSKRURXV� PLQHUDOL]DWLRQ� UDWHV� LQ�
GLIIHUHQW� GLDPHWHU� URRWV� RI�3LQXV� WDHGD
SODQWV�JURZLQJ�LQ�D�VLOYRSDVWRUDO�V\VWHP�
ZHUH� HYDOXDWHG� DORQJ� �� \HDU�� 7KH�
HVWLPDWHG�GHFRPSRVLWLRQ�UDWHV��.��ZHUH�
ODUJHU� WKDQ� WKRVH� YDOXHV� FLWHG� LQ� WKH�
ELEOLRJUDSK\�ZLWK�D�GU\�ZHLJKW�ORVV�WKDW�
UHDFKHG� WKH� ���� RI� WKH� LQLWLDO� PDVV��
3KRVSKRURXV� KDG� KLJK� PLQHUDOL]DWLRQ�
UDWHV�ZLWK�.�YDOXHV�KLJKHU�WKDQ���DQG�D�
PDUNHG� LPPRELOL]DWLRQ� LQ� ZLQWHU� WLPH��
$W�WKH�HQG�RI�WKH�VWXG\��DW�OHDVW������RI�
WKH� LQLWLDO� 3� ZDV� PLQHUDOL]HG�� 1LWURJHQ�
ZDV� LPPRELOL]HG� GXULQJ� WKH� ZKROH�
VWXG\�H[FHSW�LQ�WKH�ILQHVW�URRWV�LQ�ZKLFK�
PLQHUDOL]DWLRQ� RI� ��� �� WR� ��� �� ZDV�
SUHVHQWHG�� 'DLO\� URRW� GHFRPSRVLWLRQ�
UDWH� KDG� KLJK� FRUUHODWLRQ� FRHIILFLHQWV�
ZLWK� WKH� URRW� GLDPHWHU� DQG� 3� DQG� 1
LQLWLDO�FRQFHQWUDWLRQV� 7UHH�URRWV�FDQ�EH�
D� VLJQLILFDQW�3� VRXUFH� LQ�D� VLOYRSDVWRUDO�
V\VWHP�� DQG� WKH\� FRXOG� DOVR� SOD\� DQ�
LPSRUWDQW� UROH� LQ� WHPSRUDU\� VRLO� 1�
LPPRELOL]DWLRQ��
.H\ZRUGV� PLQHUDOL]DWLRQ��
SKRVSKRURXV�� QLWURJHQ�� OREOROO\� SLQH��
$UJHQWLQD�
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UDQ�SDUWH�GH� OD�SURGXFFLyQ�SULPDULD�QHWD�GH� ODV�
SODQWDV� VRQ� GHVWLQDGDV� D� yUJDQRV� VXEWHUUiQHRV�
FRPR�ODV�UDtFHV��SXGLpQGRVH�DOFDQ]DU�YDORUHV�GH�

PiV�GHO�����GH�OD�ELRPDVD�DpUHD��0,//(5�HW�DO�������
\�HQ�HO�FDVR�GH�3LQXV�WDHGD /��VH�UHSRUWDQ�YDORUHV�GH����
������0,//(5�HW�DO� �������$�SHVDU�GH�HOOR�OD�PD\RUtD�
GH� ORV� HVWXGLRV� GH� GHVFRPSRVLFLyQ� VH� FHQWUDQ� HQ� HO�
PDQWLOOR�R�OLWWHU�IRUHVWDO��/D�GHVFRPSRVLFLyQ�HV�XQ�SDVR�
FUtWLFR�GHQWUR�GHO�FLFOR�GHO�FDUERQR�\�DGHPiV�WLHQH�JUDQ�
LPSRUWDQFLD� HQ� OD� QXWULFLyQ� GH� ODV� SODQWDV� \� HQ� OD�
FDSDFLGDG� GH� LQWHUFDPELR� FDWLyQLFR� GH� PXFKRV� VXHORV�
�9$1� /($5� HW� DO�� ������� &RPR� FRQVHFXHQFLD� GH� ORV�
DOWRV�YDORUHV�GH�ELRPDVD�GH�UDtFHV��HVWDV�FRQVWLWX\HQ�XQD�
HQWUDGD�LPSRUWDQWH�DO�PRPHQWR�GH�DQDOL]DU�HO�FLFODGR�GH�
QXWULHQWHV� \� FDUERQR� DO� VXHOR� �)$+(<� HW� DO�� ������
&$,516�HW�DO��������6,/9(5�\�0,<$�������&+(1�HW�
DO��������

'LYHUVRV� IDFWRUHV� UHJXODQ� OD� GHVFRPSRVLFLyQ� GH�
ORV�WHMLGRV�YHJHWDOHV�SXGLpQGRVH�FLWDU�DO�WLSR�GH�VXVWUDWR��
FRPSRVLFLyQ�TXtPLFD�GHO�VXVWUDWR�� WDPDxR�GHO�PDWHULDO��
KXPHGDG� \� WHPSHUDWXUD� �&+$3,1� ,,,� HW� DO�� ������� /D�
GHVFRPSRVLFLyQ� GH� UDtFHV� GLILHUH� D� OD� GHO� PDQWLOOR� \D�
TXH� UHSUHVHQWD� XQ� � WLSR� GH� VXVWUDWR� GLIHUHQWH� \� SRU� ODV�
FRQGLFLRQHV�DPELHQWDOHV�EDMR�ODV�FXDOHV�VH�GHVDUUROOD�HO�
SURFHVR�� /DV� UDtFHV�� FRPR� FXDOTXLHU� WHMLGR� YHJHWDO��
SUHVHQWDQ� GLIHUHQWHV� FRQFHQWUDFLRQHV� GH� QXWULHQWHV� \�
RWURV� FRPSXHVWRV� TXH� GHWHUPLQDUtDQ� GLIHUHQFLDV� HQ� ODV�
WDVDV� GH� GHVFRPSRVLFLyQ�� 'LYHUVRV� DXWRUHV� PHQFLRQDQ�
UHODFLRQHV�HQWUH�ORV�FRQWHQLGRV�GH�QXWULHQWHV�FRPR�1��3��
ORV�FRQWHQLGRV�GH�OLJQLQD�\�ODV�WDVDV�GH�GHVFRPSRVLFLyQ�
GH� ODV� UDtFHV� �<$1*� HW� DO�� ������� VLQ� HPEDUJR� QR� HV�
SRVLEOH� HQFRQWUDU� SDWURQHV� JHQHUDOHV� DSOLFDEOHV� D� WRGDV�
ODV� HVSHFLHV� �&$0,5e� HW� DO�� ������ 6&+(8� \�
6&+$8(50$11� ������� /R� PLVPR� RFXUUH� FRQ� HO�
WDPDxR�GH� ODV�UDtFHV�� ORV�FRQWHQLGRV�GH�QXWULHQWHV�\� ODV�
WDVDV� GH� GHVFRPSRVLFLyQ� GH� ODV� PLVPDV�� PLHQWUDV� TXH�
DOJXQRV� DXWRUHV� UHSRUWDQ� EXHQDV� FRUUHODFLRQHV� HQWUH� HO�
WDPDxR� GH� ODV� UDtFHV� \� ODV� WDVDV� GH� GHVFRPSRVLFLyQ�
�<$1*� HW� DO� ������ .,1*� HW� DO�� ������ RWURV� DXWRUHV�
HQFRQWUDURQ�FRPSRUWDPLHQWRV�GLVSDUHV��&$0,5e�HW�DO�
������ )$+(<� HW� DO� ������ 6&+(8� \�
6&+$8(50$11�������

(Q� JHQHUDO� HV� SRVLEOH� YLVXDOL]DU� HQ� ]RQDV�
VXEWURSLFDOHV�XQD�PDUFDGD�LQPRYLOL]DFLyQ�GH�QXWULHQWHV�
\� XQD� GLVPLQXFLyQ� GH� ODV� WDVDV� GH� GHVFRPSRVLFLyQ�
GXUDQWH�ORV�PHVHV�GH�LQYLHUQR��$581$&+$/$0�HW�DO��
������ -2+1� HW� DO�� ������� 'HQWUR� GH� XQ� HVTXHPD� GH�
SURGXFFLyQ� LQWHQVLYR� HV� SUREDEOH� TXH� HVWD�
LQPRYLOL]DFLyQ�HYLWH�XQD�H[FHVLYD�SpUGLGD�GH�QXWULHQWHV�
SRU� ODYDGR� GH� ORV� PLVPRV� GXUDQWH� ODV� OOXYLRVDV�
WHPSRUDGDV� LQYHUQDOHV�� 6LQ� HPEDUJR�� OD�PLQHUDOL]DFLyQ�
QHWD�GH�QXWULHQWHV�GXUDQWH�HO�SURFHVR�GH�GHVFRPSRVLFLyQ�
GH� UDtFHV� SXHGH� VLJQLILFDU PD\RU� FUHFLPLHQWR� HQ� ORV�
LQGLYLGXRV�UHPDQHQWHV�HQ�VLVWHPDV�GH�UDOHRV�LQWHQVRV�HQ�
VLWLRV�FRQ� OLPLWDQWHV�QXWULFLRQDOHV�\�R�PHFiQLFDV��9$1�
/($5�HW�DO� ������

/RV� VLVWHPDV� VLOYRSDVWRULOHV� VH� FDUDFWHUL]DQ� SRU�
FRPELQDU� OD� SURGXFFLyQ� GH� FDUQH� \� PDGHUD�

VLPXOWiQHDPHQWH�� (Q� OD� DFWXDOLGDG� HV� SRVLEOH� REVHUYDU�
XQ�DXPHQWR�HQ� OD� VXSHUILFLH� GH� VLVWHPDV�VLOYRSDVWRULOHV�
HQ� OD� SURYLQFLD� GH� 0LVLRQHV�� VLHQGR� 3LQXV� WDHGD OD�
SULQFLSDO�HVSHFLH�LPSODQWDGD�FRPR�FRPSRQHQWH�DUEyUHR��
(O� SUHVHQWH� WUDEDMR� WLHQH� FRPR� REMHWLYR� HVWXGLDU���
GLQiPLFD�GH�OD�GHVFRPSRVLFLyQ�GH�UDtFHV�GH�3LQXV�WDHGD
\� OD� PLQHUDOL]DFLyQ� GH� QXWULHQWHV� FUtWLFRV� SDUD� OD�
SURGXFFLyQ� FRPR� HO� IRVIRUR� \� HO� QLWUyJHQR�� 6H� SODQWHD�
FRPR� KLSyWHVLV� TXH� OD� WDVD� GH� GHVFRPSRVLFLyQ� \� GH�
PLQHUDOL]DFLyQ�HVWi�UHODFLRQDGD�DO�WDPDxR�GH�ODV�UDtFHV��
FRQFHQWUDFLyQ� LQLFLDO� GH� IRVIRUR� \� QLWUyJHQR� \� D� ODV�
UHODFLRQHV� &�1�� &�3� \� 1�3� SUHVHQWH� HQ� ORV� GLIHUHQWHV�
WDPDxRV�

0$7(5,$/(6�<�0e72'26

(O� HQVD\R� IXH� UHDOL]DGR� HQ� XQ� VLVWHPD�
VLOYRSDVWRULO� GH� �� DxRV� GH� HGDG� XELFDGR� HQ� HO�
GHSDUWDPHQWR�GH�0RQWHFDUOR��SURYLQFLD�GH�0LVLRQHV��HQ�
SURSLHGDGHV� GH� OD� HPSUHVD� 5DQJHU� 0DGHUDV� ����� ����
�����6���������������:���(O�FOLPD�VH�FDUDFWHUL]D�SRU�XQD�
WHPSHUDWXUD� PHGLD� DQXDO� GH� ���&�� FRQ� SUHFLSLWDFLRQHV�
TXH�URQGDQ�ORV������PP�DQXDOHV��FRQ�UpJLPHQ�LVRKLJUR�
�,17$� ������� (O� VXHOR� FRUUHVSRQGH� DO� RUGHQ� GH� ORV�
(QWLVROHV�� FRQRFLGRV� FRPR� VXHORV�SHGUHJRVRV�� GH� FRORU�
SDUGR� D� SDUGR� URML]R�� FDUDFWHUL]DGRV� SRU� SUHVHQWDU�
IUDJPHQWRV� GH� URFD�� D� YHFHV� WDPELpQ� HQ� VXSHUILFLH�� (O�
PDWHULDO�RULJLQDULR�SURYLHQH�GH�OD�LQWHPSHUL]DFLyQ�GH�OD�
URFD�EDViOWLFD�

(O� VLWLR� VH� XELFD� HQ� XQD� ]RQD� GH� UHOLHYH�
SURQXQFLDGR�� HQ� SRVLFLyQ� GH�PHGLD� ORPD� DOWD�� FRQ� XQD�
SHQGLHQWH�GH���������(O� HVFXUULPLHQWR�GH� HVWRV� VXHORV�
HV� UiSLGR� \� OD� SHUPHDELOLGDG� PRGHUDGDPHQWH� UiSLGD��
GDQGR� OXJDU� D� XQ� GUHQDMH� DOJR� H[FHVLYDPHQWH� GUHQDGR��
VLQ� SHOLJUR� GH� DQHJDPLHQWR�� FRQ� XQD� GLVWULEXFLyQ� GH� OD�
KXPHGDG�XQLIRUPH��62,/�6859(<�67$))��������

(O�XVR�DFWXDO�GHO�iUHD�EDMR�HVWXGLR�FRUUHVSRQGH�D�
XQ� VLVWHPD� VLOYRSDVWRULO� GH� 3LQXV� WDHGD GH� �� DxRV� GH�
HGDG�� FRQVRFLDGR� FRQ� SDVWXUDV� WURSLFDOHV FXOWLYDGDV� GH�
UiSLGR�FUHFLPLHQWR�FRPR�6HWDULD�VSS��\�%UDFKLDULD�VSS���
DGHPiV�GH�RWUDV�HVSHFLHV�HVSRQWiQHDV�QDWLYDV�

$�SDUWLU�GH�OD�H[WUDFFLyQ�PHGLDQWH�H[FDYDFLyQ�GH�
��iUEROHV�GH�3LQXV�WDHGD�VH�WRPDURQ�UDtFHV�GH�GLIHUHQWHV�
WDPDxRV�� /DV� UDtFHV� IXHURQ� OOHYDGDV� D� ODERUDWRULR� \�
IXHURQ�OLPSLDGDV�FRQ�DJXD�\�FODVLILFDGDV�HQ���FDWHJRUtDV�
GH�WDPDxR��UDtFHV�������FP�GH�GLiPHWUR������D���FP�GH�
GLiPHWUR�� �� D� ���� FP� GH� GLiPHWUR�� ���� D� �� FP� GH�
GLiPHWUR� \� UDtFHV� !� �� FP�GH� GLiPHWUR��(O�PDWHULDO� IXH�
VHFDGR� HQ� HVWXID� D� ��� �&� \� SHVDGR� SDUD� GHWHUPLQDU� HO�
SHVR� VHFR� LQLFLDO� GH� ODV� PXHVWUDV�� (Q� HO� FDVR� GH� ODV�
UDtFHV� �� ���� FP� GH� GLiPHWUR� VH� UHDOL]DURQ� PXHVWUDV�
LQGLYLGXDOHV� GH� �� J� GH� SHVR� GH� PDWHULDO�� PLHQWUDV� TXH�
SDUD ODV� UDtFHV�GH�����D���FP�GH�GLiPHWUR� ODV�PXHVWUDV�
IXHURQ� GH� ��� J� GH� PDWHULDO�� 3DUD� HO� UHVWR� GH� ODV�
FDWHJRUtDV� GH� WDPDxR� VH� UHDOL]DURQ� PXHVWUDV� FRQ� XQ�
Q~PHUR�LJXDO�GH�UDtFHV�SDUD�FDGD�XQD�GH�HOODV��(Q�WRGRV�
ORV� FDVRV� VH� SHVy� HO�PDWHULDO� \� VH� LGHQWLILFy� FRQ FKDSD�
QXPHUDGD��'H�FDGD�XQD�GH� ODV�FDWHJRUtDV� VH� WRPDURQ���
PXHVWUDV�SDUD� OD�GHWHUPLQDFLyQ�GH�SHVR�VHFR�D�����&�\�

*
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UHDOL]DU� ODV� FRUUHFFLRQHV� SRU� FRQWHQLGR� GH� KXPHGDG� GH�
ODV�PXHVWUDV�D�FRORFDU�HQ�FDPSR�

3DUD� OD� SUHSDUDFLyQ� GH� ODV�PXHVWUDV�� FRORFDFLyQ�
HQ� FDPSR� \� FURQRJUDPD� GH� H[WUDFFLyQ� VH� WRPDURQ� ODV�
PHWRGRORJtDV� SURSXHVWDV� SRU� GLIHUHQWHV� DXWRUHV� FRPR�
6,/9(5� \� 0,<$� �������� 52%(57621� \� 3$8/�
�������� .,1*� HW� DO�� �������� 6&+(8� \�
6&+$8(50$11� �������� 'H� HVWD� PDQHUD�� ODV�
PXHVWUDV� IXHURQ� DFRQGLFLRQDGDV� HQ� EROVDV� GH� UHG� GH� ��
PP�SDUD�ODV�UDtFHV���D�����FP�GH�GLiPHWUR�\�����D���FP�
GH� GLiPHWUR�� /DV� FDWHJRUtDV� UHVWDQWHV� IXHURQ� HQYXHOWDV�
HQ�PDOODV�GH�UHG�SOiVWLFDV�GH������FP�FRQ�WUHV�YXHOWDV�GH�
OD� PLVPD� SDUD� HYLWDU� OD� SpUGLGD� GH� PDWHULDO�� /DV�
PXHVWUDV� IXHURQ� FRORFDGDV� HQ� FDPSR� HQ� HO� PHV� GH�
2FWXEUH� D� ������ FP� GH� SURIXQGLGDG� HQ� JUXSRV� GH�
H[WUDFFLyQ����PXHVWUD�GH�FDGD�WDPDxR���/D�SURIXQGLGDG�
D� OD� FXDO� VH� FRORFDURQ� ODV� PXHVWUDV� UHVSRQGH� D�
REVHUYDFLRQHV� LQ� VLWX� UHDOL]DGDV� SDUD� GHWHUPLQDU� HO�
UDQJR� GH� GHVDUUROOR� UDGLFXODU� SDUD� ORV WDPDxRV�
HYDOXDGRV�

6H� H[WUDMHURQ� ODV� PXHVWUDV� GH� DFXHUGR� D� XQ�
FURQRJUDPD�SUHHVWDEOHFLGR�HQ�ORV�PHVHV���������\����D�
SDUWLU� GH� OD� IHFKD� GH� FRORFDFLyQ� HQ� FDPSR�� (Q� FDGD�
H[WUDFFLyQ� VH� UHWLUDURQ� �� PXHVWUDV� SRU� FDWHJRUtD� GH�
WDPDxR� \� IXHURQ� OOHYDGDV� D� ODERUDWRULR� GRQGH� IXHURQ�
OLPSLDGDV�GH�WLHUUD�\�H[WUDtGDV�ODV�UDtFHV�QXHYDV�R�YLYDV�
SURYHQLHQWHV� GH� OD� YHJHWDFLyQ� TXH� SHQHWUDURQ� SRU� ODV�
PDOODV�� /DV� PXHVWUDV� IXHURQ� VHFDGDV� D� HVWXID� D� ��� �&�
KDVWD�SHVR�FRQVWDQWH�

3RVWHULRUPHQWH�VH�HQYLy�HO�PDWHULDO�D�ODERUDWRULR�
TXtPLFR� SDUD� OD� UHDOL]DFLyQ� GH� HVWLPDFLRQHV� GH�
FRQFHQWUDFLyQ�GH�3��1�\�FDUERQR� WRWDO�GH�FDGD�PXHVWUD�
H[FHSWR�SDUD�ODV�UDtFHV���D�����FP�GH�GLiPHWUR�GHELGR�D�
OD� UiSLGD� GHVFRPSRVLFLyQ� GH� ODV� PLVPDV� OR� TXH�
LPSRVLELOLWy�GLVSRQHU�GH�PDWHULDO�VXILFLHQWH�SDUD�UHDOL]DU�
ORV� DQiOLVLV� SRU� PXHVWUD�� 'H� HVWD� PDQHUD�� \� SDUD� HVWD�
FDWHJRUtD�� VH� UHDOL]y� XQD� PXHVWUD� FRPSXHVWD� SDUD� VHU�
HQYLDGD�D�ODERUDWRULR�

6H� HYDOXy� OD� SpUGLGD� GH� SHVR� FRPR� SHVR�
UHPDQHQWH��ODV�YDULDFLRQHV�HQ�FRQFHQWUDFLyQ�\�FRQWHQLGR�
GH�3��1�\�OD�UHODFLyQ�&�1��$GLFLRQDOPHQWH��VH�HVWLPy�OD�
WDVD�GH�GHVFRPSRVLFLyQ�. PHGLDQWH�HO�DMXVWH�GHO�PRGHOR�
/W  �/��
 Ǩ�NW SURSXHVWR�SRU�2/621��������

'RQGH�/� HV�OD�PDVD�HQ�WLHPSR���\�/W HV�OD�PDVD�
UHPDQHQWH�HQ�WLHPSR�W��(O�H[SRQHQWH�N HV�OD�FRQVWDQWH�GH�
GHVFRPSRVLFLyQ� TXH� FDUDFWHUL]D� D� OD� WDVD� GH�
GHVFRPSRVLFLyQ�GH�XQ�GHWHUPLQDGR�PDWHULDO��(O�FRFLHQWH�
������.� UHSUHVHQWD� HO� WLHPSR� QHFHVDULR� SDUD� TXH� VH�
GHVFRPSRQJD� HO� ���� GH� OD� PDVD�� ��.� SDUD� TXH� VH�
GHVFRPSRQJD� HO� ��� �� GH� OD� PDVD� LQLFLDO� \� ��� .� HO�
WLHPSR�SDUD� ORJUDU�XQD�GHVFRPSRVLFLyQ�GHO������GH� OD�
PDVD�RULJLQDO��PLHQWUDV�TXH���.�VH�GHQRPLQD�WLHPSR�GH�
UHVLGHQFLD� GHO� PDWHULDO� �2/621� ������� (O� DMXVWH� GHO�
PRGHOR�VH�HYDOXy�PHGLDQWH�OD�SURSRUFLyQ�GH�OD�YDULDQ]D�
H[SOLFDGD�� (VWD� SURSRUFLyQ� VH� GHILQH� FRPR� HO� FRFLHQWH�
HQWUH�OD�VXPD�GH�FXDGUDGRV�GH�OD�UHJUHVLyQ�\�OD�VXPD�GH�
FXDGUDGRV� WRWDOHV�� (VWH� FRFLHQWH� HV� HTXLYDOHQWH� DO�
FRHILFLHQWH�GH� UHJUHVLyQ�SRU� OR�TXH� UHVXOWD� XQD�PHGLGD�
GH� IiFLO� LQWHUSUHWDFLyQ� �0278/6.<� \� 5$161$6�
������/DV� FRQFHQWUDFLRQHV� LQLFLDOHV� GH� &�� 1�� 3� \� ODV�

UHODFLRQHV� HQWUH� HOORV� IXHURQ� DQDOL]DGDV� PHGLDQWH�
$129$�\�FRPSDUDFLyQ�GH�PHGLDV�GH�7XNH\��PLHQWUDV�
TXH� ODV� WDVDV� GLDULDV� GH� GHVFRPSRVLFLyQ� SDUD� FDGD�
SHUtRGR� GH� H[WUDFFLyQ� IXHURQ� UHODFLRQDGDV� PHGLDQWH�
FRUUHODFLyQ� GH� 3HDUVRQ� IUHQWH� D� ODV� FRQFHQWUDFLRQHV�
LQLFLDOHV� GH� 1�� 3�� ODV� UHODFLRQHV� &�1�� &�3� \� 1�3� \� HO�
WDPDxR� GH� ODV� UDtFHV� FRQ� HO� REMHWR� GH� GHWHUPLQDU� TXH�
YDULDEOH�LQIOX\H�VREUH�HO�SURFHVR�GH�GHVFRPSRVLFLyQ�

3DUD� HO� DQiOLVLV� GH� YDULDQ]D� GH� ODV�
FRQFHQWUDFLRQHV� LQLFLDOHV�GH�1�� ORV�GDWRV� HQ�SRUFHQWDMH�
IXHURQ� WUDQVIRUPDGRV� PHGLDQWH� OD� FRPSXWDFLyQ� GHO�
DUFRVHQR�GH�ORV�PLVPRV��=$5�������

5(68/7$'26

(O� DQiOLVLV� GH� ODV� UDtFHV� GH� GLIHUHQWHV� WDPDxRV�
SUHVHQWy� FRQFHQWUDFLRQHV� GH� FDUERQR� VLPLODUHV� \� XQD�
WHQGHQFLD� VLJQLILFDWLYD�� HQ� HO� FDVR� GHO� IyVIRUR�� FRQ�
PD\RUHV� FRQFHQWUDFLRQHV� HQ� ODV� UDtFHV� GH� GLiPHWURV�
LQIHULRUHV� \� PHQRUHV� FRQFHQWUDFLRQHV� HQ� ODV� GH� PD\RU�
GLiPHWUR��)���������S����������

(Q� HO� FDVR� GHO� QLWUyJHQR� ODV� GLIHUHQFLDV� QR�
UHVXOWDURQ�PDUFDGDV��)��������S�� ������FRPR�HQ�HO�FDVR�
GHO� IyVIRUR� DXQTXH�� HV� SRVLEOH� YHULILFDU� OD� PLVPD�
WHQGHQFLD� VLJQLILFDWLYD� GH� PD\RUHV� FRQFHQWUDFLRQHV� HQ�
ORV� GLiPHWURV� SHTXHxRV� \� PHQRUHV� HQ� ORV� GLiPHWURV�
PD\RUHV� �WDEOD� ���� /D� UHODFLyQ� &�1� \�1�3� SUHVHQWDURQ�
SDWURQHV� SRFR� GHILQLGRV� PLHQWUDV� TXH� OD� UHODFLyQ� &�3�
SUHVHQWy�XQD�WHQGHQFLD�GHILQLGD��)���������S���������FRQ�
YDORUHV� TXH� GHVFLHQGHQ� GH� PDQHUD� VLJQLILFDWLYD� D�
PHGLGD�TXH�GLVPLQX\H�HO�WDPDxR�GH�ODV�UDtFHV��WDEOD�����

/D� SpUGLGD� GH� SHVR� VHFR� SUHVHQWy� XQD� FODUD�
WHQGHQFLD�UHODFLRQDGD�DO�WDPDxR�GH�ODV�UDtFHV��/DV�UDtFHV�
GH�PHQRU�GLiPHWUR�������FP�\�������FP��SUHVHQWDURQ�HO�
PLVPR�SDWUyQ�GH�SpUGLGD�GH�SHVR�FDUDFWHUL]DGR�SRU�XQD�
SULPHU�HWDSD�GH����GtDV�DSUR[LPDGDPHQWH�HQ�OD�FXDO�VH�
YHULILFD� XQD� UiSLGD� SpUGLGD� GH� SHVR�� VHJXLGR� GH� XQD�
GLVPLQXFLyQ�GH�OD�GHVFRPSRVLFLyQ�HQWUH�ORV����\����GtDV�
SDUD� SRVWHULRUPHQWH� FRQWLQXDU� HO� SURFHVR� FRQ� XQD�
LQWHQVLGDG�LQWHUPHGLD��/DV�UDtFHV�GH�WDPDxR�LQWHUPHGLR�
������� FP� \� ������ FP�� SUHVHQWDURQ� GRV� PRPHQWRV� GH�
GLVPLQXFLyQ�GH�SpUGLGD�GH�SHVR�PDQLIHVWDGRV� HQWUH� ORV
������GtDV�GH� LQLFLDGR�HO�HVWXGLR�\�HQWUH� ORV�����\�����
GtDV��(Q�HO�FDVR�GH�ODV�UDtFHV�GH�PD\RU�WDPDxR��!��FP�
GH�GLiPHWUR��OD�GHVFRPSRVLFLyQ�IXH�PRGHUDGD�KDVWD�ORV�
����GtDV�GH�LQLFLDGR�HO�HQVD\R�SDUD�OXHJR�LQFUHPHQWDUVH�
GH� PDQHUD� VLPLODU� D� ODV� UDtFHV� GH� WDPDxR� LQWHUPHGLR��
PDQLIHVWDQGR� WDVDV� PD\RUHV� D� ODV� TXH� SUHVHQWDURQ� ODV�
UDtFHV�GH�PHQRU�WDPDxR�SDUD�HVWH�SHUtRGR��

(O�FiOFXOR�GH�OD�WDVD�GH�GHVFRPSRVLFLyQ�.�SDUD�OD�
SpUGLGD� GH� SHVR� VHFR� UHVXOWy� VLJQLILFDWLYD� HQ� WRGRV� ORV�
FDVRV� \� SUHVHQWy� YDORUHV� DOWRV� GH� OD SURSRUFLyQ� GH�
YDULDQ]D� H[SOLFDGD� SRU� HO� PRGHOR�� /RV� YDORUHV� GH� .�
VLJXLHURQ�XQD�FODUD�WHQGHQFLD���������!�������!�������!�
������!��!���PLHQWUDV�TXH�ORV�YDORUHV�GH�UHVLGHQFLD��YLGD�
PHGLD� �������.��������\������SUHVHQWDURQ� XQD� OyJLFD�
WHQGHQFLD�LQYHUVD�D�OD�HQFRQWUDGD�SDUD�.�

/RV� YDORUHV� GH� YLGD� PHGLD� ����� GHO� PDWHULDO�
GHVFRPSXHVWR��PXHVWUDQ�YDORUHV�LQIHULRUHV�D�ò�DxR�SDUD�
ODV� UDtFHV�PHQRUHV� D� ���� FP� GH� GLiPHWUR�PLHQWUDV� TXH
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SDUD�ODV�GH�PD\RU�GLiPHWUR�ORV�YDORUHV�IXHURQ�HQWUH�����
\�����DxRV�FRPR�WLHPSR�QHFHVDULR�SDUD�SHUGHU�OD�PLWDG�
GH�VX�SHVR�VHFR�LQLFLDO��WDEOD�����$O�DxR�GH�LQVWDODGR�HO�
HQVD\R� ODV�UDtFHV�������FP�GH�GLiPHWUR�SHUGLHURQ�HO����

��GHO� SHVR� VHFR� LQLFLDO�PLHQWUDV� TXH� ODV� UDtFHV� !� �� GH�
GLiPHWUR�VROR�HO������GH�VX�SHVR�LQLFLDO��WDEOD����

7DEOD� ��� &RQFHQWUDFLRQHV� LQLFLDOHV� GH� FDUERQR� �&� ���� QLWUyJHQR� �1���� IyVIRUR� �SSP�� \� ODV� UHVSHFWLYDV�
UHODFLRQHV�&�1��&�3�\�1�3�SDUD�ORV�GLIHUHQWHV�GLiPHWURV�GH�UDtFHV�GH�3LQXV�WDHGD �Q�����
7DEOH���&RQFHQWUDWLRQV�RI�FDUERQ��&����QLWURJHQ��1����SKRVSKRUXV��SSP��DQG�&�1��&�3�DQG�1�3�UDWLRV��IRU�
WKH�GLIIHUHQW�GLDPHWHU�URRWV�LQ�3LQXV�WDHGD �Q����

7DPDxR &� 1� 3�SSP� &�1 &�3 1�3

�����
����� �����D ��������D ����� �������D ����

�������� �������� ��������� ��������� ��������� ��������

���±�
����� �����DE �������E ������ �������DE ����

�������� �������� ��������� ��������� ��������� ��������

����� ����� �����DE �������EF ������ �������EF ����

�������� �������� ��������� ��������� ���������� ��������

�����
����� �����E �������EF ������ �������EF ����

�������� �������� ��������� ��������� ��������� ��������

!��
����� �����E �������F ������ ��������F ����

�������� �������� ��������� ���������� ���������� ��������

�/HWUDV�GLIHUHQWHV�LQGLFDQ�GLIHUHQFLDV�VLJQLILFDWLYDV�PHGLDQWH�WHVW�GH�7XNH\��S�������

)LJXUD� ��� 3HVR� VHFR� UHPDQHQWH� SDUD� UDtFHV� GH� 3LQXV� WDHGD GH� GLIHUHQWHV� GLiPHWURV� HQ� ORV� SHUtRGRV� GH�
H[WUDFFLyQ�
)LJXUH����5HPDLQLQJ�GU\�PDVV�RI�GLIIHUHQW�GLDPHWHU�URRWV�RI�3LQXV�WDHGD LQ�GLIIHUHQW�H[WUDFWLRQ�SHULRGV�
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7DEOD����9DORUHV�GH�ODV�WDVDV�GH�GHVFRPSRVLFLyQ�N��GLDULD���.��DQXDO�����.��UHVLGHQFLD���������.��YLGD�PHGLD���
��.�������\���.�������SDUD�ORV�GLIHUHQWHV�GLiPHWURV�GH�UDtFHV�GH�3LQXV�WDHGD��(O�YDORU�5�LQGLFD�OD�SURSRUFLyQ
GH�YDULDQ]D�H[SOLFDGD�SRU�HO�DMXVWH�GHO�PRGHOR�
7DEOH�����'HFD\�UDWHV�N��GDLO\���.��DQQXDO�����.��UHVLGHQFH���������.��KDOI�OLIH�����.�������DQG���.��������IRU�
WKH�GLIIHUHQW�GLDPHWHU�URRWV�RI�3LQXV�WDHGD��7KH�5�YDOXH�LQGLFDWHV�WKH�SURSRUWLRQ�RI�YDULDQFH�H[SODLQHG�E\�WKH�
PRGHO�ILW�

��.
����

��.
��

.
��

.

'LiPHWUR
��SHUGLGD

SHVR 5 N . 5HVLGHQFLD ��� ��� ���

!� ����� ���� ������ ���� ���� ���� ���� ����
����� ����� ���� ������ ���� ���� ���� ���� ����
����� ����� ���� ������ ���� ���� ���� ���� ����
����� ����� ���� ������ ���� ���� ���� ���� ����
����� ����� ���� ������ ���� ���� ���� ���� ����

(Q� HO� FDVR� GH� OD� OLEHUDFLyQ� GH� IRVIRUR� \�
QLWUyJHQR��HVWRV�SUHVHQWDURQ�GLIHUHQWHV�FRPSRUWDPLHQWR�
GXUDQWH�HO�SHULRGR�GH�HVWXGLR��(O�IyVIRUR�PRVWUy�XQD�DOWD�
WDVD� GH� OLEHUDFLyQ� GXUDQWH� ORV� SULPHURV� ��� GtDV� GH�
LQLFLDGD�OD�H[SHULHQFLD�SDUD�SRVWHULRUPHQWH�PRVWUDU XQD�
IXHUWH�LQPRYLOL]DFLyQ�D�ORV�����GtDV�FRLQFLGHQWH�FRQ�ORV�
PHVHV� GH� LQYLHUQR�� /D� OLEHUDFLyQ� LQLFLDO� GH� IyVIRUR� QR�
SUHVHQWy� UHODFLyQ� DOJXQD� D� ORV� WDPDxRV� GH� ODV� UDtFHV�
�ILJXUD� �� D��� /DV� UDtFHV� GH� �� ����� ������ \� ������ FP� GH�
GLiPHWUR� IXHURQ� ODV� TXH� LQPRYLOL]DURQ� XQD� PD\RU�
FDQWLGDG� GH� IyVIRUR� HQ� HO� LQYLHUQR� �ILJXUD� �� D��� /RV�
YDORUHV� GH� IyVIRUR� UHPDQHQWH� OXHJR� GH� XQ� DxR� VH�
XELFDURQ�SRU�GHEDMR�GHO������GHO�FRQWHQLGR�GH�IyVIRUR�
LQLFLDO�FRQ�H[FHSFLyQ�GH� ODV� UDtFHV�����FP�GH�GLiPHWUR�
FX\RV�YDORUHV�IXHURQ�LQIHULRUHV�DO�������ILJXUD���D���

/D� FRQFHQWUDFLyQ� GH� IyVIRUR� SUHVHQWy� XQ� SDWUyQ�
VLPLODU� DO� IyVIRUR� UHPDQHQWH� FRQ� XQD� PDUFDGD�
GLVPLQXFLyQ� HQ� ORV� SULPHURV� ��� GtDV� GH� LQLFLDGR� HO�
HQVD\R�\� OXHJR�XQ�QRWDEOH�DXPHQWR��SDUWLFXODUPHQWH�HQ�
UDtFHV� �� �� FP� GH� GLiPHWUR�� HQ� ORV PHVHV� LQYHUQDOHV�
FRLQFLGHQWHV� FRQ� OD� LQPRYLOL]DFLyQ� PHQFLRQDGD�
DQWHULRUPHQWH�� 3RVWHULRUPHQWH�� ORV� YDORUHV� GHVFLHQGHQ�
HQ� SULPDYHUD� �GtD� ����� D� QLYHOHV� VLPLODUHV� D� ORV�
DOFDQ]DGRV�D�ORV����GtDV�GH�LQLFLDGR�HO�HQVD\R��ILJXUD���
E��

$� GLIHUHQFLD� GH� ODV� FDQWLGDGHV� UHPDQHQWHV�� OD�
FRQFHQWUDFLyQ�PDQWXYR�HO�SDWUyQ�REVHUYDGR�DO�LQLFLR�GHO�
HQVD\R� FRQ�PD\RUHV� FRQFHQWUDFLRQHV� HQ� ODV� UDtFHV�PiV�
ILQDV�

(O� QLWUyJHQR� SUHVHQWy� SDWURQHV� GH� OLEHUDFLyQ�
GLIHUHQWHV�SDUD�ORV�GLVWLQWRV�WDPDxRV�GH�UDtFHV��ILJXUD���
F��� /DV� UDtFHV� GH� ������ FP� \� ������ FP� GH� GLiPHWUR�
PRVWUDURQ� XQD� UiSLGD� LQPRYLOL]DFLyQ� GH� QLWUyJHQR� GHO�
VXHOR�HQ�ORV�SULPHURV����GtDV�FRQ�YDORUHV�������\�����
��UHVSHFWLYDPHQWH��3RU�VX�SDUWH��ODV�UDtFHV�!���FP������
��FP�\�������FP�GH�GLiPHWUR�SUHVHQWDURQ�OLEHUDFLyQ�GHO�
�����HQ HO�FDVR�GH�ODV�GRV�SULPHUDV�\�VROR�����HQ�ODV�
~OWLPDV�� $� SDUWLU� GH� ORV� ��� GtDV� ODV� UDtFHV� TXH�
LQPRYLOL]DURQ�QLWUyJHQR�FRPLHQ]DQ�D� OLEHUDUOR�\�SRU�HO�
FRQWUDULR� DTXHOODV� TXH� GXUDQWH� HO� SULPHU�PHV� OLEHUDURQ�

FRPLHQ]DQ�D�LQPRYLOL]DU��(Q�HO�FDVR�GH�ODV�UDtFHV�� ����
FP� GH� GLiPHWUR�� HVWDV� FRQWLQ~DQ� OLEHUDQGR� QLWUyJHQR�
KDVWD� ORV� ��� GtDV� KDVWD� DOFDQ]DU� XQ� ���� SDUD�
SRVWHULRUPHQWH�HVWDELOL]DUVH�KDVWD�ORV�����GtDV�\�OLEHUDU�
XQD� SHTXHxD� SURSRUFLyQ� DO� ILQDOL]DU� HO� HVWXGLR�� (Q� HO�
UHVWR�GH�ORV�WDPDxRV�VH�YHULILFy�XQD�LQPRYLOL]DFLyQ�QHWD�
TXH� HQ� HO� FDVR� GH� ODV� UDtFHV� GH� ������ FP� GH� GLiPHWUR�
UHVXOWy� PDUFDGDPHQWH� HOHYDGD� FRQ� XQ� YDORU� GH� ������
SRU�HQFLPD�GHO�FRQWHQLGR�LQLFLDO�GH�QLWUyJHQR��$O�DxR�GH�
LQLFLDGR�HO�HQVD\R�VROR�ODV�UDtFHV�GH�������\�������FP�GH�
GLiPHWUR� SUHVHQWDURQ� OLEHUDFLyQ� GH� QLWUyJHQR� FRQ�
YDORUHV�GH������\������UHVSHFWLYDPHQWH�

/D�FRQFHQWUDFLyQ�GH�QLWUyJHQR�HQ�OD�PDWHULD�VHFD�
IXH� HQ� DXPHQWR� GHVGH� HO� LQLFLR� GH� OD� H[SHULHQFLD��
ILQDOL]DQGR�FRQ�XQD�WHQGHQFLD�VLPLODU�D�OD�LQLFLDO�DXQTXH�
FRQ� YDORUHV� GH� FRQFHQWUDFLRQHV� PD\RUHV� HQ� WRGRV� ORV�
FDVRV��ILJXUD���G��

(O� FiOFXOR� GH� ODV� WDVDV� GH� PLQHUDOL]DFLyQ� GH�
IyVIRUR� PHGLDQWH� HO� DMXVWH� GHO� PRGHOR� H[SRQHQFLDO�
UHVXOWy� VLJQLILFDWLYR� HQ� WRGRV� ORV� FDVRV� FRQ� YDORUHV� GH�
YDULDQ]D� H[SOLFDGRV� SRU� HO�PRGHOR GH������ D� ������/DV�
WDVDV� DQXDOHV� HVWLPDGDV� IXHURQ� HOHYDGDV� HQ� WRGRV� ORV�
FDVRV� FRQ� YDORUHV� VXSHULRUHV� D� �� \� XQ� Pi[LPR� GH� ��
UHIOHMDQGR� OD� PRYLOLGDG� GH� HVWH� HOHPHQWR�� (Q� HVSHFLDO�
ODV� WDVDV� DQXDOHV�GH� ODV� UDtFHV�GH������� FP�\������� FP�
IXHURQ�ODV�GH�YDORU�PiV�HOHYDGR��WDEOD�����(VWRV�YDORUHV�
GH� .� JHQHUDQ� YDORUHV� GH� UHVLGHQFLD� \� YLGD� PHGLD�
H[WUHPDGDPHQWH�EDMRV�\�DXQ�ORV�YDORUHV�GH���.�VXSHUDQ�
VHQVLEOHPHQWH�� VROR� HQ� GRV� FDVRV�� DO� DxR�� /RV� YDORUHV�
REVHUYDGRV�GH�3�PLQHUDOL]DGR�GLILHUHQ�GH�ORV�HVWLPDGRV�
VLHQGR� GH� ��� �� FRPR� Pi[LPR� DO� DxR� GH� LQLFLDGR� HO�
SUHVHQWH�HVWXGLR��WDEOD�����



������� 	������������������ʹʹ�ȋʹͲͳͷȌ�Ͷ͵ǦͶͻ

�� $57,&8/26

)LJXUD� ��� D�� IyVIRUR� UHPDQHQWH� ����� E�� FRQFHQWUDFLyQ� GH� IyVIRUR� HQ� PDWHULD� VHFD� �SSP��� F�� QLWUyJHQR�
UHPDQHQWH�����\�G��FRQFHQWUDFLyQ�GH�QLWUyJHQR�����HQ�UDtFHV�GH�3LQXV�WDHGD GH�GLIHUHQWHV�GLiPHWURV��
)LJXUH� ��� D�� UHPDLQLQJ� SKRVSKRUXV� ����� E�� SKRVSKRUXV� FRQFHQWUDWLRQ� LQ� GU\� PDWWHU� �SSP��� F�� UHPDLQLQJ�
QLWURJHQ������DQG�G��QLWURJHQ�FRQFHQWUDWLRQ�����LQ�URRWV�RI�GLIIHUHQW�GLDPHWHUV�RI�3LQXV�WDHGD�

7DEOD� ���9DORUHV� GH� ODV� WDVDV� GH�PLQHUDOL]DFLyQ� GH� IyVIRUR N� �GLDULD���.� �DQXDO��� ��.� �UHVLGHQFLD��� ������.�
�YLGD�PHGLD�����.�������\���.�������SDUD�ORV�GLIHUHQWHV�GLiPHWURV�GH�UDtFHV�GH�3LQXV�WDHGD��(O�YDORU�5�LQGLFD�
OD�SURSRUFLyQ�GH�YDULDQ]D�H[SOLFDGD�SRU�HO�DMXVWH�GHO�PRGHOR�
7DEOH����3KRVSKRUXV�PLQHUDOL]DWLRQ UDWHV�N��GDLO\���.��DQQXDO�����.��UHVLGHQFH���������.��KDOI�OLIH�����.�������
DQG� ��.� ������ IRU� WKH� GLIIHUHQW� GLDPHWHU� URRWV� RI� 3LQXV� WDHGD� 7KH� 5� YDOXH� LQGLFDWHV� WKH� SURSRUWLRQ� RI�
YDULDQFH�H[SODLQHG�E\�WKH�PRGHO�ILW�
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0LQHUDOL]DGR 5� N . 5HVLGHQFLD ��� ��� ���

!� ����� ���� ����� ���� ��� ���� ���� ����
����� ����� ���� ����� ���� ��� ���� ���� ����
����� ����� ���� ����� ���� ��� ���� ���� ����
����� ����� ���� ����� ���� ��� ���� ���� ����
����� ����� ���� ����� ���� ��� ���� ���� ����

(O� FiOFXOR� GH� OD� WDVD� GH� PLQHUDOL]DFLyQ� GH�
QLWUyJHQR� UHVXOWR� ~QLFDPHQWH� VLJQLILFDWLYD� SDUD� ODV�
UDtFHV� � ���� FP� \� ������ FP� GH� GLiPHWUR�� DXQTXH� FRQ�
EDMRV�YDORUHV�GH�YDULDQ]D�H[SOLFDGD�SRU�HO�PRGHOR��(Q�HO�
FDVR�GH�ODV�UDtFHV�������FP�GH�GLiPHWUR�ORV�YDORUHV�GH�

UHVLGHQFLD�\�YLGD�PHGLD�IXHURQ�PHQRUHV�DO�DxR�PLHQWUDV�
TXH�HQ�HO�FDVR�GH�ODV�UDtFHV�GH�������FP�GH GLiPHWUR�ORV�
YDORUHV�IXHURQ�GH���\���DxRV�UHVSHFWLYDPHQWH��WDEOD����

/RV� YDORUHV� GH� QLWUyJHQR� PLQHUDOL]DGR� DO�
ILQDOL]DU�HO�HVWXGLR�IXHURQ�QHJDWLYRV�SDUD�ODV�UDtFHV�!���
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FP�� ������ FP� \� ������ FP� GH� GLiPHWUR� FRQ� YDORUHV� GH�
KDVWD� ������OR�TXH�UHSUHVHQWD�XQD� LQPRYLOL]DFLyQ�QHWD��
(Q�HO�FDVR�GH� ODV� UDtFHV�������FP�GH�GLiPHWUR�HO������
IXH�PLQHUDOL]DGR�PLHQWUDV�TXH�HQ�HO�FDVR�GH�ODV�UDtFHV�GH�
������ FP� OD� FDQWLGDG� PLQHUDOL]DGD� DOFDQ]y� ��� ��
DSUR[LPDGDPHQWH��WDEOD����

/D�UHODFLyQ�&�1�GH�ODV�UDtFHV�SUHVHQWy�GLIHUHQWHV�
SDWURQHV� GXUDQWH� ORV� SULPHURV� ��� GtDV�� D� SDUWLU� GH� ORV�
FXDOHV� GHVFLHQGH� SDXODWLQDPHQWH� D� YDORUHV� VLPLODUHV�
SDUD�WRGRV�ORV�WDPDxRV�GH�UDtFHV��ILJXUD���D��

/D� UHODFLyQ�&�3�PRVWUy� XQ� SDWUyQ�PiV� GHILQLGR�
FRQ� XQ� SHTXHxR� DXPHQWR� HQ� ORV� ��� GtDV� �ILJXUD� �� E���
3RVWHULRUPHQWH��VH�PDQLILHVWD�D�ORV����GtDV�XQ�PDUFDGR�
LQFUHPHQWR�HQ� ORV�YDORUHV�FRUUHVSRQGLHQWHV�D� ODV� UDtFHV�
GH� ������ FP� \�!� �� FP�GH� GLiPHWUR�PLHQWUDV� TXH� HQ� HO�
UHVWR�GH�ORV�WDPDxRV�HO�LQFUHPHQWR�GH�OD�UHODFLyQ�QR�IXH�
GH� LJXDO� PDJQLWXG�� $� SDUWLU� GH� ORV� ��� GtDV� ORV� YDORUHV�
GHFUHFHQ�KDVWD�ORV�����GtDV�D�YDORUHV�SRU�GHEDMR�GH�ORV�
������ H[FHSWR�SDUD� ODV� UDtFHV�!��� FP�TXH�PDQWXYLHURQ�
YDORUHV� HOHYDGRV�� (Q� HO� ~OWLPR� SHULRGR� VH� YHULILFy� XQ�
SHTXHxR�DXPHQWR�GH�ORV�YDORUHV�

/D� UHODFLyQ� 1�3� SUHVHQWy� XQ� OHYH� DXPHQWR�
GXUDQWH� ORV� SULPHURV� ��� GtDV� SDUD� OXHJR� PRVWUDU� XQ�
PDUFDGR� DXPHQWR� D� ORV� ��� GtDV� �ILJXUD� �� F��� (VWH�
PDUFDGR�DXPHQWR�VH�YHULILFy�HQ� ODV� UDtFHV�PiV�JUXHVDV�
PLHQWUDV�TXH� ODV�PiV� ILQDV�SUHVHQWDURQ� DXPHQWRV� KDVWD�
ORV� ���� GtDV� LQFOXVLYH� SDUD� OXHJR� GHVFHQGHU� KDVWD� ORV�
����GtDV��(Q�HO�FDVR�GH�ODV�UDtFHV�!���FP�GH�GLiPHWUR��OD�

GLVPLQXFLyQ�GH�ORV�YDORUHV�QR�VH�YHULILFy��$�ORV�����GtDV�
ORV� YDORUHV� DXPHQWDURQ� FRQVLGHUDEOHPHQWH�� UHVXOWDQGR�
ODV�UDtFHV�!���FP�FRQ�YDORUHV�GH����DSUR[LPDGDPHQWH�HQ�
OD� UHODFLyQ� 1�3�� PLHQWUDV� TXH� HO UHVWR� GH� ORV� WDPDxRV�
SUHVHQWDEDQ�YDORUHV�HQWUH����\����

/DV� FRUUHODFLRQHV� HQWUH� OD� SpUGLGD� GH� SHVR� VHFR�
HQ� FDGD� H[WUDFFLyQ� \� OD� FRQFHQWUDFLyQ� LQLFLDO� GH�
QLWUyJHQR�\� IyVIRUR�\�HO� WDPDxR�GH� ODV� UDtFHV�PXHVWUDQ�
TXH�KDVWD�ORV����GtDV�OD�FRUUHODFLyQ�HV�DOWD�SDUD�ODV�WUHV�
YDULDEOHV��VLHQGR�OD�FRQFHQWUDFLyQ�LQLFLDO�GH�IyVIRUR�\�HO�
WDPDxR� GH� ODV� UDtFHV� ODV� TXH� SUHVHQWDURQ� OD� PD\RU�
UHODFLyQ� FRQ� OD� SpUGLGD� GH� SHVR� R� WDVD� GH�
GHVFRPSRVLFLyQ� �WDEOD� ���� /D� UHODFLyQ� GLVPLQX\H� KDVWD�
ORV�����GtDV�VLHQGR�HO�WDPDxR�OD�YDULDEOH�TXH�SUHVHQWy�OD�
UHODFLyQ� PiV� HVWUHFKD� FRQ� OD� SpUGLGD� GH� SHVR�� /DV�
UHODFLRQHV� UHVXOWDURQ� QR� VLJQLILFDWLYDV� SDUD� HO� ~OWLPR�
SHUtRGR�SDUD�WRGDV�ODV�YDULDEOHV�

3RU� RWUD� SDUWH� OD� UHODFLyQ� &�3� UHVXOWy� PiV�
HVWUHFKDPHQWH� FRUUHODFLRQDGD� D� OD� SpUGLGD� GH� SHVR� HQ�
FRPSDUDFLyQ�D�OD�UHODFLyQ�&�1�\�1�3��'XUDQWH�HO�~OWLPR�
SHUtRGR� GH� LQFXEDFLyQ� HQWUH� ORV� �������� GtDV�� DO� LJXDO�
TXH�ODV�FRQFHQWUDFLRQHV�GH�ORV�HOHPHQWRV�DQDOL]DGRV�\�HO�
WDPDxR� GH� ODV� UDtFHV�� ODV� UHODFLRQHV� UHVXOWDURQ� QR�
VLJQLILFDWLYDV��7DEOD����

7DEOD����9DORUHV�GH�ODV�WDVDV�GH�PLQHUDOL]DFLyQ�GH�QLWUyJHQR�N��GLDULD���.��DQXDO�����.��UHVLGHQFLD���������.�
�YLGD�PHGLD�����.�������\���.�������SDUD�ORV�GLIHUHQWHV�GLiPHWURV�GH�UDtFHV�GH�3LQXV�WDHGD��(O�YDORU�5�LQGLFD�
OD�SURSRUFLyQ�GH�YDULDQ]D�H[SOLFDGD�SRU�HO�DMXVWH�GHO�PRGHOR�
7DEOH����1LWURJHQ�PLQHUDOL]DWLRQ�UDWHV�N� �GDLO\���.� �DQQXDO�����.��UHVLGHQFH���������.��KDOI� OLIH�����.�������
DQG� ��.� ������ IRU� WKH� GLIIHUHQW� GLDPHWHU� URRWV� RI� 3LQXV� WDHGD� 7KH� 5� YDOXHV� LQGLFDWHV� WKH� SURSRUWLRQ� RI�
YDULDQFH�H[SODLQHG�E\�WKH�PRGHO�ILW�

��. ������. ��. ��.

'LiPHWUR
��1

0LQHUDOL]DGR 5� N . 5HVLGHQFLD ��� ��� ���

!� ����� ��� ������ ���� ��� ��� ���� ����
����� ������ ��� � � � � � �
����� ����� ��� ������ ���� ��� ��� ���� ����
����� ������ ���� � � � � � �
����� ����� ���� ������ ���� ��� ��� ��� ���
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)LJXUD����D��5HODFLyQ�&�1��E��5HODFLyQ�&�3�\�F��5HODFLyQ�1�3�HQ�UDtFHV�GH�3LQXV�WDHGD GH�GLIHUHQWHV�GLiPHWURV�
GXUDQWH�ORV�GLIHUHQWHV�SHUtRGRV�GH�LQFXEDFLyQ�
)LJXUH� ��� D�� &�1� UDWLR�� &�3� UDWLR� DQG� 1�3� UDWLR� LQ� GLIIHUHQW� GLDPHWHU� URRWV� RI� 3LQXV� WDHGD LQ� LQFXEDWLRQ�
SHULRGV�

7DEOD����&RUUHODFLyQ�GH�3HDUVRQ�HQWUH�OD�WDVD�GH�GHVFRPSRVLFLyQ�GLDULD�����\�ODV�FRQFHQWUDFLRQHV�GH�1�������
3��SSP���HO�WDPDxR�GH�ODV�UDtFHV �FP��\�ODV�UHODFLRQHV�GH�ODV�FRQFHQWUDFLRQHV�GH�ORV�HOHPHQWRV�DQDOL]DGRV�&�1��
&�3�\�1�3�HQ�UDtFHV�GH�3LQXV�WDHGD SDUD�FDGD�SHUtRGR�GH�H[WUDFFLyQ�
7DEOH����3HDUVRQ�FRUUHODWLRQ�EHWZHHQ�WKH�GDLO\�GHFRPSRVLWLRQ�UDWH�����DQG�1�FRQFHQWUDWLRQV�����3��SSP���
WKH�VL]H�RI�WKH�URRWV��FP��DQG�WKH�UDWLRV�RI�WKH�FRQFHQWUDWLRQV�RI�WKH�DQDO\]HG�HOHPHQWV�&���1��&���3�DQG�1���3�
LQ�URRWV�RI�3LQXV�WDHGD IRU�HDFK�H[WUDFWLRQ�SHULRG�

7DVD�'LDULD�'HVFRPSRVLFLyQ����

�� �� ��� ��� ���

'LiPHWUR ������

 �����

 �����

 ������

 ������QV
3 �����

 �����

 �����

 �����
 �����QV
1 �����

 �����

 �����
 �����
 �����QV
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 ������

 ������
 ������
 ������QV

&�3 ������

 ������

 ������

 ������

 ������QV

1�3 ������QV ������QV ������QV ������QV ������QV
6LJQLILFDQFLD� GHO� FRHILFLHQWH� GH� FRUUHODFLyQ� GH� 3HDUVRQ�� 
S� �� ������ 

� S� �� ������ QV�� QR� VLJQLILFDWLYR� Q�� ��

',6&86,Ï1

&RQFHQWUDFLyQ�LQLFLDO�GH�)yVIRUR�\�1LWUyJHQR

/DV� FRQFHQWUDFLRQHV� GH� QLWUyJHQR� UHVXOWDURQ�
VLPLODUHV�� PD\RUHV� R� PHQRUHV� D� ODV� PHQFLRQDGDV� SRU�
GLIHUHQWHV� DXWRUHV�� 6,/9(5� \� 0,<$� ������� UHSRUWDQ�
FRQFHQWUDFLRQHV� GH� QLWUyJHQR� OHYHPHQWH� PD\RUHV� FRQ�
YDORUHV� GH� ����� �� \� ����� �� HQ� UDtFHV� ILQDV��
$581$&+$/$0�HW�DO� �������PHQFLRQD�YDORUHV�GH�

���������� �� HQ� UDtFHV� ILQDV� GH� HVSHFLHV� ODWLIROLDGDV�
WURSLFDOHV� DO� LJXDO� TXH� ORV� YDORUHV� GH� ���������� ��
UHSRUWDGRV� SRU� &$0,5Ê� HW� DO� ����� SDUD� HO� FDVR� GH�
UDtFHV� PHQRUHV� D� �� FP� GH� HVSHFLHV� ODWLIROLDGDV�� (Q�
FDPELR�� -2+1� HW� DO� ������� UHSRUWDQ� YDORUHV� VLPLODUHV�
HQ� UDtFHV� ILQDV� GH� 3LQXV� NHVL\D 5R\OH� ([�� *RUGRQ�
PLHQWUDV� TXH 6&+(8� \� 6&+$8(50$11� �������
PHQFLRQDQ� YDORUHV� LQIHULRUHV� FRQ� FRQFHQWUDFLRQHV� GH�
���������� �� HQ� UDtFHV� ILQDV� \� ����������� HQ� UDtFHV�
PD\RUHV�D���FP�GH�GLiPHWUR�SDUD�HVSHFLHV�ODWLIROLDGDV��
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(Q� HO� FDVR� GHO� IyVIRUR�� ORV� YDORUHV� GH�
FRQFHQWUDFLyQ� VRQ� PD\RUHV� TXH� ORV� UHSRUWDGRV� SDUD�
FRQtIHUDV� SRU� 6,/9(5� \� 0,<$� �������� -2+1� HW� DO�
������� SDUD�3LQXV� NHVL\D FRQ� \� $581$&+$/$0� HW�
DO�� ������� FRQ� YDORUHV� FHUFDQRV� D� ODV� ���� SSP�� 6LQ�
HPEDUJR�� *25'21� \� -$&.621� ������� PHQFLRQDQ�
YDORUHV� SURPHGLRV� GH� ���� SSP� HQ� UDtFHV� ILQDV�� (VWRV�
YDORUHV� VRQ� VLPLODUHV� D� ODV� ���� SSP� UHSRUWDGDV� SRU�
$'$06�HW�DO���������HQ�UDtFHV�ILQDV�GH�3LQXV�WDHGD HQ�
VXHORV�ULFRV�HQ�QXWULHQWHV�HQ�((88�

3RVLEOHPHQWH�� HO� VXHOR� SXHGD� LQIOXLU� VREUH� OD�
FRQFHQWUDFLyQ�GH�IRVIRUR�SULQFLSDOPHQWH��3RU�WUDWDUVH�GH�
XQ�(QWLVRO��OD�GLVSRQLELOLGDG�GH�IRVIRUR�HV�DOWD�UHVSHFWR�D�
RWURV�VXHORV�GH� OD�UHJLyQ��0$57,$5(1$�HW�DO���������
SXGLHQGR�JHQHUDU�XQ�FRQVXPR�GH�OXMR�GH�HVWH�HOHPHQWR�
SRU� SDUWH� GH� ODV� SODQWDV� \� GHWHUPLQDQGR� ODV� DOWDV�
FRQFHQWUDFLRQHV�DTXt�SUHVHQWDGDV�

3pUGLGD�GH�SHVR�VHFR

/RV� YDORUHV� HVWLPDGRV� GH� OD� WDVD� GH�
GHVFRPSRVLFLyQ�.�GH� ORV�GLIHUHQWHV� WDPDxRV� UHVXOWDURQ�
VXSHULRUHV� D� ORV� PHQFLRQDGRV� SRU� GLIHUHQWHV� DXWRUHV��
.,1*� HW� DO� ������� GHWHUPLQDURQ� YDORUHV� GLDULRV� GH�
�������������� SDUD� UDtFHV� ILQDV� \� XQ� YDORU� GH� �������
SDUD� UDtFHV� PD\RUHV� D� �� FP� GH� GLiPHWUR�� 6,/9(5� \�
0,<$� ������� PHQFLRQDQ� YDORUHV� DQXDOHV� JOREDOHV� GH�
����� HQ� UDtFHV�PHQRUHV� D� ��PP�GH� GLiPHWUR� \� YDORUHV�
�����SDUD�UDtFHV�PD\RUHV�D���PP�GH�GLiPHWUR��<$1*�HW�
DO�� ������� HVWLPDURQ� YDORUHV� GLDULRV� GH� �������������
SDUD� XQD� HVSHFLH� GH� FRQtIHUD� \� XQD� ODWLIROLDGD� HQ� HO�
VXEWUySLFR� GH� FKLQD�� $XQ� FRPSDUDQGR� FRQ� HVWXGLRV�
UHDOL]DGRV�HQ�]RQDV�WURSLFDOHV��ORV�YDORUHV�HVWLPDGRV�HQ�
HVWH� WUDEDMR� VRQ� VXSHULRUHV� DO� YDORU� DQXDO� GH� �����
GHWHUPLQDGR� SRU� � -2+1� HW� DO� �������� ÒQLFDPHQWH� HO�
YDORU�DQXDO�GH�����HQFRQWUDGR�SRU�$581$&+$/$0�HW�
DO� ������� SDUD� UDtFHV� ILQDV� IXH� VXSHULRU� DO� � DTXt�
SUHVHQWDGR�

$O� ILQDOL]DU� HO� HVWXGLR�� WRGRV� ORV� WDPDxRV�
SHUGLHURQ�DO�PHQRV�XQ������GHO�SHVR�LQLFLDO�UHIOHMDQGR�
OD�GLQiPLFD�GH�OD�GHVFRPSRVLFLyQ�GH�ODV�UDtFHV�GH�3LQXV�
WDHGD HQ� HVWRV� VLVWHPDV�� /RV� YDORUHV� GH� ��.� \� ��.�
UHIOHMDUtDQ� OD� UHVLVWHQFLD� GH� ORV� WHMLGRV� UHVWDQWHV�� ORV�
FXDOHV� SRVLEOHPHQWH� VHDQ� PiV� ULFRV� HQ� OLJQLQD� \� RWURV�
FRPSRQHQWHV� GH� OHQWD� GHVFRPSRVLFLyQ� SRU� SDUWH� GH�
PLFURRUJDQLVPRV�� (V� LPSRUWDQWH� PHQFLRQDU� TXH� VH�
REVHUYy�XQD�DFWLYD�SUHVHQFLD�GH�PLFUR�\�PHVRIDXQD�GHO�
VXHOR� LQWHUYLQLHQGR�HQ� OD�GHVFRPSRVLFLyQ�GH� ODV� UDtFHV��
HYLGHQFLDGR�HQ�HO�FDVR�GH�OD�PHVRIDXQD�SRU�JDOHUtDV�HQ�
HO�LQWHULRU�GH�ODV�PLVPDV�

/D�SpUGLGD�GH�SHVR�VHFR�PDUFy�GLIHUHQFLDV�HQ�HO�
SDWUyQ� SUHVHQWDGR� SRU� ODV� UDtFHV� ILQDV� \� JUXHVDV�
UHVSHFWLYDPHQWH�� (V� SRVLEOH� REVHUYDU� XQD� UiSLGD�
GLVPLQXFLyQ� HQ� ORV� SULPHURV� ��� GtDV� DWULEXLEOHV� D�
SURFHVRV� GH� OL[LYLDFLyQ� GH� FRPSXHVWRV� VROXEOHV� \� OD�
XWLOL]DFLyQ�SRU�SDUWH�GH�PLFURRUJDQLVPRV�GH�FRPSXHVWRV�
HQHUJpWLFRV� GH� UiSLGD� GHJUDGDFLyQ�� $� SDUWLU� GH� HVWH�
PRPHQWR�ODV�WDVDV GLVPLQX\HURQ�SRVLEOHPHQWH�GHELGR�D�
OD�SUHVHQFLD�GH�FRPSXHVWRV�GH�GLItFLO�GHJUDGDFLyQ�FRPR�
OLJQLQD� \� FHOXORVD�� 6LQ� HPEDUJR�� ODV� UDtFHV� PiV� ILQDV�

PDQWXYLHURQ�XQD�WDVD�PiV�OHQWD�SHUR�FRQVWDQWH�PLHQWUDV�
TXH� ODV� UDtFHV� PiV� JUXHVDV� SUHVHQWDURQ� XQ� SDWUyQ�
FDPELDQWH�� (VWRV� SDWURQHV� SRGUtDQ� HVWDU� GHWHUPLQDGRV�
SRU� OD� LQIOXHQFLD� GH� ODV� PLFRUUL]DV� HQ� HO� SURFHVR� GH�
GHVFRPSRVLFLyQ� GH� OD� PDWHULD� RUJiQLFD� GHO� VXHOR�� (Q�
HVWH� VHQWLGR�� GLIHUHQWHV� HVWXGLRV� KDQ� GHPRVWUDGR� HO� URO�
GH� ODV� PLFRUUL]DV� HQ� OD� GHVFRPSRVLFLyQ� GH� OD� PDWHULD�
RUJiQLFD� GHO� VXHOR� FRPR�RUJDQLVPRV� GHVFRPSRQHGRUHV�
�+2'*(�HW� DO�� ������/,1'$+/�HW� DO�� ����� 026&$�
HW� DO�� ������ 7$/%27� HW� DO�� ������ R� FRPR�
FRQGLFLRQDQWHV� HQ� HO� SURFHVR�GHELGR� D� OD� IRUPDFLyQ�GH�
VXV�SDUHGHV�FHOXODUHV�R�SRU�OD�IRUPDFLyQ�GH�FRPSXHVWRV�
VHFXQGDULRV� GH� GLItFLO� GHVFRPSRVLFLyQ� �/$1*/(<� \�
+81*$7(�������/$1*/(<�HW�DO���������(Q�HVSHFLDO�
ODV� HFWRPLFRUUL]DV� MXJDUtDQ� XQ� URO� IXQGDPHQWDO� HQ� OD�
GHVFRPSRVLFLyQ� GH� ODV� UDtFHV� ILQDV� PLHQWUDV� TXH� ODV�
PLFRUUL]DV�DUEXVFXODUHV�QR�JHQHUDUtDQ�HIHFWRV�QHJDWLYRV�
VREUH� OD� WDVD� GH� GHVFRPSRVLFLyQ� GH� ODV� UDtFHV� ILQDV�
�/$1*/(<�\�+81*$7(��������6LQ�HPEDUJR��)$1�\�
*82� ������� DVLJQDQ� XQ� URO� VLPLODU� D� ODV� PLFRUUL]DV�
DUEXVFXODUHV� SULQFLSDOPHQWH� SRU� OD� IRUPDFLyQ� GH�
FRPSXHVWRV� FDUERQDGRV� GH� EDMD� FDOLGDG�� 6L� ELHQ� ODV�
HFWRPLFRUUL]DV�JHQHUDOPHQWH� HVWiQ� DVRFLDGDV� D� ERVTXHV�
WHPSODGRV�� *,$&+,1,� HW� DO�� ������� HQFRQWUDURQ�
LPSRUWDQWHV� DVRFLDFLRQHV� GH� HFWRPLFRUUL]DV� HQ�
SODQWDFLRQHV� GH� 3LQXV WDHGD DO� VXU� GH� %UDVLO� \� SRU� OR�
WDQWR� VHUtD� SRVLEOH� TXH� HVWRV� KRQJRV� LQWHUYHQJDQ� HQ� HO�
SURFHVR� GH� GHVFRPSRVLFLyQ� GH� UDtFHV� HQ� HO� SUHVHQWH�
HVWXGLR��3RU�RWUD�SDUWH��$581$&+$/$0�HW�DO� �������
HQFRQWUDURQ� IOXFWXDFLRQHV� HVWDFLyQDOHV� GHELGDV� D�
FDPELRV� GH� OD� SUHFLSLWDFLyQ� \� WHPSHUDWXUD� HQ� ,QGLD� HQ�
FRLQFLGHQFLD� FRQ� GLIHUHQWHV� DXWRUHV� TXH� HQFRQWUDURQ�
LQIOXHQFLD� GH� HVWRV� IDFWRUHV� VREUH� ODV� WDVDV� GH�
GHVFRPSRVLFLyQ�GH�UDtFHV��

/D� FRQFHQWUDFLyQ� LQLFLDO� GH� HOHPHQWRV� FRPR� HO�
QLWUyJHQR� \� IyVIRUR� \� FRPSXHVWRV� HVWUXFWXUDOHV� VRQ�
PHQFLRQDGRV� FRPR� GHWHUPLQDQWHV� GH� ODV� WDVDV� GH�
GHVFRPSRVLFLyQ��/$0%(56�HW�DO��������267(57$*�\�
+2%%,(�������<$1*�HW�DO� ������PLHQWUDV�TXH�RWURV�
PHQFLRQDQ� DO� WDPDxR� FRPR� FRQGLFLRQDQWH� GH� ODV�
PLVPDV��.,1*�HW�DO� �������

(Q� HO� SUHVHQWH� HVWXGLR� WDQWR� HO� IyVIRUR� FRPR� HO�
WDPDxR�GH�ODV�UDtFHV�UHVXOWDURQ�ODV�YDULDEOHV�TXH�PD\RU�
UHODFLyQ�FRQ�OD�SpUGLGD�GH�SHVR�SUHVHQWDURQ�GXUDQWH�ORV�
SULPHURV� PHVHV� SDUD� SRVWHULRUPHQWH� VHU� HO� WDPDxR� OD�
YDULDEOH� PiV� UHODFLRQDGD�� (VWD� UHODFLyQ� LQLFLDO�� OD� DOWD�
FRQFHQWUDFLyQ� GH� IRVIRUR� \� OD� FDUDFWHUtVWLFD� GHO� VXHOR�
SRGUtD�H[SOLFDU�OD�DOWD�WDVD�GH�GHVFRPSRVLFLyQ�H[KLELGD�
SRU�OD�UDtFHV�HQ�HVWH�HVWXGLR�

3RU�RWUD�SDUWH�� OD� UHODFLyQ�&�3�UHVXOWy�VHU� OD�TXH�
PiV� LQIOX\y� VREUH� OD� WDVD� GH� GHVFRPSRVLFLyQ��
SRVLEOHPHQWH� GHELGR� D� OD� DOWD� FRUUHODFLyQ� HQWUH� HO�
IyVIRUR�\�OD�WDVD�GH�GHVFRPSRVLFLyQ�

0LQHUDOL]DFLyQ�GH�)yVIRUR�\�1LWUyJHQR

(O� IyVIRUR�H[KLELy�XQD� UiSLGD� OLEHUDFLyQ�GXUDQWH�
HO� SULPHU� DxR� FRQ� YDORUHV� GH�PiV GH� ����� GH� IyVIRUR�
PLQHUDOL]DGR� D� ORV� ���� GtDV�� (VWRV� YDORUHV� FRPR� DVt�
WDPELpQ�ORV�YDORUHV�GH�.�HVWLPDGRV�UHVXOWDQ�FODUDPHQWH
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VXSHULRUHV� D� ORV� UHSRUWDGRV� SRU� RWURV� HVWXGLRV�
�$581$&+$/$0� HW� DO� ������ .,1*� HW� DO� ������
267(57$*�\�+2%%,(�������<$1*�HW�DO� ������

/D� UiSLGD� OLEHUDFLyQ� GHO� IyVIRUR� GXUDQWH� ODV�
SULPHUDV� HWDSDV� GHO� HVWXGLR� SXHGHQ� GHEHUVH�
SULQFLSDOPHQWH� D� OL[LYLDFLyQ� DXQTXH� VH� YHULILFD� XQD�
PDUFDGD� LQPRYLOL]DFLyQ�HQ� ORV�PHVHV�GH� LQYLHUQR��(VWH�
FRPSRUWDPLHQWR� FRLQFLGH� FRQ� OR� UHSRUWDGR� SRU�
$581$&+$/$0�HW�DO� �������\�-2+1�HW�DO� ��������
3RU� VX� SDUWH� 026&$� HW� DO�� ������� HQFRQWUDURQ� TXH�
HFWRPLFRUUL]DV�DXPHQWDURQ�OD�DFWLYLGDG�HQ]LPiWLFD�HQ�HO�
VXHOR�GH�XQ�ERVTXH�VRPHWLGR�D�UDOHR�GXUDQWH�ORV�PHVHV�
GH�LQYLHUQR�\�OR�DWULEX\HURQ�D�OD�DFWLYLGDG�VDSURItWLFD�GH�
ODV�PLFRUUL]DV�GXUDQWH�OD�pSRFD�GH�PHQRU�FUHFLPLHQWR�GH�
ORV� DUEROHV� KRVSHGHURV�� 3RU� OR� WDQWR�� HVWD� DFWLYLGDG� GH�
ODV� PLFRUUL]DV� SRGUtD� JHQHUDU� OD� LQPRYLOL]DFLyQ� GHO�
IRVIRUR�FRPR�SDUWH�GH�VXV�FRPSRQHQWHV�HVWUXFWXUDOHV��HQ�
HVSHFLDO�HQ�ODV�UDtFHV�GH�PHQRU�WDPDxR�

/RV� YDORUHV� HVWLPDGRV� GH� OD� WDVD� GH�
PLQHUDOL]DFLyQ� VRQ� PDUFDGDPHQWH� VXSHULRUHV� D� ORV�
YDORUHV� PHQFLRQDGRV� SDUD� UDtFHV� HQ� ]RQDV� WHPSODGDV�
�.,1*� HW� DO�� ������ \� DXQ� SDUD� ]RQDV� WURSLFDOHV��
$581$&+$/$0� HW� DO� ������� UHSRUWDQ� YDORUHV� GH�
����������SDUD�UDtFHV�GH ERVTXHV�VXEWURSLFDOHV�PLHQWUDV�
TXH� -2+1� HW� DO� ������� UHSRUWDQ� YDORUHV� GH� ����������
SDUD� 3LQXV� NHVL\D� HQ� ,QGLD�� 6LQ� HPEDUJR�� HVWDV� DOWDV�
WDVDV�VRQ�VLPLODUHV�D�ODV�HQFRQWUDGDV�SDUD�HO�PDQWLOOR�GH�
FXOWLYRV� HQ� ]RQDV� WURSLFDOHV� �&2%2� HW� DO�� ������� /DV�
WDVDV�GH�PLQHUDOL]DFLyQ�HVWLPDGDV�SRGUtDQ�RULJLQDUVH�HQ�
SDUWH�SRU�OD�IXHUWH�OLEHUDFLyQ�SURGXFLGD�HQ�HO�SHUtRGR�GH�
OL[LYLDFLyQ�� TXH� HQ� HVWH� FDVR� UHVXOWy� HOHYDGD�� \� OD�
SRVWHULRU� DFWLYLGDG� PLFURELDQD� LQGXFLGD� SRU� ORV� DOWRV�
FRQWHQLGRV�GH�IyVIRUR�HQ�ODV�UDtFHV�GH�HVWD HVSHFLH��(VWD�
OLEHUDFLyQ� GH� IyVIRUR� SRGUtD� UHSUHVHQWDU� XQD� IXHQWH�
LPSRUWDQWH� GH� HVWH� HOHPHQWR� SDUD� ODV� SODQWDV�
UHPDQHQWHV�� 9$1� /($5� HW� DO� ������� HQFRQWUDURQ�
DXPHQWRV� HQ� OD� SURGXFWLYLGDG� GH� 3LQXV� WDHGD
UHODFLRQDGD� D� OD� GHVFRPSRVLFLyQ� GH� UDtFHV� OXHJR� GH� OD
FRUWD�GH�LQGLYLGXRV�PDGXURV��SULQFLSDOPHQWH�GHELGR�D�OD�
XWLOL]DFLyQ�SRU�SDUWH�GH� ODV�UDtFHV�YLYDV�GH� ORV�HVSDFLRV�
RFXSDGRV� SRU� ODV� UDtFHV� HQ� GHVFRPSRVLFLyQ� \� OD�
OLEHUDFLyQ� GH� QXWULHQWHV� SURYHQLHQWHV� GH� ODV� PLVPDV��
026&$�HW�DO���������HQFRQWUDURQ�XQD�UiSLGD�UHVSXHVWD�
HQ]LPiWLFD� GH� ODV� PLFRUUL]DV� DVRFLDGDV� FRQ� iUEROHV�
OXHJR� GH� XQD� LQWHUYHQFLyQ� GH� UDOHR�� /DV� PLFRUUL]DV�
SRVHHQ� OD� FDSDFLGDG� GH� H[WUDHU� IyVIRUR� GH� ODV� UDtFHV�
VHQHVFHQWHV�� SDUWLFXODUPHQWH� GH� WHMLGRV� GH� GLItFLO�
GHVFRPSRVLFLyQ� SDUD� RWURV� PLFURRUJDQLVPRV� FRPR� ODV�
SDUHGHV� FHOXODUHV� GH� ODV� SURSLDV�PLFRUUL]DV� TXH� VRQ� GH�
GLItFLO�GHVFRPSRVLFLyQ�\�ULFDV�HQ�IyVIRUR��/$1*/(<�\�
+81*$7(��������/D�HVFDVD�GLVSRQLELOLGDG�GH�IyVIRUR�
HQ�ORV�VXHORV�GH�OD�]RQD�UHIOHMD�OD�LPSRUWDQFLD�GH�IXHQWHV�
GH�HVWH�HOHPHQWR�SDUD�HO�GHVDUUROOR�\�FUHFLPLHQWR�GH�ODV�
SODQWDV�HQ�ORV�VLVWHPDV�SURGXFWLYRV�GH�OD�UHJLyQ�\�HO�URO�
TXH� SXHGHQ� MXJDU� ODV� UDtFHV� GH� 3LQXV� WDHGD HQ�
GHVFRPSRVLFLyQ�GHQWUR�GH�ORV�PLVPRV�

(Q� HO� FDVR� GHO� QLWUyJHQR�� HO� FRPSRUWDPLHQWR� GH�
ORV� GLIHUHQWHV� WDPDxRV� UHVXOWR� HUUiWLFR�� (Q� OtQHDV�
JHQHUDOHV�� ODV� UDtFHV� VLJQLILFDURQ� XQ� VXPLGHUR� GH�
QLWUyJHQR�\D�TXH�IXH�LQPRYLOL]DGR�H�LQFOXVR�WRPDGR�GHO�

VXHOR��H[FHSWR�SDUD�HO� FDVR�GH� ODV� UDtFHV�PiV� ILQDV�TXH�
SUHVHQWDURQ� PLQHUDOL]DFLyQ� QHWD� GHO� PLVPR� GXUDQWH� HO�
SHUtRGR� HQ� HVWXGLR�� 6L� ELHQ OD�PD\RUtD� GH� ORV� HVWXGLRV�
UHIOHMDQ� PLQHUDOL]DFLyQ� QHWD� GH� QLWUyJHQR�
�$581$&+$/$0� HW� DO� ������ 267(57$*� \�
+2%%,(�������6&+())(5�\�$(576������� -2+1� HW�
DO� ������ <$1*� HW� DO� ������ 75,3$7+,� HW� DO�� ������
)$1� \� *82� ������� ODV� WDVDV� GH� PLQHUDOL]DFLyQ� \� OD�
LQPRYLOL]DFLyQ� FRLQFLGH� FRQ� GLYHUVRV� DXWRUHV� TXH�
HQFRQWUDURQ� PDUFDGDV� LQPRYLOL]DFLRQHV� GH� QLWUyJHQR�
GXUDQWH� OD� GHVFRPSRVLFLyQ� GH� UDtFHV� �6&+(8� \�
6&+$8(50$11� ������ 267(57$*� \� +2%%,(�
������*82�HW�DO���������3RU�RWUD�SDUWH��&$0,5e�HW�DO�
������� HQFRQWUDURQ� TXH� UDtFHV� ULFDV� HQ� QLWUyJHQR�
SUHVHQWDEDQ� PHQRUHV� WDVDV� GH� GHVFRPSRVLFLyQ� \� XQD�
PD\RU� LQPRYLOL]DFLyQ� GH� QLWUyJHQR� GHELGR� D� OD�
IRUPDFLyQ� GH� FRPSXHVWRV� GHULYDGRV� GH� OLJQLQD� \�
QLWUyJHQR�� &RPR� VH� PHQFLRQy� DQWHULRUPHQWH�� ODV�
PLFRUUL]DV� MXJDUtDQ� XQ� URO� IXQGDPHQWDO� HQ� OD�
PLQHUDOL]DFLyQ� GH� HVWH� HOHPHQWR�� )$1� \� *82� �������
HQFRQWUDURQ� TXH� UDtFHV� GH� PHQRU� WDPDxR� \� FRQ�
SUHVHQFLD� GH�PLFRUUL]DV�� FRQ� EDMD� UHODFLyQ�&�1�R� ULFDV�
HQ� 1� SUHVHQWDEDQ� EDMDV� WDVDV� GH� PLQHUDOL]DFLyQ�� (Q�
FRQWUDVWH��OD�GHVFRPSRVLFLyQ�GH�UDtFHV�GH�PD\RU�WDPDxR�
\�FRQ�FRPSXHVWRV�GH�&�OiELOHV��SHUR�PHQRV�ULFDV�HQ�1��
SUHVHQWDURQ� PD\RUHV� WDVDV� GH� GHVFRPSRVLFLyQ� H�
LQPRYLOL]DFLRQHV� SHULyGLFDV� GH� 1�� (VWR� LQGLFDUtD� TXH�
WHMLGRV�FRQ�EDMDV�FRQFHQWUDFLRQHV�GH�QLWUyJHQR�GHEHUtDQ�
GHVFRPSRQHUVH�PiV�UiSLGDPHQWH�TXH�DTXHOORV�FRQ�DOWDV�
FRQFHQWUDFLRQHV�� VLWXDFLyQ� TXH� QR� VH� YHULILFy� HQ� HVWH�
HVWXGLR�� (Q� SDUWLFXODU�� ORV� YDORUHV� GH� &�1� HQFRQWUDGRV�
HQ�HO�SUHVHQWH�HVWXGLR� VH�FRQWUDSRQHQ�D� OR�PHQFLRQDGR�
\D�TXH�VROR�ODV�UDtFHV�TXH�SUHVHQWDURQ�ODV�UHODFLRQHV�PiV�
EDMDV� OLEHUDURQ� QLWUyJHQR� PLHQWUDV� TXH�� DTXHOORV�
WDPDxRV�FRQ�YDORUHV�DOWRV�\�SRU�OR�WDQWR�PHQRV�ULFRV�HQ�
QLWUyJHQR�� SUHVHQWDURQ� LQPRYLOL]DFLyQ� QHWD� GH� HVWH�
HOHPHQWR�� 3RVLEOHPHQWH� HO� WDPDxR� GH� ODV� UDtFHV�
HVWXGLDGDV� HQ� HO� SUHVHQWH� WUDEDMR�� DO� VHU�PD\RU� TXH� ORV�
HVWXGLRV� FLWDGRV�� SUHVHQWHQ� XQD� GHVFRPSRVLFLyQ� \�
PLQHUDOL]DFLyQ�GH�1�DWULEXLEOH�D�OD�DFWLYLGDG�VDSURItWLFD�
GH� ODV�PLFRUUL]DV� VREUH� WHMLGRV�QR�FRORQL]DGRV�DQWHV�GH�
OD� VHQHVFHQFLD� \�SRU� OR� WDQWR� UHIOHMDUtD� OD� LQIOXHQFLD� GH�
ODV� PLFRUUL]DV� OXHJR� GH� XQ� UDOHR� GH� DFXHUGR� FRQ�
026&$� HW� DO�� �������� 'H� HVWD� PDQHUD�� OD�
GHVFRPSRVLFLyQ� \� PLQHUDOL]DFLyQ� GH� ORV� WHMLGRV� PiV�
MyYHQHV�\�ULFRV�HQ�1�SUHVHQWDUtD�PD\RUHV� WDVDV�TXH� ORV�
WHMLGRV�PDGXURV�\�SREUHV�HQ�HVWH�HOHPHQWR�

(Q� HO� FDVR�GHO�1� VH�YHULILFD� XQD� LQPRYLOL]DFLyQ�
LQYHUQDO� VREUH� ODV� UDtFHV� GH� PD\RU� WDPDxR� TXH� SRGUtD�
LQGLFDU�XQD�UiSLGD�PLQHUDOL]DFLyQ�GHO�1�HQ�ODV�UDtFHV�GH�
PHQRU� WDPDxR�� FRLQFLGHQWH� FRQ� XQD� UiSLGD� WDVD� GH�
GHVFRPSRVLFLyQ��PLHQWUDV�TXH� HQ� ODV� UDtFHV�PD\RUHV� HO�
SURFHVR� GH� GHVFRPSRVLFLyQ� GHPDQGDUtD� XQD� PD\RU�
LQPRYLOL]DFLyQ� GHO� 1� HQ� ODV� HVWUXFWXUDV� GH� ODV�
PLFRUUL]DV�

&21&/86,21

/DV� UDtFHV� GH�3LQXV� WDHGD SUHVHQWDURQ� HOHYDGDV�
WDVDV�GH�GHVFRPSRVLFLyQ�\�SRU�OR�WDQWR�UHSUHVHQWDUtDQ�XQ
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VXPLGHUR� GH� FDUERQR� PX\� GLQiPLFR� GHQWUR� GH� ORV�
VLVWHPDV� VLOYRSDVWRULOHV�� /DV� UDtFHV� HQ� GHVFRPSRVLFLyQ�
SXHGHQ� VLJQLILFDU� XQD IXHQWH� GLUHFWD� GH� QXWULHQWHV� SDUD�
ODV� SODQWDV� UHPDQHQWHV�� HVSHFLDOPHQWH� SDUD� HO� IyVIRUR�
TXH� UHVXOWD� HO� HOHPHQWR� OLPLWDQWH� HQ� ORV� VXHORV� GH� OD�
UHJLyQ��PLHQWUDV�TXH�HQ�HO�FDVR�GHO�QLWUyJHQR�ODV�UDtFHV�
MXJDUtDQ�XQ�SDSHO�LPSRUWDQWH�HQ�OD�UHWHQFLyQ�GHO�PLVPR�

$*5$'(&,0,(1726

/RV� DXWRUHV� DJUDGHFHQ� DO� ,QJ�� -RUJH� 5DQJHU� \�
5DQJHU� 0DGHUDV�� SRU� IDFLOLWDU� HO� VLWLR� \� SHUVRQDO� GH�
DSR\R�SDUD�OOHYDU�D�FDER�HO�SUHVHQWH�HVWXGLR��(O�WUDEDMR�
IXH� ILQDQFLDGR� SDUFLDOPHQWH� PHGLDQWH� HO� SUR\HFWR�
,17$��3$1������

%,%/,2*5$),$

$'$06�0��%���&DPSEHOO�5��*���$OOHQ�+��/���'DYH\�
&��%���������5RRW�DQG�)ROLDU�1XWULHQW�&RQFHQWUDWLRQV�LQ�
/REOROO\�3LQH��(IIHFWV�RI�6HDVRQ��6LWH��DQG�)HUWLOL]DWLRQ��
)RUHVW�6FLHQFH������SS����������

$581$&+$/$0�$���3DQGH\�+�1���7ULSDWKL�5�6���
0DLWKDQL�.���������)LQH�URRW�GHFRPSRVLWLRQ�DQG�QXWULHQW�
PLQHUDOL]DWLRQ� SDWWHUQV� LQ� D� VXEWURSLFDO� KXPLG� IRUHVW�
IROORZLQJ�WUHH�FXWWLQJ��)RUHVW�(FRORJ\�DQG�0DQDJHPHQW��
����SS���������

&$,516� 0�$��� %URZQ� 6��� +HOPHU� (�+���
%DXPJDUGQHU� *�$��� ������ 5RRW� ELRPDVV� DOORFDWLRQ� LQ�
WKH�ZRUOG¶V�XSODQG�IRUHVWV��2HFRORJLD�������SS������

&$0,5e� &��� &{WH� %��� %UXORWWH� 6��� ������
'HFRPSRVLWLRQ�RI�URRWV�RI�EODFN�DOGHU�DQG�K\EULG�SRSODU�
LQ�VKRUW�URWDWLRQ�SODQWLQJV��1LWURJHQ�DQG� OLJQLQ�FRQWURO��
3ODQW�DQG�6RLO�������SS���������

&2%2� -�*�� %DUULRV� (�� .DVV� '�&�/�� 7KRPDV� 5�-���
������ 'HFRPSRVLWLRQ� DQG� QXWULHQW� UHOHDVH� E\� JUHHQ�
PDQXUHV�LQ�D�WURSLFDO�KLOOVLGH�DJURHFRV\VWHP��3ODQW�DQG�
6RLO�������SS����������

&+$3,1�,,,�6�)���0DWVRQ�3�$���0RRQH\�+�$���������
3ULQFLSOHV� RI� WHUUHVWULDO� HFRV\VWHP� HFRORJ\� 6SULQJHU�
9HUODJ��1HZ�<RUN��86$������SS�

&+(1� +��� +DUPRQ� 0�(��� *ULIILWKV� 5�3��� ������
'HFRPSRVLWLRQ�DQG�QLWURJHQ�UHOHDVH�IURP�GHFRPSRVLQJ�
ZRRG\� URRWV� LQ� FRQLIHURXV� IRUHVWV� RI� WKH� 3DFLILF�
1RUWKZHVW�� D� FKURQRVHTXHQFH� DSSURDFK�� &DQDGLDQ�
-RXUQDO�RI�)RUHVW�5HVHDUFK������SS���������

)$+(<� -�� +XJKHV� :�� 38� 0�� $UWKXU� $��� ������
5RRW� 'HFRPSRVLWLRQ� DQG� 1XWULHQW� )OX[� )ROORZLQJ�
:KROH�7UHH� +DUYHVW� RI� 1RUWKHUQ� +DUGZRRG� )RUHVW��
)RUHVW�6FLHQFH������SS����������

)$1� 3��� *XR� '��� ������ 6ORZ� GHFRPSRVLWLRQ� RI�
ORZHU�RUGHU�URRWV��D�NH\�PHFKDQLVP�RI�URRW�FDUERQ�DQG�

QXWULHQW� UHWHQWLRQ� LQ� WKH� VRLO�� 2HFRORJLD�� ����� SS� ����
����

*,$&+,1,�$�-���6RX]D�/�$�%���2OLYHLUD�9�/���������
6SHFLHV� ULFKQHVV� DQG� VHDVRQDO� DEXQGDQFH� RI�
HFWRP\FRUUKL]DO� IXQJL� LQ� SODQWDWLRQV� RI� (XFDO\SWXV�
GXQQLL�DQG�3LQXV�WDHGD LQ�VRXWKHUQ�%UD]LO��0\FRUUKL]D��
����SS���������

*82�/�%���+DOOLGD\�0�-���*LIIRUG�5�0���������)LQH�
URRW� GHFRPSRVLWLRQ� XQGHU� JUDVV� DQG� SLQH� VHHGOLQJV� LQ�
FRQWUROOHG� HQYLURQPHQWDO� FRQGLWLRQV�� $SSOLHG� 6RLO�
(FRORJ\������SS�������

+2'*(�$���&DPSEHOO� &�'��� )LWWHU�$�+��� ������$Q�
DUEXVFXODU� P\FRUUKL]DO� IXQJXV� DFFHOHUDWHV�
GHFRPSRVLWLRQ� DQG� DFTXLUHV� QLWURJHQ� GLUHFWO\� IURP�
RUJDQLFPDWHULDO��1DWXUH�������SS���������

,17$�� ������ $WODV� GH� VXHORV� GH� OD� 5HS~EOLFD�
$UJHQWLQD�� 7RPR� ,,�� ,QVWLWXWR� 1DFLRQDO� GH� 7HFQRORJtD�
$JURSHFXDULD��%XHQRV�$LUHV��$UJHQWLQD��SS���������

-2+1� %��� 3DQGH\� 5�6��� 7ULSDWKL� 5�6��� ������
'HFRPSRVLWLRQ� RI� ILQH� URRWV� RI� 3LQXV� NHVL\D DQG�
WXUQRYHU�RI�RUJDQLF�PDWWHU��1�DQG�3�RI�FRDUVH�DQG� ILQH�
SLQH� URRWV� DQG� KHUEDFHRXV� URRWV� DQG� UKL]RPHV� LQ�
VXEWURSLFDO�SLQH�IRUHVW�VWDQGV�RI�GLIIHUHQW�DJHV��%LRORJ\�
DQG�)HUWLOLW\�RI�6RLOV������SS���������

.,1*� -�6��� $OOHQ� +�/��� 'RXJKHW\� 3��� 6WUDLQ� %�5���
������'HFRPSRVLWLRQ� RI� URRWV� LQ� OREOROO\� SLQH�� (IIHFWV�
RI�QXWULHQW�DQG�ZDWHU�DYDLODELOLW\�DQG�URRW�VL]H�FODVV�RQ�
PDVV�ORVV�DQG�QXWULHQW�G\QDPLFV��3ODQW�DQG�6RLO�������SS�
��������

/$0%(56� +��� &KDSLQ� ,,,� )�6��� 3RQV� 7�/��� ������
3ODQW� SK\VLRORJLFDO� HFRORJ\�� 6SULQJHU� 9HUODJ�� 1HZ�
<RUN������S�

/$1*/(<�$�-���+XQJDWH�%�$��� ������0\FRUUKL]DO�
FRQWUROV�RQ�EHORZJURXQG� OLWWHU�TXDOLW\��(FRORJ\������SS�
����������

/$1*/(<� -�$��� &KDSPDQ� 6�.��� +XQJDWH� %�$���
������ (FWRP\FRUUKL]DO� FRORQL]DWLRQ� VORZV� URRW�
GHFRPSRVLWLRQ�� WKH� SRVW�PRUWHP� IXQJDO� OHJDF\��
(FRORJLFDO�/HWWHUV�����SS���������

/,1'$+/�%�'��� ,KUPDUN�.��� %REHUJ� -��� 7UXPERUH�
6�(���+|JEHUJ�3���6WHQOLG�-���)LQOD\�5�'���������6SDWLDO�
VHSDUDWLRQ� RI� OLWWHU� GHFRPSRVLWLRQ� DQG� P\FRUUKL]DO�
QLWURJHQ� XSWDNH� LQ� D� ERUHDO� IRUHVW�� 1HZ� 3K\WRORJLVW��
�����SS���������

0,//(5� $�7��� $OOHQ� +�/��� 0DLHU� &�$��� ������
4XDQWLI\LQJ� WKH� FRDUVH�URRW� ELRPDVV� RI� LQWHQVLYHO\�
PDQDJHG�OREOROO\�SLQH�SODQWDWLRQV��&DQDGLDQ�-RXUQDO�RI�
)RUHVW� 5HVHDUFK�� ���� SS� ������
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026&$� (��� 0RQWHFFKLR� /��� 6FDWWROLQD� /����
*DUED\H� -��� ������ (Q]\PDWLF� DFWLYLWLHV� RI� WKUHH�
HFWRP\FRUUKL]DO�W\SHV�RI�4XHUFXV�UREXU /��LQ�UHODWLRQ�
WR� WUHH� GHFOLQH� DQG� WKLQQLQJ�� 6RLO� %LRORJ\� DQG�
%LRFKHPLVWU\������SS������������

0278/6.<� +�-��� 5DQVQDV� /�$��� ������ )LWWLQJ�
FXUYHV�WR�GDWD�XVLQJ�QRQOLQHDU�UHJUHVVLRQ��D�SUDFWLFDO�
DQG� QRQPDWKHPDWLFDO� UHYLHZ�� -RXUQDO� RI� WKH�
)HGHUDWLRQ� RI� $PHULFDQ� 6RFLHWLHV� IRU� H[SHULPHQWDO�
%LRORJ\�����SS���������

2/621� -�6��� ������ (QHUJ\� VWRUDJH� DQG� WKH�
EDODQFH�RI�SURGXFHUV� DQG�GHFRPSRVHUV� LQ� HFRORJLFDO�
V\VWHPV��(FRORJ\������SS����±����

267(57$*�5���+REELH�6�(���������(DUO\�VWDJHV�
RI� URRW� DQG� OHDI� GHFRPSRVLWLRQ� LQ�+DZDLLDQ� IRUHVWV��
HIIHFWV� RI� QXWULHQW� DYDLODELOLW\�� 2HFRORJLD�� ����� SS�
��������

52%(57621� *�3��� 3DXO� (�$��� ������
'HFRPSRVLWLRQ�DQG�VRLO�RUJDQLF�PDWWHU�G\QDPLFV��(Q��
0HWKRGV� LQ� HFRV\VWHP� VFLHQFH�� 6DOD� 2�(��� -DFNVRQ�
5�%���0RRQH\�+�$���+RZDUWK�5�:��6SULQJHU�9HUODJ��
1HZ�<RUN��3S���������

6&+())(5� 5�$��� $HUWV� 5��� ������ 5RRW�
GHFRPSRVLWLRQ�DQG�VRLO�QXWULHQW�DQG�FDUERQ�F\FOLQJ�LQ�
WZR� WHPSHUDWH� IHQ� HFRV\VWHPV�� 2LNRV�� ���� SS� ����
����

6&+(8� 6��� 6FKDXHUPDQQ� -��� ������
'HFRPSRVLWLRQ� RI� URRWV� DQG� WZLJV�� (IIHFWV� RI� ZRRG�
W\SH� �EHHFK�DQG�DVK���GLDPHWHU�� VLWH�RI�H[SRVXUH�DQG�
PDFURIDXQD�H[FOXVLRQ��3ODQW�DQG�6RLO�������SS�������

6,/9(5�:�/���0L\D�5�.���������*OREDO�SDWWHUQV�
LQ� URRW� GHFRPSRVLWLRQ�� FRPSDULVRQV� RI� FOLPDWH� DQG�
OLWWHU�TXDOLW\�HIIHFWV��2HFRORJLD�������SS���������

62,/� 6859(<� 67$))�� ������ .H\V� WR� 6RLO�
7D[RQRP\�� $JULFXOWXUH� +DQGERRNV� ����� (OHYHQWK�
(GLWLRQ��15&6��:DVKLQJWRQ�'&��86$�

7$/%27� -�0��� $OOLVRQ� 6�'��� 7UHVHGHU� .�.���
������'HFRPSRVHUV�LQ�GLVJXLVH��P\FRUUKL]DO�IXQJL�DV�
UHJXODWRUV� RI� VRLO� &� G\QDPLFV� LQ� HFRV\VWHPV� XQGHU�
JOREDO�FKDQJH��)XQFWLRQDO�(FRORJ\������SS���������

75,3$7+,��6�.���6XPLGD�$���6KLEDWD�+���2QR�.���
8HPXUD�6���.RGDPD�<���+DUD�7���������/HDI�OLWWHUIDOO�
DQG� GHFRPSRVLWLRQ� RI� GLIIHUHQW� DERYH� DQG�

EHORZJURXQG�SDUWV�RI�ELUFK��%HWXOD�HUPDQLL��WUHHV�DQG�
GZDUI� EDPERR� �6DVD� NXULOHQVLV�� VKUXEV� LQ� D� \RXQJ�
VHFRQGDU\� IRUHVW� LQ� 1RUWKHUQ� -DSDQ�� %LRORJ\� DQG�
)HUWLOLW\�RI�6RLOV������SS���������

9$1�/($5�'�+���.DSHOXFN�3�5���&DUUROO�:�'���
������ 3URGXFWLYLW\� RI� OREOROO\� SLQH� DV� DIIHFWHG� E\�
GHFRPSRVLQJ� URRW� V\VWHPV�� )RUHVW� (FRORJ\� DQG�
0DQDJHPHQW�������SS����������

<$1*� <��� &KHQ� *��� *XR� -��� /LQ� 3��� ������
'HFRPSRVLWLRQ� G\QDPLF� RI� ILQH� URRWV� LQ� D� PL[HG�
IRUHVW� RI� &XQQLQJKDPLD� ODQFHRODWD DQG�
7VRRQJLRGHQGURQ� RGRUXP LQ�PLG�VXEWURSLFV��$QQDOV�
RI�)RUHVW�6FLHQFH������SS���±���

=$5� -�+��� ������ %LRVWDWLVWLFDO� $QiOLVLV�� 3UHQWLFH�
+DOO��1HZ�-HUVH\�86$������SS�


