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/RV SULQFLSDOHV RE MHWLYRV GH XQ VLVWHPD GH WLHUUDV GH XQD LQVWDODFLxRQ HOxHFWULFD VRQ
ORV GH JDUDQWL]DU OD LQWHJULGDG GH ORV HTXLSRV \ DVHJXUDU OD FRQWLQXLGDG GHO VXPLQLVWUR
GH HOHFWULFLGDG� \ VDOYDJXDUGDU TXH XQD SHUVRQD TXH VH HQFXHQWUH HQ ODV SUR[LPLGDGHV
GH OD LQVWDODFLxRQ QR SXHGD VXIULU XQD GHVFDUJD HOxHFWULFD SHOLJURVD� 3DUD HVWRV qQHV�
OD UHVLVWHQFLD HTXLYDOHQWH GHO VLVWHPD GH WLHUUDV GHEH VHU ORV VXqFLHQWHPHQWH EDMD SDUD
JDUDQWL]DU TXH ODV FRUULHQWHV GH IDOOR VH GLVLSDQ SULQFLSDOPHQWH HQ HO WHUUHQR D WUDYxHV GHO
VLVWHPD GH WLHUUDV� HQ WDQWR TXH ODV PD\RUHV GLIHUHQFLDV GH SRWHQFLDO HQWUH SXQWRV HQ ORV
TXH XQD SHUVRQD SXHGD HVWDU HQ FRQWDFWR GHEHQ VHU LQIHULRUHV D GHWHUPLQDGRV OxuPLWHV
GH PxD[LPRV HVWDEOHFLGRV SRU ODV QRUPDWLYDV GH VHJXULGDG GH HVWH WLSR GH LQVWDODFLRQHV
�WHQVLRQHV GH PDOOD� WHQVLRQHV GH SDVR \ WHQVLRQHV GH FRQWDFWR� � �� �� �

'HVGH ORV DaQRV VHVHQWD VH KDQ SURSXHVWR XQ JUDQ QxXPHUR GH PxHWRGRV SDUD HO FxDOFXOR
\ DQxDOLVLV GH HVWH WLSR GH LQVWDODFLRQHV� OD PD\RU SDUWH EDVDGRV HQ FRQVLGHUDFLRQHV GH
WLSR SUxDFWLFR R HQ LGHDV LQWXLWLYDV �WDOHV FRPR OD VXSHUSRVLFLxRQ GH IXHQWHV SXQWXDOHV
GH FRUULHQWH R ORV PxHWRGRV GH SURPHGLDGR GHO SRWHQFLDO� � � $XQTXH HVWDV WxHFQLFDV
VXSXVLHURQ XQ QRWDEOH DYDQFH VH KDQ FRQVWDWDGR QXPHURVRV LQFRQYHQLHQWHV� WDOHV FRPR
ODV OLPLWDFLRQHV GH HVWRV PxHWRGRV HQ FXDQWR DO QxXPHUR PxD[LPR GH FRQGXFWRUHV GH
OD UHG GH WLHUUDV� VX GLVSRVLFLxRQ \ HO WDPDaQR GH OD LQVWDODFLxRQ D SURWHJHU� � R ORV
HOHYDGRV UHTXHULPLHQWRV FRPSXWDFLRQDOHV� ORV UHVXOWDGRV SRFR UHDOLVWDV DO LQFUHPHQWDU OD
GLVFUHWL]DFLxRQ GH ORV HOHFWURGRV� \ OD LQFHUWLGXPEUH HQ HO PDUJHQ GH HUURU� �

(Q ORV xXOWLPRV DaQRV� ORV DXWRUHV GHO SUHVHQWH DUWxuFXOR KHPRV GHVDUUROODGR XQD
IRUPXODFLxRQ QXPxHULFD EDVDGD HQ HO PxHWRGR GH HOHPHQWRV GH FRQWRUQR SDUD HO DQxDOLVLV
GH UHGHV GH WLHUUD FRQ PRGHORV GH WHUUHQR LVxRWURSR \ KRPRJxHQHR TXH KD SHUPLWLGR
LGHQWLqFDU PXFKRV GH ORV PxHWRGRV LQWXLWLYRV HPSOHDGRV HQ OD SUxDFWLFD FRPR FDVRV
SDUWLFXODUHV GH HVWD IRUPXODFLxRQ JHQHUDO� � *UDFLDV D HOOD VH KD SRGLGR H[SOLFDU
PDWHPxDWLFDPHQWH HO FRPSRUWDPLHQWR DVLQWxRWLFR DQxRPDOR GH HVRV PxHWRGRV� VH KDQ
HVWDEOHFLGR ODV IXHQWHV GH HUURU \ FxRPR VXEVDQDUODV� \ VH KDQ SURSXHVWR QXHYDV
IRUPXODFLRQHV QXPxHULFDV PxDV HqFLHQWHV \ SUHFLVDV SDUD OD UHVROXFLxRQ GH HVWH WLSR GH
SUREOHPDV� �� � $VLPLVPR� HVWD IRUPXODFLxRQ GH HOHPHQWRV GH FRQWRUQR VH KD DSOLFDGR
FRQ xH[LWR DO DQxDOLVLV GH WRPDV GH WLHUUD UHDOHV GH JUDQGHV LQVWDODFLRQHV HOxHFWULFDV FRQ
XQ FRVWH FRPSXWDFLRQDO SHUIHFWDPHQWH DVXPLEOH WDQWR HQ WLHPSR GH FxDOFXOR FRPR GH
UHTXHULPLHQWRV GH PHPRULD� �� � �
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(O IHQxRPHQR IxuVLFR GH OD GLVLSDFLxRQ GH OD FRUULHQWH HOxHFWULFD HQ XQ WHUUHQR D WUDYxHV
GH XQD PDOOD GH FRQGXFWRUHV GH WLHUUD VH SXHGH DQDOL]DU HQ HO PDUFR GH OD 7HRUxuD GHO
(OHFWURPDJQHWLVPR GH 0D[ZHOO� � � 'H HVWH PRGR� OLPLWDQGR HO DQxDOLVLV D OD REWHQFLxRQ GH
OD UHVSXHVWD HOHFWURFLQxHWLFD HQ HVWDGR HVWDFLRQDULR� \ GHVSUHFLDQGR OD UHVLVWHQFLD HOxHFWULFD
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LQWHUQD GH ORV HOHFWURGRV GH WLHUUD �SRU OR TXH HO SRWHQFLDO VH SXHGH DVXPLU FRQVWDQWH HQ
FXDOTXLHU SXQWR GH VX VXSHUqFLH� � HO SUREOHPD �' DVRFLDGR SXHGH HVFULELUVH GH OD IRUPD
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GRQGH ( HO WHUUHQR� rrrrrrrrrrrrrr VX WHQVRU GH FRQGXFWLYLGDG� c( OD VXSHUqFLH GHO WHUUHQR� QQQQQQQQQQQQQQ (

VX YHUVRU QRUPDO H[WHULRU XQLWDULR \ c OD VXSHUqFLH GH ORV HOHFWURGRV GH WLHUUD� �� � $Vxu�
FXDQGR HO HOHFWURGR DGTXLHUH XQ SRWHQFLDO 9 c �?QLYHO GH SRWHQFLDO GH WLHUUD� R * 3 5 �

? * UR X Q G 3 R WHQ WLD O 5 LVH� � � OD VROXFLxRQ GH HVWH SUREOHPD SURSRUFLRQD HO SRWHQFLDO 9 \
OD GHQVLGDG GH FRUULHQWH �������������� HQ XQ SXQWR DUELWUDULR [[[[[[[[[[[[[[ � 3RU RWUD SDUWH� GDGR TXH 9 \
�������������� VRQ SURSRUFLRQDOHV DO QLYHO GH SRWHQFLDO GH WLHUUD �* 3 5 � � OD FRQGLFLxRQ GH FRQWRUQR
QRUPDOL]DGD 9 c  � QR HV HQ DEVROXWR UHVWULFWLYD� SRU OR TXH VH HPSOHDUxD HQ OR VXFHVLYR� �
(Q WxHUPLQRV GH HVWDV PDJQLWXGHV� ORV SDUxDPHWURV GH GLVHaQR GH ORV VLVWHPDV GH WLHUUD

WDOHV FRPR OD GHQVLGDG GH FRUULHQWH � TXH HPDQD GH XQ SXQWR GH OD VXSHUqFLH GH ORV
HOHFWURGRV� OD LQWHQVLGDG WRWDO GH FRUULHQWH ,c TXH rX\H DO WHUUHQR GXUDQWH XQD VLWXDFLxRQ
GH IDOOR� \ OD UHVLVWHQFLD HTXLYDOHQWH GHO VLVWHPD 5 HT � R DSDUHQWH GHO FLUFXLWR HOxHFWULFR
HOHFWURGR�WHUUHQR� VH SXHGHQ REWHQHU FRPR�
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0XFKRV GH ORV PxHWRGRV SURSXHVWRV KDVWD HO PRPHQWR HVWxDQ EDVDGRV HQ OD KL�
SxRWHVLV GH TXH HO WHUUHQR HV KRPRJxHQHR H LVxRWURSR� � SRU OR TXH HO WHQVRU GH FRQ�
GXFWLYLGDGHV rrrrrrrrrrrrrr VH SXHGH VXVWLWXLU SRU XQ YDORU HVFDODU GH OD FRQGXFWLYLGDG TXH VH
GHWHUPLQD H[SHULPHQWDOPHQWH� � &RPR QRUPD JHQHUDO� HVWD KLSxRWHVLV QR LQWURGXFH
HUURUHV VLJQLqFDWLYRV VL HO WHUUHQR HV HVHQFLDOPHQWH XQLIRUPH� WDQWR KRUL]RQWDO FRPR
YHUWLFDOPHQWH� KDVWD XQD GLVWDQFLD GH WUHV D FLQFR YHFHV OD ORQJLWXG GH OD PxD[LPD
GLDJRQDO HQ OD PDOOD GH FRQGXFWRUHV TXH IRUPDQ OD WRPD GH WLHUUD� PHGLGD GHVGH VX
SHUxuPHWUR� $VLPLVPR� HVWH PRGHOR GH WHUUHQR LVxRWURSR \ KRPRJxHQHR SXHGH VHU HPSOHDGR�
DXQTXH REWHQLxHQGRVH UHVXOWDGRV PxDV LPSUHFLVRV� VL OD UHVLVWLYLGDG YDUxuD OLJHUDPHQWH FRQ
OD SURIXQGLGDG� � 1R REVWDQWH� \D TXH ORV SDUxDPHWURV TXH HV SUHFLVR GHWHUPLQDU SDUD
GLVHaQDU FRUUHFWDPHQWH XQD UHG GH HOHFWURGRV GH WLHUUD SXHGHQ YDULDU GH IRUPD LPSRUWDQWH
VL OD FRQGXFWLYLGDG GHO VXHOR YDUxuD GH XQD SDUWH D RWUD HQ HO ]RQD GH HPSOD]DPLHQWR GH
OD VXEHVWDFLxRQ HOxHFWULFD� HV UD]RQDEOH GHVDUUROODU PRGHORV PxDV SUHFLVRV TXH WHQJDQ HQ
FXHQWD OD YDULDFLxRQ GH OD FRQGXFWLYLGDG GHO WHUUHQR HQ ODV LQPHGLDFLRQHV GHO VLVWHPD GH
WLHUUDV�
(Q HVWH SXQWR� HV REYLR TXH HO GHVDUUROOR GH PRGHORV FDSDFHV GH LQFRUSRUDU WRGDV

ODV YDULDFLRQHV GH OD FRQGXFWLYLGDG GHO WHUUHQR HQ ORV DOUHGHGRUHV GH XQD UHG GH
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WLHUUDV HV LQDERUGDEOH WDQWR GHVGH XQ SXQWR GH YLVWD WxHFQLFR FRPR HFRQxRPLFR �DO FRVWH
FRPSXWDFLRQDO� VLQ GXGD LPSRUWDQWH� TXH VXSRQGUxuD OD UHVROXFLxRQ GH XQ SUREOHPD GH
HVWDV FDUDFWHUxuVWLFDV� KDEUxuD TXH DaQDGLU ODV FDPSDaQDV GH PHGLFLRQHV H[SHULPHQWDOHV \ OD
SURSLD JHQHUDFLxRQ GHO PRGHOR GH VXHOR� � 3RU HVWH PRWLYR� XQD DSUR[LPDFLxRQ PxDV SUxDFWLFD
�\ EDVWDQWH PxDV UHDOLVWD� HQ ORV FDVRV HQ TXH OD FRQGXFWLYLGDG GHO WHUUHQR QR VHD XQLIRUPH
FRQ OD SURIXQGLGDG� FRQVLVWH HQ FRQVLGHUDU HO WHUUHQR HVWUDWLqFDGR HQ XQ GHWHUPLQDGR
QxXPHUR GH FDSDV KRUL]RQWDOHV GH GLVWLQWR HVSHVRU� FX\D FRQGXFWLYLGDG HVFDODU DSDUHQWH
VH REWLHQH D SDUWLU GH PHGLFLRQHV H[SHULPHQWDOHV� VRQGHRV R HVWLPDFLRQHV VHJxXQ OD
FRPSRVLFLxRQ DSUR[LPDGD GH FDGD FDSD GHO WHUUHQR� 'H KHFKR� VH DFHSWD DPSOLDPHQWH
TXH� HQ HVWRV FDVRV� ORV PRGHORV GH WHUUHQR GH GRV FDSDV �R WUHV� FRPR PxD[LPR� VRQ
VXqFLHQWHV SDUD REWHQHU HQ OD SUxDFWLFD GLVHaQRV GH ORV VLVWHPDV GH WLHUUDV UD]RQDEOHPHQWH
EXHQRV \ VHJXURV� �� �
(Q XQ FDVR JHQHUDO� VL VH FRQVLGHUD HO WHUUHQR IRUPDGR SRU & HVWUDWRV KRUL]RQWDOHV GH

GLIHUHQWH FRQGXFWLYLGDG HQ HO TXH OD PDOOD GH HOHFWURGRV GH WLHUUD VH HQFXHQWUH VLWXDGD HQ
HO HVWUDWR VXSHULRU� HO SUREOHPD PDWHPxDWLFR ��� VH UHGXFH DO VLJXLHQWH SUREOHPD H[WHULRU
GH 1HXPDQQ�
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VLHQGR ( F FDGD XQD GH ODV FDSDV GHO WHUUHQR �F  ��& � � c�Fb ��F� OD LQWHUIDVH HQWUH GRV
FDSDV FXDOHVTXLHUD F b � \ F � r F OD FRQGXFWLYLGDG HVFDODU DSDUHQWH GHO HVWUDWR F � \ 9 F

HO SRWHQFLDO FRUUHVSRQGLHQWH D ORV SXQWRV GH OD FDSD F� � �� � �� � � WDO FRPR VH PXHVWUD HQ OD
qJXUD � � 2EYLDPHQWH� VL HO HOHFWURGR GH WLHUUD HVWxD HQWHUUDGR HQ RWUR HVWUDWR GHO WHUUHQR
�9 F  9 c HQ c� � HO SODQWHDPLHQWR GHO SUREOHPD H[WHULRU HV DQxDORJR D ���

� � �
&RQ FDUxDFWHU JHQHUDO� \ H[FHSWR HQ FDVRV GH LQVWDODFLRQHV HOxHFWULFDV PX\ SDUWLFXODUHV�

HO HOHFWURGR GH WLHUUD HVWxD IRUPDGR SRU XQD PDOOD GH FRQGXFWRUHV FLOxuQGULFRV FRQHFWDGRV
HQWUH Vxu� HQWHUUDGRV KRUL]RQWDOPHQWH R FODYDGRV YHUWLFDOPHQWH� FRQ XQD UHODFLxRQ HQWUH VX
GLxDPHWUR \ VX ORQJLWXG UHODWLYDPHQWH SHTXHaQD �GHO RUGHQ GH ��b �� � � 2EYLDPHQWH QR HV
SRVLEOH GLVSRQHU GH VROXFLRQHV DQDOxuWLFDV D HVWH SUREOHPD FRQ OD FRQqJXUDFLxRQ KDELWXDO
TXH WLHQHQ HQ OD SUxDFWLFD HVWDV UHGHV GH WLHUUD�
3RU RWUD SDUWH� HO HPSOHR GH WxHFQLFDV QXPxHULFDV HVWxDQGDU� WDOHV FRPR ORV PxHWRGRV

GH HOHPHQWRV qQLWRV R GH GLIHUHQFLDV qQLWDV� UHTXLHUHQ OD GLVFUHWL]DFLxRQ GH ORV GR�
PLQLRV WULGLPHQVLRQDOHV ( F � SRU OR TXH OD REWHQFLxRQ GH UHVXOWDGRV VXqFLHQWHPHQWH
SUHFLVRV LPSOLFDUxuDQ XQDV QHFHVLGDGHV FRPSXWDFLRQDOHV DEVROXWDPHQWH SURKLELWLYDV HQ
OD DFWXDOLGDG WDQWR HQ PHPRULD FRPR HQ WLHPSR GH FxDOFXOR� � 0X\ UHFLHQWHPHQWH� HQ
HVWH xDPELWR GHO DQxDOLVLV \ FxDOFXOR GH WRPDV GH WLHUUD� VH KDQ HPSH]DGR D DSOLFDU RWUR WLSR
GH WxHFQLFDV QXPxHULFDV TXH WUDWDQ GH HYLWDU ORV LQFRQYHQLHQWHV GH OD GLVFUHWL]DFLxRQ GHO
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) LJ � � �_ 5HSUHVHQWDFLxRQ HVTXHPxDWLFD GH OD GLVLSDFLxRQ GH FRUULHQWH HOxHFWULFD D WUDYxHV
GH XQ VLVWHPD GH WLHUUDV HQ XQ WHUUHQR HVWUDWLqFDGR FRQ XQ QxXPHUR DUELWUDULR
GH FDSDV�

GRPLQLR �ORV PxHWRGRV ?VLQ PDOOD� � � � � HVWRV WUDEDMRV VH HQFXHQWUDQ DFWXDOPHQWH HQ IDVH
GH GHVDUUROOR \ VX DSOLFDFLxRQ HVWxD UHVWULQJLGD D OD UHVROXFLxRQ GH SUREOHPDV DFDGxHPLFRV \
GH WHVW� � �� � �

3RU WRGR HOOR� \ VL VH WLHQH HQ FXHQWD TXH HQ HO GLVHaQR GH XQD UHG GH WLHUUDV ORV YDORUHV
GHO SRWHQFLDO VRODPHQWH VH SUHFLVDQ HQ OD VXSHUqFLH GHO WHUUHQR c( \ TXH OD UHVLVWHQFLD
HTXLYDOHQWH VH SXHGH REWHQHU IxDFLOPHQWH HQ WxHUPLQRV GH OD GHQVLGDG GH FRUULHQWH � TXH
HPDQD GH ORV HOHFWURGRV PHGLDQWH ��� � VH KD RSWDGR SRU GHVDUUROODU XQD IRUPXODFLxRQ
EDVDGD HQ HO PxHWRGR GH HOHPHQWRV GH FRQWRUQR TXH UHTXHULUxD xXQLFDPHQWH OD GLVFUHWL]DFLxRQ
GH OD VXSHUqFLH GH ORV HOHFWURGRV c� SRU OR TXH HO SUREOHPD WULGLPHQVLRQDO VH SRGUxD
SODQWHDU HQ WxHUPLQRV GH RWUR ELGLPHQVLRQDO�

$Vxu� VL VH DVXPH TXH OD VXSHUqFLH GHO WHUUHQR c( \ ODV LQWHUIDVHV HQWUH ORV GLVWLQWRV
HVWUDWRV GH WHUUHQR c�Fb ��F� VRQ KRUL]RQWDOHV� OD VLPHWUxuD _PxHWRGR GH ODV LPxDJHQHV_
SHUPLWH UHHVFULELU HO SUREOHPD ��� HQ WxHUPLQRV GH XQ 3UREOHPD ([WHULRU GH 'LULFKOHW� �� � �
(VWD KLSxRWHVLV GH VXSHUqFLHV KRUL]RQWDOHV HV EDVWDQWH DGHFXDGD VL VH WLHQH HQ FXHQWD TXH�
HQ OD SUxDFWLFD� HO WHUUHQR HQ HO TXH VH FRQVWUX\H OD LQVWDODFLxRQ HOxHFWULFD \ VXV DOUHGHGRUHV
VH UHJXODUL]DQ SUHYLDPHQWH D OD FRORFDFLxRQ GH ORV HTXLSRV \ HM HFXFLxRQ GH ORV YLDOHV \
]RQDV GH VHUYLFLRV�
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/D DSOLFDFLxRQ GH OD LGHQWLGDG GH *UHHQ� �� � D HVWH SUREOHPD H[WHULRU GH 'LULFKOHW
FRQGXFH D ODV VLJXLHQWHV H[SUHVLRQHV LQWHJUDOHV SDUD HO SRWHQFLDO 9 F �[[[[[[[[[[[[[[ F � HQ XQ SXQWR
DUELWUDULR [[[[[[[[[[[[[[ F � ( F �F  ��& � � HQ WxHUPLQRV GH OD GHQVLGDG GH FRUULHQWH � �}}}}}}}}}}}}}} � HQ XQ SXQWR
}}}}}}}}}}}}}} _GH FRRUGHQDGDV >}[ �}\ �}] @_ VREUH OD VXSHUqFLH GHO HOHFWURGR c TXH VH HQFXHQWUD
HQWHUUDGR HQ HO HVWUDWR VXSHULRU �FDSD QxXPHUR �� �

9 F �[[[[[[[[[[[[[[ F �  
�

�~ r �
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}}}}}}}}}}}}}} � c

N �F �[[[[[[[[[[[[[[ F�}}}}}}}}}}}}}} � � �}}}}}}}}}}}}}} �Gc� � [[[[[[[[[[[[[[ F � ( F � �F  ��& � � ���

GRQGH HO QxXFOHR LQWHJUDO N �F �[[[[[[[[[[[[[[ F�}}}}}}}}}}}}}} � HVWxD IRUPDGR SRU VHULHV LQqQLWDV GH WxHUPLQRV
FRUUHVSRQGLHQWHV D ODV LPxDJHQHV JHQHUDGDV DO WUDQVIRUPDU HO SUREOHPD H[WHULRU GH
1HXPDQQ HQ RWUR GH 'LULFKOHW� � � (VWRV QxXFOHRV VRQ GxHELOPHQWH VLQJXODUHV \ GHSHQGHQ GH
ORV LQYHUVRV GH ODV GLVWDQFLDV GHO SXQWR [[[[[[[[[[[[[[ F DO SXQWR }}}}}}}}}}}}}} _\ D WRGDV ORV SXQWRV VLPxHWULFRV GH
}}}}}}}}}}}}}} UHVSHFWR GH OD VXSHUqFLH GHO WHUUHQR c( \ GH ODV LQWHUIDVHV c�Fb ��F� HQWUH ODV FDSDV_�
DVxu FRPR GHO HVSHVRU \ GH ODV FRQGXFWLYLGDGHV GH FDGD FDSD� � �� � �
3RU RWUD SDUWH� VL HO HOHFWURGR GH WLHUUD HVWxD HQWHUUDGR HQ RWUR HVWUDWR �SRU HMHPSOR

HQ OD FDSD E� � OD DSOLFDFLxRQ GH OD LGHQWLGDG GH *UHHQ FRQGXFLUxD D XQD H[SUHVLxRQ DQxDORJD
D ��� FRQ XQ QxXFOHR LQWHJUDO N EF �[[[[[[[[[[[[[[ F�}}}}}}}}}}}}}} � �
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$XQTXH HO SURFHGLPLHQWR SDUD OD REWHQFLxRQ GH LPxDJHQHV HVWxH PX\ FODUR \ VHD
FRQFHSWXDOPHQWH VHQFLOOR� HQ XQ FDVR JHQHUDO ODV H[SUHVLRQHV qQDOHV GH HVWRV QxXFOHRV
LQWHJUDOHV QR OR VRQ� \ VX FxDOFXOR HQ OD SUxDFWLFD UHTXLHUH OD HYDOXDFLxRQ GH VHULHV LQqQLWDV
VXPDPHQWH FRPSOLFDGDV� � � (Q HVWH WUDEDMR ORV HM HPSORV TXH VH SUHVHQWDUxDQ FRUUHVSRQGHQ
D PDOODV GH WLHUUD FRQ PRGHORV GH WHUUHQR HQ GRV FDSDV� \ ODV H[SUHVLRQHV GH HVWRV QxXFOHRV
LQWHJUDOHV YLHQHQ GDGDV SRU�
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VL HO HOHFWURGR GH WLHUUD HVWxD HQ OD FDSD VXSHULRU� \
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VL OD UHG GH WLHUUDV HVWxD HQ OD FDSD LQIHULRU� � � (Q ODV H[SUHVLRQHV DQWHULRUHV�
U �[[[[[[[[[[[[[[ � >}[ �}\ �}] @ � LQGLFD OD GLVWDQFLD GHVGH [[[[[[[[[[[[[[ D }}}}}}}}}}}}}} s >}[ �}\ �}] @ _\ D ORV SXQWRV VLPxHWULFRV
GH }}}}}}}}}}}}}} UHVSHFWR GH c( \ GH OD VXSHUqFLH GH OD LQWHUIDVH HQWUH ODV GRV FDSDV_� + HV HO
HVSHVRU GHO HVWUDWR VXSHULRU� \ � HV XQD UHODFLxRQ HQWUH ODV FRQGXFWLYLGDGHV GH ODV FDSDV�
�  �r � b r ��  �r � � r �� �

� 3 / $ 1 7 ( $ 0 ,( 1 7 2 9 $ 5 ,$ & ,2 1 $ / ' ( / 3 5 2 % / ( 0 $

/D H[SUHVLxRQ ��� VH VDWLVIDFH WDPELxHQ HQ ORV SXQWRV GH OD VXSHUqFLH GH ORV HOHFWURGRV
GH OD PDOOD GH WLHUUD HQ ORV FXDOHV HO SRWHQFLDO HV FRQRFLGR DO WUDWDUVH GH OD FRQGLFLxRQ
GH FRQWRUQR FRUUHVSRQGLHQWH DO ?QLYHO GH SRWHQFLDO GH WLHUUD� �FXDQGR HO HOHFWURGR HVWxD
HQ XQD FDSD FXDOTXLHUD E � 9 E ��������������� �  �� �������������� � c� � (Q FRQVHFXHQFLD� OD GHQVLGDG GH FRUULHQWH
� TXH HPDQD GHO HOHFWURGR GHEH YHULqFDU OD HFXDFLxRQ LQWHJUDO GH )UHGKROP GH SULPHUD
FODVH GHqQLGD HQ c
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)LQDOPHQWH� XQD IRUPD YDULDFLRQDO PxDV GxHELO GH OD HFXDFLxRQ ��� SXHGH DKRUD HVFULELUVH
FRPR� ==
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TXH GHEH YHULqFDUVH SDUD WRGR PLHPEUR Z ��������������� � GH XQD FODVH DGHFXDGD GH IXQFLRQHV GH
WHVW GHqQLGDV HQ c� �� � (V HYLGHQWH TXH HO GHVDUUROOR GH XQD IRUPXODFLxRQ GH HOHPHQWRV GH
FRQWRUQR SDUHFH VHU OD PHMRU RSFLxRQ SDUD UHVROYHU OD IRUPD YDULDFLRQDO ��� �
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'DGRV XQ FRQMXQWR GH 1 IXQFLRQHV GH SUXHED GHqQLGDV HQ c� \ XQR GH 0 HOHPHQWRV
GH FRQWRUQR �' Icp J � OD GHQVLGDG GH FRUULHQWH � TXH HPDQD GH ORV HOHFWURGRV \ VX
VXSHUqFLH c VH SXHGHQ GLVFUHWL]DU HQ OD IRUPD�
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\ OD H[SUHVLxRQ ��� SXHGH VHU DSUR[LPDGD FRPR�
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3RU RWUD SDUWH� GDGR XQ FRQMXQWR GH 1 IXQFLRQHV GH WHVW I Z M ��������������� �J GHqQLGDV HQ c� OD
IRUPD YDULDFLRQDO ��� VH UHGXFH DO VLVWHPD GH HFXDFLRQHV OLQHDOHV VLJXLHQWH�
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(Q OD SUxDFWLFD� OD GLVFUHWL]DFLxRQ �' UHTXHULGD SDUD UHVROYHU ODV DQWHULRUHV HFXDFLRQHV
HQ HO FDVR GH SUREOHPDV UHDOHV LPSOLFD XQ QxXPHUR H[WUHPDGDPHQWH HOHYDGR GH JUDGRV
GH OLEHUWDG� $GHPxDV� VL VH WLHQH HQ FXHQWD TXH OD PDWUL] GH FRHqFLHQWHV GH ���� HV OOHQD
\ TXH HO FxDOFXOR GH FDGD WxHUPLQR GH ���� UHTXLHUH XQ JUDQ QxXPHUR GH HYDOXDFLRQHV GHO
QxXFOHR LQWHJUDO N EE ��������������� �}}}}}}}}}}}}}} � \ XQD GREOH LQWHJUDFLxRQ HQ XQ GRPLQLR ELGLPHQVLRQDO� VH KDFH
SUHFLVR LQWURGXFLU DOJXQDV VLPSOLqFDFLRQHV HQ HVWD IRUPXODFLxRQ JHQHUDO GH HOHPHQWRV GH
FRQWRUQR FRQ HO qQ GH GLVPLQXLU VX JUDQ FRVWH FRPSXWDFLRQDO�
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� �� 3 OD Q WH D P LH Q WR \ IR U P D Y D U LD F LR Q D O G H O S U R E OH P D D S U R [ LP D G R

&RQ HVWH RE MHWLYR� \ WHQLHQGR SUHVHQWH OD JHRPHWUxuD UHDO GH ODV UHGHV GH WLHUUD HQ OD
PD\RUxuD GH ODV LQVWDODFLRQHV HOxHFWULFDV� VH SXHGH DVXPLU TXH OD GHQVLGDG GH FRUULHQWH
TXH HPDQD HV FRQVWDQWH HQ OD VHFFLxRQ WUDQVYHUVDO GHO HOHFWURGR FLOxuQGULFR� � OR TXH HV
DPSOLDPHQWH HPSOHDGR HQ OD PD\RU SDUWH GH ORV GHVDUUROORV WHxRULFRV \ PxHWRGRV SUxDFWLFRV
UHFRJLGRV HQ OD ELEOLRJUDIxuD� �� �

$Vxu� VHDQ / HO FRQMXQWR GH ODV OxuQHDV GH ORV HMHV GH ORV FRQGXFWRUHV HQWHUUDGRV� E}}}}}}}}}}}}}}
OD SUR\HFFLxRQ RUWRJRQDO VREUH HO HM H GH OD EDUUD GH XQ SXQWR JHQxHULFR }}}}}}}}}}}}}} � c� � �E}}}}}}}}}}}}}} � HO
GLxDPHWUR GHO HOHFWURGR� 3 �E}}}}}}}}}}}}}} � HO SHUxuPHWUR FLUFXQIHUHQFLDO GH OD VHFFLxRQ WUDQVYHUVDO HQ E}}}}}}}}}}}}}} �
\ E� �E}}}}}}}}}}}}}} � OD GHQVLGDG GH FRUULHQWH DSUR[LPDGD TXH HPDQD HQ HVH SXQWR �DVXPLGD FRQVWDQWH
HQ OD VHFFLxRQ WUDQVYHUVDO� � (Q HVWRV WxHUPLQRV� SRGHPRV REWHQHU OD H[SUHVLxRQ DSUR[LPDGD
GHO SRWHQFLDO ���
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E}}}}}}}}}}}}}} � HO SURPHGLR GHO QxXFOHR LQWHJUDO N EF �[[[[[[[[[[[[[[ F�
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$KRUD� GDGR TXH OD GHQVLGDG GH FRUULHQWH TXH HPDQD QR HV UHDOPHQWH XQLIRUPH HQ
OD VHFFLxRQ WUDQVYHUVDO� OD FRQGLFLxRQ GH FRQWRUQR 9 F ��������������� �  �� � �������������� � c QR VH VDWLVIDFH
HVWULFWDPHQWH \ OD IRUPD YDULDFLRQDO ��� QR VH YHULqFD HQ WRGRV ORV SXQWRV� 6LQ HPEDUJR�
VL VH UHVWULQJH OD FODVH GH IXQFLRQHV GH WHVW D DTXHOODV FRQ XQLIRUPLGDG FLUFXQIHUHQFLDO
�HV GHFLU� Z ��������������� �  EZ �E�������������� � � �������������� � 3 �E�������������� � � � OD QXHYD IRUPD YDULDFLRQDO UHVXOWD VHU
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TXH VH GHEH YHULqFDU SDUD WRGDV ODV IXQFLRQHV EZ �E�������������� � GH XQD GHWHUPLQDGD FODVH GH IXQFLRQHV
GH WHVW GHqQLGDV HQ / � VLHQGR {{N EE �E�������������� �E}}}}}}}}}}}}}} � HO QxXFOHR LQWHJUDO
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/D UHVROXFLxRQ GH OD HFXDFLxRQ LQWHJUDO ���� UHTXLHUH OD GLVFUHWL]DFLxRQ GHO GRPLQLR
IRUPDGR SRU HO FRQMXQWR / GH ODV OxuQHDV GH ORV HM HV GH ORV FRQGXFWRUHV GH OD UHG GH
WLHUUDV� $Vxu� GDGRV XQ FRQMXQWR GH Q IXQFLRQHV GH SUXHED I F1 L�

E}}}}}}}}}}}}}} �J GHqQLGDV HQ / � \ P

HOHPHQWRV GH FRQWRUQR �' I / p J � OD GHQVLGDG GH FRUULHQWH DSUR[LPDGD E� TXH HPDQD GH OD
VXSHUqFLH GH ORV HOHFWURGRV \ HO FRQMXQWR GH ODV OxuQHDV GH ORV HM HV / VH SXHGHQ GLVFUHWL]DU
HQ OD IRUPD�
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SRU OR REWHQHPRV TXH OD IRUPD GLVFUHWL]DGD GH OD H[SUHVLxRQ GHO SRWHQFLDO DSUR[LPDGR
���� YLHQH GDGD SRU
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)LQDOPHQWH� SDUD XQD HOHFFLxRQ DGHFXDGD GH Q IXQFLRQHV GH WHVW I EZ M �E�������������� �J GHqQLGDV HQ
/ � OD IRUPD YDULDFLRQDO ���� VH UHGXFH DO VLVWHPD GH HFXDFLRQHV OLQHDOHV�
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$O LJXDO TXH HQ HO FDVR GHO VLVWHPD ���� � OD PDWUL] GH FRHqFLHQWHV GH HVWD IRUPXODFLxRQ
�' DSUR[LPDGD HV WDPELxHQ OOHQD� 6LQ HPEDUJR� HQ JHQHUDO SRGUHPRV JDUDQWL]DU XQD
UHGXFFLxRQ GUxDVWLFD GHO FRVWH FRPSXWDFLRQDO� GDGR TXH SDUD XQ SUREOHPD GDGR OD DFWXDO
GLVFUHWL]DFLxRQ �' GH ���� VHUxD PXFKR PxDV VHQFLOOD TXH OD DQWHULRU �'� $Vxu PLVPR�
HV SRVLEOH REWHQHU DSUR[LPDFLRQHV DOWDPHQWH HqFDFHV \ GH UHODWLYDPHQWH EDMR FRVWH
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FRPSXWDFLRQDO SDUD OD HYDOXDFLxRQ GH ORV QxXFOHRV SURPHGLDGRV {N EF �F[[[[[[[[[[[[[[ F �
E}}}}}}}}}}}}}} � � {{N EE �E�������������� �E}}}}}}}}}}}}}} � �

GHVDUUROODGDV HQ WUDEDMRV SUHYLRV SDUD IRUPXODFLRQHV FRQ PRGHORV GH WHUUHQR LVxRWURSR \
XQLIRUPH� �� �
(Q RWUR RUGHQ GH FRVDV� HO FxDOFXOR GH ODV LQWHJUDOHV LQYROXFUDGDV HQ ���� QR HV HQ

QLQJxXQ PRGR REYLR� QL HV SRVLEOH HPSOHDU FXDGUDWXUDV QXPxHULFDV HVWxDQGDU GHELGR DO

PDO FRPSRUWDPLHQWR GH ORV QxXFOHRV LQWHJUDOHV� 1R REVWDQWH� ORV FRHqFLHQWHV E5 q p
ML GH

���� SXHGHQ FDOFXODUVH KDFLHQGR XVR GH ODV PLVPDV WxHFQLFDV GH LQWHJUDFLxRQ DQDOxuWLFD
GHVDUUROODGDV SRU ORV DXWRUHV SDUD ODV IRUPXODFLRQHV GH HOHPHQWRV GH FRQWRUQR FRQ
PRGHORV GH WHUUHQR LVxRWURSR \ KRPRJxHQHR� �� �� � � ORJUxDQGRVH UHGXFFLRQHV PX\ LPSRUWDQWHV
HQ HO FRVWH FRPSXWDFLRQDO TXH LPSOLFD HO DQxDOLVLV GH XQD PDOOD UHDO GH WLHUUD FRQ XQ
QxXPHUR LPSRUWDQWH GH HOHFWURGRV FRQGXFWRUHV�
)LQDOPHQWH� HV FRQYHQLHQWH KDFHU QRWDU HO KHFKR� \D FRPHQWDGR DQWHULRUPHQWH� GH

TXH ORV PRGHORV PXOWLFDSD SDUD WHUUHQRV FRQ YDULDELOLGDGHV GH OD FRQGXFWLYLGDG FRQ
OD SURIXQGLGDG VH SODQWHDQ HQ OD SUxDFWLFD FRPR PxD[LPR FRQ PRGHORV GH WUHV FDSDV�
(Q HVWRV FDVRV� OD DSOLFDFLxRQ GH IRUPXODFLRQHV GH HOHPHQWRV GH FRQWRUQR FRPR ODV
TXH VH H[SRQHQ HQ HVWH DUWxuFXOR HV YLDEOH� DXQTXH HO WLHPSR GH &38 SXHGH DXPHQWDU
FRQVLGHUDEOHPHQWH� /RV SUREOHPDV VRQ HVHQFLDOPHQWH GRV� SRU XQD SDUWH� OD HYDOXDFLxRQ
GH ODV SURSLDV H[SUHVLRQHV GH ORV QxXFOHRV �TXH HQ HO FDVR GH PRGHORV GH PxDV GH GRV
FDSDV VRQ VHULHV LQqQLWDV PxXOWLSOHV� � \ SRU RWUD� HO FRVWH FRPSXWDFLRQDO TXH LPSOLFD HO
DQxDOLVLV GH GHWHUPLQDGRV FDVRV HV H[WUHPDGDPHQWH HOHYDGR� HQ SDUWLFXODU FXDQGR ODV
FRQGXFWLYLGDGHV GH ORV HVWUDWRV VHDQ PX\ GLVWLQWDV HQWUH Vxu� 3RU HMHPSOR� HQ HO FDVR GHO
PRGHOR GH GRV FDSDV FX\RV QxXFOHRV LQWHJUDOHV YLHQHQ GDGRV SRU ��� � ��� � ��D� \ ��D� � OD
YHORFLGDG GH FRQYHUJHQFLD GHO FxDOFXOR GH ORV QxXFOHRV SURPHGLDGRV HV PX\ OHQWD FXDQGR
OD UHODFLxRQ HQWUH ODV FRQGXFWLYLGDGHV M� M HV PX\ SUxR[LPD D �� OR TXH VXSRQH HYDOXDU XQ
QxXPHUR PX\ HOHYDGR GH WxHUPLQRV GH ODV VHULHV GH ORV QxXFOHRV SDUD REWHQHU UHVXOWDGRV
VXqFLHQWHPHQWH SUHFLVRV�
(Q OD DFWXDOLGDG OD IRUPXODFLxRQ GH HOHPHQWRV GH FRQWRUQR TXH VH KD SUHVHQWDGR VH KD

LPSOHPHQWDGR SDUD PRGHORV GH WHUUHQR GH GRV FDSDV HQ HO VLVWHPD GH FxDOFXOR \ GLVHaQR
DVLVWLGR SRU RUGHQDGRU GH SXHVWDV D WLHUUD GH LQVWDODFLRQHV HOxHFWULFDV GHVDUUROODGR SRU
OR DXWRUHV HQ ORV xXOWLPRV DaQRV� � � FRQ HO TXH VH KDQ UHVXHOWR GLYHUVRV FDVRV GH SXHVWDV D
WLHUUD GH VXEHVWDFLRQHV HOxHFWULFDV�
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$ FRQWLQXDFLxRQ \ FRQ HO qQ GH GHPRVWUDU OD YLDELOLGDG GH OD IRUPXODFLxRQ GH HOHPHQWRV
GH FRQWRUQR GHVDUUROODGD SUHVHQWDUHPRV XQ HM HPSOR HQ TXH VH KD WRPDGR FRPR UHG GH
HOHFWURGRV OD PDOOD GH SXHVWD D WLHUUD H[LVWHQWH HQ OD VXEHVWDFLxRQ HOxHFWULFD 6DQWLDJR ,,
GH OD HPSUHVD 8QLxRQ )HQRVD� VLWXDGD HQ OD FLXGDG GH 6DQWLDJR GH &RPSRVWHOD�
/D PDOOD GH WLHUUDV HVWxD IRUPDGD SRU ��� HOHFWURGRV FLOxuQGULFRV GH GLxDPHWUR FRQVWDQWH

������ PP� HQWHUUDGD D XQD SURIXQGLGDG GH �� FP� VXSOHPHQWDGD SRU �� SLFDV YHUWLFDOHV
GH � P GH ORQJLWXG \ �� PP GH GLxDPHWUR� (Q OD qJXUD � VH PXHVWUD XQR GH ORV SODQRV
RULJLQDOHV GH OD VXEHVWDFLxRQ FRQ OD UHG GH WLHUUDV� HQ OD qJXUD � VH PXHVWUD xXQLFDPHQWH OD
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) LJ � � �_ 6XEHVWDFLxRQ 6DQWLDJR ,, � 3ODQR GH OD UHG GH WLHUUDV GH OD VXEHVWDFLxRQ
�5HSURGXFLGR FRQ OD DXWRUL]DFLxRQ GH 8QLxRQ )HQRVD ,QJHQLHUxuD 6�$�� �

7 D E OD ,�_ 6XEHVWDFLxRQ 6DQWLDJR ,,� &DUDFWHUxuVWLFDV \ 0RGHOR 1XPxHULFR

' D WR V 0 R G H OR 1 X P xH U LF R

1xXPHUR GH (OHFWURGRV � ��� 7LSR GH )RUPXODFLxRQ � *DOHUNLQ
1xXPHUR GH 3LFDV � �� 7LSR GH (OHPHQWR �' � /LQHDO
'LxDPHWUR GH (OHFWURGR � ����� PP 1xXPHUR GH (OHPHQWRV � ���
'LxDPHWUR GH 3LFDV � ����� PP *UDGRV GH /LEHUWDG � ���
3URIXQGLGDG � ���� P
/RQJLWXG GH 3LFDV � � P
0D[� 'LPHQVLRQHV 0DOOD � ��� Pd ��� P
*35 � �� N9

PDOOD GH FRQGXFWRUHV GH WLHUUD REWHQLGD GLUHFWDPHQWH D SDUWLU GHO SODQR GH OD LQVWDODFLxRQ�

/DV GLPHQVLRQHV PxD[LPDV GH HVWD UHG GH WLHUUDV VRQ ��� P SRU ��� P� \ HO xDUHD
WRWDO SURWHJLGD HV GH FDVL ����� P�� (O xDUHD WRWDO HVWXGLDGD HV OD GH XQ UHFWxDQJXOR
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) LJ � � �_ 6XEHVWDFLxRQ 6DQWLDJR ,, � 0DOOD GH HOHFWURGRV GH OD WRPD GH WLHUUD �ORV SXQWRV
HQ QHJULWD LQGLFDQ OD VLWXDFLxRQ GH ODV SLFDV YHUWLFDOHV� �

7 D E OD , ,�_ 6XEHVWDFLxRQ 6DQWLDJR ,,� 5HVXOWDGRV REWHQLGRV FRQ GLVWLQWRV PRGHORV GH VXHOR

0 R G H OR G H ' R V & D S D V 0 R G H OR G H 8 Q D & D S D

5HVLVWLY� &DSD 6XSHULRU � ��� o P _
5HVLVWLY� &DSD ,QIHULRU � �� o P _
(VSHVRU &DSD 6XSHULRU � � �� P 5HVLVWLYLGDG 7HUUHQR � �� o P
,QWHQVLGDG 7RWDO � ���� N$ ,QWHQVLGDG 7RWDO � ���� N$
5HVLVWHQFLD (TXLYDOHQWH � ������ o 5HVLVWHQFLD (TXLYDOHQWH � ������ o
7LHPSR &38 �$;3 ����� � ����� PLQ� 7LHPSR &38 �$;3 ����� � ��� V�

TXH FRQWLHQH D OD UHG GH WLHUUDV GH ��� P SRU ��� P� OR TXH VXSRQH XQD VXSHUqFLH GH
����� P�� (O QLYHO GH SRWHQFLDO GH WLHUUD FRQVLGHUDGR HQ HVWH HVWXGLR HV GH �� N9� /DV
FDUDFWHUxuVWLFDV JHQHUDOHV \ HO PRGHOR QXPxHULFR HPSOHDGR VH UHVXPHQ HQ OD WDEOD ,�
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) LJ � � �_ 6XEHVWDFLxRQ 6DQWLDJR ,, � 'LVWULEXFLxRQ GH ORV QLYHOHV GH SRWHQFLDO �d �� N9�
HQ OD VXSHUqFLH GHO WHUUHQR REWHQLGRV FRQ HO PRGHOR GH WHUUHQR LVxRWURSR \
KRPRJxHQHR�

(Q OD WDEOD ,, VH UHVXPHQ ORV UHVXOWDGRV QXPxHULFRV GHO DQxDOLVLV GHO VLVWHPD GH WLHUUDV�
OD UHVLVWHQFLD HTXLYDOHQWH GHO VLVWHPD \ OD LQWHQVLGDG WRWDO TXH rX\H DO WHUUHQR REWHQLGRV
PHGLDQWH OD IRUPXODFLxRQ GH HOHPHQWRV GH FRQWRUQR SURSXHVWD� WDQWR SDUD XQ PRGHOR GH
WHUUHQR LVxRWURSR \ KRPRJxHQHR �XQD FDSD� FRPR SDUD XQ PRGHOR GH GRV FDSDV�
(Q OD qJXUD � VH PXHVWUD OD GLVWULEXFLxRQ GH ORV QLYHOHV GH SRWHQFLDO HQ OD VXSHUqFLH GHO

WHUUHQR FXDQGR WLHQH OXJDU XQD GHULYDFLxRQ GH FRUULHQWH DO PLVPR D WUDYxHV GHO VLVWHPD GH
WLHUUDV� REWHQLGRV KDFLHQGR XVR GH XQ PRGHOR GH XQD FDSD� \ HQ OD qJXUD � ORV FDOFXODGRV
FRQ HO PRGHOR GH GRV FDSDV� /DV GLIHUHQFLDV HQWUH DPEDV GLVWULEXFLRQHV VRQ HYLGHQWHV� QR
REVWDQWH D OD HVFDOD GHO JUxDqFR� HVWDV GLIHUHQFLDV SXHGHQ SDUHFHU SRFR DSUHFLDEOHV� 3RU
HVWH PRWLYR� HQ OD qJXUD � VH PXHVWUDQ GH IRUPD FRPSDUDWLYD ORV SHUqOHV GH SRWHQFLDO
D OR ODUJR GH GRV OxuQHDV GLVWLQWDV REWHQLGRV SDUD ORV GRV PRGHORV GH WHUUHQR� (VWRV
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) LJ � � �_ 6XEHVWDFLxRQ 6DQWLDJR ,, � 'LVWULEXFLxRQ GH ORV QLYHOHV GH SRWHQFLDO �d �� N9�
HQ OD VXSHUqFLH GHO WHUUHQR REWHQLGRV FRQ HO PRGHOR GH WHUUHQR GH GRV FDSDV�

UHVXOWDGRV VRQ PX\ LPSRUWDQWHV HQ OD SUxDFWLFD GDGR TXH D SDUWLU GH HOORV VH GHWHUPLQDQ
GH IRUPD LQPHGLDWD SDUxDPHWURV GH GLVHaQR HVHQFLDOHV GH XQD SXHVWD D WLHUUD WDOHV FRPR
ODV WHQVLRQHV GH SDVR \ ODV WHQVLRQHV GH FRQWDFWR GH OD LQVWDODFLxRQ�

(V FRQYHQLHQWH KDFHU QRWDU TXH HO DQxDOLVLV GHO VLVWHPD GH WLHUUDV TXH VH KD SUHVHQWDGR
FRQ HO PRGHOR GH GRV FDSDV HV SDUWLFXODUPHQWH GLIxuFLO� QR VROR SRU HO JUDQ WDPDaQR GH OD
LQVWDODFLxRQ D FDOFXODU� VLQR SRUTXH GDGR TXH ODV SLFDV WLHQHQ XQD ORQJLWXG GH � P� OD
PDOOD GH HOHFWURGRV HVWxD HQWHUUDGD D XQD SURIXQGLGDG GH ���� P \ HO HVSHVRU GH OD FDSD
VXSHULRU HV GH � �� P� SRU OR TXH SDUWH GH OD SXHVWD D WLHUUD HVWxD HQ OD FDSD VXSHULRU�
\ SDUWH HQ OD FDSD LQIHULRU� (Q HVWRV FDVRV� OD LPSOHPHQWDFLxRQ qQDO GH OD IRUPXODFLxRQ
HQ XQ VLVWHPD GH GLVHaQR DVLVWLGR SRU RUGHQDGRU GHEH UHDOL]DUVH FXLGDGRVDPHQWH� FRQ
HO qQ GH FRPELQDU FRUUHFWDPHQWH ODV GLIHUHQWHV H[SUHVLRQHV GH ORV QxXFOHRV LQWHJUDOHV�
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) LJ � � �_ 6XEHVWDFLxRQ 6DQWLDJR ,, � 1LYHOHV GH SRWHQFLDO D OR ODUJR GH GRV OxuQHDV
GLVWLQWDV� HQ OxuQHD GLVFRQWLQXD ORV UHVXOWDGRV SDUD XQ PRGHOR GH WHUUHQR
XQLIRUPH� \ HQ OxuQHD FRQWLQXD SDUD XQ PRGHOR GH GRV FDSDV�
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GHSHQGLHQGR GH OD VLWXDFLxRQ GH ORV HOHFWURGRV�
&RPR VH KD GHPRVWUDGR HQ HVWH HMHPSOR� ORV UHVXOWDGRV TXH VH REWLHQHQ FRQ GLIHUHQWHV

PRGHORV GH WHUUHQR VRQ DSUHFLDEOHPHQWH GLVWLQWRV \ HQ FRQVHFXHQFLD ORV SDUxDPHWURV GH
GLVHaQR GH OD UHG GH WLHUUDV SXHGH YDULDU VLJQLqFDWLYDPHQWH� (V REYLR TXH HQ OD IDVH
GH GLVHaQR LQLFLDO GH OD LQVWDODFLxRQ GH WLHUUDV� \ FRQ HO qQ GH GLVSRQHU GH XQD SULPHU
HVWLPDFLxRQ GH ORV SDUxDPHWURV� SXHGH VHU VXqFLHQWH HPSOHDU IRUPXODFLRQHV FRQ XQ PRGHOR
LVxRWURSR \ XQLIRUPH GDGR HO PD\RU FRVWH FRPSXWDFLRQDO TXH WLHQHQ HVWDV IRUPXODFLRQHV
GH HOHPHQWRV GH FRQWRUQR SDUD PRGHORV PXOWLFDSD� QR REVWDQWH� HQ OD IDVH GH GHqQLFLxRQ
qQDO GHO GLVHaQR GH OD UHG GH WLHUUDV \ HQ DTXHOORV FDVRV HQ ORV TXH H[LVWDQ YDULDFLRQHV
LPSRUWDQWHV GH OD FRQGXFWLYLGDG GHO WHUUHQR FRQ OD SURIXQGLGDG HV HVHQFLDO DQDOL]DU \
FDOFXODU OD LQVWDODFLxRQ FRQ XQD IRUPXODFLxRQ FRPR OD TXH VH KD SURSXHVWR TXH LQFRUSRUHQ
PRGHORV GH WHUUHQR QR XQLIRUPHV�
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(Q HVWH DUWxuFXOR VH KD SUHVHQWDGR XQD IRUPXODFLxRQ JHQHUDO GH HOHPHQWRV GH FRQWRUQR
SDUD HO DQxDOLVLV GH XQD UHG GH WLHUUDV FRQ PRGHORV GH WHUUHQR PXOWLFDSD� /D LQWURGXFFLxRQ
GH FLHUWDV KLSxRWHVLV UD]RQDEOHV DWHQGLHQGR D ODV FDUDFWHUxuVWLFDV HVSHFxuqFDV GH HVWH WLSR GH
LQVWDODFLRQHV HQ OD SUxDFWLFD� SHUPLWH WUDQVIRUPDU OD IRUPXODFLxRQ JHQHUDO GH HOHPHQWRV GH
FRQWRUQR ELGLPHQVLRQDO HQ RWUD DSUR[LPDGD XQLGLPHQVLRQDO� � $Vxu PLVPR� ODV H[SUHVLRQHV
GLVFUHWL]DGDV qQDOHV SXHGHQ H[SUHVDUVH GH PRGR TXH HV SRVLEOH KDFHU XVR GH ODV WxHFQLFDV
GH LQWHJUDFLxRQ DQDOxuWLFD GHVDUUROODGDV SRU ORV DXWRUHV HQ WUDEDMRV DQWHULRUHV SDUD SXHVWDV
D WLHUUD HQWHUUDGDV HQ VXHORV XQLIRUPHV� �
(VWD IRUPXODFLxRQ QXPxHULFD VH KD LPSOHPHQWDGR HQ XQ VLVWHPD GH &$' GH GLVHaQR GH

UHGHV GH WLHUUD GH VXEHVWDFLRQHV HOxHFWULFDV� � \ VH KD DSOLFDGR DO FDVR SUxDFWLFR GHO FxDOFXOR
GH XQ VLVWHPD GH WLHUUDV HQ XQ PRGHOR HTXLYDOHQWH GH GRV FDSDV� &RQ HVWH VLVWHPD
HV SRVLEOH REWHQHU UHVXOWDGRV GH JUDQ SUHFLVLxRQ HQ HO DQxDOLVLV GH FDVRV UHDOHV� (Q HVWRV
PRPHQWRV� HO FRVWH FRPSXWDFLRQDO TXH LPSOLFD HO FxDOFXOR GH XQD JUDQ LQVWDODFLxRQ UHTXLHUH
XQRV SRFRV PLQXWRV HQ XQ PLQLRUGHQDGRU� QR REVWDQWH� HV SRVLEOH FRQVHJXLU UHGXFFLRQHV
LPSRUWDQWHV HQ HO WLHPSR GH &38 PHGLDQWH OD DSOLFDFLxRQ GH WxHFQLFDV GH H[WUDSRODFLxRQ� � �
TXH HVWxDQ DFWXDOPHQWH HQ IDVH GH GHVDUUROOR� TXH SHUPLWLUxDQ DERUGDU HO DQxDOLVLV HQ XQD
HVWDFLxRQ GH WUDEDMR FRQYHQFLRQDO SUxDFWLFDPHQWH HQ WLHPSR UHDO�
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(VWH WUDEDMR KD VLGR SDUFLDOPHQWH qQDQFLDGR SRU OD 6XEGLUHFFLxRQ *HQHUDO GH
3UR\HFWRV GH ,QYHVWLJDFLxRQ &LHQWxuqFD \ 7xHFQLFD �6*3,&<7� GHO 0LQLVWHULR GH (GXFDFLxRQ
\ &XOWXUD �SUR\HFWR �)'�������� � FRQ FRqQDQFLDFLxRQ GH IRQGRV )('(5 \ GH OD HPSUHVD
8QLxRQ )HQRVD ,QJHQLHUxuD 6�$� �8),6$� � DVxu FRPR SRU OD 6HFUHWDUxuD *HQHUDO GH ,�' GH
OD ;XQWD GH *DOLFLD \ SRU OD 8QLYHUVLGDG GH /D &RUXaQD PHGLDQWH SUR\HFWRV \ EHFDV GH
LQYHVWLJDFLxRQ�
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>� @ $16,�,((( 6WG��� ������ � * X LG H IR U 6 D IHW\ LQ $ & 6 X EVWD WLR Q * UR X Q G LQ J � ,((( ,QF� �
1HZ <RUN�

>�@ 0LQLVWHULR GH ,QGXVWULD \ (QHUJxuD ������ � 5 HJOD P HQ WR VR EUH FHQ WUD OHV HOxHFWULFD V�

VX EHVWD FLR Q HV \ FHQ WUR V G H WUD Q VIR UP D FLxR Q � 0DGULG�
>�@ 6YHUDN -�*� HW D O� ����� � ����� � 6 D IH 6 X EVWD WLR Q V * UR X Q G LQ J � 3DUW � � ,((( 7UDQ�

VDFWLRQV RQ 3RZHU $SSDUDWXV DQG 6\VWHPV� YRO� ���� ����^����� 3DUW �� ,(((
7UDQVDFWLRQV RQ 3RZHU $SSDUDWXV DQG 6\VWHPV� YRO� ��� � ����^�����

>�@ +HSSH 5�-� ������ � & R P S X WD WLR Q R I SR WHQ WLD O D W VX UID FH D ER YH D Q HQ HUJL]HG JULG R U
R WK HU HOHFWURG H� D OOR Z LQ J IR U Q R Q �X Q LIR UP FX UUHQ W G LVWULEX WLR Q � ,((( 7UDQVDFWLRQV RQ
3RZHU $SSDUDWXV DQG 6\VWHPV� 9RO� ��� 1R� ��� ����^�����

>�@ *DUUHW '�/� DQG 3UXLWW -�*� ������ � 3 UR EOHP V ( Q FR X Q WHUHG Z LWK WK H $ 3 0 R I
$ Q D O\]LQ J 6 X EVWD WLR Q * UR X Q G LQ J 6 \VWHP V� ,((( 7UDQVDFWLRQV RQ 3RZHU $SSDUDWXV
DQG 6\VWHPV� 9RO� ���� 1R� ��� ����^�����

>�@ 1DYDUULQD )� � &RORPLQDV ,� DQG &DVWHOHLUR 0� ������ � $ Q D O\WLFD O ,Q WHJUD WLR Q
7 HFK Q LTX HV IR U ( D UWK LQ J * ULG & R P S X WD WLR Q E\ % ( 0 � (Q ?1XPHULFDO 0HWKRGV LQ
(QJLQHHULQJ DQG $SSOLHG 6FLHQFHV� � ����^����� &,01( 3XE� � %DUFHORQD�

>�@ &RORPLQDV ,� ������ � & xD OFX OR \ ' LVHaQ R SR U 2 UG HQ D G R U G H 7 R P D V G H 7 LHUUD HQ
,Q VWD OD FLR Q HV ( OxHFWULFD V� 8 Q D ) R UP X OD FLxR Q 1 X P xHULFD ED VD G D HQ HO 0 xHWRG R ,Q WHJUD O

G H ( OHP HQ WR V G H & R Q WR UQ R � 3K�'�7KHVLV� (76,&&3� 8QLYHUVLGDG GH /D &RUXaQD�
>�@ &RORPLQDV ,� � 1DYDUULQD )� DQG &DVWHOHLUR 0� ������ � 8 Q D ) R UP X OD FLxR Q 1 X P xHULFD

* HQ HUD O SD UD HO & xD OFX OR \ ' LVHaQ R G H 7 R P D V G H 7 LHUUD HQ * UD Q G HV ,Q VWD OD FLR Q HV

( OxHFWULFD V� 5HYLVWD ,QWHUQDFLRQDO GH 0xHWRGRV 1XPxHULFRV SDUD &xDOFXOR \ 'LVHaQR HQ
,QJHQLHUxuD� 9RO� ��� 1R� �� ���^����

>�@ &RORPLQDV ,� � 1DYDUULQD )� DQG &DVWHOHLUR 0� ������ � $ % R X Q G D U\ ( OHP HQ W 1 X P HULFD O
$ S S URD FK IR U ( D UWK LQ J * ULG & R P S X WD WLR Q � &RPSXWHU 0HWKRGV LQ $SSOLHG 0HFKDQLFV
DQG (QJLQHHULQJ� >HQ SUHQVD@ �

>��@ &DVWHOHLUR 0� � +HUQxDQGH] /�$� � &RORPLQDV ,� DQG 1DYDUULQD )� ������ � 0 HP R ULD
\ 0 D Q X D O G H 8 VX D ULR G HO 6 LVWHP D 7 2 7 % ( 0 SD UD & xD OFX OR \ ' LVHaQ R $ VLVWLG R SR U

2 UG HQ D G R U G H 7 R P D V G H 7 LHUUD G H ,Q VWD OD FLR Q HV ( OxHFWULFD V� (76,&&3� 8QLYHUVLGDG
GH /D &RUXaQD�

>�� @ 'XUDQG (� ������ � x( OHFWUR VWD WLTX H � 0DVVRQ (G� � 3DULV�
>��@ 7DJJ *�)� ������ � ( D UWK 5 HVLVWD Q FHV� 3LWPDQ 3XE� &R� � 1HZ <RUN�
>��@ $QHLURV -�0� ������ � 8 Q D ) R UP X OD FLxR Q 1 X P xHULFD SD UD & xD OFX OR \ ' LVHaQ R G H 7 R P D V G H

7 LHUUD G H 6 X EHVWD FLR Q HV ( OxHFWULFD V FR Q 0 RG HOR V G H 7 HUUHQ R G H ' R V & D SD V� 5HVHDUFK
5HSRUW� (76,&&3� 8QLYHUVLGDG GH /D &RUXaQD�

>��@ 6XQGH (�'� ������ � ( D UWK FR Q G X FWLR Q Hp HFWV LQ WUD Q VP LVVLR Q V\VWHP V� 0F0LOODQ (G� �
1HZ <RUN�

>��@ &RORPLQDV ,� � &KDR 0�� 1DYDUULQD )� � &DVWHOHLUR 0� ������ � $ S S OLFD WLR Q R I 0 HVK OHVV
0 HWK RG V WR WK H $ Q D O\VLV D Q G ' HVLJQ R I * UR X Q G LQ J 6 \VWHP V� (Q ?&RPSXWDWLRQDO
0HFKDQLFV� 1HZ 7UHQGV DQG $SSOLFDWLRQV� �&'�520�� SDUWH ,� ?0DWKHPDWLFDO
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0RGHOOLQJ DQG 1XPHULFDO 0HWKRGV� � VHFFLxRQ �� ?0HVKOHVV 0HWKRGV� � SDSHU QxXPHUR
� ��� SxDJLQDV� � &,01( 3XE� � %DUFHORQD�

>��@ &RORPLQDV ,� � &KDR 0�� 1DYDUULQD )� � &DVWHOHLUR 0� ������ � $ 0 HVK OHVV 1 X P HULFD O

) R UP X OD WLR Q IR U WK H 6 R OX WLR Q R I 3 R WHQ WLD O 3 UR EOHP V LQ ( Q JLQ HHULQ J $ S S OLFD WLR Q V� (Q
?0RGHOLQJ DQG 6LPXODWLRQ %DVHG (QJLQHHULQJ� � YRO� � � VHFFLxRQ� ?0HVKOHVV 0HWKRGV
RI 0RGHOLQJ� � ��^��� 7HFK 6FLHQFH 3UHVV� 3DOPGDOH� 86$�

>��@ &RORPLQDV ,� � 1DYDUULQD )� � &KDR 0�� &DVWHOHLUR 0� ������ � 5 HVR OX FLxR Q Q X P xHULFD G H
S UR EOHP D V G H SR WHQ FLD O HQ D S OLFD FLR Q HV G H LQ JHQ LHUxuD P HG LD Q WH P xHWRG R V VLQ P D OOD �
(Q ?0xHWRGRV 1XPxHULFRV HQ ,QJHQLHUxuD� � �$FWDV GHO ,9 &RQJUHVR VREUH 0xHWRGRV
1XPxHULFRV HQ ,QJHQLHUxuD� 6HYLOOD� -XQLR ����� � 6(01,� %DUFHORQD�
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