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� ,1752'8&&,Ï1/DV�FXELHUWDV�DERYHGDGDV�DLVODGDV�VRQ�XQD�FRQVWUXFFLyQ�HPSOHDGD�FRQ�EDVWDQWH�IUHFXHQFLDHQ�OD�5HS~EOLFD�$UJHQWLQD��WDQWR�HQ�]RQDV�XUEDQDV�FRPR�UXUDOHV��QR�VROR�GHELGR�D�UHTXLVLWRVGHO�GHVWLQR�GH�OD�FRQVWUXFFLyQ��VLQR�WDPELpQ�GXUDQWH�OD�HWDSD�FRQVWUXFWLYD�GH�XQD�FRQVWUXFFLyQGHVWLQDGD�D�VHU�FHUUDGD� WRWDO�R�SDUFLDOPHQWH��HWDSD�TXH�D�YHFHV�VH�SURORQJD�HQ�HO� WLHPSR�SRUFXHVWLRQHV�DMHQDV�DO�SUR\HFWR�(Q� OD� SUiFWLFD� SURIHVLRQDO�� HO� SUR\HFWLVWD� HVWUXFWXUDO� VH� YDOH� GHO� DX[LOLR� GH� WDEODV� GHFRHILFLHQWHV�GH�SUHVLyQ�SDUD�HYDOXDU�ODV�DFFLRQHV�VREUH�OD�HVWUXFWXUD��FRQWHQLGDV�XVXDOPHQWH�HQORV�FyGLJRV��QRUPDV�\�UHJODPHQWRV�(O�5HJODPHQWR�&,562&����� DFWXDOPHQWH�HQ�YLJHQFLD�HQ�OD�5HS~EOLFD�$UJHQWLQD�QR�DSRUWDGDWRV� HVSHFtILFRV� SDUD� HO� FiOFXOR� GH� DFFLRQHV� VREUH� HVWH� WLSR� GH� FXELHUWDV�� \� SURSRQH� XQDVLPLODU�OD�FXELHUWD�DERYHGDGD�D�XQD�FXELHUWD�GH�IDOGRQHV�SODQRV��LQVFULSWD�HQ�HO�DUFR�(VWD� DQDORJtD� QR� UHVXOWD� DSURSLDGD�� \D� TXH� ODV� FDUDFWHUtVWLFDV� GHO� IOXMR� DOUHGHGRU� GH� XQDFXELHUWD� D� GRV� DJXDV�� TXH� SUHVHQWD� XQD� DULVWD� YLYD� HQ� OD� FXPEUHUD�� VRQ� VXVWDQFLDOPHQWHGLIHUHQWHV� GH� ODV� GHO� IOXMR� DOUHGHGRU� GH� XQD� FXELHUWD� FXUYD�� TXH� GHSHQGH� IXHUWHPHQWH� GHOQ~PHUR� GH� 5H\QROGV�� \� OR� LQDSURSLDGR� GH� HVWD� VXSRVLFLyQ� KD� VLGR� SXHVWR� GH� PDQLILHVWRPHGLDQWH� HQVD\RV� HQ� HO� 7~QHO� GH� 9LHQWR� GH� &DSD� /tPLWH� GH� OD� 8QLYHUVLGDG� 1DFLRQDO� GHO1RUGHVWH��811(��SRU�0DULJKHWWL�HW�DO��3RU� RWUD� SDUWH�� HO� 3UR\HFWR� GH� 5HJODPHQWR� TXH� DFWXDOPHQWH� VH� HQFXHQWUD� HQ� SURFHVR� GHDSUREDFLyQ� WDPSRFR�DSRUWD�GDWRV�SDUD�HO�FiOFXOR�GH�HVWH�WLSR�GH�FRQVWUXFFLRQHV��\�VRODPHQWHFXHQWD� FRQ� YDORUHV� SDUD� HGLILFLRV� FHUUDGRV� WRWDO� R� SDUFLDOPHQWH� FRQ� FXELHUWDV� FXUYDV�� (VSUHFLVR�VHxDODU�TXH�HO�IOXMR�DOUHGHGRU�GH�HVWH�WLSR�GH�FRQVWUXFFLRQHV�WDPELpQ�HV�GLIHUHQWH�GHOFRUUHVSRQGLHQWH� D� OD� FXELHUWD� DLVODGD�� VHJ~Q�PXHVWUDQ� ORV� SULPHURV� WUDEDMRV� VREUH� HVWH� WHPDUHDOL]DGRV�SRU�1DWDOLQL�HW�DO��/RV� HQVD\RV� HQ� W~QHO� GH� YLHQWR� GH� FDSD� OtPLWH� VRQ� XQD�PHWRGRORJtD� ELHQ� FRQRFLGD� SDUDGHWHUPLQDU�ORV�FRHILFLHQWHV�GH�SUHVLyQ�SDUD�HO�HVWXGLR�GH� ODV�REUDV�FLYLOHV��SHUR�VLQ�HPEDUJRSUHVHQWDQ�DOJXQDV�OLPLWDFLRQHV�DO�PRPHQWR�GH�FXPSOLU�HVWULFWDPHQWH�ODV�OH\HV�GH�VHPHMDQ]D�GHPRGHORV�� \D� TXH� UHVXOWD� VXPDPHQWH� GLItFLO� DOFDQ]DU� HQ� ORV� HQVD\RV� HO� PLVPR� Q~PHUR� GH5H\QROGV�TXH�HQ�HO�SURWRWLSR�D�HVFDOD�UHDO�(VWD�OLPLWDFLyQ�FREUD�LPSRUWDQFLD�DO�WUDWDU�FRQ�IRUPDV�JHRPpWULFDV�TXH�UHVXOWDQ�VHQVLEOHV�DOQ~PHUR�GH�5H\QROGV��FRPR�HV�HO�FDVR�GH�ODV�FXELHUWDV�FXUYDV��3DUD�VDOYDU�HVWD�OLPLWDFLyQ��VHHPSOHDQ� GHWHUPLQDGDV� WpFQLFDV� H[SHULPHQWDOHV�� FRPR� ODV� DQDOL]DGDV� SRU� 5LEHLUR��� (Q� ORVHQVD\RV� WRPDGRV� FRPR� UHIHUHQFLD� VH� DGRSWy� OD� DSOLFDFLyQ� GH� UXJRVLGDG� VXSHUILFLDO� VREUH� ODFXELHUWD�GH�ORV�PRGHORV�(O�HVWXGLR�GH�ORV�FRHILFLHQWHV�GH�SUHVLyQ�VREUH�ODV�FXELHUWDV�DERYHGDGDV�DLVODGDV�PHGLDQWHPpWRGRV�FRPSXWDFLRQDOHV�HV� WHPD�GH�XQ� WUDEDMR�GH� WHVLV��\�HVWH� WUDEDMR�FRQVWLWX\H�HO�SULPHUDFHUFDPLHQWR�DO�WHPD��FRQ�HO�ILQ�GH�LGHQWLILFDU�ORV�SDUiPHWURV�TXH�SURGX]FDQ�XQ�PHMRU�DMXVWHGH�ORV�UHVXOWDGRV�PHGLDQWH�PpWRGRV�QXPpULFRV�FRQ�ORV�UHVXOWDGRV�H[SHULPHQWDOHV�(Q� HO� PLVPR� VH� DQDOL]D� HO� IOXMR� ELGLPHQVLRQDO�� SURFXUDQGR� UHSURGXFLU� HO� SHUILO� GHYHORFLGDGHV�PHGLDV�UHOHYDGR�HQ�ORV�HQVD\RV�HQ�W~QHO�GH�YLHQWR�UHDOL]DGRV�HQ�OD�811(�����TXHVH�WRPDQ�FRPR�UHIHUHQFLD�SDUD�HVWH�WUDEDMR�
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/RV�UHVXOWDGRV�VRQ�FRPSDUDGRV�FRQ�ORV�FRUUHVSRQGLHQWHV�DO�HMH�GH�VLPHWUtD�GH�ORV�PRGHORVHQVD\DGRV�HQ�W~QHO�GH�YLHQWR�� 02'(/2�$1$/,=$'26H�DQDOL]y�XQ�PRGHOR�ELGLPHQVLRQDO��FX\D�IRUPD�\�GLPHQVLRQHV�VH�PXHVWUDQ�HQ�OD�ILJXUD���(O� DQiOLVLV� GH� GLFKR� PRGHOR� VH� UHDOL]y� FRQ� HO� SURJUDPD� *,'� ���� ±� 7G\Q�� FRQ� HO� TXH� VHFRQVWUX\y�OD�JHRPHWUtD��VH�JHQHUy�OD�PDOOD��VH�UHDOL]y�OD�UHVROXFLyQ�\�SRVSURFHVR�

'LPHQVLRQHV�HQ�PHWURV
)LJXUD����*HRPHWUtD�GHO�PRGHOR�/D�PDOOD�JHQHUDGD�HV�GH��������HOHPHQWRV�WULDQJXODUHV��WDO�FRPR�VH�PXHVWUD�HQ�OD�)LJXUD��HQ�JHQHUDO��\�HQ�OD�)LJXUD���HQ�GHWDOOH�FHUFD�GHO�ERUGH�GH�DWDTXH�GH�OD�FXELHUWD��(VWD�PDOOD�VHUHILQy�HVSHFLDOPHQWH�HQ�OD�]RQD�SUy[LPD�D�OD�VXSHUILFLH�GH�OD�FXELHUWD��GDQGR�XQD�GLPHQVLyQPtQLPD�D�ORV�HOHPHQWRV�GH��u����P��\�WDPELpQ�VH�UHDOL]y�XQ�UHILQDPLHQWR��DOJR�PHQRU��HQ�ODVSUR[LPLGDGHV� GHO� SLVR� GHO� W~QHO�� FRQ� HO� ILQ� GH� PRGHODU� DGHFXDGDPHQWH� OD� ]RQD� GRQGH� HOJUDGLHQWH�YHUWLFDO�GH�YHORFLGDGHV�HV�PD\RU�(O� PLVPR� PRGHOR� IXH� VLPXODGR� FRQ� WUHV� FRQGLFLRQHV� GH� FRQWRUQR� GLIHUHQWHV� VREUH� ODVXSHUILFLH�GH�OD�FXELHUWD��FRQ�HO�ILQ�GH�HQFRQWUDU�OD�TXH�SURGXFH�UHVXOWDGRV�PiV�SUy[LPRV�D�ORVPHGLGRV�HQ�HO�W~QHO�GH�YLHQWR��$GHPiV��VH�UHDOL]y�XQD�VLPXODFLyQ�GHO�IOXMR�HQ�HO�W~QHO�YDFtR�VLQ� HO� PRGHOR� GH� OD� FXELHUWD�� SDUD� REWHQHU� YDORUHV� GH� UHIHUHQFLD� SDUD� HO� FiOFXOR� GH� ORVFRHILFLHQWHV�GH�SUHVLyQ�6LJXLHQGR� OD� GHQRPLQDFLyQ� GH� ODV� RSFLRQHV� GHO� SURJUDPD�� HVWDV� FRQGLFLRQHV� VRQ� ODVVLJXLHQWHV����� &RQGLFLyQ� 9B)L[:DOO�� LPSRQH� FRQGLFLRQHV� GH� QR� GHVOL]DPLHQWR� \� QR� SHQHWUDFLyQ�KDFLHQGR�QXODV�DPEDV�FRPSRQHQWHV�GH�OD�YHORFLGDG����� &RQGLFLyQ� 5RXJKZDOO�� VH� LQWURGXMR� FRPR� SDUiPHWUR� HO� WDPDxR�N GH� OD� UXJRVLGDGDSOLFDGD�D�ORV�PRGHORV�HQVD\DGRV�HQ�HO�W~QHO�GH�YLHQWR��VLHQGR�N� �������u����P�
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����&RQGLFLyQ�<SOXV:DOO��VH�LQWURGXMR�HO�SDUiPHWUR�DGLPHQVLRQDO�\� ������GHWHUPLQDGR�DSDUWLU�GH�ORV�UHVXOWDGRV�GH�WZ \�XW REWHQLGRV�GHO�PRGHOR�DQDOL]DGR�FRQ�OD�FRQGLFLyQ�����

)LJXUD����0DOOD�FRPSOHWD(O�IOXMR�HVFXUUH�GH�L]TXLHUGD�D�GHUHFKD��$�OD�HQWUDGD�GHO�GRPLQLR��OD�FRPSRQHQWH�X[ VLJXHXQD�OH\�GH�YDULDFLyQ�TXH�VH�REWXYR�DMXVWDQGR�ODV�PHGLFLRQHV�GH�YHORFLGDG�PHGLD�GHO�W~QHO�GHYLHQWR�� (VWH� SHUILO� GH� YHORFLGDGHV� PHGLDV� GHO� UHSURGXFH� HO� FRUUHVSRQGLHQWH� D� ]RQDVVXEXUEDQDV�(O�SHUILO�GH�YHORFLGDGHV�VH�DSOLFy�GH�PDQHUD�JUDGXDO�GXUDQWH� ORV�SULPHURV�������SDVRV�GHWLHPSR�� \� FDOFXODQGR� HO� IOXMR� FRQ� HO� SHUILO� GH� YHORFLGDGHV� SOHQDPHQWH� GHVDUUROODGR� GXUDQWH������SDVRV� GH� WLHPSR�PiV��/D� YHORFLGDG�Pi[LPD� IXH� GH� �����P�V��(VWH� YDORU� UHVXOWD� DOJRPD\RU� TXH� HO�Pi[LPR�PHGLGR� HQ� HO� W~QHO�� SHUR� HVWD� GLIHUHQFLD� HV� GHELGR� D� TXH� HQ� OD� SDUWHVXSHULRU�GHO�W~QHO�FRPLHQ]D�D�DSDUHFHU�HO�HIHFWR�GH�FDSD�OtPLWH�GHO�WHFKR��OR�TXH�HO�HO�SUHVHQWHPRGHOR�QR�VH�WXYR�HQ�FXHQWD��3DUD�OD�UHVROXFLyQ�VH�DSOLFy�XQ�PRGHOR�GH�WXUEXOHQFLD�N�H�
7DEOD�� ��'HQRPLQDFLyQ�GH�ORV�PRGHORV�GH�UHIHUHQFLD�02'(/2 683(5),&,( )/8-2��, /LVR 6XDYH��,, /LVR 7XUEXOHQWR��,, 5XJRVLGDG�0RGHUDGD 7XUEXOHQWR��, 5XJRVLGDG�$OWD 6XDYH7�� 5XJRVLGDG�$OWD 7XUEXOHQWR

6L�ELHQ�HQ�ORV�HQVD\RV�GH�UHIHUHQFLD�VH�HPSOHDURQ�GRV�WLSRV�GH�IOXMR��XQR�VXDYH��,X�d ����\RWUR� WXUEXOHQWR�� SDUD� HO� SUHVHQWH� WUDEDMR� HO� SHUILO� GH� YHORFLGDGHV� DSOLFDGR� QR� LQFOX\H
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FRPSRQHQWH� IOXFWXDQWH�� $� VX� YH]�� ORV� HQVD\RV� GH� UHIHUHQFLD� VH� OOHYDURQ� D� FDER� VREUH� XQPRGHOR� GH� VXSHUILFLH� OLVD� \� GRV� FRQ� GLVWLQWRV� JUDGRV� GH� UXJRVLGDG�� (O� SDUiPHWUR� TXHFDUDFWHUL]D�OD�UXJRVLGDG�HV�N�G��VLHQGR�G LJXDO�D�GRV�YHFHV�HO�UDGLR�GH�FXUYDWXUD�GH�OD�FXELHUWD�3DUD�HO�PRGHOR�GH�UXJRVLGDG�PRGHUDGD�HV�N�G  �����u������PLHQWUDV�TXH�SDUD�HO�GH�UXJRVLGDGDOWD�HV�N�G  �����u�����/RV�SDUiPHWURV�ItVLFRV�GHO�DLUH��GHQVLGDG�\�YLVFRVLGDG��VH�WRPDURQ�LJXDOHV�D�ORV�HQVD\RV�GHUHIHUHQFLD��VLHQGR�U  ������.J�P� \�P  ������u����.J�P�V�
� 5(68/7$'26/RV�UHVXOWDGRV�REWHQLGRV�GHO�SURJUDPD�IXHURQ�ORV�FDPSRV�GH�YHORFLGDG�\�SUHVLyQ��&RQ�ORVYDORUHV� GH� SUHVLyQ� VREUH� HO�PRGHOR�� VH� FDOFXODURQ� ORV� FRHILFLHQWHV� GH� SUHVLyQ� H[WHUQD�FSH�� HLQWHUQD� FSL�� \� ORV� FRHILFLHQWHV� GH� SUHVLyQ� WRWDO� FW�� VHJ~Q� ODV� HFXDFLRQHV� ���� \� ����UHVSHFWLYDPHQWH�

UHILSH T SF ' � ���
SLSHW FFF � ���(Q�OD�HFXDFLyQ�����VH�GHQRPLQD�'S D�OD�GLIHUHQFLD�HQWUH�OD�SUHVLyQ�VREUH�OD�FXELHUWD��HQ�XQ�SXQWR�GHWHUPLQDGR��\�OD�SUHVLyQHVWiWLFD� GH� UHIHUHQFLD�� WRPDGD� HVWD� ~OWLPD� FRPR� OD� SUHVLyQ� HVWiWLFD� HQ� ODV� FRRUGHQDGDVFRUUHVSRQGLHQWHV�D�OD�F~VSLGH�GH�OD�EyYHGD��GHO�W~QHO�YDFtR�TUHI HV� OD� SUHVLyQ� GLQiPLFD� GH� UHIHUHQFLD�� WRPDGD� FRPR� OD� SUHVLyQ� GLQiPLFD� HQ� HO� SXQWRDQWHV�PHQFLRQDGR�(VWDV� FRQVLGHUDFLRQHV� VH� WRPDURQ� SDUD� SRGHU� UHSURGXFLU�� HQ� HO�PRGHOR� ELGLPHQVLRQDO�� ODXELFDFLyQ� GH� OD� DQWHQD� GH� 3LWRW�3UDQGWO� DGRSWDGD� HQ� HO� HQVD\R� GH� UHIHUHQFLD�� TXH� IXH� D� XQFRVWDGR�GHO�PRGHOR��HQ�OD�]RQD�QR�SHUWXUEDGD�GH�OD�FRUULHQWH�GH�DLUH��\�D�OD�DOWXUD�GH�OD�F~VSLGHGH�OD�EyYHGD�
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)LJXUD����'HWDOOH�GH�ORV�HOHPHQWRV�SUy[LPRV�DO�ERUGH�GH�DWDTXH
(O�Q~PHUR�GH�5H\QROGV�VH�GHILQLy�VHJ~Q�OD�H[SUHVLyQ�����

QGX 5H ���
'RQGH�X��YHORFLGDG�PHGLD�HQ�OD�F~VSLGH�GHO�PRGHORG��HO�GREOH�GHO�UDGLR�GH�FXUYDWXUD�GHO�PRGHORQ��YLVFRVLGDG�FLQHPiWLFD�GHO�DLUH��P��U(O� YDORU� DOFDQ]DGR� IXH� 5H�  � �����u����� (Q� ODV� ILJXUDV� VLJXLHQWHV� VH� SUHVHQWDQ� ORVUHVXOWDGRV�� FRPSDUDGRV� FRQ� ORV� YDORUHV� GH� UHIHUHQFLD� SDUD� FDGD� XQR� GH� ORV� PRGHORV� GHUHIHUHQFLD�(Q�ODV�ILJXUDV�VLJXLHQWHV�VH�SUHVHQWDQ�ORV�YDORUHV�GH�FSH��FSL \�FW FDOFXODGRV�D�SDUWLU�GH�ORVUHVXOWDGRV�GHO�SURJUDPD��FRPSDUDGRV�FRQ�ORV�GH�ORV�PRGHORV�GH�UHIHUHQFLD�
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