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4XLHUR DSURYHFKDU HVWDV OtQHDV SDUD UHFRUGDU D WRGDV ODV SHUVRQDV \
HQWLGDGHV TXH PH KDQ D\XGDGR D UHFRUUHU HVWH FDPLQR \ PRVWUDUOHV PL VLQFHUR
DJUDGHFLPLHQWR�

$O &HQWUR GH (VWXGLRV H ,QYHVWLJDFLRQHV 7pFQLFDV GH *LSX]NRD �&(,7��
OXJDU HQ HO TXH KH WUDEDMDGR GXUDQWH WRGR HVWH WLHPSR� \ D WRGDV ODV SHUVRQDV TXH
KDQ KHFKR PL GtD D GtD PiV DJUDGDEOH� $ -DYLHU *UDFLD� VLQ FX\R HPSXMyQ LQLFLDO QR
PH KXELHVH GHFLGLGR D LQLFLDU HVWD DYHQWXUD� D (QULTXH &DVWDxR� TXH KD VXSHUYLVDGR
PL WUDEDMR \ KD PRVWUDGR VLHPSUH WDQWD SDFLHQFLD SDUD DWHQGHU PLV QXPHURVDV
FXHVWLRQHV� D ,VDEHO $\HUGL� FRPSDxHUD FDVL�SHUPDQHQWH GH GHVSDFKR \ GH OD TXH
HVSHUR VHJXLU DSUHQGLHQGR� \ FRPR QR� D WRGR HO UHVWR GH HVWXSHQGRV FRPSDxHURV
GH OD 6HFFLyQ GH 0LFURHOHFWUyQLFD \ 0LFURVLVWHPDV� VLHPSUH GLVSXHVWRV D HFKDU XQD
PDQR� 6HUJLR $UDQD� 'DYLG 3XHQWH� ,]DVNXQ $VHQVLR� ,VDEHO 5LYDV� 3DEOR GH OD
)XHQWH \ <DJR 2ODL]ROD� 8Q UHFXHUGR WDPELpQ SDUD ORV TXH KDQ SDVDGR SRU HVWH
GHSDUWDPHQWR GXUDQWH HVWH WLHPSR� -RUJH *DUFtD (OL]DOGH� 0LNHO $L]SXUXD� -XDQ
0DUL $UWROD \ ÐVFDU *RQ]iOH]� $ *XLOOHUPR %LVWXp� SRU GDUPH iQLPRV HQ ORV
PRPHQWRV FUtWLFRV� < SRU ~OWLPR� D WRGR HO UHVWR GH FRPSDxHURV GHO &(,7� TXH
KDUtDQ HVWD OLVWD LQWHUPLQDEOH� \ HQ HVSHFLDO D %HDWUL] $L]SXUXD� SRU VX D\XGD FRQ HO
PLFURVFRSLR ySWLFR�

$ OD HPSUHVD 6RFLHGDG GH *DV GH (XVNDGL 6�$�� HQ ODV SHUVRQDV GH ÉQJHO 0�
*XWLpUUH] \ -XDQ $� 'tH] GH 8O]XUUXQ� SRU VX SURPRFLyQ GH OD LQYHVWLJDFLyQ HQ HO
SUR\HFWR ´'HVDUUROOR GH PLFURVHQVRUHV PLFURPHFDQL]DGRV GH PRQy[LGR GH
FDUERQRµ�

$O 0LQLVWHULR GH &LHQFLD \ 7HFQRORJtD� HQ HVSHFLDO D OD &RPLVLyQ
LQWHUPLQLVWHULDO GH &LHQFLD \ 7HFQRORJtD �&,&<7�� WDQWR SRU OD EHFD TXH KH
GLVIUXWDGR FRPR SRU VX DSR\R D OD LQYHVWLJDFLyQ \ GHVDUUROOR WDQWR HQ HO SUR\HFWR
SUHYLDPHQWH PHQFLRQDGR FRPR HQ HO WLWXODGR ´0HFDQLVPRV DVRFLDGRV D DGLWLYRV
FDWDOtWLFRV HQ VHQVRUHV VHPLFRQGXFWRUHV GH JDVHV� VHQVRUHV GH EDMR FRQVXPRµ�

$O 'HSDUWDPHQW G·HOHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV (OHFWUzQLFV GH OD 8QLYHUVLWDW GH

%DUFHORQD� FRQFUHWDPHQWH D -RDQ 5DPyQ 0RUDQWH� D $OEHUW &RUQHW \ PX\ HQ
HVSHFLDO D $OEHUW &LUHUD� SRU D\XGDUPH D WUDWDU GH GHVHQWUDxDU ORV PLVWHULRV GH OD



FLHQFLD� SRU ODV LGHDV FRQ ODV TXH KD FRQWULEXLGR D HVWH WUDEDMR� \ SRU VX YLVLyQ
VLHPSUH RSWLPLVWD GH ODV FRVDV�

$O /DERUDWRLUH GH 0LFURpOHFWURQLTXH ,;/ GH OD 8QLYHUVLWp GH %RXUGHDX[� HQ HVSHFLDO
D )UDQFLV 0pQLO \ D +pOqQH 'pEpGD SRU VX FRODERUDFLyQ HQ ORV VXFHVLYRV SUR\HFWRV
VXUJLGRV GHO )RQGR SDUD OD &RRSHUDFLyQ (XVNDGL�$TXLWDQLD�

+H UHVHUYDGR SDUD HO ILQDO HO DJUDGHFLPLHQWR PX\ HVSHFLDO D WRGRV PLV
DPLJRV \ D PL IDPLOLD� D PLV SDGUHV� (OtDV \ 0DUJDUL� SRU VX DSR\R SHUPDQHQWH HQ
WRGRV ORV iPELWRV� D PLV KHUPDQRV� $OEHUWR� ,GRLD \ 5DTXHO� \ D $UDQW[D \ 1DGLD�
PLV RWUDV KHUPDQDV� /D PHQFLyQ ~OWLPD \ PiV LPSRUWDQWH GH WRGDV HV SDUD $QGRQL�
TXH KD VXIULGR WRGRV PLV DxRV GH HVWXGLR �DO PHQRV PXFKRV GH HOORV� \ WXYR OD
RVDGtD GH FDVDUVH FRQPLJR VLQ KDEHU DFDEDGR HO GRFWRUDGR�

0XFKDV JUDFLDV D WRGRV���



��������

(O FRQWLQXR \ VRVWHQLGR DYDQFH TXH VH KD SURGXFLGR HQ ORV ~OWLPRV DxRV HQ HO

VHFWRU GH ODV PLFURWHFQRORJtDV \ ORV PLFURVLVWHPDV KD GDGR OXJDU D XQ FUHFLHQWH

GHVDUUROOR GH SURFHVRV DOWDPHQWH FRQWURODGRV� GHVDUUROODGRV HQ DPELHQWH GH

VDOD OLPSLD� FX\D DSOLFDFLyQ VH KD H[WHQGLGR D FDPSRV FRPR HO GH OD IDEULFDFLyQ

GH VHQVRUHV� (O DWUDFWLYR GH HVWDV WpFQLFDV UDGLFD HQ VX UHSHWLELOLGDG� HQ OD

UHGXFFLyQ GH FRQVXPRV \ HQ OD PLQLDWXUL]DFLyQ GH ORV GLVSRVLWLYRV DVt IDEULFDGRV�

6L HQ HVWH SDQRUDPD VH LQWURGXFH OD FUHFLHQWH GHPDQGD GH GLVSRVLWLYRV

VHQVRUHV WDQWR HQ iPELWRV LQGXVWULDOHV FRPR GRPpVWLFRV� UHVXOWD FRPSUHQVLEOH

OD DGRSFLyQ GH ODV PHQFLRQDGDV WpFQLFDV SDUD OOHJDU D OD REWHQFLyQ GH ORV

GHQRPLQDGRV PLFURVHQVRUHV� HQ DOXVLyQ WDQWR D OD PLQLDWXUL]DFLyQ GH ORV

PLVPRV FRPR D ODV PLFURWHFQRORJtDV PHGLDQWH ODV TXH VH IDEULFDQ�

3RU RWUD SDUWH� HQ HO iPELWR GH OD OODPDGD VRFLHGDG GHO ELHQHVWDU� HO XVR

FUHFLHQWH GHO JDV QDWXUDO HQ ORV KRJDUHV KD LQFUHPHQWDGR HO ULHVJR WDQWR GH

H[SORVLRQHV SRU HVFDSH GH PHWDQR �SULQFLSDO FRPSRQHQWH GHO JDV QDWXUDO� FRPR

GH HQYHQHQDPLHQWR SRU SUHVHQFLD GH PRQy[LGR GH FDUERQR� JDV SURFHGHQWH GH

FRPEXVWLRQHV GHILFLHQWHV \ Wy[LFR LQFOXVR HQ PX\ EDMDV FRQFHQWUDFLRQHV� (VWR

KD GHVHPERFDGR HQ OD HODERUDFLyQ GH QRUPDWLYDV GH GHWHFFLyQ GH PRQy[LGR GH

FDUERQR HQ DPELHQWHV GRPpVWLFRV� GH SUHYLVLEOH REOLJDWRULHGDG HQ XQ IXWXUR

SUy[LPR� DVt FRPR HQ XQD FUHFLHQWH GHPDQGD GH VHQVRUHV GH JDV�

'H WRGR OR H[SXHVWR QDFH HO REMHWLYR GH HVWH WUDEDMR� TXH FRPSUHQGH HO

GLVHxR \ IDEULFDFLyQ GH XQ PLFURVHQVRU SDUD GHWHFFLyQ GH PRQy[LGR GH FDUERQR

HQ iPELWRV GRPpVWLFRV� SUHYLR HVWXGLR GHO PDWHULDO D XWLOL]DU FRPR SHOtFXOD

VHQVLEOH� HQ HVWH FDVR HO y[LGR GH HVWDxR�

3RU FRQVLJXLHQWH� OD UHDOL]DFLyQ GHO WUDEDMR KD FRQVLVWLGR HQ XQD SULPHUD

HWDSD GH HVWXGLR H[KDXVWLYR GH ODV SUHVWDFLRQHV GHO y[LGR GH HVWDxR FRPR

PDWHULDO VHQVRU� SDUD GHWHUPLQDU VX SURFHVR \ SDUiPHWURV GH IDEULFDFLyQ

KDFLHQGR XVR GH PLFURWHFQRORJtDV� /RV YDORUHV GH UHVSXHVWD REWHQLGRV PHGLDQWH



LL 5HVXPHQ

ORV GLVSRVLWLYRV IDEULFDGRV VRQ VXSHULRUHV D ORV YDORUHV UHVHxDGRV SRU RWURV

DXWRUHV TXH WDPELpQ DSXHVWDQ SRU ODV WpFQLFDV GH SHOtFXOD GHOJDGD�

8QR GH ORV PD\RUHV SUREOHPDV TXH SUHVHQWDQ ORV GLVSRVLWLYRV VHQVRUHV

GH JDV HQ JHQHUDO HV VX IDOWD GH VHOHFWLYLGDG DQWH SRVLEOHV JDVHV LQWHUIHUHQWHV

TXH SXHGDQ HVWDU SUHVHQWHV HQ OD DWPyVIHUD HQ OD TXH VH XWLOL]DQ� (Q HVWH

WUDEDMR VH SURSRQH HO XVR GH XQ ILOWUR LQWHJUDGR TXH FRQVLJXH OD HOLPLQDFLyQ HQ

JUDQ PHGLGD GH OD VHxDO SURFHGHQWH GHO HWDQRO� XQR GH ORV LQWHUIHUHQWHV PiV

LPSRUWDQWHV HQ HO iPELWR GRPpVWLFR�

(Q XQD VHJXQGD HWDSD GHO WUDEDMR VH KD DERUGDGR HO GLVHxR GHO

PLFURGLVSRVLWLYR VHQVRU GH JDV� TXH LQFRUSRUD� DGHPiV GH OD SHOtFXOD� OD

IDEULFDFLyQ GH XQ FDOHIDFWRU LQWHJUDGR TXH HV QHFHVDULR RSWLPL]DU� $GHPiV GH

ODV WpFQLFDV GH SURFHVDGR GH SHOtFXOD GHOJDGD� VRQ QHFHVDULDV WpFQLFDV GH

SURSLDV GHO GHVDUUROOR GH PLFURVLVWHPDV� WDOHV FRPR HO PLFURPHFDQL]DGR GHO

VLOLFLR R HO SHJDGR DQyGLFR GH VLOLFLR FRQWUD S\UH[� SDUD OD FRQVHFXFLyQ GH XQ

GLVSRVLWLYR DFDEDGR \ VXVFHSWLEOH GH VHU HQFDSVXODGR SDUD VX XVR ILQDO� (O

WUDEDMR VH KD FRQFOXLGR FRQ HO HVWXGLR GH ODV SUHVWDFLRQHV GHO GLVSRVLWLYR

IDEULFDGR HQ FXDQWR D FRQVXPR GH SRWHQFLD \ HVWDELOLGDG WHPSRUDO�

&DEH VXEUD\DU OD GREOH YHUWLHQWH GH HVWH WUDEDMR� (Q SULPHU OXJDU VH GHEH

VHxDODU VX DSOLFDFLyQ HQ HO VHFWRU JDVRGRPpVWLFR D WUDYpV GHO SUR\HFWR OOHYDGR D

FDER FRQMXQWDPHQWH FRQ OD HPSUHVD 6RFLHGDG GH *DV GH (XVNDGL \ DYDODGD SRU

ODV FRPXQLFDFLRQHV D ORV FRQJUHVRV GHO VHFWRU ,*8 �� H ,*5& ����� DVt FRPR

SRU ODV SDWHQWHV TXH OD HPSUHVD KD UHDOL]DGR HQ UHODFLyQ FRQ OD IDEULFDFLyQ GHO

SURWRWLSR� (Q VHJXQGR OXJDU� KD\ TXH UHVHxDU HO LQWHUpV FLHQWtILFR UHIOHMDGR HQ

ODV SXEOLFDFLRQHV HQ UHYLVWDV GH iPELWR LQWHUQDFLRQDO �6HQVRUV 	 $FWXDWRUV H

,((( 6HQVRUV -RXUQDO�� DVt FRPR SRU YDULDV FRPXQLFDFLRQHV D FRQJUHVRV GH

DOFDQFH WDQWR QDFLRQDO �9, 5HXQLyQ 1DFLRQDO GH 0DWHULDOHV� &'( �� \ &'( �����

FRPR LQWHUQDFLRQDO �6HQVRU �� \ (XURVHQVRUV ;9,��
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�� 5(680(1
�� 6(1625,=$&,Ï1 '( *$6 �

��� 6HQVRUHV \ PLFURVLVWHPDV �
��� 0HUFDGR GH VHQVRUHV �
��� 6HQVRUHV GH JDV �

����� &DUDFWHUtVWLFDV PiV UHOHYDQWHV GH XQ VHQVRU GH JDV �
������� 6HQVLELOLGDG �
������� 7LHPSR GH UHVSXHVWD \ GH UHFXSHUDFLyQ �
������� 6HOHFWLYLGDG �
������� (VWDELOLGDG �

����� 3ULQFLSDOHV WLSRV GH VHQVRUHV �
������� 6HQVRUHV GH JDV HOHFWURTXtPLFRV �
������� 6HQVRUHV GH JDV FDWDOtWLFRV ��
������� 6HQVRUHV GH JDV GH LQIUDUURMRV ��
������� 'HWHFWRUHV GH IRWRLRQL]DFLyQ ��
������� 6HQVRUHV GH JDV GH HVWDGR VyOLGR ��
������� 2WUDV WpFQLFDV GH GHWHFFLyQ GH JDV ��

��������� (VSHFWUyPHWUR GH PDVDV ��

��������� &URPDWyJUDIR GH JDV ��

��������� $QDOL]DGRU GH LQIUDUURMRV GH WUDQVIRUPDGD GH

)RXULHU �)7,5� ��

��� 'HWHFFLyQ GH JDVHV Wy[LFRV ��
����� 0RQy[LGR GH FDUERQR ��
����� 1RUPDWLYDV DFHUFD GH OD GHWHFFLyQ GH PRQy[LGR GH

FDUERQR ��
������� 8/ ���� ��
������� (1 ����� ��

��� %LEOLRJUDItD ��
�� 2%-(7,926 ��

��� 2EMHWLYRV ��
��� (VWUXFWXUD GH OD PHPRULD ��
��� 0DUFR GH DFWXDFLyQ ��
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�� 7(&12/2*Ë$6 $62&,$'$6 $ 6(1625(6 '( *$6 '( (67$'2
6Ï/,'2 &21'8&720e75,&26 ��

��� &ODVLILFDFLyQ HQ IXQFLyQ GH VX IRUPD GH IDEULFDFLyQ� 'LVHxRV
HPSOHDGRV ��

����� &HUiPLFDV VLQWHUL]DGDV ��
����� 3HOtFXOD JUXHVD ��
����� 3HOtFXOD GHOJDGD ��

��� 0DWHULDOHV XWLOL]DGRV HQ VHQVRUHV FRQGXFWRPpWULFRV ��
����� 0DWHULDOHV \ PHFDQLVPRV SDUD GHWHFFLyQ GH R[tJHQR ��
����� 0DWHULDOHV \ PHFDQLVPRV SDUD GHWHFFLyQ GH SHTXHxDV

FRQFHQWUDFLRQHV GH JDV HQ DLUH ��
��� 7pFQLFDV GH REWHQFLyQ GH SHOtFXODV GH y[LGR GH HVWDxR ��

����� 7pFQLFDV GH SHOtFXOD GHOJDGD ��
����� 7pFQLFDV GH SHOtFXOD JUXHVD ��

��� &RQGXFWD HOHFWUyQLFD GHO y[LGR GH HVWDxR ��
����� (VWUXFWXUD FULVWDOLQD ��
����� 3URSLHGDGHV HOpFWULFDV ��

��� 'HWHFFLyQ GH JDV PHGLDQWH SHOtFXODV GH y[LGR GH HVWDxR ��
����� )XQFLRQHV GH UHFHSWRU \ WUDQVGXFWRU ��
����� 0HFDQLVPRV GH GHWHFFLyQ GH JDVHV UHGXFWRUHV �IXQFLyQ

GH UHFHSWRU� ��
������� ,QWHUDFFLRQHV VXSHUILFLH�R[tJHQR ��
������� 0HFDQLVPRV GH TXLPLDEVRUFLyQ VXSHUILFLDO \

UHDFFLRQHV FRQ GHIHFWRV VXSHUILFLDOHV ��
������� ,QWHUDFFLyQ GHO R[tJHQR DEVRUELGR FRQ HO PRQy[LGR

GH FDUERQR ��
����� 0HFDQLVPRV GH FRQGXFFLyQ HQ HO y[LGR GH HVWDxR

�IXQFLyQ GH WUDQVGXFWRU� ��
������� &RQGXFFLyQ HQ SHOtFXODV JUXHVDV ��
������� &RQGXFFLyQ HQ SHOtFXODV GHOJDGDV ��

��� 3DUiPHWURV TXH LQIOX\HQ HQ OD GHWHFFLyQ GH JDV ��
����� 7HPSHUDWXUD GH RSHUDFLyQ ��
����� (VSHVRU GH OD SHOtFXOD ��
����� $GLWLYRV ��
����� +XPHGDG ��
����� *HRPHWUtD \ PDWHULDO GH FRQWDFWRV ��

��� )LOWURV ��
����� )LOWURV H[WHUQRV ��
����� )LOWURV LQWHJUDGRV ��
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��� %LEOLRJUDItD ��
�� 7e&1,&$6 '( )$%5,&$&,Ï1 < &$5$&7(5,=$&,Ï1 '(

08(675$6 '( (16$<2 ���
��� 0pWRGRV GH IDEULFDFLyQ ���

����� 7pFQLFDV GH SURFHVDGR GH SHOtFXODV JUXHVDV ���
������� 2EWHQFLyQ GH OD SDVWD ���
������� 'HSyVLWR GH OD SHOtFXOD SRU VFUHHQ�SULQWLQJ ���
������� 'HSyVLWR GH OD SHOtFXOD SRU PLFURSULQWLQJ ���

����� 7pFQLFDV GH SURFHVDGR GH SHOtFXODV GHOJDGDV ���
������� 2[LGDFLyQ WpUPLFD ���
������� 'HSyVLWR GH SHOtFXODV SRU VSXWWHULQJ ���
������� )RWROLWRJUDItD ���

������� 7UDWDPLHQWR WpUPLFR GH UHFRFLGR R DQQHDOLQJ ���

������� 0LFURPHFDQL]DGR ���

������� 3HJDGR DQyGLFR GHO VLOLFLR �6LOLFRQ $QRGLF %RQGLQJ� ���

��� 0pWRGRV GH FDUDFWHUL]DFLyQ ���

����� &DUDFWHUL]DFLyQ HVWUXFWXUDO ���

������� ;5' �;�UD\ 'LIUDFWLRQ� ���

������� ;36 �;�UD\ 3KRWRHOHFWURQ 6SHFWURVFRS\� ���

������� $)0 �$WRPLF )RUFH 0LFURVFRS\� ���

����� &DUDFWHUL]DFLyQ HOpFWULFD ���

������� %DQFR GH HQVD\R ���

��������� /tQHD GH JDV ���

��������� &iPDUD GH HQVD\R ���

��������� 6LVWHPD GH DGTXLVLFLyQ GH GDWRV \ FRQWURO ���

������� 0HWRGRORJtD GH HQVD\R ���

��� %LEOLRJUDItD ���

�� 08(675$6 '( 7(67� 352&(626 '( )$%5,&$&,Ï1 ���
��� )DEULFDFLyQ GH PXHVWUDV SDUD DQiOLVLV GH HVSHVRUHV ���

����� 'HVFULSFLyQ GHO SURFHVR GH IDEULFDFLyQ ���
����� 5HVXOWDGRV HVWUXFWXUDOHV ���

��� )DEULFDFLyQ GH PXHVWUDV SDUD HO HVWXGLR GH DGLWLYRV ���
����� 'HVFULSFLyQ GHO SURFHVR GH IDEULFDFLyQ ���

��� )DEULFDFLyQ GH PXHVWUDV SDUD HVWXGLR GH OD LQIOXHQFLD GHO
FRQWDFWR LQWHUGLJLWDGR ���

����� 5HVXOWDGRV HVWUXFWXUDOHV ���
��� )DEULFDFLyQ GH PXHVWUDV FRQ ILOWURV LQWHJUDGRV ���

����� )LOWURV LQWHJUDGRV GH SHOtFXOD JUXHVD ���
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������� 3URFHVR GH IDEULFDFLyQ ���

����� )LOWURV LQWHJUDGRV GH SHOtFXOD GHOJDGD ���

������� 3URFHVR GH IDEULFDFLyQ ���

����� 5HVXOWDGRV HVWUXFWXUDOHV ���

�� 5(68/7$'26 (;3(5,0(17$/(6 ���

��� &DUDFWHUL]DFLyQ GHO y[LGR GH HVWDxR \ UHODFLyQ GH VXV

SURSLHGDGHV FRQ HO HVSHVRU ���

����� $QiOLVLV PLFURHVWUXFWXUDO ���

������� $QiOLVLV ;5' ���

������� $QiOLVLV $)0 ���

����� $QiOLVLV HOpFWULFR ���

����� $QiOLVLV HOHFWURTXtPLFR ���

��� &DUDFWHUL]DFLyQ GHO y[LGR GH HVWDxR FRQ GLIHUHQWHV DGLWLYRV ���

����� $QiOLVLV PLFURHVWUXFWXUDO ���

������� $QiOLVLV ;36 ���

����� $QiOLVLV HOpFWULFR ���

����� $QiOLVLV HOHFWURTXtPLFR ���
������� 5HVSXHVWD DO PRQy[LGR GH FDUERQR ���
������� 5HVSXHVWD D JDVHV LQWHUIHUHQWHV ���

��� &DUDFWHUL]DFLyQ GH FRQWDFWRV LQWHUGLJLWDGRV FRPR FRQWDFWR

HQ SHOtFXOD GHOJDGD GH y[LGR GH HVWDxR ���

����� $QiOLVLV HOHFWURTXtPLFR ���

��� &DUDFWHUL]DFLyQ GH ILOWURV GH WLSR TXtPLFR SDUD SHOtFXOD

GHOJDGD GH y[LGR GH HVWDxR ���

����� &DUDFWHUL]DFLyQ GH ILOWURV GH SHOtFXOD GHOJDGD ���

������� $QiOLVLV PLFURHVWUXFWXUDO ���

��������� $QiOLVLV ;5' ���

��������� $QiOLVLV $)0 ���

��������� $QiOLVLV ;36 ���

������� $QiOLVLV HOHFWURTXtPLFR ���

����� &DUDFWHUL]DFLyQ GH ILOWURV GH SHOtFXOD JUXHVD ���

������� )LOWURV GH SHOtFXOD JUXHVD GH DO~PLQD ���

��������� $QiOLVLV HOHFWURTXtPLFR ���

������� )LOWURV GH SHOtFXOD JUXHVD GH y[LGR GH HVWDxR ���

��������� $QiOLVLV HOHFWURTXtPLFR ���
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��� &RPSHQGLR GH UHVXOWDGRV ���

��� %LEOLRJUDItD ���

�� ',6&86,Ï1 '( 5(68/7$'26 ���
��� 5HVXOWDGRV UHODFLRQDGRV FRQ OD PLFURHVWUXFWXUD \ HO HVSHVRU

GH ODV PXHVWUDV GH y[LGR GH HVWDxR ���
����� 7HPSHUDWXUD GH DQQHDOLQJ \ WDPDxR GH JUDQR ���
����� 5HVSXHVWD HOHFWURTXtPLFD GH GLIHUHQWHV HVSHVRUHV

GH y[LGR GH HVWDxR ���
����� $SOLFDFLyQ GH ORV PRGHORV WHyULFRV GH GHWHFFLyQ GH JDV ���
����� ,QIOXHQFLD GH OD JHRPHWUtD GH FRQWDFWRV \ VX UHODFLyQ

FRQ HO HVSHVRU HQ OD GHWHFFLyQ GH JDV ���
��� ,QIOXHQFLD GH ORV DGLWLYRV HQ OD GHWHFFLyQ GH JDV ���

����� 5HVXOWDGRV HOpFWULFRV GH PXHVWUDV 37(� &RPSDUDFLyQ
FRQ PXHVWUDV VLQ DGLWLYRV ���

����� ,QIOXHQFLD GH OD KXPHGDG HQ OD UHVSXHVWD HOpFWULFD HQ
PXHVWUDV 37(� &RPSDUDFLyQ FRQ PXHVWUDV VLQ DGLWLYRV ���

����� 5HODFLyQ HQWUH ORV UHVXOWDGRV HOHFWURTXtPLFRV \
HVWUXFWXUDOHV� &RPSDUDFLyQ FRQ OD ELEOLRJUDItD ���

����� 6HOHFWLYLGDG GH ODV PXHVWUDV FRQ DGLWLYRV DQWH JDVHV
LQWHUIHUHQWHV� &RPSDUDFLyQ FRQ OD ELEOLRJUDItD ���

��� 8WLOL]DFLyQ GH ILOWURV LQWHJUDGRV SDUD OD PHMRUD GH OD
VHOHFWLYLGDG DO PRQy[LGR GH FDUERQR ���

��� %LEOLRJUDItD ���
�� 352727,32 0,&526(1625 3$5$ /$ '(7(&&,Ï1 '( 021Ï;,'2

'( &$5%212 ���
��� 352&(62 '( ',6(f2 < )$%5,&$&,Ï1 ���

����� (WDSD GH GLVHxR GH SURWRWLSRV ���
����� 3URFHVR GH IDEULFDFLyQ GH SURWRWLSRV ���

������� 'HVFULSFLyQ GHO SURFHVR GH IDEULFDFLyQ ���
������� 5HVXOWDGRV HVWUXFWXUDOHV \ SURWRWLSRV ���

��� &DUDFWHUL]DFLyQ GH SURWRWLSRV ���



9, ËQGLFH

����� &RQVXPR GH SRWHQFLD ���
������� ,QIOXHQFLD GH OD JHRPHWUtD GHO FDOHIDFWRU \ HVSHVRU

GH OD PHPEUDQD HQ HO FRQVXPR ���
������� &RQFOXVLRQHV GH ORV UHVXOWDGRV REWHQLGRV \

FRPSDUDFLyQ GH FRQVXPRV FRQ ORV GH RWURV
GLVSRVLWLYRV ���

����� 6HQVLELOLGDG \ VX HVWDELOLGDG D ODUJR SOD]R ���
��� %LEOLRJUDItD ���

�� &21&/86,21(6 < )8785$6 /Ë1($6 '( ,19(67,*$&,Ï1
��� &RQFOXVLRQHV ���
��� )XWXUDV OtQHDV GH LQYHVWLJDFLyQ ���

$1(;26

$QH[R �� 0iVFDUDV SDUD IRWROLWRJUDItD

$QH[R �� $UWtFXORV \ FRPXQLFDFLRQHV D FRQJUHVRV
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(Q SUiFWLFDPHQWH WRGRV ORV FDPSRV GH OD LQJHQLHUtD VH SXHGHQ HQFRQWUDU

GLVSRVLWLYRV VHQVRUHV� TXH WUDQVIRUPDQ GDWRV SURFHGHQWHV GHO PXQGR UHDO HQ

IRUPD GH HQHUJtD GH FXDOTXLHU WLSR� HQ PDJQLWXGHV TXH VH SXHGDQ WUDQVPLWLU�

DOPDFHQDU \ SURFHVDU \ TXH SRU OR JHQHUDO VRQ GH WLSR HOpFWULFR� /D FUHFLHQWH

QHFHVLGDG GH FRQWURODU \ PRQLWRUL]DU GLYHUVRV SURFHVRV KD GHULYDGR HQ XQ

LQFUHPHQWR GH OD GHPDQGD GH HVWH WLSR GH GLVSRVLWLYRV� GH ORV TXH VH HVSHUD

TXH DFW~HQ GH IRUPD DQiORJD D ODV IDFXOWDGHV KXPDQDV GH YHU� RtU� GHJXVWDU R

WRFDU� FRQILULHQGR HVWRV VHQWLGRV D ORV VLVWHPDV GH ORV TXH IRUPDQ SDUWH�

(O DXPHQWR GH OD GHPDQGD GH VHQVRUHV KD OOHYDGR DSDUHMDGR XQ DQiOLVLV

HQ GHWDOOH GH ODV SRVLELOLGDGHV GHO VLOLFLR HQ HVWD iUHD GHO FRQRFLPLHQWR� DQiOLVLV

PRWLYDGR SRU ORV YDORUHV GH SURGXFFLyQ PDVLYD \ EDMR FRVWR� DVRFLDGRV D OD

LQGXVWULD PLFURHOHFWUyQLFD� /DV SULPHUDV LQYHVWLJDFLRQHV OOHYDGDV D FDER HQ ORV

DxRV �� HQ WRUQR D GLYHUVDV SURSLHGDGHV GH HVWH PDWHULDO RIUHFLHURQ XQD VyOLGD

EDVH SDUD HO GHVDUUROOR GH VHQVRUHV VREUH HVWH VRSRUWH� TXH VH LQWURGXMHURQ SRU

SULPHUD YH] HQ ORV PHUFDGRV HQ ORV DxRV ��� $XQTXH HV XQD LQGXVWULD HQ

FRQWLQXR GHVDUUROOR \ HQ OD TXH VH LQYLHUWHQ JUDQGHV HVIXHU]RV HQ LQYHVWLJDFLyQ�

ORV DYDQFHV HQ OD WHFQRORJtD PLFURHOHFWUyQLFD OOHYDGRV D FDER HQ ORV DxRV ��

IXHURQ ORV TXH SHUPLWLHURQ OD SURGXFFLyQ PDVLYD GH VHQVRUHV GH SUHFLRV PiV

FRPSHWLWLYRV� FRPSDFWRV \ VRILVWLFDGRV�

(V HVWH iPELWR GH VRILVWLFDFLyQ WHFQROyJLFD HO TXH GD FRPLHQ]R D OD

PLQLDWXUL]DFLyQ GH VLVWHPDV� DFXxiQGRVH HO WpUPLQR PLFURVLVWHPD� TXH LQFOX\H
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DGHPiV GHO SURSLR VHQVRU OD HOHFWUyQLFD GH DFRQGLFLRQDPLHQWR� WUDQVPLVLyQ GH

VHxDO \ DFWXDFLyQ HQ XQ ~QLFR EORTXH GH VLOLFLR�

'HQWUR GH HVWH iPELWR WDQ DPSOLR� OD FDSDFLGDG GH ROHU� HVWR HV� GH

GHWHFWDU XQ JDV� HV XQR GH ORV PD\RUHV UHWRV WHFQROyJLFRV DFWXDOHV� 0LHQWUDV

TXH HQ HO FDVR GH GLVWLQJXLU FRORUHV �DQDORJtD FRQ HO VHQWLGR GH OD YLVWD� OR ~QLFR

TXH HV QHFHVDULR GLVWLQJXLU HV OD ORQJLWXG GH RQGD� HQ HO FDVR GH OD GHWHFFLyQ GH

JDV HO SURFHVR VH FRPSOLFD WUDWDQGR GH GLVFHUQLU FRPELQDFLRQHV GH iWRPRV�

PROpFXODV \ HQODFHV DWyPLFRV�

/DV DSOLFDFLRQHV HQ ODV TXH VH UHTXLHUHQ VHQVRUHV GH JDV SXHGHQ VHU GH

GRV WLSRV� DTXHOODV TXH SHUVLJXHQ GHWHFWDU FDQWLGDGHV SHOLJURVDV GH XQ JDV SDUD

HYLWDU ULHVJRV HQ DPELHQWHV GRPpVWLFRV R ODERUDOHV� R DTXHOODV TXH XWLOL]DQ OD

GHWHFFLyQ FRPR PHGLR GH FRQWURO R DQiOLVLV GHQWUR GH XQ SURFHVR� /D QHFHVLGDG

GH HVWRV VHQVRUHV HQ OD GHQRPLQDGD VRFLHGDG GH OD LQIRUPDFLyQ KD FUHFLGR \ VH

SUHYp XQ PD\RU DXPHQWR HQ ORV SUy[LPRV DxRV SULQFLSDOPHQWH HQ ODV VLJXLHQWHV

iUHDV�

• 'HWHFFLyQ GH JDVHV Wy[LFRV HQ DPELHQWHV ODERUDOHV

• 0HGLGD \ FRQWURO GH OD FRQWDPLQDFLyQ DWPRVIpULFD

• 0RQLWRUL]DFLyQ GH JDVHV H[SORVLYRV

• &RQWURO GH SURFHVRV LQGXVWULDOHV

• &RQWURO GH FRPEXVWLRQHV

(Q HO FDVR SDUWLFXODU GH ODV FRPSDxtDV SURGXFWRUDV� WUDQVSRUWDGRUDV R

GLVWULEXLGRUDV GH JDV ORV VLVWHPDV GH VHJXULGDG \ FRQWURO SDUD SUHYHQLU IXJDV

JDVHRVDV \ GHWHFWDU tQGLFHV GH WR[LFLGDG VRQ XQD GH ODV SULQFLSDOHV

SUHRFXSDFLRQHV� 'H HVWD SUHRFXSDFLyQ SDUWLFLSDQ LJXDOPHQWH ORV IDEULFDQWHV GH

FRPSRQHQWHV \ SURGXFWRV DFDEDGRV HQ HO VHFWRU JDVLVWD� 7RGRV HOORV VRQ

FRQVFLHQWHV GH TXH VX FXRWD GH PHUFDGR GHSHQGH GLUHFWDPHQWH GH OD VHJXULGDG

TXH VHDQ FDSDFHV GH RIHUWDU� 6X LQWHUpV WHFQROyJLFR HVWi JHQHUDOPHQWH

UHODFLRQDGR FRQ HO FRQFHSWR GH VHJXULGDG HQ JHQHUDO \ FRQ RWURV FRQFHSWRV

GLUHFWDPHQWH UHODFLRQDGRV FRPR VRQ OD UHGXFFLyQ GH HPLVLRQHV FRQWDPLQDQWHV \

OD PD\RU HILFLHQFLD HQ ORV SURFHVRV GH FRPEXVWLyQ�
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'HELGR D WRGR OR H[SXHVWR� ORV VHQVRUHV TXtPLFRV� GHQWUR GH ORV FXDOHV VH

HQFXDGUDQ ORV VHQVRUHV GH JDV� DEDUFDQ XQ DPSOLR HVSHFWUR GH WHFQRORJtDV GH

IDEULFDFLyQ \ DSOLFDFLRQHV� UHSUHVHQWDQGR XQ iUHD PX\ DPSOLD HQ HO FDPSR GH OD

LQYHVWLJDFLyQ HQ VHQVRUHV� /RV VHQVRUHV GH JDV HQ SDUWLFXODU OOHYDQ DSDUHMDGRV

XQD VHULH GH PHFDQLVPRV PX\ FRPSOHMRV FX\R FRPSOHWR HQWHQGLPLHQWR D~Q QR

VH KD OOHJDGR D DOFDQ]DU� \ TXH UHTXLHUHQ D~Q PD\RUHV HVIXHU]RV

LQYHVWLJDGRUHV�

���� ���	����������������

(O FUHFLPLHQWR HQ ORV PHUFDGRV GH VHQVRUHV KD VLGR SRVLWLYR GHVGH VX

QDFLPLHQWR \ KDVWD OD IHFKD VLHPSUH KD VXSHUDGR ODV H[SHFWDWLYDV� /D QHFHVLGDG

GH VHQVRUHV FRQ PD\RU ILDELOLGDG \ SUHFLR FRPSHWLWLYR SDUD HO FRQWURO GH

SROXFLyQ HQ DPELHQWHV GRPpVWLFRV H LQGXVWULDOHV� DVt FRPR SDUD OD SUHYHQFLyQ

GHO ULHVJR GH H[SORVLyQ� HVWi SURYRFDQGR XQ DXPHQWR GH OD GHPDQGD GH

VHQVRUHV TXtPLFRV� TXH HV XQD GH ODV iUHDV FRQ PD\RU SUHYLVLyQ GH FUHFLPLHQWR

DFWXDOPHQWH� <D HQ ���� VH KDEOy HQ DOJXQRV HVWXGLRV >)URVW 	 6XOOLYDQ@ GH XQ

FUHFLPLHQWR GH PHUFDGR SDUD ORV VHQVRUHV GH VLOLFLR TXH VH H[SRQH HQ OD WDEOD

����

���� ���� 7DVD GH FUHFLPLHQWR

PHGLR DQXDO ���

6HQVRUHV GH VLOLFLR ��� ����� ����

6HQVRUHV TXtPLFRV GH

VLOLFLR ����� GHO WRWDO�

��� �� ����

7DEOD ��� 3UHYLVLyQ GH PHUFDGRV HXURSHRV SDUD VHQVRUHV GH VLOLFLR HQ JHQHUDO \ TXtPLFRV

HQ SDUWLFXODU �HQ PLOORQHV GH GyODUHV�

2WUD SUHYLVLyQ SXEOLFDGD HQ HO DxR �� >5LFKDUG )� 7D\ORU@� WDPELpQ

VXSHUDGD HQ HVWH FDVR� HV OD TXH VH SXHGH YHU HQ OD WDEOD ��� SDUD VHQVRUHV

TXtPLFRV�
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���� ���� ���� 7DVD GH FUHFLPLHQWR

PHGLR DQXDO ���

%LRPpGLFRV ��� ��� ��� ����

$PELHQWDOHV ��� ��� ��� �����

3URFHVR �� �� ��� ���

727$/ ��� ��� ���� ����

7DEOD ��� 3UHYLVLyQ GH PHUFDGRV PXQGLDOHV SDUD VHQVRUHV TXtPLFRV HQ SDUWLFXODU �HQ

PLOORQHV GH GyODUHV�

(O DQiOLVLV GH PHUFDGR TXH 1(;86 �7KH 1HWZRUN RI ([FHOOHQFH LQ

0XOWLIXQFWLRQDO 0LFURV\VWHPV� SXEOLFy SRU SULPHUD YH] HQ RFWXEUH GHO ��

WDPELpQ SUHYHtD TXH HO PHUFDGR PXQGLDO FUHFHUtD GH ORV �� ELOORQHV GH GyODUHV

HQ ���� D �� ELOORQHV HQ ����� SURQyVWLFR TXH VH KD YLVWR FRQILUPDGR� (Q HO

JUiILFR GH OD ILJXUD ��� VH SXHGH YHU HVWD SUHYLVLyQ� DVt FRPR OD UHFLHQWHPHQWH

SXEOLFDGD HQ UHODFLyQ FRQ HO SHULRGR ���������� TXH SUHYp DOFDQ]DU ORV ��

ELOORQHV GH GyODUHV HQ HO �����

)LJXUD ��� (VWLPDFLyQ GHO PHUFDGR GH PLFURVLVWHPDV �HQ PLOHV GH PLOORQHV GH GyODUHV�
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/RV PHUFDGRV HVWDUiQ GRPLQDGRV HQ XQ IXWXUR LQPHGLDWR SRU ORV

VLJXLHQWHV FDPSRV GH DSOLFDFLyQ� SHULIpULFRV SDUD RUGHQDGRUHV� ELRPHGLFLQD�

DXWRPRFLyQ� GRPyWLFD \ WHOHFRPXQLFDFLRQHV� FX\DV HVWLPDFLRQHV VH GHWDOODQ SRU

VHSDUDGR HQ OD ILJXUD ���� 0LHQWUDV TXH HQ HO SULPHU HVWXGLR 1(;86 TXHGy

FRQILUPDGD OD LPSRUWDQFLD GH OD ELRPHGLFLQD \ ORV SHULIpULFRV� VH VXEHVWLPy OD

LPSRUWDQFLD GHO VHFWRU GH OD DXWRPRFLyQ� GHELGR VREUH WRGR D OD GLILFXOWDG GH

REWHQHU GDWRV HQ HO FDVR GH XQD LQGXVWULD WDQ FRPSHWLWLYD� &RPR QRYHGDG HQ

HVWH HVWXGLR VH UHIXHU]D OD LPSRUWDQFLD GHO VHFWRU GH OD DXWRPRFLyQ \ VH

LQWURGXFHQ ORV PHUFDGRV GRPyWLFRV \ ODV DSOLFDFLRQHV HQ DYLDFLyQ� (Q SDUWLFXODU

ODV DSOLFDFLRQHV HQ HO VHFWRU GRPpVWLFR� REMHWLYR GH HVWH WUDEDMR� VH FRQVLGHUDQ

XQ VHFWRU HPHUJHQWH FX\D SUHYLVLyQ GH FUHFLPLHQWR LUi GH ORV ��� ELOORQHV GH

GyODUHV HQ HO DxR ���� D ORV ��� ELOORQHV HQ HO �����

)LJXUD ��� (VWLPDFLyQ GHO PHUFDGR GH PLFURVLVWHPDV �HQ PLOHV GH PLOORQHV GH GyODUHV�

(Q OD DFWXDOLGDG ODV FDEH]DV GH LPSUHVLyQ SDUD LPSUHVRUDV GH WLQWD� ODV

FDEH]DV GH OHFWXUD \ HVFULWXUD SDUD GLVFRV GXURV� ORV PDUFDSDVRV� ORV DXGtIRQRV�

ODV WLUDV GH WHVW SDUD GLDJQyVWLFRV LQ�YLWUR� ORV VHQVRUHV GH SUHVLyQ \ ORV

DFHOHUyPHWURV FRQVWLWX\HQ HQ FRQMXQWR ORV SURGXFWRV FRQ PD\RU SUR\HFFLyQ GH

PHUFDGR� (Q WRGRV ORV SURGXFWRV PHQFLRQDGRV� ODV SUHYLVLRQHV GH 1(;86 HQ VX

SULPHU HVWXGLR GH PHUFDGR VH KDQ YLVWR FRQILUPDGDV DO PHQRV KDVWD HO DxR

�����

�

�

��
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��

3HULIpULFRV %LRPHGLFLQD $XWRPRFLyQ 'RPyWLFD 7HOHFRPXQLFDFLRQHV
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(Q JHQHUDO ODV PLFURWHFQRORJtDV JR]DQ GH XQD VHULH GH DWULEXWRV TXH ODV

KDFHQ DWUDFWLYDV SDUD OD IDEULFDFLyQ GH GLVSRVLWLYRV DYDQ]DGRV HQ ODV SUy[LPDV

GpFDGDV� (VWRV DWUDFWLYRV LQFOX\HQ�

9 FDSDFLGDG GH SURGXFFLyQ GH JUDQGHV YRO~PHQHV D EDMR FRVWR

9 UHGXFFLyQ GH WDPDxR� SHVR \ FRQVXPR GH HQHUJtD HQ ORV

SURGXFWRV

9 DOWD IXQFLRQDOLGDG

9 ILDELOLGDG \ UREXVWH]

9 ELRFRPSDWLELOLGDG

/DV WpFQLFDV GH IDEULFDFLyQ GH PLFURHVWUXFWXUDV PiV FRPXQHV VLJXHQ

VLHQGR HO PLFURPHFDQL]DGR GH VLOLFLR HQ YROXPHQ \ HQ VXSHUILFLH� $XQTXH OD

LQWHJUDFLyQ GHO PLFURPHFDQL]DGR \ OD WHFQRORJtD &026 VLJXH VLHQGR XQ FDPSR

GLItFLO� ORV PLFURVLVWHPDV KtEULGRV� GH WHFQRORJtD FRPELQDGD� KDQ FREUDGR PD\RU

LPSRUWDQFLD� $GHPiV� OD IDEULFDFLyQ GH PLFURHVWUXFWXUDV HQ RWUR WLSR GH

PDWHULDOHV� FRPR FHUiPLFDV� SROtPHURV R PHWDOHV WDPELpQ KD DYDQ]DGR JUDFLDV

D RWUR WLSR GH WpFQLFDV FRPR HO PHFDQL]DGR SRU OiVHU R HO IUHVDGR PHGLDQWH

GLDPDQWH� SRU FLWDU DOJXQRV�

6H KD REVHUYDGR� SRU WDQWR� HQ ORV ~OWLPRV DxRV� XQ FUHFLPLHQWR

VRVWHQLGR HQ PLFURVLVWHPDV GH VLOLFLR� DVt FRPR HQ HO iPELWR GH ORV VHQVRUHV

TXtPLFRV HQ JHQHUDO� WDQWR D HVFDOD HXURSHD FRPR PXQGLDO� /DV SUHYLVLRQHV GH

FUHFLPLHQWR HQ HO FDPSR GH ODV DSOLFDFLRQHV GRPyWLFDV VRQ YHUGDGHUDPHQWH

RSWLPLVWDV� WDO FRPR VH KD H[SXHVWR� (VWH SDQRUDPD VH PXHVWUD SURSLFLR SDUD HO

GHVDUUROOR GH PLFURVHQVRUHV GH WLSR TXtPLFR TXH DSURYHFKHQ ODV YHQWDMDV GH OD

PLFURIDEULFDFLyQ PDVLYD VREUH VLOLFLR�

���� ������������
���

8Q VHQVRU GH JDV HV XQ GLVSRVLWLYR TXH GHWHFWD PROpFXODV GH JDV \ HPLWH XQD

VHxDO HOpFWULFD HQ FRQVRQDQFLD FRQ OD FDQWLGDG GH JDV SUHVHQWH� /D SULQFLSDO

GLILFXOWDG LQKHUHQWH D OD GHWHFFLyQ GH JDV UDGLFD HQ OD HQRUPH YDULHGDG GH JDVHV

H[LVWHQWHV� DVt FRPR OD VHPHMDQ]D HQ ODV SURSLHGDGHV TXtPLFDV GH PXFKRV GH

HOORV� 'HELGR D HVWD YDULHGDG H[LVWHQ P~OWLSOHV DSOLFDFLRQHV HQ ODV TXH SXHGH

UHTXHULUVH HO XVR GH XQ GHWHFWRU GH JDV� (VWRV IDFWRUHV KDFHQ TXH ODV



6HQVRUL]DFLyQ GH JDV 7 

HVSHFLILFDFLRQHV SDUD FDGD FDVR SXHGDQ VHU PX\ GLIHUHQWHV� PLHQWUDV TXH XQD

DSOLFDFLyQ SXHGH UHTXHULU OD GLVFULPLQDFLyQ GH XQ JDV HQWUH XQD PH]FOD GH

YDULRV VL VH VXSHUD XQ QLYHO GDGR� RWUD SXHGH SUHFLVDU OD PHGLFLyQ H[DFWD GH OD

FDQWLGDG SUHVHQWH HQ FDGD LQVWDQWH� /D GLYHUVLGDG GH JDVHV \ DSOLFDFLRQHV KD

OOHYDGR DO GHVDUUROOR GH YDULDV WHFQRORJtDV TXH VH DGDSWDQ HQ PD\RU R PHQRU

PHGLGD D FDGD UHTXHULPLHQWR�

������ �$5$&7(5Ë67,&$6 0È6 5(/(9$17(6 '( 81 6(1625 '( *$6�

������� 6HQVLELOLGDG

/D VHQVLELOLGDG HV OD FDSDFLGDG GHO VHQVRU GH HPLWLU XQD UHVSXHVWD HOpFWULFD

FXDQGR H[LVWH XQD GHWHUPLQDGD FRQFHQWUDFLyQ GH JDV� (Q FXDOTXLHU GLVSRVLWLYR

VHQVRU HO LGHDO HV XQD UHVSXHVWD TXH VHD OLQHDO HQ IXQFLyQ GHO SDUiPHWUR D

PHGLU� HQ HVWH FDVR GH OD FRQFHQWUDFLyQ GH JDV� (Q ORV VHQVRUHV GH JDV� HQ

JHQHUDO ODV UHVSXHVWDV QR VRQ OLQHDOHV� VDOYR SDUD EDMDV FRQFHQWUDFLRQHV GHO

PLVPR� SHUR D PHGLGD TXH ODV FRQFHQWUDFLRQHV DXPHQWDQ OD UHVSXHVWD GHO

VHQVRU VH UHGXFH JUDGXDOPHQWH� SURGXFLpQGRVH XQD VDWXUDFLyQ�

/D GHILQLFLyQ GHO SDUiPHWUR VHQVLELOLGDG HQ HO iPELWR GH ORV VHQVRUHV HQ

JHQHUDO HV OD GH YDULDFLyQ GHO SDUiPHWUR HOpFWULFR PHGLGR FXDQGR HO SDUiPHWUR

D PHGLU �WHPSHUDWXUD� SUHVLyQ� FRQFHQWUDFLyQ GH JDV� YDUtD� (Q OD ELEOLRJUDItD

UHODFLRQDGD FRQ VHQVRUHV GH JDV VH HQFRQWUDUiQ GHILQLFLRQHV YDULDGDV GH

VHQVLELOLGDG TXH QR FRUUHVSRQGHQ D OD DTXt PHQFLRQDGD� (Q PXFKDV RFDVLRQHV OD

VHQVLELOLGDG YHQGUi GHILQLGD FRPR OD YDULDFLyQ �SRUFHQWXDO R XQLWDULD� GHO

SDUiPHWUR TXH FDGD GLVSRVLWLYR XWLOLFH GHSHQGLHQGR GH VX SULQFLSLR GH

RSHUDFLyQ� YDULDFLyQ GH OD UHVLVWHQFLD� GH OD WHQVLyQ� ORQJLWXG GH RQGD� HWF�

������� 7LHPSR GH UHVSXHVWD \ GH UHFXSHUDFLyQ

(O WLHPSR GH UHVSXHVWD VH GHILQH FRPR HO WLHPSR TXH WDUGD HO VHQVRU HQ

DOFDQ]DU XQ GHWHUPLQDGR SRUFHQWDMH GH OD VHxDO Pi[LPD TXH SXHGH OOHJDU D

PHGLUVH FXDQGR HV H[SXHVWR D XQD FDQWLGDG GHWHUPLQDGD GH JDV� (VWH

SDUiPHWUR WLHQH PD\RU R PHQRU UHOHYDQFLD HQ IXQFLyQ GH OD DSOLFDFLyQ� 3DUD

JDVHV Wy[LFRV HQ SDUWLFXODU� HV XQ YDORU TXH TXHGD FODUDPHQWH HVWDEOHFLGR SRU

ODV QRUPDWLYDV \ TXH HV GLIHUHQWH SDUD FDGD FRQFHQWUDFLyQ GH JDV� VLHQGR HO
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WLHPSR GH UHVSXHVWD H[LJLGR PiV FRUWR FXDQWR PD\RU HV OD FRQFHQWUDFLyQ GH

JDV�

������� 6HOHFWLYLGDG

7DPELpQ VH FRQRFH FRPR HVSHFLILFLGDG \ VH GHILQH FRPR OD FDSDFLGDG GH XQ

GHWHFWRU GH GHWHFWDU XQ JDV VLQ YHUVH DIHFWDGR SRU OD SUHVHQFLD GH RWURV JDVHV

LQWHUIHUHQWHV SUHVHQWHV HQ HO PHGLR�

7DO \ FRPR VH KD LQGLFDGR DQWHULRUPHQWH� H[LVWH XQD JUDQ YDULHGDG GH

JDVHV� PXFKRV GH HOORV FRQ SURSLHGDGHV VLPLODUHV� 8QD FDUDFWHUtVWLFD FRP~Q D OD

LQPHQVD PD\RUtD GH ORV VHQVRUHV GH JDV H[LVWHQWHV HQ HO PHUFDGR� HV TXH QR

VRQ HVSHFtILFRV SDUD XQ JDV HQ SDUWLFXODU VLQR SDUD XQD IDPLOLD GH HOORV� 3RU HVWH

PRWLYR HV LPSRUWDQWH TXH XQ VHQVRU VHD OR PiV VHOHFWLYR SRVLEOH DO JDV SDUD

FX\D GHWHFFLyQ IXH GLVHxDGR�

&RQ HO ILQ GH REWHQHU VHOHFWLYLGDG VH HPSOHDQ PpWRGRV \ WpFQLFDV

GLIHUHQWHV HQ FDGD WHFQRORJtD GH IDEULFDFLyQ� 3RU HMHPSOR� ORV VHQVRUHV GH

HVWDGR VyOLGR VRQ PiV VHQVLEOHV D XQ JDV TXH D RWUR GHSHQGLHQGR GH VX

WHPSHUDWXUD GH IXQFLRQDPLHQWR� +D\ FDVRV HQ ODV GLVWLQWDV WHFQRORJtDV HQ ORV

TXH VH UHFXUUH D OD XWLOL]DFLyQ GH ILOWURV SRURVRV GH GLIHUHQWHV PDWHULDOHV SDUD

HYLWDU OD SUHVHQFLD GH FLHUWDV PROpFXODV DQWH HO VHQVRU� 8QD GH ODV WpFQLFDV

~OWLPDPHQWH PiV LQYHVWLJDGDV HV HO SURFHVDPLHQWR SRU RUGHQDGRU GH ODV

VHxDOHV REWHQLGDV GH YDULRV VHQVRUHV VLPXOWiQHDPHQWH� FRQVWLWX\HQGR ODV

GHQRPLQDGDV QDULFHV HOHFWUyQLFDV�

&RPR PHGLGD GH OD HVSHFLILFLGDG DO JDV� KD\ IDEULFDQWHV TXH GDQ HQ VXV

FDWiORJRV XQ SDUiPHWUR GHQRPLQDGR ³SURSRUFLyQ GH LQWHUIHUHQFLD´ �LQWHUIHUHQFH

UDWLR�� 6L SRU HMHPSOR VH LQGLFD TXH KD\ XQD LQWHUIHUHQFLD GH � D � GH XQ

GHWHUPLQDGR JDV TXH QR VH GHVHD PHGLU� HVWR TXLHUH GHFLU TXH � SSP GH GLFKR

JDV SURGXFLUiQ HQ HO VHQVRU OD PLVPD YDULDFLyQ HQ VX OHFWXUD TXH � SSP GHO JDV

FX\D FRQFHQWUDFLyQ UHDOPHQWH VH GHVHD PHGLU�

������� (VWDELOLGDG

8QD GH ODV FDUDFWHUtVWLFDV PiV LPSRUWDQWHV HQ FXDOTXLHU GLVSRVLWLYR VHQVRU HV OD

FDSDFLGDG GH UHSURGXFLU OD PHGLGD GH PDQHUD ILDEOH D OR ODUJR GHO WLHPSR� (Q
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HVWH DVSHFWR OD IRUPD GH IDEULFDFLyQ GHO GLVSRVLWLYR HV GH XQD LPSRUWDQFLD

FUXFLDO� WDO \ FRPR VH YHUi HQ ORV DSDUWDGRV VLJXLHQWHV�

������ �5,1&,3$/(6 7,326 '( 6(1625(6 '( *$6�

&RPR \D VH KD VHxDODGR� H[LVWH XQD DPSOLD YDULHGDG GH WHFQRORJtDV

HQFDPLQDGDV D OD IDEULFDFLyQ GH VHQVRUHV GH JDV� FDGD XQD GH ODV FXDOHV

SUHVHQWD YHQWDMDV H LQFRQYHQLHQWHV� TXH VHUi QHFHVDULR VRSHVDU HQ FDGD

DSOLFDFLyQ� 6H FODVLILFDUiQ HQ FLQFR JUXSRV� TXH VH KDQ FRQVLGHUDGR SRU VHU ORV

GH XVR PiV H[WHQGLGR�

� (OHFWURTXtPLFRV

� &DWDOtWLFRV

� (VWDGR VyOLGR

� ,QIUDUURMRV

� )RWRLRQL]DFLyQ

������� 6HQVRUHV GH JDV HOHFWURTXtPLFRV

(VWiQ FRQVWLWXLGRV EiVLFDPHQWH SRU GRV HOHFWURGRV LQPHUVRV HQ XQ HOHFWUROLWR�

TXH SXHGH VHU OtTXLGR R VyOLGR� 8QR GH HOORV VH GHQRPLQD HOHFWURGR VHQVRU� \D

TXH HV HO TXH UHDFFLRQD FRQ HO JDV SRU XQ PHFDQLVPR GH UHGXFFLyQ R GH

R[LGDFLyQ� /D UHDFFLyQ TXtPLFD TXH WLHQH OXJDU HQ XQR GH ORV HOHFWURGRV SURGXFH

XQD FRUULHQWH GH XQ HOHFWURGR D RWUR �iQRGR \ FiWRGR� D WUDYpV GHO HOHFWUROLWR�

(Q IXQFLyQ GH OD VHxDO HOpFWULFD D WUDYpV GH OD FXDO VH PLGD OD

FRQFHQWUDFLyQ GH JDV VH SXHGHQ FODVLILFDU HQ�

• 3RWHQFLRPpWULFRV� HQ ORV TXH OD VHxDO HV XQD WHQVLyQ HOpFWULFD (

SURSRUFLRQDO D OD FRQFHQWUDFLyQ GH JDV� 8WLOL]DQ OD HFXDFLyQ GH 1HUQVW�

ia
nF

RT
EE ln0 ⋅





±=     [1.1] 

(R� SRWHQFLDO HVWiQGDU SDUD XQD DL FRQFUHWD

DL� DFWLYLGDG GHO LyQ L

)� FRQVWDQWH GH )DUDGD\

Q� Q~PHUR GH HOHFWURQHV
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5� FRQVWDQWH GHO JDV

7� WHPSHUDWXUD

• $PSHULPpWULFRV� HQ ORV TXH OD FRUULHQWH HV OD VHxDO TXH VH UHODFLRQD

FRQ OD FRQFHQWUDFLyQ GHO JDV TXH VH TXLHUH GHWHFWDU� 1R SUHFLVDQ

DOLPHQWDFLyQ� /D LQWHQVLGDG TXH DWUDYLHVD HO HOHFWUROLWR� FXDQGR OD WDVD

GH GLIXVLyQ GH HVSHFLHV TXtPLFDV HQ HO HOHFWUROLWR HV OD TXH GHWHUPLQD

OD YHORFLGDG GHO SURFHVR� WLHQH OD VLJXLHQWH H[SUHVLyQ�

δ
i

D

aDAFn
I

⋅⋅⋅⋅
=     [1.2] 

Q� Q~PHUR GH HOHFWURQHV

)� FRQVWDQWH GH )DUDGD\

$� iUHD GHO HOHFWURGR

'� FRHILFLHQWH GH GLIXVLyQ

DL� DFWLYLGDG GHO LyQ L

δ� HVSHVRU GH OD FDSD GH GLIXVLyQ HQ VXSHUILFLH GHO
HOHFWURGR

• &RQGXFWRPpWULFRV� HQ ORV TXH VH PLGH OD LPSHGDQFLD GHO HOHFWUROLWR� (Q

HVWH FDVR WRGRV ORV LRQHV GH XQD VROXFLyQ GHWHUPLQDGD VHUiQ

GHWHFWDGRV� GHSHQGLHQGR GH VX PRYLOLGDG� FDUJD \ FRQFHQWUDFLyQ�

3UHFLVDQ GH XQD VHxDO H[WHUQD SDUD VX IXQFLRQDPLHQWR

ii
i

i
i

i uezc )(∑∑ == σσ     [1.3] 

σL� FRQGXFWLYLGDG SDUFLDO GHO LyQ L

FL� FRQFHQWUDFLyQ GHO LyQ L

]L� Q~PHUR GH FDUJDV GHO LyQ L

H� FDUJD HOHPHQWDO

XL� PRYLOLGDG GHO LyQ L

/RV VHQVRUHV HOHFWURTXtPLFRV TXH XWLOL]DQ DOLPHQWDFLyQ HQ WHQVLyQ

KDELWXDOPHQWH WUDWDQ GH PDQWHQHU XQ SRWHQFLDO FRQVWDQWH HQ HO HOHFWURGR

VHQVRU� SHUR HQ OD SUiFWLFD QR VH PDQWLHQH FRQVWDQWH� VLQR TXH VXIUH XQD

YDULDFLyQ GHELGR D OD UHDFFLyQ TXtPLFD� 6LQ HPEDUJR� HV LPSRUWDQWH TXH VH

PDQWHQJD HQ XQ YDORU ILMR� \ HVWR VH FRQVLJXH LQWURGXFLHQGR XQ HOHFWURGR GH

UHIHUHQFLD� D WUDYpV GHO FXDO QR FLUFXOD QLQJXQD FRUULHQWH�
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/D PRGXODFLyQ GHO SRWHQFLDO DSOLFDGR HQWUH ORV HOHFWURGRV HV XQD GH ODV

IRUPDV GH FRQVHJXLU TXH XQ VHQVRU HOHFWURTXtPLFR VHD VHOHFWLYR D XQ JDV HQ

SDUWLFXODU�

)LJXUD ��� &RQILJXUDFLyQ WtSLFD GH VHQVRU HOHFWURTXtPLFR GH HOHFWUROLWR OtTXLGR

8QD FRQILJXUDFLyQ WtSLFD GH VHQVRU HOHFWURTXtPLFR VH SXHGH YHU HQ OD

ILJXUD ��� \ FRQVWD GH ODV VLJXLHQWHV SDUWHV�

� 0HPEUDQD KLGURIyELFD� GHMD SDVDU HO JDV SDUD HYLWDU TXH ODV

PROpFXODV GH DJXD DOFDQFHQ HO HOHFWURGR VHQVRU� DXQTXH RWUD GH VXV

IXQFLRQHV HV OD GH OLPLWDU HO Q~PHUR GH PROpFXODV TXH OOHJDQ DO

PLVPR� SURGXFLHQGR DVt XQ DXPHQWR R GLVPLQXFLyQ GH OD VHQVLELOLGDG�

(VWR VH SXHGH FRQVHJXLU YDULDQGR OD SRURVLGDG GH OD PHPEUDQD�

� (OHFWURGRV� HVWiQ IDEULFDGRV QRUPDOPHQWH FRQ XQ PHWDO QREOH� FRPR

$X R 3W \ FDWDOL]DGRV SDUD UHDFFLRQDU GH IRUPD PiV HIHFWLYD FRQ ODV

PROpFXODV GH JDV� 'HSHQGLHQGR GHO JDV SDUD HO TXH HVWpQ GLVHxDGRV

\ GH OD VHQVLELOLGDG TXH VH SUHWHQGD DOFDQ]DU� FDGD HOHFWURGR SXHGH

HVWDU FRQVWLWXLGR SRU GLIHUHQWHV PDWHULDOHV�

� (OHFWUROLWR� HV HO PHGLR TXH IDFLOLWD OD UHDFFLyQ \ HQ HO TXH VH GHEH

WUDQVIHULU OD FDUJD HOpFWULFD FRQ OD PD\RU HILFLHQFLD SRVLEOH� +D GH VHU

FRPSDWLEOH FRQ ORV PDWHULDOHV GH ORV HOHFWURGRV \ FRQVWLWXLU XQD

UHIHUHQFLD GH SRWHQFLDO HVWDEOH MXQWR DO HOHFWURGR GH UHIHUHQFLD�

(Q HVWH WLSR GH VHQVRUHV� ORV SDUiPHWURV GH IXQFLRQDPLHQWR GHO VHQVRU

�VHQVLELOLGDG� VHOHFWLYLGDG� WLHPSR GH UHVSXHVWD \ HVWDELOLGDG HQ HO WLHPSR��

DGHPiV GH GHSHQGHU HQ HO PHGLR HQ HO TXH HO VHQVRU WUDEDMH� VH SXHGHQ YDULDU

LQWURGXFLHQGR FDPELRV HQ OD FRQILJXUDFLyQ \ PDWHULDO GH ORV HOHFWURGRV� HO

HOHFWUROLWR� OD PHPEUDQD KLGURIyELFD� HWF�

)LOWUR GH FDUERQR 0HPEUDQD KLGURIyELFD

(OHFWURGR VHQVRU

(OHFWURGR GH UHIHUHQFLD

&RQWUDHOHFWURGR

(OHFWUROLWR
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/D GHVYHQWDMD PiV QRWDEOH GH HVWH WLSR GH VHQVRU HV VX OLPLWDGD GXUDFLyQ

HQ HO WLHPSR� TXH GHSHQGH HQ JUDQ PHGLGD GH OD FDQWLGDG GH JDV D OD TXH VH

KD\D YLVWR H[SXHVWR� DVt FRPR D RWUDV FRQGLFLRQHV DPELHQWDOHV FRPR

WHPSHUDWXUD� KXPHGDG \ SUHVLyQ�

������� 6HQVRUHV GH JDV FDWDOtWLFRV

7DPELpQ VH GHQRPLQDQ SHOOLVWRUHV \ VH HQJOREDQ GHQWUR GHO JUXSR GH ORV

VHQVRUHV FDORULPpWULFRV� HQ ORV TXH OD FRQFHQWUDFLyQ GH OD HVSHFLH TXtPLFD D

GHWHFWDU VH GHWHUPLQD PHGLDQWH OD PHGLGD GHO FDPELR GH WHPSHUDWXUD

SURGXFLGR SRU OD LQWHUDFFLyQ GH GLFKD HVSHFLH FRQ HO HOHPHQWR VHQVLEOH� FDPELR

TXH HV WUDGXFLGR HQ XQD VHxDO HOpFWULFD�

)( ir pfHrPVQ =∆⋅≈∆≈∆≈
•

    [1.4] 

4U� FDORU GH OD UHDFFLyQ

∆9� FDPELR GH WHQVLyQ

∆3� FDPELR HQ OD SRWHQFLD HOpFWULFD

U� SHUtRGR GH UHDFFLyQ

∆+� FDORU GH OD UHDFFLyQ SRU PRO

SL� SUHVLyQ SDUFLDO GHO FRPSRQHQWH L

6H XWLOL]DQ EiVLFDPHQWH SDUD OD GHWHFFLyQ GH JDVHV FRPEXVWLEOHV� 8Q JDV

FRPEXVWLEOH VH TXHPD FXDQGR DOFDQ]D OD WHPSHUDWXUD GH LJQLFLyQ� SHUR DQWH

FLHUWRV DJHQWHV TXtPLFRV FRPR HO SODWLQR� HO SDODGLR R HO WRULR� HO JDV SXHGH

TXHPDUVH D WHPSHUDWXUDV PiV EDMDV� IHQyPHQR DO TXH VH GHQRPLQD FRPEXVWLyQ

FDWDOtWLFD� /D PROpFXOD GH JDV� TXH VH TXHPD VREUH HO PDWHULDO FDWDOL]DGR D XQD

WHPSHUDWXUD PXFKR PHQRU TXH OD GH LJQLFLyQ� KDFH YDULDU OD WHPSHUDWXUD GHO

PDWHULDO FRQGXFWRU TXH HO VHQVRU FRQWLHQH \ FX\D UHVLVWHQFLD GHSHQGH GH OD

WHPSHUDWXUD� (VWD PHGLGD GH YDULDFLyQ GH UHVLVWHQFLD FRQVWLWX\H OD VHxDO GHO

VHQVRU�

(O SDUiPHWUR TXH PLGH OD YDULDFLyQ GH UHVLVWHQFLD TXH VH SURGXFH DO

YDULDU OD WHPSHUDWXUD VH GHQRPLQD 7&5 �7HPSHUDWXUH &RHIILFLHQW 5HVLVWDQFH� \

VH VXHOH H[SUHVDU HQ SSP��&� 3RU HMHPSOR HO SODWLQR HV XQ PDWHULDO FRQ XQ 7&5

GH XQ YDORU EDVWDQWH HOHYDGR \ TXH SHUPDQHFH OLQHDO HQ HO UDQJR GH

WHPSHUDWXUDV ����������&� HQ ODV TXH XQ VHQVRU FDWDOtWLFR RSHUD� (O VHQVRU
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FDWDOtWLFR VH FRORFD HQ XQD FRQILJXUDFLyQ GH SXHQWH GH :KHDWVWRQH �ILJXUD ����

MXQWR FRQ XQ VHQVRU GH UHIHUHQFLD� $O VHU OLQHDO HO 7&5� VH SXHGH FRQVLGHUDU TXH

OD YDULDFLyQ GH OD VHxDO HOpFWULFD HV SURSRUFLRQDO D OD FRQFHQWUDFLyQ GH JDV

FRPEXVWLEOH SUHVHQWH� VLHPSUH TXH OD YDULDFLyQ HQ HO SRUFHQWDMH GH JDV VHD

SURSRUFLRQDO D OD YDULDFLyQ GH WHPSHUDWXUD� $GHPiV GH HVWD FDUDFWHUtVWLFD� HO

SODWLQR WLHQH EXHQDV SURSLHGDGHV PHFiQLFDV GDGR TXH HV G~FWLO \ SXHGH VHU

WUDQVIRUPDGR HQ DODPEUHV PX\ GHOJDGRV� \ EXHQDV SURSLHGDGHV TXtPLFDV�

SRUTXH UHVLVWH D OD FRUURVLyQ \ SXHGH RSHUDU D WHPSHUDWXUDV HOHYDGDV GXUDQWH

ODUJRV SHULRGRV GH WLHPSR VLQ SHUGHU VXV SURSLHGDGHV�

)LJXUD ��� 3XHQWH GH :KHDWVWRQH

(Q VXV SULPHUDV IDVHV� ORV VHQVRUHV FDWDOtWLFRV HVWDEDQ IRUPDGRV

~QLFDPHQWH SRU XQ DODPEUH GH SODWLQR DUUROODGR� 8QR GH ORV SUREOHPDV TXH

SUHVHQWD HVWD FRQILJXUDFLyQ HV TXH SDUD OD GHWHFFLyQ GH KLGURFDUEXURV� HO

VHQVRU KD GH HQFRQWUDUVH HQWUH ��� \ �����&� \ D HVWD WHPSHUDWXUD HO SODWLQR

FRPLHQ]D D HYDSRUDUVH� GDQGR SUREOHPDV GH HVWDELOLGDG� $GHPiV� D HVWD

WHPSHUDWXUD HV GLItFLO PDQWHQHU OD IRUPD GHO KLOR GH SODWLQR \ HO 7&5 VH YXHOYH

PHQRV OLQHDO� /D VROXFLyQ ILQDOPHQWH DGRSWDGD HV OD GH UHFXEULU HO DODPEUH GH

SODWLQR FRQ XQ y[LGR PHWiOLFR WUDWDGR FRQ XQ FDWDOL]DGRU FRPR SODWLQR �ILJXUD

����� SDODGLR R WRULR� \ TXH DGHPiV FRQILHUH UREXVWH] DO GLVSRVLWLYR� 'H HVWH

PRGR VH SXHGH RSHUDU D WHPSHUDWXUDV PiV EDMDV HQWUH ��� \ ���� & \ VH

SXHGH HPSOHDU KLOR GH PHQRU GLiPHWUR FRQ OR TXH OD UHVLVWHQFLD GHO DODPEUH

WHQGUi PD\RU YDORU \ OD YDULDFLyQ GH OD PLVPD VHUi PiV IiFLO GH PHGLU� (O VHQVRU

GH UHIHUHQFLD VH FRQVWUX\H GHO PLVPR PRGR SHUR HOLPLQDQGR HO FDWDOL]DGRU�

6HQVRU

DFWLYR

6HQVRU GH

UHIHUHQFLD

7HQVLyQ GH

VDOLGD

5D

5D

5E
7HQVLyQ GH

HQWUDGD

�
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)LJXUD ��� &RQILJXUDFLyQ WtSLFD GH VHQVRU FDWDOtWLFR

(VWRV VHQVRUHV WLHQHQ XQD ODUJD GXUDFLyQ \ VRQ UREXVWRV DGHPiV GH PX\

OLQHDOHV� \D TXH HO 7&5 GHO 3W WDPELpQ OR HV� SHUR VX SULQFLSDO SUREOHPD HV HO

HQYHQHQDPLHQWR� TXH VH SURGXFH HQ SUHVHQFLD GH FLHUWRV SURGXFWRV TXtPLFRV

FRPR ORV OXEULFDQWHV� DOJXQRV FRPSXHVWRV GHO D]XIUH� FORUR R PHWDOHV SHVDGRV�

\ TXH SXHGH KDFHU SHUGHU OD VHQVLELOLGDG WRWDOPHQWH DO GLVSRVLWLYR� +D\ RWUR WLSR

GH FRPSXHVWRV �SRU HMHPSOR ORV FRPSXHVWRV KDORJHQDGRV SUHVHQWHV HQ ORV

UHIULJHUDQWHV� TXH SXHGHQ LQKLELU OD UHVSXHVWD GHO VHQVRU GH IRUPD WHPSRUDO�

DXQTXH GHVSXpV VX IXQFLRQDPLHQWR YXHOYD D VHU FRUUHFWR VL VH PDQWLHQH HQ

SUHVHQFLD GH DLUH GXUDQWH XQ WLHPSR�

������� 6HQVRUHV GH JDV GH LQIUDUURMRV

(VWRV GHWHFWRUHV XWLOL]DQ OD ]RQD GH UDGLDFLyQ LQIUDUURMD� TXH HV DTXHOOD TXH

SHUFLELPRV FRPR FDORU \ TXH VH ORFDOL]D HQ OD SUR[LPLGDG GHO HVSHFWUR GH OD OX]

YLVLEOH� HQ ODV IUHFXHQFLDV LQPHGLDWDPHQWH LQIHULRUHV� GHQWUR GHO HVSHFWUR GH

UDGLDFLyQ HOHFWURPDJQpWLFD� 6H XWLOL]D HVWD ]RQD SRUTXH OD DEVRUFLyQ GH OD

UDGLDFLyQ SRU ODV PROpFXODV GH JDV HV ~QLFD \ VHOHFWLYD HQ HVWD UHJLyQ�

(O SULQFLSLR GH IXQFLRQDPLHQWR GH XQ VHQVRU GH JDV SRU LQIUDUURMRV

�HVTXHPD HQ OD ILJXUD ���� HV HO VLJXLHQWH� FXDQGR HO JDV UHFLEH XQD UDGLDFLyQ

LQIUDUURMD� OD PROpFXOD GH JDV DEVRUEH FLHUWDV ORQJLWXGHV GH RQGD GH GLFKD

UDGLDFLyQ� GHQRPLQDGDV SLFRV GH DEVRUFLyQ� (VWD VHULH GH SLFRV VRQ ~QLFRV SDUD

FDGD PROpFXOD GH JDV� GH WDO PRGR TXH VH SXHGH DOPDFHQDU XQD EDVH GH GDWRV

FRQ ODV FXUYDV FDUDFWHUtVWLFDV GH FDGD JDV \ XWLOL]DUODV HQ HO SRVWHULRU DQiOLVLV�

+D\ EiVLFDPHQWH GRV SULQFLSLRV GH GHWHFFLyQ� HQ HO SULPHUR GH HOORV� VH PLGH OD

YDULDFLyQ GH WHPSHUDWXUD TXH WLHQH OXJDU DO DXPHQWDU OD YLEUDFLyQ GH ODV

PROpFXODV SRU OD DEVRUFLyQ GH OD ORQJLWXG GH RQGD FRUUHVSRQGLHQWH D VXV

IUHFXHQFLDV QDWXUDOHV� HQ HO VHJXQGR VH PLGH OD GLVPLQXFLyQ GH HQHUJtD TXH VH

SURGXFH HQ OD UDGLDFLyQ LQFLGHQWH HQ HO GHWHFWRU�

$ODPEUH GH SODWLQR

2[LGR PHWiOLFR FDWDOtWLFR
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)LJXUD ��� (VTXHPD EiVLFR GH VHQVRU GH LQIUDUURMRV

8Q VHQVRU GH HVWH WLSR FRQVWD EiVLFDPHQWH GH ODV VLJXLHQWHV SDUWHV�

� 'HWHFWRU� HV OD SDUWH TXH FRQYLHUWH OD YDULDFLyQ GH WHPSHUDWXUD R GH

HQHUJtD HOHFWURPDJQpWLFD HQ XQD VHxDO HOpFWULFD� 3XHGH EDVDUVH HQ

GLVWLQWRV SULQFLSLRV GH IXQFLRQDPLHQWR�

� 7HUPRHOpFWULFR� FRQYLHUWH OD YDULDFLyQ GH WHPSHUDWXUD SURGXFLGD

HQ OD XQLyQ GH GRV PHWDOHV �HIHFWR 6HHEHFN� HQ XQD VHxDO

HOpFWULFD� (V HO HIHFWR HQ HO TXH VH EDVDQ ORV WHUPRSDUHV�

� 3LURHOpFWULFR� HO FDPELR GH WHPSHUDWXUD SURGXFH HQ FLHUWRV

PDWHULDOHV �SRU HMHPSOR HO WDQWDODWR GH OLWLR� XQD SRODUL]DFLyQ TXH

VH SXHGH PHGLU HQ IRUPD GH FRUULHQWH HOpFWULFD�

� )RWyQLFR� XWLOL]DQGR XQ PDWHULDO VHPLFRQGXFWRU� VH SXHGH PHGLU

OD YDULDFLyQ GH FRQGXFWLYLGDG TXH VH SURGXFH HQ HO PDWHULDO

FXDQGR ORV IRWRQHV VDOWDQ GH OD EDQGD GH FRQGXFFLyQ D OD EDQGD

GH YDOHQFLD�

� 3RU GLIHUHQFLD GH SUHVLyQ� VL VH FRORFDQ GRV FiPDUDV HVWDQFDV \

VHSDUDGDV SRU XQ GLDIUDJPD �VHQVRU GH SUHVLyQ�� XQD FRQ GH

UHIHUHQFLD \ OD RWUD FRQ HO JDV D PHGLU� VH SURGXFLUi DO LQFLGLU OD

UDGLDFLyQ XQ DXPHQWR GH WHPSHUDWXUD TXH VH WUDGXFLUi HQ XQ

LQFUHPHQWR GH SUHVLyQ TXH YDULDUi OD FDSDFLGDG GHO GLDIUDJPD�

7DPELpQ VH SXHGHQ FRQHFWDU ODV FiPDUDV \ PHGLU HO IOXMR

LQGXFLGR SRU OD GLIHUHQFLD GH SUHVLRQHV�

(QWUDGD JDV 6DOLGD JDV

)XHQWH GH LQIUDUURMRV

)LOWUR

'HWHFWRU
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� )RWRDF~VWLFR� HV VLPLODU DO DQWHULRU SHUR VH PLGH OD SUHVLyQ

PHGLDQWH XQ PLFUyIRQR GH FRQGHQVDGRU VLWXDGR GHQWUR GH XQD

FiPDUD FRQ XQ YROXPHQ SUHILMDGR�

� )XHQWH GH LQIUDUURMRV� 3XHGH XWLOL]DUVH FXDOTXLHU OiPSDUD

FRQYHQFLRQDO TXH DSRUWH OD UDGLDFLyQ QHFHVDULD SDUD HO JDV HQ

FXHVWLyQ�

� )LOWUR ySWLFR� VLUYH SDUD H[WUDHU OD ORQJLWXG GH RQGD GH LQWHUpV GH OD

IXHQWH GH LQIUDUURMRV�

� &pOXOD GH JDV� HV OD SDUWH SRU OD TXH KD GH FLUFXODU HO JDV� 'HEH HVWDU

IDEULFDGD GH XQ PDWHULDO TXH UHVLVWD OD DFFLyQ GHO JDV D PHGLU \ GHEH

SHUPLWLU OD LQWHUDFFLyQ GH OD UDGLDFLyQ FRQ HO PLVPR� 'HQWUR GH OD

FpOXOD VH VLWXDUiQ HO GHWHFWRU \ OD IXHQWH GH LQIUDUURMRV� FRQ OR FXDO OD

GLVWDQFLD D OD TXH VH VLW~HQ HO XQR GHO RWUR VHUi GH YLWDO LPSRUWDQFLD

SDUD OD FDQWLGDG GH UDGLDFLyQ DEVRUELGD SRU HO JDV�

/D SULQFLSDO YHQWDMD GH HVWH WLSR GH GLVSRVLWLYR HV TXH HO GHWHFWRU QR

LQWHUDFW~D GLUHFWDPHQWH FRQ HO JDV� /DV SDUWHV GHO VHQVRU TXH UHDOL]DQ OD

PHGLGD VH HQFXHQWUDQ SURWHJLGDV \ HO JDV VyOR HVWi HQ FRQWDFWR FRQ OD OX]� FRQ

OR FXDO VX PDQWHQLPLHQWR HV VHQFLOOR \ ORV SUREOHPDV GH GHWHULRUR SRU FRUURVLyQ

R GHVJDVWH VH PLQLPL]DQ� 6H XWLOL]DQ PXFKR SDUD JDVHV Wy[LFRV� FRPEXVWLEOHV \

FRUURVLYRV� 6RQ PX\ VHOHFWLYRV \ RIUHFHQ XQD DPSOLD JDPD GH VHQVLELOLGDGHV� 6X

JUDQ GHVYHQWDMD HV VX HOHYDGR FRVWR \ ORV SUREOHPDV GH GHWHFFLyQ TXH

PXHVWUDQ HQ SUHVHQFLD GH YLEUDFLRQHV�

������� 'HWHFWRUHV GH IRWRLRQL]DFLyQ

(O SULQFLSLR GH IXQFLRQDPLHQWR GH HVWRV GHWHFWRUHV VH EDVD WDPELpQ HQ OD

UDGLDFLyQ HOHFWURPDJQpWLFD� HQ HVWH FDVR HQ OD XOWUDYLROHWD� TXH VH HQFXHQWUD HQ

ODV IUHFXHQFLDV LQPHGLDWDPHQWH VXSHULRUHV D OD OX] YLVLEOH� 'DGR TXH VX

IUHFXHQFLD HV PD\RU TXH OD GH OD UDGLDFLyQ LQIUDUURMD� WDPELpQ DSRUWD PD\RU

HQHUJtD� /D IXHQWH GH UDGLDFLyQ 89 LRQL]D HO JDV \ XQ SDU GH HOHFWURGRV VLWXDGRV

HQ ODV SUR[LPLGDGHV GH OD OiPSDUD \ FRQHFWDGRV D XQD WHQVLyQ FRQWLQXD PLGHQ

OD FRUULHQWH TXH SURGXFHQ ORV HOHFWURQHV OLEHUDGRV SRU HO JDV TXH VH LRQL]D�

&DGD JDV WLHQH VX SRWHQFLDO GH LRQL]DFLyQ� TXH HV ~QLFR� GH WDO PRGR TXH WRGRV
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ORV JDVHV FX\R SRWHQFLDO GH LRQL]DFLyQ HVWp SRU GHEDMR GH OD HQHUJtD DSRUWDGD

SRU OD OiPSDUD SRGUiQ VHU GHWHFWDGRV�

8QD GH ODV SDUWHV SULQFLSDOHV GH XQ GHWHFWRU GH IRWRLRQL]DFLyQ HV OD

OiPSDUD GH 89� \D TXH HV OD TXH DSRUWD OD HQHUJtD SDUD OD LRQL]DFLyQ� 3RU WDQWR�

HV LPSRUWDQWH OD ORQJLWXG GH RQGD TXH DSRUWH OD OiPSDUD� \D TXH HVWH IDFWRU OD

KDUi VHOHFWLYD D XQ WLSR GH JDVHV X RWUR�

/D SULQFLSDO YHQWDMD GH HVWH WLSR GH GHWHFWRUHV HV VX UiSLGD UHVSXHVWD� \

VX EXHQD VHQVLELOLGDG D EDMDV FRQFHQWUDFLRQHV GH FRPSXHVWRV RUJiQLFRV

YROiWLOHV �92&�� 8QD GH VXV GHVYHQWDMDV HV OD IUHFXHQWH OLPSLH]D TXH SUHFLVD HO

FULVWDO GH OD OiPSDUD� TXH HVWi GLUHFWDPHQWH H[SXHVWR DO JDV \ TXH VL QR HVWi

FRPSOHWDPHQWH OLPSLR SXHGH LQWURGXFLU LQWHUIHUHQFLDV HQ OD PHGLGD�

������� 6HQVRUHV GH JDV GH HVWDGR VyOLGR

/DV SURSLHGDGHV VHQVRUDV GH DOJXQRV PDWHULDOHV DQWH OD SUHVHQFLD GH JDV VH

GHVFXEULHURQ LQYHVWLJDQGR PDWHULDOHV VHPLFRQGXFWRUHV� (O SULPHU VHQVRU GH JDV

EDVDGR HQ VHPLFRQGXFWRUHV IXH FRPHUFLDOL]DGR SRU 1� 7DJXFKL HQ ���� \ GHVGH

HQWRQFHV VH KDQ GHVDUUROODGR GLIHUHQWHV WpFQLFDV GH IDEULFDFLyQ�

FRPHUFLDOL]iQGRVH VHQVRUHV GH JDV GH HVWH WLSR SDUD XQD DPSOLD YDULHGDG GH

JDVHV�

(VWRV GLVSRVLWLYRV QRUPDOPHQWH XWLOL]DQ FDPELRV HQ ODV FRQGXFWDQFLDV GH

ORV PDWHULDOHV VHPLFRQGXFWRUHV FRPR UHVSXHVWD HOpFWULFD SDUD OD GHWHFFLyQ GH

PROpFXODV GH JDV� DXQTXH KD\ FDVRV HQ ORV TXH VH PLGHQ YDULDFLRQHV GH RWURV

SDUiPHWURV FRPR OD FRQVWDQWH GLHOpFWULFD� /D FRQGXFWDQFLD GH OD SHOtFXOD

VHPLFRQGXFWRUD GHSHQGH GH ODV HVSHFLHV TXtPLFDV DWUDSDGDV HQ OD VXSHUILFLH�

TXH VRQ IXQFLyQ GH OD SUHVLyQ SDUFLDO GHO JDV DQWH HO TXH VH HQFXHQWUH� 8Q

FDPELR HQ GLFKD SUHVLyQ SDUFLDO VH YH WUDGXFLGR HQ XQ FDPELR GH FRQGXFWDQFLD�

R HQ VX SDUiPHWUR LQYHUVR� OD UHVLVWHQFLD�

)(1
ipfGR ==−     [1.5] 

5� UHVLVWHQFLD

*� FRQGXFWDQFLD

3L� SUHVLyQ SDUFLDO GHO JDV
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8Q VHQVRU GH JDV GH HVWDGR VyOLGR HVWi EDVDGR HQ HO XVR GH XQ y[LGR

PHWiOLFR GH XQ PHWDO GH OD ]RQD GH WUDQVLFLyQ� FRPR SXHGHQ VHU HO y[LGR GH

HVWDxR R HO y[LGR GH DOXPLQLR� (VWRV PDWHULDOHV� FDOHQWDGRV KDVWD XQD FLHUWD

WHPSHUDWXUD \ FRQ XQD WHQVLyQ DSOLFDGD� SURGXFHQ XQD GLVRFLDFLyQ GH HVSHFLHV

LyQLFDV GH R[tJHQR HQ VX VXSHUILFLH FXDQGR VH HQFXHQWUDQ HQ XQD DWPyVIHUD GH

DLUH� (Q SUHVHQFLD GH SHTXHxDV FDQWLGDGHV GH XQ JDV TXH UHDFFLRQH FRQ ODV

HVSHFLHV TXH VH HQFXHQWUDQ HQ OD VXSHUILFLH� VH SURGXFH XQD WUDQVIHUHQFLD GH

HOHFWURQHV HQWUH HO PDWHULDO \ ODV HVSHFLHV VXSHUILFLDOHV� TXH VH WUDGXFH HQ XQD

YDULDFLyQ GH UHVLVWHQFLD GH PDWHULDO� SDUiPHWUR TXH HQ HVWH FDVR VLUYH FRPR

PHGLGD GH OD FRQFHQWUDFLyQ GH JDV�

8Q VHQVRU GH HVWH WLSR FRQVWD EiVLFDPHQWH GH ODV VLJXLHQWHV SDUWHV�

� 0DWHULDO VHQVRU� SXHGH HVWDU HQ IRUPD GH PDWHULDO VLQWHUL]DGR R

GHSRVLWDGR VREUH XQ FKLS GH VLOLFLR X RWUR WLSR GH VXEVWUDWR HQ IRUPD

GH SHOtFXOD JUXHVD R GHOJDGD�

� &DOHIDFWRU� VH XWLOL]D SDUD VLWXDU HO PDWHULDO D XQD WHPSHUDWXUD

GHWHUPLQDGD� \D TXH OD WHPSHUDWXUD HV XQR GH ORV IDFWRUHV PiV

LPSRUWDQWHV D OD KRUD GH GLVFULPLQDU XQ JDV IUHQWH D RWUR� (Q OD

PD\RUtD GH ORV FDVRV HVWi IDEULFDGR GH SODWLQR� ELHQ HQ IRUPD GH

DODPEUH HQ HO FDVR GH PDWHULDOHV VLQWHUL]DGRV R ELHQ HQ IRUPD GH

SHOtFXOD GHSRVLWDGD VREUH XQ VXEVWUDWR� HQ HO FDVR GH IDEULFDFLyQ

VREUH FKLS�

� (OHFWURGRV� VLUYHQ SDUD REWHQHU OD VHxDO HOpFWULFD GHO PDWHULDO VHQVRU�

6H SXHGHQ IDEULFDU GH GLIHUHQWHV PDWHULDOHV �$X� 3W� \ XWLOL]DQGR

JHRPHWUtDV YDULDGDV�

(VWRV VHQVRUHV VRQ ORV PiV YHUViWLOHV HQWUH ORV VHQVRUHV GH EDMR FRVWR� \D

TXH GHWHFWDQ XQD JUDQ YDULHGDG GH JDVHV \ VH SXHGHQ XWLOL]DU HQ PXFKDV

DSOLFDFLRQHV� 6H SXHGHQ REWHQHU GLIHUHQWHV FDUDFWHUtVWLFDV HQ HOORV YDULDQGR HO

PDWHULDO� OD WpFQLFD GH IDEULFDFLyQ R OD WHPSHUDWXUD GH RSHUDFLyQ GHO VHQVRU� (Q

JHQHUDO VRQ PiV GXUDGHURV TXH ORV FDWDOtWLFRV� 6X PD\RU GHVYHQWDMD HV OD

VHQVLELOLGDG D JDVHV LQWHUIHUHQWHV�
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������� 2WUDV WpFQLFDV GH GHWHFFLyQ GH JDV

/RV VHQVRUHV KDVWD DKRUD PHQFLRQDGRV VRQ ORV PiV FRP~QPHQWH XWLOL]DGRV� 6H

LQFOX\HQ HQ HVWH DSDUWDGR YDULRV PpWRGRV GH GHWHFFLyQ GH JDV TXH VLUYHQ SDUD

HO DQiOLVLV WDQWR FXDOLWDWLYR FRPR FXDQWLWDWLYR GH PH]FODV GH YDULRV JDVHV� (VWRV

VLVWHPDV ~QLFDPHQWH VH XWLOL]DQ HQ ODERUDWRULRV GHELGR D VX HOHYDGR SUHFLR \ D

OD QHFHVLGDG GH SHUVRQDO FXDOLILFDGR SDUD VX PDQHMR�

��������� (VSHFWUyPHWUR GH PDVDV

(VWi FRQVLGHUDGR HO DQDOL]DGRU GH JDV PiV SUHFLVR \ ILDEOH GHO PHUFDGR� (O

DYDQFH GH OD WHFQRORJtD GH PLFURSURFHVDGRUHV KD FRQWULEXLGR D VLPSOLILFDU VX

PDQHMR \ DXPHQWDU VXV SUHVWDFLRQHV�

6X IXQFLRQDPLHQWR VH EDVD HQ HO SULQFLSLR GH TXH FDGD PROpFXOD GH JDV

WLHQH XQ SHVR HVSHFtILFR GLIHUHQWH� /DV PROpFXODV GH JDV VRQ LRQL]DGDV HQ XQD

FiPDUD GH DOWR YDFtR ����� D ���� PP+J�� DFHOHUDGDV SRU PHGLR GH FDPSRV

HOpFWULFRV \ FRQYHUWLGDV HQ XQ KD] GH LRQHV� (VWH KD] GH LRQHV HV LQWURGXFLGR HQ

XQ FDPSR PDJQpWLFR SHUSHQGLFXODU D OD GLUHFFLyQ GHO KD] TXH UHSDUWH ODV

PROpFXODV HQWUH GLVWLQWRV FROHFWRUHV� /DV PROpFXODV GH JDV PiV SHVDGDV WHQGUiQ

PiV HQHUJtD FLQpWLFD� FRQ OR FXDO DOFDQ]DUiQ ORV FROHFWRUHV PiV OHMDQRV�

PLHQWUDV TXH ODV PiV OLJHUDV OOHJDUiQ ~QLFDPHQWH D ORV PiV SUy[LPRV� ([LVWHQ

GLIHUHQWHV PpWRGRV GH SURFHVDPLHQWR GH ODV VHxDOHV REWHQLGDV GHO KD] GH LRQHV�

��������� &URPDWyJUDIR GH JDV

(V RWUD IRUPD PX\ FRP~Q GH DQiOLVLV GH JDV� H[WHQGLGD WDQWR HQ ODERUDWRULRV

FRPR HQ OD LQGXVWULD� 1R HV VyOR XQ VHQVRU VLQR TXH DGHPiV SXHGH VHSDUDU

ItVLFDPHQWH ORV FRPSRQHQWHV GH XQD PH]FOD GH JDVHV� $ HVWD WpFQLFD HV D OR

TXH VH GHQRPLQD FURPDWRJUDItD \ FRQVLVWH HQ VHSDUDU ORV FRPSRQHQWHV GH XQD

PH]FOD KDFLHQGR IOXLU OD PLVPD D WUDYpV GH XQD FROXPQD GH PDWHULDO DGVRUEHQWH

HQ HO TXH ODV GLIHUHQWHV VXVWDQFLDV VRQ VHSDUDGDV \ SRVWHULRUPHQWH PHGLGDV SRU

XQ GHWHFWRU LQGLYLGXDO�

6X IRUPD GH RSHUDFLyQ H[SOLFDGD GH PRGR EiVLFR VHUtD OD VLJXLHQWH� VH

LQ\HFWD XQD FDQWLGDG FRQRFLGD GHO JDV D PHGLU \ VH OH DSOLFD XQD FDQWLGDG GH

JDV GHQRPLQDGR JDV SRUWDGRU �DLUH� KHOLR� KLGUyJHQR R QLWUyJHQR�� TXH VH

HQFXHQWUD SUHVXUL]DGR \ VLUYH SDUD HPSXMDU OD PXHVWUD GH JDV D WUDYpV GH OD
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FROXPQD� /D FROXPQD HV XQ WXER ODUJR FRQ XQ GLiPHWUR LQWHUQR SHTXHxR� D OR

ODUJR GHO FXDO HO JDV QR SRGUtD PRYHUVH VLQ SUHVLyQ H[WHUQD� /D FROXPQD YD

UHWHQLHQGR XQRV FRPSRQHQWHV PiV WLHPSR TXH RWURV HQ IXQFLyQ GH VXV

SURSLHGDGHV TXtPLFDV \ ItVLFDV� FRQ OR FXDO FDGD XQR QHFHVLWD XQ WLHPSR

HVSHFtILFR SDUD DOFDQ]DU OD VDOLGD GHO WXER� &XDQGR ORV JDVHV DOFDQ]DQ HO ILQDO

GHO WXER� VRQ PHGLGRV SRU VHQVRUHV HVSHFtILFRV GH GLIHUHQWHV WLSRV�

��������� $QDOL]DGRU GH LQIUDUURMRV GH WUDQVIRUPDGD GH )RXULHU

�)7,5�

6H EDVD HQ HO PLVPR SULQFLSLR TXH ORV GHWHFWRUHV GH JDV GH LQIUDUURMRV� &RQWLHQH

XQD XQLGDG GHQRPLQDGD ,QWHUIHUyPHWUR 0LFKHOVRQ FDSD] GH PHGLU DEVRUEDQFLDV

TXtPLFDV GH HQHUJtD LQIUDUURMD \ JHQHUDU XQD VHULH GH GDWRV GHQRPLQDGD

LQWHUIHURJUDPD� (VWRV GDWRV VRQ VRPHWLGRV D OD WUDQVIRUPDGD GH )RXULHU�

SDViQGRORV DO GRPLQLR FRPSOHMR \ FRQYLUWLpQGRORV DVt HQ XQ HVSHFWURJUDPD TXH

VH SXHGH FRPSDUDU FRQ ORV HVSHFWURV GH JDVHV FRQRFLGRV DOPDFHQDGRV HQ XQ

FRPSXWDGRU�

���� ����		�
�����
������
��	���

8QD GH ODV DSOLFDFLRQHV PiV FRPXQHV GH ORV GHWHFWRUHV GH JDV HV OD GHWHFFLyQ

GH JDVHV Wy[LFRV R FRPEXVWLEOHV WDQWR SDUD SURWHFFLyQ SHUVRQDO HQ HO iUHD GH

WUDEDMR R HQ DPELHQWHV GRPpVWLFRV� FRPR SDUD OD PRQLWRUL]DFLyQ GH SURFHVRV HQ

ORV TXH HVWH WLSR GH JDVHV VH SURGX]FDQ�

(Q HO FDVR GH ORV JDVHV FRPEXVWLEOHV� ~QLFDPHQWH VH SXHGH SURGXFLU

FRPEXVWLyQ HQ XQ UDQJR GHWHUPLQDGR GH FRQFHQWUDFLRQHV GH JDV HQ DLUH� SRU

GHEDMR GHO FXDO OD DWPyVIHUD HV PX\ SREUH HQ JDV SDUD OD FRPEXVWLyQ \ SRU

HQFLPD GHO FXDO HV GHPDVLDGR ULFD HQ JDV� (O SDUiPHWUR FODYH D WHQHU HQ FXHQWD

D OD KRUD GH OD GHWHFFLyQ HV HO OtPLWH LQIHULRU GH GLFKR UDQJR� GHQRPLQDGR /,( R

OtPLWH LQIHULRU GH H[SORVLYLGDG �/(/ R /RZHU ([SORVLYH /LPLW HQ LQJOpV�� TXH HV OD

PtQLPD FRQFHQWUDFLyQ GH JDV R YDSRU HQ DLUH TXH FDXVDUtD OD SURSDJDFLyQ GH ODV

OODPDV VL VH HQFXHQWUD HQ FRQWDFWR FRQ XQD IXHQWH GH LJQLFLyQ�

(Q HO FDVR GH ORV JDVHV Wy[LFRV ORV SDUiPHWURV D WHQHU HQ FXHQWD VRQ ORV

GLVWLQWRV OtPLWHV GH H[SRVLFLyQ SHUPLWLGRV� TXH QR VyOR WLHQHQ HQ FXHQWD OD

FRQFHQWUDFLyQ GHO JDV HQ FXHVWLyQ� VLQR HO WLHPSR GH H[SRVLFLyQ DO PLVPR� &RPR

HMHPSOR GH HVWD FODVH GH JDVHV� HO PRQy[LGR GH FDUERQR HV XQ JDV DOWDPHQWH
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Wy[LFR \ FRQ XQD HOHYDGD SUHVHQFLD HQ DPELHQWHV GRPpVWLFRV� OR TXH KDFH GH VX

GHWHFFLyQ XQ DVXQWR GH VDOXG S~EOLFD�

������ 	21Ï;,'2 '( &$5%212�

(O PRQy[LGR GH FDUERQR HV XQ JDV LQFRORUR H LQRGRUR TXH VH SURGXFH SRU OD

FRPEXVWLyQ LQFRPSOHWD GH FXDOTXLHU FRPEXVWLEOH IyVLO� FRPR SXHGH VHU HQ

SDUWLFXODU HO JDV QDWXUDO� IRUPDGR HQ VX PD\RU SDUWH SRU PHWDQR� SHUR TXH

WDPELpQ VH SURGXFHQ HQ HVWXIDV GH OHxD� SHWUyOHR� EXWDQR� HWF� 'HELGR D ODV

FDUDFWHUtVWLFDV FLWDGDV� HV LPSRVLEOH VX GHWHFFLyQ VLQ OD SUHVHQFLD GH XQ VHQVRU�

6H WUDWD GHO JDV Wy[LFR TXH PiV FRP~QPHQWH VH SXHGH HQFRQWUDU HQ

OXJDUHV FHUUDGRV �ILJXUD ���� \ DO VHU LQRGRUR HV LPSRVLEOH GHWHFWDU VX SUHVHQFLD

VLQ D\XGD GH XQ VHQVRU� 6L DGHPiV WHQHPRV HQ FXHQWD TXH HQ ORV SDtVHV

GHVDUUROODGRV OD SREODFLyQ SDVD DSUR[LPDGDPHQWH HO ��� GH VX WLHPSR HQ

LQWHULRUHV� HV IiFLO DSHUFLELUVH GH OD LPSRUWDQFLD GHO XVR GH GHWHFWRUHV� +D\

PHGLGDV GH FDUiFWHU SUHYHQWLYR TXH VH SXHGHQ WRPDU SDUD HYLWDU OD

DFXPXODFLyQ GH PRQy[LGR GH FDUERQR� FRPR VRQ XQD FRUUHFWD YHQWLODFLyQ \ HO

SURFXUDU KHUPHWLFLGDG HQ ORV HVSDFLRV HQ ORV TXH VH SURGX]FDQ FRPEXVWLRQHV�

3HUR D SHVDU GH HOODV VLHPSUH H[LVWH HO ULHVJR GH OD DFXPXODFLyQ GH HVWH JDV

GHELGR D OD DXVHQFLD GH FRORU \ RORU HQ HO PLVPR�

)LJXUD ��� 3ULQFLSDOHV IXHQWHV GH &2 HQ DPELHQWHV GRPpVWLFRV

(O PRQy[LGR GH FDUERQR HV OD SULQFLSDO FDXVD GH PXHUWH DFFLGHQWDO HQ

(VWDGRV 8QLGRV� 6HJ~Q OD UHYLVWD GH OD DVRFLDFLyQ PpGLFD DPHULFDQD �-RXUQDO RI

WKH $PHULFDQ 0HGLFDO $VVRFLDWLRQ�� HQ XQ HVWXGLR VREUH PXHUWHV FDXVDGDV SRU
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HVWH JDV SUHVHQWDGR HQ VX Q~PHUR GH DJRVWR GH ����� HQ HO SHUtRGR

FRPSUHQGLGR HQWUH ORV DxRV ���� \ ���� KXER XQD PHGLD GH XQDV �����

PXHUWHV DQXDOHV� 3HUR VH FUHH TXH HO Q~PHUR UHDO GH PXHUWHV HV PXFKR PD\RU�

\D TXH HV HQ LQYLHUQR FXDQGR OD XWLOL]DFLyQ GH ODV FDOHIDFFLRQHV GRPpVWLFDV VH

LQFUHPHQWD� FRQFXUULHQGR FRQ OD PD\RU LQFLGHQFLD GH OD JULSH� FX\RV VtQWRPDV

VRQ D PHQXGR FRQIXQGLGRV FRQ ORV GH HQYHQHQDPLHQWR SRU &2� 6H HVWLPD

WDPELpQ TXH DQXDOPHQWH XQDV ������ SHUVRQDV VROLFLWDQ DVLVWHQFLD PpGLFD R

SLHUGHQ XQ GtD GH WUDEDMR SRU LQKDODFLyQ GH &2�

(O PRQy[LGR GH FDUERQR LQKLEH OD FDSDFLGDG GH OD VDQJUH GH OOHYDU

R[tJHQR� 'HVGH ORV SXOPRQHV� HO &2 SDVD UiSLGDPHQWH DO WRUUHQWH VDQJXtQHR \

VH XQH D OD KHPRJORELQD �HQFDUJDGD GH WUDQVSRUWDU ODV PROpFXODV GH R[tJHQR�

IRUPDQGR FDUER[LKHPRJORELQD �&2+E� H LPSLGLHQGR GH HVWH PRGR HO WUDQVSRUWH

GH R[tJHQR� (O HQODFH IRUPDGR SRU HO &2 \ OD KHPRJORELQD HV ��� YHFHV PiV

IXHUWH TXH HO IRUPDGR SRU HO R[tJHQR \ OD KHPRJORELQD� &RPR FRQVHFXHQFLD� ODV

FpOXODV GHO FXHUSR PXHUHQ SRU IDOWD GH R[tJHQR� /D DILQLGDG HQWUH OD

KHPRJORELQD \ HO &2 H[SOLFD SRU TXp LQFOXVR SHTXHxDV FRQFHQWUDFLRQHV GH

PRQy[LGR GH FDUERQR SXHGHQ SURGXFLU XQ HQYHQHQDPLHQWR JUDGXDO D OR ODUJR

GH YDULDV KRUDV \ SRU TXp HV WDQ FRVWRVR HOLPLQDU HO PRQy[LGR GHO WRUUHQWH

VDQJXtQHR� (O UHGXFLU XQ HQYHQHQDPLHQWR SRU &2 GH XQ ��� GH &2+E HQ

VDQJUH D XQ ��� H[LJH XQD PHGLD GH XQDV FLQFR R VHLV KRUDV� UHGXFLUOR GHO ��

DO ��� H[LJLUtD RWUDV FLQFR R VHLV KRUDV� \ DVt VXFHVLYDPHQWH� 'H HVWH PRGR� HO

PRQy[LGR GH FDUERQR HQ HOHYDGDV FRQFHQWUDFLRQHV SXHGH OOHYDU D XQD SHUVRQD

UiSLGDPHQWH D OD PXHUWH� (Q EDMDV FRQFHQWUDFLRQHV� ODV H[SRVLFLRQHV DO PLVPR

SRU XQ SHUtRGR ODUJR GH WLHPSR VRQ WDPELpQ SHOLJURVDV� GHELGR D OR H[SXHVWR

DQWHULRUPHQWH \ WDPELpQ D TXH ORV VtQWRPDV VRQ D PHQXGR FRQIXQGLGRV FRQ ORV

GH OD JULSH FRP~Q� GRORUHV GH FDEH]D� QiXVHDV� IDWLJD� HWF�

/D PLVPD FRQFHQWUDFLyQ GH &2 HQ HO DPELHQWH QR DIHFWD SRU LJXDO D WRGDV

ODV SHUVRQDV� 'H KHFKR� H[LVWHQ JUXSRV TXH SXHGHQ UHVXOWDU PiV DIHFWDGRV� HV

GHFLU� TXH SXHGHQ DOFDQ]DU QLYHOHV GH FDUER[LKHPRJORELQD �&2+E� HQ VDQJUH

PD\RUHV HQ XQ WLHPSR PiV FRUWR� $OJXQRV HMHPSORV VRQ ODV PXMHUHV

HPEDUD]DGDV� ORV QLxRV �FX\R PHWDEROLVPR HV PiV UiSLGR�� ORV DQFLDQRV \ ODV

SHUVRQDV FRQ SUREOHPDV UHVSLUDWRULRV� (Q OD WDEOD ��� VH H[SRQHQ DOJXQRV GH ORV

HIHFWRV FRQRFLGRV GH OD FRQFHQWUDFLyQ GH FDUER[LKHPRJORELQD VREUH HO

RUJDQLVPR� GDWRV TXH SURFHGHQ GH OD 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\�
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$XQTXH ODV QRUPDV SXEOLFDGDV HQ GLVWLQWRV OXJDUHV GHO PXQGR DO UHVSHFWR

HVWDEOHFHQ ORV QLYHOHV XPEUDO HQ XQRV GHWHUPLQDGRV YDORUHV� HV QHFHVDULR

VHxDODU TXH D PHQXGR H[LVWHQ FRQIOLFWRV HQWUH ODV HVSHFLILFDFLRQHV SXUDPHQWH

WpFQLFDV \ ODV PpGLFDV� /RV YDORUHV HVWDEOHFLGRV WUDWDQ GH PDQWHQHU HO QLYHO GH

FDUER[LKHPRJORELQD HQ VDQJUH SRU GHEDMR GHO ��� SHUR GHELGR D TXH OD

SURSRUFLyQ DPELHQWDO GH &2 QR DIHFWD SRU LJXDO D WRGRV ORV LQGLYLGXRV� QR VH

FRQVHJXLUi VLHPSUH GLFKR REMHWLYR� 6H FRQVLGHUD FRPR SURPHGLR TXH ��� SSP

GH &2 HQ HO DPELHQWH SURGXFHQ XQD FRQFHQWUDFLyQ GHO ��� GH &2+E HQ

VDQJUH� 6HJ~Q HVWD HVWLPDFLyQ VH SUHVHQWDQ GDWRV GH ORV HIHFWRV GH ODV GLVWLQWDV

FRQFHQWUDFLRQHV GH &2 VREUH HO RUJDQLVPR HQ OD WDEOD ����

�&2+

E

(IHFWRV HQ HO RUJDQLVPR

������� 5DQJR QRUPDO HQ QR IXPDGRUHV GHELGR D OD SURGXFFLyQ HQGyJHQD GH &2

������� 1R H[LVWHQ FDPELRV ILVLROyJLFRV SUREDGRV

������� &DPELRV FDUGLRYDVFXODUHV HQ SDFLHQWHV FRQ SUREOHPDV FDUGLDFRV

��� 9DORUHV XVXDOHV HQ IXPDGRUHV� FLHUWD GHVFRRUGLQDFLyQ HQ WHVW SVLFRPRWRUHV

���� &DPELRV FDUGLRYDVFXODUHV HQ SDFLHQWHV VLQ SUREOHPDV FDUGLDFRV �LQFUHPHQWR GHO ULWPR
FDUGtDFR \ GHO IOXMR VDQJXtQHR FRURQDULR�

����� /LJHUR GRORU GH FDEH]D� GHELOLGDG� SRVLEOHV GDxRV DO IHWR

����� )XHUWH GRORU GH FDEH]D� QiXVHDV� GHVFRRUGLQDFLyQ HQ ORV PRYLPLHQWRV GH ODV PDQRV

����� )XHUWH GRORU GH FDEH]D� LUULWDELOLGDG� FRQIXVLyQ� SpUGLGD GH DJXGH]D YLVXDO� QiXVHDV�
GHELOLGDG PXVFXODU

����� &RQYXOVLRQHV H LQFRQVFLHQFLD

����� &RPD� FRODSVR� PXHUWH

7DEOD ��� (IHFWRV GH OD FDUER[LKHPRJORQLQD HQ HO RUJDQLVPR

&RQFHQWUDFLyQ
GH &2 �SSP�

6tQWRPDV
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�� 1R KD\ VtQWRPDV REYLRV KDVWD ODV � KRUDV GH H[SRVLFLyQ

��� /HYH GRORU GH FDEH]D D ODV � R � KRUDV

��� 'RORU GH FDEH]D \ QiXVHDV GHVSXpV GH � R � KRUDV

���
'RORU GH FDEH]D� QiXVHDV \ PDOHVWDU WUDV �� PLQXWRV�

FRODSVR GHVSXpV GH � KRUDV

���� ,QFRQVFLHQFLD WUDV � KRUD

���� ,QFRQVFLHQFLD WUDV �� PLQXWRV

7DEOD ��� (IHFWRV GH GLVWLQWDV FRQFHQWUDFLRQHV GH &2 VREUH HO RUJDQLVPR

������ 
250$7,9$6 $&(5&$ '( /$ '(7(&&,Ï1 '( 021Ï;,'2 '(

&$5%212�

'HELGR D HVWRV KHFKRV� WDQWR HQ (XURSD FRPR HQ (VWDGRV 8QLGRV VH HVWi

KDFLHQGR XQ JUDQ HVIXHU]R HQ OD HODERUDFLyQ GH QRUPDWLYDV HQ UHODFLyQ FRQ OD

GHWHFFLyQ GH JDVHV HQ OXJDUHV S~EOLFRV� (Q OR UHIHUHQWH D ODV H[LJHQFLDV TXH

GHEHQ FXPSOLU ORV VHQVRUHV FRPHUFLDOHV� H[LVWHQ GLIHUHQWHV QRUPDWLYDV

HODERUDGDV SRU GLYHUVDV HQWLGDGHV GH DFUHGLWDFLyQ� (Q (VWDGRV 8QLGRV \ &DQDGi�

GRQGH VH KD GDGR XQD PD\RU SXEOLFLGDG HQ ORV PHGLRV GH FRPXQLFDFLyQ D OD

SHOLJURVLGDG GHO HQYHQHQDPLHQWR SRU PRQy[LGR GH FDUERQR� VH GHVDUUROODURQ ODV

SULPHUDV QRUPDWLYDV DO UHVSHFWR� H LQFOXVR VH KD OOHJDGR D OD REOLJDWRULHGDG GH

LQVWDODFLyQ GH GHWHFWRUHV GRPpVWLFRV HQ YDULDV FLXGDGHV GH GLFKRV SDtVHV�

$ SHVDU GH OD HODERUDFLyQ GH QRUPDV TXH UHJXOHQ OD GHWHFFLyQ GH JDVHV

SHOLJURVRV� XQR GH ORV SULQFLSDOHV SUREOHPDV TXH SUHVHQWDQ ORV VHQVRUHV GH JDV

HQ JHQHUDO HV OD HOHYDGD WDVD GH IDOVDV DODUPDV TXH FRQOOHYD VX IDOWD GH

VHOHFWLYLGDG DO JDV FRQFUHWR SDUD HO TXH HVWiQ GLVHxDGRV� ([LVWH FODUDPHQWH OD

QHFHVLGDG GH GHVDUUROODU VHQVRUHV TXH FXPSODQ ODV QRUPDWLYDV YLJHQWHV FRQ XQ

EDMR FRVWR GH IDEULFDFLyQ� SHUR VLQ PHQRVFDER GH VX ILDELOLGDG�

(Q OD WDEOD ��� VH H[SRQHQ DOJXQDV GH ODV QRUPDWLYDV HODERUDGDV HQ

GLIHUHQWHV OXJDUHV GHO PXQGR HQ UHODFLyQ FRQ OD GHWHFFLyQ GH PRQy[LGR GH

FDUERQR HQ DPELHQWHV GRPpVWLFRV�
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(VWDGRV 8QLGRV 8/ ����

&DQDGi
&$1�&*$�

����

*UDQ %UHWDxD %6 ����

9DULRV SDtVHV HXURSHRV (1 �����

7DEOD ��� 1RUPDWLYDV VREUH GHWHFFLyQ GH &2

6H DQDOL]DUiQ DOJXQRV DVSHFWRV UHOHYDQWHV GH OD QRUPD 8/ ���� \ GH OD

(1 ������ KDFLHQGR HVSHFLDO KLQFDSLp HQ HVWD ~OWLPD� SRU VHU OD GH iPELWR

HXURSHR�

������� 8/ ����

8QGHUZULWHUV /DERUDWRU\ HV OD SULQFLSDO LQVWLWXFLyQ GH UHGDFFLyQ GH QRUPDV \

HODERUDFLyQ GH WHVWV GH VHJXULGDG HQ (VWDGRV 8QLGRV� /D 8/ ���� IXH UHYLVDGD \

DFWXDOL]DGD SRU ~OWLPD YH] HQ HQHUR GH ����� /D PD\RUtD GH ORV GHWHFWRUHV

FRPHUFLDOL]DGRV HQ HVWH SDtV FXPSOHQ OD FLWDGD QRUPDWLYD�

/D SULQFLSDO FRQGLFLyQ TXH GHEH FXPSOLU XQ VHQVRU GH JDV HVWi

UHODFLRQDGD FRQ OD FRQFHQWUDFLyQ TXH GHEH GHWHFWDU \ HO WLHPSR GH KD GH

LQYHUWLU HQ KDFHUOR� HQ GHILQLWLYD� FRQ VX VHQVLELOLGDG \ VX WLHPSR GH UHVSXHVWD�

/D WDEOD ��� UHIOHMD ODV FRQGLFLRQHV GH OD 8/ ���� SDUD HVWRV GRV SDUiPHWURV�

&RQFHQWUDFLyQ GH &2 7LHPSR GH UHVSXHVWD

��� SSP � �� PLQXWRV

��� SSP � �� PLQXWRV

��� SSP � �� PLQXWRV

7DEOD ��� 7LHPSRV GH UHVSXHVWD SDUD YDULDV FRQFHQWUDFLRQHV GHO JDV VHJ~Q OD 8/ ����
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������� (1 �����

(VWD QRUPD IXH DSUREDGD SRU HO &(1(/(& HQ DJRVWR GH ����� 7RGRV ORV SDtVHV

SHUWHQHFLHQWHV D HVWH FRPLWp �$XVWULD� %pOJLFD� 5HS~EOLFD &KHFD� 'LQDPDUFD�

)LQODQGLD� )UDQFLD� $OHPDQLD� *UHFLD� ,VODQGLD� ,UODQGD� ,WDOLD� /X[HPEXUJR�

+RODQGD� 1RUXHJD� 3RUWXJDO� (VSDxD� 6XL]D� \ *UDQ %UHWDxD� VH FRPSURPHWHQ D

KDFHU GH HOOD XQD QRUPDWLYD QDFLRQDO� (VWH VWDQGDUG HXURSHR HVSHFLILFD ORV

UHTXHULPLHQWRV JHQHUDOHV SDUD VHQVRUHV GH PRQy[LGR GH FDUERQR HQ DPELHQWHV

GRPpVWLFRV� (O REMHWR SULQFLSDO GHO VHQVRU TXH RFXSD HVWD QRUPD HV DYLVDU GH

SRVLEOHV DFXPXODFLRQHV GH &2 \ SHUPLWLU OD UHDFFLyQ GH ORV KDELWDQWHV GH OD

YLYLHQGD DQWHV GH UHVXOWDU H[SXHVWRV D XQ ULHVJR VLJQLILFDWLYR�

$O LJXDO TXH HO FDVR DQWHULRU� HO SULQFLSDO IDFWRU HV HO WLHPSR GH UHVSXHVWD

H[LJLEOH SDUD GLVWLQWDV FRQFHQWUDFLRQHV GH JDV� (VWH VH H[SRQH HQ OD WDEOD ����

&RQFHQWUDFLyQ GH &2 6LQ DODUPD DQWHV GH $ODUPD DQWHV GH

�� SSP ��� PLQXWRV �

�� SSP �� PLQXWRV �� PLQXWRV

��� SSP �� PLQXWRV �� PLQXWRV

��� SSP � � PLQXWRV

7DEOD ��� 7LHPSRV GH UHVSXHVWD H[LJLEOHV D XQ VHQVRU GH &2 SDUD GLVWLQWDV

FRQFHQWUDFLRQHV GHO JDV VHJ~Q OD QRUPD (1 �����

'H HQWUH ORV DVSHFWRV TXH VH FRQWHPSODQ HQ HVWD QRUPDWLYD HQ UHODFLyQ

FRQ HO IXQFLRQDPLHQWR GH ORV VHQVRUHV GH &2 VHxDODUHPRV ORV VLJXLHQWHV�

9 ,QIOXHQFLD GH OD KXPHGDG

6H H[LJH TXH WUDV VRPHWHU HO VHQVRU GXUDQWH � KRUDV D XQD KXPHGDG

UHODWLYD GH ���±��� D ���±���& VHJXLGD GH XQD H[SRVLFLyQ D KXPHGDG UHODWLYD

GH ���± ��� \ WHPSHUDWXUD GH ���±���& GXUDQWH RWUDV � KRUDV VLJD FXPSOLHQGR

ODV H[LJHQFLDV GH OD WDEOD ����
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9 ,QIOXHQFLD GH RWURV JDVHV

6H SLGH VRPHWHU DO VHQVRU D ORV GRV JDVHV VLJXLHQWHV HQ ODV

FRQFHQWUDFLRQHV \ FRQGLFLRQHV LQGLFDGDV�

� �����±���� SSP GH HWDQRO HQ DLUH GXUDQWH �� PLQXWRV

� ���±�� SSP GH KH[DPHWLOGLVLOR[DQR HQ DLUH VHFR GXUDQWH �� PLQXWRV

� DLUH HQ ODV FRQGLFLRQHV HVSHFLILFDGDV SDUD HO HQVD\R GXUDQWH � KRUD

7UDV HVWD SUXHED GHEH VHJXLU FXPSOLHQGR ODV HVSHFLILFDFLRQHV GH OD WDEOD

��� GH VHQVLELOLGDGHV�

9 5HVSXHVWD D XQD PH]FOD GH PRQy[LGR GH FDUERQR FRQ RWURV JDVHV

/D PH]FOD UHTXHULGD SDUD HVWH HQVD\R HV LQHVWDEOH� OXHJR KDEUi TXH

FRQVHJXLUOD XWLOL]DQGR WUHV IXHQWHV GH JDV FRQ ODV FRPSRVLFLRQHV UHFRJLGDV HQ OD

WDEOD ����

*DV *DV GH IRQGR
3URSRUFLyQ FDOFXODGD

HQ OD PH]FOD ILQDO

��±� SSP &2

��±� SSP +�

����± SSP &2�

$LUH �� SSP &2

�� SSP +�

����± SSP &2�

���±�� SSP 12 1LWUyJHQR � SSP 12

���±�� SSP

62�

$LUH R QLWUyJHQR � SSP 62�

7DEOD ��� 0H]FOD GH JDVHV LQWHUIHUHQFLDOHV D ORV TXH KD\ TXH H[SRQHU HO VHQVRU

6H KD GH VRPHWHU HO VHQVRU D �� PLQXWRV GH DLUH OLPSLR� �� PLQXWRV GH

PH]FOD �R DO WLHPSR TXH WDUGH HQ DOFDQ]DUVH HO QLYHO GH DODUPD� \ D �� PLQXWRV

GH DLUH OLPSLR� 6H UHTXLHUH TXH WUDV H[SRQHU HO VHQVRU D HVWD VHFXHQFLD VX

UHVSXHVWD VHD DQiORJD D OD TXH VH H[LJH SDUD �� SSP GH &2 �WDEOD �����



�� &DStWXOR �

9 5HVSXHVWD D HOHYDGDV FRQFHQWUDFLRQHV GH JDV

7UDV H[SRQHU HO DSDUDWR GXUDQWH �� PLQXWRV D �����±���� SSP GH &2

VH H[SRQGUi GXUDQWH XQD KRUD D DLUH OLPSLR \ D FRQWLQXDFLyQ VH OH UHDOL]DUi HO

WHVW GH OD WDEOD ���� GHELHQGR UHVSRQGHU FRUUHFWDPHQWH DO PLVPR�

9 (VWDELOLGDG D ODUJR SOD]R

(Q HVWD SUXHED HO VHQVRU GHEH HVWDU GXUDQWH � PHVHV FRQWLQXDPHQWH

VRPHWLGR D ���±�� SSP GH &2 VLQ TXH VH DOFDQFH HO QLYHO GH DODUPD� 6H KD GH

UHDOL]DU OD SUXHED FRUUHVSRQGLHQWH D OD WDEOD ��� FDGD �� GtDV�

���� ������
������

)URVW 	 6XOOLYDQ� 6HQVRUV 5HYLHZ� 9RO� ��� ����

067 1HZV� 1(;86 0DUNHW DQDO\VLV IRU PLFURV\VWHPV ���������� 2FWREHU �����

ZZZ�HPVWR�FRP

6PDOOWLPHV� 1HZV DERXW 0(06� 1DQRWHFKQRORJ\ DQG 0LFURV\VWHPV� $SULO �����

ZZZ�VPDOOWLPHV�FRP

-DFN &KRX� ³+D]DUGRXV *DV 0RQLWRUV´� 6FLWHFK 3XEOLVKLQJ ,QF��0DF*UDZ�+LOO�

,6%1 �������������

:�*|SHO� ³6HQVRUV� D FRPSUHKHQVLYH VXUYH\´� YRO�� �&KHPLFDO DQG ELRFKHPLFDO

VHQVRUV�

$9:HE 3URGXFW 5HYLHZ� &DUERQ 0RQR[LGH GHWHFWRUV IRU $LUFUDIW 8VH�

ZZZ�DYZHE�FRP

&36& &RQVXPHU 3URGXFW 6DIHW\ &RPPLVVLRQ� &DUERQ 0RQR[LGH 4XHVWLRQV DQG

$QVZHUV� ZZZ�FSVF�FRP

$EEH\ +RPH ,QVSHFWRUV� 7HFKQLFDO OHWWHU� &DUERQ 0RQR[LGH /HDNDJH�

ZZZ�DEEH\LQVSHFWLRQV�FRP

&(1(/(& (1 ������ ³(OHFWULFDO DSSDUDWXV IRU WKH GHWHFWLRQ RI FDUERQ PRQR[LGH

LQ GRPHVWLF SUHPLVHV� 7HVW PHWKRGV DQG SHUIRUPDQFH UHTXLUHPHQWV´�

$XJXVW ����



 ��

��������	
	

���������	
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(O REMHWLYR JHQHUDO GH HVWH WUDEDMR HV OD LQYHVWLJDFLyQ HQ HO FDPSR GH ODV

SHOtFXODV GHOJDGDV GH y[LGR GH HVWDxR VHQVLEOHV DO PRQy[LGR GH FDUERQR SDUD HO

GHVDUUROOR GH GHWHFWRUHV FRQGXFWRPpWULFRV� (VWH REMHWLYR JOREDO VH SXHGH

GHVJORVDU HQ YDULRV REMHWLYRV SDUFLDOHV� TXH VH HQXPHUDQ D FRQWLQXDFLyQ� \ TXH

VH FRQFUHWDQ HQ XQD VHULH GH DFFLRQHV SDUWLFXODUHV�

,� 2EWHQFLyQ GH XQD SHOtFXOD GH y[LGR GH HVWDxR SRU VSXWWHULQJ� FRQ ODV

FDUDFWHUtVWLFDV DGHFXDGDV SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR�

3DUD OD FRQVHFXFLyQ GH HVWH H[WUHPR VH OOHYDQ D FDER ODV DFWXDFLRQHV

VLJXLHQWHV�

� (VWXGLR GH OD LQIOXHQFLD GHO HVSHVRU \ WUDWDPLHQWR WpUPLFR GHO PDWHULDO

HQ ODV SUHVWDFLRQHV GH OD SHOtFXOD VHQVLEOH� (VWDEOHFLPLHQWR GH ORV

YDORUHV DGHFXDGRV HQ DPERV SDUiPHWURV�

� $QiOLVLV GH OD SRVLEOH PHMRUD HQ ODV FDUDFWHUtVWLFDV GH OD FDSD GH 6Q2�

DO LQFOXLU DGLWLYRV PHWiOLFRV� HQ HVWH FDVR SODWLQR \ SDODGLR� DVt FRPR

HVWXGLR GH OD WpFQLFD TXH VH SUHFLVD SDUD DxDGLU HO DGLWLYR DO y[LGR GH

HVWDxR� 'HWHUPLQDFLyQ GHO DGLWLYR \ WpFQLFD DGHFXDGRV D OD GHWHFFLyQ

GH &2�

,,� (VWXGLR GH OD SRWHQFLDO PHMRUD HQ OD VHOHFWLYLGDG GHO GLVSRVLWLYR PHGLDQWH

HO XVR GH ILOWURV LQWHJUDGRV HQ OD SURSLD SHOtFXOD \ FX\R SURFHVR GH

REWHQFLyQ VH SXHGD LQFOXLU HQ HO SURFHVR GH IDEULFDFLyQ� 6H UHDOL]DQ YDULDV

WHQWDWLYDV DO UHVSHFWR�
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� )DEULFDFLyQ \ DQiOLVLV GH ILOWURV GH SHOtFXOD GHOJDGD GH y[LGR GH HVWDxR

SRU VSXWWHULQJ�

� )DEULFDFLyQ \ DQiOLVLV GH ILOWURV GH SHOtFXOD JUXHVD D SDUWLU GH GRV

PDWHULDOHV GLIHUHQWHV� DO~PLQD \ y[LGR GH HVWDxR�

,,,� )DEULFDFLyQ GH XQ GLVSRVLWLYR PLFURPHFDQL]DGR SDUD GHWHFFLyQ GH &2�

PHGLDQWH WpFQLFDV GH SHOtFXOD GHOJDGD� EDVDGR HQ y[LGR GH HVWDxR� (VWR

LQFOX\H�

� 'LVHxR GH XQ SURFHVR GH IDEULFDFLyQ GHO GLVSRVLWLYR PLFURPHFDQL]DGR

HVSHFtILFR TXH LQFOX\D XQ VLVWHPD GH FDOHIDFWRU LQWHJUDGR SDUD

PDQWHQHU OD WHPSHUDWXUD GH IXQFLRQDPLHQWR GH OD FDSD VHQVLEOH�

� &DUDFWHUL]DFLyQ GH ODV SUHVWDFLRQHV GHO GLVSRVLWLYR HQ FXDQWR D

FRQVXPR \ UHVSXHVWD D ODUJR SOD]R WDQWR DO PRQy[LGR GH FDUERQR

FRPR D JDVHV LQWHUIHUHQWHV�


�
	 ���
����
�	��	��	����
��	

/D PHPRULD VH KD HVWUXFWXUDGR HQ � FDStWXORV� TXH VLJXHQ OD VHFXHQFLD GH VLWXDU

HQ SULPHU OXJDU HVWH WUDEDMR HQ HO FDPSR PiV JHQHUDO GH ORV VHQVRUHV� SDUD

FRQWLQXDU FRQ XQD UHYLVLyQ ELEOLRJUiILFD� D OD TXH VLJXH HO HVWXGLR GHO PDWHULDO�

TXH GHVHPERFD ILQDOPHQWH HQ VX XWLOL]DFLyQ SDUD IDEULFDU XQ GLVSRVLWLYR

RSHUDWLYR� /D RUJDQL]DFLyQ GH ORV FDStWXORV HQ FRQFUHWR VH GHWDOOD D

FRQWLQXDFLyQ�

(Q HO FDStWXOR SULPHUR VH UHDOL]D XQD LQWURGXFFLyQ JHQHUDO DO PXQGR GH ORV

VHQVRUHV GH JDV� SDVDQGR SRU ODV GLIHUHQWHV WHFQRORJtDV H[LVWHQWHV \ VXV

UHVSHFWLYRV SULQFLSLRV GH RSHUDFLyQ� DVt FRPR ODV YHQWDMDV H LQFRQYHQLHQWHV TXH

FRPSRUWD FDGD XQD� 7DPELpQ VH LQWURGXFHQ DOJXQRV GDWRV DFHUFD GH OD

GHWHFFLyQ GH JDVHV Wy[LFRV \ ODV QRUPDWLYDV H[LVWHQWHV DO UHVSHFWR�

(O VHJXQGR FDStWXOR �HO DFWXDO� SUHVHQWD ORV REMHWLYRV \ HVWUXFWXUD GH OD

PHPRULD� DVt FRPR HO PDUFR HQ HO TXH VH KD GHVDUUROODGR HO WUDEDMR�

(Q HO FDStWXOR WHUFHUR VH UHDOL]D XQD DPSOLD UHYLVLyQ ELEOLRJUiILFD FHQWUDGD

HQ VHQVRUHV GH JDV FRQGXFWRPpWULFRV� 6H H[DPLQDQ HQ SULPHU OXJDU ORV

GLIHUHQWHV PRGRV GH IDEULFDFLyQ \ PDWHULDOHV H[LVWHQWHV� (Q VHJXQGR OXJDU VH

DQDOL]DQ ODV FDUDFWHUtVWLFDV GHO y[LGR GH HVWDxR FRPR PDWHULDO VHQVRU� ORV



Objetivos �� 

PHFDQLVPRV GH GHWHFFLyQ SURSXHVWRV SRU GLIHUHQWHV DXWRUHV \ OD LQIOXHQFLD GH

GLIHUHQWHV SDUiPHWURV �KXPHGDG� DGLWLYRV� HWF�� HQ ODV SURSLHGDGHV GH OD

SHOtFXOD� 6H LQFOX\H SRU ~OWLPR XQ DSDUWDGR H[FOXVLYDPHQWH GHGLFDGR D ORV ILOWURV

SDUD OD PHMRUD GH OD VHOHFWLYLGDG HQ VHQVRUHV GH JDV�

(O FDStWXOR FXDUWR VH KD GHGLFDGR D ORV PpWRGRV GH IDEULFDFLyQ \

FDUDFWHUL]DFLyQ XWLOL]DGRV HQ HVWH WUDEDMR SDUD OD REWHQFLyQ \ HO DQiOLVLV GH ODV

FDUDFWHUtVWLFDV GH ODV SHOtFXODV� (Q UHIHUHQFLD D OD FDUDFWHUL]DFLyQ GH ODV FDSDV

GH 6Q2� VH LQFOX\HQ WDQWR ORV PpWRGRV GH FDUDFWHUL]DFLyQ HVWUXFWXUDO FRPR ORV

GH FDUDFWHUL]DFLyQ HOHFWURTXtPLFD \ HO GLVHxR GHO EDQFR GH HQVD\R XWLOL]DGR HQ

HVWD ~OWLPD�

(O TXLQWR FDStWXOR GHVFULEH GHWDOODGDPHQWH ORV SURFHVRV GH IDEULFDFLyQ GH

PXHVWUDV GH HQVD\R GLULJLGRV HVSHFtILFDPHQWH D FDGD DVSHFWR DQDOL]DGR HQ

UHODFLyQ FRQ ODV GLYHUVDV FDUDFWHUtVWLFDV GHO PDWHULDO \ VX LQIOXHQFLD HQ OD

GHWHFFLyQ�

(O FDStWXOR VHLV LQFOX\H WRGRV ORV UHVXOWDGRV IUXWR GH ORV H[SHULPHQWRV \

DQiOLVLV UHDOL]DGRV D ODV PXHVWUDV IDEULFDGDV �FDStWXOR ��� DSRUWDQGR HQ FDGD

FDVR ORV UHVXOWDGRV PLFURHVWUXFWXUDOHV� HOHFWURTXtPLFRV \ HOpFWULFRV TXH

FRUUHVSRQGDQ�

(O VpSWLPR FDStWXOR DIURQWD OD GLVFXVLyQ GH ORV UHVXOWDGRV REWHQLGRV \

GHWDOODGRV HQ HO FDStWXOR SUHFHGHQWH� KDFLHQGR KLQFDSLp HQ ORV DVSHFWRV PiV

UHOHYDQWHV H LQWHUUHODFLRQDQGR UHVXOWDGRV� DVt FRPR FRPSDUDQGR ORV PLVPRV FRQ

ORV KDOODGRV HQ OD ELEOLRJUDItD \ UHVHxDGRV HQ HO FDStWXOR ��

(O FDStWXOR RFWDYR FRPSUHQGH HO GLVHxR� IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH

XQ SURWRWLSR VHQVRU SDUD PRQy[LGR GH FDUERQR RSHUDWLYR� 6H HVWXGLDQ

SULQFLSDOPHQWH HO FRQVXPR \ OD UHVSXHVWD D ODUJR SOD]R GHO GLVSRVLWLYR�

3DUD ILQDOL]DU� VH H[SRQHQ ODV FRQFOXVLRQHV \ IXWXUDV OtQHDV GH

LQYHVWLJDFLyQ HQ HO FDStWXOR QRYHQR�


��	 ��
��	��	���������	

(O WUDEDMR OOHYDGR D FDER VH HQPDUFD� HQ VX YHUWLHQWH PiV LQGXVWULDO� GHQWUR GHO

SUR\HFWR GH ,�' SDUD HO GHVDUUROOR GH VHQVRUHV GH &2 HQ HO iPELWR GHO VHFWRU

JDVRGRPpVWLFR GH WtWXOR ³'HVDUUROOR GH PLFURVHQVRUHV PLFURPHFDQL]DGRV



�� &DStWXOR � 

GH PRQy[LGR GH FDUERQR´ �5HI� ),7����������������� (VWH SUR\HFWR VH KD

OOHYDGR D FDER HQ FRODERUDFLyQ FRQ OD HPSUHVD 6RFLHGDG GH *DV GH (XVNDGL

6�$� \ EDMR ORV DXVSLFLRV GH OD 'LUHFFLyQ *HQHUDO SDUD HO 'HVDUUROOR GH OD

6RFLHGDG GH OD ,QIRUPDFLyQ� 6HFUHWDUtD GH (VWDGR GH 7HOHFRPXQLFDFLRQHV \ SDUD

OD 6RFLHGDG GH OD ,QIRUPDFLyQ� GHO 0LQLVWHULR GH &LHQFLD \ 7HFQRORJtD�

/RV DVSHFWRV PiV SXUDPHQWH FLHQWtILFRV VH KDQ HQFXDGUDGR SRU XQD SDUWH

HQ HO SUR\HFWR WLWXODGR ³0HFDQLVPRV DVRFLDGRV D DGLWLYRV FDWDOtWLFRV HQ

VHQVRUHV VHPLFRQGXFWRUHV GH JDVHV� VHQVRUHV GH EDMR FRQVXPR´ �5HI�

0$7����������&������ ILQDQFLDGR SDUFLDOPHQWH SRU OD &RPLVLyQ

,QWHUPLQLVWHULDO GH &LHQFLD \ 7HFQRORJtD� &,&<7� \ GHVDUUROODGR HQ

FRODERUDFLyQ FRQ HO 'HSDUWDPHQW G¶HOHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV (OHFWUzQLFV

GH OD 8QLYHUVLWDW GH %DUFHORQD� 3RU RWUD SDUWH VH KDQ VLWXDGR HQ HO PDUFR GHO

SUR\HFWR ³'HVDUUROOR GH ILOWURV SDUD OD PHMRUD GH ODV SUHVWDFLRQHV GH

VHQVRUHV GH JDVHV Wy[LFRV H LQIODPDEOHV´� ILQDQFLDGR SRU HO )RQGR SDUD OD

&RRSHUDFLyQ (XVNDGL�$TXLWDQLD´ \ OOHYDGR D FDER HQ FRODERUDFLyQ FRQ HO

/DERUDWRLUH GH 0LFURpOHFWURQLTXH ,;/ GH OD 8QLYHUVLWp GH %RXUGHDX[�
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/RV VHQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV� \D PHQFLRQDGRV HQ HO

FDStWXOR �� VRQ DTXHOORV HQ ORV TXH HO SDUiPHWUR HOpFWULFR FX\D YDULDFLyQ VH PLGH

HQ IXQFLyQ GH OD SUHVLyQ SDUFLDO GHO JDV HQ HO DPELHQWH HV OD FRQGXFWLYLGDG� 6X

PHFDQLVPR GH IXQFLRQDPLHQWR VH EDVD HQ UHDFFLRQHV TXtPLFDV VXSHUILFLDOHV

HQWUH HO PDWHULDO VHQVRU \ OD DWPyVIHUD FLUFXQGDQWH \ HV DOWDPHQWH GHSHQGLHQWH

GH OD WHPSHUDWXUD D OD TXH VH HQFXHQWUH HO PDWHULDO� DVt FRPR GH OD IRUPD HQ

TXH KD VLGR REWHQLGR�

'HELGR D OD LPSRUWDQFLD GHO PDWHULDO HQ HO SURFHVR GH GHWHFFLyQ� VH

GHGLFDUiQ ORV DSDUWDGRV ���� ��� \ ��� DO HVWXGLR GH ODV GLVWLQWDV HVWUXFWXUDV

VHQVLEOHV H[LVWHQWHV HQ HO PHUFDGR� ORV SRVLEOHV PDWHULDOHV XWLOL]DEOHV \ ODV

WpFQLFDV TXH SRVLELOLWDQ OD FRQVHFXFLyQ GH ODV SHOtFXODV VHQVLEOHV

UHVSHFWLYDPHQWH�

(O HMH GH HVWH WUDEDMR VH FHQWUD HQ OD FRQVHFXFLyQ GH XQ VHQVRU

FRQGXFWRPpWULFR GH y[LGR GH HVWDxR SDUD GHWHFFLyQ GH PRQy[LGR GH FDUERQR�

SRU OR FXDO VHUi QHFHVDULR GHVFULELU ODV SURSLHGDGHV HVWUXFWXUDOHV \ HOpFWULFDV GH

GLFKR PDWHULDO �DSDUWDGR ����� SDUD SRVWHULRUPHQWH SRGHU GHVFULELU ORV

PHFDQLVPRV GH LQWHUDFFLyQ TXH SHUPLWHQ OD GHWHFFLyQ GHO JDV �DSDUWDGR �����

(Q GLFKRV PHFDQLVPRV LQWHUYLHQHQ P~OWLSOHV YDULDEOHV� TXH GLILFXOWDQ HO HVWXGLR
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VLVWHPiWLFR \ OD SUHGLFFLyQ GHO IHQyPHQR GH OD GHWHFFLyQ PHGLDQWH PRGHORV� SRU

OR TXH HO DSDUWDGR ��� WUDWDUi ORV IDFWRUHV PiV UHOHYDQWHV D WHQHU HQ FXHQWD D OD

KRUD GHO HVWXGLR GHO PHFDQLVPR GH GHWHFFLyQ FRPR OD WHPSHUDWXUD� OD KXPHGDG

R OD JHRPHWUtD GH FRQWDFWR�

3RU ~OWLPR VH GHGLFD XQ DSDUWDGR DO HVWXGLR GH ORV ILOWURV� FX\R REMHWLYR HV

DXPHQWDU OD VHOHFWLYLGDG HQ VHQVRUHV FRQGXFWRPpWULFRV� (O EDMR YDORU GH HVWH

SDUiPHWUR HV XQR GH ORV IDFWRUHV TXH MXHJD HQ FRQWUD GH HVWD WHFQRORJtD� SRU OR

TXH VX PHMRUD HV XQR GH ORV SUREOHPDV PiV VXVFHSWLEOHV GH VHU LQYHVWLJDGRV HQ

HVWH FDPSR� \D TXH D~Q QR VH KD DOFDQ]DGR QLQJXQD VROXFLyQ FRPSOHWDPHQWH

VDWLVIDFWRULD�
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/RV GLVHxRV GH VHQVRUHV GH FRQGXFWRPpWULFRV VH SXHGHQ DJUXSDU HQ WUHV

FDWHJRUtDV UHODFLRQDGDV EiVLFDPHQWH FRQ VX WHFQRORJtD GH IDEULFDFLyQ�

• &HUiPLFD VLQWHUL]DGD� HQ OD TXH HO PDWHULDO VHQVRU HV REWHQLGR

SRU ORV PpWRGRV KDELWXDOHV GH SUHSDUDFLyQ GH FHUiPLFDV�

FRQVWLWX\HQGR ILQDOPHQWH XQ GLVSRVLWLYR YROXPpWULFR�

• 3HOtFXOD JUXHVD� FDWHJRUtD HQ OD TXH VH FXHQWDQ ODV FDSDV

REWHQLGDV SRU PHGLR GH WpFQLFDV HQ OD TXH HO PDWHULDO VH REWLHQH

FRPR XQ DJUHJDGR GHO FRQMXQWR GH FRPSRQHQWHV GH OD SHOtFXOD�

7UDGLFLRQDOPHQWH VH FRQVLGHUDQ JUXHVDV ODV SHOtFXODV GH HVSHVRU

VXSHULRU D XQD PLFUD�

• 3HOtFXOD GHOJDGD� HQ OD TXH VH LQFOX\HQ ODV SHOtFXODV REWHQLGDV

PHGLDQWH XQ DJUHJDGR LQGLYLGXDO GH ORV FRPSRQHQWHV TXH OD

FRQIRUPDQ� (VWDV SHOtFXODV VXHOHQ SUHVHQWDU QRUPDOPHQWH

HVSHVRUHV LQIHULRUHV D XQD PLFUD�

/D GLVWLQFLyQ HQWUH SHOtFXOD JUXHVD \ SHOtFXOD GHOJDGD JHQHUDOPHQWH HVWi

UHODFLRQDGD FRQ OD WpFQLFD GH REWHQFLyQ GHO PDWHULDO PiV TXH FRQ HO HVSHVRU GH

OD SHOtFXOD� 7pFQLFDV FRPR 39'� &9'��� VH LQFOX\HQ HQ OD FDWHJRUtD GH SHOtFXOD

GHOJDGD \ VFUHHQ SULQWLQJ� VSUD\LQJ��� HQ OD GH SHOtFXOD JUXHVD� DXQTXH FRQ

DOJXQD GH ODV LQFOXLGDV HQ HVWD ~OWLPD FDWHJRUtD VH SXHGDQ REWHQHU SHOtFXODV GH



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

HVSHVRUHV LQIHULRUHV D XQD PLFUD� /DV WpFQLFDV GH IDEULFDFLyQ VH DQDOL]DUiQ HQ

PD\RU GHWDOOH HQ HO DSDUWDGR ����

������ �(5È0,&$6 6,17(5,=$'$6�

/DV FHUiPLFDV VHPLFRQGXFWRUDV HPSOHDGDV HQ OD GHWHFFLyQ GH JDV VH SXHGHQ

PDQXIDFWXUDU SRU HO PpWRGR GH VLQWHUL]DGR� /D HVWUXFWXUD GH ORV VHQVRUHV

REWHQLGRV SRU HVWH PpWRGR FRQVWD GH XQ EORTXH GH PDWHULDO VLQWHUL]DGR VREUH

GRV ILODPHQWRV PHWiOLFRV� XQR GH ORV FXDOHV DFW~D FRPR HOHPHQWR FDOHIDFWRU

PLHQWUDV HO VHJXQGR DFW~D FRPR HOHFWURGR SDUD UHDOL]DU PHGLGDV HOpFWULFDV GH

YDULDFLyQ GH UHVLVWHQFLD HQ HO PDWHULDO� WDO \ FRPR PXHVWUD OD ILJXUD ����

)LJXUD ��� (VWUXFWXUD WLSR GH XQ VHQVRU VLQWHUL]DGR FRQ FDOHIDFWRU \ HOHFWURGRV LQPHUVRV

HQ HO PDWHULDO >.RNDFKH ��@

(VWH GLVHxR EiVLFR WLHQH FRPR SULQFLSDO LQFRQYHQLHQWH OD SRFD

XQLIRUPLGDG HQ OD GLVWULEXFLyQ GH WHPSHUDWXUD FRQVHJXLGD HQ HO YROXPHQ GH

PDWHULDO� SDUiPHWUR TXH UHVXOWD GH FUXFLDO LPSRUWDQFLD HQ OD GHWHFFLyQ GH JDV�

8QR GH ORV SULPHURV GLVHxRV 7DJXFKL GH VHQVRUHV GH HVWH WLSR XWLOL]DED

GRV ILODPHQWRV VHSDUDGRV SRU XQ WUR]R GH DO~PLQD \ VLWXDGRV HQ HO LQWHULRU GHO

PDWHULDO DFWLYR� 8Q GLVHxR SRVWHULRU DO PHQFLRQDGR� FRPHUFLDOL]DGR SRU )LJDUR

>:DWVRQ ��@� \ D~Q XWLOL]DGR HQ DOJXQDV LQYHVWLJDFLRQHV >/L ��@ FRQVLVWH HQ XQ

ILODPHQWR VREUH XQ WXER GH DO~PLQD FX\D FDUD H[WHULRU OOHYD LPSUHVDV GRV

PHWDOL]DFLRQHV TXH DFW~DQ FRPR HOHFWURGRV �ILJXUD ����� (Q HVWH GLVHxR HO

PDWHULDO DFWLYR HV GHSRVLWDGR HQ IRUPD GH SHOtFXOD JUXHVD VREUH GLFKD FDUD

H[WHULRU \ OD YDULDFLyQ GH UHVLVWHQFLD VH PLGH PHGLDQWH ODV PHWDOL]DFLRQHV�

&DOHIDFWRU GH 3W

(OHFWURGR GH 3W

Ï[LGR GH HVWDxR
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)LJXUD ��� (VWUXFWXUD GH XQ VHQVRU VLQWHUL]DGR WLSR 7DJXFKL

(O SULQFLSDO SUREOHPD GH HVWH GLVHxR HV OD SpUGLGD GH FDORU SURGXFLGD

GHELGR D TXH HO FDOHIDFWRU QR HVWi WRWDOPHQWH HQ FRQWDFWR FRQ HO WXER \ SDUWH

GH OD SRWHQFLD VH LQYLHUWH HQ FDOHQWDU HO DLUH HQ HO LQWHULRU GHO PLVPR� 2WUD GH

ODV GHVYHQWDMDV HV TXH OD JHRPHWUtD FLOtQGULFD SUHVHQWD GLILFXOWDGHV D OD KRUD GH

OD SURGXFFLyQ PDVLYD�

8Q HMHPSOR GH VHQVRU VLQWHUL]DGR SDUD GHWHFFLyQ GH PRQy[LGR GH

FDUERQR TXH VH SXHGH HQFRQWUDU HQ HO PHUFDGR DFWXDOPHQWH HV HO PRGHOR 6%�

��� GH OD FRPSDxtD ),6 >),6 ��@� TXH OOHYD HQ HO PHUFDGR GHVGH HO DxR �����

6H WUDWD GH XQ VHQVRU IDEULFDGR HQ IRUPD GH PLQL�JRWD �PLQL�EHDG�� \ TXH WDO

FRPR VH KD H[SXHVWR� FRQWLHQH HQ HO LQWHULRU GHO PDWHULDO VHQVLEOH XQ KLOR TXH

KDFH ODV YHFHV GH FDOHIDFWRU \ RWUR TXH DFW~D FRPR HOHFWURGR� (O HOHPHQWR

VHQVLEOH VH VLW~D HQ HO LQWHULRU GH XQ HQFDSVXODGR PHWiOLFR HQ HO FXDO WDPELpQ VH

XELFD XQ ILOWUR GH FDUEyQ DFWLYR SDUD HYLWDU OD SUHVHQFLD GH JDVHV LQWHUIHUHQWHV

FRPR HO 12[ R HO HWDQRO� (O VHQVRU DFW~D HQ PRGR SXOVDGR GH WHPSHUDWXUD� SDUD

UHGXFLU VX FRQVXPR GH SRWHQFLD� TXH VHJ~Q ORV GDWRV GHO IDEULFDQWH� HV GH XQRV

��� P:� /D ILJXUD ��� PXHVWUD DOJXQRV VHQVRUHV GH ),6� DVt FRPR HO HVTXHPD

GH VX HVWUXFWXUD LQWHUQD� HO HOHPHQWR VHQVRU \ VX HQFDSVXODGR� (Q OD ILJXUD ���

�F� VH SXHGH REVHUYDU OD FRORFDFLyQ GH XQ ILOWUR H[WHUQR HQ HO HQFDSVXODGR

�DFWLYH FKDUFRDO�� PHGLDQWH HO TXH VH WUDWD GH VROYHQWDU HO SUREOHPD GH IDOWD GH

VHOHFWLYLGDG�

&RQWDFWRV

7XER GH PDWHULDO FHUiPLFR

Ï[LGR GH HVWDxR
&DOHIDFWRU



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

�D� �E�

�F�

)LJXUD ��� 6HQVRUHV ),6 HQFDSVXODGRV �D�� HOHPHQWR VHQVRU VLQ FiSVXOD �E� \ HVTXHPDV

LQWHUQRV GHO VHQVRU \ VX HQFDSVXODGR �F�
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(VWH PLVPR WLSR GH VHQVRU VH XWLOL]D HQ HO PyGXOR $����� WDPELpQ GH

),6� TXH PHGLDQWH HO VHQVRU 6%��� \ XWLOL]DQGR HO PpWRGR GH WHPSHUDWXUD

SXOVDGD� FX\DV VHxDOHV VRQ FRQYHQLHQWHPHQWH SURFHVDGDV HQ XQ FLUFXLWR

GLVHxDGR D WDO HIHFWR� HV FDSD] GH GLVFHUQLU HQWUH PHWDQR \ PRQy[LGR GH

FDUERQR�

������ �(/Ë&8/$ *58(6$�

%DMR HVWH HStJUDIH VLWXDUHPRV ORV VHQVRUHV IDEULFDGRV VREUH XQ VXVWUDWR SODQR�

JHQHUDOPHQWH GH DO~PLQD� DXQTXH WDPELpQ HO VLOLFLR R HO FXDU]R VRQ HPSOHDGRV

HQ DOJXQDV RFDVLRQHV FRPR VXVWUDWR HQ HVWH WLSR GH GLVSRVLWLYRV� 6X YHQWDMD

PiV LQPHGLDWD IUHQWH D ORV DQWHULRUHV HV OD PD\RU YHUVDWLOLGDG GHO SURFHVR GH

IDEULFDFLyQ� TXH VH SXHGH UHDOL]DU HQ VHULH \ FRQ PHQRUHV GLILFXOWDGHV WpFQLFDV�

'HQWUR GH ORV SRVLEOHV GLVHxRV TXH VH HPSOHDQ HQ SHOtFXODV JUXHVDV VH

SXHGH KDFHU OD FODVLILFDFLyQ EiVLFD GH GLVHxRV D XQD FDUD R D GRV FDUDV� (Q ORV

GLVHxRV D GRV FDUDV� HO HOHPHQWR FDOHIDFWRU VH VLW~D HQ OD FDUD SRVWHULRU GHO

VXVWUDWR� PLHQWUDV TXH ORV HOHFWURGRV VH VLW~DQ HQ OD FDUD DQWHULRU GHO PLVPR

SRU GHEDMR GH OD SHOtFXOD VHQVLEOH� /D ILJXUD ��� PXHVWUD XQ GLVHxR D GRV FDUDV

FRQ FDOHIDFWRU HQ OD FDUD SRVWHULRU �FHQWUR� \ FRQWDFWRV LQWHUGLJLWDGRV HQ OD FDUD

DQWHULRU �GHUHFKD� GH 6LHPHQV $*�

)LJXUD ��� 'LVHxR GH SHOtFXOD JUXHVD VREUH VXVWUDWR GH DO~PLQD HQFDSVXODGR HQ 72

�L]TXLHUGD�� FRQ FDOHIDFWRU HQ OD FDUD SRVWHULRU �FHQWUR� \ FRQWDFWRV LQWHUGLJLWDGRV HQ OD

FDUD DQWHULRU �GHUHFKD� GHVDUUROODGR HQ 6LHPHQV $* >6LHPHQV ��@ >)OHLVFKHU ��@



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

8Q HMHPSOR GH HVWH WLSR GH VHQVRU SDUD GHWHFFLyQ GH PRQy[LGR GH

FDUERQR HQ XVRV GRPpVWLFRV HV HO &$3�� �ILJXUD ���� GH &DSWHXU >&DSWHXU ��@�

TXH HPSOHD XQD SHOtFXOD VHQVLEOH GH XQ y[LGR GH WLWDQLR FURPR �y[LGR PL[WR�

VREUH VXVWUDWR GH DO~PLQD \ TXH FXPSOH OD QRUPDWLYD QRUWHDPHULFDQD 8/���� \

OD EULWiQLFD %6����� ,QFOX\H GRV WLSRV GH ILOWURV� XQ ILOWUR H[WHUQR GH FDUEyQ

DFWLYR \ XQR ILOWUR DFWLYR LQWHUQR VREUH HO FKLS �RQ�FKLS� TXH GHQRPLQD GH WLSR

$)7 �$FWLYH )LOWHU 7HFKQRORJ\�� WDPELpQ HQ HVWH FDVR FRQ HO ILQ GH PHMRUDU OD

VHOHFWLYLGDG DO PRQy[LGR GH FDUERQR� (VWH GLVSRVLWLYR UHTXLHUH XQD WHPSHUDWXUD

GH ���� & SDUD VX FRUUHFWR IXQFLRQDPLHQWR� WHPSHUDWXUD TXH VH PDQWLHQH

PHGLDQWH XQ FLUFXLWR H[WHUQR GH FRQWURO�

)LJXUD ��� 6HQVRUHV GH SHOtFXOD JUXHVD GH &DSWHXU �L]TXLHUGD� \ HVWUXFWXUD GH VX

GLVSRVLWLYR &$3�� SDUD GHWHFFLyQ GH PRQy[LGR GH FDUERQR�GHUHFKD�

%DViQGRVH HQ OD PLVPD WHFQRORJtD &DSWHXU WDPELpQ KD FRPHUFLDOL]DGR

VHQVRUHV FRQGXFWRPpWULFRV SDUD RWURV JDVHV SHOLJURVRV FRPR EXWDQR� FORUR�

HWDQRO� KLGUyJHQR R KH[DQR�

'HQWUR GH ORV GLVHxRV TXH DSXHVWDQ SRU HO FDOHIDFWRU \ OD SHOtFXOD VHQVLEOH

HQ OD PLVPD FDUD GHO VXVWUDWR� HO PRGHOR 7*6 ���� �ILJXUD ���� SDUD GHWHFFLyQ

GH &2 GH )LJDUR >)LJDUR ��@ YD PiV DOOi \ VLW~D OD SHOtFXOD VHQVLEOH GH y[LGR GH

HVWDxR HQFLPD GH XQD SHOtFXOD DLVODQWH TXH OD VHSDUD GHO HOHPHQWR FDOHIDFWRU GH

y[LGR GH UXWHQLR �5X2��� (O KHFKR GH VLWXDU OD SHOtFXOD VHQVLEOH HQFLPD GHO

FDOHIDFWRU SUHVHQWD OD YHQWDMD GH UHGXFLU HO FRQVXPR GH SRWHQFLD UHVSHFWR D ORV

GLVHxRV TXH OD VLW~DQ GH IRUPD FRQWLJXD DO FDOHIDFWRU� /D EDMD FDOLGDG GH OD
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SHOtFXOD DLVODQWH KDFH TXH HO VHQVRU GHED RSHUDU HQ PRGR SXOVDGR� GH WDO IRUPD

TXH QR VH SURGX]FD XQD PLJUDFLyQ GH HOHPHQWRV GH OD SHOtFXOD FDOHIDFWRUD D OD

SHOtFXOD VHQVLEOH GHELGR D XQ FDOHQWDPLHQWR FRQWLQXR GHO PDWHULDO VHQVRU� OR FXDO

FDPELDUtD VXV SURSLHGDGHV�

 

 

)LJXUD ��� 6HQVRUHV GH SHOtFXOD JUXHVD )LJDUR HQFDSVXODGRV �L]TXLHUGD� \ PRGHOR

7*6���� SDUD GHWHFFLyQ GH PRQy[LGR GH FDUERQR �GHUHFKD�

������ �(/Ë&8/$ '(/*$'$�

/RV VHQVRUHV GH SHOtFXOD GHOJDGD KDFHQ XVR GH ODV WpFQLFDV GH LQWHJUDFLyQ \D

HVWDEOHFLGDV HQ HO PXQGR GH OD PLFURHOHFWUyQLFD \ GHO VLOLFLR FRPR PDWHULDO EDVH

SDUD FRQVHJXLU EiVLFDPHQWH XQD PLQLDWXUL]DFLyQ HQ ORV VHQVRUHV FRQ WRGDV ODV

YHQWDMDV TXH FRQOOHYD OD UHGXFFLyQ GH WDPDxR� HQWUH ODV TXH GHVWDFD OD PD\RU

KRPRJHQHLGDG HQ ODV SURSLHGDGHV GH ORV GLVSRVLWLYRV IDEULFDGRV� /D XWLOL]DFLyQ

GH GLFKDV WpFQLFDV SHUPLWH SRU HMHPSOR LQWHJUDU HQ XQ ~QLFR GLVSRVLWLYR HO

VHQVRU \ ORV PyGXORV GH DFRQGLFLRQDPLHQWR GH VHxDO� DVt FRPR GLVHxDU SURFHVRV

GH IDEULFDFLyQ HQ PDVD FRQ HO XOWHULRU DXPHQWR GH OD UHSURGXFLELOLGDG \

UHGXFFLyQ GH FRVWRV GH SURGXFFLyQ� LQFOXVR DOJXQRV DXWRUHV KDQ WUDWDGR OD

SRVLELOLGDG GH LQWHJUDUORV HQ SURFHVRV &026 >+DXVQHU ��@�

/RV GLVHxRV PiV KDELWXDOHV HQ SHOtFXOD GHOJDGD XWLOL]DQ ODV GLVWLQWDV

WpFQLFDV GH PLFURPHFDQL]DGR SDUD REWHQHU XQD PHPEUDQD GH EDMR HVSHVRU



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

VREUH OD TXH VLWXDU HO PDWHULDO VHQVLEOH DO JDV� 0HGLDQWH HO PLFURPHFDQL]DGR� HO

HOHPHQWR FDOHIDFWRU WLHQH XQ PHQRU YROXPHQ GH PDWHULDO TXH FDOHQWDU SDUD

REWHQHU OD WHPSHUDWXUD GH IXQFLRQDPLHQWR DGHFXDGD HQ HO VHQVRU� H LQFOXVR OD

SHOtFXOD VHQVRUD SXHGH OOHJDU D DLVODUVH WpUPLFDPHQWH GHO VXVWUDWR GH VLOLFLR� 'H

HVWD IRUPD VH GLVPLQX\H HO FRQVXPR GH SRWHQFLD DO PLVPR WLHPSR TXH VH

DVHJXUD XQ PD\RU FRQWURO VREUH OD WHPSHUDWXUD GH IXQFLRQDPLHQWR GHO VHQVRU�

(O FRQWURO SUHFLVR GH OD WHPSHUDWXUD XQLGR D OD EDMD LQHUFLD WpUPLFD GH HVWH WLSR

GH GLVSRVLWLYR� SHUPLWH OD RSHUDFLyQ HQ WHPSHUDWXUD SXOVDGD� PRGDOLGDG TXH

SHUPLWH SRU XQD SDUWH OD PRGXODFLyQ GH OD VHQVLELOLGDG D GLVWLQWRV JDVHV

YDULDQGR OD WHPSHUDWXUD GH RSHUDFLyQ� \ SRU RWUD XQD GLVPLQXFLyQ D~Q PiV

DFXVDGD GHO FRQVXPR HOpFWULFR >-DHJOH ��@�

/D HVWUXFWXUD GHO VHQVRU PLFURPHFDQL]DGR SXHGH GLVHxDUVH FRQ HO

FDOHIDFWRU FRQWLJXR D OD SHOtFXOD VHQVLEOH >5HQDXOW ��@� HVWUXFWXUD GHQRPLQDGD

KRUL]RQWDO R FRQ HO FDOHIDFWRU GHEDMR GH OD PLVPD� GHQRPLQDGD YHUWLFDO �ILJXUD

����� (O SULPHU GLVHxR SHUPLWLUi DFRUWDU HO SURFHVR GH IDEULFDFLyQ� TXH \D QR

UHTXHULUi GH XQD FDSD TXH DFW~H FRPR DLVODQWH HOpFWULFR HQWUH FDOHIDFWRU \

SHOtFXOD VHQVLEOH� DLVODQWH TXH Vt VHUi QHFHVDULR HQ HO VHJXQGR FDVR� (Q HO

VHJXQGR GLVHxR �FDOHIDFWRU LQWHJUDGR EDMR OD SHOtFXOD VHQVLEOH�� HO FDOHQWDPLHQWR

VH ORFDOL]DUi GH IRUPD PiV GLUHFWD VREUH OD FDSD VHQVLEOH� FRQ HO FRQVLJXLHQWH

DKRUUR GH SRWHQFLD GH FDOHIDFFLyQ�

)LJXUD ��� 'LVHxR YHUWLFDO �L]TXLHUGD� \ GLVHxR KRUL]RQWDO �GHUHFKD� GH PHPEUDQD

PLFURPHFDQL]DGD�

(Q UHVXPHQ� HQ HO GLVHxR GH XQD HVWUXFWXUD PLFURPHFDQL]DGD FRQ

FDOHIDFWRU LQWHJUDGR HQWUDQ D IRUPDU SDUWH FXDWUR HOHPHQWRV�

3HOtFXOD VHQVLEOH

(OHFWURGRV

&DOHIDFWRU
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• HO FDOHIDFWRU� QRUPDOPHQWH GH 3W R GH SROLVLOLFLR �HVWH ~OWLPR GD DO

GLVSRVLWLYR XQD PD\RU FRPSDWLELOLGDG FRQ ORV SURFHVRV

PLFURHOHFWUyQLFRV HVWiQGDU�

• HO DLVODPLHQWR HOpFWULFR HQWUH FDOHIDFWRU \ SHOtFXOD VHQVLEOH

• ORV FRQWDFWRV HOpFWULFRV SDUD REWHQHU OD VHxDO GH OD FDSD VHQVLEOH

• HO DLVODPLHQWR WpUPLFR HQWUH HO HOHPHQWR FDOHIDFWRU \ HO VXVWUDWR

PHFiQLFR GHO GLVSRVLWLYR

OD SHOtFXOD VHQVRUD SXHGH OOHJDU D DLVODUVH WpUPLFDPHQWH GHO VXVWUDWR GH

VLOLFLR \ DGHPiV 3DUD REWHQHU XQ PHMRU DLVODPLHQWR WpUPLFR \ HYLWDU ODV SpUGLGDV

GH FDORU GHVGH OD SHOtFXOD VHQVLEOH KDFLD HO VXVWUDWR PHFiQLFR TXH OD VRSRUWD� HV

LPSRUWDQWH OD HVWUXFWXUD GH OD PHPEUDQD PLFURPHFDQL]DGD� (O GLVHxR GH OD

PHPEUDQD SXHGH VHU XQLIRUPH HQ WRGD VX H[WHQVLyQ� WDPELpQ GHQRPLQDGR GH

PHPEUDQD FHUUDGD >/HH ��@ >*XLGL ��@� R VXVSHQGLGD GHO VXVWUDWR PHFiQLFR SRU

FXDWUR EUD]RV GH WDO PRGR TXH HO DLVODPLHQWR WpUPLFR VH DXPHQWH >3RSHVFX ��@

>7DQJ ��@ >7VDL ��@� (MHPSORV GH HVWRV GLVHxRV VH SXHGHQ REVHUYDU HQ OD ILJXUD

����

)LJXUD ��� 'LVHxRV GH PHPEUDQD PLFURPHFDQL]DGD FHUUDGD �SDUWH VXSHULRU� \ GH

PHPEUDQD PLFURPHFDQL]DGD DELHUWD R VXVSHQGLGD �SDUWH LQIHULRU�

0HPEUDQD

ÈUHD DFWLYD

6L

(OHFWURGRV

&DOHIDFWRU

3HOtFXOD VHQVLEOH

6L

ÈUHD DFWLYD

6L

(OHFWURGRV

&DOHIDFWRU

3HOtFXOD VHQVLEOH
%UD]RV GH VXVSHQVLyQ



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

8Q HMHPSOR GH FDSD VHQVLEOH VREUH FDOHIDFWRU VH SXHGH YHU HQ HO GLVHxR

GH 0,&6 >0,&6 ��@ �0LFUR&KHPLFDO 6\VWHPV� QXHYR QRPEUH GH OD DQWLJXD

GLYLVLyQ GH VHQVRUHV GH 0RWRUROD� GH OD ILJXUD ���� HQ HO TXH DGHPiV HO

FDOHIDFWRU �KHDWHU� HVWi VLWXDGR GHEDMR GH OD SHOtFXOD VHQVLEOH �VHQVLWLYH OD\HU� \

DLVODGR GH OD PLVPD PHGLDQWH XQD FDSD GLHOpFWULFD�

)LJXUD ��� 6HQVRUHV GH SHOtFXOD GHOJDGD 0,&6����� SDUD GHWHFFLyQ GH &2 HQFDSVXODGRV

�L]TXLHUGD� \ HVWUXFWXUD HQ SODQWD GH XQ VHQVRU �GHUHFKD�

(VWD FRPSDxtD WDPELpQ PDQXIDFWXUD VHQVRUHV GH HVWD WHFQRORJtD SDUD

RWURV JDVHV FRPR PHWDQR� HWDQRO� R]RQR R GLy[LGR GH QLWUyJHQR� 0LFURVHQV

>0LFURVHQV ��@ WDPELpQ XWLOL]D WHFQRORJtDV GH SHOtFXOD GHOJDGD HQ OD IDEULFDFLyQ

GH VHQVRUHV GH JDV �ILJXUD ������ /RV HOHPHQWRV FDOHIDFWRUHV HVWiQ IDEULFDGRV

GH 3W GH ��� QP GH HVSHVRU \ HO PDWHULDO VHQVRU XWLOL]DGR HV y[LGR GH HVWDxR

REWHQLGR SRU 39' 0DJQHWURQ 6SXWWHULQJ� 3RU HMHPSOR� HQ HO PRGHOR 06*6 ����

SDUD GHWHFFLyQ FRQMXQWD GH PHWDQR \ &2� ODV GLPHQVLRQHV GH OD PHPEUDQD VRQ

GH ���[��� µP�� \ GHQWUR GH HVWD iUHD OD ]RQD TXH RFXSD HO PDWHULDO VHQVLEOH

HV GH ���[��� µP�� OR FXDO SHUPLWH REWHQHU ���� VHQVRUHV D SDUWLU GH XQD REOHD

GH 6L GH � SXOJDGDV� (Q HVWH PRGHOR HO FRQVXPR WtSLFR GH SRWHQFLD D

WHPSHUDWXUD QRUPDO GH IXQFLRQDPLHQWR ����� &� HV GH ���� P:�
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�D�

�E�

)LJXUD ���� 6HQVRUHV GH SHOtFXOD GHOJDGD 0LFURVHQV 06*6 ���� SDUD GHWHFFLyQ GH &2

PRQWDGR VREUH XQD FiSVXOD WLSR 72 �E L]TXLHUGD�� FLUFXLWR HTXLYDOHQWH �E GHUHFKD� \

HVTXHPD GH SHUILO GHO GLVSRVLWLYR PLFURPHFDQL]DGR �D�

/DV HVWUXFWXUDV PLFURPHFDQL]DGDV� GHELGR D VX UHGXFLGR WDPDxR�

SHUPLWHQ OD FRQVWUXFFLyQ GH GLVSRVLWLYRV PXOWLVHQVRUHV� WDPELpQ OODPDGRV

PDWULFHV GH VHQVRUHV� TXH LQFRUSRUDQ YDULRV GLVSRVLWLYRV FRQ GLVWLQWDV

SURSLHGDGHV VHQVLWLYDV HQ XQ PLVPR FKLS >6KDUPD ��@� (O DQiOLVLV GH ODV VHxDOHV

REWHQLGDV GH FDGD XQR GH ORV FRPSRQHQWHV GH OD PDWUL]� SHUPLWH GLVFULPLQDU XQ

PD\RU Q~PHUR GH JDVHV FRQ XQ ~QLFR GLVSRVLWLYR� SRU HMHPSOR PDQWHQLHQGR

FDGD XQR GH ORV VHQVRUHV D GLVWLQWD WHPSHUDWXUD GH RSHUDFLyQ >+RUULOOR ��@�

3UHVHQWDQ HO LQFRQYHQLHQWH GH QHFHVLWDU XQ SURFHVDGR GH ODV VHxDOHV HOpFWULFDV

REWHQLGDV� 0LFURVHQV� HQ VXV PRGHORV 06*6����� LQFRUSRUD GLVSRVLWLYRV GH

FXDWUR \ VHLV VHQVRUHV HQ XQ ~QLFR FKLS� (Q OD ILJXUD ���� VH SXHGH YHU XQD

DSOLFDFLyQ GH XQD PDWUL] GH HVWH WLSR HQ OD GHWHFFLyQ GH FRPSXHVWRV RUJiQLFRV

YROiWLOHV�



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

)LJXUD ���� 0DWULFHV GH VHQVRUHV 06*6 ���� GH 0LFURVHQV PRQWDGDV HQ HQFDSVXODGR

WLSR 72 GH � VHQVRUHV �SDUWH VXSHULRU L]TXLHUGD�� GH � VHQVRUHV �SDUWH VXSHULRU GHUHFKD�

\ HMHPSOR GH DSOLFDFLyQ GH OD PDWUL] GH � \ GHWDOOH GH OD PLVPD �SDUWH LQIHULRU�

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

'HVGH TXH HQ HO DxR ���� >6HL\DPD ��@ VH SXEOLFDURQ ORV SULPHURV UHVXOWDGRV

DFHUFD GH y[LGRV VHPLFRQGXFWRUHV FRPR GHWHFWRUHV GH JDV� VH KDQ GHVDUUROODGR

YDULRV SURGXFWRV FRPHUFLDOHV SDUD GHWHFFLyQ GH JDV EDVDGRV HQ HVWH WLSR GH

PDWHULDOHV� /D FRQWLQXLGDG HQ OD LQYHVWLJDFLyQ HQ WRUQR D ORV GLVWLQWRV y[LGRV

VHPLFRQGXFWRUHV \ VXV SURSLHGDGHV HV IXQGDPHQWDO SDUD OD FRPSUHQVLyQ GH ORV

PHFDQLVPRV TXH WUDQVIRUPDQ ODV FRPSRVLFLRQHV GH XQD PH]FOD JDVHRVD HQ

YDULDFLRQHV GH FRQGXFWDQFLD� WRGR OR FXDO FRQVWLWX\H OD EDVH HQ HO GHVDUUROOR GH

QXHYRV GLVSRVLWLYRV�
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/RV y[LGRV VHPLFRQGXFWRUHV VH XWLOL]DQ SDUD GRV WLSRV GLVWLQWRV GH

DSOLFDFLyQ HQ VHQVRUL]DFLyQ GH JDV�

�L� 3DUD PRQLWRUL]DU DWPyVIHUDV HQ ODV TXH HO SDUiPHWUR TXH YDUtD

HV OD SUHVLyQ SDUFLDO GH R[tJHQR�

�LL� 3DUD GHWHFWDU FRPSRQHQWHV TXH VH HQFXHQWUDQ HQ XQD

SURSRUFLyQ PX\ EDMD HQ XQD GHWHUPLQDGD DWPyVIHUD�

QRUPDOPHQWH GH DLUH� HQ OD FXDO OD SUHVLyQ SDUFLDO GH R[tJHQR

SHUPDQHFH SUiFWLFDPHQWH FRQVWDQWH�

�������$7(5,$/(6 < 0(&$1,6026 3$5$ '(7(&&,Ï1 '( 2;Ë*(12�

'HQWUR GHO SULPHU JUXSR� KD\ PDWHULDOHV TXH UHVSRQGHQ DO FDPELR HQ OD

SUHVLyQ SDUFLDO GH R[tJHQR D WHPSHUDWXUDV HOHYDGDV �!���� &� \ RWURV TXH OR

KDFHQ D WHPSHUDWXUDV PiV EDMDV �HQWUH ��� \ ���� &� >0RVHOH\ ��@� /RV

SULPHURV VXIUHQ FDPELRV YROXPpWULFRV HQ OD FRQGXFWDQFLD PLHQWUDV TXH ORV

VHJXQGRV VyOR VXIUHQ FDPELRV GHQRPLQDGRV GH WLSR VXSHUILFLDO� (Q DPERV FDVRV

XQ DXPHQWR HQ OD SUHVLyQ SDUFLDO GH R[tJHQR FRQGXFLUi D XQD GLVPLQXFLyQ HQ OD

FRQGXFWLYLGDG HQ VHPLFRQGXFWRUHV GH WLSR Q \ D XQ DXPHQWR GH OD PLVPD HQ

VHPLFRQGXFWRUHV GH WLSR S �WDEOD ����� (Q XQD DWPyVIHUD UHGXFWRUD VXFHGHUi

H[DFWDPHQWH OR FRQWUDULR� $ FRQWLQXDFLyQ VH H[SRQHQ ORV IHQyPHQRV TXH VH

SURGXFHQ HQ HO FDVR GH TXH ORV FDPELRV VHDQ GH WLSR YROXPpWULFR R VL SRU HO

FRQWUDULR VRQ GH WLSR VXSHUILFLDO�

7LSR GH PDWHULDO *DVHV R[LGDQWHV *DVHV UHGXFWRUHV

Q � �

S � �

7DEOD ��� 6LJQR GHO FDPELR GH FRQGXFWLYLGDG HQ y[LGRV VHPLFRQGXFWRUHV WLSR S \ Q

FXDQGR DXPHQWD OD SUHVLyQ SDUFLDO GH R[tJHQR

$� &DPELRV YROXPpWULFRV� ORV PDWHULDOHV TXH VXIUHQ HVWH WLSR GH FDPELR

HQ OD FRQGXFWDQFLD PXHVWUDQ XQD UHODFLyQ HQWUH OD SUHVLyQ SDUFLDO GH R[tJHQR \

OD FRQGXFWLYLGDG TXH UHIOHMD HO HTXLOLEULR HQWUH OD DWPyVIHUD \ VX HVWHTXLRPHWUtD

YROXPpWULFD� \ TXH UHVSRQGH D OD H[SUHVLyQ�



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��
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σ� FRQGXFWLYLGDG HOpFWULFD

$� FRQVWDQWH

($� HQHUJtD GH DFWLYDFLyQ

3R�� SUHVLyQ SDUFLDO GH R[tJHQR

1� FRQVWDQWH TXH GHSHQGH GHO WLSR GH GHIHFWR YROXPpWULFR TXH
GHWHUPLQH HO HTXLOLEULR HQWUH HO R[tJHQR \ HO PDWHULDO

6L SRU HMHPSOR HO GHIHFWR SULQFLSDO HV XQD YDFDQWH GH R[tJHQR

GREOHPHQWH FDUJDGD�
..

OV � TXH RFXSD XQD YDFDQWH GH R[tJHQR 2[� HQWRQFHV VH

SXHGH HVFULELU XQD UHDFFLyQ GH HTXLOLEULR�

−++⇔ eOVO O
x 2

2

1
2

..     [3.2] 

3RU PHGLR GH OD FRQVWDQWH GH HTXLOLEULR GH OD UHDFFLyQ \ KDFLHQGR

EDODQFH GH FDUJD HQ OD PLVPD� VH SXHGH FRQFOXLU TXH OD FRQFHQWUDFLyQ GH

HOHFWURQHV >H@ HV SURSRUFLRQDO D OD SUHVLyQ SDUFLDO GH R[tJHQR HOHYDGD D ±����

FRQ OR FXDO HVWH WLSR GH GHIHFWR HQ SDUWLFXODU FRQGXFLUtD D XQ YDORU GH 1 �� HQ

OD H[SUHVLyQ GH OD FRQGXFWLYLGDG SUHYLDPHQWH UHVHxDGD� (Q GLFKD HFXDFLyQ VH

SXHGH REVHUYDU TXH FXDQWR PHQRU VHD HO YDORU GH 1 PD\RU VHUi OD VHQVLELOLGDG

GHO PDWHULDO D FDPELRV HQ OD SUHVLyQ SDUFLDO GH R[tJHQR \ FXDQWR PHQRU VHD OD

HQHUJtD GH DFWLYDFLyQ ($� PHQRU VHUi OD VHQVLELOLGDG GH OD UHVSXHVWD D ORV

FDPELRV GH WHPSHUDWXUD� 7DPELpQ VH SXHGH REVHUYDU HQ OD HFXDFLyQ TXH OD

VHQVLELOLGDG GH OD FRQGXFWDQFLD D FDPELRV HQ OD WHPSHUDWXUD SRGUtD OOHJDU D VHU

PD\RU TXH OD VHQVLELOLGDG D ORV FDPELRV HQ OD SUHVLyQ SDUFLDO GH R[tJHQR� FRQ OR

FXDO ORV VHQVRUHV TXH XWLOLFHQ HVWH WLSR GH IHQyPHQR HQ VX IXQFLRQDPLHQWR

QHFHVLWDQ XQ FRQWURO SUHFLVR GH OD WHPSHUDWXUD GH RSHUDFLyQ >0RVHOH\ ��@�

(Q HVWRV PDWHULDOHV VH REVHUYD TXH D SDUWLU GH XQD GHWHUPLQDGD SUHVLyQ

SDUFLDO GH R[tJHQR SXHGH H[LVWLU XQ FDPELR GH FRPSRUWDPLHQWR WLSR Q D

FRPSRUWDPLHQWR WLSR S GHO PDWHULDO� IHQyPHQR TXH VL RFXUUH D SUHVLRQHV

SDUFLDOHV FUtWLFDV HQ OD GHWHFFLyQ GH JDV SXHGH FRQGXFLU D HUURUHV HQ OD OHFWXUD

GH VDOLGD HOpFWULFD GHO VHQVRU�
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(O SULQFLSDO XVR GH HVWH WLSR GH PDWHULDOHV HV OD IDEULFDFLyQ GH ODV

VRQGDV ODPEGD SDUD GHWHFFLyQ GH R[tJHQR� XWLOL]DGDV SDUD FRQWURODU OD PH]FOD

GH DLUH \ FRPEXVWLEOH HQ PRWRUHV GH FRPEXVWLyQ� 6H SXHGH YHU XQ OLVWDGR GH ORV

PLVPRV HQ OD WDEOD ����

0DWHULDO 6HQVLELOLGDG

DO R[tJHQR �1�

7HPSHUDWXUD

GH IXQFLRQDPLHQWR ��&�

7L2�

&U�2�

1E�2�

&H2�

7K2�

*D�2�

6U0J[7L��[2��δ

6U7L2�

%D7L2�

%D)H��[0[2��δ
�0 7D�1E�7L�=U�+I�6Q�

*D�2�

=Q&U�2�
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7DEOD ��� Ï[LGRV VHPLFRQGXFWRUHV GH FRQGXFFLyQ YROXPpWULFD SDUD GHWHFFLyQ GH R[tJHQR

%� &DPELRV VXSHUILFLDOHV� HQ ORV SURFHVRV GH HVWH WLSR QR VH WLHQHQ HQ

FXHQWD ORV HIHFWRV GH OD GLIXVLyQ YROXPpWULFD GH R[tJHQR� \D TXH D ODV

WHPSHUDWXUDV FRQVLGHUDGDV HQ HVWH FDVR� HO HTXLOLEUDGR GH ORV GHIHFWRV

YROXPpWULFRV HV PX\ OHQWR� /RV IHQyPHQRV GH DEVRUFLyQ GH R[tJHQR VH

SURGXFHQ HQ HVWH FDVR D HVFDOD VXSHUILFLDO \ HQ ODV MXQWDV GH JUDQR� $TXt HO

~QLFR IHQyPHQR D WHQHU HQ FXHQWD HQ HO YROXPHQ GHO PDWHULDO HV HO WUDQVSRUWH

GH HOHFWURQHV� $OJXQRV PDWHULDOHV XWLOL]DGRV HQ HVWH FDVR SDUD OD GHWHFFLyQ GH

R[tJHQR VH UHVXPHQ HQ OD WDEOD ����



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

0DWHULDO 7LSR �S y Q� 7HPSHUDWXUD

GH IXQFLRQDPLHQWR ��&�

1E�2�

&U�2�

=Q2

0Q�2�

6Q2�

&H2�

Q

S

Q
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Q

Q
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7DEOD ��� Ï[LGRV VHPLFRQGXFWRUHV GH FRQGXFFLyQ VXSHUILFLDO SDUD GHWHFFLyQ GH R[tJHQR

(Q HVWH WLSR GH PDWHULDOHV� OD IRUPDFLyQ GH LRQHV GH R[tJHQR

VXSHUILFLDOHV OOHYD D XQD GHSOHFFLyQ GH SRUWDGRUHV GH FDUJD HQ HO FDVR GH ORV

VHPLFRQGXFWRUHV WLSR Q \ D OD IRUPDFLyQ GH EDUUHUDV 6FKRWWN\ HQ ODV IURQWHUDV

HQWUH SDUWtFXODV GHO PDWHULDO� FRPR VH SXHGH REVHUYDU HQ OD ILJXUD �����

)LJXUD ���� )RUPDFLyQ GH LRQHV VXSHUILFLDOHV HQ y[LGR VHPLFRQGXFWRU�

�������$7(5,$/(6 < 0(&$1,6026 3$5$ '(7(&&,Ï1 '( 3(48(f$6

&21&(175$&,21(6 '( *$6 (1 $,5(�

(Q HVWH FDVR ORV PDWHULDOHV VH PDQWLHQHQ D WHPSHUDWXUDV GH HQWUH ��� \

����&� D ODV FXDOHV ODV UHDFFLRQHV VRQ WDPELpQ GH WLSR VXSHUILFLDO \ WLHQHQ OXJDU

D XQD YHORFLGDG VXILFLHQWH SDUD OD GHWHFFLyQ GHO JDV� /RV FDPELRV HQ OD

FRQFHQWUDFLyQ GH R[tJHQR HQ HO VXVWUDWR QR VRQ LPSRUWDQWHV HQ HVWDV

DSOLFDFLRQHV� \D TXH OD WHPSHUDWXUD QR HV VXILFLHQWH SDUD HVWH WLSR GH SURFHVRV�

8QR GH ORV PDWHULDOHV PiV LQYHVWLJDGRV FRPR HOHPHQWR DFWLYR HQ OD GHWHFFLyQ

GH JDVHV HQ SHTXHxDV FRQFHQWUDFLRQHV HQ DWPyVIHUD GH DLUH HV HO y[LGR GH

HVWDxR� (Q HVWD FODVH GH PDWHULDOHV� ORV LRQHV GH R[tJHQR DEVRUELGRV HQ OD

� �

�

�

�

=

=
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H

H

H
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VXSHUILFLH UHDFFLRQDQ FRQ ODV SHTXHxDV FRQFHQWUDFLRQHV GH JDV R[LGDQWH R

UHGXFWRU FRQWHQLGR HQ OD DWPyVIHUD� (VWR GD OXJDU D YDULDFLRQHV HQ OD GHQVLGDG

GH SRUWDGRUHV GH FDUJD HQ HO YROXPHQ� TXH PRGXODQ OD DOWXUD GH ODV ]RQDV GH

GHSOHFFLyQ R DFXPXODFLyQ GH SRUWDGRUHV JHQHUDGDV HQ OD VXSHUILFLH ItVLFD GH

PDWHULDO DVt FRPR HQ ODV MXQWDV GH JUDQR� DO LJXDO TXH HQ ORV PDWHULDOHV

HPSOHDGRV HQ OD GHWHFFLyQ GH R[tJHQR D EDMDV WHPSHUDWXUDV� 8Q HMHPSOR GH

UHDFFLyQ HV HO GHO 6Q2� �PDWHULDO VHPLFRQGXFWRU WLSR Q� HQ SUHVHQFLD GH XQ JDV

UHGXFWRU FRPR HO PRQy[LGR GH FDUERQR� TXH OOHYDUtD D XQ DXPHQWR GH OD

GHQVLGDG GH SRUWDGRUHV GH FDUJD HQ OD EDQGD GH FRQGXFFLyQ� FRPR VH LQGLFD HQ

OD VLJXLHQWH UHDFFLyQ�

−− +→+ voleCOCOO 2sup2 22     [3.3] 

(O PHFDQLVPR VHxDODGR PXHVWUD FODUDPHQWH ORV PRWLYRV GH OD IDOWD GH

VHOHFWLYLGDG GH ORV y[LGRV PHWiOLFRV DQWH JDVHV GH OD PLVPD QDWXUDOH]D

�R[LGDQWH R UHGXFWRUD�� GDGR TXH FXDOTXLHU JDV TXH SXHGD GDU OXJDU D XQD

UHDFFLyQ GH FRPEXVWLyQ DQiORJD D OD H[SXHVWD WHQGUi XQ HIHFWR VLPLODU VREUH OD

FRQGXFWLYLGDG GHO PDWHULDO�

(Q OD WDEOD ��� VH SUHVHQWDQ DOJXQRV HMHPSORV GH PDWHULDOHV XWLOL]DGRV

SDUD OD GHWHFFLyQ GH DOJXQRV JDVHV FRPXQHV HQ DPELHQWHV GRPpVWLFRV H

LQGXVWULDOHV FRPR HO PHWDQR \ HO PRQy[LGR GH FDUERQR

0DWHULD

O

*DVHV 5HIHUHQFLDV

6Q2�

=Q2

:2�

&R�2�

,Q�2�

*D�2�

0R2�

+�� +�6� 12� 12[� 12�� &2� &�+�� &+��
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&2� &+�� 1+�� +�6� 62�� 12
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2�� 12�� &+�� &2� &�+�2+� 1+�
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&2� 12�

>6EHUYHJOLHUL ��@

>0RVHOH\ ��@

>0RVHOH\ ��@ >7RPFKHQNR ��@

>6EHUYHJOLHUL ��@

>6EHUYHJOLHUL ��@ >5RPDQRYVND\D

��@ >&RPLQL ��@ >6EHUYHJOLHUL ��@

>)OHLVFKHU ��@ >)OHLVFKHU ��@

>)UDQN ��@

>*XLGL ��@ >&RPLQL ��@ >&RPLQL

��@

7DEOD ��� $OJXQRV PDWHULDOHV XWLOL]DGRV HQ VHQVRUHV GH JDV FRQGXFWRPpWULFRV



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

6H SXHGH REVHUYDU OD SUHVHQFLD GHO *D�2� WDQWR HQ OD WDEOD ��� FRPR HQ

OD WDEOD ��� GDGR TXH HV WDPELpQ XWLOL]DGR FRPR PDWHULDO GHWHFWRU GH R[tJHQR D

HOHYDGDV WHPSHUDWXUDV� 6H KD SUREDGR TXH SRU GHEDMR GH ���� &� OD YDULDFLyQ

GH FRQGXFWLYLGDG HQ HO YROXPHQ GHELGD D OD SUHVHQFLD GH R[tJHQR QR LQWHUILHUH

HQ OD GHWHFFLyQ GH ORV JDVHV VHxDODGRV HQ OD OLVWD >)OHLVFKHU ��@�

6H UHFRJHQ WDPELpQ HQ OD OLWHUDWXUD y[LGRV WHUQDULRV �&G,Q�2�� 1L7D�2��

&R7D�2�� &X7D�2�� %D6Q2�� %L�6Q�2�� <%D�&X�2��δ� %L[0R\2�� 6Q��[)H[2\��

XWLOL]DGRV HQ OD GHWHFFLyQ GH ORV PLVPRV JDVHV VHxDODGRV HQ OD WDEOD DQWHULRU�

DXQTXH VX XVR HVWi PXFKR PHQRV H[WHQGLGR�

2WURV PDWHULDOHV GH WLSR RUJiQLFR �PROHFXODUHV� VXSUDPROHFXODUHV \

SROLPpULFRV� VRQ LQYHVWLJDGRV WDPELpQ SRU VX VHQVLELOLGDG DO JDV� DXQTXH VX

HVWXGLR HVWi PiV RULHQWDGR D OD GHWHFFLyQ GH PROpFXODV YROiWLOHV GH WLSR

RUJiQLFR >*|SHO ��@� 6X SULQFLSDO YHQWDMD HV VX YHUVDWLOLGDG D OD KRUD GH OD

SUHSDUDFLyQ GH SHOtFXODV GH PDWHULDO�

(QWUH WRGRV ORV PDWHULDOHV TXH VH UHVHxDQ HQ ELEOLRJUDItD� HO HOHJLGR HQ

HVWH WUDEDMR HV HO y[LGR GH HVWDxR� SRU VHU HO PiV HPSOHDGR HQ OD GHWHFFLyQ GH

SHTXHxDV FRQFHQWUDFLRQHV GH JDV� 6XV SURSLHGDGHV HVWUXFWXUDOHV \ HOpFWULFDV

HVWiQ DPSOLDPHQWH UHIHUHQFLDGDV� DXQTXH ORV PHFDQLVPRV GH GHWHFFLyQ VRQ D~Q

XQ PRWLYR GH GLVFXVLyQ� 6X DSOLFDFLyQ VH H[WLHQGH D XQ JUDQ Q~PHUR GH JDVHV�

YDULDQGR SDUiPHWURV GH IDEULFDFLyQ \ FRQGLFLRQHV GH IXQFLRQDPLHQWR� 3RU RWUD

SDUWH� ODV IRUPDV GH REWHQFLyQ GHO PLVPR VRQ GLYHUVDV �DSDUWDGR ���� \

SHUPLWHQ DOFDQ]DU HVWUXFWXUDV FRQ SURSLHGDGHV PX\ GLIHUHQWHV�
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/D REWHQFLyQ GHO PDWHULDO VHQVLEOH HV HO SURFHVR GH PD\RU UHOHYDQFLD HQ OD

IDEULFDFLyQ GH VHQVRUHV GH JDV� \D TXH GH ODV SURSLHGDGHV GHO PLVPR YDQ D

GHSHQGHU ODV FDUDFWHUtVWLFDV IXQFLRQDOHV GHO VHQVRU \ VX UHVSXHVWD HOpFWULFD DO

JDV� /DV WpFQLFDV HPSOHDGDV VRQ GLIHUHQWHV HQ HO FDVR GH ODV SHOtFXODV JUXHVDV \

GH ODV SHOtFXODV GHOJDGDV� (Q JHQHUDO� ORV SURFHVRV GH REWHQFLyQ GH y[LGR GH

HVWDxR SHUVLJXHQ OD IRUPDFLyQ GH HVWUXFWXUDV SROLFULVWDOLQDV� TXH SUHVHQWHQ

DEXQGDQWHV MXQWDV GH JUDQR HQ ODV TXH VH SURGX]FDQ ORV PRYLPLHQWRV GH FDUJDV

TXH JRELHUQDQ ORV SURFHVRV GH GHWHFFLyQ GH JDV D EDMD WHPSHUDWXUD

>6EHUYHJOLHUL ��@�
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(Q XQRV FDVRV OD REWHQFLyQ GH PDWHULDO \ HO GHSyVLWR GHO PLVPR VREUH HO

VXVWUDWR HOHJLGR VH XQHQ HQ XQ ~QLFR SURFHVR� HQ ODV GHQRPLQDGDV WpFQLFDV GH

SHOtFXOD GHOJDGD �DSDUWDGR ������� IRUPiQGRVH OD FDSD GH ODV HVSHFLHV DWyPLFDV

R PROHFXODUHV TXH FRPSRQHQ HO PDWHULDO SRU DJUHJDGR LQGLYLGXDO GH GLFKDV

HVSHFLHV� (Q RWURV FDVRV H[LVWH XQ SURFHVR GH REWHQFLyQ GHO PDWHULDO� HQ HO FXDO

JHQHUDOPHQWH VH ORJUD OD FRPSRVLFLyQ GHILQLWLYD GHO PLVPR� VHJXLGR GH OD

SRVWHULRU WpFQLFD GH GHSyVLWR� (VWD FDWHJRUtD VH GHVLJQD HQ VX FRQMXQWR FRPR

WpFQLFDV GH SHOtFXOD JUXHVD �DSDUWDGR ������� &RPR \D VH LQGLFy HQ HO DSDUWDGR

���� OD FODVLILFDFLyQ UHVSRQGH D OD IRUPD GH REWHQFLyQ PiV TXH DO SURSLR HVSHVRU

GH OD SHOtFXOD REWHQLGD� \D TXH DXQTXH WUDGLFLRQDOPHQWH ODV WpFQLFDV GH SHOtFXOD

JUXHVD KDQ VHUYLGR SDUD OD IDEULFDFLyQ GH FDSDV GH PD\RU HVSHVRU� HQ OD

DFWXDOLGDG SHUPLWHQ REWHQHU HQ FLHUWRV FDVRV HVSHVRUHV FRPSDUDEOHV D ODV

WpFQLFDV GH SHOtFXOD GHOJDGD�

������ 	e&1,&$6 '( 3(/Ë&8/$ '(/*$'$�

'HQWUR GH HVWH JUXSR� VH LQFOX\HQ ODV WpFQLFDV 39' \ &9'� XWLOL]DGDV

KDELWXDOPHQWH HQ OD LQGXVWULD PLFURHOHFWUyQLFD SDUD REWHQHU SHOtFXODV GHOJDGDV�

6X FDUDFWHUtVWLFD GLVWLQWLYD HV TXH OD REWHQFLyQ \ GHSyVLWR GHO PDWHULDO

FRQVWLWX\HQ XQ ~QLFR SURFHVR� \ TXH FDGD iWRPR R PROpFXOD VH DJUHJD DO

PDWHULDO GH IRUPD LQGLYLGXDO� 8QD GH ODV YHQWDMDV GH HVWDV WpFQLFDV HV VX

FRPSDWLELOLGDG FRQ ORV SURFHVRV GH LQWHJUDFLyQ� HQ ORV FXDOHV WLHQHQ VX RULJHQ�

(Q HVWH WLSR GH SURFHVRV� HO FRQWURO VREUH ORV SDUiPHWURV GH FUHFLPLHQWR GHO

PDWHULDO VREUH HO VXVWUDWR HOHJLGR HV PHMRU� GDQGR OXJDU D XQD PD\RU

UHSHWLELOLGDG GHO SURFHVR�

/DV WpFQLFDV 39' R GH GHSyVLWR ItVLFR GHVGH IDVH YDSRU SUHVHQWDQ GRV

YHUWLHQWHV DPSOLDPHQWH XWLOL]DGDV� OD HYDSRUDFLyQ HQ YDFtR \ OD SXOYHUL]DFLyQ

FDWyGLFD R VSXWWHULQJ� (Q OD HYDSRUDFLyQ HQ YDFtR VH HYDSRUD HO PDWHULDO TXH YD

D VHU GHSRVLWDGR KDVWD DOFDQ]DU HO HVWDGR JDVHRVR� GH WDO IRUPD TXH DOFDQFH HO

VXVWUDWR \ VH GHSRVLWH VREUH HO PLVPR� H[LVWLHQGR GLVWLQWDV YDULDQWHV GH HVWD

WpFQLFD TXH DGHFXDQ OD PLVPD D GLVWLQWRV WLSRV GH SURFHVRV �WDEOD ����� (O

VSXWWHULQJ HV XQD WpFQLFD GH PiV DPSOLD DSOLFDFLyQ� \D TXH SHUPLWH HO GHSyVLWR

GH XQD PD\RU GLYHUVLGDG GH PDWHULDOHV �FRQGXFWRUHV� DLVODQWHV� H LQFOXVR

DOHDFLRQHV�� 3DUD UHDOL]DU HO GHSyVLWR HV QHFHVDULR REWHQHU XQ SODVPD JDVHRVR

SRU UXSWXUD GLHOpFWULFD HQ YDFtR GH XQ JDV LQHUWH� QRUPDOPHQWH $U� (VWR VH

FRQVLJXH HVWDEOHFLHQGR XQD GLIHUHQFLD GH SRWHQFLDO GH XQRV ��� YROWLRV HQ HO



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

PLVPR� (O FKRTXH GH ORV LRQHV GH $UJRQ FRQ HO PDWHULDO D GHSRVLWDU KDFH TXH

SDUWtFXODV GH pVWH VHDQ DUUDQFDGDV GH IRUPD PDVLYD GHO PLVPR \ GHSRVLWDGDV

VREUH HO VXVWUDWR�

'HSyVLWR ItVLFR D SDUWLU GH IDVH YDSRU

�39' R 3K\VLFDO 9DSRXU 'HSRVLWLRQ�

'HSyVLWR TXtPLFR D SDUWLU
GH IDVH YDSRU

�&9' R &KHPLFDO 9DSRXU
'HSRVLWLRQ� 3XOYHUL]DFLyQ FDWyGLFD

�6SXWWHULQJ�

(YDSRUDFLyQ HQ YDFtR

�(YDSRUDWLRQ�

6SXWWHULQJ UHDFWLYR

6SXWWHULQJ '& >*DJJLRWWL ��@

6SXWWHULQJ $& >'L *LXOLR ��@

6SXWWHULQJ FRQ WHQVLRQ GH
SRODUL]DFLyQ �ELDV YROWDMH�

0ROHFXODU EHDP HSLWD[\

7KHUPDO HYDSRUDWLRQ

5HDFWLYH HYDSRUDWLRQ >/HH ��@

�5HDFWLYH� ,RQ SODWLQJ

$UF HYDSRUDWLRQ

/DVHU HYDSRUDWLRQ

5*72 �5HRWKD[LDO JURZWK DQG WKHUPDO R[LGDWLRQ�

>6EHUYHJOLHUL ��@>'HPDUQH ��@>6EHUYHJOLHUL ��@ >'LpJXH] ��@

(OHFWURQ EHDP >6FKZDL]HU�%HUEHULFK ��@

7pUPLFR

$FWLYDGR SRU SODVPD

,QGXFLGR SRU OiVHU

,RQ EHDP >&KRH ��@

7DEOD ��� 7pFQLFDV GH REWHQFLyQ \ GHSyVLWR GH PDWHULDOHV

([LVWH XQD WpFQLFD GHQRPLQDGD 5*72 �5HRWKD[LDO *URZWK DQG 7KHUPDO

2[LGDWLRQ� DPSOLDPHQWH UHSRUWDGD \ TXH HV DSOLFDEOH D ORV GHSyVLWRV GH WLSR

39'� FRQ HO ILQ GH REWHQHU SHOtFXODV GHOJDGDV PiV SRURVDV TXH FRQ ODV WpFQLFDV

FRQYHQFLRQDOHV� &RQVLVWH HQ OR VLJXLHQWH� HQ SULPHU OXJDU VH REWLHQH XQD FDSD

GHOJDGD GH HVWDxR VREUH XQ VXVWUDWR FRPR $O�2� R 6L2� TXH VH PDQWLHQH D XQD

WHPSHUDWXUD VXSHULRU DO SXQWR GH IXVLyQ GHO HVWDxR� GH WDO IRUPD TXH VH

HQFXHQWUH HQ IDVH OtTXLGD \ OD WHQVLyQ VXSHUILFLDO SURGX]FD OD IRUPDFLyQ GH

PLFURHVIHUDV GHO PDWHULDO� 0LHQWUDV WDQWR VH PDQWLHQH XQ IOXMR GH DLUH VLQWpWLFR

SDUD FRQVHJXLU OD HVWHTXLRPHWUtD QHFHVDULD HQ HO 6Q2�� +D\ DOJXQDV YDULDQWHV

VREUH HO PpWRGR� FRPR GHSRVLWDU HO HVWDxR HQ DWPyVIHUD UHDFWLYD GH R[tJHQR

VREUH HO VXVWUDWR WDPELpQ D WHPSHUDWXUD HOHYDGD \ UHDOL]DU XQ SRVWHULRU

WUDWDPLHQWR WpUPLFR�
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(Q HVWH FDVR OD REWHQFLyQ GHO PDWHULDO VH UHDOL]D PHGLDQWH XQ PpWRGR TXtPLFR

�WDEOD ���� \ HO GHSyVLWR SRU DOJXQD GH ODV WpFQLFDV LQGLFDGDV HQ OD WDEOD ����

(Q HO FDVR GH XWLOL]DU ODV WpFQLFDV KDELWXDOHV GH GHSyVLWR GH SDVWDV R

WLQWDV FRPR HO VFUHHQ�SULQWLQJ R GURSSLQJ� OR PiV KDELWXDO HV REWHQHU SHOtFXODV

GH XQ HVSHVRU HOHYDGR �GHO RUGHQ GH YDULDV PLFUDV�� (Q HVWH FDVR� VL VH GHVHD

LQFOXLU HO VHQVRU HQ XQ GLVSRVLWLYR PLFURHOHFWUyQLFR HVWiQGDU HV QHFHVDULR

YHULILFDU VX FRPSDWLELOLGDG FRQ HO SURFHVR HOHJLGR� 6LQ HPEDUJR� VL VH WUDWD GH

REWHQHU VHQVRUHV QR LQWHJUDGRV ODV WpFQLFDV GH SHOtFXOD JUXHVD SXHGHQ OOHJDU D

VHU HFRQyPLFDPHQWH PiV FRPSHWLWLYDV TXH ODV GH SHOtFXOD GHOJDGD� (VWH HV HO

PRWLYR GH TXH VH KD\DQ GHVDUUROODGR PpWRGRV TXH� EDViQGRVH HQ OD REWHQFLyQ

GH PDWHULDOHV KDELWXDOPHQWH XWLOL]DGD SDUD SHOtFXODV JUXHVDV� KDJDQ SRVLEOH

REWHQHU SHOtFXODV GH EDMR HVSHVRU PHGLDQWH FLHUWRV WLSRV GH GHSyVLWR FRPR HQ HO

FDVR GH ORV GHSyVLWRV SRU VSUD\ �VSUD\ GHSRVLWLRQ� R ORV UHFXEULPLHQWRV SRU

SXOYHUL]DFLyQ �SXOYHULVDWLRQ FRDWLQJ�� SRU FHQWULIXJDGR GH XQ OtTXLGR �VSLQ�

FRDWLQJ � R SRU LQPHUVLyQ HQ HO PLVPR �GLS�FRDWLQJ��

3DUD REWHQHU ORV OtTXLGRV \ WLQWDV D SDUWLU GH ORV TXH VH OOHJD DO PDWHULDO

ILQDO VH XWLOL]D XQD PH]FOD GH DGLWLYRV LQRUJiQLFRV� DJOXWLQDQWHV RUJiQLFRV \ ORV

SROYRV GHO PDWHULDO HQ FXHVWLyQ� SRU ORV GLIHUHQWHV PpWRGRV TXtPLFRV H[SXHVWRV

HQ OD WDEOD ���� /D PH]FOD SXHGH VHU GHVGH XQ OtTXLGR KDVWD XQD SDVWD GH PD\RU

GHQVLGDG� \ SRU WDQWR GHEHUi VHU GHSRVLWDGD SRU XQ PpWRGR GLIHUHQWH� PLHQWUDV

TXH ORV PpWRGRV GH VSUD\LQJ R SXOYHUL]DFLyQ �SXOYHULVDWLRQ� VH DGDSWDQ DO

GHSyVLWR GH IDVHV PiV OtTXLGDV SRU HO PpWRGR GH SXOYHUL]DU HO OtTXLGR VREUH HO

VXVWUDWR� ORV PpWRGRV GH VFUHHQ�SULQWLQJ �LPSUHVLyQ GH OD SDVWD VREUH HO

VXVWUDWR� R GURSSLQJ �GHSyVLWR GH JRWDV GH PDWHULDO� VRQ DGHFXDGRV SDUD

PH]FODV PiV GHQVDV� 7UDV HO GHSyVLWR VREUH HO VXVWUDWR� KDELWXDOPHQWH VH

SUHFLVDQ SURFHVRV GH VHFDGR SDUD OD HOLPLQDFLyQ GH ORV GLVROYHQWHV \

WUDWDPLHQWRV WpUPLFRV SDUD FRQILJXUDU OD PLFURHVWUXFWXUD GHVHDGD HQ HO

PDWHULDO�



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

7pFQLFDV GH REWHQFLyQ GH SDVWDV R WLQWDV

6RO�JHO >5HOOD ��@ >6FKZDL]HU�%HUEHULFK ��@

3UHFLSLWDWLRQ >2UOLN ��@ >'RV 6DQWRV ��@

/DVHU S\UROLVLV

0LFURZDYH SURFHVVLQJ >&LUHUD ��@

7DEOD ��� 7pFQLFDV GH REWHQFLyQ GH SDVWDV R WLQWDV

7pFQLFDV GH GHSyVLWR GH SDVWDV R WLQWDV

6FUHHHQ�SULQWLQJ

'URSSLQJ >&HUGj ��@

'LS FRDWLQJ >/HH ��@ ><RR ��@

6SLQ FRDWLQJ >4XDUDQWD ��@>5HOOD ��@

6SUD\ GHSRVLWLRQ >5HOOD ��@ >%ULDQG ��@

3XOYHULVDWLRQ FRDWLQJ >-LPpQH] ��@

7DEOD ��� 7pFQLFDV GH GHSyVLWR GH SDVWDV R WLQWDV
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(O y[LGR GH HVWDxR HQ HVWDGR VyOLGR FULVWDOL]D VHJ~Q XQD HVWUXFWXUD WHWUDJRQDO

GH WLSR UXWLOR WDPELpQ OODPDGD FDVLWHULWD� /D FHOGD XQLGDG FRQWLHQH HQ WRWDO VHLV

iWRPRV� GH ORV FXDOHV GRV VRQ GH HVWDxR \ FXDWUR GH R[tJHQR� &DGD iWRPR GH

R[tJHQR VH HQFXHQWUD URGHDGR SRU WUHV iWRPRV GH HVWDxR VLWXDGRV HQ ORV

YpUWLFHV GH XQ WULiQJXOR HTXLOiWHUR� PLHQWUDV TXH FDGD iWRPR GH HVWDxR VH

HQFXHQWUD HQ HO FHQWUR GH XQ RFWDHGUR UHJXODU HQ FX\RV YpUWLFHV VH HQFXHQWUDQ

ORV VHLV iWRPRV GH R[tJHQR� (VWD HVWUXFWXUD VH UHSUHVHQWD HQ OD ILJXUD �����
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)LJXUD ���� &HOGD XQLGDG GH OD HVWUXFWXUD FULVWDOLQD GHO y[LGR GH HVWDxR

$XQTXH OD FRRUGLQDFLyQ GHO HVWDxR FRQ HO R[tJHQR HV PX\ SUy[LPD D OD

RFWDpGULFD UHJXODU� PHGLGDV SUHFLVDV GH ODV GLVWDQFLDV 6Q�2 PXHVWUDQ TXH HO

HVWDxR HVWi PiV FHUFD GH FXDWUR GH ORV VHLV iWRPRV GH R[tJHQR� FRQ XQD

GLVWDQFLD LJXDO D ���� c PLHQWUDV TXH ORV GRV R[tJHQRV HVWiQ VHSDUDGRV ���� c�

(VWDV GRV GLVWDQFLDV VRQ FRPSDUDEOHV D OD VXPD GH ORV UDGLRV LyQLFRV GHO 2�� \

GHO 6Q��� TXH VRQ UHVSHFWLYDPHQWH ��� c \ ���� c� /DV GLVWDQFLDV HQWUH SDUHMDV

GH R[tJHQRV VRQ ����� ���� \ ���� c >/DQWWR ��@�

��
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/RV y[LGRV VHPLFRQGXFWRUHV HVWHTXLRPpWULFRV VRQ VHPLFRQGXFWRUHV GH EDQGD

DQFKD FRQ XQ JDS GH HQHUJtD GH (J ����� H9� (Q SDUWLFXODU HO y[LGR GH HVWDxR

WLHQH XQ JDS GH ��� H9 >%kUVDQ ��@� (V FRP~QPHQWH DFHSWDGR HO KHFKR GH TXH

OD DOWD FRQGXFWLYLGDG GH ODV SHOtFXODV GHOJDGDV GH y[LGRV FULVWDOLQRV \

SROLFULVWDOLQRV HV IUXWR GH OD GHVYLDFLyQ GH OD HVWHTXLRPHWUtD TXH VH SURGXFH

GHELGR D ODV YDFDQWHV GH DQLRQHV �R[tJHQR� \ D OD SUHVHQFLD GH FDWLRQHV

�iWRPRV GH HVWDxR� LQWHUVWLFLDOHV� $PERV WLSRV GH GHIHFWRV LQWURGXFHQ HVWDGRV

HQHUJpWLFRV SUy[LPRV D OD EDQGD GH FRQGXFFLyQ� LQFUHPHQWDQGR HO

FRPSRUWDPLHQWR WLSR Q GHO VHPLFRQGXFWRU \ GDQGR OXJDU D XQ H[FHVR GH

HOHFWURQHV� /D PD\RU SUHVHQFLD GH XQR X RWUR GHIHFWR GHSHQGH GH OD IRUPD GH

SUHSDUDFLyQ GHO PDWHULDO SHUR DPEDV WLHQHQ XQ HIHFWR VLPLODU VREUH OD

FRQGXFWLYLGDG SRUTXH LQFUHPHQWDQ HO Q~PHUR GH HOHFWURQHV�
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D

F
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F �����
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XD



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

(Q HO FDVR GH ODV SHOtFXODV GHOJDGDV OD FRQGXFWLYLGDG HVWi PDUFDGD SRU

ODV YDFDQWHV GH R[tJHQR SRUTXH ORV iWRPRV LQWHUVWLFLDOHV GH HVWDxR SXHGHQ

GLIXQGLU IiFLOPHQWH KDFLD OD VXSHUILFLH \ R[LGDUVH >/HMD ��@� /DV LPSXUH]DV

GRQDGRUDV HVWDUiQ UHODFLRQDGDV FRQ ODV YDFDQWHV GH R[tJHQR VHJ~Q OD UHDFFLyQ

VLJXLHQWH�

22
1224

2 OVOSnSnO OOSn +++⇔ −−+     [3.4] 

6Q6Q
��� LyQ GH HVWDxR HQ OD UHG

22
��� LyQ HQ OD UHG GH R[tJHQR

92
��� YDFDQWH GH R[tJHQR HQ OD UHG

/D QHXWUDOL]DFLyQ GH OD YDFDQWH GH R[tJHQR OLEHUDUtD GRV HOHFWURQHV�

'22 eVV OO +⇔− [3.5]

VLHQGR HQ HVWH FDVR OD FRQGLFLyQ GH QHXWUDOLGDG HOpFWULFD �>92@ >H¶@�

/D FRQGXFWLYLGDG HQ XQ VHPLFRQGXFWRU YLHQH GDGD SRU OD H[SUHVLyQ�

00 NePe eh µµσ +=     [3.6] 

H� FDUJD GHO HOHFWUyQ

µK� µH� PRYLOLGDGHV GH KXHFRV \ HOHFWURQHV HQ HO YROXPHQ�

UHVSHFWLYDPHQWH

3�� 1�� FRQFHQWUDFLyQ GH KXHFRV \ GH HOHFWURQHV HQ HO YROXPHQ�

UHVSHFWLYDPHQWH

(Q VHPLFRQGXFWRUHV WLSR Q FRPR HO y[LGR GH HVWDxR� FRQ XQ JDS GH

HQHUJtD HOHYDGR \ XQD DOWD FRQFHQWUDFLyQ GH YDFDQWHV GH R[tJHQR �FHQWURV

GRQDGRUHV� VH SXHGH GHVSUHFLDU HO WpUPLQR FRUUHVSRQGLHQWH D ODV LPSXUH]DV

DFHSWDGRUDV� FRQ OR TXH OD H[SUHVLyQ GH OD FRQGXFWLYLGDG TXHGD UHGXFLGD D�

0Ne eµσ =     [3.7] 

6LHQGR OD H[SUHVLyQ GH OD PRYLOLGDG GH ORV HOHFWURQHV HQ IXQFLyQ GH OD

PDVD HILFD] P
 \ GH WLHPSR OLEUH PHGLR τ OD VLJXLHQWH�

*m

e
e

τµ =     [3.8] 
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/RV VHQVRUHV GH JDV EDVDGRV HQ y[LGRV VHPLFRQGXFWRUHV FRPR HO y[LGR GH

HVWDxR GHWHFWDQ HO JDV SRU PHGLR GHO FDPELR GH UHVLVWHQFLD TXH VH RSHUD HQ HO

HOHPHQWR SROLFULVWDOLQR� 6H KD H[SXHVWR TXH ORV FDPELRV GH UHVLVWHQFLD HQ

SUHVHQFLD GH JDV VH SURGXFHQ GHELGR D IHQyPHQRV EiVLFDPHQWH VXSHUILFLDOHV \

HQ ODV MXQWDV GH JUDQR� SHUR HVWR VH FRQVLGHUD XQD SDUWH GHO SURFHVR WRWDO GH

GHWHFFLyQ GH JDV TXH VH SURGXFH HQ HO PDWHULDO�

6H VXHOHQ FRQVLGHUDU GRV IXQFLRQHV HQ ORV VHQVRUHV TXtPLFRV HQ JHQHUDO�

IXQFLyQ GH UHFHSWRU� TXH UHFRQRFH OD VXVWDQFLD TXtPLFD \ IXQFLyQ GH

WUDQVGXFWRU� TXH OD WUDQVIRUPD HQ XQD VHxDO HOpFWULFD GH VDOLGD� WDO \ FRPR

LOXVWUD OD ILJXUD ����� (Q HO FDVR GH ORV VHQVRUHV GH JDV� OD IXQFLyQ GH UHFHSWRU

WLHQH OXJDU HQ OD VXSHUILFLH GH FDGD SDUWtFXOD GH VHPLFRQGXFWRU� /D VHxDO

TXtPLFD REWHQLGD HV WUDQVPLWLGD D WUDYpV GHO FRQMXQWR GH OD PLFURHVWUXFWXUD GHO

PDWHULDO \ WUDQVIRUPDGD HQ XQ FDPELR GH UHVLVWHQFLD GHO HOHPHQWR SROLFULVWDOLQR

HQ FXHVWLyQ ><DPD]RH ��@�

)LJXUD ���� )XQFLRQHV GH UHFHSWRU \ WUDQVGXFWRU HQ VHQVRUHV GH JDV VHPLFRQGXFWRUHV

7HQLHQGR HQ FXHQWD OR H[SXHVWR SDUD HO y[LGR GH HVWDxR� OD IXQFLyQ GH

UHFHSWRU HQ HVWH FDVR OD UHDOL]DUi HO R[tJHQR VXSHUILFLDO� PLHQWUDV TXH OD IXQFLyQ

GH WUDQVGXFWRU YHQGUi GHWHUPLQDGD SRU OD PLFURHVWUXFWXUD GHO PDWHULDO \ HO WLSR

GH FRQH[LyQ TXH H[LVWD HQWUH ORV JUDQRV GHO PLVPR� IDFWRUHV DPERV TXH KDUiQ

YDULDU ORV PHFDQLVPRV GH FRQGXFFLyQ�

'

;

2�

/

+
�

2�2�

+
�
2

)XQFLyQ GH UHFHSWRU

683(5),&,( 0,&52(6758&785$
(/(0(172
6(16,%/(

)XQFLyQ GH WUDQVGXFWRU
6DOLGD �FDPELR
GH UHVLVWHQFLD�
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������� ,QWHUDFFLRQHV VXSHUILFLH�R[tJHQR

([LVWHQ YDULRV WLSRV GH LQWHUDFFLRQHV VXSHUILFLDOHV HQWUH HO y[LGR GH HVWDxR \ HO

R[tJHQR TXH SXHGHQ OOHYDU D OD SUHVHQFLD GH HVSHFLHV GH R[tJHQR GH GLVWLQWD

QDWXUDOH]D HQ OD VXSHUILFLH GHO VHPLFRQGXFWRU� /D FDQWLGDG GH HVSHFLHV

GHVDEVRUELGDV GH OD VXSHUILFLH GHO VHPLFRQGXFWRU D PHGLGD TXH DXPHQWD OD

WHPSHUDWXUD SXHGH VHU DQDOL]DGD SRU PHGLR GH YDULDV WpFQLFDV GH

HVSHFWURVFRStD� /D JUiILFD GH OD FRQFHQWUDFLyQ GH HVSHFLHV GH R[tJHQR

GHVDEVRUELGDV FRUUHVSRQGLHQWH D FDGD WLSR GH LQWHUDFFLyQ VyOLGR JDV HQ

FXDOTXLHU VHPLFRQGXFWRU >*|SHO ��@ SUHVHQWD OD IRUPD GH OD ILJXUD �����

)LJXUD ���� *UiILFD GH OD GHVDEVRUFLyQ GH ODV GLVWLQWDV IRUPDV GH R[tJHQR HQ IXQFLyQ GH

OD WHPSHUDWXUD

&RPR VH DSUHFLD HQ OD JUiILFD� H[LVWHQ FXDWUR IRUPDV GH LQWHUDFFLyQ HQWUH

HO R[tJHQR \ HO VHPLFRQGXFWRU�

• )LVLDEVRUFLyQ� 6H SURGXFH D WHPSHUDWXUDV GH KDVWD ���. \ HV

GHELGD D ODV LQWHUDFFLRQHV GpELOHV HQWUH PROpFXODV TXH

FRUUHVSRQGHQ D IXHU]DV GH YDQ GHU :DDOV�

• 4XLPLDEVRUFLyQ� 6H GD HQWUH ��� \ ���. \ WDPELpQ HV

GHQRPLQDGD DEVRUFLyQ TXtPLFD� (Q HVWH FDVR VH HVWDEOHFH XQ

7DVD GH GHVDEVRUFLyQ

7�.�� ��� ���

)LVLDEVRUFLyQ

4XLPLDEVRUFLyQ

'HIHFWRV
VXSHUILFLDOHV

'HIHFWRV
GH UHG
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HQODFH GH WLSR TXtPLFR HQWUH HO R[tJHQR \ HO PDWHULDO

VHPLFRQGXFWRU� GDQGR OXJDU D HVSHFLHV GH WLSR 2�

�� 2�� 2���

• 5HDFFLyQ FRQ GHIHFWRV VXSHUILFLDOHV� (Q HVWH FDVR HO R[tJHQR

HQWUD D IRUPDU SDUWH GH OD UHG VXSHUILFLDO GHO VHPLFRQGXFWRU� 6H

SURGXFH DSUR[LPDGDPHQWH D SDUWLU GH ORV ���.�

• 5HDFFLyQ FRQ HO YROXPHQ GHO PDWHULDO� (V OR TXH KHPRV

GHQRPLQDGR ³FDPELRV YROXPpWULFRV´ HQ HO DSDUWDGR ��� DO KDFHU

UHIHUHQFLD DO FRPSRUWDPLHQWR GH ORV PDWHULDOHV VHPLFRQGXFWRUHV

HQ OD GHWHFFLyQ GH JDV� 6H SURGXFH D SDUWLU GH ���. \ VH UHILHUH D

OD LQWHUDFFLyQ GHO R[tJHQR FRQ WRGR HO YROXPHQ GHO PDWHULDO�

(Q ORV VHQVRUHV FRQGXFWRPpWULFRV GH ORV TXH QRV RFXSDPRV� HQ ORV TXH

VH RSHUDQ ³FDPELRV VXSHUILFLDOHV´ �WDPELpQ PHQFLRQDGRV HQ HO DSDUWDGR �����

ODV UHDFFLRQHV D WHQHU HQ FXHQWD� GDGDV ODV WHPSHUDWXUDV GH RSHUDFLyQ FRQ ODV

TXH VH WUDEDMD SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR� VRQ ODV GH

TXLPLDEVRUFLyQ \ OD UHDFFLyQ FRQ GHIHFWRV VXSHUILFLDOHV�

(Q QXPHURVDV RFDVLRQHV OD UHDFFLyQ FRQ GHIHFWRV VXSHUILFLDOHV HV WUDWDGD

FRPR XQ FDVR GH DEVRUFLyQ TXtPLFD \D TXH ODV HQHUJtDV GH HQODFH GH ORV

iWRPRV GH R[tJHQR VXSHUILFLDOHV VRQ GHO PLVPR RUGHQ TXH ODV HQHUJtDV GH

DEVRUFLyQ TXtPLFD�

������� 0HFDQLVPRV GH TXLPLDEVRUFLyQ VXSHUILFLDO \ UHDFFLRQHV FRQ

GHIHFWRV VXSHUILFLDOHV

/D TXLPLDEVRUFLyQ GH R[tJHQR VXSRQH OD DSDULFLyQ GH GLVWLQWDV HVSHFLHV GH

R[tJHQR FDUJDGDV HQ OD VXSHUILFLH GHO VHPLFRQGXFWRU� 2�

�� 2�� \ 2��� /D DEVRUFLyQ

TXtPLFD HV XQ SURFHVR DFWLYDGR WpUPLFDPHQWH� SRU OR TXH OD HVSHFLH 2�

� VH

HQFXHQWUD D WHPSHUDWXUDV PiV EDMDV� PHQRUHV TXH ���.� \D TXH VX HQHUJtD GH

DFWLYDFLyQ HV PHQRU TXH OD GHO 2�� 6H VXHOH FRQVLGHUDU TXH ~QLFDPHQWH WRPDQ

SDUWH HQ OD UHDFFLyQ 2�� \ 2��� \D TXH D ODV WHPSHUDWXUDV D ODV TXH WUDEDMDQ

QRUPDOPHQWH ORV VHQVRUHV QR VH HQFXHQWUD OD HVSHFLH 2�

�� 

/D VHFXHQFLD GH GHVDEVRUFLyQ GH HVSHFLHV GH R[tJHQR VHJXLUtD HO

VLJXLHQWH HVTXHPD >:LOOLDPV ��@�



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

Gas  Fisiabsorción Quimiabsorción→ 

½ O2  ↔ Os ↔ O2
- ↔ O- ↔ O2-    [3.9] 

(Q >%kUVDQ ��@ VH FRQVLGHUD TXH ODV YDFDQWHV VXSHUILFLDOHV GH R[tJHQR �6�

VRQ ORV OXJDUHV GRQGH VH SURGXFH OD TXLPLDEVRUFLyQ \ TXH HO R[tJHQR SXHGH VHU

DEVRUELGR HQ IRUPD DWyPLFD R PROHFXODU� 6H GHVFULEH GLFKR SURFHVR FRPR�

−− →←++ ms
kg OSeO

m
1)(

22
    [3.10] 

siendo k1 la constante directa de la reacción y k-1 la inversa 

−− →←++ 2)(
2

22
2

1
s

kg OSeO     [3.11] 

siendo k2 la constante directa de la reacción 

g: especie gaseosa 

S: vacantes superficiales de oxígeno 

Oms
-: átomo ionizado de oxígeno si m=1  

             molécula ionizada de oxígeno si m=2 

Os
2-: átomo de oxígeno doblemente ionizado 

e-: electrón 

6HJ~Q HO PRGHOR SRVWXODGR SRU DOJXQRV DXWRUHV >:LOOLDPV ��@� OD HVSHFLH

TXH UHDFFLRQD WDQWR FRQ HO DJXD FRPR FRQ HO JDV UHGXFWRU VHUtD HO 2�� VLJXLHQGR

HO HVTXHPD UHDFWLYR�

2OH- 

↑↓ H2O

½ O2↔Os↔O2
- ↔ O- ↔O2-    [3.12]

 ↓   R 

 RO 

2WURV DXWRUHV� HQ FDPELR EDVDQ VXV PRGHORV HQ UHDFFLRQHV FRQ HO 2�� \D

TXH pVWD HV LQHVWDEOH FRPR HVSHFLH TXLPLDEVRUELGD VL QR UHDFFLRQD

LQPHGLDWDPHQWH FRQ HO JDV UHGXFWRU �SRU HMHPSOR &2� R HV DWUDSDGD SRU XQD

YDFDQWH GH R[tJHQR >%kUVDQ ��@�
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(Q HO iPELWR GH ODV EDQGDV GH HQHUJtD� ODV HVSHFLHV GH R[tJHQR

LQWURGXFHQ QLYHOHV ORFDOL]DGRV GH HQHUJtD VXSHUILFLDO GHQWUR GHO GLDJUDPD GH

EDQGDV GHO PDWHULDO� LQIOX\HQGR HQ ODV SURSLHGDGHV HOpFWULFDV GHO PLVPR� 3RU

HMHPSOR HO 2�� UHSUHVHQWD XQ HVWDGR PiV VXSHUILFLDO TXH HO 2�� TXH LQWURGXFH XQ

HVWDGR PiV SURIXQGR� SRU HVR VH FRQVLGHUD TXH OD FRQGXFWLYLGDG HVWi GRPLQDGD

SRU OD SULPHUD GH ODV HVSHFLHV� &RPR OD FDQWLGDG GH OD PLVPD HV PHQRU HQ

VXSHUILFLH� OD IUDFFLyQ GH OD UHDFFLyQ FRUUHVSRQGLHQWH D HVWD HVSHFLH VH SXHGH

FRQVLGHUDU SHTXHxD�

/D TXLPLDEVRUFLyQ GH XQD SDUWtFXOD DFHSWDGRUD FRPR HO R[tJHQR� HQ XQ

PDWHULDO WLSR Q FRPR HO y[LGR GH HVWDxR� SURGXFH XQD WUDQVIHUHQFLD GH FDUJD GHO

PDWHULDO DO R[tJHQR� /D HYDOXDFLyQ FXDQWLWDWLYD GH ORV HIHFWRV GH OD

TXLPLDEVRUFLyQ VH SXHGH OOHYDU D FDER PHGLDQWH PHGLGDV H[SHULPHQWDOHV GH ORV

FDPELRV GH FRQGXFWLYLGDG R GH OD IXQFLyQ WUDEDMR� 3DUD GLFKD HYDOXDFLyQ� VH

FRQVLGHUD TXH HQ OD VXSHUILFLH VLQ HVSHFLHV TXLPLDEVRUELGDV QR KD\ HVWDGRV

LQWUtQVHFRV (VV HQ HO JDS GH HQHUJtD� VLQR TXH VH LQWURGXFHQ FRQ OD

TXLPLDEVRUFLyQ \ VH GHEHQ D GHIHFWRV H[WUtQVHFRV� GHQRPLQiQGRVH HVWDGRV

VXSHUILFLDOHV HIHFWLYRV (VV
HI�

(Q HO HVTXHPD GH EDQGDV GH OD ILJXUD ���� >*|SHO ��E@ VH DSUHFLD OD

PROpFXOD HQ IDVH JDV ;JDV TXH HQ SULPHU OXJDU SDVD SRU XQ HVWDGR GH

ILVLDEVRUFLyQ ;ILV� /RV OtPLWHV GH OD EDQGD GH FRQGXFFLyQ \ GH OD EDQGD GH

YDOHQFLD VH GHQRWDQ UHVSHFWLYDPHQWH FRPR (& \ (9� PLHQWUDV TXH SRVLFLyQ GHO

QLYHO GH )HUPL HQ HO VXVWUDWR () TXHGD GHWHUPLQDGD SRU ORV QLYHOHV GH HQHUJtD

GH ORV GRQDGRUHV (' \ GH ORV DFHSWDGRUHV ($ HQ HO VXVWUDWR� QLYHOHV TXH YLHQHQ

HVWDEOHFLGRV WDQWR SRU ORV GHIHFWRV LQWUtQVHFRV GHO YROXPHQ GHO y[LGR GH HVWDxR

�YDFDQWHV GH R[tJHQR HQ HO FDVR GH ORV GRQDGRUHV \ R[tJHQR LQWHUVWLFLDO 2L
� HQ HO

FDVR GH ORV DFHSWDGRUHV� RFDVLRQDGRV GXUDQWH ORV WUDWDPLHQWRV D DOWDV

WHPSHUDWXUDV HQ PDWHULDOHV VLQ DGLWLYRV� FRPR SRU ORV PHWDOHV DxDGLGRV HQ

YROXPHQ FRPR DGLWLYRV� 6H SXHGHQ DSUHFLDU ORV HIHFWRV GH OD LQWHUDFFLyQ GHO

R[tJHQR VXSHUILFLDO FRQ HO PDWHULDO WLSR Q SRU VXV HIHFWRV�

• DXPHQWR GH OD IXQFLyQ WUDEDMR ∆φ �φ¶�φ�� GHILQLHQGR OD IXQFLyQ
WUDEDMR FRPR OD GLIHUHQFLD GH HQHUJtD HQWUH XQ HOHFWUyQ OLEUH \ HO

QLYHO GH )HUPL� VLHQGR φ \ φ¶ ODV HQHUJtDV DQWHV \ GHVSXpV GH OD
TXLPLDEVRUFLyQ UHVSHFWLYDPHQWH



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

• GLVPLQXFLyQ GH OD FRQGXFWLYLGDG VXSHUILFLDO ∆σ SRU FDPELRV HQ ORV

HVWDGRV VXSHUILFLDOHV HIHFWLYRV (VV
HI� TXH IRUPDQ HVWDGRV

TXLPLDEVRUELGRV �;DE�δ�

• DXPHQWR GHO ³EDQG EHQGLQJ´ �PRGXODFLyQ SURGXFLGD HQ HO QLYHO

GH OD EDQGD GH FRQGXFFLyQ� HQ VXSHUILFLH H∆9V� TXH VH SXHGH

GHWHUPLQDU PHGLDQWH HVSHFWURVFRStD

• YDULDFLyQ HQ OD DILQLGDG HOHFWUyQLFD ∆χ� VLHQGR OD DILQLGDG

HOHFWUyQLFD GLIHUHQFLD HQWUH OD HQHUJtD GHO HOHFWUyQ OLEUH \ OD GHO

IRQGR GH OD EDQGD GH FRQGXFFLyQ� FRPR UHVXOWDGR GH OD

IRUPDFLyQ GH GLSRORV VXSHUILFLDOHV >*|SHO ��@

)LJXUD ���� (VTXHPD GH OD TXLPLDEVRUFLyQ \ WUDQVIHUHQFLD GH FDUJD HQ OD VXSHUILFLH GH XQ

VHPLFRQGXFWRU WLSR Q HQ SUHVHQFLD GH XQD LPSXUH]D DFHSWDGRUD

/DV YDULDFLRQHV HQ OD IXQFLyQ WUDEDMR HVWiQ UHODFLRQDGDV FRQ ORV FDPELRV

HQ OD DILQLGDG HOHFWUyQLFD GH OD VLJXLHQWH IRUPD�

)( FCs EEVe −∆+∆+∆−=∆ χφ     [3.13] 

6H SXHGH GHVSUHFLDU OD YDULDFLyQ HQ HO QLYHO GH )HUPL () VL OD GLIXVLyQ GH

iWRPRV R LRQHV HV GHVSUHFLDEOH�

(9

9ROXPHQ 6XSHUILFLH *DV

&DUJD HVSDFLDO SRVLWLYD

FRQ PHQRU GHQVLGDG GH

HOHFWURQHV TXH HO YROXPHQ

&DUJD QHJDWLYD

HQ OD HVSHFLH

DEVRUELGD

(VV
HI

JDV

;

;

()

(&

(YDF

(¶YDF

($

('

�H 9V

�

�; �
DE �

�
�

��

!�

µ
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������� ,QWHUDFFLyQ GHO R[tJHQR DEVRUELGR FRQ HO PRQy[LGR GH FDUERQR

(Q HVWH PRGHOR VH WRPD FRPR EDVH TXH ODV YDFDQWHV GH R[tJHQR VXSHUILFLDOHV

VRQ ORV OXJDUHV HQ ORV TXH VH SURGXFH OD TXLPLDEVRUFLyQ �DSDUWDGR �������� \

TXH HO PRQy[LGR GH FDUERQR ~QLFDPHQWH LQWHUDFFLRQD FRQ HO R[tJHQR

TXLPLDEVRUELGR VHJ~Q ODV UHDFFLRQHV VLJXLHQWHV >%kUVDQ ��@ �OD SULPHUD UHDFFLyQ

GH FDGD JUXSR FRUUHVSRQGH D OD TXLPLDEVRUFLyQ GH R[tJHQR \ OD QRPHQFODWXUD

XWLOL]DGD FRLQFLGH FRQ OD GHO DSDUWDGR SUHFHGHQWH��

−− ↔++ ms
g OSeO

m )(
22

 

SemCOOmCO g
ms

g ++↔+ −− )(
2
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−− ↔++ 2)(
2 2

2

1
s

g OSeO  

SemCOOCO g
s

g ++↔+ −− 2)(
2

2)(

(O HVWXGLR GH OD FLQpWLFD GH HVWDV UHDFFLRQHV FRQGXFH D OD REWHQFLyQ GH

UHODFLRQHV HQWUH OD FRQGXFWDQFLD \ OD SUHVLyQ SDUFLDO GHO PRQy[LGR GH FDUERQR

TXH FRLQFLGHQ FRQ UHVXOWDGRV H[SHULPHQWDOHV >:LOOLDPV ��@� (Q DOJXQRV FDVRV VH

FRQVLGHUD XQD ]RQD GH GHSOHFFLyQ GH HOHFWURQHV HQ OD VXSHUILFLH GHO PDWHULDO

OLEUH GH PLFURHVWUXFWXUD SDUD REWHQHU GLFKDV UHODFLRQHV� 'H HVWH PRGR OD

FRQGXFWDQFLD GHO PDWHULDO VH REWLHQH FRPR XQD IXQFLyQ GH OD FRPSRVLFLyQ

JDVHRVD DOUHGHGRU GHO PDWHULDO FRQ XQ PRGHOR UHODWLYDPHQWH VLPSOH� OD

FRUULHQWH TXH VH SURGXFH SDUDOHOD D OD LQWHUIDVH HVWi ~QLFDPHQWH DIHFWDGD SRU OD

GLVWULEXFLyQ GH FDUJD SHUSHQGLFXODU D OD PLVPD� &RQ HVWDV SUHPLVDV VH REWLHQH

XQD UHODFLyQ HQWUH OD FRQGXFWLYLGDG GHO PDWHULDO \ OD SUHVLyQ SDUFLDO GH

PRQy[LGR GH FDUERQR GH ODV VLJXLHQWHV FDUDFWHUtVWLFDV�

βσ )(COp∝    FRQ β HQWUH ��� \ ���    [3.16] 

6HJ~Q HO HVTXHPD GH UHDFFLyQ TXH VH FRQVLGHUH� HO Q~PHUR \ OD FDUJD GH

ODV HVSHFLHV VXSHUILFLDOHV GH R[tJHQR DEVRUELGDV VH OOHJD D UHODFLRQHV FRQ XQ

YDORU GH β GLIHUHQWH� 3RU HMHPSOR HQ HO FDVR GH FRQVLGHUDU XQ VXUIDFH�WUDS�

OLPLWHG UHJLPH �DSDUWDGR ��������� FRQ XQD ~QLFD HVSHFLH UHDFWLYD HQ VXSHUILFLH

GH HQWUH ODV GRV H[LVWHQWHV �2�

� \ 2�� \ TXH OD FRQYHUVLyQ GH XQD D RWUD HV OHQWD

HQ FRPSDUDFLyQ FRQ OD UHDFFLyQ GH FRPEXVWLyQ FRQ HO JDV� HO YDORU GH β DO TXH

VH OOHJD HV GH ��� >%kUVDQ ��@�

[3.14] 

[3.15] 
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������� &RQGXFFLyQ HQ SHOtFXODV JUXHVDV

(Q JHQHUDO VH FRQVLGHUD TXH ODV WpFQLFDV GH REWHQFLyQ GH SHOtFXODV JUXHVDV GDQ

OXJDU D PDWHULDOHV GH WLSR SRURVR� 'HSHQGLHQGR GHO JUDGR GH FRPSDFLGDG GHO

PDWHULDO OD ]RQD GH GHSOHFFLyQ UHSUHVHQWDUi XQ PD\RU R PHQRU SRUFHQWDMH GHO

FRQWDFWR LQWHUJUDQXODU� 6H GLVWLQJXLUiQ WUHV SRVLEOHV FDVRV�

D� &XHOOR DELHUWR� (Q HVWH FDVR OD FRPSDFLGDG HV DOWD� FRQVLGHUiQGRVH

TXH HO PDWHULDO KD VLGR ELHQ VLQWHUL]DGR \ SRU WDQWR VH KD SURGXFLGR OR TXH VH

GHQRPLQD XQ FXHOOR DELHUWR HQWUH JUDQRV DG\DFHQWHV� /RV HVWDGRV VXSHUILFLDOHV

�HO DXWRU FRQVLGHUD HO 2�

�� SURGXFHQ XQD ]RQD GH GHSOHFFLyQ D DPERV ODGRV GHO

FXHOOR� TXH HVWi VHxDODGD SRU OD OtQHD GH SXQWRV HQ OD ILJXUD �����D� (Q HVWH

FDVR OD FRQGXFWLYLGDG HVWDUtD GHWHUPLQDGD SULQFLSDOPHQWH SRU OD ]RQD VLQ

GHSOHFFLRQDU HQ OD SDUWH FHQWUDO GHO FXHOOR� /D FRQGXFFLyQ VH SURGXFLUtD SRU OD

DFWLYDFLyQ GH HOHFWURQHV GH ORV HVWDGRV GRQDGRUHV GHO YROXPHQ� PHFDQLVPR DO

TXH VH GHQRPLQD EXON�WUDS�OLPLWHG UHJLPH� GDGR TXH HV XQ UpJLPHQ GH

FRQGXFWLYLGDG OLPLWDGR SRU ORV HVWDGRV HOHFWUyQLFRV GHO YROXPHQ� /D DWPyVIHUD

JDVHRVD DIHFWDUtD ~QLFDPHQWH DO UpJLPHQ GH FRQGXFFLyQ PRGXODQGR OD DQFKXUD

GHO FXHOOR�

E� &XHOOR FHUUDGR� (Q HVWH VHJXQGR FDVR HO FXHOOR HV PiV HVWUHFKR�

GHELGR D XQ FRPSDFWDGR PHQRV FRPSOHWR TXH HQ HO FDVR DQWHULRU� SRU OR TXH VH

OH GHQRPLQD FXHOOR FHUUDGR� (VWR SURYRFD TXH ODV ]RQDV GH GHSOHFFLyQ GH ODV

GRV VXSHUILFLHV VH VXSHUSRQJDQ� SURGXFLHQGR XQ FDPLQR WDPELpQ yKPLFR SHUR

GH PD\RU UHVLVWHQFLD HQ OD SDUWH FHQWUDO GHO FXHOOR� 'H HVWD IRUPD� OD

FRQGXFWDQFLD HQ HO FXHOOR YHQGUtD GDGD SRU OD DFWLYDFLyQ GH HOHFWURQHV GH ORV

HVWDGRV VXSHUILFLDOHV D OD EDQGD GH FRQGXFFLyQ D OR TXH VH FRQRFH FRPR

VXUIDFH�WUDS�OLPLWHG UHJLPH� \ HVWDUtD GLUHFWDPHQWH DIHFWDGD SRU OD DWPyVIHUD

JDVHRVD TXH PRGXODUtD OD DQFKXUD GH OD ]RQD GH GHSOHFFLyQ�

F� %DUUHUDV 6FKRWWN\� (VWH ~OWLPR FDVR VH FRQVLGHUD HVSHFtILFR SDUD

SHOtFXODV JUXHVDV� \D TXH VyOR VH SXHGH SURGXFLU HQ SHOtFXODV SRURVDV� QR HQ

SHOtFXODV GHOJDGDV� TXH VXHOHQ VHU QRUPDOPHQWH FRPSDFWDV� (Q HO LQWHULRU GH

FDGD XQR GH ORV JUDQRV H[LVWH XQ FRPSRUWDPLHQWR yKPLFR� SHUR HQ HO SXQWR GH

FRQWDFWR VH IRUPD XQD EDUUHUD 6FKRWWN\ GHELGR D OD FDUJD DWUDSDGD HQ OD
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VXSHUILFLH� (Q HVWH FDVR OD FRQGXFWLYLGDG HVWDUtD OLPLWDGD SRU HO WUDQVSRUWH GH

FDUJD D WUDYpV GH OD EDUUHUD \ VHUtD σ∝ H[S�H9V�N7�� VLHQGR 9V OD DOWXUD GH OD

EDUUHUD GH SRWHQFLDO�

)LJXUD ���� 0RGHORV GH FRQGXFWDQFLD HQ SHOtFXODV JUXHVDV

(Q JHQHUDO VH SXHGH GHFLU TXH� D SHVDU GH TXH GLVWLQWRV DXWRUHV

SUHVHQWDQ PRGHORV GH FRQGXFFLyQ GH VXV SHOtFXODV FRQVLGHUDQGR TXH VH SURGXFH

GH IRUPD ~QLFD DOJXQR GH ORV PHFDQLVPRV UHIHULGRV� HQ UHDOLGDG XQD PDVD

VLQWHUL]DGD GH PDWHULDO SXHGH LQFRUSRUDU PiV GH XQ WLSR GH FRQWDFWR

LQWHUJUDQXODU� SURGXFLpQGRVH XQD FRPELQDFLyQ GH HIHFWRV� /R UHDOPHQWH

LPSRUWDQWH HV TXH OD PLFURHVWUXFWXUD GHO PDWHULDO HVWp HVWDELOL]DGD SDUD TXH HO

PHFDQLVPR GH FRQGXFFLyQ QR YDUtH HQ HO WLHPSR SRU FDXVD GH OD WHPSHUDWXUD GH

RSHUDFLyQ GHO GLVSRVLWLYR� TXH SXHGH KDFHU TXH VH IRUPHQ R GHVKDJDQ FRQWDFWRV

LQWHUJUDQXODUHV�

������� &RQGXFFLyQ HQ SHOtFXODV GHOJDGDV

/D FRQGXFFLyQ HQ SHOtFXODV GHOJDGDV VH SURGXFH ~QLFDPHQWH GHELGR D ORV

PHFDQLVPRV �D� \ �E� GHO DSDUWDGR SUHFHGHQWH� \D TXH VH FRQVLGHUD TXH ODV

WpFQLFDV GH SHOtFXOD GHOJDGD RULJLQDQ PDWHULDOHV FRPSDFWRV� \ QR SRGUtDQ QXQFD

UHVSRQGHU D XQ PHFDQLVPR GHO WLSR �F�� TXH VH SURGXFH ~QLFDPHQWH HQ HO FDVR

GH PDWHULDOHV SRURVRV�

(Q ODV SHOtFXODV GHOJDGDV SROLFULVWDOLQDV� VH FRQVLGHUD TXH ORV IDFWRUHV

TXH LQIOX\HQ HQ OD PRYLOLGDG GH ORV SRUWDGRUHV VRQ ODV LPSXUH]DV LRQL]DGDV \ ODV

MXQWDV GH JUDQR� /DV MXQWDV GH JUDQR HQ VHPLFRQGXFWRUHV SROLFULVWDOLQRV

FRQWLHQHQ SRU OR JHQHUDO DOWDV GHQVLGDGHV GH HVWDGRV VXSHUILFLDOHV� (VWRV

HVWDGRV SXHGHQ DWUDSDU R OLEHUDU SRUWDGRUHV GH FDUJD� JHQHUDU EDUUHUDV GH
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6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

SRWHQFLDO R FUHDU ]RQDV GH GHSOHFFLyQ GH PD\RU R PHQRU SURIXQGLGDG HQ ORV

JUDQRV GHO PDWHULDO� 3RU WRGR HOOR� HQ SHOtFXODV GHOJDGDV SROLFULVWDOLQDV VH

FRQVLGHUD DSURSLDGR DSOLFDU XQ PRGHOR GH DFXPXODFLyQ GH SRUWDGRUHV HQ MXQWDV

GH JUDQR� TXH SHUPLWD HQWHQGHU OD PRYLOLGDG HQ HVWH WLSR GH FDSDV�

(O PRGHOR HVWDEOHFH WUHV VLWXDFLRQHV HQ IXQFLyQ GH ORV YDORUHV UHODWLYRV GH

OD GHQVLGDG GH FDUJD DWUDSDGD HQ HVWDGRV VXSHUILFLDOHV QW FRPSDUDGD FRQ 1�/F�

VLHQGR 1� OD GHQVLGDG GH HOHFWURQHV HQ HO YROXPHQ \ /F HO WDPDxR GH JUDQR� \

GH TXH OD ORQJLWXG GH 'HE\H /' VHD PD\RU R PHQRU TXH HO UDGLR GH ORV JUDQRV

GH PDWHULDO /F�� >'HPDUQH ��@� 6H HQXPHUDQ D FRQWLQXDFLyQ WRGRV ORV

SDUiPHWURV TXH HQWUDQ D IRUPDU SDUWH GHO DQiOLVLV�

• QW� GHQVLGDG GH HVWDGRV VXSHUILFLDOHV

• 1�� HOHFWURQHV OLEUHV HQ HO YROXPHQ

• /F� WDPDxR GH JUDQR

• /'� ORQJLWXG GH 'HE\H

• 1F� GHQVLGDG HIHFWLYD GH HVWDGRV HQ OD EDQGD GH FRQGXFFLyQ

• (F�(W� SURIXQGLGDG GH HVWDGRV VXSHUILFLDOHV

• φ%� SRWHQFLDO GH OD MXQWD GH JUDQR

• µ�� PRYLOLGDG

/DV UHODFLRQHV PDWHPiWLFDV HQWUH DOJXQRV GH ORV SDUiPHWURV VRQ�

2
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φ =     [3.18] 

( ) 2
1

*
0 8

−
= kTmeLc πµ     [3.19] 

6LHQGR P
 OD PDVD HIHFWLYD GH ORV SRUWDGRUHV� H OD FDUJD GHO HOHFWUyQ� ε OD

FRQVWDQWH GLHOpFWULFD GHO PDWHULDO� N OD FRQVWDQWH GH %ROW]PDQ \ 7 OD

WHPSHUDWXUD�
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/RV WUHV SRVLEOHV FDVRV GH FRQGXFFLyQ VRQ ORV VLJXLHQWHV�

D� QW�1�/F� /RV SHUILOHV GH ODV HQHUJtDV HQ OD EDQGD GH FRQGXFFLyQ

DGTXLHUHQ OD IRUPD TXH VH DSUHFLD HQ OD ILJXUD ����� /D ]RQD GH GHSOHFFLyQ �HQ

EODQFR HQ OD ILJXUD ���� GHUHFKD� HV PX\ HVWUHFKD SRUTXH HO Q~PHUR GH

SRUWDGRUHV HQ OD VXSHUILFLH HV PXFKR PHQRU TXH HO GH SRUWDGRUHV HQ YROXPHQ�

(Q HVWH FDVR� OD PRYLOLGDG HV DFWLYDGD WpUPLFDPHQWH \ HO Q~PHUR GH SRUWDGRUHV

HQ HO YROXPHQ GHO JUDQR HV FRQVWDQWH� FRPR LQGLFDQ ODV HFXDFLRQHV >����@�

0Nn =  




 −

⋅=
kT

Bφµµ exp0     [3.20] 

)LJXUD ���� %DQGD GH FRQGXFFLyQ FDUDFWHUtVWLFD �L]TXLHUGD� \ HVTXHPD GHO

FRPSRUWDPLHQWR GH ODV MXQWDV GH JUDQR �GHUHFKD� SDUD QW�1�/F

(Q HVWH FDVR� OD DOWXUD GH OD EDUUHUD GH SRWHQFLDO LQWHUJUDQXODU SHUPDQHFH

FDVL LQYDULDEOH HQ SUHVHQFLD GH DLUH R DQWH DWPyVIHUD UHGXFWRUD� /D GHQVLGDG GH

HVWDGRV VXSHUILFLDOHV HV PX\ EDMD \ QR KD\ DSHQDV HOHFWURQHV DWUDSDGRV HQ

GLFKRV HVWDGRV VXSHUILFLDOHV IRUPDQGR OD ]RQD GH GHSOHFFLyQ TXH FRQVWLWX\H OD

EDUUHUD LQWHUJUDQXODU� SRU WDQWR KD\ SRFRV OXJDUHV GH UHDFFLyQ SDUD HO JDV

UHGXFWRU \ OD EDUUHUD GH SRWHQFLDO QR FDPELD GH IRUPD DSUHFLDEOH�

E� QW≈1�/F \ /'�/F��� (Q HVWH FDVR ORV SHUILOHV UHVSRQGHQ D OD ILJXUD

���� \ UHSUHVHQWDQ OD GHSOHFFLyQ SDUFLDO GH ORV JUDQRV� FRUUHVSRQGLHQWH DO FDVR

HQ TXH HO Q~PHUR GH SRUWDGRUHV HQ VXSHUILFLH VHD VLPLODU DO GHO YROXPHQ \ OD

ORQJLWXG GH 'HE\H VHD PHQRU TXH HO UDGLR GHO JUDQR� (Q HVWH FDVR OD PRYLOLGDG

(F

()

(F

()

(F

()

/F

%DUUHUD GH
SRWHQFLDO HQ $,5(

%DUUHUD GH
SRWHQFLDO HQ
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6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

TXHGD OLPLWDGD SRU ODV EDUUHUDV GH SRWHQFLDO TXH VH FUHDQ HQ ODV MXQWDV GH

JUDQR� /DV UHODFLRQHV HQ HVWH FDVR VRQ�
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

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
 −

⋅=
kT

Bφµµ exp0     [3.22] 

)LJXUD ���� %DQGD GH FRQGXFFLyQ FDUDFWHUtVWLFD �L]TXLHUGD� \ HVTXHPD GHO

FRPSRUWDPLHQWR GH ODV MXQWDV GH JUDQR �GHUHFKD� SDUD QW≈1�/F \ /'�/F��

/D PD\RU GHQVLGDG GH HVWDGRV VXSHUILFLDOHV HQ HVWH FDVR UHVSHFWR DO

DQWHULRU SURYRFD XQD PD\RU GHSOHFFLyQ GH SRUWDGRUHV HQ SUHVHQFLD GH DLUH� GH

WDO PRGR TXH HQ DWPyVIHUD UHGXFWRUD VH SURGXFH XQD UHDFFLyQ GH R[LGDFLyQ FRQ

HO R[tJHQR VXSHUILFLDO TXH OLEHUD HOHFWURQHV KDFLD HO YROXPHQ� GLVPLQX\HQGR OD

EDUUHUD GH SRWHQFLDO LQWHUJUDQXODU R LQFOXVR KDFLHQGR TXH GHVDSDUH]FD� 6H

SURGXFH GH HVWH PRGR XQD YDULDFLyQ VXVWDQFLDO HQ HO PHFDQLVPR GH FRQGXFFLyQ�

TXH VH WUDGXFLUi HQ XQD YDULDFLyQ GH OD FRQGXFWLYLGDG HQ HO PDWHULDO�

F� QW≈1�/F \ /'!/F��� (VWH ~OWLPR FDVR VH SURGXFH FXDQGR HO Q~PHUR GH

SRUWDGRUHV HQ VXSHUILFLH HV VLPLODU DO GHO YROXPHQ \ DGHPiV OD ORQJLWXG GH

'HE\H HV PD\RU TXH HO UDGLR GHO JUDQR� /RV JUDQRV HVWiQ SUiFWLFDPHQWH

GHSOHFFLRQDGRV GH SRUWDGRUHV GH FDUJD� (VWR WLHQH FRPR UHVXOWDGR HO SHUILO GH

(F

()

(F

()

(F

()

/F

%DUUHUD GH
SRWHQFLDO HQ $,5(

%DUUHUD GH
SRWHQFLDO HQ
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EDQGDV GH OD ILJXUD ����� (Q HVWH FDVR QR KDEUi EDUUHUDV DO IOXMR GH FRUULHQWH� OD

PRYLOLGDG SHUPDQHFH LQDFWLYD \ OD FRQFHQWUDFLyQ GH SRUWDGRUHV VHUi DFWLYDGD

WpUPLFDPHQWH SRU OD H[FLWDFLyQ GH SRUWDGRUHV GHVGH OD HVWDGRV VXSHUILFLDOHV (W D

OD EDQGD GH FRQGXFFLyQ�

( )





 −−







=

kT

EE

N

LNN
n tc

t

cc exp0     [3.23] 

µ=µ0 ó µ1     [3.24] µ1: movilidad en el volumen  

)LJXUD ���� %DQGD GH FRQGXFFLyQ FDUDFWHUtVWLFD �L]TXLHUGD� \ HVTXHPD GHO

FRPSRUWDPLHQWR GH ODV MXQWDV GH JUDQR �GHUHFKD� SDUD QW≈1�/F \ /'!/F��

(Q HVWH FDVR ORV JUDQRV GH PDWHULDO VH HQFXHQWUDQ WRWDOPHQWH

GHSOHFFLRQDGRV GH HOHFWURQHV� FRQ OR FXDO OD SUHVHQFLD GHO JDV UHGXFWRU SURGXFH

XQ GHVFHQVR GH OD EDUUHUD GH SRWHQFLDO QR VyOR HQ OD ]RQD LQWHUJUDQXODU VLQR HQ

WRGR HO YROXPHQ GHO JUDQR� 'H HVWH PRGR� HQ SUHVHQFLD GHO JDV UHGXFWRU� QR VH

SURGXFH XQD YDULDFLyQ GUiVWLFD HQ HO PHFDQLVPR GH FRQGXFFLyQ FRPR HQ HO FDVR

SUHFHGHQWH� VLQR TXH OD HQHUJtD TXH SUHFLVDQ ORV SRUWDGRUHV GH FDUJD SDUD

DOFDQ]DU OD EDQGD GH FRQGXFFLyQ HV HOHYDGD HQ WRGR PRPHQWR� LQFOXVR HQ HO

YROXPHQ� DXQTXH HQ ODV MXQWDV GH JUDQR VHD D~Q PiV HOHYDGD�

(F

()

(F

()

(F

()

/F

%DUUHUD GH
SRWHQFLDO HQ $,5(

%DUUHUD GH
SRWHQFLDO HQ
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6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

���� �	� �����
� !��� �����"��� ��� �	�

���������
���	
�

������ 	(03(5$785$ '( 23(5$&,Ï1 �

/DV FDUDFWHUtVWLFDV GH FXDOTXLHU VHQVRU VHPLFRQGXFWRU VRQ DOWDPHQWH

GHSHQGLHQWHV GH OD WHPSHUDWXUD GH RSHUDFLyQ� SRU WDQWR ODV PHGLGDV GH

YDULDFLyQ GH OD FRQGXFWDQFLD HQ SUHVHQFLD GH JDV VH VXHOHQ UHDOL]DU D GLIHUHQWHV

WHPSHUDWXUDV� SDUD GHWHUPLQDU HO UDQJR GH LQWHUpV SDUD FDGD y[LGR \ JDV D

DQDOL]DU� (Q SULPHU OXJDU� HO Q~PHUR \ WLSR GH HVSHFLHV HQ VXSHUILFLH GHO

PDWHULDO HV IXQFLyQ GH OD WHPSHUDWXUD� \D TXH ORV SURFHVRV GH TXLPLDEVRUFLyQ

VXSHUILFLDO VRQ DFWLYDGRV WpUPLFDPHQWH� $GHPiV� OD YHORFLGDG GH OD UHDFFLyQ FRQ

FDGD JDV HQ SDUWLFXODU VHUi Pi[LPD D XQD WHPSHUDWXUD FRQFUHWD� 7DPELpQ RWUDV

SURSLHGDGHV GHO PDWHULDO \D HVWXGLDGDV FRPR OD ORQJLWXG GH 'HE\H� OD IXQFLyQ

GH WUDEDMR R OD FRQFHQWUDFLyQ GH SRUWDGRUHV GH FDUJD VRQ GHSHQGLHQWHV GH OD

WHPSHUDWXUD >'HPDUQH ��@�

)LJXUD ���� (IHFWR GHO HVSHVRU GH SHOtFXOD \ GH OD WHPSHUDWXUD GH RSHUDFLyQ HQ OD ]RQD

GH GHSOHFFLyQ HQ SUHVHQFLD GH R[tJHQR

(V LPSRUWDQWH WHQHU HQ FXHQWD TXH HQ SHOtFXODV GHOJDGDV SROLFULVWDOLQDV D

DOWDV WHPSHUDWXUDV� OD GLIXVLyQ GH JDV D WUDYpV GH ODV MXQWDV GH JUDQR GHO

PDWHULDO� SXHGH JHQHUDO ]RQDV GH GHSOHFFLyQ QR KRPRJpQHDV� WDO \ FRPR VH

PXHVWUD HQ OD ILJXUD ����� HQ OD TXH VH SXHGH REVHUYDU HO HIHFWR GH OD

WHPSHUDWXUD \ GHO HVSHVRU GH OD SHOtFXOD HQ OD ]RQD GH GHSOHFFLyQ VXSHUILFLDO� (O

���

���

��

��

��� ��� 7 ��&�

(VSHVRU�QP�

&DQDO GH
FRQGXFFLyQ

=RQD GH
GHSOHFFLyQ

/XJDUHV GH DEVRUFLyQ
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R[tJHQR DEVRUELGR SXHGH OOHJDU D KDFHU GHVDSDUHFHU HO FDQDO GH FRQGXFFLyQ�

TXH SXHGH YROYHU D IRUPDUVH GH QXHYR HQ SUHVHQFLD GHO JDV UHGXFWRU�

(Q HO FDVR GHO PRQy[LGR GH FDUERQR VH UHILHUHQ WHPSHUDWXUDV GH

GHWHFFLyQ ySWLPD PHGLDQWH y[LGR GH HVWDxR WDQ GLVSDUHV FRPR ���� & HQ

>6FKLHUEDXP ��@ R ���� & HQ >:LOOLDPV ��@� $~Q DVt� OD GLVFULPLQDFLyQ GH JDVHV

XWLOL]DQGR GLIHUHQWHV WHPSHUDWXUDV GH RSHUDFLyQ QR UHVXHOYH SRU FRPSOHWR HO

SUREOHPD GH ODV VHQVLELOLGDGHV FUX]DGDV D RWURV JDVHV�

������ �63(625 '( /$ 3(/Ë&8/$ �

/D LQIOXHQFLD GHO HVSHVRU GH OD SHOtFXOD HQ OD VHQVLELOLGDG DO JDV HQ HO y[LGR GH

HVWDxR QR HV GH OD PLVPD QDWXUDOH]D HQ HO FDVR GH SHOtFXODV JUXHVDV \ GH

SHOtFXODV GHOJDGDV� (Q >GH $QJHOLV ��@ VH VHxDOD TXH OD VHQVLELOLGDG DO HWDQRO

GLVPLQX\H D PHGLGD TXH HO HVSHVRU DXPHQWD �VH FRPSDUDQ SHOtFXODV GH �� \ ��

µP�� DWULEX\HQGR HO KHFKR D TXH HO HWDQRO SXHGH UHDFFLRQDU PiV IiFLOPHQWH \

SRU HOOR VX R[LGDFLyQ WLHQH OXJDU HQ ]RQDV PiV SUy[LPDV D OD VXSHUILFLH� GDQGR

OXJDU D SHRU VHQVLELOLGDG HQ SHOtFXODV GH PD\RU HVSHVRU� 2WURV JDVHV FRPR HO

PHWDQR� PiV HVWDEOH� VH R[LGDQ HQ HO YROXPHQ GH OD SHOtFXOD� FRQ OR FXDO VX

VHQVLELOLGDG QR YDULDUi VXVWDQFLDOPHQWH GH XQR D RWUR HVSHVRU� 6DOYR SRU HVWH

PRWLYR� HQ ODV SHOtFXODV JUXHVDV HV PD\RU OD LPSRUWDQFLD GH OD FRPSDFLGDG GH OD

SHOtFXOD R VX WDPDxR GH JUDQR� TXH HO HVSHVRU GH OD PLVPD�

$OJXQRV DXWRUHV >/HH ��@ FRPSDUDQ SHOtFXODV JUXHVDV \ GHOJDGDV FRQ

VLPLODU HVWUXFWXUD FULVWDOLQD SHUR FRQ WDPDxRV GH JUDQR GLVWLQWRV ��� QP HQ ODV

SHOtFXODV JUXHVDV \ �� QP HQ ODV GHOJDGDV�� (Q OD SHOtFXOD GHOJDGD FRQVLGHUDQ

TXH XQD SDUWH GHO YROXPHQ SHUPDQHFH LQDFWLYD SRUTXH ODV MXQWDV GH JUDQR QR

OOHJDQ D GHSOHFFLRQDUVH SRU HQFRQWUDUVH DOHMDGDV GH OD VXSHUILFLH \ GHELGR D OD

FRPSDFLGDG GH OD SHOtFXOD� FRVD TXH QR VXFHGH HQ OD SHOtFXOD JUXHVD� TXH DO

SUHVHQWDU XQD PD\RU SRURVLGDG� SHUPLWH OD HQWUDGD WDQWR GH R[tJHQR FRPR GH

JDV D WRGR HO YROXPHQ� 6H PHQFLRQD HO KHFKR GH TXH� DGHPiV GH VHU PHQRV

VHQVLEOHV D ORV JDVHV HQVD\DGRV �+� \ &2� ODV SHOtFXODV GHOJDGDV SUHVHQWDQ XQD

PHQRU YHORFLGDG GH UHVSXHVWD� &XOSDQ GH HVWH KHFKR D TXH KDEUi GLIXVLyQ GH

SRUWDGRUHV HQWUH OD VXSHUILFLH GHSOHFFLRQDGD \ HO YROXPHQ VLQ GHSOHFFLRQDU�

GHELGR D OR FXDO HO WLHPSR GH UHVSXHVWD VHUi SURGXFWR WDQWR GH ORV IHQyPHQRV

GH DEVRUFLyQ�GHVDEVRUFLyQ VXSHUILFLDO FRPR D OD LQWHUDFFLyQ HQWUH OD ]RQD GH OD

VXSHUILFLH \ HO YROXPHQ KDVWD DOFDQ]DU HO HTXLOLEULR� 6XJLHUHQ TXH GLFKD



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

LQWHUDFFLyQ VH SURGXFH D WUDYpV GH ORV JUDQRV GHO PDWHULDO \ QR D WUDYpV GH ODV

EDUUHUDV GH SRWHQFLDO� TXH QR VH OOHJDQ D IRUPDU HQ HO YROXPHQ� 1R VHxDODQ� HQ

FDPELR� OD SRVLEOH LQIOXHQFLD GH OD GLIHUHQFLD HQ ORV WDPDxRV GH JUDQR GH FDGD

WLSR GH SHOtFXOD� (Q UHDOLGDG HQ HVWD GLVFXVLyQ VH HQWUHPH]FODQ ORV HIHFWRV GHO

HVSHVRU \ GH OD PLFURHVWUXFWXUD SRU VHU GLIHUHQWHV ORV WDPDxRV GH JUDQR�

6LJXLHQGR HVWD OtQHD GH UD]RQDPLHQWR� HQ >6LPRQ ��@ VH DSXQWD XQD

GLYLVLyQ HQWUH HO FRPSRUWDPLHQWR GH SHOtFXODV FRPSDFWDV �&9'� 39'�� \ SHOtFXODV

SRURVDV� (Q ODV SULPHUDV VXJLHUH OD PRGHOL]DFLyQ GH OD UHVSXHVWD VLPSOLILFiQGROD

FRPR OD GH GRV UHVLVWHQFLDV HQ SDUDOHOR� XQD UHVLVWHQFLD FRUUHVSRQGLHQWH D OD

]RQD DIHFWDGD SRU HO JDV \ RWUD FRUUHVSRQGLHQWH DO YROXPHQ QR DIHFWDGR SRU HO

PLVPR� GH YDORU PHQRU�

)LJXUD ���� 5HSUHVHQWDFLyQ HVTXHPiWLFD GH FDSDV SRURVDV \ FDSDV FRPSDFWDV VLHQGR [J

HO WDPDxR GH JUDQR� /' OD ORQJLWXG GH 'HE\H� ]R HVSHVRU GH OD ]RQD GH GHSOHFFLyQ \ ]J

HVSHVRU GH OD SHOtFXOD

6HJ~Q HVWR� VRODPHQWH VL OD ]RQD GH GHSOHFFLyQ WLHQH XQ HVSHVRU VLPLODU

DO GH OD SHOtFXOD FRPSDFWD� VHUtD GH HVSHUDU XQD DOWD VHQVLELOLGDG HQ HO JDV� TXH

KDUtD GLVPLQXLU OD UHVLVWHQFLD GH PRGR WDO TXH DFWXDUtD FRPR VL VH DEULHVH \
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FHUUDVH XQ LQWHUUXSWRU� HV GHFLU� SURGXFLHQGR XQD YDULDFLyQ GH UHVLVWHQFLD

HOHYDGD� (Q ODV SHOtFXODV SRURVDV OD FRUULHQWH SDVDUtD D WUDYpV GH ODV UHVLVWHQFLDV

HQ VHULH FRQVWLWXLGDV SRU ORV JUDQRV \ ODV MXQWDV GH JUDQR GHSOHFFLRQDGDV� /D

GLIHUHQFLD HQWUH HO PHFDQLVPR GH GHWHFFLyQ HQ SHOtFXODV SRURVDV R HQ SHOtFXODV

FRPSDFWDV TXHGDUtD LOXVWUDGR SRU OD ILJXUD �����

8QD WHRUtD VLPLODU HV VRVWHQLGD SRU >&KRH ��@� TXH WDPSRFR WLHQH HQ

FXHQWD ODV MXQWDV GH JUDQR SRU FRQVLGHUDU XQD DOWD GHQVLGDG HQ VX SHOtFXOD� \

REWLHQH XQD VHQVLELOLGDG Pi[LPD SDUD XQ HVSHVRU GH SHOtFXOD GH ��� QP� TXH HQ

VX FDVR FRLQFLGH DSUR[LPDGDPHQWH FRQ OD SURIXQGLGDG GH OD ]RQD GH GHSOHFFLyQ

TXH FDOFXOD SRU HIHFWR +DOO�

+D\ YDULRV UHVXOWDGRV PHQFLRQDGRV HQ ELEOLRJUDItD VREUH OD LQIOXHQFLD GHO

HVSHVRU GH SHOtFXODV GHOJDGDV HQ OD VHQVLELOLGDG D GLVWLQWRV JDVHV� (Q

>6EHUYHJOLHUL ��@ VH PHQFLRQD HO KHFKR GH TXH OD GLVPLQXFLyQ D OD PLWDG GHO

HVSHVRU HQ XQD SHOtFXOD GH y[LGR GH HVWDxR GREOD OD VHQVLELOLGDG DO HWDQRO�

7DPELpQ HQ >:LOOLDPV ��@ VH REWLHQH XQD VHQVLELOLGDG Pi[LPD WDQWR D &2 FRPR

D &+� \ +� HQ XQD SHOtFXOD GH XQRV ��� QP GH HVSHVRU REWHQLGD SRU UI

VSXWWHULQJ \ R[LGDGD SRVWHULRUPHQWH HQ DLUH D ����&� YDULDQGR HO HVSHVRU

ySWLPR D HVSHVRUHV PD\RUHV �XQRV ��� QP� FXDQGR HV WUDWDGD SRVWHULRUPHQWH

HQ DWPyVIHUD GH R[tJHQR D ����&� 1R VXJLHUH QLQJXQD H[SOLFDFLyQ DO UHVSHFWR�

9DULRV DXWRUHV GHVFULEHQ XQ DXPHQWR GHO WDPDxR GH JUDQR DO DXPHQWDU HO

HVSHVRU GH ODV SHOtFXODV� DXQTXH HVWDV KD\DQ VLGR REWHQLGDV HQ ODV PLVPDV

FRQGLFLRQHV� (Q >%UXQR ��@ VH REWLHQHQ SHOtFXODV GH GLIHUHQWHV HVSHVRUHV ��� D

��� QP� SRU &9' \ VH REVHUYD XQD VHQVLELOLGDG Pi[LPD DO HWDQRO� DO &2 \ DO

&+� SDUD SHOtFXODV GH �� D �� QP GH HVSHVRU� (Q OD UHIHUHQFLD >%ULQ]DUL ��@

WDPELpQ VH PHQFLRQD XQ DXPHQWR GH WDPDxR GH ORV FULVWDOHV DO DXPHQWDU HO

HVSHVRU GH OD SHOtFXOD HQ SHOtFXODV GH HQWUH �� \ ��� QP GH HVSHVRU REWHQLGDV

SRU VSUD\ S\URO\VLV�

(Q >6DNDL ��D@ VH HYDO~DQ ODV FDUDFWHUtVWLFDV GH VHQVLELOLGDG DO +� \ DO &2

GH SHOtFXODV GHOJDGDV FRPSDFWDV GH HVSHVRUHV FRPSUHQGLGRV HQWUH ORV �� \ ���

QP REWHQLGDV SRU VSLQ�FRDWLQJ D SDUWLU GH XQD VXVSHQVLyQ TXtPLFD GH 6Q2� HQ

OtTXLGR� (O PDWHULDO SUHVHQWD XQ WDPDxR PHGLR GH JUDQR GH XQRV � QP� 0LHQWUDV

TXH REVHUYDQ XQD GLVPLQXFLyQ GH OD UHVSXHVWD DO +� DO DXPHQWDU HO HVSHVRU� HQ

HO UDQJR GH HVSHVRUHV HVWXGLDGRV QR REWLHQHQ DSHQDV GLIHUHQFLDV GH

VHQVLELOLGDG DO &2� (Q HVWH FDVR VH VXJLHUH OD UHODFLyQ GLUHFWD HQWUH OD SRVLELOLGDG



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

GH GLIXVLyQ GH SDUWtFXODV GH JDV HQ HO LQWHULRU GHO PDWHULDO \ OD UHVSXHVWD DO

PLVPR�

/D GLIXVLyQ HQ XQ PDWHULDO SXHGH VHU GH QDWXUDOH]D VXSHUILFLDO� GH

.QXGVHQ� R PROHFXODU� 6H FRQVLGHUD FDGD XQR GH ORV PHFDQLVPRV HQ IXQFLyQ GHO

WDPDxR GH ORV SRURV� GH PHQRU D PD\RU VHJ~Q HO RUGHQ FLWDGR� /D GLIXVLyQ GH

.QXGVHQ VH FRQVLGHUD SDUD SRURV GH ��� QP KDVWD ��� QP� (O DXWRU FRQVLGHUD

TXH HO WDPDxR GH ORV SRURV HQ HO PDWHULDO HV VLPLODU DO GH ORV JUDQRV� EDViQGRVH

HQ UHVXOWDGRV REWHQLGRV SRU RWURV DXWRUHV FRQ OD PLVPD WpFQLFD GH IDEULFDFLyQ

3RU HVR FRQVLGHUD HVWH PHFDQLVPR GH GLIXVLyQ \ REWLHQH XQ PRGHOR GH OD

UHVSXHVWD DO JDV EDViQGRVH HQ HO FRHILFLHQWH GH GLIXVLyQ GH .QXGVHQ �'.�� TXH

VH GHILQH HQ XQ SRUR FLOtQGULFR FRPR�

M

T
rDK ×⋅= 9700     [3.25] 

U� UDGLR GHO SRUR

7� WHPSHUDWXUD HQ .HOYLQ

0� SHVR PROHFXODU GHO JDV

4XHGD FODUR TXH HO FRHILFLHQWH GH GLIXVLyQ VHUi PHQRU FXDQWR PD\RU VHD

HO SHVR PROHFXODU GHO JDV� /RV DXWRUHV UHDOL]DQ XQ DQiOLVLV VHPLFXDQWLWDWLYR GHO

IHQyPHQR UHVROYLHQGR OD HFXDFLyQ GH WUDQVSRUWH SDUD XQ SRUR GH UDGLR U \

ORQJLWXG / HQ HO FXDO VH GLIXQGHQ ODV PROpFXODV VHJ~Q HO PHFDQLVPR GH

.QXGVHQ� PLHQWUDV UHDFFLRQDQ FRQ HO R[tJHQR DEVRUELGR�
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[� GLVWDQFLD D OD VXSHUILFLH GH OD SHOtFXOD

N� FRQVWDQWH GH OD UHDFFLyQ VXSHUILFLDO

&$� FRQFHQWUDFLyQ GHO JDV HQ [

&XDQGR VH DOFDQ]D HO UpJLPHQ SHUPDQHQWH� OD FRQFHQWUDFLyQ GH JDV &$ \D

QR YDUtD HQ HO WLHPSR�

0
2

2

=−





∂

∂
A

A
K kC

x

C
D     [3.27] 



�� &DStWXOR �

5HVROYLHQGR HVWD HFXDFLyQ FRQ ODV FRQGLFLRQHV GH FRQWRUQR DGHFXDGDV VH

SXHGH REWHQHU HO SHUILO GH OD FRQFHQWUDFLyQ GH JDV� /DV GRV FRQGLFLRQHV GH

FRQWRUQR TXH VH XWLOL]DQ VRQ�

D� &$ &$�V HQ [ � VLHQGR &$�V OD FRQFHQWUDFLyQ GHO JDV HQ OD

DWPyVIHUD FLUFXQGDQWH

E� &$ &$�V HQ [ �/� (VWD VHJXQGD FRQGLFLyQ QDFH GH UHDOL]DU OD

VLPSOLILFDFLyQ GH FRQVLGHUDU XQ SRUR HO GREOH GH ODUJR \ DELHUWR

HQ VXV GRV H[WUHPRVD VROXFLyQ TXH VH REWLHQH HV XQD IXQFLyQ

VLPpWULFD FRQ HO HMH GH VLPHWUtD HQ [ /� TXH UHVSRQGH D OD

HFXDFLyQ�
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6L VH UHSUHVHQWD &$�&$�V IUHQWH D [�/� FRQVLGHUDQGR ILMDGDV &$�V� / \� SDUD

YDULRV YDORUHV GLIHUHQWHV GH OD UHODFLyQ /�N�'.�
���� VH REWLHQHQ ODV FXUYDV GH OD

ILJXUD ����� (O SHUILO �D�� FRQ XQ VXDYH GHVFHQVR GH OD FXUYD� FRUUHVSRQGH D XQ

YDORU EDMR GH N�'.� PLHQWUDV TXH HO PiV DEUXSWR �HO �H��� FRUUHVSRQGH D XQ

YDORU DOWR GHO SDUiPHWUR N�'.� /D UHVSXHVWD DO JDV HV PD\RU FXDQWR PiV

KRUL]RQWDO VHD OD FXUYD� HV GHFLU� SDUD YDORUHV N�'. EDMRV� R OR TXH HV OR PLVPR�

SDUD YDORUHV GH OD FRQVWDQWH GH UHDFFLyQ N EDMRV \ GHO FRHILFLHQWH GH GLIXVLyQ '.

HOHYDGRV� 6L VH FRQVLGHUDQ ODV WDVDV GH UHDFFLyQ LJXDOHV SDUD +� \ &2 \

VDELHQGR TXH HO FRHILFLHQWH GH GLIXVLyQ GHO +� HV ��� YHFHV PD\RU TXH HO GHO &2�

OD VHQVLELOLGDG DO KLGUyJHQR VHUi FODUDPHQWH PiV HOHYDGD�

(VWD PLVPD FXUYD SXHGH VHUYLU SDUD H[SOLFDU FXDOLWDWLYDPHQWH OD LQIOXHQFLD

GHO HVSHVRU HQ OD GHWHFFLyQ GH JDV� 6L VH YDULDVH HO HVSHVRU GH OD SHOtFXOD�

FDPELDUtD OD ORQJLWXG GHO SRUR /� (VWR SURGXFLUtD XQ FDPELR GH PD\RU

HQYHUJDGXUD HQ OD FXUYD PiV KRUL]RQWDO� \D TXH HQ XQD FXUYD FRPR OD �H��

GRQGH OD UHDFFLyQ WLHQH OXJDU EiVLFDPHQWH HQ OD VXSHUILFLH \ HO JDV QR DOFDQ]D HO

YROXPHQ� XQ FDPELR GH HVSHVRU QR DIHFWDUtD HQ JUDQ PHGLGD D OD UHVSXHVWD DO

JDV� (VWR TXLHUH GHFLU TXH HQ HVWH WLSR GH FXUYD� HV GHFLU� HQ ODV GH N�'.PHQRU



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

�FRUUHVSRQGLHQWH D JDVHV GH PD\RU GLIXVLYLGDG� SRU WDQWR� PHQRU SHVR

PROHFXODU�� OD YDULDFLyQ GHO HVSHVRU DIHFWDUtD PiV D OD VHQVLELOLGDG DO JDV�

)LJXUD ���� 3HUILOHV GH FRQFHQWUDFLyQ FRQ /�'�N���� FRPR SDUiPHWUR SDUD YDORUHV GHO

PLVPR GH �D� ��� �E� � �F� �� �G� ��

(Q >6DNDL ��E@ HO DXWRU OOHJD D OD REWHQFLyQ GH XQD HFXDFLyQ GH OD

VHQVLELOLGDG DO JDV GHILQLGD FRPR HO FRFLHQWH GH UHVLVWHQFLD GHO PDWHULDO HQ

SUHVHQFLD GH DLUH \ HQ SUHVHQFLD GH JDV >����@� \ FRQVLGHUDQGR OD YDULDFLyQ GH

FRQGXFWLYLGDG OLQHDO \ SURSRUFLRQDO D OD FRQFHQWUDFLyQ GH JDV HQ HO LQWHULRU GHO

PDWHULDO PHGLDQWH XQD FRQVWDQWH a >����@�

( )ACax ⋅++= 1)( 0σσ     [3.29] 
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/D DGLFLyQ GH SHTXHxDV FDQWLGDGHV GH PHWDOHV QREOHV DO y[LGR GH HVWDxR

DXPHQWD OD VHQVLELOLGDG DO JDV� DVt FRPR OD YHORFLGDG GH UHVSXHVWD� $OJXQRV GH

ORV PHWDOHV DXPHQWDQ PiV OD VHQVLELOLGDG D DOJXQRV JDVHV TXH D RWURV�

DXPHQWDQGR GH HVWH PRGR OD VHOHFWLYLGDG HQ OD GHWHFFLyQ� 2WUR GH ORV HIHFWRV

PiV REVHUYDGRV HV HO GHVFHQVR GH OD WHPSHUDWXUD GH Pi[LPD VHQVLELOLGDG DO

JDV�

/RV PDWHULDOHV PiV XWLOL]DGRV FRPR DGLWLYRV VRQ HO 3W \ HO 3G� DXQTXH

WDPELpQ VH HQFXHQWUDQ HQ OD ELEOLRJUDItD RWURV FRPR HO 5K� $J� $X� $O� &X R 0R�

/RV HIHFWRV GH DFWLYDFLyQ GH OD VHQVLELOLGDG SURYRFDGRV SRU HVWRV PDWHULDOHV

HVWiQ UHODFLRQDGRV FRQ OD DFWLYLGDG FDWDOtWLFD GH ORV PLVPRV HQ OD R[LGDFLyQ GH

ORV JDVHV HQ VXSHUILFLH� SHUR ORV PHFDQLVPRV TXH VH SURGXFHQ FRQ FDGD PHWDO

QR VRQ GH OD PLVPD QDWXUDOH]D� 6H SXHGHQ SURGXFLU GHVGH IHQyPHQRV GH

GLVWRUVLyQ GH OD UHG GH y[LGR GH HVWDxR HQ OD LQWHUIDVH PHWDO�y[LGR� YDULDFLRQHV

HQ HO QLYHO GH )HUPL D YDORUHV FRUUHVSRQGLHQWHV DO PHWDO� IRUPDFLyQ GH EDUUHUDV

6FKRWWN\ GHELGDV DO SRWHQFLDO GH FRQWDFWR HQWUH PHWDO \ y[LGR� R[LGDFLyQ

FDWDOtWLFD R VSLOO�RYHU GH ORV JDVHV��� HWF� %DViQGRVH HQ ORV HVWXGLRV UHDOL]DGRV

SRU DOJXQRV DXWRUHV ><DPD]RH ��@ VH KDQ SURSXHVWR GRV PHFDQLVPRV EiVLFRV

GH VHQVLELOL]DFLyQ GHO PDWHULDO� HO PHFDQLVPR HOHFWUyQLFR� TXH WLHQH OXJDU FRQ

DGLWLYRV FRPR OD SODWD R HO SDODGLR� \ HO PHFDQLVPR TXtPLFR� TXH HV

FDUDFWHUtVWLFR GHO 3W� DXQTXH GLFKRV PHFDQLVPRV QR HQ WRGDV ODV RFDVLRQHV VH

SURGX]FDQ GH IRUPD DLVODGD� VLQR XQLGRV D RWURV HIHFWRV \ FRPR FRPELQDFLyQ GH

HOORV�

• 6HQVLELOL]DFLyQ TXtPLFD

Este mecanismo tiene lugar a través del spill-over, que es un efecto 
catalítico. El metal actúa en este caso sobre el gas para acelerar su 
oxidación catalítica en la superficie del semiconductor, es decir, no 
afecta a la resistencia del material directamente, y por tanto el 
mecanismo de detección sigue siendo básicamente el mismo. El aumento 
de sensibilidad se produce porque se aceleran los procesos químicos y en 
consecuencia se disminuye la cantidad de oxígeno absorbido en 
superficie. Este es el motivo de que a este efecto se le denomine 
sensibilización química. 



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

)LJXUD ���� 0HFDQLVPR GH VHQVLELOL]DFLyQ TXtPLFD

• 6HQVLELOL]DFLyQ HOHFWUyQLFD

Esta tiene lugar por una interacción directa entre el aditivo y la superficie 
del semiconductor. El aditivo cambia su estado de oxidación, variando de 
este modo el estado electrónico del material, por ejemplo en el caso de la 
plata y el paladio se forman óxidos estables en aire (Ag2O y PdO), tal y 
como sucede en [Diéguez 99] , que son posteriormente reducidos a Ag y 
Pd respectivamente en el proceso de combustión con el gas. Cada aditivo 
en su forma oxidada produce una zona espacial de deplección a su 
alrededor en el semiconductor, que desaparece en presencia del gas 
cuando el óxido queda reducido de nuevo a metal. 

)LJXUD ���� 0HFDQLVPR GH VHQVLELOL]DFLyQ HOHFWUyQLFD

+D\ FDVRV HQ ORV TXH VH FRQVLGHUD TXH OD EDUUHUD 6FKRWWN\ DXPHQWD DO

DxDGLU PHWDOHV QREOHV� DILUPDFLyQ TXH VH YH FRQILUPDGD SRU HO DXPHQWR GH OD

UHVLVWHQFLD GHO PDWHULDO DO DxDGLU 3G \ 3W >*DXWKHURQ ��@ >6FKZDL]HU�%HUEHULFK

��@ >:|OOHQVWHLQ ��@�

(Q FXDOTXLHU FDVR VH SURGXFH XQD GLVPLQXFLyQ GH OD WHPSHUDWXUD GH

Pi[LPD UHVSXHVWD HOpFWULFD GHO PDWHULDO� GHELGR D ODV YDULDFLRQHV HQ OD FLQpWLFD
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GH OD UHDFFLyQ TXH LQWURGXFHQ ORV DGLWLYRV� HIHFWR TXH HV FRP~QPHQWH UHIHULGR

>'L *LXOLR ��@ >5HOOD ��@ >6FKZDL]HU�%HUEHULFK ��@ >&LUHUD ��@�

/D WpFQLFD TXH VH XWLOLFH D OD KRUD GH DxDGLU HO DGLWLYR DO PDWHULDO KDUi

YDULDU ODV SURSLHGDGHV FDWDOtWLFDV GHO PLVPR� \D TXH GHSHQGLHQGR GH VL HO HVWDGR

GHO PDWHULDO HV R[LGDGR R PHWiOLFR VX LQIOXHQFLD VREUH OD GHWHFFLyQ GH JDV VHUi

GH GLVWLQWD QDWXUDOH]D� /D GLVSRVLFLyQ GHO DGLWLYR HQ OD SHOtFXOD �XQLIRUPH HQ WRGR

HO YROXPHQ R ORFDOL]DGD HQ OD VXSHUILFLH GH OD PLVPD�� XQLGD D OD QDWXUDOH]D PiV

R PHQRV GHQVD GHO PDWHULDO VHQVLEOH \ DO WDPDxR GH JUDQR GHO PLVPR� LQIOXLUiQ

WDPELpQ GH PDQHUD QRWDEOH HQ OD DFWXDFLyQ GHO DGLWLYR VREUH ODV SURSLHGDGHV

VHQVRUDV GHO PDWHULDO�

$GLWLYR 7pFQLFD GH

REWHQFLyQ

GHO 6Q2�

7pFQLFD GH LQWURGXFFLyQ

GHO DGLWLYR

'LVWULE� GHO

DGLWLYR

5HIHUHQFLD

3G

3G

3G� 3W� $X� $J

3W

3G

3W

3W� 0R� &X� 5K�3G

3W

3W

3W

5*72

8+9 HYDSRUDWLRQ

VSXWWHULQJ

VSXWWHULQJ

HYDSRUDWLRQ

HOHFWURQ EHDP

&9'� HYDSRUDWLRQ

&9'

VSXWWHULQJ

VSXWWHULQJ

5*72

8+9 HYDSRUDWLRQ

VSXWWHULQJ

VSXWWHULQJ

HYDSRUDWLRQ

VSXWWHULQJ

HYDSRUDW�� VSXWWHULQJ

VSXWWHULQJ

HYDSRUDW�� VSXWWHULQJ

VSXWWHULQJ

VXS�

VXS� \ YRO�

VXS�

VXS�

VXS�

VXS�

VXS�

VXS�

VXS�

VXS�

>6EHUYHJOLHUL ��@

>6FKLHUEDXP ��@

>0LV]HL ��@

>'L *LXOLR ��@

><RR ��@

>6FK��%HUEHULFK ��@

>6DXYDQ ��@

>0RQWPpDW ��@

>:|OOHQVWHLQ ��@

>.LP ��@

7DEOD ��� 7pFQLFDV WtSLFDV GH SHOtFXOD GHOJDGD SDUD GHSyVLWR GH DGLWLYRV HQ SHOtFXODV GH

6Q2� WDPELpQ GH SHOtFXOD GHOJDGD

/DV WpFQLFDV KDELWXDOHV GH REWHQFLyQ GH SHOtFXOD GHOJDGD GDQ OXJDU D

FDSDV PiV GHQVDV TXH ODV GH SHOtFXOD JUXHVD� FRPR \D VH KD PHQFLRQDGR� SRU

OR FXDO ORV PHFDQLVPRV GH FRQGXFFLyQ GLILHUHQ GH XQDV D RWUDV� &XDQGR VH



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

XWLOL]DQ ORV PpWRGRV \D PHQFLRQDGRV GH SHOtFXOD GHOJDGD �VSXWWHULQJ� &9'��

SDUD REWHQHU HO y[LGR GH HVWDxR� HO DGLWLYR VH LQWURGXFH QRUPDOPHQWH FRPR XQD

FDSD VXSHUILFLDO PX\ GHOJDGD� WDPELpQ REWHQLGD SRU XQ PpWRGR GH ODV PLVPDV

FDUDFWHUtVWLFDV� /D PD\RU R PHQRU GLIXVLyQ GH ODV SDUWtFXODV KDFLD HO LQWHULRU GHO

PDWHULDO \ HO HVWDGR GH ODV PLVPDV �PHWiOLFR X R[LGDGR� GHSHQGH WDQWR GHO

PpWRGR GH GHSyVLWR FRPR GHO SRVWHULRU WUDWDPLHQWR WpUPLFR TXH KDELWXDOPHQWH

VH OOHYD D FDER WUDV HO GHSyVLWR FRQ HO ILQ GH HVWDELOL]DU HO PDWHULDO� $OJXQRV

HMHPSORV VH H[SRQHQ HQ OD WDEOD ���� (Q OD UHIHUHQFLD >6FKLHUEDXP ��@ VH XWLOL]D

XQD WpFQLFD GH GHSyVLWR GH FDSDV DOWHUQDV GH PDWHULDO SDUD WUDWDU GH REWHQHU

XQD GLVWULEXFLyQ KRPRJpQHD GHO PLVPR HQ HO YROXPHQ� PiV GLItFLO GH FRQVHJXLU

PHGLDQWH HVWH WLSR GH WHFQRORJtDV�

/DV WpFQLFDV EDVDGDV HQ SURFHVRV TXtPLFRV GH REWHQFLyQ GH y[LGR GH

HVWDxR� QRUPDOPHQWH DxDGHQ HO DGLWLYR GXUDQWH HO SURSLR SURFHVR TXtPLFR�

FRQVLJXLHQGR GH HVWD IRUPD XQD GLVWULEXFLyQ YROXPpWULFD GHO PLVPR XQLIRUPH�

$OJXQRV HMHPSORV VH H[SRQHQ HQ OD WDEOD ����

$GLWLYR 7pFQLFD GH REWHQFLyQ�WpFQLFD GH

GHSyVLWR

5HI�

3G

3W� 3G

3G

3W� 3G

6RO�JHO � VSLQ FRDWLQJ

$HURVRO S\UROLVLV � VSUD\LQJ

0LFURZDYH SURFHVVLQJ � SULQWLQJ

0LFURZDYH SURFHVVLQJ � SXOYHULVDWLRQ FRDWLQJ

>5HOOD ��@

>7DGHHY ��@ >5HQDXOW ��@

>-LPpQH] ��@

>&LUHUD ��@

7DEOD ��� 7pFQLFDV TXtPLFDV GH REWHQFLyQ \ GHSyVLWR GH 6Q2� FRQ DGLWLYRV HQ YROXPHQ

7DPELpQ H[LVWH OD SRVLELOLGDG GH XWLOL]DU XQ PpWRGR TXtPLFR GH REWHQFLyQ

GHO 6Q2� \ SRVWHULRUPHQWH LPSUHJQDU HO PDWHULDO HQ XQD VROXFLyQ TXH LQWURGX]FD

HO DGLWLYR� 'HSHQGLHQGR GH ODV FRQGLFLRQHV GH WHPSHUDWXUD \ GH ORV WUDWDPLHQWRV

WpUPLFRV XOWHULRUHV� VH SURGXFLUi XQD PD\RU R PHQRU LQWURGXFFLyQ GHO PHWDO HQ

HO YROXPHQ \ VH FRQVHJXLUi XQD GLVWULEXFLyQ GHO PLVPR PiV R PHQRV XQLIRUPH

>'LpJXH] ��@ >0RULPLWVX ��@�

(Q HO FDVR GH OD GHWHFFLyQ GH &2� WDPELpQ ORV PHWDOHV PiV XWLOL]DGRV VRQ

HO 3W \ HO 3G� $PERV UHGXFHQ OD WHPSHUDWXUD GH RSHUDFLyQ UHVSHFWR D OD GHO
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y[LGR GH HVWDxR VLQ DGLWLYRV \ DXPHQWDQ WDQWR OD VHQVLELOLGDG FRPR OD YHORFLGDG

GH UHVSXHVWD DO &2� (O KHFKR GH TXH HO HIHFWR GH XQR X RWUR VHD PiV DFXVDGR

GHSHQGH IXHUWHPHQWH GH OD IRUPD GH SUHSDUDFLyQ GHO PDWHULDO� DVt FRPR GH OD

FDQWLGDG GH DGLWLYR LQWURGXFLGD >0DWNR ��@�

����
��80('$'�

(V FRQRFLGR HO HIHFWR GH DXPHQWR HQ OD FRQGXFWLYLGDG TXH VH SURGXFH HQ ORV

VHQVRUHV FRQGXFWRPpWULFRV GH y[LGR GH HVWDxR HQ SUHVHQFLD GHO YDSRU GH DJXD�

SHUR QR HV WDQ FODUD OD LQIOXHQFLD TXH HMHUFH VREUH HO PHFDQLVPR GH GHWHFFLyQ

GHO PRQy[LGR GH FDUERQR�

(Q JHQHUDO HVWi EDVWDQWH H[WHQGLGD OD WHRUtD GH TXH HO PHFDQLVPR GH

GHWHFFLyQ GHO &2� TXH HV XQ JDV UHGXFWRU� VH EDVD HQ OD LQWHUDFFLyQ GHO PLVPR

FRQ HVSHFLHV GH R[tJHQR TXLPLDEVRUELGDV �2�DEV
�� 2DEV

�� HQ OD VXSHUILFLH GHO

VHPLFRQGXFWRU� OLEHUDQGR HOHFWURQHV HQ OD EDQGD GH FRQGXFFLyQ VHJ~Q ODV

VLJXLHQWHV UHDFFLRQHV >%kUVDQ ��@�
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g ++↔+ −− )(
22

)( 22

SeCOOCO g
abs
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VLHQGR 6 XQD YDFDQWH GH R[tJHQR GHVRFXSDGD�

7DPELpQ VH FRQRFH HO DXPHQWR HQ OD FRQGXFWLYLGDG TXH VH SURGXFH HQ HO

y[LGR GH HVWDxR HQ SUHVHQFLD GH DJXD� FRQ XQ HIHFWR VLPLODU DO GH ORV JDVHV

UHGXFWRUHV� $ WHPSHUDWXUDV EDMDV ������&� VH SURGXFH OD ILVLDEVRUFLyQ GHO

DJXD FRPR PROpFXOD �+�2�� SHUR SRU HQFLPD GH HVWD WHPSHUDWXUD OD

ILVLDEVRUFLyQ QR WLHQH LQIOXHQFLD HQ OD FRQGXFFLyQ� $ WHPSHUDWXUDV PD\RUHV VH

SURGXFH XQD TXLPLDEVRUFLyQ GHO DJXD GLVRFLDGD�

• HO 2+� VH XQH D XQ iWRPR GH HVWDxR GH UHG 6QUHG

• HO +� UHDFFLRQD FRQ HO R[tJHQR GH OD UHG R FRQ HO R[tJHQR

TXLPLDEVRUELGR

6H VXJLHUH TXH HO PHFDQLVPR SDUD H[SOLFDU HO DXPHQWR HQ OD

FRQGXFWLYLGDG SURGXFLGR SRU HO HIHFWR GHO DJXD YLHQH GDGR SRU OD HFXDFLyQ

>����@� IRUPiQGRVH GRV JUXSRV KLGUR[LOR XQLGRV D iWRPRV GH HVWDxR GH OD UHG� 

oredredred VSnOHOSnOH +−→++ )(222     [3.32] 

[3.31] 



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

'RQGH 9R HV XQD YDFDQWH GH R[tJHQR TXH VH SXHGH GLIXQGLU KDFLD OD UHG \

DFWXDU FRPR LPSXUH]D GRQDGRUD�

 −+→ eSVo 2     [3.33] 

'H DFXHUGR FRQ HVWH PHFDQLVPR HO Q~PHUR GH OXJDUHV GH DEVRUFLyQ SDUD

HO DJXD HV SURSRUFLRQDO DO Q~PHUR GH iWRPRV GH R[tJHQR \ GH HVWDxR GH OD UHG

2UHG \ 6QUHG� PLHQWUDV TXH ORV OXJDUHV GH DEVRUFLyQ SDUD HO R[tJHQR VRQ ODV

YDFDQWHV GH R[tJHQR 9R� (O DJXD FUHD YDFDQWHV GH R[tJHQR TXH SXHGHQ VHU

RFXSDGDV SRU HVSHFLHV GH R[tJHQR TXLPLDEVRUELGDV �2�DEV
�� 2DEV

��� FRPSHQVDQGR

GH HVWD PDQHUD OD GLVPLQXFLyQ GH UHVLVWHQFLD SURGXFLGD SRU HO DJXD� &RPR

QRUPDOPHQWH HO Q~PHUR GH OXJDUHV GH DEVRUFLyQ 2UHG \ 6QUHG HV PD\RU TXH HO

Q~PHUR GH OXJDUHV GH DEVRUFLyQ 9R� VH H[SOLFDUtD HO HIHFWR SUHGRPLQDQWH GH OD

GLVPLQXFLyQ GH UHVLVWHQFLD HQ DLUH K~PHGR�

6HJ~Q OR H[SXHVWR� HO DXPHQWR GHO Q~PHUR GH iWRPRV GH R[tJHQR

TXLPLDEVRUELGR GHEHUtD DXPHQWDU OD LQWHUDFFLyQ VXSHUILFLDO GHO &2 FRQ ODV

HVSHFLHV GH R[tJHQR� DXPHQWDQGR OD UHVSXHVWD GHO y[LGR GH HVWDxR D HVWH JDV�

WDO \ FRPR GHILHQGHQ >%kUVDQ ��@ >.DSSOHU ��@ >0LFKHO ��@ >%kUVDQ ��@ \

FRUURERUDQ ORV UHVXOWDGRV GH RWURV DXWRUHV FRPR >:LOOLDPV ��@ �

3HUR OD LQIOXHQFLD GH OD KXPHGDG HQ OD GHWHFFLyQ GH &2 HV XQ WHPD

FRQWURYHUWLGR >&DSRQH ��@� \D TXH HVWi UHODFLRQDGD FRQ OD IDEULFDFLyQ \

WUDWDPLHQWRV WpUPLFRV TXH KD VXIULGR HO PDWHULDO� 6L� SRU HMHPSOR� KD\ PXFKDV

YDFDQWHV VXSHUILFLDOHV GH R[tJHQR� HV GLItFLO SDUD HO DJXD HQFRQWUDU VXILFLHQWH

R[tJHQR GH UHG SDUD VHU DEVRUELGD� (Q HO FDVR GH TXH HO QLYHO GH KXPHGDG VHD

PX\ HOHYDGR \ KD\D XQD JUDQ FDQWLGDG GH JUXSRV KLGUR[LOR� OD DEVRUFLyQ GH

R[tJHQR SXHGH TXHGDU OLPLWDGD� (Q HVWH VXSXHVWR OD SUHVHQFLD GH YDSRU GH DJXD

LQWHUILHUH FRQ OD DEVRUFLyQ GH R[tJHQR� QR SHUPLWLHQGR TXH HO R[tJHQR VHD

DEVRUELGR HQ VXSHUILFLH� /D UHGXFFLyQ GH R[tJHQR DEVRUELGR DFWXDUtD SRU

FRQVLJXLHQWH GLVPLQX\HQGR OD FDSDFLGDG GH GHWHFFLyQ GH JDV�

3RU WDQWR� OD LQIOXHQFLD GHO YDSRU GH DJXD HQ OD GHWHFFLyQ GH PRQy[LGR GH

FDUERQR HV XQ IHQyPHQR FRPSOHMR TXH GHSHQGH GH OD FDQWLGDG GH HVSHFLHV GH

R[tJHQR \ JUXSRV KLGUR[LOR HQ OD VXSHUILFLH GHO VHPLFRQGXFWRU� SURGXFLHQGR

VHJ~Q ORV FDVRV XQ DXPHQWR R XQD GLVPLQXFLyQ GH OD UHVSXHVWD DO JDV� 3RU

HMHPSOR HQ >GH $QJHOLV ��@ VH UHILHUH XQD LQIOXHQFLD QR PX\ DSUHFLDEOH GH OD

KXPHGDG HQ UDQJRV GHO �� DO ��� GH KXPHGDG UHODWLYD� SHUR FRQ XQD OLJHUD
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GLVPLQXFLyQ GH OD VHQVLELOLGDG DO DXPHQWDU OD KXPHGDG� PLHQWUDV TXH HQ >&DERW

��@ OD KXPHGDG SURPXHYH R GLVPLQX\H OD UHVSXHVWD DO &2 GHSHQGLHQGR GHO

DGLWLYR �3W R 3G� \ OD WHPSHUDWXUD GH RSHUDFLyQ FRQVLGHUDGD� 7DPELpQ HQ

>6FKLHUEDXP ��@ VH PHQFLRQD OD IXHUWH UHGXFFLyQ GH VHQVLELOLGDG DO &2 TXH VH

SURGXFH LQFOXVR D EDMDV SUHVLRQHV SDUFLDOHV GH DJXD�

�������(20(75Ë$ < 0$7(5,$/ '( &217$&726�

/D VHxDO HQ XQ VHQVRU FRQGXFWRPpWULFR GHSHQGH GH OD WUDQVIHUHQFLD GH FDUJD GH

ODV PROpFXODV TXH UHDFFLRQDQ FRQ HO PDWHULDO \ GH ODV OLPLWDFLRQHV DO PRYLPLHQWR

GH ODV FDUJDV HQ HO LQWHULRU GHO PLVPR� 'LFKDV OLPLWDFLRQHV D OD FRUULHQWH HVWiQ

RFDVLRQDGDV SRU HO PRYLPLHQWR GH FDUJDV OLEUHV \ SRU ODV EDUUHUDV GH SRWHQFLDO

H[LVWHQWHV HQ HO PDWHULDO �DSDUWDGR ������� /DV EDUUHUDV GH SRWHQFLDO VH

SURGXFHQ HQ ODV MXQWDV GH JUDQR \ HQ ODV XQLRQHV PHWDO�VHPLFRQGXFWRU GH ORV

FRQWDFWRV�

6H DQDOL]DUi D FRQWLQXDFLyQ HO PRGHOR GHO FRQWDFWR PHWDO�

VHPLFRQGXFWRU� VREUH HO TXH 6FKRWWN\ GHVDUUROOy OD SULPHUD WHRUtD KDFLD �����

*HQHUDOPHQWH HQ ODV XQLRQHV PHWDO�VHPLFRQGXFWRU XWLOL]DGDV QR HV QHFHVDULR

TXH HO FRQWDFWR VHD yKPLFR� HV GHFLU� TXH VX UHODFLyQ ,�9 VHD OLQHDO� VRODPHQWH

TXH VHD FDSD] GH FRQGXFLU OD FRUULHQWH QHFHVDULD HQ HO GLVSRVLWLYR� $GHPiV� OD

FDtGD GH WHQVLyQ GH FRQWDFWR KD GH VHU SHTXHxD HQ UHODFLyQ FRQ OD FDtGD GH

WHQVLyQ HQ ODV ]RQDV DFWLYDV GHO VHPLFRQGXFWRU� HV GHFLU� QR GHEH GHJUDGDUVH GH

IRUPD VLJQLILFDWLYD OD VHxDO D PHGLU HQ HO PLVPR�

(Q OD ILJXUD ���� VH PXHVWUD HO PRGHOR GH EDQGDV GHO PRGHOR PHWDO�

VHPLFRQGXFWRU GH 6FKRWWN\ �OODPDUHPRV D HVWH FRQWDFWR 6FKRWWN\� SDUD

GLIHUHQFLDUOR GH ODV EDUUHUDV 6FKRWWN\ PHQFLRQDGDV DQWHULRUPHQWH HQ HO

DSDUWDGR ������ UHIHULGDV D ODV EDUUHUDV GH SRWHQFLDO HQWUH GRV JUDQRV GHO

VHPLFRQGXFWRU�� 6H PXHVWUDQ HQ OD SDUWH VXSHULRU ODV EDQGDV GH HQHUJtD GHO

PHWDO \ GHO VHPLFRQGXFWRU DQWHV GH SRQHUODV HQ FRQWDFWR HQ WUHV FDVRV

GLVWLQWRV�

D� φ0�φ6 ⇒ OD IXQFLyQ WUDEDMR GHO PHWDO �φ0� HV PHQRU TXH OD GHO

VHPLFRQGXFWRU �φ6�� VH IRUPD XQD ]RQD GH DFXPXODFLyQ GH

SRUWDGRUHV PD\RULWDULRV



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

E� φ0 φ6 ⇒ ODV GRV IXQFLRQHV GH WUDEDMR VRQ LJXDOHV� QR FDPELDQ

ODV FRQFHQWUDFLRQHV GH SRUWDGRUHV

F� φ0!φ6 ⇒ OD IXQFLyQ WUDEDMR GHO VHPLFRQGXFWRU HV PHQRU TXH OD

GHO PHWDO� IRUPiQGRVH XQD ]RQD GH GHSOHFFLyQ GH SRUWDGRUHV

PD\RULWDULRV� (VWH FDVR HV SUHIHULEOH D OD KRUD GH XQ FRQWDFWR

HOpFWULFR� \D TXH VXSRQH OD EDUUHUD PHQRU DO SDVR GH

HOHFWURQHV�

)LJXUD ���� &RQWDFWRV PHWDO�VHPLFRQGXFWRU VHJ~Q HO PRGHOR GH 6FKRWWN\� (Q OD SDUWH

VXSHULRU VH PXHVWUDQ ORV GLDJUDPDV GH EDQGDV GH HQHUJtD DQWHV GHO FRQWDFWR \ HQ OD

SDUWH LQIHULRU GHVSXpV GHO FRQWDFWR

/RV SDUiPHWURV (&� (9� ()� VRQ ORV QLYHOHV GH HQHUJtD GHO H[WUHPR LQIHULRU

GH OD EDQGD GH FRQGXFFLyQ� HO QLYHO VXSHULRU GH OD EDQGD GH YDOHQFLD \ HO QLYHO

GH )HUPL UHVSHFWLYDPHQWH� 6H GHILQH OD IXQFLyQ WUDEDMR HQ WRGRV ORV FDVRV FRPR

OD GLIHUHQFLD GH SRWHQFLDO HQWUH HO QLYHO GH )HUPL \ XQ HOHFWUyQ OLEUH� &XDQGR HO

PHWDO \ HO VHPLFRQGXFWRU VH XQHQ� GLFKD EDUUHUD GH SRWHQFLDO WRPD OD H[SUHVLyQ�

χφφ −= MB     [3.34] 

'RQGH χ HV OD DILQLGDG HOHFWUyQLFD GHO VHPLFRQGXFWRU� HV GHFLU� OD

GLIHUHQFLD HQWUH HO IRQGR GH OD EDQGD GH FRQGXFFLyQ \ HO HOHFWUyQ OLEUH� 'H
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DFXHUGR FRQ OD WHRUtD GH 6FKRWWN\� OD DOWXUD GH OD EDUUHUD GH SRWHQFLDO GHSHQGH

VRODPHQWH GH OD IXQFLyQ WUDEDMR GHO PHWDO \ GH OD DILQLGDG HOHFWUyQLFD GHO

VHPLFRQGXFWRU� (V LPSRUWDQWH FRQRFHU WDPELpQ OD SURIXQGLGDG GH OD ]RQD GH

GHSOHFFLyQ �Z�� SDUiPHWUR TXH Vt GHSHQGH GH OD FRQFHQWUDFLyQ GH HOHFWURQHV HQ

HO YROXPHQ �DSDUWDGR �������� ORQJLWXG GH 'HE\H��

(Q >*|SHO ��@ VH UHSUHVHQWD XQ FLUFXLWR HTXLYDOHQWH TXH FRQVWLWX\H XQ

FRPSHQGLR GH YDULRV HIHFWRV \D GHVFULWRV� \ TXH VH UHSUHVHQWD HQ OD ILJXUD �����

• (IHFWR GH OD VXSHUILFLH GHO VHPLFRQGXFWRU ���

• (IHFWR GHO YROXPHQ ���

• -XQWDV GH WUHV IDVHV �PHWDO�y[LGR�JDV� R FRQWDFWRV ���

• -XQWDV GH JUDQR ���

6HJ~Q HVWH PRGHOR� SDUHFH HYLGHQWH TXH OD JHRPHWUtD \ HO PDWHULDO GH ORV

FRQWDFWRV SXHGHQ LQIOXLU HQ OD UHVLVWHQFLD WRWDO GH XQD HVWUXFWXUD VHQVRUD DO

YDULDU OD FRQWULEXFLyQ GH FDGD XQR GH ORV HOHPHQWRV FRQVLGHUDGRV�

)LJXUD ���� 5HSUHVHQWDFLyQ GH ORV FDPELRV HQ OD FRQGXFWDQFLD GHELGR D OD GHWHFFLyQ GH

JDV HQ VHQVRUHV FRQGXFWRPpWULFRV



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

&RQ HQ ILQ GH HYDOXDU OD LQIOXHQFLD GH FDGD XQR GH ORV HOHPHQWRV

GHVFULWRV HQ OD UHVLVWHQFLD WRWDO GHO GLVSRVLWLYR� VH GLYLGH OD PLVPD HQ UHVLVWHQFLD

GH FRQWDFWR� UHVLVWHQFLD GH OD LQWHUIDVH FRQWDFWR�VHPLFRQGXFWRU \ UHVLVWHQFLD GHO

VHPLFRQGXFWRU� 3DUD FDOFXODU GLFKDV DSRUWDFLRQHV VH SXHGH XWLOL]DU HO PpWRGR

GHQRPLQDGR 7/0 �WUDQVIHU OHQJWK PHWKRG�� R PpWRGR GH OD ORQJLWXG GH

WUDQVIHUHQFLD >6FKURGHU ��@� &RQVLVWH HQ VLWXDU PiV GH WUHV FRQWDFWRV FRQ

GLVWDQFLDV GLIHUHQWHV HQWUH Vt �ILJXUD ������ /D UHVLVWHQFLD WRWDO 57 VH PLGH SDUD

GLIHUHQWHV HVSDFLDGRV HQWUH FRQWDFWRV G \ VH REWLHQH XQD JUiILFD GH OD

UHVLVWHQFLD WRWDO IUHQWH DO HVSDFLDGR� (Q OD JUiILFD REWHQLGD VH FRQVLJXHQ ORV

VLJXLHQWHV YDORUHV�

• /D SHQGLHQWH ∆�57��∆�G� ρV�= SURFXUD HO YDORU GH OD UHVLVWHQFLD

GH KRMD� VLHQGR ρV HO YDORU GH OD UHVLVWLYLGDG GHO VHPLFRQGXFWRU

• (O FRUWH FRQ HO HMH G � GH YDORU 57 �5F� GD OD UHVLVWHQFLD GH

FRQWDFWR 5F

• (O FRUWH FRQ HO HMH 57 � GD HO YDORU G �/7� TXH SXHGH XWLOL]DUVH

SDUD FDOFXODU OD UHVLVWHQFLD FRQWDFWR�VHPLFRQGXFWRU� FRQRFLGR HO

YDORU GH ρV

)LJXUD ���� (VWUXFWXUD SDUD PpWRGR 7/0 \ JUiILFD GH OD UHVLVWHQFLD WRWDO 57 IUHQWH DO

HVSDFLDGR HQWUH FRQWDFWRV G

= :

/ / // /G� G�G�G�

57

G

�5&

�/7 �

3HQGLHQWH �=6
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(Q HVWH PpWRGR VH XWLOL]D OD VLPSOLILFDFLyQ GH FRQVLGHUDU TXH OD

FRQGXFWLYLGDG HQ HO FRQWDFWR \ HQ HO VHPLFRQGXFWRU HV OD PLVPD� &RPR HVWR

SXHGH QR VHU PX\ SUHFLVR� H[LVWHQ PpWRGRV TXH VXPDGRV DO GHVFULWR SHUPLWHQ

XQ DQiOLVLV PiV FRPSOHWR GH HVWH SDUWLFXODU� 7DPELpQ VH FRQVLGHUD HQ HVWH

HVWXGLR TXH OD UHVLVWHQFLD GHO PHWDO HV GHVSUHFLDEOH� FRVD TXH WDPELpQ SXHGH QR

VHU H[DFWD HQ FLHUWRV FDVRV� (VWH VXSXHVWR WDPELpQ HVWi SUHYLVWR \ SRGUtD VHU

DxDGLGR DO FiOFXOR GHVFULWR�

8Q SURFHVDPLHQWR GH GDWRV GH HVWH WLSR VH OOHYD D WpUPLQR HQ >+RHIHU

��@� DOFDQ]DQGR ORV DXWRUHV OD FRQFOXVLyQ GH TXH HO GLVSRVLWLYR PiV VHQVLEOH D

&2 VHUtD XQR FRQ SRFD VHSDUDFLyQ HQWUH FRQWDFWRV �VH HVWXGLDQ VHSDUDFLRQHV

G ��→��� µP� \ XQD FDSD DQFKD �Z JUDQGH ≅ ��� µP� GH y[LGR GH HVWDxR
VREUH HOORV� PDQWHQLHQGR OD VXSHUILFLH H[SXHVWD DO JDV FRQVWDQWH� (Q ODV FDSDV

GH 6Q2� HVWUHFKDV �Z SHTXHxD ≅ � µP�� VH REVHUYD TXH OD PD\RU FRQWULEXFLyQ D
OD VHxDO GHO VHQVRU FRUUHVSRQGH D OD UHVLVWHQFLD GHO VHPLFRQGXFWRU �VH DSUHFLD

VyOR HQ SHOtFXODV TXH FRQWLHQHQ 3W FRPR DGLWLYR�� (Q FDSDV DQFKDV �Z JUDQGH�

GH 6Q2� OD UHVLVWHQFLD PHWDO�VHPLFRQGXFWRU HV OD TXH SUHGRPLQD� VLHQGR OD TXH

GHWHUPLQD OD UHVSXHVWD DO JDV� /D H[SOLFDFLyQ GH HVWD YDULDFLyQ HQ HO

FRPSRUWDPLHQWR UDGLFD HQ OD PRGXODFLyQ GH OD DOWXUD GHO FRQWDFWR 6FKRWWN\

FXDQGR VH YDUtD HO iUHD GH FRQWDFWR PHWDO�VHPLFRQGXFWRU� /D FDSD GH 6Q2�

HVWUHFKD �Z � µP� SURGXFH XQD EDUUHUD VLJQLILFDWLYDPHQWH PiV DOWD TXH OD PiV
DQFKD �Z ��� µP��

(Q OD UHIHUHQFLD >&DSRQH ��@ VH HVWXGLDQ GRV PRGHORV GH FRQWDFWRV

LQWHUGLJLWDGRV VLWXDGRV VREUH HO PDWHULDO VHQVLEOH� GH ��� \ ���µP� FDGD
PRGHOR FRQ GRV PDWHULDOHV GLIHUHQWHV� $X \ 3W� (Q JHQHUDO OD UHVSXHVWD DO &2 HV

PHMRU SDUD DPERV PDWHULDOHV VL OD VHSDUDFLyQ HQWUH FRQWDFWRV HV GH ��� µP�
GHELGR D TXH OD HILFLHQFLD GH OD VHxDO HOpFWULFD HV PD\RU SRUTXH OD FRUULHQWH

WLHQH TXH KDFHU XQ UHFRUULGR PiV FRUWR� FRQ PHQRUHV SRVLELOLGDGHV GH

UHFRPELQDFLyQ R GH DWUDYHVDU EDUUHUDV GH SRWHQFLDO� 6L OD UHVLVWHQFLD GH OD

SHOtFXOD GH 6Q2� HV GH PDJQLWXG FRPSDUDEOH D OD GH ORV FRQWDFWRV� HVWRV ~OWLPRV

LQIOXLUiQ IXHUWHPHQWH HO FRPSRUWDPLHQWR GHO VHQVRU� FRPR \D VH KD VHxDODGR�

*DUGQHU HODERUD PRGHORV GH FRQGXFFLyQ WDQWR HQ HO y[LGR GH HVWDxR

>*DUGQHU ��@ >*DUGQHU ��@ >*DUGQHU ��@ FRPR HQ RWURV PDWHULDOHV >*DUGQHU

��@� WDQWR SDUD HO DQiOLVLV GHO UpJLPHQ WUDQVLWRULR FRPR GHO UpJLPHQ SHUPDQHQWH

HQ OD GHWHFFLyQ GH JDV� /D REWHQFLyQ GH ODV HFXDFLRQHV VH EDVD HQ PHFDQLVPRV



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

GH UHDFFLyQ�GLIXVLyQ \ VH HVWXGLDQ FDVRV OLPLWDGRV WDQWR SRU OD GLIXVLyQ �GLIXVLyQ

OHQWD� FRPR SRU OD UHDFFLyQ �EDMD UHDFWLYLGDG�� DVt FRPR FDVRV LQWHUPHGLRV

>*DUGQHU ��@� (Q WRGRV ORV FDVRV UHODFLRQD ORV PHFDQLVPRV FRQ OD SRVLFLyQ GH

ORV HOHFWURGRV HQ OD SHOtFXOD� HVWXGLDQGR HOHFWURGRV VXSHUILFLDOHV \ HQWHUUDGRV

�ILQLWRV \ VHPL�LQILQLWRV� \ UHODFLRQDQGR VX LQIOXHQFLD HQ OD FRQGXFFLyQ FRQ HO

YDORU UHODWLYR GHO HVSHVRU GH SHOtFXOD \ OD VHSDUDFLyQ HQWUH HOHFWURGRV�

>9LODQRYD ��@ REWLHQH XQ PRGHOR TXH� WHQLHQGR HQ FXHQWD ORV SURFHVRV GH

GLIXVLyQ GH JDV� DEVRUFLyQ \ UHDFFLyQ FRQ ODV PROpFXODV DEVRUELGDV� VLPXOD ORV

HIHFWRV GH OD JHRPHWUtD GH HOHFWURGRV \ VX SRVLFLyQ HQ HO LQWHULRU GH OD SHOtFXOD

HQ OD FRQFHQWUDFLyQ GH HOHFWURQHV OLEUHV� /RV DXWRUHV H[SRQHQ TXH VL ORV

FRQWDFWRV HVWiQ VLWXDGRV VREUH OD SHOtFXOD VHQVLEOH OD JHRPHWUtD QR LQIOX\H HQ OD

GHWHFFLyQ� SHUR TXH Vt OR KDFH VL ORV FRQWDFWRV HVWiQ VLWXDGRV SRU GHEDMR�

,QGLFDQ TXH XQ JDV DOWDPHQWH UHDFWLYR SRGUtD VHU GHWHFWDGR GH IRUPD VHOHFWLYD

HQ SUHVHQFLD GH XQR PHQRV UHDFWLYR PHGLDQWH FRQWDFWRV LQWHUGLJLWDGRV FRQ

SHTXHxD VHSDUDFLyQ� FRQ XQD VHSDUDFLyQ PD\RU VH SRGUtD GHWHFWDU HO JDV SRFR

UHDFWLYR HQ SUHVHQFLD GHO PiV UHDFWLYR� (O PRGHOR SHUPLWH WDPELpQ UHODFLRQDU HO

HVSDFLDGR HQWUH FRQWDFWRV FRQ HO HVSHVRU GH OD SHOtFXOD� SDUD OR FXDO ILMDGD XQ OD

VHSDUDFLyQ HQWUH FRQWDFWRV HQ � µP HVWXGLD XQ UDQJR GH HVSHVRUHV GHVGH ���

QP D �� µP� (O PRGHOR PXHVWUD TXH FXDQGR HO HVSHVRU GH OD SHOtFXOD HV

VXSHULRU D OD VHSDUDFLyQ HQWUH HOHFWURGRV� XQ JDV SRFR UHDFWLYR SXHGH

GHWHFWDUVH VHOHFWLYDPHQWH IUHQWH D XQR PiV UHDFWLYR�

$OJXQRV DXWRUHV H[SRQHQ XQ HIHFWR GH DXPHQWR GH OD VHQVLELOLGDG FRQ

HOHFWURGRV GH 3W FRPSDUiQGRORV FRQ HOHFWURGRV GH $X HQ SHOtFXODV GH y[LGR GH

HVWDxR GRSDGDV FRQ 3W \ 3G \ GHSRVLWDGDV VREUH WXERV GH DO~PLQD >6FKZHL]HU�

%HUEHULFK ��@� 1R VH REVHUYD HQ ODV SHOtFXODV QLQJXQR GH ORV GRV DGLWLYRV HQ

HVWDGR PHWiOLFR� FRQ OR FXDO TXHGD GHVFDUWDGR HO PHFDQLVPR GH VHQVLELOL]DFLyQ

HOHFWUyQLFD \D GHVFULWR� 3RU WDQWR VH DWULEX\H HO HIHFWR GH DXPHQWR GH OD

VHQVLELOLGDG FRQ FRQWDFWRV GH SODWLQR ELHQ DO HIHFWR VSLOO�RYHU TXH VH SURGXFH HQ

OD XQLyQ GH WUHV IDVHV �PHWDO�y[LGR�JDV�� ELHQ D OD GLIXVLyQ GH iWRPRV GH 3W GHO

HOHFWURGR HQ OD SHOtFXOD VHQVLEOH�

��#� ������
�

7DO \ FRPR VH KD H[SXHVWR� H[LVWHQ GLVWLQWRV PpWRGRV SDUD PHMRUDU OD

VHOHFWLYLGDG GH XQ VHQVRU FRQGXFWRPpWULFR D XQ GHWHUPLQDGR JDV FRPR OD
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VHOHFFLyQ GH OD WHPSHUDWXUD ySWLPD GH RSHUDFLyQ DO PLVPR� OD PHMRUD GH OD

JHRPHWUtD GH HOHFWURGRV R OD DGLFLyQ GHO DGLWLYR DGHFXDGR DO JDV HQ FXHVWLyQ�

(VWDV DFFLRQHV SXHGHQ QR VHU VXILFLHQWHV SRU OR TXH FLHUWDV OtQHDV LQYHVWLJDFLyQ

RSWDQ SRU ORV OODPDGRV ILOWURV� HQWUH ORV TXH VH GLVWLQJXHQ ORV GH WLSR H[WHUQR \

ORV GH FDUiFWHU LQWHJUDGR� FX\DV GLIHUHQFLDV VH H[SRQHQ D FRQWLQXDFLyQ�

������ �,/7526 (;7(5126�

/RV ILOWURV H[WHUQRV PiV H[WHQGLGRV HQ OD DFWXDOLGDG HQ DSOLFDFLRQHV SUiFWLFDV

VRQ ORV GH FDUEyQ DFWLYR� 6H FRORFDQ HQ HO LQWHULRU GHO HQFDSVXODGR GHO VHQVRU

SHUR ItVLFDPHQWH VHSDUDGRV GHO PLVPR� 6X HIHFWLYLGDG GHSHQGH GH VX

FRPSRVLFLyQ VXSHUILFLDO� HO iUHD VXSHUILFLDO \ OD DFFHVLELOLGDG D ORV PLFURSRURV

LPSOLFDGRV HQ OD DEVRUFLyQ GH JDV� (Q >6FKZHL]HU�%HUEHULFK ��@ VH RSWLPL]D HO

HVSHVRU GH XQ ILOWUR GH FDUEyQ DFWLYR XWLOL]DQGR FRPR EDVH XQ VHQVRU FRPHUFLDO

GH &2� \ VH HVWXGLD HO iUHD VXSHUILFLDO GH WUHV WLSRV GH ILOWURV GH FDUEyQ DFWLYR

FRPHUFLDOHV� 6H FRPSUXHED TXH VRQ HIHFWLYRV SDUD FRPSXHVWRV RUJiQLFRV

YROiWLOHV �92&�� SHUR QR SDUD HYLWDU OD LQWHUIHUHQFLD GHO PHWDQR� SRU OR FXDO QR

VHUtDQ XQD EXHQD RSFLyQ HQ XQ VHQVRU GH XVR GRPpVWLFR�

$XQTXH HO FDUEyQ DFWLYR HV HO PDWHULDO PiV H[WHQGLGR SDUD ILOWURV

H[WHUQRV� WDPELpQ H[LVWHQ HVWXGLRV UHIHUHQWHV D RWURV PDWHULDOHV� (Q >.LWVXNDZD

��@ VH HVWXGLD OD HOLPLQDFLyQ GHO HWDQRO PHGLDQWH GLIHUHQWHV PDWHULDOHV� 1DILRQ�

]HROLWH� VtOLFH�DOXPLQLR� JDPPD�DO~PLQD� y[LGR GH EDULR \ y[LGR GH FDOFLR� (O TXH

PHMRU ILOWUD HO HWDQRO GH HQWUH ORV HVWXGLDGRV HV HO 1DILyQ� FRQ FRPSRUWDPLHQWR

VXSHUiFLGR� PLHQWUDV TXH ORV PDWHULDOHV GH FRPSRUWDPLHQWR VXSHUEiVLFR �y[LGR

GH EDULR \ y[LGR GH FDOFLR� RIUHFHQ XQ PDO ILOWUDGR GHO PLVPR� (O

FRPSRUWDPLHQWR GH HVWRV PDWHULDOHV� HQ FRPSDUDFLyQ FRQ HO HIHFWR GH

DEVRUFLyQ TXH SURGXFH HO FDUEyQ DFWLYR� HV HO GH GHVKLGUDWDU HO HWDQRO�

������ �,/7526 ,17(*5$'26�

(Q HVWH JUXSR VH LQFOX\HQ ORV ILOWURV FX\D IDEULFDFLyQ VH LQFOX\H HQ HO SURFHVR GH

REWHQFLyQ GHO SURSLR VHQVRU� PpWRGR VREUH HO TXH QR H[LVWHQ PXFKDV

UHIHUHQFLDV ELEOLRJUiILFDV� VLHQGR pVWDV GH FDUiFWHU UHFLHQWH� 6HJ~Q HO SULQFLSLR

HQ HO TXH VH EDVH HO ILOWUDGR VH GLVWLQJXLUiQ GRV WLSRV GH ILOWURV LQWHJUDGRV�



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

• )LOWURV TXtPLFRV R FDWDOtWLFRV� HQ ORV TXH HO JDV KD GH SDVDU D

WUDYpV GH XQD SHOtFXOD UHDFWLYD FRQ DGLWLYRV DxDGLGRV DQWHV GH

DOFDQ]DU OD UHJLyQ DFWLYD GHO VHQVRU�

• )LOWURV ItVLFRV� HQ ORV TXH VH WUDWD GH FRQWURODU HO SURFHVR GH

GLIXVLyQ GHO JDV SDUD XQD GHWHFFLyQ VHOHFWLYD GHO PLVPR�

(Q FXDQWR D ORV ILOWURV SXUDPHQWH ItVLFRV� >)HQJ ��@ REWLHQH XQD

HVWUXFWXUD GH GRV FDSDV� OD SULPHUD GH 6Q2� \ VREUH HOOD RWUD GH 6L2�� $PEDV

VRQ IDEULFDGDV SRU VSLQ�FRDWLQJ GH FDSDV VXFHVLYDV GH PDWHULDO KDVWD REWHQHU

ORV HVSHVRUHV GHVHDGRV HQ FDGD XQD GH HOODV� 6H GHVHD GLVFHUQLU HO +� HQ

SUHVHQFLD GH &+�� /RV DXWRUHV LQGLFDQ XQ DXPHQWR GH OD VHQVLELOLGDG D DPERV

JDVHV DO DxDGLU OD FDSD GH 6L2�� \ GH PD\RU HQYHUJDGXUD DO LQFUHPHQWDU HO

HVSHVRU GH OD FDSD� VLHQGR HO DXPHQWR HQ OD UHVSXHVWD PXFKR PiV DFXVDGR FRQ

HO +�� OR FXDO SHUPLWH GHWHFWDUOR VHOHFWLYDPHQWH HQ SUHVHQFLD GH PHWDQR�

(Q >.ZRQ ��@ VH SURSRQH XQD HVWUXFWXUD GH GREOH VHQVRU IDEULFDGR SRU

VFUHHQ�SULQWLQJ VREUH DO~PLQD GH GRV FDSDV GH �� µP GH 6Q2� FRQ ���

,Q�2������ 6E�2�� �� 3G� HQ OD TXH VH WUDWD GH FRPELQDU HO ILOWUDGR ItVLFR \ HO

ILOWUDGR TXtPLFR� 6H GHSRVLWD VREUH HO FRQMXQWR IRUPDGR SRU ORV GRV VHQVRUHV

XQD SHOtFXOD GH 6L2� GH �� µP D OD TXH VH DxDGH FRPR PDWHULDO FDWDOtWLFR XQD

FDSD GH 3G HQ XQR GH ORV VHQVRUHV \ XQD FDSD GH 3W HQ HO RWUR� 6H HVWXGLD OD

GHWHFFLyQ GH SURSDQR� PRQy[LGR GH FDUERQR \ HWDQRO�

• HO VHQVRU PiV VHQVLEOH DO SURSDQR HV UHFXELHUWR FRQ 6L2�

FDWDOL]DGR FRQ 3G� SRUTXH HO 3W SUHVHQWD XQD PD\RU DFWLYLGDG

FDWDOtWLFD \ SURGXFH OD FRPEXVWLyQ GHO HWDQRO HQ OD ]RQD

VXSHUILFLDO

• ODV VHQVLELOLGDGHV DO &2 GLVPLQX\HQ HQ DPERV VHQVRUHV SRU

HQFLPD GH ORV ����&

• D FXDOTXLHU WHPSHUDWXUD VH REVHUYD XQD JUDQ VHQVLELOLGDG DO

HWDQRO

6H REWLHQH OD FRQFOXVLyQ GH TXH PHGLDQWH XQD OyJLFD VHQFLOOD HV SRVLEOH

GLVWLQJXLU ORV WUHV JDVHV D ����&� (O 6L2� DFW~D FRPR EDUUHUD D OD GLIXVLyQ� SRU

OR FXDO UHVXOWD FUtWLFR HOHJLU HO HVSHVRU DGHFXDGR GHO PLVPR� DVt FRPR VX

PLFURHVWUXFWXUD� DXQTXH HVWH DVSHFWR SDUWLFXODU QR KD VLGR D~Q HVWXGLDGR HQ

HVWH FDVR�
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(Q OD UHIHUHQFLD >)OHLVFKHU ��@ VH XWLOL]D HO *D�2� REWHQLGR SRU VSXWWHULQJ�

PDWHULDO TXH IXQFLRQD D DOWDV WHPSHUDWXUDV ���� D ����&�� 6H REWLHQHQ GRV

WLSRV GH ILOWURV�

• 'HSyVLWR GH XQD SHOtFXOD JUXHVD GH *D�2� GH ��� µP GH HVSHVRU

VLQ DGLWLYRV� &RQ HOOD VH FRQVLJXH XQ GLVSRVLWLYR VHOHFWLYR DO

PHWDQR D ����&� \D TXH DO VHU OD UHVLVWHQFLD GH OD SHOtFXOD JUXHVD

PXFKR PD\RU TXH OD GH OD SHOtFXOD GHOJDGD� ~QLFDPHQWH ORV

HOHFWURGRV PLGHQ FDPELRV GH UHVLVWHQFLD HQ HVWD ~OWLPD� (O HWDQRO

OOHYDUi D FDER VX FRPEXVWLyQ HQ OD SHOtFXOD JUXHVD� PLHQWUDV TXH

HO PHWDQR� PiV HVWDEOH� DOFDQ]DUi OD SHOtFXOD GHOJDGD�

• 'HSyVLWR GH SHOtFXOD GH ��� QP GH HVSHVRU GH 6L2� SRU

VSXWWHULQJ� FRQ OD TXH VH REWLHQH XQ GLVSRVLWLYR VHQVLEOH

~QLFDPHQWH DO KLGUyJHQR� HOLPLQDQGR OD VHQVLELOLGDG FUX]DGD DO

PRQy[LGR GH FDUERQR� HWDQRO \ SURSDQR� PHGLDQWH XQ HIHFWR

ItVLFR� HV GHFLU� GH HYLWDU HO SDVR GH GLFKDV PROpFXODV� SRQLHQGR

IUHQR D OD GLIXVLyQ GH ODV PLVPDV�

>3DUN ��@ KDFH UHIHUHQFLD D XQ HOHPHQWR VHQVLEOH GH SHOtFXOD JUXHVD GH

y[LGR GH HVWDxR REWHQLGR SRU VFUHHQ�SULQWLQJ� 8WLOL]D GRV WLSRV GH ILOWURV

TXtPLFRV LQWHJUDGRV VREUH GLFKD SHOtFXOD� GH HVSHVRU VLPLODU D OD PLVPD� (O

SULPHUR� IDEULFDGR FRQ 1E�2�� H[KLEH XQD UHVSXHVWD VHOHFWLYD DO DOFRKRO HQ

SUHVHQFLD GH JDVHV SURFHGHQWHV GH OD UHVSLUDFLyQ \ SURSDQR� (O VHJXQGR� GH

6Q2� GRSDGR FRQ 3W UHVSRQGH GH PRGR VHOHFWLYR D KLGURFDUEXURV HQ SUHVHQFLD

GH HWLODOFRKRO \ KXPR GH FLJDUULOOR�

��$� ��������	��	�

>%kUVDQ ��@ 1� %kUVDQ 5� ,RQHVFX� ³7KH PHFKDQLVP RI WKH LQWHUDFWLRQ EHWZHHQ

&2 DQG DQ 6Q2� VXUIDFH� WKH UROH RI ZDWHU YDSRXU´� 6HQVRUV DQG

$FWXDWRUV % ����� ������� �����

>%kUVDQ ��@ 1� %kUVDQ� $� +HLOLJ� -� .DSSOHU� 8� :HLPDU� :� *|SHO� ³&2�:DWHU

,QWHUDFWLRQ ZLWK 3G�GRSHG 6Q2� *DV 6HQVRUV� 6LPXOWDQHRXV 0RQLWRULQJ

RI 5HVLVWDQFHV DQG :RUN )XQFWLRQV´� (XURVHQVRUV ;,,, ��$� �������

�������



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

>%ULDQG ��@ '� %ULDQG� 0� /DEHDX� -�)� &XUULH� *� 'HODERXJOLVH� ³3G�GRSHG 6Q2�

7KLQ )LOPV GHSRVLWH E\ $VVLVWHG 8OWUDVRQLF 6SUD\LQJ &9' IRU *DV

6HQVLQJ� 6HOHFWLYLW\ DQG (IIHFW RI $QQHDOLQJ´� (XURVHQVRUV ;, �3���

������� �������

>%ULQ]DUL ��@ 9� %ULQ]DUL� *� .RURWFHQNRY� ,� 6FKZDQN� 9� *RORYDQRY� ³7KH UROH RI

VWUXFWXUDO IDFWRU LQ JDV VHQVLWLYH HIIHFWV RI 6Q2� WKLQ ILOPV´�

(XURVHQVRUV ;,9 ������� �������

>%UXQR ��@ /� %UXQR� &� 3LMRODW� 5� /DODX]H� ³7LQ GLR[LGH WKLQ�ILOPV JDV VHQVRU

SUHSDUHF E\ FKHPLFDO YDSRXU GHSRVLWLRQ� ,QIOXHQFH RI WKH JUDLQ VL]H

DQG WKLFNQHVV RQ WKH HOHFWULFDO SURSHUWLHV´� 6HQVRUV DQG $FWXDWRUV %

����� ������� �������

>&DERW ��@ $� &DERW� -�$UELRO� -�5� 0RUDQWH� 8� :HLPDU� 1� %kUVDQ� :� *|SHO

³$QDO\VLV RI WKH QREOH PHWDO FDWDO\WLF DGGLWLYHV LQWURGXFHG E\

LPSUHJQDWLRQ RI DV REWDLQHG 6Q2� VRO�JHO QDQRFU\VWDOV IRU JDV

VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % �� ������� ������

>&DSRQH ��@ 6� &DSRQH� 3� 6LFLOLDQR� )� 4XDUDQWD� 5� 5HOOD� 0� (SLIDQL� /�

9DVDQHOOL� ³0RLVWXUH LQIOXHQFH DQG JHRPHWU\ HIIHFW RI $X DQG 3W

HOHFWURGHV RQ &2 VHQVLQJ UHVSRQVH RI 6Q2� PLFURVHQVRUV EDVHG RQ

VRO�JHO WKLQ ILOP´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>&DSWHXU ��@ ,QIRUPDFLyQ GH OD FRPSDxtD &DSWHXU 6HQVRUV HQ OD SiJLQD ZHE

ZZZ�FDSWHXU�FR�XN

>&DVWDxR ��@ (� &DVWDxR� ³ 3ULQFLSLRV GH IDEULFDFLyQ GH GLVSRVLWLYRV

PLFURHOHFWUyQLFRV´� (VFXHOD 6XSHULRU GH ,QJHQLHURV ,QGXVWULDOHV�

&XUVRV GH 'RFWRUDGR ������� ������

>&HUGj ��@ -�&HUGj� $�&LUHUD� $�9LOj� $� &RUQHW� -�5� 0RUDQWH� ³'HSRVLWLRQ RQ

PLFURPDFKLQHG VLOLFRQ VXEVWUDWHV RI JDV VHQVLWLYH OD\HUV REWDLQHG E\ D

ZHW FKHPLFDO URXWH� D &2�&+� KLJK SHUIRUPDQFH VHQVRU´� 7KLQ 6ROLG

ILOPV� ��� ������� �������

>&KRH ��@ <RQJ�6DKP &KRH� ³1HZ JDV VHQVLQJ PHFKDQLVP IRU 6Q2� WKLQ�ILOP

JDV VHQVRUV IDEULFDWHG E\ XVLQJ GXDO LRQ EHDP VSXWWHULQJ´� 6HQVRUV

DQG $FWXDWRUV % �� ������� �������
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>&LUHUD ��@ $� &LUHUD� $� 9LOD� $� 'LHJXH]� $� &DERW� $� &RUQHW� -�5� 0RUDQWH�

´0LFURZDYH SURFHVVLQJ IRU WKH ORZ FRVW� PDVV SURGXFWLRQ RI XQGRSHG

DQG LQ VLWX FDWDO\WLF GRSHG QDQRVL]HG 6Q2� JDV VHQVRU SRZGHUV´�

6HQVRUV DQG $FWXDWRUV % �� ������� �����

>&RPLQL ��@ (� &RPLQL� *� )DJOLD� *� 6EHUYHJOLHUL� &� &DQWDOLQL� 0�

3DVVDFDQWDQGR� 6� 6DQWXFFL� <�;� /L� :� :ORGDUVNL� :�0� 4X�

³0RO\EGHQXP 2[LGH *DV 6HQVRUV 0DGH E\ 3K\VLFDO DQG &KHPLFDO

7HFKQLTXHV´� (XURVHQVRUV ;,,, �3�� ������� �����

>&RPLQL ��@ (� &RPLQL� $� &ULVWDOOL� *� )DJOLD� *� 6EHUYHJOLHUL� ³/LJKW HQKDQFHG

JDV VHQVLQJ SURSHUWLHV RI LQGLXP R[LGH DQG WLQ GLR[LGH VHQVRUV´�

6HQVRUV DQG $FWXDWRUV % �� ������� �������

>GH $QJHOLV ��@ /XFLR GH $QJHOLV� 5REHUWR 5LYD� ³6HOHFWLYLW\ DQG VWDELOLW\ RI D WLQ

GLR[LGH VHQVRU IRU PHWKDQH´� 6HQVRUV DQG $FWXDWRUV % �� ������� ���

��

>'HPDUQH ��@ 9� 'HPDUQH� 5� 6DQMLQpV� ³7KLQ ILOP VHPLFRQGXFWLQJ PHWDO R[LGH

JDV VHQVRUV´� *DV 6HQVRUV� *� 6YHUEHJOLHUL HGLWRU� .OXZHU $FDGHPLF

3XEOLVKHUV ������

>'HPDUQH ��@ 9� 'HPDUQH DQG $� *ULVHO � ³$ QHZ 6Q2� ORZ WHPSHUDWXUH

GHSRVLWLRQ WHFKQLTXH IRU LQWHJUDWHG JDV VHQVRUV´� 6HQVRUV DQG

$FWXDWRUV % ����� ������� �����

>'L *LXOLR ��@ 0� 'L *LXOLR� *� 0LFRFFL� $� 6HUUD� $� 7HSRUH� 5� 5HOOD� 3� 6LFLOLDQR�

³6Q2� WKLQ ILOPV IRU JDV VHQVRU SUHSDUHG E\ U�I� 5HDFWLYH VSXWWHULQJ´�

6HQVRUV DQG $FWXDWRUV % ����� ������� �������

>'LpJXH] ��D@ $� 'LpJXH]� $� 5RPDQR�5RGUtJXH]� -�5� 0RUDQWH� 3� 1HOOL� /�

6DQJDOHWWL� DQG *� 6EHUYHJOLHUL� ³$QDO\VLV RI WKH WKHUPDO R[LGDWLRQ RI

7LQ 'URSOHWV DQG ,WV ,PSOLFDWLRQV RQ *DV 6HQVRU 6WDELOLW\´� -RXUQDO RI

7KH (OHFWURFKHPLFDO 6RFLHW\ ��� ������� ���������

>'LpJXH] ��E@ $� 'LpJXH]� -�/� $OD\� $� 9LOj� $� &DERW� $� 5RPDQR�5RGUtJXH]�

-�5� 0RUDQWH� ³,QIOXHQFH RQ WKH JDV VHQVRU SHUIRUPDQFHV RI WKH PHWDO

FKHPLFDO VWDWHV LQWURGXFHG E\ LPSUHJQDWLRQ RI 6Q2� VRO�JHO

QDQRFU\VWDOV´� (XURVHQVRUV ;,,, �3�� ������� �������



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

>'RV 6DQWRV ��@ 2� 'RV 6DQWRV� 0�/� :HLOOHU� '�4�-XQLRU� $�1� 0HGLQD� ³&2 JDV�

VHQVLQJ FKDUDFWHULVWLFV RI 6Q2� FHUDPLFV REWDLQHG E\ FKHPLFDO

SUHFLSLWDWLRQ DQG IUHH]H�GU\LQJ´� 6HQVRUV DQG $FWXDWRUV % �� �������

�����

>)HQJ ��@ &KDQJ 'RQJ )HQJ� <DVXKLUR 6KLPL]X� 0DNRWR (JDVKLUD� ³(IIHFW RI JDV

GLIIXVLRQ SURFHVV RQ VHQVLQJ SURSHUWLHV RI 6Q2� LQ D 6L2��6Q2� OD\HU�

EXLOW VWUXFWXUH IDEULFDWHG E\ VRO�JHO SURFHVV´� -RXUQDO RI WKH

(OHFWURFKHPLFDO 6RFLHW\ ����� ������� �������

>)LJDUR ��@ ,QIRUPDFLyQ GH OD FRPSDxtD )LJDUR HQ OD SiJLQD ZHE

ZZZ�ILJDURVHQVRU�FRP

>),6 ��@ ,QIRUPDFLyQ GH OD FRPSDxtD ),6 HQ OD SiJLQD ZHE ZZZ�ILVLQF�FR�MS

>)OHLVFKHU ��@ 0� )OHLVFKHU DQG +� 0HL[QHU� ³6HQVLQJ UHGXFLQJ JDVHV DW KLJK

WHPSHUDWXUHV XVLQJ ORQJ�WHUP VWDEOH *D�2� WKLQ ILOPV´� 6HQVRUV DQG

$FWXDWRUV % � ������� �������

>)OHLVFKHU ��@ 0� )OHLVFKHU� ³)DVW JDV VHQVRUV EDVHG RQ PHWDO R[LGHV ZKLFK DUH

VWDEOH DW KLJK WHPSHUDWXUHV´� (XURVHQVRUV ; $��� �*DV 6HQVRUV�

������� �����

>)OHLVFKHU ��@ 0D[LPLOLDQ )OHLVFKHU� 6XVDQQH .RUQHO\� 7KRPDV :HK� -RDFKLP

)UDQN� +� 0HL[QHU� ³6HOHFWLYH JDV GHWHFWLRQ ZLWK KLJK�WHPSHUDWXUH

RSHUDWHG PHWDO R[LGHV XVLQJ FDWDO\WLF ILOWHUV´� 6HQVRUV DQG $FWXDWRUV %

�� ������� �������

>)UDQN ��@ -� )UDQN� 0� )OHLVFKHU� +� 0HL[QHU� ³*DV�VHQVLWLYH HOHFWULFDO SURSHUWLHV

RI SXUH DQG GRSHG VHPLFRQGXFWLQJ *D�2� WKLFN ILOPV´� (XURVHQVRUV ;,

�3��� ������� �������

>*DJJLRWWL ��@ *� *DJJLRWWL� $� *DOGLNDV� 6� .DFLXOLV� *� 0DWWRJQR� $� 6HWNXV�

³7HPSHUDWXUH GHSHQGHQFLHV RI VHQVLWLYLW\ DQG VXUIDFH FKHPLFDO

FRPSRVLWLRQ RI 6Q2[ JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % �����

������� �������

>*DUGQHU ��@ -XOLDQ :� *DUGQHU� ³$ GLIIXVLRQ�UHDFWLRQ PRGHO RI HOHFWULFDO

FRQGXFWLRQ LQ WLQ R[LGH JDV VHQVRUV´� 6HPLFRQGXFWRU 6FLHQFH

7HFKQRORJ\ � ������� �������
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>*DUGQHU ��@ -XOLDQ :� *DUGQHU� ³(OHFWULFDO FRQGXFWLRQ LQ VROLG�VWDWH JDV

VHQVRUV´� 6HQVRUV DQG $FWXDWRUV �� ������� �������

>*DUGQHU ��@ -XOLDQ :� *DUGQHU� ³$ QRQ�OLQHDU GLIIXVLRQ�UHDFWLRQ PRGHO RI

HOHFWULFDO FRQGXFWLRQ LQ VHPLFRQGXFWRU JDV VHQVRUV´� 6HQVRUV DQG

$FWXDWRUV %� ������� �������

>*DUGQHU ��@ -XOLDQ :� *DUGQHU� 0DKPRXG ,VNDQGDUDQL ³(IIHFW RI HOHFWURGH

JHRPHWU\ RQ JDV VHQVLWLYLW\ RI OHDG SKWKDORF\DQLQH WKLQ ILOPV´� 6HQVRUV

DQG $FWXDWRUV % � ������� �������

>*DUGQHU ��@ -� :� *DUGQHU� 3�1� %DUWOHWW� .� )� (� 3UDWW� ³0RGHOOLQJ RI JDV�

VHQVLWLYH FRQGXFWLQJ SRO\PHU GHYLFHV´� ,(( 3URF��&LUFXLWV 'HYLFHV 6\VW�

9RO� ���� 1R�� ������� �������

>*DXWKHURQ ��@ %� *DXWKHURQ� 0� /DEHDX� *� 'HODERXJOLVH� 8� 6FKPDW]�

³8QGRSHG DQG 3G�GRSHG 6Q2� WKLQ ILOPV IRU JDV VHQVRUV´� 6HQVRUV DQG

$FWXDWRUV % ����� ������� �������

>*|SHO ��@ 6HQVRUV� D FRPSUHKHQVLYH VXUYH\ 9RO��� HGLWDGR SRU :� *|SHO� -�

+HVVH \ -�1� =HPHO� 9&+ :HLQKHLP�1HZ <RUN�%DVHO�&DPEULGJH ������

>*|SHO ��@ :� *|SHO� ³)XWXUH WUHQGV LQ WKH GHYHORSPHQW RI JDV VHQVRUV´� *DV

6HQVRUV� *� 6YHUEHJOLHUL HGLWRU� .OXZHU $FDGHPLF 3XEOLVKHUV ������

>*|SHO ��D@ :ROIDQJ *|SHO� ³6XSUDPROHFXODU DQG SRO\PHULF VWUXFWXUHV IRU JDV

VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % ����� ������� �����

>*|SHO ��E@ :ROIDQJ *|SHO� .ODXV 'LHWHU 6KLHUEDXP� ³6Q2� VHQVRUV� FXUUHQW

VWDWXV DQG IXWXUH SURVSHFWV´� 6HQVRUV DQG $FWXDWRUV % ����� �������

����

>*XLGL ��@ 9� *XLGL� *�&� &DUGLQDOL� /� 'RUL� *� )DJOLD� 0� )HUURQL� *� 0DUWLQHOOL� 3�

1HOOL� *� 6EHUYHJOLHUL� ³7KLQ�ILOP JDV VHQVRU LPSOHPHQWHG RQ D ORZ�

SRZHU�FRQVXPSWLRQ PLFURPDFKLQHG VLOLFRQ VWUXFWXUH´� 6HQVRUV DQG

$FWXDWRUV % ��� ������� �����

>+DXVQHU ��@ 0DUWLQ +DXVQHU� -RKDQQHV =DFKHMD� -RVHI %LQGHU� ³0XOWLHOHFWURGH

6XEVWUDWH IRU 6HOHFWLYLW\ (QKDQFHPHQW LQ $LU 0RQLWRULQJ´� (XURVHQVRUV

; ������



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

>+RHIHU ��@ 8OULFK +RHIHU� .ODXV 6WHLQHU� (OPDU :DJQHU� ³&RQWDFW DQG VKHHW

UHVLVWDQFHV RI 6Q2� WKLQ ILOPV IURP WUDQVPLVVLRQ�OLQH PRGHO

PHDVXUHPHQWV´� 6HQVRUV DQG $FWXDWRUV % ����� ������� �����

>+RUULOOR ��@ 0�&� +RUULOOR� ,� 6D\DJR� /� $UpV� -� 5RGULJR� -� *XWLpUUH]� $� *|W]� ,�

*UjFLD� /� )RQVHFD� &�&DQp� (� /RUD�7DPD\R� ³'HWHFWLRQ RI ORZ 12�

FRQFHQWUDWLRQV ZLWK ORZ SRZHU PLFURPDFKLQHG WLQ R[LGH JDV VHQVRUV´�

6HQVRUV DQG $FWXDWRUV % �� ������� �������

>-DHJOH ��@ 0� -DHJOH� -� :|OOHQVWHLQ� +� %|WWQHU� *� 0�OOHU� 7� %HFNHU� &� %RVFK�

Y�%UDXQP�KO� ³0LFURPDFKLQHG WKLQ ILOP 6Q2� JDV VHQVRUV LQ

WHPSHUDWXUH�SXOVHG RSHUDWLRQ PRGH´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������

>-LPpQH] ��@ ,� -LPpQH]� $� &LUHUD� -� )ROFK� $� &RUQHW� -�5� 0RUDQWH�

³,QQRYDWLYH PHWKRG RI SXOYHULVDWLRQ FRDWLQJ RI SUHVWDELOL]HG

QDQRSRZGHUV IRU PDVV SURGXFWLRQ RI JDV VHQVRUV´� (XURVHQVRUV ;,9

0�3�� �*DV 6HQVRUV� ������� �������

>.DSSOHU ��@ -� .DSSOHU� 1� %DUVDQ� 8� :HLPDU� :� *|SHO� ³,QIOXHQFH RI ZDWHU

YDSRXU RQ QDQRFU\VWDOOLQH 6Q2� WR PRQLWRU &2 DQG &+�´� (XURVHQVRUV

;, �%��� ������� ���������

>.LP ��@ 'RQJ +\XQ .LP� 6DQJ +RRQ /HH� .ZDQJ�+R .LP� ³&RPSDULVRQ RI &2�

JDV VHQVLQJ FKDUDFWHULVWLFV EHWZHHQ PRQR� DQG PXOWL�OD\HU 3W�6Q2�

WKLQ ILOPV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>.LWVXNDZD ��@ 6� .LWVXNDZD� +� 1DNDJDZD� .� )XNXGD� 6� $VDNXUD� 6�

7DNDKDVKL� 7� 6KLJHPRUL� ³7KH LQWHUIHUHQFH HOLPLQDWLRQ IRU JDV VHQVRU

E\ FDWDO\VW ILOWHUV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>.RNDFKH ��@ 5D\ .RNDFKH� ³*DV 6HQVRUV´� 6HQVRU 5HYLHZ 9RO��� 1R��� ����

>.ZRQ ��@ &�+� .ZRQ� '�+� <XQ� +��.� +RQJ� 6��5� .LP� .� /HH� +�<� /LP� .�+�

<RRQ ³0XOWL�OD\HUHG WKLFN�ILOP JDV VHQVRU DUUD\ IRU VHOHFWLYH VHQVLQJ E\

FDWDO\WLF ILOWHULQJ WHFKQRORJ\´� 6HQVRUV DQG $FWXDWRUV % �� �������

�������

>/DQWWR ��@ 9LOKR /DQWWR� ³6HPLFRQGXFWRU JDV VHQVRUV EDVHG RQ 6Q2� WKLFN

ILOPV´� *DV 6HQVRUV� *� 6YHUEHJOLHUL HGLWRU� .OXZHU $FDGHPLF 3XEOLVKHUV

������
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>/HH ��@ 'XN�'RQJ /HH� :DQJ�<RXQJ &KXQJ� 0DQ�6LN &KRL� -RQJ�0X %DHN�

´/RZ SRZHU PLFUR JDV VHQVRU´� 6HQVRUV DQG $FWXDWRUV % �� �������

�������

>/HH ��@ 'XN�'RQJ /HH� :DQJ�<RXQJ &KXQJ� ³*DV�VHQVLQJ FKDUDFWHULVWLFV RI

6Q2��[ WKLQ ILOP ZLWK DGGHG 3W IDEULFDWHG E\ WKH 'LSSLQJ 0HWKRG´�

6HQVRUV DQG $FWXDWRUV �� ������� �������

>/HH ��@ 6DQJ :RR /HH� 3LQJ 3LQJ 7VDL� +D\GQ &KHQ� ³&RPSDULVRQ VWXG\ RI

6Q2� WKLQ� DQG WKLFN�ILOP JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������

>/HMD ��@ (� /HMD� -�.RUHFNL� .� .URSS DQG .� 7ROO� ³3KDVH FRPSRVLWLRQ RI 6Q2[

WKLQ ILOPV REWDLQHG E\ UHDFWLYH '�&� 6SXWWHULQJ´� 7KLQ 6ROLG ILOPV ��

������� �������

>/L ��@ )HQJ /L� -LDTXLDQJ ;X� ;LDQJKXD <X� /L\LQJ &KHQ� -LDQPLQ =KX�

=KHQJURQJ <DQJ� ;LQTXDQ ;LQ� ³2QH�VWHS VROLG VWDWH UHDFWLRQ V\QWKHVLV

DQG JDV VHQVLQJ SURSHUW\ RI WLQ R[LGH QDQRSDUWLFOHV´� 6HQVRUV DQG

$FWXDWRUV % �� ������� �������

>0DWNR ��@ ,� 0DWNR� 0� *DLGL� -�/� +D]HPDQQ� %� &KHQHYLHU� 0� /DEHDX�

³(OHFWULFDO SURSHUWLHV XQGHU SROOXWLQJ JDV �&2� RI 3W� DQG 3G�GRSHG

SRO\FU\VWDOOLQH 6Q2� WKLQ ILOPV� DQDO\VLV RI WKH PHWDO DJJUHJDWH VL]H

HIIHFW´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>0LFKHO ��@ +�-� 0LFKHO� +� /HLVWH� .�'� 6FKLHUEDXP� -� +DOEULWWHU ³$GVRUEDWHV

DQG WKHLU HIIHFWVG RQ JDV VHQVLQJ SURSHUWLHV RI VSXWWHUHG 6Q2� ILOPV´�

$SSOLHG 6XUIDFH 6FLHQFH ��� ������� �����

>0,&6 ��@ ,QIRUPDFLyQ GH OD FRPSDxtD 0,&6 �0LFUR&KHPLFDO 6\VWHPV� HQ OD

SiJLQD ZHE ZZZ�PLFURFKHPLFDO�FRP

>0LFURVHQV ��@ ,QIRUPDFLyQ GH OD FRPSDxtD 0LFURVHQV HQ OD SiJLQD ZHE

ZZZ�PLFURVHQV�FK

>0LV]HL ��@ -� 0LV]HL� ³$FWLYDWLQJ WHFKQRORJ\ RI 6Q2� OD\HUV E\ PHWDO SDUWLFOHV

IURP XOWUDWKLQ PHWDO ILOPV´� 6HQVRUV DQG $FWXDWRUV % ����� �������

�������



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ��

>0RQWPpDW ��@ 3� 0RQWPpDW� &� 3LMRODW� *� 7RXUQLHU� -�3� 9LULFHOOH� ³7KH HIIHFW RI

0HWDOOLF 0HPEUDQHV RQ 6Q2� WKLQ ILOPV VHQVLQJ SURSHUWLHV´�

(XURVHQVRUV ;,9 7�6� ������� �������

>0RULPLWVX ��@ 0� 0RULPLWVX� <� 2]DNL� 6� 6X]XNL� 0� 0DWVXQDJD� ³(IIHFWV RI

VXUIDFH PRGLILFDWLRQ ZLWK SODWLQXP DQG UXWKHQLXP RQ WHPSHUDWXUH DQG

KXPLGLW\ GHSHQGHQFH RI 6Q2��EDVHG &2 JDV VHQVRUV´� 6HQVRUV DQG

$FWXDWRUV % �� ������� �������

>0RVHOH\ ��@ 3�7� 0RVHOH\� ³0DWHULDOV VHOHFWLRQ IRU VHPLFRQGXFWRU JDV VHQVRUV´�

6HQVRUV DQG $FWXDWRUV % � ������� �������

>2UOLN ��@ '� 2UOLN� 0� ,YDQRYVND\D� 3� %RJGDQRY� &��'� .RKO� ³7KH FRPSDULVRQ

RI FHUDPLF DQG WKLQ ILOP 6Q2� DQG 6Q2��3G VHQVRUV� REWDLQHG E\ VRO�

JHO PHWKRG´� (XURVHQVRUV ;, �3��� ������� �������

>3DUN ��@ &� 2� 3DUN� 6� $� $NEDU� -� +ZDQJ� ³6HOHFWLYH JDV GHWHFWLRQ ZLWK

FDWDO\WLF ILOWHU´� 0DWHULDOV &KHPLVWU\ DQG 3K\VLFV �� ������� �����

>3RSHVFX ��@ '�6� 3RSHVFX� &� 'XQDUH� 2� 1HGHOFX� 9� 0RDJDU� '�&� 'DVFDOX�

³0LFURVWUXFWXUHV IRU FKHPLFDO JDV VHQVRUV DQG IRU DUUD\V RI FKHPLFDO

JDV VHQVRUV´� (XURVHQVRUV ; 3������� ������� �������

>4XDUDQWD ��@ )� 4XDUDQWD� 5� 5HOOD� 3�6LFLOLDQR� 6� &DSRQH� 0� (SLIDQL� /�

9DVDQHOOL� ³6RO�JHO 7LQ 2[LGH 7KLQ )LOPV $FWLYDWHG ZLWK 3G� 3W DQG 2V

DQ WKHLU $SSOLFDWLRQ IRU 0RQLWRULQJ $LU 3ROOXWDQWV´� (XURVHQVRUV ;,,,

�3� ������� �����

>5HOOD ��@ 5� 5HOOD� $� 6HUUD� 3� 6LFLOLDQR DQG /� 9DVDQHOOL� ³7LQ R[LGH EDVHG JDV

VHQVRUV SUHSDUHG E\ WKH VRO�JHO SURFHVV´� (XURVHQVRUV ; 3������

�0HWDOR[LGHV� ������� �������

>5HOOD ��@ 5� 5HOOD�3� 6LFLOLDQR� 6� &DSRQH� 0� (SLIDQL� /� 9DVDQHOOL� $� /LFFLXOOL�

³$LU TXDOLW\ PRQLWRULQJ E\ PHDQV RI VRO�JHO LQWHJUDWHG WLQ R[LGH WKLQ

ILOPV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>5HQDXOW ��@ 2� 5HQDXOW� $�9� 7DGHHY� *� 'HODERXJOLVH� 0� /DEHDX� ³,QWHJUDWHG

VROLG�VWDWH JDV VHQVRUV EDVHG RQ 6Q2��3G� IRU &2 GHWHFWLRQ´� 6HQVRUV

DQG $FWXDWRUV % �� ������� �������
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>5RPDQRYVND\D ��@ 9� 5RPDQRYVND\D� 0� ,YDQRYVND\D� 3� %RJGDQRY� ³7KH

HIIHFW RI QREOH PHWDOV RQ WKH SURSHUWLHV RI ,Q�2� FHUDPLF VHQVRUV´�

(XURVHQVRUV ;, �3��� ������� �����

>6DNDL ��D@ *R 6DNDL� 1DP 6HRN %DLN� 1RULR 0LXUD� 1RERUX <DPD]RH� ³*DV

VHQVLQJ SURSHUWLHV RI WLQ R[LGH WKLQ ILOPV IDEULFDWHG IURP K\GURWHUPDOO\

WUHDWHG QDQRSDUWLFOHV� 'HSHQGHQFH RI &2 DQG +� UHVSRQVH RQ ILOP

WKLFNQHVV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>6DNDL ��E@ *R 6DNDL� 1DRNL 0DWVXQDJD� .HQJR 6KLPDQRH� 1RERUX <DPD]RH�

´7KHRU\ RI JDV GLIIXVLRQ FRQWUROOHG VHQVLWLYLW\ IRU WKLQ ILOP

VHPLFRQGXFWRU JDV VHQVRU´� 6HQVRUV DQG $FWXDWRUV % �� ������� ����

���

>6DXYDQ ��@ 0� 6DXYDQ� &� 3LMRODW � ³6HOHFWLYLW\ LPSURYHPHQW RI 6Q2� ILOPV E\

VXSHUILFLDO PHWDOOLF ILOPV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>6EHUYHJOLHUL ��@ *� 6EHUYHJOLHUL� ³&ODVVLFDO DQG QRYHO WHFKQLTXHV IRU WKH

SUHSDUDWLRQ RI 6Q2� WKLQ�ILOP JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % �

������� �������

>6EHUYHJOLHUL ��@ *� 6EHUYHJOLHUL� ³5HFHQW GHYHORSPHQWV LQ VHPLFRQGXFWLQJ WKLQ�

ILOP JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>6FKURGHU ��@ 'LHWHU .� 6FKURGHU� ³6HPLFRQGXFWRU PDWHULDO DQG GHYLFH

FKDUDFWHUL]DWLRQ´� -RKQ :LOH\ 	 6RQV� ������

>6FKLHUEDXP ��@ .�'� 6FKLHUEDXP� 8� :HLPDU DQG :� *|SHO ³&RPSDULVRQ RI

FHUDPLF� WKLFN�ILOP DQG WKLQ�ILOP FKHPLFDO VHQVRUV EDVHG XSRQ 6Q2�´�

6HQVRUV DQG $FWXDWRUV % � ������� �������

>6FKZHL]HU�%HUEHULFK ��@ 0� 6FKZHL]HU�%HUEHULFK� 1� %kUVDQ� 8� :HLPDU� -�5�

0RUDQWH� :� *|SHO� ³(OHFWURGH HIIHFWV RQ JDV VHQVLQJ SURSHUWLHV RI

QDQRFU\VWDOOLQH 6Q2� JDV VHQVRUV´� (XURVHQVRUV ;,, �%��� �������

���������

>6FKZHL]HU�%HUEHULFK ��@ 0� 6FKZHL]HU�%HUEHULFK� 6� 6WUDWKPDQQ� :� *RSHO� 5�

6KDUPD� $� 3H\UH�/DYLJQH� ³)LOWHUV IRU WLQ GLR[LGH &2 JDV VHQVRUV WR

SDVV WKH 8/���� VWDQGDUG´� 6HQVRUV DQG $FWXDWRUV % �� ������� �����



6HQVRUHV GH JDV GH HVWDGR VyOLGR FRQGXFWRPpWULFRV ���

>6FKZDL]HU�%HUEHULFK ��@ 0� 6FKZDL]HU�%HUEHULFK� -�*� =KHQJ� 8� :HLPDU� :�

*|SHO� 1� %kUVDQ� (� 3HQWLD� $� 7RPHVFX� ³7KH HIIHFW RI 3W DQG 3G

VXUIDFH GRSLQJ RQ WKH UHVSRQVH RI QDQRFU\VWDOLQH 6Q2� JDV VHQVRUV WR

&2´� 6HQVRUV DQG $FWXDWRUV % ��������� �����

>6HL\DPD ��@ 7� 6HL\DPD� $� .DWR� .� )XMLLVKL� 0� 1DJDWDQL� ³$ QHZ GHWHFWRU IRU

JDVHRXV FRPSRQHQWV XVLQJ VHPLFRQGXFWLYH WKLQ ILOPV´� $QDO� &KHP��

�� ������� ���������

>6KDUPD ��@ 5DMQLVK .� 6KDUPD� 3KLOLS &�+� &KDQ� =KHQDQ 7DQJ� *XL]KHQ <DQ� ,�

0LQJ +VLQJ� -RKQQ\ .�2� 6LQ� ³,QYHVWLJDWLRQ RI VWDELOLW\ DQG UHOLDELOLW\

RI WLQ R[LGH WKLQ�ILOP IRU LQWHJUDWHG PLFUR�PDFKLQHG JDV VHQVRU

GHYLFHV´� 6HQVRUV DQG $FWXDWRUV % �� ������� ����

>6LHPHQV ��@ ,QIRUPDFLyQ GH OD FRPSDxtD 6LHPHQV HQ OD SiJLQD ZHE

ZZZ�VLHPHQV�FRP

>6LPRQ ��@ ,VROGH 6LPRQ� 1LFRODH %kUVDQ� 0LFKDHO %DXHU� 8GR :HLPDU�

³0LFURPDFKLQHG PHWDO R[LGH JDV VHQVRUV� RSSRUWXQLWLHV WR LPSURYH

VHQVRU SHUIRUPDQFH´� 6HQVRUV DQG $FWXDWRUV % �� ������� ����

>7DGHHY ��@ $�9� 7DGHHY� *� 'HODERXJOLVH� 0� /DEHDX� ³,QIOXHQFH RI 3G DQG 3W

DGGLWLYHV RQ WKH PLFURVWUXFWXUDO DQG HOHFWULFDO SURSHUWLHV RI 6Q2��

EDVHG VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �����

>7DQJ ��@ =KHQDQJ 7DQJ� 6DPXHO .�+� )XQJ� 'DUZLQ 7�:� :RQJ� 3KLOLS &�+�

&KDQ� -RKQQ\ .�2� 6LQ� 3HWHU :� &KHXQJ� ³$Q LQWHJUDWHG JDV VHQVRU

EDVHG RQ WLQ R[LGH WKLQ�ILOP DQG LPSURYHG PLFUR�KRWSODWH´� 6HQVRUV

DQG $FWXDWRUV % �� ������� �������

>7RPFKHQNR ��@ $�$� 7RPFKHQNR� 9�9� .KDWNR� ³:2� WKLFN ILOPV DV VHQVLWLYH

HOHPHQWV RI 12 VHQVRUV´� (XURVHQVRUV ;, �3��� ������� �����

>7VDL ��@ 3LQJ 3LQJ 7VDL� ,�&KHUQJ &KHQ� &KDR�-HQ +R� ³8OWUDORZ SRZHU FDUERQ

PRQR[LGH PLFURVHQVRU E\ PLFURPDFKLQLQJ WHFKQLTXHV´� 6HQVRUV DQG

$FWXDWRUV % �� ������� �������

>9LODQRYD ��@ ;� 9LODQRYD� (� /OREHW� -� %UH]PHV� -� &DOGHUHU� ;� &RUUHLJ�

³1XPHULFDO VLPXODWLRQ RI WKH HOHFWURGH JHRPHWU\ DQG SRVLWLRQ HIIHFWV

RQ VHPLFRQGXFWRU JDV VHQVRU UHVSRQVH´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������



��� &DStWXOR �

>:DWVRQ ��@ -� :DWVRQ� ³7KH 6WDQQLF 2[LGH *DV 6HQVRU´� 6HQVRU 5HYLHZ 9RO���

1R��� ����

>:LOOLDPV ��@ '�(� :LOOLDPV ³&RQGXFWLRQ DQG JDV UHVSRQVH RI VHPLFRQGXFWRU JDV

VHQVRUV´� 6ROLG 6WDWH *DV 6HQVRUV� (GLWHG E\ 3� 7� 0RVHOH\ DQG %� &�

7RILHOG� $GDP +LOJHU ������

>:LOOLDPV ��@ *HUDLQW :LOOLDPV� *DU\ 6�9� &ROHV� ³7KLQ WLQ GLR[LGH ILOPV IRU

FRPEXVWLEOH JDV VHQVRUV´� 6HQVRUV DQG WKHLU $SSOLFDWLRQV 9,,� (GLWHG

E\ $� 7� $XJRXVWL� ,QVWLWXWH RI 3K\VLFV 3XEOLVKLQJ ������

>:LOOLDPV ��@ 'DYLG (� :LOOLDPV ³6HPLFRQGXFWLQJ R[LGHV DV JDV�VHQVLWLYH

UHVLVWRUV´� 6HQVRUV DQG $FWXDWRUV % �� ������� ����

>:|OOHQVWHLQ ��@ -� :|OOHQVWHLQ� +� %|WWQHU� 0� -DHJOH� :�-� %HFNHU� (� :DJQHU�

³0DWHULDO SURSHUWLHV DQG WKH LQIOXHQFH RI PHWDOOLF FDWDO\VWV DW WKH

VXUIDFH RI KLJKO\ GHQVH 6Q2� ILOPV´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������

><DPD]RH ��@ 1RERUX <DPD]RH� ³1HZ DSSURDFKHV IRU LPSURYLQJ VHPLFRQGXFWRU

JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % � ������� ����

><DPD]RH ��@ 1RERUX <DPD]RH� 1RULR 0LXUD� ³1HZ DSSURDFKHV LQ WKH GHVLJQ RI

JDV VHQVRUV´� *DV 6HQVRUV� *� 6YHUEHJOLHUL HGLWRU� .OXZHU $FDGHPLF

3XEOLVKHUV ������

><RR ��@ .ZDQJ 6RR <RR� 1DP :RRQJ &KR� +DQ 6DQJ 6RQJ� +\XQJ -LQ -XQJ

³6XUIDFH PRUSKRORJ\ DQG JDV�VHQVLQJ FKDUDFWHULVWLFV RI 6Q2��[ WKLQ

ILOPV R[LGL]HG IURP 6Q ILOPV´� 6HQVRUV DQG $FWXDWRUV % ����� �������

�������

>=KDQJ ��@ *RQJ =KDQJ� 0HLOLQ /LX� ³(IIHFW RI SDUWLFOH VL]H DQG GRSDQW RQ

SURSHUWLHV RI 6Q2��EDVHG JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������
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(Q HVWH FDStWXOR VH DERUGDQ ODV WpFQLFDV TXH VH KDQ HPSOHDGR HQ OD IDEULFDFLyQ

GH VHQVRUHV� DVt FRPR ORV PpWRGRV XWLOL]DGRV SDUD FDUDFWHUL]DU ORV PDWHULDOHV \

SURWRWLSRV GHVDUUROODGRV� HQ HVWH FDVR EiVLFDPHQWH HO y[LGR GH HVWDxR \ ORV

DGLWLYRV DxDGLGRV DO PLVPR� 6H H[SOLFDQ ODV WpFQLFDV GH SHOtFXOD JUXHVD HQ

SULPHU OXJDU� TXH VH HPSOHDQ HQ HVWH FDVR HQ OD IDEULFDFLyQ GH ILOWURV

LQWHJUDGRV� FRPR PiV DGHODQWH VH H[SRQGUi� 1R REVWDQWH� VH SRQH HVSHFLDO

pQIDVLV HQ ODV WpFQLFDV GH SHOtFXOD GHOJDGD� TXH VRQ OD EDVH GHO GLVSRVLWLYR

VHQVRU DTXt WUDWDGR >&KDQJ ��@� 'HQWUR GH HOODV VH SUHVHQWDQ WRGDV DTXHOODV

PHWRGRORJtDV HPSOHDGDV HQ HO SUHVHQWH WUDEDMR� GHSyVLWR GH SHOtFXODV SRU

VSXWWHULQJ� IRWROLWRJUDItD� WUDWDPLHQWRV WpUPLFRV \ GH R[LGDFLyQ�

PLFURPHFDQL]DGR \ SHJDGR DQyGLFR�

(Q FXDQWR D ODV WpFQLFDV GH FDUDFWHUL]DFLyQ HVWUXFWXUDO XWLOL]DGDV� VH

H[SOLFD OD GLIUDFFLyQ GH UD\RV ; �;5'�� OD HVSHFWURVFRStD GH IRWRHPLVLyQ SRU

UD\RV ; �;36� \ OD PLFURVFRStD GH IXHU]D DWyPLFD �$)0�� GHVFULELHQGR ODV

XWLOLGDGHV \ OLPLWDFLRQHV GH FDGD XQD GH HOODV FRPR KHUUDPLHQWDV GH DQiOLVLV�

3RU ~OWLPR VH SUHVHQWD \ GHVFULEH HO EDQFR GH HQVD\RV HPSOHDGR HQ OD

FDUDFWHUL]DFLyQ HOpFWULFD GH OD UHVSXHVWD GH ORV VHQVRUHV \ VH H[SOLFD OD

PHWRGRORJtD VHJXLGD HQ ORV HQVD\RV UHDOL]DGRV�
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/DV WpFQLFDV GH IDEULFDFLyQ GH SHOtFXOD JUXHVD WXYLHURQ VX SULPHUD DSOLFDFLyQ HQ

OD REWHQFLyQ GH SHOtFXODV FRQGXFWRUDV \ GH DOJXQRV FRPSRQHQWHV HOHFWUyQLFRV

SDVLYRV FRPR UHVLVWHQFLDV R FRQGHQVDGRUHV VREUH VXVWUDWRV SODQRV� FRQ YDULDV

PLFUDV GH HVSHVRU�

/D HODERUDFLyQ GH SHOtFXODV JUXHVDV HQ JHQHUDO FRQVWD GH WUHV HWDSDV�

�� )DEULFDFLyQ� D SDUWLU GH XQ SROYR GH SDUWLGD� GH OD SDVWD

FRUUHVSRQGLHQWH DO PDWHULDO TXH UHDOLFH OD IXQFLyQ HOpFWULFD

GHVHDGD�

�� 2EWHQFLyQ GH OD SHOtFXOD SRU PHGLR GH OD WpFQLFD HOHJLGD�

�� 7UDWDPLHQWR WpUPLFR GH OD SHOtFXOD�

(O GHSyVLWR GH SHOtFXODV JUXHVDV VH KD OOHYDGR D FDER HQ HO 'HSDUWDPHQW

'¶HOHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV (OHFWUzQLFV GH OD 8QLYHUVLGDG GH %DUFHORQD \

HQ HO /DERUDWRLUH GH 0LFURpOHFWURQLTXH ,;/ GH OD 8QLYHUVLGDG GH %XUGHRV� /RV

SURFHVRV VH HQFXHQWUDQ HQ PD\RU GHWDOOH HQ >&LUHUD ��@ \ >'HEHGD ��@�

������� 2EWHQFLyQ GH OD SDVWD

/D SDVWD SDUD OD REWHQFLyQ GH OD SHOtFXOD JUXHVD KD GH FXPSOLU GRV SUHPLVDV�

DVHJXUDU OD IXQFLRQDOLGDG GH OD SHOtFXOD ILQDO \ SHUPLWLU OD LPSUHVLyQ GH OD PLVPD�

/D IXQFLRQDOLGDG GH OD SHOtFXOD TXHGDUi DVHJXUDGD VL ODV SURSLHGDGHV GH ORV

SROYRV TXH FRQIRUPDQ OD PLVPD �SDUWH VyOLGD� VRQ ODV DGHFXDGDV� PLHQWUDV OD

FRPSRVLFLyQ GH OD SDUWH OtTXLGD DxDGLGD D ORV SROYRV SDUD FRQIRUPDU OD SDVWD

DSRUWDUi XQD FRUUHFWD LPSUHVLyQ�

/DV WpFQLFDV SDUD REWHQFLyQ GH SROYRV �SDUWH VyOLGD� VRQ GLYHUVDV \ SDUD

DSOLFDFLRQHV HVWiQGDU� FRPR REWHQFLyQ GH FDSDV PHWiOLFDV� LQFOXVR VH SXHGHQ

HQFRQWUDU SURGXFWRV FRPHUFLDOHV� (Q HO FDVR GH WHQHU TXH OOHYDU D FDER HO

SURFHVR GH REWHQFLyQ� VRQ QHFHVDULDV GLVWLQWDV HWDSDV GH WUDWDPLHQWR GH ORV

SROYRV SDUD REWHQHU� SRU HMHPSOR HQ HO FDVR GHO y[LGR GH HVWDxR SDUD GHWHFFLyQ

GH JDV� XQDV FXDOLGDGHV GH VHQVLELOLGDG� VHOHFWLYLGDG \ HVWDELOLGDG DGHFXDGDV�

1RUPDOPHQWH FRQ HO 6Q2� HV SUHFLVR XQ WUDWDPLHQWR WpUPLFR� \D TXH ODV



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

WHPSHUDWXUDV GH RSHUDFLyQ HQ HVWD DSOLFDFLyQ SDUWLFXODU VRQ HOHYDGDV \ VH

SRGUtDQ SURGXFLU FDPELRV HVWUXFWXUDOHV QR GHVHDGRV HQ HO PDWHULDO� (O UHFRFLGR

WLHQH HQ FDPELR XQD FRQWUDSDUWLGD� TXH HV HO EDMR JUDGR GH SRURVLGDG REWHQLGR

WUDV HO WUDWDPLHQWR� QR GHVHDEOH HQ OD GHWHFFLyQ GH JDV� \D TXH HVWD SUHFLVD OD

PD\RU SRURVLGDG SRVLEOH SDUD OD GLIXVLyQ GH ODV PROpFXODV GH JDV HQ HO LQWHULRU

GH OD SHOtFXOD� (Q FRQVHFXHQFLD� VXHOH VHU QHFHVDULR DSOLFDU WUDWDPLHQWRV D

SRVWHULRUL TXH PHMRUHQ GLFKD SRURVLGDG�

/D SDUWH OtTXLGD GH OD SDVWD HVWi IRUPDGD QRUPDOPHQWH SRU DJOXWLQDQWHV

RUJiQLFRV� TXH DVHJXUDQ SURYLVLRQDOPHQWH OD FRKHVLyQ GH ODV SDUWtFXODV VyOLGDV

HQ FDVR GH VHU QHFHVDULR� \ SRU GLVROYHQWHV� (VWRV ~OWLPRV VH HOLPLQDQ GH IRUPD

SUHYLD DO WUDWDPLHQWR WpUPLFR D WHPSHUDWXUDV GH DOUHGHGRU GH ����&� PLHQWUDV

TXH OD HOLPLQDFLyQ GH ORV DJOXWLQDQWHV UHTXLHUH WHPSHUDWXUDV PiV HOHYDGDV� GH

HQWUH ��� \ ����&� (V LPSRUWDQWH OD FRUUHFWD HOLPLQDFLyQ GH HVWRV FRPSRQHQWHV

SDUD QR LQWHUIHULU HQ ODV SURSLHGDGHV GHO PDWHULDO ILQDO�

������� 'HSyVLWR GH OD SHOtFXOD SRU VFUHHQ�SULQWLQJ

(O VFUHHQ�SULQWLQJ R VHULJUDItD� FRQVLVWH HQ OD WUDQVIHUHQFLD GH XQD JHRPHWUtD

GHWHUPLQDGD D XQ VXVWUDWR� TXH KD GH VHU HOHJLGR HQ IXQFLyQ GH VXV

SURSLHGDGHV WHUPRPHFiQLFDV� 3RU HMHPSOR OD DO~PLQD �$O�2�� HV XQ PDWHULDO

DPSOLDPHQWH XWLOL]DGR HQ HVWD WpFQLFD FRPR VXVWUDWR� 6REUH HO VXVWUDWR VH

FRORFD XQD PDOOD PHWiOLFD R SOiVWLFD �VFUHHQ�� TXH VH UHFXEUH SRU XQD GH VXV

FDUDV FRQ XQD HPXOVLyQ IRWRVHQVLEOH� 0HGLDQWH IRWROLWRJUDItD VH REWLHQH OD

JHRPHWUtD GHVHDGD HQ OD HPXOVLyQ� 'H HVWH PRGR� OD SDVWD SXHGH SDVDU D

WUDYpV GH ORV KXHFRV GHILQLGRV IRWROLWRJUiILFDPHQWH� \ TXH FRQIRUPDQ HO GLVHxR

GHVHDGR� (O SURFHVR VH GHVFULEH GH PDQHUD JUiILFD HQ OD ILJXUD ���� HQ OD TXH

WDPELpQ VH SXHGH YHU XQD PiTXLQD SDUD SURFHVR GH VFUHHQ�SULQWLQJ�

$ SHVDU GH OD YHQWDMD TXH VXSRQH OD VLPSOLFLGDG GHO SURFHGLPLHQWR�

FXDQGR VH GHVHD ORJUDU JHRPHWUtDV PiV FRPSOLFDGDV R FRQWURODU GH PDQHUD

SUHFLVD SDUiPHWURV GHO SURFHVR FRPR HO HVSHVRU GH OD SHOtFXOD� UHVXOWD

FRPSOLFDGR KDFHUOR PHGLDQWH HVWD WpFQLFD� \D TXH HQWUDQ HQ MXHJR XQ JUDQ

Q~PHUR GH IDFWRUHV WDOHV FRPR OD YLVFRVLGDG GH OD SDVWD� HO WDPDxR GH OD PDOOD�

OD VHSDUDFLyQ HQWUH OD PDOOD \ HO VXVWUDWR R OD YHORFLGDG TXH VH LPSULPH DO

URGLOOR�
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)LJXUD ��� 3URFHVR EiVLFR �L]TXLHUGD� \ PiTXLQD SDUD VFUHHQ�SULQWLQJ �GHUHFKD�

������� 'HSyVLWR GH OD SHOtFXOD SRU PLFURSULQWLQJ

/D SUHSDUDFLyQ GH OD SDVWD KD GH VHU HVSHFtILFD SDUD HVWH SURFHVR HQ SDUWLFXODU�

FRQ OD YLVFRVLGDG DGHFXDGD� TXH VXHOH VHU OLJHUDPHQWH LQIHULRU D OD XWLOL]DGD HQ

HO SURFHVR GH VFUHHQ�SULQWLQJ�

/D SDVWD HV LQWURGXFLGD HQ XQRV PLFURLQ\HFWRUHV� HQ ORV TXH HV

LPSRUWDQWH HYLWDU OD HQWUDGD GH DLUH� \D TXH SRGUtD SHUGHUVH HO FRQWURO GH OD

PLFURLQ\HFFLyQ SRU VX FDXVD� /D SDVWD VH LQWURGXFH HQ XQD PLFURSLSHWD \ VH

SRVLFLRQD PHGLDQWH PLFURPDQLSXODGRUHV VREUH OD VXSHUILFLH HQ OD TXH VH YD D

GHSRVLWDU OD SDVWD� 3DUD D\XGDU D DOLQHDU HO PLFURLQ\HFWRU FRQ HO VXVWUDWR� VH

XWLOL]D XQ PLFURVFRSLR ySWLFR \ VH LOXPLQD FRQ OX] SUHIHUHQWHPHQWH IUtD SDUD

HYLWDU HO VHFDGR GH OD SDVWD HQ HVWD HWDSD GHO SURFHVR� /D FDQWLGDG GH SDVWD

GHSRVLWDGD VH SXHGH FRQWURODU PHGLDQWH HO YROXPHQ GH OD PLVPD HQ HO

PLFURLQ\HFWRU� /D IRUPD GHO GHSyVLWR HV UHGRQGD \ HO GLiPHWUR TXH

DSUR[LPDGDPHQWH VH SXHGH REWHQHU HV GH DOUHGHGRU GH ��� µP� (O FRQWURO GHO

HVSHVRU GH ODV JRWDV HV PiV GLItFLO GH FRQWURODU� DXQTXH VH KDQ OOHJDGR D

FRQVHJXLU HVSHVRUHV GH XQRV �� µP�

������ �e&1,&$6 '( 352&(6$'2 '( 3(/Ë&8/$6 '(/*$'$6�

'HQWUR GH OD IDEULFDFLyQ GH SHOtFXODV GHOJDGDV VH H[SRQHQ D FRQWLQXDFLyQ ORV

SURFHVRV TXH KDQ VLGR SUHFLVRV HQ HO SUHVHQWH WUDEDMR SDUD OD REWHQFLyQ GHO

3DVWD

0DOOD0iVFDUD

6XVWUDWR

5RGLOOR GH JRPD



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

GLVSRVLWLYR VHQVRU� HQ HO VLJXLHQWH RUGHQ� R[LGDFLyQ WpUPLFD� REWHQFLyQ GH

SHOtFXODV SRU VSXWWHULQJ� IRWROLWRJUDItD� WUDWDPLHQWRV WpUPLFRV� PLFURPHFDQL]DGR

\ SHJDGR DQyGLFR�

������� 2[LGDFLyQ WpUPLFD

(O SURFHVR GH R[LGDFLyQ WpUPLFD GHO VLOLFLR HV XQ UHTXHULPLHQWR KDELWXDO HQ ORV

SURFHVRV PLFURHOHFWUyQLFRV� \D TXH VLUYH SDUD REWHQHU SHOtFXODV GHOJDGDV GH

GLy[LGR GH VLOLFLR �6L2�� GH HOHYDGD FDOLGDG GLHOpFWULFD� (Q HO SUHVHQWH WUDEDMR HO

6L2� VH XWLOL]D FRQ GRV ILQHV� DFWXDU GH SHOtFXOD DLVODQWH HQWUH HO VLOLFLR \ ORV

GLVSRVLWLYRV VLWXDGRV VREUH pO \ FRPR PiVFDUD GXUDQWH HO DWDTXH DO VLOLFLR HQ HO

SURFHVR GH PLFURPHFDQL]DGR �DSDUWDGR ��������� DXQTXH WDPELpQ SXHGH HMHUFHU

FRPR PiVFDUD D OD GLIXVLyQ R FDSD GH SDVLYDFLyQ VXSHUILFLDO >&OHDYHOLQ ��@

>&DVWDxR ��@�

(O VLOLFLR VH R[LGD GH UiSLGDPHQWH HQ SUHVHQFLD GH R[tJHQR D DOWD

WHPSHUDWXUD� GDGD VX HOHYDGD DILQLGDG SRU HO PLVPR� 'RV UHDFFLRQHV TXtPLFDV

GHVFULEHQ OD R[LGDFLyQ WpUPLFD GHO VLOLFLR HQ SUHVHQFLD GH R[tJHQR \ YDSRU GH

DJXD�

 )()( 22 sSiOOsSi →+     [4.1] 

 222 2)(2)( HsSiOOHsSi +→+     [4.2] 

(O HQODFH R[tJHQR�VLOLFLR HV FRYDOHQWH� SRU OR FXDO DPERV iWRPRV

FRPSDUWHQ HOHFWURQHV GH YDOHQFLD� 3RU HOOR GXUDQWH HO SURFHVR GH R[LGDFLyQ VH

FRQVXPH VLOLFLR \ OD LQWHUIDVH VLOLFLR�y[LGR GH VLOLFLR VH GHVSOD]D KDFLD HO LQWHULRU

GHO VXVWUDWR� WDO \ FRPR VH SXHGH REVHUYDU HQ OD ILJXUD ���� (VWi GHPRVWUDGR

TXH HO FUHFLPLHQWR GH XQD SHOtFXOD GH y[LGR GH HVSHVRU G� VH FRQVXPH XQ

HVSHVRU GH VLOLFLR ����G�

)LJXUD ��� (VTXHPD GHO FUHFLPLHQWR GHO y[LGR GH VLOLFLR

6XVWUDWR GH 6L

6XSHUILFLH 6L2�

,QWHUIDVH RULJLQDO

(VSHVRU GH 6L2�



��� &DStWXOR �

3DUD REWHQHU FDSDV GH y[LGR GH VLOLFLR TXH FXPSODQ ORV UHTXHULPLHQWRV

H[SXHVWRV� VH XWLOL]DQ KRUQRV GH FXDU]R GHQWUR GH ORV FXDOHV ODV REOHDV VH

PDQWLHQHQ D WHPSHUDWXUDV HQWUH ��� \ �����&� SUHYLD OLPSLH]D H[KDXVWLYD GH

ODV PLVPDV� 6H XWLOL]DQ GRV WpFQLFDV GH R[LGDFLyQ�

• 2[LGDFLyQ VHFD� (O R[tJHQR LQWURGXFLGR HQ HO KRUQR GH R[LGDFLyQ

HQ HVWH FDVR QR KD GH FRQWHQHU XQD FRQFHQWUDFLyQ VXSHULRU D ��

SSP GH DJXD� (O y[LGR REWHQLGR PHGLDQWH HVWD WpFQLFD HV GHQVR \

FRQ XQD FRQFHQWUDFLyQ EDMD GH GHIHFWRV \ WUDPSDV� 3RU HOOR HV OD

WpFQLFD DGHFXDGD FXDQGR HO y[LGR GH VLOLFLR HQWUD D IRUPDU SDUWH

DFWLYD GHO GLVSRVLWLYR D IDEULFDU�

• 2[LGDFLyQ K~PHGD� (O R[tJHQR LQWURGXFLGR HQ HO KRUQR VH

KXPHGHFH SUHYLDPHQWH KDFLHQGR SDVDU HO IOXMR GHO PLVPR D

WUDYpV GH XQ ERUERWHDGRU GH DJXD D DOWD WHPSHUDWXUD ����&�� /D

R[LGDFLyQ OOHYDGD D FDER GH HVWH PRGR HV PiV UiSLGD� SHUR HO

y[LGR DVt REWHQLGR HV GH PHQRU GHQVLGDG \ FRQ PD\RU FDQWLGDG

GH GHIHFWRV�

/DV JUiILFDV GH OD ILJXUD ��� GDQ OD YHORFLGDG GH FUHFLPLHQWR GH y[LGR

WDQWR VHFR FRPR K~PHGR� 1R VRQ YiOLGDV HQ HO FDVR GH HVSHVRUHV GH y[LGR VHFR

PHQRUHV GH �� QP� GHELGR D ODV WHQVLRQHV FRPSUHVLYDV TXH UHGXFHQ HO

FRHILFLHQWH GH GLIXVLyQ GHO R[tJHQR HQ HO y[LGR�

6L VH GHVHD DFHOHUDU OD YHORFLGDG GH OD R[LGDFLyQ K~PHGD� H[LVWH OD

SRVLELOLGDG GH OOHYDUOD D FDER D DOWD SUHVLyQ GH YDSRU GH DJXD� OR FXDO SHUPLWH

UHGXFLU OD WHPSHUDWXUD GHO SURFHVR� FRQ OD YHQWDMD DxDGLGD GH GLVPLQXLU HO

PRYLPLHQWR GH ODV LPSXUH]DV GLIXQGLGDV WDQWR YHUWLFDO FRPR ODWHUDOPHQWH�

/D R[LGDFLyQ VH OOHYD D FDER KRUQR GH WXERV GH FXDU]R� HQ HVWH FDVR XQ

3(2 ��� GH $79 7HFKQRORJLH FRQ SRVLELOLGDG GH LQFOXLU ERUERWHR GH DJXD SDUD OD

R[LGDFLyQ K~PHGD�



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

)LJXUD ��� 9HORFLGDG GH FUHFLPLHQWR GH y[LGR VHFR \ y[LGR K~PHGR HQ REOHDV GH VLOLFLR GH

RULHQWDFLyQ �����

������� 'HSyVLWR GH SHOtFXODV SRU VSXWWHULQJ

(VWD WpFQLFD GH GHSyVLWR HV PX\ YHUViWLO SRUTXH SHUPLWH HO GHSyVLWR GH SHOtFXODV

WDQWR FRQGXFWRUDV FRPR DLVODQWHV� DVt FRPR GH DOHDFLRQHV GH PDWHULDOHV� \ SRU

HVWH PRWLYR HV DPSOLDPHQWH XWLOL]DGD HQ WHFQRORJtD PLFURHOHFWUyQLFD >&DVWDxR

��@ >5RVVQDJHO ��@ >6PLWK ��@ >7KRUQWRQ ��@� (O PDWHULDO GHO GHQRPLQDGR

³EODQFR´ �GLVFR GH XQ PDWHULDO GHWHUPLQDGR� VH SXHGH GHSRVLWDU HQ IRUPD GH

SHOtFXOD VREUH HO VXVWUDWR� UHSURGXFLHQGR VX FRPSRVLFLyQ� (O VLVWHPD DGHPiV

SHUPLWH OD OLPSLH]D GH ORV VXVWUDWRV DQWHV GH FRPHQ]DU HO GHSyVLWR� SDUD

DVHJXUDU XQD PHMRU DGKHUHQFLD GHO PDWHULDO DO VXVWUDWR FRUUHVSRQGLHQWH�

(O SURFHVR GH GHSyVLWR WLHQH OXJDU PHGLDQWH XQ SODVPD TXH VH FUHD SRU OD

UXSWXUD GLHOpFWULFD GH XQ JDV LQHUWH� JHQHUDOPHQWH DUJyQ� SURFHVR TXH TXHGD

LOXVWUDGR HQ OD ILJXUD ���� (QWUH GRV HOHFWURGRV VH DSOLFD XQD WHQVLyQ HQ XQD

DWPyVIHUD GH DUJyQ D XQD SUHVLyQ GH XQ RUGHQ GH PDJQLWXG GH ���� PEDU� 8Q

YDFtR SUHYLR HQ OD FiPDUD GH DSUR[LPDGDPHQWH ���� PEDU VLUYH SDUD UHGXFLU OD

FRQWDPLQDFLyQ GXUDQWH HO GHSyVLWR� /D WHQVLyQ HQWUH ORV HOHFWURGRV SURYRFD OD

LRQL]DFLyQ ORV iWRPRV GH $U \ HO VXEVLJXLHQWH FKRTXH GH pVWRV FRQ HO EODQFR

VLWXDGR HQ HO HOHFWURGR QHJDWLYR� /RV FKRTXHV GH ORV LRQHV GH DUJyQ LQGXFHQ HO

DUUDQTXH GH iWRPRV GHO EODQFR �VHxDODGRV HQ OD ILJXUD ��� FRPR PHWDO�QHXWUR��
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TXH VH PRYHUiQ GH IRUPD DOHDWRULD FRQ XQD FLHUWD HQHUJtD HQ HO LQWHULRU GH OD

FiPDUD KDVWD DOFDQ]DU WDPELpQ HO VXVWUDWR VREUH HO TXH VH LUi IRUPDQGR OD

SHOtFXOD GHOJDGD�

)LJXUD ��� (VTXHPD HOpFWULFR \ GHO SULQFLSLR GH IXQFLRQDPLHQWR GHO VSXWWHULQJ

(O HPSOHR GH WHQVLyQ FRQWLQXD R DOWHUQD� DVt FRPR HO XVR GH RWURV JDVHV

QR LQHUWHV SDUD OD FUHDFLyQ GHO SODVPD� SHUPLWHQ HO GHVDUUROOR GH GLIHUHQWHV

WpFQLFDV GH VSXWWHULQJ�

¾ '&�6SXWWHULQJ� (Q HVWH FDVR OD WHQVLyQ DSOLFDGD HV FRQWLQXD \

DSUR[LPDGDPHQWH GH ��� 9� (O HOHFWURGR SRVLWLYR HV HO VXVWUDWR GRQGH OD

SHOtFXOD HV GHSRVLWDGD \ HO QHJDWLYR HO EODQFR� RULJHQ GHO PDWHULDO D

GHSRVLWDU� $O DSOLFDU OD WHQVLyQ HO HOHFWUyQ �H�� VH YH DWUDtGR SRU HO SROR

SRVLWLYR \ HO Q~FOHR LRQL]DGR SRU HO QHJDWLYR� (O HOHFWUyQ SURYRFDUi D VX YH]

&DUULHU

6XVWUDWRV

%ODQFR

$U
�

H�

0HWDO�QHXWUR�

%ODQFR %ODQFR

6SXWWHU�FOHDQ

5I�6SXWWHULQJ

$U
�

$U 0HWDO�QHXWUR�

H�

3ODVPD

'&� '&�



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

OD LRQL]DFLyQ GH RWURV iWRPRV GH $U SURGXFLpQGRVH XQ HIHFWR GH DYDODQFKD

FRQ JUDQ FDQWLGDG GH LRQHV GH $U TXH FKRFDQ FRQWUD HO EODQFR GRQGH VH

UHFRPELQDQ ORV HOHFWURQHV FHUUiQGRVH HO FLUFXLWR� (VWD WpFQLFD VH XWLOL]D

EiVLFDPHQWH SDUD PDWHULDOHV FRQGXFWRUHV �3W� $O� &X� HWF��

¾ 5I�VSXWWHULQJ� (VWD WpFQLFD VH LPSRQH HQ HO FDVR GH TXHUHU GHSRVLWDU SRU

HVWH PHGLR PDWHULDOHV DLVODQWHV� DXQTXH WDPELpQ VLUYH SDUD PDWHULDOHV

FRQGXFWRUHV� \ UHTXLHUH HO XVR GH XQD IXHQWH GH UDGLRIUHFXHQFLD GH ����

0+] �FRQHFWDGD HQ HO HMHPSOR GH OD ILJXUD ��� DO EODQFR FHQWUDO�� 3XHGH VHU

OD PLVPD IXHQWH GH WHQVLyQ TXH VH XWLOL]D HQ HO SURFHVR GH VSXWWHU�FOHDQ� (Q

HO FDVR GH PDWHULDOHV DLVODQWHV� HO HPSOHR GH WHQVLyQ FRQWLQXD QR SHUPLWH HO

SDVR GH HOHFWURQHV DO SODVPD IiFLOPHQWH� 3RU HVR VH DSOLFD WHQVLyQ DOWHUQD

GH WDO IRUPD TXH HO EODQFR HV ERPEDUGHDGR GH IRUPD DOWHUQDWLYD SRU LRQHV

SRVLWLYRV \ HOHFWURQHV� /D PLVLyQ GH HVWRV ~OWLPRV HV QHXWUDOL]DU OD FDUJD

SRVLWLYD TXH VH DFXPXOD HQ HO EODQFR�

¾ 5HDFWLYH VSXWWHULQJ� 7DPELpQ HV SRVLEOH OD LQWURGXFFLyQ HQ FiPDUD GH

JDVHV GLVWLQWRV DO $U� FRPR SRU HMHPSOR HO R[tJHQR R QLWUyJHQR� TXH SXHGHQ

UHDFFLRQDU FRQ HO PDWHULDO DUUDQFDGR GHO EODQFR SDUD GDU OXJDU D y[LGRV R

QLWUXURV GHO PLVPR� R ELHQ FRPSOHWDU OD HVWHTXLRPHWUtD GH XQ EODQFR GH XQ

FRPSXHVWR GHWHUPLQDGR� 3XHGH DSOLFDUVH WDQWR HQ 5I�VSXWWHULQJ FRPR HQ

'&�VSXWWHULQJ�

¾ &R�VSXWWHULQJ� &RQVLVWH HQ DSOLFDU WHQVLyQ D GRV FiWRGRV

VLPXOWiQHDPHQWH� GH WDO PRGR TXH VH SXHGHQ REWHQHU DOHDFLRQHV GH GRV

PDWHULDOHV R XQ FRPSXHVWR GH DPERV�

¾ 6SXWWHU�FOHDQ� (V XQD RSHUDFLyQ TXH VH UHDOL]D GH IRUPD SUHYLD DO

GHSyVLWR� DSOLFDQGR WHQVLyQ DOWHUQD VREUH HO FDUULHU� TXH HV HO OXJDU HQ HO

TXH VH FRORFDQ ORV VXVWUDWRV �YHU ILJXUD ����� 'XUDQWH HVWD RSHUDFLyQ VH

ERPEDUGHDQ ORV VXVWUDWRV FRQ DUJyQ� GH WDO PRGR TXH VH OLPSLD VX

VXSHUILFLH GH LPSXUH]DV� SURFXUDQGR XQD PD\RU DGKHUHQFLD GHO PDWHULDO

SRVWHULRUPHQWH GHSRVLWDGR�

¾ 3UH�VSXWWHULQJ� &RQVLVWH HQ DSOLFDU WHQVLyQ HQ ORV FiWRGRV� FRQ HVWRV

REWXUDGRV� GH WDO IRUPD TXH ORV iWRPRV DUUDQFDGRV GH ORV PLVPRV QR

DOFDQFHQ HO VXVWUDWR� 'H HVWD IRUPD VH HOLPLQDQ ODV SRVLEOHV LPSXUH]DV

VXSHUILFLDOHV GHO SURSLR EODQFR�
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¾ %LDV�VSXWWHULQJ� (VWD RSFLyQ SHUPLWH DSOLFDU XQD SRODUL]DFLyQ DO VXVWUDWR

GXUDQWH HO GHSyVLWR� GH WDO PRGR TXH VXIUD XQ ERPEDUGHR DOWHUQDWLYR FRQ

LRQHV DUJyQ TXH SHUPLWD OD HOLPLQDFLyQ GH SDUWtFXODV PDO DGKHULGDV� /D

GHVYHQWDMD HYLGHQWH GH HVWH PpWRGR HV OD REWHQFLyQ GH XQD PHQRU WDVD GH

FUHFLPLHQWR GH OD SHOtFXOD�

/D YHQWDMD SULQFLSDO GHO VSXWWHULQJ IUHQWH D RWUDV WpFQLFDV GH SHOtFXOD

GHOJDGD HV OD SRVLELOLGDG GH GHSRVLWDU DOHDFLRQHV FRQ XQD FRPSRVLFLyQ

GHWHUPLQDGD UHSURGXFWLEOH D SDUWLU GHO EODQFR GHO PDWHULDO GHVHDGR� DVt FRPR OD

HOHYDGD FDSDFLGDG GH FRQWURO GH SDUiPHWURV GH GHSyVLWR FRPR HO HVSHVRU GH

SHOtFXOD� 2WUR DVSHFWR SRVLWLYR GHO VSXWWHULQJ HV OD EDMD WHPSHUDWXUD GH WUDEDMR

GXUDQWH OD REWHQFLyQ GH OD SHOtFXOD� &RPR GHVYHQWDMD VH SXHGH VHxDODU HO PDO

UHFXEULPLHQWR GH OD WRSRJUDItD VXSHUILFLDO TXH SXHGH SURGXFLUVH HQ DOJXQRV

FDVRV�

)LJXUD ��� 6LVWHPD GH 6SXWWHULQJ (GZDUGV (60����

(O VLVWHPD GH VSXWWHULQJ XWLOL]DGR HQ HVWH WUDEDMR FRUUHVSRQGH DO PRGHOR

(60���� GH OD FDVD (':$5'6 GH WLSR PDJQHWUyQ SODQR� FRQ GRV FiWRGRV GH �

SXOJDGDV GH GLiPHWUR SDUD '&�VSXWWHULQJ \ XQ WHUFHUR LJXDO SDUD 5I�VSXWWHULQJ

�ILJXUD ����� /D DOWHUQDWLYD GHO PDJQHWUyQ SHUPLWH XQD PD\RU FRQFHQWUDFLyQ GHO

SODVPD DOUHGHGRU GHO EODQFR KDFLHQGR PiV HIHFWLYR HO DUUDQTXH GH SDUWtFXODV GHO

PLVPR� (O VLVWHPD WDPELpQ LQFRUSRUD XQ FDOHIDFWRU GH ��� : GH SRWHQFLD SDUD

FDOHQWDPLHQWR GH ORV VXVWUDWRV FXDQGR VH FRQVLGHUD RSRUWXQR SDUD OD PHMRUD GHO

SURFHVR GH GHSyVLWR� VREUH WRGR SDUD HO FRQWURO GH OD HVWUXFWXUD FULVWDOLQD GH OD



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

SHOtFXOD �DPRUID R SROLFULVWDOLQD�� VL VH FRQMXJD FRQ XQD FRUUHFWD YHORFLGDG GH

FUHFLPLHQWR�

������� )RWROLWRJUDItD

(VWD WpFQLFD SHUPLWH OD GHILQLFLyQ GH JHRPHWUtDV SUHGHWHUPLQDGDV HQ HO GLVHxR

GH ORV VHQVRUHV� WDOHV FRPR HO iUHD VHQVLEOH GHO PLVPR R ORV HOHFWURGRV TXH

SHUPLWHQ UHDOL]DU ODV PHGLGDV HOpFWULFDV VREUH HO iUHD VHQVLEOH >&DVWDxR ��@�

3RU IRWROLWRJUDItD VH HQWLHQGH OD REWHQFLyQ GH XQD GHWHUPLQDGD JHRPHWUtD

VREUH XQD UHVLQD VHQVLEOH D OD OX]� 3RU WDQWR HV QHFHVDULR JHQHUDU OD IRUPD

GHVHDGD HQ XQ SDWUyQ GHQRPLQDGR PiVFDUD \ WUDVODGDUOD D OD UHVLQD FRORFDGD

VREUH HO VXVWUDWR�

�� (Q SULPHU OXJDU VH KD GH XELFDU OD UHVLQD VREUH HO VXVWUDWR�

H[WHQGLpQGROD VREUH OD REOHD GH PRGR TXH VH FUHH XQD FDSD GH

HVSHVRU XQLIRUPH \ FHUFDQR D XQD PLFUD� RSHUDFLyQ TXH VH

HIHFW~D PHGLDQWH XQ VSLQQHU� DSDUDWR TXH KDFH JLUDU HO VXVWUDWR

\ H[WLHQGH OD IRWRUUHVLQD VREUH HO PLVPR�

�� (Q VHJXQGR OXJDU HV QHFHVDULR VLWXDU OD PiVFDUD VREUH HO

VXVWUDWR DOLQHiQGROD FRQ ODV JHRPHWUtDV SUHH[LVWHQWHV \ DSOLFDUOH

OX] XOWUDYLROHWD �SURFHVR GH DOLQHDGR�LQVRODGR��

�� 3RU ~OWLPR VH OOHYD D FDER HO UHYHODGR� 6L OD UHVLQD XWLOL]DGD HV

GH WLSR SRVLWLYR� GXUDQWH HO LQVRODGR VH KDEUi DEODQGDGR \ OD

LQPHUVLyQ HQ HO OtTXLGR UHYHODGRU OD HOLPLQDUi� 6L HV GH WLSR

QHJDWLYR VH HQGXUHFHUi \ HO OtTXLGR UHYHODGRU HOLPLQDUi ODV

SDUWHV QR H[SXHVWDV D OD OX]�

([LVWHQ GRV WLSRV GH WpFQLFDV IRWROLWRJUiILFDV� OD FRQYHQFLRQDO \ OD GH

OHYDQWDPLHQWR R OLIW�RII� /D SULPHUD GH ODV WpFQLFDV FRQVLVWH HQ GHSRVLWDU HO

PDWHULDO \ DWDFDU VHOHFWLYDPHQWH HO PDWHULDO GHSRVLWDGR� VLHQGR DGHFXDGD SDUD

PDWHULDOHV IiFLOPHQWH DWDFDEOHV SRU SURFHGLPLHQWRV TXtPLFRV� /D VHJXQGD�

DSOLFDEOH D PDWHULDOHV GLItFLOHV GH DWDFDU TXtPLFDPHQWH R FX\R DWDFDQWH VH

GHVFRQRFH� FRQVLVWH HQ GHSRVLWDU OD SHOtFXOD VREUH OD IRWRUUHVLQD FRQ ODV

JHRPHWUtDV \D SUHGHILQLGDV� $PERV SURFHGLPLHQWRV VH GHWDOODQ D FRQWLQXDFLyQ�

L� )RWROLWRJUDItD GH OHYDQWDPLHQWR R OLIW�RII� �)LJXUD ����
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¾ 'HSyVLWR GH OD IRWRUUHVLQD�

¾ 3UH�EDNLQJ�

¾ ,QVRODGR \ UHYHODGR TXH HOLPLQHQ HQ HVWH FDVR OD UHVLQD GH ORV

OXJDUHV HQ ORV TXH KD GH SHUPDQHFHU HO PDWHULDO SRVWHULRUPHQWH

GHSRVLWDGR�

¾ 3RVW�EDNLQJ�

¾ 'HSyVLWR GH PDWHULDO�

¾ /LIW�RII� R HOLPLQDFLyQ GH OD UHVLQD SRU OHYDQWDPLHQWR PHGLDQWH XQ

EDxR GH DFHWRQD D WHPSHUDWXUD GH XQRV ���&�

)LJXUD ��� )RWROLWRJUDItD SRU OLIW�RII

LL� )RWROLWRJUDItD FRQYHQFLRQDO� �)LJXUD ����

¾ 'HSyVLWR GH PDWHULDO� PHGLDQWH OD WpFQLFD TXH VH FRQVLGHUH

RSRUWXQD� SRU HMHPSOR HO VSXWWHULQJ�

¾ 'HSyVLWR GH OD IRWRUUHVLQD�

¾ 3UH�EDNLQJ� R VHFDGR GH OD IRWRUUHVLQD D XQRV ���& GH �� D ��

PLQXWRV�

¾ ,QVRODGR \ UHYHODGR� HQ ORV FXDOHV OD UHVLQD VH VRPHWH D OD OX]

XOWUDYLROHWD XQD YH] DOLQHDGD VREUH ODV JHRPHWUtDV SUHH[LVWHQWHV�

DEODQGDQGR ODV SDUWHV LQVRODGDV HQ HO FDVR GH OD IRWRUUHVLQD

SRVLWLYD� 0HGLDQWH LQPHUVLyQ HQ XQ OtTXLGR UHYHODGRU DGHFXDGR VH

HOLPLQD OD IRWRUUHVLQD GH ODV ]RQDV VREUH ODV TXH VH KD GH

HOLPLQDU HO PDWHULDO TXH VH YD D GHSRVLWDU�

¾ 3RVW�EDNLQJ� R HQGXUHFLPLHQWR GH OD IRWRUUHVLQD D XQRV ����&

GXUDQWH XQRV �� PLQXWRV�

$� 'HSyVLWR GH IRWRUUHVLQD %� 'HSyVLWR GH SHOtFXOD &� (OLPLQDFLyQ GH OD UHVLQD

3HOtFXOD GHOJDGD)RWRUUHVLQD



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

¾ $WDTXH TXtPLFR� VXPHUJLHQGR HO PDWHULDO HQ XQ FRPSXHVWR

TXtPLFR TXH VHD FDSD] GH UHWLUDUOR GH ODV SDUWHV HQ ODV FXDOHV VH

KD HOLPLQDGR OD UHVLQD�

¾ (OLPLQDFLyQ GH UHVLQD� PHGLDQWH XQ GLVROYHQWH DGHFXDGR

�VWULSSHU��

)LJXUD ��� )RWROLWRJUDItD FRQYHQFLRQDO

)LJXUD ��� ,QVRODGRUD GH GREOH FDUD

(O SURFHVR GH LQVRODGR VH OOHYD D FDER HQ XQD LQVRODGRUD�DOLQHDGRUD GH

GREOH FDUD 6(7 PRGHOR 0$��� GH ��� : GH SRWHQFLD� TXH VH SXHGH YHU HQ OD

IRWRJUDItD GH OD ILJXUD ����

������� 7UDWDPLHQWR WpUPLFR GH UHFRFLGR R DQQHDOLQJ

(O SURFHVR GH WUDWDPLHQWR WpUPLFR FRQVLVWH HQ LQWURGXFLU ORV VXVWUDWRV HQ XQ

KRUQR GH WXERV GH FXDU]R� HQ HVWH FDVR XQ 3(2 ��� GH $79 7HFKQRORJLH �ILJXUD

������ \ FRORFDUORV D WHPSHUDWXUDV TXH SXHGHQ RVFLODU HQWUH ORV ��� \ �����&

$� 'HSyVLWR GH SHOtFXOD %� 'HSyVLWR GH IRWRUUHVLQD

&� $WDTXH D OD SHOtFXOD
QR SURWHJLGD

'� (OLPLQDFLyQ GH OD UHVLQD

3HOtFXOD GHOJDGD
)RWRUUHVLQD
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FRQ HO ILQ GH FRQVHJXLU XQ UHRUGHQDPLHQWR \ HVWDELOL]DFLyQ GH OD PLFURHVWUXFWXUD

GHO PDWHULDO� (VWD HVWDELOL]DFLyQ OOHYD D OD YDULDFLyQ GH ODV SURSLHGDGHV WDQWR

HOpFWULFDV �UHVLVWLYLGDG�� FRPR PHFiQLFDV �WHQVLRQHV LQWHUQDV�� R

PLFURHVWUXFWXUDOHV �SDUiPHWURV GH OD UHG FULVWDOLQD�� $QWHV GH OOHYDUOR D FDER HV

QHFHVDULD XQD FRQFLHQ]XGD OLPSLH]D GH ORV VXVWUDWRV SDUD HYLWDU ODV

FRQWDPLQDFLRQHV SURGXFLGDV WDQWR SRU UHVWRV RUJiQLFRV FRPR LQRUJiQLFRV�

)LJXUD ���� +RUQR GH WUDWDPLHQWRWV WpUPLFRV 3(2 ���

������� 0LFURPHFDQL]DGR

(O FRQFHSWR GH PLFURPHFDQL]DGR FRUUHVSRQGH DO GH REWHQFLyQ GH HVWUXFWXUDV

WULGLPHQVLRQDOHV WDOHV FRPR GLDIUDJPDV� YLJDV HQ YRODGL]R R PDVDV VXVSHQGLGDV�

GH GLPHQVLRQHV PLFURPpWULFDV� (Q HO SUHVHQWH WUDEDMR OD XWLOLGDG GH HVWD WpFQLFD

UDGLFD HQ OD QHFHVLGDG GH PLQLDWXUL]DFLyQ GHO YROXPHQ GH PDWHULDO VREUH HO TXH

VH DVLHQWD HO GLVSRVLWLYR VHQVRU� SDUD ORJUDU XQD GLVPLQXFLyQ GH OD SRWHQFLD

FRQVXPLGD HQ HO FDOHQWDPLHQWR GH OD ]RQD VHQVLEOH�

(O SURFHVR GH PLFURPHFDQL]DGR VH SXHGH OOHYDU D FDER PHGLDQWH DWDTXH

VHFR� GH WLSR ItVLFR R TXtPLFR� TXH HV HQ GHILQLWLYD XQ SURFHVR GH DUUDQTXH GH

PDWHULDO GH FDUDFWHUtVWLFDV VLPLODUHV DO GH VSXWWHU�FOHDQ SUHYLDPHQWH GHVFULWR� (O

DWDTXH K~PHGR HV RWUD SRVLELOLGDG� HQ FRQFUHWR OD XWLOL]DGD HQ HVWH FDVR SDUD OD

REWHQFLyQ GH XQD PHPEUDQD GHOJDGD GH VLOLFLR� (O PLFURPHFDQL]DGR PHGLDQWH

DWDTXH TXtPLFR FRQWURODGR FRQVLVWH HQ OD LQPHUVLyQ GHO VLOLFLR HQ XQD VROXFLyQ

DWDFDQWH� $XQTXH HO DWDTXH SXHGH VHU LVRWUySLFR HQ HO FDVR GH TXH OD DSOLFDFLyQ



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

UHTXLHUD HVWUXFWXUDV VLQ DULVWDV� VH RSWD HQ HVWH WUDEDMR SRU HO DWDTXH

DQLVRWUySLFR >(OL]DOGH ��@�

(O DWDTXH DQLVRWUySLFR HV XQ DWDTXH K~PHGR VHOHFWLYR TXH UHDOL]D XQD

GHILQLFLyQ GH OD HVWUXFWXUD PDUFDGD SRU ORV SODQRV FULVWDORJUiILFRV GHO

PRQRFULVWDO GH VLOLFLR� (Q OD PD\RUtD GH ORV FDVRV VH HOLJH OD RULHQWDFLyQ

FULVWDORJUiILFD ����! GDGR TXH HV HO SODQR SULQFLSDO TXH LQWHUFHSWD FRQ HO UHVWR

GH SODQRV FRQ VLPHWUtD UHFWDQJXODU�

(Q HO VLOLFLR \ FRQ GHWHUPLQDGRV DWDFDQWHV� OD YHORFLGDG GH DWDTXH D ORV

SODQRV GH RULHQWDFLyQ ����! HV PXFKR PHQRU TXH OD GH DWDTXH DO UHVWR GH ORV

SODQRV� GHELGR D OR FXDO VH JHQHUD XQD JHRPHWUtD FRPR OD TXH VH SXHGH YHU HQ

OD ILJXUD �����

)LJXUD ���� &RUWH WUDQVYHUVDO GH VLOLFLR PRQRFULVWDOLQR GH RULHQWDFLyQ ����! DWDFDGR

DQLVRWUySLFDPHQWH

([LVWHQ YDULRV FRPSXHVWRV TXtPLFRV TXH DWDFDQ DQLVRWUySLFDPHQWH DO

VLOLFLR�

� (WLOHQ'LDPLQD�3LURFDWHFRO R ('3� 6X SULQFLSDO YHQWDMD HV OD VHOHFWLYLGDG

IUHQWH DO 6L2�� SHUR HQ FRQWUDSDUWLGD SUHVHQWD XQD DOWD WR[LFLGDG� DVt FRPR

XQD FRQVLGHUDEOH GLILFXOWDG GH PDQHMR�

� +LGUDFLQD� (V WDPELpQ H[WUHPDGDPHQWH SHOLJURVD

� 7HWUD0HWLO�+LGUy[LGR $PyQLFR R 70$+� 1R HV Wy[LFR \ SUHVHQWD FRPR

SULQFLSDO YHQWDMD VX FRPSDWLELOLGDG FRQ ORV FLUFXLWRV LQWHJUDGRV GH WHFQRORJtD

&026� 6X SUHFLR HV HQ FDPELR H[FHVLYR SRU OR FXDO QR VH VXHOH XWLOL]DU VL ORV

UHTXHULPLHQWRV GH OD DSOLFDFLyQ QR OR KDFHQ LPSUHVFLQGLEOH�

� +LGUy[LGRV GH PHWDOHV DOFDOLQRV� HVSHFLDOPHQWH HO KLGUy[LGR GH

SRWDVLR �.2+�� (V HO PiV XWLOL]DGR SRU VX IDFLOLGDG GH PDQHMR \ SRU VHU HO

PHQRV SHOLJURVR GH WRGRV� 1R HV FRPSDWLEOH HQ FDPELR FRQ ORV SURFHVRV GH

LQWHJUDFLyQ \ OD VHOHFWLYLGDG GHO DWDTXH DO VLOLFLR IUHQWH DO y[LGR GH VLOLFLR HV

������

6L2�

3ODQR ����!
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PRGHUDGD� D SHVDU GH OR FXDO VH FRQVLGHUD HO PiV DGHFXDGR HQ OD SUHVHQWH

DSOLFDFLyQ�

$O HQFRQWUDUVH WDQ H[WHQGLGR HO XVR GHO .2+ FRPR DWDFDQWH� KD VLGR PX\

HVWXGLDGR HQ FXDQWR D YHORFLGDGHV GH DWDTXH D GLVWLQWDV WHPSHUDWXUDV \

FRQFHQWUDFLRQHV� 'DGR TXH HQ HVWH FDVR VH UHTXLHUH REWHQHU PHPEUDQDV FRQ OD

VXILFLHQWH UHVLVWHQFLD PHFiQLFD SDUD VRSRUWDU HOHYDGDV WHPSHUDWXUDV VLQ OOHJDU D

OD UXSWXUD� D OD YH] TXH HO PHQRU HVSHVRU SRVLEOH SDUD GLVPLQXLU HO FDORU

GLVLSDGR SRU FRQGXFFLyQ HQ HO VLOLFLR� HV FRQYHQLHQWH DVHJXUDU XQD SURIXQGLGDG

GH DWDTXH SUHILMDGD� $ FRQWLQXDFLyQ VH HQXPHUDQ ODV WpFQLFDV PiV XVXDOHV SDUD

FRQWURODU OD SURIXQGLGDG GHO DWDTXH�

¾ &RQWURO SRU WLHPSR GH DWDTXH� 6X PD\RU YHQWDMD HVWULED HQ VX H[WUHPD

VLPSOLFLGDG� SHUR VyOR SHUPLWH REWHQHU FRQ p[LWR HVSHVRUHV VXSHULRUHV D ODV

�� µP HQ SURFHVDGR LQGXVWULDO R GH KDVWD �� µP HQ ODERUDWRULR� (VWR VH

GHEH D TXH ODV YDULDFLRQHV HQ OD DJLWDFLyQ� WHPSHUDWXUD R FRQFHQWUDFLyQ GH

DWDFDQWH GXUDQWH HO SURFHVR� SXHGHQ KDFHU TXH RVFLOH OD YHORFLGDG GH

DWDTXH� $ HOOR VH DxDGH OD HVFDVD FDOLGDG GH ODV VXSHUILFLHV REWHQLGDV GH

HVWH PRGR�

¾ 3DUDGD SRU FDSD DOWDPHQWH GRSDGD FRQ ERUR� (VWH PHFDQLVPR VH EDVD

HQ HO KHFKR GH TXH XQD FDSD GH VLOLFLR DOWDPHQWH GRSDGD FRQ ERUR HV

DWDFDGD SRU GHWHUPLQDGDV VROXFLRQHV D XQD YHORFLGDG PXFKR PHQRU TXH HO

VLOLFLR FRQ EDMR QLYHO GH GRSDGR� 3UHVHQWD HQ VX FRQWUD GRV JUDYHV

SUREOHPDV� HO SULPHUR HV TXH OD FRQGXFWLYLGDG GHO VLOLFLR DXPHQWD GH IRUPD

RVWHQVLEOH \ QR SHUPLWH OD LQWHJUDFLyQ GH GLVSRVLWLYRV HOHFWUyQLFRV� \ HO

VHJXQGR HV TXH DO VHU HO iWRPR GH ERUR GH PHQRU WDPDxR TXH HO GH VLOLFLR�

GHFUHFH VX SDUiPHWUR GH UHG� DFUHFHQWDQGR ODV WHQVLRQHV GH OD FDSD

GRSDGD� \ GLVPLQX\HQGR VX XWLOLGDG HQ OD IDEULFDFLyQ GH GLDIUDJPDV R

PLFURYLJDV�

¾ 3DUDGD SRU SHOtFXOD GHOJDGD� 6H FRQVLJXH GLVSRQLHQGR VREUH HO VXVWUDWR

XQ PDWHULDO GLItFLO GH DWDFDU SRU HO FRPSXHVWR TXtPLFR TXH VH YD\D D XWLOL]DU�

\ TXH WHQJD HO HVSHVRU GH OD FDSD TXH VH GHVHH REWHQHU� (O y[LGR GH VLOLFLR

�6L2�� SUHVHQWD XQD JUDQ WHQVLyQ GH FRPSUHVLyQ� SRU OR FXDO QR HV XWLOL]DGR

SRU ORV PLVPRV PRWLYRV TXH OD FDSD GRSDGD FRQ ERUR� SHUR HQ FDPELR HO

QLWUXUR GH VLOLFLR �6L�1��� TXH HV GXUR \ TXtPLFDPHQWH LQHUWH SHUPLWH MXJDU

FRQ ODV WHQVLRQHV HQ OD SHOtFXOD YDULDQGR VX HVWHTXLRPHWUtD� 8QD GH ODV



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

IRUPDV PiV KDELWXDOHV GH REWHQHU HVWH PDWHULDO HV HO &9' SXGLpQGRVH

DOFDQ]DU HVSHVRUHV GH PHPEUDQD GH KDVWD � µP� 2WUD IRUPD GH HYLWDU ODV

WHQVLRQHV HQ HO PDWHULDO HV FRPELQDU HO 6L�1� \ 6L2��

¾ 0pWRGR GH SDUDGD HOHFWURTXtPLFD� 6H EDVD HQ HO KHFKR GH TXH D SDUWLU

GH XQ GHWHUPLQDGR SRWHQFLDO HOpFWULFR DSOLFDGR DO VLOLFLR HQ DOJXQDV

VROXFLRQHV DWDFDQWHV� HVWH VH SDVLYD \ GHMD GH VHU DWDFDGR� (VWH KHFKR VH

SXHGH DSURYHFKDU SDUD OD REWHQFLyQ GH PHPEUDQDV GHOJDGDV� 3DUD HOOR VH

GHEH GLVSRQHU GH XQD HVWUXFWXUD GH WLSR 31� $O SRODUL]DU OD XQLyQ 31 HQ

LQYHUVD QR H[LVWHQ FRUULHQWHV� VDOYR ODV GH IXJDV� SRU OR FXDO ORV SRWHQFLDOHV

HQ FDGD ]RQD GHO GLRGR OOHJDQ D VHU PX\ GLIHUHQWHV HQWUH Vt� *UDFLDV D

GLFKD GLIHUHQFLD HQ ODV WHQVLRQHV� XQD GH HOODV VH SXHGH VLWXDU D SRWHQFLDOHV

PD\RUHV TXH HO QHFHVDULR SDUD SDVLYDU DO VLOLFLR �]RQD 1� PLHQWUDV TXH OD

RWUD SHUPDQHFH D SRWHQFLDOHV LQIHULRUHV DO GH SDVLYDFLyQ \ HV DWDFDGD �]RQD

3�� (Q HO SUHVHQWH FDVR VH HOLJH HVWD RSFLyQ SRU VHU XQ VLVWHPD VHQFLOOR D OD

YH] TXH SUHFLVR \ ILDEOH� 6H XWLOL]DQ REOHDV GH WLSR 3 VREUH ODV TXH VH FUHFH

XQD HSLWD[LD WLSR 1 GHO HVSHVRU GHVHDGR HQ OD PHPEUDQD� (VWH PpWRGR

UHTXLHUH WHQHU HQ FXHQWD WUHV SUHPLVDV D OD KRUD GH VX DSOLFDFLyQ�

o 6H SUHFLVDQ HOHFWURGRV SDUD SRGHU FHUUDU HO FLUFXLWR HOpFWULFR�

o (O FRQWDFWR HOpFWULFR FRQ HO VXVWUDWR GH VLOLFLR KD GH VHU WRWDOPHQWH

yKPLFR \ HVWDU DLVODGR HOpFWULFDPHQWH GHO DWDFDQWH� SDUD OR FXDO HV

QHFHVDULR HO XVR GH XQ FRQWHQHGRU HVWDQFR DGHFXDGDPHQWH

GLVHxDGR�

o /D LOXPLQDFLyQ HV XQ IDFWRU LPSRUWDQWH \ KD GH PDQWHQHUVH

FRQVWDQWH GXUDQWH HO SURFHVR SDUD QR YDULDU OD YHORFLGDG GH DWDTXH�

(O SURFHVR GH SHJDGR DQyGLFR VH OOHYD D FDER HQ XQ EDQFR GLVHxDGR D WDO

HIHFWR� \ TXH VH PXHVWUD HQ OD ILJXUD �����
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)LJXUD ���� %DQFR GH PLFURPHFDQL]DGR �GHUHFKD� \ GHWDOOH GH OD FXEHWD GH DWDTXH

K~PHGR FRQ OD FiPDUD HVWDQFD HQ VX LQWHULRU

������� 3HJDGR DQyGLFR GHO VLOLFLR �6LOLFRQ $QRGLF %RQGLQJ�

(VWD WpFQLFD KD VLGR DPSOLDPHQWH XWLOL]DGD HQ ORV ~OWLPRV DxRV HQ ODV

WHFQRORJtDV GH PLFURIDEULFDFLyQ \ FRQVLVWH HQ SHJDU XQD REOHD GH VLOLFLR VREUH

XQD GH YLGULR �WtSLFDPHQWH 3\UH[� FRQ DOWR FRQWHQLGR HQ VRGLR �1D�2�� R GRV

REOHDV GH VLOLFLR FRQ XQD FDSD LQWHUPHGLD GH 3\UH[ PHGLDQWH OD DSOLFDFLyQ

FRQMXQWD GH WHPSHUDWXUD ���������&� \ FDPSR HOpFWULFR FRQVHJXLGR PHGLDQWH

WHQVLRQHV GH HQWUH ��� \ ���� 9 >$OGD] ��@�

(O REMHWLYR GHO SHJDGR HV WDQWR OD XQLyQ GH YDULDV REOHDV TXH IRUPDQ

SDUWH GH FRPSRQHQWHV HOHFWUyQLFRV� FRPR OD XQLyQ GH OD REOHD HQ Vt D VXVWUDWRV

GH PHMRUHV SURSLHGDGHV PHFiQLFDV SDUD VX HQFDSVXODGR HQ VXSHULRUHV

FRQGLFLRQHV GH UHVLVWHQFLD PHFiQLFD� 7DO HV HO FDVR GH OD SUHVHQWH DSOLFDFLyQ� HQ

OD TXH VH UHDOL]D HO SHJDGR GH XQD REOHD GH VLOLFLR FRQ XQD GH YLGULR 3\UH[� SDUD

VX SRVWHULRU FRUWH HQ IRUPD GH FKLSV \ HQFDSVXODGR GH ORV PLVPRV�

(O SURFHVR VH OOHYD D FDER VREUH XQD IXHQWH GH FDORU �KRW SODWH� D

WHPSHUDWXUD HOHYDGD� VREUH OD TXH VH FRORFD OD REOHD GH VLOLFLR \ HO 3\UH[ \D

XQLGRV� SUHYLD OLPSLH]D GH DPERV� 1R HV QHFHVDULR DSOLFDU XQD SUHVLyQ HOHYDGD

VREUH ORV GRV HOHPHQWRV� SHUR Vt TXH DPEDV FDUDV VH HQFXHQWUHQ SHUIHFWDPHQWH

SXOLGDV �DFDEDGR HVSHFXODU HQ HO FDVR GHO VLOLFLR� \ OLPSLDV� (O VLOLFLR VH FRORFD HQ

FRQWDFWR FRQ HO KRW�SODWH� TXH UHDOL]D OD IXQFLyQ GH iQRGR� PLHQWUDV TXH VREUH

HO 3\UH[ VH FRORFD XQ FRQWDFWR HOpFWULFR TXH VHUi HO HQFDUJDGR GH DSOLFDU HO



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

FDPSR HOpFWULFR SUHFLVR DO UHFLELU XQD WHQVLyQ GH HQWUH ��� \ ���� 9� (O SHJDGR

HQ GLFKDV FRQGLFLRQHV HV SUiFWLFDPHQWH LQVWDQWiQHR�

)LJXUD ���� (VTXHPD GH PRQWDMH \ PHFDQLVPR GH DQRGLF�ERQGLQJ

(O PHFDQLVPR TXH SRVLELOLWD HO SHJDGR HVWi HVTXHPDWL]DGR HQ OD ILJXUD

���� \ HV HO VLJXLHQWH� D WHPSHUDWXUD HOHYDGD ORV LRQHV SRVLWLYRV GH VRGLR �1D��

SUHVHQWHV HQ HO 3\UH[ DGTXLHUHQ PRYLOLGDG \ VRQ DWUDtGRV KDFLD HO HOHFWURGR

QHJDWLYR� HQ OD VXSHUILFLH GHO YLGULR� GRQGH VH QHXWUDOL]DQ� /RV LRQHV QHJDWLYRV

GH R[tJHQR GHO YLGULR �2��� IRUPDQ XQD UHJLyQ GH FDUJD HVSDFLDO DG\DFHQWH D OD

VXSHUILFLH GHO VLOLFLR� 'HVSXpV GH OD GLIXVLyQ GH LRQHV 1D� KDFLD HO FiWRGR� OD

PD\RU SDUWH GH OD FDtGD GH SRWHQFLDO VH SURGXFH HQ ODV SUR[LPLGDGHV GHO VLOLFLR�

(Q HVH PRPHQWR� ODV GRV OiPLQDV DFW~DQ FRPR XQ FRQGHQVDGRU FRQ OD PD\RU

FDtGD GH SRWHQFLDO HQ OD FDSD GH DLUH GH YDULDV PLFUDV HQWUH DPEDV� 8QD YH] HO

FRQWDFWR HV WRWDO� OD SUiFWLFD WRWDOLGDG GHO SRWHQFLDO FDH HQ OD VXEUHJLyQ GH
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FDUJD HVSDFLDO GHO YLGULR� /RV HOHYDGRV FDPSRV HOpFWULFRV HQ GLFKD UHJLyQ

WUDQVSRUWDQ HO R[tJHQR IXHUD GHO YLGULR SDUD SHJDUVH FRQ OD VXSHUILFLH GHO VLOLFLR

IRUPDQGR HQODFHV� (O SHJDGR VH HIHFWXDUi SRU WDQWR PHGLDQWH XQD ILQD FDSD GH

y[LGR GH VLOLFLR� /DV UHDFFLRQHV TXH WLHQHQ OXJDU HQ HO YLGULR VRQ ODV VLJXLHQWHV�

� 5XSWXUD WpUPLFD GHO y[LGR GH VRGLR

−+ +→ 2
2 22 ONaONa     [4.3] 

� )RUPDFLyQ GHO HQODFH HQ OD VXSHUILFLH HQ FRQWDFWR FRQ OD REOHD GH

VLOLFLR

−− +→+ eSiOOSi 42 2
2     [4.4] 

� 1HXWUDOL]DFLyQ HOHFWUyQLFD HQ HO FiWRGR

 NaeNa →+ −+     [4.5] 

���� ��
���

��������

������ �$5$&7(5,=$&,Ï1 (6758&785$/�

(QWUH ODV PXFKDV WpFQLFDV GH FDUDFWHUL]DFLyQ HVWUXFWXUDO H[LVWHQWHV >*|SHO ��@

VH KDQ XWLOL]DGR WUHV HQ HVWH WUDEDMR� TXH VH HQXPHUDQ D FRQWLQXDFLyQ� \ TXH

YDQ D VHU GHVFULWDV EUHYHPHQWH D OR ODUJR GHO SUHVHQWH DSDUWDGR� KDFLHQGR

KLQFDSLp HQ ORV DVSHFWRV GH VX IXQFLRQDPLHQWR TXH D\XGDQ D FRPSUHQGHU ORV

DQiOLVLV UHDOL]DGRV SRU PHGLR GH HOODV�

9 ;5' �; 5D\ 'LIUDFWLRQ�

9 ;36 �;�UD\ 3KRWRHOHFWURQ 6SHFWURVFRS\�

9 $)0 �$WRPLF )RUFH 0LFURVFRS\�

������� ;5' �;�UD\ 'LIUDFWLRQ�

/DV WpFQLFDV GH GLIUDFFLyQ HQ JHQHUDO UHTXLHUHQ TXH OD PXHVWUD D DQDOL]DU

FRQWHQJD FRPSRQHQWHV PRQRFULVWDOLQRV R SROLFULVWDOLQRV� (VWRV HVWiQ

FRPSXHVWRV SRU SODQRV SDUDOHORV FRQ HVSDFLDGRV UHJXODUHV� TXH YLHQHQ

SRQGHUDGRV SRU ODV FRQVWDQWHV GH UHG D� E \ F� 3DUD XQ FULVWDO F~ELFR� IRUPDQ XQ

VLVWHPD RUWRJRQDO FRRUGLQDGR� 8QD VHULH DUELWUDULD GH SODQRV VH SXHGH GHVFULELU



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

SRU VXV tQGLFHV GH 0LOOHU �K� N� O�� TXH GHILQHQ ORV SXQWRV GH LQWHUVHFFLyQ FRQ ORV

HMHV FRRUGHQDGRV HQ P~OWLSORV HQWHURV GH D� E \ F UHVSHFWLYDPHQWH� (Q XQ

FULVWDO F~ELFR OD GLVWDQFLD �G� HQWUH SODQRV �KNO� YLHQH GDGD SRU�

222 lkh

a
dhkl

++
=     [4.6] 

(O DQiOLVLV SRU GLIUDFFLyQ GH UD\RV ; FRQVLVWH EiVLFDPHQWH HQ KDFHU LQFLGLU

XQ KD] GH UD\RV ; IRUPDQGR XQ GHWHUPLQDGR iQJXOR θ UHVSHFWR D OD VXSHUILFLH

GHO PDWHULDO� 5HDOL]DQGR XQ EDUULGR SDUD GLIHUHQWHV iQJXORV GH LQFLGHQFLD� ORV

UD\RV ; VHUiQ GLIUDFWDGRV FXDQGR HO iQJXOR GH LQFLGHQFLD FXPSOD OD OH\ GH %UDJJ

�YHU ILJXUD ������

hklhkl sendn θλ 2=     [4.7] 

Q� Q~PHUR HQWHUR SRVLWLYR TXH LQGLFD HO RUGHQ GH OD UHIOH[LyQ

λ� ORQJLWXG GH RQGD GHO KD] LQFLGHQWH

GKNO� HVSDFLDGR HQWUH iWRPRV

θKNO� iQJXOR GHO KD] UHVSHFWR GH OD VXSHUILFLH GHO PDWHULDO

)LJXUD ���� 'LIUDFFLyQ GH UD\RV ; HQ XQ PDWHULDO �L]GD� \ VLVWHPD GH GHWHFFLyQ �GFKD�

(O EDUULGR GHO iQJXOR θ HIHFWXDGR� KDFH DSDUHFHU XQD VHULH GH SLFRV TXH

SHUPLWHQ HO UHFRQRFLPLHQWR GH DTXHOORV SODQRV SDUDOHORV D OD VXSHUILFLH GH ORV

JUDQRV GH OD SHOtFXOD�

/D GLIUDFFLyQ GH UD\RV ; HV XQD KHUUDPLHQWD TXH SHUPLWH LGHQWLILFDU OD

FRPSRVLFLyQ GH SROYRV VHPLFRQGXFWRUHV WDQWR FULVWDOLQRV FRPR SROLFULVWDOLQRV�

SHOtFXODV GHOJDGDV \ VXVWUDWRV� 7DPELpQ SURSRUFLRQD LQIRUPDFLyQ DFHUFD GH ODV

G

'HWHFWRU

0XHVWUD

GH DQiOLVLV
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WHQVLRQHV� WDPDxR GH JUDQR� IDVHV FULVWDOLQDV� RULHQWDFLyQ FULVWDORJUiILFD \

HVWUXFWXUD GH GHIHFWRV GH DOJXQRV PDWHULDOHV PHWiOLFRV� /D LQIRUPDFLyQ TXH HQ

GHILQLWLYD VH SXHGH REWHQHU DFHUFD GHO PDWHULDO HV OD VLJXLHQWH�

¾ ,GHQWLILFDFLyQ GH IDVHV� (O GLIUDFWRJUDPD TXH VH REWLHQH GHO EDUULGR GH

iQJXORV HIHFWXDGR VH FRPSDUD FRQ SDWURQHV FRQRFLGRV DOPDFHQDGRV HQ XQD

EDVH GH GDWRV

¾ (VWLPDFLyQ GHO WDPDxR PHGLR GH JUDQR� /RV SLFRV GH GLIUDFFLyQ

GHFUHFHQ \ VH KDFHQ PiV DQFKRV FXDQGR GHFUHFH HO WDPDxR GH JUDQR�

6FKHUUHU HVWDEOHFLy HQ ���� XQD UHODFLyQ HQWUH HO WDPDxR PHGLR GH JUDQR \

OD DQFKXUD GHO SLFR HQ OD PLWDG GH OD DOWXUD �ILJXUD ������

θβ
λ

cos

K
D =     [4.8] 

'� WDPDxR PHGLR GH JUDQR

.� FRQVWDQWH GH YDORU SUy[LPR D ���

λ� ORQJLWXG GH RQGD GHO KD] GH UD\RV ;

β� DQFKXUD GHO SLFR GH GLIUDFFLyQ D OD PLWDG GH VX DOWXUD

θ� iQJXOR SDUD HO TXH VH SURGXFH HO SLFR GH GLIUDFFLyQ

)LJXUD ���� (VTXHPD GH OD HVWLPDFLyQ GHO WDPDxR GH JUDQR

(VWD DSUR[LPDFLyQ HV YiOLGD SDUD WDPDxRV GH JUDQR HQ HO UDQJR GH �� D

���� DPVWURQJ� GHELGR D TXH ORV QDQRFULVWDOHV PHQRUHV GH �� DPVWURQJ QR

GLIUDFWDQ FRKHUHQWHPHQWH� PLHQWUDV TXH HQ ORV FULVWDOHV PD\RUHV GH ����

DPVWURQJ OD SUHFLVLyQ GHFUHFH UiSLGDPHQWH�

¾ 'HIRUPDFLRQHV GH UHG� (VWH SDUiPHWUR PLGH OD GHVYLDFLyQ GH OD SRVLFLyQ

GH ORV iWRPRV VRPHWLGRV D WHQVLRQHV HQ OD UHG FULVWDORJUiILFD UHVSHFWR D VX

�� �� ��

�

�



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

SRVLFLyQ VLQ GHIRUPDFLRQHV� 6H SXHGH HYDOXDU FRPR OD YDULDFLyQ GH OD

GLVWDQFLD HQWUH SODQRV D XQD WHPSHUDWXUD GHWHUPLQDGD UHVSHFWR D OD

GLVWDQFLD HQWUH ORV PLVPRV SODQRV VLQ GHIRUPDFLRQHV PHGLDQWH OD VLJXLHQWH

IyUPXOD� TXH KDFH XQ FyPSXWR GH OD WHQVLyQ PHGLD GH ORV iWRPRV OD

GLUHFFLyQ QRUPDO DO SODQR GH tQGLFHV GH 0LOOHU �K�N�O��

( )
ndeformació

hkl

T
hkl

deformaión
hkl

hkl d

dd
Te

sin

sin
2

1
2 −

∝><     [4.9] 

GKNO
7� SRVLFLyQ GHO SODQR GH tQGLFHV GH 0LOOHU �K�N�O� D WHPSHUDWXUD 7

GKNO
VLQ GHIRUPDFLyQ� LGHP SDUD HO SODQR VLQ WHQVLyQ

¾ 'LVWRUVLyQ GH UHG� (O YDORU GH ORV SDUiPHWURV GH UHG D \ F GHO 6Q2� SXHGH

REWHQHUVH GH OD H[SUHVLyQ >����@� REWHQLGD D VX YH] GH OD OH\ GH %UDJJ

WHQLHQGR HQ FXHQWD OD VLPHWUtD GH OD UHG GH OD FDVLWHULWD�

2

2

2

22

2

24
c

l

a

khsen ++=
λ

θ
    [4.10] 

θ� iQJXOR GH UHIOH[LyQ

O� ORQJLWXG GH RQGD GH ORV UD\RV ;

�K� N� O�� tQGLFHV GH 0LOOHU GH OD UHIOH[LyQ

D� F� SDUiPHWURV GH UHG

(VWD IyUPXOD SHUPLWH HO FiOFXOR GH GLVWRUVLRQHV GH UHG �∆D \ ∆F� VL VH

HYDO~DQ ORV WDPDxRV GH UHG HQ GLVWLQWRV SODQRV FULVWDOLQRV�

220110 aaa −=∆     [4.11] 

220101110101 −− −=∆ ccc     [4.12] 

¾ 'HQVLGDG GH YDFDQWHV GH R[tJHQR� (Q OD HVWUXFWXUD FULVWDOLQD GH y[LGR

GH HVWDxR �ILJXUD ������ HO SODQR ����� FRQWLHQH XQD FRQFHQWUDFLyQ HOHYDGD

GH iWRPRV GH HVWDxR� PLHQWUDV TXH HO ����� FRQWLHQH PD\RU SURSRUFLyQ GH

R[tJHQR� 5HDOL]DQGR XQD PHGLGD GH OD UHODFLyQ GH LQWHVLGDGHV HQWUH ORV

SLFRV GH UHIOH[LyQ FRUUHVSRQGLHQWHV D FDGD SODQR �,����,����� VH SXHGH

HVWLPDU OD FDQWLGDG GH YDFDQWHV GH R[tJHQR SUHVHQWHV HQ HO PDWHULDO� SXHVWR

TXH HO SLFR GHELGR D ORV SODQRV FRQ PD\RU FDQWLGDG GH R[tJHQR �HO �������

VXIULUi XQD GLVPLQXFLyQ HQ HO Q~PHUR GH FXHQWDV GHELGR D ORV GHIHFWRV

SURGXFLGRV SRU OD DXVHQFLD GH R[tJHQR�
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/RV DQiOLVLV GH UD\RV ; GH HVWH WUDEDMR VH KDQ OOHYDGR D FDER HQ XQ

GLIUDFWyPHWUR GH UD\RV ; 6LHPHQV '���� XVDQGR UDGLDFLyQ &X .α GH ORQJLWXG GH

RQGD GH ������ X� FRQ XQD WHQVLyQ GH RSHUDFLyQ GH �� .9 \ FRUULHQWH GH ��

P$� (O EDUULGR GH iQJXOR �� θ� VH OOHYD FDER HQ SDVRV GH ����� JUDGRV GHVGH ��

D �� JUDGRV� LQYLUWLHQGR � V HQ FDGD SDVR� 3DUD HO HVWXGLR GH SHOtFXODV GHOJDGDV

VH OH DxDGH XQ PyGXOR GH LQFLGHQFLD UDVDQWH� (VWRV DQiOLVLV KD VLGR UHDOL]DGRV

HQ HO 'HSDUWDPHQW '¶HOHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV (OHFWUzQLFV GH OD

8QLYHUVLGDG GH %DUFHORQD�

������� ;36 �;�UD\ 3KRWRHOHFWURQ 6SHFWURVFRS\�

(VWH VLVWHPD GH DQiOLVLV IXH GHVDUUROODGR KDFLD OD PLWDG GH ORV DxRV �� SRU .�

6LHJEDKQ� JDQDGRU GHO 1REHO GH )tVLFD HQ ���� SRU VXV WUDEDMRV HQ HVWH FDPSR�

(O ;36 VH EDVD HQ HO HIHFWR IRWRHOpFWULFR GHVFULWR SRU (LQVWHLQ HQ ����� (VWD

WpFQLFD FRQVLVWH HQ H[FLWDU ORV iWRPRV GH OD PXHVWUD PHGLDQWH UD\RV ; �SRU

HMHPSOR PHGLDQWH OD OtQHD .α GHO $O ������ H9 GH HQHUJtD R OD OtQHD .α GHO 0J

GH ������ H9�� /RV UD\RV ; SURSRUFLRQDQ VXILFLHQWH HQHUJtD FRPR SDUD H[WUDHU

HOHFWURQHV GH OD PXHVWUD D HVWXGLDU� /D HQHUJtD GH GLFKRV HOHFWURQHV VH

GHWHUPLQD PHGLDQWH XQ DQDOL]DGRU TXH JHQHUD XQ HVSHFWUR TXH UHSUHVHQWD ORV

SLFRV GH HQHUJtD FRUUHVSRQGLHQWHV D ORV HOHFWURQHV DUUDQFDGRV \ OD FDQWLGDG GH

HOHFWURQHV GH FDGD HQHUJtD �ILJXUD ������ 7RGR HO SURFHVR VH OOHYD D FDER HQ

DOWR YDFtR >;36 �@ >;36 �@�

)LJXUD ���� (VTXHPD GH XQ VLVWHPD GH ;36

$O DEVRUEHU XQ IRWyQ� HO iWRPR UHFLEH XQD HQHUJtD Kν �GH � D � .H9�� SRU

OR FXDO OLEHUD XQ HOHFWUyQ SDUD PDQWHQHU VX HVWDGR LQLFLDO GH HQHUJtD �ILJXUD

������

+D] GH

HOHFWURQHV

&ULVWDO

PRQRFURPiWLFR

0XHVWUD

$QDOL]DGRU



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

)LJXUD ���� 3ULQFLSLR GH IRWRHPLVLyQ

(O HOHFWUyQ OLEHUDGR UHWLHQH OD HQHUJtD GHO IRWyQ LQFLGHQWH� SRU OR FXDO

SXHGH VDOLU GHO iWRPR FRQ XQD HQHUJtD FLQpWLFD� (O SULQFLSLR GH FRQVHUYDFLyQ GH

OD HQHUJtD SHUPLWH HVFULELU HO EDODQFH GH HQHUJtD SDUD OD DEVRUFLyQ GH XQ IRWyQ

FRQ XQD HQHUJtD Kν�

φν ++= enlacecin EEh     [4.13] 

Kν� HQHUJtD LQFLGHQWH GH ORV UD\RV ;

(FLQ� HQHUJtD FLQpWLFD GHO HOHFWUyQ DO GHMDU HO iWRPR

(HQODFH� HQHUJtD GH HQODFH GHO HOHFWUyQ HQ HO LQWHULRU GHO iWRPR

φ� IXQFLyQ WUDEDMR

/D FDSDFLGDG GH DQiOLVLV GH OD WpFQLFD HVWULED HQ GHILQLWLYD HQ ORV

VLJXLHQWHV DVSHFWRV�

¾ &DSDFLGDG GH GHWHUPLQDFLyQ GHO RUELWDO GH SURFHGHQFLD GHO IRWRHOHFWUyQ� \

SRU WDQWR GHO iWRPR HQ HO TXH VH RULJLQD� \D TXH OD HQHUJtD GH HQODFH� FRPR

\D VH KD VHxDODGR� HV HVSHFtILFD GHO iWRPR GH RULJHQ�

¾ /DV HQHUJtDV GH XQ GHWHUPLQDGR HOHPHQWR HQ GLIHUHQWHV HQODFHV TXtPLFRV

VRQ GLIHUHQWHV� FRQ OR FXDO ODV RVFLODFLRQHV HQ GLFKRV QLYHOHV GH HQHUJtD

SXHGH SURSRUFLRQDU LQIRUPDFLyQ VREUH HO WLSR GH HQODFH GHO TXH IRUPD SDUWH

HO iWRPR HQ FXHVWLyQ�

¾ 6H SXHGH FRQWDU HO Q~PHUR GH HOHFWURQHV DUUDQFDGRV� REWHQLHQGR XQD

PHGLGD H[WUHPDGDPHQWH SUHFLVD GH OD FRQFHQWUDFLyQ VXSHUILFLDO GH XQ

GHWHUPLQDGR iWRPR�

K

/��

/�

.�V

�V

�S

)RWyQ GH UD\RV ;
GH HQHUJtD

1LYHO GH YDFtR

(OHFWUyQ
HPLWLGR
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/RV IRWRQHV GH UD\RV ; WLHQHQ XQD OLPLWDGD FDSDFLGDG GH SHQHWUDFLyQ HQ

HO PDWHULDO� SRU OR FXDO� SDUD DQDOL]DU XQ SHUILO GH OD FRQFHQWUDFLyQ HQ

SURIXQGLGDG� VH GHEH FRPELQDU HVWH PpWRGR FRQ VXFHVLYRV DWDTXHV �VSXWWHULQJ��

TXH UHWLUHQ FDSDV GH PDWHULDO D PHGLGD TXH VH DQDOL]DQ�

(Q FXDQWR D ODV OLPLWDFLRQHV TXH SUHVHQWD HVWD WpFQLFD� OD SULQFLSDO HV OD

LQFDSDFLGDG GH GHWHFWDU KLGUyJHQR \ KHOLR� SRU VX EDMD VHFFLyQ GH LRQL]DFLyQ�

$VLPLVPR� VX UHVROXFLyQ ODWHUDO HV HVFDVD� \ HO iUHD GH DQiOLVLV KD GH VHU GH

YDULRV PP GH GLiPHWUR� $GHPiV� VL VH FRPELQD FRQ HO DWDTXH LyQLFR SDUD

UHDOL]DU XQ SHUILO HQ SURIXQGLGDG� OD WpFQLFD HV GHVWUXFWLYD�

(O DSDUDWR XWLOL]DGR HQ ORV DQiOLVLV ;36 HV XQ HVSHFWUyPHWUR GH 3K\VLFDO

(OHFWURQLFV PRGHOR ����� /DV PHGLGDV VH KDQ OOHYDGR D FDER D �⋅���� 7RUU� /RV

UD\RV ; HPSOHDGRV VRQ $O�.α FRQ XQD HQHUJtD GH ������ H9� /RV DQiOLVLV VH KDQ

UHDOL]DGR HQ HO 'HSDUWDPHQW '¶HOHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV (OHFWUzQLFV GH

OD 8QLYHUVLGDG GH %DUFHORQD�

������� $)0 �$WRPLF )RUFH 0LFURVFRS\�

/DV WpFQLFDV GH $)0 VH XWLOL]DQ WDQWR SDUD GHWHUPLQDU OD LPDJHQ GH XQD

VXSHUILFLH FRQ UHVROXFLyQ DWyPLFD� FRPR SDUD PHGLGD GH IXHU]DV HQ OD HVFDOD GH

QDQR�QHZWRQV >$)0 �@� (O SULPHU PLFURVFRSLR GH IXHU]D DWyPLFD �$)0� OR

FRQVWUX\HURQ *HUG %LQQLQJ \ &KULVWRSK *HUEHU HQ ���� SHJDQGR XQD GLPLQXWD

SXQWD GH GLDPDQWH D XQD GHOJDGD OiPLQD GH RUR� FRQVWLWX\HQGR XQD YLJD HQ

YRODGL]R� \ OR XWLOL]DURQ SDUD H[DPLQDU VXSHUILFLHV DLVODQWHV� 8Q SHTXHxR PXHOOH

DO ILQDO GH OD YLJD UHFLEtD XQD SUHVLyQ FXDQGR OD PXHVWUD VH PRYtD EDMR OD SXQWD�

/D IXHU]D HQWUH OD SXQWD \ OD PXHVWUD VH PHGtD PHGLDQWH OD IOH[LyQ GH OD YLJD� D

SDUWLU GH OD FRUULHQWH W~QHO PHGLGD D WUDYpV GH XQD VHJXQGD SXQWD VLWXDGD EDMR

OD YLJD� (Q ORV DxRV VLJXLHQWHV VH KDQ LQWURGXFLGR PHMRUDV HQ OD IDEULFDFLyQ GH

YLJDV� PHGLDQWH WpFQLFDV GH PLFURIDEULFDFLyQ �OD SULPHUD IXH REWHQLGD SRU

$OEUHFKW SDUD PHGLU OD HVWUXFWXUD DWyPLFD GHO QLWUXUR GH ERUR�� \ DFWXDOPHQWH VH

IDEULFDQ WtSLFDPHQWH HQ 6L R 6L�1��

$ SHVDU GH TXH SXHGH KDEHU GLIHUHQWHV FRQILJXUDFLRQHV GH HVWH VLVWHPD

XQD WtSLFD VH SXHGH YHU HQ OD ILJXUD ����� &RQVWD HVHQFLDOPHQWH GH OD YLJD HQ

YRODGL]R FRQ OD SXQWD \ GHO VLVWHPD GH GHWHFFLyQ�



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

)LJXUD ���� (VTXHPD GH XQ VLVWHPD GH $)0 �L]GD� \ IRWRJUDItD GHO PLVPR �GFKD�

(O VLVWHPD XWLOL]D XQD SXQWD FRQ XQ H[WUHPR GH GLPHQVLRQHV

QDQRPpWULFDV FRORFDGD VREUH OD YLJD HQ YRODGL]R \ FRQHFWDGD D XQ VLVWHPD GH

UHDOLPHQWDFLyQ TXH SHUPLWH PDQWHQHU OD SXQWD FRQ XQD IXHU]D FRQVWDQWH SDUD

REWHQHU LQIRUPDFLyQ VREUH OD DOWXUD D OD TXH VH HQFXHQWUD� R D DOWXUD FRQVWDQWH

SDUD WHQHU GDWRV VREUH OD IXHU]D HMHUFLGD VREUH OD PXHVWUD� 1RUPDOPHQWH HO

VLVWHPD HPSOHD XQ VLVWHPD ySWLFR GH GHWHFFLyQ HQ HO TXH XQ GLRGR OiVHU VH

HQIRFD KDFLD OD YLJD HQ YRODGL]R� &XDQGR OD YLJD VH PXHYH DUULED \ DEDMR� HO KD]

GHO GLRGR OiVHU HV UHIOHMDGR HQ XQ HOHPHQWR HVSHFXODU TXH VH PXHYH D OD YH]

TXH OD YLJD \ VX PRYLPLHQWR HV GHWHFWDGR SRU XQ IRWRGHWHFWRU� TXH FRQYLHUWH OD

VHxDO OXPLQRVD HQ WHQVLyQ� LQWHUSUHWDGD SRU HO OD]R GH UHDOLPHQWDFLyQ SDUD

PDQWHQHU OD DOWXUD R OD IXHU]D FRQVWDQWHV� (O REMHWLYR SULQFLSDO GH HVWRV

LQVWUXPHQWRV HV OD PHGLGD FXDQWLWDWLYD GH OD UXJRVLGDG VXSHUILFLDO FRQ XQD

UHVROXFLyQ ODWHUDO GH � QP \ YHUWLFDO GH ���� QP� (VWD PHGLGD VH SXHGH OOHYDU D

FDER HQ DLUH R LQFOXVR HQ DOJXQRV FDVRV VXPHUJLHQGR OD PXHVWUD HQ OtTXLGR�

(Q IXQFLyQ GH OD PDQHUD HQ TXH VH RSHUD FRQ OD SXQWD VLWXDGD HQ OD YLJD

HQ YRODGL]R VH GLVWLQJXHQ WUHV PRGRV SULQFLSDOHV GH RSHUDFLyQ�

¾ 0RGR GH FRQWDFWR �R PRGR GH UHSXOVLyQ�� (VWH PRGR RSHUD H[SORUDQGR

OD VXSHUILFLH PHGLDQWH OD SXQWD VLWXDGD HQ HO H[WUHPR GH OD YLJD HQ YRODGL]R

FRQ XQD IXHU]D GH YDORU PHGLR ���� QHZWRQ� 0LHQWUDV� VH PRQLWRUL]D HO

FDPELR HQ OD IOH[LyQ GH OD YLJD SRU PHGLR GHO IRWRGLRGR \ VH FRPSDUD FRQ

XQ YDORU SUHILMDGR HQ XQ OD]R GH UHDOLPHQWDFLyQ� SDUD PDQWHQHU XQD IOH[LyQ

FRQVWDQWH� 0DQWHQLHQGR OD IOH[LyQ FRQVWDQWH� OD IXHU]D HQWUH OD SXQWD \ OD

9LJD HQ YRODGL]R 3XQWD

/iVHU

(VSHMR

)RWRGHWHFWRU

$PSOLILFDGRU

5HJLVWUR
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PXHVWUD WDPELpQ SHUPDQHFH LQYDULDEOH� /D IXHU]D VH FDOFXOD PHGLDQWH OD OH\

GH +RRNH �) �N⋅[�� GRQGH ) HV OD IXHU]D� N OD FRQVWDQWH GHO PXHOOH \ [ OD
IOH[LyQ GH OD YLJD� (O PRYLPLHQWR TXH VH UHDOL]D SDUD PDQWHQHU HVWD

GLVWDQFLD FRQVWDQWH TXHGD UHJLVWUDGR HQ FDGD SXQWR GHO SODQR �[�\� TXH VH

H[SORUD \ GD OD LPDJHQ WRSRJUiILFD GH OD PXHVWUD�

(Q FXDQWR D ODV YHQWDMDV TXH UHSRUWD HVWH PpWRGR� VH SXHGH GHVWDFDU VX

PD\RU UDSLGH] GH H[SORUDFLyQ IUHQWH D ODV TXH VH H[SOLFDUiQ D FRQWLQXDFLyQ�

DVt FRPR HO KHFKR GH TXH HV OD ~QLFD WpFQLFD TXH SXHGH DOFDQ]DU UHVROXFLyQ

DWyPLFD HQ ODV LPiJHQHV�

6XV FRQWUDSDUWLGDV VRQ TXH ODV IXHU]DV ODWHUDOHV SXHGHQ GLVWRUVLRQDU OD

LPDJHQ \ TXH ODV IXHU]DV QRUPDOHV SXHGHQ VHU HOHYDGDV GHELGR D ODV

IXHU]DV FDSLODUHV GHO IOXLGR HQ OD VXSHUILFLH GH OD PXHVWUD� /D FRPELQDFLyQ

GH IXHU]DV ODWHUDOHV \ QRUPDOHV SXHGH GDU FRPR UHVXOWDGR XQD UHVROXFLyQ

HVSDFLDO HVFDVD R LQFOXVR GDxDU PXHVWUDV EODQGDV �SRU HMHPSOR PXHVWUDV GH

WLSR ELROyJLFR R SROtPHURV�� 7DPELpQ SXHGHQ VHU XQ SUREOHPD ODV IXHU]DV

HOHFWURVWiWLFDV GHELGDV D ODV FDUJDV TXH DFXPXODQ FLHUWRV PDWHULDOHV� (O

PRGR VLQ FRQWDFWR WUDWD GH HYLWDU HVWRV SUREOHPDV�

¾ 0RGR VLQ FRQWDFWR �R PRGR GH DWUDFFLyQ�� (Q HVWH PRGR OD SXQWD VH

PDQWLHQH HQWUH �� \ ��� $QJVWURP SRU HQFLPD GH OD VXSHUILFLH D DQDOL]DU�

6H GHWHFWDQ HQ HVWH FDVR ODV IXHU]DV DWUDFWLYDV GH 9DQ GHU :DDOV TXH

DFW~DQ HQWUH OD SXQWD \ OD PXHVWUD� 3HUR ODV IXHU]DV GH 9DQ GHU :DDOV VRQ

PXFKR PHQRUHV TXH ODV XWLOL]DGDV HQ HO PRGR GH FRQWDFWR� 3RU HOOR VH GHEH

FRPXQLFDU D OD SXQWD XQD OHYH RVFLODFLyQ HQ DOWHUQD FRQ XQD IUHFXHQFLD XQ

SRFR VXSHULRU D OD GH UHVRQDQFLD GH OD YLJD �WtSLFDPHQWH ��� QP�� FRQ HO ILQ

GH REWHQHU XQD PHGLGD GH ODV YDULDFLRQHV HQ OD IUHFXHQFLD� IDVH R DPSOLWXG

GH OD RVFLODFLyQ� (Q HVWH FDVR HO OD]R GH UHDOLPHQWDFLyQ WUDWD GH PDQWHQHU

DOJXQR GH HVWRV WUHV SDUiPHWURV FRQVWDQWHV PRYLpQGRVH HQ HO SODQR �[�\��

PRYLPLHQWR TXH WDPELpQ HQ HVWH FDVR UHSURGXFLUi OD WRSRJUDItD GH OD

PXHVWUD�

0HGLDQWH HVWH PpWRGR OD YHQWDMD PiV FODUD TXH VH DSRUWD HV OD IDOWD GH

FRQWDFWR FRQ ODV PXHVWUDV� GH PRGR TXH ORV PDWHULDOHV EODQGRV QR VH

GHWHULRUDQ� 7DPELpQ VH FRQVLJXH XQD PD\RU UHVROXFLyQ ODWHUDO �GH � D �

QP��



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

¾ 0RGR WDSSLQJ� (Q HVWH PRGR GH RSHUDFLyQ OD SXQWD VH SRQH HQ FRQWDFWR

FRQ HO PDWHULDO GXUDQWH XQ LQVWDQWH� OR FXDO SHUPLWH REWHQHU XQD UHVROXFLyQ

HOHYDGD H LQPHGLDWDPHQWH OD HOHYD SDUD HYLWDU DUUDVWUDU OD SXQWD VREUH OD

VXSHUILFLH� 3DUD UHDOL]DU OD PHGLGD GH UXJRVLGDG HQ DLUH VH KDFH RVFLODU OD

YLJD HQ YRODGL]R DOUHGHGRU GH OD IUHFXHQFLD GH UHVRQDQFLD PHGLDQWH XQ

FULVWDO SLH]RHOpFWULFR� (O PRYLPLHQWR GHO FULVWDO KDFH RVFLODU D OD YLJD FRQ XQD

DPSOLWXG GH HQWUH �� \ ��� QP� FXDQGR OD SXQWD QR KDFH FRQWDFWR FRQ OD

VXSHUILFLH� /D SXQWD VH PXHYH KDFLD OD VXSHUILFLH KDVWD TXH KDFH XQ OLJHUR

FRQWDFWR FRQ OD PLVPD \ VH YXHOYH D VHSDUDU� WRGR HOOR D IUHFXHQFLDV GH

HQWUH �� \ ��� N+]� &XDQGR OD YLJD FRPLHQ]D D WRFDU GH PRGR LQWHUPLWHQWH

OD VXSHUILFLH� OD HQHUJtD GH OD RVFLODFLyQ GLVPLQX\H� \ OD PHGLGD GH HVWD

GLVPLQXFLyQ GH OD DPSOLWXG GH RVFLODFLyQ HV OR TXH VH XWLOL]D SDUD

FDUDFWHUL]DU OD VXSHUILFLH� (Q HVWH PRGR GH RSHUDFLyQ� HO OD]R GH

UHDOLPHQWDFLyQ WUDWD GH PDQWHQHU FRQVWDQWH OD DPSOLWXG� (O VRIWZDUH GHO

VLVWHPD D\XGD HQ OD VHOHFFLyQ GH OD IUHFXHQFLD GH RVFLODFLyQ DGHFXDGD� \ OD

IXHU]D GH OD SXQWD HV HOHJLGD DXWRPiWLFDPHQWH \ PDQWHQLGD HQ XQ YDORU

FRQVWDQWH \ OR PiV EDMR SRVLEOH�

(VWD WpFQLFD SHUPLWH XQD JUDQ UHVROXFLyQ HQ PXHVWUDV TXH SXHGHQ VHU

IiFLOPHQWH GHWHULRUDGDV R TXH VH HQFXHQWUHQ SRFR DGKHULGDV D VX VRSRUWH�

GLItFLOHV GH WRSRJUDILDU PHGLDQWH RWURV PRGRV GLVWLQWRV GHO $)0� 7DPELpQ VH

HYLWDQ GH HVWH PRGR IXHU]DV HOHFWURVWiWLFDV� /D WpFQLFD VH SXHGH HPSOHDU

HQ OtTXLGR� DGHPiV GH HQ DLUH� SHUR HQ OtTXLGR OD IUHFXHQFLD GH RVFLODFLyQ GH

OD YLJD QR WLHQH SRU TXp HVWDU SUy[LPD D OD GH UHVRQDQFLD� /D ~QLFD

GHVYHQWDMD GH HVWD WpFQLFD IUHQWH D ODV DQWHULRUPHQWH GHVFULWDV� HV OD PHQRU

YHORFLGDG HQ HO EDUULGR GH OD VXSHUILFLH D WRSRJUDILDU�

(O DSDUDWR GH $)0 XWLOL]DGR SDUD ODV PHGLGDV HQ QXHVWUR FDVR HV XQ

&RQWURODGRU 1DQR6FRSH ,,,�$ FRQ FDEH]DO GH PHGLGD $)0�0)0�()0 HQ PRGR

$)0 1DQRVFRSH FRQ XQ UDQJR Pi[LPR GH ��[�� µP� �ILJXUD ������ (VWRV

DQiOLVLV VH KDQ UHDOL]DGR HQ HO 'HSDUWDPHQW '¶HOHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV

(OHFWUzQLFV GH OD 8QLYHUVLGDG GH %DUFHORQD�

������ �$5$&7(5,=$&,Ï1 (/e&75,&$�

(O HVWXGLR VLVWHPiWLFR GH OD UHVSXHVWD HOpFWULFD GH ORV VHQVRUHV GH JDV SDUD

DQDOL]DU VX FRPSRUWDPLHQWR HQ DWPyVIHUDV JDVHRVDV VH KD OOHYDGR D FDER HQ XQ
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EDQFR GH HQVD\RV GLVHxDGR D WDO HIHFWR� /D ILQDOLGDG ~OWLPD GHO EDQFR GH

HQVD\RV HV SURSRUFLRQDU PH]FODV JDVHRVDV FRQWURODGDV SDUD ODV GLIHUHQWHV

SUXHEDV GH FDUDFWHUL]DFLyQ HOpFWULFD HIHFWXDGDV D ORV VHQVRUHV� DVt FRPR

SURSRUFLRQDU ODV FRQGLFLRQHV GH HQVD\R �KXPHGDG� WHPSHUDWXUD� SHUWLQHQWHV HQ

FDGD FDVR \ HIHFWXDU OD PHGLGD HOpFWULFD RSRUWXQD�

������� %DQFR GH HQVD\R

(O EDQFR GH HQVD\RV VH HVWUXFWXUD HQ ORV VLJXLHQWHV HOHPHQWRV SDUD VX

GHVFULSFLyQ�

o /tQHD GH JDV� /D FRQVWLWX\HQ XQD VHULH GH FRQGXFFLRQHV \

HOHPHQWRV UHJXODGRUHV GHO IOXMR� \ VX ILQDOLGDG HV OD FRQVHFXFLyQ GH

XQD DWPyVIHUD JDVHVRVD DGHFXDGD SDUD OOHYDU D FDER ORV HQVD\RV�

o &iPDUD GH HQVD\RV� (V XQ UHFLSLHQWH HVWDQFR GH DFHUR LQR[LGDEOH

FRQ XQD HQWUDGD \ XQD VDOLGD GH JDV HQ FX\R LQWHULRU VH VLW~D HO

VHQVRU SDUD VX FDUDFWHUL]DFLyQ�

o 6LVWHPD GH FRQWURO \ DGTXLVLFLyQ GH GDWRV� 3HUPLWH HO FRQWURO

GH OD DWPyVIHUD HQ OD FiPDUD GH HQVD\RV� HO FRQWURO GH WHPSHUDWXUD

HQ HO VHQVRU \ OD PHGLGD GH YDULDFLyQ GH UHVLVWHQFLD HQ HO PLVPR�

��������� /tQHD GH JDV

/D FRQILJXUDFLyQ GH OD OtQHD VH PXHVWUD HQ OD ILJXUD ���� \ FRQVWD GH GRV

EORTXHV IXQFLRQDOHV LQGHSHQGLHQWHV� HO SULPHUR GH ORV FXDOHV DJUXSD � OtQHDV GH

JDV� PLHQWUDV TXH HO VHJXQGR HQJORED �� &DGD XQD GH ODV GRV OtQHDV SXHGD

IXQFLRQDU GH PRGR LQGHSHQGLHQWH� R HQ FDVR GH VHU QHFHVDULR� KDFHUOR GH PRGR

FRQMXQWR� 'H HVWD PDQHUD VH SRVLELOLWD OD REWHQFLyQ GH PH]FODV VLPXOWiQHDV GH

YDULRV JDVHV�

(O SULPHU EORTXH VH KD XWLOL]DGR HQ HVWH FDVR SDUD ORV VLJXLHQWHV JDVHV�

DLUH VHFR� DLUH K~PHGR� PHWDQR \ YDSRU GH HWDQRO� PLHQWUDV TXH HO VHJXQGR

DxDGH PRQy[LGR GH FDUERQR \ RWUR JDV LQWHUIHUHQWH �KLGUyJHQR� GLy[LGR GH

D]XIUH� PRQy[LGR GH QLWUyJHQR R +'06��

&DGD XQD GH ODV OtQHDV GH FDGD EORTXH FRQVWD GH ORV VLJXLHQWHV

HOHPHQWRV� QHFHVDULRV SDUD XQD FRUUHFWD FRQGXFFLyQ�



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

¾ %RWHOOD GHO JDV FRUUHVSRQGLHQWH

¾ 3DQHO GH UHJXODFLyQ GH JDVHV� FRQ ORV VLJXLHQWHV HOHPHQWRV�

♦ 9iOYXOD GH SXUJD� SDUD HOLPLQDU HO DLUH H LPSXUH]DV GH OD LQVWDODFLyQ

DQWHV GH VX SXHVWD HQ PDUFKD� WUDV FDGD FDPELR GH ERWHOOD R HQ FDVR GH TXH VH

FRQVLGHUH QHFHVDULR�

♦ 5HJXODGRU GH SUHVLyQ R UHGXFWRU� SDUD DGHFXDU OD SUHVLyQ GH OD ERWHOOD

GH JDV DO QLYHO TXH SHUPLWD VX XVR FRQ VHJXULGDG� PDQWHQLpQGROD FRQVWDQWH HQ

XQD JDPD GH FDXGDOHV�

♦ 9iOYXOD GH FLHUUH� SDUD LPSHGLU HO SDVR GH DLUH GH OD ERWHOOD D OD

FRQGXFFLyQ VL VH FRQVLGHUD QHFHVDULR�

¾ 9iOYXOD QHXPiWLFD� TXH DEUH R FLHUUD HO SDVR GH JDV GHSHQGLHQGR GHO

HVWDGR RQ�RII GH OD HOHFWURYiOYXOD TXH OD SLORWD \ TXH VH HQFXHQWUD IXHUD GH

OD FRQGXFFLyQ� SDUD HYLWDU SRVLEOHV ULHVJRV HQ FDVR GH PDQLSXODU JDVHV

FRPEXVWLEOHV� FRPR HV HO FDVR GHO PHWDQR�

¾ 0DQyPHWUR� SDUD LQGLFDU TXH OD SUHVLyQ HQ OD OtQHD HV OD DGHFXDGD ��

EDUHV��

¾ 0)& �0DVV )ORZ &RQWUROOHU R FRQWURODGRU PiVLFR GH IOXMR�� HV XQ WLSR GH

FDXGDOtPHWUR GH SUHFLVLyQ� TXH GHMD SDVR D OD FDQWLGDG H[DFWD GH JDV TXH
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)LJXUD ���� 3ODQR GH OD OtQHD GH JDV
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7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

VH OH LQGLFD GHVGH XQ FRQWURODGRU R XQLGDG GH SRWHQFLD �)&��� GHVWLQDGR D

WDO HIHFWR \ WDPELpQ H[WHUQR D OD OtQHD�

¾ 9iOYXOD PDQXDO� SDUD HIHFWXDU XQ FLHUUH PDQXDO VL IXHUD SUHFLVR�

¾ 9iOYXOD DQWLUUHWRUQR� FX\D ILQDOLGDG HV HYLWDU UHIOXMRV HQ OD OtQHD�

/DV WUHV UDPDV TXH VH DFDEDQ GH GHVFULELU VH XQHQ HQ XQ FROHFWRU�

GRQGH ORV WUHV JDVHV VH PH]FODQ� (O FROHFWRU GHVHPERFD HQ OD FiPDUD GH

HQVD\R� GRQGH VH UHDOL]DQ ODV SUXHEDV FRQ ORV VHQVRUHV \ TXH VH GHVFULEH HQ HO

DSDUWDGR VLJXLHQWH� SRU VHU XQ HOHPHQWR FODYH GHO VLVWHPD�

��������� &iPDUD GH HQVD\R

/D FiPDUD GH HQVD\RV HV XQ UHFLSLHQWH KHUPpWLFR GH DOXPLQLR FRQHFWDGR FRQ OD

OtQHD GH JDV� (V HO SXQWR GRQGH VH KDQ GH FRQVHJXLU ODV FRQGLFLRQHV GH HQVD\R�

XQD DWPyVIHUD SUHGHWHUPLQDGD SRU HO XVXDULR \ OD WHPSHUDWXUD DGHFXDGD�

$GHPiV GH HOOD VH REWHQGUiQ ODV PHGLGDV HOpFWULFDV SHUWLQHQWHV SDUD

FDUDFWHUL]DU HO VHQVRU�

3DUD FRQVHJXLU WRGR OR PHQFLRQDGR� KD GH FXPSOLU XQD VHULH GH

UHTXLVLWRV SDUD VX FRUUHFWR IXQFLRQDPLHQWR \ IiFLO PDQHMR�

9 %XHQ FRQWDFWR HOpFWULFR FRQ ORV VHQVRUHV� (O FRQWDFWR VH FRQVLJXH

PHGLDQWH XQDV SLH]DV FLOtQGULFDV HVWUHFKDV \ DODUJDGDV �SUiFWLFDPHQWH

DJXMDV� FRQ XQD SDUWH FHQWUDO PiV JUXHVD� TXH HMHUFHQ XQD OHYH SUHVLyQ

VREUH HO VHQVRU PHGLDQWH XQ PXHOOH FRORFDGR VREUH GLFKD SDUWH FHQWUDO� WDO

\ FRPR VH DSUHFLD HQ OD ILJXUD �����

(Q OD SDUWH VXSHULRU GH ODV SXQWDV VH FRQHFWD HO FDEOH PHGLDQWH XQD

SHTXHxD SLH]D PHWiOLFD \ VH OOHYD D ODV FRQH[LRQHV HOpFWULFDV GH FXDWUR YtDV

VLWXDGDV HQ OD SDUHG GH OD FiPDUD� PHGLDQWH ODV PLVPDV SLH]DV PHWiOLFDV�

/D FiPDUD WLHQH FDSDFLGDG SDUD FXDWUR VHQVRUHV GH ��[�� PP� ([LVWHQ

FXDWUR GH HVWRV SXQWRV GH FRQH[LyQ �XQR SRU VHQVRU� \ FDGD XQR GH HOORV

WLHQH FXDWUR FRQWDFWRV� GRV GH HOORV SDUD UHDOL]DU OD PHGLGD GH OD YDULDFLyQ

GH UHVLVWHQFLD GHO VHQVRU �HIHFWXDQGR OHFWXUDV GH WHQVLyQ R FRUULHQWH HQWUH

GRV SXQWRV GHO PLVPR�� \ RWURV GRV SDUD DSOLFDU OD WHQVLyQ R OD FRUULHQWH

QHFHVDULD SDUD DOLPHQWDU HO FDOHIDFWRU LQWHJUDGR� HQ DTXHOORV SURWRWLSRV TXH

OR LQFOX\DQ�
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9 3RVLELOLGDG GH FDOHIDFWRU H[WHUQR SDUD HO VHQVRU� 7DO \ FRPR VH DFDED

GH H[SOLFDU� VH KD FRQWHPSODGR OD SRVLELOLGDG GH UHDOL]DU HQVD\RV D

SURWRWLSRV FRQ FDOHIDFWRU LQWHJUDGR� 3HUR SDUD XQ SULPHU HVWXGLR GH

PDWHULDOHV UHVXOWD H[FHVLYDPHQWH FRVWRVD OD IDEULFDFLyQ GH VHQVRUHV

FRPSOHWRV� HV GHFLU� FRQ KHDWHU LQWHJUDGR� SRU OR FXDO VH SUHYp XQ FDOHIDFWRU

H[WHUQR� TXH YD VLWXDGR HQ OD SDUWH LQIHULRU GH OD FiPDUD \ DOLPHQWDGR D

WUDYpV GH XQ SDU GH ORV SXQWRV GH FRQH[LyQ GHVWLQDGRV DO KHDWHU LQWHJUDGR�

FRPR VH SXHGH YHU HQ OD ILJXUD ����� 6H WUDWD GH XQ FLOLQGUR KXHFR

FHUiPLFR� TXH DEUD]D OD SLH]D HQ OD TXH VH VLW~DQ ORV VHQVRUHV� FDOHQWDQGR

ORV PLVPRV� 3DUD UHDOL]DU OD PHGLGD GH OD WHPSHUDWXUD DOFDQ]DGD HQ FDVR GH

XWLOL]DU HVWD WpFQLFD� VH VLW~D XQ WHUPRSDU HQ OD SDUWH LQIHULRU GH OD SLH]D HQ

OD FXDO YDQ FRORFDGRV ORV VHQVRUHV SDUD VX HQVD\R� 'H HVWD PDQHUD VH

SXHGHQ UHDOL]DU PHGLGDV GH OD WHPSHUDWXUD DOFDQ]DGD \ OOHYDU XQ FRQWURO GH

OD PLVPD�

)LJXUD ���� )RWRJUDItD \ HVTXHPD LQWHUQR GH OD FiPDUD GH HQVD\R

9 $FFHVR VHQFLOOR D ORV VHQVRUHV� /D HVWUXFWXUD GH OD FiPDUD VH KD

SHQVDGR SDUD TXH HO FDPELR GH VHQVRUHV VH UHDOLFH GH XQD IRUPD VHQFLOOD�

(175$'$ *$6
6$/,'$ *$6
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7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

(Q OD SDUWH VXSHULRU H[LVWH XQD WDSD GH FLHUUH KHUPpWLFR DWRUQLOODGD DO

FLOLQGUR TXH FRQVWLWX\H SURSLDPHQWH OD FiPDUD� /D KHUPHWLFLGDG VH FRQVLJXH

PHGLDQWH XQD MXQWD WyULFD VLWXDGD HQ HO ERUGH GH XQLyQ GH OD WDSD \ OD

FiPDUD� $O DEULU OD FiPDUD� VH SXHGHQ GHVFRQHFWDU IiFLOPHQWH ORV FDEOHV

TXH YDQ D ODV SXQWDV TXH UHDOL]DQ HO FRQWDFWR HOpFWULFR� SXGLpQGRVH DVt

UHWLUDU WRGR HO FRQMXQWR GH SLH]DV TXH VXVWHQWDQ ORV FRQWDFWRV �HQ YHUGH \

D]XO HQ OD ILJXUD ����� \ UHDOL]DQGR HO FDPELR GH VHQVRUHV SDUD XQ SUy[LPR

H[SHULPHQWR�

��������� 6LVWHPD GH DGTXLVLFLyQ GH GDWRV \ FRQWURO

(O VLVWHPD GH FRQWURO \ DGTXLVLFLyQ GH GDWRV VH SXHGH REVHUYDU HQ OD ILJXUD ����

TXH D FRQWLQXDFLyQ VH YD D H[SOLFDU GLYLGLpQGROR HQ WUHV SDUWHV IXQFLRQDOHV�

)LJXUD ���� (VTXHPD JHQHUDO GHO VLVWHPD GH DGTXLVLFLyQ GH GDWRV \ FRQWURO

9 &RQWURO GH OD DWPyVIHUD HQ OD FiPDUD GH HQVD\RV� 3DUD OOHYDU D FDER

HVWH SURSyVLWR VH QHFHVLWD SRU XQD SDUWH DEULU OD YiOYXOD QHXPiWLFD TXH

SHUPLWH HO SDVR GHO IOXMR GH FDGD JDV SRU ODV GLVWLQWDV UDPDV GH OD OtQHD GH

JDV� \ D FRQWLQXDFLyQ LQGLFDU DO FDXGDOtPHWUR �0)&� FXiQWR IOXMR KD GH SDVDU

SRU OD FRQGXFFLyQ� /D SULPHUD WDUHD� OD GH DSHUWXUD \ FLHUUH GH ODV
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YiOYXODV QHXPiWLFDV VLWXDGDV DQWHV GH ORV 0)& SUHFLVD XQDV

HOHFWURYiOYXODV� \D PHQFLRQDGDV DQWHULRUPHQWH� TXH SXHGHQ FRQWURODUVH

WDQWR GH PRGR WDQWR PDQXDO� PHGLDQWH XQD IXHQWH GH DOLPHQWDFLyQ H

LQWHUUXSWRUHV� FRPR DXWRPiWLFR� D WUDYpV GH VHxDOHV GLJLWDOHV REWHQLGDV GHO

3& \ FRQYHQLHQWHPHQWH DPSOLILFDGDV� /DV VHxDOHV GLJLWDOHV VH REWLHQHQ GH OD

WDUMHWD GH DGTXLVLFLyQ GH GDWRV /DE3&�� \ VH DPSOLILFDQ PHGLDQWH ORV

PyGXORV 665�2'&�� /D VHJXQGD WDUHD �LQGLFDU D ORV 0)& OD FDQWLGDG GH

IOXMR TXH GHEH SDVDU�� HPSOHD XQD XQLGDG GH FRQWURO \ DOLPHQWDFLyQ

�)&���� TXH VH SXHGH FRQWURODU WDQWR GH PRGR PDQXDO� FRPR D WUDYpV GH

XQ 3& PHGLDQWH VHxDOHV DQDOyJLFDV GH ��� YROWLRV GH WHQVLyQ� (VWDV VHxDOHV

DQDOyJLFDV VH REWLHQHQ WDPELpQ GH OD WDUMHWD GH DGTXLVLFLyQ GH GDWRV

/DE3&�� /DV GRV WDUHDV UHVHxDGDV VH SXHGHQ OOHYDU D FDER GH PRGR PDQXDO

R PHGLDQWH XQ SURJUDPD GLVHxDGR D WDO HIHFWR� DO TXH VH OH KDQ GH LQGLFDU

ODV FDQWLGDGHV GH JDV D LQWURGXFLU \ HO WLHPSR TXH VH GHEHQ PDQWHQHU HQ OD

FiPDUD� (O 3& RIUHFH HQ SDQWDOOD LQIRUPDFLyQ VREUH OD HYROXFLyQ GHO IOXMR

GXUDQWH HO WLHPSR GHO H[SHULPHQWR� KRUD GH FRPLHQ]R \ WpUPLQR GHO PLVPR

\ HVWDGR GH ODV YiOYXODV�

9 &RQWURO GH OD WHPSHUDWXUD� 3DUD FRQVHJXLU OD WHPSHUDWXUD GH HQVD\R HQ

ORV VHQVRUHV FRQ HO FDOHIDFWRU H[WHUQR VH XWLOL]D XQ FRQWURODGRU 3,'� TXH

SUHFLVD WHQHU XQD PHGLGD GH OD WHPSHUDWXUD PHGLDQWH XQ WHUPRSDU� (O

FLUFXLWR HQ HO TXH VH PRQWD HO 3,' QHFHVLWD WDPELpQ XQ UHOp GH HVWDGR VyOLGR

�665�� WDO \ FRPR VH SXHGH REVHUYDU HQ OD ILJXUD �����

)LJXUD ���� (VTXHPD GHO FRQWURO GH WHPSHUDWXUD

9 0HGLGD GH OD YDULDFLyQ GH UHVLVWHQFLD GHO VHQVRU� &RQ HVWH ILQ VH

XWLOL]D HO PXOWtPHWUR GLJLWDO .HLWKHO\ ����� TXH SXHGH UHDOL]DU PHGLDQWH XQ

VFDQQHU KDVWD �� OHFWXUDV GH WHQVLyQ R GH UHVLVWHQFLD GH IRUPD VLPXOWiQHD�

6H UHDOL]D XQD WRPD DXWRPiWLFD GH GDWRV FRQ HVWH DSDUDWR \ XQ SURJUDPD

+ SSRPID

220Vac

220Vac
Termopar



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

FRPHUFLDO HQ 7HVW�3RLQW GH .HLWKOH\� \ VH DOPDFHQDQ ORV PLVPRV HQ HO 3& D

WUDYpV GH OD FRPXQLFDFLyQ 56��� SDUD VX SRVWHULRU SURFHVDPLHQWR�

������� 0HWRGRORJtD GH HQVD\R

/D PHWRGRORJtD GH HQVD\R TXHGD GHVFULWD HQ HO GLDJUDPD GH IOXMR SUHVHQWDGR HQ

OD ILJXUD ����� $XQTXH VH KDQ OOHYDGR D FDER HQVD\RV FRQ SURSyVLWRV

SDUWLFXODUHV� TXH VH GHWDOODUiQ HQ HO PRPHQWR RSRUWXQR� HO SURFHVR JHQHUDO

VHJXLGR SDUD HO HQVD\R GH ODV SHOtFXODV VHQVLEOHV KD FRQVLVWLGR HQ ORV VLJXLHQWHV

SDVRV�

�� &DOHQWDPLHQWR GH OD SHOtFXOD KDVWD ���� GXUDQWH �� KRUDV� TXH HV

HO WLHPSR TXH SUHFLVD SDUD HVWDELOL]DU HO YDORU GH VX UHVLVWHQFLD

HOLPLQDQGR OD KXPHGDG TXH FRQWLHQH OD PXHVWUD� 6H WRPDQ GDWRV

GH OD YDULDFLyQ GH UHVLVWHQFLD GH OD PXHVWUD GXUDQWH HVWH WLHPSR

SDUD FRPSUREDU TXH OD HVWDELOL]DFLyQ KD VLGR FRUUHFWD�

�� &RORFDFLyQ GH OD PXHVWUD D OD WHPSHUDWXUD \ KXPHGDG D OD TXH

VH YD D UHDOL]DU OD SULPHUD WRPD GH GDWRV� 6H HVSHUD HO WLHPSR

QHFHVDULR SDUD HVWDELOL]DU OD WHPSHUDWXUD� GHELGR D OD LQHUFLD

WpUPLFD GHO GLVSRVLWLYR H[WHUQR GH FDOHIDFFLyQ�

�� $ OD WHPSHUDWXUD HVWDEOHFLGD VH LQWURGXFHQ SXOVRV GH �� PLQXWRV

GH GXUDFLyQ GHO JDV FX\R HIHFWR VH TXLHUD HVWXGLDU� VHJXLGRV GH

�� PLQXWRV FRQ VyOR DLUH� PLGLHQGR OD YDULDFLyQ GH UHVLVWHQFLD GHO

VHQVRU DQWH HVWDV FRQGLFLRQHV� \ JXDUGDQGR ORV GDWRV�

(VWH SURFHVR VH UHSLWH D FXDQWDV WHPSHUDWXUDV VH FRQVLGHUH QHFHVDULR�

3DUD HQVD\DU XQD QXHYD PXHVWUD HV QHFHVDULR FRORFDUOD HQ HO LQWHULRU GH OD

FiPDUD \ UHSHWLU WRGR HO SURFHVR VHxDODGR�



��� &DStWXOR �

)LJXUD ���� 'LDJUDPD GH IOXMR GHO PpWRGR GH HQVD\R

���� �������
�����

>$)0 �@ $WRPLF )RUFH 0LFURVFRS\

KWWS���ZZZ�FKHPELR�XRJXHOSK�FD�HGXFPDW�FKP����DIP�ILUVWSDJ�KWP

(VWDELOL]DFLyQ GH

PXHVWUDV D WHPSHUDWXUD

GH HQVD\R

(VWDELOL]DFLyQ GH

PXHVWUDV D WHPSHUDWXUD

GH HQVD\R

&RORFDFLyQ GH PXHVWUDV

D WHPSHUDWXUD \ KXPHGDG

HVWDEOHFLGDV SDUD HQVD\R

,QWURGXFFLyQ GH SXOVR

GH JDV GHVHDGR

GXUDQWH WLHPSR HVWDEOHFLGR

,QWURGXFFLyQ GH SXOVR

GH JDV GHVHDGR

GXUDQWH WLHPSR HVWDEOHFLGR

¢(QVD\R D RWUD

WHPSHUDWXUD"

¢(QVD\R D RWUD

WHPSHUDWXUD"

(QIULDPLHQWR GH FiPDUD(QIULDPLHQWR GH FiPDUD

&DPELR GH PXHVWUD&DPELR GH PXHVWUD

¢1XHYR HQVD\R

FRQ RWUD PXHVWUD"

$GTXLVLFLyQ

GH GDWRV

$GTXLVLFLyQ

GH GDWRV

$GTXLVLFLyQ

GH GDWRV

$GTXLVLFLyQ

GH GDWRV

)LQ GH SURFHVR



7pFQLFDV GH IDEULFDFLyQ \ FDUDFWHUL]DFLyQ GH PXHVWUDV GH HQVD\R ���

>$OGD] ��@ -XOHQ $OGD]� ³'HVDUUROOR GH WpFQLFDV GH 6$% �6LOLFRQ $QRGLF %RQGLQJ�

GH SHJDGR HOHFWURVWiWLFR HQ WHFQRORJtDV GH PLFURIDEULFDFLyQ´� 3UR\HFWR

ILQ GH FDUUHUD� 8QLYHUVLGDG GH 1DYDUUD ������

>&DVWDxR ��@ (QULTXH &DVWDxR� ³3ULQFLSLRV GH IDEULFDFLyQ GH GLVSRVLWLYRV

PLFURHOHFWUyQLFRV´� (VFXHOD 6XSHULRU GH ,QJHQLHURV ,QGXVWULDOHV�

&XUVRV GH 'RFWRUDGR ������

>&KDQJ ��@ &�<� &KDQJ \ 6�0� 6]H� 8/6, 7HFKQRORJ\� HGLWDGR SRU 7KH 0F*UDZ�

+LOO FRPSDQLHV ,QF� ������

>&LUHUD ��@ $OEHUW &LUHUD� ³1HZ WHFKQRORJLHV DQG WKHLU FKDUDFWHULVDWLRQ IRU

QDQRVWUXFWXUHG 6Q2� JDV VHQVRU GHYLFHV´� 7HVLV 'RFWRUDO� 8QLYHUVLWDW

GH %DUFHORQD ������

>&OHDYHOLQ ��@ &� 5LQQ &OHDYHOLQ� 6\OYLD 3DV� (ULF 0� 9RJHO� \ -�-� :RUWPDQ�

³2[LGDWLRQ´� +DQGERRN RI VHPLFRQGXFWRU PDQXIDFWXULQJ WHFKQRORJ\�

HGLWDGR SRU <RVKLR 1LVKL \ 5REHUW 'RHULQJ� 0DUFHO 'HNNHU ������

>'HEHGD ��@ +pOqQH 'HEHGD� ³ 'LVSRVLWLIV PXOWL�FDSWHXUV VpOHFWLIV DX PpWDQH�

UpDOLVpV HQ WHFKQRORJLH PLFURpOHFWURQLTXH K\EULGH FRXFKHV pSDLVVHV´�

7HVLV 'RFWRUDO� /¶8QLYHUVLWp %RUGHDX[ ������

>(OL]DOGH ��@ -RUJH *DUFtD (OL]DOGH� ³ 0LFURPHFDQL]DGR GH GLDIUDJPDV GHOJDGRV

GH VLOLFLR FRQ SDUDGD HOHFWURTXtPLFD� $SOLFDFLyQ D VHQVRUHV GH EDMD

SUHVLyQ GH JUDGR ELRPpGLFR´� 7HVLV 'RFWRUDO� 8QLYHUVLGDG GH 1DYDUUD

������

>*|SHO ��@ :� *|SHO� ³&KHPLFDO 6HQVRU 7HFKQRORJLHV� (PSLULFDO $UW DQG

6\VWHPDWLF 5HVHDUFK´� 6HQVRUV� $ &RPSUHKHQVLYH 6XUYH\ 9RO� ��

HGLWDGR SRU :� *|SHO� -� +HVVH \ -�1� =HPHO� 9&+ ������

>5RVVQDJHO ��@ 6WHSKHQ 0� 5RVVQDJHO� ³3K\VLFDO YDSRU 'HSRVLWLRQ´� +DQGERRN

RI VHPLFRQGXFWRU PDQXIDFWXULQJ WHFKQRORJ\� HGLWDGR SRU <RVKLR 1LVKL

\ 5REHUW 'RHULQJ� 0DUFHO 'HNNHU ������

>6PLWK ��@ 'RQDOG /� 6PLWK� 7KLQ�ILOP GHSRVLWLRQ� SULQFLSOHV 	 SUDFWLFH� HGLWDGR

SRU 0F*UDZ�+LOO ,QF� ������
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>7KRUQWRQ ��@ -RKQ $� 7KRUQWRQ DQG -RVHSK (� *UHHQH� ³6SXWWHU 'HSRVLWLRQ

3URFHVVHV´� +DQGERRN RI GHSRVLWLRQ WHFKQRORJLHV IRU ILOPV DQG

FRDWLQJV� HGLWDGR SRU 5RLQWDQ )� %XQVKDK� 1R\HV 3XEOLFDWLRQV ������

>;36 �@ $Q ,QWURGXFWLRQ WR ;36 �;�5D\ 3KRWRHOHFWURQ 6SHFWURVFRS\�

KWWS���ZZZ�XNVDI�RUJ�WHFK�[SV�KWPO

>;36 �@ ;36 �;�5D\ 3KRWRHOHFWURQ 6SHFWURVFRS\�

KWWS���ZZZ�ODVXUIDFH�FRP�ZB[SV�$JBZHOFRPHBPDLQ�KWP
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(Q HVWH FDStWXOR VH SUHVHQWDQ ORV GLIHUHQWHV SURFHVRV GH IDEULFDFLyQ OOHYDGRV D

FDER SDUD OD REWHQFLyQ GH PXHVWUDV GH HQVD\R TXH VLUYHQ SDUD DQDOL]DU GLVWLQWRV

DVSHFWRV WDQWR GH OD HVWUXFWXUD GHO PDWHULDO FRPR GH VX FRPSRUWDPLHQWR

HOHFWURTXtPLFR DQWH HO JDV� DVt FRPR OD LQIOXHQFLD GH GLVWLQWRV SDUiPHWURV GH

IDEULFDFLyQ HQ OD FRQGXFWD GHO PLVPR� 7RGR ORV DVSHFWRV HVWXGLDGRV WLHQHQ OD

ILQDOLGDG GH LQWHQWDU DSUR[LPDUVH D XQD UHVSXHVWD ySWLPD DQWH HO PRQy[LGR GH

FDUERQR SDUD GHVSXpV VHU DSOLFDGRV HQ OD IDEULFDFLyQ GH XQ GLVSRVLWLYR VHQVRU

SDUD OD GHWHFFLyQ GH HVWH JDV� FRQ ORV SDUiPHWURV GH VHQVLELOLGDG� VHOHFWLYLGDG \

WLHPSR GH UHVSXHVWD RSWLPL]DGRV�

6HJ~Q HVWR VH KDQ GLVHxDGR \ OOHYDGR D WpUPLQR SURFHVRV FRQFUHWRV SDUD

FDGD DQiOLVLV�

9 SURFHVR SDUD HO DQiOLVLV GH GLVWLQWRV HVSHVRUHV GH 6Q2�

9 SURFHVR SDUD HO HVWXGLR GH OD LQIOXHQFLD GH ORV DGLWLYRV DxDGLGRV

DO y[LGR GH HVWDxR

9 SURFHVR SDUD OD FRPSDUDFLyQ GH GLIHUHQWHV WDPDxRV GH FRQWDFWRV

LQWHUGLJLWDGRV

9 SURFHVRV GH IDEULFDFLyQ GH ILOWURV LQWHJUDGRV WDQWR GH SHOtFXOD

GHOJDGD FRPR GH SHOtFXOD JUXHVD
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(O REMHWLYR GH HVWH SURFHVR HV OD REWHQFLyQ GH FDSDV GH y[LGR GH HVWDxR GH

GLIHUHQWHV HVSHVRUHV SDUD HO HVWXGLR GH OD LQIOXHQFLD GH HVWH SDUiPHWUR HQ OD

UHVSXHVWD DO PRQy[LGR GH FDUERQR� 3DUD HOOR VH KDQ XWLOL]DGR FKLSV GH XQ

WDPDxR GH ��[�� PP� FRQ iUHDV GH 6Q2� FXDGUDGDV GH �[� PP� GHSRVLWDGDV

VREUH FRQWDFWRV LQWHUGLJLWDGRV GH SODWLQR GH �� PLFUDV GH DQFKR GH SLVWD \ GH

VHSDUDFLyQ HQWUH SLVWDV� 6H XWLOL]DQ GRV iUHDV GH FRQWDFWR GH VXSHUILFLH DPSOLD D

ORV ODGRV GH ORV LQWHUGLJLWDGRV SDUD REWHQFLyQ GH XQ VHQFLOOR FRQWDFWR SRU

SUHVLyQ HQ HO LQWHULRU GH OD FiPDUD GH HQVD\R� (VWDV JHRPHWUtDV VH SXHGHQ YHU

HQ OD ILJXUD ����

)LJXUD ��� 'LVHxR HQ SODQWD GHO FKLS SDUD HVWXGLR GH HVSHVRUHV� LQWHUGLJLWDGRV GH SODWLQR

�SDUWH VXSHULRU� H LGHP FRQ y[LGR GH HVWDxR �SDUWH LQIHULRU�

�
�
P
P

�� PP

�� PLFUDV HQWUH

LQWHUGLJLWDGRV

�� PLFUDV

GH DQFKR GH SLVWD �Z�

�
P
P

� PP

ÉUHD VHQVLEOH
GH y[LGR GH HVWDxR

ÉUHDV GH FRQWDFWR

/RQJLWXG
GHO PHDQGUR �/�

3ODWLQR

2[LGR GH HVWDxR

2[LGR GH VLOLFLR



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

/D JHRPHWUtD LQWHUGLJLWDGD SHUPLWH GLVPLQXLU HO YDORU UHVLVWLYR PHGLGR HQ

SHOtFXODV GH DOWD UHVLVWHQFLD FRPR HV HO FDVR GHO y[LGR GH HVWDxR� (O SDUiPHWUR

FDUDFWHUtVWLFR GH HVWD JHRPHWUtD HV OD UHODFLyQ GH DVSHFWR R Q~PHUR GH

FXDGUDGRV� TXH YLHQH GDGR SRU OD ORQJLWXG PHGLD GHO PHDQGUR IRUPDGR HQWUH

ORV LQWHUGLJLWDGRV �/� GLYLGLGD HQWUH HO DQFKR GH SLVWD �Z�� (Q HVWD JHRPHWUtD HQ

SDUWLFXODU OD UHODFLyQ GH DVSHFWR �/�Z� WRPD HO YDORU GH ���� (VWR TXLHUH GHFLU

TXH KD\ ��� FXDGUDGRV FRORFDGRV HQ SDUDOHOR HQWUH ORV HOHFWURGRV�

&RQ FDGD VHULH GH SURWRWLSRV IDEULFDGRV VH UHDOL]DQ ORV HQVD\RV

SHUWLQHQWHV D ODV WHPSHUDWXUDV TXH VH FRQVLGHUHQ RSRUWXQDV� VHJ~Q HO SURFHVR

GH WHVW GHVFULWR HQ HO DSDUWDGR �������� (O SURFHVR FRQMXQWR GH IDEULFDFLyQ \

HVWXGLR GH ODV PXHVWUDV VH GHVFULEH HQ HO GLDJUDPD GH OD ILJXUD ���� /DV

PiVFDUDV FRUUHVSRQGLHQWHV ILJXUDQ HQ HO DQH[R $�����

������ �(6&5,3&,Ï1 '(/ 352&(62 '( )$%5,&$&,Ï1�

6H KDQ REWHQLGR ORWHV GH FKLSV GH ��[�� PP�� WDO \ FRPR VH KD GHVFULWR� 7RGRV

HOORV KDQ VHJXLGR HO PLVPR SURFHVR GH IDEULFDFLyQ� GLIHUHQFLiQGRVH ~QLFDPHQWH

HQ HO WLHPSR GH GHSyVLWR SRU VSXWWHULQJ GH y[LGR GH HVWDxR� SDUiPHWUR

PHGLDQWH HO FXDO VH FRQVLJXH YDULDU HO HVSHVRU ILQDO GH PDWHULDO� $ FRQWLQXDFLyQ

VH GHWDOOD GLFKR SURFHVR�

9 2[LGDFLyQ WpUPLFD� $ SDUWLU GH REOHDV GH VLOLFLR FRQ GRSDGR WLSR 3�

RULHQWDFLyQ ����! \ ��� µP GH HVSHVRU VH SURFHGH D XQD R[LGDFLyQ

WpUPLFD HQ KRUQR GH WXERV GH FXDU]R D WHPSHUDWXUD GH �����& HQ

DWPyVIHUD R[LGDQWH� /D ILQDOLGDG HV OD REWHQFLyQ GH y[LGR GH VLOLFLR WpUPLFR

TXH DFW~H FRPR DLVODQWH GLHOpFWULFR� /D VHFXHQFLD GH R[LGDFLyQ VHJXLGD HV

GH �� KRUDV GH R[LGDFLyQ VHFD � � KRUDV GH R[LGDFLyQ K~PHGD � �� KRUDV

GH R[LGDFLyQ VHFD� 6H REWLHQHQ GH HVWH PRGR � µP GH y[LGR WpUPLFR�

2EOHD $WPyVIHUD 7 ��&� 7LHPSR (VSHVRU 6L2�

6L ����! 2[tJHQR �����& ��K�K���K�V����K�V� � µP

7DEOD ��� 3URFHVR GH R[LGDFLyQ WpUPLFD
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)LJXUD ��� 'LDJUDPD GH IOXMR GHO SURFHVR GH HVWXGLR GH HVSHVRUHV

2[LGDFLyQ

0DWHULDO EDVH�

VLOLFLR ����!

)RWROLWRJUDItD SDUD

LQWHUGLJLWDGRV GH SODWLQR

0iVFDUD 3W�($)

'HSyVLWR GH 3W

SRU VSXWWHULQJ

)RWROLWRJUDItD SDUD

y[LGR GH HVWDxR

0iVFDUD 6Q2��($)

'HSyVLWR GH 6Q2

GH HVSHVRU GHWHUPLQDGR

�

7UDWDPLHQWR WpUPLFR

&DUDFWHUL]DFLyQ HOpFWULFD

)LQ GH SURFHVR

, YV W
D GLVWLQWDV 7

12

6Ì

¢5HVSXHVWD
DGHFXDGD"



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

9 )RWROLWRJUDItD GH FRQWDFWRV LQWHUGLJLWDGRV GH SODWLQR� 6H XWLOL]D HO OLIW�

RII �DSDUWDGR �������� FRPR WpFQLFD IRWROLWRJUiILFD HQ HVWH FDVR� /RV

SDUiPHWURV FRQFUHWRV XWLOL]DGRV HQ FDGD SDVR GHO SURFHVR IRWROLWRJUiILFR VH

H[SRQHQ HQ OD WDEOD ���� /D UHVROXFLyQ GH LQWHUGLJLWDGRV HV GH �� µP GH

DQFKR GH SLVWD� (O OLIW�RII GH 3W HQ SDUWLFXODU UHTXLHUH XQDV WHPSHUDWXUDV

DOJR PD\RUHV GH OR KDELWXDO HQ ORV SURFHVRV GH SUHEDNH \ SRVWEDNH�

)RWRUUHVLQD 2&* +35 ���

9HORFLGDG \ WLHPSR GH VSLQQLQJ ���� USP GXUDQWH ��V

3UHEDNH �� PLQ D ����&

,QVRODGR �� V

5HYHODGR � PLQ HQ /6,�+�2 ���

3RVWEDNH �� PLQ D ����&

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH IRWROLWRJUDItD SDUD OLIW�RII GH 3W

9 'HSyVLWR GH SODWLQR SDUD LQWHUGLJLWDGRV� 6H UHDOL]D XQ GHSyVLWR GH

SODWLQR GH XQRV ��� QP GH HVSHVRU� FRQ XQ GHSyVLWR FRUWR SUHYLR GH FURPR

SDUD DVHJXUDU OD DGKHUHQFLD GHO SODWLQR DO VXVWUDWR� /RV SDUiPHWURV GHO

PLVPR VH H[SRQHQ HQ OD WDEOD DGMXQWD�

9DFtR SUHYLR �⋅���� PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � ���⋅���� PEDU

3UHVSXWWHU &U � PLQ D ���$ ����9� � DWPyVIHUD $U � ���⋅���� PEDU

6SXWWHU &U � PLQ D ���$ ����9� � DWPyVIHUD $U � ���⋅���� PEDU

3UHVSXWWHU 3W � PLQ D ���$ ����9� � DWPyVIHUD $U � ���⋅���� PEDU

6SXWWHU 3W �� PLQ D ���$ ����9� � DWPyVIHUD $U � ���⋅���� PEDU

7DVD GH GHSyVLWR GH 3W � QP�PLQ

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH VSXWWHULQJ



��� &DStWXOR �

9 /LIW�RII� 6H UHDOL]D HQ DFHWRQD D ��� & GXUDQWH HO WLHPSR QHFHVDULR

�DSUR[LPDGDPHQWH � KRUD� SDUD REWHQHU OD JHRPHWUtD PDUFDGD PHGLDQWH OD

UHVLQD�

9 )RWROLWRJUDItD GH 6Q2�� 6H XWLOL]D WDPELpQ HO OLIW�RII FRPR WpFQLFD

IRWROLWRJUiILFD HQ HVWH FDVR� /RV SDUiPHWURV FRQFUHWRV XWLOL]DGRV HQ FDGD

SDVR GHO SURFHVR IRWROLWRJUiILFR VH H[SRQHQ HQ OD WDEOD ���� /D UHVROXFLyQ GH

LQWHUGLJLWDGRV HV GH �� µP GH DQFKR GH SLVWD� /D IRWROLWRJUDItD HQ HVWH FDVR

QR UHTXLHUH SRVWEDNH�

)RWRUUHVLQD 2&* +35 ���

9HORFLGDG \ WLHPSR GH

VSLQQLQJ

���� USP GXUDQWH �� V

3UHEDNH �� PLQ D ����&

,QVRODGR �� V

5HYHODGR � PLQ HQ /6,�+�2 ���

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH IRWROLWRJUDItD SDUD OLIW�RII GH 6Q2�

9 'HSyVLWRV GH y[LGR GH HVWDxR� /RV GHSyVLWRV VH KDQ OOHYDGR D FDER SRU

'& VSXWWHULQJ UHDFWLYR D SDUWLU GH XQ EODQFR GH 6Q \ FRQ DWPyVIHUD GH

���� GH R[tJHQR� (O R[tJHQR UHDFFLRQD FRQ HO 6Q GDQGR OXJDU D OD SHOtFXOD

GH y[LGR GH HVWDxR VREUH HO VXVWUDWR� 6H KDQ UHDOL]DGR WUHV SURFHVRV HQ

WRWDO� TXH KDQ GLIHULGR HQ HO WLHPSR GH GHSyVLWR HPSOHDGR HQ FDGD FDVR� 6H

KD HPSOHDGR OD WpFQLFD GH KDFHU JLUDU HO FDUULHU ~QLFDPHQWH GXUDQWH XQD

SDUWH GHO GHSyVLWR� SDUD REWHQHU OD PD\RU GLVSHUVLyQ SRVLEOH GH HVSHVRUHV

HQWUH ]RQDV RSXHVWDV GH OD REOHD�

352&(62 �

(O WLHPSR GH GHSyVLWR HV GH � KRUD FRQ ODV REOHDV JLUDQGR HQ HO LQWHULRU GH

OD FiPDUD GH VSXWWHULQJ \ GH �� PLQXWRV FRQ HO FDUULHU SDUDGR� /RV

HVSHVRUHV REWHQLGRV HQ ODV RFKR PXHVWUDV RVFLODQ HQWUH ��� QP \ ��� QP�



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

9DFtR SUHYLR �⋅����PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � ���⋅����PEDU

6SXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

7DEOD ��� 3DUiPHWURV GHO SURFHVR � GH VSXWWHULQJ UHDFWLYR

352&(62 �

(O WLHPSR GH GHSyVLWR HV GH � KRUD FRQ ODV REOHDV JLUDQGR HQ HO LQWHULRU

GH OD FiPDUD GH VSXWWHULQJ \ GH �� PLQXWRV FRQ HO FDUULHU SDUDGR� /RV

HVSHVRUHV REWHQLGRV HQ ODV RFKR PXHVWUDV RVFLODQ HQWUH ��� \ ��� QP�

9DFtR SUHYLR �⋅����
PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � ���⋅����PEDU

3UHVSXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

6SXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

7DEOD ��� 3DUiPHWURV GHO SURFHVR � GH VSXWWHULQJ UHDFWLYR

352&(62 �

(O WLHPSR GH GHSyVLWR HV GH � KRUD �� PLQXWRV FRQ ODV REOHDV JLUDQGR

HQ HO LQWHULRU GH OD FiPDUD GH VSXWWHULQJ \ GH � KRUD D FDUULHU SDUDGR�

/RV HVSHVRUHV REWHQLGRV HQ ODV PXHVWUDV YDQ GH ��� QP D ���� QP�

9DFtR SUHYLR �⋅����
PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

6SXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

7DEOD ��� 3DUiPHWURV GHO SURFHVR � GH VSXWWHULQJ UHDFWLYR



��� &DStWXOR �

9 /LIW�RII� 6H UHDOL]D HQ DFHWRQD D ���& GXUDQWH XQRV �� PLQXWRV� SDUD

REWHQHU OD JHRPHWUtD FXDGUDGD GH y[LGR GH HVWDxR PDUFDGD PHGLDQWH OD

UHVLQD�

9 7UDWDPLHQWR WpUPLFR� 6H OOHYD D FDER GXUDQWH �� KRUDV D XQD

WHPSHUDWXUD GH ����& \ DWPyVIHUD GH DLUH VLQWpWLFR�

(VWH SURFHVR TXHGD UHVXPLGR \ H[SOLFDGR GH IRUPD JUiILFD HQ OD ILJXUD

���� HQ OD TXH VH SXHGH YHU OD HYROXFLyQ HVTXHPiWLFD HQ VHFFLyQ GHO SURFHVDGR

GH XQ FKLS�

)LJXUD ��� (YROXFLyQ HQ VHFFLyQ GHO SURFHVR GH REWHQFLyQ GH 6Q2� VREUH LQWHUGLJLWDGRV GH

3W

������ �(68/7$'26 (6758&785$/(6�

(O SURFHVR GH IDEULFDFLyQ SDUD HO HVWXGLR GH HVSHVRUHV KD GDGR OXJDU D XQD

VHULH GH REOHDV SURFHVDGDV� FRQ XQ OD\RXW FRPR HO TXH VH SXHGH YHU HQ OD ILJXUD

���� (Q HVWH FDVR OD REOHD VyOR PXHVWUD HO SURFHVDGR FRQ SODWLQR� VLQ HO GHSyVLWR

ILQDO GH y[LGR GH HVWDxR� /RV FKLSV XWLOL]DGRV HQ ODV PHGLGDV VRQ GHO WLSR GHO

VHxDODGR HQ URMR VREUH OD REOHD� FRQ ��[�� PP� GH iUHD� FRPR \D VH KD

VHxDODGR SUHYLDPHQWH HQ OD LQWURGXFFLyQ GHO DSDUWDGR ���� 'H HOORV VH H[SRQHQ

GHWDOOHV GH VX SDUWH FHQWUDO� (Q HO GHWDOOH GH OD SDUWH L]TXLHUGD GH OD ILJXUD VH

SXHGHQ REVHUYDU ~QLFDPHQWH ORV LQWHUGLJLWDGRV GH SODWLQR� GH �� PLFUDV� HQ

6L 6L 6L

6L 6L

6L2�

2[LGDFLyQ

6L2�

)RWRUUHVLQD

)RWROLWRJUDItD

6SXWWHULQJ

GH 3W

/LIW�RII
6L 6L

6L 6L

)RWRUUHVLQD3ODWLQR 3ODWLQR

)RWROLWRJUDItD

6SXWWHULQJ

GH 6Q2�

/LIW�RII

6Q2�6Q2�

3ODWLQR

6L2�

6L2�



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

FRORU FODUR VREUH HO IRQGR GH VLOLFLR R[LGDGR� (Q HO GHWDOOH GH OD GHUHFKD VH YH

DGHPiV OD FDSD GH y[LGR GH HVWDxR� TXH FRQVWLWX\H XQ FXDGUDGR VHPL�

WUDQVSDUHQWH GH WRQR YHUGRVR VREUH ORV FRQWDFWRV� \ TXH D~Q SHUPLWH DSUHFLDU

EDMR HOOD ORV FRQWDFWRV LQWHUGLJLWDGRV�

)LJXUD ��� 2EOHD SURFHVDGD \ GHWDOOH GH OD SDUWH FHQWUDO GH ORV FKLSV FRQ �� PLFUDV GH

LQWHUGLJLWDGR XWLOL]DGRV SDUD HO HVWXGLR GH HVSHVRUHV

6H H[SRQHQ WDPELpQ HQ OD ILJXUD ��� ORV UHVXOWDGRV GH OD PHGLGD GH

HVSHVRUHV HQ XQD PXHVWUD REWHQLGD D SDUWLU GHO GHQRPLQDGR 352&(62 �

UHDOL]DGDV SRU PHGLR GH XQ SHUILOyPHWUR� (O UHFRUULGR UHDOL]DGR SDUD PHGLU ORV

HVSHVRUHV TXHGD VHxDODGR HQ HO GHWDOOH GHUHFKR GH OD ILJXUD ���� 6H DSUHFLD HQ

HVWH FDVR HQ HO HMH YHUWLFDO �HQ PLFUDV� XQD DOWXUD GH y[LGR GH HVWDxR GH ���

QP \ XQD DOWXUD GH SODWLQR GH ��� QP WRPDQGR FRPR OtQHD EDVH OD VXSHUILFLH GH

y[LGR GH VLOLFLR� (O HMH KRUL]RQWDO �WDPELpQ HQ PLFUDV� SURSRUFLRQD DGHPiV XQD

PHGLGD GHO DQFKR GH ODV SLVWDV GH SODWLQR� DVt FRPR GH OD VHSDUDFLyQ TXH H[LVWH

HQWUH ODV PLVPDV� GH �� PLFUDV HQ DPERV FDVRV�



��� &DStWXOR �

)LJXUD ��� 3HUILO WUDQVYHUVDO GHO HVSHVRU GHSRVLWDGR GH SODWLQR \ y[LGR GH HVWDxR HQ XQD

GH ODV PXHVWUDV GH WHVW

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

(VWH SURFHVR WLHQH HO SURSyVLWR GH REWHQHU FDSDV GH y[LGR GH HVWDxR FRQ GRV

DGLWLYRV GLIHUHQWHV� SODWLQR \ SDODGLR� (VWRV DGLWLYRV KDQ GH HVWDU SUHVHQWHV HQ HO

PDWHULDO HQ XQD EDMD SURSRUFLyQ� SRU OR FXDO VX WLHPSR GH GHSyVLWR SRU

VSXWWHULQJ KD GH VHU PX\ FRUWR� DGHPiV GH OOHYDUVH D FDER FRQ HO FiWRGR

SDUFLDOPHQWH REWXUDGR� (O GLVHxR GH FKLS TXH VH KD XWLOL]DGR SDUD HVWH HVWXGLR

HV H[DFWDPHQWH HO PLVPR TXH HQ HO DSDUWDGR DQWHULRU� PRVWUDGR HQ OD ILJXUD

���� (Q WRGRV ORV SURWRWLSRV XWLOL]DGRV SDUD HVWH HVWXGLR� HO HVSHVRU GH y[LGR GH

HVWDxR HV GH XQRV ��� QP�

&DGD XQR GH ORV GRV DGLWLYRV VH DxDGH D OD SHOtFXOD GH y[LGR GH HVWDxR

PHGLDQWH SURFHVRV GH VSXWWHULQJ TXH FUHDQ FDSDV GHO PHWDO LQWHUFDODGDV FRQ HO

GHO SURSLR y[LGR \ TXH GDQ OXJDU D WUHV WpFQLFDV GH REWHQFLyQ TXH VH GHWDOODQ D

FRQWLQXDFLyQ� \ TXH OD ILJXUD ��� PXHVWUD HVTXHPiWLFDPHQWH�

9 $GLWLYR HQWHUUDGR� (Q HVWH FDVR WDPELpQ VH GHSRVLWD XQ ~QLFR IODVK �VH

GHQRPLQD IODVK D XQ GHSyVLWR GH FRUWD GXUDFLyQ� GH DGLWLYR HQ XQ SXQWR GH

OD FDSD D �� QP GH ORV HOHFWURGRV LQWHUGLJLWDGRV�



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

9 $GLWLYR HQ PXOWLFDSD� (VWD WpFQLFD LQWHUFDOD FDSDV GH DGLWLYR

HTXLGLVWDQWHV HQWUH Vt �� QP� PHGLDQWH OD LQFRUSRUDFLyQ GH WUHV IODVKHV GH

PDWHULDO�

9 $GLWLYR VXSHUILFLDO� (VWD WpFQLFD DxDGH XQ IODVK �GHSyVLWR FRUWR� GHO

DGLWLYR DO ILQDO GHO GHSyVLWR GH y[LGR GH HVWDxR� GH WDO PRGR TXH OD FDSD GHO

PLVPR TXHGD VREUH OD VXSHUILFLH GHO y[LGR�

)LJXUD ��� (VTXHPD GH ODV WpFQLFDV GH REWHQFLyQ GH y[LGR GH HVWDxR FRQ DGLWLYRV

6H IDEULFDQ � VHULHV GH SURWRWLSRV �XQD REOHD FRQ FDGD XQR GH ORV WLSRV�

PHGLDQWH FDGD XQD GH ODV WpFQLFDV GHVFULWDV \ FRQ ORV GRV DGLWLYRV HOHJLGRV� &RQ

HOODV VH OOHYDQ D FDER ORV H[SHULPHQWRV GHILQLGRV HQ HO DSDUWDGR ������� SDUD OD

GHWHUPLQDFLyQ GH ODV FDUDFWHUtVWLFDV HOHFWURTXtPLFDV GH ODV PXHVWUDV�

$O LJXDO TXH HQ ORV FDVRV DQWHULRUHV� VH GHILQH XQ SURFHVR GH IDEULFDFLyQ \

WHVW HVSHFtILFR SDUD HVWRV ORWHV GH PXHVWUDV FRQ DGLWLYRV� 'LFKR SURFHVR VH

GHVFULEH HQ HO GLDJUDPD GH IOXMR GH OD ILJXUD ���� /DV PiVFDUDV

FRUUHVSRQGLHQWHV D OD IDEULFDFLyQ GH HVWRV SURWRWLSRV VRQ ODV TXH ILJXUDQ HQ ORV

DQH[RV $�����

&RPR VH SXHGH DSUHFLDU HQ HO GLDJUDPD� HQ HVWH FDVR ODV PXHVWUDV

~QLFDPHQWH VH DQDOL]DQ HVWUXFWXUDOPHQWH PHGLDQWH ;36� TXH SHUPLWH

GHWHUPLQDU OD FDQWLGDG GH DGLWLYR HQ ODV PLVPDV� FRQVLGHUDQGR TXH ORV

UHVXOWDGRV FRUUHVSRQGLHQWHV D ORV DQiOLVLV ;5' \ $)0 QR YDUtDQ UHVSHFWR D OR

REWHQLGR HQ HO DSDUWDGR SUHFHGHQWH FRQ ODV PXHVWUDV VLQ DGLWLYR�

&DSD VXSHUILFLDO

��� QP

�� QP ��
���

���

&DSD HQWHUUDGD 0XOWLFDSD

�$OWXUDV HQ QP�

6Q2�

6Q2�
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��� 'LDJUDPD GH IOXMR GHO SURFHVR GH HVWXGLR GH DGLWLYRV

2[LGDFLyQ

0DWHULDO EDVH�
VLOLFLR ����!

)RWROLWRJUDItD SDUD
LQWHUGLJLWDGRV GH SODWLQR

0iVFDUD 3W�($)

'HSyVLWR GH 3W
SRU VSXWWHULQJ

)RWROLWRJUDItD SDUD
y[LGR GH HVWDxR

0iVFDUD 6Q2��($)

7UDWDPLHQWR WpUPLFR

&DUDFWHUL]DFLyQ HOpFWULFD

)LQ GH SURFHVR

, YV W
D GLVWLQWDV 7

12

6Ì

'HSyVLWR GH 6Q2
FRQ DGLWLYR

�

&DUDFWHUL]DFLyQ HVWUXFWXUDO
�;36�

¢5HVSXHVWD
DGHFXDGD"



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

������ �(6&5,3&,Ï1 '(/ 352&(62 '( )$%5,&$&,Ï1�

(O SURFHVR ~QLFDPHQWH GLILHUH GHO UHIHULGR HQ HO DSDUWDGR ����� HQ OD IRUPD GH

GHSyVLWR GHO y[LGR GH HVWDxR XQLGD D OD GHO DGLWLYR GHO PRGR TXH VH YD D

GHVFULELU D FRQWLQXDFLyQ� 'DGR TXH VH REWLHQHQ PXHVWUDV FRQ GRV DGLWLYRV

GLIHUHQWHV �3W \ 3G� \ VH XWLOL]DQ WUHV WpFQLFDV SDUD DxDGLU FDGD PHWDO� VH GD

OXJDU D VHLV WLSRV GH PXHVWUDV� TXH VH HQXPHUDQ HQ OD WDEOD ����

3'( 6Q2� FRQ 3G HQWHUUDGR

3'0 6Q2� FRQ 3G PXOWLFDSD

3'6 6Q2� FRQ 3G VXSHUILFLDO

37( 6Q2� FRQ 3W HQWHUUDGR

370 6Q2� FRQ 3W PXOWLFDSD

376 6Q2� FRQ 3W VXSHUILFLDO

7DEOD ��� 7LSRV GH PXHVWUDV GH y[LGR GH HVWDxR FRQ DGLWLYRV

/RV SDUiPHWURV WtSLFRV XWLOL]DGRV HQ ORV GHSyVLWRV GH 6Q2�� 3W \ 3G

VH HQFXHQWUDQ HQ ODV WDEODV ���� ���� \ ����

�	
�

9DFtR SUHYLR �⋅����PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU 6Q2� � PLQ D ���$ ����9� � DWPyVIHUD 2� � �⋅���PEDU

6SXWWHU 6Q2� ��� PLQ �
� D ���$ ����9� � DWPyVIHUD 2� � �⋅���PEDU

7DVD GH GHSyVLWR GH 6Q2� ��� QP�PLQ

�
� 6H LQGLFD HO WLHPSR WRWDO GH GHSyVLWR

7DEOD ��� 3DUiPHWURV WtSLFRV XWLOL]DGRV HQ ORV GHSyVLWRV GH 6Q2�



��� &DStWXOR �

��

3UHVSXWWHU 3W �� V D ����$ ����9� � DWPyVIHUD $U � �⋅���PEDU

6SXWWHU 3W �� V D ����$ ����9� � DWPyVIHUD $U � �⋅���PEDU

7DEOD ���� 3DUiPHWURV WtSLFRV XWLOL]DGRV HQ ORV GHSyVLWRV GH 3W

�


3UHVSXWWHU 3G �� V D ����$ ����9� � DWPyVIHUD $U � �⋅���PEDU

6SXWWHU 3G �� V D ����$ ����9� � DWPyVIHUD $U � �⋅���PEDU

7DEOD ���� 3DUiPHWURV WtSLFRV XWLOL]DGRV HQ ORV GHSyVLWRV GH 3G

(Q HO FDVR GHO 3W \ 3G QR VH LQFOX\HQ ORV SDUiPHWURV GH YDFtR SUHYLR \

VSXWWHU�FOHDQ SRUTXH VRQ LJXDOHV D ORV GHO GHSyVLWR GH 6Q2� FRUUHVSRQGLHQWH� /D

WDVD GH GHSyVLWR QR VH FRQRFH GDGR TXH ORV GHSyVLWRV VH UHDOL]DQ FRQ HO FiWRGR

SDUFLDOPHQWH REWXUDGR SDUD UHGXFLU OD WDVD GH GHSyVLWR� /D UD]yQ GH REWXUDFLyQ

HV ����� (O KHFKR GH REWXUDU HO FiWRGR KDFH TXH VHD QHFHVDULR DSOLFDU XQD

WHQVLyQ PD\RU GH OR KDELWXDO OR TXH REOLJD D UHDOL]DU HO GHSyVLWR FRQ FRUULHQWHV

PHQRUHV GH OR KDELWXDO ����� $�� SDUD QR H[FHGHU GH OD WHQVLyQ OtPLWH GH WUDEDMR

GH ODV IXHQWHV GH WHQVLyQ FRQWLQXD GHO VSXWWHU� 7RGR HOOR KDFH GLVPLQXLU

DSUR[LPDGDPHQWH ��� YHFHV OD YHORFLGDG GH GHSyVLWR UHVSHFWR D OD GHO FiWRGR

VLQ REWXUDU�

/DV VHFXHQFLDV GH GHSyVLWR SDUD FDGD WLSR GH WpFQLFD VRQ ODV VLJXLHQWHV�

9 $GLWLYR HQWHUUDGR�

o �� PLQXWRV 6Q2� �WDEOD ����

o IODVK GH �� V GH PHWDO �WDEOD ���� R �����

o � KRUD �� PLQXWRV 6Q2�

9 $GLWLYR HQ PXOWLFDSD�

o �� PLQXWRV 6Q2� �WDEOD ����

o IODVK GH �� V GH PHWDO �WDEOD ���� R �����



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

o �� PLQXWRV 6Q2�

o IODVK GH �� V GH PHWDO

o �� PLQXWRV 6Q2�

o IODVK GH �� V GH PHWDO

o �� PLQXWRV 6Q2�

9 $GLWLYR VXSHUILFLDO�

o � KRUDV 6Q2� �WDEOD ����

o IODVK GH �� V GH PHWDO �WDEOD ���� R �����

/D GHVFULSFLyQ GHO SURFHVR VH HVTXHPDWL]D HQ OD ILJXUD ��� SDUD HO FDVR

SDUWLFXODU GH OD WpFQLFD GH FDSD HQWHUUDGD�

)LJXUD ��� (YROXFLyQ HQ VHFFLyQ GHO SURFHVR GH REWHQFLyQ GH 6Q2� FRQ DGLWLYRV

6L 6L 6L

6L 6L

6L2�

2[LGDFLyQ

6L2�

)RWRUUHVLQD

)RWROLWRJUDItD

6SXWWHULQJ

GH 3W

/LIW�RII
6L 6L

6L 6L 6L

6L

)RWRUUHVLQD3ODWLQR 3ODWLQR

)RWROLWRJUDItD

6SXWWHULQJ

GH 6Q2�

6SXWWHULQJ

GH DGLWLYR

6SXWWHULQJ

GH 6Q2�

/LIW�RII

6Q2� 6Q2�
6Q2�

3ODWLQR

6L2�

6L2�

�$GLWLYR
�$GLWLYR

6Q2��$GLWLYR
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/D ILQDOLGDG GH HVWH SURFHVR HV OD IDEULFDFLyQ GH PXHVWUDV FRQ GLIHUHQWHV

VHSDUDFLRQHV HQ HO FRQWDFWR LQWHUGLJLWDGR GH SODWLQR TXH VH FRORFD EDMR HO y[LGR

GH HVWDxR FRPR HOHFWURGR� 6H KD UHDOL]DGR XQ HVWXGLR FRQ WUHV VHSDUDFLRQHV \

DQFKRV GH SLVWD GLIHUHQWHV� ��� �� \ ��� PLFUDV� SHUR PDQWHQLHQGR OD UHODFLyQ

GH DVSHFWR HQ ODV WUHV VHSDUDFLRQHV HVWXGLDGDV� /D SHOtFXOD GHSRVLWDGD VREUH ODV

PXHVWUDV HVWXGLDGDV HV OD PLVPD HQ ODV WUHV� \ KD VLGR HQ SDUWLFXODU OD GH y[LGR

GH HVWDxR FRQ 3W HQ FDSD HQWHUUDGD FRPR DGLWLYR�

)LJXUD ��� 'LVHxR HQ SODQWD GH ORV FKLSV FRQ LQWHUGLJLWDGRV GH �� \ ��� PLFUDV

�
P
P

� PP

�
P
P

� PP

�� PP

�
�
P
P

�� PLFUDV HQWUH
LQWHUGLJLWDGRV

�� PLFUDV
GH DQFKR GH SLVWD �Z�

ÉUHD VHQVLEOH
GH y[LGR GH HVWDxR

��� PLFUDV HQWUH
LQWHUGLJLWDGRV

��� PLFUDV
GH DQFKR GH SLVWD �Z�

�� PP

ÉUHD VHQVLEOH
GH y[LGR GH HVWDxR

�
�
P
P

3ODWLQR

2[LGR GH HVWDxR

2[LGR GH VLOLFLR



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

(O GLVHxR HQ SODQWD GH OD PXHVWUD GH �� PLFUDV GH VHSDUDFLyQ HV LGpQWLFR

DO SUHVHQWDGR HQ HO DSDUWDGR ���� /RV GLVHxRV GH �� \ ��� PLFUDV VRQ VLPLODUHV

DO DQWHULRU \ VXV GLPHQVLRQHV VH SXHGHQ YHU HQ GHWDOOH HQ OD ILJXUD ����

(Q HVWH FDVR WDPELpQ HO SURFHGLPLHQWR VHJXLGR SDUD ORV HQVD\RV FRQ ODV

PXHVWUDV REWHQLGDV UHVSRQGH DO GHVFULWR HQ HO DSDUWDGR �������� (O SURFHVR GH

IDEULFDFLyQ \ DQiOLVLV GH ODV PXHVWUDV VH UHVXPH HQ OD ILJXUD �����

)LJXUD ���� 'LDJUDPD GH IOXMR GHO SURFHVR GH HVWXGLR GH FRQWDFWRV LQWHUGLJLWDGRV

2[LGDFLyQ

0DWHULDO EDVH�
VLOLFLR ����!

)RWROLWRJUDItD SDUD
LQWHUGLJLWDGRV GH SODWLQR

0iVFDUD 3W�,QW

'HSyVLWR GH 3W
SRU VSXWWHULQJ

)RWROLWRJUDItD SDUD
y[LGR GH HVWDxR

0iVFDUD 6Q2��,QW

'HSyVLWR GH 6Q2�

7UDWDPLHQWR WpUPLFR

&DUDFWHUL]DFLyQ HOpFWULFD

)LQ GH SURFHVR

, YV W
D GLVWLQWDV 7

12

6Ì

¢5HVSXHVWD
DGHFXDGD"



��� &DStWXOR �

/DV PiVFDUDV FRUUHVSRQGLHQWHV D HVWH SURFHVR VH HQFXHQWUDQ HQ ORV

DQH[RV $�����

(Q HVWH FDVR QR VH GHGLFD XQ DSDUWDGR HVSHFtILFR DO SURFHVR GH

IDEULFDFLyQ� GDGR TXH HV LJXDO DO GHVFULWR HQ HO DSDUWDGR ��� SDUD REWHQFLyQ GH

SHOtFXOD GH y[LGR GH HVWDxR FRQ FDSD HQWHUUDGD GH SODWLQR� \ VHUtD H[DFWDPHQWH

LJXDO DO GH OD ILJXUD ����

������ �(68/7$'26 (6758&785$/(6�

(Q FXDQWR D ORV UHVXOWDGRV HVWUXFWXUDOHV VH SUHVHQWDQ HQ HVWH FDVR ODV

PLFURJUDItDV FRUUHVSRQGLHQWHV D ODV SDUWHV FHQWUDOHV GH GRV FKLSV FRQ

LQWHUGLJLWDGRV GH �� \ ��� PLFUDV UHVSHFWLYDPHQWH� GDGR TXH HO OD\RXW GH ��

PLFUDV HV H[DFWDPHQWH LJXDO DO \D SUHVHQWDGR HQ OD ILJXUD ���� (Q DPERV FDVRV

VH VHxDODQ ODV iUHDV FRUUHVSRQGLHQWHV DO y[LGR GH HVWDxR� TXH VRQ GH �[� PP�

\ �[� PP� UHVSHFWLYDPHQWH VREUH ORV LQWHUGLJLWDGRV FRUUHVSRQGLHQWHV� $PEDV

PLFURJUDItDV VH SXHGHQ REVHUYDU HQ OD ILJXUD ����� FRQ HO PLVPR DXPHQWR SDUD

TXH VH SXHGD DSUHFLDU OD GLIHUHQFLD GH WDPDxR HQWUH DPEDV�

)LJXUD ���� 0LFURJUDItDV GH PXHVWUDV GH y[LGR GH HVWDxR VREUH FRQWDFWRV LQWHUGLJLWDGRV

GH SODWLQR GH �� \ ��� PLFUDV UHVSHFWLYDPHQWH



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

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

(O REMHWLYR GH HVWRV SURFHVRV HV HO GH GHSRVLWDU XQD SHOtFXOD TXH UHDOLFH OD

IXQFLyQ GH ILOWUR VREUH XQD SHOtFXOD GHOJDGD GH y[LGR GH HVWDxR FRQ 3W HQWHUUDGR

FRPR DGLWLYR� IDEULFDGD VHJ~Q OR H[SOLFDGR HQ HO DSDUWDGR ���� /DV PiVFDUDV \

HO OD\RXW XWLOL]DGR VRQ H[DFWDPHQWH ORV PLVPRV TXH HQ ORV DSDUWDGRV ��� \ ����

(Q XQ SULPHU JUXSR VH KDQ IDEULFDGR ILOWURV VLJXLHQGR WpFQLFDV GH SHOtFXOD

JUXHVD FRQ GRV PDWHULDOHV GLIHUHQWHV� y[LGR GH HVWDxR \ DO~PLQD� (Q XQ

VHJXQGR JUXSR VH KDQ IDEULFDGR ILOWURV VLJXLHQGR ODV PLVPDV WpFQLFDV GH SHOtFXOD

GHOJDGD XWLOL]DGDV HQ ORV FDVRV SUHYLRV� /D IDEULFDFLyQ GH PXHVWUDV TXH

LQFRUSRUHQ ILOWURV WDQWR GH SHOtFXOD GHOJDGD FRPR GH SHOtFXOD JUXHVD WLHQH SRU

REMHWLYR DQDOL]DU OD UHVSXHVWD GH ORV GLVWLQWRV WLSRV GH ILOWUR DQWH JDVHV

LQWHUIHUHQWHV�

������ �,/7526 ,17(*5$'26 '( 3(/Ë&8/$ *58(6$�

/D LPSOHPHQWDFLyQ GH ORV ILOWURV GH SHOtFXOD JUXHVD VH KD OOHYDGR D FDER D SDUWLU

GH GRV PDWHULDOHV GLIHUHQWHV SDUD HVWXGLDU OD GLIHUHQFLD GH FRPSRUWDPLHQWR

HQWUH DPERV� /D VHFXHQFLD GH IDEULFDFLyQ \ WHVWHR GH PXHVWUDV HV OD PLVPD HQ

DPERV FDVRV \ TXHGD UHIOHMDGD HQ HO GLDJUDPD GH OD ILJXUD ���� /DV PiVFDUDV VH

HQFXHQWUDQ HQ ORV DQH[RV $�����

������� 3URFHVR GH IDEULFDFLyQ

9 )LOWURV GH y[LGR GH HVWDxR� (Q HVWH FDVR VH XWLOL]D XQD SHOtFXOD JUXHVD GH

y[LGR GH HVWDxR GRSDGR FRQ XQ ��� GH 3G� (O GHSyVLWR GH HVWDV SHOtFXODV

VH KD OOHYDGR D FDER HQ HO 'HSDUWDPHQW '¶HOHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV

(OHFWUzQLFV GH OD 8QLYHUVLGDG GH %DUFHORQD� (O SURFHVR UHVXPLGR HV HO

VLJXLHQWH�

o 2EWHQFLyQ GH SROYRV DSOLFDQGR UDGLDFLyQ GH PLFURRQGDV �SRWHQFLD

GH � N: GXUDQWH �� PLQXWRV \ ORQJLWXG GH RQGD GH ���� *+]� D XQD

VROXFLyQ VDWXUDGD GH FORUXUR GH HVWDxR HQ PHWDQRO� FRQ 3G FRPR

FDWDOL]DGRU DxDGLGR LQ VLWX PHGLDQWH FORUXURV GH 3G�



��� &DStWXOR �

)LJXUD ��� 'LDJUDPD GH IOXMR GHO SURFHVR GH HVWXGLR GH ILOWURV GH SHOtFXOD

2[LGDFLyQ

0DWHULDO EDVH�
VLOLFLR ����!

)RWROLWRJUDItD SDUD
LQWHUGLJLWDGRV GH SODWLQR

3W�($)

'HSyVLWR GH 3W
SRU VSXWWHULQJ

)RWROLWRJUDItD SDUD
y[LGR GH HVWDxR
6Q2��($)

7UDWDPLHQWR WpUPLFR

&DUDFWHUL]DFLyQ HOpFWULFD

)LQ GH SURFHVR

, YV W
D GLVWLQWDV 7
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'HSyVLWR GH 6Q2
FRQ DGLWLYR

�

¢5HVSXHVWD
DGHFXDGD"

'HSyVLWR GH ILOWUR
GH SHOtFXOD JUXHVD

6HFDGR \ WUDWDPLHQWR
WpUPLFR GHO ILOWUR



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

o (VWDELOL]DFLyQ GH SROYRV PHGLDQWH WUDWDPLHQWR WpUPLFR D ���� &

GXUDQWH � KRUDV�

o 'HSyVLWR GH OD SHOtFXOD SRU PLFURSULQWLQJ

o 6HFDGR GH OD SHOtFXOD D ��� & GXUDQWH �� KRUDV

o 7UDWDPLHQWR WpUPLFR GH OD SHOtFXOD D ���� & GXUDQWH �� PLQXWRV

9 )LOWURV GH DO~PLQD� 6RQ FRPSXHVWRV GH DO~PLQD �$O�2�� FRQ XQ ��� GH

3W� +DQ VLGR IDEULFDGRV HQ HO /DERUDWRLUH GH 0LFURpOHFWURQLTXH ,;/ GH OD

8QLYHUVLGDG GH %XUGHRV� (O SURFHVR GH IDEULFDFLyQ GHO ILOWUR GH DO~PLQD VH

UHVXPH D FRQWLQXDFLyQ�

�� 'HSyVLWR GH OD SHOtFXOD SRU VFUHHQ�SULQWLQJ� 6H FRQVLJXHQ GH HVWH

PRGR HVSHVRUHV GHVGH ��� D ��� PLFUDV� TXH KDQ VLGR PHGLGRV

PHGLDQWH HO SHUILOyPHWUR ySWLFR GH OD ILJXUD �������

�� 6HFDGR D ���� GXUDQWH �� PLQXWRV OOHYDGR D FDER HQ HO KRUQR GH OD

ILJXUD �������

�� 5HFRFLGR GH OD REOHD HQ HO KRUQR GH FLQWD GH OD ILJXUD ������

PHGLDQWH XQD UDPSD GH WHPSHUDWXUD TXH DOFDQ]D ORV ����& FRPR

OD PRVWUDGD HQ OD JUiILFD GH OD ILJXUD �������

��� ���



��� &DStWXOR �

��� ���

)LJXUD ���� 3URFHVR GH LPSOHPHQWDFLyQ GHO ILOWUR GH DO~PLQD GH SHOtFXOD JUXHVD

(Q DPERV FDVRV OD HYROXFLyQ HQ SHUILO GHO SURFHVR FRPSOHWR GH REWHQFLyQ

GH PXHVWUDV GH SHOtFXOD GHOJDGD FRQ HO ILOWUR GH SHOtFXOD JUXHVD LQFRUSRUDGR HQ

VXSHUILFLH� FRUUHVSRQGHUtD D OD GH OD ILJXUD ���� D OD TXH VH DxDGLUtDQ ODV HWDSDV

FRUUHVSRQGLHQWHV D OD DGLFLyQ GHO ILOWUR� TXH VH UHSUHVHQWDQ HQ OD ILJXUD �����

)LJXUD ���� (YROXFLyQ HQ VHFFLyQ GHO SURFHVR GH REWHQFLyQ GH ILOWURV GH SHOtFXOD JUXHVD

������ �,/7526 ,17(*5$'26 '( 3(/Ë&8/$ '(/*$'$�

6H LQWHQWD SRU HVWH PHGLR GH REWHQFLyQ GH ILOWURV TXH HO SURFHVR GH IDEULFDFLyQ

GH OD FDSD VHQVLEOH \ HO ILOWUR VHD VyOR XQR� 3DUD YHU OD FDSDFLGDG GH GHWHFFLyQ

GH ODV SRVLEOHV SHOtFXODV ILOWUDQWHV� VH IDEULFDQ \ DQDOL]DQ FXDWUR SRVLEOHV

SHOtFXODV TXH SXGLHVHQ DFWXDU FRPR ILOWUR� 6H IDEULFDQ XWLOL]DQGR YHORFLGDGHV GH

GHSyVLWR PiV HOHYDGDV� FRQ HO ILQ GH WUDWDU GH DXPHQWDU HO GHVRUGHQ HQ OD

HVWUXFWXUD GHO y[LGR GH HVWDxR GHSRVLWDGR SRU VSXWWHULQJ H LQFUHPHQWDU GH HVWH

PRGR VX SRURVLGDG�

6L 6L 6L

3ODWLQR 3ODWLQR 3ODWLQR

6L2� 6L2� 6L2�

6L2� 6L2� 6L2�

6Q2�

6Q2� 6Q2�

�$GLWLYR

�$GLWLYR �$GLWLYR

)LOWUR

'HSyVLWR GHO
ILOWUR

6HFDGR \
WUDW� 7pUPLFR

)LOWUR

�

���

���

���

���

���

���

� �� �� �� �� �� ��

7LHPSR �PLQ�
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0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

������� 3URFHVR GH IDEULFDFLyQ

(O SURFHVR GH IDEULFDFLyQ HV H[DFWDPHQWH HO PLVPR TXH HO GHO DSDUWDGR �����

�GHSyVLWR GH PXHVWUDV FRQ DGLWLYR�� GHSRVLWDQGR HQ HVWH FDVR FRPR DGLWLYR HO 3W

HQWHUUDGR� SHUR OD IRUPD GHO GHSyVLWR GH y[LGR GH HVWDxR YDUtD HQ VX YHORFLGDG�

6H KDQ OOHYDGR D FDER WUHV SURFHVRV GLIHUHQWHV� FRQ YHORFLGDGHV VXSHULRUHV D OD

KDELWXDO GH GHSyVLWR� /RV GDWRV SDUWLFXODUHV GH FDGD GHSyVLWR VH H[SRQHQ D

FRQWLQXDFLyQ� (Q HVWH FDVR VH KDQ UHDOL]DGR DQiOLVLV ;36� ;5' \ $)0 GH ODV

PXHVWUDV SDUD HVWXGLDU VXV FDUDFWHUtVWLFDV HVWUXFWXUDOHV \ REVHUYDU ODV SRVLEOHV

GLIHUHQFLDV FRQ HO y[LGR GH HVWDxR GHSRVLWDGR D PHQRU YHORFLGDG� (O GLDJUDPD

GH IDEULFDFLyQ \ HQVD\R VH HQFXHQWUD HQ OD ILJXUD �����

o 352&(62 �

(O WLHPSR WRWDO GH GHSyVLWR HV GH � KRUD FRQ XQD FRUULHQWH GH ��� $

GXUDQWH HO PLVPR� (O HVSHVRU REWHQLGR HV GH XQRV ��� QP�

9DFtR SUHYLR �⋅����PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU 6Q ���$→���$ ����9→���9� � DWPyVIHUD 2� � ���⋅����PEDU

6SXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

7DEOD ���� 3DUiPHWURV GHO SURFHVR � GH VSXWWHULQJ UHDFWLYR ���� $ GH FRUULHQWH�

o 352&(62 �

(O WLHPSR WRWDO GH GHSyVLWR HV GH �� PLQ FRQ XQD FRUULHQWH GH ��� $

GXUDQWH HO PLVPR� (O HVSHVRU REWHQLGR HV GH XQRV ��� QP�

9DFtR SUHYLR �⋅����PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU 6Q ���$→���$ ����9→���9� � DWPyVIHUD 2� � ���⋅����PEDU

6SXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

7DEOD ���� 3DUiPHWURV GHO SURFHVR � GH VSXWWHULQJ UHDFWLYR ���� $ GH FRUULHQWH�



��� &DStWXOR �

)LJXUD ���� 'LDJUDPD GH IOXMR GHO SURFHVR GH HVWXGLR GH ILOWURV GH SHOtFXOD GHOJDGD

2[LGDFLyQ

0DWHULDO EDVH�
VLOLFLR ����!

)RWROLWRJUDItD SDUD
LQWHUGLJLWDGRV GH SODWLQR

0iVFDUD 3W�($)

'HSyVLWR GH 3W
SRU VSXWWHULQJ

)RWROLWRJUDItD SDUD
y[LGR GH HVWDxR

0iVFDUD 6Q2��($)

7UDWDPLHQWR WpUPLFR

&DUDFWHUL]DFLyQ HOpFWULFD

)LQ GH SURFHVR

, YV W
D GLVWLQWDV 7
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&DUDFWHUL]DFLyQ HVWUXFWXUDO
�;5'� ;36� $)0�

¢5HVSXHVWD
DGHFXDGD"

'HSyVLWR GH 6Q2
FRPR ILOWUR GH SHOtFXOD

GHOJDGD

�



0XHVWUDV GH HQVD\R� SURFHVRV GH IDEULFDFLyQ ���

o 352&(62 �

(O WLHPSR WRWDO GH GHSyVLWR HV GH �� PLQ FRQ XQD FRUULHQWH GH ��� $

GXUDQWH HO PLVPR� (O HVSHVRU REWHQLGR HV GH XQRV ��� QP�

9DFtR SUHYLR �⋅����PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU 6Q ���$→���$ ����9→���9� � DWPyVIHUD 2� � ���⋅����PEDU

6SXWWHU 6Q ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

7DEOD ���� 3DUiPHWURV GHO SURFHVR � GH VSXWWHULQJ UHDFWLYR ���� $ GH FRUULHQWH�

/D GHVFULSFLyQ GH OD HYROXFLyQ GHO SURFHVR HQ SHUILO FRUUHVSRQGH D OD \D

GHVFULWD HQ OD ILJXUD ���� (Q HO FDVR GH TXHUHU VXSHUSRQHU HO ILOWUR D OD SHOtFXOD

HO SURFHVR YDULDUtD VHJ~Q OR H[SXHVWR HQ OD ILJXUD �����

)LJXUD ���� (YROXFLyQ HQ VHFFLyQ GHO SURFHVR GH REWHQFLyQ GH ILOWURV GH SHOtFXOD GHOJDGD

������ �(68/7$'26 (6758&785$/(6�

(Q OD IRWRJUDItD GH OD ILJXUD ���� VH SXHGH YHU HO UHVXOWDGR GH GHSRVLWDU ILOWURV

GH SHOtFXOD JUXHVD VREUH HO PLVPR GLVHxR HQ SODQWD GH REOHD HPSOHDGR HQ HO

DSDUWDGR ��� \ HQ HO ���� /D GHILQLFLyQ GH OD JHRPHWUtD HV HQ HVWH FDVR GH

LQIHULRU FDOLGDG D OD REWHQLGD SRU ORV SURFHVRV IRWROLWRJUiILFRV GH SHOtFXOD

GHOJDGD� FRPR VH SXHGH REVHUYDU HQ OD IRWRJUDItD�

6L

6L 6L6L
6SXWWHULQJ

GH 6Q2

�),/752�

�

6SXWWHULQJ

GH 6Q2�

/LIW�RII

6Q2�

3ODWLQR3ODWLQR

6L2�6L2�

6L2�6L2�

�$GLWLYR

7UDWDPLHQWR

WpUPLFR

)LOWUR

6Q2��$GLWLYR

)LOWUR )LOWUR

�3DVRV SUHYLRV LJXDOHV DO SURFHVR GH OD ILJXUD����



��� &DStWXOR �

6H KDQ UHDOL]DGR PHGLGDV GH ORV HVSHVRUHV GH ODV FDSDV GHSRVLWDGDV� FRQ

HO SHUILOyPHWUR ySWLFR GHO ODERUDWRULR ,;/ GH OD 8QLYHUVLGDG GH %XUGHRV� FX\D

IRWRJUDItD DSDUHFH HQ OD ILJXUD ������� 6H REVHUYD TXH H[LVWH XQD IOXFWXDFLyQ GH

HVSHVRUHV HOHYDGD TXH RVFLOD HQWUH ��� \ ��� PLFUDV HQ OD REOHD TXH VH

PXHVWUD HQ OD ILJXUD�

)LJXUD ���� 2EOHD SURFHVDGD FRQ ILOWURV GH SHOtFXOD JUXHVD GH DO~PLQD VREUH � GH ORV

FKLSV FRQ SHOtFXODV GHOJDGDV GH y[LGR GH HVWDxR



 ���

��������	
	

��������	�
�����
��������


(Q HVWH FDStWXOR VH SUHVHQWDQ ORV UHVXOWDGRV H[SHULPHQWDOHV HQ UHODFLyQ FRQ ORV

FXDWUR SDUiPHWURV TXH VH FRQVLGHUDQ IXQGDPHQWDOHV SDUD OD FRQVHFXFLyQ GH ORV

REMHWLYRV PDUFDGRV HQ HO FDStWXOR �� 6H VLJXH HO RUGHQ GHO FDStWXOR SUHFHGHQWH�

H[SRQLHQGR ORV UHVXOWDGRV UHIHUHQWHV D�

9 (VSHVRU GHO PDWHULDO

9 $GLWLYRV

9 &RQWDFWRV LQWHUGLJLWDGRV

9 )LOWURV TXtPLFRV

'HQWUR GH FDGD DSDUWDGR VH LQFOX\HQ ORV DQiOLVLV UHODFLRQDGRV FRQ OD

FDUDFWHUL]DFLyQ PLFURHVWUXFWXUDO� HOpFWULFD \ HOHFWURTXtPLFD GHO DVSHFWR FRQFUHWR

TXH VH HVWXGLD HQ GLFKR DSDUWDGR�
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(O DQiOLVLV PLFURHVWUXFWXUDO GHO PDWHULDO EDVH KD VLGR REMHWR GH WUDEDMRV SUHYLRV�

HQ FX\RV UHVXOWDGRV VH EDVDQ ORV DTXt SUHVHQWDGRV >2ODL]ROD ��@� /DV SHOtFXODV

HVWXGLDGDV HQ HVWH WUDEDMR VH KDQ REWHQLGR SRU '& VSXWWHULQJ UHDFWLYR HQ XQD

DWPyVIHUD GH ���� GH R[tJHQR� FRPR \D VH KD H[SOLFDGR HQ HO FDStWXOR

SUHFHGHQWH� /D DGRSFLyQ GH HVWD IRUPD GH IDEULFDFLyQ HV IUXWR GHO HVWXGLR

PHQFLRQDGR� HQ HO TXH VH FRQWUDVWDURQ SHOtFXODV REWHQLGDV SRU GRV PpWRGRV



��� &DStWXOR �

GLIHUHQWHV� EDUULHQGR HQ FDGD FDVR YDULDV FRQFHQWUDFLRQHV GH R[tJHQR HQ

FiPDUD�

9 SRU 5I VSXWWHULQJ UHDFWLYR D SDUWLU GH EODQFR GH y[LGR GH HVWDxR

9 SRU '& VSXWWHULQJ UHDFWLYR D SDUWLU GH EODQFR GH HVWDxR

/RV DQiOLVLV GH GLIUDFFLyQ GH UD\RV ; TXH VH HIHFWXDURQ VREUH ODV SHOtFXODV

UHYHODURQ TXH PLHQWUDV TXH ODV PXHVWUDV REWHQLGDV D SDUWLU GHO EODQFR GH 6Q2�

SUHFLVDEDQ XQ WUDWDPLHQWR WpUPLFR SDUD SDVDU GHO PDWHULDO DPRUIR D XQD

HVWUXFWXUD GH FDVLWHULWD� ODV PXHVWUDV REWHQLGDV D SDUWLU GH EODQFR GH 6Q

PRVWUDEDQ GLFKD HVWUXFWXUD LQFOXVR DQWHV GHO WUDWDPLHQWR� 'HQWUR GH HVWH

VHJXQGR JUXSR� ODV PXHVWUDV REWHQLGDV HQ DWPyVIHUD UHDFWLYD GH ��� GH

R[tJHQR� SUHVHQWDURQ WUDV HO UHFRFLGR XQD SDUWH GH HVWDxR PHWiOLFR� SRU OR TXH

VH GHVHFKDURQ FRPR SHOtFXOD VHQVLEOH SRUTXH SRGtDQ SUHVHQWDU SUREOHPDV GH

HQYHMHFLPLHQWR DO R[LGDUVH HO HVWDxR FRQ HO WUDQVFXUVR GHO WLHPSR� FRQ HO

FRQVLJXLHQWH FDPELR GH SURSLHGDGHV HQ OD SHOtFXOD� 3RU HO FRQWUDULR� ODV

PXHVWUDV REWHQLGDV HQ DWPyVIHUD GH ���� GH R[tJHQR QR H[KLEtDQ HVWRV

UHVLGXRV PHWiOLFRV GH HVWDxR� SRU OR TXH QR FDEtD HVSHUDU HQ HOODV HO

PHQFLRQDGR SUREOHPD GH HQYHMHFLPLHQWR�

6H HVWXGLy DGHPiV OD LQIOXHQFLD GH OD WHPSHUDWXUD GH UHFRFLGR HQ HO

WDPDxR GH JUDQR SDUD PXHVWUDV IDEULFDGDV EDViQGRVH HQ ODV GRV WpFQLFDV

LQGLFDGDV� (Q WRGRV ORV FDVRV HO DXPHQWR GH OD WHPSHUDWXUD GH UHFRFLGR

FRQOOHYDED XQ DXPHQWR GHO WDPDxR PHGLR GH JUDQR� 6H REVHUYy DGHPiV TXH

FXDQWR PD\RU HUD HO SRUFHQWDMH GH R[tJHQR GXUDQWH HO GHSyVLWR PHQRU HUD HO

WDPDxR PHGLR GH JUDQR� 'DGR TXH OD ELEOLRJUDItD UHFRPLHQGD WDPDxRV GH JUDQR

GH HQWUH � \ �� QP ><DPD]RH ��@� TXHGy SDWHQWH TXH ODV PXHVWUDV REWHQLGDV

FRQ PD\RUHV SRUFHQWDMHV GH R[tJHQR FRQ XQD \ RWUD WpFQLFD HUDQ ODV PiV

DGHFXDGDV D ORV SURSyVLWRV GH GHWHFFLyQ GH JDV SHUVHJXLGRV� 3DUD ODV SHOtFXODV

GH ��� QP GH HVSHVRU HVWXGLDGDV HQ WUDEDMRV SUHFHGHQWHV VH FRQFOX\y TXH OD

WHPSHUDWXUD GH UHFRFLGR LGyQHD SDUD DOFDQ]DU HO WDPDxR GH JUDQR GHVHDGR

HQWUH ODV HVWXGLDGDV �GHVGH ��� D ���� &� HUD GH ���� &�

(Q HVWH DSDUWDGR VH H[SRQHQ ORV DQiOLVLV UHDOL]DGRV D PXHVWUDV GH y[LGR

GH HVWDxR UHDFWLYR GH GLVWLQWRV HVSHVRUHV IDEULFDGDV SRU '& VSXWWHULQJ D SDUWLU

GH EODQFR GH HVWDxR� FRPR \D VH H[SOLFD HQ HO DSDUWDGR ����



5HVXOWDGRV H[SHULPHQWDOHV ���

������ �1È/,6,6 0,&52(6758&785$/�

'DGR TXH ORV UHVXOWDGRV HOHFWURTXtPLFRV HIHFWXDGRV VREUH PXHVWUDV GH y[LGR GH

HVWDxR REWHQLGR SRU VSXWWHULQJ GH HVSHVRUHV GH HQWUH ��� \ ��� QP� KDQ GDGR

FRPR HVSHVRU ySWLPR SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR HO GH

DSUR[LPDGDPHQWH ��� QP �VH SRGUi REVHUYDU HQ ORV DQiOLVLV HOHFWURTXtPLFRV GHO

DSDUWDGR ������� VH KD FHQWUDGR HO HVWXGLR PLFURHVWUXFWXUDO� UHDOL]DGR PHGLDQWH

DQiOLVLV ;5' \ $)0� HQ ODV PXHVWUDV GH ��� QP GH HVSHVRU GH y[LGR GH HVWDxR

UHFRFLGDV D ���� ��� \ ���� & GXUDQWH �� KRUDV HQ DWPyVIHUD GH DLUH VLQWpWLFR�

������� $QiOLVLV ;5'

0HGLDQWH HVWD WpFQLFD VH KDQ REWHQLGR GDWRV VREUH YDULRV DVSHFWRV GH OD

HYROXFLyQ HVWUXFWXUDO GH ODV PXHVWUDV HQ IXQFLyQ GH OD WHPSHUDWXUD GH DQQHDOLQJ

HPSOHDGD�

9 7DPDxRV PHGLRV GH JUDQR

9 'HIRUPDFLRQHV GH UHG

9 'LVWRUVLRQHV GH OD UHG FULVWDOLQD

9 ,QWHQVLGDGHV UHODWLYDV GH ORV SLFRV GH GLIUDFFLyQ

(Q SULPHU OXJDU� VH PXHVWUD HQ OD ILJXUD ��� OD HYROXFLyQ GHO WDPDxR GH

JUDQR SDUD ODV GLIHUHQWHV IDPLOLDV GH SODQRV DQDOL]DGDV� 6H REVHUYD XQD OyJLFD

YDULDFLyQ KDFLD WDPDxRV PHGLRV GH JUDQR PD\RUHV� GHVGH ��� QP D ���� &

KDVWD ����� QP D ���� &� HV GHFLU� D PHGLGD TXH DXPHQWD OD WHPSHUDWXUD GH

UHFRFLGR� FRQ XQD IRUPD PX\ VLPLODU HQ WRGDV ODV IDPLOLDV GH SODQRV� 3RU WDQWR�

QR VH SXHGH KDEODU GH XQ FUHFLPLHQWR GH JUDQR SUHIHUHQWH HQ QLQJ~Q SODQR

FULVWDORJUiILFR�



��� &DStWXOR �

)LJXUD ��� 7DPDxRV PHGLRV GH JUDQR HQ ORV GLIHUHQWHV SODQRV FULVWDORJUiILFRV SDUD

SHOtFXODV GH ��� QP GH HVSHVRU UHFRFLGDV D GLIHUHQWHV WHPSHUDWXUDV

(Q FXDQWR D OD HYROXFLyQ GH ODV GHIRUPDFLRQHV GH UHG HQ IXQFLyQ GH OD

WHPSHUDWXUD GH UHFRFLGR� HO DQiOLVLV GH HVWH SDUiPHWUR PXHVWUD XQD

DFRPRGDFLyQ GH OD UHG FULVWDOLQD KDVWD SRVLFLRQHV GH PHQRU WHQVLyQ DO OOHJDU D

���� &� VL ELHQ HVWRV UHVXOWDGRV QR LQGLFDQ XQD WRWDO HOLPLQDFLyQ GH OD WHQVLyQ D

GLFKD WHPSHUDWXUD� (O ~QLFR SODQR TXH PXHVWUD XQD WHQVLyQ WUDFWLYD HV HO ������

)LJXUD ��� 'HIRUPDFLRQHV HQ ORV GLIHUHQWHV SODQRV FULVWDORJUiILFRV SDUD SHOtFXODV GH ���

QP GH HVSHVRU UHFRFLGDV D GLIHUHQWHV WHPSHUDWXUDV

6H DQDOL]DQ WDPELpQ ODV GLVWRUVLRQHV GH UHG� HYDOXDQGR ORV WDPDxRV GH

UHG HQ GLVWLQWRV SODQRV FULVWDOLQRV� (Q HVWH FDVR ORV UHVXOWDGRV VH SXHGHQ YHU HQ
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5HVXOWDGRV H[SHULPHQWDOHV ���

OD ILJXUD ��� \ HQ HOORV VH REVHUYD XQD PD\RU GLVWRUVLyQ D EDMDV WHPSHUDWXUDV�

UHVXOWDGRV PX\ HQ FRQVRQDQFLD FRQ ORV UHODWLYRV D ODV GHIRUPDFLRQHV GH UHG�

)LJXUD ��� 'LVWRUVLRQHV GH OD UHG FULVWDOLQD SDUD SHOtFXODV GH ��� QP GH HVSHVRU UHFRFLGDV

D GLIHUHQWHV WHPSHUDWXUDV

3RU ~OWLPR� OD GLIUDFFLyQ GH UD\RV ; KD SHUPLWLGR HIHFWXDU WDPELpQ XQ

DQiOLVLV FRPSDUDWLYR HQWUH OD HYROXFLyQ GH ODV LQWHQVLGDGHV UHODWLYDV HQ ORV

GLIHUHQWHV SODQRV FULVWDORJUiILFRV� TXH VH UHSUHVHQWD HQ ODV GRV JUiILFDV GH OD

ILJXUD ����
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)LJXUD ��� ,QWHQVLGDGHV UHODWLYDV GH ORV SLFRV GH GLIUDFFLyQ SDUD SHOtFXODV GH

��� QP GH HVSHVRU UHFRFLGDV D GLIHUHQWHV WHPSHUDWXUDV

/RV GDWRV VXJLHUHQ HO HPSOHR GH ODV LQWHQVLGDGHV UHODWLYDV ,����,��� FRPR

PDUFDGRU GH XQD SRVLEOH GLVROXFLyQ GH YDFDQWHV GH R[tJHQR FRQ OD WHPSHUDWXUD�

(Q HIHFWR VH REVHUYD FyPR HVWH FRQMXQWR GH PXHVWUDV HYLGHQFLD XQD HYROXFLyQ

KDFLD LQWHQVLGDGHV UHODWLYDV PHQRUHV D PHGLGD TXH DXPHQWD OD WHPSHUDWXUD� /D

JUiILFD GH LQWHQVLGDGHV UHODWLYDV DO SODQR ������ TXH PXHVWUD XQD WHQGHQFLD

GHVFHQGHQWH HQ ORV WUHV FDVRV SRGUtD WDPELpQ FRUURERUDU HO PLVPR IHQyPHQR�

������� $QiOLVLV $)0

/DV PLFURJUDItDV $)0 H[SXHVWDV HQ OD ILJXUD ��� LQGLFDQ XQD FODUD HYROXFLyQ GH

IRUPDV UHGXFLGDV GH HVWDxR �6Q� 6Q2� KDFLD OD HVWUXFWXUD FDVLWHULWD �6Q2��� $

���� & ODV PXHVWUDV H[KLEHQ XQD JUDQ UXJRVLGDG� FRQ FOXVWHUV GH KDVWD ��� QP�

(O DXPHQWR GH OD WHPSHUDWXUD KDVWD ���� & FRPSRUWD XQD PD\RU

KRPRJHQL]DFLyQ GH OD PXHVWUD� 'H KHFKR GLVPLQX\H HO Q~PHUR GH JUDQRV GH

��� QP \ DSDUHFH XQD JUDQXORPHWUtD VXE\DFHQWH� (VWR VH HYLGHQFLD D~Q PiV D

���� &� GRQGH DSHQDV DSDUHFHQ JUDQGHV FOXVWHUV \ VH DSUHFLDQ JUDQRV FRQ XQ

WDPDxR GH DSUR[LPDGDPHQWH �� QP� 3RU GHEDMR GH HVWH WDPDxR UHVXOWD GLItFLO

GLVFHUQLU QLQJXQD HVWUXFWXUD� SRU OR FXDO HVWH DQiOLVLV ~QLFDPHQWH FRQILUPD HQ

SDUWH ORV UHVXOWDGRV REWHQLGRV SRU ;5'�
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5HVXOWDGRV H[SHULPHQWDOHV ���

���� & � HVFDOD � PLFUDV ���� & � HVFDOD � PLFUDV

���� & � HVFDOD � PLFUDV ���� & � HVFDOD � PLFUD

���� & � HVFDOD � PLFUDV ���� & � HVFDOD � PLFUD

)LJXUD ��� 0LFURJUDItDV REWHQLGDV PHGLDQWH DQiOLVLV $)0 VREUH SHOtFXODV GH ��� QP GH

HVSHVRU UHFRFLGDV D GLIHUHQWHV WHPSHUDWXUDV



��� &DStWXOR �

������ �1È/,6,6 (/e&75,&2�

6H KDQ DQDOL]DGR ORV YDORUHV UHVLVWLYRV GH PXHVWUDV GH ��� QP GH HVSHVRU D

GLIHUHQWHV WHPSHUDWXUDV HQ DLUH VLQWpWLFR FRQ ��� GH KXPHGDG UHODWLYD�

REWHQLpQGRVH OD UHODFLyQ GH YDORUHV H[SXHVWD HQ OD ILJXUD ����

)LJXUD ��� 9DORUHV UHVLVWLYRV HQ DLUH VLQWpWLFR GH OD PXHVWUD GH ��� QP GH HVSHVRU GH

y[LGR GH HVWDxR D GLIHUHQWHV WHPSHUDWXUDV

6H REVHUYD FODUDPHQWH XQ GHFUHFLPLHQWR FRQWLQXR GH FDUiFWHU OLQHDO HQ HO

YDORU UHVLVWLYR GH OD PXHVWUD DO DXPHQWDU OD WHPSHUDWXUD GHO PDWHULDO� RVFLODQGR

GHVGH �� .Ω D ���� & KDVWD XQRV �� .Ω D ����&�

������ �1È/,6,6 (/(&75248Ë0,&2�

(O DQiOLVLV VH KD OOHYDGR D FDER VHJ~Q OD PHWRGRORJtD GHVFULWD HQ HO DSDUWDGR

������� \ HQ HO GLDJUDPD GH OD ILJXUD ����� FRQ PXHVWUDV GH GLIHUHQWHV

HVSHVRUHV IDEULFDGDV VHJ~Q HO SURFHVR GHILQLGR HQ HO DSDUWDGR ������ 7UDV OD

HVWDELOL]DFLyQ HVWiQGDU GXUDQWH �� KRUDV D ���� &� VH KDQ UHDOL]DGR HQVD\RV D

LQWHUYDORV GH ��� & GH WHPSHUDWXUD GHVGH ���� & KDVWD ���� &� /DV SUXHEDV VH

KDQ HIHFWXDGR HQ DWPyVIHUD VHFD� LQWURGXFLHQGR D FDGD WHPSHUDWXUD SXOVRV GH

�� PLQXWRV FRQ ��� SSP GH PRQy[LGR GH FDUERQR HQ DLUH VLQWpWLFR \ GHMDQGR

TXH OD PXHVWUD VH UHFXSHUH RWURV �� PLQXWRV� 6H KD HYDOXDGR OD Pi[LPD

UHVSXHVWD HOpFWULFD SDUD FXDWUR GH ODV WHPSHUDWXUDV HQVD\DGDV HQ IXQFLyQ GHO
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5HVXOWDGRV H[SHULPHQWDOHV ���

HVSHVRU GH OD PXHVWUD HQ SDUWLFXODU �ILJXUD ����� /D UHVSXHVWD HOpFWULFD Pi[LPD

VH GHILQH PHGLDQWH OD VLJXLHQWH IyUPXOD� HQ HO FDVR GH JDVHV UHGXFWRUHV�

0

0max

G

GG
S

−=     [6.1] 

*PD[� FRQGXFWDQFLD Pi[LPD HQ SUHVHQFLD GH JDV

*�� FRQGXFWDQFLD DQWHV GH LQWURGXFLU HO JDV

127$� 6L HO JDV HV R[LGDQWH VH FRQVLGHUDQ YDORUHV GH UHVLVWHQFLD HQ OD IyUPXOD HQ OXJDU
GH FRQGXFWDQFLD� \D TXH VH SURGXFH XQ GHVFHQVR GH OD FRQGXFWLYLGDG�

)LJXUD ��� *UiILFD GH OD Pi[LPD UHVSXHVWD HOpFWULFD HQ IXQFLyQ GHO HVSHVRU D GLVWLQWDV

WHPSHUDWXUDV

/RV UHVXOWDGRV PXHVWUDQ XQD UHVSXHVWD HOpFWULFD Pi[LPD HQ ODV PXHVWUDV

FRQ XQ HVSHVRU GH ��� QP SDUD WRGDV ODV WHPSHUDWXUDV UHSUHVHQWDGDV HQ OD

JUiILFD� 7DPELpQ VH SXHGH REVHUYDU TXH SDUD ORV HVSHVRUHV PHQRUHV GH ��� QP

OD WHPSHUDWXUD GH Pi[LPD UHVSXHVWD HOpFWULFD HV ���� &�

(Q OD ILJXUD ��� VH UHSUHVHQWD OD HYROXFLyQ WHPSRUDO GH OD UHVSXHVWD HQ

XQD PXHVWUD GH ��� QP DQWH ORV SXOVRV GH PRQy[LGR GH FDUERQR D GLIHUHQWHV

WHPSHUDWXUDV� FRQ XQD UHVSXHVWD Pi[LPD D ���� &� 3RU GHEDMR GH HVWD

WHPSHUDWXUD� DGHPiV GH GLVPLQXLU OD PDJQLWXG GH OD UHVSXHVWD� WDPELpQ OR KDFH

VX YHORFLGDG�

0

1

2

3

4

5

6

7

8

9

0 100 200 300 400 500 600 700 800

ESPESOR (nm)

S
=

(G
-G

o)
/G

o

S (450ºC)
S (400ºC)
S (350ºC)
S (300ºC)



��� &DStWXOR �

)LJXUD ��� *UiILFD GH OD UHVSXHVWD HOpFWULFD WHPSRUDO GH OD PXHVWUD GH 6Q2� GH ��� QP

GH HVSHVRU DQWH SXOVRV GH ��� SSP GH &2 HQ DLUH VHFR

'DGR TXH VH SUHYp XQD LQIOXHQFLD GH OD KXPHGDG DPELHQWDO HQ OD

FDSDFLGDG GH GHWHFFLyQ GH PRQy[LGR GH FDUERQR� VH OOHYD D FDER XQ HQVD\R

SDUD GHWHUPLQDU OD LQIOXHQFLD HQ OD VHQVLELOLGDG GH OD KXPHGDG HVWiQGDU TXH VH

YD D HPSOHDU GXUDQWH ODV SUXHEDV� 6H UHDOL]D XQ EDUULGR GH WHPSHUDWXUDV� DO

LJXDO TXH HQ ORV FDVRV DQWHULRUHV� FRQ �� GH KXPHGDG \ FRQ ��� GH KXPHGDG

SDUD HVWXGLDU OD UHVSXHVWD DQWH ��� SSP GH &2� /D SHOtFXOD HPSOHDGD SDUD HO

HVWXGLR WLHQH ��� QP GH HVSHVRU� /RV UHVXOWDGRV GH OD ILJXUD ��� GHPXHVWUDQ

TXH OD KXPHGDG KDFH GHVFHQGHU OD UHVSXHVWD DO JDV HQ WRGR HO UDQJR GH

WHPSHUDWXUDV HVWXGLDGR� (VWD SUXHED FRQVWLWX\H XQD SULPHUD DSUR[LPDFLyQ D OD

LQIOXHQFLD GH OD KXPHGDG HQ OD GHWHFFLyQ GHO PRQy[LGR GH FDUERQR HQ ODV

SHOtFXODV GHOJDGDV GH y[LGR GH HVWDxR� \ VyOR VH KD UHDOL]DGR FRQ OD KXPHGDG

HVWiQGDU HVWDEOHFLGD SDUD ORV HQVD\RV� 3RVWHULRUPHQWH HVWD LQIOXHQFLD VHUi

H[KDXVWLYDPHQWH DQDOL]DGD�
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5HVXOWDGRV H[SHULPHQWDOHV ���

)LJXUD ��� *UiILFD GH UHVSXHVWD HOpFWULFD DQWH ��� SSP GH &2 HQ IXQFLyQ GH OD

WHPSHUDWXUD� HQ DLUH VHFR \ DLUH K~PHGR ���� UK�
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 ��������
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/DV PXHVWUDV GH y[LGR GH HVWDxR XWLOL]DGDV SDUD UHDOL]DU HVWRV DQiOLVLV VRQ ODV

SURFHGHQWHV GH ORV SURFHVRV GHVFULWRV HQ HO DSDUWDGR ���� FRQ HVSHVRU GH ���

QP \ 3W \ 3G FRPR DGLWLYRV� DxDGLGRV VHJ~Q ODV WUHV WpFQLFDV H[SXHVWDV�

������ �1È/,6,6 0,&52(6758&785$/�

(Q HVWH FDVR HO DQiOLVLV PLFURHVWUXFWXUDO KD SUHWHQGLGR SULQFLSDOPHQWH DQDOL]DU

OD FDQWLGDG \ XELFDFLyQ GHO DGLWLYR HQ OD FDSD VHQVLEOH PHGLDQWH ;36� 5HVXOWDGRV

SUHYLRV REWHQLGRV SRU DQiOLVLV ;5' >2ODL]ROD ��@ GHPXHVWUDQ TXH FRQ HO

WUDWDPLHQWR WpUPLFR GH ���� & QL HO WDPDxR GH JUDQR� QL ODV GHIRUPDFLRQHV HQ

OD UHG� QL ODV UHODFLRQHV HQWUH LQWHQVLGDGHV HQ GLIHUHQWHV SODQRV FULVWDORJUiILFRV�

PXHVWUDQ YDULDFLRQHV DO DxDGLU DGLWLYRV� SRU OR FXDO VH DVXPH TXH HVWDV

FDUDFWHUtVWLFDV VRQ LJXDOHV D ODV H[SXHVWDV HQ HO DSDUWDGR SUHFHGHQWH�

������� $QiOLVLV ;36

(Q OD WDEOD ��� VH HQXPHUDEDQ ORV GLVWLQWRV WLSRV GH PXHVWUDV FRQ DGLWLYRV �3W R

3G� DxDGLGRV VHJ~Q ODV WUHV WpFQLFDV HPSOHDGDV �HQWHUUDGR� PXOWLFDSD \
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VXSHUILFLDO�� 6H KD UHDOL]DGR HO DQiOLVLV ;36 GH GRV PXHVWUDV GH FDGD WLSR�

REWHQLHQGR HO HVSHFWUR JHQHUDO \ ORV SHUILOHV HQ SURIXQGLGDG GH ORV SULQFLSDOHV

HOHPHQWRV SUHVHQWHV� 'LFKRV SHUILOHV VH REWLHQHQ D SDUWLU GH OD HYROXFLyQ GH OD

HQHUJtD GH HQODFH �ELQGLQJ HQHUJ\� HQ HO SURFHVR GH VSXWWHULQJ TXH VH UHDOL]D DO

DQDOL]DU ODV PXHVWUDV� GHO PRGR TXH VH H[SXVR HQ HO DSDUWDGR �������� /D ILJXUD

���� LQFOX\H HQ SULPHU OXJDU XQD JUiILFD FRQ ORV SHUILOHV GH ORV SULQFLSDOHV

HOHPHQWRV SUHVHQWHV HQ OD PXHVWUD� TXH VH HQXPHUDQ D FRQWLQXDFLyQ�

• &U� GH ORV FRQWDFWRV

• 6L� GHO VXVWUDWR

• 3W� GH ORV FRQWDFWRV

• $U� SURFHGHQWH GHO SURFHVR GH VSXWWHULQJ

• 3G� DxDGLGR HQ OD SHOtFXOD FRPR DGLWLYR

• 6Q� GHO y[LGR GH HVWDxR

• 2� GHO y[LGR GH HVWDxR \ GHO y[LGR GH VLOLFLR

• &� SURFHGHQWH GH LPSXUH]DV RUJiQLFDV

6H SUHVHQWD XQD ~QLFD JUiILFD GH HOHPHQWRV PD\RULWDULRV SDUD ORV WUHV

WLSRV GH PXHVWUDV GRSDGDV FRQ 3G� \D TXH QR H[LVWHQ YDULDFLRQHV DSUHFLDEOHV GH

ORV HOHPHQWRV SULQFLSDOHV HQWUH ODV GLIHUHQWHV PXHVWUDV� /D ILJXUD DGHPiV

LQFOX\H ORV SHUILOHV GH FRQFHQWUDFLyQ GH 3G HQ XQD HVFDOD DPSOLDGD SRU FDGD WLSR

GH WpFQLFD HPSOHDGD� 3G HQWHUUDGR� 3G PXOWLFDSD \ 3G VXSHUILFLDO� /DV JUiILFDV

PXHVWUDQ GDWRV GH FRQFHQWUDFLyQ DWyPLFD IUHQWH D WLHPSR GH VSXWWHULQJ� (O

WLHPSR GH VSXWWHULQJ UHSUHVHQWD OD SURIXQGLGDG DOFDQ]DGD HQ OD SHOtFXOD GHOJDGD

GH PDWHULDO�



5HVXOWDGRV H[SHULPHQWDOHV ���

3(5),/ '( (/(0(1726 35,1&,3$/(6 3(5),/ '( 3G (17(55$'2

3(5),/ '( 3G 08/7,&$3$ 3(5),/ '( 3G 683(5),&,$/

)LJXUD ���� $QiOLVLV ;36 GH PXHVWUDV GRSDGDV FRQ 3G� SHUILOHV GH HOHPHQWRV SULQFLSDOHV

HQ OD PXHVWUD \ GH 3G HQWHUUDGR �3'(�� 3G PXOWLFDSD �3'0� \ 3G VXSHUILFLDO �3'6�

'H LJXDO PRGR VH SUHVHQWD HQ OD ILJXUD ���� XQ SHUILO WLSR GH ORV

SULQFLSDOHV FRPSRQHQWHV GH OD PXHVWUD� MXQWR D ORV SHUILOHV GH 3W HQ HVFDOD

DPSOLDGD REWHQLGRV PHGLDQWH FDGD XQD GH ODV WUHV WpFQLFDV�
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)LJXUD ���� $QiOLVLV ;36 GH PXHVWUDV GRSDGDV FRQ 3W� SHUILOHV GH HOHPHQWRV SULQFLSDOHV

HQ OD PXHVWUD \ GH 3W HQWHUUDGR �37(�� 3W PXOWLFDSD �370� \ 3W VXSHUILFLDO �376�

7DQWR HQ ODV PXHVWUDV FRQ 3W FRPR HQ ODV PXHVWUDV FRQ 3G� VH DSUHFLDQ

FODUDPHQWH ORV SXQWRV HQ ORV TXH VH KDQ GHSRVLWDGR ORV IODVKHV GHO PDWHULDO� (Q

HO FDVR GHO 3G� HO DGLWLYR VH ORFDOL]D D OR ODUJR GH WRGD OD PXHVWUD FRQ SLFRV GH

PD\RU FRQFHQWUDFLyQ FRUUHVSRQGLHQWHV D ORV IODVKHV� PLHQWUDV TXH HQ HO FDVR GHO

3W VyOR VH YHQ ORV SLFRV \ OD VHxDO YXHOYH D FHUR HQWUH IODVKHV� HV GHFLU� ORV SLFRV

GH GLVWULEXFLyQ GHO PDWHULDO VRQ PiV DEUXSWRV HQ HO 3W PLHQWUDV TXH HO 3G VH

HQFXHQWUD PiV GLIXQGLGR D OR ODUJR GHO PDWHULDO�

(Q ORV SHUILOHV GH 3W �ILJXUD ����� HQ ODV FDSDV SURIXQGDV GH OD PXHVWUD

VH REVHUYD OD SUHVHQFLD GHO 3W HQ JUDQGHV FRQFHQWUDFLRQHV� HQ HVWH FDVR
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5HVXOWDGRV H[SHULPHQWDOHV ���

SURFHGHQWH GH ORV FRQWDFWRV� D PHGLGD TXH HO SURFHVR GH VSXWWHULQJ VH

DSUR[LPD D ORV PLVPRV�

6H SXHGH DSUHFLDU TXH ODV FRQFHQWUDFLRQHV WRWDOHV REWHQLGDV SRU PHGLR

GH OD WpFQLFD GH DGLWLYR HQ PXOWLFDSD VRQ VLPLODUHV SDUD DPERV DGLWLYRV �HQ

WRUQR DO ���� PLHQWUDV TXH HO 3W HQ IRUPD VXSHUILFLDO VH FRQFHQWUD PiV TXH HO

3G �≈���� IUHQWH D ≈������ (Q HO FDVR GHO PHWDO HQWHUUDGR WDPELpQ KD\

GLYHUJHQFLDV HQWUH OD FRQFHQWUDFLyQ Pi[LPD GHO 3W �≈����� \ GHO 3G �≈������

(Q DPERV FDVRV� DGHPiV GH ORV SLFRV FRUUHVSRQGLHQWHV D IRUPDV

PHWiOLFDV GHO DGLWLYR� VH REVHUYDQ RWURV FRUUHVSRQGLHQWHV D HVWDGRV GH

R[LGDFLyQ GHO PLVPR� \D TXH HO DGLWLYR WLHQH WHQGHQFLD D UHDFFLRQDU FRQ HO

R[tJHQR SDUD IRUPDU y[LGRV PiV HVWDEOHV TXH OD SURSLD SDUWtFXOD PHWiOLFD�

������ �1È/,6,6 (/e&75,&2�

6H KDQ DQDOL]DGR ORV YDORUHV UHVLVWLYRV GH ODV PXHVWUDV� WRGDV GH LJXDOHV

FDUDFWHUtVWLFDV JHRPpWULFDV� FRQ GLIHUHQWHV DGLWLYRV D YDULDV WHPSHUDWXUDV�

FRPSDUiQGRORV FRQ ORV GH ODV PXHVWUDV VLQ DGLWLYRV� /RV UHVXOWDGRV VH SXHGHQ

YHU HQ OD ILJXUD ����� (Q FRQMXQWR VH REVHUYD HQ WRGDV HOODV XQ GHVFHQVR

SUHYLVLEOH GHO YDORU GH OD UHVLVWHQFLD D PHGLGD TXH OD WHPSHUDWXUD DXPHQWD�

$O FRPSDUDU ODV PXHVWUDV HQWUH Vt� ODV 370 \ 376 �3W HQ PXOWLFDSD \

VXSHUILFLDO� VH PDQWLHQHQ HQ ORV PLVPRV yUGHQHV GH PDJQLWXG HQ VXV YDORUHV GH

UHVLVWHQFLD TXH OD PXHVWUD VLQ DGLWLYR� /RV YDORUHV GH ODV PXHVWUDV 37(� 3'6 \

3'( �ORV GRV DGLWLYRV HQWHUUDGRV \ HO 3G VXSHUILFLDO�� DXPHQWDQ UHVSHFWR D OD

PXHVWUD VLQ PHWDO \ VRQ PX\ VLPLODUHV HQWUH Vt� 3RU ~OWLPR� HO YDORU TXH HQ

PD\RU PHGLGD GLILHUH GHO UHVWR HV HO GH OD PXHVWUD 3'0� 3G PXOWLFDSD� TXH

PXHVWUD YDORUHV UHVLVWLYRV VHQVLEOHPHQWH VXSHULRUHV DO UHVWR GH ODV SHOtFXODV� (O

UDQJR FRPSOHWR GH YDORUHV GH UHVLVWHQFLD PHGLGRV RVFLOD HQWUH XQ PtQLPR GH

XQRV � .Ω \ XQ Pi[LPR GH XQRV �� .Ω�
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)LJXUD ���� 9DORUHV UHVLVWLYRV HQ IXQFLyQ GH OD WHPSHUDWXUD GH PXHVWUDV FRQ GLIHUHQWHV

DGLWLYRV \ WpFQLFDV GH REWHQFLyQ

3RU RWUD SDUWH� VH KD DQDOL]DGR HO LPSDFWR GH OD KXPHGDG HQ ORV YDORUHV

UHVLVWLYRV GH OD PXHVWUD 37(� D SDUWLU GH ORV YDORUHV REWHQLGRV HQ HO HQVD\R SDUD

HO HVWXGLR GH OD LQIOXHQFLD GH OD KXPHGDG GHVFULWR SUHYLDPHQWH� 6H KDQ WRPDGR

GDWRV GH UHVLVWHQFLD WUDV OD HVWDELOL]DFLyQ GH ODV PXHVWUDV D OD KXPHGDG

FRQVLGHUDGD GXUDQWH �� KRUDV D ���� &� DVt FRPR D OD WHPSHUDWXUD GH ���� &

DQWHV GH LQWURGXFLU FDGD SXOVR GH JDV� /RV UHVXOWDGRV �ILJXUD ����� PXHVWUDQ

XQD LQIOXHQFLD PiV DFXVDGD GH OD KXPHGDG HQ ORV YDORUHV UHVLVWLYRV GH ODV

PXHVWUDV D EDMD WHPSHUDWXUD ����� &�� PLHQWUDV TXH OD YDULDFLyQ HQ ORV YDORUHV

GH UHVLVWHQFLD D ���� & HV PXFKR PHQRV DFXVDGD� (Q DPERV FDVRV ORV YDORUHV

GH OD UHVLVWHQFLD GLVPLQX\HQ DO DXPHQWDU OD KXPHGDG�

7DPELpQ VH SXHGH REVHUYDU TXH OD PXHVWUD D ���� & SUHVHQWD XQRV

YDORUHV GH UHVLVWHQFLD PD\RUHV TXH D ���� &� FRLQFLGLHQGR HO FRPSRUWDPLHQWR

\D PRVWUDGRV HQ OD ILJXUD ��� SDUD XQD PXHVWUD VLQ DGLWLYRV PHWiOLFRV�
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5HVXOWDGRV H[SHULPHQWDOHV ���

)LJXUD ���� 9DORUHV UHVLVWLYRV GHPXHVWUD 37( D ��� \ ��� � & HQ IXQFLyQ GH OD KXPHGDG

UHODWLYD

3RU ~OWLPR� VH KD OOHYDGR D FDER XQ HVWXGLR GH YDULDFLyQ GH OD FRUULHQWH

HQ IXQFLyQ GH OD WHPSHUDWXUD HQ XQD VHFXHQFLD GH WHPSHUDWXUDV GHVFHQGHQWHV

WUDV XQD HVWDELOL]DFLyQ HVWiQGDU HQ DPELHQWH VHFR� 6H SUHWHQGH GH HVWH PRGR

WUDWDU GH YHU OD SRVLEOH SUHVHQFLD GH GLIHUHQWHV HVSHFLHV DEVRUELGDV HQ OD

PXHVWUD� HVWXGLDQGR OD SRVLEOH H[LVWHQFLD GH YDULDV HQHUJtDV GH DFWLYDFLyQ

FRUUHVSRQGLHQWHV D FDGD HVSHFLH�

(Q HO VLVWHPD XWLOL]DGR HQ HO HQVD\R� HQ HO TXH OD WHQVLyQ VH PDQWLHQH

FRQVWDQWH� OD UHODFLyQ HQWUH UHVLVWLYLGDGHV \ FRUULHQWHV HV LJXDO \ WRPD OD IRUPD

GH OD HFXDFLyQ >���@�






 −

⋅=
KT

E
II Aexp0     [6.3] 

7RPDQGR HO YDORU GH OD FRQVWDQWH GH %ROW]PDQ . ���⋅���� H9�. \

UHSUHVHQWDQGR HQ RUGHQDGDV HO YDORU ±OQ�,� HQ IXQFLyQ GHO YDORU YDULDEOH ���.7��

VH SRGUiQ REWHQHU ODV HQHUJtDV GH DFWLYDFLyQ HQ H9 FRPR ODV SHQGLHQWHV GH OD

FXUYD UHSUHVHQWDGD HQ OD ILJXUD �����
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)LJXUD ���� &XUYD GH $UUKHQLXV SDUD PXHVWUD 37(

6H SXHGH DSUHFLDU XQD LQIOH[LyQ HQ OD SHQGLHQWH GH OD FXUYD HQ XQ YDORU

GHO SDUiPHWUR ���.7� GH DSUR[LPDGDPHQWH ��� OR FXDO FRUUHVSRQGH D XQRV

����& GH WHPSHUDWXUD� (VWH UHVXOWDGR VH FRPHQWDUi FRQ PiV GHWDOOH HQ HO

FDStWXOR GH GLVFXVLyQ�

������ �1È/,6,6 (/(&75248Ë0,&2�

������� 5HVSXHVWD DO PRQy[LGR GH FDUERQR

6H KD OOHYDGR D FDER VLJXLHQGR OD PLVPD HVWDELOL]DFLyQ \ OD UXWLQD GH HQVD\R \D

H[SOLFDGD HQ HO DQWHULRU DSDUWDGR� /D ~QLFD GLIHUHQFLD HV TXH WDQWR OD

HVWDELOL]DFLyQ FRPR ORV HQVD\RV VH KDQ HIHFWXDGR HQ DWPyVIHUD K~PHGD FRQ XQ

��� GH KXPHGDG UHODWLYD PHGLGD D WHPSHUDWXUD DPELHQWH�

(Q OD ILJXUD ���� VH PXHVWUDQ ODV UHVSXHVWDV HOpFWULFDV Pi[LPDV

�FDOFXODGDV VHJ~Q OD HFXDFLyQ ���� REWHQLGDV FRQ FDGD WLSR GH PXHVWUD D FDGD

XQD GH ODV WHPSHUDWXUDV D ODV TXH VH KDQ UHDOL]DGR ODV SUXHEDV� 6H REVHUYD HQ

JHQHUDO TXH HQ WRGRV ORV FDVRV VH KD UHGXFLGR OD WHPSHUDWXUD D OD TXH VH

SURGXFH OD UHVSXHVWD Pi[LPD� TXH KD SDVDGR GH ���� & HQ ODV PXHVWUDV VLQ

DGLWLYRV D RVFLODU HQWUH ��� \ ���� &� 3RU WDQWR VH SURGXFH XQD UHGXFFLyQ GH

HQWUH �� \ ���� &� GHSHQGLHQGR GHO DGLWLYR XWLOL]DGR \ OD WpFQLFD PHGLDQWH OD

�

���

�

���

�
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��.7

�O
Q

�,
�



5HVXOWDGRV H[SHULPHQWDOHV ���

TXH VH KD DxDGLGR D OD SHOtFXOD� /D PD\RU UHGXFFLyQ �����&� VH REWLHQH SDUD HO

3G HQWHUUDGR�

(Q FXDQWR D OD PDJQLWXG GH OD UHVSXHVWD HOpFWULFD� OD PD\RU UHVSXHVWD VH

SURGXFH XWLOL]DQGR HQ ODV PXHVWUDV 37( �3W HQWHUUDGR�� FRQ XQ Pi[LPR GH 6≈� D

���� &� /D VHJXQGD PHMRU UHVSXHVWD HQ PDJQLWXG FRUUHVSRQGH D ODV PXHVWUDV

3'6 �3G VXSHUILFLDO� FRQ 6≈� D ���� &� VHJXLGD SRU ODV SHOtFXODV FRQ 3G

HQWHUUDGR �3'(�� 1LQJXQD GH ODV PXHVWUDV REWHQLGDV SRU HO PpWRGR PXOWLFDSD

�370 \ 3'0� DOFDQ]DQ XQ YDORU GH VHQVLELOLGDG SRU HQFLPD GH �� (VWR PLVPR

VXFHGH FRQ ODV PXHVWUDV 376 �3W VXSHUILFLDO�� TXH WDPELpQ SUHVHQWDQ XQD EDMD

PDJQLWXG HQ VX UHVSXHVWD HOpFWULFD�

)LJXUD ���� 0i[LPD UHVSXHVWD HOpFWULFD GH PXHVWUDV GH y[LGR GH HVWDxR FRQ 3G \ 3W

DxDGLGRV VHJ~Q ODV WUHV WpFQLFDV HPSOHDGDV

$GHPiV GH OD PDJQLWXG GH OD UHVSXHVWD� RWUR SDUiPHWUR D WHQHU HQ

FXHQWD HV OD YHORFLGDG GH OD PLVPD� 6L VH GHILQH HO WLHPSR GH UHVSXHVWD FRPR HO

WLHPSR TXH VH WDUGD HQ DOFDQ]DU HO ��� GH OD UHVSXHVWD Pi[LPD GHO VHQVRU HQ

ODV FRQGLFLRQHV GH HQVD\R GHILQLGDV� VH REWLHQHQ XQD VHULH GH YDORUHV TXH

TXHGDQ H[SXHVWRV HQ OD WDEOD ����

3DUD DQDOL]DU HVWH SDUiPHWUR KD\ TXH WHQHU HQ FXHQWD XQ IDFWRU� TXH HV

OD GLVPLQXFLyQ HQ OD WHPSHUDWXUD ySWLPD GH IXQFLRQDPLHQWR� TXH KDFH UHGXFLU OD

�
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YHORFLGDG GH ODV UHDFFLRQHV TXtPLFDV TXH SURGXFHQ OD YDULDFLyQ GH UHVLVWHQFLD

HQ HO VHQVRU� 3RU WDQWR VH HVWDEOHFH XQD FRPSDUDFLyQ HQWUH ORV WLHPSRV GH

UHVSXHVWD GH PXHVWUDV GRSDGDV \ VLQ GRSDU D ����& �WHPSHUDWXUD ySWLPD SDUD

OD PXHVWUD VLQ GRSDU� \ ORV WLHPSRV GH UHVSXHVWD D OD WHPSHUDWXUD GH Pi[LPD

VHQVLELOLGDG GH FDGD VHQVRU� 6H SXHGH REVHUYDU GH HVWH PRGR TXH QR HQ WRGRV

ORV FDVRV OD WHPSHUDWXUD D OD TXH HO JUDGR GH UHVSXHVWD HOpFWULFD HV PD\RU HV OD

PiV FRQYHQLHQWH SDUD HO WUDEDMR GH OD SHOtFXOD FRPR VHQVRU� \D TXH OD UHVSXHVWD

SXHGH GLVPLQXLU VX YHORFLGDG HQ XQ JUDGR FRQVLGHUDEOH�

7LSR GH

PXHVWUD

7LHPSR GH

UHVSXHVWD D

����&

7LHPSR GH UHVSXHVWD D OD 7�

GH Pi[LPD VHQVLELOLGDG

6LQ GRSDU �� PLQ �� PLQ ⇒ ����&

3'( � PLQ �� PLQ ⇒ ����&

3'0 �� PLQ �� PLQ ⇒ ����&

3'6 � PLQ �� PLQ ⇒ ����&

37( � PLQ �� PLQ ⇒ ����&

370 � PLQ �� PLQ ⇒ ����&

376 � PLQ �� PLQ ⇒ ����&

7DEOD ��� 7LHPSRV GH UHVSXHVWD D ���� & \ D OD WHPSHUDWXUD GH Pi[LPD UHVSXHVWD GH

FDGD WLSR GH PXHVWUD

(VWDEOHFLHQGR OD FRPSDUDFLyQ D OD PLVPD WHPSHUDWXUD� VH REVHUYD XQ

GHVFHQVR HQ HO WLHPSR GH UHVSXHVWD HQ WRGDV ODV PXHVWUDV H[FHSWR HQ OD TXH

FRQWLHQH 3G HQ IRUPD GH PXOWLFDSD� /DV GRV YHORFLGDGHV PD\RUHV FRUUHVSRQGHQ

WDPELpQ D ODV PXHVWUDV TXH RIUHFHQ PHMRU PDJQLWXG GH UHVSXHVWD� HO 3G

VXSHUILFLDO \ HO 3W HQWHUUDGR� 6L HQ HVWDV PLVPDV PXHVWUDV VH FRQVLGHUD OD

YHORFLGDG GH UHDFFLyQ D OD WHPSHUDWXUD GH Pi[LPD VHQVLELOLGDG� VH REVHUYD TXH

HV GH �� PLQXWRV WDQWR SDUD HO 3W HQWHUUDGR FRPR SDUD HO 3G VXSHUILFLDO� (VWR

UHIXHU]D FODUDPHQWH OD LGHD GH TXH HQ DOJ~Q FDVR SXHGH VHU FRQYHQLHQWH EXVFDU

HO FRPSURPLVR HQWUH PDJQLWXG GH OD UHVSXHVWD \ YHORFLGDG GH OD PLVPD�



5HVXOWDGRV H[SHULPHQWDOHV ���

)LJXUD ���� *UiILFDV GH OD UHVSXHVWD HOpFWULFD WHPSRUDO GH ODV PXHVWUDV 37( \ 3'6 �3W

HQWHUUDGR \ 3G VXSHUILFLDO� DQWH ��� SSP GH &2 FRQ XQ ��� GH KXPHGDG UHODWLYD� D

GLVWLQWDV WHPSHUDWXUDV

(Q OD ILJXUD ���� VH H[SRQHQ ODV UHVSXHVWDV WHPSRUDOHV FRPSOHWDV DQWH

SXOVRV GH ��� SSP GH PRQy[LGR GH FDUERQR \ ��� GH KXPHGDG UHODWLYD� GH ODV

3'6
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PXHVWUDV 37( \ 3'6� TXH VRQ ODV TXH SURSRUFLRQDQ XQD PD\RU PDJQLWXG HQ VX

UHVSXHVWD HOpFWULFD� 6H SXHGHQ DSUHFLDU ORV IODQFRV GH VXELGD GH OD VHxDO DO

DSOLFDU OD FRQFHQWUDFLyQ GH ��� SSP GH PRQy[LGR GH FDUERQR \ HO GH EDMDGD DO

FRUWDU HO &2 H LQWURGXFLU DLUH OLPSLR�

7RGRV ORV GDWRV VREUH OD UHVSXHVWD GH SHOtFXODV FRQ DGLWLYR HQ SUHVHQFLD

GH PRQy[LGR GH FDUERQR H[SXHVWRV KDVWD HO PRPHQWR VH KDQ REWHQLGR

DQDOL]DQGR HO HIHFWR GH ��� SSP GHO JDV� 6H KD HOHJLGR OD PXHVWUD 37( TXH HQ

FRQMXQWR SUHVHQWD PHMRUHV FDUDFWHUtVWLFDV GH UHVSXHVWD DO &2 �HQ PDJQLWXG \

WLHPSR GH UHVSXHVWD� SDUD UHDOL]DU VREUH HOOD XQ HQVD\R FRQ GLIHUHQWHV

FRQFHQWUDFLRQHV GHO JDV �HQWUH �� \ ��� SSP�� /D SUXHED VH KD OOHYDGR D FDER

D ���� & \ ORV UHVXOWDGRV VH KDQ SODVPDGR HQ OD ILJXUD ����� 6H KDQ LQWURGXFLGR

SXOVRV GH JDV GH �� PLQXWRV GH GXUDFLyQ� LQWHUFDODQGR �� PLQXWRV GH DLUH

OLPSLR HQWUH SXOVR \ SXOVR�

)LJXUD ���� 5HVSXHVWD WHPSRUDO DQWH GLVWLQWDV FRQFHQWUDFLRQHV GH &2 GH PXHVWUD 37( D

����& \ ��� GH KXPHGDG UHODWLYD

/D GLVFUHSDQFLD HQWUH OD UHVSXHVWD GH XQD PXHVWUD 37( DQWH ��� SSP GH

&2 D ���� HQWUH HVWH HQVD\R \ HO H[SXHVWR HQ OD ILJXUD ���� HV GHELGD D OD

GLIHUHQWH IRUPD HQ TXH VH KDQ OOHYDGR D FDER XQD \ RWUD SUXHED� 6H SXHGH

REVHUYDU TXH WDQWR HQ HVWH H[SHULPHQWR FRPR HQ HO DQWHULRU OD UHVSXHVWD QR

OOHJD D UHFXSHUDU VX OtQHD EDVH D OD WHPSHUDWXUD GH ����&� (VWD SXHGH VHU OD

�
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���

�

���

�

���

�

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

WLHPSR �PLQ�

6
 
�*
�*
R
��
*
R

�� SSP

��� SSP

��� SSP

��� SSP



5HVXOWDGRV H[SHULPHQWDOHV ���

FDXVD GH XQD UHVSXHVWD PHQRU DQWH SXOVRV VXFHVLYRV GH JDV� TXH

SUREDEOHPHQWH Gp RULJHQ D OD GLVFUHSDQFLD HQ ODV UHVSXHVWDV� /R TXH VH

SUHWHQGH LOXVWUDU HV OD YDULDFLyQ GH OD UHVSXHVWD FRQ ODV FRQFHQWUDFLRQHV GH JDV�

TXH HQ HO UDQJR DTXt HVWXGLDGR WRPDUtD OD IRUPD GH OD ILJXUD ���� �XWLOL]DQGR ORV

SXQWRV Pi[LPRV GH UHVSXHVWD D FDGD FRQFHQWUDFLyQ��

)LJXUD ���� 5HVSXHVWD DQWH GLVWLQWDV FRQFHQWUDFLRQHV GH &2 HQ DLUH GH PXHVWUD 37( D

����& \ ��� GH KXPHGDG UHODWLYD

6H KD OOHYDGR D FDER XQ HVWXGLR GH OD LQIOXHQFLD GH OD KXPHGDG HQ OD

GHWHFFLyQ HQ ODV PXHVWUDV 37(� SDUD GHWHUPLQDU OD UHOHYDQFLD GH HVWH SDUiPHWUR

SDUD OD GHWHFFLyQ GH ��� SSP GH &2 D ���� &� /RV HQVD\RV VH KDQ OOHYDGR D

FDER HVWDELOL]DQGR OD PXHVWUD FRQ OD KXPHGDG GHVHDGD GXUDQWH �� KRUDV D

WHPSHUDWXUD GH ���� &� 7UDV OD HVWDELOL]DFLyQ VH KDQ LQWURGXFLGR ORV SXOVRV GH

�� PLQXWRV GH PRQy[LGR GH FDUERQR KDELWXDOHV HQ OD UXWLQD GH HQVD\R� VLQ

YDULDU OD KXPHGDG XWLOL]DGD HQ OD HVWDELOL]DFLyQ GH OD SHOtFXOD� /D JUiILFD GH ORV

YDORUHV Pi[LPRV GH VHQVLELOLGDG HQ IXQFLyQ GH OD KXPHGDG HPSOHDGD WRPD OD

IRUPD GH OD ILJXUD ����� (Q HOOD VH SXHGH REVHUYDU TXH VH SURGXFH XQ GHVFHQVR

DFHQWXDGR GH OD VHQVLELOLGDG HQ XQD DWPyVIHUD K~PHGD UHVSHFWR D XQD

DWPyVIHUD VHFD� $ PHGLGD TXH OD KXPHGDG DXPHQWD OD VHQVLELOLGDG GLVPLQX\H

SHUR GH IRUPD PXFKR PHQRV RVWHQVLEOH� 3RU WDQWR VH SXHGH FRQVLGHUDU TXH OD

LQIOXHQFLD GH OD KXPHGDG QR WLHQH H[FHVLYD UHOHYDQFLD HQWUH ORV YDORUHV

HVWXGLDGRV �HQWUH �� \ ��� GH KXPHGDG UHODWLYD�� SHUR Vt TXH OD WLHQH HO KHFKR

GH TXH H[LVWD KXPHGDG HQ HO DPELHQWH IUHQWH D XQ DPELHQWH VHFR�
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&RQFHQWUDFLyQ GH &2 HQ DLUH �SSP�
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)LJXUD ���� 9DULDFLyQ GH VHQVLELOLGDG D ��� SSP GH &2 GH PXHVWUD WLSR 37( D ����& HQ

IXQFLyQ GH OD KXPHGDG UHODWLYD

������� 5HVSXHVWD D JDVHV LQWHUIHUHQWHV

6H KDQ UHDOL]DGR SUXHEDV FRQ JDVHV LQWHUIHUHQWHV� 3DUD HOHJLU ORV JDVHV FX\R

HIHFWR VREUH HO VHQVRU VH HVWXGLD� VH KD WHQLGR HQ FXHQWD OD QRUPDWLYD HXURSHD

(1 ������ /R HVWDEOHFLGR SRU pVWD VH H[SXVR HQ HO DSDUWDGR ������� \ GH HOOR VH

KDQ GHULYDGR ORV HQVD\RV� TXH VH KDQ UHDOL]DGR FRQ ORV JDVHV \ FRQFHQWUDFLRQHV

GH OD WDEOD ����

/RV H[SHULPHQWRV FRQ JDVHV LQWHUIHUHQWHV VH KDQ UHDOL]DGR FRQ PXHVWUDV

37( \ 3'6� SRU VHU ODV TXH PD\RU UHVSXHVWD DO PRQy[LGR GH FDUERQR KDQ

RIUHFLGR� /RV HQVD\RV VH KDQ UHDOL]DGR VLJXLHQGR HO PLVPR SDWUyQ TXH FRQ HO &2

��� PLQXWRV GH JDV � �� PLQXWRV GH DLUH� \ FRQ OD PLVPD KXPHGDG� 6H KDQ

HVWXGLDGR ODV UHVSXHVWDV D WUHV WHPSHUDWXUDV SUy[LPDV D ODV GH Pi[LPD

VHQVLELOLGDG� ���� ��� \ ���� & SDUD ODV PXHVWUDV 37( \ ���� ��� \ ���� & SDUD

ODV PXHVWUDV 3'6� 6H KDQ REWHQLGR GDWRV GH OD VHOHFWLYLGDG PHGLGD VHJ~Q OD

IyUPXOD ����

int
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5HVXOWDGRV H[SHULPHQWDOHV ���

*DV &RQFHQWUDFLyQ

9DSRU GH HWDQRO ��� SSP

&+� ��

12; ��� SSP

62� ��� SSP

&2� ��

+0'6 �� SSP

7DEOD ��� &RQFHQWUDFLRQHV GH JDVHV LQWHUIHUHQWHV HQVD\DGRV

/RV GDWRV GH VHOHFWLYLGDG PHGLGD GHO PRGR LQGLFDGR \ HPSOHDQGR ODV

FRQFHQWUDFLRQHV GH OD WDEOD ��� VH H[SRQHQ HQ ODV WDEODV ��� \ ����

7��&� HWDQRO &+� 12[ 62� &2�

��� ��� ��� ∞ �
� � ∞

��� ��� � ∞ �� ∞

��� ��� ��� ∞ �� ∞

7DEOD ��� 6HOHFWLYLGDG GH ODV PXHVWUDV 3'6

7��&� HWDQRO &+� 12[ 62� &2� +0'6

��� ��� ��� �� �� ∞ ��

��� ��� �� �� �� ∞ ���

��� ���� �� �� �� ∞ ���

7DEOD ��� 6HOHFWLYLGDG GH ODV PXHVWUDV 37(

�
� /RV JDVHV SDUD ORV TXH VH KD LQGLFDGR XQD VHOHFWLYLGDG ∞ VRQ DTXHOORV TXH FX\D

SUHVHQFLD QR SURYRFD QLQJXQD UHVSXHVWD HOpFWULFD HQ OD SHOtFXOD HQ FXHVWLyQ�



��� &DStWXOR �

6H REVHUYD HQ ORV UHVXOWDGRV REWHQLGRV TXH WDQWR HO YDSRU GH HWDQRO

FRPR HO PHWDQR HQ ODV FRQFHQWUDFLRQHV LQGLFDGDV FRQVWLWX\HQ XQD SUHVHQFLD

SUREOHPiWLFD D OD KRUD GH OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR PHGLDQWH OD

SHOtFXOD 3'6 �3G VXSHUILFLDO�� (Q FDPELR� FRQ OD SHOtFXOD 37( �3W HQWHUUDGR� HO

PHWDQR GHMD GH LQWHUIHULU GH PDQHUD RVWHQVLEOH HQ OD GHWHFFLyQ� DXQTXH HO

HWDQRO VLJXH UHVXOWDQGR XQ LQWHUIHUHQWH D WHQHU HQ FXHQWD� (O &2�� HO 12[ \ HO

+0'6 VRQ WRWDOPHQWH GHVSUHFLDEOHV HQ FXDQWR D VX LQWHUDFFLyQ FRQ HVWD

SHOtFXOD� PLHQWUDV TXH HO 62� WLHQH XQD UHVSXHVWD DOJR PD\RU DXQTXH D~Q

VLJQLILFDWLYDPHQWH LQIHULRU D OD GHO SURSLR PRQy[LGR GH FDUERQR�

3RU VX HVSHFLDO UHOHYDQFLD HQ DSOLFDFLRQHV GH WLSR GRPpVWLFR� VH KDQ

HVWXGLDGR PiV GHWHQLGDPHQWH� HQVD\iQGRORV FRQ GLIHUHQWHV FRQFHQWUDFLRQHV D

WHPSHUDWXUD GH ���� & �PDQWHQLHQGR OD KXPHGDG HQ ��� UK� HO PHWDQR \ HO

YDSRU GH HWDQRO� (O PHWDQR VH HQVD\D FRQ FRQFHQWUDFLRQHV TXH YDUtDQ GHVGH HO

���� DO ������ PLHQWUDV TXH HO YDSRU GH HWDQRO VH SUXHED HQWUH ��� \ ���

SSP� /RV UHVXOWDGRV REWHQLGRV VH H[SRQHQ HQ ODV JUiILFDV GH OD ILJXUD �����

�D�
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5HVXOWDGRV H[SHULPHQWDOHV ���

�E�

)LJXUD ���� 5HVSXHVWD D GLVWLQWDV FRQFHQWUDFLRQHV GH PHWDQR �D� \ YDSRU GH HWDQRO �E�

GH PXHVWUD 37( D ����& \ ��� GH KXPHGDG UHODWLYD

$O LJXDO TXH VXFHGtD HQ HO HQVD\R FRQ GLVWLQWDV FRQFHQWUDFLRQHV GH

PRQy[LGR GH FDUERQR HQ ODV PLVPDV FRQGLFLRQHV� QR VH UHFXSHUD OD OtQHD EDVH

GH OD VHxDO HOpFWULFD FRQ ORV WLHPSRV GH GHVFDQVR HPSOHDGRV HQ HO H[SHULPHQWR�

3DUD FRQVHJXLUOR VHUtD QHFHVDULR HPSOHDU XQD PD\RU WHPSHUDWXUD� OR FXDO

FRQGXFLUtD D XQD PHQRU PDJQLWXG GH UHVSXHVWD�

(Q ODV JUiILFDV GH OD ILJXUD ���� VH PXHVWUD OD UHODFLyQ GH OD UHVSXHVWD

HOpFWULFD FRQ ODV FRQFHQWUDFLRQHV GH JDV HQ ORV UDQJRV HVWXGLDGRV WDQWR SDUD

PHWDQR FRPR SDUD HWDQRO� WRPDQGR FRPR GDWRV ODV UHVSXHVWDV Pi[LPDV

REWHQLGDV FRQ FDGD FRQFHQWUDFLyQ GH JDV� /D FRQFHQWUDFLyQ GH PHWDQR VH PLGH

HQ � \ OD GH HWDQRO HQ SSP�
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)LJXUD ���� *UiILFDV GH OD YDULDFLyQ Pi[LPD GH UHVSXHVWD HOpFWULFD HQ IXQFLyQ GH ODV

FRQFHQWUDFLRQHV GH HWDQRO \ PHWDQR D ���� &

���
 ��������
���
��
 ��
 �	�����	�
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�
���	�
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 �	�����	
 ��
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/DV PXHVWUDV XWLOL]DGDV HQ OD FDUDFWHUL]DFLyQ GH OD LQIOXHQFLD GHO DQFKR GH SLVWD

GHO FRQWDFWR LQWHUGLJLWDGR VRQ ODV IDEULFDGDV VHJ~Q HO SURFHVR GHVFULWR HQ HO

DSDUWDGR ���� 6RQ PXHVWUDV WLSR 37( �DGLWLYR \ WpFQLFD TXH RIUHFHQ OD PD\RU

UHVSXHVWD� GH ��� QP GH HVSHVRU �HVSHVRU RSWLPL]DGR SDUD OD GHWHFFLyQ GH

&2�� FRQ XQD UHODFLyQ GH DVSHFWR FRQVWDQWH \ FRQWDFWRV LQWHUGLJLWDGRV FRQ OD

PLVPD DQFKXUD \ VHSDUDFLyQ HQWUH SLVWDV� 6H HVWXGLDQ WUHV YDORUHV GLIHUHQWHV GH

HVWH SDUiPHWUR� ��� �� \ ��� PLFUDV�

(Q HVWH DSDUWDGR VH RPLWHQ WDQWR HO DQiOLVLV HVWUXFWXUDO FRPR HO HOpFWULFR�

SXHVWR TXH \D VH KDQ HIHFWXDGR SDUD HVWH WLSR GH SHOtFXODV HQ HO DSDUWDGR ����

������ �1È/,6,6 (/(&75248Ë0,&2�

6H KD HVWXGLDGR OD UHVSXHVWD DQWH ��� SSP GH &2 HQ DLUH K~PHGR ���� GH

KXPHGDG UHODWLYD�� VHJ~Q HO SURFHVR GH HVWDELOL]DFLyQ \ HQVD\R \D GHVFULWR� 6H

KDQ UHDOL]DGR SUXHEDV D PXHVWUDV GH ��� �� \ ��� PLFUDV GH DQFKR GH SLVWD HQ

�� 
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FRQFHQWUDFLyQ GH HWDQRO �SSP� 
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5HVXOWDGRV H[SHULPHQWDOHV ���

VXV FRQWDFWRV LQWHUGLJLWDGRV� FRQ VHSDUDFLyQ HQWUH LQWHUGtJLWRV LJXDO DO DQFKR GH SLVWD� (V

LPSRUWDQWH UHFRUGDU TXH VH KD PDQWHQLGR FRQVWDQWH OD UHODFLyQ GH DVSHFWR� HV GHFLU� HO

Q~PHUR GH FXDGUDGRV PHGLGR HQ OD SHOtFXOD GH y[LGR GH HVWDxR HV LJXDO HQ WRGDV ODV

PXHVWUDV HVWXGLDGDV�

/RV UHVXOWDGRV REWHQLGRV VH KDQ SODVPDGR HQ OD ILJXUD ���� HQ IRUPD GH

UHVSXHVWD HOpFWULFD Pi[LPD �6� D GLIHUHQWHV WHPSHUDWXUDV� &RPR VH SXHGH

REVHUYDU� KD\ GLIHUHQFLDV PX\ SRFR VLJQLILFDWLYDV DO XWLOL]DU XQR X RWUR

LQWHUGLJLWDGR� DO PHQRV HQ ORV UDQJRV DTXt FRPSDUDGRV� SRU OR TXH VH SXHGH

LQIHULU TXH HVWH SDUiPHWUR WLHQH HVFDVD LPSRUWDQFLD HQ UHODFLyQ FRQ OD GHWHFFLyQ

GH PRQy[LGR GH FDUERQR� VL VH YDUtD HQ OD SURSRUFLyQ HQ TXH VH KD KHFKR HQ

HVWH WUDEDMR�

)LJXUD ���� 5HVSXHVWD HOpFWULFD Pi[LPD HQ IXQFLyQ GH OD WHPSHUDWXUD GH PXHVWUDV 37(

GH ��� QP GH HVSHVRU FRQ GLIHUHQWHV LQWHUGLJLWDGRV
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7HPSHUDWXUD ��&�
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6H KDQ IDEULFDGR \ FDUDFWHUL]DGR SHOtFXODV FX\DV FDUDFWHUtVWLFDV VH SUHYHtDQ

ySWLPDV SDUD DFWXDU FRPR ILOWUR DQWH JDVHV LQWHUIHUHQWHV TXH SXGLHUDQ

HQPDVFDUDU OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR� /DV FDSDV REWHQLGDV SDUD

HVWH ILQ SXHGHQ FODVLILFDUVH HQ GRV JUXSRV�

9 ILOWURV TXtPLFRV GH SHOtFXOD GHOJDGD

9 ILOWURV TXtPLFRV GH SHOtFXOD JUXHVD

(Q HVWH DSDUWDGR ~QLFDPHQWH VH LQFOX\H OD FDUDFWHUL]DFLyQ GH ODV SHOtFXODV

GHOJDGDV SURSXHVWDV FRPR ILOWUR� SRU VHU ODV IDEULFDGDV HQ QXHVWUDV

LQVWDODFLRQHV� /D FDUDFWHUL]DFLyQ HVWUXFWXUDO GH ODV SHOtFXODV JUXHVDV VH UHFRJH

UHVSHFWLYDPHQWH HQ WUDEDMRV GH ORV JUXSRV GH OD 8QLYHUVLWDW GH %DUFHORQD \ GH

OD 8QLYHUVLWp GH %RXUGHDX[ UHVSHFWLYDPHQWH�

������ 	$5$&7(5,=$&,Ï1 '( ),/7526 '( 3(/Ë&8/$ '(/*$'$�

(Q HO FDVR GH ORV ILOWURV GH SHOtFXOD GHOJDGD� HO REMHWLYR TXH VH SHUVLJXH HV OD

REWHQFLyQ GH XQD PD\RU SRURVLGDG HQ SHOtFXODV REWHQLGDV D PD\RU YHORFLGDG GH

VSXWWHULQJ� FRQ HO REMHWLYR GH PRGXODU VXV SURSLHGDGHV VHQVRUDV IUHQWH D ORV

JDVHV LQWHUIHUHQWHV� GH WDO PRGR TXH HO GHSyVLWR GHO ILOWUR VH SRGUtD LQFOXLU GH

PRGR VHQFLOOR HQ HO SURFHVR GH IDEULFDFLyQ� 6H HVWXGLDUiQ SRU WDQWR ODV

SURSLHGDGHV HVWUXFWXUDOHV GH SHOtFXODV GHSRVLWDGDV D PD\RU YHORFLGDG SDUD

FRPSUREDU VL H[LVWHQ YDULDFLRQHV HQ ODV PLVPDV� \ VH FRPSUREDUi OD UHVSXHVWD

HOHFWURTXtPLFD WDQWR DO &2 FRPR D RWURV JDVHV LQWHUIHUHQWHV SDUD YHULILFDU VL VH

KD FRQVHJXLGR DOJ~Q HIHFWR VREUH OD PLVPD�

������� $QiOLVLV PLFURHVWUXFWXUDO

/D PLFURHVWUXFWXUD GH ODV SHOtFXODV IDEULFDGDV VHJ~Q HO SURFHVR GHVFULWR HQ HO

DSDUWDGR ����� KD VLGR DQDOL]DGD SRU GLIUDFFLyQ GH UD\RV ; �;5'�� SRU

PLFURVFRStD GH IXHU]D DWyPLFD �$)0� \ SRU IRWRHPLVLyQ GH UD\RV ; �;36�� /RV

UHVXOWDGRV VH H[SRQHQ D FRQWLQXDFLyQ�



5HVXOWDGRV H[SHULPHQWDOHV ���

��������� $QiOLVLV ;5'

(Q FXDQWR D ORV WDPDxRV PHGLRV GH JUDQR� HVWLPDGRV PHGLDQWH OD IyUPXOD GH

6FKHUUHU� VH REVHUYDQ ~QLFDPHQWH OLJHUDV GLIHUHQFLDV HQWUH ORV GLIHUHQWHV SODQRV

\ ODV YHORFLGDGHV GH GHSyVLWR XWLOL]DGDV� RVFLODQGR HQWUH ORV �� \ �� QP GH

WDPDxR PHGLR �ILJXUD ������

)LJXUD ���� 7DPDxRV PHGLRV GH JUDQR HQ ORV GLIHUHQWHV SODQRV FULVWDORJUiILFRV SDUD

SHOtFXODV FUHFLGDV D GLIHUHQWHV YHORFLGDGHV GH VSXWWHULQJ

)LJXUD ���� 'HIRUPDFLRQHV HQ ORV GLIHUHQWHV SODQRV FULVWDORJUiILFRV SDUD SHOtFXODV

FUHFLGDV D GLIHUHQWHV YHORFLGDGHV GH VSXWWHULQJ

�
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(Q FXDQWR D GHIRUPDFLRQHV �ILJXUD ����� HO DQiOLVLV ;5' OOHYDGR D FDER

PXHVWUD WDPELpQ TXH HQ HO SODQR ����� HV WUDFWLYD� PLHQWUDV TXH HQ HO UHVWR GH

SODQRV HV FRPSUHVLYD� 1R VH REVHUYD DSHQDV HYROXFLyQ HQ OD HVWUXFWXUD GH

GHIRUPDFLRQHV HQ ORV PDWHULDOHV GHSRVLWDGRV D GLIHUHQWHV YHORFLGDGHV�

(Q HVWH FDVR WDPELpQ VH REWLHQH LQIRUPDFLyQ DFHUFD GH ODV GLVWRUVLRQHV

GH UHG ∆D \ ∆F� 0LHQWUDV TXH OD SULPHUD VXIUH XQ OLJHUR GHVFHQVR� OD VHJXQGD

SHUPDQHFH SUiFWLFDPHQWH FRQVWDQWH DO YDULDU ODV YHORFLGDGHV GH GHSyVLWR �ILJXUD

������ &RPR HV GH HVSHUDU� ORV UHVXOWDGRV HVWiQ HQ FRQVRQDQFLD FRQ ORV GH ODV

GHIRUPDFLRQHV GH OD ILJXUD ����� HQ ORV FXDOHV WDPSRFR VH DSUHFLDQ YDULDFLRQHV

VLJQLILFDWLYDV DO YDULDU OD YHORFLGDG GH GHSyVLWR�

)LJXUD ���� 'LVWRUVLRQHV GH OD UHG FULVWDOLQD HQ IXQFLyQ GH ODV LQWHQVLGDGHV GH VSXWWHULQJ

'RQGH SRU HO FRQWUDULR Vt VH DSUHFLDQ GLIHUHQFLDV HV HQ ODV LQWHQVLGDGHV

UHODWLYDV GH ORV SLFRV GH GLIUDFFLyQ� (Q JHQHUDO H[LVWH XQD PD\RU RUGHQDFLyQ

SUHIHUHQFLDO KDFLD ORV SODQRV ����� \ ������ WDO \ FRPR VH SXHGH YHU HQ OD ILJXUD

����� (VWH HIHFWR VH LQFUHPHQWD DO DXPHQWDU OD YHORFLGDG GH VSXWWHULQJ� (O

HIHFWR GH DXPHQWR GH ODV LQWHQVLGDGHV UHODWLYDV ,����,��� SXHGH LQGLFDU XQD

SRVLEOH GLVROXFLyQ GH YDFDQWHV GH R[tJHQR DO DXPHQWDU OD YHORFLGDG GH GHSyVLWR�

DXQTXH HVWH HIHFWR VH REVHUYD HQ PHQRU PHGLGD DO DXPHQWDU OD YHORFLGDG GH

GHSyVLWR TXH DO DXPHQWDU OD WHPSHUDWXUD GH UHFRFLGR GH ODV PXHVWUDV�
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5HVXOWDGRV H[SHULPHQWDOHV ���

)LJXUD ���� ,QWHQVLGDGHV UHODWLYDV GH ORV SLFRV GH GLIUDFFLyQ SDUD GLIHUHQWHV YHORFLGDGHV

GH VSXWWHULQJ

��������� $QiOLVLV $)0

6H KDQ UHDOL]DGR DQiOLVLV $)0 D ODV PXHVWUDV GHSRVLWDGDV FRQ FDGD XQD GH ODV

FXDWUR YHORFLGDGHV TXH VH HVWiQ HVWXGLDQGR� /RV UHVXOWDGRV DSDUHFHQ HQ OD

ILJXUD ����� 0X\ SRFDV GLIHUHQFLDV VXUJHQ HQ HVWH FDVR� WDQ VROR VH GHEH

GHVWDFDU XQ FLHUWR DXPHQWR GH OD KRPRJHQHLGDG D PD\RU YHORFLGDG GH GHSyVLWR

\ XQD SRVLEOH UHGXFFLyQ GHO WDPDxR GH JUDQR�
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��� QP�K� HVFDOD � PLFUDV ��� QP�K� HVFDOD � PLFUD

��� QP�K� HVFDOD � PLFUDV ��� QP�K� HVFDOD � PLFUD

��� QP�K� HVFDOD � PLFUDV ��� QP�K� HVFDOD � PLFUD

��� QP�K� HVFDOD � PLFUDV ��� QP�K� HVFDOD � PLFUD

 

 



5HVXOWDGRV H[SHULPHQWDOHV ���

)LJXUD ���� 0LFURJUDItDV REWHQLGDV PHGLDQWH DQiOLVLV $)0 SDUD ODV PXHVWUDV GHSRVLWDGDV

D GLIHUHQWHV YHORFLGDGHV GH VSXWWHULQJ

��������� $QiOLVLV ;36

/RV DQiOLVLV ;36 KDQ VHUYLGR SDUD REWHQHU ODV FRQFHQWUDFLRQHV \ HO SHUILO HQ

SURIXQGLGDG GH OD FRQFHQWUDFLyQ GH 3W HQ OD PXHVWUD� (Q OD ILJXUD ���� VH

PXHVWUDQ ODV JUiILFDV GH FRQFHQWUDFLyQ DWyPLFD YV WLHPSR GH VSXWWHULQJ �TXH GD

XQD PHGLGD GH OD SURIXQGLGDG D OD TXH VH HQFXHQWUD OD FRQFHQWUDFLyQ VHxDODGD��

/RV SHUILOHV GH HOHPHQWRV SULQFLSDOHV HQ ODV WUHV PXHVWUDV VRQ H[DFWDPHQWH

LJXDOHV� SRU OR TXH VH LQFOX\H XQR D PRGR GH HMHPSOR� $O FRPSDUDU HVWRV

SHUILOHV FRQ ORV GHO DSDUWDGR ������� VH REVHUYD TXH DSHQDV H[LVWH GLIHUHQFLD

HQWUH OD PXHVWUD \D HVWXGLDGD FRQ 3W HQWHUUDGR GHSRVLWDGR D YHORFLGDG GH ���

QP�K \ ODV PXHVWUDV FX\RV SHUILOHV VH H[SRQHQ HQ OD ILJXUD ����� GHSRVLWDGDV D

��� QP�K� ��� QP�K \ ��� QP�K UHVSHFWLYDPHQWH� /D ~QLFD GLIHUHQFLD HV OD

SHTXHxD YDULDFLyQ GH DOWXUD GHO SLFR GH FRQFHQWUDFLyQ GHO 3W HQWHUUDGR� TXH HV

OLJHUDPHQWH VXSHULRU HQ HVWDV PXHVWUDV �DSUR[LPDGDPHQWH ���� IUHQWH DO ����

GH OD PXHVWUD GHSRVLWDGD D ��� QP�K GH YHORFLGDG�� /D SRVLFLyQ HQ HO LQWHULRU

GH OD SHOtFXOD HV SUiFWLFDPHQWH LJXDO HQ WRGDV ODV PXHVWUDV \ OD GLIXVLyQ GHO 3W D

OR ODUJR GH OD PXHVWUD HV SUiFWLFDPHQWH LJXDO HQ WRGDV ODV SHOtFXODV�
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3(5),/ (/(0(1726 35,1&,3$/(6 3(5),/ 3W ���� QP�K�

3(5),/ 3W ���� QP�K� 3(5),/ 3W ���� QP�K�

)LJXUD ���� $QiOLVLV ;36 GH SHOtFXODV REWHQLGDV FRQ GLIHUHQWHV YHORFLGDGHV GH VSXWWHULQJ�

FRQFHQWUDFLyQ DWyPLFD YV VSXWWHU WLPH �PLQ�

������� $QiOLVLV HOHFWURTXtPLFR

6LJXLHQGR ODV UXWLQDV GH HVWDELOL]DFLyQ \ HQVD\R KDELWXDOHV VH KDQ UHDOL]DGR

SUXHEDV D ODV PXHVWUDV GHSRVLWDGDV D FXDWUR YHORFLGDGHV GLIHUHQWHV GH

VSXWWHULQJ� 6H KDQ UHDOL]DGR ORV H[SHULPHQWRV FRQ XQ ��� GH KXPHGDG UHODWLYD



5HVXOWDGRV H[SHULPHQWDOHV ���

HQ PXHVWUDV FRQ XQ HVSHVRU HVWiQGDU GH ��� QP� 6H KD DQDOL]DGR HO HIHFWR GHO

PRQy[LGR GH FDUERQR ���� SSP� \ GH ORV GRV JDVHV LQWHUIHUHQWHV PiV

KDELWXDOHV HQ HO iPELWR GRPpVWLFR� PHWDQR ���� \ YDSRU GH HWDQRO ���� SSP��

/RV UHVXOWDGRV VH H[SUHVDQ HQ IRUPD GH UHVSXHVWD HOpFWULFD �ILJXUD ����� HQ

IXQFLyQ GH OD WHPSHUDWXUD GH HQVD\R FRQ FDGD XQR GH ORV WUHV JDVHV� 6H XWLOL]DQ

ORV GDWRV GH ODV PXHVWUDV REWHQLGDV D OD YHORFLGDG RULJLQDO ���� QP�K� FRPR

EDVH FRPSDUDWLYD�

)LJXUD ���� 5HVSXHVWD HOpFWULFD HQ IXQFLyQ GH OD WHPSHUDWXUD FRQ GLIHUHQWHV JDVHV GH

SHOtFXODV GHOJDGDV GHSRVLWDGDV FRQ GLVWLQWDV YHORFLGDGHV GH VSXWWHULQJ
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(Q JHQHUDO VH REVHUYD XQ GHVFHQVR JHQHUDOL]DGR GH OD UHVSXHVWD D WRGRV

ORV JDVHV XWLOL]DGRV HQ ORV WHVWV� HVSHFLDOPHQWH SURQXQFLDGR HQ HO FDVR GHO

HWDQRO� /DV SHOtFXODV QR GHPXHVWUDQ QLQJXQD VHQVLELOLGDG SUHIHUHQWH KDFLD

QLQJXQR GH ORV JDVHV�

������ 	$5$&7(5,=$&,Ï1 '( ),/7526 '( 3(/Ë&8/$ *58(6$�

7DO \ FRPR VH H[SXVR SUHYLDPHQWH DO H[SOLFDU HO SURFHVR GH IDEULFDFLyQ� VH KDQ

UHDOL]DGR SUXHEDV FRQ GRV WLSRV GH SHOtFXOD JUXHVD FRPR SRVLEOHV ILOWURV� XQD

SHOtFXOD GH DO~PLQD FRQ 3W FRPR DGLWLYR \ RWUD SHOtFXOD GH y[LGR GH HVWDxR FRQ

3G FRPR DGLWLYR� 6H H[SRQHQ ORV UHVXOWDGRV SUHYLRV UHIHUHQWHV D ODV SHOtFXODV

JUXHVDV� HQ ORV TXH VH KD IXQGDGR OD HOHFFLyQ GH OD SHOtFXOD TXH VH SUHWHQGH

XVDU FRPR ILOWUR� $ FRQWLQXDFLyQ GH GLFKRV DQiOLVLV VH H[SRQHQ ORV UHVXOWDGRV

REWHQLGRV GH OD FRPELQDFLyQ GH OD SHOtFXOD GHOJDGD VHQVRUD GH ��� QP WLSR 37(

FRQ FDGD XQD GH ODV SHOtFXODV�ILOWUR JUXHVDV GHSRVLWDGDV VREUH OD PLVPD�

������� )LOWURV GH SHOtFXOD JUXHVD GH DO~PLQD

��������� $QiOLVLV HOHFWURTXtPLFR

6H SUHVHQWDQ HQ SULPHU OXJDU UHVXOWDGRV HOHFWURTXtPLFRV GHO DQiOLVLV GH SHOtFXODV

JUXHVDV GH y[LGR GH HVWDxR FRQ 3W \ 3G FRPR DGLWLYRV� HQ SUHVHQFLD GH ���

SSP GH &2� �� GH PHWDQR \ ���� SSP GH YDSRU GH HWDQRO� HQ XQ DPELHQWH

FRQ HO ��� GH KXPHGDG UHODWLYD� IDEULFDGRV \ HQVD\DGRV HQ HO /DERUDWRLUH GH

0LFURpOHFWURQLTXH ,;/ GH %XUGHRV >'HEpGD ��@� (Q VHJXQGR OXJDU VH RIUHFHQ ORV

UHVXOWDGRV GH HVWDV PLVPDV SHOtFXODV DQWH ORV PLVPRV JDVHV FXDQGR VH OHV

DxDGHQ WUHV WLSRV GH SHOtFXODV GH DO~PLQD FRPR SRVLEOHV ILOWURV�

9 $O�2� �DO~PLQD� VLQ DGLWLYRV

9 $O�2� FRQ 3G

9 $O�2� FRQ 3W

3RU ~OWLPR� GH HVWRV UHVXOWDGRV VH LQILHUH OD SRVLEOH XWLOLGDG GHO ILOWUR SDUD

VX XVR VREUH OD SHOtFXOD GHOJDGD \� SRU ~OWLPR� VH H[SRQHQ ORV UHVXOWDGRV

UHIHUHQWHV D DxDGLU XQD GH ODV SHOtFXODV�ILOWUR �$O�2� FRQ 3W� D OD SHOtFXOD GHOJDGD

WLSR 37(� 0iV GHWDOOHV DFHUFD GH HVWDV SHOtFXODV \ VXV SRVLEOHV XVRV VH SXHGHQ

FRQVXOWDU HQ >0pQLO ��@ \ >'HEHGD ��@�



5HVXOWDGRV H[SHULPHQWDOHV ���

¾ Películas gruesas de SnO2 con Pd y con Pt  

(O HVSHVRU GH ODV SHOtFXODV HVWXGLDGDV RVFLOD HQWUH �� \ �� PLFUDV� YDORUHV WtSLFRV

HQ HVWH WLSR GH FDSDV� (VWD RVFLODFLyQ QR KDFH YDULDU VXV SURSLHGDGHV VHQVRUDV�

HQ FRQWUD GH OR REVHUYDGR HQ SHOtFXODV GHOJDGDV�

(Q FXDQWR D ORV UHVXOWDGRV GH UHVSXHVWD HOpFWULFD REVHUYDGRV HQ ODV

SHOtFXODV TXH LQWURGXFHQ 3W R 3G FRPR DGLWLYRV� VH SXHGH YHU HQ OD SULPHUD

JUiILFD GH OD ILJXUD ���� TXH OD FDSD FRQ 3G SUHVHQWD XQD EXHQD UHVSXHVWD DO

PRQy[LGR GH FDUERQR D ���� & \ DO PHWDQR �VHJXQGD JUiILFD� HQWUH ��� \ ����

&� (VWR SHUPLWLUtD XQD GHWHFFLyQ VHOHFWLYD GH HVWRV JDVHV PHGLDQWH XQD

PRGXODFLyQ GH OD WHPSHUDWXUD HQWUH ORV YDORUHV LQGLFDGRV� 3RU HO FRQWUDULR� ORV

UHVXOWDGRV GH OD UHVSXHVWD DO YDSRU GH HWDQRO H[SXHVWRV HQ OD WHUFHUD JUiILFD GH

OD ILJXUD ����� PXHVWUDQ FODUDPHQWH TXH HVWH JDV QR GHMD GH VHU XQ SUREOHPD

GH LQWHUIHUHQFLD FRQ QLQJXQR GH ORV GRV DGLWLYRV �3W \ 3G�� \D TXH RIUHFH XQD

UHVSXHVWD HOpFWULFD PX\ VXSHULRU D OD GHO PRQy[LGR GH FDUERQR \ PHWDQR D

FXDOTXLHUD GH ODV WHPSHUDWXUDV FRQVLGHUDGDV�

3RU RWUD SDUWH� HV GHVWDFDEOH TXH OD SHOtFXOD GH y[LGR GH HVWDxR FRQ 3G

SHUPLWH XQD PHMRU HVWDELOL]DFLyQ GH OD UHVLVWHQFLD GH EDVH GH OD FDSD GH

PDWHULDO� DVt FRPR XQD PHQRU VHQVLELOLGDG GH OD UHVSXHVWD D OD KXPHGDG�
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)LJXUD ���� 5HVSXHVWD HOpFWULFD HQ IXQFLyQ GH OD WHPSHUDWXUD FRQ GLIHUHQWHV JDVHV GH

SHOtFXODV JUXHVDV FRQ 3W \ 3G FRPR DGLWLYRV

¾ Películas gruesas de SnO2 (Pd) con filtro de alúmina 

6H KDQ GHSRVLWDGR WUHV ILOWURV GH DO~PLQD �VLQ DGLWLYR \ FRQ 3W R 3G� VREUH OD

SHOtFXOD GH 6Q2��3G� FX\RV UHVXOWDGRV VH KDQ PRVWUDGR HQ HO DSDUWDGR

SUHFHGHQWH� 6H REVHUYD TXH WRGRV ORV ILOWURV DWHQ~DQ HQ WRGRV ORV FDVRV OD

UHVSXHVWD D ���� & DQWH &2 UHVSHFWR D OD GH OD PXHVWUD VLQ ILOWUR� 3RU RWUD SDUWH

HV GH GHVWDFDU HO DXPHQWR GH UHVSXHVWD TXH VH SURGXFH HQ OD PXHVWUD FRQ ILOWUR

GH $O�2��3W� HQ SUHVHQFLD GH YDSRU GH HWDQRO� (Q FXDQWR DO PHWDQR� QR KD\

YDULDFLRQHV HQ OD UHVSXHVWD DO PLVPR HQ QLQJXQR GH ORV FDVRV� VDOYR HQ OD

PXHVWUD FRQ $O�2��3W� D ���� &� GRQGH VH SURGXFH XQ GHVFHQVR HQ OD PLVPD�

'H HVWRV UHVXOWDGRV VH GHGXFH TXH OD SHOtFXOD FX\R FRPSRUWDPLHQWR VH

SXHGH FRQVLGHUDU PiV DGHFXDGR SDUD VX XVR FRPR ILOWUR TXtPLFR VREUH OD

SHOtFXOD 37( HV OD GH $O�2��3W�� GDGR TXH SUHVHQWD QXOD UHDFWLYLGDG DQWH HO

PRQy[LGR GH FDUERQR \ PX\ DOWD DQWH HO HWDQRO�

���� SSP HW2+ 
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5HVXOWDGRV H[SHULPHQWDOHV ���

)LJXUD ���� 5HVSXHVWD HOpFWULFD HQ IXQFLyQ GH OD WHPSHUDWXUD FRQ GLIHUHQWHV JDVHV GH

SHOtFXODV JUXHVDV GH y[LGR GH HVWDxR�3G FRQ ILOWURV GH DO~PLQD GLIHUHQWHV

¾ Películas delgadas de óxido de estaño tipo PTE con filtro de alúmina (Pt) 

/D ILJXUD ���� PXHVWUD ORV UHVXOWDGRV GH VXSHUSRQHU OD SHOtFXOD JUXHVD ILOWUDQWH

HOHJLGD GH $O�2��3W� VREUH OD PXHVWUD 37( GH SHOtFXOD GHOJDGD� 7DO \ FRPR VH

HVSHUDED VH REWLHQH XQD PDUFDGD DWHQXDFLyQ GH OD UHVSXHVWD DO HWDQRO� SHUR

WDPELpQ VH SURGXFH SDUDOHODPHQWH XQ GHVFHQVR GH OD VHQVLELOLGDG DO PRQy[LGR

GH FDUERQR� TXH RIUHFH GH HVWH PRGR XQD UHVSXHVWD LQIHULRU D ����

6Q2 � �3G 6,1 ),/752 
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)LJXUD ���� 5HVSXHVWD HOpFWULFD HQ IXQFLyQ GH OD WHPSHUDWXUD FRQ GLIHUHQWHV JDVHV GH

SHOtFXOD GHOJDGD 37( VLQ ILOWUR \ FRQ ILOWUR GH DO~PLQD �3W�

6L VH UHFRSLODQ ORV GDWRV REWHQLGRV \ VH SRQHQ HQ IRUPD GH VHOHFWLYLGDG�

HV GHFLU� GHO FRFLHQWH GH VHQVLELOLGDGHV �&2�LQWHUIHUHQWH� VH SXHGH YHU OD PHMRUD

UHODWLYD TXH VH REWLHQH DO DxDGLU HO ILOWUR GH DO~PLQD� /RV YDORUHV GH VHOHFWLYLGDG

HQ SUHVHQFLD GH PHWDQR VLJXHQ WHQLHQGR YDORUHV VLPLODUHV D ORV GH OD SHOtFXOD VLQ

ILOWUR� \ ORV GH VHOHFWLYLGDG DO HWDQRO� H[SHULPHQWDQ XQ OLJHUR DVFHQVR� SHUR

FRQWLQ~DQ VLHQGR EDMRV�

6HO&+5 6&2�6&+� 6HO(W2+ 6&2�6(W2+

7HPSHUDWXU

D

6LQ

ILOWUR

&RQ ILOWUR

$O�2�

6LQ

ILOWUR

&RQ ILOWUR

$O�2�

��� �& ���� ��� ����� ����

��� �& ���� � ���� ����

��� �& ��� ��� ��� ����

7DEOD ��� 6HOHFWLYLGDG DO &2 IUHQWH DO PHWDQR \ DO HWDQRO GH OD SHOtFXOD GHOJDGD VLQ ILOWUR \

FRQ ILOWUR GH $O�2� �3G�

3HOtFXOD GHOJDGD 37( FRQ ILOWUR 
GH DO~PLQD �3W� 
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5HVXOWDGRV H[SHULPHQWDOHV ���

������� )LOWURV GH SHOtFXOD JUXHVD GH y[LGR GH HVWDxR

(Q HVWH FDVR VH H[SRQHQ HQ SULPHU OXJDU ORV UHVXOWDGRV FRUUHVSRQGLHQWHV DO

HQVD\R GH SHOtFXODV GH y[LGR GH HVWDxR FRQ XQ ��� GH 3G REWHQLGRV HQ HO

'HSDUWDPHQW G¶(OHFWUzQLFD� (QJLQ\HULD L 0DWHULDOV (OHFWUzQLFV GH OD 8QLYHUVLGDG

GH %DUFHORQD >&LUHUD ��@ >&LUHUD ��@� $ FRQWLQXDFLyQ VH H[SRQH OD UHVSXHVWD

HOpFWULFD REWHQLGD DO DxDGLU HVWD SHOtFXOD VREUH XQD SHOtFXOD GHOJDGD GH y[LGR GH

HVWDxR WLSR 37(� $PERV HQVD\RV VH UHDOL]DQ HQ SUHVHQFLD GH PRQy[LGR GH

FDUERQR� PHWDQR \ YDSRU GH HWDQRO FRQ XQD KXPHGDG UHODWLYD GHO ����

��������� $QiOLVLV HOHFWURTXtPLFR

¾ Película gruesa de SnO2 con 10% de Pd 

6H KDQ DQDOL]DGR HVWDV PXHVWUDV HQ SUHVHQFLD GH ��� SSP GH &2� ���� GH

PHWDQR \ ��� SSP GH HWDQRO� /DV UHVSXHVWDV D HVWDV SUXHEDV VH SXHGHQ YHU HQ

OD ILJXUD �����

)LJXUD ���� 5HVSXHVWD HOpFWULFD GH SHOtFXODV JUXHVDV GH 6Q2� FRQ ��� GH 3G

6H SXHGH VHxDODU TXH HQ HVWH FDVR OD VHQVLELOLGDG DO HWDQRO HV

QRWDEOHPHQWH VXSHULRU D OD GHO &2 \ PHWDQR D EDMDV WHPSHUDWXUDV� PLHQWUDV

TXH D ����& OD UHVSXHVWD DO PHWDQR OOHJD D VXSHUDU D OD GHO HWDQRO� $ OD KRUD GH

FRPSDUDU HVWRV UHVXOWDGRV FRQ ORV GH RWUDV SHOtFXODV H[SXHVWDV HQ HVWH WUDEDMR�
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HV QHFHVDULR WHQHU SUHVHQWH TXH OD FRQFHQWUDFLyQ GH HWDQRO HPSOHDGD HV HQ

HVWH FDVR VHQVLEOHPHQWH LQIHULRU OD XWLOL]DGD HQ RWURV FDVRV� /D DOWD VHQVLELOLGDG

DO HWDQRO GH OD SHOtFXOD KDFH SHQVDU HQ VX SRVLEOH XVR FRPR ILOWUR�

¾ Película delgada de SnO2 tipo PTE con filtro de película gruesa de SnO2 
con 10% de Pd 

(Q HVWH FDVR VH KDQ UHDOL]DGR SUXHEDV FRQ YDULDV FRQFHQWUDFLRQHV GH ORV JDVHV

HVWXGLDGRV WDPELpQ HQ DSDUWDGRV SUHFHGHQWHV� D XQD WHPSHUDWXUD GH ����&� GH

IRUPD VLPLODU D ORV HQVD\RV OOHYDGRV D FDER HQ HO DSDUWDGR ��������

9 ������ SSP GH &2

9 �������� � GH PHWDQR

9 ������� SSP GH YDSRU GH HWDQRO

/RV UHVXOWDGRV REWHQLGRV GH GLFKRV HQVD\RV VH SXHGHQ YHU HQ ODV JUiILFDV

GH OD ILJXUD �����

�D�
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�

�

�

�

�
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�E�

�F�

)LJXUD ���� 5HVSXHVWD D GLVWLQWDV FRQFHQWUDFLRQHV GH &2� PHWDQR \ YDSRU GH HWDQRO GH

PXHVWUD 37( FRQ ILOWUR GH SHOtFXOD JUXHVD GH 6Q2��3G� D ����& \ ��� GH KXPHGDG

UHODWLYD
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�
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�
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6H SXHGH DSUHFLDU XQ DXPHQWR GH OD UHVSXHVWD HOpFWULFD WDQWR DO

PRQy[LGR GH FDUERQR FRPR DO PHWDQR �ILJXUDV ���� \ ������ DVt FRPR XQD

LPSRUWDQWH DWHQXDFLyQ GH OD UHVSXHVWD DO HWDQRO UHVSHFWR DO PLVPR WLSR GH

PXHVWUD VLQ ILOWUR� 5HVSHFWR D ORV UHVXOWDGRV REWHQLGRV FRQ ODV PXHVWUDV 37( FRQ

ILOWUR GH DO~PLQD FDEH GHVWDFDU HO KHFKR GH TXH OD UHVSXHVWD DO PRQy[LGR� JDV

SDUD HO TXH VH LQWHQWD RSWLPL]DU OD UHVSXHVWD GH OD SHOtFXOD� QR GLVPLQX\D FRQ HO

ILOWUR GH 6Q2�� OR TXH Vt VXFHGtD HQ ODV PXHVWUDV FRQ ILOWUR GH DO~PLQD�

$ SHVDU GH TXH WDPELpQ VH SURGXFH XQ DXPHQWR HQ OD UHVSXHVWD DO

PHWDQR� D OD WHPSHUDWXUD FRQVLGHUDGD HVWD VLJXH VLHQGR GHVSUHFLDEOH IUHQWH D OD

UHVSXHVWD DO &2�

6L VH FRPSDUDQ ORV GDWRV GH VHOHFWLYLGDG REWHQLGRV D ���� & VLQ ILOWUR \

FRQ HO ILOWUR GH 6Q2� �3G�� FRQ ODV FRQFHQWUDFLRQHV GH JDV HVWiQGDU ���� SSP GH

&2� �� GH &+� \ ��� SSP GH (W2+�� VH REVHUYD XQD PHMRUD RVWHQVLEOH HQ OD

FDSDFLGDG GH GLVFULPLQDFLyQ GH &2 HQ SUHVHQFLD GH ORV GRV LQWHUIHUHQWHV� FRPR

VH SXHGH YHU HQ OD WDEOD ����

6HO&+5 6&2�6&+� 6HO(W2+ 6&2�6(W2+

7HPSHUDWXU

D

6LQ

ILOWUR

&RQ ILOWUR

6Q2�

6LQ

ILOWUR

&RQ ILOWUR

6Q2�

��� �& ��� ��� ��� ���

7DEOD ��� 6HOHFWLYLGDG DO &2 IUHQWH DO PHWDQR \ DO HWDQRO GH OD SHOtFXOD GHOJDGD 37( VLQ

ILOWUR \ FRQ ILOWUR GH 6Q2� �3W�

�� 
 �	�����
	
��
��������	�


(Q FRQMXQWR VH SXHGHQ UHVXPLU ORV UHVXOWDGRV SUHVHQWDGRV HQ HVWH FDStWXOR�

DJUXSiQGRORV HQ EORTXHV HQ HO PLVPR RUGHQ HQ TXH VH KDQ H[SXHVWR

SUHYLDPHQWH�

¾ 5(68/7$'26 5(/$7,926 $/ (63(625 '( /$6 08(675$6

� (O DQiOLVLV PLFURHVWUXFWXUDO PXHVWUD OD LQIOXHQFLD GHO LQFUHPHQWR

GH OD WHPSHUDWXUD GH UHFRFLGR HQ HO DXPHQWR GHO WDPDxR GH JUDQR�



5HVXOWDGRV H[SHULPHQWDOHV ���

DVt FRPR HQ OD GLVPLQXFLyQ GH ODV GLVWRUVLRQHV \ GHIRUPDFLRQHV GH

OD UHG FULVWDOLQD� VHxDOiQGRVH WDPELpQ XQD SRVLEOH GLVPLQXFLyQ GH

ODV YDFDQWHV GH R[tJHQR LQGLFDGD SRU ODV LQWHVLGDGHV UHODWLYDV GH

ORV SLFRV GH GLIUDFFLyQ�

� (O DQiOLVLV HOpFWULFR ~QLFDPHQWH FRQILUPD OD GLVPLQXFLyQ GH OD

UHVLVWHQFLD GH XQD PXHVWUD GH ��� QP GH HVSHVRU DO DXPHQWDU OD

WHPSHUDWXUD�

� (O DQiOLVLV HOHFWURTXtPLFR �UHDOL]DGR FRQ �� UK� FRQGXFH D

GHWHUPLQDU HO HVSHVRU ySWLPR GH SHOtFXOD SDUD GHWHFWDU PRQy[LGR

GH FDUERQR� TXH UHVXOWD HVWDU DOUHGHGRU GH ��� QP� 6H DQDOL]D

WDPELpQ OD LQIOXHQFLD GH OD KXPHGDG� FRQFOX\HQGR TXH GLVPLQX\H OD

VHQVLELOLGDG DO JDV� SRU OR TXH HV QHFHVDULR WHQHUOD HQ FXHQWD HQ

HQVD\RV VXEVHFXHQWHV�

¾ 5(68/7$'26 5()(5(17(6 $ /$ 87,/,=$&,Ï1 '( $',7,926

(1 (/ Ï;,'2 '( (67$f2

� /RV UHVXOWDGRV PLFURHVWUXFWXUDOHV UHYHODQ HQ HVWH FDVR OD

XELFDFLyQ \ FRQFHQWUDFLyQ GH ORV DGLWLYRV HPSOHDGRV �3W \ 3G�

DxDGLGRV PHGLDQWH WUHV WpFQLFDV �DGLWLYR HQWHUUDGR� PXOWLFDSD \

VXSHUILFLDO�� TXH GDQ OXJDU D � WLSRV GH PXHVWUDV� 37(� 376� 370�

3'(� 3'6� 3'0�

� /RV UHVXOWDGRV HOpFWULFRV QR PXHVWUDQ XQD YDULDFLyQ LPSRUWDQWH

HQ ORV YDORUHV UHVLVWLYRV GH ODV GLIHUHQWHV PXHVWUDV� VDOYR HQ HO FDVR

GH ODV GH WLSR 3'0� 6H REVHUYD SRU RWUD SDUWH TXH OD KXPHGDG

LQIOX\H HQ ORV YDORUHV UHVLVWLYRV HQ PXFKD PD\RU PHGLGD D ���� &

TXH D ���� &�

� /RV UHVXOWDGRV HOHFWURTXtPLFRV UHYHODQ HQ SULPHU OXJDU XQ

GHVFHQVR GH OD WHPSHUDWXUD GH Pi[LPD VHQVLELOLGDG GH OD SHOtFXOD

HQ WRGRV ORV FDVRV� (Q VHJXQGR OXJDU FRQFOX\HQ HQ TXH ODV

PXHVWUDV 37( \ 3'6 VRQ ODV PiV DGHFXDGDV HQ OD GHWHFFLyQ GH &2�

WDQWR SRU OD PD\RU PDJQLWXG GH VX UHVSXHVWD HOpFWULFD FRPR SRU VX

PHQRU WLHPSR GH UHVSXHVWD� (Q WHUFHU OXJDU VH HVWXGLD OD LQIOXHQFLD

GH YDULDV FRQFHQWUDFLRQHV GH KXPHGDG HQ OD GHWHFFLyQ GH JDV D

���� &� REVHUYiQGRVH TXH VH SURGXFH XQD UHGXFFLyQ GH VHQVLELOLGDG



��� &DStWXOR �

D PHGLGD TXH DXPHQWD HVWH SDUiPHWUR� 3RU ~OWLPR� VH HVWXGLD HO

FRPSRUWDPLHQWR GH ODV PXHVWUDV 3'6 \ 37( DQWH JDVHV

LQWHUIHUHQWHV� (O PHWDQR UHVXOWD SUREOHPiWLFR ~QLFDPHQWH FRQ OD

PXHVWUD 3'6 PLHQWUDV TXH HO HWDQRO LQWHUILHUH HQ JUDQ PHGLGD WDQWR

HQ OD PXHVWUD 3'6 FRPR HQ OD 37(� (Q FRQFOXVLyQ� OD PXHVWUD TXH

PHMRU VH FRPSRUWD HQ JHQHUDO DQWH LQWHUIHUHQWHV HV OD 37(�

¾ ,1)/8(1&,$ '( /26 &217$&726 ,17(5',*,7$'26 (1 /$

'(7(&&,Ï1 '( &2

� /RV UHVXOWDGRV HOHFWURTXtPLFRV UHYHODQ XQD EDMD LQIOXHQFLD HQ OD

VHQVLELOLGDG DO &2 GHO DQFKR \ VHSDUDFLyQ HQWUH SLVWDV HQ ORV

FRQWDFWRV LQWHUGLJLWDGRV HQ HO UDQJR HVWXGLDGR HQWUH �� \ ���

PLFUDV GH VHSDUDFLyQ�

¾ 87,/,=$&,Ï1 '( ),/7526 3$5$ 0(-25$ '( /$ 6(/(&7,9,'$'
$/ &2 $17( *$6(6 ,17(5)(5(17(6

� 3HOtFXODV GHOJDGDV FRPR ILOWUR� (O HVWXGLR WDQWR PLFURHVWUXFWXUDO

FRPR HOHFWURTXtPLFR GH HVWDV SHOtFXODV� GHSRVLWDGDV FRQ GLIHUHQWHV

YHORFLGDGHV GH VSXWWHULQJ� OOHYD D GHVFDUWDUODV SDUD VX XVR FRPR

SHOtFXOD ILOWUDQWH� \D TXH QR PXHVWUDQ QLQJXQD VHQVLELOLGDG

SUHIHUHQFLDO SRU QLQJXQR GH ORV JDVHV LQWHUIHUHQWHV FX\D VHxDO VH

GHVHD HOLPLQDU�

� 3HOtFXODV JUXHVDV GH $O�2� FRPR ILOWUR� 8Q SUHYLR HVWXGLR GHO

FRPSRUWDPLHQWR GH SHOtFXODV JUXHVDV GH 6Q2� GRSDGDV FRQ 3W \ 3G�

VHJXLGR GHO HVWXGLR GH ODV SUHVWDFLRQHV GH ILOWURV GH DO~PLQD �FRQ \

VLQ DGLWLYRV� VREUH GLFKDV SHOtFXODV� FRQGXFHQ D OD HOHFFLyQ GH XQ

ILOWUR GH $O�2� �3W� SDUD VX XWLOL]DFLyQ VREUH SHOtFXOD GHOJDGD� /RV

UHVXOWDGRV GH DxDGLU GLFKR ILOWUR D XQD PXHVWUD 37( FRQGXFHQ

~QLFDPHQWH D OLJHUDV PHMRUDV HQ VX VHOHFWLYLGDG� FRQ OD GHVYHQWDMD

GH GLVPLQXLU OD VHQVLELOLGDG GH OD SHOtFXOD DO &2�

� 3HOtFXODV JUXHVDV GH 6Q2� FRPR ILOWUR� 7DPELpQ HQ HVWH FDVR HO

FRQRFLPLHQWR SUHYLR GHO FRPSRUWDPLHQWR GH XQD SHOtFXOD JUXHVD GH

6Q2� FRQ 3G� FRQGXFH D VX HOHFFLyQ FRPR ILOWUR SDUD VX FRORFDFLyQ

VREUH OD SHOtFXOD GHOJDGD WLSR 37(� (Q HVWH FDVR VH FRQVLJXHQ XQDV
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EXHQDV SUHVWDFLRQHV HQ FXDQWR D PHMRUD WDQWR GH OD VHQVLELOLGDG

FRPR GH OD VHOHFWLYLGDG DQWH PHWDQR \ HWDQRO�

���
 !
!�
	������


>2ODL]ROD ��@ 6�0� 2ODL]ROD� ³&UHFLPLHQWR GH SHOtFXODV GHOJDGDV GH 6Q2�

PHGLDQWH SXOYHUL]DFLyQ FDWyGLFD SDUD HO GHVDUUROOR GH PLFURVHQVRUHV

GH JDV PHWDQR´� 7HVLV 'RFWRUDO� 8QLYHUVLGDG GH 1DYDUUD ������

><DPD]RH ��@ 1RERUX <DPD]RH� ³1HZ DSSURDFKHV IRU LPSURYLQJ VHPLFRQGXFWRU

JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % � ������� ���

>'HEpGD ��@ +� 'HEpGD� ³'LVSRVLWLIV PXOWL�FDSWHXUV VpOHFWLIV DX PpWKDQH�

UpDOLVpV HQ WHFKQRORJLH PLFURpOHFWURQLTXH K\EULGH FRXFKHV pSDLVVHV´�

/¶8QLYHUVLWp %RUGHDX[ ������

>0pQLO ��@ )� 0pQLO� &� /XFDW� +� 'HEpGD� ³7KH WKLFN�ILOP URXWH WR VHOHFWLYH JDV

VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % ����� ������� �������

>'HEHGD ��@ +� 'HEpGD� /� 'XODX� 3� 'RQGRQ� )� 0HQLO� &� /XFDW� 3� 0DVVRN�

³'HYHORSPHQW RI D UHOLDEOH PHWKDQH GHWHFWRU´� 6HQVRUV DQG $FWXDWRUV

% ����� ������� �������

>&LUHUD ��@ $OEHUW &LUHUD� ³1HZ WHFKQRORJLHV DQG WKHLU FKDUDFWHULVDWLRQ IRU

QDQRVWUXFWXUHG 6Q2� JDV VHQVRU GHYLFHV´� 7HVLV 'RFWRUDO� 8QLYHUVLWDW

GH %DUFHORQD ������

>&LUHUD ��@ $� &LUHUD� $� &DERW� $� &RUQHW� -�5� 0RUDQWH� ³&2�&+� VHOHFWLYLW\

HQKDQFHPHQW E\ LQ�VLWX 3G�FDWDO\]HG PLFURZDYH 6Q2� QDQRSDUWLFOHV

IRU JDV GHWHFWRUV XVLQJ DFWLYH ILOWHU´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������
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/D GLVFXVLyQ VH KD RUGHQDGR VLJXLHQGR HQ OD PHGLGD GH OD SRVLEOH OD HVWUXFWXUD

GHO FDStWXOR GH UHVXOWDGRV H[SHULPHQWDOHV� FRQ DOJXQDV PRGLILFDFLRQHV� 6H KDQ

HVWDEOHFLGR ORV SXQWRV D WUDWDU VLJXLHQGR ORV DSDUWDGRV TXH D FRQWLQXDFLyQ VH

HQXPHUDQ�

� 5HVXOWDGRV UHODFLRQDGRV FRQ OD PLFURHVWUXFWXUD \ HO HVSHVRU GH ODV

PXHVWUDV GH y[LGR GH HVWDxR� (Q HVWH DSDUWDGR VH WUDWDQ ORV DVSHFWRV

UHODFLRQDGRV FRQ ORV WUDWDPLHQWRV WpUPLFRV HQFDPLQDGRV DO FRQWURO GH OD

PLFURHVWUXFWXUD� SULQFLSDOPHQWH GHO WDPDxR GH JUDQR� 6H GLVFXWH OD

LQIOXHQFLD GHO HVSHVRU GH ODV SHOtFXODV HQ OD GHWHFFLyQ GH JDV \ VH

LQWHQWD UHODFLRQDU FRQ DOJXQRV PRGHORV WHyULFRV SURSXHVWRV HQ OD

ELEOLRJUDItD� 3RU ~OWLPR VH H[SOLFD HO SDSHO GH ORV FRQWDFWRV� \ VX

UHODFLyQ FRQ ORV DVSHFWRV JHRPpWULFRV GH OD SHOtFXOD�

� ,QIOXHQFLD GH ORV DGLWLYRV HQ OD GHWHFFLyQ GH JDV� 6H FRQWUDVWDQ HQ HVWH

DSDUWDGR ORV UHVXOWDGRV GH PXHVWUDV FRQ \ VLQ DGLWLYRV� REWHQLGDV SRU

GLIHUHQWHV WpFQLFDV� \ VH UHDOL]D XQ DQiOLVLV GH ORV UHVXOWDGRV

HVWUXFWXUDOHV \ VX UHODFLyQ FRQ ORV HOHFWURTXtPLFRV� 7DPELpQ VH H[DPLQD

HO SDSHO GH OD KXPHGDG HQ OD GHWHFFLyQ GH JDV� \ SRU ~OWLPR VH DQDOL]D

HO SDSHO GH ORV JDVHV LQWHUIHUHQWHV HQ OD GHWHFFLyQ \ ORV UHVXOWDGRV

REWHQLGRV DO UHVSHFWR� WDQWR HQ QXHVWUR FDVR FRPR HQ ODV UHIHUHQFLDV

TXH VH DSRUWDQ�

� 8WLOL]DFLyQ GH ILOWURV LQWHJUDGRV SDUD OD PHMRUD GH OD VHOHFWLYLGDG DO

PRQy[LGR GH FDUERQR� 3DUD ILQDOL]DU VH FRPSDUDQ ORV UHVXOWDGRV

REWHQLGRV HQ FXDQWR D VHOHFWLYLGDG FRQ XQ ILOWUR TXtPLFR LQWHJUDGR \ VH
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DQDOL]D HO FRPSRUWDPLHQWR GHO PLVPR� FRQWUDVWiQGROR FRQ HO GH RWURV

ILOWURV VLPLODUHV UHIHUHQFLDGRV HQ OD ELEOLRJUDItD�

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

� �� 	�� 	��	��
� �	� �
��
��	��

���	��������	�	��
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/D HVWHTXLRPHWUtD GHO y[LGR GH HVWDxR HV XQ IDFWRU GHWHUPLQDQWH GH VXV

SURSLHGDGHV� 3DUD DOFDQ]DU XQ YDORU DGHFXDGR GH OD PLVPD HVWXGLRV

UHODFLRQDGRV FRQ OD GHWHFFLyQ GH PHWDQR SUHYLRV D HVWH WUDEDMR >*XWLpUUH]

��@>2ODL]ROD ��@ KDQ GHPRVWUDGR TXH� WDO \ FRPR \D VH KD H[SXHVWR HQ HO

DSDUWDGR ��� GHO FDStWXOR GH UHVXOWDGRV H[SHULPHQWDOHV� HO VSXWWHULQJ UHDFWLYR D

SDUWLU GH EODQFR GH HVWDxR HQ DWPyVIHUD ���� GH R[tJHQR HV OD RSFLyQ

LQGLFDGD� SRU QR SUHVHQWDU SDUWHV PHWiOLFDV WUDV HO DQQHDOLQJ \ VHU SRU HOOR PiV

UHVLVWHQWH DO HQYHMHFLPLHQWR� 'DGR TXH HVWH DVSHFWR HV WDPELpQ GH LQWHUpV

FXDQGR HO JDV D GHWHFWDU HV PRQy[LGR GH FDUERQR� VH KD WRPDGR FRPR SXQWR

GH SDUWLGD OD XWLOL]DFLyQ GH HVWD PLVPD WpFQLFD SDUD OD REWHQFLyQ GHO PDWHULDO

VHQVRU�

(O HVWXGLR GH HVSHVRUHV HQ ORV PHQFLRQDGRV WUDEDMRV VREUH OD GHWHFFLyQ

GH &+� FRQFOX\H TXH HO HVSHVRU PiV HILFD] SDUD GHWHFWDU GLFKR JDV HV GH ���

QP� 'DGRV ORV DQWHFHGHQWHV GH LQIOXHQFLD GHO HVSHVRU HQ OD GHWHFFLyQ GH JDV HQ

SHOtFXODV GHOJDGDV GHSRVLWDGDV SRU VSXWWHULQJ� VH OOHYDQ D FDER HQVD\RV

HOHFWURTXtPLFRV TXH FRQGXFHQ D GHWHUPLQDU HO HVSHVRU TXH UHVXOWD ySWLPR HQ HO

FDVR GH OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR� UHVXOWDQGR HQ HVWH FDVR XQ

HVSHVRU GH XQRV ��� QP HO PiV DGHFXDGR �DSDUWDGR ������� 3RU HVWH PRWLYR ORV

DQiOLVLV HVWUXFWXUDOHV VH OOHYDQ D FDER VREUH PXHVWUDV GH HVWH HVSHVRU� $

FRQWLQXDFLyQ VH UHDOL]D HO FRPHQWDULR FUtWLFR GH ORV UHVXOWDGRV REWHQLGRV DO

UHVSHFWR�

������ �(03(5$785$ '( $11($/,1* < 7$0$f2 '( *5$12�

6H KDQ HIHFWXDGR DQiOLVLV HVWUXFWXUDOHV ;5' \ $)0 GH ODV SHOtFXODV GH 6Q2� GH

��� QP GH HVSHVRU �DSDUWDGR ���� SDUD GHWHUPLQDU OD WHPSHUDWXUD GH DQQHDOLQJ

QHFHVDULD SDUD REWHQHU ORV SDUiPHWURV HVWUXFWXUDOHV DGHFXDGRV HQ OD GHWHFFLyQ

GH JDV� SULQFLSDOPHQWH HO WDPDxR GH JUDQR DSURSLDGR�



'LVFXVLyQ GH UHVXOWDGRV ���

&RPR VH H[SXVR HQ HO DSDUWDGR ������� HQ UHIHUHQFLD D OD FRQGXFFLyQ HQ

SHOtFXODV GHOJDGDV� OD H[WHQVLyQ GH OD UHJLyQ GH FDUJD HVSDFLDO� FUtWLFD HQ OD

GHWHFFLyQ GH JDV� GHSHQGH GH OD ORQJLWXG GH 'HE\H /' �IyUPXOD ����� \ GH OD

FDUJD VXSHUILFLDO� TXH HV D VX YH] IXQFLyQ GHO R[tJHQR DEVRUELGR HQ VXSHUILFLH�

(Q ORV VHPLFRQGXFWRUHV HVWD PDJQLWXG WLHQH XQ YDORU FRPSDUDEOH DO GH

SDUiPHWURV HVWUXFWXUDOHV FRPR HO WDPDxR GH JUDQR� 7DO \ FRPR VH H[SXVR HQ

HVWH SXQWR� HO YDORU GH OD ORQJLWXG GH 'HE\H GHEH UHODFLRQDUVH FRQ HO WDPDxR GH

JUDQR �/&� GH WDO PRGR TXH /'�/&�� SDUD TXH OD YDULDFLyQ HQ HO PHFDQLVPR GH

FRQGXFFLyQ VHD VXVWDQFLDO \ GHVHPERTXH HQ OD PD\RU YDULDFLyQ SRVLEOH GH OD

FRQGXFWLYLGDG GHO PDWHULDO� >2JDZD ��@ HVWLPD OD SURIXQGLGDG GH OD ]RQD GH

GHSOHFFLyQ SDUD SDUWtFXODV REWHQLGDV SRU HYDSRUDFLyQ HQ � QP \ >*|SHO ��@

HVWLPD HO PLVPR WDPDxR HQ PDWHULDO VLQWHUL]DGR� /D ILJXUD ��� >&KRH ��@

UHFRSLOD ODV HVWLPDFLRQHV GH OD ORQJLWXG GH 'HE\H UHDOL]DGDV SRU 2JDZD \

0F$OHHU�

)LJXUD ��� /RQJLWXG GH 'HE\H HQ IXQFLyQ GH OD FRQFHQWUDFLyQ GH SRUWDGRUHV D ���� &

/RV YDORUHV VHxDODGRV HQ OD ELEOLRJUDItD SDUD RSWLPL]DU OD GHWHFFLyQ GH JDV

EDViQGRVH HQ ORV PHFDQLVPRV H[SOLFDGRV DSXQWDQ D WDPDxRV GH JUDQR

UHGXFLGRV� GH DOUHGHGRU GH �� QP ><DPD]RH ��@ >%kUVDQ ��@� (VWRV WDPDxRV GH

JUDQR VRQ GLItFLOHV GH XQLU D XQD EXHQD HVWDELOL]DFLyQ GH ODV SURSLHGDGHV GH ODV

SHOtFXODV \ D XQD HVWHTXLRPHWUtD HVWDEOH� SDUiPHWURV TXH VH DOFDQ]DQ HQ DPERV

FDVRV PHGLDQWH ORV WUDWDPLHQWRV WpUPLFRV DSOLFDGRV DO PDWHULDO�
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(Q OD ILJXUD ��� VH SXHGH REVHUYDU TXH ORV WDPDxRV GH JUDQR SUy[LPRV D

ORV PHQFLRQDGRV VH REWLHQHQ HQ HO SUHVHQWH FDVR FRQ WHPSHUDWXUDV GH UHFRFLGR

WDQWR GH ��� FRPR GH ���� &� VLHPSUH HQ DWPyVIHUD GH DLUH VLQWpWLFR \ GXUDQWH

�� KRUDV� /DV FRQFOXVLRQHV TXH VH H[WUDHQ GH OR PRVWUDGR SRU GLFKD JUiILFD VRQ

ODV VLJXLHQWHV�

9 'DGR TXH OD WHPSHUDWXUD GH ���� & HV LQIHULRU D OD WHPSHUDWXUD GH

HVWDELOL]DFLyQ TXH SRVWHULRUPHQWH VH HPSOHD HQ ODV SHOtFXODV� XWLOL]DUOD

SXHGH LQGXFLU FDPELRV HQ HO WDPDxR GH JUDQR GHO PDWHULDO GXUDQWH VX

IXQFLRQDPLHQWR� SRU OR FXDO HVWD WHPSHUDWXUD KD GH VHU GHVFDUWDGD� D SHVDU

GH TXH VX FDSDFLGDG GH GHWHFFLyQ VHD SUREDEOHPHQWH PiV HOHYDGD

>'LpJXH] ��@�

9 /D WHPSHUDWXUD GH ���� & WDPSRFR VH FRQVLGHUD DSURSLDGD SRU OOHYDU

DSDUHMDGR XQ FUHFLPLHQWR GH JUDQR VXSHULRU DO GHVHDGR �DOFDQ]DQGR YDORUHV

GH XQRV �� QP��

9 3RU WDQWR� HQWUH ORV SRVLEOHV WUDWDPLHQWRV WpUPLFRV FRQVLGHUDGRV� VH HVFRJH

FRPR ySWLPR HO GH �� KRUDV HQ DLUH VLQWpWLFR D ���� & GH WHPSHUDWXUD� SRU

DOFDQ]DU GH HVWH PRGR XQD WHPSHUDWXUD VXSHULRU D OD GH HVWDELOL]DFLyQ GH

ODV PXHVWUDV �HYLWDQGR HO HQYHMHFLPLHQWR GXUDQWH VX IXQFLRQDPLHQWR� \

SURFXUDU DGHPiV XQ WDPDxR GH JUDQR DGHFXDGR�

6L VH HVWDEOHFH XQD FRPSDUDFLyQ HQWUH ORV WDPDxRV PHGLRV GH JUDQR

REWHQLGRV FRQ GLIHUHQWHV WUDWDPLHQWRV WpUPLFRV D SHOtFXODV GH VSXWWHULQJ GH ���

\ ��� QP GH HVSHVRU� VH SXHGHQ DSUHFLDU ODV GLIHUHQFLDV \ VHPHMDQ]DV HQWUH

DPEDV HQ OD ILJXUD ���� (Q ODV ILJXUDV VXFHVLYDV ODV OtQHDV FRQWLQXDV

FRUUHVSRQGHQ D ODV PXHVWUDV GH ��� QP \ ODV GH WUD]RV D ODV GH ��� QP� /D

HYROXFLyQ GHO WDPDxR GH JUDQR SDUD ODV GLIHUHQWHV IDPLOLDV GH SODQRV

�GLIHUHQFLDGDV SRU FRORUHV� HV VLPLODU SDUD DPERV HVSHVRUHV GH SHOtFXOD� /D

~QLFD GLVFUHSDQFLD HQWUH DPEDV IDPLOLDV HV TXH HO FUHFLPLHQWR GH JUDQR D ����

& HV OLJHUDPHQWH LQIHULRU HQ ODV GH ��� QP� 6H H[SOLFD HVWH IHQyPHQR GDGD OD

OLPLWDFLyQ HQ HO FUHFLPLHQWR GH JUDQR LQKHUHQWH D ORV EDMRV HVSHVRUHV GH

SHOtFXOD� 'H WRGDV IRUPDV� HVWH KHFKR QR WLHQH PD\RU UHOHYDQFLD HQ HVWH FDVR�

\D TXH QR VH YD D XWLOL]DU ���� & FRPR WHPSHUDWXUD GH WUDWDPLHQWR�



'LVFXVLyQ GH UHVXOWDGRV ���

)LJXUD ��� &RPSDUDFLyQ GH WDPDxRV GH JUDQR SDUD GLVWLQWDV WHPSHUDWXUDV GH UHFRFLGR GH

�� KRUDV HQ DLUH VLQWpWLFR� VREUH SHOtFXODV GH 6Q2� GH ��� \ ��� QP GH HVSHVRU

5HVXOWD LQWHUHVDQWH OD FRPSDUDFLyQ HQWUH HVWRV GDWRV GH WDPDxRV GH

JUDQR \ ORV REWHQLGRV SRU PHGLR GH RWUDV WHFQRORJtDV� 6H SUHVHQWD XQ UHVXPHQ

GH HVWRV GDWRV HQ OD WDEOD ���� HVSHFLILFDQGR HO PpWRGR GH IDEULFDFLyQ� OD

WHPSHUDWXUD GH REWHQFLyQ GHO PDWHULDO� HO UHFRFLGR \ VX WDPDxR GH JUDQR�

5HIHUHQFLD 0pWRGR 7REWHQFLyQ 7DQQHDOLQJ 7DPDxR

JUDQR

><DPD]RH ��@ 6LQWHUL]DGR ����& ; � �� QP

>'HPDUQH ��@ 5I 6SXWWHULQJ UHDFWLYR ; ����& 1� �K �

����& DLUH �K

�

����& DLUH ��K

����� QP

>*DXWKHURQ
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����& ����& DLUH ��K �� QP

>'XWUDLYH ��@ 6LQWHUL]DGR ���→�����&

�K

; ������ QP
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7DEOD ��� 5HVXPHQ GH WDPDxRV GH JUDQR REWHQLGRV SRU GLIHUHQWHV WHFQRORJtDV \ FRQ

GLYHUVRV WUDWDPLHQWRV WpUPLFRV

'H ORV UHVXOWDGRV H[SXHVWRV VH SXHGHQ H[WUDHU YDULDV FRQFOXVLRQHV�



'LVFXVLyQ GH UHVXOWDGRV ���

¾ >%UXQR ��@ FRQILUPD FRQ VXV UHVXOWDGRV TXH HO FRQWURO WDPDxR GH JUDQR HQ

OD WpFQLFD GH &9' VH HVWDEOHFH HQ PD\RU PHGLGD HQ IXQFLyQ GH OD

WHPSHUDWXUD D OD TXH VH PDQWLHQH HO VXVWUDWR GXUDQWH HO GHSyVLWR TXH GHO

WUDWDPLHQWR WpUPLFR SRVWHULRU� (Q HO SUHVHQWH FDVR� SRU HO FRQWUDULR� HO

GHSyVLWR GH PDWHULDO VH UHDOL]D D EDMD WHPSHUDWXUD SRU OR FXDO HO FRQWURO GH

WDPDxR GH JUDQR VH UHDOL]D SULQFLSDOPHQWH D WUDYpV GHO WUDWDPLHQWR WpUPLFR�

(VWR VXFHGH GH LJXDO IRUPD HQ >'HPDUQH ��@� TXH WDPELpQ UHDOL]D HO

GHSyVLWR SRU VSXWWHULQJ VLQ DSOLFDU WHPSHUDWXUD� 6X WUDWDPLHQWR WpUPLFR VLQ

HPEDUJR FRQGXFH D XQD HVWUXFWXUD FRQ WDPDxR GH JUDQR SRFR KRPRJpQHR

D OR ODUJR GH OD FDSD� /D REWHQFLyQ GH OD SHOtFXOD SRU VSXWWHULQJ VLQ

DSOLFDFLyQ GH WHPSHUDWXUD GXUDQWH HO GHSyVLWR HV WDPELpQ SUREDEOHPHQWH HO

PRWLYR GH TXH HQ QXHVWUR FDVR OD PLFURHVWUXFWXUD QR VXIUD DSHQDV

YDULDFLRQHV FRQ ORV GLIHUHQWHV HVSHVRUHV GH SHOtFXOD� FRPR VXFHGH SRU

HMHPSOR HQ >'HPDUQH ��@ DO HPSOHDU OD WpFQLFD 5*72� GRQGH XQD SHOtFXOD

GH ��� QP GH HVSHVRU SUHVHQWD PD\RU Q~PHUR GH MXQWDV GH JUDQR TXH XQD

GH ��� QP� WDQWR DQWHV FRPR GHVSXpV GHO WUDWDPLHQWR WpUPLFR�

¾ (Q ODV WpFQLFDV GH VLQWHUL]DGR HO WDPDxR GH JUDQR GHSHQGH HQ PD\RU SDUWH

GH OD IRUPD GH REWHQFLyQ GHO PDWHULDO TXH GHO WUDWDPLHQWR WpUPLFR� FRPR VH

SXHGH DSUHFLDU SRU ODV GLIHUHQFLDV HQWUH ><DPD]RH ��@ \ >'XWUDLYH ��@�

¾ 6H REVHUYD TXH VH REWLHQHQ WDPDxRV GH JUDQR VLPLODUHV D ORV REWHQLGRV HQ

HO SUHVHQWH WUDEDMR PHGLDQWH RWURV WUDWDPLHQWRV WpUPLFRV FXDQGR VH XWLOL]DQ

GLIHUHQWHV WpFQLFDV GH SHOtFXOD JUXHVD�

o >*DXWKHURQ ��@ REWLHQH �� QP FRQ XQD WHPSHUDWXUD GH DHURVRO

S\URO\VLV GH ���� &

o >%UXQR ��@ DSXQWD �� QP FXDQGR OD WHPSHUDWXUD GHO VXVWUDWR HQ

&9' HV GH ���� &� FRQ XQ WUDWDPLHQWR WpUPLFR SRVWHULRU GH ��

KRUDV D ����&

o >-LQ ��@ OOHJD D �� QP SRU VSLQ FRDWLQJ FRQ VHFDGR GH ���� &

GXUDQWH �� PLQXWRV \ WUDWDPLHQWR WpUPLFR GH ���� & GXUDQWH RWURV

�� PLQXWRV \ �� QP VL HO WUDWDPLHQWR HV D ���� &

o >&LUHUD ��@ VHxDOD WDPDxRV GH JUDQR HQ SHOtFXODV REWHQLGDV SRU

PLFURGURSSLQJ GH ���� QP VL OD WHPSHUDWXUD GH REWHQFLyQ GHO

PDWHULDO EDVH HV GH ���� & \ WUDWDPLHQWR GH ���� & GXUDQWH �
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KRUDV� \ GH ��� VL OD REWHQFLyQ VH UHDOL]D D ���� & FRQ LJXDO

WUDWDPLHQWR WpUPLFR

(Q FXDQWR D ODV GLIHUHQFLDV TXH SRGUtD LQWURGXFLU XQD YDULDFLyQ GH HVSHVRU

HQ RWURV SDUiPHWURV HVWUXFWXUDOHV� VH SXHGHQ FRPSDUDU ORV YDORUHV GH ODV

GHIRUPDFLRQHV GH UHG HQ XQDV \ RWUDV SHOtFXODV �ILJXUD ����� 3DUD HOOR VH HYDO~D

HO SDUiPHWUR GH OD IRUPD LQGLFDGD HQ >&LUHUD ��D@ EDViQGRVH HQ ORV GDWRV TXH

DSRUWD ><X ��@ HQ UHIHUHQFLD D ODV GLVWDQFLDV HQWUH SODQRV VLQ GHIRUPDFLRQHV�

3DUD DPERV HVSHVRUHV GH SHOtFXOD HO DXPHQWR GH OD WHPSHUDWXUD GHO WUDWDPLHQWR

WpUPLFR FRQGXFH D SRVLFLRQHV GH OD UHG FRQ PHQRUHV GHIRUPDFLRQHV� DXQTXH D

OD WHPSHUDWXUD GH ���� &� TXH RSWLPL]D HO WDPDxR GH JUDQR� D~Q SUHVHQWDQ

GHIRUPDFLRQHV WRGRV ORV SODQRV FULVWDORJUiILFRV� /D ~QLFD GLVFUHSDQFLD D UHVHxDU

HQWUH ODV FDUDFWHUtVWLFDV GH ODV PXHVWUDV GH ��� \ ��� QP GH HVSHVRU HQ HVWH

DVSHFWR HV TXH HQ ODV PXHVWUDV GH PD\RU HVSHVRU D ���� & ODV GHIRUPDFLRQHV

VH HOLPLQDQ HQ PD\RU JUDGR TXH HQ ODV GH PHQRU HVSHVRU� /D H[SOLFDFLyQ GH

HVWH IHQyPHQR UDGLFD HQ TXH FRQ HVSHVRUHV PD\RUHV� OD PLFURHVWUXFWXUD HVWi

PHQRV LQIOXLGD SRU HO VXVWUDWR�

)LJXUD ��� &RPSDUDFLyQ GH GHIRUPDFLRQHV GH UHG SDUD GLVWLQWRV WUDWDPLHQWRV WpUPLFRV HQ

SHOtFXODV GH 6Q2� GH ��� \ ��� QP GH HVSHVRU

(VWD GLIHUHQFLD WDPELpQ HV SDWHQWH HQ ODV GLVWRUVLRQHV �ILJXUD ����� \D TXH

ODV REWHQLGDV HQ ODV PXHVWUDV GH ��� QP VRQ VXSHULRUHV D ODV REVHUYDGDV HQ ODV

PXHVWUDV GH ��� QP� VREUH WRGR D EDMDV WHPSHUDWXUDV�
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'LVFXVLyQ GH UHVXOWDGRV ���

)LJXUD ��� &RPSDUDFLyQ GH GLVWRUVLRQHV SDUD GLVWLQWRV WUDWDPLHQWRV WpUPLFRV HQ SHOtFXODV

GH 6Q2� GH ��� \ ��� QP GH HVSHVRU

(Q HVWH FDVR HO PHQRU HVSHVRU SRVLEOHPHQWH KDFH TXH� D EDMDV

WHPSHUDWXUDV� ORV iWRPRV GH HVWDxR WHQJDQ VX YHFLQR PiV SUy[LPR OLJHUDPHQWH

PiV DOHMDGR TXH HQ ODV PXHVWUDV GH PD\RU HVSHVRU� GDQGR OXJDU D GLVSRVLFLRQHV

PiV GLVWRUVLRQDGDV�

&RPSDUDQGR HVWRV UHVXOWDGRV FRQ ORV SUHVHQWDGRV HQ >&LUHUD ��@� TXH VH

LQFOX\HQ HQ OD ILJXUD ���� VH REVHUYD HQ HVWRV ~OWLPRV TXH D SDUWLU GH ���� & ODV

GLVWRUVLRQHV GLVPLQX\HQ GH PDQHUD RVWHQVLEOH� PLHQWUDV TXH ODV PXHVWUDV

REWHQLGDV SRU VSXWWHULQJ OD GLVPLQXFLyQ GH ODV GLVWRUVLRQHV HV PiV JUDGXDO� VLQ

OOHJDU D GHVDSDUHFHU WRWDOPHQWH LQFOXVR D ���� &� (VWH KHFKR HVWi RFDVLRQDGR

SRUTXH ODV SHOtFXODV JUXHVDV HVWiQ PHQRV LQIOXHQFLDGDV SRU HO VXVWUDWR TXH ODV

SHOtFXODV GHOJDGDV� SRU OR TXH OD DFRPRGDFLyQ HQ ODV SRVLFLRQHV GH UHG HV PiV

VHQFLOOD HQ HVWDV ~OWLPDV�
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)LJXUD ��� &RPSDUDFLyQ GH GLVWRUVLRQHV FRQ GLVWLQWRV WUDWDPLHQWRV WpUPLFRV HQ SHOtFXODV

GH 6Q2� >&LUHUD ��@

3DUD ILQDOL]DU FRQ HO DQiOLVLV PLFURHVWUXFWXUDO� VL VH FRPSDUDQ ODV

GLVWRUVLRQHV GH UHG GH ODV PXHVWUDV GH ��� \ ��� QP REWHQLGDV SRU VSXWWHULQJ�

\ VH WRPD OD GLVPLQXFLyQ GH OD UHODFLyQ HQWUH ODV LQWHQVLGDGHV ,����,��� FRPR

PDUFDGRU GH XQD SRVLEOH GLVROXFLyQ GH YDFDQWHV GH R[tJHQR HQ OD PXHVWUD� VH

SXHGH DSUHFLDU HQ OD ILJXUD ��� TXH ODV GLIHUHQFLDV HQWUH ODV PXHVWUDV UHFRFLGDV

D ���� & WDQWR HQ HVSHVRUHV GH ��� FRPR GH ��� QP QR SUHVHQWDQ YDULDFLRQHV

VLJQLILFDWLYDV� FRQ OR FXDO VH SXHGH GHGXFLU TXH WDQWR OD HVWHTXLRPHWUtD FRPR OD

FRQFHQWUDFLyQ GH SRUWDGRUHV VHUiQ FRPSDUDEOHV HQ DPERV HVSHVRUHV�

)LJXUD ��� &RPSDUDFLyQ GH LQWHQVLGDGHV UHODWLYDV ,����,��� SDUD GLVWLQWRV WUDWDPLHQWRV

WpUPLFRV HQ SHOtFXODV GH 6Q2� GH ��� \ ��� QP GH HVSHVRU
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'LVFXVLyQ GH UHVXOWDGRV ���

������ �(638(67$ (/(&75248Ë0,&$ '( ',)(5(17(6 (63(625(6

'( Ï;,'2 '( (67$f2�

(O SULPHU IDFWRU D WHQHU HQ FXHQWD HQ ORV PDWHULDOHV VHPLFRQGXFWRUHV SDUD

VHQVRUL]DFLyQ GH JDV HV TXH ORV SURFHVRV GH GHWHFFLyQ VRQ DFWLYDGRV SRU

WHPSHUDWXUD� SRU OR FXDO H[LVWLUi XQD WHPSHUDWXUD D OD TXH OD UHVSXHVWD HOpFWULFD

TXH VH SURGX]FD HQ HO PDWHULDO HQ SUHVHQFLD GH JDV VHUi Pi[LPD� (VWXGLRV

WHyULFRV VREUH OD GHSHQGHQFLD GH OD UHVSXHVWD GHO 6Q2� FRQ OD WHPSHUDWXUD

WDPELpQ FRUURERUDQ TXH OD HQHUJtD GH DGVRUFLyQ GHO R[tJHQR \ GHO JDV D

GHWHFWDU VRQ ORV IDFWRUHV TXH GHWHUPLQDQ HO WLHPSR GH UHVSXHVWD� GH

UHFXSHUDFLyQ \ OD WHPSHUDWXUD D OD FXDO OD Pi[LPD UHVSXHVWD WLHQH OXJDU

>.RURWFKHQNRY ��@�

/D WDEOD ��� PXHVWUD DOJXQRV DXWRUHV TXH GDQ ORV GDWRV GH UHVSXHVWD

HOpFWULFD HQ IXQFLyQ GH OD WHPSHUDWXUD GH IXQFLRQDPLHQWR� WUDEDMDQGR FDGD XQR

FRQ GLIHUHQWHV PpWRGRV GH REWHQFLyQ GHO PDWHULDO� 6H VHxDODQ SRU PHGLR GHO

VXEtQGLFH �PD[� HQ OD FROXPQD GH WHPSHUDWXUD ORV GDWRV FRUUHVSRQGLHQWHV D

WHPSHUDWXUDV GH Pi[LPD VHQVLELOLGDG� (V REVHUYDEOH XQD YDULDFLyQ GHVGH ORV

����& GH ODV PXHVWUDV GH >/HH ��@ REWHQLGDV SRU H�EHDP HYDSRUDWLRQ� \ ORV

����& GH Pi[LPR TXH VH DSUHFLDQ HQ >6FKLHUEDXP ��@ SRU 8+9 HYDSRUDWLRQ� (Q

QXHVWUR FDVR �DO ILQDO GH OD WDEOD� ORV UHVXOWDGRV HQ PXHVWUDV GH ��� QP GH

HVSHVRU DSXQWDQ D XQ Pi[LPR GH UHVSXHVWD �6 �� VLWXDGR HQ ����&� (VWH

Pi[LPR GH UHVSXHVWD VH WUDVODGD KDFLD WHPSHUDWXUDV PHQRUHV HQ PXHVWUDV GH

PD\RU HVSHVRU� FRPR PXHVWUD OD ILJXUD ���� 0RGHORV WHyULFRV VREUH ORV

IHQyPHQRV GH GHWHFFLyQ GH JDV TXH VH SUHVHQWDUiQ PiV HQ GHWDOOH HQ HO

DSDUWDGR VLJXLHQWH� FRQILUPDQ HVWH PLVPR WUDVODGR GH OD WHPSHUDWXUD GH

VHQVLELOLGDG Pi[LPD KDFLD YDORUHV PHQRUHV DO DXPHQWDU HO HVSHVRU GH ODV

PXHVWUDV� FRPR VH DSUHFLD HQ OD ILJXUD ��� >6DNDL ��@�
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)LJXUD ��� 6HQVLELOLGDG HQ IXQFLyQ GH OD WHPSHUDWXUD SDUD YDULRV HVSHVRUHV GH SHOtFXOD�

VLPXODGDV HQ ODV FRQGLFLRQHV LQGLFDGDV HQ >6DNDL ��@

5HIHUHQFLD 7HFQRORJtD &RQFHQWUDFLyQ

GH &2

7HPSHUDWXUD 5HVSXHVWD

HOpFWULFD

><DPD]RH ��@ 6LQWHUL]DGR ��� SSP ����& 6
 ��

>*DXWKHURQ ��@ DHURVRO S\UROLVLV ��� SSP ����& 6

 �

>-LQ ��@ 6SLQ FRDWLQJ ��� SSP ����& 6
 �

>&LUHUD ��@ 0LFURGURSSLQJ ���� SSP ����& 6
 �

>/HH ��@ H�EHDP HYDSRUDWLRQ ���� SSP ����& �PD[� 6

 ���

>6FKLHUEDXP

��@

8+9 HYDSRUDWLRQ ���� SSP ����& �PD[�

���UK

6
 ���

>'HPDUQH ��@ 5*72 ��� SSP ����& ���UK 6

 �

>'HPDUQH ��@ 5I VSXWWHULQJ ��� SSP ����& 6

 ���

>*DJJLRWWL ��@ '& VSXWWHULQJ UHDFWLYR ��� SSP ����& 6
 ����
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>'L *LXOLR ��@ 5I VSXWWHULQJ UHDFWLYR ��� SSP ����& �PD[� 6
 ���

>:LOOLDPV ��@ 5I VSXWWHULQJ UHDFWLYR

�����&�

����� SSP ����& �PD[� S*=�

5HVXOWDGRV

SURSLRV

'& VSXWWHULQJ UHDFWLYR ��� SSP ����& 6

 �

7DEOD ��� &RPSHQGLR GH UHVSXHVWDV HOpFWULFDV REWHQLGDV SRU GLIHUHQWHV WHFQRORJtDV

$ OD KRUD GH UHDOL]DU OD FRPSDUDFLyQ HQWUH YDORUHV GH UHVSXHVWD HOpFWULFD

HV QHFHVDULR WHQHU HQ FXHQWD TXH HO FiOFXOR GH OD PLVPD VH OOHYD D FDER GH GRV

IRUPDV GLIHUHQWHV� ORV FDVRV LQGLFDGRV FRPR 6
 HVWiQ FDOFXODGRV FRPR *�*� \

ORV LQGLFDGRV FRPR 6

 HVWiQ FDOFXODGRV FRPR �*�*���*�� /D UHODFLyQ HQWUH

DPEDV PDJQLWXGHV HV SRU OR WDQWR 6

 6
��� 7DPELpQ HV LPSRUWDQWH QRWDU TXH

WDQWR ODV FRQFHQWUDFLRQHV GH JDV HPSOHDGDV FRPR OD WHPSHUDWXUD GH RSHUDFLyQ

YDUtDQ GH XQRV FDVRV D RWURV� SRU OR FXDO HV QHFHVDULR FRPSDUDU ORV GDWRV FRQ

FLHUWD FDXWHOD� 2WUR IDFWRU LPSRUWDQWH TXH VH KD VHxDODGR HQ OD WDEOD \ TXH KD\

TXH WHQHU HQ FXHQWD HV VL HO HQVD\R VH HIHFW~D HQ DLUH VHFR R K~PHGR� 'DGR

TXH OD KXPHGDG LQIOX\H HQ OD GHWHFFLyQ GH JDV� VH KDQ GH FRPSDUDU WDPELpQ

FRQ FLHUWD UHVHUYD ODV UHVSXHVWDV REWHQLGDV HQ FRQGLFLRQHV GLIHUHQWHV� 6H KDQ

DSRUWDGR MXQWR D OD WHPSHUDWXUD ORV GDWRV GH KXPHGDG HQ DTXHOORV HQVD\RV HQ

ORV TXH ORV DXWRUHV OR LQGLFDQ� (VWH SXQWR VH GLVFXWLUi PiV GHWHQLGDPHQWH HQ

SUy[LPRV DSDUWDGRV�

6L VH FRWHMDQ ORV GDWRV REWHQLGRV SRU WpFQLFDV GH VSXWWHULQJ �� ~OWLPDV

ILODV GH OD WDEOD ����� WHQLHQGR HQ FXHQWD OR FRPHQWDGR DQWHULRUPHQWH� ORV

UHVXOWDGRV HOpFWULFRV REWHQLGRV FRQ OD PXHVWUD GH ��� QP GH y[LGR GH HVWDxR�

VRQ PiV UHGXFLGDV TXH ODV REWHQLGDV HQ QXHVWUR FDVR� 6 � SDUD ��� SSP GH

&2� >'HPDUQH ��@� SRU HMHPSOR� HQ ODV PLVPDV FRQGLFLRQHV GH RSHUDFLyQ

�FRQFHQWUDFLyQ \ WHPSHUDWXUD LJXDOHV� REWLHQH XQD UHVSXHVWD �� YHFHV PHQRU�

/DV UHVSXHVWDV FRQVHJXLGDV HQ DOJXQDV PXHVWUDV IDEULFDGDV FRQ WpFQLFDV

GH SHOtFXOD JUXHVD FRPR HQ HO FDVR GH >-LQ ��@ VRQ GH PD\RU YDORU \ PiV

FHUFDQDV DO YDORU FRQVHJXLGR HQ HVWH WUDEDMR� 6LHPSUH WHQLHQGR HQ FXHQWD ODV

FRQFHQWUDFLRQHV GH JDV HPSOHDGDV HQ ORV HQVD\RV� HO UHVWR GH PXHVWUDV RIUHFHQ

XQD VHQVLELOLGDG PHQRU TXH OD QXHVWUD DO PRQy[LGR GH FDUERQR�
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(Q FXDQWR D ORV GDWRV RIUHFLGRV SRU RWURV DXWRUHV HQ UHODFLyQ FRQ OD

LQIOXHQFLD GHO HVSHVRU HQ OD VHQVLELOLGDG DO PRQy[LGR GH FDUERQR� \D IXHURQ

PHQFLRQDGRV HQ HO DSDUWDGR ������ \ VH UHFXHUGDQ SDUD FRPSDUDUORV FRQ ORV

UHVXOWDGRV REWHQLGRV�

¾ >:LOOLDPV ��@ SUHVHQWD XQ HVWXGLR VLPLODU DO GH OD ILJXUD ��� HQ HO FXDO XQD

SHOtFXOD REWHQLGD SRU VSXWWHULQJ \ UHFRFLGD D ����& SUHVHQWD VX Pi[LPR GH

VHQVLELOLGDG DO &2 HQ XQ HVSHVRU GH XQRV ��� QP� $ SHVDU GH TXH

KDELWXDOPHQWH VH FRQVLGHUD TXH HO FRQWURO GH ODV SURSLHGDGHV GH OD SHOtFXOD

VH HIHFW~D GH PRGR PiV HILFLHQWH FRQWURODQGR OD WHPSHUDWXUD GH GHSyVLWR

�FRPR VXFHGH HQ >%UXQR ��@ FRQ OD WpFQLFD &9'�� HQ >:LOOLDPV ��@ QR VH

DSUHFLDQ FDPELRV RVWHQVLEOHV HQ OD VHQVLELOLGDG DO HPSOHDU GLIHUHQWHV

WHPSHUDWXUDV GH REWHQFLyQ� 1R VH SXHGH UHODFLRQDU HVWH GDWR FRQ ORV

SDUiPHWURV HVWUXFWXUDOHV \D TXH QR VH LQFOX\H LQIRUPDFLyQ DO UHVSHFWR�

¾ (Q >%UXQR ��@ VH REWLHQH HO Pi[LPR GH VHQVLEOLGDG HQWUH �� \ �� QP GH

HVSHVRU� 7DQWR HQ HVWH FDVR FRPR HQ HO DQWHULRU� DXQTXH ODV WHFQRORJtDV GH

REWHQFLyQ VRQ GLIHUHQWHV� ORV Pi[LPRV GH VHQVLELOLGDG FRLQFLGHQ SDUD HO &2�

HO &+� \ HO +� DSUR[LPDGDPHQWH HQ HO PLVPR HVSHVRU GH SHOtFXOD� (VWR

FRQWUDVWD FRQ OR REVHUYDGR HQ ODV FDSDV XWLOL]DGDV HQ HVWH WUDEDMR�

¾ >6DNDL ��@ QR REVHUYD YDULDFLyQ HQ OD VHQVLELOLGDG DO &2 HQ XQ UDQJR GH

HVSHVRUHV FRPSUHQGLGR HQWUH �� \ ��� QP REWHQLGRV SRU VSLQ�FRDWLQJ�

PLHQWUDV TXH Vt TXH DGYLHUWH XQ DXPHQWR GH VHQVLELOLGDG DO +� DO GLVPLQXLU

HO HVSHVRU�

&RPR \D VH KD PHQFLRQDGR� WUDEDMRV SUHYLRV DO SUHVHQWH FRQGXFtDQ D XQD

VHQVLELOLGDG Pi[LPD DO PHWDQR FRQ XQ HVSHVRU GH ��� QP� VXSHULRU DO TXH

SURGXFH OD PD\RU UHVSXHVWD DQWH HO PRQy[LGR GH FDUERQR� GH XQRV ��� QP�

(VWH UHVXOWDGR GLILHUH GH ORV REWHQLGRV HQ >:LOOLDPV ��@ \ >%UXQR ��@ \D TXH HQ

GLFKRV WUDEDMRV ORV Pi[LPRV GH VHQVLELOLGDG D DPERV JDVHV FRLQFLGtDQ HQ XQ

PLVPR HVSHVRU GH SHOtFXOD� (O WUDEDMR GH >6DNDL ��@ HQ FDPELR VL VH SUHVHQWDQ

Pi[LPRV GH OD UHVSXHVWD D GLVWLQWRV JDVHV FRQ HVSHVRUHV GLIHUHQWHV� (Q HO

DSDUWDGR VLJXLHQWH VH DERUGD HO PHFDQLVPR TXH WUDWD GH H[SOLFDU OD LQIOXHQFLD

GHO HVSHVRU HQ OD GHWHFFLyQ GH JDV�
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/DV PXHVWUDV TXH VH REWLHQHQ SRU PHGLR GH WpFQLFDV GH SHOtFXOD GHOJDGD FRPR

ORV SURFHVRV &9' R 39' VRQ QRUPDOPHQWH FODVLILFDGDV FRPR SHOtFXODV

FRPSDFWDV >6LPRQ ��@� PLHQWUDV TXH ODV WpFQLFDV GH SHOtFXOD JUXHVD HQ JHQHUDO

FRQILHUHQ PD\RU SRURVLGDG DO PDWHULDO� (O WDPDxR GH JUDQR REWHQLGR HQ ODV

PXHVWUDV DTXt HVWXGLDGDV ��� QP� GHPXHVWUD TXH ODV FDSDV GH ��� QP GH

HVSHVRU HVWDUiQ IRUPDGDV SRU XQ DSLODPLHQWR GH JUDQRV GHO PDWHULDO�

$ SHVDU GH TXH HQ ODV SHOtFXODV REWHQLGDV SRU WpFQLFDV 39'� HQWUH ODV TXH

VH FXHQWD HO VSXWWHULQJ XWLOL]DGR HQ QXHVWUR FDVR� ODV FDSDV VRQ GH FDUiFWHU

FRPSDFWR� HQ ODV REWHQLGDV SRU VSXWWHULQJ HQ SDUWLFXODU VH FRQVLGHUD TXH KD\

SRVLELOLGDG GH GLIXVLyQ D WUDYpV GH ODV MXQWDV GH JUDQR GHO PDWHULDO� (VWR TXLHUH

GHFLU TXH ODV UHDFFLRQHV QR VH SURGXFHQ ~QLFDPHQWH HQ VXSHUILFLH ItVLFD GH OD

SHOtFXOD� VLQR TXH WLHQHQ OXJDU SRU WRGR HO YROXPHQ HQ ODV VXSHUILFLHV GH ODV

MXQWDV GH JUDQR� 3RU HOOR ORV PRGHORV GH SHOtFXOD FRPSDFWD FRPR HO SURSXHVWR

HQ >&KRH ��@ R >6LPRQ ��@ QR VRQ DSOLFDEOHV HQ HVWH FDVR� SRUTXH FRQVLGHUDQ

~QLFDPHQWH XQD LQWHUDFFLyQ FRQ OD VXSHUILFLH ItVLFD GHO PDWHULDO� \ TXH HO JDV QR

VH GLIXQGH KDFLD HO LQWHULRU GHO PLVPR�

(O FDUiFWHU GH ODV PXHVWUDV DTXt FRQVLGHUDGDV VH SXHGH DSUHFLDU HQ OD

PLFURJUDItD REWHQLGD SRU PHGLR GHO 7(0 �PLFURVFRStD GH WUDQVPLVLyQ

HOHFWUyQLFD� GH XQD PXHVWUD GH 6Q2� GH ��� QP HODERUDGD SRU VSXWWHULQJ� \

TXH VH SXHGH REVHUYDU HQ OD ILJXUD ���� 3RU XQD SDUWH� VH DSUHFLDQ FODUDPHQWH

ODV QDQRSDUWtFXODV� \ WDPELpQ VH SHUFLEH TXH QR KD\ QLQJXQD ]RQD GHO HVSDFLR

GHVRFXSDGD� OR TXH HV LQGLFDWLYR GH VX FRPSDFLGDG� 3HUR SRU RWUD SDUWH VH

SXHGH YHU TXH HO Q~PHUR GH QDQRSDUWtFXODV H[LVWHQWH GD OXJDU D DEXQGDQWHV

MXQWDV GH JUDQR� D WUDYpV GH ODV FXDOHV SXHGH GLIXQGLU HO JDV SDUD UHDFFLRQDU HQ

OD VXSHUILFLH GH ODV PLVPDV�
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)LJXUD ��� 0LFURJUDItD REWHQLGD SRU 7(0 GH PXHVWUD GH y[LGR GH HVWDxR GH ��� QP FRQ

3G PXOWLFDSD FRQ 3G DxDGLGR FDGD �� QP� REWHQLGD SRU VSXWWHULQJ �ORV HVWUDWRV TXH VH

DSUHFLDQ HQ HO SHUILO FRUUHVSRQGHQ ODV FDSDV GH DGLWLYR�

(QWUH ODV SRVLELOLGDGHV HVWXGLDGDV VH VXSRQH TXH HO SURFHVR GH GHWHFFLyQ

UHVSRQGH D XQ PRGHOR GH UHDFFLyQ�GLIXVLyQ TXH WLHQH OXJDU WDQWR HQ OD

VXSHUILFLH ItVLFD GHO PDWHULDO FRPR HQ ODV MXQWDV GH JUDQR HQ HO LQWHULRU GHO

PLVPR� VHPHMDQWH DO TXH GHVFULEH OD ILJXUD ����� $XQTXH H[LVWHQ GLYHUVRV

DXWRUHV TXH DERUGDQ HVWH SUREOHPD� VH KD HVFRJLGR HVWH SODQWHDPLHQWR SRU VX

VLPLOLWXG D QXHVWUR FDVR� \D TXH WUDWD GH H[SOLFDU HO IHQyPHQR HQ SHOtFXODV

GHOJDGDV� DGHPiV GH FRQVLGHUDU OD XELFDFLyQ GH ORV FRQWDFWRV EDMR OD SHOtFXOD

VHQVLEOH�

(O KHFKR GH TXH OD UHVSXHVWD HOpFWULFD GHSHQGD GHO HVSHVRU LQGLFD TXH HO

PHFDQLVPR GH GHWHFFLyQ HVWi GRPLQDGR SRU OD GLIXVLyQ� FDVR HQ HO FXDO HVWi

PiV LQGLFDGD OD XWLOL]DFLyQ GH SHOtFXODV GHOJDGDV TXH OD GH SHOtFXODV JUXHVDV HQ

OD GHWHFFLyQ VHJ~Q ORV PRGHORV WHyULFRV GH >*DUGQHU ��@� (O KHFKR GH TXH HO

PHFDQLVPR HVWp GRPLQDGR SRU OD GLIXVLyQ VLJQLILFD TXH OD WDVD GH GLIXVLyQ VHUi

OHQWD FRPSDUDGD FRQ OD WDVD GH UHDFFLyQ� \ H[SOLFDUtD OD PD\RU UHVSXHVWD

HOpFWULFD D PHGLGD TXH HO HVSHVRU GLVPLQX\H� WDO FRPR SRVWXOD >6DNDL ��D@ \

>6DNDL ��E@� (VWH PRGHOR� \D H[SOLFDGR HQ HO DSDUWDGR ������ FRQGXFLUtD D XQDV

FXUYDV GH UHVSXHVWD HOpFWULFD �TXH HO DXWRU OODPD VHQVLELOLGDG� HQ IXQFLyQ GHO
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HVSHVRU� TXH WLHQHQ FRPR SDUiPHWUR m� GHILQLGR HQ OD IyUPXOD >���@� \ TXH

VXVWLWXLGR HQ OD IyUPXOD >����@ GH VHQVLELOLGDG� GDUtD OXJDU D OD H[SUHVLyQ >���@�

KD

k
Lm =     [7.1] 

( )m
m

Ca

R

R
S sA

g

a tanh1 ,⋅
+==     [7.2] 

/� ORQJLWXG GHO SRUR

N� FRQVWDQWH GH OD UHDFFLyQ VXSHUILFLDO

'.� FRHILFLHQWH GH GLIXVLyQ GH .QXGVHQ

D� FRQVWDQWH GH SURSRUFLRQDOLGDG

&$�V� FRQFHQWUDFLyQ GHO JDV HQ OD DWPyVIHUD FLUFXQGDQWH

/DV FXUYDV GH UHVSXHVWD HOpFWULFD HQ IXQFLyQ GHO HVSHVRU GH OD SHOtFXOD

TXHGDQ UHSUHVHQWDGDV HQ OD ILJXUD ���� 6L VH FRQVLGHUD HO FRFLHQWH �N�'.�
���

FRQVWDQWH� VH REVHUYD TXH OD UHVSXHVWD GLVPLQXLUi D PHGLGD TXH HO HVSHVRU GH

OD SHOtFXOD DXPHQWH� (VWH GHFUHFLPLHQWR VHUi PiV EUXVFR FXDQWR PD\RU VHD

GLFKR FRFLHQWH� (VWR TXLHUH GHFLU TXH FXDQWR PiV UHDFWLYR VHD HO JDV �N PD\RU�

R FXDQWR PHQRV FDSDFLGDG GH GLIXVLyQ WHQJD OD PROpFXOD �'. PHQRU� OD

GLVPLQXFLyQ GH UHVSXHVWD D PHGLGD TXH DXPHQWD HO HVSHVRU VHUi PiV UiSLGD�

)LJXUD ��� 5HVSXHVWD DO JDV HQ IXQFLyQ GHO HVSHVRU GH SHOtFXOD SDUD GLIHUHQWHV YDORUHV GH

�N�'.�
���� WRPDQGR D � SSP��
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(VWD WHRUtD VHUtD YiOLGD SDUD H[SOLFDU ORV UHVXOWDGRV TXH VH SURGXFHQ HQ

HVWH WUDEDMR D SDUWLU GH HVSHVRUHV GH ��� QP �ILJXUD ����� /D GLVPLQXFLyQ GH

VHQVLELOLGDG TXH VH SURGXFH HQ HVSHVRUHV PHQRUHV GH HVWH YDORU HVWDUi

SUREDEOHPHQWH RULJLQDGD SRU OD IDOWD GH OXJDUHV GH UHDFFLyQ DO GLVPLQXLU HO

Q~PHUR GH MXQWDV GH JUDQR FXDQGR QRV DSUR[LPDPRV D HVSHVRUHV PiV FHUFDQRV

DO UDQJR GHO WDPDxR GH JUDQR�

(Q JHQHUDO� OD YDOLGH] GH HVWH PRGHOR TXHGD UHVWULQJLGD DO FXPSOLPLHQWR

GH ODV SUHPLVDV HVWDEOHFLGDV SDUD VX HODERUDFLyQ� TXH WDPELpQ VH KDQ GDGR SRU

YiOLGDV HQ QXHVWUR FDVR�

¾ OLQHDOLGDG HQ OD UHODFLyQ HQWUH OD FRQGXFWLYLGDG \ OD FRQFHQWUDFLyQ

GH JDV HQ OD SURIXQGLGDG GH OD FDSD VHQVLEOH

¾ FRQVLGHUDFLyQ GH XQ PHFDQLVPR SXUDPHQWH GH GLIXVLyQ GH

.QXGVHQ �DSOLFDEOH FXDQGR HO WDPDxR GH ORV SRURV VH HQFXHQWUD

HQWUH � \ ��� QP�

¾ FRQVLGHUDFLyQ GH UHDFFLRQHV VXSHUILFLDOHV GH SULPHU RUGHQ

����
� �1)/8(1&,$ '( /$ *(20(75Ë$ '( &217$&726 < 68
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/D UHODFLyQ HQWUH OD VHSDUDFLyQ HQWUH ORV HOHFWURGRV VLWXDGRV EDMR OD SHOtFXOD \ HO

SURSLR HVSHVRU GH SHOtFXOD VRQ IDFWRUHV D WHQHU HQ FXHQWD HQ OD GLVFXVLyQ GH OD

VHQVLELOLGDG DO JDV HQ IXQFLyQ GHO HVSHVRU GH PDWHULDO� (Q ODV PXHVWUDV XWLOL]DGDV

HQ HVWH HVWXGLR� OD UHODFLyQ HV GH ��� ��� PLFUDV GH VHSDUDFLyQ HQWUH

LQJHUGLJLWDGRV IUHQWH D ��� QP GH HVSHVRU�� SRU OR TXH HO FDPSR HOpFWULFR HQWUH

HOHFWURGRV VH SXHGH FRQVLGHUDU LQGHSHQGLHQWH GH OD SRVLFLyQ HQWUH ORV PLVPRV� \

VH SXHGH FDOFXODU FRPR IXQFLyQ GH OD GLVWDQFLD HQWUH HOHFWURGRV \ OD WHQVLyQ

DSOLFDGD >*DUGQHU ��@� /D JUDQ VHSDUDFLyQ HQWUH HOHFWURGRV ��� PLFUDV�

FRPSDUDGD FRQ HO WDPDxR GH JUDQR ��� QP� HYLWDUi TXH H[LVWD XQ HIHFWR GH

³SHUFRODWLRQ´ HQ HO PHFDQLVPR GH FRQGXFFLyQ� \ GH HVWH PRGR OD UHVLVWHQFLD GHO

YROXPHQ VHUi VXSHULRU D OD UHVLVWHQFLD GH OD LQWHUFDUD 6Q2��HOHFWURGR GH 3W� 3RU

WDQWR� OD UHVSXHVWD VH SXHGH FRQVLGHUDU GHELGD D ORV FDPELRV GH UHVLVWHQFLD HQ

OD SHOtFXOD GH y[LGR GH HVWDxR VLQ WHQHU HQ FXHQWD HO HIHFWR 6FKRWWN\� (O KHFKR

GH TXH HVWD UHODFLyQ HQWUH VHSDUDFLyQ HQWUH LQWHUGLJLWDGRV \ HVSHVRU GH SHOtFXOD

VHD ��� R VXSHULRU HQ ODV WUHV VHSDUDFLRQHV HQWUH LQWHUGLJLWDGRV HVWXGLDGDV ����
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�� \ ��� PLFUDV�� DYDOD HO KHFKR GH TXH QR VH DSUHFLHQ FDPELRV VLJQLILFDWLYRV

HQ OD UHVSXHVWD HOpFWULFD �ILJXUD ����� FRQ HO HPSOHR GH XQD X RWUD VHSDUDFLyQ

HQWUH HOHFWURGRV�

$OJXQRV DXWRUHV DILUPDQ TXH XQD VHSDUDFLyQ JUDQGH HQWUH HOHFWURGRV� GHO

RUGHQ GH OD TXH DTXt VH PDQHMD� D\XGD HQ OD GHWHFFLyQ GH JDVHV PiV UHDFWLYRV�

HV GHFLU� PHMRUD OD UHVSXHVWD DO JDV HQ XQ PHFDQLVPR FRQWURODGR SRU GLIXVLyQ

FRPR HO TXH VH FRQVLGHUD HQ HVWH FDVR >GH $QJHOLV ��@�
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/RV GDWRV GH UHVLVWHQFLD D GLVWLQWDV WHPSHUDWXUDV REWHQLGRV HQ OD ILJXUD ��� HQ

XQD PXHVWUD GH 6Q2� GH ��� QP GH HVSHVRU \ VLQ DGLWLYRV HQVD\DGD VLQ

KXPHGDG� VH KDQ SXHVWR HQ IRUPD GH FXUYD $UUKHQLXV \ VH KDQ FRPSDUDGR FRQ

ORV REWHQLGRV HQ OD ILJXUD ����� SDUD XQD PXHVWUD GH 6Q2� FRQ 3W HQWHUUDGR

�37(� GH LJXDO HVSHVRU HQVD\DGD FRQ XQ ��� UK� 6H KDQ HVWXGLDGR ODV

SHQGLHQWHV GH ODV FXUYDV GH $UUKHQLXV HQ DPERV FDVRV� HIHFWXDQGR UHJUHVLRQHV

OLQHDOHV SRU WUDPRV HQ FDGD FXUYD� /RV UHVXOWDGRV GH ODV UHJUHVLRQHV� DVt FRPR

HO HUURU FXDGUiWLFR PHGLR TXH VH SURGXFH DO KDFHUODV �5�� TXHGDQ UHIOHMDGRV HQ

OD JUiILFD GH OD ILJXUD �����

/DV SHQGLHQWHV� FRPR VH H[SXVR HQ HO DSDUWDGR ������ UHSUHVHQWDQ ODV

HQHUJtDV GH DFWLYDFLyQ GH OD UHODFLyQ HQWUH OD FRQGXFWLYLGDG \ OD LQYHUVD GH OD

WHPSHUDWXUD HQ H9� SRU WDQWR HO IDFWRU TXH PXOWLSOLFD D OD [ HV HQ FDGD

UHJUHVLyQ OD HQHUJtD GH DFWLYDFLyQ� 6H UHVXPH HQ OD WDEOD ��� OD WHPSHUDWXUD D OD

TXH VH SURGXFH OD LQIOH[LyQ HQ OD SHQGLHQWH GH ODV FXUYDV \ ODV UHVSHFWLYDV

SHQGLHQWHV HQ FDGD FDVR�
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)LJXUD ���� &XUYDV GH $UUKHQLXV GH PXHVWUD VLQ DGLWLYRV �HQVD\R D �� UK� \ FRQ 3W

HQWHUUDGR �HQVD\R FRQ ��� UK�

7HPSHUDWXUD GH

LQIOH[LyQ 7L

(D �7�7L� (D �7!7L�

6LQ DGLWLYR ���� & ���� H9 ���� H9

37( ���� & ���� H9 ���� H9

7DEOD ��� 5HVXPHQ GH HQHUJtDV GH DFWLYDFLyQ SDUD PXHVWUDV VLQ DGLWLYR \ FRQ 3W

HQWHUUDGR �37(�

(VWRV GDWRV HVWiQ HQ FRQVRQDQFLD FRQ ORV H[SXHVWRV HQ >.RURWFKHQNRY

��@ SDUD SHOtFXODV VLQ DGLWLYR REWHQLGDV SRU VSUD\ S\URO\VLV FRQ HVSHVRUHV

VLPLODUHV D ORV DTXt H[SXHVWRV �������� QP�� HQ ORV TXH OD HQHUJtD GH DFWLYDFLyQ

WRPD XQ YDORU GH ���� H9 HQ UDQJRV VLPLODUHV GH WHPSHUDWXUD�

6HJ~Q OD ELEOLRJUDItD� OD HQHUJtD GH DFWLYDFLyQ HVWi GHWHUPLQDGD SRU ODV

HVSHFLHV TXLPLDEVRUELGDV HQ VXSHUILFLH �2�

�� 2�� 2��� WDO FRPR VH PXHVWUD HQ ORV

HVTXHPDV GH UHDFFLRQHV VXSHUILFLDOHV >���@ \ >����@� /RV YDORUHV REWHQLGRV HQ

HVWH FDVR LQGLFDQ TXH KDFLD ���� & VH SURGXFH XQ FDPELR HQ HO PHFDQLVPR GH

FRQGXFFLyQ HQ OD PXHVWUD 37( \ TXH HVH PLVPR FDPELR VH SURGXFH HQ OD

PXHVWUD VLQ DGLWLYR D XQD WHPSHUDWXUD DOJR PHQRU� /DV HQHUJtDV GH DFWLYDFLyQ
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FRUUHVSRQGLHQWHV D WHPSHUDWXUDV VXSHULRUHV D OD GH LQIOH[LyQ GH FDGD FXUYD

�7!7L� SUHVHQWDQ HQHUJtDV GH DFWLYDFLyQ GH ���� \ ���� H9 UHVSHFWLYDPHQWH�

SUREDEOHPHQWH DVRFLDGDV D OD GHVDEVRUFLyQ GH HVSHFLHV 2�� PLHQWUDV TXH SDUD

7�7L VH GHVDEVRUEHUtDQ HVSHFLHV 2��� FRUUHVSRQGLHQWHV D ODV HQHUJtDV GH ���� \

���� H9 UHVSHFWLYDPHQWH�
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(Q ODV PXHVWUDV VLQ DGLWLYRV �ILJXUD ���� VH KD HVWXGLDGR ~QLFDPHQWH OD

GLIHUHQFLD GH VHxDO HOpFWULFD REWHQLGD HQ PXHVWUDV VRPHWLGDV D ��� SSP GH &2

HQ DPELHQWH VHFR R HQ XQ ��� GH KXPHGDG UHODWLYD� 6H KD REVHUYDGR XQ

GHVFHQVR JHQHUDOL]DGR GH UHVSXHVWD HQWUH ��� \ ���� &�

(Q ODV PXHVWUDV 37( VH KD UHDOL]DGR XQ DQiOLVLV GH OD LQIOXHQFLD GH OD

WHPSHUDWXUD \ OD KXPHGDG� TXH KD TXHGDGR UHIOHMDGR HQ OD ILJXUD ����� 6H KD

REVHUYDGR TXH HO DXPHQWR GH WHPSHUDWXUD GLVPLQX\H ORV YDORUHV UHVLVWLYRV�

FRPR VXFHGH DO DXPHQWDU OD WHPSHUDWXUD HQ FXDOTXLHU VHPLFRQGXFWRU� $GHPiV

VH DSUHFLD TXH HO DXPHQWR GH OD FRQFHQWUDFLyQ GH DJXD UHGXFH HO YDORU GH

UHVLVWHQFLD GHO y[LGR GH HVWDxR GH IRUPD PHQRV SURQXQFLDGD D ���� & TXH D

���� &� GHELGR D TXH D WHPSHUDWXUDV GH HVWH RUGHQ VH SURGXFH XQD

GHVDEVRUFLyQ GH JUDQ SDUWH GH ORV JUXSRV KLGUR[LOR DEVRUELGRV HQ VXSHUILFLH

>:LOOHW ��@� SRU OR FXDO HV OyJLFD XQD PHQRU LQIOXHQFLD GH OD KXPHGDG HQ HVWH

FDVR�

$O UHDOL]DU XQ HVWXGLR VLVWHPiWLFR GH OD LQIOXHQFLD GH OD KXPHGDG HQ OD

GHWHFFLyQ GH JDV D ���� & �ILJXUD ����� VH REVHUYD TXH HIHFWLYDPHQWH VH

SURGXFH XQ GHVFHQVR GH VHQVLELOLGDG DO &2 HQ SUHVHQFLD GH +�2� (VWH GHVFHQVR

HV PX\ DEUXSWR HQWUH HO DPELHQWH VHFR �6��UK ����� \ DPELHQWH FRQ ��� GH

KXPHGDG UHODWLYD �6���UK ������ /D EDMDGD GH UHVSXHVWD D PHGLGD TXH DXPHQWD

OD KXPHGDG� KDVWD DOFDQ]DU XQ ��� UK� HV PiV VXDYH� DOFDQ]DQGR XQ YDORU GH

6���UK ����� 6H SXHGH REVHUYDU OD FRUUHODFLyQ HQWUH OD FDtGD GH UHVSXHVWD D

����& GH OD ILJXUD ���� \ HO GHVFHQVR GHO YDORU UHVLVWLYR LQLFLDO HQ OD ILJXUD �����

(O GHVFHQVR GHO YDORU UHVLVWLYR LQLFLDO SXHGH GHEHUVH D XQD GLVPLQXFLyQ GH

HVSHFLHV VXSHUILFLDOHV GH R[tJHQR DEVRUELGR� TXH UHDFFLRQHQ FRQ JUXSRV

KLGUR[LOR� GLVPLQX\HQGR GH HVWH PRGR HO Q~PHUR GH OXJDUHV GH UHDFFLyQ SDUD HO

PRQy[LGR GH FDUERQR� &RPR \D VH UHIOHMy HQ HO DSDUWDGR ������ HO LyQ +�
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SURFHGHQWH GHO DJXD GLVRFLDGD SXHGH UHDFFLRQDU FRQ R[tJHQR GH OD UHG R FRQ

R[tJHQR TXLPLDEVRUELGR� 6L UHDFFLRQD FRQ iWRPRV GH R[tJHQR GH UHG FUHD

YDFDQWHV GH R[tJHQR� TXH FRQVWLWX\HQ SRVLEOHV OXJDUHV SDUD OD TXLPLDEVRUFLyQ

GH R[tJHQR �HFXDFLyQ ������ 6L SRU HO FRQWUDULR UHDFFLRQD FRQ R[tJHQR

TXLPLDEVRUELGR� HOLPLQD OXJDUHV GH UHDFFLyQ SDUD HO PRQy[LGR GH FDUERQR� /D

PD\RU R PHQRU SURSRUFLyQ HQ TXH WHQJDQ OXJDU FDGD XQR GH HVWRV IHQyPHQRV

OOHYDUi D XQD SURPRFLyQ R D XQ GHVFHQVR GH OD UHVSXHVWD HOpFWULFD DO JDV� TXH

GHSHQGHUi GH ODV SURSLHGDGHV SDUWLFXODUHV GHO y[LGR GH HVWDxR HVWXGLDGR HQ

FDGD FDVR� /D ELEOLRJUDItD UHJLVWUD LQIOXHQFLDV GH OD KXPHGDG HQ ORV GRV

VHQWLGRV� FRPR \D VH H[SXVR HQ HO DSDUWDGR ������

(Q GHILQLWLYD� OD H[LVWHQFLD GH KXPHGDG UHGXFH OD UHVSXHVWD GHO y[LGR GH

HVWDxR UHVSHFWR D OD TXH SUHVHQWD HQ DWPyVIHUD VHFD� SHUR HQ XQ UDQJR GH

YDORUHV GH KXPHGDG GHO �� DO ��� �HQWUH ORV TXH VH HQFXHQWUDQ ORV QRUPDOHV

HQ OD RSHUDFLyQ GH XQ VHQVRU� OD UHVSXHVWD QR VH YH PX\ DIHFWDGD SRU OD

FDQWLGDG GH DJXD SUHVHQWH HQ HO DPELHQWH�

������ �(/$&,Ï1 (175( /26 5(68/7$'26 (/(&75248Ë0,&26 <

(6758&785$/(6���203$5$&,Ï1 &21 /$ %,%/,2*5$)Ë$�

&RPR PXHVWUDQ ORV UHVXOWDGRV PLFURHVWUXFWXUDOHV UHDOL]DGRV D ODV PXHVWUDV FRQ

GLIHUHQWHV DGLWLYRV� FRQ ODV WUHV WpFQLFDV VH REWLHQHQ GLIHUHQWHV SHUILOHV GH

FRQFHQWUDFLyQ GHO PHWDO DxDGLGR� 5HVXOWD ~WLO DQDOL]DUORV FRQ OD PLVPD HVFDOD

SDUD DSUHFLDU PHMRU ODV GLIHUHQFLDV \ VHPHMDQ]DV HQWUH XQDV WpFQLFDV \ RWUDV� DVt

FRPR HQWUH ORV GRV PHWDOHV XWLOL]DGRV� 3W \ 3G� 3RU HOOR ODV GRV JUiILFDV HQ OD

ILJXUD ���� LQFOX\HQ ORV WUHV SHUILOHV REWHQLGRV FRQ 3W SRU XQ ODGR \ ORV WUHV

REWHQLGRV FRQ 3G SRU RWUR�

1R H[LVWHQ GLYHUJHQFLDV PX\ DFXVDGDV HQWUH OD PDJQLWXG GH ORV SLFRV GH

FRQFHQWUDFLyQ REWHQLGRV FRQ XQR \ RWUR PHWDO DO XWLOL]DU ODV GLIHUHQWHV WpFQLFDV�

(Q FDPELR Vt TXH KD\ GLIHUHQFLDV HQ OD GLIXVLyQ D WUDYpV GHO y[LGR GH HVWDxR TXH

VH SURGXFH FRQ XQ PHWDO \ FRQ RWUR� 6H REVHUYD FODUDPHQWH TXH D SHVDU GH TXH

ORV SLFRV GH FRQFHQWUDFLyQ HVWiQ VLWXDGRV HQ ORV PLVPRV SXQWRV GH OD FDSD GH

y[LGR HQ DPERV FDVRV� FRQ HO 3W OD GLIXVLyQ QR SURGXFH XQD GLVWULEXFLyQ

XQLIRUPH GHO PLVPR� VLHQGR ORV SLFRV GH FRQFHQWUDFLyQ DEUXSWRV� PLHQWUDV TXH

HQ HO 3G OD GLIXVLyQ HV PD\RU \ OD FRQFHQWUDFLyQ GHVFLHQGH GH IRUPD JUDGXDO

GHVGH VXV SXQWRV Pi[LPRV�
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)LJXUD ���� 3HUILOHV GH FRQFHQWUDFLyQ DWyPLFD GH 3W �L]TXLHUGD� \ GH 3G �GHUHFKD�

REWHQLGRV SRU GLIHUHQWHV WpFQLFDV

6L VH FRQIURQWDQ QXHVWURV UHVXOWDGRV FRQ ORV REWHQLGRV PHGLDQWH RWUDV

WHFQRORJtDV GH SHOtFXOD GHOJDGD TXH DSDUHFHQ HQ OD ELEOLRJUDItD� VH REVHUYDQ ORV

GDWRV GH OD WDEOD ���� UHIHUHQWHV D VHQVLELOLGDGHV REWHQLGDV FRQ PXHVWUDV FRQ

DGLWLYRV �VH XWLOL]DQ ODV PLVPDV UHIHUHQFLDV GH OD WDEOD ���� SRU OR TXH VH

UHFRPLHQGD FRQVXOWDU ORV GDWRV GH GLFKD WDEOD SDUD DVRFLDUORV FRQ ORV GH WpFQLFD

GH REWHQFLyQ GH SHOtFXOD \ GLVWULEXFLyQ GH GRSDQWH��

&RPR \D VH H[SXVR HQ HO DQiOLVLV HOHFWURTXtPLFR GH ODV PXHVWUDV FRQ

DGLWLYR �DSDUWDGR ������� ORV PHMRUHV UHVXOWDGRV HQ FXDQWR D PDJQLWXG \ WLHPSR

GH UHVSXHVWD VH SURGXFHQ HQ QXHVWUR FDVR FRQ PXHVWUDV 37( �SODWLQR

HQWHUUDGR�� FRQ XQ SLFR Pi[LPR GH FRQFHQWUDFLyQ DWyPLFD GHO ���� D �� QP GH

ORV FRQWDFWRV LQWHUGLJLWDGRV� 'H HOOR VH GHGXFH TXH HVWD WpFQLFD SURSRUFLRQD OD

FDQWLGDG WRWDO GH DGLWLYR \ OD GLVWULEXFLyQ HQ OD SHOtFXOD TXH PiV IDYRUHFHQ OD

GHWHFFLyQ GH PRQy[LGR GH FDUERQR� GDGR TXH VX UHVSXHVWD �VH UHFXHUGD HQ OD

WDEOD ���� HV OD PD\RU TXH VH REWLHQH HQWUH WRGDV ODV PXHVWUDV SUREDGDV� 6 ���
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5HIHUHQFLD $GLW� &DQWLGDG GH

DGLWLYR �
�

&DQWLGDG GH

&2

5HVSXHVWD FRQ

DGLWLYR �7 HQ �&�

>6EHUYHJOLHUL ��@ 3G ��→��� c ���� SSP PX\ EDMD

>6FKLHUEDXP ��@ 3G YRO

3G VXS

 ���� SSP 6
 ��� �����&�

6
 ��� �����&�

>0LV]HL ��@ 3G� 3W � D � QP  

>'L *LXOLR ��@ 3W  ��� SSP 6
 ��� �����&�

><RR ��@ 3G �� c �� SSP 6

 ���

>6FK��%HUEHULFK
��@

3W � PRQRFDSDV ��� SSP 6
 ��� �����&�

>6DXYDQ ��@ 3W

3G

�→��� QP

�→��� QP

��� SSP 6
 ��� �����&�

6
 ��� �����&�

>0RQWPpDW ��@ 3W �→��� c  

>:|OOHQVWHLQ ��@ 3W � QP �� SSP ��� UK 6
 ��� �����&�

>.LP ��@ 3W �→��V VSXWWHULQJ ��� SSP 6
 ��� �����&�

5HVXOWDGRV SURSLRV

3W PXOWL

3W HQW

3W VXS

3G PXOWL

3G HQW

3G VXS

SHUILOHV ILJXUD ��� ��� SSP

6

 ��� �����&�

6

 ��� �����&�

6

 ��� �����&�

6

 ��� �����&�

6

 ��� �����&�

6

 ��� �����&�

�
� /RV GDWRV VREUH OD FDQWLGDG GH DGLWLYR VH GDQ HQ IRUPD GH HVSHVRU VXSHUILFLDO GHO PDWHULDO

7DEOD ��� 5HVSXHVWDV HOpFWULFDV DO &2 GH SHOtFXODV GH y[LGR GH HVWDxR FRQ 3W R 3G FRPR

DGLWLYRV

/D H[LVWHQFLD GH XQD FDQWLGDG ySWLPD GH DGLWLYR HV FRP~QPHQWH UHIOHMDGD

HQ OD ELEOLRJUDItD� (Q ODV UHIHUHQFLDV >6DXYDQ ��@ \ >.LP ��@ VH DSRUWDQ GDWRV

DFHUFD GH OD LQIOXHQFLD GH OD FDQWLGDG GH DGLWLYR �HQ IRUPD GH HVSHVRU VXSHUILFLDO

GHSRVLWDGR R WLHPSR GH VSXWWHULQJ UHVSHFWLYDPHQWH�� HQFRQWUiQGRVH HQ DPERV

FDVRV XQD FDQWLGDG TXH SURGXFH XQD PD[LPL]DFLyQ GH OD UHVSXHVWD� 'DGR TXH

QR VH RIUHFHQ QL SRUFHQWDMHV WRWDOHV GHO FDWDOL]DGRU� QL SHUILOHV GH FRQFHQWUDFLyQ�

HV GLItFLO UHDOL]DU FRPSDUDFLRQHV FRQ QXHVWURV UHVXOWDGRV�
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(Q WRGR FDVR� VH SXHGH DILUPDU TXH ODV UHVSXHVWDV PiV EDMDV

FRUUHVSRQGHQ SRU XQD SDUWH D ODV PXHVWUDV FRQ DGLWLYR HQ PXOWLFDSD� \ SRU RWUD

DO 3W HQ VXSHUILFLH� (O KHFKR GH TXH VH SURGX]FD XQ GHVFHQVR GH OD UHVSXHVWD

FRQ DPERV PHWDOHV HQ PXOWLFDSD OOHYD D OD FRQFOXVLyQ GH TXH HQ DPERV FDVRV�

ELHQ OD FDQWLGDG WRWDO GH DGLWLYR HV H[FHVLYD �DSUR[LPDGDPHQWH VH LQWURGXFH HO

WULSOH GH DGLWLYR TXH PHGLDQWH OD WpFQLFD VXSHUILFLDO R OD HQWHUUDGD�� ELHQ HO SHUILO

GH FRQFHQWUDFLyQ FUHDGR HV LQDGHFXDGR� 8QD SRVLEOH H[SOLFDFLyQ D HVWH

IHQyPHQR SRGUtD VHU TXH OD H[LVWHQFLD GH WUHV FDSDV GH PHWDO HQ HO y[LGR GH

HVWDxR FUHDVH HQ FLHUWD PHGLGD EDUUHUDV D OD GLIXVLyQ� GDGD OD FRPSDFLGDG GHO

PDWHULDO� GLVPLQX\HQGR OD FDQWLGDG GH JDV TXH OOHJD D ODV VXSHUILFLHV GH ODV

MXQWDV GH JUDQR�

/D FXHVWLyQ GH OD EDMD UHVSXHVWD GH 6Q2� FRQ 3W VXSHUILFLDO GHEH

DVRFLDUVH D RWUDV FDXVDV� SRUTXH D SHVDU GH LQWURGXFLU OD PLVPD FDQWLGDG GH

DGLWLYR TXH OD WpFQLFD HQWHUUDGD� QR RIUHFH XQD EXHQD VHQVLELOLGDG DO JDV� /RV

PRWLYRV HQ HVWH FDVR KD\ TXH EXVFDUORV HQ HO SRVLEOH H[FHVR GH 3W HQ VXSHUILFLH

�DOFDQ]D XQ �� GH FRQFHQWUDFLyQ�� \ D TXH H[LVWH OD SRVLELOLGDG GH TXH HO

WUDWDPLHQWR WpUPLFR IDYRUH]FD HO FUHFLPLHQWR GH FOXVWHUV GH 3W GH PD\RU

WDPDxR� HQ OXJDU GH GHMDUOR XQLIRUPHPHQWH GLVWULEXLGR SRU WRGD OD VXSHUILFLH GHO

y[LGR� UHVWiQGROH GH HVWH PRGR HIHFWLYLGDG FRPR SURPRWRU GH OD UHVSXHVWD DO

&2�

/DV PXHVWUDV TXH RIUHFHQ XQD UHVSXHVWD GH YDORU LQWHUPHGLR DO &2� VRQ

ODV 3'( \ 3'6 �3G HQWHUUDGR \ 3G VXSHUILFLDO�� FRQ 6 ��� \ 6 ���

UHVSHFWLYDPHQWH� 3RU FRQVLJXLHQWH� OD WpFQLFD GH DGLWLYR HQWHUUDGR GD OXJDU D

PDWHULDOHV TXH SUHVHQWDQ EXHQD UHVSXHVWD FRQ ORV GRV PHWDOHV �3W \ 3G�� OR FXDO

LQGLFD TXH HVWDV WpFQLFDV Vt FRQVLJXHQ OD DSUR[LPDFLyQ D OD FDQWLGDG ySWLPD GH

FDWDOL]DGRU� DVt FRPR OD FRUUHFWD XELFDFLyQ GHO PLVPR� (O KHFKR GH TXH HO 3G HQ

VXSHUILFLH VH GLIXQGD DSUR[LPDGDPHQWH KDVWD OD PLWDG GHO HVSHVRU GH OD SHOtFXOD

HQ OXJDU GH DFXPXODUVH HQ OD VXSHUILFLH� FRPR VXFHGH FRQ HO 3W� SXHGH VHU OD

FDXVD GH OD EXHQD PDJQLWXG GH UHVSXHVWD TXH SUHVHQWD HVWH DGLWLYR HQ

VXSHUILFLH HQ FRPSDUDFLyQ FRQ HO 3W� (Q DPERV FDVRV� HO HVSHVRU HQ HO TXH VH

GLIXQGH HO PHWDO \ TXH ³EORTXHD´ OD GLIXVLyQ HV WUHV YHFHV PHQRU TXH HQ HO 3'0

�3G PXOWLFDSD�� OR FXDO H[SOLFDUtD WDQWR OD VLPLOLWXG GH ORV yUGHQHV GH PDJQLWXG

GH OD UHVSXHVWD HQ DPERV FDVRV� FRPR HO DXPHQWR GH OD PLVPD�
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(Q FXDQWR D OD WHPSHUDWXUD GH RSHUDFLyQ� ORV DGLWLYRV LQIOX\HQ HQ OD

FLQpWLFD GH ODV UHDFFLRQHV TXH VH SURGXFHQ HQ OD GHWHFFLyQ GH JDV� SRU OR TXH OD

OLWHUDWXUD UHFRJH GDWRV GH GHVFHQVRV GH WHPSHUDWXUD GH RSHUDFLyQ FRQ Pi[LPD

UHVSXHVWD HOpFWULFD DO DxDGLU 3W� 3G X RWURV PHWDOHV UHVSHFWR D FDSDV GH 6Q2�

VLQ DGLWLYRV� (VWR VXFHGH HQ JHQHUDO FRQ WRGR WLSR GH WpFQLFDV GH REWHQFLyQ GHO

PDWHULDO� WDQWR GH SHOtFXOD JUXHVD FRPR GH SHOtFXOD GHOJDGD� 6H LQFOX\HQ YDULRV

HMHPSORV GH ORV GHVFHQVRV GH WHPSHUDWXUD TXH VH SURGXFHQ DO DxDGLU DGLWLYRV�

• >GL *LXOLR ��@� ����& �6Q2�� →����& �6Q2��3W� �VSXWWHULQJ�

• >6FKZDLW]HU�%HUEHULFK ��@� ����& �6Q2�� →����& �6Q2��3W�

�HOHFWURQ EHDP SDUD 6Q2� \ VSXWWHULQJ SDUD DGLWLYR�

• >5HOOD ��@� ����& �6Q2�� → ����& �6Q2��3G� �GLS�FRDWLQJ�

• >&LUHUD ��E@� ����& �6Q2�� →����& �6Q2��3G� �VFUHHQ�SULQWLQJ�

(VWH GHVFHQVR HV GH yUGHQ PX\ VLPLODU DO FRQVHJXLGR HQ QXHVWUR WUDEDMR�

GHVGH ���� & HQ OD PXHVWUD VLQ DGLWLYR KDVWD ���� & HQ OD PXHVWUD 37(� R KDVWD

���� & HQ OD PXHVWUD 3'6�

5HVSHFWR D ORV UHVXOWDGRV REWHQLGRV DO VRPHWHU D OD PXHVWUD 37( D

GLIHUHQWHV FRQFHQWUDFLRQHV GH &2 D ���� & FRQ XQD KXPHGDG UHODWLYD GHO ���

GXUDQWH HO HQVD\R �ILJXUDV ���� \ ������ VH SXHGH WUDWDU GH REWHQHU XQD UHODFLyQ

PDWHPiWLFD HQWUH OD UHVSXHVWD 6 \ OD FRQFHQWUDFLyQ GH JDV� GHQWUR GH ODV

FRQFHQWUDFLRQHV HVWXGLDGDV ��� D ��� SSP�� (O DMXVWH VH SUHVHQWD HQ OD ILJXUD

���� \ FRUUHVSRQGH D XQD IXQFLyQ H[SRQHQFLDO� /D UHODFLyQ HQWUH 6 \ OD

FRQFHQWUDFLyQ GH &2 �SSP� WRPD OD IRUPD GH OD HFXDFLyQ >���@�

[ ] 7821,00286,0 COS ⋅=     [7.3] 

(O HUURU FXDGUiWLFR PHGLR HQ HO DMXVWH HV 5� �������

(O DMXVWH FRLQFLGH HQ SDUWH FRQ SURSXHVWR SRU >6FKZDL]HU�%HUEHULFK ��@

SDUD XQ UDQJR GH FRQFHQWUDFLRQHV GH &2 HQWUH ��� \ ��� SSP�

n
COpcteG ⋅=     [7.4] 

(Q HVWH FDVR VH FLIUD HO YDORU GH Q HQWUH ����� \ ���� GHSHQGLHQGR

EiVLFDPHQWH GH VL OD SHOtFXOD HV JUXHVD R GHOJDGD �YDORUHV EDMRV HQ GHOJDGDV \

DOWRV HQ JUXHVDV�� \D TXH HVWH SDUiPHWUR HV IXQFLyQ GHO WLSR GH UHDFFLRQHV
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VXSHUILFLDOHV TXH WHQJDQ OXJDU HQ OD PXHVWUD� (Q QXHVWUR FDVR VH DOFDQ]DQ FRQ

SHOtFXOD GHOJDGD YDORUHV VLPLODUHV D ORV TXH VH DOFDQ]DQ HQ OD UHIHUHQFLD FRQ

SHOtFXODV JUXHVDV� (VWD VLPLOLWXG SXHGH HVWDU DVRFLDGD DO KHFKR GH TXH WDQWR HQ

QXHVWUD SHOtFXOD �GHOJDGD� FRPR HQ OD GH OD UHIHUHQFLD �JUXHVD�� D SHVDU GH

KDEHU VLGR REWHQLGDV GH PRGRV GLVWLQWRV� H[LVWHQ DEXQGDQWHV MXQWDV GH JUDQR�

3RVLEOHPHQWH OD SHOtFXOD GHOJDGD UHIHUHQFLDGD SRGUtD SUHVHQWDU PHQRV MXQWDV GH

JUDQR� GDQGR OXJDU D XQ PHFDQLVPR GH GHWHFFLyQ GLIHUHQWH \ D OD GLIHUHQFLD GH

FRPSRUWDPLHQWR GH OD SHOtFXOD GHOJDGD GHO SUHVHQWH WUDEDMR�

)LJXUD ���� $MXVWH H[SRQHQFLDO GH OD UHVSXHVWD DQWH GLVWLQWDV FRQFHQWUDFLRQHV GH &2 GH

PXHVWUD 37( D ����&� ��� UK

(Q FXDQWR D OD LQIOXHQFLD GH ORV DGLWLYRV VREUH ORV WLHPSRV GH UHVSXHVWD�

HQ OD WDEOD ��� VH SXGR REVHUYDU TXH D ���� & HO GHVFHQVR HQ HO WLHPSR GH

UHVSXHVWD HV GH �� D � PLQXWRV HQ PXHVWUDV 37( UHVSHFWR D ODV PXHVWUDV VLQ

GRSDU� (VWH WLHPSR GH UHVSXHVWD HV OHQWR UHVSHFWR D ORV DSRUWDGRV SRU RWUDV

SHOtFXODV� DXQTXH HVWD EDMD YHORFLGDG HV WDPELpQ VHxDODGD SRU >:|OOHQVWHLQ ��@

HQ VXV SHOtFXODV GH 6Q2� IDEULFDGDV SRU VSXWWHULQJ� TXH FDOLILFD FRPR GHQVDV�

GHQVLGDG HQ OD TXH TXL]i UDGLTXH HO WLHPSR GH UHVSXHVWD REVHUYDGR� (Q FDPELR

>'L *LXOLR ��@ SUHVHQWD WLHPSRV GH HQWUH ��� \ ��� V D ���� & HQ SHOtFXODV

WDPELpQ REWHQLGDV SRU VSXWWHULQJ� /RV WLHPSRV SUHVHQWDGRV HQ >5HOOD ��@ SDUD

6Q2� REWHQLGR SRU PpWRGRV TXtPLFRV \ GHSRVLWDGR SRU VSLQ FRDWLQJ� RVFLOD

DSUR[LPDGDPHQWH HQWUH GH � \ � PLQXWRV� GHSHQGLHQGR GH OD WHPSHUDWXUD

�

���

�

���

�

���

�

���

� ��� ��� ��� ��� ���

&RQFHQWUDFLyQ GH &2 HQ DLUH �SSP�
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DSOLFDGD �PHQRU WLHPSR GH UHVSXHVWD D PD\RU WHPSHUDWXUD� \ GH VL HO 6Q2�

LQFOX\H R QR 3G �PHQRU WLHPSR HQ HO FDVR GH LQFOXLUOR��

(Q WRGR FDVR� VL QRV UHPLWLPRV D OD QRUPD 8/���� �WDEOD ����� HO WLHPSR

GH UHVSXHVWD H[LJLGR SDUD GHWHFWDU ��� SSP GH &2 HV GH PHQRV GH �� PLQXWRV�

PLHQWUDV TXH OD (1 ����� �WDEOD ���� H[LJH TXH VHD GH HQWUH �� \ �� PLQXWRV�

(Q DPERV FDVRV OD SHOtFXOD 37( FXPSOLUtD ODV QRUPDV FRQ XQ WLHPSR GH

UHVSXHVWD GH �� PLQ D ���� &�

����
� �(/(&7,9,'$' '( /$6 08(675$6 &21 $',7,926 $17(

*$6(6 ,17(5)(5(17(6���203$5$&,Ï1 &21 /$ %,%/,2*5$)Ë$�

/D QDWXUDOH]D GHO IHQyPHQR GH GHWHFFLyQ GH PRQy[LGR GH FDUERQR PHGLDQWH

SHOtFXODV GH y[LGR GH HVWDxR� OOHYD DVRFLDGR HO TXH RWURV JDVHV UHGXFWRUHV

WDPELpQ VHDQ GHWHFWDGRV \ SURGX]FDQ HQ FRQVHFXHQFLD XQD VHxDO HOpFWULFD GH

VDOLGD� 3RU WDQWR� HO REMHWLYR GH XQ GLVSRVLWLYR SDUD VHQVRUL]DFLyQ GH PRQy[LGR

GH FDUERQR HV OD GHWHFFLyQ GH HVWH JDV Wy[LFR D~Q HQ SUHVHQFLD GH RWURV JDVHV

UHGXFWRUHV TXH SXHGDQ HQPDVFDUDU OD SUHVHQFLD GH &2� 3RU HVWH PRWLYR ODV

QRUPDWLYDV UHIHUHQWHV D OD GHWHFFLyQ GH JDV H[LJHQ OD UHDOL]DFLyQ GH SUXHEDV

DFHUFD GH HVWH DVSHFWR HQ SDUWLFXODU� (Q OD WDEOD ��� \D VH H[SXVLHURQ ORV

LQWHUIHUHQWHV \ ODV FRQFHQWUDFLRQHV GH ORV PLVPRV TXH VH KDQ HQVD\DGR HQ HVWH

WUDEDMR� DVt FRPR ORV UHVXOWDGRV REWHQLGRV GH ODV SUXHEDV HQ IRUPD GH

VHOHFWLYLGDG �FRFLHQWH GH UHVSXHVWDV HOpFWULFDV�� VHJ~Q OD IyUPXOD ����

'DGR TXH HQ OD ELEOLRJUDItD HV GLItFLO HQFRQWUDU UHVXOWDGRV REWHQLGRV FRQ

ODV PLVPDV FRQFHQWUDFLRQHV GH JDV TXH ODV DTXt XWLOL]DGDV� VH KD HVWDEOHFLGR

XQD FRPSDUDFLyQ GH UHVSXHVWDV HOpFWULFDV �PDUFDGDV FRQ 
 R 

 HQ IXQFLyQ GH

OD IRUPD GH FiOFXOR GH OD UHVSXHVWD 6� WDO FRPR VH H[SOLFD HQ HO DSDUWDGR �������

VHxDODQGR OD FRQFHQWUDFLyQ GH JDV FRQ OD TXH VH KDQ REWHQLGR� DVt FRPR OD

WHPSHUDWXUD D OD TXH VH KD HIHFWXDGR HO HQVD\R� (Q ORV FDVRV HQ ORV TXH ORV

DXWRUHV DSRUWDQ GDWRV GH KXPHGDG HQ HO HQVD\R� WDPELpQ KDQ VLGR LQFOXLGRV�

GDGD OD UHOHYDQFLD GH HVWH SDUiPHWUR� /RV UHVXOWDGRV SURSLRV REWHQLGRV FRQ

RWURV JDVHV LQWHUIHUHQWHV� TXH GHEHUtDQ LU HQ OD FDVLOOD VHxDODGD FRQ �
�� VH

LQFOX\HQ GH IRUPD VHSDUDGD HQ OD WDEOD ��� SRU IDOWD GH HVSDFLR�
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7DEOD ��� 5HVXOWDGRV SURSLRV GH VHQVLELOLGDG DQWH JDVHV LQWHUIHUHQWHV D ���� &

/RV JDVHV TXH SULQFLSDOPHQWH VH KDQ HVWXGLDGR FRPR LQWHUIHUHQWHV VRQ HO

PHWDQR \ HO YDSRU GH HWDQRO� GH SUHVHQFLD PX\ FRP~Q HQ DPELHQWHV

GRPpVWLFRV� 7DPELpQ VH HQFXHQWUDQ DOJXQRV GDWRV DFHUFD GH OD LQWHUIHUHQFLD GHO

KLGUyJHQR \ GHO 12� �JDV R[LGDQWH��

(Q ORV UHVXOWDGRV UHFRSLODGRV HQ OD WDEOD ��� HQ UHODFLyQ FRQ HO PHWDQR�

KD\ TXH GHVWDFDU TXH OD PD\RUtD GH ORV DXWRUHV RIUHFHQ GDWRV GH HQVD\RV

UHDOL]DGRV FRQ FRQFHQWUDFLRQHV PXFKR PHQRUHV GHO ��� (O ~QLFR DXWRU GH ORV

PHQFLRQDGRV TXH XWLOL]D HVWD FRQFHQWUDFLyQ GH &+� >'XWURQF ��@ REWLHQH XQD

VHOHFWLYLGDG >��� SSP &2@�>�� PHWDQR@ GH ��� FRQ HO 3W FRPR DGLWLYR� \ GH

���� FRQ HO 3G FRPR DGLWLYR� HV GHFLU� D OD WHPSHUDWXUD GH ���� & FRQVLGHUDGD�

HO PDWHULDO SUHVHQWD XQD VHQVLELOLGDG PXFKR PD\RU DO PHWDQR TXH DO &2� OR FXDO

FRQFXHUGD FRQ ORV WUDEDMRV GH >2ODL]ROD ��@� TXH WDPELpQ REWHQtD PHMRUHV

SUHVWDFLRQHV HQ OD GHWHFFLyQ GH PHWDQR XWLOL]DQGR HO 3G FRPR DGLWLYR� 6L VH

REVHUYDQ HO UHVWR GH UHVXOWDGRV� ORV GDWRV DSRUWDGRV FRQILUPDQ TXH QLQJXQD GH

ODV SHOtFXODV RIUHFHUtD EXHQRV UHVXOWDGRV GH VHOHFWLYLGDG DO &2 ���� SSP� IUHQWH

DO PHWDQR ����� 7DPSRFR HO ~QLFR DXWRU GH OD WDEOD ��� TXH XWLOL]D OD PLVPD

WpFQLFD GH VSXWWHULQJ >&DERW ��@ RIUHFH VHOHFWLYLGDG DO &2 IUHQWH D PHWDQR HQ

ORV WpUPLQRV GHILQLGRV� (Q FDPELR� HQ QXHVWUR FDVR OD SHOtFXOD 37( Vt TXH RIUHFH

XQD VHOHFWLYLGDG GH ���� PHGLGD HQ ODV PLVPDV FRQGLFLRQHV �WDEOD �����

(Q FXDQWR DO YDSRU GH HWDQRO� ORV yUGHQHV GH PDJQLWXG HQ OD UHVSXHVWD

VRQ VLPLODUHV D ORV QXHVWURV HQ >6EHUYHJOLHUL ��@� SHUR HQ FDPELR VX UHVSXHVWD

DO &2 HV PHQRU �VX HQVD\R FRQVLGHUD ���� SSP GH PRQy[LGR GH FDUERQR�� 6L VH

FDOFXODVH OD VHOHFWLYLGDG DO &2 IUHQWH D HWDQRO FRQ ODV FRQFHQWUDFLRQHV HVWiQGDU

TXH VH FRQVLGHUDQ HQ HVWH WUDEDMR SDUD HO FiOFXOR GH VHOHFWLYLGDG ���� SSP GH

HWDQRO \ ��� SSP GH &2� VX VHOHFWLYLGDG VHUtD PX\ EDMD� /RV PHMRUHV UHVXOWDGRV

DO UHVSHFWR VRQ ORV REWHQLGRV SRU >4XDUDQWD ��@� FRQ 3G DxDGLGR� TXH DXQTXH
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QR HV VHOHFWLYR DO &2 HQ SUHVHQFLD GH HWDQRO� QR SUHVHQWD XQD UHODFLyQ 6&2�6HW2+

PX\ HOHYDGD� DXQTXH WDPSRFR OOHJD D VHU VHOHFWLYS�

(Q UHODFLyQ FRQ ORV JDVHV SUHVHQWDGRV HQ OD WDEOD ���� VH HQFXHQWUDQ

UHIOHMDGRV HQ ODV UHIHUHQFLDV D RWURV DXWRUHV GH OD WDEOD ��� GDWRV UHIHUHQWHV DO

12�� TXH HQ DOJXQRV FDVRV� LQFOXVR FRQ FRQFHQWUDFLRQHV UHGXFLGDV� SURGXFH XQD

VHxDO HOpFWULFD FRQVLGHUDEOH HQ HO VHQVRU >'LpJXH] ��@>5HOOD ��@� HQ DPERV

FDVRV FRQ 3G FRPR DGLWLYR� (Q QXHVWUR FDVR HO VHQVRU QR SUHVHQWD DSHQDV VHxDO

WDQWR FRQ OD PH]FOD 12[ FRPR FRQ HO UHVWR GH JDVHV HQVD\DGRV� &2�� +0'6 \

62�� 1LQJXQR GH ORV JDVHV SUHVHQWDGRV HQ OD WDEOD ��� GD SUREOHPDV GH

LQWHUIHUHQFLD �FRQ ODV FDQWLGDGHV LQGLFDGDV� FXDQGR VH XWLOL]DQ ODV PXHVWUDV 37(�

(Q JHQHUDO VH SXHGH DILUPDU TXH HQ OD ELEOLRJUDItD QR VH HQFXHQWUDQ

GDWRV GH EXHQD VHOHFWLYLGDG DO &2 IUHQWH D WRGRV ORV LQWHUIHUHQWHV FRQVLGHUDGRV

FXDQGR VH XWLOL]D XQD SHOtFXOD GHWHUPLQDGD IXQFLRQDQGR D XQD WHPSHUDWXUD

FRQFUHWD� D SHVDU GH ORV DGLWLYRV LQFOXLGRV HQ OD SHOtFXOD� (Q QLQJXQR GH ORV

FDVRV VH FRQVLJXH VHOHFWLYLGDG HQ SUHVHQFLD GH HWDQRO� DO TXH OD SHOtFXOD HV PX\

VHQVLEOH HQ ODV PLVPDV WHPSHUDWXUDV TXH DO &2� 'H HVWRV UHVXOWDGRV VH LQILHUH

OD QHFHVLGDG GH XWLOL]DU WpFQLFDV DOWHUQDWLYDV FRPR OD WHPSHUDWXUD SXOVDGD R ODV

PDWULFHV GH VHQVRUHV SDUD SRGHU GLVWLQJXLU HO &2 GHO HWDQRO� 2WUD GH ODV

SRVLELOLGDGHV� TXH VH WUDWDUi GHWDOODGDPHQWH HQ HO SUy[LPR DSDUWDGR� HV OD

XWLOL]DFLyQ GH ILOWURV�

/RV PRWLYRV GH OD IDOWD GH VHOHFWLYLGDG VH GHEHQ EXVFDU HQ OD QDWXUDOH]D

GHO IHQyPHQR GH GHWHFFLyQ� 6H FRQVLGHUDUi QXHYDPHQWH HO PRGHOR GH UHVSXHVWD

DO JDV EDVDGR HQ HO FRHILFLHQWH GH GLIXVLyQ GH .QXGVHQ �'.�� GHILQLGR HQ OD

IyUPXOD ���� \ FX\D YDOLGH] \D VH GLVFXWLy HQ IXQFLyQ GHO WDPDxR GH ORV SRURV

HQ HO PDWHULDO� 6L QXHYDPHQWH VH DFXGH D ODV FXUYDV GH OD ILJXUD ����� ORV

SHUILOHV GHVFHQGHQWHV GH ODV FXUYDV �&$�&$�V� YV� �[�/� SDUD YDULRV YDORUHV GHO

SDUiPHWUR /�N�'.�
���� SUHVHQWDQ XQ GHVFHQVR VXDYH SDUD YDORUHV EDMRV GH N�'.

�FRQ XQD PHMRU UHVSXHVWD DO JDV�� PLHQWUDV TXH YDORUHV DOWRV GH GLFKD UHODFLyQ

RIUHFHQ EDMDGDV EUXVFDV GH ODV FXUYDV �OR TXH VLJQLILFD SHRU UHVSXHVWD DO JDV��

6XSRQLHQGR FRQVWDQWHV GH UHDFFLyQ �N� LJXDOHV HQ GRV JDVHV� RIUHFHUi PHMRU

UHVSXHVWD DTXHO FRQ XQ FRHILFLHQWH GH GLIXVLyQ �'.� PD\RU� (V GHFLU� VL SRU

HMHPSOR VH WRPDQ FRQVWDQWHV GH UHDFFLyQ LJXDOHV SDUD HO &2 \ SDUD HO &+��

VHJ~Q OD H[SUHVLyQ GHO FRHILFLHQWH GH GLIXVLyQ� OD UHODFLyQ HQWUH GLFKD FRQVWDQWH

SDUD HO &2 \ SDUD HO PHWDQR YHQGUi GDGD SRU OD H[SUHVLyQ >���@�
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'LFKD UHODFLyQ GH FRHILFLHQWHV HQ FDVR GHO &2 \ HWDQRO VHUtD OD GH OD

H[SUHVLyQ >���@�
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(V GHFLU� VHJ~Q HVWDV UHODFLRQHV� HO 6Q2� RIUHFHUtD �FRQ LJXDOHV

FRQVWDQWHV GH UHDFFLyQ� PD\RU VHQVLELOLGDG DO PHWDQR TXH DO &2� FRVD TXH QR

VXFHGH HQ ODV WHPSHUDWXUDV FRQVLGHUDGDV ySWLPDV SDUD HO &2� HVWR HV�

DOUHGHGRU GH ORV ���� &� (O HWDQRO HQ FDPELR� GLIXQGLUtD SHRU TXH HO &2� OR TXH

FRQOOHYDUtD TXH VX UHVSXHVWD HOpFWULFD IXHVH PHQRU� /RV UHVXOWDGRV FRQILUPDQ

TXH QR HV DVt HQ QLQJXQR GH ORV GRV FDVRV� \D TXH D ODV WHPSHUDWXUDV

PHQFLRQDGDV �ySWLPDV SDUD HO &2�� HO HWDQRO RIUHFH PD\RU UHVSXHVWD \ HO

PHWDQR PHQRU TXH HO PRQy[LGR GH FDUERQR� (VWR TXLHUH GHFLU TXH OD FRQVWDQWH

GH UHDFFLyQ QR VH SXHGH FRQVLGHUDU LJXDO R VLPLODU HQ WRGRV HVWRV JDVHV D

HIHFWRV GH FRPSDUDFLyQ� (O FiOFXOR GH ODV FRQVWDQWHV GH UHDFFLyQ LPSOLFD HO

FRQRFLPLHQWR SURIXQGR GH ODV UHDFFLRQHV VXSHUILFLDOHV� GH ODV HVSHFLHV GH

R[tJHQR SUHVHQWHV HQ FDGD WHPSHUDWXUD FRQVLGHUDGD� GDWRV TXH VH SXHGHQ

REWHQHU GH DQiOLVLV TXH QR VH KDQ HIHFWXDGR HQ HVWH FDVR�

3DUD REWHQHU XQD EXHQD VHQVLELOLGDG OD UHODFLyQ N�'. KD GH VHU YDORU EDMR�

SRU OR FXDO VH SXHGH DILUPDU TXH VL OD VHQVLELOLGDG DO &2 D ����& HV LQIHULRU D OD

VHQVLELOLGDG DO HWDQRO HV SRUTXH VH FXPSOH TXH�

etOH
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D

k >     [7.7] 

,QFOX\HQGR HQ HVWD HFXDFLyQ OD UHODFLyQ HQWUH ODV FRQVWDQWHV GH GLIXVLyQ

REWHQLGD HQ OD HFXDFLyQ ���� VH OOHJD D OD VLJXLHQWH FRQFOXVLyQ DFHUFD GH OD

UHODFLyQ HQWUH FRQVWDQWHV GH UHDFFLyQ GHO PRQy[LGR \ GHO HWDQRO�

etOHCO kk ⋅> 28,1     [7.8] 

6L VH FRQVLGHUD HO FDVR GHO PHWDQR� TXH RIUHFH PHQRU VHQVLELOLGDG TXH HO

&2 D ���� &� HQWRQFHV VHJ~Q HO UD]RQDPLHQWR VHJXLGR�
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'H OR FXDO VH GHGXFH OD VLJXLHQWH UHODFLyQ HQWUH ODV FRQVWDQWHV GH

UHDFFLyQ GH HVWRV GRV JDVHV�

etOHCO kk ⋅< 75,0     [7.10] 
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/D UHYLVLyQ ELEOLRJUiILFD PXHVWUD OD HVFDVH] GH WUDEDMRV HQ HO FDPSR GH OD

XWLOL]DFLyQ GH ILOWURV LQWHJUDGRV SDUD DOFDQ]DU VHOHFWLYLGDG HQ ORV VHQVRUHV GH

JDV� IUHQWH D RWURV DVSHFWRV PXFKR PiV HVWXGLDGRV� FRPR SXHGH VHU OD DGLFLyQ

GH PHWDOHV FDWDOtWLFRV HQ ODV SHOtFXODV� R OD XWLOL]DFLyQ GH OyJLFD GLIXVD R UHGHV

QHXURQDOHV SDUD OOHJDU D XQD GHWHFFLyQ VHOHFWLYD�

&RPR \D VH H[SOLFy DO KDEODU GH ORV ILOWURV LQWHJUDGRV HQ HO DSDUWDGR

������ VRQ GRV ORV PHFDQLVPRV PHGLDQWH ORV TXH VH WUDWD GH DOFDQ]DU OD

VHOHFWLYLGDG FRQ HOORV� XQ SURFHVR GH WLSR ItVLFR R XQ SURFHVR GH WLSR TXtPLFR�

(QWUH ORV DXWRUHV TXH VH PHQFLRQDQ� KD\ YDULRV LQWHQWRV� RULHQWDGRV D FRQVHJXLU

GHWHFWDU XQRV JDVHV \ HYLWDU RWURV� 6H UHVXPHQ D FRQWLQXDFLyQ ORV ILOWURV

LQWHJUDGRV UHIHUHQFLDGRV HQ HO FDStWXOR �� UHFRUGDQGR VX FDUiFWHU ItVLFR R

TXtPLFR� VX PpWRGR GH REWHQFLyQ \ HO PDWHULDO FRQ HO TXH VH KDQ IDEULFDGR�

SDUD VX SRVWHULRU FRPSDUDFLyQ FRQ ORV UHVXOWDGRV GH HVWH WUDEDMR�

� >)HQJ ��@ XWLOL]D XQ ILOWUR GH 6L2� �ItVLFR� VREUH SHOtFXOD GH 6Q2��

PHGLDQWH HO TXH WUDWD GH GHWHFWDU +� HYLWDQGR OD LQWHUIHUHQFLD GHO &+��

7DQWR SHOtFXOD FRPR ILOWUR VH REWLHQHQ SRU PpWRGR TXtPLFR \ VSLQ�

FRDWLQJ� 7DO \ FRPR VH LQGLFy HQ OD UHYLVLyQ� FRQVLJXH DXPHQWDU OD

VHQVLELOLGDG DO +� D PHGLGD TXH DXPHQWD HO HVSHVRU GH OD FDSD GH 6L2�

GHSRVLWDGD FRPR ILOWUR� 7DPELpQ DXPHQWD OD VHQVLELOLGDG DO &+�� DXQTXH

HQ PHQRU PHGLGD� &RQ OD FDSD GH 6L2� FRQVLJXH IUHQDU OD GLIXVLyQ GH

2� HQ HO PDWHULDO� GHMDQGR SDVDU HO +�� FX\DV PROpFXODV GLIXQGHQ HQ pO

VLQ PD\RU GLILFXOWDG� (O DXPHQWR GH VHQVLELOLGDG YHQGUtD H[SOLFDGR SRU

XQ FDPELR HQ HO PHFDQLVPR GH FRQGXFFLyQ TXH VH SURGXFLUtD DO OOHJDU

PHQRV R[tJHQR D OD SHOtFXOD VHQVLEOH� UHGXFLHQGR ODV ]RQDV GH
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GHSOHFFLyQ \ FDPELDQGR GH XQ PHFDQLVPR FRPR HO H[SOLFDGR HQ HO FDVR

F GHO DSDUWDGR ������� �JUDQRV WRWDOPHQWH GHSOHFFLRQDGRV� HQ ORV TXH HO

JDV UHGXFWRU QR YDUtD HO PHFDQLVPR GH FRQGXFFLyQ GH IRUPD DSUHFLDEOH�

D XQ PHFDQLVPR FRPR HO GHO FDVR E �JUDQRV FRQ XQD GHSOHFFLyQ ySWLPD

HQ ORV TXH Vt VH SURGXFH XQD YDULDFLyQ HQ HO PHFDQLVPR TXH SURGXFH OD

FRQGXFFLyQ��

� >.ZRQ ��@ SUHVHQWD GRV SHOtFXODV GH 6Q2���DGLWLYRV�� XQD FRQ XQ ILOWUR

GH 6L2��3G� \ RWUD FRQ XQR GH 6Q2��3W�� FRQ HO TXH SUHWHQGH GLVFHUQLU

WUHV JDVHV� SURSDQR� &2 \ HWDQRO� /DV GRV FDSDV VH REWLHQHQ SRU

PpWRGRV TXtPLFRV \ VFUHHQ�SULQWLQJ \ VX DFWXDFLyQ HV GH WLSR TXtPLFR�

&DGD XQR GH ORV ILOWURV PRGLILFD ODV SURSLHGDGHV VHQVRUDV GH OD SHOtFXOD

FRPR VH H[SOLFD HQ HO DSDUWDGR ������ \ HO DXWRU ILQDOPHQWH XWLOL]D XQD

FRPELQDFLyQ GH ODV VHxDOHV REWHQLGDV GH ORV GRV VHQVRUHV ILOWUDGRV SDUD

FRQVHJXLU GLVWLQJXLU OD SUHVHQFLD GH ORV JDVHV� \D TXH OD XWLOL]DFLyQ GH

FDGD ILOWUR SRU VHSDUDGR QR UHVXOWD VXILFLHQWH SDUD HVWH ILQ�

� >)OHLVFKHU ��@ SUHVHQWD XQD SHOtFXOD GHOJDGD GH *D�2� REWHQLGR SRU

VSXWWHULQJ FRPR VHQVRU D OD TXH DxDGH GRV SHOtFXODV FRPR ILOWUR� (O

SULPHU ILOWUR HV XQD SHOtFXOD JUXHVD GHO PLVPR PDWHULDO� TXH XWLOL]D SDUD

GLVFHUQLU HO PHWDQR HQ SUHVHQFLD GH HWDQRO �ILOWUR TXtPLFR� \ FX\R

PHFDQLVPR GH DFWXDFLyQ VH H[SOLFy HQ HO DSDUWDGR ������ (O VHJXQGR HV

XQD SHOtFXOD GHOJDGD GH 6L2� FRQ OD TXH DOFDQ]D XQD UHVSXHVWD VHOHFWLYD

DO +�� HQ SUHVHQFLD GH &2� HWDQRO \ SURSDQR �ILOWUR ItVLFR��

� >3DUN ��@ REWLHQH XQD SHOtFXOD JUXHVD GH GH 6Q2�� \ WDPELpQ XWLOL]D GRV

ILOWURV TXtPLFRV� (O SULPHUR GH HOORV� GH 1E�2�� SUHVHQWD VHOHFWLYLGDG DO

DOFRKRO HQ SUHVHQFLD GH YDSRU GH UHVSLUDFLyQ \ SURSDQR� (O VHJXQGR� GH

6Q2��3G� HV VHOHFWLYR D KLGURFDUEXURV IUHQWH D HWLODOFRKRO \ KXPR GH

FLJDUULOOR�

(Q HO SUHVHQWH WUDEDMR� FRPR \D TXHGy H[SXHVWR HQ HO FDStWXOR GH

UHVXOWDGRV� OD LQYHVWLJDFLyQ VH FHQWUD HQ FRQVHJXLU XQD FDSD GH PDWHULDO�ILOWUR D

JDVHV LQWHUIHUHQWHV �SULQFLSDOPHQWH PHWDQR \ HWDQRO� VREUH OD SHOtFXOD VHQVLEOH

37( RSWLPL]DGD SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR >0DQGD\R ��@� /RV

HVWXGLRV HIHFWXDGRV FRQGXFHQ D OD HOHFFLyQ GH XQD SHOtFXOD JUXHVD FRQ XQ ���

GH 3G \ VX FRORFDFLyQ VREUH OD SHOtFXOD 37( �DSDUWDGR ��������� (VWD

FRPELQDFLyQ GH SHOtFXOD GHOJDGD \ JUXHVD� VLPLODU D OD UHDOL]DGD SRU >3DUN ��@



'LVFXVLyQ GH UHVXOWDGRV ���

FRQ HO *D�2�� DWHQ~D HQ JUDQ PHGLGD OD VHQVLELOLGDG DO HWDQRO� PLHQWUDV TXH

DXPHQWD OD VHQVLELOLGDG WDQWR DO &2 FRPR DO PHWDQR� 6LQ HPEDUJR� HO DXPHQWR

GH OD VHQVLELOLGDG DO PHWDQR QR FRQVWLWX\H� D OD WHPSHUDWXUD GH ���� &

FRQVLGHUDGD� XQD LQWHUIHUHQFLD D WHQHU HQ FXHQWD SDUD OD GHWHFFLyQ GHO

PRQy[LGR GH FDUERQR�

3DUD LOXVWUDU HO HIHFWR GHVFULWR� VH KDQ UHXQLGR HQ XQD VROD JUiILFD ORV

UHVXOWDGRV FRUUHVSRQGLHQWHV D OD VHQVLELOLGDG D YDULDV FRQFHQWUDFLRQHV GH &2�

&+� \ HWDQRO GH OD PXHVWUD 37( VLQ ILOWUR \ FRQ HO ILOWUR GH 6Q2� ���� 3G��

XQLHQGR ORV UHVXOWDGRV \D DSRUWDGRV HQ ODV JUiILFDV ����� ���� \ ����� 'LFKDV

FRPSDUDFLRQHV VH UHFRJHQ HQ OD ILJXUD ����� /DV FRQFHQWUDFLRQHV GH JDV

XWLOL]DGDV VRQ�

9 ��→��� SSP &2

9 ����→����� PHWDQR

9 ���→��� SSP HWDQRO
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)LJXUD ���� 5HVSXHVWDV D GLVWLQWDV FRQFHQWUDFLRQHV GH &2� PHWDQR \ HWDQRO GH PXHVWUD

37( D ���� & \ ��� UK� FRQ \ VLQ ILOWUR GH 6Q2�����3G�
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'LVFXVLyQ GH UHVXOWDGRV ���

3DUD H[SOLFDU HVWRV UHVXOWDGRV� VH GHEHQ WHQHU HQ FXHQWD XQD VHULH GH

FRQVLGHUDFLRQHV� &RPR VH KD REVHUYDGR� HO VHQVRU FRQ ILOWUR LQFRUSRUDGR

PXHVWUD XQD DWHQXDFLyQ FRQVLGHUDEOH GH VX UHVSXHVWD DO HWDQRO� /D DFFLyQ GHO

ILOWUR FRQVLVWH HQ XQD FRPEXVWLyQ GH XQ JUDQ SRUFHQWDMH GHO HWDQRO D OR ODUJR GH

OD SHOtFXOD JUXHVD� (VWD SHOtFXOD WLHQH XQD FRQGXFWDQFLD LQIHULRU D OD GH OD

SHOtFXOD GHOJDGD \D TXH PLHQWUDV OD SHOtFXOD GHOJDGD VROD SUHVHQWD YDORUHV GH

���⋅���� Ω��� ODV GRV SHOtFXODV MXQWDV HOHYDQ VX FRQGXFWDQFLD FRQMXQWD D �⋅���� Ω�

�� 3RU HVWH PRWLYR OD UHVSXHVWD HOpFWULFD PHGLUi SULQFLSDOPHQWH OD YDULDFLyQ GH

FRQGXFWDQFLD TXH VH SURGX]FD HQ OD SHOtFXOD GHOJDGD� TXH GRPLQDUi HQ HVWH

FDVR HO IHQyPHQR GH FRQGXFFLyQ HOpFWULFD� 'DGR TXH HO HWDQRO VH KDEUi

FRQVXPLGR SULQFLSDOPHQWH HQ OD SHOtFXOD JUXHVD� VH SHUFLELUi SRU HOOR XQD

UHVSXHVWD DO HWDQRO PHQRU HQ OD SHOtFXOD GHOJDGD FXDQGR KD\ ILOWUR TXH FXDQGR

QR OR KD\� (VWH HIHFWR VH LOXVWUD FRQ OD ILJXUD �����

)LJXUD ���� (VTXHPD GH OD GHWHFFLyQ VHOHFWLYD GH &2 IUHQWH D HWDQRO HQ SHOtFXOD GHOJDGD

FRQ ILOWUR GH SHOtFXOD JUXHVD

(O DXPHQWR GH UHVSXHVWD WDQWR DO &2 FRPR DO &+� TXH WDPELpQ VH SHUFLEH

HQ ODV JUiILFDV H[SXHVWDV VH H[SOLFD SRU RWURV PRWLYRV� (Q HO FDVR GHO PHWDQR� OD

SHOtFXOD JUXHVD �ILJXUD ����� PXHVWUD XQD UHVSXHVWD LQFLSLHQWH D ���� &� SRU OR

TXH QR VH HVSHUD XQD IXHUWH FRPEXVWLyQ GH HVWH JDV D HVWD WHPSHUDWXUD D OR

ODUJR GHO ILOWUR� (Q HO FDVR GHO &2� WUDEDMRV SUHYLRV VREUH OD SHOtFXOD JUXHVD

FRPR VHQVRU >&LUHUD ��@ LQGLFDQ TXH D HVWD WHPSHUDWXUD QR VH SURGXFH XQD

FRPEXVWLyQ WRWDO� 7DQWR HQ HO FDVR GHO PHWDQR FRPR GHO &2� HVWR H[SOLFDUtD TXH

&2 (WDQRO

&RQWDFWRV
LQWHUGLJLWDGRV

),/752
GH SHOtFXOD JUXHVD

6(1625
GH SHOtFXOD GHOJDGD
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OD GLVPLQXFLyQ GH VHQVLELOLGDG IXHUD PHQRU TXH HQ HO FDVR GHO HWDQRO� SHUR QR HO

DXPHQWR TXH HQ UHDOLGDG VH SURGXFH�

3DUD H[SOLFDU HO DXPHQWR GH UHVSXHVWD D &+� \ HWDQRO VH SXHGHQ

FRQVLGHUDU GRV SRVLELOLGDGHV� /D SULPHUD VHUtD HO ILOWUDGR VHOHFWLYR GHO R[tJHQR�

TXH LQGXFLUtD XQD FRQFHQWUDFLyQ PD\RU GH &2 \ &+� HQ OD FDSD VHQVLEOH� \ TXH D

VX YH] SRGUtD H[SOLFDU HO DXPHQWR GH FRQGXFWLYLGDG TXH VH REVHUYD DO DxDGLU OD

SHOtFXOD JUXHVD� 8QD VHJXQGD SRVLELOLGDG� VHUtD XQD GLIXVLyQ GH 3G GHVGH HO ILOWUR

DFWLYR KDFLD OD SHOtFXOD GHOJDGD REWHQLGD SRU VSXWWHULQJ� (VWD ~OWLPD KD TXHGDGR

FRQILUPDGD SRU DQiOLVLV ;36 HIHFWXDGRV D OD PXHVWUD �ILJXUD ������ TXH YHULILFDQ

OD H[LVWHQFLD GH XQD GLIXVLyQ JUDGXDO GH 3G KDFLD HO LQWHULRU GH OD SHOtFXOD

GHOJDGD� TXH GD OXJDU D XQ SHUILO GH VLPLODUHV FDUDFWHUtVWLFDV DO GH 3G VXSHUILFLDO

�3'6�� DXQTXH VLHQGR HQ HVWH FDVR HO SHUILO GH SHQGLHQWH PiV VXDYH \

FRPHQ]DQGR GH XQD FRQFHQWUDFLyQ VXSHULRU ����� IUHQWH DO ���� GHO 3G

VXSHUILFLDO�� 6L VH WLHQH HQ FXHQWD HO LQFUHPHQWR GH PDJQLWXG \ YHORFLGDG GH

UHVSXHVWD TXH WDPELpQ VH SURGXFH DO DxDGLU HO ILOWUR� REVHUYDGD LJXDOPHQWH HQ

ODV PXHVWUDV 3'6� OD VHJXQGD H[SOLFDFLyQ SDUHFH PiV IDFWLEOH TXH OD SULPHUD�

(VWD GLIXVLyQ� SRU RWUD SDUWH� DSR\DUtD WDPELpQ HO DXPHQWR GH FRQGXFWLYLGDG

PHGLGR HQ OD SHOtFXOD FRQ ILOWUR�

)LJXUD ���� 3HUILO GH 3G HQ HO LQWHULRU GH OD SHOtFXOD GHOJDGD 37(
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'LVFXVLyQ GH UHVXOWDGRV ���

���� �������

� 
�

>%kUVDQ ��@ 1� %kUVDQ� ³&RQGXFWLRQ PRGHOV LQ JDV�VHQVLQJ 6Q2� OD\HUV� JUDLQ

VL]H HIIHFWV DQG DPELHQW DWPRVSKHUH LQIOXHQFH´� 6HQVRUV DQG

$FWXDWRUV %�� ������� ������

>%HFNHU ��@ 7K� %HFNHU� 6W� 0�KOEHUJHU� &KU� %RVFK�Y�%UDXQP�KO� *� 0�OOHU� 7K�

=LHPDQQ� .�9� +HFKWHQEHUJ� ³$LU SROOXWLRQ PRQLWRULQJ XVLQJ WLQ�R[LGH�

EDVHG PLFURUHDFWRU V\VWHPV´� 6HQVRUV DQG $FWXDWRUV % �� �������

�������

>%UXQR ��@ /� %UXQR� &� 3LMRODW� 5� /DODX]H� ³7LQ GLR[LGH WKLQ�ILOPV JDV VHQVRU

SUHSDUHF E\ FKHPLFDO YDSRXU GHSRVLWLRQ� ,QIOXHQFH RI WKH JUDLQ VL]H

DQG WKLFNQHVV RQ WKH HOHFWULFDO SURSHUWLHV´� 6HQVRUV DQG $FWXDWRUV %

����� ������� �������

>&KRH ��@ <RQJ�6DKP &KRH� ³1HZ JDV VHQVLQJ PHFKDQLVP IRU 6Q2� WKLQ�ILOP

JDV VHQVRUV IDEULFDWHG E\ XVLQJ GXDO LRQ EHDP VSXWWHULQJ´� 6HQVRUV

DQG $FWXDWRUV % �� ������� �������

>&LUHUD ��@ $� &LUHUD� $� 'LpJXH]� 5� 'tD]� $� &RUQHW� -�5� 0RUDQWH� ³1HZ

PHWKRG WR REWDLQ VDEOH VPDOO�VL]HG 6Q2� SRZGHUV IRU JDV VHQVRUV´�

6HQVRUV DQG $FWXDWRUV % �� ������� �������

>&LUHUD ��D@ $OEHUW &LUHUD� ³1HZ WHFKQRORJLHV DQG WKHLU FKDUDFWHULVDWLRQ IRU

QDQRVWUXFWXUHG 6Q2� JDV VHQVRU GHYLFHV´� 7HVLV 'RFWRUDO� 8QLYHUVLWDW

GH %DUFHORQD ������

>&LUHUD ��E@ $� &LUHUD� $� 9LOD� $� 'LHJXH]� $� &DERW� $� &RUQHW� -�5� 0RUDQWH�

´0LFURZDYH SURFHVVLQJ IRU WKH ORZ FRVW� PDVV SURGXFWLRQ RI XQGRSHG

DQG LQ VLWX FDWDO\WLF GRSHG QDQRVL]HG 6Q2� JDV VHQVRU SRZGHUV´�

6HQVRUV DQG $FWXDWRUV % �� ������� �����>GH $QJHOLV ��@ /XFLR GH

$QJHOLV� 5REHUWR 5LYD� ³6HOHFWLYLW\ DQG VWDELOLW\ RI D WLQ GLR[LGH VHQVRU

IRU PHWKDQH´� 6HQVRUV DQG $FWXDWRUV % �� ������� �����

>&LUHUD ��@ $� &LUHUD� $� &DERW� $� &RUQHW� -�5� 0RUDQWH� ³&2�&+� VHOHFWLYLW\

HQKDQFHPHQW E\ LQ�VLWX 3G�FDWDO\]HG PLFURZDYH 6Q2� QDQRSDUWLFOHV

IRU JDV GHWHFWRUV XVLQJ DFWLYH ILOWHU´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������
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>'HPDUQH ��@ 9� 'HPDUQH� $� *ULVHO� ³(OHFWULFDO WUDQVSRUW SURSHUWLHV RI WKLQ ILOP

SRO\FU\VWDOOLQH 6Q2� ILOP VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % � �������

�������

>'HPDUQH ��@ 9� 'HPDUQH DQG $� *ULVHO� ³$ QHZ 6Q2� ORZ WHPSHUDWXUH

GHSRVLWLRQ WHFKQLTXH IRU LQWHJUDWHG JDV VHQVRUV´� 6HQVRUV DQG

$FWXDWRUV % ����� ������� �����

>'L *LXOLR ��@ 0� 'L *LXOLR� *� 0LFRFFL� $� 6HUUD� $� 7HSRUH� 5� 5HOOD� 3� 6LFLOLDQR�

³6Q2� WKLQ ILOPV IRU JDV VHQVRU SUHSDUHG E\ U�I� UHDFWLYH VSXWWHULQJ´�

6HQVRUV DQG $FWXDWRUV % ����� ������� �������

>'LpJXH] ��@ $� 'LpJXH]� $� 5RPDQR�5RGUtJXH]� -� 5� 0RUDQWH� 8� :HLPDU� 0�

6FKZHL]HU�%HUEHULFK� :� *|SHO� ³0RUSKRORJLFDO DQDO\VLV RI

QDQRFU\VWDOOLQH 6Q2� IRU JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % ��

������ �������

>'XWUDLYH ��@ 0�6� 'XWUDLYH� 5� /DODX]H� &� 3LMRODW� ³6LQWHULQJ� FDWDO\WLF HIIHFWV

DQG GHIHFW FKHPLVWU\ LQ SRO\FU\VWDOOLQH WLQ GLR[LGH´� 6HQVRUV DQG

$FWXDWRUV % ����� ������� �����

>)HQJ ��@ &KDQJ 'RQJ )HQJ� <DVXKLUR 6KLPL]X� 0DNRWR (JDVKLUD� ³(IIHFW RI JDV

GLIIXVLRQ SURFHVV RQ VHQVLQJ SURSHUWLHV RI 6Q2� LQ D 6L2��6Q2� OD\HU�

EXLOW VWUXFWXUH IDEULFDWHG E\ VRO�JHO SURFHVV´� -RXUQDO RI WKH

(OHFWURFKHPLFDO 6RFLHW\ ����� ������� �������

>)OHLVFKHU ��@ 0D[LPLOLDQ )OHLVFKHU� 6XVDQQH .RUQHO\� 7KRPDV :HK� -RDFKLP

)UDQN� +� 0HL[QHU� ³6HOHFWLYH JDV GHWHFWLRQ ZLWK KLJK�WHPSHUDWXUH

RSHUDWHG PHWDO R[LGHV XVLQJ FDWDO\WLF ILOWHUV´� 6HQVRUV DQG $FWXDWRUV %

�� ������� �������

>*DJJLRWWL ��@ *� *DJJLRWWL� $� *DOGLNDV� 6� .DFLXOLV� *� 0DWWRJQR� $� 6HWNXV�

³7HPSHUDWXUH GHSHQGHQFLHV RI VHQVLWLYLW\ DQG VXUIDFH FKHPLFDO

FRPSRVLWLRQ RI 6Q2[ JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % �����

������� �������

>*DUGQHU ��@ -� :� *DUGQHU� 3�1� %DUWOHWW� .� )� (� 3UDWW� ³0RGHOOLQJ RI JDV�

VHQVLWLYH FRQGXFWLQJ SRO\PHU GHYLFHV´� ,(( 3URF��&LUFXLWV 'HYLFHV 6\VW�

9RO� ���� 1R�� ������� �������



'LVFXVLyQ GH UHVXOWDGRV ���

>*DXWKHURQ ��@ %� *DXWKHURQ� 0� /DEHDX� *� 'HODERXJOLVH� 8� 6FKPDW]�

³8QGRSHG DQG 3G�GRSHG 6Q2� WKLQ ILOPV IRU JDV VHQVRUV´� 6HQVRUV DQG

$FWXDWRUV % ����� ������� �������

>*|SHO ��@ :ROIDQJ *|SHO� .ODXV 'LHWHU 6KLHUEDXP� ³6Q2� VHQVRUV� FXUUHQW

VWDWXV DQG IXWXUH SURVSHFWV´� 6HQVRUV DQG $FWXDWRUV % ����� �������

����

>*XWLpUUH] ��@ $�0� *XWLpUUH]� -�$� 'tH] GH 8O]XUUXQ� 6� 0� 2ODL]ROD� (� 7HUUyQ� *�

*DUFtD� (� &DVWDxR� )� -� *UDFLD� ³,QIOXHQFH RI WKH WKLQ ILOP WKLFNQHVV

RQ WKH PHWKDQH JDV VHQVRU VHOHFWLYLW\´� 6HQVRU ��� �&RQIHUHQFH IRU

6HQVRU 7UDQVGXFHU 	 6\VWHPV ������

>-LQ ��@ =KLKRQJ -LQ� +XDQ�-XQ =KRX� =KDQJ�/L -LQ� 5REHUW )� 6DYLQHOO� &KXQJ�

&KLXQ /LX� ³$SSOLFDWLRQ RI QDQR�FU\VWDOOLQH SRURXV WLQ R[LGH WKLQ ILOP IRU

&2 VHQVLQJ ³� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>.LP ��@ 'RQJ +\XQ .LP� 6DQJ +RRQ /HH� .ZDQJ�+R .LP� ³&RPSDULVRQ RI &2�

JDV VHQVLQJ FKDUDFWHULVWLFV EHWZHHQ PRQR� DQG PXOWL�OD\HU 3W�6Q2�

WKLQ ILOPV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>.RURWFKHQNRY ��@ *� .RURWFKHQNRY� 9� %U\Q]DUL� 6� 'PWULHY� ³6Q2� ILOPV IRU WKLQ

ILOP JDV VHQVRU GHVLJQ´� 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ %��

������� �������

>.ZRQ ��@ &�+� .ZRQ� '�+� <XQ� +��.� +RQJ� 6��5� .LP� .� /HH� +�<� /LP� .�+�

<RRQ ³0XOWL�OD\HUHG WKLFN�ILOP JDV VHQVRU DUUD\ IRU VHOHFWLYH VHQVLQJ E\

FDWDO\WLF ILOWHULQJ WHFKQRORJ\´� 6HQVRUV DQG $FWXDWRUV % �� �������

�������

>/HH ��@ 'XN�'RQJ /HH� :DQJ�<RXQJ &KXQJ� ³*DV�VHQVLQJ FKDUDFWHULVWLFV RI

6Q2��; WKLQ ILOP ZLWK DGGHG 3W IDEULFDWHG E\ WKH 'LSSLQJ 0HWKRG´�

6HQVRUV DQG $FWXDWRUV �� ������� �������

>0DQGD\R ��@ *�*� 0DQGD\R� (� &DVWDxR� )� -� *UDFLD� $� &LUHUD� $� &RUQHW� -� 5�

0RUDQWH� ³%XLOW�LQ DFWLYH ILOWHU IRU DQ LPSURYHG UHVSRQVH WR FDUERQ

PRQR[LGH FRPELQLQJ WKLQ DQG WKLFN ILOP WHFKQRORJLHV´� $UWtFXOR

DFHSWDGR SDUD VX SXEOLFDFLyQ HQ 6HQVRUV DQG $FWXDWRUV %
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>0LV]HL ��@ -� 0LV]HL� ³$FWLYDWLQJ WHFKQRORJ\ RI 6Q2� OD\HUV E\ PHWDO SDUWLFOHV

IURP XOWUDWKLQ PHWDO ILOPV´� 6HQVRUV DQG $FWXDWRUV % ����� �������

�������

>0RQWPpDW ��@ 3� 0RQWPpDW� &� 3LMRODW� *� 7RXUQLHU� -�3� 9LULFHOOH� ³7KH HIIHFW RI

0HWDOOLF 0HPEUDQHV RQ 6Q2� WKLQ ILOPV VHQVLQJ SURSHUWLHV´�

(XURVHQVRUV ;,9 7�6� ������� �������

>2JDZD ��@ +� 2JDZD� 0� 1LVKLNDZD� $� $EH� ³+DOO PHDVXUHPHQWV VWXGLHV DQG

DQ HOHFWULFDO FRQGXFWLRQ PRGHO RI WLQ R[LGH XOWUDILQH SDUWLFOH ILOPV´�

-RXUQDO RI $SSOLHG 3K\VLFV �� ������ ���������

>2ODL]ROD ��@ 6�0� 2ODL]ROD� ³&UHFLPLHQWR GH SHOtFXODV GHOJDGDV GH 6Q2�

PHGLDQWH SXOYHUL]DFLyQ FDWyGLFD SDUD HO GHVDUUROOR GH PLFURVHQVRUHV

GH JDV PHWDQR´� 7HVLV 'RFWRUDO� 8QLYHUVLGDG GH 1DYDUUD ������

>3DUN ��@ &� 2� 3DUN� 6� $� $NEDU� -� +ZDQJ� ³6HOHFWLYH JDV GHWHFWLRQ ZLWK

FDWDO\WLF ILOWHU´� 0DWHULDOV &KHPLVWU\ DQG 3K\VLFV �� ������� �����

>5HOOD ��@ 5� 5HOOD� $� 6HUUD� 3� 6LFLOLDQR DQG /� 9DVDQHOOL� ³7LQ R[LGH EDVHG JDV

VHQVRUV SUHSDUHG E\ WKH VRO�JHO SURFHVV´� (XURVHQVRUV ; 3������

�0HWDOR[LGHV� ������� �������

>5HOOD ��@ 5� 5HOOD�3� 6LFLOLDQR� 6� &DSRQH� 0� (SLIDQL� /� 9DVDQHOOL� $� /LFFLXOOL�

³$LU TXDOLW\ PRQLWRULQJ E\ PHDQV RI VRO�JHO LQWHJUDWHG WLQ R[LGH WKLQ

ILOPV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>6DNDL ��D@ *R 6DNDL� 1DP 6HRN %DLN� 1RULR 0LXUD� 1RERUX <DPD]RH� ³*DV

VHQVLQJ SURSHUWLHV RI WLQ R[LGH WKLQ ILOPV IDEULFDWHG IURP K\GURWHUPDOO\

WUHDWHG QDQRSDUWLFOHV� 'HSHQGHQFH RI &2 DQG +� UHVSRQVH RQ ILOP

WKLFNQHVV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>6DNDL ��E@ *R 6DNDL� 1DRNL 0DWVXQDJD� .HQJR 6KLPDQRH� 1RERUX <DPD]RH�

´7KHRU\ RI JDV GLIIXVLRQ FRQWUROOHG VHQVLWLYLW\ IRU WKLQ ILOP

VHPLFRQGXFWRU JDV VHQVRU´� 6HQVRUV DQG $FWXDWRUV % �� ������� ����

���

>6DXYDQ ��@ 0� 6DXYDQ� &� 3LMRODW � ³6HOHFWLYLW\ LPSURYHPHQW RI 6Q2� ILOPV E\

VXSHUILFLDO PHWDOOLF ILOPV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������



'LVFXVLyQ GH UHVXOWDGRV ���

>6EHUYHJOLHUL ��@ *� 6EHUYHJOLHUL� ³&ODVVLFDO DQG QRYHO WHFKQLTXHV IRU WKH

SUHSDUDWLRQ RI 6Q2� WKLQ�ILOP JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % �

������� �������

>6FKLHUEDXP ��@ .�'� 6FKLHUEDXP� 8� :HLPDU DQG :� *|SHO� ³&RPSDULVRQ RI

FHUDPLF� WKLFN�ILOP DQG WKLQ�ILOP FKHPLFDO VHQVRUV EDVHG XSRQ 6Q2�´�

6HQVRUV DQG $FWXDWRUV % � ������� �������

>6FKZDL]HU�%HUEHULFK ��@ 0� 6FKZDL]HU�%HUEHULFK� -�*� =KHQJ� 8� :HLPDU� :�

*|SHO� 1� %kUVDQ� (� 3HQWLD� $� 7RPHVFX� ³7KH HIIHFW RI 3W DQG 3G

VXUIDFH GRSLQJ RQ WKH UHVSRQVH RI QDQRFU\VWDOLQH 6Q2� JDV VHQVRUV WR

&2´� 6HQVRUV DQG $FWXDWRUV % ��������� �����

>6LPRQ ��@ ,VROGH 6LPRQ� 1LFRODH %kUVDQ� 0LFKDHO %DXHU� 8GR :HLPDU�

³0LFURPDFKLQHG PHWDO R[LGH JDV VHQVRUV� RSSRUWXQLWLHV WR LPSURYH

VHQVRU SHUIRUPDQFH´� 6HQVRUV DQG $FWXDWRUV % �� ������� ����

>:LOOHW ��@ 0�-� :LOOHW� ³6SHFWURVFRS\ RI VXUIDFH UHDFWLRQV´� 7HFKQLTXHV DQG

PHFKDQLVPV LQ JDV VHQVLQJ ������� (GLWHG E\ 3�7� 0RVHOH\� -RZ 1RUULV

DQG '�(� :LOOLDPV� $GDP +LOJHU

>:LOOLDPV ��@ *HUDLQW :LOOLDPV� *DU\ 6�9� &ROHV� ³7KLQ WLQ GLR[LGH ILOPV IRU

FRPEXVWLEOH JDV VHQVRUV´� 6HQVRUV DQG WKHLU $SSOLFDWLRQV 9,, �������

(GLWHG E\ $� 7� $XJRXVWL� ,QVWLWXWH RI 3K\VLFV 3XEOLVKLQJ

>:|OOHQVWHLQ ��@ -� :|OOHQVWHLQ� +� %|WWQHU� 0� -DHJOH� :�-� %HFNHU� (� :DJQHU�

³0DWHULDO SURSHUWLHV DQG WKH LQIOXHQFH RI PHWDOOLF FDWDO\VWV DW WKH

VXUIDFH RI KLJKO\ GHQVH 6Q2� ILOPV´� 6HQVRUV DQG $FWXDWRUV % ��

������� �������

><DPD]RH ��@ 1RERUX <DPD]RH� ³1HZ DSSURDFKHV IRU LPSURYLQJ VHPLFRQGXFWRU

JDV VHQVRUV´� 6HQVRUV DQG $FWXDWRUV % � ������� ����

><RR ��@ .ZDQJ 6RR <RR� 1DP :RRQJ &KR� +DQ 6DQJ 6RQJ� +\XQJ -LQ -XQJ

³6XUIDFH PRUSKRORJ\ DQG JDV�VHQVLQJ FKDUDFWHULVWLFV RI 6Q2��[ WKLQ

ILOPV R[LGL]HG IURP 6Q ILOPV´� 6HQVRUV DQG $FWXDWRUV % ����� �������

�������

><X ��@ .�1� <X� <� ;LRQJ� <� /LX� &� ;LRQJ� ³0LFURHVWUXFWXUDO FKDQJH RI QDQR�

6Q2� JUDLQ DVVHPEODJHV ZLWK WKH DQQHDOLQJ WHPSHUDWXUH´� 3K\VLFDO

5HYLHZ %� ��� � ������ ���������
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(Q HVWH FDStWXOR VH IDEULFD XQ GLVSRVLWLYR SDUD OD GHWHFFLyQ GH PRQy[LGR GH

FDUERQR EDVDGR HQ ORV FRQRFLPLHQWRV SUHYLRV GH WpFQLFDV GH IDEULFDFLyQ GHO

GHSDUWDPHQWR GH 0LFURHOHFWUyQLFD \ 0LFURVLVWHPDV GHO &(,7� DVt FRPR HQ HO

HVWXGLR SDUWLFXODU VREUH PDWHULDO VHQVRU GH PRQy[LGR GH FDUERQR OOHYDGR D FDER

HQ HVWH WUDEDMR�

3DUD HOOR VH GLVHxD XQ SURFHVR GH IDEULFDFLyQ TXH KDJD FRPSDWLEOHV ORV

GLIHUHQWHV SURFHVRV GH IDEULFDFLyQ HQ VDOD OLPSLD FRQ HO GLVHxR UHDOL]DGR� /DV

WHFQRORJtDV XWLOL]DGDV FRPSUHQGHQ ORV GHSyVLWRV GH SHOtFXOD GHOJDGD SRU

VSXWWHULQJ� ORV WUDWDPLHQWRV WpUPLFRV� PLFURPHFDQL]DGR GH VLOLFLR \ SHJDGR

DQyGLFR� DVt FRPR HO HQFDSVXODGR \ PLFURVROGDGR GH SURWRWLSRV�

6H KDQ GHVDUUROODGR VHLV GLVHxRV HQ SODQWD GLIHUHQWHV FRPELQDQGR YDULRV

PRGHORV GH HOHFWURGRV LQWHUGLJLWDGRV \ GH FDOHIDFWRUHV� \ VH KDQ UHDOL]DGR YDULRV

HQVD\RV SDUD HVWDEOHFHU ODV HVSHFLILFDFLRQHV GH IXQFLRQDPLHQWR GHO PLVPR�

SULQFLSDOPHQWH OD SRWHQFLD FRQVXPLGD� VHQVLELOLGDG� VHOHFWLYLGDG \ HVWDELOLGDG HQ

HO WLHPSR�
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/RV SURWRWLSRV ILQDOHV VH KDQ GLVHxDGR FRQ XQDV GLPHQVLRQHV GH FRQMXQWR GH

�[� PP� GH VXSHUILFLH \ ���� PP GH HVSHVRU� GH ORV FXDOHV ���� PP

FRUUHVSRQGHQ DO HVSHVRU GHO VXVWUDWR GH VLOLFLR \ ��� DO VRSRUWH GH YLGULR S\UH[

TXH VH XWLOL]D SDUD FRQIHULU UREXVWH] DO GLVSRVLWLYR� WDO \ FRPR PXHVWUD

HVTXHPiWLFDPHQWH OD ILJXUD ��� �HO GLEXMR QR HVWi D HVFDOD��

(O GLVSRVLWLYR VHQVRU� GHO TXH VH KD LQFOXLGR XQR GH ORV GLVHxRV HQ SODQWD

HQ OD ILJXUD ���� VH VLW~D VREUH XQD PHPEUDQD PLFURPHFDQL]DGD HQ VLOLFLR GH

�[� PP� GH VXSHUILFLH FHQWUDGD HQ HO FKLS� 6H HVWXGLDQ YDULRV HVSHVRUHV GH

PHPEUDQD SDUD HYDOXDU VX LQIOXHQFLD HQ OD SRWHQFLD FRQVXPLGD� DVt FRPR YDULRV

GLVHxRV GH LQWHUGLJLWDGRV SDUD PHGLGD GH UHVLVWHQFLD HQ HO 6Q2�� FRPELQiQGRORV

FRQ GLVHxRV GLIHUHQWHV GH FDOHIDFWRU�

)LJXUD ��� (VTXHPD GHO GLVHxR \ GLPHQVLRQHV GHO SURWRWLSR ILQDO

6L

3\UH[

6Q2�

6L

0HPEUDQD ��[�PP�

&DOHIDFWRU

GREOH

3W

6L2�

(SLWD[LD

(OHFWURGRV

�[� PP

���� PP

��� PP



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

6H KDQ UHDOL]DGR GRV GLVHxRV GH FDOHIDFWRU� \ SRU FDGD XQR GH HOORV VH KD

GLVHxDGR WDPELpQ XQ FKLS FRQ XQ WHUPLVWRU HQ HO OXJDU TXH GHEH RFXSDU OD

SHOtFXOD VHQVLEOH� SDUD OD FDOLEUDFLyQ GH OD WHPSHUDWXUD HQ HO iUHD GRQGH VH YD D

XELFDU HQ 6Q2��

� &DOHIDFWRU VLPSOH� VLWXDGR HQ HO FHQWUR GH OD PHPEUDQD FDOLHQWD

ODWHUDOPHQWH OD SHOtFXOD GH y[LGR GH HVWDxR�

� &DOHIDFWRU GREOH� VLWXDGR D DPERV ODGRV GH OD SHOtFXOD GH y[LGR

GH HVWDxR� FDOLHQWD SRU DPERV ODGRV GLFKD SHOtFXOD�

(O FDOHIDFWRU HV GH GLVHxR HQ VXSHUILFLH� FRQ OR FXDO VX IDEULFDFLyQ WLHQH

OXJDU DO PLVPR WLHPSR TXH OD GH ORV HOHFWURGRV LQWHUGLJLWDGRV� (VWR DFRUWD

QRWDEOHPHQWH HO SURFHVR GH IDEULFDFLyQ DO HYLWDU OD REWHQFLyQ GH XQD FDSD

DLVODQWH� FRQ ODV GLILFXOWDGHV TXH FRQOOHYD�

3RU RWUD SDUWH VH KDQ FRQWHPSODGR WUHV JHRPHWUtDV GH HOHFWURGRV�

� �� µP GH DQFKR GH SLVWD GH 3W \ �� µP GH VHSDUDFLyQ HQWUH HOODV

� �� µP GH DQFKR GH SLVWD GH 3W \ �� µP GH VHSDUDFLyQ HQWUH HOODV

� �� µP GH DQFKR GH SLVWD GH 3W \ �� µP GH VHSDUDFLyQ HQWUH HOODV

&RPELQDQGR DPERV GLVHxRV REWHQHPRV � WLSRV GH PXHVWUDV D ORV TXH VH

VXPDQ GRV GLVHxRV GH WHUPLVWRU� XQR SRU FDGD WLSR GH FDOHIDFWRU �WDEOD �����

�&����� &DOHIDFWRU VLPSOH� �� µP SLVWD GH 3W� �� µP GH VHSDUDFLyQ

�&����� &DOHIDFWRU VLPSOH� �� µP SLVWD GH 3W� �� µP GH VHSDUDFLyQ

�&����� &DOHIDFWRU VLPSOH� �� µP SLVWD GH 3W� �� µP GH VHSDUDFLyQ

�&����� &DOHIDFWRU GREOH� �� µP SLVWD GH 3W� �� µP GH VHSDUDFLyQ

�&����� &DOHIDFWRU GREOH� �� µP SLVWD GH 3W� �� µP GH VHSDUDFLyQ

�&����� &DOHIDFWRU GREOH� �� µP SLVWD GH 3W� �� µP GH VHSDUDFLyQ

7(50� 7HUPLVWRU SDUD FDOLEUDFLyQ GH WHPSHUDWXUD FRQ FDOHIDFWRU VLPSOH

7(50� 7HUPLVWRU SDUD FDOLEUDFLyQ GH WHPSHUDWXUD FRQ FDOHIDFWRU GREOH

7DEOD ��� 'HQRPLQDFLRQHV DVLJQDGDV D ORV GLVHxRV UHDOL]DGRV FRPR SURWRWLSRV



��� &DStWXOR �

(VWRV GLVHxRV VH PXHVWUDQ HQ OD ILJXUD ���� VHxDOiQGRVH HQ YHUGH OD ]RQD

FRQ y[LGR GH HVWDxR VREUH ORV HOHFWURGRV LQWHUGLJLWDGRV� /DV GLPHQVLRQHV

H[WHULRUHV GH FDGD FKLS VRQ GH �[� PP��

�&����� �&�����

�&����� �&�����

�&�����

�&�����



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

7(50� 7(50�

)LJXUD ��� 'LVHxRV HQ SODQWD GH SURWRWLSRV \ WHUPLVWRUHV

7RGRV ORV GLVHxRV WLHQHQ HQ FRP~Q ODV GLPHQVLRQHV WRWDOHV� DVt FRPR HO

HVSHVRU \ ODV GLPHQVLRQHV VXSHUILFLDOHV GH OD PHPEUDQD� 9DUtD GH XQRV D RWURV

SRU XQ ODGR HO GLVHxR GHO FDOHIDFWRU� SRU WDQWR HO Q~PHUR GH FXDGUDGRV TXH

FRQIRUPDQ HO PLVPR \ VX UHVLVWHQFLD WRWDO� \ SRU RWUR HO iUHD VHQVLEOH GH 6Q2� \

OD JHRPHWUtD GH HOHFWURGRV LQWHUGLJLWDGRV� /D JHRPHWUtD GH HOHFWURGRV FRQILHUH D

OD UHVLVWHQFLD PHGLGD XQD UHODFLyQ GH DVSHFWR /�Z� R OR TXH HV OR PLVPR� HO

Q~PHUR GH FXDGUDGRV PHGLGR SRU ORV FRQWDFWRV� HV GHFLU� HO IDFWRU HQ HO TXH

GLVPLQX\H OD UHVLVWHQFLD PHGLGD HQ OD SHOtFXOD GH 6Q2��

&DOHIDFWRU VLPSOH &DOHIDFWRU GREOH

'HQRPLQDFLyQ �&���

��

�&���

��

�&���

��

�&���

��

�&���

��

�&���

��

ÈUHD VHQVLEOH

�PP��

��� � � ��� � �

/�Z �6Q2�� ��� ��� ��� ��� ��� ���

Q� �&DOHIDFWRU� ��� ��� ��� ��� ��� ���

7DEOD ��� 9DULDQWHV GH SDUiPHWURV GH GLVHxR HQWUH ORV GLIHUHQWHV SURWRWLSRV
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7RGRV ORV SURWRWLSRV VLJXHQ HO PLVPR SURFHVR GH IDEULFDFLyQ \ ORV GLIHUHQWHV

HVSHVRUHV GH PHPEUDQD VH DOFDQ]DQ PHGLDQWH HSLWD[LDV WLSR 1 GH GLIHUHQWHV

JURVRUHV� (O SURFHVR VH UHDOL]D FRQ REOHDV \D HSLWD[LDGDV�

/RV SURFHVRV PLFURHOHFWUyQLFRV HPSOHDGRV HQ SDUWLFXODU HQ OD IDEULFDFLyQ

GH HVWH GLVSRVLWLYR� \ \D H[SXHVWRV HQ HO FDStWXOR �� VRQ ORV VLJXLHQWHV�

� 2[LGDFLyQ WpUPLFD VHFD \ K~PHGD SDUD DLVODPLHQWR \ PiVFDUD GH

DWDTXH �DS����������

� 6SXWWHULQJ �DS���������� SDUD GHSyVLWR GH SHOtFXODV GHOJDGDV GH

SODWLQR� y[LGR GH HVWDxR �HQ HVWH FDVR UHDFWLYR� \ DOXPLQLR�

� )RWROLWRJUDItD FRQYHQFLRQDO �SDUD DWDTXH DO 6L2�� \ SRU OLIW�RII SDUD

ODV JHRPHWUtDV GH SODWLQR� y[LGR GH HVWDxR \ DOXPLQLR �DS����������

� 0LFURPHFDQL]DGR GHO VLOLFLR SDUD REWHQFLyQ GH OD PHPEUDQD

�DS����������

� 3HJDGR DQyGLFR GH VLOLFLR FRQWUD S\UH[ SDUD FRQIHULU UREXVWH] DO

GLVSRVLWLYR ILQDO �DS����������

� (QFDSVXODGR \ PLFURVROGDGR GH PXHVWUDV SDUD UHDOL]DFLyQ GH SUXHEDV�

/D ILJXUD ��� PXHVWUD HQ XQ GLDJUDPD GH IOXMR HO SURFHVR FRPSOHWR GH

IDEULFDFLyQ� HVSHFLILFDQGR HO RUGHQ HQ HO TXH VH KDQ OOHYDGR D FDER ORV SURFHVRV

SUHYLDPHQWH HQXPHUDGRV� 6H VHxDODQ DVLPLVPR ODV FXDWUR PiVFDUDV HPSOHDGDV

HQ FDGD SURFHVR IRWROLWRJUiILFR� TXH VH LQFOX\HQ HQ HQ DQH[R $�����

������� 'HVFULSFLyQ GHO SURFHVR GH IDEULFDFLyQ

$ FRQWLQXDFLyQ VH SDVD D GHVFULELU GHWDOODGDPHQWH FDGD XQR GH ORV

SURFHVRV� LQGLFDQGR ORV SDUiPHWURV HPSOHDGRV HQ FDGD XQR GH HOORV�



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

)LJXUD ��� 'LDJUDPD GH IOXMR GHO SURFHVR GH IDEULFDFLyQ GH SURWRWLSRV

'HSyVLWR GH 6Q2 �37(��

2[LGDFLyQ

0DWHULDO EDVH�
VLOLFLR ����!

)RWROLWRJUDItD GREOH SDUD
DSHUWXUD GH YHQWDQDV

0iVFDUDV $O�3� \ 6L2��3�

$WDTXH TXtPLFR DO 6L2�

)RWROLWRJUDItD SDUD 3W
0iVFDUD 3W�3�

'HSyVLWR GH 3W

7UDWDPLHQWR WpUPLFR 6Q2�

)LQ GH SURFHVR

)RWROLWRJUDItD SDUD 6Q2�

0iVFDUD 6Q2 �3��

'HSyVLWR GH $O

7UDWDPLHQWR WpUPLFR $O

)RWROLWRJUDItD SDUD $O
0iVFDUD $O�3�

0LFURPHFDQL]DGR

3HJDGR DQyGLFR

&RUWH� HQFDSVXODGR
\ PLFURVROGDGR
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9 2[LGDFLyQ WpUPLFD� 6H SDUWH GH REOHDV GH VLOLFLR WLSR 3 HSLWD[LDGDV

�HSLWD[LD WLSR 1 GHO HVSHVRU FRQ HO TXH VH GHVHH OD PHPEUDQD�� FRQ

RULHQWDFLyQ FULWDORJUiILFD ����! \ ��� µP GH HVSHVRU� 6H SURFHGH D OD

R[LGDFLyQ WpUPLFD HQ KRUQR GH WXERV GH FXDU]R D WHPSHUDWXUD GH ����� &

HQ DWPyVIHUD R[LGDQWH� /D ILQDOLGDG HV OD REWHQFLyQ GH y[LGR GH VLOLFLR

WpUPLFR TXH DFW~H FRPR DLVODQWH GLHOpFWULFR� /D VHFXHQFLD GH R[LGDFLyQ

VHJXLGD HV GH �� KRUDV GH R[LGDFLyQ VHFD � � KRUDV GH R[LGDFLyQ K~PHGD �

�� KRUDV GH R[LGDFLyQ VHFD SDUD REWHQHU � µP GH y[LGR WpUPLFR�

2EOHD
$WPyVIHU

D
7 ��&� 7LHPSR

(VSHVRU

6L2�

6L

����!
2[tJHQR

�����

&

��K�K���K�V����K�V

�
� µP

7DEOD ��� 3URFHVR GH R[LGDFLyQ WpUPLFD

9 )RWROLWRJUDItD FRQYHQFLRQDO GH GREOH FDUD� (VWD IRWROLWRJUDItD UHTXLHUH

FXEULU ODV GRV FDUDV GH OD REOHD FRQ OD IRWRUUHVLQD� \ SRU WDQWR XQ

DOLQHDPLHQWR GH GREOH FDUD� SDUD REWHQHU XQD VHULH GH JHRPHWUtDV� 3DUD HOOR

VH HPSOHD OD PiVFDUD PiVFDUD 6L2��3� SDUD OD FDUD SRVWHULRU \ OD $O�3� SDUD

OD FDUD DQWHULRU� /DV YHQWDQDV GH OD FDUD SRVWHULRU WLHQHQ OD ILQDOLGDG GH

DEULU SDVRV HQ HO 6L2� SDUD HO SURFHVR PLFURPHFDQL]DGR GH VLOLFLR� /DV GH OD

FDUD DQWHULRU VLUYHQ WDPELpQ SDUD DEULU YHQWDQDV HQ HO y[LGR� SDUD GHSRVLWDU

DOXPLQLR VREUH HOODV \ REWHQHU DVt XQ FRQWDFWR yKPLFR FRQ HO VXVWUDWR GH

VLOLFLR HQ HO SURFHVR GH PLFURPHFDQL]DGR�

)RWRUUHVLQD 2&* +35 ���

9HORFLGDG \ WLHPSR GH

VSLQQLQJ

���� USP GXUDQWH ��V

3UHEDNH����3UHEDNH ��� �� PLQ D ���&� �� PLQ D

���&

,QVRODGR �� V FDUD DQW�� �� V FDUD SRVW�



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

5HYHODGR �� V HQ /6,�+�2 ���

3RVWEDNH �� PLQ D ����&

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH IRWROLWRJUDItD GH GREOH FDUD SDUD DWDTXH GH y[LGR

9 $WDTXH DO y[LGR GH VLOLFLR� 6H OOHYD D FDER SDUD OD REWHQFLyQ GH

PHPEUDQDV GHOJDGDV� 'LFKDV PHPEUDQDV VRQ HQ HVWH FDVR GH IRUPD

FXDGUDGD� \ VX GLPHQVLRQDGR VH KD UHDOL]DGR WHQLHQGR HQ FXHQWD OD

UHGXFFLyQ GH iUHD TXH VH SURGXFH HQWUH HO SULQFLSLR \ HO ILQDO GHO DWDTXH

GHELGR DO iQJXOR LQKHUHQWH DO DWDTXH DQLVRWUySLFR �ILJXUD ������ SRU OR TXH

ODV GLPHQVLRQHV ODWHUDOHV GH ORV FXDGUDGRV HQ OD PiVFDUD SDUD ORJUDU

PHPEUDQDV GH �[� VRQ O ���� (O DWDTXH TXtPLFR DO y[LGR GH VLOLFLR VH OOHYD

D FDER D WHPSHUDWXUD DPELHQWH� VXPHUJLHQGR ODV REOHDV GXUDQWH ��

PLQXWRV HQ XQ DWDFDQWH FRPSXHVWR SRU�

o �� PO +)

o ��� PO +�2

o ��� J 1+�)

7UDV ILQDOL]DU HO DWDTXH VH VXPHUJHQ ODV REOHDV HQ DJXD GHVWLODGD SDUD OD

HOLPLQDFLyQ WRWDO GHO DWDFDQWH \ D FRQWLQXDFLyQ VH HOLPLQD OD UHVLQD PHGLDQWH

XQ GLVROYHQWH DGHFXDGR�

9 )RWROLWRJUDItD SDUD OLIW�RII GH 3W� (VWD IRWROLWRJUDItD WLHQH OD ILQDOLGDG GH

GHILQLU ODV JHRPHWUtDV GHO FDOHIDFWRU GH 3W \ GH ORV HOHFWURGRV LQWHUGLJLWDGRV

TXH PLGHQ OD UHVLVWHQFLD GHO y[LGR GH HVWDxR� /RV SDUiPHWURV GH OD PLVPD

VH UHIOHMDQ HQ OD WDEOD ����

)RWRUUHVLQD 2&* +35 ���

9HORFLGDG \ WLHPSR GH

VSLQQLQJ

���� USP GXUDQWH

��V

3UHEDNH �� PLQ ����&

,QVRODGR �� V



��� &DStWXOR �

5HYHODGR � PLQ HQ /6,�+�2 ���

3RVWEDNH �� PLQ D ����&

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH IRWROLWRJUDItD GH GREOH FDUD SDUD OLIW�RII GH 3W

9 'HSyVLWR GH SODWLQR SRU '& VSXWWHULQJ� 6H UHDOL]D XQ GHSyVLWR GH

SODWLQR GH XQRV ��� QP GH HVSHVRU� FRQ XQ GHSyVLWR FRUWR SUHYLR GH FURPR

SDUD DVHJXUDU OD DGKHUHQFLD GHO SODWLQR DO VXVWUDWR� /RV SDUiPHWURV GHO

PLVPR VH H[SRQHQ HQ OD WDEOD ����

9DFtR SUHYLR �⋅����PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU &U � PLQ D ���$ ����9� � DWPyVIHUD $U � �⋅����PEDU

6SXWWHU &U � PLQ D ���$ ����9� � DWPyVIHUD $U � �⋅����PEDU

3UHVSXWWHU 3W � PLQ D ���$ ����9� � DWPyVIHUD $U � �⋅����PEDU

6SXWWHU 3W �� PLQ D ���$ ����9� � DWPyVIHUD $U � �⋅����PEDU

7DVD GH GHSyVLWR GH 3W � QP�PLQ

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH VSXWWHULQJ GH 3W

9 /LIW�RII GH 3W� 6H UHDOL]D HQ DFHWRQD D ��� & GXUDQWH � K� SDUD REWHQHU ODV

JHRPHWUtDV GH HOHFWURGRV \ FDOHIDFWRU PDUFDGDV PHGLDQWH OD UHVLQD�

9 )RWROLWRJUDItD GH 6Q2�� 6H XWLOL]D WDPELpQ HO OLIW�RII FRPR WpFQLFD

IRWROLWRJUiILFD HQ HVWH FDVR� /RV SDUiPHWURV FRQFUHWRV XWLOL]DGRV HQ FDGD

SDVR GHO SURFHVR IRWROLWRJUiILFR VH H[SRQHQ HQ OD WDEOD ���� /D IRWROLWRJUDItD

HQ HVWH FDVR QR UHTXLHUH SRVWEDNH \ OD PiVFDUD XWLOL]DGD HV OD 6Q2��3��

)RWRUUHVLQD 2&* +35 ���

9HORFLGDG \ WLHPSR GH

VSLQQLQJ

���� USP GXUDQWH ��

V



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

3UHEDNH �� PLQ D ����&

,QVRODGR �� V

5HYHODGR � PLQ HQ /6,�+�2 ���

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH IRWROLWRJUDItD SDUD OLIW�RII GH 6Q2�

9 'HSyVLWRV GH y[LGR GH HVWDxR FRQ 3W HQWHUUDGR FRPR DGLWLYR�

6Q2��37(�� /RV GHSyVLWRV VH KDQ OOHYDGR D FDER SRU '& VSXWWHULQJ UHDFWLYR

D SDUWLU GH XQ EODQFR GH 6Q \ FRQ DWPyVIHUD GH ���� GH R[tJHQR SDUD HO

6Q2�� \ HQ DWPyVIHUD GH $U SDUD HO 3W� (Q HO FDVR GHO 3W� \ FRPR \D VH

H[SOLFy HQ HO DSDUWDGR ���� HO GHSyVLWR VH UHDOL]D HQ FRQGLFLRQHV HVSHFLDOHV�

\D TXH VH REWXUD SDUFLDOPHQWH HO FiWRGR SDUD UHGXFLU OD FDQWLGDG GH

PDWHULDO TXH DOFDQ]D HO VXVWUDWR� (Q OD WDEOD ��� VH H[SRQH HO SURFHVR GH

GHSyVLWR GH y[LGR GH HVWDxR FRQ 3W HQWHUUDGR �37(� GHVFULELpQGROR GH PRGR

VHFXHQFLDO�

9DFtR SUHYLR �⋅����PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � ���⋅����PEDU

3UHVSXWWHU 6Q2� � PLQ D ���$ ����9� � DWPyVIHUD 2� � ���⋅����PEDU

6SXWWHU 6Q2� �� PLQ D ���$ ����9� � DWPyVIHUD 2� � ���⋅����

PEDU

3UHVSXWWHU 3W � PLQ D ����$ ����9� � DWPyVIHUD $U � �⋅����PEDU

6SXWWHU 3W �� V D ���� ����9� � DWPyVIHUD $U � �⋅����PEDU

6SXWWHU 6Q2� �� PLQ D ���$ ����9� � DWPyVIHUD 2� � �⋅����PEDU

7DVD GH GHSyVLWR GH

6Q2�

��� QP�PLQ

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH VSXWWHULQJ GH 6Q2��37(�
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9 7UDWDPLHQWR WpUPLFR DO y[LGR GH HVWDxR� 6H HIHFW~D D XQD WHPSHUDWXUD

GH ���� & GXUDQWH �� K HQ XQ IOXMR GH DLUH VLQWpWLFR� FRQ HO ILQ GH DOFDQ]DU

ORV SDUiPHWURV HVWUXFWXUDOHV HVWDEOHFLGRV�

9 )RWROLWRJUDItD SDUD OLIW�RII GH $O� (VWD IRWROLWRJUDItD VLUYH SDUD GHILQLU ODV

JHRPHWUtDV ORV FRQWDFWRV GH DOXPLQLR VREUH ODV YHQWDQDV DELHUWDV HQ HO 6L2��

(VWRV GHSyVLWRV GH DOXPLQLR� UHDOL]DGRV SRU WDQWR GLUHFWDPHQWH VREUH HO

VLOLFLR� WLHQHQ SRU REMHWR SURYHHU HO FRQWDFWR HOpFWULFR GH FDUiFWHU yKPLFR

QHFHVDULR SDUD HO SURFHVR GH PLFURPHFDQL]DGR GH VLOLFLR� /RV SDUiPHWURV

XWLOL]DGRV VH UHIOHMDQ HQ OD WDEOD ���� /D PiVFDUD XWLOL]DGD HV OD $O�3��

)RWRUUHVLQD 2&* +35 ���

9HORFLGDG \ WLHPSR GH

VSLQQLQJ

���� USP GXUDQWH

��V

3UHEDNH �� PLQ ����&

,QVRODGR �� V

5HYHODGR �� V HQ /6,�+�2 ���

3RVWEDNH �� PLQ D ����&

7DEOD ��� 3DUiPHWURV GHO SURFHVR GH IRWROLWRJUDItD GH GREOH FDUD SDUD OLIW�RII GH 3W

9 'HSyVLWR GH $O SRU '& VSXWWHULQJ� (O GHSyVLWR VH UHDOL]D SDUD REWHQHU

DSUR[LPDGDPHQWH XQD PLFUD GH HVSHVRU GH DOXPLQLR VREUH ODV YHQWDQDV

DELHUWDV HQ HO y[LGR GH VLOLFLR� /RV SDUiPHWURV XWLOL]DGRV VH SXHGHQ

FRQVXOWDU HQ OD WDEOD �����

9DFtR SUHYLR �⋅����
PEDU

6SXWWHU�&OHDQ � PLQ D ��� : � DWPyVIHUD $U � �⋅���� PEDU

3UHVSXWWHU $O � PLQ D ���$ ����9� � DWPyVIHUD $U � �⋅���� PEDU

6SXWWHU $O ��� PLQ D ���$ ����9� � DWPyVIHUD $U � �⋅����

PEDU



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

7DEOD ���� 3DUiPHWURV GHO SURFHVR GH VSXWWHULQJ GH $O

9 /LIW�RII GH $O� 6H UHDOL]D HQ DFHWRQD D ��� & GXUDQWH DSUR[LPDGDPHQWH �

K� SDUD REWHQHU OD JHRPHWUtD GH FXDGUDGD GH ORV FRQWDFWRV GH DOXPLQLR�

9 7UDWDPLHQWR WpUPLFR DO $O� 6H HIHFW~D D XQD WHPSHUDWXUD GH ���� &

GXUDQWH � K HQ DWPyVIHUD UHGXFWRUD� FRQ HO ILQ GH TXH HO DOXPLQLR GLIXQGD

KDFLD HO LQWHULRU GHO VLOLFLR \ SURYHD GH HVWH PRGR XQ EXHQ FRQWDFWR HOpFWULFR

FRQ HO PLVPR�

9 0LFURPHFDQL]DGR GH VLOLFLR� (O PLFURPHFDQL]DGR VH UHDOL]D SRU DWDTXH

DQLVRWUySLFR FRQ SDUDGD HOHFWURTXtPLFD SDUD FRQVHJXLU XQD PHPEUDQD GHO

HVSHVRU PDUFDGR SRU HO GH OD HSLWD[LD WLSR 1 GLIXQGLGD HQ OD REOHD� 3DUD HO

FRQWURO GH OD SDUDGD VH PRQLWRUL]D OD LQWHQVLGDG HOpFWULFD TXH FLUFXOD SRU OD

REOHD KDFLD HO HOHFWUROLWR �ILJXUD ����� &XDQGR OD FRUULHQWH DOFDQ]D XQ SLFR

DEUXSWR� HQ HVWH FDVR GH XQRV ��� P$ \ HPSLH]D D GHVFHQGHU VX YDORU�

TXLHUH GHFLU TXH VH KD DOFDQ]DGR OD HSLWD[LD \ HO SURFHVR VH GD SRU

ILQDOL]DGR� /DV FRQGLFLRQHV GHO DWDTXH VRQ ODV VLJXLHQWHV�

o 7HPSHUDWXUD� ��� &

o (OHFWUROLWR� .2+ DO ��� HQ DJXD

o $JLWDFLyQ PDJQpWLFD D ��� USP

���

���

���

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ��� ���

7LHPSR �KRUDV�
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)LJXUD ��� 0RQLWRUL]DFLyQ GH OD FRUULHQWH GXUDQWH HO SURFHVR GH PLFURPHFDQL]DGR

9 3HJDGR DQyGLFR� (VWH SURFHVR FRQVLVWH HQ HO SHJDGR GHO VLOLFLR FRQ XQD

REOHD GH YLGULR S\UH[ SDUD UHIRU]DU HO GLVSRVLWLYR \ DFWXDU FRPR DLVODQWH

WpUPLFR HQWUH HO VLOLFLR� PX\ FRQGXFWRU GHO FDORU� \ HO PHWDO GHO HQFDSVXODGR�

3DUD UHDOL]DU HO SHJDGR OD IXHQWH GH FDORU KD GH HVWDU HVWDELOL]DGD

SUHYLDPHQWH HQ OD WHPSHUDWXUD H[DFWD� 8QD YH] FRORFDGD OD REOHD GH VLOLFLR

\ HO S\UH[ VREUH OD PLVPD� VH SURFHGH D VXELU SDXODWLQDPHQWH OD WHQVLyQ

KDVWD DOFDQ]DU ORV ��� 9� /DV FRQGLFLRQHV HQ ODV TXH VH OOHYD D FDER HO

SURFHVR VH HQXPHUDQ D FRQWLQXDFLyQ�

o 7HPSHUDWXUD� ���� &

o 7HQVLyQ� ��� 9

o 7LHPSR� �� PLQXWRV

9 &RUWH� HQFDSVXODGR \ PLFURVROGDGR� (O FRUWH GH ODV REOHDV VREUH

VXVWUDWR GH S\UH[ HQ FXDGUDGRV GH �[� PP� VH KD HIHFWXDGR HQ XQD

FRUWDGRUD DXWRPiWLFD 0LFUR$&( VHULH � GH /RDGSRLQW /LPLWHG� 6H KDQ

HQFDSVXODGR SURWRWLSRV HQ GRV WLSRV GH VRSRUWHV� XQ VRSRUWH ',3 �'XDO�LQ�

OLQH�SDFNDJH� GH �� SLQHV \ XQ VRSRUWH WLSR 72 GH �� SLQHV� /RV FRQWDFWRV

VH KDQ REWHQLGR PHGLDQWH XQ VLVWHPD GH PLFURVROGDGR SRU XOWUDVRQLGRV

.XOLFNH 	 6RIID ���� FRQ KLOR GH $O�6L���� GH �� PLFUDV GH GLiPHWUR�

6L 6L

6L2�6L2�

6SXWWHULQJ
GH 3W

/LIW�RII
6L 6L

)RWRUUHVLQD3ODWLQR 3ODWLQR

)RWROLWRJUDItD

6L2�

6L 6L 6L

6L2�

2[LGDFLyQ

6L2� )RWRUUHVLQD

)RWROLWRJUDItD

GH GREOH FDUD

6L2�

6L2�

2%/($ (3,7$;,$'$



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

)LJXUD ��� (YROXFLyQ HQ VHFFLyQ GHO SURFHVR GH IDEULFDFLyQ GH SURWRWLSRV

(O SURFHVR FRPSOHWR� H[FHSWXDQGR ORV SDVRV ILQDOHV GH HQFDSVXODGR \

PLFURVROGDGR� TXHGD HVTXHPDWL]DGR PHGLDQWH OD HYROXFLyQ GH OD VHFFLyQ GH OD

ILJXUD ����

������� 5HVXOWDGRV HVWUXFWXUDOHV \ SURWRWLSRV

6H KDQ IDEULFDGR YDULDV VHULHV FRUWDV GH SURWRWLSRV VREUH REOHDV GH WUHV

SXOJDGDV� FDGD XQD GH ODV FXDOHV FRQ �� SURWRWLSRV� /D ILJXUD ��� PXHVWUD XQ

HMHPSOR GH REOHD SURFHVDGD DQWHV GHO FRUWH GH SURWRWLSRV� /RV FXDGUDGRV

FHQWUDOHV \ H[WHULRUHV GH FRORU XQLIRUPH VRQ ORV FRQWDFWRV GH DOXPLQLR SDUD HO

PLFURPHFDQL]DGR�

6L2� 6L2� 6L2�

6L 6L 6L
)RWROLWRJUDItD6SXWWHULQJ

GH 6Q2 �DGLWLYR�

6Q2�

3ODWLQR 3ODWLQR

�3W 6Q2��3W

/LIW�RII

)RWRUUHVLQD

5HFRFLGR

6L2� 6L2�6L2�

6L 6L 6L
6SXWWHULQJ

GH $OXPLQLR

6Q2� 6Q2��3W �3W

/LIW�RII 0LFURPHFDQL]DGR

$OXPLQLR $OXPLQLR $OXPLQLR

6L 6L
5HFRFLGR

6L 6L

6Q2� 6Q2��3W �3W

$OXPLQLR $OXPLQLR

6L 6L6L 6L
$WDTXH DO 6L2� 3HJDGR DQyGLFR

3\UH[
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)LJXUD ��� 2EOHD SURFHVDGD

&RQ D\XGD GHO PLFURVFRSLR ySWLFR VH SXHGHQ REVHUYDU GHWDOOHV GH XQD

JHRPHWUtD FRPSOHWD �&����� DQWHV GH GHSRVLWDU OD FDSD GH y[LGR GH HVWDxR

VREUH OD PLVPD� ILJXUD ���� \ FRQ SODWLQR FRPR ~QLFR PDWHULDO GHSRVLWDGR� 6H

DSRUWD XQD VHJXQGD DPSOLDFLyQ GH OD SDUWH FHQWUDO GHO FKLS� FRQ ORV FRQWDFWRV

LQWHUGLJLWDGRV HQ OD SDUWH VXSHULRU \ HO FDOHIDFWRU HQ OD SDUWH LQIHULRU� \ XQD

WHUFHUD ~QLFDPHQWH GH ORV FRQWDFWRV LQWHUGLJLWDGRV� HQ OD TXH VH SXHGH DSUHFLDU

GH PRGR EDVWDQWH FODUR OD FDOLGDG GH OD GHILQLFLyQ IRWROLWRJUiILFD�



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

)LJXUD ��� 0LFURJUDItD \ GHWDOOHV GHO SURWRWLSR �&�����

(Q OD ILJXUD ��� VH LQFOX\HQ ORV SURWRWLSRV WHUPLQDGRV� HQ ORV TXH \D VH

SXHGH YHU OD JHRPHWUtD UHFWDQJXODU GH y[LGR GH HVWDxR� TXH RIUHFH XQ DVSHFWR

VHPLWUDQVSDUHQWH VREUH ORV FRQWDFWRV LQWHUGLJLWDGRV GH SODWLQR� 6H REVHUYD SRU

XQ ODGR �SDUWH VXSHULRU� OD JHRPHWUtD �&����� FRPR HMHPSOR GH FDOHIDFWRU

GREOH \ SRU RWUR OD �&����� FRPR HMHPSOR GH FDOHIDFWRU VLPSOH �SDUWH LQIHULRU��
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)LJXUD ��� 0LFURJUDItDV GH ORV GLVHxRV �&����� \ �&�����

/D ILJXUD ��� SUHVHQWD ORV SURWRWLSRV VHQVRUHV GH JDV� HQ HQFDSVXODGR

',3 HQ OD SDUWH VXSHULRU \ HQ 72 HQ OD SDUWH LQIHULRU� (Q OD IRWRJUDItD VXSHULRU VH

SXHGHQ DSUHFLDU ODV PLFURVROGDGXUDV UHDOL]DGDV VREUH ORV SDGV GH 3W SDUD

DOLPHQWDU WDQWR VHQVRU FRPR FDOHIDFWRU \ WRPDU PHGLGDV HOpFWULFDV GHO PLVPR�



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

)LJXUD ��� 3URWRWLSRV HQFDSVXODGRV

���� ������
����������
����������	�

/DV SUXHEDV TXH VH KDQ UHDOL]DGR HVSHFtILFDPHQWH FRQ HO VHQVRU DFDEDGR� KDQ

VLGR ODV TXH FRQFLHUQHQ D VX IXQFLRQDPLHQWR FRPR GLVSRVLWLYR \ QR WDQWR DO
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FRPSRUWDPLHQWR GHO PDWHULDO� TXH \D KD VLGR DQDOL]DGR \ GLVFXWLGR SUHYLDPHQWH�

/RV DVSHFWRV HVWXGLDGRV KDQ VLGR ORV VLJXLHQWHV�

9 &RQVXPR GH SRWHQFLD

9 6HQVLELOLGDG \ VX HVWDELOLGDG D ODUJR SOD]R

������ �216802 '( 327(1&,$�

������� ,QIOXHQFLD GH OD JHRPHWUtD GHO FDOHIDFWRU \ HVSHVRU GH OD

PHPEUDQD HQ HO FRQVXPR

/RV FKLSV GLVHxDGRV SDUD HO FiOFXOR GH OD WHPSHUDWXUD DOFDQ]DGD HQ HO VHQVRU HQ

IXQFLyQ GH OD SRWHQFLD DSOLFDGD HQ HO FDOHIDFWRU VXSHUILFLDO VH KDQ OODPDGR

7(50� �HQ HO GLVHxR FRQ FDOHIDFWRU VLPSOH� \ 7(50� �FXDQGR HO FDOHIDFWRU HV

GREOH�� (O HVTXHPD GHO PRQWDMH GH PHGLGD VH PXHVWUD HQ OD ILJXUD �����

)LJXUD ���� (VTXHPD GH PHGLGD XWLOL]DGR SDUD HO FiOFXOR GH OD FXUYD WHPSHUDWXUD YV

SRWHQFLD HQ ORV SURWRWLSRV VHQVRUHV

(O VLVWHPD XWLOL]DGR HV HO VLJXLHQWH� VH PLGH D WHPSHUDWXUD DPELHQWH OD

UHVLVWHQFLD WDQWR GH OD JHRPHWUtD GH 3W XWLOL]DGD SDUD PHGLGD GH WHPSHUDWXUD�

FRPR HQ HO SURSLR FDOHIDFWRU \ VH WRPDQ FRPR YDORUHV LQLFLDOHV 5�� $

�



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

FRQWLQXDFLyQ VH DSOLFD WHQVLyQ HQ HO FDOHIDFWRU \ VH YD DXPHQWDQGR VX YDORU

SDXODWLQDPHQWH� PLGLHQGR OD FRUULHQWH TXH FRQVXPH SDUD HO FiOFXOR GH OD

SRWHQFLD� /D PDJQLWXG GH OD UHVLVWHQFLD GH PHGLGD� SHUPLWH FDOFXODU PHGLDQWH OD

H[SUHVLyQ >���@ OD WHPSHUDWXUD D OD TXH VH HQFRQWUDUtD HO VHQVRU XELFDGR HQ HVD

PLVPD SRVLFLyQ� $O PLVPR WLHPSR� VH SXHGH FDOFXODU PHGLDQWH OD PLVPD

H[SUHVLyQ� OD WHPSHUDWXUD TXH DOFDQ]D HO SURSLR FDOHIDFWRU�

TCR

R

R

TT

1
0

0

−
+=     [8.1] 

7� ��� & � WHPSHUDWXUD DPELHQWH

7&5 ���� SSP��&� FRHILFLHQWH WpUPLFR UHVLVWLYR GHO SODWLQR

5� UHVLVWHQFLD HQ HO HOHPHQWR UHVLVWLYR �FDOHIDFWRU R UHVLVWHQFLD GH
FDOLEUDFLyQ� GRQGH VH GHVHH HVWLPDU OD WHPSHUDWXUD �Ω�

5�� UHVLVWHQFLD LQLFLDO HQ HO HOHPHQWR UHVLVWLYR�Ω�

6H KD UHDOL]DGR HQ SULPHU OXJDU XQ HVWXGLR GH OD LQIOXHQFLD GH OD

JHRPHWUtD GH FDOHIDFWRU XWLOL]DGD� PHGLDQWH ODV JHRPHWUtDV 7(50� \ 7(50�� /DV

PHPEUDQDV REWHQLGDV SUHVHQWDQ �� PLFUDV GH HVSHVRU HQ DPERV FDVRV� &RPR

FRQFOXVLyQ DO HVWXGLDU OD JUiILFD� HQ OD TXH VH LQFOX\HQ ODV UHJUHVLRQHV OLQHDOHV

GH ODV UHODFLRQHV WHPSHUDWXUD�SRWHQFLD� VH SXHGH VHxDODU TXH DO FRPSDUDU OD

LQIOXHQFLD GH OD JHRPHWUtD GHO FDOHIDFWRU HQ OD SRWHQFLD FRQVXPLGD� VH REVHUYD

TXH HO FDOHIDFWRU GREOH SUHVHQWD XQ FRQVXPR PHQRU TXH HO FDOHIDFWRU VLPSOH�

DXQTXH OD GLIHUHQFLD QR HV VLJQLILFDWLYD� (VWH SDUWLFXODU VH SXHGH FRPSUREDU HQ

ORV GDWRV GH OD WDEOD ����� TXH PXHVWUDQ OD SRWHQFLD FRQVXPLGD HQ FDGD XQR GH

ORV GLVHxRV SDUD DOFDQ]DU XQD WHPSHUDWXUD GH ���� &� REVHUYiQGRVH TXH OD

GLIHUHQFLD GH FRQVXPRV HV ~QLFDPHQWH GH XQ ���
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)LJXUD ���� 7HPSHUDWXUD HQ HO VHQVRU HQ IXQFLyQ GH FRQVXPR GH SRWHQFLD HQ FDOHIDFWRU

VLPSOH \ FDOHIDFWRU GREOH

FDOHI�

VLPSOH

FDOHI�

GREOH

3 SDUD

����&

���� P: ���� P:

7DEOD ���� &RPSDUDFLyQ GH SRWHQFLDV QHFHVDULDV SDUD DOFDQ]DU ���� & FRQ JHRPHWUtDV GH

FDOHIDFWRU GLIHUHQWHV

6H KD UHDOL]DGR WDPELpQ XQ HVWXGLR FRPSDUDWLYR GH OD SRWHQFLD

FRQVXPLGD SDUD DOFDQ]DU XQD FLHUWD WHPSHUDWXUD HQ GLVSRVLWLYRV FRQ WUHV

HVSHVRUHV GLIHUHQWHV GH PHPEUDQD� 3DUD HIHFWXDU HVWD FRPSDUDFLyQ VH KDQ

IDEULFDGR SURWRWLSRV GH �� PLFUDV GH HVSHVRU FRQ OD JHRPHWUtD XWLOL]DGD SRU

>2ODL]ROD ��@� TXH VH SUHVHQWDQ HQ OD PLFURJUDItD GH OD ILJXUD ����� \ QR OD

GLVHxDGD SDUD HVWH WUDEDMR� GH PRGR TXH VH SXHGH HVWDEOHFHU XQD UHODFLyQ FRQ

VXV UHVXOWDGRV FRQ HVSHVRUHV GH �� \ �� PLFUDV� TXH VRQ ORV TXH KDQ SUHFHGLGR

D HVWH GLVHxR� (Q HVWH FDVR HO FDOHIDFWRU RFXSD XQ iUHD PHQRU HQ HO FHQWUR GH OD

PHPEUDQD GH �[� PP�� GH WDO PRGR TXH HO iUHD VHQVLEOH GH y[LGR GH HVWDxR VH

7 ������3 � ������

7 �����3 � ������
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7
H
P
S
H
UD
WX
UD

��
&
�

&DOHIDFWRU VLPSOH

&DOHIDFWRU GREOH



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

VLW~D URGHDQGR DO FDOHIDFWRU HQ IRUPD GH 8� \ RFXSDQGR XQ iUHD GH XQRV � PP�

DOUHGHGRU GHO PLVPR�

)LJXUD ���� 0LFURJUDItD GH GLVHxR GH FDOHIDFWRU HPSOHDGR SDUD OD FRPSDUDFLyQ GH

FRQVXPRV FRQ YDULRV HVSHVRUHV GH PHPEUDQD

/D JUiILFD TXH PXHVWUD OD HYROXFLyQ GHO FRQVXPR D PHGLGD TXH DXPHQWD

OD WHPSHUDWXUD HQ GLVSRVLWLYRV FRQ HVWH GLVHxR DO YDULDU ORV HVSHVRUHV GH

PHPEUDQD PLFURPHFDQL]DGD� VH SXHGH YHU HQ OD ILJXUD ����� 6H KDQ REWHQLGR

UHJUHVLRQHV OLQHDOHV SDUD ODV H[SUHVLRQHV TXH UHODFLRQDQ OD WHPSHUDWXUD

DOFDQ]DGD FRQ OD SRWHQFLD FRQVXPLGD� TXH VH LQFOX\HQ HQ OD SURSLD JUiILFD�
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)LJXUD ���� &RQVXPR GH SRWHQFLD YV WHPSHUDWXUD SDUD GLIHUHQWHV HVSHVRUHV GH

PHPEUDQD PLFURPHFDQL]DGD

6L VH FRQVLGHUD OD SRWHQFLD QHFHVDULD FRQ FDGD XQD GH ODV PHPEUDQDV

SDUD DOFDQ]DU ���� &� VH REWLHQHQ ORV GDWRV GH OD WDEOD �����

��

PLFUDV

��

PLFUDV

��

PLFUDV

3 SDUD

����&

��� P: ���� P: ���� P:

7DEOD ���� 3RWHQFLDV QHFHVDULDV SDUD DOFDQ]DU ���� & FRQ ORV � HVSHVRUHV GH PHPEUDQD

FRQVLGHUDGRV

&RPR HV GH HVSHUDU� D PD\RU HVSHVRU GH PHPEUDQD� H[LVWH XQ PD\RU

FRQVXPR GH SRWHQFLD SRUTXH HO YROXPHQ GH PDWHULDO D FDOHQWDU HV VXSHULRU�

$GHPiV� GHELGR D OD HOHYDGD FRQGXFWLYLGDG WpUPLFD GHO VLOLFLR� OD FRQGXFFLyQ GH

FDORU KDFLD ORV DOUHGHGRUHV VH LQFUHPHQWD WDPELpQ DO DXPHQWDU HO HVSHVRU� /RV

GDWRV GH FRQGXFWLYLGDGHV WpUPLFDV GH OD WDEOD ���� >6LPRQ ��@ FRQILUPDQ HVWH

H[WUHPR� FRUURERUDQGR DGHPiV TXH OD SpUGLGD GH SRWHQFLD GH FDOHQWDPLHQWR
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3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

PiV DFXVDGD VH SURGXFH PHGLDQWH OD FRQGXFFLyQ D WUDYpV GHO VLOLFLR \ QR SRU OD

FRQYHFFLyQ VXSHUILFLDO FRQ OD DWPyVIHUD FLUFXQGDQWH�

0DWHULDO &RQGXFWLYLGDG
WpUPLFD

HQ :��P⋅.�

6LOLFLR ���

Ï[LGR GH VLOLFLR ���

1LWUXUR GH VLOLFLR ����

$LUH �����

7DEOD ���� &RQGXFWLYLGDGHV WpUPLFDV GH GLIHUHQWHV PHGLRV >6LPRQ ��@

6L VH FRPSDUDQ ORV UHVXOWDGRV GH SRWHQFLD QHFHVDULD SDUD DOFDQ]DU ORV

���� & �WDEODV ���� \ ����� HQ HO VHQVRU HQ ORV WUHV GLVSRVLWLYRV FRQ HVSHVRUHV

GH �� PLFUDV �FDOHIDFWRUHV GREOH \ VLPSOH GHO SUHVHQWH GLVHxR \ FDOHIDFWRU GH OD

ILJXUD ������ VH SXHGH DSUHFLDU TXH OD UHODFLyQ iUHD VHQVLEOH� iUHD GH

PHPEUDQD QR LQIOX\H HQ HO FRQVXPR GH SRWHQFLD� DO PHQRV FRQ HVWH HVSHVRU GH

PHPEUDQD�

/RV WUDEDMRV UHDOL]DGRV HQ >2ODL]ROD ��@ DQDOL]DQ DGHPiV OD LQIOXHQFLD GHO

HVSHVRU GHO YLGULR S\UH[ XWLOL]DGR FRPR VRSRUWH GHO FKLS� /D XWLOL]DFLyQ GHO S\UH[

GH PD\RU HVSHVRU WDPELpQ GLVPLQX\H HO FRQVXPR GH SRWHQFLD� SRU HYLWDU HQ

PD\RU PHGLGD OD GLVLSDFLyQ GH FDORU KDFLD ORV HQFDSVXODGRV PHWiOLFRV� \D TXH

VX FRQGXFWLYLGDG WpUPLFD HV EDMD� $ SHVDU GH FRQRFHU HVWH H[WUHPR� VH KD

GHVHVWLPDGR HO XVR GH HVSHVRUHV PD\RUHV SRU ODV GLILFXOWDGHV TXH HQWUDxDQ D OD

KRUD GHO FRUWH GH ODV REOHDV�

������� &RQFOXVLRQHV GH ORV UHVXOWDGRV REWHQLGRV \ FRPSDUDFLyQ GH

FRQVXPRV FRQ ORV GH RWURV GLVSRVLWLYRV

(O REMHWLYR JHQHUDO GH ORV VXVWUDWRV PLFURPHFDQL]DGRV HQ VHQVRUHV GH JDV HV�

DGHPiV GH OD UHGXFFLyQ GHO FRQVXPR GH SRWHQFLD� REWHQHU XQD GLVWULEXFLyQ

XQLIRUPH GH OD WHPSHUDWXUD \ XQDV EXHQDV SURSLHGDGHV PHFiQLFDV TXH
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FRQILHUDQ UHVLVWHQFLD D OD PHPEUDQD \ HYLWHQ ODV WHQVLRQHV SURGXFLGDV SRU HO

FDOHQWDPLHQWR GH OD PLVPD�

/D WHFQRORJtD H[LVWHQWH SHUPLWH UHGXFLU ORV FRQVXPRV� FRPR \D VH DSXQWy

HQ HO DSDUWDGR ����� PHGLDQWH GLVHxRV RSWLPL]DGRV GH PHPEUDQDV

PLFURPHFDQL]DGDV� HQ ORV TXH VH UHGXFHQ ORV FDPLQRV GH GLVLSDFLyQ GH FDORU

VHSDUDQGR OD PHPEUDQD GHO VXVWUDWR DO XWLOL]DU PHPEUDQDV VXVSHQGLGDV�

(Q HO FDVR GH ODV GHQRPLQDGDV PHPEUDQDV FHUUDGDV� FRPR OD XWLOL]DGD HQ

HVWH FDVR� ODV SDXWDV D VHJXLU HQ HO GLVHxR VRQ ODV VLJXLHQWHV�

9 $GHOJD]DPLHQWR GHO HVSHVRU HQ OD PD\RU PHGLGD SRVLEOH�

9 $MXVWH GH OD UHODFLyQ iUHD GH FDOHIDFWRU� iUHD GH OD PHPEUDQD D

XQD UHODFLyQ GH ��� �UHFRJLGD FRPR ySWLPD SRU >6LPRQ ��@��

9 5HGXFFLyQ GHO iUHD D FDOHQWDU�

/RV SUREOHPDV TXH SXHGH DFDUUHDU HO VHJXLPLHQWR GH HVWDV GLUHFWULFHV

VRQ YDULRV�

9 1R VLHPSUH VH SXHGH UHGXFLU HO iUHD VHQVLEOH WRGR OR TXH VH

GHVHD� GHELGR SRU XQD SDUWH D ODV OLPLWDFLRQHV TXH VXSRQHQ ORV

PHGLRV GH IDEULFDFLyQ HPSOHDGRV HQ FDGD FDVR� \ SRU RWUD HO

KHFKR GH TXH ORV PDWHULDOHV VHQVLEOHV VXHOHQ VHU DOWDPHQWH

UHVLVWLYRV� SRU OR TXH GLVPLQXLU VX UHVLVWHQFLD D YDORUHV

VXVFHSWLEOHV GH PHGLGD VXSRQH HO XVR GH XQ PtQLPR GH FRQWDFWRV

LQWHUGLJLWDGRV�

9 7DPSRFR HV SRVLEOH DJUDQGDU OD PHPEUDQD WRGR OR TXH VH GHVHH�

SRUTXH VH YROYHUtD HVWUXFWXUDOPHQWH IUiJLO� VLQ ROYLGDU ODV

WHQVLRQHV TXH VH SURGXFHQ HQ OD PLVPD DO FDOHQWDUOD�

9 (Q ORV FDOHIDFWRUHV VXSHUILFLDOHV HV LPSRUWDQWH TXH HO iUHD GH

y[LGR GH HVWDxR HVWp OR PiV SUy[LPD SRVLEOH DO FDOHIDFWRU� /R

FRQWUDULR VXSRQH XQ JUDGLHQWH GH WHPSHUDWXUD DFXVDGR HQWUH

VHQVRU \ FDOHIDFWRU� OR TXH SRGUtD OOHJDU D GDxDU HVWH ~OWLPR�

6L VH FRQWUDVWDQ ORV GDWRV FRQ ORV DSRUWDGRV SRU OD ELEOLRJUDItD HQ FXDQWR

D GLVSRVLWLYRV PLFURPHFDQL]DGRV� VH SXHGHQ YHU ORV FRQVXPRV GH SRWHQFLD



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

UHFRSLODGRV HQ OD WDEOD ����� REWHQLGRV PHGLDQWH ODV WpFQLFDV \ FRQ ORV

SDUiPHWURV HVWUXFWXUDOHV VHxDODGRV�

5HIHUHQFLD &RQVXPR �7�� 0DWHULDO

FDOHI�

$VHQVLEOH�

$PHPEUDQD

(VSHVRU

PHPEUDQD

7HFQRORJtD

PHPEUDQD

>/HH ��@ �� P: �����&� 3W

3ROL�6L

����[����PP�

���[��PP�

��� µP FHUUDGD�

DWDTXH .2+

>7DQJ ��@ �� P: �����&� 3ROL�6L  ��� µP VXVSHQGLGD�

DWDTXH ('3

>3RSHVFX ��@ �� P: �����&� 3ROL�6L ����[����PP�

�����[����PP�

��� µP VXVSHQGLGD�

DWDTXH .2+
�SODVPD

>*XLGL ��@ � P: �����&� 3W �����[�����PP�

�����[����PP�

��� µP FHUUDGD�

DWDTXH .2+

5HVXOWDGRV

SURSLRV

≅���� P:
�����&�

≅��� P:
�����&�

3W

3W

� y ��� PP�

���[��PP�

� PP�

���[��PP�

�� µP

�� µP

FHUUDGD�

DWDTXH .2+

7DEOD ���� 5HVXOWDGRV GH FRQVXPRV FRQ PLFURPHFDQL]DGRV GLIHUHQWHV

5HVXOWD HYLGHQWH TXH OD UHGXFFLyQ GHO FRQVXPR GH SRWHQFLD UDGLFD

EiVLFDPHQWH HQ HO DGHOJD]DPLHQWR GH OD PHPEUDQD� DVt FRPR HQ OD HOLPLQDFLyQ

GHO VLOLFLR HQ OD PD\RU PHGLGD SRVLEOH� GHELGR D VX HOHYDGD FRQGXFWLYLGDG

WpUPLFD� (Q HO SUHVHQWH WUDEDMR QR VH HQFRQWUDED HQWUH ORV REMHWLYRV OD

UHGXFFLyQ GHO FRQVXPR GH SRWHQFLD� GDGR TXH \D VH FRQRFtDQ GH DQWHPDQR ODV

OLPLWDFLRQHV HQ OD RSWLPL]DFLyQ GH HVWH DVSHFWR PHGLDQWH ODV WpFQLFDV XWLOL]DGDV�

$ FRQWLQXDFLyQ VH H[WLHQGH OD FRPSDUDFLyQ GH FRQVXPRV D GLVSRVLWLYRV

FRPHUFLDOHV� LQFOX\HQGR HQ HVWH FDVR VHQVRUHV IDEULFDGRV PHGLDQWH WHFQRORJtDV

GLIHUHQWHV D ODV GH SHOtFXOD GHOJDGD� /RV GDWRV VH LQFOX\HQ HQ OD WDEOD �����

7HFQRORJtD 0DUFD 0RGHOR &RQVXPR 2WURV GDWRV

6LQWHUL]DGR ),6

>),6 ��@

6%���� ��� P: �PD[� 7� SXOVDGD
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3HO� JUXHVD )LJDUR

>)LJDUR ��@

7*6����� ���� P: �PD[�

�� P: �PHG�

7� SXOVDGD

3HO� GHOJDGD 0LFURVHQV

>0LFURVHQV

��@

0*6���� ���� P: 0HPEUDQD VXVSHQGLGD

$VHQVLEOH�$PHPEUDQD ����[����µP�

�

����[����µP�

&DOHIDFWRU GH 3W

3HO� GHOJDGD 0,&6

>0,&6 ��@

0,&6���

�

�� P: 7� SXOVDGD

0HPEUDQD FHUUDGD

7DEOD ���� &RPSDUDFLyQ GH FRQVXPRV GH VHQVRUHV GH &2 FRPHUFLDOHV

7DQWR ORV GLVSRVLWLYRV GH SHOtFXOD GHOJDGD FRPR ORV IDEULFDGRV PHGLDQWH

RWUDV WHFQRORJtDV WUDWDQ GH XWLOL]DU WiFWLFDV TXH SHUPLWDQ OD UHGXFFLyQ HQ HO

FRQVXPR� &RPR \D VH KD PHQFLRQDGR� XQD GH ODV SUiFWLFDV KDELWXDOHV HV OD

XWLOL]DFLyQ GH WHPSHUDWXUD SXOVDGD� HV GHFLU� HO FDOHQWDPLHQWR GH OD SHOtFXOD

~QLFDPHQWH GXUDQWH LQWHUYDORV OLPLWDGRV GH WLHPSR�

������ 	(16,%,/,'$' < 68 (67$%,/,'$' $ /$5*2 3/$=2�

6H KD HIHFWXDGR HO HQVD\R GH HVWDELOLGDG WHPSRUDO UHDOL]DQGR XQD SULPHUD

HVWDELOL]DFLyQ GH ODV PXHVWUDV GXUDQWH �� KRUDV D ���� & �ILJXUD ������ D

FRQWLQXDFLyQ GH OD FXDO VH VLW~D HO VHQVRU D ���� & \ VH GHMDQ WUDQVFXUULU � GtDV

KDVWD HIHFWXDU OD SULPHUD PHGLGD GH UHVSXHVWD DQWH JDV� /DV SUXHEDV VH

HIHFW~DQ FRQ FRQFHQWUDFLRQHV GH ��� SSP GH &2� �� GH PHWDQR \ ��� SSP GH

HWDQRO UHVSHFWLYDPHQWH� HQ ODV FRQGLFLRQHV GH KXPHGDG HVWiQGDU ���� UK�� \

VH UHSLWHQ FDGD � GtDV�



3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

)LJXUD ���� 3ULPHUD HVWDELOL]DFLyQ GH OD UHVLVWHQFLD GHO VHQVRU D ���� &

/RV UHVXOWDGRV UHIHUHQWHV D OD HYROXFLyQ GH OD UHVSXHVWD GHO VHQVRU D ORV

WUHV JDVHV HQ ODV FRQFHQWUDFLRQHV VHxDODGDV� VH PXHVWUDQ HQ OD ILJXUD �����

)LJXUD ���� 5HVXOWDGRV GH OD HYROXFLyQ WHPSRUDO GH OD UHVSXHVWD D ORV JDVHV LQGLFDGRV
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6H REVHUYD XQD WHQGHQFLD D OD HVWDELOL]DFLyQ GH ORV YDORUHV GH OD

UHVSXHVWD HQ ORV WUHV FDVRV� DXQTXH D~Q QR VH DOFDQFH SRU FRPSOHWR� GHELGR

SUREDEOHPHQWH D OD EDMD WHPSHUDWXUD GH IXQFLRQDPLHQWR HVWDEOHFLGD� /D

UHVSXHVWD D ��� SSP GH &2 HQ SDUWLFXODU VH HVWDELOL]D HQ XQ YDORU GH 6 �� /D

UHVSXHVWD GHO VHQVRU DO HWDQRO HV HOHYDGD� GDGR TXH HO SURWRWLSR VH KD IDEULFDGR

FRQ PDWHULDO 37(� VLQ ILOWUR GH SHOtFXOD JUXHVD LQFOXLGR� (VWD IDOWD GH

HVWDELOL]DFLyQ WHPSRUDO VH YH FRQILUPDGD SRU XQD WHQGHQFLD VLPLODU GH OD OtQHD

EDVH GH UHVLVWHQFLD GHO VHQVRU� TXH VH PXHVWUD HQ OD ILJXUD ����� \ TXH HQ HO

WLHPSR VHxDODGR D~Q QR KD DOFDQ]DGR XQ YDORU XQLIRUPH�

)LJXUD ���� (YROXFLyQ GH OD OtQHD EDVH GH UHVLVWHQFLD GHO VHQVRU GXUDQWH HO HQVD\R GH

HVWDELOLGDG WHPSRUDO

(Q JHQHUDO HQ WRGR WLSR GH SHOtFXODV GH 6Q2�� WDQWR JUXHVDV FRPR

GHOJDGDV� HO DOFDQ]DU XQ YDORU UHVLVWLYR SRFR YDULDEOH HQ HO WLHPSR HV FRPSOHMR�

SRU HMHPSOR HQ >1LFROHWL ��@ VH REVHUYD TXH HO YDORU GH OD UHVLVWHQFLD QR VH

HVWDELOL]D WUDV � GtDV GH FDOHQWDPLHQWR FRQWLQXR D ����& �SHOtFXOD REWHQLGD SRU

SXOVHG ODVHU DEODWLRQ�� 'HO PLVPR PRGR� HQ >5HOOD ��@� FRQ XQD SHOtFXOD

REWHQLGD SRU VRO�JHO� WUDV �� GtDV GH HVWDELOL]DFLyQ VH VLJXH REVHUYDQGR XQD

YDULDFLyQ GH OD UHVSXHVWD D �� SSP GH &2 HQ WRGDV ODV WHPSHUDWXUDV

FRQVLGHUDGDV HQWUH ��� \ ���� &�

�
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���

���
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3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

(Q QXHVWUR FDVR OD IDOWD GH HVWDELOLGDG LQLFLDO VH SRGUtD DVRFLDU D ODV

GLVWRUVLRQHV \ GHIRUPDFLRQHV GH UHG D~Q SUHVHQWHV WUDV HO WUDWDPLHQWR WpUPLFR

GHO y[LGR GH HVWDxR D WHPSHUDWXUD GH ���� & GXUDQWH �� KRUDV HQ DLUH VLQWpWLFR

�ILJXUDV ��� \ ����� (VWD LQHVWDELOLGDG WHPSRUDO HV PHQRU >2ODL]ROD ��@ HQ HO

FDVR GH SHOtFXODV PiV JUXHVDV ���� QP� HQ ODV TXH OD UHG VH YH PHQRV DIHFWDGD

SRU HO VXVWUDWR�

/D HYROXFLyQ GH ORV YDORUHV GH VHOHFWLYLGDG DO PHWDQR ���� \ DO HWDQRO

���� SSP� HQ SUHVHQFLD GH ��� SSP GH PRQy[LGR GH FDUERQR VH SUHVHQWDQ HQ

OD WDEOD ����� /D VHOHFWLYLGDG DO PHWDQR� DXQTXH PHQRV HVWDEOH� PXHVWUD XQ

YDORU VLHPSUH DOWR� PLHQWUDV TXH OD VHOHFWLYLGDG DO HWDQRO HQ DXVHQFLD GH ILOWUR

VLJXH VLHQGR SREUH \ VH PDQWLHQH HQ HVH YDORU D PHGLGD TXH WUDQVFXUUH HO

WLHPSR�

'tDV

WUDQVFXUULGRV

6FR�6PHW 6FR�6HW

�� ���� �����

�� ���� �����

�� ���� �����

�� ���� �����

�� ���� ����

�� ���� ����

7DEOD ���� (VWDELOLGDG WHPSRUDO GH OD VHOHFWLYLGDG DO PHWDQR \ DO HWDQRO HQ ORV SURWRWLSRV

6L VH FRPSDUDQ HVWRV YDORUHV FRQ ORV GH GLVSRVLWLYRV FRPHUFLDOHV�

0LFURVHQV HQ VX PRGHOR 06*6 ���� SUHVHQWD XQD VHOHFWLYLGDG D ��� SSP GH &2

HQ SUHVHQFLD GHO �� GH PHWDQR GH 6HO ���� PHQRU TXH OD REWHQLGD FRPR

SURPHGLR SRU QXHVWUR GLVSRVLWLYR� TXH XWLOL]D XQD SHOtFXOD 37(�

/RV GDWRV TXH VH KDQ HQFRQWUDGR HQ GLVSRVLWLYRV FRPHUFLDOHV DFHUFD GHO

HWDQRO� QR VRQ FRPSDUDEOHV D ORV DTXt H[SXHVWRV� SRU XWLOL]DU HQ WRGRV ORV FDVRV

HQFRQWUDGRV ILOWURV GH FDUEyQ DFWLYR H[WHUQRV DO VHQVRU \ FRORFDGRV HQ OD

FiSVXOD GHO PLVPR�
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3RU ~OWLPR� VL VH FRQVLGHUD OD YDULDFLyQ GH UHVLVWHQFLD TXH VH SURGXFH HQ

HO HOHPHQWR FDOHIDFWRU� VH PDQWLHQH HQ XQ YDORU PX\ HVWDEOH D OR ODUJR GH WRGR

HO HQVD\R� FRPR VH SXHGH DSUHFLDU HQ OD ILJXUD ����� (VWR QRV OOHYD D OD

FRQFOXVLyQ GH TXH OD SHOtFXOD GH SODWLQR VH HQFXHQWUD SHUIHFWDPHQWH HVWDELOL]DGD

\ GH TXH PDQWLHQH VX FDSDFLGDG GH FDOHQWDPLHQWR D OR ODUJR GHO SHUtRGR

FRQVLGHUDGR�

)LJXUD ���� (VWDELOLGDG WHPSRUDO GH OD UHVLVWHQFLD GHO FDOHIDFWRU

���� ����
���������

>)LJDUR ��@ ,QIRUPDFLyQ GH OD FRPSDxtD )LJDUR HQ OD SiJLQD ZHE

ZZZ�ILJDURVHQVRU�FRP

>),6 ��@ ,QIRUPDFLyQ GH OD FRPSDxtD ),6 HQ OD SiJLQD ZHE ZZZ�ILVLQF�FR�MS

>*XLGL ��@ 9� *XLGL� *�&� &DUGLQDOL� /� 'RUL� *� )DJOLD� 0� )HUURQL� *� 0DUWLQHOOL� 3�

1HOOL� *� 6EHUYHJOLHUL� ³7KLQ�ILOP JDV VHQVRU LPSOHPHQWHG RQ D ORZ�

SRZHU�FRQVXPSWLRQ PLFURPDFKLQHG VLOLFRQ VWUXFWXUH´� 6HQVRUV DQG

$FWXDWRUV % ��� ������� �����

>/HH ��@ 'XN�'RQJ /HH� :DQJ�<RXQJ &KXQJ� 0DQ�6LN &KRL� -RQJ�0X %DHN�

´/RZ SRZHU PLFUR JDV VHQVRU´� 6HQVRUV DQG $FWXDWRUV % �� �������

�������
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3URWRWLSR PLFURVHQVRU SDUD OD GHWHFFLyQ GH PRQy[LGR GH FDUERQR ���

>0,&6 ��@ ,QIRUPDFLyQ GH OD FRPSDxtD 0,&6 �0LFUR&KHPLFDO 6\VWHPV� HQ OD

SiJLQD ZHE ZZZ�PLFURFKHPLFDO�FRP

>0LFURVHQV ��@ ,QIRUPDFLyQ GH OD FRPSDxtD 0LFURVHQV HQ OD SiJLQD ZHE

ZZZ�PLFURVHQV�FK

>1LFROHWL ��@ 6� 1LFROHWL� /� 'RUL� *�&� &DUGLQDOL� $� 3DULVLQL� ³*DV VHQVRUV IRU DLU

TXDOLW\ PRQLWRULQJ� UHDOLVDWLRQ DQG FKDUDFWHULVDWLRQ RI XQGRSHG DQG

QREOH PHWDO�GRSHG 6Q2� WKLQ VHQVLQJ ILOPV GHSRVLWHG E\ WKH SXOVHG

ODVHU DEODWLRQ´� 6HQVRUV DQG $FWXDWRUV % �� ������� �����

>2ODL]ROD ��@ 6�0� 2ODL]ROD� ³&UHFLPLHQWR GH SHOtFXODV GHOJDGDV GH 6Q2�

PHGLDQWH SXOYHUL]DFLyQ FDWyGLFD SDUD HO GHVDUUROOR GH PLFURVHQVRUHV

GH JDV PHWDQR´� 7HVLV 'RFWRUDO� 8QLYHUVLGDG GH 1DYDUUD ������

>3RSHVFX ��@ '�6� 3RSHVFX� &� 'XQDUH� 2� 1HGHOFX� 9� 0RDJDU� '�&� 'DVFDOX�

³0LFURVWUXFWXUHV IRU FKHPLFDO JDV VHQVRUV DQG IRU DUUD\V RI FKHPLFDO

JDV VHQVRUV´� (XURVHQVRUV ; 3������� ������� �������

>5HOOD ��@ 5� 5HOOD�3� 6LFLOLDQR� 6� &DSRQH� 0� (SLIDQL� /� 9DVDQHOOL� $� /LFFLXOOL�

³$LU TXDOLW\ PRQLWRULQJ E\ PHDQV RI VRO�JHO LQWHJUDWHG WLQ R[LGH WKLQ

ILOPV´� 6HQVRUV DQG $FWXDWRUV % �� ������� �������

>6LPRQ ��@ ,VROGH 6LPRQ� 1LFRODH %kUVDQ� 0LFKDHO %DXHU� 8GR :HLPDU�

³0LFURPDFKLQHG PHWDO R[LGH JDV VHQVRUV� RSSRUWXQLWLHV WR LPSURYH

VHQVRU SHUIRUPDQFH´� 6HQVRUV DQG $FWXDWRUV % �� ������� ����

>7DQJ ��@ =KHQDQJ 7DQJ� 6DPXHO .�+� )XQJ� 'DUZLQ 7�:� :RQJ� 3KLOLS &�+�

&KDQ� -RKQQ\ .�2� 6LQ� 3HWHU :� &KHXQJ� ³$Q LQWHJUDWHG JDV VHQVRU

EDVHG RQ WLQ R[LGH WKLQ�ILOP DQG LPSURYHG PLFUR�KRWSODWH´� 6HQVRUV

DQG $FWXDWRUV % �� ������� �������
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'H DFXHUGR FRQ ORV REMHWLYRV SODQWHDGRV HQ HO FDStWXOR GRV \ WHQLHQGR HQ FXHQWD

WRGRV ORV HVWXGLRV \ DQiOLVLV UHDOL]DGRV D OR ODUJR GHO WUDEDMR SUHVHQWDGR VH

SXHGHQ H[WUDHU ODV VLJXLHQWHV FRQFOXVLRQHV�

,� 6H KDQ IDEULFDGR SHOtFXODV GHOJDGDV GH 6Q2� SRU '& VSXWWHULQJ

UHDFWLYR D SDUWLU GH EODQFR GH 6Q \ HQ DWPyVIHUD ���� GH

R[tJHQR� 3DUD TXH VXV FDUDFWHUtVWLFDV VHDQ ySWLPDV SDUD GHWHFWDU &2�

VH KDQ GHWHUPLQDGR ORV VLJXLHQWHV SXQWRV�

� (O HVSHVRU ySWLPR GH PDWHULDO SDUD GHWHFWDU &2 HV GH ��� QP�

� (O WUDWDPLHQWR WpUPLFR TXH FRQILHUH D OD SHOtFXOD GH 6Q2� HO WDPDxR

GH JUDQR GH DSUR[LPDGDPHQWH �� QP� TXH SUHVHQWD ODV PHMRUHV

FDUDFWHUtVWLFDV D OD KRUD GH OD GHWHFFLyQ GH &2 VH OOHYD D FDER HQ

DLUH VLQWpWLFR GXUDQWH �� KRUDV D ���� &�

� (O HVWXGLR GH ODV WpFQLFDV SDUD LQFOXVLyQ GH 3W R 3G FRPR DGLWLYRV HQ

OD SHOtFXOD GH 6Q2�� FRQGXFH D OD HOHFFLyQ GH ODV PXHVWUDV 37(

�6Q2� FRQ 3W FRPR DGLWLYR \ WpFQLFD GH PHWDO ³HQWHUUDGR´� FRPR ODV

GH FDUDFWHUtVWLFDV PiV DMXVWDGDV DO SUREOHPD GH OD GHWHFFLyQ GH &2�

(O SLFR HQ OD FRQFHQWUDFLyQ GH GRSDQWH HV GH XQ ���� \ VH VLW~D D

XQRV �� QP GH ORV FRQWDFWRV� /DV SUHVWDFLRQHV TXH DSRUWD OD

SHOtFXOD 37( VRQ ODV VLJXLHQWHV�



��� Capítulo 9 

9 5HVSXHVWD HOpFWULFD GH PDJQLWXG 6 ����

9 5HGXFFLyQ HQ OD WHPSHUDWXUD GH RSHUDFLyQ GH ��� D

����& UHVSHFWR DO 6Q2� VLQ DGLWLYRV�

9 5HGXFFLyQ GHO WLHPSR GH UHVSXHVWD GH �� D � PLQXWRV D

XQD WHPSHUDWXUD GH ���� &� WDPELpQ UHVSHFWR DO 6Q2� VLQ

DGLWLYRV�

� (O DQiOLVLV GH OD LQIOXHQFLD GH OD KXPHGDG OOHYDGR D FDER FRQ

PXHVWUDV 37( D ���� &� GHPXHVWUDQ TXH� DXQTXH OD SUHVHQFLD GH

KXPHGDG UHGXFH OD UHVSXHVWD GH OD SHOtFXOD DO &2� VX LQIOXHQFLD HQ

XQ UDQJR GHO �� DO ��� GH KXPHGDG UHODWLYD HV GH HVFDVD

LPSRUWDQFLD�

� /D LQWHUIHUHQFLD GH RWURV JDVHV �PHWDQR� 12[� 62�� &2� \

+0'6� HQ OD GHWHFFLyQ HV GHVSUHFLDEOH FRQ HO HPSOHR GH SHOtFXODV

37(� VDOYR HQ HO FDVR GHO YDSRU GH HWDQRO� DO TXH OD SHOtFXOD

PXHVWUD XQD IXHUWH UHVSXHVWD�

,,� (O DQiOLVLV GH ODV SUHVWDFLRQHV GH SRVLEOHV ILOWURV GH SHOtFXOD GHOJDGD \

GH SHOtFXOD JUXHVD GHVHPERFDQ HQ OD HOHFFLyQ GHO 6Q2� FRQ ��� GH

3G REWHQLGR SRU WpFQLFDV GH SHOtFXOD JUXHVD \ GHSRVLWDGR VREUH OD

SHOtFXOD GHOJDGD 37(� (VWH ILOWUR� PHMRUD OD VHOHFWLYLGDG &2 ���� SSP�

IUHQWH DO HWDQRO ���� SSP� GHILQLGD FRPR 6HO(W2+ 6&2�6(W2+ GH XQ

YDORU GH ��� D XQ YDORU GH ���� $XQTXH OD SHOtFXOD \D HV VHOHFWLYD

IUHQWH DO PHWDQR ����� HVWH SDUiPHWUR WDPELpQ PHMRUD 6HO&+5 

6&2�6&+� GH XQ YDORU GH ��� D ���� (V GH GHVWDFDU WDPELpQ OR

QRYHGRVR GH OD FRPELQDFLyQ GH GRV WpFQLFDV GH IDEULFDFLyQ

�SHOtFXOD JUXHVD \ SHOtFXOD GHOJDGD� \ VX LQWHJUDFLyQ HQ XQ ~QLFR

SURFHVR GH REWHQFLyQ GH SHOtFXOD FRQ ILOWUR�

,,,� 6H KD GLVHxDGR XQ SURFHVR GH IDEULFDFLyQ GH XQ GLVSRVLWLYR

PLFURPHFDQL]DGR GH GLPHQVLRQHV H[WHUQDV ��[�� PP� VREUH XQ

VXVWUDWR GH YLGULR 3\UH[ GH ��� PP GH HVSHVRU� /D PHPEUDQD

PLFURPHFDQL]DGD WLHQH XQ iUHD GH ��[�� PP� \ XQ HVSHVRU GH ��

PLFUDV� PLHQWUDV TXH HO iUHD VHQVLEOH YDUtD HQWUH ��� \ � PP�
� (Q

FXDQWR D ORV DVSHFWRV IXQFLRQDOHV GHO GLVSRVLWLYR�



Conclusiones y futuras líneas de investigación ��� 

� (O FRQVXPR GHSHQGH EiVLFDPHQWH GHO HVSHVRU GH PHPEUDQD

XWLOL]DGR \ YDUtD GH ��� P: SDUD XQ HVSHVRU GH �� PLFUDV

D ���� P: SDUD �� PLFUDV�

� /RV HQVD\RV GH HVWDELOLGDG WHPSRUDO GH OD UHVSXHVWD D ODV

FRQFHQWUDFLRQHV HVWiQGDU GH &2� PHWDQR \ HWDQRO� PXHVWUDQ

XQD WHQGHQFLD D OD HVWDELOL]DFLyQ D SDUWLU GH ORV �� GtDV GH

IXQFLRQDPLHQWR FRQWLQXR D ����& \ ��� UK DSUR[LPDGDPHQWH�

FRQ XQ YDORU GH UHVSXHVWD DO &2 GH 6 ��

���	 ����
��	������	��	�������������	

$O KLOR GH OR KDVWD DKRUD H[SXHVWR \ EDViQGRVH HQ ODV FRQFOXVLRQHV REWHQLGDV

GH HVWH WUDEDMR VH SURSRQHQ ORV VLJXLHQWHV SXQWRV HQ IXWXUDV LQYHVWLJDFLRQHV R

WUDEDMRV VREUH HO WHPD�

,� ,QWHJUDFLyQ GHO ILOWUR GH SHOtFXOD JUXHVD HQ HO GLVSRVLWLYR ILQDO� OOHYDQGR D

FDER SRU XQD SDUWH HO HVWXGLR GH OD FRPSDWLELOLGDG GHO GHSyVLWR GH

SHOtFXOD JUXHVD VREUH VXVWUDWR PLFURPHFDQL]DGR� \ SRU RWUD ORV HVWXGLRV

FRUUHVSRQGLHQWHV GH HVWDELOLGDG WHPSRUDO GHO GLVSRVLWLYR DVt IDEULFDGR�

,,� (VWXGLR GH QXHYDV YtDV GH UHGXFFLyQ GH FRQVXPR GHO GLVSRVLWLYR� ELHQ

SRU YDULDFLyQ GHO SURFHVR GH IDEULFDFLyQ GH PHPEUDQDV

PLFURPHFDQL]DGDV� ELHQ PHGLDQWH HO PRGR GH RSHUDFLyQ HQ

WHPSHUDWXUD SXOVDGD�

,,,� $PSOLDFLyQ HQ HO WLHPSR GH ORV HVWXGLRV GH HVWDELOLGDG GH ORV SURWRWLSRV�


