
0HFiQLFD�&RPSXWDFLRQDO�9RO��;;,,,
�(GLWRUHV�

%DULORFKH��$UJHQWLQD��1RYLHPEUH������

'(7(50,1$&,Ï1�'(�3$5È0(7526�'(�',6(f2�'(�3/$7($6�'(�
)81'$&,Ï1��0(',$17(�/$6�'()250$&,21(6�92/80e75,&$6

&ODXGLR�-��2UEDQLFK�
 ��1pVWRU�)��2UWHJD

 \�-RVp�/��)LJXHURD





 'HSDUWDPHQWR�GH�,QJHQLHUtD�
8QLYHUVLGDG�1DFLRQDO�GHO�6XU

$Y��$OHP�����
�����%DKtD�%ODQFD��$UJHQWLQD�
H�PDLO��QIRUWHJD#FULED�HGX�DU


 %HFDULR�GH�OD�&RPLVLyQ�GH�,QYHVWLJDFLyQ�&LHQWtILFD��&,&��GH�OD�3FLD��GH�%XHQRV�$LUHV




�'HSDUWDPHQWR�GH�,QJHQLHUtD�(OpFWULFD \�GH�&RPSXWDGRUDV
8QLYHUVLGDG�1DFLRQDO�GHO�6XU � &21,&(7

3DODEUDV�FODYH��2SWLPL]DFLyQ��+RUPLJyQ�$UPDGR��3ODWHDV�GH�IXQGDFLyQ�HOiVWLFDV���
5HVXPHQ� (Q� HVWH� WUDEDMR� VH� PXHVWUD� OD� RSWLPL]DFLyQ� GHO� FRPSRUWDPLHQWR� PHFiQLFR� GH�
SODWHDV� GH� IXQGDFLyQ� HOiVWLFD�� FRQ� YLJDV� GH� ERUGH�� PHGLDQWH� OD� GHILQLFLyQ� GH� XQD� VHULH� GH�
SDUiPHWURV��UHODFLRQDGRV�FRQ�OD�JHRPHWUtD�GH�ORV�HOHPHQWRV�HVWXGLDGRV��WHQLHQGR�HQ�FXHQWD�HO�
&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�\�XQ�IDFWRU�GH�DVHQWDPLHQWR�GH�ORV�ERUGH�
(VWRV� DQiOLVLV� VH� EDVDQ HQ� HO�0pWRGR� GH� ODV�'LIHUHQFLDV� )LQLWDV�� GHVDUUROODQGR� DOJRULWPRV�
LWHUDWLYRV�TXH�SHUPLWLHURQ��SDUD�FDGD�FDVR�HVWXGLDGR��KDOODU�XQ�UDQJR�GH�HVSHVRUHV�SDUD�OD�
SODWHD� GH� IXQGDFLyQ�� HPSOHDQGR� HQ� HVWH� SURFHVR� GH� RSWLPL]DFLyQ� FRPR� IXQFLyQ� REMHWLYR�� DO�
SDUiPHWUR TXH� VH� FRQRFH� FRPR� 'HVSOD]DPLHQWR� 9ROXPpWULFR�� (VWRV� 'HVSOD]DPLHQWRV�
9ROXPpWULFRV�� WLHQHQ�HQ�FXHQWD�ORV�GHVSOD]DPLHQWRV�GH�OD�SODWHD��HQ�FDGD�SXQWR�GH�OD�PDOOD�
DGRSWDGD�PXOWLSOLFDGR�SRU�HO�YROXPHQ�GH�LQIOXHQFLD�DIHFWDGR��
8QD� YH]� REWHQLGRV� ORV� YDORUHV� GH� HVSHVRUHV� FRUUHVSRQGLHQWHV D� ORV� 'HVSOD]DPLHQWRV�
9ROXPpWULFRV�H[WUHPRV��SDUD�GHWHUPLQDGRV�&RHILFLHQWHV�GH�5HDFFLyQ�GHO�7HUUHQR��VH�REWLHQH�
XQ� JUiILFR� GRQGH� VH� SUHVHQWD� OD� YDULDFLyQ� GH� HVWH� FRHILFLHQWH� HQ� IXQFLyQ� GHO�(VSHVRU�GH� OD�
3ODWHD��TXH�SHUPLWH�UHODFLRQDU�DPEDV�YDULDEOHV��FRQ�OR�TXH�VH�IDFLOLWD�HO�GLVHxR�GH�OD�SODWHD�
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���,1752'8&&,Ï1
$�OR�ODUJR�GH�OD�KLVWRULD��HO�KRPEUH�VH�KD�LQYROXFUDGR�FRQWLQXDPHQWH�HQ�GLVWLQWRV��SURFHVRV�GH�
RSWLPL]DFLyQ��(VWRV�SURFHVRV�KDQ�GDGR�XQ�SDVR�JLJDQWHVFR�FRQ�HO�DGYHQLPLHQWR�GH�ODV�WpFQLFDV�
FRPSXWDFLRQDOHV� GH� DQiOLVLV�� &RPR� FRQVHFXHQFLD� GH� HVWR�� DFWXDOPHQWH� HV� SRVLEOH� UHVROYHU�
SUREOHPDV�GH�RSWLPL]DFLyQ�VXPDPHQWH�FRPSOHMRV�

(Q�DQWHULRUHV�WUDEDMRV HO�0pWRGR�GH ORV�'HVSOD]DPLHQWRV�9ROXPpWULFRV�KDQ�VLGR�HPSOHDGRV�
SDUD� RSWLPL]DU�� GHVGH� HO� SXQWR� GH� YLVWD�PHFiQLFR�� RWURV� WLSRV�GH� HVWUXFWXUDV��/iPLQDV������ \�
HVWUXFWXUDV�PyYLOHV�GH�EDUUDV�����

(Q�HVWH�WUDEDMR�VH�RSWLPL]DQ�ORV�'HVSOD]DPLHQWRV�9ROXPpWULFRV�GH�XQD�SODWHD�FRQ�YLJDV�GH�
ERUGH�� HQ� HO� TXH� VH� GHVDUUROOD� XQ� PpWRGR� QXPpULFR�FRPSXWDFLRQDO�� TXH� SHUPLWH� OD� UiSLGD�
REWHQFLyQ�GH� ORV� UHVXOWDGRV��FRQ�HO�ILQ�GH�HVWDEOHFHU�SDUiPHWURV�TXH�IDFLOLWHQ�HO�GLVHxR�GH�OD�
SODWHD��&RQ�UHODFLyQ�DO�PpWRGR�QXPpULFR�� FRPSXWDFLRQDO��DTXt�HPSOHDGR��\D�VH�KDQ�UHDOL]DGR�
GLVWLQWDV�DSOLFDFLRQHV�GHO�PLVPR��HQ�IXQGDFLRQHV������

� &21&(3726�7(Ï5,&26
/D HFXDFLyQ� TXH� ULJH� HO� FRPSRUWDPLHQWR� PHFiQLFR� GH� SODWHDV� GH� IXQGDFLyQ����� TXH� VH�
HQFXHQWUDQ�DSR\DGDV�VREUH�XQD�VXEUDVDQWH�HOiVWLFD�FX\D�UHVSXHVWD�SRVHH�XQD�YDULDFLyQ�OLQHDO�
HV�OD�VLJXLHQWH�

GRQGH�
Z��IXQFLyQ�GH�DVHQWDPLHQWRV��GHVSOD]DPLHQWRV�YHUWLFDOHV�GH�OD�SODWHD�
Z� ��DVHQWDPLHQWR�LQLFLDO�GH�ORV�ERUGHV�GH�OD�SODWHD
T�[�\���FDUJD�GLVWULEXLGD�DSOLFDGD
N ��&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR
'��ULJLGH]�D�OD�IOH[LyQ�GH�OD�SODFD

&RPR�EDVH�GHO�SURFHGLPLHQWR�GH� UHVROXFLyQ��VH�KD�WRPDGR�XQD�H[SUHVLyQ�GHVDUUROODGD�HQ�
'LIHUHQFLDV�)LQLWDV����������HPSOHDQGR�XQD�PDOOD�FXDGUDGD�GH�ODGRV��'HVDUUROODQGR�OD�(FXDFLyQ�
����VH�OOHJD�D�OD�(FXDFLyQ������FRQ�OD�TXH�VH�SXHGHQ�KDOODU�ORV�YDORUHV�ZL GH�OD�IXQFLyQ�Z�[�\���
HQ�ORV�QXGRV�GH�OD�PDOOD��WDO�TXH�

VLHQGR�V HO�ODGR�GH�PDOOD�DGRSWDGR�
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3DUD� OD� UHVROXFLyQ� GH OD (FXDFLyQ� ����� VH� KD� SURSXHVWR� OD� GHILQLFLyQ� GH� GRV� IDFWRUHV�
DGLPHQVLRQDOHV�TXH�SHUPLWHQ�JHQHUDOL]DU�ORV�UHVXOWDGRV�SDUD�ORV�ILQHV�SUiFWLFRV�EXVFDGRV��3DUD�
OD�GHILQLFLyQ�GHO� SULPHU� IDFWRU�� VH� DGRSWD�XQ�YDORU�XQLIRUPH�GH� DVHQWDPLHQWR�HQ� ORV�ERUGHV��
GHILQLpQGRVH��Z�  �D�T�N� GRQGH�D HV�HO�IDFWRU�GH�DVHQWDPLHQWR�ILQDO�HQ�HO�ERUGH�

3DUD� OD� GHILQLFLyQ� GHO� VHJXQGR� IDFWRU� DGLPHQVLRQDO� VH� WLHQH� HQ� FXHQWD� TXH�1�  � N�V��'
OODPiQGROR� )DFWRU� GH� 5HDFFLyQ� 5HODWLYD� GH� 6RSRUWH� GH� OD� 6XEUDVDQWH�� (Q� EDVH� D� HVWDV�
GHILQLFLRQHV \�RSHUDQGR�PDWHPiWLFDPHQWH� OD�(FXDFLyQ ����VH�WUDQVIRUPD�HQ�

(VWD�HFXDFLyQ�GLIHUHQFLDO�VH� UHVXHOYH�SRU�HO�0pWRGR�GH� ODV�'LIHUHQFLDV�)LQLWDV��GRQGH� �VH��
REWLHQHQ�FRPR�UHVXOWDGRV�ORV�YDORUHV�GH�ORV�GHVSOD]DPLHQWRV�HQ�FDGD�SXQWR�ZL�1DWXUDOPHQWH��
OD�LQWHUSUHWDFLyQ�GH�HVWD�H[SUHVLyQ�VH�VLPSOLILFD�FXDQGR�T \�N VRQ�FRQVWDQWHV��WDO�FRPR�VH�YDQ�
D�FRQVLGHUDU�HQ�OD�DSOLFDFLyQ�GHO�PpWRGR�TXH�VH�PRVWUDUi PiV�DGHODQWH�

&RPR� HV� GH� VXSRQHU� HQ� OD� GHWHUPLQDFLyQ� GH� ORV� YDORUHV� ZL GHEHQ� FRQVLGHUDUVH� ODV�
FRQGLFLRQHV�GH�ERUGH�GH�OD�SODWHD��

8QD� YH]� KDOODGRV� ORV� YDORUHV� GH� ZL�� VH� SXHGHQ� GHWHUPLQDU� ORV� 'HVSOD]DPLHQWRV�
9ROXPpWULFRV�� TXH� VRQ GHILQLGRV FRPR� OD� VXPDWRULD� GHO�'HVSOD]DPLHQWR�ZL HQ� FDGD� SXQWR��
PXOWLSOLFDGR� SRU� HO� YROXPHQ� GH� LQIOXHQFLD� GH� OD� SODWHD� GH� IXQGDFLyQ� FRUUHVSRQGLHQWH� DO�
PLVPR��WDO�TXH��������

GRQGH��
V��SDVR�GH�OD�PDOOD�FXDGUDGD�
HL��HVSHVRU�GH�OD�SODWHD��HQ�HO�SXQWR�L�pVLPR
ZL��'HVSOD]DPLHQWR�GH�OD�SODWHD��HQ�HO�SXQWR�L�pVLPR

(Q�HVWH�WUDEDMR�VH�SUHVHQWD�OD�RSWLPL]DFLyQ�GH�OD�IXQFLyQ�REMHWLYR����������VLHQGR�HQ�HVWH�FDVR�
GLFKD�IXQFLyQ�HO�'HVSOD]DPLHQWR�9ROXPpWULFR��

3DUD�FDGD�YDORU�GHO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�VH�YDULD�HO�HVSHVRU�GH� OD�SODWHD��
GHQWUR� GH� XQ� GHWHUPLQDGR� LQWHUYDOR�� VH� KDOOD� SDUD� FDGD� YDORU� GHO� HVSHVRU�� HO� UHVSHFWLYR
'HVSOD]DPLHQWR�9ROXPpWULFR��OXHJR�HQ�DPELHQWH�0DWODE���� \�XWLOL]DQGR�OD�IXQFLyQ�HVSHFLILFD�
GH� RSWLPL]DFLyQ�� VH� REWLHQH� HO� YDORU� GHO� HVSHVRU�Pi[LPR� TXH� VH� OH� SXHGH� GDU� D� XQD� SODWHD��
FRUUHVSRQGLHQWH�D�OD�PD\RU�'HIRUPDFLyQ�9ROXPpWULFD�

&RQ� ORV� YDORUHV� GH� ORV HVSHVRUHV Pi[LPRV�� KDOODGRV� FRPR� VH� H[SOLFy DQWHULRUPHQWH��
FRUUHVSRQGLHQWH D� FDGD� &RHILFLHQWH� GH� 5HDFFLyQ� GHO� 7HUUHQR �N��� VH� UHDOL]D� XQ� JUiILFR� TXH�
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VHUYLUi�FRPR�JXtD�SDUD�HO�GLVHxR�GH�SODWHD�GH�)XQGDFLyQ��TXH�SRVHHQ�ODV�FDUDFWHUtVWLFDV�DTXt�
SUHVHQWDGDV �)LJXUD���\����

)LJXUD���(VTXHPD�GH�OD�SODWHD�GH�IXQGDFLyQ

� 5(68/7$'26�2%7(1,'26
��� 3ODWHD�GH�)XQGDFLyQ�FRQ�(VSHVRU�&RQVWDQWH
(Q� HVWD� LQYHVWLJDFLyQ� VH� DQDOL]DURQ� SODWHDV� GH� HVSHVRUHV� FRQVWDQWHV� HQ� WRGD� VX� VXSHUILFLH��
HVWXGLiQGRVH�GLVWLQWRV�FDVRV��HQ� ORV�TXH�VH�DQDOL]DUiQ�HVSHVRUHV�TXH�YDQ�GHVGH������P�KDVWD�
XQ�YDORU�GH������P��3DUD�FDGD�HVSHVRU��PHGLDQWH�HO�0pWRGR�GH�ODV�'LIHUHQFLDV�)LQLWDV��VH�KDOOy�
HO� YDORU�GHO� GHVSOD]DPLHQWR�ZL HQ� FDGD�SXQWR�� WHQLHQGR�HQ� FXHQWD�XQD�FDUJD�XQLIRUPHPHQWH�
GLVWULEXLGD� VREUH� OD� SODWHD� GH� ��� [� ��� 1�P� \� XQ�SDUiPHWUR� FDUDFWHUtVWLFR�GHO�PDWHULDO� GHO�
WHUUHQR��P��GH������(O�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�YDULD�GHVGH�XQ�YDORU�PtQLPR�KDVWD�
XQ�YDORU�Pi[LPR�SDUD�FDGD�YDORU�GHO�HVSHVRU�GH�OD�SODWHD���

3DUD�FDGD�YDORU�GHO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR��N��VH�YDULy�HO�HVSHVRU�GH�OD�SODWHD��
HQ� XQ� GHWHUPLQDGR� LQWHUYDOR�� KDOOiQGRVH� SDUD� FDGD� XQR� GH� HVWRV� YDORUHV� GHO� HVSHVRU�� HO�
FRUUHVSRQGLHQWH�'HVSOD]DPLHQWR�9ROXPpWULFR��2SWLPL]DQGR�OD�)XQFLyQ�2EMHWLYR�VH�REWLHQH�HO�
YDORU� GHO� HVSHVRU�Pi[LPR� TXH� VH� OH� SRGUtD� GDU� D� XQD� SODWHD�� HQ� IXQFLyQ� GHO�&RHILFLHQWH� GH�
5HDFFLyQ�GHO�7HUUHQR��
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)LJXUD���2SWLPL]DFLyQ�GHO�'HVSOD]DPLHQWR�9ROXPpWULFR�SDUD�XQD�SODWHD�GH��[�� P��
FRQ�XQ�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�GH���� [����1�P�

(Q OD� )LJXUD� �� VH� SXHGH� REVHUYDU� XQ� HMHPSOR�� GRQGH� HO� &RHILFLHQWH� GH� 5HDFFLyQ� GHO�
7HUUHQR� HV� GH� ��� [� ��� 1�P��� DTXt� H[LVWH� XQ�Pi[LPR�GHO�'HVSOD]DPLHQWR�9ROXPpWULFR� HQ�
����P� WDO� TXH� SDUD� YDORUHV� GH� HVSHVRU�PHQRUHV� D� �����P�� ODV�'HIRUPDFLRQHV�9ROXPpWULFRV�
VHUiQ�LQIHULRUHV�� WRPDQGR�FRPR�OtPLWH�LQIHULRU�GHO�HVSHVRU�D�GLVHxDU��HO�TXH�FRUUHVSRQGH�FRQ�
XQ� YDORU� DGPLVLEOH� GH� GHVSOD]DPLHQWR� YHUWLFDO� Pi[LPR� �SRU� HM�� /X] � ������ &RPR� HV� GH�
LPDJLQDUVH��QR�FRQYLHQH�DGRSWDU�HVSHVRUHV�TXH�HVWpQ�D�OD�GHUHFKD�GHO�Pi[LPR�'HVSOD]DPLHQWR�
9ROXPpWULFR��GH�OD�)LJXUD����DXQTXH�ORV�'HVSOD]DPLHQWRV�9HUWLFDOHV�VHDQ�DGPLVLEOHV��GHVGH�HO�
SXQWR�GH�YLVWD�PHFiQLFR��QR�VRQ�FRQYHQLHQWHV�SRU�UD]RQHV�HFRQyPLFDV������

(VWRV� 'HVSOD]DPLHQWRV� 9HUWLFDOHV� DGPLVLEOHV� VH� ORV� ILMD�� FRQ� HO� ILQ TXH� QR� VH� JHQHUHQ�
SUREOHPDV�GH�LQFRPSDWLELOLGDG��HQ�ODV�FRQGLFLRQHV�GH�ERUGH�DGRSWDGDV�SDUD�OD�HVWUXFWXUD�TXH�
VRSRUWD� HVWDV� IXQGDFLRQHV� \� DGHPiV�� VL� OD� IXQGDFLyQ� SRVHH� GHVSOD]DPLHQWRV� LPSRUWDQWH�� VH�
JHQHUDUiQ�ILVXUDV��TXH�IDFLOLWDQ�HO�SRVLEOH�LQJUHVR�GH�VXVWDQFLDV�QRFLYDV�SDUD�ODV�DUPDGXUDV�GH�
IXQGDFLyQ��DIHFWDQGR�D�OD�YLGD�~WLO�GH�OD�PLVPD�

5HSLWLHQGR�HVWH�SURFHGLPLHQWR�SDUD�XQ�FLHUWR�UDQJR�GH�YDORUHV�GHO�&RHILFLHQWH�GH�5HDFFLyQ�
GHO�7HUUHQR��VH�SXHGHQ�REWHQHU�ORV�SRVLEOHV�YDORUHV�Pi[LPRV��GHO�HVSHVRU�GH�OD�SODWHD��GHVGH�
HO�SXQWR�GH�YLVWD�GH�ORV�'HVSOD]DPLHQWRV�9ROXPpWULFRV��

(Q�OD�)LJXUD���VH�SXHGH�REVHUYDU�FRPR�YDUtDQ�ORV�HVSHVRUHV�Pi[LPRV��SDUD�FDGD�YDORU�GHO�
&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�
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)LJXUD���(VSHVRUHV�Pi[LPRV�SRVLEOHV GH�ODV�SODWHDV�GH�HVSHVRU�FRQVWDQWH��
SDUD�FDGD�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR��N�

/D�)LJXUD���UHVXOWD�PX\�SUiFWLFD��GHELGR�D�TXH�VL�VH�FRQRFH�HO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�
7HUUHQR��N���VH�SXHGH�GHWHUPLQDU�HO�HVSHVRU�Pi[LPR�SRVLEOH�GH�OD�SODWHD��FRQ HVWR�REWHQHU�XQ�
UDQJR�GH�GLVHxR�HQWUH�HVWH�HVSHVRU�Pi[LPR�\�RWUR�HVSHVRU�PtQLPR��TXH�HVWi�GDGR�SRU�DTXHO�
YDORU�GH�HVSHVRU�TXH�FRUUHVSRQGD�FRQ�ORV�GHVSOD]DPLHQWRV�YHUWLFDOHV�DGPLVLEOHV�

'H� DFXHUGR� DO� WUDEDMR� UHDOL]DGR�� VH� REVHUYy� TXH� GHSHQGLHQGR� GHO� YDORU� TXH� WLHQH� HO�
&RHILFLHQWH� GH� 5HDFFLyQ� GHO� 7HUUHQR�� HO� 'HVSOD]DPLHQWR� 9ROXPpWULFR� VH� FRPSRUWD� GH� GRV�
PDQHUDV� GLIHUHQWHV�� SDUD� ODV� FXDOHV� VH� GHVHD� KDOODU� HO� UDQJR� GH� YDULDFLyQ� GHO� HVSHVRU� GH� OD�
SODWHD�GH�IXQGDFLyQ��&XDQGR�HO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�WRPD�YDORUHV�SHTXHxRV��
VH� REVHUYD� TXH� D� PHGLGD� TXH� GLVPLQX\H� HO� HVSHVRU� GH� OD� SODWHD�� HO� 'HVSOD]DPLHQWR�
9ROXPpWULFR�FUHFH�KDVWD�XQ�GHWHUPLQDGR�YDORU��SRU�OR�TXH�QR�VH�GHWHFWD�XQ�SXQWR�GH�FDPELR�
GH�SHQGLHQWH��PLHQWUDV�TXH�D�SDUWLU�GH�XQ�YDORU�GHO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�� OD�
IXQFLyQ�'HVSOD]DPLHQWR�9ROXPpWULFR�SRVHH�H[WUHPRV��SRU�OR�TXH�VH��SXHGH�KDOODU�XQ�UDQJR�GH�
HVSHVRUHV�SRVLEOHV�D�HPSOHDU�HQ�HO�GLVHxR��TXH�HVWDUi�HQWUH�XQ�Pi[LPR��TXH�HV�DTXHO�TXH�KDFH�
Pi[LPRV� ORV� 'HVSOD]DPLHQWRV� 9ROXPpWULFRV \� XQ� YDORU�PtQLPR�� TXH� HVWD� OLPLWDGR� SRU� ORV�
'HVSOD]DPLHQWRV�0i[LPRV�$GPLVLEOHV��$� ORV� HIHFWRV� GH� HVWH� WUDEDMR� VH� WRPy�XQ� UDQJR� GHO�
&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR��YDULDQGR�HQWUH���� 1�P� \���[���� 1�P���

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10
7

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

e(m) 

k(N/m3) 

C. Orbanich, N. Ortega, J. Figueroa

712



��� 3ODWHD�GH�IXQGDFLyQ�FRQ�HVSHVRU�YDULDEOH�HQ�IRUPD�SDUDEyOLFD
(Q�HVWH�SXQWR�VH�GHVDUUROOD�RWUD�DSOLFDFLyQ�GHO�PpWRGR�SURSXHVWR��$TXt�VH�SURSRQH�XQD�SODWHD�
GH� IXQGDFLyQ��FRQ�YLJDV�GH�ERUGH�� WDO�TXH�HO� HVSHVRU�GH� OD�SODWHD�YDULD�HQ�IRUPD�SDUDEyOLFD��
FRQ� OR� TXH� WHQGUtD� XQ� PHMRU� DSURYHFKDPLHQWR� GHO� PDWHULDO�� FRQ� UHVSHFWR� D� OD� GHO� HVSHVRU�
FRQVWDQWH��TXH� VH�GHVDUUROOR�HQ������&DEH�DFRWDU�TXH�HO�XVR�GH�HVSHVRUHV�YDULDEOHV�HQ�IRUPD�
SDUDEyOLFD�QR�VRQ�GH�XVR�IUHFXHQWH��DO�PHQRV�HQ�ODV�REUDV�QRUPDOHV��SRU�UD]RQHV�FRQVWUXFWLYDV�

1R�REVWDQWH��HQ�DOJ~Q�FDVR�SDUWLFXODU�GH�SODWHDV�GH�JUDQGHV�GLPHQVLRQHV�\�R�VROLFLWDGDV�D�
FDUJDV�PX\�LPSRUWDQWHV��SRGUtD�OOHJDU�D�MXVWLILFDU�VX�XVR��GHELGR�D�VX�PD\RU�HILFLHQFLD�����

(Q�HVWH�FDVR��VH�DQDOL]y�XQD�SODWHD�GH�IXQGDFLyQ�FRQ�XQ�HVSHVRU�YDULDEOH��H�L�M���HQ�IRUPD�
SDUDEyOLFD��GH�PDQHUD�TXH�HO�HVSHVRU�HQ�HO�SXQWR�LHVLPR�HVWD�GDGR�SRU�

GRQGH�
[��DEVFLVD�
\��RUGHQDGD
I��HV�OD�IOHFKD�GH�OD�SDUiEROD�HQ�HO�FHQWUR�GH�OD�SODWHD�
D��ODGR�GH�OD�SODWHD�VREUH�OD�DEVFLVD�[�
E��ODGR�GH�OD�SODWHD�VREUH�OD�RUGHQDGD�\
F��HV�HO�HVSHVRU�HQ�ORV�ERUGHV�

6L�DKRUD�KDFHPRV�YDULDU�I GHVGH�� KDVWD������P��HO�HVSHVRU��H��GH�OD�SODWHD�YDULDUi��SXQWR�D�
SXQWR�� $SOLFDQGR� HO� 0pWRGR� GH� ODV� 'LIHUHQFLDV� )LQLWDV�� SDUD� FDGD� YDORU� GHO� HVSHVRU� GH� OD�
SODWHD�� VH� KDOOy� HO� YDORU�GHO� GHVSOD]DPLHQWR�ZL HQ� FDGD�SXQWR�� HPSOHDQGR� ORV�PLVPRV�GDWRV�
TXH�SDUD�HO�FDVR�DQWHULRU��GRQGH�OD�SODWHD�SRVHH�XQ�HVSHVRU�FRQVWDQWH��

3DUD�FDGD�YDORU�GHO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�VH�YDULy�HO�HVSHVRU�GH� OD�SODWHD��
GHQWUR� GH� XQ� GHWHUPLQDGR� LQWHUYDOR�� SDUD� FDGD� YDORU� GH� HVWH� HVSHVRU� VH� GHWHUPLQD� HO
'HVSOD]DPLHQWR�9ROXPpWULFR��REWHQLpQGRVH�HO�YDORU�GHO�HVSHVRU�Pi[LPR�SRVLEOH�TXH�VH�SXHGH�
GDU�D�XQD�SODWHD��SDUD�XQ�FLHUWR�YDORU�GHO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR��

5HSLWLHQGR�HVWH�SURFHGLPLHQWR�SDUD�XQ�FLHUWR�UDQJR�GH�YDORUHV�GHO�&RHILFLHQWH�GH�5HDFFLyQ�
GHO�7HUUHQR��VH�SXHGH�REWHQHU�HO�YDORU�Pi[LPR�D�GDUOH�DO�HVSHVRU�GH�OD�SODWHD��FRQVLGHUDQGR�OD�
YDULDFLyQ�GHO�'HVSOD]DPLHQWR�9ROXPpWULFR��

(Q� OD� )LJXUD� �� VH� SXHGH� REVHUYDU� FRPR� YDUtDQ� ORV� HVSHVRUHV� Pi[LPRV� RSWLPL]DGRV�� HQ�
IXQFLyQ�GHO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�HPSOHDGR�HQ�HO�DQiOLVLV�����
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)LJXUD���(VSHVRUHV�Pi[LPRV�SRVLEOHV�GH�ODV�SODWHDV�GH�HVSHVRU�YDULDEOH�HQ�IRUPD�SDUDEyOLFD��SDUD�FDGD�
&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR��N�

��� &RPSDUDFLyQ�HQWUH�SODWHDV�GH�HVSHVRU�FRQVWDQWH�\�YDULDEOHV�HQ�IRUPD�SDUDEyOLFD
6H�REVHUYD�TXH�ORV�HVSHVRUHV�Pi[LPRV�GH�OD�SODWHD�TXH�SRVHHQ�HVSHVRUHV�YDULDEOHV�HQ�IRUPD�
SDUDEyOLFD��UHSUHVHQWDGRV�HQ�OD�)LJXUD���VRQ�PHQRUHV�HQ�DSUR[LPDGDPHQWH�XQ������D�ORV�TXH�
VH�REWXYLHURQ�FRQ�HVSHVRU�FRQVWDQWH��FRUUHVSRQGLHQWHV�D�ORV�GH�OD�)LJXUD������

7DPELpQ�VH�SXHGH�DSUHFLDU�TXH�H[LVWH�XQD�GLIHUHQFLD�GH�DSUR[LPDGDPHQWH�XQ�� �� HQWUH�ORV�
YDORUHV�GH� ORV�'HVSOD]DPLHQWRV�9ROXPpWULFRV�GH�OD�SODWHD�YDULDEOH�HQ�IRUPD�SDUDEyOLFD��FRQ�
UHVSHFWR�D�ORV�YDORUHV�GH�OD�SODWHD�GH�HVSHVRU�FRQVWDQWH��3RU�HMHPSOR� HQ�OD )LJXUD����

(Q� IXQFLyQ� GH� OR� FRPHQWDGR� DQWHULRUPHQWH� VH� SXHGH� GHFLU� TXH� VL� ELHQ� VH�KDUtD�XQ�PHMRU�
DSURYHFKDPLHQWR�GHO�PDWHULDO�HPSOHDQGR�HVSHVRUHV�YDULDEOHV��HVWR�QR�HV�VLJQLILFDWLYR�GHVGH�HO�
SXQWR� GH� YLVWD� PHFiQLFR�� SURGXFLpQGRVH� XQ� HQFDUHFLPLHQWR� GH� OD� PDQR� GH� REUD� \� GH� ODV�
GLILFXOWDGHV�FRQVWUXFWLYDV�TXH�WLHQH�UHDOL]DU�XQD�SODWHD�GH�IXQGDFLyQ�FRQ�HVSHVRU�YDULDEOH�

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10
7

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

e(m) 

k(N/m3) 

C. Orbanich, N. Ortega, J. Figueroa

714



� &21&/86,21(6
(Q� IXQFLyQ� GH� ORV� UHVXOWDGRV� REWHQLGRV� HQ� HVWH� WUDEDMR�� VH� SXHGH� FRQFOXLU� TXH� OD� WpFQLFD�GH�
RSWLPL]DFLyQ�DTXt�SUHVHQWDGD�SRVHH�XWLOLGDG�SUiFWLFD��SDUD�GHWHUPLQDU�HO�UDQJR�GH�HVSHVRUHV�GH�
SODWHDV� GH� IXQGDFLyQ�� TXH� VH� SXHGHQ� HPSOHDU� HQ� HO� GLVHxR� GH� HVWH� WLSR� GH� IXQGDFLRQHV�� HQ�
IXQFLyQ�GHO�WLSR�GH�WHUUHQR�VREUH�HO�TXH�HVWi�XELFDGD������

6H� GHWHUPLQy� TXH�� GHSHQGLHQGR� GHO� YDORU� TXH� WLHQH� HO� &RHILFLHQWH� GH� 5HDFFLyQ� GHO�
7HUUHQR��HO�'HVSOD]DPLHQWR�9ROXPpWULFR�SRVHH�XQD�YDULDFLyQ�GH�GRV�PDQHUDV�PDUFDGDPHQWH�
GLIHUHQWHV�� SDUD� ODV� FXDOHV� VH� GHVHD� KDOODU� HO� UDQJR� GH� YDULDFLyQ� GHO� HVSHVRU� GH� OD� SODWHD� GH�
IXQGDFLyQ��&XDQGR�HO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�7HUUHQR�WRPD�YDORUHV�SHTXHxRV��VH�REVHUYD�
TXH� D�PHGLGD� TXH� GLVPLQX\H� HO� HVSHVRU� GH� OD� SODWHD� HO�'HVSOD]DPLHQWR�9ROXPpWULFR� FUHFH�
KDVWD� XQ� GHWHUPLQDGR� YDORU�� SRU� OR� TXH� QR� VH� GHWHFWD� XQ� SXQWR� GH� FDPELR� GH� SHQGLHQWH�� HV�
GHFLU� XQ� H[WUHPR��PLHQWUDV� TXH�� D�SDUWLU� GH�XQ� FLHUWR�YDORU�GHO�&RHILFLHQWH�GH�5HDFFLyQ�GHO�
7HUUHQR�� OD� IXQFLyQ�'HVSOD]DPLHQWR�9ROXPpWULFR� WRPD�YDORUHV�H[WUHPRV�SRU� OR�TXH��HQ�HVWH�
FDVR�VH�SXHGH�KDOODU�XQ�UDQJR�GH�HVSHVRUHV�SRVLEOHV�D�HPSOHDU�HQ�HO�GLVHxR��TXH�HVWDUi�HQWUH�
XQ�Pi[LPR�� TXH� HV� DTXHO� TXH� KDFH�Pi[LPRV� ORV�'HVSOD]DPLHQWRV�9ROXPpWULFRV� \� XQ�YDORU�
PtQLPR�� TXH� HVWD� OLPLWDGR� SRU� ODV� 'HIRUPDFLRQHV� 0i[LPDV� $GPLVLEOHV� VHJ~Q� QRUPDV R�
FRQGLFLRQHV�RSHUDWLYDV�

����5()(5(1&,$�
>�@� 6�,��5REOHV��1�)��2UWHJD��³2SWLPL]DWLRQ RI� VKHOO� VKDSH E\ PLQLPL]LQJ 'LVSODFHPHQWV´���

%XOOHWLQ�RI�WKH�,�$�6�6���YROXPH ����1U�����������������������
>�@� 1�)��2UWHJD��6�,��5REOHV�� ³7KH�'HVLJQ�RI�+LSHUEROLF�3DUDERORLGV�RQ� WKH�%DVLV�RI�7KHLU�

0HFKDQLFDO�%HKDYLRU´�� -RXUQDO�RI�7KLQ� � :DOOHG�6WUXFWXUHV��(OVHYLHU��1U����� ���������
�������

>�@� 1�)��2UWHJD��6�,�5REOHV��³2SWLPL]DFLyQ�GHO�&RPSRUWDPLHQWR�0HFiQLFR�GH�XQD�(VWUXFWXUD�
0yYLO�GH�*UDQGHV�'LPHQFLRQHV´�(1,()����������SS�&'��%DKtD�%ODQFD� �������

>�@� -�&��3DORWR��5�'��6DQWRV�³(VWXGLR�GH�SODWHDV�GH�IXQGDFLyQ�PHGLDQWH�PpWRGRV�QXPpULFRV´��
;�(1,() ± 0HFiQLFD�&RPSXWDFLRQDO��$0&$��%DULORFKH��$UJHQWLQD� ���±������������

>�@� -�&��3DORWR��5�'��6DQWRV��� ³'LVWULEXFLyQ�GH� ODV� UHDFFLRQHV�HQ�SODWHDV�GH� IXQGDFLyQ�EDMR�
FDUJD�YDULDEOH´��0(&20�¶����$0&$� �����0HQGR]D��$UJHQWLQD���������

>�@� -�&��3DORWR��5�'��6DQWRV��³6REUH�OD�FDSDFLGDG�GH�VRSRUWH�HQ�IXQGDFLRQHV�VHJ~Q�HO�WLSR�GH�
UHDFFLyQ�GHO�VXHOR´��;;,;�-RUQDGDV�6XGDPHULFDQDV�GH�,QJHQLHUtD�(VWUXFWXUDO��3XQWD�GHO�
(VWH��8UXJXD\��9RO��,��SiJ������\�HQ�&�'��WUDEDMR�1�����������������

>�@� -�&�� 3DORWR�� 5�'� 6DQWRV�� &�� 2UEDQLFK�� ³3URFHGLPLHQWR�0HMRUDGR� SDUD� 'HWHUPLQDU� OD�
5HSDUWLFLyQ� GH� 5HDFFLRQHV� GH� )XQGDFLyQ´�� ;,,� (1,()� ± 0HFiQLFD� &RPSXWDFLRQDO��
$0&$� &yUGRED��$UJHQWLQD������������������

>�@� � -�&�� 3DORWR�� 5�'�� 6DQWRV�� 3�� 'RPtQJXH]�� ³3UHGHWHUPLQDFLyQ� GH� OD� UHSDUWLFLyQ� GH� ODV�
UHDFFLRQHV� HQ� XQ� GLVSRVLWLYR� GH� SODWHD� GH� IXQGDFLyQ´�� &RQJUHVR� GH� ,QJHQLHUtD� ������
%XHQRV $LUHV��HQ�&�'�5RP��7UDEDMR�1�������������
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>�@� � 6�� 7LPRVKHQNR�� 6�� :RLQRZVN\� .ULHJHU� 7KHRU\� RI� 3ODWH� DQG� 6KHOOV�� 0F� *UDZ� +LOO��
.RJDNXVKD��-DSyQ����������

>��@��6��7DQYLU�:DWL��³$�6LPSOH�)LQLWH (OHPHQW�IRU�%HDPV�RQ�(ODVWLF�)RXQGDWLRQV�´��6WUDLQ�
YROXPH ���1�����1RY������±������������

>��@� $�� *XVPDQ�� &�� /XLVRQL�� *�� 9HQWXUD�� &XUVR� GH� (ODVWLFLGDG� $SOLFDGD�� &XDGHUQR� ,,��
)DFXOWDG�GH�&LHQFLDV�([DFWDV�\�7HFQROyJLFDV��8QLYHUVLGDG�1DFLRQDO��7XFXPiQ� �������������

>��@� 3�5�$EG\� \�0�$�+�� 'HPSHVWHU�� ,QWURGXFWLRQ� WR� 2SWLPL]DWLRQ�0HWKRGV�� &KDSPDQ� DQG
+DOO���������

>��@� 5�)OHWFKHU��3UDFWLFDO�0HWKRGV�RI�2SWLPL]DWLRQ��YRO� ��-KRQ�:LOH\��1HZ�<RUN���������
>��@��0DWODE���� DQG�6LPXOLQN �70��9HUVLRQ ���F��IRU�0LFURVRIW�:LQGRZV��7KH�0DWK:RUNV��

,QF����������
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