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� 2�HQWHQGLPHQWR�GRV�SULQFtSLRV�EiVLFRV�GD�JHUDomR�GH�RQGDV�XOWUD�V{QLFDV�H�VXD�SURSDJDomR�QRV�

GLYHUVRV�PHLRV�p� HVVHQFLDO�SDUD�D� FDUDFWHUL]DomR�GH� WUDQVGXWRUHV�GH�XOWUD�VRP�H�SRGH�RULHQWDU�QD� VXD�

FRQVWUXomR� LQGLFDQGR� VH� R� WUDQVGXWRU� p� YLiYHO� SDUD� GHWHUPLQDGD� DSOLFDomR� H� VXJHULQGR�PRGLILFDo}HV�

QHVWHV�WUDQVGXWRUHV�GH�PRGR�D�VH�FRPSRUWDUHP�FRPR�HVSHUDGR��

� (VWH�WUDEDOKR�DSUHVHQWD�GRLV�PpWRGRV�GLVWLQWRV��QR�HQWDQWR�FRPSOHPHQWDUHV��SDUD�D�VLPXODomR�H�

PDSHDPHQWR�GH�FDPSR�DF~VWLFR�SDUD�D�FDUDFWHUL]DomR�GH�WUDQVGXWRUHV�GH�XOWUD�VRP��R�PpWRGR�SRQWXDO�H�

R�PpWRGR�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH��

� 2�PpWRGR�SRQWXDO�p�DQWHULRU�DR�PpWRGR�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH�H��FRPR�R�QRPH�VXJHUH��

ID]� XVR� GH� KLGURIRQHV� SRQWXDLV� SDUD� R� PDSHDPHQWR� GH� FDPSR� DF~VWLFR�� $� VLPXODomR� SHOR� PpWRGR�

SRQWXDO�FRQVLGHUD�FDGD�SRQWR�QR�HVSDoR�H�QR�WHPSR�LQGLYLGXDOPHQWH��GH�PRGR�TXH�XPD�H[HFXomR�GR�

DOJRULWPR� FDOFXOD� D� SUHVVmR� DF~VWLFD� HP� XP� ~QLFR� SRQWR�� (VWH� PpWRGR� GHPDQGD� PXLWR� WHPSR� GH�

SURFHVVDPHQWR��

� 2�PpWRGR�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH�FRQVLGHUD�XP�SXOVR�XOWUD�V{QLFR�SRU�LQWHLUR��H�p�RSHUDGR�

QR� GRPtQLR� GD� IUHT�rQFLD� HVSDFLDO�� VHQGR� R� HVSHFWUR� GH� GLUHWLYLGDGH� R� PyGXOR� GD� WUDQVIRUPDGD�

ELGLPHQVLRQDO� GH� )RXULHU� GHVWH� SXOVR�� 2� PDSHDPHQWR� GH� FDPSR� SRU� HVWH� PpWRGR� p� IHLWR� FRP� XP�

KLGURIRQH�GH� ODUJD�iUHD�DWLYD��R�TXDO�SRVVXL�SURSULHGDGHV�HVSHFLDLV�TXH�SHUPLWHP�REWHU�R�HVSHFWUR�GH�

GLUHWLYLGDGH��

� 6mR�DSUHVHQWDGRV�RV�SURFHGLPHQWRV�SDUD�VLPXODomR�H�PDSHDPHQWR�GH�FDPSR�SHORV�GRLV�PpWRGRV�

H�RV�UHVXOWDGRV�GDV�VLPXODo}HV�H�PHGLGDV�VmR�DQDOLVDGRV��
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� 7KH� XQGHUVWDQGLQJ� RI� WKH� EDVLF� SULQFLSOHV� RI� XOWUDVRXQG�ZDYH� JHQHUDWLRQ� DQG� LWV� SURSDJDWLRQ�

WKURXJK� PDQ\� PHGLD� LV� HVVHQWLDO� IRU� XOWUDVRXQG� WUDQVGXFHU� FKDUDFWHUL]DWLRQ� DQG� PD\� GLUHFW� LWV�

FRQVWUXFWLRQ� LQGLFDWLQJ� LI� WKH� WUDQVGXFHU� LV� VXLWDEOH� IRU� D� VSHFLILF� DSSOLFDWLRQ� DQG� VXJJHVWLQJ�

PRGLILFDWLRQV�RQ�WKLV�WUDQVGXFHU�IRU�LWV�H[SHFWHG�EHKDYLRU��

� 7KLV� ZRUN� SUHVHQWV� WZR� GLVWLQFW� PHWKRGV�� DOWKRXJK� FRPSOHPHQWDU\�� IRU� VLPXODWLRQ� DQG�

PHDVXUHPHQW� RI� XOWUDVRXQG� ILHOGV� IRU� WUDQVGXFHU� FKDUDFWHUL]DWLRQ�� WKH� SXQFWXDO� PHWKRG� DQG� WKH�

GLUHFWLYLW\�VSHFWUXP�PHWKRG��

� 7KH�SXQFWXDO�PHWKRG�LV�SUHYLRXV�WR�WKH�GLUHFWLYLW\�VSHFWUXP�PHWKRG�DQG��DV�WKH�QDPH�VXJJHVWV��

PDNHV�XVH�RI�SRLQW�K\GURSKRQHV�IRU�WKH�PHDVXUHPHQW�RI�WKH�WUDQVGXFHU�DFRXVWLF�ILHOG��7KH�VLPXODWLRQ�

YLD� WKH� SXQFWXDO� PHWKRG� FRQVLGHUV� HDFK� SRLQW� LQGLYLGXDOO\�� LQ� VXFK� D� ZD\� WKDW� D� SURSHU� DOJRULWKP�

FDOFXODWHV�WKH�DFRXVWLF�SUHVVXUH�LQ�D�VLQJOH�SRVLWLRQ�LQ�VSDFH��,W�LV�D�YHU\�WLPH�FRQVXPLQJ�PHWKRG��

� 7KH�GLUHFWLYLW\�VSHFWUXP�PHWKRG�FRQVLGHUV�DQ�HQWLUH�XOWUDVRQLF�SXOVH�DQG�RSHUDWHV�LQ�WKH�VSDWLDO�

IUHTXHQF\� GRPDLQ�� 7KH� GLUHFWLYLW\� VSHFWUXP� LV� WKH� PDJQLWXGH� RI� WKH� SXOVH� )RXULHU� WUDQVIRUP�� 7KH�

PHDVXUHPHQW�RI�WKH�ILHOG�YLD�WKLV�PHWKRG�LV�FDUULHG�RXW�ZLWK�D�ODUJH�DSHUWXUH�K\GURSKRQH�ZKRVH�VSHFLDO�

SURSHUWLHV�DOORZ�LW�WR�REWDLQ�WKH�GLUHFWLYLW\�VSHFWUXP��

� 7KH�SURFHGXUHV� IRU�VLPXODWLRQ�DQG�PHDVXUHPHQW�RI� WUDQVGXFHU�XOWUDVRXQG�ILHOGV�YLD� WKHVH� WZR�

PHWKRGV�DUH�SUHVHQWHG�DQG�WKH�UHVXOWV�RI�WKHVH�VLPXODWLRQV�DQG�PHDVXUHPHQWV�DUH�DQDO\]HG��
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�
� ¬�)$3(63�SHOR�DSRLR�ILQDQFHLUR��

� $R�3URI�� (GXDUGR�� SHOD� RULHQWDomR�� FRPSUHHQVmR� H� SDFLrQFLD� HP� WRGDV� DV� IDVHV� GD� UHDOL]DomR�

GHVWH�WUDEDOKR��

� $RV� GHPDLV� SURIHVVRUHV� GR� 'HSDUWDPHQWR� GH� (QJHQKDULD� %LRPpGLFD�� 9HUD� /�� 6�� 1�� %XWWRQ��

5RVDQD�$��%DVVDQL��6HUJLR�6��0�KOHQ��6DLGH�-��&DOLO��-RVp��:��0��%DVVDQL�H�$QW{QLR�$��)��4XHYHGR��

SHORV�HQVLQDPHQWRV�QHFHVViULRV�j�PLQKD�IRUPDomR�FRPR�HQJHQKHLUR�ELRPpGLFR��

� $R�FROHJD�H�SUHVWDWLYR�DPLJR�-RDTXLP�0LJXHO�0DLD��SHORV�SDFLHQWHV�HVFODUHFLPHQWRV��

� ¬V�IXQFLRQiULDV�GD�6HFUHWDULD�GH�3yV�*UDGXDomR�H�DRV�IXQFLRQiULRV�GD�6HFUHWDULD�GH�*UDGXDomR�

SHOR�SURQWR�DWHQGLPHQWR�jV�PLQKDV�VROLFLWDo}HV��

� $RV� FROHJDV� GD� SyV�JUDGXDomR�� -RUJH�$QGUp��0DUGHQ�/RSHV��5LFDUGR�'DQWDV��(GXDUGR� -RUJH��

0DXULFLR�'XDUWH��9DOpULD�0RQWHLUR�� 6DQGUR� )HUUD]��1LYDOGR� -XQLRU��%HDWUL]�&DUYDOKR� H�/~FLR�%ULWR��

SHODV�LGpLDV�H�LGHDLV�FRPSDUWLOKDGRV��

� $RV�H[�FROHJDV��PDV�HWHUQRV�DPLJRV��GD�WXUPD�GH�JUDGXDomR�((����TXH�FRQWLQXDP�SUHVHQWHV�QRV�

PRPHQWRV�PDLV�LPSRUWDQWHV�GD�PLQKD�YLGD�QD�FLGDGH�GH�&DPSLQDV��

� $RV� PHXV� SDLV� SRU� SURYHUHP�PLQKDV� QHFHVVLGDGHV� DOpP� GR� TXH� D� DJrQFLD� GH� ILQDQFLDPHQWR�

RIHUHFHX��H�SRU�FULDUHP�DV�EDVHV�GH�WXGR�R�TXH�FRQVWUXt�DWp�R�SUHVHQWH��

� $RV�PHXV�LUPmRV��+\DP�H�+D\VODP��SHOD�FRPSDQKLD�H�SHOR�LQFHQWLYR��

� (�QRYDPHQWH��DR�3URI��(GXDUGR��QmR�PDLV�QD�FRQGLomR�GH�RULHQWDGRU��PDV�GH�DPLJR�H�PHVWUH��

TXH�HVFODUHFHX��IRL�H[HPSOR�GH�FRPSRUWDPHQWR�SHVVRDO�H�SURILVVLRQDO��RIHUHFHX�DV�PHOKRUHV�FRQGLo}HV�

GH� WUDEDOKR� H� XP� UHODFLRQDPHQWR� SHVVRDO� LQLJXDOiYHO�� LQFHQWLYDQGR� H� PRWLYDQGR� D� PLQKD� FDUUHLUD�

SURILVVLRQDO�H�DFDGrPLFD��DOpP�GH�DMXGDU�D�HVFUHYHU�RV�DJUDGHFLPHQWRV��
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5HVXPRBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB L�
$EVWUDFW BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB LL�
$JUDGHFLPHQWR BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB LY�
6XPiULR BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Y�
/LVWD�GH�)LJXUDV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB YL�
��� ,QWURGXomRBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
��� )XQGDPHQWRV�7HyULFRV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

����±�,QWHJUDO�GH�6XSHUItFLH�GH�5D\OHLJK BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������±�$�6ROXomR�GH�=HPDQHNBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������±�$�6ROXomR�GH�7XSKROPH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������±�$�6ROXomR�GH�6WHSDQLVKHQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�2�&DPSR�$F~VWLFR BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�2�(VSHFWUR�GH�'LUHWLYLGDGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���

��� 0DWHULDO�H�0pWRGRVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�6LPXODomR�&RPSXWDFLRQDOBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
������±�0pWRGR�3RQWXDO BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
��������±�$�6ROXomR�GH�=HPDQHN BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
��������±�$�6ROXomR�GH�6WHSDQLVKHQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
������±�0pWRGR�GR�(VSHFWUR�GH�'LUHWLYLGDGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�7UDQVGXWRUHV�$QDOLVDGRV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�+LGURIRQHV�3RQWXDLV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�7DQTXH�GH�(QVDLRV�$F~VWLFRV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�3RVLFLRQDPHQWR�7ULGLPHQVLRQDO BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�2�3URJUDPD�GH�&RQWUROH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�+LGURIRQH�GH�/DUJD�ÈUHD�$WLYDBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�0DSHDPHQWR�$QJXODU BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���

��� 7HVWHV�H�5HVXOWDGRVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�6LPXODomR�3RQWXDO�GH�&DPSR�$F~VWLFR BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
������±�2�0RGHOR�GH�=HPDQHN BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
������±�2�0RGHOR�GH�6WHSDQLVKHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�0DSHDPHQWR�3RQWXDO�GH�&DPSR�$F~VWLFR BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�6LPXODomR�GH�&DPSR�$F~VWLFR�SHOR�(VSHFWUR�GH�GLUHWLYLGDGH BBBBBBBBBBBBBBBBBB ���
����±�0DSHDPHQWR�$QJXODU�GH�&DPSR�$F~VWLFR BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
����±�5HWURSURSDJDomR�GH�3XOVRV�0DSHDGRV�SHOR�(VSHFWUR�GH�'LUHWLYLGDGH BBBBBBBBBBBB ���

��� 'LVFXVVmR�H�&RQFOXVmR BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
��� %LEOLRJUDILDBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�
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�
)LJXUD������*HRPHWULD�GH�XP�SLVWmR�SODQR�GH�IRUPD�DUELWUiULD�H�VLVWHPD�GH�FRRUGHQDGDV�SDUD�

LQWHJUDO�GH�5D\OHLJK�� � ���

)LJXUD������6LVWHPD�GH�&RRUGHQDGDV�HVIpULFDV��$GDSWDGR�GH�=HPDQHN�������� ���

)LJXUD������*HRPHWULD�SDUD�R�FiOFXOR�GR�SRWHQFLDO�YHORFLGDGH��$GDSWDGR�GH�7XSKROPH�������� ���

)LJXUD�������D��5HSUHVHQWDomR�XVXDO�GR�OLPLWH�HQWUH�FDPSR�SUy[LPR�H�FDPSR�GLVWDQWH��
�E��9DULDomR�GD�LQWHQVLGDGH�GD�SUHVVmR�DR�ORQJR�GR�HL[R�GR�WUDQVGXWRU�FLUFXODU��

� $GDSWDGR�GH�0DLD�������� � ���

)LJXUD������7HOD�SULQFLSDO�GR�SURJUDPD�6LP86�� � ���

)LJXUD������*HRPHWULD�XVDGD�SDUD�FDOFXODU�D�UHVSRVWD�DR�LPSXOVR�QR�SRQWR�4��

� $GDSWDGR�GH�&RVWD�������� � ���

)LJXUD������*HRPHWULD�XVDGD�SDUD�XP�WUDQVGXWRU�FLUFXODU��$GDSWDGR�GH�&RVWD�������� ���

)LJXUD������6LVWHPD�GH�FRRUGHQDGDV�H�SODQR�GH�SURMHomR�� ���

)LJXUD������'LDJUDPD�HVTXHPiWLFR�GR�PpWRGR�GH�VLPXODomR�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH�� ���

)LJXUD������3XOVR�LPHGLDWDPHQWH�DSyV�D�IDFH�GR�WUDQVGXWRU��7[��QR�LQVWDQWH�W� ���� ���

)LJXUD������)RUPD�GH�RQGD�GR�SXOVR�XVDGD�QDV�VLPXODo}HV��
$PSOLWXGH�QRUPDOL]DGD�[�SRVLomR��PP��� ���

)LJXUD������3URMHomR�GD�IDFH�GH�XP�WUDQVGXWRU�FLUFXODU��$OWXUD�����[�3RVLomR�DR�ORQJR�GR�
HL[R�[��PP��� � ���

)LJXUD������5HSUHVHQWDomR�GD�JHRPHWULD�GR�WUDQVGXWRU�HP�XPD�PDWUL]���D��3RODUL]DomR�
XQLIRUPH��E��3RODUL]DomR�PDLV�LQWHQVD�QR�FHQWUR��DSRGL]DGR��� ���

)LJXUD�������3XOVR�LQLFLDO�FRUUHVSRQGHQGR�j�UHJLmR�LPHGLDWDPHQWH�DSyV�D�IDFH�GR�WUDQVGXWRU�� ���

)LJXUD�������7UDQVGXWRUHV�FLUFXODUHV�SODQRV�FRQYHQFLRQDLV�FRQVWUXtGRV�QR�/86�'(%�&(%�� ���

)LJXUD�������7UDQVGXWRUHV�FLUFXODUHV�SODQRV�DSRGL]DGRV�FRQVWUXtGRV�QR�/86�'(%�&(%�� ���

)LJXUD�������+LGURIRQHV�SRQWXDLV�� � ���

)LJXUD�������(VTXHPD�GH�OLJDomR�GRV�HTXLSDPHQWRV�SDUD�PDSHDPHQWR�GH�WUDQVGXWRUHV�
GR�/86�'(%�&(%�� � ���

)LJXUD�������7DQTXH�GH�HQVDLRV�DF~VWLFRV�GR�/86�'(%�&(%�� ���

)LJXUD�������+LGURIRQH�SRQWXDO�SRVLFLRQDGR�j�IUHQWH�GR�WUDQVGXWRU�FXMR�FDPSR�VHUi�PDSHDGR�� ���

)LJXUD�������9DUUHGXUD�QR�SODQR�;�=�SDUD�PDSHDPHQWR�SRQWR�D�SRQWR�� ���

)LJXUD�������6LVWHPD�GH�HL[RV�PRYLPHQWDGRV�SRU�PRWRUHV�GH�SDVVR�SDUD�SRVLFLRQDPHQWR�
;�<�=�GRV�WUDQVGXWRUHV�� � ���

)LJXUD�������7HOD�GR�SURJUDPD�GH�FRQWUROH�GR�VLVWHPD�GH�SRVLFLRQDPHQWR�;�<�=�
GR�/86�'(%�&(%�� � ���
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)LJXUD�������+LGURIRQH�GH�ODUJD�iUHD�DWLYD��/$+���D��YLVWD�IURQWDO�E��YLVWD�WUDVHLUD�� ���

)LJXUD�������3RVLFLRQDPHQWR�GR�+LGURIRQH�GH�/DUJD�ÈUHD�$WLYD��/$+��j�IUHQWH�
GR�WUDQVGXWRU�� � ���

)LJXUD�������'LDJUDPD�HVTXHPiWLFR�SDUD�PHGLomR�GR�HVSHFWUR�GH�GLUHWLYLGDGH�� ���

)LJXUD�������7HOD�GR�SURJUDPD�GH�FRQWUROH�GR�VLVWHPD�GH�SRVLFLRQDPHQWR�DQJXODU�
GR�/86�'(%�&(%�� � ���

)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�FRP�GLkPHWUR�
GH������PP�H[FLWDGR�D���0+]�±�YLVmR�GR�SODQR�[�]�� ���

)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�FRP�GLkPHWUR�
GH������PP�H[FLWDGR�D���0+]�±�YLVmR�GRV�WUrV�HL[RV�[�]�S�� ���

)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�FRP�GLkPHWUR�
GH����PP�H[FLWDGR�D���0+]�±�YLVmR�GR�SODQR�[�]�� ���

)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�FRP�GLkPHWUR�
GH����PP�H[FLWDGR�D���0+]�±�YLVmR�GRV�WUrV�HL[RV�[�]�S�� ���

)LJXUD������)XQomR�5HVSRVWD�DR�,PSXOVR�K�U�W��SDUD�\�U� ���� ���

)LJXUD������)XQomR�5HVSRVWD�DR�,PSXOVR�K�U�W��SDUD�\�U� ������ ���

)LJXUD������)XQomR�5HVSRVWD�DR�,PSXOVR�K�U�W��SDUD�\�U� ������ ���

)LJXUD������)XQomR�5HVSRVWD�DR�,PSXOVR�K�U�W��SDUD�\�U� ������ ���

)LJXUD������)XQomR�5HVSRVWD�DR�,PSXOVR�K�U�W��SDUD�\�U� ������ ���

)LJXUD�������)XQomR�5HVSRVWD�DR�,PSXOVR�K�U�W��SDUD�\�U� ������ ���

)LJXUD�������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�FRP�GLkPHWUR�
GH������PP�H[FLWDGR�D���0+]�±�YLVmR�GR�SODQR�[�]�� ���

)LJXUD�������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�FRP�GLkPHWUR�
GH������PP�H[FLWDGR�D���0+]�±�YLVmR�GRV�WUrV�HL[RV�[�]�S�� ���

)LJXUD�������6LPXODomR�GR�FDPSR�QR�HL[R�DF~VWLFR�FRP�SDVVR�GH�����PP�� ���

)LJXUD�������6LPXODomR�GR�FDPSR�QR�HL[R�DF~VWLFR�FRP�SDVVR�GH�����PP�� ���

)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU����±�SODQR�[�]�� ���

)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU����±�SODQR�[�]��YLVmR�[�]�S�� ���

)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU�����±�SODQR�[�]�� ���

)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU�����±�SODQR�[�]��YLVmR�[�]�S�� ���

)LJXUD�������3XOVRV�XOWUD�V{QLFRV�VLPXODGRV�SDUD�WUDQVGXWRU�SODQR�QmR�DSRGL]DGR��$V�ILJXUDV�
GH�VXE�tQGLFHV�³D´�DWp�³I´�FRUUHVSRQGHP�DRV�SXOVRV�D�GLIHUHQWHV�GLVWkQFLDV�GR�
WUDQVGXWRU��VHQGR�³D´�R�SXOVR�PDLV�SUy[LPR�H�³I´�R�PDLV�GLVWDQWH�� ���

)LJXUD�������3XOVRV�XOWUD�V{QLFRV�VLPXODGRV�SDUD�WUDQVGXWRU�SODQR�DSRGL]DGR��$V�ILJXUDV�GH�
VXE�tQGLFHV�³D´�DWp�³I´�FRUUHVSRQGHP�DRV�SXOVRV�D�GLIHUHQWHV�GLVWkQFLDV�GR�
WUDQVGXWRU��VHQGR�³D´�R�SXOVR�PDLV�SUy[LPR�H�³I´�R�PDLV�GLVWDQWH�� ���

)LJXUD�������0DSHDPHQWR�DQJXODU�GRV�SXOVRV�XOWUD�V{QLFRV�PRVWUDGRV�QD�IRUPD�θ�W��
D��7UDQVGXWRU�����E��7UDQVGXWRU���� � ���
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)LJXUD�������7UDQVIRUPDomR�GR�VLVWHPD�GH�FRRUGHQDGDV�θ�[�SDUD�R�VLVWHPD�[�]�� ���

)LJXUD�������'LVWULEXLomR�HVSDFLDO�GRV�SXOVRV�XOWUD�V{QLFRV�JHUDGRV�PRVWUDGRV�QD�IRUPD�[�]�� ���

)LJXUD�������(VSHFWURV�GH�GLUHWLYLGDGH�GRV�SXOVRV�XOWUD�V{QLFRV��D��7UDQVGXWRU������
E��7UDQVGXWRU�����F��6LVWHPD�GH�FRRUGHQDGDV�N[�N]�� ���

)LJXUD�������3RVLomR�GR�SXOVR�HP�UHODomR�DR�KLGURIRQH�H�DR�WUDQVGXWRU�� ���

)LJXUD�������5HWURSURSDJDomR�GH�XP�SXOVR�XOWUD�V{QLFR�� ���

�
�
�
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� 2� XOWUD�VRP�� TXH� p� XPD� UDGLDomR� QmR�LRQL]DQWH�� WHP� VLGR� ODUJDPHQWH� HPSUHJDGR� HP�

HTXLSDPHQWRV�GH�LPDJHP�PpGLFD�H�GH�HQVDLRV�QmR�GHVWUXWLYRV��YLVDQGR�QmR�Vy�D�REWHQomR�GH�LPDJHQV�

GH�yUJmRV�LQWHUQRV�VHP�LQYDVmR�GRV�WHFLGRV��FRPR�WDPEpP�D�VXD�FDUDFWHUL]DomR�SRU�PHLR�GH�DQiOLVH�GD�

LQWHUDomR�GDV� RQGDV�XOWUD�V{QLFDV� FRP�RV�GLIHUHQWHV�PHLRV� HP�TXH� HODV� VH� SURSDJDP��2�FRUDomR�GRV�

HTXLSDPHQWRV�GH�XOWUD�VRP�p�R�WUDQVGXWRU��TXH�SRGH�VHU�XP�~QLFR�GLVFR�FHUkPLFR�FRP�FDUDFWHUtVWLFDV�

SLH]RHOpWULFDV�� FRPR� WDPEpP� XPD� PDWUL]� GH� HOHPHQWRV� FHUkPLFRV� HP� DUUDQMRV� HVSHFLDLV� �DUUD\�

WUDQVGXFHUV���

� 2� HQWHQGLPHQWR� GRV� SULQFtSLRV� EiVLFRV� GD� JHUDomR� GDV� RQGDV� XOWUD�V{QLFDV�� VXD� SURSDJDomR� H�

LQWHUDomR�FRP�GLIHUHQWHV�PHLRV�p�PXLWR�LPSRUWDQWH�VH�LQIRUPDomR�ILGHGLJQD�GHYH�VHU�FRQVHJXLGD�FRP�

HVWH� WLSR� GH� UDGLDomR�� $� FDUDFWHUL]DomR� GHVWHV� WUDQVGXWRUHV� p� GH� IXQGDPHQWDO� LPSRUWkQFLD� SDUD� D�

LQWHUSUHWDomR� GRV� VLQDLV� REWLGRV�� TXH� UHSUHVHQWDP� D� LQWHUDomR� GDV� RQGDV� SURGX]LGDV� SRU� HVWHV�

WUDQVGXWRUHV� FRP�RV�PHLRV� HP�TXH� VmR� SURSDJDGDV�� 3DUD� HVWD� FDUDFWHUL]DomR�� VmR�SURSRVWRV�PRGHORV�

PDWHPiWLFRV�TXH�JHUDP�R�FDPSR�FRP�VXD�GLIUDomR�LQHUHQWH��H�RV�UHVXOWDGRV�VmR�FRPSDUDGRV�FRP�RV�GR�

PDSHDPHQWR�GR�FDPSR�UHDO�JHUDGR�SHORV�WUDQVGXWRUHV��

� 2V� PRGHORV� GH� FDPSRV� XOWUD�V{QLFRV� IRUDP� EDVWDQWH� HVWXGDGRV� H� GHVFULWRV� QD� OLWHUDWXUD��

JHUDOPHQWH�PRVWUDQGR�R�FDPSR�HP�SRQWRV�HVSHFtILFRV��FRPR�VH�R�PHVPR�IRVVH�PHGLGR�FRP�KLGURIRQHV�

SRQWXDLV�� (VWH� SURFHGLPHQWR� p� ODERULRVR� H� GHPDQGD� PXLWR� WHPSR�� WDQWR� SDUD� DTXLVLomR� FRPR� SDUD�
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SURFHVVDPHQWR�GRV�VLQDLV��R�TXH�SDUHFH�WHU�PRWLYDGR�R�GHVHQYROYLPHQWR�GH�QRYDV�WpFQLFDV��GHVWDFDQGR�

VH�R�PpWRGR�GR�HVSHFWUR�GH�GLUHWLYLGDGH��/((0$1�HW�DO����������

� 1HVWH� WUDEDOKR�� IRUDP�GHVHQYROYLGDV� IHUUDPHQWDV� FRPSXWDFLRQDLV� SDUD� SHUPLWLU� D� VLPXODomR� H�

YLVXDOL]DomR�GR�FDPSR�JHUDGR�SRU�WUDQVGXWRUHV�GH�GLIHUHQWHV�IRUPDWRV��XVDQGR�WpFQLFDV�QRYDV�EDVHDGDV�

QR� XVR� GH� KLGURIRQHV� GH� ODUJD� iUHD� DWLYD� �/$+�� H� RV�PpWRGRV� WUDGLFLRQDLV� EDVHDGRV� HP� KLGURIRQHV�

SRQWXDLV�� 2� REMHWLYR� p� GHVHQYROYHU� XP� VLVWHPD� RQGH� VHMD� SRVVtYHO� SUHYHU� R� FDPSR� JHUDGR� SRU�

WUDQVGXWRUHV�GH�XOWUD�VRP�H�FRQILUPDU�HVWD�SUHYLVmR�DWUDYpV�GR�PDSHDPHQWR�GRV�VHXV�UHVSHFWLYRV�IHL[HV��

SRVVLELOLWDQGR� VXD� FDUDFWHUL]DomR� TXDQWR� j� SURIXQGLGDGH� UHODWLYD� GH� LQWHQVLGDGH� GH� FDPSR� �PpWRGR�

SRQWXDO��H�HIHLWRV�GLIUDWLYRV��PDSHDPHQWR�DQJXODU�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH���

� 2�HQWHQGLPHQWR�GHVWDV�WpFQLFDV�H�DV�SRVVLELOLGDGHV�TXH�HODV�RIHUHFHP�GH�SUHYHU�R�FDPSR�JHUDGR�

SRU�XP� WUDQVGXWRU� HP�IXQomR�GH�VXDV�FDUDFWHUtVWLFDV� �IUHT�rQFLD�GH� UHVVRQkQFLD��GLkPHWUR�H�SHUILO�GH�

SRODUL]DomR� GD� FHUkPLFD�� SRGHP� RULHQWDU� QD� FRQVWUXomR� GH� WUDQVGXWRUHV� GH� XOWUD�VRP� H� DX[LOLDU� QD�

FDUDFWHUL]DomR�GRV�PHVPRV��FRQILUPDQGR�VH�HOH�SRVVXL�DV�SURSULHGDGHV�SDUD�DV�TXDLV�IRL�SURMHWDGR��

� 1R�&DStWXOR���VmR�DSUHVHQWDGRV�RV�IXQGDPHQWRV�WHyULFRV�TXH�GHVFUHYHP�R�FDPSR�XOWUD�V{QLFR�H�

RV�PpWRGRV�SURSRVWRV�SRU�=HPDQHN��7XSKROPH��6WHSDQLVKHQ�H�/HHPDQ��SHUPLWLQGR�R�FiOFXOR�GD�SUHVVmR�

HP�TXDOTXHU�SRQWR�GR�HVSDoR�D�SDUWLU�GD�IDFH�GH�XP�WUDQVGXWRU�GH�XOWUD�VRP��

� 1R�&DStWXOR���VmR�GHVFULWDV�DV�VLPXODo}HV�FRPSXWDFLRQDLV�GR�FDPSR�XOWUD�V{QLFR�FRQIRUPH�RV�

PpWRGRV�DFLPD�PHQFLRQDGRV�H�FRPR�RV�FDPSRV�SURGX]LGRV�SRU�WUDQVGXWRUHV�UHDLV�VmR�PDSHDGRV��WDQWR�

FRP�R�PpWRGR�GH�PDSHDPHQWR�SRQWXDO�TXDQWR�R�GR�PDSHDPHQWR�DQJXODU��

� 1R�&DStWXOR���VmR�PRVWUDGRV�RV�UHVXOWDGRV�REWLGRV�TXH�VmR�HQWmR�GLVFXWLGRV�QR�&DStWXOR����
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2EMHWLYRV�

�

� 3URS}H�VH� QHVWH� WUDEDOKR� D� VLPXODomR� H� R� PDSHDPHQWR� GH� FDPSRV� JHUDGRV� SRU� WUDQVGXWRUHV�

XOWUD�V{QLFRV�XWLOL]DQGR�PpWRGRV�WUDGLFLRQDLV�H�EDVHDGRV�QRV�DVSHFWRV�WHyULFRV�H�SUiWLFRV�GRV�KLGURIRQHV�

GH�ODUJD�iUHD�DWLYD��/$+���FDUDFWHUL]DU�R�WUDQVGXWRU�D�SDUWLU�GDV�PHGLo}HV�GH�FDPSR�UHDOL]DGDV�FRP�HVWH�

WLSR�GH�KLGURIRQH�H�FRPSDUDU� DV�SRVVLELOLGDGHV�RIHUHFLGDV�SHOR�PDSHDPHQWR�DQJXODU� �TXH� ID]�XVR�GR�

/$+��FRP�R�PDSHDPHQWR�SRQWXDO��REWLGR�FRP�KLGURIRQHV�SRQWXDLV���

�
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��� )XQGDPHQWRV�7HyULFRV�
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�

� 1HVWH�FDStWXOR�VmR�DSUHVHQWDGRV�RV�IXQGDPHQWRV�WHyULFRV�GDV�RQGDV�DF~VWLFDV�H�VXD�SURSDJDomR��

EHP�FRPR�PRGHORV�SDUD�VLPXODomR�GHVWDV�YLEUDo}HV�HP�FRPSXWDGRU��SDUWLQGR�GD�LQWHJUDO�GH�VXSHUItFLH�

GH�5D\OHLJK��

����±�,QWHJUDO�GH�6XSHUItFLH�GH�5D\OHLJK�

� 8PD�GDV�SULPHLUDV�LQYHVWLJDo}HV�VREUH�D�SHUWXUEDomR�DF~VWLFD�FDXVDGD�SHOR�PRYLPHQWR�GH�XP�

SLVWmR� DFRSODGR� D� XP� DQWHSDUR� UtJLGR�� HP�PHLR� IOXLGR� GH� H[WHQVmR� VHPL�LQILQLWD�� IRL� FRQGX]LGD� SRU�

5D\OHLJK�QR�VpFXOR�;,;��6HXV�HVWXGRV�DSOLFDYDP�VH�jV�RVFLODo}HV�KDUP{QLFDV�GH�XP�SLVWmR�GH�IRUPD�

DUELWUiULD�� $SyV� 5D\OHLJK�� PXLWRV� DXWRUHV� VH� GHGLFDUDP� DR� HVWXGR� GR� ³SUREOHPD� GR� SLVWmR� UtJLGR´��

VHQGR�TXH�D�PDLRU�SDUWH�GD� OLWHUDWXUD� VREUH�R�DVVXQWR�p�GHGLFDGD� D�SLVW}HV�FLUFXODUHV�FXMDV�SHTXHQDV�

RVFLODo}HV�VmR�KDUP{QLFDV��783+2/0(���������

� $� LQWHJUDO� GH� 5D\OHLJK�� PRVWUDGD� QD� HTXDomR� ����� GHILQH� R� SRWHQFLDO� YHORFLGDGH� FRPR� XPD�

IXQomR� GR� WHPSR� H� GR� HVSDoR�� H� p� FRQKHFLGD� QR� GRPtQLR� GR� WHPSR� H� GD� IUHT�rQFLD�� VHQGR� VXD�

WUDQVIRUPDGD�GH�/DSODFH�PRVWUDGD�QD�HTXDomR������
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� $V� HTXDo}HV� ���� H� ���� H[SUHVVDP� R� SRWHQFLDO� YHORFLGDGH� SDUD� XP� SRQWR� 3� SURGX]LGR� SHOR�

PRYLPHQWR�GH�XP�SLVWmR��RQGH�YQ�p�D�YHORFLGDGH�GD�IDFH�GR�SLVWmR�QR�WHPSR�H�9Q�VXD�WUDQVRIRUPDGD�GH�

/D� 3ODFH�� VHQGR� D� IRUPD� GHVWH� SLVWmR� GHILQLGD� SRU� XPD� VXSHUItFLH� � ORFDOL]DGD� QR� SODQR� ]�  � ��

�5$</(,*+���������FRPR�PRVWUD�D�)LJXUD������(VWDV�HTXDo}HV�����H�����YDOHP�SDUD�UDGLDomR�DF~VWLFD�

HP�XP�PHLR� LVRWUySLFR�� KRPRJrQHR� H� VHP�SHUGDV�� FXMD� YHORFLGDGH�GH�SURSDJDomR�GR� VRP� VHMD�F��2�

SLVWmR�VH�PRYH�QD�GLUHomR�QRUPDO�DR�SODQR��H�VXD�YHORFLGDGH�p�GHVFULWD�SHOD�IXQomR� ( )WUYQ ��
G

�RX�SRU�VXD�

WUDQVIRUPDGD�GH�/DSODFH� ( )� �Q9 U Mω
G

��

�
)LJXUD�������*HRPHWULD�GH�XP�SLVWmR�SODQR�GH�IRUPD�DUELWUiULD�

H�VLVWHPD�GH�FRRUGHQDGDV�SDUD�LQWHJUDO�GH�5D\OHLJK��
�

� &RQKHFLGR�R�SRWHQFLDO�YHORFLGDGH��D�SUHVVmR� ��� WUS
G

�SRGH�VHU�REWLGD�SHOD�UHODomR�GD�HTXDomR�����

������ WU
W

WUS
GG

φρ
∂
∂

= �� � � � � � ������

RQGH�ρ�p�D�GHQVLGDGH�GR�PHLR��

� )LVLFDPHQWH��D�LQWHJUDO�GH�5D\OHLJK�p�XPD�DSOLFDomR�GR�SULQFtSLR�GH�+X\JHQV��GHPRQVWUDGD�SRU�

)UHVQHO�� D� TXDO� GHWHUPLQD� TXH� FDGD� SRQWR� GD� VXSHUItFLH� RVFLODWyULD� SRGH� VHU� FRQVLGHUDGR� FRPR� XPD�

IRQWH�GH� UDGLDomR� �DF~VWLFD��TXH�VH�SURSDJD�HP� WRGDV�DV�GLUHo}HV��H�R�FDPSR�HP�XP�SRQWR�TXDOTXHU�
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SRGH�VHU�REWLGR�SHOD�VXSHUSRVLomR�GDV�RQGDV�SURYHQLHQWHV�GH�WRGDV�DV�IRQWHV��2�FRQFHLWR�GH�+X\JHQV�

)UHVQHO� IRL� IRUPXODGR�DQDOLWLFDPHQWH�SRU�+HOPKROW]�H�.LUFKKRII��H�D� LQWHJUDO�GH�5D\OHLJK�p�XP�FDVR�

HVSHFLDO�GD�VROXomR�GH�+HOPKROW]�.LUFKKRII�QD�TXDO�D�IRQWH�GH�UDGLDomR�p�SODQD��+$55,6���������

� $OpP� GH�5D\OHLJK�� RXWURV� DXWRUHV� IRUQHFHUDP� VROXo}HV� DOWHUQDWLYDV� SDUD� R� FiOFXOR� GR� FDPSR�

JHUDGR� SRU� RVFLODo}HV� KDUP{QLFDV� JHUDGDV� SHOR� PRGHOR� GH� XP� SLVWmR� IL[R� HP� XP� DQWHSDUR� UtJLGR��

'HQWUH�HOHV��GHVWDFDP�VH�.LQJ��TXH�DSUHVHQWRX�VHX�WUDEDOKR�HP�������H�6FKRFK��TXH�SXEOLFRX�HP������

�+$55,6�� ������� (VWH� PRGHOR� GR� SLVWmR� IL[R� HP� XP� DQWHSDUR� UtJLGR� WHP� VLGR� XVDGR� FRPR� XPD�

DSUR[LPDomR�YiOLGD�SDUD�GHVFUHYHU�R�FRPSRUWDPHQWR�GH�XP�WUDQVGXWRU�GH�XOWUD�VRP��

� $V� HTXDo}HV� ���� H� ���� VmR� VROXo}HV� JHQpULFDV� SDUD� R� SRWHQFLDO� YHORFLGDGH� H� SDUD� D� SUHVVmR�

DF~VWLFD�� UHVSHFWLYDPHQWH�� DSOLFiYHLV� D� TXDOTXHU� JHRPHWULD� GH� SLVWmR�� 1DV� VHo}HV� VHJXLQWHV� VmR�

DSUHVHQWDGDV� VROXo}HV� FRP� VLPSOLILFDo}HV� HVSHFtILFDV� SDUD� JHRPHWULDV� FLUFXODUHV�� DV� TXDLV� VmR� PDLV�

DPSODPHQWH�GLVFXWLGDV�QD�OLWHUDWXUD��

�

������±�$�6ROXomR�GH�=HPDQHN�

� 2�FDPSR�XOWUD�V{QLFR�SURGX]LGR�SRU�WUDQVGXWRUHV�GH�YDULDGDV�IRUPDV�p�HVWXGDGR��QRUPDOPHQWH��

FRQVLGHUDQGR� HVWHV� WUDQVGXWRUHV� FRPR� D� iUHD� GH� XPD� FXUYD� IHFKDGD� H� YLEUDQGR� VREUH� XP� DQWHSDUR�

UtJLGR��'H�PRGR�JHUDO��DVVXPH�VH�TXH�D�iUHD�GR�WUDQVGXWRU�p�DQiORJD�D�XP�SLVWmR��RX�VHMD��WRGD�D�IDFH�

PRYH� XQLIRUPHPHQWH�� $VVLP�� p� SRVVtYHO� SUHYHU� R� FDPSR� GH� SUHVVmR� TXH� VH� SURSDJD� D� SDUWLU� GHVWH�

SLVWmR��WDQWR�SDUD�R�FDVR�GH�RQGDV�FRQWtQXDV�TXDQWR�SDUD�RQGDV�SXOVDGDV��&267$���������$�DERUGDJHP�

GH�=HPDQHN��������p�UHVWULWD�D�FDPSRV�GH�RQGDV�FRQWtQXDV��

� 3RU�TXHVW}HV�GH�RUGHP�SUiWLFD��SUHVVXS}H�VH�TXH�DV�RVFLODo}HV�VmR�GH�SHTXHQD�DPSOLWXGH�H�TXH�R�

PHLR� p� KRPRJrQHR� H� VHP� SHUGDV�� $� SDUWLU� GD� LQWHJUDO� GH� 5D\OHLJK� �HTXDomR� ����� TXH� GHWHUPLQD� R�

SRWHQFLDO� YHORFLGDGH�φ�� GD� VXD� UHODomR� �HTXDomR� ����� FRP�D� SUHVVmR� DF~VWLFD�S� H� GHILQLQGR� D� IXQomR�

YHORFLGDGH� GR� SLVWmR� � � �QY U W
G

�� p� SRVVtYHO� FDOFXODU� D� SUHVVmR� HP� TXDOTXHU� SRQWR� GR� FDPSR� DF~VWLFR�
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JHUDGR� SHOD� RVFLODomR� GR� SLVWmR�� $� SULQFLSDO� VLPSOLILFDomR� GHVWH� PpWRGR� p� FRQVLGHUDU� XQLIRUPH� R�

PRYLPHQWR�GD�IDFH�GR�SLVWmR��R�TXH�WRUQD�D�YHORFLGDGH�GD�IDFH�XPD�IXQomR�LQGHSHQGHQWH�GD�SRVLomR��RX�

VHMD�� D� IXQomR� � � �QY U W
G

� p� VLPSOLILFDGD�SDUD�YQ�W��� H�TXH�HVWD� IXQomR�p� VHQRLGDO� �HTXDomR������QD� IRUPD�

H[SRQHQFLDO���FRUUHVSRQGHQGR�DR�PRYLPHQWR�KDUP{QLFR�VLPSOHV���

�� � H[S� �QY W X L Wω= �� � � � � � ������

RQGH�X��p�D�Pi[LPD�DPSOLWXGH�GH�GHVORFDPHQWR��

�

� 6XEVWLWXLQGR� HVWD� IXQomR� YHORFLGDGH� QD� HTXDomR� ����� REWpP�VH� R� SRWHQFLDO� YHORFLGDGH� FRPR�

IXQomR�GR�WHPSR�H�GD�SRVLomR� U
G
�QR�FDPSR��FRPR�PRVWUDGR�QD�HTXDomR�������

( ) [ ]

[ ]

�

�

H[S � � �
�

�

H[S � �
����������

�

6

6

X L W 5 F
U W G6

5

L W N5X
G6

5

ω
φ

π

ω
π

−
=

−
=

∫

∫

G

�� � � � ������

RQGH�N� �ω���F�p�FRQKHFLGR�FRPR�Q~PHUR�GH�RQGD��
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LPDJHQV�D�VHUHP�JUDYDGDV��H� VH�D�VLPXODomR�VHUi�PRVWUDGD�HQTXDQWR�RV�GDGRV�VmR�SURFHVVDGRV�RX�VH�

DSHQDV�QR�ILQDO� �SDUD�DFHOHUDU�R�SURFHVVDPHQWR���$� WHOD�SULQFLSDO�GR�SURJUDPD�FRUUHVSRQGH�j�HQWUDGD�

GRV� SDUkPHWURV� GH� VLPXODomR�� VHQGR� HOHV� R� SODQR� D� VHU� VLPXODGR�� DV� GLPHQV}HV� GHVWH� SODQR� �HP�
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� 4XDQGR� VH� GHVHMD� UHDOL]DU� XPD� VHT�rQFLD� GH� VLPXODo}HV�� FRP� WUDQVGXWRUHV� GH� YDULDGDV�

FRQILJXUDo}HV��HVWD�LQWHUIDFH�p�SRXFR�SUiWLFD��)RL�HODERUDGD��HQWmR��XPD�QRYD�LQWHUIDFH�SDUD�D�FKDPDGD�
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� 1RV� H[HPSORV�PRVWUDGRV� QD� 7DEHOD� ��� D�PDWUL]� $�� p� GHILQLGD� DXWRPDWLFDPHQWH� FRPR� VHQGR�

ELGLPHQVLRQDO�H�UHFHEH�RV�YDORUHV�FRUUHVSRQGHQWHV�j�SUHVVmR�GR�FDPSR�QR�SODQR�;=��GLPB[� ����PP��

GLPB]� �����PP���QD�SRVLomR�<� ����GLPB\� �����1R�HL[R�;��R�SDVVR��GLVWkQFLD�HQWUH�XP�HOHPHQWR�GD�
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;=�p�QHFHVViULR�GHILQLU�TXH�QmR�Ki�GHVORFDPHQWR�QR�HL[R�<��G\� �����2�VHJXQGR�H[HPSOR�DUPD]HQD�HP�

XPD� PDWUL]� $�� XP� SODQR� ;=� �G\�  � ���� SRUpP�� QHVWH� FDVR�� R� SODQR� HVWi� QD� SRVLomR� <�  � ��� PP�

�GLPB\� ������1R�WHUFHLUR�H[HPSOR��D�YDULiYHO�$��p�GHILQLGD�FRPR�XP�YHWRU�XQLGLPHQVLRQDO�TXH�UHFHEH�

RV� YDORUHV� GR� FDPSR� VLPXODGR� DR� ORQJR� GR� HL[R� =� �G[�  � G\�  � ���� QRUPDO� DR� FHQWUR� GR� WUDQVGXWRU�
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� &RQKHFLGD�D�IXQomR�GH�UHVSRVWD�DR�LPSXOVR� � � �K U W
G

��p�QHFHVViULR�GHILQLU�D�IXQomR�YHORFLGDGH�GH�

PRYLPHQWDomR�GD�IDFH�GR�SLVWmR�H�FDOFXODU�VXD�GHULYDGD� � �QY W� ��$�FRQYROXomR�HQWUH�HVWDV�GXDV�IXQo}HV�

PXOWLSOLFDGD�SHOD�GHQVLGDGH�GR�PHLR�IRUQHFH�D�YDULDomR�GD�SUHVVmR�QR�SRQWR�4��

� $� LPSOHPHQWDomR� FRPSXWDFLRQDO� GHVWH� PRGHOR� IRL� IHLWD� QR� PHVPR� DPELHQWH� GH� VLPXODomR�

XWLOL]DGR� SDUD� R� PRGHOR� GH� H[FLWDomR� FRQWtQXD�� R� VLVWHPD� ³2FWDYH´�� )RL� HODERUDGD� XPD� URWLQD� TXH�

UHFHEH�FRPR�SDUkPHWURV�D�SRVLomR�GR�SRQWR�QR�TXDO�VH�GHVHMD�FDOFXODU�D�IXQomR�GH�UHVSRVWD�DR�LPSXOVR�

H� R� UDLR� GR� WUDQVGXWRU�� H� HVWD� URWLQD� UHWRUQD� XP� YHWRU� FRQWHQGR� RV� YDORUHV� GD� IXQomR� � � �K U W
G

� SDUD�

LQVWDQWHV�GH� WHPSR�SUp�GHILQLGRV��&RP�HVWD�DERUGDJHP��p�SRVVtYHO�YLVXDOL]DU�D�IXQomR�GH�UHVSRVWD�DR�

LPSXOVR� HP� TXDOTXHU� SRQWR�� RX� FULDU� VHT�rQFLDV� GH� SURFHGLPHQWRV� �VFULSWV�� TXH� DOWHUHP�

DXWRPDWLFDPHQWH�D�SRVLomR�D� VHU�FDOFXODGD�SHUPLWLQGR�VLPXODU�XP�SODQR��2�VLVWHPD�³2FWDYH´�SRVVXL�

IXQo}HV�SUp�GHILQLGDV�SDUD�HIHWXDU�D�FRQYROXomR�QXPHULFDPHQWH��

�

������±�0pWRGR�GR�(VSHFWUR�GH�'LUHWLYLGDGH�

� $�SDUWLU�GD�HTXDomR�������YLGH�&DStWXOR�����GHVFULWD�QR�PRGHOR�TXH�UHSUHVHQWD�XP�SXOVR�XOWUD�

V{QLFR�D�SDUWLU�GR�VHX�HVSHFWUR�GH�GLUHWLYLGDGH��p�SRVVtYHO�HVWDEHOHFHU�XPD�VHT�rQFLD�GH�SURFHGLPHQWRV�

SDUD�D�VLPXODomR�SRU�FRPSXWDGRU�GH�XP�SXOVR�XOWUD�V{QLFR��1R�HQWDQWR��p�LQWHUHVVDQWH�DFUHVFHQWDU�GRLV�

RXWURV�HOHPHQWRV��R�IDWRU�GH�GHVORFDPHQWR�H�R�RSHUDGRU�SDUD�SURMHomR�GR�SXOVR�HP�XP�SODQR��

�

2�)DWRU�GH�'HVORFDPHQWR�

� 2�IDWRU�GH�GHVORFDPHQWR�GHILQH�HP�TXDO�SRVLomR�GR�HVSDoR�WHPSR�R�SXOVR�XOWUD�V{QLFR��TXH�VH�

SURSDJD��VHUi�UHFRQVWUXtGR��D�SDUWLU�GR�VHX�HVSHFWUR�GH�GLUHWLYLGDGH��VHQGR�HVWH�IDWRU�XPD�FRQVHT�rQFLD�

GD� SURSULHGDGH� GH� WUDQVODomR� QR� WHPSR�IUHT�rQFLD� GD� WUDQVIRUPDGD� GH� )RXULHU�� RQGH�

� �^ � �` � � H[S� �)7 J [ [ * L [ω ω− = − �H� �
� �^ � � H[S� �` � �)7 * L [ J [ [ω ω− − = − ��$VVLP��D�HTXDomR������SRGH�

VHU�UHHVFULWD�GH�PRGR�D�HYLGHQFLDU�R�IDWRU�GH�GHVORFDPHQWR��FRPR�PRVWUDGR�QD�HTXDomR�������



�

���

�
�

�
�

�
� � � � �H[S� > @�

�� �

�
���������� � � H[S� �H[S� �

�� �

S U W ' N L N U W GN

' N LN U L W GN

ω
π

ω
π

= −

= −

∫∫∫

∫∫∫

G GG G
<

G G G
<

� � �������

� 1D� HTXDomR�������ω� p� D� IUHT�rQFLD� HVSDFLDO�� H� HVWi� UHODFLRQDGD� FRP�R�PyGXOR�GR�Q~PHUR�GH�

RQGD�N� SHOD� YHORFLGDGH� GH� SURSDJDomR� F�� VHQGR� F Nω =
G

��&RQVLGHUDQGR�XP�GHWHUPLQDGR� LQVWDQWH� GH�

WHPSR�W�!����D�RQGD�SHUFRUUHX�XPD�GLVWkQFLD�/� �F⋅W��6XEVWLWXLQGR�HVWDV�JUDQGH]DV�QD�HTXDomR�������p�
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G
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� 1HVWH�FDVR��R�WHUPR� � � � H[S� � H[S� �'I N / L N / LN/= − = −
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p�GHQRPLQDGR�IDWRU�GH�GHVORFDPHQWR��H�

HVWi�GHILQLGR�SDUD�R�HVSDoR� � � � �[ \ ]N N N N=
G
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� &RQFHLWXDOPHQWH�� SRGH�VH� HQWHQGHU� TXH� D� HTXDomR� �����PRVWUD� FRPR� p� SRVVtYHO� UHFRQVWUXLU� R�

SXOVR�QR�LQVWDQWH�GH�WHPSR�W�RX�DSyV�HVWH�VHU�GHVORFDGR�GH�XPD�GLVWkQFLD�/��1R�PpWRGR�DTXL�DERUGDGR��

D�VHJXQGD�QRWDomR�p�PDLV�FRQYHQLHQWH��FRPR�VHUi�PRVWUDGR�DGLDQWH��

�

3URMHomR�GR�3XOVR�

� 1R�PRGHOR�PRVWUDGR�QDV�VHo}HV�DQWHULRUHV�SDUD�UHSUHVHQWDU�R�FDPSR�DF~VWLFR�HP�IXQomR�GR�VHX�

HVSHFWUR� GH� GLUHWLYLGDGH�� D� UHFRQVWUXomR� GR� SXOVR� H� R� FiOFXOR� GR� HVSHFWUR� GH� GLUHWLYLGDGH� IRL�

DSUHVHQWDGR�� EDVLFDPHQWH�� FRPR� XPD� WUDQVIRUPDGD� WULGLPHQVLRQDO� GH� )RXULHU�� (VWD� RSHUDomR� �� D�
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WUDQVIRUPDGD� GH� )RXULHU� ±� p� FRQKHFLGD� H� H[LVWHP� YDULDGDV� DOWHUQDWLYDV� SDUD� LPSOHPHQWi�OD�

FRPSXWDFLRQDOPHQWH�� 1R� HQWDQWR�� WUDEDOKDU� FRP� D� UHSUHVHQWDomR� WULGLPHQVLRQDO� GH� XP� SXOVR� XOWUD�

V{QLFR�GLILFXOWD�VXD�YLVXDOL]DomR���LPDJLQH�YLVXDOL]DU�D�UHJLmR�FHQWUDO�GH�XPD�PDWUL]�GH�WUrV�GLPHQV}HV��

XP� FXER�� RQGH� D� UHJLmR� SHULIpULFD� VREUHS}H�VH� j� UHJLmR� FRP� D� LQIRUPDomR� GHVHMDGD�� $OpP� GD�

YLVXDOL]DomR�� R� SURFHVVDPHQWR� WULGLPHQVLRQDO� GRV� GDGRV� OHYDULD� HP� FRQWD� FHQWHQDV� GH� SODQRV�

�GHSHQGHQGR� GD� UHVROXomR� GHVHMDGD��� VHQGR� TXH� RV� PpWRGRV� FRQYHQFLRQDLV� VLPXODP� H� ID]HP� R�

PDSHDPHQWR�GH�DSHQDV�XP�SODQR��&RP�R�SURSyVLWR�GH�VLPSOLILFDU�R�SURFHVVDPHQWR�H�D�YLVXDOL]DomR��

/HHPDQ�H�FRODERUDGRUHV��������PRVWUDUDP�TXH�p�SRVVtYHO�DSOLFDU�R�PpWRGR�GR�HVSHFWUR�GH�GLUHWLYLGDGH�

HP�XP�~QLFR�SODQR��GXDV�GLPHQV}HV��HP�YH]�GH�WUrV��TXH�VLQWHWL]H�D�LQIRUPDomR�WULGLPHQVLRQDO��RX�VHMD��

XP�SODQR�TXH�FRQWHQKD�D�SURMHomR�GR�SXOVR�XOWUD�V{QLFR��

� $�ILP�GH�WRUQDU�R�HTXDFLRQDPHQWR�PDLV�FODUR��D�IXQomR� � � �S U W
G

�QD�TXDO� � � � �U [ \ ]=
G

�VHUi�HVFULWD�

FRPR� � � � � �S [ \ ] W �� $QDORJDPHQWH�� D� IXQomR� � �' N
G

� VHUi� UHHVFULWD� FRPR� '�N[��N\��N]��� &RQVLGHUH� D�

SURMHomR�3�[�]��GD�GLVWULEXLomR�HVSDFLDO�GH�XP�SXOVR�XOWUD�V{QLFR�QR�LQVWDQWH�GH�WHPSR�W� ���H�QR�SODQR�

�[�]��FRPR�PRVWUDGR�QD�)LJXUD������

�

�
)LJXUD������6LVWHPD�GH�FRRUGHQDGDV�H�SODQR�GH�SURMHomR��
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� $�SURMHomR�3�[�]��SRGH�VHU�REWLGD�D�SDUWLU�GD�H[SUHVVmR�TXH�GHILQH�R�SXOVR�S�[�\�]�W��QR�LQVWDQWH�

GH�WHPSR�W� ���FRPR�PRVWUDGR�QD�HTXDomR�������RQGH� { }�
� � ��� �[ ])7 ' N N− �FRUUHVSRQGH�j�WUDQVIRUPDGD�

LQYHUVD�ELGLPHQVLRQDO�GH�)RXULHU�GR�HVSHFWUR�GH�GLUHWLYLGDGH�GR�SXOVR�QR�SODQR��N[�N]���2X�VHMD��/HHPDQ�

H� FRODERUDGRUHV� �������PRVWUDUDP�TXH� D� SURMHomR�3�[�]�� GD� GLVWULEXLomR� HVSDFLDO� GH� XP�SXOVR� XOWUD�

V{QLFR�HP�XP�SODQR���[�]��QHVWH�FDVR��HVWi�UHODFLRQDGD�FRP�R�HVSHFWUR�GH�GLUHWLYLGDGH�QHVWH�SODQR�SRU�

XPD� WUDQVIRUPDomR� GH� )RXULHU��$OpP�GLVVR�� IRL�PRVWUDGR� WDPEpP�TXH� D� SURMHomR� GR� SXOVR� SRGH� VHU�

UHFRQVWUXtGD�HP�XP�LQVWDQWH�GH�WHPSR�GLIHUHQWH�GD�FRQGLomR�LQLFLDO� W� ����DSyV�R�SXOVR�WHU�SHUFRUULGR�

XP�GHVORFDPHQWR�/��DQDORJDPHQWH�j�VLWXDomR�PRVWUDGD�QD�HTXDomR�������
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2�0pWRGR�

� )HLWDV� DV� FRQVLGHUDo}HV� VREUH�R� IDWRU�GH�GHVORFDPHQWR�H� VREUH�D�SRVVLELOLGDGH�GH� VH� WUDEDOKDU�

FRP�SURMHo}HV�GRV�SXOVRV��HP�YH]�GH�VXD�UHSUHVHQWDomR�WULGLPHQVLRQDO��p�SRVVtYHO�HVWDEHOHFHU��DJRUD��

XPD�VHT�rQFLD�GH�SURFHGLPHQWRV�SDUD�VLPXODU�HP�FRPSXWDGRU�D�SURSDJDomR�GH�XP�SXOVR�XOWUD�V{QLFR��

� $�)LJXUD�����PRVWUD�XP�GLDJUDPD�HVTXHPiWLFR�GR�PpWRGR�XWLOL]DGR��

�

5HFRQVWUXomR�
HVSDFLDO�GR�SXOVR�

&iOFXOR�GR�)DWRU�
GH�'HVORFDPHQWR�

&RQGLomR�,QLFLDO��3XOVR�QR�
,QVWDQWH�GH�WHPSR�]HUR�

3URMHomR�GR�
3XOVR�

7UDQVIRUPDGD�GH��)RXULHU��'��
9DORUHV�DSURSULDGRV�GH�'�N��

3URSDJDomR�GH�'�N��
SDUD�QRYD�SRVLomR�

(VFROKD�GD�IRUPD�
GH�YLVXDOL]DomR�

�

)LJXUD������'LDJUDPD�HVTXHPiWLFR�GR�PpWRGR�GH�VLPXODomR�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH��

�
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� ,QLFLDOPHQWH��GHILQH�VH�R�SXOVR�QR�LQVWDQWH�LQLFLDO��TXH�SRGH�FRUUHVSRQGHU�D�TXDOTXHU�SRVLomR�QR�

HVSDoR�� 3RU� TXHVW}HV� GH� VLPSOLILFDomR�� HVFROKH�VH� W� � �� FRUUHVSRQGHQGR� j� UHJLmR� LPHGLDWDPHQWH� DSyV� D�

IDFH�GR�WUDQVGXWRU��'$17$6�HW�DO���������FRPR�PRVWUDGR�QD�)LJXUD������

�
)LJXUD������3XOVR�LPHGLDWDPHQWH�DSyV�D�IDFH�GR�WUDQVGXWRU��7[��QR�LQVWDQWH�W� ����

�

� (VWH�SXOVR�p�IRUPDGR�XWLOL]DQGR�VH�XPD�IRUPD�GH�RQGD�TXH�GHYH�VHU�D�PDLV�SUy[LPD�SRVVtYHO�GH�

XP�VLQDO�UHDO��1R�FDVR�DSUHVHQWDGR��IRL�XWLOL]DGD�D�IRUPD�GH�RQGD�GD�)LJXUD������

� 'HSRLV� GH�GHILQLGD� D� IRUPD�GH�RQGD��PRQWD�VH� D� LPDJHP�GR�SXOVR�QR� LQVWDQWH� W� ���� D� TXDO� p�

FRPSRVWD�SHOR�SXOVR�LPHGLDWDPHQWH�DSyV�D�IDFH�GR�WUDQVGXWRU�PRGXODGR�SHOD�SURMHomR�GD�JHRPHWULD�GHVWH�

WUDQVGXWRU��

�
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)LJXUD������)RUPD�GH�RQGD�GR�SXOVR�XVDGD�QDV�VLPXODo}HV��$PSOLWXGH�QRUPDOL]DGD�[�SRVLomR��PP���

�

� $� )LJXUD� ����PRVWUD� D� SURMHomR� GH� XP� WUDQVGXWRU� GH� JHRPHWULD� FLUFXODU�� IRUPDGD� SHOD� IXQomR�

�

� �� � �
]

3 [ U [= − ��TXH�p�D�SURMHomR�GH�XP�FtUFXOR��

�
)LJXUD������3URMHomR�GD�IDFH�GH�XP�WUDQVGXWRU�FLUFXODU��$OWXUD�����[�3RVLomR�DR�ORQJR�GR�HL[R�[��PP���
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� $OWHUQDWLYDPHQWH��HVWD�SURMHomR�SRGH�VHU�REWLGD�D�SDUWLU�GH�XPD�PDWUL]�TXH�DUPD]HQH�D�JHRPHWULD�

GR�WUDQVGXWRU��FRPR�PRVWUDGR�QD�)LJXUD������

ΣΣ

� �

ΣΣ

�
)LJXUD������5HSUHVHQWDomR�GD�JHRPHWULD�GR�WUDQVGXWRU�HP�XPD�PDWUL]��

�D��3RODUL]DomR�XQLIRUPH��E��3RODUL]DomR�PDLV�LQWHQVD�QR�FHQWUR��DSRGL]DGR��

�

� 2�VRPDWyULR�GH�FDGD�FROXQD�GH�XPD�PDWUL]�TXH�DUPD]HQH�D�JHRPHWULD�GH�XP�WUDQVGXWRU��FRPR�DV�

DSUHVHQWDGDV� QD� )LJXUD� ����� IRUQHFH� D� SURMHomR� GHVWD� JHRPHWULD�� $� )LJXUD� ���� �D�� FRUUHVSRQGH� D� XP�

WUDQVGXWRU� GH� JHRPHWULD� FLUFXODU�� XQLIRUPHPHQWH� SRODUL]DGR�� RX� VHMD�� WRGDV� DV� SDUWtFXODV� GD� VXD� IDFH� VH�

PRYHP�XQLIRUPHPHQWH�H�FRP�D�PHVPD�DPSOLWXGH�DR�VHUHP�HVWLPXODGDV��R�TXH�UHVXOWD�HP�XPD�SURMHomR�

VHPHOKDQWH� j� PRVWUDGD� QD� )LJXUD� ����� &DVR� VH� TXHLUD� VLPXODU� XPD� VLWXDomR� GLIHUHQWH�� FRPR� XPD�

SRODUL]DomR�QmR�XQLIRUPH�GD�FHUkPLFD�GR� WUDQVGXWRU��SRU� H[HPSOR��EDVWD�XWLOL]DU�YDORUHV�PHQRUHV�TXH�R�

Pi[LPR� QD� IRUPDomR� GD�PDWUL]� TXH� GHILQH� D� JHRPHWULD� GR� WUDQVGXWRU� �QR� FDVR� DSUHVHQWDGR�� RV� YDORUHV�

IRUDP�QRUPDOL]DGRV�SDUD�DPSOLWXGH�Pi[LPD�XQLWiULD���$�)LJXUD����� �E��DSUHVHQWD�XP�H[HPSOR�GH�FRPR�

REWHU�D�SURMHomR�GD�JHRPHWULD�GH�XP�WUDQVGXWRU�FXMD�FHUkPLFD�DSUHVHQWD�XPD�SRODUL]DomR�PDLV�LQWHQVD�QR�

FHQWUR� �YDORU�Pi[LPR� XQLWiULR�� HOHPHQWR� FHQWUDO� GD�PDWUL]� DUPD]HQD� R� YDORU� ³�´�� H�PHQRV� LQWHQVD� QDV�

ERUGDV��YDORUHV�PHQRUHV�TXH�����

� $�LPDJHP�FRUUHVSRQGHQGR�DR�SXOVR�IRUPDGR�SHOD�IRUPD�GH�RQGD�GD�)LJXUD�����PRGXODGD�SHOD�

SURMHomR� GH� XP� WUDQVGXWRU� FLUFXODU� �)LJXUD� ����� p� PRVWUDGD� QD� )LJXUD� ������ 1D� LPDJHP�PRVWUDGD� QD�

)LJXUD�������R�HL[R�]�FRUUHVSRQGH�DRV�SRQWRV�GD�IRUPD�GH�RQGD�PRVWUDGD�QD�)LJXUD�����PRGXODGRV�HP�

WRQV� GH� FLQ]D�� $� SRVLomR� GH� Pi[LPR� YDORU� GR� VLQDO� QR� HL[R� [� GD� )LJXUD� ����� FRUUHVSRQGH� DR� SHUILO�

PRVWUDGR�QD�)LJXUD������
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� $� LPDJHP� PRVWUDGD� QD� )LJXUD� ����� p� DUPD]HQDGD� HP� XPD� PDWUL]� ELGLPHQVLRQDO�� RQGH� FDGD�

SRQWR�SL[HO��P�Q��JXDUGD�XP�YDORU�GH�SUHVVmR��$�FDGD�XP�GHVWHV�YDORUHV�p�DWULEXtGR�XP�WRP�GH�FLQ]D��RQGH�

R�YDORU�Pi[LPR�FRUUHVSRQGH�j�FRU�EUDQFD�H�R�YDORU�PtQLPR�j�FRU�SUHWD��

� &RQKHFLGD�D�GLVWULEXLomR�HVSDFLDO� LQLFLDO�GR�SXOVR�� HVWD�SRGH�VHU�GHVORFDGD�SDUD�TXDOTXHU�RXWUD�

SRVLomR��FRQIRUPH�SUHYLVWR�QD�WHRULD��(VWH�GHVORFDPHQWR�p�IHLWR�QR�GRPtQLR�GD�IUHT�rQFLD��DSOLFDQGR�VH�R�

TXH�VH�FRQYHQFLRQRX�FKDPDU�GH�IDWRU�GH�GHVORFDPHQWR��I'���3DUD�LVWR��FDOFXOD�VH�R�PyGXOR�GD�WUDQVIRUPDGD�

ELGLPHQVLRQDO� GH� )RXULHU� GD� GLVWULEXLomR� HVSDFLDO� GR� SXOVR� LQLFLDO� �TXH� FRUUHVSRQGH� DR� HVSHFWUR� GH�

GLUHWLYLGDGH���(VWD�RSHUDomR�UHWRUQD�XPD�PDWUL]�GD�PHVPD�GLPHQVmR��P�Q��TXH�p�D�PDWUL]�FRUUHVSRQGHQWH�

DR� SXOVR� LQLFLDO�� 1R� HQWDQWR�� VH� IRU� R� FDVR� GH� WUDQVGXWRUHV� FLUFXODUHV�� SRGHP�VH� DSURYHLWDU� VXDV�

SURSULHGDGHV�GH�VLPHWULD�H�WUDEDOKDU�FRP�DSHQDV�XP�TXDGUDQWH�GHVWD�PDWUL]��

�

�
)LJXUD�������3XOVR�LQLFLDO�FRUUHVSRQGHQGR�j�UHJLmR�LPHGLDWDPHQWH�DSyV�D�IDFH�GR�WUDQVGXWRU��

�
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� 2EWLGR�R�HVSHFWUR�GH�GLUHWLYLGDGH��PXOWLSOLFD�VH�FDGD�HOHPHQWR�GD�PDWUL]�TXH�R�DUPD]HQD��DJRUD�

QR�HVSDoR�N��SHOR�VHX�IDWRU�GH�GHVORFDPHQWR�FRUUHVSRQGHQWH��FXMR�YDORU�p�GDGR�SHOD�HTXDomR�������1HVWD�

H[SUHVVmR��/�FRUUHVSRQGH�DR�GHVORFDPHQWR�TXH�VHUi�DSOLFDGR��

� � � H[S� �'I N / L N /= −
G G

� � � � � �������

� 2� SUy[LPR� SDVVR� p� UHFRQVWUXLU� D� GLVWULEXLomR� HVSDFLDO� GR� SXOVR�� Mi� QD� QRYD� SRVLomR�� R� TXH�

FRUUHVSRQGH� j� WUDQVIRUPDGD� LQYHUVD� GH� )RXULHU� GR� HVSHFWUR� GH� GLUHWLYLGDGH�� 1RWD�VH� TXH� R� IDWRU� GH�

GHVORFDPHQWR�DOWHUD�D�IDVH�GD�WUDQVIRUPDGD�GH�)RXULHU�GR�SXOVR��FRUUHVSRQGHQGR�DR�VHX�GHVORFDPHQWR�QR�

GRPtQLR�GR�WHPSR�HVSDoR��VHQGR�TXH�VXD�PDJQLWXGH��TXH�UHSUHVHQWD�R�HVSHFWUR�GH�GLUHWLYLGDGH��SHUPDQHFH�

LQDOWHUDGD��

����±�7UDQVGXWRUHV�$QDOLVDGRV�

� &RP�R�SURSyVLWR�GH�YHULILFDU�D�FRUUHODomR�HQWUH�RV�FDPSRV�DF~VWLFRV�VLPXODGRV�SHORV�PpWRGRV�

SURSRVWRV� QD� VHomR� DQWHULRU� H� RV� FDPSRV� JHUDGRV� SRU� WUDQVGXWRUHV� GH� XOWUD�VRP�� IRUDP�PHGLGRV� RV�

FDPSRV�SURGX]LGRV�SRU�DOJXQV�GRV�WUDQVGXWRUHV�GLVSRQtYHLV�QR�/DERUDWyULR�GH�8OWUD�6RP�GR�&HQWUR�GH�

(QJHQKDULD�%LRPpGLFD��/86���'(%�&(%��GD�8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV��)RUDP�VHOHFLRQDGRV�

GRLV� WUDQVGXWRUHV� GH� FDGD� XP� GRV� WLSRV� GLVSRQtYHLV�� SODQR� XQLIRUPHPHQWH� SRODUL]DGR� H� SODQR�

DSRGL]DGR��VHQGR�WRGRV�HOHV�FLUFXODUHV��

�

7UDQVGXWRUHV�SODQRV�

� 2V� WUDQVGXWRUHV� SODQRV� DQDOLVDGRV� VmR� WUDQVGXWRUHV� FLUFXODUHV�� FRP� FHUkPLFD� GH� �����PP� GH�

GLkPHWUR��SRVVXHP�IUHT�rQFLD�GH�UHVVRQkQFLD�SUy[LPD�D���0+]�H�IRUDP�HVWLPXODGRV�SRU�SXOVRV�FRP�

DPSOLWXGH� GH� ���� YROWV� GH� WHQVmR�� (VWHV� WUDQVGXWRUHV� �)LJXUD� ������ IRUDP� IDEULFDGRV� QR� /86� ��

'(%�&(%��
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�
)LJXUD�������7UDQVGXWRUHV�FLUFXODUHV�SODQRV�FRQYHQFLRQDLV�

FRQVWUXtGRV�QR�/86���'(%�&(%��

�

7UDQVGXWRUHV�SODQRV�DSRGL]DGRV�

�

� 2V� WUDQVGXWRUHV� SODQRV� DSRGL]DGRV� �)LJXUD� ������ DQDOLVDGRV� IRUDP� FRQVWUXtGRV� QR� /86� ±�

'(%�&(%�SRU�%XWWRQ� ��������6mR� WUDQVGXWRUHV�FRQVWUXtGRV�FRP�FHUkPLFDV�GH������PP�GH�GLkPHWUR��

IUHT�rQFLD� GH� UHVVRQkQFLD� SUy[LPD� D� ����0+]� H� IRUDP� HVWLPXODGRV� SRU� SXOVRV� GH� DWp� ���� YROWV� GH�

WHQVmR��

�
)LJXUD�������7UDQVGXWRUHV�FLUFXODUHV�SODQRV�DSRGL]DGRV�

FRQVWUXtGRV�QR�/86���'(%�&(%��

�
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� (VWHV� WUDQVGXWRUHV� VmR� FKDPDGRV� DSRGL]DGRV� SRUTXH� IRUDP� FRQVWUXtGRV� FRP� FHUkPLFDV� TXH�

SDVVDUDP� SRU� XP� SURFHVVR� GHQRPLQDGR� DSRGL]DomR�� $� DSRGL]DomR� DSOLFDGD� QDV� FHUkPLFDV� GHVWHV�

WUDQVGXWRUHV� FRQVLVWLX� HP� XPD� SRODUL]DomR� QmR�XQLIRUPH� GRV� GLVFRV� SLH]RHOpWULFRV� FRP� R� REMHWLYR�

GHVWHV� YLEUDUHP�PDLV� LQWHQVDPHQWH�QD� UHJLmR� FHQWUDO� GR�TXH�QD� UHJLmR�SHULIpULFD�� SURGX]LQGR�� DVVLP��

FDPSRV� HP� TXH� D� FRQWULEXLomR� GDV� RQGDV� GH� ERUGD� IRVVH� PtQLPD�� UHGX]LQGR� RV� HIHLWRV� GD� GLIUDomR�

�%87721���������

�

����±�+LGURIRQHV�3RQWXDLV�

� $WXDOPHQWH�� D� FDUDFWHUL]DomR� GR� IHL[H� GRV� WUDQVGXWRUHV� VH� Gi� SRU� PHLR� GR� OHYDQWDPHQWR� GR�

FDPSR�DF~VWLFR�SRU�KLGURIRQHV�SRQWXDLV��GLkPHWUR�GH�����PP�D���PP���

� 'LYHUVRV�DXWRUHV�DSUHVHQWDP�UHVXOWDGRV�GH�PDSHDPHQWR�GH�FDPSR�DF~VWLFR�GH� WUDQVGXWRUHV�GH�

XOWUD�VRP� FRP� D� ILQDOLGDGH� GH� FRPSDUDU� R� FDPSR� PDSHDGR� FRP� DV� SUHYLV}HV� WHyULFDV�� +D\PDQ� H�

:HLJKW��������DSUHVHQWDUDP�UHVXOWDGRV�GH�PHGLGDV�IHLWDV�FRP�KLGURIRQH�SRQWXDO������µP�GH�GLkPHWUR��

HP�XP�~QLFR�SRQWR��)RL�GLVFXWLGD�SHORV�DXWRUHV�D�QHFHVVLGDGH�GH�KLGURIRQHV�FRP�DPSOD�UHVSRVWD�HP�

IUHT�rQFLD�H�R�PHQRU�GLkPHWUR�SRVVtYHO��(P�RXWUR�WUDEDOKR��:HLJKW�H�+D\PDQ��������FRPSDUDUDP�RV�

FDPSRV�JHUDGRV�SRU�WUDQVGXWRUHV�FLUFXODUHV�H�SRU�WUDQVGXWRUHV�TXDGUDGRV��FRP�rQIDVH�QD�LQWHUDomR�HQWUH�

DV�RQGDV�GH�ERUGD�H�D�RQGD�SODQD��+XWFKLQV�H�FRODERUDGRUHV��������PDSHDUDP�H�FRPSDUDUDP�FDPSRV�

WUDQVLHQWHV�LUUDGLDGRV�SRU�WUDQVGXWRUHV�GH�39')��HP�GXDV�GLPHQV}HV��[�]��GH�DFRUGR�FRP�D�)LJXUD�������

FRP�DV�SUHYLV}HV�WHyULFDV��(OHV�PRVWUDUDP�TXH�WUDQVGXWRUHV�GH�39')�SRGHP�VHU�FRQVWUXtGRV�GH�PRGR�D�

VH�FRPSRUWDU�FRPR�SLVW}HV�SODQRV�DR�YLEUDUHP��3DUD�UHJLVWUDU�DV�YDULDo}HV�GH�SUHVVmR�GR�FDPSR�JHUDGR�

SHORV�WUDQVGXWRUHV�GH�39')��HOHV�XWLOL]DUDP�KLGURIRQHV�GH�3=7�FRP�GLkPHWUR�GH�����PP��H�IL]HUDP�D�

YDUUHGXUD�HP�XP�WDQTXH�GH�iJXD�FRP�R�SRVLFLRQDPHQWR�GR�KLGURIRQH�FRQWURODGR�SRU�FRPSXWDGRU��

� $SHVDU�GR�JUXSR�GH�+XWFKLQV�WHU�XWLOL]DGR�KLGURIRQHV�GH�3=7��R�,QVWLWXWR�$PHULFDQR�GH�8OWUD�

VRP�QD�0HGLFLQD��$,80��������UHFRPHQGD�D�FRQVWUXomR�GH�KLGURIRQHV�GH�39')��SRLV�RV�KLGURIRQHV�
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FHUkPLFRV�IDOKDP�HP�LPSRUWDQWHV�FULWpULRV�QHFHVViULRV�DR�ERP�GHVHPSHQKR��ODUJXUD�GH�EDQGD�H�DPSOD�

GLUHWLYLGDGH�DQJXODU��$OpP�GH�FULWpULRV�H�UHTXLVLWRV�GH�GHVHPSHQKR��R�$,80�HVWDEHOHFH�H�UHFRPHQGD�

SURFHGLPHQWRV�SDUD�FRQIHFomR��FDOLEUDomR�H�FDUDFWHUL]DomR�GH�WUDQVGXWRUHV�H�KLGURIRQHV��

� &RP�EDVH�QDV�UHFRPHQGDo}HV�GR�$,80���������QHVWH�WUDEDOKR�IRUDP�XWLOL]DGRV�KLGURIRQHV�GH�

39')� SDUD� R� PDSHDPHQWR� GRV� WUDQVGXWRUHV� DSUHVHQWDGRV�� (VWHV� KLGURIRQHV� IRUDP� IDEULFDGRV� H�

GLVWULEXtGRV�FRPHUFLDOPHQWH�SHOD�3UHFLVLRQ�$FRXVWLFV�/WG���VHQGR�XP�KLGURIRQH�GH�����PP�GH�GLkPHWUR�

H���PLFU{PHWURV�GH�HVSHVVXUD�H�RXWUR�GH�����PP�GH�GLkPHWUR�H����PLFU{PHWURV�GH�HVSHVVXUD��PRVWUDGRV�

QD�)LJXUD�������

�
)LJXUD�������+LGURIRQHV�SRQWXDLV��

�

����±�7DQTXH�GH�(QVDLRV�$F~VWLFRV�

� 2� /DERUDWyULR� GH� 8OWUD�6RP� GR� '(%�)((&� H� &(%�8QLFDPS� HVWi� HTXLSDGR� FRP� XP� WDQTXH�

FDSD]�GH�UHDOL]DU�PDSHDPHQWRV�GD�SUHVVmR�DF~VWLFD�GH�WUDQVGXWRUHV�GH�XOWUD�VRP��2�WDQTXH�ID]�SDUWH�GH�

XP�VLVWHPD�GH�PDSHDPHQWR��)LJXUD��������

� 1R� VLVWHPD� SURSRVWR�� XP� JHUDGRU� GH� IXQo}HV� GHILQH� D� IRUPD� GH� RQGD� D� VHU� XWLOL]DGD� SDUD�

HVWLPXODU� R� WUDQVGXWRU�� H� VXD� VDtGD� WDPEpP� JDWLOKD� R� RVFLORVFySLR�� $� ILP� GH� VLPXODU� D� H[FLWDomR�

VHQRLGDO� FRQWtQXD�� XWLOL]DP�VH� WUHQV� GH� SXOVRV� FRP� ��� D� ��� FLFORV� QD� IUHT�rQFLD� GH� UHVVRQkQFLD� GR�
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WUDQVGXWRU�H�WD[D�GH�UHSHWLomR�GH�����+]��(VWH�VLQDO�p�DPSOLILFDGR�SDUD�WHQV}HV�SUy[LPDV�D�����YROWV�H�

HQWmR� DSOLFDGR� DR� WUDQVGXWRU��2�FDPSR�JHUDGR�p� FDSWDGR�SRU�XP�KLGURIRQH�SRQWXDO� H�YLVXDOL]DGR�QR�

VHJXQGR�FDQDO�GR�RVFLORVFySLR��$�SRVLomR�GR�KLGURIRQH�HP�UHODomR�DR�WUDQVGXWRU�p�FRQWURODGD�SRU�XP�

VLVWHPD� GH� SRVLFLRQDPHQWR� �;�<�=�� DWUDYpV� GH�PRWRUHV� GH� SDVVR�� 8P�PLFURFRPSXWDGRU� p� XWLOL]DGR�

SDUD�FRQWURODU�RV�PRWRUHV�GH�SDVVR�H�FDSWXUDU�R�VLQDO�PRVWUDGR�QR�RVFLORVFySLR�DWUDYpV�GH�XPD�LQWHUIDFH�

*3,%��SHUPLWLQGR�R�SURFHVVDPHQWR�GHVWH�VLQDO�H�D�FRQVWUXomR�GH�JUiILFRV�SDUD�PHOKRU�YLVXDOL]DomR��

�

�
)LJXUD�������(VTXHPD�GH�OLJDomR�GRV�HTXLSDPHQWRV�SDUD�PDSHDPHQWR�GH�WUDQVGXWRUHV�GR�/86���'(%�&(%��

�
� $R� VHUHP� HVWLPXODGRV�� RV� WUDQVGXWRUHV� SURGX]HP� RQGDV� GH� SUHVVmR� TXH� VH� SURSDJDP� H� VmR�

FDSWDGDV�SHORV�KLGURIRQHV�SRQWXDLV��$�SURSDJDomR�GHVWDV�RQGDV�HP�PHLR�DTXRVR�DSUR[LPD�GD�FRQGLomR�

LGHDO�FRQVLGHUDGD�QD�OLWHUDWXUD��SRUWDQWR��RV�HOHPHQWRV�WUDQVPLVVRU�H�UHFHSWRU�IRUDP�LPHUVRV�HP�iJXD��

8WLOL]RX�VH�iJXD�ILOWUDGD�H�GHLRQL]DGD��FRP�D�ILQDOLGDGH�GH�HOLPLQDU�SDUWtFXODV�H�EROKDV�SDUD�TXH�HVWHV�

HOHPHQWRV� QmR� FDXVHP� DUWHIDWRV� QDV�PHGLGDV�� 1HVWHV� HQVDLRV� p� XWLOL]DGR� XP� WDQTXH� FRP� GLPHQV}HV�

VXILFLHQWHPHQWH�JUDQGHV�SDUD�HYLWDU�TXH�UHIOH[}HV�GHVWDV�RQGDV�QDV�SDUHGHV�GR�WDQTXH�LQWHUILUDP�FRP�RV�

VLQDLV� FDSWDGRV� QR� SURFHVVR� GH�PDSHDPHQWR��$�)LJXUD� ����� DSUHVHQWD� R� WDQTXH� GH� HQVDLRV� DF~VWLFRV�

GLVSRQtYHO�QR�/DERUDWyULR�GH�8OWUD�6RP��R�TXDO�WHP�GLPHQV}HV�GH����FP�[�����FP�[����FP��ODUJXUD�[�

FRPSULPHQWR�[�DOWXUD���PRVWUDQGR�R�WUDQVGXWRU�D�VHU�FDUDFWHUL]DGR�SHOR�PDSHDPHQWR�GH�FDPSR�DF~VWLFR�
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FRP�R�KLGURIRQH�SRQWXDO�SRVLFLRQDGR�j�VXD�IUHQWH�H��VREUH�R�WDQTXH��R�VLVWHPD�GH�SRVLFLRQDPHQWR�GR�

KLGURIRQH�SDUD�D�YDUUHGXUD�SRQWR�D�SRQWR�GR�FDPSR�DF~VWLFR��

�

�
)LJXUD�������7DQTXH�GH�HQVDLRV�DF~VWLFRV�GR�/86�'(%�&(%��

�

����±�3RVLFLRQDPHQWR�7ULGLPHQVLRQDO�

� &ULDGDV� DV� FRQGLo}HV� TXH� PDLV� VH� DSUR[LPDP� GR� PHLR� LGHDO�� R� KLGURIRQH� SRQWXDO� GHYH� VHU�

SRVLFLRQDGR� j� IUHQWH� GR� WUDQVGXWRU� D� ILP�GH� FDSWDU� R� FDPSR� DF~VWLFR�JHUDGR�SRU� HOH�� FRPR�PRVWUD� D�

)LJXUD�������'HSHQGHQGR�GR�TXH� VH�GHVHMD�REVHUYDU��SRGH�VH�HIHWXDU�D�PHGLomR�HP�XP�~QLFR�SRQWR��

SHUFRUUHU� XPD� OLQKD� �R� HL[R� DF~VWLFR�� SRU� H[HPSOR��� RX�YDUUHU� WRGR�XP�SODQR�j� IUHQWH�GR� WUDQVGXWRU��

FRPR�PRVWUDGR�QD�)LJXUD�������

� $�PHGLomR�GH�XP�~QLFR�SRQWR�p�~WLO�TXDQGR�VH�GHVHMD�YHULILFDU�DOJXPDV�FDUDFWHUtVWLFDV�GH�XP�

WUDQVGXWRU�� FRPR�SRU� H[HPSOR� D� IUHT�rQFLD� GH�PHOKRU� UHVSRVWD� GR� WUDQVGXWRU�� TXDQWDV�RVFLODo}HV� HOH�
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SURGX]� FRP�XP�~QLFR� SXOVR� GH� H[FLWDomR�� D� IRUPD�GH� RQGD� GHVWDV� RVFLODo}HV� QR� FDPSR�GLVWDQWH�� RX�

RXWUD�FDUDFWHUtVWLFD�TXH�SRVVD�VHU�XWLOL]DGD�SDUD�FDUDFWHUL]DU�R�WUDQVGXWRU�VRE�HQVDLR��

�

�
)LJXUD�������+LGURIRQH�SRQWXDO�SRVLFLRQDGR�j�IUHQWH�GR�WUDQVGXWRU�FXMR�FDPSR�VHUi�PDSHDGR��

�

� 0HGLo}HV�IHLWDV�DR�ORQJR�GH�XPD�OLQKD�SRGHP�VHU�XWLOL]DGDV�SDUD�LGHQWLILFDU�D�TXH�GLVWkQFLD�GR�

WUDQVGXWRU�RFRUUH�D�WUDQVLomR�GH�FDPSR�SUy[LPR�SDUD�FDPSR�GLVWDQWH�H�D�ODUJXUD�GR�IHL[H�XOWUD�V{QLFR��

SRU�H[HPSOR��

� &DVR� VH� GHVHMH� YLVXDOL]DU� D� GLVWULEXLomR� GR� FDPSR� DF~VWLFR� SURGX]LGR� SHOR� WUDQVGXWRU�� p�

QHFHVViULR�PDSHDU�WRGR�XP�SODQR��TXH�SRGH�VHU�SDUDOHOR�RX�QRUPDO�j�IDFH�GR�WUDQVGXWRU��8P�H[HPSOR�

GH�YDUUHGXUD�GH�XP�SODQR�p�PRVWUDGR�QD�)LJXUD�������RQGH�R�KLGURIRQH�SRQWXDO�p�SRVLFLRQDGR�HP�YiULRV�

SRQWRV�GR�SODQR�;�=��

�
)LJXUD�������9DUUHGXUD�QR�SODQR�;�=�SDUD�PDSHDPHQWR�SRQWR�D�SRQWR��
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� 3DUD�TXH�D�LQIRUPDomR�REWLGD�SHOR�PDSHDPHQWR��VHMD�HP�XPD�OLQKD�RX�HP�XP�SODQR��UHSUHVHQWH�

D�GLVWULEXLomR�GR�FDPSR�QD� UHJLmR�PDSHDGD�� p� LPSRUWDQWH�TXH�D�SRVLomR�GR�KLGURIRQH�HP�UHODomR�DR�

WUDQVGXWRU� �FRQVHT�HQWHPHQWH�VXD�SRVLomR�QR�FDPSR�DF~VWLFR��VHMD�FRQKHFLGD�FRP�D�PHOKRU�SUHFLVmR�

SRVVtYHO�� 3RU� HVWH� PRWLYR�� R� VLVWHPD� GH� SRVLFLRQDPHQWR� GR� KLGURIRQH� GHYH� SHUPLWLU� GHVORFDPHQWRV�

PtQLPRV�FRP�D�UHVROXomR�GHVHMDGD��TXH�QRUPDOPHQWH�HVWi�UHODFLRQDGD�FRP�R�GLkPHWUR�GR�KLGURIRQH��$�

)LJXUD� ����� PRVWUD� R� VLVWHPD� GH� SRVLFLRQDPHQWR� ;�<�=� GR� WDQTXH� GH� HQVDLRV� DF~VWLFRV� GR� /86�

'(%�)((&�H�&(%�8QLFDPS��

�

���� �
)LJXUD�������6LVWHPD�GH�HL[RV�PRYLPHQWDGRV�SRU�PRWRUHV�GH�SDVVR�SDUD�SRVLFLRQDPHQWR�;�<�=�GRV�WUDQVGXWRUHV��

�

� 2�VLVWHPD�SRVVXL�XP�PRWRU�GH�SDVVR�SDUD�FDGD�XP�GRV�HL[RV�;�<�=��H�HVWH�PRWRU�ID]�JLUDU�XP�

IXVR� DR� TXDO� HVWi� DFRSODGR� R� VXSRUWH� GR� KLGURIRQH�� 2� FRQMXQWR� PRWRU�IXVR� SHUPLWH� GHVORFDPHQWRV�

PtQLPRV�GH������µP��R�TXH�FRUUHVSRQGH�D����SDVVRV�GR�PRWRU�SDUD�XP�GHVORFDPHQWR�GH�����PP��&RPR�

R�PHQRU�KLGURIRQH�GLVSRQtYHO�QR�ODERUDWyULR�p�GH�����PP��D�UHVROXomR�GR�VLVWHPD�GH�SRVLFLRQDPHQWR�p�

VXILFLHQWH��

�
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����±�2�3URJUDPD�GH�&RQWUROH�

� 2� FRQWUROH� GRV�PRWRUHV� GH� SDVVR� GR� VLVWHPD� GH� SRVLFLRQDPHQWR� GR� KLGURIRQH� p� IHLWR� SRU� XP�

VLVWHPD�HOHWU{QLFR�TXH�JHUD�RV�SXOVRV�QHFHVViULRV�QDV�ERELQDV�GHVWHV�PRWRUHV��VHQGR�TXH�HVWH�VLVWHPD�

HOHWU{QLFR� IRUQHFH� WDPEpP� D� SRWrQFLD� UHTXHULGD� j�PRYLPHQWDomR� GH� WRGR� R� FRQMXQWR��2V� VLQDLV� TXH�

LQGLFDP�TXDO�PRWRU�GHYH�VHU�PRYLPHQWDGR��TXDO�VHUi�R�VHQWLGR�GR�PRYLPHQWR�H�TXDO�D�DPSOLWXGH�GR�

GHVORFDPHQWR�VmR�JHUDGRV�SRU�XP�PLFURFRPSXWDGRU�H�SDVVDGRV�DR�VLVWHPD�HOHWU{QLFR�TXH�DOLPHQWD�RV�

PRWRUHV��(VWHV�VLQDLV�VmR�GH�EDL[D�SRWrQFLD��IRUQHFLGRV�SHOD�SRUWD�SDUDOHOD�GR�PLFURFRPSXWDGRU��H�VmR�

GHWHUPLQDGRV�HP�IXQomR�GRV�GHVORFDPHQWRV�QHFHVViULRV�SDUD�VH�ID]HU�XP�PDSHDPHQWR�FRPSOHWR��VHMD�

DSHQDV�R�SRVLFLRQDPHQWR�HP�XP�GHWHUPLQDGR�SRQWR�RX�D�YDUUHGXUD�GH�XPD� OLQKD��RX�DWp�PHVPR�XP�

SODQR�LQWHLUR��3DUD�GHILQLU�D�VHT�rQFLD�GH�PRYLPHQWDomR�GR�KLGURIRQH�HP�XP�PDSHDPHQWR��H[LVWH�XP�

SURJUDPD� TXH� ID]� D� LQWHUIDFH� FRP� R� XVXiULR�� 1HVWH� SURJUDPD�� R� RSHUDGRU� GHILQH� DV� DPSOLWXGHV� GH�

GHVORFDPHQWR��RV� HL[RV�D� VHUHP�PRYLPHQWDGRV�H�R� LQFUHPHQWR�HP�FDGD�GHVORFDPHQWR� �SDVVR��� FRPR�

PRVWUDGR�QD�WHOD�DSUHVHQWDGD�QD�)LJXUD�������

�
)LJXUD�������7HOD�GR�SURJUDPD�GH�FRQWUROH�GR�VLVWHPD�GH�SRVLFLRQDPHQWR�;�<�=�GR�/86�'(%�&(%��
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� )HLWDV� HVWDV� FRQILJXUDo}HV�� R� PDSHDPHQWR� RFRUUH� GH� IRUPD� DXWRPiWLFD�� H� RV� GDGRV� VmR�

DUPD]HQDGRV�HP�XP�DUTXLYR�GHILQLGR�SHOR�RSHUDGRU��

�

����±�+LGURIRQH�GH�/DUJD�ÈUHD�$WLYD�

� 2�XVR�GH�KLGURIRQHV�GH�ODUJD�iUHD�DWLYD��/$+���ODUJH�DSHUWXUH�K\GURSKRQH��FRQVHJXH�UHVROYHU�R�

SUREOHPD� GD� GLIUDomR� HP� DOJXPDV� VLWXDo}HV� H� IRL�PRVWUDGD� VXD� XWLOLGDGH� QD�PHGLomR� GH� DWHQXDomR��

YHORFLGDGH�H�LPSHGkQFLD�FDUDFWHUtVWLFD��8P�GRV�PDLV�LPSRUWDQWHV�DVSHFWRV�GR�/$+�p�D�VXD�FDSDFLGDGH�

GH�PHGLU� RV� FDPSRV� XOWUD�V{QLFRV� HYLWDQGR� RV� HIHLWRV� GD� GLIUDomR� QDV�PHGLGDV�� ,VWR� p� GHYLGR� j� VXD�

VHQVLELOLGDGH�VRPHQWH�jV�FRPSRQHQWHV�GH�FDPSR�TXH�VmR�SHUSHQGLFXODUHV�j�VXD�IDFH��RX�VHMD��HOH�DJH�

FRPR�XP�ILOWUR�HVSDFLDO�QD�GLUHomR�QRUPDO�j�IDFH�GD�PHPEUDQD��SURYHQGR�XPD�PHGLGD�XQLGLPHQVLRQDO�

GH� XP� FDPSR� WULGLPHQVLRQDO� �&267$�� +2'',127� H� /((0$1�� ������ &267$�� /((0$1� H�

+2'',127���������

� (VVHQFLDOPHQWH�� R� /$+� FRQVLVWH� HP� XPD� ILQD� PHPEUDQD� GH� 39')� �R� KLGURIRQH� XVDGR� QHVWH�

WUDEDOKR�SRVVXL���µP�GH�HVSHVVXUD��XQLIRUPHPHQWH�SRODUL]DGD��(VWD�PHPEUDQD�p�HVWLFDGD�H�IL[DGD�HP�

XPD�PROGXUD�SODQD�FLUFXODU�GH�GLkPHWUR�LQWHUQR�LJXDO�D����PP��FRPR�PRVWUDGR�QD�)LJXUD�������

� (VWHV� KLGURIRQHV� SURGX]HP� R� PHVPR� VLQDO� GH� VDtGD� LQGHSHQGHQWHPHQWH� GD� VXD� GLVWkQFLD� DR�

WUDQVGXWRU�HPLVVRU��GHVGH�TXH�R�FDPSR�HPLWLGR�VHMD�FRPSOHWDPHQWH� LQWHUFHSWDGR�SHOD�PHPEUDQD�HP�XP�

PHLR�VHP�SHUGDV��&267$��+2'',127�H�/((0$1��������&267$��/((0$1�H�+2'',127���������

3DUD�IUHT�rQFLDV�EDL[DV��D�iJXD�DSUR[LPD��GH�IRUPD�DFHLWiYHO��D�FRQGLomR�GH�PHLR�VHP�SHUGDV��
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)LJXUD�������+LGURIRQH�GH�ODUJD�iUHD�DWLYD��/$+���D��YLVWD�IURQWDO�E��YLVWD�WUDVHLUD��

�

� e� SRVVtYHO� H[SORUDU� DV� FDUDFWHUtVWLFDV� GR� /$+� FRP� D� ILQDOLGDGH� GH� UHDOL]DU� PDSHDPHQWR� GH�

FDPSR�DF~VWLFR��3RGH�VH�DSURYHLWDU�R�IDWR�GR�/$+�PHGLU�DV�FRPSRQHQWHV�GR�FDPSR�DF~VWLFR�HP�XPD�

~QLFD� GLUHomR� �IXQFLRQDQGR� FRPR� ILOWUR� HVSDFLDO�� H� REWHU� PHGLGDV� GHVWDV� FRPSRQHQWHV� HP� YiULDV�

GLUHo}HV��FRP�R�REMHWLYR�GH�UHFRQVWUXLU�R�FDPSR�DF~VWLFR��3DUD�REWHU�PHGLGDV�GH�GLVWULEXLomR�HVSDFLDO�

GH�FDPSR�DF~VWLFR�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH��+HDOH\�H�/HHPDQ��������XWLOL]DUDP�XP�KLGURIRQH�GH�

ODUJD� iUHD� DWLYD� �/$+��� GLIHUHQWHPHQWH� GD� PHGLGD� SHOR� HVSHFWUR� DQJXODU� IHLWD� SRU� 6FKDIHU� H� /HZLQ�

��������TXH�XWLOL]DUDP�KLGURIRQHV�SRQWXDLV��(VWDV�PHGLGDV�IRUDP�REWLGDV�SHOR�PDSHDPHQWR�DQJXODU��

�

����±�0DSHDPHQWR�$QJXODU�

� 2�PDSHDPHQWR�DQJXODU�HVWi� UHODFLRQDGR�DR�HVSHFWUR�GH�GLUHWLYLGDGH�GR�FDPSR�DF~VWLFR��H�VXD�

PHGLomR�UHTXHU�R�XVR�GH�XP�KLGURIRQH�FRP�FDUDFWHUtVWLFDV�GLIHUHQWHV�GDV�GH�XP�KLGURIRQH�SRQWXDO��(VWH�

PpWRGR�GH�PDSHDPHQWR��XWLOL]DQGR�KLGURIRQH�GH�ODUJD�iUHD�DWLYD��FRQWRUQD�DOJXQV�SUREOHPDV�HQIUHQWDGRV�

QR�PDSHDPHQWR�SRQWXDO�H�QR�PDSHDPHQWR�SHOR�HVSHFWUR�DQJXODU��1HVWHV�GRLV�FDVRV��R�KLGURIRQH�SRQWXDO�p�

FRQVLGHUDGR� LGHDO�� R� TXH� p� XPD� VLPSOLILFDomR� TXH� QHP� VHPSUH� SRGH� VHU� IHLWD�� /HHPDQ� H� FRODERUDGRUHV�

�������������FLWDP�DV�HVSHFLILFDo}HV�QHFHVViULDV�DR�KLGURIRQH�SRQWXDO�SDUD�TXH�HVWD�DSUR[LPDomR�SRVVD�VHU�

D�� E��
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IHLWD�� $OpP� GH� WHU� UHVSRVWD� RPQLGLUHFLRQDO� DR� FDPSR� DF~VWLFR�� R� KLGURIRQH� SRQWXDO� GHYH� HVWDU� VHPSUH�

RULHQWDGR�UDGLDOPHQWH�QD�GLUHomR�GR�WUDQVGXWRU��R�TXH�p�GLItFLO�REWHU�HP�VLVWHPDV�TXH�IRUDP�SURMHWDGRV�SDUD�

PDSHDPHQWR� SRQWXDO� WULGLPHQVLRQDO�� 2� PDSHDPHQWR� DQJXODU� p� DSURSULDGR� SDUD� PHGLU� WRGR� R� FDPSR�

��� WUS
G

� H� QmR� DSHQDV� DV� FRPSRQHQWHV� KDUP{QLFDV� FRPR� p� IHLWR� SHOR� HVSHFWUR� DQJXODU� �/((0$1� H�

+($/(<�� ������� $OpP� GLVVR�� R� PDSHDPHQWR� DQJXODU� SRGH� VHU� XWLOL]DGR� SDUD� PHGLU� FDPSRV� GH� RQGD�

FRQWtQXD�RX�SXOVDGD�GH� WUDQVGXWRUHV�SODQRV�RX� IRFDOL]DGRV� �&267$���������GHVGH�TXH� UHDOL]DGR�FRP�R�

/$+��

� $V�PHGLGDV�VmR�IHLWDV�SRVLFLRQDQGR�R�KLGURIRQH�GH�ODUJD�iUHD�DWLYD�j�IUHQWH�GR�WUDQVGXWRU�HPLVVRU��

GH� PRGR� TXH� WRGR� R� FDPSR� SRVVD� VHU� LQWHJUDGR� SHOR� KLGURIRQH�� FRPR� PRVWUDGR� QD�

)LJXUD�������

�

�
)LJXUD�������3RVLFLRQDPHQWR�GR�+LGURIRQH�GH�/DUJD�ÈUHD�$WLYD��/$+��j�IUHQWH�GR�WUDQVGXWRU��

�

� &DSWXUD�VH�R�VLQDO�WHPSRUDO�IRUQHFLGR�SHOR�/$+��TXH�FRUUHVSRQGH�DR�FDPSR�LQWHJUDGR�DR�ORQJR�GH�

WRGD� VXD� VXSHUItFLH�� SDUD� YiULRV� kQJXORV� θ�� R� TXH� IRUQHFH� XPD� LPDJHP� W�θ�� (VWD� LPDJHP� SRGH� VHU�

IDFLOPHQWH�FRQYHUWLGD�HP�XPD�LPDJHP�]�θ��XWLOL]DQGR�D�UHODomR� ] FW= ��RQGH�F�p�D�YHORFLGDGH�GR�VRP�QR�
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PHLR�� $� ILP� GH� VH� REWHU� XPD� LPDJHP� GD� GLVWULEXLomR� HVSDFLDO� GR� SXOVR� XOWUD�V{QLFR� PHGLGR�� GHYH�VH�

WUDQVIRUPDU�D� LPDJHP�]�θ� �SDUD�DV�GLPHQV}HV�[�]��(VWD� LPDJHP�[�]�FRUUHVSRQGH�j�SURMHomR�GR�SXOVR�QR�

SODQR�TXH�LQWHUFHSWD�R�FDPSR�DF~VWLFR�H�QR�TXDO�IRL�IHLWD�D�YDUUHGXUD�DQJXODU��2�PyGXOR�GD�WUDQVIRUPDGD�

GH� )RXULHU� GHVWH� SXOVR� FRUUHVSRQGH� DR� HVSHFWUR� GH� GLUHWLYLGDGH�� (VWD� VHT�rQFLD� GH� SURFHGLPHQWRV� HVWi�

HVTXHPDWL]DGD�QD�)LJXUD�������

�
)LJXUD�������'LDJUDPD�HVTXHPiWLFR�SDUD�PHGLomR�GR�HVSHFWUR�GH�GLUHWLYLGDGH��

�

� 2�VLVWHPD�SHUPLWH�YDULDo}HV�QRV�kQJXORV�YHUWLFDO�H�KRUL]RQWDO�GR�KLGURIRQH��FRUUHVSRQGHQGR�DR�

PDSHDPHQWR� GH� GRLV� SODQRV� SHUSHQGLFXODUHV� HQWUH� VL�� e� SRVVtYHO� GHVORFDU� R� KLGURIRQH� HP� ��°��

FRUUHVSRQGHQGR� jV� SRVLo}HV� GH� ���°� D� ���°� HP� UHODomR� DR� SODQR� SDUDOHOR� j� IDFH� GR� WUDQVGXWRU�� 2�

PDSHDPHQWR� QR� kQJXOR� YHUWLFDO� SRVVXL� XPD� UHVROXomR�PXLWR�PDLRU� TXH� QR� kQJXOR� KRUL]RQWDO� GHYLGR� j�

IRUPD�FRPR�R�VLVWHPD�IRL�FRQVWUXtGR��3DUD�GHVORFDU�XP�JUDX�QR�HL[R�YHUWLFDO��VmR�QHFHVViULRV�����SDVVRV�

QR�PRWRU��H�QR�HL[R�KRUL]RQWDO�DSHQDV���SDVVRV��,VWR�FRUUHVSRQGH�D�XPD�UHVROXomR�PDLRU�TXH�����°�QR�HL[R�

YHUWLFDO�H�XPD�UHVROXomR�GH�DSHQDV�����°�QR�HL[R�KRUL]RQWDO��&RPR�Ki�VLPHWULD�QD�PDLRULD�GRV�WUDQVGXWRUHV�

TXH�XWLOL]DPRV��GLVFRV�FHUkPLFRV���XVDPRV�DSHQDV�R�HL[R�GH�PHOKRU�UHVROXomR��
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� (VWHV� SURFHGLPHQWRV�� SRUWDQWR�� SHUPLWHP� REWHU� D� GLVWULEXLomR� HVSDFLDO� GR� SXOVR� DF~VWLFR� H� R�

HVSHFWUR� GH� GLUHWLYLGDGH� GHVWH� SXOVR�� $� GLVWULEXLomR� HVSDFLDO� GR� SXOVR� REWLGD� FRUUHVSRQGH� j� SRVLomR�

RQGH� IRL� FRORFDGR�R�KLGURIRQH�GH� ODUJD� iUHD� DWLYD�GXUDQWH� D�PHGLomR��1R�HQWDQWR�� R� VHX� HVSHFWUR�GH�

GLUHWLYLGDGH�SHUPLWH�UHFRQVWUXLU�HVWH�SXOVR�HP�RXWUD�SRVLomR��VHMD�HOD�PDLV�GLVWDQWH�RX�PDLV�SUy[LPD�GR�

WUDQVGXWRU��FRPR�IRL�PRVWUDGR�SDUD�SXOVRV�VLPXODGRV��1R�FDVR�DSUHVHQWDGR��SRUpP��R�SXOVR�XWLOL]DGR�

FRPR�FRQGLomR�LQLFLDO�IRL�PHGLGR��HP�YH]�GH�FULDGR�D�SDUWLU�GD�VLPXODomR��

� $�DTXLVLomR�GRV�GDGRV�SDUD�R�PDSHDPHQWR�DQJXODU�p�IHLWD�SRU�XPD�URWLQD�VHPHOKDQWH�j�URWLQD�

LPSOHPHQWDGD�SDUD�R�PDSHDPHQWR�SRQWXDO��2�SURJUDPD�UHFHEH�FRPR�HQWUDGD�D�DEHUWXUD�DQJXODU�D�VHU�

PDSHDGD� �kQJXOR� LQLFLDO� H� ILQDO�� H� R� LQFUHPHQWR� HQWUH� XP� kQJXOR� H� RXWUR� �SDVVR� DQJXODU��� FRPR�

PRVWUDGR�QD�)LJXUD�������H�DUPD]HQD�RV�GDGRV�HP�XP�DUTXLYR�FXMR�IRUPDWR�SRGH�VHU�OLGR�GLUHWDPHQWH�

QR�DPELHQWH�GH�VLPXODomR�GR�SURJUDPD�³2FWDYH´��

�
)LJXUD�������7HOD�GR�SURJUDPD�GH�FRQWUROH�GR�VLVWHPD�GH�SRVLFLRQDPHQWR�DQJXODU�GR�/86���'(%�&(%��

�

� )RL�HODERUDGD�XPD�VHT�rQFLD�GH�SURFHGLPHQWRV��VFULSW��TXH�Or�RV�GDGRV�JHUDGRV�SHOR�SURJUDPD�

GH�PDSHDPHQWR�DQJXODU�H�RV�FRQYHUWH�GR�VLVWHPD�GH�FRRUGHQDGDV�W�θ�SDUD�R�VLVWHPD�GH�FRRUGHQDGDV�[�]��
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$SyV�D�FRQYHUVmR�HQWUH�VLVWHPDV�GH�FRRUGHQDGDV��RV�GDGRV�SRGHP�VHU�YLVXDOL]DGRV�RX�PDQLSXODGRV�QR�

SUySULR� DPELHQWH� GH� VLPXODomR�� DWUDYpV� GH� IXQo}HV� Mi� H[LVWHQWHV� QHVWH� DPELHQWH�� FRPR� SRU� H[HPSOR�

FDOFXODU�R�PyGXOR�GD�WUDQVIRUPDGD�ELGLPHQVLRQDO�GH�)RXULHU�GHVWHV�GDGRV��HVSHFWUR�GH�GLUHWLYLGDGH���
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��� 7HVWHV�H�5HVXOWDGRV�

�

����±�6LPXODomR�3RQWXDO�GH�&DPSR�$F~VWLFR�

� )RUDP�VLPXODGRV�RV�IHL[HV�GH�WUDQVGXWRUHV�SODQRV�FRP�PRYLPHQWR�GD�IDFH�QD�IRUPD�GH�SLVWmR��

RX�VHMD��WRGD�D�HVWUXWXUD�GR�WUDQVGXWRU�VH�PRYH�FRP�D�PHVPD�YHORFLGDGH�HP�XPD�~QLFD�GLUHomR��)RUDP�

XWLOL]DGRV�RV�PRGHORV�SURSRVWRV�SRU�=HPDQHN�H�6WHSDQLVKHQ��H�IRUDP�VLPXODGRV�WUDQVGXWRUHV�FLUFXODUHV��

FRP�GLkPHWURV�GH������PP�D����PP��

�

������±�2�0RGHOR�GH�=HPDQHN�

� $V�VLPXODo}HV�XWLOL]DQGR�R�PRGHOR�GH�=HPDQHN�IRUDP�IHLWDV�DWUDYpV�GD�VXE�URWLQD�6LP86��FXMR�

IXQFLRQDPHQWR�IRL�GHWDOKDGR�QD�VHomR����������6mR�DSUHVHQWDGRV�GRLV�H[HPSORV�GH�VLPXODomR�SRU�HVWD�

VXE�URWLQD� H[HFXWDGD� QR� DPELHQWH� ³2FWDYH´�� 2� SULPHLUR� H[HPSOR�� DSUHVHQWDGR� QD� )LJXUD� ���� H� QD�

)LJXUD������FRUUHVSRQGH�j�VLPXODomR�GH�XP�WUDQVGXWRU�SODQR��GH������PP�GH�GLkPHWUR��H[FLWDGR�D�XPD�

IUHT�rQFLD�GH���0+]��SDUD�R�TXDO�IRL�VLPXODGR�R�SODQR�;=��2�VHJXQGR�H[HPSOR��DSUHVHQWDGR�QD�)LJXUD�

����H�QD�)LJXUD������FRUUHVSRQGH�j�VLPXODomR�GH�XP�WUDQVGXWRU�SODQR��GH����PP�GH�GLkPHWUR��H[FLWDGR�D�

XPD�IUHT�rQFLD�GH���0+]��SDUD�R�TXDO�WDPEpP�IRL�VLPXODGR�R�SODQR�;=��

�
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�
)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�

FRP�GLkPHWUR�GH������PP�H[FLWDGR�D���0+]�±�YLVmR�GR�SODQR�[�]��

�
)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�

FRP�GLkPHWUR�GH������PP�H[FLWDGR�D���0+]�±�YLVmR�GRV�WUrV�HL[RV�[�]�S��

�

(L[R�=��PP��

(L[R�=��PP��
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�
)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�

FRP�GLkPHWUR�GH����PP�H[FLWDGR�D���0+]�±�YLVmR�GR�SODQR�[�]��

�
)LJXUD������,PDJHP�JHUDGD�SHOR�SURJUDPD�GH�VLPXODomR�SDUD�WUDQVGXWRU�

FRP�GLkPHWUR�GH����PP�H[FLWDGR�D���0+]�±�YLVmR�GRV�WUrV�HL[RV�[�]�S��

(L[R�=��PP��

(L[R�=��PP��
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� 3HUFHEH�VH� QD� )LJXUD� ���� H� QD� )LJXUD� ���� TXH� RV� FDPSRV� JHUDGRV� SRU� WUDQVGXWRUHV� GH� UDLRV�

GLIHUHQWHV�HQWUH�VL�DSUHVHQWDP�R�PHVPR�DVSHFWR��SRUpP�XPD�HVFDOD�HVSDFLDO�GLIHUHQWH��(VWD�VHPHOKDQoD�

HUD� HVSHUDGD�� SRLV� R� PRGHOR� GH� =HPDQHN� FRQVLGHUD� DV� FRRUGHQDGDV� HP� UHODomR� DR� UDLR� H� DR�

FRPSULPHQWR�GH�RQGD��FRPR�PRVWUDGR�QD�HTXDomR������RQGH�
� � �

� � �H�
� � �

[ \ ]
; < =

D D Dλ λ λ
= = = ��

�

������±�2�0RGHOR�GH�6WHSDQLVKHQ�

� $V�VLPXODo}HV�EDVHDGDV�QR�PRGHOR�GH�6WHSDQLVKHQ�VmR�GLYLGLGDV��EDVLFDPHQWH��HP�GXDV�SDUWHV��

R�FiOFXOR�GD�IXQomR�UHVSRVWD�DR�LPSXOVR� � � �K U W
G

�H�D�FRQYROXomR�GHVWD�IXQomR�FRP�D�IXQomR�YHORFLGDGH�

GH�PRYLPHQWDomR�Y�W���3RUWDQWR��YHULILFRX�VH�LQLFLDOPHQWH�R�IXQFLRQDPHQWR�GD�VXE�URWLQD�TXH�FDOFXOD�D�

IXQomR� � � �K U W
G

��1DV�)LJXUDV�����D������VmR�DSUHVHQWDGRV�DOJXQV�JUiILFRV�SDUD�D�IXQomR� � � �K U W
G

�FDOFXODGD�

SDUD� XP� WUDQVGXWRU� GH� UDLR� U�  � �� PP�� 1HVWHV� JUiILFRV�� D� SRVLomR� FDOFXODGD� FRUUHVSRQGH� D� [�  � ���

]� ���PP��VHQGR�TXH�SDUD�FDGD�JUiILFR�WHP�VH�XPD�SRVLomR�GLIHUHQWH�QR�HL[R�\��,VWR�p�YLVWR�SHOD�UHODomR�

\�U��TXH�YDULD�GH������SRVLomR�FHQWUDO�±�HL[R�DF~VWLFR��D������XP�SRXFR�GHSRLV�GD�ERUGD�GR�WUDQVGXWRU���
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� &RQKHFLGD�D�UHVSRVWD�DR�LPSXOVR�GR�WUDQVGXWRU�H�D�IXQomR�YHORFLGDGH�GH�PRYLPHQWDomR�GD�IDFH��

REWrP�VH�RV�YDORUHV�GD�SUHVVmR�DF~VWLFD�HP�FDGD�SRQWR�GR�FDPSR��$V�)LJXUDV������H������DSUHVHQWDP�DV�

VLPXODo}HV�GH�FDPSR�DF~VWLFR�SDUD�R�PHVPR�WUDQVGXWRU��

� 1RWD�VH�QDV�)LJXUDV������H������TXH�D�YDULDomR�GH�SUHVVmR�HQWUH�XP�SRQWR�H�RXWUR�QR�FDPSR�

VLPXODGR� SHOR� PRGHOR� GH� 6WHSDQLVKHQ� QmR� p� WmR� VXDYH� TXDQWR� QR� FDPSR� VLPXODGR� SHOR�PRGHOR� GH�

=HPDQHN� �)LJXUDV� ���� H� ������ 7HP�VH� D� LPSUHVVmR� GH� TXH� D� LPDJHP� DSUHVHQWD� PXLWR� UXtGR�� (VWD�

LPSUHVVmR�GH�TXH�R�VLQDO�p�UXLGRVR�ILFD�PDLV�HYLGHQWH�QDV�)LJXUDV������H�������RQGH�VmR�DSUHVHQWDGDV�

VLPXODo}HV�GR�HL[R�]��HL[R�DF~VWLFR��DSHQDV��$�)LJXUD������DSUHVHQWD�D�VLPXODomR�SDUD�R�HL[R�]�FRP�XP�

SDVVR�GH�����PP�� H� D�)LJXUD������ DSUHVHQWD�R�PHVPR�HL[R� FRP�SDVVR�GH�����PP��3HUFHEH�VH�TXH�R�

DXPHQWR� GD� UHVROXomR�QmR� HOLPLQD� D� SUHVHQoD�GHVWH� UXtGR�� ID]HQGR� DSHQDV� FRP�TXH�XP�SRQWR� HVWHMD�

PDLV� SUy[LPR� TXH� R� RXWUR�� H� GLPLQXLQGR� D� QHFHVVLGDGH� GH� LQWHUSRODomR�� 2XWUD� FDUDFWHUtVWLFD� TXH� VH�

PDQLIHVWD� QHVWHV� JUiILFRV� p� D� SUHVHQoD� GH� GHJUDXV� QR� FDPSR� GLVWDQWH�� RX� VHMD�� R� FDPSR� SHUPDQHFH�

FRQVWDQWH�SRU�XP�GHWHUPLQDGR�SHUtRGR�GH�WHPSR��H�GHSRLV�YDULD�DEUXSWDPHQWH��
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)LJXUD�������6LPXODomR�GR�FDPSR�QR�HL[R�DF~VWLFR�FRP�SDVVR�GH�����PP��

�

� $FUHGLWD�VH� TXH� DV� YDULDo}HV� EUXVFDV� GD� SUHVVmR� VLPXODGD� QR� FDPSR� SUy[LPR� �VHPHOKDQWHV� D�

UXtGR�GH�DOWD�IUHT�rQFLD��VHMDP�RFDVLRQDGDV�SRU�DSUR[LPDo}HV�QXPpULFDV��H�SHTXHQDV�YDULDo}HV�HQWUH�

XP�SRQWR�H�RXWUR�VmR�DPSOLILFDGDV�GHYLGR�D�RUGHP�GH�JUDQGH]D�GHVWHV�Q~PHURV���������DUPD]HQDGRV�

SHOR�FRPSXWDGRU�HP�IRUPDWR�GH�SRQWR�IOXWXDQWH��

� $V� YDULDo}HV� QR� FDPSR� GLVWDQWH� �HP� IRUPD� GH� GHJUDX�� SRGHP� RFRUUHU� GHYLGR� j�PXGDQoD� GH�

H[SUHVVmR� SDUD� FiOFXOR� GD� SUHVVmR� QHVWHV� SRQWRV� �]� ≥� D��� FRPR� PRVWUDGR� QD� HTXDomR� ����� (VWHV�

UHVXOWDGRV�QmR�IRUDP�UHODWDGRV�QD�OLWHUDWXUD��H�QmR�VH�FRQKHFH�DR�FHUWR�D�RULJHP�GHVWDV�LPSUHFLV}HV��
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)LJXUD�������6LPXODomR�GR�FDPSR�QR�HL[R�DF~VWLFR�FRP�SDVVR�GH�����PP��

�

����±�0DSHDPHQWR�3RQWXDO�GH�&DPSR�$F~VWLFR�

� 2V� PDSHDPHQWRV� SRQWXDLV� GH� FDPSR� DF~VWLFR� GRV� WUDQVGXWRUHV� IRUDP� UHDOL]DGRV� QR� /86� ��

'(%�&(%�� )RL� XWLOL]DGR� XP�KLGURIRQH� SRQWXDO� FDOLEUDGR�� H� R� SURFHGLPHQWR� GHVWHV�PDSHDPHQWRV� IRL�

GHVFULWR�QR�&DStWXOR����

� $V� )LJXUDV� ����� H� �����PRVWUDP� R� FDPSR�PDSHDGR� GH� XP� WUDQVGXWRU� SODQR�� FRQVWUXtGR� FRP�

FHUkPLFD�SRODUL]DGD�XQLIRUPHPHQWH��TXH�p�UHIHUHQFLDGR�DSHQDV�SRU�XP�Q~PHUR��QHVWH�FDVR�SRU�����HP�

XPD� HWLTXHWD� TXH� R� LGHQWLILFD�� (VWH� PDSHDPHQWR� DSUHVHQWD� UHVXOWDGRV� VHPHOKDQWHV� jV� VLPXODo}HV�

PRVWUDGDV� QDV� )LJXUDV� ����� ����� ����� H� ������ WDQWR� SHOR�PRGHOR� GH�=HPDQHN� TXDQWR� SHOR�PRGHOR� GH�

6WHSDQLVKHQ��

� $V�)LJXUDV������H������DSUHVHQWDP�R�FDPSR�PDSHDGR�GH�XP�WUDQVGXWRU�SODQR��FRQVWUXtGR�FRP�

FHUkPLFD� DSRGL]DGD�� FRPR� GHVFULWR� QR� &DStWXOR� ��� LGHQWLILFDGR� SRU� ����� e� LQWHUHVVDQWH� QRWDU� TXH� R�

SURFHVVR� GH� DSRGL]DomR� ID]� FRP� TXH� R� FDPSR� DF~VWLFR� VHMD� PDLV� KRPRJrQHR� QD� UHJLmR� GH� FDPSR�

(L[R�=��PP��
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��������H�HVWi�UHODFLRQDGR�j�GLPLQXLomR�GD�GLIUDomR�GR�FDPSR��FRPR�VHUi�PRVWUDGR�QD�VHomR������

�
)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU����±�SODQR�[�]��

�

)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU����±�SODQR�[�]��YLVmR�[�]�S��

(L[R�=��PP��

(L[R�=��PP��



�

���

�

�
)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU�����±�SODQR�[�]��

�

�
)LJXUD�������0DSHDPHQWR�SRQWXDO�GR�WUDQVGXWRU�����±�SODQR�[�]��YLVmR�[�]�S��

(L[R�=��PP��

(L[R�=��PP��



�

���

����±�6LPXODomR�GH�&DPSR�$F~VWLFR�SHOR�(VSHFWUR�GH�GLUHWLYLGDGH�

� 1D�)LJXUD������VmR�DSUHVHQWDGDV�DV�LPDJHQV�UHVXOWDQWHV�GDV�VLPXODo}HV�GRV�SXOVRV�XOWUD�V{QLFRV�

JHUDGRV�SRU�XP�WUDQVGXWRU�FLUFXODU��SODQR��QmR�DSRGL]DGR��FDOFXODGRV�SDUD�GLIHUHQWHV�GLVWkQFLDV��VHQGR�

DV� LPDJHQV� GH� ³D´� D� ³I´�� HP� UHODomR� j� IDFH� GR�PHVPR��$�)LJXUD� �����D� FRUUHVSRQGH� DR� SXOVR�PDLV�

SUy[LPR�DR�WUDQVGXWRU��H�D�)LJXUD������I�DR�SXOVR�PDLV�GLVWDQWH��

� $V� LPDJHQV� FRUUHVSRQGHQWHV� j� VLPXODomR� VmR� DSUHVHQWDGDV� QR� PRGR� EULOKR� H� QRUPDOL]DGDV��

XWLOL]DQGR�����QtYHLV�GH�FLQ]D����E\WH���VHQGR�TXH�RV�SRQWRV�PDLV�HVFXURV��SUHWR��FRUUHVSRQGHP�D���H�RV�

PDLV�FODURV��EUDQFR��FRUUHVSRQGHP�D������'HVWD�IRUPD��D�FULVWD�GR�SXOVR�XOWUD�V{QLFR��IDVH�SRVLWLYD��p�

UHSUHVHQWDGD�SHOD�FRU�EUDQFD��H�R�YDOH��IDVH�QHJDWLYD���SHOD�FRU�SUHWD��$�FRU�GH�IXQGR��HP�WRP�GH�FLQ]D�

LQWHUPHGLiULR��FRUUHVSRQGH�D�UHJL}HV�RQGH�QmR�Ki�RQGDV�GH�SUHVVmR�VH�SURSDJDQGR��

� $�)LJXUD������DSUHVHQWD� UHVXOWDGRV�VHPHOKDQWHV�DRV�GD�)LJXUD�������SRUpP��QHVWH�FDVR�� IRUDP�

VLPXODGRV� SXOVRV� SDUD� WUDQVGXWRUHV� DSRGL]DGRV�� FDOFXODGRV� HP� GLIHUHQWHV� GLVWkQFLDV� GD� IDFH� GR�

WUDQVGXWRU��$� )LJXUD� �����D� FRUUHVSRQGH� DR� SXOVR�PDLV� SUy[LPR� DR� WUDQVGXWRU�� H� D� )LJXUD� �����I� DR�

SXOVR�PDLV�GLVWDQWH��

� &RP�HVWH�PpWRGR�GH�YLVXDOL]DomR��p�SRVVtYHO�REVHUYDU�D�UHJLmR�GH�RQGDV�GH�ERUGD�QR�WUDQVGXWRU�

QmR�DSRGL]DGR��H�D�UHGXomR�GRV�VHXV�HIHLWRV�QR�WUDQVGXWRU�DSRGL]DGR��
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�

� $�)LJXUD������FRUUHVSRQGH�DR�PDSHDPHQWR�GRV�WUDQVGXWRUHV�����H�����FXMR�PDSHDPHQWR�SRQWXDO�

p�DSUHVHQWDGR�QDV�)LJXUD������D�������(VWDV�LPDJHQV�VmR�JUiILFRV�θ�W�TXH�SRGHP�VHU�YLVWRV�WDPEpP�FRPR�

θ�]��VH�PRGLILFDGR�R�HL[R�KRUL]RQWDO�SHOD�UHODomR� ] FW= ��
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)LJXUD�������0DSHDPHQWR�DQJXODU�GRV�SXOVRV�XOWUD�V{QLFRV�PRVWUDGRV�QD�IRUPD�θ�W��

D��7UDQVGXWRU������ E��7UDQVGXWRU����
�
� (VWHV� UHVXOWDGRV� IRUDP� REWLGRV� FRQIRUPH� R� PpWRGR� HVTXHPDWL]DGR� QD� )LJXUD� ������ D� XPD�

GLVWkQFLD�GH���PP�GD� IDFH�GR� WUDQVGXWRU��)RUDP�DGTXLULGRV�����kQJXORV�GLVWLQWRV� �GH� ���°� D����°�� FRP�

SDVVR�GH����°���H������SRQWRV�QR�WHPSR�SDUD�FDGD�kQJXOR��UHVXOWDQGR�HP�XPD�LPDJHP�GH�����SRU������

SRQWRV�� (VWH� PDSHDPHQWR� IRL� UHDOL]DGR� HP� ���PLQXWRV�� PRVWUDQGR�VH� PXLWR� PDLV� UiSLGR� TXH� R�

PDSHDPHQWR�XWLOL]DQGR�KLGURIRQHV�SRQWXDLV��R�TXDO�WHP�XPD�GXUDomR�DSUR[LPDGD�GH���KRUDV�SDUD�SURGX]LU�

XPD�LPDJHP�GH�����SRU�����SRQWRV��
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� 3DUD� TXH� HVWDV� LPDJHQV� SDVVHP� D� FRUUHVSRQGHU� j� GLVWULEXLomR� HVSDFLDO� GR� SXOVR� XOWUD�V{QLFR�� p�

QHFHVViULD� XPD� WUDQVIRUPDomR� WULJRQRPpWULFD� GR� VLVWHPD� GH� FRRUGHQDGDV� θ�]� SDUD� R� VLVWHPD� [�]�� FRPR�

HVTXHPDWL]DGR�QD�)LJXUD�������

�
)LJXUD�������7UDQVIRUPDomR�GR�VLVWHPD�GH�FRRUGHQDGDV�θ�]�SDUD�R�VLVWHPD�[�]��

�

� $� )LJXUD� ����� FRUUHVSRQGH� DRV� PHVPRV� GDGRV� GD� )LJXUD� ������ SRUpP� QR� QRYR� VLVWHPD� GH�

FRRUGHQDGDV�� H� p� SRVVtYHO� REVHUYDU� TXH� R� WUDQVGXWRU� DSRGL]DGR� ������ SRVVXL� RQGDV� GH� ERUGD�PHQRV�

HYLGHQWHV�TXH�R�WUDQVGXWRU�QmR�DSRGL]DGR�������(VWH�UHVXOWDGR�FRUUHVSRQGH�DR�REMHWLYR�GD�DSRGL]DomR�

SURSRVWD�SRU�%XWWRQ���������

� 8PD�YH]�PHGLGD�D�GLVWULEXLomR�HVSDFLDO�GR�FDPSR�DF~VWLFR� �� � �S U W
G

��p�SRVVtYHO�FDOFXODU�R�HVSHFWUR�

GH� GLUHWLYLGDGH� GHVWH� FDPSR� DWUDYpV� GD� WUDQVIRUPDGD� �ELGLPHQVLRQDO�� GH� )RXULHU�� FRPR� PRVWUDGR� QD�

HTXDomR�������

� 6mR�DSUHVHQWDGRV�QD�)LJXUD������RV�HVSHFWURV�GH�GLUHWLYLGDGH�GRV�SXOVRV�JHUDGRV�SHORV�WUDQVGXWRUHV�

PHQFLRQDGRV��VHQGR�TXH�DV�GLVWULEXLo}HV�HVSDFLDLV�GHVWHV�SXOVRV�VmR�PRVWUDGDV�QD�)LJXUD�������

� e�SRVVtYHO�REVHUYDU�QD�)LJXUD������TXH�R�WUDQVGXWRU�����DSUHVHQWD�XPD�GLUHWLYLGDGH�PDLRU�TXH�D�GR�

WUDQVGXWRU�����SRLV�DV�VXDV�FRPSRQHQWHV�HVSHFWUDLV�QD�GLUHomR�N[�VmR�PHQRV�LQWHQVDV�TXH�DV�GR�WUDQVGXWRU�

����(VWH�UHVXOWDGR�HUD�HVSHUDGR�SRUTXH�R�WUDQVGXWRU�����IRL�FRQVWUXtGR�FRP�XPD�FHUkPLFD�DSRGL]DGD��RX�

VHMD��XPD�FHUkPLFD�FRP�SRODUL]DomR�QmR�XQLIRUPH��
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����±�5HWURSURSDJDomR�GH�3XOVRV�0DSHDGRV�SHOR�(VSHFWUR�GH�'LUHWLYLGDGH�

� &RQKHFLGR� R� HVSHFWUR� GH� GLUHWLYLGDGH� GH� XP� SXOVR�� D� HTXDomR� ����� SHUPLWH� UHFRQVWUXLU� VXD�

GLVWULEXLomR� HVSDFLDO� HP� TXDOTXHU� SRVLomR� UHIHUHQFLDGD� SRU� XP� GHVORFDPHQWR� /�� 3DUD� IDFLOLWDU� D�

FRPSUHHQVmR�GHVWH�PpWRGR�GH�UHFRQVWUXomR��D�HTXDomR������IRL�UHHVFULWD�FRPR�PRVWUDGR�QD�HTXDomR������

HYLGHQFLDQGR� R� WHUPR� TXH� GHILQH� HVWH� GHVORFDPHQWR�� FRQKHFLGR� FRPR� IDWRU� GH� GHVORFDPHQWR�
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� &DVR� /�  � ��� HVWD� UHFRQVWUXomR� FRUUHVSRQGH� DR� SURFHVVR� LQYHUVR� GR� FiOFXOR� GR� HVSHFWUR� GH�

GLUHWLYLGDGH��WUDQVIRUPDGD�LQYHUVD�GH�)RXULHU���PRVWUDGR�QD�HTXDomR�������WUDQVIRUPDGD�GH�)RXULHU���TXH�

UHWRUQD� R� SXOVR� H[DWDPHQWH� FRPR� IRL�PHGLGR��1R� HQWDQWR�� DWULEXLQGR�VH� YDORUHV� QHJDWLYRV� D�/�� R� SXOVR�

� � �S U /
G

�SRGH�VHU�UHFRQVWUXtGR�HP�XPD�SRVLomR�PDLV�SUy[LPD�GD�IDFH�GR�WUDQVGXWRU�TXH�GR�SRQWR�RQGH�IRL�

PHGLGR��$�SRVLomR� UHODWLYD� GH� FDGD� XP�GHVWHV� SXOVRV� HP� UHODomR� DR�KLGURIRQH�GH� ODUJD� iUHD� DWLYD� H� DR�

WUDQVGXWRU� p�PRVWUDGD�QD�)LJXUD� ������$�)LJXUD� �����PRVWUD� VXFHVVLYRV�GHVORFDPHQWRV� �∆/�QHJDWLYRV���

RQGH�p�SRVVtYHO�REVHUYDU�D�UHWURSURSDJDomR�GR�SXOVR�PDSHDGR�D�XPD�GLVWkQFLD�/�� ���PP��

�

�
)LJXUD�������3RVLomR�GR�SXOVR�HP�UHODomR�DR�KLGURIRQH�H�DR�WUDQVGXWRU��



�

���

� /�� ���PP� � � /�� ���PP� � /�� ���PP� � � /�� ���PP�

��� ��� ��� �
)LJXUD�������5HWURSURSDJDomR�GH�XP�SXOVR�XOWUD�V{QLFR��

�

� (VWHV�UHVXOWDGRV�PRVWUDP�D�SRVVLELOLGDGH�GH�REVHUYDU�D�SURMHomR�GR�SXOVR�EHP�SUy[LPR�GD�IDFH�GR�

WUDQVGXWRU��R�TXH�Gi�XPD� LGpLD�GR�SHUILO�GH�YLEUDomR�GD� IDFH�GD�FHUkPLFD��6H�R�VLVWHPD�GH�PDSHDPHQWR�

DQJXODU�IRU�PRGLILFDGR�SDUD�PDSHDU�RXWURV�SODQRV�QRUPDLV�j�IDFH�GR� WUDQVGXWRU��p�SRVVtYHO�UHFRQVWUXLU�R�

SXOVR� WULGLPHQVLRQDOPHQWH� H� REWHU�XP� UHVXOWDGR�PDLV�GHWDOKDGR�GD�YLEUDomR�QD� IDFH�GR� WUDQVGXWRU��(VWD�

SRVVLELOLGDGH�ILFD�FRPR�VXJHVWmR�SDUD�WUDEDOKRV�IXWXURV��RV�TXDLV�GHYHP�SUHYHU�D�PRGLILFDomR�GR�VLVWHPD�

GH�PDSHDPHQWR�DQJXODU�H�D�H[WHQVmR�GR�PRGHOR�PDWHPiWLFR�GH�GXDV�SDUD�WUrV�GLPHQV}HV��
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��� 'LVFXVVmR�H�&RQFOXVmR�

� 2V�DOJRULWPRV�SDUD� VLPXODomR�H�RV�SURFHGLPHQWRV�SDUD�PDSHDPHQWR�GH�FDPSR�DF~VWLFR�SHORV�

GRLV� PpWRGRV� DSUHVHQWDGRV� IRUDP� LPSOHPHQWDGRV� H� HVWmR� j� GLVSRVLomR� GRV� XVXiULRV� GR� /86� ±�

'(%�&(%��

� $�IXQGDPHQWDomR�WHyULFD�DSUHVHQWDGD�DX[LOLRX�QD�PHOKRU�FRPSUHHQVmR�GR�FRQFHLWR�GR�HVSHFWUR�

GH�GLUHWLYLGDGH�H�VXD�XWLOLGDGH�QD�FDUDFWHUL]DomR�GH�WUDQVGXWRUHV�GH�XOWUD�VRP��2V�PpWRGRV�GH�VLPXODomR�

SRQWXDO� GH� FDPSR� IRUDP� UHYLVDGRV� H� GRFXPHQWDGRV�� GH� PRGR� TXH� SRGHP� VHU� PDLV� DPSODPHQWH�

XWLOL]DGRV�FRP�R�REMHWLYR�GH�RULHQWDU�QD�FRQVWUXomR�GH�WUDQVGXWRUHV�GH�XOWUD�VRP��VHQGR�D�FRQVWUXomR�GH�

WUDQVGXWRUHV�XPD�GDV�SULQFLSDLV�DWLYLGDGHV�GR�/DERUDWyULR�GH�8OWUD�VRP��

� $V� VLPXODo}HV� SHORV�PpWRGRV� SRQWXDLV� DSUHVHQWDGDV� HVWmR� HP� FRQIRUPLGDGH� FRP� DV�PHGLGDV�

REWLGDV�� VHQGR� SRVVtYHO� REVHUYDU� SURSULHGDGHV� Mi� FRQKHFLGDV� GRV� FDPSRV� XOWUD�V{QLFRV� FRPR� DV�

LQWHUIHUrQFLDV�FDXVDGDV�SHOD�GLIUDomR�QD�UHJLmR�GH�FDPSR�SUy[LPR�H�D�WUDQVLomR�GR�FDPSR�SUy[LPR�SDUD�

R�FDPSR�GLVWDQWH��$�VLPXODomR�SHOR�PpWRGR�GH�6WHSDQLVKHQ�VH�PRVWURX�PDLV�YHUViWLO�TXH�SHOR�PpWRGR�

GH�=HPDQHN�SRU�SHUPLWLU�D�GHILQLomR�GH�TXDOTXHU�IRUPD�GH�RQGD�SDUD�D�H[FLWDomR�GR�WUDQVGXWRU��TXH�QmR�

DSHQDV� D� H[FLWDomR� FRQWtQXD�� 1R� HQWDQWR�� GHYLGR� D� HQRUPH� TXDQWLGDGH� GH� RSHUDo}HV� DULWPpWLFDV�

HIHWXDGD� QHVWH�PpWRGR�� SHTXHQRV� HUURV� GH� DUUHGRQGDPHQWR� GRV� Q~PHURV� HP� SRQWR� IOXWXDQWH� FDXVDP�

HUURV� �UXtGR�� VLJQLILFDWLYRV� QR� UHVXOWDGR� ILQDO� FRPR�PRVWUDGR� QD� )LJXUD� ����� H� QD� )LJXUD� ������ (VWH�

SUREOHPD�SRGH�VHU�FRQWRUQDGR�XWLOL]DQGR�ELEOLRWHFDV�SDUD�FRPSXWDomR�QXPpULFD�GH�SUHFLVmR�DUELWUiULD��

GHILQLQGR�XPD�SUHFLVmR�PDLRU�TXH�D�XWLOL]DGD�SHOD�UHSUHVHQWDomR�SDGUmR�HP�SRQWR�IOXWXDQWH��3RUpP��R�
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WHPSR� QHFHVViULR� SDUD� VLPXODU� XP� SODQR� GR� FDPSR� DF~VWLFR� SRGH� VH� WRUQDU� PXLWR� GHPRUDGR��

LQYLDELOL]DQGR�R�PpWRGR��

� 3UDWLFDPHQWH� WRGRV�RV� WUDQVGXWRUHV�GR�/86� ��'(%�&(%� WrP�VHXV�FDPSRV�PDSHDGRV�DQWHV�GH�

VHUHP�XWLOL]DGRV�HP�DOJXPD�DSOLFDomR��R�TXH�WRUQD�RV�SURFHGLPHQWRV�SDUD�UHDOL]DomR�GH�PDSHDPHQWR�GH�

FDPSR�DF~VWLFR�GH�VLJQLILFDWLYD�LPSRUWkQFLD��2V�PDSHDPHQWRV�SRQWXDLV�GH�FDPSR�DF~VWLFR�PRVWUDP�D�

HYLGHQWH�PHOKRULD�SURSRUFLRQDGD�SHOR�SURFHVVR�GH�DSRGL]DomR�DSOLFDGR�jV�FHUkPLFDV�GRV�WUDQVGXWRUHV��

GLPLQXLQGR� D� GLIUDomR� FDXVDGD� SHODV� RQGDV� GH� ERUGD� H� DXPHQWDQGR� D� SURIXQGLGDGH� UHODWLYD� GD�

LQWHQVLGDGH�GH�FDPSR��)LJXUD������H�)LJXUD��������(VWH�SURFHVVR�GH�DSRGL]DomR�WHP�VLGR�DPSODPHQWH�

HVWXGDGR�SHOR�JUXSR�GH�XOWUD�VRP�GR�'HSDUWDPHQWR�GH�(QJHQKDULD�%LRPpGLFD�H�IRL�GHVFULWR�HP�PDLRUHV�

GHWDOKHV�SRU�%XWWRQ���������

� 2� PpWRGR� GH� VLPXODomR� GH� SXOVRV� XOWUD�V{QLFRV� SHOR� HVSHFWUR� GH� GLUHWLYLGDGH� VH� PRVWURX�

EDVWDQWH� YHUViWLO�� SHUPLWLQGR� D� VLPXODomR� GH� YDULDGDV� JHRPHWULDV� GH� WUDQVGXWRU�� )RUDP� DSUHVHQWDGDV�

VLPXODo}HV�SDUD�WUDQVGXWRUHV�FLUFXODUHV�SODQRV��PDV�SRGH�VH�GHILQLU�TXDOTXHU�JHRPHWULD�DWUDYpV�GH�XPD�

LPDJHP�GH�PDSD�GH�ELWV�±�ELWPDS�±�FRPR�PRVWUDGR�QD�)LJXUD������([LVWH�WDPEpP�D�SRVVLELOLGDGH�GH�VH�

GHILQLU� R� PHLR� GH� SURSDJDomR�� FXMDV� SURSULHGDGHV� HVWmR� UHODFLRQDGDV� FRP� R� IDWRU� GH� GHVORFDPHQWR�

GHILQLGR�� $V� VLPXODo}HV� DSUHVHQWDGDV� FRUUHVSRQGHP� D� PHLR� XQLIRUPH� H� VHP� SHUGDV� �D� DWHQXDomR� p�

IDFLOPHQWH� GHILQLGD� FRPR� XP� GHFDLPHQWR� QR� IDWRU� GH� GHVORFDPHQWR��� )LFD�� SRUpP�� D� VXJHVWmR� SDUD�

HVWXGRV� IXWXURV� GH� YHULILFDomR� GD� SRVVLELOLGDGH� GH� GHILQLU� XP�PHLR� QmR� OLQHDU� SDUD� D� VLPXODomR�� $�

GHILQLomR�GH�XP�PHLR�QmR�OLQHDU�SDUD�VLPXODomR�GH�SXOVRV�XOWUD�V{QLFRV�SRGH�VHU�~WLO�SDUD�R�HVWXGR��SRU�

H[HPSOR��GH�DJHQWHV�GH�FRQWUDVWH�GH�XOWUD�VRP��8&$���

� 2�PpWRGR�GH�PDSHDPHQWR�DQJXODU�SHOR�HVSHFWUR�GH�GLUHWLYLGDGH�p�DSUHVHQWDGR�FRPR�XPD�QRYD�

RSomR�GH�PDSHDPHQWR�GH�FDPSR�DF~VWLFR�SDUD�D�TXDO�R�/DERUDWyULR�GH�8OWUD�VRP�HVWi�HTXLSDGR��(VWH�

PpWRGR�SHUPLWH�YLVXDOL]DU��FRPR�UHVXOWDGR�GLUHWR�GDV�PHGLGDV��D�GLVWULEXLomR�HVSDFLDO�GR�SXOVR�GH�XOWUD�

VRP� VH�SURSDJDQGR�QR�PHLR��$�SDUWLU� GHVWH� SXOVR�� p�SRVVtYHO� FDOFXODU� VHX� HVSHFWUR�GH�GLUHWLYLGDGH� H�

REWHU� LQIRUPDo}HV� VREUH� D� GLUHWLYLGDGH� GR� WUDQVGXWRU�� e� LPSRUWDQWH� QRWDU� TXH�� SDUD� VH� REWHU� HVWD�
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FDUDFWHUtVWLFD�GR�WUDQVGXWRU��R�PDSHDPHQWR�DQJXODU�p�HILFLHQWH�H�UiSLGR�VH�FRPSDUDGR�DR�PDSHDPHQWR�

SRQWXDO��2XWUD�SRVVLELOLGDGH�RIHUHFLGD�SRU�HVWH�PpWRGR�p�D�GH�VH�YHULILFDU�R�SHUILO�GH�YLEUDomR�GD�IDFH�

GR� WUDQVGXWRU�DWUDYpV�GD� UHWURSURSDJDomR�GR�SXOVR�PHGLGR��FRPR�DSUHVHQWDGR�QD�)LJXUD�������)RUDP�

DSUHVHQWDGRV� PDSHDPHQWRV� DQJXODUHV� SDUD� XP� ~QLFR� SODQR� QRUPDO� j� IDFH� GR� WUDQVGXWRU�� )LFD� FRPR�

SURSRVWD�GH�PRGLILFDomR�GR�VLVWHPD�GH�PDSHDPHQWR�DQJXODU��H[LVWHQWH�DWXDOPHQWH�QR�/DERUDWyULR�GH�

8OWUD�VRP�� D� LQFOXVmR� GH� RXWUR� SODQR� GH�PRYLPHQWDomR� �RX� D� SRVVLELOLGDGH� GH� URWDomR� GR� SODQR� GH�

PDSHDPHQWR��D� ILP�GH�SHUPLWLU�D� UHDOL]DomR�GH�PDSHDPHQWRV�DQJXODUHV� WULGLPHQVLRQDLV��2�HVWXGR�GR�

PRGHOR�WULGLPHQVLRQDO�GHVWHV�FDPSRV�SRGH�RULHQWDU�QD�FRQVWUXomR�GH�XP�WUDQVGXWRU�KtEULGR��WUDQVGXWRU�

GH�XOWUD�VRP�DVVRFLDGR�D�XP�KLGURIRQH�GH�ODUJD�iUHD�DWLYD��TXH�SHUPLWD�D�DTXLVLomR�GH�LPDJHQV�SXOVR�

HFR�DWUDYpV�GR�PDSHDPHQWR�DQJXODU��
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��� $PHULFDQ� ,QVWLWXWH� RI�8OWUDVRXQG� LQ�0HGLFLQH� ±�$FRXVWLF�2XWSXW�0HDVXUHPHQW� DQG�/DEHOLQJ�

6WDQGDUG�IRU�'LDJQRVWLF�8OWUDVRXQG�(TXLSPHQW��HG��$�,�8�0��DQG�1�(�0�$��������

��� %XWWRQ�� 9�/�6�1�� ±� (IHLWR� GD� 3RODUL]DomR� 1mR�8QLIRUPH� GH� &HUkPLFDV� 3LH]RHOpWULFDV� QR�

&DPSR�GH�7UDQVGXWRUHV�GH�8OWUD�6RP��7HVH�GH�GRXWURUDGR��8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV��

������

��� &RVWD�� (�7�� �� 'HYHORSPHQW� DQG� $SSOLFDWLRQ� RI� D� /DUJH�$SHUWXUH� 39')� +\GURSKRQH� IRU�

0HDVXUHPHQW�RI�/LQHDU�DQG�1RQ�OLQHDU�8OWUDVRXQG�)LHOGV��3K'�7KHVLV��8QLYHUVLW\�RI�/RQGRQ��

������

��� &RVWD�� (�7��� +RGGLQRWW�� -�&��� /HHPDQ�� 6�� �� $UWHIDFW�)UHH� 0HDVXUHPHQW� RI� $WWHQXDWLRQ��

,PSHGDQFH�DQG�'LVSHUVLRQ��3URFHHGLQJV�RI�WKH�,(((�8OWUDVRQLFV�6\PSRVLXP�����������������

��� &RVWD�� (�7��� /HHPDQ�� 6��� +RGGLQRWW�� -�&�� �� 7LVVXH� &KDUDFWHUL]DWLRQ� YLD� 5HIOHFWLYLW\�

0HDVXUHPHQWV��3URFHHGLQJV�RI�WKH�8OWUDVRQLF�7LVVXH�&KDUDFWHUL]DWLRQ�DQG�(FKRJUDSKLF�,PDJLQJ����

�������1LMPHJHQ���1HWKHUODQGV��1RYHPEHU��������

��� 'DQWDV�� 5�*��� 1LFDFLR�� +��� &RVWD�� (�7��� /HHPDQ�� 6�� ±� 6LPXODomR� GH� 3XOVRV� 8OWUD�6{QLFRV� GH�

7UDQVGXWRUHV� $SRGL]DGRV� %DVHDGD� QR�0pWRGR� GH� (VSHFWUR� GH� 'LUHWLYLGDGH�� $QDLV� GR� ;9,,�

&RQJUHVVR�%UDVLOHLUR�GH�(QJHQKDULD�%LRPpGLFD��YRO����������������������
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��� +DUULV��*�+��±�5HYLHZ�RI�7UDQVLHQW�)LHOG�7KHRU\�IRU�D�%DIIOHG�3ODQDU�3LVWRQ�� -��$FRXVW��6RF��

$P���YRO������������������

��� +D\PDQ�� $�-��� :HLJKW�� -�3�� ±� 7UDQVPLVVLRQ� DQG� 5HFHSWLRQ� RI� 6KRUW� 8OWUDVRQLF� 3XOVHV� E\�

&LUFXODU�DQG�6TXDUH�7UDQVGXFHUV��-��$FRXVW��6RF��$P���YRO��������������������

��� +HDOH\�� $�-��� /HHPDQ�� 6�� ±� $� 1RYHO� 7HFKQLTXH� IRU� ,PDJLQJ� 3XOVHG� 8OWUDVRXQG� )LHOGV��

$FRXVWLFDO�,PDJLQJ��YRO�������������(G��3��7RUWROL�DQG�/��0DVRWWL��3OHQXP�3UHVV��������

����+XWFKLQV��'�$���0DLU��+�'���7D\ORU��5�*��±�7UDQVLHQW�3UHVVXUH�)LHOGV�RI�39')�7UDQVGXFHUV��-��

$FRXVW��6RF��$P���YRO��������������������

����/HHPDQ�� 6���+HDOH\��$�-���:HLJKW�� -�3�� ±�$�1HZ�$SSURDFK� IRU�&DOFXODWLQJ�:LGHEDQG�)LHOGV��

$FRXVWLFDO�,PDJLQJ��YRO�������LQ�SUHVV���������

����/HHPDQ�� 6��� +HDOH\�� $�-�� ±� 3URSDJDWLRQ� DQG� ,PDJLQJ� RI� :LGHEDQG� 7KUHH�'LPHQVLRQDO�

8OWUDVRXQG�)LHOGV��3URF��RI�63,(��YRO�����������������������

����/HHPDQ��6���'DQWDV��5�*���&RVWD��(�7����3XOVHG�8OWUDVRXQG�)LHOG�6LPXODWLRQ�DQG�9LVXDOLVDWLRQ��

3URF��RI�63,(��YRO�����������������������

����/HHPDQ��6���+HDOH\��$�-���&RVWD��(�7���1LFDFLR��+���'DQWDV��5�*���0DLD��-�0��±�0HDVXUHPHQW�RI�

7UDQVGXFHU�'LUHFWLYLW\�)XQFWLRQ��3URF��2I�63,(��YRO���������������������

����0DLD�� -�0��� 6LVWHPD� 3XOVR�(FR� 0LFURFRQWURODGR�� 'LVVHUWDomR� GH� 0HVWUDGR�� 8QLYHUVLGDGH�

(VWDGXDO�GH�&DPSLQDV��������

����5D\OHLJK��7KH�7HRU\�RI�6RXQG��YRO������QG�HG���'RYHU�3XEOLFDWLRQV��1HZ�<RUN��������D�SULPHLUD�

HGLomR�GDWD�GH��������

����6FKDIHU�� 0�(�� H� /HZLQ� 3�$�� ±� 7UDQVGXFHU� &KDUDFWHUL]DWLRQ� 8VLQJ� 7KH� $QJXODU� 6SHFWUXP�

0HWKRG��-��$FRXVW��6RF��$P���YRO����������������������
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