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5(680(1
(Q� OD� SURJUDPDFLyQ� GH� OD� IDEULFDFLyQ� GH� REMHWRV� KRPRJpQHRV� SDUD� HO� SUREOHPD� FRQVLGHUDGR��+RLVW� 6FKHGXOLQJ� 3UREOHP� �+63�� GHEH� GHWHUPLQDUVH� XQ� FLFOR� GH� PRYLPLHQWRV�� $� FDGD� SRVLEOH�VHFXHQFLD� FtFOLFD� SXHGH� DVRFLDUVH� XQ� JUDIR�� FX\DV� SURSLHGDGHV� SHUPLWHQ� TXH� VX� UHVROXFLyQ� VHD�HTXLYDOHQWH� D� OD� XWLOL]DFLyQ� GH� OD� SURJUDPDFLyQ� GLQiPLFD�� 3DODEUDV� &ODYH�� +RLVW� 6FKHGXOLQJ�3UREOHP��JUDIRV��SURJUDPDFLyQ�GLQiPLFD�

� ,QWURGXFFLyQ�
(Q� XQ� VLVWHPD� SURGXFWLYR� GH� ODV� FDUDFWHUtVWLFDV� GHO� SUREOHPD� +63�� VL� WRGRV� ORV� REMHWRV�WUDWDGRV�VRQ�LGpQWLFRV��HO�REMHWLYR�HV�GHWHUPLQDU�OD�SURJUDPDFLyQ�FtFOLFD�GH�XQ�SXHQWH�JU~D�WDO�TXH�PLQLPLFH�HO� WLHPSR�GH�FLFOR��3KLOOLSV�\�8QJHU�>�@�IXHURQ�ORV�SULPHURV�LQYHVWLJDGRUHV�HQ�SODQWHDU� XQ� PRGHOR� SDUD� HO� FDVR� EiVLFR� FRQ� XQ� WUDQVSRUWDGRU� R� SXHQWH�JU~D�� FRQ� WDQTXHV�TXtPLFRV�PRQR�EDxR�\�PRQR�IXQFLyQ��EDVDGR�HQ�SURJUDPDFLyQ�OLQHDO�HQWHUD�
$XWRUHV SRVWHULRUHV��FRPR�6KDSLUR�\�1XWWOH�>�@��UHKLFLHURQ�HO�PRGHOR�PHGLDQWH�RWUDV�WpFQLFDV��FRPR� OD� H[SORUDFLyQ� DUERUHVFHQWH�� (Q� HVWH� FDVR�� VH� UHTXLHUH� HYDOXDU� WRGDV� DTXHOODV�VXEVHFXHQFLDV�\�VHFXHQFLDV�GH�PRYLPLHQWRV�SRVLEOHV�GHULYDGDV�GH�XQ�YpUWLFH��PLHQWUDV�QR�VH�GHPXHVWUH� OD� LQIDFWLELOLGDG� GH� pVWH�� &KHQ�� &KX� \� 3URWK� >�@� SURSRQHQ� H[SORWDU� OD� WHRUtD� GH�JUDIRV�SDUD�UHVROYHU�FDGD�XQD�GH�ODV�VHFXHQFLDV�GH�PRYLPLHQWRV�
/D�SURJUDPDFLyQ�GH�OD�JU~D��PHGLDQWH�UHVROXFLyQ�GH�XQ�JUDIR�* FRQ�7LHPSR�GH�&LFOR�$FRWDGR�>�@��FRUUHVSRQGH�DO�SUREOHPD�GH�GHWHUPLQDU�XQ�FDPLQR�Pi[LPR�HQ�GLFKR�JUDIR�*��FX\R�YpUWLFH�ILQDO� VHD�XQ�YpUWLFH� L��/D� WUDQVIRUPDFLyQ�DSOLFDGD�HQ�HO�FiOFXOR�VH�FRUUHVSRQGH�FRQ� OD� IRUPD�SURJUHVLYD GH�OD�HFXDFLyQ�GH�UHFXUUHQFLD�XWLOL]DGD�HQ�OD�SURJUDPDFLyQ�GLQiPLFD GHWHUPLQLVWD�\�GLVFUHWD��HQ�HO�HVSDFLR�GH�ORV�HVWDGRV�
� (O�SUREOHPD�+63��+RLVW�6FKHGXOLQJ�3UREOHP��8Q�FRQMXQWR�GH�Q�SLH]DV��M ������Q��GHEHQ�UHFLELU�XQ�WUDWDPLHQWR��RSHUDFLyQ��HQ�P HVWDFLRQHV��L ������P���HQ�XQ�VLVWHPD�SURGXFWLYR�IRUPDGR�SRU�XQ�FRQMXQWR�GH�WDQTXHV�OOHQRV�GH�SURGXFWRV�TXtPLFRV��/D�SHUPDQHQFLD�GH�XQD�SLH]D�HQ�FDGD�HVWDFLyQ�GHEH�GXUDU�XQ�WLHPSR�FRPSUHQGLGR�HQWUH�GRV�YDORUHV��XQR�PtQLPR�\�RWUR�Pi[LPR�
8QR�R�PiV�WUDQVSRUWDGRUHV��R�JU~DV��UHDOL]DQ�ORV�PRYLPLHQWRV�GH�ODV�SLH]DV�HQWUH�HVWDFLRQHV��HQ�XQ�WLHPSR�QR�GHVSUHFLDEOH��/DV�SLH]DV�VH�UHFRJHQ�HQ�OD�HVWDFLyQ�GH�FDUJD��(�����SXQWR�GH�HQWUDGD� GH� ODV� SLH]DV� DO� VLVWHPD�� (O� SXQWR� GH� VDOLGD� GH� ODV� SLH]DV� GHO� VLVWHPD�� GRQGH� VH�GHSRVLWDQ�XQD�YH]�KDQ�SDVDGR�SRU�WRGDV�ODV�RSHUDFLRQHV��HV�OD�HVWDFLyQ�GH�GHVFDUJD��(�P����
 (O�SUHVHQWH�HVWXGLR�VH�KD� UHDOL]DGR�HQ�HO�PDUFR�GHO�SUR\HFWR�GH LQYHVWLJDFLyQ�7$3��������ILQDQFLDGR�SRU�OD�&,&<7�



/DV�FRQGLFLRQHV�JHQHUDOHV�GHO�SUREOHPD�SXHGHQ�HQXQFLDUVH�FRPR�
x /DV�GXUDFLRQHV�GH�ODV�RSHUDFLRQHV�QR�VRQ�ILMDV��VLQR�DFRWDGDV�x /RV�WLHPSRV�GH�WUDQVSRUWHV�GH�JU~D�QR�VRQ�QHJOLJLEOHV�x 1R�H[LVWHQ�FRODV�QL�VWRFNV�LQWHUPHGLRV�HQWUH�WDQTXHV�
(O�Q~PHUR�GH�YDULDQWHV�HQ�HO�SUREOHPD�+63�GHSHQGH�EiVLFDPHQWH�GH�WUHV�IDFWRUHV�
x /RV� WLSRV� GH� WDQTXHV�� VHJ~Q� HO� Q~PHUR� GH� REMHWRV� HQ� FDGD� WDQTXH� �PRQR�EDxR� R�PXOWL�EDxR��\�VHJ~Q�HO�Q~PHUR�GH� WUDWDPLHQWRV�GLVWLQWRV�HQ�FDGD�EDxR��PRQR�IXQFLyQ�R�PXOWL�IXQFLyQ��x /RV� WLSRV�GH�SURGXFWRV��VHJ~Q�VHDQ�SLH]DV�X�REMHWRV�LGpQWLFRV�R�GLVWLQWRV��KRPRJpQHRV�R�KHWHURJpQHRV��x /RV�HOHPHQWRV�GH�WUDQVSRUWH��VHJ~Q�HO�Q~PHUR�GH�JU~DV��PRQR�JU~D�R�PXOWL�JU~D��
� 'HWHUPLQDFLyQ�GH�OD�VHFXHQFLD�FtFOLFD��SDUD�REMHWRV�KRPRJpQHR V�
3DUD� HO� FDVR�GH� WDQTXHV�PRQR�EDxR��PRQR�IXQFLyQ�� SURGXFWRV�KRPRJpQHRV�\�PRQR�JU~D�� HO�REMHWLYR�HV�GHWHUPLQDU�XQD�VHFXHQFLD�FtFOLFD��WDO�TXH�PLQLPLFH�HO�WLHPSR�GH�FLFOR��GHO�FRQMXQWR�GH�PRYLPLHQWRV�GH�XQD�~QLFD�JU~D�VREUH�REMHWRV�KRPRJpQHRV��TXH�SDVDQ�SRU�P�HWDSDV��FDGD�XQD�UHDOL]DGD�HQ�XQ�WDQTXH�FRQ�VX�UHVSHFWLYD�UHVWULFFLyQ�GH�YHQWDQD�
/DV�KLSyWHVLV�HQ�TXH�VH�EDVD�HO�PRGHOR�D�SODQWHDU�VRQ�ODV�VLJXLHQWHV��x (O�WLHPSR�GH�SURFHVR�HQ�FDGD�HVWDFLyQ�GHEH�HVWDU�HQWUH�HO�LQWHUYDOR�GDGR�x (O�WUDQVSRUWH�GH�ORV�REMHWRV�OR�UHDOL]D�XQD�~QLFD�JU~D�x /D�RSHUDFLyQ�GH�WUDQVSRUWH�QR�VH�SXHGH�LQWHUUXPSLU�x /D�HWDSD�(����WLHQH�ORV�REMHWRV�SUHSDUDGRV�FXDQGR�OOHJD�OD�JU~D�x (O�WDQTXH�GH�OD�HWDSD�(�L��GHEH�HVWDU�YDFtR�FXDQGR�OOHJD�XQ�REMHWR�x 7RGRV�ORV�WDQTXHV�HVWiQ�RUGHQDGRV�VHJ~Q�ODV�HWDSDV�GHO�SURFHVR�x 7RGRV�ORV�REMHWRV�VRQ�LGpQWLFRV�\�VLJXHQ�OD�PLVPD�UXWD�HQWUH�(����\�(�P�����
8QD�VHFXHQFLD�FtFOLFD��+�7��VH�GHILQH�D�SDUWLU�GH�GRV�YHFWRUHV�
x 6HFXHQFLD�GH�PRYLPLHQWRV�GH�JU~D��+  ��K>�@��K>�@�� �����K>N@�� �����K>P@!��GRQGH�K>N@ KL HV�HO�PRYLPLHQWR�GH�XQ�REMHWR�GH�(�L��D�(�L�������d L�d P�x 7LHPSRV�GH� LQLFLR�GH� ORV�PRYLPLHQWRV��7  ��W>�@�� W>�@�� ����� W>N@�� ����� W>P@!��GRQGH� W>N@ WL HV�HO�WLHPSR�GH�LQLFLR�GHO�PRYLPLHQWR�KL����d L�d P��7RPDQGR�FRPR�UHIHUHQFLD�HO�PRYLPLHQWR�VREUH�OD�HVWDFLyQ�GH�FDUJD��K>�@ � ��W>�@ ����VH�SODQWHD�HO�SUREOHPD�GH�PLQLPL]DU�HO�WLHPSR�GH�FLFOR�7&�+��DVRFLDGR�D�XQD�VHFXHQFLD�+�SURSXHVWD�
/RV�GDWRV�GH�SDUWLGD�VRQ�
x ODV�UHVWULFFLRQHV�GH�YHQWDQD�GH�FDGD�WDQTXH��DL��EL �L� ����������P��



x ORV�WLHPSRV�GH�PRYLPLHQWR�GH�OD�JU~D��ELHQ�VHD�FRQ�FDUJD��IL �L� �����������P���ELHQ�VHD�VLQ�FDUJD��HL�M �L�M� �����������P����x OD�VHFXHQFLD�GH�PRYLPLHQWRV�SURSXHVWD��+  ��K>�@ ���K>�@�������K>P@!�3DUD�UHVROYHU�HO�PRGHOR��VH�UHTXLHUHQ�P�� YDULDEOHV��HO�WLHPSR�GH�LQLFLR�GH�ORV�PRYLPLHQWRV��HQ� HO� YHFWRU�7� � ���� W>�@�� ����� W>P@!�� \� HO� WLHPSR� GH� FLFOR� 7&�+��� (O�PRGHOR� FRQWLHQH� �P��UHVWULFFLRQHV���P�UHVWULFFLRQHV�VH�GHEHQ�D�ORV�OtPLWHV�GH�WLHPSR�GH�SURFHVR�GHO�REMHWR�HQ�FDGD�XQR�GH�ORV�P WDQTXHV��\�P�� UHVWULFFLRQHV�UHVSRQGHQ�DO�WLHPSR�GH�YLDMH�GH�OD�JU~D HQ�FDGD�PRYLPLHQWR�
7RGDV� ODV� UHVWULFFLRQHV� SXHGHQ� H[SUHVDUVH� FRPR� GLIHUHQFLD� GH� GRV� YDULDEOHV� GHO� YHFWRU� 7��'LFKR�YDORU�GHEH�VHU�PD\RU�TXH�HO�YDORU�GHO�WpUPLQR�LQGHSHQGLHQWH��HO�FXDO�SXHGH�GHSHQGHU�GH�OD�YDULDEOH�GHO�WLHPSR�GH�FLFOR��TXH�OODPDUHPRV�SDUD�VLPSOLILFDU�7&��
/DV�UHVWULFFLRQHV�GH�RSHUDFLRQHV�SDUD�XQ�REMHWR�GHSRVLWDGR�HQ�XQ�WDQTXH� L HQ�XQ�FLFOR�DQWHULRU�DO�TXH�VH�UHFRJH�WLHQHQ�XQ�WpUPLQR�LQGHSHQGLHQWH�GHSHQGLHQWH�GH�7&��DL�IL��±7&���EL�IL���7&���PLHQWUDV�TXH�HQ�ORV�GHPiV FDVRV�HVWR�QR�HV�DVt��DL�IL�����EL�IL�����'H�ODV�UHVWULFFLRQHV�GHELGDV�DO�WLHPSR� GH� WUDQVSRUWH� GH� JU~D�� VyOR� DTXpOOD� UHIHULGD� DO� ~OWLPR�PRYLPLHQWR�� PRYLPLHQWR� P�pVLPR��GH�XQ�FLFOR�GHSHQGH�GH�7&��I>P@�H>P@����±7&���HQ�ODV�GHPiV��HV�XQD�VXPD�GH�WLHPSRV�GH�YLDMH��I>N@�H>N@���>N��@��SDUD�N ������P���
� 3URJUDPDFLyQ�GLQiPLFD�DSOLFDGD�HQ�OD�UHVROXFLyQ�GH�XQ�JUDIR�
��� *UDIR�*�\�VXEJUDIR�*O DVRFLDGR�DO�SUREOHPD�GH�PLQLPL]DFLyQ�GH�7&�6HD� HO� SUREOHPD� GH� RSWLPL]DFLyQ�� GHILQLGR� SRU� OD� IXQFLyQ� REMHWLYR� ���� VRPHWLGD� D� �P��UHVWULFFLRQHV� GHO� WLSR� GH� OD� HFXDFLyQ� ����� FRQ� WL�t �� �L ��� �����P�� \�EM TXH� GHSHQGH� GHO� YDORU�DVLJQDGR�D�OD�YDULDEOH�GH�WLHPSR�GH�FLFOR�7&�

>0,1@�7& ���
W*WR�M� ± W*IURP�M� t EM�7&����M ���������P�� ���

/DV��P�� UHVWULFFLRQHV�GHO�SUREOHPD�VXJLHUHQ�OD�E~VTXHGD�GHO�FDPLQR�Pi[LPR�HQ�XQ�JUDIR�*FRQ�ODV�VLJXLHQWHV�FDUDFWHUtVWLFDV�
x $�FDGD�YDULDEOH�GHO�SUREOHPD� WL �L ��� �����P���H[FHSWR� OD�YDULDEOH�7&��VH�DVRFLD�XQ�YpUWLFH�Y�L���x (QWUH�ORV�YpUWLFHV�Y�W*IURP��\�Y�W*WR���VH�DVRFLD�XQ�DUFR�FRQ�YDORU�EM�7&���(Q�OD�E~VTXHGD�GH�FDPLQRV�Pi[LPRV��pVWH�FRQGXFH�D�DSOLFDU�OD�UHVWULFFLyQ�RULJLQDO�
(Q� IXQFLyQ� GHO� YDORU� DVLJQDGR� D� 7&�� HO� JUDIR� *� SXHGH� WHQHU� FDPLQRV� H[WUHPRV�� R� VHD�Pi[LPRV��DFRWDGRV�R�QR�WHQHUORV�
'HILQLFLyQ����8Q�JUDIR�*�HV�FRKHUHQWH�FRQ�7& &� &RK>7& &@��VL�SDUD�WRGD�SDUHMD�GH�YpUWLFHV�>Y�L���Y�M�@�H[LVWH�XQ�FDPLQR�Pi[LPR��3DUD�XQ�JUDIR�RULHQWDGR��FRPR�*��OD�FRKHUHQFLD�VXSRQH�TXH�WRGRV�ORV�FLUFXLWRV�GH�GLFKR�JUDIR�WHQJDQ�YDORU�QR�SRVLWLYR�



3URSRVLFLyQ����(Q�HO�JUDIR�* H[LVWHQ��P��Â�� VXEJUDIRV *O��IRUPDGRV�SRU�XQ�FRQMXQWR�GH�DUFRV�TXH�LQFLGDQ�HQ�FDGD�XQR�GH�ORV�P�� YpUWLFHV�GHO�JUDIR�
'HPRVWUDFLyQ��6L�VH�GHWDOODQ�ODV��P���UHVWULFFLRQHV�� ORV�YpUWLFHV�Y����\�Y�P��GH�XQ�JUDIR�*WLHQHQ�GRV�DUFRV� LQFLGHQWHV��XQR�GH�UHVWULFFLRQHV�GH�WDQTXH�\�RWUR�GH JU~D���PLHQWUDV�TXH�ORV�GHPiV� YpUWLFHV�� >Y����� ����� Y�P���@�� GHO� JUDIR�* WLHQHQ� WUHV� DUFRV� LQFLGHQWHV� �GRV� DUFRV� GH�UHVWULFFLRQHV�GH�WDQTXH�\�XQR�GH�JU~D���
6HD�XQ�YHFWRU�; IRUPDGR�SRU�FRPSRQHQWHV�DVRFLDGRV�D�ORV�YpUWLFHV�GHO�JUDIR�*��
3URSRVLFLyQ����$�WRGR�JUDIR�* SXHGH�DVRFLDUVH�XQD�WUDQVIRUPDFLyQ�), GH�XQ�YHFWRU�; HQ�RWUR�YHFWRU�< �GH�LGpQWLFDV�FDUDFWHUtVWLFDV�D�;��WDOHV�TXH�;�<��P����
'HPRVWUDFLyQ� /D�WUDQVIRUPDFLyQ�), FRQVLVWH�HQ�DSOLFDU�OD�H[SUHVLyQ�����\L  �0$; N�L� ^�EM�LN�L� ��[M N�L� ` L� ��������P ���
FRQ� EM�LN�L��7&�� HQWHUR� TXH� SXHGH� GHSHQGHU� GH� 7&�� L�M�^����� ����� P`�� N�L��^���`� VL� L ��P��N�L��^�����`� VL� L ��������P����TXH�FRLQFLGH�FRQ� OD�GHWHUPLQDFLyQ�GH�FDPLQRV�Pi[LPRV�HQ�XQ�JUDIR��
(Q�QXHVWUR�FDVR��HO�JUDIR�*�VH� OODPD�*UDIR�FRQ�7LHPSR�GH�&LFOR�$FRWDGR��DO�SRGHU�KDOODUVH�FRWDV�VREUH�HO�YDORU�GH�7&�>�@��TXH�IDFLOLWDQ�OD�FRQYHUJHQFLD�GH�GLFKR�SURFHGLPLHQWR�HQ�pO��
3URSRVLFLyQ��� /D�WUDQVIRUPDFLyQ�), GLYLGH�HO�HVSDFLR��P�� HQ�]RQDV�VHJ~Q�ODV�UHVWULFFLRQHV�DFWLYDV�HQ�FDGD�YpUWLFH� L��(O�Q~PHUR�Pi[LPR�GH�]RQDV�HV��P��Â����HQ�HVWH�FDVR��$�FDGD�]RQD�OFRUUHVSRQGH�XQD�WUDQVIRUPDFLyQ�UHGXFLGD�),�O��D�OD�FXDO�SXHGH�DVRFLDUVH�WDPELpQ�XQ�VXEJUDIR�*O��$�FDGD�YpUWLFH�GH�GLFKR�VXEJUDIR�LQFLGH�XQ�VyOR�DUFR�
'HPRVWUDFLyQ��6HJ~Q�OD�3URSRVLFLyQ���� H[LVWH XQ�JUDIR�*�DVRFLDGR�D� OD� WUDQVIRUPDFLyQ�),��3DUD�FDGD�YpUWLFH� L GHO�JUDIR��H[LVWLUi�XQ�YDORU�N�L��WDO�TXH�\L  �EM�LN�L� ��[M N�L���'LFKD�H[SUHVLyQ�UHIOHMD�OD�UHVWULFFLyQ�DFWLYD�HQ�HO�YpUWLFH�L��
$GHPiV�� VHJ~Q� OD� GHPRVWUDFLyQ� GH� OD� 3URSRVLFLyQ� ��� H[LVWLUi VLHPSUH�XQD� UHVWULFFLyQ� DFWLYD�SDUD� FDGD� YpUWLFH�� SRU� OR� PHQRV�� (Q� OD� IURQWHUD� HQWUH� GRV� ]RQDV�� H[LVWHQ� GRV� UHVWULFFLRQHV�DFWLYDV�HQ�XQ�FLHUWR�YpUWLFH�L�
/D�WUDQVIRUPDFLyQ�UHGXFLGD�),�O LQFOX\H�XQD�VHOHFFLyQ�GH�P�� YDORUHV�N�����N����������N�P���'H�PDQHUD�HTXLYDOHQWH��HQ�HO�VXEJUDIR�*O��H[LVWHQ�P���DUFRV�TXH�LQFLGHQ�HQ�ORV�YpUWLFHV���������P��UHVSHFWLYDPHQWH�
3URSRVLFLyQ� ��� (Q� XQ� VXEJUDIR�*O H[LVWH� FRPR�PtQLPR� XQ� FLUFXLWR�� DXQTXH� DOJXQR� GH� ORV�DUFRV�GHO�VXEJUDIR�SXHGH�QR�IRUPDU�SDUWH�GH�XQ�FLUFXLWR��
'HPRVWUDFLyQ�� 6HD� XQ� YpUWLFH� M� FXDOTXLHUD� GHO� VXEJUDIR�*O�� 6HJ~Q� OD� 3URSRVLFLyQ� ��� VyOR�LQFLGH�XQ�DUFR�H>Y�L��Y�M�@�HQ�GLFKR�YpUWLFH��VLHQGR�HO�RULJHQ�GH�GLFKR�DUFR�HO�YpUWLFH�L��7yPHVH�DKRUD�HO�YpUWLFH�L FRPR�YpUWLFH�GHVWLQR�



'DGR� TXH� HO� Q~PHUR� GH� YpUWLFHV GHO� VXEJUDIR�*O HV� ILQLWR�� GHVSXpV� GH� UHDOL]DU� OD� DQWHULRU�RSHUDFLyQ� GXUDQWH� N LWHUDFLRQHV�� HO� YpUWLFH� RULJHQ� HQ� OD� LWHUDFLyQ� N���pVLPD� FRLQFLGLUi� FRQ�DOJXQR�GH�ORV�N�YpUWLFHV�RULJHQ�\D�YLVLWDGRV�
6HD�HO�FRQMXQWR�GH�YpUWLFHV�RULJHQ��HQ�RUGHQ�LQYHUVR�DO�YLVLWDGR��ILQDOL]DQGR�FXDQGR�VH�YLVLWy�SRU�SULPHUD�YH]�DO�YpUWLFH�UHSHWLGR��(QWRQFHV��VH�GLVSRQH�GH�XQ�FLUFXLWR�UHFRUULGR�HQ�VHQWLGR�FRQWUDULR�D�OD�RULHQWDFLyQ�GH�VXV�DUFRV��
6L� HO� YpUWLFH� UHSHWLGR� HV� HO� SULPHUR�� HO� FLUFXLWR� SDVD� SRU� WRGRV� ORV� YpUWLFHV�� 6L QR� OR� HV��HQWRQFHV�TXHGD�XQD�SDUWH�GH�DUFRV�GHO�JUDIR�IXHUD�GHO�FLUFXLWR��6L�TXHGDUDQ�YpUWLFHV�SRU�YLVLWDU��HVWR�LPSOLFD�TXH�R�ELHQ�VH�IRUPD�RWUR�FLUFXLWR�R�ELHQ�VH�YLVLWDUi�QXHYDPHQWH�DOJ~Q�YpUWLFH�GHO�FLUFXLWR�\D�IRUPDGR�
��� /RV�SXQWRV�GREOHV�HQ�XQD�WUDQVIRUPDFLyQ�)),�O�
'HILQLFLyQ����/D�WUDQVIRUPDFLyQ�),�O��DVRFLDGD�DO�VXEJUDIR�*O��WLHQH�XQ�SXQWR�GREOH�;� SRU�OR�PHQRV��VL�VH�FXPSOH�����

;� ),�� �;�� ���
(Q�QXHVWUR�FDVR�� ORV�SXQWRV�GREOHV�IRUPDQ�SDUWH�GH�OD�VROXFLyQ�EXVFDGD��\D�TXH�LQGLFDQ�TXH�WUDV� UHFRUUHU� ORV�P��� YpUWLFHV� GHO� VXEJUDIR�*O ORV� YDORUHV� VH� UHSHWLUiQ� FtFOLFDPHQWH� WUDV� XQ�SHUtRGR�GH�WLHPSR�7&��1R�REVWDQWH��OD�H[LVWHQFLD�GH�SXQWRV�GREOHV�GHSHQGH�GHO�YDORU�DVLJQDGR�D�OD�YDULDEOH�7&�
'HILQLFLyQ� ��� 6L� ;��P�� VH� HQFXHQWUD� HQ� HO� LQWHULRU� GH� XQD� ]RQD� O�� HVWD� WUDQVIRUPDFLyQ�UHGXFLGD�),�� HV�HTXLYDOHQWH�D�XQD�WUDQVIRUPDFLyQ�OLQHDO�GHO�WLSR�����< %�$Â; ���
GRQGH�FDGD�ILOD�FRUUHVSRQGH�D�OD�UHVWULFFLyQ�DFWLYD�LQFLGHQWH�SDUD�FDGD�YpUWLFH��/D�PDWUL]�$�HV�XQD�PDWUL]�HVWRFiVWLFD�GH�GLPHQVLyQ�P����
7HRUHPD����6L�H[LVWH�XQ�SXQWR�GREOH�;� GH�),�O��WRGRV�ORV�FLUFXLWRV�HQ�HO�JUDIR�*O WLHQHQ�YDORU�QXOR��
'HPRVWUDFLyQ� 6HD� HO� XQ� FLUFXLWR� HQ� HO� JUDIR� *O�� IRUPDGR� SRU� D YpUWLFHV�� $SOLFDQGR� OD�WUDQVIRUPDFLyQ�),�O��VREUH�HO�SULPHU�YpUWLFH�[�� �E� ��[D ���
5HSLWLpQGROR�SDUD�FDGD�YpUWLFH�GHO�FLUFXLWR�

[L� �EL ��[L�� L ������D ���
6XPDQGR�OD�HFXDFLyQ�����D�ODV�D���HFXDFLRQHV�GH�OD�IRUPD������VH�REWLHQH�
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&RURODULR��6L�WRGRV�ORV�FLUFXLWRV�GHO�JUDIR�*O WLHQHQ�YDORU�QXOR��H[LVWHQ�SXQWRV�GREOHV�GH�),�O�
��� /D�SURJUDPDFLyQ�GLQiPLFD�HQ�OD�UHVROXFLyQ�GH�XQ�JUDIR�\�VXV�FRQVHFXHQFLDV�6HD�;��� YHFWRU� IRUPDGR�SRU� ORV� FRPSRQHQWHV� LQLFLDOHV� DVLJQDGRV� DO� YHFWRU�;�� DVt� FRPR�TXH�<1 %�$Â;1 \�;1�� <1 �1 ������� ������ FRQ� XQD� R� GLYHUVDV� FRPSRQHQWHV� FRQYH[DV�� 6L�),�OWLHQH�SXQWR�GREOH�;���VHJ~Q�OD�'HILQLFLyQ����;� ),���;���
(QWRQFHV��FRQYLHQH�HVWXGLDU� OR�TXH�VXFHGH�VL�;�z;��NÂ� �N��VXSRQLHQGR�HO�FDVR�GH�XQ�VROR�FLUFXLWR��<� ),���;���FRQ�<�zz;���
3URSRVLFLyQ��� 6L�;� QR�HV�SXQWR�GREOH�GH�),����HQWRQFHV SDUD�S VXILFLHQWHPHQWH�JUDQGH�

),��S�T�;��� �),��S�;�� ���
GRQGH�T HV�P~OWLSOR�GHO�Q~PHUR�GH�YpUWLFHV�GHO�FLUFXLWR��\�HQ�FDVR�GH�YDULRV�FLUFXLWRV��PtQLPR�FRP~Q�P~OWLSOR�GH�ORV�UHVSHFWLYRV�Q~PHURV�GH�YpUWLFHV�
3URSRVLFLyQ��� (Q�ODV�FRQGLFLRQHV DQWHULRUHV��FRQ�;� GHILQLGR�FRPR�HQ�OD�3URSRVLFLyQ���
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HV�WDO�TXH�;� ),���;���
'HPRVWUDFLyQ�� 'DGD� XQD� PDWUL]�$�� (O� YHFWRU�;1�� GHVSXpV� GH� DSOLFDU� OD� WUDQVIRUPDFLyQ�1LWHUDFLRQHV��VH�REWLHQH�FRPR�

;1 �% ��$Â% ��$�Â% ��������$1��Â% ��$1 ;� ����
;1� ��, ��$ ��������$1����% ��$1 ;� ����

(VWH�SURFHGLPLHQWR� LWHUDWLYR�SHUPLWH�� JUDFLDV� D� ODV�SURSLHGDGHV�GH� OD�PDWUL]� HVWRFiVWLFD�$ \�GHO�7HRUHPD����TXH�VH�GHPXHVWUH�>�@�TXH�OD�SURSRVLFLyQ�VH�FXPSOH�HQ�FDVR�TXH�OD�VHFXHQFLD�+VHD�IDFWLEOH�
(Q�HVWH�FDVR��HO�YDORU�S HV�VXILFLHQWHPHQWH�JUDQGH�FXDQGR�LJXDOD�DO�JUDGR�GH�PXOWLSOLFLGDG�GH�ORV�YDORUHV�SURSLRV���GH�OD�PDWUL]�$�
(Q�GHILQLWLYD��ORV�SULQFLSLRV�GH�OD�SURJUDPDFLyQ�GLQiPLFD�>�@�GHPXHVWUDQ�OD�H[SUHVLyQ������

;1 o 1�J���21��: ����
GRQGH�J� �$ %�� \�21 HV� XQ� SRVLEOH� WpUPLQR� RVFLODQWH� HQ� T HWDSDV� WDO� TXH�21�T 21�� FX\D�PHGLD�SXHGH�KDFHUVH���SDUD�FHQWUDUOR�HQ�HO�SXQWR�GREOH�:�



��� (VWDGRV�\�SROtWLFDV�DO�XWLOL]DU�SURJUDPDFLyQ�GLQiPLFD�
(Q� HVWH� SUREOHPD�� VLJXLHQGR� HO� HVTXHPD� GH� OD� SURJUDPDFLyQ� GHWHUPLQLVWD� \� GLVFUHWD� HQ� HO�HVSDFLR�GH�ORV�HVWDGRV�>�@��

%�$Â:  �J�: ����
$Vt�SXHV��LQWHUHVD�J � GDGR�TXH�VH�EXVFD�HO�SXQWR�GREOH�:�
(Q� SDUWLFXODU�� WDPELpQ� VH� SXHGH� LWHUDU� HQ� HO� HVSDFLR� GH� ODV� SROtWLFDV�� (QWRQFHV�� HO� XVR� GH�SUREOHPDV� OLQHDOHV� SHUPLWH� LQWHUSUHWDU� VROXFLRQHV� SRVLEOHV� GHO� SUREOHPD� SULPDO�� TXH� HQ� HO�SUREOHPD�GXDO�FRUUHVSRQGHQ�D�SROtWLFDV�
6H�FRQVLGHUDQ�ODV�SROtWLFDV�FRQ�XQ�VROR�FLUFXLWR HQ�HO�VXEJUDIR�*O� GDGR�TXH�OD�LWHUDFLyQ�HQ�HO�HVSDFLR�GH�ODV�SROtWLFDV�WLHQGH�D�HOOR�(Q�FDVR�GH�YDULRV�FLUFXLWRV��OD�FRUUHFFLyQ�GHEH�EDVDUVH�HQ�HO�PD\RU�YDORU�SÂJ!���VLHQGR�S OD�ORQJLWXG�GHO�FLUFXLWR�\�J OD�YDULDFLyQ�GHO�YDORU�GH�UHIHUHQFLD�W��3DUD� GHWHUPLQDU� XQ� FLUFXLWR�� D� SDUWLU� GH� XQD� SROtWLFD�� SXHGH� KDFHUVH�� D� SDUWLU� GH� XQ� YpUWLFH�FXDOTXLHUD�� UHWURFHGLHQGR� HQ� HO� VHQWLGR� GH� OD� UHODFLyQ�� $GHPiV�� VH� GHWHUPLQDUiQ� ODV�FRPSRQHQWHV�FRQH[DV�DVRFLDGDV�
6L� FRQVLGHUDGD� OD� WUDQVIRUPDFLyQ� FRPR�XQ�SURFHVR�SROLHWiSLFR�GH�GHFLVLyQ� FRQ� HFXDFLyQ�GH�UHFXUUHQFLD�SURJUHVLYD�),��XQD�SROtWLFD�FRQGXFH�D�XQ�YDORU�J!��HO�FLUFXLWR�TXH�GHWHUPLQD�WLHQH�YDORU�SÂJ� � V�!����(VWR� LQGLFD�HO� LQWHUpV�HQ�PRGLILFDU�HQ�JHQHUDO�� \�HQ�DXPHQWDU�7&�HQ�HVWH�FDVR��VL�pVWH�SXHGH�FRUUHJLUVH�
6L�DO�LQWHQWDU�FRUUHJLU�HO�YDORU�GH�XQ�FLUFXLWR�V!���OD�ORQJLWXG�GH�pVWH�HV�LQGHSHQGLHQWH�GH�7&��* QR� HV� FRKHUHQWH� SDUD� QLQJ~Q� YDORU� GH� 7&�� OD� VHFXHQFLD� GH� PRYLPLHQWRV� HV� LQIDFWLEOH��7DPELpQ�SXHGH�VHU�GHWHFWDGR�DO�DFRWDU�OD�YDULDEOH�7&�>�@�
(Q� FDVR� TXH� SDUD� OD� SROtWLFD� ySWLPD� J���� WDPELpQ� KDEUi� TXH� FRUUHJLU� HO� YDORU� GH� 7&� HQ�JHQHUDO�� \� HQ�SDUWLFXODU� GLVPLQXLUOR��1R�REVWDQWH��HVWR�SXHGH�PRGLILFDU�HO� FLUFXLWR�ySWLPR�X�RWUR��TXH�SDVH�D�VHU�ySWLPR�DO�DXPHQWDU�VX�YDORU�J��3DUD�VHU�SUXGHQWH��HV�PHMRU�HPSH]DU�SRU�OD�FRWD�LQIHULRU�GH�7&�H�LU�DXPHQWDQGR�VX�YDORU�
� &RQFOXVLyQ�
(Q�UHVXPHQ��OD�WUDQVIRUPDFLyQ�),�O HV�OD�IRUPD�SURJUHVLYD GH�OD�HFXDFLyQ�GH�UHFXUUHQFLD������XWLOL]DGD�HQ�OD�SURJUDPDFLyQ�GLQiPLFD�GHWHUPLQLVWD�\�GLVFUHWD��HQ�HO�HVSDFLR�GH�ORV�HVWDGRV�
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FXPSOLHQGR�J FLHUWDV�FRQGLFLRQHV��\�TXH�HQ�FDVR�GH�XQ�FLUFXLWR�~QLFR�HQ�HO�VXEJUDIR�*O�J  �JÂ� ����
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	Todas las restricciones pueden expresarse como diferencia de dos variables del vector T. Dicho valor debe ser mayor que el valor del término independiente, el cual puede depender de la variable del tiempo de ciclo (que llamaremos para simplificar TC).
	Proposición 5: Si X1 no es punto doble de (I,1, entonces para p suficientemente grande:

