
Resumen--(Q� HVWH� DUWtFXOR� VH� LQWURGXFH� XQ� PRGHOR� GH�
SURJUDPDFLyQ�HQWHUD�SDUD�OD�SODQLILFDFLyQ�GH�HTXLSRV�PpGLFRV�
GH�GLDJQyVWLFR�GH�DOWR�FRVWR�HQ�XQD�UHG�GH�KRVSLWDOHV�S~EOLFRV�
LQWHJUDGD� SRU� GLIHUHQWHV� LQVWLWXFLRQHV� GH� VDOXG�� (O� PRGHOR�
SHUPLWH� LGHQWLILFDU� HQ� TXp� KRVSLWDOHV� GH� FDGD� LQVWLWXFLyQ� VH�
GHEHQ� LQVWDODU� HTXLSRV� PpGLFRV� PLQLPL]DQGR� ORV� FRVWRV� GH�
LQYHUVLyQ�\�RSHUDWLYRV�SDUD�VDWLVIDFHU�OD�GHPDQGD�GHO�VHUYLFLR��
'DGD� OD� LQKHUHQWH�FRPSOHMLGDG�FRPSXWDFLRQDO�GHO�SUREOHPD��
VH�SURSRQH�XQ�*5$63��(O� HVTXHPD�FRQVWUXFWLYR�GH�*5$63�
FRQVLVWH�HQ�GRV�HWDSDV�HQ�FDGD�LWHUDFLyQ��(Q�XQD�SULPHUD�HWDSD�
VH� YDQ� ILMDQGR� GHFLVLRQHV� GH� TXp� KRVSLWDOHV� KDELOLWDU� \� VX�
FDSDFLGDG� GH� HTXLSRV� PpGLFRV�� (Q� XQD� VHJXQGD� HWDSD�� VH�
UHVXHOYH� XQ� SUREOHPD� GH� WUDVERUGR� UHODWLYDPHQWH� IiFLO�� 6H�
UHVROYLHURQ�GLIHUHQWHV�LQVWDQFLDV�GH�SUXHED�TXH�PXHVWUDQ�TXH�
OD�KHXUtVWLFD�SURSXHVWD�HQFXHQWUD�VROXFLRQHV�IDFWLEOHV�GH�PX\�
EXHQD�FDOLGDG��/DV�VROXFLRQHV�PHMRUDQ�FRQIRUPH�DXPHQWD�HO�
WDPDxR�GH�OD�UHG�\�GLVPLQX\H�OD�FDSDFLGDG�GH�ORV�HTXLSRV���
Palabras clave *5$63�� ORFDOL]DFLyQ� GH� LQVWDODFLRQHV��
LQYHVWLJDFLyQ�GH�RSHUDFLRQHV�HQ�VDOXG��

,�� ,1752'8&&,Ï1�

$OJXQRV� SDtVHV� HQ� GHVDUUROOR� FXHQWDQ� FRQ� XQ�
VLVWHPD� GH� VDOXG� VHJPHQWDGR� FRPSXHVWR� SRU�
P~OWLSOHV� LQVWLWXFLRQHV� GH� VDOXG� TXH� DWLHQGHQ� D�
GLIHUHQWHV� VHFWRUHV� GH� OD� SREODFLyQ�� (VWH� WLSR� GH�
VLVWHPDV� HQIUHQWDQ� XQD� VHULH� GH� SUREOHPDV� TXH�
DIHFWDQ�GLUHFWDPHQWH�OD�FDOLGDG�GHO�VHUYLFLR��HQWUH�ORV�
FXDOHV� VH� HQFXHQWUDQ� � XQD�PDOD� GLVWULEXFLyQ� GH� ORV�
UHFXUVRV� SURYHQLHQWHV� GHO� HVWDGR�� VDWXUDFLyQ� GH� ORV�
VHUYLFLRV�� LQVXILFLHQFLDV� HQ� OD� FRRUGLQDFLyQ� HQWUH�
LQVWLWXFLRQHV�SDUD�DWDFDU�ORV�SUREOHPDV�GH�VDOXG�\�XQD�
PDOD�SODQLILFDFLyQ�GH�OD�LQIUDHVWUXFWXUD�>�@��8Q�FDVR�
SDUWLFXODU�GH�HVWH� WLSR�GH�VLVWHPDV�HV�HO�GH�0p[LFR��
GRQGH� SRU� YDULRV� DxRV� VH� KDQ� LQWHQWDGR� UHDOL]DU�
UHIRUPDV�SROtWLFDV�SDUD� LQWHJUDU� HO� VLVWHPD�GH� VDOXG�
FRQ� HO� ILQ� GH� PHMRUDU� VX� FDOLGDG� \� FREHUWXUD� GH�
VHUYLFLRV�GH�PDQHUD�VXVWHQWDEOH��

(Q� SDUWLFXODU�� ORV� VHUYLFLRV� PpGLFRV� GH� DOWD�
HVSHFLDOLGDG�VRQ�PX\�FRVWRVRV�\�GH�GLItFLO�DFFHVR�HQ�
HO�VHFWRU�S~EOLFR��RFDVLRQDQGR�IDOWD�GH�RSRUWXQLGDGHV�
HQ�ORV�SDFLHQWHV�SDUD�UHFLELU�XQ�WUDWDPLHQWR�RSRUWXQR�
\� GH� EXHQD� FDOLGDG�� � /D� FUHFLHQWH� WHQGHQFLD� GH�
HQIHUPHGDGHV� FUyQLFDV� GHJHQHUDWLYDV�� DVt� FRPR�

������������������������������������������������������������
��&HQWUR�GH�,QYHVWLJDFLyQ�HQ�,QJHQLHUtD�,QGXVWULDO��7HFQROyJLFR�GH�
0RQWHUUH\��&DPSXV�7ROXFD��$Y��(GXDUGR�0RQUR\�&iUGHQDV�������
6DQ� $QWRQLR� %XHQDYLVWD�� 7ROXFD� ������� 0p[LFR�� (�PDLO��
URGROIR�PHQGR]D#LQYLWDGRV�LWHVP�P[��
��3URJUDPD�GH�3RVJUDGR�HQ� ,QJHQLHUtD�GH�6LVWHPDV��8$1/��&G��
8QLYHUVLWDULD��6DQ�1LFROiV�GH� ORV�*DU]D��1/��������0p[LFR��(�
PDLO��URJHU�ULRV#�XDQO�HGX�P[��

SDGHFLPLHQWRV� GH� WLSR� RQFROyJLFR� HQ� 0p[LFR� KDQ�
LQFUHPHQWDGR�OD�GHPDQGD�GH�HVWRV�VHUYLFLRV��HV�SRU�
HOOR� TXH� VH� UHTXLHUH� GH� XQD� EXHQD� SODQLILFDFLyQ�
HVWUDWpJLFD��

/D�SUHVHQWH�LQYHVWLJDFLyQ�LQWURGXFH�XQ�PRGHOR�GH�
RSWLPL]DFLyQ�TXH�SHUPLWD�UHDOL]DU�OD�SODQLILFDFLyQ�GH�
HTXLSRV�PpGLFRV�GH�GLDJQyVWLFR��6H�FRQVLGHUD�WRGD�OD�
UHG� GH� KRVSLWDOHV� S~EOLFRV� GHO� VLVWHPD� GH� VDOXG��
FRODERUDFLyQ� HQWUH� LQVWLWXFLRQHV� \� WHUFHUL]DFLyQ� GH�
VHUYLFLRV�SDUD�PD[LPL]DU�OD�FDSDFLGDG�GH�UHVSXHVWD��
(O�REMHWLYR�GHO�SUREOHPD�HV�OD�PLQLPL]DFLyQ�GH�ORV�
FRVWRV�GH�LQYHUVLyQ�\�RSHUDWLYRV�D�ILQ�GH�HQFRQWUDU�OD�
PHMRU� HVWUDWHJLD� GH� DGTXLVLFLyQ� GH� HTXLSRV� SDUD�
VDWLVIDFHU� OD� GHPDQGD� GHO� VHUYLFLR�� 'DGD� OD�
FRPSOHMLGDG�FRPSXWDFLRQDO�GHO�SUREOHPD�\�HO�WDPDxR�
GH� LQVWDQFLDV� UHDOHV�� VH�SURSRQH�XQD�PHWDKHXUtVWLFD�
EDVDGD� HQ� HO� 3URFHGLPLHQWR� GH� %~VTXHGD� 9RUD]�
$OHDWRULD� \�$GDSWDWLYD� �*5$63�� SRU� VXV� VLJODV� HQ�
LQJOpV��FRQ�HO� ILQ�GH�HQFRQWUDU�VROXFLRQHV�GH�EXHQD�
FDOLGDG�D�LQVWDQFLDV�JUDQGHV�GH�SUREOHPDV�HQ�WLHPSRV�
FRPSXWDFLRQDOHV� UD]RQDEOHV�� (VWD� LQYHVWLJDFLyQ�
DERUGD� ~QLFDPHQWH� OD� IDVH� GH� FRQVWUXFFLyQ�
SUREDELOtVWLFD� GH� *5$63�� OD� FXDO� HV� HYDOXDGD�
PHGLDQWH�GLIHUHQWHV�LQVWDQFLDV�GH�SUXHED�TXH�YDUtDQ�
OD� FDQWLGDG� GH� KRVSLWDOHV�� FDSDFLGDG� \� YDORUHV� GHO�
XPEUDO�GH�FDOLGDG��(O�SURFHGLPLHQWR�H[SORWD�HO�KHFKR�
GH�TXH�VH�REWLHQH�XQ�PRGHOR�GH�PHQRU�FRPSOHMLGDG�
DO� ILMDU� FLHUWDV� YDULDEOHV� GH� GHFLVLyQ� GHO� SUREOHPD�
RULJLQDO��

/RV� UHVXOWDGRV� GH� ODV� SUXHEDV� LQGLFDQ� TXH� OD�
FDOLGDG� GH� OD� VROXFLyQ� HQFRQWUDGD� HV� PHMRU� SDUD�
LQVWDQFLDV�FRQ�UHGHV�GH�KRVSLWDOHV�GH�PD\RU�WDPDxR�\�
FXDQGR�OD�FDSDFLGDG�GH� ORV�HTXLSRV�GLVPLQX\H�� �(Q�
ORV�H[SHULPHQWRV�UHDOL]DGRV�VH�PXHVWUD�OD�HILFLHQFLD�
GH� OD� IXQFLyQ� YRUD]� XWLOL]DGD� GRQGH� FODUDPHQWH� VH�
REVHUYD�TXH� VH�PHMRUD� OD�FDOLGDG�GH� OD� VROXFLyQ�HQ�
YDORUHV� GHO� XPEUDO� GH� FDOLGDG� DOUHGHGRU� GH� ����� (O�
Q~PHUR�GH�LWHUDFLRQHV�UHFRPHQGDGR�HV�DOUHGHGRU�GH�
�����GRQGH�VH�REVHUYy�TXH�DO�DXPHQWDU�ODV�LWHUDFLRQHV�

�� 'HSDUWDPHQWR� GH� ,QJHQLHUtD� ,QGXVWULDO�� 7HFQROyJLFR� GH�
0RQWHUUH\��&DPSXV�7ROXFD��$Y��(GXDUGR�0RQUR\�&iUGHQDV�������
6DQ� $QWRQLR� %XHQDYLVWD�� 7ROXFD� ������� 0p[LFR�� (�PDLO��
NYDOHQ]XHOD#LWHVP�P[�
�
�

8Q�SURFHGLPLHQWR�EDVDGR�HQ�*5$63�SDUD�XQ�
SUREOHPD�GH�DVLJQDFLyQ�GH�HTXLSRV�PpGLFRV�GH�
GLDJQyVWLFR�HQ�XQD�UHG�GH�KRVSLWDOHV�S~EOLFRV�

5RGROIR�0HQGR]D�*yPH]���5RJHU�=��5tRV�0HUFDGR���.DUOD�%��9DOHQ]XHOD�2FDxD���
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OD� FDOLGDG� GH� OD� VROXFLRQHV� \D� QR� PHMRUD�
VLJQLILFDWLYDPHQWH��

/D� FDOLGDG� GH� ODV� VROXFLRQHV� REWHQLGDV� HV�
UHODWLYDPHQWH� EXHQD� \D� TXH� VH� UHSRUWDQ�� SDUD� ODV�
LQVWDQFLDV� PD\RUHV� VROXFLRQHV� HQ� SURPHGLR� GHQWUR�
GHO� LQWHUYDOR�GH����� D������HQ�FRPSDUDFLyQ�FRQ� OD�
FRWD� LQIHULRU� UHSRUWDGD� DO� LQWHQWDU� UHVROYHU� HO�
FRUUHVSRQGLHQWH� 3URJUDPD� (QWHUR�0L[WR� �0,3�� SRU�
VXV�VLJODV�HQ�LQJOpV��SRU�HO�DOJRULWPR�GH�5DPLILFDFLyQ�
\�$FRWDPLHQWR��%	%���

�
)LJ����� (MHPSOR�JUiILFR�GHO�SUREOHPD��

,,�� 5(9,6,Ï1�'(�/$�/,7(5$785$�

(Q� OD� DFWXDOLGDG� OD� GLYHUVLGDG� GH� VHUYLFLRV� \�
HTXLSRV� TXH� ORV� KRVSLWDOHV� SXHGHQ� SURSRUFLRQDU�
LPSRVLELOLWDQ�TXH�FDGD�KRVSLWDO�SXHGD�FRQWDU�FRQ�XQD�
FREHUWXUD� WRWDO�� HVWR� GHELGR� D� OLPLWDFLRQHV�
HFRQyPLFDV��ORJtVWLFDV�\�GH�UHFXUVRV��(Q�HVWH�VHQWLGR�
HO� iUHD� GH� ORFDOL]DFLyQ� GH� LQVWDODFLRQHV� SHUPLWH�
HQFRQWUDU� OD� PHMRU� HVWUDWHJLD� SDUD� GLVWULEXLU� ORV�
UHFXUVRV�GH�PRGR�TXH�VHD�HFRQyPLFDPHQWH�YLDEOH�\�
D�OD�YH]�VH�SXHGD�JDUDQWL]DU�OD�FREHUWXUD�GHO�VHUYLFLR��

'HVGH� VX� FRPLHQ]R� KDVWD� OD� IHFKD�� HO� iUHD� GH�
ORFDOL]DFLyQ� GH� LQVWDODFLyQ� HQ� LQYHVWLJDFLyQ� GH�
RSHUDFLRQHV� VH� KD� H[WHQGLGR� HQRUPHPHQWH� \� D� OD�
IHFKD�VH�KDQ�IRUPXODGR�SUREOHPDV�HQ�XQD�LQILQLGDG�
GH� iUHDV� GH� DSOLFDFLyQ�� XQD� � UHFRSLODFLyQ� GH�
SUREOHPDV� FOiVLFRV� GH� ORFDOL]DFLyQ� VH� SXHGH�
HQFRQWUDU� HQ� >�@� \� >�@�� (Q� SDUWLFXODU� SDUD� HO� VHFWRU�
S~EOLFR�VH�KDQ�GHVDUUROODGR�GLYHUVRV�PRGHORV�GHELGR�
D�TXH�ORV�REMHWLYRV�VRQ�GLIHUHQWHV�D�ORV�SUREOHPDV�GH�
OD� LQGXVWULD��SRU�HMHPSOR�HO�REMHWLYR�SXHGH�HVWDU�HQ�
IXQFLyQ�GH�OD�UHGXFFLyQ�GH�FRVWRV��WLHPSRV�GH�HVSHUD�
R�PHMRUD�GH�OD�FDOLGDG�GHO�VHUYLFLR��8QD�UHFRSLODFLyQ�
GH�HVWRV�PRGHORV�OD�SRGHPRV�HQFRQWUDU�HQ�>�@��

(Q� HO� VHFWRU� VDOXG� KDQ� LGR� HQ� DXPHQWR� HQ� ORV�
~OWLPRV� DxRV� ORV� HVWXGLRV� VREUH� ORFDOL]DFLyQ� GH�
LQVWDODFLRQHV� WDQWR� SDUD� HO� VHFWRU� S~EOLFR� FRPR� HO�
SULYDGR��(Q� >�@� VH�PXHVWUD� XQD� UHFRSLODFLyQ�GH� ORV�
SULQFLSDOHV�PRGHORV�XWLOL]DGRV�HQ�HVWD�iUHD�\�DOJXQDV�
DSOLFDFLRQHV� LPSRUWDQWHV� GH� ODV� ~OWLPDV� GpFDGDV� VH�
HQFXHQWUDQ� HQ� � >��@�� >��@�� >��@�� � >��@�� >��@�� >��@�� \�
>��@��

(Q� SDUWLFXODU�� XQ� SUREOHPD� VLPLODU� DO� GH� HVWD�
LQYHVWLJDFLyQ� HV� SURSXHVWR� HQ� >�@� HQ� OD� FXDO� VH�
GHWHUPLQD�HQ�GyQGH�LQVWDODU�FDSDFLGDG�GH�XQ�VHUYLFLR�
HVSHFLDOL]DGR� HQ� XQD� UHG� GH� KRVSLWDOHV�� WRPDGR�
FRQVLGHUDFLRQHV� ILQDQFLHUDV� \� GH� QLYHO� GH� VHUYLFLR��
$OJXQDV� FDUDFWHUtVWLFDV� FRPR� OD� HYDOXDFLyQ�
ILQDQFLHUD��OD�FODVLILFDFLyQ�GH�ORV�WLSRV�GH�GHPDQGD�\�

WUDVODGR� HQWUH� KRVSLWDOHV� IXHURQ� WRPDGRV� HQ� FXHQWD�
SDUD� HVWD� LQYHVWLJDFLyQ�� 2WURV� SURSXHVWDV�
UHODFLRQDGDV�VH�HQFXHQWUDQ�HQ�>��@�\�>��@��GRQGH�VH�
SURSRQH�XQ�PRGHOR�\�SRVWHULRUPHQWH�XQD�H[WHQVLyQ�
GHO� PLVPR� SDUD� OD� ORFDOL]DFLyQ� GH� VHUYLFLRV�
HVSHFLDOL]DGRV� SDUD� XQ� VHJPHQWR� HVSHFLILFR� GH� OD�
SREODFLyQ�� HVWH�PRGHOR� LQFOX\H� HO� VXEVLGLR� WRWDO� GH�
ORV� FRVWRV� GH� ORV� SDFLHQWHV� LQFOX\HQGR� FRVWRV� GH�
WUDQVSRUWH� \� KRVSHGDMH� FRPR� SDUWH� GH� VXV�
SUHVWDFLRQHV�� GDGR� OD� FRPSOHMLGDG� GHO� PRGHOR� VH�
SURSXVR�XQ�PpWRGR�GH�VROXFLyQ�KHXUtVWLFD�EDVDGR�HQ�
VLPXODGR�UHFRFLGR���

(Q�>�@�VH�UHDOL]y�XQ�PRGHOR�GH�VLPXODFLyQ�GRQGH�
HO�DVSHFWR�JHRJUiILFR�\�OD�XUJHQFLD�GHO�VHUYLFLR�VRQ�
IDFWRUHV�LPSRUWDQWHV��&RPR�HMHPSOR�GH�DSOLFDFLyQ�VH�
FRQVLGHUDURQ� VHUYLFLRV� KRVSLWDODULRV� WDOHV� FRPR�
FLUXJtDV� FDUGLDFDV� R� GHQWDOHV� HQ� XQD� UHJLyQ��
FRQVLGHUDQGR�OD�FDSDFLGDG�GH�VHUYLFLR��OD�GLVWULEXFLyQ�
GH� OD� GHPDQGD� \� OD� GLILFXOWDG� GHO� DFFHVR� D� ORV�
VHUYLFLRV��

2WUDV� LQYHVWLJDFLRQHV� HQ� HO� HVWDGR� GHO� DUWH�
UHODFLRQDGDV�D�SUREOHPDV�GH�ORFDOL]DFLyQ�GH�VHUYLFLRV�
KRVSLWDODULRV� TXH� HV� LPSRUWDQWH�PHQFLRQDU� VRQ� >�@��
>��@��>��@��>��@�\�>��@���

(Q�HVWD�LQYHVWLJDFLyQ�VH�SURSRQH�HO�HPSOHR�GH�XQD�
PHWDKHXUtVWLFD� EDVDGD� HQ�*5$63� >�@� SDUD� UHVROYHU�
JUDQGHV� LQVWDQFLDV� GHO� SUREOHPD�� VLQ� HPEDUJR� OD�
DSOLFDFLyQ� GH� PHWDKHXUtVWLFDV� QR� KD� VLGR� PX\�
H[WHQVDPHQWH� XWLOL]DGD� HQ� HVWD� iUHD�� $OJXQRV�
PHWDKHXUtVWLFDV� � VH� KDQ� ORJUDGR� LPSOHPHQWDU�
H[LWRVDPHQWH� HQ� HVWD� iUHD�� FRPR� SRU� HMHPSOR�
VLPXODGR�UHFRFLGR�HQ�>��@��E~VTXHGD�7DE~�HQ�>��@��
DOJRULWPRV� JHQpWLFRV� HQ� >��@� R� DOJRULWPRV� TXH�
DSURYHFKDQ�OD�HVWUXFWXUD�GHO�SUREOHPD�FRPR�HQ�>��@��
6LQ� HPEDUJR� HVWD� WHQGHQFLD� LUi� D� OD� DO]D� HQ� ORV�
SUy[LPRV�DxRV�GHELGR�D�TXH�ODV�DSOLFDFLRQHV�DFWXDOHV�
UHTXLHUHQ� VDWLVIDFHU� SUREOHPDV� FDGD� YH]� GH� PiV�
JUDQGH�HVFDOD��

,,,�� 02'(/2�'(�237,0,=$&,Ï1�

3DUD� XQD� UHG� GH� KRVSLWDOHV� LQWHJUDGD� SRU�
LQVWLWXFLRQHV� S~EOLFDV� \� � VHUYLFLRV� PpGLFRV�
SDUWLFXODUHV��HO�SUREOHPD�FRQVLVWH�HQ�LGHQWLILFDU�TXp�
KRVSLWDOHV� S~EOLFRV� GHEHQ� FRQWDU� FRQ� HO� VHUYLFLR�
PpGLFR� \� OD� FDQWLGDG� GH� HTXLSRV� UHTXHULGRV� SDUD�
VDWLVIDFHU�OD�GHPDQGD�D�ILQ�GH�PLQLPL]DU�ORV�FRVWRV�
GH�LQYHUVLyQ�\�FRVWRV�RSHUDWLYRV�GH�ODV�LQVWLWXFLRQHV�
S~EOLFDV�� (O� PRGHOR� FRQVLGHUD� WUHV� QLYHOHV� GH�
FREHUWXUD�� FREHUWXUD� LQWHUQD�� FREHUWXUD� LQWHU�
LQVWLWXFLRQDO� \� FREHUWXUD� SRU� VHUYLFLRV� WHUFHUL]DGRV��
(O�SULPHU�QLYHO�VH�UHILHUH�D�ORV�VHUYLFLRV�TXH�SXHGHQ�
VHU� RWRUJDGRV� SRU� XQD� LQVWLWXFLyQ� D� WUDYpV� GH� VXV�
SURSLRV� HTXLSRV�� HO� VHJXQGR� VH� HPSOHD� FXDQGR� HO�
VHUYLFLR� HV� RWRUJDGR� SRU� XQ� KRVSLWDO� GH� RWUD�
LQVWLWXFLyQ�\�HO�WHUFHUR�FXDQGR�HO�VHUYLFLR�HV�RWRUJDGR�
SRU� XQ� VHUYLFLR� PpGLFR� SDUWLFXODU�� TXH� GH� DTXt� HQ�
DGHODQWH�SRU�VLPSOLFLGDG�VROR� ORV� OODPDUHPRV�FRPR�
KRVSLWDOHV�SULYDGRV��3DUD�HVWH�PRGHOR�VH�HVWDEOHFH�HO�
VXSXHVWR� GH� TXH� OD� GHPDQGD� \� OD� FDSDFLGDG� GH�

Sesión general
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VHUYLFLR�VRQ�GLVFUHWRV��DGHPiV�GH�TXH�ORV�FRVWRV�GH�
VHUYLFLR� \� WUDQVSRUWH� HQWUH� KRVSLWDOHV� VRQ� FXELHUWRV�
SRU�ODV�PLVPDV�LQVWLWXFLRQHV�\�QR�SRU�HO�SDFLHQWH���

(Q�OD�)LJ����VH�PXHVWUD�XQ�SHTXHxR�HMHPSOR��GHO�
SUREOHPD��VH�SXHGH�REVHUYDU�TXH�OD�GHPDQGD�GH�FDGD�
LQVWLWXFLyQ� HV� SULPHUR� DVLJQDGD� LQWHUQDPHQWH� \�
SRVWHULRUPHQWH�UHDVLJQDGD�D�RWURV�KRVSLWDOHV�GH�RWUD�
LQVWLWXFLyQ�� KRVSLWDOHV� SULYDGRV� R� D� XQ� QRGR� TXH�
LQGLFD� OD� GHPDQGD� LQVDWLVIHFKD�� (VWH� SUREOHPD� OR�
GHQRPLQDUHPRV�GH�DKRUD�HQ�DGHODQWH�FRPR� ୅ܲ�� VXV�
YDULDEOHV�\�SDUiPHWURV�VH�PXHVWUDQ�HQ�OD�)LJ����\�HO�
PRGHOR�PDWHPiWLFR�HQ�OD�)LJ�����

A. Descripción del problema 

(O�FRQMXQWRܭ��UHSUHVHQWD�ODV�LQVWLWXFLRQHV�S~EOLFDV�HQ�
OD�UHG��FDGD�HOHPHQWR�VH�UHSUHVHQWD�FRPR�݇ א �O)��ܭ
FRQMXQWRܫ��UHSUHVHQWD�ORV�KRVSLWDOHV�GH�OD�UHG�GRQGH�
FDGD�HOHPHQWR�VH�SXHGH�UHSUHVHQWDU�FRPR�݅�y�݆ א ��ܫ
(O� VXEFRQMXQWR� ܩ ؿ �ܫ UHSUHVHQWD� ORV� KRVSLWDOHV�
S~EOLFRV�GH�OD�UHG��GRQGHܩ�ሺ݇ሻ�HV�HO�VXEFRQMXQWR�GH�
KRVSLWDOHV� TXH� LQWHJUDQ� OD� LQVWLWXFLyQ� ݇�� �௜ܩ HV� HO�
VXEFRQMXQWR�GH�KRVSLWDOHV�GH�OD�LQVWLWXFLyQ�D�OD�TXH�HO�
KRVSLWDO� � ݅� SHUWHQHFH�\�݇௜� HV� OD� LQVWLWXFLyQ�D� OD�TXH�
SHUWHQHFH� HO� KRVSLWDO� ݅�� (O� VXEFRQMXQWR� ܲ ؿ �ܫ
UHSUHVHQWD� ORV� KRVSLWDOHV� SULYDGRV� GH� OD� UHG�� (O�
FRQMXQWR��ܷ ��VH�XWLOL]D�SDUD�ORV�QLYHOHV�GH�XUJHQFLD�GHO�
VHUYLFLR��GRQGH�FDGD�HOHPHQWR�VH�UHSUHVHQWD�SRUݑ� א
ܷ���
3DUiPHWURV�
�ܥܨ 9DORU�DQXDO�GH�ORV�FRVWRV�ILMRV�SRU�LQVWDODU�HO�VHUYLFLR�HQ�XQ�KRVSLWDO
��� 9DORU�DQXDO�GH�ORV�FRVWRV�GH�DGTXLVLFLyQ�GH�XQ�HTXLSR�
�௨ܥܱ &RVWR�RSHUDWLYR�XQLWDULR�GHO�VHUYLFLR�FRQ�QLYHO�GH�XUJHQFLDݑ��
ܥ ௜ܶ௝

௨� &RVWR�SRU�WUDQVIHULU�XQ�SDFLHQWH�TXH�UHTXLHUH�HO�VHUYLFLR�FRQ�QLYHO�
GH�XUJHQFLDݑ��GHO�KRVSLWDO�݅�DO�KRVSLWDO�݆��

��௞௨� &RVWR�DGLFLRQDO�XQLWDULR�GHO�VHUYLFLR�FRQ�QLYHO�GH�XUJHQFLDݑ��HQ�OD�
LQVWLWXFLyQ�݇�SDUD�GHPDQGD�SURYHQLHQWH�GH�RWUD�LQVWLWXFLyQ�

�௝௨ܥܲ &RVWR�XQLWDULR�GHO�VHUYLFLR�FRQ�QLYHO�GH�XUJHQFLDݑ��HQ�HO�KRVSLWDO�
SULYDGR�݆�

�௜௨ߤ 'HPDQGD�DQXDO�GHO�VHUYLFLR�FRQ�QLYHO�GH�XUJHQFLDݑ��HQ�HO�KRVSLWDO�݅�
�ܥ &DSDFLGDG�DQXDO�GH�VHUYLFLR�GHO�HTXLSR��
ܥ ௝ܲ� &DSDFLGDG�DQXDO�GH�VHUYLFLR�GHO�KRVSLWDO�SULYDGR�݆��
ܳ௝� 1~PHUR�Pi[LPR�GH�HTXLSRV�SDUD�HO�KRVSLWDO�݆�
�௝ܪ 1~PHUR�PtQLPR�GH�HTXLSRV�SDUD�HO�KRVSLWDO�݆�
�௞ߜ 3RUFHQWDMH�PtQLPR�GH�GHPDQGD�TXH�GHEH�VHU�FXELHUWD�LQWHUQDPHQWH�

SRU�OD�LQVWLWXFLyQ�݇��
�௞ߪ 3RUFHQWDMH�Pi[LPR�GHPDQGD�DGLFLRQDO�FRQ�UHVSHFWR�D�OD�FDSDFLGDG�

TXH�SXHGH�VHU�DVLJQDGD�D�XQ�KRVSLWDO�GH�OD��LQVWLWXFLyQ ݇�HQ�FDVR�GH�
EULQGDU�HO�VHUYLFLR��

߱௞� 3RUFHQWDMH�Pi[LPR�GH�GHPDQGD�TXH�OD�LQVWLWXFLyQ ݇�SXHGH�DVLJQDU�
D�KRVSLWDOHV�SULYDGRV��

�ܯ 9DORU�PX\�JUDQGH�

9DULDEOHV�GH�GHFLVLyQ�
௜௝௨ݔ  

 
'HPDQGD� FRQ� QLYHO� GH� XUJHQFLD� �ݑ GHO� KRVSLWDO� ݅� DVLJQDGD� DO�
KRVSLWDO�݆���݅�׊ א ǡܩ ݆ א ǡܫ ݑ א ܷ��

�௝௨ߙ 'HPDQGD�FRQ�QLYHO�GH�XUJHQFLDݑ��GHO�KRVSLWDO�݆ �TXH�QR�IXH�DVLJQDGD�
HQ�HO�JUXSRܩ�௝���݆�׊ א ǡܩ ݑ א ܷ��

�௝ߚ &DSDFLGDG�HQ�HO�KRVSLWDO�݆�TXH�QR�IXH�DVLJQDGD�D�QLQJ~Q�KRVSLWDO�
GHO�JUXSRܩ�௝���݆�׊ א ��ܩ

�௜௨ݒ 'HPDQGD�FRQ�QLYHO�GH�XUJHQFLDݑ��GHO�KRVSLWDO�݆ �TXH�QR�IXH�DVLJQDGD�
HQ�QLQJ~Q�KRVSLWDO�HQ�OD�UHG���݅�׊ א ǡܩ ݑ א ܷǡ��

�௝௨ݏ &DQWLGDG� GH� GHPDQGD� FRQ� QLYHO� GH� XUJHQFLD� �ݑ DWHQGLGD� HQ� HO�
KRVSLWDO�݆���݆�׊ א ��ܩ

௝ݐ � &DQWLGDG�GH�HTXLSRV�HQ�HO�KRVSLWDO�݆���݆�׊ א ��ܩ
�௝ݕ ��VL�HO�VHUYLFLR�HV�LQVWDODGR�HQ�HO�KRVSLWDO�݆����HQ�RWUR�FDVR���

݆�׊� א ��ܩ
)LJ����� 3DUiPHWURV�\�YDULDEOHV�GHO�SUREOHPD��

/D�IXQFLyQ�REMHWLYR�����PLQLPL]D�HO�FRVWR�WRWDO�DQXDO�
GHO�VHUYLFLR�PpGLFR��LQFOX\H�ORV�FRVWRV�UHODFLRQDGRV�
FRQ�OD�LQYHUVLyQ�LQLFLDO�D�YDORU�DQXDO�SDUD�ORV�HTXLSRV�
LQVWDODGRV� \� ORV� FRVWRV� RSHUDWLYRV� VHJ~Q� ODV�
DOWHUQDWLYDV�GH�FREHUWXUD�\�XQD�SHQDOL]DFLyQ�SDUD�OD�
GHPDQGD�TXH�QR�SXGR�VHU�FXELHUWD��
/DV�UHVWULFFLRQHV�����DVHJXUDQ�TXH�WRGD�OD�GHPDQGD�
FRQ�GLIHUHQWHV�QLYHOHV�GH�XUJHQFLD�GH� FDGD�KRVSLWDO�
VHD� DVLJQDGD� D� DOJ~Q� KRVSLWDO� GHQWUR� GH� OD� PLVPD�
LQVWLWXFLyQ�� /DV� UHVWULFFLRQHV� ���� GHWHUPLQDQ� OD�
GHPDQGD�DVLJQDGD�\�FDSDFLGDG�TXH�VH�RIUHFHUi�HQ�XQ�
KRVSLWDO�HQ�FDVR�GH�TXH�VH�LQVWDOH�HO�VHUYLFLR��HQ�FDVR�
GH�TXH�H[LVWD�FDSDFLGDG�RFLRVD�WRPDUi�YDORUߚ�௝�\�HQ�
FDVR� GH� GHPDQGD� LQVDWLVIHFKD� WRPDUi� YDORU� XQD� R�
YDULDV� �௝௨ߙ VHJ~Q� VHD� HO� FDVR�� /DV� UHVWULFFLRQHV� ����
LPSLGHQ�DVLJQDU�GHPDQGD�D�XQ�KRVSLWDO�TXH�QR�FXHQWH�
FRQ�HO�VHUYLFLR��/DV�UHVWULFFLRQHV�����LPSLGHQ�TXH�OD�
YDULDEOH�GH�GHPDQGD� LQVDWLVIHFKD�GHO�KRVSLWDO� ݆� VHD�
PD\RU� D� OD� GHPDQGD� DVLJQDGD� D� GLFKR� KRVSLWDO��
PLHQWUDV�TXH�ODV�UHVWULFFLRQHV�����UHVWULQJHQ�D�TXH�ODV�
YDULDEOHV�GH�FDSDFLGDG�RFLRVD�SXHGDQ�WRPDU�YDORUHV�
PD\RUHV�D�OD�FDSDFLGDG�GHO�VHUYLFLR�GH�FDGD�KRVSLWDO���

 
ݎܽݖ݅݉݅݊݅ܯ   �
୅ݖ ൌ �σ ܥܨ ή ீא௝௝ݕ ൅�σ �� ή ீא௝௝ݐ ൅ σ ௨ܥܱ ή ீא௝௨௝ݏ ��
൅σ σ ��௞௨ ή ൫σ σ Ȁீሺ௞ሻீאሺ௞ሻ�௜ீא௜ǡ௝௨୨ݔ ൯௨א௎௞א௄ �൅σ σ σ ௝௨ܥܲ ή ீא௉௜א௎௝א௜௝௨௨ݔ �
൅σ σ σ ܥ ௜ܶ௝

௨ ή ூאூ௜א௎௝א௜௝௨௨ݔ �൅σ σ ௨ܥܦ ή ீא௎௝א௝௨௨ݒ ��

���

݋ݐ݆݁ݑܵ� ܽǣ �
σ ೔ீא௜௝௨௝ݔ ൌ ݅׊������௜௨ߤ א ǡܩ ݑ א ܷ� ���
σ σ ೕீא௎௜א௜௝௨௨ݔ ൌ ܥ ή ௝ݐ ൅ σ ௎א௝௨௨ߙ െ ݆�׊�������௝ߚ א �ܩ ���
σ σ ீא௎௜א௜௝௨௨ݔ ൑ ܯ ή ׊�������௝ݕ ݆ א ���ܩ ���
௝௨ߙ ൑ σ ೕீא௜௝௨௜ݔ ׊������� ݆ א ǡܩ ݑ א ܷ��� ���

௝ߚ ൑ ܥ ή ׊�������௝ݐ ݆ א �ܩ ���
σ σ ீא௎௜א௜௝௨௨ݔ ൑ ሺͳ ൅ ௞ೕሻߪ ή ܥ ή ௝ݐ ׊������� ݆ א ���ܩ ���
σ σ σ ሺ௞ሻீא௉௜א௎௝א௜௝௨௨ݔ ൑ ߱௞ ή σ σ ሺ௞ሻீא௎௜א௜௨௨ߤ ݇�׊������ א �ܭ ���

σ ܥ ή ሺ௞ሻீא௝௝ݐ ൒ ௞ߜ ή σ σ ሺ௞ሻீא௎௜א௜௨௨ߤ ݇�׊������ א �ܭ ���
σ Ȁீ೔ீא௜௝௨௝ݔ ൅ ௜௨ݒ ൌ ׊�������௜௨ߙ ݅ א ǡܩ ݑ א ܷ� ����
σ σ Ȁீೕீא௎௜א௜௝௨௨ݔ ൑ ׊���௝ߚ ݆ א �ܩ ����
σ ீא௜௝௨௜ݔ െ ௝௨ߙ ൌ ׊����௝௨ݏ ݆ א ǡܩ ݑ א ܷ� ����
σ σ ீא௎௜א௜௝௨௨ݔ ൑ ܥ ௝ܲ׊����� ݆ א ܲ� ����

௝ݐ ൑ ܳ௝ ή ׊������௝ݕ ݆ א �ܩ ����

௝ݕ ൑ ׊������௝ݐ ݆ א �ܩ ����

௝ݐ ൒ ׊������௝ܪ ݆ א �ܩ ����

௜௝௨ݔ א ܼା׊������ ݅ א ǡܩ ݆ א ǡܫ ݑ א ܷ� ����

௝௨ǡߙ ௝௨ݒ א ܼା׊������ ݆ א ǡܩ ݑ א ܷ� ����

௝ǡߚ ௝ǡݏ ௝ݐ א ܼାǡ׊������ ݆ א �ܩ ����

௝ݕ א ሼͲǡͳሽ׊������ ݆ א �ܩ ����

)LJ����� 3UREOHPD� ୅ܲ�

/DV� UHVWULFFLRQHV� ���� HVWDEOHFHQ� HO� Pi[LPR� GH�
GHPDQGD�DVLJQDGD�D�XQ�KRVSLWDO�TXH�WHQJD�HO�VHUYLFLR�
LQVWDODGR� FRQ� UHVSHFWR� D� VX� FDSDFLGDG� GH� VHUYLFLR���
/DV�UHVWULFFLRQHV�����HVWDEOHFHQ�XQD�FRWD�PtQLPD�GH�
GHPDQGD�TXH�GHEHU� VHU� VDWLVIHFKD� LQWHUQDPHQWH�SRU�
FDGD�LQVWLWXFLyQ��/DV�UHVWULFFLRQHV�����HVWDEOHFHQ�XQD�
FRWD�Pi[LPD� GH� GHPDQGD� TXH� SXHGH� VHU� HQYLDGD� D�
KRVSLWDOHV�SULYDGRV�SDUD�FDGD�LQVWLWXFLyQ��
/DV� UHVWULFFLRQHV� ����� DVLJQDQ� OD� GHPDQGD�
LQVDWLVIHFKD�GH�KRVSLWDOHV�GH�XQD�LQVWLWXFLyQ�D�RWURV�
KRVSLWDOHV� GH� RWUDV� LQVWLWXFLRQHV� X� KRVSLWDOHV�
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SULYDGRV��GRQGH�OD�YDULDEOHݒ�௜௨�UHSUHVHQWD�OD�GHPDQGD�
LQVDWLVIHFKD�ILQDO�TXH�QR�SXGR�VHU�FXELHUWD�SRU�QLQJ~Q�
KRVSLWDO� GH� OD� UHG�� /DV� UHVWULFFLRQHV� ����� SHUPLWHQ�
DVLJQDU� OD� FDSDFLGDG� RFLRVD� GH� DOJ~Q� KRVSLWDO� D� OD�
GHPDQGD� SURFHGHQWH� GH� KRVSLWDOHV� GH� RWUDV�
LQVWLWXFLRQHV������/DV��UHVWULFFLRQHV���������HVWDEOHFHQ��
HO��QLYHO�GH�VHUYLFLR�GH�FDGD�KRVSLWDO�SDUD�FDGD�WLSR�
GH� XUJHQFLD�� /DV� UHVWULFFLRQHV� ����� OLPLWDQ� OD�
DVLJQDFLyQ�GH�GHPDQGD�D�ORV�KRVSLWDOHV�SULYDGRV�GH�
DFXHUGR� D� VX� FDSDFLGDG�� /DV� UHVWULFFLRQHV� ����� VH�
HPSOHDQ�SDUD�HVWDEOHFHU�XQD�FRWD�VXSHULRU�HQ�FXDQWR�
DO�Q~PHUR�GH�HTXLSRV�TXH�VH�SXHGHQ�GLVSRQHU�HQ�FDGD�
KRVSLWDO�� HVWR� SXHGH� VHU� GHELGR� D� OLPLWDQWHV� GH�
HVSDFLR�� SHUVRQDO� R� UHFXUVRV� GHO� KRVSLWDO�� /DV�
UHVWULFFLRQHV� ����� VH� HPSOHDQ� SDUD� DVRFLDU� ODV�
YDULDEOHV� GH� DFWLYDFLyQ� GHO� VHUYLFLR� �௝ݕ FRQ� ODV�
YDULDEOHV�GH�FDQWLGDG�GH�HTXLSRVݐ�௝���/DV�UHVWULFFLRQHV�
����� LQGLFDQ� OD�FRWD�LQIHULRU�GHO�Q~PHUR�GH�HTXLSRV�
TXH� VH� SXHGHQ� GLVSRQHU� HQ� FDGD� KRVSLWDO�� HVWDV�
UHVWULFFLRQHV� VH� HPSOHDQ� SDUD� DFWLYDU� DTXHOORV�
KRVSLWDOHV�TXH�DFWXDOPHQWH�\D�FXHQWDQ�FRQ�HO�VHUYLFLR�
\�GHWHUPLQDGRV�HTXLSRV��3RU�~OWLPR��ODV�UHVWULFFLRQHV�
���������� LQGLFDQ� ODV� YDULDEOHV� TXH� VRQ� HQWHUDV�
SRVLWLYDV�\�ODV�UHVWULFFLRQHV������LQGLFDQ�ODV�YDULDEOHV�
ELQDULDV��
(VWH� PRGHOR� SHUWHQHFH� D� ORV� 3UREOHPDV� GH�
/RFDOL]DFLyQ�GH�3ODQWDV�&DSDFLWDGRV��&3/3��SRU�VXV�
VLJODV�HQ�LQJOHV���GRQGH�H[LVWHQ�YDULDEOHV�GH�GHFLVLyQ�
ELQDULDV� SDUD� LQGLFDU� ODV� SODQWDV� TXH� VH� DEULUiQ��
YDULDEOHV�GH�GHFLVLyQ�SRVLWLYDV�R�HQWHUDV�SDUD�DVLJQDU�
OD�GHPDQGD�GH�XQ�FRQMXQWR�GH�FOLHQWHV�D�ODV�SODQWDV��
/D� IXQFLyQ� REMHWLYR� FRQVLGHUD� XQ� FRVWR� ILMR� SRU�
DSHUWXUD�\�XQ�FRVWR�YDULDEOH�SRU�DVLJQDU�FOLHQWHV�D�ODV�
SODQWDV��/D�DVLJQDFLyQ�GH�OD�GHPDQGD�GHO�&3/3�HVWi�
UHVWULQJLGD� SRU� OD� FDSDFLGDG� GH� FDGD� SODQWD�� (Q�
QXHVWUR� SUREOHPD�� WRGDV� HVWiQ� FDUDFWHUtVWLFDV� HVWiQ�
FRQWHQLGDV� SRU� OR� TXH� VH� � SXHGH� DVXPLU� TXH� HVWH�
SUREOHPD� SUHVHQWD� DO�PHQRV� OD�PLVPD� FRPSOHMLGDG�
FRPSXWDFLRQDO�� HV� PX\� FRQRFLGR� TXH� HO� &3/3� HV�
IXHUWHPHQWH� 13�GXUR� >��@� \� KD� VLGR� H[WHQVDPHQWH�
HVWXGLDGR� HQ� OD� WHRUtD� GH� ORFDOL]DFLyQ�� &RPR�
UHVXOWDGR��VH�KDQ�GHVDUUROODGR�XQD�JUDQ�FDQWLGDG�GH�
PpWRGRV� GH� VROXFLyQ� KHXUtVWLFRV� HQ� ODV� ~OWLPDV�
GpFDGDV��HQWUH�HOORV�HO�*5$63��

B. Subproblema de Transbordo 

୅ܲ�HV�XQ�0,3�FX\D�SULQFLSDO�GLILFXOWDG�UDGLFD�HQ�
LGHQWLILFDU� OD� ORFDOL]DFLyQ� \� FDSDFLGDG� � ySWLPD� � GH�
HTXLSRV�PpGLFRV�GH�PRGR�TXH�ORV�FRVWRV�DVRFLDGRV�D�
OD�DSHUWXUD�GHO�VHUYLFLR�\�D�OD�FREHUWXUD�GH�OD�GHPDQGD�
VHDQ� PLQLPL]DGRV�� $KRUD� ELHQ�� VL� ODV� GHFLVLRQHV�
GLVFUHWDV� VREUH� OD� XELFDFLyQ� \� OD� FDSDFLGDG� GH� ORV�
KRVSLWDOHV� �௝ݕ \� �௝ݐ VH� ILMDUDQ� FRQ� YDORUHV� �ത௝ݕ \� �ҧ௝ݐ
UHVSHFWLYDPHQWH��HO�SUREOHPD�UHVWDQWH�VH�YXHOYH�PiV�
VHQFLOOR� \D� TXH� VH� UHGXFH� D� XQ� SUREOHPD� GH� WLSR�
WUDVERUGR��HO�FXDO�SXHGH�VHU�UHVXHOWR�GH�IRUPD�ySWLPD�
FRPR� XQ� SUREOHPD� GH� SURJUDPDFLyQ� OLQHDO�� (VWH�
VXESUREOHPD��GHQRPLQDGR�FRPR� ୆ܲ�VH�PXHVWUD�HQ�OD�
)LJ�����

(Q� ୆ܲ� VH�XWLOL]D�FDVL� OD�PLVPD�QRWDFLyQ�TXH� ୅ܲǤ�
$GLFLRQDOPHQWH�VH�GHILQH�XQ�QXHYR�VXEFRQMXQWR�ܱ ؿ
��GH�OD�VLJXLHQWH�IRUPD�ܱܩ ൌ ሼ�݆�ȁݐҧ௝ ൒ ͳ݆�׊�� א �ሽ�SDUDܩ
LGHQWLILFDU� D� ORV� KRVSLWDOHV� FRQ� FDSDFLGDG� DFWLYDGD��
GRQGH� �ҧ௝ݐ HV� SDUiPHWUR� GHO� SUREOHPD�� 3DUD� � ODV�
YDULDEOHVݔ�௜௥௨ ��HO�VXEtQGLFHݎ��VH�XWLOL]D�SDUD�LGHQWLILFDU�
OD�GHPDQGD�FRQ�QLYHO�GH�XUJHQFLDݑ��GHO�KRVSLWDO�݅ �TXH�
DO�ILQDO�QR�IXH�FXELHUWD��HTXLYDOHQWH�D�ODV�YDULDEOHVݒ�௝௨�
GH� ୅ܲ��

/RV� YDORUHV� ySWLPRV� ҧ௜௝௨ݔ �\� �ҧ௝௨ݏ  GH ୆ܲ� � SDUD� ORV�
YDORUHV�SUH�ILMDGRV�GHݐ�ҧ௝��UHSUHVHQWDQ�XQD�VROXFLyQ�GH�
୅ܲ�� 'H� HVWD� IRUPD�� XWLOL]DQGR� XQ� SURFHGLPLHQWR�
LWHUDWLYR� TXH� DFWXDOLFH� ORV� YDORUHV� GH� �ҧ௝ݐ \�
VROXFLRQDQGR�HO�FRUUHVSRQGLHQWH� ୆ܲ�HQ�FDGD�LWHUDFLyQ�
VH�SXHGH�OOHJDU�D�HQFRQWUDU�XQD�VROXFLyQ�IDFWLEOH�GH�
୅ܲ�GH�EXHQD�FDOLGDG��&RQ�EDVH�HQ�HVWR��HQ�OD�VLJXLHQWH�
VHFFLyQ� VH� GHVFULEH� XQ� SURFHGLPLHQWR� *5$63� TXH�
H[SORWD�IDYRUDEOHPHQWH�HVWD�FDUDFWHUtVWLFD��
ݎܽݖ݅݉݅݊݅ܯ �
୆ݖ ൌ σ σ ௨ܥܱ ή ைא௎௝א௝௨௨ݏ ൅ σ σ σ ௝௨ܥܲ ή ைא௉௜א௎௝א௜௝௨௨ݔ �

൅σ σ ��௞௨ ή ൫σ σ ைȀைሺ௞ሻאைሺ௞ሻ௜א௜௝௨୨ݔ ൯௨א௎௞א௄ ��
൅σ σ σ ܥ ௜ܶ௝

௨ ή ூא௉௜׫ைא௎௝א௜௝௨௨ݔ �൅σ σ ௨ܥܦ ή ைא௎௜א௜௥௨௨ݔ ��

����

݋ݐ݆݁ݑܵ ܽǣ ����
σ ை೔א௜௝௨௝ݔ ൌ ׊�����௜௨ߤ ݅ א ǡܩ ݑ א ܷ� ����
σ ீא௜௝௨௜ݔ െ σ ௉ǡ௜ஷ௝׫ைא௝௜௨௜ݔ െ ௝௥௨ݔ ൌ ׊���௝௨ݏ ݆ א ܱǡ ݑ א ܷ� ����
σ ௎א௝௨௨ݏ ൑ ܥ ή ҧ௝ǡݐ ׊ ݆ א ܱ�� ����
σ σ ைא௎௜א௜௝௨௨ݔ ൑ ܥ ௝ܲ׊���� ݆ א ܲ� ����
σ σ ீא௎௜א௜௝௨௨ݔ ൑ ሺͳ ൅ ௞ೕሻߪ ή ܥ ή ׊����ҧ௝ݐ ݆ א ܱ� ����
σ σ σ ைሺ௞ሻא௉௜א௎௝א௜௝௨௨ݔ ൑ ߱௞ ή σ σ ሺ௞ሻீא௎௜א௜௨௨ߤ ݇�׊�� א �ܭ ����

Ͳ ൑ ௝௨ǡ���݆ݏ א ܱǡ ݑ א ܷ� ����

Ͳ ൑ ௜௝௨ݔ ׊������ ݅ א ǡܩ ݆ א ܱ ׫ ܲ ׫ ǡݎ ݑ א ܷ� ����

)LJ����� 3UREOHPD� ୆ܲ��

,9�� *5$63�35238(672�

*5$63� FRQVLVWH� WtSLFDPHQWH� GH� XQ� SURFHVR�
LWHUDWLYR� GH� GRV� HWDSDV�� XQD� FRQVWUXFFLyQ� \� XQD�
E~VTXHGD�ORFDO��/D�HWDSD�GH�FRQVWUXFFLyQ�JHQHUD�XQD�
VROXFLyQ�IDFWLEOH�\�OD�E~VTXHGD�ORFDO�LQWHQWD�PHMRUDU�
OD�VROXFLyQ��$O�ILQDO��OD�PHMRU�VROXFLyQ�HQFRQWUDGD�HV�
OD�TXH�VH�HQWUHJD�FRPR�UHVXOWDGR�>�@��

3DUD�HVWH�SUREOHPD�VH�VDEH�SRU�HMHPSOR�HQ�HO�FDVR�
GH� 0p[LFR� HQ� ������ � VH� WHQtD� UHJLVWUR� GH� ������
KRVSLWDOHV�S~EOLFRV�\����LQVWLWXFLRQHV�GH�VDOXG��OR�TXH�
KDFH�SUiFWLFDPHQWH�LPSRVLEOH�UHVROYHU�� ୅ܲ�GH�IRUPD�
H[DFWD���(VWR�PRWLYy�HO�GHVDUUROOR�GHO�PHWDKHXUtVWLFR�
*5$63�LPSOHPHQWDGR�SDUD�HVWH�SUREOHPD�\�TXH�VH�
PXHVWUD�HQ�OD�)LJ�����&DEH�VHxDODU�TXH�HO�DOFDQFH�GH�
HVWH�DUWtFXOR�~QLFDPHQWH�VH�HQIRFD�DO�GHVDUUROOR�GH�OD�
IDVH� GH� FRQVWUXFFLyQ� YRUD]� SUREDELOtVWLFD�� /D�
LPSOHPHQWDFLyQ�GH�OD�IDVH�GH�E~VTXHGD�ORFDO��3DVR���
HQ�OD�)LJ������HV�WUDEDMR�HQ�SURFHVR��

�(Q� HVWH� SURFHGLPLHQWR� VH� DJUHJD� HQ� FDGD�
LWHUDFLyQ� FDSDFLGDG� GH� VHUYLFLR� �XQ� HTXLSR�PpGLFR�
DGLFLRQDO��D�OD�UHG�GH�KRVSLWDOHV�\�VH�UHVXHOYH� ୆ܲ�SDUD�
HQFRQWUDU�OD�VROXFLyQ�DFWXDO�GH� ୅ܲ���

A. Preprocesamiento 
3DUD� LQLFLDU� FDGD� LWHUDFLyQ� GH� *5$63� HV�

QHFHVDULR�UHDOL]DU�XQ�SUHSURFHVDPLHQWR��SDVR����)LJ��
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���TXH�SHUPLWD�DVLJQDU�YDORUHV�LQLFLDOHV�Dݐ�ҧ௝�GH�IRUPD�
TXH� ୆ܲ�SXHGD�VHU�HYDOXDGR��3DUD�HOOR�VH�UHTXLHUH�TXH�
DO� PHQRV� FDGD� LQVWLWXFLyQ� FXHQWH� FRQ� HO� VHUYLFLR�
LQVWDODGR�HQ�XQR�GH�VXV�KRVSLWDOHV��HVWR�HV�σ ሺ௞ሻீאҧ௝୨ݐ� ൒
ͳ݇�׊�� א ���6H�LQLFLD�DVHJXUDQGR�TXH�ODV�UHVWULFFLRQHVܭ
�����GH�ܲ ୅�VH�FXPSODQ��SRU�OR�TXHݐ��ҧ௝ ൌ ௝ǡܪ ݅�׊ א �Q)���ܩ
FDVR�GH�TXH�XQD�LQVWLWXFLyQ�GHVSXpV�GH�HVWH�SDVR�DXQ�
QR�WHQJD�FDSDFLGDG�DVLJQDGD�VH�GHEHUi�VHOHFFLRQDU�XQ�
KRVSLWDO� GH� HVWD� LQVWLWXFLyQ� \� DJUHJDU� XQ� HTXLSR�
PpGLFR�� 7DPELpQ� VH� GHEH� DVHJXUDU� TXH� ODV�
UHVWULFFLRQHV������QR�VHDQ�LQIDFWLEOHV��UHVSHWDQGRݐ�ҧ௝ ൑
ܳ௝ǡ ݆�׊ א ���DV�UHVWULFFLRQHV/���ܩ��GH� ୅ܲ�VRQ�ODV�~QLFDV�
TXH� QR� VHUiQ� FRQVLGHUDGD� LQLFLDOPHQWH�� HVWDV�
UHVWULFFLRQHV�GHEHUiQ�FXPSOLUVH�XQD�YH]�WHUPLQDGD�OD�
IDVH�GH�FRQVWUXFFLyQ�YRUD]�SUREDELOtVWLFD���
3URFHGLPLHQWR�*5$63�ݏ݁݊݋݅ܿܽݎ݁ݐܫ̴ݔܽܯǡ ��ߙ
�����ܵ୫ ൌ �׎
�����SDUD�݇ ൌ ͳǡǥ ǡݏ݁݊݋݅ܿܽݎ݁ݐܫ̴ݔܽܯ��KDFHU�
�ݐ��������� ՚ ��������������������
���������ܵ ՚ �����������×�̴�����̴������������ሺߙǡ �ሻǢݐ
���������ܵ ՚ ��ï������̴�����ሺܵሻǢ�
���������VLݖ�஺ሺܵሻ��ݖ��஺ሺܵ୫ሻ�KDFHU�
����������������ܵ୫ ՚ ܵ��
���������ILQBVL�
�����ILQBSDUD�
����UHWRUQDU�ܵ୫��
ILQB*5$63�

)LJ����� �3VHXGR�FyGLJR�GH�*5$63�

B. Fase de Construcción Voraz Probabilista 
(O� SVHXGR�FyGLJR� GH� HVWD� IDVH� VH�PXHVWUD� HQ� OD�

)LJ�����/R�SULPHUR�TXH�VH�UHTXLHUH�HV�GHWHUPLQDU�OD�
VROXFLyQ�LQLFLDO�GH� ୅ܲ�GDGR�HO�YHFWRUݐ��JHQHUDGR�HQ�HO�
SUHSURFHVDPLHQWR��3DUD�HOOR��VH�UHVXHOYH� ୆ܲሺݐሻ�\�ORV�
UHVXOWDGRV� VH� DOPDFHQDQ� HQ� OD� VROXFLyQ� DFWXDO� ܵ�
PHGLDQWH�OD�IXQFLyQ�5HVROYHUB3UREOHPDB%�ݐ���

/RV�YDORUHV�DFWXDOHV�GHݐ�ҧ௝�\�ORV�YDORUHV�ySWLPRV��
ҧ௜௝௨ݔ �ҧ௝௨��GHݏ�\� ୆ܲሺݐሻ�VH�DOPDFHQDQ�HQ�OD�VROXFLyQ�DFWXDO�
ܵ��$�SDUWLU�GH�OD�VROXFLyQ�ܵ�HV�IiFLO�FDOFXODU�HO�YDORU�
DFWXDO� GH� OD� IXQFLyQ� REMHWLYR� GH� ஺ܲ�� HVWH� YDORU� VH�
H[SUHVD�FRPRݖ�୅ሺܵሻ��6H�XWLOL]D�ܵ୮�SDUD�LGHQWLILFDU�OD�
VROXFLyQ� GH� OD� LWHUDFLyQ� SUHYLD� \� SRGHU� FRPSDUDUOD�
FRQ�OD�VROXFLyQ�GH�OD�LWHUDFLyQ�DFWXDO�ܵ��

(Q�OD�SDUWH�LWHUDWLYD�GH�OD�IDVH�GH�FRQVWUXFFLyQ��VH�
EXVFD� XQ� HTXLOLEULR� HQWUH� FDOLGDG� \� YDULHGDG� GH�
VROXFLRQHV�� OR� FXDO� VH� ORJUD� PHGLDQWH� XQD�
DOHDWRUL]DFLyQ� SDUFLDO�� (O� SURFHGLPLHQWR� VH� UHDOL]D�
LWHUDWLYDPHQWH� DJUHJDQGR� XQ� HOHPHQWR� D� OD� YH]�� HV�
VHOHFFLRQDGR� DOHDWRULDPHQWH� GH� XQD� /LVWD� GH�
&DQGLGDWRV� 5HVWULQJLGD� �5&/�� SRU� VXV� VLJODV� HQ�
LQJOpV�� TXH� FRQWLHQH� D� ORV� PHMRUHV� FDQGLGDWRV� GH�
DFXHUGR� D� XQD� IXQFLyQ� YRUD]� HVWDEOHFLGD�� 3DUD� HVWH�
SUREOHPD� XQ� HOHPHQWR� FRUUHVSRQGH� D� XQ� KRVSLWDO�
FDQGLGDWR� DO� TXH� VH� OH� SXHGH� DGLFLRQDU� XQ� HTXLSR�
PpGLFR�SDUD�DXPHQWDU�VX�FDSDFLGDG�GH�VHUYLFLR���

3ULPHUR� HV� QHFHVDULR� LGHQWLILFDU� HO� FRQMXQWR� GH�
HOHPHQWRV� FDQGLGDWRV� ��ܪ TXH� HVWi� LQWHJUDGR� SRU�
DTXHOORV�KRVSLWDOHV�TXH�GDGR�ORV�YDORUHV�DFWXDOHV�GH�
�ҧ௝ݐ QR� YLROHQ� ODV� UHVWULFFLRQHV� ����� \� ����� GH� ୅ܲ��
'HVSXpV�VH�UHTXLHUH�HYDOXDU�XQD�IXQFLyQ�YRUD]��SDUD�

HVWH�SUREOHPD�VH�XWLOL]D�HO�FRVWR�WRWDO�SURSRUFLRQDO�D�
FDGD� KRVSLWDO� S~EOLFR� GH� OD� UHG���௜ǡ ݅�׊ א �ܩ� GRQGH���
σ ��௜௜ீא ൌ �୅ሺܵሻ��/D�IXQFLyQ�YRUD]�VH�PXHVWUD�HQ�ODݖ
HFXDFLyQ� ����� SDUD� OD� TXH� VH� UHTXLHUH� FDOFXODU�
SUHYLDPHQWH�ORV�FRVWRV�GH�ODV�HFXDFLRQHV������\������
D�SDUWLU�GH�ORV�YDORUHV�GH��OD�VROXFLyQ�ܵ��$O�DJUHJDU�
FDSDFLGDG�SURSLD�D�ORV�KRVSLWDOHV�FRQ�PD\RUHV�FRVWRV�
RSHUDWLYRV�VH�OHV�UHGXFHQ�VXV�FRVWRV�GH�WHUFHUL]DFLyQ�
\�SHQDOL]DFLyQ�SRU�GHPDQGD�LQVDWLVIHFKD��
&RVWRV�SDUD�KRVSLWDOHV�FRQ�VHUYLFLR�LQVWDODGR�ሺ݆׊ א ܱሻ���
ܶܥ ௝ܷ ൌܥܨ� ή ത௝ݕ ൅ �� ή ҧ௝ݐ ൅ σ ௨ܥܱܸ ή ௎אҧ௝௨௨ݏ ��

൅�σ σ ���௞௨ ή σ ௄א௎௞אைሺ௞ሻ௨אҧ௝௜௨�௜ݔ ൅ σ ௨ܥܦ ή ௎אҧ௝௥௨௨ݔ �

൅�σ ௣௨ܥܵܲ ή ௎אҧ௝௥௨௨ݔ ൅ σ σ ܥ ௝ܶ௜
௨ ή ௉׫ைא௎௜אҧ௝௜௨௨ݔ ����

GRQGHݕ��ത௝ ൌ ൜ ͳ ݅ݏ ҧ௝ݐ ൒ ͳ
Ͳ ݋ݎݐ݋ ݋ݏܽܿ

ǡ ׊ ݆ א �ܩ

�
����

௝ܥܷ ൌ
݆ܷܶܥ

σ σ ഥ݆݅ݔ
ݑ

ܩאܷ݅אݑ
�� ����

&RVWRV�SDUD�WRGRV�ORV�KRVSLWDOHV�S~EOLFRV��݅�׊ א �ሻܩ�
��௜ ൌ σ σ ௝ܥܷ ή ைא௎௝אҧ௜௝௨௨ݔ ��σ σ ܥ ௜ܶכ௝

௨ ή ைೕא௎௝א௝௨௨כҧ௜ݔ ���
GRQGH�݅כ א ���Ȁܩ

����

(Q� FDGD� LWHUDFLyQ� VH� LQFOXLUiQ� HQ� OD� 5&/�� ORV�
KRVSLWDOHV�FRQ�YDORU�GH���௜�TXH�HVWpQ�GHQWUR�GH�XQ�
UDQJR�GHWHUPLQDGR�SRU��XQ�XPEUDO�GH�FDOLGDGߙ���Ͳ ൑
ߙ ൑ ͳ�� 3DUD� HVWDEOHFHU� HVWH� UDQJR� VH� XWLOL]D� OD�
HFXDFLyQ������TXH�FRQVLGHUDQ�ORV�YDORUHV����୫୧୬� �\�
��୫ୟ୶��REWHQLGRV�SRU������\������UHVSHFWLYDPHQWH��
��୫୧୬ ൌ ��� ሼ ��௜ ȁ ݅ א � ሽ ����
��୫ୟ୶ ൌ ���ሼ ��௜ ȁ ݅ א � ሽ�� ����
���� ሼ ݅ א � ȁ��௜ ൒ ��୫ୟ୶ െ ሺ��୫ୟ୶ߙ െ���୫୧୬ሻሽ��� ����

8QD� YH]� JHQHUDGD� OD� 5&/� VH� VHOHFFLRQD�
DOHDWRULDPHQWH�XQ�KRVSLWDO�݁�GH�OD�OLVWD���D�pVWH�VH�OH�
DGLFLRQD�XQ�HTXLSR�PpGLFR��HV�GHFLUݐ��ҧ௝ ൌ ҧ௝ݐ ൅ ͳ�SDUD�
݆ ൌ ݁��3DUD�HYDOXDU�OD�PHMRUD�GH�HVWD�QXHYD�VROXFLyQ�
VH�UHVXHOYH�QXHYDPHQWH� ୆ܲ�FRQݐ���ҧ௝�DFWXDOL]DGR���

3RU� RWUR� ODGR�� ODV� UHVWULFFLRQHV� ���� GH� ୅ܲ�
HVWDEOHFHQ�XQ�PtQLPR�GH�FDSDFLGDG�LQWHUQD�TXH�FDGD�
LQVWLWXFLyQ�GHEH�JDUDQWL]DU��GHOLPLWDGR�SRUߜ�௞��&RPR�
HO�SURFHGLPLHQWR�LQLFLD�FRQ�XQD�FDSDFLGDG�PX\�EDMD�
HQ� OD� UHG� GH� KRVSLWDOHV� \� YD� DXPHQWDGR� HQ� FDGD�
LWHUDFLyQ�� HQ� ODV� SULPHUDV� LWHUDFLRQHV� HVWDV�
UHVWULFFLRQHV� VHUiQ� LQIDFWLEOHV�� SHUR� DO� WHUPLQDU� HO�
SURFHGLPLHQWR�VH�GHEH�JDUDQWL]DU�VX�IDFWLELOLGDG��3DUD�
HOOR�VH�FDOFXOD�HO�YDORU�GHO�LQGLFDGRU߂��GH�DFXHUGR�D�
OD� HFXDFLyQ� ����� FRQ� XQ� YDORU� GH� �� VL� DOJXQD�
UHVWULFFLyQ������QR�VH�FXPSOH�SDUD�DOJ~Q�݇ א ����HQ\�ܭ
RWUR�FDVR��&RQ�HVWH�LQGLFDGRU�HO�SURFHGLPLHQWR�GHEHUi�
VHJXLU�LWHUDQGR�LQFOXVR�FXDQGR�HO�PHMRU�YDORUݖ�୅ሺܵሻ�
KD\D�VLGR�HQFRQWUDGR�PLHQWUDV߂� ൌ ͳ��3RU�OR�TXH�VL�
HVWR�RFXUUH�VH�GHEH�DJUHJDU�FDSDFLGDG�~QLFDPHQWH�D�
ODV�LQVWLWXFLRQHV�TXH�D~Q�QR�VDWLVIDJDQ�OD�UHVWULFFLyQ�
����GH� ୅ܲ��

߂ ൌ ቐ ͳ ݅ݏ ܽݎܽ݌ ݊ݑ݈݃ܽ ݇ א ǡܭ ݊ א ܰǣ
σ ܥ ή ሺ௞ሻீאҧ௝௝ݐ

σ σ ሺ௞ሻீא௎௜א௜௨௨ߤ
Ͳ ݋ݎݐ݋ ݋ݏܽܿ ������������������������������

൏ �௞ߜ
����

(O�SURFHGLPLHQWR� LWHUDWLYR�VH�GHEH�GHWHQHU�KDVWD�
TXH�\D�QR�VH�SXHGD�PHMRUDU�OD�VROXFLyQ�\�VH�FXPSOD�
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OD�UHVWULFFLyQ������HV�GHFLU�TXHݖ�୅ሺܵሻ ൐ � �\����୅ሺܵ୮ሻݖ
DGHPiV�TXH߂� ൌ Ͳ����
3URFHGLPLHQWR�&RQVWUXFFLyQB9RUD]B3UREDELOLVWD �ߙǡ ��ݐ
�� ܵ����՚ 5HVROYHUB3UREOHPDB%�ݐ���
�� KDFHU��
�� ܵ୮ ՚ ܵ��
�� GHWHUPLQDU�FRQMXQWR�GH�HOHPHQWRV�FDQGLGDWRV����
�� HYDOXDU�IXQFLyQ�YRUD]���௜݅�׊�� א ����
�� ��୫ୟ୶�ൌ ���ሼ��௜�ȁ�݅ א �ሽ��
�� ��୫୧୬�ൌ ���ሼ��௜�ȁ�݅ א �ሽ��
�� 5&/ĸ^�� א ��ȁ��௜ �൒ ���୫ୟ୶ െ ሺ��୫ୟ୶ߙ െ ��୫୧୬ሻሽ���
�� ݁ ՚ ������ሺ���ሻ�
��� ௘ݐ ՚ ௘ݐ ൅ ͳ��
��� ܵ�ĸ�5HVROYHUB3UREOHPDB%��ݐ���
��� GHWHUPLQDU߂���
���PLHQWUDV��ሺݖ�୅ሺܵሻ �൑ � ߂���୅ሺܵ୮ሻ���ܱܴݖ ൌ ͳ����
���UHWRUQDU�ܵ��
ILQ�&RQVWUXFFLyQB9RUD]B3UREDELOLVWD��

)LJ����� 3VHXGR�FyGLJR�GH�IDVH�GH�FRQVWUXFFLyQ��

9�� 5(68/7$'26�(;3(5,0(17$/(6�

3DUD� HYDOXDU� HO� SURFHGLPLHQWR� *5$63� VH�
XWLOL]DURQ�LQVWDQFLDV�FRQ�GLIHUHQWHV�WDPDxRV�GH�UHG�\�
GLIHUHQWHV�FDSDFLGDGHV�GH�HTXLSRV�PpGLFRV�FRPR�VH�
PXHVWUD�HQ�ODV�7DEODV�,�\�,,��

7$%/$�,� �
7$0$f2�'(�/$�5('�

7DPDxR�GH�OD�
5HG�

,QVWLWXFLRQHV� +RVSLWDOHV�SRU�
,QVWLWXFLyQ�

+RVSLWDOHV�
3ULYDGRV�

��� �� �� ��
��� �� ��� ���
���� �� ��� ���

7$%/$�,,� �
1,9(/(6�'(�&$3$&,'$'�

&DSDFLGDG� 7LHPSR�8QLWDULR�GH�6HUYLFLR��
�KRUDV��

&DSDFLGDG�7RWDO�
�VHUYLFLRV��

,� �� �����
,,� �� �����
,,,� �� �����
,9� �� �����

3DUD�FDGD�LQVWDQFLD��FRPELQDFLyQ�GH�WDPDxR�GH�OD�UHG�
\�FDSDFLGDG��VH�HYDOXy�*5$63�SDUD�YDORUHV�GH�Į� �
^�������������������������������������������������`��GRQGH�
Į �� UHSUHVHQWD� HO� SURFHGLPLHQWR� FRPSOHWDPHQWH�
YRUD]� \� Į �� HO� SURFHGLPLHQWR� FRPSOHWDPHQWH�
DOHDWRULR�� /D� GHPDQGD� DQXDO� GH� ODV� PXHVWUDV� VH�
JHQHUy�GH�IRUPD�DOHDWRULD�VLJXLHQGR�XQD�GLVWULEXFLyQ�
GH�SUREDELOLGDG�HVWLPDGD�D�SDUWLU�GH�OD�EDVH�GH�GDWRV�
GHO� 6LVWHPD� 1DFLRQDO� GH� ,QIRUPDFLyQ� HQ� 6DOXG�
�6,1$,6�� GH� 0p[LFR� SDUD� HO� DxR� ����� GRQGH� VH�
DQDOL]y� OD� GHPDQGD� GHO� VHUYLFLR� GH� ,PDJHQ� SRU�
5HVRQDQFLD� 0DJQpWLFD� FRQ� LQIRUPDFLyQ� GH� ����
KRVSLWDOHV�S~EOLFRV��SDUD�HVWRV�HMHPSORV�VH�FRQVLGHUy�
GRV�QLYHOHV�GH�XUJHQFLD��UHJXODU�\�XUJHQWH��

/RV�H[SHULPHQWRV�IXHURQ�GHVDUUROODGDV�HQ�XQD�3&�
FRQ� SURFHVDGRU� ,QWHO� &RUH� L������0� ���*+]� \� ���
*%�5$0��3DUD�OD�UHVROXFLyQ�GH�ORV�SUREOHPDV�\�HO�
GHVDUUROOR�GHO�DOJRULWPR�VH�XWLOL]y�*$06��������FRQ�
LQWHUID]�*$06�&3/(;��

&RPR�LQGLFDGRU�VH�XWLOL]D�HO� ËQGLFH�GH�2SWLPDOLGDG�
5HODWLYR��,25���(O� ,25�PLGH�TXH�WDQ�EXHQD�HV�XQD�
VROXFLyQ� FRQ� UHVSHFWR� D� OD� PHMRU� VROXFLyQ� GHO�
SUREOHPD�� VH� FDOFXOD� GH� OD� VLJXLHQWH� IRUPD� ,25�  �

�VROXFLyQ� KHXUtVWLFD� ±� VROXFLyQ� ySWLPD�� �� VROXFLyQ�
ySWLPD��HQ�FDVR�GH�QR�FRQWDU�FRQ�OD�VROXFLyQ�ySWLPD�
VH� XWLOL]D� OD� PHMRU� FRWD� LQIHULRU� FRQRFLGD�� 3DUD�
FRPSDUDU�ORV�UHVXOWDGRV�GH�*5$63�VH�UHVROYLHURQ�ODV�
LQVWDQFLDV� GH� SUXHED� FRQ� HO� PpWRGR� %	%� FRQ�
*$06�&3/(;��3DUD�ODV�UHGHV�GH����\����KRVSLWDOHV�
VH� ORJUy� HQFRQWUDU� OD� VROXFLyQ� ySWLPD� GH� FDGD�
SUREOHPD�\�SDUD�ODV�UHGHV�GH�����KRVSLWDOHV�VH�XWLOL]y�
OD� PHMRU� FRWD� LQIHULRU� HQFRQWUDGD� HQ� XQD� KRUD� GH�
SURFHVDPLHQWR��

�(Q�XQ�SULPHU�DQiOLVLV�VH�HYDOXDURQ�ORV�YDORUHV�GHO�
XPEUDO�GH�FDOLGDG�FRQ����� LWHUDFLRQHV�� VH�HQFRQWUy�
TXH� OD�PHMRU� FDOLGDG�HQ� ODV� VROXFLRQHV� HV�JHQHUDGD�
SRUߙ�� ����GH�DFXHUGR�D�OD�)LJ�����7DPELpQ�VH�REVHUYD�
TXH�XWLOL]DQGR�HO�SURFHGLPLHQWR�*5$63��Ͳ ൏ �൏ߙ ͳ��
VH�HQFRQWUDURQ� VROXFLRQHV�GH�PHMRU� FDOLGDG�TXH� ODV�
JHQHUDGDV� XWLOL]DQGR� XQ� SURFHGLPLHQWR�
FRPSOHWDPHQWH� YRUD]� �ߙ�  � ��� \� XQ� SURFHGLPLHQWR�
FRPSOHWDPHQWH�DOHDWRULR��ߙ� �����

�
)LJ����� *UiILFD�GH�,QWHUYDORV�GH�YDORUHV�GH�DOID�YV�,25��

�
3DUD� HVWDEOHFHU� XQ�Q~PHUR�DGHFXDGR�GH� LWHUDFLRQHV�
SDUD� FDGD� SURFHGLPLHQWR�� VH� HYDOXDURQ� GLIHUHQWHV�
YDORUHV� GH� DFXHUGR� D� OD� )LJ�� �� FRQ� XQ� XPEUDO� GH�
FDOLGDG�GH�����6 �ߙ�H�HQFRQWUy�TXH�D�SDUWLU�GH�ODV�����
LWHUDFLRQHV�ORV�YDORUHV�GH�ODV�VROXFLRQHV�FRPLHQ]DQ�D�
GHFUHFHU�HQ�PHQRU�JUDGR��HQFRQWUDGR�VROXFLRQHV�HQ�
DOUHGHGRU�GH�XQ�,25�GHO��������

�
)LJ����� *UiILFD�GH�,WHUDFLRQHV�YV�,25�

(Q� OD� 7DEOD� ,,,� VH� PXHVWUD� ORV� SURPHGLRV� GH� ORV�
UHVXOWDGRV� GH�*5$63� FRQ� ���� LWHUDFLRQHV� SDUD� ODV�
GLIHUHQWHV� LQVWDQFLDV� WRPDQGR� ��� PXHVWUDV�� (Q�
JHQHUDO� ODV� VROXFLRQHV� HQFRQWUDGDV� VRQ� GH� EXHQD�
FDOLGDG��SDUD�HO�YDORU�GHO�XPEUDO�GH�FDOLGDG�GHࢻ�� �
���� VH� HQFRQWUDURQ� HQ� SURPHGLR� VROXFLRQHV� HQWUH�
����� \� ����� FRQ� UHVSHFWR� D� OD� PHMRU� VROXFLyQ�
HQFRQWUDGD� SRU� HO� %	%�� 3DUD� UHGHV� GH� ��� \� ���
KRVSLWDOHV�QR�VH�ORJUy�VXSHUDU�ODV�VROXFLRQHV�GHO�%	%�
SHUR� SDUD� ORV� SUREOHPDV� GH� ���� KRVSLWDOHV� FRQ�
*5$63� VH� HQFRQWUDURQ�PHMRUHV� VROXFLRQHV� TXH� ODV�
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VROXFLRQHV� HQWHUDV� HQFRQWUDGDV� SRU� HO�%	%� HQ� XQD�
KRUD�GH�SURFHVDPLHQWR��
'H�ODV�LQVWDQFLDV�SUREDGDV��VH�SXHGH�REVHUYDU�HQ�OD�
)LJ�� �� TXH� OD� FDOLGDG� GH� OD� VROXFLRQHV� PHMRUD�
FRQIRUPH�OD�FDSDFLGDG�GH�ORV�HTXLSRV�GLVPLQX\H��HVWR�
VH�GHEH�D�TXH�FXDQGR�OD�FDSDFLGDG�GH�ORV�HTXLSRV�HV�
PHQRU�� VH� UHTXLHUHQ�PiV� HTXLSRV� SDUD� VDWLVIDFHU� OD�
GHPDQGD�\�SRU�FRQVLJXLHQWH�VH�UHTXLHUHQ�XQ��PD\RU�
Q~PHUR� GH� LWHUDFLRQHV� HQ� OD� IDVH� FRQVWUXFWLYD��
JHQHUDQGR�PD\RU�GLYHUVLILFDFLyQ���

�
)LJ����� *UiILFD�GH�,QWHUYDORV�GH�&DSDFLGDG�YV�,25��

6H�HQFRQWUy�TXH�FRQIRUPH�HO�WDPDxR�GH�OD�UHG�GH�
KRVSLWDOHV�DXPHQWD�ODV�VROXFLRQHV�TXH�VH�JHQHUDQ�VRQ�
GH�PD\RU�FDOLGDG�GH�DFXHUGR�D�OD�)LJ�����\�HO�UDQJR�
GH�YDULDFLyQ�GLVPLQX\H��HVWR�WDPELpQ�HV�GHELGR�D�OD�
PD\RU� GLYHUVLILFDFLyQ� TXH� VH� JHQHUD� HQ� OD� IDVH�
FRQVWUXFWLYD��eVWD�HV�XQD�YHQWDMD�GHO�SURFHGLPLHQWR�
SRUTXH�HQ�Vt�PLVPR�HVWi�GLVHxDGR�SDUD�SUREOHPDV�FRQ�
UHGHV�GH�KRVSLWDOHV�GH�JUDQ�WDPDxR���

�
)LJ������ *UiILFD�GH�,QWHUYDORV�GH�7DPDxR�GH�OD�UHG�YV�,25�

9,�� &21&/86,21(6�<�75$%$-2�)87852�

(O�PRGHOR�SURSXHVWR�HQ�HVWD�LQYHVWLJDFLyQ�HV�XQD�
QXHYD�DOWHUQDWLYD�HQ�HO�iUHD�GH�DSOLFDFLyQ�� WHQLHQGR�
XQ� SRWHQFLDO� FRPR� KHUUDPLHQWD� HQ� OD� WRPD� GH�
GHFLVLRQHV� FRQ� UHVSHFWR� D� OD� SODQLILFDFLyQ� HQ�
LQIUDHVWUXFWXUD�GH�HVWH�WLSR�GH�HTXLSRV�PpGLFRV�\�HVWH�
WLSR�GH�VLVWHPDV�GH�VDOXG��VREUH�WRGR�SDUD�FXDQGR�VH�
WUDWD�GH�UHFXUVRV�OLPLWDGRV���

5HVROYHU� HO� SUREOHPD� SURSXHVWR� SRU� HO� PpWRGR�
FRQYHQFLRQDO� GH� %	%� UHVXOWD� DGHFXDGR� FXDQGR� VH�
WUDWD� GH� UHGHV� UHODWLYDPHQWH� SHTXHxDV� R� FXDQGR� HO�
WLHPSR� FRPSXWDFLRQDO� QR� HV� XQD� OLPLWDQWH� SDUD� HO�
WRPDGRU�GH�GHFLVLRQHV��VLQ�HPEDUJR��SDUD�LQVWDQFLDV�
JUDQGHV� GHO� SUREOHPD�GRQGH� HO� WLHPSR� GH� VROXFLyQ�
MXHJD� XQ� SDSHO� LPSRUWDQWH� VH� UHTXLHUH� OD�
LPSOHPHQWDFLyQ� GH� XQD� PHWDKHXUtVWLFD�� (Q� HVWH�
VHQWLGR�VH�LQWURGXFH�XQD�IDVH�FRQVWUXFWLYD�GH�*5$63�
FRPR�SULPHUD�HWDSD�GH�OD�LQYHVWLJDFLyQ��

7$%/$�,,,� �
5(68/7$'26�(;3(5,0(17$/(6�

5HG ��� ��� ���� �
&DS� ,� ,,� ,,,� ,9� � ,� ,,� ,,,� ,9� � ,� ,,� ,,,� ,9� � �

����� �ࢻ��5$63* ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
���� �ࢻ�� ��� ��� ��� ��� ��� ��� ��� �������� ����������������������� ���
����� �ࢻ� ���� ���� ���� ���� ���� ���� ���� ��������������������������������� ����

%	% � � � � � � � �� �� ��������������������� ���

(Q�JHQHUDO��VH�HQFRQWUy�TXH�HO�WDPDxR�GH�OD�UHG�\�
OD� FDSDFLGDG� GHO� HTXLSR� HVWiQ� UHODFLRQDGRV� FRQ� OD�
FDOLGDG� GH� ODV� VROXFLRQHV�� VLQ� HPEDUJR� HVWDV�
FDUDFWHUtVWLFDV�GHO�SUREOHPD�QR�VRQ�FRQWURODEOHV�SHUR�
Vt�QRV�SHUPLWHQ�GDUQRV�XQD�LGHD�GH�OR�TXH�LPSOLFDQ��
$FWXDOPHQWH�VH�HVWiQ�SUREDQGR�LQVWDQFLDV�FRQ�UHGHV�
GH�KRVSLWDOHV�GH�PD\RU�WDPDxR�GRQGH�QR�HV�SRVLEOH�
HQFRQWUDU� VROXFLRQHV� IDFWLEOHV� FRQ� HO� %	%� HQ� XQD�
KRUD� GH� SURFHVDPLHQWR�� SRU� HMHPSOR� SDUD� UHGHV� GH�
����KRVSLWDOHV�R�PiV���

8QD�QRWD�LPSRUWDQWH�D�VHxDODU�VREUH�ORV�WLHPSRV�
GH� FyPSXWR� GH� OD� KHXUtVWLFD�� HV� TXH� HQ� OD� IDVH�
FRQVWUXFWLYD�� FXDQGR� VH� LQWHQWD� UHVROYHU� ୆ܲ�� HVWR� VH�
KDFH�PHGLDQWH�*$06�&3/(;��HV�GHFLU��VH�UHVXHOYH�
XQ�SUREOHPD�QXHYR�GH�IRUPD�LQGHSHQGLHQWH�HQ�FDGD�
LWHUDFLyQ���&RPR�VH�VDEH��HVWR�LQFXUUH�HQ�XQ�FRVWR�GH�
RYHUKHDG� VLJQLILFDWLYR� >�@�� � 3RU� WDO� PRWLYR�� HQ� HO�
SUHVHQWH� WUDEDMR� QRV� FRQFHQWUDPRV� HQ� GLVFXWLU� OD�
FDOLGDG� GH� ODV� VROXFLRQHV� \� QR� ORV� WLHPSRV� GH�
SURFHVDPLHQWR�� �$KRUD�ELHQ��XQD�GH�QXHVWUDV� WDUHDV�
LQPHGLDWDV� HV� UHHPSOD]DU� HVWH� OODPDGR� D�
*$06�&3/(;�SRU�HO� OODPDGR�GLUHFWR�D� ODV� UXWLQDV�
GH�OD�ELEOLRWHFD�GH�RSWLPL]DFLyQ�GH�&3/(;�HVFULWDV�
HQ�&�y�&���FRQ�OR�FXDO�VH�HVSHUDUtD�XQD�UHGXFFLyQ�GHO�
WLHPSR� GUDPiWLFD� \D� TXH� SXHGH� DSURYHFKDUVH� HO�
HVWDGR�GH�OD�VROXFLyQ�GH� ୆ܲ�GH�OD�LWHUDFLyQ�DQWHULRU�\�
QR�HPSH]DUOR�FDGD�YH]�GH�FHUR�FRPR�KDFH�*$06���

'DGD� OD� HVWUXFWXUD�GHO�SURFHGLPLHQWR� VH�SXHGHQ�
HYDOXDU�IiFLOPHQWH�GLVWLQWDV�HVWUDWHJLDV�GH�E~VTXHGD�
ORFDO� FRQ� GLIHUHQWHV� WLSRV� GH� YHFLQGDULRV� TXH�
DJUHJXHQ��TXLWHQ�R�LQWHUFDPELHQ�HTXLSRV�PpGLFRV�HQ�
OD� UHG� GH� KRVSLWDOHV�� 6H� HVSHUD� TXH� OD� FDOLGDG� GH�
VROXFLyQ� SXHGD� VHU� PHMRUDGD� D~Q� PiV� FRQ� OD�
LPSOHPHQWDFLyQ�GH�OD�E~VTXHGD�ORFDO��(VWD�PHMRUtD�VH�
KD� HYLGHQFLDGR� HQ� GLYHUVRV� SUREOHPDV� GH�
ORFDOL]DFLyQ��(VWD�HWDSD�D~Q�VH�HQFXHQWUD�HQ�SURFHVR�
GH�GHVDUUROOR��

1DWXUDOPHQWH�� XQD� YH]� LPSOHPHQWDGRV� ORV�
HVTXHPDV�GH�E~VTXHGD�ORFDO�VH�DEULUi�OD�SXHUWD�D�RWURV�
PHWDKHXUtVWLFDV� FRPR� E~VTXHGD� WDE~�� E~VTXHGD�
GLVSHUVD�� E~VTXHGD� GH� YHFLQGDULRV� YDULDEOHV� HQWUH�
RWUDV��
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$*5$'(&,0,(1726�

/D� LQYHVWLJDFLyQ� HVWi� DSR\DGD� SRU� HO� &RQVHMR�
1DFLRQDO� GH� &LHQFLD� \� 7HFQRORJtD� GH� 0p[LFR�
�&21$&<7��DSR\R�1R��&%����������������

5()(5(1&,$6�
>�@� %UDQDV��&���0DF.HQ]LH��(��	�5H9HOOH��&����������$�WUDXPD�

UHVRXUFH� DOORFDWLRQ� PRGHO� IRU� DPEXODQFHV� DQG� KRVSLWDOV��
+HDOWK�6HUYLFHV�5HVHDUFK������������������

>�@� 'DVNLQ��0��6��	�'HDQ��/��.����������/RFDWLRQ�RI�+HDOWK�&DUH�
)DFLOLWLHV�� (Q� )�� 6DLQIRUW�� 0�� %UDQGHDX�� 	� :�� 3LHUVNDOOD��
+DQGERRN� RI� 25�06� LQ� +HDOWK� &DUH�� $� +DQGERRN� RI�
0HWKRGV�DQG�$SSOLFDWLRQV��SiJV����������6SULQJHU��

>�@� 'UH]QHU�� =��	�+DPDFKHU��+��:�� �������� )DFLOLW\� /RFDWLRQ��
$SSOLFDWLRQV�DQG�7KHRU\��6HJXQGD�HG����%HUOLQ��6SULQJHU��

>�@� )DUDKDQL��5��=���	�+HNPDWIDU��0����������)DFLOLW\�/RFDWLRQ��
&RQFHSWV��0RGHOV��$OJRULWKPV�DQG�&DVH�6WXGLHV��+HLGHOEHUJ��
3K\VLFD�9HUODJ��

>�@� )HR��7��$��	�5HVHQGH��0��*��&����������*UHHG\�UDQGRPL]HG�
DGDSWDWLYH�VHDUFK�SURFHGXUHV��-RXUQDO�RI�*OREDO�2SWLPL]DWLRQ��
����������������

>�@� *LHGLRQ��8���9LOODU��0��	�ÈYLOD��$����������/RV�6LVWHPDV�GH�
6DOXG� HQ� /DWLQRDPpULFD� \� HO� SDSHO� GHO� 6HJXUR� 3ULYDGR��
0DGULG��)81'$&,Ï1�0$3)5(��

>�@� +DUSHU�� 3��� 6KDKDQL��$���*DOODJKHU�� -��	�%RZLH�� &�� ��������
3ODQQLQJ� KHDOWK� VHUYLFHV� ZLWK� H[SOLFLW� JHRJUDSKLFDO�
FRQVLGHUDWLRQV�� D� VWRFKDVWLF� ORFDWLRQ±DOORFDWLRQ� DSSURDFK��
2PHJD������������±�����

>�@� .DOOUDWK�� -�� ��������$OJHEUDLF�0RGHOLQJ�6\VWHPV��0RGHOLQJ�
DQG�6ROYLQJ�5HDO�:RUOG�2SWLPL]DWLRQ�3UREOHPV��+HLGHOEHUJ��
6SULQJHU�%HUOLQ��

>�@� 0DKDU�� 6��� %UHWWKDXHU�� .�� 0�� 	� 6DO]DUXOR�� 3�� $�� ��������
/RFDWLQJ� VSHFLDOL]HG� VHUYLFH� FDSDFLW\� LQ� D� PXOWL�KRVSLWDO�
QHWZRUN��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK����������
���������

>��@�0DULDQRY��9��	�6HUUD��'�� ��������/RFDWLRQ�SUREOHPV� LQ� WKH�
SXEOLF� VHFWRU�� (Q� =�� 'UH]QHU�� 	� +�� +DPDFKHU�� )DFLOLW\�
ORFDWLRQ��$SSOLFDWLRQV�DQG�WKHRU\��SiJV������������1HZ�<RUN��
6SULQJHU��

>��@�0F/DIIHUW\�� 6�� 	� %URH�� '�� �������� 3DWLHQW� RXWFRPHV� DQG�
UHJLRQDO� SODQQLQJ� RI� FRURQDU\� FDUH� VHUYLFHV�� $� ORFDWLRQ�
DOORFDWLRQ�DSSURDFK��6RFLDO�6FLHQFH�DQG�0HGLFLQH�������������
�����

>��@�0HKUH]��$���6LQXDQ\�6WHUQ��=���$UDG�*HYD��7��	�%LQ\DPLQ��6��
��������2Q�WKH�LPSOHPHQWDWLRQ�RI�TXDQWLWDWLYH�IDFLOLW\�ORFDWLRQ�
PRGHOV��WKH�FDVH�RI�D�KRVSLWDO�LQ�D�UXUDO�UHJLRQ��-RXUQDO�RI�WKH�
2SHUDWLRQDO�5HVHDUFK�6RFLHW\������������±�����

>��@�0LUFKDQGDQL��3��%��	�)UDQFLV�5��/����������'LVFUHWH�ORFDWLRQ�
WKHRU\���-RKQ�:LOH\�	�6RQV��1HZ�<RUN��

>��@�0LWURSRXORV��3���0LWURSRXORV��,���*LDQQLNRV��,��	�6LVVRXUDV��$��
�������� $� ELREMHFWLYH� PRGHO� IRU� WKH� ORFDWLRQDO� SODQQLQJ� RI�
KRVSLWDOV� DQG� KHDOWK� FHQWHUV�� +HDOWK� &DUH� 0DQDJHPHQW�
6FLHQFH�����������������

>��@�1GLD\H�� 0�� 	� $OIDUHV�� +�� �������� 0RGHOLQJ� KHDOWK� FDUH�
IDFLOLW\� ORFDWLRQ� IRU� PRYLQJ� SRSXODWLRQ� JURXSV�� &RPSXWHUV�
DQG�2SHUDWLRQV�5HVHDUFK��������������������

>��@�2OLYHLUD�� 0��� 	� %HYDQ�� *�� �������� 0RGHOOLQJ� WKH�
UHGLVWULEXWLRQ� RI� KRVSLWDO� VXSSO\� WR� DFKLHYH� HTXLW\� WDNLQJ�
DFFRXQW� RI� SDWLHQW¶V� EHKDYLRU�� +HDOWK� &DUH� 0DQDJHPHQW�
6FLHQFH���������������

>��@�3ULFH�� :�� 	� 7XUFRWWH�� :�� �������� /RFDWLQJ� D� EORRG� EDQN��
,QWHUIDFHV�����������±����

>��@�5DGLDK� 6KDULII�� 6��� 	� 1RRU� +DVQDK� 0RLQ�� 0�� 2�� ��������
/RFDWLRQ�DOORFDWLRQ�PRGHOLQJ�IRU�KHDOWKFDUH�IDFLOLW\�SODQQLQJ�
LQ� 0DOD\VLD�� &RPSXWHUV� DQG� ,QGXVWULDO� (QJLQHHULQJ�� �������
�����������

>��@�5DKPDQ��6��	�6PLWK��'��.����������8VH�RI�ORFDWLRQ�DOORFDWLRQ�
PRGHOV�LQ�KHDOWK�VHUYLFH�GHYHORSPHQW�SODQQLQJ�LQ�GHYHORSLQJ�
QDWLRQV�� (XURSHDQ� -RXUQDO� RI�2SHUDWLRQDO�5HVHDUFK�� ��������
���������

>��@�6FKZHLNKDUW�� 6�� 	� 6PLWK�'DQLHOV�� 9�� �������� /RFDWLRQ� DQG�
VHUYLFH� PL[� GHFLVLRQV� IRU� D� PDQDJHG� KHDOWK� FDUH� QHWZRUN��
6RFLR�(FRQRPLF�3ODQQLQJ�6FLHQFHV������������±�����

>��@�6WXPPHU�� &��� 'RHUQHU�� .��� )RFNH�� $�� 	� +HLGHQEHUJHU�� .��
��������'HWHUPLQLQJ�ORFDWLRQ�DQG�VL]H�RI�PHGLFDO�GHSDUWPHQWV�
LQ�D�KRVSLWDO�QHWZRUN��+HDOWK�&DUH�0DQDJHPHQW�6FLHQFH��������
+HDOWK�&DUH�0DQDJHPHQW�6FLHQFH��

>��@�6\DP��6��6��	�&{Wp��0��-����������$�ORFDWLRQ�DOORFDWLRQ�PRGHO�
IRU� VHUYLFH� SURYLGHUV� ZLWK� DSSOLFDWLRQ� WR� QRW�IRU�SURILW�
KHDOWKFDUH�RUJDQL]DWLRQV��2PHJD��������������������

>��@�6\DP��6��6��	�&{Wp��0��-����������$�FRPSUHKHQVLYH�ORFDWLRQ�
DOORFDWLRQ� PHWKRG� IRU� VSHFLDOL]HG� KHDOWKFDUH� VHUYLFHV��
2SHUDWLRQV�5HVHDUFK�IRU�+HDOWK�&DUH���������������

>��@�7RUHJDV��&���6ZDLQ��5���5H9HOOH��&��	�%HUJPDQ��/�� ��������
7KH� ORFDWLRQ� RI� HPHUJHQF\� VHUYLFH� IDFLOLWLHV�� 2SHUDWLRQV�
5HVHDUFK��������������������

>��@�=KDQJD��<���%HUPDQU��2��	�9HUWH��9�� �������� ,QFRUSRUDWLQJ�
FRQJHVWLRQ� LQ�SUHYHQWLYH�KHDOWKFDUH� IDFLOLW\�QHWZRUN�GHVLJQ��
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�������������������
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