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�WK��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QGXVWULDO�(QJLQHHULQJ�DQG�,QGXVWULDO�0DQDJHPHQW���
;9,��&RQJUHVR�GH�,QJHQLHUtD�GH�2UJDQL]DFLyQ��9LJR��-XO\�������������

�
$OJRULWPRV�*HQpWLFRV�SDUD�OD�6HFXHQFLDFLyQ�GH�
3DWURQHV�GH�&RUWH�GH�3HUILOHV�0HWiOLFRV�
�
*HQHWLF�$OJRULWKPV�IRU�3DWWHUQ�6HTXHQFLQJ�ZKHQ�&XWWLQJ�0HWDOOLF�6WUXFWXUDO�
%HDPV�

*UDFLD�&���$QGUpV�&��

$EVWUDFW��(QJOLVK��7KLV�ZRUN�SUHVHQWV� DQ� DSSURDFK�EDVHG�RQ� WKH�XVH�RI� JHQHWLF�
DOJRULWKPV� WR� VROYH� WKH� PXOWL�REMHFWLYH� SUREOHP� RI� VHTXHQFLQJ� FXWWLQJ� SDWWHUQV�
DULVLQJ�LQ�D�ORFDO�PHWDOZRUN�FRPSDQ\��7KH�DSSURDFK�LV�H[SHULPHQWDOO\�WHVWHG�RQ�D�
VHW� RI� LQVWDQFHV� VLPLODU� WR� WKRVH� RI� WKH� ORFDO� PHWDOZRUN� FRPSDQ\�� ,Q� SDUWLFXODU��
FRPSDUDWLYH�UHVXOWV�DJDLQVW�WKRVH�REWDLQHG�ZKHQ�FRQVLGHULQJ�PRQR�REMHFWLYH�IXQF�
WLRQV�VKRZ�WKH�HIILFLHQF\�RI�LWV�SHUIRUPDQFH�ZKHQ�REWDLQLQJ�WKH�3DUHWR�IURQWLHUV��

5HVXPHQ��&DVWHOODQR��(VWH�WUDEDMR�SUHVHQWD�XQD�PHWRGRORJtD�EDVDGD�HQ�HO�XVR�GH�
DOJRULWPRV�JHQpWLFRV�SDUD�UHVROYHU�HO�SUREOHPD�PXOWLREMHWLYR�GH�VHFXHQFLDFLyQ�GH�
SDWURQHV�GH�FRUWH�TXH�VXUJH�HQ�OD�SURJUDPDFLyQ�GHO�FRUWH�GH�SHUILOHV�PHWiOLFRV�HQ�
XQD� HPSUHVD� XELFDGD� HQ� OD� &RPXQLGDG� 9DOHQFLDQD�� 6H� KD� UHDOL]DGR� XQ� HVWXGLR�
FRPSDUDWLYR�HYDOXDQGR�ORV�UHVXOWDGRV�REWHQLGRV�HQ�OD�GHWHUPLQDFLyQ�GH�ORV�IUHQWHV�
GH�3DUHWR�IUHQWH�D�ORV�REWHQLGRV�FXDQGR�VH�FRQVLGHUD�XQ�~QLFR�REMHWLYR��

.H\ZRUGV��SDWWHUQ� VHTXHQFLQJ��FXWWLQJ� VWRFN�SUREOHP��JHQHWLF�DOJRULWKPV��3DOD�
EUDV�FODYH��VHFXHQFLDFLyQ�GH�SDWURQHV��SUREOHPD�GH�FRUWH��DOJRULWPRV�JHQpWLFRV�
�
����,QWURGXFFLyQ�

(VWH� WUDEDMR�SUHVHQWD�XQD�PHWRGRORJtD�EDVDGD� HQ� HO� XVR�GH� DOJRULWPRV� JHQpWLFRV�
SDUD�GHWHUPLQDU�OD�VHFXHQFLD�GH�OD�SURJUDPDFLyQ�GHO�FRUWH�GH�SHUILOHV�PHWiOLFRV�HQ�
XQD� HPSUHVD�XELFDGD� HQ� OD�&RPXQLGDG�9DOHQFLDQD��/D�QHFHVLGDG�GH�GHFLGLU� XQD�
���������������������������������������� �������������������
��&DUORV�*UDFLD��
��
'HSDUWDPHQWR�GH�2UJDQL]DFLyQ�GH�(PSUHVDV��'2(��8QLYHUVLWDW�3ROLWqFQLFD�GH�9DOqQFLD��&DPLQR�
GH�9HUD�V�Q���������9DOHQFLD��6SDLQ�
H�PDLO��FDUJUDFD#RPS�XSY�HV�

�
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VHFXHQFLD� ySWLPD� � VXUJH� WUDV� OD� UHVROXFLyQ� GHO� SUREOHPD� GH� FRUWH� �&XWWLQJ� 6WRFN�
3UREOHP��&63��TXH�DVLJQD�PHGLDQWH�HO�XVR�GH�SDWURQHV�ODV�ORQJLWXGHV�GHPDQGDGDV�
D�SHUILOHV�PiV� ODUJRV�GLVSRQLEOHV�HQ�VWRFN��(Q�HVWH�FDVR�HO�&63�HV�GH� WLSR�XQLGL�
PHQVLRQDO� VHJ~Q� :lVFKHU� HW� DO�� ������� � VH� GHQRWDUtD� FRPR� �GLPHQVLRQDO�
066&63���

(Q� HO� FRQWH[WR�GH� OD� ,QYHVWLJDFLyQ�2SHUDWLYD� \�EDMR� HO� WpUPLQR�3UREOHPDV�GH�
&RUWH�\�(PSDTXHWDGR��&XWWLQJ�DQG�3DFNLQJ�3UREOHPV��&	3��VH�HQJOREDQ�XQ�FRQ�
MXQWR�GH�SUREOHPDV�GH�2SWLPL]DFLyQ�&RPELQDWRULD�FRQ�XQD�FRQVLGHUDEOH�YDULHGDG�
GH�DSOLFDFLRQHV�GH� WLSR� LQGXVWULDO��:lVFKHU�HW�DO�� ������� LGHQWLILFDQ�HQWUH������\�
�����PiV�GH�����SXEOLFDFLRQHV�VREUH�SUREOHPDV�HVWiQGDU��VH�H[FOX\HQ�H[WHQVLRQHV�
R�YDULDQWHV�WLSR�PXOWLREMHWLYR��HQ�OtQHD��SUREOHPDV�HVWRFiVWLFRV��HWF���(Q�XQ�SULPHU�
HVWDGLR�� OD� UHVROXFLyQ� GH� ORV� SUREOHPDV� GH� FRUWH� UHTXLHUH� GH� OD� REWHQFLyQ� GH� XQ�
FRQMXQWR�GH�SDWURQHV�\�VXV�IUHFXHQFLDV�GH�FRUWH�GH�IRUPD�TXH�VH�YHDQ�VDWLVIHFKDV�
ODV�FDQWLGDGHV�GHPDQGDV�SDUD�XQ�SHULRGR�GH�WLHPSR�FRQFUHWR��*UDFLD�HW�DO��������
6LQ�HPEDUJR��HQ�DOJXQDV�RFDVLRQHV�\�HQ�HO�FRQWH[WR�GH�OD�SODQLILFDFLyQ�GH�ODV�RSH�
UDFLRQHV�LQGXVWULDOHV�GH�FRUWH��\�PiV�DOOi�GH�OD�JHQHUDFLyQ�GH�XQD�VROXFLyQ�TXH�VD�
WLVIDJD�ODV�GHPDQGDV��VH�GHEHQ�FRQVLGHUDU�RWURV�DVSHFWRV�DGLFLRQDOHV�LQKHUHQWHV�DO�
SURFHVR�SURGXFWLYR�TXH�FRQGLFLRQDUiQ�OD�PDQHUD�GH�OOHYDU�D�FDER�HO�SODQ�GH�IDEUL�
FDFLyQ��

/RV�SUREOHPDV�GH�VHFXHQFLDFLyQ�KDQ�DSDUHFLGR�EDMR�GLIHUHQWHV�GHQRPLQDFLRQHV�
GHSHQGLHQGR�GH� OD� IXQFLyQ�REMHWLYR�TXH� VH�SUHWHQGD�RSWLPL]DU��/D�PLQLPL]DFLyQ�
GHO� WLHPSR� PHGLR� TXH� XQ� SHGLGR� SHUPDQHFH� DELHUWR�� VH� KD� GHQRPLQDGR� FRPR��
0253� �0LQLPL]DWLRQ�RI�2UGHU�6SUHDG�3UREOHP���6L� VH� �PLQLPL]D� HO� Q~PHUR�GH�
YHFHV�TXH�VH�LQWHUUXPSH�XQ�SHGLGR��HO�SUREOHPD�KD�DSDUHFLGR�FRPR�0'3��0LQL�
PL]DWLRQ�RI�'LVFRQWLQXLWLHV�3UREOHP���6L�VH�SHUVLJXH�PLQLPL]DU�OD�FDQWLGDG�Pi[L�
PD�GH�SDTXHWHV�DO�ILQDO�GH�OD�OtQHD���VH�KDEOD�GHO�SUREOHPD�0263��0LQLPL]DWLRQ�RI�
2SHQ�6WDFNV�3UREOHP���(Q�HO�FRUWH�GH�SHUILOHV�PHWiOLFRV��OD�VHFXHQFLD�GH�HMHFXFLyQ�
GH�ORV�SDWURQHV�GHEH�RSWLPL]DU�HO�HVSDFLR�GLVSRQLEOH�HQ�OD�OtQHD�GH�FRUWH�\�HYLWDU�DO�
PLVPR�WLHPSR�TXH�OD�FDQWLGDG�GH�SURGXFWR�HQ�FXUVR�VHD�HOHYDGD���

(O� UHVWR� GHO� WUDEDMR� VH� HVWUXFWXUD� GH� OD� VLJXLHQWH� PDQHUD�� (Q� HO� DSDUWDGR� �� VH�
GHVFULEHQ�\�PRGHOL]DQ�ORV�SUREOHPDV�GH�VHFXHQFLDFLyQ�GH�SDWURQHV��(Q�HO�DSDUWDGR�
��VH�SURSRQHQ�XQ�PpWRGR�EDVDGR�HQ�DOJRULWPRV�JHQpWLFRV�\�WpFQLFDV�GH�PXHVWUHR�
LQGHSHQGLHQWH�SDUD� OD� UHVROXFLyQ�GHO� SUREOHPD�PXOWLREMHWLYR��(Q� OD� VHFFLyQ��� VH�
DERUGD�OD�LPSOHPHQWDFLyQ�\�UHVXOWDGRV�GH�GLFKR�PpWRGR��)LQDOPHQWH�HQ�HO�DSDUWD�
GR���VH�GHVWDFDQ�ODV�SULQFLSDOHV�FRQFOXVLRQHV��

����0RGHOL]DFLyQ�GH�ORV�3UREOHPDV�GH�6HFXHQFLDFLyQ�GH�3DWURQHV��
GH�&RUWH�

(Q�JHQHUDO��D�OD�KRUD�GH�WUDWDU�OD�VHFXHQFLDFLyQ�GH�SDWURQHV�GH�FRUWH�SDUWLUHPRV�GH�
ODV�VLJXLHQWHV�FRQVLGHUDFLRQHV�SUHYLDV��)RHUVWHU�\�:lVFKHU���������
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• 8Q�SHGLGR�FRQVLVWH�HQ�XQD�FDQWLGDG�GHPDQGDGD�GH�YLJDV�GH�XQ�WDPDxR�FRQFUHWR�
TXH�VH�KDQ�GH�FRUWDU�D�SDUWLU�GH�PDWHULDO�GLVSRQLEOH�HQ�VWRFN��

• 6H�KDQ�GHWHUPLQDGR�XQ�FRQMXQWR�GH�SDWURQHV�\�VXV� IUHFXHQFLDV�FRUUHVSRQGLHQ�
WHV��GH�IRUPD�WRGDV�ODV�GHPDQGDV�VRQ�VDWLVIHFKDV��

• &DGD�SDWUyQ�GH�FRUWH� UHTXLHUH�GH�XQD�SUHSDUDFLyQ�R�PRQWDMH�HVSHFtILFR�GH� ODV�
KHUUDPLHQWDV�GH�FRUWH��VHW�XSV���3DWURQHV�LGpQWLFRV�VH�FRUWDQ�XQR�D�FRQWLQXDFLyQ�
GHO�RWUR��HO�Q~PHUR�GH�VHW�XSV�FRLQFLGH�FRQ�HO�Q~PHUR�GH�SDWURQHV�GLIHUHQWHV��

• 6HD�P�HO�Q~PHUR�GH�SHGLGRV�GHPDQGDGRV�\�Q�HO�Q~PHUR�GH�SDWURQHV�GH�FRUWH�
GLVWLQWRV�TXH�VDWLVIDFHQ�GLFKDV�GHPDQGDV��8QD�VHFXHQFLD�GH�SDWURQHV�VH�UHSUH�
VHQWDUi�FRPR�XQD�SHUPXWDFLyQ�FRQFUHWD�ʌ�GH�ORV�Q�HOHPHQWRV���GRQGH�ʌ��M��LQGL�
FD�HO�SDWUyQ�TXH�VH�FRUWD�HQ�OD�SRVLFLyQ�M�

������3UREOHPD�GH�0LQLPL]DFLyQ�GH�OD�&DQWLGDG�GH�3DTXHWHV�
$ELHUWRV��0263��

'HILQLPRV�OD�FDQWLGDG�Pi[LPD�GH�SDTXHWHV�DELHUWRV��026��SDUD�XQD�GHWHUPLQDGD�
VHFXHQFLD�GH�FRUWH�FRPR�HO�Pi[LPR�GH�ORV�SHGLGRV�HQ�FXUVR��QR�FRPSOHWDGRV��TXH�
VH�HQFXHQWUDQ��VLPXOWiQHDPHQWH�PLHQWUDV�VH�UHDOL]D�HO�SURFHVR�GH�FRUWH�GH�ORV�SD�
WURQHV��3DUD�FDGD�VHFXHQFLD�VH�SXHGH�GHILQLU�XQD�PDWUL]�ܲሺߨሻ ൌ ௜௝݌ �HQ�OD�TXH�ODV�
ILODV�UHSUHVHQWDQ�ORV�SHGLGRV�\�ODV�FROXPQDV�ORV�SDWURQHV�GH�FRUWH��'H�IRUPD�TXH�VH�
FXPSOD�SDUD�L ��«�P��M ��«�Q��TXH��

�
�������VL�HO�SHGLGR� �VH�FRUWD�FRQ�HO�SDWUyQ�
�������HQ�HO�UHVWR�GH�ORV�FDVRV
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6H�GHILQH� WDPELpQ�RWUD�PDWUL]�ܳଵሺߨሻ ൌ ௜௝ݍ �� OODPDGD�PDWUL]�GH�SDTXHWHV�DELHUWRV��
TXH�SHUPLWLUi�FDOFXODU�HO�Q~PHUR�GH�SDTXHWHV�DELHUWRV�\�TXH�VH�REWLHQH�D�SDUWLU�GH�
OD�PDWUL]�3�ʌ��GH�OD�VLJXLHQWH�IRUPD��

�
�������VL�KD\�XQ� �\�XQ� ��� � � � ��\��� �

�������HQ�HO�UHVWR�GH�ORV�FDVRV

[ \ SRV [ M SRV \ S SL[ L\TLM
­ ≤ ≤ = =°

= ®
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GRQGH�SRV�D��LQGLFD�OD�SRVLFLyQ�GHO�SDWUyQ�D�HQ�OD�VHFXHQFLD��/D�PDWUL]�4�PXHVWUD�
ORV� SDTXHWHV� DELHUWRV� D� OR� ODUJR� GH� OD� VHFXHQFLD� PHGLDQWH� ORV� XQRV� FRQVHFXWLYRV�
TXH� DSDUHFHQ� HQ� FDGD� ILOD� �SDUD� FDGD� SHGLGR��� /D� FDQWLGDG� Pi[LPD� GH� SDTXHWHV�
�026��YHQGUi�GHWHUPLQDGD�SRU�OD�VLJXLHQWH�H[SUHVLyQ��

� ܱܵܯ ൌ ൫σݔܽ݉ ௜௝௝ݍ ൯ � ������
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������3UREOHPD�GH�0LQLPL]DFLyQ�GH�OD�&DQWLGDG�GH�3DTXHWHV�
$ELHUWRV��0263��

8Q�SHGLGR�VH�FRPSOHWD�HQ�HO�PRPHQWR�HQ�HO�TXH�VH�KD�DOFDQ]DGR�VX�QLYHO�GH�GH�
PDQGD��/D�GLIHUHQFLD�HQWUH�OD�SRVLFLyQ�GHO�SULPHU�SDWUyQ�TXH�FRUWD�HO�SHGLGR�\�OD�
GHO�~OWLPR�HV�OR�TXH�VH�GHILQH�FRPR�OD�H[WHQVLyQ�GHO�SHGLGR��RUGHU�VSUHDG����(O�RE�
MHWLYR�TXH�GHEH�SHUVHJXLU�OD�VHFXHQFLD�GH�SDWURQHV�HV�DTXHO�TXH�PLQLPLFH�OD�H[WHQ�
VLyQ�PHGLD�GH�ORV�SHGLGRV��$YHUDJH�2UGHU�6SUHDGV�R�$26���3DUD�FDGD�VHFXHQFLD�VH�
SXHGH�GHILQLU�XQD�PDWUL]�ܲሺߨሻ ൌ ௜௝݌ �HQ�OD�TXH�ODV�ILODV�UHSUHVHQWDQ�ORV�SHGLGRV�\�
ODV� FROXPQDV� ORV� SDWURQHV� GH� FRUWH�� 'H� IRUPD� TXH� VH� FXPSOD� SDUD� L ��«�P��
M ��«�Q�TXH��

�
�������VL�HO�SHGLGR� �VH�FRUWD�FRQ�HO�SDWUyQ�
�������HQ�HO�UHVWR�GH�ORV�FDVRV

L M
SLM

­°
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°̄ � ������

�6H�GHILQH� WDPELpQ�RWUD�PDWUL]�ܳଶሺߨሻ ൌ ��௜௝ݍ OODPDGD�PDWUL]�GH�H[WHQVLyQ�GH�
SHGLGRV�TXH�SHUPLWLUi�FDOFXODU� OD�H[WHQVLyQ�PHGLD�GH�SHGLGRV�SDUD�XQD�VHFXHQFLD�
FRQFUHWD��GH�IRUPD�TXH�VH�FXPSOD�TXH��

�
������VL�HO�SHGLGR� �VH�FRUWD�FRQ�HO�SDWUyQ�

�
�������HQ�HO�UHVWR�GH�ORV�FDVRV
M L M

TLM
­°

= ®
°̄ � ������

/DV�HQWUDGDV�HQ�OD�ILOD�L�GH�4��ʌ��LQGLFDQ�ODV�SRVLFLRQHV�HQ�OD�VHFXHQFLD�GH�ORV�
SDWURQHV�TXH�FRQWLHQHQ�HO�SHGLGR�L��$Vt�SXHV��VH�SXHGH�GHILQLU�OD�H[WHQVLyQ�GH�XQ�
SHGLGR�L�HQ�OD�VHFXHQFLD�ʌ�FRPR� { } { }PD[ �� ������ �� � PLQ �� ������ �� �V T M Q T T M Q TLM LM LM LML = = > − = >

π
�

3DUD� OD�HYDOXDFLyQ�GH�XQD�VHFXHQFLD�FRPSOHWD�VH�REWLHQH� OD�H[WHQVLyQ�PHGLD�
GH�ORV�SHGLGRV��$26��D�SDUWLU�GH�OD�VLJXLHQWH�HFXDFLyQ��

� ܱܵܣ ൌ ሻߨҧሺݏ ൌ ଵ
௠ �σ ௜గݏ

௠
௜ୀଵ � ������

3RU�WDQWR��HO�SUREOHPD�GH�VHOHFFLRQDU�XQD�VHFXHQFLD�GH�SDWURQHV�TXH�PLQLPLFH�
OD� H[WHQVLyQ�PHGLD� GH� ORV� SHGLGRV� �$26�� HV� XQD�JHQHUDOL]DFLyQ�GHO� SUREOHPD�GH�
YLDMDQWH�GH�FRPHUFLR�HQ�HO�TXH�OD�³PDWUL]�GH�GLVWDQFLDV´�GHEH�FDOFXODUVH�SDUD�FDGD�
VHFXHQFLD��

���� 0pWRGR�GH�5HVROXFLyQ�%DVDGR�HQ�HO�8VR�GH�$OJRULWPRV�
*HQpWLFRV�

5HVSHFWR�D�VX�UHVROXFLyQ��HQ��$QGUHDWWD�HW�DO���������VH�GHPXHVWUD�TXH�HO�0263�HV�
GH� WLSR� 13� FRPSOHWR�� (Q� �/LQKDUHV� \� <DQDVVH�� ������ VH� SUHVHQWD� XQ� OLVWDGR� GH�
RWURV� SUREOHPDV� 13� FRPSOHWRV� TXH� VRQ� HTXLYDOHQWHV� DO� 0263�� (Q� �)RHUVWHU� \�
:lVFKHU�������VH�FRQVLGHUD�TXH�HQ�GHILQLWLYD�VRQ�XQD�JHQHUDOL]DFLyQ�GHO�3UREOH�
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PD�GHO�9LDMDQWH��763��\�SRU�WDQWR�D�pVWRV�VRQ�DSOLFDEOHV�ORV�PpWRGRV�GH�UHVROXFLyQ�
SURSXHVWRV�SDUD�HO�763��(Q��-RKQVRQ�\�0F*HRFK��������VH�GHVFULEHQ�ODV�SULQFLSD�
OHV�WpFQLFDV�GH�UHVROXFLyQ�TXH�VH�KDQ�DGDSWDGR�DO�763��&RQFOX\HQ�TXH�HQ�HO�FDVR�
GH� SUREOHPDV� FRQ� SRFRV� YpUWLFHV� \� GLVSRQLHQGR� GH� PiV� WLHPSR� ORV� DOJRULWPRV�
JHQpWLFRV�HQFXHQWUDQ�PHMRUHV� VROXFLRQHV�TXH� ODV�REWHQLGDV�SRU�HO� DOJRULWPR�/LQ�
.HUQLJKDP���HVWH�HV�HO�FDVR�GHO�FRUWH�GH�YLJDV�PHWiOLFDV��HQ�HO�TXH�HO�WDPDxR�GH�ODV�
VHFXHQFLDV�TXH�VH�PDQHMDQ�FRQVLVWH�HQ�PHQRV�GH�����SDWURQHV��

������8Q�$OJRULWPR�*HQpWLFR�SDUD�OD�5HVROXFLyQ�LQGHSHQGLHQWH�GHO�
0263�\�HO�0253�

(Q�HVWD�VHFFLyQ�VH�GHVFULEH�XQ�DOJRULWPR�JHQpWLFR�SURSXHVWR�SDUD�OD�REWHQFLyQ�GH�
OD�VHFXHQFLD�GH�FRUWH��DSOLFDEOH�WDQWR�VL�VH�SHUVLJXH�PLQLPL]DU�OD�FDQWLGDG�Pi[LPD�
GH�SDTXHWHV� DELHUWRV� �026�� FRPR� VL� HO� REMHWLYR� FRQVLVWH� HQ� UHGXFLU� OD� H[WHQVLyQ�
PHGLD�GH�SHGLGR��$26���

/RV�SDUiPHWURV�GH�HQWUDGD�DO�DOJRULWPR�VRQ�ORV�VLJXLHQWHV��7DPDxR�GH�OD�SR�
EODFLyQ� �SRSBVL]H���1~PHUR� GH� JHQHUDFLRQHV� Pi[LPR� R� FRQGLFLRQHV� GH� ILQDOL]D�
FLyQ�GHO�DOJRULWPR��3URFHGLPLHQWRV�GH�PXWDFLyQ�\�UHFRPELQDFLyQ��$GLFLRQDOPHQ�
WH�� VH� GHEH� SURSRUFLRQDU� OD� PDWUL]� 3LM� TXH� UHODFLRQH� FDGD� XQR� GH� ORV� SDWURQHV�
FRQWHQLGRV�HQ�OD�VHFXHQFLD�FRQ�ORV�SHGLGRV�R�YLJDV�TXH�KD\�TXH�FRUWDU��

• /D� FRGLILFDFLyQ�GH�XQD� VROXFLyQ� DO� SUREOHPD�GH� FRUWH�� FRQVLVWLUi� HQ� XQD� VH�
FXHQFLD�RUGHQDGD�GH�ORV�GLVWLQWRV�SDWURQHV�TXH�FRQVWLWX\HQ�OD�VROXFLyQ�DO�SUR�
EOHPD�GH�FRUWH��/DV�IXQFLRQHV�TXH�VH�LPSOHPHQWDUiQ�SDUD�OD�HYDOXDFLyQ�GH�VR�
OXFLRQHV�VRQ�ODV�GH�ODV�H[SUHVLRQHV�������\�������UHVSHFWLYDPHQWH��*HQHUDFLyQ�
GH�XQD�SREODFLyQ�LQLFLDO�VH�UHDOL]D�GH�PDQHUD�DOHDWRULD��

• 3URFHVRV�GH�FORQDGR�\�PXWDFLyQ��VH�SURSRQHQ�WUHV�SURFHGLPLHQWRV�TXH�JHQH�
UDUiQ�WUHV�QXHYRV�LQGLYLGXRV��6H�DSOLFDQ�ORV�SURFHGLPLHQWRV�GH�PXWDFLyQ�� LQ�
WHUFDPELR�GH�SRVLFLRQHV��SURFHGLPLHQWR���RSW�\�GHVOL]DPLHQWR���

������5HVROXFLyQ�GHO�3UREOHPD�0XOWLREMHWLYR�

(O�SODQWHDPLHQWR�GHO�SUREOHPD�GH�RSWLPL]DFLyQ�PXOWLREMHWLYR�HV�VLPLODU�DO�GH�RS�
WLPL]DFLyQ�FRQ�XQ�~QLFR�REMHWLYR��(O�SUREOHPD�FRQVLVWH�HQ�HQFRQWUDU�HO�YHFWRU�VR�
OXFLyQݔ�ҧ�TXH�RSWLPLFH��

� ݂ҧሺݔҧሻ ൌ � ሾ ଵ݂ሺݔҧሻǡ ଶ݂ሺݔҧሻǡ Ǥ Ǥ ǡ ௞݂ሺݔҧሻሿ்� ������
GRQGH�݂ҧ� HV� HO� YHFWRU� GH� IXQFLRQHV� REMHWLYR�� FRPSXHVWR� SRU� ODV� IXQFLRQHV� IL�� FRQ�
L ��������N��(Q�HVWH�FDVR�HO�SUREOHPD�QR� WLHQH� UHVWULFFLRQHV��(Q� �&RHOOR�������� VH�
SXHGH�HQFRQWUDU�XQD�EXHQD�UHYLVLyQ�VREUH�ODV�GLIHUHQWHV�WpFQLFDV�XWLOL]DGDV�SDUD�OD�
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UHVROXFLyQ�GH�ORV�SUREOHPDV�PXOWLREMHWLYR��6H�GHEHQ�FRQVLGHUDU�ODV�VLJXLHQWHV�FD�
UDFWHUtVWLFDV��

• /D�FDQWLGDG�GH�SDTXHWHV�DELHUWRV�HV�XQ�Q~PHUR�HQWHUR��SRU�OR�TXH�HO�IUHQWH�GH�
3DUHWR�VHD�GLVFRQWLQXR��

• $O�VHU�HO�IUHQWH�GH�3DUHWR�GLVFRQWLQXR�\�ODV�VHFXHQFLDV�FRQ�YDORUHV�PtQLPRV�GH�
$26� WHQHU�YDORUHV�GH�026�FHUFDQRV�DO�PtQLPR��HM��VLJXLHQWH�HQWHUR��\�YLFH�
YHUVD��HO�IUHQWH�GH�3DUHWR�HVWi�FRQVWLWXLGR�SRU�XQD�FDQWLGDG�GLVFUHWD�GH�SXQWRV��
7HQLHQGR� HQ� FXHQWD� ODV� FDUDFWHUtVWLFDV� GHO� FRQMXQWR�GH�ySWLPRV�GH�3DUHWR� VH�

RSWD�SRU�XQD�WpFQLFD�GH�PXHVWUHR�LQGHSHQGLHQWH�EDVDGD�HQ�GRV�HMHFXFLRQHV��(Q�OD�
SULPHUD�HMHFXFLyQ�VH�LQLFLDOL]D�HO�DOJRULWPR�JHQpWLFR�\�VH�UHDOL]D�XQD�SULPHUD�HYD�
OXDFLyQ�GH� WRGDV� ODV� VROXFLRQHV�GH�DFXHUGR�FRQ� VX�$26� \� DTXHOOD�R�DTXHOODV�TXH�
WHQJDQ� HO� PHQRU�$26� VH� HYDO~DQ� GH� DFXHUGR� FRQ� VX�026�� 6H� GHILQH� XQD� QXHYD�
IXQFLyQ�GH�HILFLHQFLD� �GLVWBWRWDO����3DUD�XQD� VHFXHQFLD�ʌ�� VHWLHQH� OD� VLJXLHQWH�H[�
SUHVLyQ��GRQGH�SRS ��«SRSBVL]H��

� గଵ݈ܽݐ݋ݐ̴ݐݏ݅݀ ൌ � ሺ݀݅ݐݏͳగ ൅ �గሻʹݐݏ݅݀ ������

ͳగݐݏ݅݀� ൌ ��������గܱܵܣ
{ }������VL�

�
��������������HQ�HO�UHVWR�GH�ORV�FDVRV

026 $26 0LQ $26SRSGLVW π π

π

­
=°

= ®
°∞¯

� ������

(Q�OD�VHJXQGD�HMHFXFLyQ�VH�LQLFLDOL]D�HO�DOJRULWPR�JHQpWLFR�\�VH�UHDOL]D�XQD�SULPH�
UD�HYDOXDFLyQ�GH�WRGDV�ODV�VROXFLRQHV�GH�DFXHUGR�FRQ�VX�026�\�DTXHOOD�R�DTXHOODV�
TXH�WHQJDQ�HO�PHQRU�026�VH�OHV�HYDOXDUi�GH�DFXHUGR�FRQ�VX�$26��/D�QXHYD�IXQ�
FLyQ�GH�HILFLHQFLD��GLVWBWRWDO����

� గଶ݈ܽݐ݋ݐ̴ݐݏ݅݀ ൌ � ሺ݀݅ݐݏͳగ ൅ �గሻʹݐݏ݅݀ �������

� ͳగݐݏ݅݀ ൌ ����గܱܵܯ
{ }������VL�

�
��������������HQ�HO�UHVWR�GH�ORV�FDVRV

$26 026 0LQ 026 SRSGLVW ππ

π

­
=°

= ®
°∞¯

� �������

���� ,PSOHPHQWDFLyQ�\�5HVXOWDGRV�&RPSXWDFLRQDOHV�

/D� LPSOHPHQWDFLyQ� GHO� DOJRULWPR� JHQpWLFR� VH� UHDOL]D� XWLOL]DQGR� HO� VRIWZDUH�
�0$7/$%����E��6H�KD�UHVXHOWR�HO�&63�SDUD����LQVWDQFLDV�GH�EDMD�GHPDQGD�DSOL�
FDQGR�OD�PHWRGRORJtD�GHVFULWD�HQ��*UDFLD�HW�DO���������\�VH�KDQ�JHQHUDGR�GLVWLQWRV�
SUREOHPDV�GH� WHVW��/DV� VROXFLRQHV�REWHQLGDV�GHO�&63�FRQWLHQHQ�XQD�FDQWLGDG�YD�
ULDEOH�GH�SDWURQHV�GH�FRUWH��pVWDV�VH�DJUXSDQ�HQ���������\����SDWURQHV�GLIHUHQWHV��6H�
DSOLFD�HO�DOJRULWPR�JHQpWLFR�HQ�HO�SUREOHPD�LQGHSHQGLHQWH�0263��HQ�HO�0253�\�
HQ�HO�PXOWLREMHWLYR��/RV�SDUiPHWURV�GH�HQWUDGD�GHO�DOJRULWPR�VRQ��XQD��SREODFLyQ�
GH����LQGLYLGXRV�\������LWHUDFLRQHV��



933

�

������'HVHPSHxR�GHO�PpWRGR�HQ�OD�REWHQFLyQ�GH�ORV�IUHQWHV�GH�
3DUHWR�

3DUD�FDGD�WLSR�GH�VHFXHQFLD���������\����SDWURQHV��VH�DQDOL]DQ�ORV�UHVXOWDGRV�REWH�
QLGRV�SRU�HO�DOJRULWPR�DSOLFDGR�DO�SUREOHPD�PXOWLREMHWLYR��6H�REWHQGUi�GRV�SXQWRV�
ySWLPRV�� XQR� GH� HOORV� KDUi� PtQLPD� OD� 026� \� HO� RWUR� HO� $26�� FRQVWLWX\HQGR� HO�
IUHQWH�GH�3DUHWR��(Q�OD�WDEOD������VH�PXHVWUDQ�ORV�UHVXOWDGRV�REWHQLGRV�SDUD�FDGD�WL�
SR�GH�VHFXHQFLD��

7DEOD�����'HVHPSHxR�GHO�DOJRULWPR�SDUD�HO�SUREOHPD�0XOWLREMHWLYR�

6HFXHQFLD����3DWURQHV� � � � � �

3UREOHPD�WHVW� $26�ÏSWLPR� 026�ÏSWLPR� 3XQWR��� 3XQWR���
�� ����� ��� ����� ��� ����� ���
�� ����� ��� ����� ��� ����� ���
�� ���� ��� ����� ��� ����� ���
�� ����� ��� ����� ��� ����� ���
�� ����� ��� ����� ��� ����� ���

6HFXHQFLD����3DWURQHV� � � � � �

3UREOHPD�WHVW� $26�ÏSWLPR� 026�ÏSWLPR� 3XQWR��� 3XQWR���
�� ����� ��� ����� ��� ����� ���
�� ����� ��� ����� ��� ����� ���
�� ���� ��� ����� ��� ����� ���
�� ����� ��� ����� ��� ����� ���
�� ����� ��� ����� ��� ����� ���

6HFXHQFLD����3DWURQHV� � � � � �

3UREOHPD�WHVW� $26�ÏSWLPR� 026�ÏSWLPR� 3XQWR��� 3XQWR���
�� ����� �� ����� �� ����� ��
�� ����� �� ����� �� ����� ��
�� ����� �� ����� �� ����� ��
�� ����� �� ����� �� ����� ��
�� ���� �� ����� �� ����� ��

�
(Q�QHJULWD�VH�KDQ�GHVWDFDGR�ORV�IUHQWHV�GH�3DUHWR�FRQVWLWXLGRV�SRU�XQ�~QLFR�SXQ�

WR��VH�OOHJD�DO�PLVPR�SXQWR�HQ�DPEDV�HMHFXFLRQHV���6H�REVHUYD�TXH�PXFKRV�FDVRV�
VH�REWLHQHQ�GRV�YDORUHV�ySWLPRV�GH�3DUHWR��
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���� &RQFOXVLRQHV�

(O�PpWRGR�SURSXHVWR�SHUPLWH� OD�REWHQFLyQ�GH� ORV� IUHQWHV�GH�SDUHWR�GH�PDQHUD�
TXH�SHUPLWH� LQFRUSRUDU�D� OD�VHFXHQFLDFLyQ�GH�SDWURQHV�DVSHFWRV�YLQFXODGRV�D�UHV�
WULFFLRQHV�GH�HVSDFLR�GH�DOPDFHQDPLHQWR�DVt�FRPR�GH�IHFKDV�GH�HQWUHJD��/RV�UHVXO�
WDGRV�REWHQLGRV�DQLPDQ�D�WUDEDMDU�HQ�QXHYDV�OtQHDV�TXH�SHUPLWDQ�H[WHQGHU�HO�WUDED�
MR� FRQ� HO� ILQ� GH� FRQWHPSODU� GH� PDQHUD� FRQMXQWD� OD� UHVROXFLyQ� GH� SUREOHPDV� GH�
&RUWH�\�6HFXHQFLDFLyQ��

����$JUDGHFLPLHQWRV�

(VWH�WUDEDMR�KD�VLGR�GHVDUUROODGR�HVWH�WUDEDMR�KD�VLGR�ILQDQFLDGR�SDUFLDOPHQWH�D�
SDUWLU�GHO�SUR\HFWR�'3,�����������GHQRPLQDGR�³3URJUDPDFLRQ�GH�SURGXFFLRQ�HQ�
FDGHQDV� GH� VXPLQLVWUR� VLQFURQL]DGDV� PXOWLHWDSD� FRQ� HQVDPEODMHV�GHVHQVDPEODMHV�
FRQ�UHQRYDFLRQ�FRQVWDQWH�GH�SURGXFWRV�HQ�XQ�FRQWH[WR�GH�LQQRYDFLyQ´�

����5HIHUHQFLDV�

$QGUHDWWD�*��%DVVR�$��&DXPR�$�DQG�'HVHUWL�/���������8Q�SUREOHPD�PLQ�FXWZLGWK�JHQHUDOL]��]D�
WR�H�VXH�DSSOLFD]LRQQL�DG�XQ�)06��$WWL�GHOOH�JLRUQDWH�GL�ODYRUR��$,52�����������

&RHOOR�&$��������$�&RPSUHKHQVLYH�6XUYH\�RI�(YROXWLRQDU\�%DVHG�0XOWLREMHFWLYH�2SWLPL]DWLRQ�
7HFKQLTXHV��.QRZOHGJH�DQG�,QIRUPDWLRQ�6\VWHPV��$Q�,QWHUQDWLRQDO�-RXUQDO������������������

)RHUVWHU�+��:lVFKHU�*��������3DWWHUQ�UHGXFWLRQ�LQ�RQH�GLPHQVLRQDO�FXWWLQJ�VWRFN�SUREOHPV��,Q�
WHUQDWLRQDO�-RXUQDO�RI�3URGXFWLRQ�5HVHDUFK�����������������

)RHUVWHU�+��:lVFKHU�*��������6LPXODWHG�DQQHDOLQJ�IRU�RUGHU�VSUHDG�PLQLPL]DWLRQ�LQ�VHTXHQFLQJ�
FXWWLQJ�SDWWHUQV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��������������������

*UDFLD�&��$QGUpV�&��*UDFLD�/��������$�K\EULG�DSSURDFK�EDVHG�RQ�JHQHWLF�DOJRULWKPV�WR�VROYH�WKH�
SUREOHP�RI�FXWWLQJ�VWUXFWXUDO�EHDPV�LQ�D�PHWDOZRUN�FRPSDQ\��-RXUQDO�RI�+HXULVWLFV��2Q�OLQH�

'2,����������V���������������[�
-RKQVRQ�'6��0F*HRFK�/$��������7KH�7UDYHOOLQJ�6DOHVPDQ�3UREOHP��$�FDVH�VWXG\�LQ�/RFDO�RS�

WLPL]DWLRQ��,Q��(�+�/��$$576�DQG�-�.��/(1675$��HGV��/RFDO�6HDUFK�LQ�&RPELQDWRULDO�2S�
WLPL]DWLRQ��-RKQ�:LOH\�DQG�6RQV��SS������������

/LQKDUHV�$��<DQDVVH�++��������&RQQHFWLRQV�EHWZHHQ�FXWWLQJ�SDWWHUQ�VHTXHQFLQJ��9/6,�GHVLJQ�
DQG�IOH[LEOH�PDFKLQHV��&RPSXWHUV�	�2SHUDWLRQV�5HVHDUFK������������������

:lVFKHU�*��+DXEQHU�+��6FKXPDQQ�+��������$Q�LPSURYHG�W\SRORJ\�RI�FXWWLQJ�DQG�SDFNLQJ�SURE�
OHPV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK���������������������

�


