
0HFiQLFD�&RPSXWDFLRQDO�9RO��;;,,
0��%��5RVDOHV��9��+��&RUWtQH]�\�'��9��%DPELOO��(GLWRUHV�

%DKtD�%ODQFD��$UJHQWLQD��1RYLHPEUH������

',1È0,&$�'(�$1,//26�
<�$5&26�&,5&81)(5(1&,$/(6�*58(626

&�3�)LOLSLFK������3��0��%HOOpV���� \�0�%�5RVDOHV����
� 8QLYHUVLGDG�1DFLRQDO�GH�6XU��'HSWR��GH�,QJHQLHUtD��%DKtD�%ODQFD��$UJHQWLQD�

��&,&��3RYLQFLD�GH�%XHQRV�$LUHV��$UJHQWLQD�
H�PDLO�SEHOOHV#FULED�HGX�DU

��&21,&(7��$UJHQWLQD�
�*UXSR�GH�$QiOLVLV�GH�6LVWHPDV�0HFiQLFRV��)5%%��8QLYHUVLGDG�7HFQROyJLFD�1DFLRQDO�

3DODEUDV�FODYH� DUFR��DQLOOR��FLUFXQIHUHQFLDO��JUXHVR��IUHFXHQFLDV�
5HVXPHQ�� (O� SUHVHQWH� WUDEDMR� FRQVLVWH� HQ� KDOODU� ODV� HFXDFLRQHV� GH� PRYLPLHQWR� SDUD� XQD�
EDUUD�JUXHVD�KRPRJpQHD�GH�GLUHFWUL]�FLUFXQIHUHQFLDO�\�VHFFLyQ�WUDQVYHUVDO�FRQVWDQWH�FRQ�DO�
PHQRV�XQ�SODQR�GH�VLPHWUtD�TXH�FRQWLHQH�DO�DUFR��6H�WLHQHQ�HQ�FXHQWD�GHQWUR�GH�OD�5HVLVWHQFLD�
GH� 0DWHULDOHV� ORV� DSRUWHV� IOH[LRQDOHV�� D[LO� \� SRU� FRUWH� HQ� OD� HQHUJtD� GH� GHIRUPDFLyQ�� ORV�
FRUUHVSRQGLHQWHV� D� LQHUFLDV� WUDVODFLRQDO� \� URWDWRULD� HQ� OD� HQHUJtD� FLQpWLFD�� 6H� FRQVLGHUD�
DGHPiV�HO�GHVSOD]DPLHQWR�GHO�HMH�QHXWUR�KDFLD�HO�FHQWUR�GH�FXUYDWXUD�GH�DFXHUGR�D�OD�WHRUtD�
GH� EDUUDV� GH� JUDQ� FXUYDWXUD�� 3XHGH� GHFLUVH� TXH� HV� XQD� H[WHQVLyQ� QDWXUDO� GH� OD� WHRUtD�
FRQRFLGD� FRPR�YLJDV�7LPRVKHQNR�FRQ�QXHYDV� FRPSOHMLGDGHV�TXH� VRQ� LQKHUHQWHV�DO� HVSHFLDO�
WLSR�HVWUXFWXUDO�
/DV�HFXDFLRQHV�GH�PRYLPLHQWR�VH�KDOODQ�D�WUDYpV�GHO�SULQFLSLR�GH�+DPLOWRQ��SRQLpQGRVH�GH�
PDQLILHVWR�FDGD�XQR�GH�ORV�DSRUWHV�TXH�VH�WLHQHQ�HQ�FXHQWD��3RU�RWUR�ODGR�SDUD�VHU�FRKHUHQWHV�
FRQ�HO�SULQFLSLR�DOXGLGR�VH�XWLOL]D�SDUD�OD�WHQVLyQ�GH�FRUWH��XQD�H[SUHVLyQ�REWHQLGD�
HQHUJpWLFDPHQWH�SDUD�EDUUDV�FXUYDV�
/RV�YDORUHV�H[DFWRV�GH�ODV�IUHFXHQFLDV�QDWXUDOHV��VXUJHQ�GH�VROXFLRQDU�XQ�VLVWHPD�GLIHUHQFLDO�
HQ�ORV�WUHV�FRUULPLHQWRV�EiVLFRV�TXH��VH�DERUGDQ�SRU�PHGLR�GH�VHULHV�DOJHEUDLFDV�
6H�SUHVHQWDQ�HMHPSORV�QXPpULFRV�GH�YLEUDFLRQHV� OLEUHV�GH�DUFRV�\�DQLOORV�TXH� VH�FRPSDUDQ�
FRQ�ORV�REWHQLGRV�SRU�HO�PpWRGR�GH�HOHPHQWRV�ILQLWRV�
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�����,1752'8&&,Ï1
(O�SUHVHQWH�WUDEDMR�FRQVLVWH�HQ�KDOODU�ODV�HFXDFLRQHV�GH�PRYLPLHQWR�SDUD�XQD�EDUUD�JUXHVD�

KRPRJpQHD�GH�GLUHFWUL]�FLUFXQIHUHQFLDO�\�VHFFLyQ�WUDQVYHUVDO�FRQVWDQWH�FRQ�DO�PHQRV�XQ�SODQR�
GH�VLPHWUtD TXH�FRQWLHQH�DO�DUFR��6H�WLHQHQ�HQ�FXHQWD�GHQWUR�GH�OD�5HVLVWHQFLD�GH�0DWHULDOHV�ORV�
DSRUWHV� IOH[LRQDOHV�� D[LO� \� SRU� FRUWH� HQ� OD� HQHUJtD� GH� GHIRUPDFLyQ�� ORV� FRUUHVSRQGLHQWHV� D�
LQHUFLDV�WUDVODFLRQDO�\�URWDWRULD�HQ�OD�HQHUJtD�FLQpWLFD��6H�FRQVLGHUD�DGHPiV�HO�GHVSOD]DPLHQWR�
GHO�HMH�QHXWUR�KDFLD�HO�FHQWUR�GH�FXUYDWXUD�GH�DFXHUGR�D�OD�WHRUtD�GH�EDUUDV�GH�JUDQ�FXUYDWXUD��
3XHGH�GHFLUVH�TXH�HV�XQD�H[WHQVLyQ�QDWXUDO�GH�OD�WHRUtD�FRQRFLGD�FRPR�YLJDV�7LPRVKHQNR�FRQ�
QXHYDV�FRPSOHMLGDGHV�TXH�VRQ�LQKHUHQWHV�DO�HVSHFLDO�WLSR�HVWUXFWXUDO�

(O� SODQWHR� HVWi� EDVDGR� HQ� OD� UHIHUHQFLD� GRQGH� VH� FRUULJHQ�� DPSOtDQ� \� JHQHUDOL]DQ� ORV�
UHSRUWDGRV� SRU� OD� ELEOLRJUDItD� HVSHFtILFD��������� (Q� ORV� RWURV� WUDEDMRV� UHIHUHQFLDGRV������� VH�
DERUGD�HO�SUREOHPD�GH�YLEUDFLRQHV�OLEUHV�SRU�PHGLR�GHO�0()�VLQ�UHVROYHUOR�DQDOtWLFDPHQWH�\�
QR�WRWDOPHQWH�JHQHUDO�

/DV�HFXDFLRQHV�GH�PRYLPLHQWR�VH�KDOODQ�D�WUDYpV�GHO�SULQFLSLR�GH�+DPLOWRQ��SRQLpQGRVH�GH�
PDQLILHVWR�FDGD�XQR�GH�ORV�DSRUWHV�TXH�VH�WLHQHQ�HQ�FXHQWD��3RU�RWUR�ODGR�SDUD�VHU�FRKHUHQWHV�
FRQ� HO� WHRUHPD� DOXGLGR� VH� XWLOL]D� SDUD� OD� H[SUHVLyQ� GH� OD� WHQVLyQ� GH� FRUWH�� XQD� REWHQLGD�
HQHUJpWLFDPHQWH�SDUD�EDUUDV�FXUYDV��

6H�SUHVHQWDQ�HMHPSORV�QXPpULFRV�GH�YLEUDFLRQHV�OLEUHV�TXH�VH�FRPSDUDQ�FRQ�ORV�REWHQLGRV�
FRQ�HO�HOHPHQWRV ILQLWRV UHFWRV \�FXUYRV�����\�FRQ�HOHPHQWRV��'�\��'�

$KRUD� ELHQ�� HV� LQWHUHVDQWH� UHVFDWDU� TXH� ORV� YDORUHV� H[DFWRV� GH� ODV� IUHFXHQFLDV� QDWXUDOHV��
VXUJHQ�GH�VROXFLRQDU�XQ�VLVWHPD�GLIHUHQFLDO�HQ�ORV���FRUULPLHQWRV�EiVLFRV�TXH��VH�DERUGDQ�SRU�
PHGLR� GH� VHUHV� DOJHEUDLFDV����� HVWD� KHUUDPLHQWD� PRVWUy� VHU� PX\� SRGHURVD� SDUD� SUREOHPDV�
GLIHUHQFLDOHV�DOWDPHQWH�QR�OLQHDOHV��HV�GH�GHVWDFDU�TXH�WDPELpQ�OR�HV�SDUD�ORV�OLQHDOHV��(Q�HVWH�
FDVR� \� SDUD� FXDOTXLHU� FRQGLFLyQ� GH� YtQFXOR� OD� HFXDFLyQ� FDUDFWHUtVWLFD� VLHPSUH� FRQVLVWH� HQ
DQXODU�XQ�GHWHUPLQDQWH�GH��;��

� (1&8$'5(�35(9,2
(Q� OD� ILJXUD� �� VH�PXHVWUD� HO� HVTXHPD� D� XWLOL]DU�� EDUUD� FXUYD� GH� VHFFLyQ� XQLIRUPH� FX\D�

VHFFLyQ�WUDQVYHUVDO�WLHQH�DO�PHQRV�XQ�HMH�GH�VLPHWUtD�FRQWHQLGR�HQ�HO�SODQR�GH�OD�HVWUXFWXUD
'HQRPLQDPRV� FRPR� ³D´ \� ³W´� D� ODV� YDULDEOHV� HVSDFLDO� \� WHPSRUDO� UHVSHFWLYDPHQWH��

LQGLFiQGRVH�FRPR�³X´�DO�GHVSOD]DPLHQWR�UDGLDO�GH�OD�VHFFLyQ��FRPR�³T´��DO�JLUR�IOH[LRQDO�GH�OD�
VHFFLyQ�\�FRPR´Z
´�DO�GHVSOD]DPLHQWR�WDQJHQFLDO�GH�FDGD�ILEUD�

$GPLWLPRV�OD�KLSyWHVLV�GH�1DYLHU�%HUQRXOOL�SRU�OD�FXDO
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)LJXUD����%DUUD�FXUYD

VLHQGR�³Z´�HO�GHVSOD]DPLHQWR�WDQJHQFLDO�GHO�HMH�QHXWUR��/D�FRRUGHQDGD�³\´�VH�PLGH�GHVGH�HO�
HMH� QHXWUR� FUHFLHQGR� KDFLD� HO� FHQWUR� GH� FXUYDWXUD�� ³\¶´� VH� PLGH� GHVGH� HO� EDULFHQWUR� GH� OD�
VHFFLyQ��(Q�OD�ILJXUD�VH�LQGLFDQ�ORV�VLJQRV�SRVLWLYRV��

&DEH�DFODUDU�TXH�³T´�HV� OD�GLIHUHQFLD�HQWUH�HO�JLUR� WRWDO�\�HO�GHELGR�DO�FRUWH��/D�KLSyWHLV�
DFHSWDGD�FRQGXFH��FRPR�VDEHPRV��D�TXH�OD�GLVWRUVLyQ�DQJXODU�³J´ HV�QXOD��FRQ�OR�FXDO�SRU�OD�
OH\� GH� +RRNH� OD� WHQVLyQ� WDQJHQFLDO� ³W´� GHEH� VHU� FRUUHVSRQGLHQWHPHQWH� QXOD�� 3RU� HOOR� HVWD
WHQVLyQ�VH�KDOOD�SRU�VLPSOHV�FRQVLGHUDFLRQHV�GH�HTXLOLEULR�\�VLQ�YHULILFDU�OD�FRPSDWLELOLGDG�GH�
GHIRUPDFLyQ��FRPR�JHQHUDOPHQWH�VH�DVXPH�HQ�5HVLVWHQFLD�GH�0DWHULDOHV��

'H�OD�WHRUtD�H�EDUUDV�GH�JUDQ�FXUYDWXUD�������VL�GHQRPLQDPRV�FRPR�³U´�DO�UDGLR�GH�FXUYDWXUD
GH�OD�ILEUD�JHQpULFD��VH�VDEH�TXH

���������
�

FG$G$U
\EG$U

\D5
$

U
G$

$$$
   ³³³³³³ ���

6LHQGR�³$´�HO�iUHD�XQLIRUPH�GH�OD�VHFFLyQ�WUDQVYHUVDO��³5´�HO�UDGLR�GH�FXUYDWXUD�GH�OD�ILEUD�
QHXWUD��TXH�VH�XELFD�FRQ����E����D�VX�YH]�

55G * �{ ���
GRQGH�³5*´�HV�HO�UDGLR�GH�OD�ILEUD�FHQWURLGDO�
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³-*´�HV�HO�PRPHQWR�GH�LQHUFLD�EDULFpQWULFR�GH�OD�VHFFLyQ��DVt�FRPR�³L*´�HV�HO�UDGLR�GH�JLUR�GH�
OD�PLVPD��³-´�VH�VXHOH�GHQRPLQDU�PRPHQWR�GH�LQHUFLD�QHXWUR��SHUR�QR�FRLQFLGH�FRQ�³³\�G$����
'LJDPRV� TXH� J �� \� - -* FXDQGR� 5*of�� 9HPRV� WDPELpQ� TXH� VL� HO� HMH� ³]´� HV� GH� VLPHWUtD�
HQWRQFHV�,* ��

8QD�SLH]D�TXH�HVWp�VRPHWLGD�D�IOH[LyQ�FRPSXHVWD�\�FRUWH�EDMR�ORV�HVIXHU]RV�0�D���1�D��\�
4�D���HVWi�HQ�HTXLOLEULR�FRQ�ODV�VLJXLHQWHV�FRPSRQHQWHV�GH�WHQVLyQ�
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(Q�ODV�H[SUHVLRQHV����D������ \����E�� LQGLFDPRV�FRQ��³E E�\�´�HO�DQFKR�GH�OD�VHFFLyQ�YDULDEOH�
FRQ�³\´��SRU�³6 6�\�´�FRPR�HV�FRP~Q�GHILQLU�YDOH�

G\\\E\6
\5

U5 L
³�
�

{ ���� ���

SRU�³U�L�´��YHU�ILJXUD����GHQRPLQDPRV�DO�UDGLR�LQWHUQR�GH�FXUYDWXUD�GH�OD�ILEUD�PiV�FHUFDQD�DO�
FHQWUR�GH�OD�FLUFXQIHUHQFLD

)LQDOL]DQGR� HVWH� HQFXDGUH� SUHYLR� GH� OD� SUREOHPiWLFD� GH� EDUUDV� FXUYDV� SURSRQHPRV� ODV�
VLJXLHQWHV�UHODFLRQHV�FRQVWLWXWLYDV�
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0��1�\�4�VRQ�ORV�HVIXHU]RV�FDUDFWHUtVWLFRV�HQ�FDGD�VHFFLyQ��HV�GHFLU�

³³³³³³    
������

��������
$$$

FG$4EG$1DG$\0 WVV ���

VLHQGR�(�HO�PyGXOR�GH�HODVWLFLGDG�\�* (�����Q��GRQGH�Q HV�HO�FRHILFLHQWH�GH�3RLVVRQ��$�VX�
YH]�³P´�HV�HO�IDFWRU�GH�FRUWH�TXH�GHILQLPRV�FRPR�

³�
� �{

��

��
�

�

� ����
��H

L

U5

U5 \5\E
G\\6

-
$5P ����

3RU� ³UH´� LQGLFDPRV� HO� UDGLR� GH� FXUYDWXUD� H[WHUQR� GH� OD� ILEUD�PiV� DOHMDGD� GHO� FHQWUR� GH�
FXUYDWXUD��/D�H[SUHVLyQ������VXUJH�HQHUJpWLFDPHQWH��6LQ�HPEDUJR��HVWH�IDFWRU�³P´�HV�PRWLYR�
GH� FRQWURYHUVLD� HQ� OD� ELEOLRJUDItD� D~Q� SDUD� EDUUDV� UHFWDV������������� 1XHVWUD� SURSXHVWD� HV�
FRKHUHQWH�FRQ�HO�SODQWHR�HQHUJpWLFR�GH�+DPLOWRQ�TXH�DERUGDUHPRV�HQ�HO�SUy[LPR�tWHP�
�����3/$17(2�'(/�352%/(0$�<�6,67(0$�)81'$0(17$/

3DUD� XWLOL]DU� HO� WHRUHPD� GH�+DPLOWRQ� GHEHUHPRV� FRQVLGHUDU� WUHV� DSRUWHV� HQHUJpWLFRV�� TXH�
QDFHQ�HQ�XQD�FRQILJXUDFLyQ�JHQpULFD�GDGD�SRU�X X�D�W���T T�D�W��Z Z�D�W��

6HD�HO�/DJUDQJLDQR���
.�/8 �{/ ����

'RQGH��8�HV�OD�HQHUJtD�LQWHUQD�GH�GHIRUPDFLyQ��/�HV�OD�HQHUJtD�SRWHQFLDO�R�GH�SRVLFLyQ�GH�
ODV� FDUJDV� DSOLFDGDV \� .� HV� OD� HQHUJtD� FLQpWLFD�� /DV� H[SUHVLRQHV� GH� 8�� /� \� .� SXHGHQ�
HQFRQWUDUVH�HQ�OD�UHIHUHQFLD��

3DUD�JDUDQWL]DU�HO�PRYLPLHQWR�UHDO�GH�XQ�FXHUSR�GHEH�DQXODUVH�OD�YDULDFLyQ�SULPHUD�HQ�HO�
WLHPSR�GHO�/DJUDQJLDQR�

³  �

�

�
W

W
GW/G ����

W� \�W� VRQ�GRV�LQVWDQWHV�FRQVHFXWLYRV�DUELWUDULRV��GRQGH�GHEH�LPSRQHUVH�OD�UHVWULFFLyQ�
�

������ ���    WWWWWW ZX GTGG ����

$SOLFDQGR�HQWRQFHV� �����H� LQWHJUDQGR�SRU�SDUWHV�KDVWD� IDFWRUHDU� ODV�YDULDFLRQHV�³GX´��³GZ´�\�
³GT´�GHQWUR�GH�ODV�LQWHJUDOHV��KDOODPRV�HO�VLJXLHQWH�VLVWHPD�GH�HFXDFLRQHV�GLIHUHQFLDOHV�
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GRQGH� 5$D JU{� ����
(O�VLVWHPD������HQ�X�Z�\�T��IXQFLRQHV�GH�³D´�\�³W´��FRQVWLWX\HQ�ODV�HFXDFLRQHV�IXQGDPHQWDOHV�
TXH�JRELHUQDQ�HO�PRYLPLHQWR�GH�XQ�DUFR�JUXHVR�FRQ�WRGRV�ORV�DSRUWHV�FRQVLGHUDGRV�
$GHPiV�WLHQHQ�TXH�FXPSOLUVH�ODV�VLJXLHQWHV�FRQGLFLRQHV�GH�ERUGH�

G

L
0 D

DGT � G

L
Z1 D

DG � G

L
X4 D

DG  �������� ����
GRQGH�³DL´�\�³DG´�VRQ�ORV�YDORUHV�GH�OD�FRRUGHQDGD�HVSDFLDO�³D´�HQ�ORV H[WUHPRV�L]TXLHUGR�\�
GHUHFKR�UHVSHFWLYDPHQWH�

$QWHV� GH� SDVDU� DO� SUREOHPD� GH� YLEUDFLRQHV� OLEUHV�� GLJDPRV� TXH� ODV� HFXDFLRQHV� GH�
PRYLPLHQWR������WLHQHQ�FRPR�FDUDFWHUtVWLFD�SULQFLSDO�HO�DFRSOH�TXH�VH�SURGXFH�GLQiPLFDPHQWH�
HQWUH�HO�FRUULPLHQWR�WDQJHQFLDO�\�HO�JLUR�IOH[LRQDO��'HQWUR�GH�OD�5HVLVWHQFLD�GH�0DWHULDOHV�VRQ�
ODV�HFXDFLRQHV�PiV�JHQHUDOHV�SRVLEOHV�
������62/8&,Ï1�'(/�352%/(0$�'(�9,%5$&,21(6�/,1($/(6

/LEHUDQGR�GH�FDUJDV�DSOLFDGDV�D�OD�EDUUD�FXUYD��SU SW P{���\�DGPLWLHQGR�PRGRV�QRUPDOHV�
GH�YLEUDFLyQ�GH�IUHFXHQFLD�FLUFXODU�³Z´�H� LQWURGXFLHQGR�HO�VLJXLHQWH�SDUiPHWUR�DGLPHQVLRQDO�
GH�IUHFXHQFLD

��� 5-(
$ZUJ{: ����

HO�VLVWHPD������SRGUi�HVFULELUVH�VLPEyOLFDPHQWH�FRPR
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6H�KD�FRQYHQLGR�HQ�LQWURGXFLU�OD�QRPHQFODWXUD�VLJXLHQWH�
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'HEH� WHQHUVH� HQ� FXHQWD� TXH� DKRUD� ��DXX  �� ��DZZ  \� ��DTT  VRQ� ODV� IRUPDV�
PRGDOHV� \� QRV� KHPRV� LQGHSHQGL]DGR� GHO� WLHPSR�� 6HJXLUHPRV� OD� PHWRGRORJtD� GH� ODV�
UHIHUHQFLDV�����'HILQLPRV
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GRQGH� LG DDD �{� HV�OD�DEHUWXUD�WRWDO�GHO�DUFR��REVHUYHPRV�TXH�
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���� DD
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9DPRV� D� LPSRQHU� TXH� ORV� �� FRUULPLHQWRV� ³X´�� ³Z´� \� ³T´� VHDQ� VHULHV� GH� SRWHQFLDV� GH� ³[´�
�XWLOL]DUHPRV� ����������� �
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VHUiQ�VHULHV�ILQLWDV�GH��0����WpUPLQRV��(Q�JHQHUDO

0QQQLLQ ������ ��� � ����
$L��%L��&L \�Z�VRQ�ODV�LQFyJQLWDV�GH�QXHVWUR�SUREOHPD�GLIHUHQFLDO�

(O�VLVWHPD�KRPRJpQHR�D�UHVROYHU�GH�GRQGH�VH�REWHQGUiQ�ODV�GLVWLQWDV�IUHFXHQFLDV�QDWXUDOHV�
\�FRUUHVSRQGLHQWHPHQWH�VXV�IRUPDV�PRGDOHV�HV�VLPLODU�DO������VyOR�TXH�DGLPHQVLRQDOL]DGR�SRU�
�����\������TXHGDQGR
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\� UHHPSOD]DQGR� HQ� HO� VLVWHPD� ����� KDOODUHPRV� ODV� VLJXLHQWHV� UHFXUUHQFLDV�� LJXDODQGR� ORV�
IDFWRUHV�GH�FDGD�[L �FRQ�L ��������«��
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�L ���������«�0���
(O� SURFHGLPLHQWR� FOiVLFR� GH� UHFXUUHQFLD� DOJHEUDLFD� HV� DSOLFDGR� HQ� HVWH� WUDEDMR�� (O� DSRUWH�
RULJLQDO�FRQVLVWH�HQ�OD�VLVWHPDWL]DFLyQ�GH�OD�PHWRGRORJtD��TXH�VH�GHWDOOD�HQ�XQ�DSpQGLFH�
&RPR�ODV�UHFXUUHQFLDV�FRPLHQ]DQ�GH�$���%� \�&� GHEHQ�VHU�FRQRFLGDV�SUHYLDPHQWH�SDUD�KDOODU�
FDGD�VROXFLyQ�ODV���FRQVWDQWHV�$���$���%���%���&� \�&������WUHV��GH�pVWDV�VH�ILMDQ�FRQ�ODV�&�%��HQ�
[ �� \� OD� RWUDV� �� �WUHV��&�%�� HQ� [ �� GDQ� OXJDU� D� XQ� VLVWHPD�KRPRJpQHR� GH� ��;��� GH� GRQGH�
VXUJH�FDGD�DXWRYDORU�ZN �R�ELHQ�:N��N ������«��
(Q� UHDOLGDG� OD� LPSRVLFLyQ� GH� ODV� �� &�%�� KRPRJpQHDV� ��� HQ� [ �� \� �� HQ� [ �� GD� OXJDU�
JHQHUDOPHQWH� D� XQ� VLVWHPD� KRPRJpQHR� GH� ��;��� HQ� GLFKDV� �� FRQVWDQWHV� FX\R� GHWHUPLQDQWH�
GHEHUi� DQXODUVH� SDUD� REWHQHU� XQD� VROXFLyQ� PDWULFLDO�� (V� XQ� FOiVLFR� SUREOHPD� GH� YDORUHV�
SURSLRV�GHO�FXDO�VH�REWLHQHQ�ODV�IUHFXHQFLDV�QDWXUDOHV�\�VXV�FRUUHVSRQGLHQWHV�IRUPDV�PRGDOHV��
3DUD�FLHUWDV�&�%��HVSHFLDOHV�FRPR�VRQ�ORV�ERUGHV�DUWLFXODGRV�R�HPSRWUDGRV�VH�UHGXFH�HO�RUGHQ�
��GHO�VLVWHPD�D���GH��HU RUGHQ��XQR�GH�HOORV�HOHPHQWDO���(Q�OD�EDUUD�OLEUH����&�%��QDWXUDOHV��\�
ODV�EDUUDV�HOiVWLFDPHQWH�DSR\DGDV�VH�GHEH�DQXODU�XQ�GHWHUPLQDQWH�GH���;���
&RQVLGHUHPRV�ORV���FDVRV�FOiVLFRV�SDUD�HO�ERUGH�[ ��
,��(03275$'2 R�VHD�

����������    TZX ����
SRU������HQWRQFHV��

������� ������ E&%$D&\%$OLEUHV    ����
,,��$57,&8/$'2 �VREUH�HO�HMH�QHXWUR��R�VHD�

����������    0ZX ����
3RU�����\�SRU������HQWRQFHV

������� ������ E&%$D&\%$OLEUHV    ����
,,,��/,%5( R�VHD�

����������    410 ����
SRU����
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��������������������� ��  c�� �c c XZ5XZ TDDT ����

\�SRU�������SRU�HMHPSOR�
����������� ����������� E&$%&%$D&\%$OLEUHV   �� DD ����

$O� LPSRQHU� ODV���&�%�� HQ�[ �� OOHJDPRV�D�XQ� VLVWHPD� OLQHDO� GH� ��;��� HQ� ODV� FRQVWDQWHV�TXH�
WHQHPRV�R�HOHJLPRV�FRPR� OLEUHV��&DGD�FROXPQD�N�pVLPD��N �������GH� OD�PDWUL]�GH���;���VH�
KDOOD�LPSRQLHQGR�ODV���&�%��\�FRUUHVSRQGLHQWHPHQWH�LJXDODQGR�D�OD�XQLGDG�D�OD�FRQVWDQWH�OLEUH�
N�pVLPD�\�DQXODQGR�ODV�RWUDV���
3DUD�ILMDU�LGHDV�VHD�XQD�FDQWLOHYHU�FRQ�ERUGH�OLEUH�HQ�[ �

����������    410 ����
R�ELHQ�SRU����
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3RU�����D��WHQHPRV�FRPR��D���D \��D FRQVWDQWH�OLEUH�D�$���%� \�&� UHVSHFWLYDPHQWH��&RQ�����E��
\�$� ��\�%� &� ��UHVROYHPRV�ODV�UHFXUUHQFLDV������\�UHHPSOD]DPRV�HQ�����D�E�F��KDOODQGR�ORV�
�� HOHPHQWRV� GH� OD� SULPHUD� FROXPQD�� $QiORJDPHQWH� FRQ� � ����E�� \� $� &� �� \� %� ���
UHVROYLHQGR� ODV� UHFXUUHQFLDV� \� FRQ� ODV� ����� WHQGUHPRV� ORV� �� HOHPHQWRV� GH� OD� �D FROXPQD��
)LQDOPHQWH�FRQ�$� %� ��\�&� ���\�GH�LJXDO�IRUPD�FRQ������ORV���HOHPHQWRV�GH�OD��D FROXPQD��
0RGLILFDPRV�YDORUHV�GH�: KDVWD�DQXODU�HO�GHWHUPLQDQWH�GH���;���KDOODQGR�ODV�IUHFXHQFLDV�GH�
XQ DUFR�JUXHVR�HQ�PpQVXOD�
/D� SRWHQFLDOLGDG� GH� HVWD�PHWRGRORJtD� SDUD� UHVROYHU� SUREOHPDV� GH� YDORUHV� SURSLRV� \� IRUPDV�
PRGDOHV��H�LQQXPHUDEOHV�SUREOHPDV�GLIHUHQFLDOHV�IXHUWHPHQWH�QR�OLQHDOHV���HV�VRUSUHQGHQWH�VL�
OD� FRPSDUDPRV� FRQ� OD� VROXFLyQ� FOiVLFD��� (Q� HO� tWHP� GH� YDORUHV� QXPpULFRV�PRVWUDUHPRV� HQ�
GHWDOOH�HO�SURFHGLPLHQWR�SDUD�KDOODU� ODV�IUHFXHQFLDV�HQ�XQD�EDUUD�JUXHVD�FXUYD�\�HQ�XQ�DQLOOR�
JUXHVR��DPERV�HQ�HO�SODQR�

� )5(&8(1&,$6�'(�$5&26�*58(626�/,%5(6�
/RV�YDORUHV�TXH�VH�SUHVHQWDQ�D�FRQWLQXDFLyQ�FRUUHVSRQGHQ�DDUFRV�GH�DEHUWXUD� $�� D ��/DV�

SURSLHGDGHV�GHO�PDWHULDO��DFHUR��VRQ��! �����.J�P���( ������[����1�P���� ������
6H� FRPSDUDQ� YDORUHV� GH� IUHFXHQFLDV� HQ� +HUW]�� VHJ~Q� HO� VLJXLHQWH� GHWDOOH�� OD� SULPHUD�

FROXPQD�FRUUHVSRQGH�D� OD�VROXFLyQ�GHO�0()�FRQ�HOHPHQWRV��'��6HJXQGD�FROXPQD��VROXFLyQ�
GHO�0()�FRQ�HOHPHQWRV�YLJD�UHFWRV��DJUHJDQGR�ORV�HIHFWRV�GH�FRUWH�H�LQHUFLD�URWDWRULD��(Q�OD�
WHUFHUD� FROXPQD� VH� PXHVWUDQ� ORV� YDORUHV� FRUUHVSRQGLHQWHV� D� OD� VROXFLyQ� SUHVHQWDGD� HQ� HVWH�
WUDEDMR�
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D��6HFFLyQ�WUDQVYHUVDO�UHFWDQJXODU GH�GLPHQVLRQHV� PP �������� u ��)DFWRU�GH�FRUWH �����
(Q�OD�WDEOD���VH�SUHVHQWDQ�ORV�YDORUHV�FRUUHVSRQGLHQWHV�D�UHODFLRQHV� ����  *5K \�

����  *5K �
7DEOD����VHFFLyQ�UHFWDQJXODU

����  *5K ����  *5K
0RGR 0()

��'�
0()
�YLJD�

3UHVHQWH
WUDEDMR

0()
��'�

0()
�YLJD�

3UHVHQWH
7UDEDMR

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

3DUD� DUFRV� PX\� JUXHVRV�� FRQ� UHODFLRQHV� K�5* PD\RUHV� TXH� ����� QR� VRQ� DSOLFDEOHV� ODV�
HFXDFLRQHV�GHGXFLGDV�HQ�EDVH�DO�PDQWHQLPLHQWR�GH� VHFFLRQHV�SODQDV��/RV�UHVXOWDGRV�SLHUGHQ�
SUHFLVLyQ�D�PHGLGD�TXH�DXPHQWD�HO�YDORU�GH�GLFKD�UHODFLyQ��
(Q�OD�VROXFLyQ�FRQ�HOHPHQWRV��'��VH�UHVWULQJLy�HO�SODQR�PHGLR�GHO�DUFR��GH�PRGR�GH�UHSURGXFLU�
ORV�PRGRV�SODQRV�GH�YLEUDFLyQ�VRODPHQWH�
(Q�OD�VROXFLyQ�GHO�0()�FRQ�HOHPHQWRV�YLJD�UHFWRV��VH�WXYLHURQ�HQ�FXHQWD�ORV�HIHFWRV�GHOFRUWH��
\�GH�OD� LQHUFLD�URWDWRULD��PHGLDQWH�HO�DJUHJDGR�GH�PDVDV�URWDFLRQDOHV�FRQFHQWUDGDV���$~Q�DVt�
ORV�YDORUHV�GH�IUHFXHQFLDV�GLILHUHQ�VHQVLEOHPHQWH�GH�ODV�RWUDV�VROXFLRQHV�
E��$�FRQWLQXDFLyQ�VH�SUHVHQWDQ�ORV�YDORUHV�GH�IUHFXHQFLDV�SDUD�DUFRV�FRQ�VHFFLyQWUDQVYHUVDO�
GREOH� 7�� (O� DQFKR� \� HO� DOWR� VRQ� ����P� \� ����P� UHVSHFWLYDPHQWH�� (O� HVSHVRU� GHO� DOPD� HV�
�����P� \� HO� HVSHVRU� GHO� DOD� �����P�� 6H�PDQWLHQH� OD�PLVPD� DEHUWXUD� \�PDWHULDO� TXH� HQ� ORV�
FDVRV� DQWHULRUHV�� /RV� YDORUHV� GH� OD� WDEOD� �� FRUUHVSRQGHQ� D� ODV� UHODFLRQHV�� ����  *5K \��

����  *5K �
7DEOD����VHFFLyQ�GREOH�7

����  *5K ����  *5K
0RGR 0()

��'�
0()
�YLJD�

3UHVHQWH�
7UDEDMR

0()
��'�

0()
�YLJD�

3UHVHQWH�
WUDEDMR

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

(V� LPSRUWDQWH� GHVWDFDU� OD� GLIHUHQFLD� TXH� VH� SUHVHQWD� HQWUH� OD� VROXFLyQ� GHO� SUREOHPD� GH�
YLEUDFLRQHV� SODQDV� SUHVHQWDGD� HQ� HVWH� WUDEDMR�� FRQ� HO�PRGHOR� WULGLPHQVLRQDO��2EVHUYDQGR� OD�
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)LJXUD� ��� FRUUHVSRQGLHQWH� DO� SULPHU� PRGR� GH� YLEUDFLyQ� FRQ� ����  *5K �� VH� DGYLHUWH�
FODUDPHQWH� OD� YLEUDFLyQ� ORFDOL]DGD� GH� ODV� DODV� TXH� LQIOX\H� GLVPLQX\HQGR� ORV� YDORUHV� GH� ODV�
IUHFXHQFLDV��(VWD�GLIHUHQFLD� VH�KDFH�PiV�QRWDEOH�D�PHGLGD�TXH�DXPHQWD� OD� UHODFLyQ� *5K � \�
TXH� HYLGHQWHPHQWH� QR� SXHGH� WHQHUVH� HQ� FXHQWD� FRQ� OD� SUHVHQWH� WHRUtD� QL� FRQ� ORV� HOHPHQWRV�
YLJD�

)LJXUD����0RGHOR�0()�� ����  *5K ���3ULPHU�PRGR�GH�YLEUDFLyQ

� )5(&8(1&,$6�'(�$1,//26��
/RV� UHVXOWDGRV� GH� ODV� IUHFXHQFLDV� QDWXUDOHV� GH� DQLOORV� IXHURQ� REWHQLGDV� SDUD� HO� PRGHOR�
SUHVHQWDGR� HQ� OD� UHIHUHQFLD� FRQ� HO� ILQ� GH� FRPSDUDU� UHVXOWDGRV�� 6H� HVWXGLDURQ� ORV� PRGRV�
VLPpWULFRV� FRQ� XQ�PRGHOR� GH� XQ� FXDUWR� GHO� DQLOOR� FRQ�JLURV�\�GHVSOD]DPLHQWRV� WDQJHQFLDOHV�
UHVWULQJLGRV� HQ� FRLQFLGHQFLD� FRQ� ORV� HMHV� �[�\��� /D� VHFFLyQ� WUDQVYHUVDO� HV� UHFWDQJXODU� FRQ�
$UHD DOWXUD ���
'DWRV� GHO� PDWHULDO�� ( �[���� ! �����[������ � ������ �1R� VH� HVSHFLILFDQ� XQLGDGHV� HQ� ORV�
WUDEDMRV�GH�UHIHUHQFLD���

7DEOD��� ����  *5K ��IDFWRU�GH�FRUWH��������
5HVXOWDGRV�5HI>�@0RGR

(OHP��
FXUYRV

(OHP���
UHFWRV

(VWDGR
SODQR

0()
��'�

0()
��'�

0()
�YLJD�

3UHVHQWH�
WUDEDMR

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

7DEOD���� ��  *5K ��IDFWRU�GH�FRUWH��������
5HVXOWDGRV�5HI>�@0RGR

(OHP��
FXUYRV

(OHP���
UHFWRV

(VWDGR
SODQR

0()
��'�

0()�
��'�

0()
�YLJD�

3UHVHQWH�
WUDEDMR

� ������ ������ ������ ������� ������� ������� �������
� ��� ��� ��� �������� �������� �������� ��������
� ��� ��� ��� �������� �������� �������� ��������
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(Q�ODV�WDEODV���\���VH�PXHVWUDQ�ORV�UHVXOWDGRV�GH�ODV�IUHFXHQFLDV�HQ�+HUW]��SDUD� ����  *5K \��
��  *5K �� UHVSHFWLYDPHQWH�� &RPR� VH� KD� GLFKR�� ODV� IUHFXHQFLDV� FRUUHVSRQGHQ� D� PRGRV�

VLPpWULFRV��GH�YLEUDFLyQ��6H�FRPSDUDQ�UHVXOWDGRV�GHO�0()�FRQ�HOHPHQWRV��'���'\�YLJD�FRQ�
HO�DJUHJDGR�GH�HIHFWR�GH�FRUWH�H�LQHUFLD�URWDWRULD���
'HEH�QRWDUVH�TXH�HO�HOHPHQWR�UHFWR�FRQYHUJH�KDFLD�YDORUHV�PHQRUHV�TXH�HO�HOHPHQWR�FXUYR� \��
SXHGH� VXSRQHUVH� TXH� GD� YDORUHV� PHQRUHV� TXH� OD� VROXFLyQ� H[DFWD�� (O� HVWDGR� SODQR� HVWi�
FDOFXODGR�FRQ 0()��VH�VDEH�TXH�GD�YDORUHV�PD\RUHV�TXH�OD�VROXFLyQ�H[DFWD��
$� PRGR� GH� DPSOLDFLyQ� VH� DJUHJDQ� ORV� PRGRV� ��� \� ��� TXH� QR� VH� UHSRUWDQ� HQ� OD� UHIHUHQFLD�
PHQFLRQDGD�� /D� QRWDEOH� FRQFRUGDQFLD� D~Q� SDUD� UHODFLRQHV� *5K � JUDQGHV� HQWUH� ODV� FLQFR�
WHRUtDV��VH�GHEH�D�TXH�OD�KLSyWHVLV�GH�PDQWHQLPLHQWR�GH�VHFFLRQHV�SODQDV�HV�UHDOLVWD�HQ�HO�FDVR�
GH�YLEUDFLyQ�GH�DQLOORV�

� &21&/86,21(6
(Q� OD� UHIHUHQFLD� >�@� VH� UHVROYLy� FRQ� OD� VROXFLyQ� FOiVLFD� HO� SUREOHPD� GH� EDUUDV� JUXHVDV�

FXUYDV�FRQ�XQD�FRPSOHMLGDG�DOJHEUDLFD QRWDEOH� IUHQWH�D� OD�SUHVHQFLD�GH�UDtFHV�FDUDFWHUtVWLFDV�
FRPSOHMDV�� (Q� FDPELR�� FRQ� OD� VROXFLyQ� GH� VHULHV� GH� SRWHQFLDV� HVWR� HV� HYLWDGR� HQ� IRUPD�
VLVWHPiWLFD�REYLDQGR�GLFKD�GLILFXOWDG�

3DUD�DUFRV�VH�FRQFOX\y�TXH�OD�DSOLFDFLyQ�GH�ODV�WHRUtDV�GH�5HVLVWHQFLD�GH�0DWHULDOHV��FRPR�
OD�DTXt�SUHVHQWDGD�\�OD�TXH�FRUUHVSRQGH�D�OD�IRUPXODFLyQ�GHO�HOHPHQWR�YLJD�GHO�0()��FDUHFH�
GH�DSOLFDELOLGDG�SDUD�YDORUHV�GH�OD�UHODFLyQ� *5K � TXH�VXSHUHQ������(Q�FDPELR��HVWDV� WHRUtDV�
VRQ� UHFRPHQGDEOHV� SDUD� HO� HVWXGLR� GH� YLEUDFLRQHV� GH� DQLOORV� GRQGH� OD� KLSyWHVLV� GH�
PDQWHQLPLHQWR�GH�VHFFLRQHV�SODQDV�HV�DSOLFDEOH�

�����5()(5(1&,$6
>�@��&��3��)LOLSLFK������7HVLV�'RFWRUDO��8QLYHUVLGDG�1DFLRQDO�GH�&yUGRED��$UJHQWLQD��
9LEUDFLRQHV� OLEUHV� HQ� VX� SODQR� GH� DUFRV� \� DQLOORV� FLUFXQIHUHQFLDOHV� FRQ� GLVWLQWDV�

FRPSOHMLGDGHV�
>�@��$��(��/RYH������$�7UHDWLVH�RQ�WKH�0DWKHPDWLFDO�7KHRU\�RI��(ODVWLFLW\��1HZ�<RUN��'RYHU�

3XEOLFDWLRQ��
>�@� �5��'DYLV��5��+HQVKHOO� DQG�*��%��:DUEXUWRQ� �����-RXUQDO�RI� 6RXQG�DQG�9LEUDWLRQ�����

���������&RQVWDQW�FXUYDWXUH�EHDP�ILQLWH�HOHPHQWV�IRU�LQ�SODQH�YLEUDWLRQV��
>�@� � 5�� (�� 5RVVL� �����(OHPHQWR� FLUFXODU� SDUD� HO� DQiOLVLV� GLQiPLFR� GH� DUFRV� HPSOHDQGR� HO�

PpWRGR�GH�HOHPHQWRV�ILQLWRV��0HPRULDV�9,,,�MRUQDGDV�$UJHQWLQDV�GH�,QJHQLHUtD�(VWUXFWXUDO�
7RPR�������DO����GH�VHSWLHPEUH�

>�@��5��(��5RVVL�������,Q�SODQH�YLEUDWLRQV�RI�FLUFXODU�ULQJV�RI�QRQ�XQLIRUP�FURVV�VHFWLRQ�ZLWK�
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xyz
ENIEF 2003 - XIII Congreso sobre Métodos Numéricos y sus Aplicaciones

xyz


marce
874



VXSSRUWV�WDNLQJ�LQWR��DFFRXQW�VKHDU�DQG�URWDWRU\�LQHUWLD�HIIHFWV�-RXUQDO�RI�WKH�$FRXVWLFDO�
6RFLHW\�RI�$PHULFD�������������������

>�@��(��5RPDQHOOL����� ,,,�-RUQDGDV�6XGDPHULFDQDV�GH�,QJHQLHUtD�(VWUXFWXUDO�%XHQRV�$LUHV��
$UJHQWLQD�� 7HQVLRQHV� GH� FRUWH� \� WHQVLRQHV� UDGLDOHV� HQ� EDUUDV� FXUYDV� SODQDV� FRQ� HVWDGR�
JHQHUDO�GH�VROLFLWDFLyQ�
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HTXDWLRQV��3URF��;,,�&RQJU��1XP��0HWK��$QG�$SSO��&yUGRED�$UJHQWLQD�������
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>��@� �(��5RPDQHOOL� �����;;�-RUQDGDV�6XGDPHULFDQDV�GH� ,QJHQLHUtD�(VWUXFWXUDO� &yUGRED��

$UJHQWLQD��(O�IDFWRU�GH�FRUWDGXUD�\�HO�DODEHR�
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$3e1',&(�$��6HULHV�GH�SRWHQFLDV�
&RQVLGHUHPRV�XQD�IXQFLyQ�FRQWLQXD� ��[II  FRQ� �� dd [ ��(VFULELPRV�OD�H[SDQVLyQ�HQ�VHULHV�
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H[SUHVLyQ�GH�UHFXUUHQFLD�
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