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0RGHORV�FLQHPiWLFRV�GH�URERWV
,QWURGXFFLyQ

3DUD� WUDWDU� OD� FLQHPiWLFD� GH� ORV� URERWV� PDQLSXODGRUHV� VH� KD� RSWDGR� SRU
HPSOHDU�H[FOXVLYDPHQWH�0$7/$%��\D�TXH�HQ�HVWH�FDVR�UHVXOWD�PiV�FyPRGR
TXH�6LPXOLQN��(VR�HV�GHELGR�D�TXH�OD�PD\RUtD�GH�GDWRV� LQYROXFUDGRV�HQ�OD
FLQHPiWLFD� VRQ� PDWULFHV�� TXH� SXHGHQ� VHU� WUDWDGDV� PiV� IDFLOPHQWH� GHVGH
0$7/$%�TXH�GHVGH�6LPXOLQN�

(Q�FXDQWR�D�OD�FLQHPiWLFD�GH�ORV�URERWV�PyYLOHV��VH�KD�RSWDGR�SRU�HO�XVR�GH
6LPXOLQN�SDUD�OD�VLPXODFLyQ�GH�ORV�PRGHORV�FLQHPiWLFRV��(VR�VH�GHEH�D�TXH
HQ�ODV�VLPXODFLRQHV�GH�GLFKRV�PRGHORV�VRODPHQWH�VH�LQYROXFUDQ�RSHUDFLRQHV
FRQ�YHFWRUHV�TXH�GHSHQGHQ�GHO�WLHPSR�

7DPELpQ� VH� GLVSRQH� GH� IXQFLRQHV� SDUD� OD� UHSUHVHQWDFLyQ� JUiILFD
HVTXHPiWLFD�GH�FLHUWRV�PRGHORV�GH�URERWV�PyYLOHV��

(Q�HO�&DStWXOR���GH��2OOHUR�>�@��VH�SXHGHQ�HQFRQWUDU�HMHPSORV�TXH�LOXVWUDQ�HO
XVR�GH�ODV�IXQFLRQHV�\�EORTXHV�GH�HVWH�&DStWXOR�

(Q�OD�VLJXLHQWH�VHFFLyQ�VH�GHILQHQ�XQD�VHULH�GH�YHFWRUHV�\�PDWULFHV�FRQ�REMHWR
GH�IDFLOLWDU�OD�FRPSUHQVLyQ�GH�DOJXQDV�IXQFLRQHV�GH�HVWH�FDStWXOR�

/D� WUDQVIRUPDFLyQ� ∆� GH� WUDVODFLyQ� \� URWDFLyQ
GLIHUHQFLDOHV�

(Q�3DXO�>�@�VH�GHILQH� OD�PDWUL]�GH�WUDQVIRUPDFLyQ�GH�WUDVODFLyQ�\�URWDFLyQ
GLIHUHQFLDOHV�FRPR�

∆� �WUDQV� �URW��N� ) −  �����

GRQGH�

� 7UDQV� � HV� OD� WUDQVIRUPDFLyQ� TXH� UHSUHVHQWD� XQD� WUDVODFLyQ
�

� 5RW�N� ) HV� OD� WUDQVIRUPDFLyQ�TXH�UHSUHVHQWD�XQD� URWDFLyQ�GLIHUHQFLDO
 HQ�WRUQR�D�XQ�YHFWRU�N�

6HDQ�ORV�YHFWRUHV�GH�WUDVODFLyQ�\�URWDFLyQ�GLIHUHQFLDOHV�VLJXLHQWHV�
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
�����

(Q�3DXO�>�@�VH�OOHJD�D�XQD�H[SUHVLyQ�GH�∆,�HQ�IXQFLyQ�GH�ORV�HOHPHQWRV�GH�HVWH
YHFWRU�

�����

,QVWUXFFLRQHV� 0$7/$%� UHODFLRQDGDV� FRQ� OD
FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV

3DUD�UHVROYHU�OD�FLQHPiWLFD�GH�XQ�URERW�VRODPHQWH�VH�QHFHVLWDQ�FRQRFHU�VXV
SDUiPHWURV�GH�'HQDYLW�+DUWHQEHUJ�VHJ~Q� OD�QRWDFLyQ�GH�&UDLJ� >�@��'LFKRV
SDUiPHWURV� KDEUiQ� GH� VHU� LQWURGXFLGRV� HQ� XQD�PDWUL]� VHJ~Q� XQ� GHWHUPL�
QDGR�IRUPDWR�TXH�VH�H[SOLFD�HQ�HO�DSDUWDGR�GHQRPLQDGR�GK�GHQWUR�GH�HVWD
VHFFLyQ��(VWD�PDWUL]�VHUi�OD�TXH�KDEUi�TXH�SDVDU�FRPR�SDUiPHWUR�D�OD�PD�
\RULD�GH�ODV�IXQFLRQHV�GH�0$7/$%�GH�HVWH�FDStWXOR��SRU�OR�TXH�VH�UHFRPLHQGD
TXH�HO�OHFWRU�DVLPLOH�ELHQ�HO�FRQWHQLGR�GH�OD�VHFFLyQ�GK�

$VLPLVPR��VH�DGRSWD�HO�FRQYHQLR�GH�HPSOHDU�YHFWRUHV�ILOD�SDUD�LQWURGXFLU�ODV
YDULDEOHV�DUWLFXODUHV�HQ�DTXHOODV�IXQFLRQHV�HQ�TXH�VHD�QHFHVDULR�

(Q�OD�VLJXLHQWH�WDEOD�VH�UHVXPHQ�ODV�LQVWUXFFLRQHV�TXH�VH�HPSOHDQ�SDUD�HIHF�
WXDU�FLHUWRV�FiOFXORV�UHODFLRQDGRV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXOD�
GRUHV�� $OJXQRV� GH� HOODV� QR� VH� XWLOL]DQ� GLUHFWDPHQWH�� SHUR� DSDUHFHQ� HQ� HO
FXHUSR�GH�IXQFLRQHV�TXH�Vt�VH�XVDQ��SRU�OR�TXH�WDPELpQ�KDQ�VLGR�GHVFULWDV�

7DEOD������,QVWUXFFLRQHV�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�

3URSyVLWR

GK &RQWHQHU�ORV�SDUiPHWURV�GH�'HQDYLW�+DUWHQEHUJ�GHO�PDQLSXODGRU

GLII�WU &RQYHUWLU� XQ� YHFWRU� GH� PRYLPLHQWR� GLIHUHQFLDO� HQ� OD� FRUUHVSRQGLHQWH
WUDQVIRUPDFLyQ�KRPRJpQHD

INLQH &DOFXODU�OD�FLQHPiWLFD�GLUHFWD�GH�XQ�URERW�PDQLSXODGRU

LNLQH &DOFXODU�OD�FLQHPiWLFD�LQYHUVD�GH�XQ�PDQLSXODGRU
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0RGHORV�FLQHPiWLFRV�GH�URERWV
MDFRE� &DOFXODU�HO�-DFRELDQR�GHO�PDQLSXODGRU�H[SUHVDGR�HQ�HO�VLVWHPD�GH�UHIH�
UHQFLD�EDVH

MDFREQ &DOFXODU�HO�-DFRELDQR�H[SUHVDGR�HQ�HO�VLVWHPD�GH�FRRUGHQDGDV�GHO�HIHF�
WRU�ILQDO

OLQNWUDQV &DOFXODU�ODV�PDWULFHV�GH�WUDQVIRUPDFLyQ�D�SDUWLU�GH�ORV�SDUiPHWURV�GH
'HQDYLW�+DUWHQEHUJ

QXPFROV &DOFXODU�HO�Q~PHUR�GH�FROXPQDV�GH�XQD�PDWUL]

QXPURZV &DOFXODU�HO�Q~PHUR�GH�ILODV�GH�XQD�PDWUL]

SORWERW 5HSUHVHQWDU�JUiILFDPHQWH�HO�PDQLSXODGRU

WU�GLII &RQYHUWLU�XQD�WUDQVIRUPDFLyQ�HQ�XQ�YHFWRU�GH�PRYLPLHQWR�GLIHUHQFLDO�\
FDOFXODU�OD�GLIHUHQFLD�HQWUH�GRV�WUDQVIRUPDFLRQHV

WU�MDF &DOFXODU�OD�PDWUL]��TXH�VH�SRGUtD�OODPDU�-DFRELDQD��TXH�SHUPLWH�SDVDU
XQ�YHFWRU�GH�YHORFLGDGHV�FDUWHVLDQDV�GH�XQ�FXDGUR�GH�UHIHUHQFLD�D�RWUR
GLVWLQWR

YHOSURS &DOFXODU�HO�YHFWRU�GH�YHORFLGDGHV�HQ�HO�HVSDFLR�FDUWHVLDQR�H[SUHVDGR�HQ
HO�VLVWHPD�GH�FRRUGHQDGDV�GHO�FXDGUR�^Q`
��� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
GK

3URSyVLWR �&RQWHQHU�ORV�SDUiPHWURV�GH�'HQDYLW�+DUWHQEHUJ�GHO�PDQLSXODGRU�

'HVFULSFLyQ &DGD�YH]�TXH�VH�TXLHUD�XWLOL]DU�XQD�IXQFLyQ�GH�+(0(52�UHODFLRQDGD�FRQ�OD
FLQHPiWLFD�VH�GHEHUiQ�LQWURGXFLU�HQ�XQD�PDWUL]�ORV�SDUiPHWURV�GH�'HQDYLW�
+DUWHQEHUJ�GHO�PDQLSXODGRU��GH�DFXHUGR�FRQ�OD�QRWDFLyQ�GH�&UDLJ��(O�PRGR
GH�LQWURGXFLU�GLFKD�LQIRUPDFLyQ�HQ�HVD�PDWUL]�HV�HO�VLJXLHQWH�

� +DEUi�XQD�ILOD�SRU�FDGD�HQODFH�TXH�WHQJD�HO�PDQLSXODGRU�

� &DGD�ILOD�WHQGUi�HO�VLJXLHQWH�IRUPDWR�

GRQGH�

� � 6RQ� ORV� SDUiPHWURV� GH� 'HQDYLW�+DUWHQEHUJ� VHJ~Q
&UDLJ�>�@�

� � ,QGLFDUi�HO�WLSR�GH�DUWLFXODFLyQ��VHUi���VL�HV�GH�URWDFLyQ
\� XQ� Q~PHUR� GLVWLQWR� GH� FHUR� VL� SRU� HO� FRQWUDULR� HV
SULVPiWLFD��

$Vt�SXHV�SDUD�XQ�URERW�FRQ�Q�HQODFHV��OD�PDWUL]�TXHGDUtD�GHO�VLJXLHQWH�PRGR�

TXH�HV�XQD�PDWUL]�Q[��GRQGH�HO�VXEtQGLFH� L�GHQRWDUtD�HO�HQODFH� L�pVLPR�GHO
PDQLSXODGRU�

… … … … …
αL 1– DL 1– θL GL σL

… … … … …

αL 1– DL 1– θL GL, , ,

σL

α0 D0 θ1 G1 σ1

α1 D1 θ2 G2 σ2

… … … … …
αL 1– DL 1– θL GL σL

… … … … …
αQ 1– DQ 1– θQ GQ σQ
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0RGHORV�FLQHPiWLFRV�GH�URERWV GK
7RGRV�ORV�iQJXORV�GHEHUiQ�VHU�LQWURGXFLGRV�HQ�UDGLDQHV��/DV�ORQJLWXGHV�

\� � SRGUiQ� VHU� H[SUHVDGDV� HQ� FXDOTXLHU� XQLGDG� \� VyOR� KDEUi� TXH� WHQHU
FXLGDGR�GH�UHFRUGDU�TXH�ODV�WUDQVIRUPDFLRQHV�KRPRJpQHDV�\�ORV�MDFRELDQRV
TXH�VH�FDOFXOHQ�WHQGUiQ�HVDV�PLVPDV�XQLGDGHV�

(MHPSORV 9HU�(MHPSORV��������������������\�����HQ�2OOHUR�>�@�

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

DL 1–

GL
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
GLII�WU

3URSyVLWR &RQYHUWLU�XQ�YHFWRU�GH�PRYLPLHQWR�GLIHUHQFLDO�HQ�OD�FRUUHVSRQGLHQWH�WUDQV�
IRUPDFLyQ�KRPRJpQHD�

6LQWD[LV 7 GLII�WU�'�

'HVFULSFLyQ 'HYXHOYH�OD�WUDQVIRUPDFLyQ�KRPRJpQHD��7��GH�WUDVODFLyQ�\�URWDFLyQ�GLIHUHQ�
FLDOHV�TXH�FRUUHVSRQGH�DO�YHFWRU�GH�PRYLPLHQWR�GLIHUHQFLDO��'��TXH�VH�OH�SDVD
FRPR�SDUiPHWUR�

$OJRULWPR 3DUD�XQ�YHFWRU�GH�PRYLPLHQWR�GLIHUHQFLDO� �OD�FRUUHV�

SRQGLHQWH�WUDQVIRUPDFLyQ�KRPRJpQHD�YLHQH�GDGD�SRU�

�����

9HU�WDPELpQ WU�GLII

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

3DXO��5�3���5RERW�PDQLSXODWRUV��0DWKHPDWLFV��3URJUDPPLQJ�� DQG�&RQWURO�
&DPEULGJH��0DVVDFKXVHWWV��0,7�3UHVV�������
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0RGHORV�FLQHPiWLFRV�GH�URERWV INLQH
INLQH

3URSyVLWR &DOFXODU�OD�FLQHPiWLFD�GLUHFWD�GH�XQ�URERW�PDQLSXODGRU�

6LQWD[LV 7 INLQH�GK�T�

'HVFULSFLyQ /D�IXQFLyQ�fkine VH�HQFDUJD�GH�FDOFXODU�OD�FLQHPiWLFD�GLUHFWD�GH�XQ�PDQLSX�
ODGRU� SDUD� XQ� HVWDGR� GDGR� SRU� HO� YHFWRU� GH� YDULDEOHV� DUWLFXODUHV�T��'LFKR
PDQLSXODGRU� TXHGDUi� GHVFULWR� SRU� VX� PDWUL]� GH� SDUiPHWURV� GH� 'HQDYLW�
+DUWHQEHUJ��GK��

(V�SRVLEOH�XWLOL]DU�HVWD�IXQFLyQ�GH�GRV�PRGRV�

� 6L�T HV�XQ�YHFWRU�� HQWRQFHV�HV� LQWHUSUHWDGR� FRPR�HO� YHFWRU�GH�YDULDEOHV
DUWLFXODUHV�SDUD�HO�TXH�VH�SUHWHQGH�FDOFXODU�HO�PRGHOR�GLUHFWR��\�INLQH
GHYXHOYH� OD� WUDQVIRUPDFLyQ� KRPRJpQHD� �7�� FRUUHVSRQGLHQWH� DO� ~OWLPR
HQODFH�GHO�PDQLSXODGRU��(Q�HVWH�FDVR�T�GHEHUi�VHU�XQ�YHFWRU�ILOD�

� 6L�T HV� XQD�PDWUL]�� FDGD� ILOD� VHUi� LQWHUSUHWDGD� FRPR� XQ� YHFWRU� GH� YD�
ULDEOHV�DUWLFXODUHV��\�7�VHUi�XQD�PDWUL]�WULGLPHQVLRQDO��[�[P��VLHQGR�P
HO�Q~PHUR�GH� ILODV� GH�T��7 HV� OR�TXH� VH�GHQRPLQDUi�XQD� WUD\HFWRULD�GH
WUDQVIRUPDFLRQHV�KRPRJpQHDV�

3DUD�H[WUDHU�OD�WUDQVIRUPDFLyQ�KRPRJpQHD��7L��TXH�KD\�´FRQGHQVDGDµ�HQ
OD�ILOD�L��pVLPD�GH�OD�PDWUL]�7��EDVWDUi�FRQ�HVFULELU�

7L 7�����L�

(PSOHDQGR� OD� IXQFLyQ� INLQH� VHJ~Q� HVWH� ~OWLPR�PRGR�� HV� SRVLEOH� REWHQHU
WRGDV�ODV�WUDQVIRUPDFLRQHV�KRPRJpQHDV�FRUUHVSRQGLHQWHV�D�XQD�WUD\HFWRULD
GDGD�HQ�HO�HVSDFLR�GH�YDULDEOHV�DUWLFXODUHV�

$OJRULWPR %iVLFDPHQWH�HVWD�IXQFLyQ�VH�HQFDUJD�GH�KDFHU�

�����

GRQGH�1� HV� HO�Q~PHUR�GH� ILODV�GH� OD�PDWUL]�GK�� TXH� VH� FRUUHVSRQGH� FRQ�HO
Q~PHUR�GH�HQODFHV�GHO�PDQLSXODGRU�
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
(MHPSORV 9HU�(MHPSORV�����\�����HQ�2OOHUR�>�@�

9HU�WDPELpQ GK��OLQNWUDQV

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

&UDLJ��-�-���,QWURGXFWLRQ�WR�URERWLFV��$GGLVRQ�:HVOH\��VHJXQGD�HG��������

2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV ���



0RGHORV�FLQHPiWLFRV�GH�URERWV LNLQH
LNLQH

3URSyVLWR &DOFXODU�OD�FLQHPiWLFD�LQYHUVD�GH�XQ�PDQLSXODGRU�

6LQWD[LV T LNLQH�GK�7�VWRO�LOLPLW�
T LNLQH�GK�7�VWRO�LOLPLW�T��
T LNLQH�GK�7�VWRO�LOLPLW�T��0�

'HVFULSFLyQ ,NLQH�GHYXHOYH�ORV�YDORUHV�GH�ODV�YDULDEOHV�DUWLFXODUHV�QHFHVDULRV�SDUD�TXH
HO�HIHFWRU�ILQDO�GHO�PDQLSXODGRU�WHQJD�OD�SRVLFLyQ�\�RULHQWDFLyQ�GDGDV�SRU�OD
WUDQVIRUPDFLyQ�7��/D�VROXFLyQ�GHO�SUREOHPD�FLQpPDWLFR�LQYHUVR�QR�HV�~QLFD
HQ� JHQHUDO�� \� HV� SRVLEOH� TXH� SDUD� XQD� PLVPD� RULHQWDFLyQ� \� SRVLFLyQ
GHVHDGDV��VH�REWHQJDQ�VROXFLRQHV�GLVWLQWDV�HQ�IXQFLyQ��GHO�YHFWRU�LQLFLDO�GH
YDULDEOHV�DUWLFXODUHV��T���TXH�VH�OH�SDVH�D� LNLQH�

(V�SRVLEOH�XVDU� OD� IXQFLyQ�SDUD�TXH�GHYXHOYD� ODV�YDULDEOHV�DUWLFXODUHV� FR�
UUHVSRQGLHQWHV�D�XQD�VyOD�SRVLFLyQ�\�RULHQWDFLyQ��R�ELHQ�D�XQD�WUD\HFWRULD�GH
SRVLFLRQHV�\�RULHQWDFLRQHV��(VR�GHSHQGHUi�GHO�IRUPDWR�GHO�SDUiPHWUR�7�

� 6L�7�HV�XQD�WUDQVIRUPDFLyQ�KRPRJpQHD��HQWRQFHV LNLQH�GHYXHOYH�XQ�YHF�
WRU�ILOD��T��FRQ�ODV�YDULDEOHV�DUWLFXODUHV�FRUUHVSRQGLHQWHV�D�OD�SRVLFLyQ�\
RULHQWDFLyQ�LQGLFDGDV�HQ�OD�PDWUL]�7�

� 6L� 7� HV� XQD� WUD\HFWRULD� GH� WUDQVIRUPDFLRQHV� KRPRJpQHDV�� HQWRQFHV� HO
UHVXOWDGR� VHUi�XQD�PDWUL]� �T��� HQ� OD� TXH� OD� ILOD� L� �pVLPD� FRQWHQGUi� ODV
YDULDEOHV�DUWLFXODUHV�FRUUHVSRQGLHQWHV�D�OD�WUDQVIRUPDFLyQ�7�����L�.�/D
HVWLPDFLyQ�LQLFLDO�SDUD�T�HQ�FDGD�SDVR�VH�WRPD�GH�OD�VROXFLyQ�REWHQLGD�HQ
HO�SDVR�DQWHULRU�

6HD�FXDO�VHD�HO�IRUPDWR�GH�7��OD�HVWLPDFLyQ�LQLFLDO�SDUD�HO�YHFWRU�GH�YDULDEOHV
DUWLFXODUHV�VHUi�OD�GDGD�HQ�HO�SDUiPHWUR�T���SXHGH�VHU�XQD�FROXPQD�R�XQD
ILOD���\�HQ�HO�FDVR�GH�TXH�QR�VH�OH�GH��VH�DVXPH�TXH�HV�HO�YHFWRU�QXOR��

3DUD�HO�FDVR�GH�XQ�PDQLSXODGRU�FRQ�PHQRV�GH���JUDGRV�GH�OLEHUWDG�HO�HIHFWRU
ILQDO� QR� SRGUi� DOFDQ]DU� DOJXQDV� SRVLFLRQHV� \� RULHQWDFLRQHV�� (VWR� QRUPDO�
PHQWH�OOHYD�D�XQD�QR�FRQYHUJHQFLD�GH�LNLQH��8QD�VROXFLyQ�FRQVLVWH�HQ�HVSH�
FLILFDU�XQ�YHFWRU��ILOD�R�FROXPQD��GH�SHVRV��0���FX\RV�HOHPHQWRV�VHUiQ���SDUD
DTXHOORV�JUDGRV�GH�OLEHUWDG�TXH�HQ�FDUWHVLDQDV�HVWpQ�UHVWULQJLGRV��\���HQ�RWUR
FDVR��/RV�HOHPHQWRV�GH�0�VH�FRUUHVSRQGHQ�FRQ�ODV�WUDVODFLRQHV�D�OR�ODUJR�GH

ORV�HMHV� �� �\� ��\�FRQ�ODV�URWDFLRQHV�HQ�WRUQR�D�ORV�HMHV� �� �\� ��(Q�HO
HMHPSOR�GH�HVWD�VHFFLyQ��0�HV�HO�YHFWRU�>�����������@��SRUTXH�HO�PDQLSXODGRU�QR

VH�SXHGH�GHVSOD]DU�D�OR�ODUJR�GHO�HMH� ��QL�URWDU�HQ�WRUQR�D�ORV�HMHV� �H� ��(O

;̂ <̂ =̂ ;̂ <̂ =̂

=̂ ;̂ <̂
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
Q~PHUR�GH�HOHPHQWRV�QR�QXORV�GHEH�VHU�LJXDO�DO�Q~PHUR�GH�JUDGRV�GH�OLEHU�
WDG�GHO�URERW�

,OLPLW�HV�HO�Q~PHUR�Pi[LPR�GH�LWHUDFLRQHV�TXH�VH�HMHFXWDUiQ�HQ�EXVFD�GH
XQD�VROXFLyQ��XQ�YDORU�XVXDO�HV�������

6WRO�VHUi�OD�Pi[LPD�GLIHUHQFLD�TXH�VH�DGPLWLUi�HQWUH�OD�WUDQVIRUPDFLyQ�FR�
UUHVSRQGLHQWH�D�ODV�YDULDEOHV�DUWLFXODUHV�VROXFLyQ�\�OD�WUDQVIRUPDFLyQ�FRQ�OD
SRVLFLyQ�\�RULHQWDFLyQ�HVSHFLILFDGDV��XQ�YDORU�XVXDO�HV��������'LFKD�GLIHUHQ�
FLD�VH�PLGH�KDFLHQGR�XVR�GH�OD�IXQFLyQ�WU�GLII�

$OJRULWPR /R�TXH�VH�KDFH�HQ�FDGD�LWHUDFLyQ�HV�YDULDU�HO�YDORU�GH�ODV�YDULDEOHV�DUWLFX�
ODUHV�GH�WDO�PRGR�TXH�VH�UHGX]FD�HO�HUURU�HQWUH�OD�WUDQVIRUPDFLyQ�DFWXDO��FR�
UUHVSRQGLHQWH� D� ODV� YDULDEOHV� DUWLFXODUHV� HQ� HVD� LWHUDFLyQ�� \� OD� WUDQVIRU�
PDFLyQ� 7� UHTXHULGD�� /D� PHQFLRQDGD� YDULDFLyQ� VH� FDOFXOD� HPSOHDQGR� OD
SVHXGRLQYHUVD�GHO�-DFRELDQR�\�OD�GLIHUHQFLD�HQWUH�WUDQVIRUPDFLRQHV�XVDQGR
OD�IXQFLyQ�WU�GLII�

3UHFDXFLRQHV (Q�SULPHU�OXJDU�VH�GHEH�WHQHU�HQ�FXHQWD�TXH�HVWH�DOJRULWPR�QR�VLHPSUH�FRQ�
YHUJH��3XHGH�TXH�LQFOXVR�QR�KD\D�FRQYHUJHQFLD�SDUD�SXQWRV�\�RULHQWDFLRQHV
GHO�HVSDFLR�DOFDQ]DEOH�

3RU�RWUR�ODGR�HVWH�PpWRGR�HV�PHQRV�HILFLHQWH�TXH�ODV�VROXFLRQHV�DQDOtWLFDV�GHO
PRGHOR�LQYHUVR�TXH�VH�REWHQJDQ�SDUD�XQ�PDQLSXODGRU�GHWHUPLQDGR�

3RU�~OWLPR�VHxDODU�TXH�HV�QHFHVDULR�HPSOHDU�ODV�PLVPDV�XQLGDGHV�D�OD�KRUD
GH� HVFULELU� OD� FXDUWD� FROXPQD� GH� OD� WUDQVIRUPDFLyQ� 7� \� OD� PDWUL]� GH
SDUiPHWURV�GH�'HQDYLW�+DUWHQEHUJ��GK��

(MHPSORV 3DUD�LOXVWUDU�HO�XVR�GH�OD�IXQFLyQ�LNLQH��VH�YD�D�DSOLFDU�DO�PDQLSXODGRU�GHO
(MHPSOR�����GH�2OOHUR�>�@��SDUD�HO�TXH�VH�YD�D�VXSRQHU�O� ��P�\�O� ��P��

(MHPSOR�+������DUFKLYR�HMK���P�

/R�SULPHUR�TXH�VH�GHEH�WHQHU�SUHVHQWH�HV�TXH�HO�PpWRGR�QXPpULFR�HPSOHDGR
SDUD� REWHQHU� HO�PRGHOR� LQYHUVR QR� VLHPSUH� FRQYHUJH�� +DEUi� UHJLRQHV� GHO
HVSDFLR�HQ� ODV�TXH�DOJRULWPR�QR� FRQYHUJHUi�DXQTXH�GLFKDV�UHJLRQHV�SHUWH�
QH]FDQ�DO�HVSDFLR�DOFDQ]DEOH��OR�FXDO�UHSUHVHQWD�XQD�OLPLWDFLyQ�LPSRUWDQWH�
(Q�OD�)LJXUD�����HVWiQ�UHSUHVHQWDGRV�ORV�SXQWRV�GHO�iUHD�>���@[>���@�HQ�ORV
TXH�QR�KD\�FRQYHUJHQFLD�SDUD�XQD�WROHUDQFLD�GH������\�XQ�Q~PHUR�GH�LWHUD�
FLRQHV� LJXDO�D������ �HO�EDUULGR�GHO�iUHD�VH�KD�HIHFWXDGR�GH�����HQ�������/D
HVWLPDFLyQ�LQLFLDO�GHO�YHFWRU�GH�YDULDEOHV�DUWLFXODUHV�SDUD�HO�FiOFXOR�GHO�PR�
GHOR�LQYHUVR�HQ�ORV�SXQWRV�GH�GLFKD�iUHD�VHUi�>�����@��
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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0RGHORV�FLQHPiWLFRV�GH�URERWV LNLQH
(V�SRVLEOH�HOHJLU�XQD�WUD\HFWRULD�GH�OD�UHJLyQ�GRQGH�KD\�FRQYHUJHQFLD�SDUD
FRPSUREDU�FRPR�HO�PDQLSXODGRU�VH�PXHYH�SRU�HOOD��8QD�SRVLEOH�WUD\HFWRULD
VHUtD�XQ�DUFR�GH�FLUFXQIHUHQFLD�GH�UDGLR�LJXDO�D���P�

������)LJXUD������3XQWRV�GH�QR�FRQYHUJHQFLD�GHO�DOJRULWPR�LNLQH�SDUD�XQD�
WROHUDQFLD�GH�GH������\�XQ�Q~PHUR�GH�LWHUDFLRQHV�LJXDO�D������

/DV� yUGHQHV� TXH� VH�PXHVWUDQ� D� FRQWLQXDFLyQ�� VH� XWLOL]DQ� SDUD� FDOFXODU� HO
YDORU�TXH�GHEHQ�WHQHU�ODV�YDULDEOHV�DUWLFXODUHV�SDUD�FDGD�SXQWR�GHO�DUFR�GH
FLUFXQIHUHQFLD�DQWHULRUPHQWH�PHQFLRQDGR�

W� ���W� ���W� ��� � /RV�YDORUHV�TXH�VH�SRQJDQ�DTXt�SDUD�θ1, θ2
\�θ3�VRQ�LUUHOHYDQWHV

O� ���O� ��

� 6H� FUHD� OD� PDWUL]� GK� FRQ� ORV� SDUiPHWURV� GH� 'HQDYLW�
+DUWHQEHUJ�GHO�PDQLSXODGRU

GK� �> �����W������
��O��W������
��O��W�����@�

� 6H� HVWDEOHFH� OD� WROHUDQFLD� �VWRO�� \� HO� Q~PHUR� Pi[LPR� GH
LWHUDFLRQHV��LOLPLW�
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
VWRO �H����LOLPLW �����

� 6H� LQWURGXFH� OD� WUD\HFWRULD� �DUFR� GH� UDGLR� ��� \� OD
RULHQWDFLyQ����UDG��GHVHDGDV

[ ���������
\ VTUW����[�A���

SKL ]HURV���OHQJWK�[���� SKL� HV� XQ� YHFWRU� ILOD� QXOR� GH� OD
PLVPD�GLPHQVLyQ�TXH�[

��6H�FUHD�OD�WUD\HFWRULD�GH�WUDQVIRUPDFLRQHV

7* >�@�
IRU�N ��OHQJWK�[�
���7 >FRV�SKL�N����VLQ�SKL�N�����[�N�����
������VLQ�SKL�N���FRV�SKL�N�����\�N��
��������������
�������������@�
���7* >7*�7���
@��(Q�FDGD�LWHUDFLyQ�VH�DxDGH�XQD�ILOD�PiV�D�7*
HQG

� 6H�FDOFXOD�HO�PRGHOR�LQYHUVR�SDUD�FDGD�XQR�GH�ORV�SXQWRV�GH
OD�WUD\HFWRULD��XVDQGR�XQ�YHFWRU�LQLFLDO�T� >�����@�\�XQD
PiVFDUD�0� >�����������@�

T LNLQH�GK�VWRO�LOLPLW�7*�>�����@�>�����������@��

$KRUD�VyOR�UHVWD�UHSUHVHQWDU�JUiILFDPHQWH�HO PDQLSXODGRU�PLHQWUDV�UHFRUUH
OD� WUD\HFWRULD��3DUD� HOOR� VH�XWLOL]D� OD� IXQFLyQ�SORWERW TXH� VH� GHVFULEH� HQ
HVWH�PLVPR�&DStWXOR��D�OD�TXH�VLPSOHPHQWH�KD\�TXH�SDVDUOH�OD�PDWUL]�GK�GHO
PDQLSXODGRU�\� OD�PDWUL]�T� TXH�GHYXHOYH�LNLQH� FRQ� ORV� YDORUHV�GH� ODV�YD�
ULDEOHV�DUWLFXODUHV�FRUUHVSRQGLHQWHV�D�FDGD�SXQWR�GH�OD�WUD\HFWRULD��(V�GHFLU�

SORWERW�GK�T�¶GIZ·�

&RQ�HO�SDUiPHWUR�¶G· VH�HVSHFLILFD�TXH�OD�UHSUHVHQWDFLyQ�VHD�ELGLPHQVLRQDO
�HQ�HO�SODQR�;<���\D�TXH�HO�PDQLSXODGRU�VH�HQFXHQWUD�HQ�GLFKR�SODQR��0H�
GLDQWH�¶I·�\�¶Z·�VH�LQGLFD�TXH�VH�UHSUHVHQWHQ�ORV�FXDGURV�GH�UHIHUHQFLD�GH
FDGD�XQD�GH�ODV�DUWLFXODFLRQHV�\�HO�FXDGUR�GH�UHIHUHQFLD�DVRFLDGR�DO�HIHFWRU
ILQDO�UHVSHFWLYDPHQWH�

(Q�OD�)LJXUD�����VH�PXHVWUDQ�DOJXQDV�GH�ODV�SRVLFLRQHV�GHO�PDQLSXODGRU�D�OR
ODUJR�GH�OD�WUD\HFWRULD�

(O� PpWRGR� QXPpULFR� HPSOHDGR� WLHQH� VXV� OLPLWDFLRQHV� FRPR� \D� VH� KD
PHQFLRQDGR��SHUR�HQ�WHRUtD�SHUPLWH�FDOFXODU�HO�PRGHOR�LQYHUVR�GH�FXDOTXLHU
PDQLSXODGRU��(Q�ORV�(MHPSORV�����\�����GH�2OOHUR�>�@��VH�FDOFXOD�GLFKR�PRGHOR
LQYHUVR�DQDOtWLFDPHQWH��(Q�OD�7DEOD�����VH�FRPSDUD��SDUD�HO�FDVR�GHO�DUFR�GH
FLUFXQIHUHQFLD��HO�Q~PHUR�GH�RSHUDFLRQHV�UHTXHULGDV�SRU�HO�PpWRGR�QXPpULFR

7

φcos φsin– 0 [
φsin φcos 0 \
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=
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0RGHORV�FLQHPiWLFRV�GH�URERWV LNLQH
FRQ� ODV� GHO� PpWRGR� DQDOtWLFR�� 6H� REVHUYD� TXH� VLHPSUH� TXH� VHD� SRVLEOH�
LQWHUHVD�REWHQHU�HO�PRGHOR�LQYHUVR�GHO�PDQLSXODGRU�GH�IRUPD�DQDOtWLFD�

������)LJXUD������5HSUHVHQWDFLyQ�JUiILFD�GHO�PDQLSXODGRU�HQ�FLQFR�GH�ORV�
SXQWRV�GH�OD�WUD\HFWRULD�HVSHFLILFDGD�

7DEOD������1~PHUR�GH�IORSV�GH�0$7/$%��3HQWLXP�00;�����0+]��

9HU�WDPELpQ INLQH��MDFRE���WU�GLII

5HIHUHQFLDV &KLHDYHULQL�� 6��� /�� 6FLDYLFFR�� %�� 6LFLOLDQR�� ´&RQWURO� RI� URERWLF� V\VWHPV
WKURXJK�VLQJXODULWLHVµ��HQ�3URF�� ,QW��:RUNVKRS�RQ�1RQOLQHDU�DQG�$GDSWLYH
&RQWURO��,VVXHV�LQ�5RERWLFV��&��&��GH�:LW��HG����6SULQJHU�9HUODJ�������

&RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

0pWRGR�DQDOtWLFR 0pWRGR�QXPpULFR

0DQLSXODGRU�(MHPSOR���� ���� ������
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(QODFHV�GHO�PDQLSXODGRU
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            DO�HIHFWRU�ILQDO
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HO�PDQLSXODGRU
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
MDFRE�

3URSyVLWR &DOFXODU�HO�-DFRELDQR�GHO�PDQLSXODGRU�H[SUHVDGR�HQ�HO�VLVWHPD�GH�UHIHUHQFLD
EDVH�

6LQWD[LV MDFRE��GK�T�

'HVFULSFLyQ (VWD�IXQFLyQ�GHYXHOYH�HO�-DFRELDQR��FRUUHVSRQGLHQWH�D�ODV�YDULDEOHV�DUWLFX�
ODUHV�T��H[SUHVDGR�HQ�HO�FXDGUR�GH�UHIHUHQFLD�GH�OD�EDVH�GHO�URERW�

/D�PDWUL]� -DFRELDQD� � SHUPLWH� REWHQHU� HO� YHFWRU� GH� YHORFLGDGHV� HQ� HO

HVSDFLR�FDUWHVLDQR�� ��GHO�HIHFWRU�ILQDO�H[SUHVDGR�HQ�HO�FXDGUR�^�`��EDVH�GHO
PDQLSXODGRU�� D� SDUWLU�GH� ODV� GHULYDGDV�GH� ODV� YDULDEOHV� DUWLFXODUHV� � �HQ
YLUWXG�GH�OD�H[SUHVLyQ�

�����

(O�YHFWRU�GH�YHORFLGDGHV� � HVWi� IRUPDGR�SRU� ODV�YHORFLGDGHV� OLQHDOHV�D� OR

ODUJR�GH�ORV�HMHV� �� �\� ��\�SRU�ODV�YHORFLGDGHV�DQJXODUHV�GH�JLUR�HQ�WRUQR�D

ORV�HMHV� �� �\� ��H[SUHVDGDV�DPEDV�HQ�HO�FXDGUR�^�`��(V�GHFLU�

�����

$Vt� SXHV�� VL� HO�PDQLSXODGRU� WLHQH�PHQRV� GH� VHLV� JUDGRV� GH� OLEHUWDG� HQ� HO
-DFRELDQR�DSDUHFHUiQ�ILODV�GH�FHURV��(Q�FRQFUHWR�VH�SXHGH�HVWDEOHFHU� OD�VL�
JXLHQWH�FRUUHVSRQGHQFLD�

)LOD�QXOD 1R�HV�SRVLEOH

� 7UDVODFLyQ�D�OR�ODUJR�GHO�HMH�

� 7UDVODFLyQ�D�OR�ODUJR�GHO�HMH�

� 7UDVODFLyQ�D�OR�ODUJR�GHO�HMH�
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0RGHORV�FLQHPiWLFRV�GH�URERWV MDFRE�
3DUD�XQ�PDQLSXODGRU�FRQ�Q�DUWLFXODFLRQHV��HO�-DFRELDQR�HV�XQD�PDWUL]��[Q�

$OJRULWPR (VWD�IXQFLyQ�VH�DSR\D�HQ�RWUD�OODPDGD�MDFREQ��TXH�FDOFXOD�HO�-DFRELDQR�GHO
HIHFWRU� ILQDO� H[SUHVDGR� HQ� HO� VLVWHPD� GH� UHIHUHQFLD� GHO� ~OWLPR� HQODFH� �Q��
-DFRE��OR�~QLFR�TXH�KDFH�HV�PXOWLSOLFDU�SRU�ODV�FRUUHVSRQGLHQWHV�PDWULFHV
GH�WUDQVIRUPDFLyQ�SDUD�H[SUHVDU�HQ�HO�FXDGUR�^�`�HO�-DFRELDQR�TXH�GHYXHOYH
MDFREQ�

(MHPSORV 9HU�(MHPSOR�����HQ�2OOHUR�>�@��(Q�GLFKR�HMHPSOR�OD�PDWUL]�VROXFLyQ�HV�

������

(Q�HOOD�VH�REVHUYD�TXH�KD\�WUHV�ILODV�QXODV��OD�������\������TXH�VH�FRUUHVSRQGHQ

FRQ�OD�LPSRVLELOLGDG�GHO�PRYLPLHQWR�D�OR�ODUJR�GHO�HMH� �\�GH�ODV�URWDFLRQHV

HQ�WRUQR�D�ORV�HMHV� �H� ��UHVXOWDGR�TXH�HV�WRWDOPHQWH�FRKHUHQWH�D�OD�YLVWD
GHO�GLEXMR�GHO�PDQLSXODGRU��)LJXUD�����HQ�2OOHUR�>�@���

9HU�WDPELpQ GLII�WU��MDFREQ��WU�GLII

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

� 5RWDFLyQ�HQ�WRUQR�DO�HMH�

� 5RWDFLyQ�HQ�WRUQR�DO�HMH�

� 5RWDFLyQ�HQ�WRUQR�DO�HMH�

)LOD�QXOD 1R�HV�SRVLEOH
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
3DXO��5�3���5RERW�PDQLSXODWRUV��0DWKHPDWLFV��3URJUDPPLQJ�� DQG�&RQWURO�
&DPEULGJH��0DVVDFKXVHWWV��0,7�3UHVV�������
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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0RGHORV�FLQHPiWLFRV�GH�URERWV MDFREQ
MDFREQ

3URSyVLWR &DOFXODU� HO� -DFRELDQR� H[SUHVDGR� HQ� HO� VLVWHPD� GH� FRRUGHQDGDV�GHO� HIHFWRU
ILQDO�

6LQWD[LV MDFREQ�GK�T�

'HVFULSFLyQ -DFREQ� GHYXHOYH� HO� -DFRELDQR� H[SUHVDGR� HQ� HO� VLVWHPD� GH� UHIHUHQFLD� GHO
HIHFWRU�ILQDO�TXH�FRUUHVSRQGH�D�ORV�YDORUHV�GH�ODV�YDULDEOHV�DUWLFXODUHV�FRQ�
WHQLGRV�HQ�T�

/D�PDWUL]� -DFRELDQD� � SHUPLWH� REWHQHU� HO� YHFWRU� GH� YHORFLGDGHV� HQ� HO

HVSDFLR�FDUWHVLDQR�� ��GHO�HIHFWRU�ILQDO�H[SUHVDGD�HQ�HO�FXDGUR�^Q`��DVRFLDGR
DO�HIHFWRU�ILQDO��D�SDUWLU�GH�ODV�GHULYDGDV�GH�ODV�YDULDEOHV�DUWLFXODUHV�� ��HQ
YLUWXG�GH�OD�H[SUHVLyQ�

������

(O�YHFWRU�GH�YHORFLGDGHV� � HVWi� IRUPDGR�SRU� ODV�YHORFLGDGHV� OLQHDOHV�D� OR

ODUJR�GH�ORV�HMHV� �� �\� ��\�SRU�ODV�YHORFLGDGHV�DQJXODUHV�GH�JLUR�HQ�WRUQR�D

ORV�HMHV� �� �\� ��H[SUHVDGDV�DPEDV�HQ�HO�FXDGUR�^Q`��(V�GHFLU�

������

$Vt� SXHV�� VL� HO�PDQLSXODGRU� WLHQH�PHQRV� GH� VHLV� JUDGRV� GH� OLEHUWDG� HQ� HO
-DFRELDQR�DSDUHFHUiQ�ILODV�GH�FHURV��(Q�FRQFUHWR�VH�SXHGH�HVWDEOHFHU� OD�VL�
JXLHQWH�FRUUHVSRQGHQFLD�

)LOD�QXOD 1R�HV�SRVLEOH

� 7UDVODFLyQ�D�OR�ODUJR�GHO�HMH�

� 7UDVODFLyQ�D�OR�ODUJR�GHO�HMH�

� 7UDVODFLyQ�D�OR�ODUJR�GHO�HMH�
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
3DUD�XQ�PDQLSXODGRU�FRQ�Q�DUWLFXODFLRQHV��HO�-DFRELDQR�HV�XQD�PDWUL]��[Q�

$OJRULWPR /D�IXQFLyQ�MDFREQ�HPSOHD�XQ�DOJRULWPR�EDVDGR�HQ�XQ�GHVDUUROOR�VLPLODU�DO
TXH�VH�HQFXHQWUD�HQ�3DXO�\�RWURV� >�@��'LFKR�DOJRULWPR� FRQVLVWH� HQ� OR� VLJX�
LHQWH��

'DGD�XQD�PDWUL]�7�

������

3DUD�L�� ��KDVWD�Q����

� 6L�OD�DUWLFXODFLyQ�L�HV�GH�URWDFLyQ�

QGL� � L��� M��� N ������

QδL� � L��� M��� N ������

� 6L�OD�DUWLFXODFLyQ�L�HV�SULVPiWLFD�

QGL� � L��� M��� N ������

QδL� � L��� M��� N ������

3DUD�L� �Q�

� 6L�OD�DUWLFXODFLyQ�Q�HV�GH�URWDFLyQ�

QGQ� � L��� M��� N ������

QδQ� � L��� M��� N ������

� 5RWDFLyQ�HQ�WRUQR�DO�HMH�

� 5RWDFLyQ�HQ�WRUQR�DO�HMH�

� 5RWDFLyQ�HQ�WRUQR�DO�HMH�

)LOD�QXOD 1R�HV�SRVLEOH
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0RGHORV�FLQHPiWLFRV�GH�URERWV MDFREQ
� 6L�OD�DUWLFXODFLyQ�Q�HV�SULVPiWLFD�

QG
Q
� � L��� M��� N ������

Qδ
Q
� � L��� M��� N ������

/RV�YHFWRUHV�REWHQLGRV�HQ�OD�L��pVLPD�LWHUDFLyQ�FRQIRUPDQ�OD�FROXPQD�L�pVLPD
GHO�-DFRELDQR��HV�GHFLU�

������

(MHPSORV 9HU�(MHPSORV����������\�����HQ�2OOHUR�>�@�

9HU�WDPELpQ GLII�WU, MDFRE���WU�GLII

5HIHUHQFLDV 2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

3DXO��5�3���5RERW�PDQLSXODWRUV��0DWKHPDWLFV��3URJUDPPLQJ�� DQG�&RQWURO�
&DPEULGJH��0DVVDFKXVHWWV��0,7�3UHVV�������

3DXO��5�3���6KLPDQR�\�0D\HU��'LIIHUHQWLDO�NLQHPDWLF� FRQWURO� HTXDWLRQV� IRU
VLPSOH�PDQLSXODWRUV��,(((�60&��������SS����������������
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
OLQNWUDQV

3URSyVLWR &DOFXODU� ODV� PDWULFHV� GH� WUDQVIRUPDFLyQ� D� SDUWLU� GH� ORV� SDUiPHWURV� GH
'HQDYLW�+DUWHQEHUJ�

6LQWD[LV 7 OLQNWUDQV�DOSKD�D�WKHWD�G�
7 OLQNWUDQV�GK�T�

'HVFULSFLyQ /LQNWUDQV�FDOFXOD�OD�PDWUL]�GH�WUDQVIRUPDFLyQ�HQWUH�VLVWHPDV�GH�UHIHUHQ�
FLD�DVRFLDGRV�D�HQODFHV�DG\DFHQWHV�D�SDUWLU�GH� ORV�SDUiPHWURV�GH�'HQDYLW�
+DUWHQEHUJ�H[SUHVDGRV�VHJ~Q�OD�QRWDFLyQ�GH�&UDLJ�>�@�

+D\�GRV�IRUPDV�SRVLEOHV�GH�VLQWD[LV�

� 7 OLQNWUDQV�DOSKD�D�WKHWD�G�

&DOFXOD� OD�PDWUL]� GH� WUDQVIRUPDFLyQ�TXH� FRUUHVSRQGH�D� ORV�SDUiPHWURV
�

� 7 OLQNWUDQV�GK�T�

(O� SULPHU� SDUiPHWUR� TXH� VH� OH� SDVD� HV� XQD� ILOD� GH� OD� PDWUL]� GH
SDUiPHWURV�GH�'HQDYLW�+DUWHQEHUJ��YHU�GK���(O�VHJXQGR�SDUiPHWUR�HV�HO
YDORU�GH�OD�YDULDEOH�DUWLFXODU�SDUD�HO�TXH�VH�TXLHUH�HYDOXDU�OD�PDWUL]�GH
WUDQVIRUPDFLyQ�

3HUR�HV�HYLGHQWH�TXH�HQ�HVWH�FDVR�HV�SUHFLVR�LQFOXLU�XQD�LQIRUPDFLyQ�TXH
FRQ�OD�VLQWD[LV�DQWHULRU�QR�HUD�QHFHVDULD��'LFKD�LQIRUPDFLyQ�HV�HO�WLSR�GH
DUWLFXODFLyQ�GH�TXH�VH�WUDWD��\D�TXH�GH�QR�KDFHUOR�VHUtD�LPSRVLEOH�GHWHU�
PLQDU�VL�HO�VHJXQGR�SDUiPHWUR�TXH�VH�OH�SDVD�D�OD�IXQFLyQ�HV� �R� �

3RU�HVR�HV�LPSRUWDQWH�UHFRUGDU�LQFOXLU�OD�TXLQWD�FROXPQD�� ��HQ�GK��(Q
HO�FDVR�GH�TXH�GLFKD�FROXPQD�QR�DSDUH]FD�VH�DVXPH�TXH�OD�DUWLFXODFLyQ�HV
GH�URWDFLyQ�

$OJRULWPR /D�IyUPXOD�TXH�VH�HPSOHD�SDUD�FDOFXODU�OD�PDWUL]�GH�WUDQVIRUPDFLyQ�HV�
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0RGHORV�FLQHPiWLFRV�GH�URERWV OLQNWUDQV
������

\� UHSUHVHQWD� HO� VLVWHPD� GH� UHIHUHQFLD� GHO� HQODFH� ^L� `� H[SUHVDGR� HQ� ODV
FRRUGHQDGDV�GHO�VLVWHPD�^L���`�

(MHPSORV (Q�2OOHUR�>�@��HQ�HO�(MHPSOR�����VH�FDOFXODQ�ODV�PDWULFHV�GH�WUDQVIRUPDFLyQ
HPSOHDQGR�OD�VLQWD[LV�´OLQNWUDQV�GK�T�µ��(O�OLVWDGR�HV�HO�VLJXLHQWH�

V\PV�W��G��W��UHDO � 9DULDEOHV�DUWLFXODUHV�θ1,�G��\�θ3
O� V\PV�O��UHDO � 3DUiPHWUR�O�
7� OLQNWUDQV�>�����������@�W�� � 0DWUL]�

7� OLQNWUDQV�>SL������������@�G��� 0DWUL]� ��+HPRV�GDGR�D� σi XQ
YDORU� GLVWLQWR� GH� FHUR� ���

SRUTXH� OD� ��� DUWLFXODFLyQ� HV

SULVPiWLFD�

7� OLQNWUDQV��>��������O���@�W�� � 0DWUL]�

3DUD�TXH�TXHGHQ�FODUDV�ODV�GRV�VLQWD[LV�SRVLEOHV�SDUD�OD�IXQFLyQ�OLQNWUDQV
VH�YD�D�VROXFLRQDU�HO�PLVPR�SUREOHPD�HPSOHDQGR�DKRUD�OD�RWUD�VLQWD[LV�

V\PV�W��G��W��UHDO � 9DULDEOHV�DUWLFXODUHV�θ1,�G��\�θ3
O� V\PV�O��UHDO � 3DUiPHWUR�O�
7� OLQNWUDQV�����W���� � 0DWUL]�

7� OLQNWUDQV�SL�������G��� 0DWUL]� �

7� OLQNWUDQV������W��O�� � 0DWUL]�

9HU�WDPELpQ GK, INLQH

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

&UDLJ��-�-���,QWURGXFWLRQ�WR�URERWLFV��$GGLVRQ�:HVOH\��VHJXQGD�HG��������

2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

7L 1–
L

Fθ
L
   Vθ

L
   – 0   D

L 1–

    Vθ
L
Fα

L 1–       Fθ
L
Fα

L 1–    Vα
L 1–    – Vα

L 1– G
L

–

Vθ
L
Vα

L 1– Fθ
L
Vα

L 1– Fα
L 1– Fα

L 1– G
L

0 0 0 1

=

70
1

71
2

72
3

70
1

71
2

72
3

��� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
QXPFROV

3URSyVLWR &DOFXODU�HO�Q~PHUR�GH�FROXPQDV�GH�XQD�PDWUL]

6LQWD[LV Q QXPFROV�$�

'HVFULSFLyQ /D�IXQFLyQ�QXPFROV�GHYXHOYH�HO�Q~PHUR�GH�FROXPQDV�GH�OD�PDWUL]�TXH�VH�OH
SDVD�FRPR�SDUiPHWUR�

(MHPSORV (VWD�IXQFLyQ�VH�XWLOL]D�HQ�HO�FXHUSR�GH�RWUDV�IXQFLRQHV�

9HU�WDPELpQ QXPURZV
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV ���



0RGHORV�FLQHPiWLFRV�GH�URERWV QXPURZV
QXPURZV

3URSyVLWR &DOFXODU�HO�Q~PHUR�GH�ILODV�GH�XQD�PDWUL]

6LQWD[LV P QXPURZV�$�

'HVFULSFLyQ /D�IXQFLyQ�QXPURZV�GHYXHOYH�HO�Q~PHUR�GH�ILODV�GH�OD�PDWUL]�TXH�VH�OH�SDVD
FRPR�SDUiPHWUR�

(MHPSORV (VWD�IXQFLyQ�VH�XWLOL]D�HQ�HO�FXHUSR�GH�RWUDV�IXQFLRQHV�

9HU�WDPELpQ QXPFROV
��� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
SORWERW

3URSyVLWR 5HSUHVHQWDU�JUiILFDPHQWH�HO�PDQLSXODGRU

6LQWD[LV SORWERW�GK�T�
SORWERW�GK�T�RSW�

'HVFULSFLyQ (VWD�IXQFLyQ�FRQVWUX\H�XQD�UHSUHVHQWDFLyQ�JUiILFD�GHO�URERW��D�SDUWLU�GH�ORV
SDUiPHWURV�FLQHPiWLFRV�FRQWHQLGRV�HQ�GK�\�GH� ORV�YDORUHV�GH� ODV�YDULDEOHV
DUWLFXODUHV��T��TXH�VH�OH�SDVHQ�

6H�WUDWD�GH�XQD�UHSUHVHQWDFLyQ�JUiILFD�VLPSOH�HQ�OD�TXH�FDGD�HQODFH�VH�PR�
GHOD�FRPR�XQ�SDUDOHOHStSHGR�GH�FRORU�FLiQ��(O�VLVWHPD�GH�FRRUGHQDGDV�DVR�
FLDGR�DO�HIHFWRU�ILQDO�VH�UHSUHVHQWD�HQ�FRORU�YHUGH��PLHQWUDV�TXH�ORV�VLVWHPDV
GH� FRRUGHQDGDV�DVRFLDGRV�D� FDGD�XQD�GH� ODV�DUWLFXODFLRQHV� LQWHUPHGLDV� VH
UHSUHVHQWDQ�HQ�URMR�

6L�HO�SDUiPHWUR�T�HV�XQD�PDWUL]�TXH�UHSUHVHQWD�XQD�WUD\HFWRULD�HQ�HO�HVSDFLR
GH�ODV�YDULDEOHV�DUWLFXODUHV��HV�GHFLU��TXH�FRQWLHQH�HQ�FDGD�ILOD�HO�FRQMXQWR�GH
YDULDEOHV�DUWLFXODUHV�GHO�URERW���HQWRQFHV�HO�UHVXOWDGR�HV�XQD�DQLPDFLyQ�GHO
URERW�VLJXLHQGR�GLFKD�WUD\HFWRULD�

(O�SDUiPHWUR�RSW�VHUi�XQD�FDGHQD�HQ�OD�TXH�VH�HVSHFLILFDUiQ�ODV�RSFLRQHV�GH
UHSUHVHQWDFLyQ�TXH�VH�GHVHHQ�GH�HQWUH�ODV�VLJXLHQWHV�

� G (VWDEOHFH�TXH�OD�UHSUHVHQWDFLyQ�VH�PXHVWUH�HQ��'��VREUH�HO�SODQR�
;<��

� I 'LEXMDU�ORV�FXDGURV�GH�UHIHUHQFLD�DVRFLDGRV�D�FDGD�DUWLFXODFLyQ�

� O 1R�ERUUDU�HO�URERW�HQ�FDGD�SDVR�VL�VH�WUDWD�GH�XQD�DQLPDFLyQ�

� U 5HSHWLU�OD�DQLPDFLyQ����YHFHV�

� Z 'LEXMDU�HO�VLVWHPD�GH�UHIHUHQFLD�DVRFLDGR�DO�HIHFWRU�ILQDO�

6L�QR�VH�XVD�HO�SDUiPHWUR�RSW��VH�KDFH�OD�UHSUHVHQWDFLyQ�FRQYHQFLRQDO�

(MHPSORV (Q�HO�HMHPSOR�GH�OD�IXQFLyQ�LNLQH�VH�KDFH�XVR�GH�SORWERW�HQ�OD�IRUPD�

SORWERW�GK�T�¶GIZ·�

SDUD�UHSUHVHQWDU�XQD�DQLPDFLyQ�GHO�PDQLSXODGRU�VLJXLHQGR�XQD�WUD\HFWRULD
FRQWHQLGD�HQ�T�
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV ���



0RGHORV�FLQHPiWLFRV�GH�URERWV SORWERW
6HUtD�LQWHUHVDQWH�TXH�HO�OHFWRU�LQWURGXMHUD�RWUDV�RSFLRQHV�\�FRPSUREDUD�ORV
UHVXOWDGRV�� 6L� VH� TXLVLHUD� SRU� HMHPSOR�� TXH� DGHPiV� GH� XVDU� OD� UHSUHVHQ�
WDFLyQ��'��QR�VH�ERUUDUD�HO�URERW�HQ�FDGD�SDVR��HQWRQFHV�VH�GHEHUtD�HVFULELU�

SORWERW�GK�T�¶OGIZ·�

REWHQLpQGRVH�DOJR�SDUHFLGR�D�OR�TXH�VH�REVHUYD�HQ�OD�)LJXUD����

8QD�UHSUHVHQWDFLyQ�HVTXHPiWLFD�GHO�3XPD�����HQ��'�VH�SXHGH�REVHUYDU�HQ
OD�)LJXUD�����

������)LJXUD������5HSUHVHQWDFLyQ�VLPSOH�GHO�3XPD�����PHGLDQWH�HO�XVR�GH�
SORWERW��SDUWH�GHUHFKD�GH�OD�ILJXUD��

9HU�WDPELpQ GK, INLQH

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������
��� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
WU�GLII

3URSyVLWR &RQYHUWLU�XQD�WUDQVIRUPDFLyQ�HQ�XQ�YHFWRU�GH�PRYLPLHQWR�GLIHUHQFLDO�\�FDO�
FXODU�OD�GLIHUHQFLD�HQWUH�GRV�WUDQVIRUPDFLRQHV�

6LQWD[LV ' WU�GLII�7�
' WU�GLII�7��7��

'HVFULSFLyQ 6H�WHQGUi�XQD�GHVFULSFLyQ�GLVWLQWD�SDUD�FDGD�XQD�GH�ODV�VLQWD[LV�

� ' WU�GLII�7�

'HYXHOYH�XQ�YHFWRU�GH�PRYLPLHQWR�GLIHUHQFLDO�'��YHU�HFXDFLyQ��������TXH
FRQWLHQH�ORV�VHLV�HOHPHQWRV�GH�PRYLPLHQWR�GLIHUHQFLDO��WUHV�GH�WUDVODFLyQ
\�WUHV�GH�URWDFLyQ��TXH�VH�SXHGHQ�REWHQHU�GH�OD�PDWUL]�7. �/D�PDWUL]�7�VH
FRQVLGHUD�TXH�UHVSRQGH�D�OD�IRUPD�

������

HV�GHFLU��TXH�VH�WUDWD�GH�XQD�PDWUL]�GH�WUDQVIRUPDFLyQ�GH�WUDVODFLyQ�\�UR�
WDFLyQ�GLIHUHQFLDOHV��YHU�HFXDFLyQ��������

/RV�HOHPHQWRV�GHO�YHFWRU�'�FRUUHVSRQGLHQWHV�D�OD�WUDVODFLyQ�VRQ�H[WUDtGRV
GLUHFWDPHQWH�GH�7��/RV�HOHPHQWRV�FRUUHVSRQGLHQWHV�D�OD�URWDFLyQ�HQ�WRUQR

D� ORV� HMHV� �� � \� � VH� REWLHQHQ� FRPR� OD�PHGLD� GH� ORV� GRV� YDORUHV� TXH
DSDUHFHQ�HQ�OD�PDWUL]�SDUD�FDGD�XQR�GH�HVRV�HMHV�

� ' WU�GLII�7��7��

(Q�HVWH�FDVR�WU�GLII�GHYXHOYH�XQ�YHFWRU�GH�VHLV�HOHPHQWRV�TXH�UHSUH�
VHQWD�HO�PRYLPLHQWR�GLIHUHQFLDO�TXH�FRUUHVSRQGH�DO�GHVSOD]DPLHQWR�GH�7�
D�7���HV�GHFLU�D�OD�PDWUL]�7��7�.  /D�IyUPXOD�SDUD�'�HV�

������
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0RGHORV�FLQHPiWLFRV�GH�URERWV WU�GLII
GRQGH�Q��R��D�\�S�VRQ�ODV�FROXPQDV�GH�ODV�PDWULFHV�GH�WUDQVIRUPDFLyQ�

������

(MHPSORV /D�IXQFLyQ�WU�GLII�VH�XVD�HQ�HO�FXHUSR�GH�OD�IXQFLyQ�LNLQH�SRU�HMHPSOR�

9HU�WDPELpQ GLII�WU, LNLQH

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

3DXO��5�3���5RERW�PDQLSXODWRUV��0DWKHPDWLFV��3URJUDPPLQJ�� DQG�&RQWURO�
&DPEULGJH��0DVVDFKXVHWWV��0,7�3UHVV�������
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,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
WU�MDF

3URSyVLWR &DOFXODU�OD�PDWUL]��TXH�VH�SRGUtD�OODPDU�-DFRELDQD��TXH�SHUPLWH�SDVDU�XQ
YHFWRU�GH�YHORFLGDGHV�FDUWHVLDQDV�GH�XQ�FXDGUR�GH�UHIHUHQFLD�D�RWUR�GLVWLQWR�

6LQWD[LV - WU�MDF�7�

'HVFULSFLyQ (VWD�IXQFLyQ�GHYXHOYH�XQD�PDWUL]�-DFRELDQD�GH�GLPHQVLRQHV��[���TXH�SHU�
PLWH�H[SUHVDU�HQ�XQ�VLVWHPD�GH�UHIHUHQFLD�^%`�XQ�YHFWRU�GH�YHORFLGDGHV�FDU�
WHVLDQDV� H[SUHVDGR� HQ� XQ� VLVWHPD� ^$`�� 3DUD� HOOR� VLPSOHPHQWH� KD\� TXH
SDVDUOH� FRPR� SDUiPHWUR� OD� PDWUL]� GH� WUDQVIRUPDFLyQ� 7� TXH� H[SUHVD� HO

FXDGUR�^%`�HQ�HO�^$`�� ��

(V�GHFLU��HVWD�IXQFLyQ�FDOFXOD�XQD�PDWUL]�� �WDO�TXH�

������

9HU�WDPELpQ GLII�WU, WU�GLII

5HIHUHQFLDV &RUNH��3�,���$�URERWLFV�WRROER[�IRU�0$7/$%��,(((�5RERWLFV�DQG�$XWRPDWLRQ
0DJD]LQH��9RO����Q~P�����SS��������������

3DXO��5�3���5RERW�PDQLSXODWRUV��0DWKHPDWLFV��3URJUDPPLQJ�� DQG�&RQWURO�
&DPEULGJH��0DVVDFKXVHWWV��0,7�3UHVV�������

7$
%

-%
$

υ% -
%

$
υ$⋅=
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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0RGHORV�FLQHPiWLFRV�GH�URERWV YHOSURS
YHOSURS

3URSyVLWR &DOFXODU� HO� YHFWRU�GH�YHORFLGDGHV�HQ�HO� HVSDFLR� FDUWHVLDQR� H[SUHVDGR�HQ�HO
VLVWHPD�GH�FRRUGHQDGDV�GHO�FXDGUR�^Q`�

6LQWD[LV ] YHOSURS�GK�T�TG�Y��Z��

'HVFULSFLyQ (VWD� IXQFLyQ� FDOFXOD� HO� YHFWRU� �� TXH� FRQWLHQH� ODV� YHORFLGDGHV� OL�

QHDOHV�\�DQJXODUHV�GHO�H[WUHPR�GHO�PDQLSXODGRU�H[SUHVDGDV�HQ�HO�FXDGUR�^Q`�
GRQGH�Q�UHSUHVHQWD�HO�Q~PHUR�GH�HQODFHV�GHO�PDQLSXODGRU�

3DUD�HOOR�HV�QHFHVDULR�SDVDUOH�XQD�VHULH�GH�SDUiPHWURV�

$OJRULWPR 6H�HPSOHD�HO�PpWRGR�GH�SURSDJDFLyQ�GH�YHORFLGDGHV�

(MHPSORV 9HU�(MHPSORV����������\�����HQ�2OOHUR�>�@�

9HU�WDPELpQ GK, INLQH

5HIHUHQFLDV &UDLJ��-�-���,QWURGXFWLRQ�WR�URERWLFV��$GGLVRQ�:HVOH\��VHJXQGD�HG��������

3DUiPHWUR 6LJQLILFDGR

T 9HFWRU�GH�YDULDEOHV�DUWLFXODUHV

TG 9HFWRU� GH� YHORFLGDGHV� GH� ODV� YDULDEOHV
DUWLFXODUHV

Y� 9HORFLGDG�OLQHDO�GH�OD�EDVH

Z� 9HORFLGDG�DQJXODU�GH�OD�EDVH

υQ νQ

ωQ
=
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HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



,QVWUXFFLRQHV�0$7/$%�UHODFLRQDGDV�FRQ�OD�FLQHPiWLFD�GH�ORV�URERWV�PDQLSXODGRUHV
2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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0RGHORV�FLQHPiWLFRV�GH�URERWV
0RGHORV�FLQHPiWLFRV�GH�URERWV�PyYLOHV

&RPR� VH� FRPHQWy� DO� FRPLHQ]R� GH� HVWH� FDStWXOR�� SDUD� OD� VLPXODFLyQ� GH� ORV
PRGHORV�FLQHPiWLFRV�GH�FLHUWDV�FRQILJXUDFLRQHV�FOiVLFDV�GH�URERWV�PyYLOHV��VH
GLVSRQH�GH�XQD�VHULH�GH�EORTXHV�6LPXOLQN�TXH�VH�GHWDOODQ�D�FRQWLQXDFLyQ�

7DPELpQ� KD\� IXQFLRQHV� SDUD� OD� UHSUHVHQWDFLyQ� HVTXHPiWLFD� GH� URERWV
PyYLOHV�
��� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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0RGHORV�FLQHPiWLFRV�GH�URERWV�PyYLOHV 0RGHOR�GLUHFWR�ELFLFOHWD
0RGHOR�GLUHFWR�ELFLFOHWD

3URSyVLWR &DOFXODU�ODV�FRRUGHQDGDV�\�RULHQWDFLyQ�GH�XQ�YHKtFXOR�FDUDFWHUL]DGR�SRU�HO
PRGHOR�GH�OD�ELFLFOHWD�D�SDUWLU�GH�ODV�VHxDOHV�GH�FRQWURO�FRUUHVSRQGLHQWHV�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD�ODV�FRRUGHQDGDV� �\�OD�RULHQWDFLyQ� �GH�XQ�YHKtFXOR
FDUDFWHUL]DGR�SRU�HO�PRGHOR�GH�OD�ELFLFOHWD�D�SDUWLU�GH�ODV�VHxDOHV�GH�FRQWURO

�\� ��/DV�HFXDFLRQHV�GHO�PRGHOR�VRQ�

������

GRQGH� �HV�HO�UDGLR�GH�ODV�UXHGDV�\� �HV�OD�GLVWDQFLD�HQWUH�OD�UXHGD�GHODQWHUD
\�OD�WUDVHUD�
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0RGHORV�FLQHPiWLFRV�GH�URERWV 0RGHOR�GLUHFWR�ELFLFOHWD
5HIHUHQFLDV 2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������
��� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



0RGHORV�FLQHPiWLFRV�GH�URERWV�PyYLOHV 0RGHOR�GLUHFWR�WULFLFOR�FOiVLFR
0RGHOR�GLUHFWR�WULFLFOR�FOiVLFR

3URSyVLWR &DOFXODU�ODV�FRRUGHQDGDV�\�RULHQWDFLyQ�GH�XQ�YHKtFXOR�WLSR�WULFLFOR�D�SDUWLU
GH�ODV�VHxDOHV�GH�FRQWURO�FRUUHVSRQGLHQWHV�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD�ODV�FRRUGHQDGDV� �\�OD�RULHQWDFLyQ� �GH�XQ�YHKtFXOR

WLSR�WULFLFOR�D�SDUWLU�GH�ODV�VHxDOHV�GH�FRQWURO� �\� ��/DV�HFXDFLRQHV�GHO

PRGHOR�VRQ�

������

GRQGH� �HV�HO�UDGLR�GH�ODV�UXHGDV�\� �HV�OD�GLVWDQFLD�HQWUH�OD�UXHGD�GHODQWHUD
\�ODV�WUDVHUDV�
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LQLFLDOHV�GHO�YHKtFXOR
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9DORU�LQLFLDO�GHO�iQJXOR α
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0RGHORV�FLQHPiWLFRV�GH�URERWV 0RGHOR�GLUHFWR�WULFLFOR�FOiVLFR
5HIHUHQFLDV 2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������
��� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



0RGHORV�FLQHPiWLFRV�GH�URERWV�PyYLOHV 0RGHOR�GLUHFWR�JXLDGR�GLIHUHQFLDO
0RGHOR�GLUHFWR�JXLDGR�GLIHUHQFLDO

3URSyVLWR &DOFXODU�ODV�FRRUGHQDGDV�\�RULHQWDFLyQ�GH�XQ�YHKtFXOR�FRQ�JXLDGR�GLIHUHQFLDO
D�SDUWLU�GH�ODV�VHxDOHV�GH�FRQWURO�FRUUHVSRQGLHQWHV�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD�ODV�FRRUGHQDGDV� �\�OD�RULHQWDFLyQ� �GH�XQ�YHKtFXOR

FRQ�JXLDGR�GLIHUHQFLDO�D�SDUWLU�GH�ODV�VHxDOHV�GH�FRQWURO� �\� ��/DV�HFXD�

FLRQHV�GHO�PRGHOR�GH�HVWH�WLSR�GH�YHKtFXORV�VRQ�

������

GRQGH� �HV�HO�UDGLR�GH�ODV�UXHGDV�\� �HV�OD�GLVWDQFLD�HQWUH�ODV�UXHGDV�

3DUiPHWURV
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LQLFLDOHV�GHO�YHKtFXOR

ORQJLWXG�HQWUH�UXHGDV��E�
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0RGHORV�FLQHPiWLFRV�GH�URERWV 0RGHOR�GLUHFWR�FRQILJ��VtQFURQD
0RGHOR�GLUHFWR�FRQILJ��VtQFURQD

3URSyVLWR &DOFXODU�ODV�FRRUGHQDGDV�\�RULHQWDFLyQ�GH�XQ�YHKtFXOR�FDUDFWHUL]DGR�SRU�XQD
FRQILJXUDFLyQ�VtQFURQD�D�SDUWLU�GH�ODV�VHxDOHV�GH�FRQWURO�FRUUHVSRQGLHQWHV�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD�ODV�FRRUGHQDGDV� �\�OD�RULHQWDFLyQ� �GH�XQ�YHKtFXOR
FDUDFWHUL]DGR�SRU�XQD�FRQILJXUDFLyQ�VtQFURQD�D�SDUWLU�GH�ODV�VHxDOHV�GH�FRQ�
WURO� �\� ��/DV�HFXDFLRQHV�GHO�PRGHOR�VRQ�

������
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0RGHORV�FLQHPiWLFRV�GH�URERWV�PyYLOHV 0RGHOR�LQYHUVR�ELFLFOHWD
0RGHOR�LQYHUVR�ELFLFOHWD

3URSyVLWR &DOFXODU�D�SDUWLU�GH�OD�WUD\HFWRULD�HQ�HO�WLHPSR��ODV�FRUUHVSRQGLHQWHV�YDULD�
EOHV�GH�FRQWURO�SDUD�XQ�YHKtFXOR�FDUDFWHUL]DGR�SRU�HO�PRGHOR�GH�OD�ELFLFOHWD�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD�ODV�YDULDEOHV�GH�FRQWURO� �\� �SDUD�XQ�YHKtFXOR�FDUDF�
WHUL]DGR�SRU�HO�PRGHOR�GH�OD�ELFLFOHWD�D�SDUWLU�GH�OD�WUD\HFWRULD�HQ�HO�WLHPSR

��$VLPLVPR��WDPELpQ�GHYXHOYH�HO�iQJXOR�GH�RULHQWDFLyQ�� ��GH�OD
UXHGD�GHODQWHUD�\�OD�RULHQWDFLyQ�GHO�YHKtFXOR�� ���/DV�HFXDFLRQHV�GHO�PRGHOR
VRQ�

������

GRQGH� �HV�OD�GLVWDQFLD�HQWUH�OD�UXHGD�GHODQWHUD�\�OD�WUDVHUD�
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0RGHORV�FLQHPiWLFRV�GH�URERWV 0RGHOR�LQYHUVR�WULFLFOR�FOiVLFR
0RGHOR�LQYHUVR�WULFLFOR�FOiVLFR

3URSyVLWR &DOFXODU� D� SDUWLU� GH� OD� WUD\HFWRULD� HQ� HO� WLHPSR�� ODV� FRUUHVSRQGLHQWHV� YD�
ULDEOHV�GH�FRQWURO�SDUD�XQ�YHKtFXOR�WLSR�WULFLFOR�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD�ODV�YDULDEOHV�GH�FRQWURO� �\� �SDUD�XQ�YHKtFXOR�WLSR

WULFLFOR�D�SDUWLU�GH�OD�WUD\HFWRULD�HQ�HO�WLHPSR� ��$VLPLVPR��WDPELpQ
GHYXHOYH�HO�iQJXOR�GH�RULHQWDFLyQ�� ��GH�OD�UXHGD�GHODQWHUD�\�OD�RULHQWDFLyQ
GHO�YHKtFXOR�� ���/DV�HFXDFLRQHV�GHO�PRGHOR�VRQ�

������

GRQGH� �HV�OD�GLVWDQFLD�HQWUH�OD�UXHGD�GHODQWHUD�\�ODV�WUDVHUDV�
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0RGHORV�FLQHPiWLFRV�GH�URERWV�PyYLOHV 0RGHOR�LQYHUVR�JXLDGR�GLIHUHQFLDO
0RGHOR�LQYHUVR�JXLDGR�GLIHUHQFLDO

3URSyVLWR &DOFXODU� D� SDUWLU� GH� OD� WUD\HFWRULD� HQ� HO� WLHPSR�� ODV� FRUUHVSRQGLHQWHV� YD�
ULDEOHV�GH�FRQWURO�SDUD�XQ�YHKtFXOR�FRQ�JXLDGR�GLIHUHQFLDO�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD� ODV�YDULDEOHV�GH�FRQWURO� �\� �SDUD�XQ�YHKtFXOR�FRQ

JXLDGR� GLIHUHQFLDO� D� SDUWLU� GH� OD� WUD\HFWRULD� HQ� HO� WLHPSR� �� $VL�
PLVPR��WDPELpQ�GHYXHOYH�OD�RULHQWDFLyQ�GHO�YHKtFXOR�� ���/DV�HFXDFLRQHV�GHO
PRGHOR�VRQ�

������

GRQGH� �HV�HO�UDGLR�GH�ODV�UXHGDV�\� �HV�OD�GLVWDQFLD�HQWUH�ODV�UXHGDV�
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0RGHORV�FLQHPiWLFRV�GH�URERWV 0RGHOR�LQYHUVR�FRQILJ��VtQFURQD
0RGHOR�LQYHUVR�FRQILJ��VtQFURQD

3URSyVLWR &DOFXODU� D� SDUWLU� GH� OD� WUD\HFWRULD� HQ� HO� WLHPSR�� ODV� FRUUHVSRQGLHQWHV� YD�
ULDEOHV�GH�FRQWURO�SDUD�XQ�YHKtFXOR�FRQ�FRQILJXUDFLyQ�VtQFURQD�

'HVFULSFLyQ (VWH�EORTXH�FDOFXOD�ODV�YDULDEOHV�GH�FRQWURO� �\� �SDUD�XQ�YHKtFXOR�FRQ�FRQ�

ILJXUDFLyQ�VtQFURQD�D�SDUWLU�GH� OD�WUD\HFWRULD�HQ�HO� WLHPSR� ��$VL�

PLVPR��WDPELpQ�GHYXHOYH�OD�RULHQWDFLyQ�GHO�YHKtFXOR�� ���/DV�HFXDFLRQHV�GHO
PRGHOR�VRQ�
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0RGHORV�FLQHPiWLFRV�GH�URERWV�PyYLOHV WULUHS
WULUHS

3URSyVLWR 5HSUHVHQWDU�JUiILFDPHQWH�HO�PRGHOR�GHO�WULFLFOR�FOiVLFR�

6LQWD[LV WULUHS�[�\�SKL�DOSKD�FRORU�E�O�F�QS�RSW�

'HVFULSFLyQ (VWD� IXQFLyQ� VH�HQFDUJD�GH�JHQHUDU�XQD�UHSUHVHQWDFLyQ�JUiILFD�VLPSOH�GHO
WULFLFOR�FOiVLFR�D�SDUWLU�GH�ODV�FRRUGHQDGDV�GHO�FHQWUR�GH�JXLDGR��[��\���GH�OD
RULHQWDFLyQ�GHO�YHKtFXOR��SKL��\�GH�OD�RULHQWDFLyQ�GH�OD�UXHGD�GHODQWHUD�GHO
YHKtFXOR��DOSKD���/RV�YDORUHV�GH�[��\��SKL�\�DOSKD�SXHGHQ�VHU�YHFWRUHV��HQ
FX\R�FDVR�VH�UHSUHVHQWDUiQ�WDQWRV�SXQWRV�GH�OD�WUD\HFWRULD�FRPR�LQGLTXH�HO
SDUiPHWUR� QS�� (Q� HVWH� FDVR�� HV� SRVLEOH� HVSHFLILFDU� TXH� DSDUH]FDQ� VLPXO�
WiQHDPHQWH� WRGDV�HVDV� UHSUHVHQWDFLRQHV�HQ�SDQWDOOD� GDQGR�XQ�YDORU� FXDO�
TXLHUD� DO� SDUiPHWUR� RSW�� 6L� QR� VH� LQWURGXFH� GLFKR� SDUiPHWUR�� ODV
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