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SHQGXOXP� LQ� D� ORFDO� UHJLRQ� DURXQG� WKH�RULJLQ�� WKHUHIRUH�� WKH� OLQHDUL]HG�
PRGHO�LV�FRQVLGHUHG�IRU�REWDLQLQJ�WKH�SDUDPHWHUV��7R�YHULI\�WKH�HIIHFWLYH-
QHVV�RI�WKH�UHVXOWLQJ�H[SUHVVLRQV��H[SHULPHQWDO�WHVWV�DUH�SHUIRUPHG�XVLQJ�
DQ�$UGXLQR�SODWIRUP��ZKLFK�LV�XVHG�DV�DQ�LQWHUIDFH�WR�REWDLQ�WKH�DQJXODU�
SRVLWLRQ�RI�D�VLPSOH�SHQGXOXP�WKURXJK�DQ�LQFUHPHQWDO�HQFRGHU��7KH�HV-
WLPDWHG�SDUDPHWHUV� DUH�XVHG� WR�SHUIRUP�QXPHULFDO� VLPXODWLRQV� WKDW� DUH�
FRPSDUHG�ZLWK�WKH�H[SHULPHQWDO�UHVXOWV��7KH�REWDLQHG�UHVXOWV�VKRZ�D�YHU\�
VLPLODU�EHKDYLRU�RI�WKH�SK\VLFDO�DQG�QXPHULFDO�PRGHOV��VR�LW�LV�FRQFOXGHG�
WKDW�WKH�H[SUHVVLRQV�REWDLQHG�DUH�VXLWDEOH�IRU�REWDLQLQJ�WKH�LQHUWLD�DQG�WKH�
FRHI¿FLHQW�RI�IULFWLRQ�
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Introducción

/RV�SDUiPHWURV�GHO�PRGHOR�GH�XQ�VLVWHPD�GLQiPLFR�VRQ�GH�XWLOLGDG�
SDUD�VLPXODFLyQ�\�VLQWRQtD�GH�FRQWURODGRUHV��&XDQGR�QR�VH�FRQRFHQ�ODV�
SURSLHGDGHV�ItVLFDV�GHO�VLVWHPD�R�QR�VH�FXHQWD�FRQ�ORV�DUFKLYRV�&$'�GHO�
GLVHxR�SDUD�REWHQHU�ORV�SDUiPHWURV�PHGLDQWH�HO�XVR�GH�VRIWZDUH��ORV�SD-
UiPHWURV�GHO�PRGHOR�GLQiPLFR�EDMR�HVWXGLR�SXHGHQ�HVWLPDUVH�DSOLFDQGR�
PpWRGRV� GH� LGHQWL¿FDFLyQ�� /D� LGHQWL¿FDFLyQ� SDUDPpWULFD� SDUD� VLVWHPDV�
UREyWLFRV�VH�KD�HVWDGR�HVWXGLDQGR�GHVGH�KDFH�DOJXQDV�GpFDGDV��FRPR�VH�
YH�HQ�>�������������@��SRU�PHQFLRQDU�DOJXQRV��

3DUD�HO�FDVR�GH�VLVWHPDV�GH�XQ�JUDGR�GH�OLEHUWDG��DOJXQRV�PpWRGRV�GH�
LGHQWL¿FDFLyQ�GH�VLVWHPDV�GH�VHJXQGR�RUGHQ�VRQ�SUHVHQWDGRV�HQ�>�@�\�>�@�
SDUD�OD�LGHQWL¿FDFLyQ�GHO�FRH¿FLHQWH�GH�IULFFLyQ�YLVFRVD��HQWUH�RWURV�SD-
UiPHWURV���(Q�HO�SULPHUR��VH�REWLHQHQ�SDUiPHWURV�PHFiQLFRV��LQFOX\HQGR�
FRH¿FLHQWH�GH�IULFFLyQ�YLVFRVD��\�HOpFWULFRV�FRQVLGHUDQGR�GH�XQ�PRWRU�GH�
&'�SDUD�FRQWURO�GH�SRVLFLyQ��PLHQWUDV�HQ�HO�VHJXQGR��VH�H[SRQH�OD�REWHQ-
FLyQ�GH�ORV�FRH¿FLHQWHV�GH�IULFFLyQ�YLVFRVD�\�GH�&RORXPE�FRQVLGHUDQGR�
PHGLFLyQ�GH�YHORFLGDG�\�XQD�HQWUDGD�HVSHFt¿FD��/RV�SDUiPHWURV�GH�XQ�
SpQGXOR� LQYHUWLGR�VRQ�GHWHUPLQDGRV�HQ�>��@��GRQGH�OD� LQHUFLD�\�HO�FRH-
¿FLHQWH�GH�IULFFLyQ�YLVFRVD�VH�REWLHQHQ�FRQVLGHUDQGR�XQ�FRQWURODGRU�GH�
SRVLFLyQ�\�ODV�SURSLHGDGHV�GH�XQ�VLVWHPD�VXEDPRUWLJXDGR��

8Q�SpQGXOR�VLPSOH�SRGUtD�FRQVLGHUDUVH�FRPR�XQ�PDQLSXODGRU�GH�XQ�
JUDGR�GH�OLEHUWDG�SDUD�LPSOHPHQWDFLyQ�GH�FRQWURODGRUHV��$OJXQDV�WpFQLFDV�
GH�LGHQWL¿FDFLyQ�VRQ�DSOLFDGDV�D�HVWH�VLVWHPD�HQ�>�@�

(Q�HVWH�DUWtFXOR�VH�SUHVHQWD�XQ�PpWRGR�SDUD�REWHQHU�HO�YDORU�GH�OD�LQHU-
FLD�\�HO�FRH¿FLHQWH�GH�IULFFLyQ�YLVFRVD��FRQRFLHQGR�DOJXQDV�SURSLHGDGHV�
ItVLFDV�GHO�VLVWHPD�SHQGXODU��FRPR�OD�PDVD�\�OD�ORQJLWXG�DO�FHQWUR�GH�PDVD��
DVt�FRPR�XQD�FRWD�GHO�FRH¿FLHQWH�GH�IULFFLyQ�YLVFRVD�REWHQLGD�D�SDUWLU�GH�
OD�OLQHDOL]DFLyQ�GH�XQ�VLVWHPD�FRQ�FRPSRUWDPLHQWR�RVFLODWRULR��

&RQ�UHVSHFWR�DO�XVR�GH�XQ�VLVWHPD�OLQHDOL]DGR�SDUD�LGHQWL¿FDFLyQ�SD-
UDPpWULFD��DGHPiV�GHO�WUDEDMR�GH�>��@�DUULED�PHQFLRQDGR��HQ�>�@�VH�SUH-
VHQWD�XQ�PpWRGR�GH�LGHQWL¿FDFLyQ�GH�ORV�FRH¿FLHQWHV�GH�OD�OLQHDOL]DFLyQ�GH�
XQ�PRGHOR�GLQiPLFR�(XOHU�/DJUDQJH�DOUHGHGRU�GH�XQ�SXQWR�GH�HTXLOLEULR�
DSOLFDGR�D�URERWV�PDQLSXODGRUHV�GH�Q�JUDGRV�GH�OLEHUWDG��REWHQLpQGRVH�ORV�
FRH¿FLHQWHV�GH�LQHUFLD��&RULROLV�\�JUDYLWDFLRQDO��SURSRUFLRQDQGR�GLIHUHQ-
WHV�WUD\HFWRULDV��H[FLWDQGR�XQ�WpUPLQR�D�OD�YH]�

(O�PpWRGR�TXH�VH�H[SRQH�HQ�HO�SUHVHQWH�WUDEDMR�XWLOL]D�XQD�HFXDFLyQ�
GLIHUHQFLDO��XQD�OLQHDOL]DFLyQ���\�SHUPLWH�REWHQHU�GH�IRUPD�GLUHFWD��HQ�XQ�
VROR�SDVR��DPERV�SDUiPHWURV��LQHUFLD�\�IULFFLyQ���OR�TXH�SUHVHQWD�OD�YHQWD-
MD�GH�EDMR�FRQVXPR�GH�WLHPSR�HQ�HO�SURFHVR�GH�HVWLPDFLyQ�>�@���$GLFLRQDO-
PHQWH��HO�PpWRGR�XWLOL]D�~QLFDPHQWH�OD�PHGLFLyQ�GH�OD�SRVLFLyQ�DQJXODU�
FRQ�XQ�WRUTXH�GH�HQWUDGD�FHUR��UHTXLULHQGR�XQD�FRQGLFLyQ�LQLFLDO�FHUFDQD�
DO�SXQWR�GH�RSHUDFLyQ�EDMR�HVWXGLR�

Materiales y métodos 

Dinámica del péndulo simple con fricción viscosa
(O�SUHVHQWH�WUDEDMR�FRQVLGHUD�XQ�SpQGXOR�VLPSOH�FRPR�HO�GH�OD�)LJXUD�

���/D�HFXDFLyQ�TXH�UHSUHVHQWD�VX�GLQiPLFD�HVWi�GDGD�SRU

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

donde J�HV�HO�FRH¿FLHQWH�GH�LQHUFLD��c�FRUUHVSRQGH�DO�FRH¿FLHQWH�GH�
IULFFLyQ��m�HV�OD�PDVD��l�UHSUHVHQWD�OD�ORQJLWXG�DO�FHQWUR�GH�PDVD�GHO�SpQ-
dulo, g�HV�OD�FRQVWDQWH�GH�JUDYHGDG��ș, ș�լ y ș�խ�VRQ�OD�SRVLFLyQ��YHORFLGDG�
\�DFHOHUDFLyQ�DQJXODU�UHVSHFWLYDPHQWH��PLHQWUDV�TXH�Ĳ�HV�HO�WRUTXH�GH�HQ-
WUDGD�GHO�SpQGXOR�

&RQVLGHUDQGR�HO�YHFWRU�GH�HVWDGR� ��GH¿QLGR�FRPR

\�HQWUDGD�QXOD��HVWR�HV

VH�WLHQH�TXH�OD�UHSUHVHQWDFLyQ�HQ�HVSDFLR�GH�HVWDGRV�GH������YLHQH�GDGD�SRU�
                                       ���������������������������������������

donde

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

Figura 1. Diagrama del péndulo simple.

/D�REWHQFLyQ�GH�ORV�SDUiPHWURV�GHO�SpQGXOR�VH�OOHYD�D�FDER�HQ�XQD�UH-
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JLyQ�ORFDO��SRU�OR�TXH�VH�OLQHDOL]D�HO�VLVWHPD����������OOHYiQGROR�D�OD�IRUPD

donde A�HV�OD�PDWUL]�-DFRELDQD�>�@�GHVFULWD�SRU

���������������������������������

(O�SpQGXOR�VLPSOH�HQ�HVWH�WUDEDMR�VH�DQDOL]D�DOUHGHGRU�GH�XQ�SXQWR�GH�
HTXLOLEULR�HVWDEOH��HVWR�HV��HQ� ��(O�VLVWHPD�OLQHDOL]DGR�GHO�
SpQGXOR�DOUHGHGRU�GHO�RULJHQ�VH�REWLHQH�DO�DSOLFDU�����HQ������GH�GRQGH�VH�
REWLHQH�TXH

����������������������������������

2EWHQFLyQ�GH�ORV�SDUiPHWURV�GH�IULFFLyQ�H�LQHUFLD

(O�VLVWHPD������SUHVHQWD�XQ�FRPSRUWDPLHQWR�GH¿QLGR�SRU�ORV�YDORUHV�
SURSLRV�GDGRV�SRU

&RQVLGHUDQGR�XQ� FRH¿FLHQWH�GH� IULFFLyQ�c� OR� VX¿FLHQWHPHQWH�SHTXHxR��
HVWR�HV

FRPR�SDUD� WHQHU�XQ�FRPSRUWDPLHQWR�RVFLODWRULR�HQ�HO�SpQGXOR��VH� WLHQH�
TXH�ORV�YDORUHV�SURSLRV�GHO�VLVWHPD�����HVWDUiQ�GDGRV�SRU�XQ�SDU�GH�FRP-
SOHMRV�FRQMXJDGRV�>��@�GHVFULWRV�SRU

 
donde

���������������������������������

3RU�OR�WDQWR��OD�VROXFLyQ�DO�VLVWHPD�QRPLQDO�YLHQH�GDGD�SRU

donde �HV�OD�FRQGLFLyQ�LQLFLDO�GHO�YHFWRU�[�W�, P�FRUUHVSRQGH�D�
XQD�PDWUL]�GH�YHFWRUHV�SURSLRV�YiOLGD�GH�OD�PDWUL]�A�GHO�VLVWHPD������\�Ȧ 
HV�OD�YHORFLGDG�DQJXODU�GDGD�SRU

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

&RQVLGHUDQGR�TXH� VH�FRQRFHQ� OD�FRQGLFLyQ� LQLFLDO� �\�GRV�SRVLFLRQHV�
 y , para ��GH�WDO�PDQHUD�TXH

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

con , para ��VH�WHQGUi�HQWRQFHV�TXH

/D�FRQGLFLyQ�GDGD�SRU������ LPSOLFD�OD�VHOHFFLyQ�GH�GRV�SXQWRV��  y 
��VHSDUDGRV�SRU� �SHULRGRV�GH�WLHPSR��GRQGH�XQ�SHULRGR�GH�

WLHPSR�HVWi�GDGR�SRU� ��3RU�OR�DQWHULRU��VH�SXHGH�GHFLU�WDPELpQ�
TXH

7RPDQGR�HQ�FXHQWD������VH�WHQGUi�HQWRQFHV�TXH

5HDOL]DQGR�ODV�RSHUDFLRQHV�DGHFXDGDV��VH�HQFXHQWUD�TXH

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

3RU�RWUR�ODGR��GH�����VH�REWLHQH�TXH

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

8WLOL]DQGR�ORV�YDORUHV�GH�Į y ȕ��REWHQLGRV�GH�ODV�HFXDFLRQHV�����\�������VH�
SXHGHQ�FDOFXODU�ORV�YDORUHV�GH�OD�LQHUFLD�J�\�HO�FRH¿FLHQWH�GH�IULFFLyQ�c 
XWLOL]DQGR�ODV�H[SUHVLRQHV�GDGDV�HQ������

'HWHUPLQDFLyQ�GH�OD�LQHUFLD�\�GHO�FRH¿FLHQWH�GH�
fricción viscosa 

&RQVLGHUDQGR�XQ�SpQGXOR�VLPSOH��GH¿QLGR�SRU�OD�HFXDFLyQ������FRQ�WRU-
TXH�QXOR� ��PDVD�m��XQD�ORQJLWXG�DO�FHQWUR�GH�PDVD�l, y un valor de 
IULFFLyQ�c�SRU�GHWHUPLQDU�WDO�TXH�VH�SURGX]FD�XQ�FRPSRUWDPLHQWR�RVFLODWRULR�
H[SRQHQFLDOPHQWH�HVWDEOH��VH�SXHGHQ�GHWHUPLQDU�VXV�SDUiPHWURV�GH�IULFFLyQ�
H�LQHUFLD�SDUWLHQGR�GH�XQD�FRQGLFLyQ�LQLFLDO� �GLVWLQWD�GH�FHUR��6L�
VH�FRQRFHQ�GRV�SRVLFLRQHV�DQJXODUHV�� , con ��VHSDUD-
GRV�SRU� �SHULRGRV�GH�WLHPSR��\�DGHPiV��VH�FRQRFH�HO�YDORU�GH�OD�IUH-
FXHQFLD�QDWXUDO�GHO�VLVWHPD�RVFLODWRULR�Ȧ��VH�SXHGHQ�GHWHUPLQDU�HO�YDORU�GHO�
FRH¿FLHQWH�GH�IULFFLyQ�c, y el valor de la inercia J�PHGLDQWH�ODV�H[SUHVLRQHV

 �����������������������������������

donde Į y ȕ�HVWiQ�GH¿QLGDV�SRU�ODV�HFXDFLRQHV�����\������

Plataforma experimental
&RQ�HO�REMHWLYR�GH�SUREDU�HO�PpWRGR�SURSXHVWR�HQ�OD�VHFFLyQ�����SDUD�

REWHQHU�ORV�YDORUHV�GH�ORV�SDUiPHWURV�GHO�SpQGXOR�VLPSOH��VH�XWLOL]y�XQD�
SODWDIRUPD� H[SHULPHQWDO� FRQIRUPDGD� SRU� XQ� PHFDQLVPR� WLSR� SpQGXOR�
VLPSOH��XQ�HQFRGHU��XQD�WDUMHWD�GH�$UGXLQR�812��\�XQD�FRPSXWDGRUD�FRQ�
HO�6RIWZDUH�GH�6LPXOLQN�GH�0DW/DE��(Q�OD�)LJXUD����VH�PXHVWUD�HO�GLDJUD-
PD�D�EORTXHV�GH�OD�SODWDIRUPD�H[SHULPHQWDO�

)LJXUD����'LDJUDPD�GH�OD�SODWDIRUPD�H[SHULPHQWDO�
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)LJXUD����3pQGXOR�VLPSOH�XWLOL]DGR�HQ�ORV�H[SHULPHQWRV�

(O�SpQGXOR�XWLOL]DGR�HQ�ORV�H[SHULPHQWRV�VH�PXHVWUD�HQ�OD�)LJXUD����
HO�FXDO�WLHQH�XQD�ORQJLWXG�WRWDO�GH�����PP��\�WLHQH�XQ�SHVR�GH������JU��
(O�HQFRGHU�XWLOL]DGR�HV�XQR�URWDWRULR�GH�OD�PDUFD�$LGHHSHQ�GH��PP�GH�
GLiPHWUR�GHO� HMH�� FRQ�����SXOVRV�SRU� UHYROXFLyQ�D�XQD� IDVH�R������HQ�
FXDGUDWXUD��\�XQD�DOLPHQWDFLyQ�GH���D����9FG��6H�XWLOL]y�XQD�WDUMHWD�GH�
$UGXLQR�812��GH�OD�FXDO�VH�WRPy�OD�DOLPHQWDFLyQ�GH���9�SDUD�HO�HQFRGHU�
\�VH�XWLOL]DURQ�VXV���HQWUDGDV�GH�LQWHUUXSFLRQHV�H[WHUQDV�SDUD�FRQHFWDU�ODV�
OtQHDV�GH�IDVH�GHO�HQFRGHU��/D�SODWDIRUPD�$UGXLQR�IXH�SURJUDPDGD�SDUD�
XWLOL]DU�HO�HQFRGHU�HQ�FXDGUDWXUD��\�GH�HVWD�IRUPD�REWHQHU�LQIRUPDFLyQ�FRQ�
XQD�PD\RU�UHVROXFLyQ��3DUD�OD�PHGLFLyQ�GH�GDWRV�VH�XWLOL]y�XQD�3&�FRQ�XQ�
SURFHVDGRU�,QWHO�&RUH�L�������#����*+]�\��*%�GH�5$0��/D�YLVXDOL]D-
FLyQ�GH�ORV�GDWRV�VH�KL]R�HQ�6LPXOLQN�GH�0DW/DE�YHUVLyQ�����D��$GHPiV��
VH�UHDOL]y�XQD�FRQH[LyQ�VHULDO�YLUWXDO�HQWUH�HO�$UGXLQR�\�OD�3&�D�������
ESV��\�OD�PHGLFLyQ�GH�GDWRV�VH�KL]R�FRQ�XQD�WDVD�GH�PXHVWUHR�GH����PV�

$�FRQWLQXDFLyQ��VH�PXHVWUD�ORV�UHVXOWDGRV�REWHQLGRV�H[SHULPHQWDOPHQ-
WH��GRQGH�SULPHUR�VH�REWLHQHQ�ORV�SDUiPHWURV�GHO�SpQGXOR��TXH�OXHJR�VRQ�
XWLOL]DGRV�SDUD�GHVDUUROODU�XQ�PRGHOR�QXPpULFR�TXH�HV�FRPSDUDGR�FRQ�HO�
PRGHOR�UHDO�

Resultados experimentales

Estimación de los parámetros
6H�UHDOL]DURQ�XQD�VHULH�GH�H[SHULPHQWRV�SDUD�YDOLGDU�OD�REWHQFLyQ�GH�

ORV�SDUiPHWURV�GH�IULFFLyQ�H�LQHUFLD�GHO�SpQGXOR�VLPSOH��HQ�FDGD�H[SHUL-
PHQWR�VH�REWXYR�XQD�JUi¿FD��VLPLODU�D�OD�GH�OD�)LJXUD����TXH�PXHVWUD�HO�
FRPSRUWDPLHQWR�GH�OD�SRVLFLyQ�DQJXODU�UHVSHFWR�DO�WLHPSR��&DGD�H[SHUL-
PHQWR�VH�UHDOL]y�GDQGR�XQD�FRQGLFLyQ�LQLFLDO�GLVWLQWD�GH�FHUR�DO�SpQGXOR�
VLQ�HQWUDGD��3RVWHULRUPHQWH��VH�WRPDURQ�ODV�FRRUGHQDGDV��SRVLFLyQ�DQJX-
lar  y tiempo ��GH�GRV�SXQWRV�Pi[LPRV�GH�OD�WUD\HFWRULD�GHVFULWD�GH�OD�
SRVLFLyQ�DQJXODU��SRVLWLYRV�R�QHJDWLYRV��GHMDQGR�SDVDU�GLVWLQWRV�SHULRGRV�
GH�WLHPSR�HQWUH�ODV�GRV�FRRUGHQDGDV��/RV�YDORUHV�  y ��DVt�FRPR�HO�
Q~PHUR�GH�FLFORV� ��VH�XWLOL]DURQ�HQ����������SDUD�FDOFXODU�HO�FRH-
¿FLHQWH�GH�IULFFLyQ�c y el valor de la inercia J��(Q�OD�)LJXUD���VH�REVHUYD�
XQ�HMHPSOR�GH�OD�WRPD�GH�GDWRV�GH�OD�JUi¿FD�GHO�FRPSRUWDPLHQWR�GH�OD�
SRVLFLyQ�DQJXODU�

)LJXUD����7RPD�GH�GDWRV�HQ�OD�JUi¿FD�GHO�FRPSRUWDPLHQWR�GH�OD�SRVLFLyQ�
angular.

6H� UHDOL]DURQ� ��� H[SHULPHQWRV� SDUD� DOFDQ]DU� XQD� YDULDFLyQ� GH� HVWL-
PDFLyQ�PHQRU�DO���� WDQWR�SDUD� OD� LQHUFLD� FRPR�SDUD�HO� FRH¿FLHQWH�GH�
IULFFLyQ�YLVFRVD��/DV�JUi¿FDV�GH�GLVSHUVLyQ�GH�ORV�UHVXOWDGRV�H[SHULPHQ-
WDOHV�VH�PXHVWUDQ�HQ�OD�)LJXUD����(O�YDORU�PHGLR�REWHQLGR�SDUD�OD�LQHUFLD�-�
HV�GH� �FRQ�XQD�GHVYLDFLyQ�HVWiQGDU�GH�
��0LHQWUDV� TXH� HO� YDORU� PHGLR� SDUD� HO� FRH¿FLHQWH� GH� IULFFLyQ� F� HV� GH�

�FRQ�XQD�GHVYLDFLyQ�HVWiQGDU�GH� �

)LJXUD����*Ui¿FD�GH�GLVSHUVLyQ�GH�GDWRV�H[SHULPHQWDOHV�

Comparación del sistema experimental 
y simulado

&RQ�HO�¿Q�GH�YDOLGDU�ORV�UHVXOWDGRV�REWHQLGRV��VH�KL]R�XQD�FRPSDUDFLyQ�
HQWUH�HO�FRPSRUWDPLHQWR�GHO�VLVWHPD�H[SHULPHQWDO�\�HO�VLPXODGR��3DUD�OD�
VLPXODFLyQ�VH�XWLOL]y�HO�DOJRULWPR�GH�LQWHJUDFLyQ�GH�SDVR�¿MR�RGH���5XQ-
JH�.XWWD���FRQ�XQ�SDVR�GH�LQWHJUDFLyQ�GH����PV��/RV�UHVXOWDGRV�TXH�VH�RE-
WXYLHURQ�GH�FRPSDUDU�DPERV�FRPSRUWDPLHQWRV�VH�PXHVWUDQ�HQ�OD�)LJXUD���

Figura 6. Comportamiento de la posición angular del sistema experimen-
WDO�\�VLPXODGR�
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Discusión

/DV�HFXDFLRQHV�REWHQLGDV�SDUD�GHWHUPLQDU�ORV�YDORUHV�GH�ORV�SDUiPHWURV�
GH�OD�LQHUFLD�\�HO�FRH¿FLHQWH�GH�IULFFLyQ�FRUUHVSRQGHQ�D�XQD�UHJLyQ�ORFDO�
DOUHGHGRU�GHO�RULJHQ��SRU� OR�TXH�VH�GHEH�FRQVLGHUDU�TXH� ODV�FRQGLFLRQHV�
LQLFLDOHV� HQ� ORV� H[SHULPHQWRV� VHDQ� OR� VX¿FLHQWHPHQWH� SHTXHxDV�� \D� TXH�
VH�REVHUYy�XQD�GLVSHUVLyQ�PiV�JUDQGH�FXDQGR�VH�FRQVLGHUy�XQD�SRVLFLyQ�
DQJXODU�LQLFLDO�PD\RU�D�����UDG��

(O�YDORU�GH�ORV�SDUiPHWURV�VH�REWXYR�DO�XWLOL]DU�ODV�HFXDFLRQHV�SURSXHV-
WDV��DXQTXH�HV�LPSRUWDQWH�UHDOL]DU�YDULRV�H[SHULPHQWRV�\�FRQVLGHUDU�XQ�Pp-
WRGR�HVWDGtVWLFR�SDUD�REWHQHU�YDORUHV�DGHFXDGRV�GH�ORV�SDUiPHWURV�

(Q�HO�GHVDUUROOR�GH�ORV�H[SHULPHQWRV��HO�XVR�GH�OD�SODWDIRUPD�$UGXLQR�
FRPR�WDUMHWD�GH�DGTXLVLFLyQ�GH�GDWRV�QR�SUHVHQWy�QLQJ~Q�SUREOHPD�PRV-
WUDQGR�ORV�UHVXOWDGRV�GH�DFXHUGR�FRQ�OR�SUHYLVWR��SRU�OR�TXH�VX�XVR�UHSUH-
VHQWD�XQD�RSFLyQ�FRPSDUDGD�FRQ�WDUMHWDV�GH�DGTXLVLFLyQ�PiV�FRPSOHMDV�\�
FDUDV�

/RV�UHVXOWDGRV�REWHQLGRV�SDUD�OD�LQHUFLD�SUHVHQWDQ�XQD�GLVSHUVLyQ�GHO�
���UHVSHFWR�DO�YDORU�PHGLR�\�VX�GHVYLDFLyQ�HVWiQGDU��PLHQWUDV�TXH�SDUD�
HO�FRH¿FLHQWH�GH�IULFFLyQ�HV�GHO�������OR�FXDO�LQGLFD�TXH�VH�SXHGH�WHQHU�
UHSHWLWLYLGDG�HQ�ORV�H[SHULPHQWRV�VLQ�TXH�VH�UHÀHMH�XQ�FDPELR�VLJQL¿FDWLYR�
HQ�OD�HVWLPDFLyQ�GH�ORV�SDUiPHWURV�

/D�FRPSDUDFLyQ�HQWUH�HO�PRGHOR�H[SHULPHQWDO�\�HO�QXPpULFR�PXHVWUD�
TXH� ORV� SDUiPHWURV� HVWLPDGRV� \� HO�PRGHOR� XWLOL]DGR� SUHGLFH� FRQ� FLHUWD�
H[DFWLWXG�HO�FRPSRUWDPLHQWR�GHO�SpQGXOR��HVWR�VH�REVHUYD�HQ�OD�)LJXUD����
GRQGH� ODV� WUD\HFWRULDV�GHO�PRGHOR�H[SHULPHQWDO�\�GHO�PRGHOR�QXPpULFR�
HVWiQ�SUiFWLFDPHQWH�VREUHSXHVWDV�

Conclusiones

(O�PpWRGR�XWLOL]DGR�HQ�HO�SUHVHQWH�WUDEDMR�SHUPLWH�HVWLPDU�ORV�SDUiPH-
WURV�GH�LQHUFLD�\�GH�IULFFLyQ�GH�XQ�SpQGXOR�VLPSOH��/RV�UHVXOWDGRV�PXHV-
WUDQ�TXH�HO�XVR�GH�ORV�SDUiPHWURV�HVWLPDGRV�SRU�PHGLR�GH�ODV�H[SUHVLRQHV�
SURSXHVWDV�SHUPLWH�SUHGHFLU�HO�FRPSRUWDPLHQWR�GH�OD�SRVLFLyQ�DQJXODU�GHO�
VLVWHPD�GLQiPLFR��(O�PpWRGR�SRGUtD�VHU�XWLOL]DGR�SDUD�HVWLPDU�ORV�SDUiPH-
WURV�GH�VLVWHPDV�PiV�FRPSOHMRV�TXH�WHQJDQ�XQ�FRPSRUWDPLHQWR�VLPLODU�DO�
GH�XQ�SpQGXOR�VLPSOH�

Símbolos

(Q�OD�7DEOD���VH�PXHVWUD�OD�OLVWD�GH�VtPERORV�XWLOL]DGRV�D�OR�ODUJR�GHO�
GRFXPHQWR����������������������������������������������

 7DEOD����/LVWD�GH�VtPERORV�XWLOL]DGRV�
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