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

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

)5(&8(1&,$6�1$785$/(6�
'(�3/$&$6�&8$'5$1*8/$5(6

3DWULFLD�0��%HOOpV
��-RVp�/��3RPER� \�:DOWHU�7XFNDUW�

 'HSDUWDPHQWR�GH�,QJHQLHUtD��,QVWLWXWR�GH�0HFiQLFD�$SOLFDGD��,0$���8QLYHUVLGDG�1DFLRQDO�GHO�6XU�

&RPLVLyQ�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV��&,&��GH�OD�3URYLQFLD�GH�%XHQRV�$LUHV�
$YGD��$OHP�������%����&3%�%DKtD�%ODQFD��$UJHQWLQD��

H�PDLO��SEHOOHV#FULED�HGX�DU
� 'HSDUWDPHQWR�GH�,QJHQLHUtD��/DERUDWRULR�GH�9LEUDFLRQHV�0HFiQLFDV��8QLYHUVLGDG�1DFLRQDO�GHO�6XU�

$YGD��$OHP�������%����&3%�%DKtD�%ODQFD��$UJHQWLQD��
H�PDLO��ZWXFNDUW#FULED�HGX�DU

3DODEUDV�FODYH� 9LEUDFLRQHV�PHFiQLFDV��PpWRGRV�QXPpULFRV�
5HVXPHQ� 6H� DQDOL]D� HO� FRPSRUWDPLHQWR� GLQiPLFR� GH� SODFDV� GH� IRUPD� FXDGUDQJXODU�
DUELWUDULD�XWLOL]DQGR�HO�0pWRGR�GHO�(OHPHQWR�&RPSOHWR��0(&���
(O�0(&�HV�XQ�PpWRGR�YDULDFLRQDO�GLUHFWR�TXH�UHTXLHUH�SURSRQHU�XQ�IXQFLRQDO�DGHFXDGR��HO�
FXDO�HV��H[WUHPDGR��PHGLDQWH�VHFXHQFLDV�PLQLPL]DQWHV�DSURSLDGDV��&RQ�HO�PpWRGR�HPSOHDGR�
VH�REWLHQHQ VROXFLRQHV�DQDOtWLFDV�WHyULFDPHQWH�H[DFWDV�\�FRQ�SUHFLVLyQ�QXPpULFD�SUHILMDGD�GH�
ODV�IUHFXHQFLDV��OR�FXDO�VLJQLILFD�XQD�FRQWULEXFLyQ�RULJLQDO�HQ�HVWH�WHPD�HQ�HO�TXH�ORV�ERUGHV�
HPSRWUDGRV� FRQVWLWX\HQ� XQD� GLILFXOWDG� SDUWLFXODU�� 6H� HVWXGLD� OD� YLEUDFLyQ� GH� XQD� SODFD�
FXDGUDQJXODU� FRQ� VXV� FXDWUR� ERUGHV� HPSRWUDGRV�� /DV� IUHFXHQFLDV� QDWXUDOHV� GH� OD� SODFD� VH�
GHWHUPLQDQ� DGHPiV� HQ� IRUPD� H[SHULPHQWDO� FRQ� PRGHORV� FRQVWUXLGRV� \� HQVD\DGRV� HQ� HO�
/DERUDWRULR� GH� 9LEUDFLRQHV�0HFiQLFDV� GHO� 'HSDUWDPHQWR� GH� ,QJHQLHUtD� GH� OD�8QLYHUVLGDG�
1DFLRQDO� GHO� 6XU�� 7DPELpQ� VH� FRPSDUDQ� ORV� UHVXOWDGRV� REWHQLGRV� FRQ� ORV� GHO� 0pWRGR� GH�
(OHPHQWRV�)LQLWRV��0()��
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� ,1752'8&&,Ï1
(O� HPSOHR� GH� GLYHUVRV� PpWRGRV� DQDOtWLFRV� \� QXPpULFRV� KD� GDGR� UHVSXHVWD� D� XQD� JUDQ�

FDQWLGDG� GH� SUREOHPDV� GH� SODFDV� TXH� SXHGHQ� SUHVHQWDUVH� HQ� HO� GLVHxR� GH� HVWUXFWXUDV� HQ�
LQJHQLHUtD�� 6LQ� HPEDUJR�� OD� VROXFLyQ� DQDOtWLFD� FOiVLFD� GH� SUREOHPDV� GH� YLEUDFLyQ� GH� SODFDV�
HPSRWUDGDV�HVWi�OLPLWDGD�D�XQ�UHGXFLGR�Q~PHUR�GH�FDVRV�HQ�VX�DSOLFDFLyQ�SUiFWLFD��(O�REMHWLYR�
GH� HVWH� WUDEDMR� HV� DQDOL]DU� HO� FRPSRUWDPLHQWR� GLQiPLFR� GH� SODFDV� HPSRWUDGDV� GH� IRUPD�
FXDGUDQJXODU�DUELWUDULD�XWLOL]DQGR�XQD�VROXFLyQ�JHQHUDOL]DGD�GHQRPLQDGD�0(&�

(O�0(&�HV�XQ�PpWRGR�YDULDFLRQDO�GLUHFWR�TXH�UHTXLHUH�SURSRQHU�XQ�IXQFLRQDO�DGHFXDGR�HO�
FXDO�VHUi�H[WUHPDGR��PHGLDQWH�VHFXHQFLDV�PLQLPL]DQWHV�DSURSLDGDV��&RQ�HO�PpWRGR�HPSOHDGR�
VH�REWLHQHQ�VROXFLRQHV�DQDOtWLFDV�WHyULFDPHQWH�H[DFWDV�\�FRQ�SUHFLVLyQ�QXPpULFD�HVSHFLILFDGD�
GH� IUHFXHQFLDV� TXH� VLJQLILFDQ� XQD� FRQWULEXFLyQ� RULJLQDO� HQ� HVWH� WHPD� HQ� HO� TXH� ORV� ERUGHV�
HPSRWUDGRV�FRQVWLWX\HQ�XQD�GLILFXOWDG�SDUWLFXODU��

/DV� IUHFXHQFLDV� GH� XQD� SODFD� GH� IRUPD� FXDGUDQJXODU� FRQ� VXV� FXDWUR� ERUGHV� HPSRWUDGRV�
IXHURQ�FDOFXODGDV�FRQ�HO�0(&�\�VH�FRPSDUDURQ�FRQ�ORV�UHVXOWDGRV�H[SHULPHQWDOHV�REWHQLGRV�D�
SDUWLU� GH�PRGHORV� H[SHULPHQWDOHV� GH� OD� SODFD� FRQVWUXLGRV� \� HQVD\DGRV� HQ� HO� /DERUDWRULR� GH�
9LEUDFLRQHV�0HFiQLFDV�GHO�'HSDUWDPHQWR�GH� ,QJHQLHUtD�GH� OD�8QLYHUVLGDG�1DFLRQDO�GHO�6XU��
7DPELpQ� VH� SUHVHQWDQ� ORV� YDORUHV� GH� ODV� IUHFXHQFLDV� \� PRGRV� GH� YLEUDFLyQ� UHVSHFWLYRV��
REWHQLGRV� FRQ� HO� 0pWRGR� GH� (OHPHQWRV� )LQLWRV� �0()��� /D� FRQFRUGDQFLD� GH� ORV� UHVXOWDGRV�
DQDOtWLFRV��QXPpULFRV�\�H[SHULPHQWDOHV�HV�DOWDPHQWH�VDWLVIDFWRULD�
� 0(&��&21&(3726�7(25,&26

(O�0(&�HV�XQ�PpWRGR�YDULDFLRQDO�IXQGDGR�HQ�WHRUHPDV�\�FRURODULRV� TXH�QR�VH�LQFOX\HQ�HQ�
HVWH�WUDEDMR��&RQVLVWH�EiVLFDPHQWH�HQ�H[WUHPDU�XQ�IXQFLRQDO�DGHFXDGR�TXH�HVWi�H[SUHVDGR�HQ�
IXQFLyQ� GH� VHFXHQFLDV� H[WUHPDQWHV� DSURSLDGDV�� 'HQWUR� GH� OD� DPSOLD� JDPD� GH� SUREOHPDV�
GLIHUHQFLDOHV�TXH�SXHGHQ� UHVROYHUVH�FRQ�HO�0(&��KDQ�VLGR�HVWXGLDGRV�HQ�SDUWLFXODU�GLYHUVRV�
SUREOHPDV�FRQ�FRQGLFLRQHV�LQLFLDOHV�\�GH�ERUGH���������/DV�VHULHV�XWLOL]DGDV�VRQ�GH�FRQYHUJHQFLD�
XQLIRUPH�� DO�PHQRV�SDUD� ODV� IXQFLRQHV�HVHQFLDOHV� �VRQ�DTXHOODV�TXH� LQYROXFUDQ�GHULYDGDV�GH�
RUGHQ����N�����VL��N HV�HO�PD\RU�RUGHQ�GH�GHULYDFLyQ�GH�OD�HFXDFLyQ�GLIHUHQFLDO���/RV�UHVXOWDGRV�
SXHGHQ�VHU�KDOODGRV�FRQ�SUHFLVLyQ�ILMDGD��(VWR�HV��VH�ILMD�XQ�Q~PHUR�GH�GtJLWRV�GHVHDGRV�\�OD�
FDQWLGDG�GH�WpUPLQRV�HQ�ODV�VHFXHQFLDV�VH�LQFUHPHQWD��KDVWD�TXH�HVD�SUHFLVLyQ�HV�DOFDQ]DGD�
��� 7UDQVIRUPDFLyQ�GH�FRRUGHQDGDV

/D� DSOLFDFLyQ� GHO�0(&� VH� EDVD�HQ� OD� SURSXHVWD� GH� VHULHV� WULJRQRPpWULFDV� H[WHQGLGDV� GH�
FRQYHUJHQFLD�XQLIRUPH�HQ�GRPLQLRV�XQLWDULRV��(Q�HVWH�FDVR��GDGR�TXH�HO�GRPLQLR�HV�GH�IRUPD�
DUELWUDULD�� VH� UHTXLHUH� XQD� WUDQVIRUPDFLyQ� DGHFXDGD� GHO� VLVWHPD� GH� FRRUGHQDGDV� \� HQ�
FRQVHFXHQFLD��DO�IXQFLRQDO�JREHUQDQWH�VH�OR�GHEHUi�PRGLILFDU�DSURSLDGDPHQWH��

(V�VHQFLOOR�LQWURGXFLU�YDULDEOHV�DGLPHQVLRQDOHV�TXH�WUDQVIRUPDQ�HO�FXDGULOiWHUR�JHQpULFR�GH�
OD� )LJXUD� ���D�� HQ� HO� FXDGUDGR� GH� ODGR� XQLWDULR� GH� OD� )LJXUD� ���E��� (VWR� VLJQLILFD� SDVDU� GHO�
VLVWHPD�RULJLQDO�GH�FRRUGHQDGDV� ��� 

 \[ DO�QXHYR�VLVWHPD�ORFDO� ��� <; �
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)LJXUD����D� )LJXUD����E�
6H�HPSOHDQ�IXQFLRQHV�GH�LQWHUSRODFLyQ�JHRPpWULFD�GHO�WLSR�SROLQyPLFR��SDUD�WUDQVIRUPDU�OD�

JHRPHWUtD�GHO�FXDGULOiWHUR�GH�YpUWLFHV���������������/D�QRWDFLyQ�JHQpULFD�HV�
������ ���� ;<<;<;1 LLLLL EEEE ��� 

GRQGH� LME VRQ�FRQVWDQWHV�D�GHWHUPLQDU��L�M ���������
'HELGR�D�OD�WUDQVIRUPDFLyQ��ODV�FRRUGHQDGDV� ��� 

 \[ VH�SXHGHQ�HVFULELU�

¦¦
  

  �

�


�

�


 �������

L
LL

L
LL \<;1\[<;1[ ���

/DV�FXDWUR�IXQFLRQHV�GH�IRUPD�UHVXOWDQ�
����������� <;;<<;<;1 �� ��� 

������� <;;<;<;1 � � 
;<<;1  ����

������� ;<;<<<;1 � � 
TXH�FXPSOHQ�FRQ�OD�FRQGLFLyQ�� ������������� ����  ��� <;1<;1<;1<;1

(Q� HO� GRPLQLR� GH� LQWHJUDFLyQ� RULJLQDO� GH� OD� SODFD� FXDGUDQJXODU�� FRQ� HMHV� GH� UHIHUHQFLD��
��� 

 \[ �� OODPDUHPRV�� 
$ DO� iUHD� \� 


 G\G[G$  DO� GLIHUHQFLDO� GH� iUHD�� (Q� HO� GRPLQLR�

WUDQVIRUPDGR�XQLWDULR�ORV�HMHV�GH�UHIHUHQFLD�VRQ ��� <; ��HO�iUHD�HV $ \�HO�GLIHUHQFLDO�GH�iUHD�HV�
G$ ��6H�YHULILFD�

³³ ³³³³   





$ $$

G;G<-G$G$ ���
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GRQGH� ��� 

 \[ZZ  HV�HO�GHVSOD]DPLHQWR�WUDQVYHUVDO��6H�GHILQH�HO�SDUiPHWUR�DGLPHQVLRQDO�GH�
IUHFXHQFLD� ZU

'
KD �{: GRQGH� Z HV� OD� IUHFXHQFLD� DQJXODU�� ����� �

�

Q� (K' OD� ULJLGH]�
IOH[LRQDO�� U OD�GHQVLGDG�GHO�PDWHULDO��Q HV�HO�FRHILFLHQWH�GH�3RLVVRQ��K HO�HVSHVRU�\� D HV�OD�
ORQJLWXG�GHO�ODGR�PD\RU�GHO�PHQRU�UHFWiQJXOR�TXH�LQVFULEH�D�OD�SODFD�
/D�QRWDFLyQ�HPSOHDGD�SDUD�ODV�GHULYDGDV�HV��

�� 

�




�


 ��� \
NV\NV[

VV[VV ww{ww{ww{ccww{c xxx

&RPR� FRQVHFXHQFLD� GH� OD� WUDQVIRUPDFLyQ�� VH�REWLHQH� HO� QXHYR� IXQFLRQDO�PRGLILFDGR�� (O�
SURSyVLWR� TXH� VH� SHUVLJXH� FRQ� HVWH� WUDEDMR� QR� HV� H[SRQHU� HQ� GHWDOOH� HO� SURFHGLPLHQWR�
DOJHEUDLFR�HO�FXDO��VLQ�HPEDUJR��VH�GHVFULELUi�VLQWpWLFDPHQWH�D�FRQWLQXDFLyQ�

� 6H�H[SUHVDQ�Z cc \� xxZ HQ�IXQFLyQ�GH� ;<<<;;<; ZZZZZZ ����� TXH�VRQ�HO�GHVSOD]DPLHQWR�
WUDQVYHUVDO�Z \�VXV�GHULYDGDV�FRQ�UHVSHFWR�D�ODV�QXHYDV�FRRUGHQDGDV�� �<; � �

� (O�QXHYR�IXQFLRQDO�UHVXOWD�HQWRQFHV�GH�OD�IRUPD�
� �³ ³ ³ ³:����� 

�

�

�

�

�

�

�

�
���

������� G;G<-ZG;G<-9Z9Z9Z9Z9ZZ) ;;<<<;;< ���
GRQGH� ����� ���� 99999 VRQ��HQ�JHQHUDO��IXQFLRQHV�GH� ��� <; �
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� 6H�LPSRQH�OD�FRQGLFLyQ�GH�H[WUHPR�PHGLDQWH�OD�PLQLPL]DFLyQ�GHO�IXQFLRQDO��R�VHD�
���  Z)G ���
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'RQGH� �, GHSHQGH�GH� TSML ��� ��3DUD�FDGD��L�M��WHQGUHPRV�
�

� �
�  ¦¦

  

0

S

0

T
ST ,$ ����

&RQVLGHUDQGR�DKRUD�WRGRV�ORV�WpUPLQRV��VRQ������UHVXOWD�
� �> @ �

� �
��

�
����  :����¦¦

  

0

S

0

T
ST ,,,,$ � ����

/XHJR�VH�HIHFW~DQ�ODV�LQWHJUDFLRQHV�HQ�HO�GRPLQLR�XQLWDULR��REWHQLpQGRVH�ILQDOPHQWH�
> @ �

� �
�����

� �
������

�
������ ¦¦¦¦

    
  :� 0

S

0

T
TSMLST

0

S

0

T
TSMLTSMLST $$ III ����

'RQGH� ���������� ,,,TSML ��� �I �� �������� ,TSML  I ��\�� > @������
�

����������� TSMLTSMLTSML III :� 
/D������SXHGH�H[SUHVDUVH�FRQ�QRWDFLyQ�PDWULFLDO�GH�OD�IRUPD�

^ ` > @̂ ` � $$ 7 I ����
GRQGH�
^ `$ HV�HO��YHFWRU�GH�ODV�LQFyJQLWDV�GHO�0(&�GH�GLPHQVLyQ�� ��0 �
> @ > @ > @��

� III :� HV�OD�PDWUL]�GH�GLPHQVLRQHV�� ��� 00 u ��HV�IXQFLyQ�GH�OD�IUHFXHQFLD��
��� &RQGLFLRQHV�GH�ERUGH

(O�SDVR�VLJXLHQWH�FRQVLVWH�HQ�DSOLFDU�ODV�FRQGLFLRQHV�GH�ERUGH��&%��GH�HPSRWUDPLHQWR��(Q�
ODV�DSOLFDFLRQHV�DQWHULRUHV�GHO�0(&�VH�KDQ�XWLOL]DGR�FRQ�HVWH�ILQ�PXOWLSOLFDGRUHV�GH�/DJUDQJH��
(Q�HO�SUHVHQWH�WUDEDMR��HO�SURFHGLPLHQWR�TXH�VH�XWLOL]DUi�HV�DQiORJR�DO�HPSOHDGR�HQ�HO�FiOFXOR�
PDWULFLDO� GH� HVWUXFWXUDV� SRU� HO� PpWRGR� GH� ULJLGH]�� FDGD� JUDGR� GH� OLEHUWDG� ILMDGR� SRU� XQD�
FRQGLFLyQ� GH� YtQFXOR� VH� HOLPLQD� GHO� VLVWHPD� GH� HFXDFLRQHV�� UHGXFLHQGR� HO� Q~PHUR� GH�
LQFyJQLWDV�D�XQ�Q~PHUR�LJXDO�DO�GH�PRYLPLHQWRV�QRGDOHV�HIHFWLYRV��

)LJXUD����SODFD�FRQ�ERUGHV�HPSRWUDGRV�
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&RQVLGHUHPRV�OD�SODFD�FRQ�VXV�FXDWUR�ERUGHV�HPSRWUDGRV��FRPR�VH�LQGLFD�HQ�OD�)LJXUD���
/DV�&%�TXH�GHEHQ�DSOLFDUVH�D�OD�SODFD�HPSRWUDGD�VRQ�RFKR��/DV�FXDWUR�TXH�LPSRQHQ�
GHVSOD]DPLHQWR�QXOR�� � Z ��HQ�ORV�FXDWUR�ERUGHV�VH�FXPSOHQ�DXWRPiWLFDPHQWH�SRU�ODV�
VHULHV�DGRSWDGDV��'HEHQ�DSOLFDUVH�ODV�FXDWUR�FRQGLFLRQHV�GH�JLUR�QXOR��� � ;Z HQ� � < ��

� < \� � <Z HQ� � ; � � ; ��'LFKDV�&%�VH�H[SUHVDQ�SRU�PHGLR�GHO�VLJXLHQWH�VLVWHPD�
GH�HFXDFLRQHV�GH��0�HFXDFLRQHV�FRQ�0� LQFyJQLWDV�
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(VWDV��0�HFXDFLRQHV�QR�VRQ�OLQHDOPHQWH�LQGHSHQGLHQWHV��\D�TXH���GH�HOODV�VRQ�FRPELQDFLyQ�
OLQHDO�GH�ODV�GHPiV��3RU�OR�WDQWR�KD\���0����HFXDFLRQHV�LQGHSHQGLHQWHV��'H�pVWDV�VH�SXHGHQ�
GHVSHMDU���0����LQFyJQLWDV��UHGXFLpQGRVH�HO�Q~PHUR�WRWDO�GH�LQFyJQLWDV�GH�DFXHUGR�FRQ�OD�
HFXDFLyQ�

� � � ���� �� �� � 000 ����
3RU�OR�WDQWR�OD�UHGXFFLyQ�FRQGXFH�D�XQ�VLVWHPD�KRPRJpQHR�GH�RUGHQ� ���� �0 TXH�SHUPLWH�

UHVROYHU�HO�SUREOHPD�GH�OD�SODFD�HPSRWUDGD�HQ�VXV�FXDWUR�ERUGHV��
&RPR�HV�VDELGR��HO�HVWXGLR�GH�ODV�YLEUDFLRQHV�QDWXUDOHV�FRQGXFH�D�XQ�SUREOHPD�GH�YDORUHV�

SURSLRV�� (Q� HVWH� FDVR�� ORV� DXWRYDORUHV� VRQ�:L�� SURSRUFLRQDOHV� D� OD� IUHFXHQFLDV� QDWXUDOHV��'LFKRV� DXWRYDORUHV� VRQ� REWHQLGRV� HQ� HO� SUHVHQWH� WUDEDMR� PHGLDQWH� OD� WpFQLFD� GH� LWHUDFLyQ�
LQYHUVD�
�����(16$<2�(;3(5,0(17$/

/RV� UHVXOWDGRV� H[SHULPHQWDOHV� GH� ODV� IUHFXHQFLDV� QDWXUDOHV� \� PRGRV� GH� YLEUDFLyQ� VH�
REWXYLHURQ�D�SDUWLU�GH�GRV�PRGHORV�GH�OD�SODFD��

(O� PRGHOR� �$�� HV� XQD� SODFD� GH� DFHUR� ���� PP� GH� HVSHVRU�� 3URSLHGDGHV� GHO� PDWHULDO��
GHQVLGDG �����NJ�P���PyGXOR�GH�HODVWLFLGDG ������H���1�P� \�FRHILFLHQWH�GH�3RLVVRQ�������

(O� PRGHOR� �%�� FRQVLVWH� HQ� XQD� SODFD� GH� DFUtOLFR�� WDPELpQ� FRQRFLGR� FRPR�
SROLPHWLOPHWDFULODWR� �300$�� GH� ���� PP� GH� HVSHVRU�� 3URSLHGDGHV� GHO� PDWHULDO��
GHQVLGDG �����NJ�P���PyGXOR�GH�HODVWLFLGDG ���H��1�P� \�FRHILFLHQWH�GH�3RLVVRQ�������

/D� JHRPHWUtD� RULJLQDO� GH� OD� SODFD� FXDGUDQJXODU� HVWXGLDGD�� GH� DFXHUGR FRQ� HO� HVTXHPD�
LQGLFDGR�HQ�OD��)LJXUD���D���HVWi�GDGD�SRU�ODV�FRRUGHQDGDV�GH�VXV�FXDWUR�YpUWLFHV�
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/RV� PRGHORV� H[SHULPHQWDOHV� IXHURQ� FRQVWUXLGRV� D� HVFDOD� \� HQ� DPERV� FDVRV� HO�
HPSRWUDPLHQWR� GH� ORV� ERUGHV� VH� PDWHULDOL]y�FRQ� GRV� PDUFRV� �LQIHULRU� \� VXSHULRU�� GH� JUDQ�
ULJLGH]�TXH�VH�ILMDURQ�HQWUH�Vt�PHGLDQWH�EXORQHV�

/RV� PRGHORV� IXHURQ� H[FLWDGRV� PHGLDQWH� WpFQLFDV� DSURSLDGDV� SDUD� SURYRFDU� YLEUDFLRQHV�
OLEUHV�\�IRU]DGDV��3DUD�SURGXFLU�OD�YLEUDFLyQ�OLEUH��VH�DSOLFDQ�LPSDFWRV�GH�GXUDFLyQ�DGHFXDGD�\�
VH� REWLHQH� FRPR� UHVSXHVWD� XQ�PRYLPLHQWR� YLEUDWRULR� TXH� UHVXOWD� GH� OD� FRPELQDFLyQ� GH� ODV�
GLVWLQWDV� IUHFXHQFLDV� QDWXUDOHV�� /D� VHxDO� DQDOyJLFD� SURYHQLHQWH� GHO� VHQVRU� GH� SUR[LPLGDG� HV�
GLJLWDOL]DGD�\�OD�VHSDUDFLyQ�GH�ODV�GLVWLQWDV�IUHFXHQFLDVVH�HIHFW~D�PHGLDQWH�DQiOLVLV�HVSHFWUDO�\�
WUDQVIRUPDGD�UiSLGD�GH�)RXULHU��))7���

3DUD� SURYRFDU� ODV� � YLEUDFLRQHV� IRU]DGDV� HQ� XQD� GHWHUPLQDGD� IUHFXHQFLD�� VH� XWLOL]DURQ�� XQ�
RVFLODGRU��XQ�DPSOLILFDGRU�\�XQ�SDUODQWH��eVWH�VH�FRORFD�PX\�FHUFD�GH�OD�SODFD��SDUD�ORJUDU�XQD�
H[FLWDFLyQ�IRU]DGD�GH�DPSOLWXG�VXILFLHQWH�SDUD�VHU�PHGLGD�FRQ�ORV�VHQVRUHV�GH�SUR[LPLGDG��/D�
WpFQLFD� VH� EDVD� HQ� REWHQHU� OD� Pi[LPD� DPSOLWXG� GH� YLEUDFLyQ� SDUD� FDGD� � IUHFXHQFLD��
&RPSDUDQGR�VHxDOHV�GH�H[FLWDFLyQ�\�GH�UHVSXHVWD��VH�REVHUYDQ�FDPELRV�GHIDVH�GH����q HQWUH�
ODV� IUHFXHQFLDV� DQWHULRUHV�\�SRVWHULRUHV� D� OD� HVWXGLDGD��8QD�YH]� LGHQWLILFDGDV� ODV� IUHFXHQFLDV�
QDWXUDOHV�VH�GHWHUPLQy�OD�XELFDFLyQ�GH�ODV�OtQHDV�QRGDOHV��3DUD�HOOR�VH�PDQWLHQH�OD�H[FLWDFLyQ�
IRU]DGD� HQ� FRUUHVSRQGHQFLD� FRQ� FDGD� IUHFXHQFLD�� GHVSOD]DQGR� HO� VHQVRU� GH� PHGLFLyQ� SDUD�
FRPSDUDU� IDVH� \� DPSOLWXG� GH� OD� UHVSXHVWD� FRQ� OD� GH� H[FLWDFLyQ�� 6H� XWLOL]y� OD� WpFQLFD� GH� ODV�
ILJXUDV�GH�/LVVDMRXV�HQ�XQ�RVFLORVFRSLR�
�� 5(68/7$'26�$1$/Ë7,&26��180e5,&26�<�(;3(5,0(17$/(6
��� )UHFXHQFLDV�QDWXUDOHV��UHVXOWDGRV�

/RV�UHVXOWDGRV�GH�IUHFXHQFLDV�TXH�VH�SUHVHQWDQ�HQ�HVWD�VHFFLyQ�FRUUHVSRQGHQ�DO�PRGHOR��%��
FRQVLVWHQWH�HQ�OD�SODFD�GH�DFUtOLFR�TXH�VH�GHVFULELy�HQ���

(Q� OD� 7DEOD� �� VH� PXHVWUDQ� ORV� YDORUHV� GHO� SDUiPHWUR� DGLPHQVLRQDO� GH� IUHFXHQFLD�
ZU

'D � : REWHQLGRV� FRQ� 0(&� \� H[SHULPHQWDOPHQWH�� 7DPELpQ� VH� FRPSDUDQ� FRQ� ORV�
UHVXOWDGRV�FRUUHVSRQGLHQWHV�D�XQ�PRGHOR�GH�HOHPHQWRV�ILQLWRV�

/RV� YDORUHV� GH� OD� 7DEOD� �� FRUUHVSRQGHQ� D� ODV� FLQFR� SULPHUDV� IUHFXHQFLDV� QDWXUDOHV� GH�
YLEUDFLyQ�GH�OD�SODFD�FRQ�ERUGHV�HPSRWUDGRV��(O�GHWDOOH�GH�OD�LQIRUPDFLyQ�YROFDGD�HQ�OD�WDEOD�
HV�HO�VLJXLHQWH��HQ�OD����FROXPQD�VH�LQGLFD�HO�Q~PHUR�GH�PRGR��HQ�OD����FROXPQD�ORV�UHVXOWDGRV�
REWHQLGRV�FRQ�HO�0(&�XWLOL]DQGR����WpUPLQRV�HQ�ODV�VHULHV��HQ�OD����VH�PXHVWUDQ�ORV�UHVXOWDGRV�
H[SHULPHQWDOHV� \� OD� ���PXHVWUD� OD� GLIHUHQFLD� SRUFHQWXDO� HQWUH� UHVXOWDGRV� H[SHULPHQWDOHV� YV��
0(&��(Q�OD����FROXPQD�SXHGHQ�YHUVH�ORV��UHVXOWDGRV�GHO�0()�XWLOL]DQGR�HO�PyGXOR�GH�FiOFXOR�
SDUD�DQiOLVLV� OLQHDO�GH�$OJRU��(O�PRGHOR�GH�HOHPHQWRV�ILQLWRV�FRQVWD�GH������HOHPHQWRVWLSR�
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SODFD��/D����FROXPQD�PXHVWUD�OD�GLIHUHQFLD�SRUFHQWXDO�HQWUH�UHVXOWDGRV�0()�YV��0(&�
7DEOD����3DUiPHWUR�DGLPHQVLRQDO�GH�IUHFXHQFLDV����SULPHURV�PRGRV�

0RGR 0(& ([SHULPHQWDO '� 0() '�
�� �������� �������� ����� �������� �����
�� �������� �������� ����� �������� �����
�� �������� �������� ����� �������� �����
�� ��������� �������� ����� �������� �����
�� �������� �������� ����� �������� �����
��� )RUPDV�PRGDOHV��FRPSDUDFLyQ�GH�UHVXOWDGRV�H[SHULPHQWDOHV�\�QXPpULFRV�
(Q�OD�)LJXUD���VH�PXHVWUDQ�ODV�IRUPDV�PRGDOHV�FRUUHVSRQGLHQWHV�D�ORV�WUHV�SULPHURV�PRGRV�

GH�YLEUDFLyQ��REWHQLGDV�HQ�HO�HQVD\R�H[SHULPHQWDO�UHDOL]DGR�FRQ�OD�SODFD�GH�DFHUR��LGHQWLILFDGD�
FRPR�PRGHOR��$���(Q�OD�)LJXUD���VH�PXHVWUDQ�ODV�PLVPDV�IRUPDV�PRGDOHV�FDOFXODGDV�FRQ�HO�
0()��3XHGH�REVHUYDUVH�XQD�FRLQFLGHQFLD�PX\�VDWLVIDFWRULD�HQWUH�DPERV�UHVXOWDGRV�

�
)LJXUD����3ODFD�GH�DFHUR��SULPHURV�WUHV�PRGRV�GH�YLEUDFLyQ�

)LJXUD����0RGRV�GH�YLEUDFLyQ�FDOFXODGRV�FRQ�HO�0()�
(V� LQWHUHVDQWH� KDFHU� XQ� EUHYH� FRPHQWDULR DFHUFD� GHO� SURFHGLPLHQWR� HPSOHDGR� SDUD�

UHSURGXFLU�ODV�IRUPDV�PRGDOHV��(O�PLVPR�FRQVLVWH�HQ�GLVWULEXLU�XQLIRUPHPHQWH�VREUH�OD�SODFD�
DOJ~Q�PDWHULDO��FRPR�DUHQD��D]~FDU��HWF���IRUPDGR�SRU�SDUWtFXODV�VXHOWDV�\�OLYLDQDV��6H�SURYRFD�
OD�YLEUDFLyQ�HQ�XQD�IUHFXHQFLD�QDWXUDO�GHWHUPLQDGD��FRQ�DFHOHUDFLyQ�PD\RU�TXH��*���(QWRQFHV�
ODV�SDUWtFXODV�VDOWDQ�DOHMiQGRVH�GH�ODV�]RQDV�FRQ�PD\RUHV�GHVSOD]DPLHQWRV�\�DFXPXOiQGRVH�HQ�
ODV�]RQDV�GRQGH�pVWRV�VRQ�PHQRUHV��'H�HVWD�IRUPD�ODV�SDUWtFXODV�VH�UHGLVWULEX\HQ�³GLEXMDQGR´�
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OD� IRUPD� PRGDO� TXH� FRUUHVSRQGH� D� HVD� IUHFXHQFLD�� (VWH� HQVD\R� SUHVHQWy� DOJXQRV�
LQFRQYHQLHQWHV�FXDQGR�VH�WUDEDMy�FRQ�OD�SODFD�GH�DFUtOLFR�GHELGR�D�OD�FDUJD�HOHFWURVWiWLFD�TXH�
VH�SURGXFH�HQ�HO�WUDQVFXUVR�GHO�HQVD\R��3RU�WUDWDUVH�GH�XQ�PDWHULDO�QR�FRQGXFWRU�VH�GLILFXOWD�OD�
HOLPLQDFLyQ�GH�GLFKD�FDUJD�\�HQ�FRQVHFXHQFLD�ODV�SDUWtFXODV�UHVXOWDQ�QR�VH�PXHYHQ�OLEUHPHQWH�
SDUD�UHSURGXFLU�ODV�IRUPDV�PRGDOHV�KDVWD�TXH�QR�VH�HOLPLQD�OD�FDUJD�
� &20(17$5,26�<�&21&/86,21(6

+DFLHQGR�XQ�DQiOLVLV�FRPSDUDWLYR�GH�ORV�UHVXOWDGRV�SUHVHQWDGRV�HQ������VH�REVHUYD�TXH�ORV�
SDUiPHWURV�DGLPHQVLRQDOHV�GH�IUHFXHQFLDV�FDOFXODGRV�XWLOL]DQGR�VRODPHQWH����WpUPLQRV�HQ�ODV�
VHULHV�GHO�0(&��SUHVHQWDQ�XQD�GLIHUHQFLD�Pi[LPD�FRQ�ORV�UHVXOWDGRV�GHO�0()�GHO���������HQ�
OD� ��� IUHFXHQFLD���(O� HOHPHQWR� SODFD� XWLOL]DGR� HQ� HVWH� FDVR� FRUUHVSRQGH� D� OD� IRUPXODFLyQ�GH�
9HXEHFNH�� (V� VDELGR� TXH� HVWH� WLSR� GH� HOHPHQWR� FRQYHUJH� GH� IRUPD�PRQyWRQD� \� UiSLGD� D� OD�
VROXFLyQ� FRUUHFWD�� DXQTXH� PiV� UtJLGD� 3XHGH� FRQFOXLUVH� TXH� H[LVWH� XQD� PX\� EXHQD�
FRQFRUGDQFLD� HQWUH� DPERV� UHVXOWDGRV�� 7DPELpQ� ORV� YDORUHV� REWHQLGRV� H[SHULPHQWDOPHQWH�
UHVXOWDQ�VDWLVIDFWRULRV�GDGR�TXH�OD�Pi[LPD�GLIHUHQFLD�REVHUYDGD�FRQ�ORV�YDORUHV�REWHQLGRV�FRQ�
HO�0(&�HV�LQIHULRU�DO����HQ�OD����IUHFXHQFLD���PLHQWUDV�TXH�HQ�ORV�FXDWUR�SULPHURV�PRGRV�ODV�
GLIHUHQFLDV�VRQ�DSUHFLDEOHPHQWH�PHQRUHV�

&RPR�VH�KD�GLFKR�DQWHULRUPHQWH��FRQ�HO�PpWRGR�HPSOHDGR�VH�REWLHQHQ�VROXFLRQHV�DQDOtWLFDV�
WHyULFDPHQWH�H[DFWDV��(VWR�VLJQLILFD�TXH�VH�ILMD�OD�SUHFLVLyQ�GHVHDGD�D�WUDYpV�GH�XQ�Q~PHUR�GH�
GtJLWRV� \� VH� LQFUHPHQWD� HO� Q~PHUR� GH� WpUPLQRV� GH� ODV� VXPDV�KDVWD� ORJUDUOR��(VWR� HV�SRVLEOH�
GDGR�TXH�ODV�VHULHV�VRQ�FRQYHUJHQWHV��OR�FXDO�DVHJXUD�OD�REWHQFLyQ�GH�YDORUHV�FRQ�OD�SUHFLVLyQ�
UHTXHULGD�
����$*5$'(&,0,(1726
/RV�DXWRUHV�DJUDGHFHQ�OD�FRODERUDFLyQ�SUHVWDGD�HQ�OD�UHDOL]DFLyQ�GH�ORV�HQVD\RV�GH�ODERUDWRULR�
SRU� HO� 6U�� 6DOYDGRU� /D�0DOID��SURIHVLRQDO� GH� DSR\R� GHO�&RQVHMR� 1DFLRQDO� GH� ,QYHVWLJDFLRQHV�
&LHQWtILFDV�\�7pFQLFDV��&21,&(7���,QVWLWXWR�GH�0HFiQLFD�$SOLFDGD��816��
� 5()(5(1&,$6�
>�@ &�3�� )LOLSLFK�� 0�%�� 5RVDOHV�� �%HDPV� DQG� DUFV� H[DFW� IUHTXHQFLHV� YLD� D� JHQHUDOL]HG�

VROXWLRQ���-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��������������������
>�@ 0�%��5RVDOHV��8Q�PpWRGR�YDULDFLRQDO�QR�FOiVLFR�\�VX�DSOLFDFLyQ�D�HVWiWLFD�\�GLQiPLFD�GH�

HOHPHQWRV�HVWUXFWXUDOHV��7HVLV�'RFWRUDO��8QLYHUVLGDG�1DFLRQDO�GHO�6XU��%�%ODQFD�������
>�@ &�3�� )LOLSLFK�� 0�%�� 5RVDOHV�� 3�0�%HOOpV�� �1DWXUDO� YLEUDWLRQ� RI� � UHFWDQJXODU� SODWHV�

FRQVLGHUHG�DV�WULGLPHQVLRQDO�VROLGV���-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��������������������
>�@ &�3�� )LOLSLFK��0�%�� 5RVDOHV�� �$UELWUDU\� SUHFLVLRQ� IUHTXHQFLHV� RI� D� IUHH� UHFWDQJXODU� WKLQ�

SODWH�� -RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��������������������
>�@ (��2xDWH�,EixH]�GH�1DYDUUD��&iOFXOR�GH�(VWUXFWXUDV�SRU�HO�0pWRGR�GH�(OHPHQWRV�)LQLWRV��

&HQWUR�,QWHUQDFLRQDO�GH�0pWRGRV�1XPpULFRV�HQ�,QJHQLHUtD��%DUFHORQD��(VSDxD�������
>�@ $/*25��� 3URIHVVLRQDO� 0HFK�9(�� /LQHDU� 6WUHVV� DQG� '\QDPLFV� 5HIHUHQFH� 'LYLVLyQ��

3LWWVEXUJ��3HQQV\OYDQLD��((88��$OJRU�,QF��������
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	FRECUENCIAS NATURALES
	DE PLACAS CUADRANGULARES
	En la Figura 3 se muestran las formas modales correspondientes a los tres primeros modos de vibración, obtenidas en el ensayo experimental realizado con la placa de acero, identificada como modelo (A). En la Figura 4 se muestran las mismas formas modales calculadas con el MEF. Puede observarse una coincidencia muy satisfactoria entre ambos resultados.



