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FRECUENCIAS ARBITRARIAMENTE PRECISAS DE PLACAS
RECTANGULARES APOYADAS EN SUS VÉRTICES
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RESUMEN

El problema de vibraciones de placas delgadas es analizado dentro de la teoria de Gemain-Lagrange. El caso de placas
rectangulares con apoyos puntuales rigidos es tratado con la aplicación de dos metodologias. Una de ellas, denominada
MEC (Método del Elemento Completo), es un método variacional directo previamente desarrollado por los autores
para problemas de borde, de condiciones iniciales y/o gobernados por ecuaciones diferenciales a derivadas parciales, en
dominios uni, bi y tridimensionales, conservativos o no y lineales o no. Se trata de la propuesta de una secuencia mini-
mizante para este problema, que es combinación lineal de funciones pertenecientes a conjuntos completos en el espacio
/�. Las condiciones de borde esenciales, si las hubiera, son impuestas a dicha secuencia completa y no —en general—
a cada función coordenada. Si tales condiciones no fueran satisfechas por la misma se recurre al empleo de multipli-
cadores de Lagrange. La generación de las secuencias es sistemática, asegura la completitud y no requiere del estudio
previo de las formas modales. La exactitud de los autovalores y la convergencia uniforme de las funciones esenciales
del problema ha sido demostrada. La segunda metodologia, utilizada a modo de comparación, es el MEF (Método de los
Elementos Finitos). La resolución del presente problema con el MEF se abordará por medio de dos alternativas: a) con
un elemento para placas desarrollado por Bogner, Fox y Schmit y b) con el código ALGOR que utiliza el elemento Veu-
vecke. Son resueltos varios ejemplos de placas rectangulares. También se grafican las formas modales correspondientes.

ABSTRACT

The vibrational problem of thin plates is analysed within the Germain-Lagrange theory. The case of rectangular plates
with rigid point supports is dealt with two methodologies. One of them, named WEM (Whole Element Method), is a
direct variational method previously developed by the authors for boundary value and/or initial problems, in one, two
and three dimensional domains, conservative or not, linear or not. A minimizing sequence is stated which is a linear
combination of functions belonging to a complete set in /�. The essential boundary conditions, in case they exist,
are imposed to the complete sequence and not —in general— to each coordinate function. If they are not identically
satisfied, the Lagrange multiplier method is employed. The sequence generation is systematic, ensures the completeness
and a previous study of the modal shapes is not required. The exactness of the eigenvalues and uniform convergence of
the essential functions of the problem has been demonstrated. The second methodology, which is herein included for the
sake of comparison, is the FEM (Finite Element Method). The title problem is addressed by means of two alternatives:
a) with the plate element developed by Bogner, Fox and Schmit and, b) using the code ALGOR with the plate element
Veuvecke. Numerical examples are solved. The modal shapes are also shown.
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INTRODUCCIÓN

/D PHWRGRORJurD YDULDFLRQDO TXH HV XVDGD DTXur SDUD UHVROYHU HO SUREOHPD GHO WurWXOR KD VLGR GHVDUUROODGD�

IXQGDPHQWDGD \ DSOLFDGD SRU ORV DXWRUHV D XQD JUDQ YDULHGDG GH SUREOHPDV GH YDORUHV GH FRQWRUQR �DuXQ QR

OLQHDOHV� HQ GRPLQLRV GH XQD� GRV \ WUHV GLPHQVLRQHV� 7DPELuHQ HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV FRQ FRQGL�

FLRQHV LQLFLDOHV DVur FRPR HQ GHULYDGDV SDUFLDOHV KDQ VLGR VDWLVIDFWRULDPHQWH DERUGDGDV FRQ HVWH PuHWRGR�b��

%uDVLFDPHQWH HO 0uHWRGR GHO (OHPHQWR &RPSOHWR �0(&� FRQVLVWH SULPHUR HQ OD SURSRVLFLuRQ GH XQ IXQFLRQDO

DGHFXDGR� /XHJR XQD VHFXHQFLD H[WUHPDQWH HV LQWURGXFLGD� 7DO VHFXHQFLD HV XQD FRPELQDFLuRQ OLQHDO GH IXQ�

FLRQHV TXH SHUWHQHFHQ D XQ FRQMXQWR FRPSOHWR HQ /�� /D VDWLVIDFFLuRQ GH ODV FRQGLFLRQHV GH ERUGH HVHQFLDOHV

�R JHRPuHWULFDV� VRODPHQWH HV UHTXHULGD D OD VHFXHQFLD �QR D FDGD IXQFLuRQ FRRUGHQDGD�� (VWR HV� VL HO SUREOHPD

HV JREHUQDGR SRU XQD HFXDFLuRQ GLIHUHQFLDO GH RUGHQ �N� ODV FRQGLFLRQHV HVHQFLDOHV R IXQFLRQHV VRQ DTXHOODV

TXH LQYROXFUDQ GHULYDGDV GH RUGHQ � �N b ��� /RV DXWRUHV KDQ HVWDEOHFLGR \ GHPRVWUDGR ORV WHRUHPDV \

FRURODULRV TXH DVHJXUDQ OD H[DFWLWXG GH ORV DXWRYDORUHV \ OD FRQYHUJHQFLD XQLIRUPH GH ODV IXQFLRQHV HVHQFLDOHV

�DTXur ODV IRUPDV PRGDOHV \ ODV UHVSHFWLYDV GHULYDGDV SULPHUDV��� /RJUDU WDOHV IXQFLRQHV SDUD XQ SUREOHPD

ELGLPHQVLRQDO R DuXQ GH PD\RU RUGHQ� HV SUREDEOHPHQWH XQD GH ODV SULQFLSDOHV FRQWULEXFLRQHV GHO 0(&� /DV

VHFXHQFLDV H[WUHPDQWHV VRQ VLVWHPuDWLFDPHQWH JHQHUDGDV DuXQ HQ GLYHUVRV SUREOHPDV� 1R KD\ QHFHVLGDG GH

HQFRQWUDU �EXHQDV� IXQFLRQHV GH SUXHED HQ FDGD FDVR� $uXQ PuDV� HO 0(&� HV FDSD] GH DERUGDU SUREOHPDV HQ

ORV TXH HO IXQFLRQDO QR H[LVWH HQ HO VHQWLGR FOuDVLFR� (Q HIHFWR� VH KD PRVWUDGR D WUDYuHV GH WHRUHPDV� TXH WRGR

HO SODQWHR GH OD VROXFLuRQ FRQ 0(& HTXLYDOH D XQ VHXGR WUDEDMR YLUWXDO HQ DTXHOODV VHFXHQFLDV SDUWLFXODUHV�

(Q HVWH WUDEDMR ODV YLEUDFLRQHV QDWXUDOHV GH XQD SODFD UHFWDQJXODU FRQ ERUGHV OLEUHV \ VLPSOHPHQWH VRSRUWDGD

HQ VXV FXDWUR YuHUWLFHV HV HVWXGLDGD XVDQGR OD IRUPXODFLuRQ GH *HUPDLQ�/DJUDQJH� /D JHQHUDFLuRQ GH OD

VHFXHQFLD H[WUHPDQWH HV GHWDOODGD HQ OD VLJXLHQWH VHFFLuRQ� /DV IRUPXODFLRQHV GH ODV FRQGLFLRQHV QHFHVDULDV \

VXnFLHQWHV GH ORV WHRUHPDV TXH WHuRULFDPHQWH IXGDPHQWDQ HO 0(& VRQ GHWDOODGDV HQ 5RVDOHV�� /RV UHVXOWDGRV

VRQ FRPSDUDGRV FRQ HO \D FRQRFLGR 0uHWRGR GH ORV (OHPHQWRV )LQLWRV �0()�� 6RQ HPSOHDGRV GRV FuRGLJRV�

8QR EDVDGR HQ HO HOHPHQWR GH SODFD FX\R DOJRULWPR IXH GHVDUUROODGR SRU %RJQHU� )R[ \ 6FKPLW�� 7DPELuHQ

UHVXOWDGRV GHO VRIWZDUH $OJRU�� XVDQGR HO HOHPHQWR 9HXYHFNH� VRQ PRVWUDGRV SDUD FRPSDUDFLuRQ�

CONCEPTOS TEÓRICOS

(Q HVWD VHFFLuRQ VH LQFOX\H HO SODQWHR GHO SUREOHPD IXQGDPHQWDO� \ FRPR HV UHTXHULGR SRU HO 0(&� XQ IXQFLRQDO

DGHFXDGR� 6H H[SOLFD OD JHQHUDFLuRQ GH OD VHFXHQFLD H[WUHPDQWH� (VWD VHFXHQFLD H[WUHPDQWH TXH VDWLVIDFH ODV

HYHQWXDOHV FRQGLFLRQHV JHRPuHWULFDV HV OODPDGD VROXFLuRQ 0(&�

Ecuación diferencial gobernante y el correspondiente funcional

&RPR VH VDEH� HO HVWXGLR GH ODV YLEUDFLRQHV QDWXUDOHV FRQGXFH D SUREOHPDV GH DXWRYDORUHV� (Q HO FDVR GH

XQD SODFD UHFWDQJXODU GHOJDGD GH GLPHQVLRQHV D \ E HQ ODV GLUHFLRQHV [ H \ GHO SODQR UHVSHFWLYDPHQWH� HO

GRPLQLR HV 5� �8QD YH] GLPHQVLRQDOL]DGR I5� � � � [ � �� � � \ � �J� /D HFXDFLuRQ GLIHUHQFLDO JREHUQDQWH�

GHVSXuHV GH DVXPLU PRGRV QRUPDOHV� HV

Z���� � �m� xxZ �� � m� xxxxZ bl�Z  � ���

FRQ m  D E \ GRQGH #�c� #[ s �c��� #�c� #\ s �xc�� HWF� 6L Z � &� \ VDWLVIDFH VLPXOWuDQHDPHQWH OD HFXDFLuRQ

GLIHUHQFLDO ��� \ WRGDV ODV UHVWULFFLRQHV GHO SUREOHPD� HV OODPDGD VROXFLuRQ FOuDVLFD� l VRQ ORV DXWRYDORUHV GHO

SUREOHPD �SURSRUFLRQDOHV D ODV IUHFXHQFLDV QDWXUDOHV GH YLEUDFLuRQ�
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)UHFXHQFLDV DUELWUDULDPHQWH SUHFLVDV GH SODFDV UHFWDQJXODUHV DSR\DGDV HQ VXV YuHUWLFHV ���

GRQGH � HV OD IUHFXHQFLD FLUFXODU� | HV OD GHQVLGDG� K HV HO HVSHVRU GH OD SODFD� '  (K
�
 ���� b y

�� HV OD

ULJLGH] D oH[LuRQ GH OD SODFD� ( HV HO PuRGXOR GH HODVWLFLGDG \ y HV HO FRHnFLHQWH GH 3RLVVRQ� 6H PXHVWUD HQ

5RVDOHV� TXH OD SURSXHVWD GH XQD IXQFLuRQ FRQ FLHUWRV UHTXHULPLHQWRV� TXH SHUWHQH]FD D FRQMXQWR PuDV DPSOLR

TXH HO GH OD VROXFLuRQ FOuDVLFD� SHUPLWH ORJUDU OD FRQYHUJHQFLD XQLIRUPH GH ODV IXQFLRQHV PRGDOHV HVHQFLDOHV

\ OD H[DFWLWXG GH VXV DXWRYDORUHV� /D GHPRVWUDFLuRQ GH ODV FRQGLFLRQHV QHFHVDULDV \ VXnFLHQWHV TXH GDQ OD

MXVWLnFDFLuRQ D OD VROXFLuRQ 0(& GH OD YLEUDFLuRQ GH XQD SODFD GHOJDGD SXHGH YHUVH HQ 5RVDOHV� \ )LOLSLFK \

5RVDOHV�� /DV FRQGLFLRQHV HVHQFLDOHV GH ERUGH SDUD HO FDVR GH DSR\RV UurJLGRV HQ ORV YuHUWLFHV VRQ�

Z��� ��  Z��� ��  Z��� ��  Z��� ��  � ���

Una secuencia extremante

$TXur VRQ SUHVHQWDGRV ORV UHTXHULPLHQWRV D VHU VDWLVIHFKRV SRU ODV VHFXHQFLDV� 7DOHV VHFXHQFLDV VRQ OODPDGDV

VHFXHQFLDV H[WUHPDQWHV \D TXH� HQ JHQHUDO� FRQGXFHQ D OD FRQGLFLuRQ HVWDFLRQDULD GH FLHUWR IXQFLRQDO ) >c@� (Q

HO FDVR GH SODFDV UHFWDQJXODUHV HO IXQFLRQDO HV
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GRQGH IXH LQWURGXFLGD OD QRWDFLuRQ GHO DQuDOLVLV IXQFLRQDO� (O SURGXFWR LQWHUQR �I� J�  
5
'
IJG[G\� OD QRUPD

NIN
�  

5
'
I
�
G[G\� 'DGR TXH ) HV VLPuHWULFR \ GHnQLGR SRVLWLYR SDUD HVWH SUREOHPD SDUWLFXODU ODV

VHFXHQFLDV VRQ PLQLPL]DQWHV� /DV VHULHV GH )RXULHU TXH SXHGHQ VHU XVDGDV HQ GRPLQLRV UHFWDQJXODUHV VRQ GH

OD IRUPD�
33

I�I� HQ ODV TXH I�I� VRQ FXDOTXLHUD GH ODV VLJXLHQWHV FRPELQDFLRQHV VLVM � VLFM � FLVM � FLFM � /D

VLJXLHQWH QRWDFLuRQ KD VLGR LQWURGXFLGD

mL s L{� nM s M{� � VL s VLQmL[� VM s VLQnM\� FL s FRVmL[� FM s FRV nM\

FRQ �L� M�  �� �� �� � � �� 7DOHV VHULHV JDUDQWL]DQ� FRPR HV VDELGR� OD FRQYHUJHQFLD HQ OD PHGLD GH FXDOTXLHU

IXQFLuRQ FXDGUDGR LQWHJUDEOH� 6LQ HPEDUJR� HO 0(& UHTXLHUH OD FRQYHUJHQFLD XQLIRUPH GH ODV IXQFLRQHV

HVHQFLDOHV FRQWLQXDV� TXH HQ QXHVWUR SUREOHPD VRQ Z�Z
� DQG xZ� 6HJXLGDPHQWH VH PRVWUDUuD EUHYHPHQWH� ODV

IRUPD HQ TXH VH JHQHUDQ ODV VHULHV ELGLPHQVLRQDOHV SDUD XQD IXQFLuRQ FRQWLQXD� 6HD �  ��[� \� XQD IXQFLuRQ

FRQWLQXD GH GRV YDULDEOHV SDUD OD TXH HV UHTXHULGD OD FRQYHUJHQFLD XQLIRUPH HQ 5
�� SXHGH VHU UHSUHVHQWDGD

SRU DOJXQD GH ODV VLJXLHQWHV GRV H[SDQVLRQHV�
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FRQ0 ��� 'H ��D�E� \ SDUD WHQHU FRQYHUJHQFLD XQLIRUPH �GH OD 7HRUurD GH )RXULHU FRQ OD IXQFLuRQ VRSRUWH�

VHUuD VXnFLHQWH TXH�
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/D HFXDFLuRQ ��E�� WDQWR FRPR OD ��D�� FRQ OD IXQFLuRQ VRSRUWH _[%��\��EE��\�_ GD �FRPR SXHGH GHPRVWUDUVH

IuDFLOPHQWH� FRQYHUJHQFLD XQLIRUPH SDUD �� 'HEHUurD QRWDUVH TXH DuXQ FXDQGR WDOHV IXQFLRQHV VRSRUWH� HQ

DOJXQRV FDVRV� VXUJLUurDQ QDWXUDOPHQWH GHVSXHV GH LQWHJUDU� HOODV VRQ XQD GH ODV EDVHV SDUD OD GHPRVWUDFLuRQ

GH OD YDOLGH] GH OD VROXFLuRQ 0(&� $KRUD ELHQ� VL FXDOTXLHUD GH ODV IXQFLRQHV GH \ HQ ��D�E� VRQ H[SDQGLGDV GH

IRUPD DQuDORJD HQ OD YDULDEOH \ IRUPDOPHQWH LJXDO D ��� VHUuDQ FRQVLGHUDGDV WRGDV ODV FRPELQDFLRQHV SRVLEOHV�

(VWR HV� VL XQR FRPLHQ]D GH ��D�� \ SRU HMHPSOR
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�8QD GHGXFFLuRQ DQuDORJD SXHGH VHU KHFKD FRPHQ]DQGR GH XQD H[SDQVLRQ GH FRVHQRV� ��E��� &RPR SXHGH

REVHUYDUVH� OD FRQYHUJHQFLD XQLIRUPH HV ORJUDGD VL VH FRPLHQ]D GH ��D�� (VWR WDPELuHQ VH ORJUD FRQ ��E��

2WUDV FRPELQDFLRQHV VRQ HYLGHQWHPHQWH YuDOLGDV \ SRVLEOHV� 'HEH VHU VHOHFFLRQDGD OD PuDV DGHFXDGD� &RQVH�

FXHQWHPHQWH� OD IXQFLuRQ �01 ���� D VHU XVDGD HQ HVWH WUDEDMR� HV XQD VHFXHQFLD PLQLPL]DQWH GHO IXQFLRQDO

) \D TXH ODV VHJXQGDV GHULYDGDV GH �01 FRQYHUJHQ _DO PHQRV_ HQ /� KDFLD OD FRUUHVSRQGLHQWH GHULYDGDV

VHJXQGDV� 7RGDV ODV GHULYDGDV VHJXQGDV FRQWHQGUuDQ DO PHQRV WuHUPLQRV GH OD IRUPD
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I�I� �FRPR SXHGH

VHU YHULnFDGR IuDFLOPHQWH�� FRQ FRQYHUJHQFLD HQ /�� /DV LQFuRJQLWDV VRQ ODV FRQVWDQWHV I$LMJ� IDLJ� IEMJ \

N FRQ L� M  �� �� �� � � �� (Q SDUWLFXODU HO UHTXHULPLHQWR GH VDWLVIDFFLuRQ GH ODV HYHQWXDOHV FRQGLFLRQHV HVHQ�

FLDOHV GH ERUGH �DTXHOODV TXH LQYROXFUDQ �01 � �
�

01 R
x�01�� UHGXFH HO QuXPHUR GH LQFuRJQLWDV� 3RU HMHPSOR�

OD SODFD FRQ GRV ERUGHV FRQVHFXWLYRV VLPSOHPHQWH DSR\DGRV \ ORV RWURV GRV OLEUHV �66))� FRQGXFLUurD D

IDLJ  IEMJ  N  �� /XHJR� VH FRQFOX\H TXH� FXPSOLGR HO SURFHGLPLHQWR GH JHQHUDFLuRQ� OD FRQYHUJHQFLD

XQLIRUPH GH ODV IXQFLRQHV HVHQFLDOHV �DTXur ��
� x� \ �� HVWuD DVHJXUDGD� 7DPELuHQ ) >�01 @ b� ) >�@ FXDQGR

0�1 � �� 'H QXHYR GHEHUurD VHaQDODUVH TXH ODV IXQFLRQHV HVHQFLDOHV FOuDVLFDV GHEHUurDQ VHU FRQWLQXDV SDUD

TXH VHD ORJUDGD OD FRQYHUJHQFLD XQLIRUPH�

PLACA RECTANGULAR SOPORTADA EN SUS VÉRTICES

/D VLJXLHQWH VHFXHQFLD H[WUHPDQWH HV SURSXHVWD SDUD ORV GHVSOD]DPLHQWRV WUDQVYHUVDOHV GH XQD SODFD OLEUH�
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(V IRUPDOPHQWH FRLQFLGHQWH FRQ ����� /RV ERUGHV OLEUHV GDQ RULJHQ D ODV FRQGLFLRQHV QDWXUDOHV TXH QR

QHFHVLWDQ VHU FXPSOLGD SRU OD VHFXHQFLD H[WUHPDQWH� (Q HO FDVR TXH QRV RFXSD� LPSRQLHQGR ODV FRQGLFLRQHV

GH ERUGH SDUD OD SODFD DSR\DGD UurJLGDPHQWH HQ VXV YuHUWLFHV HQ ORV SXQWRV FRPR HQ ���� VH REWLHQH OD H[SUHVLuRQ



)UHFXHQFLDV DUELWUDULDPHQWH SUHFLVDV GH SODFDV UHFWDQJXODUHV DSR\DGDV HQ VXV YuHUWLFHV ���

JHQHUDO GH OD IXQFLuRQ GH ORV GHVSOD]DPLHQWRV WUDQVYHUVDOHV SURSXHVWD �VHFXHQFLD H[WUHPDQWH� SDUD HO SUREOHPD

GHO WurWXOR� 'HVSXuHV GH VX UHHPSOD]R HQ HO IXQFLRQDO ��� \ SRVWHULRU PLQLPL]DFLuRQ VH REWLHQH OD VROXFLuRQ�

/DV IRUPDV PRGDOHV HVWXGLDGDV SDUD HVWH FDVR SXHGHQ VHU DGHFXDGDPHQWH DJUXSDGDV SRU VXV WLSRV GH VLPHWUurDV

\ DQWLVLPHWUurDV� (VWR HV� DQWLVLPuHWULFR HQ ORV HMHV [ H \ � VLPuHWULFRV HQ ORV HMHV [ H \� DQWLVLPuHWULFR HQ HO

HMH [ \ VLPuHWULFR HQ HO HMH \ \ nQDOPHQWH DQWLVLPuHWULFR HQ HO HMH \ \ VLPuHWULFR HQ HO HMH [� (Q SDUWLFXODU \

SRU EUHYHGDG� HO DOJRULWPR HV GHWDOODGR SDUD HO SULPHU FDVR GH VLPHWUurD� SDUD ORV RWURV FDVRV VRQ PRVWUDGDV

ODV VHFXHQFLDV SURSXHVWDV� /DV H[SUHVLRQHV FRUUHVSRQGLHQWHV SXHGHQ VHU HQFRQWUDGDV HQ 5RVDOHV�� &DGD

VXEFRQMXQWR HV WDPELuHQ FRPSOHWR HQ /��

Forma Modal: Modo Antisimétrico en [ e \
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Forma modal: simétrica en [ e \

6H SURSRQH OD VLJXLHQWH VHFXHQFLD �,  �� �� �� � � ��
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6ROXFLuRQ l� l�  l� l� l�

0(& �������� �������� �������� ��������

0()� �������� �������� �������� ��������

0()� �������� �������� �������� ��������

7DEOD �� 3ODFD FXDGUDGD DSR\DGD HQ VXV YuHUWLFHV �m  ��� &RPSDUDFLuRQ GH UHVXOWDGRV GH ODV FLQFR SULPHUDV

IUHFXHQFLDV KDOODGDV FRQ 0(& �0  1  ������ 0()� ���� HOHPHQWRV� \ 0()� ���� HOHPHQWRV��

Forma modal: antisimétrica en [ y simétrica en \

/D VHFXHQFLD PLQLPL]DQWH HV �,  �� �� �� � � � DQG 3  �� �� �� � � ��
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Forma modal: antisimétrica en \ y simétrica en [

/RV UHVXOWDGRV VH REWLHQHQ LQWHUFDPELDQGR L SRU M \ YLFHYHUVD� HQ � ����

RESULTADOS NUMÉRICOS Y CONCLUSIONES

$ ORV HIHFWRV GH LOXVWUDU OD XWLOL]DFLuRQ GHO 0(& VH KDQ REWHQLGR YDORUHV QXPuHULFRV GH ORV SDUuDPHWURV QDWXUDOHV

GH IUHFXHQFLD SDUD OD SODFD UHFWDQJXODU FRQ ERUGHV OLEUHV \ VXV FXDWUR YuHUWLFHV DSR\DGRV� (Q OD 7DEODV � \

� VH PXHVWUDQ ORV UHVXOWDGRV KDOODGRV FRQ ORV VLJXLHQWHV PuHWRGRV�

D� 0(& �0uHWRGR GHO (OHPHQWR &RPSOHWR� FRQ 0  1  ���� �QR LPSOLFD WDPDaQR GH PDWUL]�� GHVDUUROODGR

HQ HVWH WUDEDMR�

E� 0()� �0uHWRGR GH ORV (OHPHQWRV )LQLWRV�� 0HGLDQWH HVWH PuHWRGR VH REWXYLHURQ ORV YDORUHV GH ORV FRH�

nFLHQWHV GH IUHFXHQFLD FRUUHVSRQGLHQWHV D ORV � SULPHURV PRGRV QDWXUDOHV GH YLEUDFLuRQ OLEUH GH XQD SODFD

UHFWDQJXODU DSR\DGD HQ VXV FXDWUR YuHUWLFHV� 6H XWLOL]uR XQ HOHPHQWR SODFD UHFWDQJXODU FRQIRUPH GH �� JUDGRV

GH OLEHUWDG� FX\R DOJRULWPR IXH GHVDUUROODGR SRU %RJQHU� )R[ \ 6FKPLW�� 6H LPSOHPHQWuR HO PLVPR D WUDYuHV

GH XQ SURJUDPD FRGLnFDGR HQ 9LVXDO %DVLF���

F�0()� �0uHWRGR GH ORV (OHPHQWRV )LQLWRV FRQ HO FuRGLJR $/*25�� 8VD HOHPHQWR GH SODFD 9HXEHFNH FRQ�

IRUPH FRQ � JUDGRV GH OLEHUWDG� 3DUD REWHQHUVH HO FRPSRUWDPLHQWR GH SODFD GHEHQ UHVWULQJLUVH ORV � JUDGRV

GH OLEHUWDG GH PRPHQWRV HQ HO SODQR [\ �7[� 7\� 5]�� /RV UHVXOWDGRV IXHURQ KDOODGRV FRQ ��� HOHPHQWRV�

/D 7DEOD � FRQWLHQH ODV FLQFR SULPHUDV IUHFXHQFLDV SDUD OD SODFD FXDGUDGD DSR\DGD HQ ORV YuHUWLFHV� &RPR

VH KD GLFKR DUULED HO 0(& GD OXJDU D YDORUHV H[DFWRV GH OD IUHFXHQFLD VL 0�1 � �� 3XHGHQ DVur KDOODUVH

UHVXOWDGRV QXPuHULFRV DUELWUDULDPHQWH SUHFLVRV nMDQGR HO QuXPHUR GH GurJLWRV GH SUHFLVLuRQ GHVHDGRV H LQFUH�

PHQWDQGR 0�1 KDVWD DOFDQ]DU HO REMHWLYR� &DEH GHVWDFDU TXH HO YDORU GH 0 R 1 QR LPSOLFD QuXPHUR GH

HFXDFLRQHV GDGR TXH HO DOJRULWPR FRQGXFH D XQ SURFHVR LWHUDWLYR� $GHPuDV VH WUDEDMD FRQ urQGLFHV SDUHV R

LPSDUHV� 3XHGH REVHUYDUVH TXH ORV YDORUHV GH 0()� �FRWDV VXSHULRUHV� VRQ H[FHOHQWHV \D TXH GLnHUHQ D SDUWLU

GHO �WR GHFLPDO UHVSHFWR GH OD VROXFLuRQ GHO 0(&�



)UHFXHQFLDV DUELWUDULDPHQWH SUHFLVDV GH SODFDV UHFWDQJXODUHV DSR\DGDV HQ VXV YuHUWLFHV ���
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)LJXUD �� *UuDnFR GH FRQYHUJHQFLD GHO DOJRULWPR 0()� XWLOL]DQGR HO HOHPHQWR %RJQHU�)R[ \ 6FKPLW�

&RPR HV FRQRFLGR H LQHYLWDEOH ORV HUURUHV QXPuHULFRV GH UHGRQGHR LPSLGHQ HO LQFUHPHQWR DUELWUDULR GHO QuXPHUR

GH HOHPHQWRV R WuHUPLQRV HQ DOJXQRV HMHPSORV� &RPR PXHVWUD� WRGRV ORV FuDOFXORV FRQ 0(& \ 0()� IXHURQ

UHDOL]DGRV FRQ GREOH SUHFLVLuRQ ��� GurJLWRV�� 6H SUREuR XQ FDVR SDUWLFXODU GH LQFUHPHQWDU HQ 0()� OD SUHFLVLuRQ

D �� GurJLWRV �FRQ HO DXPHQWR FRUUHVSRQGLHQWH GH PHPRULD \ WLHPSR GH FRPSXWDFLuRQ�� REWHQLuHQGRVH HO YDORU

GH l�  ��������� 6H REVHUYD TXH 0()� GD UHVXOWDGRV H[WUHPDGDPHQWH SUHFLVRV�

(V HYLGHQWH TXH HO KHFKR GH GLVSRQHU GH OD VROXFLuRQ 0(& �H[DFWD� �DUELWUDULDPHQWH SUHFLVD� SHUPLWH OOHJDU

D HVWD FRQFOXVLuRQ� $GHPuDV HV FRQRFLGR TXH ODV IUHFXHQFLDV REWHQLGDV FRQ 0() YDQ SHUGLHQGR SUHFLVLuRQ DO

DXPHQWDU VX RUGHQ� (VWH QR HV HO FDVR GHO 0(& FRPR SXHGH REVHUYDUVH HQ OD 7DEOD � TXH ORV YDORUHV

QXPuHULFRV GH ODV IUHFXHQFLDV VXSHULRUHV GLnHUHQ HQ PD\RU PHGLGD� 'HEH DFODUDUVH TXH HVWRV FRPHQWDULRV VH

HQFXDGUDQ HQ XQ HVWXGLR DFDGuHPLFR \ GH YDOLGDFLuRQ GH XQ PuHWRGR QXPuHULFR \D TXH GHVGH HO SXQWR GH YLVWD

LQJHQLHULO ORV WUHV PuHWRGRV SURYHHQ GH UHVXOWDGRV WRWDOPHQWH DFHSWDEOHV�

$GLFLRQDOPHQWH VH PXHVWUD OD IRUPD GH FRQYHUJHQFLD FXDQGR VH XWLOL]D 0()� HQ OD 7DEOD � \ )LJXUD ��

2WUR GHWDOOH TXH PHUHFH FRPHQWDUVH VRQ ORV UHVXOWDGRV KDOODGRV FRQ 0()�� HO FuRGLJR $/*25� $ SHVDU GH

WUDWDUVH GHO HOHPHQWR GH SODFDV 9HXYHFNH TXH HV FRQIRUPH� OD FRQYHUJHQFLD GH ORV DXWRYDORUHV HV DOWHUQDGD�

(VWR HV� SDUD PRGRV VLPuHWULFRV HV FRWD VXSHULRU �HQ 7DEOD �� l�� l�� \ SDUD PRGRV DQWLVLPuHWULFRV �l�  l��
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7DEOD �� &RQYHUJHQFLD GHO PuHWRGR 0()�� 9DORUHV GH l� KDOODGRV LQFUHPHQWDQGR HO QuXPHUR GH HOHPHQWRV

GH XQD SODFD FRPSOHWD�

l�� HV FRWD LQIHULRU �YHU 7DEOD ��� (VWH FRPSRUWDPLHQWR SXHGH H[SOLFDUVH FRQ OD IRUPD GH SODQWHDU OD PDWUL]

GH PDVD� (Q HVWH FuRGLJR VH XWLOL]DQ PDVDV FRQFHQWUDGDV �OXPSHG PDVVHV� \ OD H[LVWHQFLD GH ERUGHV OLEUHV

LQGXFH D HVWH FRPSRUWDPLHQWR� (Q XQ SUREOHPD VLPLODU �YLEUDFLRQHV GH SODFDV OLEUHV� HVWXGLDGR SRU ORV

DXWRUHV� HVWH DOJRULWPR GLuR FRPR UHVXOWDGR WRGDV FRWDV LQIHULRUHV�

$ PRGR GH LOXVWUDFLuRQ VH PXHVWUDQ ODV IRUPDV PRGDOHV FRUUHVSRQGLHQWHV D ODV � SULPHUDV IUHFXHQFLDV� SDUD

XQD SODFD FXDGUDGD DSR\DGD HQ VXV FXDWUR YuHUWLFHV �)LJXUDV � D ��� 3RU VHU m  � ORV PRGRV � \ � FRLQFLGHQ�

5HVSHFWR D XQD H[WHQVLuRQ GHO SUHVHQWH WUDEDMR� DFWXDOPHQWH HVWuD HQ GHVDUUROOR OD LPSOHPHQWDFLuRQ GHO 0(&

SDUD DSR\RV SXQWXDOHV� OLQHDOHV R FXUYRV� UurJLGRV \ DUELWUDULDPHQWH ORFDOL]DGRV HQ OD SODFD� 1XHYDPHQWH

HO REMHWLYR HV REWHQHU YDORUHV �H[DFWRV� �DUELWUDULDPHQWH SUHFLVRV� TXH SHUPLWDQ FRQIURQWDU RWURV PuHWRGRV

DSUR[LPDGRV�
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