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'HSDUWDPHQWR�GH�,QJHQLHUtD���8QLYHUVLGDG�1DFLRQDO�GHO�6XU
�����%DKtD�%ODQFD��$UJHQWLQD���QIRUWHJD#FULED�HGX�DU�

3DODEUDV�&ODYHV���(VWUXFWXUDV��'HWHFFLyQ�GH�'DxR��'HVSOD]DPLHQWRV��&DUJDV�(VWiWLFDV�
5HVXPHQ��8QD�ILVXUD�HQ�XQ�HOHPHQWR�HVWUXFWXUDO�SURGXFH�FDPELRV�ORFDOHV�HQ�OD�IOH[LELOLGDG
GH�OD�PLVPD��TXH�VH�WUDGXFHQ�HQ�YDULDFLRQHV�GH�VX�FRPSRUWDPLHQWR�HVWiWLFR�\�GLQiPLFR��&DEH
DFRWDU�TXH�H[LVWHQ�PXFKRV�WUDEDMRV�HQ�OD�OLWHUDWXUD��UHODFLRQDGRV�FRQ�OD�GHWHFFLyQ�GH�GDxR�
EDVDGRV� HQ� HO� DQiOLVLV� GH� SDUiPHWURV� YLQFXODGRV� FRQ� ODV� SURSLHGDGHV� GLQiPLFDV�� (Q� HVWH
WUDEDMR�VH�SUHVHQWD�XQD�PHWRGRORJtD��FX\R�REMHWLYR�HV�OD�GHWHFFLyQ��ORFDOL]DFLyQ�\�FXDQWLILFD�
FLyQ�GHO�GDxR�D� WUDYpV�GH� ORV�YDORUHV�GH�GHVSOD]DPLHQWRV��SURGXFLGRV�SRU�FDUJDV�HVWiWLFDV�
&RQ�HO� ILQ�GH�HVWDEOHFHU� OD�SUHFLVLyQ�GH� ORV� UHVXOWDGRV�REWHQLGRV�HQ�HVWUXFWXUDV� OLQHDOHV�� VH
UHDOL]DURQ� VLPXODFLRQHV� QXPpULFDV�� DQDOL]iQGRODV� FRQ� HO�0pWRGR�GH� ORV�(OHPHQWRV�)LQLWRV�
3DUD� OD� GHWHFFLyQ� \� ORFDOL]DFLyQ� GHO� GDxR� VH� SUHVHQWDQ� GRV� WpFQLFDV�� /D� SULPHUD� HVWi
UHODFLRQDGD�FRQ�OD�YDULDFLyQ�GH�OD�IOH[LELOLGDG�GH�OD�HVWUXFWXUD�GDxDGD��UHVSHFWR�GH�OD�PLVPD
HVWUXFWXUD�VLQ�GDxR��FRQVLGHUDQGR�FRPR�SDUiPHWUR��UHODFLRQDGR�DO�FDPELR�GH�OD�IOH[LELOLGDG�
ORV� GHVSOD]DPLHQWRV�� /D� VHJXQGD� WpFQLFD�� VH� EDVD� HQ� OD� YDULDFLyQ� GH� OD� FXUYDWXUD� GH� OD
GHIRUPDGD�� OD�FXDO�VH�REWLHQH�PHGLDQWH�HO�0pWRGR�GH�'LIHUHQFLDV�)LQLWDV��(VWDV�FXUYDWXUDV
SUHVHQWDQ�FDPELRV�DEUXSWRV�HQ�ODV�VHFFLRQHV�GDxDGDV��SHUPLWLHQGR�OD�ORFDOL]DFLyQ�GH�GLFKDV
]RQDV�� (VWD� WpFQLFD� WLHQH� OD� YHQWDMD� TXH� VRODPHQWH� UHTXLHUH�� SDUD� VX� DQiOLVLV�� YDORUHV� GH
GHVSOD]DPLHQWRV� GH� OD� HVWUXFWXUD� GDxDGD�� 3DUD� OD� FXDQWLILFDFLyQ� GHO� GDxR�� VH� XWLOL]DURQ
PRGHORV� DQDOL]DGRV� FRQ� 0()�� GRQGH� OD� ILVXUD� VH� PRGHOD� JHRPpWULFDPHQWH�� HQ� XQD� ]RQD
SUHYLDPHQWH� LGHQWLILFDGD�� /RV� GDWRV� TXH� VH� GLVSRQHQ� VRQ� ORV� GHVSOD]DPLHQWRV� HQ� GLVWLQWRV
SXQWRV�\��FRQ�HO�DSRUWH�GH�ODV�WpFQLFDV�GH�ORFDOL]DFLyQ�GH�GDxR��OD�XELFDFLyQ��GHWHUPLQiQGRVH
OD�SURIXQGLGDG�GH�ILVXUD�
&RQ� OD� ILQDOLGDG� GH� HVWLPDU� OD� VHQVLELOLGDG� GH� ORV� SDUiPHWURV� FRQVLGHUDGRV�� WDOHV� FRPR
GHVSOD]DPLHQWRV�� GHVSOD]DPLHQWRV� YROXPpWULFRV� \� GHIRUPDFLRQHV� YROXPpWULFDV�� HQ� OD
PHWRGRORJtD�GH�GHWHFFLyQ�GH�GDxR�DTXt�SUHVHQWDGD��VH�UHDOL]DURQ�VLPXODFLRQHV�QXPpULFDV�FRQ
0()�HQ�GLVWLQWRV� WLSRV�GH�HVWUXFWXUDV��YLJDV�HPSRWUDGDV��VLPSOHPHQWH�DSR\DGDV�\�SyUWLFRV�
FRQ�ILVXUDV�GH�GLVWLQWD�SURIXQGLGDG�\�HQ�GLYHUVDV�ORFDOL]DFLRQHV�
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� ,1752'8&&,21
8QD�HVWUXFWXUD�VH�SXHGH�GDxDU�SRU�GLYHUVDV�FDXVDV��VREUHFDUJDV�DFFLGHQWDOHV�TXH�H[FHGDQ

DTXHOODV� SDUD� ODV� FXDOHV� OD� HVWUXFWXUD� IXH� GLVHxDGD�� SRU� HO� FDPELR� R� GHWHULRUR� GH� VXV
SURSLHGDGHV� ItVLFDV� R�PHFiQLFDV� HQ� HO� WLHPSR�� SRU� OD� LQIOXHQFLD� GHO�PHGLR� DPELHQWH�� HQWUH
RWUDV�� &RQ� HO� ILQ� GH� UHDOL]DU� OD� GHWHFFLyQ� WHPSUDQD� GH� ORV� GDxRV� HVWUXFWXUDOHV�� PXFKRV
LQYHVWLJDGRUHV� KDQ� GHVDUUROODGR� PpWRGRV� GH� HYDOXDFLyQ� SDUD� FRQRFHU� OD� FRQGLFLyQ� GH� ORV
HOHPHQWRV��6H�GHEH�KDFHU�QRWDU�TXH�OD�GHWHFFLyQ�GH�GDxR��VH�SXHGH�HIHFWXDU�PHGLDQWH�PpWRGRV
EDVDGRV�HQ�HQVD\RV�GHVWUXFWLYRV�\�QR�GHVWUXFWLYRV�

(O�LQWHUpV��HQ�FLHUWRV�WLSRV�GH�HVWUXFWXUDV��HV�GLVSRQHU�GH�XQD�WpFQLFD�TXH�SHUPLWD�KDFHU�XQ
VHJXLPLHQWR� FRQWLQXR� GHO� HVWDGR� GH� OD� HVWUXFWXUD�� (QWUH� ORV�PpWRGRV� QR� GHVWUXFWLYRV�� HVWiQ
DTXHOORV�TXH�VH�EDVDQ�HQ�HVWDEOHFHU�HO�FDPELR�GH� OD� UHVSXHVWD�GLQiPLFD�GH� OD�HVWUXFWXUD�� ORV
TXH� FRQVLGHUDQ� ODV� YDULDFLRQHV� GH� ODV� SURSLHGDGHV� GLQiPLFDV�� HV� GHFLU� VXV� IUHFXHQFLDV
QDWXUDOHV�� PRGRV� GH� YLEUDFLyQ�� HWF��� GHELGR� D� OD� SUHVHQFLD� GH� GDxR�� ORV� PLVPRV� KDQ� VLGR
WUDWDGRV� SRU� GLIHUHQWHV� LQYHVWLJDGRUHV� \� DFWXDOPHQWH� VH� HQFXHQWUD� XQD� JUDQ� FDQWLGDG� GH
SXEOLFDFLRQHV����� &RPSDUDWLYDPHQWH�� H[LVWHQ� SRFRV� WUDEDMRV� VREUH� LGHQWLILFDFLyQ� GH� GDxR�
EDVDGR�HQ�OD�UHVSXHVWD�HVWiWLFD�GH�XQD�HVWUXFWXUD����

6H� GHEH� WHQHU� SUHVHQWH� TXH� XQD� HVWUXFWXUD� FRQ� GDxR� SLHUGH� ULJLGH]�� OR� TXH� LQGXFH� D
YDULDFLRQHV�HQ�DPEDV�UHVSXHVWDV��GLQiPLFD�\�HVWiWLFD��(Q�HO�FDVR�GH�OD�UHVSXHVWD�GLQiPLFD��OR
TXH�VH�PLGH�HV�OD�YDULDFLyQ�HQ�IUHFXHQFLDV��PRGRV�\�UHVSXHVWD�HQ�IUHFXHQFLDV��HQ�WDQWR�TXH�HQ
HO� FDVR� GH� OD� UHVSXHVWD� HVWiWLFD� VH� PLGHQ� ODV� YDULDFLRQHV� HQ� ORV� GHVSOD]DPLHQWRV� \� ODV
'HIRUPDFLRQHV��'HSHQGLHQGR�GH� OD� HVWUXFWXUD�TXH� VH� DQDOL]D�\�GHO� HTXLSDPLHQWR�GLVSRQLEOH
SDUD� UHDOL]DU� ODV�PHGLFLRQHV� LQ� VLWX�� VHUi�PiV� FRQYHQLHQWH� XQR� X� RWUR�PpWRGR�\� HQ� DOJXQRV
FDVRV�DPERV��XVDGRV�HQ�IRUPD�FRPSOHPHQWDULD���

6H�GHEH�PHQFLRQDU�TXH��XQ�DOJRULWPR�GH�GHWHFFLyQ�GH�GDxR�LQFOX\H�FXDWUR�HWDSDV�GLIHUHQWHV
GHO� DQiOLVLV�� OD� GHWHFFLyQ� GH� OD� SUHVHQFLD� GH� GDxR�� OD� ORFDOL]DFLyQ�� OD� FXDQWLILFDFLyQ� \� SRU
~OWLPR��OD�SUHGLFFLyQ�GH�OD�YLGD�\�R�UHVLVWHQFLD�UHVLGXDO�GH�OD�HVWUXFWXUD�

(Q� HVWH� WUDEDMR� VH� SUHVHQWD� OD� DSOLFDFLyQ� GH� XQD� PHWRGRORJtD� QR� GHVWUXFWLYD� SDUD� OD
GHWHFFLyQ� GH� GDxR�� EDVDGD� HQ� OD� UHVSXHVWD� HVWiWLFD� �GHVSOD]DPLHQWRV� \� GHIRUPDFLRQHV�� GH
HVWUXFWXUDV�GH�DFHUR�OLQHDOHV��WDOHV�FRPR�YLJDV�\�SyUWLFRV�GH�KRUPLJyQ�DUPDGR��WUDEDMiQGRVH
FRQ�ODV�WUHV�SULPHUDV�HWDSDV��GHWHFFLyQ��ORFDOL]DFLyQ�\�FXDQWLILFDFLyQ�GHO�GDxR�HVWUXFWXUDO�
����'(7(&&,Ï1�/2&$/,=$&,Ï1�<�&8$17,),&$&,Ï1�'(�'$f2

&RPR�VH�PHQFLRQy�HQ�OD� LQWURGXFFLyQ��XQD�HVWUXFWXUD�GDxDGD�SUHVHQWD�XQD�ULJLGH]�PHQRU
UHVSHFWR�GH�OD�PLVPD�HVWUXFWXUD�VLQ�GDxR��(VWR�VH�HYLGHQFLD�HQ�OD�UHVSXHVWD�HVWiWLFD��HV�GHFLU
PHGLDQWH� OD� GHWHUPLQDFLyQ� GH� ORV� GHVSOD]DPLHQWRV� \� ODV� GHIRUPDFLRQHV� SURGXFLGDV�� SRU� OD
DFFLyQ�GH�ODV�FDUJDV�DFWXDQWHV�

/RV�GHVSOD]DPLHQWRV�\�ODV�GHIRUPDFLRQHV�GH�XQD�HVWUXFWXUD�VRQ�IXQFLRQHV�GH�VX�JHRPHWUtD�
GH�ODV�SURSLHGDGHV�GHO�PDWHULDO�\�GH�ODV�FDUJDV�DFWXDQWHV��(O�GDxR�SXHGH�SUHVHQWDUVH�FRPR�XQ
FDPELR�HQ�ODV�SURSLHGDGHV�GHO�PDWHULDO�R�ELHQ�XQ�FDPELR�HQ�VX�JHRPHWUtD��(Q�HVWH�WUDEDMR�HO
GDxR�VH�PRGHOD�FRPR�XQD�ILVXUD�GLVFUHWD��TXH�DOWHUD� OD�JHRPHWUtD�R�PiV�HVSHFtILFDPHQWH��HO
0RPHQWR�GH�,QHUFLD�GH�OD�]RQD�GH�OD�HVWUXFWXUD�TXH�HVWD�DIHFWDGD�
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(Q� HVWH� WUDEDMR� VRQ� FRPSDUDGRV� GRV� PpWRGRV� GH� GHWHFFLyQ� \� ORFDOL]DFLyQ� GH� GDxR� HQ
HVWUXFWXUDV�� EDVDGRV� HQ� HO� DQiOLVLV� GH� VX� UHVSXHVWD� HVWiWLFD��$GHPiV�� VH� SUHVHQWD� XQ�PpWRGR
TXH� SHUPLWH� HVWLPDU� OD� FXDQWLILFDFLyQ� GHO� GDxR�� TXH� QR� SURYHH� XQD� VROXFLyQ� H[SOtFLWD� DO
SUREOHPD�LQYHUVR��GHELGR�D�TXH�HVWi�EDVDGD�HQ�PpWRGRV�QXPpULFRV�

6H�UHDOL]DURQ�GRV�WLSRV�GH�PRGHORV��UHSUHVHQWDWLYRV�GH�OD�HVWUXFWXUD�FRQ�\�VLQ�GDxR��GH�YLJD
VLPSOHPHQWH�DSR\DGD��YLJD�HQ�YRODGL]R�\�XQ�SyUWLFR�ELDUWLFXODGR��ORV�FXDOHV�IXHURQ�DQDOL]DGRV
PHGLDQWH� XQ� VRIWZDUH� TXH� HPSOHD� HO� 0pWRGR� GH� ORV� (OHPHQWRV� )LQLWRV�� FRPHUFLDOPHQWH
FRQRFLGR�FRPR��$OJRU���� ��REWHQLpQGRVH�ORV�YDORUHV�GH�GHVSOD]DPLHQWRV�\�GHIRUPDFLRQHV�HQ
GLVWLQWRV�SXQWRV�

6H� GHEH� WHQHU� SUHVHQWH� TXH� ORV� YDORUHV� GH� ORV� GHVSOD]DPLHQWRV� \� GHIRUPDFLRQHV� SXHGHQ
REWHQHUVH�HQ�IRUPD�H[SHULPHQWDO��\D�VHD�PHGLGRV�HQ� OD�HVWUXFWXUD� UHDO�R�ELHQ�HQ�XQ�PRGHOR
H[SHULPHQWDO��R�PHGLDQWH�HO�XVR�GH�PRGHORV�QXPpULFRV�
�����0RGHODFLyQ�QXPpULFD

(Q� ODV� )LJXUDV� ��� �� \ �� VH� PXHVWUDQ� ORV� PRGHORV� XWLOL]DGRV� HQ� HVWH� WUDEDMR� FRQ� VXV
GLPHQVLRQHV�� \� ODV� FDUJDV� DSOLFDGDV�� /D� )LJXUD� �� FRUUHVSRQGH� D� XQD� YLJD� VLPSOHPHQWH
DSR\DGD��OD�)LJXUD���D�XQD�HQ�YRODGL]R�\�OD�)LJXUD���D�XQ�SyUWLFR�ELDUWLFXODGR��(VWRV�PRGHORV
IXHURQ� DQDOL]DGRV� FRQVLGHUDQGR�XQD� IRUPXODFLyQ�GH�(VWDGR�3ODQR�GH�7HQVLRQHV� HQ��'�� FRQ
HOHPHQWRV� UHFWDQJXODUHV� GH� �� QRGRV�� (O� FDPELR� GH� ULJLGH]�� GHELGR� DO� GDxR�� IXH� PRGHODGR
PHGLDQWH�OD�LQFRUSRUDFLyQ�GH�XQD�ILVXUD�GLVFUHWD��/DV�SURSLHGDGHV�GHO�PDWHULDO�FRQ�ODV�TXH�VH
UHDOL]DURQ� ORV�PRGHORV�GH� ODV�)LJXUDV���\���VRQ� (� ��������� >1�P�@��P  ������\�U  �����
>.J�P�@� FRUUHVSRQGLHQWHV� DO� DFHUR�� (Q� HO� FDVR� GHO� SyUWLFR� ELDUWLFXODGR�� )LJXUD� ��� ODV
SURSLHGDGHV�GHO�KRUPLJyQ�DUPDGR�VRQ��(� ���������� >1�P�@��P  ������\�U  ������>.J�P�@�

)LJXUD�����0RGHOR�GH�YLJD�VLPSOHPHQWH�DSR\DGD
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)LJXUD�����0RGHOR�GH�YLJD�HQ�YRODGL]R

)LJXUD����0RGHOR�GH�SyUWLFR�ELDUWLFXODGR

�����'HWHUPLQDFLyQ�GH�OD�SUHVHQFLD�GH�GDxR�HQ�HVWUXFWXUDV
3DUD�OD�GHWHUPLQDFLyQ�GH�OD�SUHVHQFLD�GH�GDxR��VH�UHDOL]D�OD�FRPSDUDFLyQ�GH�ORV�YDORUHV�GH

ORV� GHVSOD]DPLHQWRV� y� ODV� GHIRUPDFLRQHV�� FRUUHVSRQGLHQWHV� D� OD� HVWUXFWXUD� FRQ� \� VLQ� GDxR�
HPSOHiQGRVH�HVWDV�YDULDEOHV�FRPR�XQ�tQGLFH�GH�OD�SUHVHQFLD�GH�GDxR�

MECOM 2005 – VIII Congreso Argentino de Mecánica Computacional

2762



�������$QiOLVLV�GH�UHVXOWDGRV�GHO�PRGHOR�GH�YLJD�VLPSOHPHQWH�DSR\DGD
(Q�OD�)LJXUD���VH�UHSUHVHQWDQ�ORV�GHVSOD]DPLHQWRV�GH�XQD�YLJD�VLPSOHPHQWH�DSR\DGD��FRQ

GDxR�HQ�XQD�SRVLFLyQ�ILMD��FRUUHVSRQGLHQWH�DO�SXQWR�[�/� ��������GRQGH�[�HV�OD�FRRUGHQDGD�GH
FDGD�SXQWR�\�/�HV� OD� ORQJLWXG� WRWDO�GH� OD�YLJD��� HQ� IXQFLyQ�GH� OD�XELFDFLyQ� UHODWLYD�GH�FDGD
SXQWR��SDUD�GLVWLQWDV�UHODFLRQHV�GH�D�K��GRQGH�D�HV�OD�SURIXQGLGDG�GHO�GDxR�\�K�HV�OD�DOWXUD�WRWDO
GH� OD� YLJD��� $GHPiV�� VH� KD� LQFOXLGR� HQ� HVWD� JUiILFD� OD� FXUYD� FRUUHVSRQGLHQWH� D� ORV
GHVSOD]DPLHQWRV� GH� OD� HVWUXFWXUD� VLQ� GDxR�� &RPR� VH� SXHGH� REVHUYDU� HQ� GLFKD� ILJXUD�� HO
Pi[LPR�'HVSOD]DPLHQWR�RFXUUH�HQ�OD�]RQD�FHQWUDO�GH�OD�YLJD��FRQ�XQ�FRUULPLHQWR�KDFLD�OD�]RQD
GDxDGD��$GHPiV��D�PHGLGD�TXH�OD�UHODFLyQ�D�K�VH�LQFUHPHQWD��HV�GHFLU�FXDQGR�HO�GDxR�HV�PiV
VHYHUR��OD�GLIHUHQFLD�HQWUH�ODV�FXUYDV�FRUUHVSRQGLHQWHV�D�OD�HVWUXFWXUD�GDxDGD�\�VDQD�HV�PD\RU�
(QWUH� ORV� FDVRV� GH� HVWXGLR�� VH� DSUHFLD� TXH� OD� FXUYD� FRUUHVSRQGLHQWH� D� OD� UHODFLyQ� D�K� �����
GLILHUH�PX\�SRFR�GH�OD�FXUYD�VLQ�GDxR��'H�DTXt�TXH�HVWR�VHUtD�XQD�SULPHUD�OLPLWDFLyQ�D�HVWH
PpWRGR�� GHELGR� D� TXH�� FRQ� OD� PDJQLWXG� GH� OD� FDUJD� DSOLFDGD�� QR� VH� GHWHFWDQ� GLIHUHQFLDV
VLJQLILFDWLYDV�FRQ�OD�HVWUXFWXUD�VLQ�GDxR��8QD�IRUPD�GH�VDOYDU�HVWH�LQFRQYHQLHQWH�HV�DXPHQWDU
HO�YDORU�GH�OD�FDUJD��SDUD�TXH�VH�LQFUHPHQWHQ�ODV�'HIRUPDFLRQHV��1R�REVWDQWH��GHVGH�HO�SXQWR
GH�YLVWD�SUiFWLFR�HVWH�LQFUHPHQWR�GH�OD�FDUJD�HV�OLPLWDGR��GHELGR�D�FXHVWLRQHV�GH�VHJXULGDG�\
GH�PD\RU�FRVWR�GH�ORV�HQVD\RV�
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)LJXUD����'HVSOD]DPLHQWR�GH�XQD�YLJD�VLPSOHPHQWH�DSR\DGD�FRQ�GLVWLQWDV�VHYHULGDGHV�GH�GDxR�HQ��[�/ �����

(Q�OD�)LJXUD���VH�UHSUHVHQWDQ�ORV�GHVSOD]DPLHQWRV��HQ�IXQFLyQ�GH�OD�XELFDFLyQ�UHODWLYD�GH
FDGD�SXQWR�� SDUD� XQD� UHODFLyQ� D�K� ���� \�GLVWLQWD� XELFDFLyQ�GHO� GDxR�� HV� GHFLU� GLVWLQWRV� [�/
�LJXDO� VHYHULGDG� \� GLVWLQWD� XELFDFLyQ��� &RPR� VH� SXHGH� REVHUYDU� HQ� GLFKD� ILJXUD�� FXDQGR� OD
XELFDFLyQ�GHO�GDxR�FRLQFLGH�FRQ�OD�]RQD�GH�Pi[LPRV�GHVSOD]DPLHQWRV��OD�GLIHUHQFLD�HQWUH�ODV
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FXUYDV� FRUUHVSRQGLHQWHV� D� HVWUXFWXUD� GDxDGD� \� VDQD� HV�Pi[LPD�� FRPR� HUD� GH� HVSHUDU��$TXt
WDPELpQ� VH� SXHGH� DSUHFLDU� TXH� HO� Pi[LPR� GH� OD� FXUYD� VXIUH� XQ� FRUULPLHQWR� KDFLD� OD� ]RQD
GDxDGD��'H�HVWD�PDQHUD�HVWH�FRUULPLHQWR�SXHGH�GDU�XQD� LGHD�GH�GRQGH�VH�HQFXHQWUD� OD�]RQD
GDxDGD�� 6H� GHEH� QRWDU� TXH� FXDQGR� HO� GDxR� HVWD� XELFDGR� FHUFD� GHO� DSR\R�� ]RQD� GH
GHVSOD]DPLHQWRV�PHQRUHV�� OD�FXUYD�GH� ORV�GHVSOD]DPLHQWRV�QR�SUHVHQWD�QRWDEOHV�GLIHUHQFLDV�
UHVSHFWR� GH� OD� HVWUXFWXUD� VLQ� GDxR�� (Q� RWUDV� SDODEUDV�� HO� PpWRGR� SLHUGH� VHQVLELOLGDG�� HQ� OD
PHGLGD�TXH�OD�]RQD�GDxDGD�VH�DSUR[LPD�D�ORV�DSR\RV��HQ�IRUPD�VLPLODU�D�OR�TXH�RFXUUH�FXDQGR
OD� SURIXQGLGDG� GH� OD� ILVXUD� HV� UHGXFLGD�� (Q� HVWRV� FDVRV� KDEUtD� TXH� DXPHQWDU� HO� YDORU� GH� OD
FDUJD�H[WHUQD��SHUR�HVWR� HV� OLPLWDGR��GHELGR�D�TXH� VH�FRUUH� HO� ULHVJR�GH� VXSHUDU� OD� FDUJD�GH
URWXUD�GHO�HOHPHQWR�HVWUXFWXUDO�DQDOL]DGR��R�GHMDUOR��XQD�YH]�GHVFDUJDGR��FRQ�'HIRUPDFLRQHV
UHPDQHQWHV��GHIRUPDFLRQHV�SOiVWLFDV��
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)LJXUD����'HVSOD]DPLHQWR�GH�XQD�YLJD�VLPSOHPHQWH�DSR\DGD�FRQ�GDxR�HQ�GLVWLQWDV�XELFDFLRQHV�\�D�K ���

(Q� IXQFLyQ� GH� ORV� HUURUHV� TXH� VH� SUHVHQWDQ� HQ� HO� PRGHODGR� QXPpULFR� �PRGHODGR� GH� OD
PDOOD��SURSLHGDGHV�PHFiQLFDV�GHO�PDWHULDO��HWF���\�OD�VHQVLELOLGDG��ORV�HUURUHV�GHO�LQVWUXPHQWDO
TXH�VH�HPSOHDUtD�HQ�ODV�PHGLFLRQHV�H[SHULPHQWDOHV��\�ORV�HUURUHV�GHO�SHUVRQDO�TXH�UHDOL]D�ODV
PHGLFLRQHV�� VH� SRGUiQ� HVWDEOHFHU� GRV� ]RQDV��8QD� HQ� OD� TXH� ODV� GLIHUHQFLDV� HQWUH� HO�PRGHOR
QXPpULFR�\�ODV�PHGLFLRQHV�H[SHULPHQWDOHV�SHUPLWH�DVHJXUDU�TXH�H[LVWH�XQ�GDxR�HVWUXFWXUDO�\
RWUD� ]RQD� GRQGH� QR� VH� SXHGH� DILUPDU� HVWR� ~OWLPR�� &DEH� DFRWDU� TXH�� HVWD� REVHUYDFLyQ� HV
DSOLFDEOH�SDUD�FXDOTXLHUD�GH�ODV�WUHV�HWDSDV�GH�OD�WpFQLFD�DTXt�SUHVHQWDGD�
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�������$QiOLVLV�GH�ORV�UHVXOWDGRV�GHO�PRGHOR�GH�YLJD�HQ�YRODGL]R
(Q�OD�)LJXUD���VH�UHSUHVHQWD�HO�GHVSOD]DPLHQWR�GH�XQD�YLJD�HQ�YRODGL]R��FRQ�GDxR�HQ�XQD

SRVLFLyQ� ILMD�� HQ�HVWH� FDVR�FRUUHVSRQGLHQWH� DO�SXQWR�[�/� �������SDUD�GLVWLQWDV� UHODFLRQHV�GH
D�K��$GHPiV��VH�KD�LQFOXLGR�HQ�HVWD�JUiILFD�OD�FXUYD�FRUUHVSRQGLHQWH�D�ORV�GHVSOD]DPLHQWRV�GH
OD�HVWUXFWXUD�VLQ�GDxR��&RPR�VH�SXHGH�REVHUYDU�HQ�GLFKD�ILJXUD��HO�Pi[LPR�'HVSOD]DPLHQWR
RFXUUH�HQ�HO� H[WUHPR�GHO�YRODGL]R��$GHPiV�� D�PHGLGD�TXH� OD� UHODFLyQ�D�K� VH� LQFUHPHQWD�� HV
GHFLU� FXDQGR� HO� GDxR� HV� PiV� VHYHUR�� OD� GLIHUHQFLD� HQWUH� ODV� FXUYDV� FRUUHVSRQGLHQWHV� D� OD
HVWUXFWXUD� GDxDGD� \� VLQ� GDxR� HV�PD\RU��(QWUH� ORV� FDVRV� GH� HVWXGLR�� VH� DSUHFLD� TXH� OD� FXUYD
FRUUHVSRQGLHQWH�D� OD�UHODFLyQ�D�K� ������GLILHUH�PX\�SRFR�GH�OD�FXUYD�VLQ�GDxR��'H�DTXt�TXH
HVWR�VHUtD�XQD�OLPLWDFLyQ�D�HVWH�PpWRGR��GHELGR�D�TXH��FRQ�OD�PDJQLWXG�GH�OD�FDUJD�DSOLFDGD��QR
VH�GHWHFWDQ�GLIHUHQFLDV�VLJQLILFDWLYDV�FRQ�OD�HVWUXFWXUD�VLQ�GDxR�

�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
����(���

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �
[�/

'H
VS

OD]
DP

LHQ
WR�

>P
@

6LQ�'DxR D�K� ���� D�K� ���� D�K� ���� D�K� ����

)LJXUD����'HVSOD]DPLHQWRV�GH�XQD�YLJD�HQ�YRODGL]R�FRQ�GLVWLQWDV�VHYHULGDGHV�GH�GDxR�HQ��[�/� ����

(Q� OD�)LJXUD���VH� UHSUHVHQWDQ� ORV�GHVSOD]DPLHQWRV�HQ� IXQFLyQ�GH� OD�XELFDFLyQ�UHODWLYD�GH
FDGD� SXQWR� GH� OD� YLJD�� SDUD� XQD� UHODFLyQ� D�K�  � ���� \� GLVWLQWD� XELFDFLyQ� GHO� GDxR�� HV� GHFLU
GLIHUHQWHV�[�/��&RPR�VH�SXHGH�REVHUYDU�HQ�GLFKD�ILJXUD��FXDQGR�HO�GDxR�HVWD�XELFDGR�FHUFD�GHO
HPSRWUDPLHQWR�� OD�FXUYD�GH�GHVSOD]DPLHQWRV�SUHVHQWD� ODV�PD\RUHV�GLIHUHQFLDV�UHVSHFWR�GH� OD
HVWUXFWXUD� VLQ� GDxR�� SRU� HO� FRQWUDULR� FXDQGR� HO� GDxR� VH� XELFD� FHUFDQR� DO� H[WUHPR� OLEUH�� ODV
GLIHUHQFLDV�VRQ�PHQRUHV��6H�REVHUYD�TXH�HO�PpWRGR�SLHUGH�VHQVLELOLGDG��HQ�OD�PHGLGD�TXH�OD
]RQD�GDxDGD�VH�DSUR[LPD�DO�H[WUHPR�OLEUH�GH�OD�YLJD�HPSRWUDGD�

Sandra I. Robles, Nestor F. Ortega

2765



�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
�����(���
����(���

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �
[���/

'H
VS

OD]
DP

LHQ
WR�

>P
@

6LQ�'DxR [�/� ����� [�/� ����� [�/� ����� [�/� �����

)LJXUD����'HVSOD]DPLHQWRV�GH�XQD�YLJD�HQ�YRODGL]R��FRQ�GDxR�HQ�GLVWLQWDV�XELFDFLRQHV�[�/�\�D�K� ����

�������$QiOLVLV�GH�UHVXOWDGRV�GHO�PRGHOR�GH�SyUWLFR�ELDUWLFXODGR
(Q�OD�)LJXUD���VH�UHSUHVHQWD�HO�'HVSOD]DPLHQWR�GHO�GLQWHO�GH�XQ�SyUWLFR�ELDUWLFXODGR��FRQ

GDxR�HQ�OD�SDUWH�VXSHULRU�GHO�GLQWHO��HQ�XQD�SRVLFLyQ�ILMD��FRUUHVSRQGLHQWH�DO�SXQWR�[�/� �����
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D�K� ���� 6LQ�'DxR

)LJXUD����'HVSOD]DPLHQWRV�GHO�GLQWHO�GH�XQ�SyUWLFR�ELDUWLFXODGR��FRQ�GLVWLQWDV�VHYHULGDGHV�GH�GDxR�HQ�[�/� ����
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(Q�OD�ILJXUD�DQWHULRU�VH�UHSUHVHQWDQ�GLVWLQWDV�UHODFLRQHV�GH�D�K��GRQGH�D�HV�OD�SURIXQGLGDG
GHO�GDxR�\�K�HV�OD�DOWXUD�WRWDO�GHO�GLQWHO��$GHPiV��FRPR�HQ�ORV�FDVRV�DQWHULRUHV��VH�KD�LQFOXLGR
HQ�HVWD�JUiILFD�OD�FXUYD�FRUUHVSRQGLHQWH�D�ORV�GHVSOD]DPLHQWRV�GH�OD�HVWUXFWXUD�VDQD��PHGLGRV
HQ�OD�FDUD� LQIHULRU�GHO�GLQWHO�GHO�SyUWLFR��(O�FRPSRUWDPLHQWR�TXH�VH�REVHUYD�HQ�HVWH�FDVR��HV
VLPLODU� DO� GH� OD� YLJD� VLPSOHPHQWH� DSR\DGD� SUHVHQWDGD� HQ� HO� SXQWR� ������� VLHQGR� YiOLGDV� ODV
REVHUYDFLRQHV�UHDOL]DGDV�HQ�HVH�SXQWR�

(Q�OD�)LJXUD���VH�UHSUHVHQWDQ�ORV�GHVSOD]DPLHQWRV��HQ�IXQFLyQ�GH�OD�XELFDFLyQ�UHODWLYD�GH
FDGD�SXQWR��SDUD�XQD�UHODFLyQ�D�K� �����\�GLVWLQWD�XELFDFLyQ�GHO�GDxR��HV�GHFLU�GLIHUHQWHV�[�/�
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)LJXUD�����'HVSOD]DPLHQWRV�GHO�GLQWHO�GH�XQ�SyUWLFR�ELDUWLFXODGR��FRQ�GDxR�HQ�GLVWLQWDV�XELFDFLRQHV�\�D�K� ����

1XHYDPHQWH�DTXt�VH�REVHUYD�TXH�HO�Pi[LPR�GH�OD�FXUYD�VH�GHVSOD]D�KDFLD�OD�]RQD�GDxDGD�
6H�GHEH�KDFHU�QRWDU�TXH�VL�ODV�ILVXUDV�VH�HQFXHQWUDQ�VREUH�ODV�FROXPQDV�GHO�SyUWLFR�ODV�PLVPDV
VH�SRGUtDQ�GHWHFWDU�
�����/RFDOL]DFLyQ�GH�GDxR

/D� ORFDOL]DFLyQ� GH� GDxR� VH� UHDOL]D� XQD� YH]� GHWHUPLQDGD� OD� SUHVHQFLD� GH� GDxR� HQ� OD
HVWUXFWXUD��SDUD�HOOR�DTXt�VH�SUHVHQWDQ�GRV�PpWRGRV�TXH�VRQ�
� 0pWRGR�GH�OD�YDULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV
� 0pWRGR�GH�OD�FXUYDWXUD�GH�OD�HOiVWLFD�
�������0pWRGR�GH�OD�YDULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV

(VWH� PpWRGR� VH� EDVD� HQ� OD� UHDOL]DFLyQ� GH� OD� JUiILFD� GH� OD� GLIHUHQFLD� H[LVWHQWH� HQWUH� HO
'HVSOD]DPLHQWR�FRUUHVSRQGLHQWH�D� OD�HVWUXFWXUD�VLQ�GDxR�\�HO�GH� OD�HVWUXFWXUD�DIHFWDGD��(VWH
SDUiPHWUR�HV�XQ�tQGLFH�GH�OD�YDULDFLyQ�GH�OD�ULJLGH]�GH�OD�PLVPD��\�VH�OR�GHILQH�FRPR�
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���'L6'L&L \\ � G

GRQGH� \L&' HV� HO 'HVSOD]DPLHQWR� GHO� SXQWR� L� HQ� OD� HVWUXFWXUD� FRQ� GDxR�� H� \L6' HV� HO
'HVSOD]DPLHQWR�GHO�PLVPR�SXQWR�HQ�OD�HVWUXFWXUD�VLQ�GDxR�

6L�VH�GLVSRQH�GH�HVWRV�GDWRV�HQ�YDULRV�SXQWRV��OD�JUiILFD�GH�ORV�PLVPRV�SHUPLWH�HVWLPDU�OD
ORFDOL]DFLyQ�GHO�GDxR�
���������$QiOLVLV�GH�UHVXOWDGRV�GHO�PRGHOR�GH�YLJD�VLPSOHPHQWH�DSR\DGD

(Q�OD�JUiILFD�GH�OD�)LJXUD����VH�UHSUHVHQWD�OD�YDULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV��HQ�IXQFLyQ
GH�OD�XELFDFLyQ�GH�FDGD�SXQWR�GH�OD�PDOOD��SDUD�XQD�9LJD�6LPSOHPHQWH�$SR\DGD�FRQ�GDxR�HQ
OD�XELFDFLyQ�FRUUHVSRQGLHQWH�D�[�/� �������JUDILFiQGRVH�GRV�SURIXQGLGDGHV�GH�ILVXUDV�D�K� ����
\�D�K� ������$TXt�VH�SXHGH�DSUHFLDU�TXH�HQ�HO�OXJDU�GRQGH�HVWi�HO�GDxR��VH�SURGXFH�HO�FDPELR
GH�SHQGLHQWH�GH� ODV�YDULDFLRQHV�GH� ORV�GHVSOD]DPLHQWRV�\�SRU� FRQVLJXLHQWH� WDPELpQ�YDUtD� HO
VLJQR�GH�OD�FXUYDWXUD�
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)LJXUD�����9DULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV�GH�XQD�YLJD�VLPSOHPHQWH�DSR\DGD��FRQ�GDxR�HQ�[�/� �����

���������$QiOLVLV�GH�UHVXOWDGRV�GHO�PRGHOR�GH�YLJD�HQ�YRODGL]R
/D�JUiILFD�GH�OD�)LJXUD����UHSUHVHQWD�OD�YDULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV�SDUD�HO�FDVR�GH

XQD� 9LJD� HQ� 9RODGL]R�� HQ� IXQFLyQ� GH� OD� XELFDFLyQ� GH� FDGD� SXQWR� GH� OD� PDOOD�� SDUD� XQD
HVWUXFWXUD�FRQ�GDxR�HQ�GLYHUVDV�XELFDFLRQHV�FRUUHVSRQGLHQWHV�D�[�/� ������������������\������
FRQ�XQD�SURIXQGLGDG�GH�ILVXUD�WDO�TXH�D�K� ������$TXt�VH�SXHGH�DSUHFLDU�TXH�KDVWD�OD�XELFDFLyQ
GH�OD�IDOOD�OD�GLIHUHQFLD�HQWUH�HO�YDORU�GH�ORV�'HVSOD]DPLHQWR�SDUD�OD�YLJD�GDxDGD�H�LQWDFWD�HV
DSUR[LPDGDPHQWH�FHUR��DXPHQWDQGR�GLFKR�YDORU�D�SDUWLU�GH� OD�XELFDFLyQ�GHO�GDxR��GRQGH�VH
SURGXFH�HO�FDPELR�GH�SHQGLHQWH�GH�OD�FXUYD�
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)LJXUD�����9DULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV�SDUD�XQD�YLJD�HQ�YRODGL]R�FRQ�SURIXQGLGDG�GH�ILVXUD�D�K� ����

���������$QiOLVLV�GH�UHVXOWDGRV�GHO�PRGHOR�GH�SyUWLFR�ELDUWLFXODGR
(Q�OD�JUiILFD�GH�OD�)LJXUD����VH�UHSUHVHQWD�OD�YDULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV��HQ�IXQFLyQ

GH�OD�XELFDFLyQ�GH�FDGD�SXQWR�GH�OD�PDOOD��SDUD�HO�FDVR�GHO�GLQWHO�GH�XQ�3yUWLFR�%LDUWLFXODGR
FRQ�GDxR�HQ�ODV�XELFDFLRQHV��[�/ ������������\�������SDUD�XQD�SURIXQGLGDG�GH�ILVXUDV�D�K �����
$TXt�VH�SXHGH�DSUHFLDU�TXH�HQ�HO�OXJDU�GRQGH�HVWi�HO�GDxR��VH�SURGXFH�HO�FDPELR�GH�SHQGLHQWH
GH� ODV� YDULDFLRQHV� GH� ORV� GHVSOD]DPLHQWRV� \� SRU� FRQVLJXLHQWH� WDPELpQ� YDUtD� HO� VLJQR� GH� OD
FXUYDWXUD�
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)LJXUD�����9DULDFLyQ�GH�ORV�GHVSOD]DPLHQWRV�SDUD�XQ�SyUWLFR�ELDUWLFXODGR�FRQ�SURIXQGLGDG�GH�ILVXUD�D�K� ����

$TXt� VH� SXHGH� DSUHFLDU� TXH� HQ� HO� OXJDU� GRQGH� HVWi� HO� GDxR�� VH� SURGXFH� HO� FDPELR� GH
SHQGLHQWH�GH�ODV�YDULDFLRQHV�GH�ORV�GHVSOD]DPLHQWRV�\�SRU�FRQVLJXLHQWH�WDPELpQ�YDUtD�HO�VLJQR
GH�OD�FXUYDWXUD�
�������0pWRGR�GH�OD�FXUYDWXUD�GH�OD�HOiVWLFD

/RV�YDORUHV�GH�ORV�GHVSOD]DPLHQWRV�REWHQLGRV�HQ�GHWHUPLQDGRV�SXQWRV�GH�OD�HVWUXFWXUD��\D
VHD�PHGLDQWH�PHGLFLyQ�H[SHULPHQWDO��R�FRPR�HQ�HVWH�FDVR��PHGLDQWH�VLPXODFLyQ�QXPpULFD��VH
SXHGHQ�XWLOL]DU�SDUD�REWHQHU�OD�FXUYDWXUD�GH�OD�HVWUXFWXUD�GHIRUPDGD��PHGLDQWH�DSUR[LPDFLyQ
SRU�'LIHUHQFLDV�)LQLWDV�&HQWUDOHV��'H�HVWD�PDQHUD��OD�FXUYDWXUD�HVWi�GDGD�SRU���
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GRQGH� K HV� OD� GLVWDQFLD� HQWUH� GRV� SXQWRV� DG\DFHQWHV� �SDVR��� PLHQWUDV� TXH� \ HV� HO
'HVSOD]DPLHQWR�HQ�XQ�SXQWR�GHWHUPLQDGR�\�Q HV�HO�Q~PHUR�GH�SXQWRV�GLVSRQLEOHV�HQ�OD�PDOOD�

(V�LPSRUWDQWH�PHQFLRQDU�TXH��HVWH�PpWRGR�QR�GHSHQGH�GH�OD�LQIRUPDFLyQ�GH�OD�HVWUXFWXUD
VLQ�GDxR��VLHQGR�HVWR�XQD�YHQWDMD�FXDQGR�QR�VH�GLVSRQH�GH�OD�PLVPD�

3DUD�XQD�HVWUXFWXUD�VLQ�GDxR��HO�JUiILFR�GH�OD�FXUYDWXUD�SUHVHQWD�XQD�IRUPD�VXDYH��0LHQWUDV
TXH�XQ�SLFR�R�XQD�GLVFRQWLQXLGDG�HQ�VX�IRUPD��LQGLFDQ�XQD�YDULDFLyQ�DQRUPDO�GH�OD�ULJLGH]�R
IOH[LELOLGDG� HQ� HVD� XELFDFLyQ�� OD� TXH� HV� SURGXFLGD� SRU� HO� GDxR�� GH� HVWD�PDQHUD� XQD� ]RQD� R
]RQDV�GDxDGDV�SXHGHQ�VHU�ORFDOL]DGDV�XVDQGR�HVWDV�PHGLFLRQHV�
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���������$QiOLVLV�GH�UHVXOWDGRV�GHO�PRGHOR�GH�YLJD�VLPSOHPHQWH�DSR\DGD
(Q� OD� )LJXUD� ���� VH� PXHVWUD� OD� FXUYDWXUD� GH� OD� HOiVWLFD�� FDOFXODGD� VHJ~Q� OD� (F������ HQ

IXQFLyQ�GH�OD�XELFDFLyQ�GH�FDGD�SXQWR�GH�OD�PDOOD��SDUD�XQD�HVWUXFWXUD�GDxDGD�HQ�[�/� �������\
FX\D� SURIXQGLGDG� GH� ILVXUD� HV� D�K� � �����(Q� HVWD� JUiILFD� VH� REVHUYD�TXH� HQ� OD� ]RQD� GDxDGD
SUHVHQWD� XQ� VDOWR� SURQXQFLDGR�� VH� DSUHFLDQ� DGHPiV� WUHV� SHTXHxRV� VDOWRV�� HQ� OD� ]RQD� GH
DSOLFDFLyQ�GH�OD�FDUJD�SXQWXDO��SXQWR�PHGLR�GH�OD�YLJD�\�HQ�OD�XELFDFLyQ�GH�ORV�DSR\RV��(VWRV
SHTXHxRV�VDOWRV�VH�SXHGHQ�PLQLPL]DU�SHUIHFFLRQDQGR�HO�PRGHODGR�GH�OD�YLJD�DQDOL]DGD�
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)LJXUD�����&XUYDWXUD�GH�OD�HOiVWLFD�GH�XQD�YLJD�VLPSOHPHQWH�DSR\DGD��FRQ�GDxR�HQ�[�/� ������\�FRQ�D�K� ����

���������$QiOLVLV�GH�ORV�UHVXOWDGRV�GHO�PRGHOR�GH�YLJD�HQ�YRODGL]R
(Q�OD�)LJXUD�����VH�PXHVWUD�OD�FXUYDWXUD�GH�OD�HOiVWLFD�HQ�IXQFLyQ�GH�OD�XELFDFLyQ�GH�FDGD

SXQWR� GH� OD� PDOOD�� SDUD� HO� FDVR� GH� XQD� 9LJD� HQ� 9RODGL]R�� FRQ� GDxR� HQ� OD� XELFDFLyQ
FRUUHVSRQGLHQWH�D�[�/� �����\�FRQ�D�K� ������(Q�HVWD�JUiILFD�VH�REVHUYD�TXH�HQ�OD�]RQD�GDxDGD
SUHVHQWD�XQ� VDOWR�SURQXQFLDGR��PLHQWUDV�TXH�HQ� OD� ]RQD�GH�DSOLFDFLyQ�GH� OD� FDUJD�� �H[WUHPR
OLEUH� GH� OD� YLJD�� \� HQ� OD� XELFDFLyQ� GHO� HPSRWUDPLHQWR� VyOR� VH� REVHUYD� XQD� PX\� SHTXHxD
SHUWXUEDFLyQ�
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)LJXUD�����&XUYDWXUD�GH�OD�HOiVWLFD�GH�XQD�YLJD�HQ�YRODGL]R��FRQ�GDxR�HQ�[�/� �����\�FRQ�D�K� ����

���������$QiOLVLV�GH�UHVXOWDGRV�GHO�PRGHOR�GH�SyUWLFR�ELDUWLFXODGR
(Q�OD�)LJXUD�����VH�PXHVWUD�OD�FXUYDWXUD�GH�OD�HOiVWLFD�HQ�IXQFLyQ�GH�OD�XELFDFLyQ�GH�FDGD

SXQWR�GH�OD�PDOOD��SDUD�HO�FDVR�GHO�GLQWHO�GH�XQ�3yUWLFR�%LDUWLFXODGR�VRPHWLGR�D�OD�DFFLyQ�GH
GRV�FDUJDV�SXQWXDOHV�VREUH�HO�GLQWHO��)LJXUD�����FRQ�GDxR�VREUH�OD�]RQD�VXSHULRU�GHO�GLQWHO�HQ
OD�XELFDFLyQ�FRUUHVSRQGLHQWH�D�[�/� ������\�FRQ�D�K� ������(Q�HVWH�FDVR�VH�YXHOYH�D�REVHUYDU
TXH�HQ�OD�]RQD�GDxDGD�VH�SUHVHQWD�XQ�VDOWR�SURQXQFLDGR��6H�REVHUYD�WDPELpQ�TXH�HQ�OD�]RQD
FHUFDQD�D�ODV�FROXPQDV�DSDUHFHQ�LPSRUWDQWHV�SHUWXUEDFLRQHV�
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)LJXUD�����&XUYDWXUD�GH�OD�HOiVWLFD�GHO�GLQWHO�GH�XQ�SyUWLFR�ELDUWLFXODGR��FRQ�GDxR�HQ�[�/� ������\�FRQ�D�K� ����

�����&XDQWLILFDFLyQ�GHO�GDxR
8QD� YH]� ORFDOL]DGR� HO� GDxR�PHGLDQWH� ODV� WpFQLFDV� DQWHULRUPHQWH� GHVFULSWDV�� OD� VLJXLHQWH

HWDSD� HV� HVWDEOHFHU� OD� PDJQLWXG� GHO� PLVPR�� 'HELGR� D� TXH�� DXQTXH� VH� SXGLHUD� YLVXDOL]DU
H[WHUQDPHQWH�OD�]RQD�DIHFWDGD��H[LVWH�LQFHUWLGXPEUH�VREUH�OD�PDJQLWXG�GH�OD�DIHFWDFLyQ�HQ�OD
SDUWH� LQWHUQD�GHO�HOHPHQWR��3DUD�HOOR�� VH�GHEH� UHDOL]DU�XQ�PRGHOR�QXPpULFR�GH� OD�HVWUXFWXUD�
FRQ�HO�GDxR�VLPXODGR�HQ�OD�XELFDFLyQ�GHWHUPLQDGD�YLVXDOPHQWH�R�FRQ�OD�WpFQLFD�SUHVHQWDGD�HQ
HO�SXQWR�����R�FRQ�HO�HPSOHR�GH�DOJXQD�WpFQLFD�H[SHULPHQWDO��SRU�HMHPSOR��XOWUDVRQLGRV��

(Q�HVWH�WUDEDMR��FRQ�HO�ILQ�GH�FXDQWLILFDU�HO�GDxR�VH�DQDOL]DQ�QXPpULFDPHQWH�PRGHORV�FRQ
GLVWLQWDV�XELFDFLRQHV�\� VHYHULGDGHV�GH�GDxR��REWHQLpQGRVH�JUiILFDV� HQ���GLPHQVLRQHV�GH� ORV
SDUiPHWURV��XELFDFLyQ��VHYHULGDG�\�XQ�WHUFHUR��YLQFXODGR�FRQ�HO�FRPSRUWDPLHQWR�PHFiQLFR�GH
OD� HVWUXFWXUD� GDxDGD� SRU� HM��� GHVSOD]DPLHQWRV� R� GHIRUPDFLRQHV�� /XHJR� VH� LQJUHVD� DO� JUiILFR
UHDOL]DGR� HQ� �'�� FRQ� OD� XELFDFLyQ� GHO� GDxR� [�/�� \� FRQ� HO� GHVSOD]DPLHQWR� PHGLGR� X� RWUR
SDUiPHWUR�PHFiQLFR��REWHQLpQGRVH�HO�YDORU�GH�D�K��VHYHULGDG�GHO�GDxR��

(Q� HVWH� HVWXGLR� VH� XWLOL]DURQ� FRPR� SDUiPHWUR� PHFiQLFR� D� ORV� GHVSOD]DPLHQWRV�� ORV
GHVSOD]DPLHQWRV�YROXPpWULFRV�\�GHIRUPDFLRQHV�YROXPpWULFDV����FRQ�OD�ILQDOLGDG�GH�HYLGHQFLDU
FXDO�GH�HOORV�HV�PiV�VHQVLEOH�D�OD�VHYHULGDG�GH�GDxR��5HVSHFWR�GH�ORV�GRV�~OWLPRV�SDUiPHWURV
PHQFLRQDGRV�� ORV�PLVPRV�WLHQHQ�HQ�FXHQWD�OD�YDULDFLyQ��\D�VHD�GH�ORV�GHVSOD]DPLHQWRV�R�ODV
GHIRUPDFLRQHV��HQ� WRGD� OD�HVWUXFWXUD��(VWRV�SDUiPHWURV�VH�GHILQHQ�FRPR� OD�VXPDWRULD�GH� ORV
GHVSOD]DPLHQWRV� �� GHIRUPDFLRQHV� HQ� FDGD� SXQWR��PXOWLSOLFDGRV� SRU� VX� iUHD� GH� LQIOXHQFLD���
3UHVHQWDQ�OD�YHQWDMD�GH�TXH�WLHQHQ�HQ�FXHQWD�XQ�PD\RU�YROXPHQ�GH�LQIRUPDFLyQ��WDO�TXH�VL�VH
SURGXFH�XQ�HUURU�HQ�DOJXQD�GH�ODV�PHGLFLRQHV��OD�PLVPD�WHQGUtD�XQD�PHQRU�LQIOXHQFLD�
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������$QiOLVLV�GH�ORV�UHVXOWDGRV�GH�OD�FXDQWLILFDFLyQ�GHO�GDxR��SDUD�XQD�YLJD�VLPSOHPHQWH
DSR\DGD

(Q�OD�7DEOD���VH�PXHVWUDQ�ORV�YDORUHV�FRUUHVSRQGLHQWHV�D�ORV�SDUiPHWURV�GHVSOD]DPLHQWRV
YROXPpWULFRV�� GHIRUPDFLRQHV� YROXPpWULFD� \� GHVSOD]DPLHQWRV� HQ� HO� SXQWR� PHGLR� GH� OD� YLJD
VLPSOHPHQWH�DSR\DGD��HQ�IXQFLyQ�GH�ODV�GLVWLQWDV�UHODFLRQHV�XWLOL]DGDV��[�/��XELFDFLyQ��\�D�K
�VHYHULGDG���FDOFXODGRV�SDUD�XQD�FDUJD�SXQWXDO�DSOLFDGD�HQ�HO�SXQWR�PHGLR�GH�OD�YLJD��)LJXUD
���� $QDOL]DQGR� OD� PLVPD� VH� FRQFOX\H� TXH�� ORV� GHVSOD]DPLHQWRV� \� ORV� GHVSOD]DPLHQWRV
YROXPpWULFRV� SUHVHQWDQ� XQD� YDULDFLyQ� SRUFHQWXDO� VLPLODU�� HQ� HO� UDQJR� GH� VHYHULGDGHV� DTXt
DQDOL]DGDV��LQGHSHQGLHQWHPHQWH�GH�OD�XELFDFLyQ�GHO�GDxR��3RU�HVWD�UD]yQ��VH�SXHGH�DILUPDU�TXH
VH�SXHGH�DSOLFDU�FXDOTXLHUD�GH�HVWRV�GRV�SDUiPHWURV��1R�REVWDQWH��SXHGH�UHVXOWDU�FRQYHQLHQWH
HPSOHDU� ORV�GHVSOD]DPLHQWRV�YROXPpWULFRV�GHELGR�D�TXH�HQ�VX�GHWHUPLQDFLyQ�VH�XVDQ�PD\RU
FDQWLGDG� GH� LQIRUPDFLyQ�� SRU� OR� TXH� XQ� HUURU� HQ� OD� PHGLFLyQ� H[SHULPHQWDO� SRGUtD
DPRUWLJXDUVH�� LJXDOPHQWH� ORV� GHVSOD]DPLHQWRV� TXH� DTXt� VH� HPSOHDQ� VRQ� ORV� TXH� VLUYHQ�SDUD
ORFDOL]DU�OD�ILVXUD�
7DEOD� ��� 'HVSOD]DPLHQWR� GHO� SXQWR�PHGLR�� 'HVSOD]DPLHQWR�9ROXPpWULFR� \� 'HIRUPDFLyQ�9ROXPpWULFD� GH� XQD
9LJD�6LPSOHPHQWH�$SR\DGD�HQ�IXQFLyQ�GH�OD�XELFDFLyQ��[�/��\�VHYHULGDG�GHO�GDxR��D�K��

'HVSOD]DPLHQWR�3XQWR�0HGLR
�P�

'HVSOD]DPLHQWR�9ROXPpWULFR
�P�P��

'HIRUPDFLyQ�9ROXPpWULFD
�P�P��

[�/ [�/ [�/
D�K ���� ���� ���� ���� ���� ���� ���� ���� ����
���� �����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

���� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

���� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

���� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

���� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

���� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

9DULDFLyQ��
0tQ�\�0i[ �� ��� ��� �� ��� ��� �� �� ��

(Q�OD�JUiILFD�GH�OD�)LJXUD����VH�UHSUHVHQWD�OD�'HIRUPDFLyQ�9ROXPpWULFD�HQ�IXQFLyQ�GH�ORV
SDUiPHWURV� 3URIXQGLGDG� GH� )LVXUD� �D�K�� \�8ELFDFLyQ� �[�/���0HGLDQWH� HVWD� JUiILFD� VH� SXHGH
GHWHUPLQDU�OD�VHYHULGDG�GHO�GDxR��LQJUHVDQGR�D�OD�PLVPD�FRQ�HO�'HVSOD]DPLHQWR�9ROXPpWULFR
\�OD�XELFDFLyQ�GHO�GDxR�[�/��SURFHGLpQGRVH�GH�LJXDO�PDQHUD�TXH�OD�GHVFULSWD�HQ�HO�SXQWR�����
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)LJXUD�����'HIRUPDFLRQHV�9ROXPpWULFDV�HQ�IXQFLyQ�GH�OD�XELFDFLyQ�\�VHYHULGDG�GHO�GDxR

�������$QiOLVLV�GH�ORV�UHVXOWDGRV�GH�FXDQWLILFDFLyQ�GHO�GDxR�SDUD�XQD�YLJD�HQ�YRODGL]R
(Q�OD�7DEOD���VH�PXHVWUDQ�ORV�YDORUHV�FRUUHVSRQGLHQWHV�D�ORV�SDUiPHWURV�GHVSOD]DPLHQWRV

YROXPpWULFRV��GHIRUPDFLRQHV�YROXPpWULFD�\�GHVSOD]DPLHQWRV�HQ�HO�H[WUHPR�OLEUH�GH�OD�YLJD�HQ
YRODGL]R��HQ�IXQFLyQ�GH� ODV�GLVWLQWDV�UHODFLRQHV�XWLOL]DGDV��[�/��XELFDFLyQ��\�D�K��VHYHULGDG��
$QDOL]DQGR� OD�PLVPD� VH� FRQFOX\H�TXH�� FRPR�HQ�HO� FDVR� DQWHULRU�� ORV�GHVSOD]DPLHQWRV�\� ORV
GHVSOD]DPLHQWRV� YROXPpWULFRV� SUHVHQWDQ� XQD� YDULDFLyQ� SRUFHQWXDO� VLPLODU�� HQ� HO� UDQJR� GH
VHYHULGDGHV�DTXt�DQDOL]DGDV��LQGHSHQGLHQWHPHQWH�GH�OD�XELFDFLyQ�GHO�GDxR�
7DEOD����'HVSOD]DPLHQWR�GHO�SXQWR�H[WUHPR��'HVSOD]DPLHQWR�9ROXPpWULFR�\�'HIRUPDFLyQ�9ROXPpWULFD�GH�XQD
9LJD�HQ�9RODGL]R�HQ�IXQFLyQ�GH�OD�XELFDFLyQ��[�/��\�VHYHULGDG�GHO�GDxR��D�K��

'HVSOD]DPLHQWR�3XQWR�([WUHPR
�P�

'HVSOD]DPLHQWR�9ROXPpWULFR
�P�P��

'HIRUPDFLyQ�9ROXPpWULFD
�P�P��

[�/ [�/ [�/
D�K ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ����(�� ����(�� ����(�� �����(�� �����(�� �����(�� ����(�� ����(�� ����(��

���� ����(�� ���� (�� ���� (�� �����(�� �����(�� �����(�� ����(�� ����(�� ����(��

���� ���� (�� ���� (�� ���� (�� �����(�� �����(�� �����(�� ����(�� ����(�� ����(��

���� ���� (�� ���� (�� ���� (�� �����(�� �����(�� �����(�� ����(�� ����(�� ����(��

���� ���� (�� ���� (�� ���� (�� �����(�� �����(�� �����(�� ����(�� ����(�� ����(��

���� ����(�� ����(�� �����(�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

9DULDFLyQ��
0tQ�\�0i[ �� �� �� �� �� �� �� �� ��
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������ �$QiOLVLV�GH�ORV�UHVXOWDGRV�GH�FXDQWLILFDFLyQ�GHO�GDxR�SDUD�HO�GLQWHO�GH�XQ�SyUWLFR
ELDUWLFXODGR

(Q�OD�7DEOD���VH�PXHVWUDQ�ORV�YDORUHV�FRUUHVSRQGLHQWHV�D�ORV�SDUiPHWURV�GHVSOD]DPLHQWRV
YROXPpWULFRV��GHIRUPDFLRQHV�YROXPpWULFD�\�GHVSOD]DPLHQWRV�HQ�HO�SXQWR�PHGLR�GHO�GLQWHO�GH
XQ�3yUWLFR�%LDUWLFXODGR��HQ�IXQFLyQ�GH�ODV�GLVWLQWDV�UHODFLRQHV�XWLOL]DGDV��[�/��XELFDFLyQ��\�D�K
�VHYHULGDG��� (Q� HVWH� FDVR� VH� REVHUYD� TXH� ORV� GHVSOD]DPLHQWRV� YROXPpWULFRV� SUHVHQWDQ� XQD
YDULDFLyQ�SRUFHQWXDO�PD\RU�TXH�ORV�RWURV�GRV�SDUiPHWURV��LQGHSHQGLHQWHPHQWH�GH�OD�XELFDFLyQ
GHO�GDxR�
7DEOD����'HVSOD]DPLHQWR�GHO�SXQWR�0HGLR��'HVSOD]DPLHQWR�9ROXPpWULFR�\�'HIRUPDFLyQ�9ROXPpWULFD�GHO�GLQWHO
GH�XQ�3yUWLFR�%LDUWLFXODGR�HQ�IXQFLyQ�GH�OD�XELFDFLyQ��[�/��\�VHYHULGDG�GHO�GDxR��D�K��

'HVSOD]DPLHQWR�3XQWR�0HGLR
�P�

'HVSOD]DPLHQWR�9ROXPpWULFR
�P�P��

'HIRUPDFLyQ�9ROXPpWULFD
�P�P��

[�/ [�/ [�/
D�K ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ����(�� ���� (�� ���� (�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��
���� ���� (�� ���� (�� ���� (�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��
���� ���� (�� ���� (�� ���� (�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��
���� ���� (�� ���� (�� ���� (�� ����(�� ����(�� ����(�� ����(��� ����(�� ����(��
���� ���� (�� ���� (�� ���� (�� ����(�� ����(�� ����(�� ����(�� ����(�� ����(��

9DULDFLyQ��
0tQ�\�0i[ �� �� �� �� �� �� �� �� ��

���&21&/86,21(6
/D� WpFQLFD� DTXt� SUHVHQWDGD� SXHGH� VHU� XQD� LPSRUWDQWH� KHUUDPLHQWD�� SDUD� VHU� HPSOHDGD� DO

HVWXGLDU�SDWRORJtDV�HQ�HVWUXFWXUDV�GH�DFFHVR�OLPLWDGR��WDO�TXH�SHUPLWH�GHWHUPLQDU�OD�H[LVWHQFLD
GH�GDxR��ORFDOL]DUOR�\�FXDQWLILFDUOR��3HUPLWH�UHDOL]DU�XQ�VHJXLPLHQWR�GH�OD�HYROXFLyQ�GHO�GDxR
TXH�WLHQH�XQD�HVWUXFWXUD��WDQWR�VHD�PHWiOLFD�FRPR�GH�KRUPLJyQ�DUPDGR��FRQ�HO�WUDQVFXUULU�GHO
WLHPSR�� SDUD� HVWDEOHFHU� OD� FDSDFLGDG� SRUWDQWH� UHVLGXDO� GHO� HOHPHQWR� DIHFWDGR�� &RPR� VH� KD
SRGLGR� DSUHFLDU� HQ� OD� DSOLFDFLyQ� GH� HVWD� WpFQLFD�� VH� GHEHQ� FRPELQDU�PRGHORV� QXPpULFRV� GH
DQiOLVLV�\�PHGLFLRQHV�H[SHULPHQWDOHV��GHIRUPDFLRQHV�\�GHVSOD]DPLHQWRV���TXH�QR�DIHFWDQ�D�OD
LQWHJULGDG� HVWUXFWXUDO�� SRU� HVWRV� PRWLYRV� VH� OD� SXHGH� FRQVLGHUDU� FRPR� XQD� WpFQLFD� QR
GHVWUXFWLYD�GH�DQiOLVLV�

���5()(5(1&,$6
��� 3�� 5L]RV�� 1�� $VSUDJDWKRV� DQG� $�� 'LPDJRUDV�� ³,GHQWLILFDWLRQ� RI� FUDFN� ORFDWLRQ� DQG

PDJQLWXG� LQ� D� FDQWLOHYHU� EHDP� IURP� WKH� YLEUDWLRQ� PRGHV´�� -RXUQDO� RI� 6RXQG� DQG
9LEUDWLRQ��������������������������

��� $��'LPDJRUDV�� ³9LEUDWLRQ�RI� FUDFNHG� VWUXFWXUHV�� D� VWDWH� RI� WKH� DUW� UHYLHZ´��(QJLQHHULQJ
)UDFWXUH�0HFKDQLFV�������������������������
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��� 2�� 6DODZX� ³'HWHFWLRQ� RI� VWUXFWXUDO� GDPDJH� WKURXJK� FKDQJHV� LQ� IUHTXHQF\�� D� UHYLHZ
DUWLFOH´��(QJLQHHULQJ�6WUXFWXUHV� �����������������������

��� ;��<DQJ��6��6ZDPLGDV�DQG�5��6HVKDGUL��³&UDFN�LGHQWLILFDWLRQ�LQ�YLEUDWLQJ�EHDPV�XVLQJ�WKH
HQHUJ\�PHWKRG´��-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��������������������������

��� -��.LP�DQG�1��6WXEEV��³&UDFN�GHWHFWLRQ�LQ�EHDP�±�W\SH�VWUXFWXUHV�XVLQJ�IUHFXHQF\�GDWD´
-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��������������������������

��� *��2ZRODEL��$��6ZDPLGDV�DQG�5��6HVKDGUL��³&UDFN�GHWHFWLRQ�LQ�EHDPV�XVLQJ�FKDQJHV� LQ
IUHFXHQFLHV� DQG� DPSOLWXGHV� RI� IUHFXHQF\� UHVSRQVH� IXQFWLRQV´�� -RXUQDO� RI� 6RXQG� DQG
9LEUDWLRQ��������������������

��� -��&KRX�DQG�-��*KDERXVVL��³*HQHWLF�DOJRULWKP�LQ�VWUXFWXUDO�GDPDJH�GHWHFWLRQ´��&RPSXWHUV
	�6WUXFWXUHV������������������������

��� ,�� &KRL� HW�� DO��� ³'HYHORSPHQW� RI� HODVWLF� GDPDJH� ORDG� WKHRUHP� IRU� GDPDJH� GHWHFWLRQ� LQ
VWDWLFDOO\�GHWHUPLQDWH�EHDP´��&RPSXWHUV�	�6WUXFWXUHV������������������������

��� '��0DLW\�DQG�$��6DKD��³'DPDJH�DVVHVVPHQW�LQ�VWUXFWXUHV�IURP�FKDQJHV�LQ�VWDWLF�SDUDPHWHU
XVLQJ�QHXUDO�QHWZRUNV´��6�GKDQ��������������������������

����6��6XUHVK�HW��DO���³,GHQWLILFDWLRQ�RI�FUDFN�ORFDWLRQ�DQG�GHSWK�LQ�D�FDQWLOHYHU�EHDP�XVLQJ�D
PRGXODU�QHXUDO�QHWZRUN�DSSURDFK´��6PDUW�0DWHULDOV�DQG�6WUXFWXUHV����������������������

����7�� 6DLQ�&KDQGUD� DQG� -��0��.LVKHQ�� ³'DPDJH� DQG� UHVLGXDO� OLIH� DVVHVVPHQW� RI� VWUXFWXUHV
XVLQJ� IUDFWXUH� PHFKDQLFV´�� 3URFF�� ��WK $6&(� (QJLQHHULQJ� 0HFKDQLFV� &RQIHUHQFH�
8QLYHUVLW\�RI�:DVKLQJWRQ��6HDWOH���������

����6��&DGGHPL� DQG�$��0RUDVVL�� ³$�SURFHGXUH� IRU�PXOWLSOH� GDPDJH� LGHQWLILFDWLRQ� LQ� HODVWLF
EHDPV´�3URFF��:RUOG�&RQJUHVV�RQ�6WUXFWXUDO�DQG�0XOWLGLVFLSOLQDU\�2SWLPL]DWLRQ� 5tR�GH
-DQHLUR��%UDVLO���������

����)�� -LDQJ� HW� DO�� ³&UDFN� OHQJWK� FDOFXODWLRQ� IRU� EHQG� VSHFLPHQV� XQGHU� VWDWLF� DQG� GLQDPLF
ORDGLQJ´��(QJLQHHULQJ�)UDFWXUH�0HFKDQLFV������������������������

����$OJRU��� 3URIHVVLRQDO� 0HFK�9(�� 'RFXWHFK� /LQHDU� 6WUHVV� DQG� '\QDPLFV�� 5HIHUHQFH
'LYLVLRQ��3LWWVEXUJK��3HQQV\OYDQLD���������

����/X�4���5HQ�*���=KDR�<���0XOWLSOH�GDPDJH�ORFDWLRQ�ZLWK�IOH[LELOLW\�FXUYDWXUH�DQG�UHODWLYH
IUHFXHQF\�FKDQJH�IRU�EHDP�VWUXFWXUH��-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��������������������
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