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5HVXPR� (VWH� DUWLJR� WHP� FRPR� REMHWLYR� DSUHVHQWDU� R� VLVWHPD� GH� PRGHODJHP� :D1XO&$6� TXH�
VLPXOD� D� LQWHUDomR�HQWUH� iUYRUH�VROR�FXOWXUD�QR� HVSDoR�H� WHPSR��SRGHQGR�XWLOL]DU� WUrV� HVSpFLHV GH�
iUYRUHV�H�FLQFR�HVSpFLHV�GH�FXOWXUDV��$�VLPXODomR�IRL�UHDOL]DGD�FRP�GDGRV�GD�XQLGDGH�([SHULPHQWDO�
GD�(PEUDSD� 3HFXiULD� 6XGHVWH� QD� FLGDGH� GH� 6mR�&DUORV�� 63�� 3DUD� R� GHVHQYROYLPHQWR� GR� WUDEDOKR�
XWLOL]RX�VH�D�HVSpFLH�DUEyUHD�&DQDItVWXOD�HP�XP�VLVWHPD�VLOYLDJUtFROD�HP�FRQVyUFLR�FRP�D�FDQD�GH�
Do~FDU�� 3UHWHQGH�VH� FRP� LVWR�� HYLGHQFLDU� D� FDSDFLGDGH� GH� VLPXODomR� GR� UHIHULGR� VRIWZDUH�� VHP�
QHFHVVDULDPHQWH� YHULILFDU� RX� YDOLGDU� RV� UHVXOWDGRV� GR� SRQWR� GH� YLVWD� IORUHVWDO� RX� DJURQ{PLFR��2V�
GDGRV�REWLGRV�SHOR�PRGHOR�GHPRVWUDP�XPD�SUR[LPLGDGH�VLJQLILFDWLYD�DRV�GDGRV�UHDLV�OHYDQWDGRV�QD�
XQLGDGH�H[SHULPHQWDO�
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7KLV�SDSHU�DLPV�WR�SUHVHQW�WKH�:D1XO&$6�PRGHOLQJ�V\VWHP�WKDW�VLPXODWHV�WKH�LQWHUDFWLRQ�EHWZHHQ�
WUHH�VRLO�FXOWXUH� LQ� VSDFH� DQG� WLPH�� XVLQJ� WKUHH� WUHH� VSHFLHV� DQG� ILYH� FURS� VSHFLHV�
7KH�VLPXODWLRQ�ZDV�SHUIRUPHG�ZLWK�GDWD�IURP�WKH�(PEUDSD�/LYHVWRFN�([SHULPHQWDO�8QLW�LQ�WKH�FLW\�
RI�6mR�&DUORV��63��)RU�WKH�GHYHORSPHQW�RI�WKH�ZRUN�ZDV�XVHG�D�WUHH�VSHFLHV�&DQDILVWXOD�LQ�D�V\OYDWLF�
V\VWHP�LQ�FRQVRUWLXP�ZLWK�VXJDUFDQH� 7KLV�LV�LQWHQGHG�WR�KLJKOLJKW�WKH�DELOLW\�RI�VLPXODWLRQ�RI�VDLG�
VRIWZDUH��ZLWKRXW�QHFHVVDULO\�YHULI\LQJ�RU�YDOLGDWLQJ�WKH�UHVXOWV�IURP�D�IRUHVW�RU�DJURQRPLF�SRLQW�RI�
YLHZ��7KH�GDWD�REWDLQHG�E\� WKH�PRGHO�VKRZ�D�SUR[LPLW\� WR� WKH�GDWD�FROOHFWHG� LQ� WKH�H[SHULPHQWDO�
XQLW�

.H\ZRUGV��,&/6��:D1X/&$6��VXJDU�FDQH��QDWLYHV��3HOWRSKRUXP�GXELXP�

���,QWURGXomR�
$� PRGHODJHP� p� XPD� IHUUDPHQWD� LPSRUWH� SDUD� D� FLrQFLD�� SRLV� SRVVLELOLWD� DWUDYpV� GH�

VLPXODo}HV��WRPDGD�GH�GHFLV}HV�UiSLGDV��IDYRUHFHQGR�R�SODQHMDPHQWR�GH�XPD�SRVVtYHO�UHDOL]DomR�GH�
H[SHULPHQWRV� H� REWHQGR� JDQKR� GH WHPSR� H� UHFXUVRV� �&RUUrD� HW� DO��� ����D�� 3,172�� ������� 2V�
PRGHORV� DX[LOLDP� QD� MXQomR� GH� GLIHUHQWHV� HOHPHQWRV� GD� SHVTXLVD� H� HP� VXDV� LQWHUDo}HV� JHQpWLFD��
ILVLROyJLFD�H�DPELHQWDO��%227(�HW�DO����������e�XPD�IHUUDPHQWD�TXH�SRGH�VHU�XVDGD�SDUD�WHVWDU�RX�
JHUDU�XPD�QRYD�KLSyWHVH��H�WHP�FRPR�LQWXLWR�SUHYHU�R�FRPSRUWDPHQWR�GH�XP�VLVWHPD�HP�FRQGLo}HV�
GHVFRQKHFLGDV��2V�PRGHORV�QmR�WrP�R�SRWHQFLDO�GH�JHUDU�GDGRV��SRLV�GDGRV�VmR�JHUDGRV�D�SDUWLU�GH�
H[SHULPHQWDomR��3(5(,5$���������&RUUrD�HW�DO�������E���FRQVLGHUDP�TXH�D�PRGHODJHP�WHP�FRPR�
REMHWLYR� HVWDEHOHFHU� GLDJQyVWLFR� GH� IXQFLRQDPHQWR� GH� XP� RX�PDLV� SURFHVVRV�� LGHQWLILFDQGR� VXDV�
FDUrQFLDV�FLHQWtILFDV�D�VHUHP�H[SORUDGDV��e�SRVVtYHO��DWUDYpV�GD�PRGHODJHP��LQWHJUDU�FRQKHFLPHQWRV�
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LQWHUGLVFLSOLQDUHV��IDFLOLWDQGR�D�REVHUYDomR�GR�REMHWR�GH�SHVTXLVD��SUHGL]HQGR�R�FRPSRUWDPHQWR�GH�
LQWHJUDomR�DJUtFROD�DLQGD�QmR�UHDOL]DGR��SHUPLWLQGR�XP�FRQKHFLPHQWR�GD�LQWHJUDomR�HP�GLIHUHQWHV�
HVFDODV�GH� WHPSR�H� HVSDoR� �&255Ç$�HW� DO��� ������ 2�PRGHOR :D1X/&$6� IRL GHVHQYROYLGR SRU�
0HLQH�YDQ�1RRUGZLMN��%HWKD�/XVLDQD��1L¶PDWXO�.KDVDQDK��5DFKPDW�0XOLD�QR�DQR�GH�������SDUD
UHDOL]DU D� LQWHUDomR VROR�FXOWXUD�iUYRUH�� DWUDYpV� GD� DUTXLWHWXUD� DFLPD� H� DEDL[R� GR� VROR��2�PRGHOR�
XWLOL]D�D�SODWDIRUPD�6WHOOD�SDUD�VXDV�VLPXODo}HV�H�HVWi�GLVSRQtYHO�JUDWXLWDPHQWH�QR�VLWH�GR�,FUDI��$�
SULQFLSDO� IXQomR� GR�:DQXOFDV� p� DYDOLDU� R� GHVHPSHQKR� VXVWHQWiYHO� GH� VLVWHPDV� DJURIORUHVWDLV�� 2�
PRGHOR�IRL�FULDGR�FRP�TXDWUR�FDPDGDV�GH�VROR�H[SORUDGDV�SRU�UDt]HV�GDV�FXOWXUDV�H�iUYRUHV��H�VXDV�
LQWHUDo}HV� DFRQWHFHP� FRQIRUPH� D� SURSRUomR� GH� DPERV� RV� FRPSRQHQWH� QR� HVSDoR� H� WHPSR�
�1225':,-.�0��9��HW�DO����������

���0DWHULDLV�H�0pWRGRV
���� ÈUHD�GH�(VWXGR

$�iUHD�VHOHFLRQDGD�p�XPD�XQLGDGH�H[SHULPHQWDO�GD�(PEUDSD�3HFXiULD�6XGHVWH�� VHGLDGD�QD�
FLGDGH� GH�6mR�&DUORV�63� FRP� ODWLWXGH� GH� ��� �� ��� 
VXO� H� ORQJLWXGH� GH� ��� �� ��
�:HVW�� XP� VLVWHPD�
VLOYLSDVWRULO� FRP� VHWH� HVSpFLHV� GH� QDWLYDV� GD� UHJLmR�� $QJLFR�%UDQFR� �$QDGHQDQWKHUD� FROXEULQD���
&DQDItVWXOD��3HOWRSKRUXP�GXELXP���,Sr�IHOSXGR��=H\KHULD�WXEHUFXORVD���-HTXLWLEi�EUDQFR��7DULQLDQD�
HVWUHOOHQVLV�� H� 3DX�MDFDUp� �3LSWDGHQLD� JRQRDFDQWKD��� 'H� DFRUGR� FRP� D� FODVVLILFDomR� GH� .|SHQ�� R�
FOLPD� GD� iUHD� GH� HVWXGR� p� VXEWURSLFDO� &ZD�$ZD�� FRP� SUHFLSLWDomR� PpGLD� DQXDO� GH� ����� PP� H�
WHPSHUDWXUD�GH�������&��WHQGR�LQYHUQR�VHFR�GH�DEULO�D�VHWHPEUR��H�YHUmR�TXHQWH�H�~PLGR��GH�RXWXEUR�
D�PDUoR��D�XPLGDGH�UHODWLYD�GR�DU�DQXDO�PpGLD�p�GH��������FRP�DOWLWXGH�GH����P��$�JUDQXORPHWULD�
GR�VROR� IRL�GH�DUHLD�������DUJLOD�������VLOWH������0$5&21'(//,�HW� DO����������$V�iUYRUHV� IRUDP�
SODQWDGDV�HP�FLQFR�IDL[DV�HP�DOpLDV��R�HVSDoDPHQWR�HQWUH�DV�iUYRUHV�IRL�GH����P�[����P�FRP�IDL[DV�
HVSDoDGDV�GH���P�

���� 'HVFULomR�GR�PRGHOR�WHyULFR
2�PRGHOR�QHFHVVLWD�GH�XPD�JUDQGH�TXDQWLGDGH�GH�GDGRV�GH�HQWUDGD��DVVLP�XWLOL]RX�VH�DSHQDV�

XPD� HVSpFLH� DUEyUHD� SDUD� URGDU� R� PRGHOR�� D� &DQDItVWXOD�� IRL� VLPXODGD� D� PHVPD� FRQGLomR� GH�
HVSDoDPHQWR� GHVFULWD� GD� iUHD� GH� HVWXGR� H� FRQVRUFLDGD� FRP� FDQD�GH�Do~FDU� HQWUH� UHQTXHV� HP� XP�
SHUtRGR�GH����DQRV��

2�:D1X/&$6�YHUVmR�����IRL�GHVHQYROYLGR�FRP�R�LQWXLWR�GH�VLPXODU LQWHUDo}HV�iUYRUH�VROR�
FXOWXUD� DFLPD�H�DEDL[R�GR�VROR��OHYDQGR�HP�FRQVLGHUDomR�DV�LQWHUDo}HV�HQYROYHQGR�iJXD��QXWULHQWHV�
H�OX]��FRP�EDVH�QDV�GHQVLGDGHV�GR�FRPSULPHQWR�GD�UDL]�GD�iUYRUH�H�GD�FXOWXUD� 2�PRGHOR�UHSUHVHQWD�
XP�SHUILO�GH�VROR�GH�TXDWUR�FDPDGDV�H�TXDWUR�]RQDV�HVSDFLDLV��XWLOL]DGDV�SHODV�iUYRUHV�H�FXOWXUDV��HP�
VRORV� SODQRV� RX� FRP� GHFOLYLGDGH� RQGH� DV� LQWHUDo}HV� RFRUUHP� GH� GLIHUHQWHV� IRUPDV� $� VLPXODomR�
RFRUUH�FRP�D�DEVRUomR�GH�UHFXUVRV��VLPXOWDQHDPHQWH�HQWUH�DV�iUYRUHV�H�D�FXOWXUD��VHPSUH�GH�DFRUGR�
FRP�D�GHPDQGD�GH�FDGD�FRPSRQHQWH�H�D�SURSRUomR�GH�FDGD�XP�QR�VROR��$�SURSRUomR�GD�FDSWXUD�GH�
UDGLDomR�p�GHWHUPLQDGD�SHOR� tQGLFH�GH�iUHD� IROLDU�GH�FDGD�FRPSRQHQWH��$�GHQVLGDGH�UDGLFXODU�GDV�
iUYRUHV� VmR� DV� YDULiYHLV� TXH� GHWHUPLQDP� D� SURSRUomR� GD� FDSWXUD� GH� iJXD� H� QXWULHQWHV� � �3,172��
������ 2V� GLYHUVRV� FRPSRQHQWHV� XWLOL]DGRV� SHOR�:D1X/&$6� VmR� IRUPDGRV� SRU� GDGRV� GH� FOLPD��
VROR�� DEVRUomR�GH� OX]��EDODQoR�GH� iJXD��EDODQoR�GH�QLWURJrQLR�� FRPSHWLomR�SRU� iJXD�H�QXWULHQWHV��
PDWpULD�RUJkQLFD��FUHVFLPHQWR�GD�SDUWH�DpUHD�H�HURVmR�

2V�GDGRV�GD�HVSpFLH�DUEyUHD�IRUDP�UHWLUDGRV�GH�DWLJRV�DFDGrPLFRV�H�GH�PHGLo}HV�UHDOL]DGDV�
QD�iUH�GH�HVWXGR��2V�GDGRV�GH�VROR�H�FOLPD�IRUDP�UHWLUDGRV�GH�DUWLJRV�DFDGrPLFRV�GD�iUHD�GH�HVWXGR��
2V� GDGRV� GD� ODYRXUD� GD� FDQD�GH�Do~FDU� REWHX�VH� DWUDYpV� GR� WUDEDOKR� GH� 3LQWR� ������� OHYDQWDGRV�
DWUDYpV�GR�EDQFR�GH�GDGRV�GD�(VDOT��

2�FDOHQGiULR�GH�SODQWLR�GDV�iUYRUHV�RFRUUHX�QR�GLD���GH�MDQHLUR�GH������H�QmR�KRXYH�FRUWH�GD�
&DQDItVWXOD�QRV����DQRV��R�FDOHQGiULR�GD�FXOWXUD�RFRUUHX�QR�GLD���GH�PDUoR�GH������H�FRP�FRUWH�HP�
���GH�MXOKR�GR�RXWUR�DQR��RV�DQRV�VHJXLQWHV�IRUDP�VLPXODGRV�FRP�SODQWLRV�HP����GH�MXOKR�H�FRUWH�
DSyV�XP�DQR��3DUD�RV����DQRV� IRUDP� UHDOL]DGRV��� FLFORV�GH��� DQRV� H�XP� LQWHUYDOR�GH��� DQR�SDUD�
SRXVLR��R�SULPHLUR�DQR�GRV�FLFORV�VmR�GH�FDQD�SODQWD�H�RV�RXWURV�WUrV�DQRV�VmR�FRPSRVWRV�SRU�FDQD�
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VRFD� FROKHX�VH�D�ODYRXUD�SUy[LPR�D����GH�MXOKR�GH�FDGD�DQR��
3DUD�D�VLPXODomR��R�DQR�LQLFLRX�VH�QR�GLD�]HUR�H�RSWRX�VH�SRU�QmR�KDYHU�UHVWULomR�GH�iJXD�H�

QXWULHQWHV�� SDUD� WDQWR�� RV� SDUkPHWURV� GH� UHVWULomR� GH� iJXD� H� QXWULHQWHV� IRUDP� SRVLFLRQDGRV� QR�
LQGLFDGRU�]HUR� )RL LQVHULGR�R�YDORU�GH�����SDUD�D�SRUFHQWDJHP�GH�GHFOLYLGDGH�GR�VROR�QD�LQWHUIDFH�
�� GR�PRGHOR� QD� VLPXODomR��6HJXQGR�R�PDQXDO�� R�PRGHOR� QmR� SRVVXL� ERD� VHQVLELOLGDGH� SDUD� HVVD�
IXQomR�

2�PRGHOR�:D1X/&$6� IRUQHFH�YiULDV� LQIRUPDo}HV�GH� VDtGD�� WDLV� FRPR��EDODQoR�KtGULFR� H�
EDODQoR� GH� QXWULHQWHV�� IyVIRUR� H� QLWURJrQLR�� TXH� SRGHP� VHU� UHSUHVHQWDGDV� DWUDYpV� GH� WDEHODV� H�
JUiILFRV�

���5HVXOWDGRV�H�'LVFXVVmR
$�WDEHOD�DEDL[R�UHSUHVHQWD�D�FRPSDUDomR�HQWUH�RV�YDORUHV�REWLGRV�GD�&DQDItVWXOD�QD�XQLGDGH�

H[SHULPHQWDO�H�QD�VLPXODomR�GR�PRGHOR�:D1X/&$6�HP�XP�SHUtRGR�GH����DQRV�

7DEHOD��� &RPSDUDomR�HQWUH�GDGRV�GD�XQLGDGH�H[SHULPHQWDO�H�PRGHOR�:D1X/&$6

&DQDItVWXOD 'DGRV�UHDLV 6LPXODomR�
�:D1X/&$6�

$OWXUD��+�� ����� ����
$OWXUD�GR�LQtFLR�GD�FRSD� ���� �
'LkPHWUR�GD�DOWXUD�GR�3HLWR ����� ����
/DUJXUD�GD�FRSD��UDLR�� ���� ����
$OWXUD�GD�FRSD ���� ����

)RQWH��(ODERUDGR�SHOR�DXWRU

)LJXUD��� *UiILFR�GH�FUHVFLPHQWR�GD�&DQDItVWXOD�HP�XP�SHUtRGR�GH����DQRV�QR�PRGHOR�:D1X/&DV�

2� JUiILFR� DFLPD� GHPRQVWUD� R� � FUHVFLPHQWR� GD� &DQDItVWXOD� VLPXODGD� HP� FRQVyUFLR� FRP� D�
ODYRXUD�GD� FDQD�GH�Do~FDU� HP�XP�SHUtRGR�GH����DQRV�� DVVLP�REWHYH�VH�R�YDORU�GH������P�� VHQGR�
PXLWR�SUy[LPR�DR�YDORU�HQFRQWUDGR�QD�iUHD�GH�HVWXGR�GH������P��2�HL[R�;�GR�JUiILFR�UHSUHVHQWD�RV�
���DQRV�VLPXODGRV�HQTXDQWR�TXH�R�HL[R�<�UHSUHVHQWD�R�FUHVFLPHQWR�FRQVWDQWH�GD�HVSpFLH�DUEyUHD�QR�
SHUtRGR�
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)LJXUD��� *UiILFR�GH�FUHVFLPHQWR�GD�ODYRXUD�GD�FDQD�GH�Do~FDU�HP�XP�SHUtRGR�GH����DQRV�HP�
FRQVyUFLR�FRP�D�HVSpFLH�&DQDItVWXOD�QR�PRGHOR�:D1X/&$6�

3DUD�R�SULPHLUR�DQR�GR�FLFOR�R�YDORU�PpGLR�GH�ELRPDVVD�IRL�GH������NJ�P� H�SDUD�R�VHJXQGR�
FLFOR������NJ�P���3LQWR��������VLPXORX�D�FDQD�GH�Do~FDU�HP�XP�SHUtRGR�GH����DQRV��REWHQGR�XP�
YDORU�PpGLR� GD� ELRPDVVD� GH� ����� NJ�P� H� YDORU�Pi[LPR� GH� ����� NJ�P� HP� DUJLVVROR� YHUPHOKR��
5HVXOWDGRV�GH�0DFKDGR�HW�DO�������� VREUH�D�DYDOLDomR�GR�FUHVFLPHQWR�GD�FDQD�GH�Do~FDU�QD�UHJLmR�
GH� 3LUDFLFDED�� GHPRQVWURX� XP� YDORU� GH� ELRPDVVD� GH� ���� NJ�P� HP� ODWRVVROR� YHUPHOKR� DPDUHOR��
1HVWH�WUDEDOKR��QR�SULPHLUR�FLFOR�GD�SURGXomR�GH�ELRPDVVD�GD�FDQD�GH�Do~FDU�QD�]RQD���� WHPRV�R�
PDLRU�YDORU�GRV� FLFORV� FRP������NJ�P���SDUD�RV�RXWURV� DQRV�GH� WRGRV�RV� FLFORV�REWHYH�VH�R�YDORU�
]HUR�� SRVVLYHOPHQWH� QR� SULPHLUR� DQR� D� ]RQD� �� QmR� VRIUHX� FRPSHWLomR� SHOR� WDPDQKR�GDV� HVSpFLHV�
DUEyUHDV��VHQGR�TXH�HVVDV�DLQGD�HVWDYDP�HP�GHVHQYROYLPHQWR��

���&RQFOXV}HV
$�iUHD� VHOHFLRQDGD� IRL� XP� VLVWHPD� VLOYLSDVWRULO�� ORFDOL]DGR� QD�(PEUDSD� 3HFXiULD� 6XGHVWH��

DSWR�SDUD�R�FRQVyUFLR�GH�&DQDItVWXOD�H�D�ODYRXUD�GD�FDQD�GH�Do~FDU��DV�iUYRUHV�IRUDP�SODQWDGDV�HP�
DOpLDV�� TXH� SRVVLYHOPHQWH� IDYRUHFH� R� GHVHQYROYLPHQWR� GD� SURGXomR� GH� FDQD�GH�Do~FDU� GHQWUR� GR�
VLVWHPD� $V� VLPXODo}HV� IRUDP� UHDOL]DGDV� XWLOL]DQGR� R� GR� PRGHOR� :D1X/&$6�� TXH� SRVVLELOLWRX�
DYDOLDU�R�XVR�GD�FDQD�GH�Do~FDU�FRPR�XP�FRPSRQHQWH�GD�L/3)�GH�XPD�IRUPD�TXDOLWDWLYD��2�PRGHOR�
GLVSRQLELOL]D� GLYHUVDV� WDEHODV� H� JUiILFRV� TXH� SRGHP� DMXGDU� QDV� H[SHULPHQWDo}HV� GH� FDPSR�� 2�
PRGHOR�QmR�DSUHVHQWD�ERD�VHQVLELOLGDGH�SDUD�R�XVR�GH�iUHDV�GHFOLYRVDV�

'LDQWH� GDV VLPXODo}HV� p� SRVVtYHO� DILUPDU� TXH� D� FDQD�GH�Do~FDU� SRGH� VHU� XWLOL]DGD� FRPR�
FRPSRQHQWH� GR� VLVWHPD� LQWHJUDomR� /DYRXUD�3HFXiULD�)ORUHVWD� �L/3)�� GHVGH� TXH� VHJXLGDV� DV�
PHOKRUHV�SUiWLFDV�GH�PDQHMR�H�IRPHQWDQGR�R�LQFHQWLYR�HFRQ{PLFR�SDUD�R�VLVWHPD�

$JUDGHFLPHQWRV
$JUDGHoR� HP� HVSHFLDO� D� 'UD�0DULD� /XL]D� 1LFRGHPR� H� 'U�� -RVp� 5LFDUGR� 3H]]RSDQH� SHOD�

GLVSRQLELOLGDGH�GR�HVWXGR�GR�6$)�GD�(PEUDSD�3HFXiULD�6XGHVWH�H�SHOR�DFROKLPHQWR�QRV�PRPHQWRV�
GH�GLILFXOGDGH��

$JUDGHoR D�&$3(6�SHOD�EROVD�FRQFHGLGD��

5HIHUrQFLDV
%227(��.�-���-21(6��-�:���1,*8(/��%�3���������3RWHQWLDO�8VHV�DQG�/LPLWDWLRQV�RI�&URS�0RGHOV��

$JURQ��-��$EVWU���������±����
&255Ç$��6�7�5��HW�DO��$SOLFDo}HV�H�OLPLWDo}HV�GD�PRGHODJHP�HP�DJULFXOWXUD��± 5HYLVmR��%UD]��-��

$JULF�������±��������D�
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0$&+$'2�� (�&�� HW� DO�� ËQGLFHV� ELRPpWULFRV� GH� GXDV� YDULHGDGHV� GH� FDQD�GH�Do~FDU�� 3HVTXLVD�
$JURSHFXiULD�%UDVLO����������±�����������

1225':,-.��0�9���HW�DO��:D1X/&$6��,&5$)������
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