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3UyORJR�GH�ORV�DXWRUHV�
(VWH� OLEUR�UHFRJH�XQD�VHOHFFLyQ�GH����SUREOHPDV�UHVXHOWRV�TXH� ORV�DXWRUHV�KHPRV�
SODQWHDGR�HQ�OD�IDVH�UHJLRQDO�GH�0XUFLD�GH�OD�2OLPSLDGD�(VSDxROD�GH�)tVLFD�GHVGH�HO�
DxR������KDVWD��������

/D�2OLPSLDGD�GH�)tVLFD�HV�OD�FRPSHWLFLyQ�PiV�LPSRUWDQWH�GH�ItVLFD�SUHXQLYHUVLWDULD��
6X� DOFDQFH� VH� H[WLHQGH� GHVGH� ODV� IDVHV� ORFDOHV� KDVWD� ODV� VXSUDQDFLRQDOHV�� TXH�
LQYROXFUDQ� D�PLOHV� GH� HVWXGLDQWHV� HQ� QXHVWUR� SDtV� FDGD� DxR� \� D� YDULRV� FLHQWRV� GH�
PLOHV� HQ� WRGR� HO� PXQGR�� $SDUWH� GH� VX� FDUiFWHU� FRPSHWLWLYR�� OD� 2OLPSLDGD� HV� XQD�
DFWLYLGDG� TXH� WLHQGH� XQ� SXHQWH� HQWUH� OD� HQVHxDQ]D� VHFXQGDULD� \� OD� XQLYHUVLGDG��
FRQWULEX\H� DO� IRPHQWR� GH� ODV� YRFDFLRQHV� FLHQWtILFDV�� \� SURPXHYH� YDORUHV� VRFLDOHV� \�
FXOWXUDOHV���

&RQ� HVWD� SXEOLFDFLyQ� TXHUHPRV� DWHQGHU� D� OD� SHWLFLyQ� GH� PXFKRV� SURIHVRUHV� \�
HVWXGLDQWHV�GH�EDFKLOOHUDWR�GH�GLVSRQHU�GH� XQD� UHFRSLODFLyQ� GH� ORV�SUREOHPDV�GH� OD�
2OLPSLDGD�GH�0XUFLD�FRQ�VXV�VROXFLRQHV��SDUD� OD�SUHSDUDFLyQ�GH� OD�PLVPD��3HUR�HO�
REMHWLYR�YD�PiV�DOOi�GH�OD�IDVH�UHJLRQDO��'DGDV�ODV�FDUDFWHUtVWLFDV�GH�ORV�SUREOHPDV��HO�
OLEUR�SXHGH�XWLOL]DUVH�WDPELpQ�SDUD�SUHSDUDU�OD�IDVH�QDFLRQDO��OD� International Physics 
Olympiad�� OD� 2OLPSLDGD� ,EHURDPHULFDQD� GH� )tVLFD�� DVt� FRPR� RWUDV� FRPSHWLFLRQHV�
FRPR�OD�European Physics Olympiad�R�OD�European Union Science Olympiad���

3RU� RWUR� ODGR�� HO� OLEUR� FRQWLHQH� PDWHULDOHV� TXH� SXHGHQ� VHUYLU� GH� EDVH� SDUD� HO�
GHVDUUROOR� GH� SUR\HFWRV� SRU� HVWXGLDQWHV� GH� ORV� %DFKLOOHUDWRV� GH� ,QYHVWLJDFLyQ�� GH�
([FHOHQFLD��&LHQWtILFR��HWF���GHO�%DFKLOOHUDWR�,QWHUQDFLRQDO��\�GH�RWUDV�PRGDOLGDGHV�GH�
IRUPDFLyQ� RULHQWDGDV� D� OD� LQLFLDFLyQ� D� OD� LQYHVWLJDFLyQ�� ,JXDOPHQWH� SXHGH� VHU� GH�
XWLOLGDG� FRPR� LQVSLUDFLyQ� R� SXQWR� GH� SDUWLGD� SDUD� FRQFXUVDQWHV� GHO� &HUWDPHQ� GH�
-yYHQHV�,QYHVWLJDGRUHV�\�GH�RWURV�FRQFXUVRV��

/RV�SUREOHPDV�SURSXHVWRV�HVWiQ�SHQVDGRV�SDUD�HVWXGLDQWHV�SUHXQLYHUVLWDULRV��/D�
UHVROXFLyQ�SXHGH�KDFHUVH�FRQ�ORV�FRQRFLPLHQWRV�GHO�FXUULFXOXP�RILFLDO�GH�HQVHxDQ]D�
VHFXQGDULD�\�EDFKLOOHUDWR��R�FRQ�ODV�D\XGDV�QHFHVDULDV�TXH�VH�IDFLOLWDQ�FXDQGR�DOJXQD�
SUHJXQWD� LQFOX\H� QRFLRQHV� GH� QLYHO� VXSHULRU�� 6LQ� HPEDUJR�� VH� WUDWD� GH� SUREOHPDV�
DYDQ]DGRV� TXH� H[LJHQ� SHQVDU� \� HQIUHQWDUVH� D� QXHYDV� VLWXDFLRQHV�� PiV� DOOi� GHO�
IRUPXOLVPR�\�GH�ORV�FRQRFLPLHQWRV�DXWRPDWL]DGRV��3UHFLVDPHQWH��XQR�GH�ORV�UHWRV�GHO�
GLVHxR� \� OD� HODERUDFLyQ� GH� ORV� SUREOHPDV� KD� VLGR� DGDSWDU� WHPDV� D� YHFHV� PX\�
FRPSOHMRV�R�GH�WLSR�LQWHUGLVFLSOLQDULR�SDUD�TXH�SXHGDQ�DERUGDUVH�FRQ�ODV�KHUUDPLHQWDV�
GH� ItVLFD� \� PDWHPiWLFDV� DO� DOFDQFH� GH� HVWRV� HVWXGLDQWHV�� /RV� DSDUWDGRV� GH� FDGD�
SUREOHPD�WLHQHQ�XQD�JUDGDFLyQ�GH�GLILFXOWDG��DOJXQRV�GH�HOORV�VRQ�GLUHFWRV��PLHQWUDV�
TXH�RWURV�UHTXLHUHQ�PXFKD�GHGLFDFLyQ���

6H�KD� LQWHQWDGR�FRQWH[WXDOL]DU� ORV�SUREOHPDV�GH� IRUPD�TXH� UHVXOWHQ� DWUDFWLYRV��8QD�
GH�VXV�FDUDFWHUtVWLFDV�HV�TXH��HQ�JHQHUDO��QR�VRQ�GH�HVWLOR�DFDGpPLFR��3ODQWHDQ�XQ�
DPSOLR� DEDQLFR� GH� VLWXDFLRQHV� GRQGH� DSDUHFH� OD� DSOLFDELOLGDG� GH� OD� ItVLFD� \� VX�
XWLOLGDG�SDUD�HQWHQGHU�OD�QDWXUDOH]D�\�HO�PXQGR�DFWXDO�TXH�QRV�URGHD��$OJXQRV�GH�ORV�
WHPDV�TXH�VH�WUDWDQ�VRQ��SRU�HMHPSOR��

ඵ 7HPDV� GH� DFWXDOLGDG� H� LQWHUpV� VRFLDO� �³(O� WHUUHPRWR� GH� /RUFD´�� ³&DOHQWDPLHQWR
JOREDO´��HWF���\�WHPDV�GH�DFWXDOLGDG�HQ�HO�PXQGR�GH�OD�ItVLFD��³2QGDV�JUDYLWDFLRQDOHV´��
³&D]DQGR�H[RSODQHWDV´��HWF�����



��

ඵ $SOLFDFLRQHV� GH� OD� ItVLFD� �³$SOLFDFLRQHV� GH� ORV� DFHOHUyPHWURV´�� ³9HOHURV
HVSDFLDOHV´�� HWF��� \� RWURV� iPELWRV� FLHQWtILFRV� �³&UHFLGDV� GHO� $PD]RQDV´�� ³0DUHDV�
OXQDUHV´��HWF����

ඵ (O� PXQGR� GH� OD� FXOWXUD� �³)tVLFD� HQ� Star Wars´�� ³&DOHQWiQGRQRV� HQ� HO
*XJJHQKHLP´��HWF���\�GHO�GHSRUWH��³6DTXHV�\�SDVHV�HQ�I~WERO´��³7LUR�FRQ�DUFR´��HWF����

ඵ 6LWXDFLRQHV� FRWLGLDQDV� �³+RUQR� PLFURRQGDV´�� ³&RQVXPR� KRPRORJDGR� GH
FRPEXVWLEOH´�� HWF��� \� VLWXDFLRQHV� KLVWyULFDV� �³8QD�KLSyWHVLV� VREUH� OD� IRUPDFLyQ� GH� OD�
/XQD´��³$�YXHOWDV�FRQ�HO�iWRPR�GH�5XWKHUIRUG´��HWF����

ඵ $QpFGRWDV� R� FXULRVLGDGHV� �³(VFiQGDOR� DQLPDO´�� ³&DtGD� OLEUH´�� HWF��� \� ItVLFD
UHFUHDWLYD��³6LOODV�YRODGRUDV´��³/D�FXQD�GH�1HZWRQ´��HWF����

ඵ 0LVLRQHV�HVSDFLDOHV� �³6DWXUQR� \� OD�PLVLyQ�&DVVLQL�+X\JHQV´�� ³'H� OD�7LHUUD�D� OD
/XQD´��HWF����

ඵ $VSHFWRV�GHO�FXHUSR�KXPDQR��³*UDVD�\�$UTXtPHGHV´��³)LHEUH�\�VXGRU´��HWF���

ඵ &XHVWLRQHV�GH�WLSR�H[SHULPHQWDO��³<R�PLGR�OD�JUDYHGDG�FRQ�XQ�FKRUUR�GH�DJXD´�
³8QD�JXLWDUUD�\�VXV�WUDVWHV´��HWF����

3DUD� D\XGDU� DO� OHFWRU� D� EXVFDU� XQ� SUREOHPD� GHWHUPLQDGR� R� XQ� WHPD� HQ� SDUWLFXODU��
DGHPiV�GHO�tQGLFH�GH�SUREOHPDV�RUGHQDGRV�QXPpULFDPHQWH��VH�KD�LQFOXLGR�XQ�tQGLFH�
WHPiWLFR�GRQGH�SXHGHQ�VHOHFFLRQDUVH�ORV�SUREOHPDV�SRU�SDODEUDV�FODYH�GH�DFXHUGR�D�
ORV�FRQWHQLGRV�GH�ORV�WHPDULRV�RILFLDOHV�TXH�WUDWD��

$GHPiV�GH�OD�GHVWUH]D�HQ�HO�PDQHMR�GH�ORV�SULQFLSLRV��ODV�OH\HV�\�ODV�HFXDFLRQHV�GH�OD�
ItVLFD�� \� GHO� FiOFXOR� PDWHPiWLFR�� ORV� SUREOHPDV� SODQWHDGRV� LPSOLFDQ� HO� HMHUFLFLR� GH�
RWUDV�FRPSHWHQFLDV�EiVLFDV�SDUD�OD�FLHQFLD��FRPR��FDSDFLGDG�GH�DQiOLVLV�\�VtQWHVLV��
KDELOLGDG� SDUD� VHOHFFLRQDU� H� LQWHUSUHWDU� LQIRUPDFLyQ� UHOHYDQWH�� XVR� GH� DQDORJtDV��
UD]RQDPLHQWR� \� IRUPXODFLyQ� GH� KLSyWHVLV�� LQWHJUDFLyQ� GH� FRQRFLPLHQWRV�� HWF�� /D�
UHVROXFLyQ�H[LWRVD�GH�ORV�SUREOHPDV�SDVD�SRU�XQD�OHFWXUD�FXLGDGRVD�GHO�HQXQFLDGR��OD�
DGTXLVLFLyQ�GH�XQD�YLVLyQ�JOREDO�GH� OD�VLWXDFLyQ�� \� OD� LGHQWLILFDFLyQ�GH� OD� UDPD�GH� OD�
ItVLFD�TXH�FRUUHVSRQGH�D�FDGD�DSDUWDGR���

8QR�GH� ORV�KiQGLFDSV�TXH� WLHQHQ� ORV�HVWXGLDQWHV�SUHXQLYHUVLWDULRV�HV� OD�HVFDVH]�GH�
SUHSDUDFLyQ� H[SHULPHQWDO�� $XQTXH� HVWH� OLEUR� QR� HV� XQ� PDQXDO� GH� ODERUDWRULR��
DOJXQRV� SUREOHPDV� SUHVHQWDQ� VLWXDFLRQHV� \� VXSXHVWRV� SUiFWLFRV� TXH� VLUYHQ� GH�
DFHUFDPLHQWR�D�ODV�SUXHEDV�\�SUR\HFWRV�H[SHULPHQWDOHV��\D�TXH��D�SDUWLU�GH�PHGLGDV�
H[SHULPHQWDOHV� IDFLOLWDGDV� HQ� ORV� HQXQFLDGRV�� KD\� TXH� UHDOL]DU� WDUHDV� GH�
LQWHUSUHWDFLyQ�GH�JUiILFDV��DQiOLVLV�GH�GDWRV�\�UHSUHVHQWDFLyQ�JUiILFD��

(Q�PXFKRV�GH� ORV�SUREOHPDV�KHPRV� LQFOXLGR�XQD�VHFFLyQ� ILQDO�GH� ³VDEHU�PiV´�FRQ�
LQIRUPDFLyQ�DGLFLRQDO�VREUH�HO�WHPD�R�FRQ�VXJHUHQFLDV�SDUD�SURIXQGL]DU��

(VSHUDPRV� TXH� HO� OHFWRU� HQFXHQWUH� DTXt� PDWHULDO� ~WLO� SDUD� OD� SUHSDUDFLyQ� GH�
ROLPSLDGDV� \� FRQFXUVRV�� \� UHFXUVRV� GH� LQVSLUDFLyQ� SDUD� SUR\HFWRV� GH� LQLFLDFLyQ� D� OD�
LQYHVWLJDFLyQ��3HUR�WDPELpQ�HVSHUDPRV�TXH�pVWH�VHD�XQ�OLEUR�GH�FDUiFWHU�GLYXOJDWLYR�
TXH�SHUPLWD�DFHUFDUVH�DO�PXQGR�GH�OD�ItVLFD�\�GLVIUXWDU�FRQ�HOOD��

Los autores 



��

3UyORJR�
'XUDQWH� ORV� ~OWLPRV� YHLQWH� DxRV�� OD� )XQGDFLyQ� 6pQHFD� KD� HVWDGR� DSR\DQGR� OD�
RUJDQL]DFLyQ� GH� 2OLPSLDGDV� &LHQWtILFDV� HQ� OD� 5HJLyQ� GH� 0XUFLD� FRPR� SDUWH� GH� VX�
3URJUDPD� 5HJLRQDO� GH� &XOWXUD� &LHQWtILFD� H� ,QQRYDGRUD�� 8QD� YHLQWHQD� GH� HVWDV�
2OLPSLDGDV�� TXH� FRPSUHQGHQ� GHVGH� ODV� /HQJXDV�&OiVLFDV�� HO� 'HUHFKR� R� OD� (PSUHVD�
KDVWD� ODV� ,QJHQLHUtDV� \� OD� $UTXLWHFWXUD�� SDVDQGR� SRU� ODV� 0DWHPiWLFDV�� OD� )tVLFD�� OD�
4XtPLFD�� OD� %LRORJtD� R� OD� *HRORJtD�� VH� HVWiQ� GHVDUUROODQGR� FRQ� HVWH� LPSXOVR��
KDELpQGRVH� FRQVROLGDGR� FRPR� XQD� KHUUDPLHQWD� GH� SURPRFLyQ� GHO� WDOHQWR�
SUHXQLYHUVLWDULR��TXH�FDGD�DxR�FRQYRFD�D�PLOHV�GH�DOXPQRV�GH�HQVHxDQ]D�VHFXQGDULD�\�
FRQVWLWX\pQGRVH� HQ� XQD� SDUWH� LPSRUWDQWH� GH� OD� ³PDUFD� FLHQWtILFD´� GH� OD� 5HJLyQ� GH�
0XUFLD��(O�REMHWLYR�HV�DFHUFDU�D�ORV�DOXPQRV�D�HVWDV�GLVFLSOLQDV���HVWLPXODU�VX�LQWHUpV��HQ�
UHDOLGDG��VXV�LQWHUHVHV��\�VX��FXULRVLGDG��UHFRQRFHU�VX�WDOHQWR�\�VX�HVIXHU]R�\�DSR\DU�HO�
WUDEDMR�GH�ORV��FHQWURV��SURIHVRUHV��\��IDPLOLDV�TXH�ORV�DQLPDQ�

8QLYHUVLGDGHV�� RUJDQLVPRV� GH� LQYHVWLJDFLyQ�� DFDGHPLDV� FLHQWtILFDV�� FHQWURV� GH�
LQQRYDFLyQ�� FROHJLRV� SURIHVLRQDOHV�� DVRFLDFLRQHV�� VRFLHGDGHV� FLHQWtILFDV� \� RWUDV�
HQWLGDGV� FRODERUDQ� FRQ� ORV� FHQWURV�GH�HGXFDFLyQ� VHFXQGDULD�SDUD�KDFHU� UHDOLGDG�XQD�
H[SHULHQFLD�TXH�SRQH�HQ�MXHJR�QR�VROR�HO�FRQRFLPLHQWR�FLHQWtILFR�GH�ORV�DOXPQRV��VLQR�
WDPELpQ� VXV� KDELOLGDGHV� GHGXFWLYDV�� VX� SHQVDPLHQWR� FUHDWLYR�� VX� FDSDFLGDG� SDUD� HO�
WUDEDMR� HQ� HTXLSR� \� VX� YROXQWDG� GH� LPSOLFDUVH� DO� Pi[LPR� HQ� ORV� GHVDItRV� TXH� ODV�
2OLPSLDGDV�SODQWHDQ��

7RGR�FRQRFLPLHQWR�HV�OD�UHVSXHVWD�D�XQD�FXHVWLyQ��DILUPy�%DFKHODUG��GH�PRGR�TXH�ODV�
SUHJXQWDV� TXH� QRV� IRUPXODPRV�� R� TXH� VH� QRV� IRUPXODQ�� GHWHUPLQDQ� QXHVWUDV�
SRVLELOLGDGHV�GH�FRQRFHU��&RQ�)tVLFD�GH�&RPSHWLFLyQ��$QWRQLR�*XLUDR�\�/XtV�5RFD�KDQ�
FRQVHJXLGR� DPSOLDU� HO� DUVHQDO� GH� KHUUDPLHQWDV� GLVSRQLEOHV� SDUD� HO� SURIHVRUDGR��
PRVWUDQGR� GH� IRUPD� SUiFWLFD� XQD� � HVWUDWHJLD� GH� DSUHQGL]DMH� TXH� D\XGD� D� UHGXFLU� OD�
GLVWDQFLD� HQWUH� HO� FRQRFLPLHQWR� WHyULFR� \� HO� VDEHU� FRP~Q��3HUR�� DGHPiV�� KDQ� ORJUDGR��
SRQHU�D�GLVSRVLFLyQ�GH� ORV�DOXPQRV� �XQRV�PDWHULDOHV�FDSDFHV�GH�JXLDU�VX�FXULRVLGDG��
HVWLPXODU�VX� LQWHUpV�\�KDFHUOHV�H[SORUDU� ORV� OtPLWHV�GH�XQ� WHUULWRULR�QXQFD�FDUWRJUDILDGR�
GHO�WRGR�

8Q� SUREOHPD� HV� XQD� VLWXDFLyQ� TXH� SODQWHD� GLILFXOWDGHV� SDUD� ODV� TXH� QR� VH� SRVHHQ�
VROXFLRQHV� KHFKDV�� /RV� VHWHQWD� \� XQ� SUREOHPDV�� VHOHFFLRQDGRV� FRQ� XQD� FXLGDGRVD�
DWHQFLyQ� SRU� ORV� DXWRUHV�� FRUUHVSRQGHQ� D� ORV� SURSXHVWRV� HQ� OD� IDVH� UHJLRQDO� GH� OD�
2OLPSLDGD� GH� )tVLFD� GH� ORV� DxRV� ����������� (Q� WRGDV� ODV� RFDVLRQHV� �LQFOXLGD� OD�
FHOHEUDFLyQ�HQ�0XUFLD�GH�GRV�2OLPSLDGDV�1DFLRQDOHV�� OD�)XQGDFLyQ�6pQHFD�KD�SRGLGR�
DFRPSDxDU� \� DSR\DU� HO� HVIXHU]R� GH� RUJDQL]DFLyQ�� TXH� VH� FRPSOHWD� DKRUD� FRQ� HVWD�
SHTXHxD�DYHQWXUD�HGLWRULDO�

/RV�SUREOHPDV�KDQ�VLGR� �SODQWHDGRV�SDUD�UHWDU�D� ORV�DOXPQRV��QR�VROR�FRQ�YLVWDV�D� OD�
SUHSDUDFLyQ�GH� ODV�2OLPSLDGDV�GH�)tVLFD��VLQR��VREUH�WRGR��FRQ�HO� ILQ�GH�HQIUHQWDUOHV�D�
VLWXDFLRQHV�QXHYDV�TXH�HVWLPXOHQ�HO�SHQVDPLHQWR�HQ�IXQFLyQ�GH�VX�FDSDFLGDG�HQ�FDGD�
PRPHQWR��6H�LQWHQWD�DOJR�PiV�TXH�DGLHVWUDU�HQ�OD�UHVROXFLyQ�GH�SUREOHPDV�DYDQ]DGRV��
&RPR� GHFODUDQ� ORV� DXWRUHV�� ODV� VLWXDFLRQHV� SODQWHDGDV� UHYHODQ� OD� DSOLFDELOLGDG� GH� OD�
ItVLFD�\�VX�XWLOLGDG�SDUD�HQWHQGHU�OD�QDWXUDOH]D�\�HO�PXQGR�DFWXDO�TXH�QRV�URGHD��



8QDV�YHFHV�VH�WUDWD�GH�FRQWH[WRV�FRWLGLDQRV��RWUDV�GH�VLWXDFLRQHV�LQIUHFXHQWHV�\�HQ�WRGRV�
ORV� FDVRV� GH� VLWXDFLRQHV� TXH� REOLJDQ� D� SRQHU� HQ� PDUFKD� ORV� SURFHVRV� FRJQLWLYRV� \�
DGDSWDU� ODV�HVWUDWHJLDV�PiV�DGHFXDGDV��SRUTXH�ODV�HVWUDWHJLDV�GH�VROXFLyQ�DTXt�QR�VRQ�
QXQFD�REYLDV��R��DO�PHQRV��QR�OR�VRQ�GH�IRUPD�LQPHGLDWD��/RV�SUREOHPDV�VRQ�XQ�GHVDItR�
H[LJHQWH��2EOLJDQ�D�VHU�FXULRVRV��D�REVHUYDU��D�FRPSUHQGHU�SURIXQGDPHQWH�\�D�SHQVDU�GH�
IRUPD� FUHDWLYD�� 1R� VH� UHVXHOYHQ� FRQ� XQD� IyUPXOD� DSOLFDGD� PHFiQLFDPHQWH�� H[LJHQ�
LPSOLFDFLyQ��VHU�IOH[LEOHV��SUREDU�VROXFLRQHV�\�DVXPLU�ULHVJRV��LQFOXLGR��GHVGH�OXHJR��HO�GH�
IDOODU�� � $� FDPELR�� WRGRV� HQVHxDQ� � D� SHUVHYHUDU�� \� SRU� HVR� HQULTXHFHQ� GH� IRUPD�
H[WUDRUGLQDULD� OD� H[SHULHQFLD� GHO� DSUHQGL]DMH� \� IRUWDOHFHQ� OD� FRQILDQ]D� HQ� OD� SURSLD�
FDSDFLGDG�GH�UHVROYHUORV�

(O�WUDEDMR�GH�$QWRQLR�*XLUDR�\�/XtV�5RFD�FRPSRQH�XQD�FROHFFLyQ�LQVSLUDGRUD��7UDH�D�OD�
PHQWH� ODV� SDODEUDV� GHO� ItVLFR� 7KRPDV� )LQN�� �$� YHFHV� SLHQVR� TXH� HO� PXQGR� GH� ODV�
PDWHPiWLFDV�\�OD�ItVLFD�HV�PiV�KHUPRVR��PiV�IDVFLQDQWH�\�PiV�HPRFLRQDQWH�TXH�OD�YLGD�
RUGLQDULD��\�PH�GDQ�JDQDV�GH�LQYLWDU�D�OD�JHQWH�D�TXH�VH�XQD�D�PL�DYHQWXUD��

/RV�OHFWRUHV�GH�HVWD�REUD��HQFRQWUDUiQ�HQ�VXV�SiJLQDV��VL�OR�GHVHDQ��ODV�VROXFLRQHV�D�ORV�
SUREOHPDV��SHUR��LUUHPHGLDEOHPHQWH��HVWRV�SUREOHPDV�SODQWHDUiQ�GHVDItRV�QXHYRV��\�HVWD�
YH]�OD�DYHQWXUD�VHUi�XQ�YLDMH�VLQ�PDSD��VLQ�WLHPSR�\�VLQ�GHVWLQR�FRQRFLGR�

)XQGDFLyQ�6pQHFD�$JHQFLD�GH�&LHQFLD�\�7HFQRORJtD�GH�OD�5HJLyQ�GH�0XUFLD



��

ËQGLFH�GH�SUREOHPDV�

�� 6DWXUQR�\�OD�PLVLyQ�&DVVLQL�+X\JHQV ���
�� &UHFLGDV�GHO�$PD]RQDV ���
�� 6DTXHV�\�SDVHV�HQ�I~WERO ���
�� &RQVXPR�KRPRORJDGR�GH�FRPEXVWLEOH ���
�� 0LVLyQ�7+(0,6 ���
�� %R\D�RVFLODGRUD ���
�� 8QD�JXLWDUUD�\�VXV�WUDVWHV�TXH�VH�KD�LGR�DO�WUDVWH ���
�� 6REUH�OD�YHORFLGDG�GH�HVFDSH ���
�� &DOHQWDPLHQWR�JOREDO ���

��� /D�PH]FOD��WpUPLFD��SHUIHFWD ���
��� /D�FXQD�GH�1HZWRQ ���
��� 8Q�SpQGXOR�HQ�PL�DVFHQVRU ���
��� (O�(QGHDYRXU�UHJUHVD�FRQ�p[LWR ���
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E�� /D� QDYH� HVSDFLDO� &DVVLQL�+X\JHQV�� GH� XQRV� ������ NJ� GH�PDVD�� IXH� ODQ]DGD� HQ�
RFWXEUH� GH� ����� HQ� XQD� PLVLyQ� SDUD� HVWXGLDU� HO� HQWRUQR� GH� 6DWXUQR�� \� OOHJy� D� VX�
GHVWLQR� WUDV� XQ� YLDMH� GH� ���� DxRV� HQ� HO� TXH� VLJXLy� XQD� WUD\HFWRULD� FRPSOLFDGD�
DSURYHFKDQGR� LPSXOVRV� JUDYLWDWRULRV� GH� YDULRV� SODQHWDV� �9HQXV�� SRU� GRV� YHFHV�� OD�
7LHUUD� \� -~SLWHU��� (VWRV� LPSXOVRV�� OODPDGRV� asistencias gravitatorias� �\� HQ� LQJOpV��
slingshot effect� R� swing-by��� VLUYHQ� SDUD� LQFUHPHQWDU� OD� YHORFLGDG� \� FDPELDU� OD�
GLUHFFLyQ�GH�OD�QDYH�FXDQGR�pVWD�SDVD�FHUFD�GH�XQ�SODQHWD�DSURYHFKDQGR�OD�DWUDFFLyQ�
JUDYLWDWRULD��(Q�DJRVWR�GH������ OD�QDYH�&DVVLQL�DXPHQWy�VX�YHORFLGDG�HQ�����NP�V�
PHGLDQWH� DVLVWHQFLD� JUDYLWDFLRQDO� DO� SDVDU� FHUFD� GH� OD� 7LHUUD�� OD� FXDO�� HQ�
FRQVHFXHQFLD��VH� IUHQy�HQ�XQD�FDQWLGDG�SHTXHxtVLPD��(VWLPD�HO�RUGHQ�GH�PDJQLWXG�
GHO�FDPELR�� R' ��TXH�H[SHULPHQWy�HO� UDGLR�GH� OD�yUELWD�GH�QXHVWUR�SODQHWD�GHELGR�D�
GLFKD�DVLVWHQFLD�JUDYLWDFLRQDO��/D�PDVD�GH�OD�7LHUUD�HV�DSUR[LPDGDPHQWH��î�����NJ�\�
VX�GLVWDQFLD�DO�6RO�HV����î�����P��
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F�� 8QR� GH� ORV� REMHWLYRV� GH� OD� PLVLyQ� &DVVLQL�+X\JHQV� IXH� PHGLU� OD� PDJQLWXG� \�
GLUHFFLyQ�GH�ORV�YLHQWRV�GH�7LWiQ��OD�OXQD�PiV�JUDQGH�GH�6DWXUQR��PHGLDQWH�OD�VRQGD�
+X\JHQV��TXH�VH�VHSDUy�GH�OD�QDYH�&DVVLQL�\�DOXQL]y�HQ�7LWiQ�HQ�HQHUR�GH�������(Q�
HO� GHVFHQVR� D� WUDYpV� GH� VX� DWPyVIHUD�� HO� PRYLPLHQWR� GH� OD� VRQGD� FDXVDGR� SRU� HO�
YLHQWR� FDPELD� OD� IUHFXHQFLD� UHFLELGD� GHELGR� DO� HIHFWR� 'RSSOHU�� (Q� OD� PLVLyQ� VH�
SUHWHQGtD�PHGLU� OD�PDJQLWXG�GHO�YLHQWR�FRQ�XQD�SUHFLVLyQ�GH���P�V��'HWHUPLQD�VL�VH�
SXGR�VDWLVIDFHU�HVD�SUHFLVLyQ�VDELHQGR�TXH�OD�VRQGD�HQYLDED�RQGDV�GH�UDGLR�GH������
0+]�FRQ�XQ�HUURU�Pi[LPR�GH�����+]��
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E��&RQVLGHUDPRV�HO�PRPHQWR�DQJXODU�GH�OD�7LHUUD�\�GH�OD�QDYH��DOUHGHGRU�GHO�6RO��HQ�
HO� SXQWR� HQ� TXH� DPERV� VH� HQFXHQWUDQ� �DXQTXH� QR� FKRFDQ�� VXSRQHPRV� TXH� VX�
VHSDUDFLyQ� HV� GHVSUHFLDEOH� UHVSHFWR� D� OD� GLVWDQFLD� R� DO� 6RO��� $SOLFDPRV� OD�
FRQVHUYDFLyQ�GHO�PRPHQWR�DQJXODU��
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DXPHQWD�VX�YHORFLGDG��8WLOL]DQGR�ORV�GDWRV�TXH�SURSRUFLRQD�HO�HQXQFLDGR��REWHQHPRV�
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OD�7LHUUD�SXHGH�HVWLPDUVH�HQ�SULPHUD�DSUR[LPDFLyQ�FRPR�

7
7

7

�
�

v R TR v
v R S
' '

 � o '  ' ��

GRQGH�T�HV�HO�SHUtRGR�RUELWDO�GH�OD�7LHUUD����DxR����

3RU�WDQWR��OD�YDULDFLyQ�HQ�HO�UDGLR�GH�OD�yUELWD�HV�
����� �� �PR �'  u ��

&RQFOXLPRV�TXH�� DO� IUHQDUVH�� OD� 7LHUUD� DXPHQWD� HO� UDGLR� GH� VX� yUELWD�� 6LQ� HPEDUJR��
HVWD�FDQWLGDG�HV�LQVLJQLILFDQWH�SRU�VHU�OD�7LHUUD�PXFKR�PiV�PDVLYD�TXH�OD�QDYH���

F�� 7HQLHQGR� HQ� FXHQWD� OD� HFXDFLyQ� GHO� HIHFWR� 'RSSOHU� TXH� GD� OD� YDULDFLyQ� GH� OD�
IUHFXHQFLD�REVHUYDGD�HQ�IXQFLyQ�GH�OD�IUHFXHQFLD�RULJLQDO��OD�YHORFLGDG�GH�OD�RQGD�\�OD�
YHORFLGDG�GHO�HPLVRU��SRGHPRV�HVWLPDU�TXH�HO�HUURU�HQ�OD�IUHFXHQFLD�� fG ��GH�OD�RQGD�\�
HO�HUURU�HQ�OD�YHORFLGDG�GHO�HPLVRU�� vG ��VH�UHODFLRQDQ�D�WUDYpV�GH�OD�H[SUHVLyQ�

� �f f v cG G ��

GRQGH�c�HV�OD�YHORFLGDG�GH�OD�RQGD�HOHFWURPDJQpWLFD��

&RQ�ORV�GDWRV�GHO�SUREOHPD�� fG  �����+]�\�f� �����î����+]��REWHQHPRV�HO�HUURU�HQ�OD�
YHORFLGDG��

vG  �������P�V��

(VWH�VHUtD�HO�HUURU�FRQ�TXH�SRGUtD�HVWLPDUVH�OD�YHORFLGDG�GH�ORV�YLHQWRV�FRQVLGHUDQGR�
OD� LPSUHFLVLyQ� GH� ���� +]� TXH� VH� WLHQH� HQ� HO� FRQWURO� GH� OD� IUHFXHQFLD� TXH� HPLWH� OD�
VRQGD��(VWH�HUURU�HV�PHQRU�TXH���P�V�\��SRU�WDQWR��Vt�VH�SXGR�VDWLVIDFHU�OD�SUHFLVLyQ�
UHTXHULGD�HQ�OD�PLVLyQ�SDUD�PHGLU�ORV�YLHQWRV�GH�7LWiQ��

�

6DEHU�PiV�

KWWSV���VDWXUQ�MSO�QDVD�JRY��

KWWSV���ZZZ�MSO�QDVD�JRY�PLVVLRQV�FDVVLQL�KX\JHQV��

KWWS���VFL�HVD�LQW�FDVVLQL�KX\JHQV��

%LUG�� 0�.�� et al�� �������� ³7KH� +X\JHQV� 'RSSOHU� ZLQG� H[SHULPHQW´�� Space Science 
Reviews �����SS�����������

� /DV� DVLVWHQFLDV�JUDYLWDWRULDV�SHUPLWHQ�DKRUUDU� FRPEXVWLEOH�GH� ORV� FRKHWHV�� \D�TXH�
DSURYHFKDQ�HO�³WLUyQ´�JUDYLWDWRULR�GH�XQ�SODQHWD�SDUD�FDWDSXOWDU�D�XQD�QDYH�TXH�SDVD�
FHUFD��7DPELpQ�VH�SXHGHQ�XWLOL]DU�SDUD� IUHQDU� OD�QDYH��&XDQGR�XQD�QDYH�SDVD�PX\�
FHUFD�GH�XQ�SODQHWD��VH�GLFH�TXH�KD�UHDOL]DGR�XQ�flyby��/RV�flybys�VH�XWLOL]DQ�FRQVHJXLU�
SUHFLVDPHQWH�XQD�DVLVWHQFLD�JUDYLWDWRULD�GHO�SODQHWD��R�SDUD�OD�H[SORUDFLyQ�GHO�SURSLR�
SODQHWD��/DV�DVLVWHQFLDV�JUDYLWDWRULDV�QHFHVLWDQ�GHO�FiOFXOR�GH�FRPSOHMDV�WUD\HFWRULDV�
TXH� LPSOLFDQ� XQD� ³YHQWDQD� GH� ODQ]DPLHQWR´� GH� DFXHUGR� D� OD� SRVLFLyQ� GHO� SODQHWD�
SUHYLVWD�FXDQGR�OD�QDYH�YD\D�D�SDVDU�FHUFD�� �

https://saturn.jpl.nasa.gov/
https://www.jpl.nasa.gov/missions/cassini-huygens
http://sci.esa.int/cassini-huygens
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������&&UUHHFFLLGGDDVV��GGHHOO��$$PPDD]]RRQQDDVV��
0HGLDQWH� PHGLGDV� UHDOL]DGDV� FRQ� *36� VH� GHVFXEULy� TXH� HQ� OD� FXHQFD� GHO� UtR�
$PD]RQDV��HO�PD\RU�GHO�PXQGR�HQ�FDXGDO��OD�VXSHUILFLH�WHUUHVWUH�VH�GHIRUPD�GHELGR�D�
OD�SUHVLyQ�TXH�HMHUFH�OD�HQRUPH�PDVD�GH�DJXD�TXH�FLUFXOD�SRU�HO�UtR��/D�GHIRUPDFLyQ�
QR� HV� FRQVWDQWH�� VLQR� TXH� GHSHQGH� GHO� QLYHO� GH� DJXD�� /DV� VLJXLHQWHV� JUiILFDV�
PXHVWUDQ� HO� FLFOR� GH� FUHFLGDV� GHO� $PD]RQDV� \� ODV� RVFLODFLRQHV� GH� OD� HOHYDFLyQ�
WHUUHVWUH�UHJLVWUDGDV�HQ�VX�FXHQFD�DxR�D�DxR��

�
D�� (VWLPD� D� SDUWLU� GH� ODV� JUiILFDV� FXiQWR� YDOHQ�� DSUR[LPDGDPHQWH�� HO� SHUtRGR� \� OD�
DPSOLWXG�GH�RVFLODFLyQ�GH� OD�SURIXQGLGDG�h� GHO� UtR�� \� OD�DPSOLWXG�GH�RVFLODFLyQ�GH� OD�
DOWXUD� z� GH� OD� VXSHUILFLH� WHUUHVWUH�� ,QGLFD� VL� H[LVWH� R� QR� GHVIDVH� HQWUH� ODV� GRV�
YDULDFLRQHV��2EWpQ�XQD�H[SUHVLyQ�HQ�IXQFLyQ�GHO�WLHPSR��GH�WLSR�VHQR�R�FRVHQR��TXH�
GHVFULED�DSUR[LPDGDPHQWH�ODV�RVFLODFLRQHV�GH�h�\�GH�z���

E�� (O� SURFHVR�GH� GHIRUPDFLyQ� �GH� WLSR� HOiVWLFR�� TXH� VXIUH� OD� FRUWH]D� WHUUHVWUH� YLHQH�
GDGR�SRU� OD� UHODFLyQ� OLQHDO� P K z �� GRQGH�P� HV� OD� SUHVLyQ�HMHUFLGD�SRU� OD�PDVD�GH�
DJXD�� (QFXHQWUD� HO� YDORU� GH� OD� FRQVWDQWH�M�� �$\XGD��+DOOD� SULPHUR� HO� YDORU� GH�P� D�
SDUWLU�GH�OD�PDVD�GH�XQD�FROXPQD�GH�DJXD�GH�DOWXUD�h��'HQVLGDG�GHO�DJXD����NJ�GP����

�

5HVROXFLyQ�

D��2EVHUYDQGR�OD�SULPHUD�JUiILFD��HV�IiFLO�FRPSUREDU�TXH�HO�SHUtRGR�GH�RVFLODFLyQ�GH�
OD�SURIXQGLGDG�GHO�UtR�HV�

��DxRT  ��

<�VX�DPSOLWXG�GH�RVFLODFLyQ�HV�
��PhA | ��

'H�OD�VHJXQGD�JUiILFD�REWHQHPRV�OD�DPSOLWXG�GH�OD�YDULDFLyQ�GH�OD�SRVLFLyQ�GHO�VXHOR��
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6DOWD�D� OD�YLVWD�HO�KHFKR�GH�TXH�DPEDV�RVFLODFLRQHV�HVWiQ�FRUUHODFLRQDGDV��\�TXH�HO�
GHVIDVH�TXH�H[LVWH�HQWUH�HOODV�HV� S ��&RPR�HUD�GH�HVSHUDU��FXDQWD�PiV�SURIXQGLGDG�
WLHQH�HO�UtR�PiV�VH�GHSULPH�HO�VXHOR�SRU�HO�SHVR�GHO�DJXD��

7DPELpQ�REWHQHPRV�GH�ODV�JUiILFDV�ORV�YDORUHV�PHGLRV�HQ�WRUQR�D�ORV�FXDOHV�RVFLODQ�
FDGD�XQD�GH�ODV�PDJQLWXGHV��

���Ph  ��� ��PPz  ��

3RU�WDQWR��SRGHPRV�GHVFULELU�OD�YDULDFLyQ�GH�h�\�GH�z�HQ�IXQFLyQ�GHO�WLHPSR�FRPR�XQD�
RVFLODFLyQ�DUPyQLFD��

� � � ��� �FRV �h t tS � �P��

� � � ���FRV �z t tS �PP��

GRQGH�HO�WLHPSR�HVWi�H[SUHVDGR�HQ�DxRV�HQ�DPERV�FDVRV��

E�� (O� YROXPHQ� GH� XQD� FROXPQD� GH� DJXD� GH� DOWXUD� h HV� V hS �� 6DELHQGR� TXH�
�

DJXD �����NJ�PU  ��OD�PDVD�GH�XQD�FROXPQD�GH�DJXD�GH�DOWXUD�h�HV�

DJXD DJXDm V hSU U  ��

+DOODPRV�DKRUD�OD�IXHU]D�TXH�HMHUFH�OD�FROXPQD�GH�DJXD��

DJXDF m g hS gU  ��

�

'DGR�TXH�SUHVLyQ�HV��SRU�GHILQLFLyQ��IXHU]D�SRU�XQLGDG�GH�VXSHUILFLH��WHQHPRV�
�

DJXD ��� ��� ��3DP h g hU  � � ��

6L� VXSRQHPRV� TXH� HV� YiOLGD� OD� UHODFLyQ� OLQHDO� P K z �� \� GDGR� TXH� ��PhA  � \�
���PPzA  ��SRU�OR�YLVWR�HQ�HO�DSDUWDGR�DQWHULRU���VH�KD�GH�FXPSOLU��

� ��� ��� �� � ��� �� �K �� � � � ��

3RU�WDQWR��REWHQHPRV�SDUD�OD�FRQVWDQWH�SHGLGD�HO�YDORU�
�

� �
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6DEHU�PiV�

�/DV�PHGLGDV�H[SHULPHQWDOHV�GH�ODV�IOXFWXDFLRQHV�GH�OD�FXHQFD�GHO�$PD]RQDV�HVWiQ�
SXEOLFDGDV�HQ�HO�DUWtFXOR��
%HYLV�� 0�� et al.� �������� ³6HDVRQDO� IOXFWXDWLRQV� LQ� WKH� PDVV� RI� WKH� $PD]RQ� 5LYHU�
V\VWHP�DQG�(DUWK¶V�HODVWLF�UHVSRQVH´��Geophysical Research Letters�����SS�������
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������66DDTTXXHHVV��\\��SSDDVVHHVV��HHQQ��II~~WWEERROO��
3DUD�UHDOL]DU�XQ�ODQ]DPLHQWR�ODUJR�\�R�UiSLGR��ORV�MXJDGRUHV�GH�I~WERO�GHEHQ�SUR\HFWDU�
HO�EDOyQ�FRQ�OD�PD\RU�YHORFLGDG�SRVLEOH�\�FRQ�HO�iQJXOR�DSURSLDGR��3RGHPRV�HVWXGLDU�
ODV� FRQGLFLRQHV�ySWLPDV�PHGLDQWH� ODV�HFXDFLRQHV�GH� OD� FLQHPiWLFD� �WLUR�SDUDEyOLFR���
'HVSUHFLDPRV�HO�UR]DPLHQWR�FRQ�HO�DLUH��

D��'HPXHVWUD�TXH�VL�HO�EDOyQ�VH�FKXWD�GHVGH�HO�VXHOR�HO�iQJXOR�GH�WLUR��UHVSHFWR�D�OD�
KRUL]RQWDO��TXH�SURGXFH�HO�DOFDQFH�Pi[LPR�HV������¢&XiQWR�VH�DFRUWD�HO�DOFDQFH�FRQ�
XQ�ODQ]DPLHQWR�GH����P�V�GH�YHORFLGDG�LQLFLDO�VL�FRPHWHPRV�XQ�HUURU�GH����UHVSHFWR�DO�
iQJXOR�ySWLPR"�¢4Xp�HUURU�VH�FRPHWH�HQ�HO�DOFDQFH�Pi[LPR�SDUD�XQ�ODQ]DPLHQWR�GH�
���r���P�V�GH�YHORFLGDG�LQLFLDO"�

E��3DUD�DQWLFLSDUVH�D�OD�UHDFFLyQ�GHO�FRQWUDULR��D�YHFHV�HQ�ORV�VDTXHV�\�HQ�ORV�SDVHV�
QR� LQWHUHVD� DOFDQ]DU� OD� GLVWDQFLD� Pi[LPD� VLQR� ORJUDU� XQ� WLHPSR� GH� YXHOR� FRUWR��
&DOFXOD��SDUD�XQ�GLVSDUR�FRQ�YHORFLGDG�LQLFLDO�GH����P�V��TXp�GLVWDQFLD�VH�SLHUGH�FRQ�
UHVSHFWR�DO�DOFDQFH�Pi[LPR�VL�TXHUHPRV�TXH�HO�YXHOR�GHO�EDOyQ�GXUH�PHGLR�VHJXQGR�
PHQRV��OyJLFDPHQWH��KD\�TXH�ODQ]DU�FRQ�XQ�iQJXOR�PHQRU�TXH�������

F��(Q�HO�VDTXH�GH�EDQGD�HO�EDOyQ�VH�ODQ]D�SRU�HQFLPD�GH�OD�FDEH]D�GHVGH�XQD�FLHUWD�
DOWXUD� h� VREUH� HO� VXHOR�� 'HPXHVWUD� TXH� HO� DOFDQFH� Pi[LPR� RFXUUH� SDUD� XQ� iQJXOR�
ySWLPR�� RSWD ��WDO�TXH��

RSW �

�WDQ
� � �gh v

D  
�

��

GRQGH�g�HV�OD�JUDYHGDG�\�v�OD�YHORFLGDG�LQLFLDO�GH�ODQ]DPLHQWR���

G��5HDOL]D�XQD�UHSUHVHQWDFLyQ�GH� optD �HQ�IXQFLyQ�GH�h��SDUD�XQD�YHORFLGDG�GH�VDTXH�
GH����P�V��+D]�OD�JUiILFD�UHSUHVHQWDQGR�SXQWRV�FDGD�����P�HQ�HO�UDQJR�h ��>������@�P��
\�XQH� ORV�SXQWRV�FRQ�XQD� OtQHD��¢&RQ�TXp�iQJXOR�GHEH�VDFDU�XQ� MXJDGRU�TXH� ODQ]D�
GHVGH�����P�GH�DOWXUD�SDUD�ORJUDU�HO�Pi[LPR�DOFDQFH"�

H�� (O� iQJXOR� REWHQLGR� VHUtD� YiOLGR� VL� HO� MXJDGRU� VLHPSUH� ODQ]DUD� FRQ� OD� PLVPD�
YHORFLGDG��3HUR�HVWR�QR�HV�FLHUWR�� \D�TXH�FXHVWD�PiV� ODQ]DU�KDFLD�DUULED��'HELGR�D�
QXHVWUD�ELRPHFiQLFD�FRUSRUDO�� OD�YHORFLGDG�GH�ODQ]DPLHQWR�GLVPLQX\H�FRQ�HO�iQJXOR�
VHJ~Q�OD�H[SUHVLyQ� � � �� ����v D D � ��FRQ�D �HQ�JUDGRV��&DOFXOD��FRQ�ODV�HFXDFLRQHV�
GHO�WLUR�SDUDEyOLFR��ORV�YDORUHV�GHO�DOFDQFH�SDUD�D ��>��������@��GH���HQ���JUDGRV��SDUD�
HO�MXJDGRU�DQWHULRU��h  �����P���5HSUHVHQWD�HO�DOFDQFH�HQ�IXQFLyQ�GHO�iQJXOR�\�HVWLPD�
D�SDUWLU�GH�OD�JUiILFD�FXiO�HV�HO�iQJXOR�ySWLPR�GH�ODQ]DPLHQWR��

�

5HVROXFLyQ�

D��6L�ODQ]DPRV�HO�EDOyQ�FRQ�XQD�YHORFLGDG�GH�PyGXOR�v  \�FRQ�XQ�iQJXOR�D  UHVSHFWR�
DO�VXHOR��ODV�HFXDFLRQHV�GH�OD�SRVLFLyQ�GHO�EDOyQ�VHUiQ�ODV�GHO�WLUR�SDUDEyOLFR��
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'HVLJQHPRV�FRQ�OD�OHWUD�A DO�YDORU�GHO�DOFDQFH�HQ�HO�HMH�;��3DUD�HO�YDORU�GH�t�REWHQLGR�
DQWHULRUPHQWH��SDUD�HO�FXDO�y� �����WHQHPRV�TXH�HO�DOFDQFH�HV�



���
 
 

�� VLQ� FRV VLQ�v vA v
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DD D  ��

,PSRQHPRV�D�A OD�FRQGLFLyQ�PDWHPiWLFD�GH�Pi[LPR��
�

� �FRV� � � �� ��dA v
d g

D D D
D

  o  q o  q ��

GH�PRGR�TXH�HO�DOFDQFH�Pi[LPR�HV�
�

PD[ � vA
g

 ��

&DOFXODPRV�DKRUD�HO�HUURU�HQ� PD[A �SDUD�XQD�YHORFLGDG� ��� �v  r �P�V��'LIHUHQFLDPRV�
UHVSHFWR�GH�OD�YDULDEOH�v�VXMHWD�D�HUURU��

PD[
� � �� �� ���

���
vA v
g

G G � �
   �P��

3RGHPRV� FRQFOXLU� TXH� SDUD� XQD� YHORFLGDG� ��� �v  r � P�V� \� XQ� iQJXOR� ��D  q �� HO�
DOFDQFH� Pi[LPR� HV� PD[ ����� ���A  r � P�� 2EVHUYDPRV� TXH� XQ� SHTXHxR� HUURU� HQ� OD�
YHORFLGDG�SXHGH�VXSRQHU�TXH�HO�EDOyQ�OOHJXH�R�QR�DO�MXJDGRU�GHVHDGR��

6L� FRPHWHPRV� XQ� HUURU� GH� ��� HQ� HO� iQJXOR�� ��D  q � R� ��D  q �� FRQ� v�  � ���P�V�� \�
UHVXOWD� ���� VLQ �� ���� VLQ ���A  � q  � q ������P��3RU�WDQWR�� PD[ �A A�  �P��HV�GHFLU��
HO�DOFDQFH�VH�DFRUWD�HQ���P��

E��(O�WLHPSR�ySWLPR�HV�DTXHO�TXH�UHVXOWD�GH�VXVWLWXLU�HQ�OD�H[SUHVLyQ�FRUUHVSRQGLHQWH�
HO�YDORU� RSW ��D  q ��

RSW
� VLQ � � � �� ���

� ���
v vt

g g
D �

    �V��

6L�UHVWDPRV�PHGLR�VHJXQGR��VHJ~Q�GLFH�HO�HQXQFLDGR��WHQHPRV�� ��� ��� ���t  �  �V��
3DUD�HVWH�QXHYR�YDORU�GHO�WLHPSR�UHVXOWD�HO�iQJXOR�

��� ���VLQ ����
� ��

D D�
 o  q

�
��

'DGR�TXH� � �� FRVA v tD ��WHQHPRV�� ��� FRV����� � ��� �����PA  � q �  ��

'H�PRGR�TXH�HO�WLUR�VH�DFRUWD�XQD�GLVWDQFLD�� PD[ ���� ���� ����PA  �  ��

F��/D�HFXDFLyQ�TXH�JRELHUQD�HO�PRYLPLHQWR�HQ�HO�HMH�<�HV�
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6XVWLWX\HQGR�t HQ�OD�H[SUHVLyQ�SDUD�A��TXHGD�

� �
� � �VLQ FRV FRV VLQ �
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g

D D D D
D
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,PSRQHPRV�OD�FRQGLFLyQ�GH�Pi[LPR�VREUH� ��Ag v �SRU�FRPRGLGDG�� �� � � �d Ag v
dD
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�VLQ FRVFRV VLQ ��FRV VLQ VLQ � � �
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%XVFDPRV�HO�YDORU�GH�D �SDUD�HO�FXDO�VH�VDWLVIDFH�OD�LJXDOGDG�DQWHULRU��

� � � �� � � � � � �FRV VLQ VLQ � � VLQ VLQ FRV VLQ � �gh v g h vD D D D D D D� � �  � � � ��

(OHYDPRV�DO�FXDGUDGR�OD�DQWHULRU�H[SUHVLyQ��

� � � � � �� �� � � � � � �FRV VLQ VLQ � � VLQ FRV � VLQgh vD D D D D D� � �  � � �

� �
� �

� � � �
� �

� �VLQ �VLQ VLQ FRVg h gh
v v

D D D D� � � � � ��

&DQFHODQGR�WpUPLQRV�\�VLPSOLILFDQGR��OOHJDPRV�D�

� � � �
� �
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� �

� �FRV VLQ FRV VLQ �VLQ VLQgh g h
v v

D D D D D D� � � �  � ��

/D� H[SUHVLyQ� HQ� HO� VHJXQGR� SDUpQWHVLV� HV� LJXDO� D� �� SXHVWR� TXH� � �FRV � VLQD D � ��

$Vt��TXHGD� � �
�

�FRV VLQ �� �gh
v

D D � � ��\�ILQDOPHQWH��

�

�WDQ
� � �gh v

D  
�

��

WDO�\�FRPR�TXHUtDPRV�GHPRVWUDU��7DPELpQ�SXHGH�GHPRVWUDUVH�TXH�
� �
WDQ

vA
g D

 ��

G��+DFHPRV�OD�UHSUHVHQWDFLyQ�JUiILFD�TXH�VH�SLGH�SDUD�v� ����P�V��

�
$�SDUWLU�GH�OD�JUiILFD��SDUD�h  �����P��REWHQHPRV�HO�iQJXOR�
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H� &RQVWUXLPRV� XQD� WDEOD� FRQ� ORV� YDORUHV� GH� OD� H[SUHVLyQ� � � �� ����v D D � � HQ�
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5HSUHVHQWDPRV�HO�DOFDQFH�HQ�IXQFLyQ�GHO�iQJXOR��

7DQWR�HQ�OD�WDEOD�FRPR�HQ�OD�JUiILFD�VH�SXHGH�REVHUYDU�TXH�HO�iQJXOR�ySWLPR�SDUD�HO�
FXDO� VH� DOFDQ]D� HO� DOFDQFH�Pi[LPR� HV� RSW ��D  q �� <� SDUD� GLFKR� iQJXOR�� HO� DOFDQFH�
Pi[LPR�HV������P��

6DEHU�PiV�

 6REUH�ELRPHFiQLFD�GHO�VDTXH�YHU�HO�DUWtFXOR�
/LQWKRUQH��1�3��\�(YHUHWW��'�-��������� “5HOHDVH�DQJOH�IRU�DWWDLQLQJ�PD[LPXP�GLVWDQFH�
LQ�WKH�VRFFHU�WKURZ�LQ´��Sports Biomechanics ������SS����������

(O�MXJDGRU�GH�I~WERO�LQJOpV�5RU\�'HODS�HUD�FDSD]�GH�VDFDU�D����NP�K�FRQ�DOFDQFHV�GH�
PiV�GH����P��
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������&&RRQQVVXXPPRR��KKRRPPRROORRJJDDGGRR��GGHH��FFRRPPEEXXVVWWLLEEOOHH��
(O�FRQVXPR�KRPRORJDGR�GH�FRPEXVWLEOH�GH�ORV�YHKtFXORV�VH�EDVD�HQ�XQD�SUXHED�TXH�
VLPXOD� ODV� FRQGLFLRQHV� GH� FRQGXFFLyQ� HQ� GRV� UHJtPHQHV�� XUEDQR� \� H[WUDXUEDQR��
'XUDQWH� HO� UpJLPHQ� XUEDQR� VH� UHSLWH� HQ� FXDWUR� RFDVLRQHV� XQ� FLFOR� GH� ���� V� GH�
GXUDFLyQ� TXH� LQFOX\H� DUUDQFDGDV�� GHWHQFLRQHV� \� FLUFXODFLyQ� D� EDMDV� YHORFLGDGHV�� (O�
UHFRUULGR�H[WUDXUEDQR�HV�XQ�FLFOR�~QLFR�TXH�GXUD�����V��/D�ILJXUD�PXHVWUD�OD�YHORFLGDG�
HQ�IXQFLyQ�GHO�WLHPSR�D�OR�ODUJR�GH�OD�SUXHED��

�
D��2EWpQ�OD�DFHOHUDFLyQ�GHO�YHKtFXOR�HQ�OD�SULPHUD�SDUWH�GHO�FLFOR�H[WUDXUEDQR��$��HQ�OD�
ILJXUD���¢(Q�FXiQWR�WLHPSR�SDVDUi�GH���D�����NP�K�FRQ�HVD�DFHOHUDFLyQ"�

E��2EWpQ�D�SDUWLU�GH� OD�JUiILFD� OD�GLVWDQFLD�UHFRUULGD�HQ�HO� WUDPR�XUEDQR��WRWDO�GH� ORV�
FXDWUR�FLFORV���OD�GLVWDQFLD�UHFRUULGD�HQ�HO�WUDPR�H[WUDXUEDQR�\�OD�GLVWDQFLD�WRWDO�GH�OD�
SUXHED��(VWLPD�OD�YHORFLGDG�PHGLD�GXUDQWH�WRGD�OD�SUXHED��

F��3DUD�XQ�FLHUWR�YHKtFXOR�VH�PLGLHURQ�ORV�FRQVXPRV���������������\�����OLWURV�����NP��
SDUD� FDGD� XQR� GH� ORV� FXDWUR� FLFORV� GHO� UHFRUULGR� XUEDQR�� \� XQ� FRQVXPR� GH� ����
OLWURV����� NP� SDUD� HO� UHFRUULGR� H[WUDXUEDQR�� &DOFXOD� HO� FRQVXPR� PHGLR� XUEDQR��
&DOFXOD�HO�FRQVXPR�PL[WR�KDFLHQGR� OD�PHGLD�SRQGHUDGD�GH� ORV�FRQVXPRV�XUEDQR� \�
H[WUDXUEDQR���$\XGD��HO�WUDPR�H[WUDXUEDQR�FRUUHVSRQGH�H[DFWDPHQWH�DO��������GH�OD�
ORQJLWXG�WRWDO�GH�OD�SUXHED���

�

5HVROXFLyQ�

(Q�SULPHU�OXJDU�WHQHPRV�TXH�ILMDU� ODV�HVFDODV�TXH�YDPRV�D�HPSOHDU��6XSHUSRQHPRV�
OD�JUiILFD�D�XQD�KRMD�GH�SDSHO�PLOLPHWUDGR���

(VFDOD�;�� ���PP ����V ��PP� ���� � ���V� ������V o ��
(VFDOD�<�� ���PP ���NP�K ��PP� �����NP�K o ��

D��(Q�OD�SULPHUD�SDUWH�GHO� WUDPR�$�HO�WLHPSR�HPSOHDGR��VHJ~Q� OD�HVFDOD�PLOLPHWUDGD�
GHO�HMH�;��HV� �����PP �����V�PPu  �������V��

/D�YHORFLGDG�ILQDO�DOFDQ]DGD�HV��HMH�<�� ���PP ����NP�K�PPu  ����NP�K��

3RU�WDQWR��OD�DFHOHUDFLyQ�VHUi��DSUR[LPDGDPHQWH�
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'H�PRGR�TXH��SDUD�SDVDU�GH���D�����NP�K��VH�QHFHVLWD�XQ�WLHPSR�

����NP�K� �V� �������V
�����NP�K

t  ��

�

E�� 6DEHPRV� TXH� � � �dv d v t
t

'
o '  '

'
�� ,QWHJUDQGR� SRGHPRV� KDOODU� OD� GLVWDQFLD�

UHFRUULGD�� �

�

t

t
d v dt ³ ��

+HPRV��SXHV��GH�FDOFXODU�HO�iUHD�TXH�TXHGD�SRU�GHEDMR�GH� OD�FXUYD�JUDILFDGD��3DUD�
HOOR�FRQWDUHPRV�HO�Q~PHUR�GH�FXDGUDGLWRV�TXH�TXHGDQ�GHQWUR�GH�OD�FXUYD��(O�iUHD�GH�
FDGD�FXDGUDGLWR����PP���HV�

NP���� � ������V ������P
K

u  ��

(O�Q~PHUR�DSUR[LPDGR�GH�FXDGUDGLWRV�TXH�FRQWDPRV�HV�����SRU�FDGD�FLFOR�GH�����V�
�WUHV� SLFRV�� ������������ ���� ��� 3XHVWR� TXH� HO� WUDPR� XUEDQR� FRQVWD� GH� �� FLFORV�� HO�
Q~PHUR�GH�FXDGUDGLWRV�FRQWHQLGRV�VHUi��HQ�WRWDO��

XUEDQR��� ��FLFORV ���� � ���� �����P� ������Pd�  o � ��

(O�Q~PHUR�GH�FXDGUDGLWRV�TXH�FRQWDPRV�HQ�OD�]RQD�QR�FtFOLFD�GHO�WUDPR�H[WUDXUEDQR�
HV�������DSUR[LPDGDPHQWH���SRU�OR�TXH�

H[WUDXUEDQR � ����� �����P ������Pd �  ��

�&RPR�FRPSUREDFLyQ��REVHUYDPRV�TXH�OD�DQWHULRU�FDQWLGDG�UHSUHVHQWD�HO��������GHO�
WRWDO��TXH�VH�DSUR[LPD�HQ�EXHQD�PHGLGD�DO��������TXH�QRV�LQGLFD�HO�HQXQFLDGR���

3RU�WDQWR��

WRWDO �������NP���������NP� ��������NPd  ��

3RU�RWUR�ODGR��WHQHPRV�TXH�HO�WLHPSR�WRWDO�WUDQVFXUULGR�HV�
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WRWDO ���� � ��� ������V� �������Kt  � �  ��

+DOODPRV�OD�YHORFLGDG�SHGLGD��

�������NP ������NP�K
������K

v   ��

F�� +DFHPRV� OD� PHGLD� DULWPpWLFD� GH� ORV� GDWRV� DSRUWDGRV� SDUD� ORV� FXDWUR� FLFORV� GHO�
WUDPR�XUEDQR��UHVXOWDQGR�HO�YDORU�VLJXLHQWH�SDUD�HO�FRQVXPR�GHO�FRFKH��

����OLWURV�����NP ��

&DOFXODPRV�HO�WRWDO�FRQ�OD�PHGLD�SRQGHUDGD��

��� ����������� ������ ������OLWURV�����NP� � ��

�

6DEHU�PiV�

� /RV� GDWRV� GH� OD� JUiILFD� FRUUHVSRQGHQ�DO� GHQRPLQDGR�1XHYR�&LFOR� GH�&RQGXFFLyQ�
(XURSHR��1('&���VHJ~Q�OD�QRUPDWLYD�HXURSHD�������(&�VREUH�FRQVXPR�\�HPLVLRQHV��
/DV�PHGLGDV�GH�FRQVXPR�KRPRORJDGR�VH�UHDOL]DQ�IXQFLRQDQGR�HO�PRWRU�HQ�XQ�EDQFR�
GLQDPRPpWULFR� \� WRPDQGR�PXHVWUDV�GH� ORV�JDVHV�GH�HPLVLyQ��6HJ~Q� OD�FDQWLGDG�GH�
JDVHV� UHFRJLGRV� VH� FDOFXOD� HO� FRQVXPR� GH� FRPEXVWLEOH� GH� DFXHUGR� D� OD� UHDFFLyQ�
TXtPLFD�GH�FRPEXVWLyQ�GH�OD�JDVROLQD�R�GHO�JDVyOHR��

'HELGR�D�OD�HYROXFLyQ�GH�OD�WHFQRORJtD�\�ODV�QXHYDV�IRUPDV�GH�FRQGXFFLyQ��HO�DQWLJXR�
FLFOR�GH�KRPRORJDFLyQ�1('&�IXH�VXVWLWXLGR�HQ������SRU�HO�QXHYR�3URFHGLPLHQWR�GH�
(QVD\R� GH� 9HKtFXORV� /LJHURV� $UPRQL]DGR� D� 1LYHO� 0XQGLDO� �UHJODPHQWR� HXURSHR�
������������ (VWH� QXHYR� FLFOR� GH� FRQGXFFLyQ� :/7&� VH� GLYLGH� HQ� FXDWUR� SDUWHV�
FRUUHVSRQGLHQWHV�D� OD�FLUFXODFLyQ�XUEDQD�� LQWHUXUEDQD��FLUFXQYDODFLRQHV� \�DXWRYtDV�R�
DXWRSLVWDV��\�GXUD����PLQ��HQ�YH]�GH����PLQ��FRQ�XQD�GLVWDQFLD�WRWDO�GH��������NP��

�

KWWSV���HV�ZLNLSHGLD�RUJ�ZLNL�1HZB(XURSHDQB'ULYLQJB&\FOH��

KWWSV���HV�ZLNLSHGLD�RUJ�ZLNL�:/73��

5HJXODFLyQ�HXURSHD��KWWSV���XQHFH�RUJ�WUDQVSRUW�YHKLFOH�UHJXODWLRQV���
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https://es.wikipedia.org/wiki/New_European_Driving_Cycle
https://es.wikipedia.org/wiki/WLTP
https://unece.org/transport/vehicle-regulations
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������00LLVVLLyyQQ��77++((00,,66��
(Q� OD�PLVLyQ� 7+(0,6� GH� OD� 1$6$� SDUD� HO� HVWXGLR� GH� OD�PDJQHWRVIHUD� WHUUHVWUH� VH�
ODQ]DURQ�FLQFR�VDWpOLWHV� LGpQWLFRV�FX\RV�UDGLRV�RUELWDOHV�PHGLRV�YDQ�GHVGH� ORV�����D�
ORV������UDGLRV�WHUUHVWUHV��

D��6DELHQGR�TXH�OD�yUELWD�PHQRU�HV�geosíncrona��GHWHUPLQD�HO�SHUtRGR��HQ�GtDV��GH�OD�
yUELWD�PD\RU��

/DV� yUELWDV� GH� HVWRV� VDWpOLWHV� VRQ�PX\� HOtSWLFDV�� /DV� DOWLWXGHV� HQ� ORV� DSRJHRV� VRQ�
DSUR[LPDGDPHQWH� GH� ���� ���� ���� ��� \� ��� UDGLRV� WHUUHVWUHV�� UHVSHFWLYDPHQWH�� SDUD�
FDGD�XQR�GH�ORV�VDWpOLWHV���

E��&DOFXOD�OD�H[FHQWULFLGDG�GH�ODV�GRV�yUELWDV�H[WUHPDV��

F��&DOFXOD�OD�PHQRU�DOWLWXG�D�OD�TXH�SDVD�DOJXQR�GH�ORV�VDWpOLWHV��

G��2EWpQ�FXiQWR�YDOH��SDUD�HO�VDWpOLWH�GH�PHQRU�yUELWD��OD�UHODFLyQ�GH�YHORFLGDGHV�GHO�
SHULDVWUR�DO�DSRDVWUR��

1RWDV��XQD�yUELWD�JHRVtQFURQD�HV�DTXHOOD�FX\R�SHULRGR�RUELWDO�FRLQFLGH�FRQ�HO�SHULRGR�
GH�URWDFLyQ�GH�OD�7LHUUD��(O�DSRJHR�\�HO�SHULJHR�VRQ�ORV�SXQWRV�GH�OD�yUELWD�TXH�HVWiQ�
PiV�OHMRV�\�PiV�FHUFD��UHVSHFWLYDPHQWH��GHO�FHQWUR�GH�OD�7LHUUD��

�
�

5HVROXFLyQ�

(O�SHUtRGR�RUELWDO�GH�XQ�VDWpOLWH�DOUHGHGRU�GH�OD�7LHUUD��GH�PDVD� 7M ��VH�UHODFLRQD�FRQ�
HO�VHPLHMH�PD\RU�GH�OD�yUELWD��a��PHGLDQWH�OD�WHUFHUD�OH\�GH�.HSOHU��

�
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6L�OD�yUELWD�HV�FLUFXODU��HO�VHPLHMH�PD\RU�GH�OD�HOLSVH�FRLQFLGH�FRQ�HO�UDGLR�RUELWDO��(Q�
JHQHUDO�� SDUD� yUELWDV� HOtSWLFDV� HO� VHPLHMH�PD\RU� HV� HO� YDORU�PHGLR� GH� ODV� GLVWDQFLDV�
RUELWDOHV�DO�DSRJHR�� Dr ��\�DO�SHULJHR�� Sr ��

D S

�
r r

a
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 ��

1yWHVH�TXH�WRGDV�ODV�GLVWDQFLDV�a�� Dr �\� Sr �VH�PLGHQ�GHVGH�HO�FHQWUR�GH�OD�7LHUUD��
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/D�H[FHQWULFLGDG�GH�XQD�HOLSVH�HV�

�

�� be
a

 � ��

GRQGH�a�\�b�VRQ�ORV�VHPLHMHV�PD\RU�\�PHQRU��UHVSHFWLYDPHQWH��

�

D�� 6L� QXPHUDPRV� GHO� �� DO� �� D� ORV� VDWpOLWHV� GH� DFXHUGR� DO� WDPDxR� GH� VX� yUELWD�� HO�
SHUtRGR�GHO�VDWpOLWH�FRQ�PD\RU�yUELWD��D�SDUWLU�GH�OD�OH\�GH�.HSOHU��HV��
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GRQGH�VDEHPRV�SRU�HO�HQXQFLDGR�TXH� � ��GtDT  �yUELWD�JHRVtQFURQD���3DUD�FRQWHVWDU�
OD�SUHJXQWD�QR�QHFHVLWDPRV�FRQRFHU�QLQJ~Q�RWUR�GDWR��FRPR�OD�PDVD�R�HO�UDGLR�GH�OD�
7LHUUD��\D�TXH�EDVWD�VDEHU� OD� UHODFLyQ�GH�UDGLRV�HQWUH�HO�VDWpOLWH���\�HO�VDWpOLWH����(O�
SHULRGR�GHO�VDWpOLWH�FRQ�PD\RU�yUELWD�HV�

���

�
���� � ��GtDV
���

T § · �  ¨ ¸
© ¹
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E��6H�GHPXHVWUD�TXH�
� �D �r e a � ��

� �S �r e a � ��

3RU�WDQWR��OD�H[FHQWULFLGDG��FRQRFLGRV�ORV�YDORUHV�GH�a�\� Dr �TXH�GD�HO�HQXQFLDGR��HV�

D �re
a

 � ��

$O� YDORU� GH� DOWLWXG� GH� ORV� DSRJHRV� GHO� HQXQFLDGR� KD\� TXH� VXPDU� XQ� UDGLR� WHUUHVWUH�
SDUD�REWHQHU� Dr �PHGLGR�GHVGH�HO�FHQWUR�GH�OD�7LHUUD��/DV�H[FHQWULFLGDGHV�GH�ODV�GRV�
yUELWDV�H[WUHPDV��ODV�GH�ORV�VDWpOLWHV���\����UHVXOWDQ�
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F��/D�GLVWDQFLD�DO�SHULJHR�HV� S D�r a r � ��$Vt��

S� � D�� � ��� ��� �� ����UDGLRV�WHUUHVWUHVr a r �  � � �  ��

S� � D�� � ���� ��� �� ����UDGLRV�WHUUHVWUHVr a r �  � � �  ��

3RU�WDQWR��OD�PHQRU�DOWLWXG��PHGLGD�GHVGH�OD�VXSHUILFLH�WHUUHVWUH��QR�GHVGH�HO�FHQWUR�GH�
OD�7LHUUD��VHUi�OD�GHO�VDWpOLWH���HQ�VX�SHULJHR��

� S� � ��� � ����UDGLRV�WHUUHVWUHVh r �  �  ��

G�� 3RU� FRQVHUYDFLyQ� GHO� PRPHQWR� DQJXODU�� HO� SURGXFWR� GH� OD� YHORFLGDG� \� HO� UDGLR�
RUELWDO�HQ�FDGD�SXQWR�GH�OD�yUELWD�HV�FRQVWDQWH��3RU�WDQWR��OD�UHODFLyQ�SHGLGD�HV�

DS

D S

�� �
���

rv
v r

   ��

(O� VDWpOLWH� �� VH� PXHYH� �� YHFHV� PiV� UiSLGR� FXDQGR� SDVD� FHUFD� GH� OD� 7LHUUD� TXH�
FXDQGR�VH�HQFXHQWUD�HQ�HO�SXQWR�PiV�DOHMDGR��

�

6DEHU�PiV�

(O� QRPEUH� 7+(0,6� VH� SXVR� FRPR� DFUyQLPR� GH� Time History of Events and 
Macroscale Interactions during Substorms�� 6H� LQLFLy� HQ� IHEUHUR� GH� ����� FRQ� HO�
REMHWLYR� GH� HVWXGLDU� ORV� SURFHVRV� TXH� SURGXFHQ� ODV� HUXSFLRQHV� GH� ODV� DXURUDV�
ERUHDOHV�HQ�OD�PDJQHWRVIHUD�WHUUHVWUH���

&XULRVDPHQWH�� ORV� FLQFR� VDWpOLWHV� IXHURQ� ODQ]DGRV� D� OD� YH]� PHGLDQWH� XQ� PLVPR�
FRKHWH��

'XUDQWH� OD� PLVLyQ� ODV� yUELWDV� VH� IXHURQ� PRGLILFDQGR� YDULDV� YHFHV�� RULHQWDQGR� OD�
VHFXHQFLD�GH�VDWpOLWHV�SDUD�REVHUYDU�GLVWLQWDV� UHJLRQHV�GH� OD�PDJQHWRVIHUD��(VWR�VH�
KDFH�FRQ�SURSXOVLyQ�GH�ORV�PRWRUHV�GH�ORV�SURSLRV�VDWpOLWHV��7UDV�GRV�DxRV�GH�PLVLyQ��
GRV�GH�ORV�VDWpOLWHV�VH�GHVSOD]DURQ�D�yUELWDV�OXQDUHV�SDUD�HVWXGLDU�OD�/XQD��(VWD�VXE�
PLVLyQ� VH� GHQRPLQy� $57(0,6� �Acceleration, Reconnection, Turbulence and 
Electrodynamics of the Moon’s Interaction with the Sun����

3iJLQD�ZHE�GH�OD�PLVLyQ��KWWSV���ZZZ�QDVD�JRY�WKHPLV�DQG�DUWHPLV���

3iJLQD�ZHE�FRQ�ODV�yUELWDV�GH�7+(0,6��KWWS���WKHPLV�VVO�EHUNHOH\�HGX�RUELWV�VKWPO��

�

�1R�FRQIXQGLU�yUELWD�JHRVtQFURQD�FRQ�yUELWD�JHRHVWDFLRQDULD��/D�JHRHVWDFLRQDULD�XQD�
yUELWD�JHRVtQFURQD�FLUFXODU�\�HQ�HO�SODQR�GHO�HFXDGRU��

� �

https://www.nasa.gov/themis-and-artemis
http://themis.ssl.berkeley.edu/orbits.shtml
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������%%RR\\DD��RRVVFFLLOODDGGRRUUDD��
8QD�ER\D�FLOtQGULFD�GH�DOWXUD�L�� UDGLR�R�\�GHQVLGDG� U �HVWi�IORWDQGR�HQ� OD�VXSHUILFLH�
GHO�DJXD���

�

D��2EWpQ�OD�DOWXUD�h�GH�OD�SDUWH�VXPHUJLGD��

E��8Q�QLxR�KXQGH�XQ�SRFR�OD�ER\D�\�OD�VXHOWD��\�HQWRQFHV�OD�ER\D�FRPLHQ]D�D�RVFLODU�
YHUWLFDOPHQWH��3URSyQ�XQD�H[SUHVLyQ�SDUD�HO�SHUtRGR�GH�RVFLODFLyQ�GH�OD�ER\D��

F�� 6L� OD� ER\D� IORWD�� HQ� YH]� GH� HQ� SRVLFLyQ� YHUWLFDO�� DFRVWDGD� D� OR� ODUJR� GHO� HMH� GHO�
FLOLQGUR��¢SRGUtDV�REWHQHU�HO�SHUtRGR�GH�RVFLODFLyQ�GH�OD�PLVPD�PDQHUD"�

�

5HVROXFLyQ�

D��(Q�HO�HTXLOLEULR��HO�SHVR�VH�FRPSHQVD�FRQ�HO�HPSXMH�TXH�HMHUFH�HO�DJXD�VREUH� OD�
ER\D��

DP E mg m g o  ��

GRQGH�m� HV� OD�PDVD� WRWDO� GH� OD�ER\D� \� Dm � HV� OD�PDVD�GHO� DJXD�GHVDORMDGD� SRU� OD�
SDUWH�VXPHUJLGD�GH� OD�ER\D��&RPR�HV�FLOtQGULFD��VX�YROXPHQ�HV� �R LS �\�HO�YROXPHQ�
VXPHUJLGR� HV� �R hS �� 7HQLHQGR� HQ� FXHQWD� TXH� OD� GHQVLGDG� HV� OD� PDVD� HQWUH� HO�
YROXPHQ��SRGHPRV�UHHVFULELU�HO�DQWHULRU�EDODQFH�GH�IXHU]DV�\�REWHQHU�h�HQ�OD�VLWXDFLyQ�
GH�HTXLOLEULR��
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GRQGH� DU �HV�OD�GHQVLGDG�GHO�DJXD��

E��6XSRQJDPRV�TXH�KXQGLPRV�OD�ER\D�XQD�SURIXQGLGDG�DGLFLRQDO�y��(QWRQFHV�KD\�XQD�
IXHU]D�QHWD�YHUWLFDO�GDGD�SRU�
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4XHGD� XQD� HFXDFLyQ� GLIHUHQFLDO� VLPLODU� D� OD� GH� OD� RVFLODFLyQ� GH� XQ�PXHOOH� R� GH� XQ�
SpQGXOR�GH�IUHFXHQFLD�DQJXODU�Z ��
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,GHQWLILFDQGR�OD�IUHFXHQFLD�\�ORV�SDUiPHWURV�GHO�SUREOHPD��REWHQHPRV�
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&XDQWR�PHQRV�GHQVD�\�PiV�ODUJD�VHD�OD�ER\D��PiV�UiSLGR�RVFLODUi��

/D�VHFFLyQ�GH�OD�ER\D�QR�LQIOX\H�HQ�VX�SHUtRGR�GH�RVFLODFLyQ��3RU�WDQWR��OD�ER\D�SRGUtD�
VHU��SRU�HMHPSOR��FRQ�IRUPD�GH�SDUDOHStSHGR�\�HO�UHVXOWDGR�VHUtD�HO�PLVPR��

F�� 6L� OD� ER\D� HVWi� DFRVWDGD� WHQHPRV� XQ� FLOLQGUR� KRUL]RQWDO�� (QWRQFHV�� OD� VHFFLyQ�
VXPHUJLGD� HV� XQ� segmento circular� FX\D� iUHD� QR� GHSHQGH� OLQHDOPHQWH� GH� OD�
SURIXQGLGDG�VXPHUJLGD��3XHGH�GHPRVWUDUVH�TXH�GLFKD�iUHD�HV�
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/D�HFXDFLyQ�TXH�JRELHUQD�HO�PRYLPLHQWR�\D�QR�HV�OD�GHO�PRYLPLHQWR�DUPyQLFR�VLPSOH�
\�QR�SRGHPRV�REWHQHU�HO�SHUtRGR�GH�RVFLODFLyQ�FRQ�HO�SURFHGLPLHQWR�DQWHULRU��

/RV�PLVPR�RFXUUH�VL�FRQVLGHUDPRV�ODV�RVFLODFLRQHV�GH�XQD�HVIHUD��SRU�HMHPSOR�ODV�GH�
XQD�SHORWD�IORWDQGR�HQ�HO�DJXD��VXV�RVFLODFLRQHV�QR�VRQ�DUPyQLFDV��
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������88QQDD��JJXXLLWWDDUUUUDD��\\��VVXXVV��WWUUDDVVWWHHVV��TTXXHH��VVHH��KKDD��LLGGRR��DDOO��WWUUDDVVWWHH��
(Q�OD�ILJXUD�VH�PXHVWUDQ�ODV�SRVLFLRQHV�GRQGH�VH�FRORFD�HO�GHGR�VREUH�OD�FXHUGD�GH�
XQD� JXLWDUUD�� SDUD� GLVWLQWDV� QRWDV�� $O� HMHUFHU� SUHVLyQ� VREUH� OD� FXHUGD�� VH� DFRUWD� VX�
ORQJLWXG�\�FDPELD�OD�IUHFXHQFLD�GHO�VRQLGR�HPLWLGR��

�

(Q� XQD� JXLWDUUD� VH� KDQ� PHGLGR� ODV� DQFKXUDV� GH� ORV� WUDVWHV� \� ODV� IUHFXHQFLDV� GH�
YLEUDFLyQ� GH� OD� SULPHUD� FXHUGD� FRUUHVSRQGLHQWHV� D� ODV� SRVLFLRQHV� GH� ODV� QRWDV� PL�
�FXHUGD� DO� DLUH��� ID�� VRO�� OD�� VL�� GR�� UH�� PL�� (Q� OD� WDEOD� VH� LQGLFDQ� ORV� UHVXOWDGRV�
REWHQLGRV�� MXQWR�D� OD� IUHFXHQFLD�QDWXUDO�GH�DILQDFLyQ�GH�FDGD�QRWD��/D� ORQJLWXG�GH� OD�
FXHUGD�DO�DLUH��VLQ�SUHVLRQDU�QLQJ~Q�WUDVWH��HV�GH������FP���

1RWD� )UHFXHQFLD�
QDWXUDO��+]��

)UHFXHQFLD�
PHGLGD��+]��

7UDVWH� $QFKXUD�GHO�
WUDVWH��FP��

0,� ������� ����� &XHUGD�DO�DLUH�
)$� ������� ���� ��� �����
)$�� ������� � ��� �����
62/� ������� ���� ��� �����
62/�� ������� � ��� �����
/$� ������� ���� ��� �����
/$�� ������� � ��� �����
6,� ������� ���� ��� �����
'2� ������� ���� ��� �����
'2�� ������� � ��� �����
5(� ������� ���� ���� �����
5(�� ������� � ���� �����
0,� ������� ���� ���� �����

�

D��5HDOL]D�XQD�JUiILFD�FRQ�ORV�YDORUHV�PHGLGRV�GH�IUHFXHQFLD�HQ�HO�HMH�GH�RUGHQDGDV�\�
FRQ�XQD�YDULDEOH�x� WDO�TXH� OD� OH\�ItVLFD�UHSUHVHQWDGD�VHD� OLQHDO��'LEXMD�WDQWRV�SXQWRV�
FRPR�VHD�SRVLEOH�D�SDUWLU�GH�ORV�GDWRV�GLVSRQLEOHV��7UD]D�OD�UHFWD�TXH�PHMRU�XQH�WRGRV�
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ORV�SXQWRV�\�HVWLPD��D�SDUWLU�GH�OD�SHQGLHQWH�GH�GLFKD�UHFWD��OD�YHORFLGDG�GH�ODV�RQGDV�
HQ�OD�FXHUGD���

E�� (VWD� JXLWDUUD� VH� KD� LGR� DO� WUDVWH�� SRUTXH� HO� IDEULFDQWH� FRPHWLy� XQ� HUURU� HQ� OD�
DQFKXUD� GH� XQR� GH� ORV� WUDVWHV�� ,QGLFD� HQ� FXiO� \� FDOFXOD� OD� DQFKXUD� FRUUHFWD� TXH�
GHEHUtD�KDEHU�WHQLGR���

F��6L� OD�SUHFLVLyQ�FRQ� OD�TXH�VH�KDQ�VLWXDGR� ORV�DQFODMHV�GH� ORV�H[WUHPRV� ILMRV�GH� OD�
FXHUGD�HV�GH�����PP��HVWLPD�HO�HUURU�HQ� OD� IUHFXHQFLD�FRQ� OD�TXH�VRQDUi� OD�SULPHUD�
FXHUGD�DO�DLUH��QRWD�PL����

�

5HVROXFLyQ�

(Q�OD�FXHUGD�VH�IRUPDQ�RQGDV�HVWDFLRQDULDV�\��SRU�WDQWR�� OD�ORQJLWXG�GH�OD�FXHUGD��L��
GHEH�VHU�XQ�P~OWLSOR�HQWHUR�GH�OD�VHPLORQJLWXG�GH�RQGD��

�
L m O
 ��

&RPR�OD�ORQJLWXG�GH�RQGD�HV�LJXDO�D�OD�YHORFLGDG�GH� ODV�RQGDV�HQ�OD�FXHUGD�HQWUH�OD�
IUHFXHQFLD�GH�YLEUDFLyQ�� �v fO  ��SRGHPRV�UHODFLRQDU�OD�ORQJLWXG�GH�OD�FXHUGD�FRQ�OD�
IUHFXHQFLD�GH�OD�RQGD�HVWDFLRQDULD�HQ�HO�PRGR�IXQGDPHQWDO��m� �����

�
� �
v vL f
f L

 o  ��

D��/ODPDQGR�y�D�OD�IUHFXHQFLD�\�x�D�OD�LQYHUVD�GH�OD�ORQJLWXG�GH�OD�FXHUGD��OD�UHODFLyQ�
HV�OLQHDO�VLpQGROD�SHQGLHQWH�LJXDO�D�OD�PLWDG�GH�OD�YHORFLGDG��

6L� OODPDPRV� nA �D� OD�DQFKXUD�GHO� WUDVWH�n� \� �L �D� OD� ORQJLWXG�GH� OD�FXHUGD�DO�DLUH�� OD�
ORQJLWXG�GH�FDGD�FXHUGD�DO�SUHVLRQDU�HQ�XQ�WUDVWH�VH�DFRUWD�FRPR�
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3RU�WDQWR��UHSUHVHQWDPRV�ORV�YDORUHV�GH�f�IUHQWH�D��� nL ��
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$O� KDFHU� XQ� DMXVWH� SRU� PtQLPRV� FXDGUDGRV�� IRU]DQGR� D� OD� UHFWD� D� TXH� SDVH� SRU� HO�
RULJHQ��OD�SHQGLHQWH�HV�������+]�FP����(QWRQFHV��OD�YHORFLGDG�UHVXOWDQWH�HV�

� ������FP�V �������P�Vv  �  ��

E�� 0LUDQGR� OD� VHFXHQFLD� GH� ODV� DQFKXUDV� GH� ORV� WUDVWHV� HQ� OD� WDEOD�� YHPRV� TXH� OD�
DQFKXUD� GHO� WUDVWH� ��� GHEH� HVWDU� HTXLYRFDGD� SXHV� QR� SXHGH� VHU� PHQRU� TXH� ODV�
DQFKXUDV�SRVWHULRUHV���

6H�SRGUtD�SHQVDU�TXH�KD\�TXH�GHVFDUWDU�HVH�SXQWR�GH� OD�JUiILFD��SHUR�QR�HV�DVt��$O�
VHU�HO�WUDVWH�PiV�FRUWR�GH�OR�GHELGR��OR�TXH�RFXUUH�HV�TXH�OD�IUHFXHQFLD�TXH�HPLWH�OD�
FXHUGD� HV�PHQRU� TXH� OD� IUHFXHQFLD� QDWXUDO� GH� OD� QRWD� VL� �GH� KHFKR�� HVR� HV� OR� TXH�
RFXUUH�VL�REVHUYDPRV�OD�IUHFXHQFLD�PHGLGD���3HUR�HO�SXQWR�H[SHULPHQWDO�HV�WDQ�YiOLGR�
FRPR�ORV�RWURV�SDUD�FDOFXODU�OD�YHORFLGDG��

3DUD� HVWLPDU� OD� DQFKXUD� FRUUHFWD� TXH� GHEHUtD� WHQHU� HVH� WUDVWH�� XWLOL]DPRV� HO� YDORU�
REWHQLGR�SDUD�OD�YHORFLGDG�\�FDOFXODPRV�FXiO�GHEH�VHU�OD�ORQJLWXG�GH�FXHUGD��

P
�
������ ������F

� � �����
vL
f

   
�

��

)LQDOPHQWH�� OOHJDPRV�D� OD�FRQFOXVLyQ�GH�TXH�HO���� WUDVWH�GHEHUtD�PHGLU�����FP�\�QR�
���� FP� FRPR� KD� GLVHxDGR� HVWH� IDEULFDQWH� SRFR� KiELO�� (O� HUURU� WLHQH� FRPR�
FRQVHFXHQFLD� TXH� WDQWR� OD� QRWD� VL� FRPR� WRGDV� ODV� VLJXLHQWHV� PiV� DJXGDV� VXHQHQ�
GHVDILQDGDV��

F��3RU�SURSDJDFLyQ�GH�HUURUHV��
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(QWRQFHV��FRPR� � ����+]f  �\�HO�HUURU�GH�OD�ORQJLWXG�HV�����PP� ������FP��UHVXOWD�
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6DEHU�PiV�

/D� ORQJLWXG� YLEUDQWH�GH� OD� FXHUGD� UHFLEH� HO� QRPEUH� GH� tiro�� (V� OD� GLVWDQFLD� TXH�KD\�
GHVGH� HO� SXHQWH� GRQGH� DSR\DQ� ODV� FXHUGDV� KDVWD� OD� FHMXHOD� TXH� OLPLWD� FRQ� HO�
GLDSDVyQ��

(Q�OD�JXLWDUUD�HVSDxROD�HO�WLUR�PiV�FRP~Q�HV�HO�FRUWR��GH����FP��3HUR�WDPELpQ�HVWi�OD�
JXLWDUUD�HVSDxROD�GH�WLUR�ODUJR��FRQ������FP���

(Q�ODV�JXLWDUUDV�DF~VWLFDV�KD\�PXFKD�PiV�YDULDELOLGDG�\�ORV�WLURV�YDQ�GHVGH�ORV����FP�
D�ORV����FP��

� �



���
 
 

������66RREEUUHH��OODD��YYHHOORRFFLLGGDDGG��GGHH��HHVVFFDDSSHH����
&RPSDUD�ODV�YHORFLGDGHV�GH�HVFDSH�GH��

D��XQ�HOHIDQWH�\�XQ�UDWyQ��GHVGH�OD�VXSHUILFLH�GH�OD�7LHUUD��

E��XQD�URFD�HQ�OD�/XQD�\�OD�PLVPD�URFD�HQ�OD�7LHUUD��

F��XQD�SHUVRQD�HQ�OD�VXSHUILFLH�DO�QLYHO�GHO�PDU�\�VLWXDGD�HQ�OR�DOWR�GHO�(YHUHVW��

G��OD�7LHUUD�\�GHO�6LVWHPD�6RODU��HVWDQGR�HQ�OD�7LHUUD���

'DWRV�� 7 /��M M �� 7 /���R R �� �
6RO 7��� ��M M u �� �

7�6RO 7���� ��d R u ��

�

5HVROXFLyQ�

/D� YHORFLGDG�GH� HVFDSH�GH� XQ� SODQHWD� GH�PDVD�M� HV� � �v G M r �� GRQGH� r� HV� OD�
GLVWDQFLD�GHO�FXHUSR�TXH�HVFDSD�DO�FHQWUR�GHO�SODQHWD��

D��/D�YHORFLGDG�GH�HVFDSH�QR�GHSHQGH�GH�OD�PDVD�GHO�FXHUSR�TXH�HVFDSD��DVt�TXH�HV�
OD�PLVPD�SDUD�HO�HOHIDQWH�\�HO�UDWyQ��

E��(O� FRFLHQWH�GH� ODV� YHORFLGDGHV�GH�HVFDSH�HQ� ODV� VXSHUILFLHV�GH� OD�7LHUUD� \� GH� OD�
/XQD�HV�

7 7 /

/ / 7

�� ���
���

v M R
v M R

   ��

(O� UHVXOWDGR� HV� LQGHSHQGLHQWH� GH� OD� PDVD� GHO� FXHUSR�� HV� GHFLU�� HO� UHVXOWDGR� HV� HO�
PLVPR�VL�OD�URFD�HQ�OD�/XQD�HV�RWUD�TXH�OD�URFD�HQ�OD�7LHUUD��

F��(O�FRFLHQWH�GH�ODV�YHORFLGDGHV�HV�

VXSHUILFLH 7

(YHUHVW 7
�

v R h
v R

�
 ! ��

(VWULFWDPHQWH� KDEODQGR�� OD� YHORFLGDG� GH� HVFDSH� HQ� OR� DOWR� GHO� (YHUHVW� HV� PHQRU��
DXQTXH� OD�GLIHUHQFLD�FRQ�VX�YDORU�HQ� OD�VXSHUILFLH� WHUUHVWUH�HV�GHVSUHFLDEOH�WHQLHQGR�
HQ�FXHQWD�TXH�OD�DOWXUD�GHO�(YHUHVW�HV������P�\�TXH�HO�UDGLR�GH�OD�7LHUUD�HV������NP��

G��'HVGH�XQ�SXQWR� HQ� OD�7LHUUD��SDUD�HVFDSDU� GHO�6LVWHPD�6RODU� KD\�TXH�YHQFHU� OD�
JUDYHGDG�WHUUHVWUH�\�OD�JUDYHGDG�VRODU��
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&RPSDUDQGR�YHORFLGDGHV�GH�HVFDSH�UHVXOWD�

7 6RO 7

7 7 7�6RO
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&RPR�OD�YHORFLGDG�GH�HVFDSH�GH�OD�7LHUUD�HV������NP�V���������NP�K���OD�YHORFLGDG�GH�
HVFDSH�GHO�6LVWHPD�6RODU�HV������NP�V����������NP�K���TXH�VRQ�HQRUPHV��� ��
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������&&DDOOHHQQWWDDPPLLHHQQWWRR��JJOORREEDDOO��
D�� (Q� OD� JUiILFD� VH� PXHVWUD� OD� HYROXFLyQ� GH� OD� WHPSHUDWXUD� PHGLD� HQ� OD� VXSHUILFLH�
WHUUHVWUH� GHVGH� PHGLDGRV� GHO� VLJOR� ;,;� KDVWD� HO� DxR� ������ &DOFXOD� HO� ULWPR� GH�
DXPHQWR�GH�OD�WHPSHUDWXUD��HQ�JUDGRV�SRU�GpFDGD��GXUDQWH�ORV�~OWLPRV��������������\�
��� DxRV�� 6XSRQLHQGR� TXH� HO� FDOHQWDPLHQWR� FRQWLQ~D� DO� PLVPR� ULWPR� GH� OD� ~OWLPD�
GpFDGD��HVWLPD�OD�WHPSHUDWXUD�PHGLD�GHO�SODQHWD��FRQ�VX�HUURU��HQ�HO�DxR�������

�

E��6XSRQLHQGR�TXH�OD�FRQFHQWUDFLyQ�GH�&2��HQ�OD�DWPyVIHUD�D�OR�ODUJR�GH�OD�KLVWRULD�
VLJXH�OD�YDULDFLyQ�SHULyGLFD�PRVWUDGD�HQ�OD�VLJXLHQWH�JUiILFD��REWpQ�DSUR[LPDGDPHQWH�
OD�DPSOLWXG�\�HO�SHUtRGR�GH� OD�RVFLODFLyQ��'D� OD�H[SUHVLyQ�PDWHPiWLFD�HQ�IXQFLyQ�GHO�
WLHPSR�TXH�GHVFULELUtD�OD�YDULDFLyQ�GH�OD�FRQFHQWUDFLyQ�GH�&2���

�
�

5HVROXFLyQ�

D��7UD]DPRV� UHFWDV�HQ� ORV� LQWHUYDORV�GH��������������\����DxRV��GHVGH������KDVWD�
������ DMXVWDQGR� OR�PHMRU� SRVLEOH� OD� EDQGD� GH� SXQWRV� H[SHULPHQWDOHV� GH� OD� JUiILFD��
(VWLPDPRV� OD� SHQGLHQWH� GH� GLFKDV� UHFWDV�� 3DUD� OD� UHFWD� GH� ORV� ~OWLPRV�����DxRV� OD�
WHPSHUDWXUD�PHGLD�SDVD�GH��������&�D��������&��3RU�WDQWR��OD�SHQGLHQWH�HV�

����� ����� �������&�DxR���� ���������&�GpFDGD
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+DFLHQGR�OR�PLVPR�SDUD�ORV�RWURV�WUHV�LQWHUYDORV��REWHQHPRV��

'H������D���������� ����� ����� �������&�DxR���� ���������&�GpFDGD
���
�

 o ��

'H������D���������� ����� ����� �������&�DxR���� ���������&�GpFDGD
��
�

 o ��

'H������D���������� ����� ����� �������&�DxR���� ���������&�GpFDGD
��
�

 o ��

6L� HO� FDOHQWDPLHQWR� FRQWLQ~D� DO� PLVPR� ULWPR� GH� OD� ~OWLPD� GpFDGD�� HV� GHFLU�� VL� OD�
WHPSHUDWXUD� VLJXH� FUHFLHQGR� ������ �&� SRU� DxR�� HQWRQFHV� HQ� RWURV� ��� DxRV�� GHVGH�
������ KDEUtD� XQ� DXPHQWR� GH� �������&�DxR� ����DxRV� �������&u � \� OD� WHPSHUDWXUD�
PHGLD�HQ�HVH�PRPHQWR�VHUtD�GH������ ����� ��������&� ��

(Q�ORV�GDWRV�GH�OD�JUiILFD�YHPRV�TXH�HO�HUURU�HQ�HO�DMXVWH�OLQHDO�GH� ODV�WHPSHUDWXUDV�
GHO�~OWLPR�SHUtRGR�HV�������&�GpFDGD��+DFLHQGR�SURSDJDFLyQ�GH�HUURUHV�VH�REWLHQH�XQ�
HUURU� GH� ������ �&� HQ� OD� WHPSHUDWXUD� ILQDO� HQ� ������ DVt� TXH� HO� UHVXOWDGR� ILQDO� VHUtD�
���� ���� �����&T  r ��OR�TXH�VXSRQH�XQ�DXPHQWR�GHVGH������GH�HQWUH�����\������&��

E�� 6L� QRV� ILMDPRV� HQ� OD� JUiILFD�� SRU� HMHPSOR�� HQ� ORV� YDOOHV� GH� ORV� FLFORV� GH� OD�
FRQFHQWUDFLyQ� GH� &2�� HQ� OD� DWPyVIHUD�� YHPRV� TXH� WLHQHQ� XQD� SHULRGLFLGDG� GH�
DSUR[LPDGDPHQWH� �������� DxRV�� /RV� YDORUHV� RVFLODQ� HQ� WRUQR� D� XQD� FRQFHQWUDFLyQ�
PHGLD�GH�����S�S�P���SDUWHV�SRU�PLOOyQ��FRQ�XQD�DPSOLWXG�GH�XQDV����S�S�P��3RU�WDQWR��
OD�H[SUHVLyQ�PDWHPiWLFD�TXH�GHVFULEH�OD�FRQFHQWUDFLyQ�GH�&2��HV�

� ��� � ��� �� FRV � ��C t tS � � � ��

�

6DEHU�PiV�

/RV� YDORUHV� GH� WHPSHUDWXUD�PHGLD� JOREDO� SXHGHQ� FRQVXOWDUVH� HQ� OD� SiJLQD�ZHE� GHO�
Intergovernmental Panel on Climate Change��,3&&���TXH�UH~QH�D�PLOHV�GH�FLHQWtILFRV�
GH�WRGR�HO�PXQGR�TXH�HVWXGLDQ�HO�FDPELR�FOLPiWLFR���

/RV�YDORUHV�GH�FRQFHQWUDFLyQ�GH�&2��VH�REWXYLHURQ�HQ�XQ�Q~FOHR�
GH�KLHOR�GH������P�GH�SURIXQGR�HQ� OD�HVWDFLyQ�UXVD�9RVWRN�HQ� OD�
$QWiUWLGD�� (O� &2�� VH� PLGLy� HQ� ODV� EXUEXMDV� GH� DLUH� HQ� WUR]RV� GH�
KLHOR�D�GLIHUHQWHV�SURIXQGLGDGHV��&DGD�SURIXQGLGDG�VH�FRUUHVSRQGH�
FRQ�GLVWLQWDV�pSRFDV�GHO�SDVDGR��

3DUD� PiV� LQIRUPDFLyQ� SXHGH� FRQVXOWDUVH� OD� SiJLQD� GHO� &',$&��
Carbon Dioxide Information Analysis Center��GHO�'HSDUWDPHQWR�GH�
(QHUJtD�GH�((88��KWWSV���FGLDF�HVV�GLYH�OEO�JRY���\�HO�DUWtFXOR�

³&OLPDWH�DQG�$WPRVSKHULF�+LVWRU\� RI� WKH�3DVW��������� \HDUV� IURP�
WKH�9RVWRN�,FH�&RUH��$QWDUFWLFD´��3HWLW��-�5��et al��������Nature������
SS������������ �

SURIXQGLGDG

&2�

https://cdiac.ess-dive.lbl.gov/
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��������//DD��PPHH]]FFOODD����WWppUUPPLLFFDD����SSHHUUIIHHFFWWDD��
7HQHPRV�XQD�ERWHOOD�GH�JDVHRVD�GH���/�D�WHPSHUDWXUD�DPELHQWH�GH�����&�\�XQ�ERWH�
GH����F/�HQ�HO�IULJRUtILFR�D����&��

D�� 4XHUHPRV� VHUYLU� XQD� MDUUD� GH� PHGLR� OLWUR� D� XQD� WHPSHUDWXUD� GH� ��� �&�� ,QGLFD�
UD]RQDGDPHQWH� TXp� SURSRUFLRQHV� GH� FDGD� UHFLSLHQWH� HPSOHDUtDV� SDUD� REWHQHU� OD�
PH]FOD�GHVHDGD��

E��¢&XiO�HV�OD�WHPSHUDWXUD�PiV�EDMD�D�OD�TXH�SRGUtDPRV�VHUYLU�OD�MDUUD�GH�PHGLR�OLWUR"�

�

5HVROXFLyQ�

6H� WUDWD� GH� XQ� SUREOHPD� GH� LQWHUFDPELR� GH� FDORU� \� FRQVHUYDFLyQ� GH� OD� HQHUJtD�� (O�
FDORU�FHGLGR�SRU�HO� OtTXLGR�PiV�FDOLHQWH��HO�TXH�HVWi�D�����&��GHEH�VHU�LJXDO�DO�FDORU�
JDQDGR�SRU�HO�OtTXLGR�PiV�IUtR��HO�TXH�HVWi�HQ�HO�IULJRUtILFR���

FHGLGR JDQDGRQ Q ��

D��(O�FDORU�HV� eQ mc T ' ��GRQGH�P�HV�OD�PDVD�GH�OD�VXVWDQFLD�� ec �VX�FDORU�\� T' �HO�
LQFUHPHQWR�GH�WHPSHUDWXUD�TXH�H[SHULPHQWD��'H�HVD�PDQHUD��OODPDQGR� �m �D�OD�PDVD�
TXH�KHPRV�GH�WRPDU�GHO� OtTXLGR�D� WHPSHUDWXUD�DPELHQWH�\� �m �D� OD�PDVD�GH� OtTXLGR�
UHIULJHUDGR��VH�FXPSOLUi�TXH�

� ���� ��� ��� ��e em c m c� �  � � ��

1R� HV� QHFHVDULR� FRQRFHU� HO� FDORU� HVSHFtILFR� SRUTXH� OD� PH]FOD� HV� GH� XQD� PLVPD�
VXVWDQFLD��/D�UHODFLyQ�HQWUH�ODV�PDVDV�GH�FDGD�OtTXLGR�HV�

� � � �� �� �m m m m o  ��

(VD�PLVPD�UHODFLyQ�VH�GDUi�HQWUH�ORV�GRV�YRO~PHQHV�PH]FODGRV��\D�TXH�OD�GHQVLGDG�
HV� �m VU  �� 3RU� RWUD� SDUWH�� FRPR� VHJ~Q� HO� HQXQFLDGR� OD� VXPD� GH� ORV� YRO~PHQHV�
PH]FODGRV�HV�PHGLR�OLWUR�� � �����/V V V  � ��TXHGD�

� � � � � � � � �� � � � ����/ � �V m m V V V V V VU U   o  �  �  ��

(V�GHFLU��GHEHUHPRV�PH]FODU�����/�GHO� OtTXLGR�GHO�ERWH�UHIULJHUDGR��OD�PLWDG�GHO�ERWH�
SRUTXH�HUD�GH����F/��FRQ�����/�GH�OD�ERWHOOD�D�WHPSHUDWXUD�DPELHQWH��

E��(Q�HVWH�FDVR��HO�HTXLOLEULR�HQHUJpWLFR�HV�

� � � ���� � � �� ��� � � ��e em c T m c T V T V T� �  � � o � �  � � ��

GRQGH� T� HV� OD� WHPSHUDWXUD� TXH� EXVFDPRV� �OD� PiV� EDMD� TXH� SRGHPRV� FRQVHJXLU���
/yJLFDPHQWH�� GHEHPRV� WRPDU� HO� ERWH� UHIULJHUDGR� HQWHUR�� SXHV� DVt� ORJUDUHPRV� XQD�
PH]FOD�OR�PiV�IUtD�SRVLEOH��HV�GHFLU��

� ����F/V  ��

� ���� ����F/V V �  ��

3RU�WDQWR��OD�WHPSHUDWXUD�SHGLGD�HV�

�� � ��� � �� � � �� ����&T T T� �  � � o  ��
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������ //DD��FFXXQQDD��GGHH��11HHZZWWRRQQ
/D�cuna de Newton��R�péndulo de Newton��HV�XQ�DUWLOXJLR�TXH�VLUYH�SDUD�GHPRVWUDU�OD�
FRQVHUYDFLyQ�GH� OD�HQHUJtD�\�GH�OD�FDQWLGDG�GH�PRYLPLHQWR��(VWi�IRUPDGR�SRU�YDULRV�
SpQGXORV� LGpQWLFRV� �QRUPDOPHQWH� FLQFR�� FRORFDGRV� GH� IRUPD� TXH� ODV� ERODV� TXHGDQ�
DOLQHDGDV�KRUL]RQWDOPHQWH� \� HQ�FRQWDFWR�HQWUH� HOODV��&DGD�EROD� FXHOJD�GH�GRV�KLORV�
SDUD�TXH�HO�PRYLPLHQWR�GH�ORV�SpQGXORV�RFXUUD�HQ�HO�SODQR�YHUWLFDO��

&RQVLGHUDPRV� TXH� WRGDV� ODV� ERODV� VRQ� GH� LJXDO� PDVD� H� LQGHIRUPDEOHV�� \� TXH� ORV�
FKRTXHV�VRQ� SHUIHFWDPHQWH�HOiVWLFRV��&RQVLGHUDPRV�XQD�FXQD�GH�1HZWRQ�GH� FLQFR�
ERODV��

D� 6HSDUDPRV�OD�SULPHUD�EROD�KDVWD�XQD�DOWXUD�h�UHVSHFWR�D�ODV�RWUDV��\�OD�VROWDPRV�
'HVFULEH�OR�TXH�RFXUUH�\�H[SOtFDOR�FRQ�OHQJXDMH�\�DUJXPHQWRV�ItVLFRV�

E� $KRUD� VHSDUDPRV� GRV� ERODV�� HQ� YH]� GH� XQD�� \� ODV� VROWDPRV� MXQWDV�� ([SOLFD� GH
QXHYR�OR�TXH�RFXUUH��¢<�VL�VROWDPRV�WUHV��\�FXDWUR"

5HVROXFLyQ�

D� /D� EROD� TXH� HOHYDPRV� WLHQH� HQHUJtD� SRWHQFLDO� mgh � �VL� WRPDPRV� HO� RULJHQ� GH
HQHUJtD�HQ�OD�SRVLFLyQ�GH�ODV�RWUDV�ERODV���$O�FDHU�DGTXLULUi�XQD�YHORFLGDG��MXVWR�DQWHV
GH�WRFDU�D�OD�VHJXQGD�EROD��LJXDO�D

�
� �

� �
�

mgh mv v gh o  ��

6XSRQJDPRV�GH�PRPHQWR�TXH�VyOR�H[LVWH�OD�VHJXQGD�EROD��$SOLFDQGR�OD�FRQVHUYDFLyQ�
GHO�PRPHQWR�OLQHDO�\�GH�OD�HQHUJtD��SRGHPRV�REWHQHU�ODV�YHORFLGDGHV�� �
v �\� �
v ��GH�
ODV�GRV�ERODV�WUDV�HO�FKRTXH��VDELHQGR�TXH� � �v  ��

� � �
�

� � �
� �� � �
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� � �

mv mv mv v
v vmv mv mv
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��

(V�GHFLU�� OD�SULPHUD�EROD�TXHGD�HQ� UHSRVR� \� OD�VHJXQGD�EROD�VDOH�GLVSDUDGD�FRQ� OD�
YHORFLGDG�TXH�OOHYDED�OD�SULPHUD���
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$KRUD� WHQHPRV�HQ�FXHQWD� TXH�KD\� XQD� WHUFHUD�EROD�� \� XQD�FXDUWD�� HWF��$GPLWLHQGR��
FRPR�GLFH�HO�HQXQFLDGR��TXH� ODV�PDVDV�VRQ� LQGHIRUPDEOHV�� OD�HQHUJtD�FLQpWLFD�GH� OD�
SULPHUD�EROD�VH�SURSDJD�SRU� ODV�ERODV� LQWHUPHGLDV��FRPR�VL� WRGDV�HOODV�IRUPDUDQ�XQ�
VyOLGR� LQGHIRUPDEOH��KDVWD� OOHJDU�D� OD�~OWLPD�EROD��TXH�HV� OD�TXH�VDOH�GHVSHGLGD�FRQ�
YHORFLGDG� �gh �� (VWD� ~OWLPD� EROD� DOFDQ]DUi�� SRU� WDQWR�� XQD� DOWXUD� h� \� GHVSXpV� HO�
SURFHVR�VH�UHSHWLUi�HQ�VHQWLGR�LQYHUVR���

E�� 6L� VROWDPRV� GRV� ERODV� MXQWDV�� RFXUULUi� DOJR� VLPLODU� D� OR� H[SOLFDGR� DQWHULRUPHQWH��
SHUR�HQ�HVWH�FDVR�VHUiQ� ODV�GRV�~OWLPDV�ERODV�ODV�TXH�VDOJDQ�GHVSHGLGDV�TXHGDQGR�
WRGDV�ODV�RWUDV�WUHV�HQ�UHSRVR���

6L�VROWDPRV�WUHV�ERODV��VDOGUiQ�GHVSHGLGDV�WUHV�ERODV�\�TXHGDUiQ�GRV�HQ�UHSRVR��(V�
GHFLU��GH� ODV� WUHV�ERODV�TXH�FDHQ�GRV�GH�HOODV�VH�TXHGDQ�HQ� UHSRVR�SHUR� OD�RWUD�VH�
XQH�D�ODV�GRV�TXH�HVWDEDQ�TXLHWDV�VDOLHQGR�ODV�WUHV�GHVSHGLGDV���

6L�VROWDPRV�FXDWUR�ERODV��VDOGUiQ�GHVSHGLGDV�FXDWUR�ERODV�\�TXHGDUi�VLHPSUH�XQD�HQ�
UHSRVR��

�

6DEHU�PiV�

(O�SULPHU�ItVLFR�TXH�UHDOL]y�H[SHULPHQWRV�FRQ� OD�FXQD�GH�1HZWRQ�IXH�(GPH�0DULRWWH�
KDFLD�HO�DxR�������DXQTXH�HO�DUWLOXJLR�VH�KL]R�SRSXODU�SRU�1HZWRQ��TXH�OR�GHVFULELy�HQ�
VX�OLEUR�3ULQFLSLD�0DWKHPDWLFD��9pDVH�HO�DUWtFXOR��

&URVV��5����������³(GPH�0DULRWWH�DQG�1HZWRQ¶V�&UDGOH´��The Physics Teacher�����SS��
���������'2,����������������������

�(O�IHQyPHQR�RFXUUH�FRPR�KHPRV�GHVFULWR�~QLFDPHQWH�HQ�HO�FDVR�HQ�TXH�ODV�ERODV�
IXHUDQ� WRWDOPHQWH� LQGHIRUPDEOHV�� (Q� OD� UHDOLGDG�� ORV� FXHUSRV� �DXQTXH� VH� WUDWH� GH�
ERODV�GH�DFHUR��VH�GHIRUPDQ�OLJHUDPHQWH�FXDQGR�FKRFDQ�FRQ�RWUR�FXHUSR��&DGD�EROD�
GHIRUPDGD�SRU�HO�FKRTXH�GH�OD�EROD�YHFLQD�VH�FRPSRUWD�FRPR�XQ�PXHOOH�FRPSULPLGR�
TXH� WUDQVPLWH�VX�HQHUJtD�SRWHQFLDO�HOiVWLFD�D� OD�VLJXLHQWH�EROD� �HO�VLJXLHQWH�PXHOOH���
(V�GHFLU��OD�VXFHVLyQ�GH�ERODV�HV�FRPR�XQD�VXFHVLyQ�GH�PXHOOHV��'H�HVWD�PDQHUD��OD�
VLWXDFLyQ�HV�PXFKR�PiV�FRPSOHMD�GH�FRPR� OD�KHPRV�GHVFULWR��6L�VH�SODQWHDQ� WRGDV�
ODV�HFXDFLRQHV�TXH�HQWUDQ�HQ�MXHJR�\�VH�UHVXHOYHQ�PDWHPiWLFDPHQWH��HO�UHVXOWDGR�HV�
TXH�OD�SHQ~OWLPD�EROD�QR�TXHGD�HQ�UHSRVR��VLQR�TXH�WDPELpQ�VDOH�GHVSHGLGD��DXQTXH�
PXFKR�PiV�OHQWD�TXH�OD�~OWLPD�EROD���\�OD�SULPHUD�EROD�WDPSRFR�TXHGD�HQ�UHSRVR�VLQR�
TXH�VDOH�UHERWDGD�OLJHUDPHQWH�KDFLD�DWUiV��PX\�SRFR��\�HV�FDVL�LPSHUFHSWLEOH���

�

� �
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��������88QQ��SSppQQGGXXOORR��HHQQ��PPLL��DDVVFFHHQQVVRRUU��
&ROJDPRV� XQ� KLOR� GH� ORQJLWXG� L� HQ� HO� WHFKR� GH� OD� FDELQD� GH� XQ� DVFHQVRU�� (Q� HO�
H[WUHPR� GHO� KLOR� FRORFDPRV� XQD� EROLWD� GH� PDVD�m� \� OD� KDFHPRV� RVFLODU� GH� IRUPD�
DUPyQLFD��'HWHUPLQD�OD�H[SUHVLyQ�GHO�SHUtRGR�GHO�SpQGXOR�VL�HO�DVFHQVRU�VXEH�R�EDMD�
FRQ�XQD�DFHOHUDFLyQ�a��

�
�

5HVROXFLyQ�

(Q�FRQGLFLRQHV�QRUPDOHV��FRQ�HO�DVFHQVRU�SDUDGR��HO�SHUtRGR�GH�RVFLODFLyQ�DUPyQLFD�
GH�XQ�SpQGXOR�HV�

� LT
g

S ��

&XDQGR� HO� DVFHQVRU� VXEH� FRQ� DFHOHUDFLyQ� a� FRQVLGHUDUHPRV�� DGHPiV� GH� OD� IXHU]D�
SHVR��XQD�IXHU]D�ILFWLFLD�HQ�OD�GLUHFFLyQ�FRQWUDULD�DO�PRYLPLHQWR��HV�GHFLU��KDFLD�DEDMR���
GH�IRUPD�TXH�OD�UHVXOWDQWH�HV� � �m g a� ��(O�SHUtRGR�GHO�SpQGXOR�UHVXOWD�HQWRQFHV�

� LT
g a

S 
�

��

6L�HO�DVFHQVRU�EDMDUD�HQ�OXJDU�GH�VXELU��HO�SHUtRGR�VHUtD�

� LT
g a

S 
�

��

(Q�FDtGD�OLEUH�� a g �\��SRU�WDQWR��QR�KD\�RVFLODFLyQ��

� �



���
 
 

��������((OO��((QQGGHHDDYYRRXXUU��UUHHJJUUHHVVDD��FFRRQQ��pp[[LLWWRR��

(O�WUDVERUGDGRU�HVSDFLDO�(QGHDYRXU�DWHUUL]y�HQ�HO�&HQWUR�(VSDFLDO�.HQQHG\�GHVSXpV�
GH�SHUPDQHFHU����GtDV�����KRUDV�\���PLQXWRV�HQ�HO�HVSDFLR�GXUDQWH�VX�PLVLyQ�676�
�����HQ�IHEUHUR�GH�������FX\R�REMHWLYR�IXH�OD�LQVWDODFLyQ�GH�GRV�QXHYRV�PyGXORV�HQ�OD�
(VWDFLyQ� (VSDFLDO� ,QWHUQDFLRQDO�� /D� (VWDFLyQ� HVWXYR� RUELWDQGR� D� ���� NP� GH� DOWXUD�
GHVGH� OD� VXSHUILFLH� WHUUHVWUH�� /D�PDVD�GHO�(QGHDYRXU� DQWHV� GHO� ODQ]DPLHQWR� HUD� GH�����
����������NJ��\�VX�PDVD�PLHQWUDV�HVWXYR�HQ�yUELWD�GH���������NJ��

&DOFXOD�ODV�VLJXLHQWHV�FDQWLGDGHV��

D��(O� YDORU�GH� OD�JUDYHGDG�HQ�HO�(QGHDYRXU�PLHQWUDV�HVWXYR�DFRSODGR�D� OD�(VWDFLyQ�
(VSDFLDO��

E��(O�SHUtRGR�GH�ODV�yUELWDV�DOUHGHGRU�GH�OD�7LHUUD��

F��(O�Q~PHUR�GH�YXHOWDV�HQ�WRWDO�TXH�KD�GDGR�D�OD�7LHUUD�GXUDQWH�OD�PLVLyQ��

G��/D�YHORFLGDG�OLQHDO�HQ�OD�yUELWD�� �

H��/D�HQHUJtD�QHFHVDULD�SDUD�ODQ]DUOR�\�SRQHUOR�HQ�yUELWD��

'DWRV��PDVD�\�UDGLR�GH�OD�7LHUUD� �����î�����NJ�\������NP��G� �����î������1ÂP��NJ���

�
�

5HVROXFLyQ�

D�� (O� WUDVERUGDGRU� \� OD� (VWDFLyQ� (VSDFLDO� VH� HQFXHQWUDQ� HQ� yUELWD� D� XQD� GLVWDQFLD�
7 ���� ��� �����NPr R h �  �  ��PHGLGD�GHVGH�HO�FHQWUR�GH�OD�7LHUUD��

/D�JUDYHGDG�WHUUHVWUH�D�HVD�GLVWDQFLD�HV�

�7
�

7
�����P�V

� �
GMg

R h
  

�
��

E��(O�SHUtRGR�RUELWDO�VH�FDOFXOD�D�SDUWLU�GH�OD����/H\�GH�.HSOHU��
� �

7�� � � �������V �����PLQT GM rS �   ��

�9HPRV� TXH� OD� (VWDFLyQ� (VSDFLDO� ,QWHUQDFLRQDO� WDUGD� DSUR[LPDGDPHQWH� XQD� KRUD� \�
PHGLD�HQ�FRPSOHWDU�XQD�YXHOWD�DOUHGHGRU�GH�OD�7LHUUD���

F��/D�PLVLyQ�GXUy���Â��Â�������Â������� ��������PLQ��(O�Q~PHUR�GH�YXHOWDV�HV�

�������PLQ��������PLQ� �������YXHOWDV��

,PiJHQHV��1$6$�,PDJH DQG�9LGHR�/LEUDU\��KWWSV���LPDJHV�QDVD�JRY��
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G��/D�YHORFLGDG�HQ�XQD�yUELWD�HV�

� 7 � ��������P�V� �������NP�KGMv
r

v o  ��

H��&XDQGR�HO� WUDVERUGDGRU�HVWi�HQ�UHSRVR�HQ� OD�7LHUUD�VX�HQHUJtD�HV�VyOR�SRWHQFLDO��
&XDQGR�HVWi�HQ�yUELWD�VX�HQHUJtD�WRWDO�HV�OD�VXPD�GH�OD�FLQpWLFD�\�OD�SRWHQFLDO��

��7
WLHUUD WLHUUD

7
���� �� �-G ME m

R
 �  � u ��

� ��
yUELWD yUELWD

� ���� �� �-
�

TGME m
r

 �  � u ��

GRQGH� WLHUUDm �\� yUELWDm �VRQ�ODV�PDVDV�GHO�(QGHDYRXU�DQWHV�GHO�ODQ]DPLHQWR��HQ�WLHUUD��
\�XQD�YH]�SXHVWR�HQ�yUELWD��UHVSHFWLYDPHQWH��

3RU�WDQWR��OD�HQHUJtD�TXH�KD\�TXH�VXPLQLVWUDU�HV�
��

WLHUUD yUELWD ���� �� �-E E E E� '  o '  u ��

�
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KWWS���ZZZ�HVWDFLRQHVSDFLDO�FRP���

KWWSV���ZZZ�QDVD�JRY���

KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�676������

/RV�WUDQVERUGDGRUHV�HVSDFLDOHV��R�ODQ]DGHUDV��VH�KDQ�XWLOL]DGR�SDUD�UHSDUDU�PyGXORV�
GH� OD� (VWDFLyQ� (VSDFLDO� ,QWHUQDFLRQDO� \� SDUD� UHDOL]DU� PLVLRQHV� GH� PDQWHQLPLHQWR�
FRPR�� SRU� HMHPSOR�� HQ� HO� 7HOHVFRSLR� HVSDFLDO� +XEEOH�� $GHPiV� GHO� (QGHDYRXU�� OD�
1$6$� KD� WHQLGR� RWURV� FXDWUR� WUDQVERUGDGRUHV�� &ROXPELD�� &KDOOHQJHU�� 'LVFRYHU\� \�
$WODQWLV��3HUR�HQ������ OD�1$6$�UHWLUy�VX�IORWD�GH�WUDQVERUGDGRUHV�\�SXVR�ILQ�D�HVWRV�
SURJUDPDV�HVSDFLDOHV��$FWXDOPHQWH�� ODV�PLVLRQHV�D� OD�(VWDFLyQ�(VSDFLDO�VH� UHDOL]DQ�
XWLOL]DQGR�ODV�ODQ]DGHUDV�UXVDV�6R\X]�\�3URJUHVV��� ��

http://www.estacionespacial.com/
https://www.nasa.gov/
http://en.wikipedia.org/wiki/STS-130


���
 
 

��������))XXHHUU]]DDVV��GGHHQQWWUURR��GGHHOO��QQ~~FFOOHHRR��DDWWyyPPLLFFRR��
/D� LQWHUDFFLyQ� HQWUH� GRV� QXFOHRQHV� �SURWRQHV� \�R� QHXWURQHV� GHO� Q~FOHR�� SXHGH�
GHVFULELUVH�PHGLDQWH�HO�OODPDGR�potencial de Yukawa��

� ���

S � � �

r rhc eE r
rS

�

 � ���

GRQGH�h�HV�OD�FRQVWDQWH�GH�3ODQFN��c�OD�YHORFLGDG�GH�OD�OX]�� �r �XQD�FRQVWDQWH��\�r�HV�OD�
GLVWDQFLD�HQWUH�ORV�QXFOHRQHV��

D��2EWpQ�OD�H[SUHVLyQ�GH�OD�IXHU]D�TXH�DFW~D�HQWUH�GRV�QXFOHRQHV�HQ�IXQFLyQ�GH�r��

&RQVLGHUDPRV�GRV�SURWRQHV�GHO�Q~FOHR�VHSDUDGRV�XQD�GLVWDQFLD�GH���IP��

E��&DOFXOD�OD�IXHU]D�GH�UHSXOVLyQ�FRXORPELDQD�HQWUH�ORV�SURWRQHV��

F�� ¢&XiQWDV� YHFHV� PD\RU� HV� OD� IXHU]D� QXFOHDU� TXH� OD� IXHU]D� HOHFWURVWiWLFD� HQWUH�
GLFKRV�SURWRQHV"�8WLOL]D�HO�YDORU� � ����IPr  ��

(Q� UHDOLGDG�� OD� LQWHUDFFLyQ� HQWUH� ORV� SURWRQHV� VH� PRGHOD� DxDGLHQGR� D� OD� HQHUJtD�
SRWHQFLDO�XQ�VHJXQGR�WpUPLQR�GH�WLSR�<XNDZD��SHUR�UHSXOVLYR��SDUD�GDU�FXHQWD�GH�TXH�
ORV�QXFOHRQHV�QR�SXHGHQ�HVWDU�LQILQLWDPHQWH�MXQWRV���/D�IXQFLyQ�FRPSOHWD�HV�
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G��5HSUHVHQWD�JUiILFDPHQWH�OD�IXQFLyQ�DQWHULRU�H�LGHQWLILFD�HO�PtQLPR��

/D� VLJXLHQWH� IyUPXOD� SHUPLWH� FDOFXODU� HO� UDGLR� GHO� Q~FOHR� DWyPLFR� HQ� IXQFLyQ� GHO�
Q~PHUR�GH�QXFOHRQHV�A��SURWRQHV�PiV�QHXWURQHV���
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H��&XiO�HV�OD�GHQVLGDG�GH�OD�PDWHULD�HQ�HO�Q~FOHR��

I��6HD�XQ�Q~FOHR�GH�+H����SURWRQHV�\���QHXWURQHV���&DOFXOD�VX�UDGLR��

'DWRV�� �IHUPL� R� IHPWyPHWUR�� ����IP �� �P� �� ������ �� �- Vh � u � �� FDUJD� GHO� SURWyQ�
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5HVROXFLyQ�

D��/D�IXHU]D�HV�HO�JUDGLHQWH�QHJDWLYR�GH�OD�HQHUJtD�SRWHQFLDO��
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&RPR� YHPRV�� OD� IXHU]D� HV� DWUDFWLYD�� $GHPiV� VH� WUDWD� GH� XQD� IXHU]D� FHQWUDO� \�� SRU�
WDQWR��FRQVHUYDWLYD��



���
 
 

E��/D�IXHU]D�GH�&RXORPE�HQWUH�ORV�GRV�SURWRQHV�YDOH�
� �� �

�
� �� �

���� �� � �� �� � ������1
�� �� �C

eF K
r

�

�

�
  �  

�
��

F��&DOFXODPRV�OD�IXHU]D�UHVXOWDQWH�GHO�SRWHQFLDO�GH�<XNDZD�FXDQGR� ��IPr  ��
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(VWD� IXHU]D� QXFOHDU� �DWUDFWLYD�� HV� GHO� RUGHQ� GH� ���� YHFHV�PD\RU� TXH� OD� IXHU]D� GH�
HOHFWURVWiWLFD��UHSXOVLYD���

G�� /D� FXUYD� GH� HQHUJtD� SRWHQFLDO� TXH� VH� SLGH� HV� OD� VLJXLHQWH�� (O� HMH� <� HV� HQHUJtD�
SRWHQFLDO� HQ� XQLGDGHV� DUELWUDULDV��6H� REVHUYD� TXH� OD� HQHUJtD� WLHQH� XQ�PtQLPR��$� OD�
L]TXLHUGD�GHO�PtQLPR�OD�IXHU]D�HV�UHSXOVLYD��SXHV�OD�SHQGLHQWH�GH�OD�HQHUJtD�SRWHQFLDO�
HV�QHJDWLYD���$�OD�GHUHFKD�GHO�PtQLPR�OD�IXHU]D�HV�DWUDFWLYD���
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HV�GHFLU�����yUGHQHV�GH�PDJQLWXG�PHQRU�TXH�OD�GHQVLGDG�GH�OD�PDWHULD�RUGLQDULD��TXH�
HV�GHO�RUGHQ�GH� ������NJ�P ���

I��(O�UDGLR�GHO�Q~FOHR�GH�+H��FRQ�A� ����HV�
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8QD�SLVFLQD�PLGH����P�î���P�GH�VXSHUILFLH�\���P�GH�DOWXUD��(VWi�OOHQD�GH�DJXD�KDVWD�
OD�PLWDG��/D�WHPSHUDWXUD�GHO�DJXD�HV�GH�����&��

&RPLHQ]D�D�OORYHU�WRUUHQFLDOPHQWH�\�FDHQ����OLWURV�P��GH�DJXD�D�����&��

D��&DOFXOD�FXiQWR�YDOH�OD�WHPSHUDWXUD�ILQDO�GHO�DJXD�GH�OD�SLVFLQD�WUDV�OD�OOXYLD������

'HMD� GH� OORYHU� \� HO� DJXD� HPSLH]D� D� FDOHQWDUVH� FRQ� OD� OX]� VRODU� GXUDQWH� �� KRUDV��
6XSRQHPRV�TXH�ORV�UD\RV�GH�VRO�LQFLGHQ�SHUSHQGLFXODUPHQWH�\�TXH�OD�LUUDGLDFLyQ�VRODU�
HV�GH������:�P���

E��&DOFXOD�OD�WHPSHUDWXUD�GH�OD�SLVFLQD�WUDV�³WRPDU�HO�VRO´��¢'HSHQGH�HO�UHVXOWDGR�GH�
OD�VXSHUILFLH�GH�OD�SLVFLQD"�

'DWRV��FDORU�HVSHFtILFR�GHO�DJXD� � ������-��J�&� ��GHQVLGDG�GHO�DJXD� � ������NJ�P ��

�

5HVROXFLyQ�

D��(O�YROXPHQ�GH�OD�SLVFLQD�HV�V� ����î���î��� �����P���SHUR�VyOR�OD�PLWDG�FRQWLHQH�
DJXD��HV�GHFLU�����P�� �������� OLWURV��'XUDQWH� OD� OOXYLD�FDHQ�GHQWUR�GH� OD�SLVFLQD����
OLWURV�P��î� ����P�î���P�� ����� OLWURV��3ODQWHDPRV� OD� FRQVHUYDFLyQ� GH� OD� HQHUJtD��HO�
FDORU�JDQDR�SRU�HO�DJXD�GH� OOXYLD� �TXH�HVWi�PiV� IUtD��HV� LJXDO�DO�FDORU�FHGLGR�SRU�HO�
DJXD�GH�OD�SLVFLQD��
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6H�GLYLGH�D�DPERV�ODGRV�SRU�HO�FDORU�HVSHFtILFR�\�VH�GLYLGH�SRU�OD�GHQVLGDG�GHO�DJXD�
SDUD�SDVDU�D�YRO~PHQHV��(O�UHVXOWDGR�HV�T� �������&��

E��&DOFXODPRV�OD�HQHUJtD�UHFLELGD�HQ���KRUDV�HQ�OD�VXSHUILFLH�GH�OD�SLVFLQD�GH����P���
VDELHQGR�TXH�OD�LQWHQVLGDG�GH�OD�UDGLDFLyQ�HV������:�P���
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$�SDUWLU�GHO�YROXPHQ�GH�DJXD�GH�OD�SLVFLQD��OD�PDVD�GH�DJXD�TXH�VH�FDOLHQWD�HV�
����� �� � �� �NJm VU  �  u ��

,JXDODPRV�OD�HQHUJtD�UHFLELGD�\�HO�FDORU��
� �� ����� � �� � �� ���� � �����eE mc T T � o �  � � � � ��

'HVSHMDPRV�OD�WHPSHUDWXUD�ILQDO��

��� ���� ������&T  �  ��

(O�UHVXOWDGR�QR�GHSHQGH�GH�OD�VXSHUILFLH�GH�OD�SLVFLQD��SXHV�D�PD\RU�VXSHUILFLH�PD\RU�
HQHUJtD�VRODU�VH�UHFLEH��SHUR�PiV�FDQWLGDG�GH�DJXD�KD\�TXH�FDOHQWDU��
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(O�FLFORWUyQ�GH�OD�ILJXUD�HVWi�IRUPDGR�SRU�GRV�SODFDV�VHPLFLUFXODUHV�KXHFDV��GH�UDGLR�
R��HQ�FX\R�LQWHULRU�VH�KD�KHFKR�HO�YDFtR�\�GRQGH�H[LVWH�XQ�FDPSR�PDJQpWLFR�B�QRUPDO�
D� ODV� SODFDV�� (QWUH� ORV� ODGRV� UHFWRV� GH� ODV� SODFDV�� VHSDUDGRV� XQD� GLVWDQFLD� d�� VH�
DSOLFD� XQD� GLIHUHQFLD� GH� SRWHQFLDO� GH� YDORU� �V � \� SRODULGDG� YDULDEOH� TXH� SURGXFH� XQ�
FDPSR�HOpFWULFR�GH�VHQWLGR�RVFLODQWH� Er ���

8QD�SDUWtFXOD�GH�PDVD�m \�FDUJD�q�SDUWH�GHO�UHSRVR�GHVGH�HO�SXQWR�$�\�HV�DFHOHUDGD�
SRU� HO� FDPSR� HOpFWULFR� KDVWD� XQD� YHORFLGDG� �v � FXDQGR� OOHJD� DO� SXQWR� %�� (Q� HVH�
PRPHQWR� LQWHUYLHQH� HO� FDPSR� PDJQpWLFR� \� OD� SDUWtFXOD� GHVFULEH� XQD� WUD\HFWRULD�
VHPLFLUFXODU�GH�UDGLR� �r  GHQWUR�GH�OD�SULPHUD�SODFD��&XDQGR�OD�SDUWtFXOD�OOHJD�DO�SXQWR�
&�HO�FDPSR�HOpFWULFR�KD�LQYHUWLGR�VX�VHQWLGR��GH�PDQHUD�TXH�VH�SURGXFH�XQ�VHJXQGR�
DXPHQWR� GH� YHORFLGDG� KDVWD� �v � HQ� HO� SXQWR� '�� (Q� OD� VHJXQGD� SODFD� OD� SDUWtFXOD�
UHFRUUH� RWUR� VHPLFtUFXOR�� GH� UDGLR� �r  PD\RU� TXH� HO� SULPHUR�� (O� FLFOR� VH� UHSLWH�� OD�
SDUWtFXOD� JDQD� YHORFLGDG� FDGD� YH]� TXH� SDVD� SRU� OD� ]RQD� LQWHUPHGLD� \� GHVFULEH� HQ�
FRQMXQWR�XQD�WUD\HFWRULD�HVSLUDO�KDVWD�TXH�ILQDOPHQWH�VDOH�SRU�HO�H[WUHPR�GH�OD�SODFD�
FRQ�XQD�YHORFLGDG� PD[v ��

�
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'HWHUPLQD��HQ�IXQFLyQ�GH� �V ��B��R��m��q�\�G��ODV�VLJXLHQWHV�FDQWLGDGHV��

D�� (O� LQFUHPHQWR� GH� HQHUJtD� FLQpWLFD� TXH� H[SHULPHQWD� OD� SDUWtFXOD� FDGD� YH]� TXH�
DWUDYLHVD�OD�]RQD�LQWHUPHGLD��

E��/D�DFHOHUDFLyQ�GH�OD�SDUWtFXOD�HQ�OD�]RQD�LQWHUPHGLD��

F��/D�YHORFLGDG� nv �TXH�OOHYD�OD�SDUWtFXOD�WUDV�DWUDYHVDU�n�YHFHV�OD�]RQD�LQWHUPHGLD��

G��(O�UDGLR�GH�OD�n�pVLPD�WUD\HFWRULD�VHPLFLUFXODU��

H�� (O� SHUtRGR� GH� UHYROXFLyQ� GH� OD� SDUWtFXOD� HQ� VX� WUD\HFWRULD� HVSLUDO�� �'HPXHVWUD�
SULPHUR�TXH�HO�WLHPSR�TXH�HPSOHD�HQ�FDGD�VHPLFLUFXQIHUHQFLD�HV�VLHPSUH�HO�PLVPR��
LQGHSHQGLHQWHPHQWH�GH� OD�YHORFLGDG��FRQVLGHUD�GHVSUHFLDEOH�HO� WLHPSR�HPSOHDGR�HQ�
SDVDU�GH�XQD�SODFD�D�RWUD��HO�GLEXMR�QR�HVWi�D�HVFDOD��OD�GLVWDQFLD�d�HV�PX\�SHTXHxD���

I��/D�YHORFLGDG�Pi[LPD�D�OD�VDOLGD�GHO�FLFORWUyQ��

J�� 'HPXHVWUD� TXH� HO� Q~PHUR� GH� YXHOWDV� FRPSOHWDV� TXH� GD� OD� SDUWtFXOD� GHVGH� TXH�
LQLFLD�VX�PRYLPLHQWR�KDVWD�TXH�VDOH�YLHQH�GDGR�SRU�OD�H[SUHVLyQ�
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K�� 6L� OD� SDUWtFXOD� HV� XQ� SURWyQ� �PDVD�  � ������ �� �NJ�u �� FDUJD�  � ����� �� �&�u ��� HO�
FDPSR�PDJQpWLFR�HV�GH������7��HO�YROWDMH�DSOLFDGR�GH��������9�\�HO�UDGLR�GHO�FLFORWUyQ�
HV�GH����FP��¢FXiQWDV�YXHOWDV�GD�HO�SURWyQ�KDVWD�TXH�VDOH"�

�

5HVROXFLyQ�

D�� (O� LQFUHPHQWR� GH� HQHUJtD� FLQpWLFD� FDGD� YH]� TXH� OD� SDUWtFXOD� DWUDYLHVD� OD� ]RQD�
LQWHUPHGLD�HV�

�c pE E qV'  '  ��

E��/D�DFHOHUDFLyQ�GH�OD�SDUWtFXOD�HQ�OD�]RQD�LQWHUPHGLD�VH�REWLHQH�WHQLHQGR�HQ�FXHQWD�
OD�IXHU]D�HOpFWULFD�HQ�HO�LQWHULRU�GH�ODV�SODFDV��
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F��/D�YHORFLGDG� nv �TXH�OOHYD�OD�SDUWtFXOD�WUDV�DWUDYHVDU�n�YHFHV�OD�]RQD�LQWHUPHGLD�VH�
FDOFXOD�SRU�LQGXFFLyQ�VDELHQGR�TXH�HQ�FDGD�WUDYHVtD�OD�HQHUJtD�FLQpWLFD�DXPHQWD�XQD�
FDQWLGDG� �qV ��
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G��(O�UDGLR�GH�OD�n�pVLPD�WUD\HFWRULD�VHPLFLUFXODU�OR�REWHQHPRV�D�SDUWLU�GH�OD�IXHU]D�GH�
/RUHQW]�\�GH�OD�YHORFLGDG�REWHQLGD�DQWHULRUPHQWH��
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H��(O�WLHPSR�TXH�HPSOHD�OD�SDUWtFXOD�HQ�UHFRUUHU�FDGD�VHPLFLUFXQIHUHQFLD�HV��

n

n

r mt
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TXH�HV�VLHPSUH�HO�PLVPR��KHPRV�GHVSUHFLDGR�HO� WLHPSR�HPSOHDGR�HQ�SDVDU�GH�XQD�
SODFD�D�RWUD��SXHV�d�HV�PX\�SHTXHxR���

(QWRQFHV��HO�SHUtRGR�GH�UHYROXFLyQ�GH�OD�SDUWtFXOD�HQ�VX�WUD\HFWRULD�HVSLUDO�HV�HO�GREOH�
GHO�WLHPSR�DQWHULRU��

� mT
q B

S ��

I��/D�YHORFLGDG�Pi[LPD�D� OD�VDOLGD�GHO�FLFORWUyQ�VHUi� OD�TXH�UHVXOWH�GH�FRQVLGHUDU� OD�
IXHU]D�GH�/RUHQW]�SDUD�XQD�WUD\HFWRULD�GH�UDGLR�R��

PD[
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m
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J��,JXDODPRV�OD�YHORFLGDG�Pi[LPD�GH�OD�SDUWtFXOD�HQ�OD�~OWLPD�YXHOWD�FRQ�OD�YHORFLGDG�
TXH�OOHYD�FXDQGR�DWUDYLHVD�SRU�n�pVLPD�YH]�OD�]RQD�LQWHUPHGLD��VHJ~Q�HO�DSDUWDGR�F���
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&RPR�HQ�FDGD�YXHOWD�DWUDYLHVD�GRV�YHFHV� OD� ]RQD� LQWHUPHGLD��HO�Q~PHUR�N� WRWDO�GH�
YXHOWDV�VHUi�OD�PLWDG��

� �

��
q R BN
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K��8WLOL]DQGR�ORV�GDWRV�TXH�GD�HO�HQXQFLDGR�SDUD�XQ�SURWyQ�\�OD�H[SUHVLyQ�DQWHULRU��ODV�
YXHOWDV�GD�HO�SURWyQ�KDVWD�TXH�VDOH�VRQ�
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6DEHU�PiV�

(O�FLFORWUyQ�HV�XQ�DFHOHUDGRU�GH�SDUWtFXODV�TXH�QR�QHFHVLWD�HPSOHDU�JUDQGHV�YROWDMHV��
JUDFLDV�D�ODV�P~OWLSOHV�DFHOHUDFLRQHV�HQ�ODV�VXFHVLYDV�YXHOWDV��

8QD�GH� ODV�DSOLFDFLRQHV�GH� ORV�FLFORWURQHV�HV�HQ�PHGLFLQD��GRQGH�VH�XWLOL]DQ�SDUD� OD�
SURGXFFLyQ�GH�UDGLRIiUPDFRV�� �
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��������<<RR��PPLLGGRR��OODD��JJUUDDYYHHGGDDGG��FFRRQQ��XXQQ��FFKKRRUUUURR��GGHH��DDJJXXDD��
D��'HPXHVWUD�TXH� OD� YHORFLGDG�GHO�DJXD� �v �D� OD�VDOLGD�GH�XQ�
JULIR� \� OD� YHORFLGDG� v � WUDV� FDHU� XQD� DOWXUD� h� VH� UHODFLRQDQ�
PHGLDQWH�OD�H[SUHVLyQ� � �

� �v v gh�  ��

(O�FKRUUR�GH�DJXD�VH�HVWUHFKD�FRQIRUPH�FDH�\�DGTXLHUH�IRUPD�
WURQFRFyQLFD��(O�GLiPHWUR�GHO�FKRUUR�D�OD�VDOLGD�GHO�JULIR�HV� �D �
\�HO�GLiPHWUR�WUDV�OD�FDtGD�HV�D ��3RU�FRQVHUYDFLyQ�GH�OD�PDVD��
HO�FDXGDO�C ��YROXPHQ�SRU�XQLGDG�GH�WLHPSR��HV�HO�PLVPR�DUULED�
\�DEDMR���

E��'HPXHVWUD�TXH�
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  ��

F��'HPXHVWUD�TXH�OD�JUDYHGDG�SXHGH�FDOFXODUVH�FRPR�
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7RPDPRV�YDULDV�PHGLGDV�H[SHULPHQWDOHV�DEULHQGR�HO�JULIR�PiV�R�PHQRV�SDUD� WHQHU�
GLVWLQWRV�FDXGDOHV��(Q�FDGD�FDVR�PHGLPRV�FRQ�XQD�UHJOD�ORV�GLiPHWURV�GHO�FKRUUR��D�
OD�VDOLGD�GHO�JULIR� \� WUDV� OD�FDtGD�� \� OD�DOWXUD�GH� OD�FDtGD�� \�PHGLPRV�HO� YROXPHQ�GH�
DJXD�UHFRJLGR�HQ�XQ�UHFLSLHQWH�\�FRQ�XQ�FURQyPHWUR�HO�WLHPSR�GH�UHFRJLGD�GH�DJXD��
7RGDV�ODV�PHGLGDV�H[SHULPHQWDOHV�VH�GDQ�HQ�OD�WDEOD��

*ULIR� �D ��PP�� D ��PP�� h ��FP�� V ��P/�� t ��V��
FDVR��� �� ���� ��� ��� �����
FDVR��� �� ���� ��� ���� �����
FDVR��� �� ���� ��� ���� �����
FDVR��� ��� ���� ��� ���� ����

G��&DOFXOD�ORV�FXDWUR�FDXGDOHV��HQ�OLWURV�KRUD��

H��&DOFXOD�HO�YDORU�GH�g�FRQ�ODV�PHGLGDV�WRPDGDV��&DOFXOD�HO�YDORU�PHGLR���

I�� ¢4Xp�PHGLGD� HV�PiV� LQH[DFWD"�5HFDOFXOD� HO� YDORU�PHGLR� GH� g� HOLPLQDQGR� GLFKD�
PHGLGD��

J�� ¢4Xp�PDJQLWXG� FUHHV� TXH� LQIOX\H�PiV� HQ� HO� HUURU� FRPHWLGR� DO� GHWHUPLQDU�g� FRQ�
HVWH�SURFHGLPLHQWR"��

K�� ¢&XiQWR� YDOH� HO� GLiPHWUR� GH� XQ� FKRUUR� TXH� VDOH� SRU� XQD� WXEHUtD� GH� ��� FP� GH�
GLiPHWUR�FRQ�XQ�FDXGDO�GH���OLWUR�V��GHVSXpV�GH�FDHU�GHVGH����PHWURV�GH�DOWXUD"��
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5HVROXFLyQ�

D�� /D� GHPRVWUDFLyQ� HV� WULYLDO� WHQLHQGR� HQ� FXHQWD� ODV� HFXDFLRQHV� FLQHPiWLFDV� GH� OD�
FDtGD�OLEUH���
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E��(O�YROXPHQ�GH�DJXD�FRQWHQLGR�HQ�XQ�HOHPHQWR��FLOtQGULFR��LQILQLWHVLPDO�GHO�FKRUUR��
GH� DOWXUD� �v dt �� HV� �

� �� � �� � �dV D v dtS � HQ� OD� SDUWH� VXSHULRU� GHO� FKRUUR�� \�
�� � �� � �dV D vdtS �HQ�OD�SDUWH�LQIHULRU�GHO�FKRUUR��(QWRQFHV�HO�FDXGDO�HV�
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dt
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F��/D�H[SUHVLyQ�SDUD�FDOFXODU�OD�JUDYHGDG�GDGD�HQ�HO�HQXQFLDGR�VH�REWLHQH�DO�HOHYDU�DO�
FXDGUDGR� ODV� YHORFLGDGHV� GHO� DSDUWDGR� E� �HQ� IXQFLyQ� GHO� FDXGDO�� \� OOHYDUODV� D� OD�
H[SUHVLyQ�FLQHPiWLFD�GHO�DSDUWDGR�D���
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G��²�H��(O�FDXGDO�\�OD�JUDYHGDG�FDOFXODGRV�VH�LQGLFDQ�HQ�OD�VLJXLHQWH�WDEOD��

&DXGDO��/�K�� *UDYHGDG��P�V���
�� �����
��� ������
��� �����
���� ������

(O�YDORU�PHGLR�GH�OD�JUDYHGDG�D�SDUWLU�GH�ORV�FXDWUR�YDORUHV�UHVXOWD�
���� ����P�Vg  r ��

+HPRV� DVLJQDGR� FRPR� HUURU� OD� GHVYLDFLyQ� HVWiQGDU� GH� OD� PHGLD�� HV� GHFLU�� OD�
GHVYLDFLyQ� HVWiQGDU� GH� ODV� FXDWUR� PHGLGDV� GLYLGLGD� SRU� OD� UDt]� GHO� Q~PHUR� GH�
PHGLGDV�� �g nV ��FRQ�n� �����

I��/D�SULPHUD�PHGLGD�WLHQH�FODUDPHQWH�PiV�HUURU�TXH�ODV�GHPiV��7LHQH�VHQWLGR�\D�TXH�
HO�FKRUUR�GHO�SULPHU�JULIR�HV�PX\�HVWUHFKR�\�HO�HUURU�UHODWLYR�HQ�OD�PHGLGD�GH�GLiPHWURV�
GHEH�VHU�PD\RU��

'HVFDUWDQGR�OD�SULPHUD�PHGLGD��HO�YDORU�GH�OD�JUDYHGDG�HV�DKRUD�
����� ����P�Vg  r ��

J�� 6L� KDFHPRV� SURSDJDFLyQ� GH� HUURUHV� HQ� OD� H[SUHVLyQ� TXH� SHUPLWH� GHWHUPLQDU� OD�
JUDYHGDG��HQFRQWUDPRV�TXH�HO�HUURU�HQ�HO�GLiPHWUR�HV�HO�TXH�LQIOX\H�PiV��

K��'HVSHMDPRV�D�GH�OD�H[SUHVLyQ�GHO�DSDUWDGR�F�\�VH�REWLHQH�
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��������77LLUURR��GGHH��WWUUHHVV��
9DPRV� D� GHVFULELU� ORV� WLURV� D� FDQDVWD� PHGLDQWH� OD� FLQHPiWLFD� GHO� WLUR� SDUDEyOLFR��
'HVSUHFLDUHPRV�OD�UHVLVWHQFLD�FRQ�HO�DLUH��

6LWXDPRV�HO�RULJHQ�GH�FRRUGHQDGDV�HQ�
OD�SHORWD�DQWHV�GH�ODQ]DUOD��/ODPDPRV�
d� D� OD� GLVWDQFLD� GH� OD� SHORWD� D� OD�
FDQDVWD� \� h� D� GLIHUHQFLD� GH� DOWXUD�
HQWUH� OD� FDQDVWD� \� OD� SHORWD�� 'H� HVWD�
PDQHUD�� OD� FDQDVWD� HVWi� HQ� HO� SXQWR�
�d��h����

6HD� 0v �OD�YHORFLGDG�GH�ODQ]DPLHQWR�GH�
OD�SHORWD�\�D �HO�iQJXOR�PHGLGR�GHVGH�
OD�KRUL]RQWDO��

D��'HPXHVWUD�TXH�OD�HFXDFLyQ�GH�OD�WUD\HFWRULD�TXH�VLJXH�OD�SHORWD�HV�

� �
�
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�WDQ � �� WDQ �
�
gy x x
v
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E��'HVSHMD�HO�iQJXOR�GH�OD�HFXDFLyQ�DQWHULRU�H�LQGLFD�GH�PDQHUD�UD]RQDGD�FXiO�GH�ODV�
GRV�VROXFLRQHV�HV�³OHJDO´�VHJ~Q�OD�QRUPDWLYD�GHO�EDORQFHVWR��

F��'HPXHVWUD�TXH� OD�YHORFLGDG�PtQLPD�GH� ODQ]DPLHQWR��SDUD�SRGHU� OOHJDU�D�FDQDVWD�
FRQ�DOJ~Q�iQJXOR��YLHQH�GDGD�SRU�OD�H[SUHVLyQ�

� �� � �
PLQv g h h d � � ��

G��6L�HO�MXJDGRU�VDOWD�GH�IRUPD�TXH�OD�SHORWD�HVWi�DO�PLVPR�QLYHO�TXH�OD�FDQDVWD�HQ�HO�
PRPHQWR� GH� ODQ]DU� �h�  � ���� ¢FXiO� GH� VHU� HO� iQJXOR� GH� ODQ]DPLHQWR� SDUD� KDFHU� HO�
HVIXHU]R�PtQLPR"�

H�� 8Q� MXJDGRU� KDFH� XQ� WLUR� GHVGH� OD� OtQHD� GH� WUHV� SXQWRV�� VLWXDGD� D� ����� P� GH� OD�
FDQDVWD��&XDQGR�ODQ]D��VRVWLHQH�OD�SHORWD�D�XQD�DOWXUD�TXH�TXHGD���P�SRU�GHEDMR�GHO�
QLYHO� GH� OD� FDQDVWD�� 2EWpQ� OD� YHORFLGDG�PtQLPD� TXH� SXHGH� LPSULPLU� DO� ODQ]DPLHQWR�
SDUD�OOHJDU�DO�DUR�\�HO�iQJXOR�FRQ�HO�TXH�GHEH�ODQ]DU��

I��3DUD�HO�FDVR�DQWHULRU��XWLOL]D�HO�SULQFLSLR�GH�FRQVHUYDFLyQ�GH�OD�HQHUJtD�\�FDOFXOD�OD�
YHORFLGDG�GH�OD�SHORWD�FXDQGR�OOHJD�D�OD�FDQDVWD���

�

5HVROXFLyQ�

/D� SHORWD� SDUWH� GHO� SXQWR� ��� �� � \� KD� GH� DOFDQ]DU� HO� SXQWR� � � �d h �� FRQ� OR� FXDO� OD�
WUD\HFWRULD�YHQGUi�GDGD�SRU�ODV�HFXDFLRQHV�GHO�WLSR�SDUDEyOLFR��
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8QD�YH]�WHQHPRV�HO�SODQWHDPLHQWR�LQLFLDO�KHFKR��HPSH]DPRV�HO�HMHUFLFLR��
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D��'H� OD� SULPHUD� HFXDFLyQ� REWHQHPRV�
� FRV

xt
v D

 �� FRQ� OR� FXDO�� VXVWLWX\HQGR� HQ� OD�

VHJXQGD�HFXDFLyQ��QRV�TXHGD�
�

� �
� � � �

� � �

� �VLQ WDQ �� WDQ �
FRV � �FRV
x x gy v g x x

v v v
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E��+DFHPRV�ORV�FDPELRV�GH�YDULDEOH� WDQ� �A D �\� �
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gb
v

 ��GH�IRUPD�TXH�OD�HFXDFLyQ�

GHO�DSDUWDGR�DQWHULRU�TXHGD�GH�OD�IRUPD�
� � � � ��� �y Ax b A x Ax bx bA x � �  � � ��

&RPR� QXHVWUR� REMHWLYR� HV� GHVSHMDU� A�� HVFULELPRV� OD� DQWHULRU� HFXDFLyQ� FRPR�
�

�
� � �yA A

bx x b
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'HVKDFLHQGR�HO�FDPELR� WDQA D ��\�VDELHQGR�TXH�DO� OOHJDU�D�FDQDVWD� � � � � � �x y d h �
REWHQHPRV�
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'H�ODV�GRV�VROXFLRQHV�VyOR�XQD�HV�OHJDO��&RPR�OD�SHORWD�QR�SXHGH�HQWUDU�SRU�GHEDMR��
OD� VROXFLyQ� HV� OD� FRUUHVSRQGLHQWH� DO�PD\RU� iQJXOR�� HV� GHFLU�� HO� TXH� SRVHH� HO� VLJQR�
SRVLWLYR��
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F��3DUD� TXH� KD\D� VROXFLyQ� ItVLFD� �UHDO��� HO� FRQWHQLGR� GH� OD� UDt]� FXDGUDGD� GHEH� VHU�
SRVLWLYR���
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/D�YHORFLGDG�LQLFLDO�PtQLPD�SRVLEOH�UHVXOWD�
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G��6L�h� ���WHQHPRV�TXH� �
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H�� &RQ� ORV� GDWRV� GHO� HQXQFLDGR�
SRGHPRV� KDFHU� XQ� VHQFLOOR� GLDJUDPD�
TXH� QRV� D\XGH� HQ� OD� UHVROXFLyQ� GHO�
HMHUFLFLR��

6XVWLWX\HQGR� ORV� GDWRV� TXH� QRV�
SURSRUFLRQD� HO� HQXQFLDGR� HQ� OD�
HFXDFLyQ� REWHQLGD� HQ� HO� DSDUWDGR� F��
REWHQHPRV�

� �� � � �
� � � ���� �������P�V�v g � �  ��

&RQ�OR�FXDO�UHVXOWD�XQD�YHORFLGDG�LQLFLDO�PtQLPD�� � �����P�Vv  ���

3DUD� REWHQHU� HO� iQJXOR� FRQ� HO� TXH� HO� MXJDGRU� GHEH� ODQ]DU� OD� SHORWD�� WHQHPRV� HQ�

FXHQWD�OD�YHORFLGDG�PtQLPD�\D�REWHQLGD��\�GHVSHMDPRV�GH�
�
�WDQ v

g d
D  �REWHQLHQGR�
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� � �WDQ � �
���� ����

v h h h d h
g d d dd
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<�HO�iQJXOR�SHGLGR�HV�

�����D  ��

I��$SOLFDQGR�HO�SULQFLSLR�GH�FRQVHUYDFLyQ�GH�OD�HQHUJtD�HV�IiFLO�GHVSHMDU�OD�YHORFLGDG�
ILQDO�GH�OD�SHORWD��
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mv mgh mv v v gh � o  � ��

6XVWLWXLPRV�ORV�YDORUHV�REWHQLGRV�DQWHULRUPHQWH��
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� �

v � � ��

GH�GRQGH��GHVSHMDQGR��REWHQHPRV�
� ����� � ��� � �����P�Vv v � � � o  ��
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6DEHU�PiV�

+D\�WRGDYtD�PXFKD�PiV�ItVLFD�HQ�HO�EDORQFHVWR��OD�URWDFLyQ�\�HIHFWR�GHO�EDOyQ��HO�VDOWR�
GH�ORV�MXJDGRUHV��HO�UHERWH�HQ�HO�WDEOHUR��OD�IRUPD�GH�OD�SHORWD«�� �
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��������((OO��HHTTXXLLYYDDOOHHQQWWHH��PPHHFFiiQQLLFFRR��GGHHOO��FFDDOORRUU��
(O� H[SHULPHQWR� GH� -RXOH� GHPRVWUy� TXH� OD� HQHUJtD�
PHFiQLFD�SRGtD�WUDQVIRUPDUVH�tQWHJUDPHQWH�HQ�FDORU��
8Q� UHFLSLHQWH� DLVODGR� WpUPLFDPHQWH� FRQWLHQH� XQD�
PDVD� GH� DJXD�� FRQ� XQ� WHUPyPHWUR� SDUD� PHGLU� VX�
WHPSHUDWXUD��\�XQ�HMH�FRQ�XQDV�SDOHWDV�TXH�VH�SRQHQ�
HQ�PRYLPLHQWR� SRU� OD� DFFLyQ� GH� XQD� SHVD�� /D� SHVD�
FDH�\�SLHUGH�HQHUJtD�SRWHQFLDO��&RPR�FRQVHFXHQFLD��
HO�DJXD�DJLWDGD�SRU�ODV�SDOHWDV�VH�FDOLHQWD���

5HDOL]DPRV�HO�H[SHULPHQWR�FRQ�XQD�PDVD�GH�DJXD�GH�
���� J� LQLFLDOPHQWH� D� ��� �&��8WLOL]DPRV�XQD�SHVD� GH�
���NJ��0HGLPRV�OD�WHPSHUDWXUD�TXH�YD�DOFDQ]DQGR�HO�
DJXD� D� PHGLGD� TXH� OD� SHVD� GHVFLHQGH� GLVWLQWDV�
DOWXUDV���

$OWXUD��FP�� T���&��
����� �����
����� �����
����� �����
����� �����
���� �����

D��5HSUHVHQWD�HQ�XQD�JUiILFD�HO� LQFUHPHQWR�GH� WHPSHUDWXUD�HQ� IXQFLyQ�GH� OD�DOWXUD��
$MXVWD�ORV�SXQWRV�D�XQD�UHFWD��2EWpQ�VX�SHQGLHQWH��

E��&RQ�OD�SHQGLHQWH�DQWHULRU�FDOFXOD�OD�UHODFLyQ�HQWUH�OD�XQLGDG�GH�HQHUJtD��MXOLR��\�OD�
XQLGDG�GH�FDORU� �FDORUtD���VDELHQGR�TXH�HO�FDORU�HVSHFtILFR�GHO�DJXD�HV���FDO��J� �&���
¢4Xp�HUURU�H[SHULPHQWDO�KHPRV�FRPHWLGR��YDORU�H[DFWR����FDO� �������-���

F��6XSyQ�TXH�VyOR�GLVSRQHPRV�GH�XQD�SHVD�GH���NJ�\�GH�XQD�DOWXUD�SDUD�GHMDU�FDHU�OD�
SHVD�GH���P��3HUR�TXHUHPRV�DXPHQWDU��� �&� OD� WHPSHUDWXUD�GH� OD�PDVD�DQWHULRU�GH�
DJXD������J���¢&yPR�KDUtDV�HO�H[SHULPHQWR"�

�

5HVROXFLyQ�

D��+DFHPRV�OD�WDEOD�\�OD�JUiILFD�FRQ�ORV�YDORUHV�GDGRV�\�HO�LQFUHPHQWR�GH�WHPSHUDWXUD�
UHVSHFWR�DO�YDORU�LQLFLDO������&��GHSHQGLHQGR�GH�OD�DOWXUD��
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+HPRV� DMXVWDGR� ORV� SXQWRV� D� XQD� UHFWD� y px �� GRQGH� y� HV� HO� LQFUHPHQWR� GH�
WHPSHUDWXUD� HQ� JUDGRV� &HOVLXV�� x� HV� OD� DOWXUD� \� p� HV� OD� SHQGLHQWH�� 'H� OD� UHFWD�
H[SHULPHQWDO�REWHQHPRV�XQD�SHQGLHQWH� �������&�FPp | ���

E��3DUD�REWHQHU�OD�HTXLYDOHQFLD�HQHUJpWLFD�EDVWD�FRQ�WHQHU�HQ�FXHQWD�TXH���

S
M gE M g h mC T T h y p h
mC

  ' o '  o  ��

7HQHPRV�ODV�PDVDV�GHO�DJXD�\�GH�OD�SHVD��m� �����J��M� ����NJ���,JXDODQGR��
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M g M gp C
mC p m

�
 o    

�
��

&RPR�HO�HQXQFLDGR�QRV�GDED�HO�GDWR�GHO�FDORU�HVSHFtILFR�GHO�DJXD��HV� IiFLO� FRQFOXLU�
TXH�OD�HTXLYDOHQFLD�HQHUJpWLFD�HQWUH�OD�XQLGDG�HQHUJpWLFD�\�OD�GHO�FDORU�HV�

��FDO�§�������-��

&RPR�HO�YDORU�H[DFWR�HV���FDO� �������-��QXHVWUR�HUURU�H[SHULPHQWDO�HV��

������ ������ � ����� ��� ������ u  ��

F��$KRUD�WHQHPRV�XQD�SHVD�GH�PDVD�M� ���NJ�\�XQD�DOWXUD�Pi[LPD�GH�WUDEDMR�GH���P��
/D�PDVD�GH�DJXD�VLJXH�VLHQGR�m� �����J��

9ROYHPRV�D�XWLOL]DU� ODV� IyUPXODV�GH� OD� HQHUJtD� SRWHQFLDO�� SDUD� REWHQHU� OD� DOWXUD�D� OD�
TXH�KDEUtD�TXH�ODQ]DU�OD�SHVD�SDUD�DXPHQWDU�OD�WHPSHUDWXUD����&��

�
����J�î���FDO�J�&�î����& ������- ������P

����-�P��NJ�î�����P�V
M g h mC T h ' o    ��

$Vt��XQD�SRVLEOH�VROXFLyQ�DO�HMHUFLFLR�VHUtD�WLUDU� OD�SHVD����YHFHV�GHVGH�HVD�DOWXUD��\�
OXHJR�WLUDUOD�XQD�~OWLPD�YH]�GHVGH�XQD�DOWXUD�GH����FP��

�

6DEHU�PiV�

/D�GHVFULSFLyQ�GHO�H[SHULPHQWR�GH�-RXOH�SDUD�PHGLU�HO�HTXLYDOHQWH�PHFiQLFR�GHO�FDORU�
VH�HQFXHQWUD�HQ�HO�DUWtFXOR��

-RXOH��-�3�����������2Q�WKH�0HFKDQLFDO�(TXLYDOHQW�RI�+HDW���Phil. Trans. Royal Society�
�����SS���������
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��������00DDUUHHDDVV��OOXXQQDDUUHHVV��
(O� IHQyPHQR� GH� ODV�PDUHDV� VH� GHEH� D� TXH� HO� FDPSR� JUDYLWDWRULR� SURGXFLGR� SRU� OD�
/XQD��R�SRU�HO�6RO��VREUH�OD�7LHUUD�QR�HV�KRPRJpQHR��\D�TXH�KD\�SXQWRV�PiV�DOHMDGRV�
TXH�RWURV�GHO�DVWUR�TXH�HMHUFH�OD�IXHU]D��

�
/ODPDPRV�R�DO�UDGLR�GH�OD�7LHUUD��d�D�OD�GLVWDQFLD�GH�OD�/XQD�DO�FHQWUR�GH�OD�7LHUUD��M�
D�OD�PDVD�GH�OD�/XQD�\�m�D�OD�PDVD�GH�XQ�FXHUSR�FXDOTXLHUD�VLWXDGR�HQ�OD�7LHUUD��

&RQVLGHUDPRV� TXH� OD� 7LHUUD� HV� HVIpULFD� \� GHVSUHFLDPRV� OD� LQFOLQDFLyQ� GH� VX� HMH��
6XSRQHPRV�TXH�QR�KD\�FRQWLQHQWHV�\�TXH�WRGD�OD�VXSHUILFLH�WHUUHVWUH�HVWi�FXELHUWD�GH�
XQD�FDSD�GH�DJXD��

'HILQLFLyQ��/D�fuerza de marea�� 3f ��HQ�XQ�SXQWR�3�GH�OD�VXSHUILFLH�GH�OD�7LHUUD�HV�LJXDO�
D�OD�GLIHUHQFLD�HQWUH�OD�IXHU]D�GH�DWUDFFLyQ�TXH�HMHUFH�OD�/XQD�VREUH�XQ�REMHWR�VLWXDGR�
HQ�GLFKR�SXQWR�� 3F ��\�OD�IXHU]D�GH�DWUDFFLyQ�VREUH�HO�REMHWR�VL�HVWXYLHVH�HQ�HO�FHQWUR�
GH�OD�7LHUUD�� 2F ��(V�GHFLU�� 3 3 2f F F �

G G G
��

&RQVLGHUD�WUHV�SXQWRV�$��%�\�&�HQ�OD�VXSHUILFLH�GH�OD�7LHUUD�\�XQ�SXQWR�2�HQ�VX�FHQWUR��
/DV�IXHU]DV�GH�PDUHD��HQ�PyGXOR��HQ�ORV�SXQWRV�$��%�\�&�VRQ�

$ % & �� � G M mf f f R
d
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D�� 'HPXHVWUD� OD� H[SUHVLyQ� DQWHULRU� D� SDUWLU� GH� OD� GHILQLFLyQ� GH� ³IXHU]DV� GH�PDUHD´��
$\XGD�� WRPD� R d� � SDUD� KDFHU� ODV� DSUR[LPDFLRQHV� RSRUWXQDV�� OD� FRPSRQHQWH�
KRUL]RQWDO�GH� &f �SXHGH�GHVSUHFLDUVH��

E��(VFULEH�HVWDV�IXHU]DV�GH�PDUHD�HQ�IRUPD�YHFWRULDO��

F��&DOFXOD�VXV�YDORUHV�QXPpULFRV�SDUD�XQD�PDVD�GH�DJXD�GH���NJ��WHQLHQGR�HQ�FXHQWD�
HVWRV�GDWRV��UDGLR�GH�OD�7LHUUD� ������NP��GLVWDQFLD�7LHUUD�/XQD� ���������NP��PDVD�
GH� OD� /XQD�  � ����î����� NJ��&RPSDUD� FUtWLFDPHQWH� ORV� UHVXOWDGRV� FRQ�HO� SHVR� GH� OD�
PDVD�GH�DJXD��

G��5HSUHVHQWD�HO�DVSHFWR�TXH�WLHQH�HO�FDPSR�GH�IXHU]DV�GH�PDUHD�VREUH�OD�VXSHUILFLH�
GH�OD�7LHUUD���5HSUHVHQWD�IOHFKLWDV�D�OR�ODUJR�GH�OD�FLUFXQIHUHQFLD�WHUUHVWUH�LQGLFDQGR�HO�
VHQWLGR�GH�OD�IXHU]D�HQ�FDGD�SXQWR���

H��'LEXMD� OD� IRUPD�TXH� WLHQH� OD�FDSD�GH�DJXD�VREUH� OD�VXSHUILFLH� WHUUHVWUH�FXDQGR� OD�
/XQD�HVWi�HQ�OD�SRVLFLyQ�GH�OD�ILJXUD��'LVFXWH�VL�OD�GHIRUPDFLyQ�GHO�DJXD�FDXVDGD�SRU�
ODV�PDUHDV�SXHGH�WHQHU�DOJ~Q�HIHFWR�VREUH�OD�URWDFLyQ�GH�OD�7LHUUD��
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I��/DV�VLJXLHQWHV�JUiILFDV�UHSUHVHQWDQ� OD�DOWXUD�GHO�DJXD�HQ�GRV� OXJDUHV�FRVWHURV�GH�
$UJHQWLQD�� 'HVFULEH� OD� PDUHD� GH� 3XHUWR� /R\ROD� PHGLDQWH� XQD� IXQFLyQ� RVFLODWRULD��
,QGLFD�FXiQWR�YDOH�OD�DPSOLWXG��WRPD�XQ�YDORU�PHGLR�DSUR[LPDGR��\�HO�SHUtRGR��

�
J��¢7H�VRUSUHQGH�HO�YDORU�GHO�SHUtRGR�REWHQLGR�HQ�HO�DQWHULRU�DSDUWDGR"��¢SRU�TXp"�

K��&RQVLGHUD�XQD�FHQWUDO�GH�HQHUJtD�PDUHRPRWUL]�TXH�DSURYHFKD�XQD�ODJXQD�GH���NP��
GH�VXSHUILFLH�VXMHWD�D�PDUHDV�GH���P�GH�DOWXUD��(VWLPD�OD�SRWHQFLD��HQ�YDWLRV��GH�HVWD�
FHQWUDO��

�

5HVROXFLyQ�

&RPHQ]DPRV�KDFLHQGR�XQ�HVTXHPD�FRQ�ODV�IXHU]DV�DFWXDQWHV�TXH�QRV�D\XGDUi�HQ�OD�
UHVROXFLyQ�GHO�SUREOHPD��

�

D��\�E��&RPR�OD�UHVROXFLyQ�GH�DPERV�DSDUWDGRV�HV�VLPLODU��ODV�KDFHPRV�MXQWDV��

&RPHQ]DPRV�GHILQLHQGR�OD�IXHU]D�TXH�HMHUFH�OD�/XQD�VREUH�ORV�SXQWRV�$��%��2�\�&��
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F��&RQ� ORV�GDWRV�GHO�HQXQFLDGR��FRQ�XQD�PDVD�GH�DJXD�GH���NJ��VXVWLWXLPRV�HQ� ODV�
HFXDFLRQHV�SDUD�HO�PyGXOR�GH�ODV�IXHU]DV�GHO�HMHUFLFLR�DQWHULRU��
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/DV� IXHU]DV� GH� PDUHD� VRQ� PXFKR� PHQRUHV� TXH� HO� SHVR� GHELGR� D� OD� JUDYHGDG�
WHUUHVWUH��

G��3DUD�OD�ORQJLWXG�GH�ORV�YHFWRUHV�WHQHPRV�HQ�FXHQWD�TXH� % $f f 
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�
(O�GLEXMR�HV�HO�PLVPR�WDQWR�VL�OD�/XQD�HVWi�HQ�OD�SDUWH�GHUHFKD�FRPR�HQ�OD�L]TXLHUGD��

H�� /DV� IXHU]DV� GH�PDUHD� SURGXFHQ� HQ� OD� FDSD� GH� DJXD� XQD� GHIRUPDFLyQ� TXH� HVWi�
VLQFURQL]DGD�FRQ�OD�yUELWD�OXQDU��

�
/DV� PDUHDV� FDXVDQ� XQD� GHVDFHOHUDFLyQ� HQ� OD� URWDFLyQ� GH� OD� 7LHUUD�� &RPR� HO�
DEXOWDPLHQWR� GH� OD�PDUHD�VH�RULHQWD�KDFLD� OD�/XQD� \� OD�7LHUUD�JLUD� KDFLD�HO�(VWH��HO�
DUUDVWUH� GH� OD� FDSD� GH� DJXD� GHELGR� D� OD� IULFFLyQ� FRQ� OD� FRUWH]D� WHUUHVWUH� IUHQD� OD�
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URWDFLyQ�GH�OD�7LHUUD��$Vt��HO�SHUtRGR�GH�URWDFLyQ�WHUUHVWUH�GLVPLQX\H�SURJUHVLYDPHQWH��
$O�PLVPR�WLHPSR��OD�/XQD�VH�DOHMD�SRFR�D�SRFR�GH�OD�7LHUUD��

I��2EWHQHPRV�HO�SHULRGR�D�SDUWLU�GH� OD�JUiILFD��HQ� OD� UHJLyQ�GH�/R\ROD��3RGHPRV�YHU�
TXH� VH� SURGXFHQ�DSUR[LPDGDPHQWH� ��� RVFLODFLRQHV� HQ� XQ� SHULRGR� GH� ��� GtDV� R� ���
RVFLODFLRQHV�HQ����GtDV��7RPDPRV�OD�PHGLD�GH�HVWDV�GRV�HVWLPDFLRQHV��

�
(QWRQFHV��OD�IUHFXHQFLD�\�HO�SHUtRGR�GH�RVFLODFLyQ�VRQ�

�� ���FLFORV � ������FLFORV�GtD �����GtDV
�� ���GtDV ����

f T
f

�
  o    

�
��

7DPELpQ� SRGHPRV� REVHUYDU� TXH� HO� YDORU� PHGLR� GH� OD� DOWXUD� GHO� PDU�� PHGLDh �� HQ� HO�
SXQWR�GH�PHGLFLyQ�HV�DSUR[LPDGDPHQWH���P��\�TXH�OD�DPSOLWXG�PHGLD�GH�OD�RVFLODFLyQ��
A���HV�GH�XQRV���P���

$Vt��OD�IXQFLyQ�TXH�GHVFULEH�OD�DOWXUD�GHO�DJXD�HQ�HO�SXQWR�GH�PHGLFLyQ�GH�OD�UHJLyQ�GH�
/R\ROD��SXHGH�HVFULELUVH�GH�IRUPD�DUPyQLFD���

� � � �PHGLD FRVh t h A tZ M � � ��

GRQGH� � � �T fZ S S  ��\� M � LQGLFD�HO�GHVIDVH�HQWUH� OD�SOHDPDU��PDUHD�DOWD��\�LQLFLR�
GHO�PHV��7HQHPRV�HQ�FXHQWD�TXH�HO�GtD����R�HO�GtD����KD\�SOHDPDU��DOWXUD�Pi[LPD���
6XVWLWXLPRV�HQ�OD�IyUPXOD�\�WHQHPRV�OD�H[SUHVLyQ��

� � � �� �FRV � ����h t tS � � ��

GRQGH�OD�DOWXUD�HVWi�H[SUHVDGD�HQ�PHWURV�\�HO�WLHPSR�HQ�GtDV���

J��'HELGR�D�OD�URWDFLyQ�WHUUHVWUH��WHQLHQGR�OD�/XQD�HQ�XQD�SRVLFLyQ�ILMD��VH�SURGXFLUtD�
XQD� SOHDPDU� FDGD� PHGLR� GtD� WHUUHVWUH� R� GtD� VLGHUDO� �UHFRGHPRV� TXH� pVWH� YDOH� ���
KRUDV�� ��� PLQXWRV� \� �� VHJXQGRV�  � ������� V��� (O� SHUtRGR� REWHQLGR� HV� GH�
DSUR[LPDGDPHQWH������GtDV�HQ�YH]�����GtDV��(OOR�HV�GHELGR�TXH�XQ�GtD�OXQDU�HV�PD\RU�
TXH�XQ�GtD� WHUUHVWUH��(O� GtD� OXQDU�HV�HO� LQWHUYDOR�GH� WLHPSR�HQWUH�XQ�]pQLW� OXQDU� \�HO�
VLJXLHQWH��HV�GHFLU��HO�WLHPSR�HPSOHDGR�SRU�OD�7LHUUD�SDUD�URWDU�XQD�YH]�FRQ�UHODFLyQ�D�
OD�/XQD��&RPR�OD�/XQD�JLUD�DOUHGHGRU�GH�OD�7LHUUD�HQ�OD�PLVPD�GLUHFFLyQ�TXH�OD�7LHUUD�
URWD�VREUH�VX�HMH��WUDQVFXUUH�DOJR�PiV�GH�XQ�GtD�SDUD�TXH�YHDPRV�GH�QXHYR�D�OD�/XQD�
HQ� OD�PLVPD�SRVLFLyQ�VREUH�HO�FLHOR��3XHGH�FDOFXODUVH�TXH���GtD� OXQDU�HV� LJXDO�D����
KRUDV�\������PLQXWRV�§������GtDV�WHUUHVWUHV��TXH�HV�HO�UHVXOWDGR�REWHQLGR��

K��&RQ�ORV�GDWRV�GH�OD�VXSHUILFLH�\�OD�DOWXUD�GH�OD�PDUHD��S� ���NP��\�h� ���P��KD\�TXH�
REWHQHU�OD�SRWHQFLD�GH�OD�FHQWUDO�HQHUJpWLFD��/D�SRWHQFLD�YLHQH�GDGD�SRU�
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GRQGH�E�HTXLYDOH�D�OD�HQHUJtD�SRWHQFLDO�GH�XQD�PDVD�m�GH�DJXD�TXH�VXEH�\�EDMD�SRU�
DFFLyQ�GH�OD�PDUHD�FDGD�LQWHUYDOR�GH�WLHPSR�t���HV�GHFLU��

�p
hE m g ��

&RPHQ]DPRV�REWHQLHQGR�OD�PDVD�GHO�DJXD��\D�TXH�HO�UHVWR�GH�GDWRV�QHFHVDULRV�ORV�
WHQHPRV��$�SDUWLU�GH�OD�VXSHUILFLH�GH�DJXD�GH�OD�TXH�GLVSRQH�OD�FHQWUDO�\�GH�OD�DOWXUD�
GH�pVWD��SRGHPRV�FDOFXODU�HO�YROXPHQ�WRWDO�GH�XQ�SDUDOHStSHGR�GH�DJXD��

� � � ���� � � � �� �PV S h  �  u ��

&RPR�VDEHPRV�OD�GHQVLGDG�GHO�DJXD�� � ��� �NJ�PU  ���REWHQHPRV�OD�PDVD��

� � ��� � �� � �� �NJm VU  � �  u ��

$Vt��OD�HQHUJtD�SRWHQFLDO�UHVXOWD�

� ���� �� ��� � �� �-
�pE  � � � | u ��

3HUR�HVWD�HQHUJtD�VH�REWLHQH�HQ� ODV������KRUDV�TXH�GXUD�XQD�PDUHD��FRQ� OR�FXDO� OD�
SRWHQFLD�VHUi�
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6DEHU�PiV�

�6H�FDOFXOD�TXH�OD�GHVDFHOHUDFLyQ�GH�OD�7LHUUD�GHELGD�D�ODV�PDUHDV�OXQDUHV�SURGXFH�
XQ� DODUJDPLHQWR� GHO� GtD� HQ� ����PV� SRU� VLJOR�� 3RU� RWUD� SDUWH�� FRPR� OD� 7LHUUD� SLHUGH�
PRPHQWR�DQJXODU�GH�URWDFLyQ��OD�/XQD�JDQD�PRPHQWR�DQJXODU�RUELWDO�GH�PDQHUD�TXH�
VX� yUELWD� HV� OLJHUDPHQWH� HVSLUDO� DOHMiQGRVH� GH� OD� 7LHUUD� SRFR� D� SRFR�� +D\� RWURV�
IDFWRUHV�TXH�WDPELpQ�LQWHUYLHQHQ�HQ�OD�GHVDFHOHUDFLyQ�GH�OD�7LHUUD��FRPR�ODV�IXHU]DV�
JUDYLWDWRULDV�GH�OD�/XQD�VREUH�HO�PDQWR�GH�OD�7LHUUD�\�IDFWRUHV�DWPRVIpULFRV��

'HLQHV��6�'��\�:LOOLDPV��&�$����������³(DUWK¶V�URWDWLRQDO�GHFHOHUDWLRQ��GHWHUPLQDWLRQ�RI�
WLGDO�IULFWLRQ�LQGHSHQGHQW�RI�WLPHVFDOHV´��The Astronomical Journal���������SS����������

/RV� GDWRV� GH� ODV� PDUHDV� HQ� 3XHUWR� /R\ROD� \� 3XHUWR� 0DGU\Q� FRUUHVSRQGHQ� D� XQD�
DFWXDOL]DFLyQ� SDUD� HQHUR� GH� ������ WRPDGRV� GHO� 6HUYLFLR� GH� +LGURJUDItD� 1DYDO� GH�
$UJHQWLQD��KWWS���ZZZ�KLGUR�JRY�DU���

� (Q� OD� PD\RUtD� GH� ORV� OXJDUHV�� HO� FRQVWLWX\HQWH� PiV� LPSRUWDQWH� GH� ODV� PDUHDV�
OXQDUHV�VH�GHQRPLQD�constituyente principal semidiurna R�0���\� WLHQH�XQ�SHUtRGR�GH�
DSUR[LPDGDPHQWH����KRUDV�\������PLQXWRV��$XQTXH�ODV�PDUHDV�GHSHQGHQ�GH�PXFKRV�
IDFWRUHV� WDOHV� FRPR� HO� DOLQHDPLHQWR� GHO� 6RO� \� OD� /XQD�� OD� IRUPD� \� WDPDxR� GH� ORV�
RFpDQRV��OD�JHRPHWUtD�GH�OD�OtQHD�GH�FRVWD��HWF���

� �

http://www.hidro.gov.ar/


���
 
 

��������$$SSOOLLFFDDFFLLRRQQHHVV��GGHH��OORRVV��DDFFHHOOHHUUyyPPHHWWUURRVV��
8Q� DFHOHUyPHWUR� HV� XQ� LQVWUXPHQWR� SDUD�PHGLU� DFHOHUDFLRQHV�� ([LVWHQ� YDULRV� WLSRV��
PHFiQLFRV�� GH� SpQGXOR�� SLH]RHOpFWULFRV�� GH� FRQGHQVDGRU«� +D\� DFHOHUyPHWURV� HQ�
PXFKDV�FiPDUDV�GH�IRWRV��HQ�DOJXQRV�DXWRPyYLOHV��HQ�FDVL�WRGRV�WHOpIRQRV�PyYLOHV«�
<� FDVL� WRGRV� QRVRWURV� FRQRFHPRV� OD� FRQVROD� GH� MXHJRV�:LL�� HQ� HO� LQWHULRU� GH� FX\R�
PDQGR� KD\� XQ� DFHOHUyPHWUR� SDUD� GHWHFWDU� QXHVWURV� PRYLPLHQWRV� \� FRQWURODU� DO�
SHUVRQDMH�HQ�SDQWDOOD��

5HVSRQGH�D�HVWH�VXUWLGR�GH�FXHVWLRQHV�UHODFLRQDGDV�FRQ�GLVWLQWDV�DSOLFDFLRQHV�GH�ORV�
DFHOHUyPHWURV��

D�� (Q� HO� LQWHULRU� GH� XQ� YDJyQ� KD\� XQ� DFHOHUyPHWUR� EDVDGR� HQ� XQ� SpQGXOR� TXH� VH�
LQFOLQD�FXDQGR�HO�YDJyQ�VH�PXHYH�FRQ�XQD�DFHOHUDFLyQ�a��'HVFULEH�FyPR�REWHQHPRV�
OD�DFHOHUDFLyQ�VDELHQGR�HO�iQJXOR�D �GH�LQFOLQDFLyQ�GHO�SpQGXOR�HQ�HTXLOLEULR��
E��8Q�DFHOHUyPHWUR�PHFiQLFR�FRQVLVWH�HQ�XQ�GLQDPyPHWUR�GHO�TXH�FXHOJD�XQD�PDVD�
m��TXH�QRV�LQGLFD�OD�IXHU]D�F�DFWXDQWH��¢&yPR�SRGHPRV�REWHQHU�OD�DFHOHUDFLyQ"��

F�� 8Q� DFHOHUyPHWUR� GH� FRQGHQVDGRU� FRQVLVWH� HQ� XQD� PDVD�
FRORFDGD�HQWUH�GRV�PXHOOHV�TXH�HVWiQ�VXMHWRV�D�ODV�SODFDV�GH�XQ�
FRQGHQVDGRU��&XDQGR�OD�PDVD�VH�PXHYH�KRUL]RQWDOPHQWH�GHELGR�
D� XQD� DFHOHUDFLyQ� R� YLEUDFLyQ�� ORV� PXHOOHV� KDFHQ� TXH� YDUtH� OD�
VHSDUDFLyQ� HQWUH� ODV� SODFDV�� ¢&yPR� SXHGH� REWHQHUVH� OD�
DFHOHUDFLyQ�D�SDUWLU�GH�OD�FDSDFLGDG�GHO�FRQGHQVDGRU"��

G�� 8Q� DFHOHUyPHWUR� HPSOHDGR� SDUD� HVWXGLDU� ORV� GDxRV� D� SHUVRQDV� HQ� DFFLGHQWHV��
PHGLDQWH� dummies� �PXxHFR� GH� VLPXODFLyQ� GH� DFFLGHQWHV��� SXHGH� PHGLU�
GHVDFHOHUDFLRQHV�GH�KDVWD�����g��¢&XiQWDV�YHFHV�PiV�SHVDGD�GHEHUtD�VHU�OD�7LHUUD��
VLQ�FDPELDU�GH� WDPDxR��SDUD�FUHDU�HVD�DFHOHUDFLyQ"�¢&XiQWDV�YHFHV�PiV�SHTXHxD�
HQ�GLiPHWUR�GHEHUtD�VHU��VLQ�FDPELDU�GH�PDVD��SDUD�VRPHWHUQRV�D�HVD�DFHOHUDFLyQ"�

H��8Q�DFHOHUyPHWUR�SLH]RHOpFWULFR�VH�DFRSOD�D�OD�FDMD�GH�XQD�JXLWDUUD�SDUD�PHGLU�VXV�
YLEUDFLRQHV��(VWi�FRQHFWDGR�D�XQ�RVFLORVFRSLR�TXH�QRV�GD�HO�HVSHFWUR�GH�IUHFXHQFLDV�
GH�YLEUDFLyQ��+DFHPRV�YLEUDU�OD�SULPHUD�FXHUGD��QRWD�PL��\�HO�RVFLORVFRSLR�QRV�GD�XQD�
IUHFXHQFLD�GH�����+]��¢4Xp�IUHFXHQFLD�GHWHFWDUHPRV�VL�DSUHWDPRV�OD�FXHUGD�FRQWUD�HO�
PiVWLO�DFRUWiQGROD�D�����GH�VX�ORQJLWXG�LQLFLDO"�

I��2WUD�DSOLFDFLyQ�HV�HQ� ORV�VLVPyJUDIRV�SDUD�PHGLU� ODV�FDUDFWHUtVWLFDV�GH� ODV�RQGDV�
VtVPLFDV��6L�XQD�RQGD�VtVPLFD�WLHQH�XQD�IUHFXHQFLD�GH����+]�\�YLDMD�D���NP�V�HQ�HO�
JUDQLWR��¢4Xp�ORQJLWXG�GH�RQGD�SRVHH"�

J��8WLOL]DPRV�XQ�WHOpIRQR�PyYLO�TXH�GLVSRQH�GH�XQ�DFHOHUyPHWUR�LQWHUQR�SDUD�PHGLU�
YHORFLGDGHV� GHO� SXxR� GH� XQ� ER[HDGRU� �HO� WHOpIRQR� OR� VXMHWD� FRQ� OD� PDQR��� ([SOLFD�
FyPR� UHODFLRQDUtDV� OD� FDQWLGDG� GH� PRYLPLHQWR� DGTXLULGD� SRU� HO� WHOpIRQR�� FRQ� OD�
DFHOHUDFLyQ�PHGLGD�SRU�VX�DFHOHUyPHWUR���
�
5HVROXFLyQ�

D��&RPHQ]DPRV�KDFLHQGR�XQ�GLEXMR�\�XQ�GLDJUDPD�GH�IXHU]DV��
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$�SDUWLU�GHO�GLDJUDPD��HV�IiFLO�REWHQHU�OD�DFHOHUDFLyQ�
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E�� +DFHPRV� GH� QXHYR� XQ� GLDJUDPD� TXH� QRV� D\XGH� D�
LQWHUSUHWDU�HO�HQXQFLDGR��/D�UHODFLyQ�HQWUH�OD�DFHOHUDFLyQ�\�
ODV�IXHU]DV�TXH�DFW~DQ�HV�

D � �F P F m g a �  � ��

'H� PDQHUD� TXH� SRGHPRV� REWHQHU� OD� DFHOHUDFLyQ��
FRQRFLGDV� OD� IXHU]D� F� PHGLGD� SRU� HO� GLQDPyPHWUR� \� OD�
PDVD�m�VXVSHQGLGD��

F m g Fa g
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F��6HD�XQ�FRQGHQVDGRU�SODQR�SDUDOHOR�FX\DV�SODFDV� WLHQHQ�
XQD� VXSHUILFLH� S� \� HVWiQ� VHSDUDGDV� XQD� GLVWDQFLD� d�� /D�
FDSDFLGDG�GHO�FRQGHQVDGRU�YLHQH�GDGD�SRU�
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(Q�HO�VLJXLHQWH�HVTXHPD�UHSUHVHQWDPRV�XQR�GH�ORV�SRVLEOHV�
GLVHxRV�GH�XQ�DFHOHUyPHWUR�FDSDFLWLYR��/D�PDVD��m��VXMHWD�
SRU�XQ�PXHOOH�D�XQ� ODWHUDO� ILMR��SXHGH�GHVSOD]DU�XQD�GH� ODV�
SODFDV�DFHUFiQGROD�R�DOHMiQGROD�GH�OD�RWUD�SODFD��ILMD���
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$O�FDPELDU�OD�VHSDUDFLyQ�GH�ODV�SODFDV��FXDQGR�KD\�XQD�DFHOHUDFLyQ��WDPELpQ�YDUtD�OD�
FDSDFLGDG�GHO�FRQGHQVDGRU��
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(O�YDORU�GH�x�VH�REWLHQH�PHGLDQWH�OD�OH\�GH�+RRNH��FRQRFLGD�OD�FRQVWDQWH�GHO�PXHOOH��

mama k x x
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$O�KDFHU�OD�GLIHUHQFLD�HQWUH�OD�FDSDFLGDG�LQLFLDO�\�OD�ILQDO��TXHGD�
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� � x x maC S S C C
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$Vt�� OD� DFHOHUDFLyQ� SXHGH� REWHQHUVH� D� SDUWLU� GH� ODV� YDULDFLRQHV� GH� OD� FDSDFLGDG�
PHGLDQWH�OD�H[SUHVLyQ��
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6L� DXPHQWD� OD� FDSDFLGDG� GHO� FRQGHQVDGRU�� �C' ! � �HV� GHFLU�� VH� KDQ� DFHUFDGR� ODV�
SODFDV���OD�DFHOHUDFLyQ�HV�QHJDWLYD��FRPR�VH�KD�UHSUHVHQWDGR�HQ�HO�GLEXMR�DQWHULRU��

G�� (O� HQXQFLDGR� GD� FRPR� GDWR� �� ����g g  �� OR� FXDO� MXQWR� D� OD� H[SUHVLyQ� GH� OD�
DFHOHUDFLyQ� GH� OD� JUDYHGDG� EDVWDUi� SDUD� REWHQHU� HO� SHVR� TXH� WHQGUtD� TXH� WHQHU� OD�
7LHUUD��FRQ�HO�PLVPR�UDGLR��SDUD�WHQHU�HVD�DFHOHUDFLyQ��\D�TXH��
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$Vt��OD�PDVD�GH�OD�7LHUUD�GHEHUtD�VHU�� 7����M M ��

'H� OD� RWUD� PDQHUD�� FDOFXODPRV� HO� UDGLR� TXH� WHQGUtD� OD� 7LHUUD� SHUR� PDQWHQLHQGR� OD�
PDVD�FRQVWDQWH��
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&RQ�OR�FXDO�HO�GLiPHWUR�WHUUHVWUH�VHUtD�FDVL����YHFHV�PHQRU��

H�� (O� HQXQFLDGR� GLFH� TXH� XQD� FXHUGD� GH� ORQJLWXG� �L � SURGXFH� XQD� IUHFXHQFLD� GH�
YLEUDFLyQ� GH� ����+]�� \� VH� QRV� SLGH� OD� IUHFXHQFLD� GH� OD�PLVPD� FXHUGD� FRQ� ORQJLWXG�

�� � �L L �� &RPR� HQ� OD� FXHUGD� VH� SURGXFHQ� RQGDV� HVWDFLRQDULDV�� SDUD� HO� PRGR�
IXQGDPHQWDO�SRGHPRV�H[SUHVDU�OD�ORQJLWXG�GH�OD�FXHUGD�HQ�IXQFLyQ�GH�OD�VHPLORQJLWXG�
GH�RQGD��
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6DELHQGR�TXH� �v fO  ��SRGHPRV�REWHQHU�OD�IUHFXHQFLD��
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&RQ�OR�FXDO��OD�IUHFXHQFLD�ILQDO�VHUi�GH�����+]��

I�� 7HQHPRV� XQD� RQGD� VtVPLFD� HQ� HO� JUDQLWR� GH� IUHFXHQFLD� ���+]f  � \� YHORFLGDG�
�

JUDQLWR ��NP�V � �� �P�Vv   u ��/D�ORQJLWXG�GH�RQGD�HV�
�� �� ����P

��
v
f

O �
   ��

J��/D�YDULDFLyQ�GH�OD�FDQWLGDG�GH�PRYLPLHQWR�YLHQH�UHODFLRQDGD�FRQ�OD�IXHU]D�GH�IRUPD�
OLQHDO��HV�GHFLU��
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�/RV�crash test dummy dummies� �PDQLTXt�SDUD�HQVD\RV�GH�FKRTXH�� VRQ�PXxHFRV�
DQWURSRPyUILFRV�D�HVFDOD�QDWXUDO�GH�ODV�SHUVRQDV��TXH�VH�XWLOL]DQ�SDUD�ODV�SUXHEDV�GH�
VHJXULGDG�GH� ORV�YHKtFXORV��,QFOX\HQ�PXOWLWXG�GH�VHQVRUHV�SDUD�FRQRFHU� OD�TXH�VHUtD�
OD� UHVSXHVWD� GHO� FXHUSR� HQ� ORV� DFFLGHQWHV� VLQ� QHFHVLGDG� GH� XWLOL]DU� FDGiYHUHV��
DQLPDOHV�R�SHUVRQDV�YROXQWDULDV��*UDFLDV�D�HVWRV�PXxHFRV�VH�KDQ�VDOYDGR�PXFKDV�
YLGDV��\D�TXH�SHUPLWHQ�PHMRUDU�HO�GLVHxR�GH�ORV�QXHYRV�PRGHORV�GH�YHKtFXORV���

�/RV�WHOpIRQRV�PyYLOHV�LQFOX\HQ�WUHV�DFHOHUyPHWURV��XQR�SDUD�FDGD�XQR�GH� ORV�HMHV�
HVSDFLDOHV��([LVWHQ�GLVWLQWDV�apps�TXH�SHUPLWHQ�REWHQHU�ORV�YDORUHV�GH�DFHOHUDFLyQ�\�
XWLOL]DU� DVt� HO� WHOpIRQR� FRPR� XQ� ODERUDWRULR� GH� ItVLFD�� 3RU� HMHPSOR�� XQD� GH� HVWDV�
DSOLFDFLRQHV�HV�Physical Phone Experiments��KWWSV���SK\SKR[�RUJ����

� �

https://phyphox.org/


���
 
 

��������&&DDOOHHQQWWiiQQGGRRQQRRVV��HHQQ��HHOO��**XXJJJJHHQQKKHHLLPP�� ��
6L� YLVLWDV�%LOEDR� WLHQHV� OD� RSRUWXQLGDG�GH� YHU� HO�PXVHR�*XJJHQKHLP��(V� XQ� HGLILFLR�
PX\� FXULRVR�� UHYHVWLGR� SRU� SODQFKDV� GH� WLWDQLR� VHJ~Q� OR� GLVHxy� VX� FUHDGRU� )UDQN�
*HKU\��TXH�VH�LQVSLUy�HQ�ODV�SOXPDV�\�HVFDPDV�GH�DQLPDOHV��

�

(Q�XQ�GtD�VROHDGR�WDQWR�HO�UHFXEULPLHQWR�GHO�*XJJHQKHLP�FRPR�HO�DJXD�GH�OD�UtD�GH�
%LOEDR�� D� VX� ODGR�� VH� FDOLHQWDQ� GHELGR� D� OD� UDGLDFLyQ� VRODU�� 6XSRQJDPRV� TXH� GRV�
PDVDV�LJXDOHV�GH�DJXD�\�GH�WLWDQLR�KDQ�DEVRUELGR�XQD�FDQWLGDG�LGpQWLFD�GH�FDORU��6L�OD�
PDVD�GH�DJXD�VH�KD�FDOHQWDGR����&��GHWHUPLQD�FXiQWRV�JUDGRV�VH�KDEUi�FDOHQWDGR�HO�
WLWDQLR���'HVSUHFLDPRV�OD�LQWHUDFFLyQ�FRQ�HO�HQWRUQR���

'DWRV�� FDORU� HVSHFtILFR� GHO� WLWDQLR�  � ����� -�NJÂ.�� FDORU� HVSHFtILFR� GHO� DJXD�  � �����
-�NJÂ.���

�

5HVROXFLyQ�

(O� HQXQFLDGR� QRV� SURSRUFLRQD� FRPR� GDWRV� TXH� ODV� PDVDV� GH� DJXD� \� WLWDQLR� VRQ�
LJXDOHV��\�TXH�HVWDV�DEVRUEHQ�OD�PLVPD�FDQWLGDG�GH�FDORU��6L�OODPDPRV�m�D�OD�PDVD�\�
Q�DO�FDORU��WHQHPRV�

PDVD�DJXD��+�2�� �PDVD�WLWDQLR��7L�� �m ��

<�XWLOL]DQGR�OD�IyUPXOD�GHO�FDORU�VHJ~Q�HO�SULPHU�SULQFLSLR�GH�OD�WHUPRGLQiPLFD��

� �+ 2 + 2 7L 7L�Q m c T m c T ' ' ���

GRQGH�
�+ 2c ��\� 7Lc �VRQ�ORV�FDORUHV�HVSHFtILFRV�GHO�DJXD�\�GHO�WLWDQLR��UHVSHFWLYDPHQWH��

'HVSHMDQGR�HO�LQFUHPHQWR�GH�WHPSHUDWXUD�GHO�WLWDQLR��
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/D�PDVD�GH�WLWDQLR�VH�KD�FDOHQWDGR���YHFHV�PiV�TXH�HO�DJXD�SXHV�VX�FDORU�HVSHFtILFR�
HV�XQDV���YHFHV�PHQRU���
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(O� FRUFKR� GH� XQ� SHVFDGRU� RVFLOD� YHUWLFDOPHQWH� VREUH� OD� VXSHUILFLH� GHO� DJXD� HQ� XQD�
]RQD� GH� SRFD� SURIXQGLGDG�� 6XSRQHPRV� TXH� HO� PRYLPLHQWR� RQGXODWRULR� GH� ODV� RODV�
SXHGH�GHVFULELUVH�PHGLDQWH� OD�H[SUHVLyQ� � � � VLQ� �y x t A t k xZ � ��6H� OODPD�altura�GH�
XQD�ROD��H��D�OD�GLIHUHQFLD�GH�DOWXUD�HQWUH�XQD�FUHVWD�\�XQ�YDOOH��3RU�RWUR�ODGR��VH�VDEH�
TXH�HQ�DJXDV�SRFR�SURIXQGDV� OD�YHORFLGDG�GH�SURSDJDFLyQ�GH� ODV�RODV�HV� v gh ��
GRQGH�h�HV�OD�SURIXQGLGDG�GH�DJXD��

6L�OD�SURIXQGLGDG�GHO�DJXD�HV���P��OD�DOWXUD�GH�ODV�RODV����FP�\�OD�ORQJLWXG�GH�RQGD����
P��REWpQ�HO�YDORU�GH�ODV�VLJXLHQWHV�PDJQLWXGHV��

D��(O�SHUtRGR�GH�RVFLODFLyQ�GHO�FRUFKR��

E��/D�YHORFLGDG�Pi[LPD�D�OD�TXH�RVFLOD�HO�FRUFKR�HQ�HO�HMH�<���

�
�

5HVROXFLyQ�

3ULPHUR�UHFRSLODPRV�ORV�GDWRV�TXH�QRV�SURSRUFLRQD�HO�HQXQFLDGR��HVFULELpQGRORV�HQ�HO�
6,��h� ���P��H� ����FP� �����P��\ߣ�� ����P��

D�� /D� HFXDFLyQ� TXH� UHODFLRQD� HO� SHULRGR� GH� RVFLODFLyQ� FRQ� OD� ORQJLWXG� GH� RQGD� HV�
�vTO  ��FRQ�OR�FXDO�XWLOL]DQGR�OD�UHODFLyQ� �v gh �GH�DJXDV�VRPHUDV��\�FRQ�ORV�GDWRV�

GHO�HQXQFLDGR��QRV�TXHGD�
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7DPELpQ�SRGHPRV�FRQRFHU�OD�YHORFLGDG�GH�ODV�RODV�HQ�HVDV�DJXDV��

� ������ �����P�Vv g h  �  ��

E��3DUD�FDOFXODU� OD�YHORFLGDG�GHO�FRUFKR�HQ�HO�HMH�<�GHULYDPRV�UHVSHFWR�DO� WLHPSR�OD�
HFXDFLyQ�GHO�PRYLPLHQWR�RQGXODWRULR�GH�ODV�RODV�
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/D� YHORFLGDG� HQ� HO� HMH� <� VHUi�Pi[LPD� FXDQGR� \v � WHQJD�HO�Pi[LPR� YDORU� SRVLEOH�� \�
HVWR�RFXUULUi�FXDQGR� � �FRV �t k xZ �  ��FRQ�OR�FXDO�WHQGUHPRV�
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GRQGH�KHPRV�FRQVLGHUDGR�TXH� �H A �\�TXH�OD�YHORFLGDG�DQJXODU�HV� � �TZ S ����
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/D�H[SUHVLyQ�H[DFWD�SDUD�OD�YHORFLGDG�GH�ODV�RODV�YLDMHUDV�HV�
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/D�WDQJHQWH�KLSHUEyOLFD�GH�x�HV�DSUR[LPDGDPHQWH���VL�x�HV�JUDQGH��\�VH�DSUR[LPD�D�x�
SDUD�YDORUHV�GH�x�SHTXHxRV��

$Vt��HQ�DJXDV�SURIXQGDV��
� �

gh vO O
S

t o | ��

<�HQ�DJXDV�VRPHUDV��
��

h v ghO
d o | ��

(Q� UHDOLGDG�� ODV� PROpFXODV� GH� DJXD� �\�� SRU� OR� WDQWR�� HO� FRUFKR�� GHVFULEHQ� XQ�
PRYLPLHQWR� FLUFXODU� GH� YDLYpQ� TXH� KHPRV� GHVSUHFLDPRV� HQ� HVWH� SUREOHPD�� /D�
SRVLFLyQ�PHGLD�GH�FDGD�PROpFXOD�QR�FDPELD��D�QR�VHU�TXH�H[LVWD�XQ�DUUDVWUH�GH�DJXD�
R�XQD�FRUULHQWH���SHUR�RVFLOD�GH�OD�IRUPD�LQGLFDGD�HQ�HO�GLEXMR�FRQIRUPH�DYDQ]D�OD�ROD��
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8Q� FLFOLVWD� VH� SURSXVR� VXELU� GHVGH� HO� 6DQWXDULR� GH� OD� )XHQVDQWD� �0XUFLD�� KDVWD� OD�
&UHVWD� GHO� *DOOR� \� UHJUHVDU� SRU� HO�PLVPR� FDPLQR�� FRQ� XQD� YHORFLGDG�PHGLD� GH� ���
NP�K�HQ�HO� UHFRUULGR�FRPSOHWR��'XUDQWH�HO�DVFHQVR�FRPSUREy�TXH�QR�HVWDED�HQ� WDQ�
EXHQD�IRUPD�ItVLFD�FRPR�pO�SHQVDED�\�VyOR�SXGR�VXELU�D�XQ�SURPHGLR�GH����NP�K��(Q�
OD�FLPD�VH�GLMR��©%XHQR��QR�SDVD�QDGD��FRPR�KH�VXELGR�D����NP�K��VL�EDMR�D����NP�K�
HV�REYLR�TXH�REWHQGUp�OD�YHORFLGDG�PHGLD�ILQDO�GH����NP�Kª��6LQ�HPEDUJR��DO�UHJUHVDU�
D� OD�)XHQVDQWD�YLR�TXH�HO�YHORFtPHWUR�GH�VX�ELFLFOHWD�QR�PDUFDED�HO�YDORU�SURPHGLR�
TXH�pO�HVSHUDED��

&RQWHVWD�D�HVWDV�SUHJXQWDV��

D��¢&XiO�IXH�OD�YHORFLGDG�PHGLD�UHDO�TXH�REWXYR�HO�FLFOLVWD�HQ�HO�UHFRUULGR�FRPSOHWR"�

E�� ¢$� TXp� YHORFLGDG� GHEHUtD� KDEHU� EDMDGR� SDUD� TXH� OD� YHORFLGDG� PHGLD� ILQDO� Vt�
KXELHVH�VLGR�GH����NP�K�FRPR�SUHWHQGtD"�

�
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D��/ODPHPRV�d�D�OD�GLVWDQFLD�HQWUH�OD�)XHQVDQWD�\�OD�&UHVWD�GHO�*DOOR��(Q�HO�WUD\HFWR�
GH� LGD� WDUGD� XQ� WLHPSR� �t � D� XQD� YHORFLGDG� � ���NP�Kv  �� \� HQ� OD� EDMDGD� WDUGD� XQ�
WLHPSR� �t �D�XQD�YHORFLGDG� � ���NP�Kv  ��

(Q� HO� WUD\HFWR� WRWDO� GH� VXELGD� \� EDMDGD�� FX\D� GLVWDQFLD� WRWDO� HV� �d�� FRQVHJXLUi� XQD�
YHORFLGDG�PHGLD��
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E��3DUD� TXH� OD� YHORFLGDG�SURPHGLR� WHQJD�HO� YDORU�GHVHDGR��GH�DFXHUGR�DO� DSDUWDGR�
DQWHULRU�OD�YHORFLGDG�GH�EDMDGD�GHEH�VHU��
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v vv v
v v v v

 o  
� �

��

6HJ~Q�HO�HQXQFLDGR�TXHUHPRV�TXH� ��v v ��HQWRQFHV�QHFHVLWDUtDPRV� �v o f ��OR�FXDO�
HV�LPSRVLEOH��

�
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/D� &UHVWD� GHO� *DOOR�� WDPELpQ� FRQRFLGD� FRPR� /D�
3DQRFKD�� HV� SXQWR� KDELWXDO� GH� OD� SUiFWLFD� FLFOLVWD�
SRU� OD�GXUH]D�GH�DOJXQR�GH�VXV� WUDPRV��(O�SXHUWR�
GH� PRQWDxD�� FRQVLGHUDGR� GH� ��� FDWHJRUtD� VXHOH�
VHU� ILQDO� GH� HWDSD� HQ� DOJXQDV� HGLFLRQHV� GH� OD�
9XHOWD� D� (VSDxD�� (Q� �� NP� KD\� TXH� DVFHQGHU� XQ�
GHVQLYHO� GH� XQRV� ���� P�� FRQ� SHQGLHQWHV� TXH�
RVFLODQ�HQWUH�HO�����\�HO��������
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��������33ppQQGGXXOORR��GGHHVVOOLL]]DDQQWWHH��
'RV�PDVDV�LJXDOHV��$�\�%��HVWiQ�XQLGDV�PHGLDQWH�XQ�KLOR�LQH[WHQVLEOH�GH�ORQJLWXG�L�\�
PDVD� GHVSUHFLDEOH�� /D� PDVD� $� HVWi� DSR\DGD� VREUH� XQD� JXtD� KRUL]RQWDO� \� SXHGH�
GHVOL]DU� VLQ� UR]DPLHQWR� VREUH� HOOD��PLHQWUDV� TXH� OD� %� WLHQH� XQ�PRYLPLHQWR� SHQGXODU�
UHVSHFWR� GH� $�� (Q� HO� LQVWDQWH� LQLFLDO� VH� DEDQGRQD� HO� VLVWHPD� HQ� OD� SRVLFLyQ� TXH�
PXHVWUD�OD�ILJXUD��FRUUHVSRQGLHQWH�D� � �D S ��GRQGH�D �HV�HO�iQJXOR�TXH�IRUPD�FRQ�OD�
YHUWLFDO�OD�UHFWD�TXH�XQH�$�\�%��6H�SLGH��MXVWLILFDQGR�ODV�UHVSXHVWDV���

D��5HSUHVHQWDU�VREUH�HO�GLEXMR�OD�SRVLFLyQ�GH� ODV�GRV�PDVDV�\� OD�SRVLFLyQ�GHO�FHQWUR�
GH�PDVDV�HQ�HO�LQVWDQWH�HQ�TXH� �D  ��

E��'DU��HQ�IXQFLyQ�GH�L��OD�SRVLFLyQ�GHO�FHQWUR�GH�PDVDV�HQ�HO�LQVWDQWH�HQ�TXH� �D  ��

�&RQVLGHUD� ODV�PDVDV� SXQWXDOHV��8WLOL]D� XQ� VLVWHPD� GH� UHIHUHQFLD� ILMR� UHVSHFWR� D� OD�
JXtD�FX\R�RULJHQ��2��HVWi�HQ�OD�SRVLFLyQ�GH�OD�PDVD�$�HQ�HO�LQVWDQWH�LQLFLDO���

F��+DOODU�HO�SHUtRGR�GH�ODV�SHTXHxDV�RVFLODFLRQHV��

�
�

5HVROXFLyQ�

D�� 'H� OD� DSOLFDFLyQ� GH� OD� VHJXQGD� OH\� GH� 1HZWRQ� DO� VLVWHPD� GH� ODV� GRV� PDVDV��
VDEHPRV� TXH� OD� VXPD� GH� ODV� IXHU]DV� H[WHUQDV� DSOLFDGDV� DO� VLVWHPD� HV� LJXDO� DO�
SURGXFWR�GH�OD�PDVD�WRWDO�SRU�OD�DFHOHUDFLyQ�GHO�FHQWUR�GH�PDVDV��

H[W &0F M a ¦
G G

��

/D�IXHU]DV�H[WHUQDV�VRQ�ORV�SHVRV�GH�$�\�%�� %P
G
�\� $P
G
��\�OD�UHVLVWHQFLD�QRUPDO��N

G
��TXH�

HMHUFH�OD�JXtD�VREUH�OD�PDVD�$��/DV�IXHU]DV�GH�WHQVLyQ��T
JG
��VRQ�LQWHUQDV��QR�H[WHUQDV��

'H�DFXHUGR�DO�GLEXMR�YHPRV�TXH�ODV�IXHU]DV�H[WHUQDV�VyOR�WLHQHQ�FRPSRQHQWH�YHUWLFDO�
\�QR�KRUL]RQWDO��SRU�WDQWR��OD�FRPSRQHQWH�;�GH�OD�DFHOHUDFLyQ�GHO�FHQWUR�GH�PDVDV�HV�
QXOD�� HV� GHFLU�� OD� SRVLFLyQ� KRUL]RQWDO� GHO� FHQWUR� GH�PDVDV� QR� YDUtD�� /D� SRVLFLyQ� GHO�
FHQWUR� GH�PDVDV� VLHPSUH�HVWi� HQ� HO� SXQWR�PHGLR� HQWUH� ODV�PDVDV� �SRU� VHU� ODV� GRV�
PDVDV� LJXDOHV���&RPR�LQLFLDOPHQWH��FXDQGR� � �D S �� OD�FRPSRQHQWH�;�GHO�FHQWUR�GH�

D

% $

YLVWD�VXSHULRU

YLVWD�ODWHUDO
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PDVDV� HVWDED� HQ� &0 � �x L � � �WRPDQGR� FRPR� RULJHQ� OD� SRVLFLyQ� GH� OD�PDVD�$� HQ�
� �D S ���HQWRQFHV� &0 � �x L � �SDUD�WRGR�D ��\�HQ�SDUWLFXODU�WDPELpQ�SDUD� �D  ��
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3RGUtDPRV�SUHJXQWDUQRV�SRU� OD�SHULRGLFLGDG�GHO�PRYLPLHQWR�GH� OD�PDVD�%�HQ�HO�HMH�
YHUWLFDO��0HGLPRV�VX�VHSDUDFLyQ��y��GHVGH� OD�SRVLFLyQ� LQIHULRU��SDUD� �D  ���(QWRQFHV�
VH�FXPSOH�

FRV L y
L

D �
 ��

&RPR� � �FRV VLQ �D D�  �\�VDEHPRV�GH�DQWHV�TXH� �VLQ x
L

D  ��WHQHPRV�

� �
� � � � � �� � � � � � �L y x L y Ly x L y Ly x

L L
�§ · § ·�  o � � �  o � �  ¨ ¸ ¨ ¸

© ¹ © ¹
��

5HVROYHPRV� OD�HFXDFLyQ�GH�VHJXQGR�JUDGR�\�VXSRQHPRV�TXH� x L� �SDUD�SHTXHxDV�
RVFLODFLRQHV��

� � � � �

� �
� � �� � � �� �

�
L L x x x xy L L L L

LL L
§ ·� �

  � � | � �  ¨ ¸
© ¹

��

(QWRQFHV�� VL� OD� HFXDFLyQ� GHO� 0$6� HQ� HO� HMH� ;� HV� �
�� � FRV tx t x S
W

 �� FRQ� SHULRGR�

� � �L gW S ��OD�HFXDFLyQ�HQ�HO�HMH�<�VHUi�

� �
�� �� � �� � FRV � FRV

� � ��
x t x ty t
L L

S S
W W

§ ·
  �¨ ¸

© ¹
��

TXH�SRGHPRV�HVFULELU�FRPR�XQ�0$6�FX\R�SHUtRGR�HV� OD�PLWDG�TXH�HO�SHUtRGR�GH� OD�
RVFLODFLyQ� HQ�;��$� OD� YLVWD� GH� OD� JHRPHWUtD� GHO� SUREOHPD�� VH� FRPSUHQGH� IiFLOPHQWH�
TXH�FXDQGR�OD�PDVD�YD�\�YXHOYH�HQ�KRUL]RQWDO��VXEH�\�EDMD�GRV�YHFHV�HQ�YHUWLFDO���
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8Q�PpWRGR�SURSXHVWR�SDUD�YLDMDU�SRU�HO�FRVPRV�D�GLVWDQFLDV�LQWHUHVWHODUHV�FRQVLVWH�HQ�
XWLOL]DU� ODV� OODPDGDV�velas solares�� �'H�KHFKR�� \D�VH�KDQ� ODQ]DGR�YDULRV�SURWRWLSRV���
/D� LGHD�FRQVLVWH�HQ�DSURYHFKDU� OD�HQHUJtD� OXPLQRVD�GHO�6RO�SDUD� LPSXOVDU�XQD�JUDQ�
YHOD� GHVSOHJDGD� HQ� HO� HVSDFLR�� (O� IXQGDPHQWR� ItVLFR� HV� HO� VLJXLHQWH�� OD� OX]� HVWi�
FRPSXHVWD� SRU� SDUWtFXODV� OODPDGDV� IRWRQHV� TXH� WUDQVSRUWDQ� HQHUJtD� E� \� PRPHQWR�
OLQHDO�p��/D�UHODFLyQ�HQWUH�OD�HQHUJtD�\�HO�PRPHQWR�GH�FDGD�IRWyQ�HV� �p E c ��VLHQGR�
c� OD� YHORFLGDG� GH� OD� OX]�� &XDQGR� ORV� IRWRQHV� LPSDFWDQ� FRQWUD� OD� YHOD� OH� FRPXQLFDQ�
PRPHQWR�OLQHDO�\�OD�LPSXOVDQ��

�

6XSRQJDPRV�TXH� VH� VLW~D� XQD� QDYH� HQ� yUELWD� DOUHGHGRU� GHO� 6RO�� D� XQD�GLVWDQFLD�R�
LJXDO�D� OD�TXH�KD\�GH� OD�7LHUUD�DO�6RO��/D�QDYH�FRQVLVWH�HQ�XQD�YHOD�VRODU�SODQD��GH�
PDVD�m�\�iUHD�A��TXH�HVWi�VLHPSUH�RULHQWDGD�SHUSHQGLFXODUPHQWH�D�ORV�UD\RV�VRODUHV��
$�SDUWLU�GH�HVWH�LQVWDQWH�LQLFLDO��OD�QDYH�YHOD�FRPHQ]DUi�D�DOHMDUVH�GHO�6RO��

D��6L�OD�QDYH�WLHQH�XQD�PDVD�GH�����NJ��FDOFXOD�VX�HQHUJtD�WRWDO�HQ�HO�LQVWDQWH�LQLFLDO�
�FXDQGR�HVWi�RUELWDQGR�DOUHGHGRU�GHO�6RO�D�XQD�GLVWDQFLD�R���'DWR��UDGLR�DSUR[LPDGR�
GH�OD�yUELWD�WHUUHVWUH�R� �����PLOORQHV�GH�NP��

E��'HPXHVWUD�TXH�OD�SRWHQFLD�TXH�UHFLEH�OD�YHOD�D�XQD�GLVWDQFLD�r�GHO�6RO�HV�

YHOD 6RO��
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F�� 8WLOL]DQGR� OD� H[SUHVLyQ� �F p t ' ' �� GHPXHVWUD� TXH� OD� IXHU]D� TXH� DFW~D� VREUH� OD�
YHOD�HV� YHOD �F P c �VL�OD�YHOD�HVWi�SLQWDGD�GH�FRORU�QHJUR�SHUIHFWR��DEVRUEH�WRGRV�ORV�
IRWRQHV�TXH� OH�OOHJDQ���\�TXH�HV� YHOD� �F P c �VL� OD�VXSHUILFLH�GH�OD�YHOD�HV�XQ�HVSHMR�
SHUIHFWR��UHIOHMD�ORV�IRWRQHV�HQ�OXJDU�GH�DEVRUEHUORV���
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G��4XHUHPRV�TXH�OD�QDYH�HVFDSH�GHO�6LVWHPD�6RODU�WDUGH�R�WHPSUDQR��'HPXHVWUD�TXH�
OD�PDVD�SRU�XQLGDG�GH�iUHD�Pi[LPD�TXH�SXHGH�WHQHU�OD�YHOD�SDUD�SRGHU�HVFDSDU��HQ�
HO�FDVR�GH�OD�YHOD�HVSHMR��YLHQH�GDGD�SRU�
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GRQGH� 6ROM �HV�OD�PDVD�GHO�6RO�\�G�OD�FRQVWDQWH�GH�JUDYLWDFLyQ�XQLYHUVDO��

�$\XGD��7HQ�HQ�FXHQWD�TXH�VREUH�OD�QDYH�DFW~D� OD�IXHU]D�JUDYLWDWRULD�GHO�6RO�PiV�OD�
IXHU]D�HMHUFLGD�SRU� OD� OX]��&DOFXOD�HO� WUDEDMR�UHDOL]DGR�SRU� OD�UHVXOWDQWH�GH�HVWDV�GRV�
IXHU]DV�HQWUH�R�H�LQILQLWR�\�FRPSiUDOR�FRQ�HO�LQFUHPHQWR�GH�HQHUJtD�QHFHVDULR�SDUD�HO�
HVFDSH��'HVSUHFLD�OD�LQWHUDFFLyQ�JUDYLWDWRULD�GH�WRGRV�ORV�SODQHWDV��LQFOXLGD�OD�7LHUUD���
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5HVROXFLyQ�

D��7HQHPRV�TXH�FDOFXODU�OD�HQHUJtD�WRWDO�GH�XQ�FXHUSR�GH�PDVD�m� �����NJ�HQ�yUELWD�
FLUFXODU�D�XQD�GLVWDQFLD�R�GHO�6RO��6DEHPRV�TXH�HQ�XQD�yUELWD��OD�HQHUJtD�WRWDO��VXPD�
GH�OD�HQHUJtD�FLQpWLFD�PiV�OD�SRWHQFLDO��HV�
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E��/D�HQHUJtD�SRU�XQLGDG�GH�iUHD�\�SRU�XQLGDG�GH�WLHPSR�TXH�OH�OOHJD�D�OD�YHOD�D�XQD�
GLVWDQFLD�r�GHO�6RO�HV� �

6RO � �I P rS ��3RU�WDQWR��SDUD�REWHQHU�OD�HQHUJtD�SRU�XQLGDG�GH�
WLHPSR�TXH�OH�OOHJD�D�OD�YHOD�KD\�TXH�PXOWLSOLFDUOR�SRU�OD�VXSHUILFLH�GH�OD�YHOD��

6RO
YHOD ��

PP A
rS

 ��

F�� /D� FDQWLGDG� GH� PRYLPLHQWR� WUDQVIHULGD� D� OD� YHOD� HV� LJXDO� D� OD� FDQWLGDG� GH�
PRYLPLHQWR�TXH�SLHUGH�HO� IRWyQ��(OOR�VH�GHPXHVWUD�D�SDUWLU�GH� OD�FRQVHUYDFLyQ�GH� OD�
FDQWLGDG�GH�PRYLPLHQWR��
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6HJ~Q� OD�VHJXQGD� OH\�GH�1HZWRQ�� OD� IXHU]D�TXH�H[SHULPHQWD� OD� YHOD�HV� �F p t ' ' ��
&RPR� FDGD� IRWyQ� OOHYD� XQ� PRPHQWR� �p E c �� \� OOHJD� XQD� HQHUJtD� SRU� XQLGDG� GH�
WLHPSR� YHODP ��HQWRQFHV�OD�WUDQVIHUHQFLD�GH�PRPHQWR�SRU�XQLGDG�GH�WLHPSR�HV�
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G��/D�FRQGLFLyQ�GH�HVFDSH�HV�TXH�HQ�HO�LQILQLWR�OD�HQHUJtD�KD�GH�VHU�QXOD��R�PD\RU�TXH�
FHUR�� SHUR� FRPR� PtQLPR� FHUR��� 3RU� WDQWR�� HO� WUDEDMR� UHDOL]DGR� SRU� OD� IXHU]D� GH�
UDGLDFLyQ�KD�GH�FRPSHQVDU�OD�HQHUJtD�HQ�OD�yUELWD�WHUUHVWUH��(VWH�WUDEDMR�HV�
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GRQGH� D �HV�HO�iQJXOR�HQWUH�OD�GLUHFFLyQ�GH�PRYLPLHQWR�\�OD�GLUHFFLyQ�UDGLDO��dl�HV�HO�
HOHPHQWR�GH� ORQJLWXG�HQ�OD�GLUHFFLyQ�GH�PRYLPLHQWR�\�dr�HV�HO�HOHPHQWR�GH�GLVWDQFLD�
HQ�OD�GLUHFFLyQ�UDGLDO��

6HJ~Q�ORV�DSDUWDGRV�DQWHULRUHV��SDUD�XQD�YHOD�QHJUD�WHQGUtDPRV�

6RO 6RO
UDG � ��R

A P A PW = dr
c c Rr SS

f

 ³ ��

,JXDODQGR�DO�YDORU�GH�OD�HQHUJtD�RUELWDO��VH�GHEH�FXPSOLU�TXH� 6RO 6RO

� �
A P G M m

c R RS
 � ��

GH�GRQGH�VH�REWLHQH�OD�H[SUHVLyQ�

6RO

6RO

�
�

m P=
A c G MS

��

(Q�HO�FDVR�GH�XQD�YHOD�HVSHMR�KD\�TXH�PXOWLSOLFDU�HO�UHVXOWDGR�SRU�XQ�IDFWRU����VHJ~Q�
HO�DSDUWDGR�DQWHULRU���\�VH�REWLHQH�OD�H[SUHVLyQ�LQGLFDGD�HQ�HO�HQXQFLDGR��
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6DEHU�PiV�

(Q�������FRQ�HO�SUR\HFWR� ,.$526��GH� OD�$JHQFLD�-DSRQHVD�GHO�(VSDFLR� �-$;$���VH�
ODQ]y�OD�SULPHUD�YHOD�VRODU�DO�HVSDFLR�FRQ�p[LWR��/D�YHOD�PLGH����P�GH�GLDJRQDO��

3iJLQD�HO�SUR\HFWR�,.$526��KWWSV���JOREDO�MD[D�MS�SURMHFWV�VDV�LNDURV���

2WURV�SUR\HFWRV�GH�YHOD�VRODU��KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�6RODUBVDLO��

(Q�������XQ�JUXSR�GH�PLOORQDULRV��HQWUH�ORV�TXH�VH�HQFXHQWUD�0DUN�=DFNHUEHUJ��\�FRQ�
HO�DSR\R�FLHQWtILFR�GH�6WHSKHQ�+DZNLQJ�HQWUH�RWURV��FUHDURQ�XQD� LQLFLDWLYD��Starshot��
FRQ�XQD�LQYHUVLyQ�LQLFLDO�GH�YDULRV�FLHQWRV�GH�PLOORQHV�GH�GyODUHV�SDUD�LQYHVWLJDU�XQD�
SRVLEOH� IRUPD� GH� YLDMDU� D� OD� HVWUHOOD� PiV� FHUFDQD�� $OSKD� &HQWDXUL� �D� �� DxRV�OX]���
PHGLDQWH�HO�XVR�GH�YHODV�VRODUHV�GH�WDPDxR�GHO�RUGHQ�GHO�FHQWtPHWUR�LPSXOVDGDV�QR�
SRU� OD� UDGLDFLyQ� VRODU� VLQR� SRU� XQD� VHULH� GH� OiVHUHV� VXSHUSRWHQWHV� GHVGH� OD� 7LHUUD��
6HJ~Q� ODV�HVWLPDFLRQHV� LQLFLDOHV��SDUD�DFHOHUDU� ODV�YHODV�D�XQD�YHORFLGDG�HQ�WRUQR�D�
XQ������GH�OD�YHORFLGDG�GH�OD�OX]�KDUtD�IDOWD�XQD�EDWHUtD�GH�OiVHUHV�GH�SRWHQFLD�WRWDO�
GH�����*:��TXH�HV�XQDV�����YHFHV�OD�SRWHQFLD�WtSLFD�GH�XQD�FHQWUDO�GH�ILVLyQ��FRPR�
OD�GH�&RIUHQWHV��\�WDUGDUtDQ�HQ�OOHJDU�XQRV����R����DxRV��

3iJLQD�ZHE�GH�OD�LQLFLDWLYD�Starshot��KWWS���EUHDNWKURXJKLQLWLDWLYHV�RUJ�LQLWLDWLYH����

/RV�FiOFXORV�ItVLFRV�\�ORV�GHWDOOHV�GHO�SUR\HFWR�GHVGH�HO�SXQWR�GH�YLVWD�FLHQWtILFR�HVWiQ�
SXEOLFDGRV�HQ��KWWSV���DU[LY�RUJ�DEV�������������

https://global.jaxa.jp/projects/sas/ikaros/
https://en.wikipedia.org/wiki/Solar_sail
http://breakthroughinitiatives.org/initiative/3
https://arxiv.org/abs/1604.01356
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6H� GHQRPLQD� coeficiente de rozamiento interno� GH� XQ�PDWHULDO� JUDQXORVR� �FRPR� OD�
DUHQD�R�OD�JUDYLOOD��DO�FRHILFLHQWH�GH�UR]DPLHQWR�HQWUH�ORV�JUDQRV�TXH�OR�FRPSRQHQ��

6L�VH�YLHUWH�DUHQD�VREUH�HO�VXHOR��HO�PRQWyQ�UHVXOWDQWH�DGTXLHUH�XQD�IRUPD�FyQLFD�XQD�
YH]� DOFDQ]DGR� HO� HTXLOLEULR�� 2EWpQ� OD� UHODFLyQ� PDWHPiWLFD� HQWUH� HO� FRHILFLHQWH� GH�
UR]DPLHQWR� �\�HO�iQJXOR�LQWHUQR�D �TXH�IRUPD�OD�JHQHUDWUL]�GHO�FRQR�FRQ�HO�VXHOR���

�
5HVROXFLyQ�

&RQVLGHUHPRV� XQ� JUDQR� GH� DUHQD� VREUH� OD� VXSHUILFLH� GHO� PRQWyQ� GH� DUHQD�� (Q� HO�
HTXLOLEULR�� OD� IXHU]D� GH� UR]DPLHQWR�� 5F

G
�� FRPSHQVD� D� OD� FRPSRQHQWH� GHO� SHVR� HQ� OD�

GLUHFFLyQ�GHO�SODQR�GH�OD�SHQGLHQWH��

�

(Q�OD�GLUHFFLyQ�GHO�SODQR�GH�OD�SHQGLHQWH�VH�FXPSOH� VLQmg ND P ��VLHQGR�OD�QRUPDO�
FRVN mg D ��3RU�WDQWR��OD�UHODFLyQ�HQWUH�HO�FRHILFLHQWH�GH�UR]DPLHQWR�\�HO�iQJXOR�HV�

VLQ FRV WDQD P D D P o  ��

�

6DEHU�PiV�

$O� iQJXOR� � VH� OH� FRQRFH� FRPR� ángulo de reposo. 3XHGHV� HQFRQWUDU� PiV�
LQIRUPDFLyQ��DVt�FRPR�YDORUHV�GH�HVWH�iQJXOR�SDUD�GLVWLQWRV�PDWHULDOHV�HQ�HO�DUWtFXOR��
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�$QJOHBRIBUHSRVH��

3DUD�XQ�HVWXGLR�PXFKR�PiV�HODERUDGR�GHO�SUREOHPD�DSOLFDGR�D�LQJHQLHUtD�GH�VXHORV�
YHU�OD�WHVLV��KWWS���G�VFKRODUVKLS�SLWW�HGX��������067KHVLV=KLFKDR/LX���������SGI��

$O�+DVKHPL��+�0�%��\�$O�$PRXGL��2�6�%����������³$�UHYLHZ�RQ�WKH�DQJOH�RI�UHSRVH�RI�
JUDQXODU�PDWHULDO´��Powder Technology������SS�����������
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https://en.wikipedia.org/wiki/Angle_of_repose
http://d-scholarship.pitt.edu/6401/1/MSThesisZhichaoLiu03042011.pdf
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(Q� HO� SDUTXH� GH� DWUDFFLRQHV� 7HUUD�0tWLFD� �$OLFDQWH�� KD\� XQD� DWUDFFLyQ� OODPDGD� /RV�
ËFDURV��R�sillas�voladoras� �YHU� ILJXUD���TXH�YDPRV�D�PRGHOL]DU�GH� OD�VLJXLHQWH� IRUPD��
VXSRQGUHPRV�TXH�FRQVLVWH�HQ�XQD�SODWDIRUPD�FLUFXODU�GH�UDGLR� SR  ���P��HOHYDGD���P�
UHVSHFWR�DO�VXHOR��SDUDOHOD�VLHPSUH�DO�VXHOR��HQ�OD�UHDOLGDG�VH�LQFOLQD�XQ�SRFR��SHUR�QR�
FRQVLGHUDUHPRV�HVWH�HIHFWR���TXH�JLUD�FRQ�YHORFLGDG�DQJXODU�Z �FRQVWDQWH�UHVSHFWR�D�
VX�HMH��\�GH�FX\R�SHUtPHWUR�SHQGH�GH�XQD�FDGHQD�GH�ORQJLWXG�L� ���P�XQD�VLOOD�FRQ�
XQD�SHUVRQD�� /ODPHPRV� D � DO� iQJXOR� TXH� IRUPD� OD� FDGHQD� FRQ� OD� YHUWLFDO� \�M� D� OD�
PDVD�WRWDO�GH�OD�VLOOD�PiV�OD�SHUVRQD��

�

D��2EWpQ�OD�WHQVLyQ�D�OD�TXH�HVWi�VRPHWLGD�OD�FDGHQD�\�OD�IXHU]D�FHQWUtSHWD�TXH�DFW~D�
VREUH�HO�FRQMXQWR�VLOOD�SDVDMHUR��HQ�IXQFLyQ�GH�M��g�\�D ��

E��'HPXHVWUD�TXH�D �VH�UHODFLRQD�FRQ�OD�YHORFLGDG�DQJXODU�PHGLDQWH�OD�H[SUHVLyQ�
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��� �(FXDFLyQ����

F�� 8WLOL]D� ORV� GDWRV� QXPpULFRV� GHO� HQXQFLDGR� \� FDOFXOD� Z � SDUD� ORV� YDORUHV� GH�
� ��kD S � UDGLDQHV�� GRQGH� k� HV� XQ� Q~PHUR� HQWHUR� GH� �� D� ��� 8WLOL]DQGR� ORV� RFKR�

SXQWRV�FDOFXODGRV��UHDOL]D�XQD�UHSUHVHQWDFLyQ�JUiILFD�GH�D ��

G��5D]RQD�FXiO�HV�HO�Pi[LPR�YDORU�TXH�SXHGH�DOFDQ]DU� D �\�FXiQWR�GHEHUtD�YDOHU� OD�
YHORFLGDG�DQJXODU�HQ�HVH�FDVR���
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SODWDIRUPD��&DOFXOD�FXiQWDV�YXHOWDV�GD�FDGD�VLOOD�GXUDQWH�HO� YLDMH� \� OD�GLVWDQFLD�TXH�
UHFRUUH���6H�GHVSUHFLD�HO�WLHPSR�HPSOHDGR�HQ�HO�SURFHVR�GH�DUUDQTXH�\�IUHQDGR���

I�� (Q� ODV� FRQGLFLRQHV� GHO� DSDUWDGR� DQWHULRU� \� D� OD� YLVWD� GH� OD� JUiILFD�� UD]RQD� TXp�
GLIHUHQFLD�DSUR[LPDGD�KDEUtD�HQ�HO�iQJXOR�GH�HOHYDFLyQ�GH�OD�VLOOD�VL�HO�RSHUDULR�GH�OD�
DWUDFFLyQ�FRPHWLHUD�XQ�HUURU�GH�����UDG�V�HQ�OD�YHORFLGDG�GH�JLUR���

J�� /D�FDGHQD�SXHGH�VRSRUWDU� VLQ� URPSHUVH�XQD� WHQVLyQ�FRUUHVSRQGLHQWH�DO� SHVR�GH�
XQD�PDVD� PD[M �FXDQGR�OD�DWUDFFLyQ�HVWi�HQ�UHSRVR��2EWpQ�HO�iQJXOR�Pi[LPR�� PD[D ��
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DO� TXH�SXHGH�HOHYDUVH�XQD�VLOOD� \� VX�SDVDMHUR� �H[SUpVDOR�HQ� IXQFLyQ�GH� PD[M � \�M��
VLHQGR�M��OD�PDVD�GH�OD�VLOOD�PiV�OD�SHUVRQD���

K��(O�GLVHxR�GH�XQD�GHWHUPLQDGD�FDGHQD�WROHUD�XQD�PDVD� PD[M  ������NJ��6H�VXEH�D�
OD� DWUDFFLyQ� XQD�SHUVRQD� REHVD�GH�PDVD� WDO� TXH�M�  � ���� NJ�� ¢&XiO� HV� OD�Pi[LPD�
YHORFLGDG�DQJXODU�D�OD�TXH�SRGUtD�JLUDU�OD�SODWDIRUPD�VLQ�TXH�VH�URPSLHUD�OD�FDGHQD"�

L�� 6XSRQJDPRV� TXH� XQD� DYHUtD� HQ� HO� PRWRU� SURYRFD� TXH� VH� DOFDQFH� OD� YHORFLGDG�
DQJXODU�FUtWLFD�GHO�DSDUWDGR�DQWHULRU��\�HQ�FRQVHFXHQFLD�OD�FDGHQD�VH�URPSH��&DOFXOD�
HO�PyGXOR�GH�OD�YHORFLGDG�\�HO�iQJXOR�UHVSHFWR�D�OD�KRUL]RQWDO�FRQ�TXH�LPSDFWD�HQ�HO�
VXHOR�OD�VLOOD�YRODGRUD�FRQ�OD�SHUVRQD��

M��+HPRV�UHFUHDGR�OD�DWUDFFLyQ�XWLOL]DQGR�XQ�WDODGUR�HOpFWULFR�TXH�KDFH�JLUDU�XQ�EUD]R�
GHO�TXH�FXHOJDQ�³FRFKHFLWRV�YRODGRUHV´�DWDGRV�D�GLVWLQWDV�GLVWDQFLDV�GHVGH�HO�HMH�GH�
JLUR�� HQ� SDUWLFXODU�� SR  � ��� \� ��� FP� �YHU� IRWRJUDItD��� 6L� D� SDUWLU� GH� OD� HFXDFLyQ� ��
UHSUHVHQWDPRV�HO�iQJXOR�GH�LQFOLQDFLyQ�TXH�VH�DOFDQ]D�HQ�IXQFLyQ�GH� SR ��REWHQHPRV�
OD� JUiILFD� GH� OD� ILJXUD�� GRQGH� ODV� FXUYDV�PRVWUDGDV� FRUUHVSRQGHQ� D� IUHFXHQFLDV� GH�
JLUR�GHVGH�����D���YXHOWDV�V��HQ�LQFUHPHQWRV�GH������YXHOWDV�V���,GHQWLILFD�FXiO�GH�ODV�
FXUYDV�FRUUHVSRQGH�D� OD�VLWXDFLyQ�GH� OD� IRWRJUDItD�HQ�QXHVWUD� UHFUHDFLyQ��H� LQGLFD�D�
FXiQWDV�YXHOWDV�SRU�VHJXQGR�JLUDED�HO�WDODGUR��
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3RU�RWUR� ODGR��HO� Q~PHUR� WRWDO� GH�YXHOWDV��n�� VHUi�HO� WLHPSR� WRWDO�� t�� GLYLGLGR�HQWUH�HO�
WLHPSR�TXH�WDUGD�HQ�GDU�XQD�YXHOWD��HV�GHFLU��
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I�� 6REUH� OD� ILJXUD� REWHQLGD�
HQ� HO� DSDUWDGR� F�� SDUD� HO�
SXQWR� HQ� ���D  �� QRV�
GHVSOD]DPRV� HQ� KRUL]RQWDO�
XQD� FDQWLGDG� GHWHUPLQDGD�
SRU� HO� HUURU� HQ� OD� YHORFLGDG�
GH�JLUR�� ����UDG�VxV  ��(Q�HO�
HMH� YHUWLFDO�� SDUD� HO� iQJXOR�
GH�HOHYDFLyQ� D ��HVR�LPSOLFD�
XQ�HUURU� ��yV | ��6H�OOHJD�DO�
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TXH� HV� SUHFLVDPHQWH� XQR� GH� ORV� SXQWRV� FDOFXODGRV� HQ� HO� DSDUWDGR� F�� GRQGH� OD�
YHORFLGDG�DQJXODU�HV� �����UDG�VZ  ��

L��&XDQGR�VH�URPSH� OD�FDGHQD� OD�PDVD�HVWi�~QLFDPHQWH�VRPHWLGD�D� OD�DFFLyQ�GH� OD�
JUDYHGDG��SRU� OR�TXH� OD�VLWXDFLyQ�FLQHPiWLFD�FRUUHVSRQGH�D�XQ� WLUR�KRUL]RQWDO� GHVGH�
XQD�DOWXUD�
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&RPR� SUREDEOHPHQWH� VHSDV�� SXHV� FUHy� H[SHFWDFLyQ� PXQGLDO�� HO� ��� GH� RFWXEUH� GH�
�����)HOL[�%DXPJDUWQHU��GH����NJ�GH�PDVD��EDWLy�HO�UpFRUG�GH�DOWXUD�HQ�FDtGD�OLEUH�DO�
ODQ]DUVH�GHVGH�XQ�JORER�DHURVWiWLFR�GHVGH�XQD�DOWXUD�GH����NP��6X�WUDMH�SHVDED����
NJ��$�ORV����VHJXQGRV�GH�LQLFLDGR�HO�VDOWR�DOFDQ]y�XQD�YHORFLGDG�OtPLWH�GH������NP�K��
�/D�YHORFLGDG� OtPLWH�HV� OD�Pi[LPD�TXH�DOFDQ]D�XQ�FXHUSR�HQ�FDtGD� OLEUH�GHELGR�D� OD�
IXHU]D�GH�UR]DPLHQWR�TXH�HMHUFH�HO�DLUH���
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D��¢&XiQWR�YDOH� OD�DFHOHUDFLyQ�GH� OD�JUDYHGDG�HQ�HO�SXQWR�GH�VDOWR�HQ�FRPSDUDFLyQ�
FRQ�HO�YDORU�HQ�OD�VXSHUILFLH��HQ�WDQWR�SRU�FLHQWR"��5DGLR�WHUUHVWUH�������NP���

E��'XUDQWH� HO� WLHPSR� TXH� %DXPJDUWQHU� LED� D� OD� YHORFLGDG� OtPLWH�� ¢&XiQWR� YDOtD� OD�
IXHU]D�GH�UR]DPLHQWR"�¢&XiQWR�FDORU�SRU�XQLGDG�GH�WLHPSR�VH�HVWDED�SURGXFLHQGR�HQ�
OD�FDtGD"��&RQVLGHUD�OD�SRWHQFLD�GLVLSDGD�SRU�OD�IXHU]D�GH�UR]DPLHQWR���

F��6L�HQ�HVD�FDtGD�VH�KXELHUD�URWR�HO�WUDMH��\�DVXPLHQGR�TXH�WRGR�HO�FDORU�JHQHUDGR�OR�
DEVRUELHUD�HO�FXHUSR�GH�%DXPJDUWQHU��¢FXiQWR�WLHPSR�KDEUtD�WDUGDGR�HQ�DOFDQ]DU�VX�
FXHUSR������&"��&DORU�HVSHFtILFR�GHO�FXHUSR�KXPDQR�������FDO�J��&����FDO� �������-���
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E��$�OD�YHORFLGDG�OtPLWH�HO�FXHUSR�VH�PXHYH��SRU�GHILQLFLyQ��FRQ�YHORFLGDG�FRQVWDQWH��
3RU� WDQWR�� OD� IXHU]D� GH� UR]DPLHQWR�� 5F �� KD� GH� VHU� LJXDO� \� GH� VHQWLGR� RSXHVWR� D� OD�
JUDYLWDWRULD��SXHV�OD�IXHU]D�WRWDO�GHEH�VHU�QXOD��
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�+HPRV�XWLOL]DGR�HO�YDORU�GH�g�GH�OD�VXSHUILFLH�SXHV��FRPR�KHPRV�YLVWR�HQ�HO�DSDUWDGR�
DQWHULRU��OD�YDULDFLyQ�HV�PX\�SHTXHxD���

(O�FDORU�GLVLSDGR�SRU�XQLGDG�GH�WLHPSR�VHUi�LJXDO�D�OD�SRWHQFLD�UHDOL]DGD�SRU�OD�IXHU]D�
GH�UR]DPLHQWR��TXH�HV�HO�SURGXFWR�GH�OD�IXHU]D�SRU�OD�YHORFLGDG��
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)HOL[�%DXPJDUWQHU�HV�XQ�H[PLOLWDU�\�SDUDFDLGLVWD�DXVWUtDFR��(Q�HVWD�PLVLyQ�UHDOL]y�XQ�
VDOWR� VXSHUVyQLFR� GHVGH� OD� HVWUDWRVIHUD� EDWLHQGR� YDULRV� UpFRUGV�� HQWUH� HOORV� HO� GH�
URPSHU� OD� EDUUHUD� GHO� VRQLGR� GXUDQWH� HO� GHVFHQVR� HQ� FDtGD� OLEUH�� $VFHQGLy� D� OD�
HVWUDWRVIHUD� HQ� XQ� JORER� LQIODGR� FRQ� KHOLR� \�� WUDV� OD� FDtGD� OLEUH�� GHVFHQGLy� HQ�
SDUDFDtGDV�KDVWD�OD�VXSHUILFLH�WHUUHVWUH��

/D�PLVLyQ� WHQtD� FRPR�REMHWLYR� HVWXGLDU� HO� FXHUSR� KXPDQR�HQ� VLWXDFLRQHV� H[WUHPDV��
SDUD�OR�FXDO�VH�UHXQLy�D�GLYHUVRV�HVSHFLDOLVWDV�HQ�PHGLFLQD�DHURHVSDFLDO�H�LQJHQLHUtD�
GH�WRGR�HO�PXQGR��
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D�� ¢3RU� TXp� XQD� HVFDOHUD� DSR\DGD� VREUH� XQD� SDUHG�
YHUWLFDO�OLVD��VLQ�UR]DPLHQWR��\�VREUH�XQ�VXHOR�UXJRVR��FRQ�
UR]DPLHQWR�� SXHGH� PDQWHQHUVH� HQ� HTXLOLEULR�� SHUR� QR�
RFXUUH�DVt�VL�HVWi�DSR\DGD�VREUH�XQD�SDUHG�UXJRVD�\�XQ�
VXHOR�OLVR"�

E�� &RQVLGHUD� XQ� FRHILFLHQWH� HVWiWLFR� GH� UR]DPLHQWR�� P ��
HQWUH� OD� HVFDOHUD� \� HO� VXHOR�� \� TXH� OD� HVFDOHUD� IRUPD�XQ�
iQJXOR�D �FRQ�HO�VXHOR��'HWHUPLQD�HO�iQJXOR�GH�LQFOLQDFLyQ�
PtQLPR�SDUD�TXH�OD�HVFDOHUD�QR�GHVOLFH�SRU�HO�VXHOR���
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�&RPR���&9� �������:��OD�SRWHQFLD�GH�SURSXOVLyQ�GH�WRGD�OD�FDQRD�HV�HTXLYDOHQWH�D�
OD�GH�XQ�PRWRU�GH�XQRV���FDEDOORV�\�PHGLR���

L��(O�WUDEDMR�HV�HO�SURGXFWR�GH�OD�IXHU]D�SRU�OD�GLVWDQFLD���

��� ���� ������N-W F d  �  ��

&RPR�VyOR�HO������GHO�JDVWR�HQHUJpWLFR�GHO�FXHUSR�VH�HPSOHD�HQ�WUDEDMR�PHFiQLFR��HO�
UHVWR�HV�HQ�FDORU�\�HO�SURSLR�PHWDEROLVPR���FDGD�UHPHUR�KDEUi�FRQVXPLGR���YHFHV�OD�
HQHUJtD�DQWHULRU��TXH�SDVDGD�D�NLORFDORUtDV�HV�

� �������- ����NFDO�  ��

�

6DEHU�PiV�

3iJLQD�RILFLDO�GH�OD�FRPSHWLFLyQ��KWWS���ZZZ�WKHERDWUDFH�RUJ���

,QIRUPDFLyQ�VREUH�HO�UtR�7iPHVLV��SURIXQGLGDG��FDXGDO��PDUHDV��HWF����KWWS���ZZZ�WKH�
ULYHU�WKDPHV�FR�XN���

�

�� ��

http://www.theboatrace.org/
http://www.the-river-thames.co.uk/
http://www.the-river-thames.co.uk/


���
 
 

��������((QQHHUUJJttDD��SSRRUU��HHOO��VVLLVVWWHHPPDD��VVRROODDUU��
/DV�GLVWDQFLDV�PHGLDV�GHVGH�HO�6RO�D�OD�7LHUUD��6DWXUQR�\�0HUFXULR�VRQ�����î����NP���
����î����NP�\�����î����NP��UHVSHFWLYDPHQWH��/RV�GLiPHWURV�VRQ��������NP����������
NP�\������NP��SDUD�OD�7LHUUD��6DWXUQR�\�0HUFXULR��UHVSHFWLYDPHQWH��

¢&XiQWD� HQHUJtD� VRODU� UHFLEH� PiV�� R� PHQRV�� QXHVWUR� SODQHWD� TXH� 6DWXUQR� \� TXH�
0HUFXULR"��

¢<� 1HSWXQR"�� TXH� HVWi� ��� YHFHV�PiV� OHMRV� TXH� OD� 7LHUUD� \� HV� XQDV� �� YHFHV�PiV�
JUDQGH��

�

5HVROXFLyQ�

/D�HQHUJtD�OOHJD�GHO�6RO�HQ�IRUPD�GH�RQGDV�HOHFWURPDJQpWLFDV�HVIpULFDV�\��SRU�HVR��OD�
HQHUJtD�SRU�XQLGDG�GH�iUHD�TXH��HQ�XQ�WLHPSR�GDGR��OOHJD�D�XQD�UHJLyQ�TXH�HVWi�D�XQD�
GLVWDQFLD�d�GHO�6RO�HV�LQYHUVDPHQWH�SURSRUFLRQDO�D� �d ��

$Vt��OD�HQHUJtD�SRU�XQLGDG�GH�iUHD�TXH�UHFLEH�OD�7LHUUD�HV�

� ������ � ���� ���� �YHFHV�PD\RU�TXH�OD�TXH�UHFLEH�6DWXUQR��

� ������� � ���� ���� �YHFHV�OD�TXH�UHFLEH�0HUFXULR��

6LQ�HPEDUJR��FRQWDQGR�WRGD�OD�VXSHUILFLH�GH�ORV�SODQHWDV��OD�HQHUJtD�WRWDO�TXH�UHFLEHQ�
ORV�WUHV�SODQHWDV�HV�FDVL�OD�PLVPD��(OOR�HV�GHELGR�D�TXH�HO�GLiPHWUR�GH�6DWXUQR�HV�����
YHFHV�PD\RU�TXH�HO�GH�OD�7LHUUD��XQ�IDFWRU�VLPLODU�DO�FRFLHQWH�����GH�GLVWDQFLDV�DO�6RO��
\�HO�GLiPHWUR�GH�OD�7LHUUD�HV�����PD\RU�TXH�HO�GH�0HUFXULR��TXH�HV�HO�PLVPR�IDFWRU�TXH�
HO� FRFLHQWH� GH� GLVWDQFLDV� DO� 6RO�� 2� ELHQ�� 6DWXUQR� HV� ����� YHFHV� PiV� JUDQGH� TXH�
0HUFXULR�\�HVWi�D������YHFHV�PiV�GLVWDQFLD���

0DWHPiWLFDPHQWH��
�
SODQHWD�

SODQHWD SODQHWD �
���� ���� ����� ���

������� ������ ������
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(VWH� KHFKR� HV� FDVXDO�� 3DUD� RWURV� SODQHWDV� GHO� 6LVWHPD�6RODU� QR� VH� GD� HVD�PLVPD�
SURSRUFLyQ��

(Q�OD�ILJXUD�ODV�GLVWDQFLDV�QR�HVWiQ�D�HVFDOD�UHDO��6yOR�VH�KD�LOXVWUDGR�HO�KHFKR�GH�TXH�
ORV� FRFLHQWHV� GH� ORV� GLiPHWURV� HQWUH� ODV� GLVWDQFLDV� DO� 6RO� VRQ� DSUR[LPDGDPHQWH�
LJXDOHV�HQ�HVWRV�WUHV�FDVRV��

�

(Q�OD�FDVR�GH�1HSWXQR��UHFLEH�PXFKD�PHQRV�HQHUJtD�TXH�ORV�RWURV�WUHV��SXHV�HVWi����
YHFHV�PiV�OHMRV�TXH�OD�7LHUUD�SHUR�QR�HV����YHFHV�PiV�JUDQGH�� �

6RO 0HUFXULR
7LHUUD

6DWXUQR
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��������&&DD]]DDQQGGRR��HH[[RRSSOODDQQHHWWDDVV��
(Q�PDU]R�GH������VH�ODQ]y�DO�HVSDFLR�HO�WHOHVFRSLR�.HSOHU��GHVWLQDGR�D�OD�E~VTXHGD�
GH�SODQHWDV�IXHUD�GH�QXHVWUR�VLVWHPD�VRODU��exoplanetas���(O�PpWRGR�XWLOL]DGR�VH�EDVD�
HQ�OD�GLVPLQXFLyQ�GH� OD�LQWHQVLGDG�OXPLQRVD�TXH�UHFLELPRV�GH�XQD�HVWUHOOD�FXDQGR�OD�
yUELWD� GH� XQ� SODQHWD� GH� VX� VLVWHPD� SODQHWDULR� SDVD� SRU� GHODQWH� GH� GLFKD� HVWUHOOD�
HFOLSViQGROD� SDUFLDOPHQWH� VHJ~Q� VH� YH� GHVGH� OD� 7LHUUD�� (VWH� WUiQVLWR� SURYRFD� XQD�
GLVPLQXFLyQ� SHULyGLFD� HQ� HO� EULOOR� GH� OD� HVWUHOOD� TXH� QRV� OOHJD�� TXH� SXHGH� PHGLUVH�
PHGLDQWH�WpFQLFDV�IRWRPpWULFDV��HV�GHFLU��TXH�PLGHQ�OD�FDQWLGDG�GH�OX]�SURYHQLHQWH�GH�
ORV�REMHWRV�FHOHVWHV��&RPR�SXHGHV�LPDJLQDU�HO�HIHFWR�HV�PX\�GpELO��SHUR�HV�VXILFLHQWH�
SDUD� VHU� PHGLGR� JUDFLDV� D� ORV� DYDQ]DGRV� LQVWUXPHQWRV� GHO� REVHUYDWRULR� HVSDFLDO�
.HSOHU��6RODPHQWH�ORV�SODQHWDV�TXH�HQ�VX�yUELWD�FUXFHQ�OD�OtQHD�YLVXDO�HQWUH�OD�HVWUHOOD�
\� OD� 7LHUUD� SRGUiQ� VHU� GHWHFWDGRV� SRU� HVWH�PpWRGR�� +DVWD� HO� ILQDO� GH� OD�PLVLyQ�� HQ�
������HO� WHOHVFRSLR�.HSOHU�GHVFXEULy�PiV�GH������SRVLEOHV�H[RSODQHWDV��DOJXQRV�GH�
ORV� FXDOHV� WLHQHQ� FDUDFWHUtVWLFDV� TXH� SRGUtDQ� VHU� FRPSDWLEOHV� FRQ� OD� YLGD�� (VWH�
SUREOHPD� WUDWD� GH� XQR� GH� HVRV� SRVLEOHV� SODQHWDV� KDELWDEOHV� �HO� SULPHUR� HQ� VHU�
GHVFXELHUWR��HQ��������HO�SODQHWD�.HSOHU���E��TXH�RUELWD�OD�HVWUHOOD�.HSOHU�����

(Q�OD�ILJXUD���VH�UHSUHVHQWD�XQ�HVTXHPD�GHO�SURFHVR��HQ�HO�TXH�VH�SXHGHQ�GLVWLQJXLU�
WUHV� ]RQDV�� HQ� OD� ]RQD� �� HO� SODQHWD� QR� HFOLSVD� D� OD� HVWUHOOD� \� OD� LQWHQVLGDG� GH� OX]�
UHFLELGD�HV� OD�KDELWXDO�GH� OD�HVWUHOOD��/D�]RQD���� OODPDGD�zona de ingreso��WUDQVFXUUH�
GHVGH�TXH�HO�SODQHWD�FRPLHQ]D�D�WDSDU�OD�HVWUHOOD�KDVWD�TXH�WRGR�HO�SODQHWD�TXHGD�SRU�
GHODQWH�GH� OD�HVWUHOOD��(Q�OD�]RQD���WRGR�HO�SODQHWD�HFOLSVD�D�OD�HVWUHOOD�\�GXUD�KDVWD�
TXH�HO� SODQHWD� FRPLHQ]D�D� VDOLU� GH� OD� SUR\HFFLyQ� GHO� FtUFXOR� GH� OD� HVWUHOOD�� 7RGR�HO�
SURFHVR�HQ�HO�TXH�DOJXQD�SDUWH�GHO�SODQHWD�HFOLSVD�D�OD�HVWUHOOD�VH�OH�OODPD�tránsito��
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(Q� OD� ILJXUD� �� VH� UHSUHVHQWD� OD� FXUYD�GH� OX]�SDUD� OD� HVWUHOOD�.HSOHU���� \� VX�SODQHWD�
LGHQWLILFDGR�.HSOHU���E��/RV�GRV�SLFRV� LQGLFDQ�VHQGRV�WUiQVLWRV�GH�GLFKR�SODQHWD��(Q�
OD�ILJXUD���VH�KD�KHFKR�XQ�]RRP�GH�XQR�GH�HVWRV�WUiQVLWRV��

�
&RQVLGHUDUHPRV� TXH� OD� yUELWD� HV� SUiFWLFDPHQWH� FLUFXODU�� (Q� OD� FXUYD� GH� OX]�
H[SHULPHQWDO� �ILJXUD� ��� OD� LQWHQVLGDG� VH� KD� UHSUHVHQWDGR� QRUPDOL]DGD� DO� YDORU� TXH�
WRPD� HQ� OD� ]RQD� ��� HV� GHFLU�� OD� LQWHQVLGDG� UHODWLYD� HV� OD� LQWHQVLGDG� UHFLELGD� HQ� HO�
GHWHFWRU�GHO�WHOHVFRSLR�GLYLGLGD�SRU�HO�YDORU�TXH�WRPD�HQ�OD�]RQD����3DUD�.HSOHU���E�HO�
WLHPSR�GH�LQJUHVR�� Lt ��HV�GHPDVLDGR�SHTXHxR�\�SRGHPRV�GHVSUHFLDUOR��HV�GHFLU��WRGR�
HO�WUiQVLWR�UHSUHVHQWDGR�FRUUHVSRQGH�D�OD�IDVH����

3RU�PpWRGRV�DVWURItVLFRV�VH�KD�HVWLPDGR�TXH�OD�PDVD�GH�OD�HVWUHOOD�.HSOHU����HV������
YHFHV�OD�PDVD�GHO�6RO��6H�FUHH�TXH�OD�PDVD�GHO�SODQHWD�.HSOHU���E�HV�LJXDO�D�XQDV����
PDVDV�WHUUHVWUHV��'DWRV��G� �����î������ >6,@�� UDGLR�GHO�6RO� �����î����NP��PDVD�GHO�
6RO� ��î�����NJ��UDGLR�GH�OD�7LHUUD� ������NP��PDVD�GH�OD�7LHUUD� �����î�����NJ��

D�� ([WUD\HQGR� OD� LQIRUPDFLyQ� TXH� FRQVLGHUHV� RSRUWXQD� GH� OD� ILJXUD� ��� GHWHUPLQD�� HO�
SHUtRGR�RUELWDO�GHO�SODQHWD��T��OD�GLVWDQFLD��a��GHO�SODQHWD�D�OD�HVWUHOOD��UDGLR�RUELWDO��HQ�
XQLGDGHV� DVWURQyPLFDV� �8$��� \� OD� YHORFLGDG� RUELWDO� GHO� SODQHWD�� RUEv �� �/D� XQLGDG�
DVWURQyPLFD�HV�OD�GLVWDQFLD�PHGLD�GH�OD�7LHUUD�DO�6RO����8$� ������î����NP���
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E��$�SDUWLU�GH�GDWRV�GH� OD� ILJXUD����GHWHUPLQD�HO�UDGLR�GH� OD�HVWUHOOD�� VR ��FRPSDUDGR�
FRQ� HO� UDGLR� GHO� 6RO� �GHVSUHFLD� HQ� ORV� FiOFXORV� HO� UDGLR� GHO� SODQHWD� IUHQWH� DO� GH� OD�
HVWUHOOD���&RQVLGHUD�GRV�VLWXDFLRQHV��YHU�ILJXUD����� OD�DSUR[LPDFLyQ�GH�TXH�HO�WUiQVLWR�
GLVFXUUH�SRU�OD�]RQD�PHGLD�GH�OD�HVWUHOOD��HV�GHFLU�TXH�UHFRUUH�VX�GLiPHWUR�Pi[LPR��\�
OD�VLWXDFLyQ�UHDO�HQ�TXH�HO�WUiQVLWR�TXH�YHPRV�SDVD�SRU�XQD�OtQHD�SDUDOHOD�DO�GLiPHWUR�
GH� OD�HVWUHOOD�GHELGR�D�TXH� OD�yUELWD�GH�.HSOHU���E�HVWi� LQFOLQDGD�UHVSHFWR�DO�HMH�GH�
REVHUYDFLyQ� GHVGH� OD� 7LHUUD�� FRQ� XQ� iQJXOR� GH� LQFOLQDFLyQ� �������D  � HQWUH� OD�
QRUPDO�DO�SODQR�RUELWDO�\�QXHVWUR�HMH�GH�REVHUYDFLyQ��

F�� 8Q� FXHUSR� FDOLHQWH� TXH� HVWi� D� XQD� WHPSHUDWXUD� T� HPLWH� HQHUJtD� HQ� IRUPD� GH�
UDGLDFLyQ�HOHFWURPDJQpWLFD��HQ�HO�FDVR�GH�XQD�HVWUHOOD�PD\RULWDULDPHQWH�HQ�IRUPD�GH�
OX]��/D�SRWHQFLD�HPLWLGD��P��SRU�XQLGDG�GH�iUHD��A��YLHQH�GDGD�SRU�XQD�OH\�OODPDGD�OH\�
GH�6WHIDQ�%ROW]PDQQ��

��P A TV ��

GRQGH�V �HV�XQD�FRQVWDQWH�XQLYHUVDO�FX\R�YDORU�HV�V � �����î�����>6,@��5HDOL]DQGR�XQ�
DQiOLVLV�HVSHFWUDO�GH�OD�OX]�GH�OD�HVWUHOOD�VH�VDEH�TXH�OD�WHPSHUDWXUD�VXSHUILFLDO�GH�OD�
HVWUHOOD�.HSOHU����HV������.��3DUD�HVD�HVWUHOOD��HQ�HO�GHWHFWRU�GHO�WHOHVFRSLR�.HSOHU�VH�
UHJLVWUD�XQD�SRWHQFLD�SRU�XQLGDG�GH�VXSHUILFLH�GHO�GHWHFWRU�GH����î������:�P���

L��¢$�TXp�GLVWDQFLD��d��GH�QRVRWURV��HQ�DxRV�OX]��VH�HQFXHQWUD� OD�HVWUHOOD�.HSOHU���"�
�8Q�DxR�OX]�VH�GHILQH�FRPR�OD�GLVWDQFLD�TXH�UHFRUUH�OD�OX]�HQ�XQ�DxR���

LL��'HPXHVWUD�TXH�OD�SpUGLGD�GH�LQWHQVLGDG�UHODWLYD�� ' �HQ�ILJXUD����HV� �
S V� � �R R'  ��

GRQGH� SR �HV�HO�UDGLR�GHO�SODQHWD��

LLL��&DOFXOD�HO�UDGLR�GHO�SODQHWD�� SR ��OD�GHQVLGDG�GHO�SODQHWD�� SU ��\�OD�DFHOHUDFLyQ�GH�OD�
JUDYHGDG�HQ�VX�VXSHUILFLH�� Sg ��

LY�� &DOFXOD� OD� SRWHQFLD� OXPLQRVD� SRU� XQLGDG� GH� iUHD� TXH� UHFLEH� .HSOHU���E� \�
FRPSiUDOR�FRQ�HO�YDORU�HQ�OD�7LHUUD��TXH�HV�GH������:�P���

Y�� (Q� YLVWD� GH� ORV� UHVXOWDGRV� TXH� KDV� REWHQLGR� ¢FUHHV� TXH� .HSOHU���E� SRGUtD� VHU�
KDELWDEOH"�

F�� &RPR� VDEHV�� OD�
HVWUHOOD� \� HO� SODQHWD�
JLUDQ� UHVSHFWR� GHO�
FHQWUR� GH� PDVDV�
FRP~Q�� (VWXGLDQGR� HO�
GHVSOD]DPLHQWR� SRU�
HIHFWR� 'RSSOHU� GHO�
HVSHFWUR� GH� OD� HVWUHOOD�
VH� KD� GHWHUPLQDGR� OD�
YHORFLGDG� UDGLDO� GH� OD�
HVWUHOOD� HQ� IXQFLyQ� GHO�
WLHPSR�� HV� GHFLU�� OD�
FRPSRQHQWH� GH� OD�
YHORFLGDG�GH� OD�HVWUHOOD�
HQ� OD� GLUHFFLyQ� GH� OD� YLVXDO� FRQ� OD� 7LHUUD�� Uv �� 6X� YDORU� YLHQH� GDGR� SRU� OD� OtQHD� GH�
SXQWRV� GH� OD� ILJXUD� ��� $� SDUWLU� GH� HVD� ILJXUD�� ¢SRGUtDV� HVWLPDU� OD� YHORFLGDG� GH� OD�
HVWUHOOD�� Vv ��HQ�VX�PRYLPLHQWR�GH�URWDFLyQ�UHVSHFWR�GHO�FHQWUR�GH�PDVDV"�¢4Xp�FUHHV�
TXH�SXHGH�VLJQLILFDU�TXH�OD�RVFLODFLyQ�GH�OD�ILJXUD�QR�WLHQH�FRPR�YDORU�PHGLR�HO��"�
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5HVROXFLyQ�

D�� (O� SHUtRGR� RUELWDO� GHO� SODQHWD� VHUi� HO� WLHPSR� WUDQVFXUULGR� HQWUH� GRV� WUiQVLWRV�
FRQVHFXWLYRV��/H\HQGR�GLUHFWDPHQWH�GH�OD�ILJXUD���WHQHPRV�TXH�T� �����GtDV��

6DELHQGR�HO�SHUtRGR�RUELWDO�SRGHPRV�GHGXFLU� OD�GLVWDQFLD��a��GHO�SODQHWD�D�OD�HVWUHOOD�
XWLOL]DQGR�OD����OH\�GH�.HSOHU��
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'HVSHMDPRV�OD�GLVWDQFLD��VDELHQGR�TXH�OD�PDVD�GH�OD�HVWUHOOD�HV������PDVDV�VRODUHV��
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TXH�FRQYHUWLGD�D�XQLGDGHV�DVWURQyPLFDV�HV���
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/D�YHORFLGDG�RUELWDO� OD�SRGHPRV�REWHQHU�VDELHQGR�HO�SHULRGR��T��\�HO�UDGLR�RUELWDO��a��
TXH�DFDEDPRV�GH�FDOFXODU��
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E��$�SDUWLU�GH�OD�ILJXUD���GHWHUPLQDPRV�TXH�HO�WLHPSR�GH�WUiQVLWR�HV�DSUR[LPDGDPHQWH�
7 ����Kt  ���

ƒ�6LQ�LQFOLQDFLyQ�RUELWDO�� �D  ���(Q�HO�WUiQVLWR��GHVSUHFLDQGR�HO�UDGLR�GH�.HSOHU���E��HO�
SODQHWD� KD� UHFRUULGR� XQD� GLVWDQFLD� LJXDO� DO� GLiPHWUR� GH� OD� HVWUHOOD�� HV� GHFLU�� V�R ��
GRQGH� VR �HV�HO�UDGLR�GH�OD�HVWUHOOD�.HSOHU�����3RU�WDQWR��
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<�HO�UDGLR�GH�OD�HVWUHOOD�HQ�UDGLRV�VRODUHV�HV��
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ƒ�6LWXDFLyQ�UHDO�� �������D  ���'XUDQWH�HO�WLHPSR�GH�WUiQVLWR�HO�SODQHWD�\D�QR�UHFRUUH�
OD�GLVWDQFLD�HFXDWRULDO� V�R ��VLQR�XQD�GLVWDQFLD� �x �GRQGH�HO�YDORU�GH�x�HV��YHU�ILJXUD���
\�XWLOL]DU�OD�JHRPHWUtD�GH�XQD�FLUFXQIHUHQFLD���
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3RU�WDQWR��GH�OD�YHORFLGDG�RUELWDO�VH�REWLHQH�DKRUD�SDUD�HO�UDGLR�GH�OD�HVWUHOOD��
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TXH�HV�HO�YDORU�TXH�ORV�FLHQWtILFRV�KDQ�GHWHUPLQDGR�SDUD�.HSOHU�����

F��9DULRV�VXEDSDUWDGRV���

L��/D�SRWHQFLD�WRWDO�HPLWLGD�SRU�OD�HVWUHOOD��WDPELpQ�OODPDGD�OXPLQRVLGDG���SRU�OD�OH\�GH�
6WHIDQ�%ROW]PDQQ�� VHUi� � �

V V�P R TS V �� SXHV� VX� UDGLR� HV� VR �� <� OD� LQWHQVLGDG� TXH�
OOHJD� �SRWHQFLD� SRU� XQLGDG� GH� VXSHUILFLH�� D� XQD� GLVWDQFLD� d� GH� OD� HVWUHOOD� HV�

�
V � �I P dS ��/XHJR�OD�GLVWDQFLD�D�OD�7LHUUD�HV�
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LL�� /D� SRWHQFLD� HIHFWLYD� VHUi� SURSRUFLRQDO� DO� iUHD� HIHFWLYD� GH� OD� HVWUHOOD�� HV� GHFLU� DO�
iUHD� TXH� YHPRV� GH� OD� HVWUHOOD�� 3RU� WDQWR�� FXDQGR� HO� SODQHWD� QR� RFXOWD� QDGD� GH� OD�
HVWUHOOD�VH�WLHQH�
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6LQ� HPEDUJR�� FXDQGR�HO� SODQHWD�HVWi�SRU�GHODQWH�GH� OD�HVWUHOOD�� VX�iUHD�HIHFWLYD�VH�
UHGXFH� HQ� XQD� FDQWLGDG� LJXDO� DO� iUHD� TXH� RFXSD� HO� SODQHWD�� SRU� OR� TXH� OD� SRWHQFLD�
HIHFWLYD�VHUi�

� �� � �
� V SP R R TS S V � ��

�

3RU�WDQWR��OD�SpUGLGD�UHODWLYD�GH�SRWHQFLD��\�GH�LQWHQVLGDG��TXH�QRV�OOHJD�VHUi�
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LLL��&RQ�OD�H[SUHVLyQ�REWHQLGD�HQ�HO�DSDUWDGR�DQWHULRU�\�HO�UDGLR�GH�OD�HVWUHOOD�REWHQLGR�
SUHYLDPHQWH��SRGHPRV�GHGXFLU�HO�UDGLR�GHO�SODQHWD�XWLOL]DQGR�HO�YDORU� ������'  �TXH�
VH�REWLHQH�GH�OD�ILJXUD����
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&RQ�HOOR��\�VDELHQGR�OD�PDVD�GHO�SODQHWD��SRGHPRV�KDOODU�VX�GHQVLGDG�FRPR�
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LY��(Q�HO�DSDUWDGR�L�KHPRV�LQGLFDGR�TXH�OD�SRWHQFLD�WRWDO�HPLWLGD�SRU�OD�HVWUHOOD�HV�
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Y�� /D� LQWHQVLGDG� OXPLQRVD� HV� FDVL� LJXDO� TXH� OD� TXH� UHFLELPRV� HQ� OD� 7LHUUD� GHO� 6RO��
������:�P �HQ� OD�SDUWH�H[WHUQD�GH� OD�DWPyVIHUD��/D�GHQVLGDG�HV� OR�VXILFLHQWHPHQWH�

DOWD�FRPR�SDUD�TXH�HO�SODQHWD�VHD�VyOLGR��DO�PHQRV�HQ�SDUWH��OD�GHQVLGDG�GH�OD�7LHUUD�
HV� �����J�FP � \� OD� GHO� DJXD� ���J�FP ��� 3HUR� HO� YDORU� GH� OD� JUDYHGDG� REWHQLGR� HV�
GHPDVLDGR�DOWR�SDUD�TXH�XQ�VHU�KXPDQR�OR�SXGLHUD�VRSRUWDU��SXHV�HV���������� �����
YHFHV�OD�JUDYHGDG�WHUUHVWUH��$XQTXH�SRGUtD�VHU�KDELWDEOH�SRU�RWUD�IRUPD�GH�YLGD�TXH�
VH� KXELHUD� DGDSWDGR� HYROXWLYDPHQWH� �X� RUJDQLVPRV� PLFURVFySLFRV� FRPR� EDFWHULDV��
YLUXV��HWF����

F��(O�SXQWR�Pi[LPR�GH� OD�FXUYD�FRUUHVSRQGH�DO� LQVWDQWH�HQ�TXH�OD�HVWUHOOD�VH�PXHYH�
MXVWR�HQ� OD�GLUHFFLyQ�GH� OD�YLVXDO�FRQ� OD�7LHUUD�\�HQ�VHQWLGR�KDFLD� OD�7LHUUD��PLHQWUDV�
TXH�HO�PtQLPR�FRUUHVSRQGH�D�OD�VLWXDFLyQ�HQ�TXH�VH�PXHYH�HQ�OD�GLUHFFLyQ�GH�OD�YLVXDO�
FRQ�OD�7LHUUD�\�VHQWLGR�DOHMiQGRVH�GH�OD�7LHUUD��/D�YHORFLGDG�QXOD�UHVSHFWR�GHO�FHQWUR�
GH�PDVDV�FRUUHVSRQGHUtD�DO�SXQWR�PHGLR�GH�OD�RVFLODFLyQ�TXH�VHUtD�FXDQGR�VH�PXHYH�
SHUSHQGLFXODU� D� OD� 7LHUUD�� 3RU� WDQWR�� VX� YHORFLGDG� UHVSHFWR� GHO� FHQWUR� GH� PDVDV�
FRUUHVSRQGH�D� OD�DPSOLWXG�GHO�PRYLPLHQWR��HV�GHFLU� OD�PLWDG�GH� OD�GLVWDQFLD�HQWUH�HO�
Pi[LPR�\�HO�PtQLPR��TXH��D�SDUWLU�GH�OD�JUiILFD��HQFRQWUDPRV�TXH�YDOH�
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4XH�HO�YDORU�PHGLR�QR�VHD�FHUR�VLJQLILFD�TXH�HO�FHQWUR�GH�PDVDV�VH�HVWi�PRYLHQGR�
UHVSHFWR�GH�QRVRWURV��'H�KHFKR��OR�KDFH�FRQ�XQD�YHORFLGDG�
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6DEHU�PiV�

3iJLQD�ZHE�GH�OD�PLVLyQ�.HSOHU��KWWSV���ZZZ�QDVD�JRY�PLVVLRQBSDJHV�NHSOHU���

/LVWD� \� DUFKLYR�GH� GDWRV�GH�H[RSODQHWDV��KWWSV���H[RSODQHWDUFKLYH�LSDF�FDOWHFK�HGX�� \�
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�/LVWVBRIBH[RSODQHWV��

$UWtFXOR�FRQ�ORV�GHVFXEULPLHQWRV�GHO�SODQHWD�.HSOHU���E��

https://www.nasa.gov/mission_pages/kepler/
https://exoplanetarchive.ipac.caltech.edu/
https://en.wikipedia.org/wiki/Lists_of_exoplanets
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%RUXFNL��:�-�� HW� DO�� �������� ³.HSOHU���E�� $� ���� (DUWK� UDGLXV� SODQHW� LQ� WKH� KDELWDEOH�
]RQH�RI�D�VXQOLNH�VWDU´��Astrophysical Journal����������SS������� �
(O� WHOHVFRSLR�.HSOHU� ILQDOL]y�VX�PLVLyQ�HO����GH�QRYLHPEUH�GH������ WUDV�DJRWDUVH�HO�
FRPEXVWLEOH�QHFHVDULR�SDUD�KDFHU�SHTXHxDV�FRUUHFFLRQHV�GH�yUELWD��+DVWD�HO�ILQDO�GH�
VX�YLGD�.HSOHU�GHWHFWy�SRU�HO�PpWRGR�GHO�WUiQVLWR�FDVL������FDQGLGDWRV�D�H[RSODQHWDV�
GH� ORV�FXDOHV������KDQ�VLGR�FRQILUPDGRV��(VWR�SHUPLWH�H[WUDSRODU� ORV�GDWRV�H� LQIHULU�
TXH��OD�PD\RUtD�GH�HVWUHOODV�WLHQHQ�XQ�VLVWHPD�SODQHWDULR��\�TXH�KD\�PiV�SODQHWDV�TXH�
HVWUHOODV��$GHPiV��HQWUH�XQ����\�XQ������GH�ODV�HVWUHOODV�WLHQHQ�SODQHWDV�SHTXHxRV��
SRVLEOHPHQWH�URFRVRV��HQ�OD�zona de habitabilidad�GH�OD�HVWUHOOD��zona de habitabilidad�
HV�OD�UHJLyQ�DOUHGHGRU�GH�OD�HVWUHOOD�HQ�TXH� OD�UDGLDFLyQ�HVWHODU�HV�FRPSDWLEOH�FRQ�OD�
SUHVHQFLD�GH�DJXD�OtTXLGD�HQ�XQ�SRVLEOH�SODQHWD�TXH�OD�WXYLHUD��QR�FRQIXQGLU�FRQ�TXH�
HO�SODQHWD�VHD�KDELWDEOH� \� QL�PXFKR�PHQRV�FRQ�TXH�HVWp�KDELWDGR���7DPELpQ�VH�KD�
YLVWR�TXH�KD\�XQD�JUDQ�GLYHUVLGDG�HQ�HO�WLSR�GH�VLVWHPDV�SODQHWDULRV��GHVGH�VLVWHPDV�
FRQ�SODQHWDV�SHTXHxRV�GH�SRFDV�YHFHV�HO� WDPDxR�GH�QXHVWUD� OXQD��D�VLVWHPDV�FRQ�
SODQHWDV�KDVWD����YHFHV�PD\RUHV�TXH�-~SLWHU��\�GHVGH�VLVWHPDV�FRQ�yUELWDV�PHQRUHV�
TXH�OD�GH�0HUFXULR�D�yUELWDV�PXFKR�PD\RUHV�TXH�QXHVWUR�6LVWHPD�6RODU��
$XQTXH�HO�WHOHVFRSLR�.HSOHU�KD�GHVFXELHUWR�OD�PD\RUtD�GH�ORV�H[RSODQHWDV�FRQRFLGRV��
KD\�RWURV�FLHQWRV�GHVFXELHUWRV�SRU�RWURV�WHOHVFRSLRV�\�SRU�RWURV�PpWRGRV��FRPR�HO�GH�
OD�YHORFLGDG�UDGLDO�EDVDGR�HQ�XQ�SULQFLSLR�SDUHFLGR�DO�GHVFULWR�HQ�HO�DSDUWDGR�F��GHO�
SUREOHPD�SURSXHVWR��'H�KHFKR��ORV�GRV�SODQHWDV�PiV�FHUFDQRV�VH�GHVFXEULHURQ�SRU�HO�
PpWRGR�GH�OD�YHORFLGDG�UDGLDO��(O�PiV�FHUFDQR�VH�OODPD�3Uy[LPD�E�\�HVWi�DOUHGHGRU�GH�
OD�HVWUHOOD�PiV�FHUFDQD��$OSKD�&HQWDXUL� �D���DxRV�OX]���/RV�YDORUHV�GH�VX�UDGLR�\�VX�
PDVD� VH� HVWLPD� TXH� VRQ� FRPSDUDEOHV� D� ORV� GH� 7LHUUD�� \� VH� FUHH� TXH� HVWDUtD� HQ� OD�
]RQD�GH�KDELWDELOLGDG�GH� OD�HVWUHOOD��DXQTXH�SUREDEOHPHQWH�QR�VHD�KDELWDEOH�SRUTXH�
$OSKD�&HQWDXUL� HV� XQD� HQDQD� URMD� TXH� HPLWH�PXFKRV� UD\RV�;�� /D� VHJXQGD� HVWUHOOD�
PiV�FHUFDQD��%DUQDUG��D���DxRV�OX]��WDPELpQ�VH�FUHH��GHVGH�QRYLHPEUH�GH�������TXH�
WLHQH�XQ�H[RSODQHWD��OODPDGR�%DUQDUG�E��GH�XQD�PDVD�GH�DO�PHQRV�XQDV���YHFHV� OD�
GH�OD�7LHUUD��

$UWtFXOR�VREUH�%DUQDUG�E��

5LEDV��,���7XRPL��0���5HLQHUV��$��HW�DO����������³$�FDQGLGDWH�VXSHU�(DUWK�SODQHW�RUELWLQJ�
QHDU�WKH�VQRZ�OLQH�RI�%DUQDUG¶V�VWDU´��Nature������SS�����������
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�
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��������99iiPPRRQQRRVV��GGHH��ppuueennttiinngg��
&RPR�SUREDEOHPHQWH� VDEUiV� HO�puenting� HV� XQD� DFWLYLGDG� GH� ULHVJR� FRQVLVWHQWH� HQ�
GHMDUVH� FDHU� GHVGH� XQ� SXHQWH� DWDGR� SRU� ORV� WRELOORV� D� XQ� H[WUHPR� GH� XQD� FXHUGD�
HOiVWLFD�FX\R�RWUR�FDER�HVWi�VXMHWR�DO�SXHQWH��/D�HODVWLFLGDG�GH�OD�FXHUGD�KDFH�TXH�HO�
VDOWDGRU�VH�IUHQH�VXDYHPHQWH��R�DO�PHQRV�HVR�GHVHDPRV��

&RQVLGHUHPRV� TXH� HO� SXHQWH� WLHQH� XQD� DOWXUD� h�  � ���� P� GHVGH� GRQGH� VDOWD� HO�
VDOWDGRU��GH����NJ�GH�PDVD��KDVWD�HO� UtR�TXH�SDVD�SRU�GHEDMR��/D�FXHUGD� WLHQH�XQD�
ORQJLWXG�HQ�DXVHQFLD�GH�IXHU]DV�H[WHUQDV�TXH�OODPDUHPRV� �L ��3RGHPRV�DSUR[LPDU�HO�
VDOWR�HQ�GRV�IDVHV��

���(O�VDOWDGRU�VH�GHMD�FDHU�FRQ�XQD�YHORFLGDG�LQLFLDO�QXOD�\�OD�FXHUGD�QR�KDFH�QLQJ~Q�
HIHFWR�KDVWD�TXH�HO�VDOWDGRU�KD�UHFRUULGR�XQD�GLVWDQFLD� �L �GHVGH�HO�SXHQWH��

��� /D� FXHUGD� FRPLHQ]D�D� IUHQDU� DO� VDOWDGRU� KDVWD� GHWHQHU� OD� FDtGD�� SUHIHULEOHPHQWH�
DQWHV� GH� TXH� pVWH� OOHJXH� DO� DJXD� VL� QR� TXHUHPRV� WHQHU� XQD� GHVJUDFLD�� (Q� HVWD�
VHJXQGD� IDVH� FRQVLGHUDUHPRV� TXH� OD� FXHUGD� VLJXH� OD� OH\� GH� +RRNH�� HV� GHFLU�� VH�
FRPSRUWD�FRPR�XQ�PXHOOH�LGHDO�GH�FRQVWDQWH�k��&RQVLGHUDUHPRV�DO�VDOWDGRU�FRPR�XQD�
PDVD�SXQWXDO�\�TXH�QR�KD\�UR]DPLHQWR�FRQ�HO�DLUH��

�
D��5HDOL]D�XQ�HVTXHPD�GH� OD�FDtGD�� UHSUHVHQWDQGR� ODV� IXHU]DV�TXH�DFW~DQ�VREUH�HO�
VDOWDGRU�HQ�FDGD�IDVH��

E��2EWpQ�XQD�H[SUHVLyQ�SDUD�OD�ORQJLWXG�Pi[LPD�TXH�DOFDQ]D�OD�FXHUGD�HQ�IXQFLyQ�GH�
�L �\�GH�k��

F��/D�GHSHQGHQFLD�GH�OD�FRQVWDQWH�k�GH�OD�FXHUGD�FRQ�OD�ORQJLWXG� �L �YLHQH�GDGD�SRU�OD�
IXQFLyQ� � �� ��k L a L �� GRQGH� a� HV� XQD� FRQVWDQWH� TXH� YDOH� ����� 1�� 'HPXHVWUD�
TXH� HO� YDORU�Pi[LPR�SDUD�OD�ORQJLWXG� �L �GH�OD�FXHUGD�TXH�SRGHPRV�WRPDU�SDUD�TXH�HO�
VDOWDGRU�QR�FKRTXH�FRQWUD�HO�DJXD�HV������P��

&RQVLGHUD� HQ� OR� TXH� VLJXH� TXH� QXHVWUR� VDOWDGRU� WHPHUDULR� XWLOL]D� XQD� FXHUGD� GH�
H[DFWDPHQWH�OD�ORQJLWXG�LQGLFDGD�HQ�HO�DSDUWDGR�DQWHULRU��HV�GHFLU��HO�VDOWDGRU�TXHGDUi�
D�SXQWR�GH�WRFDU�HO�DJXD���

G�� 5HSUHVHQWD� JUiILFDPHQWH� OD� DFHOHUDFLyQ� HQ� IXQFLyQ� GH� OD� SRVLFLyQ� �WRPD� FRPR�
RULJHQ�GH�FRRUGHQDGDV�HO�SXQWR�HQ�TXH�VH�LQLFLD�HO�VDOWR�\�SRVLWLYR�HO�HMH�KDFLD�DEDMR���

h



���
 
 

&RQVLGHUDQGR�TXH� ODV�DFHOHUDFLRQHV�VXIULGDV�SRU�HO� FXHUSR�KXPDQR�PD\RUHV�GH��g�
SXHGHQ� VHU�PX\�SHOLJURVDV� SDUD� OD� VDOXG�� FRQWHVWD� VL� VH� DOFDQ]D�HVWD� FRQGLFLyQ� GH�
SHOLJUR�HQ�DOJ~Q�SXQWR��

H�� (O� VDOWDGRU� KD� FRPSUREDGR� TXH� HO� HQJDQFKH� GH� OD� FXHUGD� FRQ� HO� SXHQWH� VH� KD�
GHWHULRUDGR� \� HVWi� HQ� XQD� VLWXDFLyQ� FUtWLFD�� 1R� YROYHUi� D� DJXDQWDU� RWUR� VDOWR� VL� HO�
HQJDQFKH� VXIUH� OD�PLVPD� IXHU]D�Pi[LPD� TXH� HQ� HO� VDOWR� DQWHULRU�� 'HFLGH� HQWRQFHV�
SUREDU�XQD�YDULDQWH�GLVWLQWD�GHO�puenting�SRUTXH�FUHH�TXH�DVt� OD� IXHU]D�Pi[LPD�TXH�
VXIULUi�HO�HQJDQFKH�VHUi�PHQRU��3DUD�HOOR�VH�GHMD�FDHU�GHVGH�XQ�SXQWR�GHO�SXHQWH��$�
HQ�OD�ILJXUD�GH�DEDMR��VLWXDGR�D�XQD�GLVWDQFLD� �L �GHO�SXQWR�GH�ILMDFLyQ�GH�OD�FXHUGD�DO�
SXHQWH��2��

�

2 �HQJDQFKH�

L�

$��SXQWR�GH�VDOWR�

%

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

�

��

��

��

��

��

��

��

��

��

���

x �P��

y
�P
��

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

�

���

�

���

�

���

�

���

�

���

�

$

%



����
 
 

(O�PRYLPLHQWR� VHJXLGR� HQ� HO� VDOWR� VH� LQVFULEH� REYLDPHQWH� HQ� XQ� SODQR�� SHUR� QR� HV�
FLUFXODU�SXHV� OD�FXHUGD�VH�SXHGH�HVWLUDU��'H�KHFKR��HO�PRYLPLHQWR� UHDO� HV� EDVWDQWH�
FRPSOLFDGR� \� QL� VLTXLHUD� HV� SHULyGLFR� HQ� JHQHUDO�� (Q� OD� ILJXUD� VH� UHSUHVHQWD� OD�
WUD\HFWRULD� � �y x � GHVGH� TXH� VH� GHMD� FDHU� HO� VDOWDGRU� KDVWD� HO� SXQWR� PiV� DOWR� TXH�
DOFDQ]D�HQ�VX�PRYLPLHQWR�FHUFD�GHO�SXQWR�GH�SDUWLGD��SXQWR�%�HQ�HO�GLEXMR��

L��¢7HQtD�UD]yQ�HO�VDOWDGRU��HV�GHFLU��DJXDQWDUi�HO�HQJDQFKH"�

LL��(Q�HO� SXQWR�%�GH�FDVL� UHWRUQR� DO� SXQWR� LQLFLDO�� HO� VDOWDGRU�QR� DOFDQ]D�SRU�SRFR� OD�
PLVPD�FRWD�TXH�GHVGH� OD�TXH�VDOWy��([SOLFD�FyPR�HV�HVWR�SRVLEOH�VL�VH�FRQVHUYD� OD�
HQHUJtD��\�HVWLPD��XVDQGR�pVWH�\�RWURV�GDWRV�TXH�FRQVLGHUHV�RSRUWXQR�H[WUDHU�GH�ODV�
JUiILFDV��HO�YDORU�GHO�PyGXOR�GH�OD�YHORFLGDG�HQ�HO�SXQWR�%��

�

5HVROXFLyQ�

D��(Q�OD�IDVH���VROR�DFW~D�OD�IXHU]D�GH�OD�JUDYHGDG���

/D� IDVH� �� FRPLHQ]D� FXDQGR� �L L �� $GHPiV� GH� OD� JUDYHGDG� DFW~D� OD� IXHU]D�
UHFXSHUDGRUD� HOiVWLFD� TXH� VLJXH� OD� OH\� GH� +RRNH� � ��F k L L � �� FRQ� VHQWLGR� KDFLD�
DUULED��

�

E�� $SOLFDPRV� OD� FRQVHUYDFLyQ� GH� OD� HQHUJtD�� (Q� HO� PRPHQWR� GHO� VDOWR� OD� HQHUJtD�
PHFiQLFD�LQLFLDO�HV�QXOD��

� F � S � �E E E �  ��

SXHV� QR� KD\� YHORFLGDG� LQLFLDO� \� SRGHPRV� WRPDU� HO� SXQWR� GH� VDOWR� FRPR� RULJHQ� GH�
HQHUJtD�SRWHQFLDO�JUDYLWDWRULD��

(Q� HO� SXQWR� LQIHULRU� OD� HQHUJtD� WRWDO� VHUi� VXPD� GH� OD� SRWHQFLDO� JUDYLWDWRULD� \� GH� OD�
SRWHQFLDO�HOiVWLFD��GH�QXHYR�OD�YHORFLGDG�HQ�HVH�SXQWR�VHUi�QXOD���

� ��F S PD[ PD[ �
��
�
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3RU� FRQVHUYDFLyQ� GH� OD� HQHUJtD�PHFiQLFD� DPEDV� HQHUJtDV� KDQ� GH� VHU� LJXDOHV�� 3RU�
WDQWR��
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GH� GRQGH� SRGHPRV� GHVSHMDU� PD[L � WUDV� UHVROYHU� XQD� HFXDFLyQ� GH� VHJXQGR� JUDGR� \�
TXHGDUQRV�FRQ�OD�VROXFLyQ�SRVLWLYD��

PD[ � �� � �mg kL L L
k mg
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F�� $� SDUWLU� GH� OD� H[SUHVLyQ� DQWHULRU�� WRPDPRV� OD� GHSHQGHQFLD� LQGLFDGD� HQ� HO�
HQXQFLDGR�� ��k a L ��\�GHVSHMDPRV� �L �HQ�IXQFLyQ�GH� PD[L ��

PD[
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L
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(Q�QXHVWUR�FDVR�HO�YDORU�GH� PD[L �SDUD�TXH�HO�VDOWDGRU�QR�FKRTXH�GHEH�FRLQFLGLU�FRQ�OD�
DOWXUD�GHO�SXHQWH��SRU�WDQWR�� PD[ ����PL h  ��\�UHVROYLHQGR�FRQ�ORV�GDWRV�m� ����NJ�
\�a� ������� 1��VH�REWLHQH�SDUD� �L �HO�YDORU�LQGLFDGR�HQ�HO�HQXQFLDGR��
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G��(Q�OD�IDVH���OD�DFHOHUDFLyQ�HV�VLPSOHPHQWH�g��(Q� OD�IDVH����VHJ~Q�OD�VHJXQGD�OH\�
GH�1HZWRQ�WHQHPRV�TXH��HQ�IXQFLyQ�GH�OD�GLVWDQFLD�YHUWLFDO�y�UHFRUULGD��
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TXH�HV�XQD�UHFWD��3RU�WDQWR��OD�UHSUHVHQWDFLyQ�JUiILFD�GH�OD�DFHOHUDFLyQ�HQ�IXQFLyQ�GH�
OD�GLVWDQFLD�� � �a y ��HV�OD�VLJXLHQWH��

�
/D� DFHOHUDFLyQ� Pi[LPD� HQ� YDORU� DEVROXWR� VH� DOFDQ]DUi� HQ� HO� SXQWR� PD[y L ��
8WLOL]DQGR�OD�H[SUHVLyQ�REWHQLGD�HQ�HO�DSDUWDGR�E�REWHQHPRV�
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TXH�HV�PHQRU�HQ�PyGXOR�TXH�OD�Pi[LPD�DFHOHUDFLyQ�WROHUDEOH���g��

H��'RV�VXEDSDUWDGRV��

L�� /D� IXHU]D� HOiVWLFD�Pi[LPD�TXH� VXIUtD� OD� FXHUGD� RFXUUtD� FXDQGR� VH� KDEtD� HVWLUDGR�
KDVWD�XQD�ORQJLWXG�GH�����P��(Q�OD�QXHYD�VLWXDFLyQ��YHPRV�HQ�OD�ILJXUD�TXH�HQ�QLQJ~Q�
PRPHQWR� OD� ORQJLWXG� GH� OD� FXHUGD� DOFDQ]D� ORV� ����P�GHVGH�HO� SXQWR� GH� DQFODMH� �HO�
SXQWR�Pi[LPR�HV�SRFR�PiV�GH����P���(O�VDOWDGRU�WHQtD�UD]yQ��

LL��1R�DOFDQ]D�OD�PLVPD�FRWD�TXH�OD�GHO�SXQWR�GH�VDOWR�SRUTXH�HQ�%�OD�YHORFLGDG�QR�HV�
QXOD�� 3DUWH� GH� OD� HQHUJtD� SRWHQFLDO� HQ�$� VH� KD� FRQYHUWLGR� HQ� HQHUJtD� FLQpWLFD� \� HQ�
HQHUJtD�HOiVWLFD��SRUTXH�OD�FXHUGD�TXHGD�XQ�SRFR�HVWLUDGD��HQ�%��
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'H�OD�JUiILFD�� OD�GLIHUHQFLD�GH�DOWXUD�HQWUH�$�\�%�HV� $% ����Py'  ��\�OD�ORQJLWXG�GH�OD�
FXHUGD��HQWUH�2�\�%��HV� % �����PL  ��(O�YDORU�GH�k�HV�� ��k a L  ����������� ������
1�P��$Vt�SRGHPRV�REWHQHU�OD�YHORFLGDG�HQ�%��
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6DEHU�PiV�
(Q� OD� UHVROXFLyQ� KHPRV� GHVSUHFLDGR� OD� PDVD� GH� OD� FXHUGD�� SHUR� SDUD� XQDV�
FRQGLFLRQHV�VLPLODUHV�D�ODV�SODQWHDGDV�HQ�HO�SUREOHPD��XQD�FXHUGD�UHDOLVWD�GH�XQRV����
P�SHVDUtD�HQ�WRUQR�D����NJ��TXH�QR�HV�WDQ�GHVSUHFLDEOH�IUHQWH�D�OD�PDVD�GHO�VDOWDGRU��
(Q� ODV� VLJXLHQWHV� GLUHFFLRQHV� SXHGHV� HQFRQWUDU� XQ� SODQWHDPLHQWR� PDWHPiWLFR� VLQ�
GHVSUHFLDU�OD�PDVD�GH�OD�FXHUGD��

KWWSV���ZZZ�UHDO�ZRUOG�SK\VLFV�SUREOHPV�FRP�SK\VLFV�RI�EXQJHH�MXPSLQJ�KWPO��

KWWSV���VWDII�IQZL�XYD�QO�D�M�S�KHFN�5HVHDUFK�DUW�%XQJHH-XPSLQJ�SGI��

�

� �

https://www.real-world-physics-problems.com/physics-of-bungee-jumping.html
https://staff.fnwi.uva.nl/a.j.p.heck/Research/art/BungeeJumping.pdf
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(O�rover�&XULRVLW\�GH�OD�PLVLyQ�Mars Science Laboratory�WLHQH�XQD�PDVD�GH�����NJ�\�
UXHGD�SRU�OD�VXSHUILFLH�GH�0DUWH��(O�GLiPHWUR�GH�0DUWH�HV�GH������NP�\�VX�GLVWDQFLD�
PHGLD�DO�6RO�HV�GH�����PLOORQHV�GH�NP��(O�GLiPHWUR�GH�OD�7LHUUD�HV�GH��������NP��HVWi�
D�XQRV�����PLOORQHV�GH�NP�GHO�6RO�\�WLHQH�����YHFHV�PiV�PDVD�TXH�HO�SODQHWD�YHFLQR��
&DOFXOD��

D��/RV�GtDV�TXH�WDUGD�HO�&XULRVLW\�HQ�GDU�OD�YXHOWD�DO�6RO���

E��(O�SHVR�GHO�&XULRVLW\�HQ�0DUWH��

�
�
5HVROXFLyQ�

D��&RPR�VDEHPRV�� OD� UHODFLyQ�HQWUH� OD�GLVWDQFLD�DO�6RO� GH�GRV�SODQHWDV��HQ� HVWH�
FDVR� OD� 7LHUUD� �7�� \� 0DUWH� �0��� \� HO� WLHPSR� TXH� WDUGDQ� HQ� FRPSOHWDU� XQD� yUELWD�
HQWHUD�DOUHGHGRU�GH�pVWH��YLHQH�GDGD�SRU�OD����OH\�GH�.HSOHU��
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3RU�OR�WDQWR��HO�&XULRVLW\��FRPR�HVWi�VREUH�0DUWH��WDUGD�����GtDV�HQ�GDU�OD�YXHOWD�DO�
6RO��

,PDJHQ��1$6$�-3/�&DOWHFK
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E��/D�IyUPXOD�SDUD�REWHQHU�HO�SHVR�GH�XQ�REMHWR�YLHQH�GDGD�SRU��

P mg ��

GRQGH�m�HV�OD�PDVD�GHO�REMHWR�\�g�OD�JUDYHGDG�HQ�HO�OXJDU�HQ�HO�TXH�VH�HQFXHQWUD��
(VWD�~OWLPD�VH�SXHGH�FDOFXODU�FRQ�OD�IyUPXOD�

��GMg
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GRQGH�G�HV�OD�FRQVWDQWH�GH�JUDYLWDFLyQ�XQLYHUVDO��M�HV�OD�PDVD�GHO�SODQHWD�\�R�HV�HO�
UDGLR� GH� pVWH�� 3RU� WDQWR�� FRPR� VDEHPRV� TXH� OD� WLHUUD� WLHQH� ���� YHFHV� OD� PDVD� GH�
0DUWH��VL�FRPSDUDPRV�ODV�HFXDFLRQHV�GH�OD�JUDYHGDG�GH�DPERV�SODQHWDV��
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2EWHQHPRV�OD�JUDYHGDG�HQ�OD�VXSHUILFLH�GH�0DUWH��
�
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3DUD�FDOFXODU�HO�SHVR�GHO�&XULRVLW\�HQ�0DUWH�WHQHPRV�HQ�FXHQWD�OD�JUDYHGDG�FDOFXODGD�
\�OD�PDVD�GHO�&XULRVLW\�� ����NJCm  ���
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6DEHU�PiV�

KWWS���ZZZ�QDVD�JRY�PVO��

KWWSV���PDUV�QDVD�JRY�PVO��

/D�Mars Science Laboratory� �DEUHYLDGD�06/���HV�XQD�PLVLyQ�HVSDFLDO�GLULJLGD�SRU� OD�
1$6$� FX\R� REMHWLYR� HV� OD� H[SORUDFLyQ� PDUFLDQD�� HQ� SDUWLFXODU�� HO� HVWXGLR� GH� ODV�
FRQGLFLRQHV� GH� H[LVWHQFLD� GH� YLGD� SDVDGD�� )XH� ODQ]DGD� HQ� QRYLHPEUH� GH� ����� \�
DWHUUL]y� HQ�0DUWH� HQ� DJRVWR� GH� ������ /D�PLVLyQ� FRQVWD� GH� XQ� YHKtFXOR� WRGRWHUUHQR�
�rover�� GH� VHLV� UXHGDV� FRQRFLGR� FRPR� &XULRVLW\�� GHO� WDPDxR� GH� XQ� FRFKH�
DSUR[LPDGDPHQWH�� (O� &XULRVLW\� WLHQH� FiPDUDV�� PRWRU� GH� GLy[LGR� GH� SOXWRQLR� FRPR�
FRPEXVWLEOH��EDWHUtDV��DQWHQDV��\�PXFKRV�PiV�LQVWUXPHQWRV���

(Q������OD�PLVLyQ�VHJXtD�DFWLYD��(Q�MXOLR�GH������VH�ODQ]y�XQD�PLVLyQ��OD�0DUV�������
FRQ� HO� QXHYR� URYHU� 3HUVHYHUDQFH� TXH� OOHJy� D� 0DUWH� HQ� IHEUHUR� GH� ������
KWWSV���PDUV�QDVD�JRY�PDUV�������

$KRUD�KD\�YDULRV�YHKtFXORV�LQYHVWLJDQGR�OD�VXSHUILFLH�PDUFLDQD��DGHPiV�GHO�&XULRVLW\�
\�HO�3HUVHYHUDQFH�HVWi�HO�=KX5RQJ�GH�OD�PLVLyQ�FKLQD�7LDQZHQ����� ��

http://www.nasa.gov/msl
https://mars.nasa.gov/msl
https://mars.nasa.gov/mars2020/
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&ROJDPRV�XQD�PDVD�GH�����J�HQ�XQ�PXHOOH�\�REVHUYDPRV�TXH�pVWH�VH�DODUJD���FP��$�
FRQWLQXDFLyQ�� KDFHPRV� RVFLODU� OD� PDVD� VXVSHQGLGD� GHO� PXHOOH�� 3RU� RWUR� ODGR��
FROJDPRV�GH�XQ�SpQGXOR�XQD�PDVD�LJXDO�D�OD�DQWHULRU�\�OR�GHMDPRV�RVFLODU��4XHUHPRV�
VLQFURQL]DU�ORV�GRV�PRYLPLHQWRV��HO�GHO�SpQGXOR�FRQ�HO�GHO�PXHOOH��&RQWHVWD��

D��¢4Xp�ORQJLWXG�GHEH�WHQHU�HO�SpQGXOR�SDUD�FRQVHJXLU�OD�VLQFURQL]DFLyQ"�

E�� ¢'HSHQGH� OD� VROXFLyQ� REWHQLGD� GHO� YDORU� GH� OD� PDVD� VXVSHQGLGD� GHO� PXHOOH"�
¢'HSHQGH�GHO�YDORU�GH�OD�PDVD�FROJDGD�HQ�HO�SpQGXOR"�

�
�

5HVROXFLyQ�

D��6L�HO�SpQGXOR�\�HO�PXHOOH�HVWiQ�VLQFURQL]DGRV��VXV�SHULRGRV�GH�RVFLODFLyQ�GHEHQ�VHU�
LJXDOHV��*UDFLDV�D�OD�/H\�GH�+RRNH�VDEHPRV�TXH�OD�IXHU]D�DSOLFDGD�VREUH�XQ�PXHOOH�
HV�SURSRUFLRQDO�D�VX�HVWLUDPLHQWR��

F k x ' ��

(Q� HVWH� FDVR�� OD� IXHU]D� DSOLFDGD� VREUH� HO� PXHOOH� HV� HO� SHVR� GHO� REMHWR� TXH� VH� KD�
FROJDGR� GH� pO�� HV� GHFLU�� F P m g  �� 6XSRQHPRV� TXH� HO� PXHOOH� WLHQH� PDVD�
GHVSUHFLDEOH� \� FRQVWDQWH� HOiVWLFD� k�� 3RU� WDQWR�� VL� LJXDODPRV� HO� SHVR� D� OD� IXHU]D�
UHFXSHUDGD�GH�+RRNH�REWHQHPRV�

�m gk
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3RU�RWUR�ODGR��VDEHPRV�TXH�HO�SHULRGR�GH�RVFLODFLyQ�GH�XQ�PXHOOH�YLHQH�GDGR�SRU��
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6XVWLWXLPRV�k�SRU�VX�H[SUHVLyQ�REWHQLGD�HQ�IXQFLyQ�GHO�HVWLUDPLHQWR��TXHGDQGR�
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5HVSHFWR�DO�SpQGXOR��VL�VX�ORQJLWXG�HV�L�HO�SHULRGR�GH�RVFLODFLyQ�HV�
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&RPSDUDQGR�ODV�GRV�H[SUHVLRQHV�GH�ORV�SHULRGRV�FRQFOXLPRV�TXH��SDUD�TXH�HO�PXHOOH�
\�HO�SpQGXOR�HVWpQ�VLQFURQL]DGRV��VH�FXPSOH�

L x ' ��

7HQLHQGR�HQ�FXHQWD�ORV�GDWRV��OD�ORQJLWXG�GHO�SpQGXOR�GHEH�VHU�L� ������P��

E��(O� YDORU�GH� OD� ORQJLWXG� GHO�SpQGXOR� Vt� GHSHQGH�GHO� YDORU�GH� OD�PDVD�FROJDGD�GHO�
PXHOOH��\D�TXH�FRPR�KHPRV�YLVWR�DQWHULRUPHQWH�� � � �L x mg k '  ��

6LQ� HPEDUJR�� QR� GHSHQGH�GHO� YDORU� GH� OD�PDVD� FROJDGD� GHO� SpQGXOR�� \D� TXH� FRPR�
KHPRV�YLVWR��HO�YDORU�GH�L�GHSHQGH�HQWHUDPHQWH�GH�ODV�SURSLHGDGHV�GHO�PXHOOH�FRQ�HO�
TXH�VH�HVWi�FRPSDUDQGR���

(O�VLJXLHQWH�GLEXMR�UHVXPH�OD�VLWXDFLyQ�FRPSOHWD�GHO�SUREOHPD��,QLFLDOPHQWH�QR�FXHOJD�
QLQJXQD�PDVD�GHO�PXHOOH��'HVSXpV�VXVSHQGHPRV�XQD�PDVD�m�\�HO�PXHOOH�VH�HVWLUD�
XQD�FDQWLGDG� x' ��TXH�GHSHQGH�GH�GLFKD�PDVD��(VWD�FDQWLGDG� x' �VHUi�SUHFLVDPHQWH�
OD�ORQJLWXG�L�TXH�GHEHUi�WHQHU�HO�SpQGXOR�SDUD�TXH�RVFLOH�VLQFURQL]DGR�FRQ�HO�PXHOOH��

�
(Q� OD� GHUHFKD�� HQ� OtQHD� GLVFRQWLQXD�� VH�PXHVWUD� HO� PXHOOH� RVFLODQGR� UHVSHFWR� D� OD�
SRVLFLyQ� GH� HTXLOLEULR� TXH� WHQtD� WUDV� VXVSHQGHUOH� OD�PDVD� �ODV� RVFLODFLRQHV� SXHGHQ�
WHQHU�FXDOTXLHU�DPSOLWXG��OD�FXDO�QR�WLHQH�QDGD�TXH�YHU�FRQ�HO�HVWLUDPLHQWR� x' ���(Q�OD�
L]TXLHUGD�VH�GLEXMDGR�HO�SpQGXOR�FRQ�XQD�PDVD�FROJDGD�GLVWLQWD�D�OD�GHO�PXHOOH��SDUD�
UHVDOWDU�HO�KHFKR�GH�TXH�GLFKD�PDVD�GHO�SpQGXOR�QR�DIHFWD�D�VX�SHUtRGR�GH�RVFLODFLyQ���

6L�FDPELDPRV�OD�PDVD�GHO�PXHOOH��FDPELDUi�VX�HVWLUDPLHQWR�\��SRU� WDQWR��KDEUi�TXH�
DMXVWDU� OD� ORQJLWXG� GHO� SpQGXOR� D� OD� QXHYD� VLWXDFLyQ� SDUD� VHJXLU� WHQLHQGR� SHUtRGRV�
LJXDOHV��

�

6DEHU�PiV�

6L�OOHYiUDPRV�D�OD�/XQD�HO�PXHOOH�\�HO�SpQGXOR�GLVHxDGRV�SDUD�HVWDU�VLQFURQL]DGRV�HQ�
OD�7LHUUD��DO�UHSHWLU�HO�H[SHULPHQWR�YHUtDPRV�TXH�\D�QR�HVWiQ�VLQFURQL]DGRV��(O�SHUtRGR�
GHO�PXHOOH�HV�HO�PLVPR�HQ�OD�/XQD��SXHV�OD�PDVD�m�\�OD�FRQVWDQWH�k�QR�FDPELDQ��6LQ�
HPEDUJR�� HO� SHUtRGR� GHO� SpQGXOR� GHSHQGH� GH� OD� JUDYHGDG�� TXH� HV� XQDV� �� YHFHV�
PHQRV�HQ� OD�/XQD��(QWRQFHV��HO� SHUtRGR�GHO� SpQGXOR�HQ� OD� /XQD�VHUtD� � YHFHV�HO�
SHUtRGR�GHO�PXHOOH��PLHQWUDV�TXH�HQ�OD�7LHUUD�VRQ�LJXDOHV���

�

�

x'

L x '
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��������&&RRQQWWUUDD��HHVVFFDDOOHHUUDD����
8QD� HVFDOHUD� HOpFWULFD� GHVFLHQGH� FRQ� YHORFLGDG� FRQVWDQWH� V�� 8QD� HVWXGLDQWH� TXH�
FRUUH�D�YHORFLGDG�v�EDMD�DYDQ]DQGR�SRU� OD�HVFDOHUD� \� WDUGD����V�HQ� UHFRUUHUOD��2WUR�
HVWXGLDQWH� GHFLGH� VXELU� SRU� OD� HVFDOHUD� HQ� FRQWUDYtD� \� WDUGD� ��� V� HQ� OOHJDU� DUULED��
¢&XiQWR�YDOH�V�HQ�IXQFLyQ�GH�v"�

�
�

5HVROXFLyQ�

&XDQGR� HO� HVWXGLDQWH� EDMD� OD� HVFDOHUD� VX� YHORFLGDG�� �v �� HV� OD� VXPD� GH� OD� VX\D�
UHVSHFWR�D�OD�HVFDOHUD��v��PiV�OD�SURSLD�GH�OD�HVFDOHUD��V���HV�GHFLU�� �v v V � ��

(Q� OD� EDMDGD� UHFRUUH� XQD� GLVWDQFLD� L� �OD� ORQJLWXG� GH� OD� HVFDOHUD�� HQ� XQ� WLHPSR�
� ���Vt  ��

(Q� OD� VXELGD� UHFRUUH� OD�PLVPD�GLVWDQFLD�L� HQ� XQ� WLHPSR� � ���Vt  �� D� XQD� YHORFLGDG�

�v v V � ��

3RU�WDQWR��WHQHPRV�TXH�

� �� � � �L v V t v V t �  � ��

GH�GRQGH�SRGHPRV�GHVSHMDU�V�HQ�IXQFLyQ�GH�v��
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8Q�PRWRULVWD�GH�PRWRFURVV�GD�XQ�VDOWR�GHVSHJDQGR�GH� OD� UDPSD�FRQ�XQ�iQJXOR�GH�
����� /R� UHSLWH� GHVSXpV�� SHUR� FRQ� HO� GREOH� GH� YHORFLGDG�� &DOFXOD� HO� iQJXOR� HQ� HO�
VHJXQGR�FDVR�SDUD�TXH�HO�DOFDQFH�GH�ORV�GRV�VDOWRV�VHD�HO�PLVPR��

�
�

5HVROXFLyQ�

3ODQWHDPRV�ODV�HFXDFLRQHV�GHO�PRYLPLHQWR�SDUDEyOLFR�HQ�FDGD�HMH��

(MH�;��� � � �FRVx v tD �����PRYLPLHQWR�UHFWLOtQHR�XQLIRUPH���

(MH�<��� � � � �VLQ
�
gy v t tD � ��

GRQGH�x�HV� OD�GLVWDQFLD�KRUL]RQWDO�� D �HV�HO�iQJXOR�GH�VDOLGD�FRQ� OD�KRUL]RQWDO��\�v�HO�
PyGXOR�GH�OD�YHORFLGDG�LQLFLDO��

/D�PRWR� VDOH� \� OOHJD� D� OD�PLVPD�DOWXUD� �y  ��'HVSHMDQGR�HO� WLHPSR�GH� OD� SULPHUD�
HFXDFLyQ�\�VXVWLWX\pQGROR�HQ�OD�VHJXQGD��WHQHPRV�

� ��� WDQ VLQ FRV
� FRV � � � FRV �

x g x vt x x
v t v t g

D D D
D D

§ ·
 o  � o  ¨ ¸

© ¹
��
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6L� OODPDPRV� � ���D  �DO�iQJXOR�GHO�SULPHU� ODQ]DPLHQWR�\� �v �D�VX�YHORFLGDG��\� �D �DO�
iQJXOR� GHO� VHJXQGR� ODQ]DPLHQWR� \� XWLOL]DQGR� GHO� HQXQFLDGR� TXH� VX� YHORFLGDG� HV�

� ��v v ��HQWRQFHV�WHQHPRV��GDGR�TXH�HO�DOFDQFH�KD�GH�VHU�HO�PLVPR��TXH�
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8Q�SDUDFDLGLVWD�GH����NJ�GH�PDVD�GHVFLHQGH�FRQ�YHORFLGDG�FRQVWDQWH�VXVSHQGLGR�GH�
VX�SDUDFDtGDV�SRU���FXHUGDV��(O�UDGLR�GHO�SDUDFDtGDV�HV�R�\�OD�ORQJLWXG�GH�ODV�FXHUGDV�
HV��R��&DOFXOD�HO�YDORU�GH�OD�WHQVLyQ�GH�FDGD�FXHUGD��

�
�

5HVROXFLyQ�

&RPR�HO�SDUDFDLGLVWD�GHVFLHQGH�FRQ�YHORFLGDG�FRQVWDQWH�� OD�IXHU]D�WRWDO�HMHUFLGD�SRU�
ODV���FXHUGDV�GHEH�FRPSHQVDU�HO�SHVR��

&DGD�FXHUGD�HVWi�VRPHWLGD�D�XQD�WHQVLyQ�T�\�IRUPD�XQ�iQJXOR�D  FRQ�OD�YHUWLFDO��3RU�
WDQWR��OD�VXPD�GH�ODV�FRPSRQHQWHV�YHUWLFDOHV�GH�ODV���FXHUGDV�GHEH�VHU�LJXDO�D�mg ��

� FRVT mgD  ��

3RU�RWUR�ODGR��GH�DFXHUGR�D�ODV�GLPHQVLRQHV�GHO�SDUDFDtGDV�PRVWUDGDV�HQ�HO�GLEXMR��
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6DEHU�PiV�

/RV�paracaídas de frenado�VH�XWLOL]DQ�SDUD�UHGXFLU�OD�GLVWDQFLD�GH�IUHQDGR�GH�XQ�DYLyQ�
GXUDQWH�HO�DWHUUL]DMH��6XSyQ�TXH�D�XQ�DYLyQ�GH���WRQHODGDV� OH� IDOODQ� ORV�IUHQRV�HQ� OD�
SLVWD� FXDQGR� WRGDYtD� YD� D� ���� NP�K�� VH� DFWLYD� XQ� SDUDFDtGDV� FRPR�HO� DQWHULRU� \� HO�
DYLyQ�VH�GHWLHQH�HQ���V��&RPSUXHED�TXH�OD�WHQVLyQ�GH�FDGD�FXHUGD�HV��������1���
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��������++RRUUQQRR��PPLLFFUURRRRQQGGDDVV��
8Q� KRUQR� PLFURRQGDV� IXQFLRQD� GH� OD� VLJXLHQWH� PDQHUD�� PHGLDQWH� XQ� GLVSRVLWLYR�
OODPDGR�magnetrón�VH�JHQHUDQ�RQGDV�HOHFWURPDJQpWLFDV�HQ�HO�UDQJR�GHO�HVSHFWUR�GH�
PLFURRQGDV�� &RPR� ODV� SDUHGHV� GH� OD� FDYLGDG� GHO� KRUQR� VRQ� PHWiOLFDV� \�� VHJ~Q�
VDEHPRV�� HO� FDPSR� HOpFWULFR� HQ� OD� VXSHUILFLH� GH� XQ� FRQGXFWRU� HV� QXOR�� ODV� RQGDV�
WLHQHQ�QRGRV�HQ� ODV�SDUHGHV�GHO�KRUQR�\�VH�IRUPDQ�RQGDV�HVWDFLRQDULDV��YHU� ILJXUD���
�3RGHPRV�FRQVLGHUDU�SRU�VLPSOLFLGDG�HO�SUREOHPD�HQ�XQD�VROD�GLPHQVLyQ��OD�DQFKXUD�
GHO�KRUQR���

�

¢3RU� TXp� HVWDV� PLFURRQGDV�
FDOLHQWDQ� OD�FRPLGD"�(Q� UHDOLGDG��
OR�TXH�VH�FDOLHQWD�GLUHFWDPHQWH�HV�
HO� DJXD� TXH� FRQWLHQHQ� ORV�
DOLPHQWRV�� (VWR� HV� GHELGR� D� TXH�
OD� PROpFXOD� GH� DJXD� HV� polar�� OD�
FDUJD�QHJDWLYD�VH�DFXPXOD�HQ�XQ�
H[WUHPR�GH�OD�PROpFXOD�\�OD�FDUJD�
SRVLWLYD� HQ� HO� RWUR� �YHU� ILJXUD���
(QWRQFHV�� OD� YLEUDFLyQ�GHO� FDPSR�
HOpFWULFR� GH� ODV�PLFURRQGDV� KDFH�
URWDU�ODV�PROpFXODV�GH�DJXD��

(VWH� PRYLPLHQWR� GH� URWDFLyQ� VH�
WUDQVPLWH� SRU� IULFFLyQ� D� ODV�
PROpFXODV� FLUFXQGDQWHV�� TXH� DVt�
DXPHQWDQ� VX� HQHUJtD� LQWHUQD� \��
SRU�WDQWR��VX�WHPSHUDWXUD��

(Q�ODV�HVSHFLILFDFLRQHV�WpFQLFDV�GH�XQ�KRUQR�GRPpVWLFR�OHHPRV�TXH�OD�IUHFXHQFLD�GH�
ODV�PLFURRQGDV� HPLWLGDV� HV� f�  � �����*+]� \� TXH� OD� SRWHQFLD� WRWDO� FRQVXPLGD� SRU� HO�
DSDUDWR�HV�GH������:��GH�ORV�FXDOHV�HQ�IRUPD�GH�RQGDV�HOHFWURPDJQpWLFDV�VH�HPLWHQ�
����:��/D�FDYLGDG�GHO�KRUQR�HV�F~ELFD�GH����FP�GH�ODGR��

D��¢4Xp� UHVLVWHQFLD� HOpFWULFD� WLHQH� HO� KRUQR�PLFURRQGDV"� ¢4Xp� LQWHQVLGDG� HOpFWULFD�
HQWUD�SRU�HO�FDEOH�GHO�KRUQR"�
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E��3RU�OD�SXHUWD�GHO�KRUQR�VH�SLHUGHQ�XQRV���P:�FP���¢4Xp�LQWHQVLGDG�GH�ODV�RQGDV�
GH�PLFURRQGDV�TXH�HVFDSDQ�GHO�KRUQR�QRV� OOHJD�D�QRVRWURV��VL�HVWDPRV�D����FP�GH�
GLVWDQFLD"�

F��¢4Xp� DQFKXUD�PtQLPD� SXHGH� WHQHU� XQ� KRUQR� SDUD� TXH� VH� SURGX]FD� OD� RQGD� GH�
PLFURRQGDV�HVWDFLRQDULD"�-XVWLILFD�SRU�TXp�FUHHV�DGHFXDGR�HO� WDPDxR�GH� ORV�KRUQRV�
PLFURRQGDV� GRPpVWLFRV�� ¢&XiO� FUHHV� TXH� HV� OD� PLVLyQ� TXH� WLHQH� HO� JLUR� GHO� SODWR�
GHQWUR�GHO�KRUQR"�

G�� /D� UDGLDFLyQ� HOHFWURPDJQpWLFD� VH� SXHGH� FRQVLGHUDU� WDPELpQ� FRPSXHVWD� SRU�
SDUWtFXODV�LQGLYLGXDOHV�OODPDGDV�fotones��FDGD�XQR�GH�HOORV�WUDQVSRUWDQGR�XQD�HQHUJtD�
E hf �� GRQGH� h� HV� OD� FRQVWDQWH� GH� 3ODQFN�� ¢&XiQWRV� IRWRQHV� DEVRUEH� XQ� SROOR�
GHQWUR�GHO�KRUQR�GXUDQWH���VHJXQGR"�

H�� /D� DPSOLWXG� GHO� FDPSR� HOpFWULFR� HQ� HO� LQWHULRU� GHO�PLFURRQGDV� YLHQH� GDGD� SRU� OD�
H[SUHVLyQ�

� �� �E c P SP ��

GRQGH�P�HV� OD�SRWHQFLD�GH�PLFURRQGDV�JHQHUDGD�SRU�HO�KRUQR��S� OD�VXSHUILFLH�GH� OD�
FDYLGDG�LQWHUQD�\�c�OD�YHORFLGDG�GH�OD�OX]�HQ�HO�YDFtR��&DOFXOD�HO�YDORU�GH� �E � 

9DPRV�D�PRGHOL]DU�OD�PROpFXOD�GH�DJXD�GH�OD�VLJXLHQWH�IRUPD��YHU�ILJXUD�DQWHULRU���

&RQVLGHUDPRV�ORV�GRV�iWRPRV�GH�KLGUyJHQR�MXQWRV�D�XQD�GLVWDQFLD�d� �������QP�GHO�
iWRPR�GH�R[tJHQR���(Q�UHDOLGDG�IRUPDQ�XQ�WULiQJXOR��SHUR� ORV�UHVXOWDGRV�FXDOLWDWLYRV�
VRQ�VLPLODUHV���(Q�HO�H[WUHPR�GRQGH�HVWiQ� ORV�iWRPRV�GH�KLGUyJHQR�KD\�XQD�FDUJD�
QHWD� SRVLWLYD� GH� ��� e� � \� HQ� HO� H[WUHPR� GRQGH� HVWi� HO� R[tJHQR� KD\� XQD� FDUJD� GH�
���� e ��

6XSRQHPRV�� SRU� VLPSOLFLGDG�� TXH� HO� H[WUHPR� GH� ORV� GRV� iWRPRV� GH� KLGUyJHQR� URWD�
UHVSHFWR� DO� H[WUHPR� GRQGH� VH� HQFXHQWUD� HO� iWRPR� GH� R[tJHQR� �TXH� FRQVLGHUDPRV�
ILMR���

&RQVLGHUDPRV� XQD� PROpFXOD� HQ� HO� SODQR� GH� YLEUDFLyQ� GHO� FDPSR� HOpFWULFR�� HO� FXDO�
RVFLOD�GH�IRUPD�VLQXVRLGDO�� � �� VLQ � �E E t TS ��

I��2EWpQ�OD�H[SUHVLyQ�GH�OD�IXHU]D�HOpFWULFD��HQ�IXQFLyQ�GHO�iQJXOR�T �\�GHO�WLHPSR�TXH�
DFW~D� VREUH� HO� H[WUHPR� GRQGH� HVWiQ� ORV� iWRPRV� GH� KLGUyJHQR�� <� KDOOD� OD� IXHU]D�
HOpFWULFD�Pi[LPD�SDUD�ORV�GDWRV�GHO�KRUQR�GHVFULWR�DQWHULRUPHQWH��

J��6DELHQGR�TXH�HO�PRPHQWR�GH�LQHUFLD�GH�XQD�PDVD�SXQWXDO��m��VLWXDGD�D�GLVWDQFLD�d�
GHO� HMH� GH� JLUR� HV� �I md �� FDOFXOD� HO�PRPHQWR� GH� LQHUFLD� GH� OD�PROpFXOD� GH� DJXD�
�UHVSHFWR�GHO�H[WUHPR�ILMR�GHO�R[tJHQR���

K��2EWpQ� XQD� H[SUHVLyQ� SDUD� HO� PRPHQWR� FUHDGR� SRU� OD� IXHU]D� HOpFWULFD� VREUH� OD�
PROpFXOD�GH�DJXD�� UHVSHFWR�GHO�H[WUHPR�ILMR�GHO�R[tJHQR��HQ� IXQFLyQ�GHO�iQJXOR� T � \�
GHO�WLHPSR��

L�� /D� VROXFLyQ� GH� T � HQ� IXQFLyQ� GHO� WLHPSR� FRQVLGHUDQGR� HO� PRPHQWR� GHO� DSDUWDGR�
DQWHULRU�YLHQH�GDGD�HQ�ODV�VLJXLHQWHV�ILJXUDV��ILJXUD�L]TXLHUGD�SDUD�PLFURRQGDV�\�ILJXUD�
GHUHFKD� HQ� HO� FDVR� GH� OX]� YLVLEOH�� ,QWHUSUHWD� OD� JUiILFD� \� H[SOLFD� SRU� TXp� QR� VH�
FDOHQWDUtD�HO�DJXD�FRQ�OX]�YLVLEOH��
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�M��$�SDUWLU�GH�OD�JUiILFD�GH�T �SDUD�PLFURRQGDV��GHVFULEH�HO�PRYLPLHQWR�GH�URWDFLyQ�TXH�
H[SHULPHQWD�OD�PROpFXOD�GH�DJXD��LQGLFDQGR�HO�VHQWLGR�GH�JLUR��KRUDULR�R�DQWLKRUDULR��
\�ODV�YHFHV�TXH�FDPELD�GH�VHQWLGR�GXUDQWH�HO�LQWHUYDOR�GH�WLHPSR�PRVWUDGR��

N��/H\HQGR�GH�OD�JUiILFD��REWpQ�HO�iQJXOR�TXH�KD�URWDGR�OD�PROpFXOD�GHVGH�HO�LQVWDQWH�
LQLFLDO� KDVWD� XQ� WLHPSR� LJXDO� D� XQ� VHPLSHUtRGR� GH� OD� RVFLODFLyQ� GHO� FDPSR�
HOHFWURPDJQpWLFR�GH�ODV�PLFURRQGDV���

'DWRV��h� �����î������-ÂV�� �P  ��Sî�����7ÂPÂ$����_e_� ����î������&��PDVD�GHO�KLGUyJHQR�
 �����î������NJ��

�

5HVROXFLyQ�

D��6DELHQGR�TXH�OD�SRWHQFLD�WRWDO�FRQVXPLGD�HV�GH������:�\�TXH�HQ�IRUPD�GH�RQGDV�
HOHFWURPDJQpWLFDV� VH� HPLWH� ���� :�� HQWRQFHV� VH� FRQVXPH� XQD� SRWHQFLD�

���� ��� ����:P  �  �HQ�ORV�FLUFXLWRV�GHO�PLFURRQGDV��SRU�OR�TXH��GH�DFXHUGR�D�OD�
OH\� GH�2KP�� \� VDELHQGR� TXH� OD� WHQVLyQ� HQ� XQ� HQFKXIH� GRPpVWLFR� HV�V�  � ����9�� OD�
UHVLVWHQFLD�HV�
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�1RWD�� 6H� HVWiQ� XWLOL]DQGR� ODV� H[SUHVLRQHV� SDUD� OD� FRUULHQWH� FRQWLQXD�� DXQTXH� HQ�
UHDOLGDG�HO�HQFKXIH�SURSRUFLRQD�FRUULHQWH�DOWHUQD�\�HO�WUDWDPLHQWR�PDWHPiWLFR�VHUtD�XQ�
SRFR�GLIHUHQWH���

/D� LQWHQVLGDG� VHUi� OD� QHFHVDULD� SDUD�� FRQ� XQD� GLIHUHQFLD� GH� SRWHQFLDO� GH� ���� 9��
WUDQVPLWLU�XQD�SRWHQFLD�WRWDO�GH������:��

���� ����$
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E�� 6L� SRU� OD� SXHUWD� GHO� KRUQR� VH� SLHUGHQ� �� P:�FP��� OD� SRWHQFLD� GH� RQGDV�
HOHFWURPDJQpWLFDV�SHUGLGD�SRU�OD�SXHUWD�GH�ODGR�L� ����FP��FX\D�VXSHUILFLH�HV� �S L ��
VHUi�

� ���P:�FP ����FP� ������:P  u  ��

6XSRQLHQGR� TXH� ODV� RQGDV� HPLWLGDV� VH� GLVWULEX\HQ� HQ� XQ� IUHQWH� HVIpULFR�� D� XQD�
GLVWDQFLD�d� ����FP�OD�LQWHQVLGDG�GH�ODV�RQGDV�HV�
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0LFURRQGDV /X]�YLVLEOH
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�1RWD�� HQ� UHDOLGDG� OD� PD\RU� SDUWH� GH� OD� UDGLDFLyQ� VH� HPLWLUi� HQ� OD� GLUHFFLyQ� KDFLD�
DGHODQWH�� SRU� WDQWR� HO� IUHQWH� GH� RQGDV� VHUi�PiV� ELHQ� XQD� VHPLHVIHUD� GH� VXSHUILFLH

�� dS �� (Q� OD� UHDOLGDG� KDEUtD� TXH� HVWXGLDU� FRQ� PiV� GHWDOOH� FXiO� HV� OD� GLVWULEXFLyQ�
DQJXODU�GH�OD�UDGLDFLyQ�HPLWLGD���

F�� 3DUD� TXH� VH� SURGX]FD� XQD� RQGD� HVWDFLRQDULD�� OD� ORQJLWXG� GH� OD� RQGD�
HOHFWURPDJQpWLFD�KD�GH�VHU�WDO�TXH�DO�PHQRV�FRLQFLGDQ�GRV�QRGRV�FRQVHFXWLYRV�HQ�ODV�
SDUHGHV��HV�GHFLU��
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(Q�XQ�PLFURRQGDV�GRPpVWLFR�OD�ORQJLWXG�WtSLFD�HV�L� ����FP��FRPR�GLFH�HO�HQXQFLDGR��
(Q�HVD�ORQJLWXG�FDEHQ���ORQJLWXGHV�GH�RQGD��

6L�QR�VH�PRYLHUD�OD�FRPLGD��VH�FDOHQWDUtD�PXFKR�FHUFD�GH�ODV�]RQDV�GRQGH�HVWiQ�ORV�
YLHQWUHV�\�YDOOHV�GH�OD�RQGD�\�VH�TXHGDUtD�IUtD�FHUFD�GH�ORV�QRGRV��(O�PRYLPLHQWR�GHO�
SODWR�KDFH�TXH� OD�FRPLGD�WLHQGD�D�FDOHQWDUVH�GH�IRUPD�PiV�R�PHQRV�XQLIRUPH�SXHV�
KDFH�SDVDU�OD�FRPLGD�SRU�GLVWLQWDV�]RQDV�GH�OD�RQGD�HVWDFLRQDULD�\�QR�VLHPSUH�HVWDU�
HQ�XQ�QRGR�R�HQ�XQD�FUHVWD��

G�� 6L� FDGD� IRWyQ� OOHYD� XQD� HQHUJtD� E hf � \� VH� HPLWH� XQD� HQHUJtD� SRU� XQLGDG� GH�
WLHPSR�P�  � ����:� HQ� IRUPD� GH� RQGDV� HOHFWURPDJQpWLFDV�� TXH� HV� DEVRUELGD� SRU� OD�
FRPLGD��HQWRQFHV�HO�Q~PHUR�GH�IRWRQHV�DEVRUELGRV�SRU�VHJXQGR�VHUi�
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H�� 8WLOL]DPRV� GLUHFWDPHQWH� OD� H[SUHVLyQ� GH� �E � SURSRUFLRQDGD�� +D\� TXH� WHQHU� HQ�
FXHQWD�TXH�OD�VXSHUILFLH�LQWHULRU�VHUi���YHFHV�OD�VXSHUILFLH�GH�XQ�FXDGUDGR�GH�ODGR�L� �
���FP�SXHV�HO�HQXQFLDGR�DILUPD�TXH�OD�FDYLGDG�GHO�PLFURRQGDV�WLHQH�IRUPD�F~ELFD����
FDUDV���
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I��(O�FDPSR�HOpFWULFR�HV��HQ�EXHQD�DSUR[LPDFLyQ��XQLIRUPH�HQ�HO�HVSDFLR�HQ�OD�HVFDOD�
GH� XQD� PROpFXOD� GH� DJXD� �GH� WDPDxR� GHSUHFLDEOH� IUHQWH� D� OD� HVFDOD� HVSDFLDO� GH�
YDULDFLyQ� GHO� FDPSR�HOHFWURPDJQpWLFR�� TXH� HV� GH� FHQWtPHWURV� �YHU� DSDUWDGR� F���3RU�
WDQWR�OD�IXHU]D�VREUH�XQD�FDUJD� ���q e � �HV�

� �� VLQ � �F q E q E t T jS  
JG JJG G

��

GRQGH�YHPRV�TXH�HO�HMH�<�FRLQFLGH�FRQ�OD�GLUHFFLyQ�GHO�FDPSR�HOHFWURPDJQpWLFR��

�9HPRV�TXH�OD�IXHU]D�QR�GHSHQGH�GHO�iQJXORߠ����

(O�YDORU�Pi[LPR�VH�DOFDQ]D�FXDQGR�OD�IXQFLyQ�VHQR�YDOH����
�� ��

PD[ � ��� ��� �� ������ ���� �� �1F q E � �  � � �  u ��
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J��6LPSOHPHQWH�KD\�TXH�DSOLFDU� OD�H[SUHVLyQ�SURSRUFLRQDGD�GHO�PRPHQWR�GH� LQHUFLD
�I md ��GRQGH�m�VHUi�GRV�YHFHV�OD�PDVD�GH�XQ�iWRPR�GH�KLGUyJHQR��3RU�WDQWR��

�� � � �� �� ���� �� ������ �� � ���� �� �NJ PI � � � � � � �  u � ��

K��(O�PRPHQWR�FUHDGR�SRU� OD� IXHU]D�HOpFWULFD�� F
JG
��DSOLFDGD�VREUH�XQ�SXQWR�GH�YHFWRU�

GH�SRVLFLyQ� r
G �HV�

VLQM r F d F uT u  
JJG JGG G

��

GRQGH�u
G �HV�HO�YHFWRU�XQLWDULR�HQ�OD�GLUHFFLyQ�SHUSHQGLFXODU�DO�SODQR�GH�OD�ILJXUD��

(Q�PyGXOR��WHQHPRV�

�� � VLQ VLQ�� � �M t d q E t TT S ��

L�� (Q� OD� ILJXUD� FRUUHVSRQGLHQWH� D� ODV�PLFURRQGDV�� YHPRV� TXH� OD� PROpFXOD� GH� DJXD�
KDFH� GHVSOD]DPLHQWRV� DQJXODUHV� JUDQGHV�� SRU� WDQWR� SXHGH� FDOHQWDU� ODV� PROpFXODV�
YHFLQDV�SRU�IULFFLyQ��6LQ�HPEDUJR��HQ�OD�ILJXUD�SDUD�OD�OX]�YLVLEOH��OD�PROpFXOD�QR�JLUD�\�
SRU�WDQWR�QR�KD\�IULFFLyQ�FRQ�ODV�YHFLQDV���(Q�HVWH�~OWLPR�FDVR�OD�IUHFXHQFLD�GH�OD�OX]�
YLVLEOH�HV�GHPDVLDGR�HOHYDGD�FRPR�SDUD�TXH�OD�PROpFXOD�GH�DJXD�OD�SXHGD�³VHJXLU´���

M�� &XDQGR� OD� SHQGLHQWH� GH� OD� ILJXUD�� �d dtT �� HV� SRVLWLYD�� HQWRQFHV� HO� JLUR� HV�
DQWLKRUDULR�\�FXDQGR�HV�QHJDWLYR��HV�KRUDULR���

&DPELD�GH�VHQWLGR�GH�URWDFLyQ�FXDQGR� �d dtT �SDVD�GH�SRVLWLYR�D�QHJDWLYR��HV�GHFLU��
HQ�ORV�H[WUHPRV�GH� � �tT ��(VWR�~OWLPR�RFXUUH����YHFHV�D�OR�ODUJR�GHO�WLHPSR�PRVWUDGR�
HQ�OD�ILJXUD��

�3XHGH�GDU�YDULDV�YXHOWDV�R�IUDFFLRQHV�GH�YXHOWD�DQWHV�GH�FDPELDU�GH�VHQWLGR�GH�JLUR��
'H�KHFKR��HO�FRPSRUWDPLHQWR�HV�FDyWLFR���

N�� 8Q� VHPLSHULRGR� GHO� FDPSR� HOHFWURPDJQpWLFR� FRUUHVSRQGH� D� XQ� WLHPSR�
� � �� � ����QVt T f   ��

'XUDQWH�HVH�WLHPSR��\�GHVGH�HO�LQVWDQWH�LQLFLDO��HO�iQJXOR�T �KD�SDVDGR�GH�YDOHU�XQRV�
����D�XQRV�������HV�GHFLU�KD�GDGR�XQ�JLUR�GH���������� �������XQD�YXHOWD�FRPSOHWD���

�

6DEHU�PiV�
3UREDEOHPHQWH�KD\DV�RtGR�DOJXQD�YH]�TXH�HO�KRUQR�PLFURRQGDV�SXHGH�VHU�SHOLJURVR�H�
LQFOXVR�TXH�SURYRFD�FiQFHU��3DUD�SURYRFDU�FiQFHU�KD\�TXH�URPSHU�HQODFHV�TXtPLFRV��
HV�GHFLU��DUUDQFDU�HOHFWURQHV�TXH�HVWiQ�OLJDGRV�DO�iWRPR�FRQ�HQHUJtDV�HQ�OD�HVFDOD�GHO�
HOHFWURQYROWLR�� H9��3DUD� HOOR� VH�QHFHVLWD� UDGLDFLyQ�FRQ�XQD�HQHUJtD�HQ� OD� HVFDOD�GHO�
H9��$�HVDV�UDGLDFLRQHV�FDSDFHV�GH�DUUDQFDU�HOHFWURQHV��HV�GHFLU��LRQL]DU��VH�OHV�OODPD�
radiaciones ionizantes.�/RV�IRWRQHV�GH�OD�UDGLDFLyQ�PLFURRQGDV�WLHQHQ�XQD�HQHUJtD�SRU�
FDGD�IRWyQ�GH�HQWUH������\������H9��HV�GHFLU��YDULRV�yUGHQHV�GH�PDJQLWXG�PHQRU�GH�OR�
QHFHVDULR� SDUD� VHU� LRQL]DQWH�� /R� PLVPR� RFXUUH� FRQ� ORV� FDPSRV� HOHFWURPDJQpWLFRV�
KDELWXDOHV�D� ORV�TXH�HVWDPRV�H[SXHVWRV�� WHOHIRQtD�PyYLO�� OtQHDV�GH�DOWD� WHQVLyQ��HWF��
/R�TXH�Vt�SRGUtD�SURYRFDU�OD�UDGLDFLyQ�PLFURRQGDV��R�GH�XQ�WHOpIRQR�PyYLO��HWF���HV�XQ�
SHTXHxR�FDOHQWDPLHQWR�HQ�PX\�DOWDV�GRVLV�\�GXUDQWH�SHULRGRV� ODUJRV�GH�H[SRVLFLyQ��
(O�HIHFWR�ELROyJLFR�GH�HVWH�FDOHQWDPLHQWR�HV�OR�TXH�HV�GHEDWLEOH�FLHQWtILFDPHQWH��(Q�HO�
VLJXLHQWH� HQODFH� SXHGHV� YHU� OD� SRVLFLyQ� RILFLDO� VREUH� OD� SRVLEOH� SHOLJURVLGDG� GH� ORV�
KRUQRV�PLFURRQGDV�GH�OD�2UJDQL]DFLyQ�0XQGLDO�GH�OD�6DOXG��206���

KWWSV���ZZZ�ZKR�LQW�QHZV�URRP�T�D�GHWDLO�UDGLDWLRQ�PLFURZDYH�RYHQV��

https://www.who.int/news-room/q-a-detail/radiation-microwave-ovens
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��������**UUDDVVDD��\\��$$UUTTXXttPPHHGGHHVV��
6H�PLGLy�TXH�HO�SRUFHQWDMH�GH�JUDVD�GH�XQD�SHUVRQD�HUD�GHO�������&DOFXOD�HO�SHVR�
DSDUHQWH� GH� HVD� SHUVRQD� FXDQGR� HVWi� FRPSOHWDPHQWH� VXPHUJLGD� HQ� DJXD�
�VXSRQLHQGR�TXH�KD�HVSLUDGR�WRGR�HO�DLUH�GH� ORV�SXOPRQHV���([SUHVD�HO�UHVXOWDGR�HQ�
WDQWR�SRU�FLHQWR�UHVSHFWR�DO�SHVR�UHDO��

'DWRV��GHQVLGDG�GH� OD�JUDVD� �����J�FP���GHQVLGDG�GHO� UHVWR�GHO�FXHUSR� �H[FHSWR� OD�
JUDVD�� �����J�FP���GHQVLGDG�GHO�DJXD� �����J�FP���

�

5HVROXFLyQ�

&RQ�XQ�SRUFHQWDMH�GH�JUDVD�GHO������� OODPDQGR�m�D� OD�PDVD�WRWDO�GH� OD�SHUVRQD�� OD�
PDVD�GH�VX�JUDVD�HV� J ���m m ��\�OD�GHO�UHVWR�GHO�FXHUSR�HV� UF ���m m ��

(O�SHVR�DSDUHQWH�OR�H[SUHVDPRV�FRPR�
P P E � ��

GRQGH� P mg � HV� HO� SHVR� UHDO� \�E� HV� HO� HPSXMH� TXH� H[SHULPHQWD� HO� FXHUSR� GH� OD�
SHUVRQD�TXH��VHJ~Q�HO�SULQFLSLR�GH�$UTXtPHGHV��HV�

D DE V gU ��

VLHQGR� DV �HO�YROXPHQ�GH�DJXD�GHVDORMDGD�SRU�HO�FXHUSR�\� DU �OD�GHQVLGDG�GHO�DJXD��(O�
YROXPHQ� DV �HV�LJXDO�DO�GHO�FXHUSR�GH�OD�SHUVRQD��\D�TXH�HVWi�WRWDOPHQWH�VXPHUJLGD��\�
HV�OD�VXPD�GH�ORV�YRO~PHQHV�TXH�RFXSDQ�OD�JUDVD�\�OD�SDUWH�GHO�FXHUSR�VLQ�JUDVD��
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GRQGH� JU �\� UFU �VRQ�ODV�GHQVLGDGHV�GH�OD�JUDVD�\�GHO�FXHUSR�VLQ�JUDVD�TXH�VH�GDQ�HQ�
HO�HQXQFLDGR��

)LQDOPHQWH�REWHQHPRV�
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(O�SRUFHQWDMH�UHVSHFWR�DO�SHVR�UHDO�UHVXOWD��
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6DEHU�PiV�

(O�IHQyPHQR�HVWXGLDGR�HV� MXVWDPHQWH�HO� IXQGDPHQWR�GHO�pesaje hidrostático��XQR�GH�
ORV� PpWRGRV� GH� PHGLGD� GH� OD� GHQVLGDG� \� GHO� SRUFHQWDMH� GH� JUDVD� FRUSRUDO�� (V� GH�
KHFKR� HO�PpWRGR�PiV� SUHFLVR�� DXQTXH� DOWHUQDWLYDPHQWH� VH� XWLOL]D� HO�PpWRGR� GH� ORV�
SOLHJXHV�FXWiQHRV��(O�SHVDMH�KLGURVWiWLFR�VH�UHDOL]D�HQ�XQ�WDQTXH�GH�DJXD�GRQGH�KD\�
XQD�EDODQ]D�VREUH�OD�FXDO�VH�VLW~D�OD�SHUVRQD��VXPHUJLGD�\�YDFLDQGR�VXV�SXOPRQHV��� �
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��������&&DDUUJJDDVV��HHOOppFFWWUULLFFDDVV��
D�� (Q� ORV� YpUWLFHV� GHO� FXDGUDGR� GH� OD� ILJXUD� �GH�
ODGR�L�� KD\� VLWXDGDV� FXDWUR� FDUJDV� HOpFWULFDV� GH�
LJXDO� YDORU� \� VLJQRV� RSXHVWRV� VHJ~Q� VH� LQGLFD��
2EWpQ� OD� H[SUHVLyQ� GHO� PyGXOR� GHO� FDPSR�
HOpFWULFR� WRWDO� TXH� FUHDQ� ODV� FDUJDV� HQ� HO� FHQWUR�
GHO�FXDGUDGR��HQ�IXQFLyQ�GH�q��L�\�OD�FRQVWDQWH�GH�
&RXORPE���

�

E��6LWXDPRV�GRV�FDUJDV�ILMDV�Q�VHSDUDGDV�XQD�GLVWDQFLD�L� ���P��-XVWR�HQ�PHGLR�VH�
HQFXHQWUD� HQ� UHSRVR� XQD� WHUFHUD� FDUJD�q� GH�PDVD�m�� 6HSDUDPRV�GLFKD� FDUJD� XQD�
SHTXHxD�GLVWDQFLD�GH�VX�SRVLFLyQ�GH�UHSRVR�\��HQ�FRQVHFXHQFLD��HPSLH]D�D�UHDOL]DU�
XQ�PRYLPLHQWR�DUPyQLFR�VLPSOH�HQ�WRUQR�D�x� �����

�
+DOOD�OD�IXHU]D�TXH�H[SHULPHQWD�OD�FDUJD�\�VX�SHUtRGR�GH�RVFLODFLyQ��HQ�IXQFLyQ�GH�x��
Q��q��m�\�OD�FRQVWDQWH�GH�&RXORPE��

'LVFXWH�HO�VLJQR�GH�ODV�FDUJDV�SDUD�TXH�H[LVWD�HO�PRYLPLHQWR�DUPyQLFR��

�6XSRQHPRV�x�HV�PXFKR�PHQRU�TXH�L�\��SRU�WDQWR�� ��� �� � � �x xr | B ���

�

5HVROXFLyQ�

D��&RPHQ]DPRV�DSOLFDQGR�HO�WHRUHPD�GH�3LWiJRUDV�SDUD�FRQRFHU�OD�GLVWDQFLD��a��TXH�
VHSDUD�D�FDGD�FDUJD�GHO�FHQWUR�GHO�FXDGUDGR���

� � � �� �
�
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/DV�FRPSRQHQWHV�HQ� OD�GLUHFFLyQ�KRUL]RQWDO�GH� ORV�FDPSRV�HOpFWULFRV�JHQHUDGRV�SRU�
FDGD�XQD�GH�ODV�FDUJDV��DO�VHU�pVWDV�GH�LJXDO�PDJQLWXG��VH�FDQFHODQ�HQWUH�HOODV��3RU�
RWUD�SDUWH�� ODV�FRPSRQHQWHV�HQ�GLUHFFLyQ� YHUWLFDO VHUiQ� WRGDV�SRVLWLYDV� �UHFRUGHPRV�
TXH� ODV� FDUJDV� QHJDWLYDV� DFW~DQ� FRPR� ³IXHQWHV´� \� ODV� SRVLWLYDV� FRPR� ³VXPLGHURV´���
8VHPRV� DKRUD� OD� FRQRFLGD� H[SUHVLyQ� SDUD� OD� REWHQFLyQ� GHO� PyGXOR� GHO� FDPSR�
HOpFWULFR�JHQHUDGR�SRU�XQD�GH�ODV�FDUJDV�SRVLWLYDV�HQ�HO�FHQWUR�GHO�FXDGUDGR��
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'HWHUPLQDPRV�D�SDUWLU�GH�HOOD�ODV�FRPSRQHQWHV�GHO�FDPSR�HOpFWULFR�HQ�OD�GLUHFFLyQ�<��
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3RU�HO�VLJQR�GH�ODV�FDUJDV��ORV�FXDWUR�FDPSRV�WLHQHQ�VHQWLGR�KDFLD�DEDMR�\�VRQ�LJXDOHV�
HQ�PDJQLWXG��

�\ �\ �\ �\E E E E   ��

3RU�HO�SULQFLSLR�GH�VXSHUSRVLFLyQ��HO�FDPSR�HOpFWULFR�WRWDO�VHUi�OD�VXPD�GH�FDGD�XQR�
GH�ORV�FDPSRV�HOpFWULFRV�JHQHUDGRV�SRU�FDGD�FDUJD��
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L

 �
G G

��

6L�FRORFDPRV�XQD�FDUJD�HQ�HO�FHQWUR�GHO�FXDGUDGR��HPSH]DUi�D�PRYHUVH�D�OR�ODUJR�GHO�
HMH� YHUWLFDO� TXH� SDVD� SRU� HO� FHQWUR� GHO� FXDGUDGR� �KDFLD� DUULED� R� KDFLD� DEDMR�
GHSHQGLHQGR�GHO�VLJQR�GH�OD�FDUJD���

E��$�SDUWLU�GH�OD�ILJXUD��REVHUYDPRV�TXH�OD�GLVWDQFLD�TXH�VHSDUD�D�XQD�FDUJD�GHO�SXQWR�
PHGLR� HV� � �L �� $Vt�� ODV� IXHU]DV� TXH� H[SHULPHQWD� OD� FDUJD� q YHQGUiQ� GDGDV� SRU� OD�
IXHU]D�GH�&RXORPE��
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<��SRU�HO�SULQFLSLR�GH�VXSHUSRVLFLyQ��\�GDGR�TXH�L� ���P��OD�IXHU]D�WRWDO�HV�
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TXH�QR�GHSHQGH�GH�OD�PDVD�m�GH�OD�FDUJD��

&RPR�FDEH�HVSHUDU��VL�x� ���OD�IXHU]D�HV�QXOD�\�OD�FDUJD�HVWi�HQ�HTXLOLEULR��

$KRUD�VHSDUDPRV� OD� FDUJD�XQD�GLVWDQFLD�x� GH�VX�SRVLFLyQ�GH�HTXLOLEULR� \� KHPRV�GH�
REWHQHU�HO�SHUtRGR�GH�RVFLODFLyQ��

9DPRV� D� GHPRVWUDU� SULPHUR� TXH� OD� IXHU]D� VREUH� OD� FDUJD� GHSHQGH� OLQHDOPHQWH� GHO�
GHVSOD]DPLHQWR� x� \� TXH�� SRU� WDQWR�� OD� VROXFLyQ� GH� OD� OH\� GH� 1HZWRQ� SURGXFH� XQ�
PRYLPLHQWR�DUPyQLFR�VLPSOH���

3DUD�SHTXHxRV�GHVSOD]DPLHQWRV�SRGHPRV�DSUR[LPDU�OD�IXHU]D�SRU�

� � � �� � � � ��F KQ q x x KQ q xª º� � �  �¬ ¼� ��

(Q�JHQHUDO��SDUD�FXDOTXLHU�YDORU�GH�L��

� ��
��
� �

KQ qF x
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,QGHSHQGLHQWHPHQWH� GHO� VLJQR� GH� ODV� FDUJDV��HQ�x�  ���KD\� HTXLOLEULR��3HUR� XQD�YH]�
SHUWXUEDGR�HO�VLVWHPD��VyOR�H[LVWLUi�RVFLODFLyQ�HQ� WRUQR�D�x� ���VL� OD� IXHU]D� WLHQGH�D�
GHYROYHU�D�OD�FDUJD�D�VX�SRVLFLyQ�GH�HTXLOLEULR��HV�GHFLU��VL�x�\�F�WLHQHQ�GLVWLQWR�VLJQR��
(VWR� VyOR� RFXUUH� VL� ODV� FDUJDV� Q� \� q� WLHQHQ� HO� PLVPR� VLJQR� �DPEDV� SRVLWLYDV� R�
QHJDWLYDV���6L�Q�\�q�VRQ�GH�GLVWLQWR�VLJQR��OD�IXHU]D�WHQGHUi�D�DOHMDU�D�q�FDGD�YH]�PiV�
GHO�FHQWUR�XQD�YH]�VHSDUDGD�XQD�GLVWDQFLD�x��

/D����OH\�GH�1HZWRQ�HVWDEOHFH��
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TXH�HV�OD�HFXDFLyQ�GLIHUHQFLDO�FRQRFLGD�SDUD�OD�RVFLODFLyQ�GH�XQ�SpQGXOR�R�XQ�PXHOOH��
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'HVSHMDQGR�HO�SHUtRGR�HQ�OD�H[SUHVLyQ�REWHQLGD�QRV�TXHGD�

�mT
KQ q
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'H�QXHYR�YHPRV�DTXt�TXH�VyOR�WLHQH�VHQWLGR�TXH�H[LVWD�RVFLODFLyQ�VL�HO�VLJQR�GH�Q�\�q�
HV�HO�PLVPR��

�
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/D�RVFLODFLyQ�GH� OD�FDUJD�q�HQ�WRUQR�D�x� ���SXHGH�WDPELpQ�HVWXGLDUVH�D�SDUWLU�GH�OD�
HQHUJtD�SRWHQFLDO�HOpFWULFD��TXH�HV��
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3DUD� SHTXHxRV� GHVSOD]DPLHQWRV�� OD� HQHUJtD� SRWHQFLDO� WLHQH� XQD� GHSHQGHQFLD�
FXDGUiWLFD��XQD�SDUiEROD���TXH�VH�UHSUHVHQWD�HQ�OD�VLJXLHQWH�JUiILFD���

&XDQGR� ODV� FDUJDV�Q� \� q� WLHQHQ� HO� PLVPR�
VLJQR�� OD�IXHU]D�HQWUH�HOODV�HV�UHSXOVLYD�\� OD�
IXHU]D� WRWDO� WLHQGH�D� UHFXSHUDU�HO� HTXLOLEULR��
(Q� HVWH� FDVR� KDEODPRV� GH� equilibrio 
estable�� (Q� OD� FXUYD� GH� HQHUJtD� SRWHQFLDO�
HQFRQWUDPRV� XQ� SR]R� FRQ� HO�PtQLPR� HQ� OD�
SRVLFLyQ�GH�HTXLOLEULR�x� ����6L�OD�FDUJD�q�VH�
VHSDUD� WHQGHUi� D� YROYHU� KDFLD� DWUiV� �FDtGD�
HQ� HO� SR]R� GH� SRWHQFLDO�� \� GHVFULELUi� HO�
PRYLPLHQWR�DUPyQLFR��

(Q� HO� FDVR� GH� TXH�Q� \� q� VHDQ� GH� GLVWLQWR�
VLJQR�� HO� HTXLOLEULR� HV� inestable�� 8QD� YH]�
TXH�OD�FDUJD�q�VH�VHSDUH�OR�PiV�PtQLPR�GH�
x� ����HPSH]DUi�D�DOHMDUVH�GH�OD�SRVLFLyQ�GH�
HTXLOLEULR���
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����)LHEUH�\�VXGRU�
3DGHFLHQGR� OD� JULSH�� XQD� SHUVRQD� GH� ��� NJ� WXYR� XQD� ILHEUH� GH� ����� �&�� /D�
WHPSHUDWXUD� QRUPDO� GHO� FXHUSR� KXPDQR� HV� GH� ����� �&�� 6XSRQHPRV� TXH� HO� FXHUSR�
KXPDQR� HV� DJXD� HQ� VX� PD\RU� SDUWH�� \� VXSRQHPRV� TXH� OD� SHUVRQD� UHFXSHUy� VX�
WHPSHUDWXUD�QRUPDO�JUDFLDV�VyOR�D�OD�VXGRUDFLyQ��

D��¢&XiQWD�HQHUJtD�VH�QHFHVLWy�SDUD�HOHYDU�OD�WHPSHUDWXUD�GHO�HQIHUPR"��

E��¢&XiQWR�VXGRU�VH�HYDSRUy�GH�VX�FXHUSR�SDUD�HQIULDUVH"�

'DWRV�GHO�DJXD��FDORU�HVSHFtILFR� ������-��NJ��&���FDORU�ODWHQWH�GH�YDSRUL]DFLyQ��D�OD�
WHPSHUDWXUD�GH�OD�SLHO�� ������N-�NJ��GHQVLGDG� ������NJ�P���

�

5HVROXFLyQ�

D��$SOLFDPRV� OD�HFXDFLyQ�FRQRFLGD�SDUD�FDOFXODU�HO� FDORU�TXH�KD\�TXH�VXPLQLVWUDU�D�
XQD�GHWHUPLQDGD�FDQWLGDG�GH�PDVD�GH�DJXD�SDUD�DXPHQWDU�VX�WHPSHUDWXUD�HQ������&��

�� ���� ��� ����� �������N-Q mc T '  � � �  ��

E�� (VH� PLVPR� FDORU� VH� HPSOHDUtD� SDUD� HYDSRUDU� XQ� YROXPHQ� V� GH� VXGRU� �VL� HO�
HQIULDPLHQWR�IXHUD�VyOR�SRU�VXGRUDFLyQ���+D\�XQ�FDPELR�GH�IDVH�\�HO�FDORU�HV�

/ /
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Q mc V cU    u u o   ��

(V� GHFLU�� VL� VH� HYDSRUD� HO� VXGRU� TXH� FDEH� HQ� XQD� ODWD� GH� ��� F/�� VH� FRQVXPH� XQD�
HQHUJtD�LJXDO�D�OD�QHFHVDULD�SDUD�HOHYDU������&�OD�WHPSHUDWXUD�GH�WRGR�HO�FXHUSR��

�
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3RGHPRV�SUHJXQWDUQRV�HQ�FXiQWR� WLHPSR�HO�FXHUSR�KXPDQR�VXIULUtD�HVH� LQFUHPHQWR�
GH�WHPSHUDWXUD�³WRPDQGR�HO�VRO´�\�VXSRQLHQGR�TXH�QR�WXYLpUDPRV�QLQJ~Q�PHFDQLVPR�
GH�UHJXODFLyQ�GH�OD�WHPSHUDWXUD��FRPR�OD�VXGRUDFLyQ���

/D�SLHO�KXPDQD�WLHQH�XQD�VXSHUILFLH�GH�XQRV���P���6XSRQJDPRV�TXH�WRPDPRV�HO�VRO�
WXPEDGRV�ERFDUULED�\�TXH��SRU�WDQWR��UHFLELPRV�OD�UDGLDFLyQ�VRODU�VREUH�XQD�VXSHUILFLH�
HIHFWLYD�GH�XQ���P���6XSRQHPRV�TXH��FRQ�ORV�UD\RV�SUiFWLFDPHQWH�SHUSHQGLFXODUHV�\�
OD�DWPyVIHUD�GHVSHMDGD��QRV�OOHJDQ�GHO�6RO�XQRV������:�P���+DFLHQGR�HO�FiOFXOR�GHO�
WLHPSR�UHVXOWD��
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$GHPiV�GH�OD�VXGRUDFLyQ��HO�FXHUSR�KXPDQR�WDPELpQ�UHJXOD�VX�WHPSHUDWXUD�PHGLDQWH�
OD� YDVRGLODWDFLyQ�� &XDQGR� QXHVWUD� WHPSHUDWXUD� DXPHQWD�� ORV� YDVRV� VDQJXtQHRV�
SHULIpULFRV�VH�GLODWDQ�\�OD�VDQJUH�IOX\H�HQ�PD\RU�FDQWLGDG�FHUFD�GH�OD�SLHO��GH�PDQHUD�
TXH� KD\� PiV� WUDQVIHUHQFLD� GH� FDORU� DO� DPELHQWH�� (OOR� H[SOLFD� SRU� TXp� OD� SLHO� VH�
HQURMHFH�GHVSXpV�GH�KDFHU�HMHUFLFLR�ItVLFR��\D�TXH�HVWi�PiV�LUULJDGD��
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(O�UDGLR�RUELWDO�PHGLR�GH�QXHVWUR�SODQHWD�YHFLQR�HV�������������NP��6XSRQHPRV�XQD�
yUELWD�FLUFXODU��&DOFXOD��

D��/D�GXUDFLyQ��HQ�GtDV��GH�XQ�³DxR�PDUFLDQR´��

E��/D�YHORFLGDG�OLQHDO�GH�0DUWH�HQ�VX�yUELWD��HQ�NP�V���

F��/D�HQHUJtD�WRWDO�GH�0DUWH�HQ�VX�yUELWD��

'DWRV�� G�  � ����î������ 1ÂP��NJ��� PDVD� GHO� 6RO�  � ����î����� NJ�� PDVD� GH� 0DUWH�  �
����î�����NJ��
�

5HVROXFLyQ�

D�� $O� SUHJXQWDUQRV� SRU� OD� GXUDFLyQ� GH� XQ� DxR� HQ� 0DUWH� WHQHPRV� TXH� FDOFXODU� HO�
SHULRGR�RUELWDO�GH�0DUWH�DOUHGHGRU�GHO�6RO��6HJ~Q�OD����OH\�GH�.HSOHU��HO�UDGLR�RUELWDO��r��
\�HO�SHULRGR�VH�UHODFLRQDQ�PHGLDQWH�OD�H[SUHVLyQ�
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GRQGH� 6ROM �HV�OD�PDVD�GHO�6RO�SURSRUFLRQDGD�HQ�HO�HQXQFLDGR��+DFLHQGR�ORV�FiOFXORV�
UHVXOWD�

���������V ����GtDVT   �

/D�H[SUHVLyQ�³DxR�PDUFLDQR´�VH�UHILHUH�DO�WLHPSR�TXH�WUDQVFXUUH�HQ�0DUWH�GHVGH�XQD�
GHWHUPLQDGD�SRVLFLyQ�GHO�6RO�KDVWD�TXH�YXHOYH�D�UHSHWLUVH��SRU�HMHPSOR��GH�SULPDYHUD�
D�SULPDYHUD���(VH�DxR�PDUFLDQR�VHUtD�FDVL�GRV�DxRV�WHUUHVWUHV��

E��/D�YHORFLGDG�OLQHDO�HQ�XQD�yUELWD�VRODU�HV�
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3RU�WDQWR��SDUD�0DUWH�UHVXOWD�

������P�V ���NP�Vv  | ��

0DUWH�HV�XQ�SRFR�PiV�OHQWR�TXH�OD�7LHUUD��TXH�JLUD�D�XQRV����NP�V�DOUHGHGRU�GHO�6RO��
\D�TXH�VX�yUELWD�HVWi�PiV�DOHMDGD��

F��/D�HQHUJtD�WRWDO�HQ�XQD�yUELWD�HV�
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(Q�HVWH�FDVR�OD�PDVD�m�HV�OD�GHO�SODQHWD�0DUWH��(O�YDORU�SHGLGR�GH�OD�HQHUJtD�HV�
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/RV� PRQRV� DXOODGRUHV� VRQ� XQ� JpQHUR� GH� SULPDWHV� TXH�� FRPR� VX� QRPEUH� LQGLFD��
D~OODQ�� 6RQ� DQLPDOHV� PX\� VRFLDEOHV�� SHUR� VXV� JULWRV� VRQ� HVFDQGDORVRV�� (VWiQ�
FRQVLGHUDGRV� ORV� DQLPDOHV� WHUUHVWUHV� FRQ� PD\RU� SRWHQFLD� VRQRUD�� \D� TXH� XQ� VROR�
PRQR�SXHGH�HPLWLU�XQ�JULWR�GH�����G%�PHGLGR�D���P�GHO�DQLPDO��

D��¢&XiQWRV� GHFLEHOLRV��PHGLGRV�D����P�GH�GLVWDQFLD�� SRGUiQ�DOFDQ]DU�GLH]�PRQRV�
DXOODQGR�D�OD�YH]"�

E��¢+DVWD�TXp�GLVWDQFLD�SRGUtDPRV�RtU�D�XQR�GH�HVWRV�PRQRV"�7HQ�HQ�FXHQWD�TXH�OD�
DEVRUFLyQ�GHO�DLUH�HV�GH�XQRV�����G%�FDGD�����P��
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D��(O�QLYHO�GH�LQWHQVLGDG�DF~VWLFD�SDUD�XQ�VROR�PRQR�D�XQD�GLVWDQFLD� �d �HV�
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6L�D~OODQ�N�PRQRV�D�OD�YH]��OD�SRWHQFLD�GHO�VRQLGR�VH�KDUi�N�YHFHV�PD\RU��
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(QWRQFHV��HO�QLYHO�GH�LQWHQVLGDG�VHUi�GH�N�PRQRV�D�GLVWDQFLD� �d �UHVXOWD��
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E��6LQ�DEVRUFLyQ��HO�QLYHO�GH�LQWHQVLGDG�D�XQD�GLVWDQFLD�d�HV�
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(O�XPEUDO�GH�DXGLFLyQ�KXPDQD�HV���G%��(QWRQFHV��OD�GLVWDQFLD�Pi[LPD�VHUtD�
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1R�HV�XQ�UHVXOWDGR�UHDOLVWD�SRUTXH�KD\�DEVRUFLyQ��(O�QLYHO�GH�LQWHQVLGDG�FRUUHJLGR�HV�

� ��� ORJ� � � �����L L d d d � � ��

WHQLHQGR�HQ� FXHQWD� HO� IDFWRU� GH� DEVRUFLyQ� GH� ������ GE� SRU� FDGD� ��P��3RU� WDQWR�� OD�
GLVWDQFLD�Pi[LPD�D�OD�TXH�OOHJDUtD�HO�VRQLGR�HV�

PD[ PD[� ��� �� ORJ��� � �����d d � � ��

6L�UHVROYHPRV�HVWD�HFXDFLyQ�SRU�PpWRGRV�QXPpULFRV�R�JUiILFRV��HO�UHVXOWDGR�HV�

PD[ ����NPd | ��

TXH�HV�OD�GLVWDQFLD�D�OD�TXH�VH�VDEH�TXH�VRQ�DXGLEOHV�ORV�VRQLGRV�GH�HVWRV�PRQRV���
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6DEHU�PiV�

/D�EDOOHQD�D]XO�HV� HO�PDPtIHUR�TXH�HPLWH� ORV� VRQLGRV�PiV� IXHUWHV� FRQ�JHPLGRV�GH�
PiV�GH�����GHFLEHOLRV�PHGLGRV�D���P��

3DUD�PiV�LQIRUPDFLyQ�VREUH�ORV�VRQLGRV�GH�ORV�PRQRV�DXOODGRUHV��YHU�HO�DUWtFXOR��

'D�&XQKD��5��et al.���������³3URGXFWLRQ�RI�/RXG�DQG�4XLHW�&DOOV�LQ�+RZOHU�0RQNH\V´��
(Q��Howler Monkeys��Developments in Primatology��FDS������6SULQJHU�6FLHQFH��1HZ�
<RUN��'2,��������������������������B�����
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8Q� PDULQHUR� FDH� GHVGH� OR� DOWR� GHO� PiVWLO� GH� XQ� EDUFR� TXH� QDYHJD� D� XQD� FLHUWD�
YHORFLGDG�XQLIRUPH��6DEHPRV�TXH�HO�PiVWLO�WLHQH���P�GH�DOWXUD��

�

6H�KD�JUDEDGR�HQ�YLGHR�OD�FDtGD�GHO�PDULQHUR��SHUR�OD�FiPDUD�VH�KD�PRYLGR�XQ�SRFR�
\� VyOR� VDEHPRV�TXH� OD� WUD\HFWRULD� HVWi� FRPSUHQGLGD�HQWUH� ODV�GRV�PRVWUDGDV� HQ� OD�
VLJXLHQWH�ILJXUD��+D]�ODV�PHGLGDV�TXH�QHFHVLWHV�FRQ�OD�UHJOD�VREUH�OD�JUiILFD��

D��¢4Xp�GLVWDQFLD�KRUL]RQWDO�UHFRUUH�HO�PDULQHUR��R�HO�EDUFR��GXUDQWH�VX�FDtGD"�

E��(VWLPD� OD�YHORFLGDG�TXH� OOHYD�HO�EDUFR��([SUHVD�HO� UHVXOWDGR�HQ�QXGRV� ���QXGR� �
������NP�K���,QGLFD�WDPELpQ�OD�LQFHUWLGXPEUH��HQ�NP�K��GH�GLFKD�YHORFLGDG���

F��&DOFXOD�HO�YDORU�GH�OD�FRPSRQHQWH�YHUWLFDO�GH�OD�YHORFLGDG�FXDQGR�HO�PDULQHUR�WRFD�
HO�VXHOR�GHO�EDUFR���
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5HVROXFLyQ�

D��0HGLPRV�HO�DOFDQFH�VREUH�HO�HMH�;�GH�OD�JUiILFD�\�FRQYHUWLPRV�D�PHWURV�WHQLHQGR�HQ�
FXHQWD� OD�HVFDOD�LQGLFDGD�HQ�HO�HMH�<��OD�DOWXUD�HV�GH���P���/DV�SRVLEOHV�WUD\HFWRULDV�
WLHQHQ�DOFDQFHV�GH�HQWUH������\������P��FRQ�XQ�YDORU�PHGLR�GH������P��
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E�� /D� YHORFLGDG� v� TXH� OOHYD� HO� EDUFR� FRLQFLGH� FRQ� OD� YHORFLGDG� LQLFLDO� GHO�PDULQHUR��
8WLOL]DPRV�ODV�HFXDFLRQHV�GHO�PRYLPLHQWR�SDUDEyOLFR��
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/D�GLVWDQFLD�KRUL]RQWDO�UHFRUULGD��R�DOFDQFH��VH�REWLHQH�D�SDUWLU�GHO� WLHPSR�HPSOHDGR�
GXUDQWH�OD�FDtGD�GH�XQD�DOWXUD h� ���P��

� � � �����Vy t h g o   ��

&RPR�HO�DOFDQFH�GH�XQ�WLUR�VHPL�SDUDEyOLFR�HV�

PD[ � �x v h g ��

OD�YHORFLGDG�UHVXOWD�
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����� �

xv
h g

   ��

3DUD�HVWLPDU�OD�LQFHUWLGXPEUH��FDOFXODPRV�OD�YHORFLGDG�GHO�EDUFR�WHQLHQGR�HQ�FXHQWD�
WRGR�HO�UDQJR�GH�YDORUHV�GHO�DOFDQFH��GHVGH������D������P���/D�YHORFLGDG�HVWDUtD�HQ�HO�
UDQJR�TXH�YD�GHVGH�������D�������NP�K��$Vt��UHVXOWD�XQD�LQFHUWLGXPEUH�GH������NP�K��
(O�UHVXOWDGR�FRPSOHWR�SDUD�OD�YHORFLGDG�HV�

���� ����NP�Kv  r ��

$O�PLVPR�UHVXOWDGR�OOHJDPRV�KDFLHQGR�OD�SURSDJDFLyQ�GH�HUURUHV�HQ�OD�HFXDFLyQ�GH�OD�
YHORFLGDG�\�WHQLHQGR�HQ�FXHQWD�TXH�OD�LQFHUWLGXPEUH�HQ�HO�DOFDQFH�HV�GH�����P��

PD[ � ��� � ���� ����NP�Kv x t'  '   ��

F��/D�FRPSRQHQWH�YHUWLFDO�GH�OD�YHORFLGDG�HV�

\ ��� ���� �����P�V �����NP�Kv gt  �   ��
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6DEHU�PiV�

(O� KHFKR� GH� TXH� HO� PDULQHUR� FDLJD� MXVWR� HQ� OD� EDVH� GHO� PiVWLO� HV� UHVXOWDGR� GHO�
principio de relatividad�GH�*DOLOHR��

(O�H[SHULPHQWR�PHQWDO�GHO�EDUFR� OR�SUHVHQWD�*DOLOHR�HQ�VX�REUD� ³'LiORJRV�VREUH� ORV�
GRV�VLVWHPDV�Pi[LPRV�GHO�PXQGR´���������(O�WH[WR�GLFH�DOJR�DVt��³(QWUD�FRQ�XQ�DPLJR�
GHQWUR� GH� OD� FXELHUWD� GH� XQ� EDUFR�� OOHYDQGR� FRQWLJR� DOJXQDV� PRVFDV� \� PDULSRVDV��
&XHOJD�XQD�ERWHOOD�ERFD�DEDMR�SDUD�TXH�VH�YDFtH�JRWD�D�JRWD�VREUH�XQ�UHFLSLHQWH��&RQ�
HO�EDUFR�SDUDGR��REVHUYD�FXLGDGRVDPHQWH�FyPR�ORV�SHTXHxRV�DQLPDOHV�YXHODQ�FRQ�OD�
PLVPD�YHORFLGDG�KDFLD� WRGRV� ORV� ODGRV�\�TXH� ODV�JRWDV�FDHQ�HQ�HO�UHFLSLHQWH��/XHJR�
KD]�DYDQ]DU�HO�EDUFR�FRQ�YHORFLGDG�XQLIRUPH��1R�VH�REVHUYDUi�FDPELR�DOJXQR�HQ�ORV�
HIHFWRV� QRPEUDGRV�� \� QR� SRGUiV� VDEHU� VL� OD� QDYH� VH� HVWDED� PRYLHQGR� R� HVWDED�
SDUDGD�´�
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/D�VDJD�GH�Star Wars�FRQVLVWH�KDVWD�HO�PRPHQWR�HQ�VHLV�SHOtFXODV�PX\�HQWUHWHQLGDV�
DXQTXH� UHSOHWDV� GH� LQFRUUHFFLRQHV� H� LQFRQJUXHQFLDV� ItVLFDV�� VL� ELHQ� HVR� QR� GHEH�
PROHVWDUQRV� SXHV� VX� REMHWLYR� HV� HQWUHWHQHU�� QR� HQVHxDU� ItVLFD�� $GHPiV�� SRGHPRV�
GLYHUWLUQRV�XQ�UDWR�GLVFXWLHQGR�DOJXQDV�GH�ODV�VLWXDFLRQHV�SODQWHDGDV�HQ�ODV�SHOtFXODV�
\�YHU�VL�VRQ�FRKHUHQWHV�GHVGH�HO�SXQWR�GH�YLVWD�ItVLFR��

(O�DVWHURLGH�

D�� (Q� HO� HSLVRGLR� 9�� ³(O� ,PSHULR�
&RQWUDDWDFD´�� HQ� XQD� IDPRVD�
HVFHQD� ORV� KpURHV� KX\HQ� GH� ORV�
FD]DV� LPSHULDOHV� HQ� OD� QDYH�
+DOFyQ� 0LOHQDULR� GHQWUR� GH� XQ�
FDPSR� GH� DVWHURLGHV�� (Q� XQ�
PRPHQWR�GDGR�VH�DFHUFDQ�D�XQR�
JUDQGH� \� YHQ� HQ� HO� VXHOR� OD�
HQWUDGD� GH� OR� TXH� SDUHFH� XQD�
FXHYD��SRU�OR�TXH�OD�QDYH�KDFH�XQ�
PRYLPLHQWR� GH� looping� SDUD�
HQWUDU�HQ�HOOD��YHU�HVTXHPD�HQ�OD�
ILJXUD���$�SDUWLU�GH�RWUD�WRPD�GH�OD�
VHFXHQFLD� VH� KD� SRGLGR� GHGXFLU�
TXH�HO�+DOFyQ�0LOHQDULR�YLDMD�D�����P�V��7DQWR�HQ�HO� WUD\HFWR�$%�FRPR�HQ�HO�%&� OD�
QDYH� WDUGD���V��¢&XiO�HV� OD�DFHOHUDFLyQ�PHGLD�TXH�VXIUHQ� ORV�SDVDMHURV�GH� OD�QDYH�
HQWUH�HO�SXQWR�$�\�HO�%"�¢<�HQWUH�%�\�&"�¢3RGUtD�VRSRUWDUOR�XQ�VHU�KXPDQR"�

E��(Q� OD�VLJXLHQWH� ILJXUD�VH�PXHVWUD�XQD� LPDJHQ�GHO�DVWHURLGH�GRQGH�VH�DSUHFLD�VX�
FXUYDWXUD�\�GRQGH�VH� LQGLFD�OD�DOWXUD������P��GH�XQ�FUiWHU�TXH�SRGHPRV�DVXPLU�TXH�
HVWi�HQ�HO�KRUL]RQWH��

�

&RQVLGHUDPRV�TXH�HO�DVWHURLGH�HV�HVIpULFR��5HDOL]D�FRQ�XQD�UHJOD�ODV�PHGLFLRQHV�TXH�
FRQVLGHUHV�RSRUWXQDV�VREUH�OD�ILJXUD��L��(VWLPD�HO�UDGLR�GHO�DVWHURLGH��LL��'HWHUPLQD�OD�
JUDYHGDG� HQ� OD� VXSHUILFLH� GHO� DVWHURLGH� \� OD� YHORFLGDG� GH� HVFDSH� DVXPLHQGR� XQD�
GHQVLGDG� PHGLD� GH� �� J�FP��� TXH� HV� XQD� GHQVLGDG� WtSLFD� GH� ORV� DVWHURLGHV� HQ� HO�
VLVWHPD�VRODU��'DWR��G� �����î������1ÂP��NJ���

/D�GHVWUXFFLyQ�GH�$OGHUDiQ�

(Q�HO�HSLVRGLR�,9��³8QD�QXHYD�HVSHUDQ]D´��HO�JREHUQDGRU�7DUNLQ��DO�PDQGR�GH�OD�QDYH�
FLXGDG�HVSDFLDO�(VWUHOOD�GH� OD�0XHUWH�� RUGHQD�GHVLQWHJUDU�PHGLDQWH�XQ� UD\R� OiVHU�HO�
SODQHWD�QDWDO�GH�OD�3ULQFHVD�/HLD��$OGHUDiQ��

����P

%

$

HQWUDGD�FXHYD &



����
 
 

&RQVLGHUD�HQ�OR�TXH�VLJXH�TXH�$OGHUDiQ�HV�VLPLODU�D�OD�7LHUUD�� $OGHUDiQM  �����î�����NJ��
$OGHUDiQR  ������NP��

F��6H�OODPD�autoenergía gravitatoria�GH�XQ�VLVWHPD�D�OD�HQHUJtD�GHELGD�D�ORV�FDPSRV�
JUDYLWDWRULRV�JHQHUDGRV�SRU� ODV�SURSLDV�PDVDV�TXH� OR�FRPSRQHQ��0DWHPiWLFDPHQWH��
VH�GHILQH�SRU�OD�HFXDFLyQ�U = dU³ ��'HPXHVWUD�TXH�OD�DXWRHQHUJtD�JUDYLWDWRULD�GH�XQD�
HVIHUD�KRPRJpQHD�HV�
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VLHQGR�M�OD�PDVD�GH�OD�HVIHUD��R�VX�UDGLR�\�G�OD�FRQVWDQWH�GH�OD�JUDYLWDFLyQ��

�$\XGD��7RPD�XQ�FDVTXHWH�HVIpULFR�GH�UDGLR�r�\�HVSHVRU�dr��\�FRQVLGHUD�OD�HQHUJtD�dU�
TXH�FUHD�OD�PDVD�LQWHULRU�VREUH�GLFKR�FDVTXHWH��,QWHJUD�GHVGH���D�r� �R���

G��8WLOL]DQGR�HO� UHVXOWDGR� DQWHULRU�� UHVXHOYH�� L�� ¢&XiQWD� SRWHQFLD� WHQtD� HO� UD\R� OiVHU�
TXH� GHVWUX\y� $OGHUDiQ�� VDELHQGR� TXH� DFWXy� GXUDQWH� �� V"� ([SUHVD� HO� UHVXOWDGR� HQ�
Q~PHUR�GH�YHFHV� OD�SRWHQFLD�GHO�6RO�VDELHQGR�TXH�pVWD�HV��î�����:�� �'HVSUHFLD� OD�
HQHUJtD� GH� URPSHU� ORV� HQODFHV� TXtPLFRV� GH� ODV� URFDV� GHO� SODQHWD�� VXSyQ� TXH� HO�
SODQHWD�VH�GHVLQWHJUD�HQ�SDUWtFXODV�PX\�SHTXHxDV�TXH�\D�QR�FRQWLHQHQ�DXWRHQHUJtD�
JUDYLWDWRULD�\�TXH�VX�YHORFLGDG�WLHQGH�D���DO�DOHMDUVH���LL��&DOFXOD�GH�QXHYR�OD�SRWHQFLD�
GHO� UD\R�VL�� FRPR�DSDUHFH�HQ� OD�SHOtFXOD�� ORV� WUR]RV�GHO� SODQHWD� WUDV� OD�H[SORVLyQ�VH�
DOHMDQ�D�XQD�YHORFLGDG�DSUR[LPDGD�GH���UDGLR�GHO�SODQHWD�SRU�VHJXQGR��

H�� /D� OX]� GHO� UD\R� OiVHU� SRGHPRV� FRQVLGHUDUOD� FRPR� FRPSXHVWD� SRU� SDUWtFXODV� GH�
HQHUJtD� OODPDGDV� IRWRQHV� TXH� WUDQVSRUWDQ� FDGD� XQR� XQD� HQHUJtD� E hf � \� XQD�
FDQWLGDG�GH�PRYLPLHQWR� �p E c ��GRQGH�h�HV�OD�FRQVWDQWH�GH�3ODQFN��9LHQGR�TXH�HO�
OiVHU� HV� GH� OX]� YHUGH� \� SRU� WDQWR� O  �����QP��¢TXp� YHORFLGDG� GH� UHWURFHVR� KDEUtD�
DGTXLULGR� OD� (VWUHOOD� GH� OD� 0XHUWH� DO� ODQ]DU� HO� UD\R� \� FXiO� VHUtD� HO� LQFUHPHQWR� GH�
YHORFLGDG�GHO�FHQWUR�GH�PDVDV�GH�$OGHUDiQ�DO�UHFLELU�HO� LPSDFWR�GHO�PLVPR"��'DWRV�����
h� �����î������-āV�� (VWUHOOD�0XHUWHM  ������NJ��

/RV�UD\RV�LyQLFRV�

8QD�GH�ODV�DUPDV�GH�ORV�GHVWUXFWRUHV�LPSHULDOHV�HV�XQ�³FDxyQ�LyQLFR´��FRQVLVWHQWH�HQ�
LRQHV�SURYHQLHQWHV�GH�XQ�SODVPD�ODQ]DGRV�D�JUDQ�YHORFLGDG��8Q�SODVPD�HV�XQ�HVWDGR�
GH� OD� PDWHULD� HQ� HO� TXH� ORV� Q~FOHRV� HVWiQ� WRWDOPHQWH� LRQL]DGRV�� HV� GHFLU�� VH� KDQ�
DUUDQFDGR�WRGRV� ORV�HOHFWURQHV��6XSRQJDPRV�TXH� ORV� LRQHV�GHO�UD\R�VRQ�Q~FOHRV�GH�
FDUERQR� ��� �PDVD�  � �î������ NJ�� TXH� VH� ODQ]DQ� D� XQRV� ����� NP�V� FRQWUD� OD� SDUWH�
WUDVHUD�GHO�+DOFyQ�0LOHQDULR��(O�+DOFyQ�0LOHQDULR�GLVSRQH�GH�XQ� ³HVFXGR�GH� IXHU]D´�
TXH�SRGHPRV�PRGHODU�FRPR�VL� IXHUD�XQ�FDPSR�PDJQpWLFR�KRPRJpQHR�GH����P�GH�
JURVRU�SHUSHQGLFXODU�D�OD�GLUHFFLyQ�ORQJLWXGLQDO�GH�OD�QDYH��
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6L�XQ�UD\R�LyQLFR�YD�GLULJLGR�DO�FHQWUR�GH�OD�SDUWH�WUDVHUD�GHO�+DOFyQ�0LOHQDULR��

I��¢&XiQWR�GHEH�YDOHU�HO�FDPSR�PDJQpWLFR�SDUD�TXH� ORV�UD\RV�QR�GDxHQ�OD�QDYH��HV�
GHFLU��SDUD�TXH�QR�LQFLGDQ�HQ�QLQJ~Q�SXQWR�GH�OD�]RQD�GH���P�PDUFDGD�FRQ�OD�GREOH�
IOHFKD�HQ�HO�GLEXMR"�'DWR��FDUJD�GH�ORV�Q~FOHRV�GH�FDUERQR���� ���î����î������&��

J��¢&XiQWR�GHEHUtD�YDOH�HVH�FDPSR�PDJQpWLFR�SDUD�TXH�HO�UD\R�LyQLFR�YROYLHVH�KDFLD�
HO�'HVWUXFWRU�,PSHULDO"�

�

5HVROXFLyQ�

D��6H�GHILQH�OD�DFHOHUDFLyQ�PHGLD�HQWUH�$�\�%�FRPR�
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HV� LJXDO� D� OD� HQHUJtD� SRWHQFLDO� FDOFXODGD� HQ� HO� DSDUWDGR� DQWHULRU�� 3RU� WDQWR�� HVD�
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3RU�FRQVHUYDFLyQ�GH�OD�FDQWLGDG�GH�PRYLPLHQWR��OD�(VWUHOOD�GH�OD�0XHUWH�GHEH�DGTXLULU�
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1yWHVH�TXH�OD�YHORFLGDG�REWHQLGD�HV�VXSHULRU�D�OD�GH�OD�OX]��OR�TXH�VDEHPRV�TXH�QR�HV�
SRVLEOH�SRU� OD�UHODWLYLGDG�HVSHFLDO��(VR�TXLHUH�GHFLU�TXH�KDEUtD�TXH�KDFHU�XQ�FiOFXOR�
PiV�UHDOLVWD�XVDQGR�FLQHPiWLFD�UHODWLYLVWD�\�HQWRQFHV�OD�YHORFLGDG�UHVXOWDUtD�FHUFDQD�
D�OD�GH�OD�OX]�SHUR�LQIHULRU�D�HOOD��

3RU�RWUR� ODGR��HO� LQFUHPHQWR�GH�YHORFLGDG�GHO�FHQWUR�GH�PDVDV�GHO�SODQHWD�$OGHUDiQ�
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FDPSR� PDJQpWLFR� B� SHUSHQGLFXODU� D� OD� GLUHFFLyQ� GH� v� HV� F qv B �� \� HV� VLHPSUH�
SHUSHQGLFXODU� D� OD� YHORFLGDG��3RU� WDQWR�� WRGD� OD� DFHOHUDFLyQ� GHELGD� D� HVD� IXHU]D� HV�
QRUPDO�\�GHVFULEH�XQ�PRYLPLHQWR�FLUFXODU�XQLIRUPH�GH�UDGLR�R��
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J��3DUD�TXH�HO�UD\R�YXHOYD�KDFLD�HO�GHVWUXFWRU�LPSHULDO�GHEH�FDPELDU�GH�VHQWLGR��3RU�
WDQWR��VHJ~Q�HO�GLEXMR�DGMXQWR�KD�GH�RFXUULU�TXH� R D ��SDUD� OR�FXDO�VH�QHFHVLWD�XQ�
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6DEHU�PiV�
+D\�PXFKR�PDWHULDO� HQ� LQWHUQHW� GLVFXWLHQGR� OD� ItVLFD� GH� ODV� SHOtFXODV� GH�Star Wars��
5HFXHUGD�TXH�OD�SHOtFXOD�HV�XQD�IDQWDVtD�\�QR�SUHWHQGH�VHU�UHDOLVWD�QL�GDU�FODVHV�GH�
ItVLFD��7HQLHQGR�HVWR�HQ�PHQWH��SXHGHV�GLYHUWLUWH�YLHQGR�DOJXQDV�GLVFXVLRQHV�VREUH�OD�
ItVLFD�\�HQFRQWUDU�DOJXQRV�HQODFHV�HQ��

KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�3K\VLFVBDQGB6WDUB:DUV��
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https://en.wikipedia.org/wiki/Physics_and_Star_Wars
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(Q� XQ� WHUUHPRWR� VH� SURGXFHQ� SULQFLSDOPHQWH� GRV� WLSRV� GH� RQGDV� VtVPLFDV��
WUDQVYHUVDOHV� �RQGDV�6��\� ORQJLWXGLQDOHV� �RQGDV�3���3DUD� OD�PD\RU�SDUWH�GH� WHUUHQRV�
VH�FXPSOH�DSUR[LPDGDPHQWH�TXH� 3 6� �v v  ��GRQGH� 3v �\� 6v �VRQ�ODV�YHORFLGDGHV�GH�
SURSDJDFLyQ�GH�ODV�RQGDV�3�\�6��UHVSHFWLYDPHQWH���

D��6DELHQGR�TXH�HQ�XQ�VLVPyJUDIR�VH�GHWHFWy�OD�OOHJDGD�GH�ODV�RQGDV�3�\�6�FRQ�XQD�
GLIHUHQFLD� GH� WLHPSR� t' �� REWpQ� OD� GLVWDQFLD�� d�� GHO� VLVPyJUDIR� DO� HSLFHQWUR� GHO�
WHUUHPRWR�HQ�IXQFLyQ�GH� t' �\� 3v ��
E��/D�YHORFLGDG�WtSLFD�GH�ODV�RQGDV�3�HV�DSUR[LPDGDPHQWH�GH���NP�V��2EWpQ�HO�YDORU�
GH� OD�GLVWDQFLD�d�D�SDUWLU�GHO�VLVPRJUDPD�GH� OD� ILJXUD��FRUUHVSRQGLHQWH�DO� WHUUHPRWR�
GH�/RUFD�GH��������(O�HMH�GH�DEVFLVDV�UHSUHVHQWD�OD�KRUD�HQ�PLQXWRV�VHJXQGRV���
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F��¢4Xp�DFHUDFLyQ�Pi[LPD�UHJLVWUy�HO�VLVPyJUDIR"�([SUHVD�HO�UHVXOWDGR�HQ�XQLGDGHV�
GH� JUDYHGDG� WHUUHVWUH� \� FRPSiUDOR� FRQ� HO� YDORU� GH� ����g  SUHYLVWR� HQ� OD�1RUPD�GH�
&RQVWUXFFLyQ�6LVPRUUHVLVWHQWH��

�

5HVROXFLyQ�

D��6L�OODPDPRV�d�D�OD�GLVWDQFLD�GHO�HSLFHQWUR�GHO�WHUUHPRWR�DO�VLVPyJUDIR��HQWRQFHV�HO�
WLHPSR�TXH�WDUGD�FDGD�XQR�GH�ORV�GRV�WLSRV�GH�RQGD�HQ�UHFRUUHU�HVD�GLVWDQFLD�HV�
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E��(Q�HO�VLVPRJUDPD�� t' �HV�OD�GLVWDQFLD�WHPSRUDO�HQWUH�ORV�SXQWRV�PDUFDGRV�FRPR�3�
\�6��3RGHPRV�PHGLU�HQ� OD�JUiILFD�\�REWHQHU�TXH�HVWH� LQWHUYDOR�HV�DSUR[LPDGDPHQWH�
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(O�HSLFHQWUR�GHO�WHUUHPRWR�VH�VLWXy�D�XQRV���NP�GH�OD�HVWDFLyQ�VtVPLFD�GH�/RUFD��

F��/D�DFHOHUDFLyQ�Pi[LPD�TXH�UHJLVWUD�OD�JUiILFD�HV� �����FP�Va | � ��([SUHViQGROR�HQ�
IXQFLyQ�GH�OD�JUDYHGDG�WHUUHVWUH��
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HV�GHFLU������PJ��PLOL�J���FRPR�VXHOH� WDPELpQ�H[SUHVDUVH�HQ�VLVPRORJtD��(VWH�YDORU�
GH�DFHOHUDFLyQ�KRUL]RQWDO� HV�HO� WULSOH�GHO�FRQWHPSODGR�HQ� OD�QRUPDWLYD�SDUD� OD� ]RQD��
$GHPiV��PXFKDV�FRQVWUXFFLRQHV�VRQ�DQWHULRUHV�D� OD�1RUPD�6LVPRUUHVLVWHQWH� \�� SRU�
WDQWR��WRGDYtD�PiV�YXOQHUDEOHV�D�XQ�VHtVPR��
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,QIRUPH�GHO� ,QVWLWXWR�*HROyJLFR�1DFLRQDO��,*1��VREUH�HO� WHUUHPRWR�GH�/RUFD�GH�PD\R�
GH�������KWWS���ZZZ�LJQ�HV�ZHE�UHVRXUFHV�VLVPRORJLD�ZZZ�ORUFD��/RUFDLQIR�����SGI��

(Q� HVH� LQIRUPH�� DGHPiV� GH� ODV� FDUDFWHUtVWLFDV� GHO� WHUUHPRWR�� SXHGHV� HQFRQWUDU�
LQIRUPDFLyQ�PX\�LQWHUHVDQWH�VREUH�ORV�DQWHFHGHQWHV�VtVPLFRV�GH�OD�UHJLyQ�GH�0XUFLD��
HO�ULHVJR�VtVPLFR�\�ODV�IDOODV�GH�OD�5HJLyQ��HWF��

3DUD� PiV� LQIRUPDFLyQ� VREUH� WHUUHPRWRV� HQ� (VSDxD� \� HO� UHJLVWUR� GH� WRGRV� ORV�
PRYLPLHQWRV� VtVPLFRV� HQ� WLHPSR� UHDO� SXHGHV� YHU� OD� SiJLQD� GHO� ,*1��
KWWSV���ZZZ�LJQ�HV���

3DUD� XQD�PRQLWRUL]DFLyQ� GH� WHUUHPRWRV� D� QLYHO�PXQGLDO� SXHGHV� FRQVXOWDU� OD� SiJLQD�
ZHE�GH�OD�VHFFLyQ�GH�WHUUHPRWRV�GHO�6HUYLFLR�*HROyJLFR�GH�(VWDGRV�8QLGRV��86*6���
KWWSV���HDUWKTXDNH�XVJV�JRY���

�/RV�VLVPRJUDPDV�VXHOHQ�UHSUHVHQWDU�OD�DFHOHUDFLyQ�GHO�WHUUHQR�HQ�WUHV�GLPHQVLRQHV��
GRV� FRPSRQHQWHV� KRUL]RQWDOHV� �1�6� \� (�2�� \� XQD� YHUWLFDO� �9��� (O� VLVPRJUDPD�
PRVWUDGR�FRUUHVSRQGH�D�OD�GLUHFFLyQ�1�6�GRQGH�ODV�RQGDV�IXHURQ�GH�PD\RU�DPSOLWXG��
/D�DFHOHUDFLyQ�Pi[LPD�UHJLVWUDGD�IXH��1�6�������PJ��9�������PJ�\�(�2�������PJ����

/DV� RQGDV� PiV� IXHUWHV� WXYLHURQ� XQD� IUHFXHQFLD� GH� XQRV� ���� +]� ��� VDFXGLGDV� SRU�
VHJXQGR���(VWDV�RVFLODFLRQHV�SURGXFHQ� OD� OODPDGD� ³IUDFWXUDFLyQ�SRU�FL]DOOD´�DO� KDFHU�
YLEUDU� ODWHUDOPHQWH� ORV�HGLILFLRV��(Q� WHUUHPRWR�GH�/RUFD�GH������ IXH� WDQ�GHVWUXFWLYR��
SHVH� D� QR� VHU� GH� JUDQ� PDJQLWXG�� SRUTXH� RFXUULy� D� SRFD� SURIXQGLGDG� \� ODV� RQGDV�
VXSHUILFLDOHV�IXHURQ�PiV�LQWHQVDV��

http://www.ign.es/web/resources/sismologia/www/lorca/Lorcainfo2011.pdf
https://www.ign.es/
https://earthquake.usgs.gov/
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D��(O�GLDO�GH�XQ�UHFHSWRU�GH�UDGLR�DSDUHFH�JUDGXDGR�HQ�XQD�GREOH�HVFDOD��XQD�GH�HOODV�
HQ� NLORKHUFLRV� \� OD� RWUD� HQ�PHWURV�� (Q� OD� SRVLFLyQ� >���� N+]� _� ����P@� VH� FDSWD� XQD�
HPLVRUD��&DOFXOD�FRQ�HVWRV�GDWRV�OD�YHORFLGDG�GH�OD�OX]�HQ�HO�DLUH��

E�� 8Q� IRFR� SXQWXDO� GH� ��� :� GH� SRWHQFLD� HPLWH� RQGDV� VRQRUDV� TXH� VH� SURSDJDQ�
XQLIRUPHPHQWH� HQ� WRGDV� ODV� GLUHFFLRQHV�� &DOFXOD� OD� LQWHQVLGDG� GHO� VRQLGR� \� HO�
FRUUHVSRQGLHQWH�QLYHO�GH� LQWHQVLGDG�VRQRUD�D�XQD�GLVWDQFLD�GH����P�GHO� IRFR��'DWR��
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F�� &DOFXOD� D� TXp� YHORFLGDG� KD� GH� YRODU� XQ�PXUFLpODJR� KDFLD� VX� SUHVD� SDUD� TXH� HO�
HIHFWR� 'RSSOHU� FDXVH� TXH� OD� IUHFXHQFLD� TXH� HQYtD� D� ��� N+]� OD� UHFLED� D� ����� N+]��
'DWR��YHORFLGDG�GHO�VRQLGR� �����P�V��

G��6HD�XQ�PXHOOH�FRQ�FLHUWD�FRQVWDQWH�HOiVWLFD��5D]RQD�FXiQGR�RVFLODUi�PiV�UiSLGR��
DO�FROJDUOH�XQD�PDVD�GH�����J�R�XQD�PDVD�GH�����J���

H��6H�GHMD�FDHU�XQD�SLHGUD�GHVGH�XQD�FLHUWD�DOWXUD�VREUH�XQ�HVWDQTXH��8Q�WLHPSR� W �
GHVSXpV�VH�GHMD�FDHU�VREUH�HO�PLVPR�SXQWR�RWUD�SLHGUD�LGpQWLFD��'HVFULEH�FyPR�HV�OD�
DPSOLWXG�GHO�SDWUyQ�GH�LQWHUIHUHQFLDV�GH�ODV�RQGDV��
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D��/DV�HVFDODV�GHO�UHFHSWRU�VH�UHILHUHQ�D�OD�IUHFXHQFLD�GH�ODV�RQGDV�� ���� �� �+]f u ��
\� D� VX� ORQJLWXG� GH� RQGD� � ����PO  ��� 3RU� WDQWR�� OD� YHORFLGDG� GH� ODV� RQGDV�
HOHFWURPDJQpWLFDV�HV�
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E��(O�QLYHO�GH�LQWHQVLGDG�VRQRUD�R�DF~VWLFD�HV� � ����ORJ �L I I ��GRQGH�OD�LQWHQVLGDG�GH�
ODV� RQGDV� HV� ���I P rS �� \D� TXH� OD� SURSDJDFLyQ� HV� XQLIRUPH�HQ� HO� HVSDFLR� �RQGDV�
HVIpULFDV���$�XQD�GLVWDQFLD� ���Pr  ��\�XQD�SRWHQFLD� ���:P  ��VHUi��

� ��
����ORJ ���G%

� �� ��
L

S �
§ ·  ¨ ¸� �© ¹

��

F�� /DV� RQGDV� HPLWLGDV� SRU� HO�PXUFLpODJR� VH� UHIOHMDQ� D�PRGR� GH� HFR� HQ� OD� SUHVD� \�
UHJUHVDQ� D� pO�� 6XSRQHPRV� TXH� OD� SUHVD� HVWi� HQ� UHSRVR�� (O� PXUFLpODJR� YLDMD� D�
YHORFLGDG� mv �\�OD�YHORFLGDG�GHO�VRQLGR�HV� ����P�Vv  ��(O�SUREOHPD�WLHQH�GRV�SDUWHV���

���/DV�RQGDV�GH�IUHFXHQFLD� � ���+]f  �HPLWLGDV�SRU�HO�PXUFLpODJR��TXH�VH�DFHUFD�DO�
UHFHSWRU��OD�SUHVD��OOHJDQ�D�OD�SUHVD�FRQ�IUHFXHQFLD�
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���/DV�RQGDV�VH�UHIOHMDQ�HQ�OD�SUHVD�\�pVWD�KDFH�DKRUD�HO�SDSHO�GH�IXHQWH�GH�RQGDV�GH�
IUHFXHQFLD� �f � TXH� VRQ� SHUFLELGDV� SRU� HO� PXUFLpODJR� �UHFHSWRU� TXH� VH� DFHUFD� D� OD�
IXHQWH��FRQ�IUHFXHQFLD�
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G�� (O� SHUtRGR� GH� RVFLODFLyQ� GH� XQ�PXHOOH� HV� SURSRUFLRQDO� D� OD� UDt]� FXDGUDGD� GH� OD�
PDVD�VXVSHQGLGD��
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3RU� WDQWR�� FXDQWR� PHQRU� VHD� OD� PDVD� PHQRU� VHUi� WDPELpQ� HO� SHUtRGR� \� HO� PXHOOH�
RVFLODUi�PiV�UiSLGR��&RQ�XQD�PDVD�GH�����J�RVFLOD�PiV�UiSLGR�TXH�DO�FROJDU�����J��

H�� /D� VXPD� GH� ODV� GRV� RQGDV� SURGXFLGDV� HQ� LQVWDQWHV� VHSDUDGRV� XQ� WLHPSR� W � VH�
SXHGH�HVFULELU�FRPR�
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TXH�YXHOYH�D�VHU�XQD�RQGD�DUPyQLFD�GH�DPSOLWXG�
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6L�HO� WLHPSR� W �HV�P~OWLSOR�GHO�SHUtRGR�GH� OD�RQGD�� W  nT ��HQWRQFHV� OD� LQWHUIHUHQFLD�
HV�FRQVWUXFWLYD�\� 
 �A A ��6L��SRU�HO�FRQWUDULR�� W �HV�P~OWLSOR� LPSDU�GHO�VHPLSHUtRGR��
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��������$$VVFFHHQQVVRRUU��HHVVSSDDFFLLDDOO��
([LVWHQ� GHVGH� KDFH� WLHPSR� SURSXHVWDV� SDUD� FRQVWUXLU� XQ� ³DVFHQVRU� HVSDFLDO´�� 6X�
IXQFLRQDPLHQWR�HVWi�EDVDGR�HQ�OR�VLJXLHQWH��

��� (O� DVFHQVRU� FRQVWD� GH� XQ� FDEOH� PX\�
ODUJR�� WHQVR� \� WRWDOPHQWH� H[WHQGLGR�
SHUSHQGLFXODUPHQWH� D� OD� VXSHUILFLH� GH� OD�
7LHUUD�GHVGH�XQ�SXQWR�VLWXDGR�HQ�HO�HFXDGRU�
KDVWD�XQ�SXQWR�VLWXDGR�D�XQD�GLVWDQFLD� +R �
GHO�FHQWUR�GH�OD�7LHUUD��YHU�ILJXUD���������

���&DGD�SRUFLyQ�GHO�FDEOH�GHEH�URWDU�FRQ�OD�
PLVPD�YHORFLGDG�DQJXODU�� Z ��TXH� OD�7LHUUD��
GH� WDO� IRUPD� TXH� HO� FDEOH� HVWi� VLHPSUH�
YHUWLFDO�VREUH�HO�PLVPR�SXQWR�GHO�HFXDGRU���

��� (O� FDEOH� VH� DXWRVXVWHQWD�� HV� GHFLU�� QR� HVWi� DQFODGR� DO� VXHOR� QL� VH� VXMHWD� GHVGH�
DUULED�FRQ�FRKHWHV�QL�QDGD�SDUHFLGR��HV�XQ�FDEOH�TXH�OHYLWD���(OOR�HV�SRVLEOH�JUDFLDV�DO�
HTXLOLEULR�HQWUH�HO�SHVR�WRWDO�GHO�FDEOH�\�OD�IXHU]D�FHQWUtIXJD�WRWDO�TXH�DFW~D�VREUH�pO��
�'H�WRGDV�IRUPDV��HO�FDEOH�VH�ILMDUtD�D�XQD�SODWDIRUPD�IORWDQWH�DQFODGD�HQ�HO�RFpDQR�
SDUD�HYLWDU�SHUWXUEDFLRQHV�\�KDFHU�FRUUHFFLRQHV�GH�yUELWD���

��� &DGD� SRUFLyQ� GHO� FDEOH� HVWi� VRPHWLGD� DO� HTXLOLEULR� HQWUH� HO� SHVR�� OD� IXHU]D�
FHQWUtIXJD�\�OD�IXHU]D�GH�WHQVLyQ��

���(O�FDEOH�WLHQH�XQD�WHQVLyQ�YDULDEOH�D�OR�ODUJR�GH�VX�ORQJLWXG��VLHQGR�QXOD�OD�WHQVLyQ�
HQ�ORV�GRV�H[WUHPRV���

/D�LGHD�HV�XWLOL]DU�HO�FDEOH�FRPR�VXVWHQWR�SDUD�XQ�PRQWDFDUJDV�DFRSODGR�D�pO�\�SRGHU�
HOHYDU�FDUJDV�R�ODQ]DU�QDYHV�HVSDFLDOHV�DO�HVSDFLR��+R\�GtD��HVWD�SRVLELOLGDG�HV�PiV�
YLDEOH�JUDFLDV�DO�GHVFXEULPLHQWR�GH�QXHYRV�PDWHULDOHV�OLJHURV�\�TXH�SXHGHQ�DJXDQWDU�
DOWDV�WHQVLRQHV��

�

'DWRV�\�VtPERORV��

Z ��YHORFLGDG�DQJXODU�GH�URWDFLyQ�GH�OD�7LHUUD�VREUH�VX�HMH��

7M ��PDVD�GH�OD�7LHUUD� �����î�����NJ��

7R ��UDGLR�GH�OD�7LHUUD� ������NP��

JR ��UDGLR�GH�OD�yUELWD�JHRHVWDFLRQDULD��

+R ��GLVWDQFLD�KDVWD�GRQGH�VH�H[WLHQGH�HO�FDEOH��PHGLGD�GHVGH�HO�FHQWUR�GH�OD�
7LHUUD���/D�ORQJLWXG�GHO�FDEOH�HV� + 7R R� ��

RJ R+R7

yUELWD�JHRHVWDFLRQDULD
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G ��FRQVWDQWH�GH�JUDYLWDFLyQ�XQLYHUVDO� �����î������>6�,�@��
P ��SHVR��IXHU]D�JUDYLWDWRULD���

�
cF m rZ ��IXHU]D�ILFWLFLD�FHQWUtIXJD�GH�XQD�PDVD�m�HQ�URWDFLyQ��

T ��WHQVLyQ�PHFiQLFD��IXHU]D�SRU�XQLGDG�GH�iUHD��GHO�FDEOH��

D���2EWpQ�HO�UDGLR� JR � �GLVWDQFLD�DO�FHQWUR�GH� OD�7LHUUD��GH� OD�yUELWD�JHRHVWDFLRQDULD��
HQ�IXQFLyQ�GH�G �� 7M �\�Z ��&DOFXOD�VX�YDORU�QXPpULFR�HQ�NP��

D���&DOFXOD�HO�YDORU�GH�OD�JUDYHGDG�HQ�OD�yUELWD�JHRHVWDFLRQDULD��

(O�FDEOH�HV�FLOtQGULFR�GH�VHFFLyQ�XQLIRUPH�A�\�GHQVLGDG�FRQVWDQWH� U ��&RQVLGHUHPRV�
XQD�SRUFLyQ�GH�FDEOH�GH� ORQJLWXG� LQILQLWHVLPDO�dr�VLWXDGD�D�XQD�GLVWDQFLD�r�GHO�FHQWUR�
GH�OD�7LHUUD��

E���2EWpQ�XQD�H[SUHVLyQ��HQ�IXQFLyQ�GH�G�� 7M ��Z �� U ��A��r�\�dr��SDUD�HO�SHVR��dP��\�
SDUD�OD�IXHU]D�FHQWUtIXJD�� cdF ��TXH�H[SHULPHQWD�GLFKD�SRUFLyQ�LQILQLWHVLPDO�GH�FDEOH��

E���,QWHJUDQGR�ODV�H[SUHVLRQHV�DQWHULRUHV�UHVSHFWR�D�r��FDOFXOD�HO�SHVR�WRWDO�GHO�FDEOH��
P��\�OD�IXHU]D�FHQWUtIXJD�WRWDO�� cF ��HQ�IXQFLyQ�GH�G�� 7M ��Z �� U ��A�� 7R �\� +R ���

E���'HPXHVWUD�TXH�HO�SHVR�WRWDO�GHO�FDEOH��P��UHVSHFWR�DO�SHVR�TXH�WHQGUtD�VL�WRGD�VX�
PDVD�HVWXYLHUD�HQ�OD�VXSHUILFLH�WHUUHVWUH�� �P ��HV�

7
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R
 ��

E��� $SUR[LPD� ODV� GRV� H[SUHVLRQHV� GH� E�� SDUD�P� \� cF �� FRQVLGHUDQGR� + 7R R!! �� GH�
IRUPD�TXH� +�� �R | �IUHQWH�D� 7�� R ��\� �

7 �R | �IUHQWH�D� �
+R ��

E���3DUWLHQGR�GH�ODV�H[SUHVLRQHV�DSUR[LPDGDV�GH�E���GHPXHVWUD�TXH�OD�GLVWDQFLD� +R �
SDUD�TXH�HO�FDEOH�HVWp�HQ�HTXLOLEULR��VHJ~Q�VH�SODQWHD�HQ�HO�SXQWR���GH�OD�GHVFULSFLyQ�
GHO�DVFHQVRU�HVSDFLDO��HV�
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�R
R
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 ��

&DOFXOD�HO�YDORU�QXPpULFR�GH� +R �HQ�NP��

E���6L�HO�FDEOH�QR�WLHQH� OD� ORQJLWXG�DGHFXDGD�QR�HVWDUi�HQ�HTXLOLEULR��(Q� OD� ILJXUD�VH�
LOXVWUDQ�GRV�FDVRV��$�\�%��GHO�PRYLPLHQWR�GHO�FDEOH�UHVSHFWR�D�OD�SRVLFLyQ�YHUWLFDO�GH�
SDUWLGD��,QGLFD�UD]RQDGDPHQWH�FXiO�FRUUHVSRQGHUtD�D�XQ�FDEOH�GHPDVLDGR�FRUWR�\�FXiO�
D�XQ�FDEOH�GHPDVLDGR�ODUJR��

�
&RQVLGHUD�HO�HTXLOLEULR�GH�FDGD�SRUFLyQ�LQILQLWHVLPDO�GH�FDEOH��WHQLHQGR�HQ�FXHQWD�TXH�
OD� IXHU]D� QHWD� GHELGD� D� OD� WHQVLyQ�� AdT �� VREUH� GLFKD� SRUFLyQ� HV� LJXDO� D� VX� SHVR�
PHQRV�OD�IXHU]D�FHQWUtIXJD�TXH�H[SHULPHQWD�� cdP dF� ��

$ %
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�
F���2EWpQ�XQD�H[SUHVLyQ�SDUD� �dT dr ��XWLOL]D�ORV�UHVXOWDGRV�GH�E����\�GHPXHVWUD�TXH�
OD�WHQVLyQ�Pi[LPD�GHO�FDEOH�RFXUUH�HQ� Jr R ��

F��� ,QWHJUD� �dT dr � \� REWpQ� OD� WHQVLyQ� � �T r � HQ� FXDOTXLHU� SXQWR� GH� OD� FXHUGD� �HQ�
IXQFLyQ�GH�Z �� U �� 7R �\� JR ���,PSyQ�FRPR�FRQGLFLyQ�GH�FRQWRUQR�HQ�OD�LQWHJUDO�TXH�T�
 ���HQ�OD�VXSHUILFLH�WHUUHVWUH��

F���'HPXHVWUD�TXH�OD�WHQVLyQ�Pi[LPD��HQ� Jr R ��HV�

7
PD[

7

GMT
R

U� �� � �7HQ�HQ�FXHQWD�TXH� J 7R R� ���

(Q�OD�WDEOD�VH�PXHVWUDQ�ORV�YDORUHV�GH�OD�WHQVLyQ�Pi[LPD�VRSRUWDEOH�\�OD�GHQVLGDG�GH�
YDULRV�PDWHULDOHV��

� $FHUR� &REUH� .HYODU� 1DQRWXERV�GH�FDUERQR�
UXSWXUD �03D�T � ����� ���� ����� ��������

���J�FP �U � ���� ���� ���� ����

F���7HQLHQGR�HQ�FXHQWD� ORV�GDWRV�GH� OD� WDEOD� \�HO� DSDUWDGR�F��� UD]RQD�TXp�PDWHULDO�
SRGUtD�XWLOL]DUVH�SDUD�FRQVWUXLU�HO�FDEOH��

F���&DOFXOD�OD�PDVD�GHO�FDEOH�FRQ�HO�PDWHULDO�HVFRJLGR�HQ�HO�DSDUWDGR�DQWHULRU��SDUD�
XQ�FDEOH�GH�VHFFLyQ�GH���FP�GH�UDGLR��

F���8QD�SDUWH�GHO�FDEOH�HQ�VX�H[WUHPR�PiV�DOHMDGR��GHVGH� & JR R! �D� +R ��VH�SXHGH�
VXVWLWXLU� SRU� XQD� PDVD� D� PRGR� GH� FRQWUDSHVR�� FRORFDGR� D� OD� GLVWDQFLD� &R �� TXH�
FRPSHQVH� HO� HIHFWR� GH� GLFKD� SRUFLyQ� GH� FDEOH�� 2EWpQ� OD� H[SUHVLyQ� GH� OD�PDVD� GH�
GLFKR�FRQWUDSHVR�HQ�IXQFLyQ�GH�A��Z �� JR �\� &R ��

(Q�OD�VLJXLHQWH�ILJXUD�VH�PXHVWUD�OD�FXUYD� � � �T r U �SDUD�FDEOHV�VREUH�OD�7LHUUD��OD�/XQD��
0DUWH�\�-~SLWHU��

G���&RPSOHWD� XQD� GH� ODV� ILODV� GH� OD� VLJXLHQWH� WDEOD� �HVFRJH� HO� DVWUR� TXH� SUHILHUDV��
XWLOL]DQGR�GDWRV�GH�OD�ILJXUD�\�KDFLHQGR�FiOFXORV�FRQ�ODV�HFXDFLRQHV�GHO�SUREOHPD�TXH�
FRQVLGHUHV�RSRUWXQDV���

� $R � JR � +R � L � PD[ �T U � $M � 3HUtRGR�� $W �
/XQD� � � � � � � �
0DUWH� � � � � � � �
-~SLWHU� � � � � � � �

$R �\� $M �VRQ�HO�UDGLR�\�OD�PDVD�GHO�DVWUR��\� L �HV�OD�ORQJLWXG�GHO�FDEOH�GHO�DVFHQVRU��
(O�SHUtRGR�VH�UHILHUH�DO�SHUtRGR�GH�URWDFLyQ�GHO�DVWUR�VREUH�Vt�PLVPR��
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dP
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A dT = �dF2 - dF1� = dP - dFc
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G���¢(Q�TXp�DVWUR�VHUtD�PiV� ODUJR�HO�FDEOH"�¢(Q�TXp�DVWUR�HO�FDEOH�WHQGUtD�TXH�VHU�
PiV�UHVLVWHQWH"�

8WLOL]DPRV�HO�DVFHQVRU�SDUD�HOHYDU�XQ�VDWpOLWH�\�SRQHUOR�HQ�yUELWD�JHRHVWDFLRQDULD��(O�
DKRUUR�HQHUJpWLFR�DO�XWLOL]DU�HO�DVFHQVRU�HVWi�HQ�OD�SDUWH�GH�OD�HQHUJtD�FLQpWLFD��SXHVWR�
TXH�HO�FDEOH�YD�DUUDVWUDQGR�RUELWDOPHQWH�DO�VDWpOLWH�VHJ~Q�DVFLHQGH�SRU�pO���

H���2EWpQ�OD�H[SUHVLyQ�GH�OD�HQHUJtD�QHFHVDULD�SDUD�SRQHU�XQ�VDWpOLWH��GH�PDVD�m��HQ�
yUELWD�JHRHVWDFLRQDULD��HQHUJtD�PHFiQLFD�HQ�OD�yUELWD�PHQRV�HQHUJtD�SRWHQFLDO�HQ�OD�
7LHUUD���<�REWpQ�OD�H[SUHVLyQ�SDUD�OD�HQHUJtD�QHFHVDULD�XWLOL]DQGR�HO�HOHYDGRU��HQHUJtD�
SRWHQFLDO�HQ�OD�yUELWD�PHQRV�HQHUJtD�SRWHQFLDO�HQ�OD�7LHUUD����

H���'HPXHVWUD�TXH�OD�IUDFFLyQ�GH�HQHUJtD�DKRUUDGD�VL�VH�XWLOL]D�HO�DVFHQVRU�UHVSHFWR�D�
OD�HQHUJtD�QHFHVDULD�VLQ�HO�DVFHQVRU�HV�
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��

&DOFXOD�VX�YDORU�QXPpULFR�HQ����

H���¢&XiQWD�HQHUJtD�SRU�NLORJUDPR�VH�UHTXLHUH�SDUD�HOHYDU�FRQ�HO�DVFHQVRU�XQD�FDUJD�
D�XQD�yUELWD�JHRHVWDFLRQDULD"�

H���6L�OD�FDUJD�SHVD������NJ�\�KDFHPRV�HO�YLDMH�GH�DVFHQVR�HQ���VHPDQD��FDOFXOD�OD�
SRWHQFLD�PHGLD�QHFHVDULD�SDUD�VXELU�OD�FDUJD�D�OD�yUELWD�JHRHVWDFLRQDULD��

H���8WLOL]DPRV�XQ�OiVHU�GH�HOHFWURQHV�OLEUHV�SDUD�SURSRUFLRQDU�OD�HQHUJtD��(O�HOHYDGRU�
OOHYD�XQRV�SDQHOHV� IRWRYROWDLFRV�TXH� WUDQVIRUPDQ� OD� OX]� OiVHU�HQ�HOHFWULFLGDG�� /D� OX]�
OiVHU�VH�HQYtD�KDFLD�DUULED��SDUDOHODPHQWH�DO�FDEOH��FRQ�XQ�HVSHMR�SDUDEyOLFR�GH�IRUPD�
TXH�HO�KD]�VH�PDQWLHQH�FRQ�XQ�WDPDxR�DSUR[LPDGDPHQWH�FRQVWDQWH�VREUH�ORV�SDQHOHV�
�VHJ~Q� YD�DVFHQGLHQGR�HO� HOHYDGRU���6L� HO� UHQGLPLHQWR�GH� ORV�SDQHOHV�HV�GHO� ������
¢TXp�SRWHQFLD�GHEH�WHQHU�HO�OiVHU�SDUD�VXELU�OD�FDUJD�GH�H�����

6L� HQ� OXJDU� GH� XQ� FDEOH� FLOtQGULFR� VH� IDEULFD� XQ� FDEOH� FRQ� XQ� SHUILO� �GH� VHFFLyQ�
YDULDEOH�� VLPLODU�DO�PRVWUDGR�HQ� OD� VLJXLHQWH� ILJXUD�� VH�SXHGH�FRQVHJXLU� XQD� WHQVLyQ�
XQLIRUPH�D�OR�ODUJR�GHO�FDEOH��
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I���¢3RU�TXp�FUHHV�TXH�HVWH�FDEOH�VHUtD�PiV�DGHFXDGR�GHVGH�HO�SXQWR�GH�YLVWD�GHO�
PDWHULDO"�

I���6LW~D�HQ�OD�ILJXUD�ODV�SRVLFLRQHV�GH�OD�VXSHUILFLH�WHUUHVWUH��OD�yUELWD�JHRHVWDFLRQDULD�
\�HO�H[WUHPR�PiV�DOHMDGR�GHO�FDEOH��

8QR� GH� ORV� SUREOHPDV� FRQ� ORV� FDEOHV� HV� OD� YLEUDFLyQ� GHELGD� D� SRVLEOHV� JROSHV��
6XSRQJDPRV�TXH�XQ�VDWpOLWH�R�XQ�REMHWR�GH�EDVXUD� HVSDFLDO� FKRFDQ�FRQ�HO� FDEOH� \�
H[FLWDQ� HO�PRGR� IXQGDPHQWDO� GH� YLEUDFLyQ�GH� XQD�RQGD�HVWDFLRQDULD��&RQVLGHUDPRV�
TXH�ORV�H[WUHPRV�GHO�FDEOH�QR�YLEUDQ��ILMRV���\�TXH�OD�WHQVLyQ�HV�XQLIRUPH��

J��� &DOFXOD� HO� SHULRGR� �HQ� GtDV�� GH� OD� RVFLODFLyQ� SURGXFLGD� VL� OD� WHQVLyQ� GHO� FDEOH�
WXYLHUD�HO�YDORU�Pi[LPR�GDGR�HQ�F�����8WLOL]D�TXH�OD�YHORFLGDG�GH�SURSDJDFLyQ�GH�XQD�
RQGD�HQ�XQD�FXHUGD�YLHQH�GDGD�SRU� �v T U ����

J���'HPXHVWUD�TXH�� YLEUDFLyQ URWDFLyQ�7LHUUD
�W W
S

| ��GRQGH�W �LQGLFD�HO�SHUtRGR��

J���/D� IXHU]D�JUDYLWDWRULD�GH� OD�/XQD� LQGXFH�PDUHDV��RVFLODFLRQHV�SOHDPDU�EDMDPDU��
FRQ�XQD�GHWHUPLQDGD�SHULRGLFLGDG��UD]RQD�FXiO�HV�HVH�SHUtRGR�DSUR[LPDGR���6HJ~Q�HO�
YDORU�REWHQLGR�HQ�J����¢SRGUtD�SURGXFLU�OD�/XQD�RVFLODFLRQHV�IRU]DGDV�HQ�HO�FDEOH�TXH�
SXGLHUDQ�URPSHUOR"�¢3RU�TXp"��

�

5HVROXFLyQ�

D���/D�yUELWD�JHRHVWDFLRQDULD�HV�DTXpOOD�TXH�VX�IUHFXHQFLD�DQJXODU�FRLQFLGH�FRQ�OD�GH�
URWDFLyQ�GH�OD�7LHUUD�� Z ��8Q�FXHUSR�HVWDUi�HQ�yUELWD�FXDQGR�OD�DWUDFFLyQ�JUDYLWDWRULD�
VHD�LJXDO�TXH�OD�IXHU]D�FHQWUtIXJD��
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VH�SXHGH�FRQVXOWDU�HQ��KWWS���ZZZ�QLDF�XVUD�HGX�VWXGLHV����(GZDUGV�KWPO��

+D\�XQ�FRQVRUFLR� LQWHUQDFLRQDO�TXH�VH�GHGLFD�DO�HVWXGLR�GH� WRGR� OR� UHODFLRQDGR�FRQ�
DVFHQVRUHV� HVSDFLDOHV�� HO� International Space Elevator Consortium (ISEC).� $Kt�
SXHGHV� HQFRQWUDU� LQIRUPDFLyQ� VREUH� OD� KLVWRULD�� OtQHDV� GH� LQYHVWLJDFLyQ�� IXWXURV�
SUR\HFWRV��HWF���KWWSV���LVHF�RUJ���
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http://www.niac.usra.edu/studies/521Edwards.html
https://isec.org/


����
 
 

��������$$��YYXXHHOOWWDDVV��FFRRQQ��HHOO��iiWWRRPPRR��GGHH��55XXWWKKHHUUIIRRUUGG����
(Q�HO�PRGHOR�DWyPLFR�GH�5XWKHUIRUG�HO�HOHFWUyQ�GHVFULEH�XQD�yUELWD�FLUFXODU�DOUHGHGRU�
GHO� Q~FOHR� GHELGR� D� OD� IXHU]D� GH� &RXORPE� �TXH� HMHUFH� FRPR� IXHU]D� FHQWUtSHWD���
&RQVLGHUD� XQ� iWRPR� GH� KLGUyJHQR� �XQ� SURWyQ� HQ� HO� Q~FOHR�� FRQ� HO� HOHFWUyQ� HQ� XQD�
yUELWD�GH�UDGLR�r��(O�HOHFWUyQ�WLHQH�FDUJD�e�\�PDVD� em ��2EWpQ��HQ�IXQFLyQ�GH� em ��e��r��
�H �\��HQ�VX�FDVR�� �P ���

D��/D�YHORFLGDG�GHO�HOHFWUyQ�HQ�OD�yUELWD��

E��/D�LQWHQVLGDG�GH�FRUULHQWH�HIHFWLYD�TXH�FUHD�HO�HOHFWUyQ�HQ�VX�WUD\HFWRULD��

F�� (O� FDPSR�PDJQpWLFR� FUHDGR�SRU� OD� FRUULHQWH� �FRPR� VL� IXHUD� XQD� HVSLUD�� VREUH� HO�
SURWyQ�GHO�Q~FOHR���

$KRUD�SDVDPRV�D�FRQVLGHUDU�DVSHFWRV�HQHUJpWLFRV��

G��2EWpQ�OD�HQHUJtD�SRWHQFLDO�HOpFWULFD�\� OD�HQHUJtD�WRWDO�GHO�HOHFWUyQ�HQ� OD�yUELWD��HQ�
IXQFLyQ�GH� �H ��e�\�r���

(O�UDGLR�GH�OD�SULPHUD�yUELWD�GHO�iWRPR�GH�KLGUyJHQR�HV� �
�

����� �� P�r � u ���

H�� &DOFXOD� OD� HQHUJtD� WRWDO� GHO� HOHFWUyQ� HQ� OD� SULPHUD� yUELWD� �HQ� H9��� 'DWRV��
� � �

�
����� �� �& �1 PH � �u �� ���� �� �&�e � � u .�

6HJ~Q�OD�WHRUtD�HOHFWURPDJQpWLFD�FOiVLFD��FXDOTXLHU�FDUJD�q�DFHOHUDGD�HPLWH�UDGLDFLyQ�
HOHFWURPDJQpWLFD�FRQ�XQD�SRWHQFLD�GDGD�SRU�OD�IyUPXOD�GH�/DUPRU��

� �

�� o

q aP
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GRQGH�a�HV� OD�DFHOHUDFLyQ�GH� OD�FDUJD�\�c� OD�YHORFLGDG�GH� OD� OX]��$Vt��XQ�HOHFWUyQ�HQ�
XQD� yUELWD� FLUFXODU�� GHELGR� D� VX� DFHOHUDFLyQ� FHQWUtSHWD� HPLWLUtD� UDGLDFLyQ� H� LUtD�
SHUGLHQGR�HQHUJtD�UHDOL]DQGR�XQ�PRYLPLHQWR�HQ�HVSLUDO�KDVWD�FDHU�DO�Q~FOHR��3RU�HOOR��
HO�PRGHOR�GH�5XWKHUIRUG�QR�HV�FRUUHFWR��SRUTXH�HO�iWRPR�VHUtD�LQHVWDEOH��

$O� SHUGHU� HQHUJtD� SRU� HPLVLyQ� GH� UDGLDFLyQ� HOHFWURPDJQpWLFD�� OD� yUELWD� GHO� HOHFWUyQ�
WHQGUtD�XQ�UDGLR�GHFUHFLHQWH� � �r t ��SDUWLHQGR�GH� ����r r �\�OOHJDQGR�D� � � �r W  �WUDV�XQ�
WLHPSR�W �TXH�LQGLFD�OD�YLGD�GHO�iWRPR�LQHVWDEOH��

I��2EWpQ�OD�YDULDFLyQ�GHO�UDGLR�GH�OD�yUELWD� �dr dt ��

$\XGD��$�SDUWLU�GH� OD�HQHUJtD�WRWDO�GHO�HOHFWUyQ�HQ�XQD�yUELWD�GH�UDGLR� � �r t ��DSDUWDGR�
H���GHULYD�UHVSHFWR�DO�WLHPSR�H�LJXDOD�D�OD�SRWHQFLD�GH�OD�IyUPXOD�GH�/DUPRU��

J�� ,QWHJUD� OD�H[SUHVLyQ�REWHQLGD�HQ� HO� DSDUWDGR�DQWHULRU� \� FDOFXOD� OD� YLGD�GHO� iWRPR�
LQHVWDEOH�GH�5XWKHUIRUG�SDUWLHQGR�GH�XQD�yUELWD�GH�UDGLR� �r ��&DOFXOD�GLFKR�WLHPSR��W ��
FRQ�ORV�GDWRV�SURSRUFLRQDGRV��'DWR�� em  ����î������NJ��

�

5HVROXFLyQ�

D��,JXDODPRV�OD�IXHU]D�HOHFWURVWiWLFD�GH�&RXORPE��HQWUH�SURWyQ�\�HOHFWUyQ��\�OD�IXHU]D�
FHQWUtSHWD��\�GHVSHMDPRV�OD�YHORFLGDG�GHO�HOHFWUyQ�HQ�OD�yUELWD��
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E��/D�LQWHQVLGDG�GH�FRUULHQWH�HV� �I q t ��/D�FDUJD�HV�OD�GHO�HOHFWUyQ��e��\�HO�WLHPSR�HV�
HO�HPSOHDGR�SRU�HO�HOHFWUyQ�HQ�FRPSOHWDU�XQD�yUELWD��HV�GHFLU��HO�SHUtRGR�RUELWDO���
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F��(O�FDPSR�PDJQpWLFR�FUHDGR�SRU�XQD�HVSLUD��HQ�VX�FHQWUR��GRQGH�HVWDUtD�HO�SURWyQ���
SRU�OD�TXH�FLUFXOD�OD�FRUULHQWH�KDOODGD�DQWHULRUPHQWH�HV�
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(QWRQFHV��OD�HQHUJtD�WRWDO�GHO�HOHFWUyQ�HQ�OD�yUELWD�HV�
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H�� 3DUWLFXODUL]DQGR� SDUD� OD� SULPHUD� yUELWD� � �
�

����� ��� Pr �u ��� OD� HQHUJtD� WRWDO� GHO�
HOHFWUyQ�YDOH�
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I��3DUD�REWHQHU�OD�SRWHQFLD�UDGLDGD�SRU�HO�HOHFWUyQ�HQ�OD�yUELWD��GHULYDPRV�UHVSHFWR�DO�
WLHPSR�OD�H[SUHVLyQ�GH�OD�HQHUJtD�HQ�OD�yUELWD��

�

�
�

� � � � �
�

dE t e dr t
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,JXDODPRV�HVWD�H[SUHVLyQ�D�OD�SRWHQFLD�GH�OD�IyUPXOD�GH�/DUPRU��FRQ�VLJQR�QHJDWLYR��
SXHV�VH�WUDWD�GH�XQD�SpUGLGD���
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'HVSHMDPRV� OD� YDULDFLyQ� GHO� UDGLR� GH� OD� yUELWD� \� XWLOL]DPRV� OD� H[SUHVLyQ� GH� OD�
DFHOHUDFLyQ��
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J��3DUD�FDOFXODU� OD� YLGD�GHO�iWRPR� LQHVWDEOH�GH�5XWKHUIRUG�� LQWHJUDPRV� OD�H[SUHVLyQ�
DQWHULRU��
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6DEHU�PiV�

+HPRV� FRPSUREDGR� TXH� HO� iWRPR� GH� 5XWKHUIRUG� HV� DOWDPHQWH� LQHVWDEOH� GHVGH� HO�
SXQWR�GH�YLVWD�FOiVLFR��3RU�HOOR��HVWH�PRGHOR�IXH�SURQWR�UHHPSOD]DGR�SRU�HO�GH�%RKU��
TXH� HV� XQ� PRGHOR� VHPLFXiQWLFR� HQ� HO� TXH� HO� HOHFWUyQ� VyOR� SXHGH� RFXSDU� FLHUWDV�
yUELWDV�SHUPLWLGDV�HVWDEOHV��\�SXHGH�UHDOL]DU�WUDQVLFLRQHV�HQWUH�HOODV��OR�TXH�SHUPLWtD�
H[SOLFDU� ORV� HVSHFWURV� DWyPLFRV��� )LQDOPHQWH�� FRQ� OD� HFXDFLyQ� GH� 6FKU|GLQJHU� \� HO�
GHVDUUROOR�GH� OD�PHFiQLFD�FXiQWLFD�VH�SXGR�H[SOLFDU� OD�HVWUXFWXUD�DWyPLFD�GH� IRUPD�
PiV�JHQHUDO�\�FRKHUHQWH���

1R�REVWDQWH��HO�PRGHOR�GH�5XWKHUIRUG� WXYR�XQD�HQRUPH� LPSRUWDQFLD��)XH� OD�SULPHUD�
YH]� TXH� VH� SURSXVR� OD� H[LVWHQFLD� GH� XQ� Q~FOHR� FHQWUDO� HQ� HO� iWRPR� FRQ� OD� FDUJD�
SRVLWLYD�FRQFHQWUDGD�HQ�pO�� OR�TXH�SHUPLWtD�H[SOLFDU�HO�H[SHULPHQWR�GH�GLVSHUVLyQ�GH�
SDUWtFXODV�DOID�DO�DWUDYHVDU�XQD�GHOJDGD�OiPLQD�GH�RUR��(O�PRGHOR�SUHVHQWDED�DGHPiV�
DO� iWRPR� FRPR� XQD� HVWUXFWXUD� SUiFWLFDPHQWH� YDFtD�� 3RU� RWUR� SDUWH�� HO� SUREOHPD� GH�
FyPR�XQ�FRQMXQWR�GH�FDUJDV�SRVLWLYDV�SRGtDQ�PDQWHQHUVH�XQLGDV�HQ�XQ�YROXPHQ�WDQ�
SHTXHxR� FRPR� HO� Q~FOHR� FRQGXMR� DO� GHVFXEULPLHQWR� SRVWHULRU� GH� OD� IXHU]D� QXFOHDU�
IXHUWH��
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��������88QQDD��KKLLSSyyWWHHVVLLVV��VVRREEUUHH��OODD��IIRRUUPPDDFFLLyyQQ��GGHH��OODD��//XXQQDD��
/D�teoría del gran impacto�VREUH�HO�RULJHQ�GH�OD�/XQD�VRVWLHQH�TXH�pVWD�VH�IRUPy�GH�
XQ� DVWUR� TXH� VH� URPSLy� DO� LPSDFWDU� FRQ� OD� 7LHUUD�� 6L� DGPLWLPRV� OD� KLSyWHVLV�� VXSyQ�
DGHPiV�TXH�����HO�DVWUR�\�OD�7LHUUD��DQWHV�GHO�LPSDFWR��WHQtDQ�WHPSHUDWXUDV�XQLIRUPHV�
GH����&�\�������&��UHVSHFWLYDPHQWH��\����XQD�SRUFLyQ�GHO�DVWUR�FRQ�XQD�PDVD�LJXDO�DO�
�����GH�OD�PDVD�WHUUHVWUH�VH�IXVLRQy�FRQ�OD�7LHUUD�WUDV�HO�LPSDFWR��

�
&RQVLGHUD�TXH�OD�7LHUUD�\�HO�DVWUR�WLHQHQ�HO�PLVPR�FDORU�HVSHFtILFR��LJXDO�DO�GH�OD�URFD��
����-��NJÂ.���

6L�GHVSUHFLDPRV��GH�PRPHQWR��OD�HQHUJtD�FLQpWLFD�GHO�DVWUR��

D�� &DOFXOD� OD� WHPSHUDWXUD� ILQDO� GH� OD� 7LHUUD� WUDV� LQFRUSRUDU� OD�PDVD� H[WUD�� SRU� SXUR�
LQWHUFDPELR�GH�FDORU��

$KRUD� VXSRQHPRV� TXH� HO� DVWUR� LPSDFWy� FRQ� OD� 7LHUUD� D� XQD� YHORFLGDG� LJXDO� D� OD�
YHORFLGDG�GH�HVFDSH�GH�OD�7LHUUD��

E�� &DOFXOD� OD� HQHUJtD� FLQpWLFD� GH� OD� SRUFLyQ� GHO� DVWUR� TXH� VH� XQH� D� OD� 7LHUUD� �MXVWR�
DQWHV� GHO� LPSDFWR��� 'DWRV�� UDGLR� GH� OD� 7LHUUD�  � ����� NP�� PDVD� GH� OD� 7LHUUD�  �
����î�����NJ��

6XSRQHPRV�TXH� OD�SRUFLyQ� IXVLRQDGD�� WUDV�HO�FKRTXH� LQHOiVWLFR��FHGLy�HO�����GH�VX�
HQHUJtD�FLQpWLFD�HQ�IRUPD�GH�FDORU���

F��&DOFXOD�GH�QXHYR�OD�WHPSHUDWXUD�ILQDO�GH�OD�7LHUUD���

�

5HVROXFLyQ�

D��/D�7LHUUD�WLHQH�PDVD� 7M �\�XQD�WHPSHUDWXUD�LQLFLDO�GH�������&��(O�WUR]R�GHO�DVWUR�
TXH� VH� XQH� WLHQH� XQD�PDVD� 7���M � \� WHPSHUDWXUD� LQLFLDO� GH� �� �&�� 7UDV� OD� XQLyQ�� HO�
FDORU� FHGLGR� SRU� OD� 7LHUUD� HV� LJXDO� DO� FDORU� JDQDGR� SRU� HO� WUR]R� GHO� DVWUR�� WUDV�
DOFDQ]DUVH�XQD�WHPSHUDWXUD�T�GH�HTXLOLEULR��

� � � �7 7���� ��� �e eM c T M c T�  � ��

'HVSHMDQGR�OD�WHPSHUDWXUD��REWHQHPRV�

��� ���� ������&T T o  ��

/D�7LHUUD�VH�HQIULDUtD�XQ�SRFR�DO�LQFRUSRUDU�HO�WUR]R�GH�DVWUR�LQLFLDOPHQWH�D����&��
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E��(O�DVWUR�DQWHV�GHO�LPSDFWR�OOHYD�XQD�YHORFLGDG�LJXDO�D�OD�GH�HVFDSH�GH�OD�7LHUUD��
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F��$O�EDODQFH�HQHUJpWLFR�GHO�SULPHU�DSDUWDGR�KHPRV�GH�DxDGLU��FRPR�FDORU�DSRUWDGR��
HO�����GH�HQHUJtD�FLQpWLFD�GHO�WUR]R�GH�DVWUR��

� � � �
� �

7 7

� 7

���� ���� ��� �

���� ���� ��� ��� ��
e c e

e e

M c T E M c T

c T g R c T

� �  �

o � � �  
�

'HVSHMDPRV�GH�QXHYR�OD�WHPSHUDWXUD��
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(Q�HVWH�FDVR��OD�7LHUUD�VH�FDOHQWDUtD��/D�HQHUJtD�DSRUWDGD�SRU�HO�LPSDFWR�HV�VXILFLHQWH�
SDUD� HOHYDU� ODV� WHPSHUDWXUDV� GH� OD� 7LHUUD� \� GHO� DVWUR� D� XQ� YDORU� GH� HTXLOLEULR� SRU�
HQFLPD�GH�������&��

�

6DEHU�PiV�

(VWD� HV� VyOR� XQD� KLSyWHVLV�� QR� FRQILUPDGD�� GHO� SRVLEOH� RULJHQ� GH� OD� /XQD�� 2WUDV�
KLSyWHVLV�SURSRQHQ�TXH�OD�/XQD�VH�IRUPy�D�SDUWLU�GH�PDVD�GHVSUHQGLGD�GH�OD�7LHUUD��R�
D�SDUWLU�GH�PDVD�SURYHQLHQWH�GHO�H[WHULRU�DWUDSDGD�SRFR�D�SRFR�HQ�OD�yUELWD�WHUUHVWUH��

$XQTXH�HO�PRGHOR� WpUPLFR� XWLOL]DGR� HQ� HVWH� SUREOHPD�HV�PX\� VLPSOH� \� QR� WLHQH� HQ�
FXHQWD��HQWUH�RWURV��ORV�SURFHVRV�GH�IXVLyQ�\�YDSRUL]DFLyQ�TXH�RFXUULUtDQ�WUDV�HO�IXHUWH�
LPSDFWR�� Vt� QRV� GD� XQD� LGHD� GHO� RUGHQ� GH� PDJQLWXG� GH� DOJXQD� GH� ODV� YDULDEOHV�
LPSOLFDGDV�HQ�XQ�IHQyPHQR�GH�HVWH�WLSR��

3DVD� VDEHU� PiV� VREUH� OD� IRUPDFLyQ� GH� OD� 7LHUUD� \� OD� /XQD�� VH� SXHGH� FRQVXOWDU� H�
VLJXLHQWH�OLEUR�GLVSRQLEOH�HQ�IRUPDWR�HOHFWUyQLFR��

3ULWFKDUG� 0�(�� \� 6WHYHQVRQ� '�-��� HGV�� �������� ³2ULJLQ� RI� WKH� (DUWK� DQG� 0RRQ´��
8QLYHUVLW\�RI�$UL]RQD�3UHVV��

�

� �
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����2QGDV�JUDYLWDFLRQDOHV�
8QD�GH�ODV�QRWLFLDV�FLHQWtILFDV�PiV�LPSRUWDQWHV�GH������IXH�OD�GHWHFFLyQ�GLUHFWD��\�SRU�
SULPHUD�YH]��GH�ODV�OODPDGDV�ondas gravitacionales��(O�KDOOD]JR�VH�UHDOL]y�PHGLDQWH�HO�
H[SHULPHQWR� /,*2� �Laser Interferometer Gravitational-Wave Observatory��� TXH�
UHJLVWUy� ODV�RQGDV� SURGXFLGDV�SRU� OD� IXVLyQ� GH� GRV�DJXMHURV�QHJURV�TXH� URWDEDQ�HQ�
HVSLUDO�XQR�DOUHGHGRU�GHO�RWUR��$XQTXH�OD�ItVLFD�GHO�IHQyPHQR�UHTXLHUH�HO�FRQRFLPLHQWR�
GH� OD� WHRUtD� GH� OD� UHODWLYLGDG� JHQHUDO� \� GH� PDWHPiWLFDV� FRPSOLFDGDV�� SRGHPRV�
FRQVLGHUDU�SDUD�HVWH�SUREOHPD�OD�ItVLFD�QHZWRQLDQD�GH�EDFKLOOHUDWR��

8QD� RQGD� JUDYLWDFLRQDO� HV� OD� SURSDJDFLyQ� GH� OD� SHUWXUEDFLyQ� GH� OD� PpWULFD� GHO�
HVSDFLR�WLHPSR�RULJLQDGD�FXDQGR�VH�DFHOHUD�XQD�PDVD��GH�IRUPD�DQiORJD�D�XQD�RQGD�
HOHFWURPDJQpWLFD��TXH�VH�SURGXFH�FXDQGR�VH�DFHOHUD�XQD�FDUJD�HOpFWULFD���$KRUD�QR�
LPSRUWD�FRQRFHU� OD�QDWXUDOH]D�GH�GLFKD�SHUWXUEDFLyQ��EDVWD�FRQ�VDEHU�TXH�VH�SXHGH�
GHVFULELU� PHGLDQWH� OD� HFXDFLyQ� GH� XQD� RQGD� WUDQVYHUVDO� DUPyQLFD� TXH� YLDMD� D� OD�
YHORFLGDG�GH�OD�OX]��c��

/RV�DJXMHURV�QHJURV�VRQ�FXHUSRV�PX\�PDVLYRV��DVt�TXH�SXHGHQ�HPLWLU�JUDQ�FDQWLGDG�
GH�HQHUJtD�FXDQGR�HVWiQ�VRPHWLGRV�D�DFHOHUDFLyQ��FRPR��SRU�HMHPSOR��OD�DFHOHUDFLyQ�
FHQWUtSHWD�HQ�XQ�PRYLPLHQWR�RUELWDO���/DV�RQGDV�GHWHFWDGDV�SRU�HO�/,*2�FRUUHVSRQGHQ�
D�XQ�VLVWHPD�ELQDULR�GH�GRV�DJXMHURV�QHJURV�GH�PDVDV� � 6RO��m M �\� � 6RO��m M ��
TXH�URWDQ�UHVSHFWR�D�VX�FHQWUR�GH�PDVDV�\��SRU�WDQWR��HPLWHQ�RQGDV�JUDYLWDFLRQDOHV��
/D�SpUGLGD�GH�HQHUJtD�PHFiQLFD�RUELWDO�HQ�IRUPD�GH�RQGDV�JUDYLWDFLRQDOHV�LPSOLFD�TXH�
ODV� yUELWDV� VRQ� HVSLUDOHV� GH� UDGLR� GHFUHFLHQWH�� /OHJD� XQ� PRPHQWR� HQ� TXH� ORV� GRV�
DJXMHURV�QHJURV�VH�XQHQ�HQ�XQ�~QLFR�DJXMHUR�GH�PDVD� 6RO��M ��/D�PD\RU�SDUWH�GH�OD�
HQHUJtD�HQ�IRUPD�GH�RQGDV�JUDYLWDFLRQDOHV�VH�HPLWH�HQ� OD�SDUWH�ILQDO�GHO�SURFHVR�GH�
IXVLyQ��DSUR[LPDGDPHQWH�HQ�ODV�~OWLPDV���FHQWpVLPDV�GH�VHJXQGR��(Q�HVD�~OWLPD�IDVH�
WRGD�OD�HQHUJtD�OLEHUDGD�SURYLHQH�DSUR[LPDGDPHQWH�GH�OD�IUDFFLyQ�GH�OD�PDVD�GH�ORV�
DJXMHURV�TXH�VH�SLHUGH��

D�� 8Q� DJXMHUR� QHJUR� HV� XQ� REMHWR� FX\D� PDVD� HVWi� FRQFHQWUDGD� HQ� XQ� UDGLR� WDQ�
SHTXHxR�TXH�VX�YHORFLGDG�GH�HVFDSH�HV�OD�GH�OD�YHORFLGDG�GH�OD�OX]��$�HVH�UDGLR�VH�OH�
FRQRFH�FRPR�radio de Schwarzschild��¢&XiO�HV�HO�UDGLR�GH�6FKZDU]VFKLOG�GH�ORV�GRV�
DJXMHURV�DQWHV�GH� OD�FROLVLyQ"�¢<�HO� UDGLR�GHO�DJXMHUR�QHJUR� UHVXOWDQWH"�'DWRV��G� �
����î�������>6�,�@�� 6ROM � ��î�����NJ��

6HJ~Q� OD� WHRUtD� GH� OD� UHODWLYLGDG� HVSHFLDO�� XQD� FLHUWD� FDQWLGDG� GH� PDVD� VH� SXHGH�
FRQYHUWLU�HQ�HQHUJtD��GDGD�SRU�OD�IDPRVD�HFXDFLyQ� �E mc ��

E���¢4Xp�SRWHQFLD�SURPHGLR�VH�KD�OLEHUDGR�HQ�IRUPD�GH�RQGDV�JUDYLWDFLRQDOHV�HQ�OD�
IDVH� ILQDO� �~OWLPDV� �� FHQWpVLPDV� GH� VHJXQGR�� GHELGR� D� OD� SpUGLGD� GH� PDVD� HQ� HO�
SURFHVR�GH�IXVLyQ�GHVFULWR�DQWHULRUPHQWH"�

E���¢&XiQWRV�DxRV�WDUGDUtD�QXHVWUR�6RO�HQ�HPLWLU� OD�HQHUJtD�OLEHUDGD�HQ�OD�IXVLyQ�GH�
ORV�GRV�DJXMHURV�QHJURV�VDELHQGR�TXH�HO�6RO�UDGLD�RQGDV�HOHFWURPDJQpWLFDV�FRQ�XQD�
SRWHQFLD� GH� �î����� :"� &RPSDUD� HO� UHVXOWDGR� FRQ� OD� HGDG� GHO� XQLYHUVR�� �������
PLOORQHV�GH�DxRV��

E���¢$�TXp�GLVWDQFLD�GH�OD�7LHUUD��HQ�DxRV�OX]��HVWDED�HO�VLVWHPD�ELQDULR�GH�DJXMHURV�
QHJURV�VDELHQGR�TXH�HO�/,*2�GHWHFWy�ODV�RQGDV�SURYHQLHQWHV�GH�OD�IDVH�ILQDO�FRQ�XQD�
LQWHQVLGDG� GH� ������:�Pð"� &RPSDUD� FRQ� HO� GLiPHWUR� GH� QXHVWUD� JDOD[LD�� FLHQ� PLO�
DxRV�OX]���8Q�DxR�OX]�HV�OD�GLVWDQFLD�TXH�UHFRUUH�OD�OX]�HQ�XQ�DxR���
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/D� ILJXUD� �� PXHVWUD� HO� SURFHVR� GXUDQWH� ORV� ����� V� DQWHULRUHV� D� OD� IXVLyQ� GH� ORV�
DJXMHURV�QHJURV��/D�FXUYD�UHSUHVHQWD� OD�DPSOLWXG�GH� OD�RQGD�JUDYLWDFLRQDO�GHWHFWDGD�
HQ�OD�7LHUUD�HQ�IXQFLyQ�GHO�WLHPSR��

�
�F��� (VWLPD� �DSUR[LPDGDPHQWH� D� SDUWLU� GH� OD� JUiILFD�� OD� IUHFXHQFLD� \� OD� ORQJLWXG� GH�
RQGD�HQ�HO�LQVWDQWH�LQLFLDO�GH�OD�RQGD�JUDYLWDFLRQDO��

�&RPR� ODV� PDVDV� GH� ORV� DJXMHURV� QHJURV� VRQ� SDUHFLGDV� � � �m m| ��� SRGHPRV�
FRQVLGHUDU�TXH�DPERV�HVWiQ�URWDQGR�HQ�XQD�yUELWD�FLUFXODU�DOUHGHGRU�GH�VX�FHQWUR�GH�
PDVDV�FRQ�YHORFLGDGHV�
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(Q�OD�ILJXUD���VH�UHSUHVHQWD�OD�YHORFLGDG�UHODWLYD�HQWUH�ORV�GRV�DJXMHURV�� � �v t ��GRQGH�
� �v v v � ��\�OD�GLVWDQFLD� � �r t �HQWUH�ORV�DJXMHURV�QHJURV��v �HVWi�GDGR�HQ�XQLGDGHV�

GH� OD�YHORFLGDG�c�GH� OD� OX]�HQ�HO�YDFtR��\� r �HQ�XQLGDGHV�GHO�UDGLR�GH�6FKZDU]VFKLOG�
6R �GHO�DJXMHUR�QHJUR�ILQDO���

F���&DOFXOD� OD� IUHFXHQFLD�GH�URWDFLyQ�GH� ORV�DJXMHURV�QHJURV�DOUHGHGRU�GH�VX�FHQWUR�
GH�PDVDV�HQ�HO� LQVWDQWH� LQLFLDO�\�FRPSiUDOR�FRQ�HO�YDORU�GH� OD� IUHFXHQFLD�GH� OD�RQGD�
JUDYLWDFLRQDO�HVWLPDGD�HQ�HO�DSDUWDGR�F���

F���(Q�UHODWLYLGDG�JHQHUDO�VH�GHPXHVWUD�TXH� OD�SRWHQFLD�HPLWLGD�HQ� IRUPD�GH�RQGDV�
JUDYLWDFLRQDOHV�SRU�HVWH�VLVWHPD�ELQDULR�HV�DSUR[LPDGDPHQWH�

� �

� �
�
�

dE G MP
dt c r

  � ��

2EWpQ� XQD� H[SUHVLyQ� SDUD� �dr dt  HQ� IXQFLyQ� GH� r �� ,QWHJUDQGR� UHVSHFWR� GHO� WLHPSR�
REWpQ� � �r t �\�FRPSDUD�HO�UHVXOWDGR�FRQ�OD�FXUYD�GH�OD�ILJXUD����

$\XGD��'HULYD� OD� H[SUHVLyQ� GH� OD� HQHUJtD� GH� F�� XWLOL]DQGR� OD� LGHQWLGDG�PDWHPiWLFD�
� � � �� � �dE dt dE dr dr dt � ��'HVSHMD� �dr dt �HQ� IXQFLyQ�GH� r ��VHSDUD� OD�HFXDFLyQ�HQ� OD�

IRUPD� � �f r dr dt ��H�LQWHJUD�SDUD�REWHQHU� � �r t ��

8QRV� PHVHV� GHVSXpV�� HO� /,*2� GHWHFWy� RWUD� RQGD� JUDYLWDFLRQDO� SURYHQLHQWH� GH� OD�
IXVLyQ� GH� XQ� VLVWHPD� ELQDULR� GH� DJXMHURV� QHJURV� GLIHUHQWH� DO� DQWHULRU�� /D� VHxDO�
GHWHFWDGD�VH�PXHVWUD�HQ�OD�ILJXUD����GRQGH�HO�RULJHQ�GH�WLHPSRV�HVWi�HQ�HO�PRPHQWR�
GH�OD�IXVLyQ��/RV�UHFXDGURV�VRQ�]RQDV�GH�OD�JUiILFD�DPSOLDGDV�SDUD�YHU�PiV�GHWDOOH��

�
0HGLDQWH�FiOFXORV�GH�UHODWLYLGDG�JHQHUDO�VH�SXHGH�REWHQHU�OD�IUHFXHQFLD�GH�ODV�RQGDV�
JUDYLWDFLRQDOHV�HPLWLGDV�HQ�IXQFLyQ�GHO�WLHPSR��'LFKD�IUHFXHQFLD�HVWi�UHSUHVHQWDGD�HQ�
OD�ILJXUD���SDUD�YDULRV�YDORUHV�GH�OR�TXH�VH�FRQRFH�FRPR�OD�chirp mass��
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m mM
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G���$�SDUWLU�GH�ORV�GDWRV�GHO�UHFXDGUR�FHQWUDO�HQ�OD�ILJXUD���\�XVDQGR�OD�ILJXUD����REWpQ�
OD�PDVD� cM ��(VWLPD�VX�HUURU�DVLJQDQGR�XQ�HUURU�GHO�����D�OD�IUHFXHQFLD�GH�OD�RQGD��

�
G���6DELHQGR�TXH�OD�PDVD�WRWDO�GHO�DJXMHUR�QHJUR�GHVSXpV�GH�OD�IXVLyQ�HV� 6RO����M �\�
TXH�VH�KD�SHUGLGR�HQ�HO�SURFHVR�GH�IXVLyQ�XQ�����GH�OD�PDVD��REWpQ�ODV�PDVDV� �m �\�

�m �GH�ORV�GRV�DJXMHURV�QHJURV�RULJLQDOHV��

�

5HVROXFLyQ�

D��3RU�GHILQLFLyQ�HO�UDGLR�GH�6FKZDUW]FKLOG�� 6R ��HV�HO�UDGLR�SDUD�HO�FXDO�OD�YHORFLGDG�GH�
HVFDSH�HV� OD�YHORFLGDG�GH� OD� OX]�HQ�HO� YDFtR��7RPDQGR� v c �HQ� OD�H[SUHVLyQ�GH� OD�
YHORFLGDG�GH�HVFDSH��SRGHPRV�GHVSHMDU�HO�UDGLR��

6 �
� �GM GMv R

R c
 o  ��

3DUD�ORV�DJXMHURV�QHJURV�DQWHV�GH�OD�FROLVLyQ��

�
6 � 6RO� �

� �� � �� ����NPGm GR m M
c c

  � ��

�
6 � 6RO� �

� �� � �� ���NPGm GR m M
c c

  � ��

3DUD�HO�DJXMHUR�QHJUR�UHVXOWDQWH�GHVSXpV�GH�OD�FROLVLyQ��

6 6RO�
�� � �� ����NPGR M M
c

 | ��

E��� /D� PDVD� GHO� DJXMHUR� QHJUR� ILQDO� HV� PHQRU� TXH� OD� VXPD� GH� ODV� PDVDV� GH� ORV�
DJXMHURV�QHJURV�LQLFLDOHV��/D�GLIHUHQFLD�GH�PDVDV�HV�

� � 6RO�m m M M� �  ���

)LJXUD��
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TXH�VH�FRQYLHUWH�HQ�HQHUJtD�VHJ~Q�OD�HFXDFLyQ�GH�(LQVWHLQ��OXHJR�
� ��

6RO�� � � �-�� ��E M c  u ��

&RPR�HVD�HQHUJtD�VH�KD�OLEHUDGR�HQ���FHQWpVLPDV�GH�VHJXQGR��OD�SRWHQFLD�HV�
��

��� � �:
��
�� �� � �

�
�

�
�EP

t
�

u   ��

E���6L�HO�6RO�UDGLD�FRQ�XQD�SRWHQFLD� 6ROP ��WDUGDUtD�XQ�WLHPSR�

��
�� �

��
6RO

� � ��� �� ��� �� ��� ��V � �PLOORQHV�GH
� ��

�DxRVEt
P

 �  
�

u
�

 �

HQ�HPLWLU� OD�HQHUJtD� OLEHUDGD�SRU� ORV�DJXMHURV�QHJURV��&RPR�OD�HGDG�GHO�XQLYHUVR�HV�
DSUR[LPDGDPHQWH� ������� PLOORQHV� GH� DxRV�� HQWRQFHV� HVH� WLHPSR� VHUtD� XQDV� �����
YHFHV�OD�HGDG�GH�XQLYHUVR��

E���/D�LQWHQVLGDG�HV�OD�HQHUJtD�SRU�XQLGDG�GH�VXSHUILFLH�\�WLHPSR�TXH�OOHJD�D�OD�7LHUUD�
\��FRPR�HO�IUHQWH�HV�HVIpULFR��WHQHPRV�TXH�

��
��

� � �P
� �����
��� �� �� �

�
�PI d

d SS
�

u o   
�

��

8Q�DxR�OX]�HV�OD�GLVWDQFLD�TXH�UHFRUUH�OD�OX]�HQ�XQ�DxR�� � ��� �� ��DxR ���� �� �P� u  u ��
3RU�WDQWR��

��

��
� �P �����PLOORQHV�GH�DxRV�OX]

���� �� �P�DxR�O
�� ��

X]
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�
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 ��

&RPSDUDGR�FRQ�HO�GLiPHWUR�GH�OD�YtD�/iFWHD��

�
 

�

�
���� �� �� ���

��
�YHFHV�PiV�OHMRV��

OR�TXH�GD�FXHQWD�GH�OD�HVFDOD�GH�HVWRV�H[WUDRUGLQDULRV�VXFHVRV��

F���/D�GLVWDQFLD�HQWUH�ODV�GRV�SULPHUDV�FUHVWDV�GH�OD�ILJXUD���HV�HO�SHULRGR��T��SHGLGR��
0LGLHQGR�FRQ�XQD� UHJOD�REWHQHPRV� ������VT | ��TXH�FRUUHVSRQGH�D�XQD� IUHFXHQFLD�

�� ���+]f T | �� \� FRPR� VH� SURSDJD� D� OD� YHORFLGDG� GH� OD� OX]� FRUUHVSRQGH� D� XQD�
ORQJLWXG�GH�RQGD� �� �� ����� �����NPcTO   � � | ��

F���/D�HQHUJtD�WRWDO�GHO�VLVWHPD�VHUi�OD�VXPD�GH�OD�HQHUJtD�SRWHQFLDO�HQWUH�OD�PDVD���
\����\�ODV�HQHUJtDV�FLQpWLFDV�GH�FDGD�XQD�GH�HOODV��

� �� �
� � � �

� �
� �

m mE G m v m v
r

 � � � ��

GRQGH� r� HV� OD� VHSDUDFLyQ� HQWUH� ORV� DJXMHURV� QHJURV� �YHU� HVTXHPD� HQ� ILJXUD� �� GHO�
HQXQFLDGR���&RPR� � �m m �\� � �M m m � ��HQWRQFHV� � � � �m m M  �\��SRU�WDQWR��OD�
HQHUJtD�TXHGD�
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\�XVDQGR�HO�GDWR�GHO�HQXQFLDGR�� � �
�
�

GMv v
r

  ��VH�OOHJD�D�

�

�
ME G

r
 � ��

F��� (O� SHULRGR� VHUi� HO� WLHPSR� TXH� WDUGD� HO� DJXMHUR� QHJUR� �� HQ� GDU� XQD� YXHOWD� FRQ�
YHORFLGDG� �v �DOUHGHGRU�GH�XQ�FtUFXOR�GH�UDGLR� � �r ��tGHP�SDUD�HO�DJXMHUR�QHJUR�����

�

�

� �
�
r rT

v GM
S S  ��

'H� OD� JUiILFD� GH� OD� ILJXUD� �� REWHQHPRV� 6���r R| �� /D�PDVD� HV� � �M m m � � \�� GHO�
DSDUWDGR�D��HO� UDGLR�HV� 6 ����NPR � ��FRQ� OR�TXH�UHVXOWD�XQ�SHUtRGR�� ������VT  �� \�
XQD�IUHFXHQFLD� �����+]f  ��TXH�HV�DSUR[LPDGDPHQWH�OD�PLWDG�GH�OD�IUHFXHQFLD�GH�OD�
RQGD�JUDYLWDFLRQDO�REWHQLGD�HQ�HO�DSDUWDGR�F���

F���'H�OD�LGHQWLGDG� dE dE dr
dt dr dt

 ��GHVSHMDPRV� �
�

dr dE dt
dt dE dr

 ��

(O�QXPHUDGRU�OR�GD�HO�HQXQFLDGR�\�HO�GHQRPLQDGRU�OR�REWHQHPRV�GHO�DSDUWDGR�F���
� �

� �
�
�

dE G M
dt c r
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r dr r
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dr GMc r
dt rGM c r
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GRQGH�
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G M
c

D  � � HV� XQD� FRQVWDQWH�� (QWRQFHV�� VHSDUDQGR� OD� HFXDFLyQ� FRPR�

VXJLHUH�HO�HQXQFLDGR��WHQHPRV�TXH�
�r dr dtD � ��

,QWHJUDQGR�ORV�GRV�ODGRV�GH�OD�LJXDOGDG��
�

� FWH
�
rr dr dt tD D � o  � �³ ³ ��

/D� FRQVWDQWH� GH� LQWHJUDFLyQ� VH� GHGXFH� GH� OD� FRQGLFLyQ�� � �t t r r o  �� $Vt�� OD�
FRQVWDQWH�HV� D ��

� �FWH ��r t ��\�UHVXOWD�ILQDOPHQWH��
����

� �� � �r r t tDª º � �¬ ¼ ��

TXH�HV�OD�IXQFLyQ�FRUUHVSRQGLHQWH�D�OD�FXUYD�SDUD�OD�GLVWDQFLD�PRVWUDGD�HQ�OD�ILJXUD����
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G���'HO�UHFXDGUR�FHQWUDO�GH�OD�ILJXUD���GHO�HQXQFLDGR�SRGHPRV�GHGXFLU� OD�IUHFXHQFLD�
GH� OD� RQGD� JUDYLWDFLRQDO�� (Q� HO� UHFXDGUR� KD\� �� RVFLODFLRQHV�� OXHJR� HO� WLHPSR� TXH�
UHSUHVHQWD�HV���YHFHV�HO�SHUtRGR��

� �����V �����V ���+]T T f o  o  ��

<�FRQVLGHUDQGR�XQ�HUURU�GHO�����FRPR�GLFH�HO�HQXQFLDGR��

�� ��+]f  r ��

6L� HQ� OD� JUiILFD� GH� OD� ILJXUD� �� GHO� HQXQFLDGR� WUD]DPRV� XQD� UHFWD� KRUL]RQWDO� HQ�
���+]f  �\�XQD�YHUWLFDO�HQ� �����Vt  � ��YHPRV�TXH�LQWHUVHFWDQ�HQ� 6RO���cM M� ��

3DUD� REWHQHU� HO� HUURU� WUD]DPRV� EDQGDV� SDUD� ORV� FRUUHVSRQGLHQWHV� HUURUHV� \� YHPRV�
TXH� VX� LQWHUVHFFLyQ� DEDUFD� DSUR[LPDGDPHQWH� GHVGH� 6RO�cM M � KDVWD� 6RO��M �� (V�
GHFLU��HO�HUURU�HV�DSUR[LPDGDPHQWH� 6RO�M ��/XHJR��

6RO� �cM M r ��

G���&RQ� � �M m m � ��VDELHQGR�TXH�GHVSXpV�GH�OD�XQLyQ�OD�PDVD�GHO�DJXMHUR�QHJUR�
UHVXOWDQWH�HV� 6RO����M �\�TXH�VH�KD�SHUGLGR�XQ�����GH�OD�PDVD��WHQHPRV�TXH�

� � � �� � 6RO � ����� ����m m M m m� �  � ��

GH�GRQGH�OD�PDVD�UHVXOWD�

� � 6RO
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&RQ�HVWD�HFXDFLyQ�\�FRQ�OD�GHILQLFLyQ�GH�OD�chirp mass��
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m mM
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WHQHPRV� XQ� VLVWHPD� GH� GRV� HFXDFLRQHV� FRQ� GRV� LQFyJQLWDV�� �m � \� �m �� GH� GRQGH�
SRGHPRV�REWHQHU�OD�VLJXLHQWH�HFXDFLyQ�GH�VHJXQGR�JUDGR��

� ��� ���
� � �cm M m M M� �  ��

FX\D�VROXFLyQ�HV�
� ��� ���

�
�
�

cM M M M
m

r �
 ��

8VDQGR� TXH� 6RO����M M � \� 6RO���cM M � �DSDUWDGR� G���� WHQHPRV� TXH� ODV� GRV�
VROXFLRQHV�VRQ�

6RO�����M ��\�� 6RO����M ��

8QD�GH�HOODV�FRUUHVSRQGH�D�XQ�DJXMHUR�QHJUR�\�OD�RWUD�DO�RWUR��

�

6DEHU�PiV�
&RQ�HO�/,*2�VH�GHWHFWDURQ�SRU�SULPHUD�YH]�ODV�RQGDV�JUDYLWDFLRQDOHV�GHVSXpV�GH�����
DxRV�GH�TXH�(LQVWHLQ�ODV�SUHGLMHUD�FRQ�VX�WHRUtD�GH�OD�UHODWLYLGDG�JHQHUDO���������/RV�
SULPHURV� IHQyPHQRV� UHJLVWUDGRV� VRQ� ORV� HVWXGLDGRV� HQ� HVWH� SUREOHPD�� OODPDGRV�
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HYHQWR� *:������� \� HYHQWR� *:�������� DPERV� SURGXFLGRV� SRU� OD� IXVLyQ� GH� GRV�
DJXMHURV�QHJURV���

3iJLQD�ZHE�GHO�SUR\HFWR�/,*2��KWWSV���ZZZ�OLJR�FDOWHFK�HGX���

/RV�GDWRV�GH�ODV�FXUYDV�PRVWUDGRV�HQ�ODV�ILJXUDV�HVWiQ�GLVSRQLEOHV�HQ�ODV�SiJLQDV��

KWWSV���ZZZ�JZ�RSHQVFLHQFH�RUJ�HYHQWV�*:���������

KWWSV���ZZZ�JZ�RSHQVFLHQFH�RUJ�HYHQWV�*:���������

/RV�UHVXOWDGRV�GH�ORV�GRV�HYHQWRV�*:�������\�*:�������HVWiQ�SXEOLFDGRV�HQ�ORV�
DUWtFXORV��

$EERWW�� %�3�� et al.� �/,*2� 6FLHQWLILF� &ROODERUDWLRQ� DQG� 9LUJR� &ROODERUDWLRQ�� ��������
³2EVHUYDWLRQ� RI� *UDYLWDWLRQDO� :DYHV� IURP� D� %LQDU\� %ODFN� +ROH� 0HUJHU´�� Physical 
Review Letters���������SS��������'2,����������3K\V5HY/HWW��������������

$EERWW��%�3��et al.���������³*:��������2EVHUYDWLRQ�RI�*UDYLWDWLRQDO�:DYHV�IURP�D����
6RODU�0DVV�%LQDU\�%ODFN�+ROH�&RDOHVFHQFH´��Physical Review Letters����������SS����
�����'2,����������3K\V5HY/HWW��������������

3DUD� WHQHU� XQD� LGHD� GH� OD� HQYHUJDGXUD� GHO� SUR\HFWR�� OD� OLVWD� GH� DXWRUHV� GH� HVWRV�
WUDEDMRV�RFXSD�WUHV�SiJLQDV�GH�ORV�DUWtFXORV���

(Q� ����� VH� FRQFHGLy� HO� 1REHO� GH� )tVLFD� D�5DLQHU�:HLVV�� %DUU\�&�� %DULVK� \� .LS� 6��
7KRUQH�SRU�HVWH�GHVFXEULPLHQWR��

3RVWHULRUPHQWH��VH�GHWHFWDURQ�SRU�SULPHUD�YH]�RQGDV�JUDYLWDFLRQDOHV�SURYHQLHQWHV�GH�
OD�IXVLyQ�GH�GRV�HVWUHOODV�GH�QHXWURQHV��IHQyPHQRV�TXH�WDPELpQ�VH�SXGR�REVHUYDU�HQ�
HO�HVSHFWUR�HOHFWURPDJQpWLFR�GHVGH�REVHUYDWRULRV�GH�GLYHUVRV�OXJDUHV�GH�OD�7LHUUD��

+D\� XQ� SUR\HFWR� HQ�PDUFKD� OODPDGR� /,6$�� GH� OD�Agencia Espacial Europea �(6$���
SDUD�FRQVWUXLU�XQ�GHWHFWRU�GH�RQGDV�JUDYLWDFLRQDOHV�HQ�HO�HVSDFLR�FRQVLVWHQWH�HQ�WUHV�
QDYHV� HVSDFLDOHV� IRUPDQGR� XQ� WULiQJXOR� HTXLOiWHUR� GH� ����PLOORQHV� GH� NP� GH� ODGR��
FRQHFWDGRV�SRU�XQ�OiVHU��/D�LGHD�HV��DQiORJDPHQWH�D�/,*2��GHWHFWDU�OD�YDULDFLyQ�HQ�HO�
SDWUyQ�GH� LQWHUIHUHQFLD�GH� ORV� OiVHUHV�SURYRFDGRV�SRU� OD�SHUWXUEDFLyQ�HQ�HO�HVSDFLR�
WLHPSR� GH� XQD� RQGD� JUDYLWDFLRQDO�� £3DUD� GHWHFWDU� ODV� RQGDV� JUDYLWDFLRQDOHV�
HVSHUDEOHV�HV�QHFHVDULR�DOFDQ]DU�XQD�SUHFLVLyQ�HQ�OD�PHGLGD�GH�OD�GLVWDQFLD�GH�XQRV�
������ P�� &RPSiUHVH� FRQ� OD� ORQJLWXG� GH� ORV� EUD]RV� GHO� WULiQJXOR�� £GH� PLOORQHV� GH�
NLOyPHWURV��6H�HVSHUD�ODQ]DU�OD�PLVLyQ�HQ�OD�GpFDGD�GH�ORV�������

3iJLQD�ZHE�GHO�SUR\HFWR�/,6$��KWWSV���ZZZ�HOLVDVFLHQFH�RUJ���

�

� �

https://www.ligo.caltech.edu/
https://www.gw-openscience.org/events/GW150914/
https://www.gw-openscience.org/events/GW151226/
https://www.elisascience.org/
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��������33DDUUDD��HHQQWWUUDDUU��HHQQ��FFDDOORRUU��
8QD� FDORUtD� HV� OD� FDQWLGDG� GH� FDORU� QHFHVDULD� SDUD� HOHYDU� �� JUDGR� FHQWtJUDGR� OD�
WHPSHUDWXUD�GH���JUDPR�GH�DJXD��

(Q� HO� H[SHULPHQWR� GH� -RXOH� VH�
XWLOL]D� XQ� UHFLSLHQWH� DLVODGR�
WpUPLFDPHQWH� TXH� FRQWLHQH� XQD�
FLHUWD� FDQWLGDG� GH� DJXD�� &RQ� XQ�
WHUPyPHWUR�VH�PLGH�OD�WHPSHUDWXUD�
GHO�DJXD��'HQWUR�GHO�UHFLSLHQWH�KD\�
XQDV� SDOHWDV� TXH� VH� SRQHQ� HQ�
PRYLPLHQWR�D� WUDYpV�GH�XQ�HMH�SRU�
OD� DFFLyQ� GH� XQD� SHVD� TXH� FDH�
GHVGH�XQD�DOWXUD�h��6L� OD�PDVD�GH�
OD�SHVD�HV�GH���NJ��FDOFXOD�OD�DOWXUD�
TXH�GHEH�GHVFHQGHU�SDUD�SURGXFLU�
�� FDORUtD�� �&DORU� HVSHFtILFR� GHO�
DJXD� �������-�J��&����

�

5HVROXFLyQ�

/D�HQHUJtD�SRWHQFLDO�GH�OD�SHVD�VH�WUDQVIRUPD�HQ�HQHUJtD�GH�URWDFLyQ�GH�ODV�SDOHWDV��\�
pVWD�D�VX�YH]�VH�WUDQVIRUPD�HQ�FDORU�TXH�LQFUHPHQWD�OD�WHPSHUDWXUD�GHO�DJXD���

3RU�WDQWR��LJXDODPRV�OD�HQHUJtD�SRWHQFLDO�DO�FDORU��

p eE Q M g h mc T o  ' ��

GRQGH�M� ���NJ�HV�OD�PDVD�GH�OD�SHVD��m�HV�OD�PDVD�GH�DJXD�TXH�VH�FDOLHQWD�� ec �HV�
HO�FDORU�HVSHFtILFR�GHO�DJXD�\� T' �HO�LQFUHPHQWR�GH�WHPSHUDWXUD���

3DUD� SURGXFLU� XQD� FDORUtD� KD\� TXH� FDOHQWDU� �� �&� XQD� PDVD� GH� DJXD� GH� �� J�� $Vt��
SDVDQGR�WRGDV�ODV�XQLGDGHV�DO�6�,���WHQHPRV�� ��������

� ��� ����� ���� �h� �  � � �

/D�DOWXUD�UHVXOWD�

h� ������FP��

�

6DEHU�PiV�

�(VWH�JUDEDGR�GHO�DSDUDWR� LGHDGR�SRU�-RXOH�DSDUHFLy�HQ������HQ� OD� UHYLVWD�FXOWXUDO�
Harper's New Monthly Magazine�� XQD� GH� ODV� PiV� DQWLJXDV� H� LPSRUWDQWHV� GH�
QRUWHDPHULFD�� $EERWW�� -�� �������� �1HZ� 7KHRU\� RI� +HDW´�� Harper's New Monthly 
Magazine������$XJXVW�������SS�����������

�

� �

*UDEDGR�GHO�DSDUDWR�GH�
-RXOH���GRPLQLR�S~EOLFR��
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��������''~~RR��RRQQGGXXOODDWWRRUULLRR��
D��/D�LQWHQVLGDG�GH�OD�UDGLDFLyQ�VRODU�UHFLELGD�HQ�OD�7LHUUD�YDOH������:�P���&DOFXOD�OD�
SRWHQFLD�UDGLDGD�SRU�HO�6RO�VDELHQGR�TXH�VH�HQFXHQWUD�D����î����NP�GH�OD�7LHUUD��

E�� 8QD� FXHUGD� YLEUDQWH� �SRU� HMHPSOR� GH� YLROtQ�� HPLWH� XQD� QRWD� GH� IUHFXHQFLD� �f ��
9DPRV�DFRUWDQGR� OD�FXHUGD�D� OD�PLWDG��D� OD����SDUWH��D� OD����SDUWH«�GH�VX� ORQJLWXG��
([SUHVD� �MXVWLILFDGDPHQWH�� OD� IUHFXHQFLD� f� TXH� HPLWH� OD� FXHUGD�� HQ� IXQFLyQ� GH� �f ��
FXDQGR�OD�DFRUWDPRV�KDVWD�OD�n��SDUWH�GH�VX�ORQJLWXG�LQLFLDO��

�

5HVROXFLyQ�

D��$�SDUWLU�GH�OD�LQWHQVLGDG�GHVSHMDPRV�OD�SRWHQFLD��VXSRQLHQGR�RQGDV�HVIpULFDV��

�
�

��� �� � ���� �� � ���� � ��
�

�� �:PI P d I
d
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 o  � �   � u ��

E�� &RPR� HQ� ODV� FXHUGDV� YLEUDQWHV�� FRQ� GRV� H[WUHPRV� ILMRV�� OD� FRQGLFLyQ� GH� RQGD�
HVWDFLRQDULD�HV� ��L O ��OD�IUHFXHQFLD�GH�YLEUDFLyQ�SDUD�HO�PRGR�IXQGDPHQWDO�HV�

� � �
�

v vf f L
T LO

  o  ��

6L� VLHPSUH� QRV� UHIHULPRV�D� OD�PLVPD� FXHUGD� �GH� GHQVLGDG� OLQHDO� P ��� \� VXSRQLHQGR�
TXH�QR�FDPELDPRV�VX�WHQVLyQ�T��OD�YHORFLGDG�v�GH�ODV�RQGDV�HV�FRQVWDQWH��SXHV�pVWD�
HV �v T P ��

3DUD� �L �OD�IUHFXHQFLD�HV� �f ��6L�DFRUWDPRV�OD�FXHUGD�D�XQD�ORQJLWXG� � �L L n ��OD�QXHYD�
IUHFXHQFLD�VHUi�

�
� �

�� �
� � �
v vf L n n f

L n L
   ��

(V�GHFLU��VL�DFRUWDPRV�D�OD�PLWDG��OD�IUHFXHQFLD�VH�KDFH�HO�GREOH��OD�VLJXLHQWH�³RFWDYD´�
PXVLFDO���VL�DFRUWDPRV�D�OD�WHUFHUD�SDUWH��OD�IUHFXHQFLD�VH�KDFH�HO�WULSOH��HWF��

�

�

� �
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��������77UUttRR��HHOOHHFFWWUURRPPDDJJQQppWWLLFFRR��
D��¢'H�TXp�YDULDEOHV�GHSHQGH�HO�FDPSR�PDJQpWLFR�GH�XQ�VROHQRLGH�HQ�VX�LQWHULRU"�

E�� 6HDQ� GRV� SODFDV� VHSDUDGDV� XQD� GLVWDQFLD� d� VRPHWLGDV� D� XQD� GLIHUHQFLD� GH�
SRWHQFLDO� V' ��6ROWDPRV�GHVGH�XQD�GH�ODV�SODFDV�XQD�SDUWtFXOD�GH�PDVD�m�\�FDUJD�q��
SDUWLHQGR�GHO�UHSRVR��2EWpQ�OD�YHORFLGDG�GH�OD�SDUWtFXOD�FXDQGR�OOHJD�D�OD�RWUD�SODFD��

F��([SOLFD�HQ�TXp�FRQGLFLRQHV�OD�IXHU]D�GH�/RUHQW]�SURGXFH�XQ�PRYLPLHQWR�FLUFXODU��

�

5HVROXFLyQ�

D��'HSHQGH�GH�OD�LQWHQVLGDG�GH�FRUULHQWH�I�TXH�FLUFXOD�SRU�HO�FDEOH��GH�VX�ODUJR�L��\�GHO�
Q~PHUR�N�GH�HVSLUDV��

NB I
L

P ��

�N L �HV�HO�Q~PHUR�GH�HVSLUDV�SRU�XQLGDG�GH�ORQJLWXG��$�PD\RU�GHQVLGDG�GH�HVSLUDV�\�
PD\RU�FRUULHQWH�HOpFWULFD��PD\RU�HV�HO�FDPSR��7DPELpQ�GHSHQGH�GH�OD�SHUPHDELOLGDG�
PDJQpWLFD�� P ��GHO�PHGLR�TXH�VH�HQFXHQWUD�HQ�HO�LQWHULRU�GHO�VROHQRLGH��

8QD� DSUR[LPDFLyQ� UHDO� D� XQ� VROHQRLGH� HV� XQD� ERELQD�� (Q� VX� LQWHULRU� VH� JHQHUD� XQ�
FDPSR� PDJQpWLFR� FDVL� XQLIRUPH�� WDQWR� PiV� FXDQGR� PiV� ODUJD� VHD� OD� ERELQD�� /D�
H[SUHVLyQ�DQWHULRU�HV�YiOLGD�HQ�HO�LQWHULRU��\�IDOOD�FHUFD�GH�ORV�H[WUHPRV��

6L� OD� ERELQD� VH� FLHUUD� IRUPDQGR� XQD� FLUFXQIHUHQFLD� GH� UDGLR� R�� KDEODPRV� GH� XQ�
WRURLGH��(Q�HVWH�FDVR�OD�H[SUHVLyQ�GHO�FDPSR�HV� � �B IN RP S ��

E��(O�FDPSR�HOpFWULFR�HQ�HO� LQWHULRU�GH� ODV�SODFDV�HV� �E V d ' �� \� OD� IXHU]D�HOpFWULFD�
TXH� DFW~D� VREUH� XQD� FDUJD� HV� �F qE q V d  ' �� GH� IRUPD� TXH� HO� WUDEDMR� HOpFWULFR�
UHDOL]DGR�SDUD�OOHYD�D�OD�FDUJD�GH�XQD�SODFD�D�OD�RWUD�HV�W Fd q V  ' ��(VWH�WUDEDMR�
HV�LJXDO�D�OD�HQHUJtD�FLQpWLFD�JDQDGD�SRU�OD�SDUWtFXOD�\��SRU�WDQWR��OD�YHORFLGDG�UHVXOWD�

�� �
�

q Vq V mv v
m
'

'  o  ��

TXH�QR�GHSHQGH�GH�OD�VHSDUDFLyQ�GH�ODV�SODFDV��

F��/D�IXHU]D�GH�/RUHQW]�HV� F qv B u
JG G JG

��3DUD�TXH�H[LVWD�XQD�IXHU]D�QR�QXOD��OD�FDUJD�
GHEH�HVWDU�HQ�PRYLPLHQWR�\�PRYHUVH�HQ�HO�VHQR�GH�XQ�FDPSR�PDJQpWLFR�TXH�QR�VHD�
SDUDOHOR�D�OD�GLUHFFLyQ�GH�OD�YHORFLGDG��3DUD�TXH�OD�FDUJD�GHVFULED�XQD�FLUFXQIHUHQFLD��
HO� FDPSR�PDJQpWLFR� GHEH� VHU� XQLIRUPH� \� SHUSHQGLFXODU� D� OD� YHORFLGDG� LQLFLDO� GH� OD�
FDUJD��$Vt��OD�IXHU]D�SURGXFH�XQD�DFHOHUDFLyQ�QRUPDO�\�OD�WUD\HFWRULD�WLHQH�XQ�UDGLR�

�v mvqvB m R
R qB

 o  ��

6LQ�HPEDUJR��VL�OD�YHORFLGDG�LQLFLDO�\�HO�FDPSR�QR�VRQ�SHUSHQGLFXODUHV�HO�PRYLPLHQWR�
VHUi�KHOLFRLGDO��/D�YHORFLGDG�GH�OD�FDUJD�SXHGH�GHVFRPSRQHUVH�HQ�GRV�FRPSRQHQWHV��
XQD�SHUSHQGLFXODU�DO�FDPSR�\�RWUD�SDUDOHOD�DO�FDPSR��(Q� OD�GLUHFFLyQ�GHO�FDPSR�QR�
DFW~D� QLQJXQD� IXHU]D� \� HO� PRYLPLHQWR� VHUi� UHFWLOtQHR� XQLIRUPH�� 0LHQWUDV� TXH� HQ� HO�
SODQR� SHUSHQGLFXODU� DO� FDPSR� VH� GDUi� XQ� PRYLPLHQWR� FLUFXODU� XQLIRUPH�� /D�
FRPSRVLFLyQ�GH�ORV�GRV�PRYLPLHQWRV�HV�XQD�WUD\HFWRULD�KHOLFRLGDO�� �
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��������77LLUURR��FFRRQQ��DDUUFFRR��
(O�WLUR�FRQ�DUFR�HV�XQD�PRGDOLGDG�ROtPSLFD�GHVGH�HO�DxR�������(Q�HVWH�GHSRUWH�KD\�
TXH� DOFDQ]DU� XQD� GLDQD� FRQ� XQD� IOHFKD� SURSXOVDGD� FRQ� XQ� DUFR�� &RQVLGHUHPRV� HQ�
SULPHU� OXJDU�HO�PRGHOR� OODPDGR�arco medieval��TXH�FRQVLVWH�HQ�XQ� OLVWyQ�GH�PDGHUD�
FXUYDGR� \� UtJLGR� D� FX\RV� H[WUHPRV� KD\� HQOD]DGD� XQD� FXHUGD� HOiVWLFD��$O� FDUJDU� OD�
IOHFKD� HO� DUTXHUR� HVWLUD� OD� FXHUGD� GH�PDQHUD� TXH� VX� WHQVLyQ� DXPHQWD� �VXSRQHPRV�
TXH�HO�OLVWyQ�GH�PDGHUD�SUiFWLFDPHQWH�QR�VH�GHIRUPD���/D�WHQVLyQ��T��GH�OD�FXHUGD�HV�
SURSRUFLRQDO�D�OD�ORQJLWXG�WRWDO��L��TXH�WLHQH�OD�FXHUGD�HQ�XQ� LQVWDQWH�GDGR��T k L ���
/D� ORQJLWXG� GH� OD� FXHUGD� UHODMDGD� �VLQ� HVWLUDU�� HV� d�� /ODPDPRV� HVWLUDPLHQWR�� x�� D� OD�
VHSDUDFLyQ� GH� OD� FXHUGD��PHGLGD� D� OR� ODUJR� GHO� HMH� GH� OD� IOHFKD�� GHVGH� VX� SRVLFLyQ�
UHODMDGD��YHU�ILJXUD�����

�
'DWRV��FXDQGR�OD�FXHUGD�HVWi�UHODMDGD�OD�WHQVLyQ�HV� �T � �����1��ORQJLWXG�GH�OD�FXHUGD�
UHODMDGD�d� ���P��PDVD�GH�OD�IOHFKD��m� ����J��

D��2EWpQ�HO�YDORU�GH�OD�FRQVWDQWH�k��

(VWXGLHPRV�OD�IXHU]D�TXH�GHEH�HMHUFHU�HO�DUTXHUR��

E���'HPXHVWUD�TXH�GLFKD�IXHU]D��HQ�IXQFLyQ�GHO�HVWLUDPLHQWR��HV�

� � �F x k x �

E���5HSUHVHQWD�JUiILFDPHQWH� � �F x �GHVGH�OD�SRVLFLyQ�UHODMDGD�KDVWD� � �x d ��

F��&DOFXOD� OD�HQHUJtD�DFXPXODGD�HQ�HO�DUFR��R�WUDEDMR�UHDOL]DGR�SRU�HO�DUTXHUR��SDUD�
XQ�HVWLUDPLHQWR�A� ����FP��

/ODPHPRV� t' � DO� WLHPSR� WUDQVFXUULGR� GHVGH� HO� LQVWDQWH� HQ� TXH� HO� DUTXHUR� VXHOWD� OD�
FXHUGD�FRQ�XQ�HVWLUDPLHQWR�A�KDVWD�HO�PRPHQWR�HQ�TXH�OD�IOHFKD��GH�PDVD�m��GHMD�GH�
HVWDU�HQ�FRQWDFWR�FRQ�OD�FXHUGD��2EWpQ��

G���/D�YHORFLGDG�FRQ�TXH�OD�IOHFKD�HV�ODQ]DGD��HQ�IXQFLyQ�GH� �T ��A��d��\�m���
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G���(O�WLHPSR� t' �HQ�IXQFLyQ�GH� �T ��d��\�m���

G���(O�YDORU�QXPpULFR�GH� t' �\�OD�YHORFLGDG�SDUD�ORV�GDWRV�GHO�SUREOHPD�\�A� ����FP��

8Q�DUFR�ROtPSLFR�HV�XQD�YDULDQWH�GHO�DUFR�PHGLHYDO�HQ�TXH�XQD�SDUWH�GHO�DUFR�WDPELpQ�
HV� IOH[LEOH�� GH� PRGR� TXH� HO� DUTXHUR� GHEH� KDFHU� PHQRV� HVIXHU]R� �DXQTXH� QR� HV�
UHOHYDQWH�SDUD�HVWH�SUREOHPD�HQWHQGHU�HO�SRUTXp���(Q� OR�VXFHVLYR�QRV�UHIHULUHPRV�D�
HVWH�WLSR�GH�DUFR��

H�� /D� YHORFLGDG� SURPHGLR� GH� OD� IOHFKD� VH� SXHGH� GHWHUPLQDU� H[SHULPHQWDOPHQWH�
PHGLDQWH� HO� VLJXLHQWH�PpWRGR�� &DGD� SDUWH� GHO� SURFHVR� GH� GLVSDUR� HPLWH� XQ� VRQLGR�
FDUDFWHUtVWLFR� GHELGR� D� OD� GLIHUHQWH� YLEUDFLyQ� GH� ORV� HOHPHQWRV� LQYROXFUDGRV� �DUFR��
IOHFKD��GLDQD��HWF����3DUD�UHJLVWUDU� ORV�VRQLGRV�SURGXFLGRV�SRU�GLFKDV�YLEUDFLRQHV��VH�
FRORFDQ�GRV�PLFUyIRQRV�D�GLVWDQFLDV�GH���P�\����P��UHVSHFWLYDPHQWH��SRU�GHWUiV�GHO�
SXQWR� GH� GLVSDUR�� /RV� PLFUyIRQRV� HPSLH]DQ� D� JUDEDU� D� OD� YH]�� (Q� ODV� VLJXLHQWHV�
JUiILFDV�VH�PXHVWUDQ�ORV�VRQLGRV�UHJLVWUDGRV�SRU�ORV�PLFUyIRQRV�HQ�IXQFLyQ�GHO�WLHPSR�
FXDQGR� OD� GLDQD� VH� FRORFD� D� XQD� GLVWDQFLD� GH� ���P� GHO� DUFR�� (O� SXQWR� �� LQGLFD� HO�
LQVWDQWH�HQ�TXH�HO�DUTXHUR�VXHOWD�OD�FXHUGD��HO�SXQWR���UHSUHVHQWD�HO�LQVWDQWH�HQ�TXH�OD�
IOHFKD�DEDQGRQD� OD� FXHUGD� \� HO� SXQWR���HO� LQVWDQWH�HQ�TXH� OD� IOHFKD� LPSDFWD� FRQ� OD�
GLDQD���

�

8WLOL]DQGR�OD�LQIRUPDFLyQ�GH�ODV�JUiILFDV�DQWHULRUHV��GHWHUPLQD��

H���/D�YHORFLGDG�GHO�VRQLGR�HQ�HO�DLUH��

H���(O� WLHPSR�GH�YXHOR�GH� OD� IOHFKD� �WLHPSR�TXH� WDUGD�GHVGH�TXH�DEDQGRQD�HO� DUFR�
KDVWD� TXH� LPSDFWD� FRQ� OD� GLDQD���$\XGD�� WHQ� HQ� FXHQWD� TXH� ORV� VRQLGRV� WDUGDQ� XQ�
WLHPSR�HQ�OOHJDU�KDVWD�HO�PLFUyIRQR�GHVGH�TXH�VRQ�HPLWLGRV��
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H���/D�YHORFLGDG�PHGLD�GH� OD� IOHFKD�GXUDQWH�HO� WLHPSR�GH�YXHOR���6XSRQHPRV�TXH� OD�
IOHFKD�VLJXH�XQD�WUD\HFWRULD�KRUL]RQWDO����

I��(Q� UHDOLGDG� OD� IOHFKD�VXIUH�XQ�
UR]DPLHQWR� FRQ� HO� DLUH� TXH� OH�
KDFH� GLVPLQXLU� VX� YHORFLGDG��
(VWH� HIHFWR� VH� SXHGH� GHVFULELU�
GH� IRUPD� DSUR[LPDGD� FRQ� OD�
VLJXLHQWH� H[SUHVLyQ� SDUD� OD�
YHORFLGDG�PHGLD�HQ�IXQFLyQ�GH�OD�
GLVWDQFLD� z� HQWUH� HO� DUFR� \� OD�
GLDQD���

� � ��� �
�
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���1�� OXHJR� VX� iUHD� HV� ���1 �����P ����-u  �� (O� Q~PHUR� GH� UHFWiQJXORV� SHTXHxRV�
GHEDMR�GH�OD�FXUYD�HV��DSUR[LPDGDPHQWH�������(O�iUHD�WRWDO�HV��DSUR[LPDGDPHQWH��



����
 
 

��� ����- �����-u  ��

J���6L�WRGR�HO�WUDEDMR�VH�WUDQVPLWLHUD�D�OD�IOHFKD��pVWD�DGTXLULUtD�XQD�HQHUJtD�FLQpWLFD�
LJXDO�D�GLFKR�WUDEDMR��

�� � � ���� ���P�V
� ����

WW mv v
m

�
 o    ��

(Q�OD�JUiILFD�GH� � �v z �VH�YH�TXH�OD�YHORFLGDG�GH�VDOLGD�GH�OD�IOHFKD�HV������P�V��TXH�
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GDU�HQ�OD�GLDQD�SRU�DUULED��h�KD�GH�YDOHU�FRPR�PXFKR�����P��OD�PLWDG�GHO�GLiPHWUR�GH�
OD�GLDQD���8QD�UHFWD�KRUL]RQWDO�HQ� ����Ph  �FRUWD�D�OD�UHFWD� ���FPx  �HQ� ����E  ��
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E��&DOFXOD�OD�SRWHQFLD�FRQ�TXH�HO�SiMDUR�HPLWH�HO�WRQR�PiV�IXHUWH���

'DWRV��YHORFLGDG�GHO�VRQLGR� �����P�V�� ��
�

�� P� �:�I � ��

� �
�

5HVROXFLyQ�

D��(O� LQWHUYDOR�GH�IUHFXHQFLDV�HPLWLGDV�YD�GH������D������+]��DSUR[LPDGDPHQWH��/D�
ORQJLWXG�GH�RQGD�VH�FDOFXOD�D�SDUWLU�GH�OD�IUHFXHQFLD�WHQLHQGR�HQ�FXHQWD�OD�YHORFLGDG�
GHO�VRQLGR��

PD[
��� ������P
����

v
f

O    ���� PLQ
��� ������P
����

O   ��

E��(O�WRQR�PiV�SRWHQWH�HV�D�OD�IUHFXHQFLD�GH�������+]�\�WLHQH�XQ�QLYHO�GH�LQWHQVLGDG�
GH����G%��&DOFXODPRV�VX�LQWHQVLGDG��

� � �
�� ���� ORJ �� �� �� �:�P

�� ��
I IL I �
� �

§ ·  o  o  ¨ ¸
© ¹

��

&RPR�HVWi�UHJLVWUDGD�D����P��OD�SRWHQFLD�HV�
� � � �� �� � �� ���� �� �:P I dS S� � �  � �  u ��

�

 



����
 
 

��������22VVFFLLOODDFFLLRRQQHHVV��GGHH��XXQQDD��FFDDUUJJDD��HHOOppFFWWUULLFFDD����

'LVSRQHPRV� GH� GRV� FDUJDV� ILMDV�� LJXDOHV�� SRVLWLYDV� \� GH� YDORU� Q�� VHSDUDGDV� XQD�
GLVWDQFLD��d��6LWXDPRV�RWUD�FDUJD��GH�YDORU�q�\�PDVD�m��HQ�HO�SXQWR�PHGLR�HQWUH�ODV�
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J��+DOOD�OD�YHORFLGDG�PHGLD�GH�OD�FDUJD�HQ�XQ�UHFRUULGR�GH� $x� �D� $x ��

K��&RQ�OD�YHORFLGDG�DQWHULRU��REWpQ�OD�LQWHQVLGDG�GH�FRUULHQWH�PHGLD�HQ�HVH�WUDPR���

L�� ¢4Xp� FDPSR� PDJQpWLFR� HV� FUHDGR� SRU� HVH� PRYLPLHQWR� UHFWLOtQHR� GH� OD� FDUJD"�
�,QGLFD�VX�GLUHFFLyQ�\�GH�TXp�PDJQLWXGHV�GHSHQGHUtD���

M��6L� DSOLFiVHPRV�HQ� WRGD� OD� UHJLyQ�GRQGH�VH�PXHYH� OD� FDUJD�XQ�FDPSR�PDJQpWLFR�
XQLIRUPH�SHUSHQGLFXODU�D�OD�OtQHD�GH�RVFLODFLyQ��GLEXMD�DSUR[LPDGDPHQWH�XQD�SRVLEOH�
WUD\HFWRULD�GH�OD�FDUJD���

�

5HVROXFLyQ�

D��/D�IXHU]D�TXH�H[SHULPHQWD�OD�FDUJD�q�HV�QXOD�\D�TXH�ODV�RWUDV�GRV�FDUJDV�HMHUFHQ�
VREUH�q�IXHU]DV�LJXDOHV��DWUDFWLYDV�R�UHSXOVLYDV�GHSHQGLHQGR�GHO�VLJQR�GH�q��SHUR�GH�
VHQWLGR�FRQWUDULR��(O�UHVXOWDGR�QR�GHSHQGH�GHO�VLJQR�GH�OD�FDUJD�q��

E��/D�HQHUJtD�SRWHQFLDO�HOpFWULFD�GH�OD�FDUJD�q�D�GLVWDQFLD�d�GH�ODV�RWUDV�GRV�HV�
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F��6H�SURGXFLUi�XQ�PRYLPLHQWR�RVFLODWRULR�VL� �q ! ��SXHVWR�TXH� �Q ! �\�HQWRQFHV�ODV�
IXHU]DV�VREUH�q�VRQ�UHSXOVLYDV��HV�GHFLU�DFW~DQ�FRPR�IXHU]DV�GH�UHFXSHUDFLyQ�GH� OD�
SRVLFLyQ�GH�HTXLOLEULR��

6L� IXHUD� �q � �� OD�FDUJD�VH�PRYHUi�DFHOHUDGDPHQWH�HQ� OtQHD� UHFWD�KDFLD�HO�H[WUHPR�
TXH�HVWp�PiV�SUy[LPR�HQ�HO�PRPHQWR�GH�VHSDUDU�OD�FDUJD�GH�OD�SRVLFLyQ�GH�HTXLOLEULR��

G��/D�HFXDFLyQ�GHO�0$6�TXH�UHDOL]DUtD�OD�FDUJD��VDELHQGR�TXH� $� ��x t x  ��HV�
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H��/D�IXHU]D�WRWDO�TXH�DFW~D�VREUH�OD�FDUJD�GHVSOD]DGD�GH�VX�SRVLFLyQ�GH�HTXLOLEULR�HV�
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6L� FRQVLGHUDPRV� VyOR� SHTXHxDV� RVFLODFLRQHV�� � �x d � �� OD� H[SUHVLyQ� DQWHULRU� SXHGH�
DSUR[LPDUVH�UHVXOWDQGR�
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TXH�WLHQH�OD�IRUPD�OLQHDO�GH�OD�OH\�GH�+RRNH��

I�� (O� SHUtRGR� GH� RVFLODFLyQ� VH� REWLHQH� XWLOL]DQGR� OD� VHJXQGD� OH\� GH� 1HZWRQ� \� OD�
VROXFLyQ�GH�WLSR�0$6�SDUD�OD�SRVLFLyQ��GH�IRUPD�VLPLODU�DO�FDVR�GH�XQ�PXHOOH��

�

� �
�d x KqQF ma m x

dt d
   � ��

� �
�

� �
� � �

�
KqQ mdm m T

KqQT d
SZ S  o  ��

J��3ULPHUR�REWHQHPRV�OD�YHORFLGDG�D�SDUWLU�GH�OD�SRVLFLyQ�H[SUHVDGD�SRU�HO�0$6��
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3DUD� REWHQHU� OD� YHORFLGDG�PHGLD�HQWUH� $x� � \� $x � WHQHPRV�TXH� LQWHJUDU� UHVSHFWR� DO�
WLHPSR�VDELHQGR�TXH�HVH�UHFRUULGR�GXUD�XQ�WLHPSR�LJXDO�D�PHGLR�SHULRGR�� � �T ���

�� �
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�3DUD�ILMDU�ORV�OtPLWHV�GH�LQWHJUDFLyQ�KHPRV�FRQVLGHUDGR�TXH�OD�SRVLFLyQ� $� �x t x �VH�
DOFDQ]D�HQ�ORV�WLHPSRV� ��� ��� ���t T T ��\�OD�SRVLFLyQ� $� �x t x � �HQ� ����� �� ���t T T ���

K��/D�LQWHQVLGDG�GH�FRUULHQWH�HQ�HO�WUDPR� $x� �\� $x �VHUi�
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\D�TXH�OD�FDUJD�TXH�VH�GHVSOD]D�HV�q�HQ�XQ�WLHPSR� � �T ��
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7HQLHQGR�HQ�FXHQWD�OD�H[SUHVLyQ�GHO�SHUtRGR�REWHQLGD�HQ�I��OD�LQWHQVLGDG�PHGLD�HV�
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L��(Q�HO�PRYLPLHQWR�RVFLODWRULR�GH�OD�FDUJD�HV�FRPR�VL�KXELHUD�XQD�FRUULHQWH�UHFWLOtQHD��
I��OD�FXDO�FUHD�D�XQD�GLVWDQFLD�r�XQ�FDPSR�PDJQpWLFR�GHO�WLSR�
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4XH�WHQLHQGR�HQ�FXHQWD�HO�UHVXOWDGR�SDUD�OD�LQWHQVLGDG��TXHGD�GH�OD�IRUPD�

�
�
� �

�KQqB
rmd

P
S

 ��

(VWH� FDPSR� PDJQpWLFR� DSDUHFH� HQ� FDGD� SXQWR� GH� OD� FLUFXQIHUHQFLD� GH� UDGLR� r�
WUDQVYHUVDO�D�OD�FRUULHQWH��(O�VHQWLGR�GHO�FDPSR�VH�REWLHQH��SRU�HMHPSOR��FRQ�OD�UHJOD�
GHO�VDFDFRUFKRV��&RPR�HO�VHQWLGR�GH�OD�FRUULHQWH�RVFLOD��WDPELpQ�HO�VHQWLGR�GHO�FDPSR�
PDJQpWLFR�RVFLODUi�VHJ~Q�OD�FDUJD�YLDMH�KDFLD�OD�GHUHFKD�R�KDFLD�OD�L]TXLHUGD��

�
3RU�RWUR�ODGR��HVWH�HV�XQ�FDPSR�SURPHGLR�\D�TXH�HQ�UHDOLGDG�OD�FDUJD�YD�FDPELDQGR�
GH�YHORFLGDG�D� OR� ODUJR�GHO�0$6�\��SRU� WDQWR�� OD� LQWHQVLGDG�QR�HV�FRQVWDQWH�HQ�FDGD�
SXQWR�GHO� VHJPHQWR��(Q�FXDOTXLHU� FDVR�� OD�H[SUHVLyQ�REWHQLGD�HV�XQD�DSUR[LPDFLyQ�
SRUTXH�OD�FRUULHQWH�UHFWLOtQHD�QR�HV�LQILQLWD��

M��6XSRQJDPRV�TXH�OD�FDUJD�SDUWH�GH� $x� �FRQ�YHORFLGDG�KDFLD�OD�GHUHFKD��'HELGR�DO�
FDPSR�PDJQpWLFR� �KDFLD� HO� LQWHULRU� GHO� SDSHO�� DSDUHFH� XQD� IXHU]D� GH� /RUHQW]� KDFLD�
DUULED� TXH� GHVYLDUi� D� OD� FDUJD� GHO� HMH�� &RPR� ODV� RVFLODFLRQHV� VRQ� SHTXHxDV� �ODV�
FDUJDV�Q� HVWiQ�PX\� OHMRV�� \� VXSRQLHQGR�TXH� HO� FDPSR�PDJQpWLFR� HV� SHTXHxR�� ODV�
IXHU]DV� HOHFWURVWiWLFDV� VHJXLUiQ� HVWDQGR� DSUR[LPDGDPHQWH� HQ� HO� HMH� ;�� 'H� YXHOWD�
KDFLD� OD� L]TXLHUGD�� OD� IXHU]D�GH�/RUHQW]�VHUi�KDFLD�DEDMR�\� OD�FDUJD�YROYHUtD�KDFLD�HO�
HMH��/D�WUD\HFWRULD�GLEXMDGD�HV�VyOR�DSUR[LPDGD��
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8Q�FXHUSR��OR�VXSRQHPRV�SXQWXDO��FDH�VLQ�YHORFLGDG�LQLFLDO�GHVGH�XQD�FLHUWD�DOWXUD�h�
HQ�ODV�VLWXDFLRQHV�PRVWUDGDV�HQ�OD�ILJXUD��SRU�GRV�SODQRV�LQFOLQDGRV��$�\�%��R�HQ�FDtGD�
OLEUH��&���'HVSUHFLDPRV�HO�UR]DPLHQWR�HQ�ORV�SODQRV�LQFOLQDGRV�\�OD�IULFFLyQ�FRQ�HO�DLUH��
5HVSRQGH�MXVWLILFDQGR�ODV�UHVSXHVWDV��

D��¢(Q�TXp�FDVR�HO�FXHUSR�OOHJD�DQWHV�DO�VXHOR"�

E��¢(Q�TXp�FDVR�OOHJD�FRQ�PiV�YHORFLGDG�DO�VXHOR"�

F��¢'HSHQGHQ�WXV�UHVSXHVWDV�GH�OD�PDVD�TXH�WHQJD�HO�FXHUSR"�

�

&RQVLGHUD� DKRUD� HQ� HO� FDVR� &� TXH� HO� FXHUSR� VH� ODQ]D� KRUL]RQWDOPHQWH�� GHVGH� OD�
PLVPD�DOWXUD�h��FRQ�YHORFLGDG� �v ��(VWXGLD�HO�PRYLPLHQWR�GHO�FXHUSR�KDVWD�TXH�WRFD�HO�
VXHOR�\�UHVSRQGH��

G��+D]�XQ�GLEXMR�GH�OD�WUD\HFWRULD��

H��¢&XiQWR�YDOH�HO�WLHPSR�HQ�OOHJDU�DO�VXHOR�FRQ�UHODFLyQ�DO�WLHPSR�TXH�WDUGD�HO�FXHUSR�
FXDQGR�FDH�YHUWLFDO�VLQ�OD�YHORFLGDG�LQLFLDO�KRUL]RQWDO"��

I��2EWpQ�OD�GLVWDQFLD�KRUL]RQWDO�TXH�KDEUi�UHFRUULGR�FXDQGR�OOHJXH�DO�VXHOR��H[SUpVDOR�
HQ�IXQFLyQ�GH�ODV�PDJQLWXGHV�TXH�LQWHUYLHQHQ����

&RQVLGHUD�HO�FDVR�$�\�VXSyQ�TXH� MXVWR�DO� ILQDO�GHO�SODQR� LQFOLQDGR�KD\�XQ�FXHUSR�HQ�
UHSRVR� GH� PDVD� LGpQWLFD� DO� TXH� FDH� GHVGH� OD� SDUWH� VXSHULRU�� (O� iQJXOR� GHO� SODQR�
LQFOLQDGR�HV�D ��&XDQGR�HO�FXHUSR�TXH�GHVFLHQGH�OOHJD�DEDMR�VH�SURGXFH�XQD�FROLVLyQ�
SHUIHFWDPHQWH�HOiVWLFD�SDUD�OD�FRPSRQHQWH�KRUL]RQWDO�GH�OD�YHORFLGDG��

J��+DOOD� OD� H[SUHVLyQ� GH� OD� YHORFLGDG� FRQ� TXH� VDOH� GHVSHGLGR� KDFLD� OD� L]TXLHUGD� HO�
FXHUSR�TXH�VH�HQFRQWUDED�DEDMR�� \� OD�YHORFLGDG�FRQ� OD�TXH�TXHGD�HO�FXHUSR�TXH�KD�
GHVFHQGLGR��

3DUD� OD� FRPSRQHQWH� YHUWLFDO� GH� OD� YHORFLGDG� VH� SURGXFH� XQ� FKRTXH� SHUIHFWDPHQWH�
LQHOiVWLFR�\�VH�WUDQVILHUH�WRGD�OD�HQHUJtD�DO�VXHOR�HQ�IRUPD�GH�FDORU���

K��2EWpQ�XQD�H[SUHVLyQ�SDUD�GLFKR�FDORU�HQ�IXQFLyQ�GH�ODV�YDULDEOHV�TXH�LQWHUYLHQHQ��

�

5HVROXFLyQ�

D��(O�FXHUSR� OOHJD�DQWHV�DO�VXHOR�HQ�OD�FDtGD� OLEUH��FDVR�&���(Q�XQ�SODQR� LQFOLQDGR�HO�
FXHUSR�GHVFLHQGH�FRQ�PHQRV�DFHOHUDFLyQ�\�DGHPiV�GHEH�UHFRUUHU�PiV�GLVWDQFLD��

0DWHPiWLFDPHQWH��6L�h�HV�OD�DOWXUD�GHO�SODQR�\�D �VX�iQJXOR��OD�ORQJLWXG�HV�
VLQ

hd
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(O�FXHUSR�GHVFLHQGH�SRU�HO�SODQR�FRQ�DFHOHUDFLyQ� VLQa g D ��3RU�WDQWR��OD�ORQJLWXG�d�
VHUi�UHFRUULGD�HQ�XQ�WLHPSR�

� � �� � �VLQ
� VLQ VLQ

h hd g t t
g

D
D D

  o  ��

9HPRV�TXH�HO�WLHPSR�HV�PD\RU�FRQIRUPH�HO�iQJXOR�GHO�SODQR�HV�PHQRU��6L� ���D  �VH�
REWLHQH�OD�H[SUHVLyQ�GHO�WLHPSR�SDUD�OD�FDtGD�OLEUH� � �t h g ��6L� ��D  �HO�FXHUSR�QR�
GHVFLHQGH��WLHPSR�LQILQLWR���

E��(Q�WRGRV�ORV�FDVRV�OOHJD�FRQ�OD�PLVPD�YHORFLGDG�ILQDO��

� � � �VLQ VLQ �
VLQ

hv at g t g gh
g

D D
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F�� /DV� FRQFOXVLRQHV� DQWHULRUHV� QR� GHSHQGHQ� GH� OD� PDVD� GHO� FXHUSR�� \D� TXH� OD�
DFHOHUDFLyQ�TXH�DGTXLHUH�QR�GHSHQGH�GH�OD�PDVD�D�QR�VHU�TXH�H[LVWLHUD�IULFFLyQ���

G��6H�WUDWD�GH�XQD�WUD\HFWRULD�VHPLSDUDEyOLFD���

H��(O�PRYLPLHQWR�HQ�HO�HMH�<�HV�LQGHSHQGLHQWH�GHO�PRYLPLHQWR�HQ�HO�HMH�;��DVt�TXH�HO�
WLHPSR�GH�OD�FDtGD�HV�HO�PLVPR�HQ�ORV�GRV�FDVRV��

� �t h g ��

I�� (Q� HO� HMH� ;� WHQHPRV� XQ� PRYLPLHQWR� XQLIRUPH� D� YHORFLGDG� �v �� /D� GLVWDQFLD�� d��
UHFRUULGD�HQ�KRUL]RQWDO�VHUi�

� � � �d v t v h g  ��

J��(O�FXHUSR�TXH�FDH�SRU�HO�SODQR�OOHJD�DO�ILQDO�GHO�PLVPR�FRQ�YHORFLGDG� �v gh ��/D�
FRPSRQHQWH�KRUL]RQWDO�GH�VX�YHORFLGDG�HV�

FRV � FRVxv v ghD D  ��

(V�YHORFLGDG�HV�OD�TXH�OOHYD�MXVWR�DQWHV�GH�OD�FROLVLyQ�FRQ�HO�VHJXQGR�FXHUSR��&RPR�HO�
FKRTXH�HV�HOiVWLFR��OD�YHORFLGDG�GHO�VHJXQGR�FXHUSR�WUDV�HO�FKRTXH�HV� � FRVgh D �\�
HO�SULPHU�FXHUSR�TXHGD�HQ�UHSRVR��SXHV�VXV�PDVDV�VRQ�LGpQWLFDV����

K��/D�FRPSRQHQWH�YHUWLFDO�GH�OD�YHORFLGDG�GHO�FXHUSR�TXH�KD�FDtGR�SRU�HO�SODQR�HV��

� VLQyv gh D ��

<�HQWRQFHV�VX�HQHUJtD�FLQpWLFD�HQ�HO�HMH�<�HV�

� �� �� � VLQ VLQ
�cE m gh mg hD D  ��

&RPR�HO�FKRTXH�FRQ�HO�VXHOR�HV�SHUIHFWDPHQWH�LQHOiVWLFR�\�WRGD�OD�HQHUJtD�FLQpWLFD�VH�
WUDQVILHUH�DO�VXHOR�HQ�IRUPD�GH�FDORU��GLFKR�FDORU�VHUi�

�VLQQ mg h D ��

(Q� HO� FDVR� GH� OD� FDtGD� OLEUH� � ���D  ��� WRGD� OD� HQHUJtD� SRWHQFLDO� GHO� FXHUSR� VH�
WUDQVIRUPD�HQ�FDORU��
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��������//DD��((VVWWDDFFLLyyQQ��((VVSSDDFFLLDDOO��,,QQWWHHUUQQDDFFLLRRQQDDOO����
(VWD�LPDJHQ�HV�XQD�FDSWXUD�GH�SDQWDOOD�GH�OD�YHQWDQD�GH�XQD�app�JUDWXLWD�GH�$QGURLG�
SDUD� WHOpIRQRV� PyYLOHV� TXH� PXHVWUD� OD� WUD\HFWRULD� HQ� WLHPSR� UHDO� GH� OD� (VWDFLyQ�
(VSDFLDO�,QWHUQDFLRQDO��,66���

�

(QWUH�RWURV�GDWRV�� YHUiV�TXH� OD�DSOLFDFLyQ�SURSRUFLRQD� OD�DOWLWXG�GH� OD�(VWDFLyQ�\� VX�
YHORFLGDG�OLQHDO�LQVWDQWiQHD��

D�� &DOFXOD� HO� SHUtRGR� GH� OD� yUELWD� DOUHGHGRU� GH� OD� 7LHUUD� �H[SUHVDGR� HQ� PLQXWRV���
FRQVLGHUDQGR�TXH�OD�yUELWD�HV�FLUFXODU��

E��$�SDUWLU�GHO�SHUtRGR�DQWHULRU��FDOFXOD� OD�YHORFLGDG�PHGLD�GH�OD�(VWDFLyQ�\�FRPSDUD�
FRQ�HO�YDORU�TXH�GD�OD�DSOLFDFLyQ��¢3RU�TXp�FUHHV�TXH�QR�VRQ�H[DFWDPHQWH�LJXDOHV"�

'DWRV��G� �����î������6,��PDVD�7LHUUD� �����î�����NJ��UDGLR�7LHUUD� ������NP��

F��2EVHUYD�FyPR�VH�FXUYD� OD� WUD\HFWRULD�
GHVGH� (VSDxD� KDFLD� 8FUDQLD� �HQ� OD�
LPDJHQ�GH� OD�GHUHFKD�VH�PXHVWUDQ�RWUDV�
WUD\HFWRULDV�SRVWHULRUHV���¢&yPR�H[SOLFDV�
TXH� ODV� WUD\HFWRULDV� GH� OD� (VWDFLyQ�
PRVWUDGDV� VREUH� HO� PDSD� QR� VHDQ�
UHFWLOtQHDV"�¢3RGHPRV� YHU� D� OD� HVWDFLyQ�
FDGD�YH]�TXH�GD�XQD�YXHOWD"�

�
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5HVROXFLyQ�

D�� (Q� OD� ILJXUD� SRGHPRV� OHHU� OD� DOWLWXG� D� OD� TXH� HVWi� OD� (VWDFLyQ� (VSDFLDO� HQ� HVH�
PRPHQWR�\�WDPELpQ�VX�YHORFLGDG�� �������NPh  �\� ������NP�Kv  ��

(O�SHUtRGR�RUELWDO�OR�REWHQHPRV�DSOLFDQGR�OD�WHUFHUD�OH\�GH�.HSOHU��
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&RQ�ORV�GDWRV�TXH�GD�HO�HQXQFLDGR�SDUD�OD�PDVD�\�HO�UDGLR�WHUUHVWUHV��
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E��/D�YHORFLGDG�HQ�OD�yUELWD�VH�FDOFXOD�D�SDUWLU�GHO�SHUtRGR��
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(O�UHVXOWDGR�GLILHUH�HQ����NP�K�UHVSHFWR�DO�YDORU�TXH� LQGLFD�HO� tracker�GH� OD�(VWDFLyQ�
(VSDFLDO��/D�YHORFLGDG�TXH�KHPRV�FDOFXODGR�HV�XQD�YHORFLGDG�PHGLD��PLHQWUDV�TXH�OD�
PRVWUDGD� SRU� OD� DSOLFDFLyQ� HV� XQD� YHORFLGDG� LQVWDQWiQHD�� SRUTXH� OD� yUELWD� QR� HV�
SHUIHFWDPHQWH�FLUFXODU��GH�KHFKR��OD�DOWLWXG�HQ�HO�DSRJHR�HV�GH�����NP�\�GH�����HQ�HO�
SHULJHR��� $GHPiV�� KHPRV� FDOFXODGR� GLFKD� YHORFLGDG� PHGLD� FRQ� OD� DOWLWXG� HQ� HVH�
LQVWDQWH�\�QR�FRQ�OD�DOWLWXG�PHGLD��

E��3DUD�H[SOLFDU�OD�IRUPD�FXUYDGD�GH�ODV�WUD\HFWRULDV�VREUH�HO�PDSD�KD\�TXH�WHQHU�HQ�
FXHQWD�GRV�FRVDV��

�����OD�yUELWD�QR�HVWi�HQ�HO�SODQR�HFXDWRULDO��VLQR�TXH�HVWi�LQFOLQDGD������

��� ODV� WUD\HFWRULDV� VRQ� OD� SUR\HFFLyQ� VREUH� HO� SODQR� GHO� PRYLPLHQWR� HQ� WUHV�
GLPHQVLRQHV��

(Q�FDGD�YXHOWD��OD�WUD\HFWRULD�VH�GHVSOD]D�XQ�SRFR�GH�PDQHUD�TXH�QR�SRGHPRV�YHU�D�
OD�(VWDFLyQ�(VSDFLDO�HQ�FDGD�YXHOWD�VLQR�VyOR�FXDQGR�SDVD�FHUFD�GH�QXHVWUD�SRVLFLyQ���

�

6DEHU�PiV�

&RPR�OD�(VWDFLyQ�(VSDFLDO� ,QWHUQDFLRQDO�GD�XQD�YXHOWD�D� OD�7LHUUD�DSUR[LPDGDPHQWH�
FDGD�KRUD� \�PHGLD�� HQ� OD� (VWDFLyQ� KD\� XQD�SXHVWD� GH�6RO� \� XQ� DPDQHFHU� FDGD����
PLQXWRV��

&DQDO�youtube�GH�OD�1$6$��KWWSV���ZZZ�\RXWXEH�FRP�XVHU�1$6$WHOHYLVLRQ��

Streaming�GH�OD�1$6$��KWWSV���ZZZ�QDVD�JRY�PXOWLPHGLD�QDVDWY�LVVBXVWUHDP�KWPO��

3iJLQD�GH�VHJXLPLHQWR�GH�OD�,66��KWWS���ZZZ�LVVWUDFNHU�FRP���

�

�

�

https://www.youtube.com/user/NASAtelevision
https://www.nasa.gov/multimedia/nasatv/iss_ustream.html
http://www.isstracker.com/
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��������//DD��OOXX]]��GGHH��OODDVV��HHVVWWUUHHOOOODDVV��
$QDOL]DQGR� OD� OX]� SURYHQLHQWH� GH� XQD�HVWUHOOD� VH� SXHGH�REWHQHU�PXFKD� LQIRUPDFLyQ�
YDOLRVD�VREUH�HOOD��FRPR�ORV�HOHPHQWRV�TXtPLFRV�TXH�OD�FRPSRQHQ�R�OD�YHORFLGDG�GH�OD�
HVWUHOOD�UHVSHFWR�D�QRVRWURV��/DV�HVWUHOODV�HPLWHQ�OX]�HQ�XQ�DPSOLR�UDQJR�GHO�HVSHFWUR��
SHUR� FLHUWDV� IUHFXHQFLDV� VRQ� DEVRUELGDV� SRU� ORV� iWRPRV� GH� ORV� JDVHV� GH� ODV� FDSDV�
PiV�H[WHUQDV�GH�ODV�HVWUHOODV��(VDV�IUHFXHQFLDV�GH�DEVRUFLyQ��líneas espectrales��VRQ�
GHELGDV� D� VDOWRV� HQWUH� QLYHOHV� HQHUJpWLFRV� GH� ORV� HOHFWURQHV� GH� ORV� iWRPRV� FXDQGR�
HVWRV�DEVRUEHQ�ORV�IRWRQHV��\�VRQ�FDUDFWHUtVWLFDV�GH�ORV�HOHPHQWRV�TXH�FRPSRQHQ�OD�
HVWUHOOD�� OR� TXH� SHUPLWH� REWHQHU� VX� FRPSRVLFLyQ� FRPSDUDQGR� FRQ� ORV� HVSHFWURV�
DWyPLFRV�FRQRFLGRV��

(Q�XQ�iWRPR�GH�KLGUyJHQR�ORV�HOHFWURQHV�HVWiQ� OLJDGRV�FRQ�XQD�energía de ligadura�
�R� HQHUJtD� GH� LRQL]DFLyQ�� TXH� HV� OD� HQHUJtD� QHFHVDULD� SDUD� DUUDQFDU� HO� HOHFWUyQ� GHO�
iWRPR��TXH�VyOR�SXHGH�WRPDU�YDORUHV�GLVFUHWRV��³FXDQWL]DGRV´��\�TXH�YLHQH�GDGD�SRU��

� �
���� ��H9nE
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GRQGH�n�HV�XQ�Q~PHUR�QDWXUDO��n� ��������«���3RU�RWUR�ODGR��XQ�IRWyQ�GH�IUHFXHQFLD�f��
SRVHH�HQHUJtD� E hf ��GRQGH�h�HV�OD�FRQVWDQWH�GH�3ODQFN��6DEHPRV�TXH�XQ�HOHFWUyQ�
GHO�iWRPR�VyOR�SXHGH�FDPELDU�GHO�QLYHO�n�GH�HQHUJtD�D�RWUR�QLYHO� �n � �VL�DEVRUEH�XQ�
IRWyQ�FX\D�HQHUJtD�VHD�LJXDO�D�OD�GLIHUHQFLD�GH�HQHUJtD�HQWUH�ORV�GRV�QLYHOHV��

D��'HWHUPLQD� OD� ORQJLWXG�GH�RQGD��HQ�QP��GH� ODV� OtQHDV�HVSHFWUDOHV�GHELGDV�D�WRGDV�
ODV� SRVLEOHV� WUDQVLFLRQHV� HQWUH� ORV� WUHV� SULPHURV� QLYHOHV� �n�  � ��� ��� ��� GHO� iWRPR� GH�
KLGUyJHQR��'DWRV��h� �����î������-ÂV����H9� ����î������-��

8QD�GH�OD�IRUPDV�GH�REWHQHU�OD�YHORFLGDG�UHODWLYD�� UHOv ��HQWUH�XQD�HVWUHOOD�\�QRVRWURV��
HQ�OD�GLUHFFLyQ�GH�OD�OtQHD�YLVXDO��HV�PLGLHQGR�OD�PRGLILFDFLyQ�SRU�HIHFWR�'RSSOHU�TXH�
VXIUH�OD�ORQJLWXG�GH�RQGD�GH�OD� OX]�SURYHQLHQWH�GH� OD�HVWUHOOD��/D�OX]�TXH�GHWHFWDPRV�
HQ� OD�7LHUUD�HVWi�PiV�GHVSOD]DGD�KDFLD�HO� URMR�VL� OD�HVWUHOOD�VH�DOHMD�GH�QRVRWURV�� \�
PiV�KDFLD� HO� D]XO� VL� VH� DFHUFD��(Q� HO� FDVR� GH� OD� OX]�� OD� H[SUHVLyQ� GH� OD� IUHFXHQFLD�
REVHUYDGD��f��HQ�IXQFLyQ�GH�OD�IUHFXHQFLD�HPLWLGD�SRU�OD�HVWUHOOD�� �f ��HV�
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GRQGH� UHO �v cE  ��VLHQGR�c�OD�YHORFLGDG�GH�OD�OX]��
�(VWD�IyUPXOD�GHO�HIHFWR�'RSSOHU�HV�GLVWLQWD�D�OD�GH�RQGDV�PHFiQLFDV��SRUTXH�DTXt�OD�
OX]�QR�WLHQH�XQD�YHORFLGDG�GH�SURSDJDFLyQ�ILMD�UHVSHFWR�GHO�PHGLR���

E��'HPXHVWUD�TXH�SDUD�YHORFLGDGHV�PX\�SHTXHxDV�FRPSDUDGDV�FRQ�OD�YHORFLGDG�GH�
OD�OX]�� �E � ��VH�REWLHQH�

� UHO
�

v cO
O
'� �� ����

GRQGH� �O O O'  � �HV�OD�GLIHUHQFLD�HQWUH�OD�ORQJLWXG�GH�RQGD�GHWHFWDGDߣ����\�OD�RULJLQDO�
HPLWLGD�SRU�OD�HVWUHOODߣ����

�$\XGD��SDUD�YDORUHV�SHTXHxRV�GH�x�HV�YiOLGD�OD�DSUR[LPDFLyQ�� � �
�

x
x

�
�

� ���



����
 
 

/D� ILJXUD���PXHVWUD�XQD�SHTXHxD�SDUWH�GHO� HVSHFWUR�GH� XQD�HVWUHOOD� �FXUYD�RVFXUD��
FX\D�FRPSRVLFLyQ�TXtPLFD�HV�VLPLODU�D�OD�GHO�6RO��FXUYD�FODUD����

F��'HWHUPLQD�OD�YHORFLGDG�� UHOv ��GH�HVD�HVWUHOOD��¢6H�DFHUFD�R�VH�DOHMD�GH�QRVRWURV"�

�
/D� ILJXUD� �� PXHVWUD� XQD� OtQHD� HVSHFWUDO� GH� XQD� ]RQD� GHO� HVSHFWUR� GH� OD� HVWUHOOD�
OODPDGD� ���6FRUSLL�� (VWD� HVWUHOOD� JLUD� HQ� WRUQR� D� Vt� PLVPD� FRQ� XQD� YHORFLGDG� GH�
URWDFLyQ� HOHYDGD�� OR� TXH� SURYRFD� TXH� OD� OtQHD� HVSHFWUDO� \D� QR� FRUUHVSRQGD� D� XQD�
ORQJLWXG�GH�RQGD�~QLFD��VLQR�TXH�DSDUHFH�HQVDQFKDGD��FXUYD�VXSHULRU�HQ�OD�ILJXUD���

G��¢3RGUtDV�UD]RQDU�SRU�TXp�RFXUUH�HVWR"�
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/RQJLWXG�GH�RQGD��QP�
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H��6XSRQLHQGR�TXH�HO�HMH�GH�URWDFLyQ�GH�HVWD�HVWUHOOD�VHD�SHUSHQGLFXODU�D�OD�UHFWD�TXH�
XQH�OD�HVWUHOOD�FRQ�OD�7LHUUD��HVWLPD�HO�SHULRGR�GH�URWDFLyQ�GH�OD�HVWUHOOD�VDELHQGR�TXH�
WLHQH�XQ�UDGLR�GH� 6RO���R ���7HQ�HQ�FXHQWD�OD�HFXDFLyQ���\�OD�LQIRUPDFLyQ�TXH�QHFHVLWHV�
GH�OD�ILJXUD�����'DWR�� �

6RO ���� �� �NPR  u .�
9HDPRV�XQD�SRVLEOH�PDQHUD�GH�GHWHUPLQDU�
GLVWDQFLDV� D� HVWUHOODV� GH� OD� 9tD� /iFWHD� D�
SDUWLU� GH� OD� YHORFLGDG� UHODWLYD� PHGLGD� SRU�
HIHFWR�'RSSOHU��(O� HVTXHPD�GH� OD�GHUHFKD�
PXHVWUD� DO� 6RO� URWDQGR� D� GLVWDQFLD� 62/r �
UHVSHFWR� DO� FHQWUR� JDOiFWLFR� FRQ� YHORFLGDG�
RUELWDO� 62/v �� \� D� XQD� HVWUHOOD� URWDQGR�
WDPELpQ�DOUHGHGRU�GHO� FHQWUR�GH� OD� JDOD[LD�
FRQ� YHORFLGDG� RUEv �� 6DEHPRV� TXH� HVWD�
YHORFLGDG� RUELWDO� HV� DSUR[LPDGDPHQWH�
FRQVWDQWH�SDUD�EXHQD�SDUWH�GH�ODV�HVWUHOODV�
GH�QXHVWUD�JDOD[LD�� RUE 62/ ����NP�Vv v|  ��

3RU�WULJRQRPHWUtD��VH�SXHGH�REWHQHU�TXH��

� 62/UHO
� �62/ 62/ 62/
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(Q�OD�ILJXUD���VH�KD�UHSUHVHQWDGR�OD�H[SUHVLyQ�DQWHULRU�HQ�IXQFLyQ�GH� E �SDUD�GLVWLQWRV�
YDORUHV�GH�OD�GLVWDQFLD��d��D�OD�HVWUHOOD��FRQ�d�GHVGH���D����NSF�HQ�LQWHUYDORV�GH���NSF���
\�WRPDQGR�OD�GLVWDQFLD�GHO�6RO�DO�FHQWUR�JDOiFWLFR� 62/ ��NSFr  ��

�
&RQVLGHUDPRV� OD� HVWUHOOD� FX\D� YHORFLGDG� UHODWLYD� UHVSHFWR� D� QRVRWURV�� UHOv �� IXH�
FDOFXODGD� HQ� HO� DSDUWDGR� F�� �/D� YHORFLGDG� GH� OD� 7LHUUD� UHVSHFWR� GHO� 6RO� HV�
GHVSUHFLDEOH��� 3DUD� GLFKD� HVWUHOOD� KHPRV� GHWHUPLQDGR� H[SHULPHQWDOPHQWH� TXH�

����E  �FRQ�HUURU�GHVSUHFLDEOH�\�TXH�HO�HUURU�GHO�FRFLHQWH� UHO 62/�v v �HV� ����r ��
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I��2EWpQ�JUiILFDPHQWH��D�SDUWLU�GH�OD�ILJXUD���� OD�GLVWDQFLD�d�D�OD�HVWUHOOD��HQ�NSF��FRQ�
XQD�HVWLPDFLyQ�GH�VX�HUURU�� �(O� VtPEROR� NSF�VLJQLILFD� NLOR�SDUVHF��(V�XQD�XQLGDG�GH�
GLVWDQFLD�HQ�DVWURQRPtD�TXH�HTXLYDOH�D������DxRV�OX]���

J��3DUD�RWUDV�HVWUHOODV��¢SDUD�TXp�iQJXORVߚ��GH�REVHUYDFLyQ�QR�SRGUHPRV�GHWHUPLQDU�
OD�GLVWDQFLD�SRU�HVWH�PpWRGR"� �

�

5HVROXFLyQ�

D��/DV�WUDQVLFLRQHV�SRVLEOHV�VRQ��GHO�QLYHO���DO����GHO���DO���\�GHO���DO����&DOFXODPRV�ODV�
HQHUJtDV�QHFHVDULDV�SDUD�FDGD�WUDQVLFLyQ��
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�� SRGHPRV� FDOFXODU� ODV� ORQJLWXGHV� GH� RQGD� GH� OD�

UDGLDFLyQ�QHFHVDULD�SDUD�SURGXFLU�HVDV�WUDQVLFLRQHV��

� � ������QPO o  ��� � � ������QPO o  ���\��� � � ����QPO o  ��

E��6L� �E � �SRGHPRV�KDFHU�OD�DSUR[LPDFLyQ�
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F��(Q�OD�ILJXUD�SRGHPRV�PHGLU�OD�GLIHUHQFLD�GH�ODV�ORQJLWXGHV�GH�RQGD�GHWHFWDGDV��TXH�
HV�DSUR[LPDGDPHQWH� �����QPO'  ��$Vt��OD�YHORFLGDG�UHODWLYD�UHVXOWD�

�
UHO

���� ��� �� �����NP�V
���

v c c�  u  ��

/D�ORQJLWXG�GH�RQGD�VH�KD�GHVSOD]DGR�KDFLD�YDORUHV�PD\RUHV��SRU�WDQWR��OD�HVWUHOOD�VH�
DOHMD�GH�QRVRWURV��

G��&RPR� OD�HVWUHOOD�JLUD�VREUH�Vt�PLVPD��GHVGH�QXHVWUD�SRVLFLyQ�YHPRV�XQR�GH�VXV�
ODGRV�PRYLpQGRVH�KDFLD�QRVRWURV��PLHQWUDV�TXH�HO�ODGR�FRQWUDULR�VH�DOHMD�GH�QRVRWURV��
3RU�HVR��OD�OX]�HPLWLGD�SRU�XQ�ODGR�VH�GHVSOD]D�KDFLD�HO�D]XO�\�OD�OX]�GHO�RWUR�ODGR�VH�
GHVSOD]D�KDFLD�HO�URMR��(VWR�SURGXFH�XQ�HQVDQFKDPLHQWR�GH�OD�OX]�TXH�QRV�OOHJD��TXH�
\D�QR�HV�XQD�ORQJLWXG�GH�RQGD�SXUD��

H��(Q� OD� ILJXUD�SRGHPRV�REVHUYDU�TXH� OD� ORQJLWXG�GH�RQGD�TXH�HPLWH� OD�HVWUHOOD�\� OD�
DQFKXUD�GH�OD�OtQHD�VRQ�DSUR[LPDGDPHQWH�
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(VWD�DQFKXUD�FRUUHVSRQGH�D�XQD�YHORFLGDG�UHODWLYD�
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3HUR�HVD�YHORFLGDG�UHODWLYD�GHEH�VHU�HO�GREOH�GH�OD�YHORFLGDG�OLQHDO�GH�URWDFLyQ�GH�OD�
HVWUHOOD�VREUH�Vt�PLVPD��
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GRQGH�HO�SHULRGR�GH�URWDFLyQ�HV�T�\�HO�UDGLR�HV� 6RO���R R ��$Vt��
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I��/D�GLVWDQFLD�SHGLGD��d��HQWUH�OD�HVWUHOOD�\�QRVRWURV�HV�OyJLFDPHQWH�OD�GLVWDQFLD�HQWUH�
OD�HVWUHOOD�\�HO�6RO��SXHV�QRVRWURV�HVWDPRV�HQ�HO�6LVWHPD�6RODU�HQ�XQD�HVFDOD�PXFKR�
PHQRU�TXH�OD�GH�GLVWDQFLDV�HQWUH�HVWUHOODV��

6HJ~Q�OD�YHORFLGDG�UHODWLYD�REWHQLGD�HQ�HO�DSDUWDGR�F�� UHO �����NP�Vv  ��\�OD�YHORFLGDG�
RUELWDO�GHO�6RO�HQ�OD�JDOD[LD�� 62/ ����NP�Vv  ��HO�FRFLHQWH�HV�

UHO

62/
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v
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(O� HQXQFLDGR� GLFH� TXH� GHWHFWDPRV� HO� FRFLHQWH� FRQ� XQ� HUURU� GH� ����r �� (QWRQFHV�
OHHPRV�HQ�OD�JUiILFD�YDORUHV�HQ�HO�HMH�<�GHVGH������D�������SDUD�HO�FRUWH�FRQ�HO�HMH�;�
HQ� ����E  ��$Vt��REWHQHPRV�

� ���NSFd r� ��

J��3DUD� ���E � �\� ����E ! �YHPRV�TXH�KD\�SDUHMDV�GH�FXUYDV�TXH�VH�FUX]DQ��OR�TXH�
VLJQLILFD� TXH�HQFRQWUDUtDPRV�GRV� SRVLEOHV� VROXFLRQHV��'HVFDUWDPRV�HVWDV� UHJLRQHV��
3RU�RWUR�ODGR��SDUD� ����E  �OD�YHORFLGDG�UHODWLYD�HV���\�WDPSRFR�QRV�VLUYH�HVH�SXQWR��
(Q� GHILQLWLYD�� HO�PpWRGR� SXHGH� XWLOL]DUVH� HQ� HO� LQWHUYDOR� GH� iQJXORV� >���� ���� @E � �
H[FHSWXDQGR� ����E  ��
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��������33RRSSXXUUUUtt����
&DOFXOD�WRGR�OR�VLJXLHQWH��

D��(O�SHULRGR�GH�XQ�SpQGXOR�GH���P�GH�ODUJR��

E��/D�FRUULHQWH�HQ�XQ�FLUFXLWR�FRQ�XQD�UHVLVWHQFLD�GH� ���: �DOLPHQWDGR�FRQ�XQD�SLOD�GH�
��9��

F��(O�HPSXMH�GHO�DJXD�VREUH�XQD�URFD�VXPHUJLGD�GH���P���

G��/D�HQHUJtD�QHFHVDULD�SDUD�FDOHQWDU���/�GH�DJXD�GH����D�����&��

H��/D�HQHUJtD�SRWHQFLDO�GH�XQ�FRFKH�GH�����NJ�HQ�XQ�SXHUWR�D������P�GH�DOWXUD��

I��/D�FRQVWDQWH�GH�XQ�PXHOOH�TXH�VH�HVWLUD����FP�FXDQGR�OH�FROJDPRV�XQD�PDVD�GH�
����J��

J��/D�YHORFLGDG�GH�SURSDJDFLyQ�GH�OD�RQGD� �FRV�� � �t x ��FRQ�ODV�XQLGDGHV�HQ�HO�6,��

K�� /D� IXHU]D� GH� /RUHQW]� VREUH� XQD� FDUJD� GH� ����� &� TXH� VH� PXHYH� D� ���� P�V�
SHUSHQGLFXODUPHQWH�D�XQ�FDPSR�GH������7��

L��(O�SHUtRGR�RUELWDO��HQ�KRUDV��GH�OD�(VWDFLyQ�(VSDFLDO�,QWHUQDFLRQDO��TXH�HVWi�D�����
NP�GH�DOWXUD�VREUH�OD�7LHUUD��

M��/RV�GHFLEHOLRV�GH�XQ�VRQLGR�GH������:�D���P�GH�GLVWDQFLD��

'DWRV�� GHQVLGDG� GHO�DJXD� � ������NJ�P��� FDORU�HVSHFtILFR�GHO� DJXD� � �����-�NJ� �&���
�� � ����� �� �1 P �NJG � u � ��PDVD�GH�OD�7LHUUD� ��

7 ���� �� �NJM  u ��UDGLR�GH� OD�7LHUUD�
7 �����NPR  �� � �� �

� �� �:�PI ��
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5HVROXFLyQ�

D��3HULRGR�GHO�SpQGXOR�� S  � � � ����VT g ��

E��&RUULHQWH��    � � � �� �����$I V R ��

F��(PSXMH�GHO�DJXD�� �
DJXD DJXD DJXD �� � ��� �����1E P m g V gU    � �  ��
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H��(QHUJtD�SRWHQFLDO�� ���� ��� ���� ���� �� �-pE mgh  � �  u ��

I��&RQVWDQWH�GH�XQ�PXHOOH��   ' o  �  ��� ��� � ��� ���1�PF mg k L k ��

J��9HORFLGDG�GH�OD�RQGD��Z � �  o   � ���V � ��P � � � ��P�Vk v ��

K��)XHU]D�GH�/RUHQW]��   � �  ���� ��� ���� �����1F qvB ��

L��3HUtRGR�RUELWDO�� �
7 7� � � � ����KT R h GMS �  ��

M��'HFLEHOLRV�� � �S� �  �  �� � ����ORJ� � �� � ��ORJ ����� � � � � � �� ���G%L I ��
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��������11DDYYHHJJDDFFLLyyQQ��DD��EERRUUGGRR��GGHH��PPLL��YYXXHHOORR��
(Q�XQ�YXHOR�WUDQVDWOiQWLFR�GH�(VSDxD�D�6XGDPpULFD�VH�WRPy�OD�VLJXLHQWH�IRWRJUDItD�GH�
OD�SDQWDOOD�GH�HQWUHWHQLPLHQWR�FRQ�OD�LQIRUPDFLyQ�GHO�YXHOR��(Q�HVH�PRPHQWR�HO�DYLyQ�
HVWDED�OOHJDQGR�D�3RUWXJDO�\�KDEtD�UHFRUULGR�XQRV�����NP�GHVGH�HO�GHVSHJXH���

�

D��2EWpQ�GH�ORV�GDWRV�GH�OD�SDQWDOOD�FXiQWR�YDOHQ�ORV�IDFWRUHV�GH�FRQYHUVLyQ�HQWUH��
PHWURV�\�SLHV��feet���
PLOODV�\�NP��
NP�K�\�QXGRV��knots���

(O�SDVDMHUR�IXH�DQRWDQGR�FDGD����V�OD�YHORFLGDG�\�OD�DOWLWXG�TXH�LQGLFDED�HO�PRQLWRU�GH�
YXHOR��\�UHSUHVHQWy�ORV�YDORUHV�HQ�ODV�GRV�JUiILFDV�VLJXLHQWHV��/RV�WLHPSRV�HQ�HO�HMH�;�
HVWiQ�FRQWDGRV�D�SDUWLU�GHO�LQVWDQWH�HQ�TXH�HO�SDVDMHUR�HPSH]y�HO�UHJLVWUR�GH�GDWRV��
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�
E�� ¢&XiO� HV� OD� DOWLWXG� GH� FUXFHUR� \� OD� YHORFLGDG� GH� FUXFHUR� GHO� DYLyQ"� ¢4Xp�
MXVWLILFDFLyQ�GDV�DO�FRPSRUWDPLHQWR�GH�OD�YHORFLGDG�HQ�ORV�LQVWDQWHV�����V�\�����V"�

F�� ¢&XiO� HV� OD� DFHOHUDFLyQ� PHGLD� GHO� DYLyQ� GXUDQWH� ORV� ���� SULPHURV� PLQXWRV� GHO�
UHJLVWUR�GH�GDWRV"�

G�� 5HDOL]D� XQD� UHSUHVHQWDFLyQ� JUiILFD� DSUR[LPDGD� GH� OD� DFHOHUDFLyQ� HQ� IXQFLyQ� GHO�
WLHPSR��GXUDQWH�HO� LQWHUYDOR�UHJLVWUDGR���$\XGD��GLYLGH� OD�JUiILFD�HQ�FXDWUR�WUDPRV�GH�
DFHOHUDFLyQ�DSUR[LPDGDPHQWH�FRQVWDQWH��� ��

H��(VWLPD� OD�GLVWDQFLD� UHFRUULGD�SRU�HO�DYLyQ�PLHQWUDV�HO�SDVDMHUR�HVWXYR�UHJLVWUDQGR�
GDWRV��

I��2EWpQ�OD�FRPSRQHQWH�YHUWLFDO�� \v ��GH�OD�YHORFLGDG��

J�� ¢&XiQWR� WLHPSR� SDVy� GHVGH� TXH� HO� SDVDMHUR� WRPy� OD� IRWR� KDVWD� TXH� HPSH]y� D�
UHJLVWUDU�GDWRV"�

K��¢(V�SRVLEOH�TXH� WDQWR� OD�DVFHQVLyQ�FRPR�HO� GHVSOD]DPLHQWR�KRUL]RQWDO� VH�KD\DQ�
UHDOL]DGR�VLHPSUH�DO�PLVPR�ULWPR�GHVGH�TXH�HO�DYLyQ�GHVSHJy"�+D]�ORV�FiOFXORV�TXH�
QHFHVLWHV�SDUD�MXVWLILFDU�OD�UHVSXHVWD��

L�� 5HSUHVHQWD� DSUR[LPDGDPHQWH� OD� IRUPD� GH� OD� WUD\HFWRULD� GHO� DYLyQ�� GHVGH� XQRV�
SRFRV�NLOyPHWURV�GHVSXpV�GHO�GHVSHJXH��HQ�VX�DVFHQVR�KDVWD�OD�DOWLWXG�GH�FUXFHUR��
�

5HVROXFLyQ� �

D��(Q�OD�IRWR�GH�OD�SDQWDOOD�OHHPRV�����QXGRV������NP�K�\�����PSK��PSK�HV�PLOODV�SRU�
KRUD��SDUD�OD�YHORFLGDG�GHO�DYLyQ��\��������SLHV�\������P�SDUD�OD�DOWXUD��(QWRQFHV��
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��P� ������SLHV�����QXGR� ������NP�K�����PSK� ������NP�K��

E��&RQ�OD�LQIRUPDFLyQ�GHO�SUREOHPD�\�GH�ODV�JUiILFDV�VH�HQWLHQGH�TXH�HO�DYLyQ��WUDV�VX�
GHVSHJXH�HQ�0DGULG��KD�DOFDQ]DGR�VX�DOWLWXG�Pi[LPD�HQ�3RUWXJDO� \�TXH�PDQWHQGUi�
DSUR[LPDGDPHQWH�HVD�DOWLWXG�GH�FUXFHUR�PLHQWUDV�FUX]D�HO�RFpDQR�$WOiQWLFR��(V�GHFLU��
HO�YDORU�GH�DOWLWXG�FRQVWDQWH�D�SDUWLU�GH�ORV�����V�HQ�OD�JUiILFD�LQGLFD�SUHFLVDPHQWH�OD�
DOWLWXG� GH� FUXFHUR�� TXH� HV� GH� XQRV� ��� ���� P� �XQRV� ��� ���� SLHV��� /D� YHORFLGDG� GH�
FUXFHUR�GHO�DYLyQ�HV�GH�XQRV�����NP�K������PSK���

/DV�SHTXHxDV� IOXFWXDFLRQHV� �GH�XQRV��� NP�K��TXH�VH�DSUHFLDQ� HQ� WRUQR� DO� YDORU�GH�
FUXFHUR� SRGUtDQ� VHU� GHELGDV� D� ODV� SHUWXUEDFLRQHV� DWPRVIpULFDV� R� WXUEXOHQFLDV�� TXH�
LPSLGHQ�TXH�OD�YHORFLGDG�VHD�������XQLIRUPH����

F�� /D� YDULDFLyQ� GH� OD� YHORFLGDG� HQ� ORV� ���� SULPHURV� PLQXWRV� HV� DSUR[LPDGDPHQWH�
OLQHDO�� HV� GHFLU�� HO� PRYLPLHQWR� HV� XQLIRUPHPHQWH� DFHOHUDGR�� (O� DYLyQ� SDVD� GH� ����
NP�K�D�����NP�K�HQ�����V��3RU�WDQWR��OD�DFHOHUDFLyQ�HV�

�
   � ���� ��� NP�K� �����P�V ����NP�K

��� V
a ��

G��/RV�FXDWUR�WUDPRV�GH�DFHOHUDFLyQ�DSUR[LPDGDPHQWH�FRQVWDQWH�VRQ��

L��(QWUH���\�����V��DXPHQWR�GH�YHORFLGDG�GH�����D�����NP�K��

 �����NP�Ka ��

LL��(QWUH�����\�����V��YHORFLGDG�FRQVWDQWH�GH�����NP�K o  �a ��

LLL��(QWUH�����\�����V��GLVPLQXFLyQ�GH�YHORFLGDG�GH�����D�����NP�K��

 � �����NP�Ka ��

LY��(QWUH�����\�����V��YHORFLGDG�FRQVWDQWH�GH�����NP�K o  �a ��

�
H��&RQVLGHUDPRV�ORV�FXDWUR�WUDPRV�GH�DFHOHUDFLyQ�FRQVWDQWH�GHO�DSDUWDGR�DQWHULRU��\�
FDOFXODPRV� FDGD� XQD� GH� ODV� GLVWDQFLDV� UHFRUULGDV� HQ� FDGD� WUDPR� FRQ� OD� H[SUHVLyQ�
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/D�GLVWDQFLD�WRWDO�HV�OD�VXPD�GH�ODV�FXDWUR�DQWHULRUHV��  ����NPd ��

7DPELpQ�SRGHPRV�UHVROYHU�HO�SUREOHPD�VDELHQGR�TXH�OD�GLVWDQFLD�UHFRUULGD�HQWUH�ORV�
WLHPSRV���\�T HV�DO�iUHD�EDMR�OD�FXUYD�GH�OD�YHORFLGDG�HQ�IXQFLyQ�GHO�WLHPSR��

 ³� � �
T

d v t dt ��

3RGHPRV�UHVROYHU�HVD�LQWHJUDO�GH�IRUPD�DSUR[LPDGD�FRPR�OD�VXPD�GLVFUHWD�GH�WRGRV�
ORV� FXDGUDGLWRV� GH� OD� JUiILFD� EDMR� OD� FXUYD� GH� OD� YHORFLGDG�� (O� Q~PHUR� WRWDO� GH�
FXDGUDGLWRV� HV� ������� 'H� DFXHUGR� D� OD� HVFDOD� GH� OD� JUiILFD�� HO� iUHD� GH� FDGD�
FXDGUDGLWR�HV� u  ���V ��NP�K ��� � ������NP ��3RU�WDQWR��OD�GLVWDQFLD�WRWDO�UHFRUULGD�HV�

����� �� � ���� ����NP�  ��

(Q�ORV�DSDUWDGRV�DQWHULRUHV�HVWDPRV�FRQVLGHUDQGR�TXH� |[v v ��SXHV� �\ [v v ��

I��/RV�YHORFLGDG�HQ�HO�HMH�<�VH�SXHGH�REWHQHU�GH�OD�JUiILFD�GH�OD�DOWLWXG�HQ�IXQFLyQ�GHO�
WLHPSR��(Q�SULPHUD�DSUR[LPDFLyQ��SRGHPRV�VXSRQHU�XQ�FUHFLPLHQWR�OLQHDO�GH�OD�DOWXUD�
�YHORFLGDG�YHUWLFDO�FRQVWDQWH��KDVWD�ORV�����V��(O�DYLyQ�KD�DVFHQGLGR�GHVGH�ORV������
KDVWD� ORV� ����� P� HQ� HVH� LQWHUYDOR� GH� WLHPSR�� 3RU� WDQWR�� OD� YHORFLGDG� YHUWLFDO� HV��
DSUR[LPDGDPHQWH��

 \ �����P�Vv ��

$�SDUWLU�GH�ORV�����V��OD�YHORFLGDG�GH�DVFHQVLyQ�HV�QXOD�SRUTXH�OD�DOWLWXG�VH�PDQWLHQH�
FRQVWDQWH��DOWLWXG�GH�FUXFHUR�GH�XQRV��������P���

J��(Q�HO�PRPHQWR�GH� OD� IRWR� OD�DOWLWXG�HV������P��SHUR� ORV�GDWRV�HPSLH]DQ�FRQ�XQD�
DOWLWXG� GH� ����� P�� &RPR� OD� YHORFLGDG� GH� DVFHQVR� HUD� GH� ����� P�V�� HO� WLHPSR�
WUDQVFXUULGR�GHVGH�OD�IRWR�DO�UHJLVWUR�GHO�SULPHU�GDWR�HV�

�  � ' o '  |���� ���� ���� ����V ����PLQt t ��

$� OD�PLVPD�FRQFOXVLyQ� OOHJDPRV�VL�FRPSDUDPRV� ORV�YDORUHV�GH�YHORFLGDG������NP�K�
HQ� OD� IRWR� \� ���� NP�K� HQ� HO� LQLFLR�� 6DELHQGR� GH� DQWHV� TXH� OD� DFHOHUDFLyQ� YDOH�

�����NP�K ��REWHQHPRV�

�  � ' o '  |��� ��� ��� ������K ����PLQt t ��

K��(Q�HO�PRPHQWR�GH�OD�IRWR�HO�DYLyQ�HVWi�FHUFD�GH�3RUWXJDO��D�XQRV�����NP�GHO�SXQWR�
GH� GHVSHJXH�� &RQ� OD� DFHOHUDFLyQ� GH� �����NP�K � GHEHUtD� KDEHU� VDOLGR� GH� 0DGULG�
DSUR[LPDGDPHQWH���KRUD�DQWHV��

 � � o |����� ��� ��K
�

t t ��
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3HUR�HQWRQFHV�OD�YHORFLGDG�GHO�DYLyQ��WUDV�HVH�WLHPSR��VHUtD��

 � o | ���� ����NP�K ����NP�Kv t v ��

TXH�HV�EDVWDQWH�PHQRU�TXH�ORV�����NP�K�TXH�OOHYD�HO�DYLyQ�HQ�HO�PRPHQWR�GH�OD�IRWR��
'H�KHFKR��TXLHQ�KD\D�YRODGR�HQ�DYLyQ�GHVGH�0DGULG�KDFLD�HO�$WOiQWLFR�VDEUi�TXH���K�
HV� GHPDVLDGR� WLHPSR� SDUD� OOHJDU� D� OD� IURQWHUD� GH� 3RUWXJDO�� (Q� FRQFOXVLyQ�� HO�
PRYLPLHQWR�QR�KD�VLGR�XQLIRUPHPHQWH�DFHOHUDGR� \� OD�DFHOHUDFLyQ�KD�VLGR�PD\RU�HQ�
ORV�SULPHURV�NLOyPHWURV���

3RGHPRV�HVWLPDU�XQD�DFHOHUDFLyQ�PHGLD�GHVGH�HO�GHVSHJXH�KDVWD�HO� LQVWDQWH�DFWXDO�
LPSRQLHQGR� ODV� GRV� FRQGLFLRQHV� GH� FRQWRUQR� FRQRFLGDV� �GLVWDQFLD� UHFRUULGD� \�
YHORFLGDG� DFWXDO��� 7DPELpQ� SRGHPRV� HVWLPDU� DVt� HO� WLHPSR� DSUR[LPDGR� GHVGH� HO�
GHVSHJXH��

   ° °o® ®
  °̄°  ¯

� ����� �����NP�K
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������K �����PLQ���

a t a
ta t

���

&RQ� HVWD� HVWLPDFLyQ� SDUD� HO� WLHPSR� \� XWLOL]DQGR� OD� YHORFLGDG� GH� DVFHQVR��
 \ �����P�Vv ��OD�DOWLWXG�GHO�DYLyQ�GHEHUtD�VHU�

\ ���� ������ ����� �����Ph v t  � �  ��

TXH� HV� SUiFWLFDPHQWH� OD� PLVPD� TXH� VH� YH� HQ� OD� IRWR� ������P��� 3DUHFH�� SRU� WDQWR��
UD]RQDEOH�VXSRQHU�TXH�HO�ULWPR�GH�OD�DVFHQVLyQ�Vt�KD�VLGR�DSUR[LPDGDPHQWH�XQLIRUPH�
D�OD�YHORFLGDG�  \ �����P�Vv ��

L��(O�PRYLPLHQWR�YHUWLFDO�HV�XQLIRUPH��(O�PRYLPLHQWR�KRUL]RQWDO�HV�DFHOHUDGR��\�FRPR�
DSUR[LPDFLyQ� VXSRQHPRV� TXH� HV� XQLIRUPHPHQWH� DFHOHUDGR� FRQ� DFHOHUDFLyQ�

|   � �
[ �����NP�K ����P�Va a ��/D�WUD\HFWRULD�YHQGUi�GHVFULWD�DSUR[LPDGDPHQWH�SRU�

ODV�VLJXLHQWHV�HFXDFLRQHV���
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x t
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5HSUHVHQWDPRV� OD� WUD\HFWRULD�� ����y x �� VLQ� FRQWDU� ORV� SULPHURV�PLQXWRV� WUDV� HO�
GHVSHJXH� �FXDQGR� OD� WUD\HFWRULD�GHO� DYLyQ�HV�PiV� LQFOLQDGD� \� OOHYD�XQD�DFHOHUDFLyQ�
PX\�JUDQGH��SRU�OR�TXH�QR�VHUiQ�YiOLGDV�ODV�DSUR[LPDFLRQHV�KHFKDV���
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��������//DD��IIXXHHUU]]DD��GGHH��XXQQ��FFKKRRUUUURR��GGHH��DDJJXXDD����
'H�XQD�PDQJXHUD�GH�iUHD�WUDQVYHUVDO�A�VDOH�XQD�FRUULHQWH�GH�DJXD�GH�GHQVLGDG� U �\�
YHORFLGDG�v�TXH�LQFLGH�FRQWUD�XQD�SDUHG�SHUSHQGLFXODU�DO�FKRUUR��7UDV�JROSHDU�OD�SDUHG�
HO� DJXD� IOX\H� KDFLD� ORV� ODGRV� D� OR� ODUJR� GH� OD� SDUHG��'HVSUHFLDPRV� HO� HIHFWR� GH� OD�
JUDYHGDG��

D��&DOFXOD�OD�IXHU]D�TXH�VXIUH�OD�SDUHG�HQ�IXQFLyQ�GH�A�� U �\�v���

E��([SUHVD�OD�IXHU]D�HQ�IXQFLyQ�GHO�FDXGDO�Q�� U �\�v���(O�FDXGDO�HV�HO�
YROXPHQ�SRU�XQLGDG�GH�WLHPSR���

F��&DOFXOD�OD�SUHVLyQ�VREUH�OD�SDUHG�HQ�IXQFLyQ�GH� �\�v���

�

�

�

�

�

6L�QR� ORJUDV� UHDOL]DU� ORV�FiOFXORV�SDUD�REWHQHU�GH� IRUPD�H[DFWD� ODV�
H[SUHVLRQHV� DQWHULRUHV�� SXHGHV� KDFHU� XQ� DQiOLVLV� GLPHQVLRQDO� \�
REWHQHU� DO� PHQRV� FyPR� GHSHQGH� OD� IXHU]D� GH� ODV� YDULDEOHV�
LQGLFDGDV��$Vt�SRGUiV�FRQWLQXDU�FRQ�OD�VLJXLHQWH�SDUWH���

(O� ³FRUWH� SRU� FKRUUR� GH� DJXD´� HV� XQD� WpFQLFD� LQGXVWULDO� TXH� XWLOL]D� XQD� ERPED� GH�
XOWUDSUHVLyQ�SDUD�ODQ]DU�FRQWUD�XQ�PDWHULDO�XQ�FKRUUR�GH�DJXD�PX\�ILQR��$QWHV�GH�VDOLU��
HO� DJXD� VH� PH]FOD� FRQ� DUHQD� DEUDVLYD�� &XDQGR� HO� FKRUUR� LPSDFWD� D� DOWtVLPDV�
YHORFLGDGHV��HO�UHVXOWDGR�HV�HO�FRUWH�GHO�PDWHULDO���

&RQVLGHUD�TXH�OD�PiTXLQD�H[SXOVD�HO�DJXD�SRU�XQD�ERTXLOOD�GH�����PP�GH�GLiPHWUR��\�
TXH�HO�FKRUUR�VDOH�D������P�V��'DWR��GHQVLGDG�GHO�DJXD� ������NJ�P���&DOFXOD��

G��(O�FDXGDO�GH�VDOLGD�HQ�P��V�\�HQ�OLWURV�V��

H��/D�IXHU]D�GHO�DJXD�VREUH�HO�PDWHULDO��

I��/D�SUHVLyQ�GHO�DJXD�VREUH�HO�PDWHULDO��

�

5HVROXFLyQ� �

D��3RU�OD����OH\�GH�1HZWRQ��
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E��(O�FDXGDO�HV�YROXPHQ�SRU�XQLGDG�GH�WLHPSR�\��SRU�WDQWR��HV�LJXDO�D�OD�VHFFLyQ�SRU�OD�
YHORFLGDG��
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(QWRQFHV��OD�IXHU]D�WDPELpQ�SXHGH�H[SUHVDUVH�FRPR�

U

v



����
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F��/D�SUHVLyQ�VREUH�OD�SDUHG�HV�OD�IXHU]D�SRU�XQLGDG�GH�VXSHUILFLH��

U U   
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�F A vP v
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��

G��(O�FDXGDO�GH�VDOLGD�SDUD�ORV�GDWRV�GHO�SUREOHPD�HV�

S S � �   � � �  �  � � � � �� � ���� � � �� � ���� � �� �P �V ����OLWURV�VQ Av r v ��

H��<�OD�IXHU]D�GHO�DJXD�VREUH�HO�PDWHULDO�HV�

U �  � � �  �� �� ���� ���� ����1F Q v ��

�(VWD�IXHU]D�HV�HTXLYDOHQWH�DO�SHVR�GH�XQD�SHUVRQD�GH�XQRV����NJ��SHUR�DSOLFDGD�HQ�
XQD�VXSHUILFLH�GHO�PDWHULDO�GH�VyOR�����PP�GH�GLiPHWUR����

I��/D�SUHVLyQ�GHO�DJXD�VREUH�HO�PDWHULDO�HV�

U  �   � � ����� ���� �� �3D ��*3DP v ��

�(VWD�SUHVLyQ�HV�FDVL�GLH]�PLO�YHFHV�OD�SUHVLyQ�DWPRVIpULFD���
�

6DEHU�PiV� �

/DV� KLGUROLPSLDGRUDV� WDPELpQ� XWLOL]DQ� XQ� FKRUUR� GH� DJXD� SDUD� OD� OLPSLH]D� GH�
VXSHUILFLHV��(Q�HVWH�FDVR�ODV�YHORFLGDGHV�GH�VDOLGD�SXHGHQ�OOHJDU�KDVWD�ORV�����P�V��
OR�TXH�VXSRQH�SUHVLRQHV�VREUH�OD�VXSHUILFLH�HTXLYDOHQWHV�D�FLHQ�YHFHV�OD�DWPRVIpULFD��

(O� jet water��hydroflight�R� flyboard�HV�XQ�GHSRUWH�DFXiWLFR�HQ�HO�TXH�XQD�SHUVRQD�VH�
PDQWLHQH�HQ�VXVSHQVLyQ�HQ�HO�DLUH�PRQWDGD�VREUH�XQD�WDEOD�GH� OD�TXH�VDOH�XQ�JUDQ�
FKRUUR�GH�DJXD�KDFLD�DEDMR��/D�YHORFLGDG�GH�VDOLGD�GHO�DJXD�SRU�OD�PDQJXHUD�HV�GH�
XQRV����P�V��\�OD�ERPED�H[SXOVD�XQ�FDXGDO�GH�DJXD�GH�XQRV�����OLWURV�V��$Vt�TXH�OD�
IXHU]D�GH�SURSXOVLyQ�SXHGH�FRPSHQVDU�HO�SHVR�GH�OD�SHUVRQD��
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��������((OO��DDQQLLOOOORR��FFDDUUJJDDGGRR����

8QD�SHTXHxD�EROD�GH�PDVD�m� \� FDUJD�q� HVWi� VXVSHQGLGD�SRU�PHGLR�GH�XQ�KLOR�GHO�
SXQWR�PiV�DOWR�GH�XQ�DQLOOR�PHWiOLFR�GH�UDGLR�R�TXH�VH�HQFXHQWUD�HQ�XQ�SODQR�YHUWLFDO��
(O�DQLOOR�HVWi�KHFKR�GH�XQ�DODPEUH�UtJLGR�GH�VHFFLyQ�GHVSUHFLDEOH��\�WLHQH�XQD�FDUJD�
Q��GHO�PLVPR�VLJQR�TXH�q��XQLIRUPHPHQWH�GLVWULEXLGD��(O�KLOR�HV�DLVODQWH� \�GH�PDVD�
GHVSUHFLDEOH��

2EWpQ�XQD�H[SUHVLyQ�SDUD�OD�ORQJLWXG�L�GHO�KLOR�HQ�IXQFLyQ�GH�Q��q��R��m��g�\� H� �GH�WDO�
PRGR� TXH� OD� SRVLFLyQ� GH� HTXLOLEULR� GH� OD� EROD� VH� HQFXHQWUH� HQ� HO� HMH� GH� VLPHWUtD�
SHUSHQGLFXODU�DO�SODQR�GHO�DQLOOR��

�+D]�XQ�GLEXMR�GRQGH�VH�YHDQ�FODUDPHQWH�ODV�IXHU]DV�DFWXDQWHV���

�
�

5HVROXFLyQ� �

&DGD�HOHPHQWR�LQILQLWHVLPDO�GHO�DQLOOR�HMHUFH�XQD�IXHU]D�VREUH�OD�FDUJD�q�LJXDO�D�
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3HUR� ODV�FRPSRQHQWHV�WUDQVYHUVDOHV��HQ�HO�SODQR�SDUDOHOR�DO�DQLOOR��GH�HVWDV�IXHU]DV�
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/D� YHORFLGDG� GHO� VRQLGR� HQ� ORV� JDVHV� GHSHQGH� GH� OD� SUHVLyQ� GHO� JDV�� P �� GH� VX�
GHQVLGDG�� U ��\�GHO�OODPDGR�FRHILFLHQWH�DGLDEiWLFR�GH�GLODWDFLyQ�� J ��
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/RV�YDORUHV�GH� U �\� J �SDUD�HO�DLUH��HO�KHOLR��+H��\�HO�KH[DIOXRUXUR�GH�D]XIUH��6)���VRQ�
�D�����&���
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DLUH ����NJ�PU  ��� �

+H �����NJ�PU  ���
�
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6) ����NJ�PU  �

DLUH ���J  ��� +H ���J  ���
�6) ���J  ���

&RQVLGHUDPRV�HQ�WRGRV�ORV�FDVRV�XQD�SUHVLyQ�GH���DWPyVIHUD��� | ��� �3D ���

D��&DOFXOD�OD�YHORFLGDG�GHO�VRQLGR�HQ�ORV�WUHV�PHGLRV��

9DPRV�D�FRQVLGHUDU�XQ�PRGHOR�VHQFLOOR�SDUD� OD� ODULQJH�VXSRQLHQGR�TXH�VH�FRPSRUWD�
FRPR� XQ� WXER� VRQRUR� FRQ� XQ� H[WUHPR� DELHUWR� \� RWUR� FHUUDGR�� 7RPD� HO� PRGR�
IXQGDPHQWDO�GH�YLEUDFLyQ��

E��¢&XiQWR�PLGH� OD� ODULQJH�GH�XQD�SHUVRQD�FX\D�YR]� WLHQH�XQ�HVSHFWUR�FHQWUDGR�HQ�
����+]"�

F��6L�DOPDFHQDPRV�JDV�+H�\�JDV�6)��HQ� ORV�SXOPRQHV�\�HPLWLPRV�VRQLGRV��¢FyPR�
VHUi� HO� WRQR� GH� QXHVWUD� YR]� �LJXDO�� PiV� JUDYH� R�PiV� DJXGR�� HQ� FRPSDUDFLyQ� FRQ�
QXHVWUR�WRQR�QRUPDO"�

�

5HVROXFLyQ�

D��&DOFXODPRV�ODV�WUHV�YHORFLGDGHV�GHO�VRQLGR�FRQ�ORV�GDWRV�SURSRUFLRQDGRV��
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E��&RPR�OD� ODULQJH�VH�FRPSRUWD�FRPR�XQ�WXER�VRQRUR�FRQ�XQ�H[WUHPR�DELHUWR�\�RWUR�
FHUUDGR�� FXDQGR� SDVD� HO� DLUH� LPSXOVDGR� SRU� ORV� SXOPRQHV� VH� SURGXFHQ� RQGDV�
HVWDFLRQDULDV� TXH� VDWLVIDFHQ� OD� FRQGLFLyQ� �� �� � �L n O � �� FRQ� ����� �����n  � (Q� HO�
PRGR�IXQGDPHQWDO�VyOR�VH�HPLWHQ�VRQLGRV�GH�IUHFXHQFLDV�TXH�FXPSOHQ�
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�/D�YHORFLGDG�GHO�DLUH�HQ�HO�PHGLR�GHWHUPLQD�OD�IUHFXHQFLD�HPLWLGD��SXHV�HV�OD�SUHVLyQ�
VRQRUD�OD�TXH�YLEUD�HQ�UHVRQDQFLD�GHQWUR�GHO�WXER���
F��5HVSHFWR�DO�DLUH�HO�VRQLGR�HV�PiV�DJXGR�HQ�HO�+H�\�PiV�JUDYH�HQ�HO�6)�����
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9DPRV�D� ODQ]DU� XQD�QDYH�GH�
PDVD� m� GHVGH� OD� VXSHUILFLH�
GH� OD� 7LHUUD� KDVWD� OD� /XQD��
'HVSUHFLDPRV�OD�YHORFLGDG�GH�
URWDFLyQ� GH� OD� 7LHUUD��
6XSRQHPRV� TXH� OD� /XQD� VH�
PDQWLHQH�ILMD�GXUDQWH�HO�YLDMH��

/ODPDPRV� d� D� OD� GLVWDQFLD�
7LHUUD�/XQD�� 7M �D�OD�PDVD�GH�
OD�7LHUUD�� /M �D�OD�PDVD�GH�OD�
/XQD�� 7R � DO� UDGLR� GH� OD�
7LHUUD�� \� /R � DO� UDGLR� GH� OD�
/XQD��

'DWRV��  7 /��M M ��  7 /���R R ��  7��d R �� ��
7 ���� �� �NJM  u �� 7 �����NPR  ��

 �������NPd �� �� � ����� �� �1 P �NJG � u � ��

D��&DOFXOD�HO�YDORU�GH�OD�YHORFLGDG�GH�HVFDSH�� Hv ��GH�OD�7LHUUD��

E��'HWHUPLQD�HO�SXQWR�3�HQ�OD�OtQHD�7LHUUD�/XQD�GRQGH�OD�IXHU]D�QHWD�VREUH�OD�QDYH�HV�
QXOD��LQGLFD�VX�GLVWDQFLD�GHVGH�OD�7LHUUD�UHVSHFWR�D�OD�GLVWDQFLD�WRWDO�7LHUUD�/XQD���

F��&DOFXOD�OD�YHORFLGDG�PtQLPD�� PLQv ���D�OD�TXH�VH�GHEH�ODQ]DU�OD�QDYH�SDUD�TXH�SXHGD�
OOHJDU�DO�SXQWR�3��([SUHVD� PLQv �HQ�IXQFLyQ�GH� Hv �\�FDOFXOD�WDPELpQ�VX�YDORU��

(Q�HO�SXQWR�3� OD�QDYH�HVWi�HQ�HTXLOLEULR� LQHVWDEOH��6L�VH�SHUWXUED� OR�PiV�PtQLPR�VX�
SRVLFLyQ�� HQWRQFHV� FDHUi� GH� QXHYR� KDFLD� OD� 7LHUUD� R� FDHUi� KDFLD� OD� /XQD��
6XSRQJDPRV�TXH�OD�SHUWXUEDFLyQ�KDFH�TXH�OD�QDYH�HPSLHFH�D�FDHU�KDFLD�OD�/XQD��

G��¢&XiO�HV�OD�YHORFLGDG� /v �GH�OD�QDYH�DO�OOHJDU�D�OD�VXSHUILFLH�GH�OD�/XQD"�

H�� +D]� XQD� HVWLPDFLyQ� GHO� WLHPSR� �HQ� KRUDV�� HPSOHDGR� SRU� OD� QDYH� HQ� OOHJDU� D� OD�
/XQD���$\XGD��DXQTXH�OD�DFHOHUDFLyQ�QR�HV�FRQVWDQWH��XWLOL]D� ODV�YHORFLGDGHV�PHGLDV�
HQ�ORV�GRV�WUDPRV�GHO�YLDMH�FRPR�VL�OD�DFHOHUDFLyQ�KXELHUD�VLGR�FRQVWDQWH���

I��9DORUD�KDVWD�TXp�SXQWR�HV�EXHQD�OD�DSUR[LPDFLyQ�GH�TXH�OD�/XQD�HVWi�ILMD�GXUDQWH�
HO�YLDMH��3DUD�HOOR��FDOFXOD�SULPHUR�HO�iQJXOR�TXH�VH�KD�PRYLGR�OD�/XQD�GHVGH�TXH�OD�
QDYH�VH�ODQ]D�KDVWD�TXH�OOHJD��+D]�XQ�GLEXMR�GH�OD�VLWXDFLyQ��

&RQVLGHUDPRV�DKRUD�TXH�OD�QDYH�VH�ODQ]D�FRQ�XQD�YHORFLGDG� t� PLQv v ��

J��$�SDUWLU�GH�OD�DFHOHUDFLyQ�GH�OD�QDYH�REWpQ�XQD�H[SUHVLyQ�JHQHUDO�SDUD�OD�YHORFLGDG�
� �v x � D� XQD� GLVWDQFLD� x � FXDOTXLHUD� HQWUH�  7x R � \�  � /x d R �� HQ� IXQFLyQ� GH� OD�

YHORFLGDG� �v �GH�ODQ]DPLHQWR��$\XGD��XWLOL]D�OD�WUDQVIRUPDFLyQ�

   
dv dv dx dva v
dt dx dt dx

���

5HSUHVHQWD�OD�IXQFLyQ� � �v x �SDUD�  � PLQv v ��  � Hv v �\� � H���v v �

K��$�SDUWLU�GH�OD�JUiILFD��HVWLPD�GH�QXHYR�GHO�WLHPSR�HQWUH�OD�7LHUUD�\�OD�/XQD��
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9DPRV�DKRUD�D�UHSURGXFLU�OD�PLVLyQ�GHO�$SROR����TXH�OOHYy�DO�KRPEUH�SRU�SULPHUD�YH]�
D�OD�/XQD��(Q�OD�UHDOLGDG��HO�ODQ]DPLHQWR�QR�HV�WDQ�VLPSOH�\�GLUHFWR�FRPR�KHPRV�YLVWR�
HQ�ORV�DSDUWDGRV�DQWHULRUHV��(Q�SULPHU�OXJDU�� OD�QDYH�VH�SRQH�HQ�XQD�yUELWD��parking 
orbit��DOUHGHGRU�GH� OD�7LHUUD��\�DOOt�VH�FRPSUXHED�HO�HVWDGR�GH� OD�PLVLyQ��'HVGH�HVD�
yUELWD�� ORV�PRWRUHV�SURSXOVDQ�D� OD�QDYH�KDFLD� OD�/XQD��inyección translunar���2WUD�GH�
ODV�FRVDV�D� WHQHU�HQ�FXHQWD�HV�TXH� OD�QDYH�QR�SXHGH�GLULJLUVH� MXVWR�DO�FHQWUR�GH� OD�
/XQD��SXHV�VH�HVWUHOODUtD�VREUH�VX�VXSHUILFLH�D�OD�YHORFLGDG�ILQDO�TXH�KHPRV�FDOFXODGR�
SUHYLDPHQWH��3RU�HOOR�� OD�QDYH�VH� ODQ]D�KDFLD�XQR�GH� ORV� ODGRV�GH� OD�/XQD��DVt�SDVD�
FHUFD�GH�HOOD�� OD�VREUHSDVD�\�GHVSXpV�YXHOYH�SRU�HO�RWUR�ODGR�SRU�OD�SURSLD�DWUDFFLyQ�
JUDYLWDWRULD�OXQDU��YHU�GLEXMR���'H�HVD�PDQHUD�OD�QDYH�UHJUHVDUtD�GH�YXHOWD�D�OD�7LHUUD�
HQ�XQD�WUD\HFWRULD�OODPDGD�GH�retorno libre��3RU�HOOR��FXDQGR�OD�QDYH�HVWi�FHUFD�GH�OD�
/XQD� HQFLHQGH� VXV� PRWRUHV� SDUD� IUHQDUVH� \�� DVt�� DO� UHGXFLU� VX� YHORFLGDG� TXHGD�
DWUDSDGD� HQ� XQD�yUELWD� HOtSWLFD� DOUHGHGRU� GH� OD� /XQD� �inserción en órbita lunar��� (Q�
XQD�VHJXQGD�PDQLREUD�GH�IUHQDGR�� OD�QDYH�HQWUD�HQ�XQD�yUELWD�FLUFXODU��(O�$SROR����
HVWi�IRUPDGR�SRU�HO�PyGXOR� OXQDU�(DJOH�\�HO�PyGXOR�&ROXPELD��8QD�YH]�HQ� OD�yUELWD�
FLUFXODU�� HO� (DJOH� VH� VHSDUy� \� GHVFHQGLy� KDFLD� OD� VXSHUILFLH� GH� OD� /XQD�PLHQWUDV� HO�
&ROXPELD�VH�PDQWXYR�HQ�yUELWD�GDQGR�YXHOWDV�D�OD�/XQD�GXUDQWH�GRV�GtDV��&XDQGR�HO�
(DJOH�DVFHQGLy� \�VH�XQLy�GH�QXHYR�DO�&ROXPELD� �PDQLREUD�GH� rendezvous��� OD�QDYH�
SURSXOVy�ORV�PRWRUHV�SDUD�UHWRUQDU�D�OD�7LHUUD��

�

8WLOL]DPRV�ORV�VLJXLHQWHV�GDWRV�GH�OD�PLVLyQ�$SROR����GH�OD�1$6$�SDUD�FRQWLQXDU�FRQ�
HO�SUREOHPD��

���ÏUELWD�GH�SDUNLQJ D�����NP�GH�DOWXUD�GH�OD�7LHUUD��

���,Q\HFFLyQ�WUDQVOXQDU D��������P�V�GHVGH�XQ�SXQWR�D�����NP�GH�DOWXUD�GH�OD�7LHUUD��

���,QVHUFLyQ�HQ�XQD�yUELWD�OXQDU�GH�DOWXUDV�GH�SHULDVWUR�\�DSRDVWUR�����NP�\�����NP��

L��&DOFXOD�OD�YHORFLGDG� Sv  HQ�OD�yUELWD�GH�SDUNLQJ��

M��2EWpQ�OD�H[SUHVLyQ�SDUD�OD�YHORFLGDG� � �v x  GHO�$SROR����HQ�FXDOTXLHU�SXQWR�HQWUH�OD�
yUELWD�GH�SDUNLQJ�\�OD�/XQD��5HSUHVHQWD�OD�FXUYD��

N��&DOFXOD� OD� YHORFLGDG�PtQLPD� PLQv  SDUD� SRGHU� OOHJDU� D� OD� /XQD�GHVGH� OD� yUELWD� GH�
SDUNLQJ��

O�� 2EWpQ� OD� GLVPLQXFLyQ� GH� YHORFLGDG� GHO� $SROR� DO� IUHQDU� ORV� PRWRUHV� \� KDFHU� OD�
LQVHUFLyQ�HQ�OD�yUELWD�OXQDU��

P��¢&XiQWR�WLHPSR�HPSOHy�HO�$SROR�GHVGH�OD�yUELWD�GH�SDUNLQJ�HQ�OD�7LHUUD�KDVWD�OD�
yUELWD�OXQDU"�
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D��/D�YHORFLGDG�GH�HVFDSH�GHVGH�OD�VXSHUILFLH�WHUUHVWUH�HV�
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E�� /D� IXHU]D� WRWDO� VREUH� OD� QDYH� HQ� XQ� SXQWR� VLWXDGR� D� GLVWDQFLD� x  GH� OD� 7LHUUD� \�
GLVWDQFLD� �d x �GH�OD�/XQD�HV�OD�VXPD�GH�OD�IXHU]D�TXH�HMHUFH�OD�7LHUUD�PiV�OD�IXHU]D�
TXH�HMHUFH�OD�/XQD��
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I��(Q�HO�WLHPSR�HVWLPDGR�DQWHV�����KRUDV��OD�/XQD�KD�UHFRUULGR�XQ�iQJXOR�GH�����HQ�VX�
yUELWD�UHVSHFWR�D�OD�7LHUUD��(V�XQ�iQJXOR�FRQVLGHUDEOH�\��SRU�WDQWR��OD�DSUR[LPDFLyQ�GH�
TXH� OD�/XQD�HVWi�HVWiWLFD�QR�HV�EXHQD��'H�KHFKR��HQ�HO�FiOFXOR� UHDO�GH� WUD\HFWRULDV�
HVSDFLDOHV�HV�LPSUHVFLQGLEOH�WHQHU�HQ�FXHQWD�HVWH�KHFKR���

�

J��$�SDUWLU�GH�OD�DFHOHUDFLyQ�SRGHPRV�LQWHJUDU�SDUD�REWHQHU�OD�YHORFLGDG���
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�$O�PLVPR�UHVXOWDGR�VH�OOHJD�D�SDUWLU�GH�OD�FRQVHUYDFLyQ�GH�OD�HQHUJtD���

(Q� OD� VLJXLHQWH� JUiILFD� VH� KD� UHSUHVHQWDGR� OD� DQWHULRU� H[SUHVLyQ� � � � ev x v �� GHVGH�
 7x R �D�  � /x d R ��SDUD�YDULRV�YDORUHV�GH� �v ��
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/D� LQWHJUDO� KD\� TXH� UHDOL]DUOD� QXPpULFDPHQWH� �HQ� LQWHUQHW� KD\� FDOFXODGRUDV� GH�
LQWHJUDOHV�RQOLQH���(O�UHVXOWDGR�HV�
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7DPELpQ�SRGHPRV�UHSUHVHQWDU�OD�LQYHUVD�GH� � �v x �\�HVWLPDU�HO�iUHD�JUiILFDPHQWH��/D�
ILJXUD�FRUUHVSRQGH�DO�FDVR� � H���v v ��
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L��/D�YHORFLGDG� Sv  HQ�OD�yUELWD�GH�SDUNLQJ�D�����NP�GH�DOWXUD�HV�
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M��/D�YHORFLGDG� � �v x  GHO�$SROR����OD�REWHQHPRV�FRPR�HQ�HO�DSDUWDGR�J��SRU�HMHPSOR�
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�OD� LQ\HFFLyQ� WUDQVOXQDU�� QR� HV� GHVGH� OD� VXSHUILFLH� WHUUHVWUH� VLQR� GHVGH� XQ� SXQWR� D�
GLVWDQFLD� �x �GHVGH�HO�FHQWUR�GH�OD�7LHUUD��/ODPDPRV� �v �D�OD�YHORFLGDG�GH�OD�LQ\HFFLyQ�
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&RQVWUXLPRV� XQ� SpQGXOR� DWDQGR� XQD� HVIHULWD� GH� PDVD� m� \� UDGLR� GHVSUHFLDEOH� DO�
H[WUHPR�GH�XQ�KLOR�LQH[WHQVLEOH�GH�ORQJLWXG�L�\�PDVD�GHVSUHFLDEOH��(O�RWUR�H[WUHPR�GHO�
KLOR� HVWi� VXMHWR� D� XQ� SXQWR� ILMR� GHO� WHFKR�� 7RPDPRV�HO� SXQWR�PiV�EDMR� GHO� SpQGXOR�
FRPR�UHIHUHQFLD�SDUD�PHGLU�DOWXUDV��'LFKR�SXQWR�HVWi�D�UDV�GHO�WDEOHUR�GH�XQD�PHVD�
VLWXDGD�D�OD�GHUHFKD�GHO�SpQGXOR��/ODPDPRV�HMH�;�DO�KRUL]RQWDO�\�HMH�<�DO�YHUWLFDO��

�

6HSDUDPRV�OD�HVIHUD�XQD�GLVWDQFLD�A�GHVGH� OD�YHUWLFDO��PDQWHQLHQGR�HO�KLOR�HVWLUDGR��
KDVWD�VLWXDUOD�D�XQD�DOWXUD�h��

D��2EWpQ�OD�GLVWDQFLD�A�HQ�IXQFLyQ�GH�L�\�h��

6ROWDPRV�OD�HVIHUD�\�HO�SpQGXOR�HPSLH]D�D�RVFLODU��

E��2EWpQ�OD�YHORFLGDG� PD[v �HQ�HO�SXQWR�PiV�EDMR��

F��2EWpQ� OD�H[SUHVLyQ�GH� OD� WHQVLyQ�T�GHO�KLOR��HQ�IXQFLyQ�GH�m��g��L� \�h��FXDQGR� OD�
HVIHUD�HVWi�HQ�HO�SXQWR�PiV�DOWR�\�FXDQGR�HVWi�HQ�HO�SXQWR�PiV�EDMR���

G�� 6XSyQ� TXH� HO� KLOR� VH� URPSH� MXVWR� FXDQGR� OD� HVIHUD� HVWi� HQ� HO� SXQWR� PiV� DOWR��
([SOLFD�TXp�OH�RFXUUH�D�OD�HVIHUD��

H�� 6XSyQ� DKRUD� TXH� HO� KLOR� VH� URPSH� MXVWR� FXDQGR� IRUPD� XQ� iQJXOR� GH� ���� FRQ� OD�
YHUWLFDO��2EWpQ�OD�DOWXUD�Pi[LPD�H�TXH�DOFDQ]DUi�OD�HVIHUD��

I��6L�HO�FDORU�HVSHFtILFR�GH�OD�HVIHUD�HV� ec ��REWpQ�HO� LQFUHPHQWR�GH�WHPSHUDWXUD� T' �
TXH� H[SHULPHQWDUi� OD� HVIHUD� FXDQGR� FDLJD� VREUH� OD�PHVD�� VXSRQLHQGR� TXH� WRGD� VX�
HQHUJtD�VH�WUDQVIRUPD�HQ�FDORU�\�TXH�OD�PHVD�QR�DEVRUEH�QLQJ~Q�FDORU��

6L� OD� GLVWDQFLD� A� HV� SHTXHxD� �RVFLODFLRQHV� SHTXHxDV�� SRGHPRV� FRQVLGHUDU� TXH� OD�
RVFLODFLyQ�RFXUUH�HQ�HO�HMH�;��

J�� ,QGLFD� FXiO� HV� HO� SHUtRGR� GH� RVFLODFLyQ� \� HVFULEH� OD� H[SUHVLyQ� � �x t � GH� ODV�
RVFLODFLRQHV��

&DUJDPRV� OD�HVIHUD� FRQ�XQD�FDUJD�QHJDWLYD�±Q�� \� VLWXDPRV�XQD�FDUJD� ILMD�GH� LJXDO�
YDORU�\�VLJQR�RSXHVWR���Q��D�XQD�GLVWDQFLD��L�GHO�WHFKR�HQ�OD�YHUWLFDO�TXH�SDVD�SRU�HO�
HQJDQFKH�GHO�SpQGXOR��YHU�ILJXUD���
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K� (VFULEH� OD� H[SUHVLyQ� GHO� PyGXOR� GH� OD� IXHU]D
HOHFWURVWiWLFD� TXH� DFW~D� VREUH� OD� HVIHUD� GHO� SpQGXOR�
FXDQGR�HVWi�D�XQD�GLVWDQFLD�x�GH�OD�YHUWLFDO�

6LJXH�FRQVLGHUDQGR�RVFLODFLRQHV�SHTXHxDV�HQ�HO�HMH�;��
8WLOL]D�OD�DSUR[LPDFLyQ�

VLQ �x LT | ��

L� 7HQLHQGR� HQ� FXHQWD� OD� LQIOXHQFLD� GH� OD� FDUJD�� REWpQ
XQD� QXHYD� H[SUHVLyQ� SDUD� HO� SHUtRGR� GHO� SpQGXOR� �HQ
IXQFLyQ�GH�m��g��L��Q�\� OD�FRQVWDQWH�GH�&RXORPE�K���6L
QR� ORJUDV� GHGXFLUOD�� SURSyQ� GH� IRUPD� MXVWLILFDGD� XQD
SRVLEOH�H[SUHVLyQ�TXH�WHQJD�VHQWLGR�ItVLFR�

5HVROXFLyQ�

D� $�OD�YLVWD�GHO�GLEXMR��DSOLFDQGR�HO�WHRUHPD�GH�3LWiJRUDV�VH�REWLHQH�OD�UHODFLyQ
� � �� �L h A L� �  ��

GH�GRQGH�GHVSHMDPRV�SDUD�HQFRQWUDU�OD�VROXFLyQ��

��A Lh h � ��

E� $SOLFDPRV�HO�SULQFLSLR�GH�FRQVHUYDFLyQ�GH� OD�HQHUJtD��/D�HQHUJtD�SRWHQFLDO� GH� OD
HVIHUD�FXDQGR�VH�VXHOWD�HV�LJXDO�D�VX�HQHUJtD�FLQpWLFD�HQ�HO�SXQWR�PiV�EDMR�
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�

mgh mv ��

3RU�WDQWR��OD�YHORFLGDG�Pi[LPD�HQ�HO�SXQWR�LQIHULRU�GH�OD�WUD\HFWRULD�HV�

PD[ �v gh ��

F� 6REUH�OD�HVIHUD�DFW~DQ�GRV�IXHU]DV��HO�SHVR� P mg �\�OD�WHQVLyQ�T��$QDOL]DPRV�OD
GLQiPLFD� GH� HVWH� PRYLPLHQWR� FLUFXODU� SDUD� OD� FRPSRQHQWH� UDGLDO� �R� QRUPDO��� /D
WHQVLyQ�GHO�KLOR�DFW~D�GLUHFWDPHQWH�HQ�HVWD�GLUHFFLyQ�QRUPDO�\�OD�FRPSRQHQWH�QRUPDO
GHO�SHVR�HV� FRVT mg T ��GRQGH� T �HV�HO�iQJXOR�TXH�IRUPD�HO�KLOR�FRQ�OD�YHUWLFDO�HQ
FDGD�SXQWR�GH�OD�WUD\HFWRULD��3RU�RWUR�ODGR��VDEHPRV�TXH�OD�DFHOHUDFLyQ�QRUPDO�HQ�HO
PRYLPLHQWR� FLUFXODU� HV� � �na v R �� GRQGH� v� HV� OD� YHORFLGDG� GH� OD� HVIHUD� HQ� FDGD
SXQWR�GH�OD�WUD\HFWRULD�GH�UDGLR�R L ��$Vt��OD����OH\�GH�1HZWRQ�HV
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vT mg ma m
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9HPRV�TXH�OD�WHQVLyQ�QR�HV�FRQVWDQWH��VLQR�TXH�YDUtD�GHSHQGLHQGR�GH�OD�SRVLFLyQ�GH�
OD�HVIHUD�D�OR�ODUJR�GH�OD�WUD\HFWRULD�FLUFXODU��(V�PtQLPD�HQ�HO�SXQWR�PiV�DOWR�\�Pi[LPD�
HQ�HO�SXQWR�PiV�EDMR��
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(Q�HO�SXQWR�PiV�DOWR�OD�YHORFLGDG�GH�OD�HVIHUD�HV�QXOD�\�HO�KLOR�IRUPD�XQ�iQJXOR� PD[T �
FRQ�OD�YHUWLFDO�WDO�TXH� PD[FRV � � �L h LT  � ��3RU�WDQWR��OD�WHQVLyQ�TXHGD��
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(Q�HO�SXQWR�PiV�EDMR�HO�iQJXOR� T �HV�FHUR�\�OD�YHORFLGDG�HV� PD[ �v gh ��(QWRQFHV��
OD�WHQVLyQ�HV�
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G��&XDQGR� OD�HVIHUD�HVWi�HQ�HO�SXQWR�PiV�DOWR�VX�YHORFLGDG�HV�FHUR��6L�VH�URPSH�HO�
KLOR�HQ�HVH�PRPHQWR��OD�HVIHUD�H[SHULPHQWDUi�XQD�FDtGD�OLEUH��

H��7UDV�OD�UXSWXUD�GHO�KLOR�OD�HVIHUD�GHVFULEH�XQ�WLUR�SDUDEyOLFR��7HQHPRV�TXH�VXSRQHU�
TXH�OD�HVIHUD�VH�VROWy�LQLFLDOPHQWH�GHVGH�XQD�SRVLFLyQ�WDO�TXH�HO�iQJXOR�HQWUH�HO�KLOR�\�
OD�YHUWLFDO�HUD�VXSHULRU�D������HV�LPSRVLEOH�TXH�KXELHUD�VLGR�PHQRU��SRU�FRQVHUYDFLyQ�
GH� OD� HQHUJtD�� \� VL� KXELHUD� VLGR� H[DFWDPHQWH� LJXDO� D� ���� HVWDUtDPRV� HQ� HO� FDVR�
DQWHULRU�FRQ�XQD�FDtGD�OLEUH����

/ODPHPRV� �y �D�OD�DOWXUD�VREUH�
HO� SODQR� GH� OD� PHVD� D� OD� TXH�
VH�HQFXHQWUD� OD�HVIHUD�FXDQGR�
VH� URPSH� HO� KLOR�� \� �v � D� VX�
YHORFLGDG�� eVWDV� VHUiQ� OD�
DOWXUD� LQLFLDO� \� OD� YHORFLGDG�
LQLFLDO� GHO� PRYLPLHQWR�
SDUDEyOLFR�� 3RU� WULJRQRPHWUtD�
REWHQHPRV�TXH�OD�DOWXUD�LQLFLDO�
YDOH�

� FRV���y L L � ��

<�OD�YHORFLGDG�LQLFLDO�OD�FDOFXODPRV�D�SDUWLU�GH�OD�FRQVHUYDFLyQ�GH�OD�HQHUJtD��
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(VWD�DOWXUD�Pi[LPD�VHUi�VLHPSUH�PHQRU�TXH�OD�DOWXUD�LQLFLDO��h��GHVGH�GRQGH�VH�VROWy�
OD�EROD�� \D�TXH�XQD�SDUWH� GH� OD� YHORFLGDG� LQLFLDO� FXDQGR�VH� URPSH�HO� KLOR� WRGDYtD� OD�
FRQVHUYD� OD� HVIHUD� HQ� HO� SXQWR� PiV� DOWR� GHO� WLUR� SDUDEyOLFR� HQ� OD� FRPSRQHQWH�
KRUL]RQWDO�GH�OD�YHORFLGDG��
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I��&XDQGR� OD�HVIHUD�FDH�VREUH� OD�PHVD� OOHYD� OD�YHORFLGDG� PD[ �v gh ��6XSRQLHQGR�
TXH�HQ�HO�FKRTXH�WRGD� OD�HQHUJtD�FLQpWLFD�VH� WUDQVIRUPD�HQ�FDORU��\�TXH� OD�PHVD�QR�
DEVRUEH�QDGD���OD�FRQVHUYDFLyQ�GH�OD�HQHUJtD�QRV�SHUPLWH�HVFULELU�
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�eQ mc T mv '  ��

$Vt��HO�LQFUHPHQWR�GH�WHPSHUDWXUD�GH�OD�HVIHUD�HV�
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J�� /D� ��� OH\� GH� 1HZWRQ� SDUD� OD� FRPSRQHQWH� WDQJHQFLDO� GHO� PRYLPLHQWR� VH� HVFULEH�
VLQ tmg maT�  ��(Q�HO�FDVR�GH�SHTXHxDV�RVFLODFLRQHV�VXSRQHPRV�TXH�OD�DFHOHUDFLyQ�

WDQJHQFLDO� HVWi�HQ� OD�GLUHFFLyQ�;�� UHVXOWDQGR� OD�HFXDFLyQ�GLIHUHQFLDO� GHO�PRYLPLHQWR�
DUPyQLFR�VLPSOH��
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GRQGH�HO�SHUtRGR�GH�RVFLODFLyQ�HV�HO�FRQRFLGR�SDUD�HO�SpQGXOR�VLPSOH��
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K��/D�GLVWDQFLD�HQWUH�ODV�GRV�FDUJDV�HV� � �r L x � �FXDQGR�OD�HVIHUD�HVWi�D�GLVWDQFLD�
x�GH�OD�YHUWLFDO��(O�PyGXOR�GH�OD�IXHU]D�HOHFWURVWiWLFD�TXH�HMHUFH�OD�FDUJD��Q�VREUH�OD�
FDUJD�±Q��HVIHUD�GHO�SpQGXOR��HV�
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L��/D�HVIHUD�FDUJDGD�H[SHULPHQWD�XQD� IXHU]D�GH�&RXORPE�GH�DWUDFFLyQ�KDFLD� OD�RWUD�
FDUJD�GDGD�SRU�
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GRQGH�r�HV�OD�VHSDUDFLyQ�HQWUH� ODV�FDUJDV��3DUD�SHTXHxDV�RVFLODFLRQHV�VH�WLHQH�TXH�
� �r L� ��

9ROYHPRV� D� HVFULELU� OD� ��� OH\� GH� 1HZWRQ� SDUD� OD� FRPSRQHQWH� WDQJHQFLDO� GHO�
PRYLPLHQWR�WHQLHQGR�HQ�FXHQWD�TXH��DGHPiV�GH�OD�FRPSRQHQWH�WDQJHQFLDO�GHO�SHVR��
DFW~D�OD�FRPSRQHQWH�WDQJHQFLDO�GH�OD�IXHU]D�HOpFWULFD��
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1yWHVH�TXH�HQ�OD�SUR\HFFLyQ�GH�OD�IXHU]D�HOpFWULFD�VREUH�OD�
GLUHFFLyQ�WDQJHQFLDO�DSDUHFH�XQ�iQJXOR� �T ��D�GLIHUHQFLD�GH�
OD�SUR\HFFLyQ�GH�OD�IXHU]D�SHVR��(OOR�HV�GHELGR�D�OD�GLVWLQWD�
RULHQWDFLyQ� GH� DPEDV� IXHU]DV�� FRPR� SXHGH� YHUVH� HQ� HO�
GLEXMR�� (Q� HVWH� FDVR�� OD� RULHQWDFLyQ� GH� OD� IXHU]D� HOpFWULFD�
IDYRUHFH�PiV�TXH�HO�SHVR�D�ODV�RVFLODFLRQHV��

3DUD�SHTXHxDV�RVFLODFLRQHV�
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,QYHVWLJD� VREUH� ORV� SpQGXORV�PDJQpWLFRV� \� VREUH� ORV� SpQGXORV� FDUJDGRV� HQWUH� GRV�
SODFDV�GH�XQ�FRQGHQVDGRU��

�1yWHVH�TXH�OD�WHQVLyQ�REWHQLGD�HQ�HO�SXQWR�PiV�EDMR�GLILHUH�GH�OD�TXH�REWHQGUtDPRV�
HQ�HO�FDVR�HVWiWLFR��GRQGH�OD�WHQVLyQ�GH�OD�FXHUGD�VHUtD�LJXDO�GLUHFWDPHQWH�DO�SHVR�GH�
HVIHUD� FROJDGD�� (O� WpUPLQR� DGLFLRQDO� � �mgh L � DSDUHFH� HQ� HO� FDVR� GHO� SUREOHPD�
GLQiPLFR��\D�TXH�OD�WHQVLyQ�GH�OD�FXHUGD�HV�OD�UHVSRQVDEOH�GH�OD�DFHOHUDFLyQ�QRUPDO�
TXH�SURGXFH�HO�FDPELR�GH�OD�GLUHFFLyQ�GH�OD�YHORFLGDG�WDQJHQFLDO��
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��������((OO��DDVVWWHHUURRLLGGHH��LLQQWWHHUUHHVVWWHHOODDUU��22XXPPXXDDPPXXDD��

(Q�RFWXEUH�GH������VH�GHVFXEULy�HO� TXH�VH�FUHH�TXH�HV�HO� SULPHU�REMHWR�GHWHFWDGR�
TXH�SDVD�SRU�HO�6LVWHPD�6RODU�SHUR�TXH�SURYLHQH�GH�IXHUD�GH�pO��6H�SLHQVD�TXH�HV�XQ�
DVWHURLGH�\�VH�OH�OODPy�2XPXDPXD��TXH�VLJQLILFD�³SULPHU�PHQVDMHUR�OHMDQR´�HQ�LGLRPD�
KDZDLDQR��6H�HVWLPy�TXH�VHJXtD�XQD�WUD\HFWRULD�KLSHUEyOLFD��FX\D�SDUWH�PiV�FHUFDQD�
DO�6RO�VH�PXHVWUD�HQ�OD�ILJXUD���(Q�UHDOLGDG�OD�KLSpUEROD�QR�HVWi�HQ�HO�PLVPR�SODQR�TXH�
OD�yUELWD�GH�OD�7LHUUD��SHUR�VXSRQGUHPRV�TXH�Vt�SRU�VLPSOLFLGDG���/DV�GLVWDQFLDV�HQ�OD�
ILJXUD� HVWiQ� HQ� XQLGDGHV� DVWURQyPLFDV��8$� ���8$�  � GLVWDQFLD�7LHUUD�6RO�  � ���î����
NP���/D�SULPHUD�YH]�TXH�VH�REVHUYy�IXH�HO����GH�RFWXEUH�\�HO�DVWHURLGH�HVWDED�HQ�HO�
SXQWR�$��\�HO����GH�RFWXEUH�HVWDED�HQ�HO�SXQWR�%��&RQVLGHUDUHPRV�HQ�HVWH�SUREOHPD�
TXH�OD�~QLFD�LQIOXHQFLD�JUDYLWDWRULD�UHOHYDQWH�HV�OD�GHO�6RO��

D�� 'HWHUPLQD� OD� H[SUHVLyQ� GH� OD� YHORFLGDG� GHO� DVWHURLGH�� � �v r �� HQ� IXQFLyQ� GH� OD�
GLVWDQFLD�DO�6RO��r��OD�GLVWDQFLD�DO�6RO�HO�SULPHU�GtD�TXH�VH�REVHUYy�� $r ��\�OD�YHORFLGDG�
FXDQGR�VH�REVHUYy�� $v ���$\XGD��XWLOL]D�OD�FRQVHUYDFLyQ�GH�OD�HQHUJtD�PHFiQLFD���

�

E�� 5HDOL]DQGR� ODV�PHGLFLRQHV� VREUH� OD� ILJXUD� TXH� FRQVLGHUHV� RSRUWXQR�� FDOFXOD� ORV�
YDORUHV� GH� $r � \� GH� $v � �HQ� NP�V��� �&RQVLGHUD� TXH� HQWUH� $� \� %� HO� PRYLPLHQWR� HV�
DSUR[LPDGDPHQWH�XQLIRUPH���

2EWpQ�OD�YHORFLGDG�� 3v ��HQ�HO�SHULKHOLR��SXQWR�GH�OD�WUD\HFWRULD�PiV�FHUFDQR�DO�6RO���
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¢&XiQWR� YDOH� OD� YHORFLGDG� HQ� HO� OtPLWH� PX\� OHMRV� GHO� 6RO�� vf "� ¢(V� OD� HQHUJtD�
PHFiQLFD� WRWDO� GH�2XPXDPXD�SRVLWLYD� R� QHJDWLYD"�(Q� YLVWD� GHO� UHVXOWDGR� QXPpULFR�
REWHQLGR��UD]RQD�SRU�TXp�VH�FUHH�TXH�2XPXDPXD�YLHQH�GH�IXHUD�GHO�6LVWHPD�6RODU��
'DWRV��G� �����î������>6�,�@�� 6ROM  ��î�����NJ��

F��7HQLHQGR�HQ�FXHQWD�OD�FRQVWDQFLD�GH�OD�YHORFLGDG�DUHRODU�SDUD�XQD�IXHU]D�FHQWUDO�\�
PLGLHQGR�ODV�iUHDV�TXH�FRQVLGHUHV�RSRUWXQR�HQ�OD�ILJXUD��HVWLPD�HQ�TXp�IHFKD�SDVy�HO�
DVWHURLGH�SRU�HO�SHULKHOLR���5HFXHUGD�TXH�OD�YHORFLGDG�DUHRODU�HV�HO�iUHD�EDUULGD�HQ�OD�
XQLGDG�GH�WLHPSR�SRU�HO�YHFWRU�GH�SRVLFLyQ�TXH�YD�GHVGH�HO�6RO�KDVWD�HO�DVWHURLGH���

&RQVLGHUHPRV� TXH� 2XPXDPXD� UHIOHMD� DSUR[LPDGDPHQWH� XQ� ��� �� GH� OD� LQWHQVLGDG�
OXPLQRVD� TXH� OH� OOHJD� GHO� 6RO� �TXH� HV� XQ� YDORU� WtSLFR� SDUD� XQ� DVWHURLGH��� (Q� OD�
VLJXLHQWH�JUiILFD�VH�PXHVWUD�OD�LQWHQVLGDG�OXPLQRVD�FRQ�TXH�VH�GHWHFWy�HQ�OD�7LHUUD�OD�
OX]�SURYHQLHQWH�GH�2XPXDPXD�HQ�IXQFLyQ�GHO�WLHPSR��HQ�GtDV��UHVSHFWR�GH�XQ�RULJHQ�
DUELWUDULR���6XSRQJDPRV�WDPELpQ�TXH�HO�DVWHURLGH�HV�KRPRJpQHR��

�
G��(Q�YLVWD�GH� OD�JUiILFD� UD]RQD�SRU�TXp�VH�SLHQVD�TXH�2XPXDPXD�GHEH� WHQHU�XQD�
IRUPD�PX\� DODUJDGD� \� TXH�HVWi� URWDQGR��2EWpQ� HO� SHULRGR� GH� URWDFLyQ� �HQ� KRUDV�� D�
SDUWLU�GH�OD�JUiILFD��

$SUR[LPHPRV�OD� IRUPD�GH�2XPXDPXD�SRU�XQ�FLOLQGUR�GH� ORQJLWXG�L� \�GLiPHWUR�GH� OD�
EDVH�D��TXH�URWD�HQ�HO�SODQR�GH�OD�YLVXDO�FRQ�OD�7LHUUD���

H��(VWLPD�HO�FRFLHQWH� �L D ��

6L�OD�REVHUYDFLyQ�GH�OD�ILJXUD�VH�UHDOL]y�FXDQGR�2XPXDPXD�HVWDED�HQ�HO�SXQWR�%��

I�� ¢4Xp� LQWHQVLGDG� OXPLQRVD� OOHJDED� GHO� 6RO� D� 2XPXDPXD� HQ� HO� SXQWR� %"� 'DWR��
SRWHQFLD�OXPLQRVD�HPLWLGD�SRU�HO�6RO�� 6ROP � ����î�����:��

J��(O�DVWHURLGH�UHIOHMD� OD� OX]�GH�IRUPD�difusa, HV�GHFLU�� OD�HPLWH�HQ�WRGDV�GLUHFFLRQHV�
GHQWUR� GH�XQD�VHPLHVIHUD�HQFDUDGD�DO�6RO�� \� OD�7LHUUD� WDPELpQ�HVWi�HQFDUDGD�HQ� OD�
PLVPD�GLUHFFLyQ��HQ�PX\�EXHQD�DSUR[LPDFLyQ���'HPXHVWUD�TXH�HO�iUHD�Pi[LPD�TXH�
SUHVHQWD�2XPXDPXD��OD�GHO�UHFWiQJXOR�SUR\HFFLyQ�ODWHUDO�GHO�FLOLQGUR��YLHQH�GDGD�SRU��
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GRQGH� PD[I �HV� OD�Pi[LPD� LQWHQVLGDG�GHWHFWDGD�HQ� OD�JUiILFD��d�HV� OD�GLVWDQFLD�GH� OD�
7LHUUD�DO�SXQWR�%�� %r �OD�GLVWDQFLD�GHO�SXQWR�%�DO�6RO�\�K �OD�IUDFFLyQ�GH�OX]�TXH�UHIOHMD�HO�
DVWHURLGH��K � �������
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'HWHUPLQD��D�SDUWLU�GHO�YDORU�QXPpULFR�GH�A��HO�YDORU�GH�OD�ORQJLWXG�L�\�HO�GLiPHWUR�D��

K��&RQVLGHUHPRV�DKRUD�D�2XPXDPXD�OHMRV�GH�OD�LQIOXHQFLD�GHO�6RO��9DPRV�D�HVWLPDU�
FXDQWR� VH� IUHQDUi� SRU� OD� LQWHUDFFLyQ� FRQ� ODV� SDUWtFXODV� TXH� KD\� HQ� HO� PHGLR�
LQWHUHVWHODU�� (VHQFLDOPHQWH� HO� PHGLR� LQWHUHVWHODU� HVWi� FRPSXHVWR� SRU� iWRPRV� GH�
KLGUyJHQR�FRQ�XQD�GHQVLGDG�QXPpULFD�SURPHGLR�GH�n  ���iWRPR�SRU�FP���6XSRQLHQGR�
TXH�HO�DVWHURLGH�SUHVHQWD�XQ�iUHD�HIHFWLYD�SURPHGLR�HQ� OD�GLUHFFLyQ�GH�DYDQFH��A��\�
TXH� ODV�SDUWtFXODV�TXH�EDUUH� VH� LQFRUSRUDQ�D� OD�PDVD�GHO�DVWHURLGH��GHPXHVWUD�TXH�
VXIUH�XQD�DFHOHUDFLyQ�GDGD�SRU�

�pm
a n Av

m
�

 ��

GRQGH� pm �HV�OD�PDVD�GHO�SURWyQ��m�OD�PDVD�GH�2XPXDPXD�\�v�VX�YHORFLGDG��(VWLPD�
VX�YDORU�QXPpULFR�VXSRQLHQGR�TXH�HO�DVWHURLGH�WLHQH�OD�PLVPD�GHQVLGDG�TXH�OD�7LHUUD��
'DWRV��GHQVLGDG�GH�OD�7LHUUD� �����J�FP��� pm � �����î������NJ��
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D��3RU�FRQVHUYDFLyQ�GH�OD�HQHUJtD�PHFiQLFD��
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GRQGH�M�HV�OD�PDVD�GHO�6RO�\�m�OD�PDVD�GH�2XPXDPXD��'HVSHMDQGR�OD�YHORFLGDG�VH�
REWLHQH�
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E��$�SDUWLU�GH�OD�ILJXUD�REWHQHPRV�OD�GLVWDQFLD�HQWUH�ORV�SXQWRV�$�\�%��
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&RPR�WUDQVFXUULHURQ���GtDV�HQ�HO�WUD\HFWR��OD�YHORFLGDG�IXH�
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'H�QXHYR�GH�OD�ILJXUD�REWHQHPRV�OD�GLVWDQFLD�GHO�6RO�DO�SXQWR�$��

� �
$ ��� ���� �����8$r | �  ��

(Q�HO�SHULKHOLR�YHPRV�HQ�OD�ILJXUD�TXH�

3 �����8$r | ��

,QWURGXFLHQGR�WRGRV�ORV�GDWRV�HQ�OD�H[SUHVLyQ�GHO�DSDUWDGR�D��REWHQHPRV�OD�YHORFLGDG�
HQ�HO�SHULKHOLR��

3 �����NP�Vv | ��

(Q�HO�LQILQLWR�� r  f ��OD�YHORFLGDG�UHVXOWD�
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&RPR�HVWD�YHORFLGDG�HV�SRVLWLYD��VLJQLILFD�TXH�HO�DVWHURLGH�HVFDSD�GHO�VLVWHPD�VRODU��
<��SRU�OD�FRQVHUYDFLyQ�GH�OD�HQHUJtD��FRQFOXLPRV�TXH�HO�DVWHURLGH�SURYLHQH�GH�H[WHULRU�
GHO�VLVWHPD�VRODU��HV�GHFLU��TXH�HV�XQ�REMHWR�LQWHUHVWHODU�TXH�QXQFD�KD�HVWDGR�OLJDGR�
DO�6RO��

F�� (QWUH� ��� \� HO� ��� GH� RFWXEUH� SDVDURQ� �� GtDV�� TXH� HV� HO� WLHPSR� $%t � TXH� HPSOHy�
2XPXDPXD�HQ� YLDMDU�GHO� SXQWR�$�DO� SXQWR�%��(O� UDGLR� YHFWRU�TXH�XQH�HO�6RO� FRQ�HO�
DVWHURLGH� EDUULy�XQ�iUHD� $%A �� (QWUH�HO� SHULKHOLR� �SXQWR�3�� \� HO� SXQWR�$�HO� DVWHURLGH�
HPSOHy�XQ�WLHPSR� 3$t �\�EDUULy�XQ�iUHD� 3$A ���

3RU�OD�FRQVWDQFLD�GH�OD�YHORFLGDG�DUHRODU�SRGHPRV�HVFULELU�

3$ $%

3$ $%

A A
t t

 ��

/DV�iUHDV�SXHGHQ�FDOFXODUVH�GH�IRUPD�JUiILFD�D�SDUWLU�GH� OD�ILJXUD��SRU�DSUR[LPDFLyQ�
GH�WULiQJXORV�PLGLHQGR�ODV�GLPHQVLRQHV�FRQ�XQD�UHJOD�GLUHFWDPHQWH�VREUH�HO�SDSHO�R�
OD�SDQWDOOD��(O�iUHD� $%A �HV�SUiFWLFDPHQWH� LJXDO�D� OD�GHO� WULiQJXOR�FX\RV�YpUWLFHV�VRQ�
ORV�SXQWRV�$��%�\�HO�6RO��GH�EDVH� ��� ���r �XQLGDGHV�\�DOWXUD� ��� ���r �XQLGDGHV��(VWD�
iUHD�YDOH� $% ���� �� � � ���A  u  �XQLGDGHV���7pQJDVH�HQ�FXHQWD�TXH�ODV�XQLGDGHV�VRQ�
DUELWUDULDV�\�ORV�YDORUHV�QXPpULFRV�GHSHQGHQ�GH�OD�HVFDOD�XWLOL]DGD��OR�TXH�QR�DIHFWD�DO�
UHVXOWDGR�ILQDO�SRU�OD�OLQHDOLGDG�GH�OD�H[SUHVLyQ�GH�OD�YHORFLGDG�DUHRODU���

5HVSHFWR� D� OD� UHJLyQ� GHOLPLWDGD� SRU� HO� 6RO�� HO� SHULKHOLR� \� HO� SXQWR� $�� SRGHPRV�
DSUR[LPDUOD�D�XQ�WULiQJXOR�GH�EDVH�LJXDO�D� ��� ���r �XQLGDGHV�\�DOWXUD�LJXDO�D� ��� ���r �
XQLGDGHV��FX\D�iUHD�YDOGUi� 3$ ���� ���� � � ���A | u  �XQLGDGHV��

�

)LQDOPHQWH��SRGHPRV�GHVSHMDU�HO�WLHPSR�TXH�WDUGy�2XPXDPXD�HQ�SDVDU�GHO�SHULKHOLR�
DO�SXQWR�$��
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&DOFXODPRV�WDPELpQ�OD�LQFHUWLGXPEUH�WHQLHQGR�HQ�FXHQWD�ORV�HUURUHV�GH�PHGLGD��
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3RU�WDQWR��2XPXDPXD�SDVy�SRU�HO�SHULKHOLR� �� �r �GtDV�DQWHV�GHO����GH�RFWXEUH��HV�
GHFLU��HQWUH�HO���\�HO����GH�VHSWLHPEUH��/D�IHFKD�UHDO�GH�SDVR�SRU�HO�SHULKHOLR�IXH�HO���
GH� VHSWLHPEUH�� DVt� TXH� HO� UHVXOWDGR� HV� FRUUHFWR�� WHQLHQGR� HQ� FXHQWD� ODV�
DSUR[LPDFLRQHV�\�ORV�HUURUHV�GH�PHGLGD��

G��&RPR�HO�EULOOR�TXH�PXHVWUD�HO�DVWHURLGH�QR�HV�FRQVWDQWH��VLQR�TXH�FDPELD�FRQ�HO�
WLHPSR�GH�IRUPD�SHULyGLFD��FRQFOXLPRV�TXH�GHEH�HVWDU�URWDQGR���

6XSRQHPRV�TXH�HO�DVWHURLGH�HV�KRPRJpQHR��HV� OD�KLSyWHVLV�PiV�UD]RQDEOH��QR�KD\�
PRWLYR� SDUD� VXSRQHU� TXH� WLHQH� XQD� FRPSRVLFLyQ� DVLPpWULFD� TXH� UHIOHMD�PiV� OX]� SRU�
XQDV�FDUDV�TXH�SRU�RWUDV���(QWRQFHV��QR�SXHGH�WHQHU�VLPHWUtD�HVIpULFD��VLQR�TXH�GHEH�
WHQHU�XQD�IRUPD�DODUJDGD��VLPLODU�D�OD�GH�XQ�SHSLQR���

(Q� OD�JUiILFD�GH� OD� FXUYD� GH� OX]�PHGLPRV�TXH��DSUR[LPDGDPHQWH��HO� SHUtRGR�GH� ORV�
FLFORV�HV�GH������GtDV��/D�URWDFLyQ�FRPSOHWD�GHO�DVWHURLGH�FRPSUHQGH���FLFORV��SRUTXH�
HQ�FDGD�URWDFLyQ�HO�DVWHURLGH�PXHVWUD�GRV�YHFHV�OD�FDUD�SHTXHxD�\�GRV�YHFHV�OD�FDUD�
JUDQGH��3RU�WDQWR��HO�SHUtRGR�GH�URWDFLyQ�GH�2XPXDPXD�HV�����GtDV� �����KRUDV��

H��6L�2XPXDPXD�HV�XQ�FLOLQGUR�URWDQWH�GH�ORQJLWXG�L�\�
GLiPHWUR� GH� OD� EDVH� D�� GHVGH� OD� 7LHUUD� YHUHPRV�
DOWHUQDWLYDPHQWH� XQD� VHFFLyQ� UHFWDQJXODU� �EULOOR�
Pi[LPR�� \� XQD� VHFFLyQ� FLUFXODU� �EULOOR� PtQLPR�� GH�
iUHDV� LD �\� �� � ��DS ��UHVSHFWLYDPHQWH��

/D� HQHUJtD� OXPLQRVD� TXH� HPLWH� HO� DVWHURLGH� KDFLD� OD�
7LHUUD�HV�SURSRUFLRQDO�D�GLFKDV�VHFFLRQHV��SRU�WDQWR��HO�
FRFLHQWH�HQWUH�ODV�iUHDV�GH�FDGD�VHFFLyQ�VHUi�LJXDO�DO�
FRFLHQWH� HQWUH� ODV� HQHUJtDV� Pi[LPD� \� PtQLPD� TXH�
OHHPRV� HQ� OD� FXUYD� GH� OX]� GHO� DVWHURLGH�� $Vt�
REWHQHPRV�HO�FRFLHQWH� �L D �SHGLGR��
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&RQFOXLPRV�TXH�2XPXDPXD�SRGUtD�VHU�XQ�REMHWR�XQDV�
GLH]�YHFHV�PiV�ODUJR�TXH�DQFKR��

I��0HGLPRV�HQ� OD� ILJXUD�TXH� OD�GLVWDQFLD�HQWUH�HO�6RO�\�HO�DVWHURLGH�HQ�HO�SXQWR�%�HV�
% �����8$r  ��/D�LQWHQVLGDG�OXPLQRVD�TXH�OOHJD�GHO�6RO�DO�DVWHURLGH�HV�
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J��$O�DVWHURLGH� OOHJD�XQD� LQWHQVLGDG�GH� OX]� I� FDOFXODGD�HQ�HO�DSDUWDGR�DQWHULRU��6L�HO�
DVWHURLGH� WLHQH� VHFFLyQ� GH� VXSHUILFLH�A� VREUH� OD� TXH� LQFLGH� OD� OX]� VRODU� \� UHIOHMD� XQ�
IDFWRU� ���K  �GH�GLFKD�OX]��OD�SRWHQFLD�HPLWLGD�SRU�HO�DVWHURLGH�HV�
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+HPRV�WHQLGR�HQ�FXHQWD�TXH�OD�VXSHUILFLH�GHO�DVWHURLGH�HPLWH�RQGDV�VHPLHVIpULFDV��HV�
GHFLU��HPLWH�VyOR�KDFLD�OD�SDUWH�GHODQWHUD�HQ�XQ�iUHD� �� dS ��

'HVSHMDQGR�HO�iUHD�A�GH�OD�VHFFLyQ�UHFWDQJXODU�GHO�DVWHURLGH�REWHQHPRV�HO�UHVXOWDGR�
SHGLGR��
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GRQGH� PD[I � HV� OD�Pi[LPD� LQWHQVLGDG� 7I  GHWHFWDGD� HQ� OD�7LHUUD� FXDQGR�HO� DVWHURLGH�
QRV�PXHVWUD�VX�VHFFLyQ�PD\RU��

7RGRV� ORV� GDWRV� HQ� OD� H[SUHVLyQ� DQWHULRU� VRQ� FRQRFLGRV� R� \D� VH� KDQ� FDOFXODGR� D�
H[FHSFLyQ�GH�OD�GLVWDQFLD�d�HQWUH�OD�7LHUUD�\�HO�SXQWR�%��TXH�SRGHPRV�PHGLU�VREUH�OD�
JUiILFD�UHVXOWDQGR� �����8$d | ��

&DOFXODPRV�HO�YDORU�GHO�iUHD��
� ������P ��A LD D   ��

\��ILQDOPHQWH��ODV�GLPHQVLRQHV�GHO�FLOLQGUR��

���PD  �� ����PL  ��

K� (Q�XQ� WLHPSR� dt �� OD�VHFFLyQ�A� GHO�DVWHURLGH�TXH�DYDQ]D�D�YHORFLGDG�v�EDUUH�XQ
YROXPHQ�dV Avdt ��3RU�OD����OH\�GH�1HZWRQ��\�SXHVWR�TXH�QR�KD\�IXHU]DV�H[WHUQDV�

� � �d mv dm v dmF ma v a
dt dt m dt

  �  o  � ��

GRQGH� OD� YDULDFLyQ� GH� PDVD� dm � HV� GHELGD� D� OD� LQFRUSRUDFLyQ� GH� SDUWtFXODV�
LQWHUHVWHODUHV�� 6L� OD� GHQVLGDG� GH� SDUWtFXODV� HV� �pn m dm dVU   �� WHQGUHPRV� TXH�

pdm dV n m AvdtU  ��/D�DFHOHUDFLyQ�TXHGD�

�p pn m Avdt n mva Av
m dt m

 �  � ��

3DUD� FDOFXODU� VX� YDORU� WRPDPRV� OD� YHORFLGDG� ���NP�Vvf | � GHO� DSDUWDGR� E��
&RQVLGHUDPRV�FRPR�VHFFLyQ�HIHFWLYD�HO�YDORU�PHGLR�HQWUH�ODV�VHFFLRQHV�UHFWDQJXODU�\�
FLUFXODU�� \D� TXH� HO� DVWHURLGH� HVWi� URWDQGR�� VH� REWLHQH� ������PA  �� /D� PDVD� GH�
2XPXDPXD�HV� m VU �� GRQGH� OD� GHQVLGDG�HV� LJXDO�D� OD�GH� OD�7LHUUD� \� HO� YROXPHQ�
YDOH� � ��� ��� ��� ����PV S � �  ��/D�DFHOHUDFLyQ�UHVXOWD�

�� �� �� �P�Va � � u ��

TXH�HV�XQD�FDQWLGDG�GHVSUHFLDEOH��(Q�WRGD�OD�HGDG�GHO�XQLYHUVR�VH�KDEUtD�SURGXFLGR�
SRU�HVWD�FDXVD�XQD�GLVPLQXFLyQ�GH�OD�YHORFLGDG�GH�VyOR���P�V��

6DEHU�PiV�

0HHFK��.��et al.� ��������³$�EULHI�YLVLW� IURP�D�UHG�DQG�H[WUHPHO\�HORQJDWHG� LQWHUVWHOODU�
DVWHURLG´��Nature������SS����������KWWSV���GRL�RUJ���������QDWXUH��������
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	El planeta Saturno (el “señor de los anillos” del Sistema Solar) despierta gran interés científico por sus anillos, su gran cantidad de satélites naturales, su atmósfera... Tiene una masa de 5684,6×1023 kg y está a más de 1400 millones de km del Sol.
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