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PRÓLOGO (1ª edición) 

 
 Estos breves "Apuntes de Electricidad" están orientados a los alumnos de los 
Polimodales que no han tenido un curso completo de Física que abarque los temas de 
electricidad y magnetismo. 
 En él se vuelcan los conceptos básicos sin desarrollos matemáticos ni 
justificaciones rigurosas, sólo se pretende que aquel que deba trabajar con electricidad 
en forma lateral pueda resolver problemas simples o entenderse con el especialista a 
quién recurra para los problemas más complejos. 
 Un estudio más detallado del comportamiento de los circuitos eléctricos puede 
verse en el libro "Teoría de los Circuitos I" del mismo autor que está disponible para su 
fotocopiado en la Facultad Regional Mendoza de la U.T.N. 
 La fundamentación de la electrostática, la electrodinámica y del magnetismo 
puede verse en cualquiera en los innumerables textos de Física. 
 Si resulta útil para alguien me sentiré retribuido, si me hacen llegar comentarios 
para corregirlo y/o mejorarlo sin profundizar el enfoque serán muy bienvenidos. Gracias. 
 

PRÓLOGO (3ª edición) 
 
 La tercera edición contiene correcciones tipográficas y, creo y espero, mejoras en 
algunas explicaciones. Además se han agregado problemas resueltos y explicados que 
tratan de mejorar la comprensión de los temas. 
 Reitero mi gratitud a aquellos alumnos que me hicieron notar las deficiencias de la 
edición anterior. 
 
Godoy Cruz, Mendoza 
20 de Septiembre de 2002 
Ing. Jorge María BUCCELLA 
e_mail: jmbuccella@ciudad.com.ar 
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1 - ELECTROSTÁTICA 
 

1-A) Estructura del átomo 
� 3DUD�SRGHU� HQWHQGHU� ORV� IHQyPHQRV� HOpFWULFRV�GHEHPRV� FRQRFHU� FyPR�
HVWi�FRPSXHVWD�OD�PDWHULD��/D�SDUWtFXOD�PiV�SHTXHxD�GH�HOOD�HV� OD�PROpFXOD�
TXH�FRQVHUYD�WRGDV�VXV�FDUDFWHUtVWLFDV��VLQ�HPEDUJR�QR�HV�LQGLYLVLEOH��DXQTXH�
VX�GLYLVLyQ�VL�PRGLILFD�ODV�FDUDFWHUtVWLFDV�SURSLDV��
� /D�PROpFXOD�HVWi�FRQVWLWXLGD�SRU�XQR�R�PiV�iWRPRV�TXH�SXHGHQ�VHU�GH�
LJXDO� �HOHPHQWRV�SXURV��R�GH�GLVWLQWD� FRQIRUPDFLyQ� �FRPSXHVWRV���(O� iWRPR�
HVWi� FRPSXHVWR� SRU� XQ� Q~FOHR�� TXH� SUiFWLFDPHQWH� FRQFHQWUD� OD�PDVD� WRWDO��
URGHDGR�SRU� XQD�R� FDVL� XQ� FHQWHQDU� GH�SDUWtFXODV� TXH�JLUDQ� D� VX� DOUHGHGRU�
OODPDGDV� HOHFWURQHV�� (O� Q~FOHR� HVWi� FRPSXHVWR� GHVGH� XQD� SDUWtFXOD� KDVWD�
FLHQWRV�GH�HOODV�� ODV�SULQFLSDOHV�\�PiV�FRQRFLGDV��DXQTXH�QR� ODV�~QLFDV��VRQ�
ORV�SURWRQHV�\�QHXWURQHV��
� (O�GLiPHWUR�GHO�Q~FOHR�HV�GHO�RUGHQ�GH�������PHWURV�\�HO�GH�ODV�yUELWDV�
GH� ORV� HOHFWURQHV� TXH� GHILQHQ� HO� WDPDxR� WRWDO� GHO� iWRPR� GH� �� D� �� Â� ������
PHWURV�� � /DV� PDVDV� GH� SURWRQHV� \� QHXWURQHV� VRQ� DSUR[LPDGDPHQWH� ODV�
PLVPDV�\�XQDV������YHFHV�PD\RUHV�D�OD�GH�ORV�HOHFWURQHV��
� 3RU�HMHPSOR�HO�iWRPR�PiV�VLPSOH�HV�HO�GH�+LGUyJHQR�\�HVWi�FRQVWLWXLGR�
SRU�XQ�SURWyQ�HQ�HO�Q~FOHR��HV�HO�~QLFR�TXH�QR�WLHQH�QHXWURQHV��\�XQ�HOHFWUyQ�
HQ� yUELWD�� /D� PROpFXOD�JUDPR� GH� KLGUyJHQR� PRQRDWyPLFR� FRQVWD� GH� �����
Â�����SDUWtFXODV��Q~PHUR�GH�$YRJDGUR��\�VX�PDVD�HV�GH�������JUDPRV��SRU�
FRQVLJXLHQWH� OD�PDVD� GH� XQ� iWRPR� HV� GH������ Â� ������ NLORJUDPRV�� OD� GH� XQ�
HOHFWUyQ�������YHFHV�PHQRV��HV�GH�����Â������NLORJUDPRV�FRQ�OR�TXH�VH�SXHGH�
GHFLU�TXH�OD�PDVD�GHO�SURWyQ�HV�LJXDO�D�OD�GHO�iWRPR��(O�iWRPR�PiV�FRPSOHMR�
TXH� VH� HQFXHQWUD� HQ� HVWDGR� QDWXUDO� HV� HO� GH� 8UDQLR� TXH� FRQWLHQH� ���
HOHFWURQHV�JLUDQGR�DOUHGHGRU�GH�XQ�Q~FOHR�FRQ����SURWRQHV�\�����QHXWURQHV��
�
1-B) Fuerzas interatómicas 
� 6H� KD� GHWHUPLQDGR� TXH� HQWUH� HOHFWURQHV� \� SURWRQHV� H[LVWHQ� IXHU]DV�
PXWXDV�� DGHPiV� GH� ODV� JUDYLWDWRULDV� GHELGDV� D� VXV�PDVDV�� TXH� VH� H[SOLFDQ�
DGMXGLFiQGROHV�XQD�SURSLHGDG�OODPDGD�FDUJD�HOpFWULFD�R�HOHFWULFLGDG��FRQ�XQD�
GLIHUHQFLD� IXQGDPHQWDO� \D� TXH� ODV� IXHU]DV� JUDYLWDWRULDV� VRQ� VRODPHQWH�
DWUDFWLYDV�PLHQWUDV�TXH�ODV�HOpFWULFDV�SXHGHQ�VHU�DWUDFWLYDV�R�UHSXOVLYDV��
� /RV� SURWRQHV� VH� UHSHOHQ� HQWUH� Vt� DO� LJXDO� TXH� ORV� HOHFWURQHV�� SHUR� ORV�
SURWRQHV�\�HOHFWURQHV�VH�DWUDHQ�HQWUH�HOORV��(VWR�GLR�OXJDU�D�OD�GHVLJQDFLyQ�GH�
GRV� FODVHV� GH� FDUJD� HOpFWULFD�� SRVLWLYD� �DVLJQDGD� DUELWUDULDPHQWH� D� ORV�
SURWRQHV�� \� QHJDWLYD� �D� ORV� HOHFWURQHV��� 7RGRV� ORV� SURWRQHV� WLHQHQ�
H[DFWDPHQWH� OD�PLVPD�FDUJD�SRVLWLYD�\�WRGRV� ORV�HOHFWURQHV� OD�PLVPD�FDUJD�
QHJDWLYD�\��FRPR�WRGR�iWRPR�QRUPDO�TXH�WLHQH�HO�PLVPR�Q~PHUR�GH�SURWRQHV�
TXH�GH�HOHFWURQHV�QR�SUHVHQWD� FDUJDV�HQ�H[FHVR�� ODV� FDUJDV� VRQ�GHO�PLVPR�
YDORU�DXQTXH�GH�VLJQR�FRQWUDULR��
� 1R�KDELpQGRVH�GHWHFWDGR�FDUJDV�LQIHULRUHV�D�ODV�GH�XQ�HOHFWUyQ�R�SURWyQ�
VH�GHGXFH�TXH�HVWD�VHUtD�OD�XQLGDG�QDWXUDO�R�IXQGDPHQWDO�GH�FDUJD�HOpFWULFD��
� $GHPiV�GH�HVWDV�IXHU]DV�JUDYLWDWRULDV�\�HOpFWULFDV�TXH�GHSHQGHQ�GH�OD�
GLVWDQFLD� HQWUH� ODV� SDUWtFXODV�� KD\� RWUDV� TXH� GHSHQGHQ� GHO� PRYLPLHQWR�
UHODWLYR�\�GDQ�OXJDU�D�HIHFWRV�PDJQpWLFRV��
�
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1-C) Electrización por contacto 
� 'DGR� TXH� ORV� iWRPRV� WLHQHQ� LJXDO� Q~PHUR� GH� HOHFWURQHV� TXH� GH�
SURWRQHV�OD�PDWHULD�QR�SUHVHQWD�QRUPDOPHQWH�HIHFWRV�HOpFWULFRV��6L�DOWHUDPRV�
HVWH� HTXLOLEULR�� HV� GHFLU� TXH� WLHQH� GHIHFWR� R� H[FHVR� GH� HOHFWURQHV�� GHFLPRV�
TXH�HVWi�FDUJDGD��+D\�PXFKRV�PHGLRV�SDUD�ORJUDU�HVWH�GHVHTXLOLEULR�VLHQGR�HO�
PiV�DQWLJXR�HO�GH�IURWDPLHQWR��DXQTXH�HQ�UHDOLGDG�HV�PiV�FRUUHFWR�GHFLU�SRU�
FRQWDFWR��
� 3RU�HMHPSOR�HQWUH�XQD�EDUUD�GH�HERQLWD�\�XQD�SLHO�OD�SULPHUD�DGTXLHUH�
HOHFWURQHV� \� TXHGD� FDUJDGD� QHJDWLYDPHQWH� \� OD� SLHO�� FRQVHFXHQWHPHQWH��
SRVLWLYDPHQWH��8QD�EDUUD�GH�YLGULR�FRQ�XQ�WUDSR�GH�VHGD�UHVXOWD�HQ�OD�EDUUD�
SRVLWLYDPHQWH� \� HO� WUDSR� QHJDWLYDPHQWH� FDUJDGR�� (Q� WRGRV� ORV� FDVRV� VH� KD�
YHULILFDGR�TXH�OD�FDQWLGDG�GH�FDUJD�ORJUDGD�SRU�XQ�HOHPHQWR�HV�H[DFWDPHQWH�
LJXDO�\�GH�VLJQR�FRQWUDULR�DO�REWHQLGR�SRU�HO�RWUR��QR�KD\�FUHDFLyQ�R�SpUGLGD�
VyOR�WUDQVPLVLyQ��
� (VWDV�FDUJDV�SXHGHQ�WUDQVIHULUVH�D�RWURV�FXHUSRV�WDPELpQ�SRU�FRQWDFWR��
REVHUYiQGRVH�TXH�KD\�UHSXOVLyQ�HQWUH�DTXHOORV�TXH�KDQ�VLGR�FDUJDGRV�FRQ�OD�
PLVPD�FDUJD�\�KD\�DWUDFFLyQ�HQWUH�ORV�GH�FDUJD�GLVWLQWD��
�
��'��&RQGXFWRUHV�\�DLVODGRUHV�
� (Q�UHDOLGDG�HVWH�IHQyPHQR�GH�FDUJD�SRU�FRQWDFWR�VH�SURGXFH��HQ�PHQRU�
R�PD\RU� JUDGR�� HQWUH� GRV� VXEVWDQFLDV� GLVWLQWDV�� /D� GLIHUHQFLD� HVWULED� HQ� HO�
KHFKR�TXH�DOJXQRV�PDWHULDOHV�SHUPLWHQ�PHMRU�TXH�RWURV�OD�GLVWULEXFLyQ�GH�ODV�
FDUJDV�� (VWR� GD� OXJDU� D� XQD� FODVLILFDFLyQ� GH� PDWHULDOHV� FRQGXFWRUHV�� TXH�
SURYHHQ� XQD� IiFLO� FLUFXODFLyQ� GH� ODV� FDUJDV�� \� DLVODGRUHV� TXH� LPSLGHQ� VX�
GHVSOD]DPLHQWR��
� /RV� PHWDOHV�� GH� HOHFWURYDOHQFLD� SRVLWLYD� \� TXH� HQ� GLVROXFLyQ� IRUPDQ�
LRQHV�SRVLWLYRV�� WLHQHQ� OD� IDFLOLGDG�GH�GHVSUHQGHUVH�GH�VXV�HOHFWURQHV�GH� ODV�
yUELWDV� H[WHULRUHV� JHQHUDQGR� ORV� OODPDGRV� HOHFWURQHV� OLEUHV� TXH� SXHGHQ�
PRYHUVH� OLEUHPHQWH� SRU� HO� PDWHULDO�� (O� Q~FOHR� \� HO� UHVWR� GH� ORV� HOHFWURQHV�
TXHGDQ� HQ� SRVLFLyQ� ILMD�� (Q� ORV� DLVODGRUHV� QR� KD\�� R� KD\� PX\� SRFRV��
HOHFWURQHV�OLEUHV�IDOWDQGR��HQ�FRQVHFXHQFLD��ORV��SRUWDGRUHV�GH�FDUJD��
�
��(��&DQWLGDG�GH�HOHFWULFLGDG��/H\�GH�&RXORPE�
� 8Q� FXHUSR� FDUJDGR� HV� DTXHO� TXH� WLHQH� FLHUWR� Q~PHUR� GH� SURWRQHV� R�
HOHFWURQHV� HQ� H[FHVR� \� OD� FDUJD� QHWD� TXHGD� GHILQLGD� SRU� HVWH� Q~PHUR�� 6LQ�
HPEDUJR� HQ� OD� SUiFWLFD� OD� FDUJD� VH� H[SUHVD� HQ� XQD� XQLGDG�PXFKR�PD\RU��
8WLOL]DPRV�OD�OHWUD�³4´��PD\~VFXOD�R�PLQ~VFXOD��SDUD�LQGLFDU�HVWD�FDUJD��
� (Q���������&KDUOHV�$��&RXORPE�HVWDEOHFLy�TXH�OD�IXHU]D�GH�DWUDFFLyQ�R�
UHSXOVLyQ� HQWUH� GRV� FDUJDV� HOpFWULFDV� HUD� LQYHUVDPHQWH� SURSRUFLRQDO� DO�
FXDGUDGR�GH� OD�GLVWDQFLD�HQWUH�HOODV��3RVWHULRUPHQWH� VH�GHPRVWUy�TXH��SDUD�
XQD�VHSDUDFLyQ�GDGD��HVWD�IXHU]D�GHSHQGtD�GLUHFWDPHQWH�GHO�SURGXFWR�GH�ODV�
FDUJDV� LQGLYLGXDOHV�� (VWDV� UHODFLRQHV� SXHGHQ� FRQYHUWLUVH� HQ� XQD� LJXDOGDG�
HVWDEOHFLHQGR�XQD�FRQVWDQWH�GH�SURSRUFLRQDOLGDG�N� FRQ� OR�TXH�VH�REWLHQH� OD�
/H\�GH�&RXORPE��
� � � � � � ) �N��T�T¶��U��
� (O� YDORU� GH� OD� FRQVWDQWH� N� GHSHQGH� GH� ODV� XQLGDGHV� TXH� H[SUHVHQ� OD�
IXHU]D�� OD� FDUJD� \� OD� GLVWDQFLD�� (VWD� IRUPD� TXHGD�� HQ�JHQHUDO�� UHVWULQJLGD� D�
FDUJDV� SXQWXDOHV�� HV� GHFLU� GH� GLPHQVLRQHV� GHVSUHFLDEOHV� UHVSHFWR� D� OD�
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GLVWDQFLD� TXH� ODV� VHSDUD�� 7DPELpQ� GHEH� WHQHUVH� HQ� FXHQWD� TXH� ODV� FDUJDV�
LQGXFLGDV�HQ�ODV�PROpFXODV�GHO�PHGLR�TXH�ODV�URGHD�PRGLILFDQ�HVWD�IXHU]D��(O�
YDFtR�HV�HO�PHGLR�LGHDO�SHUR�HO�DLUH�VyOR�PRGLILFD�HQ�XQ�����SRU�PLO��
� (Q�HO�VLVWHPD�HOHFWURVWiWLFR�GH�XQLGDGHV�ODV�IXHU]DV�VH�H[SUHVDQ�HQ�
GLQDV��ODV�GLVWDQFLDV�HQ�FHQWtPHWURV��\�OD�XQLGDG�GH�FDUJD�VH�HOLJH�SDUD�TXH�
HO� YDORU� GH� N� VHD� XQLWDULR�� &RQVHFXHQWHPHQWH� OD� XQLGDG� HOHFWURVWiWLFD� GH�
FDUJD� HOpFWULFD� SXHGH�GHILQLUVH� FRPR� OD� FDUJD�TXH� UHSHOH� D� RWUD� LJXDO� \� GHO�
PLVPR� VLJQR� VLWXDGD� D� OD� GLVWDQFLD� GH� XQ� FHQWtPHWUR� FRQ� OD� IXHU]D� GH� XQD�
GLQD�� (VWD� XQLGDG� HV� OODPDGD� SRU� DOJXQRV� VWDWRFROXPELR� R� TXH� VH� LQGLFD�
FRPR�XHVT��/DV�GLPHQVLRQHV�GH�N�VRQ��HQWRQFHV��GLQDVÂFP��XHVT���
� (Q�HO�VLVWHPD�PNV�OD�XQLGDG�GH�FDUJD�HV�HO�&RXORPE�R�FXORPELR�SHUR�
QR� VH� GHILQH� SRU� HVWD� OH\� VLQR� HQ� IXQFLyQ� GH� OD� XQLGDG� GH� LQWHQVLGDG� GH�
FRUULHQWH��HO�DPSHULR��\�VH�GHILQH�FRPR� OD�FDQWLGDG�GH�FDUJD�TXH�DWUDYLHVD�
SRU�VHJXQGR�OD�VHFFLyQ�GH�XQ�FRQGXFWRU�SRU�HO�FXDO�FLUFXOD�XQD�FRUULHQWH�GH�XQ�
DPSHULR��(O�FXORPELR�HV�PX\�DSUR[LPDGDPHQWH�LJXDO�D��Â����XHVT��
� <D�TXH�ODV�XQLGDGHV�GH�FDUJD��IXHU]D�\�GLVWDQFLD�HQ�HO�VLVWHPD�PNV�VH�
KDQ� GHILQLGR� HQ� IRUPD� LQGHSHQGLHQWH� GH� OD� OH\� GH� &RXORPE�� HO� YDORU� GH� OD�
FRQVWDQWH� N� GHEH�GHWHUPLQDUVH� H[SHULPHQWDOPHQWH�� HO� YDORU� GH� HOOD� HV� N� �
�������Â���� QHZWRQÂPHWUR��FRXO�� \D� TXH� OD� XQLGDG� GH� IXHU]D� HV� HO�
QHZWRQ�\�OD�GH�GLVWDQFLD�HO�PHWUR��
� /D�FDUJD�GH�XQ�HOHFWUyQ�HV��SDUD�HVWH�VLVWHPD��H� �������Â������FRXO��
� &RQ�HO�REMHWR�GH�HYLWDU�OD�DSDULFLyQ�GHO�IDFWRU��π�HQ�RWUDV�HFXDFLRQHV�VH�
GHILQH�RWUD�FRQVWDQWH�εε�� WDO�TXH�εε�� �����πN��FRQ� OR�TXH� OD�/H\�GH�&RXORPE�
TXHGD�H[SUHVDGD�FRPR��

)� �����ππεε��Â��T�T¶����U���
� /D� FRQVWDQWH� εε��� OODPDGD�SHUPLWLYLGDG�HOpFWULFD�� HV��SDUD�HO� VLVWHPD�
PNV��

εε�� ��������Â������FRXO��1ÂP���
�
1-F) Campo eléctrico 
� 6L�HQ�XQ�PHGLR�GRQGH�H[LVWH�XQD�FDUJD�HOpFWULFD�FRORFDPRV�RWUD�D�FLHUWD�
GLVWDQFLD� KHPRV�YLVWR�TXH� VXIULUi�XQD�DWUDFFLyQ�R� UHSXOVLyQ��(VWD� IXHU]D�HV��
FRPR�OD�JUDYLWDWRULD��HMHUFLGD�D�GLVWDQFLD�SRU� OR�TXH�SRGHPRV�DVXPLU�TXH�OD�
FDUJD�� D� VLPLOLWXG� FRQ� OD�PDVD�� JHQHUD�XQ� FDPSR�HOpFWULFR�� (V� GHFLU�TXH� VX�
SUHVHQFLD�PRGLILFD� ODV�FXDOLGDGHV�GHO�PHGLR��&RQ�HVWR�SRGHPRV�GHFLU�TXH�OD�
IXHU]D� TXH� VH� HMHUFH� VREUH� OD� VHJXQGD� FDUJD� HV� SURYRFDGD� SRU� HO� FDPSR�
JHQHUDGR�SRU�OD�SULPHUD�\��SRU�VXSXHVWR�UHFtSURFDPHQWH��
� 6H�GLFH�TXH�H[LVWH�XQ�FDPSR�HOpFWULFR�HQ�XQ�SXQWR�VL�VREUH�XQ�FXHUSR�
FDUJDGR�FRORFDGR�HQ�GLFKR�SXQWR�VH�HMHUFH�XQD�IXHU]D�GH�RULJHQ�HOpFWULFR��
� <D� TXH� OD� IXHU]D� HV� XQD� PDJQLWXG� YHFWRULDO� HO� FDPSR� WDPELpQ� WLHQH�
GLUHFFLyQ��VHQWLGR�\�PyGXOR��
� (O� YDORU� GHO� FDPSR�HQ� FXDOTXLHU� SXQWR�� UHSUHVHQWDGR�SRU�(�� VH� GHILQH�
FRPR�HO�FRFLHQWH�REWHQLGR�GH�GLYLGLU�OD�IXHU]D�)�HMHUFLGD�VREUH�XQ�FXHUSR�GH�
SUXHED� FRORFDGR� HQ� HO� SXQWR�� SRU� OD� FDQWLGDG� GH� FDUJD� T¶� GHO� FXHUSR� GH�
SUXHED��

(� �)���T¶�
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� (O�FDPSR�HOpFWULFR�HV�OD�IXHU]D�SRU�XQLGDG�GH�FDUJD��FRQVHFXHQWHPHQWH�
HQ�HO�VLVWHPD�PNV�OD�LQWHQVLGDG�GH�FDPSR�HOpFWULFR�HV�HO�QHZWRQ�FXORPELR��/D�
H[SUHVLyQ�DQWHULRU�SXHGH�SRQHUVH�FRPR��

)� �T¶�(�
� (V� GHFLU� TXH� OD� IXHU]D� HMHUFLGD� VREUH� XQD� FDUJD� T¶� HQ� XQ� SXQWR� GHO�
FDPSR� HVWi� GDGD� SRU� HO� SURGXFWR� GH� OD� FDUJD� SRU� OD� LQWHQVLGDG� GH� FDPSR�
HOpFWULFR��
� /D�OH\�GH�&RXORPE�GLFH�TXH�OD�IXHU]D�VREUH�OD�FDUJD�GH�SUXHED�HV��

)� �����ππεε��Â��T�T¶����U���
\��SRU�FRQVLJXLHQWH�OD�LQWHQVLGDG�GHO�FDPSR�HQ�HO�SXQWR�UHVXOWD��

(� �)�T¶� �����ππεε��Â�T���U���
\�HO�VHQWLGR�HV�WDO�TXH�VH�DOHMD�GH� OD�FDUJD�T�VL�T¶�HV�GHO�PLVPR�VLJQR�R�VH�
DFHUFD�VL�HV�GH�GLVWLQWR�VLJQR��
� (Q� HO� FDVR� TXH� HO� FDPSR� HVWp� IRUPDGR� SRU� YDULDV� FDUJDV� SXQWXDOHV� D�
GLVWLQWDV�GLVWDQFLDV� GHO� SXQWR� OD� LQWHQVLGDG�GH� FDPSR�HV� OD� UHVXOWDQWH�GH� OD�
VXPD� YHFWRULDO� �R� JHRPpWULFD�� GHO� SURGXFLGR� SRU� FDGD� XQD� GH� HOODV� HQ� HO�
SXQWR��

(� �����ππεε��Â�∑∑��T���U���
(Q� OD� SUiFWLFD� ORV� FDPSRV� VRQ� FUHDGRV� SRU� GLVWULEXFLRQHV� GH� FDUJDV� VREUH�
FRQGXFWRUHV�ILQLWRV��HQ�HVWH�FDVR�VH�FRQVLGHUDQ�FDUJDV�LQILQLWHVLPDOHV�GT�\�OD�
VXPD�VH�FRQYLHUWH�HQ�OD�LQWHJUDO��

(� �����ππεε��Â�∫∫�GT���U��
� 6H� FRPSUXHED� TXH� OD� OH\� GH� &RXORPE� HV� SUHFLVDPHQWH� GH� OD� PLVPD�
IRUPD� TXH� OD� OH\� GH� 1HZWRQ� SDUD� OD� IXHU]D� JUDYLWDWRULD� HQWUH� PDVDV�
SXQWXDOHV��3RU�HOOR� ODV�GHILQLFLRQHV�GH� LQWHQVLGDG�GH�FDPSR�HOpFWULFR�VRQ� ODV�
PLVPDV� TXH� ODV� GH� FDPSR� JUDYLWDWRULR� \� SDUHFHUtD� GHGXFLUVH� TXH� DPERV�
SUREOHPDV� REHGHFHQ� DO� PLVPR� SULQFLSLR� VLQ� HPEDUJR� KD\� GLIHUHQFLDV�
LPSRUWDQWHV�TXH�KDFHQ� OD�GHILQLFLyQ�GH�FDPSR�HOpFWULFR�FRPR� OD�UD]yQ�GH� OD�
IXHU]D�D� OD� FDUJD�SUHIHULEOH�D� OD�~OWLPD�H[SUHVLyQ��/D�GLIHUHQFLD�SURFHGH�GHO�
KHFKR� GH� TXH� ORV� HIHFWRV� JUDYLWDWRULRV� SDUHFHQ� SURSDJDUVH� FRQ� YHORFLGDG�
LQILQLWD� QR� RFXUUH� OR� PLVPR� FRQ� ORV� IHQyPHQRV� HOpFWULFRV� R�� PiV�
FRUUHFWDPHQWH��HOHFWURPDJQpWLFRV��/D�YHORFLGDG�GH�SURSDJDFLyQ�HQ�HO�YDFtR�HV�
OD�PLVPD�TXH�OD�YHORFLGDG�GH�OD�OX]���Â����P�VHJ��
� 6L�TXHUHPRV�GHILQLU�OD�LQWHQVLGDG�GH�FDPSR�FRPR�(� �)���T¶�GHEHPRV�
SRVWXODU� TXH�� D�� ODV� FDUJDV� TXH� FUHDQ� HO� FDPSR� QR� VH� GHVSOD]DQ� SRU� OD�
SUHVHQFLD� GH� OD� FDUJD�GH� SUXHED�� R� E�� GHEH�XWLOL]DUVH�XQD� FDUJD�GH�SUXHED�
LQILQLWHVLPDO� TXH� SURGXFH� XQD� DOWHUDFLyQ� GHVSUHFLDEOH� HQ� OD� GLVWULEXFLyQ� GH�
FDUJDV�LQLFLDO��
� 6L� HQ� FDPELR� VH� GHILQH� SRU� OD� HFXDFLyQ� (�  � ����ππεε��Â� ∫∫� GT� �� U�� OD�
GLILFXOWDG�DQWHULRU�QR�VH�SODQWHD�SRU�QR�XWLOL]DUVH�OD�FDUJD�GH�SUXHED��
�
1-G) Líneas de fuerza 
� (O� FRQFHSWR� GH� OtQHDV� GH� IXHU]D� IXH� LQWURGXFLGR� SRU� )DUDGD\� FRPR�XQ�
PHGLR�DX[LOLDU�SDUD�UHSUHVHQWDU�FDPSRV�HOpFWULFRV�R�PDJQpWLFRV��8QD�OtQHD�GH�
IXHU]D�HV�XQD�OtQHD�LPDJLQDULD�WUD]DGD�GH�IRUPD�WDO�TXH�VX�GLUHFFLyQ�HQ�FDGD�
SXQWR��OD�GLUHFFLyQ�GH�VX�WDQJHQWH��VHD�OD�PLVPD�TXH�OD�GLUHFFLyQ�GHO�FDPSR�
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HQ� HVH� SXQWR�� ODV� IOHFKDV� TXH� VH� LQGLFDQ� VREUH� HOOD� VHxDODQ� HO� VHQWLGR� GHO�
FDPSR��6L�VH�TXLVLHVH�SRGUtD�GLEXMDUVH�XQD�OtQHD�SRU�FDGD�SXQWR�GHO�SODQR�OR�
TXH� VLJQLILFDUtD� QR� SRGHU� GLVWLQJXLU� XQD� GH� OD� RWUD�� 3DUD� TXH�� D� OD� YH]� GH�
LQGLFDUQRV�OD�GLUHFFLyQ�\�VHQWLGR��SXHGDQ�UHSUHVHQWDU�OD�LQWHQVLGDG�GH�FDPSR�
VH� GLEXMDQ� GH�PRGR� WDO� TXH� HO� Q~PHUR� GH� ODV� TXH� DWUDYLHVDQ� OD� XQLGDG� GH�
VXSHUILFLH�SHUSHQGLFXODU�D�OD�GLUHFFLyQ�GHO�FDPSR�VHD�LJXDO��HQ�FDGD�SXQWR��DO�
SURGXFWR�GH��εε��SRU�OD�LQWHQVLGDG�GH�FDPSR�HOpFWULFR�HQ�HVH�SXQWR��
�
1-H) Rigidez dieléctrica 
� 8Q�DLVODGRU�R�GLHOpFWULFR�HV�XQD� VXEVWDQFLD�TXH�QR� WLHQH��R� WLHQH�PX\�
SRFRV��SRUWDGRUHV�GH�FDUJD�FDSDFHV�GH�PRYHUVH�EDMR�HO�HIHFWR�GH�XQ�FDPSR�
HOpFWULFR��6LQ�HPEDUJR�H[LVWH�SDUD�FDGD�XQD�XQ�FLHUWR�OtPLWH�GH�OD�LQWHQVLGDG�
GH� FDPSR� SRU� HQFLPD� GH� OD� FXDO� VH� FRQYLHUWH� HQ� FRQGXFWRUD�� /D� Pi[LPD�
LQWHQVLGDG�GH�FDPSR�HOpFWULFR�TXH�XQD�VXEVWDQFLD�SXHGH�VRSRUWDU�VLQ�URWXUD�
GH� GHQRPLQD� ULJLGH]� GLHOpFWULFD�� 3RU� HMHPSOR� SDUD� HO� DLUH� D� SUHVLyQ�
DWPRVIpULFD�HV�GH��Â����QHZWRQ�FRXO�\�SDUD�HO�YLGULR�GRV�R�WUHV�YHFHV�PD\RU��
 En función de estos datos puede calcularse la carga máxima por unidad de 
superficie de un conductor situado en el aire como: 

σσ� �εε��(� ���Â��������ππÂ����� ���Â�����FRXO�P��
� 5HDOPHQWH�ODV�FRQGLFLRQHV�EDMR�ODV�FXDOHV�SXHGH�VDOWDU�XQD�FKLVSD�HQ�HO�
DLUH�GHVGH�XQ�FRQGXFWRU�D�RWUR�VRQ�PXFKR�PiV�FRPSOLFDGDV�GH�OR�TXH�UHVXOWD�
GH� HVWDEOHFHU� OR� DQWHULRU�� HO� WHPD� GHEH� HVWXGLDUVH� FRQVXOWDQGR� VREUH� OD�
FRQGXFWLYLGDG�HOpFWULFD�HQ�ORV�JDVHV��
�
1-I) Potencial eléctrico 
� (O�SRWHQFLDO�HQ�XQ�SXQWR�HV�HO�WUDEDMR�QHFHVDULR�SDUD�WUDVODGDU�OD�XQLGDG�
GH� FDUJD� SRVLWLYD� GHVGH� HO� LQILQLWR� KDVWD� HO� SXQWR�� HQ� FRQWUD�GH� ODV� IXHU]DV�
HOpFWULFDV�GHO�FDPSR��/D�GLIHUHQFLD�GH�SRWHQFLDO�HQWUH�GRV�SXQWRV�HV�HO�WUDEDMR�
QHFHVDULR�SDUD�WUDVODGDU�OD�FDUJD�SRVLWLYD�XQLWDULD�GHVGH�XQ�SXQWR�DO�RWUR��
� (O� SRWHQFLDO� HOpFWULFR� HV�� HQ� SULQFLSLR�� XQD� PDJQLWXG� HVFDODU� \� VXV�
GLPHQVLRQHV�VRQ�ODV�GH�XQ�WUDEDMR�SRU�XQLGDG�GH�FDUJD��6H�PLGH�HQ�YROWLRV�
�9���HO�YROWLR�HV�HO�WUDEDMR�GH�XQ�MXOLR�VREUH�OD�FDUJD�GH�XQ�FXORPELR��HV�GHFLU�
��9� ���-�&RXO��
� 6L�UHFRUGDPRV�TXH�HO�WUDEDMR�SXHGH�FDOFXODUVH�SRU�HO�SURGXFWR�HQWUH�OD�
IXHU]D�\�HO�FDPLQR�UHFRUULGR�HQ�FRQWUD�GH�HVD�IXHU]D��:� �)�Â�U���HO�SRWHQFLDO�
9� HQ� XQ� SXQWR�� H[SUHVDGR� HQ� YROWLRV�� GHELGR� D� OD� FDUJD� HOpFWULFD� T�� HQ�
FXORPELRV��D�XQD�GLVWDQFLD�U��HQ�PHWURV��SXHGH�FDOFXODUVH�FRPR��

9� �N���T���U���
� (O� WUDEDMR�:DE� UHDOL]DGR�SDUD� WUDVODGDU�XQD� FDUJD�T�GH�XQ�SXQWR�D��D�
RWUR�E��FX\D�GLIHUHQFLD�GH�SRWHQFLDO�HV�9DE� �9D���9E�YDOH��

:DE��MXOLRV�� ���T��FXORPELRV��Â�9DE��YROWLRV��
� 6L�HO�FDPSR�HOpFWULFR�HV�XQLIRUPH�:� ���T�9� �)�U��HQ�GRQGH�)�HV� OD�
IXHU]D�VREUH�OD�FDUJD�T�\�U�HV�OD�GLVWDQFLD�HQWUH�ORV�SXQWRV��3RU�FRQVLJXLHQWH��
9��� U� � ��)���T�� R�ELHQ��9��� U� � ��(��HV�GHFLU�TXH�HQ�XQ�FDPSR�HOpFWULFR�
XQLIRUPH� OD� LQWHQVLGDG� (� �HQ� 1HZWRQ�FXORPELR�� HV� LJXDO� DO� JUDGLHQWH� GH�
SRWHQFLDO�9���U��HQ�YROWLRV�PHWUR��FDPELDGR�GH�VLJQR��(Q�JHQHUDO�SRGHPRV�
GHFLU� TXH� OD� FRPSRQHQWH� GH� OD� LQWHQVLGDG� GHO� FDPSR� HOpFWULFR� HQ� FXDOTXLHU�
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GLUHFFLyQ� HV� LJXDO� DO� JUDGLHQWH� GH� SRWHQFLDO� HQ� HVD� GLUHFFLyQ� FDPELDGR� GH�
VLJQR��
� 'HFtDPRV�TXH��HQ�SULQFLSLR��HO�SRWHQFLDO�HV�XQD�PDJQLWXG�HVFDODU��SHUR�
OD�GHILQLFLyQ�LPSOLFD�TXH�HO�WUDEDMR�SDUD�WUDVODGDU�OD�FDUJD�GH�XQ�SXQWR�D�RWUR�
GHSHQGH�GHO� VHQWLGR�GH�HVH� WUDVODGR�\� VL� ODV� FDUJDV� �OD� WUDVODGDGD�\� OD�TXH�
JHQHUD� HO� FDPSR�� VRQ� GH� LJXDO� VLJQR� R� QR�� (V� GHFLU� TXH� VL� JDVWDPRV� XQ�
WUDEDMR�SDUD�OOHYDU�OD�FDUJD�GHO�SXQWR�D�DO�E�YDPRV�D�³UHFXSHUDUOR´�WUD\HQGR�
OD� FDUJD� GHO� E� DO� D�� (VWR� OR� SRGHPRV� LQGLFDU� FRQ� XQD� SRODULGDG� GH� HVD�
GLIHUHQFLD�GH�SRWHQFLDO��VHxDODQGR�FRPR�SRVLWLYR�HO�SXQWR�GH�PD\RU�SRWHQFLDO�
FRQ�OR�TXH�OD�GLIHUHQFLD�GH�SRWHQFLDO�VH�FRQYHUWLUtD�HQ�XQ�YHFWRU�HVSHFLDO�FRQ�
XQD� ~QLFD� GLUHFFLyQ� SRVLEOH� SHUR� ORV� GRV� VHQWLGRV�� �/D� LPSRUWDQFLD� GH�
HVWDEOHFHU�HVWR�OD�YHUHPRV�DO�HVWXGLDU�OD�OH\�GH�2KP���
� 6H�GLFH�TXH�HO�SXQWR�E�HVWi�D�XQ�SRWHQFLDO�VXSHULRU�DO�GHO�SXQWR�D�VL�VH�
UHDOL]D� WUDEDMR� FRQWUD� ODV� IXHU]DV� HOpFWULFDV� SDUD�PRYHU� XQD� FDUJD� SRVLWLYD�
GHVGH�D�KDVWD�E��(VWR�HV��E�HVWi�D�XQ�SRWHQFLDO�VXSHULRU�DO�GH�D�VL�OD�HQHUJtD�
SRWHQFLDO� GH� XQD� FDUJD� SRVLWLYD� HV�PD\RU� HQ�E� TXH� HQ�D�� /D� GLIHUHQFLD� GH�
SRWHQFLDO� HQWUH�GRV�SXQWRV�D� \�E� SRGHPRV� LQGLFDUOD� FRPR�9DE�≡≡�9D� ��9E� \��
FRQVHFXHQWHPHQWH���9DE�≡≡����9ED��
�
1-J) Condensadores 
� 8Q� FRQGHQVDGRU� R� FDSDFLWRU� HVWi� FRQVWLWXLGR� SRU� GRV� FRQGXFWRUHV�
VHSDUDGRV�SRU�XQ�GLHOpFWULFR�R�DLVODQWH�� LJXDOPHQWH�FDUJDGRV�GH�HOHFWULFLGDG�
GH�VLJQR�FRQWUDULR��
� /D�FDSDFLGDG�&�GH�XQ�FRQGHQVDGRU�HVWi�GHILQLGD�FRPR�OD�UHODFLyQ�GH�OD�
FDUJD�VREUH�XQR�GH�ORV�FRQGXFWRUHV�D�OD�GLIHUHQFLD�GH�SRWHQFLDO�HQWUH�HOORV��(Q�
HO�VLVWHPD�PNV�OD�FDSDFLGDG�VH�H[SUHVD�HQ�)DUDGLRV��HQ�FRQVHFXHQFLD�UHVXOWD�
TXH��

&��IDUDGLRV�� �T��FXORPELRV����9��YROWLRV��
&RPR�HVWD�XQLGDG�HV�PX\�JUDQGH�VH�XWLOL]DQ�QRUPDOPHQWH�ORV�VXEP~OWLSORV��
� /D� FDSDFLGDG� GH� XQ� FDSDFLWRU� SODQR�� IRUPDGR� SRU� SODFDV� SDUDOHODV� GH�
LJXDO� VXSHUILFLH�$� �HQ� PHWURV� FXDGUDGRV�� VHSDUDGDV� D� XQD� GLVWDQFLD� G� �HQ�
PHWURV��YLHQH�GDGD�SRU�OD�IyUPXOD��

&� �.�εε����$���G��
6LHQGR� .� �DGLPHQVLRQDO�� OD� FRQVWDQWH� GLHOpFWULFD� UHODWLYD� R� FDSDFLGDG�
LQGXFWLYD�HVSHFtILFD�GHO�PHGLR�DLVODQWH��\� �εε�� ��������Â������FRXO��1ÂP���
YDORU�\D�FRQRFLGR��6L�HO�PHGLR�HV�HO�YDFtR�.� ����
� /D�FDSDFLGDG�HTXLYDOHQWH�GH�XQ�FRQMXQWR�GH�FDSDFLWRUHV�FRQHFWDGRV�HQ�
SDUDOHOR�HV�LJXDO�D�OD�VXPD�GH�VXV�FDSDFLGDGHV�LQGLYLGXDOHV��(O�UHFtSURFR�GH�OD�
FDSDFLGDG� HTXLYDOHQWH� GH� FDSDFLWRUHV� HQ� VHULH� HV� LJXDO� D� OD� VXPD� GH� ORV�
UHFtSURFRV�GH�ODV�FDSDFLGDGHV�LQGLYLGXDOHV��
� (Q�XQ�FRQGHQVDGRU��OD�GLIHUHQFLD�GH�SRWHQFLDO�HQWUH�VXV�FRQGXFWRUHV�HV�
GLUHFWDPHQWH�SURSRUFLRQDO�D�OD�FDUJD�TXH�DGTXLHUHQ��(Q�HO�SURFHVR�GH�FDUJD�HO�
HOHPHQWR�FRPLHQ]D�GHVFDUJDGR�\�DGTXLHUH�DO� ILQDO�XQD�FDUJD�T��3RU�WDQWR�OD�
GLIHUHQFLD�GH�SRWHQFLDO�YDUtD�GH�FHUR�DO�YDORU�9�ILQDO��\�VX�YDORU�PHGLR�HV�ò�9��
(O� WUDEDMR�SDUD� WUDVODGDU� OD� FDUJD�T�D� WUDYpV�GH�XQD�GLIHUHQFLD�GH�SRWHQFLDO�
PHGLD��SHUR�FRQVWDQWH��ò�9�HV�:� �T���ò�9����3RU�FRQVLJXLHQWH��OD�HQHUJtD�
HOpFWULFD�:�DOPDFHQDGD�HQ�OD�FDUJD�GH�XQ�FRQGHQVDGRU�YLHQH�GDGD�SRU��
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� � � � � :� �ò�T�9� �ò�&�9�� �ò�T����&�
�WHQLHQGR� HQ� FXHQWD� TXH�T� � &� 9� �� GRQGH�:� VH�PLGH� HQ� MXOLRV� �-���T� HQ�
FXORPELRV��&RXO���9�HQ�YROWLRV��9��\�&�HQ�IDUDGLRV��)����
�
��.��(MHPSORV�GH�FiOFXORV�
� ���� (QFRQWUDU� OD� PDJQLWXG� GH� OD� IXHU]D� TXH� H[LVWH� HQWUH� XQD� FDUJD�
HOpFWULFD� SRVLWLYD� GH� ������ FXORPELRV� \� RWUD� QHJDWLYD� GH� ������� FXORPELRV�
FXDQGR� VH� KDOODQ� D� OD� GLVWDQFLD� GH� �� FHQWtPHWURV�� ¢4Xp� WLSR� GH� IXHU]D� HV��
DWUDFWLYD�R�UHSXOVLYD"�
6ROXFLyQ��
/RV�GDWRV�GHO�SUREOHPD�PH�SHUPLWHQ�HQFRQWUDU�OD�VROXFLyQ�DSOLFDQGR�OD�/H\�GH�
&RXORPE��SHUR�SDUD�HOOR�GHEHPRV�H[SUHVDU�OD�GLVWDQFLD�HQ�PHWURV��8WLOL]DQGR�
OD�QRWDFLyQ�FLHQWtILFD�SDUD�VLPSOLILFDU�ODV�RSHUDFLRQHV�SRGHPRV�HVWDEOHFHU��
� N� ��Â�����>QHZWRQÂPHWUR���FRXO��@�
� T� ��Â������>FRXO@�
� T
� ���Â������>FRXO@�
� U� ��Â������>PHWURV@�
OXHJR��
� )� �>��Â�������Â���Â�������Â���Â�������@�����Â���������� ����Â�����QHZWRQV��
<D�TXH� ODV�FDUJDV�VRQ�GH�VLJQR�FRQWUDULR�HO�SDU�GH� IXHU]DV�TXH�DFW~D�HV�GH�
DWUDFFLyQ��
� ����(QFRQWUDU�OD�PDJQLWXG�\�HO�VHQWLGR�GH�OD�IXHU]D�TXH�H[LVWH�HQWUH�GRV�
FDUJDV�SRVLWLYDV�GH������FXORPELRV��VL�HVWiQ�XELFDGDV�HQ�HO�SODQR�VREUH�XQD�
UHFWD�D�����UHVSHFWR�DO�HMH�[��\�VHSDUDGDV�XQD�GLVWDQFLD�GH����PLOtPHWURV��
6ROXFLyQ��
3DUD�HVWH�SUREOHPD�VH�DSOLFD�OD�PLVPD�IyUPXOD�TXH�
SDUD�HO�DQWHULRU��'HEHPRV�UHFRUGDU�TXH�OD�GLVWDQFLD�
GHEH�H[SUHVDUVH�HQ�PHWURV��
� T�� �T�� ����Â������FRXO�\�U� ���Â������P��
$SOLFDQGR�OD�IyUPXOD�UHVXOWD��
)�� �)�� �������Â�����QHZWRQV��
6L�ODV�FDUJDV�HVWiQ�VREUH�XQD�UHFWD�D�����GHO�SODQR�
ODV� IXHU]DV� WHQGUiQ� HVD� GLUHFFLyQ�� (O� iQJXOR� GH� OD�
XELFDGD� PiV� DUULED� HQ� HO� SODQR� WHQGUi� HO� VHQWLGR�
TXH� OD� DOHMD� GH� OD� RWUD�� VX� iQJXOR� VHUi� GH� ����� /D� RWUD� WHQGUi� HO� VHQWLGR�
FRQWUDULR�SRU�HOOR�HO�iQJXOR�HV�GH������������ �������&RQ�OR�TXH�HO�UHVXOWDGR�
HV��
)�� �������Â������������QHZWRQV�\�)�� �������Â������������QHZWRQV��
� ����'HWHUPLQDU�OD�IXHU]D�H[LVWHQWH�HQWUH�XQ�HOHFWUyQ�\�XQ�SURWyQ�FXDQGR�
VH�KDOODQ�VHSDUDGRV�SRU�����Â�������PHWURV��
6ROXFLyQ��
3DUD�HVWH�SUREOHPD�VH�DSOLFD�OD�PLVPD�IyUPXOD�TXH�SDUD�HO�DQWHULRU��'HEHPRV�
UHFRUGDU� TXH� ODV� FDUJDV� HOpFWULFDV� GHO� SURWyQ� \� GHO� HOHFWUyQ� VRQ� LJXDOHV� HQ�
PDJQLWXG�SHUR�SRVLWLYD�SDUD�HO�SURWyQ�\�QHJDWLYD�SDUD�HO�HOHFWUyQ��
� T�H� ��������Â�������FRXO��T�S� ��������Â�������FRXO�\�U� ����Â�������P��
$SOLFDQGR�OD�IyUPXOD�UHVXOWD��
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� )� ���������Â�������QHZWRQV��
� ����8QD�FDUJD�GH�������FRXO�VH�HQFXHQWUD�HQ�ODV�FRRUGHQDGDV�������HQ�
FHQWtPHWURV� GHO� SODQR� [\�� 2WUD� GH� ������ FRXO� HQ� ������� +DOODU� OD� IXHU]D�
UHVXOWDQWH�� HQ�PDJQLWXG� \� VHQWLGR�� TXH� HMHUFHQ� VREUH�XQD� WHUFHUD� FDUJD�GH�
�����FRXO�XELFDGD�HQ��������
6ROXFLyQ��
(Q� HVWH� FDVR�GHEHPRV� FDOFXODU� OD� IXHU]D�TXH� FDGD�XQD�GH� ODV�GRV�SULPHUDV�
HMHUFHQ� VREUH� OD� WHUFHUD� \� OXHJR� VXPDUODV� YHFWRULDOPHQWH� SDUD� REWHQHU� OD�
UHVXOWDQWH��$GHPiV�GHEHPRV�SULPHUR�FDOFXODU�ODV�GLVWDQFLDV�HQWUH�ODV�FDUJDV�
D� SDUWLU� GH� ORV� GDWRV� TXH� QRV� GDQ� VX� XELFDFLyQ�� &RQYLHQH� SUHVHQWDUOR�
JUiILFDPHQWH�SDUD�YHUOR�PiV�FODUR��
3DUD�OD�GLVWDQFLD�HQWUH�T��\�T���
TXH�SRGHPRV�LQGLFDU�FRPR�U���
DSOLFDPRV�HO�WHRUHPD�GH�3LWi��
JRUDV��
�U���� ��[����[��������\����\�����
�U���� ����������������������� �
 ����������� ����FP���
�U���� ����Â������P���
+DFLHQGR�OR�SURSLR�FRQ�OD�
RWUD�GLVWDQFLD�HQFRQWUDUH��
PRV�TXH�HV�OD�PLVPD��
�U���� ����Â������P����
$KRUD�SRGHPRV�DSOLFDU�OD�
IyUPXOD�GH�&RXORPE�\�REWHQHU�TXH��
)�� ��Â����1W�\�VX�iQJXOR�θθ11� ������
)�� ����Â����1W�\�VX�iQJXOR�θθ22� ������
3DUD� KDOODU� OD� UHVXOWDQWH� GHEHPRV� REWHQHU� OD� IRUPD� SROLQyPLFD� GH� ORV� GRV�
YHFWRUHV�)�\�UHDOL]DU�VX�VXPD�YHFWRULDO��GDGR�TXH�HVWDPRV�HQ�XQ�SODQR��
)�� �)���L�FRV�θ����M�VHQ�θ��� ��Â������������L����������M�� �������Â����L���
������Â����M�
)�� �)���L�FRV�θ����M�VHQ�θ��� ����Â��������������L����������M�� ��������Â����L�
��������Â����M�
6XPDQGR�VH�REWLHQH��
)5� ���������Â����L���������Â����M��R�ELpQ�)5� �������Â������������
�����
1W�
�
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� ����6L�GHVHR�TXH�VH�HMHU]D�XQD�IXHU]D�GH�DWUDFFLyQ�GH���QHZWRQ�HQWUH�
GRV� FDUJDV� GH�PDJQLWXG� ���� FRXO� \� VLJQR� FRQWUDULR�� ¢$� TXp� GLVWDQFLD� GHER�
FRORFDUODV"�
6ROXFLyQ��
'HER�HQFRQWUDU�OD�GLVWDQFLD�HQWUH�GRV�FDUJDV�FRQRFLGDV�SDUD�REWHQHU�OD�IXHU]D�
UHTXHULGD��
/XHJR�UHVXOWDUi��
U� �>��N� Â�T�� Â�T�� ���)�@ò� �>��Â���� Â��Â��� ��� Â��Â��� ������@ò� ����Â��� ��ò� �
�����Â�����PHWURV�
� ���� ¢&XiO� HV� OD� LQWHQVLGDG� GH� FDPSR� HOpFWULFR� TXH� VH� JHQHUD� D� XQD�
GLVWDQFLD�GH���FP�GH�XQD�FDUJD�HOpFWULFD�GH���FRXO"�
6ROXFLyQ��
/D�IyUPXOD�GH�OD�LQWHQVLGDG�GH�FDPSR�HOpFWULFR�HV��
(� �������πε0��Â�T���U��� �N�Â�T���U��� ��Â�����Â������Â������ �����Â������1�FRXO�
� ���� ¢4Xp� FDUJD� GHER� FRORFDU� SDUD� REWHQHU� XQ� FDPSR� HOpFWULFR� GH� ��
QHZWRQ�FRXO�D�XQD�GLVWDQFLD�GH���FP�"�
6ROXFLyQ��
8VDQGR� OD� IyUPXOD� GHO� SUREOHPD� DQWHULRU� SRGHPRV� GHVSHMDU� OD� FDUJD�
UHTXHULGD��
T� ���πε0��Â�U���Â�(� ������N��Â�U���Â�(� �>��Â��������Â���@�����Â������� ������Â�������FRXO�
� ����¢4Xp�FDUJD�GHER�FRORFDU�D���FP�GH�XQ�SXQWR�SDUD�FDQFHODU�HO�FDPSR�
HOpFWULFR�JHQHUDGR�HQ�pO�SRU�XQD�FDUJD�GH������FRXO�TXH�HVWi�XELFDGD�D���FP�
GHO�SXQWR"�¢(Q�TXp�GLUHFFLyQ�GHER�FRORFDUOD"�
6ROXFLyQ��
3ULPHUR�GHER�GHWHUPLQDU�HO�FDPSR�H[LVWHQWH�SDUD�OXHJR�SRGHU�FDQFHODUOR��
(�� �N�Â�T���U��� ��Â�����Â����Â�����������Â��������� ������Â������1�FRXO��
3DUD� FDQFHODUOR� GHER� FUHDU� XQ� FDPSR� GH� LJXDO� LQWHQVLGDG� SHUR� GH� VHQWLGR�
FRQWUDULR�� VL� XELFR� D� OD� FDUJD� VREUH� OD� UHFWD� GHWHUPLQDGD� SRU� OD� FDUJD�
H[LVWHQWH�\�HO�SXQWR��HQWUH�OD�FDUJD�\�HO�SXQWR��
T�� ������N��Â�U���Â�(� �>��Â��������Â����Â������@�����Â������� ���������FRXO�
�
�
�
2�WDPELpQ�XQ�FDPSR� LJXDO�GH� LJXDO�VLJQR�VL� OD�XELFR�GHMDQGR�DO�SXQWR�HQWUH�
DPEDV�FDUJDV��HV�GHFLU�TXH��
T�� �����������FRXO�
�
�
� ����¢&XiO�HV�HO�SRWHQFLDO�HOpFWULFR�GH�XQ�SXQWR�XELFDGR�D����FP�GH�XQD�
FDUJD�GH�����FRXO"�
6ROXFLyQ���
/D�IyUPXOD�GHO�SRWHQFLDO�HOpFWULFR�HV��
9� �������πε0��Â�T���U�� �N�Â�T���U� ��Â�����Â��Â���������Â������ ���Â�����YROWLRV�
�

T�� T��3�
���� �� FP�

T�� T�� 3�
���� �� FP�
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� �����¢&XiO�HV�OD�GLIHUHQFLD�GH�SRWHQFLDO�HQWUH�GRV�SXQWRV��HO�$�XELFDGR�D�
��FP�\�HO�RWUR�%�D���FP�GH�XQD�FDUJD�GH������FRXO"��¢&XiO�HV�HO�SXQWR�TXH�
WLHQH� PD\RU� SRWHQFLDO"� ¢&XiO� VHUtD� OD� UHVSXHVWD� VL� OD� FDUJD� IXHUD� GH� LJXDO�
PDJQLWXG�SHUR�GH�VLJQR�FRQWUDULR"�
6ROXFLyQ���
/D�IyUPXOD�GHO�SRWHQFLDO�HOpFWULFR�HV��
9$� �N�Â�T���U$� ��Â�����Â��Â���������Â������ �����Â������YROWLRV�
9%� �N�Â�T���U$� ��Â�����Â��Â���������Â������ �����Â������YROWLRV�
/D�GLIHUHQFLD�GH�SRWHQFLDO�HV��9$%� �9$���9%� ��������������Â������ �������Â������YROWLRV�
/XHJR�UHVXOWD�TXH��9%�HV�PD\RU�TXH�9$�
3DUD�HO�VHJXQGR�FDVR�FDPELD�HO�VLJQR�GH�ORV�SRWHQFLDOHV�SHUR�QR�VX�PDJQLWXG��
5HVXOWDUi�OR�FRQWUDULR��9$%� �������Â������YROWLRV�\�9%�HV�PHQRU�TXH�9$�
� �����D��¢&XiO�HV�OD�FDSDFLGDG�GH�XQ�FRQGHQVDGRU�SODQR�IRUPDGR�SRU�GRV�
SODFDV�UHFWDQJXODUHV�SDUDOHODV�GH�XQD�VXSHUILFLH�GH�����FP� ���VHSDUDGDV�SRU�
����PP�GH�DLUH"�
E��¢&XiO�HV� OD�FDUJD�HOpFWULFD�DFXPXODGD�FXDQGR�VH�HVWDEOHFH�XQD�GLIHUHQFLD�
GH�SRWHQFLDO�HQWUH�SODFDV�GH����YROWLRV"�
6ROXFLyQ����
/DV�ORQJLWXGHV�GHEHQ�GDUVH�HQ�PHWURV�OXHJR�ORV�GDWRV�SDUD�HO�FiOFXOR�VHUiQ��
$� ���Â������P���� G� ����Â������P� .DLUH� ��� εε00� ������Â�������FRXO���1ÂP���

&� �.�Â�ε0�Â��$���G�� ���Â������Â�������Â��Â����������Â������ �������)DUDGLRV�
<�OD�FDUJD�SRGHPRV�FDOFXODUOD�WHQLHQGR�HQ�FXHQWD�TXH�&� �T���9��SRU�HOOR��
T� ��&�Â�9� �������Â���� �������FRXO�
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�
��$��,PDQHV�\�PDJQHWLVPR�
� 'HQRPLQDPRV� LPiQ�D�FXDOTXLHU�FXHUSR�TXH�WLHQH�OD�IDFXOWDG�GH�DWUDHU�
WUR]RV�GH�KLHUUR��\�VH�OODPD�PDJQHWLVPR�D�OD�SURSLHGDG�HQ�YLUWXG�GH�OD�FXDO�
VH�SURGXFH�HVD�DWUDFFLyQ��
� 6L�LQWURGXFLPRV�XQ�LPiQ�HQ�OLPDGXUDV�GH�KLHUUR�\�OR�UHWLUDPRV�YHUHPRV�
TXH� ODV� OLPDGXUDV� VH� DGKLHUHQ� IXQGDPHQWDOPHQWH� HQ� ORV� H[WUHPRV�� SRU� HOOR�
GHQRPLQDPRV�SRORV�D�ORV�H[WUHPRV�GHO�LPiQ��$XQTXH�DPERV�SRORV�DWUDHQ�ODV�
OLPDGXUDV� QR� VRQ� LJXDOHV�� 6L� WRPDPRV� GRV� EDUUDV� PDJQpWLFDV� FRQ� SRORV�
ORFDOL]DGRV�HQ�ORV�H[WUHPRV�\�ODV�VXVSHQGHPRV��D�GLVWDQFLD�FRQVLGHUDEOH�XQD�
GH�OD�RWUD�\�GH�FXDOTXLHU�RWUR�LPiQ�R�FXHUSR�GH�KLHUUR��GH�IRUPD�TXH�SXHGDQ�
JLUDU� OLEUHPHQWH�HQ�XQ�SODQR�KRUL]RQWDO�REVHUYDUHPRV�TXH�ODV�GRV�VH�XELFDQ�
VLJXLHQGR�OD�RULHQWDFLyQ�1RUWH�6XU��WDO�FRPR�OR�KDUtD�OD�DJXMD�GH�XQD�EU~MXOD���
6L�DKRUD�ODV�DSUR[LPDPRV�YHUHPRV�TXH�ORV�SRORV�TXH�DSXQWDEDQ�DO�1RUWH�VH�
UHSHOHQ� HQWUH� Vt�� \� OR�PLVPR�RFXUUH� FRQ� ORV� TXH�DSXQWDEDQ�DO�6XU��SHUR� VH�
DWUDHQ�HO�SROR�TXH�DSXQWDED�DO�1RUWH�GH�XQD�FRQ�HO�TXH�DSXQWDED�DO�6XU�GH�OD�
RWUD��/RV�SRORV�LJXDOHV�VH�UHSHOHQ��
� $O� SROR�TXH� VHxDODED�DO�1RUWH� VH�GHQRPLQD�SROR�QRUWH� GHO� LPiQ�\�DO�
RWUR�SROR�VXU�GHO�LPiQ��/D�7LHUUD�HV�XQ�LPiQ�FRQ�ORV�SRORV�VLWXDGRV�GHQWUR�GH�
ORV�&tUFXORV�3RODUHV�ÈUWLFR�\�$QWiUWLFR��SHUR�QR�FRLQFLGLHQGR�FRQ�ORV�H[WUHPRV�
GHO� HMH� GH� URWDFLyQ� �SRU� HVR� KDEODPRV� GH� SRORV� JHRJUiILFRV� \� SRORV�
PDJQpWLFRV�GH� OD�7LHUUD���KD\�TXH�DFODUDU�TXH�HO�SROR�1RUWH�GH� OD�7LHUUD�HV�
HVWULFWDPHQWH�XQ�SROR�VXU�VL�OD�FRQVLGHUDPRV�XQ�LPiQ��
� /DV�IXHU]DV�GH�DWUDFFLyQ�\�UHSXOVLyQ�PDJQpWLFDV�VRQ�WDQ�IXQGDPHQWDOHV�
FRPR�ODV�GH�DWUDFFLyQ�\�UHSXOVLyQ�HQWUH�FDUJDV�HOpFWULFDV�\�ODV�GH�DWUDFFLyQ�GH�
OD� JUDYHGDG�� FRQRFHPRV� VXV� OH\HV� \� ODV� XWLOL]DPRV� LQGHSHQGLHQWH� GH� VX�
QDWXUDOH]D��3RGHPRV�Vt�DGHODQWDU�TXH�H[LVWH�XQD�PDUFDGD�VLPLOLWXG�HQWUH�ODV�
IXHU]DV� HOpFWULFDV� \� ODV�PDJQpWLFDV� \� OD� GLIHUHQFLD� HQWUH� DPERV�HVSDFLRV� HV�
TXH�SRGHPRV�WHQHU�FDUJDV�HOpFWULFDV�LQGLYLGXDOHV�SRVLWLYDV�\�R�QHJDWLYDV�SHUR�
ORV�LPDQHV�DSDUHFHQ�VLHPSUH�FRPR�SDUHV�IRUPDQGR�GLSRORV�PDJQpWLFRV��(O� HVSDFLR� TXH� URGHD� DO� LPiQ�\� D�

WUDYpV� GHO� FXDO� HMHUFH� VX�
LQIOXHQFLD�� VH� OODPD� FDPSR�
PDJQpWLFR�GHO�LPiQ��7HyULFDPHQWH�
VH�H[WLHQGH�KDVWD�HO� LQILQLWR��SHUR�
HQ� OD� SUiFWLFD� VH� FRQVLGHUD� KDVWD�
GRQGH� VH� GHWHFWD� VX� LQIOXHQFLD� \�
HOOR�GHSHQGH�GH�OD�VHQVLELOLGDG�GHO�
LQVWUXPHQWR� TXH� XVHPRV�� �/R�
PLVPR� TXH� HO� FDPSR� HOpFWULFR�
JHQHUDGR�SRU�XQD�FDUJD�HOpFWULFD���
8Q�SROR�QRUWH�PDJQpWLFR�FRORFDGR�
HQ� XQ� SXQWR� GHO� FDPSR� HVWi�
VRPHWLGR�D�XQD�IXHU]D�TXH�WLHQGH�
D� PRYHUOR� HQ� XQ� VHQWLGR�
GHWHUPLQDGR��XQ�SROR�VXU�FRORFDGR�
HQ�HO�PLVPR�SXQWR�HVWi�VRPHWLGR�
D�XQD�IXHU]D�TXH�WLHQGH�D�PRYHUOR�
HQ� VHQWLGR� FRQWUDULR�� (Q�
FRQVHFXHQFLD�� VL� FRORFDPRV� XQD�
SHTXHxD� DJXMD� LPDQWDGD� HQ� HO�
FDPSR�GH��
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GH� XQD� EDUUD� PDJQpWLFD� DLVODGD�� VH� FRORFDUi� HQ� OD� GLUHFFLyQ� GHO� FDPSR��
VHxDODQGR�VX�SROR�QRUWH�HQ�HO�VHQWLGR�HQ�TXH�VH�PRYHUtD�XQ�SROR�QRUWH�OLEUH��\�
VX�SROR�VXU�HQ�HO�TXH�VH�PRYHUtD�XQ�SROR�VXU� LJXDOPHQWH� OLEUH��6L�PRYHPRV�
HQWRQFHV�OD�DJXMD�VLJXLHQGR�VLHPSUH�HO�VHQWLGR�HQ�HO�FXDO�HVWi�DSXQWDQGR�VX�
SROR�QRUWH��VX�WUD\HFWRULD�VHUi�XQD�FXUYD�SODQD�TXH�WHUPLQD�HQ�HO�SROR�VXU�GH�
OD�EDUUD��/D�FXUYD�SXHGH�FRPSOHWDUVH�OOHYDQGR�OD�DJXMD�D�OD�SRVLFLyQ�LQLFLDO�\�
GHVSOD]iQGROD� HQ� HO� VHQWLGR� TXH� VHxDOD� HO� SROR� VXU�� (Q� HVWH� FDVR� VH�
HQFRQWUDUi�TXH�OD�WUD\HFWRULD�WHUPLQD�HQ�HO�SROR�QRUWH�GH�OD�EDUUD��8QD�OtQHD�
WUD]DGD� GH� HVWH� PRGR�� GH� SROR� D� SROR�� VH� GHQRPLQD� OtQHD� GH� IXHU]D�
PDJQpWLFD� R� OtQHD� GH� LQGXFFLyQ� �SDUD� GLVWLQJXLUOD� GH� OD� REWHQLGD� HQ� XQ�
FDPSR� HOpFWULFR��� 5HSLWLHQGR�HVWH� SURFHVR� SDUD� GLVWLQWDV� SRVLFLRQHV� LQLFLDOHV�
GH�OD�DJXMD�LPDQWDGD��SXHGH�GLEXMDUVH�HO�FDPSR�PDJQpWLFR�GH�XQ�LPiQ��/DV�
OtQHDV� UHSUHVHQWDQ�HQ�FDGD�SXQWR�HO� VHQWLGR�GHO�FDPSR�PDJQpWLFR�\�QR�KD\�
OtPLWH�SDUD�HO�Q~PHUR�GH�OtQHDV�TXH�SXHGHQ�GLEXMDUVH��VLQ�HPEDUJR�HQ�FLHUWRV�
FDVRV�VH�XWLOL]D�HO�Q~PHUR�GH�OtQHDV�SRU�XQLGDG�GH�iUHD��FHQWtPHWUR�FXDGUDGR�
SRU�HMHPSOR��SDUD�UHSUHVHQWDU�OD�LQWHQVLGDG�GHO�FDPSR�HQ�FDGD�SXQWR��
� &RPR�REVHUYDPRV�HQ�HO�JUiILFR�DQWHULRU�KD\�XQD�GLIHUHQFLD�LPSRUWDQWH�
HQ�ODV�OtQHDV�GH�LQGXFFLyQ�FRQ�UHVSHFWR�D�ODV�GH�IXHU]D�GH�XQ�FDPSR�HOpFWULFR��
HQ�ODV�GH�LQGXFFLyQ�YHPRV�TXH�QR�SDUWHQ�GH�XQ�~QLFR�SXQWR��DXQTXH�KD\�XQD�
PD\RU� FRQFHQWUDFLyQ� HQ� ORV� SRORV�� OD� UD]yQ� HV� VLPSOH� QR� KD\� SRORV�
PDJQpWLFRV�OLEUHV��VLHPSUH�HQFRQWUDPRV�GLSRORV�PDJQpWLFRV��
� ,GHDOPHQWH� VH� KD� LQWURGXFLGR� HO� SROR� PDJQpWLFR� XQLGDG� FRPR� XQ�
PDQDQWLDO�SXQWXDO�GHO�FXDO�SDUWHQ�OtQHDV�UHFWDV�UDGLDOHV�GH�IXHU]D�PDJQpWLFD�
XQLIRUPHPHQWH� UHSDUWLGDV�� VX� YDORU� VH�KD� ILMDGR�SDUD�TXH�GRV�SRORV� XQLGDG�
LGpQWLFRV�VHSDUDGRV�D� OD�GLVWDQFLD�GH�XQ�FHQWtPHWUR�VH�UHSHODQ�FRQ�OD�IXHU]D�
GH�XQD�GLQD��6H�UHLWHUD�HV�XQ�HOHPHQWR�LGHDO��
� /D�LQWHQVLGDG�GH�XQ�FDPSR�PDJQpWLFR�HQ�FXDOTXLHU�SXQWR�GHO�HVSDFLR�VH�
GHILQH� FRPR� OD� IXHU]D� HQ� GLQDV� TXH� HO� FDPSR� HMHUFHUtD� VREUH� HO� SROR�
PDJQpWLFR�XQLGDG�FRORFDGR�HQ�GLFKR�SXQWR��HO�VtPEROR�XWLOL]DGR�SDUD�LQGLFDU�OD�
LQWHQVLGDG�GH�FDPSR�PDJQpWLFR�HV�OD�OHWUD�+��3DUD�HO�VLVWHPD�FJV�OD�XQLGDG�GH�
FDPSR�HV�HO�2HUVWHG��
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� &XDQGR�GH�GHVHD�UHSUHVHQWDU�WDQWR�HO�VHQWLGR�FRPR�OD�LQWHQVLGDG�GH�XQ�
FDPSR�PDJQpWLFR��OD�OtQHD�UHFLEH�XQ�VLJQLILFDGR�FXDQWLWDWLYR��\�HO�Q~PHUR�GH�
HOODV�� GLEXMDGDV� R� LPDJLQDGDV�� SRU� FHQWtPHWUR� FXDGUDGR� GH� VXSHUILFLH�
SHUSHQGLFXODU�DO�FDPSR�VH�KDFH� LJXDO�D� OD� LQWHQVLGDG�GH�FDPSR��$KRUD�ELpQ��
FRPR�HO�iUHD�GH�OD�VXSHUILFLH�GH�XQD�HVIHUD�GH�XQ�FHQWtPHWUR�GH�UDGLR�HV�GH�
�π�FP���VH�GHGXFH�TXH�HO�Q~PHUR�WRWDO�GH�OtQHDV�GH�LQGXFFLyQ�TXH�SDUWHQ�GH�
XQ�SROR�PDJQpWLFR�XQLGDG�HV�GH��π��
� 3XHGH� IDEULFDUVH�XQ� LPiQ�KDFLHQGR�FLUFXODU�XQD�FRUULHQWH�HOpFWULFD�SRU�
XQ� FRQGXFWRU� DLVODGR� HQUROODGR� DOUHGHGRU� GH� XQ� FXHUSR� GH� KLHUUR�� 6L� HO�
PDWHULDO� HV� XQ� DFHUR� GXOFH� UHFRFLGR� VHUi� IiFLO� PDJQHWL]DUOR� SHUR� SHUGHUi�
UiSLGDPHQWH� HVD� SURSLHGDG� FXDQGR� GHMHPRV� GH� KDFHU� FLUFXODU� OD� FRUULHQWH��
WHQGUtDPRV�DVt�XQ�HOHFWURLPiQ�TXH�SRGHPRV�JREHUQDU��
� (Q� FDPELR� VL� XWLOL]DPRV� FLHUWRV� DFHURV� GXURV� VHUi� PiV� GLItFLO� VX�
LPDQWDFLyQ� SHUR� OD� FRQVHUYDUiQ� PXFKR� WLHPSR� REWHQLHQGR� LPDQHV�
SHUPDQHQWHV�GH�P~OWLSOHV�XVRV��
�
��%��0DJQHWLVPR�\�FDUJD�HOpFWULFD�
� (Q������2HUVWHG�GHVFXEULy�TXH� OD�FLUFXODFLyQ�GH�XQD�FRUULHQWH�SRU�XQ�
FRQGXFWRU�� HV� GHFLU� OD� FLUFXODFLyQ� GH� FDUJDV� HOpFWULFDV�� SURGXFtDQ� HIHFWRV�
PDJQpWLFRV�� OD�FRUULHQWH�GHVSOD]DED� OD�DJXMD�PDJQHWL]DGD�WDO�FRPR� OR�KDFtD�
XQ�LPiQ��
� ([WHQGHUHPRV�HQWRQFHV�HO�FRQFHSWR�GH�FDPSR�PDJQpWLFR�DO�FDPSR�HQ�
OD� SUR[LPLGDGHV� GH� XQ� LPiQ� R� GH� XQ� FRQGXFWRU� SRU� GRQGH� FLUFXOD� XQD�
FRUULHQWH� HOpFWULFD�� (O� YHFWRU� GH� FDPSR� PDJQpWLFR� IXQGDPHQWDO� VH� OODPD�
LQGXFFLyQ�PDJQpWLFD��VH�LQGLFD�FRQ�%��\�VH�SXHGH�UHSUHVHQWDU�SRU�PHGLR�GH�
ODV�OtQHDV�GH�LQGXFFLyQ��$�HVWH�YHFWRU�OR�GHILQLUHPRV�SRU�PHGLR�GH�XQD�FDUJD�
HOpFWULFD�GH�SUXHED�GLVSDUDGD�FRQ�XQD�YHORFLGDG�DUELWUDULD�Y�SRU�HO�SXQWR�3��6L�
REUD�VREUH�HOOD�XQD�IXHU]D�)�TXH�OD�GHVYtH�ODWHUDOPHQWH��DILUPDPRV�TXH�H[LVWH�
XQ�FDPSR�PDJQpWLFR�HQ�3��
� 6L�YDULDPRV�OD�GLUHFFLyQ�GH�OD�YHORFLGDG�Y�SRU�HO�SXQWR�3��VLQ�YDULDU�VX�
PDJQLWXG�� REVHUYDUHPRV� TXH� DXQTXH� VH� PDQWLHQH� SHUSHQGLFXODU� D� Y�� OD�
IXHU]D� )� YDUtD� VX� PDJQLWXG�� 3DUD� XQD� FLHUWD� GLUHFFLyQ� \� VHQWLGR� GH� Y�� \�
WDPELpQ� HO� VHQWLGR� RSXHVWR� �Y�� OD� IXHU]D� )� VH� DQXOD�� 'HILQLUHPRV� D� HVD�
GLUHFFLyQ�FRPR�OD�GLUHFFLyQ�GH�%���
� (QFRQWUDGD�OD�GLUHFFLyQ�GH�%�SRGHPRV�RULHQWDU�OD�YHORFLGDG�GH�OD�FDUJD�
GH� SUXHED� GH� IRUPD� TXH� VHD� SHUSHQGLFXODU� D�%�� FRQ� HVWR� OD� IXHU]D� VHUi� OD�
Pi[LPD��<�DKRUD�HVWDPRV�HQ�FRQGLFLRQHV�GH�GHILQLU�OD�PDJQLWXG�GHO�FDPSR�%�
SRU�OD�UHODFLyQ��

_%_� �_)Pi[�_�����T��Â�_Y_���
GRQGH�T��HV�OD�FDUJD�HOpFWULFD�GH�OD�FDUJD�GH�SUXHED��)�HV�OD�IXHU]D�Pi[LPD��
SHUSHQGLFXODU� D� OD� WUD\HFWRULD�� \� _Y_� HV� OD� PDJQLWXG� GH� OD� YHORFLGDG� GH� OD�
FDUJD�GH�SUXHED��
� (Q�ORV�GRV�SiUUDIRV�DQWHULRUHV�KHPRV�GHILQLGR�OD�GLUHFFLyQ�\�OD�PDJQLWXG�
GH�%��DKRUD�OD�GHILQLUHPRV�FRPSOHWDPHQWH��
� 6L�XQD�FDUJD�HOpFWULFD�SRVLWLYD�GH�SUXHED�T��VH�GLVSDUD�FRQ�OD�YHORFLGDG�
Y�SRU�XQ�SXQWR�3�\�VL�REUD�VREUH�HOOD�XQD�IXHU]D�ODWHUDO�)��KD\�XQD�LQGXFFLyQ�
PDJQpWLFD�%�HQ�HO�SXQWR�3��VLHQGR�%�HO�YHFWRU�TXH�VDWLVIDFH�OD�UHODFLyQ��

)� �T��Â�Y�[�%�
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newton1

)ndometro/segu(coulombio
newton1

weber/m1 2

∗
== �

� 2WUD�XQLGDG�PiV�DQWLJXD�HV�HO�JDXVV�TXH�VH�UHODFLRQD�FRQ�HO�ZHEHU�P��
SRU�OD�UHODFLyQ����ZHEHU�P�� ������JDXVV�
� $KRUD� HVWDPRV� HQ� FRQGLFLRQHV� GH� FDOFXODU� HO� HIHFWR� GH� OD� DFFLyQ�
FRQMXQWD�GH�ORV�FDPSRV�HOpFWULFR�\�PDJQpWLFR�VREUH�XQD�FDUJD�HOpFWULFD��

)� �T��(���T��Â�Y�[�%�
IyUPXOD�TXH�VH�OD�FRQRFH�FRPR�UHODFLyQ�GH�/RUHQW]��
� 8QD�FRUULHQWH�HV�XQ�FRQMXQWR�GH�FDUJDV�HQ�PRYLPLHQWR��FRQVHFXHQWH�VH�
HMHUFHUi� XQD� IXHU]D� ODWHUDO� VREUH� XQ� DODPEUH� TXH� OOHYH� FRUULHQWH� VL� VH�
HQFXHQWUD�HQ�XQ�FDPSR�PDJQpWLFR��/D�FRUULHQWH�VH�GHILQH�SRU�OD�FDQWLGDG�GH�
FDUJD� TXH� DWUDYLHVD� XQD� VHFFLyQ� GHO� FRQGXFWRU� HQ� OD� XQLGDG� GH� WLHPSR�� HV�
GHFLU��

t
q

i = �
'RQGH� L� VH� H[SUHVD� HQ� DPSHULRV� VL� OD� FDQWLGDG� GH� FDUJD� T� HVWi� GDGD� HQ�
FXORPELRV�\�HO�WLHPSR�HQ�VHJXQGRV��
� 8Q�PHWDO�FRQGXFH�OD�FRUULHQWH�SRU�PHGLR�GH�ORV�HOHFWURQHV�OLEUHV��VLHQGR�
Q�OD�FDQWLGDG�GH�HOORV�SRU�XQLGDG�GH�YROXPHQ�GHO�DODPEUH��SRU�HMHPSOR�SDUD�
HO� FREUH� SXHGH� GHFLUVH� TXH� KD\� ���Â��� ��� HOHFWURQHV� OLEUHV� SRU� FHQWtPHWUR�
F~ELFR�� \� OD� FDUJD� HOpFWULFD� HV� H�  � �����Â��� ���� FRXO�� 3RU� HOOR� VH� SXHGH�
HVFULELU�TXH��

Alenq ∗∗∗= �
GRQGH�O�HV�OD�GLVWDQFLD�SURPHGLR�UHFRUULGD�HQ�XQ�VHJXQGR�SRU�ORV�HOHFWURQHV��
\�$�HV�HO�iUHD�GH�OD�VHFFLyQ�GHO�FRQGXFWRU��FRQ�OR�TXH�VX�SURGXFWR�QRV�GD�HO�
YROXPHQ�GH�FRQGXFWRU��
� /XHJR�SRGHPRV�HVFULELU�TXH��

Aveni d ∗∗∗= �
GRQGH�Y�G�HV�OD�YHORFLGDG�GH�DUUDVWUH�GDGD�SRU�O�>PHWURV@��W�>��VHJXQGR@��
� /D�PDJQLWXG�GH�OD�IXHU]D�VREUH�FDGD�HOHFWUyQ�HVWi�GDGD�SRU�OD�UHODFLyQ�
TXH�\D�YLPRV��DVXPLHQGR�TXH�OD�GLUHFFLyQ�GH�OD�FRUULHQWH�HV�SHUSHQGLFXODU�DO�
YHFWRU�%��FRQ�OR�TXH�θ� ������WHQGUHPRV�TXH���

GRQGH���)�\�Y��VRQ�FDQWLGDGHV�YHFWRULDOHV��
T��HV�HVFDODU�� WRGDV�VH�PLGHQ��\�[� LQGLFD�
HO�SURGXFWR�YHFWRULDO��
� 'HO� GLEXMR� GHGXFLPRV� TXH� )� VHUi�
VLHPSUH�SHUSHQGLFXODU�D� OD�WUD\HFWRULD�GH�
OD�FDUJD�GH�SUXHED�Y�SRVLWLYD��OD�FRUULHQWH�
HOpFWULFD�� \� D� OD� LQGXFFLyQ� PDJQpWLFD� %��
(VD� IXHU]D� VH� DQXOD� FXDQGR� Y� \� %� VRQ�
SDUDOHODV�R�DQWLSDUDOHODV�\�UHVXOWD�Pi[LPD�
FXDQGR�VRQ�SHUSHQGLFXODUHV��/D�XQLGDG�GH�
LQGXFFLyQ�PDJQpWLFD�TXH�VH�GHGXFH�GH�ODV�
H[SUHVLRQHV� DQWHULRUHV� HV��
GLPHQVLRQDOPHQWH�� QHZWRQ�FXORPELR�
GLYLGLGR�PHWUR�VHJXQGR�� \� VH� OH� KD� GDGR�
HO�QRPEUH�GH�WHVOD�R�ZHEHU�P���
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� � � � B v e   sen B v q  F' d0 ∗∗=∗∗∗= � �
� /D�ORQJLWXG�O�GHO�DODPEUH�WLHQH�XQD�FDQWLGDG�GH�HOHFWURQHV�LJXDO�D�QÂ$ÂO��
VLHQGR� $ÂO� HO� YROXPHQ� GHO� DODPEUH�� 3RU� OR� WDQWR� OD� IXHU]D� WRWDO� VREUH� HO�
DODPEUH�VHUi��
� � � � ( ) ( ) B v elAnF'lAnF d ∗∗∗∗∗=∗∗∗= �
GRQGH�SRGHPRV�LQWURGXFLU�OD�FRUULHQWH��GDGD�SRU�L� �Q�Â�H�Â�YG�Â�$��QRV�TXHGD�
TXH�OD�IXHU]D�ODWHUDO�VREUH�HO�DODPEUH�HV��
� � _)_� �L�Â�O�Â�_%_� � R��SDUD�FXDOTXLHU�iQJXOR�θ�� )� �L�Â�O�[�%�
� $�HVWD�H[SUHVLyQ�VH�SXHGH�OOHJDU�WRPDQGR�HQ�FXHQWD�TXH�OD�GHQVLGDG�GH�
FRUULHQWH�HQ�OD�VHFFLyQ�GHO�FRQGXFWRU�HVWi�GDGD�SRU�-� �L���$� �Q�Â�H�Â�YG���
FRQ�OR�TXH�OD�YHORFLGDG�GH�DUUDVWUH�UHVXOWD�LJXDO�D�YG� �M����Q�Â�H���&RQ�HOOR�OD�
IXHU]D�VREUH�FDGD�HOHFWUyQ�HV��

n
Bj

B
en

j
eF'

∗=∗
∗

∗= �
\�OD�IXHU]D�WRWDO��

n
Bj

l)A(nF'l)A(nF
∗∗∗∗=∗∗∗= �

� ,QWURGXFLHQGR�OD�LQWHQVLGDG�GH�FRUULHQWH��L� �M�Â�$��TXHGD��
� � _)_� �L�Â�O�Â�_%_� � R��SDUD�FXDOTXLHU�iQJXOR�θ�� )� �L�Â�O�[�%�
GRQGH�OD�[�LQGLFD�HO�SURGXFWR�YHFWRULDO��&RQ�HOOR�OD�IXHU]D�)�HV�XQ�YHFWRU�FX\D�
PDJQLWXG� HV� _)_� � L� Â� O� Â� _%_�VHQ� θθ�� OD� GLUHFFLyQ� HV�SHUSHQGLFXODU� DO� SODQR�
GHILQLGR� SRU� HO� YHFWRU� ORQJLWXG� O� \� HO� YHFWRU� LQGXFFLyQ� PDJQpWLFD� %�� \� HO�
VHQWLGR�HV�HO�GH�DYDQFH�GH�XQ�WRUQLOOR�URVFD�GHUHFKD�TXH�JLUH�HQ�HO�VHQWLGR�GH�
O�KDFLD�%��VLJXLHQGR�HO�PHQRU�iQJXOR��
� (VWD� IXHU]D� HV� OD� TXH� FRQVWLWX\H� HO� SULQFLSLR� GH� IXQFLRQDPLHQWR� GHO�
PRWRU�HOpFWULFR��GH� ORV� LQVWUXPHQWRV�GH�PHGLFLyQ�D�DJXMD�\�GH� ORV� URWDWLYRV�
FRPR�ORV�PHGLGRUHV�GH�HQHUJtD��3HUR�WDPELpQ�WLHQH�OXJDU�HO�HIHFWR�FRQWUDULR��
VL�PRYHPRV�XQ�FRQGXFWRU�HQ�XQ�FDPSR�PDJQpWLFR��R�YDULDPRV�pVWH��KDUHPRV�
FLUFXODU�XQD�FRUULHQWH��FRPR�YHUHPRV�HQ�HO�SXQWR�VLJXLHQWH��
� (V� LPSRUWDQWH� HVWDEOHFHU� RWUR� FRQFHSWR� D� SDUWLU� GH� OD� LQGXFFLyQ�
PDJQpWLFD�%��HV�HO�FRQFHSWR�GH�IOXMR�PDJQpWLFR�D�WUDYpV�GH�XQD�VXSHUILFLH�
SHUSHQGLFXODU�D� OD�GLUHFFLyQ�GH�%��HVWH�IOXMR� LQGLFDGR�SRU� OD� OHWUD�JULHJD�SKL��
ΦΦ��HVWi�GDGR�SRU�HO�SURGXFWR�GH�OD�LQGXFFLyQ�SRU�HO�iUHD�FRQVLGHUDGD��
� � � � ΦΦ� �%�Â�$�
� /D�XQLGDG�GH�HVWH�SDUiPHWUR�HV�HO�ZHEHU��
�
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��&��/H\�GH�)DUDGD\�
� 3RGHPRV�UHDOL]DU�HO�H[SHULPHQWR�GH�FRQHFWDU�XQ�DPSHUtPHWUR�VHQVLEOH�D�
ORV� ERUQHV� GH� XQD� ERELQD� VLQ� FRORFDU� QLQJXQD� IXHQWH� GH� HQHUJtD�� (Q� HVDV�
FLUFXQVWDQFLDV�QR�SRGHPRV�HVSHUDU�TXH�FLUFXOH�XQD�FRUULHQWH�SRU�HO�FLUFXLWR��
6LQ� HPEDUJR� VL� DFHUFDPRV� XQ� LPiQ� D� OD� ERELQD� �FRQ� OR� TXH� HO� FDPSR�
PDJQpWLFR� HQ� OD� ERELQD� FDPELDUi�� QRWDUHPRV� TXH� HO� LQVWUXPHQWR� DFXVD� HO�
SDVR� GH� XQD� FRUULHQWH� PLHQWUDV� HVWHPRV� PRYLHQGR� HO� LPiQ�� HO� VHQWLGR� GHO�
PRYLPLHQWR� DOHMiQGRVH� R� DFHUFiQGRVH� KDUi� FLUFXODU� OD� FRUULHQWH� HQ� VHQWLGRV�
RSXHVWRV��/R�TXH�LPSRUWD�HV�HO�PRYLPLHQWR�UHODWLYR�HQWUH�OD�ERELQD�\�HO�LPiQ��
QR�LPSRUWD�FXDO�VH�PXHYD�R�VL�DPERV�OR�KDFHQ��/D�FRUULHQWH�FLUFXODQWH�HV�XQD�
FRUULHQWH�LQGXFLGD�SRU�XQD�IXHU]D�HOHFWURPRWUL]�LQGXFLGD��
� 2WUR�H[SHULPHQWR�HV�FRORFDU�HO�GLVSRVLWLYR�DQWHULRU�FRQ�HO�LQVWUXPHQWR�\�
FHUFD� GH� OD� ERELQD� FRORFDU� RWUR� FLUFXLWR� FRQ� XQD� ERELQD� VLPLODU� SHUR�
DOLPHQWDGD�SRU�XQD�EDWHUtD�FRQ�XQ�LQWHUUXSWRU��6L�ORV�GRV�FRQMXQWRV�HVWiQ�HQ�
UHSRVR� HQWUH� Vt� QRWDUHPRV� HQ� HO� SULPHU� FLUFXLWR� OD� FLUFXODFLyQ� EUHYH� GH�
FRUULHQWH� VyOR� HQ� HO� PRPHQWR� HQ� TXH� HQ� HO� VHJXQGR� FLUFXLWR� FHUUDPRV� R�
DEULPRV�HO�LQWHUUXSWRU�\�QR�FXDQGR�OR�PDQWHQHPRV�DELHUWR�R�FHUUDGR��
� )DUDGD\�VH�GLR�FXHQWD�TXH�KDEUi�IXHU]D�HOHFWURPRWUL]�LQGXFLGD�VLHPSUH�
TXH� FDPELH� OD� FRUULHQWH� GH� OD� VHJXQGD� ERELQD�� \� HVWD� IXHU]D� HOHFWURPRWUL]�
GHSHQGH� GH� OD� YHORFLGDG� GH� FDPELR� \� QR� GH� OD� PDJQLWXG� GH� OD� FRUULHQWH��
)DUDGD\�HVWDEOHFLy�VX�OH\�GLFLHQGR�TXH��
� /D� IXHU]D� HOHFWURPRWUL]� LQGXFLGD� εε� HQ� XQ� FLUFXLWR� HV� LJXDO� DO� YDORU�
QHJDWLYR� GH� OD� UDSLGH]� FRQ� OD� FXDO� HVWi� FDPELDQGR� HO� IOXMR� TXH� DWUDYLHVD� HO�
FLUFXLWR��
� � � εε� ���∆ ∆ ΦΦ���∆∆�W�
� 3DUD�HO�FDVR�GH�1�HVSLUDV�VHUi��
� � � εε� ��1���∆ ∆ ΦΦ���∆∆�W�� ���G�1�ΦΦ����G�W�
GRQGH�G�LQGLFD�OD�IXQFLyQ�GLIHUHQFLDO��
�
��'��(MHPSORV�GH�FiOFXORV�
� ����8QD�FDUJD�HOpFWULFD�GH������FRXO�VH�PXHYH�KRUL]RQWDOPHQWH�KDFLD�OD�
GHUHFKD� FRQ� XQD� YHORFLGDG� XQLIRUPH�GH����� FP�V�� HQ�XQ� FDPSR�PDJQpWLFR�
XQLIRUPH�YHUWLFDO�KDFLD�DEDMR�GH�XQD� LQGXFFLyQ�PDJQpWLFD�GH��� WHVODV��¢FXiO�
HV�OD�PDJQLWXG��GLUHFFLyQ�\�VHQWLGR�GH�OD�IXHU]D�TXH�VH�HMHUFH�VREUH�HOOD"�
6ROXFLyQ����
/D�HFXDFLyQ�TXH�UHVXHOYH�HO�SUREOHPD�HV��
)0� �T�Â�Y�[�%��OD�PDJQLWXG�GH�OD�IXHU]D�HV��
_)0_� �T�Â�_Y_�Â�_%_�VHQ�θ����θ�HV�LJXDO�D������
_)0_� ��Â������Â�����Â���Â������ �����1�
/D�GLUHFFLyQ�GH�OD�IXHU]D�HV�SHUSHQGLFX��
ODU�DO�SODQR�GHO�SDSHO��6X�VHQWLGR�HVWi��
GDGR�SRU�OD�UHJOD�GHO�WRUQLOOR�JLUDQGR�GHO�
VHQWLGR�GH�OD�YHORFLGDG�DO�GH�OD�LQGXFFLyQ��
(O�VHQWLGR�HV�KDFLD�DGHQWUR�SHUSHQGLFXODU�
DO�SODQR�GHILQLGR�SRU�OD�YHORFLGDG�\�OD�LQGXFFLyQ��WDO�FRPR�OR�LQGLFD�HO�VLJQR�GH�
OD�IXHU]D�UHVXOWDQWH����

9HORFLGD
G�

)XHU]D�
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D� ���� 6L� HQ� HO� HMHPSOR� DQWHULRU� H[LVWH�� DGHPiV�� XQ� FDPSR� HOpFWULFR�
XQLIRUPH�YHUWLFDO�KDFLD�DUULED�GH���1�FRXO��¢FXiO�HV�OD�IXHU]D�UHVXOWDQWH�VREUH�
OD�FDUJD"��
6ROXFLyQ����
$O�UHVXOWDGR�DQWHULRU�GHEHPRV�VXPDUOH�YHFWRULDOPHQWH�OD�IXHU]D�TXH�HMHUFH�HO�
FDPSR� HOpFWULFR� FX\D�GLUHFFLyQ� \� VHQWLGR� HV� OD�PLVPD�GHO� FDPSR�SRU� VHU� OD�
FDUJD� SRVLWLYD�� (VWR� SRGHPRV� LQGLFDUOR� FRPR� TXH� HV� YHUWLFDO� KDFLD� DUULED�
�FRQWUDULR�DO�GH�OD�LQGXFFLyQ�HQ�HO�JUiILFR���
/D�PDJQLWXG�GH�OD�IXHU]D�HV��_)(_� �T�Â�_(_� ��Â������Â��� �����1��
3DUD� REWHQHU� OD� VXPD� GHEHPRV� FRQVLGHUDU� TXH� ODV� GRV� IXHU]DV� HVWiQ� HQ�
FXDGUDWXUD� �D� ����� \� SRGHPRV� H[SUHVDUODV� FRPR� YHFWRUHV� GH� XQD� VROD�
FRPSRQHQWH��)0� �����N�>1@�\��
)(� ��Â������M�>1@�OD�VXPD�GH�DPEDV�GD�FRPR�UHVXOWDGR��
)5� �����L������M�����N��>1@���HQ�IRUPD�SRODU�VHUtD��_)5_� ��������1�\�ORV�
iQJXORV�VRQ��
α� ������β� ������
������\�γ� �������
������
)5� ��������������������
�������������
��������1HZWRQV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ���� 8QD� FDUJD� HOpFWULFD� GH� ����� FRXO� HV� ODQ]DGD� FRQ� XQD� YHORFLGDG�
UHFWLOtQHD�\�XQLIRUPH�GDGD�SRU�����L�����M�����N��P�V�HQ�XQ�FDPSR�PDJQpWLFR�
XQLIRUPH�FX\D� LQGXFFLyQ�PDJQpWLFD�HVWi�GDGD�SRU����� L����� M�����N��Z�P� ���
$GHPiV�HVWi�HQ�XQ�FDPSR�HOpFWULFR�GH�LQWHQVLGDG�GDGD�SRU������L�����M�����N��
1�FRXO��'HWHUPLQDU�OD�IXHU]D�HMHUFLGD�VREUH�OD�FDUJD��
6ROXFLyQ����
/D�UHODFLyQ�GH�/RUHQW]�QRV�LQGLFD�TXH��
)5� �T�Â�(���T�Â�Y�[�%� �T�Â���(���Y�[�%�� �
 ��Â������>�����L�����M�����N��������L�����M�����N��[�����L�����M�����N��@� ��Â������
>�����L�����M�����N����
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3-A) Intensidad 
� (Q� ORV� SUREOHPDV� HOHFWURVWiWLFRV� WUDWDPRV� ODV� IXHU]DV� HMHUFLGDV� HQWUH�
FDUJDV��HO�HVWDGR�ILQDO�HVWDFLRQDULR�GH�OD�GLVWULEXFLyQ�GH�FDUJDV�SURGXFLGR�SRU�
HVWDV� IXHU]DV��\�HO�PRYLPLHQWR�GH�SDUWtFXODV�FDUJDGDV�HQ�HO�YDFtR��9DPRV�D�
WUDWDU� DKRUD� HO� PRYLPLHQWR� GH� FDUJDV� GHQWUR� GH� XQ� FRQGXFWRU� FXDQGR� VH�
PDQWLHQH�XQ�FDPSR�HOpFWULFR�GHQWUR�GHO�PLVPR��(VWH�PRYLPLHQWR�FRQVWLWX\H�
XQD�FRUULHQWH��
� 8Q�FRQGXFWRU�IXH�GHILQLGR�FRPR�XQ�FXHUSR�HQ�FX\R�LQWHULRU�KD\�FDUJDV�
OLEUHV� TXH� VH� PXHYHQ� SRU� OD� IXHU]D� HMHUFLGD� VREUH� HOODV� SRU� XQ� FDPSR�
HOpFWULFR��/DV�FDUJDV� OLEUHV�HQ�XQ�PHWDO� VRQ� ORV�HOHFWURQHV�QHJDWLYRV��HQ�XQ�
HOHFWUROLWR� VRQ� LRQHV�� SRVLWLYRV� R� QHJDWLYRV�� \� HQ� XQ� JDV�� HQ� FRQGLFLRQHV�
DGHFXDGDV��LRQHV��SRVLWLYRV�\�QHJDWLYRV��\�HOHFWURQHV��
� &XDQGR� FRORFDPRV� XQ� FRQGXFWRU� DLVODGR� HQ� XQ� FDPSR� HOpFWULFR� ODV�
FDUJDV�VH�UHDJUXSDQ�GH�IRUPD�GH�TXH�HO�LQWHULRU�GHO�FRQGXFWRU�VHD�XQD�UHJLyQ�
OLEUH�GH�FDPSR��(VWH�PRYLPLHQWR�GH�FDUJDV�FRQVWLWX\H�WDPELpQ�XQD�FRUULHQWH�
GH� FRUWD� GXUDFLyQ� OODPDGD� WUDQVLWRULD�� 6L� GHVHDPRV� TXH� XQD� FRUULHQWH�
FRQWLQ~H� IOX\HQGR� GHEHPRV� PDQWHQHU� HO� FDPSR�� R� JUDGLHQWH� GH� SRWHQFLDO�
GHQWUR�GH�pO��6L� HO� FDPSR� WLHQH� VLHPSUH�HO�PLVPR�VHQWLGR��DXQTXH�YDUtH� VX�
LQWHQVLGDG��REWHQHPRV�XQD�FRUULHQWH�FRQWLQ~D��VL�FDPELD�GH�VHQWLGR�GXUDQWH�
HO� LQWHUYDOR� FRQVLGHUDGR� GHFLPRV� TXH� OD� FRUULHQWH� HV� DOWHUQDGD�� (VWD�
FODVLILFDFLyQ�HV�LQGHSHQGLHQWH�GH�OD�OH\�GH�YDULDFLyQ�TXH�WHQJD��
� 9DPRV�D�FRQVLGHUDU�HQ�SULPHUD�LQVWDQFLD�FDPSRV�FRQWLQXRV�FRQVWDQWHV��
HV�GHFLU�DTXHOORV�TXH�PDQWLHQHQ�FRQVWDQWHV�VX�LQWHQVLGDG��
� 6L�DSOLFDPRV�XQD�GLIHUHQFLD�GH�SRWHQFLDO�GH����YROWLRV�\�HO�DODPEUH�HV�
XQLIRUPH�GH���PHWURV�GH�ODUJR�OD�LQWHQVLGDG�GH�FDPSR�VHUi�GH���YROWLRV�PHWUR�
HQ�FXDOTXLHU�SXQWR��(VWH�FDPSR�DFWXDUi�VREUH�ORV�HOHFWURQHV�OLEUHV�\�OHV�GDUi�
XQ� PRYLPLHQWR� QHWR� HQ� OD� GLUHFFLyQ� ±(�� 'HFLPRV� HQWRQFHV� TXH� VH� KD�
HVWDEOHFLGR�XQD�FRUULHQWH�HOpFWULFD�L�VL�SDVD�XQD�FDUJD�QHWD�T�SRU�XQD�VHFFLyQ�
WUDQVYHUVDO� FXDOTXLHUD� GHO� FRQGXFWRU� HQ� HO� WLHPSR� W�� OD� FRUULHQWH�� VXSXHVWD�
FRQVWDQWH��HV��
� � � � � L� �T���W�
� /DV� XQLGDGHV�PNV� �LQWHUQDFLRQDOHV�� VRQ�� DPSHULRV� SDUD� OD� FRUULHQWH��
FXORPELRV� SDUD� OD� FDUJD� \� VHJXQGRV� SDUD� HO� WLHPSR�� FRQ� OR� TXH� VH�
GHVSUHQGH� TXH� ODV� GLPHQVLRQHV� GHO� DPSHU�� R� DPSHULR�� VRQ� FXORPELR� SRU�
VHJXQGR��
� +D\� TXH� QRWDU� TXH� QR� KD\� H[FHVR� GH� FDUJDV� HQ� XQ� FRQGXFWRU� TXH�
WUDQVSRUWD� FRUULHQWH� SRU� VHU� LJXDOHV� ODV� FDUJDV� SRVLWLYDV� \� QHJDWLYDV� SRU�
XQLGDG�GH�YROXPHQ��
� /D� GHQVLGDG� GH� FRUULHQWH� HQ� HO� FRQGXFWRU�� LQGLFDGD� FRQ� -�� VH� GHILQH�
FRPR�OD�UHODFLyQ�HQWUH�OD�LQWHQVLGDG�GH�OD�FRUULHQWH�D�OD�VHFFLyQ�WUDQVYHUVDO��
� � � � � -� �L���$�
� /D�FDQWLGDG�GH�FDUJD��T��TXH�VH�DWUDYLHVD�OD�VHFFLyQ��$��GHO�FRQGXFWRU�
HQ�XQ�WLHPSR�GDGR��W��SXHGH�FDOFXODUVH�FRPR�HO�SURGXFWR�GH�OD�FDQWLGDG�GH�
SRUWDGRUHV� OLEUHV�SRU�XQLGDG�GH�YROXPHQ��Q��� OD�FDUJD�GH�FDGD�XQR�GH�HOORV�
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�H�� \� SRU� VX� YHORFLGDG� PHGLD� �YG�� �YHORFLGDG� GH� DUUDVWUH��� HV� GHFLU� �VL�
VXSRQHPRV�FRQGLFLRQHV�XQLIRUPHV���
� � � � � T� �Q�H�YG�$�W�
3RU�OR�WDQWR��
� � � � � L� �Q�H�YG�$�
<��
� � � � � -� �Q�H�YG�
� 3RGHPRV�FDOFXODU�OD�YHORFLGDG�PHGLD�GH�ORV�HOHFWURQHV�HQ�XQ�FRQGXFWRU�
GH�FREUH�GH�XQ�FHQWtPHWUR�GH�GLiPHWUR�DWUDYHVDGR�SRU�XQD�FRUULHQWH�GH�����
DPSHUHV��3DUD�HOOR�GHEHPRV�WHQHU�HQ�FXHQWD�TXH�HQ�HO�FREUH�KD\�DOUHGHGRU�
GH����Â�����HOHFWURQHV�OLEUHV�SRU�FP���
� � -� �L���$� �������>�π�����������@� ������Â�����$�P��
� � YG� �-���Q�H� �����Â����������Â�����Â����Â������� ����Â�����P�VHJ���
� (V� GHFLU� XQD� YHORFLGDG�PX\� SHTXHxD� TXH� QR� GHEH� FRQIXQGLUVH� FRQ� OD�
YHORFLGDG�GH�SURSDJDFLyQ�GH�ODV�RQGDV�HOHFWURPDJQpWLFDV�TXH�HV�VLPLODU�D�OD�
GH�OD�OX]��
� 3RGUtDPRV� DVLJQDUOH� D� OD� FRUULHQWH� HO� VHQWLGR� TXH� WLHQH� HO�
GHVSOD]DPLHQWR�GH� ORV�SRUWDGRUHV�GH�FDUJD�HOpFWULFD��SHUR��FRQ� OD�H[FHSFLyQ�
GH�ORV�FRQGXFWRUHV�PHWiOLFRV�SXURV�HQ�ORV�FXDOHV�ORV�~QLFRV�SRUWDGRUHV�VRQ�ORV�
HOHFWURQHV�OLEUHV��VLHPSUH�H[LVWHQ�SRUWDGRUHV�SRVLWLYRV�\�QHJDWLYRV��'H�KHFKR�
HO�UHVXOWDGR�GH�SRUWDGRUHV�GH�FDUJD�QHJDWLYD�TXH�VH�PXHYHQ�GH�L]TXLHUGD�D�
GHUHFKD��SRU�HMHPSOR��HV�HO�PLVPR�TXH�HO�SURGXFLGR�SRU�SRUWDGRUHV�GH�LJXDO�
FDUJD��SHUR�QHJDWLYD��TXH�VH�PXHYHQ�HQ�HO�VHQWLGR�FRQWUDULR��
� &RPR� ORV�SULPHURV�HVWXGLRV� IXHURQ� UHDOL]DGRV�XWLOL]DQGR�HOHFWUROLWRV�VH�
DVLJQy�FRPR�VHQWLGR�GH�OD�FRUULHQWH�DO�TXH�WHQGUtDQ�ORV�SRUWDGRUHV�SRVLWLYRV�
SDUD�GHVSOD]DU�OD�PLVPD�FDUJD��
�
3-B) Circuito completo. Ley de Ohm. 
� &XDQGR� VH� FRQHFWDQ� ORV� H[WUHPRV� GH� XQ� KLOR� FRQGXFWRU� D� GRV� SXQWRV�
PDQWHQLGRV�D�SRWHQFLDOHV�ILMRV�SHUR�GLVWLQWRV��SRU�HMHPSOR�ORV�ERUQHV�GH�XQD�
SLOD�R�JHQHUDGRU��VH�HVWDEOHFHUi�XQD�FRUULHQWH�HQ�HO�KLOR��SHUR�HO�SRWHQFLDO�GH�
FDGD�SXQWR�GHO�PLVPR�SHUPDQHFH�FRQVWDQWH�HQ�HO�WLHPSR��6L�FRQVLGHUDPRV�XQ�
HOHPHQWR�GHO�KLOR�OLPLWDGR�SRU�GRV�SODQRV�WUDQVYHUVDOHV��\�VXSRQHPRV�TXH�ORV�
HOHFWURQHV�VH�PXHYHQ�GH�L]TXLHUGD�D�GHUHFKD��HVWDUi�HQWUDQGR�FDUJD�QHJDWLYD�
DO� HOHPHQWR� SRU� VX� FDUD� L]TXLHUGD� \� VDOLHQGR� SRU� VX� FDUD� GHUHFKD�� 6L� OD�
FDQWLGDG�GH�FDUJD�TXH�HQWUD�DO�HOHPHQWR�QR�IXHUD�LJXDO�D� OD�TXH�VDOH�KDEUtD�
YDULDFLyQ� GH� FDUJD� HQ�� FRPR� FRQVHFXHQFLD�� YDULDUtD� HO� SRWHQFLDO�� 'H� OR�
DQWHGLFKR� VH� GHGXFH� TXH� OD� LQWHQVLGDG� GH� FRUULHQWH� GHEH� VHU� OD� PLVPD� HQ�
DPEDV�FDUDV�GHO�HOHPHQWR�\��SRU�H[WHQVLyQ��HQ�WRGR�HO�KLOR�FRQGXFWRU��
� 6L� OD� VHFFLyQ� GHO� KLOR� QR� IXHUD� FRQVWDQWH� FDPELDUtD� OD� GHQVLGDG� GH�
FRUULHQWH�-�SHUR�QR�VX�LQWHQVLGDG��
� (O� KLOR� \� OD� SLOD� D� OD� TXH� HVWiQ� FRQHFWDGRV� VXV� H[WUHPRV� IRUPDQ� XQ�
FLUFXLWR� FHUUDGR� R� FRPSOHWR�� 6yOR� SXHGH� KDEHU� FRUULHQWH� VL� HO� FLUFXLWR�
SHUPDQHFH� FHUUDGR�� FDVR� FRQWUDULR� WHQGUHPRV� XQ� FLUFXLWR� DELHUWR� VLQ�
FRUULHQWH��
� 3DUD� PDQWHQHU� XQD� FRUULHQWH� HQ� XQ� FRQGXFWRU�� DGHPiV� GH� HVWDU� HO�
FLUFXLWR� FHUUDGR�� GHEH� PDQWHQHUVH� XQ� FDPSR� HOpFWULFR� R� JUDGLHQWH� GH�
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SRWHQFLDO� GHQWUR� GH� pO�� /RV� PDWHULDOHV� GLILHUHQ� HQWUH� Vt� HQ� HO� YDORU� GH� OD�
GHQVLGDG�GH�FRUULHQWH�HVWDEOHFLGD�SRU�XQ�FDPSR�HOpFWULFR�GDGR��/D�UD]yQ�GH�OD�
GHQVLGDG� GH� FRUULHQWH� HOpFWULFD� D� OD� LQWHQVLGDG� GH� FDPSR� HOpFWULFR� VH�
GHQRPLQD�FRQGXFWLELOLGDG�HOpFWULFD�\�VH�UHSUHVHQWD�SRU�σσ��VLJPD���

σσ� �-���(����R�ELHQ��� -� �σσ�(�
� 6L�UHHPSOD]DPRV�(�SRU��∆∆9���∆∆[��\�-�SRU�L���$��VH�WLHQH�TXH��L���$�� ��
σσ���∆∆9���∆∆[��R�VHD�TXH��

L�� ����σσ�$��∆∆9���∆∆[��
� (VWD� H[SUHVLyQ� HV� GH� OD� PLVPD� IRUPD� TXH� OD� HFXDFLyQ� GH� OD�
FRQGXFWLELOLGDG�FDORUtILFD�HVWDFLRQDULD��

+�� ���.�$��∆∆W���∆∆[��
(VWD� DQDORJtD� HV� GHELGD� DO� KHFKR� TXH� ORV� HOHFWURQHV� OLEUHV� GHVHPSHxDQ� XQ�
SDSHO�LPSRUWDQWH�HQ�OD�FRQGXFFLyQ�GHO�FDORU��
� $XQTXH�-� �σσ�(�HV� OD� UHODFLyQ�IXQGDPHQWDO�GH� OD�FRQGXFFLyQ�HOpFWULFD��
HV� PiV� FyPRGR� WUDEDMDU� FRQ� LQWHQVLGDGHV� GH� FRUULHQWH� \� GLIHUHQFLDV� GH�
SRWHQFLDO� �VRQ�PiV� IiFLOPHQWH�PHGLEOHV��TXH� FRQ�GHQVLGDGHV�GH�FRUULHQWH�H�
LQWHQVLGDGHV�GH�FDPSR��
� 3DUWLUHPRV�GH� OD� H[SUHVLyQ� L� � � ��σσ�$� �∆∆9���∆∆[��� FRQVLGHUDUHPRV�XQ�
FRQGXFWRU� GH� ORQJLWXG� /� \� VHFFLyQ� FRQVWDQWH� $�� SRU� HO� FXDO� FLUFXOD� XQD�
LQWHQVLGDG�GH�FRUULHQWH�L�\�TXH�VHDQ�9D�\�9E�ORV�SRWHQFLDOHV�HQ�VXV�H[WUHPRV��
9DPRV�D�UHVWULQJLU�HO�HVWXGLR�DO�FDVR�HQ�TXH�OD�FRQGXFWLYLGDG�GHO�PDWHULDO�HV�
LQGHSHQGLHQWH� GH� OD� GHQVLGDG� GH� FRUULHQWH� \� TXH� OD� WHPSHUDWXUD� \� GHPiV�
FRQGLFLRQHV� TXH� LQIOX\HQ� VREUH� σσ� VH� PDQWLHQHQ� FRQVWDQWHV�� (Q� WDOHV�
FRQGLFLRQHV�VH�PDQWLHQHQ�FRQVWDQWHV�L��σσ�\�$�\�SRGHPRV�H[WHQGHU��LQWHJUDU��
OD�H[SUHVLyQ�D�WRGD�OD�ORQJLWXG�GHO�FRQGXFWRU�TXHGDQGR��
L�∆∆[� ���σσ�$�∆∆9���ÎÎ���L�/� ��σσ�$��9D���9E���

ÎÎ�� L� ���σσ�$����/����9D���9E��
� (VWD� HV� OD� UHODFLyQ� GHVHDGD� HQWUH� OD� LQWHQVLGDG� GH� OD� FRUULHQWH� HQ� HO�
FRQGXFWRU�\�OD�GLIHUHQFLD�GH�SRWHQFLDO�HQ�VXV�H[WUHPRV��(O�IDFWRU�*� �σσ�$����/�
VH� GHQRPLQD� FRQGXFWDQFLD� GHO� KLOR� FRQGXFWRU��$�PD\RU� FRQGXFWDQFLD�PD\RU�
LQWHQVLGDG�GH�FRUULHQWH�SDUD�XQD�GLIHUHQFLD�GH�SRWHQFLDO�GDGD��/D�LQYHUVD�GH�
OD� FRQGXFWDQFLD� HV� GHQRPLQDGD� UHVLVWHQFLD� 5�  � /� �� σσ� $��
FRUUHVSRQGLHQWHPHQWH� OD� LQYHUVD� GH� OD� FRQGXFWLYLGDG� VH� GHQRPLQD�
UHVLVWLYLGDG���ρρ� �����σσ�FRQ�OR�TXH�OD�UHVLVWHQFLD�VH�H[SUHVD�FRPR�5� �ρρ�/���
$��
� 3RGHPRV�DKRUD�FDOFXODU�OD�LQWHQVLGDG�GH�OD�FRUULHQWH�FRPR��

L� ��9D���9E����5���
ÎÎ� L� ��9DE���5�

ÎÎ� 9DE� �L�5�
� 6yOR�VL�σσ�HV�LQGHSHQGLHQWH�GH�-��OD�UHVLVWHQFLD�HV�LQGHSHQGLHQWH�GH�L��\�
OD� GLIHUHQFLD� GH� SRWHQFLDO� HQWUH� ORV� ERUQHV� HV� IXQFLyQ� OLQHDO� GH� OD� FRUULHQWH��
(VWD�SURSRUFLRQDOLGDG�GH�GHQRPLQD�/H\�GH�2KP�R�UHODFLyQ�YROW�DPSHUH��
� /D�XQLGDG�PNV�GH�OD�UHVLVWHQFLD��GHULYDGD�GH�OD�~OWLPD�H[SUHVLyQ��HV�HO�
YROWLR� SRU� DPSHULR� \� VH� GHQRPLQD� RKPLR� �X� RKP�� \� VH� LQGLFD� FRQ� ΩΩ� /D�
UHFtSURFD��OD�FRQGXFWDQFLD�TXH�VH�LQGLFD�FRQ�OD�OHWUD�*��VH�H[SUHVD�HQ�PKR�R�
VLHPHQV��

���R�6��
� 8Q�FLUFXLWR�HOpFWULFR�HVWDUi�HQWRQFHV�FRQVWLWXLGR�SRU�XQD�R�PiV�IXHQWHV�
GH�HQHUJtD��TXH�DSDUHFHUiQ�FRPR�JHQHUDGRUHV�GH�WHQVLyQ�R�GH�FRUULHQWH��\�GH�
UHVLVWHQFLDV�FRQHFWDGRV�HQWUH�Vt�SRU�FRQGXFWRUHV�TXH�VXSRQGUHPRV�QR�WLHQHQ�
UHVLVWHQFLD��/RV�VtPERORV�SXHGHQ�VHU�YDULRV��XQD�GH�ODV�IRUPDV�SXHGH�VHU��
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3-C) Ley de Joule 
� $XQTXH�KHPRV�FRQVLGHUDGR�OD�FRUULHQWH�FRPR�VL�WRGRV�ORV�SRUWDGRUHV�VH�
PRYLHUDQ�D�YHORFLGDG�FRQVWDQWH�OD�UHDOLGDG�HV�TXH�ORV�HOHFWURQHV�VH�GHVSOD]DQ�
FRQ� PRYLPLHQWRV� DFHOHUDGRV� TXH� WHUPLQDQ� HQ� FKRTXHV� FRQWUD� XQD� GH� ODV�
SDUWtFXODV� ILMDV�GHO�FRQGXFWRU��/RV�HOHFWURQHV�JDQDQ�HQHUJtD�FLQpWLFD�GXUDQWH�
VX�GHVSOD]DPLHQWR�\�OD�FHGHQ�HQ�HO�FKRTXH�VXEVLJXLHQWH��/D�HQHUJtD�DGTXLULGD�
SRU� ODV� SDUWtFXODV� ILMDV� �ILMDV� SRU� VX� SRVLFLyQ�PHGLD� VRODPHQWH�� DXPHQWD� OD�
DPSOLWXG�GH�VX�YLEUDFLyQ��R�VHD��VH�FRQYLHUWH�HQ�FDORU��
� 6XSRQJDPRV� XQD� SDUWH� GH� XQ� FLUFXLWR� HQ� HO� FXDO� KD\� XQD� FRUULHQWH�
FRQYHQFLRQDO�L�TXH�FLUFXOD�GH�L]TXLHUGD�D�GHUHFKD��9D�\�9E�VRQ�ORV�SRWHQFLDOHV�
HQ� ORV� ERUQHV� D� \� E�� /D� QDWXUDOH]D� GHO� FLUFXLWR� FRPSUHQGLGR� SXHGH� VHU�
FXDOTXLHUD��(Q�XQ�LQWHUYDOR�GH�WLHPSR�∆�W�HQWUD�SRU�HO�ERUQH�D��\�VDOH�SRU�HO�E��
XQD�FDQWLGDG�GH�FDUJD�∆�T� �L�∆�W��/D�HQHUJtD�FHGLGD�SRU�OD�FDUJD�HV�∆�:� ��T�
�9D�±�9E�� �L�∆�W�9DE��\�OD�SRWHQFLD�VXPLQLVWUDGD�HV��

3� �∆∆�:���∆∆�W� �L�9DE�
� /D�SRWHQFLD�HV� LJXDO�DO�SURGXFWR�GH�OD�LQWHQVLGDG�GH�OD�FRUULHQWH�SRU� OD�
GLIHUHQFLD� GH� SRWHQFLDO�� 6L� OD� FRUULHQWH� VH� H[SUHVD� HQ� DPSHULRV�
�FXORPELRV�VHJXQGR��\�OD�GLIHUHQFLD�GH�SRWHQFLDO�HQ�YROWLRV��MXOLRV�FXORPELRV��
OD�SRWHQFLD�UHVXOWD�PHGLGD�HQ�MXOLRV�VHJXQGR�R�YDWLRV��
� (Q� HO� FDVR�GH�XQD� UHVLVWHQFLD�SXUD�5�� WRGD� OD�HQHUJtD� VH� FRQYLHUWH�HQ�
FDORU��\�UHVXOWD�TXH��

9DE� �L�5�
ÎÎ� ��3� �L�9DE�� ��L��5�

� 3RGHPRV�SRQHU��VLHQGR�∆�+�OD�FDQWLGDG�GH�FDORU�SURGXFLGD�HQ�HO�WLHPSR�
∆�W�TXH��

∆∆�+���∆∆�W�� �L��5�
� 6L�HO�FRQGXFWRU�HV� OLQHDO��5�HV� LQGHSHQGLHQWH�GH�L�� OD�FDQWLGDG�GH�FDORU�
SURGXFLGD� SRU� VHJXQGR� HV� GLUHFWDPHQWH� SURSRUFLRQDO� DO� FXDGUDGR� GH� OD�
LQWHQVLGDG� GH� FRUULHQWH�� (VWR� HV� HO� HQXQFLDGR� GH� OD� /H\� GH� -RXOH�� 8QD�
VXEVWDQFLD�TXH�REHGHFH�D�OD�OH\�GH�2KP�REHGHFH�QHFHVDULDPHQWH�D�OD�OH\�GH�
-RXOH�� \� HVWDV� GRV� OH\HV� QR� VRQ� LQGHSHQGLHQWHV�� /D� FDQWLGDG� GH� FDORU�
GHVDUUROODGD�SXHGH�H[SUHVDUVH�HQ� FDORUtDV�SRU� OD� UHODFLyQ��� FDORUtD� �������
MXOLRV��
�
3-D) Circuitos eléctricos 
� &RQVLGHUHPRV� XQ� FLUFXLWR� FRQ� XQD� UHVLVWHQFLD� FRQHFWDGD�� PHGLDQWH�
FRQGXFWRUHV� GH� UHVLVWHQFLD� GHVSUHFLDEOH�� D� XQ� JHQHUDGRU� FX\D� IXHU]D�
HOHFWURPRWUL]� HV� ε�� \� VHD� L� OD� FRUULHQWH� FLUFXODQWH��&XDQGR� VH� FRQHFWD� FLHUWR�
Q~PHUR� GH� HOHPHQWRV� HQ� XQ� FLUFXLWR� IRUPDQGR� XQD� VROD� WUD\HFWRULD�
FRQGXFWRUD�VH�GLFH�TXH�HVWiQ�HQ�VHULH��

5��R��
*�9� ����

,�

5HVLVWHQFLD�R�
&RQGXFWDQFL

D�
*HQHUDGRU�
GH�WHQVLyQ�

*HQHUDGRU�
GH�FRUULHQWH�
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�
� 6L�HO�VHQWLGR�GH�OD�FRUULHQWH�HQ�OD�UHVLVWHQFLD�HV�GH�D�KDFLD�E�HO�SRWHQFLDO�
9D�HV�PD\RU�TXH�HO�SRWHQFLDO�9E�H�LQGLFDPRV�HVWD�FLUFXQVWDQFLD�FRORFDQGR�XQ�
VLJQR���HQ�HO� WHUPLQDO�D�\�XQ�VLJQR� ��HQ�HO� WHUPLQDO�E�� �$XQTXH�HQ�ULJRU� OD�
IXHU]D� HOHFWURPRWUL]� \� OD� GLIHUHQFLD� GH� SRWHQFLDO� QR� VRQ� YHFWRULDOHV� HV� ~WLO�
DVLJQDUOH�XQ�VHQWLGR�R�SRODULGDG���'HQWUR�GHO�JHQHUDGRU�OD�FRUULHQWH�FLUFXODUi�
GH�±�D����
� (Q�OD�UHVLVWHQFLD�H[WHULRU�VH�SURGXFH�FDORU�D�UD]yQ�GH��∆�+���∆�W�� �L��5�
XQLGDGHV�SRU�VHJXQGR��7RGR�JHQHUDGRU�UHDO�WLHQH�UHVLVWHQFLD��OODPDGD�LQWHUQD��
TXH� LQGLFDPRV� SRU� U�� (Q� HOOD� WDPELpQ� KD\� SURGXFFLyQ� GH� FDORU� FXDQWLILFDEOH�
FRPR�� L�� U�� /D� VXPD� GH� HVWDV� GRV� HQHUJtDV� FHGLGDV� SRU� OD� FDUJD� FLUFXODQWH�
GHEH�VHU�SURYLVWD�SRU�HO�JHQHUDGRU��SRU�OR�WDQWR��

εε�L� �L��5���L��U� � ÎÎ� L� �εε�����5���U���
� (O� SULQFLSLR� GH� FRQVHUYDFLyQ� GH� OD� HQHUJtD� QRV� SHUPLWH� HVFULELU� OD�
HFXDFLyQ� GHO� FLUFXLWR�� (Q� ORV� PRGHORV� FLUFXLWDOHV� VH� GHVFRPSRQHQ� ORV�
JHQHUDGRUHV� FRPR� XQ� JHQHUDGRU� LGHDO�� VLQ� UHVLVWHQFLD� LQWHUQD�� HQ� VHULH��
FXDQGR�QR�VH�OD�GHVSUHFLD��FRQ�XQD�UHVLVWHQFLD�TXH�PRGHOD�OD�LQWHUQD��
�
�
�
�
�
�
�
� 3RGHPRV�H[WHQGHU� OD�HFXDFLyQ�GHO�FLUFXLWR�SDUD�XQ�FDVR�PiV�FRPSOHMR�
FRQ�GLVWLQWRV�JHQHUDGRUHV�\�UHVLVWHQFLDV�FRQHFWDGDV�HQ�VHULH�\D�TXH�OD�~OWLPD�
H[SUHVLyQ�SXHGH�SRQHUVH��

εε� �L���5���U�� ÎÎ� εε���L���5���U�� ���� ÎÎ� ΣΣ�εε�����ΣΣ�L�5� ���
� /D�VXPD�GH�ODV�IXHU]DV�HOHFWURPRWULFHV�HV�LJXDO�D�OD�VXPD�GH�ODV�FDLGDV�
GH�SRWHQFLDO�HQ�WRGR�FLUFXLWR�HQ�VHULH�FHUUDGR��/D�HYDOXDFLyQ�DOJHEUiLFD�SXHGH�
VLPSOLILFDUVH� FRQVLGHUDQGR� TXH�� FRPR� HQ� UHDOLGDG� RFXUUH�� QR� KD\� GLIHUHQFLD�
IXQFLRQDO� HQWUH� XQD� GLIHUHQFLD� GH� SRWHQFLDO� GHELGD� D� XQD� IXHQWH� \� RWUD�
SURGXFLGD� SRU� OD� FLUFXODFLyQ� GH� XQD� FRUULHQWH� SRU� XQD� UHVLVWHQFLD�� /D� IRUPD�
KDELWXDO� HV� FRQVLGHUDU� XQ� VHQWLGR� GH� FLUFXODFLyQ� SRU� HO� FLUFXLWR�� TXH� SXHGH�
FRLQFLGLU�FRQ�HO�VHQWLGR�GH�OD�FRUULHQWH�HVWDEOHFLGD�SDUD�HO�PLVPR��\��SDUWLHQGR�
GH�XQ�SXQWR�FXDOTXLHUD��VXPDU�ODV�WHQVLRQHV�VREUH�ORV�HOHPHQWRV��DVLJQiQGROH�
VLJQR�SRVLWLYR�FXDQGR�HQFRQWUDPRV�SULPHUR�OD�SRODULGDG�SRVLWLYD�R�QHJDWLYR�VL�
RFXUUH� OR� FRQWUDULR�� KDVWD� OOHJDU� DO� SXQWR� LQLFLDO�� (VD� VXPD�GHEH�VHU� LJXDO� D�
FHUR�VL�HO�VLVWHPD�HV�FRQVHUYDFLRQDO��
� 3RGHPRV�JHQHUDOL]DU�HVWR�GLFLHQGR�TXH��VL�HO�VLVWHPD�HV�FRQVHUYDFLRQDO��
OD�VXPD�DOJHEUiLFD�GH�ODV�WHQVLRQHV�D�OR�ODUJR�GH�XQ�FLUFXLWR�FHUUDGR�GHEH�VHU�

εε  ���� L�
D� E�5�

εε  ���� L�
D� E�U� 5�
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LJXDO� D� FHUR�� OR� TXH� FRQVWLWX\H� OD� 6HJXQGD� /H\� GH� .LUFKKRII�� R� OH\� GH� ODV�
WHQVLRQHV��R�OH\�GH�ODV�PDOODV��
� /DV� HVWUXFWXUDV� GH� ORV� FLUFXLWRV� TXH� YLPRV� HVWDEDQ� IRUPDGDV� SRU�
HOHPHQWRV�FRQHFWDGRV�HQ�VHULH��HV�GHFLU�XQR�D�FRQWLQXDFLyQ�GH�RWUR��GH�IRUPD�
WDO�TXH�HUDQ�UHFRUULGRV�SRU�OD�PLVPD�FRUULHQWH�VL�HO�FLUFXLWR�HUD�FHUUDGR��(VWD�
IRUPD� GH� FRQH[LyQ� QR� HV� OD� ~QLFD� \D� TXH� SXHGHQ� FRORFDUVH� ORV� HOHPHQWRV�
HQWUH�GRV�SXQWRV�GH�IRUPD�WDO�TXH�HVWpQ�VRPHWLGRV�D�OD�PLVPD�GLIHUHQFLD�GH�
SRWHQFLDO��HVWD�FRQH[LyQ�VH�GHQRPLQD�HQ�SDUDOHOR�SRU�VX�HVTXHPD�JUiILFR���
� (VWD� FRQH[LyQ� HV� OD� JHQHUDOL]DGD� SDUD� WRGDV� ODV� LQVWDODFLRQHV�� /RV�
GLVSRVLWLYRV�HVWiQ�GLVHxDGRV�SDUD�IXQFLRQDU�FRQ�XQD�WHQVLyQ�GHWHUPLQDGD��OD�
GH�OD�UHG��\�HVWD�FRQGLFLyQ�QR�VH�GD�VL�ORV�FRQHFWDPRV�HQ�VHULH��
�
�
�
�
�
�
�
�
� /D� FRQH[LyQ� HQ� SDUDOHOR� LPSOLFD� HQWRQFHV�� \D� TXH� ODV� GLIHUHQFLDV� GH�
SRWHQFLDO� GHEHQ� VHU� ODV� PLVPDV� SDUD� WRGRV� ORV� HOHPHQWRV�� ODV� FRUULHQWHV�
VHUiQ��HQ�JHQHUDO��GLVWLQWDV�SDUD�DMXVWDUVH�D�HVWR��5HFRUGHPRV�TXH�FRQIRUPH�
D� OD� OH\� GH�2KP� OD� UHVLVWHQFLD� GHO� FLUFXLWR� QR� HV� GHSHQGLHQWH�GH� OD� WHQVLyQ�
DSOLFDGD�QL�GH�OD�FRUULHQWH�TXH�OD�DWUDYLHVD��SHUR�Vt�HVWDEOHFH�OD�UHODFLyQ�HQWUH�
HOODV��
� 6L� VXSRQHPRV� GRV� UHVLVWHQFLDV� 5�� \� 5�� FRQHFWDGDV� DPEDV� HQWUH� ORV�
ERUQHV�D�\�E�GHO�FLUFXLWR�\�DWUDYHVDGDV�SRU� ODV�FRUULHQWHV� L��H� L��� WHQGUHPRV�
TXH��

9DE� �L��Â�5�� �L��Â�5��
� 3RU�FRQVLJXLHQWH��

L����L�� �5����5��
� /D� UHODFLyQ� HQWUH� ODV� FRUULHQWHV� VREUH� UHVLVWHQFLDV� HQ� SDUDOHOR� HV�
LQYHUVDPHQWH�SURSRUFLRQDO�D�OD�UHODFLyQ�HQWUH�ODV�UHVLVWHQFLDV��
� (Q�HO�SiUUDIR���%��GLMLPRV�TXH� OD� FDQWLGDG�GH� FDUJD�TXH�HQWUD�SRU�XQ�
HOHPHQWR� GHO� FLUFXLWR� GHEH� VHU� LJXDO� D� OD� TXH� VDOH� SRUTXH�� VL� QR� IXHUD� DVt��
KDEUtD�YDULDFLyQ�HQ�HO�SRWHQFLDO��/R�TXH�FDPELDUtD�HV�OD�GHQVLGDG�GH�FRUULHQWH�
VL�VH�PRGLILFDUD�OD�VHFFLyQ�GHO�FRQGXFWRU��(VWR�OR�SRGHPRV�DSOLFDU�DO�ERUQH�D�
GHO� FLUFXLWR� UHFLpQ� YLVWR� �R� DO� E�� \� DVXPLU� TXH� OD� DSHUWXUD� HQ� GRV� FDPLQRV�
HTXLYDOH� D� TXH� VH� PRGLILFD� OD� VHFFLyQ� GHO� FRQGXFWRU�� HVWR� QRV� SHUPLWLUi�
DVHJXUDU�TXH�OD�FDQWLGDG�GH�FDUJD�HOpFWULFD�TXH�HQWUD�DO�ERUQH�GHEH�VHU�LJXDO�
D� OD� TXH� VDOH� GHO� PLVPR� \� TXH�� FRQVHFXHQWHPHQWH�� OD� FRUULHQWH� WRWDO�� TXH�
GHEH�VHU�SURYLVWD�SRU�HO�JHQHUDGRU�\�TXH�HQWUD�DO�ERUQH��VHUi�LJXDO�D�OD�VXPD�
GH�ODV�FRUULHQWHV�TXH�DWUDYLHVDQ�ORV�HOHPHQWRV�VDOLHQGR�GHO�PLVPR��
� 3RGHPRV�JHQHUDOL]DU�HVWR�GLFLHQGR�TXH��VL�HO�VLVWHPD�HV�FRQVHUYDFLRQDO��
OD�VXPD�DOJHEUiLFD�GH�ODV�FRUULHQWHV�TXH�LQJUHVDQ�D�XQ�SXQWR�GHO�FLUFXLWR�GHEH�
VHU� LJXDO�D�FHUR�� OR�TXH�FRQVWLWX\H� OD�3ULPHUD�/H\�GH�.LUFKKRII��R� OH\�GH� ODV�
FRUULHQWHV��R�OH\�GH�ORV�QRGRV��

9�
��

��

L��D�

E�
5��5��5��

L�� L��
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� &RQ� ODV� OH\HV� GH� 2KP�� GH� .LUFKKRII� \� GH� -RXOH�� DSOLFDGDV�
DGHFXDGDPHQWH��SRGUHPRV�UHVROYHU�FXDOTXLHU�SUREOHPD�FLUFXLWDO�HOpFWULFR���
�
��(��/D�FRUULHQWH�DOWHUQD�
� +HPRV� VXSXHVWR� KDVWD� DKRUD� TXH� OD� HQHUJtD� SXHVWD� HQ� MXHJR� HQ� ORV�
FLUFXLWRV�HUD�SURGXFLGD�SRU�XQD�WHQVLyQ�R�XQD�FRUULHQWH�FRQWLQXD��HVWR�HV�TXH�
SHUPDQHFtD�FRQVWDQWH�D�OR�ODUJR�GHO�WLHPSR��(V�OD�HQHUJtD�GLVSRQLEOH�D�SDUWLU�
GH�XQD�SLOD�R�GH�XQD�EDWHUtD��&RPR�FRQVHFXHQFLD�GH�HOOR�ODV�WHQVLRQHV�\�ODV�
FRUULHQWHV�HQ�WRGR�HO�FLUFXLWR�VRQ�GHO�PLVPR�WLSR�\�ORV�~QLFRV�HOHPHQWRV�TXH�
ODV�PRGLILFDQ�VRQ�ODV�UHVLVWHQFLDV���
� /D�JHQHUDFLyQ�LQGXVWULDO�\�GH�DOWD�SRWHQFLD�QR�HV�SURGXFWR�GH�UHDFFLRQHV�
ItVLFRTXtPLFDV�VLQR�GH�SURFHVRV�HOHFWURPHFiQLFRV��%iVLFDPHQWH�SRU�OD�URWDFLyQ�
GH�HVSLUDV�GH�FRQGXFWRUHV�HQ�FDPSRV�PDJQpWLFRV�VH�REWLHQHQ�WHQVLRQHV�FX\D�
OH\�GH�YDULDFLyQ�HV� OD�VHQRLGDO�� WDO�FRPR�HO�PRYLPLHQWR�GH�XQ�SpQGXOR��(VWD�
IRUPD� GH� YDULDFLyQ� HV� FRQRFLGD� FRPR� DOWHUQD�� R� DOWHUQDGD�� SRU�HO� KHFKR�GH�
RVFLODU�HQWUH�GRV�YDORUHV�GH�LJXDO�PDJQLWXG�SHUR�GH�SRODULGDGHV�RSXHVWDV��
� 6LQ� HQWUDU� HQ� GHWDOOHV� \� MXVWLILFDFLRQHV�� TXH� SXHGHQ� REWHQHUVH� GH� ORV�
WH[WRV� GH� )tVLFD� R� GH� (OHFWURPDJQHWLVPR�� GLUHPRV� TXH� HVWD� YDULDFLyQ� GH� OD�
HQHUJtD� SURGXFH� HIHFWRV� GLVWLQWRV� HQ� RWURV� GRV� WLSRV� GH� HOHPHQWRV� GH� ORV�
FLUFXLWRV�� DGHPiV� GH� OD� \D� YLVWD� UHVLVWHQFLD�� HQ� OD� ERELQD� R� LQGXFWDQFLD�
�FRQGXFWRU�DUUROODGR�VREUH�XQ�Q~FOHR��\�HQ�HO�FRQGHQVDGRU�R�FDSDFLWRU��GRV�
SODFDV�HQIUHQWDGDV�VHSDUDGDV�SRU�XQ�DLVODQWH���
� )RUPDOPHQWH�� ODV� H[SUHVLRQHV� GH� XQD� WHQVLyQ� \� GH� XQD� FRUULHQWH� HQ�
IXQFLyQ�GHO�WLHPSR�HVWiQ�GDGDV�SRU��
Y�W�� �9PD[�FRVHQR���ππÂIÂW���φφ����\� L�W�� �,PD[�FRVHQR���ππÂIÂW���θθ��

(Q�HVWDV�H[SUHVLRQHV�I�UHSUHVHQWD�OD�IUHFXHQFLD�GDGD�HQ�FLFORV�SRU�VHJXQGR��
R� +HUW]�� OD� W� HV� OD� YDULDEOH� WLHPSR� HQ� VHJXQGRV�� 9PD[� H� ,PD[� � VRQ� ODV�
DPSOLWXGHV�� YDORUHV� Pi[LPRV�� GH� OD� WHQVLyQ� GDGD� HQ� YROWLRV� \� GH� OD�
FRUULHQWH��R� LQWHQVLGDG��GDGD�HQ�DPSHULRV�� ODV� OHWUDV�JULHJDV�φ��IL�R�SKL��\�θ�
�WLWD� R� WKHWD�� LQGLFDQ� XQ� GHVSOD]DPLHQWR� GHO� DUJXPHQWR� GH� OD� IXQFLyQ�
GHQRPLQDGR�iQJXOR�GH�IDVH��TXH�HQ�JHQHUDO�HV�GLVWLQWR�HQ�OD�WHQVLyQ�TXH�HQ�
OD�FRUULHQWH���
� ,JXDOPHQWH� SRGUtDPRV� KDEHU� XWLOL]DGR� OD� IXQFLyQ� VHQR� HQ� OXJDU� GHO�
FRVHQR�\D�TXH� OD�~QLFD�GLIHUHQFLD�HQWUH�DPEDV� IXQFLRQHV� WULJRQRPpWULFDV�HV�
XQD�IDVH�GH�π����GH�������
� (O�SURGXFWR��ππÂI�UHSUHVHQWD�OD�IUHFXHQFLD�DQJXODU�R�SXOVDFLyQ�TXH�VH�
LQGLFD�QRUPDOPHQWH�FRQ�OD�OHWUD�JULHJD�RPHJD�PLQ~VFXOD�ωω�\�HVWi�H[SUHVDGD�
HQ�UDGLDQHV�SRU�VHJXQGR�R�HQ�JUDGRV�SRU�VHJXQGR�GHSHQGLHQGR�GH�FRPR�VH�
H[SUHVH�HO�iQJXOR�GH�IDVH��$GHPiV�OD�GLIHUHQFLD�GH�ORV�iQJXORV�GH�IDVH�HQWUH�
GRV�WHQVLRQHV��R�GRV�FRUULHQWHV��R�HQWUH�XQD�WHQVLyQ�\�XQD�FRUULHQWH��VLHPSUH�
TXH� VHDQ� GH� OD� PLVPD� IUHFXHQFLD� VH� GHQRPLQD� GLIHUHQFLD� GH� IDVH� R�
GHVIDVDMH�� \� VH� H[SUHVD� HQ� ODV� PLVPDV� XQLGDGHV� GH� iQJXOR�� (O� JUiILFR�
PXHVWUD�XQD� WHQVLyQ�DOWHUQD�FRPR� IXQFLyQ�GHO� WLHPSR��FRQ�XQD�DPSOLWXG�GH�
���YROWLRV��XQD�IUHFXHQFLD�LJXDO�D����π��HTXLYDOHQWH�D�XQD�SXOVDFLyQ�XQLWDULD��
\� XQ� iQJXOR� GH� IDVH� GH� π��� H[SUHVDGR� HQ� UDGLDQHV� �HTXLYDOHQWH� D� ����
VH[DJHVLPDOHV����

�
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� �
�
� +DEtDPRV� LQGLFDGR� HQ� HO� SXQWR� /� TXH� OD� WHQVLyQ� HQ� XQD� UHVLVWHQFLD�
GHELGR�DO�SDVR�GH�XQD�FRUULHQWH�SRU�HOOD�HVWDED�GDGR�SRU�HO�SURGXFWR�GHO�YDORU�
GH� OD� UHVLVWHQFLD� SRU� OD� FRUULHQWH�� OD� OODPDGD� /H\� GH� 2KP�� TXH� SRGHPRV�
UHHVFULELU�DKRUD�FRPR��

Y5�W�� �5�Â�L5�W�� R�WDPELpQ�TXH� �L5�W�� �Y5�W����5�
�
�
�
�
�
UHHPSOD]DQGR�SDUD�OD�WHQVLyQ��

Y5�W�� �5�Â�,5PD[�FRV��πÂIÂW���θ�� �95PD[�FRV��πÂIÂW���θ��
\�REVHUYDUHPRV�TXH�OD�~QLFD�GLIHUHQFLD�HQWUH�OD�IXQFLyQ�H[FLWDFLyQ�\�OD�IXQFLyQ�
UHVSXHVWD�HVWi�HQ�OD�DPSOLWXG��9PD[� �5�Â�,PD[��\D�TXH�OD�OH\�GH�YDULDFLyQ�QR�
FDPELD� \� HO� iQJXOR� GH� IDVH� WDPSRFR�� /R� PLVPR� RFXUULUi� VL� FDOFXODPRV� OD�
FRUULHQWH�� (VWR� OR� SRGHPRV� H[SUHVDU� GLFLHQGR� TXH�� HO� GHVIDVDMH� HQWUH� OD�
WHQVLyQ�\�OD�FRUULHQWH�HQ�XQD�UHVLVWHQFLD�HV�LJXDO�D�FHUR��
� 3DUD� ORV� FDVRV� GH� OD� LQGXFWDQFLD� \� GHO� FDSDFLWRU� ODV� FRVDV� QR� VRQ� WDQ�
VLPSOHV�� OD� /H\� GH�2KP�SDUD� HOORV� HV� GLIHUHQWH��6L� LQGLFDPRV�HO� YDORU� GH� OD�
LQGXFWDQFLD� FRQ� OD� OHWUD� /� \� OD� H[SUHVDPRV� HQ� KHQULRV�� OD� OH\� GH� 2KP� VH�
H[SUHVD�FRPR���
� ( ) ( ) ( )[ ]

dt
tcosId

L
dt

tdi
Ltv LmaxL

L

�& +
×== �

�
<�OD�OHHPRV�FRPR��OD�WHQVLyQ�HQ�OD�LQGXFWDQFLD�HVWi�GDGD�SRU�HO�SURGXFWR�GH�OD�
LQGXFWDQFLD�SRU�OD�GHULYDGD�GH�OD�FRUULHQWH�UHVSHFWR�GHO�WLHPSR��/D�GHULYDGD�
HV� XQD� RSHUDFLyQ�PDWHPiWLFD� TXH� REWLHQH� OD� SHQGLHQWH� GH� OD� IXQFLyQ� SDUD�
FDGD�LQVWDQWH��(O�UHVXOWDGR�GH�HVD�RSHUDFLyQ�HV�TXH��
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� � ( ) ( ) ( )2tcosIL
dt

tdi
Ltv Lmax

L
L

��&& ++××== �
TXH�SRGHPRV�OHHU�FRPR�TXH� OD�DPSOLWXG�GH�OD�WHQVLyQ�HQ�OD�LQGXFWDQFLD�HVWi�
GDGD� SRU� HO� SURGXFWR� GHO� YDORU� GH� OD� LQGXFWDQFLD� SRU� OD� SXOVDFLyQ� \� SRU� OD�
DPSOLWXG�GH�OD�FRUULHQWH�\�TXH��DGHPiV��KD\�XQ�GHVSOD]DPLHQWR�GH�OD�IDVH�HQ�
�π����6H�GLFH�TXH�HQ�OD�LQGXFWDQFLD�OD�WHQVLyQ�DGHODQWD�D�OD�FRUULHQWH�HQ�π���
UDGLDQHV���
� (O�SURGXFWR�GH�OD�LQGXFWDQFLD�SRU�OD�SXOVDFLyQ�VH�GHQRPLQD�UHDFWDQFLD�
LQGXFWLYD� VH� LQGLFD� FRQ�;/� \� VH�H[SUHVD�HQ�RKPLRV� FRPR� OD� UHVLVWHQFLD��\D�
TXH�ODV�GLPHQVLRQHV�VRQ�ODV�PLVPDV��
� � ( ) ( ) ( )2t cosV2t cosIXtv LmaxLmaxLL

��&��& ++=++×= �
� 3DUD� HO� FDSDFLWRU�� R� FRQGHQVDGRU�� OD� UHODFLyQ� GH� OD� WHQVLyQ� FRQ� OD�
FRUULHQWH� HVWi� GDGD�� VL� &� HV� HO� YDORU� GH� OD� FDSDFLGDG� GHO� FRQGHQVDGRU�
H[SUHVDGR�HQ�IDUDGLRV���SRU��

( ) ( ) ( ) dttcosI
C
1

dtti
C
1

tv
t

Cmax

t

CC ∫∫ ∞−∞−
+== �& �

�
TXH� OHHPRV�� OD� WHQVLyQ� HQ� XQ� FDSDFLWRU� HVWi� GDGD� SRU� HO� SURGXFWR� GH� OD�
UHFtSURFD�GH�OD�FDSDFLGDG�SRU�OD�LQWHJUDO�GH�OD�FRUULHQWH�UHVSHFWR�GHO�WLHPSR��
/D� LQWHJUDO� HV� OD� RSHUDFLyQ� UHFtSURFD� D� OD� GHULYDGD�� (O� UHVXOWDGR� GH� HVD�
RSHUDFLyQ�HV�TXH��

( ) ( ) ( )2t cosI
1

C
1

dtti
C
1

tv Cmax

t

CC
��&& −+××== ∫ ∞−

�
TXH�SRGHPRV�OHHU�FRPR�TXH�OD�DPSOLWXG�GH�OD�WHQVLyQ�HQ�HO�FRQGHQVDGRU�HVWi�
GDGD�SRU�HO�SURGXFWR�GH� OD� UHFtSURFD�GHO�SURGXFWR�GHO�YDORU�GH� OD�FDSDFLGDG�
SRU� OD� SXOVDFLyQ�� SRU� OD� DPSOLWXG� GH� OD� FRUULHQWH� \� TXH�� DGHPiV�� KD\� XQ�
GHVSOD]DPLHQWR� GH� OD� IDVH� HQ� �π���� 6H� GLFH� TXH� HQ� OD� FDSDFLGDG� OD� WHQVLyQ�
DWUDVD�D�OD�FRUULHQWH�HQ�π���UDGLDQHV���
� /D�UHFtSURFD�GHO�SURGXFWR�GH�OD�FDSDFLGDG�SRU�OD�SXOVDFLyQ�VH�GHQRPLQD�
UHDFWDQFLD� FDSDFLWLYD� VH� LQGLFD� FRQ� ;&� \� VH� H[SUHVD� HQ� RKPLRV� FRPR� OD�
UHVLVWHQFLD��\D�TXH�ODV�GLPHQVLRQHV�VRQ�ODV�PLVPDV��
� � ( ) ( ) ( )2t cosV2t cosIXtv CmaxCmaxCC

��&��& −+=−+×= �
� (Q� HO� WUDEDMR� QRUPDO� VH� XWLOL]D� HO� OODPDGR� FiOFXOR� VLPEyOLFR� TXH�
UHH[SUHVD� ODV� HFXDFLRQHV�PRVWUDGDV�� TXH� HVWiQ� HQ� HO�GRPLQLR�GHO� WLHPSR�
�HQ� IXQFLyQ� GHO� WLHPSR��� SRU� H[SUHVLRQHV� TXH� HVWiQ� HQ� HO� GRPLQLR� GH� OD�
IUHFXHQFLD� �VLHPSUH� TXH� VH� WUDWH� GH� IXQFLRQHV� GH� OD� PLVPD� IUHFXHQFLD���
7DOHV�UHH[SUHVLRQHV�QR�FRQVWLWX\HQ�LJXDOGDGHV��SHUR�QRV�SHUPLWHQ�REWHQHU�ODV�
FDQWLGDGHV� VLJQLILFDWLYDV�SDUD�XQD� IXQFLyQ�VHQRLGDO�TXH�VRQ� OD�DPSOLWXG�\�HO�
iQJXOR� GH� IDVH�� (Q� HVH� FiOFXOR� VLPEyOLFR� VH� VREUHHQWLHQGH� TXH� WRGDV� ODV�
WHQVLRQHV�\�FRUULHQWHV�VH�WLHQHQ�FRPR�IXQFLRQHV�VHQR�R�FRVHQR�DGHPiV�GH�VHU�
GH�OD�PLVPD�IUHFXHQFLD��
/D�FRUUHVSRQGHQFLD�VH�HVWDEOHFH�XWLOL]DQGR�ORV�Q~PHURV�FRPSOHMRV�\�WHQLHQGR�
HQ�FXHQWD�TXH�PXOWLSOLFDU�XQ�Q~PHUR�SRU�HO�RSHUDGRU� LPDJLQDULR� M��HQ� OXJDU�
GH� L� SDUD�QR� FRQIXQGLUVH� FRQ� OD� LQWHQVLGDG��HTXLYDOH�D� URWDUOR�XQ�iQJXOR�GH�
�π���\�TXH�PXOWLSOLFDUOR�SRU��M��HTXLYDOHQWH�D�GLYLGLUOR�SRU�M��OR�URWD�HQ��π����
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� $Vt�SRGHPRV�HVWDEOHFHU�OD�/H\�GH�2KP�SDUD�ORV�HOHPHQWRV�HQ�HO�FiOFXOR�
VLPEyOLFR�FRPR��
� 5HVLVWHQFLD�� 95� �5�Â�,5�
� � � ,5� �95���5� �*�Â�95�
� ,QGXFWDQFLD�� 9/� �M�ωω�/�Â�,/� � �M�;/�Â�,/��
� � � ,/� �����M�ωω�/��Â�9/� ���M�����ωω�/�Â9/�� ���M�%/�Â�9/�
� &DSDFLGDG�� 9&� �����M�ωω�&��Â�,&� ���M�����ωω�&�Â,&� ���M�;&�Â�9&� �
� � � ,&� �M�ωω�&�Â�9&� ��M�%&�Â�9&�
� $TXt�HVWiQ�LQGLFDGDV�ODV�UHFtSURFDV�GH�OD�UHVLVWHQFLD��OD�FRQGXFWDQFLD�*��
\� GH� ODV� UHDFWDQFLDV�� ODV� VXVFHSWDQFLDV�� %/� \� %&�� LQGXFWLYD� \� FDSDFLWLYD�
UHVSHFWLYDPHQWH�� TXH�� DGHPiV� GH� VHU� UHFtSURFDV� HQ� VXV� YDORUHV� HVWiQ�
DFRPSDxDGDV� SRU� XQ� FDPELR� GH� VLJQR� HQ� HO� RSHUDGRU� LPDJLQDULR� M�� (VWR� OR�
SRGHPRV� H[SOLFDU� FRQFHSWXDOPHQWH� GLFLHQGR� TXH�� VL� HQ� XQD� LQGXFWDQFLD� OD�
WHQVLyQ�DGHODQWD� UHVSHFWR�GH� OD�FRUULHQWH�� OD�FRUULHQWH�DWUDVD�UHVSHFWR�GH� OD�
WHQVLyQ��<�HQ�OD�FDSDFLGDG��GRQGH�OD�WHQVLyQ�DWUDVD�UHVSHFWR�GH�OD�FRUULHQWH��OD�
FRUULHQWH�DGHODQWD�UHVSHFWR�GH�OD�WHQVLyQ����
� $Vt� FRPR� OD� FRQGXFWDQFLD� VH� LQGLFD� HQ� VLHPHQV� R� HQ�PKRV�� OR�PLVPR�
RFXUUH�FRQ�ODV�VXVFHSWDQFLDV���
�
��)��/RV�FRQFHSWRV�GH�LPSHGDQFLD�\�GH�DGPLWDQFLD�
� &RPR� HV� GH� HVSHUDU� XQ� FLUFXLWR� FRPSXHVWR� SRU� HOHPHQWRV� GH� GLVWLQWR�
WLSR��SRU�HMHPSOR�UHVLVWHQFLDV�� LQGXFWDQFLDV�\�FDSDFLWRUHV�HO�FRPSRUWDPLHQWR�
YD�HVWDU�LQIOXHQFLDGR�SRU�WRGRV��ODV�DPSOLWXGHV�GHSHQGHUiQ�GH�ORV�HOHPHQWRV�
\�HO�iQJXOR�GH�IDVH�HQWUH�OD�WHQVLyQ�\�OD�FRUULHQWH�\D�QR�VHUi�QL�GH�FHUR��FRPR�
HQ�OD�UHVLVWHQFLD�QL�GH��π���FRPR�HQ�ODV�UHDFWDQFLDV��
� 3DUD�HOHPHQWRV�FRQHFWDGRV�HQ�VHULH� UHVXOWD�TXH� OD� UHVSXHVWD�FRQMXQWD�
HVWi�GDGD�SRU�OD�LPSHGDQFLD��=��H[SUHVDGD�HQ�RKPLRV�\�TXH�VH�REWLHQH�GH��

=� �5���M���;/���;&��� ��5���M���ωω••/�����ωω••&���
GRQGH�5�UHSUHVHQWD�OD�VXPD�GH�WRGDV�ODV�UHVLVWHQFLDV�GH�OD�VHULH��;/�OD�VXPD�
GH� WRGDV� ODV� UHDFWDQFLDV� LQGXFWLYDV� \� ;&� OD� VXPD� GH� WRGDV� ODV� UHDFWDQFLDV�
FDSDFLWLYDV��
� 3DUD� HOHPHQWRV� FRQHFWDGRV� HQ� SDUDOHOR� UHVXOWD� TXH� OD� UHVSXHVWD�
FRQMXQWD� HVWi�GDGD�SRU� OD�DGPLWDQFLD�� <�� H[SUHVDGD�HQ� VLHPHQV�R�PKRV�\�
TXH�VH�REWLHQH�GH��

<� �*���M���%&���%/��� ��*���M���ωω••&�����ωω••/���
GRQGH�*�UHSUHVHQWD�OD�VXPD�GH�WRGDV�ODV�FRQGXFWDQFLDV�SXHVWDV�HQ�SDUDOHOR��
%/� OD�VXPD�GH� WRGDV� ODV�VXVFHSWDQFLDV� LQGXFWLYDV�\�%&� OD�VXPD�GH� WRGDV� ODV�
VXVFHSWDQFLDV�FDSDFLWLYDV��
� /DV� H[SUHVLRQHV� GH� OD� /H\� GH� 2KP�� ODV� UHODFLRQHV� YROW�DPSHU�� YLVWDV�
SDUD� OD� UHVLVWHQFLD� SXHGHQ� SRQHUVH� HQ� IRUPD�JHQHUDOL]DGD�� SDUD� HO� FDVR� GH�
FRUULHQWH�DOWHUQDGD��FRPR��

9� �=�Â�,� � H� � ,� �9���=� �<�Â�9�
GRQGH�9�� ,��=�H�<�VRQ�FDQWLGDGHV�FRPSOHMDV��TXH�SRGUiQ� WHQHU�SDUWH� UHDO�R�
LPDJLQDULD� HYHQWXDOPHQWH� QXOD�� SHUR� TXH� GHEHUHPRV� RSHUDU� XWLOL]DQGR� ORV�
HOHPHQWRV�GHO�iOJHEUD�FRPSOHMD��YHU�HO�SXQWR���+���
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� ,QVLVWLPRV��HVWR�HV�YiOLGR�VL�HVWDPRV�WUDEDMDQGR�FRQ�VHxDOHV��WHQVLRQHV�
\� FRUULHQWHV�� GH� XQD� PLVPD� IUHFXHQFLD� \� KHPRV� SDUWLGR� GH� H[SUHVLRQHV�
SXHVWDV�WRGDV�FRPR�IXQFLRQHV�GH�VHQRV�R�WRGDV�GH�FRVHQRV���
� &RPR� SRGHPRV� GHGXFLU� GH� ODV� H[SUHVLRQHV�� HO� FRPSRUWDPLHQWR� GH� XQ�
FLUFXLWR� SXHGH� VHU� GHVGH� LQGXFWLYR� SXUR� D� FDSDFLWLYR� SXUR� SDVDQGR� SRU�
UHVLVWLYR� SXUR�� GHSHQGLHQGR� GH� ORV� YDORUHV� GH� ORV� FRPSRQHQWHV� \� GH� OD�
IUHFXHQFLD��(Q�JHQHUDO�WHQGUi�XQ�FRPSRUWDPLHQWR�LQGXFWLYR��XQ�DGHODQWR�GH�OD�
WHQVLyQ� UHVSHFWR� GH� OD� FRUULHQWH� SHUR� GH�PHQRV� GH� π���� R� XQ� DWUDVR� GH� OD�
WHQVLyQ�UHVSHFWR�GH� OD�FRUULHQWH��FRPSRUWDPLHQWR�FDSDFLWLYR��WDPELpQ�PHQRU�
GH� π���� (VWR� VLHPSUH� TXH� KD\D� FRPSRQHQWHV� UHVLVWLYRV�� FDVR� FRQWUDULR� HO�
GHVIDVDMH�VHUi�GH�π����H[FHSWR�HQ�HO�FDVR�HQ�OD�VXPD�GH�ODV�UHDFWDQFLDV�R�GH�
ODV� VXVFHSWDQFLDV� VHD� LJXDO� D� FHUR� HQ� TXH� HO� FRPSRUWDPLHQWR� VHUi� UHVLVWLYR�
SXUR�DXQTXH�HVWp�FRQIRUPDGR�SRU�LQGXFWDQFLDV�\�FDSDFLWRUHV��(VWDPRV�DQWH�HO�
FDVR�GH�UHVRQDQFLD�GHO�FLUFXLWR�TXH� UHTXLHUH�XQ� WUDWDPLHQWR�HVSHFLDO�TXH�
QR�YDPRV�D�FRQVLGHUDU�DKRUD���
�
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��*��/D�SRWHQFLD�HQ�FRUULHQWH�DOWHUQDGD�
� (O�FRQFHSWR�GH�SRWHQFLD�TXH�YLPRV�HQ�HO�WHPD�0�VREUH�OD�/H\�GH�-RXOH�
WLHQH� WDPELpQ� DSOLFDFLyQ� HQ� FRUULHQWH� DOWHUQD�� SHUR� HO� FRPSRUWDPLHQWR� HV�
GLVWLQWR� SRU� FXDQWR� QL� OD� LQGXFWDQFLD� QL� HO� FDSDFLWRU� GLVLSDQ� HQHUJtD�� OR� TXH�
KDFHQ� HV� DOPDFHQDUOD� \� GHYROYHUOD� DO� JHQHUDGRU� DOWHUQDWLYDPHQWH�� 6H� GLFH�
TXH�HQWUHWLHQHQ�HQHUJtD��
� $SOLFDQGR� ORV� FRQFHSWRV� YLVWRV� SXHGH� GHPRVWUDUVH� TXH� OD� SRWHQFLD�
DFWLYD��R�SRWHQFLD�PHGLD��GLVLSDGD�SRU�XQ�FLUFXLWR�HVWi�GDGD�SRU��
� � ϕ×=−

×
=  cos

2
I

2
V

)( cos
2

IV
P maxmaxmaxmax �3 �

� /D�SRWHQFLD�3�HVWDUi�GDGD�HQ�YDWLRV��ZDWWV��VL�9PD[�HVWi�HQ�YROWLRV�\�,PD[�
HQ�DPSHULRV��(O�IDFWRU�FRV�ϕϕ��OODPDGR�IDFWRU�GH�SRWHQFLD��HVWi�GDGR�SRU�HO�
GHVIDVDMH�GH�OD�WHQVLyQ�UHVSHFWR�GH�OD�FRUULHQWH��/DV�DPSOLWXGHV�GLYLGLGDV�SRU�
UDt]� GH� �� VRQ� ORV� GHQRPLQDGRV� YDORUHV� HILFDFHV� GH� OD� WHQVLyQ� \� GH� OD�
FRUULHQWH��SRUTXH�VX�SURGXFWR�GD�OD�SRWHQFLD�VREUH�XQD�UHVLVWHQFLD�SXUD��FRV�ϕ�
 �����6RQ�ORV�YDORUHV�HTXLYDOHQWHV�GH�XQD�FRUULHQWH�FRQWLQXD�TXH�GHVDUUROOD�OD�
PLVPD�SRWHQFLD�TXH�OD�DOWHUQD��
� (VRV�YDORUHV�VRQ�ORV�XWLOL]DGRV�SDUD�LQGLFDU�ODV�WHQVLRQHV�\�ODV�FRUULHQWHV�
HQ�HO�PXQGR�HOpFWULFR��ORV�����YROWLRV�GH�QXHVWUD�GLVWULEXFLyQ�GRPLFLOLDULD�VRQ�
���� YROWLRV� HILFDFHV�� OD� DPSOLWXG� GH� HVD� WHQVLyQ� HV� GH� ���� YROWLRV� SLFR� R�
Pi[LPRV��
� 3RU�FRQVLJXLHQWH�OD�SRWHQFLD�OD�YDPRV�D�H[SUHVDU�FRPR��

3� �9�Â�,�Â�FRV�ϕ ϕ [[YDWLRV��:]]�
\D�TXH�QR�HV�QHFHVDULR�LQGLFDU�TXH�VH�WUDWD�GH�YDORUHV�HILFDFHV��SRUTXH�HV�DVt�
D�PHQRV�TXH�VH�LQGLTXH�OR�FRQWUDULR��
� (V� IUHFXHQWH� XWLOL]DU� HO� SURGXFWR� GH� OD� WHQVLyQ� SRU� OD� FRUULHQWH� VLQ�
FRQVLGHUDU� HO� IDFWRU� GH� SRWHQFLD� \� VH� REWLHQH� DVt� OD� SRWHQFLD� DSDUHQWH� TXH�
REWHQGUtDPRV�GH�PHGLU�DPEDV�FRQ�XQ�PXOWtPHWUR�R�WHVWHU�\�PXOWLSOLFDUODV��

6� �9�Â�,�>YROWDPSHULRV��9$@�
FRPR� REVHUYDPRV� ODV� GRV� SRWHQFLDV� WLHQHQ� GLVWLQWR� VtPEROR� \� WDPELpQ�
GLVWLQWDV�XQLGDGHV��DXQTXH�OD�GLPHQVLyQ�GH�DPEDV�HV�OD�PLVPD�\D�TXH�HO�FRV�
ϕ HV�DGLPHQVLRQDO��
�
��+��(MHPSORV�GH�FiOFXOR�
� 3DUD� FRQVROLGDU� ORV� FRQFHSWRV� GDGRV� UHDOL]DUHPRV� DOJXQRV� FiOFXORV� HQ�
FLUFXLWRV�GH�FRUULHQWH�FRQWtQXD�\�DOWHUQD��
� ����5HVROYHU�HO�FLUFXLWR�GH�OD�ILJXUD�
GRQGH��
5�� ���RKPV� � 5�� ���RKPV�
5�� ���RKPV� � 5�� ���RKPV�
5�� ���RKPV� � 5�� ����RKPV�
9� ����YROWLRV�
6ROXFLyQ����
(O�FLUFXLWR�SUHVHQWD�XQ�JHQHUDGRU�LGHDO�GH�
WHQVLyQ� TXH� DOLPHQWD� D� GRV� UDPDV� HQ�
SDUDOHOR� IRUPDGDV� SRU� WUHV� UHVLVWHQFLDV� HQ� VHULH�� $SOLFDQGR� OD� IyUPXOD� GH�
UHVLVWHQFLDV� HQ� VHULH� REWHQHPRV� TXH� OD� UDPD� GH� OD� L]TXLHUGD� WLHQH� XQD�
UHVLVWHQFLD�HTXLYDOHQWH�GH��
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5���� �5����5����5�� ����������� ����RKPLRV��
(VWD� UHVLVWHQFLD� HVWi� DOLPHQWDGD� SRU� HO� JHQHUDGRU�� SRU� HOOD� FLUFXODUi� XQD�
FRUULHQWH�GH��
,���� �9���5���� ��������� �����$PSHULRV���
/D�WHQVLyQ�GHVDUUROODGD�VREUH�FDGD�UHVLVWHQFLD�GH�OD�UDPD��WHQLHQGR�HQ�FXHQWD�
HO�VHQWLGR�GH�OD�FRUULHQWH�LQGLFDGR��VHUi���
9�� �5��Â�,���� ���YROWLRV��9�� �5��Â�,���� �����YROWLRV�\�9�� �5��Â�,���� �����
YROWLRV�
/D�VXPD�GH�ODV�WUHV�WHQVLRQHV�GHEH�GDU�LJXDO�D�OD�GHO�JHQHUDGRU����YROWLRV��
3DUD�OD�RWUD�UDPD���
5���� �5����5����5�� ������������ ����RKPLRV��
,���� �9���5���� ��������� �����$PSHULRV���
9�� �5��Â�,���� �����YROWLRV��9�� �5��Â�,���� �����YROWLRV�\�9�� �5��Â�,���� �
���YROWLRV�
7DPELpQ� VH� REWLHQHQ����YROWLRV�SDUD� VX� VXPD��)LQDOPHQWH� WHQHPRV�TXH� ODV�
GRV� FRUULHQWHV� VRQ� VXPLQLVWUDGDV� SRU� HO� JHQHUDGRU�� WHQLHQGR� HQ� FXHQWD� OD�
SULPHUD� OH\� GH� .LUFKKRII� HQ� HO� QRGR� $� R� %�� SRU� OR� WDQWR� OD� FRUULHQWH� TXH�
VXPLQLVWUD�VHUi��
,9� �,������,���� ����������� ���DPSHULRV��
/D�SRWHQFLD�VXPLQLVWUDGD�HV��
:*� �,*�Â�9� ���Â���� ����YDWLRV��
�
� ����5HVROYHU�HO�FLUFXLWR�GH�OD�ILJXUD�
GRQGH��
5�� ���RKPV� � 5�� ���RKPV�
5�� ���RKPV� � 5�� ���RKPV�
5�� ���RKPV� � �
9$� ����YROWLRV� 9%� ����YROWLRV�
6ROXFLyQ����
(Q�HVWH�FDVR�OD�UDPD�GH�OD�GHUHFKD�VH��
UHVXHOYH�LJXDO�TXH�HQ�HO�FDVR�DQWHULRU��
5���� �5����5����5�� ����������� ����Ω�
,���� �9%���5���� ��������� ���$PSHULR���
9�� �5��Â�,���� ���YROWLRV��9�� �5��Â�,���� ���YROWLRV�\�9�� �5��Â�,���� ���
YROWLRV�
/D�UDPD�GH�OD�L]TXLHUGD�HVWi�IRUPDGD�SRU�XQ�JHQHUDGRU�\�GRV�UHVLVWHQFLDV��VL�
DSOLFDPRV�OD�VHJXQGD�OH\�GH�.LUFKKRII�WHQGUHPRV�TXH��
9����9$���9����9%� �,���Â�5����9$���,���Â�5����9%� ��9$���9%����,�����5����5����
(O�VLJQR�GH�9%�HV�QHJDWLYR�SRU�HQFRQWUDUVH�HQ�RSRVLFLyQ�D�9$��'HVSHMDQGR��
,��� ����9$���9%������5����5��� ������������������������� �����$PSHULR�
9�� �5��Â�,��� ���YROWLRV�\�9�� �5��Â�,��� ���YROWLRV�
/D�FRUULHQWH�SRU�9$�HV�OD�PLVPD�,���\�OD�SRU�
9%�HV�OD�VXPD�GH�ODV�GRV�PDOODV��
,$� �,��� �����DPS���,%� ��,������,��� �����
���� �����DPS��
�
� ����5HVROYHU�HO�FLUFXLWR�GH�OD�ILJXUD�

5
����

��
,��
��

,���9$�
��

��9%�
5
��

5
��

5
��

5
��

5
��

��
��

�,*�9$�
5
��

5
��

5
��

5
��

5
��

,��
,�
��

$� %�



$SXQWHV�GH�(OHFWULFLGDG� � ,QJ��-RUJH�0��%8&&(//$�

(/(&75,&,'$'�&203/(72�GRF� ������ �����������

GRQGH���
5�� ���RKPV� � 5�� ���RKPV�
5�� ����RKPV� 5�� ���RKPV�
5�� ���RKPV� � 5�� ���RKPV�
9� ����YROWLRV�
6ROXFLyQ����
$KRUD�HO�SUREOHPD�HV�DOJR�PiV�FRPSOHMR��
7HQHPRV�HO�PRQWDMH�FRPELQDGR�GH�UHVLVWHQFLDV�HQ�VHULH�\�SDUDOHOR�\�VH�GHEH�
UHVROYHU�SRU�SDUWHV��
5����VHULH�� �5����5�� ������� ����Ω��
5�����SDUDOHOR�GH�5���\�5��� ��5��Â�5�����5����5��� �����Â����������������� ���
Ω���
55��VHULH�5�����5���5��\�5��� �5������5����5����5�� ����Ω��
/D�FRUULHQWH�TXH�VXPLQLVWUD�HO�JHQHUDGRU�UHVXOWD��
,*� �9���55� ��������� ���DPS��
(VWD�PLVPD�FRUULHQWH�FLUFXOD�SRU�ODV�UHVLVWHQFLDV�GH�OD�VHULH�5�����5���5��\�5���
6REUH�OD�5����GHVDUUROOD�XQD�WHQVLyQ�GH��
9���� �5����Â�,*� ���Â��� ���YROWLRV��
(VD�WHQVLyQ�KDFH�FLUFXODU�SRU�5���OD�FRUULHQWH��
,��� �9������5��� �����DPS��
/R�TXH�QRV�SHUPLWH�LQGLFDU�TXH��\D�TXH�HVWiQ�HQ�VHULH��
,�� �,��� �����DPS��,�� �,��� �����DPS�
9�� �,��Â�5�� �����YROWLRV���9�� �,��Â�5�� �����YROWLRV��
/D�WHQVLyQ�9����WDPELpQ�HVWi�VREUH�5��\�OD�FRUULHQWH�TXH�FLUFXOD�SRU�HOOD�HV��
,�� �9������5�� �������� �����DPS��
9�� �9���� �,��Â�5�� ���YROWLRV�
6L�DSOLFDPRV�OD�SULPHUD�OH\�GH�.LUFKKRII�HQ�HO�QRGR�$�R�HQ�HO�%�YHPRV�TXH�VH�
FXPSOH�TXH�,����,��� �,*��
,�� �,*� ���DPS���,�� �,*� ���DPS��H�,�� �,*� ���DPS���
9�� �,*�Â�5�� ���Â��� ���9��9�� �,*�Â�5�� ���9�\�9�� �,*�Â�5�� ���9��
/D�SRWHQFLD�HQWUHJDGD�SRU�HO�JHQHUDGRU�\�GLVLSDGD�HQ�ODV�UHVLVWHQFLDV�HQ�
IRUPD�GH�FDORU�HV��
:*� �9�Â�,*� ����Â��� ����YDWLRV��
�
� ����5HVROYHU�HO�FLUFXLWR�GH�OD�ILJXUD�
GRQGH���
5�� ���RKPV� � 5�� ���RKPV�
5�� ����RKPV� 5�� ���RKPV�
5�� ���RKPV� � �
9$� ����YROWLRV� 9%� ����YROWLRV�
6ROXFLyQ����
(VWDPRV�DQWH�HO�PLVPR�FDVR�GHO�SUREOHPD�
DQWHULRU� HQ� FXDQWR� DO� PRQWDMH� GH� ODV�
UHVLVWHQFLDV�\�DO�FDVR�GH�OD�PDOOD�L]TXLHUGD�
GHO�SUREOHPD�Q�����3RU�OR�WDQWR��
5����VHULH�� �5����5�� ������� ����Ω��
5�����SDUDOHOR�GH�5���\�5��� ��5��Â�5�����5����5��� �����Â����������������� ���
Ω���
55��VHULH�5�����5��\�5��� �5������5����5��� ����Ω��
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/D�FRUULHQWH�TXH�VXPLQLVWUDQ�ORV�JHQHUDGRUHV�UHVXOWD��
,*� ��9$���9%����55� ��������� ���DPS��
(VWD�PLVPD�FRUULHQWH�FLUFXOD�SRU�ODV�UHVLVWHQFLDV�GH�OD�VHULH�5�����5��\�5���
6REUH�OD�5����GHVDUUROOD�XQD�WHQVLyQ�GH��
9���� �5����Â�,*� ���Â��� ���YROWLRV��
(VD�WHQVLyQ�KDFH�FLUFXODU�SRU�5���OD�FRUULHQWH��
,��� �9������5��� �����DPS��
/R�TXH�QRV�SHUPLWH�LQGLFDU�TXH��\D�TXH�HVWiQ�HQ�VHULH��
,�� �,��� �����DPS��,�� �,��� �����DPS�
9�� �,��Â�5�� �����Â��� ���YROWLRV���9�� �,��Â�5�� �����Â��� ���YROWLRV��
/D�WHQVLyQ�9����WDPELpQ�HVWi�VREUH�5��\�OD�FRUULHQWH�TXH�FLUFXOD�SRU�HOOD�HV��
,�� �9������5�� �������� �����DPS��
9�� �9���� �,��Â�5�� �����Â���� ���YROWLRV�
6L�DSOLFDPRV�OD�SULPHUD�OH\�GH�.LUFKKRII�HQ�HO�QRGR�$�R�HQ�HO�%�YHPRV�TXH�VH�
FXPSOH�TXH�,����,��� �,*��
,�� �,*� ���DPS��H�,�� �,*� ���DPS���
9�� �,*�Â�5�� ���Â��� ���9��\�9�� �,*�Â�5�� ���Â��� ���9���
/D�SRWHQFLD�HQWUHJDGD�SRU��FDGD�JHQHUDGRU�\�GLVLSDGD�HQ�ODV�UHVLVWHQFLDV�HQ�
IRUPD�GH�FDORU�HV��
:*$� �9$�Â�,*� ����Â��� ����YDWLRV��
(Q�HO�JHQHUDGRU�%�OD�FRUULHQWH�FLUFXOD�UHVSHFWR�D�OD�WHQVLyQ�HQ�IRUPD�FRQWUDULD�
D�OR�TXH�RFXUUH�HQ�HO�$��(VD�VLWXDFLyQ�OD�SRQHPRV�GH�PDQLILHVWR�HQ�OD�IyUPXOD�
FRQ�HO�VLJQR�PHQRV��
:*%� ��9%�Â�,*� �����Â��� �����YDWLRV��
(V� GHFLU� TXH� HVWH� JHQHUDGRU� UHFLEH� HQHUJtD� GHO� RWUR�� QR� DSRUWD� QDGD� DO�
FLUFXLWR��
7DO� FRQGLFLyQ� OD� SRGUtDPRV� YHU� FDOFXODQGR� OD� HQHUJtD� GLVLSDGD� HQ� FDGD�
UHVLVWHQFLD��
:�� �5��Â�,��� ���Â��������� ���:��:�� �����:��:�� �����:��:�� ���:�\�:�� �
��:��
/D�VXPD�GH�HVDV�SRWHQFLDV�GLVLSDGDV�HV�GH����:�TXH�VXPDGD�D�OD�DEVRUELGD�
SRU�HO�JHQHUDGRU�%�GD�HO�WRWDO�GH����:�VXPLQLVWUDGRV�SRU�HO�JHQHUDGRU�$��
�
� ���� � 5HVROYHU� HO� FLUFXLWR� GH� OD�
ILJXUD�
GRQGH���
5�� ���RKPV� � 5�� ���RKPV�
5�� ����RKPV� 5�� ���RKPV�
5�� ���RKPV� � 5�� ���RKPV�
,� ����DPSHULRV�
6ROXFLyQ����
3DUD� OD� VROXFLyQ� GHO� SUREOHPD� HV�
QHFHVDULR�HQFRQWUDU�OD�WHQVLyQ�HQ�$�%��3DUD�HVR�GHEH�FDOFXODUVH�OD�UHVLVWHQFLD�
FRQHFWDGD�D�ORV�ERUQHV�GHO�JHQHUDGRU�GH�FRUULHQWH��
5���� �5����5����5�� ������������ ����Ω��
5���� �5����5����5�� ����������� ����Ω��
55� �5��������5���� ����Â��������������� �����������Ω��
$KRUD�SRGHPRV�FDOFXODU�OD�WHQVLyQ�$�%��

$�5
��

,��
��

,��
��

,�

5
��

5
��

5
��

5
��

%�5
��



$SXQWHV�GH�(OHFWULFLGDG� � ,QJ��-RUJH�0��%8&&(//$�

(/(&75,&,'$'�&203/(72�GRF� ������ �����������

9$%� �55�Â�,� ����Â�������� �����9ROWLRV��
/DV�FRUULHQWHV�HQ�FDGD�PDOOD�VHUiQ�SRU�OR�WDQWR��
,���� �9$%���5���� ���������� ����$PS��
,���� �9$%���5���� ���������� ����$PS��
9�� �5��Â�,���� ���Â���� ����9ROWLRV��
9�� �5��Â�,���� ���Â���� �����9ROWLRV��
9�� �5��Â�,���� ����Â���� �����9ROWLRV��
9�� �5��Â�,���� ���Â���� �����9ROWLRV��
9�� �5��Â�,���� ���Â���� �����9ROWLRV��
9�� �5��Â�,���� ���Â���� ����9ROWLRV��
9����9����9�� ���������������� �����9��
9����9����9�� ���������������� �����9��
,�� �,�� �,�� �,���� ����$PS��\�,�� �,�� �,�� �,���� ����$PS��
/D�SRWHQFLD�VXPLQLVWUDGD�SRU�HO�JHQHUDGRU�GH�FRUULHQWH�UHVXOWD��
:*� �9$%�Â�,� �����Â���� �������YDWLRV�R��������N:��
�
� ����&DOFXODU�OD�UHDFWDQFLD�LQGXFWLYD�SDUD�XQD�IUHFXHQFLD�GH����+HUW]��GH�
XQD�ERELQD�FX\D�LQGXFWDQFLD�HV�GH������+HQULRV���
�
� � � ;/� ���π�Â�I�Â�/� ���Â���������Â����Â������ �������RKPV�
�
� ����&DOFXODU�OD�UHDFWDQFLD�FDSDFLWLYD�SDUD�XQD�IUHFXHQFLD�GH����+HUW]��GH�
XQ�FRQGHQVDGRU�FX\D�FDSDFLWDQFLD�HV�GH�������)DUDGLRV���
�
� � � ;&� ��� �� ���π� Â� I� Â�&�� ��� �� ��� Â��������� Â���� Â�������� �
������RKPV�
�
� ����&DOFXODU� OD� LPSHGDQFLD�GH�XQ�FLUFXLWR�TXH�WHQJD� ORV�GRV�HOHPHQWRV�
DQWHULRUHV�PiV� XQD� UHVLVWHQFLD� GH� ��� RKPLRV�� WRGRV� FRQHFWDGRV� HQ� VHULH� \�
SDUD�OD�PLVPD�IUHFXHQFLD��
� � � � � � � =� �5���M���;/���;&��� �
� � � � � � � ��� ������M����������������� �
� � � � � � � ��� ��������M���������RKPV�
�
� ����&DOFXODU�OD�FRUULHQWH�TXH�FLUFXODUtD�SRU�HVH�FLUFXLWR�VL�VH�OH�DSOLFD�XQD�
WHQVLyQ� GH�LJXDO�IUHFXHQFLD�����+HUW]���XQD�PDJQLWXG�GH�����YROWLRV�\�XQ�
iQJXOR�GH�IDVH�GH������
� /D�FRUULHQWH�HVWi�GDGD�SRU�OD�UHODFLyQ�GH�OD�/H\�GH�2KP��,� �9�=�R�,� �
9Â<��&RPR�WHQHPRV�OD�WHQVLyQ�H[SUHVDGD�HQ�IRUPD�SRODU�GHEHUtDPRV�OOHYDU�D�
OD�LPSHGDQFLD�D�OD�PLVPD�IRUPD�SDUD�KDFHU�OXHJR�PiV�VLPSOH�HO�FiOFXOR��
� � _=_� ����5�����;����� ��������������������� ��������Ω��
� � ϕ =� �DUFWJ���������������� �������
��
� � =� ����������������
��Ω��
$KRUD��
� � ,� �9���=� ���������������YROWV�������������������
���Ω� �����������
�����
�$PS��
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� /D� FRUULHQWH� UHVXOWDQWH� WLHQH� XQ� YDORU� HILFD]� GH� ������ DPSHULRV� \� XQ�
iQJXOR�GH�IDVH�GH�������
��(O�GHVIDVDMH�HQWUH�OD�WHQVLyQ�\�OD�FRUULHQWH�UHVXOWD�
H[DFWDPHQWH�LJXDO�DO�iQJXOR�GH�OD�LPSHGDQFLD�TXH�GHWHUPLQD�VX�UHODFLyQ��
�
� �����&DOFXODU�OD�SRWHQFLD�PHGLD�GHVDUUROODGD�HQ�HO�FLUFXLWR��
� +DEtDPRV� YLVWR� TXH� OD� SRWHQFLD� HVWDED� GDGD� SRU� HO� SURGXFWR� GH� ORV�
YDORUHV�HILFDFHV�GH�OD�WHQVLyQ�\�OD�FRUULHQWH�\�SRU�HO�FRVHQR�GHO�iQJXOR�HQWUH�
HOORV��OXHJR��
� � 3� � 9� Â� ,� Â� FRV�ϕ =�  � ���� Â� ������ Â� FRV� �� ���� ��
� �� � ��������
YDWLRV��
�
��,��3UREOHPDV�SUiFWLFRV��
�
��� 'DGR� XQ� FLUFXLWR� VHULH� FRQ� 5�  � ��� Ω�� /�  � ���� +\� \� &�  � ���� µ)G��
GHWHUPLQDU� OD� WHQVLyQ� HQ� FDGD� HOHPHQWR� \� OD� WRWDO� VL� HV� UHFRUULGR� SRU� XQD�
FRUULHQWH�GH���DPSHULRV�FRQ�XQD�SXOVDFLyQ�GH�ω� ������� �

95� ���9��9/ �M���9��9& ��M����9��9� �������M�����9���
�
��� 3DUD� HO� FLUFXLWR� DQWHULRU� FDOFXODU� OD� FRUULHQWH� TXH� OR� DWUDYHVDUi� VL� HV�
DOLPHQWDGR� SRU� XQD� WHQVLyQ� GH� ���� YROWLRV� FRQ� XQD� IUHFXHQFLD� GH� I�  � ����
KHUW]LRV��'HWHUPLQDU�DGHPiV�OD�WHQVLyQ�VREUH�OD�LQGXFWDQFLD��� �

,� ����������M��������$��9/� �����������M�������9���
�
��� 'DGR� XQ� FLUFXLWR� SDUDOHOR� FRQ� *�  � ��� 6�� /�  � ���� +\� \� &�  � ���� µ)G��
GHWHUPLQDU�OD�FRUULHQWH�HQ�FDGD�HOHPHQWR�\�OD�WRWDO�VL�HV�DOLPHQWDGR�SRU�XQD�
WHQVLyQ�GH���YROWLRV�FRQ�XQD�SXOVDFLyQ�GH�ω� ������� � �

,5� ���$��,/� ��M����$��,&� �M�����$��,� �������M������$���
�
���3DUD�HO�FLUFXLWR�DQWHULRU�FDOFXODU�OD�WHQVLyQ�TXH�WHQGUi�VREUH�VXV�HOHPHQWRV�
VL�HV�DOLPHQWDGR�SRU�XQD�FRUULHQWH�GH����DPSHULRV�FRQ�XQD�IUHFXHQFLD�GH�I� �
����KHUW]LRV��'HWHUPLQDU�DGHPiV�OD�FRUULHQWH�VREUH�OD�FDSDFLGDG�� �

9� ������M�������9��,& ����������M������$���
���&DOFXODU�HO�iQJXOR�GH�IDVH�HQWUH�OD�WHQVLyQ�\�OD�FRUULHQWH�WRWDO�GHO�SUREOHPD�
DQWHULRU�DVXPLHQGR�TXH�OD�FRUULHQWH�WLHQH�iQJXOR�GH�IDVH�LJXDO�D�FHUR��,� ����
��M��������

ϕϕ� ��������
�
���3DUD�HO�SUREOHPD�Q����FDOFXODU�ODV�SRWHQFLD�PHGLD�\�DSDUHQWH�VREUH�FDGD�
HOHPHQWR�\�ODV�WRWDOHV���8WLOL]DU�ORV�GDWRV�\D�REWHQLGRV�VL�FRUUHVSRQGH��� �
65 ������:��6/ �M��������9$U��6& ��M�������9$U��6� ���������M��������

9$���
�
���/R�PLVPR�TXH�HO�DQWHULRU�SDUD�HO�SUREOHPD�Q����� �

65 �����:��6/ �M�����9$U��6& ���M������9$U��6� ��������M�������9$���
�
��� ¢4Xp� FRQFOXVLRQHV� SXHGH� VDFDU� GH� ORV� UHVXOWDGRV� GH� ORV� GRV� SUREOHPDV�
DQWHULRUHV��WHQLHQGR�HQ�FXHQWD�ORV�HUURUHV�GH�SUHFLVLyQ"��
�
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���7HQLHQGR�HQ�FXHQWD�ODV�FRQFOXVLRQHV�DQWHULRUHV��FDOFXODU�OD�SRWHQFLD�PHGLD�
GHVDUUROODGD�VREUH�HO�FLUFXLWR�GH�ORV�SUREOHPDV�Q���\�Q����� �

6�� ��������M������9$��6�� �������M�����9$����
�
����&DOFXODU�OD�FRUULHQWH�TXH�FRQVXPH�XQ�PRQLWRU�VL�VX�SODFD�LQGLFD�TXH�HVWi�
GLVHxDGR� SDUD� ���� YROWV� \� WRPD� XQD� SRWHQFLD�PHGLD� GH� ���� YDWLRV� FRQ� XQ�
IDFWRU�GH�SRWHQFLD�GH�)3� ������

,� ������$���
�
���� 3DUD� HVSHFLILFDU� XQD� OODYH� WHUPRPDJQpWLFD� GH� SURWHFFLyQ� SDUD� OD�
LQVWDODFLyQ�HV�QHFHVDULR�FRQRFHU�HO�PyGXOR�GH�OD�FRUULHQWH�WRWDO�TXH�FRQVXPH��
/RV�HOHPHQWRV�TXH�OD�LQWHJUDQ�VRQ��
8Q� JDELQHWH� SULQFLSDO� TXH� LQGLFD�� ���� YROWLRV�� �� DPSHULRV�� )3�  � ������ XQ�
PRQLWRU� TXH� HVSHFLILFD�� ���� YROWLRV�� ���� YROWDPSHULRV�� )3�  � ����� XQD�
LPSUHVRUD�OiVHU�FX\D�SODFD�LQGLFD������YROWLRV�����DPSHULRV��)3� ������� �

� ,� ������$���
�
���� 3DUD� SRGHU� HVSHFLILFDU� XQD� IXHQWH� QR� LQWHUUXPSLEOH� �836��� DGHPiV� GHO�
WLHPSR� GH� SURWHFFLyQ� PtQLPR� UHTXHULGR�� PH� HV� LPSUHVFLQGLEOH� LQGLFDU� OD�
SRWHQFLD�PHGLD�\�OD�DSDUHQWH�TXH�LQVXPH�OD�LQVWDODFLyQ�DQWHULRU��¢&XDOHV�VRQ�
HVRV�YDORUHV"��

3� �����:��6� �����9$���
�
���� &RQ� ORV� GDWRV� GH� OD� LQVWDODFLyQ� DQWHULRU�� ¢&XiO� HV� OD� LPSHGDQFLD�
HTXLYDOHQWH�GH�OD�LQVWDODFLyQ"� �

=� ����������M��������ΩΩ���
�
����*UDILTXH�HQ�WUHV�JUiILFRV�LQGHSHQGLHQWHV��D��OD�LPSHGDQFLD��E��OD�WHQVLyQ�
\�OD�FRUULHQWH��XVH�GLIHUHQWHV�HVFDODV�\�FRORUHV�SDUD�FDGD�XQD��\�F��OD�SRWHQFLD�
YHFWRULDO��
�
����6DTXH�FRQFOXVLRQHV�GH�HOORV���
�
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� $SpQGLFH�$�
�
$����12&,21(6�%È6,&$6�(/(0(17$/(6�'(�&255,(17(�(/e&75,&$�
�
� $QWHV� GH� LQGLFDU� FRPR� VH�PLGHQ� ORV� SDUiPHWURV� HOpFWULFRV�TXH�KHPRV�
FLWDGR�YDPRV�D�YHU�DOJXQRV�FRQFHSWRV�EiVLFRV�UHIHULGRV�D�HOORV��
� /D� WHQVLyQ�HV� OD�GLIHUHQFLD�GH�SRWHQFLDO�HOpFWULFR�HQWUH�GRV�SXQWRV�GH�
XQ� VLVWHPD�� 7DPELpQ� VH� OR� FRQRFH� FRPR� YROWDMH� SRUTXH� OD� XQLGDG� GH�
PHGLFLyQ�HV�HO�YROW�R�YROWLR��(VD�GLIHUHQFLD�VXUJH�GH�UHDFFLRQHV�TXtPLFDV�HQ�
ODV� SLODV� FRPXQHV�� HQ� ODV� EDWHUtDV� \� HOHPHQWRV� VLPLODUHV�� WDPELpQ� SXHGHQ�
SURGXFLUVH�SRU�HIHFWRV�ItVLFRV�HQ�ODV�FHOGDV�VRODUHV�\�HQ�ODV�WHUPRSLODV��\�SRU�
PHGLRV� HOHFWURPHFiQLFRV� HQ� ORV� JHQHUDGRUHV� \� ODV� GtQDPRV�� /RV� VtPERORV�
XWLOL]DGRV�SDUD�LQGLFDUOD�VRQ��Y��H��R�X�WDQWR�PLQ~VFXODV�FRPR�PD\~VFXODV��
� /D�FRPSDxtD�GH�HOHFWULFLGDG�TXH�QRV�OD�SURYHH�GHEH�VXPLQLVWUDUQRV�XQD�
WHQVLyQ� HVSHFtILFD� TXH� SRGHPRV� FRQWURODU� HQ� FXDOTXLHU� WRPD� GH� QXHVWUDV�
FDVDV� PLGLHQGR� HVD� WHQVLyQ� HQWUH� ORV� GRV� FRQWDFWRV� GHO� WRPD�� (Q� OD�
JHQHUDOLGDG� GH� ODV� LQVWDODFLRQHV� GRPLFLOLDULDV� GH� QXHVWUR� SDtV� HV� GH� ����
YROWLRV�GH�DOWHUQD��&RPR�FRPSDUDFLyQ�XQD�SLOD�FRP~Q�GH�OLQWHUQD�SURYHH�XQD�
WHQVLyQ�GH�����YROWLRV�HQ�FRQWLQXD��XQD�EDWHUtD�GH�DXWRPyYLO�HV�GH����YROWLRV��
WDPELpQ�GH�FRQWLQXD��\�HO�WXER�GH�XQ�WHOHYLVRU�R�ODV�EXMtDV�GH�XQ�DXWR�SXHGHQ�
WUDEDMDU�FRQ�WHQVLRQHV�GH��������YROWV��
� /D� WHQVLyQ� TXH� VXPLQLVWUD� XQ� GLVSRVLWLYR� R� OD� TXH� UHTXLHUH� SDUD� VX�
IXQFLRQDPLHQWR�QRUPDO�HVWi�VLHPSUH�LQGLFDGR��3RU�HMHPSOR�VL�REVHUYDPRV�XQD�
OiPSDUD� FRP~Q� YHUHPRV� TXH� WLHQH� OD� LQVFULSFLyQ� ���� 9� �R� ���� 9� ODV�
�UHIRU]DGDV����/D�OHWUD�9�HV�OD�DEUHYLDWXUD�VWDQGDUG�SDUD�OD�XQLGDG�GH�WHQVLyQ��
� /D�FRUULHQWH�HOpFWULFD�HV�OD�FLUFXODFLyQ�GH�FDUJDV�HOpFWULFDV�D�WUDYpV�GH�
XQ�HOHPHQWR�GHELGR�D� OD�H[LVWHQFLD�GH�XQD� WHQVLyQ�HQ� ORV� WHUPLQDOHV�\�D� OD�
SRVLELOLGDG�GH�TXH�HOOR�RFXUUD�GDGD�SRU� ODV�FDUDFWHUtVWLFDV�GHO�HOHPHQWR��3RU�
HMHPSOR�ODV�OiPSDUDV�VRQ�HOHPHQWRV�TXH�SHUPLWHQ�OD�FLUFXODFLyQ�GH�FRUULHQWH�
SRU�HOODV�GHVGH�XQ�WHUPLQDO�D�RWUR��GHVGH�HO�FDVTXLOOR�URVFDGR�\�HO�FRQWDFWR�GH�
IRQGR��SHUR�QR�WRGDV�VRQ�LJXDOHV��$OJXQDV�SHUPLWHQ�XQD�PD\RU�FLUFXODFLyQ�GH�
FRUULHQWH� TXH� RWUDV� SDUD� OD� PLVPD� WHQVLyQ� HQ� VXV� WHUPLQDOHV�� FRPR�
FRQVHFXHQFLD�GH�HOOR�ODV�SULPHUDV�GDQ�PiV�OX]�TXH�ODV�RWUDV��
� /D� FRUULHQWH� HOpFWULFD�� TXH� WDPELpQ� VH� FRQRFH� FRPR� LQWHQVLGDG� \�
JHQpULFDPHQWH� VH� LQGLFD� FRQ� L� R� ,�� VH�PLGH� HQ�DPSHUHV� R�DPSHULRV� \� HO�
VtPEROR� GH� OD� XQLGDG� HV� OD� OHWUD� $�� (VD� FDUDFWHUtVWLFD� SXHGH� R� QR� YHQLU�
LQGLFDGD�HQ�ORV�GLVSRVLWLYRV��SHUR�HQ� ORV�GH�PDUFD�HV�FDVL�XQD�QRUPD�TXH�OR�
H[SUHVHQ��
� 6L� YROYHPRV� DO� FDVR� GH� ODV� OiPSDUDV� YHUHPRV� TXH� FRPR� LQGLFDFLyQ�
PXHVWUDQ�OD�WHQVLyQ��TXH�\D�LQGLFDPRV��\�RWUR�SDUiPHWUR�LQGLFDGR�SRU�:��SRU�
HMHPSOR����:��HVWR�HV� OD�SRWHQFLD��3��TXH�FRQVXPH�OD� OiPSDUD�H[SUHVDGD�
HQ� YDWLRV� R�ZDWWV�� (VWH� YDORU� VH� REWLHQH� GH� PXOWLSOLFDU� OD� WHQVLyQ� SRU� OD�
FRUULHQWH�TXH�FLUFXOD�SRU�HO�HOHPHQWR��
�
� � � � 3� �9�Â�,��
�
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3RU� OR� WDQWR� SRGHPRV� FDOFXODU� OD� FRUULHQWH� GLYLGLHQGR� OD� SRWHQFLD� SRU� OD�
WHQVLyQ��3DUD�HO�FDVR�GDGR�WHQGUtDPRV�TXH�OD�FRUULHQWH�HQ�XQD�OiPSDUD�GH����
YDWLRV�D�����YROWLRV�VHUi�GH���������� �������$�R�����P$��PLOLDPSHUHV����
� /D� FDUDFWHUtVWLFD� GH� ORV� HOHPHQWRV� TXH� SHUPLWHQ� XQD�PD\RU� R� PHQRU�
FLUFXODFLyQ� GH� FRUULHQWH� VH� GHQRPLQD� UHVLVWHQFLD� HOpFWULFD� R�� VLPSOHPHQWH�
UHVLVWHQFLD�� (VH� SDUiPHWUR� GHWHUPLQD� OD� UHODFLyQ� HQWUH� OD� WHQVLyQ� \� OD�
FRUULHQWH��VX�PDJQLWXG�VH�H[SUHVD�HQ�RKPLRV�X�RKPV�\�VH�LQGLFD�FRQ�OD�OHWUD�
JULHJD�PD\~VFXOD�RPHJD��
�
� � � � 5� �9���,�
�
�9ROYLHQGR� DO� FDVR� DQWHULRU� GH� OD� OiPSDUD�� VX� UHVLVWHQFLD� VHUi� LJXDO� D� OD�
GLYLVLyQ�GH� OD�WHQVLyQ�SRU� OD�FRUULHQWH��HV�GHFLU�TXH�VHUi������������� �����
RKPLRV���
� +HPRV�FLWDGR�DO�KDEODU�GH�OD�WHQVLyQ�TXH�SRGtD�VHU�FRQWLQXD�R�DOWHUQD��
/D�GLIHUHQFLD�HQWUH�HOODV�HVWi�GDGD�SRU� OD� YDULDFLyQ�TXH�H[SHULPHQWDQ�HQ�HO�
WLHPSR�� /D� FRQWLQXD�SHUPDQHFH� VLHPSUH� LJXDO��PLHQWUDV�TXH� OD� DOWHUQD�HVWi�
RVFLODQGR�HQ�IRUPD�VHQRLGDO�HQWUH�XQ�Pi[LPR�SRVLWLYR�\�XQR�QHJDWLYR�GH�LJXDO�
PDJQLWXG��GHQRPLQDGR�YDORU�Pi[LPR�R�YDORU�SLFR��(VWD�RVFLODFLyQ�OD�UHDOL]D�
XQ�Q~PHUR�HVWDEOHFLGR�GH�YHFHV�SRU�VHJXQGR�TXH�VH�GHQRPLQD�OD�IUHFXHQFLD�
VLHQGR� OD� XQLGDG� HO� +HUW]�� R� FLFORV� SRU� VHJXQGR�� LQGLFDGD� SRU� +]�� (Q�
QXHVWUDV� FDVDV� HV� GH� ���+HUW]�� R� VHD� TXH� UHDOL]D� OD� YDULDFLyQ� FRPSOHWD� ���
YHFHV�SRU�VHJXQGR��
� )RUPDOPHQWH�� ODV� H[SUHVLRQHV� GH� XQD� WHQVLyQ� \� GH� XQD� FRUULHQWH� HQ�
IXQFLyQ�GHO�WLHPSR�HVWiQ�GDGDV�SRU��
�
� � Y�W�� �9PD[�FRVHQR���πÂIÂW���φ���� \� L�W�� � ,PD[� FRVHQR� ��πÂIÂW�
��θ��
�
� 'RQGH�I�HV� OD�IUHFXHQFLD�\�W�HV� OD�YDULDEOH�WLHPSR��6L�ELHQ�OD�YDULDFLyQ�
GH� OD� WHQVLyQ� WLHQH� OD� PLVPD� IRUPD� \� IUHFXHQFLD� TXH� OD� GH� OD� FRUULHQWH��
QRUPDOPHQWH� QR� HVWiQ� VLQFURQL]DGDV� \� HVD� GLIHUHQFLD� OD� VHxDODQ� ORV�
FRHILFLHQWHV�φ�\�θ�HQ�ODV�H[SUHVLRQHV��OODPDGRV�iQJXORV�GH�IDVH��(VWR�LPSOLFD�
TXH� KD\� XQ� GHVSOD]DPLHQWR� GH� OD� FXUYD� TXH� UHSUHVHQWD� D� OD� WHQVLyQ� FRQ�
UHVSHFWR�D� OD�GH� OD�FRUULHQWH��HVH�GHVSOD]DPLHQWR�VH�GHQRPLQD�GHVIDVDMH�\�
VH�H[SUHVD�FRPR�GLIHUHQFLD�GH�IDVH��JHQHUDOPHQWH�FRQ�OD�OHWUD�JULHJD��SKL���
ϕ ϕ = = φ φ − − θθ���
�
�
�
�
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�
�
�
�
�
�
� $GHPiV� FRPR� HO� YDORU� LQVWDQWiQHR� GH� OD� WHQVLyQ� \� GH� OD� FRUULHQWH� HV�
VLHPSUH� FDPELDQWH�HO� UHVXOWDGR�GH�VX�SURGXFWR�SDUD�GHWHUPLQDU� OD�SRWHQFLD�
WDPELpQ�HV�FDPELDQWH�\�GHSHQGH�WDQWR�GH�ODV�DPSOLWXGHV�FRPR�GHO�GHVIDVDMH��
3RU� HOOR� VH� KD� GHILQLGR� HO� YDORU� HILFD]� FRPR� HO� YDORU� GH� XQD� WHQVLyQ� R�
FRUULHQWH� FRQWtQXD�TXH�SURGXFH� OD�PLVPD�SRWHQFLD�TXH�HO�YDORU�PHGLR�GH� OD�
SRWHQFLD� GH� XQD� WHQVLyQ� R� FRUULHQWH� DOWHUQD�� (VH� YDORU� HVWi� GDGR� SRU� OD�
DPSOLWXG�GH�OD�WHQVLyQ�R�FRUULHQWH�DOWHUQD�GLYLGLGD�SRU�OD�UDt]�GH����
�
� � � 9HI� �9PD[�������� � � ,HI� �,PD[�������
�
� (VWH�YDORU�HV�HO�TXH�VH�XVD�QRUPDOPHQWH�SDUD�HYDOXDU� ODV� WHQVLRQHV�\�
FRUULHQWHV� DOWHUQDV� HQ� OXJDU� GHO� OD� DPSOLWXG� R� YDORU� SLFR�� (O� YDORU� GH� ����
YROWLRV� GH� OD� WHQVLyQ� GH� GLVWULEXFLyQ� GRPLFLOLDULD� HV� HO� YDORU� HILFD]� GH� XQD�
WHQVLyQ� FX\D� DPSOLWXG� R� YDORU�Pi[LPR� HV� GH� ���� YROWLRV�� \� ORV� YDORUHV� GHO�
JUiILFR� VH� FRUUHVSRQGHUtDQ� FRQ� XQD� WHQVLyQ� FX\R� YDORU� HILFD]� HV� GH� �����
YROWLRV�\�XQD�FRUULHQWH�GH������DPSHULRV��
� &RQ� ORV� FRQFHSWRV� GH� GHVIDVDMH� HQWUH� OD� WHQVLyQ� \� OD� FRUULHQWH� \�
WHQLHQGR�HQ�FXHQWD�ORV�YDORUHV�HILFDFHV��OD�SRWHQFLD�HQ�FRUULHQWH�DOWHUQD�VH�
LQGLFD�GH�GRV�IRUPDV��
�
� 3RWHQFLD�PHGLD��R�DFWLYD��GDGD�SRU�� � 3� �9�Â�,�Â�FRV�ϕ� HQ�
YDWLRV�>:@�
�
� \�OD�3RWHQFLD�DSDUHQWH��GDGD�SRU�� � 6� �9�Â�,� HQ�
YROWDPSHULRV�>9$@�
�
�
$����862�'(�,167580(1726�'(�0(',&,Ï1�
�
� 'DGR� TXH� WUDEDMDUHPRV� FRQ� HQHUJtD� HOpFWULFD�� FUHHPRV� FRQYHQLHQWH�
WHQHU�FRQRFLPLHQWRV�GH�FyPR�XVDU�XQ� LQVWUXPHQWR�GH�PHGLFLyQ�GH�YDULDEOHV�
HOpFWULFDV�� $FWXDOPHQWH� VRQ� GH� EDMR� FRVWR� \� SXHGHQ� VHUYLU� SDUD� UHVROYHU�
SUREOHPDV��\�WDPELpQ�SDUD�HYLWDUORV��HQ�QXHVWURV�HTXLSRV��
� $O� LQVWUXPHQWR� TXH� KDUHPRV� UHIHUHQFLD� HV� DO�PXOWtPHWUR�� FRQRFLGR�
FRPR��WHVWHU���TXH�QRV�SHUPLWH�PHGLU�WHQVLRQHV��FRUULHQWHV�\�UHVLVWHQFLDV��HQ�
DOJXQRV�FDVRV�WDPELpQ�RWURV�SDUiPHWURV���
� /RV�LQVWUXPHQWRV�GLVSRQLEOHV�VRQ�GH�GLVWLQWRV�WLSRV�\�WHFQRORJtDV��GHVGH�
ORV� VLPSOHV� GH� DJXMD� D� ORV� VRILVWLFDGRV� HOHFWUyQLFRV�� SRU� HOOR� ODV�
FRQVLGHUDFLRQHV� TXH� GDUHPRV� DTXt� VRQ� JHQHUDOHV�� HQ� SDUWLFXODU� KDEUi� TXH�
REVHUYDU� HO� PXOWtPHWUR� GLVSRQLEOH� \� OHHU� HO� PDQXDO� SDUD� GHWHUPLQDU� ODV�
SUHVWDFLRQHV��\�ODV�SUHFDXFLRQHV�D�WHQHU�HQ�FXHQWD�SDUD�XWLOL]DUOR��
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� 'HEHPRV� WHQHU� PXFKD� SUHFDXFLyQ� SDUD� XWLOL]DU� WDQWR� XQ� PXOWtPHWUR�
FRPR�FXDOTXLHU�RWUR�LQVWUXPHQWR�GH�PHGLFLyQ��(O�FRQHFWDU�PDO�XQ�LQVWUXPHQWR�
SXHGH� FDXVDU� HO� GDxR� LUUHSDUDEOH� GHO� HOHPHQWR� EDMR� PHGLFLyQ� \�R� GHO�
LQVWUXPHQWR��DGHPiV�GH�VHULRV�GDxRV�SDUD�HO�XVXDULR��
� $QWHV� GH� UHDOL]DU� PHGLFLRQHV� VRORV� HV� DFRQVHMDEOH� OD� UHDOL]DFLyQ� GH�
SUiFWLFDV�EDMR�OD�VXSHUYLVLyQ�GH�DOJXLHQ�TXH�WHQJD�H[SHULHQFLD��
� &RQ�OD�HOHFWULFLGDG�QR�VH�MXHJD��ODPHQWDEOHPHQWH�QR�VH�YH�SHUR�
VL�HVWi�OD�VHQWLUHPRV�\�WDO�YH]�VHD�OR�~OWLPR�TXH�VLQWDPRV��
� 1XQFD� WRTXHPRV� ODV� SDUWHV�PHWiOLFDV� GH�XQ� FLUFXLWR��PDQLSXOHPRV� ORV�
HOHPHQWRV� GH� FRQH[LyQ� SRU� VXV� SDUWHV� DLVODGDV� SUHSDUDGDV� SDUD� HOOR�� QR�
DSR\HPRV�HO�PXOWtPHWUR�VREUH�HO�FLUFXLWR�TXH�HVWHPRV�PLGLHQGR�
� (O�PiV�VLPSOH�GH�ORV�LQVWUXPHQWRV�SRVHH�GRV�WHUPLQDOHV��XQR�PDUFDGR�
FRPR� ���� R� FRP~Q�� \� HO� RWUR� PDUFDGR� FRPR� ����� (Q� HVRV� WHUPLQDOHV� VH�
FRQHFWDQ� ODV�SXQWDV�GH�SUXHED� JHQHUDOPHQWH�XQD�QHJUD��HQ�HO� �����\�RWUD�
URMD��HQ�HO������2WURV�WUDHQ��DGHPiV��WHUPLQDOHV�SDUD�RWUDV�IXQFLRQHV��
� $QWHV� GH� FRQHFWDU� HO� LQVWUXPHQWR� GHEHPRV� DVHJXUDUQRV� TXH� HVWi�
SUHSDUDGR�SDUD�OD�PHGLFLyQ�TXH�TXHUHPRV�KDFHU��3DUD�HOOR�VH�GLVSRQH�GH�XQ�
VHOHFWRU� TXH� WLHQH� YDULDV� SRVLFLRQHV�� WHQVLyQ�� LQGLFDGD� FRQ� 9�� FRQ� YDULDV�
HVFDODV� GH� FRQWLQXD� \� DOWHUQD�� FRUULHQWH�� R� LQWHQVLGDG�� LQGLFDGD� FRQ� ,� �D�
YHFHV� FRQ� $� SRU� OD� XQLGDG� GH� PHGLFLyQ�� WDPELpQ� FRQ� YDULDV� HVFDODV� GH�
FRQWLQXD�\��QR�VLHPSUH��GH�DOWHUQD��\�UHVLVWHQFLD�� LQGLFDGD�FRQ�5�R�FRQ����
FRQ� YDULDV� HVFDODV�� $OJXQRV� LQVWUXPHQWRV� VRQ� PXOWLIXQFLRQDOHV� \� SRVHHQ�
GLVWLQWRV� WLSRV� GH� FRQHFWRUHV� SDUD� ORV� GLVWLQWRV� ILQHV�� (Q� HVWRV� FDVRV�� \� HQ�
DOJXQRV�PXOWtPHWURV�VLPSOHV��KD\�TXH�XVDU�HO� VHOHFWRU�\�DGHPiV�FDPELDU� OD�
FRQH[LyQ� GH� ODV� SXQWDV� GH� SUXHED� SDUD� HOHJLU� OD� IXQFLyQ� \�R� HO� UDQJR�
GHVHDGRV��
� 'LMLPRV�TXH�OD�WHQVLyQ�HV�HQWUH�GRV�SXQWRV�SRU�OR�TXH��SDUD�PHGLUOD�R�
XWLOL]DUOD�� GHEHPRV� FRQHFWDU� QXHVWUR�GLVSRVLWLYR� HQWUH� HVRV�GRV�SXQWRV��XQD�
SXQWD�GH�SUXHED�R�XQ�WHUPLQDO�HQ�XQ�SXQWR�\�HO�UHVWDQWH�HQ�HO�RWUR��GHFLPRV�
TXH�VH�FRQHFWDQ�HQ�SDUDOHOR��7RGRV�ORV�HOHPHQWRV�TXHGDQ�DOLPHQWDGRV�SRU�OD�
PLVPD� WHQVLyQ��HV� OR�TXH�RFXUUH�FXDQGR�XWLOL]DPRV�XQ� WULSOH�HQ�XQ�WRPD�GH�
QXHVWUDV�FDVDV��
�
�
�
�
�
�
�
�
�
� /D� FRUULHQWH� FLUFXOD�SRU� HO� HOHPHQWR�� SDUD�PHGLUOD� GHEHUHPRV� KDFHU�
FLUFXODU� HVD� FRUULHQWH�SRU�HO� LQVWUXPHQWR��GHEHUHPRV� LQWHUFDODUOR�HQ�XQR�GH�
ORV� WHUPLQDOHV�� OD� FRQH[LyQ� HV� HQ� VHULH�� $Vt� HV� FRPR� FRQHFWDPRV� ORV�
LQWHUUXSWRUHV��R� OODYHV�GH� OX]��SDUD�FRUWDU� OD�FRUULHQWH�R�DSDJDU�\�R�SUHQGHU�
ODV�OXFHV��
�
�
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�
� 7DQWR�SDUD�PHGLU�WHQVLRQHV�FRPR�FRUULHQWHV�GHEHPRV�WHQHU�HQ�FXHQWD�
GRV� FRVDV� PX\� LPSRUWDQWHV�� D�� DVHJXUDUQRV� GH� ODV� SRODULGDGHV� GH� ODV�
WHQVLRQHV�VL�HVWDPRV�HQ�FRQWtQXD��FRQHFWDQGR�ORV�HOHPHQWRV�FRPR�OR�LQGLFDQ�
ORV� GLDJUDPDV� DQWHULRUHV�� \� E�� XWLOL]DU� XQD� HVFDOD� TXH� WHQJD�XQD� FDSDFLGDG�
Pi[LPD� PD\RU� TXH� HO� YDORU� GHO� SDUiPHWUR� D� PHGLU�� (Q� FDVR� GH� GXGD�
HPSHFHPRV� FRQ� OD�Pi[LPD� GLVSRQLEOH� \� OXHJR�� VL� HV� QHFHVDULR�� EDMHPRV� OD�
HVFDOD��
� 3DUD�PHGLU� UHVLVWHQFLD� HO� FLUFXLWR�GHEH�HVWDU� VLQ� WHQVLyQ��HV�GHFLU�QR�
GHEH� HVWDU� FRQHFWDGR�� 6L� OR� HVWi� QRV� TXHGDUHPRV� VLQ� LQVWUXPHQWR�� /D�
PHGLFLyQ�GH�OD�UHVLVWHQFLD�VH�UHDOL]D�KDFLHQGR�FLUFXODU�XQD�FRUULHQWH�SRU�HOOD��
HVWD� FRUULHQWH�HV� VXPLQLVWUDGD�SRU�HO�PLVPR� LQVWUXPHQWR� �SDUD�HOOR�GLVSRQH�
GH�SLODV�R�EDWHUtDV��DGHPiV�GH�ODV�QHFHVDULDV�SDUD�VX�IXQFLRQDPLHQWR�QRUPDO�
VL�HV�HOHFWUyQLFR���VL�KD\�RWUD�FRUULHQWH�HQ�HO�FLUFXLWR�OR�PHQRV�TXH�YD�D�RFXUULU�
HV� TXH� OD� PHGLFLyQ� VHD� LQFRUUHFWD�� SHUR�� LQVLVWLPRV�� OR�PiV� SUREDEOH� HV� HO�
GDxR�GHO�PXOWtPHWUR��
� 1RUPDOPHQWH�SDUD�PHGLU�UHVLVWHQFLDV�KD\�TXH�DMXVWDU�HO�PHGLGRU��8QD�
YH]� VHOHFFLRQDGD� OD� HVFDOD� GHVHDGD� VH�SRQHQ�HQ� FRQWDFWR� ODV� SXQWDV�GH� ODV�
SXQWDV� GH� SUXHED� \�� FRQ� XQD� SHULOOD� DO� HIHFWR�� DMXVWDPRV� SDUD� WHQHU� XQD�
OHFWXUD� GH� FHUR� �VHD� FRQ� OD� DJXMD� R� HQ� HO� GLVSOD\��� /XHJR� UHDOL]DPRV� OD�
PHGLFLyQ� FRORFDQGR� ODV� SXQWDV� GH� SUXHED� HQ� ORV� WHUPLQDOHV�� R� ERUQHV� GH�
FRQH[LyQ��GHO�HOHPHQWR�D�PHGLU��

�


