
&2/(&725(6�3$5$�&2/(&725(6�3$5$�
0$48,1$6�(/(&75,&$6��'(�0$48,1$6�(/(&75,&$6��'(�

&255,(17(�&217,18$&255,(17(�&217,18$

&2/(&725(6�(1�0$48,1$6�'(�&255,(17(�&217,18$ +8%(5��085,//2�0$15,48(



,1752'8&&,21,1752'8&&,21

(V�P(V�PiiV TXH�HYLGHQWH�TXH�HO�V TXH�HYLGHQWH�TXH�HO�FROHFWRUFROHFWRU HV�XQD�GH�ODV�SDUWHV�HV�XQD�GH�ODV�SDUWHV�
IXQGDPHQWDOHV� GH� ODV�PIXQGDPHQWDOHV� GH� ODV�PiiTXLQDV� GH� FRUULHQWH� FRQWLQXD� \�TXLQDV� GH� FRUULHQWH� FRQWLQXD� \�
SRU� HQGH� GHVHPSHSRU� HQGH� GHVHPSHxxD XQ� SDSHO� WUDVFHQGHQWDO� HQ� HO�D XQ� SDSHO� WUDVFHQGHQWDO� HQ� HO�
IXQFLRQDPLHQWR�GH�GLFKDV�PIXQFLRQDPLHQWR�GH�GLFKDV�PiiTXLQDV��HVWH�HOHPHQWR�KDFH�TXLQDV��HVWH�HOHPHQWR�KDFH�
TXH� OD� FRUULHQWH� GH� OD� HVSLUD� FDPELH� GH� VHQWLGR� HQ� HO�TXH� OD� FRUULHQWH� GH� OD� HVSLUD� FDPELH� GH� VHQWLGR� HQ� HO�
LQVWDQWH�HQ�TXH�ORV�SRORV�VH�KDQ�FRORFDGR�IUHQWH�D�IUHQWH��LQVWDQWH�HQ�TXH�ORV�SRORV�VH�KDQ�FRORFDGR�IUHQWH�D�IUHQWH��
HVWR� SURGXFH� OD� LQYHUVLHVWR� SURGXFH� OD� LQYHUVLyyQ GH� OD� SRODULGDG� GHO� FDPSR��Q GH� OD� SRODULGDG� GHO� FDPSR��
DSDUHFH�UHSXOVLDSDUHFH�UHSXOVLyyQ HQ�YH]�GH�DWUDFFLQ HQ�YH]�GH�DWUDFFLyyQ SHUR�OD�HVSLUD�VLJXH�Q SHUR�OD�HVSLUD�VLJXH�
JLUDQGR�JLUDQGR�
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(Q� V(Q� Vtt OR� POR� PiiV LPSRUWDQWH� HV� FV LPSRUWDQWH� HV� FyyPR� VH� FRQYLHUWH� XQD� FRUULHQWH�PR� VH� FRQYLHUWH� XQD� FRUULHQWH�FRQWLQXD� HQ� DOWHUQD� SRU� PHGLR� GHO�FRQWLQXD� HQ� DOWHUQD� SRU� PHGLR� GHO� FROHFWRUFROHFWRU� GHEHPRV� WHQHU� HQ�� GHEHPRV� WHQHU� HQ�FXHQWD�TXH� ORV�SULQFLSLRV�GH�FRQPXWDFLFXHQWD�TXH� ORV�SULQFLSLRV�GH�FRQPXWDFLyyQ GH� ODV�JHQHUDGRUHV�\�Q GH� ODV�JHQHUDGRUHV�\�PRWRUHV� GH� &�&�� VRQ� ORV� PLVPRV�� WDPELPRWRUHV� GH� &�&�� VRQ� ORV� PLVPRV�� WDPELppQ YHUHPRV� ODV�Q YHUHPRV� ODV�FDUDFWHUFDUDFWHUttVWLFDV�GH�ODV�GHOJDV�GHO�FROHFWRU��FVWLFDV�GH�ODV�GHOJDV�GHO�FROHFWRU��FyyPR�VH�GLPHQVLRQDQ�PR�VH�GLPHQVLRQDQ�\ TX\ TXpp FLXGDGRV�VH�GHEHQ� WHQHU�SDUD�TXH�HO� WLHPSR�GH� YLGD�GHO�FLXGDGRV�VH�GHEHQ� WHQHU�SDUD�TXH�HO� WLHPSR�GH� YLGD�GHO�FROHFWRUFROHFWRU VHD�PD\RU�\�FVHD�PD\RU�\�FyyPR�VH�FRPSOHPHQWDQ�FRQ�ODV�HVFRELOODV��PR�VH�FRPSOHPHQWDQ�FRQ�ODV�HVFRELOODV��
&RQPXWDFL&RQPXWDFLyyQ �Q ��� (V�XQ�SURFHVR�SRU�PHGLR�GHO�FXDO�VH�FRQYLHUWHQ�ORV�(V�XQ�SURFHVR�SRU�PHGLR�GHO�FXDO�VH�FRQYLHUWHQ�ORV�YROWDMHV�\�FRUULHQWH�GH�&�$��GHO�URWRU�GH�XQD�PYROWDMHV�\�FRUULHQWH�GH�&�$��GHO�URWRU�GH�XQD�PiiTXLQD�GH�&�$��(Q�TXLQD�GH�&�$��(Q�YROWDMHV�\�FRUULHQWHV�GH�&�&��HQ�VXV�WHUPLQDOHV�YROWDMHV�\�FRUULHQWHV�GH�&�&��HQ�VXV�WHUPLQDOHV�
3RGU3RGUttDPRV�WDPELDPRV�WDPELppQ GHFLU�TXH�FRQPXWDFLQ GHFLU�TXH�FRQPXWDFLyyQ HV�HO�SURFHVR�GH�Q HV�HO�SURFHVR�GH�LQYHUWLU�ODV�FRQH[LRQHV�GHO�URWRU�GH�XQD�PLQYHUWLU�ODV�FRQH[LRQHV�GHO�URWRU�GH�XQD�PiiTXLQD�GH�&�&���TXLQD�GH�&�&���MXVWDPHQWH�HQ�HO�PRPHQWR�HQ�TXH�HO�YROWDMH�HQ�OD�HVSLUD�FDPELD�MXVWDPHQWH�HQ�HO�PRPHQWR�HQ�TXH�HO�YROWDMH�HQ�OD�HVSLUD�FDPELD�GH�SRODULGDG��HVFHQFLDOPHQWH�FRQ�HO�REMHWR�GH�PDQWHQHU�GH�SRODULGDG��HVFHQFLDOPHQWH�FRQ�HO�REMHWR�GH�PDQWHQHU�FRQVWDQWH�HO�YROWDMH�GH�VDOLGD�FRQVWDQWH�HO�YROWDMH�GH�VDOLGD�
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,1',&(,1',&(
�� ¿¿QUE ES UN COLECTOR?.QUE ES UN COLECTOR?.
�� UBICACION DEL COLECTOR COMO PARTE UBICACION DEL COLECTOR COMO PARTE 

CONTRUCTIVA DE LA MAQUINA.CONTRUCTIVA DE LA MAQUINA.
�� CONSTITUCION DEL COLECTOR.CONSTITUCION DEL COLECTOR.
�� PARTES CONSTITUTIVAS DEL COLECTOR.PARTES CONSTITUTIVAS DEL COLECTOR.
�� CONVERSION DE C.A. EN C.C. POR MEDIO DE UN CONVERSION DE C.A. EN C.C. POR MEDIO DE UN 

INTERRUPTOR DE INVERSION.INTERRUPTOR DE INVERSION.
�� CONVERSION DE C.A. EN C.C. POR MEDIO DEL CONVERSION DE C.A. EN C.C. POR MEDIO DEL 

COLECTOR.COLECTOR.
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�� CONMUTACION CORRECTA E INCORRECTA EN UNA CONMUTACION CORRECTA E INCORRECTA EN UNA 
MAQUINA DE C.C.MAQUINA DE C.C.

�� DIMENSIONAMIENTO DE LOS COLECTORES.DIMENSIONAMIENTO DE LOS COLECTORES.

�� BASES PARA EL DIMENSIONAMIENTO DEL BASES PARA EL DIMENSIONAMIENTO DEL 
COLECTOR.COLECTOR.

�� DISEDISEÑÑO DEL COLECTOR.O DEL COLECTOR.

�� PERDIDAS EN EL COLECTOR.PERDIDAS EN EL COLECTOR.

�� CUIDADO DE LOS COLECTORES.CUIDADO DE LOS COLECTORES.

�� CONCLUSIONES.CONCLUSIONES.

�� BIBLIOGRAFIA.BIBLIOGRAFIA.
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(O�(O� FROHFWRUFROHFWRU QR�HV�RWUD�FRVD�PQR�HV�RWUD�FRVD�PiiV TXH�HO�FRQPXWDGRU�SHUR�V TXH�HO�FRQPXWDGRU�SHUR�
QR�PHUHFH�HVD�GHILQLFLQR�PHUHFH�HVD�GHILQLFLyyQ WDQ� VLPSOH��(O� FROHFWRUQ WDQ� VLPSOH��(O� FROHFWRU YLHQH� D�YLHQH� D�
VHU�DOJR�DVVHU�DOJR�DVtt FRPR�XQ� LQWHUUXSWRU�GH� LQYHUVLFRPR�XQ� LQWHUUXSWRU�GH� LQYHUVLyyQ DXWRPQ DXWRPiiWLFR�WLFR�
FRORFDGR�HQ�HO�FRORFDGR�HQ�HO� iiUERO�GHO�JHQHUDGRU�R�PRWRU�TXH�FDPELD�UERO�GHO�JHQHUDGRU�R�PRWRU�TXH�FDPELD�
ODV� FRQH[LRQHV� HQWUH� OD� ERELQD� \� ODV� HVFRELOODV� FDGD�ODV� FRQH[LRQHV� HQWUH� OD� ERELQD� \� ODV� HVFRELOODV� FDGD�
PHGLD�UHYROXFLPHGLD�UHYROXFLyyQ GH�OD�PQ GH�OD�PiiTXLQD�TXLQD�
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&2167,78&,21&2167,78&,21
(O�(O�FROHFWRUFROHFWRU HVWHVWii FRQVWLWXFRQVWLWXttGR�SRU�XQD�VHULH�GH�VHJPHQWRV�R�GR�SRU�XQD�VHULH�GH�VHJPHQWRV�R�
OOiiPLQDV�GH�FREUH�GXUR�GH� VHFFLPLQDV�GH�FREUH�GXUR�GH� VHFFLyyQ WUDSH]RLGDO� D� ODV�TXH�Q WUDSH]RLGDO� D� ODV�TXH�
OODPDUHPRV�OODPDUHPRV� GHOJDVGHOJDV� DLVODGDV� HO� DLVODGDV� HOppFWULFDPHQWH� HQWUH� VFWULFDPHQWH� HQWUH� Vtt \\VHSDUDGRV� FRQ� KRMDV� GH� PLFD� R� GH� PHFDQLWD� �RWUR�VHSDUDGRV� FRQ� KRMDV� GH� PLFD� R� GH� PHFDQLWD� �RWUR�
DLVODQWH��GH�����PP��GH�HVSHVRU�SRU�OR�JHQHUDO�\�WDPELDLVODQWH��GH�����PP��GH�HVSHVRU�SRU�OR�JHQHUDO�\�WDPELppQQHOHOppFWULFDPHQWH� DLVODGDV� DO� FXHUSR� TXH� ODV� VXVWHQWD�� HQ�FWULFDPHQWH� DLVODGDV� DO� FXHUSR� TXH� ODV� VXVWHQWD�� HQ�
FDGD�GHOJD�VH�FRQHFWD�HO�ILQDO�GH�XQD�ERELQD�GHO�LQGXFLGR�FDGD�GHOJD�VH�FRQHFWD�HO�ILQDO�GH�XQD�ERELQD�GHO�LQGXFLGR�
\ HO�SULQFLSLR�GH�RWUD��SRU�OR�TXH�HQ�XQ�FROHFWRU�KD\�WDQWDV�\ HO�SULQFLSLR�GH�RWUD��SRU�OR�TXH�HQ�XQ�FROHFWRU�KD\�WDQWDV�
GHOJDV�FRPR�ERELQDV�HQ�HO�LQGXFLGR�GHOJDV�FRPR�ERELQDV�HQ�HO�LQGXFLGR�

&2/(&725(6�(1�0$48,1$6�'(�&255,(17(�&217,18$ +8%(5��085,//2�0$15,48(



/RV� VHJPHQWRV� GH� FREUH� FRQ� VX� DLVODPLHQWR� VH� XQHQ� GH�/RV� VHJPHQWRV� GH� FREUH� FRQ� VX� DLVODPLHQWR� VH� XQHQ� GH�
PRGR�TXH�IRUPDQ�XQ�FPRGR�TXH�IRUPDQ�XQ�FttOLQGUR�KXHFR�TXH�VH�PRQWD�VREUH�OLQGUR�KXHFR�TXH�VH�PRQWD�VREUH�
XQD�EDVH�GH�DFHUR�FLOXQD�EDVH�GH�DFHUR�FLOttQGULFR�\�VXMHWD�SRU�PHGLR�GH�DQLOORV��QGULFR�\�VXMHWD�SRU�PHGLR�GH�DQLOORV��

(O� DLVODPLHQWR� GH� PLFD� HQWUH� ORV� VHJPHQWRV� R� GHOJDV� GHO�(O� DLVODPLHQWR� GH� PLFD� HQWUH� ORV� VHJPHQWRV� R� GHOJDV� GHO�
FROHFWRUFROHFWRU GHEHQ�HVWDU�OLJHUDPHQWH�VXPLGRV�FRQ�UHVSHFWR�DO�GHEHQ�HVWDU�OLJHUDPHQWH�VXPLGRV�FRQ�UHVSHFWR�DO�
FREUH�SDUD�HYLWDU�TXH�VH�GDFREUH�SDUD�HYLWDU�TXH�VH�GDxxHQ� ODV�HVFRELOODV�TXH�HVWHQ� ODV�HVFRELOODV�TXH�HVWiiQQHQ�FRQWDFWR��HQ�FROHFWRUHV�GH�SHTXHHQ�FRQWDFWR��HQ�FROHFWRUHV�GH�SHTXHxxDV�GLPHQVLRQHV�VH�DV�GLPHQVLRQHV�VH�
GLVSRQH�GH�XQD�FDSD�GH�PLFD�QDWXUDO�\�HQ�ORV�GH�JUDQGHV�GLVSRQH�GH�XQD�FDSD�GH�PLFD�QDWXUDO�\�HQ�ORV�GH�JUDQGHV�
GLPHQVLRQHV�� XQD� FDSD� GH� PLFD� SUHQVDGD� FRQWHQLHQGR�GLPHQVLRQHV�� XQD� FDSD� GH� PLFD� SUHQVDGD� FRQWHQLHQGR�
XQD�SDUWH�GH� ODFD��$�FRQWLQXDFLXQD�SDUWH�GH� ODFD��$�FRQWLQXDFLyyQ XQD�YLVWD� � WQ XQD�YLVWD� � WttSLFD�GH�XQ�SLFD�GH�XQ�
FROHFWRUFROHFWRU ������
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(O�FXHUSR�VXVWHQWDGRU�GHO�(O�FXHUSR�VXVWHQWDGRU�GHO�FROHFWRUFROHFWRU VH�FRQVWUX\H�GH�IXQGLFLVH�FRQVWUX\H�GH�IXQGLFLyyQ R�Q R�
GH�DFHUR�ODPLQDGR�\�VROGDGR��3DUD�JUDQGHV�GLGH�DFHUR�ODPLQDGR�\�VROGDGR��3DUD�JUDQGHV�GLiiPHWURV�GH�PHWURV�GH�
LQGXFLGR��PLQGXFLGR��PiiTXLQDV�OHQWDV���WLHQH�OD�IRUPD�GH�UXHGD��R�ELHQ�VH�TXLQDV�OHQWDV���WLHQH�OD�IRUPD�GH�UXHGD��R�ELHQ�VH�
VXMHWD�ODWHUDOPHQWH�DO�FXHUSR�GHO�LQGXFLGR�PHGLDQWH�EULGDV�\�VXMHWD�ODWHUDOPHQWH�DO�FXHUSR�GHO�LQGXFLGR�PHGLDQWH�EULGDV�\�
WRUQLOORV��WRUQLOORV��

3DUD�FROHFWRUHV�GH�JUDQ�YHORFLGDG�SHULI3DUD�FROHFWRUHV�GH�JUDQ�YHORFLGDG�SHULIppULFD�VH�DGRSWD�XQD�ULFD�VH�DGRSWD�XQD�
FRQVWUXFFLFRQVWUXFFLyyQ HVSHFLDO��(O�FXHUSR�GHO�FLOLQGUR�IRUPDGR�SRU�ODV�Q HVSHFLDO��(O�FXHUSR�GHO�FLOLQGUR�IRUPDGR�SRU�ODV�
GHOJDV��VH�VXMHWD�PHGLDQWH�DQLOORV�FRQWUDGHOJDV��VH�VXMHWD�PHGLDQWH�DQLOORV�FRQWUDttGRV�GH�DFHUR��GRV�GH�DFHUR��
DLVODGRV�GH�ODV�GHOJDV�SRU�RWURV�DQLOORV�GH�PHFDQLWD�GH���D���DLVODGRV�GH�ODV�GHOJDV�SRU�RWURV�DQLOORV�GH�PHFDQLWD�GH���D���
PP��GH�HVSHVRU�PP��GH�HVSHVRU�

/D ILMDFL/D ILMDFLyyQ GHO�FRQMXQWR�FLOQ GHO�FRQMXQWR�FLOttQGULFR�DO�HMH��VH�HIHFWQGULFR�DO�HMH��VH�HIHFW~~D GH�IRUPD�TXH�D GH�IRUPD�TXH�
SXHGD�GLODWHUVH�SRU�XQ�H[WUHPR��GH�OR�FRQWUDULR��ODV�GHOJDV�VH�SXHGD�GLODWHUVH�SRU�XQ�H[WUHPR��GH�OR�FRQWUDULR��ODV�GHOJDV�VH�
FXUYDUFXUYDUttDQ�DO�FDOHQWDUVH�\�HO�FROHFWRU�GHMDUDQ�DO�FDOHQWDUVH�\�HO�FROHFWRU�GHMDUttD GH�VHU�FLOD GH�VHU�FLOttQGULFR��QGULFR��
DVDVtt WHQGUHPRV�XQ�FROHFWRU�FRQ�DQLOOR�HOWHQGUHPRV�XQ�FROHFWRU�FRQ�DQLOOR�HOiiVWLFR�TXH�SHUPLWH�TXH�VWLFR�TXH�SHUPLWH�TXH�
ODV�GHOJDV�SXHGDQ�GLODWDUVH�ODV�GHOJDV�SXHGDQ�GLODWDUVH�
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ANILLO COMPRESOR PARA ANILLO COMPRESOR PARA 
REPARTIR UNIFORMEMENTE LA REPARTIR UNIFORMEMENTE LA 

PRESIONPRESION

COLECTOR DE MAQUINA DE COLECTOR DE MAQUINA DE 
CORRIENTE CONTINUA, EN EL QUE CORRIENTE CONTINUA, EN EL QUE 
EL AJUSTE  DEL ANILLO FRONTAL EL AJUSTE  DEL ANILLO FRONTAL 
SE EFECTUA MEDIANTE ANILLOS SE EFECTUA MEDIANTE ANILLOS 

PASANTESPASANTES
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/D�FRQVWUXFFL/D�FRQVWUXFFLyyQ GH�ORV�Q GH�ORV�FROHFWRUHVFROHFWRUHV R FRQPXWDGRUHV�HQ�ODV�R FRQPXWDGRUHV�HQ�ODV�
PPiiTXLQDV�GH�&�&��PRGHUQDV�VH�VXEGLYLGH�HQ�GRV�FODVHV��TXLQDV�GH�&�&��PRGHUQDV�VH�VXEGLYLGH�HQ�GRV�FODVHV��

�� &ROHFWRUHV&ROHFWRUHV FLOFLOttQGULFRV��HQ�ORV�FXDOHV�ORV�VHJPHQWRV�VH�ILMDQ�QGULFRV��HQ�ORV�FXDOHV�ORV�VHJPHQWRV�VH�ILMDQ�
SRU�DQLOORV�FRQ�JUDSDV�HQ�9�SRU�DQLOORV�FRQ�JUDSDV�HQ�9�

�� &ROHFWRUHV&ROHFWRUHV R FRQPXWDGRUHV�FLOR FRQPXWDGRUHV�FLOttQGULFRV�HQ�ORV�FXDOHV�ORV�QGULFRV�HQ�ORV�FXDOHV�ORV�
VHJPHQWRV�VH�ILMDQ�SRU�DQLOORV�FRQ�JULOOHWH�VHJPHQWRV�VH�ILMDQ�SRU�DQLOORV�FRQ�JULOOHWH�
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&219(56,21�'(�&$�(1�&&�0(',$17(����������81�&219(56,21�'(�&$�(1�&&�0(',$17(����������81�
,17(5583725�'(�,19(56,21,17(5583725�'(�,19(56,21

&RPR� VDEHPRV�� OD� SRODULGDG� GH� OD� )(0� LQGXFLGD� GHSHQGH�&RPR� VDEHPRV�� OD� SRODULGDG� GH� OD� )(0� LQGXFLGD� GHSHQGH�
GHO� VHQWLGR� HQ� TXH� XQ� FRQGXWRU� VH� PXHYH� D� WUDYGHO� VHQWLGR� HQ� TXH� XQ� FRQGXWRU� VH� PXHYH� D� WUDYppV GH� XQ�V GH� XQ�
FDPSR�PDJQFDPSR�PDJQppWLFR��VL�HO�VHQWLGR�VH�LQYLHUWH� OD�SRODULGDG�GH�OD�WLFR��VL�HO�VHQWLGR�VH�LQYLHUWH� OD�SRODULGDG�GH�OD�
)(0�WDPEL)(0�WDPELppQ VH� LQYLHUWH��8QD�PDQHUD�GH� ORJUDU�HVWR�HV�FRQ�Q VH� LQYLHUWH��8QD�PDQHUD�GH� ORJUDU�HVWR�HV�FRQ�
XQ�LQWHUUXSWRU�FRQHFWDGR�FRQ�OD�VDOLGD�GHO�JHQHUDGRU�XQ�LQWHUUXSWRU�FRQHFWDGR�FRQ�OD�VDOLGD�GHO�JHQHUDGRU�
(VWH�LQWHUUXSWRU�SXHGH�HVWDU�LQVWDODGR�GH�PDQHUD�TXH�LQYLHUWD�(VWH�LQWHUUXSWRU�SXHGH�HVWDU�LQVWDODGR�GH�PDQHUD�TXH�LQYLHUWD�
OD�SRODULGDG�GH�OD�WHQVLOD�SRODULGDG�GH�OD�WHQVLyyQ GH�VDOLGD�HQ�WRGR�PRPHQWR�HQ�TXH�Q GH�VDOLGD�HQ�WRGR�PRPHQWR�HQ�TXH�
OD�SRODULGDG�GH�OD�)(0�LQGXFLGD�VH�PRGLILTXH�GHQWUR�GHO�OD�SRODULGDG�GH�OD�)(0�LQGXFLGD�VH�PRGLILTXH�GHQWUR�GHO�
JHQHUDGRU�JHQHUDGRU�
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6L�VH�UHDOL]DUD�HO�PRYLPLHQWR�GH�OD�ILJXUD��HO�YROWDMH�DSOLFDGR�6L VH�UHDOL]DUD�HO�PRYLPLHQWR�GH�OD�ILJXUD��HO�YROWDMH�DSOLFDGR�DDOD�FDUJD�VLHPSUH�WHQGUOD�FDUJD�VLHPSUH�WHQGUttD OD�PLVPD�SRODULGDG�\�HO�IOXMR�GH�D OD�PLVPD�SRODULGDG�\�HO�IOXMR�GH�
FRUULHQWH�HQ�OD�UHVLVWHQFLD�QR�FDPELDUFRUULHQWH�HQ�OD�UHVLVWHQFLD�QR�FDPELDUttD GH�VHQWLGR��DXQTXH�D GH�VHQWLGR��DXQTXH�
DXPHQWDUDXPHQWDUttD \�GLPLQXLUD \�GLPLQXLUttD GH�YDORU�D�PHGLGD�TXH�JLUDVH�OD�D GH�YDORU�D�PHGLGD�TXH�JLUDVH�OD�
HVSLUD�HVSLUD�
2EYLDPHQWH�WHQHPRV�XQ�SUREOHPD�SULQFLSDO�TXH�KDFH�D�HVWH�2EYLDPHQWH�WHQHPRV�XQ�SUREOHPD�SULQFLSDO�TXH�KDFH�D�HVWH�
WLSR�GH�LQYHUVRU�LQDSURSLDGR�\�SRFR�SUDFWLFR��\D�TXH�WLSR�GH�LQYHUVRU�LQDSURSLDGR�\�SRFR�SUDFWLFR��\D�TXH�
VDEHPRV�TXH�HVWH�LQWHUUXSWRU���SXHGH�VHU�PDQXDO�R�PHGLDQWH�VDEHPRV�TXH�HVWH�LQWHUUXSWRU���SXHGH�VHU�PDQXDO�R�PHGLDQWH�
XQ�GLVSRVLWLYR�PHFXQ�GLVSRVLWLYR�PHFiiQLFR��QHFHVDULDPHQWH�WHQGUQLFR��QHFHVDULDPHQWH�WHQGUttDPRV�TXH�DPRV�TXH�
PRYHU�HO�LQWHUUXSWRU�GRV�YHFHV�SRU�FLFOR��6L�HO�JHQHUDGRU�HVWPRYHU�HO�LQWHUUXSWRU�GRV�YHFHV�SRU�FLFOR��6L�HO�JHQHUDGRU�HVWiiSURGXFLHQGR�&�$��D�XQD�IUHFXHQFLD�GH����+]���WHQGUSURGXFLHQGR�&�$��D�XQD�IUHFXHQFLD�GH����+]���WHQGUttDPRV�DPRV�
TXH�PRYHU�HO�LQWHUUXSWRU�����YHFHV�SRU�VHJXQGR�SDUD�TXH�PRYHU�HO�LQWHUUXSWRU�����YHFHV�SRU�VHJXQGR�SDUD�
FRQYHUWLU�&�$��HQ�&�&�FRQYHUWLU�&�$��HQ�&�&�
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&219(56,21�'(�&$�(1�&&�0(',$17(����������&219(56,21�'(�&$�(1�&&�0(',$17(����������
(/�&2/(&725(/�&2/(&725

$QDOLFHPRV�OD�DFFL$QDOLFHPRV�OD�DFFLyyQ GHO�Q GHO�FROHFWRU�FROHFWRU�SDUD�FRQYHUWLU�ODSDUD�FRQYHUWLU�OD &�$��&�$��
JHQHUDGD�HQ�&�&�JHQHUDGD�HQ�&�&�
(Q�OD�SRVLFL(Q�OD�SRVLFLyyQQ $$� OD�HVSLUD�HV�SHUSHQGLFXODU�DO�FDPSR�� OD�HVSLUD�HV�SHUSHQGLFXODU�DO�FDPSR�
PDJQPDJQppWLFR�SRU�OR�FXDO�QR�VH�SURXFLUWLFR�SRU�OR�FXDO�QR�VH�SURXFLUii XQD�)(0�LQGXFLGD�XQD�)(0�LQGXFLGD�
HQ ORV�FRQGXFWRUHV�GH�PLVPR��HQ�ORV�FRQGXFWRUHV�GH�PLVPR��
&RPR�FRQVHFXHQFLD��QR�KDEU&RPR�FRQVHFXHQFLD��QR�KDEUii IOXMR�GH�FRUULHQWH��IOXMR�GH�FRUULHQWH��
2EVHUYDPRV�TXH�ODV�HVFRELOODV�HVW2EVHUYDPRV�TXH�ODV�HVFRELOODV�HVWiiQ HQ�FRQWDFWR�FRQ�Q HQ�FRQWDFWR�FRQ�
DPEDV�GHOJDV�GHO�DPEDV�GHOJDV�GHO�FROHFWRUFROHFWRU� KDFLHQGR�YHUGDGHUDPHQWH�XQ�� KDFLHQGR�YHUGDGHUDPHQWH�XQ�
FRUWRFLUFXLWR�HQ�OD�HVSLUD�SHUR�HVWH�FRUWRFLUFXLWR�QR�HV�FRUWRFLUFXLWR�HQ�OD�HVSLUD�SHUR�HVWH�FRUWRFLUFXLWR�QR�HV�
QLQJQLQJ~~Q SUREOHPD�SRUTXH�QR�H[LVWH�IOXMR�GH�FRUULHQWH�Q SUREOHPD�SRUTXH�QR�H[LVWH�IOXMR�GH�FRUULHQWH�
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&219(56,21�'(�&$�(1�&&�325��������������������0(',2�&219(56,21�'(�&$�(1�&&�325��������������������0(',2�
'(/�&2/(&725'(/�&2/(&725

&2/(&725
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(Q�HO�PRPHQWR�HQ�TXH�OD�HVSLUD�VH�GHVSOD]D�OHYHPHQWH�P(Q�HO�PRPHQWR�HQ�TXH�OD�HVSLUD�VH�GHVSOD]D�OHYHPHQWH�PiiVVDOODOOii GH� OD� SRVLFLGH� OD� SRVLFLyyQQ $$ � �� ��� � HO� FRUWRFLUFXLWR� HYLGHQWHPHQWH�� HO� FRUWRFLUFXLWR� HYLGHQWHPHQWH�
GHMD� GH� H[LVWLU�� OD� HVFRELOOD� QHJUD� HVWGHMD� GH� H[LVWLU�� OD� HVFRELOOD� QHJUD� HVWii HQ� FRQWDFWR� FRQ� OD�HQ� FRQWDFWR� FRQ� OD�
GHOJD� QHJUD� PLHQWUDV� TXH� OD� HVFRELOOD� EODQFD� HVWGHOJD� QHJUD� PLHQWUDV� TXH� OD� HVFRELOOD� EODQFD� HVWii HQ�HQ�FRQWDFWR�FRQ�OD�GHOJD�EODQFD�FRQWDFWR�FRQ�OD�GHOJD�EODQFD�
&XDQGR� OD� HVSLUD�JLUD� HQ�HO� VHQWLGR�GH� ODV�DJXMDV�GHO� UHORM�&XDQGR� OD� HVSLUD�JLUD� HQ�HO� VHQWLGR�GH� ODV�DJXMDV�GHO� UHORM�
GHVGH�OD�SRVLFLGHVGH�OD�SRVLFLyyQQ $$ D OD�SRVLFLD OD�SRVLFLyyQQ %% � ��� ���� �� OD�)(0�LQGXFLGD��� OD�)(0�LQGXFLGD�
YD�DXPHQDQGR�GHVGH�FHUR�KDVWD�TXH�HQ�OD�SRVLFLYD�DXPHQDQGR�GHVGH�FHUR�KDVWD�TXH�HQ�OD�SRVLFLyyQQ %% � ��� ���� ��VH HQFXHQWUD� HQ� VX�SXQWR�PVH HQFXHQWUD� HQ� VX�SXQWR�Pii[LPR��&RPR� OD� LQWHQVLGDG�GH�[LPR��&RPR� OD� LQWHQVLGDG�GH�
FRUULHQWH�DXPHQWD�FRQ�OD�)(0�LQGXFLGD��HO�IOXMR�GH�FRUULHQWH�FRUULHQWH�DXPHQWD�FRQ�OD�)(0�LQGXFLGD��HO�IOXMR�GH�FRUULHQWH�
WDPELWDPELppQ VHUQ VHUii PPii[LPR�D�ORV���[LPR�D�ORV�������
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&XDQGR�OD�HVSLUD�VLJXH�JLUDQGR�HQ�HO�VHQWLGR�GH�ODV�&XDQGR�OD�HVSLUD�VLJXH�JLUDQGR�HQ�HO�VHQWLGR�GH�ODV�
DJXMDV�GHO�UHORM�GHVGH�HO�SXQWR�DJXMDV�GHO�UHORM�GHVGH�HO�SXQWR�%% KDVWD�KDVWD�&&� OD�)(0�� OD�)(0�
LQGXFLGD�GLVPLQX\H�KDVWD�TXH�HQ�OD�SRVLFLLQGXFLGD�GLVPLQX\H�KDVWD�TXH�HQ�OD�SRVLFLyyQQ && ���������� ��YXHOYH�D�FHUR��(O�JUYXHOYH�D�FHUR��(O�JUiiILFR�DGMXQWR�GHPXHVWUD�OD�IRUPD�HQ�ILFR�DGMXQWR�GHPXHVWUD�OD�IRUPD�HQ�
TXH�HO�YROWDMH�HQ�ORV�ERUQHV�GHO�JHQHUDGRU�YDUTXH�HO�YROWDMH�HQ�ORV�ERUQHV�GHO�JHQHUDGRU�YDUttD HQWUH���\�D HQWUH���\�
����������
$KRUD�REVHUYHPRV�TXH�HQ�OD�SRVLFL$KRUD�REVHUYHPRV�TXH�HQ�OD�SRVLFLyyQQ && OD�HVFRELOOD�QHJUD�OD�HVFRELOOD�QHJUD�
HVWHVWii VDOLHQGR�GH�OD�GHOJD�QHJUD�\�HQWUDQGR�HQ�OD�GHOJD�VDOLHQGR�GH�OD�GHOJD�QHJUD�\�HQWUDQGR�HQ�OD�GHOJD�
EODQFD��PLHQWUDV�TXH�DO�PLVPR�WLHPSR��OD�HVFRELOOD�EODQFD�EODQFD��PLHQWUDV�TXH�DO�PLVPR�WLHPSR��OD�HVFRELOOD�EODQFD�
HVWHVWii VDOLHQGR�GH�OD�GHOJD�EODQFD�\�HQWUDQGR�HQ�OD�GHOJD�VDOLHQGR�GH�OD�GHOJD�EODQFD�\�HQWUDQGR�HQ�OD�GHOJD�
QHJUD��QHJUD��
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326,&,21�'�������326,&,21�&�������
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&21087$&,21�&21087$&,21�±± &219(56,21�'(�&$�(1�&&&219(56,21�'(�&$�(1�&&
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'H�HVWD�PDQHUD�OD�HVFRELOOD�QHJUD�VLHPSUH�HVW'H�HVWD�PDQHUD�OD�HVFRELOOD�QHJUD�VLHPSUH�HVWii HQ�FRQWDFWR�HQ�FRQWDFWR�
FRQ�HO�FRQGXFWRU�GH�OD�HVSLUD�TXH�VH�GHVSOD]D�KDFLD�DEDMR��\�FRQ�HO�FRQGXFWRU�GH�OD�HVSLUD�TXH�VH�GHVSOD]D�KDFLD�DEDMR��\�
OD�HVFRELOOD�EODQFD�VLHPSUH�HVWOD�HVFRELOOD�EODQFD�VLHPSUH�HVWii HQ�FRQWDFWR�FRQ�HO�FRQGXFWRU�HQ�FRQWDFWR�FRQ�HO�FRQGXFWRU�
TXH� VH� GHVSOD]D� KDFLD� DUULED�� &RPR� HO� FRQGXFWRU� TXH� VH�TXH� VH� GHVSOD]D� KDFLD� DUULED�� &RPR� HO� FRQGXFWRU� TXH� VH�
PXHYH� KDFLD� DUULED� WLHQH� XQ� IOXMR� GH� FRUULHQWH� TXH� DYDQ]D�PXHYH� KDFLD� DUULED� WLHQH� XQ� IOXMR� GH� FRUULHQWH� TXH� DYDQ]D�
KDFLD�OD�HVFRELOOD��OD�HVFRELOOD�EODQFD�HV�HO�WHUPLQDO�QHJDWLYR�KDFLD�OD�HVFRELOOD��OD�HVFRELOOD�EODQFD�HV�HO�WHUPLQDO�QHJDWLYR�\\OD�HVFRELOOD�QHJUD�HO�WHUPLQDO�SRVVLWLYR�OD�HVFRELOOD�QHJUD�HO�WHUPLQDO�SRVVLWLYR�
0LHQWUDV�OD�HVSLUD�VLJXH�JLUDQGR�GHVGH�OD�SRVLFL0LHQWUDV�OD�HVSLUD�VLJXH�JLUDQGR�GHVGH�OD�SRVLFLyyQQ && ���������� � KDFLD�OD�SRVLFL� KDFLD�OD�SRVLFLyyQQ '' � ���� ����� � SDUD�YROYHU�D�OD�SRVLFL� SDUD�YROYHU�D�OD�SRVLFLyyQQ $$ ���������� yy ���� � OD�HVFRELOOD�QHJUD�HVW� OD�HVFRELOOD�QHJUD�HVWii FRQHFWDGD�FRQ�HO�FRQGXFWRU�FRQHFWDGD�FRQ�HO�FRQGXFWRU�
EODQFR�TXH�VH�GHVSOD]D�KDFLD�DEDMR��\�OD�HVFRELOOD�EODQFD�HVWEODQFR�TXH�VH�GHVSOD]D�KDFLD�DEDMR��\�OD�HVFRELOOD�EODQFD�HVWiiFRQHFWDGD�FRQ�HO�FRQGXFWRU�QHJUR�TXH�VH�PXHYH�KDFLD�DUULED��FRQHFWDGD�FRQ�HO�FRQGXFWRU�QHJUR�TXH�VH�PXHYH�KDFLD�DUULED��
&RPR�UHVXOWDGR��GHVGH����&RPR�UHVXOWDGR��GHVGH������ D ���D ����� ODV�HVFRELOODV� UHFLEHQ�XQ�ODV�HVFRELOODV� UHFLEHQ�XQ�
YROWDMH�GH�OD�PLVPD�SRODULGDG�TXH�HO�TXH�VH�SURGXFYROWDMH�GH�OD�PLVPD�SRODULGDG�TXH�HO�TXH�VH�SURGXFttD HQWUH��D HQWUH����\ ���\ �����
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2EVHUYHPRV�TXH� OD�FRUULHQWH�FLUFXOD�HQ�HO�PLVPR�VHQWLGR�D�2EVHUYHPRV�TXH� OD�FRUULHQWH�FLUFXOD�HQ�HO�PLVPR�VHQWLGR�D�
WUDYWUDYppV GHO� LQVWUXPHQWR� LQGLFDGRU�GH� LQWHQVLGDG��D�SHVDU�GH�V GHO� LQVWUXPHQWR� LQGLFDGRU�GH� LQWHQVLGDG��D�SHVDU�GH�
TXH�LQYLHUWH�VX�VHQWLGR�FDGD�PHGLR�FLFOR�GHQWUR�GH�OD�PLVPD�TXH�LQYLHUWH�VX�VHQWLGR�FDGD�PHGLR�FLFOR�GHQWUR�GH�OD�PLVPD�
HVSLUD�HVSLUD�
(O� YROWDMH� GH� VDOLGD� HQWRQFHV� WLHQH� OD�PLVPD� SRODULGDG� HQ�(O� YROWDMH� GH� VDOLGD� HQWRQFHV� WLHQH� OD�PLVPD� SRODULGDG� HQ�
WRGR�PRPHQWR��SHUR�VX�YDORU�YDUWRGR�PRPHQWR��SHUR�VX�YDORU�YDUttD��DXPHQWDGR�GHVGH�FHUR�D��DXPHQWDGR�GHVGH�FHUR�
DO�PDO�Pii[LPR��YROYLHQGR�D�FDHU�D�FHUR��DXPHQWDQGR�HO�FHUR�DO�[LPR��YROYLHQGR�D�FDHU�D�FHUR��DXPHQWDQGR�HO�FHUR�DO�
PPii[LPR�\�FD\DQGR�QXHYDPHQWH�D�FHUR�HQ�FDGD� UHYROXFL[LPR�\�FD\DQGR�QXHYDPHQWH�D�FHUR�HQ�FDGD� UHYROXFLyyQQFRPSOHWD�GHO�LQGXFLGR�FRPSOHWD�GHO�LQGXFLGR�
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%$6(6�3$5$�(/�',0(16,21$0,(172���'(/�%$6(6�3$5$�(/�',0(16,21$0,(172���'(/�
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3DUD� HO� FRUUHFWR� GLPHQVLRQDPLHQWR� GH� XQ� FROHFWRU�3DUD� HO� FRUUHFWR� GLPHQVLRQDPLHQWR� GH� XQ� FROHFWRU�
GHEHPRV� WHQHU� HQ� FXHQWD� ODV� VLJXLHQWHV�GHEHPRV� WHQHU� HQ� FXHQWD� ODV� VLJXLHQWHV�
FRQVLGHUDFLRQHV�EFRQVLGHUDFLRQHV�EiiVLFDV��VLFDV��

1.1. NNúúmero de Segmentos :mero de Segmentos :

(O�Q(O�Q~~PHUR�GH�VHJPHQWRV�GH�XQ�PHUR�GH�VHJPHQWRV�GH�XQ�FROHFWRU�FROHFWRU�HVWHVWiiGHWHUPLQDGR�SRU�HO�PGHWHUPLQDGR�SRU�HO�Pii[LPR�YDORU�DGPLVLEOH�GH�WHQVL[LPR�YDORU�DGPLVLEOH�GH�WHQVLyyQQPHGLD�HQWUH�GRV�VHJPHQWRV�FRQVHFXWLYRV��7DO�YDORU�GH�PHGLD�HQWUH�GRV�VHJPHQWRV�FRQVHFXWLYRV��7DO�YDORU�GH�
WHQVLWHQVLyyQ��FXDOTXLHUD�TXH�VHD�HO�WLSR�GH�GHYDQDGR�XVDGR�Q��FXDOTXLHUD�TXH�VHD�HO�WLSR�GH�GHYDQDGR�XVDGR�
HQ�HO�LQGXFLGR�VH�REWLHQH�GH�OD�UHODFLHQ�HO�LQGXFLGR�VH�REWLHQH�GH�OD�UHODFLyyQ VJWH���Q VJWH���
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'RQGH��'RQGH��
�� 9  �7HQVL9  �7HQVLyyQ HQWUH�ORV�WHUPLQDOHV�GH�OD�PQ HQWUH�ORV�WHUPLQDOHV�GH�OD�PiiTXLQDTXLQD
�� =  �1=  �1~~PHUR�GH�VHJPHQWRV�GHO�PHUR�GH�VHJPHQWRV�GHO�FROHFWRUFROHFWRU
�� 3  �13  �1~~PHUR�GH�SRORV�GH�OD�PPHUR�GH�SRORV�GH�OD�PiiTXLQD�TXLQD�
(V�FRQYHQLHQWH�WHQHU�HQ�FXHQWD�TXH�QR�FRQYLHQH�H[FHGHU��(V�FRQYHQLHQWH�WHQHU�HQ�FXHQWD�TXH�QR�FRQYLHQH�H[FHGHU��
VDOYR�HQ�FDVRV�SDUWLFXODUHV��HO�QVDOYR�HQ�FDVRV�SDUWLFXODUHV��HO�Q~~PHUR�GH�VHJPHQWRV�GHO�PHUR�GH�VHJPHQWRV�GHO�
FROHFWRUFROHFWRU� \�HQ�FRQVHFXHQFLD�HO�Q� \�HQ�FRQVHFXHQFLD�HO�Q~~PHUR�GH�VHFFLRQHV�GHO�PHUR�GH�VHFFLRQHV�GHO�
GHYDQDGR��GHELGR�D�TXH�D�LJXDOGDG�GH�RWUDV�FRQGLFLRQHV��GHYDQDGR��GHELGR�D�TXH�D�LJXDOGDG�GH�RWUDV�FRQGLFLRQHV��
DO�DXPHQWDU�WDO�QDO�DXPHQWDU�WDO�Q~~PHUR��OD�PPHUR��OD�PiiTXLQD�HOHYD�VX�FRVWR�TXLQD�HOHYD�VX�FRVWR�

3=
9H =
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2.2. DiDiáámetrometro :: (O�GL(O�GLiiPHWUR�GHO�FROHFWRU�VH�GHWHUPLQD�PHWUR�GHO�FROHFWRU�VH�GHWHUPLQD�
GH�OD�UHODFLGH�OD�UHODFLyyQ VLJXLHQWH��Q VLJXLHQWH��





 +

=
π
GLG='F 1

'
R

QGH��'RQGH��
�� GG��  (VSHVRU�GH�XQ�VHJPHQWR (VSHVRU�GH�XQ�VHJPHQWR
�� GL�� �(VSHVRU�GHO�DLVODPLHQWR�HQWUH�VHJPHQWRVGL�� �(VSHVRU�GHO�DLVODPLHQWR�HQWUH�VHJPHQWRV
�� ��  ������� �������

&2/(&725(6�(1�0$48,1$6�'(�&255,(17(�&217,18$ +8%(5��085,//2�0$15,48(



(O�YDORU�GH�(O�YDORU�GH� GG�� QR�VHUQR�VHUii QXQFD� LQIHULRU�D���QXQFD� LQIHULRU�D��� yy � PP��\�SDUD�� PP��\�SDUD�
WHQVLRQHV�QRUPDOHV�PD\RUHV�GH�����9��6H� WLHQHQ�YDORUHV�WHQVLRQHV�QRUPDOHV�PD\RUHV�GH�����9��6H� WLHQHQ�YDORUHV�
GH���D����PP���HQ�HO�FDVR�GH�ODV�PGH���D����PP���HQ�HO�FDVR�GH�ODV�PiiTXLQDV�D�EDMD�WHQVLTXLQDV�D�EDMD�WHQVLyyQQ\ FRQ�DOWDV�FRUULHQWHV�VH�HQFXHQWUD�TXH�\ FRQ�DOWDV�FRUULHQWHV�VH�HQFXHQWUD�TXH�GG��  ���D����PP� ���D����PP�
3RU� OR� TXH� UHVSHFWD� DO� HVSHVRU� GHO� DLVODPLHQWR� HQWUH�3RU� OR� TXH� UHVSHFWD� DO� HVSHVRU� GHO� DLVODPLHQWR� HQWUH�
VHJPHQWRV��SRU�OR�JHQHUDO�QR�HV�LQIHULRU�D�����VHJPHQWRV��SRU�OR�JHQHUDO�QR�HV�LQIHULRU�D�����yy ����PP��\�����PP��\�
GH� KHFKR� TXH� HO� YDORU� GHO� HVSHVRU� GH� HVWH� DLVODPLHQWR�GH� KHFKR� TXH� HO� YDORU� GHO� HVSHVRU� GH� HVWH� DLVODPLHQWR�
GHSHQGHUGHSHQGHUii GH�OD�WDQVLGH�OD�WDQVLyyQ HQWUH�GRV�VHJPHQWRV�GH��Q HQWUH�GRV�VHJPHQWRV�GH��
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+DVWD����9������������G+DVWD����9������������GLL  ���� ����²² ����PP�����PP�
+DVWD����9������������G+DVWD����9������������GLL  ���� ����²² ����PP�����PP�
+DVWD����9������������G+DVWD����9������������GLL  ���� ����²² ����PP�����PP�

(V�QHFHVDULR�FRQVLGHUDU�WDPEL(V�QHFHVDULR�FRQVLGHUDU�WDPELppQ TXH�HO�YDORU�PQ TXH�HO�YDORU�Pii[LPR�GHO�[LPR�GHO�
GLGLiiPHWUR� GHO�PHWUR� GHO� FROHFWRUFROHFWRU QR� VH� KDFH� SRU� UD]RQHV�QR� VH� KDFH� SRU� UD]RQHV�
FRQVWUXFWLYDV�PD\RU�TXH�HO�GHO�LQGXFLGR�\�FRQGLFLRQDGR�D�FRQVWUXFWLYDV�PD\RU�TXH�HO�GHO�LQGXFLGR�\�FRQGLFLRQDGR�D�
OD� YHORFLGDG� SHULIOD� YHORFLGDG� SHULIppULFD� HQ� ODV� PULFD� HQ� ODV� PiiTXLQDV� QRUPDOHV� QR�TXLQDV� QRUPDOHV� QR�
PD\RU� GH� ���P�VHJ�(V� � WDPELPD\RU� GH� ���P�VHJ�(V� � WDPELppQ FRQYHQLHQWH� FRQVLGHUDU�Q FRQYHQLHQWH� FRQVLGHUDU�
TXH� DXPHQWDQGR� OD� YHORFLGDG� SHULITXH� DXPHQWDQGR� OD� YHORFLGDG� SHULIppULFD� GHO� FROHFWRU�ULFD� GHO� FROHFWRU�
GLVPLQX\H� HO� WLHPSR� GH� FRQPXWDFLGLVPLQX\H� HO� WLHPSR� GH� FRQPXWDFLyyQ OR� FXDO� UHVXOWD�Q OR� FXDO� UHVXOWD�
GHVIDERUDEOH��(VWH�WLHPSR�VH�FDOFXOD�DVGHVIDERUDEOH��(VWH�WLHPSR�VH�FDOFXOD�DVtt ��
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'RQGH��'RQGH��
�� D  �(VSHVRU�GH�OD�HVFRELOODD  �(VSHVRU�GH�OD�HVFRELOOD
�� 99&&  9HORFLGDG�SHULI 9HORFLGDG�SHULIppULFD��ULFD��
'H� OR� DQWHULRU� VH� SXHGH� FRQFOXLU� TXH� OD� WHQGHQFLD� GHEH�'H� OR� DQWHULRU� VH� SXHGH� FRQFOXLU� TXH� OD� WHQGHQFLD� GHEH�
VHU�D�XVDU�GLVHU�D�XVDU�GLiiPHWURV�GH�FROHFWRUHV�SHTXHPHWURV�GH�FROHFWRUHV�SHTXHxxRV��GH�PDQHUD�RV��GH�PDQHUD�
TXH�VHD�FRPSDWLEOH�FRQ�ORV�RWURV�IDFWRUHV�TXH�HQWUDQ�HQ�TXH�VHD�FRPSDWLEOH�FRQ�ORV�RWURV�IDFWRUHV�TXH�HQWUDQ�HQ�
FRQVLGHUDFLFRQVLGHUDFLyyQ SDUD�HO�GLPHQVLRQDPLHQWR�Q SDUD�HO�GLPHQVLRQDPLHQWR�

&
& 9

D7 =
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3.3. Longitud de los SegmentosLongitud de los Segmentos ::

/D� ORQJLWXG� GH� ORV� VHJPHQWRV� GHO�/D� ORQJLWXG� GH� ORV� VHJPHQWRV� GHO� FROHFWRU�FROHFWRU�
TXHGD�GHWHUPLQDGD�PHGLDQWH�HVWD�HFXDFLTXHGD�GHWHUPLQDGD�PHGLDQWH�HVWD�HFXDFLyyQ �Q �

'RQGH��'RQGH��
�� 6F  ��6XSHUILFLH�6F  ��6XSHUILFLH�~~WLO�GH�FRQWDFWR�SDUD�FDGD�ILOD�WLO�GH�FRQWDFWR�SDUD�FDGD�ILOD�

~~WLO�GH�HVFRELOODV�WLO�GH�HVFRELOODV�
�� PP&&  1 1~~PHUR�GH�VHJPHQWRV�TXH�VH�HQFXHQWUDQ�PHUR�GH�VHJPHQWRV�TXH�VH�HQFXHQWUDQ�

VLPXOWVLPXOWiiQHDPHQWH�HQ�FRQWDFWR�FRQ�XQD�ILOD�QHDPHQWH�HQ�FRQWDFWR�FRQ�XQD�ILOD� GH�GH�HVFRELOODV�HVFRELOODV�
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3RU�RWUR�ODGR�VH�WLHQH��3RU�RWUR�ODGR�VH�WLHQH��







= VQ

,6
&

& δ

'
R

QGH��'RQGH��
�� ,,  &RUULHQWH�WRWDO�GHO�LQGXFLGR���$�� &RUULHQWH�WRWDO�GHO�LQGXFLGR���$��
�� QQ&&  1 1~~PHUR�GH�ILODV�GH�ODV�HVFRELOODVPHUR�GH�ILODV�GH�ODV�HVFRELOODV
�� êêVV   'HQVLGDG�'HQVLGDG�GHGH FRUULHQWHFRUULHQWH GH�GH�ODVODV HVFRELOODVHVFRELOODV��HQ�$�FPHQ�$�FP�� ��
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(V�QHFHVDULR�TXH�ODV�GLPHQVLRQHV�SUHOLPLQDUHV�GHO�(V�QHFHVDULR�TXH�ODV�GLPHQVLRQHV�SUHOLPLQDUHV�GHO�FROHFWRU�FROHFWRU�
VH YHULILTXHQ�SRU�HOHYDFLVH YHULILTXHQ�SRU�HOHYDFLyyQ GH�WHPSHUDWXUD�\�SRU�DVSHFWRV�GH�Q GH�WHPSHUDWXUD�\�SRU�DVSHFWRV�GH�
RUGHQ�PHFRUGHQ�PHFiiQLFR��QLFR��
3DUD�HQWHQGHU�PHMRU�OD�DSOLFDFL3DUD�HQWHQGHU�PHMRU�OD�DSOLFDFLyyQ GH�ODV�HFXDFLRQHV��Q GH�ODV�HFXDFLRQHV��
UHVROYHUHPRV�XQ�HMHPSOR��UHVROYHUHPRV�XQ�HMHPSOR��

�� 6H GHVHD�REWHQHU�ODV�GLPHQVLRQHV�SUHOLPLQDUHV�GHO�6H�GHVHD�REWHQHU�ODV�GLPHQVLRQHV�SUHOLPLQDUHV�GHO�FROHFWRUFROHFWRU
GH�XQ�JHQHUDGRU�GH�FRUULHQWH�FRQWLQXD�FRQ�ORV�GDWRV�VJWHV����GH�XQ�JHQHUDGRU�GH�FRUULHQWH�FRQWLQXD�FRQ�ORV�GDWRV�VJWHV����
����.Z������9����SRORV�������530������+]���WHQVL��� .Z������9����SRORV�������530������+]���WHQVLyyQ PHGLD�Q PHGLD�
HQWUH�VHJPHQWRV�DG\DFHQWHV�H� ���9���XQ�G� ���P��HVSHVRU�HQWUH�VHJPHQWRV�DG\DFHQWHV�H� ���9���XQ�G� ���P��HVSHVRU�
SHULISHULIppULFR��\�XQD�GHQVLGDG�GH�FRUULHQWH�GH���$�FPULFR��\�XQD�GHQVLGDG�GH�FRUULHQWH�GH���$�FP����
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6ROXFL6ROXFLyyQ �Q �
(Q�HVWH�FDVR�HO�YDORU�P(Q�HVWH�FDVR�HO�YDORU�Pii[LPR�DGPLVLEOH�GH�WHQVL[LPR�DGPLVLEOH�GH�WHQVLyyQ PHGLD�Q PHGLD�
HQ�ORV�VHJPHQWRV�DG\DFHQWDV�HV�GH����9�\�SRU�OR�WDQWR�VH�HQ�ORV�VHJPHQWRV�DG\DFHQWDV�HV�GH����9�\�SRU�OR�WDQWR�VH�
SXHGH�WRPDU�WHQWDWLYDPHQWH�XQ�YDORU�GH����9���GH�PDQHUD�SXHGH�WRPDU�WHQWDWLYDPHQWH�XQ�YDORU�GH����9���GH�PDQHUD�
TXH�HO�QTXH�HO�Q~~PHUR�GH�VHJPHQWRV�GHO�PHUR�GH�VHJPHQWRV�GHO�FROHFWRUFROHFWRU VH�REWLHQH��VH�REWLHQH��
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/D�YHORFLGDG�SHULI/D�YHORFLGDG�SHULIppULFD�UHVXOWD�HQWRQFHV�GH��ULFD�UHVXOWD�HQWRQFHV�GH��

6L VH�WLHQH�XQ�HVSHVRU�SHULI6L�VH�WLHQH�XQ�HVSHVRU�SHULIppULFR�GH���PP��\�VL�HO�HVSHVRU�ULFR�GH���PP��\�VL�HO�HVSHVRU�
GHOD�KRMD�DLVODQWH�HQWUH�VHJPHQWRV�HV�GH��PP�VH�REWLHQH�GHOD�KRMD�DLVODQWH�HQWUH�VHJPHQWRV�HV�GH��PP�VH�REWLHQH�
HQWRQFHV��HQWRQFHV��
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(VWH�YDORU�GH�YHORFLGDG�HV�DPSOLDPHQWH�DFHSWDEOH� \D�TXH�(VWH�YDORU�GH�YHORFLGDG�HV�DPSOLDPHQWH�DFHSWDEOH� \D�TXH�
HV�PHQRU�GD����P�V�HV�PHQRU�GD����P�V�
/D FRUULHQWH�GH�O/D FRUULHQWH�GH�OttQHD�R�VDOLGD�GHO�JHQHUDGRU�UHVXOWD�QHD�R�VDOLGD�GHO�JHQHUDGRU�UHVXOWD�

400
450

180000 === 9
3,

$

P

SHULRV$PSHULRV

(Q�IRUPD�LQGHSHQGLHQWH�GHO� WLSR�GH�GHYDQDGR�TXH�VH�XVH��(Q�IRUPD�LQGHSHQGLHQWH�GHO� WLSR�GH�GHYDQDGR�TXH�VH�XVH��
HO�QHO�Q~~PHUR�GH�ILODV�R�KLOHUDV�GH�HVFRELOODV�HVWPHUR�GH�ILODV�R�KLOHUDV�GH�HVFRELOODV�HVWii DOUHGHGRU�GHO�DOUHGHGRU�GHO�
QQ~~PHUR�GH�SDUHV�GH�SRORV��HQ�HVWH�FDVR��� ���� �� �QPHUR�GH�SDUHV�GH�SRORV��HQ�HVWH�FDVR��� ���� �� �Q&& � OD�� OD�
VXSHUILFLH�GH�FRQWDFWR�HV�HQWRQFHV��VXSHUILFLH�GH�FRQWDFWR�HV�HQWRQFHV��
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3DUD�GHWHUPLQDU�OD�ORQJLWXG�GH�ORV�VHJPHQWRV�VH�WLHQH�TXH��3DUD�GHWHUPLQDU�OD�ORQJLWXG�GH�ORV�VHJPHQWRV�VH�WLHQH�TXH��
6&

& Q
,6
δ.

=

.7.16
38

400 FP6 & =






×
=

.8.16
6.02

7.16
2.1 FPO& =







×
=

(

Q

HVWH�FDVR�KD�GH�VXSRQHUVH�TXH�VRQ���VHJPHQWRV�TXH�(Q�HVWH�FDVR�KD�GH�VXSRQHUVH�TXH�VRQ���VHJPHQWRV�TXH�HVWHVWiiQ VLPXOWQ VLPXOWiiQHDPHQWH�FRQ�XQD�ILOD�GH�HVFRELOODV�QHDPHQWH�FRQ�XQD�ILOD�GH�HVFRELOODV�
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(O�GL(O�GLiiPHWUR�GHO�PHWUR�GHO�FROHFWRUFROHFWRU VH SXHGH�VHOHFFLRQDU�HQ�EDVH�D�ODV�VH SXHGH�VHOHFFLRQDU�HQ�EDVH�D�ODV�
VLJXLHQWHV�FRQVLGHUDFLRQHV��VLJXLHQWHV�FRQVLGHUDFLRQHV��

�� (O� SDVR� GH� ORV� VHJPHQWRV� QR� GHEHQ� VHU� HQ� QLQJ(O� SDVR� GH� ORV� VHJPHQWRV� QR� GHEHQ� VHU� HQ� QLQJ~~Q FDVR�Q FDVR�
LQIHULRU�D���PP���GH� ORV�FXDOHV�����PP��FRUUHVSRQGHQ�D� OD�LQIHULRU�D���PP���GH� ORV�FXDOHV�����PP��FRUUHVSRQGHQ�D� OD�
SRUFLSRUFLyyQ TXH� FRQGXFH� OD� FRUULHQWH� \� ���� PP�� SDUD� HO�Q TXH� FRQGXFH� OD� FRUULHQWH� \� ���� PP�� SDUD� HO�
VHSDUDGRU� GH� PLFD�� 1RUPDOPHQWH� HO� SDVR� GH� ORV�VHSDUDGRU� GH� PLFD�� 1RUPDOPHQWH� HO� SDVR� GH� ORV�
VHJPHQWRV���GLVWDQFLD�GH�VHJPHQWR�D�VHJPHQWR���QR�GHEH�VHJPHQWRV���GLVWDQFLD�GH�VHJPHQWR�D�VHJPHQWR���QR�GHEH�
VHU�PD\RU�D����PP�VHU�PD\RU�D����PP�
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�� /D�YHORFLGDG�SHULI/D YHORFLGDG�SHULIppULFD�GHO�FROHFWRU�QR�GHEH�VHU�PD\RU�GH�ULFD�GHO�FROHFWRU�QR�GHEH�VHU�PD\RU�GH���P�VHJ���P�VHJ�
�� (O� GL(O� GLiiPHWUR� GHO� FROHFWRU� HV� VLHPSUH� PHQRU� TXH� HO�PHWUR� GHO� FROHFWRU� HV� VLHPSUH� PHQRU� TXH� HO�GLGLiiPHWUR� GH� OD� DUPDGXUD� FRPR� \D� VH� KD� LQGLFDGR�PHWUR� GH� OD� DUPDGXUD� FRPR� \D� VH� KD� LQGLFDGR�DQWHULRUPHQWH�\�VH�SXHGHQ�WRPDU�ODV�VLJXLHQWHV�UHODFLRQHV�DQWHULRUPHQWH�\�VH�SXHGHQ�WRPDU�ODV�VLJXLHQWHV�UHODFLRQHV���
'L'LiiPHWUR� GHO� FRQPXWDGRU� SDUD� PPHWUR� GHO� FRQPXWDGRU� SDUD� PiiTXLQDV� GH� PHGLDQD� \�TXLQDV� GH� PHGLDQD� \�JUDQ� FDSDFLGDGJUDQ� FDSDFLGDG� SXHGH� VHU� GH� ����� D� ���� YHFHV� HO�� SXHGH� VHU� GH� ����� D� ���� YHFHV� HO�GLGLiiPHWUR�GH�OD�DUPDGXUD�PHWUR�GH�OD�DUPDGXUD�
'L'LiiPHWUR�GHO� FRQPXWDGRU�SDUD�PPHWUR�GHO� FRQPXWDGRU�SDUD�PiiTXLQDV�SHTXHTXLQDV�SHTXHxxDVDV � GH�� GH������D������YHFHV�HO�GL�����D������YHFHV�HO�GLiiPHWUR�GH�OD�DUPDGXUD�PHWUR�GH�OD�DUPDGXUD�

/D�GLVWDQFLD�HQWUH�FHQWURV�GH�HVFRELOODV�GHEH�VHU�GHO�RUGHQ�/D�GLVWDQFLD�HQWUH�FHQWURV�GH�HVFRELOODV�GHEH�VHU�GHO�RUGHQ�GH����D����FP��3DUD�PGH ���D����FP��3DUD�PiiTXLQDV�GH�����9�R�WHQVLRQHV�TXLQDV�GH�����9�R�WHQVLRQHV�PD\RUHV�PD\RUHV�
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3(5','$6�(1�(/�&21087$'253(5','$6�(1�(/�&21087$'25
�� /DV� S/DV� SppUGLGDV� WRWDOHV� HQ� HO� FRQPXWDGRU� D� SOHQD� FDUJD� VH�UGLGDV� WRWDOHV� HQ� HO� FRQPXWDGRU� D� SOHQD� FDUJD� VH�
FDOFXODQ�FRPR��FDOFXODQ�FRPR��
33ppUGLGDV� �3UGLGDV� �3ppUGLGDV�SRU�IULFFLUGLGDV�SRU�IULFFLyyQ HQ�ODV�HVFRELOODV�Q HQ�ODV�HVFRELOODV���

33ppUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�UGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�
/DV�S/DV�SppUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�VH�FDOFXODQ�FRPR�UGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�VH�FDOFXODQ�FRPR�

��
�� 33ppUGLGDV� �&DUGLGDV� �&DttGD�GH�WHQVLGD�GH�WHQVLyyQ SRU�JUXSR�GH�HVFRELOODV�Q SRU�JUXSR�GH�HVFRELOODV�

[[ FRUULHQWH�SRU�HVFRELOOD�FRUULHQWH�SRU�HVFRELOOD�
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/D� FD/D FDttGD� GH� WHQVLGD� GH� WHQVLyyQ SRU� JUXSR� GH� HVFRELOODV� VH� SXHGH�Q SRU� JUXSR� GH� HVFRELOODV� VH� SXHGH�
WRPDU�FRPR���9��$SUR[LPDGDPHQWH��WRPDU�FRPR���9��$SUR[LPDGDPHQWH��

�� 33ppUGLGD�SRU�IULFFLUGLGD�SRU�IULFFLyyQ HQ�ODV�HVFRELOODV�VRQ��Q HQ�ODV�HVFRELOODV�VRQ��
510981’..’’. −××= &3() 9S$3 µ

'
R

QGH���'RQGH���
�� $$····S  �$UHD�WRWDO�GH�FRQWDFWR�GH�ODV�S  �$UHD�WRWDO�GH�FRQWDFWR�GH�ODV�
HVFRELOODV�HQ�FPHVFRELOODV�HQ�FP����
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�� ��33   &RHILFLHQWH&RHILFLHQWH GH�GH�IULFFLIULFFLyyQ��TXH�SXHGH�WRPDU�ORV�Q��TXH�SXHGH�WRPDU�ORV�
VLJXLHQWHV�YDORUHV��VLJXLHQWHV�YDORUHV��

3DUD�HVFRELOODV�GH�JUDILWR�VXDYH3DUD�HVFRELOODV�GH�JUDILWR�VXDYH  ���� ����
3DUD�HVFRELOODV�GH�JUDILWR�GXUR3DUD�HVFRELOODV�GH�JUDILWR�GXUR  ���� ����
3DUD�HVFRELOODV�GH�FDUE3DUD�HVFRELOODV�GH�FDUEyyQQ  ����D���� ����D����
3DUD�HVFRELOODV�GH�PHWDO�JUDILWDGR�� �����D����3DUD�HVFRELOODV�GH�PHWDO�JUDILWDGR�� �����D����

�� SS··  3UHVL 3UHVLyyQ GH�ODV�HVFRELOODV�VREUH�HO�FROHFWRU�Q GH�ODV�HVFRELOODV�VREUH�HO�FROHFWRU�
TXH�VH�SXHGH�WRPDU�GHO�RUGHQ�GH�����D������TXH�VH�SXHGH�WRPDU�GHO�RUGHQ�GH�����D������
JUDGRV���FPJUDGRV���FP����

�� 9F  �9HORFLGDG�SHULI9F  �9HORFLGDG�SHULIppULFD�GHO�FROHFWRU�HQ�P�V�ULFD�GHO�FROHFWRU�HQ�P�V�
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'H� ODV�H[SUHVLRQHV�SDUD�HO�F'H� ODV�H[SUHVLRQHV�SDUD�HO�FiiOFXOR�GH� ODV�SOFXOR�GH� ODV�SppUGLGDV�HQ�HO�UGLGDV�HQ�HO�
FROHFWRUFROHFWRU VH SXHGH�FDOFXODU�OD�HOHYDFLVH�SXHGH�FDOFXODU�OD�HOHYDFLyyQ GH�WHPSHUDWXUD�HQ�Q GH�WHPSHUDWXUD�HQ�
HO�FROHFWRU�GH�DFXHUGR�FRQ�OD�IHO�FROHFWRU�GH�DFXHUGR�FRQ�OD�IyyUPXODUPXOD
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FPZDWWV37 & 10.01
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UD�FDOFXODU�OD�S3DUD�FDOFXODU�OD�SppUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVRELODV�UGLGDV�SRU�FRQWDFWR�HQ�ODV�HVRELODV�
DSOLFDUHPRV�OD�VLJXLHQWH�HFXDFLDSOLFDUHPRV�OD�VLJXLHQWH�HFXDFLyyQ �FRQVLGHUDQGR�8Ha�9��Q �FRQVLGHUDQGR�8Ha�9��
SDUD�HVFRELOODV�GH�FDUESDUD�HVFRELOODV�GH�FDUEyyQ \�HOHFWURJUDIQ \�HOHFWURJUDIttWLFDV��\�8H�a���9��WLFDV��\�8H�a���9��
SDUD�HVFRELOODV�GH�FRQWHQLGR�PHWSDUD�HVFRELOODV�GH�FRQWHQLGR�PHWiiOLFR�OLFR�

(QWRQFHV�ODV�S(QWRQFHV�ODV�SppUGLGDV�VHUUGLGDV�VHUiiQ �Q �
)(2. ZDWWV8H,D3H //=
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&8,'$'2�'(�/26�&2/(&725(6&8,'$'2�'(�/26�&2/(&725(6
'XUDQWH� OD� RSHUDFL'XUDQWH� OD� RSHUDFLyyQ GH� ODV� PQ GH� ODV� PiiTXLQDV� GH� FRUULHQWH�TXLQDV� GH� FRUULHQWH�
FRQWLQXD� VH� GHEH� WHQHU� HVSHFLDO� DWHQFLFRQWLQXD� VH� GHEH� WHQHU� HVSHFLDO� DWHQFLyyQ FRQ� HO�Q FRQ� HO�
PDQWHQLPLHQWR�GH� ORV�FROHFWRUHV�� \D�TXH�GHVSXPDQWHQLPLHQWR�GH� ORV�FROHFWRUHV�� \D�TXH�GHVSXppV GH�XQ�V GH�XQ�
FLHUWR�WLHPSR�GH�WUDEDMR�VH�WLHQH�XQ�SHTXHFLHUWR�WLHPSR�GH�WUDEDMR�VH�WLHQH�XQ�SHTXHxxR GHWHULRUR�HQ�R GHWHULRUR�HQ�
OD� VXSHUILFLH� GHO�OD� VXSHUILFLH� GHO� FROHFWRUFROHFWRU VREUH� OD� TXH� VH� DSR\DQ� ODV�VREUH� OD� TXH� VH� DSR\DQ� ODV�
HVFRELOODV�\�HV�QHFHVDULR�HIHFWXDU�XQD�UHFWLILFDFLHVFRELOODV�\�HV�QHFHVDULR�HIHFWXDU�XQD�UHFWLILFDFLyyQ�Q�
'HEHPRV�WHQHU�PXFKR�FXLGDGR�FRQ� OD�FRORFDFL'HEHPRV�WHQHU�PXFKR�FXLGDGR�FRQ� OD�FRORFDFLyyQ GH� ODV�Q GH� ODV�
HVFRELOODV� SDUD� DVHVFRELOODV� SDUD� DVtt HYLWDU� HO� FKLVSRUURWHR� HQ� HO�HYLWDU� HO� FKLVSRUURWHR� HQ� HO� FROHFWRUFROHFWRU��(VWR�VH�GHEH�D�FDXVD�GHO�HVSDFLDPLHQWR�GH�ODV�HVFRELOODV�(VWR�VH�GHEH�D�FDXVD�GHO�HVSDFLDPLHQWR�GH�ODV�HVFRELOODV�
XQRV� SRFRV� JUDGRV� KDFLHQGR� FRUWRFLUFXLWR� FXDQGR� OD�XQRV� SRFRV� JUDGRV� KDFLHQGR� FRUWRFLUFXLWR� FXDQGR� OD�
ERELQD�DWUDYLHVD�HO�FDPSR��FRPR� UHVXOWDGR�VH�SURGXFLUERELQD�DWUDYLHVD�HO�FDPSR��FRPR� UHVXOWDGR�VH�SURGXFLUiiXQD� WHQVLXQD� WHQVLyyQ LQGXFLGD� � HQ� OD� ERELQD� GH� FRUWRFLUFXLWR� \�Q LQGXFLGD� � HQ� OD� ERELQD� GH� FRUWRFLUFXLWR� \�
KDEUKDEUii XQ� IOXMR� GH� FRUULHQWH� OD� TXH� SURGXFLUXQ� IOXMR� GH� FRUULHQWH� OD� TXH� SURGXFLUii DO� ILQDO� HVWH�DO� ILQDO� HVWH�
FKLVSRUURWHR�FKLVSRUURWHR�
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(VWD� VLWXDFL(VWD� VLWXDFLyyQ QR� HV� FRQYHQLHQWH� SRUTXH� OD� FRUULHQWH� GH�Q QR� HV� FRQYHQLHQWH� SRUTXH� OD� FRUULHQWH� GH�
FRUWRFLUFXLWR� SXHGH� GHWHULRUDU� VHULDPHQWH� ODV� ERELQDV� \�FRUWRFLUFXLWR� SXHGH� GHWHULRUDU� VHULDPHQWH� ODV� ERELQDV� \�
KDVWD�TXHPDU�HO�FROHFWRU�HQ�XQ�SHUKDVWD�TXHPDU�HO�FROHFWRU�HQ�XQ�SHUttRGR�FRUWR�GH� WLHPSR��RGR�FRUWR�GH� WLHPSR��
3HUR� HVWH� VH� SXHGH� UHPHGLDU� KDFLHQGR� JLUDU� DPEDV�3HUR� HVWH� VH� SXHGH� UHPHGLDU� KDFLHQGR� JLUDU� DPEDV�
HVFRELOODV� GH� PDQHUD� TXH� OD� FRQPXWDFLHVFRELOODV� GH� PDQHUD� TXH� OD� FRQPXWDFLyyQ RFXUUD� HQ� HO�Q RFXUUD� HQ� HO�
PRPHQWR�HQ�TXH�OD�ERELQD�VH�PXHYH�IRUPDQGR�XQ�PRPHQWR�HQ�TXH�OD�ERELQD�VH�PXHYH�IRUPDQGR�XQ�iiQJXOR�QJXOR�
UHFWR�FRQ�HO�FDPSR�UHFWR�FRQ�HO�FDPSR�
3DUD�HYLWDU�ODV�FKLVSDV�HQ�HO�3DUD�HYLWDU�ODV�FKLVSDV�HQ�HO�FROHFWRUFROHFWRU \ SURWHJHU�DV\ SURWHJHU�DVtt OD�YLGD�OD�YLGD�
GH� ORV�FROHFWRUHV�VH�SXHGHQ� WDPELGH� ORV�FROHFWRUHV�VH�SXHGHQ� WDPELppQ FRORFDU�ERELQDGRV�Q FRORFDU�ERELQDGRV�
FRPSHQVDGRUHV�R�LQWHUSRORV�D�ODV�PFRPSHQVDGRUHV�R�LQWHUSRORV�D�ODV�PiiTXLQDV�\�DVTXLQDV�\�DVtt UHGXFLU�UHGXFLU�
\�R�HOLPLQDU�HVWH�HIHFWR�TXH�HV�FRQRFLGR�FRPR�OD�UHDFFL\�R�HOLPLQDU�HVWH�HIHFWR�TXH�HV�FRQRFLGR�FRPR�OD�UHDFFLyyQQGH�OD�LQGXFLGR�GH�OD�LQGXFLGR�
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3DUD� UHGXFLU� HO� GHVJDVWH� GH� ORV� VHJPHQWRV�GHO�3DUD� UHGXFLU� HO� GHVJDVWH� GH� ORV� VHJPHQWRV�GHO� FROHFWRUFROHFWRU��HV� FRQYHQLHQWH� OXEULFDU� OLJHUDPHQWH� OD� VXSHUILFLH�� SDUD�HV� FRQYHQLHQWH� OXEULFDU� OLJHUDPHQWH� OD� VXSHUILFLH�� SDUD�
HVWR� WDPELHVWR� WDPELppQ VH� SXHGH� DGRSWDU� OD� SUDFWLFD� GH� OXEULFDU�Q VH� SXHGH� DGRSWDU� OD� SUDFWLFD� GH� OXEULFDU�
GLUHFWDPHQWH� ODV� HVFRELOODV�� SDUD� WDO� ILQ� VH� SXHGH� XVDU�GLUHFWDPHQWH� ODV� HVFRELOODV�� SDUD� WDO� ILQ� VH� SXHGH� XVDU�
YDVHOLQD�R�ELHQ�SDUDILQD�YDVHOLQD�R�ELHQ�SDUDILQD�
7HQHU�PX\�HQ�FXHQWD�HO�DMXVWH�DGHFXDGR�GH�ODV�HVFRELOODV�7HQHU�PX\�HQ�FXHQWD�HO�DMXVWH�DGHFXDGR�GH�ODV�HVFRELOODV�
VREUH� HO�VREUH� HO� FROHFWRUFROHFWRU� UHJXODQGR� HO� UHVRUWH� TXH� PDQWLHQH�� UHJXODQGR� HO� UHVRUWH� TXH� PDQWLHQH�
FRQHFWDGDV�ODV�HVFRELOODV�FRQ�HO�FROHFWRU�SXHVWR�TXH�VL�QR�FRQHFWDGDV�ODV�HVFRELOODV�FRQ�HO�FROHFWRU�SXHVWR�TXH�VL�QR�
HVWHVWiiQ ELHQ� UHJXODGDV� VH� GHWHULRUDUQ ELHQ� UHJXODGDV� VH� GHWHULRUDUii HO� FROHFWRU� \� VH�HO� FROHFWRU� \� VH�
GHVJDVWDUGHVJDVWDUiiQ ODV�HVFRELOODV�GHELGR�D� OD�JUDQ�GHQVLGDG�GH�Q ODV�HVFRELOODV�GHELGR�D� OD�JUDQ�GHQVLGDG�GH�
FRUULHQWH�TXH�SDVDUFRUULHQWH�TXH�SDVDUttD HQWUH�HVWRV�GRV�FRPSRQHQWHV�D HQWUH�HVWRV�GRV�FRPSRQHQWHV�
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&RQ� HO� REMHWR� GH� HYLWDU� TXH� HQWUH� GHOJDV� \� DQLOORV� VH�&RQ� HO� REMHWR� GH� HYLWDU� TXH� HQWUH� GHOJDV� \� DQLOORV� VH�
LQWURGX]FD�SROYR��HO�LQWURGX]FD�SROYR��HO� FROHFWRUFROHFWRU KD GH�HVWDU�KHUPKD GH�HVWDU�KHUPppWLFDPHQWH�WLFDPHQWH�
FHUUDGR��HVWR�VH� ORJUD�FRQ�XQ�]XQFKDGR� OR�FXDO� VH�KDFH�FHUUDGR��HVWR�VH� ORJUD�FRQ�XQ�]XQFKDGR� OR�FXDO� VH�KDFH�
FRQ�HO�EDQGDMH�GH�VXMHFLFRQ�HO�EDQGDMH�GH�VXMHFLyyQ GH�ORV�DLVODPLHQWRV�GHO�DQLOOR�\�Q GH�ORV�DLVODPLHQWRV�GHO�DQLOOR�\�
OXHJR�EDUQL]DQGR�HO�PLVPR�OXHJR�EDUQL]DQGR�HO�PLVPR�
'HELGR�DO�GHVJDVWH�QDWXUDO�TXH�VXIUHQ� ORV�FROHFWRUHV�\�D�'HELGR�DO�GHVJDVWH�QDWXUDO�TXH�VXIUHQ� ORV�FROHFWRUHV�\�D�
OD� � QHFHVLGDG� GH� WRUQHDUORV� GH� YH]� HQ� FXDQGR�� VX�OD� � QHFHVLGDG� GH� WRUQHDUORV� GH� YH]� HQ� FXDQGR�� VX�
GLGLiiPHWUR� VH� YD� UHGXFLHQGR� \� OD� DOWXUD� GH� ODV� GHOJDV� HV�PHWUR� VH� YD� UHGXFLHQGR� \� OD� DOWXUD� GH� ODV� GHOJDV� HV�
FDGD� YH]� PHQRU�� SDUD� TXH� QR� UHVXOWH� DIHFWDGD� OD�FDGD� YH]� PHQRU�� SDUD� TXH� QR� UHVXOWH� DIHFWDGD� OD�
UHVLVWHQFLD� PHFUHVLVWHQFLD� PHFiiQLFD�� OD� DOWXUD� GH� GHVJDVWH� QR� KD� GH�QLFD�� OD� DOWXUD� GH� GHVJDVWH� QR� KD� GH�
SDVDU�GH�FLHUWD�PHGLGD��HO� OSDVDU�GH�FLHUWD�PHGLGD��HO� OttPLWH�DGPLVLEOH�VH�VHPLWH�DGPLVLEOH�VH�VHxxDOD�FRQ�DOD�FRQ�
XQD�HVFRWDGXUD�HQ�OD�SDUWH�DQWHULRU�GH�OD�GHOJD�R��HQ�RWURV�XQD�HVFRWDGXUD�HQ�OD�SDUWH�DQWHULRU�GH�OD�GHOJD�R��HQ�RWURV�
FDVRV��FRQ�SHTXHFDVRV��FRQ�SHTXHxxRV�RULILFLRV�RV�RULILFLRV�
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&21(;,&21(;,ÏÏ1 '(/�&2/(&725�&21�1 '(/�&2/(&725�&21�
/$6�%2%,1$6�'(/�,1'8&,'2/$6�%2%,1$6�'(/�,1'8&,'2
&XDQGR�HO�GL&XDQGR�HO�GLiiPHWUR�GHO�PHWUR�GHO�FROHFWRUFROHFWRU QR�HV�PXFKR�PQR�HV�PXFKR�PiiV JUDQGH�V JUDQGH�
TXH�HO�GHO�URWRU��ORV�FDERV�GH�ODV�ERELQDV�GHO�LQGXFLGR��VH�TXH�HO�GHO�URWRU��ORV�FDERV�GH�ODV�ERELQDV�GHO�LQGXFLGR��VH�
VXHOGDQ� GLUHFWDPHQWH� D� ODV� KHQGLGXUDV� IUHVDGDV� HQ� ODV�VXHOGDQ� GLUHFWDPHQWH� D� ODV� KHQGLGXUDV� IUHVDGDV� HQ� ODV�
GHOJDV�� 6L� SRU� HO� FRQWUDULR�� HO� GLGHOJDV�� 6L� SRU� HO� FRQWUDULR�� HO� GLiiPHWUR� GHO� FROHFWRU� HV�PHWUR� GHO� FROHFWRU� HV�
PXFKR�PHQRU�TXH�HO�GHO�URWRU��R�VL�HO�JUXHVR�GH��ORV�FDERV�PXFKR�PHQRU�TXH�HO�GHO�URWRU��R�VL�HO�JUXHVR�GH��ORV�FDERV�
GH�ERELQD�QR�OR�SHUPLWH�� OD�FRQH[LGH�ERELQD�QR�OR�SHUPLWH�� OD�FRQH[LyyQ GHO�FROHFWRU�FRQ�ODV�Q GHO�FROHFWRU�FRQ�ODV�
ERELQDV� GHO� LQGXFLGR� VH� UHDOL]D� SRU� PHGLR� GH� SLH]DV�ERELQDV� GHO� LQGXFLGR� VH� UHDOL]D� SRU� PHGLR� GH� SLH]DV�
HVSHFLDOHV�HVSHFLDOHV�
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81,21�325�62/'$'85$�'(�/26�&$%26�'(�/$6�%2%,1$6�����������������81,21�325�62/'$'85$�'(�/26�&$%26�'(�/$6�%2%,1$6����������������� '(/�'(/�
,1'8&,'2�$�/$6�'(/*$6�'(/�&2/(&725,1'8&,'2�$�/$6�'(/*$6�'(/�&2/(&725
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3,(=$6�3$5$�/$�68-(&,21�'(�/$6�%2%,1$6�'(/�,1'8&,'2�$�/$6�'(/�&23,(=$6�3$5$�/$�68-(&,21�'(�/$6�%2%,1$6�'(/�,1'8&,'2�$�/$6�'(/�&2/(&725/(&725

&2/(&725(6�(1�0$48,1$6�'(�&255,(17(�&217,18$ +8%(5��085,//2�0$15,48(



',9(5626�352&(',0,(1726�'(�),-$&,21�'(�/$6�%2%,1$6�',9(5626�352&(',0,(1726�'(�),-$&,21�'(�/$6�%2%,1$6�
'(/�,1'8&,'2�$�/$6�'(/*$6�'(/�&2/(&725'(/�,1'8&,'2�$�/$6�'(/*$6�'(/�&2/(&725
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Está constituido por varias láminas de cobre de forma especial 
denominadas “delgas”, aisladas entre sí y con respecto al 
cuerpo que la sustenta; en cada delga se conecta el final de 
una bobina del inducido y el principio de otra, por lo que en un
colector hay tantas delgas como bobinas en el inducido.

(/�&2/(&725
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Las delgas se fabrican de cobre. Entre cada dos delgas, 
en los colectores de pequeñas dimensiones, se dispone
Una capa de mica natural y en los degrandes
dimensiones, una capa de mica prensada conteniendo 
una partede laca.

/$6�'(/*$6

Las delgas se aprietan en 
sentido radial hacia adentro, por 
medio de dos anillos cónicos; 
estos anillos, lo mismo que el 
cubo del colector, se aislan con 
manguitos de presspan, con 
revestimiento de micanita para 
máquinas de baja tensión,y sólo 
de micanita, para máquinas de 
alta tensión.
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En algunos colectores, el 
anillo frontal va sujeto 
mediante una tuerca de 
apriete que se rosca al 
cubo.
En colectores de pequeñas 
dimensiones, el ajuste de 
dicho anillo se efectúa 
rebordeando el cubo; el 
colector se
aprieta con fuerte presión y 
después se rebordea el 
cubo en una prensa.
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Para que las delgas estén bien comprimidas lateralmente entre 
sí, no deben dejarse en contacto con las superficies exteriores 
del cubo o del anillo de presión, sino que es necesario que 
exista un pequeño juego de algunas décimas de milímetros 
con el anillo y si es posible otro de 1mm con el cubo.

Para colectores 
mayores, se 
emplean tornillos 
con cabeza, o 
pernos pasantes 
de gran longitud.
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Con objeto de evitar que entre delga y cubo se introduzca 
polvo, el colector ha de estar herméticamente cerrado; esto se 
logra con un zunchado, pintado con blanco de zinc con barniz 
de bakelita.El cuerpo sustentador del colector, se construye de 
fundición o de acero laminado y soldado. Para grandes 
diámetros de inducción (máquinas lentas), tiene forma de rueda 
o bien se sujeta lateralmente al cuerpo del inducido.
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La fijación de los colectores para máquinas de pequeña 
potencia, se efectúa,  introduciéndolos a presión en el eje 
de la máquina. Los colectores de mayor tamaño, se sujetan 
al eje por medio de una chaveta, o de 2 chavetas 
desplazadas sobre el eje en un ángulo de 90°.
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�� /DV� SRUWDHVFRELOODV� VRQ� ODV� SDUWHV� FRPSRQHQWHV� GHO�/DV SRUWDHVFRELOODV� VRQ� ODV� SDUWHV� FRPSRQHQWHV� GHO�PHFDQLVPR� GH� FRQPXWDFLPHFDQLVPR� GH� FRQPXWDFLyyQ \� FRQVLVWHQ� HQ� XQ�Q \� FRQVLVWHQ� HQ� XQ�FRQMXQWR�GH�VRSRUWHV��XVXDOPHQWH�WDQWRV�FRPR�SRORV�FRQMXQWR�GH�VRSRUWHV��XVXDOPHQWH�WDQWRV�FRPR�SRORV�SULQFLSDOHV� XQLGRV� HQWUH� VL� USULQFLSDOHV�� XQLGRV� HQWUH� VL� UttJLGDPHQWH� D� ODV�JLGDPHQWH� D� ODV�GLVWDQFLDV PXWXDV� DSURSLDGDV�� \� DUPDGRV� VREUH� XQD�GLVWDQFLDV�PXWXDV� DSURSLDGDV�� \� DUPDGRV� VREUH� XQD�FXODWD� GH� UREXVWR� PDWHULDO� DLVODQWH�� &DGD� SRUWD�FXODWD� GH� UREXVWR� PDWHULDO� DLVODQWH�� &DGD� SRUWD�HVFRELOOD� HVWD� HTXLSDGHVFRELOOD HVWD� HTXLSDGDD FRQ XQD� HVFRELOOD� GH� JUDILWR�FRQ XQD� HVFRELOOD� GH� JUDILWR�GGH WLSR� \� GXUH]D� GHWHUPLQDGRV�� FRQ� XQ� UHVRUWH�H WLSR� \� GXUH]D� GHWHUPLQDGRV�� FRQ� XQ� UHVRUWH�SRGHURVR� � TXH� OR� SUHVLRQD� IXHUWHPHQWH� � FRQ�SRGHURVR� � TXH� OR� SUHVLRQD� IXHUWHPHQWH� � FRQ�SUHVLRQHV GH���D���SUHVLRQHV GH���D���3VL3VL�yy � OLEUD�SRU�SXOJDGD�FXDGUDGD�� OLEUD�SRU�SXOJDGD�FXDGUDGD�FRQWUD�OD�VXSHUILFLH�GHO�FROHFWRUFRQWUD�OD�VXSHUILFLH�GHO�FROHFWRU

3257$(6&2%,//$6�3257$(6&2%,//$6�
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&2167,78&,21�'(/&2167,78&,21�'(/ &,5&8,72�'(�&$032�<�&,5&8,72�'(�&$032�<�
$50$'85$0$48,1$�$50$'85$0$48,1$�%$%$6,&$�'(�&21087$'256,&$�'(�&21087$'25
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�� /D�GLVWULEXFL/D GLVWULEXFLyyQ GH�IOXMR�HQ�HO�HQWUHKLHUUR�VH�DSUR[LPD�Q GH�IOXMR�HQ�HO�HQWUHKLHUUR�VH�DSUR[LPD�QRUPDOPHQWH�D�XQD�RQGD�SODQD��PDV�TXH�D�OD�RQGD�QRUPDOPHQWH�D�XQD�RQGD�SODQD��PDV�TXH�D�OD�RQGD�SODQD� PDV�TXH�D�OD�RQGD�SODQD� PDV�TXH�D�OD�RQGD�VHQRLGDOVHQRLGDO TXH�VH�HQFXHQWUD�TXH�VH�HQFXHQWUD�HQ ODV�PDTXLQDV�GH�&$�FRPR�PXHVWUD�OD�ILJXUD��D����HQ ODV�PDTXLQDV�GH�&$�FRPR�PXHVWUD�OD�ILJXUD��D����OD�URWDFLOD�URWDFLyyQ GH�OD�ERELQD�JHQHUD�XQ�YROWDMH�HQ�HOOD��Q GH�OD�ERELQD�JHQHUD�XQ�YROWDMH�HQ�HOOD��TXH HV�XQD�IXQFLTXH HV�XQD�IXQFLyyQ GH�WLHPSR�TXH�WLHQH�OD�PLVPD�Q GH�WLHPSR�TXH�WLHQH�OD�PLVPD�IRUPD�GH�OD�GLVWULEXFLIRUPD�GH�OD�GLVWULEXFLyyQ GH�OD�GHQVLGDG�GH�IOXMR�Q GH�OD�GHQVLGDG�GH�IOXMR�HVSDFLDO��HVSDFLDO�
�� $XQTXH�HO�SURS$XQTXH�HO�SURSyyVLWR HV�OD�JHQHUDFLVLWR HV�OD�JHQHUDFLyyQ GH�XQ�YROWDMH�Q GH�XQ�YROWDMH�GH XQ�YROWDMH�GH�&'��HO�YROWDMH�LQGXFLGR�HQ�XQD�GH XQ�YROWDMH�GH�&'��HO�YROWDMH�LQGXFLGR�HQ�XQD�ERELQD�GHWHUPLQDGD�GH�DUPDGXUD�HV�YROWDMH�GH�&$��ERELQD�GHWHUPLQDGD�GH�DUPDGXUD�HV�YROWDMH�GH�&$��TXH SRU�FRQVLJXLHQWH�GHEH�UHFWLILFDUVH��TXH SRU�FRQVLJXLHQWH�GHEH�UHFWLILFDUVH��
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&219(56,21�&219(56,21� '(�&$'(�&$��&&&& 0(',$17(0(',$17( (/(/ &2/&2/(&725(&725
�� $QDOLFHPRV�OD�DFFL$QDOLFHPRV�OD�DFFLyyQ GHO�FROHFWRU�SDUD�FRQYHUWLUQ GHO�FROHFWRU�SDUD�FRQYHUWLU OD�&�$��OD &�$��JHQHUDGD�HQ�&�&��(Q�OD�SRVLFLJHQHUDGD�HQ�&�&��(Q�OD�SRVLFLyyQ $��OD�HVSLUD�HV�Q $��OD�HVSLUD�HV�SHUSHQGLFXODU�DO���FDPSR�PDJQSHUSHQGLFXODU�DO���FDPSR�PDJQppWLFR�SRU�OR�FXDO�QR�VH�WLFR�SRU�OR�FXDO�QR�VH�SURGXFLUSURGXFLUii XQD )(0�LQGXFLGD�HQ�ORV�FRQGXFWRUHV�GH�XQD )(0�LQGXFLGD�HQ�ORV�FRQGXFWRUHV�GH�PLVPR��&RPR�FRQVHFXHQFLD��QR�KDEUPLVPR��&RPR�FRQVHFXHQFLD��QR�KDEUii IOXMR�GH�FRUULHQWH�IOXMR�GH�FRUULHQWH�
�� 2EVHUYDPRV�TXH�ODV�HVFRELOODV�HVW2EVHUYDPRV�TXH�ODV�HVFRELOODV�HVWiiQ HQ�FRQWDFWR�FRQ�Q HQ�FRQWDFWR�FRQ�DPEDV�GHOJDV�GHO�FROHFWRU��KDFLHQGR���YHUGDGHUDPHQWH�XQ�DPEDV�GHOJDV�GHO�FROHFWRU��KDFLHQGR���YHUGDGHUDPHQWH�XQ�FRUWRFLUFXLWR�HQ�OD�HVSLUD�SHURFRUWRFLUFXLWR�HQ�OD�HVSLUD�SHUR HVWH�FRUWRFLUFXLWR�QR�HV�HVWH�FRUWRFLUFXLWR�QR�HV�QLQJQLQJ~~Q SUREOHPD�Q SUREOHPD� SRUTXHSRUTXH QR�H[LVWH�IOXMR�GH�FRUULHQWH��QR�H[LVWH�IOXMR�GH�FRUULHQWH��
�� (6�(/�&21-8172�'(�)(120(126�48(�6(�352'8&(1�$/�3$6$5�/$6�(6�(/�&21-8172�'(�)(120(126�48(�6(�352'8&(1�$/�3$6$5�/$6�'(/*$6�'(/�&2/(&725�325�'(%$-2�'(�/$6�(6&2%,//$6�'(/*$6�'(/�&2/(&725�325�'(%$-2�'(�/$6�(6&2%,//$6�
�� &8$1'2�(1�/$�527$&,21�'(�/$�0$48,1$�81$�'&(/*$�'(/�&8$1'2�(1�/$�527$&,21�'(�/$�0$48,1$�81$�'&(/*$�'(/�&2/(&725�$%$1'21$�/$�(6&2%,//$�62%5(�/$�48(�$&$%$�'(�&2/(&725�$%$1'21$�/$�(6&2%,//$�62%5(�/$�48(�$&$%$�'(�3$6$5��6(�352'8&(�81$�&+,63$�48(�7,(1(�()(&726�3$6$5��6(�352'8&(�81$�&+,63$�48(�7,(1(�()(&726�'(6758&7,926�62%5(�(/�&2/(&725�'(6758&7,926�62%5(�(/�&2/(&725�
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3$626�'(/�&2/(&7253$626�'(/�&2/(&725
(/ 3$62�'(/�&2/(&725�6(�5(),(5(�$�/$�',67$1&,$�(/ 3$62�'(/�&2/(&725�6(�5(),(5(�$�/$�',67$1&,$�
(175(�/26�(;75(026�'(�81�(/(0(172�'(�%2%,1$��(175(�/26�(;75(026�'(�81�(/(0(172�'(�%2%,1$��0(','2�(1�&$17,'$'�'(�'(/*$6�62%5(�(/�&2/(&725��0(','2�(1�&$17,'$'�'(�'(/*$6�62%5(�(/�&2/(&725��
68�9$/25�48('$�'(7(50,1$'2�(1�)250$�',)(5(17(6�68�9$/25�48('$�'(7(50,1$'2�(1�)250$�',)(5(17(6�3$5$�'(9$1$'26�,0%5,&$'26�<�21'8/$'26�3$5$�'(9$1$'26�,0%5,&$'26�<�21'8/$'26�
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326,&,21�1(875$/�'(�/$6�(6&2%,//$6326,&,21�1(875$/�'(�/$6�(6&2%,//$6(1�/$�0$<25,$�'(�/$6�0$48,1$6�/$�326,&,21�'(/�1(875$/�(1�/$�0$<25,$�'(�/$6�0$48,1$6�/$�326,&,21�'(/�1(875$/�%,(1(�6(%,(1(�6(ff$/$'$�325�81�,1',&(�(1�(/�%5$=2�3257$(6&2%,//$��$/$'$�325�81�,1',&(�(1�(/�%5$=2�3257$(6&2%,//$��
6(�38('(�8%,&$5�(;3(5,0(17$/0(17(�+$&,(1'2�)81&,21$5�6(�38('(�8%,&$5�(;3(5,0(17$/0(17(�+$&,(1'2�)81&,21$5�/$�0$48,1$�&202�*(1(5$'25�<�(67$%/(&(5�&217$&72�&21�/$�0$48,1$�&202�*(1(5$'25�<�(67$%/(&(5�&217$&72�&21�'26�'(/*$6�&216(&87,9$6�325�0(',2�'(�3817$6�'(�'26�'(/*$6�&216(&87,9$6�325�0(',2�'(�3817$6�'(�&21(;,&21(;,ÏÏ1 81,'$6�$�81�92/7,0(752��/$�326,&,21�1(875$/�1 81,'$6�$�81�92/7,0(752��/$�326,&,21�1(875$/�6(5$�&8$1'2�(/�92/7,0(752�0$548(��9�6(5$�&8$1'2�(/�92/7,0(752�0$548(��9�
&+,6325527(2�(1�/$6�(6&2%,//$6&+,6325527(2�(1�/$6�(6&2%,//$67$0%,(1�//$0$'2�&+,63(2�'(�)/(&26�2�'(�381726�621�/26�7$0%,(1�//$0$'2�&+,63(2�'(�)/(&26�2�'(�381726�621�/26�$5&26�(/(&75,&26�48(�6(�352'8&(1�(1�/$6�(6&2%,//$6�<�48(�$5&26�(/(&75,&26�48(�6(�352'8&(1�(1�/$6�(6&2%,//$6�<�48(�38('(1�6(5�3(/,*526$0(17(�'(6758&7,926�3$5$�/$�0$48,1$�38('(1�6(5�3(/,*526$0(17(�'(6758&7,926�3$5$�/$�0$48,1$�
6(�35(6(17$�$�0(18'2�&8$1'2�/$�0$48,1$�75$%$-$�(1�81$�6(�35(6(17$�$�0(18'2�&8$1'2�/$�0$48,1$�75$%$-$�(1�81$�$7026)(5$�32/925,(17$�2�&8$1'2�/$6�(6&2%,//$6�621�$7026)(5$�32/925,(17$�2�&8$1'2�/$6�(6&2%,//$6�621�%/$1'$6�<�'(63,'(1�3$57,&8/$6�'(�&$5%21�48(�6(�98(/9(1�%/$1'$6�<�'(63,'(1�3$57,&8/$6�'(�&$5%21�48(�6(�98(/9(1�
,1&$1'(6&(17(6,1&$1'(6&(17(6��
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(6&2%,//$6��<�3257$(6&2%,//$6�(6&2%,//$6��<�3257$(6&2%,//$6�

�� /DV�HVFRELOODV�VLUYHQ�SDUD�SHUPLWLU�HO�SDVR�GH�OD�FRUULHQWH�/DV�HVFRELOODV�VLUYHQ�SDUD�SHUPLWLU�HO�SDVR�GH�OD�FRUULHQWH�\ VH�DMXVWDQ�VREUH�HVWH�HQ�IRUPD�GH�FRQWDFWR�D�SUHVL\ VH�DMXVWDQ�VREUH�HVWH�HQ�IRUPD�GH�FRQWDFWR�D�SUHVLyyQQSRU�PHGLR�GHO�SRUWD�HVFRELOODV��6H�IDEULFDQ�SRU�OR�JHQHUDO�SRU�PHGLR�GHO�SRUWD�HVFRELOODV��6H�IDEULFDQ�SRU�OR�JHQHUDO�
GH FXDWUR�WLSRV�GH FXDWUR�WLSRV�

�� 'H�PHWDO�'H�PHWDO�JUDILWDGRJUDILWDGR
�� 'H�FDUE'H�FDUEyyQQ JUDILWDGR�JUDILWDGR�
�� 'H�JUDILWR'H�JUDILWR
�� 'H�HOHFWUR'H�HOHFWUR�� JUDILWRJUDILWR
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(6&2%,//$�<�3257$(6&2%,//$(6&2%,//$�<�3257$(6&2%,//$
�� (O��WLSR�GH�HVFRELOOD�TXH�VH�XVH�GHSHQGH�GH�OD�YHORFLGDG�(O WLSR�GH�HVFRELOOD�TXH�VH�XVH�GHSHQGH�GH�OD�YHORFLGDG�SHULISHULIppULFD GHO�FRQPXWDGRU�\�WDPELULFD GHO�FRQPXWDGRU�\�WDPELppQ GHO�YROWDMH�GH�WUDEDMR��Q GHO�YROWDMH�GH�WUDEDMR��SRU HMHPSOR�SDUD�PDTXLQDV�GH�DOWD�YHORFLGDG�VH�XVDQ�SRU HMHPSOR�SDUD�PDTXLQDV�GH�DOWD�YHORFLGDG�VH�XVDQ�HVFRELOODV�GH�JUDILWR��SDUD�PDTXLQDV�GH�EDMD�YHORFLGDG�VH�HVFRELOODV�GH�JUDILWR��SDUD�PDTXLQDV�GH�EDMD�YHORFLGDG�VH�SXHGHQ�XVDU�HO�PLVPR�WLSR�GH�HVFRELOOD��SHUR�WDPELSXHGHQ�XVDU�HO�PLVPR�WLSR�GH�HVFRELOOD��SHUR�WDPELppQ H[LVWH�Q H[LVWH�OD SRVLELOLGDG�GH�XVDU�HVFRELOOD�GH�OD SRVLELOLGDG�GH�XVDU�HVFRELOOD�GH�HOHFWURJUDILWRHOHFWURJUDILWR� 6H�SXHGH�� 6H�SXHGH�REVHUYDU�TXH�ORV�WLSRV�FRQVWUXFWLYRV�DQWHULRUHV�VH�SXHGHQ�REVHUYDU�TXH�ORV�WLSRV�FRQVWUXFWLYRV�DQWHULRUHV�VH�SXHGHQ�DJUXSDU�SRU�ORV�PDWHULDOHV�TXH�LQWHUYLHQHQ�HQ�VX�DJUXSDU�SRU�ORV�PDWHULDOHV�TXH�LQWHUYLHQHQ�HQ�VX�FRQVWUXFFLFRQVWUXFFLyyQ FRPR�GH�FDUEQ FRPR�GH�FDUEyyQQ JUDILWDGRJUDILWDGR \ PHWDO�\ PHWDO�JUDILWDGRJUDILWDGR��
�� (Q�HO�FDVR�GH�ODV�HVFRELOODV�GH�HOHFWUR�JUDILWR�VH�OH�GD�DO�(Q HO�FDVR�GH�ODV�HVFRELOODV�GH�HOHFWUR�JUDILWR�VH�OH�GD�DO�FDUEFDUEyyQ XQ�WUDWDPLHQWR�D�DOWD�WHPSHUDWXUD��IXHUD�GHO�Q XQ�WUDWDPLHQWR�D�DOWD�WHPSHUDWXUD��IXHUD�GHO�FRQWDFWR�FRQ�HO�DLUH�\�XQ�KRUQR�HOFRQWDFWR�FRQ�HO�DLUH�\�XQ�KRUQR�HOppFWULFRFWULFR
�� /DV�HVFRELOODV�GH�PHWDO�/DV HVFRELOODV�GH�PHWDO�JUDILWDGRJUDILWDGR HVWHVWiiQ FRQVWLWXLGDV�GH�XQ�Q FRQVWLWXLGDV�GH�XQ�FRPSXHVWR�GH�FDUEFRPSXHVWR�GH�FDUEyyQ� JUDILWR�\�SROYRV�GH�FREUH�R�EURQFH�Q� JUDILWR�\�SROYRV�GH�FREUH�R�EURQFH�HQ�YDULDV�FRPSRVLFLRQHVHQ�YDULDV�FRPSRVLFLRQHV
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%$6(6�3$5$�(/�',0(16,21$0,(172�'(/�&2/(&725%$6(6�3$5$�(/�',0(16,21$0,(172�'(/�&2/(&725
$OJXQDV�FRQVLGHUDFLRQHV�E$OJXQDV�FRQVLGHUDFLRQHV�EiiVLFDV�SDUD�HO�VLFDV�SDUD�HO�GLPHQVLRQDPLHQWRGLPHQVLRQDPLHQWRVRQ�ODV�VLJXLHQWHV�VRQ�ODV�VLJXLHQWHV�
180(52�'(�6(*0(1726��HO�QXPHUR�GH�VHJPHQWRV�HVWD�180(52�'(�6(*0(1726��HO�QXPHUR�GH�VHJPHQWRV�HVWD�GHWHUPLQDGR�SRU�HO�PGHWHUPLQDGR�SRU�HO�Pii[LPR�YDORU�DGPLVLEOH�GH�WHQVL[LPR�YDORU�DGPLVLEOH�GH�WHQVLyyQ PHGLD�Q PHGLD�HQWUH�GRV�VHJPHQWRV�FRQVHFXWLYRV�GH�WDO�YDORU�GH�WHQVLHQWUH�GRV�VHJPHQWRV�FRQVHFXWLYRV�GH�WDO�YDORU�GH�WHQVLyyQ��Q��FXDOTXLHUD�TXH�VHD�HO�WLSR�GH�GHYDQDGR�FXDOTXLHUD�TXH�VHD�HO�WLSR�GH�GHYDQDGR�
'RQGH������9� �WHQVL'RQGH������9� �WHQVLyyQ HQWUH�ODV�WHUPLQDOHV�GH�OD�PDTXLQDQ HQWUH�ODV�WHUPLQDOHV�GH�OD�PDTXLQD

=  �Q=  �Q~~PHURV�GH�VHJPHQWRV�GHO�FROHFWRUPHURV�GH�VHJPHQWRV�GHO�FROHFWRU
3  �QXPHUR�GH�SRORV�GH�OD�PDTXLQD3  �QXPHUR�GH�SRORV�GH�OD�PDTXLQD

(V FRQYHQLHQWH�WRPDU�HQ�FXHQWD�TXH�QR�FRQYLHQH�H[FHGHU��(V�FRQYHQLHQWH�WRPDU�HQ�FXHQWD�TXH�QR�FRQYLHQH�H[FHGHU��VDOYR�HQ�FDVRV�SDUWLFXODUHV�HO�QXPHUR�GH�VHJPHQWRV�GHO�VDOYR�HQ�FDVRV�SDUWLFXODUHV�HO�QXPHUR�GH�VHJPHQWRV�GHO�FROHFWRU��\�HQ�FRQVHFXHQFLD�HO�QXPHUR�GH�VHFFLRQHV�GHO�FROHFWRU��\�HQ�FRQVHFXHQFLD�HO�QXPHUR�GH�VHFFLRQHV�GHO�GHYDQDGR��GHELGR�D�TXH�OD�LJXDOGDG�GH�ODV�RWUDV�FRQGLFLRQHV��GHYDQDGR��GHELGR�D�TXH�OD�LJXDOGDG�GH�ODV�RWUDV�FRQGLFLRQHV��DO DXPHQWDU�WDO�QXPHUR��OD�PDTXLQD�FXHVWD�PDV�DO��DXPHQWDU�WDO�QXPHUR��OD�PDTXLQD�FXHVWD�PDV�
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',6(',6(ff2 '(/�&21087$'25�2 '(/�&21087$'25�
(O�GL(O�GLiiPHWUR�GHO�FRQPXWDGRU�VH�SXHGH�VHOHFFLRQDU�HQ�EDVH�D�ODV�PHWUR�GHO�FRQPXWDGRU�VH�SXHGH�VHOHFFLRQDU�HQ�EDVH�D�ODV�VLJXLHQWHV�FRQVLGHUDFLRQHV�VLJXLHQWHV�FRQVLGHUDFLRQHV�
������ HO�SDVR�GH�ORV�VHJPHQWRV�QR�GHEH�VHU�HQ�QLQJHO�SDVR�GH�ORV�VHJPHQWRV�QR�GHEH�VHU�HQ�QLQJ~~Q FDVR�LQIHULRU�D�Q FDVR�LQIHULRU�D��PP��GH�ORV�FXDOHV�����PP�FRUUHVSRQGHQ�D�OD�SRUFL�PP��GH�ORV�FXDOHV�����PP�FRUUHVSRQGHQ�D�OD�SRUFLyyQ TXH�FRQGXFH�Q TXH�FRQGXFH�OD�FRUULHQWH�\�����PP�SDUD�HO�VHSDUDGRU�GH�PLFD��1RUPDOPHQWH�HO�OD�FRUULHQWH�\�����PP�SDUD�HO�VHSDUDGRU�GH�PLFD��1RUPDOPHQWH�HO�SDVR�GH�ORV�VHJPHQWRV�GLVWDQFLD�GH�VHJPHQWR�D�VHJPHQWR�QR�GHEH�SDVR�GH�ORV�VHJPHQWRV�GLVWDQFLD�GH�VHJPHQWR�D�VHJPHQWR�QR�GHEH�VHU�PD\RU�GH���PPVHU�PD\RU�GH���PP
������ OD�YHORFLGDG�SHULIOD�YHORFLGDG�SHULIppULFD�GHO�FRQPXWDGRU�QR�GHEH�VHU�PD\RU�GH����ULFD�GHO�FRQPXWDGRU�QR�GHEH�VHU�PD\RU�GH����P�VHJ�P�VHJ�
������ (O�GL(O�GLiiPHWUR�GHO�FRQPXWDGRU�HV�VLHPSUH�PHQRU�TXH�HO�GLPHWUR�GHO�FRQPXWDGRU�HV�VLHPSUH�PHQRU�TXH�HO�GLiiPHWUR�GH�OD�PHWUR�GH�OD�DUPDGXUD�FRPR�\D�VH�KD�LQGLFDGR�DQWHULRUPHQWH�\�VH�SXHGHQ�WRPDU�DUPDGXUD�FRPR�\D�VH�KD�LQGLFDGR�DQWHULRUPHQWH�\�VH�SXHGHQ�WRPDU�ODV�VLJXLHQWHV�UHODFLRQHV�ODV�VLJXLHQWHV�UHODFLRQHV�
'L'LiiPHWUR�GHO�FRQPXWDGRU�SDUD�PDTXLQDV�PHGLDQD�\�JUDQ�PHWUR�GHO�FRQPXWDGRU�SDUD�PDTXLQDV�PHGLDQD�\�JUDQ�FDSDFLGDGFDSDFLGDG

 ������D�����YHFHV�HO�GL ������D�����YHFHV�HO�GLiiPHWUR�GH�OD�DUPDGXUD�PHWUR�GH�OD�DUPDGXUD�
'L'LiiPHWUR�GHO�FRQPXWDGRU�SDUD�PDTXLQDV�SHTXHPHWUR�GHO�FRQPXWDGRU�SDUD�PDTXLQDV�SHTXHxxDVDV

 �����D�����YHFHV�HO�GL �����D�����YHFHV�HO�GLiiPHWUR�GH�OD�DUPDGXUDPHWUR�GH�OD�DUPDGXUD
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(/�&2/(&725�<�68�3$57(6

&2/(&725(6�(1�0$48,1$6�'(�&255,(17(�&217,18$ +8%(5��085,//2�0$15,48(



*58(62�<�$1&+2�'(�/$6(6&2%,//$6*58(62�<�$1&+2�'(�/$6(6&2%,//$6
�� /DV�HVFRELOODV�D�EDVH�GH�FDUE/DV�HVFRELOODV�D�EDVH�GH�FDUEyyQ VH�HQFXHQWUDQ�GLVSRQLEOHV�HQ�HO�Q VH�HQFXHQWUDQ�GLVSRQLEOHV�HQ�HO�PHUFDGR�HQ�ORV�VLJXLHQWHV�WDPDPHUFDGR�HQ�ORV�VLJXLHQWHV�WDPDxxRV�HVWRV�HVWiiQGDU�QGDU�
������ SDUD�PDTXLQDV�JUDQGHVSDUD�PDTXLQDV�JUDQGHV

$QFKR��������GH�SXOJDGDV$QFKR��������GH�SXOJDGDV
$OWR��������������GH�SXOJDGDV$OWR��������������GH�SXOJDGDV
*UXHVR����SXOJDGDV*UXHVR����SXOJDGDV

������ SDUD�PDTXLQDV�PHGLDQDVSDUD�PDTXLQDV�PHGLDQDV
$QFKR��GH�����D�����$QFKR��GH�����D�����
$OWR�����������$OWR�����������òò� ���� ���
*UXHVR�����SXOJDGDV*UXHVR�����SXOJDGDV

������ SDUD�PDTXLQDV�SHTXHSDUD�PDTXLQDV�SHTXHxxDV�SHTXHDV�SHTXHxxDVDV
$QFKR��GH�����D������GH�SXOJDGDV$QFKR��GH�����D������GH�SXOJDGDV
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3(5','$6�'(/�&21087$'253(5','$6�'(/�&21087$'25

/DV SHUGLGDV�WRWDOHV�HQ�HO�FRQPXWDGRU�D�SOHQD�FDUJD�VH�/DV SHUGLGDV�WRWDOHV�HQ�HO�FRQPXWDGRU�D�SOHQD�FDUJD�VH�FDOFXODQ�FRPR�FDOFXODQ�FRPR�
3HUG3HUG� H �SHUGLGDV�SRU�IULFFL� H �SHUGLGDV�SRU�IULFFLyyQ HQ�ODV�HVFRELOODV���SHUGLGDV�Q HQ�ODV�HVFRELOODV���SHUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�
/DV SHUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�VH�FDOFXODQ�/DV SHUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�VH�FDOFXODQ�
FRPR�FRPR�

3HUGLGDV�SRU�FRQWDFWR�HQ�HVFRELOODV��FD3HUGLGDV�SRU�FRQWDFWR�HQ�HVFRELOODV��FDttGDV GH�YROWDMH�SRU�GDV GH�YROWDMH�SRU�
JUXSR�GH�HVFRELOODV��[��FRUULHQWH�SRU�HVFRELOOD���JUXSR�GH�HVFRELOODV��[��FRUULHQWH�SRU�HVFRELOOD���ZDWVZDWV��

/D FD/D FDttGD GH�YROWDMH�SRU�JUXSR�GH�HVFRELOODV�VH�SXHGH�WRPDU�GD GH�YROWDMH�SRU�JUXSR�GH�HVFRELOODV�VH�SXHGH�WRPDU�
FRPR�����FRPR�����YROWVYROWV��
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*58(62�<�$1&+2�'(�/$6(6&2%,//$6*58(62�<�$1&+2�'(�/$6(6&2%,//$6
�� /DV�HVFRELOODV�D�EDVH�GH�FDUE/DV�HVFRELOODV�D�EDVH�GH�FDUEyyQ VH�HQFXHQWUDQ�GLVSRQLEOHV�HQ�HO�Q VH�HQFXHQWUDQ�GLVSRQLEOHV�HQ�HO�PHUFDGR�HQ�ORV�VLJXLHQWHV�WDPDPHUFDGR�HQ�ORV�VLJXLHQWHV�WDPDxxRV�HVWRV�HVWiiQGDU�QGDU�
������ SDUD�PDTXLQDV�JUDQGHVSDUD�PDTXLQDV�JUDQGHV

$QFKR��������GH�SXOJDGDV$QFKR��������GH�SXOJDGDV
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*UXHVR����SXOJDGDV*UXHVR����SXOJDGDV

������ SDUD�PDTXLQDV�PHGLDQDVSDUD�PDTXLQDV�PHGLDQDV
$QFKR��GH�����D�����$QFKR��GH�����D�����
$OWR�����������$OWR�����������òò� ���� ���
*UXHVR�����SXOJDGDV*UXHVR�����SXOJDGDV

������ SDUD�PDTXLQDV�SHTXHSDUD�PDTXLQDV�SHTXHxxDV�SHTXHDV�SHTXHxxDVDV
$QFKR��GH�����D������GH�SXOJDGDV$QFKR��GH�����D������GH�SXOJDGDV
$OWR������$OWR������óó� �����GH�SXOJDGDV� �����GH�SXOJDGDV
*UXHVR�����GH�SXOJDGDV�*UXHVR�����GH�SXOJDGDV�
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3(5','$6�'(/�&21087$'253(5','$6�'(/�&21087$'25
/DV SHUGLGDV�WRWDOHV�HQ�HO�FRQPXWDGRU�D�SOHQD�FDUJD�VH�/DV SHUGLGDV�WRWDOHV�HQ�HO�FRQPXWDGRU�D�SOHQD�FDUJD�VH�FDOFXODQ�FRPR�FDOFXODQ�FRPR�
3HUG3HUG�� )ULFF)ULFF  SHUGLGDV�SRU�IULFFL SHUGLGDV�SRU�IULFFLyyQ HQ�ODV�HVFRELOODV���Q HQ�ODV�HVFRELOODV���SHUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�SHUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�
/DV SHUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�VH�FDOFXODQ�/DV SHUGLGDV�SRU�FRQWDFWR�HQ�ODV�HVFRELOODV�VH�FDOFXODQ�FRPR�FRPR�
3HUGLGDV�SRU�FRQWDFWR�HQ�HVFRELOODV�VH�FDOFXODQ�FRPR�3HUGLGDV�SRU�FRQWDFWR�HQ�HVFRELOODV�VH�FDOFXODQ�FRPR�
3HUGLGDV�SRU�FRQWDFWR�HQ�HVFRELOODV��FD3HUGLGDV�SRU�FRQWDFWR�HQ�HVFRELOODV��FDttGDV GH�YROWDMH�SRU�GDV GH�YROWDMH�SRU�JUXSR�GH�HVFRELOODV��[��FRUULHQWH�SRU�HVFRELOOD���JUXSR�GH�HVFRELOODV��[��FRUULHQWH�SRU�HVFRELOOD���ZDWVZDWV��
/D FD/D FDttGD GH�YROWDMH�SRU�JUXSR�GH�HVFRELOODV�VH�SXHGH�WRPDU�GD GH�YROWDMH�SRU�JUXSR�GH�HVFRELOODV�VH�SXHGH�WRPDU�FRPR�����FRPR�����YROWVYROWV��
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(/�&21087$'25�,167$/$'2
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&21087$&,21�&255(&7$&21087$&,21�&255(&7$
�� &RQVLVWH�HQ�SRVHVLRQDU�ODV�HVFRELOODV�FRQ�UHVSHFWR�DO�&RQVLVWH�HQ�SRVHVLRQDU�ODV�HVFRELOODV�FRQ�UHVSHFWR�DO�FROHFWRU��SDUD�TXH�HQ�HO�PRPHQWR�GHO�FRUWRFLUFXLWR��ORV�FROHFWRU��SDUD�TXH�HQ�HO�PRPHQWR�GHO�FRUWRFLUFXLWR��ORV�
ODGRV�GH�ERELQD�HVWODGRV�GH�ERELQD�HVWppQ SHUSHQGLFXODU�D�ODV�GH�IXHU]D�Q SHUSHQGLFXODU�D�ODV�GH�IXHU]D�
PDJQPDJQppWLFD�GHO�FDPSR��HVWR�HYLWDUD�TXH�VH�SURGX]FD�WLFD�GHO�FDPSR��HVWR�HYLWDUD�TXH�VH�SURGX]FD�FKLVSDV�TXH�RULJLQDQ�UHFDOHQWDPLHQWRV�\�GHVJDVWHV�GHO�FKLVSDV�TXH�RULJLQDQ�UHFDOHQWDPLHQWRV�\�GHVJDVWHV�GHO�
FROHFWRU�\�ODV�HVFRELOODV�FROHFWRU�\�ODV�HVFRELOODV�

�� 6L�VH�GHVSOD]D�ODV�HVFRELOODV�XQRV�FXDQWRV�JUDGRV��KDFHQ�6L�VH�GHVSOD]D�ODV�HVFRELOODV�XQRV�FXDQWRV�JUDGRV��KDFHQ�FRUWRFLUFXLWR�FRQ�OD�ERELQD�FXDQGR�HVWH�DWUDYLHVD�HO�FDPSR��FRUWRFLUFXLWR�FRQ�OD�ERELQD�FXDQGR�HVWH�DWUDYLHVD�HO�FDPSR��
&RPR�UHVXOWDGR��VH�SURGXFLU&RPR�UHVXOWDGR��VH�SURGXFLUii XQD�FKLVSD�HQ�ODV�HVFRELOODV��XQD�FKLVSD�HQ�ODV�HVFRELOODV��
(VWR�QR�HV�FRQYHQLHQWH�\D�TXH�RULJLQDUD�XQ�EDMR�(VWR�QR�HV�FRQYHQLHQWH�\D�TXH�RULJLQDUD�XQ�EDMR�UHQGLPLHQWR�\�VHULR�GDUHQGLPLHQWR�\�VHULR�GDxxRV HQ�RWUD�SDUWH�GH�OD�PDTXLQDRV HQ�RWUD�SDUWH�GH�OD�PDTXLQD

&21087$&,21�,1&255(&7$&21087$&,21�,1&255(&7$
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&8,'$'2�'(/�&21087$'25&8,'$'2�'(/�&21087$'25

�� 6(*0(1726�2�'(/*$6��62%5(6$/,(17(6��6(*0(1726�2�'(/*$6��62%5(6$/,(17(6��$VLHQWHVH$VLHQWHVH HO�HO�FRQMXQWR�GH�VHJPHQWRV�GHO�FRQPXWDGRU�SRQLHQGR�EORTXHV�GH�FRQMXQWR�GH�VHJPHQWRV�GHO�FRQPXWDGRU�SRQLHQGR�EORTXHV�GH�PDGHUD��DUFH��HQ�HO�OXJDU�GH�ODV�HVFRELOODV�HQ�ORV�PDGHUD��DUFH��HQ�HO�OXJDU�GH�ODV�HVFRELOODV�HQ�ORV�SRUWDHVFRELOODVSRUWDHVFRELOODV GH�GH�OD�PDTXLQD�\�OD�PDTXLQD�\�KDFLHQGRODKDFLHQGROD JLUDU�JLUDU�
�� $,6/$0,(172�62%5(6$/,(17(��HQ�HVWD�FRQGLFL$,6/$0,(172�62%5(6$/,(17(��HQ�HVWD�FRQGLFLyyQ��OD�PLFD�GHEH�VHU�Q��OD�PLFD�GHEH�VHU�UHEDMDGD�HQWUH�FDGD�GRV�GHOJDV�SRU�PHGLR�GH�ODV�KHUUDPLHQWDV�UHEDMDGD�HQWUH�FDGD�GRV�GHOJDV�SRU�PHGLR�GH�ODV�KHUUDPLHQWDV�LQGLFDGDV�LQGLFDGDV�
�� $,6/$0,(172�&2552,'2�2�3,&$'2��&RQGLFL$,6/$0,(172�&2552,'2�2�3,&$'2��&RQGLFLyyQ GH�OD�PLFD�FDXVDGD�Q GH�OD�PLFD�FDXVDGD�SRU�OD�SUHVHQFLD�GH�DFHLWH���JUDVD��SDUWSRU�OD�SUHVHQFLD�GH�DFHLWH���JUDVD��SDUWttFXODV�GH�FDUEFXODV�GH�FDUEyyQ \�FREUH��Q \�FREUH��VXFLHGDG��H�W�F�VXFLHGDG��H�W�F�
�� $&$1$'85$�'(/�&21087$'25��&DXVDGD�SRU�HVFRELOODV�FRQ�DOWR�$&$1$'85$�'(/�&21087$'25��&DXVDGD�SRU�HVFRELOODV�FRQ�DOWR�JUDGR�GH�JUDGR�GH�DEUDVLYLGDGDEUDVLYLGDG R SRU�HVFDORQDPLHQWR�R�GHVSOD]DPLHQWR�R SRU�HVFDORQDPLHQWR�R�GHVSOD]DPLHQWR�LQFRUUHFWR�GH�HOODV��(VWD�DYHULQFRUUHFWR�GH�HOODV��(VWD�DYHUttD SXHGH�HOLPLQDUVH�SHUPLWLHQGR�XQ�D SXHGH�HOLPLQDUVH�SHUPLWLHQGR�XQ�SHTXHSHTXHxxR MXHJR�D[LDO�GHO�HMH�GHO�URWRU�VLHPSUH�TXH�VHD�SRVLEOH�R MXHJR�D[LDO�GHO�HMH�GHO�URWRU�VLHPSUH�TXH�VHD�SRVLEOH�
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0$17(1,0,(72�'(/�&2/(&725�<�/$6�(6&2%,//$60$17(1,0,(72�'(/�&2/(&725�<�/$6�(6&2%,//$6
(VWDV�SDUWHV�UHTXLHUHQ�PXFKD�DWHQFL(VWDV�SDUWHV�UHTXLHUHQ�PXFKD�DWHQFLyyQ \�FXLGDGR��3ROYR��DFHLWH��Q \�FXLGDGR��3ROYR��DFHLWH��KXPHGDG��QR�GHEH�DFXPXODUVH��/DV�HVFRELOODV�VH�GHVOL]DUDQ�KXPHGDG��QR�GHEH�DFXPXODUVH��/DV�HVFRELOODV�VH�GHVOL]DUDQ�OLEUHPHQWH�HQ�VXV�JXOLEUHPHQWH�HQ�VXV�JXttDV��\�ORV�UHVRUWHV�ODV�SUHVLRQDUDQ�GHVGH�DV��\�ORV�UHVRUWHV�ODV�SUHVLRQDUDQ�GHVGH�DUULED�VREUH�ORV�DQLOORV�DUULED�VREUH�ORV�DQLOORV�UR]DQWHVUR]DQWHV��
(Q�ORV�DQLOORV�(Q�ORV�DQLOORV�UR]DQWHVUR]DQWHV QR�VH�GHEH�SHUPLWLU�TXH�SROYR�\�SDUWQR�VH�GHEH�SHUPLWLU�TXH�SROYR�\�SDUWttFXODV�GH�FXODV�GH�FDUEFDUEyyQ VH�FROHFWHQ�HQWUH�PDVD�\�ODV�VXSHUILFLHV�GH�ORV�DQLOORV�Q VH�FROHFWHQ�HQWUH�PDVD�\�ODV�VXSHUILFLHV�GH�ORV�DQLOORV�SRUTXH�SXHGHQ�SUHVHQWDUVH�GHVFDUJDVSRUTXH�SXHGHQ�SUHVHQWDUVH�GHVFDUJDV
/RV�DQLOORV�GHEHQ�HVWDU�OLVWRV�SHUR�QR�DOWDPHQWH�SXOLGRV���VL�KD/RV�DQLOORV�GHEHQ�HVWDU�OLVWRV�SHUR�QR�DOWDPHQWH�SXOLGRV���VL�KD\\UXJRVLGDG�SRU�FKLVSRUURWHR�HVWH�GHEH�VHU�OLPSLDGR�FRQ�OLMD�ILQD�UXJRVLGDG�SRU�FKLVSRUURWHR�HVWH�GHEH�VHU�OLPSLDGR�FRQ�OLMD�ILQD��OLMD�GH�DJXD��QR�XVDU�OLMD�SDUD��OLMD�GH�DJXD��QR�XVDU�OLMD�SDUD�ILHUURILHUUR��
(O�JUDGR�\�SUHVL(O�JUDGR�\�SUHVLyyQ HQ�ODV�HVFRELOODV�VRQ�GH�JUDQ�LPSRUWDQFLD��6L�OD�Q HQ�ODV�HVFRELOODV�VRQ�GH�JUDQ�LPSRUWDQFLD��6L�OD�SUHVLSUHVLyyQ HV�GQ HV�GppELO�OD�HVFRELOOD�FDXVD�FKLVSRUURWHR�\�VH�GHVLQWHJUD�ELO�OD�HVFRELOOD�FDXVD�FKLVSRUURWHR�\�VH�GHVLQWHJUD�TXHPDQGR�DO�DQLOOR�FROHFWRU��6L�HV�PX\�IXHUWH�GHVJDVWDUD�\�UD\DUTXHPDQGR�DO�DQLOOR�FROHFWRU��6L�HV�PX\�IXHUWH�GHVJDVWDUD�\�UD\DUDDVREUHFDOHQWDQGR�ORV�DQLOORV�VREUHFDOHQWDQGR�ORV�DQLOORV�
/D�VXVWLWXFL/D�VXVWLWXFLyyQ GHO�FDUEQ GHO�FDUEyyQ GHEH�FRQVLGHUDU�HO�PLVPR�JUDGR�GH�LQLFLDO�\�Q GHEH�FRQVLGHUDU�HO�PLVPR�JUDGR�GH�LQLFLDO�\�OD�SRODULGDG�GH�WUDEDMR��/D�HVFRELOOD�QHJDWLYD�VHUOD�SRODULGDG�GH�WUDEDMR��/D�HVFRELOOD�QHJDWLYD�VHUii GH�JUDILWR�SRU�GH�JUDILWR�SRU�VX��PD\RU�GHVJDVWH�VX��PD\RU�GHVJDVWH�HOHFWUROLWLFRHOHFWUROLWLFR \ OD�SRVLWLYD�VHU\ OD�SRVLWLYD�VHUii GH�FREUHGH�FREUHJUDILWDGRJUDILWDGR��
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5($&21',&,21$0,(172�'(/�&2/(&7255($&21',&,21$0,(172�'(/�&2/(&725
�� 5(%$-$'2�'(�/$�0,&$��(V�SUHIHULEOH�WHQHU�UDQXUDV�GH�VHFFL5(%$-$'2�'(�/$�0,&$��(V�SUHIHULEOH�WHQHU�UDQXUDV�GH�VHFFLyyQQUHFWDQJXODU�HQWUH�ORV�VHJPHQWRV��VL�WDOHV�UDQXUDV�VRQ�IUHFWDQJXODU�HQWUH�ORV�VHJPHQWRV��VL�WDOHV�UDQXUDV�VRQ�IiiFLOPHQWH�FLOPHQWH�DFFHVLEOHV�SDUD�VX�OLPSLH]D��'RQGH�HV�IDFWLEOH�TXH�ODV�UDQXUDV�DFFHVLEOHV�SDUD�VX�OLPSLH]D��'RQGH�HV�IDFWLEOH�TXH�ODV�UDQXUDV�DFXPXOHQ�SROYR�\�VXFLHGDG��FRPR�HQ�ODV�PDTXLQDV�GH�EDMD��YHORFLGDFXPXOHQ�SROYR�\�VXFLHGDG��FRPR�HQ�ODV�PDTXLQDV�GH�EDMD��YHORFLGDG�DG�R HQ�DPELHQWHV�PX\�VXFLRV�R HQ�DPELHQWHV�PX\�VXFLRV�
�� 38/,'2�'(/�&2087$'25��FRQ�OD�SLHGUD�GH�38/,'2�'(/�&2087$'25��FRQ�OD�SLHGUD�GH�SXOLPLHQWRSXOLPLHQWR GH�ODV�FXDOHV�GH�ODV�FXDOHV�KD\�YDULDV�FODVHV�HQ�HO�PHUFDGR��7DOHV�SLHGUDV�SXHGHQ�DSOLFDUVH�KD\�YDULDV�FODVHV�HQ�HO�PHUFDGR��7DOHV�SLHGUDV�SXHGHQ�DSOLFDUVH�DDPDQR�R�PRQWDUVH�HQ�DSR\RV�DMXVWDEOHV��$O�SXOLU�KD\�TXH�OHYDQWDU�PDQR�R�PRQWDUVH�HQ�DSR\RV�DMXVWDEOHV��$O�SXOLU�KD\�TXH�OHYDQWDU�ODV�ODV�HVFRELOODV�GHO�FRQPXWDGRU��/D�PDTXLQD�VL�HV�JHQHUDGRU���GHEH�VHUHVFRELOODV�GHO�FRQPXWDGRU��/D�PDTXLQD�VL�HV�JHQHUDGRU���GHEH�VHULPSXOVDGD�D�OD�YHORFLGDG�QRUPDO�SRU�OD�PDTXLQD�PRWUL]�HQ�HO�FDVRLPSXOVDGD�D�OD�YHORFLGDG�QRUPDO�SRU�OD�PDTXLQD�PRWUL]�HQ�HO�FDVR GH�GH�XQ�PRWRU��GHEH�HPSOHDUVH�HQHUJXQ�PRWRU��GHEH�HPSOHDUVH�HQHUJttD PHFD PHFiiQLFD�GH�XQD�IXHQWH�H[WHUQD�VL�QLFD�GH�XQD�IXHQWH�H[WHUQD�VL�HV�SRVLEOH�DQWHV�GHO�SXOLPHQWDGR�GHEH�TXLWDUVH�WRGRV�ORV�UHVWRV�HV�SRVLEOH�DQWHV�GHO�SXOLPHQWDGR�GHEH�TXLWDUVH�WRGRV�ORV�UHVWRV�GH�GH�DFHLWH�R�JUDVD�GHO�FRQPXWDGRU�\�GH�OD�SLHGUD��(VWD�GHED�DSOLFDUVDFHLWH�R�JUDVD�GHO�FRQPXWDGRU�\�GH�OD�SLHGUD��(VWD�GHED�DSOLFDUVH DO�H DO�H[WUHPR�D�H[WUHPR�GHO�FRQPXWDGRU�\�SXOLUVH�XQLIRUPHPHQWH�OD�H[WUHPR�D�H[WUHPR�GHO�FRQPXWDGRU�\�SXOLUVH�XQLIRUPHPHQWH�OD�VXSHUILFLH��'HVSXVXSHUILFLH��'HVSXppV GH�HVWD�RSHUDFLV GH�HVWD�RSHUDFLyyQ KD\�TXH�VXDYL]DU�HO�SXOLGR�Q KD\�TXH�VXDYL]DU�HO�SXOLGR�PHGLDQWH�SDSHO�GH�OLMD�ILQD�\�OXHJR�DSOLFDU�HO�UHYHUVR�SDUD�DILQPHGLDQWH�SDSHO�GH�OLMD�ILQD�\�OXHJR�DSOLFDU�HO�UHYHUVR�SDUD�DILQDUDU
�� 8QD�YH]�DFRQGLFLRQDGR�HO�FRQPXWDGRU���8QD�YH]�DFRQGLFLRQDGR�HO�FRQPXWDGRU���FHUFLRUHFHFHUFLRUHFH GH�TXH�KD�TXHGDGR�GH�TXH�KD�TXHGDGR�WRWDOPHQWH�OLPSLR�GH�UHVWRV�GH�FREUH���FDUEWRWDOPHQWH�OLPSLR�GH�UHVWRV�GH�FREUH���FDUEyyQ X�RWUR�SROYR��GH�Q X�RWUR�SROYR��GH�SUHIHUHQFLD�DSOLFDQGR�XQ�GLVSRVLWLYR�DVSLUDGRU�SUHIHUHQFLD�DSOLFDQGR�XQ�GLVSRVLWLYR�DVSLUDGRU�
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5($&21',&,21$0,(1725($&21',&,21$0,(172

�� 5HLQVWDOHQVH5HLQVWDOHQVH ODV HVFRELOODV�\�ODV�HVFRELOODV�\�DVLHQWHVHDVLHQWHVH DSOLFDQGR�DO�DSOLFDQGR�DO�FRQPXWDGRU�XQD�SHTXHFRQPXWDGRU�XQD�SHTXHxxD FDQWLGDG�GH�FRPSXHVWR�GH�D FDQWLGDG�GH�FRPSXHVWR�GH�DVHQWDU��DVHQWDU��VHDWLQJ�FRPSRXQGVHDWLQJ�FRPSRXQG� VL�VH�GLVSRQH�GH�HVWH��� VL�VH�GLVSRQH�GH�HVWH��'HVSX'HVSXppV GH�DVHQWDGR��V GH�DVHQWDGR��OLPSLHVHOLPSLHVH HO�FRQPXWDGRU�HO�FRQPXWDGRU�SHUIHFWDPHQWH�RWUD�YH]�SHUIHFWDPHQWH�RWUD�YH]�
�� &XDQGR�HO�FRQPXWDGRU�HVWD�GHPDVLDGR�&XDQGR�HO�FRQPXWDGRU�HVWD�GHPDVLDGR�iiVSHUR�R�VSHUR�R�GHVFHQWUDGR��GH�PDQHUD�TXH�QR�SXHGH�SXOLUVH�ELHQ�D�GHVFHQWUDGR��GH�PDQHUD�TXH�QR�SXHGH�SXOLUVH�ELHQ�D�PDQR��KDEUPDQR��KDEUii TXH�VXMHWDU�OD�SLHGUD�SRU�PHGLR�GH�SUHQVDV�TXH�VXMHWDU�OD�SLHGUD�SRU�PHGLR�GH�SUHQVDV�D XQ�SRVWH�D XQ�SRVWH�SRUWDKHUUDPLHQWDSRUWDKHUUDPLHQWD� 6LQ�HPEDUJR��VH�REWLHQHQ�� 6LQ�HPEDUJR��VH�REWLHQHQ�PHMRUHV�UHVXOWDGRV�XWLOL]DQGR�XQ�SXOLGRU�GH�UXHGD�PHMRUHV�UHVXOWDGRV�XWLOL]DQGR�XQ�SXOLGRU�GH�UXHGD�JLUDWRULD��R�ELHQ�WUDEDMDQGR�HO�FRQPXWDGRU�HQ�XQ�WRUQR��JLUDWRULD��R�ELHQ�WUDEDMDQGR�HO�FRQPXWDGRU�HQ�XQ�WRUQR��(Q FDVR�GH�H[WUHPD�DVSHUH]D�VHU(Q FDVR�GH�H[WUHPD�DVSHUH]D�VHUii PHMRU HQYLDU�HO�URWRU�PHMRU�HQYLDU�HO�URWRU�D XQ�EXHQ�WDOOHU�GH�UHSDUDFLD XQ�EXHQ�WDOOHU�GH�UHSDUDFLyyQ�Q�

&2/(&725(6�(1�0$48,1$6�'(�&255,(17(�&217,18$ +8%(5��085,//2�0$15,48(



0VF��,QJ��+XEHU��0XULOOR��0�&RQVXOWRU�HQ�0iTXLQDV��(OpFWULFDV\ 6LVWHPDV�(OHFWULFRV�GH�3RWHQFLD
0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



(Q�ODV�P(Q ODV�PiiTXLQDV�GH�FRUULHQWH�FRQWLQXD�RFXUUH�OD�TXLQDV�GH�FRUULHQWH�FRQWLQXD�RFXUUH�OD�FRQPXWDFLFRQPXWDFLyyQ SURGXFLGD�SRU�HO�FRQPXWDGRU�\�ODV�HVFRELOODV�Q SURGXFLGD�SRU�HO�FRQPXWDGRU�\�ODV�HVFRELOODV�VLHQGR�VXV�HIHFWRV�ORV�VLJXLHQWHV�VLHQGR�VXV�HIHFWRV�ORV�VLJXLHQWHV�
�� &RQVLVWH�8QD�FRPSRQHQWH�GHO�IOXMR�HQ�HO�HMH�GH�&RQVLVWH�8QD�FRPSRQHQWH�GHO�IOXMR�HQ�HO�HMH�GH�FXDGUDWXUD�FDXVD�GLILFXOWDGHV�HQ�OD�FRQPXWDFLFXDGUDWXUD�FDXVD�GLILFXOWDGHV�HQ�OD�FRQPXWDFLyyQ� OD�IPP�Q� OD�IPP�GH�OD�DUPDGXUD�SURGXFH�XQD�UHDFFLGH OD�DUPDGXUD�SURGXFH�XQD�UHDFFLyyQ GH�DUPDGXUD��Q GH�DUPDGXUD��PLHQWUDV�TXH�OD�FRPSRQHQWH�SULQFLSDO�GH�OD�IPP�GH�OD�PLHQWUDV�TXH�OD�FRPSRQHQWH�SULQFLSDO�GH�OD�IPP�GH�OD�DUPDGXUD�HVWDUPDGXUD�HVWii HQ�HO�HMH�GH�FXDGUDWXUD�HQ HO�HMH�GH�FXDGUDWXUD�
�� 2WUR�HIHFWR�TXH�LQIOX\H�HQ�OD�FRQPXWDFL2WUR�HIHFWR�TXH�LQIOX\H�HQ�OD�FRQPXWDFLyyQ HV�HO�YROWDMH�Q HV�HO�YROWDMH�SURGXFLGR�SRU�OD�LQYHUVLSURGXFLGR�SRU�OD�LQYHUVLyyQ GHO�HQFDGHQDPLHQWR�GHO�IOXMR�Q GHO�HQFDGHQDPLHQWR�GHO�IOXMR�GH GLVSHUVLGH GLVSHUVLyyQ FRQ�ODV�ERELQDV�GH�OD�DUPDGXUD�HQ�FRUWR�Q FRQ�ODV�ERELQDV�GH�OD�DUPDGXUD�HQ�FRUWR�FLUFXLWR��D�PHGLGD�TXH�OD�FRUULHQWH�VH�LQYLHUWH�GXUDQWH�OD�FLUFXLWR��D�PHGLGD�TXH�OD�FRUULHQWH�VH�LQYLHUWH�GXUDQWH�OD�FRQPXWDFLFRQPXWDFLyyQ�Q�

()(&726�'(�/$�&21087$&,21�(1�/$6�0$4��&�&�()(&726�'(�/$�&21087$&,21�(1�/$6�0$4��&�&�HMHM

+0

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



/RV�HIHFWRV�TXH�SURGXFHQ�VRQ�/RV�HIHFWRV�TXH�SURGXFHQ�VRQ�ORV�VLJXLHQWHV�ORV VLJXLHQWHV�
�� 'LVPLQXFL'LVPLQXFLyyQ FRQVLGHUDEOH�GHO�Q FRQVLGHUDEOH�GHO�FDPSR�PDJQFDPSR�PDJQppWLFR�SULQFLSDO�WLFR�SULQFLSDO�
�� 'LVPLQXFL'LVPLQXFLyyQ GH�OD�WHQVLQ GH�OD�WHQVLyyQQLQGXFLGD�LQWHUQD�(D�LQGXFLGD�LQWHUQD�(D�
�� (PSREUHFLPLHQWR�GHO�7H�GH�(PSREUHFLPLHQWR�GHO�7H�GH�OD�POD PiiTXLQD�TXLQD�
�� 3URGXFFL3URGXFFLyyQ GH�FKLVSRUURWHR�Q GH�FKLVSRUURWHR�HQWUH�ODV�HVFRELOODV�\�HO�HQWUH�ODV�HVFRELOODV�\�HO�FROHFWRU�FROHFWRU�
�� &RUULPLHQWR�GHO�HMH�QHXWUR�XQ�&RUULPLHQWR�GHO�HMH�QHXWUR�XQ�iiQJXOR�QJXOR�¡¡ D SDUWLU�GHO�HMH�D SDUWLU�GHO�HMH�QHXWUR�QHXWUR� 'HQVLGDG�GH�IOXMR�UHVXOWDQWH�FRQ�OD�UHDFFLyQ�GH�OD�DUPDGXUD

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(

5($&&,21�'(�/$�$50$'85$



1(8752�(/(&75,&21(8752�(/(&75,&2
&RUUHVSRQGH�D�OD�SRVLFL&RUUHVSRQGH�D�OD�SRVLFLyyQ GH�XQD�Q GH�XQD�HVFRELOOD�GH�WDO�IRUPD�TXH�ORV�ODGRV�GH�HVFRELOOD�GH�WDO�IRUPD�TXH�ORV�ODGRV�GH�
ODV ERELQDV�GH�OD�DUPDGXUD�TXH�VXIUHQ�ODV ERELQDV�GH�OD�DUPDGXUD�TXH�VXIUHQ�
XQD�FRQPXWDFLXQD�FRQPXWDFLyyQ� FDHQ�HQ�XQD�UHJLQ� FDHQ�HQ�XQD�UHJLyyQQFRQ�XQD�GHQVLGDG�GH�IOXMR�FHUR�FRQ�XQD�GHQVLGDG�GH�IOXMR�FHUR�

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(

Eje de cuadratura

escobillas



7,(032�'(�&21087$&,217,(032�'(�&21087$&,21
(O WLHPSR�GH�FRQPXWDFL(O WLHPSR�GH�FRQPXWDFLyyQ R�GH�FRUWR�FLUFXLWR�HV�HO�WLHPSR�Q R�GH�FRUWR�FLUFXLWR�HV�HO�WLHPSR�TXH�UHTXLHUH�HO�FRQPXWDGRU�HQ�UHFRUUHU�R�PRYHUVH�XQD�TXH�UHTXLHUH�HO�FRQPXWDGRU�HQ�UHFRUUHU�R�PRYHUVH�XQD�
GLVWDQFLD�LJXDO�DO�JUXHVR�GH�OD�FLUFXQIHUHQFLD�TXH�RFXSD�OD�GLVWDQFLD�LJXDO�DO�JUXHVR�GH�OD�FLUFXQIHUHQFLD�TXH�RFXSD�OD�
HVFRELOOD�PHQRV�HO�JUXHVR�GHO�DLVODPLHQWR�GH�PLFD�HQWUH�GRV�HVFRELOOD�PHQRV�HO�JUXHVR�GHO�DLVODPLHQWR�GH�PLFD�HQWUH�GRV�VHJPHQWRV�GHO�FRQPXWDGRU�VHJPHQWRV�GHO�FRQPXWDGRU�
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0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



3DUD�UHGXFLU�DO�P3DUD�UHGXFLU�DO�PttQLPR�HO�FKLVSHR�GH�ODV�HVFRELOODV��OD�QLPR�HO�FKLVSHR�GH�ODV�HVFRELOODV��OD�PD\RU�SDUWH�GH�ORV�PRWRUHV�GH�F�F��FXHQWDQ�FRQ�SHTXHPD\RU�SDUWH�GH�ORV�PRWRUHV�GH�F�F��FXHQWDQ�FRQ�SHTXHxxRVRVSRORV�VLWXDGRV�D�OD�PLWDG�HQWUH�ORV�SRORV�SULQFLSDOHV��TXH�SRORV�VLWXDGRV�D�OD�PLWDG�HQWUH�ORV�SRORV�SULQFLSDOHV��TXH�
UHFLEHQ�HO�QRPEUH�GH�UHFLEHQ�HO�QRPEUH�GH�LQWHUSRORVLQWHUSRORV� SRORV�DX[LOLDUHV�R�GH�� SRORV�DX[LOLDUHV�R�GH�FRQPXWDFLFRQPXWDFLyyQ�Q�

%2%,1$'26�'(�&21087$&,21%2%,1$'26�'(�&21087$&,21

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



&$5$&7(5,67,&$6�'(�/26�,17(532/26&$5$&7(5,67,&$6�'(�/26�,17(532/26
�� 3DUD�WHQHU�XQ�IXQFLRQDPLHQWR�DGHFXDGR��ORV�3DUD�WHQHU�XQ�IXQFLRQDPLHQWR�DGHFXDGR��ORV�LQWHUSRORVLQWHUSRORVGHEHQ�WHQHU�OD�SRODULGDG�FRUUHFWD�GHEHQ�WHQHU�OD�SRODULGDG�FRUUHFWD�
�� /RV�/RV�LQWHUSRORVLQWHUSRORV VH LQWHUFDODQ�HQ�OD�SDUWH�PHGLD�GH�ORV�SRORV�VH LQWHUFDODQ�HQ�OD�SDUWH�PHGLD�GH�ORV�SRORV�LQGXFWRUHV��SULQFLSDOHV��LQGXFWRUHV��SULQFLSDOHV��yy GH FDPSR��GH FDPSR��
�� (VWRV�SRORV�DX[LOLDUHV�VH�H[FLWDQ�FRQ�FRUULHQWH�LJXDO�D�OD�(VWRV�SRORV�DX[LOLDUHV�VH�H[FLWDQ�FRQ�FRUULHQWH�LJXDO�D�OD�FRUULHQWH�GH�FDUJD���FRUULHQWH�GH�FDUJD���yy FRUULHQWH�GH�DUPDGXUD��FRUULHQWH�GH�DUPDGXUD��
�� (VWRV�SRORV�SHUPLWHQ�FRQVHUYDU�D(VWRV�SRORV�SHUPLWHQ�FRQVHUYDU�D~~Q HQ�FRQGLFLRQHV�GH�Q HQ�FRQGLFLRQHV�GH�FDUJD��HO�SODQR�JHRPFDUJD��HO�SODQR�JHRPppWULFR�HQ�VX�SRVLFLWULFR�HQ�VX�SRVLFLyyQ QDWXUDO�Q QDWXUDO�
�� 3UHVHQWDQ�GHVYHQWDMDV�HQ�FXDQWR�DO�PDQWHQLPLHQWR�GH�3UHVHQWDQ�GHVYHQWDMDV�HQ�FXDQWR�DO�PDQWHQLPLHQWR�GH�DOJXQDV�GH�VXV�SLH]DV��HVFRELOODV�\�FROHFWRUHV��HQ�DOJXQDV�GH�VXV�SLH]DV��HVFRELOODV�\�FROHFWRUHV��HQ�PPiiTXLQDV�GH�JUDQ�SRUWH��OTXLQDV�GH�JUDQ�SRUWH��OttPLWDQGR�OD�YHORFLGDG�GH�URWDFLPLWDQGR�OD�YHORFLGDG�GH�URWDFLyyQQPPii[LPD�[LPD�
�� /D�IPP�GH�ORV�SRORV�GH�FRQPXWDFL/D IPP�GH�ORV�SRORV�GH�FRQPXWDFLyyQ HV�VLHPSUH�Q HV�VLHPSUH�
SURSRUFLRQDO�D�OD�FRUULHQWH�GH�DUPDGXUD�SURSRUFLRQDO�D�OD�FRUULHQWH�GH�DUPDGXUD�

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



&$5$&7(5,67,&$6�'(/�&,5&8,72�'(�&21087$&,21&$5$&7(5,67,&$6�'(/�&,5&8,72�'(�&21087$&,21

N

U

CLEO ó
ZAPATA POLAR

P

A

PELES 
AISLANTES

1

.

- Presenta una resistencia baja.
2.- En su construcción se utiliza alambres esmalta-
. dos de gran sección ( se usa platinas ).
3.- Al ser conectado produce un pequeño arco.
4.- Soporta la corriente de armadura.  
5.- Se halla ubicado entre los circuitos de campo.

MODELO FISICO

�%���������� 9E �%�

La ecuación eléctrica del circuito es :

9E��� ������5E������/E���S����LE��
Siendo  p =  d / dt  

�%�����������������������������%�

ALAMBRE ESMALTADO  
DEL CIRCUITO DE  
CONMUTACION ó

INTERPOLOS

Rb                Lb

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



,19(56,21�'(�6(17,'2,19(56,21�'(�6(17,'2
/DV�ERELQDV�GH�/DV�ERELQDV�GH�LQWHUSRORVLQWHUSRORV VH�FRQHFWDQ�VLHPSUH�HQ�VHULH�FRQ�HO�GHYDQDGR�VH�FRQHFWDQ�VLHPSUH�HQ�VHULH�FRQ�HO�GHYDQDGR�GH�DUPDGXUD�\�VH�FRQVLGHUDQ�SDUWH�GH�VX�FLUFXLWR��3RU�FRQVLJXLHQGH�DUPDGXUD�\�VH�FRQVLGHUDQ�SDUWH�GH�VX�FLUFXLWR��3RU�FRQVLJXLHQWH��WH��FXDQGR�VH�FDPELD�HO�VHQWLGR�GH�OD�FRUULHQWH�GH�LQGXFLGR�VH�LQYLHFXDQGR�VH�FDPELD�HO�VHQWLGR�GH�OD�FRUULHQWH�GH�LQGXFLGR�VH�LQYLHUWH�UWH�WDPELWDPELppQ OD�SRODULGDG�GH�ORV�Q OD�SRODULGDG�GH�ORV�LQWHUSRORVLQWHUSRORV��
7DO�GLVSRVLFL7DO�GLVSRVLFLyyQ FRQVHUYD�DXWRPQ FRQVHUYD�DXWRPiiWLFDPHQWH�OD�UHODFLWLFDPHQWH�OD�UHODFLyyQ DSURSLDGD�HQWUH�Q DSURSLDGD�HQWUH�ORV�SRORV�GH�LQGXFLGR�\�ORV�GH�FRQPXWDFLORV�SRORV�GH�LQGXFLGR�\�ORV�GH�FRQPXWDFLyyQ FXDQGR�VH�LQYLHUWH�HO�VHQWLGR�Q FXDQGR�VH�LQYLHUWH�HO�VHQWLGR�GH�OD�FRUULHQWH�GH�LQGXFLGR�GH�OD�FRUULHQWH�GH�LQGXFLGR�

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(

.

.

//



180(52�'(�,17(532/26180(52�'(�,17(532/26
/DV PDTXLQDV�GH�&&�SXHGHQ�WHQHU�WDQWRV�SRORV�DX[LOLDUHV�LJXDO�/DV PDTXLQDV�GH�&&�SXHGHQ�WHQHU�WDQWRV�SRORV�DX[LOLDUHV�LJXDO�
D ORV�SULQFLSDOHV��R�ELHQ�OD�PLWDG�GHO�QXPHUR�GH�HVWRV�D ORV�SULQFLSDOHV��R�ELHQ�OD�PLWDG�GHO�QXPHUR�GH�HVWRV�
&RPR�OD�ERELQD�GH�XQ�LQWHUSROR�VLHPSUH�HVWD�HQ�VHULH�FRQ�HO�&RPR�OD�ERELQD�GH�XQ�LQWHUSROR�VLHPSUH�HVWD�HQ�VHULH�FRQ�HO�
LQGXFLGR��OD�LQWHQVLGDG�PDJQLQGXFLGR��OD�LQWHQVLGDG�PDJQppWLFD GHO�LQWHUSROR�YDULDUWLFD GHO�LQWHUSROR�YDULDUii FRQ OD�FRQ�OD�LQWHQVLGDG�GH�OD�FRUULHQWH�GH�LQGXFLGR�LQWHQVLGDG�GH�OD�FRUULHQWH�GH�LQGXFLGR�

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(





&21087$&,21�(1�81�*(1(5$'25�'(�&�&�&21087$&,21�(1�81�*(1(5$'25�'(�&�&�

�� 'HILQLU�HO�VHQWLGR�GH�JLUR�GHO�'HILQLU�HO�VHQWLGR�GH�JLUR�GHO�JHQHUDGRU�JHQHUDGRU�
�� (O�FLUFXLWR�GH�FRQPXWDFL(O FLUFXLWR�GH�FRQPXWDFLyyQQGHEHUGHEHUii HVWDU�FRQHFWDGR�HQ�HVWDU�FRQHFWDGR�HQ�VHULH�FRQ�HO�FLUFXLWR�GH�VHULH�FRQ�HO�FLUFXLWR�GH�DUPDGXUD�DUPDGXUD�
�� (O�FLUFXLWR�GH�FRQPXWDFL(O�FLUFXLWR�GH�FRQPXWDFLyyQQGHEH�WHQHU�OD�SRODULGDG�GHEH�WHQHU�OD�SRODULGDG�FRQWUDULD�D�ORV�SRORV�GHO�FRQWUDULD�D�ORV�SRORV�GHO�LQGXFWRU�LQPHGLDWR�LQGXFWRU�LQPHGLDWR�DQWHULRU�DQWHULRU�

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(

(Q�OD�LPSOHPHQWDFLyQ�GHO�FLUFXLWR�GH�FRQPXWDFLyQ�HQ�XQ�JHQHUDGRU�GH�F�F��VH�UHFRPLHQGD�SURFHGHU�FRPR�VLJXH�



%2%,1$'26�'(�&203(16$&,21%2%,1$'26�'(�&203(16$&,21
$$~~Q FXDQGR�VRQ�QRWDEOHV�ODV�YHQWDMDV�TXH�VH�WLHQHQ�FRQ�OD�Q FXDQGR�VRQ�QRWDEOHV�ODV�YHQWDMDV�TXH�VH�WLHQHQ�FRQ�OD�DGRSFLDGRSFLyyQ GH�ORV�SRORV�DX[LOLDUHV�SDUD�PHMRUDU�OD�FRQPXWDFLQ GH�ORV�SRORV�DX[LOLDUHV�SDUD�PHMRUDU�OD�FRQPXWDFLyyQ�Q��QR HV�SRVLEOH�HOLPLQDU�WRWDOPHQWH�ORV�HIHFWRV�GH�OD�GLVWRUVLQR HV�SRVLEOH�HOLPLQDU�WRWDOPHQWH�ORV�HIHFWRV�GH�OD�GLVWRUVLyyQ�Q�SURGXFLGR�SRU�OD�UHDFFLSURGXFLGR�SRU�OD�UHDFFLyyQ GH�OD�DUPDGXUD�VREUH�OD�)00�Q GH�OD�DUPDGXUD�VREUH�OD�)00�SURGXFLGRV�SRU�HO�FDPSR�SULQFLSDO��SURGXFLGRV�SRU�HO�FDPSR�SULQFLSDO��
(O IHQ(O IHQyyPHQR�VH�PDQLILHVWD�HQ�IRUPD�PPHQR�VH�PDQLILHVWD�HQ�IRUPD�PiiV QRWRULD�HQ�ODV�V QRWRULD�HQ�ODV�PPiiTXLQDV�GH�JUDQ�SRWHQFLD�R�DTXHOODV�TXH�HVWTXLQDV�GH�JUDQ�SRWHQFLD�R�DTXHOODV�TXH�HVWiiQ VXMHWDV�D�Q VXMHWDV�D�
FRQGLFLRQHV�GH�RSHUDFLFRQGLFLRQHV�GH�RSHUDFLyyQ HVSHFLDOHV�Q HVSHFLDOHV�
(Q HVWRV�FDVRV�D�ODV�P(Q HVWRV�FDVRV�D�ODV�PiiTXLQDV�VH�OHV�LQVWDODQ�ORV�OODPDGRV�TXLQDV�VH�OHV�LQVWDODQ�ORV�OODPDGRV�
%RELQDGRV�FRPSHQVDGRUHV�%RELQDGRV�FRPSHQVDGRUHV�

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



&$5$&7(5,67,&$6�'(�/26�%2%,1$'26�'(�&203(16$&,21&$5$&7(5,67,&$6�'(�/26�%2%,1$'26�'(�&203(16$&,21
�� /D�IPP�FUX]DGD�FUHDGD�SRU�VREUHFDUJDV�H[WUHPDV�R�/D�IPP�FUX]DGD�FUHDGD�SRU�VREUHFDUJDV�H[WUHPDV�R�FDPELRV�GH�FDUJD�UHSHQWLQRV�TXH�HOHYDQ�HO�YROWDMH�HQWUH�FDPELRV�GH�FDUJD�UHSHQWLQRV�TXH�HOHYDQ�HO�YROWDMH�HQWUH�
ORV�VHJPHQWRV�GHO�FRQPXWDGRU�DG\DFHQWH�VH�QHXWUDOL]D�ORV�VHJPHQWRV�GHO�FRQPXWDGRU�DG\DFHQWH�VH�QHXWUDOL]D�
PHGLDQWH�XQ�HPERELQDGR�FRPSHQVDGRU�FRORFDGR�HQ�ODV�PHGLDQWH�XQ�HPERELQDGR�FRPSHQVDGRU�FRORFDGR�HQ�ODV�FDUDV�GH�ORV�SRORV�GH�FDPSR�SULQFLSDOHV�FDUDV�GH�ORV�SRORV�GH�FDPSR�SULQFLSDOHV�

�� /D�FRQH[L/D�FRQH[LyyQ GHO�ERELQDGR�GH�FRPSHQVDFLQ GHO�ERELQDGR�GH�FRPSHQVDFLyyQ VH�GHEH�KDFHU�Q VH�GHEH�KDFHU�GH PDQHUD�TXH�HO�VHQWLGR�GH�OD�FRUULHQWH�TXH�FLUFXOD�SRU�GH PDQHUD�TXH�HO�VHQWLGR�GH�OD�FRUULHQWH�TXH�FLUFXOD�SRU�
HOORV�VHD�RSXHVWR�DO�GH�OD�FRUULHQWH�HQ�ORV�FRQGXFWRUHV�GHO�HOORV�VHD�RSXHVWR�DO�GH�OD�FRUULHQWH�HQ�ORV�FRQGXFWRUHV�GHO�LQGXFLGR�LQGXFLGR�

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



&$5$&7(5,67,&$6�'(/�&,5&8,72�'(�&203(16$&,21

NUCLEO ó
ZAPATA POLAR

ALAMBRE ESMALTADO  
CIRCUITO DE CAMPO

PAPELES 
AISLANTES

1.- Presenta una resistencia baja.
2.- En su construcción se utiliza alambres esmalta-
. dos de gran sección ( se usa platinas ).
3.- Al ser conectado produce un pequeño arco.
4.- Soporta la corriente de armadura.
5.- Comparte la misma zapata con el campo.MODELO FISICO

'���������� 9G '�

La ecuación eléctrica del circuito es :

9G��� ������5G������/G���S����LG��
Siendo  p =  d / dt  

'�������������������������������'�

ALAMBRE ESMALTADO  
CIRCUITO COMPENSACION

Rd                Ld

0$48,1$6�'(�&255,(17(�&217,18$���������������������������������� +8%(5�085,//2�0$15,48(



/DV�PDTXLQD�GH�F�F��GH�SRORV�/DV�PDTXLQD�GH�F�F��GH�SRORV�FRQ ODV�ERELQDV�FRPSHQVDFRQ ODV�ERELQDV�FRPSHQVD��GRUDV PHMRUDQ�FRQVLGHUDEOHGRUDV�PHMRUDQ�FRQVLGHUDEOH��PHQWH�HO�IXQFLRQDPLQHWR�GH�PHQWH�HO�IXQFLRQDPLQHWR�GH�OD POD PiiTXLQD�TXLQD�
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3RU�OR�WDQWR���UHGXFLHQGR�OD�RQGD�GH�OD�GHQVLGDG�GH�IOXMR�GH�OD�DUPDGXUD�%$ D OD�UHVXOWDQWH�%5�FRPR VH�PXHVWUD�HQ�OD�ILJXUD�

(O HPERELQDGR�FRPSHQVDGRU�HVWi FRQHFWDGR�HQ�VHULH�FRQ�OD�DUPDGXUD�\�HO�Q~PHUR�HQ�HO�VRQ WDQWRV�FRPR�SDUD�KDFHU�VX IPP�LJXDO�D�OD�GH�ORV�FRQGXFWRUHV�GH�OD�DUPDGXUD�EDMR�FDGD�FDUD�GH�SROR��



)81&,21(6�'(/�%2%,1$'2�'(�&203(16$&,21)81&,21(6�'(/�%2%,1$'2�'(�&203(16$&,21
�� 0HMRUDU�HO�SURFHVR�GH�FRQPXWDFL0HMRUDU�HO�SURFHVR�GH�FRQPXWDFLyyQ GHELGR�DO�Q GHELGR�DO�³³FKLVSRUURWHRFKLVSRUURWHR´́SRU HIHFWR�GH�OD�UHDFFLSRU HIHFWR�GH�OD�UHDFFLyyQ GH�OD�DUPDGXUD�Q GH�OD�DUPDGXUD�
�� (OLPLQDU�SRU�FRPSOHWR�OD�UHDFFL(OLPLQDU�SRU�FRPSOHWR�OD�UHDFFLyyQ GH�OD�DUPDGXUD�Q GH�OD�DUPDGXUD�
�� $ SDUWLU�GH�ODV�FDUDFWHU$ SDUWLU�GH�ODV�FDUDFWHUttVWLFDV�GHO�ERELQDGR�GH�VWLFDV�GHO�ERELQDGR�GH�FRPSHQVDFLFRPSHQVDFLyyQ HQ�XQD�PDTXLQD�&&�VH�ORJUD��Q HQ�XQD�PDTXLQD�&&�VH�ORJUD��

�� 8QD�YHORFLGDG�DMXVWDEOH�GHO�PRWRU�HQ�UDQJRV�DPSOLRV�8QD�YHORFLGDG�DMXVWDEOH�GHO�PRWRU�HQ�UDQJRV�DPSOLRV�
�� 8QD�SRWHQFLD�PHF8QD�SRWHQFLD�PHFiiQLFD FRQVWDQWH�QLFD FRQVWDQWH�
�� 8QD�U8QD�UiiSLGD�DFHOHUDFLSLGD�DFHOHUDFLyyQ \�GHVDFHOHUDFLQ \�GHVDFHOHUDFLyyQ�Q�
�� 5HVSXHVWD�D�XQD�VH5HVSXHVWD�D�XQD�VHxxDO GH�UHWURDOLPHQWDFLDO GH�UHWURDOLPHQWDFLyyQ�Q�

/DV�IXQFLRQHV�GHO�FLUFXLWR�GH�FRQPXWDFL/DV�IXQFLRQHV�GHO�FLUFXLWR�GH�FRQPXWDFLyyQ WLHQH�VRQ�PX\�Q WLHQH�VRQ�PX\�VLPLODUHV�D�OR�PHQFLRQDGR�DQWHULRUPHQWH�VLPLODUHV�D�OR�PHQFLRQDGR�DQWHULRUPHQWH�
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)LJ�: Devanado de estator de 4 polos de una 
máquina de corriente continua.

0iTXLQD�GH�FRUULHQWH�FRQWLQXD�GH���SRORV�
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&LUFXLWR�HTXLYDOHQWH GHO�GHYDQDGR�GH�FDPSR�



'HYDQDGR�GH�URWRU�GH�YDULDV�GHOJDV�\�YDULRV�SDUHV�GH�SRORV�
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'(9$1$'2�'(�52725�&21�&21087$'25����32/26��
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'HYDQDGR�GH�FDPSR��HVWDWRU��GH�XQD�PiTXLQD�GH�FRUULHQWH�FRQWLQXD�GH���SRORV�
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0iTXLQD�GH�FRUULHQWH�FRQWLQXD�HOHPHQWDO��FRQ�XQD�ERELQD�HQ�HO�URWRU�\�DQLOORV�GHVOL]DQWHV��
D� 'LVSRVLFLyQ GH�OD�ERELQD�E� &DPSR�F��WHQVLyQ�LQGXFLGD�a)

b)

c)
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Las pérdidas en el conmutador se deben a la fricción y 
contacto en las escobillas.

El mantenimiento del conmutador consiste en mantener la 
excentricidad (redondez) o descentrado, evitar que las 
delgas y segmentos sobresalgan. Evitar que el 
aislamiento sobresalga y no se pique ni tenga corrosión.

Para la limpieza del conmutador se utiliza un pedazo de 
lona seca u otra tela dura y resistente.

&21&/86,21(6&21&/86,21(6
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Las chispas eléctricas que se producen entre las delgas del 
colector reducen la vida del colector

El colector cumple la funcion de “rectificar” la corriente alterna 
en corriente continua pulsante.

Para que el colector tenga una vida util eficiente se debe de 
evitar la acumulación de polvo, aceite, partículas de carbón y 
humedad.

El grado y presión en las escobillas no deberá ser ni débil 
(causas de chispas eléctricas que queman el anillo del 
colector)  ni  muy fuerte ( pues desgastará, rayará y 
sobrecalentará los anillos).

Entre delga y delga se instala un material de buen aislamiento 
eléctrico y térmico como es la mica.

&21&/86,21(6&21&/86,21(6

&2/(&725(6�(1�0$48,1$6�'(�&255,(17(�&217,18$ +8%(5��085,//2�0$15,48(



�� 3RGHPRV�FRQFOXLU��TXH�HV�LPSRVLEOH�FRQFHELU�XQD�3RGHPRV�FRQFOXLU��TXH�HV�LPSRVLEOH�FRQFHELU�XQD�
PDTXLQD�HOPDTXLQD�HOppFWULFD�GH�&�&��VLQ�XQ�FWULFD�GH�&�&��VLQ�XQ�FROHFWRUFROHFWRU �FRQPXWDGRU��R��FRQPXWDGRU��R�
LQYHUVRU�LQYHUVRU�

�� (V�LPSRUWDQWH�XQ�EXHQ�PDQWHQLPLHQWR�GH�ORV�FROHFWRUHV�(V�LPSRUWDQWH�XQ�EXHQ�PDQWHQLPLHQWR�GH�ORV�FROHFWRUHV�
SRU�VHU�XQD�SDUWH�IXQGDPHQWDO�HQ�HO�IXQFLRQDPLHQWR�GH�SRU�VHU�XQD�SDUWH�IXQGDPHQWDO�HQ�HO�IXQFLRQDPLHQWR�GH�
XQD�PXQD�PiiTXLQD�GH�&�&�TXLQD�GH�&�&�

�� 6L�ELHQ�HV�FLHUWR�TXH�HO�FROHFWRU�QRV�SURSRUFLRQD�OD�6L�ELHQ�HV�FLHUWR�TXH�HO�FROHFWRU�QRV�SURSRUFLRQD�OD�
LQYHUVLLQYHUVLyyQ GH�&�$��(Q�&�&��7DPELQ GH�&�$��(Q�&�&��7DPELppQ GHEHPRV�HQIUHQWDU�Q GHEHPRV�HQIUHQWDU�
SUREOHPDV�DVRFLDGRV�FRQ�HVWH�FRPSRQHQWH��WHQLHQGR�DVSUREOHPDV�DVRFLDGRV�FRQ�HVWH�FRPSRQHQWH��WHQLHQGR�DVttTXH�HQ�ODV�PTXH�HQ�ODV�PiiTXLQDV�UHDOHV�HO�SURFHVR�GH�FRQPXWDFLTXLQDV�UHDOHV�HO�SURFHVR�GH�FRQPXWDFLyyQQWHQJD�GRV�HIHFWRV�SULQFLSDOHV�FRPR�VRQ�OD�UHDFFLWHQJD�GRV�HIHFWRV�SULQFLSDOHV�FRPR�VRQ�OD�UHDFFLyyQ GHOQ GHO

&21&/86,21(6&21&/86,21(6
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�� ,QGXFLGR�\�ORV�YROWDMHV�DXWRLQGXFLGRV��JROSH�LQGXFWLYR���HO�,QGXFLGR�\�ORV�YROWDMHV�DXWRLQGXFLGRV��JROSH�LQGXFWLYR���HO�
FXDO�RFXUUH�FXDQGR�VH�GHVSOD]D�HO�HMH�QHXWUR�\�GHQWUR�GH�FXDO�RFXUUH�FXDQGR�VH�GHVSOD]D�HO�HMH�QHXWUR�\�GHQWUR�GH�
HVWDRV� SUREOHPDV� WDPELHVWDRV� SUREOHPDV� WDPELppQ WHQHPRV� SDUD� DPEDV� XQD�Q WHQHPRV� SDUD� DPEDV� XQD�
VROXFLVROXFLyyQ UHODWLYD� FRPR� VRQ� HO� GHVSOD]DPLHQWR� GH� ODV�Q UHODWLYD� FRPR� VRQ� HO� GHVSOD]DPLHQWR� GH� ODV�
HVFRELOODV�� ORV� SRORV� GH� FRQPXWDFLHVFRELOODV�� ORV� SRORV� GH� FRQPXWDFLyyQ \� ODV� ERELQDV� GH�Q \� ODV� ERELQDV� GH�
FRPSHQVDFLFRPSHQVDFLyyQ�Q�

�� (O� FROHFWRU� HV� OD� SDUWH� P(O� FROHFWRU� HV� OD� SDUWH� PiiV FUV FUttWLFD� \� IXQGDPHQWDO� HQ� HO�WLFD� \� IXQGDPHQWDO� HQ� HO�
GLVHGLVHxxR GH�PR GH�PiiTXLQDV�HOTXLQDV�HOppFWULFDV�GH�&�&�FWULFDV�GH�&�&�

�� (Q� XQ� JHQHUDGRU� OD� FRQPXWDFL(Q� XQ� JHQHUDGRU� OD� FRQPXWDFLyyQ KDFH� TXH� OD� PQ KDFH� TXH� OD� PiiTXLQD�TXLQD�
FDPELH�GH�SRODULGDG�PLHQWUDV�TXH�HQ�HO�PRWRU�KDFH�TXH�FDPELH�GH�SRODULGDG�PLHQWUDV�TXH�HQ�HO�PRWRU�KDFH�TXH�
FDPELH�HO�VHQWLGR�GH�JLUR�FDPELH�HO�VHQWLGR�GH�JLUR�
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%,%/,2*5$),$%,%/,2*5$),$
�� &8562�'(�0$48,1$6�'(�&255,(17(�&217,18$&8562�'(�0$48,1$6�'(�&255,(17(�&217,18$
*LOEHUWR�(QULTXH]�+DUSHU*LOEHUWR�(QULTXH]�+DUSHU
(GLWRULDO�/LPXVD��UD�(GLFL(GLWRULDO�/LPXVD��UD�(GLFLyyQ �����0(;��Q �����0(;��

�� &8562�%$6,&2�'(�(/(&75,&,'$'&8562�%$6,&2�'(�(/(&75,&,'$'
9DQ�9DONHQEXUJK��1RRJHU�DQG�1HYLOOH�,1&�9DQ�9DONHQEXUJK��1RRJHU�DQG�1HYLOOH�,1&�
(GLWRULDO�%HOO��WD�(GLFL(GLWRULDO�%HOO��WD�(GLFLyyQ 9RO���������1(:�<25.Q 9RO���������1(:�<25.

�� 0$48,1$6�'(�&255,(17(�&217,18$0$48,1$6�'(�&255,(17(�&217,18$
&ROHFFL&ROHFFLyyQ &($&���UD�(GLFLQ &($&���UD�(GLFLyyQ �����(63$Q �����(63$ff$$
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