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���7ULJRQRPHWUtD

/D�SDODEUD�WULJRQRPHWUtD�HV�GH�RULJHQ�JULHJR��WUtJRQR �WULiQJXOR�\�PHWURQ �PHGLGD��DVt�WULJRQRPHWUtD�HV�OD
PHGLGD�GH�ORV�WULiQJXORV�
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7HRUHPD�GH�3LWiJRUDV

/D�UHODFLyQ�PiV� LPSRUWDQWH�SDUD�SRGHU�UHVROYHU�XQ�WULiQJXOR�HV�HO� WHRUHPD�GH�3LWiJRUDV��HQ�XQ�WULiQJXOR
UHFWiQJXOR��GH�FDWHWRV�E�\�F��\�GH�KLSRWHQXVD�D��VH�FXPSOH�TXH
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3DUD� HVWXGLDU� ODV� UD]RQHV� WULJRQRPpWULFDV� YDPRV� D� XWLOL]DU� ORV� FRQFHSWRV� �FDWHWR� RSXHVWR�� \� �FDWHWR
DG\DFHQWH���R��FDWHWR�FRQWLJXR���9DPRV�D�YHU�FXDO�HV�FDGD�XQR�GH�HOORV�

&RPR�VDEHPRV��HQ�XQ�WULiQJXOR�UHFWiQJXOR�KD\�WUHV�iQJXORV��XQ�iQJXOR�GH�����TXH�HV�HO�TXH�IRUPDQ�ORV
GRV� FDWHWRV� \� GRV� iQJXORV� DJXGRV� �PHQRUHV� GH� ������ IRUPDGRV� FDGD� XQR� GH� HOORV� SRU� XQ� FDWHWR� \� OD
KLSRWHQXVD�

(O�FDWHWR�RSXHVWR�D�XQ�iQJXOR�DJXGR��HV�HO�TXH�HVWi�MXVWR�IUHQWH�D�GLFKR�iQJXOR��\�HO�FDWHWR�FRQWLJXR�D�XQ
iQJXOR�DJXGR�HV�HO�TXH�IRUPD�SDUWH�GHO�iQJXOR��9DPRV�D�YHUOR�FRQ�HO�VLJXLHQWH�HMHPSOR�
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9DPRV� D� DSOLFDU� HO� FiOFXOR� GH� GLVWDQFLDV� XVDQGR� OD� WULDQJXODFLyQ�� 4XHUHPRV� FRQRFHU� OD
GLVWDQFLD�D�OD�TXH�VH�HQFXHQWUD�HO�EDUFR�GH�OD�LPDJHQ��VDELHQGR�TXH�OD�GLVWDQFLD�TXH�VHSDUD
ORV�SXQWRV�GH�REVHUYDFLyQ�O� ������PHWURV��/RV�iQJXORV�GH�REVHUYDFLyQ�VRQ�Į� �����\�ǃ� 
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,PDJHQ�GH�5��/DFKDXPH�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

https://commons.wikimedia.org/wiki/File:Distance_by_triangulation.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en


9DPRV�D�FDOFXODU�OD�DOWXUD�GH�XQD�WRUUH�VDELHQGR�OD�GLVWDQFLD�TXH�OD�VHSDUD�GHO�REVHUYDGRU�\
HO�iQJXOR�GH�REVHUYDFLyQ��(Q�HVWH�FDVR�G� �����P�\�Į ����



0RVWUDU�UHWURDOLPHQWDFLyQ

&DSWXUD�GH�SDQWDOOD�GH��FRQ���FRP��/LFHQFLD�&&

2EMHWLYRV

http://3con14.com/trigonometr%C3%ADa/73-02-resoluci%C3%B3n-de-tri%C3%A1ngulos/77-a-%C2%B7-trigonometr%C3%ADa-aplicaciones-gu%C3%ADa.html
https://creativecommons.org/licenses/by-nc/4.0/




���7HOHFRPXQLFDFLRQHV

/DV�WHOHFRPXQLFDFLRQHV� VRQ� ODV�FRPXQLFDFLRQHV� UHDOL]DGDV�D�GLVWDQFLD��VLQ�HPSOHDU�FDEOHV��HV�GHFLU�� VH
UHDOL]D�XQD�FRPXQLFDFLyQ�LQDOiPEULFD�

(Q� ORV� VLVWHPDV� GH� FRPXQLFDFLyQ� LQDOiPEULFR�� OD� LQIRUPDFLyQ� TXH� TXHUHPRV� WUDQVPLWLU�� FRPR� VRQLGRV�
LPiJHQHV�\�GDWRV�HV�FRGLILFDGD�HQ�IRUPD�GH�RQGDV�HOHFWURPDJQpWLFDV�

/RV�HOHPHQWRV�GH�ODV�FRPXQLFDFLRQHV�LQDOiPEULFDV�VRQ�

,PDJHQ�GH�HODERUDFLyQ�SURSLD

7UDQVPLVRU��VH�HQFDUJD�GH�JHQHUDU��FRGLILFDU�\�DPSOLILFDU�OD�LQIRUPDFLyQ�TXH�VH�YD�D�WUDQVPLWLU�
$QWHQD�WUDQVPLVRUD��VX�IXQFLyQ�HV�WUDQVPLWLU�OD�VHxDO�\�SURSDJDUOD�
$QWHQD�UHFHSWRUD��HV�OD�HQFDUJDGD�GH�UHFRJHU�OD�VHxDO�\�HQYLDUOD�DO�UHFHSWRU�
5HFHSWRU��VX�IXQFLyQ�HV�UHFRQVWUXLU�OD�LQIRUPDFLyQ�WUDQVPLWLGD�

$�YHFHV�HV�QHFHVDULR�LQWHUFDODU�HVWDFLRQHV�WHUUHVWUHV�TXH�GLVWULEX\DQ�\�DPSOLILTXHQ�OD�VHxDO�SDUD�TXH�OOHJXH
HQ�EXHQDV�FRQGLFLRQHV�D�VX�GHVWLQR�

(VWRV� HOHPHQWRV� GH� FRPXQLFDFLyQ� HVWiQ� SUHVHQWHV� HQ� HOHPHQWRV� WDQ� FRWLGLDQRV� KR\� HQ� GtD� FRPR� ORV
WHOpIRQRV�PyYLOHV�\�ORV�*36��TXH�YDPRV�D�GHVDUUROODU�HQ�ORV�VLJXLHQWHV�DSDUWDGRV�



�����7HOHIRQtD�PyYLO

(O�WHOpIRQR�PyYLO�HV�XQ�GLVSRVLWLYR�LQDOiPEULFR�\�SRUWiWLO�TXH�SHUPLWH�OD�FRPXQLFDFLyQ�SRU�YR]��D�WUDYpV�GH
PHQVDMHV�GH�WH[WR�\�JHQHUDOPHQWH�FRQ�FRQH[LyQ�D�,QWHUQHW�
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8QD�UHG�GH�FRPXQLFDFLRQHV��R�UHG�GH�WHOHIRQtD�PyYLO��TXH�HVWi�FRPSXHVWD�GH�DQWHQDV�UHSDUWLGDV
SRU�OD�VXSHUILFLH�WHUUHVWUH�
/RV�WHUPLQDOHV��R�WHOpIRQRV�PyYLOHV��TXH�SHUPLWHQ�HO�DFFHVR�D�GLFKD�UHG�

7DQWR�ODV�DQWHQDV�FRPR�ORV�WHUPLQDOHV�VRQ�HPLVRUHV�UHFHSWRUHV�GH�RQGDV�HOHFWURPDJQpWLFDV�

/D�RSHUDGRUD�UHSDUWH�HO�iUHD�HQ�YDULRV�HVSDFLRV��OODPDGRV�FpOXODV��QRUPDOPHQWH�KH[DJRQDOHV���FRPR�HQ�XQ
MXHJR�GH�WDEOHUR��FUHDQGR�XQD� LQPHQVD�UHG�GH�KH[iJRQRV��'H�DKt�YLHQH�HO�QRPEUH�GH�FHOXODU�TXH�HQ� ORV
SDtVHV�KLVSDQRKDEODQWHV�OH�GDQ�DO�WHOpIRQR�PyYLO�

5HG�KH[DJRQDO
,PDJHQ�GH�)HUQDQGR�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

/D�IRUPD�KH[DJRQDO�HV� OD� IRUPD�JHRPpWULFD�TXH�SHUPLWH�RFXSDU�WRGR�HO�HVSDFLR��FRVD�TXH�QR�RFXUULUtD�VL
IXHUDQ�FLUFXQIHUHQFLDV�

(Q�FDGD�FpOXOD�KD\�XQD�HVWDFLyQ�EDVH�TXH�VHUi�XQD�DQWHQD�TXH�WLHQH�XQD�DPSOLWXG�SDUD�HPLWLU�\�UHFLELU�HQ
HVH�KH[iJRQR�GH�HVSDFLR��FpOXOD���

&DGD�FpOXOD�XWLOL]D�YDULDV�GHFHQDV�GH�FDQDOHV��8Q�FDQDO�HV�SRU�GRQGH�VH�SXHGH�HPLWLU�XQD�OODPDGD��HV�GHFLU
TXH�SRU�FDGD�FpOXOD�VH�SXHGHQ�HPLWLU�YDULDV�GHFHQDV�GH�OODPDGDV�GLIHUHQWHV�VLPXOWiQHDV��XQD�SRU�FDQDO��

&DGD�FDQDO�HPLWH�ODV�VHxDOHV��HV�GHFLU��ODV�RQGDV�HOHFWURPDJQpWLFDV��D�XQD�IUHFXHQFLD�GLIHUHQWH��OR�TXH�GD
OD�SRVLELOLGDG�GH�TXH�YDULDV�GHFHQDV�GH�SHUVRQDV�SXHGDQ�FRPXQLFDUVH�VLPXOWiQHDPHQWH�HQ�FDGD�FpOXOD�VLQ
LQWHUIHULUVH�XQDV�FRQ�RWUDV��XQD�OODPDGD�VH�HPLWH�SRU�XQ�FDQDO�GH�OD�FpOXOD�D�XQD�IUHFXHQFLD�FRQFUHWD��SRU
HVR�HV�~QLFD�

&XDQGR�XQD�SHUVRQD�VH�PXHYH�GH�XQD�FpOXOD�SDUD�RWUD��SDVD�D�XWLOL]DU�XQD�GH�ODV�IUHFXHQFLDV�GH�OD�QXHYD
FpOXOD��VH�XQH�D�XQ�FDQDO�GH�OD�QXHYD�FpOXOD���GHMDQGR�OLEUH�HO�FDQDO�GH�OD�FpOXOD�DQWHULRU�SDUD�VHU�XVDGD�SRU
RWUD�SHUVRQD�

$FWLYLGDG

https://upload.wikimedia.org/wikipedia/commons/4/48/Reutilizacion_frecuencia.svg
https://creativecommons.org/licenses/by-sa/2.5/es/deed.en


(O�IXQFLRQDPLHQWR�GH�OD�WHOHIRQtD�PyYLO�LPSOLFD�HO�XVR�GH�WHUPLQDOHV��ORV�WHOpIRQRV�PyYLOHV�
GHQWUR� GH� XQD� UHG� GH� DQWHQDV� �ODV� HVWDFLRQHV� EDVH�� TXH� VH� FRPXQLFDQ� HQWUH� Vt� SRU
PHGLDFLyQ�GH�XQD�FHQWUDO�GH�FRQPXWDFLyQ�

)XQFLRQDPLHQWR�GH�OD�UHG�GH�WHOHIRQtD�PyYLO
,PDJHQ�GH�HODERUDFLyQ�SURSLD

/D�FHQWUDO�GH�FRQPXWDFLyQ� HV� OD� TXH� SHUPLWH� OD� FRQH[LyQ� HQWUH� GRV� WHUPLQDOHV� FRQFUHWRV�� &XDQGR� XQ
WHOpIRQR�KDFH�XQD�OODPDGD��VH�FRQHFWD�FRQ�OD�FHQWUDO�GH�FRQPXWDFLyQ�GH�OD�HVWDFLyQ�EDVH�PiV�FHUFDQD�\�TXH
SHUWHQH]FD�D�OD�UHG�GHO�VX�RSHUDGRU�

/D� FHQWUDO� GH� FRQPXWDFLyQ� EXVFD� DO� GHVWLQDWDULR� GHVHDGR� �LGHQWLILFDGR� SRU� VX� Q~PHUR� GH� WHOpIRQR�PyYLO
UHFHSWRU���HQ�OD�UHG�GH�HVWDFLRQHV�EDVHV��KDVWD�HQFRQWUDU�GHQWUR�GH�OD�TXH�HVWi�HQ�HVH�PRPHQWR�\�FRQHFWD
ODV� GRV� HVWDFLRQHV� EDVHV� HPLWLHQGR� XQ� DYLVR� GH� OODPDGD� DO� WHOpIRQR� UHFHSWRU�� 6L� HO� UHFHSWRU� DFHSWD� OD
OODPDGD�ORV�SRQH�HQ�FRQWDFWR�SRU�XQ�FDQDO�

�9HUGDGHUR � �)DOVR

)DOVR

/DV� FpOXODV� WLHQHQ� JHRPHWUtD� KH[DJRQDO� SDUD� RFXSDU� WRGR� HO� HVSDFLR�� FRVD� TXH� QR
VXFHGHUtD�VL�IXHUDQ�FLUFXODUHV�

9HUGDGHUR )DOVR

/DV�FpOXODV�VRQ�ODV�iUHDV�FLUFXODUHV�TXH�HVWDEOHFHQ�ODV�RSHUDGRUDV�SDUD�VLWXDU�ODV�HVWDFLRQHV
EDVH�

&DGD�FpOXOD�FRQWLHQH�GHFHQDV�GH�FDQDOHV��FDGD�XQR�D�XQD�IUHFXHQFLD�GLIHUHQWH�

3UHJXQWD�9HUGDGHUR�)DOVR



�9HUGDGHUR � �)DOVR

9HUGDGHUR

(V� FLHUWR�� 'H� HVWD� IRUPD�� YDULDV� GHFHQDV� GH� SHUVRQDV� SXHGDQ� FRPXQLFDUVH
VLPXOWiQHDPHQWH�HQ�FDGD�FpOXOD�VLQ�LQWHUIHULUVH�XQDV�FRQ�RWUDV�

�9HUGDGHUR � �)DOVR

)DOVR

5HFLEH�HO�QRPEUH�GH�FHQWUDO�GH�FRQPXWDFLyQ�

/D�SDUWH�GH�OD�UHG�TXH�SHUPLWH�OD�FRQH[LyQ�HQWUH�GRV�WHUPLQDOHV�FRQFUHWRV�UHFLEH�HO�QRPEUH
GH�FHQWUDO�GH�FRPXQLFDFLyQ�



�����*36

/RV�VLVWHPDV�GH�SRVLFLRQDPLHQWR�JOREDO�R�*36��*OREDO�3RVLWLRQLQJ�6\VWHP��SHUPLWHQ�GHWHUPLQDU�OD�SRVLFLyQ
GH�REMHWRV��SHUVRQDV�R�YHKtFXORV�FRQ�XQD�SUHFLVLyQ�KDVWD�GH�FHQWtPHWURV�HQ�FXDOTXLHU�SDUWH�GHO�PXQGR�

/RV�HOHPHQWRV�GH�ORV�VLVWHPDV�GH�SRVLFLRQDPLHQWR�JOREDO�VRQ�

8Q�FRQMXQWR�GH�VDWpOLWHV�DUWLILFLDOHV��TXH�HVWiQ�RUELWDQGR�DOUHGHGRU�GH�OD�7LHUUD�

,PDJHQ�GH�(O�SDN�HQ�:LNLPHGLD�&RPPRQV��'RPLQLR�S~EOLFR

(VWDFLRQHV�WHUUHVWUHV��TXH�VXSHUYLVDQ�HO�IXQFLRQDPLHQWR�GHO�VLVWHPD�

5HFHSWRUHV�� FRQ�PDSDV� LQFRUSRUDGRV�� UHGHV�GH�FDUUHWHUDV�R�SODQRV�TXH�D\XGDQ�DO�XVXDULR�GHO
VLVWHPD�D�ORFDOL]DU�XQD�ORFDOL]DFLyQ�GHWHUPLQDGD�

5HFHSWRU�*36

,PDJHQ�GH�&ODVVGI�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

(O�*36� FRQVWD� GH� XQD� UHG� GH����VDWpOLWHV� HQ� yUELWD� D� ������� NP� FRQ� WUD\HFWRULDV� VLQFURQL]DGDV� \� TXH
FXEUHQ� WRGD� OD� VXSHUILFLH� WHUUHVWUH�� (VRV� VDWpOLWHV� VRQ� XWLOL]DGRV� FRPR� SXQWRV� GH� UHIHUHQFLD� SDUD� ODV
XELFDFLRQHV�HQ�OD�VXSHUILFLH�GH�OD�7LHUUD�

(O� IXQFLRQDPLHQWR�GHO�VLVWHPD�*36�VH�EDVD�HQ�HO�SULQFLSLR�PDWHPiWLFR�GH� OD� WULDQJXODFLyQ
SDUD�GDU�ODV�FRRUGHQDGDV��ORQJLWXG�\�ODWLWXG���OD�DOWXUD�\�HO�WLHPSR�HQ�ORV�TXH�VH�HQFXHQWUD
XQ�REMHWR�

$FWLYLGDG

https://upload.wikimedia.org/wikipedia/commons/9/9c/ConstellationGPS.gif
https://upload.wikimedia.org/wikipedia/commons/9/9c/ConstellationGPS.gif
https://upload.wikimedia.org/wikipedia/commons/5/54/Swissgadget760GS.jpg
https://creativecommons.org/licenses/by-sa/3.0/deed.en


)XQFLRQDPLHQWR�GHO�*36

(O� IXQFLRQDPLHQWR� GHO� VLVWHPD� *36� VH� EDVD� HQ� HO� SULQFLSLR� PDWHPiWLFR� GH� OD� WULDQJXODFLyQ�� FRPR� ORV
VLVWHPDV�DQWLJXRV�GH�QDYHJDFLyQ�

6XSRQJDPRV�TXH�TXHUHPRV�VDEHU�QXHVWUD�SRVLFLyQ�H[DFWD��3DUD�FDOFXODUOD� WHQGUHPRV�TXH�FRQRFHU�D�TXp
GLVWDQFLD� HVWDPRV� UHVSHFWR� D� WUHV� GH� HVRV� VDWpOLWHV� SDUD� DVt� �WULDQJXODU�� QXHVWUD� SRVLFLyQ� HQ� FXDOTXLHU
OXJDU�GH�OD�7LHUUD�

$� VX� YH]� OD� GLVWDQFLD� D� FDGD� VDWpOLWH� VH� GHWHUPLQDUi�PLGLHQGR� HO� WLHPSR� TXH� WDUGD� XQD� VHxDO� GH� UDGLR�
HPLWLGD�SRU�pO�PLVPR��HQ�DOFDQ]DU�QXHVWUR�UHFHSWRU�GH�*36��SXHV�FRQRFHPRV� OD�YHORFLGDG�GH� OD�VHxDO�� OD
YHORFLGDG�GH�OD�OX]�F� ��������NP�V�

(Q�OD�VLJXLHQWH�SUHVHQWDFLyQ�VH�H[SOLFD�FyPR�VH�UHDOL]D�OD�WULDQJXODFLyQ�

)XQFLRQDPLHQWR�GHO�*36
3UHVHQWDFLyQ�GH�HODERUDFLyQ�SURSLD�DORMDGD�HQ�*RRJOH�6OLGHV

¢&yPR� SRGHPRV� VDEHU� GRQGH� HVWiQ� H[DFWDPHQWH� ORV� VDWpOLWHV"� 7RGRV� HOORV� HVWiQ� D� XQRV� ������� NP� GH
DOWXUD�HQ�HO�HVSDFLR�

(VWD�DOWXUD�HV�XQ�JUDQ�EHQHILFLR�SDUD�HVWH�FDVR��SRUTXH�DOJR�TXH�HVWi�D�HVD�DOWXUD�HVWi�ELHQ�GHVSHMDGR�GH�OD
DWPyVIHUD�� (VR� VLJQLILFD� TXH� RUELWDUi� GH�PDQHUD� UHJXODU� \� SUHGHFLEOH�PHGLDQWH� HFXDFLRQHV�PDWHPiWLFDV
VHQFLOODV�

(Q�WLHUUD��WRGRV�ORV�UHFHSWRUHV�GH�*36�WLHQHQ�XQ�FDOHQGDULR�SURJUDPDGR�TXH�OHV�LQIRUPDQ�GRQGH�HVWi�FDGD
VDWpOLWH�HQ�HO�HVSDFLR��HQ�FDGD�PRPHQWR�

$GHPiV�ODV�yUELWDV�GH�ORV�VDWpOLWHV�VRQ�PX\�H[DFWDV��DXQTXH�FRQ�HO�ILQ�GH�PDQWHQHUODV�DVt��ORV�VDWpOLWHV�GH
*36�VRQ�PRQLWRUHDGRV�GH�PDQHUD�FRQVWDQWH�SRU�HO�'HSDUWDPHQWR�GH�'HIHQVD�GH�ORV�(VWDGRV�8QLGRV��TXH
XWLOL]DQ�UDGDUHV�PX\�SUHFLVRV�SDUD�FRQWURODU�FRQVWDQWHPHQWH�OD�H[DFWD�DOWXUD��SRVLFLyQ�\�YHORFLGDG�GH�FDGD
VDWpOLWH�

¢3RU�TXp�VH�QHFHVLWDQ�WUHV�VDWpOLWHV�SDUD�SRVLFLRQDU�XQ�REMHWR�HQ�ORV�VLVWHPDV�*36"

5HIOH[LyQ

https://docs.google.com/presentation/d/1a9zvHuY60kdZ4nur2_bZgSKsOIr7-ZQjomy4h5RAeDk/embed?start=false&amp;loop=false&amp;delayms=3000


0RVWUDU�UHWURDOLPHQWDFLyQ

&RQ�XQ�VROR�VDWpOLWH�QR�SRGHPRV�GHWHUPLQDU�OD�SRVLFLyQ��\D�TXH�H[LVWHQ�PXFKRV�SXQWRV
TXH�VH�HQFXHQWUDQ�D�OD�PLVPD�GLVWDQFLD�GH�pVWH�
6RQ�QHFHVDULRV�DO�PHQRV�WUHV�VDWpOLWHV�SDUD�GHWHUPLQDU�OD�SRVLFLyQ�GH�XQ�SXQWR�VREUH�OD
7LHUUD�FRQ�PiV�H[DFWLWXG�

,PDJHQ�GH�+�$UULEDV�HQ�:LNLPHGLD��&&

https://upload.wikimedia.org/wikipedia/commons/7/7e/Trilateraci%C3%B3n.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en


���,QWURGXFFLyQ�D�OD�UREyWLFD

(Q� OD� DFWLYLGDG� WHFQROyJLFD�� VH� KD� SURFXUDGR� VLHPSUH� EXVFDU� OD� HOLPLQDFLyQ� GH� OD� SRVLELOLGDG� GHO� IDOOR
KXPDQR�\�XQD�PHMRUD�GH�ODV�FRQGLFLRQHV�GH�WUDEDMR�GH�ORV�RSHUDULRV�

3RGHPRV� GLVWLQJXLU� WUHV� IDVHV� HQ� HVD� E~VTXHGD� GH� OD� RSWLPL]DFLyQ� GH� ODV� DFWLYLGDGHV� WHFQROyJLFDV�� OD
PHFDQL]DFLyQ��OD�DXWRPDWL]DFLyQ�\�OD�URERWL]DFLyQ�

3ULPHUD�IDVH��PHFDQL]DFLyQ

(O�RSHUDULR�SDVD�GH�KDFHU�XQ�WUDEDMR�PDQXDO�D�FRQWURODU�R�SURJUDPDU�XQD�PiTXLQD�TXH�UHDOL]D�HVH�WUDEDMR�
/DV�PiTXLQDV�QR�VyOR�UHGXFHQ�HO�WUDEDMR�PDQXDO�VLQR�HO�Q~PHUR�GH�RSHUDULRV�RFXSDGRV�HQ�HVD�WDUHD��
��
8Q� HMHPSOR� HV� HO� HPSOHR� GH� XQD� FLQWD� WUDQVSRUWDGRUD� SDUD� WUDVODGDU� REMHWRV� GH� XQ� OXJDU� D� RWUR�� (Q� OD
LPDJHQ�� WRPDGD� HQ� ������ HO� HPSOHDGR� VXSHUYLVD� ODV� SDWDWDV�� TXH� VRQ� OOHYDGDV� D� RWUR� SXQWR� SDUD� VX
HPEDODMH�

,PDJHQ�GH�)ORULGD�PHPRU\�HQ�)OLFNU��'RPLQLR�S~EOLFR

6HJXQGD�)DVH��DXWRPDWL]DFLyQ

(Q�HVWD�IDVH��OD�PiTXLQD�SXHGH�UHDOL]DU�XQ�WUDEDMR�VLQ�OD�QHFHVLGDG�GH�XQ�FRQWURO�SHUPDQHQWH�SRU�SDUWH�GHO
RSHUDULR� XQD� YH]� TXH� VH� KD� SXHVWR� HQ� PDUFKD�� (O� WUDEDMR� GH� pVWH� HV� VXSHUYLVDU� TXH� HO� SURFHVR� GH
DXWRPDWL]DFLyQ�VH�OOHYH�FRUUHFWDPHQWH��SXGLpQGR�KDFHUOR�HQ�XQD�VDOD�GH�FRQWURO�

6L�VHJXLPRV�FRQ�HO�HMHPSOR�GH�OD�FLQWD�WUDQVSRUWDGRUD��OD�DXWRPDWL]DFLyQ�VH�SURGXFH�FXDQGR�VH�LQFRUSRUDQ
HOHPHQWRV�D�OD�FLQWD�FDSDFHV�GH�UHDOL]DU�OD�GLVWULEXFLyQ�GH�ORV�REMHWRV�TXH�WUDQVSRUWD��SRU�WDPDxRV��FRORUHV�
HWF�����D�WUDYpV�GH�VHQVRUHV�R�HOHPHQWRV�PHFiQLFRV�

,PDJHQ�HQ�3L[DED\��'RPLQLR�S~EOLFR

7HUFHUD�IDVH��URERWL]DFLyQ

(Q�HVWD�~OWLPD�IDVH�VH�VXVWLWX\H��DGHPiV�GHO�WUDEDMR�PDQXDO�GHO�RSHUDULR��HO�GH�OD�WRPD�GH�GHFLVLRQHV��'H
HVWD�IDVH�VH�HQFDUJDQ�ORV�URERWV��TXH�VRQ�PiTXLQDV�TXH�UHFLEHQ�LQVWUXFFLRQHV�D�WUDYpV�GH�XQ�SURJUDPD�\�

https://www.flickr.com/photos/floridamemory/3311276095
https://www.flickr.com/commons/usage/
https://pixabay.com/es/log%C3%ADstica-acciones-de-transporte-852936/
https://creativecommons.org/publicdomain/zero/1.0/


VLQ�QHFHVLGDG�GH�VXSHUYLVLyQ�H[WHUQD��WRPDQ�GHFLVLRQHV�

3XHGHV�YHU�HO�VLJXLHQWH�YLGHR�GH�FyPR�VH�UHDOL]D�OD�GLVWULEXFLyQ�GH�ORV�SDTXHWHV�HQ�XQ�FHQWUR�ORJtVWLFR�GH�OD
HPSUHVD�$PD]RQ�

&HQWUR�ORJtVWLFR�GH�$PD]RQ
9tGHR�GH�&1(7�DORMDGR�HQ�<RXWXEH

)WXSW�WSR�PSW�VSFSXW�UYI�PSKVER�UYI�XY�TIHMH)WXSW�WSR�PSW�VSFSXW�UYI�PSKVER�UYI�XY�TIHMH��

https://www.youtube.com/watch?v=4D9k3tO4LDA
https://www.youtube.com/watch?v=4D9k3tO4LDA


�����&RPSRQHQWHV�GH�XQ�URERW

� (Q� HO� DSDUWDGR� DQWHULRU� KHPRV� YLVWR� TXH� OD�PiTXLQD� HV� FDSD]� GH� UHDOL]DU� XQ� WUDEDMR� GLULJLGR� SRU� XQ
RSHUDULR��HO�DXWyPDWD�HV�FDSD]�GH�UHDOL]DU�HO�WUDEDMR�VHQFLOOR�\�UHSHWLWLYR�VLQ�QHFHVLGDG�GH�VXSHUYLVLyQ�\�HO
URERW�HV�FDSD]�GH�GHFLGLU�TXp�WUDEDMR�WLHQH�TXH�KDFHU�

(Q�XQ�URERW�SRGHPRV�GLVWLQJXLU�ORV�VLJXLHQWHV�VLVWHPDV�

6LVWHPD� PHFiQLFR�� (VWi� IRUPDGR� SRU� ORV� FRPSRQHQWHV� TXH� KDFHQ� SRVLEOH� HO� PRYLPLHQWR� GHO� URERW�
(QFRQWUDPRV�ORV�VLJXLHQWHV�FRPSRQHQWHV�

/RV�PRWRUHV�R�DFWXDGRUHV��TXH�WUDQVIRUPDQ�OD�HQHUJtD�HOpFWULFD�HQ�PHFiQLFD�
/DV�DUWLFXODFLRQHV��TXH�XQHQ�GRV�SLH]DV�PyYLOHV�GHO�URERW�
/DV�SLH]DV�DX[LOLDUHV��FRPR�ORV�HQJUDQDMHV��SROHDV��WXERV�\�UXHGDV�
/D� HVWUXFWXUD� LQWHUQD� \� H[WHUQD� TXH� SXHGH� VHU� GH� GLIHUHQWHV� PDWHULDOHV�� FRPR� HO� SOiVWLFR� \
PHWDOHV�

%UD]R�UREyWLFR
,PDJHQ�GH�3DVLPL�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

6LVWHPD�HOpFWULFR�� DOPDFHQD� \� HQYtD� HQHUJtD� HOpFWULFD� D� WRGRV� ORV� FRPSRQHQWHV� TXH� OD� UHTXLHUDQ�� (VWi
IRUPDGR�SRU�EDWHUtDV�\�FDEOHDGR�HOpFWULFR�

6LVWHPD�GH�FRQWURO��FRQMXQWR�GH�FLUFXLWRV�HOHFWUyQLFRV�TXH�LQGLFDQ�D�FDGD�SDUWH�GHO�URERW�FyPR�\�FXDQGR
IXQFLRQDU��(O�FRPSRQHQWH�SULQFLSDO�HV�HO�SURFHVDGRU�R�XQLGDG�FHQWUDO�GH�SURFHVDPLHQWR��&38��

&38�GH�XQ�URERW�LQGXVWULDO
,PDJHQ�GH�F�J�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

3RGHPRV�SURJUDPDU�DO�URERW�SDUD�TXH�UHDOLFH�XQD�WDUHD�HVSHFtILFD��0HGLDQWH�XQ�GLVSRVLWLYR�GH�HQWUDGD�GH
GDWRV�� SRGHPRV� FRPXQLFDUQRV� FRQ� HO� SURFHVDGRU� \� pVWH� HQYLDUi� SRU� WRGR� HO� VLVWHPD�GH� FRQWURO� QXHVWUDV
LQVWUXFFLRQHV�

6LVWHPD� VHQVRULDO�� UHFLEH� LQIRUPDFLyQ� GHO� HQWRUQR� \� HTXLYDOH� D� ORV� VHQWLGRV� GHO� VHU� KXPDQR�� 6XV
FRPSRQHQWHV�VRQ�ORV�VHQVRUHV��'HSHQGLHQGR�GHO�WUDEDMR�TXH�UHDOLFH�HO�URERW��SRGHPRV�HQFRQWUDU�GLIHUHQWHV
WLSRV�GH�VHQVRUHV��/RV�PiV�FRPXQHV�VRQ�

6HQVRUHV�GH�VRQLGR��TXH�SHUPLWHQ�GHWHFWDU�DO�URERW�ODV�RQGDV�VRQRUDV�

https://upload.wikimedia.org/wikipedia/commons/1/14/RobotYawDrive.gif
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://upload.wikimedia.org/wikipedia/commons/d/d7/Knob_Grid_controller_-_rear_angle_with_cpu_board_-_Starting_to_complete_(2014-10-24_21.58.07_by_c-g.).jpg
https://creativecommons.org/licenses/by/2.0/deed.en


6HQVRUHV�GH�GLVWDQFLD��TXH�SHUPLWHQ�GHWHUPLQDU�OD�SUR[LPLGDG�R�OHMDQtD�GH�XQ�REMHWR�
6HQVRUHV�GH�FRQWDFWR��TXH�VH�DFWLYDQ�FXDQGR�XQ�REMHWR�ORV�WRFD�
6HQVRUHV�GH�OX]��FDSDFHV�GH�GHWHFWDU�XQ�DXPHQWR�R�GLVPLQXFLyQ�GH�OXPLQRVLGDG�R�LQFOXVR�FRORU�
6HQVRUHV�GH�WHPSHUDWXUD��TXH�UHFRJHQ�GDWRV�GH�WHPSHUDWXUD�DPELHQWH�R�GH�XQ�REMHWR�

6HQVRUHV�GH�XQ�URERW
,PDJHQ�GH�265)�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

8Q�URERW�HVWi�IRUPDGR�SRU�GLIHUHQWHV�VLVWHPDV��PHFiQLFR��HOpFWULFR��GH�FRQWURO�\�VHQVRULDO�

7RGRV�ORV�FRPSRQHQWHV�TXH�IRUPDQ�XQ�URERW�ORV�SXHGHV�YHU�HQ�HO�VLJXLHQWH�YLGHR�

&RPSRQHQWHV�GH�XQ�URERW
9tGHR�GH�*UXSR�(GXFDUH�DORMDGR�HQ�<RXWXEH

+6943�)(9'%6)�'31432)28)7�()�92�63+6943�)(9'%6)�'31432)28)7�()�92�63��

(Q�OD�LPDJHQ�VH�PXHVWUD�XQ�EUD]R�UREyWLFR�

$FWLYLGDG

5HIOH[LyQ

https://upload.wikimedia.org/wikipedia/commons/d/de/%D0%A0%D0%BE%D0%B1%D0%BE%D1%82%D0%B8%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D1%96_%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA%D0%B8.jpg
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0RVWUDU�UHWURDOLPHQWDFLyQ

0HFiQLFR�� ORV�PRWRUHV�TXH�KDFH�TXH� ORV�EUD]RV�JLUHQ�\�VH�PXHYDQ�DUULED�\�DEDMR�� ODV
DUWLFXODFLRQHV�TXH�OR�IRUPDQ�\�ODV�SLH]DV�DX[LOLDUHV��ORV�HQJUDQDMHV�\�WXERV��$GHPiV�VX
HVWUXFWXUD�LQWHUQD�\�H[WHUQD�FRQVWUXLGD�SULQFLSODPHQWH�SRU�PHWDO�\�SOiVWLFR�

(OpFWULFR��OD�EDWHUtD�TXH�SURSRUFLRQD�HQHUJtD�HOpFWULFD�D�ORV�PRWRUHV�\�VX�FDEOHDGR�

'H� FRQWURO�� IRUPDGR� SRU� OD� &38� GHO� EUD]R�� TXH� UHFLEH� LQVWUXFFLRQHV� D� WUDYpV� GH� XQ
SURJUDPD�SDUD�HMHFXWDU�VXV�PRYLPLHQWRV�

6HQVRULDO��IRUPDGR�SRU�ORV�VHQVRUHV�GHO�EUD]R��TXH�HQ�HVWH�FDVR�ORV�SULQFLSDOHV�VRQ�GH
FRQWDFWR�\�GLVWDQFLD�

%UD]R�UREyWLFR
,PDJHQ�GH�1HG���HQ�:LNLPHGLD�&RPPRQV��'RPLQLR�S~EOLFR

¢4Xp�VLVWHPDV�IRUPDQ�HVWH�URERW"

https://upload.wikimedia.org/wikipedia/commons/9/9b/Robot_arm_model_1.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://upload.wikimedia.org/wikipedia/commons/9/9b/Robot_arm_model_1.png


�����$SOLFDFLRQHV�GH�OD�UREyWLFD

$SOLFDFLRQHV�LQGXVWULDOHV

/RV�URERWV�\D�IRUPDQ�SDUWH�FRWLGLDQD�HQ�OD�SURGXFFLyQ�LQGXVWULDO�\�ORV�SRGHPRV�YHU�IXQFLRQDQGR�HQ�PXOWLWXG
GH�SURFHVRV�LQGXVWULDOHV�

3URFHVRV� GH� VROGDGXUD�� HO� URERW� SXHGH� VROGDU� DKRUUiQGROH� DO� RSHUDULR� HO� SHOLJUR� GH� ODV� DOWDV
WHPSHUDWXUDV�\�ORV�YDSRUHV�Wy[LFRV�TXH�VH�GHVSUHQGHQ�HQ�HO�SURFHVR�

5RERW�VROGDGRU
,PDJHQ�GH�5RERWZRUN[�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

$SOLFDFLyQ�GH�SLQWXUD��HVPDOWH�\�DGKHVLYRV��(V�XQ�WUDEDMR�UHSHWLWLYR�DGHFXDGR�SDUD�TXH�OR�KDJD
XQD�PiTXLQD�HQ�HO�TXH�DGHPiV�VH�VXHOH�WUDEDMDU�FRQ�SURGXFWRV�Wy[LFRV�
2SHUDFLRQHV� GH� FRUWH�� 7RUQRV�� IUHVDGRUDV�� WDODGUDGRV�� SXOLGRV�� HWF�� /DV� PiTXLQDV� GH� FRQWURO
QXPpULFR�SHUPLWHQ�OOHYDU�D�FDER�HVWDV�RSHUDFLRQHV�FRQ�OD�Pi[LPD�SUHFLVLyQ�\�VLQ�ULHVJR�
'LVHxR� GH� SODQRV�� ,QWURGXFLHQGR� ODV� LQVWUXFFLRQHV� DSURSLDGDV�� HO� URERW� VH� HQFDUJD� GH� KDFHU� HO
WUD]DGR�GH�SODQRV�FRPSOHMRV�R�GH�HVFULELU�

,PDJHQ�GH�0�7��6FKDIIHU�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

0RYLPLHQWR� GH� SLH]DV�� /RV� URERWV� VH� HQFDUJDQ� GH� FRORFDU� ODV� SLH]DV� R� ORV� PDWHULDOHV� HQ
SODWDIRUPDV�� GH� VXPLQLVWUiUVHODV� D� ODV� PiTXLQDV� R� GH� H[WUDHU� GH� HVWDV� ~OWLPDV� ORV� SURGXFWRV
WHUPLQDGRV�
0RQWDMH�\�HQVDPEODGR��6RQ�URERWV�TXLHQHV�VH�HQFDUJDQ�GH�SLH]DV�PX\�SHTXHxDV�QHFHVLWDGDV�GH
XQD�JUDQ�SUHFLVLyQ��FRPR�SXHGHQ�VHU�ORV�FRPSRQHQWHV�HOpFWULFRV�R�HOHFWUyQLFRV�

2WUDV�DSOLFDFLRQHV

$GHPiV�GH�HQ�OD�LQGXVWULD��HO�XVR�GH�URERWV�VH�KD�H[WHQGLGR�D�QXPHURVRV�FDPSRV�

0HGLFLQD�� SRGHPRV� HQFRQWUDU� URERWV� HQ� HO� ODERUDWRULR� �SUHSDUDFLyQ� GH� PXHVWUDV� \� WRPD� \
DQiOLVLV�GH�GLVROXFLRQHV��\�HQ�HO�TXLUyIDQR��UHDOL]DQGR�RSHUDFLRQHV�

https://upload.wikimedia.org/wikipedia/commons/9/9c/Robotworx-spot-welding-robot.jpg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://es.m.wikipedia.org/wiki/Archivo:KUKA_Industrial_Robot_Writer.jpg
https://creativecommons.org/licenses/by/2.0/deed.es


&LUXJtD�UREyWLFD
,PDJHQ�GH�1LPXU�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

$JULFXOWXUD��SXHGHQ�UHDOL]DU�WDUHDV�GH�UHFRJLGD�\�VHOHFFLyQ�GH�SURGXFWRV���DVt�FRPR�GH�UHDOL]DU
SURFHVRV�GH�FRVHFKD�GH�SODQWDFLRQHV�
$VWURQiXWLFD�� VH�XVDQ�SDUD� UHDOL]DU�H[SORUDFLRQHV�HVSDFLDOHV�� FRPR�HO�0DUV�2SSRUWXQLW\�HQ� OD
H[SORUDFLyQ�GH�OD�VXSHUILFLH�GH�0DUWH�

0DUV�2SSRUWXQLW\
,PDJHQ�GH�1$6$�HQ�:LNLPHGLD�&RPPRQV��'RPLQLR�S~EOLFR

��3URVSHFFLRQHV�VXEPDULQDV��ORV�URERWV�UHDOL]DQ�LQVSHFFLRQHV�\�PDQWHQLPLHQWRV�GH�WXEHUtDV�GH
SHWUyOHR��JDV�R�DFHLWH�HQ�ODV�SODWDIRUPDV�RFHiQLFDV�

3RGHPRV�HQFRQWUDU�DSOLFDFLRQHV�GH�OD�UREyWLFD�HQ�PXOWLWXG�GH�FDPSRV��LQGXVWULD��PHGLFLQD�
DJULFXOWXUD��DVWURQiXWLFD�H�LQFOXVR�HQ�WDUHDV�GRPpVWLFDV�

5RERWV�\�*36

$FWLYLGDG

https://creativecommons.org/licenses/by-sa/3.0/deed.en
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https://upload.wikimedia.org/wikipedia/commons/d/d8/NASA_Mars_Rover.jpg
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(Q� OD�DFWXDOLGDG�XQ�FDPSR�GH�HVWXGLR�GH� OD� UREyWLFD�HV�HO�GH� OD� LPSODQWDFLyQ�GH�VLVWHPDV�*36�HQ�URERWV
SDUD�TXH�SXHGDQ�GHVSOD]DUVH�SRU�ODV�FLXGDGHV�\�FDUUHWHUDV�XVDQGR�ORV�VLVWHPDV�GH�SRVLFLRQDPLHQWR�JOREDO
�*36��

5RERW�FRQ�*36�LQFRUSRUDGR
,PDJHQ�GH�0DUGXV�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

/RV� SURJUDPDV� TXH� ORV� JRELHUQDQ� OH� SHUPLWHQ� FDOFXODU� WUD\HFWRULDV�� HYLWDU� SDUHGHV� \� REVWiFXORV� SDUD
HQFRQWUDU�XQ�FDPLQR��VXDYH�\�VHJXUR��GH�IRUPD�VLPLODU�D�FyPR�KDFHQ�ORV�KXPDQRV�

/DV�DSOLFDFLRQHV�GH�HVWRV�VLVWHPDV�SXHGHQ�VHU�PLOHV��SXHV�OD�LQGHSHQGHQFLD�GHO�PRYLPLHQWR�SXHGH�KDFHUOH
VDOYDU�JUDQGHV�GLVWDQFLDV�SDUD�UHDOL]DU�VX�FRPHWLGR��FRPR�SXHGH�VHU�XQD�HQWUHJD�GH�XQ�SDTXHWH�R� OOHYDU
VXVWDQFLDV�SHOLJURVDV�

5RERW�DVSLUDGRUD

/D� UREyWLFD� WDPELpQ�KD� OOHJDGR�D� ODV� WDUHDV�GRPpVWLFDV��(Q�HO�YLGHR�VLJXLHQWH�SXHGHV�YHU
FyPR�IXQFLRQD�XQ�URERW�DVSLUDGRUD

9tGHR�GH�0H*XVWDOD5RRPED�DORMDGR�HQ�<RXWXEH

%Wß�JYRGMSRE�IP�VSFSX�EWTMVEHSV�6SSQFE%Wß�JYRGMSRE�IP�VSFSX�EWTMVEHSV�6SSQFE

&RQRFLPLHQWR�SUHYLR

https://upload.wikimedia.org/wikipedia/commons/3/34/Grocery_delivery_rover_by_starship.xyz.jpg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://www.youtube.com/watch?v=OB9W3h0guVY
https://www.youtube.com/watch?v=OB9W3h0guVY


���5HVXPHQ

/D� WULJRQRPHWUtD�VH�XVD�HQ�PXFKRV�FDPSRV� WpFQLFRV��HQWUH�HOORV�HO�GH� OD�QDYHJDFLyQ�\�HO
SRVLFLRQDPLHQWR�GH�REMHWRV�

(ODERUDFLyQ�SURSLD

/D�UHODFLyQ�PiV�LPSRUWDQWH�SDUD�SRGHU�UHVROYHU�XQ�WULiQJXOR�HV�HO�WHRUHPD�GH�3LWiJRUDV�
HQ�XQ�WULiQJXOR�UHFWiQJXOR��GH�FDWHWRV�E�\�F��\�GH�KLSRWHQXVD�D��VH�FXPSOH�TXH

E����F�� �D�

/DV�UD]RQHV�WULJRQRPpWULFDV�PiV�LPSRUWDQWHV�GH�XQ�iQJXOR�DJXGR�VRQ�HO�VHQR��HO�FRVHQR�\
OD�WDQJHQWH�GHO�iQJXOR�

,PDJHQ�GH�&RQVRODFLyQ�5XL]�HQ�3UR\HFWR�'HVFDUWHV��/LFHQFLD�&&

6H�FRQRFH�FRPR�IyUPXOD�IXQGDPHQWDO�GH�OD�WULJRQRPHWUtD�D�OD�VLJXLHQWH�H[SUHVLyQ�TXH
UHODFLRQD�HO�VHQR�\�HO�FRVHQR�GH�XQ�iQJXOR�

/D� WDQJHQWH�� HO� VHQR� \� HO� FRVHQR� GH� XQ� iQJXOR� VH� UHODFLRQDQ� D� WUDYpV� GH� OD� H[SUHVLyQ
VLJXLHQWH�

/DV� WHOHFRPXQLFDFLRQHV� VRQ� ODV� FRPXQLFDFLRQHV� UHDOL]DGDV� D� GLVWDQFLD�� VLQ� HPSOHDU
FDEOHV� HV GHFLU� VH UHDOL]D XQD FRPXQLFDFLyQ LQDOiPEULFD�

$FWLYLGDG

$FWLYLGDG

http://proyectodescartes.org/EDAD/materiales_didacticos/EDAD_4eso_A_semejanza_y_trigonometria-JS/imagenes7/triangulorazones.png
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FDEOHV��HV�GHFLU��VH�UHDOL]D�XQD�FRPXQLFDFLyQ�LQDOiPEULFD�

(VWRV�HOHPHQWRV�GH�FRPXQLFDFLyQ�HVWiQ�SUHVHQWHV�HQ�HOHPHQWRV�WDQ�FRWLGLDQRV�KR\�HQ�GtD
FRPR�ORV�WHOpIRQRV�PyYLOHV�\�ORV�VLVWHPDV�*36�

(O� IXQFLRQDPLHQWR� GH� OD� WHOHIRQtD� PyYLO� LPSOLFD� HO� XVR� GH� WHUPLQDOHV�� ORV
WHOpIRQRV�PyYLOHV��GHQWUR�GH�XQD�UHG�GH�DQWHQDV��ODV�HVWDFLRQHV�EDVH��TXH�VH
FRPXQLFDQ�HQWUH�Vt�SRU�PHGLDFLyQ�GH�XQD�FHQWUDO�GH�FRQPXWDFLyQ�
(O� IXQFLRQDPLHQWR� GHO� VLVWHPD� *36� VH� EDVD� HQ� HO� SULQFLSLR� PDWHPiWLFR� GH� OD
WULDQJXODFLyQ�SDUD�GDU� ODV�FRRUGHQDGDV��ORQJLWXG�\� ODWLWXG��� OD�DOWXUD�\�HO�WLHPSR
HQ� ORV� TXH� VH� HQFXHQWUD�XQ�REMHWR��6H�SUHFLVD�GH� OD� GLVSRVLFLyQ�GH�DO�PHQRV��
VDWpOLWHV�SDUD�SRVLFLRQDU�HO�REMHWR��(VWRV�VDWpOLWHV�VH�HQFXHQWUDQ�D�XQD�GLVWDQFLD
GH�XQRV�������NP�\�IRUPDQ�HQ�WRWDO�XQD�UHG�GH����VDWpOLWHV�TXH�FXEUHQ�WRGRV�ORV
SXQWRV�GH�OD�VXSHUILFLH�WHUUHVWUH�

%XVFDQGR�XQD�PHMRUD�GH� ORV�SURFHVRV�TXH�IRUPDQ�XQD�DFWLYLGDG� LQGXVWULDO��HO�VHU�KXPDQR
KD� LQWURGXFLGR� ODV�PiTXLQDV��FDSDFHV�GH�UHDOL]DU�XQ� WUDEDMR�GLULJLGR�SRU�XQ�RSHUDULR�� ORV
DXWyPDWDV��FDSDFHV�GH�UHDOL]DU�HO�WUDEDMR�VHQFLOOR�\�UHSHWLWLYR�VLQ�QHFHVLGDG�GH�VXSHUYLVLyQ
\�ORV�URERWV���FDSDFHV�GH�GHFLGLU�TXp�WUDEDMR�WLHQHQ�TXH�KDFHU�

,PDJHQ�GH�$QGUHZ'UHVVHO�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

8Q�URERW�HVWi�IRUPDGR�SRU�GLIHUHQWHV�VLVWHPDV�

6LVWHPD� PHFiQLFR�� (VWi� IRUPDGR� SRU� ORV� FRPSRQHQWHV� TXH� KDFHQ� SRVLEOH� HO
PRYLPLHQWR� GHO� URERW� �/RV�PRWRUHV� R� DFWXDGRUHV�� ODV� DUWLFXODFLRQHV�� ODV� SLH]DV
DX[LOLDUHV�\�OD�HVWUXFWXUD�LQWHUQD�\�H[WHUQD��
6LVWHPD� HOpFWULFR�� DOPDFHQD� \� HQYtD� HQHUJtD� HOpFWULFD� D� WRGRV� ORV� FRPSRQHQWHV
TXH�OD�UHTXLHUDQ��EDWHUtDV�\�FDEOHDGR�HOpFWULFR��
6LVWHPD�GH�FRQWURO��FRQMXQWR�GH�FLUFXLWRV�HOHFWUyQLFRV�TXH�LQGLFDQ�D�FDGD�SDUWH�GHO
URERW� FyPR� \� FXDQGR� IXQFLRQDU�� (O� FRPSRQHQWH� SULQFLSDO� HV� HO� SURFHVDGRU� R
XQLGDG�FHQWUDO�GH�SURFHVDPLHQWR��&38��
6LVWHPD�VHQVRULDO��UHFLEH�LQIRUPDFLyQ�GHO�HQWRUQR�\�HTXLYDOH�D�ORV�VHQWLGRV�GHO�VHU
KXPDQR��6XV�FRPSRQHQWHV�VRQ�ORV�VHQVRUHV�

3RGHPRV� HQFRQWUDU� DSOLFDFLRQHV� GH� OD� UREyWLFD� HQ� PXOWLWXG� GH� FDPSRV�� LQGXVWULD�
PHGLFLQD��DJULFXOWXUD��DVWURQiXWLFD�H�LQFOXVR�HQ�WDUHDV�GRPpVWLFDV�

$FWLYLGDG
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https://creativecommons.org/licenses/by-sa/3.0/


���3DUD�DSUHQGHU�KD]OR�W~

5HDOL]D�XQRV�HMHUFLFLRV�GH�FiOFXOR�GH�ODV�UD]RQHV�WULJRQRPpWULFDV�LQWHUDFWXDQGR�FRQ�OD�VLJXLHQWH�HVFHQD�

(VFHQD�GH�&RQVRODFLyQ�5XL]�HQ�3UR\HFWR�'HVFDUWHV��/LFHQFLD�&&

�� 6H

��6HPHMDQ]D
���7HRUHPD�GH�7DOHV
���7ULiQJXORV�6HPHMDQWHV
���7HRUHPD�GH�3LWiJRUDV
���&iOFXOR�GH�GLVWDQFLDV��

��5D]RQHV�WULJRQRPpWULFDV
���'HILQLFLyQ
���5HODFLRQHV�IXQGDPHQWDOHV

��5HVROXFLyQ�GH�WULiQJXORV�UHFWiQJXORV
���'RV�ODGRV
���8Q�FDWHWR�\�XQ�iQJXOR�DJXGR
���+LSRWHQXVD�\�XQ�iQJXOR�DJXGR�

5(680(1

%DMR�OLFHQFLD�&UHDWLYH
&RPPRQV�VL�QR�VH�LQGLFD

OR�FRQWUDULR

2EMHWLYRV
(Q�HVWD�TXLQFHQD�DSUHQGHUiV�D�

5HFRQRFHU�WULiQJXORV�VHPHMDQWHV�
&DOFXODU�GLVWDQFLDV�LQDFFHVLEOHV�DSOLFDQGR�OD
VHPHMDQ]D�GH�WULiQJXORV�
1RFLRQHV�EiVLFDV�GH�WULJRQRPHWUtD�
&DOFXODU�OD�PHGLGD�GH�WRGRV�ORV�ODGRV�\�ORV
iQJXORV�GH�XQ�WULiQJXOR�UHFWiQJXOR�D�SDUWLU
GH�GRV�GDWRV�
¬
¬

$O�SXOVDU�HQ� OD� LPDJHQ�
PLQXWRV�FDGD�XQR��FRQ�
WULJRQRPHWUtD�\�OD�VHPH

(O�ELOODU¬
/D�VHPHMDQ]D�HV� OD�FODYH�SDUD
KDFHU� FDUDPEROD�� &RQ� XQ� FOLF
HQ�OD�LPDJHQ�SRGUiV�SUREDU�WXV
KDELOLGDGHV�HQ�HO�ELOODU�

�

$XWRUD��&RQVRODFLyQ�5XL]�*LO
$GDSWDFLyQ�'HVFDUWHV-6��(OHQD�È/YDUH]�6DL]

$SOLFD�HO�PpWRGR�GH�OD�WULDQJXODFLyQ�SDUD�FDOFXODU�OD�GLVWDQFLD�DO�EDUFR��VDELHQGR�TXH�O ���
P�\�ORV�iQJXORV�GH�REVHUYDFLyQ�VRQ�Į �����\�ǃ ����

&DVR�SUiFWLFR
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0RVWUDU�UHWURDOLPHQWDFLyQ

,PDJHQ�GH�5��/DFKDXPH�HQ�:LNLPHGLD�&RPPRQV��/LFHQFLD�&&

�9HUGDGHUR � �)DOVR

)DOVR

(VH�SURFHVR�OR�UHDOL]D�OD�FHQWUDO�GH�FRQPXWDFLyQ�

(Q� XQD� UHG� GH� WHOHIRQtD� OD� HVWDFLyQ� EDVH� VH� HQFDUJD� GH� EXVFDU� DO� GHVWLQDWDULR� GH� XQD
OODPDGD�UHDOL]DGD�GHVGH�XQ�WHOpIRQR�PyYLO�

/RV�VDWpOLWHV�*36�VH�HQFXHQWUDQ�D�XQD�GLVWDQFLD�SUy[LPD�GH�OD�VXSHUILFLH�GH�OD�WLHUUD��D�XQRV
����NP�

3UHJXQWD�9HUGDGHUR�)DOVR

https://commons.wikimedia.org/wiki/File:Distance_by_triangulation.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en


�9HUGDGHUR � �)DOVR

)DOVR

6H� HQFXHQWUDQ� D� XQRV� ������ NP�� SDUD� DVHJXUDU� XQDV� PHMRUHV� FRQGLFLRQHV� GH
IXQFLRQDPLHQWR�

�9HUGDGHUR � �)DOVR

)DOVR

/D�URERWL]DFLyQ�LQFRUSRUD�OD�WRPD�GH�GHFLVLRQHV��FRVD�TXH�OD�DXWRPDWL]DFLyQ�QR�KDFH�

�9HUGDGHUR � �)DOVR

9HUGDGHUR

&LHUWR�� $� WUDYpV� GHO� VLVWHPD� VHQVRULDO�� HO� URERW� UHFLEH� LQIRUPDFLyQ� GHO� HQWRUQR�� (VWH
VLVWHPD�HTXLYDOH�D�ORV�VHQWLGRV�GHO�VHU�KXPDQR�

/D�URERWL]DFLyQ�\�OD�DXWRPDWL]DFLyQ�VRQ�HO�PLVPR�SURFHVR�

/RV�VHQVRUHV�VH�HQFDUJDQ�GH�SURSRUFLRQDU�LQIRUPDFLyQ�DO�URERW�SDUD�TXH�UHDOLFH�VX�WDUHD�



$YLVR�/HJDO

$YLVR�/HJDO

(O�SUHVHQWH� WH[WR� �HQ�DGHODQWH��HO� �$YLVR�/HJDO���UHJXOD�HO�DFFHVR�\�HO�XVR�GH� ORV
FRQWHQLGRV�GHVGH�ORV�TXH�VH�HQOD]D��/D�XWLOL]DFLyQ�GH�HVWRV�FRQWHQLGRV�DWULEX\H� OD
FRQGLFLyQ�GH�XVXDULR�GHO�PLVPR��HQ�DGHODQWH��HO��8VXDULR���H�LPSOLFD�OD�DFHSWDFLyQ
SOHQD� \� VLQ� UHVHUYDV� GH� WRGDV� \� FDGD� XQD� GH� ODV� GLVSRVLFLRQHV� LQFOXLGDV� HQ� HVWH
$YLVR�/HJDO�SXEOLFDGR�HQ�HO�PRPHQWR�GH�DFFHVR�DO�VLWLR�ZHE��7DO�\�FRPR�VH�H[SOLFD
PiV� DGHODQWH�� OD� DXWRUtD� GH� HVWRV� PDWHULDOHV� FRUUHVSRQGH� D� XQ� WUDEDMR� GH� OD
&RPXQLGDG� $XWyQRPD� $QGDOX]D�� &RQVHMHUtD� GH� (GXFDFLyQ� \� 'HSRUWH� �HQ
DGHODQWH�&RQVHMHUtD�GH�(GXFDFLyQ�\�'HSRUWH��

&RQ�HO�ILQ�GH�PHMRUDU�ODV�SUHVWDFLRQHV�GH�ORV�FRQWHQLGRV�RIUHFLGRV��OD�&RQVHMHUtD�GH
(GXFDFLyQ� \� 'HSRUWH� VH� UHVHUYD� HO� GHUHFKR�� HQ� FXDOTXLHU� PRPHQWR�� GH� IRUPD
XQLODWHUDO� \� VLQ� SUHYLD� QRWLILFDFLyQ� DO� XVXDULR�� D� PRGLILFDU�� DPSOLDU� R� VXVSHQGHU
WHPSRUDOPHQWH�OD�SUHVHQWDFLyQ��FRQILJXUDFLyQ��HVSHFLILFDFLRQHV�WpFQLFDV�\�VHUYLFLRV
GHO�VLWLR�ZHE�TXH�GD�VRSRUWH�D�ORV�FRQWHQLGRV�HGXFDWLYRV�REMHWR�GHO�SUHVHQWH�$YLVR
/HJDO��(Q�FRQVHFXHQFLD��VH�UHFRPLHQGD�DO�8VXDULR�TXH�OHD�DWHQWDPHQWH�HO�SUHVHQWH
$YLVR� /HJDO� HQ� HO�PRPHQWR� TXH� DFFHGD� DO� UHIHULGR� VLWLR�ZHE�� \D� TXH� GLFKR�$YLVR
SXHGH� VHU� PRGLILFDGR� HQ� FXDOTXLHU� PRPHQWR�� GH� FRQIRUPLGDG� FRQ� OR� H[SXHVWR
DQWHULRUPHQWH�

5pJLPHQ�GH�3URSLHGDG� ,QWHOHFWXDO� H� ,QGXVWULDO� VREUH� ORV� FRQWHQLGRV�GHO� VLWLR


