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&RQWURO�GH�URERWV�PyYLOHV
,QWURGXFFLyQ

(Q�HVWH�&DStWXOR�VH�SUHVHQWDQ�XQD�VHULH�GH�IXQFLRQHV�\�EORTXHV�TXH�SXHGHQ
IDFLOLWDU�OD�VLPXODFLyQ�GH�GLYHUVDV�WpFQLFDV�GH�FRQWURO�GH�URERWV�PyYLOHV��(Q
FRQFUHWR��VH�SXHGHQ�LPSOHPHQWDU�PpWRGRV�JHRPpWULFRV�\�PpWRGRV�EDVDGRV�HQ
OD� WHRUtD� GH� FRQWURO� SDUD� HO� VHJXLPLHQWR� GH� WUD\HFWRULDV� \� FDPLQRV�� 7RGDV
HVWDV�WpFQLFDV�DSDUHFHQ�GHVFULWDV�HQ�HO�&DStWXOR���GH�2OOHUR�>�@�

/RV�EORTXHV�6LPXOLQN�TXH�VH�SUHVHQWDQ�HQ�HVWH�&DStWXOR�VRQ�UHODWLYDPHQWH
IiFLOHV�GH�FRPSUHQGHU��\�SRU�WDQWR�FDGD�XVXDULR�SXHGH�PRGLILFDUORV�D�HIHFWRV
GH�VLPXODU�YDULDQWHV�GH�ODV�WpFQLFDV�SUHVHQWDGDV�

(Q�ORV�HMHPSORV�GHO�&DStWXOR���GH�2OOHUR�>�@�VH�KDFH�XVR�GH�ORV�EORTXHV�\�IXQ�
FLRQHV�TXH�VH�SUHVHQWDQ�D�FRQWLQXDFLyQ�

&RQWURO�HPSOHDQGR�PpWRGRV�JHRPpWULFRV

6H�KD� LPSOHPHQWDGR�HO�PpWRGR�GH�SHUVHFXFLyQ�SXUD�\�HO� FRQWURO�PHGLDQWH
SROLQRPLRV�GH�RUGHQ�FLQFR��3DUD�HO�PpWRGR�GH�SHUVHFXFLyQ�SXUD�VH�GLVSRQH�GH
WUHV�YDULDQWHV�TXH�SXHGHQ�VHU�FRPSDUDGDV�D�HIHFWRV�GH�GHWHUPLQDU�VXV�YHQ�
WDMDV�H�LQFRQYHQLHQWHV��'LFKDV�DOWHUQDWLYDV�VH�GLVFXWHQ�HQ�2OOHUR�>�@�
���� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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&RQWURO�HPSOHDQGR�PpWRGRV�JHRPpWULFRV FRQWS�
FRQWS�

3URSyVLWR &DOFXODU�OD�FXUYD�TXH�HQOD]D�OD�SRVWXUD�GHO�YHKtFXOR�FRQ�OD�SRVWXUD�GHO�SXQWR
REMHWLYR�HPSOHDQGR�SROLQRPLRV�GH�RUGHQ�FLQFR�

6LQWD[LV >[�\�FRHI@ FRQWS��[BY�\BY�SKLBY�JDPPDBY�[BRE�\BRE�SKLBRE�JDPPDBRE�VWHS�

'HVFULSFLyQ /D�IXQFLyQ�FRQWS��FDOFXOD�ODV�FRRUGHQDGDV�[�H�\� �YHFWRUHV�FROXPQD��HQ�HO
VLVWHPD�GH�FRRUGHQDGDV�JOREDO�GH�OD�FXUYD�TXH�HQOD]D�OD�SRVWXUD�GHO�YHKtFXOR
FRQ�OD�SRVWXUD�GHO�SXQWR�REMHWLYR�HPSOHDQGR�SROLQRPLRV�GH�RUGHQ�FLQFR�

$VLPLVPR��WDPELpQ�GHYXHOYH�ORV�FRHILFLHQWHV��YHFWRU�ILOD�FRHI��GHO�SROLQRPLR
GH�RUGHQ�FLQFR�TXH�FRUUHVSRQGH�D�OD�FXUYD�HQ�HO�VLVWHPD�GH�FRRUGHQDGDV�DVR�
FLDGR�DO�YHKtFXOR��+D\�XQD�FROXPQD�SDUD�FDGD�FRHILFLHQWH��FRUUHVSRQGLHQGR
OD�SULPHUD�FROXPQD�D�OD�SRWHQFLD�TXtQWLFD�\�OD�~OWLPD�FROXPQD�DO�WpUPLQR
LQGHSHQGLHQWH��/D�HFXDFLyQ�FRUUHVSRQGLHQWH�HV�

�����

/RV�SDUiPHWURV�[BY�\BY�SKLBY�\�JDPPDBY�VRQ�ODV�FRRUGHQDGDV� ��OD
RULHQWDFLyQ� \� OD� FXUYDWXUD� GHO� YHKtFXOR� UHVSHFWLYDPHQWH�� $VLPLVPR�
[BRE�\BY�SKLBY�\�JDPPDBY�VRQ�ODV�FRRUGHQDGDV� ��OD�RULHQWDFLyQ�\�OD
FXUYDWXUD�GHO�SXQWR�REMHWLYR�UHVSHFWLYDPHQWH�

)LQDOPHQWH��HO�SDUiPHWUR�VWHS�SHUPLWH�YDULDU�HO�SDVR�FRQ�HO�TXH�VH�FDOFXODQ
ORV�SXQWRV�GH�OD�FXUYD�

3DUD�HO�YHKtFXOR�VH�DGRSWD�HO�PRGHOR�GH�OD�ELFLFOHWD�

3UHFDXFLRQHV (O�YDORU�GH�SKLBRE�SKLBY� GHEH�SHUWHQHFHU�DO� LQWHUYDOR� ��$VL�
PLVPR�� OD�FRRUGHQDGD�\�GHO�SXQWR�REMHWLYR�HQ�HO� VLVWHPD�GH� UHIHUHQFLD�GHO
YHKtFXOR�GHEH�VHU�PD\RU�TXH�FHUR�

(MHPSORV (Q�HO� VLJXLHQWH� HMHPSOR� VH� YD� D� LOXVWUDU� EiVLFDPHQWH� HO� XVR� GH� OD� IXQFLyQ
FRQWS��

(MHPSOR�+������DUFKLYR�HMK���P�
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&RQWURO�GH�URERWV�PyYLOHV FRQWS�
6XSyQJDVH�XQ�YHKtFXOR�TXH�VH�HQFXHQWUD�HQ� ODV�FRRUGHQDGDV�������FRQ�XQD
RULHQWDFLyQ�GH� �UDG�\�XQD�FXUYDWXUD�GH���P����6H�SUHWHQGH�TXH�DOFDQFH�HO
SXQWR�GH�FRRUGHQDGDV��������FRQ�XQD�RULHQWDFLyQ�GH� �UDG�\�XQD�FXUYDWXUD

GH���P���

3DUD�HOOR�VH�SXHGHQ�HPSOHDU�ODV�VLJXLHQWHV�OtQHDV�GH�FyGLJR�

>[�\�FRHI@ FRQWS������SL����������SL�����������
SORW�[�\�

UHVXOWDQGR�OD�FXUYD�TXH�VH�UHSUHVHQWD�HQ�OD�)LJXUD�����

)LJXUD������&XUYD�JHQHUDGD�PHGLDQWH�SROLQRPLRV�GH�RUGHQ�FLQFR�

5HIHUHQFLDV 2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

π 3⁄
π 2⁄

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

X (m)

Y
 (

m
)

���� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD

HO�HVWXGLR�GH�PDQLSXODGRUHV�\�URERWV�PyYLOHV



&RQWURO�HPSOHDQGR�PpWRGRV�JHRPpWULFRV 3XUH�3XUVXLW�,
3XUH�3XUVXLW�,

3URSyVLWR &DOFXODU� OD� FXUYDWXUD� TXH� HV� QHFHVDULR� VXPLQLVWUDU� DO� YHKtFXOR� FXDQGR� VH
HPSOHD�OD�WpFQLFD�GH�SHUVHFXFLyQ�SXUD�FRQ�HO�SDUiPHWUR�ORRN�DKHDG��/��ILMR�

'HVFULSFLyQ (VWH�EORTXH�VH�HQFDUJD�GH�REWHQHU�OD�FXUYDWXUD�TXH�KD\�TXH�VXPLQLVWUDU�DO
YHKtFXOR�VHJ~Q�OD�HFXDFLyQ�

�����

GRQGH�HO�VLJQR�YLHQH�GDGR�SRU�HO�VHQWLGR�GH�JLUR�QHFHVDULR�SDUD�DOFDQ]DU�HO
SXQWR�REMHWLYR��/�HV�OD�GLVWDQFLD�D�OD�TXH�VH�HQFXHQWUD�HO�SXQWR�REMHWLYR�\�
HV�HO�GHVSOD]DPLHQWR�ODWHUDO�GHO�YHKtFXOR�UHVSHFWR�DO�SXQWR�REMHWLYR�

/DV�HQWUDGDV�GH�HVWH�EORTXH�VRQ�ODV�FRRUGHQDGDV��[�\��GHO�YHKtFXOR�\�OD�RULHQ�
WDFLyQ� �GHO�YHKtFXOR�

3DUiPHWURV (V�QHFHVDULR�VXPLQLVWUDUOH�FRPR�SDUiPHWURV�GRV�YHFWRUHV�FRQ�ODV�FRRUGHQD�
GDV�[�H�\�GHO�FDPLQR��3RU�FRPRGLGDG�VH�SXHGHQ�LQWURGXFLU�ORV�QRPEUHV�GH�GRV
YHFWRUHV�FUHDGRV�\�DOPDFHQDGRV�SUHYLDPHQWH�HQ�HO�HVSDFLR�GH�WUDEDMR�
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9HFWRUHV�FRQ�ODV�FRRUGHQDGDV��[�\��GHO�FDPLQR
TXH�VH�SUHWHQGH�VHJXLU

9DORU�FRQVWDQWH�SDUD�HO�SDUiPHWUR�ORRN�DKHDG�
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&RQWURO�GH�URERWV�PyYLOHV 3XUH�3XUVXLW�,
3UHFDXFLRQHV 6H�GHEH�WHQHU�HQ�FXHQWD�TXH�HVWH�EORTXH�HPSOHD�XQD�YDULDEOH�JOREDO�GHQRPL�
QDGD�.B$17�

$VLPLVPR��OD�ORQJLWXG�GHO�YHFWRU�FRQ�ODV�FRRUGHQDGDV�[�GHO�FDPLQR�GHEH�VHU
LGpQWLFD�D�OD�GHO�YHFWRU�FRQ�ODV�FRRUGHQDGDV�\�

7DPELpQ�KD\�TXH� WHQHU� SUHVHQWH� TXH� HO� FDPLQR� VH� VLJXH� VRODPHQWH� HQ�XQ
VHQWLGR�\�TXH�OD�ERQGDG�GH�ORV�UHVXOWDGRV�GHSHQGH�GH�TXH�HO�FDPLQR�HVWp�UH�
SUHVHQWDGR�SRU�XQ�Q~PHUR�VXILFLHQWHPHQWH�HOHYDGR�GH�SXQWRV�

(MHPSORV 9HU�(MHPSOR�����GH�2OOHUR�>�@�

5HIHUHQFLDV 2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������
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&RQWURO�HPSOHDQGR�PpWRGRV�JHRPpWULFRV 3XUH�3XUVXLW�,,
3XUH�3XUVXLW�,,

3URSyVLWR &DOFXODU� OD� FXUYDWXUD� TXH� HV� QHFHVDULR� VXPLQLVWUDU� DO� YHKtFXOR� FXDQGR� VH
HPSOHD�OD�WpFQLFD�GH�SHUVHFXFLyQ�SXUD�FRQ�HO�SDUiPHWUR�ORRN�DKHDG��/��YDUL�
DEOH�HQ�IXQFLyQ�GHO�SXQWR�REMHWLYR�

'HVFULSFLyQ (VWH�EORTXH�VH�HQFDUJD�GH�REWHQHU�OD�FXUYDWXUD�TXH�KD\�TXH�VXPLQLVWUDU�DO
YHKtFXOR�VHJ~Q�OD�HFXDFLyQ�

�����

GRQGH�HO�VLJQR�YLHQH�GDGR�SRU�HO�VHQWLGR�GH�JLUR�QHFHVDULR�SDUD�DOFDQ]DU�HO
SXQWR�REMHWLYR��/�HV�OD�GLVWDQFLD�D�OD�TXH�VH�HQFXHQWUD�HO�SXQWR�REMHWLYR�\�
HV�HO�GHVSOD]DPLHQWR�ODWHUDO�GHO�YHKtFXOR�UHVSHFWR�DO�SXQWR�REMHWLYR�

$�GLIHUHQFLD�GHO�EORTXH�DQWHULRU��/�HQ�HVWH�FDVR�HV�YDULDEOH�\�VH�FDOFXOD�HQ
IXQFLyQ�GHO�SXQWR�REMHWLYR�VHJ~Q�OD�HFXDFLyQ�

�����

GRQGH� � VRQ� ODV� FRRUGHQDGDV� GHO� SXQWR� REMHWLYR� VREUH� HO� FDPLQR� \

�VRQ�ODV�FRRUGHQDGDV�GHO�YHKtFXOR�

(O�SXQWR�REMHWLYR�VH�HOLJH�D�XQD�GLVWDQFLD�ILMD��V��VREUH�HO�FDPLQR�WRPDGD�HQ
HO�VHQWLGR�GH�DYDQFH�D�SDUWLU�GHO�SXQWR�GHO�FDPLQR�PiV�FHUFDQR�DO�YHKtFXOR�

/DV�HQWUDGDV�GH�HVWH�EORTXH�VRQ�ODV�FRRUGHQDGDV� �GHO�YHKtFXOR�\�OD�RUL�
HQWDFLyQ� �GHO�YHKtFXOR�

3DUiPHWURV (V�QHFHVDULR�VXPLQLVWUDUOH�FRPR�SDUiPHWURV�GRV�YHFWRUHV�FRQ�ODV�FRRUGHQD�
GDV�[�H�\�GHO�FDPLQR��3RU�FRPRGLGDG�VH�SXHGHQ�LQWURGXFLU�ORV�QRPEUHV�GH�GRV
YHFWRUHV�FUHDGRV�\�DOPDFHQDGRV�SUHYLDPHQWH�HQ�HO�HVSDFLR�GH�WUDEDMR�
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&RQWURO�GH�URERWV�PyYLOHV 3XUH�3XUVXLW�,,
3UHFDXFLRQHV 6H� GHEH� WHQHU� HQ� FXHQWD� TXH� HVWH� EORTXH� HPSOHD� GRV� YDULDEOHV� JOREDOHV
GHQRPLQDGDV�,1'(;�\�.B$17�

$VLPLVPR��OD�ORQJLWXG�GHO�YHFWRU�FRQ�ODV�FRRUGHQDGDV�[�GHO�FDPLQR�GHEH�VHU
LGpQWLFD�D�OD�GHO�YHFWRU�FRQ�ODV�FRRUGHQDGDV�\�

7DPELpQ�KD\�TXH� WHQHU� SUHVHQWH� TXH� HO� FDPLQR� VH� VLJXH� VRODPHQWH� HQ�XQ
VHQWLGR�\�TXH�OD�ERQGDG�GH�ORV�UHVXOWDGRV�GHSHQGH�GH�TXH�HO�FDPLQR�HVWp�UH�
SUHVHQWDGR�SRU�XQ�Q~PHUR�VXILFLHQWHPHQWH�HOHYDGR�GH�SXQWRV�

(MHPSORV 9HU�(MHPSOR�+�����

5HIHUHQFLDV 2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

9HFWRUHV�FRQ�ODV�FRRUGHQDGDV��[�\��GHO�FDPLQR
TXH�VH�SUHWHQGH�VHJXLU

9DORU��FRQVWDQWH�SDUD��OD��GLVWDQFLD�V��PHGLGD
VREUH�HO�FDPLQR
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&RQWURO�HPSOHDQGR�PpWRGRV�JHRPpWULFRV 3XUH�3XUVXLW�,,,
3XUH�3XUVXLW�,,,

3URSyVLWR &DOFXODU� OD� FXUYDWXUD� TXH� HV� QHFHVDULR� VXPLQLVWUDU� DO� YHKtFXOR� FXDQGR� VH
HPSOHD�OD�WpFQLFD�GH�SHUVHFXFLyQ�SXUD�FRQ�HO�SDUiPHWUR�ORRN�DKHDG��/��YDUL�
DEOH�HQ�IXQFLyQ�GHO�SXQWR�REMHWLYR��(V�SRVLEOH�ILMDU�XQ�YDORU�Pi[LPR�SDUD�/�

'HVFULSFLyQ (VWH�EORTXH�VH�HQFDUJD�GH�REWHQHU�OD�FXUYDWXUD�TXH�KD\�TXH�VXPLQLVWUDU�DO
YHKtFXOR�VHJ~Q�OD�HFXDFLyQ�

�����

GRQGH�HO�VLJQR�YLHQH�GDGR�SRU�HO�VHQWLGR�GH�JLUR�QHFHVDULR�SDUD�DOFDQ]DU�HO
SXQWR�REMHWLYR��/�HV�OD�GLVWDQFLD�D�OD�TXH�VH�HQFXHQWUD�HO�SXQWR�REMHWLYR�\�
HV�HO�GHVSOD]DPLHQWR�ODWHUDO�GHO�YHKtFXOR�UHVSHFWR�DO�SXQWR�REMHWLYR�

/�HV�YDULDEOH�\�VH�FDOFXOD�HQ�IXQFLyQ�GHO�SXQWR�REMHWLYR�VHJ~Q�OD�HFXDFLyQ�

�����

GRQGH� � VRQ� ODV� FRRUGHQDGDV� GHO� SXQWR� REMHWLYR� VREUH� HO� FDPLQR� \

� VRQ� ODV� FRRUGHQDGDV� GHO� YHKtFXOR�� (Q� HO� FXDGUR� GH� GLiORJR� GH� HVWH
EORTXH�VH�VROLFLWD�XQ�YDORU�Pi[LPR�SDUD�/��TXH�SHUPLWH�DFRWDU�ORV�YDORUHV�GH
/�D�HIHFWRV�GH�HYLWDU�VHxDOHV�GH�DFWXDFLyQ�SHTXHxDV�

(O�SXQWR�REMHWLYR�VH�HOLJH�D�XQD�GLVWDQFLD�ILMD��V��VREUH�HO�FDPLQR�WRPDGD�HQ
HO�VHQWLGR�GH�DYDQFH�D�SDUWLU�GHO�SXQWR�GHO�FDPLQR�PiV�FHUFDQR�DO�YHKtFXOR�

/DV�HQWUDGDV�GH�HVWH�EORTXH�VRQ�ODV�FRRUGHQDGDV� �GHO�YHKtFXOR�\�OD�RUL�
HQWDFLyQ� �GHO�YHKtFXOR�

3DUiPHWURV (V�QHFHVDULR�VXPLQLVWUDUOH�FRPR�SDUiPHWURV�GRV�YHFWRUHV�FRQ�ODV�FRRUGHQD�
GDV�[�H�\�GHO�FDPLQR��3RU�FRPRGLGDG�VH�SXHGHQ�LQWURGXFLU�ORV�QRPEUHV�GH�GRV
YHFWRUHV�FUHDGRV�\�DOPDFHQDGRV�SUHYLDPHQWH�HQ�HO�HVSDFLR�GH�WUDEDMR�
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&RQWURO�GH�URERWV�PyYLOHV 3XUH�3XUVXLW�,,,
3UHFDXFLRQHV 6H� GHEH� WHQHU� HQ� FXHQWD� TXH� HVWH� EORTXH� HPSOHD� GRV� YDULDEOHV� JOREDOHV
GHQRPLQDGDV�,1'(;�\�.B$17�

$VLPLVPR��OD�ORQJLWXG�GHO�YHFWRU�FRQ�ODV�FRRUGHQDGDV�[�GHO�FDPLQR�GHEH�VHU
LGpQWLFD�D�OD�GHO�YHFWRU�FRQ�ODV�FRRUGHQDGDV�\�

7DPELpQ�KD\�TXH� WHQHU� SUHVHQWH� TXH� HO� FDPLQR� VH� VLJXH� VRODPHQWH� HQ�XQ
VHQWLGR�\�TXH�OD�ERQGDG�GH�ORV�UHVXOWDGRV�GHSHQGH�GH�TXH�HO�FDPLQR�HVWp�UH�
SUHVHQWDGR�SRU�XQ�Q~PHUR�VXILFLHQWHPHQWH�HOHYDGR�GH�SXQWRV�

5HIHUHQFLDV 2OOHUR��$���5REyWLFD��0DQLSXODGRUHV� \� URERWV�PyYLOHV��0DUFRPER�%RL[DUHX
HGLWRUHV�������

9HFWRUHV�FRQ�ODV�FRRUGHQDGDV��[�\��GHO�FDPLQR
TXH�VH�SUHWHQGH�VHJXLU

9DORU��FRQVWDQWH�SDUD��OD��GLVWDQFLD�V��PHGLGD
VREUH�HO�FDPLQR

9DORU�Pi[LPR�SDUD�/��FRWD�VXSHULRU�GH�/�
���� +(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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&RQWURO�PHGLDQWH�PpWRGRV�EDVDGRV�HQ�WHRUtD�GH�FRQWURO
&RQWURO� PHGLDQWH� PpWRGRV� EDVDGRV� HQ� WHRUtD� GH
FRQWURO

6H� KDQ� LPSOHPHQWDGR� XQD� VHULH� GH�PpWRGRV� EDVDGRV� HQ� WHRUtD� GH� FRQWURO
SDUD� HO� VHJXLPLHQWR� GH� WUD\HFWRULDV� \� FDPLQRV�� (VWRV� PpWRGRV� DSDUHFHQ
GHVFULWRV�HQ�&DQXGDV�>�@��\�HQ�2OOHUR�>�@��HV�SRVLEOH�HQFRQWUDU�GLYHUVRV�HMHP�
SORV�LOXVWUDWLYRV�GH�VX�XVR�
+(0(52��+HUUDPLHQWD�0$7/$%���6LPXOLQN�SDUD
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