
���������	�	
����
�����������
������	
�������
���� �!�

"$# %�%'&

(*),+-)/.103254+�0367),+98:6�.103;=<>0?+�4�)?;A@B8:2!40/C	@72�D)?;A@E.10FCG8IH	2KJ�@EJ�48:;A)MLN<O67)?254�)5PAJ�HRQ8S40T)T.S@B8S+-4�)?J9.1032	CO@VU
.S@B032	8:JWCG8A0?<>8S+-)?.S@:D032MLXC	@EJ8ZY2G0!P[CG8:J8:)?C	)?JS\^]N),_O+-@E.S),+�8:;=03J`H	2F.1032!4+�036E)?CG0?+a(cbedf8:6B8:.14+OD032	@E.10Ggihj6k0?_	U
Q8S4�@Bl?0m<O+-@E2	.S@B<n)?6�C	8A8:J48o6E),_>0?+-),40?+-@B0p8:J�@E;=<O6E8:;=8:254�),+aH	2F.1032!4+�036E)?CG0?+q(cbedr.103;=<n6B8S40mst)?2	)?6E@Eu:),+
CG8S4�)?676E)?C	)?;=8:2!48WJ�Hv.103;=<>0?+�4�)?;A@E8:2540G\G<O),+w)=6EHG8Sx?0=HG4�@E6E@Eu:),+-6B0a8:2o8:6y.103254+�036�CG8WH	2i<	+�0z.18:J0=4!D8S+-;A@E.10Gg

{}|�~��c�k�j�=�j|�~��j�����j|q�c�y�����j�

�^)v�	x3HG+-)T�3LX)5P[;aHG8:J4+-)p67)v]NHO2	.S@:D032tCG8A4+w)?2	J]N8S+�8:2	.S@E)pC	8�H	2	)o<O67)?254�)p.SHO)?6E�!HO@B8S+-)zg���2	)v]N0?+-;A)pC	8
.1032!4+�036E),+-67)z\O8:J�;=8:C	@E)?2!48�H	2O)=+�8S4+�03)?6E@7;=8:254�)?.S@�D032m.1032�H	2mJ8:2OJ0?+�spH	2m.103254+�0367)?CG0?+:\�0?_	48:2	@�D8:2	CG03J�8
H	2vCO@E),x?+-)?;A)=CG8`_O6B0z�!HG8[.103;=0�8:6�CG8W6E)q�	x3H	+-)v�3LN_�Pwg

+

−H(s) H(s)

S(s)

D(s)

(a) (b)

Σ
x y x ye

figura 1

� @�8:6>.1032!4+�036E)?CG0?+�8:J�HO2i(jb�da\GJ8�0?_	4�@B8:2	8�8:6yCO@E),x?+-)?;A)qCG8�_O6B0z�ZHG8:J';�D)?J�8:J<>8:.?D� �O.10G\G;=03J4+-)?C	0=8:2v6E)
�	x3H	+-)A�Zg

+

−
H(s)

S(s)

Σ
x ye

Figura 2: diagrama de bloques detallado
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Figura 4: Set Point
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Figura 5: equivalencia entre circuito y diagrama de bloque
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Figura 6: controlador proporcional
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Figura 7: controlador  integral
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Figura 8: controlador derivativo
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Figura 9: otra forma de implementar el derivador
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Figura 10: circuito sumador
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