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d3eEJ!YZW VbRIMOJ�W�F"7 ygP � =jD P � ; P�tGJ�METZMOR�WrJ�KhHfW0KGDEVbR0DETcJ�MEW@MOJ�K'HXW�FIH.R�MOJ!YcR3KpA.YceET-MIR3KNPSRIPAYaJ�W�V.J�KiPSR0]QRrMOJ!YZW
]�J�]�MEVfW�F4WxMOJ:x'J>TZK.KhFsJ>V�=IMOJ�KbMOJNeEFQDEeEFIH.R�MIJKTIT-KUHXW&]�W0PSVbR3K.P~^R0DETZPSR8eEFER!DseEJ�MOJ8KUeED4R0FEJ�VidweEJiY-WuP`^R3PAYaJ�W
J�K�^eEFETZP>W�]�J�FOHbJGeEF#Hbe
M4R�MOT/TOTZMOT-MIR!J>F�MORgK�D4W�VbH.J�K'=4PSe L W0K5W�VbJ�W0K'H.VfW�F4K6T3J>VXKbW�YaJLK'KhR0F�W�DEV.R�=ITa]#W@MEW�]�J�FOHbJ
Tcn0e4W�YaJ�K'=tKUJ>D4W�VfW0MEW@KNDjR@VNeEF4WQKheED4J>V6A.TZPSTaJ�AbYaJ>=IT$MEYcJ�=OJLKGMOJLPSTaV;=EDjR@VNY-W�]�J>]WMEVfW�F4W�M4W0KUTaY-W�V L YaRgK[^R@V.n3W�FER3K
d3eEJ#KUJ�J>F4PSesJ>FOHbVXW�F�J>F4PSTc]#W�MOJQJ>YaYZWP]9GY5PSR@F(CUeEFIH.R_MOJQY-W�]QJ>]�MsVXW�F\W L MIJ�J�KhHfW0K!J�KUH.Vbe4PSH.esVXW0K�KUJ�YaJ
MEW[J�Y�FsR0]WMEV.JrMOJC;-���8�"!-,G!E/%�*|,8%�,4#$/3���_Pb[F�Y-W�AbTan0esVXW Q ]QR3KhHbVXW�]�R3KNeEF�JLK.d3eEJ>]#W�MIJ�Y-W�P`^R3PSYcJ�W�TOTZKhHfW
]#W@PSV.RgK.P`^R@DET-P�W�]�J>FIH.J�P < W�]�MsT>^J>FWT3J>]�RgK�YZW&TZMOJ�W�YcT$Z�W@PST�^R@F�MIJNY-W�P`^RgPSYaJLW!PSR@]�RuMOR3K'H.e
M4RgK'KhJ>D4W�VXW@MOR3K'D4R0V
YZW!D4W�VbH.T-PAT�^R0F�PSRIPAYaJ�W�V�P\tGJ�KbMOJ8eEF#DEeEFIH.RrMOJ�TIT-KUHXW!]�TZPSV.RgK.P`^R@DET-PSR�=0J�K�Tc]�D4R0V.HfW�FIH.J8KUJ5aF\W�Y-W�VNd3eEJuKhRJMEV.J8YZW
]�J�]�MEVfW�F4WxKhJNJ>F\PSeEJ>FIH.VfW&J>YlP>W�]�D4R!V.JLPSJ>DEHbR0V5MOJ>Yp^R0V.ngW�FERQW�e\MOTaHbT$T3RQ7�9pP Q =IDBP �JG H>; =OJ>Y�/%�������*-%9>+/�� %��8�5!�P
I R0VNYZWkAmR0Vb]#WrMOJ!J�KUH.J"^R@V.n3W�FER � AbTan@eEVXW F 	)=~KhJrPSVbJ�W�F	W�W�]WM4R3KGYZW0MORgKNMOJq^JLKhH.JrMIR3KNKUeEVXPSRgKNJ�KhDETcVXW�YaJ�KW#YaR�YZW�V.n@R(MOJrY-W�]�J�]DMEVXW�F4WkM\W0KhTcY-W�V�P�[Y2KUeEVXPAR[TaFIH.J�V.FER#KUJ�J�F4PSeEJ>FIH.VfW�MOJ>Y$Y-W0MIR(MOJ�YZW�YL^W�]�TcF4W�^RgKhJ�W5=

MOJrY-WQPSe4W�Y$D4W�VbH.JrR0H.VfW�]�J>]WMEVXW�F4W!YaYZW�]#W@MEW � /4��6G�3��*-� � /b, �"%�� !7�0PDy`W�]QJ>]DMEVXW�F4W�H.J�PSHbR0VbT-W�PSe�MEV.JrW�Y
KUeEVXPSR(TcFOHbJ>V.FsR L KhJ�W0MORgK.W_KhR(MsV.J#Y-W#D4W�VbH.J#KUeED4J>V.TcR0VrMOJ>YQ^R@V.n3W�FERqMOJ[)2R0VbH.TOP][Y#^R0Vbn3W�FER�MIJ[)2R0VbH.T'KUJ
PSR@]�D4R0FEJQMOJQMOR3KNHbTaD4R3KuMOJ�Pl^J>YaeEYZW0K4�r,�//8# (�# �D2F>+/ 2.%D24�4//4* L ,�//8# (�# �D2�,.!$# !7��� /:2C�8/b, /5; �"%��:�D2�P [�Y2}EJLP+}ER�MOJ
d3eEJ#Y-W(PSR@]�D4R3KUT-PSTL^R0F|d3eo^m ]QT-P>W�MIJ>FOHbV.R_MOJ�Y'PSR@F4MOe4PSHbR�PARIPSYaJ�W�VrKhJ�W(MIT AmJ>VbJ>FOHbJ�W[YZW(MOJ#Y-W[D4J>VbTaYaTcFA�W�JLK
Tc]�D4R0V.HfW�FIH.JND\W�VXW!J�Yt]#W�FOHbJ>FETa]QT J�FOHbRNMOJ8YZW0K'Pl^J>YceEY-W@K2PSTaYcT-W�VbJ�K8P tGJ8Y-W:A.Tcn0eEVfW F =
T3J>]QR3K2dwesJN}4W L PSe4W�H.VbRPl^J�YaeEYZW0K'PSTcYaT-W�V.J�K�J�F[P�W0MEWrPSR0VbH.JuH.VXW�F4K�T3J�VXK.W�YMIJ&YZW�P~^R3PSYcJ�WP5�GF4WrMOJ8J�KhHfW0KGJLK�eEF4W�Pl^J�YaeEYZW&TaFIH.J�V.F4W5= L KUeAmeEF\PST�^R@F(J�KGY-WQMOJ!HbVXW�F\K.MOe4PATaVNYZW�KhJ5aF4W�Y5PSRIPAYaJ�W�VGJ>F(esF4W�KhJ5aF4W�Y�J�Y>^J�PSHbV.TZP>W=EYZW�PSe4W�Y2KhJuH.VXW@KhYZW0MEW#W�HbVXW�T5^JLK
MOJ�Y'KhTZKhHbJ>]#W�FEJ>V%TOTcR3KhR�}4W0PAT-W[J>Y5PSJ>VbJ�MEVbR
P]y`W@K�Pl^J�YaeEYZW0KNJ>=IH.J>VbF4W0K'=DjR@V�J>Y'PAR0FIH.VXW�V.TcR
=V.JLPST$M4J>FqKhJ5aF4W�YcJ�K
MOJ�YKUT-KhHbJ>]#W�FEJ>V%TOTcR3KhRQPSJ>FIH.VfW�Y L FER�D4R3KUJ>J>F_Y-WrP>W�D4W@PST-MsW0M(MOJ�HbVXW�F\K.MOe4PATaViY-W0KxKhJ5aF4W�YcJ�K8MOJ>Yo]�J�MOTcRrdweEJ
YZW0KGVbRIMOJ�WP�[2KUHXW�MOT AmJ>V.J�F4PST-W5=EHXW�FOHbR�J�KhD\W0PSTZW�Y$PSR0]�RDAmeEF4PATaR0F\W�Yw=4J>FIH.VbJ&YZW0KNPl^J>YaeEYZW0K'TaFIH.J>VbF4W L J�=OHbJ>V.F4W@K8=
J�KieEF(MOJLK.PSe
MsV.Ta]QTaJ>FIH.R�M4W0KUHXW�FIH.J�VbJ�PSTcJ>FOHbJ � T3J>V'D4R0V8J�CUJ�]�DEYaR�7 ygP � =4DBP F ; 	)P3tGJ!}sJ�P+}sR
=4J>Y�D\W�D4J>Y2MOJuY-W@KPl^J�YaeEYZW0K'J>=OHbJ>V.F\W0KNPSR@F4KhTZKhHbJ�J>F(W�]�DEYaT AbT-P>W�ViKhJ5aF4W�YcJ�K8W0Po^e4KhHbT-P>W@K&MIJ�DjRIP�W�W�]�DEYcTaH.e\M�P�[�KND4R0VxJ�KhHfW�VfW�Zo^R@F
d3eEJNJ>YlPSR@]�D4R0VbHXW�]QTaJ>FIH.R8MIJGYZW&]�J>]WMEVfW�F4WKM\W0KhTcY-W�V�J�K2]�e L MOT-KUH.TcFOHbR!KUJ>n5^eEF(KUT`KUJG}4W@PSJ>F�J�=OD4J>VbTa]�J>FIH.RgK
J>F"W�FETa]#W�YaJ�K:TIT$T3RgKpR(J�F P�W0M'^W+T3J>V.J�K'P]tGJ�CbW�V.J>]QR3K!W@dwe ^m Y-W@K�PSR0F\KhT-MIJ>VXW@PSTaR@FEJ�K&]QT-PSVbR0]�J�P`^W�FsT-P>W@KNMOJ�YZW
P`^RgPSYaJLW=oW�D4J�KbW�V�MIJ�YZW�Tc]�D4R0VbHXW�F\PST-W�d3eEJrH.TcJ>FEJ>FBP I W�VXW�eEF|W�Fi^W�YcT-KUT-K8MOJ>HfW�YaYZW0MOR�=�VbJ8AmJ>V.TcVXKUJ�W�Y�W�VbH�^m PAeEYaR
W�FOHbJ�K!]�J>F4PATaR0F\W0MOR"7 ygP ��; P��GRgK�PAR0F4PSJ�FOHbVXW�VbJ>]�RgK&W_PSR@FOHbTaFIe4W0PSTL^R0F�J�F esF J�KUH.e4MOTcR(]#W0PAV.R3KbP`^R0DsT-PSR	MOJ
W�Yan0esF4W0KGDsV.R0DsTaJ�MEW@MOJ�K�]�JLP`^W�FETZP>W0K2Ta]�D4R@V.HXW�FOHbJ�K�D\W�VXW�Y-W!DsV.R0D\W�n3W@PST�^R@F_MOJ8R0F4MsW0K'J>F[YZW�P`^R3PSYcJ�WP

� ?



����� �� !������
���	���  ����  8%'���  !�#
���� !�i�

	�
��
�� ����������������������� ��!#"�%$���!&���'���)(��*�,+-(/.����0�*�,!&�1!�(����������2


3 J>F4PATaR0F\W�]�RgK�J>F�Y-WqKhJ�P>PAT�^R0FkW�FIH.J>VbTaR@V#dwesJ(Y-W�D4J>VbTaYaTcF54�W76"Y-W�J>F\MOR0YcTaF54�W�HbTaJ>FsJ>F eEF\W PAR0]�D4R3KUT-PSTL^R0F
d3eo^8 ]�TZP>W!MIT-KhHbTaFIHXW:9EDjJ�V.RQdweEJuKUe4K�DsV.R0DsTaJ�MEW@MOJ�K']�J�P`^W�FET-P�W0K1;=<OTZK.PSRgKhTZMEW0M#6#MOJ>F4KUT-MEW@M?>�KhR0F�Y-W@K�]�TZKh]#W@K�@
< W�]BAET�^J>FQKhJpKhJ:CF4W�YZW�]�RgK'dweEJxJ�KhHfW0K�DEVbR0DETcJ�MEW0MIJ�K�]�J�P`^W�FET-P�W0K�FERrKUJuW�YaHbJ>VXW�F#KhJ�n5^esF(KhT~KhJN]QT-MOJ>F !7* B.!7BG%
R�<@W�V.T-W@K}ER0VfW0K�MIJ�KhDEe�^J�KMOJiY-WN]reEJ>V.HbJD@`�Q^JFE5^J�KG6�7:�H@ �D93D2@��JI�� ; MIJ>H.J>Vb]�TaF�^RGYcR3KK<@W�YcR0VbJ�K2MOJNMIT-PX}4W0K�DsV.R0DsTaJFL
MEW@MOJ�K�9ERMAEH.J�FETaJ>F\MOR��:N �5O ? H&P�QSRTVU ;WO P0QSRTVUHX OZY�[]\ �:^ T �:^ >D4W�VXW!YZW0<IT-K.PAR3KhTZMEW0MB6_OMN �VI��5`VYa\ �Db D4W�VfW
Y-WQMOJ>F4KUT-MEW@M-@�cYK<@W�YcR0V8MsW0MOR#D4W�VXW�YZWd<OTZK.PSRgKhTZMEW0M#J�KGJ>Y$PSR0VbV.J�KUD4R0F4MOTcJ>FIH.J�WrY-W�HbJ>]�D4J>VXW�H.eEVfW�PAR0V.D4R@VXW�Y
FER@V.]#W�Y93J�K'MOJ�PATaVF9gW!eEF4W!H.J�]�D4J>VXW�H.eEVfW&MIJ�I Hfe )�@hg$W�VXW!J�YtP�W0KhRrMIJ>Y`W�n0e4W�W!�g� e )�9OYZW0<IT-KbPSR3KUT-MEW@M�J�K'MOJ
�5Nji��@�0=kO>� �ml P�QSRTVU 956#Y-W�MOJ�F4KhTZMEW0M#J�K'MOJu�5N ?0? �MIn`VYo\ �Db @�p2J>]�R3K5dwesJ&YZW�MIJ>F4KhTZMEW0M#MOJ�YoW�n0e\W�J�K'PSR@]qL
D4W�VXWrAsYaJ�W!YZW�MIJ>F4KhTZMEW0M#MOJ8YcR3Kn4bYaeETZMOR3KiPSRIPSYcJ�W�VbJ�K�9I]�TaJ�FOHbVXW0K5dwesJ8Khe�<OTZK.PSRgKhT-MsW0M�J�K'W�DsV.R�=OTc]#W0MsW�]�J>FIH.J
Y-WrH.J>VfPSJ>VXWrD4W�VbH.JD@�s_^eEFqPSe4W�F\MOR�J�KNMITt4f^8 PATaYoPSR@]�D4W�VfW�ViYaRgK1<@W�YaR@V.J�K8W�FOHbJ�KG]�J>F\PSTaR@F4W0MORgK�9lMOJFAETZMORQW�d3eEJ
FERrPSR@V.VbJ�KhD4R0F\MOJ>F[J�=EW@PSHXW�]�J>FIH.JiW&YZW!]�T-KU]#WGHbJ>]�D4J>VXW�H.eEVfW593YaRrW�FOHbJ>V.TcR0V5FER3K�D4J>Vb]�TaHbJiWf4bTaVb]#W�V�dweEJxY-W0K
DEVbR0DETcJ�MEW0MIJ�K�]QJ�P`^W�FsT-P>W@K�MOJ8YaRgKn4bYaeETZMOR3KiPSRIPSYcJ�W�VbJ�K�KUR0F[D\W�V.JLPST-MEW@KGW!YZW0KiMOJ>Y~W�n0e\W5@
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gW�VXW(DjRIMIJ>VrMOJ>HbJ>V.]�TcF4W�V8J>Y2HbTaD4R_MOJ#R0F4MsW0KrdweEJ�KhJ�DEVbR0D4W�n3W�F�KhRMAEV.J#YZW[]�J>]BAEVXW�F4WdA4W@KhTaYZW�V�9J�K!Ta]qL
D4R0VbHXW�FIH.JQMOJ>HbJ>V.]QTaF4W�V'Y-W0K8P>W�VXW@PSH.J>VL^8 KUH.T-P�W0KiMOJ�Y-W�HbJ>F4KUT�^R0F_W�YZW�dwesJ!J�KUH4^W#KhR@]�J>H.TZMEWrMOT-PX}4W�]�J>]BAEVXW�F4W5@
gW�VXW!J>YcYaR�MIJFA4J>]�R3K2MOJ�H.J>Vb]�TaF4W�VY-W8VXWS�o^R0F#J>FIH.VbJGYZW�MOJ�4mR0Vb]#W0PAT�^R0FrYaR@FEn0TcH.e4MITaF4W�Y-6rY-W&HbVXW�F4K�<3J>VfK.W�Y@�vgTtY-W
H.J�F4KhTL^R0F�4mesJ>VXW!TZKE^R0HbV.R@D4W594Y-W�MOJ]4mR0V.]�W0PSTL^R0F#V.J�KUeEYaHfW�FIH.JNHbJ>F4MOVL^8 W!eEF\W�4mR@V.]#W�PSTcVXPSesY-W�V�@�v3T9ID4R0ViJ>YoPSR0FIH.VfWrL
V.TcRh9tYZW�H.J�F4KhTL^R0F(J�KG]�Wf63R@V'J>F(eEF4W#MOTcV.J�P�PST�^R@F�6�]�J>FER@VGJ�F(Y-W�MOTcV.J�P�PST�^R@F�D4J>VbD4J>F4MOTZPSeEY-W�V8W�YZW�W�FIH.J>VbTaR@VF9
J>FIH.R@F4PSJ�K8Y-W[MIJ�4mR0Vb]#W0PSTL^R0F_J�K!J>Y ^8 DEHbT-P>W:@#sGY�VbJ�W�YcT���W�V&JLKhH.JQJ>=OD4J>VbTa]�J�FOHbR�J>F|P>W@M'^Wr<3J�V.J�K]9��^JFE5^J�K�6"7:�H@ �D9
D2@:� H � ; J>F4PSR@FOHbV4^R�d3eEJ�PAJ>VXP>W�MOJrY-W�DseEFOHfW[MOJrY-W�P`^R3PAYaJ�W�; JLK!MOJ�PATaVF9oPSJ�VXP>W#MOJ>Y2}EJ�YaT-PAR0H.VbJ>]#WD>�YZW[MOJ�4mR@VWL
]#W@PST�^R@F!J>VfWNPSTaVfPSeEYZW�VF9@W2^eEF#PSe\W�F4MOR8YZWGDEV.JLKhT�^R@FrKhRMAEV.J'YZWG]�J>]BAEVXW�F4W�FER8KUJ'JW�UJ>VfP3^8 W'J>F�eEF�DEesFOHbR8PSJ>VfP>W�FER
W�YlJW�UJiPSJ>FIH.VfW�Y4MIJGYZWp]QT-Kh]�W5@�)2J>VfP>W!MIJGYZWoA\W0KhJiY-W8MOJ]4mR0V.]�W0PSTL^R0F�J>VfW!MOJx4mR0Vb]#WGJ>Y ^8 DEHbT-P>W16rKUe�J��UJG]#WF63R@V
PSR@V.V.JLKhD4R0F4M~^8 W(PSR@F�J>YJW�UJrYaR@FEn0TcH.e4MITaF4W�Y�MIJ�Y-W�]�J>]BAEVfW�F4W:@d�`W#VXWS�o^R0F�J�FOHbV.JrJ>Y2JW�UJ�YcR0FEn@TaHbe4MOTaF\W�Y�6(J>Y
H.VfW�F4KG<3J>VXKbW�YiJ>VXW_W(YaR_] ^W0K�MOJ	� �HO�7:�H@ �D9�D2@:� H I ; @�g�R@V�YcR�HfW�FIH.R�9'��^JFE5^J�K�6qPSR0F\PSYaeh6�^RqdweEJ#YZW D4W�V.HbJ
] ^W@K�4bYaJ�=OT�AEYaJ#MIJ�YZW ]QJ>]dAsVXW�F\W�H.J�Fo^8 W[YZW0K�]�T-KU]#W0K8DEV.R@DETaJ�MsW0MOJ�K�J>YL^W0KhHbT-P>W@K J�F PAe4W�YZdweETcJ>VrMOTcV.J�P>PAT�^R0F�9
6_PSR@F4KhTZMOJ>V4^R�d3eEJrJ�KhHbR[KUJ�PAeE]�DEY ^8 WrKhRVAsV.JrY-W�]�J>]BAEVXW�F4W�J>F�n@J>FEJ>VfW�Y�9 DseEJ�KNY-W�D4W�V.H.Jr] ^W@K�4bYaJ>=IT�AEYcJ!J�K
Y-W#D4W�VbH.JrTa]�D4R@V.HXW�FOHbJrMOJ>FIH.VbR(MOJ>Y$J�KhHbe4MOTaR	MOJrDEV.R@D4W�ngW0PSTL^R0F"MOJrR0F4MEW@K&J>F_Y-W�P`^R3PAYaJ�W:@qg�R@V&R@H.VbR[Y-W@MORh9
��^JFE5^J�K�6�RMA4KhJ�VW<�^R�d3eEJNJ>]�D4JF�LW�F4MORuW8}4W0PSJ�V�]QJ�MOT-PATaR0FsJ�K�]�J�MIT-WG}ER@VXW�MOJLKhDEe�^JLK�MOJiY-W8]�eEJ�V.H.Jx6rMIeEVXW�FOHbJ
Y-W@K'KhTcn0eETcJ>FOHbJ�K�PAe4W�HbV.R!}sR0VXW@K�FsRrKhJ8MOJ�H.J�PSHfWrA4W�F�P>W�]BAETaRgKJ>F�Y-W8D4R3KhTZPST�^R@F�MOJ>Yt]�^W�=ITa]�RxMOJ8Y-WuW�]�DEYcTaHbe4M
MOJ>Y~MOJ�KUDEY-WS��W�]�TcJ>FIH.Rh9@DjR@V'YaR dweEJpPSR0F4PAYaeh6�^R�d3eEJiY-W0K�DsV.R0DsTaJ�MEW@MOJ�K2J>Y�^W@KhH.TZP>W0K5MOJFAo^8 W�F#MIJ8KhJ>V5Y-W@K�]�T-KU]#W0K
W�FIH.JLK�RrMOJLKhDEe�^JLKGMOJ8YZW!]�eEJ�V.H.JJ@
cYo]�T-KU]�R!J�=OD4J>VbTa]�J>FIH.RH4meEJuV.J�W�YaT���W0MORrD4R0Va��@?p2R@Y-M?�V.T-PX}[J�F(P`^RgPSYaJ�W@K'MOJ�PAR0FEJW�UTcYaYcR3K'MOJ�� F\MOT-W@K!7�p�@�OS9
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D2@jIVI:O�L�IVI ��; @�cF|J�KhHbJ�J>=ID4J>V.Tc]�J>FIH.R�9tY-W@K&DEVbR0DETcJ�MEW0MIJ�K!J>Y�^W@KhHbT-P>W@K&MIJ�Y-W#]�J>]�AEVfW�F4WdA\W0KhTcY-W�VrKhJrJ>]�D4JFL
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En este segmento la relacion’

vs. k es lineal.ω 
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Membrana basilar.
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Dos segmentos no acoplados de la 
membrana basilar.
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’Celulas ciliares.
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Membrana basilar.
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