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L�MONPM�Q�RTSVUWNPMYX[Z�\Y]_^5`_UaMO`bNP^(\Y]_^9c?MedfX_MhgI^iR�`bSOM9`_^,Xkj%Ua\fRO`_UlZOXmgI^�jfdfX_n5ZTX�^5NoZTp%`b^(MOq

n(d%pfZOr5s�MTn3M9NoX_^(d/jfZ�tlZ�\fn(^5ZON�^5\Y]_MTpAMIgI^�ta^(SuZO`[Z�dfNvZOd%NP^(\Y]_MegI^iX_dfZTZ�tW]_d%`wZTxYdfZ�\fg%M
n(MONPpfZ�`wZOgfZ�Z�ZOty]bd%`bZPgI^Cd%N�Z�R�`bSOMO`b^zjfZ�tlZ�\fn(^5Z9g%ZPn3MON{M�NP^5X_N�MP\V|%NP^(`bMigI^m\%}YX 8�~ ZOX
Z��f\fZ�t�M�x9df^��Td%N�RO`_S9MO`b^ijfZ�tlZ�\An3^5Z9g%Z9���kUa�(^5N�MYXPx9df^�d%N�Z/R�`bSOM9`_^i���f�3���3�(�1�����P�(�f���
� �u�a�u�H�w�w�O�9�iX_^m^(tlZ�]_UaSO^(`�ZOpA^5\fZOX�ZPZOty]bd%`bZ�NP�W\fUWN�ZP\%^,n3^5XbXbR�`bUaZ�pfZ�`wZ�n3MO\Y]b^(`�M9X�X_^(dfX�\f}9X 8
� ^5NCj%`wZ�\AgIMCxYd%^kM�\V|%NP^(`bM�gI^�^(ta^(NP^(\Y]_MYX�^5N�d%N�ZCR�`bSOM9`_^�g%^�Z�tW]_df`bZ��i��\%MCN�Ru�IUaNPM

�9 5¡£¢I¤�¥ c�n3M9\fn3tad%�aNPM9X¦xYd%^�pfZ�`wZ�n(MO\Y]_^5`¦§i\%}9X¦dfNPZzR�`bSOM9`_^�j%Ua\fR�`bUaZk]_^5SO^�]_^5`¨Z�tW]_d%`wZkN�ZOUWM9`
M9d�Ua©OdfZOt.Z«ª1¬aO®9¯.§K° 8²±
��^5X�]bZ�³�MO`bN�Z%c?pfZO`bZ�xYd%^PpAMYX_XbZ�NPM9X�©9ZO`bZO\Y]_Ua`zxYd%^�Z�j%dfXbn(ZTZ�dfN�\%}egI^Pd%N�ZTR�`bSOMO`b^

j%Ua\fRO`_UlZ
gI^�j%dfXbn(ZCX�^5`bRz`b^5Z�taNP^(\Y]_^�`wR�pfUag%Zfc9gI^5NPMO`wZ�\fgIMmZOp%`_M´�IUaN�ZOg%ZON�^5\Y]_^�¬W9®9¯?§TM9pA^5`bZ�q
r(µY^,X(cupf`_^,n3UlX_ZON�MYX!ZOty]b^(`wZ�`¦ZOX¦`bM�]bUW\fZ9X!g%^�Ua\fX_^(`wr(sOM�^�`_^5NPMVr5s�M
Z�p%`b^5X_^(\Y]wZOg%Z9X#gI^�N�Z�\%^5UW`wZzZ
©YZ�`wZ�\Y]_Ua`¦MmjfZ�tlZ�\fn(^5ZON�^5\Y]_Mmg%ZOX�R�`bSOMO`b^5X£j%Ua\fRO`_UlZOX¦©9^(`wZOg%Z9X 8.¶ \%³�^(taUW�5N�^5\Y]_^OcY��NCdfUy]bMCgIUW³��an(UWt
N�Z�\Y]b^(`�R�`bSOM9`_^,X�pH^(`_³�^(UW]bZON�^5\Y]_^mjfZOtaZO\fn3^,ZOg%Z9X 8

·I8�:�;,<.=!;?>f@�¸�¹Pº
» Z�`wZ�n(MO\Y]_M9`_\AZ�`�Z�gIUW�An3dftag%Z9gI^
gI^
NPZO\VdI]_^5\fr(sOM�gI^mR�`bSOM9`_^,X¨pH^(`_³�^(UW]bZON�^5\Y]_^zjfZ�tlZ�\fn(^5Z�q

g%Z9X(c´d%N�Zzg%ZOX!^5X�]_`wZu]b�(©9UaZ9X.pHM9XbX��aSO^5UaX!��`b^(tlZu�%Z�`!Mzn(MO\fn(^(UW]_MzgI^�jAZ�tlZ�\fn(^5Z�NP^5\9]bMkgI^�N�Z�\%^5UW`wZ
Z�©9ZO`bZO\Y]_Ua`�xYd%^[Z9X�RO`_S9MO`b^5X�Z�Ua\fg%ZPX_^(`ws�Mm¼½jfZOUy�%Z9X�¾6cVNPZ9X�Z�©9MO`wZ�¼½³¿ROn3^5UaX½¾zgI^[Z�]_dfZOtWUa�5ZO` 8
À N�Z�g%ZOX�p%`bUaN�^5UW`wZOX�gI^(�f\%Ulr3µV^5X�gI^
R�`bSOM9`_^,X!¼_x9dAZOX_^kjfZOtaZO\fn3^,ZOg%Z9X�¾�xYd%^z³�MOUKNCd%UW]_M�jH^(N

X_dfn3^,gIUlg%ZP³�MOU*g%Z9g%Z�pHMO`
Á�gI^(tlX_MO\Iq�Â*^(tlX�ÃVUaU#^ � ZO\fgIUlX�^�^5X�]bZOX�R�`bSOM9`_^,X��An(ZO`bZONÄn(MO\%Åf^5n3Ulg%Z9X
n(MONPM�RO`_S9MO`b^5X�Á#Â �¨Æ
��ÇYÈ£É£Ê�Ë,Ê¿ÌHÉÎÍAÏ À NPZ�R�`bSOM9`_^��kg%Uy]wZCÁ!Â � q�jfZOtaZO\fn3^,ZOg%Z�Ð¿MOd�X_UWNPp%ta^5X_NP^(\Y]_^zÁ#Â �!Ñ X�^�pfZ�`wZ
]bMVg%M�\f}PZPZOty]bd%`bZ�^5\9]b`_^mX_dfZOX�g%dfZOX�X_d%jIq�R�`bSOM9`_^,X�gIUW³�^(`bUW`k^(NÒ\%M�N�R��VUaNPM�dfNPZPdf\%UagfZOgI^ 8
Ó MO]_^�xYd%^¦]bMIg%Z�R�`bSOM9`_^£pA^5`�³�^5Uy]wZ�NP^(\Y]b^¨jfZ�tlZ�\An3^5Z9g%Z���Á#Â � c3N�Z9X?\%^(NÔ]_MIg%Z�RO`_S9MO`b^£Á!Â �

�[jAZ�tlZ�\fn(^5ZOgfZ%cfn(MONPMiNPM9X�]_`wZ�ZiÕ£UW©9d%`wZ 7O8 » MO`b�(N�Á�gI^(tlX_MO\Iq�Â*^(tlX�ÃVUaU.^ � Z�\fg%UaXkp%`_MuSuZO`bZON
xYd%^�R�`bSOM9`_^,X�Á!Â � ]bÖ(N×ZTZ�tW]_d%`wZ�\%MTNPR��IUWNPMTØOØIÙ�N�Z�UaMO`mgIMhxYd%^�ZT`b^5X_pA^,n6]_UaSuZTR�`bSOMO`b^
jfZOtaZO\fn3^,ZOg%ZfcAZOUW\fgfZiX�^5\fgIM�pAMYX_X_�WS9^(UlXkgI^�X�^5`�Z�]_dfZOtWUa�5Z9g%ZOX�n3MON�M9pA^5`bZ9r3µV^5X�pf`_M9pAM9`bn(UWM9\fZ�UlX
Z�¬aO®9¯.§*Ú

Û X�]_dfgfZ�`b^(NPM9X�ZPX_^(©OdfUW`�Z9X�`bM�]bUW\AZOX�gI^mUa\fX_^(`wr(s�M�^m`_^5NPMVr5s�M�^(NÄR�`bSOMO`b^5X�Á#Â � 8
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����� � ;KD"!$#&% `_S9MO`b^zÁ!Â � c%N�ZOX�\fsOM�jAZ�tlZ�\fn(^5ZOgfZ

·%8W798(' É*),Ç�+�,�-%Ì#Ï/. Z�ta©OM9`_UW]_NPM«gI^hUa\fX_^(`wr(sOM«^(N d%N�Z R�`bSOM9`_^TÁ!Â � ��`_^,n3d%`wX�UaSOM�^9c�^(N
Z�]_�Pn3^(`_]_M�pHMO\Y]_MTX�^5NP^(taÅfZ�\Y]_^PZ�MTZ�ta©OM9`_UW]_NPM�gI^PUW\fX_^(`wr(sOM�^5N�R�`bSOMO`b^5Xkj%Ua\fR�`bUaZ9X
X�UaNPp%tW^,X 8
Û ta^�Ua\%Uln3UlZhn3M9N Zej%dfXbn(Zhg%M�taMVn5Z�t�n3MO`b`b^3]_MepAZ�`wZTUW\fX_^(`wr(sOMhgIM�\fMuSOMe\%} 8 Á�Mh^(\An3MO\Y]b`bZO`
MitaMIn(ZOt�Ð¿xYd%^[�An(ZiX_^(NPp%`b^[^5NÄdfNPZ�³�MOtaÅfZ Ñ cAUa\fX_^(`b^3q�X�^mM�\%MuSOM�^5tW^5N�^5\Y]_Mi^[S9MOtW]bZ�q�X_^[Zu]b`bR9X
pH^(taM'n5Z�NPUW\fÅ%MhpH^(`wn3MO`b`bUagIMe\AZhj%dfXbn(Z'Zu]b`bZ´S9�5Xmg%Z�p%UWtaÅfZ'gI^�`b^5n(d%`bXbs�M 8 Á�MhS9MOtW]bZ�`�Zu]b`bR9X
MTZ�ta©OM9`_UW]_NPM�g%^(SO^�Ua\I³�MO`bN�Z�`
Z�M�\%MuSOM�\%}�X_^PZ�X_d%jIq�Z�`bSOM9`_^[g%^�M9\fgI^�^(ta^PSO^(N�ZOd%NP^(\Y]_M9d
M9d \fs�M'gI^�ZOty]bd%`bZ�^Oc*^5SO^(\Y]bdfZ�taNP^(\Y]_^9c!]bMON�Z�`PZOXCNP^5gIUlg%ZOX�\%^,n3^5XbXbR�`bUaZ9XmpfZ�`wZeN�Z�\Y]b^(`�M
jfZOtaZO\fn3^,Z�NP^(\Y]bM 8 » ZO`bZexYd%^�UaX�]_MhX_^½Q�ZepHM9XbX_�WS9^(t¨��\%^5n(^5XbX_RO`_UaMTNPZO\Y]_^(`_q�X�^P^(N n5ZOg%ZT\%}'Z
Ua\I³�MO`bN�ZOr5s�M«gI^�xYdfZOt�M«©O`wZ�d gI^hjAZ�tlZ�\fn(^5Z�NP^5\9]bM�^(\Y]_`b^hX�dAZOXiX_d%jIq�R�`bSOM9`_^,X�^,X_xYd%^5`bgfZ�^
gIUa`b^(UW]bZ 8
L�ZOX_M�Z�X�dfjIq�RO`_S9MO`b^�MO\fg%^k³�M9UAUa\fX_^(`bUagIM�M�\fMuSOM[^5tW^5N�^5\Y]_MC\As�M[]bUWS9^(`�NCdfgfZOgIMPgI^�ZOty]bd%`wZ

\fZ9g%ZPX�^5`bRP\f^5n3^,X_XbR�`bUaMC³¿ZO�(^(`,c%d%N�Z�S9^(�mxYd%^CZ�RO`_S9MO`b^�M9`_Ua©OUa\fZ�tVQ�RP^5`bZ�Á!Â � 8�0 RPX�^CZ�X_d%jIq
RO`_S9MO`b^�n3`b^5Xbn3^5degI^(S9^(NPM9X�S9^(`bUy�An5Z�`�ZP\%MuSuZ�n3M9\fgIUlr(sOMPg%^mjfZ�tlZ�\fn(^5ZON�^5\Y]_M 8 » M9`�^3�I^(NPp%taMfc
X_d%pHMO\%ÅfZONPM9X*xYd%^kZmX_d%jIq�R�`bSOM9`_^�1
^5XbxYd%^(`wg%ZmgI^�d%N \%}�2 n(`_^,X_n(^(d.c�^(�IUaX�]_^5N ]b`_Ö,X*pAMYX_X_Uaj%Uyq
taUagfZOgI^,X�xYdfZO\Y]_MPZ�\fMuS´Z�n3M9\fgIUlr(sOM�gI^
jfZOtaZO\fn3^,Z�NP^(\Y]_M�gI^32 c%n3M9NPM�NPM9X�]_`wZCZPÕ£Ua©Od%`wZ ·%8 þ

Ð 7 Ñ Á RO`_S9MO`b^[g%Z�^5XbxYd%^(`wg%Z�^5`bZiNPZOUaXkjfZ�UW�%ZixYd%^CZ�X�d%j%q�RO`_S9MO`b^
gfZigIUa`_^5Uy]wZ�Z�\Y]b^5XkgfZ
UW\AX�^5`br5s�M 8 ��^5X�]bZ�³�MO`bN�Z%c%Z�UW\fX_^(`wr(sOM�1�^5XbxYd%^(`wg%Z
¼½NP^5tWÅ%M9`_M9dV¾kMPjfZ�tlZ�\An3^5ZONP^(\Y]_MAc
gI^(UW�%Z�\fg%MPZ9X�gIdfZ9X�R�`bSOMO`b^5X�n3M9N Z�NP^5X_NPZPZOty]bd%`bZ 8

Ð · Ñ Á�N�jfZOX�X�d%j%q�RO`_S9MO`b^5X�]_Ua\%ÅfZONoNP^5X_N�ZeZ�tW]_d%`wZeZ�\Y]b^5X[g%ZhUW\fX_^(`wr(sOMT^�ZOXbX�UaNoZhUW\Iq
X�^5`br5s�M�g%^(UW�VM9d�Z�X_d%jIq�R�`bSOM9`_^[gfZi^5XbxYd%^(`wg%Z�dfN \%�WS9^(t£N�Z�UlX�ZOty]wZ%cKM�xYd%^PZ�Ua\fg%Z��
pA^5`_NPUW]_UlgIM�pH^(tlZ�g%^3�f\%Ulr(sOM�gI^[R�`bSOM9`_^,X�Á!Â � 8

Ð54 Ñ . n3`b^5Xbn3UaNP^(\Y]_M�g%Z�X_d%jIq�R�`bSOM9`_^mg%Z�^5Xbx9df^(`wg%ZP]_^5\%ÅfZ�tW^5SOM9dIq�Z�Z��An5Z�`�g%MOUlXk\%�aSO^5UaX
N�Z�UlX�Z�tW]bZPxYd%^mZ�X_d%jIq�R�`bSOM9`_^61PgIUW`b^(UW]bZPgI^32 cI\f^5X�]bZPX�UW]_dAZOr(sOM�g%^(SO^(q�X_^�³¿Z��(^5`�d%N
`_^(q÷jAZ�tlZ�\fn(^5Z�NP^5\9]bM 8

Ó M�]bZ�q�X_^�ZOxYd%UIZz\%^5n(^5XbX�Ulg%ZOg%^�gI^�ZO`_N�Z��5^(\fZO`#^5N n(Z9g%Zz\%}zZzUa\I³�MO`bN�ZOr5s�M�g%^�n(MONPMz^5X�]bR
X�^5d
jfZOtaZO\fn3^5NP^(\Y]_M 8 » Z�`wZ�UaX�]_MAc¦S´ZONPM9X[Z9n3`b^5Xbn3^(\Y]wZ�`
d%N×\%MuSOMen5Z�NPpAM�^(Nv\%M9XbX_Z�^,X½]b`_dI]bd%`wZ
gI^C\%}9X5cfnwÅfZONPZ9gIM87$9;:�xYd%^Cn(MO\Y]_^5`bRPZ�gIUW³�^(`b^(\fr5Zig%Z9X�Z�tW]_d%`wZOXkg%ZOX�X_d%jIq�R�`bSOM9`_^,X�gIUW`b^(UW]bZi^
^,X_xYd%^5`bg%ZTgIM�\%} 8 . d X�^�Q�Z%c£^5X�]_^�n5Z�NPpHMhn3MO\Y]b^(`wR�q 7 X_^iZhX_d%jIq�R�`bSOMO`b^Pg%ZT^5XbxYd%^(`wg%Z�³�MO`
d%N�ZPd%\fUag%Z9gI^mN�Z�UlX�Z�tW]bZfc$<PX�^mM�\f}P]_UaSO^(`�gIdfZOX�X_d%jIq�R�`bSOM9`_^,X�g%^[NP^5X_NPZPZOty]bd%`bZP^ 7 n5ZOX_M
X_^½Q�ZPZPX�dfjIq�RO`_S9MO`b^�g%ZPgIUa`b^(UW]bZPZ�NPZOUaX�ZOty]wZ 8
» Z�`wZ�³¿Z��(^5`[Me`b^3q�jfZ�tlZ�\fn(^5ZON�^5\Y]_M�p%`_^,n3UlX_ZONPM9X
n3M9\fX�UlgI^5`bZO`
ZOpA^5\fZOXCgIMOUlX[n(Z9X�MYX 8 L�Z�jH^

ZOM�ta^(UW]_M9`kZ�M9jfX�^5`_SuZ9r(s�MPZu]b^(\Y]bZ�g%^5X�]_^5Xkn(ZOX_M9X�pAZ�`wZ�x9df^m^(ta^CX�^[n(MO\VSO^,r(ZPxYd%^m^5X�]_^,XkXbs�MPM9X
|%\fUan(M9X�n(Z9X�MYX�pAMYX_X_�WS9^(UlX 8
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�����T� ;KDVUN#6W UW]_dfZ9r(s�MegI^PjfZOtaZO\fn3^,Z�NP^(\Y]bM�ZOpA}YXmn3`b^5Xbn3UaN�^5\Y]_MTg%ZTX�d%j%q
R�`bSOM9`_^31�^5Xbx9df^(`wg%Z 8

Ó M�pf`_UaNP^(Ua`_M�M�n3`b^5Xbn3UaNP^(\Y]_MPMIn3M9`_`b^(dX1P^5XbxYd%^(`wg%ZPgIMP�ftaÅ%Mig%ZP^,X_xYd%^5`bgfZ�g%^Y2 cfn3M9NPM
NPM9X�]_`wZTZeÕ£UW©9d%`bZZ4 8 Ó ^5X�]_^in5ZOX_MhZOX[X_d%jIq�R�`bSOM9`_^,X[1egIUa`b^(UW]bZhgI^P2 ^	1eg%UW`b^(UW]bZegIMh�ftWÅfM
^,X_xYd%^5`bgIM g%^\2 gI^(S9^(N ]_^5`�NP^5X_N�Z Z�tW]_d%`wZ%c�n5ZOX_M n3M9\9]b`bRO`_UaM«Z n3M9\fgIUlr(sOM gI^'X_^(`�d%N�Z
RO`_S9MO`b^5X*Á!Â � gI^(S9^(`bUaZ
]b^(`�X�UlgIM�SYUaMOtlZOgfZ[Z�\Y]_^,X�gfZ[Ua\fX�^5`br5s�M[M9di^(N�d%N pAZOXbX�MCZO\Y]_^(`bUaMO`�gfZ
`b^5n(d%`bXbs�M 8 » MO`_]bZ�\AgIM�Z�n(MO`b`_^,r(sOMPg%^5X�]_^Pn(ZOX_M�pHMVg%^�X_^(`k³�^(UW]bZ�n3MON�d%N�Z�X�UaNPp%tW^,Xk`bM�]wZOr5s�M
1PgIUa`_^5Uy]wZ 8
0 R�M�X_^(©Odf\fgIM�n5ZOX_MP]_^(N X_MOtadfr(sOM�d%N�pAM9dfn3M�N�Z�UlXkn3M9NPp%tWUln(Z9g%Z 8 Ó ^(ta^CM�n(`_^,X_n(UWNP^5\9]bM

MIn3M9`_`b^(d]1�g%UW`b^(UW]bZTgIM��ftaÅ%MT^5XbxYd%^(`wgIMTgI^82 8�~ Z�UlX
d%N�Z�S9^(�9c.pfZ�`wZ�x9df^PZTn(MO\fgIUlr(sOM�gI^
Á!Â � ]_^5\%ÅfZ�X_Uag%M�`b^5X_pH^(UW]bZOgfZ�ZO\Y]_^(`bUaMO`bN�^5\Y]_^OcYpHMVg%^(NPM9X�©YZ�`wZ�\Y]_Ua`�x9df^ Æ

Ð 7 Ñ ÁkXzgIdfZ9XkX_d%jIq�R�`bSOMO`b^5X��AtWÅfZ9XkgIM��ftaÅ%M	1igIUa`b^(UW]bZ�g%M��ftaÅ%M^1�^,X_xYd%^5`bgfZ�gI^/2×]bÖ(N
Z�N�^,X�N�Z�ZOty]bd%`bZ 8

Ð · Ñ Á�X_d%jIq�R�`bSOM9`_^�1�^5XbxYd%^(`wg%Zig%M��ftaÅ%M�g%Z�^,X_xYd%^5`bgfZigI^�2�^�Z�X�dfjIq�RO`_S9MO`b^[gIUa`_^5Uy]wZ
gI^_2Ä]_Ö5N Z
NP^,X�N�ZmZ�tW]_df`bZmxYd%^���Ua©OdAZ�tfZmZOty]bd%`bZmgfZOX¨RO`_S9MO`b^5X£gI^5Xbn3`bUy]wZOX*\fMm�y]b^(N
Z�\Y]_^5`_UaMO`�N�Z�UlX 7O8

Á�X_X_UWNTcVpHMVg%^(NPM9X�©9ZO`bZO\Y]_Ua`�xYd%^zM�jfZOtaZO\fn3^,Z�NP^(\Y]bMCpHMVg%^zX_^(`�MOj%]_UlgIM�n(MON gIdfZ9X�`_MO]bZOr(µV^5X5c
Z�pf`_UaNP^(Ua`bZ�1�^5XbxYd%^(`wg%ZigI^5SO^�X�^5`k^(\Y]b`_^�M��ftaÅ%M�1i^5Xbx9df^(`wg%ZigI^`2�^�X_^(de�AtWÅ%M�1�gIUa`b^(UW]bZ 8
Á X_^(©9d%\fg%Z�gI^(S9^
MVn(MO`b`_^5`�n(MON{M�\fMuSOM��ftWÅfM81�^,X_xYd%^5`bg%ZPgI^32v^Y2 8 Â*^½Q�Z�ZPÕ£UW©9d%`wZ�Ø 8
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�����T� ;KDcb�# . n3`b^5Xbn3UaNP^(\Y]_M�MIn(MO`b`_^5dX1i^5Xbx9df^(`wg%Z�gIMi�AtWÅ%M^1�^5XbxYd%^(`wg%Z
gI^Yd 8�W MOtadfr(sOM Æ `bM�]bZ9r(sOM`1PgIUa`_^5Uy]wZ 8

. n(}IgIUW©9MPpfZ�`wZ�Z�Ua\fX_^(`wr(s�MPX_^(`wR�ZOp%`b^5X_^(\Y]bZ9gIM�ZPX_^(©OdfUW` 8
eIfhg�i�jlk�m;jnm;k 9 ipo 9 k 9 mKq 9c9 klrIs�kItvultxwzyljIt�w{kIsIiB|�f�e
jl}no$t�u;tn~"i�jnknmH��j"��yIs��
w�y;jV�{� 9 rItB� eIf���� 9 r;tvo 9 k 9�7 mHil� 9 f�e
w�y;j 7$9;: � eIfc�zyIu�w�� 9 � 9 s�iKs 7 kIt 7$9l:n9 yH�Kt 9 qHtKy;j;s�� f�e

eIfc�I�viKt"tIi��D|�q 9 w�sKk��X�Vi�t 7$9l:n9 yH�Kt 9 u;s�� f�e
eIf���iKt�u�wzkvq 9 w�s�k f�e

e;f���m;jlkIs$i�� 9 q$o$s$ihu;t�u 9 u;s$i 9 ��mNw�f�e

i{jlknmH��j"��y$s�fKt$i����]f�u�w{k��ZeIf��IsKy;j;t�w{kIs$i]o 9 k 9 i{m 7 � 9 klr;s�kIt$i�t$i��"tcu�wzk f�e
�vyIs��

wzy;jxwzyHi�t�kIt��l�l����wzy;jh����y$s�flf{oN���

w�y;jV��kIt$il��tKmD�

e;fv nt 9c9 klrIsKkIt�t$i�j 9 r 9�¡ w 9 wzyHiKtKkIt�|Xf�e
w{~¢��f{o¤£n£c¥�¦I�l�����
f{o�£§�¨y$s�f;�pq 9;:l: s$����i;w ¡ tnsn~��©y;s��l���
��f{oH�l�KªI�{� 9 rIt�£����
eIf�� 9 iKs��$s�m;rIt$ili�tvsKm;jlk;s$ihu 9 u;sIi�t : t$i�u;t�r;t�kHw 9 qxiKt�kx�KsKoNw 9 u;s$i 9 �KmNw*|Zf�e
��f{oH�l�Kª�u�wzk�£§��f{oN�l�Kª�t$i��v£�¥�¦$�l���
eIfh« 9;:n9 yH�Kt 9 q�tKy;jIs¬u;t�mKq 9 ~;s : � 9 tViKtzq$o;kIt�o$tKk;~;t�w{j;s"f�e
��f{oH�l�Kª 7$9l: £��B�
eIf�g�i�j 9 i{m 7¤9 klrIs�kIt"�{kIt$il�Kt�m¤f�e
��kItIil�KtKmc£�N�



FHG �H� G �I�3J$���K��LNM$�;�����N�POQ�K�N�KR ®

V

X

X X

V

U

U

U

V

h
h

h

h

h−1 h−1 h−1

h−1

h−1 h−1 hh

�����T� ;KD�¯T# . n3`b^5Xbn3UaNP^(\Y]_M�MVn(MO`b`_^5d�1�g%UW`b^(UW]bZ�gIM��ftWÅfM81�^5XbxYd%^(`wg%Z�gI^
2 8�W MOtadfr5s�M Æ `_MO]bZ9r(s�M[g%d%p%tlZ%cYp%`_UaNP^(Ua`_M`1m^5XbxYd%^(`wg%Z
^�g%^(pHMOUlXD1[g%UW`b^(UW]bZ 8

�
e;fv ntKy 9 svrIt�k�w�~�wn� 9 iKt�j;t{qV��m$t¤wzyHiKtKkHw{k 9 t$i���m$tKk;u 9 f�e
t : iKt¤w�~°�l��f{oH�l�KªI�{� 9 rItvªv�H�v�
eIf�±ItKy;j 9 wzyHiKt�k�w{k 9 tIi���m$t�klu 9 t�rItVi�t 9 i{m 7 � 9 klrIs�k;t���kItIil�KtKmVf�e
��kItIil�KtKmc£xwzyHiKtKkIt��l�;�B�²���8³���f{oN�n�Kªnt$i����T�
w�~¢����kItIil�KtKmN���
eIf��;t�kHw�~�w�� 9 sct$i�j 9 uls 9 jnm 9;: u;t 7$9l:n9 yH�Kt 9 qHtKy;j;s�f�e
i{´Nw{j��z���l��f{oH�l�Kª 7$9l: �µ�
eIf� nt 9c9 klrIsKkItvu�w{k(|�t�k 9 q 9 w�s�kvy 9 s�� 9 ��k;t$il�;w�q�tKy;jIs f�e
� 9 iKtx�T�
��fzoN�l�Kª 7I9;: £"���
��k;t$il�KtKmc£"���
7 k;t 9�¶ �

eIf� nt 9c9 klrIsKkItvu�w{k(|	jHw�yl� 9 j 9 q 9 yl�$s�w{·�m 9;: �	�$s�m;rIt"��kItIil�;w�qHt�y;jIs f�e
� 9 iKt����
��fzoN�l�Kª 7I9;: £x�I�N�
��k;t$il�KtKmc£�N�



¸ ÿ��������	�
������������������������������
7 k;t 9�¶ �

eIf� nt 9 i{m 7 � 9 klrIs�k;t�u 9 t$i��D|�¹ 9 t�k 9 q 9 w�s�k���u;tKrIt��niKthkIt�� 7$9l:n9 yH�Kt 9 k(|	f�e
� 9 iKt¤�I�T�
eIf��It�k�w�~�wn� 9 ��m 9;: s¤� 9 iKs�u;t�kIt�� 7I9;:n9 yH��t 9 qHtKylj;s�| f�e
eIfv lt 9"9 klrIs�kItvu 9 t$i���m$t�k;u 9 u;s�~�w : �Is�u 9 t$i���m$t�k;u 9 t$i�j 9 q 9 wni f�e
eIf 9;: j 9v7I9 i�j 9 mKq 9 kIsKj 9 � 9 s¬o 9 k 9 u�w{k;t�w{j 9 | f�e
w�~¢�l��fzoN�l�KªntIi����Kª 7I9;: £l£º�;�����
eIf�»Is�j 9 � 9 s�o 9 k 9 u�wzkIt�w{j 9 | f�e
kIs�j$�Ku�w{k��©oH�T�
eIf����Kt�klj 9 s$i 7I9;:n9 yH��t 9 qHtKyljIs$iB|�f�e
��f{oN�n�Kª 7$9;: £§��fzoN�l�Kª�u�w{kH�Kª 7I9;: £"���

�
t : iKtc�
eIf�»Is�j 9 � 9 svu�mlo :�9 | f�e
eIf��lkHw�qHt$w{kIs 9 t$i���mIt�k;u 9 | f�e
kIs�j$��t$i����²³���f{oN�l��ªnt$i������
eIf�¼ItKo$s�w�i 9 u�wzkIt�w{j 9 | f�e
kIs�j$�Ku�w{k��©oH�T�
eIf����Kt�klj 9�7$9;:n9 y��Kt 9 qHt�y;jIs$iB|�f�e
w�~¢�l��f{oN�n�Kª 7$9;: £l£x�I�����
��fzoN�l�KªntIi����Kª 7I9;: £����
��fzoN�l�Kª�u�w{kH�Kª 7I9;: £½�N�

�
t : iKtc�
��fzoN�l�Kª�u�w{kH�Kª 7I9;: £����
��fzoN�l�KªntIi����Kª 7I9;: £º����f{oN�l�Kª 7$9;: �

�
��f{oN�n�Kª 7$9;: £����

�
��k;t$il�KtKmc£"���

�
�

�
e;f��;t�kHw�~�w�� 9 iKtvjIt{qx��m$t¤wzyHi�t�kHw{k 9 u�w{kIt$w{j 9 |XfKe
t : iKt¤w�~°�l��f{oH�l�KªI�{� 9 rItv¾v�H�v�
eIf�±ItKy;j 9 wzyHiKt�k�w{k 9 u�w{kIt�w{j 9 tcrIt�iKt 9 i{m 7 � 9 klrIs�kIt���kIt$il��tKm¤f�e
��kItIil�KtKmc£xwzyHiKtKkIt��l�;�B�²���8³���f{oN�n�Kª�u�w{k��T�
w�~¢����kItIil�KtKmN���
eIf��;t�kHw�~�w�� 9 sct$i�j 9 uls 9 jnm 9;: u;t 7$9l:n9 yH�Kt 9 qHtKy;j;s�f�e
i{´Nw{j��z���l��f{oH�l�Kª 7$9l: �µ�
eIf� nt 9c9 klrIsKkIt�t$i��D|�t�k 9 q 9 w�s�kvy 9 s�� 9 ��k;t$il�;w�q�tKy;jIs f�e
� 9 iKt¤�I�T�
��fzoN�l�Kª 7I9;: £"���
��k;t$il�KtKmc£"���
7 k;t 9�¶ �

eIf� nt 9c9 klrIsKkIt�t$i��D|	jHw�yl� 9 j 9 q 9 yl�$s�w{·�m 9;: �	�$s�m;rIt"��kItIil�;w�qHt�y;jIs f�e
� 9 iKt����
��fzoN�l�Kª 7I9;: £�N�



FHG �H� G �I�3J$���K��LNM$�;�����N�POQ�K�N�KR ¿
��k;t$il�KtKmc£�N�
7 k;t 9�¶ �

eIf� nt 9c9 klrIsKkItvu 9 u�w{k(|�¹ 9 t�k 9 q 9 w�s�k���u;tKrIt��niKt�k;t�� 7$9;:�9 yH�Kt 9 k(| f�e
� 9 iKtx�T�
eIf��It�k�w�~�wn� 9 ��m 9;: s¤� 9 iKs�u;t�kIt�� 7I9;:n9 yH��t 9 qHtKylj;s�| f�e
eIfv lt 9"9 klrIs�kItvu 9 u�wzkIt�w{j 9 u;sc~�w : �$svu 9 u�w{k;t�w{j 9 t$i{j 9 q 9 wni f�e
eIf 9;: j 9v7I9 i�j 9 mKq 9 kIsKj 9 � 9 s¬o 9 k 9 t$i��Km$t�k;u 9 | f�e
w�~¢�l��fzoN�l�Kª�u�w{kH�Kª 7I9;: £l£½�K���
eIf�»Is�j 9 � 9 s�o 9 k 9 t$i���m$t�k;u 9 | f�e
kIs�j$��t$i����©oH�T�
eIf����Kt�klj 9 s$i 7I9;:n9 yH��t 9 qHtKyljIs$iB|�f�e
��f{oN�n�Kª 7$9;: £§��fzoN�l�KªntIi����Kª 7I9;: £"���

�
t : iKtc�
eIf�»Is�j 9 � 9 svu�mlo :�9 | f�e
eIf��lkHw�qHt$w{kIs 9 u�w{kIt$w{j 9 | f�e
kIs�j$�Ku�w{k��²³���f{oN�l��ª�u�wzk����
eIf�¼ItKo$s�w�i 9 t$i���m$t�k;u 9 | f�e
kIs�j$��t$i����©oH�T�
eIf����Kt�klj 9�7$9;:n9 y��Kt 9 qHt�y;jIs$iB|�f�e
w�~¢�l��f{oN�n�Kª 7$9;: £l£x�I�����
��fzoN�l�KªntIi����Kª 7I9;: £����
��fzoN�l�Kª�u�w{kH�Kª 7I9;: £½�N�

�
t : iKtc�
��fzoN�l�Kª�u�w{kH�Kª 7I9;: £����
��fzoN�l�KªntIi����Kª 7I9;: £º����f{oN�l�Kª 7$9;: �

�
��f{oN�n�Kª 7$9;: £����

�
��k;t$il�KtKmc£"���

�
�

�
t : iKt���kIt$in�KtKm�£"���

k;t�jnm;knyV�{kIt$il�Kt�mD�
�

·%8 ·%8 ��ÇnÀ Ì�,K-%Ì!Ï Á�`b^(NPMIr(sOM�^(NvR�`bSOM9`_^�Á#Â � X_^(©9d%^�Z�N�^,X�N�Z�taUW\%ÅAZ�xYd%^�Z�Ua\fX�^5`br5s�M 8
��^5X�]bZ�³�MO`bNPZ�Z�p%`b^5X_^(\Y]wZ�`b^(NPM9X.ZOpA^5\fZOX!M9X!^5XbxYd%^(N�Z9X!gI^�n(Z9X�MYX.^�gI^(UW�%Z�NPM9X#Mzn(}IgIUW©9Mkn3M9NPM
^(�V^5`bn(�an(UWM�Ð���d%N ^(�V^5`bn(�an(UWMegIUW³��ln3Uat c£N�ZOX[xYd%^�SuZ�ta^�1TpH^(\fZeX_^(`
³�^5Uy]bM Ñ c£MOd#c!pfZO`bZ�M9X[NPZOUaX
n(d%`_UaM9X_MfcVÅfR�d%N�Z�SO^5`bXbs�M�UaN�pftW^5N�^5\Y]bZOgfZ�\fM�taUaSY`bM�gIM8Á UW`_]_ÅpÂ 4�Ã 8
¶ \%Uln3UlZ�taNP^(\Y]_^mM�Z�ta©OM9`_UW]_NPM�gI^(S9^zjfdfX_n5Z�`�`b^5n(d%`bX_UaS´ZONP^(\Y]_^zMP\%}�x9df^[gI^5X_^½Q�Z�q�X_^zg%^(ta^3]bZO` 8

À NPZ
S9^(��^(\An3MO\Y]b`bZ9gIMfc�gI^5SO^(q�X_^�dfX_ZO`*M[Z�ta©OM9`_UW]_NPM
gI^�`_^5NPMVr5s�MmxYd%^�\fsOMz^,X½]wR
jfZOX_^5Z9gIMz^(N
`bM�]wZOr3µV^,XmÐ¿xYd%^[³�M9U#M�]b^(N�ZigIM�^3�I^(`wn3�ln3UaMig%ZiZOd%taZ�]_`bÖ5XkX_MOjH^CRO`_S9MO`b^5X Ñ 8 Õ%^(UW]bZ�Z�`_^5NPMVr5s�MAc
gI^5SO^(q�X_^�N�ZOUaX�d%N�ZPS9^(�
Z�\fZOtWUlX_ZO`�M�jAZ�tlZ�\fn(^5Z�NP^5\9]bM 8



Ä ÿ��������	�
������������������������������
Ó MuSuZON�^5\Y]_^Oc´Ua\%Uln3UlZ�NPM9X£ZOX!pAMYX_X_�aSO^(UlX.N�dfg%ZO\fr(Z�gI^�jfZOtaZO\fn3^,Z�NP^(\Y]bMkxYdfZ�\fg%M�Z�`b^(NPMIr(sOM

MIn3M9`_`b^kgIMPtlZOgIM�gIUa`_^5Uy]bM�gI^32o`_^,X�d%tW]bZ9gIMC\AZ�gIUaNPUW\Vd%Ulr(sOM�g%MC]wZ�N�Z�\%ÅfM�gI^,X½]wZ�X_d%jIq�R�`bSOM9`_^ 8
Û �IUlX½]b^(N{jfZOX_Uan5Z�NP^(\Y]b^zxYdfZ�]_`bMPn5ZOX_M9X�xYd%^mX�^5`bsOMC]b`bZ�]bZ9gIM9X�ZPX�^5©Od%Ua` 8
Ó M�p%`bUWNP^5UW`bMCn(Z9X�M�M�gI^,X�jAZ�tlZ�\fn(^5Z�NP^5\9]bM[��g%^3]_^5`_NPUa\fZOg%MCpH^(tlZ�X_d%jIq�R�`bSOM9`_^_1C^5Xbx9df^(`wg%Z

gIM��AtWÅ%M[1�^5Xbx9df^(`wg%Z�gI^�2 8 Á�xYd%UYZ�`b^5n3dfpA^5`bZ9r(s�M�gIM�jfZOtaZO\fn3^,Z�NP^(\Y]bM�pHMIgI^�X_^(`.M9jI]_Ulg%Z�n(MON
d%N�Z[X_UaN�pftW^,X�`bM�]wZOr(sOMY1CgIUa`_^5Uy]wZm^(\Y]b`_^_2 ^zX�^5dP�ftaÅ%M`1m^,X_xYd%^5`bgfZ 8 Ó M�]b^�xYd%^�\fMCp%`bUWNP^5UW`bM
X_d%jIq�n(Z9X�MiZiZOty]bd%`wZig%Z�X_d%jIq�R�`bSOM9`_^mn(MONÄ`bZOUW�[^5NÅ2 gIUaN�Ua\Vd%U÷cHM�x9df^CpHMVg%^�ZOn5Z�`b`_^(]bZO`�^(N
\%MuS9M9X�`_^(q÷jAZ�tlZ�\fn(^5Z�NP^5\9]bM9X�^(N{\%�WS9^(UlX�X�dfpA^5`_UaMO`b^5X 8 Â*^�Q�Z�Õ£UW©9d%`bZ8Æ 8
Ó M X�^5©Od%\fg%M n(Z9X�M xYd%^5N gI^(]_^5`_NPUa\fZ«M gI^,X�jAZ�tlZ�\fn(^5Z�NP^5\9]bM��'Z X_d%jIq�R�`bSOM9`_^TgIUa`_^5Uy]wZ

gIM��ftaÅ%MT^5XbxYd%^(`wgIMTgI^P2 8 Á�xYd%U*p%`b^5n(UaXbZ�NPM9X
gI^�dfNPZTgIdfp%taZT`bM�]wZOr5s�MfcKd%N�ZTp%`bUaN�^5UW`wZ�1
^,X_xYd%^5`bg%Z�^�^5N X�^5©Od%Ulg%Z&1zgIUa`_^5Uy]wZ 8 Â*^½Q�ZOX¦Z9X!Õ£Ua©Od%`wZOX*Ç�^_È 8 Ó M�]b^�xYd%^�\%^,X½]b^�n5ZOX_M�ZkZOty]bd%`wZ
g%Z�X�dfjIq�RO`_S9MO`b^�gI^�`wZ�Ua�_2 X_^(NPp%`b^kgIUaNPUW\Vd%U÷cIUaN�pftWUln(ZO\fgIMC\Vd%N�ZC^(SO^5\Y]_dfZOtf\%^,n3^5XbX_Uag%Z9gI^kgI^
`b^3q�jfZ�tlZ�\An3^5ZONP^(\Y]_M�gI^mZ�\fn(^5X�]_`wZ�UlX�g%^Y2 8

É >IÊV>%;NË%F#G � D!@
Ì ëÎÍ�Ï!èwö÷æ ð ã,ä¨æwù´ò²æ�ãuæ(Ï£æwå�çlì
Ì á�Í�)5ä½ã´ø6äÎÐ#ç ûÒÑ�úKÓ è6ñ�ä½õ¿ö�ì�Ô*Õ Ö�×�ØÎÙyÞÛÚ�Ü(Ý�ÙQÞ�ßHà�à*áNâ#Ý
Ø�Þ�Ý�ã
äQå ú�æ ä½ã´çç>�ýwè ú �.ã´ã´ç ð è6ô[èCä ð òéäÎé ú ë©ê
ê
ë,ì
Ì æ ÍBè�çéõ¿ö ü ú Ï!ç Ñ ò²æwù ð ì�Ô*Õ Ö�×
ØÎÙWÞ�Ü(×
Ý�ßBì�Ý�ÞíØ�Þ�îzØ¿Ý
Ý�ï(ß*Ü�Ý�ï�×�Ý ú �Aõ¿ä�ô3ö ç û ä�ð!æwòéòYã´è@ñKõ æ ð çéò ú ë©ê
ë6â,ì



FHG �H� G �I�3J$���K��LNM$�;�����N�POQ�K�N�KR ò

V

X

X

V

X

X

V

h
h h+1

h hh+1

(a) A altura diminui

V

h h+1
hh+1 h+1 h+1

(b) A altura permanece constante

�����T� ;KD�óN#&ô ^(NPMIr(s�M^1igIUa`_^5Uy]wZ�gI^`2�^�gI^,X�jAZ�tlZ�\fn(^5Z�NP^5\9]bMin(ZOdfX_Z9gIM
pA^5taZ�RO`_S9MO`b^[1�^5XbxYd%^(`wg%Z�gIMP�ftaÅ%MP1�^5Xbx9df^(`wg%ZPgI^32 8



±¨õ ÿ��������	�
������������������������������

V

X

X X

V

U

U

U

V

h
h

h
h

h hh
h−1

h−1h−1
h

h

�����T� ;KDºö�# À NPZ�g%ZOX[X_d%jIq�R�`bSOM9`_^,X
gIMT�ftaÅ%M÷1hgIUa`b^(UW]bZegIMe�AtWÅ%M]1T^5X�q
xYd%^(`wg%Z�gI^�2v]b^(N Z�tW]_d%`wZ�NP^(\%M9` 8 Ó MO]_^CxYd%^[\As�M�UaN�pHMO`_]bZ�xYdfZOt#gI^5taZ9X
M�`_^,X�dfty]wZOgIM��mMPN�^,X�NPM 8

V

X

X X

V

U

U

U

V

h
h

h
h

h h

h

hh h

hh

�����T� ;KD�øH# Á�X�X_d%jIq�R�`bSOMO`b^5X*g%Mm�ftaÅ%M/1Cg%UW`b^(UW]bZ[g%Mm�ftaÅ%M/1m^,X_xYd%^5`bg%ZCgI^
2 ]bÖ(N{N�^,X�N�Z�ZOty]bd%`bZ 8


