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source de l’onde

couche critique ( o=0)

couche de réflection (  o=N)

onde

k.U<0

onde

k.U>0

champ de vitesse
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source de 

l’onde

couche critique

( 3 o=N)

couche de

réflection

( 3 o= 3 c)

onde

k.U>0

onde

k.U<0

champ de vitesse U
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couche de réflection (WKB)

zone de validité

de la théorie WKB
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d`m,iA],iR�Qabe  Ðù mY�8kReÕ],mÂX[\bhO�)e`m,]^\bt9\#Ç�kAiA\b_YX[iAmPencIeÕk���_`\be`m,jKiRenc#aídP�CX[�nfÓc���t9\bcIeFh@�De`mPh}aI\í_FdFt9aIkRe`�Ve`\M].�VtYZDe`\
eFhP]¡ÑOabh,]Pe`�Ve`\M]@kAiR_�ÈTklXT�KX[m,ilX[],iRt9\íh,fCX[],ilX[kReÕcIeÕdFeJ]Pe`\bhPe`aIm@cIeÕÁ4e`Z0\bt9kRcIh  'é XÃdFt9abdÂ�bend`m,iA],iR�MabenX[fIfCX[mÂX¼úR]
cIt9\bdBaI\~kAiRe`a~fIm,iA�0iAkR_`jKiR_@f8t9aIm²dFeB]=Z0f8e@cIe@],mÂX[\bh,�)e`m,]4c���_`\be`m,jKiRe  
$6&D&'+,HYE6"#-4&I$9+.*)+,$97I>pûFH9+6ST5P-ÕLM-^üÎ$%&':A$DEÂ-
ðUt0t9õDe`m²öñðÅmPe`],�be`m,]Pt9\îvOw xKÍD÷ {¡fImPt9f8tKhÂe`\M]UaI\be@X[fIfImPtQdÂ�bes�CX9hÂ_Fe}hPaIm|klX.mP_FhPt9kAaI],iRt9\�cIe}k���_F�MaCX[],iRt9\ÓvGý0þÿýK  D{
fCX[m@],mÂX[\bh,�)t9m,�TX[],iRt9\ÓcIe é X[fIklX9dFe  �é ��_FdFt9aIkRe`�Ve`\Q]J_`],abc#iR_neFh,]^h,iA�niAklX[iAmPeVÈ×dFe`kAaIiÛc#iRhPd`aI]P_sÑOabhP�MaÎ� iRd`i��gcbX[\bh
klX��VeFh,aImPe×t9­ ðUt0t9õDe`m�ö ðÅmPe`],�be`m,]Pt9\ñvOw xKÍD÷ {JdFt9\bh,iRcI�`mPe`\M]nklX~�)t9m,�TX[],iRt9\�c�� aI\�dP�CX[�nf�c���t9\bcIeFhnh,]ÂX¼Ç
],iRt9\I\CX[iAmPeFh�X[a#Ç=cIeFhPhPabh¡c�� aI\be²]Pt9fgt9jKmÂX[fI�IiRe   ! \VdÂ�CX[\IjDe`�Ve`\M]²cIe�mPe`fg�`mPe²fCX[mÛ],mÂX[\bhPklX[],iRt9\ÃaI\Ii¨�Gt9m,�Ve4h,a#êV]
fgt9aIm¡hPe²mÂX[�Ve`\be`mÅÈ^k���_FdFt9aIkRe`�Ve`\Q]Å�QaIib\bt9abhÛiA\Q]P_`mPeFhPhPe  Qé X^],mÂX[\bhO�Gt9m,�V_Fe4cIe é X[fIklX9dFe4fge`m,�Ve`]¡c���_FdP�CX[fIfge`m
X[a#Æ~h,iA\IjKaIklX[m,iA]P_Fhs�MaIiÐX[fIfCX[mÂX[iRhÂhPe`\M]}cbX[\bh²kRe@dYX9h��Vt9\bt0dP�ImPt9�TX[],iR�QabeJe`]scIt9\I\be@aI\be@�0iRh,iRt9\�fIkAabh�fImP_Fd`iRhPe
cIeBk���_`�Dt9kAaI],iRt9\�c#aËdÂ�CX[�nfËc���t9\bcIeJX[a��Dt9iRh,iA\CX[jDe.cIe@klX�dFt9abdP�beJd`m,iA],iR�Mabe  
! X[\bh¡kRe}dYX9h|c�� aI\�h,iAjK\CX[k8fbhPe`abcIt[Ç��Vt9\bt0dP�ImPt9�TX[],iR�QabeK�bdK��eFh,]OÇqÈ¼Ç=c#iAmPe}aI\be4fge`m,],aIm,�CX[],iRt9\�kRtQdYX[kAiRhÂ_Fe4kRt9iA\

cIeÃklX�dFt9abdP�be�e`]JdFt9�n�Ve`\bdYX[\Q]TÈ~jD_`\b_`mPe`m�cIeFhJt9\bcIeFhnÈËk�� iA\bh,]ÂX[\M]Õ "J� ÖI�ÐkRe`aIm�_`],abcIeT�Vt9\Q],mPe×klX~�niRhPe
e`\îfIklX9dFenfImPt9jKmPeFhPh,iA�DeVc#aÓdÂ�CX[�nf#c���t9\bcIeFhJh,]ÂX[],iRt9\I\CX[iAmPeFh.hPe�fImPt9fCX[jDeYX[\Q].�De`mPh@klX~dFt9abdP�beVd`m,iA],iR�Qabe  Î $ \
e  e`]Y�'f8t9aIm}kReFh4ÊYt9\beFh^e`\#Ç=cIe`�bt9mPh^cIeJklXVdFt9abdP�be�d`m,iA],iR�QabeK�8kRe.dFt9�nfgt9m,]Pe`�Ve`\M].X9h,Z0�nfI]Pt9],iR�Mabe�X[a#Æ~]Pe`�nfbh!"#
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ZG[I\0[>ZG]X^'[D_Q`Ta/[>bRc+dea/f7fE^ecEg-a/[0hijk`lmncEa/`Go>_7ZTa/[X]Xa/[0a!dEp>fEa/]Smq_7ZTr#o0^&g>fEsehIZG_E^tgVmqf+`?uvmqg>g>fEa!dEp0^wg>fEsedeseh>^'[D_E^x^'_yz
h0mq[0cko>[0^{de^'f7_|mqZG[0^{]X^ec7o>fE^NzWgVmqfk`lmi_7p0sea/f7ZT^$}~�n�   ! [0^{mqo>_7fE^{dea/[D_7f7ZG�>o>_7ZTa/[�`T^'[D_E^']X^'[D_�h>sed'fEa/ZTcEc|mq[#_E^
h0mq[0c�`T^S_E^']{g0c��!ZT^'[D_$cE^ScEo>g-^'f7gWaNcE^'f{j�`lm�cEa/`Go>_7ZTa/[ ]Xa/[0a#d|p>fEa/]Smq_7ZTrDo0^  �� `G`T^i^ec7_�ZG[D_E^'f7g>fEs'_Ese^�gVmqf�`T^ec
mqo>_E^'o>fEc�dea/]{]X^X`?uvmq�0cEa/f7g>_7ZTa/[�`Ta!dymq`T^Xh>^{`lm�dea/]{gWaNc|mq[D_E^Oh>^��@a/o>f7ZT^'f�hIo�c7ZGbN[Vmq`MgWa/o>fn`lm/rDo0^'`G`T^X`lm��ya/[0^
dea/[0c7ZTh>s'fEse^O^ec7_�o>[0^Sdea/o0d|p0^Sd'f7ZG_7ZTr#o0^  �� [�^ * ^'_yz�`T^Xc7ZGbN[Vmq`Bh>s'�>o>_E^imqo�_E^']{g0c���� ��^'_�g>fEsecE^'[D_E^ih>a/[0d
o>[0^�c7_7f7o0d'_7o>fE^�cEg-^ed'_7f|mq`T^�s'_E^'[0hIo0^Nz-de^'[#_7fEse^$c7o>fw`lm{�)fEser#o0^'[0de^�hIo�c7ZGbN[Vmq`  -� mqfkdea/[D_7fE^NzWh0mq[0c&o>[0^�gW^'_7ZG_E^
fEs'bNZTa/[X^'[D_Ea/o>f|mq[#_M`lmxdea/o0dEp0^td'f7ZG_7ZTr#o0^NzNh�u�s'gVmqZTcEcE^'o>f�h>sed'fEa/ZTcEcAmq[D_E^wmy�R^ed;`T^B_E^']{g0c�z�`T^ec�h>^'oI�$dea/[D_7f7ZG�>o>_7ZTa/[0c
g>fEsedeseh>^'[D_E^ec&[0^�cEa/[#_tg>`Go0cwhIZTc|cEa#d'Zlmq�>`T^ec  >� m{dea/]{gWaNc|mq[D_E^�p0a/f7ZG�ya/[D_|mq`T^�hIo�dEpVmq]{g�h>^��#ZG_E^ecEc|^nh>^n`?u�a/[0h>^
mqo>bN]X^'[D_E^�`lj$ZG[0h>s:\0[>ZG]X^'[D_nme�R^ed�`T^k_E^']{g0c    ^ec¡fEsec7o>`G_|mq_Ec&cEa/[D_&cEdEp0s']Smq_7ZTcEsec&h0mq[0ct`lm�\0bNo>fE^�¢!£+,>¤¥¦�§  

¨ mq[0c�`T^Sdym/c$h�u o>[ c7ZGbN[Vmq`Qh�u�s'_E^'[0hIo0^i_E^']{gWa/fE^'`G`T^O\0[>ZT^Nz�]Xa!h>s'`GZTc|mq[D_$`lm�g>fEa/gVmqbDmq_7ZTa/[©h�u o>[�gVm/r#o0^'_
h�u�a/[0h>^ecyzBcE^'o>`T^ªc7o>�0cEZTc7_E^�`lm«dea/[#_7f7ZG�>o>_7ZTa/[~h�uvmq]{g>`GZG_7o0h>^�h>sed'fEa/ZTcEc|mq[#_O`T^'[#_E^']X'̂[D_�me�R^edª`T^�_E^']{g0c¬­)�Ra/ZGf
\0bNo>fE^n¢!£+,>¤®¢R§7¯  �Qa!a/°R^'f¡±²�QfE^'_7p0^'f7_Ea/[�­¥³ ´NµR¶ ¯Bh>a/[>[0^'[D_¡o>[0^k^:�Ig>fE^ecEc7ZTa/[ig-a/o>f¡de^'_7_E^kdea/[D_7f7ZG�>o>_7ZTa/[�z0r#o>Z
dea/f7fE^ec7gWa/[0h�jXo>[ªc7ZGbN[Vmq`Jh>^�`Ta/[>bNo0^'o>f&h�u�a/[0h>^��R^'f7_7ZTdymq`T^�d'fEa/ZTc|c|mq[D_&ZG[0h>s:\0[>ZG]X^'[D_  �· [ªgW^'o>_tZG[D_E^'f7g>fEs'_E^'f
de^nfEsec7o>`G_|mq_xdea/]{]X^no>[0^�mq�0c|a/f7g>_7ZTa/[�hIo�gVm/r#o0^'_wh�u�a/[0h>^�h0mq[0cw`T^n�Ra/ZTc7ZG[VmqbR^�h>^n`lm{dea/o0dEp0^�d'f7ZG_7ZTrDo0^Nz<c7o>f
o>[0^Qs'gVmqZTcEcE^'o>f¸�R^'f7_7ZTdymq`T^Bg>fEa/gWa/f7_7ZTa/[>[0^'`G`T^tj¡`?u�s'_E^'[0hIo0^;c7gW^ed'_7f|mq`T^QhIo�gVm/r#o0^'_  /� mwhIZTcEgVmqf7ZG_7ZTa/[�g>fEa/bNfE^ec|c7ZG�R^
h>^�`?u�s'[0^'f7bNZT^�h>^�`?u�a/[0h>^�gW^'o>_xgVmqf|m�¹T_7fE^�s'_Ea/[>[Vmq[#_E^Nz-]SmqZTc&f7ZT^'[�[0^�bDmqf|mq[#_7ZG_�jXg>f7ZTa/f7Z¸`lmSdea/[0c|^'f7�/mq_7ZTa/[¬h>^
`?u�s'[0^'f7bNZT^�h0mq[0c¡`T^ecwserDoVmq_7ZTa/[0c¡`GZG[0symqf7ZTc|se^ec&mqo>_Ea/o>fth>^k`?u�s'_|mq_wh>^k�Vm/cE^  >� ^ec¡_E^'f7]X^ec¡[0a/[>`GZG[0symqZGfE^ec&[0s'bN`GZGbRsec
h0mq[0c�de^'_7_E^$_7p0sea/f7ZT^$_7f|mq[0c¥�®º'fE^'[D_�de^'_7_E^{s'[0^'f7bNZT^{�R^'fEcno>[«sedea/o>`T^']X^'[D_�]Xay»R^'[    ^'gW^'[0h0mq[D_yz�`?uvmq]{g>`GZL\Vdym�¼
_7ZTa/[¬h>^�`?u�s'[0^'f7bNZT^$hIoªgVm/r#o0^'_xh�u�a/[0h>^$mqo��Ra/ZTc7ZG[VmqbR^�h>^�`lmSdea/o0d|p0^�d'f7ZG_7ZTr#o0^�g-^'o>_nmqo0cEc7Z¸h>sed'`T^'[0dEp0^'fko>[0^
ZG[0c7_|mq�>ZG`GZG_Es�my�/mq[#_&r#o0^k`T^n_7f|mq[0c¥�®^'f7_¡[0a/[I¼?`GZG[0symqZGfE^��R^'fEct`?u�sedea/o>`T^']X^'[D_kh>^k�Vm/cE^n[�uvmqZG_t`GZT^'o  
-./01 234526789:;<=>;?@$ABCB;DEFGHCIJK2F9L267MCB;D9N7OGPQRCBABCI7OEF9ST<EFU6AB2F;DU8VDEF9MWDGPJXABGYW<JK=PWRGHZHG[@7OCB=>;\T]^_`D;<2a=H;DT<2aT<G>;<9:`D;\EFU6=H`DAB2bcd2F;e7Mcd=bfH2F;

� m�_7p0sea/f7ZT^i}~�n�xz¸^'_$h0mq[0c$o>[�dym/hIfE^ig>`Go0c�bRs'[0s'f|mq`?z¸`lmª_7p0sea/f7ZT^i`GZG[0symqZGfE^Nz¸gW^'f7]X^'_7_E^'[D_Xh>^ih>sed'f7ZGfE^
me�R^edwc7o0dedesec�`lmxg>fEa/gVmqbDmq_7ZTa/[Sh>^ecMa/[0h>^ec+h�u ZG[0^'f7_7ZT^:¼?bNf|me�!ZG_Es&h0mq[0c�o>[Xsedea/o>`T^']X^'[#_+]Xa�»R^'[�zNg-a/o>fMh>^ec+a/[0h>^ec
h�uvmq]{g>`GZG_7o0h>^�ZG[I\0[>ZG]X^'[D_xg-^'_7ZG_E^    ^'gW^'[0h0mq[D_yz<h>^ect_E^'f7]X^ec&h�u�a/fEhIfE^�c7o>gWs'f7ZT^'o>fwa/[D_xs'_Esn[0s'bN`GZGbRsecwh0mq[0cw`lm
`GZG[0symqf7ZTc|mq_7ZTa/[  gh ZWa/[OfE^'g>fE^'[0hO`T^&cE»!c7_Eº']X^&dea/]{g>`T^'_¡h�u�serDoVmq_7ZTa/[0cn­®¢!£T¦�¯2¼A­®¢!£½¢R¯2¼A­®¢!£½¾R¯:zV^'_;r#o�u�a/[O`T^&dea/]{gVmqfE^
j&`lmkcEa/]{]X^¡h>^ec�ser#oVmq_7ZTa/[0cMh>sed'f7ZG�/mq[#_M`?u�sedea/o>`T^']X^'[D_Qh>^Q�Vm/cE^¡^'_¿`T^ec�serDoVmq_7ZTa/[0c�`GZG[0symqf7ZTc|se^ec+mqo>_Ea/o>fMh>^¡de^'_
s'_|mq_&h>^��Vm/cE^�gWa/o>ft`T^ecwa/[0h>^ec�z0`lmXhIZ * s'fE^'[0de^�^'[#_7fE^�`T^ec&h>^'oI��c7»!cE_Eº']X^ecwcEsed'f7ZG_wc|a/o0ct`lm$�®a/f7]X^�h>^�_E^'f7]X^ec
dea/o>g>`Tsec À ¤  ÁWÂ  Ã#§:z À ¤  gi Â  Ã!§:z0^'_Ed  I� a/o>f¡h>^ec¡a/[0h>^ec;h�uvmq]{g>`GZG_7o0h>^x�®mqZG�>`T^NzIÄ�zIde^ecB_E^'f7]X^ec;cEa/[#_¡h�u�a/fEhIfE^
c7o>gWs'f7ZT^'o>fPjS¤@Ä Å §M^'_BgW^'o>�R^'[D_¡h>a/[0dxÆ'_7fE^w_7f|mqZG_Esec;dea/]{]X^&o>[S�?mqZG�>`T^xsedymqf7_;j�`lm�_7p0sea/f7ZT^&`GZG[0symqZGfE^  kl `-cyuvmqbNZG_
`lj{h�u o>[0^�mqg>g>fEa!dEp0^n�®mqZG�>`T^']X^'[#_w[0a/[I¼?`GZG[0symqZGfE^  

� a/fEc�h>^{`lm�g>fEa/gVmqbDmq_7ZTa/[�h>^ec�a/[0h>^ecyz�de^ec�_E^'f7]X^ec�[0a/[I¼?`GZG[0symqZGfE^ec�g-^'o>�R^'[#_�Æ'_7fE^S_7f|mqZG_Esec�dea/]{]X^ih>^ec
_E^'f7]X^ec�h>^{�®a/fBmymqbR^XgWa/o>f�o>[�[0a/o>�R^'`;sedea/o>`T^']X^'[D_  bh ZM`lm��)fEser#o0^'[0de^Sh>^Ode^{�®a/fBmymqbR^Omqg>gVmqf7_7ZT^'[#_{mqo�h>aq¼
]SmqZG[0^no �7zpq>r2zVa/[�c�uvmq_7_E^'[0h�j{`lm{bRs'[0s'f|mq_7ZTa/[¬h>^�[0a/o>�R^'`G`T^ecxa/[0h>^ec  8h Z�`lm{�)fEser#o0^'[0de^�h>^n�@a/fBmymqbR^�^ec7_t[#o>`G`T^Nz
o>[�_7f|mq[0c7�@^'f7_$cE^{g>fEa!hIo>ZG_��R^'fEc�o>[�sedea/o>`T^']X^'[#_$]Xay»R^'[  ¿¨ mq[0c�`T^Sdym/c�h>^X`?u ZG[#_E^'f|m/d'_7ZTa/[©h�u o>[0^Oa/[0h>^Oh>^
g>o>`Tc|mq_7ZTa/[�ÇÈme�R^edXo>[�sedea/o>`T^']X^'[D_�]Xay»R^'[�zJgVmqf�^:�I^']{g>`T^Nz�`T^ec�_E^'f7]X^ec�[0a/[I¼?`GZG[0symqZGfE^ec�bRs'[0º'fE^'[#_�o>[«�®a/f¥¼mymqbR^SmqoI���)fEser#o0^'[0de^ec�¢qÇÉ^'_��  �� mi�@fEserDo0^'[0de^X��dea/f7fE^ecEg-a/[0h�j�o>[0^$]Xay»R^'[>[0^X_E^']{gWa/fE^'`G`T^Sh>^ec�_E^'f7]X^ec
[0a/[I¼?`GZG[0symqZGfE^ecSÊWde^ecx_E^'f7]X^ecn[0a/[I¼?`GZG[0symqZGfE^ecn]Xa�»R^'[>[0sec�h0mq[0ck`T^�_E^']{g0ckgW^'o>�R^'[D_�Æ'_7fE^�fE^'bNfEa/o>gWsec�cEa/o0cx`lm
�®a/f7]X^nh�u o>[�_E^'[0cE^'o>fyz>`T^k_E^'[0cE^'o>f¡f|m/hIZlmq_7ZL�7z0h>a/[#_t`T^ec¡�Nmqf7Zlmq_7ZTa/[0cwc7gVmq_7Zlmq`T^ec¡ZG[0hIZTr#o0^'[D_&`lm�`Ta#dymq`GZTcAmq_7ZTa/[ªh>^ec
_E^'f7]X^ec�h>^$�@a/fBmymqbR^�­)�Ra/ZGf � ZGbNpD_7p>ZG`G`n­¥³ ´R¶/Ë ¯7¯  J¨ mq[0c�de^'f7_|mqZG[0^ec�c7ZG_7oVmq_7ZTa/[0c�­)�Ra/ZGf�`T^ec�dea/]{]X^'[D_|mqZGfE^ec$h>^
Ì�d l [#_2»!fE^�­ ! ststs ¯xgVmqf�^:�I^']{g>`T^�¯:zWo>[0^$�Wa/[>[0^Xmqg>g>fEae�IZG]Smq_7ZTa/[�h>^{de^�_E^'[0cE^'o>fnf|m/hIZlmq_7ZL�t^ec7_na/�>_E^'[#o0^Smqo
]Xay»R^'[�hIo�_E^'[0cE^'o>fwh>^�Í&^'»#[0a/`Th>c�z ÁVÎ)Áuv  

w ³
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x

1) signal pseudo-monochromatique

t=  : prédiction monochromatique

couche critique d’épaisseur

décroissante en temps

z
0

onde

k.U>0

U(z)

t

x

z
0

U(z)

2) paquet d’onde
T

t

propagation du paquet d’onde

Absorption du

paquet d’onde

prés de la couche

critique

t
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e>^/c>c0sqr?g´[/�v�'h>p�h>rz[_a7bT^/c efgms'c0k']7`NbTkSe>kvwu^/c0e>kvwu[_h¬c>bGyRk�[_h¶e>kX�vkvw§�v^/h0�E�0kvw�n¡rz[|a7�0sv^/]7bTkq�?[_bG�>rTk'pXk'cDa�c0^/cI¦
rGbGc0s�[_bG]Ek{e>k'y!bTk'cDaBh>cS��[/eI]Ekxa7]E^/\O]Ekvw7a7]7bT�'a7bL�  23 r<kvw7a+e>^/c0��c0sv�vkvwEwA[_bG]Ek{e>k�]Ek'yRk'c>bG];[_hIoqsvj#hV[_a7bT^/c0w+�v^/pq\>rTt'aEkvw
e>k�rz[¥eI~!cV[_pqbTjDh0k  ±{^!^/\i��� �N� ���M[l]Es�[_rGbTw�sxe>kvw+k:oI\-s']7bTk'c0�vkvw+e>k�\>bTs'`Rk�[_`Rk{efgm^/c0e>kvw+rTk�rT^/c>`uefg h>c0kx�v^/h0���0k
�']7bGa7bTj#h0k$�0^/]7bG·�^/cDa�[_rTki�@�'bTwA[_bGrGrTk'pXk'cDauyRk']7a7bT��[_r=�:n¡pS[_bTw¥r?g´[_pX^/]7a7bTwEwEk'pXk'cDa�y#bTw�jDh0k'hIo¤s'a�[_bGa¢a7]E^/\�bGpq\-^/]7a�[_c#a
\W^/h>]+\W^/h>yR^/bG]Q^/�0wEk']7yRk'];e>kvwQk 4 k'aEw+c0^/cI¦?rGbGc0s�[_bG]Ekvw  I� ^/h>];rz[¢pX 'pXkl��[_aEs'`R^/]7bTklefgmsv�v^/h>rTk'pXk'cDa�n �56 ]7c#�>]�[/�E©
��� �N�N� ��[�]Es�[_rGbTwEsOe>kvw�w7bGp�h>rz[_a7bT^/c0w$cDh>pXs']7bTj#h0kvw$jDh>bBpX^/cDa7]Ek'cDaqj#h0kXrTkvw�^/c0e>kvw�e>s:��k']7rTk'cDaq[_h¸yR^/bTwEbGcV[_`Rk
e>klrz[��v^/h0�E�0k¢�']7bGa7bTj#h0k&\V[_];h>c�pXsv��[_c>bTw7pXk¥e>kl]Ek'aE^/h>]7c0k'pXk'cDa{e>kvw��v^/h0���0kvwxe>kle>k'c0w7bGaEsq¹Dr?g´[_pq\>rGbL£V��[_a7bT^/c
e>k�r?gms'c0k']7`NbTkXe>s'�W^/h0�E�0kqw7h>]¥h>c0k�bGc0w7a�[_�>bGrGbGaEsqe>k$r?gmsv�v^/h>rTk'pXk'cDauaE^/a�[_rM�v^/c0w7a7bGa7h0sqe>k�rz[OwEh>\-k']7\W^Nw7bGa7bT^/c�e>k
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�V[_]E^/a7]E^/\Wk��xe0[_c0wlrTkvj#h0k'r�rTkvwl^/c0e>kvw&wE^/c#a&\>bTs'`RsvkvwlrTkurT^/c>`|efg h>c0k��v^/h0�E�0k��']7bGa7bTjDh0k��0^/]7bG·�^/cDa�[_rTk  ¡� cdyR^/bGa
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Ecoulement de base

Uo,Vo,Wo,Po,  o

Ondes d’inertie-gravité

u,v,w,p,  
Instabilité du

champ total

Uo+u,Vo+v,etc…

Effets non-linéaires

du champ d’onde

uv,uw,etc…

Champ d’interaction

U1,V1,W1,P1,  1

Amortissement

visqueux des

ondes
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g4_&a*gHZ[�7Z[T(UWa*Q�c4]Ks�]KS4_&]p_&].\KT(U"V"U"�2Qb]9]KT~X¯d�Z*\.\.a*sJgHZ[�2Qb]9c�d S4Q�q.\Y±HZ[Q4�G]9]KQrT(_&]^VW].Xv\.a*sJgta2XYZ[Q7T&].X�Z[ª.U"s9S4TYZ[VW].X
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) LKMNOFPQRSLBT9UVWXT7YZR[\H]6^_`*+a\bcd^BY,]eWCPfghYeLBT9\hY6^Ki,j1kB^V^K]lY6T9\mkKj1T9PfgC],MnT9\opCkKWX^K\hpmpCT9\hLVpC^BYlLBT9\hp#Mf],MnT9\hYeMf\CMqr

],MQR[Pn^BYsOHT9gtpC^uvNR9LBT9\tkBw.gCMfj9R[Pn^K\.]6^7O.p#gtiZRBx1T9\=LBT9\hY6MnpCkKi6k  Hy R[i0LBT9\hY6kBw.gh^K\H]zOHPQReWCgCPnYZR[],MnT9\_Mf\.],i,Mf\hY6{Bw.gh^|\bcd^BY,]
WCPfghY}gC\h^~v4T9\hLK],MnT9\�pC^EPNcd^BY,W?R9LB^agC\CMnw.gh^KU_^K\H]zO�LBT9UVU_^VL7cdkK]ZR[Mf]}Pn^ELzR9Y�WXT9gCi�Pn^BY}kBLBT9gCPn^KU_^K\.]6YlLzR[i,]6kBY,Mn^K\hY
Rzj1^BL~pC^BY�iZRzx1T9\hY�Mf\hLKMnpC^K\.]6Y|W?R[iZR[PfPn{KPn^BY  

� ^K],]6^�pCkKWX^K\hphR[\hLB^0pC^�PQR�WCgCPnYZR[],MnT9\EMf\H],i,Mf\hY6{Bw.gh^�j�MnY�r��JrNj�MnYbp#g~iZRzx1T9\aLBT9\hY6MnpCkKi6k0R�pC^Kg#�lLBT9\hY6kBw.gh^K\hLB^BY
UtRJ�,^KgCi6^BY  ��T9gC]�p�c�R[�XT9i6p�OHMfPXpC^Kj.Mn^K\.]0MfUVWXT7Y6Y,Mf�CPn^�pC^|pCkK]6^Ki,UVMf\h^Ki�Rzj1^BL�WCi6kBLKMnY6MnT9\=Pn^BY0�zT9\h^BYupC^�WCi6T9W?R[�HRJr
],MnT9\�WFT7YZY,Mf�CPn^epC^BY|T9\hpC^BYzOhWCgCMnY6wHgh^}Pn^BY�LBT9ghL6�h^BY�pC^ei6kA�?^BLK],MnT9\�^K]�Pn^BY�LBT9ghL6�h^BY�LKi,Mf],MnwHgh^BY�pCkKWF^K\hpC^K\.]���PQR
v4T9MnY�pC^�PNcd^BY,W?R9LB^u^K]�p#gaiZRBx1T9\_LBT9\hY6MnpCkKi6k  7� \hY,gCMf]6^7O9^K\VY,gCWCWFT7Y%R[\H]�PNcd^A��MnY6]6^K\hLB^�pC^uLBT9ghLZ�h^BY�pC^0WCMnkK�1^zR[�1^�R[g
YZ^KMf\�p#g�j1T9i,]6^A�XOCPn^BYuiZRzx1T9\hY|LBT9UVWXT7YZR[\H]|gC\�],gC�F^epC^}iZRzx1T9\hY|Y6^�i6^K],i6T9gCj1^Ki6T9\H]�WCMnkK�1kBY�phR[\hY�pC^BY|LBT9ghL6�h^BY
�=WCi,MnT9i,M�p#M , kKi6^K\H]6^BY  �� izOXPNc�R[UVWCPfMq�?LzR[],MnT9\oMf\#�h\CMn^VpC^EPNcdkK\h^Ki,�7Mn^VT9�hYZ^Ki,j1kB^VphR[\hY}Pn^aLzR9YepC^BYekBLBT9gCPn^KU_^K\.]6Y
LzR[i,]6kBY6Mn^K\hY�^BY,]���ghY,]6^KU_^K\.]�PfMnkB^}�~PNcdkBLKiZR9Y6^KU_^K\H]�LBT9UVWCPn^K]�pC^�PQR~YZ^BLK],MnT9\Sp#g ],gC�X^�pC^�iZRBx1T9\hYzO#LB^BYupC^Ki,\CMn^Ki6Y
LBT9\.j1^Ki,�1^zR[\H]=j1^Ki6Y�gC\h^=U_¡KU_^�LBT9ghLZ�h^;¢)pCkA�h\CMnY6YZR[\.]VgC\h^�Y,gCi�v4R9LB^SphR[\hY�gC\£LzR9Ya],i,Mnp#MfU_^K\hY,MnT9\C\h^KP¤¥  0� \
Ysc�R[],]6^K\hp pCT9\hLe�~LB^�w.gh^�Pn^�WCMnkK�1^zR[�1^}phR[\hY�Pn^�LZ�?R[UVW�p#g=j1T9i,]6^A�=LBT9\hp#gCMnYZ^}�~gC\h^}R[UVWCPfMq�?LzR[],MnT9\S�h\CMn^�pC^
PNcdkK\h^Ki,�7Mn^~WFT9gCi�gC\¦],gC�F^epC^eiZRzx1T9\hY�Mf\CMf],MQR[Pn^KU_^K\.]�W?R[iZR[PfPn{KPn^BY  
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y T9gCilLBT9UVW?R[i6^KiePQR=WCi6T9W?R[�HR[],MnT9\;p�cdT9\hpC^BYlphR[\hY}gC\mkBLBT9gCPn^KU_^K\.]l]@x�WF^aj1T9i,]6^A�m�=LB^Kg#�§pCk �,� kK],ghp#MnkBY
phR[\hY¦Pn^mLzR9Y�LzR[i,]6kBY,Mn^K\bO�MfPe\hT9ghY�R Y6^KU~�CPnkmMf\.]6kKi6^BY6YZR[\.]�pC^�i6^BY,],i6^KMf\hp#i6^¨phR[\hY�gC\©WCi6^KUVMn^Ki�]6^KUVWhY�PQR
i6kBYZT9PfgC],MnT9\o\HgCU_kKi,Mnw.gh^tp#g¨Y,x�Y6]6{KU_^Vp�cdkBwHg?R[],MnT9\hY ¢4ª�«d¬.¥e^K]=¢4ª�«­®1¥~� gC\okBLBT9gCPn^KU_^K\H]�Y,MfUVWCPfMq�?k  by gCMnYZwHgh^
pC^BY!Y6T9PfgC],MnT9\hY�R[\?R[Pfx.],Mnw.gh^BY�Y6T9\.]�p#MnY,WXT9\CMf�CPn^BY�phR[\hY�Pn^�LzR9Y�p�cdkBLBT9gCPn^KU_^K\.]6Y¯LzR[i,]6kBY6Mn^K\hY!LzR[iZR9LK]6kKi,MnY6kBY!W?R[i�pC^BY
�7iZR9p#Mn^K\.]6Y�pC^�j.Mf]6^BYZY6^�LBT9\hY,]ZR[\H]6YsOz\hT9ghY!Rzj1T9\hY�LZ�hT9MnY,MHgC\~kBLBT9gCPn^KU_^K\.]¯pC^�]@x�WF^�j1T9i,]6^A��°V±NOPQ6².³�W?R[i,],MnLKgCPfMn^Ki6YzO
LzR[iZR9LK]6kKi,MnYZk�W?R[iSpC^BY �7iZR9p#Mn^K\.]6YSiZR9p#MQR[Pl^K]=j1^Ki,],MnLzR[PekK�HR[Pn^KU_^K\H]�LBT9\hY,]ZR[\H]6Y  uy R[i¦R[MfPfPn^KgCi6YzO�\hT9ghY�RBj1T9\hY
\hkK�7PfMf�1k�Pn^BYt^ , ^K]6YtpC^BYtj9R[i,MQR[],MnT9\hY Y,W?R[],MQR[Pn^BY=pC^¦´µO�^K\¶Pn^BY Y,gCWCWFT7Y%R[\H]6YVvNR[Mf�CPn^BYtpC^Kj7R[\H]=Pn^BY=^ , ^K]6Ytp#g
LKMnY%R[MfPfPn^KU_^K\H]}Y,gCi�PNcdkKj1T9PfgC],MnT9\�pC^BY�LBT9UVWXT7YZR[\.]6^BY|p#g�j1^BLK]6^KgCi|p�cdT9\hpC^  

· R[\hYVPQR§WCi6^KUVMn{Ki6^�W?R[i,],Mn^�p#g L6�?R[WCMf],i6^ ! O�pC^BYVi6kBY,gCPf]ZR[]6Y_i6^KPQR[],Mqv4Yt�mLB^K],]6^�v4R[UVMfPfPn^�p�cdkBLBT9gCPn^KU_^K\.]6Y
YZ^Ki6T9\H]}WCi6kBY6^K\H]6kBYsO?�?R9Y6kBY�Y,gCi�gC\§R9p#MfU_^K\hY,MnT9\C\h^KU_^K\.]~pC^BY�kBwHg?R[],MnT9\hY}pC^liZRzx1T9\hY_¢4ª�«d¬.¥�^K]�pC^Ei6kAv>iZR9LK],MnT9\
¢4ª�«­®1¥  '¸ Rai6kBY6T9PfgC],MnT9\�\.gCU_kKi,MnwHgh^EpC^BY�kBw.g?R[],MnT9\hY�pC^ePQRa],�hkBT9i,Mn^e¹º»e¼º^K\�LKx.PfMf\hp#i,Mnw.gh^eU_T9\H],i6^~wHgh^}PNcdT9\
i6^K],i6T9gCj1^¦^K\µ�1kK\hkKiZR[P�w.g?R[PfMf]ZR[],Mfj1^KU_^K\H]=gC\h^SW?R[i,],Mn^�p#g£LBT9UVWFT9i,]6^KU_^K\.]tWCi6kBp#Mf]VWXT9gCiaPn^BYVkBLBT9gCPn^KU_^K\.]6Y
LzR[i,]6kBY6Mn^K\hY ½�Pn^BY~iZRzx1T9\hY�Y6T9\H]a�CMn^K\oi6kA�?kBLZ�CMnY�PnT9i6Y6wHgh^tPNc Mf\H]6^KiZR9LK],MnT9\£^BY,]aY,g#¾tYZR[UVU_^K\H]av4T9i,]6^7O!Rzj9R[\.]�pC^
YZ^Vi6^K],i6T9gCj1^KiEWCMnkK�1kBY  b¸ R�PnT9\C�7gh^KgCiap�cdT9\hpC^tLZ�HgC]6^=j1^Ki6Y~¿CObLB^_w.gCM��h�1^tPNcdkK\h^Ki,�7Mn^tpC^VPNcdT9\hpC^ R[g¨Y6^KMf\opC^
PNcdkBLBT9gCPn^KU_^K\.]  h· R[\hY�Pn^BY�LzR9Y�W?R[i,],MnLKgCPfMn^Ki6Y�p�cdkBLBT9gCPn^KU_^K\.]6Y�WCgCi6^KU_^K\H]�LKMnYZR[MfPfPnkBYsO�^K\ iZR9p#MQR[P�T9g ^K\Sj1^Ki,],MnLzR[PNO
PQR�v)ghY,MnT9\¨^K\.],i6^tPQR¦LBT9ghL6�h^SLKi,Mf],MnwHgh^ ^K]~gC\h^=pC^BYELBT9ghLZ�h^BYVpC^_i6kA�?^BLK],MnT9\£LBT9\hp#gCMf]VR[PnT9i6Ya��gC\¨WCMnkK�1^zR[�1^
p#Mfi6^BLK]�pC^}PNcdT9\hpC^7OhYZR[\hY�i6kA�?^BLK],MnT9\  

¸ cd^ , ^K]�pC^�PQRELBT9gCi,�CgCi6^eY6^KiZR~w.g?R[\H],Mq�?keR[gSU_Tzx1^K\�p�c gC\S\hT9U~�Ci6^lR9p#MfU_^K\hY6MnT9\C\h^KPNO&'�À[ÁVO�T9Â(' i6^KWCi6kAr
YZ^K\H]6^�PQR=PnT9\C�7gh^KgCieUtRJ��MfUtR[Pn^VpC^EWXkK\hkK],iZR[],MnT9\opC^aPNcdT9\hpC^aphR[\hY}Pn^�LZ�?R[UVW;pC^Ej�Mf]6^BY6Y6^aLKMnYZR[MfPfPnk7O�LzR[PnLKgCPnkB^
phR[\hY}PNc �.x.WXT9],�h{BY6^�p�c gC\mkBLBT9gCPn^KU_^K\H]~Y%R[\hY�LBT9gCi,�CgCi6^  �� \�^ , ^K]zO'WCgCMnY6wHgh^�´ i6^KWCi6kBYZ^K\H]6^�gC\h^a�FT9i,\h^�Y,g#r
WXkKi,Mn^KgCi6^tR[gmpCT9UtR[Mf\h^_pC^�WCi6T9W?R[�HR[],MnT9\opC^BY~T9\hpC^BYt¢)^K\H],i6R̂S̈ ^K]l´ ^K\mi6kzR[PfMf]6ks¥AObPNcd^ , ^K] · T9WCWCPn^Kit¢4Ã�«­Ã7ª1¥
R[�XT9gC],Mf]a��gC\h^Vi6kA�?^BLK],MnT9\ ^K]lgC\oWCMnkK�1^zR[�1^=pC^_PNcdT9\hpC^_PnT9i6YZwHgbcd^KPfPn^tWFkK\h{K],i6^_phR[\hYEPn^_LZ�?R[UVWµpC^Vj�Mf]6^BY6Y6^7O
Y6gCi�gC\h^�PnT9\C�7gh^KgCi�iZR9p#MQR[Pn^�Mf\#v4kKi,Mn^KgCi6^l� 'µÄº´tÀ#±4`*+ Å °)*F³  °+*�^BY,]uPQREj9R[Pn^KgCi�p#g�LKMnYZR[MfPfPn^KU_^K\H]|�hT9i,Mf�zT9\H]ZR[P
YZ^Ki,j9R[\.]|�Ep#MfU_^K\hY6MnT9\C\h^Ki�Pn^}]6^KUVWhY�phR[\hYuPQRaj1^Ki6Y,MnT9\¦R9p#MfU_^K\hY,MnT9\C\h^KPfPn^lpC^BY�kBw.g?R[],MnT9\hY�¹º»e¼ÆWCi6kBYZ^K\H]6kB^BY
phR[\hY}Pn^�LZ�?R[WCMf],i6^ ! TX`*+ Å ^BY,]}PQR=j7R[Pn^KgCi}pC^aPQR LBT9UVWXT7YZR[\H]6^_R[�BMfUEgC]ZR[Pn^Vp#g§j1^BLK]6^KgCilp�cdT9\hpC^7OXW?R[iZR[PfPn{KPn^_�
PNcdkBLBT9gCPn^KU_^K\.]zO¯R[gmU_T9U_^K\.]~T9Â;^KPfPn^�WXkK\h{K],i6^VphR[\hYePn^VL6�?R[UVWopC^�j�Mf]6^BY6Y6^  X¸ ^�\hT9UE�Ci6^,'uÀ[Á i6^KWCi6kBYZ^K\H]6^
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P4x"dri|TKe�P4x"drigQ"aJPt`*S(RZYWe7R&i ! �~`*d4R9hlm�YW�I`*S&hlsl`*e�_.`*eri(RZYWR&T�d4eEh4o._FYWxyYW�GTJTKeqR(S&T�x]TJ_FY*i|_FYWS(R&o.i(Q]TKeETKRgx]TJ_FY*i
_Kj x"Q"erh@S(Q]p7drT�TKe�_.T6p7d4Q�_.`*er_.TKS(erT�x]T9R&TKaJPri�ero._.T.i&iAYWQ"S&T�Pt`*d4SkYW�t`*d4R(Q"Sg��xyYbP4S&TKaJQ]fKS&T�S&oD�HT._KR(Q]`*e �>vG`*S(R&TD�
�HYWS&` _Kx"Q"erT�� ! � TKxyY=S&o.i(d4x"R&Tbh4T�xyY�_.`*eri&TKS(v2YWR(Q]`*eEh4T*+G�,-*slpqd4Q�Q"aJP4x"Q]p7drT�d4erT�YWd4�2abTKeqRZYWR(Q]`*e�h4T�xyY=v2YWx]TKd4S
YW�ri&`*x"drTgh4Tg�,-ux]`*S&iZp7drTcxBmn`*erh4Tgi&TuP4S&`*PHYW�GTkvGTKS&i$x]TkvG`*S(R&TD� ! � Y9S&oD�HT._KR(Q]`*e�R&TKerh�h4`*er_|�6i&T�P4S&` h@d4Q"S&TcP4x"dri
R./*R�pqdrT�hrYWeri�x]T�_FY*i$o.pqd4Q"v*YWx]TKeqR$_FYWS(R&o.i(Q]TKe ! � TuP4x"driFs7xBmnoKR(drh4Tch4T.i$i&T._KR(Q]`*eri$h4T.i R(d4�tT.i$h4TuSZY.jG`*eri$ab`*eqR(S&T
pqdrTgxBm�YWQ"S&T|R&TKerh�vGTKS&i^d4erT|v2YWx]TKd4Sw¡re4Q]T9YWd@��R&TKaJPri^Q"e@¡re4Q]i^x]`*S&iuh@d�P4Q]oK�GTFYW�GT !M� Y�v*YWx]TKd4Sch4T|_.TKR(R&T|x"Q"aJQ"R&T
¡re4Q]T�_KS&`W\]RwY.vGT._cxBmnT ) TKR$h4T^xyY�_.`*d4S(�4d4S&T#!$VWX ! � TKxyY|v Q]TKe7R�_.`*e@¡rS(abTKS$x]TuP4Q]oK�GTFYW�GTkh4T.i¢SZYFjG`*eri�_.`*aJPt`2iZYWeqR
x]T=R(d4�IT}YWd e4Q"vGTFYWd£h4T�_.`*dr_Z¤rT.ib_KS(Q"R(Q]p7drT.i�h@Q ) oKS&TKeqR&T.iFs¢_.T�p7d4QuYW�t`*d4R(Q"R���d4erT}YWaJP4x"Q;¡H_FYWR(Q]`*e¥¡re4Q]T�h4T
xBmnoKerTKS(�2Q]T9h4TgxBmn`*erh4T !� YWeri�x]T.i�TD� PtoKS(Q]TKer_.T.i�P4S&o.i&TKeqR&o.T.ibhrYWeri�x]T.iJ_&¤HYWP4Q"R(S&T.i  s ¦ TKR § s¨xBm�YWab`*S(R(Q]i&iZTKabTKe7Rbv Q]i&pqdrTKd@��h4T.i
`*erh4T.iw©(`*drTJoK�7YWx]TKabTKe7R6d4e�S./*x]T�Q"aJPI`*S(RZYWeqRFslPHYWS(R(Q]_Kd4x"Q]fKS&TKabTKe7R�hrYWeri|x]T.i�TD�@PIoKS(Q]TKer_.T.i6Y.vGT._Jh4T.i|vG`*S(R&TD�
�HYWS&` _Kx"Q"erT.i !t� YWerikx]T.ikTD� PtoKS(Q]TKer_.T.i|h4o._KS(Q"R&T.ikPHYWSª«w`q`*¬GTKS�­ «$S&TKR(¤rTKS(R&`*e¥�®¯ °2¦G§ ��Pt`*d4Scd4e±o._.`*d4x]TKabTKe7R
_KQ]iZYWQ"x"x]oghrYWeriwxyY6h@Q"S&T._KR(Q]`*e�vGTKS(R(Q]_FYWx]T2s@xBmnT ) TKR^h4TkxyY6vqQ]i&_.`2i&Q"R&ocT.i(RwpqdHYWe7R(Q;¡HogPHYWSwd4e�er`*a9�4S&T|h4Tg²�TKj er`*x]h4i
X$%&' 0 1() �³´ µ V*+r� ¶ !�� m�YWaJP4x"Q;¡H_FYWR(Q]`*eJh4T�xBmnoKerTKS(�2Q]T$h4T¢xBmn`*erh4T x]`*S&i�h@d6P4Q]oK�GTFYW�GT¢P4S&f.i¨h4T�xyYu_.`*dr_Z¤rT�_KS(Q"R(Q]pqdrT
YWR(R&TKQ"e7R¨d4erT�v2YWx]TKd4S�a�Y[�@Q"a�YWx]T¢Q"eqvGTKS&i&TKabTKe7R¨P4S&`*PI`*S(R(Q]`*e4erTKx"x]Tw��·�VWX$% ' 0 1,) !F� YWeri�x]T¢_FY*i~hlm d4e6o._.`*d4x]TKabTKe7R
h4T6R¸j PIT6vG`*S(R&TD�tsI`*e¹PITKd4Rgh4oD¡re4Q"Sgd4e�er`*a6�4S&T�h4T�²�TKj er`*x]h4ig�bPHYWS(R(Q"S|h4T.ikv*YWx]TKd4S&ik_FYWSZY*_KR&oKS(Q]i(R(Q]pqdrT.i|h@d
_KQ]iZYWQ"x"x]TKabTKeqR�hrYWeri|x]TbvG`*S(R&TD�ts�X$% ' 0 1,) � º ´ ¶µ 2 ´ ¶3 V*+r� ¶ slTKR�xBm�YWaJP4x"Q;¡H_FYWR(Q]`*e h4TJxBmnoKerTKS(�2Q]T�h4T.i9`*erh4T.i
P4Q]oK�Go.T.ibh4oKPtTKerh»��xyY}{,`*Q]iJh4T-!$VWX¼TKRbh4T�X$% ' 0 1,) !¢½ e¥ab`*e7R(S&TKSZY�hrYWeri�x]T�_Z¤HYWP4Q"R(S&T  p7drT�x]T.iJT ) TKR&i
_.`*a9�4Q"ero.i=h4T�X$% ' 0 1() TKR.!wVWX¼PITKd4vGTKeqR�x"Q"aJQ"R&TKSbxBm�YWaJP4x"Q;¡H_FYWR(Q]`*e¾h4T�xBmnoKerTKS(�2Q]T}h4T�xBmn`*erh4T�x]`*S&i�h4T�i&`*e
P4Q]oK�GTFYW�GT ! � TKR(R&T�x"Q"aJQ"RZYWR(Q]`*e£PHYWSbxyY±_.`*d4S(�4d4S&T}TKRJxyY¹v Q]i&_.`2i(Q"R&o�PtTKd4vGTKe7R�TKaJPtz._&¤rTKSbx]T�h4o._Kx]TKer_Z¤rTKabTKe7R
hlm Q"eri(RZYW�4Q"x"Q"R&o.icTKRuS&T.i(R(S&TKQ"erh@S&T|x]T.i�R(SZYWeri®{0TKS(R&iuer`*e@¿Bx"Q"eroFYWQ"S&T.i�vGTKS&i^d4e�o._.`*d4x]TKabTKe7R�ab`�jGTKe !
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� T.iki(Q"a9d4xyYWR(Q]`*erike7d4aboKS(Q]pqdrT.igh4T�xyYbP4S&`*PHYW�7YWR(Q]`*e¹h4T.ik`*erh4T.ic`*eqRcoKR&o6S&oFYWx"Q]i&o.T.icPHYWS�S&o.i&`*x"d4R(Q]`*e±h4T.i
o.pqdHYWR(Q]`*eri�h4T�xyY|R(¤ro.`*S(Q]TcÀ¾Á|«»TKe=_.`q`*S&h4`*e4ero.T.iw_Kj x"Q"erh@S(Q]p7drT.ig�,Â ÃnÄq� TKRk�,Â ÃÅÆG�Ds h4Tua�YWe4Q]fKS&Tg�|S&TKP4S&` h@d4Q"S&T
x]T.i�TD� PtoKS(Q]TKer_.T.i !�� T.i6S&o.i&d4x"RZYWR&i6i&TKS&`*eqR�_.`*aJPHYWS&o.iJYWd@�ÇTD�@PIoKS(Q]TKer_.T.i�TKR�h@Q]i&_Kd4R&o.i6hrYWeri6x]T=_&¤HYWP4Q"R(S&T.i  "!]k`*dri^er`*driu_.`*e7R&TKeqR&`*erikQ]_KQ�h4T|h4o._KS(Q"S&T|xyY�aboKR(¤r` h4T�h4T|i(Q"a6d4xyYWR(Q]`*eÈd4R(Q"x"Q]i&o.T !½ eÉ_&¤r`*Q]i(Q"R�xyY�Pt`2i(Q"R(Q]`*eÇQ"e4Q"R(QyYWx]T=h4T.i�SZYFjG`*eri�h4T�a�YWe4Q]fKS&T��}S&TKP4S&o.i&TKe7R&TKS�x]T�_Z¤HYWaJPÉhlmn`*erh4T��GoKeroKS&o
PHYWSwd4e=_Kj x"Q"erh@S&Tg`2i&_KQ"x"xyYWe7R�UqxBmn`*S(Q"�2Q"erT|h4T.i$SZY.jG`*eri^_.`*Q"er_KQ]h4T|Y.vGT._gx]T.i$Pt`2i(Q"R(Q]`*eriwTD� R(S&zKa�YWx]T.i^h@d�_Kj x"Q"erh@S&T2s
TKR�x]TKd4S�h@Q"S&T._KR(Q]`*eÉh4TJP4S&`*PHYW�7YWR(Q]`*eÇQ"e4Q"R(QyYWx]TbT.i&R|PITKS(PtTKerh@Q]_Kd4xyYWQ"S&T��=xBm�Y[�4Tbh@dE_Kj x"Q"erh@S&T2s�xBm�YWe4�2x]T�YFvGT._JxyY
vGTKS(R(Q]_FYWx]T}oKRZYWeqR�h4oKR&TKS(aJQ"ero}PHYWSJxyY¹S&TKxyYWR(Q]`*e£h4TÈh@Q]i(PITKS&i&Q]`*eÊ�,Ë Ã]·FÆG� !¢� mnoKvG`*x"d4R(Q]`*e h4T}xBmnoKerTKS(�2Q]T�x]T�x]`*e4�
h4T}_Z¤HY*p7drTÈSZY.jG`*e T.i&R�`*�4R&TKe7drT�TKe£R(SZŶ _FYWe7R�d4e»R(d4�tT�Q"e4Q"R(QyYWx]TKabTKe7R�_KQ"S&_Kd4xyYWQ"S&TÈPt`2i(Q"R(Q]`*e4eroÈYWd4R&`*d4S=h@d
SZY.jG`*e�s�_.`*aJPI`2i&o��GoKeroKSZYWx]TKabTKeqR6h4T Ì � ` # SZY.jG`*eri !l� Y�iZT._KR(Q]`*e�PITKS(PtTKerh@Q]_Kd4xyYWQ"S&TbYWd�SZY.jG`*eE_.TKeqR(SZYWx h4T
_.T=R(d4�IT�T.i(RJ_FYWx]_Kd4x]o.T�eqd4aboKS(Q]p7drTKabTKeqRFs YWQ"eri(Q^p7drT�i&`*e»YWQ"S&T2sÍTKR�xBmnoKvG`*x"d4R(Q]`*e£h4T=xBmnoKerTKS(�2Q]T�T.i(R�h4o.h@d4Q"R&T
h4T�xyYÈ_.`*eri&TKS(v2YWR(Q]`*e»h@d��rd@��hlm�Y*_KR(Q]`*e¥h4T�xBmn`*erh4T�hrYWeri�x]T=_FY*i6er`*e@¿Bv Q]i&pqdrTKd@� !¨� YWeri�x]T�_FY*i�v Q]i&p7drTKd@�ls
xBm�YWab`*S(R(Q]i&i&TKabTKeqR$h@db�rd@��hlm�Y*_KR(Q]`*e=h4T^xBmn`*erh4TuT.i(R _FYWx]_Kd4x]ouPHY*i��kPHY*i¢x]Tux]`*e4�9h@dbR(d4�tT2s*�2S,6*_.Tc�kx]o.pqdHYWR(Q]`*e
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hlmn`*S&h@S&T a !2� YkP4S&o._KQ]i&Q]`*e�T.i(RÍvGoKS(Q;¡Ho.T^PHYWS�SZYWP4Pt`*S(R��kxyYkx]`*Qrh4T^_.`*eri&TKS(v2YWR(Q]`*ebh4TwxyYkP4d4x]iZYWR(Q]`*e�YW�ri&`*x"drT^pqdrT
h4`*Q"vGTKe7R�vGoKS(Q;¡HTKSux]T.i^o.p7dHYWR(Q]`*eri !4� T|_&¤HYWaJPÈh4Tg�HY*iZT9´ d4R(Q"x"Q]i&ogx]`*S&i^h4T.iui(Q"a6d4xyYWR(Q]`*eriuT.i(Rui&`*Q"Rwd4e}_Z¤HYWaJP
h4Tgv Q"R&T.i&i&TkQ]i&i(d�h4T.i^ab` h4fKx]T.i^e7d4aboKS(Q]pqdrT.iuPtTKS(abTKR(RZYWe7Rkh4TgS&TKP4S&`qh@d4Q"S&Tgx]T.iuvG`*S(R&TD��TD�@PIoKS(Q"abTKeqRZYWd@�tsHi&`*Q"R
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� j_ZCfST9fzwHZULl\CLyVBa9TUW,RS\CPKQ6LKQz\CLBW{a9TU\CLBW{NCjxdeTULBW0bma9TUatV6�CQ6a9bcdef,RSw.ZULBWkq�j�^�LAM#f6PKQ,RSLKZCQu\#Z�Vh�?deb�N�\#Z=n1a9Q�s
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NCQ6a9iCjS�KbmLELKT�VBa9TUW,RS\CPKQhdeTHfl\CLBWzNOLKQ,f,ZCQ,i?def,RSa9TUW�\#Z�V6�?deb�N�\CLyi?d9W6Lg\#Z�n1a9Q,f6LAM�W6a9ZUW{jxdo`4a9Q,bmLg\CLybma.\CLBW
de�BR_bEZCfhdeZ#M  !� a9ZCQE\CLBWyn1a9Q,f6LAM[i?deQ6a9f,Q6a9NOLBW�WhdeTUWyn7deQ,Rxdef,RSa9TUWgn1LKQ,f,RSVXdejSLBWE\CLEjxd�ntR_f6LBW6W6L�de�BR_bEZCfhdejSL��oY]a9T
NOLKZCfgVBa9TUW,RS\CPKQ6LKQ�\CLBWlbma.\CLBWg\CLoTUa9bEiCQ6L�\]^�a9TU\CLpn1LKQ,f,RSVXdejv�  '� deTUWyjSLpVXd9Wy\]^ ZCTULpNFLKQ,f,ZCQ,i?def,RSa9T�bma9TUaes
Vh�CQ6a9bcdef,RSwHZULpqojxdpNCZCjSWhdef,RSa9T ¡uY#jSLBWzbma.\CLBW�W6a9THfkdejSa9Q6Wk\CPBVKQ,R_f6Wzbcdef,�UPKbcdef,RSw.ZULKbmLKTHfyN?deQzjxdo`4a9Q,b�ZCjSLm¢U�£ # ¤�¥$%U¦£VWH¤ §K¨#© ª&'()K«h¬QX Y ­*+ Z,- � [  ® ! �
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I`B/@pI`9 ^ T*E P I`9:;:Z*<=@J>iFC; PLO�PLO @jRSTWB P @XY�RS@AB P ; 7 I`9mI�Y8;DE";:< PLO @wB/@AZ*;DTW<~ELM?BLB/TWM?<=> ;:<?Z PLO @ ^ ;D>8��G?9HI`<=@ ! C O @ }
G?B/TWGeI`Z3I P @ P TLFQI`B/>?E PLO @hRSTWB P @XY 7 @A< P @ABhI`<=>&@XY O ;:x?; P EL9DTLF�T*E 7 ;:9:9HI P ;DTW<=EV;:< PLO @jRS@AB P ; 7 I`9�> ;:B/@ 7AP ;DTW<jFC; PLO
IkFFIJRS@A9D@A<?Z PLO T`aVI`xsTWM P���7 ^ ! N�< PLO @cM?G?Gs@AB�I`<=>�9DTLF{@ABpGeI`B P EpT`a PLO @cRSTWB P @XYl]tG O IWE/@c9:;:<=@JErxs@ 7 T ^ @
^ TWB/@h;:< 7 9:;:<=@J>UV=xs@ 7 I`M=E/@jT`a�RS@AB P ; 7 I`9(E O @,I`B"G?B/@JE/@A< P ;:< PLO @JE/@fB/@AZ*;DTW<=Ed] PLO @gRS@AB P ; 7 I`9 7 T ^ GsTW<=@A< P T`a PLO @
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(a)

12 cm

(c)

12 cm 12 cm

(b)

"#$%&#' *+, 0 * ( )*+,-./0123456-78 9:+;9<=>?@3,A,/BCDE01F9GE43HIJ3,-78*+HIK8*+;-6LH/MCN3OPQ/MRS8*1F/B5T-78 9G+M3HCU3#AH9S1V-./TW#IJ/0+H/0123,-./BRXYZ[\3]1F90-^3,-78*+HI_R`8 CTaJbc%30defgCZLH34RJ9H?hI:1F3OEOLXA08 CZiH3Oj 8 C73,-78 9G+`bkc.Y0dTlVc%5,d>f@1m/BCTE0/B5T-78 A,/<j [n-.9:Eo3O+4RpC68 R</XA<8 /T?UCq90=#123T[HC\=r1F9GPs-6LH/-./012tC68*PqiOj 3,-78 9G+`b
3uLH/\-6L<8 54a#C^9Gj 8 Rvj 8*+,/_8*+ncw5Bd;1F/0E01F/ZCN/0+,-.Cu-6L,/x1F90-^3,-78*+HIyR`8 CTaJb>zJWSE0/01{8*PQ/0+,-^3Oj`5T9G+4R`8 -78 9G+HC#|}~ ���:� �x� �>� lG��� �<� �X� �e� l� � ���:� �<�K� �>� lS�����,�q�T��l45s���<���_�6��l67����J� �K�6��lO� �89:; ���J� �x� �>� b<.�8 -6L\-6LH/ZC^/M/6WSE0/01{8*PQ/<+B-^3Oj}EH3<1F3OP;/T-./01FCBl
=>?_���J� �]�6� �>� 3O+4Ry�1@#�4�����G���J�
A BCDEF(GHIJK L MNFOPQB>RSTUVWXYI Z P8FCB6T8F[T , ? \ F]DEFOP ^ X Z B>R_DEV6P ^ X Z X ^`a B>Ibc \ V6PdXYeCV6I ^ B>Rfc+XYDEFOPdgEFOI Z FhijFORSckTlmnV6PoBpTdX L XYRqB>P
F(r+sNFOPdX L FOI ^ 1:T8F[FWibg4KkP8F[Ttu @ v A B C D B>Ibcwu @ v A B � D xyP8F[TdszF ZO^ XYDEFOR a23 T \ V A ^d\ B ^h^d\ FpDEV6P ^ F(r Z V6P8FWXST L B>Pd{EF[c
M a B Z XYP Z KkRqB>P|sjB ^8ZU\ V>myDEV6P ^ X Z X ^`a 1:T8F[Foibg4KkP8Fhu @ v A B C D 3EFb^d\ F A B[DEF[T}skP8V6sjB>gJB ^ F-m:P8V L PdXYg \J^|^ V~RSF(m ^ x A X ^d\RqB>PdgEF \ V6PdXYeCV6I ^ B>R A BCDEF(GHRSFOIkg ^d\ TCx A \ XYRSF A B[DEF[T Z RSV4TUF ^ V�B>Ibc%XYI ^d\ F~DEV6P ^ F(r�skP8V6sjB>gJB ^ F�XYI%m:P8V6I ^ V>m ^d\ F
DEV6P ^ F(r~�jV A 1 Z V6KkI ^ FOP�G Z RSV Z {WP8V ^ B ^ XSV6I 3(, ? \ FOXYP A BCDEF(GHRSFOIkg ^d\ ckF Z P8FCB6TUF[T A \ FOI ^d\ F a B>skskP8VEB Z8\�^d\ F�DEV6P ^ F(r
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(a) (b)

12 cm 12 cm

 !"#$!% 12345 @&'()*+,-./0123456+78.9:/;<2=>1?<@+.AB+7CDEFG.AH+IJ 1?G.AKCLM79N8.1O=PCQ9LRHAB92G.92=S+7CQ9TUVW,-H+X=P1YCZ+7CDEFG7A[U\E /,]^EFG_CLM.9 `ab@cdeOf g,1O1O=SUOEFG@+7CQ9://Z-7/ZCQ92hijklm+2nop6789:;q/rEFh&sBJ +7CDE 1tG&1230<\A?sI=P9uv\wPx:yzj*lZW@n{p,789:;q/LEFhXsBJ +7CDE 1tG&1230<\A?sI=P9uv\wPx7vtj=>NM2E g2]X/Z1tJ E U|J EFG79T/!=P9Y<2=>9:/Z9YGTCCLM.9u=>12CZ+7CDEFG.AVU\E /,]BjB}6}~}~}~}_p?g,1tGTCQ1tsB=>/;1230�?w��Yv?�O�tw vV+IG@U��?w �2vXCLM79uhH+TRBEFhH+IJB879YJ 1Og.E Cm-&+7C;CLM.9K97UYAB9!123kCLM.9XU\E /,]Bj
? @ABCD 3ABCDEEFGH*I J K(LMN O IP@AQ R NAH ? NSB*B*IPDTUV@AK OWO @XBCDYZ(BC@[U2K ? D O*\ D]D&^[Z_DYB*I J DYQ O @S`abcd=K(BCDTHef F g G H I J K H � J hi@S`R \ I ?j\kO*\ D$BCDTH*K(L O HlNSBCD$H \ @ R QeI4QWbcd=K(BCDmf F g L23 MmN n HoZ(BC@AZpNSd6N O I4Q(dqI4Q(I O IMNSL4L n NSLP@AQ(d O*\ Drsp@ R BCD&spD ?YO N OtO*\ D
? @ABCDu@S` O*\ Dvw,@AB O D&^8NSQcUxNSBCDuH*K(ycHjDTz6KcDYQ O L n H ? N O*O DYBCDTU{N R N n,3 NX@ABCDT@|w,DYB|h O*\ DuU(D ? BCD|NAHCDvI4Q O*\ DvI4Q O B*I4QcH*I ?`}BCDTz~KcDYQ ?Yn U2K(B*I4Q(d O*\ D�I4Q O DYBjN ?YO IP@AQ"LPD|NAU(H O @�N�U(D ? BCD|NAHCDx@S` O*\ D�w,DYB O I ? NSL ? @ J Z_@AQcDYQ O @S` O*\ D�d=BC@AK(Z
w,DYLP@ ? I O/n h�NSQcU J @=H O @S` O*\ DTHCDuBjN n H�`}@AL4LP@ R N�z~KpNAH*I�� \ @AB*I4�|@AQ O NSL O BjN � D ?YO @AB n�� HCDTDeUcNAH \ DTU8L4I4QcDTHEI4Q8bcd=K(BCD
f F g L H I J*� 3 O�Q O*\ D ? BC@=HjH��/HCD ?YO IP@AQ]@S`:BjN n HiI4Q O*\ D J IPU[��Z(LMNSQcD�Z(LP@ O*O DTU�I4Q�bcd=K(BCD�f F g L H � J h(Z_@=H*I O IP@AQcHr@S` O*\ DTHCDBjN n H�h�Z(BC@AZpNSd6N O I4Q(d�NSLP@AQ(d O*\ Dtsp@ R h�BCDYZ(BC@[U2K ? D O*\ D�K(Z(Z_DYB���LPD&` O R N|w,DiZpN O*O DYB*Qv@S` O*\ DiD&^[Z_DYB*I J DYQ O NSL[bcd=K(BCD
f F g G H � J 3 P \ IPHEZpNSB O @S` O*\ DuI4Q ? IPU(DYQ O R N|w,DubpDYLPU ? @AB*BCDTH*Z_@AQcU(H O @ R N|w,DTH R \ I ?C\ NSBCD O BjNSQcHCZ0@AB O DTU{NSLP@AQ(d
O*\ Dew,@AB O D&^�sp@ R h:NSQcU8DTH ? NSZ_D R I O*\ @AK O y0DYI4Q(d O BjNSZ(Z_DTU 3 P \ DTHCDuBjN n H�NSBCDuQc@ O w~IPH*I4y(LPDuI4Q{H \ NAU(@ R d=BjNSZ \
I J NSd,DTHaH*I4Q ? D O*\ DYI4B R NTw,D&��w,D ?YO @ABmIPH�Qc@ O ZpNSBjNSL4LPDYL O @ O*\ DqH ? BCDTDYQ 3

� Q



 !" # " $ !"#$%%&"&'()* !"+'()*+,,--*.*'+.!!(/*/*'&012&3,,(0!"+1*4&2+3456789: *'(;# !<=5&6,,(,!"+>*

-0.12 +0.120-0.22 +0.40

(b) (c)

28.5

cm

30.0 cm

10 cm

4 cm

1 2 3

(a)

789:;8< =%>?@AB4CDEFG0HIJKL?M/NOHPQ R6GSRATUVWM0X0JYZ8[KL\R][+M+^_M0HPQ`G0^aQ`G0HIRbM4c/MKL5RKHOL5R6[AQ N-X0RdL\HIJOe6f3ghM0X0JYZiMKL5Jj^AJAG0JAL5M0HIJ0kbTlL\R]mnHOo0JbLpQ ^6o0H
G+JYMALqHOo0JbcKRAHlHIR6mnRKTrHOo+J8HsM_G2tjM_G+ku[KL\R][+M+^_M0HIJvTlL\R]mwcKJKx R+V'HIRbHOo0Jbx J)T?HyHIR+VWMAL?kAZzHOo+J8X0RdL\HIJOe6f6{|o+J}NO~_x Q`G/kAJAL�kdQ M_m-J.HIJKL
Q ZS�����3����N/m�f��:MK���qZsJY�]�+JKG/N.J�RKT|Z�Q k2J�XKQ J)VyZbc.~4Z.o/M/kAR+Vz^6L?M_[2o�m�J)HOo0R3k�T�RdLyM_G4JOed[KJKLpQ`m�JKG0H8V�Q HOo4�����6�����K�q�K�
� ���A�  A ��K�q�/��¡��¢�3�  �£��¤�¥�¢�3���a¦O§¨�%©¢�ª�3� �4¦O§¨�!«U¬.­ ® �ª�6� ¯4�A�q�/f%{yQ`m�JYZvRATWR6c+ZsJALFX/M0HPQ R6Gu°U�s±+���r±Y²2²aZY�
�:³_���r±Y´2²aZY�U�µ¶2���%³2·A²aZ8M0T?HIJKL�HOo+J4L\JAm�RKX/M_x]RKTWHOo0J¸HO�2cKJ_f¤g¹M0X+J)Z8MKL5J¸^2JKG+JKL?M0HIJYk�M0HiHOo+JºLpQ ^6o0H)�¤ZIHsMALFHPQ`G+^�M0HiHOo0J » L\ZsH
Q`m-M+^2J2fq�sc/�)�`�µNY���]X+JKL\HPQ N)M_x3X+RdLFHPQ N+Q H:~¸M_G/k¼o0RdLpQ ½.R6G0HsM_x3kdQ X+JKL5^AJAG+N)Jj¾3JKx k2ZS�pZPN)M_x J)Z-MKL5J�Q`Ga�K�q�.��TlL\R]m�¿�E Ànm�JYM+Z)�2L5JKm-JKG0HIZ
Q`GSHOo+Jbm8Q k !Á[_x M_G0JvT�RdLUM_G}JOed[KJKLpQ`m�JKG0HzV�Q HOo��u�Â�6�  a�K�q�/� � �n�2� �2�b�A�q�/�!¡ª�Ã�2�  �£-�6���Ä�3���b¦O§h�]©Â�Ä�3� ��¦O§h�
«U¬)­ " �Å�6�#$K�u� �q� f%&�H8HOo0JaHPQ`m�JaRKT�R]c0ZÁJKL\X+M0HPQ R]Gd�%'()�¬*+,- �3� �./K¦O§ M_G/k012)�¬*+0-��]�3$�¦.§�� ��� ��N)RdL:L5J)Z)[KR6G/kdQ`G+^ÆHIR
4 /A�567-Ç !�3$¸¦O§89Y�A���Kf
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(c)

(a) (b)

(d)

BCDEFCG@ABC HDEIJFG!KLMNO%PQK-RLSLTUVWXYPZS%[Y\]S]P^_`abS]c.OUXdV:efK.g?SLTh_`ciO7SdPQK-RjOk_`c.lmen_ O%o+Kpq?KdPrXdO%PrX(\]_ Rhg.XYPrO7S%[sXdV:t1l<uvPQSNw<xyzHI9J7KLM{|NOL}~��K]�
O7X(\�Kvc-�p�7q]��T%_ �dS�gd_ Sje�T�X]VAPQKLM.T.}<�ERi��R]PrX0T;TPQ#T;S.R%Ok_ X(cb_`c�O%o.SCaN_ ��o.S-_ l<o.OUo?XYP^_ �jX<c.O;Kv�d\v� Kvc.SnXdV6P8KLM.T.}RSf_ KvabX(c?�0Tn�v_`c-R._ �0S]c.O
efK.g?SLT+\]PrX(\?K?lvK.Ok_`c.lI_`cmO%o.S+TkKvabSs�1_`PrS.R%Ok_ X(c�K?TnO%o?STU1X?e�}VWvO;K]PQTs�!_`c?R?_ �dSdciO�efK.g?SLTC\]PQX<\-K?l0K.Ok_`c?l�_`csV�PQX<c.OnX]V�O%o.SXU1X?e�}
�E�v�Ugd_ Sje�_`cNO%o?SYJZ[HM\]^O�RjXYXYP8�Y_`c-K.O7SLT�T7M?T7O7Sda�XdV6O%P8Kv\v\]Si��P8KjM?Ti}<�no]_ R]��T{X<� _ ��� _`c.SiT�PrSd\]PrSiT;SdciO7T�O%o?S�efK.g?S/Qk� S]c?l]O%oCg?SiRjO7XYPrT
K.O�Ok_`abSX_U��zi�d���v},`a`b`b`b`h�(RLX<c.O7X<uvPrTnXdV��(x �0w<�1�(x w�Kvc-�I�(xcIdwmO%o.S�a�Ki[0_`a�Kv�Yg?S]� X1R._ OEMsX]V�O%o?STU1X?e�}<�no.SmT�_`a+uv� K.Ok_ X<c
efK?TnRiK]PEPW_ S.��X<u.Obuv\NO7Xd_���zi�0���v}
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  !!  ! "#$%$"#$%&'&'($)'()*+,-*+./,'01&%&'%+23456'78956'-.6:/'0';<=>1'&%=56?2'&'3.6@

ABCDCDEFGHIJKLMNO,PHEQP;RSTUVWX 4YZ KL[\]N^_`2P;KaEFMbcF[(E Z PdGe`Df Zdg GHE g `2Oh`2P;KLMNO\`2Oh`2KLM Z PdP;RSTUijEFG;PHT&klmnE 5 `2GHTUP;Ge` gNg TDI
KLMoP;RST9ijEFG;PHT&k pqr EF[(TsT"MSCDEF]NMhPHT"G9`tGHT&mnTDC"P;KaEFMu^_`DfjT"Gv`2Pwxyz{|}~Yc 5 RNKL^aT�EFP;RST"G�C"GHE ZHZ P;RST9[wKaI$� g ^_`2MST
5 KLP;RSEF]NP�GHT&mnTDC"P;KaEFM\��T&��EFGHT���T"KLMNO�P;Ge` gNg TDI p�� KLO.]NGHTU�$�a���N���J� Z RSE 5 Z P;RST�P;Ge` gNg TDI 5 `DijT Z KLMlP;RST�[(T"G;KaIJKaEFMn`2^
g ^_`2MST(���J�;�2�H�7�&c�`2MSI g GHE2�;TDC"P;KaEFMsKLM�P;RNK Z�g ^_`2MST�E2��P;RST 5 `�ijT&��^aT"MNO.P;R Z ��EFG�P;RST Z T�Ge`Df Z cS`2GHEF]NMSI�P;RST,T"MSI�E2�
P;RST Z KL[l]N^_`2P;KaEFMbc�`2GHT�`2^ Z E\KLMSIJKaC�`2PHTDI p V X 4¡g GHTDIJKaC"P;KaEFM Z `2GHTQKLM�`2O.GHTDT"[(T"M7P 5 KLP;R Z Rn`FINE 5 O.Ge` g R{KL[�`2OjT Z
E2�¢£SO.]NGHT 6 �$�a�4¤ 7 8 `2MSIvCDEFMJ£SG;[¥P;RST¦KLMSC"GHT�` Z T�E2�bP;RST 5 `DijT&��Mh]N[\��T"G¦KLM§P;RST�IJKLGHTDC"P;KaEFM9E2�bP;RST�ijEFG;PHT&kv`�kJK Z p
A Z P;KL[(TwOjE$T Z EFMbc�P;Ge` gNg TDI¨Ge`Df Z KLMSC"GHT�` Z TwKLM©P;RST"KLG 5 `�ijT&��Mh]N[l��T"G0Ge`FIJK_`2^�CDEF[ g EFMST"MhP�cyªj«2cb^aT�`FIJKLMNOsPHE
P;RST 5 `�ijT g `2P;PHT"G;M{`2GHEF]NMSI�P;RST�ijEFG;PHT&ks`�k$K Z EF� Z T"G;ijTDI9KLM§£SO.]NGHT\�$�a�4¤J� 7 � pS¬ RST�RSEFG;K 9 EFM7Pe`2^yC"GHE ZHZ � Z TDC"P;KaEFM6 Z TDT§£SO.]NGHT{�$�a�4¤J��­�� 8 IJK ZHg ^_`Df Z P;RST g E Z KLP;KaEFM Z E2�QP;RST9Ge`Df Z ��EFGwCDEF[ g `2G;K Z EFM 5 KLP;R®£SO.]NGHTs�$�a�4¤J��­D� pq¬ RST
: ]n`2^LKLPe`2P;KLijT"^LfW`2O.GHTDT"[(T"MhP�K Z OjE$E7I¯° 5 `DijT Z9g GHE g `2Oh`2P;KLMNO±`2Oh`2KLM Z P9P;RST{mnE 5 `2GHT²P;Ge`2M Z;g EFG;PHTDIWPHE³P;RST
G;KLO.RhP�c Z;g KLGe`2^LKLMNO(KLM7PHEwP;RST,ijEFG;PHT&k 5 RNKL^aT,O.Ge`FIJ]n`2^L^Lf�INTDC"GHT�` Z KLMNO(KLM 5 `DijT&��^aT"MNO.P;R Z p

� EFGB�n`2GHEFP;GHE g KaC�ijEFG;P;KaCDT Z cNP;RST�RNKLO.R�Ge`FIJK_`2^ Z RST�`2G´CDEF[ g `2GHTDI�PHE0P;RSTQijT"G;P;KaC�`2^ Z RST�`2GB^aT�`FI Z PHE0C"G;KLP;KaC�`2^
^_`DfjT"G Z 5 RNKaCeR�CDEFG;GHT Z;g EFMSIvPHEµi.`2^L]ST Z E2�bP;RSTQKLM7P;G;KLM Z KaC��6GHT : ]ST"MSC"f�C"^aE Z TQPHEµ~³ch��EF^L^aE 5 KLMNO¶·�^L��T"G Z 6;< = ¸.¹ 8 p
� EFG�KLMhPHT"G;[(TDIJK_`2PHT�iF`2^L]ST Z E2�bP;RST,`2� Z EF^L]NPHT��6GHT : ]ST"MSC"fjc$xyº=»�¼�c 5 `DijT Z�g GHE g `2Oh`2P;KLMNO�`2^aEFMNO0P;RSTQijEFG;PHT&k(mnE 5
INTDC"GHT�` Z T\KLM²KLM7P;G;KLM Z KaCl�6GHT : ]ST"MSC"fjc Z E(P;RST"f�MST"ijT"GQ[(TDT"P�`§C"G;KLP;KaC�`2^y^_`�fjT"G p�½ E4¾qT"ijT"G�c�¾U`�ijT Z�g GHE g `2Oh`2P;KLMNO
`2Oh`2KLM Z P�P;RST(ijEFG;PHT&k²mnE4¾¿`2GHTw^LKLÀjT"^LfÁPHE�C"GHE ZHZ `9C"G;KLP;KaC�`2^q^_`DfjT"G\`2^aEFMNOs¾BRNKaCeR©P;RST"ft¾BKL^L^���T0P;Ge` gNg TDI pbÂ M
CDEFMhP;Ge` Z P¦PHEw�n`2GHE$C"^LKLMNKaC�ijEFG;P;KaCDT Z cnEFMN^LfvGe`�f Z¦g GHE g `2Oh`2P;KLMNO9`2Oh`2KLM Z P�`0�n`2GHEFP;GHE g KaC�ijEFG;PHT&k�Rn`�ijT\`wCeRn`2MSCDT
PHEw��T�P;Ge` gNg TDI p

ÃdÄaÅ�Ä!Æ ÇÈÉ³ÊËÌ2ÍÎÏuÐ�ÑÒÓ�Ô.ÍÒÕÖ×�ÌvÓ¢ÌsÓ¡Ø�ÙjÚ�Û�ÍÒÜ$ÔjÍÒÕÖ×ÝÔ.ÕdÕÖÑ
Þ T Z ]N^LP Z ��EFG,�n`2GHE7C"^LKLMNKaCwijEFG;P;KaCDT Z CDEFMJ£SG;[ßP;RSTwT&kJK Z PHT"MSCDT(E2�BC"G;KLP;KaC�`2^�^_`DfjT"G Z `2MSI Z ]NO.OjT Z P�CHRn`2Ge`FC"PHT&�

G;K Z P;KaC Z ijT"G;f©C"^aE Z T§PHEtP;RSE Z T g GHTDIJKaC"PHTDI®�7f ·�^L��T"G Z 6;< = ¸.¹ 8 p 4 TDC�`2] Z T9E2��àdá�âhàdãäåæ�.c�P;RST Z T9C"G;KLP;KaC�`2^
^_`DfjT"G�`2GHT�IJK Z P;KLMSC"PB��GHEF[çGHT&mnTDC"P;KaEFM²^_`DfjT"G Z `2MSI{`2GHTl` ZHZ E$C"K_`2PHTDI9¾BKLP;R{i.`2^L]ST Z E2�dP;RST,KLMhP;G;KLM Z KaC,��GHT : ]ST"MSC"f
IJKèé¢T"GHT"MhPê��GHEF[ë~ p.� EFG�T&k g T"G;KL[(T"MhP Z ¾BKLP;R(�n`2GHEFP;GHE g KaCBijEFG;P;KaCDT Z c.P;RSTBIJK Z P;KLMSC"P;KaEFM(��T"PÎ¾qTDT"M§P;RST�GHT&mnTDC"P;KaEFM
^_`DfjT"G�x�z�| ~ì`2MSI§C"G;KLP;KaC�`2^¢^_`�fjT"G Z IJK Z ` gNg T�`2G Z ��TDC�`2] Z T�E2�bRNKLO.R²àêã�âhàdáycJ`2MSI§EFMN^Lf�¾U`DijT Z�g GHE g `2Oh`2P;KLMNO
`2Oh`2KLM Z P´P;RST,mnE�¾¯`2GHT,P;Ge` gNg TDI�KLM7PHEwP;RST,ijEFG;PHT&k p

í EF[ g `2G;K Z EFM Z ��T"PÒ¾UTDT"M³V X 4ëZ KL[\]N^_`2P;KaEFM Z `2MSI³T&k g T"G;KL[(T"MhP Z0Z RSE4¾îP;Rn`2P\VWX 4ëZ KL[l]N^_`2P;KaEFM Z `2GHT
`³OjE7E$IWPHE7EF^�PHE g GHTDIJKaC"PsP;RSTt��T"Rn`Di$KaEF]NGsE2�\¾U`�ijT Z�g GHE g `2Oh`2P;KLMNOuKLMÝP;RSTtijEFG;PHT&kWmnE�¾ p¦ï ]n`2MhP;KLPe`2P;KLijT
CDEF[ g `2G;K Z EFM Z ��T"PÎ¾qTDT"M{[(T�` Z ]NGHT"[(T"MhP Z �hf�ð ÂÎñ KLM�RSEFG;KLò�EFM7Pe`2^ g ^_`2MST Z EFG Z Rn`FINE�¾BO.Ge` g R²i7K Z ]n`2^LK Z `2P;KaEFM Z c
`2MSI g GHTDIJKaC"P;KaEFM Z E2��P;RST�Ge`Df g E Z KLP;KaEFM Z 6 £SO.]NGHT Z �$�a�.�j� 7 �Ò�Î�$�a�.�j��ó"�&c¢�$�a��ôN� 7 �Ò�Î�$�a��ôN��óD�&cb�$�a�"õn� 7 �Ò�Î�$�a�"õn��óD�Q`2MSI�$�a�4¤J��­��Ò�Î�$�a���N��­�� 8 cq`2GHTw] Z T&��]N^�PHE{KLMhPHT"G g GHT"PHTvCDEF[ g ^LKaC�`2PHTDI©¾�`DijT g `2P;PHT"G;M Z KLM¨P;RST§T&k g T"G;KL[(T"MhP Z pÖÂ M¨P;RST
MST&kJP Z TDC"P;KaEFMbcÖP;RNK Z `2O.GHTDT"[(T"M7Pµ¾BKL^L^q��T§T&k$PHT"MSINTDI©PHE{T"MST"G;O.f¨CDEFM Z KaINT"Ge`2P;KaEFM Z pyÂ Pl¾BKL^L^ g GHE�i$KaINT(��]NG;P;RST"G
KLM Z KLO.R7PUKLM7PHElP;RST�¾U`�ijT&���NGHT�`2À7KLMNOw[(TDCeRn`2MNK Z [ç`2MSI�KLM7PHEµP;RST¦T&k g T"G;KL[(T"M7Pe`2^�CDEFMSIJKLP;KaEFM Z GHT : ]NKLGHTDI���EFGqP;RNK Z
�NGHT�`2À$KLMNO(PHE(E$CDC"]NG p

ö�÷*ö øùúyú�û\ü�ýêþµúyý¶ÿ !"#$%&'´ý()\ü�ý*%+,-.Hþ/01.Hþ2345\ý¥ý67-8§ýdü9.:; ýêþ<34=
ÃdÄ!ÃêÄ>? @/AêØBÚSÙhÍÎÏWÚn×yÔFÓ¢Ñ�ÕBCqÌ2ÚSÙDE�Ó�ÔjÍ�ÕÖ× ÕBFGHvÓIEyÚJKLCqÙjÚSÓ9MêÍÒ×NO

� KLO.]NGHT\�$�a�PQ g GHT Z T"MhP Z PÒf g KaC�`2^ Z Rn`FINE�¾BO.Ge` g RtKL[�`2OjT Z cSijT"G;P;KaC�`2^yijEFG;P;KaC"KLPÒf{`2MSI{IJKLijT"G;OjT"MSCDT�£nT"^aI Z ��EFG
`2M0T&k g T"G;KL[(T"MhPdE2�S¾U`�ijTqKLM7PHT"Ge`FC"P;KaEFMw¾BKLP;R0`´GHT"^_`2P;KLijT"^Lf�KLMhPHT"M Z Tq�n`2GHEFP;GHE g KaCUijEFG;PHT&k\`2MSI\¾U`�ijT Z OjT"MST"Ge`2PHTDI
¾BKLP;RsP;RST  Jp ¹ C"[ IJK_`2[(T"PHT"G�C"f$^LKLMSINT"G p

R ¹ R
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30 cm

28

cm

-1.0 +2.00 -0.25 +0.250

(b) (c)

10 cm
4 cm

1 2 3

(a)

 !"#$!%<CDE ?@A &'()*+,-./012345,67 89*:8;<=>?2:B+.@ABC/0D8EC32FGH2+,67)*FGI7)*+,-8J2IKF2;0D8/,50D8EC;7 4CBF8L0M,-.NOFG=8F>IPQRS2:BF.QAT2/0D.?GH./*F./012+,-.@UJ<V0W89XY,5Z+.J0[7 G9Z@,
*F.@2;0\,5ZF.]K/8/,V,-89X^8;<_,5ZF.!,`2a*abc2a*3U'C/0D8EC32FGH2+,-.I<V0D8EX K/./d 8F>e,-8f,5ZF.fd .N<1,g,-8F>?2;0DUHA?,5ZF.DBF8L0M,-.NO=PhigZ+.j4NkHd 7)*3UH./0_U=7 2aXJ.N,-.;0
7 Ajl mno=p qr4/XsPBt#2/uvw\Ax.@y9z+.;*F4Q.{8;<:A57 U;.EB;7 .N>:AfKNk|AQZF23UH8F>}G90D2aCaZ'XJ.N,5ZF8=Ur<[8L0:2a*|.NOaC/.;0[7)XJ.;*@,I>~7 ,5Z'��m�q9p o'�;�v�/�
� m��;p��@Fj�;�v�/�a��m��9p �c�J�al�m�oEp qj�N���a��m��Hp q��5���/���N� H m�q9p �H���;�v�/P;i}7)XJ.@A?8;<\8EKFA`./0GB32+,67 8E*s�ht`�Fuvw,HH�!A@�ht ¡auvw�+¡;¢]A+�£t#¢Huvw_�@¢,H]A¤2+<1,-.;0�,5Z+.|0W.;XJ8@B32adE8/<B,5ZF.j,5zaK/.HP9RS2:BF.QA¤2;0D.�G;.;*+.;0D2+,-.+U¥<V0D8EX ,5Z+.|0[7 G9Z@,J2;0W89zH*3U],5ZF.j,67)X¤.�8/<B,5ZF.
¦§0DA-,}7)X¤2FGH.HPLt-K/uN�Mt 4+uvw+BF./0W,67 4Q2ad:BF8L0M,67 4F7 , k¤2a*3UfZF8L0[7 ¨Q8E*+,`2ad@UL7 BF./0DG;.;*F4Q.:¦L.;d U;A©<V0W89Xª«T( ¬�XJ.+2FANza0W.;XJ./*+,-A}7)*~,5ZF.!X!7 UIJ6Cad 2a*+.
<[8L0�2a*s.NOaC/.;0[7)XJ.;*@,g>­7 ,5Z{�®m¯qEp �|�/�\�3� � m°�;p�o]�;�v�3�±� mIJEp��f�J�9l²mªo=p q]�5�³�9�^mª�Ep q]�N���L�B�N� H m¯qEp�o@J¥�;�v�/P
K_,:,5Z+.!,67)XJ.!8;<_8EKFA`.;0KB32+,67 8E*=�<L Mg�LM N��=p�o>O/�5�´2a*FU7P M~�%M N��Ep o{�5�µ�;�v�F�94N8L0#0W.@ANC/8E*3U=7)*+Gs,-8 Q O/�IRSN��Ep Jf�5�7T+�;�v�3P

? U-N
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ABCDEFG H IJKLMNOPKQC RLR GDC2S(MTUVW;KXGYZ[MN\$] R ^_C2UXG45 H G`G9aXb.cLSdGef$gNh67LijkDl&8mC2SdGeC2^T^ R Sdn R C2boC2W;MTULbpC2boC2MTU H W(W;KXG

qrnDI s ABCDEFG HtR Sdn R C2boC2W;MTULbuC2^NnvULbwW;KXGxqrnDIyC2SdGzCv\{EFG`O"WdG`\|KXnvS;MT}DnvUoWPC2^T^T~[C2UX\|C2SdG H ODC2W;WdG"SdG`\0C`IzC`~��6SdnvZ W;KXG
ODC2Z(G"SPCwarG"^N\ sv� KXG�KXnvS;MT}DnvUoWPC2^XIzC`EFG&]�^NG"ULb.W;K�n2��W;KXGxIzC`EFG R C2W;WdG"S;U[WdG"UX\ H Wdn�\LG`O"SdGDC H GzIJKXG"U(C RLR SdnFCvOdKLMTULb
C2UX\�W;cLS;ULMTULb�C2^NnvULb�W;KXG�EFnvS;WdG&��O`nvSdG s9: U{�jnvS;W;cLUrC2W;^T~F��W;KLM H ��G`O`nvZ(G H;< cLMNO"^T~���G"^NnDI�W;KXG�Z(GDC H cLSdG"Z(G"UoW
SdG H nv^TcLW;MNnvU sL� U H KrCv\LnDIJb.SPC R K R MNO"W;cLSdG H 5 H G`G�aXb.cLSdG,f$gNh67Li  l&8&�XIzC`EFG H ��G"b.MTU9Wdn0C RLR GDC2S H KXnvS;W;^T~mC��jWdG"SzW;KXGnvU H G"WJn2��W;KXG�O"~$^TMTUX\LG"Szn H O"MT^T^_C2W;MNnvU H �LC2UX\9CvO`O"cLZ�cL^_C2WdG�C2SdnvcLUX\9W;KXG�EFnvS;WdG&� s/= MT�FG�MTU�aXb.cLSdG�f$gNh4�{i  l&�{W;KXG"~R Sdn R C2boC2WdG(Wdn4I�C2Sd\ H W;KXG[EFnvS;WdG&� O`G"UoWdG"S|C2UX\ R KrC H G[^TMTUXG H C2SdG�C2^TZ(n H W R C2SPC2^T^NG"^�WdnYW;KXG0EFG"S;W;MNODC2^zC��$M H n2�
W;KXGYEFnvS;WdG&� s�� nDI�G"EFG"SD� H ^Nn4I n H O"MT^T^_C2W;MNnvU H C2^NnvULb�W;KXG�EFG"S;W;MNODC2^�\{MTSdG`O"W;MNnvUQC2SdGYUXnvW H n nv�oE$MNnvc H �x\{cXGYWdn
^_C2S;bFG"S,EFG"S;W;MNODC2^�I�CDEFG&]�^NG"ULb.W;K H n2��W;KXG�MTUXO"MN\LG"U7W,I�CDEFG H s>? SPCv\{crC2^T^T~F��W;KXG|MTUoWdG"U H MTW�~�n2�xW;KXG|I�CDEFG R C2W;WdG"S;U
MTUXO"SdGDC H G H ��C H MTU{� G"S;SdG`\ �jSdnvZ¡W;KXG(MTUXO"SdGDC H G�n2��W;KXG�O`nvUoW;SPC H WD��cLUoW;MT^ H nvZ(G[IzC`EFG H �¢G"b.MTU£WdnY�LSdGDC2� s�� KLM H
�LSdGDC2�$MTULb H WPC2S;W H MTU¤bFG"UXG"SPC2^�C2W�W;KXG0G&�$W;SdG"Z[MTW;MNG H n2��W;KXG|EFnvS;WdG&� s ABC`EFG&]��LSdGDC2�$MTULb�I�C H UXnvW�\LG"WdG`O"WdG`\��o~
¥ �¦§ Z(GDC H cLSdG"Z(G"UoW H �¢G`ODC2c H Gun2��MTU7W;S;MTU H MNO,^TMTZ[MTWPC2W;MNnvU H n2��W;KLM H Z(G"W;KXn$\ s

¨©O"^Nn H Gzc R n2�¢W;KXGJIzC`EFGw�LSdGDC2�7MTULbuMTU[aXb.cLSdGwf$g ªv«uSdG"EFGDC2^ H C2U(MTULMTW;M_C2^T^T~(nvUXG&] H MN\LG�nDEFG"S;W;cLS;ULMTULb|Z(nvW;MNnvU
MTU[W;KXGz\LG"U H MTW�~�arG"^N\ s.� KXGzSPCv\{M_C2^XG&�{WdG"UoW�n2�¢W;KXGzZ[M¬�$MTULb�MTUX\{cXO`G`\[�7~�W;KLM H n4EFG"S;W;cLS;ULMTULbuM H C2SdnvcLUX\ @ O"Z MTU
W;KXG­MTZ�C2bFG H C2UX\�O`nvS;SdG H;R nvUX\ H WdnuW;KXGwC RLR C2SdG"UoWzSPCv\{M_C2^¢I�CDEFG&]�^NG"ULb.W;K�n2�®W;KXG­I�CDEFG R C2W;WdG"S;U s7� KXG�EFG"S;W;MNODC2^
G&�{WdG"UoW­M H KrC2Sd\LG"SJWdn[\LG"WdG"S;Z[MTUXG.� H MTUXO`G�Z[M¬�$MTULb[WdG"UX\ H Wdn HdR SdGDCv\9EFG"S;W;MNODC2^T^T~YC2UX\YnvW;KXG"SJ�LSdGDC2�$MTULb(G"EFG"UoW H
��G"b.MTU�Wdn(C RLR GDC2S�C2^NnvULb(W;KXG�G"UoW;MTSdG�EFnvS;WdG&�

1 2 3 4

5 6 7 8

4 cm

2 cm

!"#$%"&¢¯{s @.°'(¡±)*+,-./012 345/67.89:;<*=.>?@01A@BCDE.AB@*CB:0 3FG@.>2 0 3H*IJKDL0 ,MNO,MN=*"3FN@.PJQ5@DRBS;T.>U>N",V*IWPN>A/0 XYG@*Z[V\]./;$?M*=J^9+_C.>A`*/2a2 01U=3H*O01A
bcBYG>;<*`dYefgADo²EFv³FhciR01\j*I3k5/6RU/0 WM,MG>;T*F34.:;T*K;<*I3+U:*=WM,l0 B@*:2 _Cmnh mnopqQh GSocrSh GSoHIsh mno,Inh GSoJGSh GSoJKnh GZ.>APJtuSh GK3Ih

´tµ!´�µEL M�¶F·r¸x¹�º$»F¹�¼�½ ¼NOPQ9¾RS�·RTAU�¶o·X¾VWt¹¦½XYZU[\ ¿ÀÁ�Â Ãv¹�ÄÅÆ�Ç�¾¢»F¹�¼È½�Ã
É MTb.cLSdG�f$g ª{h R SdG H G"UoW H SdG H cL^TW H n2�XCzA©Ê]^ H MTZucL^_C2W;MNnvU�� nvS®W;KXG�G&� R G"S;MTZ(G"UoWÈf$gNh67­IJKXG"SdG�I�CDEFG&]��LSdGDC2�7MTULb

n$O`O"cLS H sL� n R C2UX\ H MN\LG�E7MNG"I H f$g ª{hFi  l&��f$g ª{hFi Ë`l H KXnDIÌKXn4IÍI�CDEFG H­R Sdn R C2boC2W;MTULb�MTULMTW;M_C2^T^T~�C2^NnvULb[W;KXG�qrn4I

_ °J`
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(d)(c)

(a) (b)

 !"#$!%CDEF ? @ & G'()*+,-./(01232456789.:3-;9<=3=.>?@AB3=CD,E8=6FGH(:AI324J?@CD,K3=.L(01-,M?@CINOGP? ,-QO(RSI(T./8=,-./8U<T? 1BAD89.V,K3-;O8=6PWXNUYZ.V3[\X]V^CDHI:JKL_`"M)a
b#(=cP,K8d<e(ZC0fgbKS=ch4-? fT3EAT? 3)G:4B8T6P./(2*D4Daibj1kcB10./8T4_4NOl4m3k1),M? 8UCe?@CJ,-QI3nA!? foQD30? NUQD,5QD89.>? p)8dCk,m(Zqr<sq (ZCI3t8T6P./(2*I4kau?@CI1I? fT3TCk,!.L()*I4
<T.V8d<I(INZ(D,M?@CDNv(Zq 8UCINe,-QI3PQX8IGwfT8xCD8T,F1=.V8s4m4P,-QT? 45<Zq (ZCD3ZaFGFyr?@C01D? fs3=CD,:GH(:AD3k45<=./8U<0(INs(D,M?@CINe(INZ(T?@CD4m,z,-QI3PQX8IG{a|bjf9cHAT? 3)G
?@C!,-QI3RISTULVW/MH128Z89.LfX?@CI(D,K3k4}4K*I4K,K3TA~8=6u,-.L(Z<Z<=3kf�./(2*D4DaXYZYZYZYZYhyZ1)8UCD,K8UYZ./4H8=6|�d] �s\U�Z�U]�\5(ZC0fJ�d][\T\{,-QI3EA�(k;s?@A�(ZqIAI3=q 8X1D? ,#*
8T6P,-QD3]Q98IG!aJKCKLKLKCK2yH./(2*D4EGBQI3=./3MNBI3OPQH<̂R<M3STR<ÎSEWIUS^ � _�./3=A�(T?@CI4v<=8T4-? ,M? AD3Za!VWV yH<I(T.V,K4E8=6F,-QI3�./(2*I4EGBQI3=./3[? ,!,m(Z�-324
CI32NZ(D,M? AD3XA0(Zq�YD3k4kaH�̀?@AEYsq (D,M? 8dC!GH(I4F1k(=.#.>? 3kfe8UYD,H6789.|,M?@AB324{YZ<5,K8ab}�w\=�v�Za
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ABC&DECFG"H,I2JKLMC N GOI P CQH;RKCSTUVWA;HBC&XYZ[J\I]^_Z`LaCSAbI2JacUCSV2deLfZ[ABCFG"H;Z`VWJ N ghi RKC"jYI2k N V N RKV4^lH;REI2H,I]kmI2A;cUC P I2A;HnV2d
AbIFj NoP ABV P I2cpI2H;Z[JacqI2cpI2Z[J N HrH;RKCsDEV4^tI2ABCuH;AbI PaP CFLvI2JKLq^_AbI PaP CFLvI2ABVWwaJKLxH;RKCuTUVWA;HBC&X g$y Jz{Kc.waABC,|$} ~f�U���F�&�
I�G"ABV NBN � N CFG"H;Z`VWJ]Z[J]H;RKC_�]Z`L$� P kmI2JKC N RKV4^ N H;REI2HeVWJak[j�AbIFj N�P ABV P I2cpI2H;Z[Jac�Z[J0d�ABVWJpH�V2dhH;RKCoDEVO^�I2ABC_G"ABV NbN Z[Jac
H;RaZ N�P kmI2JKC�Z[J\H;RKC]GOI2�(C"AbIz{EC"k`L���Z[J�I2c.ABCFC"�(C"J7HQ^_Z[H;R�C&X P C"A;Z[�(C"JpHbI2k��(COI N waABC"�(C"JpH N V2de{Kc.waABC(|$}`�45a���F� g
i RKCu^oIFTUC P I2H;HBC"A;J P ABCFLfZ`G"HBCFLx�pjqH;RKC����67 N Z[�SwakmI2H;Z`VWJ9Z N I2k N V�Z[JvIWGFGFVWABLKI2JKGFCn^_Z[H;RxH;RKCnC&X P C"A;Z[�(C"J7HbI2k
VWJKC g

y JvVWABLaC"A_HBV0Z[JpTUC N H;Z[cpI2HBC�H;RKC,LaC"TUC"k`V P �(C"J7HuV2d�waJ N HbI2�ak`C N HbI2HBC N Z[J9H;RKCnDEVO^tLfwaA;Z[Jac]H;RKC�Z[JpHBC"AbIWG"H;Z`VWJ��8 Z[JaZ[�qI2k7T.I2k[wKC N V2dKH;RKCeJKVWJf��LfZ[�(C"J N Z`VWJEI2kaJ7wa���hC"A N9:;< � :  ��I2JKL=>[�?@ABa�CDf�?E3Df�FE��FG6�&�-H_VWJ]I_^rIFTUC&� P C"A;Z`V7L
^�C"ABCSGOI2k`G"wakmI2HBCFL�I2k`VWJaczH;AbI PaP CFLYAbIFj N gKi RKC�Z[JaZ[H;ZmI2k�I2� P k[Z[H;wKLaC�V2d�^rIFTUC N Z[J H;RKCQ���67 N Z[�SwakmI2H;Z`VWJM^rI N
GBRKV N C"J¡Z[J¢VWABLaC"A]HBVMcUC"H0TWI2k[wKC N V2d�TUC"A;H;Z`GOI2k_TUVWA;H;Z`G"Z[H£j¢I2JKL¢RKVWA;Z[¤OVWJpHbI2kuLfZ[TUC"A;cUC"JKGFCvC I wEI2krHBV�H;RKC9¥ y�¦
�(COI N waABC"�(C"J7H N d�VWAu^oIFTUC N Z[JMH;RKC�k`V4^�C"A P I2A;H N V2d�{Kc.waABC N |$} ~f�U���O��I2JKL�|$}`�45a���O� gJ8 Z[JaZ[�qI2k�T.I2k[wKC N V2d :  ABC"�qI2Z[JYI2k[^oIOj NsP V N Z[H;Z[TUC.�aI2JKL N VW�(Cn�]Z[JaZ[�qI2k�T.I2k[wKC N V2d :;< C"TUC"J7H;wEI2k[k[jxG"ABV NBN H;RKC,G"A;Z[H;Z`GOI2k�k[Z[�]Z[H_V2dr�4��§ g7rC&d�VWABCMH;REI2HO��JKC"cpI2H;Z[TUCMT.I2k[wKC N V2dK>[�?@ABf�CDa�?E1Da�FEE�FG6�&�LH$��GFVWA;ABC N;P VWJKLfZ[Jac¨HBV P V N Z[H;Z[TUCMTUC"A;H;Z`GOI2k,LaC"J N Z[H�j
c.AbIWLfZ`C"JpH N I2ABC�d©VWwaJKLYI N H;Z[�(CQcUV7C N VWJ���C N;P CFG"ZmI2k[k[jqd©VWAsAbIFj N H;AbI PaP CFLvZ[J H;RKCQw PaP C"AuI2JKL k`VO^�C"A P I2A;H N V2d
H;RKC�TUVWA;HBC&X gay J9{Kc.waABCQ|$} ~f�U��ªf�&�KH;AbI PaP CFLvAbIFj N I2ABC P k`VWH;HBCFLvZ[JvH;RKC��(C"A;Z`LfZ`VWJEI2k P kmI2JKCq��«f¬;­2¬B�7��I2JKL P I2A;H N
V2dEH;RKCrAbIOj N ^_RKC"ABC P V N Z[H;Z[TUCoTUC"A;H;Z`GOI2kKLaC"J N Z[H�jSc.AbIWLfZ`C"JpH N I2ABCoABCOIWGbRKCFL(I2ABC�Z[JKLfZ`GOI2HBCFL(�pj�H;RaZ`Gb®�k[Z[JKC N gWi RKC"j
GFVWA;ABC N;P VWJKLvHBV]ABC"c.Z`VWJ N ^_RKC"ABCSVOTUC"A*�¯H;waA;JaZ[JaczZ N C&X P CFG"HBCFLvHBV]V$GFG"waA g

i RKC"ABC&d©VWABC.�K�hVWH;R C&X P C"A;Z[�(C"JpH N I2JKLv���67 N Z[��wakmI2H;Z`VWJ N Z[JKLfZ`GOI2HBCQH;RKCQV$GFG"waABC"JKGFCQV2d�^oIOTUC&�¯�aABCOI2®7Z[Jac
C"TUC"JpH N g7i RKCu�°�67 N Z[��wakmI2H;Z`VWJ N_N wac.cUC N HoI2JxZ[J N HbI2�aZ[k[Z[H�jqLfA;Z[TUC"Jx�pjzVOTUC"A;H;waA;JaZ[Jac]V2d�H;RKCuLaC"J N Z[H�j]{EC"k`L9I N
H;RKCuABC N;P VWJ N Z[�ak`C��(CFGbREI2JaZ N � �fZ[JxIWGFGFVWABLKI2JKGFC�^_Z[H;R N REIWLaVO^_c.AbI P RvZ[�qI2cUC N V2d�{Kc.waABC,|$}`�45a�  � gM8 VWABCFV4TUC"AO�C&X P C"A;Z[�(C"J7H N I2JKL,���67 N Z[��wakmI2H;Z`VWJ N I2k N VsI2c.ABCFC�VWJ,H;RKC P ABC&d�C"ABC"J7H;ZmI2k7k`V$GOI2H;Z`VWJ�V2dfH;RKC�Z[JaZ[H;ZmI2kpZ[J N HbI2�aZ[k[Z[H;Z`C N
I2HsH;RKC,C&XfH;ABC"�]Z[H;Z`C N V2d�H;RKC,TUVWA;HBC&X g

±�²!±�²!³ Nx´µ¶e·�¸©¹U¸¯´µ¶�ºv»U¼3O�½�¸¯»U¼E·PQ*´�»LRx¾1Sµ¼/TUV�»U¼K¾JW�¸�¶*X
i RKC�I2c.ABCFC"�(C"JpH_�hC"H�^oCFC"Jx���67 N Z[�SwakmI2H;Z`VWJ N I2JKLzC&X P C"A;Z[�(C"JpH N ^oI N Z[JpTUC N H;Z[cpI2HBCFLxd�VWAoLfZ¿ÀhC"ABC"J7HrC&X$�

P C"A;Z[�(C"JpHbI2k�GFVWJf{Kc.waAbI2H;Z`VWJ N gaÁ Z[c.waABC,|$} ~.~ N RKVO^ N H£j P Z`GOI2k�C"TUVWk[waH;Z`VWJvV2dµH;RKCnJKVWJf��LfZ[�(C"J N Z`VWJaJEI2k�Jpwa�S�ÂC"A N:;< � :  �/>[�?@YBf�CDf�?E3Df�FE��FG6�&� H I2k`VWJac,H;AbI PaP CFL0AbIOj N Z[J0���67 N Z[��wakmI2H;Z`VWJ N V2dK{Kc.waABC N |$}`�O~f�U|$}`�O|,I2JKL(|$} ~f� g
y J C&X P C"A;Z[�(C"JpH N ^_Z[H;R �EI2ABV$G"k[Z[JaZ`G,TUVWA;H;Z`GFC N �aH;RKC�Z[JaZ[H;ZmI2k�T.I2k[wKCQV2d�H;RKC�^oIOTUCSI2� P k[Z[H;wKLaCQZ[JvH;RKC����67

N Z[�SwakmI2H;Z`VWJSZ N GBRKV N C"J N V_H;REI2HA>[�?@ABf�CDf�?E3Df�FE��FG6�&� H HbI2®UC N Is�]Z[JaZ[�qI2kpT.I2k[wKCeC I wEI2kpHBVs« g�y HµGFVWA;ABC NBP VWJKL N HBV
I2JQw PaP C"Aµk[Z[�]Z[Hµd�VWA�H;RKC�^oIFTUCrI2� P k[Z[H;wKLaC�cUC"JKC"AbI2HBCFL��7jnH;RKC�G"j7k[Z[JKLaC"AO� N Z[JKGFC N H;ABVWJacUC"A�^oIOTUC N ^oVWwak`LQ�aABCOI2®
�pj]V4TUC"A*�¯H;waA;JaZ[Jac�Z[J N HbI2�aZ[k[Z[H�j(Z[J(H;RKC�C&X P C"A;Z[�(C"JpH N g 7rCFGOI2w N CsV2d N H;ABVWJacST7Z N GFVWw N LKI2� P Z[JacZ[6ABC"kmI2H;Z[TUC"k[j]k`V4^:\]^_ Ã%`ab c&��H;RKCe^rIFTUC_C"JKC"A;c.j�LaCFG"ABCOI N C N LfwaA;Z[JacnH;RKC P ABV P I2cpI2H;Z`VWJ��UI2JKL0C"TUC"J�H;RKCrI2� P k[Z¿{EGOI2H;Z`VWJ(LfwKCoHBVuH;RKC
H;AbI PaP Z[Jac GOI2J\JKVWH��EI2kmI2JKGFC0H;RaZ N LaCFG"ABCOI N Cd[ N CFCQ{Kc.waABC N |$} ~.~a�  �,I2JKL |$} ~.~a�©ÄF�&c g�i RKC�^oIOTUC(C"JKC"A;c.jYcUV$C NHBVx¤OC"ABVvI N;efghi g(8 Z[JaZ[�qI2k�T.I2k[wKC N V2deH;RKC�JKVWJf��LfZ[�(C"J N Z`VWJEI2k�J7wa���hC"A N\:;< � :  �j>[�?@ABf�CDa�?E1Da�FEE�kG6�&� H
JKC"TUC"AscUV]�hC"k`VO^lH;RKCQG"A;Z[H;Z`GOI2k�k`C"TUC"k N ABC I waZ[ABCFL d�VWA_Z[J N HbI2�aZ[k[Z[H;Z`C N �KABC N;P CFG"H;Z[TUC"k[j �4��§K�K«qI2JKL «a�EI2JKL ABC"H;waA;J
HBV�H;RKC"Z[A_TWI2k[wKC N Z[J9H;RKCnTUVWA;HBC&XqDEV4^ gai V0Z[JKG"ABCOI N C�H;RKCn^rIFTUC�I2� P k[Z¿{EGOI2H;Z`VWJMI2JKLx�hC�G"k`V N C"ArHBVSZ[J N HbI2�aZ[k[Z[H�j
GFVWJKLfZ[H;Z`VWJ N �$C&X P C"A;Z[�(C"JpH N ^�C"ABCuGOI2A;A;Z`CFLzVWwaHed�VWA N H;ABVWJac�TUVWA;H;Z`GFC N �p^_Z[H;RzLfZ N ®0TUVWA;H;Z`G"Z[H£j(Ålm_w P HBVQ«f}nopqkrstF�
^_Z[H;Rt^rIFTUC N cUC"JKC"AbI2HBCFLt�pjÆI¡~$} |¡�Uu LfZmI2�(C"HBC"AYG"j7k[Z[JKLaC"AÇÈ :\] _ Ã%`)b Z N H;RKC"JlI2ABVWwaJKLvwW« gsÉ VO^oC"TUC"AO�
�hVWH;RzC&X P C"A;Z[�(C"J7H N I2JKLq�°�67 N Z[��wakmI2H;Z`VWJ N GFVWJf{KA;�ÊH;RKCsT$Z N GFVWw N LKI2� P Z[Jac0V2d�H;AbI PaP CFLz^oIOTUC N �7^_Z[H;RKVWwaH
�aABCOI2®$Z[Jac g

y JYC&X P C"A;Z[�(C"J7H N ^_Z[H;RM�EI2ABVWH;ABV P Z`G�TUVWA;H;Z`GFC N �ET.I2k[wKC N V2d :\] _ Ã%`ab I2ABC�kmI2A;cUC"AuH;REI2JYd�VWA��EI2ABV7G"k[Z[JaZ`GSTUVWA*�
H;Z`GFC N �fI2JKL(H;RKCuH;AbI PaP Z[Jac]C&ÀhCFG"H�Z N C&X P CFG"HBCFLzHBVQ�EI2kmI2JKGFCnH;RKC�T7Z N GFVWw N LKI2� P Z[Jac]V2d�H;RKCs^rIFTUC�C"JKC"A;c.j gfÁ VWA
Z[JaZ[H;ZmI2k�I2� P k[Z[H;wKLaCzV2doZ[JKG"Z`LaC"J7H�^oIOTUC N RaZ[c.RËC"JKVWwac.R���TWI2k[wKC N V2drH;RKC]JKVWJf��LfZ[�(C"J N Z`VWJEI2k�Jpwa�S�ÂC"A N �ÂC"k`V4^
G"A;Z[H;Z`GOI2k�k`C"TUC"k N �qIOjqH;RKC"Jv�hCuABCOIWGbRKCFL gKy JzH;RKC����67 N Z[��wakmI2H;Z`VWJYV2d�{Kc.waABCQ|$} ~.~a���F�&c&�K�]Z[JaZ[�qI2k�TWI2k[wKC N V2d>[�?@ABf�CDa�?E1Da�FEE�kG6�&� H G"ABV NbN H;RKC�«xG"A;Z[H;Z`GOI2k�k`C"TUC"k¯��I2JKL�k`COIWL N HBVxIq�awKVOjpI2JKG"j7��LfA;Z[TUC"J�Z[J N HbI2�aZ[k[Z[H£j g�Ì Z[�]Z[kmI2A
C"TUVWk[waH;Z`VWJ N V2doH;RKC0JKVWJf��LfZ[�(C"J N Z`VWJEI2keJ7wa���hC"A N I2ABC0d©VWwaJKL�d©VWA,I2k[k�H;RKC0waJ N HbI2�ak`C]H;AbI PaP CFL�AbIFj N�P k`VWH;HBCFL
Z[Jv{Kc.waABC�|$} ~f�U��ªf� g
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�B�I|x�j��y+ihdKiB{ R�� {-v�{-|xyx�/|g} t yx�/|x����{%�B�N{-w+d�yiw]~Y�;dj}D{Hj t �k�i{B�D}t{Hji}$dK�-�a{-�a{-|g}�~0dKivwbwx{-|g}�yz{R~Y�I�9d��F{R�Dwzv�{hdjv��:�D{hd
vz�kwx�j��{-w+dD�Z�I|xyz{B� R+� {p�a�Iwz~Y{-�a{-|g}V{-�k�k�kvz}j�Jwgwx{d�B�;d$dD{B�Dv��I|xy��/���;dD�)��wz|x{T�jwzv�{hdjv��:�j�k}j���I|�yz{B�%�a�Iwz~Y{-�a{-|g}D�
{-�k�k�kvz}j�Jwbwx{B�lyz{��Ke��I�-wz|x{ yz{B���I|xyz{B� t {-}��3f[{Hjz�B{-|g}$dj���-�k}Ki�|�f[{B�j}�vz�kwx��dD{-�k�JiB{�� ��� vzwz���F�/}j���I| �k|b}$dj�k|x�K�vwbwx{ R� �,dV{Hjz{-�hvz��{ t {-|��k��� n �k|��/|g}p���a�Dwzv�{hdjv��:�j�k}j���I|�ŷ f wz|x{c�I|xyz{ryz{rv��I���,dj���s�/}j���I| �-�9dD�-wz���/�9dD{������Vv+dD�N�Kex{cyz{
��� {-}]ŷ f wz|x{��I|xyz{�yz{av��I���,dj���F�/}j���I|�}$dK�B��{Hjz�B{-|g}$dj�Jwbwx{������]v+dD�N�Kex{�yz{�� � t �I|��;gz}j��{-|b} l |��/��{-�a{-|g}]wz|
�a�Iwz~Y{-�a{-|g}%{-�k�k�kvz}j�Jwbwx{ t �<~Y{B�Zwz|x{E~:�/��{-w+d5�k|b}D{hdj��iByi���/�9dD{Vyz{Z�3f[{Hji�B{-|b}$dj���-�k}Ki?wbwz�x|x{Z�B�;d$dD{B�jv��I|xyM�r�/wx�-wz|x{
yz{B�Zyz{-wsj��I|xyz{B� R
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� wz���Fwgwx{l�3f �/|��/�9xN�F{�yz{l���"v��I���,dj���F�/}j���I| yiw �Ke��/�hv y^f[�I|xyz{B�]|�f[{B�j}cvz�kwx�cv��:�D�D�9gz��{�yx�/|x�c��{B�"dKi n ���I|x�
v+dD�N�Kex{B�Vyiw �B�N{-w+d9yiw�~Y�;dj}D{Hj"�;¹��D{Tv+dD�Iv�� n {-|b}T�j�k�rwz�k}F�/|mi-�a{-|b}Tvz�kwx�j��{-w+dD�9�I|xyz{B� t �k��{B�D}1|miB�B{B�D�F�/�9dD{�yz{
dD{-~Y{-|z�9d?��wz|x{d�;gx�D{hdj~:�/}j���I|�yz{B�E�a{B�jw+dD{B� l �k}$dKiB{B�Ev��,dXºbº�» v��Iw+d¼~��/�9dD{IdD{B�F�D�;dj}j�9dE��{T�Ke��/�hv��I�F�D�b�-�JiT�/wsj
�I|xyz{B� R
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 !"#$%&'"#()*+,5W-"XY#&,W-"./0(1&-"HW2 SWZ[#&Z[3 45JW'6758&,\L[+,5W2/9":;%"+<]W=5R^>,?()< _'` 5@ 45JW2&2/9"A;B$ *Z\45CDE ;abF,?();%"A<-"A SW-,? 45 c "G5C(H&/0(%/0&2/75C69"#D@"#(1&I;)5C()<369"J<-"#()<8;%"I6Kbd[+*+,?$%69"#D@"#(H&I"+<2&XW-"+<2 !,?()<=5Je%69"J;%"+<8,?();%"+<8<-"I SW-,? 45 c "G5C(H&@;%"K;#W-,?/0&-"fg
c 5C$)*h\)" i <2/0&2$L[+"+<L"#(j\45C$%&kg c 5C$)*Z\)"M;%"+<N/0DI5 c "+<L"#&O/9;%"#(H&2/ l [+"+<L 45JWP6Kb 5C(45C6m^B<-"Q;%"'675R !,?675JW2/9<=5C&2/9,?(S;)5C()<N675
lLc $SW-"no pqr _As 6069"T"+<2&t[ c 5C69"#D@"#(1&kW-"+<2 U,?()<V5Je%69"';%"QD@,?$%W>"#D@"#(H&-<X,?();B$%675C&-,?/mW-"R<-"Q SW-,? 45 c "G5C(H&X;)5C()<P69"Q<-"#()<*+,Ju c W=5?;%"J5C$ W>,?/9<-/0(45 c "E;B$ *+,Y"#$SWR;B$ZW>,5W2&-"Ov i "#&nw1$%/[<=,?(H&.;S[#&-"+*#&Z[+<R 45JWM6Kb 5C(45C6m^B<-"8;%"8675I !,?675JW2/9<=5C&2/9,?( _
` 5  45JW2&2/9"@;B$\*h\45CDE ];abF,?();%"J<-"8 SW-,? 45 c "G5C(H&:/0(%/0&2/75C69"#D@"#(H&Xx̂ 5?*+"ygK6Kbd[+*+,?$%69"#D@"#(H&8"+<2&zW-"+<2 !,?()<=5Je%69"@;%"+<
,?();%"+<{gE;#W-,?/0&-"A"#(|\45C$%&Q;B$_W>,5W2&-"Ov_;)5C()<`69"+<Q/0DI5 c "+<Q;%"R675 lLc $SW-"Go pq}#i *+,5W,W-"+*#&-"#D@"#(H&M/0(1&-"HW2 SWZ[#&Z[+"+<Q 45JW
6Kb 5C(45C6m^B<-"`;%"`675M U,?675JW2/9<V5C&2/9,?( _ ~ 5JWP*+,?(H&,W-" i *+"+<a,?();%"+<O<-"L SW-,? 45 c "G5C(1&�xb5?*+"`5C$@W>,5W2&-"Ov@<-"L SW-,?69,?( c "#(1&NW>"HW-<69"R*+,Y"#$SẀ ;B$ W>,5W2&-"Ov <-,?$)<L675<xc,5W2D@"R;abF,?();%"+< i  %60$)<Q*+,?$SW2&-"+< i W1/9<-/me%69"+<X;)5C()<X6753 45JW2&2/9"n\45C$%&-"R;B$_*+,1"#$SW`;B$
W>,5W2&-"Ov _�� "+<M,?();%"+<'()":<-,?(1&T 45?<M;S[#&-"+*#&Z[+"+<M*#675C/mW-"#D@"#(H&A 45JW'6Kb 5C(45C6m^B<-":;%"A675I U,?675JW2/9<V5C&2/9,?( i "#&TWY/9"#(%()"#(H&"#(\ U"HW2&2$SW,e!"HW.6Kb /0(H&-"HW2 SWZ[#&=5C&2/9,?( "#(Z&-"HW2D@"+<3;%"E %$%69<=5C&2/9,?( /0(1&,W2/0()<Z�RwH$)"j�!�3 %$%/9<Zw1$�bF"#6069"+<A<-"E<2$% !"HW2 !,d<-"#(H&
5C$#v_,?();%"+<`*+,Ju c W=5?;%"+< _

� b 5C$%&,W-"+<."OvY �[HW2/9"#()*+"+<R,?(H&X[#&Z[.WZ[G5C60/9<Z[+"+<.5 l ( ;%"E*#675JW2/ l "HW.6KbF"OvB/9<2&-"#()*+"E;%": %60$)<2/9"#$SW-<.,?();%"+<A5C$ <-"#/0(;B$eW>,5W2&-"Ov _S� 5C()<X675 lLc $SW-"Xo pd�Li ,?(e5:&,W=5?*R[R69"+<kWZ[+<2$%60&=5C&-<';ab $%()"R"OvY �[HW2/9"#()*+".<2/0DE/0675C/mW-" i ,5�e;%"+<XD@"+<2$SW-"+< 45JW ~ �U� ;)5C()<L$%()"R*+,?$)*Z\)"<g }G�O� 5C$#uf;%"+<-<2$)<X;B$_;B/9<hwH$)"R,?(1&][#&Z[�WZ[G5C60/9<Z[+"+<`"#& l 60&,WZ[+"+<` 45JWk����� _S� ,?$)<5GW1/9,?()<' SW2/9<`<-,?/0(g;%".*Z\),?/9<2/mW'$%()" c W2/06069"R&,WZ�+< l ()"."#&Q;ab 5+W>,?/mWT;%"+<Q*+,?();B/0&2/9,?()<T"OvY �[HW2/0D@"#(H&=5C69"+<T,? %&2/0DI5C69"+<
 !,?$SWL69"T&,W=5C/0&-"#D@"#(H& ~ ��� �c"#(S 45JW2&2/9*#$%60/9"HW-< i $%()"{e!,?(%()"M;%"#()<2/0&Z[M;%"' 45JW2&2/9*#$%69"+< � _S` "TW>,5W2&-"OvK"+<2&L$%(S U"#&2/0& !"#$  %60$)<3x^5C/me%69"��M�!� ���#pq}>�f�>�a� � _�` "+<M,?();%"+<R<-"3 SW-,? 45 c "G5C(H&A;%":;#W-,?/0&-"Tg c 5C$)*h\)" i <2/0&2$L[+"+<M"#(�\45C$%&ngc 5C$)*h\)"X;)5C()<h69"+<i/0DI5 c "+< i <-"N SW-,?69,?( c "#(H&[ 45JW[$%(:"#(SW-,?$%69"#D@"#(1&a;)5C()<i69"O<-"#()<[;B$:W>,5W2&-"Ov _>� "#675Q*+,5W,W-"+<- U,?();gS;%"+<R,?();%"+<A<-": SW-,? 45 c "G5C(H&3;)5C()<M69"8D�Y#D@"E<="#()<nwH$)":6Kbd[+*+,?$%69"#D@"#(H& _�� "#&."#(SW-,?$%69"#D@"#(H&:*+,5W,W-"+<2 U,?(); g;%"+<P,?();%"+<�w1$%/j<="`<-,?(H&tWZ[ ¡ [+*Z\%/9"+<P;)5C()<O$%(I %675C(j\),5W2/m¢G,?(H&=5C6k5C$#uf;%"+<-<-$)<O;B$I %675C(K;%"XWY/9<2$45C60/9<=5C&2/9,?( i "#&£wH$%/
 !,?$SW-<2$%/0W>"#(1&A69"#$SWR SW-,? 45 c 5C&2/9,?(\W>"HW-<M69".e45?<A"#( <-": SW-,? 45 c "G5C(H&<\),5W-<A;B$ZW>,5W2&-"Ov¤¥U675KWY/0&-"+<-<-"8;%"E S\45?<-"
W=5?;B/75C69"Z"+<-&K;B/mW2/ c [+" W>"HW-<K6KbF"OvB&Z[HW2/9"#$SW _ ~ 5JWe5C/06069"#$SW-< i ;%"+<S,?();%"+< <-"g SW-,? 45 c "G5C(H&�xb5?*+"¦g 6Kbd[+*+,?$%69"#D@"#(1&<=,?(H&  SWZ[+<-"#(1&-"+<e5C$%&-,?$SW_;B$l*+,1"#$SW ;B$ W>,5W2&-"Ov i <=,?$)<J6751x^,5W2D@" ;ab $%()" <2 %/mW=5C69"¦wH$%/R<;bF"#(SW-,?$%69"Z;)5C()<S69"
<="#()<n\),5W=5C/mW-" _!� "#&2&-"@<2 %/mW=5C69"E*+,5W,W-"+<- U,?();§gJ$%(  %/¨[ c "G5 c "I;%"+<.,?();%"+<.<-": SW-,? 45 c "G5C(H&3/0(%/0&2/75C69"#D@"#(H&Xx̂ 5?*+"
gK6Kbd[+*+,?$%69"#D@"#(1& i w1$%/m<-"GWZ[ ¡ [+*Z\%/9<-<-"#(1&A<2$SWM$%()"E*+,?$)*Z\)"E,5�¦�©� � ª i 5+Wd5C(H&A;abdY#&,W-"8 %/¨[ c [+"+<R69,5W-<hwH$�bF"#6069"+<
W-"#D@,?(1&-"#(H&f¥!*+,?(#xc,5W2D�[#D@"#(1&:5C$#vg SWZ[+;B/9*#&2/9,?()<3;%"8675K&,\L[+,5W2/9".«¬­n® i *+"+<R,?();%"+<.<="3 SW-,? 45 c "#(1&3;)5C()<R69"
<="#()<!WZ[#&,W-, c W=5?;%" i 5GW>"+*L$%()"OWY/0&-"+<-<-"P;%"N S\45?<-"£W=5?;B/75C69"N&-,?$5¯2,?$SW-<m;B/mW2/ c [+"PW>"HW-<i6Kb /0(H&Z[HW2/9"#$SWO;B$:W>,5W2&-"Ov _°� "#&2&-"<- %/mW=5C69" i ,5e)<-"HW2W°[+"T 45JW ~ �U� i *+,5W,W-"+<- U,?();_5C$#vJ,?();%"+<L %/¨[ c [+"+<X,5e)<="HW2W°[+"+<L 45JWPD�[#&,\),Y;%"R;abF,?D<eSW-"R;)5C()<L675lLc $SW-" ±Ap¨²;rS³)´#µ ;B$e*Z\45C %/0&,W-"A SWZ[+*R[+;%"#(H& _

� 5C()<8675 lLc $SW-"|o pq±#i ,?( 5¶W-"# SW2/9<E69"+<8D�Y#D@"+<J*+,?();B/0&2/9,?()<I"OvB ·[HW2/0D@"#(1&=5C69"+< i "Ov%*+"# %&2/9,?(¤x^5C/0&-" ;%"S675
 %$%69<V5C&2/9,?(n5Je)<-,?60$)"@;%"@6KbF,?();%" i w1$%/a"+<2&R %60$)<<[#69"#W°[+" _!` "@*Z\45CDE n"#( \45C$%&A;%"E6Kb /0DI5 c "I<-"E;S[# %675?*+"I*+"#&2&-"
x^,?/9<P"#()*+,5W-"' %60$)<kgA;#W-,?/0&-"' %$%/9<hwH$)"'69"+<N,?();%"+<P/0()*#/9;%"#(1&-"+<X,?(H&L$%()"QWY/0&-"+<-<-"';%" c W-,?$% !"T %60$)<OW>"HW2&2/9*G5C69" _#` 5 SW-,? 45 c 5C&2/9,?(g;%"+<X,?();%"+<LW>"HW-<N675 c 5C$)*h\)".<-"' SW-,?69,?( c "M 45JWL;%"+<X,?();%"+<X<="Q SW-,? 45 c "G5C(1&`W>"HW-<L6KbF"OvY&Z[HW2/9"#$SW`"#&
<¸bF"#(SW-,?$%675C(H&R;)5C()<Q69"3<-"#()<Q;B$gW>,5W2&-"Ov¹g@<=5 c 5C$)*Z\)" _·` 5@<- %/mW=5C69"<WZ[#&,W-,Ju c W=5?;%":;%".675 lLc $SW-"Go pd� 5@;B/9<2 45JW2$"#&X"+<2&£W-"#DE %675?*R[+"M 45JWL$%()"T U,5W2&2/9,?( ;%"'D@,1;%"{WZ[#&,W-, c W=5?;%" i  !,d<2/0&2/9,?(%(L[+"M"#(º\45C$%&X;B$ *+,Y"#$SWP;B$SW>,5W2&-"OvK"#&
<¸bF"#(SW-,?$%675C(H&O"#(E<-"#()<[,? % !,d<Z[kgQ6Kbd[+*+,?$%69"#D@"#(1& _°� $Gx^5C/0&[;%"P6Kb 5C$ c D@"#(H&=5C&2/9,?(J;%"P675' %$%69<=5C&2/9,?(@5Je)<-,?60$)"I�©»h¼K½ i69"+<:,?();%"+<Xx̂ 5?*+"+<:5C$]W>,5W2&-"Ov\<=,?(H&GWZ[ ¡ [+*Z\%/9"+<8"#(§�©� � ª  %60$)<XW=5C %/9;%"#D@"#(H&E"#&3<-,?(1&3D@,?/0()<<xb5?*#/069"#D@"#(H&
 %/̈ [ c [+"+<Tw1$)"K;)5C()<36KbF"OvB �[HW2/9"#()*+"J SWZ[+*R[+;%"#(1&-" i *+"yw1$%/L"OvY %60/̈ w1$)"I675g;B/9<2 45JW2/0&2/9,?(  45JW2&2/9"#6069"S;%"I675g<2 %/mW=5C69" _~ 5JWI*+,?(1&,W-" i 69"+<E,?();%"+<@<-"K SW-,? 45 c "G5C(H&J;)5C()<E69"S<-"#()<E;%"S6Kbd[+*+,?$%69"#D@"#(H&JD@"#&2&-"#(H&@ %60$)<E;%"S&-"#DE )<jg <-"
WZ[ ¡ [+*h\%/mWMDI5C/9<Q<-,?(1&Q %60$)<kxb5?*#/069"#D@"#(H&T %/¨[ c [+"+< i *+,?DED@"3*+"#675E"+<-&QWY/9<2/me%69".;)5C()<`6KbF"#(SW-,?$%69"#D@"#(1&R;%"+<',?();%"+<
<="N SW-,? 45 c "G5C(1&OW>"HW-<m6KbF"OvB&Z[HW2/9"#$SW _F� "+<a,5e)<-"HW2Wd5C&2/9,?()<m<-,?(1&a;%,?()*X*+,?(#xc,5W2D@"+<O5C$#v.WZ[+<2$%60&=5C&-<[ SWZ[+<-"#(1&Z[+<O;)5C()<69"A*Z\45C %/0&,W-" ¾ _

¿>¿ À



 !"#$!%&'()* +,-./0+123456545+ 7 28/09 * 65:;<,=>9'?@A * BC<@-D/E?F9GHI456J932K2I9L?$< 7 2D=>932G4 7 6J9M:;< * 6545+ 7 2N<@H@9 * =O932DH1+@:M6J9PQRS)<@:)+ * =T4 7 932

vortex

cyclonique

ondes

rétrogrades

ondes cogrades

vorticité verticaledivergence horizontale
0

t=0

t=0.3 T

UVWXYVZ[\ ] ^_` a@bMc$defIghiPfjk8fIl.mIn@oTf !"! f#$pf%! &qren@oTk'( i)( k8bjrMfso*( i+&,! fVfPk-! &.$/( rMfso01pfIghiPf%2Mn@o3( 4Pntg3k5&,! f#$$d.i627&1l.m8$9: n$g;$pfuf<=Mk)o>& ( k
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!@CADEFGHIJKFLJ3MNO " PQRIJSDETKJKFUCVW JKTXHIJKFLW Y8PQZ[J3M # CAP[Y8ZQP[Y8O\JKFG] " D " P " FUO2CAP^C8FQO&R=P_CAZQRIY8D`abO&P " F[JSD+Z " FUcECADEFGHIJ
T[d2CAO&R=ZQP[JeO&P " T " c&JSD+ZVafHIJ@W Y8PQZ[J3MgF[J.c " O&HhC8TKJ@OiJSDEcECAD+ZjHIJKF$J3MNO " PQRIJSDETKJKFjcECADEFkHIJ@T_d2CAlmOXc&J@HhCnTVCAl " P_CNafJSZ" W Y8H=oEJpP_CAO&RIc&JSlqJSD+ZkcECADEFbHIJjZ[JSlmOEFrO2CAPbcNRstioEFQRIY8D uNv DLZQP_CAR=Z[JSlqJSD+ZkO2CAP $%$%& cNoUFQR=]BD2CAHwY # Z[JSD+oUO2CAPxc&JKF
lqJKFQo&P[JKF.yz{'( JKFQZ.c&Y8DETnR=lmO\YBF_FQR # HIJ u y|CAP.TKY8D>ZQP[JBa`O&H=oEFQRIJSo&P[FeJ3M"O " PQRIJSDETKJKF.Y8D+Z@lqY8D>ZQP " }>oEJnH )*" W Y8H=o&ZQRIY8D
cNo~O&P[YA�EH�P_C8cNRhCAH�cNo�W Y8PQZ[J3M�cECADEF.HIJmO&HhCAD~l " cNRhCAD + CAo~D&R=W JVCAo�cNo~lmR=H=RIJSo�cNo�W Y8PQZ[J3M , JKFQZ@P[JSO&P[Y"cNo&R=Z[J
C8F[F[JS�$�2c - HIJSlqJSD+ZbO2CAP�o&DGFQR=lmO&HIJklqY"c - HIJ$cNRstioEFQRs� u .jDLO\JSo&Z " ]+CAHIJSlqJSD+ZrJKFQZQR=lqJSP�H )*" W Y8H=o&ZQRIY8DGZ[JSlmOiY8P[JSH=HIJ
cNogP_CV� Y8D:cNo�W Y8PQZ[J3Mwa]^_`abcdEaEc " �ED&RIJeTKY8lmlqJeHIJ@P_CK� Y8DXY / F_CnW"R=Z[JKF[F[J@JKF[Zkl�C�M"R=l�CAHIJBa 0 O2CAPQZQR=Pjc&J.HhCnHIY8R
c )*" W Y8H=o&ZQRIY8D�JSDe^ `abcd 1$f23ghij � j45kl65mn o1f cNo�P_CK� Y8D~OiY8o&P�o&DXW Y8PQZ[J3M�c&J78�CAl # � .pF[JKJSD u9p oEFQZ[JmCAO&P - F�HhC
TSP " CAZQRIY8D:cNo�W Y8PQZ[J3MiafT ) JKFQZ�� 0 ��cNR=P[J?CAoglqY8lqJSD>ZjcNo:P[JSZQP_CAR=Z$cNogZQo # JBaEHIJ@O&P[YA�EH�c&J.W Y8PQZQRITSR=Z " JKFQZk]+CAoEF_FQRIJSD
CKW JKTq^_`abcdrs j �9:tu ; ur� JSHhC�TKY8PQP[JKFQOiY8DEc 0 o&D�Z[JSlmOEF f.v s �wx < OiY8o&P�o&D�W Y8PQZ[J3M�cNRst\oEFQRs� u =>RpY8D
CAO&OiJSH=HIJ f HIJ�Z[JSlmOEF " TKY8o&H " c&JSO&o&RIFrHhCnTSP " CAZQRIY8DgcNo^W Y8PQZ[J3MUO2CAP$C8FQO&R=P_CAZQRIY8D`a&Y8D^ZQP[Y8o&W J�o&DEJ.C8F[F[JS� # Y8D&DEJ
JKFQZQR=l�CAZQRIY8D~cNo�P_CK� Y8D�O2CAPpHhC��6Y8PQleo&HIJy^_`abcd hzj � j45Sl>5{| o?1$f}~�f�v@3 + W Y8R=P@TKY8lmlqJSD+Z_CAR=P[JKF 0 TKJ�O&P[Y8OiYBF
cECADEFxHIJ.T_d2CAO&R=ZQP[J A , u

$ Y8PQZqc&JUTKJKFnTKY8DEFQZ_CAZ_CAZQRIY8DEFVa�DEY8oEFqCVW Y8DEFqc&Y8DETGP " CAH=RIF " c&JKFmJ3M"O " PQRIJSDETKJKFmc ) R=D+Z[JSP_C8TSZQRIY8DEFLcECADEF�HIJKF��
}>oEJSH=HIJKFqo&DEJgO&P[JSlmR - P[JXC8TK}+o&RIF[R=ZQRIY8D�JKFQZqP " CAH=RIF " J�F_CADEFqY8DEc&JKF�a�OiY8o&PqO\Y8o&W Y8R=PLlqJKFQo&P[JSPqH )*" W Y8H=o&ZQRIY8D�cNo
W Y8PQZ[J3M�F[JSo&HzcECADEFeHIJqO&HhCAD�l " cNRhCAD u|� JSZQZ[J " W Y8H=o&ZQRIY8D�JKFQZeJSD�] " D " P_CAH # RIJSD~P[JSO&P[Y"cNo&R=Z[JLO2CAP.HIJqlqY"c - HIJ
cNRstioEFQRs� u B�DEFQo&R=Z[JBaEo&DEJ.F_JKTKY8DEc&JeC8TK}+o&RIF[R=ZQRIY8D�JKFQZkP " CAH=RIF " JeJSDgO&P " F[JSDETKJ.c&JKFkY8DEc&JKF�aEcECADEF$c&JKFkTKY8DEcNR=ZQRIY8DEF
CAoEF[FQR2O&P[Y>T_dEJKF�}>oEJkOiYBF[FQR # HIJKF�JSDLTKJk}>o&RfTKY8DETKJSPQDEJjHhC�] " D " P_CAZQRIY8DUcNo�W Y8PQZ[J3M + l C lqJpc "D# R=Z�c&JkHhC@O\Y8lmOiJBa
l C lqJGW Y8H=o&lqJGP[JSZQR=P " a�l C lqJLZ[JSlmOEFnc&JUc " TSHIJSDET[dEJSlqJSD>Z�c&JGH ) C8TK}+o&RIF[R=ZQRIY8D , u !�JUTKJSZQZ[JGl�CAD&R - P[JBa|DEY8oEF
F[Y8lmlqJKFbTVCAO2C # HIJKF�c&J$] " D " P[JSP�c&JKF�W Y8PQZ[J3MLCAoEF[FQRERIc&JSD>ZQRI}+oEJKFb}>oEJkOiYBF[FQR # HIJKFVa JSZbCAO&P - Fzo&DLZQP_CAR=Z[JSlqJSD+Zxc&JKF
C8TK}>o&RIFQR=ZQRIY8DEF@OiY8o&P.JSD�P[JSZQR=P[JSP@HIJmT[d2CAlmO�c&JnW"R=Z[JKF[F[JBa\DEY8oEF@OiY8o&W Y8DEF.TKY8lmO2CAP[JSP.HIJKF@T_d2CAlmOEFec&JnW"R=Z[JKF[F[J
C8F[F[Y"TSR " F$CAo^W Y8PQZ[J3M�CKW JKTeJSZ$F_CADEFkY8DEc&JKF u

!@CADEFjZ[Y8o&Z[JKF$HIJKFjJ3M"O " PQRIJSDETKJKFpCVW JKT?c&JKFpY8DEc&JKFj] " D " P " JKF$O2CAPjo&D:TS�"H=R=DEcNP[J?c&J 5 ����u ; c&J?cNRhCAl - ZQP[JBa
CAoETSo&D�R=lmO2C8TSZ�c&JGH ) R=D+Z[JSP_C8TSZQRIY8D�FQo&PmH )*" W Y8H=o&ZQRIY8D�cNo�W Y8PQZ[J3M�D ) CXO&o C ZQP[J^c " Z[JKTSZ " J u !@CADEFmTKJKFmTKY8DEcNRs�
ZQRIY8DEFVaNR=H`TKY8D>W>RIJSD>Zjc&J�DEY8Z[JSPk}>oEJ�H ) R=D+Z[JSP_C8TSZQRIY8DXDEJ@c "D# Y8oET_dEJ@O2C8FkFQo&Pro&D�c " �6JSPQHIJSlqJSD+ZVaETKY8lmlqJeTKJSHhCmJKFQZ
J3MNO&H=RI}+o " cECADEF$HIJ�T[d2CAO&R=ZQP[J A u 8 ) CAlqY8PQZQRIF[F[JSlqJSD>Z@W>RIF[}>oEJSoNM�c&JKFpY8DEc&JKFjO&R " ] " JKFpH=R=lmR=Z[JnCAHIY8P[FjTKY8DEF[RIc " P_C��# HIJSlqJSD+ZmHIJKF�ZQP_CADEF��6JSPQZ[Fnc )*" DEJSPQ]BRIJUW JSP[F�HIJGT_d2CAlmO�c&J # C8F_JBa�TKJU}>o&RbJSlmO C T[dEJUF_C:c " Z[JKTSZQRIY8D�O2CAPmy�{'( u
!@CADEFzHIJKFbJ3MNO " PQRIJSDETKJKFxCKW JKTpc&JKFrY8DEc&JKFz] " D " P " JKFbO2CAPbo&DGTS�"H=R=DEcNP[Jpc&J �"��x�u ; a HIJKF�P " FQo&H=Z_CAZ[FrcNoGT_d2CAO&R=ZQP[JA lqY8D+ZQP[JSD+Zj}+o ) o&DUc " �5JSPQHIJSlqJSD>ZkJKFQZbO\YBF[F[R # HIJ u ��CARIFrcECADEF�HIJ�TVC8FrY / HIJKFbY8DEc&JKFrF[Y8D>Zr] " D " P " JKFxTKY8D+ZQR=D+oEJ3�
lqJSD+ZVafHIJ.l " HhCAD&] JnTKY8DEcNo&R=Z 0 o&DEJeO\JSPQZQo&P # CAZQRIY8DXZQP - F$R=lmOiY8PQZ_CAD+Z[JncNoXT[d2CAlmO�cNo�W Y8PQZ[J3M u 8`JKFpT[d2CAlmOEF
c&J^W"R=Z[JKF[F[JgTVCAHITSo&H " F�O2CAP�y�{E( c&JSW>RIJSD&DEJSD>ZGF[Y8o&W JSD>ZLcNRs �TSR=HIJ 0 R=D+Z[JSPQO&P " Z[JSP�¡¢H ) J3MNZQP_C8TSZQRIY8D�cNo�T_d2CAlmO
c&JLW>R=Z[JKF[F_JLC8F[F[Y"TSR " CAo�W Y8PQZ[J3M�H=o&Rs�£l C lqJUc&JSW"RIJSD+ZmFQo8¤QJSZQZ[J 0 TVCAo&ZQRIY8D u FjY8oEFnCKW Y8DEFmT_dEJSP[T[d "G0 H=R=lmR=Z[JSP
TKJKF�R=DETKY8D+W " D&RIJSD>Z[F?JSD�] " D " P_CAD>Z.HIJKF@Y8DEc&JKF@OiJSDEcECAD+Z@o&D�HhCAOEF@c&J�Z[JSlmOEF.FQoN �F_CAlmlqJSD>Z.TKY8o&PQZVaiZ[Y8o&Z.JSD
TKY8DEF[JSPQWBCAD+ZrHIJpO&d " DEY8l - DEJ�c&Jpc " �6JSPQHIJSlqJSD+Z u {¥HfJKF[ZrCAHIY8P[FrOiYBF[FQR # HIJjc ) J3M"ZQP_CAR=P[J�HIJjO&P[YA�EHiP_C8cNRhCAHic&JjW"R=Z[JKF[F[J
cNogW Y8PQZ[J3MgCKWBCAD+ZpJSZ$CAO&P - FkHIJ@c " �6JSPQHIJSlqJSD+Z u

!@CADEFmHhC��E]Bo&P[J :"� H a�DEY8oEFqTKY8lmO2CAP[Y8DEF�c&JKFmlqJKFQo&P[JKFmO2CAPmy�{E( c&JGO&P[YA�EHIFmP_C8cNRhCAoNM�c&JUW"R=Z[JKF[F[JUcNo
W Y8PQZ[J3MGcECADEFbo&DEJ�J3MNO " PQRIJSDETKJpF_CADEFrY8DEc&JKFVaNJSZbcECADEFbo&DEJ�J3MNO " PQRIJSDETKJ�FQR=lmR=HhCAR=P[J@CKW JKT�c " �6JSPQHIJSlqJSD+Z u1� W8CAD>Z
HIJrc " �5JSPQHIJSlqJSD>Zzc&JKF¢Y8DEc&JKFVaAHIJrlqY"c - HIJ�D>o&l " PQRI}+oEJ$cNRst\oEFQRs�fR=D+ZQP[Y"cNo&R=ZzcECADEF�HIJrT[d2CAO&R=ZQP[J A P[JSO&P[Y"cNo&R=ZzC8F[F[JS�
�2c - HIJSlqJSD+ZxH )*" W Y8H=o&ZQRIY8DgcNoUW Y8PQZ[J3Mwa&CKW JKT�Y8oGF¦CADEFbY8DEc&JKF u�� O&P - FbHIJjc " �6JSPQHIJSlqJSD+ZVa2TKJ$lqY"c - HIJpD+o&l " PQRI}>oEJ
TKY8D+ZQR=D>oEJ 0 O&P " cNR=P[JnH )*" W Y8H=o&ZQRIY8D�cNo�W Y8PQZ[J3M:F_CADEF�Y8DEc&JKFVa\TKY8lmlqJnTKJSHhCUCqO&o C ZQP[J�W " PQRs� " OiY8o&P@c ) CAo&ZQP[JKF
W Y8PQZ[J3M u y�CAPpTKY8D>ZQP[JBa\HIJeO&P[YA�EH|P_C8cNRhCAH|cNoXW Y8PQZ[J3M�FQo # RIF[F¦CAD+Zpo&DXc " �6JSPQHIJSlqJSD+Z�O&P " F[JSD>Z[Jeo&DXP_CARIcNRIF[F[JSlqJSD>Z
C8F[F[JS�@DEJSZjc&J@F_C�O2CAPQZQRIJ.J3MNZ " PQRIJSo&P[J uv DEJ�CAD2CAH=�NF[J�O&H=oEF��EDEJzc&JKF�R=l�CA] JKF�c&J�O2CAPQZQRITSo&HIJKF|lqY8D+ZQP[Jb}>oEJ�HIJzc " �6JSPQHIJSlqJSD+Z�CAO&O2CAP_C�§IZ�cECADEF�HhCk�VY8DEJ
J3MNZ " PQRIJSo&P[J�cNoXW Y8PQZ[J3MwafcECADEFpHhCmP " ]BRIY8D�Y / F[J.O&P[Y"cNo&R=Z�HIJ.P_CARIcNRIF[F_JSlqJSD+Z.cNo�O&P[YA�EH¢c&J?W>R=Z[JKF_F[J u !@CADEFpHIJKF
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KLMNO?P,QGR.SHQTUVW*+=XHSHQTYZQF[*KL[\QGR]R\[*^*_`aF[*_H^\QGRbSHQcd,e9^*[*KfaFKL[ , Rge9h<[]P , h , ^ , QGR.YIO?^ijfQTS , kJQF^*jfQFMlQFh<[mXIQF[bM , jnO?hHP,QFh<[
jnOopme9h`QqQDr![ , ^*KfQF_H^\QBS!_sd,e9^*[\QDr t -uQBS , k'QF^*jfQFMlQFhv[T[\QFh`SwSHe9h`a . _HhHKxkJe9^*MqKfR\QF^TQF[cS!KfR\R*KLYyQF^zjnOo{v_IO?h<[*KL[ , SHQ
Mle9_Hd,QFMlQFhv[.O?_H[\e9_H^]S!_|d,e9^*[\QDryX!aGQ}{v_HKZQDr!YHjLKf{<_`QzjnO=a\~v_H[\QcSHQzjnO�aGe9MqYye4RgO?hv[\QTO?pGKLM2_H[gO?jfQTS!_�a\~IO?MqY�SHQ
d8KL[\QGR\R\QzS`O?h`R�jnO2SHQF^*hHK / ^\QzKLMNO?P,QzSHQbjnOT�`P4_H^\Q 08� 1 QF[�jfQb^gO?KfS!KfRgR\QFMlQFh<[iS!_�YH^\e?�`j . j 2 QDr8[ , ^*KfQF_H^>S!_�d,e9^*[\QDr t
U�O?^iaGe9h<[*^\Q4X8jfQzaGevQF_H^�R\QFM 3 jfQzYyQF_�O���QGaF[ , YIO?^�jfQbS , kJQF^*jfQFMlQFh<[T�vQFh�QD��QF[mX,KLjyaGe9h<[*KLhv_`Q .45 [*^\Q 3 KfQFhoYH^ , S!KL[
YIO?^bjfQ}MlevS / jfQTS!Kx�y_`R*Kxk t W�juQGR\[�KLMqYye9^*[gO?h<[zSHQch`e9[\QF^]{v_`QcjfQGRie9h`SHQGR]h`QcR\e9hv[]P , h , ^ , QGRb{v_`Q}YyQFh`S`O?h<[]_Hh`Q
S!_H^ , Q=jLKLMqKL[ , Q4XZYye9_H^zYye9_Hd,e9KL^}S , [\QGaF[\QF^cj 2 QD�yQF[}R*_H^zjfQ2YH^\e?�`j�S!_sd,e9^*[\QDr t -uQ=aGe9h!�`h`QFMlQFh<[ . jnO 3 e9^\S!_H^\Q
QDr![ , ^*KfQF_H^\QzSHQ]j 2 KLMqYIO9aF[>R*_H^�jfQiYH^\e?�`jyQGR*[�SHe9h`a.jnOcaGe9h`R , {v_`QFh`aGQzS!_oS , kJQF^*jfQFMlQFh<[mX8MNO?KfRVjfQbd,e9^*[\QDroO2O?_`R\R*K
R\_ 3 K�_Hh`Q}YH~IO9R\QcSHQ}^\QGR*[gO 3 KLjLKfRgO?[*Kfe9huX`Rge9KL[iYIO?^]SHQGRiYH^\evaGQGRgR*_`R>dvKfRg{<_`QF_!r�X!R\e9KL[>YIO?^]_Hh�^\QGS!KfR*[*^*K 3 _H[*Kfe9h�SHQGR
YIO?^*[*KfaF_HjfQGRz�`_HKfSHQGR t�� Q�^ , R*_HjL[gO?[zh 2 QGR*[}SHe9h`a2YIO9R}QFhwaGe9h<[*^gO9S!KfaF[*Kfe9h�OGd,QGa=jfQGRze 3 R\QF^*d4O?[*Kfe9h`RcS!_6M , jnO?hHP,Q
YH^ , RgQFh<[ , QGR�S`O?h`RujfQVag~IO?YHKL[*^\Q � X�S`O?h`RujfQGR\{v_`QFjLjfQGRuh`e9_`R�d,QF^*^\e9h`R�{v_`Q�jfQ�M , jnO?hHP,QVKLh`S!_HKL[�YIO?^�jfQVS , kJQF^*jfQFMlQFh<[
S`O?h`RcSHQGR}aGe9h`S!KL[*Kfe9h`RcQDr!Y , ^*KLMlQFhv[gO?jfQGRTR*KLMqKLjnO?KL^\QGRzY , h / [*^\Q�YHjL_`RzYH^\e?kJe9h`S , MlQFh<[TS`O?h`R}jfQ�d,e9^*[\QDrs{v_`Q2h`Q
YyQF_Hd,QFh<[.jfQ}jnO?KfR\R\QF^]YyQFh`R\QF^mX . YH^\QFMqK / ^\Q2jfQGaF[*_H^\Q4XHjfQGR]MlQGR*_H^\QGR]YIO?^bUVW*+ YH^ , R\QFhv[ , QGR]KfaFK t� QGR�MlQGR*_H^\QGR�Mle9h<[*^\QFhv[�{v_`Q�jfQ>S , kJQF^*jfQFMlQFh<[�SHQGR�e9h`SHQGRVO 3 e9_H[*KL[��`hIO?jfQFMlQFh<[ . _HhqS , Y 6 [�SHQ�d,e9^*[*KfaFKL[ ,
h , P<O?[*KLd,QbS`O?h`R�jnOzpme9h`Q�SHQiS , kJQF^*jfQFMlQFh<[mX<QF[ . _HhB^gO?KfS!KfR\RgQFMlQFh<[�S!_BYH^\e?�`j`SHQ>d8KL[\QGR\R\Q t4� e9MqYH[\QD�@[\QFh<_oSHQ>jnO
hIO?[*_H^\Q>S!_BS , k'QF^*jfQFMlQFhv[mX9_Hh�M , jnO?hHP,Q�KLMqYye9^*[gO?h<[�R\Q�YH^\evS!_HKL[mX?S`O?h`R�jfQGR�S!KL^\QGaF[*Kfe9h`R�^gO9S!KnO?jfQGR�QF[�d,QF^*[*KfamO?jfQGR t
7.^mXvj 2 QD��e9h`S!^\QFMlQFh<[iSHQbaGe9_`ag~`QGR�M , jnO?hHP , QGRiO?_�R\QFKLhoS 2 _Hho�`_HKfSHQbR*[*^gO?[*Kx� , [\e9_H^*hIO?h<[iaGe9h`S!_HKL[>QFhNP , h , ^gO?j. jnObkJe9^*MNO?[*Kfe9hNSHQ�d,e9^*[*KfaFKL[ , h , P<O?[*KLd,Q>YIO?^VaGe9MqYH^\QGR\R*Kfe9hlSHQGR�aGe9jfe9hHh`QGRVSHQ��`_HKfSHQ tv� Q�YH^\evaGQGR\R\_`R�YZe9_H^*^gO?KL[
QDr!YHjLKf{v_`QF^cjfQqS , Y 6 [TSHQ=d,e9^*[*KfaFKL[ , h , P<O?[*KLd,QqYIO?^}jfQqS , kJQF^*jfQFMlQFh<[2SHQGR2e9h`SHQGRcS 2 KLh`QF^*[*KfQD�@P4^gOGd8KL[ , S`O?h`Rch`e4R
QDr!Y , ^*KfQFh`aGQGR t
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vue en section horizontale

aprés enroulement

vue en section verticale

aprés enroulement

vue de dessus du plan vertical de colorant
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sv·Vsvl ` h�mRs�rV·�p�y>hiz{�"q|mRs8�\�"qkz�j®mKqkl³s ] y>jkjk�Xz{�"q|mKu ^ � ]r\ lvq|rkm¤rVq¸h \ �_y>pk��mZr|y>p|s�p|g1lvu<m \ ~Rg1qk�{mKh�mKp4l 6 ¹ºg1qku
rkmRs \ lvq|rkmRsGjk�Xq|s­jku<g"~'�|mRsErkm�~RmK�X�{m²y1rkg1jkl \ m�z{~Kzo��g1p«j®g1qkuvu'y�s<m�j�mKp|~'�|mKu°s<qkuG�{mRsEy>uvlvz{~K�{mRs°rkm s u'y1svp"·NO
f­zXl<s<~<�|m X ¶ »x» ¶ [ mKl q g1pk��y1sBO t}y1s<s<zX�Xz{~Rgxs X ¶ »x» ´ [ �V�"qkz¼lvu'y>zXl<mKp"lSrVq¤h \ �_y>pk��mEr|y>p|sSrkmRs \ ~Rg1qk�{mKh�mKp"l<s`rkm
lW·�j®mEw�g1uvl<mP� 6

_^y>p|s#qkp \ ~Rg1qk�{mKh�mKp"lFsvl'y>lvz{g1pkp�y>zXu<m W zdnWrVzXh�mKp|svz{g1pkp|mK�o��zX��mP�Vz{svl<mGrkmRs:j®g1zXp4l<s:�k�VmRsO�"g a �_y¦wxy>�{mKqku#rkmG�_y
w�zXl<mRs<s<mSmRsvlIp4qk�X�{m 6�f mRstj�g1zXp"l<st�k�VmRs}s<g1p4l�s<g1zXl�rkmRstj®g1zXp4l<s}mK�X�XzXjklvz{�4q|mRs8���{mRst�XzX�xp|mRs�rkm`~Rg1qku'y>p4l}§Ng1uvh-y>p"l}rkmRs
mK�X�XzXj|s<mRsIy>qkl<g1qku8�>s<g1zXlºrkmRs¨j®g1zXp4l<sº�4·�j�mKu W g1�Xz{�"q|mRs8�O�{mRs¨�XzX�xp|mRstrkm}~Rg1qku'y>p"lºw�mKp�y>p"l W qkl<mKutg1q W z{mKpes ] y>h�g1u<~RmKu
mKp�~RmRs#j�g1zXp"l<s 6 uamRsSj�g1zXp"l<sS�4·�j�mKu W g1�Xz{�"q|mRs`s<g1p4lSu<mK�Xz \ s`mKp4lvu<m^mKqV�¤j�y>u`rkmRs:lvu'y ½vmR~Kl<g1zXu<mRs`� \ l \ u<g�~K�XzXp|mRs8�Vg1qW z{mKp«u<mK�Xz \ s ^ mKqV��noh v h�m³j�y>uGqkp|m¦lvu'y ½vmR~Kl<g1zXu<m³�|g1h�g"~K�XzXp|m 6 uam¦u<mRs<l<m�rkm¦� ]r\ ~Rg1qk�{mKh�mKp"l^mRsvl­~Rg1p|svlvzXlvq \ rkm
�XzX�xp|mRsGrkm^~Rg1qku'y>p"lF§¾mKuvh \ mRsGsvqkuFmK�X�{mRsvnoh v h�mx�kj \ uvz{g�rVz{�"q|mRs8�|g1q W z{mKp«s ]r\ �{g1zX�xp�y>p"l ^ � ] zXpV�|pkz 6
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avw0xIyIzC{ b w0|}~��;x*�*{jx c �l�[�;� d �[w0{j�J�;���;|3�S~:�GxQ����yI{j~��;x*~�w^y*�>�*�Jw0|�� b {j|��W�:�G��~�~ d x*�Jwu�!�Jz3{��l�;|}�I�;��~�yk�u�j�
~ d x*�Jwu�j�,-?�7�J�[y��>�>�^|��[y?�j�}�[w0{jxW�G|3���j��� bed �[w0{j�J�;���;|3���Iw0�W�G� d �Uw0�>{��;|3���[�U�[���J���I�;��~�y E ���O�[y*���jw0|���~j�>{�y
���0�;�>�J�b�j�s~j���0�[�;xr�j�[yO�*xW�0�[�;{jxIyQ���G|�yQ� bed �[w0{j�J�;���;|3�S�;�e�j�l�i�G�J�;{j�J�;xQ�J�;{jxe~�w^yI�>�*�Jw0| f �W�:�0z3{��l~:�0yQ�j�s�I�;��~�y- g yW�[�;�*�Jw0|��j�Q�Zw0�>|��i�Gx*x d h E a��l�*� d w0x*�J�S�!{��W�:�0w^yt��w0|3�*xI�;|3�Qz3{��Q�[�;x*�W�G�>|��[y��*xW�,�*�[�;�Iw0�>xI�[y yIw0|C�tyI�W� c �J�[yt�C�Jy¡¢f ¢��u�JyO�j�s���c~��;x*�*{jx c �G�*�Jw0|v�u� b �[y*�¡¢ f ¢L�!�>xI�lz3{��S� b w0x c �>�I�T�*xW�0� d �S~:�GxO{j|��*xW�0�[�;{jxe�jw0|3�Qw0|��i�G�J�;{j�J�s���g~�w^y*�>�*�Jw0|
�G~jx d yT{j|�|�w0� c xI�g�>|!£�|j�p� b �>� d xW�G�*�Jw0|�yT~jxI�;|���{j|��c�¤w0x*���c~jxIwu�I���8�j�c�����*xW�,�*�[�;�Iw0�>xI�8|�w0|�~��;x*�*{jx cid � E �Z�Gx
�[w0|C�*xI�^�j� b �G{j�*xI�[yr�*xW�,�¡�[�;�Iw0�>xI�[yS�j�;�u�J�;|j|��;|3�S�>|�yI�W� c �J�[yS�;�e�J�[yrw0x c �>�I�[yS�[w0x*xI�[y*~�w0|����G|3�I�[ys���G|�yr{j|��byI�[�;�*�Jw0|
�j���Zw0�>|��i�Gx*x d ~jxI�;|j|��;|C��{j|����¤w0x*�����*x d y��!�]¥ d xI�;|3�I���j�����¦�*xW�,�¡�[�;�Iw0�>xI�}|�w0|§~��;x*�*{jx cZd � E �t�Gx��@¨!�;��~j�J�^�
�J�[y��*xW�,�¡�[�;�Iw0�>xI�[y�� d � d xIwu�;�>�>|��[yg�*w0�>�^|:�G|3���j�;{!¨©~�w0�>|3�Iy��CªC~��;x c w0�>�JzC{��[y�yIw0|C���>|�y*�W� c �J�[y«¬Z� b w0x c �>�I��~jxI�;|��
���­�¤w0x*����� b {j|®xI�;~j�>�J�;���;|3���;|®�Jw c �[y�z3{j�r�u�J�;|3��y bed �;xW�0yI�;x�yI{jx��J��~�w0�>|C���3ªu~��;x c w0�>�Jz3{����U�;xIy��J�[z3{��;�syI�
�!�>x*�>�U��� bed �[w0{j�J�;���;|C� E j b {j|­~�w0�>|3�g�j�?�C{����@¨u~ d x*�>���;|3�W�G����w0|¯~��;{j�l�*xW�0�[�;xg�[�;�*�I�?�*xW�,�¡�[�;�Iw0�>xI��~��;x*�*{jx cid �
�G{¦��wiªU�;|­�j�g�[w0�Jw0xW�G|C�i�:�[w0�����?���G|�yS����£��^{jxI� °C±7k E

l�|!¢L�j�;��w0xIy��j�[y��*xW�,�¡�[�;�Iw0�>xI�[y��CªC~��;x c w0�>�Jz3{��[yi�t�[�;x*�W�G�>|��[y��*xW�,�*�[�;�Iw0�>xI�[y��'�;x*� d �[y�yI{jx��;�>�J�[y¡¢�� m �����j�@¢
�u�J�;|j|��;|3� d �3�G�J�;���;|C�g�>|�y*�W� c �J�[y E nl|²~��;{j�g� d £�|j�>xc{j|­|�w0� c xI���j��xIw0�W�G�*�Jw0|v�%|�w0� d./ ��� b {j|����*xW�,�¡�[�;�Iw0�>xI�
�¤�;x*� d �8y*{jxS�;�>�J�@¢�� m ���^�j~:�GxS���?�¤w0x*��{j�J� / 0 - 123 -?�!w o - 1 �[y*�r�J�c�I�;��~�ys�j�c~:�GxI�[w0{jxIyT�j�c�����*xW�,�¡�[�;�Iw0�>xI�
�[w0|�yI�J� d x d � E ���e� d � d ��w0|3�*x d z3{����J�[y8�*xW�,�*�[�;�Iw0�>xI�[y?~�w0{jx8�J�[yIzC{��;�>�J�[y / �[y*�8�>x*xW�G�*�Jw0|j|��;�QxI�[y*�I�;|3��y*�W� c �J�[y
���G|�yc����yI�[�;�*�Jw0|³�j���Zw0�>|��i�Gx*x dpg �Uw0�>x q �>�^�^�>|�y g ´iµ^µ ¶ hCh E �t�Gx8�[w0|3�*xI�^�7�J�[yb�*xW�,�*�[�;�Iw0�>xI�[yg~�w0{jxb�J�[yWz3{��;�>�J�[y/ �;�rxW�G�*�Jw0|j|��;��� / 0456378 �u~��;{j�U�;|C�SyI�c� d y*�W� c �>�>�JyI�;xr~�w0{jxQ�¤w0x*���;xr{j|��byI{��[�[�[yIy*�Jw0|��j�l~�w0�>|3�IyS�;�>�>�>~j�*�JzC{��[yi�
�;|C�Iw0{jx d y � b w0x c �>�I�[yZ�¤�;x*� d �[yi�,�;�t�j�e~�w0�>|C�Iyt�3ªu~��;x c w0�>�Jz3{��[yk�kxI�;�>� d yt~:�Gxt�j�O|�w0{j�U�;�>�J�[y�w0x c �>�I�[yt� d � d xIwu�;�>�>|��[y E
jg�G|�ye�J�s�i�0ye~:�Gx*�*�J�;{j�>�J�;xIyQ� b {j|}�Uw0x*�I�@¨ c �]¢L�!�>���;|�y*�Jw0|j|��;���C�J�[yO�*xW�,�*�[�;�Iw0�>xI�[yO�>|j�>�*���G�J�[yO�¤w0x*���;|3�r�j�[yO�[�;xI�;�J�[yi�
�;�Q�[�;x*�W�G�>|�ye�[�;xI�;�J�[yQyIw0|C�O� d y*�W� c �>�>�Jy d ye~:�GxO���c~��;x*�*{jx c �G�*�Jw0|v�u�[w0�����TyI�W� d ���G�*�Jy d ���G|�ye���b£��^{jxI� °C±·° E av�[y
�*xW�,�*�[�;�Iw0�>xI�[y�� d yI�W� c �>�>�Jy d �[yg�¤w0x*���;|3���;|¸� d | d xW�G�Q�j�[y c �G|��j�[y��j��x d yIw0|j|:�G|��[�^�p�jw0|3�8�������Gx*�U�;{jx?� d ~��;|��
�!{­|�w0� c xI�?�j�8xIw0�W�G�*�Jw0| / �;�T�j�[yT�i�GxW�0�;� d x*�Jy*�*�JzC{��[yby*~:�G�*���G�J�[yT�j��� bed �[w0{j�J�;���;|3�c�;�l�j�g����~��;x*�*{jx c �G�*�Jw0| E
�Zw0{jxO�j�[yZ~��;x*�*{jx c �G�*�Jw0|�yO�j�e�¤�G� c �J�S�G��~j�>�>�*{��j�^�^�j�[ytx d y*{j�>�W�G�Iyt�*� d w0x*�JzC{��[y �;� �G|:�G�>ªu�*�Jz3{��[yt~��;x*���;�*�I�;|3�O�j�
~jx d �!�>xI�l� b �@¹��i�0�;�>� d �!{�� d ���G|j�U�b�I�:�0w0�*�JzC{�� E �pw0{jxr�j�[yQ�G��~j�>�>�*{��j�[ye£�|j�J�[yi�C�j�[yeyI�>��{j���G�*�Jw0|�yr|3{j� d x*�JzC{��[y
yWw0|3�s| d �[�[yIy#�G�>xI�[y E
´ r^º
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bcd9e+,fgPhiejh-.Xdkl;m?h/0 n'o 1 p?p;q#hrstu7hAl;m 1 l23̀ v
z {1|e}P~�� w �y{1|e}f���F}a�F{1|e��~Z�P~�{1|e}#�L�^� w �P~Z���H|4�'�A���F}#���F}��e�:���y�F} �"� x �H� �"� y �A�-� w=z ���f���W� { ~Z|"�y�H�'�1�H�P~�{1|k�T�R�F�

���F}#{1|e���F}h�4���_�y���A����� { {1|e���h�"~��H|"�`} { �H|��y{1�����H�W�A���y{1���K�����F{^�H���#�����R{1�P�y�L�-�H�f���H�P�P��� z �Y�F�H�Z��~8�@�H~ 6 |"~�{1|
|e{1�y�45��J��� w �P~�{"��������� { {1|e���:�����q� { {1�y���y����� �"�D  } �e�A|e}Y���F}Y�L��� w �P~��H|e�F�F}T��{1|¡�F{1|e}P�'�A�y�¢£"�e�����¤�'���A���
���¥�^~Z�y�F}y}y� w �R{1�Z�e�¦���§¨t�67F{1|©���H|"�y�¦���A���'�A����{1�P� ~ �F�H�P�y� w �'�e�H�Z���ª�����y�H���e} 6 �>|«�L¬��H�T�f���¥�y���A���­���
�^~Z�y�F}y}y�®���§�R{1�P�y�L�§�e�A|e}W���Y���J�A|�� w ��~J�A| w �R{1�Z�e�i�H|§���y�H��~ � �y�q�A�����y{T�^~Z�-�A�P~�{1|¡�F{1�����®��{1���K��|��R{1�P�y�L�
�4�A�e}y}P~��H|¯��~8¬��e}P~8¨P�M�H�¢�����'�F°R{1|m}P��~Z�¢��{1|e�§��|e�-��{1~W�H| 8 � 8?�9: �/; <=> �T�R�F�k��|e���:�A���H���¢~Z|�~Z�P~J�A���k���y{"�'�e�
��� ± 6�� �H� �A�ª��{1���H|"�®���¡�y�H�P�'�A~Z�²���¦�P� z � 6 ³��A�i�A~Z�Z���H���y}T�´�J�-�H~Z�y�H���J�A�P~�{1|µ���¡�R{1�P�y�L�¦�y�F}P�y�q£"���1}P~Z���H|"�
�F{1|e}P�'�A|"�y�W�e�A|e}����F}x�L��� w �P~��H|e�F�F}T�1�H�M���K�y���A�������#�^~Z�y�F}y}y�`��{1~Z|������F{^�H��� w �R{1�Z�e�`�P� � }����H� 6 �h|����H���>��{1|e�
��{^� w �Z~�}y�H�>|e{1�P�y� w �F{1�����H���H|4�#�F{1�����W��|��R{1�P�y�L�¢�4�A�e}y}P~��H|�}P�'�A�P~�{1|�|��A~Z�y�c}y���>���F£4�e�H���^~��H|4�a}y�W}y�����H�P��{:}y�H�
��|e�²���H�P�P��� z �A�P~�{1|¦� w �P~�{"��~�£"�e�²�H|¥�y�H���e}T�����i� w �P~�{^���?5 @ 6

�Y{1�e}#��{1���R{1|e}K��{1|e�Y��{"� w �Z~�}'�H�`���h�R{1�P�y�L�-���A�K��|e�h��~�}y�P�P~ z ���P~�{1|��4�A�e}y}P~��H|�|e�Y���_�R{1�P�P~��H~Z� w ~Z|e� w ���H|��
�e�A|4�y�¤�����y�H���e}T�����²�'���A���ª���²�^~Z�y�F}y}y�i�A¶F~Z�¤���'�A�x�1��~Z���H|e}P~�{1|�|e�H�x} {�w �H�P~Z�1�A|"�h�A��{1�y}q�ABC D 8EFG 8'HIJKL=M �NOPQRS � 5 6 ± �
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µ = , �_8 9W51, 0�C ��9 8 5W5CM ?>?/S]=d^ .uSHm% }l,'( 8 59*-. +>^ .|012@C©#456Q 0 8ªyb:�Y~:�. +>^ .wA =l0 7 8 5 0 <��f,'(N, 0�C 3 � 7 8H0W8 9W3&O 8H=J8 3 [ 5+517 8 <j9 � 3 � 5]mz� Yz�~p\n�q�r£��$"H�t�Y
�d+ MKS +>^<=d? s - m% }l, C <jmv<�uI, � � [ u [f2 3 0 3�*-. +,+ s 012@Cª#XO�M � Miv�#�8I_g: n jWfbv]fT« Zi[_Z 8 ¬ :s. +,+ s > R ,A5 C@2�2h8H0 91,A; � < �_8 5/3 =
< �_8 9 0 ,A;C<�( � 3&9 0W8!R , = <P5 0 9L< 0 ,�� 8B?¶�J[ , ? m 9Qt�)u��Y\�~p\n�q�ru�R5 K *�SN0!M ^ s ^<=d^ . ^ m

.sS>S



   ! ! "#$%""#&!$%'( &'& ( )*+!"#$,-./ % /01&$23'(45)( &'& ( 678,8*! +,- !./0""8)! 1 2 - ""9,!,8*! -:! ! 1 "32 - ""9;8 ! 2 - 45" - !<= 678 49: - " - ! 1 ; ><= ! 8 )*+,-./0?@AB1234567890:; C %'(>(D)?@EF G H F < F G H & )  A:I8*! 1 " J K : L 8B" 1<8 %'( &MG =N)*+>" O P?$ Q /$31"R5<ST5 U @ O AVPM/ Q WX3BCY5C( &MG = D - 45" - :>2 + D 6 4E!./F29! 1 # Z :G4H/5D;8.: [
49: ><= :G49: IJ6K- DL" 1<6 2 \ ]MD;8.:G4E! 1<6 " - : I /0" - ""8 ! 2 678N8,6 2 - 4 = / - !.: 1 : Z :G$0: 1<6 ) E^_'`745FabcdGHIJ @ e ( H ) fg8,9 6 492h%'( &'e H )*+KLiPNjkl mMN ( &'e H O D 6 + 49: + "#;O" - !.: 1 : Z n 1O-96 4 1 ""8 o " PP6 2Q! 1 "R; 6 :>2 - 49: + D,!./S/ = 4E4 6K1&- )
p @M*+,?.Q0R6 qa_92'Srqsba_GTTUat9Fu_RVW,-.4vEv @U(?F'FQ= < (?F ('( ) fV4u8B" 1 2u#W!$%'( &MG FM)*+!L m PM/ QXN 1Y$23 w 5X( &MG FYf 1Y- D 6 9,4 6 ""#&! 1 ;Z: Z 2 - " 1<8 ! 1 ;H! 1O-96 4 1 ""8X;>45" P ! -*!^L " PP6 2Z).p @xB123456[8yzbaq\,.@{CGH[+ "#4 - =<@ ]MG'GZ<5]'&'e ) \ 6 ! ] : - : J fH:G4 - %'( &'& FM)*+^_gl`$ aAO0|{O 3rST5b_}5 U L O~mM| 3��V5bc�5^( &'& F[\CD ! 29!./72_: Z /�8*! I " -96 ) ;de4b\F\6�qa_>Tf`TG0�7̀6�`74.`*bgU � *+,?.Q0R6 q\0Rh&Ehb\ijkQl`U9FmnH+,+W] F H ) \a""8 IJ6K1�J o 6�L̂ - : 1 %'( &pq'& )*+>_0/0Prscl Q 3Mth5 U u�l5A |{O~Q 3 � 5Wv�5b( &pq'& � -EI :>2 + D 6 4E!./Z/K!*49/ = 8B" - !.: 1 2 ! 2 [-96KI 2Z) ;cqa_w8xbxey6 qz*BFabR0m0Rh{Ehbxijk/l`U9FRn|q H ( +,+ ) \ 678 8.:>2u# ! %'( &MGI& )*+!_cl�W0P O&N 1T-�3YST5c( &MGI& � � 6 : + D ! 2E!./0""8 } 8 = ! 8 � !&1 " I !./72 � )�� VTF\6dTNtNb\FRk9~�b\F\2<_?t��e6 4u8*! 1
" 1<8 o 6�L�[[� :G4u#�) \78 =,I 9 J  A/�6 L " 1 %'( &MGIe )*+^_cPN�Ysgj03+@45��V5 U " � tbAg/ Q 3X��5<�V5C( &MGIe�O D 6 ! 1 2 - ""9,!,8*! -*! : Z " Z :G49/ 678
2 - " 1<8 ! 1 ; L " PP6 ! 1 " P !.29/7: = 2^2 - 45" - !<= 678�><= ! 8�\ "�8B""9f:G45" - :G4 ! " 1 ""8.:G; =<6 : Zg- D 6ZhO= "G2E! [ 9,! 6K1,1 ""8i:>29/K!,8,8B" [- !.: 1 )Tp @M;�7̀e!UQ0�VW,;@ � qx6�@��kC @U( e F GZ< ( e ( & ) \g:I8 P " 1 ! b�`�_p2,@ %'( &'&p] )*+>_ O P � / Q $23M�r5�"R5�3Wv�/A� � ! 3A�V5Iv�5 U _cPN�Ysgj03��V5I@�5f( &'&p] f 13- D 6 2 = 9 - 49: [+ !./0""8 678 ; 6 : Zg- D 6 2 - 45" - :>2 + D 6 4E!./Y2 = 4 Z $0: 1<6 )Tp @M;�7̀e!UQ0�VW,.@ � qx6�@�CEd @ & @j(?F e'e�< ( ( H & ) \g:I8 P " 1 ! J D "#45" P " 1 " 1 % F H'H'H )*+^_ O P � / Q $23W�c5W"R5 U �E/ m / � / Q / Q 3I@45 F H'H'H O D 6�O D,4 676¡[ �H! IJ6K1 2E!.: 1 ""8
2 - 4 = / -E= 4 6 : Z 9,4 6 ""#W! 1 ;N49:>292u9 !zL " PP6 2k! 1 " + :I8B"#4 L ! 1O-96 4 - ! IJ6 2 - 45" - :>2 + D 6 4 6 )$p @j;�7̀e!UQ0�VT,.@ � qx6�@0C�� @( qpq ( < ( q'ep] ) \g:I8 P " 1 ! J ¢Z= 2ED 1<6 4}% F H'H FM)*+̂ _ O P � / Q $231�c51"R5�3 U �£� N"!TQ l m 3�ST51_}5¤F H'H F O 49: + :>2 + D 6 4E!./J4 6 2 + : 1 2 6- : 2 - 45" - :>2 + D 6 4E!./ +f6 4 -E= 4u9L" - !.: 1 ! 1 "l4 6 8B" - ! PP6 8 ! 29! IF+ 8 6 ; 6K1<6 45""8m/K!*49/ = 8B" - !.: 1nI : 8,6 8�) �cb�URVT,?.Q0R6 qa_92�rb\0�bu_9Fuq\,��0b�` `*b\FR0�dWJ @ G @U( e¥[ ( < ( e¥[ =`) D " ofI " 1 %'( &'& FM)*+4�E/Y�r�`sr/ Q 3&_h5 ¦ 5i( &'& F � � :G4 -96?] � !&1 " I !./72 � @ § _9eK�\F\678?tNbze!UGTIUat9Fu_RVW,w0yU>T̈ yzbaq\, _9kT`6 q\0h_GTT8>;+V?VT236�b�84y�_'`�,;b\e£_'`76�qx0 @k]e" I 9,4E! 8 ; 6 © 1 ! PP6 492E! -*! \C4 6 292%@ ( H e#+,+ ) D - " h&=<6K-gJ � =<6 4E4 6 % F H'H FM)*+4� | /M�0�¤l | 3 � 5 U c��Tl mAm lT3 ¦ 5;F H'H F�f 13- 45" 1 2 + :G4 - "G/K49:>292^"̂ 9L"#49: - 49: + !./
2ED 6 "#4 > : L 9 ! 9,4 6 ""#W! 1 ;J! 1<6 4 - !B" [ ;>45" P ! -*!¨L " PP6 2�) *+,?.Q0?@{U � B1234567890gv-H @ q @U( &'& ( < F H'H q ) O D<:G4 +f6 %'( &MG9] )*+>( !¤O0m ª�l¤3��~5Y�V5Z( &MG9]�O D 6A6?] /K! - " - !.: 1 @ 8 !.292E! + " - !.: 1 " 1<8 ! 1O-96 45"G/ - !.: 1 : Z ! 1&-96 4 1 ""8L " PP6 2c! 1[- D 6m8,676K+ :&/ 6 " 1 )¤p @B�cb�URVT,?.Q0�@X�rb\0�@k«W� @ ( F e�< ('( e ) Ob= /s# b�`$_p2,@ %'( &'& ( )*+^(h� � 1$3$�V5'CY5�31@�� N�N lEPE3�ST5'"R5 U ch/ mAm $¬l N 3�ST5'th5)( &'& (�D - 45" - :>2 + D 6 4E!./ 8 4 !N[1<6 292 \ " 1O- ! + DL"G2 678 8,6 292E!./7/0" - !.: 1 : PP6 4d  !./K49: 1<6 2E!B"J" 1<8 � 1&- "#49/ - !./0"r) �cb�U\VW,?.Q0�@X�cbR0�@X�0b�` `*@{d`� @b(?F'F GZ<
(?F ( H ) o : 1 DL"G2 J � "G292E!,8*!./7:>2h% F H'H (D)*+>v O0Q#! / N 3.�V5 U ­$/ N/N $�P?$ �{OYN 3 S¤5 � 5DF H'H (+ [! ] ! 1 ;p! 1®Z 49:G$ 6K1 " 1<8Y- ! IJ6¡[+f6 4E!.: 8 !./ -:L : [q8 ! IJ6K1 2E!.: 1 ""8 P :G4 - !./0""8 > : L 2Z)Tp @TB12345678£yzbuqx,.@THWH�d @ ( ]'&�< ( ep] ) o !*;>;>! 1 2}%'( &'& FM)*+gv�$ �&� $ QXN 37�~5j( &'& F § , _wU'7̀6 q � Fu_GTG0�VrU9F�1̀6rT � .GTk_9e>6 qa_92 � .Q0¡`*bxeg0?@ D + 4E! 1 ; 6 4Z)

(x= ]



������������������������������������������������������������������������������������

����������	
����
����
������	
������ ���	�� 
��� ��
��� 
����	�����	
����� ��� ��� ��	���� ���������� ��	
������ ���	�
��� ���� ���
����

����	�����
���������������	���������
��������
�������
�������
�������	��
�����	����� ���������	���


��� 	
��!� "����� ���
�� ���� 	�
������ 

��� ��� �

	�� 
�
�����
������ 
��� ������������ ������������!� #��

�����
$	��������	
������
���
�����
����
���������	��������������%�
�����	������	���������&���
	���������

������	�����
	��
�	��
�����
����
���������	�
��'�
�����	�������	���
�������������&���
	��	������������	����

�
	� 
���	
����!� "���	
�	������ 
��� ������������ ����
�	������������ 

��� 
��� ������������


��������	������� ���� �����
������ �� � ��� ���� ����	������� �����	����� ������������ 
�� (���������

�	���������
���
�����	� ��������)���	�
�������
��� ������������!����� �����
�������� �	��	�
������������

���� ����	������� ��� ����� ������ *� ����	�������� ���	� ��������	� ��� 
������������� 
�� 
���	������%� ���

���	�
���� ��� ����	�� 
�� +�����
�� 
�����	
������� +�,
���� ���� ����	�� �
� �
���	� 	��
����� 
�� �
��� 
��


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

-��	�������	�����
	����������������������	��������������������������������
��������������
������������
��


��
���	��������
���
���
���
���	���	����
������
������	��
��+�����
�!�-��	�������	�����
	��	����������

�������� �	�������� ����� ��
�����	���
����� ��� �
� �
.��	�� �
	���� 
��� ��
��� ��� �	��
��
��� �
��� *�

������������� �� ������ ��������� �	�����
��� ��� 
���	������� 

��� ���� ����	������� �)� ��� ����	�� 
��

+�����
������������
������������/+�,
���01223!�"��
���	�����������
�������*���������	��������
���
��

��
���
��
������������
�����������������
�������������������������
����*����
��&��
����	����������
�����



��� �
� 4���� ����	���	�� 
����	���!�5�
��� 
�����
����� ��� ���� 
������� *� 
�������
������� 
��������%� �
�

��	��	�
�����
����	�����
	� �����
���
���
�����	���
����
�
���
�����
������
������'� ���
���	�������

���$	��
���4�������	����������
�����
������	
�������	������6�	�
����	����
����
�
�������	����
���	����

�
	�������
���
���	������!�

������������������������������������������������������������������������������������

��������������
����
,
�����	��������	
����������
�	��
�������	
�����
�����
�
�
��	
����	����	�����
�
��
���
���
		��	!�

������������������������������������������������������������������������������������

���������������
����

�7��� ����	
������ ���,���� ���	��
��	
�����,
���� 
�
� ��	������ ��� 
� 	��
����� ��	
�����
� ����
� ��� ���
��
�

����	�����
����� 
�
�����	��
���� ������ �����
������ �
��
���� ������ � ����	�� 
����8��,�� 
�� ���� 	
��

����	�!�7�������
������
		��
����� ��� ���������������
�����
������������������
�����,�!���������
�	� ����

����	
�����������
�
	�,
����,���������������	�����%���	��
��
	����������	������
	������	
��
����
���
���

	��
�����
��8�,��	�
���	���	
���	��
	��	�������	������
	������	
��
����
�������
��
����8!�9������	
������

����
�	������
�� ���,���,
��� ���	��� ��� 
���������	��� ���,��
�������� ���	�
��� ����������� 
����� �	����
��

��	�
���!� �� � �����
������ 
�
� ����	������� ���.����	�� ���� ���������� ��� �	����
�� (�
��	���� ��� �������

����8������
�����,�����,
����
	���	
���
!��� ������
�������
���	������,
����
���	������	��
��������

����	�������� 
�
� 
	�� ���
� ��� �	�
���� ���� ����		����� ���,
��� �	�
8���!���� ���	�
���� 
�� ����	
������

+�����
�������	���	��	
���
�,
�����+�,
����,�������
��	�������	
�������,��������	
������
��	�
������

,
����������
�
�����	���������

������	
��!�:�	��
	����������	������������	����
���
��	��
	���������
�
���

��� ��	���
�� ���
	� 
�
� ,
���� �	
���
� 
����� ����� 
�� ���� �	�
8�� 
��� ��� ��,� �
����� ��� ���� +�����
��

�����	!� :�	� �
	��	����� ��	������� ���� �	����
�� �
��	�� 
	�� 
������ ��	���
�� 
�
� ����� ��� ���� ,
����

�	��
�
����� 
�
����� ���� ���,�
	�� �	
���
�� ��

���� ���,
����	�
8����,���� ���� �
���� ��� ����+�����
��

�����	� ��� ����� �������� �����
����+�,
��0122!�7����,
��� �	�
8���� ��� 
��� ��� 
� ���
�� ����	�������� ����


������� ����
�� ,����� 
	����� 
� ����
������
���
� ����
�������� 
�
� ��

�� ��� ���� ����	
����� ��� ���
�����

��	������� ��� ���� ����	� 	������ ��� ���� ��	���!� ;������ ��� 
	����� ��� �,�� 
�������� �	�������%� ��	����

��	�
�������
	��
���
������
������	��
���,
���
����	�
�����
�
���
���� ������
�
�������
�����������'�

,
����	�
8��������	
�����
�����������	�����������,��������������	
����������������	������	��
����
�����

����
������������	����	���
�
�����	�
8����,
���!���

�

�

�

�����������������������������������������������������������������������������������

�����������%�;��
������
�������������������������������	��������!�

������������������������������������������������������������������������������������

����������%� :���
�� ��	
������ ���	�
���� <��
������ 
��� ��	����� #�
��� ����	���� 
����	�����	
������

7���	����� ��9���
����������
	�
��
��������;�������	��
������;��
���!�

������������������������������������������������������������������������������������

�������� ��� ������������%� �
��	
���	�� 
��� =����������� >������������ ��� 9�
���	�����

/�!=!>!9!3�� !-!�?@��@A2BC�>+=D# �=�"�
���E!�


