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WYSLcIhº nU�s�zuU�jZcu�gU�W�§GerXZtV©Z�p©»Åp^�¨>©	î-sVU�U�sPzpU�jZcu�¡U�h�cpsVWYXZW]`dW�cporfBh�cusLXvh�fij¡o~cuw]U�WYSLcIhº bU�_¥fpsVfi`dXZsVt
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ΦD

L/D

A − Unseparated flow
B − Face Reattaching Flow
C − Shoulder Reattaching 

    Flow
D − Unstable Flow
E − Stable Flow (L<x )

M  =10; Re   = 0.05 x 101 D
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`dSLU-o~wYU�U�W]`YwYU�fi_�WYSVc�hº u�maVU>`ºfphºSL_�U�sP`0fpsVtpjvUpxC� �I©D� � ) ��'�*G©��0WT}�XvjZj¡^gU�WYU�U�s2jvfi`dU�w�x�`dSVU�W]SVcIhº u�
aVU>`ºfphºSV_�U�s�`�fpsLtujvU�S�fpW�fps�XZ_��gcuw�`ºfps�`[wYcujZU�Xvs2U�W]`dfp^VjZXvWYSLXvsVt�\VsVW]`YU�fpaLXvsVU�WYW:cNzuU�w:f�WY�VXZ pU�a
^gcIaLlp©-RTSVU>l�fpjZWYc¥h�cusVW]XvaVU�wYU�a�`YSVU1�Vw]cu^VjZU�_�W-fpW]WYc�h�X|f¸`dU�a)}�XZ`dS2h�fp�L`Y\VwYXZsVt¥`YSVU1cuW]h�XvjZj|fi`YXvcus
_�cIaVUi©�0ÒSVXvjZU�0�c�cIabo«fpXZjvU�an`dc�aVXvW�`dXvsLtu\VXvW]SbXZ`To~w]cu_��V\VjZWdfi`YXvcus�fisVa)jvfp^gU�jvjZU�a�fpjZjÈ\VsVW�`ºfp^LjvU
¢�cN}�WnfiWÆÔ]cpWYh�XZjvjvfi`dXZcusVÕVx��
cujvaLU�s¹_�fps�fituU�aÃ`dc½jvc�h�fi`YU�XZ`�x£^V\L`�x�WY\LwY�Vw]XvWYXZsVtujkluxª`Yc�fµWY_�fpjZj
XvW]cuj|f¸`dU�a�w]U�tuXZcusÈ©¤RTSLXvW
XvW�_�cpW]`
jvXZ pU�jklbaV\VU:`dc�XvsVW]\Lé�h�XZU�s�`0WYfp_��VjvXZsVtBcpo"`YSVU�hºSLcuWYU�s���fpwYf¸�
_�U�`dU�wYW�©��[cujZaVU�s�fpjvW]c¥_�fpaVU1fis�Xv_��¡cpw]`ºfisP`
W�`ºfi`YU�_�U�s�`�wYU�t�fpw]aVXvsVt�`dSVU�cuWYh�Xvjvjvfi`dXZcus�_�c�aVUix
s�fp_�U�jkl4`dS�fi`�XZ`�XZWTfpW]WYc�h�X|f¸`dU�absLcp`TcusVjkl�}�Xk`dSn`YSVU-XvsI¢èfi`dXZcusncpo�`YSVU�WYU���fpwYfi`dXZcusbwYU�tuXvcus¥^V\L`
fpjZWYcB}�XZ`YS�`YSVU:_�cNzpU�_�U�s�`
cpo/`YSVU:WYU���fpwdf¸`dXvcps!�gcuXZsP`
fijvcusVt1`YSVU:WY�VXZ pUi©

RTSVU2_�cuW�`¥w]U�jvU>zifps�`�¶�sLaVXvsVtpW�o~wYcp_ ¾
cu^LXvsVW]cusÎU>`bfpjG©©) �u��*
h�cusLh�U�w]sVU�a8`YSVU2cpsVWYU>`ncpo
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D
L/D

A − Unseparated flow
B − Face Reattaching Flow
C − Shoulder Reattaching 

    Flow
D − Oscillation − type "D"
E − Oscillation − type "E"
F − Stable Flow (L<x )

M  =15; Re   = 0.27 x 101 D
6

M  =10; Re   = 0.27 x 101 D

6

S

erXZtu\VwYUB�p©»¼��«�Z`jc�����Xo�8^oc�t~eZY$c���ehg�^ji!XKk�vpc�t�Xpe?[�Y�whXm�f¡?c�`�k�Xmt³��¢h�\q

`dSLUnXvsVW�`ºfp^LXvjvXk`mlu©bRTSVU>lÆ^gU�jZXvU�zpU�a�`YS�fi`�XZ`�cIh�h�\Vw]W�}�SVU�s�`YSVUnfpsLtujvU�wYU�¬P\VXZwYU�a�`dc2`Y\VwYsÆ`YSVU
WYU���fpwYfi`dU�a�¢�cN} ��fpwdfijvjvU�j�`dc�`YSVU1_�cIaLU�j�o«fph�U�U>·Ih�U�U�aVW�`YSVU�o~w]U�U�W�`dw]U�fp_ WYSVc�hº u�maVU>`ºfphºSL_�U�sP`
fpsVtpjvUp©/RTSVU�lBfpjvW]c�f¸`Y`dU�_��I`dU�aB`Yc�_�U�fiWY\Vw]U�`dSVU��V\VjZWdfi`YXvcusB\L�V�¡U�w	^¡cu\LsVa�fpw�l1jvc�h�f¸`dXvcpsÈxpaV\Lw��
XvsLt4}�SLXvhºS�`dSVU>l�cu^VWYU�w]zpU�a�f4S�lIW�`dU�wYU�W]XvW[�VSVU�sLcu_�U�sVcusÈxèaVU��¡U�sVaVXZsVt�cps!}�SVU>`dSVU�w
`YSVU:WY�VXZ pU
jvU�sVtp`YSµ}¤fpW:XvsLh�wYU�fpWYU�a,cpw�aVU�h�wYU�fiWYU�aD©¥e�cuw�fis½cp\L`m}�fiwYa½_�cNz�XvsVt�W]�VXv iU4`YSVUB\VsVW�`dU�fpaVXvsLU�WYW
aVXZWdfp�V�gU�fiwYU�aµf¸`�f¥jZcusVtuU�w[W]�VXv iUBjvU�sLtp`dSÈxè`dSVfps�`dSVU�jvU�sLtp`dS�f¸`0}�SVXZhºS�`dSVU1cpsVWYU>`:fp�V�gU�fpw]U�a
fi`
fps!Xvs�}¤fpwYa�_�cNzIXZsVt4WY�VXZ pUi©

å:fp^¡U�jvXk`d��)²�i��*/fps�fpjkl�WYU�a)`dSVU�WY�VXZ pU�a�^¡c�aLl��Vw]cu^VjZU�_ ^�l)fp�V�VjklIXZsVt4`dSVU�WY_�fpjvj��gU�w�`d\Vw]^I�
fi`YXvcusn_�U�`YSVc�a¥o~cuw�f1W]Xv_��VjvXk¶�U�a�_�c�aVU�j¡cpo®f1W�`ºfi`YXvcusVfpw]l�WYU���fpwYfi`dU�a�¢VcÁ}:©	RTSVXZWTfpW]WY\V_�U�a�f



'

aVw]XZz�XvsVtB_�U�hºSVfpsVXvW]_�^�fpW]U�a!cus�`dSVU:WYSLU�fpw�j|f�lpU�w�U�s�`dwYfpXvsL_�U�sP`
fisVa2fBh�cusVWYU�¬P\VU�s�`0o~cpw]}¤fpwYa
_�cÁzpU�_�U�s�`[cpor`YSVU�W]U���fiwdfi`YXvcus)�¡cuXZs�`�©¤�[jZ`YSVcu\VtuS�`dSLXvW�_¥f¸`dhºSVU�a)`dSLU�UË·L�gU�w]Xv_�U�s�`ºfij®cp^VWYU�w��
zifi`dXZcusVW�\V�4`dc�f:h�U�w]`ºfiXvs4�¡cpXvs�`�x�Xk`�aVXva4sVci`ªaLU�fpj�U�sP`YXvw]U�jZl�Wdfi`YXvW�o«fph�`YcuwYXZjZl�}�XZ`dS4U�XZ`dSLU�w	_�c�aVUi©
å:fp^gU�jvXk`d�:fpjZWYc�fi`Y`YU�_��L`dU�a)`Yc¥h�f¸`dU�tpcuwYXZWYU:`dSVU�wYU�W]\VjZ`YW�xè}�SVXvhºS)jvU�a)`dc�`dSVU�XvaLU�s�`dXk¶�h�fi`YXvcus!cpo
fpsVci`dSVU�w:¢VcÁ}�_�c�aVUpxÈ`YU�w]_�U�a½z�Xv^Lwdfi`YXvcusÎ§Ge/XvtV©k�u©D�u¨>©4¯*fi`YU�w-`dSLXvW:�VwYcNzpU�a,`Yc)^gU4tuU�sLU�wdf¸`dU�a
^�lbU�W]WYU�sP`YX|fpjZjZln`YSVU:Wdfp_�U�aVw]XZz�XvsVtB_�U�hºSVfpsVXvW]_ fpW�cuW]h�XvjZj|fi`YXvcus®)ç�$��*ê©

erXZtu\VwYU��u©*���J£±^:ln��[8w�^oc�t?�	c���]Jcnk�Xnq

�0jZj/W�`d\VaVXZU�W-_�U�s�`YXvcusVU�a�\V�2`Yc¥`dSLXvW0�gcuXZsP`-fpWYW]\V_�U�aÈxg`dS�fi`[`dSVU�¢�cN}T¶�U�jZa�}�fpW-f¸·IXvW]l�_B�
_�U�`dw]Xvhi©��0jZ`YSVcu\VtpSÏ�LSVcp`dcptuwdfp�LSVXvhbU>zIXZaVU�sLh�U!cpo�fpW�l�_�_�U�`YwYXvh¥WYSVc�hº Æo~cuwY_�fi`YXvcusVW�U>·IXvW�`dU�a
WYXZsVh�U�`dSVU�U�fiwYjvXZU�W�`�XZsPzpU�W�`dXvtufi`dXZcusVW�)²��*i) Å�*�) ³�*êx®`dSVU>l½}ªU�w]Un^gU�jvXZU�zpU�a,`Yc2^gU¥h�fp\VWYU�aÆ^�l,`YSVU
jvXZ pU�jZl�aVXZW]`Y\VwY^�fisVh�U�W"�VwYU�WYU�sP`"Xvs�`YSVU¤UË·I�¡U�wYXv_�U�s�`dfpjIW]U�`Y\V�È©��
cÁ}ªU�zpU�w�x�Xvs¥�$'!�p¼0�-U�_�U>`dw]X|fpaVU�W
h�cpsVaV\Vh>`dU�a�wYU�W]U�fpw]hºSBcus�`YSVUªfpW]l�_�_�U>`dw]l:Xk`dW]U�jZoæxN¶�w]W]`rWYSVcN}�XvsLt[`dSVfi`*`dSVXZW/�VSLU�sVcu_�U�sLcus�_�f�l
fpw]XvWYU�W]l�W]`YU�_�fi`dXZh�fpjZjZl¯)´�I��*G©��[U�U>·Lfp_�XvsVU�a2`dSVU�¢�cN}àcNzpU�w:f¥^VjZ\Vs�`dU�a�aVcu\V^VjZU>��h�cusVU�h�cusI¶�ti�
\VwYfi`dXZcus,UË·I�¡cuW]U�a�`dc2f��2fihºSÃÅL©»�u��o~wYU�U�W�`dwYU�fp_ §GerXZtV©Z�p©D��¨Ë©bR�}¤c�aLX|fp_�U�`YwYXvh�fpjvjkl2cp�V�¡cpWYXZ`YU
`dwYfpsVW]aV\Vh�U�wYW�}¤U�wYU¥jZcIh�fi`dU�a,cps½`YSVU�h�Xvw]h�jvUBw]U��Vw]U�W]U�s�`dXZsVt2`dSLU�W]�VXv iU�^�fiWYUpxrfi`:}�SVXvhºS,�¡cpXvs�`
`dSLU1�VwYU�WYW]\VwYU4SVXZW]`dcpwYXvU�W[}ªU�w]UBWYXv_�\VjZ`dfpsVcu\VW]jZl�w]U�h�cpwYaVU�aÈ©:RTSVU�XZw-h�cuw]wYU�j|fi`YXvcus)WYSVcN}ªU�aÈxÈ`YS�fi`
`dSLU�_�cIaV\Lj|fi`YXvcusVW�§«a�fpW]SVU�a�jZXvsVU:cus2erXvtL©Z�u©¥'�¨�cpo/`dSVU�`m}¤cnSVfpwY_�cusVXZh:}¤f�zuU�W-}¤U�wYU¥�$�u� � cu\L`
cpo£�VS�fiWYUpx�cpw�fps�`dXZh�cuw]wYU�jvfi`dU�aÏ§~}�SVXk`dU1W�`dw]Xv�gU�W�cusµerXZtV©k�u©D'u¨>©:e�\Vw]`YSVU�w�h�cusL¶�w]_¥f¸`dXvcps�cpo�`dSLXvW
}¤fpW:tuXZzpU�sµ^�l�h�cp_���fiwYXvW]cus�cpo	`dSLUBWY�gU�h�`Ywdfbo~wYcu_â`dSLU�XZsVaVXkzIXZaV\�fpj*`dwYfpsVW]aV\Vh�U�wYW�}�SVXZhºS,jZU�a
`dc�f2zuU�w�lÆXZ_��gcuw]`dfps�`�h�cusVh�jv\VW]XvcusÆ`YS�fi`�`dSVw]U�U>��aVXv_�U�sLWYXvcps�fpj	U\E¡U�h>`dWBh�cp\Vjva�^gUn�Vw]U�WYU�s�`4Xvs
fps½f¸·IXvW�l�_�_�U�`YwYXvh�\VsVW]`YU�fpaIlµWY�VXZ pU�a½^gcIaLl)¢�cN}:©4�-U�_�U�`YwYX|fiaVU�W:fph>`d\�fijvjZl)WY\LtutuU�W�`dU�a½`YS�fi`



�N�

`dSLU��Vw]cp`dw]\VaVXvsLt�^V\LjvtuU�wYcp`dfi`dU�W0fiwYcu\VsLa2`dSVU�WY�VXZ pUix¡h�cu_��LjvU�`YXvsVt�cusVU�wYU>zucujZ\L`dXZcus)o~cpw
U>zuU�w]l
`m}ªc�h�l�h�jZU�W1cioT�V\VjZWdfi`YXvcusÈ©bRTSLUnXv_��¡cpw]`ºfisVh�U4cpo�`YSVXvW�}¤cpwY µjvXZU�W�Xvs,`YSVU¥aLU�`dU�h�`YXvcus,cpo�`dSLXvW
`dSLwYU�UË�maVXZ_�U�sVWYXZcus�fpj¡�VSVU�sVcu_�U�sVcus!^V\L`�`YSVU:WYcu\Vw]h�U�cpo®`dSVXZWTwYU�_�fpXZsVU�a�\VsVUË·I�Vj|fpXZsVU�aD©

upper transducer

lower transducer

erXZtu\VwYU��u©D���µ¦3Xm]JXmw���^:[!k�XpeC§!]Jcnk�Xm`/Y$c��3X�¨)[8]_^�tC^�t��}epVCc�vpiH[�ema�]_]JXmw���^oXpe��o©�ª��\q

erXZtu\VwYUµ�u©¥'����z�pXpepems���X­V�^jemwdc���^oXpe³��Xpvpc���k�XKk¼[8wGw��«c�¬}k8^:[8]JXmw���^ovK[8`�`ba¼cpg!gCc�em^�wdX­w���[8t~enk8sCvpXm�pe
`jc�vK[8whXKk�c�t�w®VCX3[�Y�whXm�\lmcnk8aµY\[�vpX3lna}¦%Xm]JXmw:��^:[!k�Xpe	�o©�ª��\q



�u�

y[sVaLU�wYW�`ºfpsLaVXvsVt�cpo/`dSVU:tuU�sVU�wYfi`dcuwTcior`dSLU��L\VjvWYfi`dXZcusb_�U�hºS�fpsVXZWY_�Xk`dW]U�jZoæxLSVcN}¤U>zuU�w�xg}¤fpW
W]`YXvjZjªsVci`BWdfi`YXvW�o«fph�`Ycuw]l�fi`1`YSVXvW�`YXv_�Up©µ��_�f��]cuw�^VwYU�fp �`dSVw]cu\VtuSÏXvs�`YSVXvW�¶�U�jZa�h�fp_�U¥o~wYcp_
�rfis�fpwdfiW°)²�iÅ�*Gx�}�SLcuWYU�cpwYXvtpXvs�fpjTXZaVU�f,cpo�¶�sVaVXZsVt�`YSVU�WYXZ_�XZj|fpw]XZ`ml,^¡U>`m}¤U�U�sÐq�aVsVU�lg¿´Wn`ml��¡U
Ñ�­�W]SVc�hº ½o~cuw]_¥f¸`dXvcps¨)´�i³¡*ªfpsLa�`dSVU�¢�cN}T¶�U�jZa�h�w]U�fi`YU�aÆcNzuU�wBf)W]�VXv iU�a�^gcIaIl,U�s�fp^VjZU�a�`YSVU
_�cuW]`¤h�cu_��VjvU>`dU[U>·I�Vj|fis�fi`dXZcusncpo�`YSVXvWªXvsVW�`ºfp^LXvjvXk`ml�fi`¤`YSVU0`YXv_�Up©�q�aVsVU>lbfpsVfpjZl�WYU�an`dSVU0h�cu_B�
�VjZU>·ÏWYSLcIhº ÃW]`YwY\Vh>`d\Vw]U�WbfiwYXvW]XvsVt½fi`¥f�}¤U�fp ÎW]SVc�hº ���W]`YwYcusVt,WYSVc�hº ÏXvs�`dU�wdfph>`dXvcpsÈxªh�cusVW]XvaVU�w��
XvsLt2`dSVU�Xvw�zifpw]Xvcu\LW1_1\L`Y\�fpj¤�gcuW]XZ`dXZcusVW�©½RTSLU!W]SVc�hº �¶�U�jZaÆ`dU�wY_�U�aÃfpW1`ml��gU!Ñ�­ë§GerXZtV©Z�p©Z�N�u¨
l�XvU�jvaVU�a,`dSLUbfp�V�gU�fpwYfpsVh�U¥cpo
f!WY_�fpjvj	WY\L�¡U�wYWYcpsVXvh��]U�`�§ `dSVU�WY\V�gU�w]WYcusLXvh¥o~U�fi`d\Vw]U�}¤fpW1W]\V�I�
�gcuw]`YU�aÏ^PlÎfpsVfpjZlP`dXZh�fpj¤_�U�fpsVWº¨Ë©ÎRTSLU}�]U�`4}¤fpW�wYU��LwYU�W]U�s�`dU�aì^�l¹fµwYU�tuXvcpsÏcio-SVXZtuSI�mW]�¡U�U�a
¢�cN}ä`Y\VwYsLU�aÐ`YcN}�fpw]aVWb`dSVUµW]U���fpwYfi`dXZcusíwYU�tpXvcusìaV\LU½`YcÃ`YSVUµj|fpw]tuU��Vw]U�WYW]\VwYU½^gU�SVXZsVaí`YSVU
sVcuw]_¥fij/W]SVcIhº è©��rfpsVfpwdfpW�¿DXZaVU�f¥}¤fpW-`dSVfi`0`YSVUBWdfp_�U�W]SVc�hº ���fi`]`dU�w]s�XvW
o~cuwY_�U�a�XZs2`dSVU�zIXç�
h�XZsVXZ`ml�cpo0f�o~cpwYU�W]SVc�hº ��mfio `dU�wYW]SVcIhº �XZs�`dU�w]WYU�h�`dXZcusÏcIh�h�\Vw]wYXvsLt�XvsÏf��V\VjvWYfi`dXZsVtµWY�VXZ pU�aÎ^gcIaIl
¢�cN}â§«erXvtL©Z�u©k�N��¨Ë©:RTS�\LW�x®XZ`�W]\V�V�VjZXvU�W�tufpW�Xvs�`dcn`YSVUBWYU���fpwYfi`dXZcusµwYU�tpXvcusÈxDh�fp\VW]XvsVt�XZsL¢èfi`YXvcusÈ©
RTSVXZWBjvU�aÆ`Yc�`dSVUnzpU�w]lÃXZ_��gcuw�`ºfps�`1h�cusVh�jv\VW]XvcusÆ`YS�fi`B`dSLUb_¥fpW]WBXvsL¢V\I·�aVXZa�sVcp`4cuw]XvtuXZs�fi`YU
o~wYcp_;`dSVU�wYU�tuXvcus½^gU�SVXZsVa,`YSVU�W�`dw]cusVt2W]SVc�hº gx"fpW��LwYU�z�XZcu\VWYjkl�`dSVcp\VtuS�`�x/^V\L`�o~wYcu_;`YSVU�W]\I�
�gU�wYW]cusVXZh!w]U�tuXZcusÃ^¡cp\VsVaVU�a¹^�l�`dSVU!h�cpsVXvh�fpj�o~cuwYU�WYSVc�hº ÃfpsVaÃ`dSLU)W]SVU�fpw4jvfNlpU�w�©¹RTSVXZW4}¤fpW
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fi`�^gcp`YS½�2fphºS,�I©»�I�4fpsVa½�2fihºS,¼I©»�u�¥o~w]U�U�W]`dw]U�fp_�W�©�RTSVU4_�U�WYS�}¤fpW:W]`YwY\Vh>`d\Vw]U�aµXvs�`Ycn¶VzuU
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a) Grid O1 at Mach 6.00 d) Grid P2 at Mach 2.21

b) Grid P1 at Mach 2.21 e) Grid H1 at Mach 2.21

c) Grid P1 at Mach 6.00 f) Grid H2 at Mach 2.21
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Ü ÞÎÏÑçDÍÉÒ0ÙqÏÑÓ�ä�Ï�á@äÎÓ�çHÔ�ß�Ö�Ö�ÚíÏÑÔôê
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Ú�ÍÉç¡/`*z�]1Åß�äÎÞàß�ä«Ó�òÎÖÑÏ�ó>åÎÍÊÜhß�è�Íª/x� úÀ��1FÏÑáÀòeÍÉÏ�äÎÐ
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ÖÑÓ
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Ô�åÎÒ�Ì�ÖÑß�çHÐ�ÍKçíÙHÌ�ß�äàÙqÌÎÍ 2 �!� d�ú�e������ýáDÍÉÍÉä Í�ß*çHÖÑÏ�ÍÉçKî�ÏÑäÎÞ3ÏÑÒ�ß5ÙqÏÑä3ÐÎî:ÙqÌÎß*Ù�ÙqÌ3Í�è�ß*ÖÑåÎÍ�Ó*ÛéÙHÌÎÍ
ÛöçHÍKÍÉáBÙqçHÍÉß�Ô +]ß�Ò�Ì§äâå3Ô�ò�ÍKçíÞ3ÓØÍKáÀäÎÓ�Ùíß���ÍÉÒ0ÙÀáDÏÑÐ�ä3Ï�Ý�ÒÉß�äïÙqÖ�Ú�ÍÉÏ�ÙHÌÎÍÉçFÙHÌÎÍ�ÒKÓ�äÎÞÎÏ�ÙqÏ�Ó�äÎáÅÓ�ä§ÙHÌÎÍ
ß*Û ÙHÍÉçHòeÓâÞ3Ú�áDåÎçDÛGß�ÒKÍíÓ�ç�ÙqÌÎÍÅáHÕeÍÉÍKÞ]Ó�Û�ÙqÌ3ÍÈÒKÓ�ÖÑÖÑß�ÕÎáDÍ�ë

÷1äÎÓ*ÙqÌÎÍKçÈÞ3Ï
��ÍÉçHÍKäÎÒÉÍôÏ�Ô�Õ3ÖÑÏÑÍKÞ�òïÚ]ÙHÌÎÍñÌÎÏÑÐ�Ì�ÛöçDÍÉÍKáDÙqçDÍ�ß�Ô­ä�ß*Ùqå3çHÍôÏÑáKî�ÙqÌ�ß5ÙÈß�Ö�ÙHÌÎÓ�åÎÐ�Ì�ÙHÌÎÍ
ÛöÓ�çDÍÉáHÌ3ÓØÒ�l�ß*äÎÐ�ÖÑÍ$ß�ÕÎÕeÍ�ß�çDáãÙHÓñò�ÍFÓ�Û�ÙqÌ3ÍFáqß�ÔÊÍFÓ�çHÞ3ÍÉçéß�á	ÏÑä�ÙHÌÎÍ�+]ß�Ò�Ì·�Øë&�ØúÅÒ�ß�áDÍ3/öÒÉÓ�ÔÊÕ�ß�çDÍ
�:Ï�Ð�áÉë��Îë�ú ­ ß�äÎÞY�Îë&���]10î�ÙHÌÎÍhÛöÓ�çDÍÉáDÌÎÓØÒ�líÏ�ÙHáHÍÉÖ�ÛÎÜãÏÑÖ�Ö>ÖÑÏÑÍ�Ô�åÎÒ�ÌôÒKÖÑÓ�áDÍÉç�ÙHÓ$ÙqÌÎÍháHÌÎÍÉß�ç�Ö ß�Ú�ÍÉçÉë�Ë	Ì>åÎáÉî
ÙqÌ3ÍÈÙHçHÏÑÕ3ÖÑÍ$ÕeÓ�ÏÑäïÙéÏÑáQl*ÍÉÕ3Ù¼ÏÑäýßÊÖ�Ó
ÜhÍKçéÕeÓ�áDÏ�ÙqÏ�Ó�ä�ÙqÌÎß�ä]òeÍKÛöÓ�çDÍÅÞÎåÎçHÏ�äÎÐñÙqÌÎÍÅÍÉäïÙHÏÑçHÍÈáHÍKÒKÙHÏÑÓ�äÎáéÓ�Û
ÏÑä#mæß*ÙqÏ�Ó�äÃß�äÎÞÃÜãÏ�ÙHÌÎÌÎÓ�Ö�Þ�î"Ì�ß�èâÏÑäÎÐýß·Þ3å�ß�Ö@Í-��ÍÉÒ0ÙÀÓ�äªÙHÌÎÍñÍKè�Ó�ÖÑå3ÙHÏÑÓ�äªÓ�Û�ÙqÌÎÍÊáHÌÎÓâÒ�lÁáDÚâáBÙqÍÉÔ·ë
�:Ï�çHáDÙÉî�ÙHÌÎÍ]Í�×3ÕÎß�äÎÞÎÍKÞ ÛöÓ�çHÍKáHÌÎÓâÒ�l ÜãÏ�ÖÑÖãß�Õ3Õ�ÍÉß�çìß*áìß«ÔÊÓ�çDÍ·òeÍÉÖ�Ö�ê8ÖÑÏ�l*Í�áHÌ�ß*Õ�Í*î�ÜãÏ�ÙqÌ ò�Í0ÙHÙHÍÉç
ÕÎçDÓ�äÎÓ�åÎä3ÒÉÍÉÞªÒÉå3çDè*ß*Ùqå3çHÍÊß�òeÓ�è�ÍôÙqÌÎÍñáHÕ3Ï�l�ÍôÙHÏÑÕÃçHÍKÐ�ÏÑÓ�ä0/ Ûöçqß�ÔÊÍ�ú ­ 1�ë» ØÍKÒÉÓ�äÎÞ3Ö�Ú�î"òeÍÉÒÉß�åÎáHÍÊÓ�Û
ÙqÌ3Í�ÒÉÖÑÓ�áHÍÉä3ÍÉáHáÊÓ�ÛãÙqÌ3Í�ÙHçHÏ�ÕÎÖÑÍ�Õ�Ó�Ï�äïÙôÙqÓ�ÙqÌ3Íýß5Û ÙqÍÉçDò�ÓâÞ3Ú�î�áDÌÎÓâÒ�lÅ� �0/g�:Ï�ÐÎë@�Îë&����1ÈÏÑäïÙqÍKçqß�Ò0Ùqá
ÜãÏ�ÙHÌ�ÙqÌÎÍFÒ0ÚâÖÑÏÑä3ÞÎÍÉç�áDåÎçDÛGß*ÒÉÍ�î3ÖÑÍ�ß*ÞÎÏÑäÎÐíÙqÓ�ÙqÌ3ÍÅß�ÕÎÕeÍ�ß�çHß�äÎÒÉÍFÓ*Û"ÒÉÓ�ÔÊÕÎÖÑÍ�×�áDÌÎÓâÒ�l�áDÙHçHåÎÒ0ÙqåÎçDÍÉáéß�á
ÙqÌ3ÍÅÙHçHÏ�ÕÎÖÑÍ$ÕeÓ�Ï�ä>ÙãÕÎß�áHáDÍÉáãÙqÌÎÍÅáHÌ3Ó�åÎÖÑÞ3ÍÉç�/öÛöçHß�Ô�ÍKáFúÀ��ê|��û�10ë

�:ÏÑäÎß�ÖÑÖ�Ú�îÉÙHÌÎÍ�+]ß�Ò�Ì��âë!�Øú�ß�ä3Þc+]ß*Ò�Ì ­ ë<û�û	Ò�ß*áHÍÉá�ÞÎÓéäÎÓ�Ù"áDÌ�ß�çHÍ@ÙHÌÎÍ áqß�ÔÊÍ@ÙqçHÍKäÎÞÈçHÍÉÐ�ß�çHÞÎÏ�äÎÐ
ÙqÌ3ÍÅÛöÓ�çHÍÉáDÌÎÓâÒ�l�ß�äÎÐ�Ö�Í3/��:ÏÑÐ�áÉëN�Îë�ú ­ ß�äÎÞ"�Îë����]1�ë6� Ì3ÏÑÖÑÍ$ÙHÌÎÍFÛöÓ�çHÔÊÍÉç	Ó�äÎÍíÏ�á	Ò�Ì�ß�çHß�ÒKÙHÍÉçHÏ�áHÍKÞ]òïÚ
ÕeÍÉçHÏ�ÓØÞ3á�Ó*ÛÎÒÉÓ�äÎáDÙqß�äïÙ:è*ß�ÖÑå3ÍÉá�Ò�Ì�ß�äÎÐ�Ï�äÎÐéÏÑäÈÞÎÏÑáDÒÉçHÍ0ÙqÍ�ADåÎÔÊÕÎáÉî5ÙqÌÎÍ�Ö ß*ÙDÙqÍKç�Ó�äÎÍ�Í�×ØÌÎÏÑòÎÏ�Ùqá�ßéçHß*ÙqÌ3ÍÉç
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�:Ï�Ð�åÎçHÍ��Îë����N(���t��=v�t�rgv�y��,y|{¹{�y���q���}�y$�d0.t��`½�w�q�vx�¾r�vxº3q ± ���#w&��t�r�v�y��,t�r¹�°t`��} ������� {=��q�q��srg��q�t�º �

ÒÉÓ�ä>ÙHÏÑä>åÎÓ�å3á�è*ß�çHÏÑß*ÙqÏ�Ó�ä�ë;Ë	ÌÎÏ�á�Ï�á�òeÍÉÒÉß�åÎáDÍhÓ�ÛÎÙHÌÎÍ�ÞÎÏ
��ÍÉçDÍÉäïÙ�ÔÊÏÑäÎÏ�Ô�åÎÔ ß�ÖÑÖ�Ó
Ü�ß�ò3ÖÑÍ áHÌÎÓâÒ�lÈß�äÎÐ�Ö�Í
ß�ÕÎÕeÍ�ß*çHÏÑä3Ð�ß*Ù¼ÙqÌÎÍ�ÕÎß�çDÙHÏÑÒÉå3Ö ß�ç	ÛöçHÍKÍÉáBÙqçHÍÉß�Ô ß*äÎÞÁß�Ö�áHÓìòeÍÉÒÉß�åÎáDÍôÓ�Û@ÙqÌÎÍíÞÎÏ
��ÍÉçDÍÉäïÙFáDÍÉÕ�ß�çHß*ÙqÏ�Ó�ä
�ÉÓ�äÎÍ·ÙHÌÎÏÑÒ�l>äÎÍKáHá�ÞÎåÎçHÏ�äÎÐÁÙqÌÎÍ·ÒÉÓ�ÖÑÖ ß*ÕÎáHÍ*ë0�Iä�ÛGß�Ò0Ù�î�ÙHÌÎÍ�ÛöÓ�çHÍKáHÌÎÓâÒ�l�ß�äÎÐ�Ö�Í�Ò�ß�ä3äÎÓ�Ù�çHÍ�ß*Ò�ÌkÏ�ÙHá
ÔÊÏÑäÎÏ�Ô�åÎÔ£ß�Ö�ÖÑÓ
Ühß�òÎÖÑÍÅè*ß�ÖÑå3Í,/go#e ­ Õ ß5Ù1ÙqÌ3Í¾+]ß�Ò�Ì ­ ë<û�û�ÛöçDÍÉÍÉáBÙqçDÍ�ß�Ô übú$o5ÿx11ß*á1Ï�Ù¼Ü�ß*áFáHÍÉÍKäÃÏÑä
ÙqÌ3Íc+]ß*Ò�Ì°�Øë&�ØúÈÒ�ß�áDÍ�îæáHÏ�äÎÒÉÍÅÙqÌÎÍÈáHÍKÕ�ß�çHß*ÙqÏ�Ó�ä%�KÓ�äÎÍ�
<áãÙqÌÎÏ�Ò�l>äÎÍÉáDá$ÏÑá	Ô�å3Ò�Ì]Ö ß*çHÐ�ÍKçéÞ3åÎÍÈÙHÓÊÙHÌÎÍ
áDÙHçHÓ�ä3Ð�ÍÉç�äÎÓ�çHÔ�ß�Ö�áDÌÎÓØÒ�lñÒÉß�åÎáHÏ�äÎÐÀÙHÌÎÍ¼Ï�äïÙqÍÉçHß�ÒKÙHÏÑÓ�ä�ë�Ë	Ì>åÎáÉîâÙqÌÎÍ1ß�äÎÐ�Ö�ÍéÓ*Û�ÙqÌÎÍéÛöÓ�çHÍKáHÌÎÓâÒ�lôÜãÏÑÖ�Ö
òeÍìÐ�åÎÏ�ÞÎÍÉÞ§òïÚªÙHÌÎÍìáDÌÎÍ�ß*ç�Ö ß�Ú�ÍKçÀß*äÎÐ�ÖÑÍ*ë�÷1ä}Ï�äÎÒÉçDÍ�ß�áDÍìÏÑäÃÙqÌ3ÍìáHÌ3ÓØÒ�l§ß�äÎÐ�Ö�Í�ÓâÒÉÒKåÎçHáÀß�áíÙHÌÎÍ
ÙIÜ�Óôò�Ó
Ü Ü�ß�è�ÍÉáãÔ�ÍKçHÐ�Íc/öÛöçHß�Ô�ÍKá$ú
û3î�ú�úÀ1�îâÜãÌ3ÏÑÒ�Ì�ÏÑá�ÙqÌÎÍ1Í-��ÍÉÒKÙãÓ*Û;ÙqÌÎÍ$å3ÕÎáDÙHçHÍ�ß*Ô ÔÊÓ�è�ÍÉÔÊÍÉäïÙ
Ó�Û�ÙqÌÎÍÅÔÊÍÉçDÐ�ÍÉÞ�áHÌ3ÓØÒ�lìÜhß�è�Í*ëhË	ÌÎÍKä�îÎÙqÌÎÍÅÒKÓ�äïÙqÏÑä>å�ß5ÙqÏÑÓ�ä�Ó�Û�ÙHÌÎÍÅÕÎçHÍ0èâÏÑÓ�åÎáãÞÎÍKÒÉçDÍ�ß�áDÏÑäÎÐñÙqçDÍÉäÎÞ
ÛöÓ�Ö�ÖÑÓ
ÜãáÉîÎÜãÌÎÏ�Ò�Ì]Ï�áéÞ3ÏÑáHçDåÎÕ3ÙHÍÉÞ]òïÚ�ÙHÌÎÍÈÙHçHÏ�ÕÎÖÑÍÅÕeÓ�ÏÑäïÙãÕ�ß�áDáHÏ�äÎÐ�ÙHÌÎÍÀß5Û ÙqÍÉçDò�ÓâÞ3Ú�áDÌÎÓ�åÎÖ�ÞÎÍÉçKë�Ë	ÌÎÍ
ß�ÕÎÕeÍ�ß*çqß�äÎÒKÍãÓ�Û�ÒKÓ�Ô�Õ3ÖÑÍ0×�áHÌÎÓâÒ�lôáDÙHçHåÎÒ0ÙqåÎçDÍÉá�ÏÑäôÙqÌÎÍ	èâÏÑÒKÏÑäÎÏ�ÙIÚ�Ó�Û�ÙqÌÎÍ	ÙHçHÏÑÕ3ÖÑÍ�áDÌÎÓØÒ�l"/öÞÎÏÑáDÒÉåÎáDáHÍKÞ
ß�òeÓ
è�Í$1hÜãÏ�ÖÑÖ�ß*ÖÑáHÓÊß�Ö�ÙqÍKç�ÙqÍÉÔÊÕeÓ�çqß�çDÏÑÖ�ÚÊÙHÌÎÍFÛöÓ�çHÍKáHÌÎÓâÒ�l�ß�äÎÐ�ÖÑÍ�ë

÷1Õ�ß*çDÙ�ÛöçDÓ�Ô ÙqÌÎÍKáHÍÁÞÎÍ0èØÏÑß*ÙqÏ�Ó�äÎáKîãÙHÌÎÍ�çDÍÉáDÙ�Ó�ÛFÙqÌÎÍ]Ò�Ì�ß�çqß*ÒKÙqÍKçHÏ�áDÙqÏ�Ò·m�Ó
Ü ÛöÍ�ß*ÙHåÎçHÍKáÉî¼ß�äÎÞ
ÏÑä3ÞÎÍÉÍKÞÊÙHÌÎÍãÔìß�ADÓ�ç�Ó�äÎÍKá�áDåÎÒ�Ì�ß�á@ÙHÌÎÍãÍ0×ØÏÑáBÙqÍÉä3ÒÉÍéÓ�Û�ÙHÌÎÍ	è�Ó�çBÙqÏ�Ò�ß�ÖÎçDÍÉÐ�Ï�Ó�äñçHÍKáHÕeÓ�äÎáHÏ�òÎÖÑÍ	ÛöÓ�ç�ÙHÌÎÍ
Ô�ß�áHá�Ï�ä m�åØ×�îÎÓ�çhÙqÌÎÍFÖ�Ï�Û Ù�Ó���Ó*Û�ÙHÌÎÍFáHÌ3Í�ß�ç	ÖÑß
Ú�ÍÉç	òïÚìÙHÌÎÍFáDÙHçHÍÉß�Ô�Ö�ÏÑäÎÍKáhÕeÍÉäÎÍ0ÙqçHß*ÙqÏ�äÎÐôÏÑäïÙqÓ�ÙHÌÎÍ
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áHÍKÕ�ß�çHß*ÙqÏ�Ó�ä,�ÉÓ�ä3Í�îÎÙ�ß�l�ÍÉá	Õ3Ö ß�ÒKÍFò>ÚìÍ0×3ß�Ò0ÙqÖ�Ú�ÙqÌÎÍÅáHß�Ô�Í1Ôìß�ä3äÎÍÉç	ß*á	ÞÎÍÉáDÒÉçHÏ�ò�ÍKÞýÍÉß�çHÖ�ÏÑÍKçhÏÑä�ÙHÌÎÍ
+]ß�Ò�Ì·�Øë&�ØúÅÒ�ß�áDÍ�ë
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÷1á�ßFáHå3Ô�Ô�ß�çDÚÀÓ�ÛeÙqÌÎÍéß�òeÓ
è�Íéß�ä�ß�Ö�ÚâáHÍÉáKîïÙqÌÎÍ	ÛöÓ�Ö�ÖÑÓ
ÜãÏÑäÎÐ1ÕÎÏÑÒ0ÙqåÎçDÍ	Ó�Û�ÙHÌÎÍãÞÎçHÏ�èâÏÑäÎÐFÔÊÍÉÒ�Ì�ß*äÎÏÑáDÔ
Ó�Û�ÕÎåÎÖ�áqß*ÙHÏÑÓ�ä�Ì�ß*áéòeÍÉÍKä]òÎå3ÏÑÖ�Ù�åÎÕ�ë

�$åÎçHÏ�äÎÐÃÙqÌÎÍ·ÒÉÓ�Ö�Ö ß�Õ3áHÍ�Ó�Û$ÙHÌÎÍýÍ�×ØÕ�ß�äÎÞÎÍKÞ ÛöÓ�çHÍKáHÌÎÓâÒ�læîãßªè�Ó�çDÙHÏÑÒ�ß*ÖéçDÍÉÐ�Ï�Ó�ä ÏÑáñÐ�ÍÉä3ÍÉçqß5ÙqÍÉÞ
ÜãÏ�ÙHÌÎÏÑä�ÙHÌÎÍÅÐ�çHÓ
ÜãÏÑä3ÐÊÙHçHÏÑÕ3ÖÑÍ$áDÌÎÓØÒ�l�áBÚâáDÙqÍKÔýë�Ë	ÌÎÏÑáéçHÍKÐ�ÏÑÓ�ä�ÛöÍKÍÉÞÎáãÙqÌ3ÍÈáDÍÉÕ�ß*çqß*ÙHÏÑÓ�ä"�ÉÓ�ä3ÍÈÜãÏ�ÙqÌ
Ðïß�á:Ó�çHÏ�Ð�ÏÑä�ß5ÙqÏÑä3Ð¼ÛöçHÓ�Ô ÙHÌÎÍ�ÛöçHÍKÍÉáDÙHçHÍÉß�ÔøÛöÓ�ç�ß�ò�Ó�å3Ù@ÙqÌÎÍhóâåÎß�çDÙHÍÉç@ÙqÏ�Ô�Í�Õ�ÍKçHÏÑÓâÞ�Ó�ÛeÕÎå3ÖÑáqß5ÙqÏÑÓ�ä�/��
Ó�å3ÙhÓ�ÛU��þÈÛöçqß�ÔÊÍÉá�10ë@� ÌÎÍKä�ÙqÌÎÍ¼Ð�çHÓ
ÜãÏ�äÎÐôß�äÎÞìÒÉÓ�Ö�Ö ß�ÕÎáDÏÑäÎÐÈòeÓ�Ü Ühß�è�ÍKá	Ô�ÍKçHÐ�Í*îØÙqÌ3Í1ÕÎçDÍÉáHáDåÎçHÍ
ß*ÙÅÙqÌ3Íìß*Û ÙHÍÉçDò�ÓâÞ3ÚÁÛGß�ÒKÍ�çDÍ�ß�Ò�ÌÎÍKáôß�Ôìß5×ØÏ�Ô�åÎÔ·ë�÷¼ÖÑáHÓ3î�ÙHÌÎÍ�Õ3çHÍÉáDáHåÎçDÍ�Ý�ÍKÖÑÞ§Ó�ÛhÙHÌÎÍÊè�Ó�çDÙHÏÑÒÉß�Ö
çHÍKÐ�ÏÑÓ�äÀÏÑäïÙHÍÉçqß*ÒKÙqá�ÜãÏ�ÙHÌÀÙqÌÎÍ�Ô�ÍKçHÐ�ÍKÞ�áHÌ3ÓØÒ�lÅÙqÓ$Ö�Í�ß�è�Í�ß¼áDÙHçHÓ�ä3Ð$ÕÎçHÍKáHáDåÎçHÍ	Ð�çHß�ÞÎÏ�ÍÉäïÙ�ÞÎÍKÒÉçDÍ�ß�áDÏÑäÎÐ
ÏÑäñÙqÌ3Í¼åÎÕ3áDÙqçDÍ�ß�Ô ÞÎÏ�çHÍKÒKÙqÏ�Ó�ä�ë�Ë	ÌÎÏÑá ÛöÓ�çHÒKÍÉá�Ðïß�á ÙqÓÈò�ÍéçHÍ0è�ÍKçHáHÍKÞ�çqß�Õ3ÏÑÞÎÖ�ÚôÏÑäïÙqÓÅÙqÌ3Í¼áDÍÉÕ�ß�çHß*ÙqÏ�Ó�ä
çHÍKÐ�ÏÑÓ�ä�îeÛöçDÓ�Ô£ÜãÌÎÏÑÒ�Ì]Ï�Ù¼çHÍ0ê8ÍÉäïÙqÍKçHá$ÙHÌÎÍÀáDåÎÕ�ÍKçHáDÓ�äÎÏÑÒÀáDÙqçDÍ�ß�ÔùòeÍÉÌÎÏ�äÎÞ]ÙqÌ3Í�Ó�òÎÖ�ÏÑó>åÎÍÅÛöÓ�çHÍKáHÌÎÓâÒ�l
èâÏ ß�ß�áHÌÎÍÉß�çFÖ ß�Ú�ÍKçÉë:�éÓ�Ü�ÍKè�ÍÉçKî"ÙHÌÎÏÑá¼çHÍKÒÉÏÑçDÒÉåÎÖÑß*ÙqÍKÞ·m�Ó
ÜøÏÑá1ÒKÓ�ä3Ý�ä3ÍÉÞÁÙqÓìÙHÌÎÍ�Ö�Ó�Ü�ÍÉç1Ö ß�Ú�ÍKçHáFÓ�Û
ÙqÌ3ÍíáDåÎÕ�ÍKçHáDÓ�äÎÏÑÒíçHÍKÐ�ÏÑÓ�ä·òïÚ�ÙqÌÎÍim�Ó
Ü ÒÉÓ�ÔÊÏÑä3ÐÊÛöçDÓ�Ô ÙqÌÎÍÅÛöçHÍKÍÉáBÙqçHÍÉß�Ôùß�äÎÞýÌÎÍÉäÎÒKÍÀÜãÏÑÖ�Ö"ß�Ðïß�Ï�ä
òeÍ�ÍÉäïÙqçHß�ÏÑäÎÍKÞàòïÚ}ÙqÌÎÍ�è�Ó�çDÙHÍ0×�ë«Ë	Ì3ÏÑáôÔÊÍ�ß�äÎá�ß�çHÍÉÕeÍ�ß5ÙqÍÉÞ çHÍKÒÉÏ�çHÒÉå3Ö ß*ÙHÏÑÓ�ä§Ó�ÛãÙqÌÎÍ¡m�Ó
Ü ß�äÎÞ
ß�Ö�áHÓÀÙHÌ�ß*Ù�ÙHÌÎÍFÔìß*áHá�Ó�Û"ÙHÌÎÍ$Ðïß�á�Ùqçqß*ÕÎÕ�ÍKÞ�ÏÑäìÙHÌÎÍFáHÍKÕ�ß�çqß5ÙqÏÑÓ�ä,�ÉÓ�äÎÍ$ÜãÏ�ÖÑÖæòeÍ$ÛGß�ÏÑçDÖ�ÚñÒÉÓ�äÎáDÙqß�äïÙ�ë
Ë	Ì>åÎáÉîØÙqÌÎÍ$Ó�çHÏÑÐ�ÏÑä�ß�ÖÎè�Ó�çDÙHÍ0×�ß�äÎÞ�Ï�Ùqá�çHÍÉáDÏÑÞÎåÎß�Ö�ÕÎçDÍÉáDáHåÎçDÍ$Ý�ÍÉÖ�Þ�Ì�ß�è�Í1ÙIÜ�ÓôÞÎÏ'��ÍKçHÍÉäïÙ	çDÓ�ÖÑÍKá�(:ÙHÌÎÍ
ÛöÓ�çDÔ�ÍKç�Ó�äÎÍéÝÎÖÑÖÑá@ÙHÌÎÍ¼áDÍÉÕ�ß*çqß*ÙHÏÑÓ�ä©�ÉÓ�äÎÍéÜãÏ�ÙHÌìßÈÒÉÍÉçBÙ�ß�Ï�ä�ß�ÔÊÓ�åÎäïÙ�Ó�Û�Ðïß�áÉî>ÜãÌÎÍKçHÍ�ß*áhÙqÌÎÍéÖ ß5ÙHÙqÍKç
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ÙqÌ3Í%��¿�8 ÙHçqß�ä3áHÏ�ÙHÏÑÓ�äýÙqÌ�ß�ä�ÙHÌÎÓ�áDÍôÓ�å3ÙqáDÏÑÞÎÍíÙqÌÎÍ�ÌïÚâáDÙHÍÉçDÍÉáHÏ�áÅçHÍÉÐ�ÏÑÓ�ä /öáHÍKÍ»�:ÏÑÐÎë�ú�ë�ú��]1�ë.�IäÃÙHÌÎÍ
ä>åÎÔÊÍÉçHÏ�Ò�ß�Ö>ÔÊÍKÙHÌÎÓØÞ�î*ÙqÌ3ÍhÖ ß*áDÙ�ÒKÚâÒÉÖ�ÍÉá:Þ3Ï
��ÍÉç�ò>Ú�ú
þ�Ô ÛöçDÓ�Ô ÙqÌÎÍ�ÕÎçHÍKÒÉÍKÍÉÞÎÏ�äÎÐ$Ó�äÎÍKáÉî�ÒKÓ�ä3Ý�çDÔ�Ï�äÎÐ
ÙqÌÎß*Ù�ÙqÌ3ÍÁÒÉÓ�ÔÊÕÎå3Ùqß*ÙqÏ�Ó�ä�ß�ÖãáHÓ�ÖÑå3ÙHÏÑÓ�ä Ï�á�ÖÑÏ
l�ÍKÖ�Ú�ÙqÓàòeÍ�ó>å�ß�Ö�Ï�Ù�ß5ÙqÏ�è�ÍÉÖ�Ú ÒKÓ�çHçDÍÉÒ0Ù�ë Ë	ÌÎÏÑá�Ï�á�ß�ä
ÏÑÔÊÕeÓ�çDÙqß�äïÙ�ÛöÍ�ß*ÙHåÎçHÍ¼ß�á Ï�Ù�ÔÊÍ�ß�ä3áÉîïÙqÌ�ß5Ù�Þ3ÍÉáHÕ3Ï�ÙqÍãÙqÌ3ÍéÓ
è�ÍÉçHÕ3çHÍÉÞ3ÏÑÒKÙHÏÑÓ�ä�Ó�Û�ÙHÌÎÍ¹��¿�8 ÙqçHß�äÎáHÏ�ÙqÏ�Ó�ä
è*ß�ÖÑå3Í�î3ÙHÌÎÍÅÞÎÍÉáDÒÉçHÏ�Õ3ÙqÏ�Ó�ä�Ó�Û�ÙqÌÎÍFÙqçHß�äÎáBÛöÓ�çHÔ�ß*ÙqÏ�Ó�ä�Ï�ÙHáHÍKÖ�Û�áHÌÎÓ�åÎÖÑÞ�òeÍÅè*ß�Ö�ÏÑÞ�ë

Ë	ÌÎÍÅÞÎÍKÙqß�ÏÑÖ�Ó�Û�ÙHÌÎÍFÕÎçDÍÉáHáDåÎçHÍíÌÎÏÑáBÙqÓ�çBÚ�Ï�á�ÕÎçHÓ
èâÏÑÞ3ÍÉÞ·ÏÑä"�:ÏÑÐ3ë#�Îëf�]�Øë6kéÓ�ÙqÍ*îÎÙqÌ�ß5Ù	ÙqÌÎÍFÐ�çHß�ÕÎÌ
ÏÑäýÙqÌÎÏ�á1ÏÑä3áDÙ�ß*äÎÒÉÍíÏÑá1Ð�Ï�è�ÍKäÁäÎÓ�Ù1ÏÑä]ÙHÍÉçHÔÊá$Ó�Û áDÕÎÏ�l*Í�ÖÑÍKäÎÐ�ÙHÌ�òÎå3ÙFÏ�äýÙHÏÑÔÊÍíÏ�äÎáDÙHÍ�ß�Þ�ë1Ë	ÌÎÏÑá$ÍKäØê
ß�òÎÖ�ÍÉáéÙqÓ�Ï�ÖÑÖÑå3áDÙqçHß*ÙqÍÈÖ ß5ÙqÍÉçãÙqÌ3Í�ÏÑäÎÒKçHÍÉß�áHÍ�Ó*Û@ÙqÌÎÍÀÙHÏÑÔÊÍíÕeÍÉçDÏÑÓâÞÎáÉën�:ÖÑÓ
Ü èâÏÑáDå�ß�Ö�ÏÑáqß5ÙqÏÑÓ�ä·ÛöçHß�Ô�ÍKá
Ó�Û�ÙqÌÎÍÅáDÍÉÖÑÍKÒKÙHÍÉÞ]ÕeÓ�Ï�ä>ÙHáãß�çHÍFáDÌÎÓ
Üãä]Ï�ä%��ÏÑÐÎë#�Îë����3ë

�:Ï�çHáDÙÉî�Ö�ÍKÙñåÎáÊÍ0×3ß�ÔÊÏÑä3Í�ÙHÌÎÍ·ÕÎåÎÖÑáHß*ÙqÏ�Ó�ä�Ô�ÓâÞÎÍ�Ó�ÕeÍÉçHß*ÙqÏ�äÎÐªß*ÙñÙqÌÎÏ�áñÍ0×âÙqçDÍÉÔÊÍÉÖ�Ú}Ö ß�çDÐ�Í�áHÕÎÏ
l�Í
ÖÑÍKäÎÐ�ÙHÌ�ë°��çqß�ÔÊÍì÷íú�áHÌ3Ó�Üãá�ÙHÌÎÍìÙHÏÑÔÊÍ�ß*ÙíÙqÌÎÍ�Ï�äÎáDÙqß�äïÙ�Ó�ÛãÙHÌÎÍ�ÒÉÓ�ÖÑÖ ß*ÕÎáHÍ*ë°�¼Ó
Ü�ÍKè�ÍKçÉî�ß�ÖÑÓ�äÎÐ
ÜãÏ�ÙHÌ�ÙqÌÎÍÅÙIÜhÓÊÙqçDÏÑÕÎÖ�Í$áHÌÎÓâÒ�l�áDÚâáBÙqÍÉÔÊá1áDÍÉÍKä�ß*ÙãÙqÌ3ÍÈáDÌÎÓ�çBÙ¼áDÕÎÏ�l*ÍíÖ�ÍÉäÎÐ*ÙqÌ�ÕÎåÎÖ�áqß*ÙHÏÑÓ�ä�/öÙHÌÎÍÅÒÉÓ�Öbê
Ö ß*ÕÎáHÏ�äÎÐôß�äÎÞ�ÙHÌÎÍFÐ�çHÓ
ÜãÏ�äÎÐôò�Ó
Ü Ü�ß�è�Í�îæáHÍKÒKÙqÏ�Ó�ä,�Îë��3ë���10î�ßÀÙHÌÎÏÑçDÞ�ÙqçDÏÑÕÎÖ�Í1áHÌ3ÓØÒ�l�áBÚâáDÙqÍKÔ£ÒÉÓ�å3ÖÑÞ
ß�Ö�áHÓôòeÍÈÓ�òÎáHÍKçDè�ÍKÞÄ/öÏÑÖÑÖ�åÎáDÙHçqß*ÙHÍÉÞ�òïÚ�ÙHÌÎÍFÕÎçHÍKáHáDåÎçHÍíÏÑáHÓ�ÖÑÏÑä3ÍÉá�ÕÎÖ�Ó�Ù	Ï�ä�Ûöçqß�ÔÊÍF÷ÀúÅÓ�Û@�:ÏÑÐ3ë �Îëf���]1�ë
�8Ù�ß�ÕÎÕeÍ�ß�çDá�ß*Ù�ß�ÕÎÕÎçDÓ
×ØÏ�Ôìß*ÙHÍÉÖ�ÚÀÙqÌ3ÍéÌÎß�Ö�Û ê8ÞÎÏÑáBÙ�ß�äÎÒKÍ	ò�Í0ÙIÜhÍKÍÉäìÙHÌÎÍ	ÙIÜhÓÈÜ�ß�è�ÍÉá	ß�ä3Þ�òïÚñÒÉÓ�äÎáHÏ�ÞØê
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�:Ï�Ð�åÎçHÍ��Îëf�]�#(Bu���q����s�`��q¼}`v��srEy��=�Y�`qsr�t�vxw�y|{¼r~}�q�uU��®0rg�Gt�� �svxr�v�y��C{�y��Qt���y���rgvx����y��]�sw��.vx�¹�s��q�t����
vx�`½»�E��v10�q:w�qs�`½�rx} � <¹��q�q��sr���q�t�º �°t`��}"���#º,�sqs�.� � �v& ± �E��v10�qK�E��q�q����8Î Â d û e<û�û�� �

ÍÉçDÏÑäÎÐñÙqÌ3ÍÀÞÎÏ�çHÍÉÒ0ÙqÏ�Ó�äýÓ*Û@Ï�ÙHá¼ÔÊÓ
è�ÍÉÔÊÍÉäïÙ¼Ï�Ù¼ÏÑáãÒÉÓ�ÖÑÖ ß*ÕÎáHÏ�äÎÐÎë�Ë	ÌÎÏ�áéÙHçHÏ�ÕÎÖÑÍÅáHÌ3ÓØÒ�l�áDÚâáBÙqÍÉÔ ÒÉÓ�å3ÖÑÞ
äÎÓ�Ù¼òeÍíÓ�ò3áHÍÉçBè�ÍKÞÁÍ�ß�çDÖÑÏÑÍKçãáHÏÑä3ÒÉÍÀÏ�ÙéÏÑáéÒÉçHÍÉß*ÙqÍKÞ�òïÚ·áHÌÎÓâÒ�l�Ü�ß�è�Í�� o�Ó
è�ÍKçDÙ�ß�lâÏ�äÎÐ�áDÍÉÕ�ß�çHß*ÙqÏ�Ó�ä
çHÍKÐ�ÏÑÓ�ä£�6�¡/öáHÍKÍ.�:ÏÑÐ3ë��Îë�ú ­ 1@ÞÎåÎçHÏ�äÎÐÅÙqÌÎÍ¼ÒÉÓ�äïè�ÍKÒKÙHÏÑÓ�ä�Þ3Ó�Üãä3áDÙqçDÍ�ß�Ô·ë@Ë	ÌÎÏ�á�ÕÎçDÓØÒKÍÉáDá�ÒÉÓ�å3ÖÑÞÊäÎÓ�Ù
Ù�ß�l�ÍÅÕÎÖ ß*ÒÉÍÈß*ÙãáHÌ3Ó�çDÙHÍÉçãáHÕÎÏ
l�ÍÅÖÑÍKäÎÐ�ÙHÌÎáÉî�òeÍÉÒÉß�åÎáHÍ:� oôáDÙHçHÏ�l*ÍÉáãÙqÌÎÍFÜhß�ÖÑÖ�Ô�åÎÒ�Ì·áHÓâÓ�äÎÍÉçKë

÷1á�ÙqÌ3ÏÑá�ÒKÍÉäïÙqçHß�ÖFáHÌÎÓâÒ�l áBÚØáBÙqÍKÔ Ô�ÍKçHÐ�ÍKá�ÜãÏ�ÙHÌ ÙHÌÎÍÁÐ�çDÓ�ÜãÏ�äÎÐ}ÙqçDÏÑÕÎÖ�Í]áDÌÎÓØÒ�læî1ÙHÌÎÍ�è�Ó�çBê
ÙqÏ�Ò�ß�Ö"çDÍÉÐ�Ï�Ó�äÁß�Ö�çHÍ�ß*Þ3Ú�ÛöÓ�çHÔÊÍÉÞýÏÑä]ÙHÌÎÍÀÖÑß*ÙHÙHÍÉç1Ó�äÎÍíÙHçqß�äÎáBÛöÓ�çHÔÊá¼ÙHÓ�ßìçDÍÉáHÏ�ÞÎå�ß�Ö¼/öÛöçHß�ÔÊÍÀ÷.�ÊÏÑä
�:Ï�Ð�áÉë*�3ë����·ß�äÎÞª�Îëf���]1�ëÊË	Ì3ÏÑáÅÏÑáÈß�äÎÓ*ÙqÌÎÍKçÈÞ3Ï
��ÍÉçHÍKäÎÒÉÍñÛöçHÓ�Ô­ÙqÌÎÍñáDÌÎÓ�çDÙHÍÉç�*U¿�� ÒÉß�áHÍ*î�ÜãÌÎÍKçHÍ
ÙqÌ3ÍÊçDÍÉáDÏÑÞÎå�ß*Ö@Ó�Û�è�Ó�çDÙHÏÑÒÉß�Ö@çHÍKÐ�ÏÑÓ�äªß�Õ3Õ�ÍÉß�çHÍKÞ§òeÍÉÒÉß�åÎáHÍÊÓ�Û�ÙqÌÎÍñÔÊÍÉçDÐ�ÍÉçFÜãÏ�ÙHÌÁÙqÌÎÍñÒÉÓ�ÖÑÖ ß*ÕÎáHÏ�äÎÐ
òeÓ�Ü Ü�ß�è�Í�ë

÷1áhÙHÌÎÏÑá ÛöÍ�ß5ÙqåÎçDÍ1ÒÉÓ�ä>ÙHçHÏ�òÎå3ÙqÍKáhÙqÓÈÙqÌÎÍéÝ�ÖÑÖ�ÏÑäÎÐíß�äÎÞìÍ0×ØÕ�ß�äÎáDÏÑÓ�äìÕÎçHÓâÒÉÍKáHáHÍKáÉî3ÙHÌÎÍ$áDÍÉÕ�ß�çHß*ÙqÏ�Ó�ä
ÕeÓ�ÏÑäïÙ@Ï�á@ÕÎåÎáHÌ3ÍÉÞìå3ÕÎáDÙHçHÍ�ß*Ô ß�ÖÑÓ�ä3Ð$ÙqÌÎÍ	áDÕÎÏ�l*Íc/ Ûöçqß�ÔÊÍÉá@÷n�3îï÷n�]1:å3ä>ÙHÏÑÖÎÏ�Ù ÍKè�ÍÉäïÙqå�ß*ÖÑÖ�ÚÀçHÍÉß�Ò�ÌÎÍÉá
ÙqÌ3ÍªáDÕÎÏ�l*ÍªÙHÏÑÕ�ë Ë	ÌÎÍKä�î$ÙqÌÎÍÁÛöÓ�çDÍÉáDÌÎÓØÒ�l Í�×3ÕÎß�äÎÞÎá�ÙqÓ ß áDÔìß*ÖÑÖ$òeÓ
Ü­Ühß
è�Í�îÈß�Ö�ÖÑÓ
ÜãÏÑäÎÐ}ÙHÌÎÍ
áDÙHçHÍÉß�Ô�Ö�ÏÑäÎÍKá1ÙqÓ·ÖÑÏ�Û Ù$Ó��«ÙqÌÎÍñáHÌ3Í�ß�çÅÖ ß�Ú�ÍÉç©/öÛöçHß�Ô�Íô÷K��10ë»kéÓ�ÙqÍ*î;ÙqÌ�ß*ÙÈß�áHÔ�ß�Ö�Ö�ß�äÎä>åÎÖÑß�çFòeÓ�Ü
Ühß
è�ÍãçHÍÉÔ�ß�Ï�äÎá:ÕÎçDÍÉáDÍÉäïÙ�ß*Ù:ÙHÌÎÍãß*Û ÙqÍKçHòeÓØÞØÚíáDÌÎÓ�åÎÖ�ÞÎÍÉçKî�l�ÍKÍÉÕÎÏ�äÎÐFÙqÌÎÍhè�Ó�çDÙHÏÑÒÉß�Ö3çDÍÉÐ�Ï�Ó�ä�çHÍKáHÏ�ÞÎå�ß�Ö-î
ß�äÎÞ�ÙqÌ>åÎá	ÙHÌÎÍ.m�Ó
Ü çHÍKÒÉÏ�çHÒÉå3Ö ß*ÙHÏÑÓ�ä�Ï�ä�ÙHÌÎÍÅáHÍKÕ�ß�çqß5ÙqÏÑÓ�ä"�KÓ�äÎÍÅÓ�ÕeÍÉçHß*ÙqÏ�Ó�ä�ß�Ö-ë
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vx� �sr�t���rut��¹q�y����K�sr���q�t�º�w�vx�¹q��n��}�y�µ5�Y{�y��:r~}�q5{=�Gt�º3q��5{=��y�ºÔ<6v'½ �~a��Ùa � �
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�:Ï�Ð�åÎçHÍ·�Îë���� ( �G��y���r � � Ó*}�q3uU��®Sr���t�� �svxr�v�y��Ìy$���s�`�=�=vx�`½÷t�r¾t ��y���r�vx����y��]�sw��Ävx�¹�s��q�t��svx�`½
�E��v10�qiw�qs�`½�rx} �.³ ��v10�q.�E��q�q����SÎ Â d û#e/û�û�� ± {=��q�q��srg��q�t�º �°t`��}·���`º,�sqs�:� � �v& � �°t`��}%���#º,�sqs�
v��$y�w�vx�¹q���t����©vx� �sr�t���r�t��¹q�y��]�K�sr���q�t�º�w�vx�¹q��K��}�y�µ5�Y{�y��.rx}�q6{=�Gt�º3q��5{=��y�ºÔ<6v'½ ��a��Ùa � �
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FRAME E1

�:Ï�Ð�åÎçHÍ·�Îë���� ( �G��y���r � � Ó*}�q3uU��®Sr���t�� �svxr�v�y��Ìy$���s�`�=�=vx�`½÷t�r¾t ��y���r�vx����y��]�sw��Ävx�¹�s��q�t��svx�`½
�E��v10�qiw�qs�`½�rx} �.³ ��v10�q.�E��q�q����SÎ Â d û#e/û�û�� ± {=��q�q��srg��q�t�º �°t`��}·���`º,�sqs�:� � �v& � �°t`��}%���#º,�sqs�
v��$y�w�vx�¹q���t����©vx� �sr�t���r�t��¹q�y��]�K�sr���q�t�º�w�vx�¹q��K��}�y�µ5�Y{�y���{=�Gt�º3q��6{=��y�ºÚ<6v'½ ��a��Ùa � �

Ë	ÌÎÍôáqß*Ô�ÍíÕÎçHÓâÒÉÍKáHáHÍKá$Ù�ß�l*Í�ÕÎÖÑß�ÒÉÍíÏÑä]ÙHÌÎÍ�äÎÍ�×ØÙ$ÒKÚâÒÉÖ�Í�/öÛöçHß�Ô�ÍKáK;1ú�î*;9�Øî¹;���1�î�ÌÎÓ
Ü�ÍKè�ÍKçÉî
ÙqÌ3ÏÑá¼ÙHÏÑÔÊÍíÜãÏ�ÙqÌ]ÙHÌÎÍôÞÎÏ
��ÍÉçDÍÉäÎÒKÍÀÙqÌÎß*Ù$ÙqÌ3Í�ò�Ó
Ü Ühß
è�ÍñÒ�ß�äÎä3Ó�ÙFòeÍÀÛöÓ�çHÔÊÍÉÞ�ß*Ù$ÙqÌ3Í�áHÕÎÏ
l�Í�ÙHÏÑÕ
/öÛöçHß�ÔÊÍc;¼�]1�ëFË	ÌÎÏÑá1ÏÑá1Þ3åÎÍÀÙqÓ�ÙHÌÎÍ�Ï�äÎÒÉçDÍ�ß�áDÍÉÞÁáHÕ3Ï�l�ÍôÖ�ÍÉäÎÐ*ÙqÌ�î�Ô�ÍÉß�äÎÏÑä3ÐÎîeÙHÌ�ß*ÙÅß*Ö�ÙqÌ3Ó�åÎÐ�Ì]ÙHÌÎÍ
áHÍKÕ�ß�çHß*ÙqÏ�Ó�äýÕeÓ�Ï�ä>ÙãÒÉß�ä]áBÙqÏ�ÖÑÖ�çDÍ�ß�Ò�ÌýÙqÌÎÍÅáHÕ3Ï�l�ÍÅÙqÏ�Õ�îÎÙqÌ3ÍÉçHÍÈÏÑáãäÎÓ*Ù¼ÍKäÎÓ�åÎÐ�Ì]ÍÉä3ÍÉçHÐ*Ú�ÖÑÍKÛ ÙãÏ�ä·ÙHÌÎÍ
m�Ó
Ü ÙHÓ]ß�ÒKÒÉÓ�ÔÊÕÎÖ�ÏÑáHÌÃÙqÌ3Í�ÖÑß*ÙqÍKçqß�Ö�Í�×ØÕ�ß�äÎáDÏÑÓ�äªÛöåÎÖÑÖ�Ú�ë¡�éÍÉäÎÒKÍ�î�ÙqÌÎÍÊáHÌÎÍÉß�çÈÖ ß�Ú�ÍKçíçDÍÉÔ�ß�ÏÑäÎáÈß*ÙBê
Ù�ß*Ò�ÌÎÍÉÞñÙqÓ$ÙHÌÎÍ	áHÕÎÏ
l�Í	ÙqÏ�Õ�î�äÎÓ*Ù�ß�ÖÑÖ�Ó�ÜãÏ�äÎÐ¼ÙHÌÎÍãáDÙHçHÍ�ß*Ô�Ö�ÏÑäÎÍKá�ÙqÓÅÕeÍÉäÎÍ0ÙqçHß*ÙqÍ	Ï�ä>ÙHÓ$ÙqÌÎÍãáDÍÉÕ�ß�çHß*ÙqÏ�Ó�ä
�ÉÓ�äÎÍ1Ï�Ô�ÔÊÍÉÞÎÏÑß*ÙqÍKÖ�Ú�ë��éÓ
ÜhÍ0è�ÍÉçKî�Ô�Ó�áDÙ�ÖÑÏ
l�ÍÉÖ�ÚñÞÎåÎÍéÙqÓíÙHÌÎÍ1ÞØÚØäÎß�Ô�Ï�ÒÉá�Ó�Û�ÙHÌÎÍ1Í0è�ÍÉäïÙÉî3ÙqÌÎÍéáHÌ3Í�ß�ç
Ö ß�Ú�ÍÉç�Ï�á�ÙqÓ�çHä�ß�Õ�ß*çDÙ�Ó�äÎÒÉÍFß*Ðïß�ÏÑäìÒ�ß�åÎáDÏÑäÎÐíÙqÌÎÍ$áBÙqçDÍ�ß�ÔÊÖÑÏ�äÎÍÉá�ÙqÓ�Ö�Í�ß�è�ÍFÏ�Ù�ß�ä3Þ�ÙqÓôÍÉäïÙHÍÉç�òeÍÉÖ�Ó�Ü
ÙqÌ3Í�áDÍÉÒÉÓ�äÎÞ�ß�çBÚÃáHÌÎÍÉß�çíÖÑß�Ú�ÍÉçFÜãÏ�ÙqÌÎÏ�äªÙHÌÎÍñáHÍÉÕÎß�çqß*ÙHÏÑÓ�äª�ÉÓ�äÎÍ	/ Ûöçqß�ÔÊÍ»;9��1�ë3�$å3çHÏÑä3Ð�ÙHÌÎÍñÒÉÓ�Öbê
Ö ß*ÕÎáHÍ*îØÙqÌ3Í$çHÍKÒÉÏÑçDÒÉåÎÖÑß*ÙqÏ�Ó�ä3�KÓ�äÎÍ$Ï�áháDóâå3ÍÉÍ��KÍÉÞ·ÛöÓ�ç�ÙHÌÎÍ$Ö ß*áDÙhÙHÏÑÔÊÍ1Ï�ä�ßÀÕÎåÎÖ�áqß*ÙHÏÑÓ�ä�ÖÑÏ
l�Í1Ô�ß�äÎä3ÍÉç
/öÛöçHß�ÔÊÍn¨1ú$10ë�+ýÍÉß�äïÜãÌÎÏÑÖ�Í�î>ÙqÌÎÍ¼ÞÎÓ
ÜãäÎáDÙHçHÍ�ß*Ô ÒÉÓ�ä>è�ÍÉÒ0ÙqÏÑÓ�ä�Ò�ß�å3áHÍÉá�ÙqÌÎÍ1ß*ÙHÙqß�Ò�ÌÎÍÉÞ�áDÌÎÍ�ß*çhÖ ß�Ú�ÍÉç
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