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�s	tgtgv�|%{"�M\�v�_!
�s�{�^��l�*�l^�|�{%}��4�C\%{�^��l�C\
yx�gvU~g\%yUwbs��l_l_M\%yU~g\>� ◦ > {Vs	_M|%\%y�yx�gvU{%\�_l_M\%y�~g\%y`v�|Vs	�Es	_l¡Yy�\%y � a�H�9 � � a�� *U�6�'s�Ëi���gv�\>�Y���Étgv�|%y�\��4^�\b_zs
{Vs	vx^�\�w.}V¡C\��g�i\.~Y�¤ves%¡C}��g�i\�w.\���^U~g\���ves	�i~g\[_M}��g���i\��gv`~

�}��i~g\��6a�\�_l���¼�h{"��t<\�vxw.\�^�~

 �M~g\���^��¼ËE\�v`�g�i\�v�|¸�
�+�M}��2~

�s�{�^��l�C\U{%}����C\%{�^��M}��,¢E_zs �<}��i\`~g\�a�}��4�C\�vx�C\��i{%\ q �4^�\�v�£6v�}�t��M{Vs	_ � �
a q £ }�� q £�a��
��s	�g^�}��gv�~g\.�V� ◦
� }�v�~Gyx�gv�_!
����#v��M���i\�¢,}�� _M\%y?<V}��i\%y�~g|%y�\�vx^��M���i\%y>�*�I}�vx^`ves%¡C}��g�i\�w.\���^[\��Os � y�\��i{%\b~g\����Es	�C\%yª�]�C\�v�y���� ◦
� }�v�~Ay��gv�_M\`{%}��4^��l�i\���^����Dv��M{Vs��l�2s	�2���l�C\Vs	�2~Y��¥Ys	�Es	vesY�
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 �l�Y�I}�vxwbs	^��M}��iy]y��l^x�i|%\%y�y�}��iy�_zs[tg_l�iy
�Es	�g^�\`{%}��i{��i\`�4�Es	�C\��iy�\��Pa�\�_zs�v�\��i~ �lw�t<}�y�y�� � _M\]_zs�~��Myx^��l�i{�^��M}��2\���^xv�\`~g\%y��4�Es	�C\%y�{"�lvxv��¼�#}�vxw.\%ym~g\
�Es	�g^�\�s	_l^��l^x�i~g\�\�^ ~g\%y��4�Es	�C\%y�{%}����C\%{�^��¼�#y�s�yey�}�{"�M|%y s	��8.�I}�vx^�\%y�tgv�|%{"�lt��l^es	^��M}��iy�\�^�~g}���^ _M\�ye}�w�w.\�^
y�\�y��l^x�i\As	�iy�y���s	�O���l�C\Vs	�o~g\%y��Es	�g^�\%y�{%}��i{��i\%y>s	^xw.}�yxtg�i��v��M�4�i\%y����,\%y[\�vxv�\��gv�y�~

 �l�4^�\�vxtgv�|�^es	^��M}��
v�\%yx^�\�v�}��4^�t<\�� �lw�t�}�vx^es	�4^�\%y�\��Aves��My�}��É~

 �g�i\]�!s�� � _M\]tgv�|%y�\��i{%\`~g\]���Es	�C\%y�yx^xves	^��¼�I}�vxw.\%y �My�}�_M|%y�~g\%y
�Es	�g^�\%y>{%}��i{e�i\%yu�A@CB�D�B�~g\É^K¡�t�\2{"�lvxv��¼�I}�vxw.\��>s	� {%}��gv�y�~g\É_zs yªs��My�}�� ~g\%y>tg_l���M\%y>~is	�iy>_zsuv�|��+�M}��
¥Ys	�i|�_��M\��g�i\��

� �,\`tgv�\�w �M\�v]_zs	�i{%\�w.\���^]~

 �g�¤yes	^�\�_l_��l^�\�{Vs	tEs � _M\�~g\Uw.\%yx�gv�\�v]{%\%y�vesV¡C}��g�i\�w.\��4^�y`yV
�\%y�^m~g|�v�}��g_M|�\��
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 �l�4^�|���ves	_��l^�|�~g\>_zsÇyes��Mye}��
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� Yl�iyZY!¢E�g��~g\%y�y�{%|��Es	vZYM}�y�t�}�y�yZY � _M\%ym\%yx^m���i\`_M\���}��gv�|i¢i_M\�yx¡Yyx^���w.\�s	^x^�\`Yl��^m_zs.v�|���YM}��Ç\��2Ëi�Ç~

�s	tgv��%y
w�YM~wY!�P�6s.~g\���8wYM��w.\`w.\%y��gv�\����vXZ~Y���x}��gv |>t<\��g^ms	_M}�v�y s ^xv�\Us-y
\%{�^�|%\`tEs	vm_!
�s%��s	�4^]~Y�2yx¡Yyx^���w.\`\�^m\��Y�
v�\���YMy�^xv�\�v��g��ves%¡C}��g�i\�w.\���^�tg_l�iy;�!s�Y � _M\��4�,\%y�tgv�|%{`YltuYl^es	^ZYM}��iy y�\�tgv�}�~Y�uYMy�\���^�~is	�iy�_zsU�4�uYl^�t<}��gv�{%\%y�y�\�v�\��
~g| � �g^�~g\�wbs	^ZYl�i|%\���� Yl�iyZY!¢�_M\�{��gw��g_�\���^xv�\���Å	�>_M\;��}��gvQ|[\�^���Å	��_M\;�x}��gvA|4~��m{%}�_l_M\%{�^�\�_zs`���Es�yZY�Yl�4^�|���ves8�
_�Yl^�|U~g\%y�tgv�|%{`YltuYl^es	^ZYM}��iy�~g\]_zs[~g|�tgv�\%y�y{YM}�� �D�uYMyx^�}���ves	w�w.\ � _M\��P�¸�gH;�Év�\���s	�i{e�i\�¢g_M\%y�{%\�_l_l�g_M\%y�{%}����C\%{�^ZYl�C\%y
Æ�_!
�sV��s	��^ ~Y���#v�}��4^V¢gs�y�y�}�{`YM|%\%y�ÆU{%\%y��I}�vx^�\%y�tgv�|%{`YltuYl^es	^ZYM}��iyV¢gy�}��4^�yx�uYl�4YM\%y�~

 �g�i\ Ylw�t�}�vx^es	�4^�\]^xves8�M�i|%\�{`Ylv��
vZY¼�I}�vxw.\��Y�;
����vX�_M\�tg_l�iy;�!s�Y � _M\��i\�y�\�vesU~g|�^�\%{�^�|����i\�_M}�v�y�~Y��tgv�\�w�YM\�v�tEs�y�yªs	�C\m~Y��yes	^�\�_l_�Yl^�\�_M\k�x}��gvc|�~��
\�^��i\[y�\�vesqs	^x^xvZY � �i|.���,
�Æ>_!
�s�{�^ZYl��Yl^�|�{%}����C\%{�^ZYl�C\b~g\[{%\m��}��gvb�D�uYMy�^�}���ves	w�w.\��C\�vx^�{�_zs�Ylvª�¸�
H��YËi�,¢
_M\m��}��gv
|4~]���,
�\��gv�\���YMyx^xv�\��uY
~g\�{%}��4�C\%{�^ZYM}��A�I}�vx^�\��uY,~g\�tgv�|%{`YltuYl^es	^ZYM}�� �#{��gwU�g_,���g_*�¸�u^h_
\��Av�|%yx�g_l^�\��g�É~g|%{Vs	_zs	�C\
\���^xv�\�_M\���}��gvk~

�\��gv�\���YMy�^xv�\�w.\��4^�~g\%y;tgv�|%{`YltuYl^es	^ZYM}��iy \�^;_M\%y�~g}��g�i|%\%y�~

����vXÌw.\%yx�gv�|%\%y��C�;
�s	vx^�\¸�!s�{�^�{Vs	�iy�|
tEs	v�_M\.v�\%{%}��g��v�\�w.\��4^[~g\%y`�i\��gv�\%y�~

�} � y�\�vx��s	^ZYM}�� ~

 �g�i\.tEs	vx^V¢6_!
�s�yxt�\%{�^�\�^`_M\%y��i\��gv�\%yU~g\btEs�y�yes	�C\.~g\%y
_�Yl���i\%ym~g\���ves�Yl�iy�~

�s	�g^xv�\`tEs	vx^��i}��iyms[{%}��i~Y�uYl^]Æ�^xves%��s�Yl_l_M\�v�s%�C\%{�~g\%y�~g}��g�i|%\%y�~

����2X w.}�¡C\��g�i|%\%ymyx�gv
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�m��}��gv�y��D_M\ ��}��gv |>\�^�_M\]_M\��i~g\�wbs�Yl�,¢i�uYMyx^�}���ves	w�w.\�}�ves	�g�C\��¸�

�,\%y]^xves	�iy��I}�vxwbs	^ZYM}��iyUs	tgt<}�vx^�|%\%y`s	��8Ç~g}��g�i|%\%yU���vX \��4^xves8�M�i\���^U~g\%y�~wY y
|�v�\��i{%\%y�\��4^xv�\[_M\%y���s	_M\��gv�y
Yl�uYl^ZYzs	_M\%y \�^ {%}�vxvZYl�C|%\%y�t�}��g��s	��^ s ^xv�\ Ylw�t�}�vx^es	�4^�\%y�¢�{%}�w�w.\�_M\mw.}��4^xv�\]_M\%y�Ëi���gv�\%y��Y��Åg�IsC��\�^ �Y��Åg� � �kt�}��gv
_M\%y�_zs	^ZYl^x�i~g\%yU�V�Y� > ◦ � }�v�~É\�^`� > ◦ � }�v�~Ayx�gv�_zs�_M}��g��Yl^x�i~g\��Y� > ◦ H;yx^V�

a�\�^x^�\`{%}�vxv�\%{�^ZYM}��Çs	w.|�_�YM}�v�\`ye\��iyZY � _M\�w.\��4^m_M\]_�YM\��2\��4^xv�\�_!
����2X \�^�_zs[tg_l�uYM\�~is	�iy��i}�y�w.\%yx�gv�\%y�tg�uYMyx�
�4�,
�\�_l_M\�s	^x^xvZY � �i\�~g}�v�|��EsV��s	��^�_zs�tg_l�iy � s�y�ye\�{%}��4�C\%{�^ZYM}��És	���x}��gv�}��._zs��#}�vx^�\�tg_l�uYM\�s�y�ye}�{`YM|%\�Æ�_zs`{%}��4�C\%{¸�
^ZYM}�� \%yx^�\��gv�\���YMyx^xv�|%\��,�,\[_�YM\��u���utgv�|%{%|%~g\�w�w.\��4^q�*Ëi�i�,�Y� ]E�IsC�x�¸¢,\%yx^]wbs�Yl�4^�\��Es	��^�~g\��C\���� �g�ut�\��Çtg_l�iy
Ylw�t<}�vx^es	��^V¢Cs%�C\%{ �g�i\ {%}�vxv�|�_zs	^ZYM}��b~g\��K�Y� ].�D�C}xYlv�Ëi�i���Y� ]E� � �x�¸¢�wbs�YMy��i\�v�\%y�^�\����,
 �g�i\�s	tgtgv�}"8wYlwbs	^ZYM}��>s%�C\%{
�g� _�YM\��Ê���uYk�,
�\%yx^�tEs�y�~wYlv�\%{�^V� .�s	�iy�{%\%y�v�|���YM}��iy�¢6_M\%y � s�y�y�\%y�{%}��i{��i\%y[v�\%yx^�\���^�y�}��g�C\��4^.s�y�y�\�<�y��%{��i\%y��
�;
�|���s	t<}�ves	^ZYM}��q~g\%y;�C}��g^x^�\%y�t<\��i~is	��^�_M\��gv�y�{����g^�\%y�v�\%yx^�\�ves`~g}��i{m�g�i\�ves�YMy�}��iyktg�4¡YyZYM���i\�~g\�_zs`wbs	�g��s�YMye\
_�Yzs�YMy�}��É\��4^xv�\U_!
�s�{�^ZYl��Yl^�|U{%}��4�C\%{�^ZYl�C\�~g|�^�\%{�^�|�tEs	v�_!
����vX \�^�_M\%y�tgv�|%{`YltuYl^es	^ZYM}��iy]s	�2y�}�_!�

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

243657398 :<;>=?;A@CBEDF=?GIHKJ-LNM�O�GPHRQS=UT�GPJ7GPJ7VWO�O7QSGIH

9'}��gv[s	�Es	_l¡�y�\�v��g�i\by�|�vZYM\.} � ^�\��4�i\�¢6�i}��iy��g^ZYl_�YMy�\�v�}��iyU_M\%y�tEs	ves	w.��^xv�\%yU_M\%y`tg_l�iy`{%}��gves	�4^�yV�'� Yl�iy{Y;\��
tg_l�iy�~g\%y`yZYlw�tg_M\%y]w.}�¡C\��g�i\%y�s	vZYl^x�gw.|�^ZYM���i\%yV¢
_zs���s	vZYzs	�i{%\�}��u_!
�|%{Vs	vx^�^h¡�t<\[t�\�vxw.\�^x^xv�}��4^U~g\����Es	�4^ZY¼ËE\�v
_zs[~wYMyxt�\�v�yZYM}���s	�g^�}��gv�~Y�At�}xYl�4^�~g\`v�|¸�#|�v�\��i{%\`���,
�\%yx^�_zs[w.}�¡C\��g�i\��
a�\�^x^�\���s	vZYzs	�i{%\Us�t<}��gvm|%�4�Es	^ZYM}�� ;

σ2 =

∑n
i=1(xi − x̄)2

n

�I�Y���C�
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a�\�^x^�\ |%���Es	^ZYM}��[��s�{%\�t<\��i~is	��^�{�v�|%\�v��g� � Yzs�YMy0_�YM|�Æ�_zs�y�}��iy�\%yx^ZYlwbs	^ZYM}���~g\
σ
¢�~

�}���yes��C\�v�y{YM}��[~g| � Yzs�YMye|%\&;

σ =

∑n
i=1 x2

i

n − 1
− (
∑n

i=1 xi)
2

n(n − 1)

�I�Y���C�

�ZtEs	vx^ZYlv�~g\�{%\�^x^�\U��s	vZYzs	�i{%\�¢�Yl_0\%yx^�t�}�y�yZY � _M\U~g\�~g|¸Ëi�uYlv]_M\U{%}�\��b{`YM\��4^`~g\���s	vZYzs	^ZYM}��,�
a�\�^�\�vxw.\[s�~wY¼�
w.\���^ZYM}��g�i\�_�t<\�vxw.\�^]~

 Yl�i~wYM�4�i\�vm_zs.~wYMyxt�\�v�yZYM}��Ç~

 �g�i\`��s	vZYzs � _M\U���gw.|�vZYM�4�i\�� ^h_0yV
�s	��Yl^m~Y��ves	tgt<}�vx^�\��4^xv�\
_!
�|%{Vs	vx^�^h¡�t<\�\�^U_zs�w.}V¡C\��g�i\�� 9�_l�iyUyes���s	_M\��gv`\%yx^`��ves	�i~g\�¢,tg_l�iy`_zsq~wYMyxt�\�v�yZYM}�� s	�g^�}��gvU~g\._zs�w.}V¡C\��g�i\
s	tgtEs	ves8�M^xves Ylw�t�}�vx^es	�4^�\����6s.�i}�vxwbs	_�YMyes	^ZYM}��u~g\Uy�|�vZYM\%ym~g\U��s	_M\��gv�y�tEs	v�_zs�w.}�¡C\��g�i\�~g\�_zs.y�\�vZYM\Ut<\�vxw.\�^
~

�|�_�Ylw�Yl�i\�v�_zs>y�\��iyZY � Yl_�Yl^�|[Æb_zs�w.}V¡C\��g�i\�}��uÆb_!
�|%{Vs	vx^m^K¡�t�\�~Y�¤yZYl���Es	_!¢<\�^mt�\�vxw.\�^�_zsb{%}�w�tEs	ves�YMy�}��u~g\%y
y{Yl���Es	��8�~g}��i{�_M\%y0{Vs	ves�{�^�|�vZYMy�^ZYM�4�i\%y�y�}���^�~wY y
|�v�\��4^�\%y ;	{%}�w�tEs	ves�YMy�}���~g\�_!
�|��C}�_l�g^ZYM}��.~g\�yZYl���Es	��8�~g\ktg_l�uYM\%y
Æ.~g\%y�_zs	^ZYl^x�i~g\%y�~wY y
|�v�\��4^�\%ymtEs	v�\ 8Y\�w�tg_M\��

90}��gv�~g|¸Ëi�uYlv _!
�s�yxt<\%{�^�~

 �g�i\]{%}��gv � \�¢4�i}�^es	w�w.\���^��g��y{Yl���Es	_<yes�YMye}��g�uYM\�v ~g\mtgv�|%{`YltuYl^es	^ZYM}��,¢g_M\�{%}�\����
{`YM\���^�~

�s�y�¡�w.|�^xvZYM\��#}��2{%}�\��b{`YM\���^�~g\�¥��C\����i\%y�yª� t�\�vxw.\�^m~g\U�4�Es	��^ZY¼ËE\�vm_M\`~g|%{Vs	_zs	�C\�~g\`_zs�{%}��gv � \`tEs	v
ves	tgt�}�vx^mÆ[�g�i\�~wYMy�^xvZY � �g^ZYM}���~g\�^K¡�t�\	��s	�iy�yZYM\��g�i\��<a�\]�Is�{�^�\��gv�\%y�^�~g|¸Ëi�uY,tEs	v?;

Cs =
m3x

S2
x

�I�Y� ]��

sV�C\%{

S2
x =

1

n − 1

n∑

i=1

(
xi − mx)2

m3x
v�\�tgv�|%ye\��4^�\�_M\�w.}�w.\���^m~

�}�v�~Yv�\U�.~

�}�� ;

m3x =
1

(n − 1)(n − 2)

(
n

n∑

1

x3
i − 3

n∑

1

xi ∗
n∑

1

x2
i +

2

n

( n∑

1

xi)
3

)
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�6\�v�\%{%}��gv�y�Æq~g\%y�^ZYlves	�C\%y�s	_M|Vs	^�}xYlv�\%y�~g\[��s	_M\��gv�y`y�\�vesq�Is�Yl^`~is	�iyU_M\ � �g^U~g\[��s	_�YM~g\�v�~g\%y�v�|%yx�g_l^es	^�y ;
ye}xYl^�~g\%y]~wY y
|�v�\��i{%\%y�~g\Uw.}�¡C\��g�i\%y`\��4^xv�\���v�}��gt�\%yV¢�y�}xYl^�~g\%y�^�\��i~is	�i{%\%yV���,\%y�w.|�^x�i}�~g\%y]�g^ZYl_�YMy�|%\%y�t<}��gv
\�y
\%{�^x�i\�vU{%\%y�^ZYlves	�C\%yUy�}��4^`^xvZY � �g^es�Ylv�\%y�~g\%y�|�_M|�w.\��4^�y��4�i\�_!
�}��Gye}��g�Es�Yl^�\[^�\%yx^�\�vV�v^K_0t�}��gvxvesqyV
�s	��YlvV¢
tEs	v
\ 8g\�w�tg_M\�¢,~g\[_zs�v�|�tEs	vx^ZYl^ZYM}��Ês	_M|Vs	^�}xYlv�\.~g\���s	_M\��gv�ydYMy�yx�i\%y�~

 �g�u�C\%{�^�\��gv�Yl�uYl^ZYzs	_�~is	�iy`~g\%y���v�}��gt�\%yUs	��8
^es�Yl_l_M\%y�Ë�8g|%\%y[t�}��gv���s	_�YM~g\�v�~g\%y�~wY y�|�v�\��i{%\%y�~g\�w.}V¡C\��g�i\%yb} � ^�\��4�i\%yV���,\%y�{e�i}xY)8O~g\�w.|�^x�i}�~g\%y�\�^�_M\%y
tgv�}�{%|%~Y�gv�\%y�ye\�v�}��4^m~g|¸Ëi�uYMyms	�2{Vs�y�tEs	v�{Vs�y�_M}�v�y�~g\�_M\��gv�y��g^ZYl_�YMyes	^ZYM}��iyV�
� �i\[�I}xYMy`_M\�^ZYlves	�C\>s	_M|Vs	^�}xYlv�\>\�y
\%{�^x�i|�¢
_M\�^�\%yx^�{%}��iyZYMyx^�\bÆA} � ye\�vx�C\�v�{%}�w�w.\��4^[y�\[v�|�tEs	vx^ZYMy�ye\��4^�_M\%y���s8�
_M\��gv�y�} � ^�\��4�i\%yms	tgv��%y�{e�Es��4�i\`^ZYlves	�C\��Ea�\%y�v�|Vs	_�YMyes	^ZYM}��iyV¢Yv�\%yxt�\%{�^�\��4^�_M\%y tgv�}�tgvZYM|�^�|%y�yx^es	�i~is	v�~gy?;Y^ZYlves	�C\%y
Yl�i~g|�t�\��i~is	�4^�y�¢Y�i}�w � v�\�~g\�v�|Vs	_�YMyes	^ZYM}��iy�yx���byes	��^�\�^��i}��qv�\%{��gv�yZYl�4Yl^�|��Y�ctEs	vx^ZYlv�~g\m{%\%y � ^ZYlves	�C\%yV¢��i}��iy
} � ^�\��i}��iy[�g�i\.�#}��i{�^ZYM}��Ê~g\�~g\��iyZYl^�|b~g\>tgv�} � s � Yl_�Yl^�|�¢�~g}��4^�_zsAw.}V¡C\��g�i\q\�^�_!
�|%{Vs	vx^�^K¡�t�\bye}��4^[{%}��g�4�iyV�
H;�Êy��uYl��s	��^�_zsÉ�I}��i{�^ZYM}��Ê~g\>v�|�tEs	vx^ZYl^ZYM}��iy�~g\�_zsÉ_M}xY!¢ Yl_���s s ^xv�\�t<}�y�y{Y � _M\>~g\�~g|¸Ëi�uYlv[_M\%y}Yl��^�\�vx��s	_l_M\%y�~g\
{%}��YËPs	�i{%\��
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� Yl�iyZY!¢Yt�}��gv�_zs�_M}xY � }�vxwbs	_M\�¢i~g}���^�_zs�~g\��iyZYl^�|`~g\]tgv�} � s � Yl_�Yl^�|�\%yx^�~g}��g�i|%\`tEs	v

f(x, α, β) =
1

α
√

2π
.e−

1

2
( t−β

α
)2 �I�Y� > �

Yl_6\%yx^�t�}�y�yZY � _M\�~g\]v�\�^xv�}��g�C\�v�_zs[~g\��iy{Yl^�|`~g\�tgv�} � s � Yl_�Yl^�|U{%\���^xv�|%\`v�|%~Y�uYl^�\`���uY,yV
�|%{�vZYl^�;

F (u) =

u∑

−∞

1√
2π

.e−
1

2
t2 .dt

�I�Y��ÅC�

� }��iy�t�}��g�C}��iy`s	_M}�v�y`~g|�^�\�vxw�Yl�i\�v�_zs���s	_M\��gv`~g\[�¤t�}��gv�� �D�P���]�Y��ÄÉ�4�uY;{%}�vxv�\%yxt�}��i~ Æ�_zs � }�vx�i\�y��Y�
t<|�vZYM\��gv�\�~g\[Ä���� ~g\%ym��s	_M\��gv�y�~g\U_zs>~wYMyx^xvZY � �g^ZYM}��,¢
s%�C\%{

u = 1.28 ∗ σ
�<� Yl�iyZY0����� ~g\%y���s	_M\��gv�ym~g\�_zs

t<}�tg�g_zs	^ZYM}�� } � ^�\��4�i\�tEs	v�_M\%y]^ZYlves	�C\%y�s	_M|Vs	^�}xYlv�\%y`y�}��4^`{%}�w�tgvZYMye\%yU\��4^xv�\[_M\%y � }�vx�i\%y
u = ±1.28 ∗ σ

¢
\�^
y�\�v�}��4^m~g|¸Ëi�uYM\%y�{%}�w�w.\�_M\%yOYl��^�\�vx��s	_l_M\%y�~g\`���	� ~g\`{%}��YËPs	�i{%\��

2436573 2 
 V�@ 
�;>=?;AT
HRVWO J7G J7V�O�O7QIGIH

���U{%}��gv�y0~g\;{%\�^x^�\�|�^x�i~g\�¢�_M\%y'{%}��i�i{�^x�Es	^ZYM}��iy0~g\k~wY y�|�v�\���^�y0y{Yl���Es	��8�}���^'|�^�|�s � }�v�~g|%\%y'y�}��iy6~wY y
|�v�\��4^�y
s�yxt�\%{�^�yV� .�s	�iy��g�¤tgv�\�w�YM\�v]^�\�w�tiyV¢<_zsb~g|�t�\��i~is	�i{%\�~

 �g�i\���s	vZYzs � _M\�
 tEs	v]ves	tgt�}�vx^�Æb�g�i\���s	vZYzs � _M\��
t<\��g^ s ^xv�\u\%yx^ZYlw.|%\u\��c�4YMyx�Es	_�YMyes	��^A_zsÊ~wYMyx^xvZY � �g^ZYM}�� \��c���Es	�C\u~g\¤t<}xYl��^�yÉ~g\u{%\%yq��s	_M\��gv�y2{%}�w�w.\ Yl_
s2|�^�|b�!s�Yl^�t�}��gv�_M\%y�~g}��g�i|%\%y�~

����2XU�;a�\�t<\��i~is	��^V¢�Yl_�\%y�^}Yl��^�|�v�\%y�yes	�4^.~g\>t�}��g�C}xYlv[{Vs	ves�{�^�|�vZYMye\�v.{%\�^x^�\
~g|�t<\��i~is	�i{%\`tEs	v��g�i\���s	_M\��gv��4�gw.|�vZYM���i\�� .�s	�iy��g�Étgv�\�w�YM\�v�^�\�w�tiyV¢uYl_
�!s	�g^�~g}��i{`{��i\�v�{e�i\�vm�g�i\�~Yv�}xYl^�\
~

�\%yx^ZYlwbs	^ZYM}�� ~g\�
jtEs	vUves	tgt<}�vx^[Æ����'a�\�^x^�\>~g|�wbs	v�{��i\�y�\�vesA\�y
\%{�^x�i|%\.\�� �g^ZYl_�YMyes	��^�_zsAw.|�^x�i}�~g\.~g\%y
w.}xYl�i~Yv�\%y�{Vs	vxv�|%yV�<a�
�\%yx^mÆ�~wYlv�\`���i\]_zs�~Yv�}xYl^�\`~g}xYl^�v�|�t<}��i~Yv�\�s	�2{�vZYl^���v�\`~Y�Éw�Yl�uYlw��gw ~g\ ∑n

i=1 e2
i

¢g}��

ei
{%}�vxv�\%yxt�}��i~2Æ�_!
�\�vxv�\��gvm~

�\%y�^ZYlwbs	^ZYM}���~g|¸Ëi�uYM\`tEs	v

ei = yi − a.xi − b
�E� Yl�iyZY!¢Y_zs.~Yv�}xYl^�\`~g\�v�|���v�\%y�yZYM}��

_�Yl�i|Vs�Ylv�\[\%yx^�} � ^�\��4�i\.Æ>tEs	vx^ZYlv�~Y�>�x\��u~

�|%�4�Es	^ZYM}��iy�y��uYl��s	��^
a = rxy

Sy

Sx

\�^
b = my − a.mx

\�^�sbt�}��gv
|%�4�Es	^ZYM}�� ;

y = my + rxy
Sy

Sx
(x − mx)

�I�Y��È��

s%�C\%{�v�\%y�t<\%{�^ZYl�C\�w.\���^
mx
\�^

my
_M\%y�w.}�¡C\��g�i\%ym~g\%y���s	vZYzs � _M\%y�� \�^�
�¢

Sx
\�^

Sy
¢Y_M\%y�|%{Vs	vx^�y�^h¡�t�\%yV�

rxy
{%}�vxv�\%yxt�}��i~2s	�2{%}�\��b{`YM\��4^m~g\`{%}�vxv�|�_zs	^ZYM}���~g|¸Ëi�uYl^�tEs	v3;

rXY =
1

N−1

∑
N
i=1(yi − my).(xi − mx)

√
1

N−1

∑N
i=1(xi − mx)2

√
1

N−1

∑N
i=1(yi − my)2

�I�Y���C�

a�\�^x^�\`w.\%yx�gv�\�~g\U{%}�vxv�|�_zs	^ZYM}��Çt<\�vxw.\�^�~

�\%yx^ZYlw.\�v�_zs�~g|�t�\��i~is	�i{%\�\��4^xv�\�� \�^�
[¢gwbs�YMymy�\�ves��g^ZYl_�YMye|%\
s%�C\%{�tgv�|%{Vs	�g^ZYM}��u\���ves�YMye}��Ç~g\%y��i}�w � v�\���8ÇtuYM���C\%y`s�y�y�}�{`YM|%y3;P{%}�w�w.\[~g|¸Ëi�uYlv��g���I}�vx^m_�YM\��¤\��4^xv�\[~g\���8
yZYl���Es	��8Ç~g}���^�_M\�_�YM\��¤\%y�^m^xvZYl�4Yzs	_!¢
}��u\��4^xv�\�~g\���8Çy{Yl���Es	��8Ç~g}��4^�_M\%y]{Vs	ves�{�^�|�vZYMyx^ZYM���i\%ydYl��^xvZYl�iy��%�4�i\%y`�C|¸�
�i��v�\��4^�_!
 Ylw�t�}�vx^es	�4^�\�{%}�vxv�|�_zs	^ZYM}��O�#y{Yl���Es	��8�w.}��i}�^�}��i\%yª�¸�
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.[
�s	�g^xv�\�^�\%yx^�yV¢P{%}��gves	w�w.\��4^��g^ZYl_�YMy�|%y]\��Çw.|�^�|%}�v�}�_M}���YM\�y�}��4^ � YM\��u~g}�{��gw.\���^�|%y�~is	�iy�_zs�_�Yl^x^�|�ves	^x�gv�\
\�^my�\�v�}��4^��g^ZYl_�YMye|%y�~is	�iy�{%\�^x^�\`|�^x�i~g\�¢E{%}�w�w.\�_!
 Yl�i~wYM{%\U~Y� � s�yx�,¢i~g}��g�i|�tEs	v?;

Nash = 1 −
∑N

i=1(y
∗
i − yi)

2

∑N
i=1(yi − ȳ)2

�I�Y��ÄC�

�k
 Yl�4^�|�v s ^[~g\.{%\�^�Yl�i~wYM{%\b\%y�^`~g\�t<}��g�C}xYlv��C|�vZY¼ËE\�v`_zsA���Es	_�Yl^�|.~g\�_zsqv�\�tgv�|%ye\��4^es	^ZYM}��Ê~

 �g�i\.��s	vZYzs � _M\2�
y
�

tEs	v �g�i\�s	�g^xv�\��
y∗
�¸¢�\��qtgv�\��Es	�4^�\��A{%}�w�tg^�\m_zsU��s	vZYzs	�i{%\�~g\�_zsU��s	vZYzs � _M\�Yl�uYl^ZYzs	_M\��ia�\]{��i}xY)8q~g\m~g|��i}�w�Y¼�

�Es	^�\��gv�v�\��i~�t�}�y�yZY � _M\m_zs�{%}�w�tEs	ves�YMy�}��É~g\m~wY y
|�v�\��4^�y�v�|%yx�g_l^es	^�y ~g\m^�\%y�^�ycYMyeyx�iy ~g\myZYl���Es	��8 Yl�uYl^ZYzs	��8>^xv��%y
~wY y
|�v�\��4^�y��
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rNs^t uwv�x?y{z}|9~���|^�����;v��9�����Z���;�l�Nv��Nv��;�Z��v�y���|9���

ko>A'*#o6+'�O+89!GQL@R!G8lB9!GQLO*#W]f'*476*#j>ADCDR47'*#l)+S$UG85@C89!-D\>[Q3SGB5=*4�)+!L)+!-)+SGB9!$UGB5@R47'�)+!$#o47'*)+!$#�,/.10�2�476+89#WVf�
O?>A85B5@C8m)+!$#�89S$#56+DCB^>AB9#m47�+B9!G'J6*#mO?>A8�)hac>A6+B589!$#�Q3SGB5=*4�)+!$#W]F@CDf#9!G8^>NO}4q#^#5@C�+DR!o)ha @C'JB9!G8�.�U$47QLO?>A89!G8(DR!$#�OfSG85@R4�)+!$#
#9SGDR!$UGB5@R47'+'*S$!$#WV"kl>A'*#l6+'*!&:J6?>AB585@R�GQ3!LO?>A85B5@R!&#9!G8947'JBN>A�f4789)+S$!$#lDR!$#lHq>A85@\>A�+@CDC@CB9S$#jB9!GQLOf4789!GDCDR!3!GB�#9O?>AB5@\>ADR!
)F6�#5@Cgq'?>ADb]m!G'F�*'"]�D\>�UG@C'*:<6+@R�GQ3!�O?>A85B5@R!�#9!G8^>�U$47'*#^>7UG89S$!i�PDba @CQLOf4785B^>A'*U$!i)+!�D\>PB^>A@CDCDR!�)+!�D\>
��!G'*KGB589!
)ha�47�*#9!G85Hq>AB5@R47'"V

�Y���h�1�  �¡R¢h£Y¢h¤�¥Y¦A§¨§?£�©�£«ª«§?¤b§*¬A¬q§?¦
­ !GB®476+B5@CDZ#5B^>AB5@R#5B5@R:<6*!N!$#5BnU$476+8^>AQLQ3!G'JBl6+B5@CDC@R#9SN!G'pUGDC@CQ&>AB947DR47gq@R!_¯±°?>A85gI!`²W³q³q´F]f%(6*!G85gqDC@�>A'*)p)+!N°�ST.

DC@RU$!N²W³q³Jµ<]� �>A6_>A'*)&¶i!G'+g_²W³q³q0F]�·�478589!G'*U$!l>A'*) ­ 47QLO}4M²W³q³q¸J¹ºVF»�D�O}!G85Q3!GB�)+!nU$47QLOf!G'*#9!G8¼D\>jO+85@C'*UG@CO?>ADR!
D\>7UG6+'*!l)+!$#mB9!$U9=+'+@R:<6*!$#()hac>A'?>ADCEF#9!l#5Of!$UGB58^>ADR!lUGD\>7#9#5@R:<6*!$#W]FU$47QLQ3!lD\>;B58^>A'*#���4785Q3S$!j)+!o°*476+85@R!G8W]�:J6+@}��476+8�.
'+@R#9#9!G'<B¼6+'*!o)F@R#5B585@C�+6+B5@R47'`�±89S$:<6*!G'JB5@R!GDCDR!q]*#^>A'*#�U$47QLOf4q#^>A'JB9!oB9!GQLOf4789!GDCDR!qV ­ !GB5B9!oB9!$U9=+'+@R:<6*!o'*476*#�Of!G85Q3!GB
!G'_89!GH7>A'*U^=*!�)hac>WHI47@C8(D\>-)+476+�+DR!l@C'F��4785Q&>AB5@R47'�B9!GQLO*#�.��±89S$:<6*!G'*U$!qV

 "!;O+85@C'*UG@CO}!-)+!;D\>3B58^>A'*#5�±4785Q3S$!L!G'�47'*)+!GDR!GB5B9!$#j!$#5Bo)+!-U$47QLO?>A89!G8l6+'½#5@Cgq'?>AD
S(t)

!G'�!G'<B589S$!q]f�[6+'*!
#9SG85@R!j)+!o��47'*UGB5@R47'*#W]*:<6*!lDba�47'�>AO+O}!GDCDR!j47'*)+!GDR!GB5B9!NQ3�G89!qV}¾J6+@CHq>A'JBnDba�SGB^>ABn)+!j)F@CD\>AB^>AB5@R47'�!GB()+!lB58^>A'*#5D\>AB5@R47'
B9!GQLO}4789!GDCDR!¼)+!¼U$!¿#5@Cgq'?>ADb]/DR!¼UW>ADRUG6+D�!$#5BZ!TÀf!$UGB56*S¼)*>A'*#�)+!$#�!$#5O?>7U$!$#{)+ST�*'+@R#ZO?>A8Z6+'NO+D\>A';B9!GQLO*#�.��±89S$:J6*!G'*U$!q]
#56+@CHq>A'JB�6+'

δt
!GBm6+'

δf
¯Á�f4AÂRB9!j)ha�Ã�@R#9!G'<�}!G85g*]�Ä½>ADCD\>AB�²W³q³q³J¹ºV

,q³
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8+9&:�;=<#>@?BA(9�CEDF<#G=A(9�C�9�H7H�9&IBJ�K�9MLON(NPLOK,LRQ�H0>1ISNT<#K7H,LOG�H5U�9�C1C�9VA(<#>1HWN�<�X�X,Y�A(9�K0A�>@ZTY�K�9�G�H�9�X0:5LOK,L#:�H�Y�K7>�X7H7>�[�\=9�X
G=<#H,LOISIB9�G�HM\(G=9]IB<5^_9�G(G=9]G�\(C1C�9B`

∫ +∞

−∞
Ψ(t)dt = 0 a
b=c1dfe

8+9]H�9�K7IB9gAhDF<#G=A(9�C�9�H7H�9jiELO>1H&K�YkilY�K�9�G=:�9nmo\(G=9gN�9�H7>1H�9j<#G=A(9]>�X�X�\=9]AhD \(G=9]il<#G=:�H7>�<#G
Ψ(t)

[�\(>.NT9�\(HMp�H7K�9
X,<#>1H0A�>1C�LOH�Y�9 a 9 c q=c Ψ(t) → Ψ(2t) e <#\BH7K,LOG=X7C�LOH�Y�9 a 9 c q=c Ψ(t) → Ψ(t+1) ekc 8rDF<#G=A(9�C�9�H7H�9s[�\=9&CEDF<#Gt:5LOC�:�\(C�9�UA=LOG=XsA(9�XMu�<OQ�H�9�XMH�9�ISN=X4vli�K�Y�[�\=9�G=:�9gw#LOK7>�LOu(C�9�X5U�9�X7HVA(<#G=:nA(Ykx=G(>�9]NPLOKs\(Gy>1G=A�>�:�9jA(9gA�>1C�LOH,LOH7>�<#G a a e 9�HMX,LH7K,LOG=X�C�LOH7>�<#G a b e X7\(>1w#LOG�H&CEDF9k?�N(K�9�X�X7>�<#Gz`

Ψa,b(t) = a−1/2Ψ(
t − b

a
) a
b=c|{_e

<#}
a
9�H

b
X�<#G�HVA(9�X*K�Y�9�C�XVL5w_9�:

a > 0 c

~�LOG=XgC�9Bu(\(HgAhD|LOIBY�C1>�<#K�9�KnC�9�XgK�Y�X�\(C1H,LOH�Xjm�NPLOK7H7>1KnA(9BX�Y�K7>�9�XgH�9�ISN�<#K�9�C1C�9�X5U�>1C09�X7Hg>1ISN�<#K7H,LOG�HnAhD \(H7>1C1>@v
X,9�K�\(G=9BLOGPLOC1^�X�9S9�G�<#G=A(9�C�9�H7H�9�Xj:�<#G�H7>1G�\=9�L�w_9�:B\(G=9S<#G=A(9�C�9�H7H�9B:�<#ISN(C�9k?�9 c 8rD \(H7>1C1>1H�YBA(9S:�9�H7H�9BA(9�K7G(>�J�K�9:�<#G=A�>1H7>�<#G�NT9�K7IB9�H7H7K,L�A(9

(i)
il<#\(K7G(>1KjA(9�X�>1G�il<#K7ItLOH7>�<#G=XnX7\(K]C�L�A(9�G=X7>1H�YtY�G=9�K q Y�H7>�[�\=9 a <#\�X7NT9�:�H7K,LOC�9 e mNPLOK7H7>1K*A�\�IB<�A�\(C�9sA(9

L2 U (ii) A(Y�H�9�:�H�9�K�C�L�i
K�Y�[�\=9�G=:�9�m�NPLOK7H7>1K�A(9VC�L]N(;PL#X�9MA(9VCEDF<#G=A(9�U�9�H (iii)
C�L�NPLOK7H7>�9

K�Y�9�C1C�9�A(9"CEDF<#G=A(9�C�9�H7H�9�A(Y�H�9�:�H�9�K,L�CED >1G�H�9�G=X7>1H�Y�9�HoC�L�i�K�Y�[�\=9�G=:�9"AhD \(G=9�w�LOK7>�LOH7>�<#G�A�\�X7> q GPLOC&my\(G�H�9�ISN=X
A(<#G(G=Y cT� <#\(K�:�9�C�L�U�CEDF<#G=A(9�C�9�H7H�9nIBJ�K�9n\(H7>1C1>�X�Y�9nA=LOG=X�:�9�H7H�9nY�H7\=A(9o:�<#K7K�9�X7NT<#G=A�mBCEDF<#G=A(9�C�9�H7H�9oA(9o��<#K7C�9�H5U
A(Y���my\(H7>1C1>�X�Y�9tNPLOKn��9�^_9�K�Xy�������1� a4d5��� + e U'��9�G q LOG=Az8+LO\ a4d5���Ob�e <#\ aE� \(C1H,LOG {�����{_ekcW� Y�G=Y�K,LOC�9�IB9�G�H5U:�9�H7H�9g<#G=A(9�C�9�H7H�9]IBJ�K�9]9�X7H&A(9]C�Lji�<#K7IB9B`

Ψ(t) = eikΨte−|t|2/2 a
b=c + e
C�L#[�\=9�C1C�9s9�X7Hr\(G=9Vi�<#G=:�H7>�<#G�N(C�LOG=9sL5w_9�:V\(G�w_9�:�H�9�\(K�AhDF<#G=A(9

kΨ c_� >1G=X7>PC�L]NPLOK7H7>�9&K�Y�9�C1C�9sA(9V:�9�H7H�9MY�[�\PLOH7>�<#GNT<#\(Kg\(Gzw_9�:�H�9�\(K
kΨ = 5.4

9�X7Hgw�>�X7>1u(C�9tX7\(K]C�L"x q \(K�9 b=c1d�c ~�LOG=X]CEDF9�X7NPL#:�9�A(9B�=<#\(K7>�9�K5U.CEDF<#G=A(9�C�9�H7H�9"A(9��<#K7C�9�HV9�X7H&A(<#G(G=Y�9jX7\(>1w�LOG�Hg`




Ψ̃(k) = (2π)−1/2e−(k−kΨ)2/2 pour k > 0,

Ψ̃(k) = 0 pour k ≤ 0.
a
b=c b�e

8+9�:5LOC�:�\(C.A(9�CED|LOGPLOC1^�X�9�9�G�<#G=A(9�C�9�H7H�9�XM:�<#K7K�9�X7NT<#G=A�mn\(G=9�:�<#G�w_<#C1\(H7>�<#G a 9 c q=c Ij\(C1H7>1N(C1>�:5LOH7>�<#G�A=LOG=X*C�9A(<#ItLO>1G=9nA(9�X*i�K�Y�[�\=9�G=:�9�XV9�G�H7K�9jC�9]X7> q GPLOC'AhDF9�G�H7K�Y�9 S(t)
9�HVCEDF<#G=A(9�C�9�H7H�9gIBJ�K�9 a >�:�>���<#K7C�9�H ekc 8rDFY�[�\PLOH7>�<#GNT9�K7IB9�H7H,LOG�H�A(9*iELO>1K�9&:�9�H7H�9sLOGPLOC1^�X�9MLRx=G�AhDF<#u(H�9�G(>1K�C�Lsi�<#G=:�H7>�<#G

S̃
X7\(>1w�LOG�H�C�9�X0:�<�9k t:�>�9�G�H�X�A(9VA�>1C�LOH,LOH7>�<#G

9�HMA(9�H7K,LOG=X7C�LOH7>�<#G a K�9�X7NT9�:�H7>1w_9�IB9�G�H�LS9�H*u e 9�X7H&A(<#G(G=Y�9g:�>@v¡A(9�X�X�<#\=Xg`

S̃(a, b) =

∫ +∞

−∞
Ψ̄a,b(t)S(t)dt a
b=c|¢_e

Ψ̄a,b(t)
:�<#K7K�9�X7NT<#G=AyLO\y:�<#ISN(C�9k?(9]:�<#G#�4\ q \=Y]A(9 Ψa,b(t) c
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@BA6CDA:E FHG�G�I6J!KMLON�J6P�QRLDSBTVU1WXLDQ�LYI[ZB\�]^\`_badc?egfO_bahFHi
j <#ISIB9SCEDF<#G�H�IB<#G�H7K�YB�(^�i�9 a4d5�����_e Uh<#\�~s>�9�A�;(>�<#\ ���M�#��� al{�����dfe UTCED \(H7>1C1>�X,LOH7>�<#G�A(9oC�L"uPL#X�9oA(9SA(<#G�v

G=Y�9�X�A(9�X�K�Y5LOGPLOC1^�X�9�X#k j>l �>m k j ��n LON(NPLOK,LRQ�H�:�<#;=Y�K�9�G�H�9sN�<#\(K�Y�H7\=A�>�9�K�C�9�X � l ��X c 8rD|LOC1H7>1H7\=A(9�A�\tw_9�G�HIBY�K7>�A�>�9�G�\(H7>1C1>�X�Y�9�X7H*w�LOK7>�LOu(C�9]X7\(>1w�LOG�H*C�LnC�LOH7>1H7\=A(9g<#}�C�LoA(Y�H�9�:�H7>�<#G�X5DF<#NTY�K�9 c ~oD|LON(K�J�X&�'>1Gpo�LOG=A n 9�>1G=9�K
al{���� + e U+C�9�Xo<#G=A(9�X + v ¢ �7<#\(K�XnX7>1H7\=Y�9�XoA=LOG=XjC�L�u�<#K�A�\(K�9"X7\=A�A(9tCED � lBq 9�HgC�9�Xo<#G=A(9�X,rRv � �7<#\(K�X a ~s>�9�A�v;(>�<#\ �����#��� d5�����_e N�<�X�X,9�A(9�G�H]\(G=9BX�> q GPLOH7\(K�9SN(C1\=X]ItLOK�[�\=Y�9tm , ��� ; � L c l GzK�9�w#LOG=:,;=9�U.C�9�X]<#G=A(9�X + v ¢�4<#\(K�XVX7>1H7\=Y�9�XVLO\�G=<#K�A�A(9�CED � lBq X�<#G�H&NT<�X7>1H7>�<#G(G=Y�9�XMA=LOG=X&A(9�X*N(C1\=X&uPL#X,X�9�X*:�<#\=:�;=9�X5U�m,s ¢�� ; � L c

kV>�LOIB9�^�X�9jX7>1H7\PLOG�Hs9�G�H7K�9n:�9�XMA�>@ZhY�K�9�G�H�9�XsK�Y q >�<#G=X5U�G=<#\=XsY�H7\=A�>�9�K�<#G=XsmBC�Loil<#>�XVC�9�XM<#G=A(9�XMA(9gC�LSuT<#K4vA�\(K�9oG=<#K�A 9�H]:�9�C1C�9�XgA(9oC�L"uT<#K�A�\(K�9SX7\=A ch� <#\(K]N(C1\=X]A(9S:�C�LOK7H�Y�UhC�9�X�A(Y�H,LO>1C�XjA(9oCED|LOGPLOC1^�X�9SA�\�X�> q GPLOCWG=9N�<#K7H�9�K�<#G�H�[�\=9jX7\(KVC�9jw_9�G�H�m , ��� ; � LBNT<#\(KMC�9�Xs<#G=A(9�X + v ¢ �7<#\(K�X c�� >1G=X7>EUPC�LtA(Y�:�<#ISNT<�X7>1H7>�<#G�A�\�X�> q GPLOCA(9�w_9�G�H&IBY�K7>�A�>�9�G�m , ��� ; � LoNPLOKVNPL#X*A(9�H�9�ISN=XV9�H&A(9si�K�Y�[�\=9�G=:�9]mnNPLOK7H7>1KVA(9�CED|LOGPLOC1^�X�9�9�G�<#G=A(9�C�9�H7H�9�X9�X7H*IB<#G�H7K�Y�9]x q=c(b=c|{_ekc

kM<#\=X�9kZh9�:�H7\=<#G=XM\(G=9jil<#K7IB9jA(9gx=C1H7K,L q 9o9�G�X,Y�C�9�:�H7>�<#G(GPLOG�H�C�9�XsN�Y�K7>�<�A(9�XsK�9�:�<#\(w�K,LOG�H�C�LBuPLOG=A(9 + 9�H
¢ �7<#\(K�X a X�<#>1H d�b :�C�L#X�X,9�X ekc 8+LyX�<#ISIB9"A(9t:�9�C1C�9�X4v¡:�>�N�9�K7IB9�HoA(9t:�K�Y�9�Kn\(Gz>1G=A�>�:�9�A(9tA(9�G=X7>1H�Y"X7NT9�:�H7K,LOC�9
�4<#\(K7GPLOC1>�9�K a G=<#ISIBY&NPLOKrC�L]X7\(>1H�9utwv�x
t:y1z{x|z~}���<#\{}�� e N�<#\(K0H�<#\=XrC�9�XWNT<#>1G�H�X�A(9 q K7>1C1C�9 al{ ◦ ¢��R{ ◦ ¢_e X�\(KCED � i�K7>�[�\=9jA(9nCED��M\=9�X7H�9�H�CED � H7C�LOG�H7>�[�\=9,�.K�<#N(>�:5LOC c j 9�H7H�9n>1G=A�>�:�9nH7K,L#A�\(>1H�CED|L#:�H7>1w�>1H�YnA�\�K�Y q >1IB9 + v ¢ �7<#\(K�XA�\�w_9�G�HoIBY�K7>�A�>�9�G.U >1C�NT9�\(HnA(<#G=:�p�H7K�9�L#X�X�<�:�>�Y�LO\�?��MG=A(9�XSAhD l X7H � i�K7>�:5LO>1G=9�X cr� \(KjC�9�NT<#>1G�HSA(9 q K7>1C1C�9A(9~kM>�LOIB9�^_UhC�9�X�w�LOC�9�\(K�XgA(9B:�9�H]>1G=A�>�:�9]�4<#\(K7GPLOC1>�9�KjX�<#G�Hg:�<#ISN(K7>�X,9�Xj9�G�H7K�9 ¢ 9�H d5��� m2.s−2 U.L�w_9�:t\(G=9
IB<5^_9�G(G=9jA(9 {Ob m2.s−2 9�H&\(G�Y�:5LOK7HMH¡^�N�9�A(9 d�b m2.s−2 c

� <#\(Kj\(G=9tLOG(G=Y�9tA(<#G(G=Y�9�U+CEDFY�w_<#C1\(H7>�<#G�A(9SCED >1G=A�>�:�9BA(9tA(9�G=X7>1H�YBX7NT9�:�H7K,LOC�9tX7\(K�kM>�LOIB9�^�IB<#G�H7K�9t\(G=9
q K,LOG=A(9�w�LOK7>�LOu(>1C1>1H�Y a x q=cWb=c + ekc 8rD >1G=A�>�:�9�A(9�~ � U0LO\ :�<#\(K�XtA(9�CED|LOG(G=Y�9 d5� s � UWK�9�X7H�9�A=LOG=XB\(G�N(K�9�IS>�9�K
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m−2.s−2 � ��� �/3 ������3!2��!5/3�3!7���� �!& ;<���/3 � +-"%71&'2436� 3*��� �'&!�
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� 9 2�����24���5�76p�

H�9�ISN=XoL#X�X�998BilLO>1u(C�9 a LO\(H�<#\(KnA(9 d5¢ m {�� m2.s−2 ekc 8+9tX7> q GPLOC0<�X,:�>1C1C�9�m�A(9�XgN�Y�K7>�<�A(9�XjL#X�X,998SuPL#X�X�9�Xg9�HCED|LOISN(C1>1H7\=A(9n9�X7H*NT9�\�ItLOK�[�\=Y�9 c
� NPLOK7H7>1KMA�\�A(Y�u(\(HMA�\�IB<#>�XMA(9���\(>1G.UP:�9�X&<�X�:�>1C1C�LOH7>�<#G=XsA(9�w�>�9�G(G=9�G�HMN(C1\=XVLOISN(C�9�X�L�w_9�:jA(9�X*NTY�K7>�<�A(9�X

N(C1\=XrC�<#G q \=9�X5U�A(9�CEDF<#K�A�K�9*AhD \(G=9*w�>1G q H,LO>1G=9*A(9'�4<#\(K�X c#� \B:�<#\(K�XWA(9�CEDFY�H�Y�\(GSItLR?�>1Ij\(I A(9*~ � 9�X7H0LOH7H�9�>1G�HL5w_9�:gN(C1\=XMA(9 d5��� m2.s−2 H7K,L#A�\(>�X,LOG�HMC�9]ItLR?�>1Ij\(I AhD|L#:�H7>1w�>1H�YjA(9�XM<#G=A(9�X + v ¢ �4<#\(K�X c 8+Lox=G�A(9]X,LO>�X�<#G
IB<#G�H7K�9]\(G=9gLOH7H�Y�G�\PLOH7>�<#G�N(K�< q K�9�X,X7>1w_9]A(9�:�9�H7H�9gL#:�H7>1w�>1H�YgL�w_9�:g\(G�K�9�H�<#\(KMmSA(9�X*NTY�K7>�<�A(9�X*N(C1\=X&:�<#\(K7H�9�X c

� NPLOK7H7>1K]A(9SC�L�x q \(K�9 b=c + UhA(9�X]N(\(C�X,LOH7>�<#G=XgA(9oCED >1G=A�>�:�9BA(9S~ � LON(NPLOK,LO>�X�X,9�G�HnL5w_9�:S\(G=9oNTY�K7>�<�A�>�:�>1H�Y
AhDF9�G�w�>1K�<#G=X d5¢ �4<#\(K�X c j 9�X�<�X�:�>1C1C�LOH7>�<#G=X�<#G�H�Y�H�YMLOH7H�9�X7H�Y�9�X�NPLOK n 9�A(9�C�X7NT9�K q 9�Kj���r�#��� al{�����{_ekc;: G=9sLOGPLOC1^�X�9X�N�9�:�H7K,LOC�9 L�Y�H�YyiELO>1H�9�X7\(K�CED >1G=A�>�:�9�A(9�~ � A=LOG=X"C�9�u(\(H�A(9�:,;=9�K�:�;=9�K�X7>sCED|L#:�H7>1w�>1H�Y�A(9�X�<#G=A(9�X�AhD l X7H
a IB9�X�\(K�Y�9�NPLOK�~ �(e N(K�Y�X,9�G�H�9yA(9�XtK�9�G�i�<#K�:�9�IB9�G�H�XtNTY�K7>�<�A�>�[�\=9�X c 8.9�XtK�Y�X�\(C1H,LOH�XtX�<#G�HBN(K�Y�X�9�G�H�Y�X"X7\(KBC�Lx q \(K�9 b=c b N�<#\(KjCED|LOG(G=Y�9 d5� s ��a :�<#\(K7u�9�G=<#>1K�9 e 9�HjC�L�IB<f^_9�G(G=9"X�\(K]C�9�X { + LOG=X a :�<#\(K7uT9 q K7>�X�9 ekc j 9�H7H�9LOGPLOC1^�X�9�x=G=9yK�9�X7H�9�X�9�G=X7>1u(C�9�LO\�? C�Y q J�K�9�XtIB<�A�>@xP:5LOH7>�<#G=X�A(9�NTY�K7>�<�A(9�X�LO\ :�<#\(K�X"AhD \(G=9�LOG(G=Y�9�U�9�HtG=9
NT9�K7IB9�HtNPL#XtAhD >�A(9�G�H7>@xP9�K�A(9�XBNTY�K7>�<�A�>�:�>1H�Y�X�A(9�CED|L#:�H7>1w�>1H�Y�A(9�XB<#G=A(9�X c j 9�NT9�G=A=LOG�H5U�m�NPLOK7H7>1KtA(9�X�A(9�\�?
:�<#\(K7uT9�X5U=:�9�K7H,LO>1G=9�XMX7NTY�:�>@xP:�>1H�Y�XVA(9�CED >1G=A�>�:�9gA(9�~ � NT9�\(w_9�G�HMp�H7K�9]A(Y�A�\(>1H�9�Xg`
< 8.9�X+w�LOK7>�LOH7>�<#G=X ;PLO\(H�9�X�i
K�Y�[�\=9�G=:�9�X'X�<#G�H'H7K�J�X�ilLO>1u(C�9�X c q \=X�[�\.D|mMA(9�X+NTY�K7>�<�A(9�X'>1G�ilY�K7>�9�\(K�9�XWm d5� �4<#\(K�X5UC�9�X&� �|� K�9�X�H�9�G�H&N(K�<�:�;=9�XMA(9 �
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< � NPLOK7H7>1K&A(9 d5¢ m {�� �7<#\(K�X5U�X7\(>1w#LOG�H*C�9�X&LOG(G=Y�9�X5U�CED >1G�H�9�G=X�>@xP:5LOH7>�<#G�A(9�C�Lo� �
� >1G=A�>�[�\=9�\(G=9�NTY�K7>�<Ov
A�>�:�>1H�Y]A�\�K�9�G�il<#K�:�9�IB9�G�HsA(9�CED|L#:�H7>1w�>1H�YjA(9�X&<#G=A(9�X c

< 8.9�X�N(C1\=X q K,LOG=A(9�XyN�Y�K7>�<�A(9�X�IB<#G�H7K�9�G�H�C�9�X�w#LOK7>�LOG=:�9�X�C�9�X�N(C1\=X�il<#K7H�9�X5U*9�H�H7K,L#A�\(>�X�9�G�HyC�9 :�^�:�C�9
X,LO>�X�<#G(G(>�9�KVA(9�CED >1G=A�>�:�9 c

����� �������������! #"%$'&)(+*#,�,-*#./�0$213&+"'�4 #"+$'�

5¡CW9k?�>�X7H�9nN(C1\=X7>�9�\(K�X�IBY�H7;=<�A(9�X�A(Ykx=G(>�9�X]N�<#\(K�A(Y�H�9�:�H�9�K�C�9�X�<#G=A(9�X�AhD l X7HB`T�'>1Gpo�LOG=A n 9�>1G=9�K al{���� + e\(H7>1C1>�X�9�G�HWCED|LOG=<#ItLOC1>�9VA(9�XWw_9�G�H�XWIBY�K7>�A�>�9�Gtm s ¢�� 9�H , ��� ; � L�9�G�H7K�9*K�9�X�N�9�:�H7>1w_9�IB9�G�H d , ◦ 9�H { + ◦ k <#\S9�G�H7K�9
, ◦ 9�H d + ◦ knU(N(\(>�X&>1G�H�J q K�9�G�H�C�9�w_9�G�HVx=C1H7K�Yjm~s ¢�� ; � L cT� D >1C+K�9�X7H�9]\(G=9gLOIgu(> q \76lH�Y�U�C�LoNT<�X7>1H7>�<#GyA�\�H�<#\(K4vu(>1C1C�<#GtK�9�C�LOH7>@i+NT9�K7IB9�H�A(9VC�9�w_9�K�C�9�X�A(9�K7G(>�J�K�9�X�>1G=:�9�K7H7>1H7\=A(9�X c j 9�H7H�9VIBY�H7;=<�A(9�U_iELO>1H�9MLO\":5L#X0NPLOK�:5L#X5U_K�9�X�H�9:�<98(H�9�\=X�9�9�G�H�9�ISN=X c�n 9�9�Az���0�#��� a4d5� s�s e \(H7>1C1>�X�9�G�H*C�9Mw_9�G�H�G=<#G"x=C1H7K�Y�LO>1G=X7>T[�\=9MC�9VH�<#\(K7u(>1C1C�<#G�NT<#H�9�G�H7>�9�CEULOC�<#K�Xj[�\=9 n 9�9�A �����#��� a4d5� , , e H7K,L5w#LO>1C1C�9�G�HBL�w_9�:"C�9Bw_9�G�HnIBY�K7>�A�>�9�G�x=C1H7K�Y"9�G�H7K�9 + 9�H ¢ �7<#\(K�X c ~MK7\(^�LOGLOG=A;:�LOC1C a4d5���Ob�e A(Y�H�9�:�H�9�G�HSC�9�Xn<#G=A(9�XSL�w_9�:�C�9tw_9�G�HjIBY�K7>�A�>�9�G�:5LOC�:�\(C�Y�NPLOKjK,L#A�>�<�X,<#G=A=L q 9�m kM>�LOIB9�^_U
9�HVL�w_9�:gC�Lo:�>1K�:�\(C�LOH7>�<#G�:�^�:�C�<#G(>�[�\=9jm , ��� ; � LB>�X�X7\=9�A(9�X*K�Y5LOGPLOC1^�X�9�X c ~M\(w_9�C a4d5�����_e 9�HV~s>�9�A�;(>�<#\ �������1�
a4d5�����_e \(H7>1C1>�X�9�G�H�C�9jw_9�G�H�IBY�K7>�A�>�9�G�m , ��� ; � L�>�X�X7\�A(9�XsK�Y5LOGPLOC1^�X,9�X k j>l �>m k j ��n <#\�A(9jCED l>j �y� �
x=C1H7K�YM9�G�H7K�9 + 9�H ¢ �7<#\(K�X c ��;=<#K7G=:�K�<Oi�H&LOG=A<:s<�A q 9�X al{�����dfe i�<#G�H�\(G�X7\(>1w�>�LO\(H�<#ItLOH7>�[�\=9�A(9�X�ItLR?�>1ItLjA(9H�<#\(K7u(>1C1C�<#GtA=LOG=X C�9�XWX�<#K7H7>�9�XrA(9�CED l�j ��� ��9�Hr9�GBA(Y�A�\(>�X,9�G�HWC�LsH7K,LR�79�:�H�<#>1K�9&A(9�CEDF<#G=A(9 c_� C1\=X7>�9�\(K�X0LO\(H�9�\(K�X
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m2.s−2
.1�1+�2�& � � �B���?"%+ =-�/�1�1�#;<0	� +�01&'38�1�(��;�7�5�&'2�+����%�������	�'�������/� � &'2�3 � �

\(H7>1C1>�X,9�G�HWCED|LOGPLOC1^�X�9�9�Go<#G=A(9�C�9�H7H�9�XWA�\ow_9�G�HWIBY�K7>�A�>�9�GB9�H'X�Y�C�9�:�H7>�<#G(G=9�G�HrC�9�X'w#LOC�9�\(K�XrLO\�v¡A(9�X,X7\=X A�\oX,9�\(>1C�A(9
:�<#G�x�LOG=:�9�m ��¢ <#\ ����
 aE� K7>�X7H�LOG=AdkV>�:,;=<#C�X�<#G {�����d U�~M>�9�A�;(>�<#\����W�#�1� d5��� s�U���LOC�9�u�LOG=At~sK7\(^�LOG {���� + ekcl G�x=G.U j <�< o ���s���1� al{����Ob�e \(H7>1C1>�X�9�G�H]\(G=9SIBY�H7;=<�A(9BN(K�<�:�;=9BA(9BC�L�G=<#H7K�9tL�w_9�:tC�L�N(\(>�X�X,LOG=:�9tX7N�9�:�H7K,LOC�9A(9�XM<#G=A(9�X + v ¢ ItLO>�X*C�9�XVA(Y�H,LO>1C�XVX7\(K*C�9]:5LOC�:�\(C+G=9]X�<#G�H*NPL#X&i�<#\(K7G(>�X c

52C=LON(NPLOK,LRQ�H0A=LOG=X \(GSN(K�9�IS>�9�KWH�9�ISN=Xr[�\=9�C�LMN(K�Y�X�9�G=:�9*AhD \(G=9&<#G=A(9*X7\(K8kM>�LOIB9�^gG.DF9�X7HWNPL#X \(G=9*:�<#G=A�>@v
H7>�<#GSuT<�<#C�Y�9�G(G=9 c 5¡C(X5D|L q >1HWN(C1\(H��#HrAhD \(G=9�NT9�K7H7\(K7uPLOH7>�<#GBN(C1\=XW<#\SIB<#>1G=X ItLOK�[�\=Y�9*A=LOG=XWC�LMw#LOK7>�LOH7>�<#GSH�<#H,LOC�9A�\�:�;PLOISNyA(9�w_9�G�H c 8.9�:�K7>1H�J�K�9][�\=9�G=<#\=X*N(K�9�G=<#G=X*NT<#\(K&A(Ykx=G(>1K&\(G=9�<#G=A(9�NT9�K7IB9�H&A(9�X�Y�C�9�:�H7>�<#G(G=9�K&C�9�X�7<#\(K�Xs<#}�:�9�H7H�9oL#:�H7>1w�>1H�YjNPLOK,LRQ�H�X7> q G(>@xP:5LOH7>1w_9nNPLOKVK,LON(NT<#K7H�m�A(9�XVw�LOK7>�LOH7>�<#G=X�LOC�Y5LOH�<#>1K�9�X�A=LOG=XVC�9n:�;PLOISNA(9]w_9�G�HV9�H&G.D|LSNPL#X*N�<#\(K&<#u��79�:�H7>@irAhDF<#u=X�9�K7w_9�KVX�9�\(C�9�IB9�G�HVC�9�X&<#G=A(9�XM9k?�H7K�p�IB9�X c

� <#\(KsC�9�XVItLO>1C1C�9�XsX7>1H7\=Y�9�XsX7\(K&C�9]NPL#X,X,L q 9gA(9�XM<#G=A(9�XM9�G � i�K7>�[�\=9jA(9]CED��M\=9�X7Hs9�HMX7\(KVCED��s:�Y5LOG � H7C�LOG�vH7>�[�\=9�X7\(>1w�LOG�H*C�9�X*K�Y�X�\(C1H,LOH�X&A(9�~s>�9�A�;(>�<#\ a4d5��� s e G=<#\=X&9kZh9�:�H7\=<#G=X*\(G=9]LOGPLOC1^�X,9�9�G�<#G=A(9�C�9�H7H�9�XMA�\�w_9�G�HIBY�K7>�A�>�9�G m , ��� ; � L�9�HVY�H,LOu(C1>�X�X�<#G=XV\(G=9�uPL#X�9gA(9gA(<#G(G=Y�9�X*il<#\(K7G(>�X�X,LOG�HMC�LoIB<5^_9�G(G=9nX7\(K&C�LBX,LO>�X�<#GyA(9�XN(C1\(>�9�X�LO>1G=X7>+[�\=9�C�9�\(K�XMY�:5LOK7H�X4vEH¡^�N�9�X c kM<#\=XM:�<#G=X7>�A(Y�K�9�K�<#G=Xs[�\=9�C�LBA(Y�H�9�:�H7>�<#G�AhD \(G=9g<#G=A(9g9�X7HVX7> q G(>@xP:5LRvH7>1w_9omtNPLOK7H7>1KsA�\�IB<#IB9�G�H�<#}�C�LtA(9�G=X7>1H�YnX7NT9�:�H7K,LOC�9&�7<#\(K7GPLOC1>�J�K�9oA(Y�NPL#X�X�9gC�LtX�<#ISIB9nA(9jC�LBIB<f^_9�G(G=9n9�H
A(9]CEDFY�:5LOK7H&H¡^�N�9gX7\(K*C�LnItLO>1C1C�9]A(<#G(G=Y�9 c j 9�:�>+N�9�K7IB9�HVA(9�N(K�9�G=A�K�9j:�<#ISIB9]X�9�\(>1C+m,kM>�LOIB9�^_U + s

m2.s−2 c
8�Lox q \(K�9 b=c|¢ IB<#G�H7K�9jC�LSA�>�X7H7K7>1u(\(H7>�<#G A(9�Xr�4<#\(K�XMX�Y�C�9�:�H7>�<#G(G=Y�XsN�<#\(KMC�9�\(KsL#:�H7>1w�>1H�Y + v ¢ �7<#\(K�XMm{kV>�LRv

IB9�^ c 5¡C�9k?�>�X7H�9V\(G=9 q K,LOG=A(9Mw#LOK7>�LOu(>1C1>1H�YV>1G�H�9�K,LOG(G�\=9�C1C�9�A�\tG=<#Igu(K�9sA(9W�7<#\(K�X0X�Y�C�9�:�H7>�<#G(G=Y�Xs` d5� s�r�NT<�X�X�J�A(9\(G=9oL#:�H7>1w�>1H�Yg>1ISNT<#K7H,LOG�H�9nNT9�G=A=LOG�H�[�\PL#X�>1IB9�G�HsH�<#\(H�9gC�LtX,LO>�X�<#G�;�\(IS>�A(9 a A(9*�4\(>1G�m�X�9�N(H�9�Igu(K�9 e UhLOC�<#K�X[�\=9 d5� , � G.D|L�[�\.D \(G=9jH7K�9�G�H,LO>1G=9oA(9V�4<#\(K�X�X�Y�C�9�:�H7>�<#G(G=Y�X c 8.9nX�9�\(>1CEUTL#X�X�998jC�
#:�;=9�UT9�G q 9�G=A�K�9nC�LtA(Y�H�9�:�H7>�<#G
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AhDF<#G=A(9�Xg^�:�<#ISN(K7>�XoLO\�:�<#\(K�XoA(9tC�L�X,LO>�X�<#G�X�J�:�;=9 a G=<#H,LOISIB9�G�HSA(9g�7LOG�w�>�9�Kom�ItLOK�X ekc j 9�XjA(Y�H�9�:�H7>�<#G=X
X�<#G�HsN(C1\(H��#H�A�\=9�X�mtA(9�XsLOG=<#ItLOC1>�9�X�NT<#G=:�H7\=9�C1C�9�X�[�\.D|mt\(G�X�> q GPLOC'X7^�G=<#N(H7>�[�\=9 c ~oD|LO\(H7K�9jNPLOK7H5U�:�9�K7H,LO>1G=9�XLOG(G=Y�9�X5UhC�L�NTY�K7>�<�A(9SN�9�G=A=LOG�HgC�L#[�\=9�C1C�9BCEDF<#G=A(9B9�X�H]N(K�Y�X�9�G�H�9�U+IB<#G�H7K�9�\(G=9BY�H�<#G(GPLOG�H�9�C�<#G q \=9�\(K�` d5� , s9�H d5� s , a + d �7<#\(K�X ekc 8rDFY�H7\=A(9jA(9�CED >1G=A�>�:�9gA(9g:�9�XVLOG(G=Y�9�XMLoNT9�K7IS>�XVA(9�IB<#G�H7K�9�Ks[�\=9�:�9�X&C�<#G q XMY�N(>�X�<�A(9�XY�H,LO>�9�G�H�N(K�<5w_<�[�\=Y�X�NPLOKsA(9�XsIS>1G(>1ItL#X5Uh9�G�H7K�9nA(9�\�?�ItLR?�>1Ij\(IBX�A(9jCED >1G=A�>�:�9�UT[�\(>�K�9�X�H�9�G�H]LO\ A(9�X�X7\=XsA�\
X�9�\(>1CTA(9MA(9�H�9�:�H7>�<#G c�� >1G=X7>EU�:�9�H7H�9MNTY�K7>�<�A(9MN�<#\(K7K,LO>1H&LOC�<#K�X�p�H7K�9sA(Ykx=G(>�9s:�<#ISIB9�Y�H,LOG�H�A(9�\�?"<#G=A(9�X�[�\(>TX�9X7\(NT9�K7N�<�X�9�G�H c
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l Gt:�<#G=:�C1\=X7>�<#G.U�C�9�Xr<#G=A(9�X + v ¢ �7<#\(K�X0LON(NPLOK,LO>�X�X�9�G�H�X7\(K7H�<#\(HWNT9�G=A=LOG�H�C�L�X,LO>�X�<#GB;�\(IS>�A(9&9�HrNT<�X�X�J�A(9�G�H\(G=9�A�>�X7H7K7>1u(\(H7>�<#GyLOC�Y5LOH�<#>1K�9]LO\�?"Y�:,;=9�C1C�9�X*>1G�H�9�K,LOG(G�\=9�C1C�9g9�H�>1G�H7K,LRv¡X,LO>�X,<#G(G(>�J�K�9gL�w_9�:�\(G=9s>1ISNT<#K7H,LOG�H�9�w�LRv
K7>�LOu(>1C1>1H�Y c l G�IB<5^_9�G(G=9�A=LOG=XoC�LyuPLOG=A(9�X,LO;=Y�C1>�9�G(G=9�U G=<#\=XSA(Y�H�9�:�H�<#G=XS\(G�H�<#H,LOC*AhDF9�G�w�>1K�<#G d5{���� �7<#\(K�XX7\(K�C�9�X { + LOG=XfU�K�Y�NPLOK7H7>�X*A=LOG=X b=c|¢ Y�N(>�X�<�A(9�X*<#G=A�\(C�LOH�<#>1K�9�XVLOG(G�\=9�C�X a Y�:5LOK7H�H¡^�N�9�A(9 {�c|��{ �4<#\(K�X e U�A(<#G�H*C�LA�\(K�Y�9]A(9�w�>�9�IB<5^_9�G(G=9n9�X7H&A(9 d�d �7<#\(K�X a Y�:5LOK7H&H¡^�NT9�A(9 d5��c + �7<#\(K�X ekc
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8+L"IBY�H7;=<�A(9SA(9SA(Y�H�9�:�H7>�<#G�[�\=9oG=<#\=X]L�w_<#G=XgA(Y�:�>�A(YSAhD|L#A(<#N(H�9�K]N�9�K7IB9�H5UhAhD \(G=9oNPLOK7H5UhA(9oK�9�H7K�<#\(w_9�K
A(9�XsN�Y�K7>�<�A(9�X�<#}�C�9jw_9�G�H�IBY�K7>�A�>�9�G�N�<�X,X�J�A(9g\(G=9 q K,LOG=A(9ow�LOK7>�LOG=:�9oA=LOG=X�C�LtuPLOG=A(9 + v ¢ �7<#\(K�X c ~nD|LO\(H7K�9NPLOK7H�9�C1C�9s9�X7H�K�9�C�LOH7>1w_9�IB9�G�H&X7>1ISN(C�9�mgItLOG(>1N(\(C�9�K�\(G=9Vil<#>�X�[�\=9VCED >1G=A�>�:�9��7<#\(K7GPLOC1>�9�K�A(9s:�;PL#[�\=9sItLO>1C1C�9�9�X7H
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:5LOC�:�\(C�Y c j 9�NT9�G=A=LOG�H5U�>1C�LON(NPLOK,LRQ�HjG=Y�:�9�X,X,LO>1K�9BA(9Bw_Y�K7>@xP9�Kn:�9�H7H�9BIBY�H7;=<�A(9t9�Gz:�<#ISNPLOK,LOG�HoC�9�X]K�Y�X7\(C1H,LOH�X
X�\(KVA(9�X*NT9�H7>1H�9�X*N�Y�K7>�<�A(9�XVL5w_9�:gAhD|LO\(H7K�9�XVX,Y�C�9�:�H7>�<#G=X&9k?�>�X�H�9�G�H�9�X c

~�LOG=X�\(G N(K�9�IS>�9�KgH�9�ISN=X5UhG=<#\=XgL5w_<#G=X]K�9 q LOK�A(YSC�L�A(Y�H�9�:�H7>�<#G�9kZT9�:�H7\=Y�9tL5w_9�:SC�L"IBY�H7;=<�A(9BA�\ w_9�G�H
IBY�K7>�A�>�9�G�x=C1H7K�Y�U�NPLOKMC�LBil<#G=:�H7>�<#G�A(9��]LO>�X�9�K5U�9�G�H7K�9 + 9�H ¢ �7<#\(K�X a ~s\(w_9�C d5����� U�~s>�9�A�;(>�<#\ ���&���1� d5�����_ekc8+<#K�X�[�\=9g:�9�C1\(>+:�>+A(Y�NPL#X�X�9�\(G�:�9�K7H,LO>1GyX�9�\(>1CEU(C�9�XVLO\(H�9�\(K�XM:�<#G=X7>�A(J�K�9�G�Hs[�\.D \(G=9�<#G=A(9g9�X7H&N(K�Y�X�9�G�H�9 c

� <#\(Ktw_Y�K7>@xP9�K"[�\.D >1CM9k?�>�X7H�9�\(G C1>�9�G 9�G�H7K�9yC�9�w_9�G�Htx=C1H7K�Yy9�HBC�L�A(9�G=X7>1H�Y�X7NT9�:�H7K,LOC�9yA(9�CED|LOGPLOC1^�X�9�9�G
<#G=A(9�C�9�H7H�9�XfU=\(G=9]Y�H7\=A(9�>�A(Y5LOC1>�X,Y�9]9�X7H�iELO>1H�9]9�G�\(H7>1C1>�X,LOG�HM\(G�X7> q GPLOC.>1G(>1H7>�LOC+:�<#G=X�H7>1H7\=Y]A(9]A(9�\�?�X7>1G�\=Xj`

S(t) = sin(2, 094 ∗ t) − sin(1, 795 ∗ t)

8+9�X�NTY�K7>�<�A(9�X�A(9�X�X7>1G�\=X�X,<#G�H�K�9�X7N�9�:�H7>1w_9�IB9�G�H&A(9 + 9�H + U ¢ �7<#\(K�X c j 9sX7> q GPLOC a x q \(K�9 b=c r�L e 9�X7H�H7K,LO>1H�YMNPLOK\(G=9BLOGPLOC1^�X�9o9�G�<#G=A(9�C�9�H7H�9�X a x q \(K�9 b=c rOu ekc 8+L"X�<#ISIB9SA(9�X�:�C�L#X,X�9�X�A(9nN�Y�K7>�<�A(9�X�:�<#ISN(K7>�X�9�X�9�G�H7K�9 + 9�H+ c|¢ �4<#\(K�XgN�9�K7IB9�HnA(9B:5LOC�:�\(C�9�KnCED >1G=A�>�:�9tA(9t~ � A(9�XjX7>1G�\=X c 8.9tC1>�9�G�9�G�H7K�9tCED|LOISN(C1>1H7\=A(9�A�\�X7> q GPLOC �Ta H e U[�\(>r9�X7H�CEDFY�[�\(>1w#LOC�9�G�HgA�\�w_9�G�H]IBY�K7>�A�>�9�G x=C1H7K�YSA=LOG=X]CEDFY�H7\=A(9�U+9�H�C�L"w#LOC�9�\(K]A(9oCED >1G=A�>�:�9BA(9BCED|LOGPLOC1^�X�9S9�G
<#G=A(9�C�9�H7H�9�XfU�9�X�HVIB<#G�H7K�YnX7\(KMC�LSx q \(K�9 b=c , a L ekc 8+9gX7> q GPLOC AhDF9�G�H7K�Y�9o:�<#G=X7H7>1H7\=YnA(9gX�9�\(C�9�IB9�G�H�A(9�\�?yX7>1G�\=XK�9�G=A�\(G=9SA�>�X�H7K7>1u(\(H7>�<#G�A(9�X�N�<#>1G�H�X�N�9�\�ItLOK�[�\=Y�9 c 5¡CrLON(NPLOK,LRQ�H]A(<#G=:o\(G :�;=9�IS>1Gz9�H�G=<#G�\(G G�\PL q 9SA(9NT<#>1G�H�X c�� >1G=X7>.N(C1\=XMCED|LOISN(C1>1H7\=A(9oA�\�X7> q GPLOC S(t)

9�X�H&il<#K7H�9 a LOGPLOC�< q >�9oLO\yw_9�G�H e U�N(C1\=XsX�<#G�>1G=A�>�:�9nA(9g~ �9�X�H*i�<#K7H c ~�LOG=X*C�9�XV<#u=X�9�K7w#LOH7>�<#G=XfU(\(G�C1>�9�GyA(<#>1H&A(<#G=:]9k?�>�X7H�9�KV9�G�H7K�9�C�9�w_9�G�H*x=C1H7K�Y]9�H&CED >1G=A�>�:�9]A(9�C�LB~ ��c
� \(K C�LVx q \(K�9 b=c , a u e U#C�LVA�>�X�H7K7>1u(\(H7>�<#GSK�Y�9�C1C�9*9�G�H7K�9�C�9�w_9�G�H x=C1H7K�Y + v ¢ �4<#\(K�X 9�HWX,LMA(9�G=X7>1H�Y�X7N�9�:�H7K,LOC�9�X7\(KkM>�LOIB9�^S9�X7HrH7K,L#:�Y�9 c 8+9*C1>�9�Gt9�X7Hru(>�9�GtN(K�Y�X�9�G�H�L�w_9�:*\(G=9VLO\ q IB9�G�H,LOH7>�<#G�A(9*CED >1G=A�>�:�9&A(J�X0[�\=9�CED|LOISN(C1>1H7\=A(9A�\yw_9�G�HsLO\ q IB9�G�H�9 c l G�H7K�9gA(9�\�?�w�LOC�9�\(K�X*il<#K7H�9�X a N�<�X�>1H7>1w_9�X&9�H&G=Y q LOH7>1w_9�X e UPC�9�w_9�G�H&x=C1H7K�Y]NPL#X�X�9�NPLOKVA(9�Xw�LOC�9�\(K�XsiELO>1u(C�9�X c kM<#H7K�9SA(Y�H�9�:�H7>�<#G NPLOK�CED >1G=A�>�:�9SA(9o~ � NT9�K7IB9�H]A(9oA�>�X7H7>1G q \=9�K�\(G�w_9�G�H�IBY�K7>�A�>�9�G�x=C1H7K�Y

iELO>1u(C�9oC1>�YSmB\(G=9BL#:�H7>1w�>1H�Yo<#G=A�\(C�LOH�<#>1K�9SNT9�\�ItLOK�[�\=Y�9�UhAhD \(G�w_9�G�H�IBY�K7>�A�>�9�G�x=C1H7K�YniELO>1u(C�9jItLO>�X�X�>1H7\=YoLO\
X,9�>1GyAhD \(G=9�il<#K7H�9�<#G=A(9 a LO\y:�<�9�\(KVAhD \(G�H,LOC���9 q <#\yAhD \(G�K7>�A q 9 ekc

� >1G=X7>EU�>1C�9�X7H0NT<�X�X7>1u(C�9VA(9&w_<#>1K�[�\=9&C�L]A(Y�H�9�:�H7>�<#G�NPLOK�<#G=A(9�C�9�H7H�9�X�9�X�H0H7K�J�XrN(K�<�:�;=9sA(9&C�LgA(Y�H�9�:�H7>�<#G�NPLOKC�9�w_9�G�HWIBY�K7>�A�>�9�Gox=C1H7K�Y�N(\(>�X,[�\=9�C�9�X�9�:�<#G=AnN(;=Y�G=<#IBJ�G=9*>1ISN(C1>�[�\=9�C�9�N(K�9�IS>�9�K c ~�9�N(C1\=X5UO\(G=9�>1G�i�<#K7ItLOH7>�<#GX�\(N(N(C�Y�IB9�G�H,LO>1K�9B9�X7H�LON(N�<#K7H�Y�9o:�<#G=:�9�K7GPLOG�H�C�9�XVw_9�G�H�XViELO>1u(C�9�X5UTL�w_9�:n\(G=9nA�>�X7H7>1G=:�H7>�<#G�N�<�X�X�>1u(C�9g9�G�H7K�9nC�9�X
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8+9�XMIBp�IB9�X�A�>�X�H7K7>1u(\(H7>�<#G=X�<#G�H�Y�H�Yo9kZT9�:�H7\=Y�9�X�9�G�H7K�9jC�9�Xs>1G=A�>�:�9�X�A(9n~ � m , ��� ; � L"NT<#\(KMC�9�X�<#G=A(9�X+ v ¢ 9�H rRv � �7<#\(K�X c ~�LOG=XjC�L�K�Y q >�<#G � LO;=Y�C1>�9�G(G=9�U <#\�N(C1\=XnLO\zG=<#K�AhU+C�9�X]>1G=A�>�:�9�XnY�w_<#C1\=9�G�Ho9�G�H7K�9"9�\�? A(9
iEL�
�<#G�>1G=A(Y�NT9�G=A=LOG�H�9gL5w_9�:]A(9�X*:�<#K7K�Y�C�LOH7>�<#G=X�iELO>1u(C�9�X5U�K�9�X7NT9�:�H7>1w_9�IB9�G�H&NT<#\(K�C�9�X�C�LOH7>1H7\=A(9�X&A(9 d5{�c|¢ ◦ kM<#K�A9�H {�� ◦ kM<#K�A�A(9 r = 0.16

9�H
r = 0.06 c

80D|LOGPLOC1^�X�9�ilLO>1H�9�AhD|LO\(H7K�9�XyC�<#G q >1H7\=A(9�X�IB<#G�H7K�9�G�H A(9 q K,LOG=A(9�X�X7>1IS>1C�LOK7>1H�Y�X L�w_9�:z:�9�C1C�9�A(9 kM>�LOIB9�^
al{�c|¢ ◦ l X7H ekc j 9�XtK�Y�X7\(C1H,LOH�XtNT9�K7IB9�H7H�9�G�H�AhDF9�G A(Y�A�\(>1K�9�[�\=9�C�L A(Y�H�9�:�H7>�<#G m , ��� ; � L�Uru(>�9�G [�\=9yL#A=LON�v
H�Y�9�LO\�?z<#G=A(9�XnA(9tC�L�u�<#K�A�\(K�9"X7\=AhU.NT9�\(Hjp�H7K�9 q Y�G=Y�K,LOC1>�X�Y�9�m�C�L�A(Y�H�9�:�H7>�<#G�A(9�Xn<#G=A(9�XoA(9BC�L�u�<#K�A�\(K�9
G=<#K�A c l GnK�9�w�LOG=:�;=9�:�9�:�>�G.DF9�X7H NPL#X'w#LOC�LOu(C�9�NT<#\(K CED >1G=A�>�:�9�:5LOC�:�\(C�Y&m�s ¢�� ; � L�A=LOG=X'C�9�X C�LOH7>1H7\=A(9�X IBY�K7>�A�>�<OvGPLOC�9�X�A(9*CED � lBq c 52C=X5D|L�w_J�K�9MA(<#G=:&[�\=9�CED|LOC1H7>1H7\=A(9VA(9&A(Y�H�9�:�H7>�<#G�N(K�Y�X�9�G�H,LOG�H�C�9�IB9�>1C1C�9�\(K�X7N�9�:�H7K�9VAhD|LOGPLOC1^�X�9:�<#K7K�9�X�N�<#G=A�mj:�9�C1C�9�A(9 , ��� ; � L c j 9�N�9�G=A=LOG�H5U(N�<#\(K*LR BG=9�K*CED|LOGPLOC1^�X�9MA(9�X*<#G=A(9�X�G=<#K�AhU�G=<#\=X q LOK�A(9�K�<#G=XLO\�:�<#\(K�XVA(9�:�9�H7H�9]Y�H7\=A(9�CED >1G�il<#K7ItLOH7>�<#G�A(9]CED >1G=A�>�:�9]A(9]~ � m,s ¢�� ; � L c
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� <#\(K�<#u=X�9�K7w_9�KsCEDFY�w_<#C1\(H7>�<#G�A(9jCED >1G=A�>�:�9V�4<#\(K7GPLOC1>�9�K�A(9j~ � U�A(<#G=:jA(9gCEDF<#G=A(9�UPCED � i
K7>�[�\=9gA(9jCED��M\=9�X7H�LY�H�YgA(Y�:�<#\(NTY�9j9�G�H7K�<#>�XsX�<#\=XVK�Y q >�<#G=X�A(9gH,LO>1C1C�9�XM>�A(9�G�H7>�[�\=9�X�9�G�H7K�9 ¢ ◦ ks<#K�A�9�H {�� ◦ kM<#K�A�X7\(>1w�LOG�Hs\(G�LR?(9
l X7H�v>�M\=9�X7H a x q�¢�c , e `

� !��^t � v ��� C�LnN(C1\=XVmnCED l X7H5UPX�9�X7>1H7\=9�9�G�H7K�9 d5� ◦ 9�H + � ◦ l X7H5U�>1C.X5D|L q >1H&A(9�C�LoK�Y q >�<#G�<#}�GPLO>�X�X�9�G�HVC�9�X
� l ��X a�� \(K7N�9�9 d5� , { U�� ekc� !��^t � v �
� 9�C1C�9rX5DFY�H�9�G=A]A(9 d5� ◦ �M\=9�X7H�m d5� ◦ l X�H+9�H+:�<#K7K�9�X7NT<#G=Agm�C�L 85<#G=90AhDFY�H7\=A(9rA(9�X��=\=:�H7\PLOH7>�<#G=X
d5¢ v!r � �7<#\(K�X&A(9�X*N(C1\(>�9�X&NPLOK � \(C1H,LOG al{�����{_ekc� !��^t � v � � :5LOK,L#:�H�Y�K7>�X�9]CED|L#:�H7>1w�>1H�Y]X7\(K*CED � H7C�LOG�H7>�[�\=9j9�G�H7K�9 + � ◦ �M\=9�X7H&9�H d5� ◦ �M\=9�X7H c
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80D >1G=A�>�:�9]IB<5^_9�G�LSY�H�Y�:5LOC�:�\(C�YgA=LOG=X&:,;PL#:�\(G=9gA(9�:�9�X*K�Y q >�<#G=XsmoNPLOK7H7>1KVA(9�X*w�LOC�9�\(K�X*NT<#G=:�H7\=9�C1C�9�XVA(9�XItLO>1C1C�9�X�X�Y�C�9�:�H7>�<#G(G=Y�9�X c�� \(KBC�L�x q \(K�9 ¢�c s�L�LON(NPLOK,LO>�X,X�9�G�H�C�9�XSH7K�<#>�XS>1G=A�>�:�9�XBIB<f^_9�G=XtNT<#\(KS\(G=9yLOG(G=Y�9
A(<#G(G=Y�9 c j <#ISIB9�:�9�C�L�LyY�H�Ytw�\�N(K�Y�:�Y�A(9�ISIB9�G�H5U C�9�Xo<#G=A(9�XnX�<#G�HoN(C1\=XoL#:�H7>1w_9�XomyCED��M\=9�X7Ho[�\.D|myCED l X7H c80D >1G=A�>�:�9�~ � IB<5^_9�G A(9�C�L�K�Y q >�<#G d X5D|L�w_J�K�9�>1G�ilJ�K7>�9�\(Ktm�:�9�C1\(>&A(9"C�L�K�Y q >�<#G + c l G :�9�[�\(>*:�<#G=:�9�K7G=9
C�9�XVw#LOK7>�LOH7>�<#G=XM>1G�H7K,LRv¡X	LO>�X�<#G(G(>�J�K�9�X�A(9]CED >1G=A�>�:�9�U=>�X,9�Igu(C�9nY�IB9�K q 9�KV\(G=9g<�X,:�>1C1C�LOH7>�<#G�A(9�uPL#X�X,9�X*i�K�Y�[�\=9�G=:�9�X
a NTY�K7>�<�A(9�X7\(N�J�K7>�9�\(K�9�m + � �7<#\(K�X ekc 8.9 s�X,9�N(H�9�Igu(K�9�UW\(G=9�<#G=A(9�H�<#\=:,;=9�C�9�XSX�<#\=X4vEK�Y q >�<#G=X�:�9�G�H7K,LOC�9�9�H�M\=9�X�H5U�9�HMC�9 d r��4\(>1C1C�9�H5U�C�9�XVX�<#\=X4vEK�Y q >�<#G=X l X�HM9�HM:�9�G�H7K,LOC�9 cT� \y:�<#\(K�X�A(9j:�9�H7H�9jLOG(G=Y�9 d5� s � UP>1C�G.DF9k?�>�X7H�9NPL#X*AhDF<#G=A(9�X*[�\(>T>1G �=\=9�G=:�9�G�H&C�9�X + K�Y q >�<#G=X&X7>1Ij\(C1H,LOG=Y�IB9�G�H c=� x=G�A(9sN�9�K7IB9�H7H7K�9�\(G=9�:�<#ISNPLOK,LO>�X�<#G�A(9�X<�X,:�>1C1C�LOH7>�<#G=X"A=LOG=XtC�9�XtA�>@ZhY�K�9�G�H�9�X"K�Y q >�<#G=X5U0C�9�Xt~ � <#G�H�Y�H�Yy:�9�G�H7K�Y�9�X"K�Y�A�\(>1H�9�X a x q \(K�9 ¢�c sOu e X7\(>1w�LOG�HCEDFY�[�\PLOH7>�<#G�`

Xn(t) =
x(t) − x̄

σ
al¢�c1dfe

σ
K�9�N(K�Y�X�9�G�H�9sCEDFY�:5LOK7H�H¡^�NT9MA(9MC�LgX,Y�K7>�9*? a H e NT<#\(K�C�9�X�X,LO>�X�<#G=X�A(9�X�N(C1\(>�9�X a4d er ��\(>1G�LO\ + � X�9�N(H�9�Igu(K�9 e A(9

d5� r�stm d5����� U=9�H x̄
C�LoIB<f^_9�G(G=9]H�9�ISNT<#K�9�C1C�9gLO\y:�<#\(K�X&A(9g:�9�H7H�9�IBp�IB9�NTY�K7>�<�A(9 c

� >�9�G�[�\=9MC�9�X*<#G=A(9�XfU�GPLO>�X,X,LOG�H&X7\(K�C�9�:�<#G�H7>1G=9�G�HMLRi�K7>�:5LO>1G.U(Y�w_<#C1\=9�G�HMmjH7K,L�w_9�K�X&\(G=9 q K,LOG=A(9�NPLOK7H7>�9�A(9CEDF<�:�Y5LOG � H7C�LOG�H7>�[�\=9�UTC�9�X�Y�w_<#C1\(H7>�<#G=X]<#u=X�9�K7w_Y�9�X�A(9�X�>1G=A�>�:�9�X�A(9o~ � IB<5^_9�G=X]X�\(K�A(9�XsK�Y q >�<#G=X]A(9nIB9�X�<OvY�:,;=9�C1C�9�X5U(>1G=A�>�[�\=9�G�H&[�\=9sC�9�X 85<#G=9�X*A�\(K,LOG�H&C�9�X�[�\=9�C1C�9�X*:�9�C1C�9�X4v¡:�>hX�<#G�H*C�9�X�N(C1\=X&L#:�H7>1w_9�X�K�9�X7H�9�G�H*C1>1IS>1H�Y�9�XVm
A(9�XMY�:�;=9�C1C�9�XVN(C1\=X*N�9�H7>1H�9�X c

� NPLOK7H7>1K A(9�X ~ � N�<#G=:�H7\=9�C1C�9�X5U#CEDFY�w_<#C1\(H7>�<#G l X7H+v��M\=9�X7HWA(9�CEDF<#G=A(9*9�H'A�\oNPL#[�\=9�H'AhDF<#G=A(9�X H7K�J�XrL#:�H7>1w_9�X
a � �
�5��il<#K7H�>1G=A�>�:�9�A(9�~ �(e 9�X7H�H7K,L#:�Y�9�X7\(K�\(G q K,LON(;(>�[�\=9�H�9�ISN=X4vEC�<#G q >1H7\=A(9�U=A�>1H :s<5w�IB<���C1C�9�K5U a x q \(K�9 ¢�c|�_eNT<#\(K*CED|LOG(G=Y�9 d5� s � UPmjC�LnC�LOH7>1H7\=A(9]A(9 kM>�LOIB9�^ a4d5{�c|¢ ◦ k ekc 8rD|LOGPLOC1^�X�9]9�X�H�iELO>1H�9�A(9 ¢�� ◦ �M\=9�X7HVm + � ◦ l X7H5U
A�\ d er ��\(>1G�LO\ + � X�9�N(H�9�Igu(K�9 c 8.9�XnNPLOK7H7>�9�X q K7>�X�Y�9�XjK�9�N(K�Y�X�9�G�H�9�G�HSC�9�XgItLR?�>1ItL#XjAhD|L#:�H7>1w�>1H�Y�A(9BCEDF<#G=A(9
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a ~ � :�9�G�H7K�Y�9MK�Y�A�\(>1H�9�A=LOG=X�CEDF9�X7NPL#:�9 e U�9�H�C�9�X�:�<#\(K7uT9�X�G=<#>1K�9�X5U�C�9�X�>�X�<#H,L#:,;=9�X*A(9Vw_9�G�H�IBY�K7>�A�>�9�G"G�\(CEU�x=C1H7K�Ym , ��� ; � L c

l Gt:�9&[�\(>=:�<#G=:�9�K7G=9&C�9�Xr<#G=A(9�X0N(K�<#N(K�9�IB9�G�H�A�>1H�9�X5U�C�L�N(K�<#NPL q LOH7>�<#G�w_9�K�XWCED��M\=9�X7H09�X7H0G=9�H7H�9VLO\Sw�\BA(9�X>�X�<#H,L#:�;=9�X�A�\�w_9�G�H�IBY�K7>�A�>�9�G"x=C1H7K�YsG�\(CEU(L�w_9�:�A(9�X�w�>1H�9�X,X�9�X0C�Y q J�K�9�IB9�G�H&>1G�ilY�K7>�9�\(K�9�X�m d������ km.jour−1 cl G�K�9�w#LOG=:,;=9�UP>1C 9�X7HMA�>@ t:�>1C�9nA(9n:�<#G=:�C1\(K�9jX7\(KsC�LSGPLOH7\(K�9jN(K�<#NPL q LOH7>1w_9SA(9tD@��� �����O�k���	�
�=�_DhA(9�X 85<#G=9�XVH7K�J�XL#:�H7>1w_9�XgA(9SCEDF<#G=A(9 c�� <#\(Kn:�9�K7H,LO>1G=XjY�w_J�G=9�IB9�G�H�Xn>1C�LON(NPLOK,LRQ�Hg\(G�C�Y q 9�KnA(Y�:5LOC�L q 9Bw_9�K�XgCED��M\=9�X7Ht`.:5L#XjA�\
d5¢ �4\(>1G m {�� ◦ l UrA�\ d5¢ L#<98(H"m d5� ◦ � <#\ A�\ d er X�9�N(H�9�Igu(K�9�m d5¢ ◦ l c j 9�N�9�G=A=LOG�H�:�9�H7H�9yY�w_<#C1\(H7>�<#G
K�9�X7H�9�H7K�J�X�C�9�G�H�9 a IB<#>1G=X�A(9 ¢���� km.jour−1 ekc 8.9�X 85<#G=9�X"AhD|L#:�H7>1w�>1H�Y�X�9�Igu(C�9�G�H�K�9�X7H�9�KtX7H,LOH7>�<#G(GPLO>1K�9�XL�w_9�:j\(G=9]>1G�H�9�G=X7>@xP:5LOH7>�<#G A(9�XVw_9�G�H�XVx=C1H7K�Y�XMN(\(>�XM\(G=9nLOH7H�Y�G�\PLOH7>�<#G�N(K�< q K�9�X,X7>1w_9�UPItLO>�XMK�9�X7H�9nmSC�LtIBp�IB9C�<#G q >1H7\=A(9�`�:5L#X�A�\ d5� �4\(>1C1C�9�H�m d5� ◦ l <#\�C�9 {�� �4\(>1G�m d5� ◦ � c 8+LBilLO>1u(C�9nK�Y�X�<#C1\(H7>�<#G A�\�ItLO>1C1C�L q 9 al{ ◦ ¢NPLOK { ◦ ¢_e G=9sG=<#\=X�NT9�K7IB9�H�NPL#X*A(9Mw_<#>1K&X�>�C�9�X*:5L#X*A�\ d5¢ L#<98(HVm�� � ◦ � <#\�A�\ {�{ L#<98(HVm {�� ◦ l X�<#G�H�A(9�X
N(K�<#NPL q LOH7>�<#G=X�N(C1\(H��#H�w_9�K�X�CED l X7H cT� \�w�\�A(9o:�9�H7H�9 q LOISIB9nAhDFY�w_<#C1\(H7>�<#G=XfUhC�9�Xsw�>1H�9�X�X,9�XsA(9nN(K�<#NPL q LOH7>�<#GX�9�Igu(C�9�G�H�A(Y�C1>�:5LOH�9�X�m�:5LOC�:�\(C�9�K c ~�9*N(C1\=X0C�L�IBY�H7;=<�A(9*\(H7>1C1>�X�Y&G.DF9�X�HrN�9�\(H�p�H7K�9*NPL#X�L#A=LON(H�YVN�<#\(K0A(9�X,:�9�C1C�9�K\(G=9oY�w_9�G�H7\=9�C1C�9SN(K�<#NPL q LOH7>�<#G c.� NPLOK7H7>1K]A(9nA(<#G(G=Y�9�XjmtN(C1\=Xs;PLO\(H�9oK�Y�X�<#C1\(H7>�<#G a l>j �y� � e Uh~M>�:�o�>1G=X,<#GLOG=A���<#C1>1GPLOK7> al{�����{_e <#G�HoY�H7\=A�>�Y�A(9�XS<#G=A(9�XSA(9 q K,L5w�>1H�Y�N(K�Y�X�9�G�H�9�G�H"A=LOG=XoC�9 � L#:�>@xP[�\=9 c 5¡C�XS<#G�HnIS>�X9�G�Y�w�>�A(9�G=:�9o[�\=9gCEDF<#G=A(9jX�9gN(K�<#NPL q 9nw_9�K�XVCED��M\=9�X7H�L�w_9�:n\(G=9jN�Y�K7>�<�A�>�:�>1H�YnA(9 r�m d5� �4<#\(K�X�LOC�<#K�X�[�\=9gC�9NPL#[�\=9�H&AhDF<#G=A(9�XVIB<#G�H7K�9g\(G�C�9�G�HVA(Y�:5LOC�L q 9gw_9�K�X*CED l X7H c

8rDF9k?�H�9�G=X�>�<#G�C�<#G q >1H7\=A�>1GPLOC�9nAhD \(GyItLR?�>1ItLBA(9gCED >1G=A�>�:�9]G=9gA(Y�NPL#X,X�9�NPL#X b�� ◦ U=:�9�:�>+NT9�\(HV9k?�N(C1>�[�\=9�KMC�LilLO>1u(C�9o:�<#K7K�Y�C�LOH7>�<#G�[�\(>W9k?�>�X7H�9o9�G�H7K�9oC�9�X�>1G=A�>�:�9�X�A(9�X�X�<#\=XsK�Y q >�<#G=X d 9�H
� a l X�H�9�H �M\=9�X7H e w�\=9oA=LOG=X�C�9
q K,LON(;(>�[�\=9 ¢�c s a K�� ��c ��� e L5w_9�:�\(GyA(Y�:5LOC�L q 9]A(9 { �7<#\(K�X c
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: G=9VY�H7\=A(9sA(9V:5L#X�m]Y�H�Y&ilLO>1H�9MNT<#\(K0C�9&N(>�:MA�\ d�b ��\(>1C1C�9�H d5� s ��c 80D >1G=A�>�:�9sA(9M~ � IB<5^_9�G�X7\(K�CED � i�K7>�[�\=9A(9jCED��M\=9�X7Hsv(�s:�Y5LOG �+K�<#N(>�:5LOC a v � � ◦ U {�� ◦ l e � al� ◦ U {�� ◦ k e 9�X�HMH7K,L#:�Y�U�H7K,LO>1HMG=<#>1K�X7\(KMC�LSx q \(K�9 ¢�c1d5� U�9�G�H7K�9��v {�¢ 9�Hr���%s c j 9�HM>1G=A�>�:�9]K�9�:�<#\(w�K�9gA(<#G=:gCED|L#:�H7>1w�>1H�Yj<#G=A�\(C�LOH�<#>1K�9gN(K�Y�X�9�G�H�9gX7\(KVCEDF9�G=X�9�Igu(C�9nA�\�A(<#ItLO>1G=9 c80DF<#u��49�:�H7>@i�A(9j:�9�H7H�9jY�H7\=A(9n9�X7HVA(9n:5LOK,L#:�H�Y�K7>�X�9�KsC�LBA�>�X7H7K7>1u(\(H7>�<#G�X7NPLOH7>�LOC�9nA(9]CED >1G=A�>�:�9nX7\(KV\(G q K,LOG=A�A(<OvItLO>1G=9�U�G=<#H,LOISIB9�G�H&LO\�:�<#\(K�X�AhD \(G=9sL#:�H7>1w�>1H�Ys<#G=A�\(C�LOH�<#>1K�9Mi�<#K7H�9 c 8+L�w�LOK7>�LOu(>1C1>1H�YsX7NPLOH7>�LOC�9MA(9VCED >1G=A�>�:�9MA(9~ � A=LOG=XV:�9]A(<#ItLO>1G=9gLSY�H�Y]LR�7<#\(H�Y�9]9�G�NT9�H7>1H�9�w�> q G=9�H7H�9�XMX7\(K*C�Lnx q \(K�9 ¢�c1d5��c

� \�A(Y�u(\(H�A(9sC�LgN�Y�K7>�<�A(9�AhD|LOGPLOC1^�X,9 a4d5� �4\(>1G e CED >1G=A�>�:�9�9�X7H q C�<#uPLOC�9�IB9�G�H&ilLO>1u(C�9sX7\(K�H�<#\(H�C�9�A(<#ItLO>1G=9L5w_9�:SA(9�XVIS>1G(>1ItL#X�X�\(KMC�9 � LO;=9�CW9�HMC�9 � LO;PLOK,L a >1G�i�Y�K7>�9�\(K]m � � m2.s−2 ekc�: G=9jN(K�9�IS>�J�K�9�85<#G=9oA(9gi�<#K7H�9L#:�H7>1w�>1H�Y�LON(NPLOK,LRQ�HtLO\�G(>1w_95LO\�A�\ � Y�G=Y q LOC&LO>1G=X7>*[�\=9"A=LOG=XnCED��s:�Y5LOG � H7C�LOG�H7>�[�\=9�LO\�C�LOK q 9�A�\�8.>1u�9�K7>�L
:�>1G=[j�7<#\(K�XMLON(K�J�XVC�9]A(Y�u(\(HMA(9�CEDFY�H7\=A(9 c 8rDF9k?�H�9�G=X7>�<#GyItLR?�>1Ig\(I A(9�C�LoK�Y q >�<#GyH7K�J�XsL#:�H7>1w_9gX�9�N(K�<�A�\(>1HVC�9
{�� �4\(>1G.UT<#}�9�C1C�9S9�G q C�<#u�9oC�L�K�Y q >�<#Gzm"CED��M\=9�X7H]A�\�IBY�K7>�A�>�9�GzA(9 � K�9�9�G �*>�:�; c j 9�H7H�9	85<#G=9SAhD|L#:�H7>1w�>1H�YSX�9
H,LOK7>1H0C�9�G�H�9�IB9�G�H�9�GS\(G=9*A�> 8fLO>1G=9&A(9'�7<#\(K�X c�� NPLOK7H7>1K0A�\
	0�4\(>1C1C�9�H5U#\(G=9*X�9�:�<#G=A(9 85<#G=9*AhD|L#:�H7>1w�>1H�YVLON(NPLOK,LRQ�H
:�9�H7H�9Mil<#>�X�:�>hmgCED l X7H5U(L5w_9�:sA(9�\�?�i�<f^_9�K�X5U(LO\hkM> q 9�K7>�Ln9�H*A=LOG=X�C�9 q <#C@il9MA(9 � \(>1G=Y�9 c 8.9 d�b ��\(>1C1C�9�H5U�CED >1G=A�>�:�9IB<f^_9�G 9�G(K�9 q >�X7H7K�9�X�<#G�ItLR?�>1Ij\(I X7\(KgC�9 q K,LOG=A�A(<#ItLO>1G=9 a 9�G�w�>1K�<#G ¢ r m2.s−2 e 9�HnC�9 d rt�4\(>1C1C�9�HnX7\(KC�9oNT<#>1G�H]A(9 q K7>1C1C�9SA(9,kM>�LOIB9�^ c j 9�NT9�G=A=LOG�H5U.X�\(KsCED��s:�Y5LOG � H7C�LOG�H7>�[�\=9�UhCED >1G=A�>�:�9BA(9S~ � G=9oIB<#G�H7K�9SNPL#XAhD|LO\ q IB9�G�H,LOH7>�<#G LO\�:�<#\(K�XoA(9�:�9�X�9�:�<#G=A�Y�w_J�G=9�IB9�G�HB9�HjK�9�X7H�9"myA(9�Xgw�LOC�9�\(K�XgilLO>1u(C�9�X c l G ¢ �7<#\(K�X5U.C�L85<#G=9�A(9Vi�<#K7H�9�L#:�H7>1w�>1H�YsA�>1IS>1G�\=9�:�<#G=X7>�A(Y�K,LOu(C�9�IB9�G�H5UP9�H�C�9�X�il<5^_9�K�X�AhDF<#K7> q >1G=9sK�Y5LON(NPLOK,LO>�X�X�9�G�H&:�<#ISIB9sC�9�XN(C1\=XsL#:�H7>@i�XV9�G�x=GyAhDFY�w_J�G=9�IB9�G�H c

� >1G=X7>EU0LO\ :�<#\(K�XtA(9y:�9�H�Y�N(>�X�<�A(9�UrC�L K�Y q >�<#G AhD|L#:�H7>1w�>1H�Y�ItLR?�>1Ig\(I A(9�CEDF<#G=A(9�K�9�X�H�9yX7H,LOH7>�<#G(GPLO>1K�9�U
A(9�\�?�NPL#[�\=9�H�XBAhDF<#G=A(9�XB>1G=A(Y�NT9�G=A=LOG�H�X�X5D|L#:�H7>1w_9�G�Ht:,;PL#:�\(G C�9�\(KBH�<#\(KBX,LOG=Xo>1G�H�Y q K�9�KtH�<#\(HSC�9�A(<#ItLO>1G=9NT<#\(K q Y�G=Y�K�9�KVA(9�\�?�ItLR?�>1ItL#X&A=LOG=X&CED >1G=A�>�:�9]IB<5^_9�G c
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kM<#\=XVL5w_<#G=X&K�9�H7K,L#:�Y]X�\(K&C�Ljx q \(K�9 ¢�c1d�d C�9�X&A�>@ZhY�K�9�G�H�XV>1G=A�>�:�9�XVA(9�~ � X7\(>1w�LOG�HV\(G=9�A(Y�H�9�:�H7>�<#GyC�<�:5LOC�9<#\zA(9 q K,LOG=A(9�Y�:�;=9�C1C�9 c 8rD >1G=A�>�:�9tA(9B~ � X�\(K]C�9SNT<#>1G�HjA(9 q K7>1C1C�9tA(9~kM>�LOIB9�^ 9�X7H]>1G=A�>�[�\=YtX7\(K�C�L�x q \(K�9NPLOK�C�9�Xs:�K�<#>@? c 8rDF9�G�w_9�C�<#N(NT9 q K7>�X�Y�9o:�<#ISN(K�9�G=A�CEDF9�G=X�9�Iju(C�9BA(9�Xsw#LOC�9�\(K�X�A(9o~ � :5LOC�:�\(C�Y�9�X�X7\(K�C�LBK�Y q >�<#G
� LO;=Y�C1>�9�G(G=9 a4d5� ◦ �M\=9�X7H�� d5� ◦ l X7H e � a4d5{�c|¢ ◦ ks<#K�A � d5¢ ◦ kM<#K�A ekc�� <#\(K�:,;PL#[�\=9jN�<#>1G�HsA(9 q K7>1C1C�9n:�<#ISN(K7>�XsA=LOG=X:�9�H]>1G�H�9�K7w�LOC1C�9�U�CED >1G=A�>�:�9tA(9t~ � 9�X�Hg:5LOC�:�\(C�Y�U�9�Hg\(G�X�9�\(>1C09�X�HgA(Ykx=G(>0NT<#\(Kj:,;PL#[�\=9�X�Y�K7>�9tLRx=G�AhDF<#u(H�9�G(>1K
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C�9BIBp�IB9BG=<#Igu(K�9�A(9��7<#\(K�XgX�Y�C�9�:�H7>�<#G(G=Y�Xn[�\=9oNT<#\(K]C�L�ItLO>1C1C�9�A(9~kM>�LOIB9�^ c 5¡C�9�X7H]NT<�X�X7>1u(C�9SA(9SK�9�H7K�<#\�vw_9�K�C�L"N(C1\=X q K,LOG=A(9BL#:�H7>1w�>1H�YSA(9�X]<#G=A(9�X]m"CED��M\=9�X7H]A�\ � LO;=9�CWNPLOK�\(G=9BLO\ q IB9�G�H,LOH7>�<#Gz>1ISNT<#K7H,LOG�H�9BA(9�X
X,9�\(>1C�X�9�G�H7K�9sC�L]NPLOK7H7>�9 l X7H a X	� � { <#\ ���

m2.s−2 mgK�9�X7N�9�:�H7>1w_9�IB9�G�H d5{�c|¢ 9�H d5¢ ◦ ks<#K�A e 9�H(�M\=9�X�H a X	� b=d
m2.s−2 ekc ��p�IB9SX7>'CEDFY�:5LOK7H]9�G�H7K�9BC�9�X�9k?�H7K�p�IB9�X�A(9�X�~ � LO\ � LO;=9�CWN�9�\(H�NPLOK,LRQ�H7K�9o>1ISNT<#K7H,LOG�HjLO\ :�<#\(K�X
A(9j:�9�K7H,LO>1G=XVY�w_J�G=9�IB9�G�H�X a N(C1\=XMA(9 b�� m2.s−2 C�9�X d�d �4\(>1G.U { 	M�4\(>1G.U d rs�4\(>1C1C�9�H e <#\y[�\.D >1C.N(\(>�X�X�9g9k?�>�X7H�9�K\(G"A(Y�:5LOC�L q 9MA(9�X�ItLR?�>1ItL#X�9�G�H7K�9VC�9�X0ItLO>1C1C�9�X a x q=c�¢�c|�_e U_C�9�X�Y�w_<#C1\(H7>�<#G=X�A(9�X�w�LOC�9�\(K�X09k?�H7K�p�IB9�X�X�<#G�H�u(>�9�G:�<#K7K�Y�C�Y�9�X�mo:�9�H7H�9]Y�:,;=9�C1C�9 c

8�Lyw�LOC�9�\(KnIB<5^_9�G(G=9�A(9�H�<#\=Xn:�9�Xn>1G=A�>�:�9�XS9�X7HSLR�7<#\(H�Y�9 a K�<#G=A ekc j 9"X7> q GPLOC&LON(NPLOK,LRQ�HoN(C1\=XjC1>�X,X�9�U�:�9[�\(> N�9�K7IB9�H]AhDFY�w�>1H�9�K�C�L"A(Y�H�9�:�H7>�<#GzA(9nN(>�:�X�>�X�<#C�Y�X c j DF9�X7H�C�9S:5L#X�A(9�X�>1G=A�>�:�9�X�NT<#G=:�H7\=9�C�X�i�<#K7H�X]LO\ :�<#\(K�X
A(9jC�L�X,LO>�X�<#G�X�J�:�;=9�UT<#\�AhD|LOK7H�9kilL#:�H�Xs>�X�<#C�Y�X�A=LOG=XMC�9jX7> q GPLOC A(9jw_9�G�H�IBY�K7>�A�>�9�G cT� >1G=X7>'C�9�Xs<#G=A(9�X�C�9�XVN(C1\=XL#:�H7>1w_9�X�9�HBC�9�XSN(C1\=X�Y�H�9�G=A�\=9�XtX�9�K�9�H7K�<#\(w_9�G�H"A=LOG=XSCED >1G=A�>�:�9yIB<5^_9�G c j 9�H7H�9�IBY�H7;=<�A(9yN(K�Y�X�9�G�H�9�G�H�A(9�X
>1G=:�<#G�w_Y�G(>�9�G�H�XsG=<#H,LOISIB9�G�HsC�<#K�X�[�\=9S`

c \(G=9V<#G=A(9s9�X7H�L#:�H7>1w_9M[�\=9MX7\(K0\(G=9MNPLOK7H7>�9MA(9VC�L�K�Y q >�<#G.U�9�H0G.D|LON(NPLOK,LRQ�H�NPL#X�:�<#ISIB9&il<#K7H�9Mm]H7K,L�w_9�K�XCED >1G=A�>�:�9�IB<5^_9�G a4d er L#<98(H e
c \(G�>1G=A�>�:�9jil<#K7H�:5LO\=X,YgNPLOK�\(G=9o<#G=A(9ji�<#K7H�9n:�<#G�x=G=Y�9BmB\(G=9nNPLOK7H7>�9nK�9�X7H7K�9�>1G�H�9SA�\�A(<#ItLO>1G=9�U.LOC�<#K�X
[�\=9�CED|LO\(H7K�9�NPLOK7H7>�9]K�9�X7H�9�NT9�\�>1G �=\=9�G=:�Y�9 a4d sBL#<98(H ekc8+9�H7K�<#>�X7>�J�IB9y>1G=A�>�:�9y[�\(>ML�Y�H�Y�:5LOC�:�\(C�Y�X7\(KB\(G=9�N(C1\=X q K,LOG=A(9yK�Y q >�<#G ` a v � � ◦ � {�� ◦ l e � al� ◦ � {�� ◦ k e

a :5LOK7K�Y e 9�G q C�<#uT9�C�L�85<#G=9]A(9gN(C1\=X q K,LOG=A(9g>1G �=\=9�G=:�9jA(9�X � l ��X a :ki c x q�¢�c1d�dfekc 8.9�XM>1G=:�<#G�w_Y�G(>�9�G�H�X�X�<#G�HC�9�X]IBp�IB9�Xg[�\=9oN�<#\(K]C�L"IB<f^_9�G(G=9tX7\(K�C�L�K�Y q >�<#GzX,LO;=Y�C1>�9�G(G=9�U+L5w_9�:B\(G=9S:�9�K7H,LO>1G=9�L#:�:�9�G�H7\PLOH7>�<#GzC1>�Y�9tm
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Q8RTSVUXW;Y[Z]\^R`_baCcedXfgUXW;_[h[_[dXfbija;flk2mn\�Z;fboPpX\qfgrjcef6\qf6\nmqfbisfbitaCW;fg\qf[Z]uviedXf[ZwkO\xSyh[uvitz{f[hbaCmquvi
fba|\xSLUX\ncXmqf8ief
Z;uvmna}U0SvZ<d~mnW;f[hbaw�O�jfb\quvi�\^R`_baCcedXf(pXmnpX\nmquv�lW*SVUX�Xmqrjcef4�^SVmna;f(deSVieZ}\qf4h;�0SVUXmnaCW;f��jkedXf[Z<Z;f[hba;fbcXW;Z�UOfbcXz{fbija.S[z{uvmnW
dXf[Z}h[uvieZ;_[rjcefbieh[f[Z�uvUXU2ulZ;_[f[Z��6cXief4\xSVaCmnaCcedXf(dXuviXie_[fl�e�.mnieZCm^k~deSVieZ}\xS8W;_b�lmquvi"�%SV�e_b\nmqfbiXieflk0mn\NZ;fboPpX\qfbW*SVmna
rtcef.\qf��ec~�ydXf.ieuvW;dyfbaM\qf|a*SV\n��fb��h[uvWCW;f[ZCU2uviedXfbita��8dXf[Z�W;_b�lmquvieZMUXW;uvUXmqh[f[Z<�6\xSPh[uvijz{f[hbaCmquvi�fba�\qf��ec~�ydXf
ZCced�fba�\qf<WCmqd~�{f]�(dXf[Z�W;_b�lmquvieZMd�R mniX�XmnpXmnaCmquviN�~���ei�dXf.Z�S[z{uvmnW�Z;m0\^R`uvpeZ;fbWCzlSVaCmquviydXf�\^R mno�U0Svhba�dXf[Z�uviedXf[Z�Z;cXW
\xS]h[uvitz{f[hbaCmquviyW;f[rtcXmqfbWCa�\xS4d~mqZCaCmniehbaCmquviNkjSVc�UXW;_wSV\xSVpX\qflktdXf[Z�d~m���_bW;fbita;Z�Z;f[hba;fbcXW;Z�dXf<\^R`uviedXflklieuvceZ�W;_wSV\nmqZ;uvieZ
cXi�SV\n�{uvWCmnaC�Xo�fPdXf(d~m���_bW;fbitaCmxSVaCmquvi�UXW;_[Z;fbita;_(�e�lcXW;fP�~�n�l�

�.uvceZ�h[uvieh[fbitaCW;uvieZ�ieuvaCW;fM_baCcedXfM��\xS|Z*SVmqZ;uvi8�tcXo�mqdXf(��d~c�� er � cXmni�SVc� l¡|Z;fbUXa;fboPpXW;f£¢¤uv¥gUX\nceZ�dXf}¦l¡t§
d~c�hbcXoPcX\0dXf<UX\ncXmqfM¨6UXW;_[hbmnUXmna;fl�{��U0SVWCaCmnW�dXf}h[f[Z�©l�l©l¦ � uvcXW;Z<�ª�w©l  � uvcXW;ZM«.©l 4SVieZ¬¢�kvieuvceZ�f¬�2f[hbaCceuvieZ�cXief
UXW;fbo�mq_bW;f6Z*_b\qf[hbaCmquvi�ZCcXW.\xS�dXfbieZCmna;_8ZCUOf[hbaCW*SV\qf � uvcXWCi0SV\nmqYbW;f­�®z{uvmnW�o�_baC�eu%dXfPdXf6dX_ba;f[hbaCmquvi¯dXf[Z|uviedXf[Z¬¢����tm
h[fb\n\qf¬°±hbm�f[ZCa}ZCcXU2_bWCmqfbcXW;fP�8cXi²Z;fbcXmn\NZCmno�mn\xSVmnW;f6�gh[fb\ncXm�dXf(¦l³t§´dXf(h[uvi~�:SVieh[flkXieuvceZ<h[uvieZ;mqdXYbW;fbW;uvieZ�rjcef]\qf
UOuvmnija}dXf��lWCmn\n\qf]f[ZCa}S£�2f[hba;_|U0SVWMcXief]uviedXfl�0µ�f.Z;fbcXmn\O�X�X_.deSVieZ�cXi­UXW;fbo�mqfbWMa;fbo�UeZ<�6 l�

W.m−2 U2uvcXW�\xS
o�SVmn\n\qf�dXf.��mxSVo�fb¨{kjZ;fbW*S(deSVieZ�\xS(ZCcXmna;f.dXf<\^R`_baCcedXf<o�u%d~m��0_.S£�eiydXf}�^SVmnW;f<cXief._baCcedXf�dXf�Z*fbieZCmnpXmn\nmna;_l�~�tmOh[f
UXW;fbo�mqfbW�hbWCmna;YbW;f(f[ZCa}ie_b�tSVaCm��Ck~ieuvceZ�h[uvieZ;mqdX_bW;fbW;uvieZ�h[f � uvcXW<h[uvo�o�fg¶b·v¸e¶(¹l¸:ºj»¬�X¼NuvW;rjcef(h[f]UXW;fbo�mqfbW<a;f[Z;a
ZwRTS[z{YbW;fPUOulZ;mnaCm��ªk~cXief6Z;f[h[uviedXfPZ;_b\qf[hbaCmquvi�UOfbcXa]SV\quvW;Z�½baCW;f]�^SVmna;fPfbi²UXW;fbi0SVija.\qf(z{fbita�o�_bWCmqd~mqfbi � uvcXWCi0SV\nmqfbW
�e\naCW;_6fbijaCW;f� �fba4³ � uvcXW;Z4�­�V¡l¡��e¾�S~�N�tcXmnzlSVita]\qf6a±¨%UOf8d�R`_bz{uv\ncXaCmquvi¿dXf8h[fPz{fbija]Z;cXW]  � uvcXW;Zg��fbitaCW;f�Àl°*�
fba<À%Á6�£¢�kXieuvceZ.dX_ba;fbWCo�mnieuvieZ�\qf4Z;f[hba;fbcXW.d�R`uviedXf�ÂeÃ?\nc~�­dXf]ieuvW;d�uvc�dXf4ZCced�kXa*SV\n��fb��uvc²WCmqd~�{fl�

�´U0SVWCaCmnW8dXf�h[fbaCa;f�o�_baC�eu%dXflkNieuvceZPmqdXfbitaCm��0uvieZ�¦t�V  � uvcXW;Z6SvZ;Z*ujhbmq_[ZP�²cXief�uviedXf���Z;cXW(mniXmnaCmxSV\qfbo�fbita
©l�l©l¦ � uvcXW;Z¬¢�k%rjcXmOZ;f.W;_bU0SVWCaCmqZ;Z;fbija�SvZ;Z;fbÄ]_[rtcXmna*SVpX\qfbo�fbija<fbitaCW;f]\qf[ZMdXfbc~���ec~�"�Å©l³l¦ � uvcXW;ZMdeSVieZ�\qf��ec~�ydXf
ieuvW;d"fbaP©lÆ~� � uvcXW;Z4deSVieZ4\qf6�ec~�¯dXf�Z;ced:¢<fba4fbijaCW;f�\qf[Z]WCmqd~�{f[Z��Å©l©l  � uvcXW;Zb¢<fba]\qf[Z]a*SV\n��fb�{ZL�Å©l l¡ � uvcXW;Zb¢��
¼�R cXaCmn\nmqZ*SVaCmquviÇd~c¿z{fbitaP�e\naCW;_�U2fbWCo�fba6d�R`uvpXa;fbiXmnW8h[fbaCa;f�d~mqZCaCWCmnpXcXaCmquviÇ_[rtcXmna*SVpX\qfl��µ�fbUOfbiedeSVija6mn\�¨sS�cXief

¦l 
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Ridge
223 jours

Flux de sud
261 jours

V
ite

ss
e

temps

V
ite

ss
e

temps

V
ite

ss
e

temps temps

V
ite

ss
eJ−1  J   J+1 J−1  J   J+1 J−1  J   J+1

Flux de nord
259 jours

Talweg
230 jours

Test sur le vent méridien filtré

J−1  J   J+1

p1 p2 p3

n_p3

n_p2

n_p1

p1 p2 p3 p1 p2 p3 p1 p2 p3 p1 p2 p3

2829 jours (du 1er juin au 30 septembre de 1968 à 1990)

Test de présence d’une onde sur le point de grille de Niamey
Densité spéctrale supérieur à 38 m−2.s−2

OUI NON

t_p1

t_p2

t_p3

s_p1

s_p2

s_p3

r_p1

r_p2

r_p3

o_p1

o_p2

o_p3

Test sur la pluie journaliére associée: faible p1<4 mm, modérée  4mm < p2 < 8 mm, forte 8 mm < p3

>0?8@BA�C�D�EGF�H9I�J�KGL�MON�P�QSRUT�RUT�M�V�W�L�M�QSM�X�Y�N�M�K�XZT�R	V[V4R	W)N�R]\�L:V[T6R^I
_ K�X�T6RUR�N9T�R^I�R	\�L�V0M�QS`�YGW�N�V[V4\�L[I�R	V0`�L�a	W]M�`�M�N�Y<N4M�KGX�V	D

b�c�dfe+g�h+ikj�h/ikl#m]n7o3p8h/h+i�m)g�h/p8hqikl#r'o3g�hsb3hut)l#v3g�wxbkn7ikwxp8h�wxykv�z{h+mSp8h�wxm]n7p%|$h+}�w~h+mSg)c8b�}�h�w<���2n���e+g)c8l�b�c8j+c%m�e
b3h=p��5l#ikb3h6���6n7g)c�n7i�mUh+i�m)g�hx�'�q��t:l#v3g�wG��h�w)m�g�e+}6v3p%c8�+g�h+r�h+i�m"h+i�b3h�w�w�l#vkw�b3h^�=t:l#v3g�wx� �uc8h�b��3c8l#v��+�[�#�%� 4 3 3 3 �
� v��+�9�#�8�3�6�6�6���-���uc%ikw)c��3n7v�j�l#v3g�w^b3hxj�h�wU��e+g)c8l�b3h�w<��p8h=��h+i�m^r�e+g)c8b�c8h+i¡ kp%m)g�ex��h+v3m<���¢n7g^h-z�h+rs�3p8h6���¢n#w�w�h+g
o3g)v3m]n7p8h+r�h+i�mubf� v3i¡r�n�z�c%r'v3r£�qv3i¡rsc%i3c%r'v3r¤� bf� v3i�ykv�z�b3hSw)vkb¥�qv3i�ykv�z�b3hxikl#g�b¢�$w]n7ikwBt:l#v3g)ike�h~b3h
m)g]n7ikw�c%m)c8l#i¦�¢bkn7ikw"j�h§j<n#wG�kn7vkj+v3i¨g)c8b�}�h~ikh§w�h+g]nZ�3g)c8w=h+i©j�l#rs�3m�h6�

ª ikhq« l#c8wSj�h+m)m�hsb�c8w)m)c%ikj+m)c8l#i¬h-dfh�j+m)vke�h6��ikl#vkw§n7p%p8l#ikwS��l#v3��l#c%g~c%i�m�e+}6g�h+g§p8h�wSj+g)c%m��+g�h�w§b3hZ�3g�e�j+c%�3c%m]n7m)c8l#i
t)l#v3g)i¢n7p%c8�+g�h¡b3e- ki3c8wqbkn7ikwqp8h�j]�¢n7�3c%m)g�h¨­¬� ® 4 �¯®9�¨h+mZ®9���-�¯�2��h�j°j�h�b3h+g)i3c8h+g/j+g)c%m��+g�h6�2ikl#vkwZb�c8w)m)g)c%o3vkl#ikw
p8h�wZ�6±6� 3 t)l#v3g�w~c%i3c%m)c�n7v�z¬bkn7ikw 4 �¥w�l#vkw)²³e+p8e+r�h+i�m�w'w�v3c%�#n7i�m'p8h+v3g�w'n#j+m)c%��c%m�e�w'l#ikb�v3p�n7m�l#c%g�h�w<�2p8h�w�h�j+m�h+v3g'b3h
p��5l#ikb3h'h+m^p�nZ�3p%v3c8h�t:l#v3g)i¢n7p%c8�+g�h6�k�9� c%rs�¢n#j+m=b3h�w"l#ikb3h�w^w)v3g^p�n/j�l#i���h�j+m)c8l#i©w�h+g]n/l#o3m�h+i�v{h+i¥g�h+rs�3p�n#´<n7i�m=p8h
j+g)c%m��+g�hqb3hS�3p%v3c8h~�¢n7g"v3i©j+g)c%m��+g�h'bf�Oµx�¦¶·��µx�2¶ 4 �¢µx�¦¶x�sh+mxµx�¦¶x���-�

¸'¹�º »�¼^½�¾�¼^¿/¾�À�¾:Á�ÂÄÃqÅ[ÆÈÇZ½�Â[ÉB¾)Ç/¾:ÁÊ¼^ÁÊ¾�Ë"ÌZÆÍÃZ¼"ÌZÆÎÀ�Å[ÆÎÆÊÅ[É¦Á�Å[Ï'½�ÆÎÃ¡Ð�Ë"ÌZÃqÅ[Æ

Ñ[Ò.Ó0Ò³Ô Õ×Ö[Ø9Ù$Ú�Û�Ü�Ý�Ö2ÞßØ9à¢á¨â$ã�ä¢å3Ý�â�ÝæÜ6Û�Ü�Ý�Ö2Þ$á

�Bn¡r�e+m)�kl�b3h�b3e- ki3c8h��3g�e�j�e�b3h+rsr�h+i�mZ��h+g)r�h+m'bf�5l#o3m�h+i3c%g'p�n¥b�c8w�m)g)c%o3v3m)c8l#içb3h�w^t)l#v3g�w§bkn7ikw'p8h�w§b�c�d�e-²
g�h+i�m�h�w=j+p�n#w�w]h�w^b3hS�3p%v3c8h~w)v3c%�#n7i�m"p8h~w�h�j+m�h+v3g"b3hSp��5l#ikb3h6�3�¦h�w"g�e�w)v3p%m]n7m�w"b�v¨b3e�j�l#v3�¢n7}�h'w]l#i�m"b3l#i3ike�w"bkn7ikw
p8h§m]n7o3p8h<n7v{±�� 4
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m2.s−2 /�021�354�687:9<;=4 >@?A0CB�6ED /�021�3F4�6HG�1I4 JLKM4�D 6 NPORQ
SUTWVYX[Z]\_^W^8` ��aWb � T b c�cWb c�d_b c \ b c�dWb

S d VY\_^W^eZ]X[Z].f^W^8` T�g b d , b d�d_b d T b T�. b T�g b
Sh,iVj.f^W^kZlX�` , d_b d�m_b T d_b T m_b T m
b T�g b

n "porq:sutwv:t_xy"{z@s�| }�~�� } � � }��{� }�} � ����~�� }���}��
�����ÊA�C�D�EGF{�$M�V�N�L4M���\6N�M�K�X{T6R-V)��K�\�L�VSV4\�M��+YGX7NuI�Y�`�L�a	V4R]X�W�RqTk_ K�X�T6R'R]NxI�RqN��7`�R/T6Rq`�I�\�M�R/T6R°E�����C��©E������{�ÊV4\�LxI�Y

Q~YGM�I�I�R^T6RH�9M�YGQSR����.V³R	\�M�IÊT6RH�f�@�f�GC
m−2.s−2 �

������� 	�

������������������� 	�
������������ � !#" $�%�&
')(+* ��a

m2.s−2 /�021�354�687:9<;=4 >@?A0CB�6ED /�021�3F4�6HG�1I4 JLKM4�D 6 NPORQ
SUTWVYX[Z]\_^W^8` \ m_b \�T b m \ b � g b c , b c�dWb

S d VY\_^W^eZ]X[Z].f^W^8` T m_b d g b T m_b d
m_b T�g b T�g b
Sh,iVj.f^W^kZlX�` , cWb , aWb g b Ty\ b T�. b T�g b

n "porq:sutwv:t_xy"{z@s�| ����� �A�p� �<��� � � }��{}I� }���}��
���h��A�C�D��6Fp��T6R	Q ��V4R]\�M�Ih�_�I�_¡��

m2.s−2 �

¢ v3g¯p8h�w��6±6� 3 t)l#v3g�w<��ikl#vkw[j�l#ikw)c8b3e+g�l#ikw 3 ­#�$t:l#v3g�w[n#w�w]l�j+c8e�w[�ub3h�w[�¤£�¥¬w§¦�v3c3w�h9g�e+�¢n7g)m)c8w]w�h+i�m�b3h$«�n#´�l#i
n#w�w�h�¨�e+}�n7p8h°bkn7ikw§p8h�w'b�c�dfe+g�h+i�m�wZw�h�j+m�h+v3g�wqb3hsp��5l#ikb3h6� 3]© b3h�w^t)l#v3g�w'w�l#i�m'bkn7ikw'p8h�w'w�h�j+m�h+v3g�w'ikl#g�b l#v
w)vkb¥h+mu± © bkn7ikw"p8h�w"g)c8b�}�h�wuh+m"m]n7p%|$h+}�wG�¢�2n�g�e+�¢n7g)m)c%m)c8l#i{b3h~p�� c%i�m�e+}6g]n7p%c%m�eqb3h�w�t:l#v3g�wubkn7ikw"p8h�w"b�c�dfe+g�h+i�m�w
}6g�l#v3��h�wxb3h§�3p%v3c8h�� j�l#p8l#i3ikhqb3hZb�g�l#c%m�hG�^j�l#i� kg)r�hZp8h�wub�c�d�e+g�h+i�m�h�wxj�l#i�m)g)c%o3v3m)c8l#ikwS��vkh�wxbkn7ikwup8h'j��¢n7�3c%m)g�h
­«ª 4 ­#� 4 t)l#v3g�w§l#i�m'b3h�w§�3p%v3c8h�w~«�n7c%o3p8h�w�� w�l#c%mr¬6� © b3h�wUt)l#v3g�w	�-�fg�h�w���h�j+m)c%��h+r�h+i�mZ�7��±¡h+mq�6�6�Zt)l#v3g�w~l#i�m
b3h�w^�3p%v3c8h�w"r�l�b3e+g�e�h�wq� ®$���^l#v¥«æl#g)m�h�w'� ®9���'� 4 3�© j��¢n#j+v3ikhG�-�#­�c8h+i]¦�vkh§p8h�w^ikl#r'o3g�h�wxb3hUt)l#v3g�w"l#o3m�h+i�vkw
w�l#c8h+i�m$�#n7g)c�n7o3p8h�w�w)v3c%�6n7i�m�p8h�w9w�h�j+m�h+v3g�w�b3h"p��5l#ikb3h6��p8h"m=®���h=b3h=g�e+�¢n7g)m)c%m)c8l#i�b3h=�3p%v3c8h�w$h�w�m9�3g�l�j��khxh+i�m)g�hup8h�w
t:l#v3g�w�w]n7ikw$l#ikb3hZ�
p8e+}��+g�hSn7v3}6r�h+i�m]n7m)c8l#i¨bkn7ikw�p8h�w�® 4 �-��p8h�w2t)l#v3g�w$bkn7ikw$p8h�w9g)c8b�}�h�wS�
p8e+}��+g�h~n7v3}6r�h+i�m]n7m)c8l#i
bkn7ikwSp8h�w~®9���xh+mSp�n¡b�c8w)m)g)c%o3v3m)c8l#i¬m�l#m]n7p8h6�f�¦hZykv�z b3h/w)vkb w�h+r'o3p8h°¯+m)g�h/r�l#c%ikwS�3g�l#�3c8j�h°n7v�z©«æl#g)m�h�wS�3g�e-²
j+c%�3c%m]n7m)c8l#ikw<�Ên<��h�j'w�h+v3p8h+r�h+i�m 4 � © b3h�w[t)l#v3g�wun<��h�j'®9���Ê�~n7ikw"p8h�w=w]h�j+m�h+v3g�w"ikl#g�b©h+mum]n7p%|$h+}k�¢p8h§ikl#r'o3g�h
b3hSt)l#v3g�w§bkn7ikw§p8h�wq®9�¨h�w)m~�3p%vkw'c%rs��l#g)m]n7i�m5¦�vkh�bkn7ikw'p8h�w'n7v3m)g�h�wqw]h�j+m�h+v3g�w'b3hsp��5l#ikb3h�r�n7c8wqn7vkw�w)c[�3p%vkw
c%rs��l#g)m]n7i�m8¦�vkhxbkn7ikw"p8h�w^j+p�n#w�w�h�w^b3hS�3p%v3c8h�w^r�l�b3e+g�e�h�w'�
g�h�w)��h�j+m)c%��h+r�h+i�mS±6�qh+m8¬ 4 t)l#v3g�w^bkn7ikw^p8hxykv�z¡b3h
ikl#g�b{h+mSbkn7ikwxp8h§m]n7p%|�h+}��-�f�¦hqw]h�j+m�h+v3gxb�v{ykv�z{b3hqikl#g�b n7�3�¢n7g]n�±8m~b3l#ikjZj�l#rsr�hZe+m]n7i�mSp8h§�3p%vkwSw�l#v3��h+i�m
n#w�w�l�j+c8e§�/b3hx« l#g)m�h�w=�3g�e�j+c%�3c%m]n7m)c8l#ikwZ�æ�6� © �-�

² h�w2b�c�dfe+g�h+i�m�wBg�e�w)v3p%m]n7m�w2l#i�m2�3vr¯+m)g�h[m�h�w�m�e�wB���¢n7g)m)c%gBbf� v3ikh$b�c8w)m)g)c%o3v3m)c8l#iZn7p8e<n7m�l#c%g�h$b3h�w¦�3g�e�j+c%�3c%m]n7m)c8l#ikw
t:l#v3g)i¢n7p%c8�+g�h�w�bkn7ikw$p8h�wL¦�v¢n7m)g�huw]h�j+m�h+v3g�w$h+m$p8h=j<n#w�w]n7ikw9l#ikb3hSn���h�jup�n§j�l#i�m)g]n7c%i�m�hSb3h"g�h�w)��h�j+m�h+g�p8h"ikl#r'o3g�h
b3h~t)l#v3g�w/bkn7ikwqj]�¢n�¦�vkh¡j+p�n#w�w�h6�¯�~n7ikw'v3i��3g�h+rsc8h+g/m�h+rs�kwZp8h���h�j+m�h+v3gsb3h��3p%v3c8h°c%i3c%m)c�n7p�v3m)c%p%c8w�e���l#v3g/j�h
m�h�w)m$j�l#g)g�h�w���l#ikb��~p��5h+ikw�h+rqo3p8hxb3h�w2t)l#v3g�w9b3hup�n§w]n7c8w�l#i°��v3rsc8b3h/� w�l#c%m��6±6� 3 t)l#v3g�w	�-� ª i°w�h�j�l#ikb�m�h�w)m<���3p%vkw
�3g�e�j+c8w9��l#v3g�p8h�w$b�c�dfe+g�h+i�m�wUw�h�j+m�h+v3g�w<��w�h+g]nqh-d�h�j+m)vkexn���h�jSj�h+m)m�h"«æl#c8w�p8hu��h�j+m�h+v3gUb3h"�3p%v3c8huc%i3c%m)c�n7p�j�l#ikw)m)c%m)vke
v3i3cj¦�vkh+r�h+i�mub3h�w0t)l#v3g�w=n<��h�j§l#ikb3h�wq� w�l#c%m 3 ­#�St:l#v3g�w	�-�

�=�3g���w 4 �6�'�6�6�Sm)c%g]n7}�h�w[��l#v3g�p8hU�3g�h+rsc8h+g�m�h�w)m<�6p8h�w�r�l<®�h+i3ikh�w9b3h�w�m)g�l#c8w�m³®���h�w�b3hU�3g�e�j+c%�3c%m]n7m)c8l#ikw$bkn7ikw
p8h�w9j+c%i�¦/j�l#p8l#i3ikh�w�b3h+��c8h+i3ikh+i�m9c8b3h+i�m)cj¦�vkh�wUh+m9j�l#g)g�h�w)��l#ikb3h+i�m�o3c8h+i°�Sp�n§g�e+�¢n7g)m)c%m)c8l#i°m�l#m]n7p8h6��n7m)m�h�w)m]n7i�m�b3h
p�nw¦�v¢n7p%c%m�eµ´ �#� � �6��¶�·E¸���´3b�v°m)c%g]n7}�h6���¦h�w�e�j<n7g)m�w�m³®���h�w�b3h�w$��l#v3g�j�h+i�m]n7}�h�w�bkn7ikw�j��¢n�¦�vkhxj+p�n#w�w�h=b3hu�3p%v3c8h=b3h�w
m)c%g]n7}�h�w9��h+g)r�h+m)m�h+i�mUb3h=b3e- ki3c%g$p8h�w9c%i�m�h+g)�#n7p%p8h�w�b3h=j�l#i� Ên7ikj�h6���uc%ikw)c���ikl#vkw9g�h+m)g�l#v3��l#ikw$v3ikhuj�l#i�m)g)c%o3v3m)c8l#i
r�l<®�h+i3ikhxb3hi¬6� © ��l#v3g9p8h�w$�3g�e�j+c%�3c%m]n7m)c8l#ikwUp8h�w9�3p%vkw9«�n7c%o3p8h�wx� ® 4 �$n���h�juv3i�c%i�m�h+g)�#n7p%p8hxb3hxj�l#i� Ên7ikj�hx�q±6�
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© b3h ± ��� ±7� © ���¦h�wx�3p%v3c8h�wSr�l�b3e+g�e�h�w~h+mu«æl#g)m�h�wxl#o3m)c8h+i3ikh+i�m§b3h�wx�#n7p8h+v3g�wSr�l�®�h+i3ikh�w~b3hZj�l#i�m)g)c%o3v3m)c8l#i
��l#c8w�c%i3ikh+i�mun<��h�j 4 3°© h+m"b3h�wUc%i�m�h+g)�#n7p%p8h�w=b3h~j�l#i� Ên7ikj�h~j�l#rs�3g)c8w"h+i�m)g�h ± ��� 3 h+m=��� 4w© �3�2nqg�e+�¢n7g)m)c%m)c8l#i
¦�v¢n#w)ckeA¦�v3c%�#n7p8h+i�m�h=b�vsikl#rqo3g�h=b3h¯t)l#v3g�w�bkn7ikw�j��¢n�¦�vkh"w�h�j+m�h+v3g9��h+g)r�h+m�b3h"b3e- ki3c%g9p8h�w0r�¯+r�h�w�c%i�m�h+g)�6n7p%p8h�w
b3h'j�l#i� Ên7ikj�h§��l#v3g"j��¢n#j+v3i{bf�5h+i�m)g�h'h+v�zf�

ª i w�h�j�l#ikbÈm�h�w)m<�"n7vkw�w�cSj�l#ikw�m)c%m)vke b3h 4 �6���6�6��m)c%g]n7}�h�wG�^h�w)m¥g�e<n7p%c8w�e ���¢n7g)m)c%g¨b3h�w¡�3g�e�j+c%�3c%m]n7m)c8l#ikw
t)l#v3g)i¢n7p%c8�+g�h�w�b3h�wut)l#v3g�w/n<��h�j¡b3h�ws� ¢ b3e+�¢n#w�w]n7i�msp8h°w]h+v3c%pUb3h¡�6±

m2.s−2 � ² h+p%v3c�²³j+cU��h+g)r�h+msb3h�rsc8h+v�z
m�h�w�m�h+g'p8h�w'b�c�dfe+g�h+ikj�h�wZh+i�m)g�h°p8h�w'w�h�j+m�h+v3g�wqb3h�p��5l#ikb3h��3v3c8w�¦�vkh�p��5l#i¬ikh�m)g]n7c%m�h ¦�vkhsp8h�w=t)l#v3g�w§��l6w�w�e�bkn7i�m
v3ikhqn#j+m)c%��c%m�e§l#ikb�v3p�n7m�l#c%g�h'r�n7gu¦�vke�h6�¢�¦h�w"g�e�w)v3p%m]n7m�wuw�l#i�m"b3l#i3ike�h�w=m]n7o3p8h<n7v ±�� ���
� vkh'j�h§w�l#c%m"w)v3c%�6n7i�m"p8hSm�h�w�m 4 l#v¨p8h~m�h�w)m=���kikl#vkw^��l#v3��l#ikw=��e+g)c� ¢h+g8¦�vkh~p8h�w^�6n7p8h+v3g�w"l#o3m�h+i�vkh�wu��l#v3g

p8h�wxj�l#i�m)g)c%o3v3m)c8l#ikw~b3h�wu�3g�e�j+c%�3c%m]n7m)c8l#ikwu« l#g)m�h�wxbkn7ikwup8h�w=w�h�j+m�h+v3g�wuikl#g�bf�¢m]n7p%|�h+}�h+mxw)vkb©w]l#i�muw�v3��e+g)c8h+v3g�h�w
n7v{w�h+v3c%p2b3h'±6� © b3h§j�l#i� Ên7ikj�h6� ² h+muc%i�m�h+g)�6n7p%p8h§g�h�w)m�h~r�¯+r�h'w)v3���+g)c8h+v3gS� 3 � © b3h§j�l#i� Ên7ikj�hqbkn7ikw"p8h�w
w]h�j+m�h+v3g�w"�3g�l#�3c8j�h�w<� ¢ h+v3p8h§p�nsb�c%rsc%i�v3m)c8l#i b3h�w"®9�sbkn7ikw=p8h�w^g)c8b�}�h�w^ikh§w<� n<���+g�h~�¢n#w"��h+g)m)c%ikh+i�m�h6�

�9� v3m)c%p%c8w]n7m)c8l#içbf� v3i w]h+v3c%p9b3h�� ¢ �3p%vkw§w)m)g)c8j+m�� w)v3��e+g)c8h+v3gZ�¨�6�
m2.s−2 n7v¬p%c8h+vçb3h��6±��-�f}�e+ik�+g�h�v3ikh

ikl#v3��h+p%p8hxb�c8w)m)g)c%o3v3m)c8l#i°�3g�e�w�h+i�m�e�hxbkn7ikw�p8h^m]n7o3p8h<n7v¡±�� �����~n7ikw9j�h=j<n#w�p8h^ikl#rqo3g�h=m�l#m]n7p�b3h0t:l#v3g�w$b3h"�i£�¥
j]��v3m�hqb3h 3 ­#�s�Z���6±xt)l#v3g�w<�3�2nZg�e+�¢n7g)m)c%m)c8l#i �Zp�� c%i�m�e+g)c8h+v3gub3h�w"w]h�j+m�h+v3g�w=b3hSp��5l#ikb3h§w�hSm)g�l#v3��h§p8e+}��+g�h+r�h+i�m
b�c8w]w�®�r�e+m)g)cj¦�vkh6�fn���h�j/v3ikh/b�c%rsc%i�v3m)c8l#içb3h 4 � © b3h�w�t:l#v3g�wSbkn7ikwSp8h�wxg)c8b�}�h�wS�¢n7gSg]n7�3��l#g)m§n7v�z m]n7p%|$h+}�w<�
�~n7ikw9p8h"w�h�j+m�h+v3g9ikl#g�bf��l#i�ikl#m�h"v3ikh=n#j�j�h+i�m)v¢n7m)c8l#i¥b3h^p�n~b�c�dfe+g�h+ikj�h"h+i�m)g�hup8h^ikl#r'o3g�hub3h0t)l#v3g�w9b3h^�3p%v3c8h�w
r�l�b3e+g�e�h�w"�¢n7g^g]n7�3��l#g)m=n7v�z¡�3p%v3c8h�wU« l#g)m�h�wG�3�=c%ikw)c���p8hx«�n7c%m"bf� n7v3}6r�h+i�m�h+gup8h~w�h+v3c%p¦b3h~� ¢ «æn7c%mUm)g���w^p8e+}��+g�h-²
r�h+i�m�b3e�j+g�l ±8m)g�hup�n~j�l#i�m)g)c%o3v3m)c8l#i¡b3h�w�®9�°�.² 4¤© �-��h+mUn7v3}6r�h+i�m�hxj�h+p%p8h=b3h�w�®9�����S� © �-���~n7ikw9p8h�w9m]n7p%|$h+}�w<�
p8hxikl#rqo3g�h~b3h�t)l#v3g�w^bkn7ikw�p8h�w$�3p%v3c8h�w�«�n7c%o3p8h�wUb�c%rsc%i�vkh��.² 4 � © �$h+m�w]h=g�h+�¢n7g)m)c%m"b3hu«�n#´�l#i°�kl#r�l#}�e+ikh~bkn7ikw
p8h�wx®9�sh+mx®9�©�æn7v3m�l#v3gxb3hq�6� © �-�Ê�2nsr�l�b�c� ¢j<n7m)c8l#i b�v©w�h+v3c%pBb�c%rsc%i�vkhqj�l#ikw�c8b3e+g]n7o3p8h+r�h+i�mSp8h�w=®9��h+mu®9�
bkn7ikw=p8hSykv�z¨b3h§w)vkbf�kh+mul#i¨g�h+m)g�l#v3��h'��l#v3g"p8h�w^g)c8b�}�h�wG�kv3ikhS«æl#g)m�h§b3e�j+g�l#c8w�w]n7ikj�hqb3h~p�nsj�l#i�m)g)c%o3v3m)c8l#i b3h�w
j+p�n#w]w�h�w=h+i©« l#ikj+m)c8l#i b�v{w�h+v3c%p2b3h'�3p%v3c8h'j+g�l#c8w�w	n7i�m<�¢�2h�w�t)l#v3g�w=w]n7ikw=�¤£�¥ l#i�m=v3ikh'p8e+}��+g�hqn7rs�3p%c� ¢j<n7m)c8l#i
b3h�w'®9� ��� 4�© �-�f�=c%ikw)c���c%p�h�w)mS��l6w�w)c%o3p8h/b3h/j�l#ikw)m]n7m�h+gw¦�vkhsbkn7ikwSp8h�w~w�h�j+m�h+v3g�w~�3p%vkwx«�n���l#g]n7o3p8h�w°� w�vkb h+m
m]n7p%|�h+}���p8hxikl#r'o3g�h§b3h�t)l#v3g�wUb3hS�3p%v3c8h�w�« l#g)m�h�w^h�w�m��3p%vkwUc%rs��l#g)m]n7i�m¤¦�vkhSj�h+p%v3c¦b3h�wU�3p%v3c8h�w^r�l�b3e+g�e�h�w<���4j+c��
p�� n7v3}6r�h+i�m]n7m)c8l#i b�v w�h+v3c%p�b3h��6±¨�¥�6�

m2.s−2 n#j�j+g�l ±8m§p�� c%rs�¢n#j+mZb3h�w§l#ikb3h�w'w)v3g'p�n��3p%v3c8h6�2� p�� c%i���h+g�w�h6�
bkn7ikwqp8h�j<n#wqb3h�w'w�h�j+m�h+v3g�wZw)vkb¬h+m§g)c8b�}�h�wG�¦p�n¥j+g�l#c8w�w	n7ikj�h�b3h�w'w]h+v3c%p8w'b3hs�3p%v3c8h�wZh+i3}�h+ikb�g�h�m�l#v#t)l#v3g�w'v3ikh
b�c%rsc%i�v3m)c8l#i°b�v/ikl#r'o3g�h=b3h2t)l#v3g�w<� ² h+m)m�h^b3e�j+g�l#c8w�w]n7ikj�h^wG� n7rs�3p%c� ¢h"n���h�jUp�� n7v3}6r�h+i�m]n7m)c8l#i�b�vsw�h+v3c%pkb3hU� ¢ �
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 � ��� � ����� T � ����� d � ����� d
,�. ��� ��a

m2.s−2
,�.

m2.s−2
�
a

m2.s−2� 9���6�7I7 6 ��������9A7�� � 9���6u7@7:6 ��� �!��9<7�� � 9���6�7I7 6 �"�#����9A7��
SUTWVYX[Z]\_^W^8` c T�$ g b , b �
m_b d $ mWb �"�Wb � $ . b

S d VY\_^W^eZlX5Z].f^W^8` T�g%$ \ b d $ \ b d T b d $ dWb d�dWb \%$ �Wb
Sh,iVj.f^W^kZlX�` T�.%$ mWb d $ , b d
d_b d $ , b d , b \%$ �Wb

���h��A�C�D ��F�&[a	`�Y<L4N4M�N4M�KGX¨QSKA��R]X�X�RqT6R	VP��KG\�L:VuR�Nua-W]YGL³N"N��#`�RZT�R�E
���������ZN4M�L�YGJGR-V=Y<I�a	Y<N4K�M�L�R	V"T�R	Vu`�L4a-W�M�`�M�N�Y�N�M�K�X�V
��KG\�L4X�YGI�M(']L�R	V[N4K<N:Y<I�R	Vi� �GC��<�f��K�\�L:V���N4R	V³NuE � ��T6R	V$`�L�a	W�M�`�M�N�Y<N4M�KGX�V ��KG\�L�X�Y<I�M(']L�R	V[I�R	V ��KG\�L:V9Y���R	WH�_�*) �GC
m2.s−2

�M�,+A�L��KG\�L:V
�#N4R	V³NL�<Y � KG\F�f�-) ¡��
m2.s−2

�/.���C)��K�\�L�V
�#N4R-V�NL�<� � D

� �¢n7g)m)c%g�b3h�w$�§n7i3ike�h�w$p8h�w��3p%vkw9��v3rsc8b3h�wUb3h^p�n~��e+g)c8l�b3h 4 3 ¬6±�² 4 3 3 �'w�v3g�p�nSr�n7c%p%p8h=b3h10=c�n7r�h�®¨� 4 3 ¬ 3 �
4 3 ­#��� 4 3 ­�¬�� 4 3 ­#±©h+m 4 3 ±6±��§h+m/b3h�wZ�{n7i3ike�h�w'p8h�wq�3p%vkwZw���j��kh�w¥� 4 3 ­#��� 4 3 ±6��� 4 3 ±6��� 4 3 ±7�k�Bh+m 4 3 ±�­6�-�2c%p
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h�w)m~��l6w�w)c%o3p8h/bf�5l#okw�h+g)��h+gqb3h�w§r�l�b�c� ¢j<n7m)c8l#ikwqb3hsb�c8w)m)g)c%o3v3m)c8l#içb3h/�3p%v3c8h�w�v3c%�#n7i�m§p8h�w§w�h�j+m�h+v3g�w§b3h/p��5l#ikb3h
�
m]n7o3p8h<n7v�z©±�� ��h+m=±�� ���-�k�¦h~ikl#rqo3g�h§m�l#m]n7p2b3h�t)l#v3g�w"h�w)m^r�n7c%i�m�h+i¢n7i�m~��¬ 4 �¨�æ��� 4 �6�xt)l#v3g�w	�-�

®Bl#v3g{p8h�w©� n7i3ike�h�w¨p8h�w¥�3p%vkw©��v3rsc8b3h�w��
m]n7o3p8h<n7v ±�� ���-�"l#i j�l#ikw�m]n7m�h ¦�vkh p�n j�l#i�m)g)c%o3v3m)c8l#i m�l#m]n7p8h
b3h�w°®$� h+m¡®9��n7v3}6r�h+i�m�h b3h{�3p%vkw�b3h � © �¢n7g¡g]n7�3��l#g)m¡n7v m]n7o3p8h<n7vÎ±�� 4 �$�2h{w�h�j+m�h+v3g¡b3h�w�g)c8b�}�h�w¡w�h
b�c8w)m)c%i3}6vkh©n<��h�j¥v3ikh¥�¢n7vkw�w�h¥b3h � 4 � © �[�£p��5h-z3j�h+�3m)c8l#i b3h�w�w�h�j+m�h+v3g�w°w)vkb h+msm]n7p%|$h+}k�9p8h¡ikl#r'o3g�h{b3h
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�3g�e�j+c%�3c%m]n7m)c8l#ikwxb�v3g]n7i�mup8h~r�l#c8w"b3hUt:v3c%p%p8h+m<�

®¯h+ikbkn7i�m^p8hur�l#c8w�p8h=�3p%vkw��3p%v3��c8l#}�e+ikhuw�v3g$p�n'r�n7c%p%p8hSb3h 0uc�n7r�h�®{�æn#l��3m	�-��l#i�b3e+ikl#rqo3g�hSp8h=r�n�z�c%r'v3r
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0ul#vkwxn���l#ikwu��v¨bkn7ikwuj�h'j��¢n7�3c%m)g�h'p�� c%rs��l#g)m]n7ikj�hZb�v©w�h+v3c%pBb3h'b3h+ikw)c%m�e§w���h�j+m)g]n7p8h§bkn7ikwup8h�w"b�c�dfe+g�h+i�m�w
w�h�j+m�h+v3g�w<�$�=c%ikw)cSn7v j�l#v3g�w�b3h�w��6� w]n7c8w�l#ikw°b3h�w��3p%v3c8h�w�b3h©p�n¬��e+g)c8l�b3h©bf�5e+m)vkb3h6�$c%puw]h+r'o3p8h+g]n7c%m ¦�vkh©p�n
j�l#i�m)g)c%o3v3m)c8l#i©b3h�w^®$�qbkn7ikw"p8h�w�w]h�j+m�h+v3g�w�«æn<��l#g]n7o3p8h�wun7v3}6r�h+i�m�h+i�m=w�h+ikw)c%o3p8h+r�h+i�mun7v¥b3h+p��/b3h~�6±

m2.s−2 �
j�l#i#t:l#c%i�m�h+r�h+i�mq�°v3ikh/b�c%rsc%i�v3m)c8l#içbkn7ikwSp8h�w~w�h�j+m�h+v3g�wSc%i3�3c%o3c%m�h+v3g�w<� ² h�j+c[h�w)mSr�l#i�m)g�e/�¢n7gSp�n�b�c�d�e+g�h+ikj�h
w)c%}6i3c� ¢j<n7m)c%��h�b3h�wBb�c�dfe+g�h+i�m�h�w0j�l#i�m)g)c%o3v3m)c8l#ikw[bkn7ikw¯p8h�wBw�h�j+m�h+v3g�w¯ikl#g�b'h+m¯m]n7p%|$h+}x�¢n7g2g]n7�3��l#g)m0n7v�z'w�h�j+m�h+v3g�w
w)vkb¬h+mqg)c8b�}�h6� ² h+��h+ikbkn7i�m<�[�¡p��5e�j]�kh+p%p8h°c%i�m�h+g]n7i3i�vkh+p%p8h6�0p8h°w)c%}6i¢n7p9�¢n7g]n�±8mZ�3p%vkwZn7p8e<n7m�l#c%g�h6�¯�uv j�l#v3g�wqb3h�w
n7i3ike�h�w"��v3rsc8b3h�w<�3p8h�w=b�c�dfe+g�h+ikj�h�w=w]h+r'o3p8h+i�mxw)v3g)m�l#v3m=w�hS�3g�l�b�v3c%g�h§bkn7ikw=p8h�w"w�h�j+m�h+v3g�w=w�vkb¥h+m"g)c8b�}�h6�¢n���h�j
v3ikhs«æl#g)m�h°n7v3}6r�h+i�m]n7m)c8l#i�b3h�wZj�l#i�m)g)c%o3v3m)c8l#ikwsb3h°®9���2�xv3g]n7i�mqp8h�w/n7i3ike�h�w'p8h�w'�3p%vkwqw]��j��kh�w<�2p8h�w�h+v3c%p�b3h
�6±

m2.s−2 �3g�e�j�e�b3h+rsr�h+i�m©l#o3m�h+i�vÎj�l#rsr�h e+m]n7i�m¨w)c%}6i3c� ¢j<n7m)c�«:��ikh j�l#g)g�h�w)��l#ikb �3p%vkw¡�çv3ikh �6n7p8h+v3g�h
w)c%i3}6v3p%c8�+g�h6� £[i� ki¦��c%pfn7�3�¢n7g]n�±8m^v3ikh=ikl#v3��h+p%p8hx«æl#c8w_¦�vkhup8hSw�h�j+m�h+v3g�b�v�ykv�z°b3hxikl#g�b¡h�w)m�p8hx�3p%vkw9«�n���l#g]n7o3p8h
n7v�z�«æl#g)m�h�w$�3g�e�j+c%�3c%m]n7m)c8l#ikwG��£[i� ki¦�3�q�¢n7g)m)c%gUb3h�w�g�e�w)v3p%m]n7m�w^l#o3m�h+i�vkw^c8j+c���ikl#vkw���l#v3��l#ikw^l#okw�h+g)��h+gW¦�vkhxp8h�w
l#ikb3h�w<��n7v{j�l#v3g�wSb�v{r�l#c8wxb3h=t�v3c%i¦�Ê��l6w]w���b3h+i�mSb3h�wuj<n7g]n#j+m�e+g)c8w�m)cj¦�vkh�w~b�c�dfe+g�h+i�m�h�wx�¢n7gxg]n7�3��l#g)m~n7v{g�h�w�m�h
b3hxp�nqw	n7c8w�l#i¥b3h�wU�3p%v3c8h�w<�3�Shu�3p%vkwG��p�nZj�l#i�m)g)c%o3v3m)c8l#i{b3h�wU�3g�e�j+c%�3c%m]n7m)c8l#ikwun7v¥j�l#v3g�w^b3h~j�hxr�l#c8w^h�w)m�«�n7c%o3p8h6�
®Bl#v3guj�h�w"g]n7c8w�l#ikw<�3bkn7ikw"p8h~g�h�w)m�h~b3h~p��5e+m)vkb3h6�kj�h§r�l#c8w^ikh§w�h+g]nZ�3p%vkw=�3g)c8w"h+i¨j�l#rs�3m�h6�
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0xl#vkw0��l#v3��l#ikw0�3g�l#p8l#i3}�h+g9j�h+m)m�h^e+m)vkb3h"n���h�jUp8h�m]n7o3p8h<n7v°±��2¬i¦�v3c�b3e+ikl#rqo3g�h^p�nSj�l#i�m)g)c%o3v3m)c8l#i°b3h�w�t:l#v3g�w
w�v3c%�#n7i�m�p8hUm³®���h^bf�Oµx�2¶Í�æn#j+m)c%��c%m�e"j�l#i���h�j+m)c%��hG�[g�h+ikj�l#i�m)g�e=bkn7ikw�p8h�w�b�c�d�e+g�h+i�m�w9w�h�j+m�h+v3g�w9bf� v3ikh^l#ikb3h"b3l#i�m
p�n�b3h+ikw)c%m�e'w���h�j+m)g]n7p8hqh�w)m=w)v3��e+g)c8h+v3g�hqn7v w�h+v3c%pBb3h'�6±

m2.s−2 � ¢ v3gum�l#v3m�h§p�n���e+g)c8l�b3h§bf�5l#okw�h+g)�6n7m)c8l#i¦�#¬6±
© b3h�wxt:l#v3g�ws��l6w�w�e�b3h+i�m�v3ikh�«�n7c%o3p8h¨n#j+m)c%��c%m�e¨j�l#i���h�j+m)c%��hç� ¦�vkh¡ikl#vkwsikl#rsr�h+g�l#ikw�µx�2¶ 4 �-�9�6� © b3h�w
t)l#v3g�w<��v3ikh§j�l#i���h�j+m)c8l#i©r�n7gu¦�vke�h�� l#v µx�¦¶x����h+m^p8h�wu­ © b3h�w0t)l#v3g�w^g�h�w)m]n7i�m�w=h+i3g�h+}6c8w)m)g�h+i�muv3ikh§n#j+m)c%��c%m�e
j�l#i���h�j+m)c%��h'r�n�t)h+v3g�h���µx�¦¶x���-�
0xl#m�l#ikw8¦�v¦� n7v©j�l#v3g�wub3h�w0t:l#v3g�wuw]n7ikw"l#ikb3h6�¢p�nsb�c8w)m)g)c%o3v3m)c8l#i{h�w�m"m)g���w"w)c%rsc%p�n7c%g�h��
g�h�w)��h�j+m)c%��h+r�h+i�mR¬ 3 �

�7��h+mS­ © �"�sp�n�b�c8w)m)g)c%o3v3m)c8l#i m�l#m]n7p8h6�Ê®¯l#v3gup8h�wuw�h�j+m�h+v3g�wxw)vkb©h+mug)c8b�}�h6�kp�n�j�l#i�m)g)c%o3v3m)c8l#i¬b3h�wxµx�¦¶ 4 h�w)m
n7rs�3p%c� ¢e�h¥�
g�h�w)��h�j+m)c%��h+r�h+i�m§­ 4 h+m~­�� © �"j�hr¦�v3cBh+i�m)g]n�±8ikhqv3ikhZb�c%rsc%i�v3m)c8l#i bkn7ikw=p8h�wxj+p�n#w�w�h�wubf� n#j+m)c%��c%m�e
j�l#i���h�j+m)c%��h�r�n7gu¦�vke�h°l#v¬«æl#g)m�h6�2�·p�� c%i���h+g�w�h°bkn7ikw'p8h�wqw�h�j+m�h+v3g�wZb�v ykv�z b3h�ikl#g�bçh+m§m]n7p%|$h+}k�Bikl#vkwql#o�²
w]h+g)��l#ikwqv3ikh°b�c%rsc%i�v3m)c8l#i b3h 4 � © b3h�w/µx�¦¶ 4 � ² h+p%p8h-²³j+cUh�w)mZn#j�j�l#rs�¢n7}6ike�h¥bf� v3ikh�n7v3}6r�h+i�m]n7m)c8l#i b3h�w
n#j+m)c%��c%m�e�w=j�l#i���h�j+m)c%��h�wxr�n7gu¦�vke�h�wZ���~­ © bkn7ikw"p8h�w=b3h+v�z¥w]h�j+m�h+v3g�w	�-�¢n7c%ikw)c�¦�v¦� v3ikh~p8e+}��+g�h'n7v3}6r�h+i�m]n7m)c8l#i
b3h�p�n{j+p�n#w�w�h�bf� n#j+m)c%��c%m�e¡p�n©�3p%vkwZc%i�m�h+ikw�h ���R¬ © bkn7ikwZp8h�ykv�zçb3h�ikl#g�b¢�-� 0xl#vkwqg�h+m)g�l#v3��l#ikwsb3l#ikj¡b3h�w
w]h�j+m�h+v3g�w^«�n���l#g]n7o3p8h�wu�sp�n/j�l#i���h�j+m)c8l#i �
ikl#g�b¨h+m^m]n7p%|$h+}��^�¢n7g"g]n7�3��l#g)mx�/bf� n7v3m)g�h�wq� w)vkb¨h+m^g)c8b�}�hG�-�
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����� T_V ���	� * d
d"�

W.m2)
�
c_b � g b m T b m \ b c g b c�m_b

����� d V d�d��
W.m−2

* ����� * d
a�a
W.m−2

` ,�T b ,�T b d , b d T b d \ b d \ b
����� ,¤V d�a�a

W.m−2
* ����� ` T�, b g b cWb �fb mfb g b

n "{owq:sutwv:tfxy"{z@s�| ����� ��
�} ����� ��
�� � ����� �����{~
���h��A�C�D ��Fp�$M�V³N4L�M ��\6N4M�KGX'T�R	V ��K�\�L�V2V³\�M���Y<X7N2I�YU`�L�a	V4R]X�W]R�T3_ K�X�T6R�R]N2I�R0N��7`�R9T3_ YGW�N4M��#MON�a9W�K�X ��R	W�N4M��GR[T6R"E��"+<¡f�SE������

��V�Y<X�VUE
�"+<C � �#V4\�L�I�YxQ~Y<M�I�I�R^T6RH��M�Y<QSR�� ��V4R]\�M�I¢T6RH�_�I�f�GC
m2.s−2 �

�xv{«æn7c%mSb�v r�n7i�¦�vkh/b3hZb3l#i3ike�h�w�� 4 ¬¡n7ikw<��n7v p%c8h+v b3h�w§�6����l#v3gxp�n��3p%v3c8hG�-��ikl#vkwxikh/b�c8w)m)c%i3}6vkh+g�l#ikw
�¢n#wZ� w�h�j+m�h+v3g�wZr�n7c8wZ� ª2v3iç�3g�h+rsc8h+gZ}6g�l#v3��h�b3h�w�h�j+m�h+v3g�wZ�3g�l#�3c8j�h�w¥�
ikl#g�bçh+mZm]n7p%|$h+}��qh+mqv3i�w�h�j�l#ikb
}6g�l#v3��h�b3hsw�h�j+m�h+v3g�w'c%i3�3c%o3c%m�h+v3g�w°� w)vkb h+m'g)c8b�}�hG�-� 0ul#vkw§g�h+m)g]n#´�l#ikw§p�n�r�¯+r�h/ k}6v3g�h�¦�vkhZ k}k�2­��2¬��fr�n7c8w
j�h+m)m�h¨« l#c8w�v3i3cj¦�vkh+r�h+i�m°��l#v3g�p8h�w�w]h�j+m�h+v3g�w��3g�l#�3c8j�h�w �. k}6v3g�h©±�� ±��-� ¢ v3g�p8h¨}6g]n7�3�3cj¦�vkh{b�v �¢n7v3m<��ikl#vkw
��l#v3��l#ikw�m�l#v3m�bf� n7o�l#g�b°ikl#vkw�n7��h+g�j�h+��l#c%gW¦�vkh=p�n§j�l#i�m)g)c%o3v3m)c8l#i¥r�l�®�h+i3ikhSb3h�wUµx�¦¶ 4 h�w�m9�3p%vkw$«æn7c%o3p8h¤¦�vkh
bkn7ikw$p8h"j<n#w$w]n7ikw9b�c8w)m)c%ikj+m)c8l#i¦��n���h�j=v3ikh"r�l�®�h+i3ikh=p8e+}��+g�h+r�h+i�mUn7v�b3h�w�w)vkw9b3h¤¬6� © ��l#v3g�p��5h+ikw�h+rqo3p8hub3h�w
t)l#v3g�w<�¦�Bn¡�#n7g)c�n7o3c%p%c%m�e°h+i�m)g�h�j]�¢n�¦�vkh°j+p�n#w�w�hsh�w)mZn#w�w�h�¨sc%rs��l#g)m]n7i�m�h6�2j�h�¦�v3c�h+i�m)g]n�±8ikh�v3i¬e+p�n7g)}6c8w�w]h+r�h+i�m
b3h�wqc%i�m�h+g)�6n7p%p8h�w/b3h�w)c%}6i3c� ¢j<n7m)c%��c%m�e�w<� ² h+��h+ikbkn7i�m<�2p�� n#j+m)c%��c%m�e°j�l#i���h�j+m)c%��h�«�n7c%o3p8h�b3e�j+g�l#c%m/h+i¬«æl#ikj+m)c8l#içb3h
p�� n#j+m)c%��c%m�e©j+g�l#c8w]w]n7i�m�h{b3h¥p��5l#ikb3hç� j�l�h ��j+c8h+i�m�b�c%g�h�j+m�h+v3g�b3h¨j�l#v3g)o�h¨b3h¥g�e+}6g�h�w]w)c8l#i b3h¡²4��� �6±çn���h�j¨v3ikh
j�l#g)g�e+p�n7m)c8l#i b3h

r2 = 0.4
�-��£[i �¢n7g]n7p%p8�+p8h6��p8h�wZ« l#g)m�h�w�n#j+m)c%��c%m�e�wsj�l#i���h�j+m)c%��h�w¡n7v3}6r�h+i�m�h+i�m<���¢n#w�w	n7i�m�b3h

r�l#c%ikwub3hq­ © h+i¨r�l�®�h+i3ikh§��l#v3g^p8h�w 4 �Z�3g�h+rsc8�+g�h�w=j+p�n#w]w�h�w=�/�3p%vkw"b3h 4 ¬ © ��l#v3g"p8h�wu�/b3h+g)i3c8�+g�h�w<�

¢ v3g9p8h^}6g]n7�3�3cj¦�vkhx­��2¬7o¦�6ikl#vkw9l#okw�h+g)��l#ikwL¦�vkh"p�nSj�l#i�m)g)c%o3v3m)c8l#i¡b3h�w9l#ikb3h�w[«æl#g)m�h�w�b3h+��c8h+i�m$r�n�t:l#g)c%m]n7c%g�h
b3��wxp8h�wSw�h+v3c%p8wSbf�Oµx�¦¶ c%i�«æe+g)c8h+v3g�w~�°�6�6±

W.m−2 ��n7p8l#g�w+¦�vkh'p8h�wxl#ikb3h�wx«�n7c%o3p8h�wxw]l#i�mx�3g�e�b3l#rsc%i¢n7i�m�h�wqn7v
b3h�w]w)vkw$b3hS�p¬7�

W.m−2 ����� c%rs�¢n#j+m^b3h"p�� n#j+m)c%��c%m�exl#ikb�v3p�n7m�l#c%g�hSw)v3g$p�� n#j+m)c%��c%m�exj�l#i���h�j+m)c%��h~h�w�m$b3l#ikju��c8w)c%o3p8h
w�v3g�j�hU}6g]n7�3�3cj¦�vkh6��®¯l#v3g9m�h�w�m�h+g[p�nSw)c%}6i3c� ¢j<n7m)c%��c%m�e=b3h^j�hU}6g]n7�3�3cj¦�vkh^ikl#vkw$n���l#ikw�h-dfh�j+m)vke 4 �6�~�6�6�Sm)c%g]n7}�h�w
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n7p8e<n7m�l#c%g�h�w=h+m=l#okw]h+g)��h+g"p8h�w"j�l�h ��j+c8h+i�m�wxb�c%g�h�j+m�h+v3g�w=l#o3m�h+i�vkwG�¢�uc%ikw)cfp8h~w�h+v3c%p2b3h 3 � © b3h'w)c%}6i3c� ¢j<n7m)c%��c%m�e6�
��l#v3gsj�h�wsb�c�dfe+g�h+i�m�wsm�h�w�m�wsj�l#g)g�h�w)��l#ikb �{v3i j�l�h ��j+c8h+i�m�w)v3��e+g)c8h+v3g�� ��� 3 ��n7p8l#g�w°¦�vkh�p�n b3e�j+g�l#c8w�w]n7ikj�h
��l#v3g[p8h�w$l#ikb3h�w[«æl#g)m�h�w<�6h+is«æl#ikj+m)c8l#i�b�v�� ¢ j+g�l#c8w�w	n7i�m<��h�w)m$b3h�²4��� ���æn���h�j"v3ikh"j�l#g)g�e+p�n7m)c8l#i�b3h

r2 = 0.73
�-�
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� p�n/p�n7m)c%m)vkb3hqb3h 0=c�n7r�h�®��kp8h�w=w�h�j+m�h+v3g�w^ikl#g�b©h+m"m]n7p%|$h+}�wxw�l#i�m=�3g�l#�3c8j�h�wu�Zp�nsj�l#i���h�j+m)c8l#i¦�¢p8h�w"l#ikb3h�w
« l#g)m�h�wql#i�mZv3ikh°j�l#i�m)g)c%o3v3m)c8l#i bkn7ikw'p8h�wZw�h�j+m�h+v3g�wqikl#g�b h+mZm]n7p%|$h+}µ¦�v3cUn7v3}6r�h+i�m�h6�0�Sh��3p%vkwqp8h�ikl#r'o3g�h
b3hUt)l#v3g�wub3h§« l#g)m�h~�3g�e�j+c%�3c%m]n7m)c8l#i m�h+ikb ��n7v3}6r�h+i�m�h+g~n���h�jqp�n�j+g�l#c8w]w]n7ikj�h'b3h'p�� n#j+m)c%��c%m�eql#ikb�v3p�n7m�l#c%g�h6�#£�i
g�h+�#n7ikj]�kh6��o3c8h+iµ¦�vkhqp8h�w~w�h�j+m�h+v3g�wx�3p%vkwuc%i3�3c%o3c%m�h+v3g�w°� w)vkb{h+mSg)c8b�}�hG�ul#okw�h+g)��hZp�n��3g�e�w�h+ikj�h/bf�Oµx�¦¶ß«�n7c%o3p8h
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r�n7c8wUp8hxikl#rqo3g�h~b3hu�3p%v3c8h�w¯t)l#v3g)i¢n7p%c8�+g�h�wU«æl#g)m�h�wUh�w)mUc%i�« e+g)c8h+v3g"n7v�z¡n7v3m)g�h�w^w]h�j+m�h+v3g�w<��®Bl#v3g^g�e�w)v3r�h+g^j�h+m)m�h
c%i�m�h+g]n#j+m)c8l#i¦��p8h�wx}6g]n7�3�3cj¦�vkh�w~±�� �G­��æn��=h+mS±�� �G­��
oÊ�=�6n7p%c8b3h+i�mxp�n�w�h+ikw�c%o3c%p%c%m�eqb3h�wx�3g�e�j+c%�3c%m]n7m)c8l#ikw§n7v�z©w�h+v3c%p8w
b3h/b3h+ikw)c%m�e/w)��h�j+m)g]n7p8hZb3hqp��5l#ikb3h6���up8l#g�wR¦�vkhZbkn7ikwSp8hqj<n#wSb3h�wSw�h�j+m�h+v3g�wSc%i3�3c%o3c%m�h+v3g�w��. k}k�f±�� �G­��
oÊ�4�¢n7v3m	�-�
p�n j�l#i�m)g)c%o3v3m)c8l#i b3h�w/®9� w�h+r'o3p8h ¯+m)g�h¡w)m]n7o3p8h¥n���h�j¡p�� c%i�m�h+ikw)c� ¢j<n7m)c8l#i b3h°p�� n#j+m)c%��c%m�e¥b3h�w/l#ikb3h�w¨� j<n7p8j+v3p8e
�°m)g]n<��h+g�w~p�� n7v3}6r�h+i�m]n7m)c8l#i�b3hZ� ¢ �-��p8h�w~w�h�j+m�h+v3g�wS�3g�l#�3c8j�h�w~r�l#i�m)g�h+i�m§v3ikhsn7v3}6r�h+i�m]n7m)c8l#içw)c%}6i3c� ¢j<n7m)c%��h
b3h�wx®9�°�s�¢n7g)m)c%gub�v w�h+v3c%pBb3h'���

m2.s−2 �. k}k�Ê±�� �G­��æn��4�¢n7v3m	�-���2n�b�c8w)m)g)c%o3v3m)c8l#i bkn7ikwup8h�w=j+p�n#w]w�h�w=bf�5l#ikb3h
�.«�n7c%o3p8h6��r�l�b3e+g�e�hxl#v�«æl#g)m�hG�[h+i�« l#ikj+m)c8l#i�b�v�j+v3rqv3p�t)l#v3g)i¢n7p%c8h+g�b3h=�3p%v3c8hq�. k}k��±�� �G­��æn��4o¢n#wUh+m�±�� �G­��
oÊ�4o¢n#w	�
��h+g)r�h+mSb3h'j�l#ikw)m]n7m�h+gR¦�vkh'p8h�wul#ikb3h�wup8h�wu�3p%vkw"«æl#g)m�h�w=w�l#i�mur�n�t)l#g)c%m]n7c%g�h�wx��l#v3gup8h�w=�3p%v3c8h�wxw)v3��e+g)c8h+v3g�h�wx�
±

mm.jour−1 bkn7ikwUp8h�wUw�h�j+m�h+v3g�wU�3g�l#�3c8j�h�w"n7p8l#g�wW¦�v¦� n7vkj+v3ikhxm�h+ikbkn7ikj�hSikhxw]hub3e+}�n7}�h~bkn7ikwUp8h�wUw�h�j+m�h+v3g�w
c%i3�3c%o3c%m�h+v3g�wG�
£[i m�h+g)r�hsb3hZ�6n7g)c�n7o3c%p%c%m�esc%i�m�h+g]n7i3i�vkh+p%p8h6�¦p8h�w~w�h�j+m�h+v3g�wS�3g�l#�3c8j�h�w'l#i�m§b3h�wS�3p%v3c8h�wS«æl#g)m�h�w+¦�v3c[b�c%rsc%i�vkh+i�m

V � `�( ������������� X ��
 X�� ����� V � 

�³�8��� �³�����#� 
 ` V���`§( �y����������� � � � � �"� ��������� V � � �¤��� � � ��

� `

>0?8@BA�C�D�E +6F���K�\�L�W]R]X7N�YGJGR�T6\qX�KGQ8��L4RUT6R���KG\�L:V0YGV�V³K6W]M�a_�uT�R	V ��Y<M���I�R	VW� ���
��� ���	�
���
��� � KG\ �8KGL4N4R-V¯`�L4a-W�M�`�M�N�Y�N�M�K�X�V
� ���
��� ��� ���
� �
� � R	X �8KGX�W)N4M�KGXST6\SV³R	\�M�I#T�R§�_� ��� ����� ���<X�KGQ8��L4R0T6R���KG\�L:V�YGV�V³K6W�M�a§�$T6R-V ��Y<M���I�R-V�KGX�T�R	V
� ���
��� ��������� ��� � � �8KGL4N4R	VUK�X�T6R-V+� ���
��� ������� �
��� � R�N"X�KGQ8��L4RST6R_��KG\�L�V$N4KGN�YGI)� ���
��� ��������� ��� � R]X
�8K�X�W)N�M�K�XsT6R	V[W]I�Y�V4V4R	V0T6R^`�I�\�M�R	V ��� � � �

�

p8l#g�w9b3h�w�n7i3ike�h�w9w���j]�kh�w<�6j�h+��h+ikbkn7i�m9j�h�w[b�c�dfe+g�h+ikj�h�w[g�h�w)m�h+i�m�«æn7c%o3p8h�w<�p£�isg�h+�#n7ikj]�kh6��bkn7ikw[p8h�w[w�h�j+m�h+v3g�w[c%i�²
�3c%o3c%m�h+v3g�wG�6c%pkh-z�c8w�m�h$v3ikhUm)g���w0}6g]n7ikb3h=b3e+��h+ikbkn7ikj�h"b�vsikl#rqo3g�h"b3hBt:l#v3g)ike�h�w$n���h�j^�3p%v3c8h�«æl#g)m�h^h+iZ« l#ikj+m)c8l#i
b�v°j+v3r'v3pÊn7i3i�vkh+p���p8h�w[b�c%rsc%i�v3m)c8l#ikw�b3h�w�j�l#i�m)g)c%o3v3m)c8l#ikw$h+i�m)g�h^p8h�w9n7i3ike�h�w���v3rsc8b3h�w9h+m�w���j]�kh�w�b3h+��c8h+i3ikh+i�m
w�c%}6i3c� ¢j<n7m)c%��h�w<�

�/� n7�3g���w~�¦hF­^n7g)o�e/n7ikb �¦h+o�h+p"��� ����­6�-��p8hZikl#r'o3g�hsb3h/w�®�w)m��+r�h�wSj�l#i���h�j+m)c�«æwS�3p%v3��c8l#}��+ikh�w§bkn7ikwSv3ikh
n7i3ike�h'w�h+g]n/b3e+m�h+g)rsc%i¢n7i�mxw)v3g^p8h~j+v3r'v3p2b3hS�3p%v3c8h~j<n7g=p��5h ��j<n#j+c%m�e~�3p%v3��c8l#r�e+m)g)cj¦�vkh§e+���+ikh+r�h+i�m)c8h+p%p8h'g�h�w)m�h
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j�l#ikw)m]n7i�m�h6�3�Î�¢n7g)m)c%g"b3hxb3l#i3ike�h�w^w	n7m�h+p%p%c%m�h�w^bf�Oµx�¦¶'��c%p¦nZe+m�eu��l6w�w)c%o3p8hxbf�5h+i3g�h+}6c8w)m)g�h+g"b3h�wUg]n<®�l#i3ikh+r�h+i�m�w
m)g���w^«�n7c%o3p8h�w<�kj<n7g]n#j+m�e+g)c8w]n7i�mSv3ikhqn#j+m)c%��c%m�e'j�l#i���h�j+m)c%��hqc%rs��l#g)m]n7i�m�hqr�n7c8wuw]n7ikw=�3g�e�j+c%�3c%m]n7m)c8l#i n7v w�l#p��k�¦h�w
µuikb3h�wubf��£9w)m9t)l#vkh+i�mSv3i{g
�#p8h'c%rs��l#g)m]n7i�m~bkn7ikwxp8h§�3g�l�j�h�w�w)vkwxb3h~«æl#g)r�n7m)c8l#i h+mub3hqr�n7c%i�m�h+i¢n7ikj�hsb3h'j�h�w
w�®�w)m��+r�h�w<�6��� c%rs�¢n#j+m�b3h�w9l#ikb3h�w9w�v3g[p8h^g]nA®�l#i3ikh+r�h+i�m^�~}6g]n7ikb3h^p8l#i3}6vkh+v3g$bf�5l#ikb3hxnS�3v�b3l#ikjH¯+m)g�h"e+m)vkb�c8e
h+i b�c8w)m)c%i3}6v¢n7i�mqp8h�w~w�h�j+m�h+v3g�wS�3g�l#�3c8j�h�w'h+mSc%i3�3c%o3c%m�h+v3g�w'b3h/p��5l#ikb3h6� �4p[w<� n����+g�h°¦�v¦� n7v¬j�l#v3g�w§b3h�w~w�h�j+m�h+v3g�w
�3g�l#�3c8j�h�w<�7p8h9ikl#rqo3g�h^b3hBt:l#v3g�w[�"«æn7c%o3p8h�g]nA®�l#i3ikh+r�h+i�m���h+v3m¯b3l#v3o3p8h+g�h+i�m)g�h$p8hUw�h�j+m�h+v3g[b�vZg)c8b�}�hUh+m0b�vqykv�z
b3h�ikl#g�bf���Sh$�3p%vkwG�#p�� n#w�w�l�j+c�n7m)c8l#i�l#ikb3h^h+m�j�l#i���h�j+m)c8l#i�nxe+m�e"n7o�l#g�b3e�h6��j�h+p%p8h-²³j+c3i¦�5h�w)m[�¢n#w9n7�3�¢n7g)vkh^j�l#rsr�h
v3ikh§j�l#ikb�c%m)c8l#i w)v ��w]n7i�m�h'��l#v3g=}�e+ike+g�h+gxb3hS«æl#g)m�h�w"�3g�e�j+c%�3c%m]n7m)c8l#ikwG��£[i{r�l<®�h+i3ikh6�Êv3i¨��h+v¨r�l#c%ikwub3hq�6�
© b3h�w�t)l#v3g�w9bkn7ikw[p8h�w�w]h�j+m�h+v3g�w��3g�l#�3c8j�h�w[«æl#i�m�n7�3�¢n7g]n�±8m)g�h"v3isp%c8h+i�l#ikb3hU²¯j�l#i���h�j+m)c8l#i�²f«æl#g)m�h^�3p%v3c8h6�6r�n7c8w
w�h+v3p8h+r�h+i�m � � �Zb3h�wBt)l#v3g�w$��l#v3gUp8h�wUw�h�j+m�h+v3g�wUc%i3�3c%o3c%m�h+v3g�w<� ¢ n7ikw^j�l#i���h�j+m)c8l#i¦�kc%p�nZe+m�ex��l6w]w)c%o3p8hubf�5l#o3m�h+i3c%g
b3h/«æl#g)m�h�w~�3g�e�j+c%�3c%m]n7m)c8l#ikw<�¯w)v3g)m�l#v3mqbkn7ikw'p8h�w�h�j+m�h+v3g'b�v¬m]n7p%|�h+}k� �4p�w<� n7}6c%g]n7c%m/n7p8l#g�w'w�l#c%m'b3h�i�v¢n7}�h�w§o¢n#w
m)g���w^e+m�h+ikb�vkw"w�l#c%m^b3h~w�®�w)m��+r�h�wUm)g���w^b3e+��h+p8l#�3��e�w^r�n7c8w^m)g�l#�¥c8w�l#p8e�wU��l#v3g^b�c%rsc%i�vkh+g=p8hxg]n<®�l#i3ikh+r�h+i�muw�v3g
m�l#v3m�h~p�nZr�n7c%p%p8h6�

£[i� ki¦�¢v3ikhZe+m)vkb3h'j�l#rs��l6w)c%m�hZb3h�w=l#ikb3h�w~nse+m�eZh-d�h�j+m)vke�h6�#£[p%p8hZns��h+g)rsc8wub3h'r�l#i�m)g�h+gSp�n�w�h+ikw�c%o3c%p%c%m�e
n7v�z~p8l#i3}6c%m)vkb3h�wBh+mBn7v�z~p�n7m)c%m)vkb3h�w¯b3h�w¦c%i�m�h+g]n#j+m)c8l#ikw�¦�v¦� c%p�h-z�c8w)m]n7c%m2h+i�m)g�h�p8h�w2l#ikb3h�wBh+m¦p�nU�3p%v3c8h$l#v§p�� n#j+m)c%��c%m�e
j�l#i���h�j+m)c%��h6�
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>@?0ACBEDEFGBIHKJML*N0AC?OFGDEB<P=?OB<QRLRQRHOPTSUDWVUJOF0AX?2PTBEYZF\[IHOP]YM^_SUDEB<PTBa`\PR[ILR^_JO?O`bACcdPR[IVeJOFfPhg%F\[ED*ACF\PTSeDaPTSUDEB<Pi^_SfHOP
j LR^_SekdPRLTDEF\^_SlPTDX^_SfHOP j ?OB<QRLTFG?OFGD*ACDEF\^_Sf[4Sf^_Jf[4AC`G`\^_Sf[.F\LTF�ACS0AC`GmK[<PTB.`\PR[nPhopPTD<[.HOPR[n[<PRLTD<PTJOB<[nHOP6`rqs^_SfHOPZACJSOFGkdPtACJuHOPv`bA�YwACFG`G`\PxHOPvyiFbACYMPTm PTDz[EJOB6`rqsPTSUk%FGB<^_SOSfPTYMPTSUDZc{B*ACSfHOPxQRL<NfPT`G`\P|`\^_B<VeJ}qsPT`G`\PR[8[*^_SUDZA_[<[<^%LTF\QRPR[
~ HOP���^_BED<PR[n?OB<QRLTFG?OFGD*ACDEF\^_Sf[�^_J ~ JOSfPMA_LTDEFGk%FGD<Q8LR^_SekdPRLTDEFGkdPZFGYZ?2^_BED*ACSUD<P{�}yX^_Jf[(ARkd^_Sf[4k%J�`rq FGYZ?�^_BED*ACSfLRP
HOPZHKF\[EDEFGSOc{JfPTB4`\PR[(HKF�opQTB<PTSUD<[([*PRLTD<PTJOB<[(HOPz`rqs^_SfHOPMPTS �vc{B<^_JO?�PR[��2JOS�?OB<PTYZF\PTB(?OB<^_?OF\LRP ~ `bAxLR^_SUkdPRLTDEF\^_S
� Sf^_B<HlPTD4D*AC`G�WPTc%�nPTD(JOSlHOPTJKg%F\�TYMPMFGSONOFG�OFGD<PTJOB � [EJfH�PTD4BEF\HKcdP������WPT?2PTSfHfACSUD6`bA|?OB<QR[<PTSfLRPMHpq JOS [*PRLTD<PTJOB
HOP�`rqs^_SfHOPz?OB<^_?OF\LRP ~ `bA|LR^_SUkdPRLTDEF\^_S�S}qsPR[EDn?0A_[nJOSfPzLR^_SfHKFGDEF\^_Sl[EJK�w[*ACSeD<P ~ `rqsPTSOB<PTc{F\[<DEB<PTYMPTSUD�HOP6��^_BED<PR[
?OB<QRLTFG?OFGD*ACDEF\^_Sf[t���Iqs^_�K�EPRLTDEF��8HOP�LRP�L<N0AC?OFGDEB<P�PR[ED�HfACSf[|JOS�?OB<PTYZF\PTB�D<PTYZ?f[xHOP�YM^_SUDEB<PTB�LR^_YZYMPTSUD�`\PR[
^_SfHOPR[nFGSUD<PTB*ACc{F\[<[*PTSUD6AtkdPRL6`\PTJOB(PTSekeFGB<^_SOSfPTYMPTSeDt�}�4ACSf[nJOS�[<PRLR^_SfH�D<PTYZ?f[t�2JOSfPZACS0AC`Gm%[<Pz[<PTB*Aw�rACFGD<P6HOPR[
?OBEFGSfLTFG?0AC`\PR[8FGSf[ED*AC�OFG`GFGD<QR[zHOPMc{B*ACSfHOP|QRL<NfPT`G`\PxVUJOF�LR^_SfHKFGDEF\^_SOSfPTSUDZ`\PR[8^_SfHOPR[�?O`GJOk%F\^_cd�TSfPR[t�a�WPTDED<PM?0ACBEDEF\P
?�PTBEYMPTDEDEB*AxHO^_SfLzHOPzHOQh�fSOFGB4JOS�PTSUk%FGB<^_SOSfPTYMPTSUD���Atkd^_B*AC�O`\P ~ `bA|LR^_SekdPRLTDEF\^_S}�}PTD4Hpqs^_�f[<PTBEkdPTB([EF�HfACSf[4LRP
LtA_[�FG`p?2PTJOD=m|Atkd^_FGBiJOSfP(Ph�wLtA_LTFGD<Q4?O`GJOk%F\^_YMQTDEBEF\VeJfP(k{ACBEFbAC�O`\P{�

&('�� �¡ 4,6¢.£�:*¤X58¥¦36¥�§�1=,638¥�§

¨�©«ª�©�¬ ­¯®�°}°²±I³z´
�8q JOS8?2^_FGSUD�HOPak%JfPa[EDEBEF\LTD<PTYMPTSeD�HKmeS0ACYZF\VeJfP{��Sf^_Jf[�?2^_JOkd^_Sf[µ^_�f[*PTBEkdPTBµ`\PR[�QTkd^_`GJODEF\^_Sf[�HKJ6B<^_D*ACDEF\^_SOSfPT`

PTDwHOP�`bA�HKFGkdPTBEcdPTSfLRP�Nf^_BEFG¶t^_SUD*AC`\P ~�·C¸{¸ Nf¹�Al[EJOFGk{ACSUDv`\PR[M[<PRLTD<PTJOB<[vHOP�`rqs^_SfHOP�PTDwLR^_YZYMPTSeD|LRPT`G`\PR[ j LTFQTkd^_`GJfPTSUDXVUJ0ACSfHx`rqºA_LTDEFGk%FGD<Q�HOPn`rqs^_SfHOP�ACJOc{YMPTSeD<P{�
�}PnB<^_D*ACDEF\^_SOSfPT`�PR[ED=LtAC`\LTJO`\Q�ARkdPRLw»

rot(~V ) =
∂v

∂x
− ∂u

∂y
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9�:(;�<�=?>2@BA3:�9DC
E%F�AG<&H�AGIBJ'ALKB;�<&E%M�;�I2N�9�:(AOC
@PF�AGI2N?A'=&N�C!;�I!IBQ'ALR�9�<LS

div ~(V ) = −conv(~V ) =
∂u

∂x
+

∂v

∂y

T�U
VXW�Y

Z\[ QGN&@BC!A]J';�^]R�;_=&E%N�A]A'=�N`<�Q�9�:%E(=�Q'A]AGIaR!<�AGI�9�I	NL: [ AGIB=�AG^Ob!:(ADC!A'=dc�;�@!<�=eC!Af:�9gRhQG<&E(;	C!Aji U_k_l5m i U_U_n
Vpo A'=
c&;�@!<&IBQ'A'=�=�;�I	NqJG:�9�=�=�Q'A'=.R�9�<q;�<�C
<�AeJG<�;�E(=�=�9�I	N�C [ 9�JGN&E%F	E%N�QeC!A3rLs�tuR!@!E(=q=�;�I2Nq<�AGH_<�;�@!RhQ'A'=�CB9�IB=qC!A'=qJG:�9�=�=�A'=
QGH29�:(A'=`AGIvIB;�^Ob!<�A V Z 9DC
E(=&N&E%IBJGN&E(;�IwC!A'=8=�A'JGN�AG@!<�=`=�AG<�9xA/yhA'JGN&@BQ'AOAGIv@!N&E%:%E(=�9�I	N?:(AeF�AGI	N?^DQG<&E(C
E(AGI{zB:%N&<�QO|
} n_n KB~�9 V�� R�9�<&N&E%<LC!A'=LJ'A'=LQGF��GIBAG^DAGI	N�=7IB;�@B=LR�;�@!F�;�IB=LJ�9�:(JG@!:(AG<7:�9jC
E%F�AG<&H�AGIBJ'AxAGNe:(A�<�;�N�9�N&E(;�I!IBAG:#C
@
F�AGI	N`| } n_n KB~�9]AGI	N&<�A m�W_n ◦ � =&N�AGN W_n ◦ � =&NqR!<�Q'=�AGI	N�Q'=8=&@!<�:(A'=qzBH_@!<�A'= U
V i T b Y AGN U
V i T 9 Y/V

Z ;�<�=�>2@BAg:(A'=�;�IBC!A'=�;�I2Nf@!IBAxN&<��'=O�09�E%b!:(A�9�JGN&E%FuE%N�Q T E%I
��QG<&E(AG@!<�A�|{� n m−2.s−2
Y tp:(AxF�AGI	NfzB:%N&<�QxI [ A'=&N

R�9�=g=&@
�x=�9�^]^DAGI	Nx��;�<&NDRh;�@!<x>2@ [ E%:`=�;�E%NDRh;_=�=&E%b!:(APC!AvC
E(=&N&E%I!H_@BAG<gC!A'=gC
E�yhQG<�AGIBJ'A'=�CB9�IB=D:(APJ�K�9�^]R�C!A
<�;�N�9�N&E(;�I!IBAG:�;�@PC!Ae:�9�C
E%F�AG<&H�AGIBJ'ALC
@PF�AGI	N?| } n_n KB~�9 V�� @jC!AG:�|DC!AL� n m−2.s−2 t
E%:*9�R!R�9�<�95�(N�@!IBAeM�;�IBA
C!AOC
E%F�AG<&H�AGIBJ'AOJ'AGI	N&<�Q'AO=�@!<�:(Ae�B@
�PC!ALIB;�<�C{>2@!E�9�@!H_^DAGI2N�A]9�@vJ';�@!<�=`C!AL: [ E%I2N�AGIB=�E�z�J�9�N&E(;�IwC!AL: [ 9�JGN&E%F	E%N�Q
C!A'=x;�IBC!A'= V\o ;�I�c�;�E%I	N�AG^DAGI2N�t#@!I�<�;�N�9�N&E(;�I!IBAG:�Rh;_=&E%N&E��`=�A�Rh;_=&E%N&E(;�I!IBAP=&@!<�:(AjN�9�:%�dAGH�AGND= [ 9�J'JG<�;��(Nx9�@B=�=&E
9�F�A'JLrLs V!� @PJ';�@!<�=8C!A'=�;�IBC!A'=q:(A'=qR!:%@B=.��;�<&N�A'=�tu:(A3<�;�N�9�N&E(;�I!IBAG:*Rh;_=&E%N&E���<�A'J';�@!F	<�Ae: [ AGIB=�AG^7b!:(ALC!Ae:�9fM�;�IBA
AGI	N&<�AL:(AL=�A'JGN�AG@!<�IB;�<�CPAGN�:(AL=�A'JGN�AG@!<8=&@BC V re9�IB=�:(Ae=�A'JGN�AG@!<?C
@P<&E(C
H�ALR!<�Q'J'�'C!AGI	N�tBRh;_=&E%N&E(;�I!IBQ79�@!N�;�@!<?C!A
i n ◦ � @BA'=�N�t�9�E%IB=�Eu>	@BA\Rh;�@!<�:(A#N�9�:%�dAGHe=&@!E%F�9�I	N�t�J'AGI2N&<�Qq9�@!N�;�@!<�C!A`i n ◦ � =&N�t5: [ A/y�AGNpE%I	F�AG<�=�Aq=�A�R!<�;uC
@!E%N�9'F�A'J
:�97R!<�Q'=�AGIBJ'A3C [ @!I�<�;�N�9�N&E(;�I!IBAG:�IBQGH29�N&E��p>2@!E�=�A?<�AGI
��;�<�J'A?:(;�<�=.C!A8: [ 9�@!H_^DAGI	N�9�N&E(;�IvC!A8: [ 9�JGN&E%FuE%N�Q`C!A8: [ ;�IBC!A V
� I
zBI�t�:(AO=�A'JGN�AG@!<?=&@BCvJ';�<&<�A'=&R�;�IBCw|�@!IBAL��;�<&N�AOJ';�I2F�AG<&H�AGIBJ'A�C!ALF�AGI	N`| } n_n KB~�9
t�=&@!<&N�;�@!N3|�R�9�<&N&E%<`C!A
�2�

m−2.s−2
V�� @]I!E%F�A�9�@gC
@x=�AG@!E%:�C!Q/zBI!E�R!<�Q'J'A'C!AG^DAGI	N.=�@!<�:�93^x9�E%:%:(A8C!A��?E�9�^DAG� T � l m2.s−2

Y t2;�IDR�AG@!N
<�AG^x9�<�>	@BAG<q>2@BA8:�9L=&N&<&@BJGN&@!<�A`C
@x<�;�N�9�N&E(;�I!IBAG:�;�@�C!A8:�97C
E%F�AG<&H�AGIBJ'A8^D;�I	N&<�A?:(A'=#bh;�I!IBA'=#J�9�<�9�JGN�QG<&E(=&N&E(>	@BA'=
9�=�=�;	JGE(Q'A'=?9�@
�jC
E�y�QG<�AGI2N�=`=�A'JGN�AG@!<�=LS

� N�9�:%�#AGH → <�;�N�9�N&E(;�I!IBAG:pR�;_=&E%N&E��
� <&E(C
H�A → <�;�N�9�N&E(;�I!IBAG:*IBQGH29�N&E��
Z 9a^D�G^DA�QGN&@BC!AP9{QGN�Qg�09�E%N�A�=&@!<�:�9{F�;�<&N&E(JGE%N�Q�R�;�N�AGI	N&E(AG:%:(A V#o AGN&N�AjH_<�9�IBC!AG@!<D=�J�9�:�9�E%<�A�A'=&N]J�9�:(JG@!:(Q'A

|�R�9�<&N&E%<LC!A�:�9�J';�^]Rh;_=�9�I2N�ADKB;�<&E%M�;�I2N�9�:(ADC
@�F�A'JGN�AG@!<LC!A�F�;�<&N&E(JGE%N�QD9�bB=�;�:%@BA]C!Q'C
@!E%N�AxC!A'=eQ'>2@�9�N&E(;�IB=LC!A
�39'FuE(AG<`s	N�;uJ� �A'= V Z 9fF�;�<&N&E(JGE%N�Q79�bB=�;�:%@BA T ~ζa

Y J';�<&<�A'=&Rh;�IBCv|O:�9fF�;�<&N&E(JGE%N�Qe<�AG:�9�N&E%F�A T ~ζ Y CB9�IB=�@!I�<�AGR��G<�A3:%E(Q
9�@{J'AGI2N&<�A7C!A3:�9D¡*AG<&<�A V

~ζa = 2~Ω + ζ

� IwJ';�IB=�E(C!QG<�9�I2NL@!IBA�QGF�;�:%@!N&E(;�I�E(C!Q�9�:(A_thJ [ A'=&NL|xC
E%<�AfE(=�AGI	N&<�;�R�A T 9�C
E�9�b�9�N&E(>	@BA_th<�QGF�AG<�=&E%b!:(A�AGNe=�9�IB=?��<�;�N m
N�AG^DAGI	N Y :�9�F�;�<&N&E(JGE%N�Q7R�;�N�AGI	N&E(AG:%:(A7J';�<&<�A'=&Rh;�IBCv9�@�N�AG<&^DADS

P =
~ζa.~∇θ

ρ

9�F�A'J θ :�9�N�AG^]RhQG<�9�N&@!<�AeRh;�N�AGI2N&E(AG:%:(A V

Z 9DJ�9�<&N�A7C [ 9�IB;�^x9�:%E(A�C!AO~�¢ T C!;�I!IBQ'AOAGIa~�¢`£¤=�;�E%N 10−6m2.K.s−1.Kg−1 t
zBH V�U
VXW�Y R!<�Q'=�AGI	N�AOC!A'=
<�Q'=�@!:%N�9�N�=3N&<��'=`J';�^]R�9�<�9�b!:(A'=L|gJ'AG@
�{C
@w<�;�N�9�N&E(;�I!IBAG:�C!AOF�AGI2N Vh� E%IB=�E0t�@!IBAOE%^]R�;�<&N�9�I	N�AD9�IB;�^x9�:%E(AfR�;_=&E m
N&E%F�A�C!A�~�¢¥=�AOC!QGF�AG:(;�R!RhA]CB9�IB=`:(AON�9�:%�dAGHv|DR�9�<&N&E%<eC [ E%IBC
E(J'A'=L=�@!R�QG<&E(AG@!<�=e| �2� m−2.s−2

V�� : [ ;�R!R�;_=�Q_t
:(AL<&E(C
H�AeA'=&N89�=�=�;uJGE(QL|f@!IBAL9�IB;�^x9�:%E(AeIBQGH29�N&E%F�A7C
@P~�¢¦AGNqN�AGIBCv|�=�A?<�AGI
��;�<�J'AG<�:(;�<�=�C!A3: [ 9�@!H_^DAGI	N�9�N&E(;�I
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:�;=<?>A@CB?DFE�G?H?IAJLKNMAECOPG,HRQ2ELK!JSK2MTE�O?O?U5I�G,U�VCU�O�KU�$WA���YX?Z[JR\
10−6s−1

�S]_^��SU5K`G,U.IaJ'G,MTV�U5Q2bCU�O_c�U�G,U.V�U5O�KU�6W<����X_ZdJ
\
10−5s−1

�,e[^��_f
JLQ9ITU�ghECO
G,U�g9U�Oji
E�O_c�K2MTE�OkG?U$ITU�H?Q�JCc�KNMAV�MTKNl��?U5O�K2QNU6IAU�ghIAECO?b�M0K2H_G,U�g�mon��
◦ p g�K�U5Kqn<� ◦ p g�K�>

rsJtc�E�H?Q2u
UhO?E�MTQ2UYJCHvG,U�g2g�H
g`f=U5Q2wPU5K.G,UYG?l�x_O?MAQ�ITU�g�G,MTy=l�QNU�O�K2g�gNU�c�KNU�H?Q��$I{z JCMAG?UYG,HvV�U5O�K�w|l5Q2MAG?MTU�O|x_I0K2QNl
J�gNgNE,c�MAlC>
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:.; <?> n,B��YO?ECw JLIAMAUYG,U�V�ECQNKNMac�MTKNlhf=ELKNU�O�KNMAU5IAITUf�RWA���qX_ZdJ \
U5O Z����'^`f_JCQ`IAU�g`E�O_G,U�g`U5O|i
E�O_c�K2MTE�OvG,UYIAU5H_Q�JCc�KNMAV�MTKNl��
U�O�K2QNU6IAU�g9IAECO?b�M0K2H_G,U�g�mon��

◦ p g�K�U5Kqn<� ◦ p g�K�>

Z A'=?A/y�AGN�=8C
�uI�9�^]E(>2@BAOC!A'=?;�IBC!A'=?IBAL=�A7:%E%^]E%N�AGI2N`R�9�=?9�@{I!E%F�A�9�@aC!AeR!<�A'=�=&E(;�I{;�@aAG:%:(A'=?=�;�I	N?C
E(=&N&E%I m
H_@BQ'A'=�^x9�E(=�=�;�I2N\F	E(=&E%b!:(A'=�=�@!<�N�;�@!N�A.: [ QGR�9�E(=�=�AG@!<\C!A.:�93J';�@BJ�KBA89�N&^D;_=&R!KB�G<&E(>	@BA V�� N&E%N&<�AqC [ A/�!AG^]R!:(A_t_IB;�@B=
9�F�;�IB=�N&<�9�J'Qe=&@!<.:�9OzBH_@!<�A U
V �f: [ QGF�;�:%@!N&E(;�IPN�AG^]Rh;�<�AG:%:(ALC!A3:�9fC
E%F�AG<&H�AGIBJ'A7C
@jF�AGI	N8=&@!<.N�;�@!N�A3: [ QGR�9�E(=�=�AG@!<
C!AL:�9f^x9�E%:%:(A7C!Ae�?E�9�^DAG� V ¡�<�;�E(=8I!E%F�A�9�@
��C!ALR!<�A'=�=&E(;�IB=�=�AeC!QGH29�H�AGI	NOS

� � } n_n KB~�9
t 9�@�I!E%F�A�9�@aC
@	��AGN8C [ � =&N � ��<&E(J�9�E%I�tBJ';�^]^DAeIB;�@B=q: [ 9�F�;�IB=8Fu@jzBH_@!<�A U
V i T b Y
� ��W_n_n KB~�9
t
9�@DI!E%F�A�9�@jC
@
��AGN#C [ � =&N#¡*<�;�R!E(J�9�: V
o AGRhAGIBCB9�I2N�tuJ'AqI!E%F�A�9�@�^D;�I2N&<�A�@!IgE%^]R�9�JGN\:%E%^]E%N�Q
C!A'=7=�A'JGN�AG@!<�=fC!AD: [ ;�IBC!A V�� :�RhAG@!NO�GN&<�Ax:%E(Qg|j:�9vJGE%<�JG@!:�9�N&E(;�I C
E%F�AG<&H�AGI	N�AjC!A'=LK�9�@!N�A'=fJ';�@BJ�KBA'=�>2@BA
: [ ;�I�<�AGIBJ';�I2N&<�AO:(;�<�=�C!Ae^D;�@!F�AG^DAGI2N�=`J';�I2F�A'JGN&E���=�R!<�;���;�IBC!= V

� �¥U_W � KB~�9
t�9�@wI!E%F�A�9�@�C
@v�B@
�wC!A7^D;�@B=�=�;�I V Z 9xRh;_=�=&E%b!:(AfJ';�I!IBA/�
E(;�Ia^D;�I	N&<�A�: [ E%^]R�;�<&N�9�IBJ'A]C!A
<�AGH29�<�C!AG<8J'AeI!E%F�A�9�@PR!:%@B=�AGI{C!QGN�9�E%: V
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� :�9xQGN�Q7^D;�I	N&<�Q�>2@BA7: [ 9�=&R�A'JGN`b�9�<�;uJG:%E%IBAOC!A'=`;�IBC!A'=3J';�<&<�A'=&R�;�IBCw|]@!IBAOE%IBJG:%E%I�9�E(=�;�IwC!A'=?;�IBC!A'=`F�AG<�=
: [ � =&N?CB9�IB=8:(A'=�b�9�=�=�A'=8J';�@BJ�KBA'= T ¡.KB;�<&IBJG<�;���Ne9�IBC	�`;_=& 	E%IB=Oi U_U � 9
t��39�:%: �"!$#&%(' W_n_n � Y/V Z 9]<�QGH_E(;�I{=&@!b!E(= m
= 9�I2N7@!I =�A'JGN�AG@!<7IB;�<�C | } n_n KB~�9PRh;�@!<&<�9�AGI!<�AGH_E(=&N&<�AG<O@!I�:(QGH�AG<OC!Q'J�9�:�9�H�AgC!A'=LF�AGI	N�=OCB9�IB=7:(A'=Lb�9�=�=�A'=
J';�@BJ�KBA'= V ~�;�@!<�F�QG<&E�z�AG<�J'AG:�9
t�@!IBAdN&<�;�E(=&E(�G^DAq=&E%H_I�9�N&@!<�AqC!Ad: [ ;�IBC!A�9`QGN�Q.N&<�9�J'Q'A_t�E%:
= [ 9�H_E%N�C!Ad:�9`C
E%F�AG<&H�AGIBJ'A
AGN�:(A.<�;�N�9�N&E(;�I!IBAG:�C
@]F�AGI2N\CB9�IB=�:(A'=�b�9�=�=�A'=�J';�@BJ�KBA'= T zBH V2U
V � T 9 Y AGN U
V � T b Y/V £?IBAq=�A'J';�IBC!A.<�9�E(=�;�IDC!AqJ'AGN&N�A
QGN&@BC!A�J';�IBJ'AG<&IBAg:�9P=�;�@!<�J'AxR!<&E%IBJGE%R�9�:(AgC [ K	@!^]E(C
E%N�Q_tp:(AD�B@
��C!AD^D;�@B=�=�;�I�t*>	@!E#=�AD=�E%N&@BAg9�@B=�=&E#CB9�IB=7:(A'=
b�9�=�=�A'=eJ';�@BJ�KBA'=eH�QGIBQG<�9�:(AG^DAGI	NO=�;�@B= l_n_n KB~�9 V)� :�A'=�N3C!;�IBJ]J�9�R!E%N�9�:�C!A]J';�I!I�95�(N&<�AD:(A'=eA/yhAGN�=eC!A'=e;�IBC!A'=



��� �������_�u�'63���_���8,_���\$G�B,���� �����

798
:�;=<?> �?B��qMAVCU5Q2bCU�O_c�UPX?E�QNM��5E�O�K!JLIAURG,H VCU�O�K$gNH?Q6IaJjw JCMTIAITU|G,U���MaJLw|U
	 g�H_MTVSJLO�K$IAU�g$gNU�c�K2U5H?Q!g'U�K$IAU�g'O?MAVCU�JCH�� G,U
f_QNU�gNgNMTE�O_g6\
U�O

10−5s−1
^�>_r U�ghg�U�c�K2U5H?Q!ghg�E�O�KhG?l�G,H?MTK2gYG,H VCU5O�Khw|U5Q2MAG?MTU�Ojx
I0K2QNl$JCg2gNE�c5MTl|\�
 ]�����^�>

CB9�IB=�J'A'=�J';�@BJ�KBA'= V

�?;�@B=eRh;�@!F�;�IB=L;�bB=�AG<&F�AG<O>2@ [ | U_W � KB~�9�:(Af�B@
��C!A�IB;�<�C A'=&N79�=�=�;	JGE(Q]|�@!IBA���;�<&N�A]J';�I2F�AG<&H�AGIBJ'AgC!A
F�AGI2N`>2@!E*=�Ae<�AGI
��;�<�J'Af9'F�A'JO: [ 9�JGN&E%F	E%N�QOC!AL: [ ;�IBC!A T zBH V U
V � T 9 Y&Y t 9�:(;�<�=`>	@BAe:(A3�B@
�vC!AL=&@BCv;�bB=�AG<&F�AO|D: [ E%I m
F�AG<�=�A]@!IBADC
E%F�AG<&H�AGIBJ'A�C!A]F�AGI	N V Z AD<�;�N�9�N&E(;�I!IBAG:#Rh;_=&E%N&E��qC!ADF�AGI2Nf>2@!E#=�A]=&E%N&@BQDJ'AGI	N&<�Qg=&@!<7:(A]N�9�:%�#AGHw|
} n_n KB~�9j= [ A'=�N`:(QGH��G<�AG^DAGI	N7C!Q'J�9�:(Q�F�AG<�=3: [ ;�@BA'=&NLAGIw<�9�E(=�;�I C!Af: [ E%IBJG:%E%I�9�E(=�;�I�C!Af: [ ;�IBC!A]CB9�IB=3:(A'=3b�9�=�=�A'=
J';�@BJ�KBA'= VBo A'=qC!AG@
�xH_<�9�R!K!E(>	@BA'=.<�AGIBC!AGI2Nq:(A?�B@
�gC!A`IB;�<�CjJ';�^]^DA`R!<�;�R!E(J'AL|L:�9fJ';�I	F�A'JGN&E(;�I�tBC [ @!IBA`R�9�<&N
9'F�A'J?@!IBA3J';�I2F�AG<&H�AGIBJ'A3E%^]Rh;�<&N�9�I2N�A3CB9�IB=d:(A'=#b�9�=�=�A'=#J';�@BJ�KBA'=�t!9�@gI!E%F�A�9�@jC
@g�B@
�gC!A8^D;�@B=�=�;�I�t	C [ 9�@!N&<�A
R�9�<&Ne=�A�=&E%N&@�9�I2NL|g: [ 9'F_9�I2N7C [ @!IBA]9�IB;�^x9�:%E(A�Rh;_=&E%N&E%F�A�C
@w<�;�N�9�N&E(;�I!IBAG:0t�J'AGN&N�A�E%IB=&N�9�b!E%:%E%N�Q�Rh;�@!<&<�9�E%Ne9�:(;�<�=
E%I!E%N&E(AG<�@!IBAO9�JGN&E%FuE%N�QLJ';�I	F�A'JGN&E%F�AL��;�<&N�AL=&E�: [ AGI	F	E%<�;�I!IBAG^DAGI	N3:(AeR�AG<&^DAGN T K2@!^]E(C
E%N�Q_t R!<�Q'=�AGIBJ'A7C [ @!IBA o$� �
AGN8C [ @!IBA od� ~ � ��;�<&N�A Y/V Z AeN�9�:%�#AGH�=&@!E%F�9�I	N8@!IPN�AG:pJ�9�=�t
b!E(AGI{>	@BA3R!<�Q'=�AGI2N�9�I	N`C!A'=8R!<�;�R!<&E(QGN�Q'=8R!<�;�R!E(J'A'=
|�:�9DJ';�I	F�A'JGN&E(;�I T J';�I2F�AG<&H�AGIBJ'A�CB9�IB=8:(A'=8b�9�=�=�A'=?J';�@BJ�KBA'=3AGN8<�;�N�9�N&E(;�I!IBAG:�R�;_=�E%N&E�� Y t!R�;�@!<&<�9�E%N?<�AGIBJ';�I2N&<�AG<
R!:%@B=3C!AOC
E��xJG@!:%N�Q'=`Rh;�@!<?H�QGIBQG<�AG<3@!IBA�=�A'J';�IBC!A7��;�E(=`C!A'=`R!<�Q'JGE%R!E%N�9�N&E(;�IB=LCB9�IB=`@!I{:�9�RB=`C!A7N�AG^]RB=L9�@B=�=&E
J';�@!<&N V

o A'=LC
E�yhQG<�AGI	N�A'=LR!<�;�R!<&E(QGN�Q'=OC!A]=�A'JGN�AG@!<�=eF�;�I2NeH�QGIBQG<�AG<OC!A'=e^D;�@!F�AG^DAGI2N�=OF�AG<&N&E(J�9�@
� V s	@!<7:�9x^x9�E%:%:(A
C!AL�?E�9�^DAG��tBIB;�@B=39'F�;�IB=?N&<�9�J'Q_t!zBH_@!<�A U
V � t�:(A'=8C
E�y�QG<�AGI2N�A'=`FuE%N�A'=�=�A'=qF�AG<&N&E(J�9�:(A'=`^D;���AGI!IBA'= T AGI Pa.s−1

Y
;�b!N�AGI2@BA'=?=&@!E%F�9�I	N�:(A'=�=�A'JGN�AG@!<�=?C!A3: [ ;�IBC!A7AGNq:(AG@!<?9�JGN&E%FuE%N�Q V

r39�IB=\:(Aq=�A'JGN�AG@!<�IB;�<�C T zBH VXU
V � T 9 Y&Y t	IB;�@B=�Rh;�@!F�;�IB=\J';�IB=&N�9�N�AG<#>2@BAq:(;�<�=�>2@BA.: [ 9�JGN&E%FuE%N�Q8C!A.: [ ;�IBC!A?JG<�;��(N�t
:(A'=L9�=�J'AGIBCB9�IBJ'A'=79�@!H_^DAGI	N�AGI2NOC!Af�09��';�I�E%^]Rh;�<&N�9�I2N�AD=�;�@B=3: [ � � �Bt�AGI�:%E(AGI�9�F�A'J�: [ 9�@!H_^DAGI2N�9�N&E(;�I C!Af:�9
J';�I2F�AG<&H�AGIBJ'AfCB9�IB=q:(A'=�b�9�=�=�A'=�J';�@BJ�KBA'=?AGN8C!Ae:�9]C
E%F�AG<&H�AGIBJ'Af9�@PI!E%F�A�9�@vC
@]c&AGN VB� R!<��'=q@!IBA79�=�J'AGIBCB9�IBJ'A
^]E%I!E%^7@!^Pt�;�b!N�AGI	@BA�9�@]I!E%F�A�9�@]C
@3c�AGN�t_9�=�=�;uJGE(Q'A.|8: [ E%^]Rh;�<&N�9�I2N�A�M�;�IBAqC!AdC
E%F�AG<&H�AGIBJ'A_t�@!IBAd=�A'J';�IBC!A.M�;�IBA
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C [ 9�=�J'AGIBCB9�IBJ'A���;�<&N�A]9�R!R�9�<�95�(N79�@�C!A'=�=&@B=3C
@�c&AGN V Z\[ QGF�;�:%@!N&E(;�I�C!A�J'AGN&N�AfC!AG@
�
E(�G^DA�M�;�IBA]C [ 9�=�J'AGIBCB9�IBJ'A
I [ A'=�N#R�9�=d=&E%H_I!E�z�J�9�N&E%F�A?:(;�<�=dC!A8: [ E%I2N�AGIB=&E�z�J�9�N&E(;�IPC!A8: [ ;�IBC!A_tu9�F�A'J?C!A'=#^x95�
E%^x9�=d>	@!E =�A�R!<�;uC
@!E(=�AGI2NdR�;�@!<
C!A'=?rLs�AGI2N&<�AO� n AGN } n m−2.s−2

V
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r39�IB=�:(A�=�A'JGN�AG@!<DC
@ N�9�:%�#AGHBt�:(AgR!<�;�zB:�C!A'=fF	E%N�A'=�=�A'=fF�AG<&N&E(J�9�:(A'=]A'=&ND9�=�=�AGMjJ';�^]R�9�<�9�b!:(A_t\9'F�A'JjC!AG@
�
M�;�IBA'=�C [ 9�=�J'AGIBCB9�IBJ'A Vho AGR�AGIBCB9�I	N�tB:�9�<�QGH_E(;�I{9�@{C!A'=�=&@B=qC
@]c&AGNq^D;�I2N&<�AOC!A'=qF	E%N�A'=�=�A'=qR!:%@B=qE%^]Rh;�<&N�9�I2N�A'=
>2@BA3CB9�IB=q:(A7=�A'JGN�AG@!<qIB;�<�CP9'F�A'Je@!Iv^x95�uE%^O@!^ AGI2N&<�A �2� AGN k � m−2.s−2

V su;�@B=q: [ � � �Bt
@!IBAL=&@!bB=�E(C!AGIBJ'A
A'=&N�R!<�Q'=�AGI2N�A�c�@B=�>	@ [ | �2� m−2.s−2 t5R!@!E(=�:�9�E(=�=�A#R!:�9�J'Aq|8@!IBAdM�;�IBA.C [ 9�=�J'AGIBCB9�IBJ'Aq>	@!EuC!AGFuE(AGI2N�E%^]Rh;�<&N�9�I2N�A
|fR�9�<&N&E%<8C!A k_n m−2.s−2

V

r39�IB=\:(A'=�=�A'JGN�AG@!<�=\E%I!K!E%b!E%N�AG@!<�=�t�:�93M�;�IBA8C!A�=&@!bB=&E(C!AGIBJ'A�=�;�@B=�:(A�c&AGN T 9�=�=�;uJGE(Q.R�;�@!<#J'A'=�=�A'JGN�AG@!<�=#|e@!IBA
��;�<&N�A.C
E%F�AG<&H�AGIBJ'AqCB9�IB=�:(A'=�b�9�=�=�A'=�J';�@BJ�KBA'= Y =�A#<�AGI
��;�<�J'A.:(;�<�=�C!A#: [ 9�@!H_^DAGI	N�9�N&E(;�IgC!Ad: [ 9�JGN&E%FuE%N�QqC!A#: [ ;�IBC!A V
� @�C!A'=�=&@B=�C
@`c&AGN�t5:(A#�B@
��C!A#=&@BCfR!<�Q'=�AGI	N�A.@!IBAdM�;�IBAqC [ 9�=�J'AGIBCB9�IBJ'A�9�=�=�AGMdIBAGN&N�Aq>2@!E
C!AGFuE(AGI2N���;�<&N�A.9�R!<��'=
k_n

m−2.s−2
V2� =�=�;	JGE(Q'A8|L: [ K2@!^]E(C
E%N�Q3>	@BAq:(Aq�B@
�xC!A?=&@BCDJ�K�9�<&<&E(A`C!AGR!@!E(=d:(AqH�;�:���A8C!A��3@!E%IBQ'A_t2J'AGN&N�A?M�;�IBA

C [ 9�=�J'AGIBCB9�IBJ'A�Rh;�@!<&<�9�E%NDJ';�<&<�A'=&Rh;�IBC
<�AP|a@!I�N �uR�AjC!A�J';�I2F�A'JGN&E(;�I C
E�yhQG<�AGI	NxC!A�J'AG:%@!Eq<�AGIBJ';�I2N&<�QPCB9�IB=
:(AO�B@
�wC!AfIB;�<�C ;��w:�9jJ';�I2F�A'JGN&E(;�I 9�R!R�9�<�95�(N3��;�<&N�A]C!�'=3:(A'=Lb�9�=�=�A'=eJ';�@BJ�KBA'= V r39�IB=L:(AO<&E(C
H�AxJ'AGN&N�A�M�;�IBA
C [ 9�=�J'AGIBCB9�IBJ'ALI [ A'=�N�>2@BA`�09�E%b!:(AG^DAGI2N39�JGN&E%F�A V
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M'K�NAE:F
M'M�U7JVGWFXM'Q�LRC,F
M,M,FXM'Q�F�J,C,LHB�@*GWFXM�Y�FXN
Pa.s−1 Z F�N7J�F�[�LWM�C,J�S�F
MM,U7J�GH@�<?@�LRGWGWF\E:F^]TLH@*<?F�_`M�U7LWQa@*N+C�GRF
M�M�F
BDC�F�U7J�M�b7]cK�J�Eed�fhgib�jk@�GRl�F�[md�nVgabho�UAEpd�q�gib7F�Ccr�LHE:[�Fsd�t'ga6
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{V��}�y)�a�ixz{z}+xz�a�|~����)y�{��ay^��~��zy^�=���D�)�ay\��xz{��ay*���i�\��xz�|{��i�#�#v��i�m�s�a�i~�~���~��s}+��{��ay�yD�zy\{#���D�i�w�h��v�y)� �)�ix#�=���)�a�
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M�;�IBAdC!A\=�@!bB=&E(C!AGIBJ'A V � F�A'J�:(A'=pQ'J�KBAG:%:(A'=�=&R�9�N&E�9�:%:(A'=�AGN*N�AG^]Rh;�<�AG:%:(A'=*@!N&E%:%E(=�Q'A'=pE(JGE0t�E%:uA'=&N*C
E��xJGE%:(AdC!A\J';�IBJG:%@!<�A
=�@!<#:(A?N �uR�A?C!A?J';�I	F�A'JGN&E(;�IP;�bB=�AG<&F�Q'A�S2=�;�E%N.C!A?N �uR�A?=&N&<�9�N&E���;�<&^DA_t
=�;�E%N.C!A�N��	RhA`J';�I2F�A'JGN&E���9�F�A'J`@!IBA8b�9�=�A
CB9�IB=p:(A'=*J';�@BJ�KBA'=�^D;���AGI!IBA'= V � I
zBI�t CB9�IB=p:(A�=�A'JGN�AG@!<�C
@7<&E(C
H�A_t :(A'=pJ';�I	F�A'JGN&E(;�IB=p<�A'=�N�AGI2N*N�;�@�c&;�@!<�=*��9�E%b!:(A'= V

Z\[ E%I2N�AGIB=&E�z�J�9�N&E(;�I C!A{: [ 9�JGN&E%FuE%N�QaC!A{: [ ;�IBC!AwCB9�IB=�:(A'=�=�A'JGN�AG@!<�=gE%I!K!E%b!E%N�AG@!<�=PN�AGIBC�| 9�@!H_^DAGI2N�AG<�:(A'=
=�@!bB=&E(C!AGIBJ'A'=eCB9�IB=`:(A'=8b�9�=�=�AOJ';�@BJ�KBA'=3^x9�E(=3|g9�@!H_^DAGI2N�AG<e:(A'=e9�=�J'AGIBCB9�IBJ'A'=L9�@ m C!A'=�=�@B=`C
@gc&AGN V�� :�= [ 9�H_E%N
C!;�IBJwC [ @!IBAaA/�uR!:%E(J�9�N&E(;�I 9�@
� <�Q'=�@!:%N�9�N�=�;�b!N�AGI	@B=�CB9�IB=�:(A'=xzBH_@!<�A'= l
VXW AGN l
VXU ;���:(A'=�QGF�;�:%@!N&E(;�IB=�C!A
: [ E%^]R�9�JGNdC!A'=�=�A'JGN�AG@!<�=�E%I!K!E%b!E%N�AG@!<�=#=&@!<�:(A'=�R!<�Q'JGE%R!E%N�9�N&E(;�IB=#AGN\=&@!<�:�93J';�I2F�A'JGN&E(;�I�I [ QGN�9�E(AGI2N#H�QGIBQG<�9�:(AG^DAGI2N
R�9�=7=&E%H_I!E�z�J�9�N&E%F�A'= V�� :�A'=&NeRh;_=�=&E%b!:(A]>	@BAfJ'A'=7=�A'JGN�AG@!<�=�t�=&@BC�AGNe<&E(C
H�A'= thN&<�9�C
@!E(=�AGI2NO@!I�9�@!N&<�ADA/yhAGNLC!A�:�9
J';�I	F�A'JGN&E(;�I{R�9�<8<�9�R!R�;�<&N?9�@
��=�A'JGN�AG@!<�=qR!<�;�R!E(J'A'= V

o A'=�>	@�9�N&<�A#zBH_@!<�A'=�J';�I
zB<&^DAGI2N\:(A'=�A/yhAGN�=�C!Ad: [ ;�IBC!A.R!<�;�R�;_=�Q'=�R�9�<�¡.KB;�<&IBJG<�;���N\9�IBC �`;_=& 	E%IB= T i U_U � 9 Y
>	@!E*9f^D;�I2N&<�QO>2@BA3:(A'=�M�;�IBA'=�C!AeJ';�I2F�A'JGN&E(;�Ia=�Ae=&E%N&@�9�E(AGI2N8R!:%@!N���N8CB9�IB=q:(A'=qb�9�=�=�A'=�J';�@BJ�KBA'=?CB9�IB=q:(A`�B@
�
C!A.IB;�<�C�AGN�CB9�IB=�:(A'=�K�9�@!N�A'=�J';�@BJ�KBA'=�R�;�@!<�:(A#�B@
�fC!A.=&@BC T zBH V�U
VXk�Y/V � I]R!<�AGI�9�I	N\AGI]J';�^]R!N�A.: [ K2@!^]E(C
E%N�Q_t
:(A'=3=&�
=&N��G^DA'=`J';�I2F�A'JGN&E���=`R�AG@!F�AGI	Ne9�R!R�9�<�95�(N&<�A�C!AOR�9�<&N`AGN3C [ 9�@!N&<�AfC!A7: [ 9�IB;�^x9�:%E(AfRh;_=&E%N&E%F�AOC!AO~�¢ F�AG<�=
i n ◦ �`;�<�CPAGN�=�AG@!:(AG^DAGI	N?CB9�IB=q:(Ae�B@
�jC!AL=�@BCP9�@
��:�9�N&E%N&@BC!A'=8R!:%@B=�Rh;�:�9�E%<�A'= V
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�?;�@B=d9'F�;�IB=#^]E(=\AGIgQGFuE(C!AGIBJ'A8CB9�IB=\:�93R�9�<&N&E(A�R!<�Q'J'A'C!AGI	N�A_tu:�93F�9�<&E�9�b!E%:%E%N�Q?:(;�I!H_E%N&@BC
E%I�9�:(A`C!Aq: [ E%I2N�AG<�9�J m
N&E(;�Iv;�IBC!A m J';�I2F�A'JGN&E(;�IwAGN8;�IBC!A m R!<�Q'JGE%R!E%N�9�N&E(;�I�9�F�A'JL@!IaC!QGR!K�9�=�9�H�A7>	@!E*=�AeR!<�;uC
@!E(=�9�E%N?:(QGH��G<�AG^DAGI2Ne|
: [ � @BA'=&NqC!A`:�97J ��N�ALsuQGIBQGH29�:�9�E(=�A V re9�IB=qJ'AGN&N�A3=�A'JGN&E(;�I�tuIB;�@B=�9�:%:(;�IB=.<�Q�9�:%E(=�AG<.:�9L^D�G^DAeQGN&@BC!A3AGIjR!<�AGI�9�I2N
J';�^]^]^DAfE%IBC
E(J�9�N�AG@!<`:�9x:�9xF	E%N�A'=�=�ALF�AG<&N&E(J�9�:(A]=&@!<?N�;�@!N�AO: [ QGR�9�E(=�=�AG@!<`C!AO:�9gJ';�@BJ�KBAD9�N&^D;_=&R!KB�G<&E(>	@BA]95zBI
C!AeJ';�IB=&N�9�N�AG<�@!IBALQGF�;�:%@!N&E(;�IaC!A3:�9]C
�uI�9�^]E(>2@BALC!A3H_<�9�IBC!AOQ'J�KBAG:%:(A V
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U5O
Pa.s−1

^�>
r U�ghgNU�c�KNU5H_Q2ghgNECO�KhMAG?U5O�KNMTx_l�g�f_JLQ9IAU$VCU5O�Khw|U5Q2MAG?MTU�O \ 
s] � ��^

Z 9`zBH_@!<�A U
V } RhAG<&^DAGN�C!A.F	E(=�@�9�:%E(=�AG<�:(A'=\9�IB;�^x9�:%E(A'=\C!A.FuE%N�A'=�=�A'=�F�AG<&N&E(J�9�:(A'=#=&@!E%F_9�I2N�:(A'=�=�A'JGN�AG@!<�= V�� E(AGI
>2@BA.IB;�@B=\N&<�9'F_9�E%:%:(;�IB=#|eC!A.H_<�9�IBC!A'=dQ'J�KBAG:%:(A'= t_@!IBA�QGN&@BC!A�<�Q'J'AGI	N�A T�� 9�R�A'= � !�#&%(' W_n_n_k�Y ;�I2N�^D;�I	N&<�Q8>	@ [ E%:
QGN�9�E%NeR�;_=�=&E%b!:(A�C [ ;�bB=�AG<&F�AG<O|�H_<�9�IBC!A]Q'J�KBAG:%:(Ax@!IBAD9�JGN&E%F	E%N�Q]J';�I	F�A'JGN&E%F�Ag9�R�9�<&N&E%<e:(A'=eFuE%N�A'=�=�A'=`F�AG<&N&E(J�9�:(A'=
;�@�:�9�C
E%F�AG<&H�AGIBJ'AD^x9�:%H_<��'=7:(Af��9�E%NO>2@ [ @!I =&�
=&N�AG^DA]J';�I	F�A'JGN&E��8J';�^]R!<�AGIBC @!IBA]R�9�<&N&E(Ax9�=�J'AGIBCB9�I2N�Ag9�E%IB=�E
>2@ [ @!IBA7R�9�<&N&E(A7=&@!bB=�E(C!AGI2N�A7=�;�@!F�AGI2N3=&E%N&@BQ'AO|�: [ 9�<&<&E(�G<�AfAGN8=�;�@B=8:(A7=&�
=&N��G^DA VB� E%IB=&E*=�@!E%F�9�I	N?J'AGN&N�AezBH_@!<�A_t
E%:�A'=�N?Rh;_=�=&E%b!:(AfC!AOJ';�IB=�N�9�N�AG<3>	@BAO:�9DR!<&E%IBJGE%R�9�:(A]C
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