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fYd�u�[Yd�b�c�x,`S[a]Dn�`@b�c��+	
� x+�,� ∼ ����dUci�-)}±��/.ºm�c�`@^Y]Djad
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¹}��[adUh���� [�d�h�n%mU[Yd�n�]¿²
×

²
×

��²¡n%n�^amUqr`S[�n�]�[�`St
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[a`�b�cU�U� ∼ ��Æ −

� b −
ü x�]afDc�m�[ax�d�~Ym�Á�Á�¢V��ÆS²54�¯�x�©�c�`Sn

c�m�n�o�m�[�d�c�pi[Dfa`�n ]�f�c�m�[Dx@dU~DmzoD`@b�~YmU[�m�~�dUjib�dU��]�`afaf���w
©�q�qrm�jic `@b�`��@mUfYfi` ka`a[�`a��` x@��[Dd��}m�fJ±��´Zs~Vd�b�cU]at
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« j�bUo�mU[a]an�mUf�cU�´o�`�b�c�d@[�mUfa]���oY[�`�xU`�^Y]�~V]goa[a]gq�]Yj�t
b�]�[�`ax@dUfafD`Sw�c�m�n�o�mU[�d�c�pa[�m�x¨[�m���]�n�m�[�m�~Yd�j@bUd@�D]Y]�fadUt
oY[�ua�}mUfa]�w�¯�b�kam�n�d�b�c�d�cU]�e�m�b�j�`���`{^Dm�q¥`i[in�dU��]�`afafD`@��`
b�cUdU[amUfa]iul�.Áa��±U�6�¡©�cU]akgp�b�~Y`�x@]iuikg^Y]ib�~�`SjadU��]a]g`�b�pat
§}m�b�c�xU~DuD�¥c�~Y]��}��f�m���`�~��U�}]Dm�oamU[�m�n�m�§�mUfa]iu{b�pa�S��t
x@d@�r§�mUw_bUj�`a[�`@b�cU�@�¨|s`���m�bUo�m�ei]Dx@d�ulfDm�h�fYd�ea]�c�m�~V�UfDpi�
^am�qr`�[an�d@�a]��¿`@�a[ad�hU�Yd ∼ ÆJ|:�7)���Zs`�b�~amÉx@�¥^SmU[D� jD]
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`��S[ad,h���d�o�`�b�~am�[am�~YdUj�bUdU�Y]�]gfYdUo�[�ua��m�f�]aw_fDdU�@~V��^�dUt
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n�m�[�m�~�dUj�bUdU��]a]�fYdUo�[�ua��m�f�]aw ¯Ð^a~V]�c�m�~��@f�`�b�c���[�m�~Yd@j�t
b�d��a]Y]�fad@oa[Sui��m�fa]�wV±��

∆σ ��� ∆σ ü |�m�b�~�]�� Ô � � ü ¯�b�nr�
b�k�m�n�p�f�d}[�]�ba����|��Y±�� �{[ad,�@`�c�m}oa`�~Yp�e�mUfa�ghUdUx@]Db�]�n�`�b�t
c�]gxUm�~V]�ea]afY�

∆σ
`�c�^�~�]�c�m�~��UfD`@b�c�]g[�m�~Yd�j@bUd@�D]Y]gfadUt

oY[�ua�}mUfa]�w	��|�bUj�`a[�`@b�cU]¦]Dh�n%mUfamUfa]iu fadUo�[�ua�}mUfa]�u¦x
j�`afa�am�[�m�~VdUj�bUdU�Y]D]_fYdUoD[�ua��m�f�]aw

(− σ
. 


)
|�c�m�n�oDmU[ad�c�pat

[Y� Å |%xUm�~Y]ae�]YfD��^am�qr`�[an�]Y[�pa��§�m���`¼fDd@oa[�ua�}mUfa]iu
σ
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b�c�m�oDmUfa]�oD~Yd�b�cU]De@m�b�j�`aw�^�mUqr`i[in�dU��]a]�`���[adUh���d

ε
�

��c�`��S��]�h��@m���d�c��g[ad�h��S[D`@b�`ax�|sbUx�uahUdUfafY�Qkyb{j�`afat
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xUbU�¿h�dUx�]abU]�n�`@b�c��

∆σ(
�
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o�`�~apae�dU~Y]�fadª`�^Yfi`SnÀ`��St
[Yd�hU��mD�sZ\[a]�©�c�`�n­x@��oD`@~Vf�ua~V]»fim�n%mUfam�m���²S¢V��Æ�©Uj�b�t
oamU[a]Dn%mUfac�`Sx�o�` [Dm�~YdUj�bUdU�Y]�]�fadUoY[Sui��m�fa]�w�[ad�hUf�`aw
^a~�]ic�m�~Y�@fi`Sb�cU] � ��b�~am�^ab�c�x�]�ml^Dm�qr`S[in�dU��]D`Sf�f�`��Ð`ªpaoat
[a`�eifim�f�]�u x,m�~�]ae�]Yfad�^�m�qr`a[�n�]a[�p��s§�m���`�fYdUo�[�ua��m�f�]�u
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∆σ(
�
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^am�qr`�[an�d@�a]�w |�x�j�`�c�`�[�`�n x,~Y]�uYfa]Dm�^�mUqr`i[in�]D[�pY�s§ m�t
��`�fYdUo�[�ua��m�f�]�u{¯�b�c�mUo�mUfY]�^amUqr`S[�n�dU��]Y]V±¨fad�x,m�~V]�ea]at
fap�o�`�b�~Dm�[Dm�~�dUj�b�dU��]D`Sf�f�`��Ð`�pYoa[�`�eaf�mUfY]�u��S�¥~a`�fDm�hUfadUt
ei]Dc�m�~��Uf��Qnr��«�c�`@cª]afac�m�[�x@d�~�b�`�b�c�d�xU~�ua~ o�[a]�n�mU[afa`
²�)�]gfad�ea]Yfad�~�b�u{b¼^Dm�qr`S[Dn�d��a]�] |�b�`@`�c�xUm�c�b�cUxUpa��§�mUw
x@��kD`S^�p�^am�qr`�[an�d@�a]D`Sf�f�`aw�ja[a]ax,`iw�fad n�]af�]�n�d�~��Ut
fY��w j�`�©�q�q�]a��]�mUfac¾pao�[�`@eafDm�fa]iu ¯�o�`�^a[D`@�af�` b�nr�
[Yd�h�^ �J��� £V±��

¤�~Du `So�[�m�^am�~Dm�f�]�u hUdUx@]Db�]in�`�b�c�] oad�[ad�n�m�cU[�`Sx
¤}¤}°­`�c¼x,m�~V]�ea]�fa�ª^amUqr`S[�n�]�[�pa�\§ m���`�fYdUo�[�ua��m�f�]�u
¯�b�c�m�oim�f�]�^am�q¥`a[�n�dU�Y]a] ±y�a�Q~Yd¸]�bUoa`�~���h�`ax@dUfad b�~Dm�t
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ja[a]�xU`Sw�]�h�n�m�[Sui~V]�x,m�~�]aea]afDp�o�`�b�~Dm�[�m�~VdUj�b�dU��]�`afafD`@��`
pYoa[�`�eaf�mUfY]�u�oa`�oamU[�m�n�m�fafD`�oa[�]�^YxUp�k�h�d�^�dUfYfa�Qk�^S~V]at
c�m�~��UfD`@b�c�uik�[im�~VdUj�bUdU�Y]a]
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� Ô ¯Ðb�nr�D[�]�bD���S|��V±���¤ ~V]at
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σ � ¯�b�c�m�t
oamUfa]�^amUq�`a[�n�dU��]a]

ε � ±�|�o�[a]�j�`�c�`a[�`�n{oY[�`ax,`@^Y]�~V]��2t7�
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∆σ ü� ¯�xUmU[�kVfa]�w
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∆σ Ô � − ü ]­oi`Sb�~am�^apa��§}]an
∆σ Ô � + ü hUfadUe�m�t
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