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i)h£_>`\i)d´4:eXf5hXs)g^h£i)hÍtShXk�w)eXfS`Nt } f5h£hXsutvf5h£_>h^m
w)b)nNtvnps)mchxt�_>h^m¾s)h } tvfSdIs)npm^��nps i)npd�tcgXn�fSfSdI�phXfzgXhxtStvh£��npf5k } _IhÍi ¢é} s ��`�g^tSh } f&�Hk'»p»1¥�gX`�f¾_>`
i)h^s)mSd�tve7hXmrtPw�fSnpw�npf5tSd>nps�s)hX_I_>h�À!6 � ­C��gXh |~} dZi)nps)s�hz¸µ �H°¶�·� ± � ��F� µr³ °x� Ó ± � �F����¸º¹ f � ¥?9'�Äºp­
� n } f�tvf5npd>m{��`�kzdI_>_IhXm{i)hjs)h } tvfSdIs)npm^��nps£npo'tvd>h^sut�i)nps)g } s)hji)hXs�mSdItSe « � � � h ¸º¹ f � ��WÍ`�_I�pfSegXhxtStShUtSfS¿^m7��n�f5tvhji�hXs)m5dItvej»��¯_ ¢ eXs�hXfS��d>hji)hUgXh^m7s)h } tSfSdIs)npm7fSh^_>d |~} h^m�hXmrtyo�h©` } gXn } w�tSfSnpw£��`�dIo)_>h
w�n } f |~}¯¢ nps�w } d>m5mShª_>hXm�i�e^tvh^g^tShXf{w:n } f�_>h�k�npkzh^sut©�

� `�f¤gXnpsutvf5h��+gXhxtStvhP��npf5tSh�i)h^s)mSd�tve�w�h } tL`©qpnpdIf } s�h�d>k�w:n�f5tD`Ns)gXhLgXn�mSk�np_>np��d |~} hLmSd:_>hXm�s)h } Î
tvf5d>s)n�m�npsut } s)hckz`�mSm5h��±h^s.`Nw)w:n�f5tD`Ns~t } s)hcgXn�s~tSfSdIo } tvdInps À
_a`
i�hXs)m5dItveci�hckl`NtSd>¿^fSh¾s)n�d>fSh
i�`�s�mj_ ¢é} s)dIq�hXf5mX�½¼'d¤_a`
mSn�kzk�h¾i)h^mjkl`�m5mSh^m�i�hXmjs)h } tvf5d>s)npmjh^m5t�i)hc_ ¢ npf5i)fShli)h£»g¾ÍhYX���gXhX_>`
w�hXfSk�h^t5tvfS`�dIt{i ¢ h · w)_Id |~} hXf�_a`zi�hXs)m5dItveyi)h�kz`NtvdI¿Xf5hªs�nps
o�`�fr�pnps�d |~} h­¿ÁÀ\Â « ���V�H� ¥�w:n } f } s)h
gXn�s)m5tv`�sutvhªi)hª« } o)o�_>h�eX�p`�_>h7À �H�(Ã�¹ÅÄ f �ÇÆ a ¸ f � ­¤i)hª_ ¢é} s)d�qphXf5mX�
Å+�5Sp��Â È �ÊÉ�ÉGË��DÈIË

 Zh�¼+np_>h^d>_�hXm5t�_>`ÍmSn } fSgXh�s�`�t } f5hX_>_Ih¾_a`
w�_ } mjdIkzw�npf5tv`�sutvhzi)h�s)h } tSfSdIs)npm�q } mUm } f­6®hXf5fShN�
`©qph^g } s�Ë }'·ÍÌÏÎ �n�Ð¬Ñ���FÒ gXk fÔÓ m f � �	Z _ ¢ `�d>i�hzi)hzkzn+i)¿^_>hXmªtvb)e^npfSd |~} hXmyh · w)_>d |~} `�sut�_>`
w)f5n'i } g^tvdInpsci ¢ eXs)h^fS�pdIh�i�`�s)mL_IhXm�extvnpdI_>hXm�¥?lLd>gDb�`�f5i�h^t{`�_"�I�:»��n�p¼�Õ�U�`�b)gX`�_>_:h^t{`�_"�I�:»��n�nÖ\Õ�U¤f } s
h^tP`�_"�I�:»��n�nÖp­x�)nps�w�h } t{w)f5eXi)dIfSh7_>h�m5w:h^g^tSfSh7i)hXm{s)h } tvf5d>s)npmLm5np_a`�dIfSh^m7¥�gx�¹��`�s)s)h · h0U�­C�¼ } f�_>`�§�� } fSh&9���»p�°nps�w:h } t�q�npd>fy_>hlm5w:h^g^tSfShº×�npo�tShXs } À
w�`�frtvdIf¬i } k�n'i�¿X_>h�mSn�_a`�dIfSh�i)hU�`�b�g©`�_I_B��U¤`�m }.Ø � d>s�mSnps)s�h©` } _�ty¥r»��F�nÖu­�¸Ù _Ih1Ë }'· _>hzw)_ } myd>k�w:n�f5tD`Ns~tyhXmrtjgXh^_ } d�i)hXmjs�h } tSfSd>s�npm7ÚnÚZ�®w)f5n'i } dItvm�ÀÍo�`�m5mShceXs�hXfS��d>h��

_>`½§�s¨i } gXnpsutSd>s })} k mShlmSdIt } `�sut¬À��~ºF9½³�hYX m5h } _IhXk�hXsut©�° ¡`Íkzh^m } f5hli)dIfSh^g^tvhzi)hlg^hË }+· �¯��n�f5tvh^kzh^sut7gXnpsutvfS`�d>sut�w)`�f�_a`¾_ } kzdIs)npm5dItveymSnp_>`�d>f5h���mSh^fv`�d�t�tvfS¿^m�d>sutve^fSh^mSmv`Ns~tSh��¡g©`Nf
dI_¯i)eXw�hXs�i½tSfS¿XmLw�h } i)hXm{k�n'i)¿^_>h^m�mSnp_>`�d>f5hXm^�Û:êçâ�ôGàrß*�"åéãBù$ô�à$ßGàrèGã"äBå�ßGö��7��ö^êçâxå�äBà�àt��ã¡àrß�s©å�äBöxß7Ü¢Ý¢Ý�óÏöxå©�¯õGêçè*�¯ó�âxåVuGêçàxð

Ý q~àQ�NÞ�è�ß&�"öxßXã¡ô�ö^ßGßGùt�¯à5ß�àâáÇã�äæåæçHè°õ�öxèGäZêçàt�¯ä�âCåçàt�¯àrã¡àrßÊàâáÇã�äéåâç�è·äæê�ëæìíçHè±õNö^èGäZê�àQ�Zæ¹ö^ß^ãBå�ß©è*�5ð
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Ù@?BA�CED=A�F�GIH9JBD=KLCNM U A�OPKLH9QRA�D�GEF=D2A�H9S�J�AUTWVUGIH9K�JBGIA À0Öp¼�»L³ A X A-GNX�K�D=CYG9JBGIF2A�D�GW?BA�Z=A�F · J ¿ QRAË F · ?�A\[=?BF=C�J�QR[�K�HYG]S	D(GWZ=A^D=A�F�GIH9JBD=KLC�C9K�?�S�JBH9A�C ¥ « »�_�` Z=F Ë F · ÚnÚ�­�aÙ@A-D § D b�?�A�CcD=A-F2GIHYJ�D=KLC�d U OPKLHYQeA-D(G�F=DfCY[�A-X-G9H9AgX-KLD�GIJ�D(F Àfh-i S�F2G9A�V-D=A�HYjLJ�A h b�?�S § DkZ=F
CY[�A-X-GIHYAlC9AmC9J5GIF4S	D(Gon�A�HYC »�¾:W A X A-Gp?BA Ë F · V-G]S	D(GpA-D�n�JBH9KLD � KLHYZ=H9A-CpZ=AmjLHIS	D=Z=A�F2H
A-DqZ=A�CYC9KLF2CoZ=F Ë F · Z=A ÚnÚra µ ?�CsX�KLD2CYGIJ5GIF=A-D�Ggt(F4S�D=ZuQ Ñ QRARF=D=A7CYKLF=HYX�AvJBQe[
KLHYGIS�D�GIA
[
KLF=Hw?BA�CxA · [2V�H9JBA�D=X-A�C�D=A-F2GIHYJ�D=KLCxCYKL?�S	J�H9A-CwS � S	D(GcF=DlCYA�F=JB?�Z=A\Z=VUGIA-X-GIJBKLDlV�?BA-n�V ¥ X-A\t�F2J
[
A�HYQeAUG�Z=A^Z=J�QRJ�D(F=A-Hw?�A\y=HYF=JBG�Z2A^OPK�D=ZlHIS�Z=JBK�S�XUGIJBO ­UaÙ@JB?zA · JBCYG9AmS�F=CYC9JWZ ¢ S�F�GIH9A-CoX�KLQR[
KLCIS�D�G9A�CgZ4S	D=CgX�A7C9[
A�X-G9H9A	b{Q7S	J�Cs?�A�F2H9CgX-KLD�GIH9JBy=F2G9J�KLD=C
CYKLD�Gzy
A|S	F=X�KLF2[e[=?BF=C{O}S�JBy=?�A-C{[4S�H~H9S�[=[
KLHYGES	F · S�F2G9H9A-CNCYKLF=HYX�A�CEZ4S	D=CE?�S&Q Ñ QRAxj�S�QRQeA
Z ¢ V�D2A�H9j�J�A a=� KLF=Hx?BA&QRKLQeA-D�G|b2X-A�C�C9K�F=H9X-A�C�C9KLD�G�Z=K�D=X\QeK�J�D=CwF�GIJ�?BJ�CYV�A�CzZ4S�D=C�? ¢ S�D=S�? � C9A
Z=F�[=HYKLy=? ¿ QeA�Z=A�CcD=A�F�GIH9JBD=KLCxCYKL?�S�JBH9A-C a

  A�CED=A�F�GIH9JBD=KLC~CYKLD�GEX�H9V-V�CNZ4S�D=C~?BA�C~VUGIKLJB?�A�C�[4S�H{Z=A-CEH9V|S	X-GIJBKLD=C~D(F=X-?�V|S	J�H9A-C ¥ XUO a S�D=D=A · A U�­
t(F=J
D=A&[=HYK�Z=F2J�C9A-D�GWt(F=A&Z2A�C h)� a+  A ¼ K�?�A�JB?,A�CYGWZ=KLD=X�F=D=A�C9KLF=HYX�A&[2F=H9A�Z=A�D=A-F2GIHYJ�D=K�CWZ=F7G � [
A
V�?BA�XUGIH9K�D=J�t(F=A a
ñ å�ê+àâß�å���ã"à�âxè*����åpèGßGà�ôGàrè�ß�å��rá�à$äBâxå�à±ô�à$ßGà5è�ã"äBåçßGöp�r�Y�:àE�ÁÜ-�¢Üz�xàxw£ëXèGå~àt��ã¡ßGö]�©ùrà±ôGâxß*�¯ê�àf�"õ�à5æ�ãBä"à �-�+ð
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� KLH9CYt�F���F=D2A�V-G9KLJ�?BAwA�C�GEGIH ¿ CzQeS�CYC9JBn�A�b�?�S\G9A�QR[=V�H9S	GIF2H9AxZ=AcC9KLDRX��^F=HEZ=AUn�J�A�D�GNGIH ¿ CEV�?BA-n�V�A	b
A-Gg?�S/[2H9A�CYC9JBKLD�Z=AvZ=V-jLV�D=V-H9A-C9X�A-D=X�A�V�?BA�XUGIH9K�D=J�t(F=AeD ��A-CYGp[=?BF=CgCYF [ CIS�D�GIAm[
KLF=H�C���KL[=[
KLC9A-H À
?�SpjLH9S�n�J5G]S	G9J�KLD a=� KLF=HcX�K�D(G9J�D(F=A-H À H9A�CY[�A-X-G9A�H&?BAs[2H9J�D2X�J�[
A^Z=A � S�F=?BJ�Q7S�?BjLH9V\?+��A 4 K�D=Z=H9A-QeA-D�G
jLH9S�n�J5G]S	G9J�KLD=D2A�?�b4?BA�C�V�?�A-X-G9H9KLD=C�C9KLD�G\X�S�[2G9F=H9V-C&[4S�H�?�A�C�[=H9K	GIKLD=C-b�[
KLF=HcOPKLH9QRA�HcZ=A-C&D=A�F�GIH9K�D=C
A-GcZ=A-C�D=A�F2G9H9JBD=KLC ¸ Ú c�� f ^·_ µ�c�h�� � 9�at9� 
¡ A-GYGIAc[ i S�CYA�Z=A h D=A�F�GIH9K�D=J�C9S	GIJBKLD h [=HYK�Z=F2JBG~A-D(n�JBH9KLD »�_s` Z=F Ë F�¢oG9K�G]S	?=Z=A�D=A�F�GIH9JBD=KLCEV�QRJ�C
[4S�H\?�SvC9F=[
A�HYD=K�n�£ a � AoHYA�CYG9ApZ=F Ë F�¢¤A�C�Gs[=H9K�Z=F=J5G\[4S�H\?+��S�D2D=J i JB?�S	G9J�KLDlZ=Ap[4S	J�H9A-C�b Z2F¤G¦¥�[
Ad|§1cedgf
^r_ h)¨Fc h�¨ K m Jª©«A�b�¬{b�­ �?h)® A-G h)¯ C9KLD�G�[=HYK�Z=F2JBGICW[4S�HwX-KLF=HIS	D(G�D2A�F2G9H9A\A-G h)� [4S	H
X�K�F=HIS�D�GcD=A-F2GIHYAsAUGcX�KLF=H9S�D�GcX i S�H9j�V  Ua

� ��V-D=A�HYjLJ�AE?�JBy=V�HYV�A{?BKLH9CrZ2ANX-A-G°A 4 KLD=Z2H9A�QRA�D�G°A�C�G°A�QR[�KLH�GIV-A~[=H9A-C9t(F=ANA�D^GIK�GIS�?�J5GIV �+± �n�c`p 
[4S�H²?�A-C�D=A-F2GIHYJ�D=KLC a±Ð Dq[
A�F�GgA�C�GIJBQeA-H²X-A-G9G9AvV�D2A�H9j�J�A7A-DqC9F2[=[�K�CIS�D�Got(F ��A�?B?�A7X-KLH9HYA�CY[�KLD2Z À
?���V�D2A�H9j�J�A\Z=A^?�J�S�J�CYKLDvZ=A^?+��VUGIKLJB?�A À D=A-F2GIHYKLD�H9V�CYJ�Z=F2A�?�?BAo³

´ Î � � µ²¶ Ó
· Î � ¬���� ¯¹¸
º � 9�aV�( 

[
KLF=HsF=D=AvQeS�C9CYAeZ2A �n� � ¶¼»�½ AUGgF=DqH9S|¥LKLDqZ2A �g�l¾ Q¿G¦¥�[=J�t(F=A-C�Z ��F=D=A7V-GIK�J�?�ARÀ�D=A�F2G9H9KLD a¡ A-GYGIAkV-D=A�HYjLJ�AfA-CYGlZ=JBCYG9H9J�y2F=V�A/Z=AfO}S ; K�DÁV�t(F=J�[2H9KLy4S	y=?�A/A�D�GIHYAk?�A�C7Z=J 4 V�HYA�D�GIA-CmA�C9[2Â�X�A-ClZ=A
D=A-F2GIHYJ�D=KLC �PÃ JBD�GIA�H-b,Ä �n� Ä   b�X�A�t�F2J�X-KLH9HYA�C9[
KLD=ZvÀ²F=DeD=KLQgy=HYA�[2?�F=CNV�?BA-n�V�Z=A h���� ?BA�CNA�CY[=Â�X-A�C
t(F=J�D ��J�D�GIA-HIS�jLJBC9CYA�D�G7t(F=A�[4S�HRX�K�F=HIS�D�GeD=A�F�GIH9A�C9K�D(G7À¤?���V�t(F=J�?BJ�y=HYAmZ4S�D=CRZ=A-CeHYV�jLJBKLD=Cp[=?�F2C
J�D�G9A�H9D2A�C�Z=F�X��^F=H�A-GcKLD�G�Z=KLD2XsF2D=A²V-D=A�HYjLJ�A\QRK�¥LA-D=D=As[=?�F=CxV-?�AUn�V-A  �a

� KLF2H�Z2A�ClD(F=X�?BV�KLD=ClS|¥LS�D�G/F2D=A¤V�D=A-H9jLJBAkQeK�¥LA-D=D=A¤Z=Ak?+��KLHYZ=H9AÅZ=A � � W A X bxK�DÆ[
A�F�G
X|S	?�X�F2?�A�Hx?BA\D=KLQgy2H9A\Z=A^D=A-F2GIHYJ�D=KLC�[=HYK�Z2F=JBG9C\³µ � Î ´� �!¬|�n�t�F� � ¬®��� f � Ò Î

����Ç d h�� � 9�a�¾L 
¡ A�D2KLQgy=HYA�V�D2KLH9QRA�X-KLH9HYA�CY[�KLD2ZmÀ²F=D Ë F�¢eKLy=CYA�HYn�V&CYF=H 6 A�HYH9A�H9A�?�S	GIJ5nLA-QeA-D(GNO}S�JBy=?�A	b�X|S�HN?�A-C
C9F2[�A-H9D=K�n�£�CYAw[=H9K�Z=F=JBC9A-D(G{CYG]S�GIJ�C�GIJBt�F2A�QRA�D�G�G9H9Â�C�?�KLJBD�Z=AwD2K�GIHYAw[=?�S	D=Â-G9A aL� KLF=H{?�S�CYF=[�A-H9D=K�n	S¼ Ì Ä �nÖ�È	É t(F=J
S\AU¢�[=?BKLC9VcZ4S�D2CN?BAcÊ^H9S�D=Z Ì F4S	jLA�Z=A W S�jLA-?�?�S	DpÀ �F�\¾ [
XcZ2A�?�S 6 A-H9H9A	b(?�A Ë F�¢
J�D�G9V�jLHYVpSl[2F Ñ GIHYAoX|S�?BX�F=?BVoÀm[4S�HYG9J�H&Z2A�C^H9V-C9F=?5G]S	G9C\Z=A�C^AU¢�[=V-H9JBA�D=X-A�CsË W�U � U H9S	G9G9KLD¤A-GsS�? a b
Ä �nÖFÖ�  A-G�Ì^S�QRJ�K ¾ S�D2Z=A �+Í J�H9S	G]SgAUG�S	? a b�Ä �nÖFÖ�  b=AUGcJ�?�VUG]S�J5G�Z ��A�D�n�J�H9K�D � ¬���� � Î ¸º¹ fÔÓ aÐ Ds[
A�F�G�KLy2GIA-D=J�H�F=D=AEH9A-?�S	G9J�KLD&A-D�GIH9A~?�SwQ7S	C9C9A~Z2A�C�D=A�F�GIH9JBD=KLC AUG�?�SwZ=JBC9[
A�HYC9J�K�D\Z=A�CrGIA-Qe[2C
Z ��S�H9HYJBn�V�A�A-GeZ=A�?���V�D=A-H9jLJBAlZ=A�CeD=A�F2G9H9JBD=KLCRZ=V-G9A�X-G9V�CvCYF=H 6 A-H9H9A a Á D�F2GIJB?�J�C9S�D�Gp?�A-CeZ=K�D=D=V�A-C
KLy2G9A�D(F=A-C7[4S�Hp?BA�CpAU¢�[=V-H9J�A-D=X�A-CmÌ^S�QRJ�K ¾ S�D=Z2AvA-GeË W�U [�KLF2H ¼ Ì Ä �nÖLÈ	É b~KLDÏKLy2G9J�A-D(GeS�JBD=C9J
F=D=A^QeS�C9CYA^?�J�QRJBG9A�Ð �7� �F� A X �}Í S�QRJ�?5GIKLD b
Ä �n�F�� Ua
Ñ�æ�Ò àt��ãPêÄâjá�â�����àyô�à�Ó:ø�âxß�ô�ä�â��"à��©ø�âCäLëXèGå°àt��ãPêÄâjá�â�����àªá¤åçßGåçá�âCêçàs�jõ�âxä�ãBå�ä�ô�à7êÄâxëXèGàrêçêçà7êçâUõGä"àQ�,�"åçöxß

ëXè�âCßXãBåçëXèGà$ô�àQ�¯ùrêçà5æ�ãBä"ö^ß*�Zô�ù5÷xùrß�ùräBùt��àt��ã�sDâCåçß�æ¹èGà±õ�âxäZêçâ¤÷^äBâ s©å�ãBâDãBå�ö^ß
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� A�C^HIS|¥LK�D=C^X�KLCYQeJBt�F2A�C\C9K�D(GsZ=A-C\[4S�H�GIJ�X-F=?�A-C\X i S�HYjLV�A-CsZ2A i S�F2G9AoV�D=A-H9jLJBAoC9ApZ=V�[2?�S ; S�D�G
Z4S�D2C&?�A²QeJB?�J�A-F/JBD�GIA�HYCYG9A�?�?�S�J�HYA a Ë¦?�C�C9KLD�G^A-C9C9A-D�GIJ�A-?�?BA�QRA�D�G&X-KLD=CYG9JBG9F=V�C\Z=A�[=H9K�G9KLD=C � Ön�m`p  AUG
Z=ApD=K�¥�S	F�¢ÛZ � i V�?BJ�F=Q � Ä _�`p  br?BA�CoÄ ` HYA�CYGIS�D�GsV-G]S	D(GsZ=A-C^D=K�¥�S�F�¢Û[2?�F=C\?BKLF=H9Z2C � X|S	H9y
KLD=A�b
K|¢�¥�j�Â�D=A	b	OPA�H-b aBa5aÜ �a � A-F=H"jLS�QeQRAEZ ��V�D=A-H9jLJBA�C�A-CYG"GIH9Â-C�VUGIA�D2Z=F=A�b	Z=ANt�F2A�?�t(F=A-C W A X À�[=?BF=C9JBA�F=HYC
X�A-D�G]S�JBD=A�CYÝ�Z=A 6 A X b4?�A Ë F�¢lQeS�¢�J�QgF=QÞC9A^C9J5GIF4S	D(Gxn�A�HYC²Ä _ Ê\A Xga

� KLC9t(F=AsX�A-Cc[=S�HYG9J�X�F2?�A�C�S	H9H9J5nLA-D(G�CYF=H 6 A-H9HYA�b4A�?B?�A-CxA�D�GIHYA�D�G�A-DlX�KL?B?�J�CYJ�KLDvS�n�A�X^?�A-C�D=K�¥�S�F�¢
Z ��S�ß�K	GIAgKLFÅZ ��K|¢�¥�jLÂ�D2ARZ2Ag?���S	GIQRKLCY[ i Â�HYA�AUG&[=HYK�Z=F2J�C9A-D�G\F=D=Agj�A�H9y
AgX-KLC9QRJ�t(F=Ag[=S�H�F=DkQRV Î
X|S	D=J�CYQeA�Z=A&QgF=?5GIJB[=?�JBX|S	G9J�KLD a Á DmA 4 A-G�b2?���J�D�G9A�HIS	X-GIJBKLD7Z2A�X�AUG9G9A\[4S�HYG9J�X-F=?�Ac[=H9JBQ7S	J�H9A�Z=A i S�F2G9A
V�D2A�H9j�J�A&n	So[=H9K�Z=F=JBH9A � [=S�HxJ�D�GIA-HIS�XUGIJBKLDmD(F=X�?BV|S�JBH9A   Z=A^D=KLQgy=HYA�F=CYA�Cc[4S�H�GIJ�X-F=?�A-CwC9A-X�KLD2Z4S�J�HYA�C a¡ A�Cz[4S�H�GIJ�X-F=?�A-CEC9KLD�GwCYF [ CIS�QRA�D�GzV�D=A-H9jLVUGIJBt�F2A�Cw[
KLF=HEX�HYV�A-HwÀ^?�A�F2HNG9KLF=HEZ=A�D2KLF2nLA-?�?BA�CN[4S�HYG9J Î
X�F2?�A�C aBa5a � A�C�[4S�H�GIJBX�F=?BA�CwCYA�X�K�D=Z4S�JBH9A�C�t(F=JrCYKLD�G�X-H9V-V�A�CcC9K�D(Gc[=HYJ�D=X-J�[4S	?�A�QRA�D�GWZ=A�C�QRV�C9K�D=Cxà�³
?�A-C~à�áNn�KLD�GWZ=K�D=D=A�HNZ=A-CWV�?BA�XUGIH9K�D=C�b�t(F=J,nLKLD�GzJ�D=J5GIJBA�H{Z=A-Czj�A�H9y
A�CNV�?BA�XUGIH9K�Q7S�j�D=V-G9J�t(F=A�C-b�A-Gz?�A-C
à�âkZ=KLD2D=A�HYKLD�G�Z ��S�F2G9H9A-Cc[2J�KLD=C-b=t(F=Jrã4D4S�?BA�QRA�D�G�Z=KLD2D=A�HYKLD�G�Z2A�C�QgF=KLD2C a

¡ ��A-CYGsÀv[4S	HYGIJBH�Z2Ag?�S7Z2V�C9JBD�GIV�j�HIS	G9J�KLDfZ2A�C&[=JBKLD=C&X i S�H9jLV-C&t(F=AoC9K�D(G&X�H9V-V�C\?BA�C&D=A-F2GIHYJ�D=K�C
Z4S�D2C�X�A-CgjLA-H9y
A�CgX-KLC9QRJ�t(F=A-C a"ä D¼A 4 A-G|b"?�ARQeK�Z=AR[=H9JBD=X�JB[4S�?EZ=AeZ=V�CYJ�D�GIV-jLHIS	G9J�KLD � �n� b �n�Å`p 
Z ��F=D�[=J�KLDlX i S	H9jLV^A�C�Gs³

à § ^·_ ¬ § h)® � 9�a�å� 
à f ^·_ ¬ f h�® � 9�aÜÈL 

Z=KLD2X&[=H9A-C9t(F=AoÄ _�_o` Z2A�CwD=A-F2GIHYJ�D=K�CwX�HYV�V�CxZ=S�D=CwX-A�CwZ=V-C9JBD(G9V�jLH9S	GIJBKLD=CzC9A�HYKLD�G�Z=A�G¦¥�[
A&QgF=K Î
D=JBt�F2A � ?�SR[
KL?B?�F2G9J�KLDl[4S�HcZ=A-C�D=A-F2GIHYJ�D=KLC�Z=FÅG¦¥�[
A�V�?BA�XUGIH9K�D=J�t(F=A²A�CYG�Z=A�?+��K�H9Z=HYA²Z=A _2a�_ Ä `p Ua� A�C^QgF=K�D=C^X�H9V-V�C^nLKLD�G²Àl?�A�F2H&GIKLF=H\CYAeZ2V�C9JBD�GIV�j�H9A�H^AUG²[2H9K�Z=F=J�HYAoZ=ApD=KLF2n�A|S�F�¢ÛD=A�F2G9H9JBD=KLC a� A^QeK�Z=A\[=HYJ�D=X-J�[4S�?�Z=A^Z=V�CYJ�D�GIV-jLHIS�GIJ�K�D �+æ Ä _L_p`p  Z=A�CcQgF=K�D=CxA�C�G�³

¬ § ^`_ � § h)� h�® � 9�atÖ� 
¬ f ^`_ � f h��²h)® � 9�at�� 

É FÁG9K�G]S�?+bW?�S¼Z=V�CYJ�D�GIV-jLHIS�GIJ�K�DÆZ���F=D@[=JBKLDÁX�K�D=Z=F=J5GlZ=KLD=X¤Àu?�Sç[=H9K�Z=F=XUGIJ�K�DÆZ���F=D@V-?�A�XUGIHYKLD
� K�FèZ ��F=Dè[
KLCYJBGIHYKLD   A-G7Z=AlGIH9K�J�CpD=A�F�GIH9JBD=KLC-bNF2DéZ=AlG¦¥�[
AÅV-?�A-X-GIHYKLD=JBt�F2A/AUG7Z=A-F�¢èZ=A�G¦¥�[
A
QgF=K�D=J�t(F=A a ¡ AeHIS�[2[�KLH�GsA�D�GIHYA7?�ApD=K�Qgy=H9ARZ=ARD=A�F�GIH9JBD=KLCsV�?BA�X-G9H9KLD2J�t(F=A�C²A-G²QgF=KLD2J�t(F=A�CsA�C�G
H9A-?�S	G9JBn�A�QRA�D�GvJBD=Z=V�[
A�D2Z4S�D�G]êvZ=AÅ?���V�D=A-H9jLJBA/Z=AÅ?�Sç[=S�HYG9J�X�F2?�A�J�D=X-J�Z=A-D(G9A a Ë¦?�X-KLD=CYG9JBG9F=AfZ=KLD2X
F=D=A7KLy=C9A-HYn	S�y=?BAeHYKLy=F=C�GIA � QeK�J�D=CsZ=A ¾Å` Z���JBD=X�A-HYGIJ5GIF=Z2A   b�QeS�?�j�H9Vp?�A-C²OPKLH�GIA�C²J�D=X-A�H�GIJBG9F=Z=A-C
� «Áë _�`R  CYF=Hr?�Sw[=HYV�Z=JBX-G9J�KLD^Z=F Ë F�¢\jL?�KLy=S�?�Z=AED=A-F2GIHYJ�D=K�C a T S	D=C�?�Sw?�J5G9G9V�HIS�GIF=HYA�b�?BA�CrD=A-F2GIHYJ�D=K�C
[=HYK�Z=F2JBGICx[=S�HxX�A^G¦¥�[�A^Z=A^C9K�F=H9X-A²CYKLD�G�S	[=[�A-?�V-CxD=A�F2G9H9JBD=KLCcS	GIQRKLCY[ i V�HYJ�t(F=A-C a
ì`q,Ò ùæs|�rß�àrá�àrßXã¡êçà�õ�ê�è*�¡ùrßGà5ä"÷^ù¹ã"åÄëXèGà±ö¢u*�"àrä s©ù°àQ��ã¡ô�àzí¶ïYî ã}ï àxwpð
ñ:ò ß7ó�âxåéã±æ¹à�äBâxõGõNö^ä�ã�ô�å�á�åçß©èGà¤ëXè�âxß�ô�ê�Ò ù5ßGàräB÷xåçà�âCè�÷xá�àrßXã"à-ò�æ5âCä°ê�àQ�¡á�è�öxß*�®ã"ä��t�®ùrßGà5ä"÷^ù¹ã"åÄëXèGàt�®õNà5ègsxà5ßXã

âDã"ã"à5å�ß�ôGä"à±êçàf��ö^ê~â svâxßXãZôGà^�"à$ô�ùt�"åçß^ãBùr÷^ä"à5ä{ó�ô±âCå©�,�"àrä9ò�õYö-öUö�÷�ð
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� A�CvHYV|S�XUGIA�F2H9CmD(F=X�?BV|S�JBH9A-CvF2GIJB?�JBC9A�D�Ge?�S¤ã4C9CYJ�KLDéZ���F=DÁD2K)¥LS�F � [=HYJ�D=X-J�[4S	?�A�QRA�D�G Ó � Ç Û AUGÓ � Ò �N  [�KLF2Hs[2H9K�Z=F=J�HYAoZ=Ap?���V�D=A-H9jLJBA a � A-C²[=HYK�Z2F=JBG9C\Z=Aoã4C9CYJ�KLDÛC9KLD�G²Z=A�C^V-QeAUG9GIA-F=H9CsýèAUGsJ�?�C
nLK�D(GcZ=K�D=X^[=H9K�Z=F=JBH9A\Z=A-C�D=A-F2GIHYJ�D=K�CxA�D�C9AsZ=V�CYJ�D�GIV-jLHIS�D�G a�Ð D�[
A�F2GcS|nLK�J�Hx[4S�H�A�¢2A-Qe[2?�Ao³Ó � Ç�þ ceµ ^`_ � ¯ Î�ÿ�� c Ò ¯ ��� c � µ�c � �F� Æ d��� ¯ Î�ÿ�� ���^`_ � ¯ Î
	����
�^r_ � ¯ Î�� dÒ ¯ ��� ���^`_ Ò ¯���� �
�^r_ Ò ¯�� � ���^·_ Ò ¯�� �
�^`_ Ò ¯�� �T S�D2C�X�A²C9X i V-Q7S�b�X i S	t�F2AgZ=V�CYJ�D�GIV-jLHIS�GIJ�K�D/ý f A-CYG&S�X�X-KLQe[=S�jLD=V-A�Z=As?���V�QRJ�CYC9J�K�D�Z���F=DfS�D�GIJ Î
D=A-F2GIHYJ�D=KpV�?BA�XUGIH9K�D=J�t(F=A	b4J�?�¥mSRZ=K�D=X^A�F å D2A�F2G9H9J�D2KLC�V�QRJ�Cw[
KLF=HxF=D2Asã4CYC9JBKLD a

Ë¦?=AU¢�JBCYGIAx[2?�F=C{Z2A ¾�_L_ CYX i V�QeS�CEZ=AxX�AwG¦¥�[
A�bLX i S�X�F=DRZ ��A�D�GIHYAxA�F�¢g[=H9K�Z=F=JBCIS�D�G~F2DRD2KLQgy=HYA
Z=J 4 V-H9A�D�G9CcZ2AsD2A�F2G9H9J�D2KLC�b4S|n�A�XsF=DlC9[
A�X-G9H9AsZ ��V�D=A-H9jLJBA\X|S�H9S�X-G9V�H9JBCYG9J�t(F=A\Z=A^?���V�QRA-GYGIA-F=HxýçF�GIJ Î
?�JBC9V a � AfX�S�?�X-F=?�G i V�KLHYJ�t(F=AfZ2FÁC9[
A�X-G9H9AkZ=AkD2A�F2G9H9J�D2KqA�C�GlZ=KLD=XÅG9H9Â-CmX�KLQR[=?�A�¢�A�bWQeS�JBCeZ=A-C
QRA�C9F2H9A�Cz[�A-H9QRA-GYGIA�D�GNZ=Ac?�A�X�K�D=D4S p GIH9AcS|nLA-X�F=D2A�y
KLD=D=A�[=HYV�X�JBC9JBKLD b�Z=Ac?���KLH9Z2H9A�Z=A 9g` � É X i'Î¾ S�HxA-G�S�? a b�Ä �n�H¾\Õ�U K�A i Q AUG�S�? a b ë _�_L_� Ua

� A Ë F�¢�Z=AxD=A�F�GIH9JBD=KLC{V-QeJBC�A-CYGEX|S	?�X�F2?�VwÀ&[=S�HYG9J�H�Z2Aw?�S�[2F=J�CYCIS�D=X-AwG i A-H9QRJ�t(F=AWOPK�F=H9D=JBAW[4S	H
?�AzH9V�S�X-G9A�F=H � « 9 ÀgÄ _ Ê Ã   AUG~Z=FpD=KLQgy2H9AwQRK�¥LA�DoZ2AxD=A�F2G9H9JBD=KLC{V-QeJBC�[4S�H"ã4C9CYJ�KLD � « � h��  Ua
� A�C\HYV|S�XUGIA�F2H9C\C9K�D(G^Z2KLD=XgZ=A-C^C9KLF=HYX�A-C\J�D�GIA-D=C9A-C\Z=AoD=A�F�GIH9JBD=KLC-b S|nLA-XRZ2A�C Ë F�¢ÅG¦¥�[=J�t(F=A-C\Z=A��� Ó Î ^ ��� Ó � h�� Ä f � b,X-A²t(F=J�X�K�H9H9A-C9[
KLD=ZkÀpZ=A-C Ë F�¢ÅK�y=C9A-HYn�V�C�Z=A²?+��K�H9Z=HYAsZ2A ��� �R� h�� Ä f � S�FD=J5nLA|S	F/Z=F�Z=VUGIA�XUGIA-F=H � [�K�F=HxF=D�Z=V-G9A�X-G9A�F=HcC9J5GIF=V^ÀlÄ _L_ Q Z=F/HYV|S�XUGIA-F=H  �a

� A�CmD=A-F2GIHYJ�D=KLC7V�QRJ�Cv[4S	HvX�AfG¦¥�[
A�CmZ=AkCYKLF=H9X-A�ClC9K�D(GlZ2A�C h�� Z=Aky4S�CYC9AkV�D2A�H9j�J�A � n�KLJ�H
ã4jLF2H9A 92a ë   b=AUGcJ�?�CWC9KLD�GcZ=V-G9A�XUGIV�C�S|nLA�XsF=D=A^V-D=A�HYjLJ�A\QRK�¥LA�D2D=A²Z2A 9¬ÎL� W A Xga

� A�C^D=A�F�GIH9JBD=KLC^Z=AoHYV|S�XUGIA�F2H9CsKLD�G^F=D=ApJ�QR[�K�HYG]S	D=X�A i J�CYG9KLH9JBt(F=A�b [2F=J�CYt�F2ARX	��A-CYG²Àm[4S�H�GIJ�H
Z ��F=D=A&G9A�?�?BA&C9K�F=H9X-A\t�F���SoA�Fl?BJ�A�F7?�SgZ=V-X�KLF2n�A�H�GIA^AU¢�[=V-H9J�QRA�D�GIS�?�A&Z2F�D2A�F2G9H9J�D2Ko[4S�H l A�JBD=A�C Ø¡ K��wS	DfÀ ¼ S|n	S�D=D4S i.l JBnLA-H � l A�JBD=A�C�A-G ¡ K��WS�D brÄ �H¾�9� Ua
û���ü2��ü � Ø-ØXÊvË�Ê]� Õ Ç¹�����9×

� A�CsS�X�X-V�?BV�HIS�GIA�F2H9C^Z=Ap[4S�H�GIJ�X-F=?�A-C&[=HYK�Z=F2J�C9A-D�G^A�F�¢çS�F2C9C9J~Z2AoD=KLQgy=HYA�F�¢kD=A�F2G9H9JBD=KLC�b�t�F2J
C9K�D(GpZ2A�Co[=HYK�Z=F2JBGIC�Z=AvZ=V-C9J�D�G9V�jLH9S	GIJBKLDuZ=A�Co[=S�HYG9J�X�F2?�A�C�X�H9V-V�A-Co?�KLHYCgZ=A�CoX-KL?�?BJ�CYJ�KLD=CsZ=A7O}S	J�C Î
X�A�S�F�¢ a ¡ A�C^X-KL?�?BJ�C9JBKLD=Cc[�A-F2nLA-D�G Ñ GIHYARZ2AoZ=J 4 V�HYA�D�GIA-C\D4S	GIF2H9A�C � V�?�A-X-G9H9KLD Î [=HYK�GIK�D b�V-?�A�XUGIHYKLDÎ [
KLC9J5GIHYKLD b�[2H9K�G9KLD Î [=HYK�GIKLD�b�[=HYK�GIKLD Î S	D(G9J�[=HYK�GIK�D b"JBKLD=C aBa5aÜ  b�A-?�?�A-Cg[=HYK�Z=F2J�C9A-D�GpZ=KLD=XmZ=A-C
[4S�H�GIJBX�F=?BA�CwZ=A&G¦¥�[
A�Cxn	S�H9JBV�C-b=A-G�?BA�CwO}S�JBC9X�A�S�F�¢vZ=A\D=A�F�GIH9JBD=KLC�S�JBD=C9J�X�HYV�V�C�KLD�G�Z=K�D=X\Z=A�C�X-KLQ Î
[
KLC9J5GIJ�K�D=CwZ=J 4 V-H9A�D�G9A�C a
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� S�HcAU¢�A-Qe[=?BA�b4?BA�C�AU¢�[=V-H9J�A-D=X�A-C Ì Ð W/É T AUG ¡ Í Ð�l�ÛÊ¼ F2GIJB?�J�CYA�D�G�?���S�HYH Ñ G�Z���F=D�O}S�J�CYX�A�S�F

Z=Al[=HYK�GIKLDuZ2A �H¾�_ Ê^A X CYF=HoF=D=AlX-J�y=?BAvZ=Aly�A-HY¥�?�?BJ�F=Q � W A�ß-ß�A-GYGIKÛA-GRS�? a b ë _L_ Ä Õ � F=Z=K�n�J�X�J
A-GgS�? a b ë _L_ Ä  �a � A-Cg[4S�H�GIJBX�F=?BA�CsJ�C9CYF=A�CoZ2A7X�AUG9G9AvX�KL?B?�JBC9J�K�DÛCYKLD�GoA�DuQeS-,YKLHYJBG9VRZ2A�Cg[=JBKLD=C²t�F2J
C9A�Z=V-C9J�D�G9Â�jLHYA�D�G7A-D�n�KL?xA�D�[=H9K�Z=F=JBCIS�D�GpZ=A-CeQgF2KLD=CRA-GRZ=A�CRD=A-F2GIHYJ�D=KLC � X-O a V�t aL92a�å� Ua ¡ A-C
QgF=K�D=C�X�A^Z=V�CYJ�D�GIÂ-jLH9A-D�G�A-D/[=HYK�Z2F=J�C9S�D�G�Z=A�CcV�?BA�X-G9H9KLD2CcAUGcZ ��S	F2GIHYA�C�D=A�F�GIH9JBD=KLC � XUO a V�t a�92aVÖ� Ua� A²O}S�JBC9X-A|S�F/Z=AgD=A-F2GIHYJ�D=KLC�KLy2G9A�D(FkS|nLA-XgX�AgZ2J�C9[
KLCYJBGIJ5O�A-CYG\A-C9CYA�D�GIJBA�?�?BA�QRA�D�G�X�KLQR[�K�C9V�Z2A h)®
Z ��V�D=A-H9jLJBA^QeK�¥LA-D=D=A ë 92at¾ Ê^A X�a

� ��A�¢2[2V�H9JBA�D=X-AèÌ É7l7WÅä Ì � ä JBG9A�?gAUGçS�? a b ë _�_ Ä   F2G9J�?�JBC9AçF=D O}S	J�C9X-A|S�F Z=A�[=HYK�GIKLD2CkZ=AÖL_L_oW A X CYF=HpF=D=AlX�JBy=?�A7Z=A 6 S Î T Ó Ðga � A�Cp[=JBKLD=C � à § F=D=J�t(F=A-QeA-D�GeX�S�Ho?�A-Cgà f C9KLD�GeS�y Î
C9K�H9y
V�Cg[4S	H�?�A-CgD=K�¥�S	F�¢qZ2Av?�SÅX-J�y=?BA   C9AvZ2V�C9JBD�GIÂ�j�H9A�D�GRÀÅ?+��S	H9H Ñ G�A-Du[=H9K�Z=F=JBCIS�D�G�Z=A�C h�® AUG
Z=A-C�¬ § t(F=J�C9AsZ=V�CYJ�D�GIÂ-jLH9A-D�G&A�F�¢/S�F=C9CYJ°ÀR?+��S�HYH Ñ G�A�DÅ[2H9K�Z=F=J�C9S�D�GcZ=A�C h�® b4Z=A�C h�� A-GcZ=A-C ��f a6 KLF2GIA-Cw?�A-CzZ2V�C9JBD�GIV�j�HIS	G9J�KLD=CzC9A�[=H9K�Z=F=JBCIS�D�GWÀ�?���S�H9H Ñ G�b�K�D7KLy2G9J�A-D(GwS�?�K�H9CEF=D Ë F�¢vJBC9K�G9H9KL[
A�Z=A
D=A-F2GIHYJ�D=KLCsS|¥�S	D(GsF=D2AeHYV�[4S�H�GIJ5GIJ�K�DfJ�Z=A-D�GIJ�t(F=ApA-DçC9S�n�A�F=H²A-GsZ=KLD�Gs?�A-C\C9[
A�XUGIH9A-C²A-D¼V-D=A�HYjLJ�A-C



ú�ûzy¯û�ý �|{	� ñ � ÿ	} ò�� ñ ~�� þ ~ þ+ÿ ò����Q~ ñr� y/.
C9K�D(G^[=S�HYO}S�J5GIA-QeA-D(G�Z=V-ã=D=J�C � F=D=AoH9S�J�A�À ë �2aVÖ&W A X [
KLF=H h�® A-G&F=DkC9[
A�XUGIH9ApX-KLD�GIJ�D(F¤S�?B?�S�D�G,YF=CYt�F���À ¾ ë aVÖ�W A X [
KLF=H h(® A-G h��  Ua

� ��S|n	S�D�G]S�j�AcZ2AcX-A�C~G¦¥�[�A-CzZ2A�O}S	J�C9X-A|S�FpA-CYGNt(F ��JB?�C{CYKLD�GzS�Z4S�[2GIS�y=?BA�CES�FoG¦¥�[�AcZ=AxHYA�X i A-H9X i A
t(F=Am?���KLD¼n�A�F2GpA 4 A-X-G9F=A�H aEä DqOPK�D=X-G9J�KLDqZ2A�CoX|S	HIS�XUGIV�HYJ�C�GIJ�t(F=A-CgZ=Am?�SÅC9KLF2H9X�A7A-GpZ=Av?�SÅX�JBy=?�A
F2G9J�?�JBC9V-A�C�b,AUG&Z=FÅG¦¥�[
AgZ=A²Z=V�CYJ�D�GIV-jLHIS	G9J�KLD � A-DÅnLKL?°KLFkÀR?���S�H9H Ñ G   b,KLDf[
A�F2G�X i S�D=j�A�H&?�SRX-KLQ Î
[
KLC9J5GIJ�K�DqA�DÏCIS|nLA-F=HRA-GR?���V�D=A-H9jLJBAvQRK)¥�A�D=D2A/Z=A-CpD=A�F2G9H9JBD=KLCpV�QRJ�C a$Ð D�[
A�F�GRS�F=C9CYJ�KLy2GIA-D=J�H
F=DèO}S	J�C9X-A|S�F�Z=AÅD2A�F2G9H9J�D2KLCeZ2A/O}S�JBy=?�AlKLF2n�A�H�GIF=HYAft(F=J�CYA�H9S¼Z=KLD=X/A�D=X-KLH9A/Z=V-G9A�XUG]S�y=?BAfÀÛZ=A
jLH9S�D=Z=A-C�Z=JBCYG]S	D=X�A-C�Z=A²?�SpC9KLF=HYX�A � X-O a [4S	HYGIJBA �L Ua T A�[2?�F=C-b
K�DÅX�K�D=D4S p G�?�SeZ4S�GIAsZ=A�X-H9V|S�GIJ�K�D
Z=A-CxD=A�F2G9H9JBD=KLC�b2X�A\t(F=J [
A�HYQeAUGxZ=A\H9V-Z=F=JBH9A&?BA&y=H9F2JBGxZ=A�OPKLD=Z b=AUGxKLDl[
A�F2GxZ2J�QRJ�D(F=A�Hz?���A�HYH9A�F2H
CY¥�C�GIV�QeS	G9J�t(F=A^Z=A�CcAU¢�[
V�HYJ�A�D2X�A�CcA�D�X�K�Qe[4S	HIS�D�G�?�A\CYJ�jLD=S�? QRA�C9F2H9VsS|nLA�XsKLFlCIS	D=CcO}S	J�C9X-A|S�F10 a

2 Ó:à¹ã"ã"àLô�à5ä"ßGå��räBà�äBàrá�âxäBëXèGà¤à(3�ã±âxè�343�å�sDâCêÄâ*uGêçà�õNö^èGä±ê�à53±ßGàrèGã"äBå�ßGö63�õGä"ö�ô�è�åéã73�ô�âCß�3±êçà(3�äBù5âxæ¹ã"à5èGä43Yòpá�âCå83
ê�Ò âxß�âCê���3�à�à(3�ã¡èGß�õNà5è�õGê�è
3¡æ¹ö^á¤õ�ê�àæß©à^ð
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Ð DÅ[
A�F2G�Z=V-G9A�X-G9A�H�?�A�CcD=A-F2GIHYJ�D=KLCc[4S�HcZ=A-F�¢ÅG¦¥�[
A�C�Z=A�HYV|S�XUGIJ�K�D=C�b,?�SpH9V�S�X-G9J�KLD�ýuJ�D�n�A�H9CYA

� K�FÁ[=?�F=C7jLV�D=V-HIS�?BA�QRA�D�G|bz?�A-C7H9V�S�X-G9J�KLD2CvV�?�S�CYG9J�t(F=A�C7[4S�HvX-KLF=HIS	D(GlX i S�H9jLV   A-Gv?�S¼Z=J 4 F2C9J�K�D
C9F2HoF=DuV�?BA�X-G9H9KLDuK�FuC9F=HoF=D�D=K�¥LS�F a ¡ AUG9GIAmCYA�XUGIJ�K�DuAU¢�[=?�JBt(F=Am?�A-CgX|S�H9S�X-G9V�HYJ�CYG9J�t(F=A-CgZ=AmX�A-C
[=HYK�X-A�C9CYF=CcA-Gc?�A-F=H9C�J�D�G9V�H Ñ GIC�[
KLF=Hx?���V-G9F=Z=A^Z=A-CcK�C9X�JB?�?�S	GIJBKLD=C a

A =?> B²KDCFE�I�ùQJ½M�E�G�D�K�M9ùRA�JIH ùQJKJ�GFDºIFG
� ScHYV|S�XUGIJ�K�Dsý7J�D�nLA-H9C9ANA�C�G�?+��S	y=C9KLHY[2GIJBKLD\Z ��F=D � S�D�GIJ   D=A�F�GIH9JBD=Kc[4S�H�F=D � [=HYK�GIKLD   D=A�F2G9H9KLD�b

Z=KLD2D4S�D�GcF=D � D=A�F�GIH9K�D   [=H9K�G9KLDlA-GcF=D � [
KLC9J5GIHYKLD   V-?�A�XUGIHYKLD¤³h)��ceµo^·_ � f c Úh2��c Ú ^·_ � § ceµ
� ?�F=CcjLV-D=V�H9S�?�A-QeA-D(G�b,KLDÅ[
A�F2G�Z=V-G9A�XUGIA�H�?�A-C�D=A-F2GIHYJ�D=KLCc[4S�Hc?�A-C�HYV|S�XUGIJBKLD=C�ÀeX�K�F=HIS�D�G�X i S�HYjLV
C9F2HcF2D/D=K�¥LS�Fç³ h�L�c °4MON�P ± ^·_ °QM c � N�P ± cSR f � �2a Ä  h1Lnc °4MTN�P ± ^·_ °4M ^ � N�P ± cSR § � �2a ë  
K m R � � N ¬ N ­ÛH9A-[=H9V-C9A�D�G9A7?�A-C^Z=J 4 V�HYA�D�GICsCIS|nLA-F=H9C²?�A-[2GIKLD2J�t(F=A�CsA-G �"Ò b É&  A-CYG²F=DÛD=K�¥�S�FçZ=A
X i S�HYjLA Ò AUGcZ=A^Q7S�CYC9A É�a

¡ A�C^H9V�S�X-G9J�KLD2C\D=Ao[�A-F2nLA-D�G�CYAR[2H9K�Z=F=J�HYAgt(F ��S�F¤Z=A�CYC9F=CsZ ��F=D¤C9A�F2J�?{Z=K�D=D=Vp[4S�H&?�SvZ=J 4 V Î
H9A-D=X�A�Z=AgQeS�C9CYA�Z=A-C&[4S�H�GIJ�X-F=?�A-C�Z2A�?���V-GIS	G&JBD=JBG9J�S�?�A-G&Z2A�?���V-GIS	G�ã=D4S�? a � SRn	S�?BA�F=H�Z=A�X-AgC9A-F=J�?
Z=V-[�A-D=ZvZ=KLD2XcZ2F7D=K�¥�S	FvF2GIJB?�JBC9V�b	X�A�t�F2J
A�¢�[=?�JBt�F2Ac?BA�CNC9A-F=J�?BCNZ2A�CNZ=J 4 V�HYA�D�GIA-CWAU¢�[
V�HYJ�A�D2X�A�CzHIS Î
Z=JBK�X i JBQeJBt(F=A�C � X-O a [4S�H�GIJBA ÈL Ua ¡ A-?�S^AU¢�[=?BJ�t(F=AcS�F=CYC9J,?���J�QR[�K�C9C9JBy=J�?BJBG9VNZ2A�O}S	J�H9AxZ2A�CNAU¢�[�V-H9JBA�D=X-A�C
Z ��S�[=[4S	H9JBG9J�KLD²Z=Ax¬ � Ð ® « Ä _Lå�W A X^  A-G{Z=Aw­ � Ð ¯ « Ä atÖ Ê\A X^  S|n�A�X�?�A-C{D=A�F�GIH9JBD=KLC{CYKL?�S	J�H9A-C�b
X|S	HN?BA�CEQeS�C9CYA�CNZ=A�X�A�CN?�A-[2GIK�D=CEC9KLD�GNGIH9K�[eV-?�A-n�V�A-Cz[4S	HNH9S�[=[
KLHYGNÀ^?���V�D2A�H9j�J�AxZ=AcX�A-CzD=A-F2GIHYJ�D=K�C
�VU 9�_1W A X^ Ua

� SRCYA�X-G9J�KLDlA [ X�S�X�AsZ=A^?�SgHYV|S�XUGIJBKLDlý¼J�D�n�A�H9CYA²A-CYG�Z=KLD=D2V�A^[4S�H �XW S	Q7S�j�F=X i J�b�Ä �LåL_L  ³Y °}´²� ± � � à Ó[Z �Ð Ç��\ ­�] °}´²� ^D^ ¶ ±�_ °}´²� ^`^ ¶ ± Ó ^ Ð Ó��a �?� Ó � �2at9� 
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K m ´ � A�C�GE?���V�D=A-H9jLJBAwZ=Ax?���S�D�GIJBD=A�F�GIH9JBD=K=b ^ ¶ � ¶ ] ^ ¶gf � �n� � �n� W A X b�­�] �ih!h ���t�N�:�n�V� C
A�C�G&?�SRZ=F2H9V�A�Z=Asn�JBA�Z=F/D=A�F2G9H9KLDÅA-G \ A�C�G&?�A^O}S�XUGIA�F2H�Z ��A�CY[4S�X-AgZ=A�[ i S�C9A a � A^O}S�X-G9A�F=H � \ ­  
H9A-Qe[2?�S�X-AN?BA�C°V�?BV�QRA�D�GIC°Z=ANQ7S	G9H9JBX�A~D(F=X�?BV|S�JBH9A 8 t(F=J�S�[=[4S	HIS�JBC9C9A-D�G�Z4S	D=C�?�SxOPK�H9QgF=?BA~G i V-KLH9JBt�F2A
Z=A^?�SgCYA�XUGIJ�K�D/A [ X�S�X�A a

¡ A-GYGIA^C9A-X-GIJBKLDmA [ X�S�X�AsSgF=D=A^Z=V-[�A-D=Z4S�D2X�A^t(F4S�Z=H9S	GIJBt�F2A&A�DlV�D2A�H9j�J�A�b2A�?�?BA�Z=AUn�J�A�D�GcZ=KLD2X
H9A-?�S	G9JBn�A�QRA�D�G~jLH9S�D=Z=A�À i S�F�GIAxV�D2A�H9j�J�A a*j Dp[
A�F2G~n�KLJ�H�C9F=H~?BAwG]S�y=?BA|S�F �2a Äx?�S&C9A�XUGIJBKLDpA [ X|S�X-A
Z=ARX|S�[�GIF=HYA7Z ��F=D¼D2A�F2G9H9J�D2KÅV�?BA�XUGIH9K�D=J�t(F=Ap[4S�HsF=DçD=K�¥�S�F � X i ?�K�H9ARKLFçjLS�?�?BJ�F=Q   [
KLF=HsZ=J 4 V�k
H9A-D�GIA�C~CYKLF=HYX�A�C~Z2AwD=A�F�GIH9JBD=KLC"C9KL?�S�J�HYA�C a � S&C9A-X-G9J�KLDgA [ X|S�X-AxA�CYG{Z=FoQml-QeANKLHYZ=H9AwZ2AwjLHIS	D=Z=A�F2H
t(F=AoX�A-?�?BA�Z=Ag?�S7Z=J 4 F=CYJ�KLDÅV�?�S	CYGIJBt(F=A�[
KLF=H&?BA�C�D=A�F2G9H9JBD=KLC&?BA�C&QRKLJ�D2C�V�D2A�H9j�V-GIJBt(F=A�C � ´²� U �W A X\  b4QeS�J�CwA-?�?BA\A�CYGcZ=Vn,9ÀRD2A-G9G9A�QRA�D�Gc[=?�F2CxjLHIS�D2Z=A^[�KLF2Hx?�A�C�D=A-F2GIHYJ�D=K�CxZ=F d U�a¼ J{KLDkD2V�jL?BJ�jLAs?���V�D=A-H9jLJBA�Z=AoHYA�X-F=?{Z=FkD=A-F2GIHYKLD b K�Dk[�A-F2G\H9AUGIHYKLF2nLA-H\?���V�D=A-H9jLJBAgZ=Ag?+��S	D(G9Jbk
D=A-F2GIHYJ�D=K\JBD=X�JBZ=A�D�GEÀ&[4S	HYGIJBH�Z=Ax?�S&H9A-?�S	G9J�KLD ´²��� ´ �7o c ´Tp �rq�s8L a�� KLF2H{?�S&HYV|S�XUGIJ�K�DgZ=AxX|S	[2GIF=HYA
Z ��F=DvD=A-F2GIHYJ�D=K²[4S�HNF=DvD=K�¥LS�F b�KLD7KLy�GIJ�A-D�GWF=D2A�H9A-?�S	G9J�KLDpCYJ�QRJ�?�S	J�H9A ´²��� ´ �7o c ´Op �Qq
stL¢c ´vu b
K m ?�A^GIA�HYQeAsC9F2[=[=?�V-QeA-D�G]S�JBH9A ´ u A-CYG&?+��V-D=A�HYjLJ�A^Z ��AU¢�X-JBG]S�GIJ�K�DÅZ=F/D=K�¥�S�Ffã4?BC a ¡ A-GYGIA²V�D=A-H9jLJBA
[
A�F2GTl-G9H9A^QRA�C9F2H9V�A^?BKLH9CxZ=A^?�SgZ=V�CYAU¢�X�J5G]S	G9J�KLD�HIS�Z2J�S	G9JBnLA�Z=F/D2K)¥LS�F a
ä ¢�[=V�HYJ�QRA�D�G]S�?BA�QRA�D�G|b2X�A-GYGIAsJ�D�GIA-HIS�XUGIJBKLDm[�A-F2GTl-G9H9A^F2GIJB?�JBC9V�A�Z=A^Z=A�F�¢�QeS�D=JBÂ�HYA�C\³Ù T S	D=Cw?�A-CWA�¢2[
V�HYJ�A-D=X�A-CwZ=JBG9A�CzHIS�Z=JBK�X i J�QRJ�t(F=A�C-b(KLDvF2G9J�?�JBC9A�Z=A-CwD=K�¥�S�F�¢vX-J�y=?BA�C�wyx Z2KLD�G

?BA�CWD2K)¥LS�F�¢mã=?�C�w § � W KLD�GWF=D=A\Z=F=HYV�A\Z=A�n�JBA�HYA�?�S�GIJBn�A�QRA�D�Gw?BKLD=jLF2A � G �?� Ó Z=A&[=?BF=C9JBA�F=HYC,YKLF2H9C   A-G�H9A-Z=KLD=D=A-D�G\?�AsD=K�¥�S�FÅX�J�y2?�AsJ�D=J5GIJ�S	?�[4S�H�X|S�[�GIF=HYA�V�?BA�XUGIH9K�D=J�t(F=A � n�KLJ�Hc?�SR[4S�HVk
G9J�A\Ë9ËYËzCYF=H�?�A-CcA�¢�[�V-H9J�A-D=X�A-C�Z2AsD2A�F2G9H9J�D2KLC�C9KL?�S�J�HYA�C  �aÙ � KLF=Hc[�KLF�nLKLJBHcZ2V-GIA-X-G9A�H�?BA�C�V-n�V-D=A�QRA�D�GIC�A�D/G9A�QR[=C�H9V-A�?�b,JB?�O}S�F2GcF2G9J�?�JBC9A-HxZ=A�C�D=K�¥�S�F�¢
X-J�y=?BA�C�t(F=J2C9AxZ=V-C9AU¢�X-JBGIA-D�Gzy
A|S	F=X�KLF2[R[2?�F=C{H9S�[=JBZ=A�QRA�D�G|b�A�DpV-QeAUG9G]S	D(G{F=DoKLFo[=?BF=C9JBA�F=HYC
[ i K�GIKLD2C � X�ANt�F2Az[=HYV-n�KLJBG"Z=AEO}S�J�HYA~?�AE[=H9K-,YA-G � äKz7¼ A�D²F2GIJB?�JBCIS�D�Gr?BAND2K)¥LS�F�Z���¥(G9G9A�HYy=J�F=Q
� M ¸5W y  Ua� A�CEt(F4S�?�J5GIV-C{A-GE?BA�C~Z=VUO}S�F2GICEZ=AxX-A-GYGIA�J�D�GIA-HIS�XUGIJBKLDoC9KLD�GEX-KLQe[=S�H9V-CEÀ^X-A�F�¢oZ=Ax?�S&Z=J 4 F2C9J�K�D

V�?�S�CYG9J�t(F=A\D=A-F2GIHYJ�D=K{kNV-?�A�XUGIHYKLD/Z=S�D=C�?�Sg[4S	HYGIJBA �=aV92a
A =Bø B²KDC ùr|ÊCOI�ùRA�J}E�PRK�I�M9ù�~ C`G

� S¤Z2J 4 F=C9JBKLDuV�?�S�CYG9J�t(F=Am[
A�F2GRC9Al[=HYK�Z2F=J�HYAvC9F=HpF=D�V-?�A�XUGIHYKLD�KLF�C9F=HpF=DÏD=K�¥�S�F a ¡ A-G9G9A
Z=A-H9D=JBÂ�H9A�OPKLH9QRA�A-CYGwG9H9Â�CWZ=J [ X�JB?�A�À�F2G9J�?�JBC9A-HzA�¢2[2V�H9JBQeA-D�G]S�?BA�QRA�D�GwZ4S	D=Cw?�S²j�S�QRQeAcZ ��V�D=A-H9jLJBA
Z=A-C�D=A-F2GIHYJ�D=K�CxC9KL?�S�J�HYA�C�b2A�?�?BA&D=A^C9A-HISpZ=KLD=X^[4S	C�S	y�KLHYZ=V�A^Z4S	D=C�X�A\GIH9S�n	S�JB? a

� SÛZ=J 4 F2C9J�K�DuV�?�S	CYGIJBt(F=AlD=A�F2G9H9JBD=K%ksV�?�A-X-G9H9KLDÏA�C�G7F=D2A�HYV|S�XUGIJBKLD�[=F=H9A-QeA-D�Ge?BA�[2G9KLD=JBt�F2A
Z=F=H9S�D�G^?�S�t(F=A-?�?BA²F=D¤D=A-F2GIHYJ�D=KeGIHIS	D=CYOPÂ-H9AoF=D=Ao[=S�HYG9J�A�Z2AoC9KLDkJBQe[=F2?�C9JBKLDfÀvF2DkV�?�A-X-G9H9KLDkJBD=Jbk
GIJ�S�?�A-QeA-D�G�S�FlH9A-[�KLC � X-O a ã4jLF2H9A �=a Ä  Ua
Ü ò ß�÷xùrß�ùrä�âCê�ò^ö^ßLßGà�3"âxåéã¯õ�â�3�ærâxêçærèGêçàrä¯æ¹à(3�ù5ê�ù5á¤à5ßXã43�ô�à°á�âCã"äBåçæràUò�âCêçöxä73�ëXè(Ò öxßPõNà5è�ã¯æröxßGßNâ��Äã"äBà®êÄâLsDâCêçàrè�ä

ô�à�ó�����÷�àrß�ù¹ãBè�ô�åÄâCßXã¡ê�à±õGäBö�æ¹à53Q3"è�3�å�ß�s^àrä73�à±ô�Ò èGßGà$äBù5âxæ¹ã"åçöxßgóÏêÄâ�ærâCõGã"èGäBà±ùrêçà5æ�ãBä"ö^ßGåÄë^è�à±ô�âCß�3¯êçà�ærâ�3�ôGà���ð�õ9÷�ð
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¡ KLQRQeAeKLDq[
A�F2Go?BARn�KLJ�H²C9F=H�?�S�ã=jLF=H9A ë a ë b"X-A-G9G9AvJ�D�G9A�HIS	X-GIJBKLDq[
A�F2G�C9Av[2H9K�Z=F=J�HYA7[4S	H
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AoV�?�A-X-G9H9KLD=JBt(F=A � C-��JB?{D=AgCYAp[4S�C9CYA
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Z=J 4 F=CYJ�KLD¤[
A�F2GsCYARO}S�JBH9Ag[=S�H^X�KLF=H9S�D�GsD=A�F2G9H9ARA-Gs[4S�H^X-KLF=HIS	D(GsX i S	H9jLV a � SlC9A-X-GIJBKLDÛA [ X|S�X-A
Z=J 4 V-H9A�D�G9J�A�?B?�A&A-CYG�S�?BKLH9CwZ2KLD=D=V-A²[4S	Hx?�SgOPKLH9Q�F=?�A � ��G Í K�K	OªG|b Ä �LÈ Ä   ³� Y� � � � µ Ó Ð �� à ¬�� °���� c ��� ± Ó c °���� ^ �
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K m �
�$� ��� � A-G �!��� �-� � c � Ä(  ] Ó¢¡�£ C9KLD�Gx?BA�CzX�KLD=C�G]S�D�G9A�CxZ=A&X-KLF=[=?�S�jLA�S�¢�J�S�?
A-GznLA�XUGIKLHYJ�A-?
Z=KLD2D=V�A-C�[4S	Hc?�SgG i V-KLH9JBA X k É b � � A-CYGc?���V�D2A�H9j�J�A^X�JBD=V-G9J�t(F=A\Z=As?���V�?BA�X-G9H9KLDlZ=A^HYA�X�F2?°AUG ´²� A�C�G
?���V�D2A�H9j�J�A\Z=F�D=A�F�GIH9JBD=KpJ�D=X-J�Z=A-D�G a

� KLF2HwKLy2G9A�D=JBHw?�SsC9A�XUGIJBKLDmA [ X|S	X�A&GIK	G]S�?BA�b(J�?
C9F [ G�Z ��J�D�G9V�jLHYA�Hw?+��V-t�F=S	GIJBKLD �=a�å CYF=Hx?���J�D�GIA-HVk
n	S�?�?BA _ ��¤ s ]¦¥ �¨§ª© � a Z=A-C^V�D=A-H9jLJBA�C\[
A�H9QRJ�CYA�C\[
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C9A-X-G9J�KLDRA [ X|S	X�A�G9K�G]S	?�AxZ=A�Z=J 4 F=CYJ�KLDpV-?�S�C�GIJ�t(F=A h)�O^l��f [
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Z=A\?+��KLHYZ=H9A�Z=A ë ` � U S i X�S�?�?�A-GcS�? a b
Ä �n�H¾�  [�K�F=Hw?�SgCYA�XUGIJ�K�DmA [ X|S�X-A^J�D�GIV-jLH9V-A\A-GcÀg[
A�Fl[=H9Â-C
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T S�D=C^X-AgG]S�y=?BA|S�F�b�KLD¤SlS�F=CYC9J{HYA�[
KLHYG9Vo?�A-C�n	S�?�A-F=H9C\Z=Ao?�S7C9A-X-G9J�KLD¤A [ X�S�X�ApZ=AoZ=J 4 F2C9J�K�D
V�?�S�CYG9J�t(F=A h)®Ê^�� f � n�S	?�S�y=?BA\S�F=CYC9J�[
KLF=H h)¯²^�� f  �a ¡ A-G9G9A²JBD�GIA�H9S�X-G9J�KLDlD=As[
A�F2GcC9As[=HYK�Z=F2J�H9A
t(F=Ax[4S�H~X-KLF=H9S�D�GED=A�F2G9H9A � �=aV��  b�C9S\C9A�XUGIJBKLDoA [ X|S	X�A�A�C�GzZ2KLD=XxD4S	G9F=H9A-?�?BA�QRA�D�G{[=?BF=C�O}S�JBy=?�Azt(F=A
[
KLF=H~F=DRD=A�F�GIH9JBD=KsZ=AxG¦¥�[
A�V�?BA�X-G9H9KLD2J�t(F=A a'j DRH9AUGIJ�A-D=Z=H9S^t(F=A�Z4S	D=Cz?�S&j�S�QRQeAWZ ��V-D=A�HYjLJ�A�Z=A-C
D=A-F2GIHYJ�D=KLC�CYKL?�S�JBH9A-C�b2K�DÅSo?�SgHYA�?�S	GIJBKLDmQeK�¥�A�D=D=Ap³Y �nÄ f � �Y �nÅ f � � « � ^ � � �2aÜÈL 
� S�ã4jLF=HYA �=a ë QeKLD�G9H9A\?�S²C9A�XUGIJBKLDlA [ X|S�X-A^Z=A\Z=J 4 F=CYJ�KLDvV-?�S�C�GIJBt�F2A\J�D�GIV-jLH9V-A\C9F=Hx?+��V-D=A�HYjLJ�A�Z=A
?���V�?BA�XUGIH9K�D�Z2AsHYA�X-F=?r[�K�F=H ��¤ s ] � � AUG�[
KLF=HxZ2J 4 V�H9A-D�GIA�CcCIS|n�A�F=HYC�Z=F�D=A�F�GIH9JBD=KpJ�D=X-J�Z=A-D�G a
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Z=A-C\V�?�A-X-G9H9KLD=C�C9F=J5G&Z=A-C\?�KLy
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u5× é å w&Ú{Ùyè5ç â Ù~u�w á¤æ × � æ ÙyÚ���ç!u���¦���u�é æ ç!w Ö u5Ø�ä>w å × Ö u�Ø � å�â u�ç!wBØ Ö u ö�÷ á9â¯åðâyæ ×!ä>çCu5ç!w Ö u
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 Ò ô É�ö�÷ ÝóÔ �
��� á:â¯å wBu â¯å ÚBÙ æ ×ªéCwBÛ5è�Û Ö u�×:Ú{uÖ æ ×C×!u �2ë~ì�í õ ï É Ô-Ô ÿ � ��� ã u £ u(Ú Ö u â¯å � å Ú{Ù Ç w&u�×!u�é æ ç!wBw å Ö æ ×!è°¦�Ú{w&u}Ù���é æ w&Ú å ×:Ú���ç!u°é æ çCwÖ u�Ø9u À éCÛ5wBÙyu5×!è�u5Ø å ú å ×:Ú Ö uÂÚ{w Ç Ø â~æ ×!ä�ç!u5Ø Ö ÙyØ&Ú å ×!è5u�Ø/u�×:Ú{wBu â¯å Ø æ ç!w&è5u�u�Ú â u Ö Û(Ú{u�è�Ú{u�ç!w����ÑÚ/é â çCØæ ×�è��!u5w&è��!u5w å Ã�Ø æ × Ö u5w Ö u5Ø�Æ å Ù�� â u�Ø � å�â u�ç!wBØ Ö u ö�÷ á é â ç!Ø æ × Ö u � w å Û â~æ Ùyä>×!u�w â u Ö Û(Ú{u�è�Ú{u�ç!wÖ u â¯å Ø æ ç!w&è5u��$ØBÙ æ × � u5çCÚGwBu�Ø&ÚBu5w�Ã â~å wBÛ�Ø æ × å ×!è5u æ Ð â´ã u £ u�Ú�u5Ø¾Ú â u<é â ç!ØãÆ æ w&Ú����
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ç!×!u}é!w æ � å �CÙ â ÙEÚ{Û Ö u}Ø&ç!w � ÙyuCP×ED õ ÷û �$è5u�Ø9ä�w å × Ö u5ç!w&Ø/×�ç&��Û5w&Ù���ç!u�Ø/è æ wBw&u5Ø&é æ × Ö u5×:Ú¨Ã â#ã u À éKÛ�wBÙ~u�×!è5uGF æ ��u�Ø&Ú å Å�uH����J,× � æ ÙEÚ��ç!uqé æ ç!w}ç!×!u � å�â u5ç!w Ö u ö�÷ Ö æ ×!×!Û5u á Ù â ú å Ö u�ç À � å�â u�ç!wBØ Ö u ñ?ó�ô è æ wBwBu�ØBé æ × Ö å ×�Ú�Ã â~å
é!w æ � å �!Ù â ÙEÚ{Û Ö u�Ø&ç!w � Ùyu�è��Cu5wBè��CÛ5u ê

IJ� å é!wBu	��Ù Ç w&u � å7â u5çCw-� â u5Ø,Ú{w&Ù å ×Cä â u�Ø,× æ ÙywBØ Ö u â¯å Ó ä>ç!wBu Ï � « � á ��ç!Ù u5Ø¾Ú�Ãqévu5ç�é!w Ç ØoÙ~× DÖ Û�éKu�× Ö å ×:ÚBu Ö u ö�÷ á è æ w&wBu�ØBé æ × Ö å ç Ö Û��!çUÚ Ö ç�w&Û5ä>Ù���u å Ö Ù å � å Ú{Ù���ç!u æ �UÚ{u5×�ç é å w â~å
w&u â¯å Ú{Ù æ × Ï �$?(K7� + u5Ø,Ø æ>â çUÚ{Ù æ ×!Ø Ö æ ×!×!u5×:Ú â~å â Ùyä>×!uL� æ w&Ù�: æ ×�Ú å�â u å é!évu â Û5uNM(wBÛ5ä�Ù���u å Ö Ù å D� å Ú{Ù���ç!uOM Ö u â¯å Ó ä>ç!wBu�ô7�¨�P�¨Ä æ ç!w Ö u5Ø�×Cu5çCÚBwBÙ~× æ Ø å ú å ×�Ú�ç!×!u�Û�×!u5w&ä>Ù~uQ� æ ú u5×!×!u Ö u
?�ù " uBA á è5u�Ú&Ú{uYØ æ�â çCÚBÙ æ ×òè æ wBw&u5ØBé æ × Ö w å ÙEÚ'Ã�ç!×Cu Ö Ù £ Û�wBu�×!è5u Ö u-� å ØBØ&u Ö u â#ã æ w Ö w&u Ö uï Ô ß û ù(ú ô �
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Régime adiabatique

Non adiabatique

cedgfPhhg3hji#k>iml`n�oNp�q�n'r]s½éut�oNvOw�x�y`zun'{}|~z���n'r]�7q�zuw�x��P�/�J�bò {ev���r�q�n'p�q�v���������� ê ë:í ����� ï����

IJ� å Ö u5çP�UÙ��	��u � å7â u5çCw)��è5u5w&è â u5Ø�� â~å ×!è�Ø Ö u â¯åG� ä>ç!wBu)�P� « ��è æ wBw&u5ØBé æ × Ö=� â¯å,� × Ö ç}w&Û5ä>Ù���uå Ö Ù å � å Ú{Ù���ç!u á â~æ w&Ø���ç!u â~å é!w æ � å �!Ù â ÙEÚ{Û Ö uªØBçCw � Ù~u}w&u�� æ ×:Ú{u � è å çCØBu Ö u â~å é!w æ � å �CÙ â ÙEÚ{Û
× æ × ×�ç â~â u Ö u�è�� å ×!ä>u���u5×:Ú Ö ã Û�Ú å Úªé!w æ é!w&u � â¯å wBÛ5Ø æ × å ×Cè5u���� æ ç!w â u5Ø°éKu(Ú{ÙyÚBØ å ×Cä â u�ØÖ u���Û â¯å ×!ä�u ö�÷ ávâ¯å é!w æ � å �CÙ â ÙEÚ{Û Ö u°ØBç!w � Ùyu}u5Ø¾Ú å�âyæ wBØ Ö æ ×!×CÛ5uªé å w C�� D � C��3� á è5u���çCÙ
w&u � Ù~u�×�Ú � å � æ Ùyw â¯å è æ ×�ÚBw å Ùy×:Ú{u���
�  ô�¡ ö	¢ ��ñ � ô Ý¤£¥�¾ý ù á â~å � å7â u5çCw Ö u â¯å è æ ×CØ&Ú å ×�ÚBu
Û(Ú å ×:ÚªÚ{u â~â u���ç!uQ¦}§O¨ Ý ï ü Z � + u(ÚYu5×!Ø&u��=� â u Ö u�Ø æ�â çCÚBÙ æ ×!Ø°è æ w&wBu5Ø&é æ × Ö©� â~å é å w¾Ú{Ù~uæ � â Ù���ç!u<× æ ����Û5u'M5H æ × å Ö Ù å � å ÚBÙ���ç!uOM��

IJª�×!u
Ú{w æ Ù~Ø&Ù��	��u§Ø æ�â çCÚBÙ æ ×�é â ç!Øm� å wBä>Ùy× å�â uÂè æ ×!Ø&Ù~Ø&ÚBu � é!w&u5× Ö wBu â¯å � å�â u�ç!w Ö u â´ã å ×!ä â u Ö u
��Û â~å ×!ä>u Ö å ×!Ø â u � Ù Ö u�é æ ç!w â~å ��ç!u âyâ u â¯å é!w æ � å �!Ù â ÙEÚ{Û Ö u�ØBç!w � Ù~u � â¯å w&Û5Ø æ × å ×!è�u u5Ø¾Ú
è�u â~â u<wBu�è��!u5w&è��!Û5u�� � ã å é!w��5Ø â¯å Ö ÙyØBè�ç!ØBØ&Ù æ × Ö u â¯å ØBu�è�ÚBÙ æ ×��P�¨�P�¨� á!â¯å é!w æ � å �CÙ â ÙEÚ{Û Ö uoØBç!w D� Ù~u � â¯å w&Û5Ø æ × å ×!è�u á Ö å ×!Ø â uÂw&Û5ä>Ù���u å Ö Ù å � å Ú{Ù���çCu á u�Ø&Ú Ö æ ×!×!Û�u§é å w C��ED � ��
�  ô ö	¢ ��J,×æ �UÚ{Ù~u�×:Ú Ö æ ×!è C��ED Ý ï ü Z é æ ç!w���
� L« ¡ ö�÷­¬ �¯® � ÞO°O° á è5u±��çCÙ/è æ wBw&u5Ø&é æ × Ö²� â¯å è æ çCw��vu
é â~å Ú{u Ö u â~å�� ä>ç!w&u;�P� « u(Ú â~å wBÛ�ä>Ù æ × � u5w&ÚBÙ~è å�â u Ö çkØBè��CÛ�� å ô7�¨�P�

�bu°Ú ú éKu Ö u � ä>çCwBu���ç!Ù � Ù~u5×:Ú Ö ã ¦(Ú{wBu�è æ �±��u5×:Ú{Û�u°u5Ø¾Ú<è æ ×!Ø&ÚBwBç!ÙEÚ � é å w&Ú{Ùyw Ö ã ç!×Cu}ç!×!Ù���çCu
é!w æ � å �!Ù â ÙEÚ{Û Ö u�ØBç!w � Ù~u á è æ wBwBu�ØBé æ × Ö å ×�Ú � ç!×±8hçP� Ö uG×!u5çCÚBwBÙy× æ Ø Ö ã Û�×!u5w&ä>Ù~u Ö æ ×!×CÛ5u�� + æ �±��u
× æ çCØ â u � u5wBw æ ×!Ø Ö å ×!Ø â¯å é å w¾Ú{Ù~uo©&©B© á Ù â u]�CÙyØ&ÚBu�� å Ù~×:Ú{u�× å ×:Ú�é â çCØBÙ~u�ç!wBØ�wBÛ�ØBç â Ú å ÚBØGè æ wBw&u5Ø&é æ × DÖ å ×:Ú ��Ö Ù £ Û�wBu�×�ÚBu5ØªÛ�×!u5w&ä>Ù~u�Ø'� æ ú u�×!×!u�Ø á è5u���ç!ÙµéKu�w���u�Ú Ö u è æ ×:Ú{w å Ù~× Ö wBu�u�×!è æ w&u�é â çCØ â u�Ø
é å w å �±��Ú{w&u5Ø Ö ã æ ØBè�Ù â~â~å Ú{Ù æ ×!Ø	� � u
é â ç!Ø á è æ �±��u�× æ ç!Ø å�â~âyæ ×!Ø â u � æ Ù~w Ö å ×!Ø â¯å ØBu�è�Ú{Ù æ ×���ç!ÙvØBçCÙyÚ á
Ù â u]�CÙyØ&ÚBu Ö ã å çCÚ{w&u5Ø3Ùy× Ö Ùyè5u5Ø/u��UévÛ5w&Ù���u5×:Ú å ç1����ç!Ù Ö Û5évu5× Ö u5×:Ú Ö u
è�u5Ø3é å w å �±��ÚBwBu�Øµu�Ú Ö ç�� æ Ö uÖ ã æ ØBè�Ù âyâ¯å ÚBÙ æ ×��
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+ æ �±��u æ × â#ã¨å � ç ábâ u5Ø æ Ø&è5Ù âyâ¯å ÚBÙ æ ×CØ Ö uY×!u�çCÚ{w&Ù~× æ Ø<Ø æ ×:Ú�ä æ ç � u5w&×!Û5u�Ø�é å w<��ç å Ú{w&u�ä�w å × DÖ u�ç!wBØ<ê â´ã Û5×!u�wBä>Ùyu Ö ç�×Cu5çCÚBwBÙ~× æ!áCâ uGÚ{u	��éCØ3u5×:Ú{w&u â¯å é!w æ Ö ç!è(Ú{Ù æ ×�u�Ú â~å Ö Û(Ú{u�è�Ú{Ù æ × áUâ u���Û â~å ×!ä>u
u5×:ÚBwBu â u5Ø Ö Ù £ Û�wBu�×�ÚBu5Ø�Â å ��Ù â~â u�Ø§u�Ú â~å Ö Ù £ Û�wBu5×Cè5u Ö u�� å Ø&ØBu}u�×:Ú{wBu â u5ØGÛ�Ú å Ú{Ø,éCw æ é!w&u5Ø Ö u°é!w æ D
é å ä å Ú{Ù æ ×���H æ ç!Ø å7â~â~æ ×!Ø � æ Ùyw�è æ �±��u�×�Ú â~å � å w&Ù å ÚBÙ æ × Ö u�è5u�Ø���ç å ×:Ú{ÙEÚ{Û�Ø�� æ Ö Ù � u â u-8hçP� u(Ú
��ç!u âyâ u�Ø�Ùy×7Â æ w�� å ÚBÙ æ ×CØ æ ×kévu5çCÚ å Ùy×!ØBÙ æ �CÚ{u�×!Ù~w	�

L:¬ÄÃC¬E­ Å�Æ �IS¼Ç�È1É���Ê T É�O³S�Ë�Ì T7Í ®��GÎ?� T O³S!ÏhQ7®
� å ×!Ø â uqè å Ø Ö ã æ Ø&è5Ù âyâ¯å ÚBÙ æ ×CØªÙ~× Ö çCÙyÚ{u�ØYé å wYu £ u�Ú "/.10 á¤â u�8hçP� Ö uk×!u�çCÚ{w&Ù~× æ Ø�Ø æ�â¯å ÙywBu5Ø

évu5çCÚ
¦�Ú{w&u}é å w¾Ú{Ùyu â~â u���u5×:Ú�wBÛ�ä>Û5×!Û�wBÛ}u�×�Ú{w å � u5w&Ø å ×:Ú â¯å þ�u�wBw&u á è ã u�Ø&Ú ��Ö Ù~w&u�évu5× Ö å ×:Ú â¯å ×�çCÙyÚH�
� å w
è æ ×�ÚBwBu áKâ u5Ø
×Cu5çCÚBwBÙ~× æ Ø Ö Û�Ú{u�è�ÚBÛ5Ø Ö çCw å ×:Ú â~å<Ð&æ çCwB×!Û�u°×!u�Ú{w å � u5wBØ&u5×:Ú<é å Ø â¯å þ�u5wBw&u å � å ×:ÚÖ ã å ÚBÚBu5Ùy× Ö wBu â u Ö Û�ÚBu5è�ÚBu5ç!w/u�Ú/×!u§Ø&ç&�!Ù~Ø&ØBu�×�Ú Ö æ ×!è§é å Ø/è�u�Ú&Ú{u�wBÛ5ä�Û5×!Û�w å ÚBÙ æ ×��:J<×�Ø ã å Ú&Ú{u5× Ö Ö æ ×Cè� è5u���ç ã Ù â ú å ÙEÚÂç!×!u Ö Ù £ Û�wBu�×!è5u�u5×:Ú{w&u â u<ØBÙyä>× å�â Ö Û�ÚBu5è�ÚBÛ â u Ð&æ ç!wÂu(ÚGè�u â ç!Ù Ö Û(Ú{u5è(Ú{Û â¯å ×�ç!ÙyÚ��

ªG× w å�Ñ ×!u	��u�×:Ú Ö u;è�u�Ú�u £ u�Ú�è æ ×!ØBÙyØ&Ú{u � Û�ÚBç Ö Ù~u�w â¯å wBÛ�é å w¾Ú{ÙyÚBÙ æ × Ö u5Ø�Û � �5×!u	��u�×:Ú{Ø�u5×
Â æ ×!è(Ú{Ù æ × Ö u â´ã å ×!ä â u å çÒ:5Û�×!ÙyÚ�� ö ¨ á è ã u�Ø&Ú � Ö Ù~wBu;u5×ÒÂ æ ×!è�ÚBÙ æ × Ö u â~å Ö ÙywBu5è(Ú{Ù æ × Ö ã å w&wBÙ � Û�u
� ö ¨ Ý ® â~æ w&Ø���ç!u â u .Uæ�â u5Ù â u5Ø&Ú å ç/:5Û�×!ÙyÚ��òu�Ú ö ¨ Ý ï Þ ®OÓ âyæ wBØ���ç ã Ù â u�Ø&Ú å ç*× å Ö Ùyw����K� ×òu £ u�Ú á
ØBçCÙ � å ×:Ú â~å é æ ØBÙEÚ{Ù æ × Ö ç .�æ>â u�Ù âhâ u�Øµ×!u�çCÚ{w&Ù~× æ Ø Ö æ Ù � u5×:Ú9Ú{w å � u5wBØ&u5wÂç!×Cu,é â çCØ æ ç�� æ Ùy×!Ø9ä�w å × Ö u
Û5é å Ù~Ø&ØBu5çCw Ö u�� å ÚBÙ��5w&uGé æ ç!w å ÚBÚBu5Ùy× Ö wBu â u Ö Û�ÚBu5è(Ú{u5çCw�� � u,é â çCØ á u5×�Â æ ×Cè�Ú{Ù æ × Ö u,è5u(Ú å ×!ä â u á�â u
×!u�çCÚ{w&Ù~× æ � å Ú{w å � u5wBØ&u5w æ ç × æ × â u�è�Ôoç!w Ö u â¯å þ�u5wBw&u á è5u���ç!Ùvévu5çCÚµu5×!è æ wBu å ç!äO��u5×:Ú{u�w â#ã u £ u(ÚÖ uowBu�ä>Û5×CÛ5w å Ú{Ù æ ×&ÕH�

L:¬ÄÃC¬ÄÃ Å�Æ �IS N Q?O N È T!T O$�{�

�bu5Øoè å w å è�ÚBÛ5w&Ù~Ø&ÚBÙ���ç!u�Ø Ö u â¯å Ú{w å3Ð u5è(Ú æ ÙywBu Ö u â~å þ�u�wBwBu âyæ wBØ Ö u�Ø å w&Û � æ>â çCÚBÙ æ × å çCÚ æ çCw Ö ç.Uæ>â u5Ù â�æ ×:Ú Ö u5ç1�qè æ ×CØBÛ���ç!u�×!è5u�Ø,ØBçCw â uÁ8hçP� Ö uo×!u�çCÚ{w&Ù~× æ Ø Ö Û�ÚBu5è�ÚBÛ��

Å*Ö`× � T S$�BO × O³SA�LØC�
®]Ù È��(%7O´S6��SA�P�B��� N S#�(�

� ã æ w��!ÙyÚBuµÚ{u�wBw&u5Ø&ÚBwBu§u5Ø¾Ú¤u âyâ Ù~éUÚ{Ù���ç!u á7â u .Uæ>â u5Ù â Û(Ú å ×:Ú � ç!× Ö u�Øµ��Â æ ú u5wBØ Ö u â#ã u â~â Ùyé!ØBu á Ö æ ×!è â~åÖ ÙyØ&Ú å ×!è5u»þ�u�wBwBu D .Uæ�â u5Ù â � å wBÙyu å ç�è æ çCwBØ Ö u â´ã å ×!×CÛ5u�� + u�Ú&Ú{u � å wBÙ å Ú{Ù æ × Ö u Ö ÙyØ&Ú å ×!è5u9é!w æ Ö ç!ÙEÚ�çC×!u� å wBÙ å Ú{Ù æ × Ö çÚ8hçP� Ö u-� å ×CÙ��5w&u}é!ç!w&u���u5×:Ú�ä>Û æ ��Û�ÚBwBÙ���çCu�ê â u=8hç1� å ÚBÚBu5Ùyä>× å ×:Ú â¯å þ�u5w&wBuYu5Ø¾Ú
é â ç!Ø9Û â u � Û â~æ wBØ���ç!u â¯å þ�u5wBw&uGu�Ø&Úµé â ç!Ø¤é!w æ è��Cu Ö ç .Uæ>â u�Ù â ��é!Û5w&Ù��!Û â Ùyu(�*��ç!u âyæ wBØ���ç ã u â~â u�u�Ø&Ú9é â çCØ
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F æ �\[5Ø¾Ú å
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ç!×b[c[]�UéKÛ ` Ùd[�×!èe[�ØBÙEÚ{ç!Û_[ Ö å ×CØ â~å ��Ù~×b[ Ö ã F ægf
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` � æ ���¡ �� � �b[e�j� �$� [ â [ � � æ ê å çP���T[ àL�r¢�` ä `�£ èe[ � â [5ç `
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Diffusion σ = 140 µm√ d(cm), V dérive = 1.1 mm / µs
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� Ó Ò Ã)Ã Ò Ë�È ÊÅÊ È'Î Ò+Ê È�ÃOÃÅÈ'È�Ã Ê(Ê Æ Ð Ñ%Ç�È�Ì Ê È3Ï�Ç
Ó � ÄjÆ É È �QÔ Ä�Ì É Î É Ì�È�Õ�È�Ì Ê ÃÅÈ�ÆÅÓ:Ç Ð Ì�ÖVÄ�È�Ï�Ë�È Í Ä Ò Ó3Ä�Ö ò
Õ�È�Ì Ê È*Æ	Ó0Ç�È&Ë ÐnÞjÊ)� È*Ã,Õ É Õ ÐVÒ ÆOÈ�Ã É Ç�È*Ë Ê Æ Ð Ì Ò+Í Ä�È�Ã)Ä ÊÅÒ Ç Ò Ã É È�Ã=×ØË�È Í Ä Ô�Ð Ì-Ó3ÑjÑ´È*Ç�È&Ç
Ó.ÙoÑ�Æ Ð_ýØÐ Ì � È�ÄjÆ� È*Ã:Ú �&Û Ù�Ü ¯Ç¶8Ð Ä�Æ$ÝjÞ¬È�Æ�Ç�È*Ã Ò+��É È*Ã�Ï#Ä�ÌjÈ Ê ÆÅÓ3Ë�È.Ë*Æ É�É È-Ñ�Ó�Æ�ÄjÌ É Ç+È�Ë Ê Æ Ð Ì � È ®VßVßsà È � Ó3Ä�ÆÅÓ
Ä�Ì�ÈHÇ Ð Ì�Ö3Ä�È�Ä�Æ � È0Ç ÔáÐ Æ � ÆÅÈ � ÄrÕ:â Ê ÆOÈ3Ï�Ë�È Í Ä Ò Ë Ð ÆÅÆOÈ�ÃOÑ Ð Ì �sã Ä�Ì�È � ÄjÆ É È � È;Ç ÔáÐ Æ � ÆÅÈ � ÈYä;Õ�Ã
Ñ Ð Ä�Æ�Ä�ÌjÈ;Î Ò�Ê È*ÃÅÃÅÈ � È ��É Æ Ò ÎVÈ � È�å Ü NóNçæ 2 ¿ Ý Î ¯"9,Ð Ä�Ã�ÎVÈ*ÆÅÆ Ð Ì�Ã � Ó3Ì�Ã&Ç�ÓzÑ�Ó3Æ Ê	Ò ÈYä�è ¯ è ¯êé:Í Ä�È
Ç Ô È � Ë�Ó3Ë Ò�Ê	É)� È �jÉ*Ê È*Ë ÊÅÒ�Ð Ì � È�Ã É Ç+È�Ë Ê Æ Ð ÌjÃ � È(Ç
Ó Ê ÆÅÓ3Ë�È ��É Ñ�È�Ì � È�Ç+Ç�È(Ó3Ä�ÃOÃ Ò�� È�Ã�Ë�Ó3ÆÅÓ3Ë ÊÅÉ Æ Ò Ã ÊÅÒ�Í Ä�È*Ã� È*Ã"Ú �&Û Ï ��Ð Ì�Ë7Ç�È'Ë�ë ÐVÒ Þ � È7Ç
Ó0Î Ò+Ê È*ÃÅÃOÈ � È �jÉ Æ Ò ÎVÈ7ÃÅÈ�ÆÅÓzÈ�ÃOÃÅÈ*Ì ÊÅÒ È*Ç�Ç�È*Õ:È*Ì Ê Ç Ò+É È'Ó3ÄtË�ë ÐVÒ Þ � È*Ã
Ú �&ÛÆ¯�£ Ì�È$Ó3Ä Ê ÆÅÈ;Ë Ð Ì Ê Æ	Ó Ò Ì Ê È;ÃOÄ�Æ&Ç
Ó�Î Ò�Ê È*ÃÅÃÅÈ � È ��É Æ Ò ÎVÈ0È*Ã Ê Ç�ÓzÑ�Æ Ð3ì Ó ì�Ò Ç Ò+ÊÅÉ7�iÔ Ó ÊOÊ Ó3Ë�ëjÈ�Õ�È�Ì Ê� È*Ã É Ç+È�Ë Ê Æ Ð Ì�Ã �QÔáÒ�Ð Ì Ò ÃÅÓ Ê	Ò+Ð Ì�ÓyÎ3È�Ë�Ç+È�Ã É Ç É Õ:È*Ì Ê Ã É Ç�È*Ë Ê Æ Ð Ì É Ö£Ó ÊÅÒ+í Ã1Ë Ð Õ�Õ:È)Ç Ô�Ð ÞMîMÖVâ�Ì�È�Ï Í Ä Ò Ó3Ä�Ö�ï
Õ�È�Ì Ê È7Ó�ÎVÈ�ËHÇ�È Ê È*Õ:Ñ�Ã(Ñ�Ó3ÃOÃ É7� Ó3Ì�Ã(Ç
Ó$Ú ¶1Û(ðO¯�� Ç�ÃÅÈ Ê Æ Ð ÄjÎVÈ Í Ä�È � Ó3Ì�Ã�ñ(È�Ç+Ç
Ó3ò�Ï�Ç Ô ë É Ç Ò Ä�ÕóÃÅÈ*Æ	Ó
ÆÅÈ*Ë Ò ÆÅË�ÄjÇ É Ï�Ç Ò�Í Ä É Ý É È Ê7É Î�Ó3Ñ Ð Æ É�ã Ë�ë�Ó Í Ä�ÈzËoîMË�Ç�È�Ï�Ç Ò Õ Ò+Ê Ó3Ì Ê Ó Ò Ì�Ã Ò Ç�Ó Ñ�Æ Ð Ñ Ð Æ Ê	Ò�Ð Ì �QÔ�É Ç É Õ:È*Ì Ê ÃÉ Ç+È�Ë Ê Æ Ð Ì É Ö£Ó Ê	Ò+í Ã*Ï ��Ð Ì�Ë7Ë�ÈHÑjë É Ì Ð Õ:â*Ì�È;Ì�È7ÃÅÈ�ÆÅÓzÑ�Ó3Ã,Ë�Æ Ò+Ê	Ò+Í Ä�È ¯�ô È;ÑjÇ�Ä�Ã*Ï´Ç Ô ë É Ç Ò Ä�ÕõÈ Ê Ç�È*Ã,Ö£Ó�ò�QÔ ë£î � Æ Ð Ë�Ó3Æ ì Ä�ÆÅÈ'Ì�È=ÃÅÈ=ÆOÈ�Ë Ð Õ ì�Ò ÌjÈ�Ì Ê Ñ�Ó3Ã(Ó�ÎVÈ�Ë'Ç�È*Ã É Ç+È�Ë Ê Æ Ð ÌjÃ(Ç Ò�ì ÆOÈ�Ã ¯
ö Ó3Ì�ÃzË�ë�Ó3Õ�Ñ É Ç+È�Ë Ê Æ Ò+Í ÄjÈ3Ï1Ç�È�Ã É Ç+È�Ë Ê Æ Ð ÌjÃYÃÅÈ Ê ë�È*ÆÅÕ:Ó3Ç Ò ÃÅÈ�Ì Ê Æ	Ó3Ñ Ò�� È*Õ:È*Ì Ê Ó�ÎVÈ�Ë-Ç�È-ÖVÓ3ò-È Ê

Ç�È*Ä�Æ ��Ò Ã Ê Æ Ò�ì Ä Ê	Ò�Ð Ì � È&Î Ò�Ê È*ÃÅÃÅÈ*Ã,È*Ã Ê Ã Ò Õ:Ñ�Ç+È�Õ�È�Ì Ê2��É Ë�Æ Ò+Ê È&Ñ�Ó3Æ)Ä�Ì�È ��Ò Ã Ê Æ Ò�ì Ä ÊÅÒ�Ð Ì � ÈH÷tÓµÞ È È*Ç�ÇøÏ
Ë�Ó�Æ	Ó3Ë Ê	É Æ Ò Ã Ê	Ò�Í Ä�È �QÔ Ä�Ì É�Í Ä Ò Ç Ò�ì ÆOÈ Ê ëjÈ�ÆÅÕ Ò�Í Ä�È ¯úù ÌzÑ�Æ É ÃÅÈ*Ì�Ë�È �QÔ Ä�ÌzË�ë�Ó�Õ:ÑQÏ£Ç�Ó ��Ò Ã Ê Æ Ò+ì Ä ÊÅÒ�Ð Ì � È*Ã
Î Ò+Ê È�ÃÅÃOÈ�Ã#È*Ã Ê Ç
Ó(ÃÅÄ�Ñ�È�ÆOÑ Ð Ã Ò+ÊÅÒ�Ð Ì � Ä0Õ Ð ÄjÎVÈ*Õ:È*Ì Ê ÖVÇ ÐVì Ó3Ç � È ��É Æ Ò Î3È2Ö É Ì É Æ É Ñ�Ó3ÆûÇ+ÈCË�ë�Ó3Õ�Ñ0È Êû� Ä
Õ Ð ÄjÎVÈ*Õ:È*Ì Ê Ó3Ç É Ó Ê	Ð3Ò ÆÅÈ6Ñ�ÄjÆÅÈ�Õ�È�Ì ÊûÊ ë�È�ÆOÕ Ò+Í Ä�È3Ï Í Ä Ò Î�Ó"È*Ì Ê Æ	Ó Ò Ì�È�Æ8Ä�Ì�È �jÒ+ü Ä�Ã Ò+Ð Ì � È*Ã É Ç+È�Ë Ê Æ Ð ÌjÃ� È)Ç
Ó Ê Æ	Ó3Ë*È ¯úý Ì$Ñ�È�Ä Ê Õ Ð Ì Ê ÆÅÈ*Æ Í Ä�È(Ç
Ó ��Ò Ã Ê Æ Ò�ì Ä Ê	Ò+Ð Ì0Ç Ò Ì É Ó Ò ÆÅÈ � È2Ë�ë�Ó3ÆOÖVÈ�Ã1Ó3Ñ�ÆOâ�Ã1Ó�Î ÐVÒ Æ ��Ò+ü Ä�Ã É
þ�ÿ��������	�
���
�
���������
������������������������ ���µÿ�!
�#"�$����������%�&�'�&(����Åÿ)������$������*��"�$����*�+�&��,-!
���	.
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Ä�Ì Ê È�Õ�Ñ�Ã'M&È*Ã Ê Ä�Ì�ÈON'Ó3ÄjÃÅÃ Ò È�Ì�ÌjÈ�Ë*È�Ì Ê Æ É È � È�Î�Ó3Æ Ò Ó3ÌjË�ÈQPERQM}Ï Ð=S R È�Ã Ê Ä�ÌaË Ð ÈCT�Ë Ò È�Ì Ê'� È��Ò�ü Ä�Ã Ò�Ð ÌrË�Ó3Æ	Ó�Ë Ê	É Æ Ò Ã Ê	Ò+Í Ä�È � Ä!Ö£Ó3ò;È Ê=� È�Ã=Ë Ð Ì ��Ò�Ê	Ò�Ð Ì�Ã � È Ê È�Õ�Ñ É ÆÅÓ Ê Ä�ÆOÈ0È Ê'� È0Ñ�ÆOÈ�ÃOÃ Ò�Ð Ì ¯3U Ó
Î Ò+Ê È�ÃÅÃOÈ � È ��É Æ Ò ÎVÈ ÉoÊ Ó3Ì Ê Ë Ð ÌjÃ Ê Ó�Ì Ê È3Ï Ð Ì$Ñ�È�Ä Ê Æ É È�Ë*Æ Ò ÆOÈ2Ç�È2Ã Ò ÖVÕ:Ó � È ��Ò+ü Ä�Ã Ò�Ð Ì0Ã Ð Ä�Ã6Ç
Ó íØÐ ÆOÕ:È'V

WKXYW[Z]\ p_^ `ba�c�dOe × ä ß9¯ ä®Ü
Ð=S ` È�Ã Ê Ç�Ó ��Ò Ã Ê Ó�Ì�Ë�È � È �jÉ Æ Ò ÎVÈ�Ï Í Ä Ò È�Ã Ê6��É Ý�Ì Ò È?Ë Ð Õ�Õ:È?Ç�Ó ��Ò Ã Ê Ó�Ì�Ë�È?È*Ì Ê ÆÅÈ)Ç+È�ÃûÇ Ò È�ÄMÞ �iÔ�Ò Ì Ê È�Æ�ï
Ó3Ë Ê	Ò�Ð Ì È Ê(� È ��ÉoÊ È�Ë Ê	Ò+Ð Ì ¯ W Z È Ê W p Ã Ð Ì Ê Ç+È�Ã2Ë Ð È
T:Ë Ò È*Ì Ê Ã � È ��Ò+ü Ä�Ã Ò+Ð Ì Ê ÆÅÓ3Ì�Ã ÎVÈ�ÆOÃÅÈ'È Ê Ç Ð Ì�Ö Ò�Ê Ä¬ï��Ò Ì�Ó3Ç�È ��Ð Ì Ê Ç�È�Ã1Î�Ó3Ç�È*Ä�ÆÅÃ�ÃÅÈ�Æ Ð Ì Ê Õ�È�ÃÅÄjÆ É È*Ã � Ó3ÌjÃ?Ç�È*ÃCË Ð Ì ��Ò+ÊÅÒ�Ð ÌjÃ�Æ É È�Ç+Ç�È*Ã � È íØÐ Ì�Ë ÊÅÒ�Ð ÌjÌ�È�Õ�È�Ì Ê'¯ù Ì Ó ÊOÊ È�Ì � Ó3Ì Êz�iÔ Ó�Î Ð3Ò Æ�Ë�È�Ã:Î3Ó�Ç�È�ÄjÆÅÃ�ÈoÞ¬Ñ É Æ Ò Õ:È*Ì Ê Ó3Ç�È*Ã�Ï Ð Ì Ä Ê	Ò Ç Ò ÃOÈ Ë�È*Ç�Ç�È*Ã �jÐ Ì�Ì É È�ÃzÑ�Ó3Æ:ÄjÌ�È
Ã Ò Õ;Ä�Ç�Ó Ê	Ò+Ð Ìs×�f Ò Ó3ÖVÖ Ò Ï�ä&g=g=g£ÜbV

W Z�h W p hji�k�l'm d æ cCdonqp \sr × ä ß9¯qé Ü
Û È ÊOÊ È;Ã Ò Õ;ÄjÇ
Ó ÊÅÒ�Ð Ì É*Ê Ä[t Ò ÈHÇ�È7Ñ�Ó3ÆOË Ð Ä�ÆOÃut�È*Ã É Ç+È�Ë Ê Æ Ð ÌjÃvt�Ó3ÌjÃ�Ä�ÌAÕ É Ç�Ó3Ì�ÖVÈwt�È;Ö£Ó�ò3Ï�Ã Ð Ä�Ã"Ç ÔáÒ Ì¬ïx Ä�È*Ì�Ë�ÈKt Ô ÄjÌ Ë�ë�Ó3Õ�Ñ É Ç�È�Ë Ê Æ Ò�Í Ä�È3Ï6Ñ Ð Ä�Æ Ê	Ð Ä Ê È-ÑjÆÅÈ�ÃOÃ Ò+Ð ÌBÈ ÊzÊ	Ð Ä Ê Ë�ë�Ó3Õ:Ñ ÕzÓ�ÖVÌ É*ÊÅÒ�Í Ä�È�Ï#È�ÌÊ È*Ì�Ó3Ì Ê Ë Ð Õ:Ñ Ê ÈKtjÈ�Ã Ì Ò ÎVÈ�Ó�Ä¬Þyt Ô È}ÞjË Ò+Ê Ó Ê	Ò+Ð Ì�Ãr×ØÆ Ð3Ê Ó Ê	Ò+Ð Ì�Ì�È*ÇøÏûÎ Ò�ì Æ	Ó ÊÅÒ�Ð Ì�ÌjÈ�Ç Üzt�È*Ã9t Ò+ü´É ÆOÈ�Ì Ê È*Ã
Õ Ð Ç É Ë�Ä�Ç+È�Ã ¯´ý ÌrÆÅÈ Ê	Ò È�Ì[t�ÆÅÓ Í Ä�È;Ç�ÓQt Ò�ü Ä�Ã Ò�Ð Ì%Î�Ó3Æ Ò ÈHË Ð Õ:Õ�È7Ç�Ó:ÆÅÓ3Ë Ò Ì�ÈHË�Ó3ÆÅÆ É È{t�ÈHÇ
ÓQt Ò Ã Ê Ó3Ì�Ë*Èt�È|t É Æ Ò Î3È:×mÈ�Ì%Ë�ÕzÜoÏjË�È Í Ä Ò Ó3Ä�Æ	Ózt�È*Ã)Ë Ð Ì�Ã É�Í Ä�È*Ì�Ë�È*Ã�ÃÅÄ�Æ)Ç Ô È
T:Ë�Ó3Ë Ò�Ê	É t�È|t ÉoÊ È*Ë Ê	Ò+Ð Ì}t�È�Ã É Ç+È�Ë}ïÊ Æ Ð Ì�Ã~t ÔáÒ�Ð Ì Ò Ã	Ó Ê	Ò�Ð ÌYÈ Ê ÃÅÄjÆ(Ç�Ó;ÆÅÈ*Ë Ð Ì�Ã Ê ÆOÄ�Ë ÊÅÒ�Ð Ì}t�È=Ç
Ó{t Ò ÆÅÈ*Ë Ê	Ò+Ð Ìot�È=Ç
Ó Ê Æ	Ó3Ë*È ¯� Ñ�ÆOâ�Ã$Ó�Î Ð3Ò Æ�t É Æ Ò Î É t�Ó3Ì�ÃHÇ
ÓtÚ~� Û ÏûÇ+ÈzÌúÄ�Ó3Ö3È9t ÔáÉ Ç�È*Ë Ê Æ Ð Ì�Ã�t Ô�Ò+Ð Ì Ò Ã	Ó ÊÅÒ�Ð ÌaÓ3ÆÅÆ Ò Î3ÈYÃÅÄ�ÆHÄ�Ìt ÉoÊ È�Ë Ê È*Ä�Æ�Ñ�È�ÆÅÕ�È ÊOÊ Ó3Ì Ê t�È�t É*Ê È*ÆÅÕ Ò Ì�È*Æ,Ç�Ó�Ñ Ð Ã Ò+Ê	Ò+Ð Ìot�Ó3Ì�Ã,Ç Ô È�ÃOÑ�Ó3Ë�È�t�ÈHË�ë�Ó Í Ä�È É Ç+È�Ë Ê Æ Ð ÌQÏ Ð Ä
Ñ�Ç+Ä�Ã#ÈoÞjÓ3Ë Ê È�Õ�È�Ì Ê t�Ä$ÕzÓ®Þ Ò Õ;Ä�Õ�t ÔáÉ Ç�È*Ë Ê Æ Ð Ì�Ã6Ñ Ð ÃÅÃ Ò�ì Ç+È3ÏVË�Ó3Æ Ò Ç+ÃûÌ�È2ÃÅÈ*Æ Ð Ì Ê Ñ�Ó3Ã ÊÅÐ Ä�Ã�t É*Ê È�Ë Ê	É Ã ¯U Ó:Õ É*Ê ë Ð tjÈ�t�È�t É*Ê È�Ë Ê	Ò�Ð ÌKt�È*Ã É Ç+È�Ë Ê Æ Ð Ì�Ã"È Ê Ç Ô�Ò Ì�ÈCT�Ë�Ó�Ë Ò+ÊÅÉ t�ÈHÇ�Ó�t ÉoÊ È*Ë Ê	Ò+Ð ÌAÃ Ð Ì Ê t ÉoÊ Ó Ò Ç�Ç É È�Ãt�Ó3ÌjÃ(Ç+È�Ã)ÃÅÈ*Ë ÊÅÒ�Ð Ì�Ã=äVä ¯ ä=È Ê ä�è ¯ è ¯qé9¯
��u%�]� ���;���[�A�	�����%�����)�����A�o���������E���3�)�K�#���#�1�����������
ý ÌAÓ0Î¬Ä�t�Ó3Ì�Ã,Ç
Ó0ÃÅÈ*Ë ÊÅÒ�Ð Ìtè ¯qé Ç
Ó0ÆOÈ�Ç
Ó Ê	Ò�Ð Ì%Ñ�È�ÆOÕ:È ÊÅÊ Ó3Ì Ê tjÈ7ÆOÈ Ê Æ Ð ÄjÎ3È�Æ"Ç Ô�É Ì�È�ÆOÖ Ò È|t�ÄtÌ�È�ÄMïÊ Æ Ò Ì Ð0Ò Ì�Ë Ò t�È�Ì Ê V

 b¡ X ¢�£�¤¥£¦ £ c�§=¨1©'ª ¤«£ × ä ß9¯�¬ Ü
Û È ÊOÊ È?ÆOÈ�Ç�Ó Ê	Ò+Ð Ì7Ñ�È�ÆOÕ:È Ê t�È­t É*Ê È�ÆOÕ Ò Ì�È�Æ8Ç
Ó)Æ É Ã Ð Ç�Ä Ê	Ò�Ð ÌHÃÅÄjÆûÇ ÔáÉ Ì�È*ÆÅÖ Ò È­tjÄ;Ì�È�Ä Ê Æ Ò Ì Ð È*Ì íØÐ Ì�Ë Ê	Ò�Ð Ìt�È=Ç
Ó0Ñ�Æ É Ë Ò Ã Ò+Ð Ì ÃÅÄjÆ,Ç Ô Ó3ÌjÖVÇ�È�È Ê Ç ÔáÉ Ì�È*ÆÅÖ Ò È't�È=Ç ÔáÉ Ç+È�Ë Ê Æ Ð Ì ¯q®,Ð ÄjÃ(È*Ã ÊÅÒ Õ�È�Æ Ð Ì�Ã)Ó3Ä�ÃOÃ Ò t�Ó3Ì�Ã)Ë*È ÊÅÊ È
Ñ�Ó3Æ Ê	Ò È&Ç�È&ÃÅÈ*Ä Ò Ç¥t�È|t É*Ê È�Ë ÊÅÒ�Ð Ì}t�È*Ã,Ì�È*Ä Ê Æ Ò Ì Ð Ã ¯
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½E¾�¿*À�¿]½ Á'ÂÄÃ
Å�Æ�Ç[È�ÉFÅ�Ê�ÃËÇEÌ~Æ�Í ÂÄÊ«ÎÏÌ�Ð�É�Î'Ñ?ÇÒÊ«Î&Ç[È�Ì�É5Ê«Å

Ó Ñ�Ó3Æ ÊÅÒ Æ
tjÈ'Ç Ô�É*Í Ä�Ó Ê	Ò+Ð Ìsä ßQ¯*¬ Ï Ð Ì ÐVì¬Ê	Ò È*Ì Ê Ó Ò Ã É Õ�È�Ì Ê Ç�È�Ã É*Í Ä�Ó Ê	Ò+Ð Ì�Ã|VÔ  b¡Ô ¤ X  ~¡
¤ Õ ¢9¤ cC§=¨1©¦ a ¦ cC§=¨1©uª ¤ e × ä ß9¯ èúÜÔ  b¡Ô © X  ~¡ Õ ¦ ¨�Ö5×~©¦ cC§=¨q©'ª ¤ × ä ß9¯ÙØ Ü

Í Ä Ò Ì Ð ÄjÃ(Ñ�È�ÆOÕ:È ÊÅÊ È�Ì Ê t�È�t É Ý�Ì Ò Æ2Ç
Ó;Æ É Ã Ð Ç�Ä ÊÅÒ�Ð Ì.ÃÅÄjÆ(Ç Ô�É Ì�È�ÆOÖ Ò È'tjÄtÌ�È*Ä Ê Æ Ò Ì Ð Ï�È�Ì íØÐ Ì�Ë Ê	Ò�Ð Ì�t�È
Ç Ô È�ÆOÆÅÈ*Ä�Æ2ÃÅÄ�Æ)Ç Ô Ó3ÌjÖVÇ�È,ÆÅÈ�Ë Ð Ì�Ã Ê ÆÅÄ Ò+Ê È Ê t�È&Ç�Ó;Æ É Ã Ð Ç+Ä Ê	Ò+Ð Ì ÃÅÄ�Æ)Ç Ô�É Ì�È�ÆOÖ Ò ÈutjÈ'Ç Ô�É Ç�È*Ë Ê Æ Ð Ì�t�È=ÆÅÈ*Ë�Ä�Ç·V

WqÚ�Û b¡ XÝÜ R rÞ W rÞ¤ rvß R rà W rà�á p \sr × ä ß9¯�â Ü
Ð=S R Þ X ¤ ~¡ Ô  ~¡Ô ¤ È Ê R à X i ~¡ Ô  ~¡Ô © ¯

÷-Ó Ò Ã Ò Ç£È�Ã Ê8ì È�Ó3Ä�Ë Ð Ä�Ñ;ÑjÇ�Ä�Ã�Ñ�Ó3ÆOÇ
Ó3Ì Ê t�È�Õ Ð Ì Ê ÆÅÈ�Æ�Ç�Ó)Ý�Ö3Ä�ÆÅÈ(ä ßQ¯êé ÏyÆÅÈ*Ñ�Æ É ÃÅÈ*Ì Ê Ó3Ì Ê Ç
Ó2Ë Ò Ì É ÕzÓµïÊ	Ò+Í Ä�È�t�È7Ç
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20 bar  97. 5% He + 2% CH4 + 0. 5% C4H10


10 bar  97. 5% He + 2% CH4 + 0. 5% C4H10


10 bar  95% He + 4% CH4 + 1% C4H10
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������ � ��� g �JIn�Îÿ������ 2=
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� � 
P� � %NE 	 �H���]ÿ �d� �����K%;�b2=
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 � � �����1���hp�_ Ð % ���±@ 2 _ !Îÿ Â
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!����Îÿ0����� ) 2�O���_A�ÎÿP� � ��,6�����Áÿ ' ` �5 �
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ú ö�ó�û�ö Ü9ñ ôqö�ó�û ñ�� ÷Dý ø û�÷ E ó�û�û�÷%÷ ' ý ñ ýDö�ô9ò �� ÷ Ü�Ü ö 4 û ñ ø32 ö Ü9Ü ø Ü%�/ú ø û�÷.¡�¢/. £:( ¡ �$¤%� � � óMö � ÷Dû3ôA{Pôqõl÷ � ÷ þ�ú óMõ � õl÷ � ÷)> ÿ � < ñ���ñ û3ôñMÿ ù þ ö �vÜ ø õAC 9K� ù#ó ø õ�{Pôqõl÷ � òDôq÷DýDô ñ�E�þ ÷ ��« ó ø õ ø û ýFó ø õ ñ û3ô �/ú ø û�÷ � ø õ9òD÷ � ÷ þ�ú ó�õ � õ9÷ � ÷ þ�ñû ñ û�ó Ü ÷DýFó�û � ÷��°ö þ , ñ ø ôv÷Fû � ö�õló�û=6�7 L ò þ ÷DýDô9õ9ó�û Ü ù#ó ø õ:ó E ôq÷Fû�ö�õ:ýF÷ Ü ö 4 û ñMþ��
. ú ÷ Ü ô � ó�û�ý 4 õ�íMýD÷ ñ ø ôqõxw Ü ,�ó�õ ô 43ñ ö�û ñ ôlôq÷Fö�û3ô �üñ û Ü�þ�újñ8��ñMþ�ñ û�ý���÷�I ø ÷ þ ÷ Ü ö 4 û ñ�þ ýFõlòFò:ù ñ õ ø ûò þ ÷FýPôqõ9óMû � ÷ þ ñ ô9õ ñ ýD÷NùÈ÷ ø ô�{Dô9õ9÷ � òPôq÷FýPôqò � � ñ û Ü ø û 43ñ ö�û)��687 L ��ó�û � ÷ � õ ñ ö�ô ñM��� ö,ôqö�óMû�û�÷Fõ þ ÷ ÜÜ ö 4 û ñ ø52 � ÷kù þ ø Ü ö�÷ ø õ Ü ò þ ÷DýDô9õ9ó�û Ü ù#ó ø õ � òDô9÷FýDô9÷Fõ ø û Ü ö 4 û ñ�þ ��ýD÷TI ø ö*û ú ÷ Ü ô�ù ñMÜ ñ ýFýD÷Fù�ô ñ�E�þ ÷ Ü öó�û � ÷ ø ô õ9÷Dô9õ9ó ø � ÷Fõ þ ñ<� ö�õ9÷DýDô9ö�ó�û � ÷ þ�ú ò þ ÷FýPôqõ9óMû � ÷%õ9÷Fý ø þ�ñ�� ÷Fý�ù�õlòFýFö Ü ö�ó�û < ý�, � ù ñ õlô9ö�÷D> �Y�j��� C �©��*ñ v 4 ø õ9÷n>;> �j�Nÿ óMûWô9õ9÷ ø û�÷ � ö Ü ô9õ9ö E ø ôqö�ó�û �/ú ò þ ÷FýDô9õ9ó�û Ü ø û�öLI ø ÷ Ü ó E ôq÷Dû ø ÷ ñ ø þ ñ�E ó�õ ñ ôqóMö�õ9÷��÷Fû ø ô9ö þ ö Üqñ û3ô ø û�÷%ý�� ñMÿFE õl÷<¡�¢/. £:( ¡ �$¤%� � � ÷?> 9;9-Ý/ÿ �d,�ó�û�ýDôqö�ó�û�û ñ ûWô ñ�� ÷Fý ø û ÿ ò þ�ñ û 4 ÷� ÷ 4 >tC ì ö Ü ó E ø ô ñ û�÷�0<ù�õl÷ Ü9Ü ö�ó�û ñ ô ÿ ó Ü ùX��òDõ9ö�I ø ÷ �ü� ÷ Ü ò þ ÷DýDôqõló�û Ü:Ü ó�û3ôvýFõ9òDò Ü ÷Dû�÷Dû � ó8J ñ û3ôþ ÷ Ü ùX��óMô9ó�û ÜR�/ú ø û þ ñMÜ ÷Fõ Ü ø õ ø û�÷KùX��óMô9óYý ñ ô���ó � ÷�÷Dû H ö�.�õ < «)ñ ô�� ñ�� ��>8
;
;�3�	ùÈó ø õ-ù þ ø Ü-� ÷� òPô ñ ö þ�Ü:Ü ø õ þ�ñ ù�õ9ó0ýFò � ø õl÷ �P�#�*ñ-� ö Ü ôqõlö E ø ô9ö�ó�û�ó E ôq÷Dû ø ÷k÷ Ü ô þ ñ<Ü ó ÿ�ÿ ÷ �/ú ø û�ù�ö�ý 43ñ ø ÜlÜ ö�÷Fû �X�ñ ø E õ ø ö,ô � ÷ þ�ú ò þ ÷FýPôqõ9óMû�öLI ø ÷ < �üñ û ÜNOÁ�;9Tì � ÷ Ü ý ñ�Ü � ñ ø ý ø û}ùX��óMô9ó��_ò þ ÷DýDôqõló�ûQû ú ÷ Ü ô�ýDõ9òDò � ÷Pô�/ú ø û�÷ � ö Ü ô9õ9ö E ø ôqö�ó�û � ÷ « ó þ J ñ �
ý ñ õ ñ ýPôqòDõ9ö Ü ôqö�I ø ÷ � ÷ Ü%ñ���ñMþ ñ û�ý���÷ Ü�4 òFû�òDõ9òF÷ Ü ù ñ õ ø û ò þ ÷FýPôqõló�ûø û�ö�I ø ÷ < w�þ ø ÿ ÷Pô £ ó þ�ñ û � ö��	>8
�
 � ��ù � > ���V�P�« ó ø õ�ò � ö�ô9÷Fõ � ÷ � òPôq÷FýPôq÷Dõ � ÷�, ñ ø52 ò þ ÷FýPôqõló�û Ü�� ø Ü:ñ ø E õ ø ö,ô � ÷ þ�ú ò þ ÷DýDô9õ9ó�û�ö�I ø ÷�� ø û � ö Ü ýDõ9öQ�ÿ ö�û ñ ô9÷ ø õ'v 2 ÷ þ�újñMÿ ù þ ö,ô ø � ÷ ÿ ö�û�ö ÿ�ñMþ ÷aI ø ÷ � óMö�ô ñ�� ó�ö�õ ø û Ü ö 4 û ñMþ ù#ó ø õZ{Dô9õ9÷ � òDô9÷FýDô9ò � �Yö Ý ÷Pô

� ¬:Ü ó�û3ô þ ñ�ÿ ó8J�÷Fû�û�÷N÷Dô þ�ñA��ñ õ9ö ñ û�ýD÷ � ÷ þ�ñT43ñ ø Ü ö�÷Dû�û�÷�õl÷Fù�õlò Ü ÷Dû3ô ñ ô9ö � ÷ � ø E õ ø ö,ô�� þ ÷ Ü ÷ ø ö þ ÷ Ü ôù þ�ñ ýFò�0 ÝF� � � ����ñk� ö Ü ôqõ9ö E ø ô9ö�ó�û � ÷ þ ñ v 4 ø õ9÷T>;> �j� ùÈ÷Dõ ÿ ÷Dô � ÷�ý ñMþ ý ø þ ÷Fõ þ�ñ ,�õ ñ ýDôqö�ó�û �/ú ò þ ÷Fý��ôqõló�û Ü I ø ö/ù�õ9ó � ø ö�õló�û3ô ø û Ü ö 4 û ñ�þ
�/újñMÿ ù þ ö,ô ø � ÷ Ü ø ùÈòDõ9ö�÷ ø õ9÷n0-ýD÷ Ü ÷ ø ö þ��Y�]ú ÷ ' ý ñ ýDö�ôqò ÿ ÷ Ü ø õ9òD÷�üñ û Ü ýD÷ Ü ýFó�û � ö�ô9ö�ó�û Ü ÷ Ü ô �/ú ÷Fû � ö�õló�û�
�� � C ìÖ�
�*ñ v 4 ø õl÷�>;> � 2 ÿ óMûWô9õ9÷ ñ ø Ü9Ü ö ø û�÷ � ö Ü ô9õ9ö E ø ôqö�ó�û �
ú ò þ ÷FýPôqõló�û Ü ø û�ö�I ø ÷ Ü ó E ôq÷Fû ø ÷ ñ ø þ ñ �E ó�õ ñ ô9ó�ö�õl÷�� ÿ.ñ ö Ü ÷Dû ôqõ ñ���ñ ö þ�þ ñ ûWôkýF÷Pô9ô9÷�,�ó�ö Ü 0 ø û�÷�ù�õ9÷ Ü9Ü ö�ó�û � ÷ î 9�E�ñ õ Ü <�� �¢¡ 9;9¤£1� ÷Pôñ�� ÷Dý ø û�÷Rý�� ñMÿFE õl÷�¡�¢/. £:( ¡ �$¤%� �¥0 � ÷ ø32 òPô ñ�4 ÷ ÜF� } ñ û Ü ýF÷ Ü û�ó ø � ÷ þ�þ ÷ Ü ýFó�û � ö�ô9ö�ó�û Ü � þ�ñ� ö Ü ôqõlö E ø ôqö�óMû � ÷ ÜkÜ ö 4 û ñ ø32 ò þ ÷DýDôqõló�û�ö�I ø ÷ Ü ÷ Ü ô�÷ 2 ù#ó�û�÷Dû3ôqö�÷ þ�þ ÷§¦ �*�¨� ÷Fý�ýF÷Pô9ôq÷�û�ó ø � ÷ þ�þ ÷ � ö Ü ôqõlöQ�E ø ô9ö�ó�û©� þ�ú ÷ ' ý ñ ýDö�ôqò � ÷ � òPôq÷DýDôqö�ó�û � ÷ þ�ú ò þ ÷DýDô9õ9ó�û ø û�öLI ø ÷ ÷ Ü ô:ýF÷Pô9ôq÷ª,�ó�ö Ü$�/ú ÷Fû � ö�õ9óMû)
 9QìÖ� .�÷ Üõ9ò Ü ø þ ô ñ ô Ü�Ü ó�û3ô�÷Fû�ýFó�õl÷�ù�õlò þ ö ÿ ö�û ñ ö�õ9÷ Ü ��÷Dô þ�ú ó�ù�ô9ö ÿ ö Üqñ ôqö�óMû � ÷ þ�ñu4 òDó ÿ òDôqõlö�÷ � ÷ Ü ý�� ñMÿFE õ9÷ Ü 0� ÷ ø32 òDô ñ�4 ÷ Üv� ÷ � õ ñ ö,ôvùÈ÷Dõ ÿ ÷Dô9ô9õ9÷ �/újñMÿ ò þ ö�ó�õl÷Fõ�ýD÷Dô9ô9÷%÷ ' ý ñ ýDö�ô9ò �
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Signal mesure
°

0
±

250

500
²

750

1000

1250

1500

1750

2000

0
±

0.01
±

0.02
±

0.03
±

0.04
±

0.05
±

0.06
±

0.07
±

  49.04    /    44
P1   1983.   43.43
P2   .1848E-02   .1786E-04
P3   .8792E-03   .1047E-04
P4   237.8   7.157
P5   .5039   .2165E-01
P6   .2769E-01   .5733E-03

ÈjÉËÊ.Ì4Í
ÍBÌ´³BÎ:µ-Ð�òPØ�Ï8Ð�¹jÚ<Ø9Ð�×.ÑAÖ)¸ Ü+ó�Õ�Ó
Ø�Ï�×.ÑLòHÚjÑLÐ�ÆWÚLÕ�òS×Y¹<Ø�Õ�Ñ4Ú<Õ�º$ÔLÏ�Õ�ò9ò9Ð�×.Ñ-ö�Ø9Ùf×�ò�Ô�õLÜ�Ï8Ð�ÆWÚLÕböu½.Õ+Ó
ÚjÑ Ù6Ü+ó�öVÑLô�Õp¾AÕ ¿ Ë�Ê Â àvÃu¾ ÐlÑ Õ�ØTÚjÑßô�ö�Ô ÖjÕ>Ë�¼0¼>Õ<Ùhæ·¶¥öÛÖ�Ð�òPØ�Ï�Ð�¹�ÚWØ9Ð�×KÑ
Õ+òPØoö�¸PÚLòPØ�Ü+ÕßÔjö�Ï�ó�ö ò9×.ÙfÙfÕeÖ)¸ ÚjÑLÕtô�öVÚLò�ò9Ð�Õ�ÑLÑLÕº¹¤Ï�Õ�ÔjÏ�Ü+ò�Õ+ÑKØ�ö�Ø9Ð�½KÕßÖ�Úy¹LÏ8ÚLÐ�Ø
ÖjÕFó�¸ Ü+ó�Õ+Ó
Ø�Ï�×KÑLÐ�ÆWÚLÕ:»YÕ�ØrÖ)¸ ÚLÑLÕ7Ö�Ð�òPØ�Ï�Ð�¹�ÚWØ9Ð�×KÑÛÖjÕu¼|×.ó�½Kö¥¹¤Ï�Õ+ÔLÏ�Ü�ò9Õ+ÑKØ�ö�Ø9Ð�½.ÕqÖ)¸ ÚLÑLÕ
öu½�öVó�öVÑLÓ�õLÕFô�Ü+ÑLÜ�Ï�Ü�Õ;ÔLö�ÏQÚjÑoÜ+ó�Õ+Ó
Ø�Ï�×KÑ�ÚjÑjÐ�ÆWÚLÕ:»�æ
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1

10

10 2
Ì

10 3
Í

10 4

0
±

0.05
±

0.1
±

0.15
±

0.2
±

0.25
±

0.3
±

0.35
±

0.4
±

0.45
±

  38.47    /    36
P1   .1271E+05   652.5
P2   .3874E-01   .6554E-04
P3   .3420E-02   .8779E-04
P4   86.84   9.105
P5   11.53   .7003

ÈjÉËÊ.Ì4Í
ÍBÌLÎ9Î:µ-Ð�òPØ�Ï8Ð�¹jÚ<Ø9Ð�×.ÑAÖ)¸ Ü+ó�Õ�Ó
Ø�Ï�×.ÑLòiÚjÑjÐ�ÆWÚLÕ�òS×Y¹<Ø�Õ�Ñ4Ú<Õ�ºk»0¼%¹jö�Ï�ò"Õ�ØaÏ0¼Y¼1Ð±öu½.Õ+ÓUÚjÑ7ÙfÜ8Ñ
ó�öVÑLô�Õ%¾AÕ ¿ » Â à ¾ Ã ¿ ¼4æ,Ê Â à Ã ¾.Ð9ÑYÕ�Ø0ÚjÑqÖjÜBØ�Õ+Ó
Ø�Õ+ÚLÏYÝßÞ�àbáNâ3ÝÅÄbãQä-å.º
ÖjÕ+Ú#Ó6ÜBØ�ö�ô.Õ�ò
æN¶¥ö7Ö�Ð�ò�Ø�Ï�Ð�¹�ÚWØ9Ð�×.Ñ6Õ�òPØbö;¸PÚLòPØ�Ü�ÕQÔjö�ÏUó�öAò�×KÙfÙ6ÕrÖ�¸ ÚjÑ<Õrô�öVÚLò�ò9Ð�Õ+ÑjÑLÕ
¹¤Ï�Õ�ÔjÏ�Ü+ò�Õ+ÑKØ�ö�Ø9Ð�½KÕ¿Ö�ÚÒ¹jÏ8ÚLÐ�Ø-ÖjÕ\ó�¸ Ü+ó�Õ�Ó
Ø�Ï�×.ÑjÐ�ÆWÚ<ÕV»rÕBØ;Ö�¸ ÚjÑ<Õ\Õ�ÓWÔM×KÑ<Õ�ÑKØ9Ð�Õ�óÒó�ÕÒ¹¤Ï�Õ8Ñ
ÔjÏ�Ü+ò�Õ+ÑKØ�ö�Ø9Ð�½KÕfÖ)¸ ÚjÑLÕqö�½�öVó�öVÑ<Ó8õ<Õ¿ô�Ü�Ñ<Ü+Ï�Ü+ÕfÔjö�Ï;ÚjÑ Ü+ó�Õ+Ó
Ø�Ï�×KÑtÚjÑLÐ�ÆWÚLÕ6ÖjöVÑ<òQÓBÕ+ò
ÓB×KÑ<Ö�Ð�Ø9Ð�×.ÑLò�»�æ
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�*ñ õ ñ ù�ö � ö�ôqò:÷ Ü ôbû�òFýD÷ ÜlÜqñ ö�õ9÷�ý ñ õ§�3ù#ó ø õeý�� ñ I ø ÷ ôqõ ñ ýF÷ �/ú ò þ ÷FýDô9õ9ó�û � ÷!õ9÷Dý ø þ � þ ÷�Ö ø32 �/ú ò þ ÷Fý��ôqõló�û Ü I ø ö ñ õlõ9ö � ÷Fû3ô Ü ø õ þ ñ<ÿ ö�ýDõ9ó 4 õ9ö þ�þ ÷!ùÈ÷ ø ô!{Dô9õ9÷Nôqõxw Ü ò þ ÷ � ò �°�*ñF�Mñ�þ ÷ ø õ � ÷�ýD÷�Ö ø32 ÷ Ü ôvôqõ�w Ü��ñ õ9ö ñ�E�þ ÷k÷Pô � òFù#÷Fû �Þ� ÷ Ü ý ñ õ ñ ýPôqòDõ9ö Ü ôqö�I ø ÷ Ü�� ÷ þ�ñ ô9õ ñ ýD÷ < òDû�÷Fõ 4 ö�÷�� þ ö�÷ ø � ÷<ù�õló � ø ýDôqö�ó�û �üñ û Üþ�ú ÷ Ü ù ñ ýD÷ � ÷ � òFõ9ö � ÷��üó�õ9ö�÷Fû3ô ñ ô9ö�ó�û�ù ñ õvõ ñ ù�ù#ó�õ ô�0 þ�ñ<ÿ ö�ýFõló 4 õ9ö þ�þ ÷�� �,���×�P�
i û�÷ Ü ö ÿ ø þ�ñ ôqö�ó�û ÿ ó�û3ôqõl÷GI ø ÷ Ü ö�óMû�ù#÷ ø ô Ü òFù ñ õ9÷Dõ � ÷ Ü ò þ ÷FýDô9õ9ó�û Üeñ õ9õlö ��ñ û3ô Ü ø õ ø û�÷ ÿ { ÿ ÷ù�ö Ü ôq÷@0=> 9 û Ü��
ú ö�ûWô9÷Fõ �Mñ�þ�þ ÷�Ø���ó�û � òDôq÷DýDô9÷Fõ ñ ù þ ø Ük� ÷ þ�ñ�ÿ ó�ö�ô9ö�ò � ÷ Ü ò þ ÷FýPôqõ9óMû Ü�� ÷ þ ñ ôqõ ñ ýF÷��÷Dô!ù þ ø Ü:� ÷ î y ¡ � ÷ Ü ò þ ÷FýDô9õ9ó�û Ü ø ôqö þ ö Ü ò Ü ù#ó ø õ:õl÷Dôqõló ø � ÷Fõ þ ñ<� ö�õ9÷FýPôqö�ó�û�ö�û�ö,ôqö ñMþ ÷ � ÷%ýF÷Pô9ôq÷Nô9õ ñ ýD÷

< ý�, � ù ñ õ ôqö�÷�> ���j��� î �©��« ó ø õ ñ ôlôq÷Fö�û � õl÷$ýD÷Dôlôq÷$÷ ' ý ñ ýDö�ô9ò���ö þ , ñ ø � õ ñ ýF÷DùÈ÷Dû �üñ û3ô�ò þ ö ÿ ö�û�÷Fõ þ ñ ù ñ õ ôqö�÷ö�óMû�öLI ø ÷ � ø Ü ö 4 û ñMþ < ý�,)ù ñ õ ôqö�÷?> ���j��� î ùÈó ø õ:ù þ ø Ü!� ÷ � òPô ñ ö þ�Ü�� ��ýD÷AI ø ö*ù#÷ ø ô!{Pôqõ9÷�, ñ ö,ô!0 þ�újñ ö � ÷�/ú ø ûTv þ ôqõl÷ Eüñ�Ü9Ü ÷a,�õ9ò§I ø ÷Dû�ýF÷ < ýF÷bù�õ9ó E�þ w ÿ ÷$û�÷ Ü ÷�ù#ó Ü ÷bù þ ø Ü)�üñ û Ü	þ ÷eý ñMÜ��/ú ø û�÷�ýFó�ûdv 4 ø õ ñ ôqö�óMû0 � ó ø E�þ ÷%òDô ñ�4 ÷ �©�
ø�ø�ùjnKù´Ù �$ýq�P��������������� 
DÿY����ÿu��û3ûJ�!�cûPük
]�8*9û�����û
¤ õ�íMýF÷F0 Üqñ õ ñ ù�ö � ö�ôqò��°ýF÷ � òPôq÷DýDôq÷ ø õ%ùÈ÷Dõ ÿ ÷Dô �/ú ó E ôq÷Dû�ö�õ ø û�÷<õlò Ü ó þ ø ô9ö�ó�ûQô9õ�w Ü vüû�÷ Ü ø õ þ ÷ôq÷ ÿ ù Ü-�/ú ñ õ9õ9ö � òF÷ � ÷ Ü ò þ ÷FýPôqõló�û ÜF�	� ûÒô���òFó�õlö�÷���ýF÷Dôlôq÷�õlò Ü ó þ ø ô9ö�ó�û ÷ Ü ô � ó�û�û�òF÷Kù ñ õ þ�ñ}� ø õ9òD÷� ÷ Ü�Ü ö 4 û ñ ø52 �*÷Pô�÷ Ü ô � ó�û�ý�ö�ûd,�òDõ9ö�÷ ø õ9÷�0 þ ñ û ñ û�ó Ü ÷FýDó�û � ÷ ��« ó ø õ ø û�÷ � ö,ôq÷ ÜlÜ ÷ � ÷ � òDõ9ö � ÷ � ÷6;ÚQ6 Ý � xJz���Û � �üýF÷ þ ñ ýFóMõ9õ9÷ Ü ù#ó�û � 0 ø û�÷�õ9ò Ü ó þ ø ôqö�óMû Ü ù ñ ô9ö ñMþ ÷ � ÷ þ�ú ó�õ � õ9÷ � ø ÿ ö�ýFõló�û �� û}ù�õ ñ ôqöLI ø ÷�� þ ñRÜ òFù ñ õ ñ ô9ö�ó�ûKôq÷ ÿ ù#ó�õl÷ þ�þ ÷ ÿ ö�û�ö ÿ�ñMþ ÷�÷Fû3ôqõl÷ � ÷ ø32 ò þ ÷FýDô9õ9ó�û Ü Ü ÷Fõ ñ�� ó�û�û�òD÷ù ñ õ þ�ñ ,�õ9ò§I ø ÷Dû�ýF÷ �/ú ��ó�õ þ ó 4 ÷ � ÷ Ü ��Ü . < O > ¤n� � Ü ó�ö,ô)>Kû Ü�� ùÈó ø õ � ÷ Ü�Ü ö 4 û ñ ø52 � òPôq÷Fý��ôqò ÜRÜ ø õ � ÷ Ü ù�ö Ü ôq÷ Ü-� ö + òFõ9÷Dû3ôq÷ Ü �]÷DôRù ñ õ þ ÷ ø õ<ôq÷ ÿ ù Ü-ÿ ó�õlô < > 9 û Ü����üñ û ÜRþ ÷Öý ñMÜ ýDó�û3ôqõ ñ ö�õl÷

< ý�,	ù ñ õlôqö�÷F> ���å��� î ùÈó ø õ:ù þ ø Üv� ÷ � òPô ñ ö þ�Ü��P��
� ÷Fý�ýF÷ � òPôq÷DýDôq÷ ø õ§�]óMû ù#÷ ø ô ñ ø Ü9Ü ö:ó E ô9÷Fû�ö�õ ø û�÷Öô9õ�w Ü?E ó�û�û�÷�õlò Ü ó þ ø ô9ö�ó�û Ü ù ñ ô9ö ñMþ ÷ Ü ø õþ ÷ Ü ýFó0ó�õ � ó�û�û�òD÷ ÜÞÝ ÷Pô�ßD�©I ø ö�÷ Ü ô � ÷ þ�ú ó�õ � õ9÷ � ÷ 4 õ ñ û � ÷ ø õ � ø � ò � ÷ þ ó�ù�ù#÷ ÿ ÷Fû3ô þ ñ ô9òFõ ñMþ*� ÷þ�újñ���ñMþ ñ û�ý���÷ < I ø ÷ þ I ø ÷ Ü:� öL� ñ ö�û�÷ Ü�� ÷ ÿ ö�ýFõ9óMû Ü �0÷Fû�,�ó�û�ýDôqö�ó�û � ÷ þ ñ ù�õló�,�ó�û � ÷ ø õ � ø 43ñ ù �©� i û�÷Ü ö3� ñ ø ô9÷�õ9ò Ü ó þ ø ôqö�ó�û�û ú ÷ Ü ôeù ñMÜ ÷ Ü9Ü ÷Fû3ôqö�÷ þ�þ ÷ �üñ û Ü'� ÷ þ�þ�ñ � < ý�, � ù ñ õlô9ö�÷ª> ���å��� C � �u÷Dô]ó�û Ü ÷ þ ö ÿ ö�ôq÷Dõ ñ0 � ÷ Ü!þ ñ õ 4 ÷ ø õ Ü:� ÷%ù�ö Ü ô9÷ � ÷ þ�ú ó�õ � õl÷ � ø ÿ ö þ�þ ö ÿ wPôqõl÷ �
ø�ø�ùjnKù´à áb���������Pÿ��7�7���K��û:þ/âWÿ+ü)(�*�û��3þF�J�	s
û��#���������Lûq���=û��N�.ÿ����!ã:ûq���Òÿ�ä
�*ñ ôq÷Dý���û�ó þ ó 4 ö�÷ � ÷ Ü ý�� ñMÿFE õ9÷ Ü 0�v þ�Ü ÷ Ü ô E ö�÷Fû}ýDó�û�û ø ÷��
÷Dô�÷ þ�þ ÷�ùÈ÷Dõ ÿ ÷Dô � ÷�õ9ò ñMþ ö Ü ÷Dõ � ÷ Üý�� ñMÿTE õ9÷ Ü!� ÷ 4 õ ñ û � ÷ � ö ÿ ÷Fû Ü ö�ó�û <|å C ÿ�� �g0 ø ûKù�õ9ö 2 õ ñ ö Ü ó�û�û ñ�E�þ ÷ ���eþ�þ ÷ Ü�Ü ÷%ý ñ õ ñ ýPôqòFõlö Ü ÷Fû3ôù ñ õ � ÷ Ü ýDó�û Ü ô ñ û3ôq÷ Ü:� ÷�ôq÷ ÿ ù Ü õ9÷ þ ñ ô9ö � ÷ ÿ ÷Fû3ô 4 õ ñ û � ÷ Ü <çæ 9�9 � ¡ 9�9 û Ü�� ��÷Pô ø û 43ñ ö�û@I ø ö/ù#÷ ø ôñ ôlôq÷Fö�û � õl÷ þ�ú ò þ ÷DýDô9õ9ó�û ø û�ö�I ø ÷KùÈó ø õ � ÷ Ü ùÈ÷Pôqö,ôq÷ Ü ý�� ñMÿFE õl÷ Ü � ÿ�ñ ö Ü & ñMÿ.ñ ö Ü õlò ñMþ ö Ü ò.ùÈó ø õ � ÷4 õ ñ û � ÷ Ü ý�� ñMÿFE õl÷ ÜF�
è¨é	ê�ë�êxì�í�î�ì ��ï ë�ð8ê ~xñ­ò î�êxîóë�ô¯ê�ëçê/ìGí+îgì ��ï ëNð8ê�î�õ ï é]ö�÷ òGøù����ú î ú ë �tò ê¨ô´û ïçü ê �tï ð8ê¨î ��ï ë ú ê-ð8ê�î�î ú¯ü�ò û �Jäð8êZð ú î ø|ïçú î�ð8ê'ô´û�ì�ýxìGê'þ�û�ô¯ê �tï ö
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� ó ø ôq÷ Ü)þ ÷ Ü � « .Þ÷ 2 ö Ü ô ñ û3ôq÷ Ü �8,�ó�û�ýDô9ö�ó�û�û ñ û3ô�� ø Ü I ø ú 0���÷ Ü ù�õl÷ Ü9Ü ö�ó�û Ü ��÷'I ø ÷ þ I ø ÷ Ü]E�ñ õ Ü �Jó�û3ôø ô9ö þ ö Ü ò���÷ Ü ý�� ñMÿTE õ9÷ Ü 01v þ�ÜF�Y�*ñ ù þ ø ù ñ õ ô�� ø ôq÷ ÿ ù Ü �W÷ þ�þ ÷ Ü ��÷ �Mñ ö�÷Fû3ô���òDô9÷FýDô9÷Fõ���÷ Ü ù ñ õlô9ö�ý ø þ ÷ ÜÜ ø�� Ü9ñMÿ�ÿ ÷DûWô òFû�÷Fõ 4 òDôqö�I ø ÷ Ü ùÈó ø õªI ø ÷ þ ÷ Ü ô9õ ñ �l÷DýDôqóMö�õ9÷ Ü Ü ó�ö�÷Dû3ô���÷ Ü ��õ9ó�ö,ôq÷ Ü ó ø ��÷ Ü ýF÷Dõ9ý þ ÷ ÜD�
Ü ñ û Ü ýF÷-ý ñ�Ü � þ ÷ 43ñ ö�ûÓ0 E ÷ ñ ø ýFó ø ù ÿ ó�ö�û Ü � ú ö ÿ ù#ó�õlô ñ û�ýD÷�ý ñ õNö þ�Ü ø	� ô
��÷DI ø ÷ þ I ø ÷ Ü ù#ó�ö�û3ô Ü
��÷ þ�ñ ôqõ ñ �l÷FýPôqó�ö�õ9÷Öù#ó ø õ þ�ú ö���÷Dû3ôqö�v�ý ñ ô9ö�ó�û ���]ú ÷ 2 ÷ ÿ ù þ ÷���÷ þ ñ � « .
� ø ù�õló��l÷Dô�� ø ù#÷Fõ�¡ ø û ø �,�ó�û�ýPôqö�ó�û�û ñ û3ô ñ�� ÷Dý ø û�÷�ý�� ñMÿTE õ9÷�ý þ�ñMÜ9Ü öLI ø ÷%÷Dô ø û 43ñ ��õ ñ ù�ö���÷n0�C Eüñ õ Ü � ÿ ó�û3ôqõl÷1I ø ú ó�û�û�÷ù#÷ ø ô!ù ñMÜ õl÷ ÿ ó�û3ôq÷Fõ�0 þ�ú òFû�÷Fõ 4 ö�÷�� ø û�÷ ø ôqõlö�û�óR÷Fû���÷ Ü9Ü ó ø Ü � ø ¡�÷ ���

H ó ø Ü ò þ ñ õ 4 ö ÜlÜ ó�û Ü ô9ó ø ô���÷ ÿ { ÿ ÷Nû�ó Ü òPô ø ��÷ Ü 0���÷ Ü ýDó�û Ü ô ñ û3ôq÷ Ü ��÷Nô9÷ ÿ ù Ü Ü ø ù�òDõ9ö�÷ ø õ9÷ Üñ ø ýDó ø ù þ ÷�>��'> 9 û Ü ��÷v¡�¢/. £�� ¡�� ¤%� �	��÷Fû-ù ñMÜ9Ü9ñ û3ô·0F> 9 �'> 9;9 û Ü ��÷DôZ0���÷ Ü'43ñ ö�û Ü
�Mñ õ9ö ñ ûWô
��÷i> 9�9;9 0¤687�� < ý�, � ù ñ õlôqö�÷@> �Y�j��� C �©� ¡ ñ ö Ü ó�û ù#÷ ø ô�� ú ó�õl÷ Ü ÷Dô���ò���0 ñ � õ ÿ ÷Fõ�I ø ÷ Ü ö þ ÷ 43ñ ö�ûû�÷ ��ñ ø ô!I ø ÷ � � 687�� < Ü ÷Fû Ü ö E ö þ ö,ôqò�0 æ ò þ ÷DýDôqõló�û Ü�� �°ó�û�û�÷kõl÷FýDó�û�û ñ! ôvù ñMÜ!þ ÷
��ò E ø ô���÷ þ�ñ vüû� ñ û Ü æ y ¡ ��÷ Ü ôqõ ñ ýF÷ ÜD� . ú ÷ Ü ô ýF÷1I ø ö*û�ó ø Ü , ñ ö,ô#" ñ�Eüñ û	��ó�û�û�÷Dõ$" þ ÷ Ü ý�� ñMÿFE õl÷ Ü 0?v þ�Ü ù#ó ø õ þ ÷ Ü
��òPôq÷FýPôq÷ ø õ Ü ¡�¢/. £�� ¡�� ¤%� �	�°ùÈó ø õ:ùÈó ø � ó�ö�õ���ö Ü ôqö�û 4 ø ÷Dõ�ý�� ñ I ø ÷�ò þ ÷FýDô9õ9ó�û �
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�*ñ õ9÷Dý���÷Fõlý���÷L��÷ þ�ñ ��ö�õ9÷FýPôqö�ó�ûÅö�û�ö�ô9ö ñMþ ÷>��÷ þ�ú ò þ ÷FýPôqõló�û-��÷Qõ9÷Fý ø þ ÷ Ü ô ø ûÏùÈóMö�û3ô.ýDõ ø ýDö ñMþ
��÷ þ�ú ÷ 2 ù�òDõ9ö�÷Fû�ýD÷���ý ñ õ�÷ þ�þ ÷M��òDô9÷Fõ ÿ ö�û�÷ þ ñ õlò Ü ó þ ø ô9ö�ó�û Ü ø õ þ�ú òFû�÷Dõ 4 ö�÷N� ø û�÷ ø ô9õ9ö�û�ó�÷Pô
��ó�û�ý þ�ñI ø ñMþ ö�ôqò�� ø Ü ùÈ÷DýDô9õ9÷0��÷%û�÷ ø ô9õ9ö�û�ó Üvÿ ÷ Ü ø õlò%ù ñ õ � ÷ þ�þ�ñ � ��*ñ ù�õ9òDýFö Ü ö�ó�û I ø ú ó�û ñ ø õ ñ}Ü ø õ<ýF÷Pô9ô9÷>��ö�õl÷FýDô9ö�ó�û>÷ Ü ô�� ú ñ ø ô ñ û3ô-ù þ ø Ü ö ÿ ù#ó�õ ô ñ û3ôq÷�I ø ÷ þ ÷E õ ø ö�ô=��÷�,�ó�û)�O��÷ � ÷ þ�þ�ñ � Ü ÷Fõ ñ õ9÷��l÷Pôqò�÷Dû ø ôqö þ ö Üqñ û3ô þ ñ ��ö�õl÷FýDô9ö�ó�û#��÷ Ü ò � òFû�÷ ÿ ÷DûWô Ü ù ñ õ	õ ñ ù�ù#ó�õlô0-ýF÷ þ�þ ÷�� ø �Yó þ ÷Fö þ < ý�, � ù ñ õ ôqö�÷F> æ � ¡ �P�

H ó ø Ü¨� ÷Fõlõ9ó�û Ü � ñ û Ü�þ�ñ ù ñ õ ôqö�÷�> ���å��� C þ�ñ�ÿ òPô���ó&��÷'I ø ÷eû�ó ø Ü�ñ�� óMû Ü ø ôqö þ ö Ü òF÷	ù#ó ø õ�ý���÷Fõ9ý���÷FõýF÷Pô9ô9÷P��ö�õ9÷DýDô9ö�ó�û 0 ù ñ õ ôqö�õ:� ø û ø ñ�4 ÷L� ú ò þ ÷FýDô9õ9ó�û Ü � ú ö�ó�û�ö Ü9ñ ôqö�ó�û ÿ ÷ Ü ø õ9ò ù ñ õ þ ÷5��òPôq÷DýDôq÷ ø õ¡�¢/. £�� ¡�� ¤N� � �
H ó ø Ü­� ÷Dõ9õ9óMû Ü û�óMô ñMÿ�ÿ ÷Fû3ô]I ø ú ö þ ÷ Ü ô]û�òFýF÷ Ü9Ü9ñ ö�õl÷���÷���òPôq÷DýDôq÷Dõ þ ÷ ÿ.ñ 2 ö ÿ ø ÿ ��÷ Ü ò þ ÷FýDô9õ9ó�û Ü

��÷���òFõlö � ÷$ù#ó ø õ*õl÷Dôqõló ø � ÷Fõ�ýF÷Dôlôq÷���ö�õl÷FýPôqö�óMû ñ�� ÷Fý ø û�÷ E ó�û�û�÷bù�õ9òFýDö Ü ö�ó�û � . ú ÷ Ü ô)ýF÷·I ø ö0÷ 2 ù þ ö�I ø ÷þ ÷ Ü õ9÷Dý���÷Fõlý���÷ Ü I ø ö Ü ó�û3ôi, ñ ö,ôq÷ Ü�Ü ø õ þ ñ ��òDôq÷DýDô9ö�ó�ûQ��÷ þ�ú ò þ ÷DýDô9õ9ó�û ø û�öLI ø ÷�� E ö�÷Fû I ø ÷}ýD÷Dô9ô9÷ÿ ÷ Ü ø õ9÷ Ü ó�ö�ôbôqõ�w Ü ��ö � ýDö þ ÷�� Ü ø õ ôqó ø ô�� ñ û Ü�þ ÷ Ü ýDó�û)��ö,ôqö�óMû Ü ��÷ª,�ó�û�ýDô9ö�ó�û�û�÷ ÿ ÷Fû3ô�ù�õ9ò � ø ÷ Ü ùÈó ø õ� ÷ þ�þ�ñ � �
M5P]OQP R�cdY�\5e3YFDHGXW _
\IC!J c!CK\3e3Y�f�GXW `XW=D�S�`©\

�*ñ ��òDô9÷FýDô9ö�ó�ûQ��÷ þ�ú ò þ ÷FýDô9õ9ó�û ø û�öLI ø ÷���÷DôÖýF÷pù ñ õ ø û Ü ö 4 û ñMþ õ ñ ù�ö���÷ < ��÷ þ�ú ó�õT��õ9÷U��÷ þ�ñû Ü�� � Ü ö 4 û�ö�v ñ û3ô ø û 43ñ ö�ûI��÷ þ�ú ó�õF��õ9÷
��÷�687 � �üû újñ � ñMÿ.ñ ö Ü òDô9ò%õ9ò ñ�þ ö Ü òF÷�� ø Ü I ø ú 0�ù�õ9ò Ü ÷Fû3ôÞ0���÷ Üù�õl÷ Ü9Ü ö�ó�û Ü<Ü ø ù�òFõ9ö�÷ ø õl÷ Ü 0 æ Eüñ õ ÜF����ñ ��ö � ý ø þ ô9ò þ ó Ü I ø ú ó�û ñ ø 4�ÿ ÷Dû3ôq÷ þ�ñ ù�õl÷ ÜlÜ ö�óMû � ö�÷Fû3ôO��÷þ ñ ��ö ÿ ö�û ø ôqö�ó�û:� ø , ñ ýPôq÷ ø õ���÷ � ó$Vvû Ü ÷Dû)� < I ø ö�÷ Ü ô þ ö�òF÷n0 þ�ñ ��ö ÿ ö�û ø ôqö�ó�û�� ø þ ö E õl÷�ù ñ õlýFó ø õ Üÿ ótJM÷Fû9��÷ Ü ò þ ÷FýDô9õ9ó�û Ü �Wý ú ÷ Ü ô�0
��ö�õl÷!I ø ÷ þ ñ ù�õl÷ Ü9Ü ö�ó�û Ü ÷Dõlô���÷!I ø ÷Fû�ý���÷Dõ ��« ó ø õ ñ�� ó�ö�õ þ ÷ ÿ { ÿ ÷43ñ ö�ûuI ø ú 0�ù�õl÷ ÜlÜ ö�óMû ñ ô ÿ ó Ü ùX��òDõ9öLI ø ÷��Yö þ , ñ ø ô ñMþ óMõ Ü$ñ ø 4�ÿ ÷Fû3ô9÷Fõ$ýFó�û Ü ö���òDõ ñ�E�þ ÷ ÿ ÷Fû3ô þ ÷!ý�� ñMÿ ùò þ ÷FýPôqõ9ö�I ø ÷���ù#ó ø õ­I ø ú ø û�ò þ ÷FýPôqõ9óMû ñ ý§I ø ö�÷Dõlô ñ ø ô ñ û3ô@� ú òFû�÷Fõ 4 ö�÷:÷Fû3ô9õ9÷���÷ ø52 ýFó þ�þ ö Ü ö�óMû Ü��©� ¡%{ ÿ ÷þ�ú ö�û � ÷Fû3ôq÷ ø õ���÷ þ�ñ ¡�¢/. £�� ¡�� ¤N� �pû�ó ø Ü ��ö Üqñ ö,ô�÷Dû ñ ù ñ õ ôqòFI ø ÷-ý ú òPô ñ ö,ôNö ÿ ùÈó Ü9Ü ö E�þ ÷��üó�õ þ�ñ
��÷ ÿ ó�û Ü ôqõ ñ ôqö�ó�ûQ��÷ þ ñ , ñ ö Ü9ñ�E ö þ ö�ô9òU��÷ � ÷ þ�þ�ñ �}ù ñ�Ü9Ü ÷ ù ñ õ�ýF÷Dôlôq÷ òDô ñ ù#÷ ��H ó ø ÜKñ�� ó�û Ü ��ó�û�ý÷Fû3ô9õ9÷Fù�õ9ö Ü ö þ J ñ-��ñ û Ü ø û�÷�òDô ø ��÷%÷ 2 ù�òDõ9ö ÿ ÷Fû3ô ñMþ ÷���÷%ýD÷Dô9ô9÷#��òDôq÷DýDô9ö�ó�û �
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� ù�õxw Ü!ñ�� ó�ö�õ�ò§I ø ö�ù�ò ø û)� ñMþ�þ ÷Dû 43ñ � Ü ó ø Ü ù�õ9÷ Ü9Ü ö�ó�û�� E�þ ö�û)��ò�ýD÷�� ñMþ�þ < ý ñ�4 ÷���÷
^ ñ õ ñ � ñ J � �÷Dô ÜDú {Pôqõl÷�ò�I ø ö�ù�ò�� ú ø û Ü ù#÷FýPôqõló ÿ wPôqõl÷���÷ ÿ.ñ�Ü9Ü ÷ < ùÈó ø õ ÿ ÷Pô9ô9õ9÷�÷Dû�ò � ö���÷Fû�ýF÷ þ ÷ Ü ôqõ ñ ýF÷ Ü �!� ø Ü �I ø ú 0 687 Û&_ �X��÷ 4�ñ �Kò þ ÷DýDô9õ9ó�û�ò 43ñ ô9ö�, Ü-Ü ø Ü ýF÷Dù�ôqö E�þ ÷ Ü ��÷Kô ø ÷Fõ þ�újñ��Mñ�þ ñ û�ý���÷ � �]û�ó ø Ü�ñ8� ó�û Ü , ñ ö�ô,�ó�û�ýPôqö�ó�û�û�÷Dõ���÷ Ü ¡�¢/. £�� ¡�� ¤%� �¥0�> Eüñ õ ��� ÷ Ü ò þ ÷DýDôqõló�û ÜNÜ ó�û3ô�,�ó ø õ9û�ö Ü ù ñ õ�÷a`È÷Dô%ùX��óMôqó��ò þ ÷FýPôqõ9ö�I ø ÷ Ü ø õ þ ÷�û�ö�ý � ÷ þ ��÷ þ ñ)4 õ9ö þ�þ ÷��/÷Dô þ�újñ û�ó&��÷�òDô ñ ö�ô�ýFó ÿ ù#ó Ü ò9� ú ø û Ü ÷ ø þ ù�ö 2 ÷ þ � þ ÷ E ø ôòDô ñ û3ô ø û�öLI ø ÷ ÿ ÷Fû3ô þ�ú òDô ø ��÷0� ø 43ñ ö�û ��H ó ø Ü�ñ�� ó�û Ü ô9õ�w Ü õ ñ ù�ö���÷ ÿ ÷DûWô!ó E ôq÷Fû ø þ ÷ 4�ñ ö�û���ò Ü ö�õlò

< ý�, � v 4�� >;> �j�:�P�j� ÷ Ü ùX��óMô9ó�û Ü ö�û)� ø ö Üqñ ûWô þ�ú ÷b`
÷Pôbùd��óMôqó0ò þ ÷FýPôqõ9ö�I ø ÷ Ü ó�û3ô�ó E ôq÷Fû ø Ü ù ñ õ ¡ òPô ñ�4 ÷ Ü zþ ñ�þ ø ÿ öLwDõ9÷�� ú ø û þ ñMÜ ÷FõT0 ñ �FóMô9÷ <ó¡;¡ C�û ÿ@� ÷ Ü ô<ô9õ ñ û Ü ,�ó�õ ÿ òD÷ ñ ø ÿ ó8J�÷Fûc� ú ø û ýDó þ óMõ ñ û3ôk÷Fûþ ø ÿ ö�wFõ9÷�0�C 9;9 û ÿ ��ù ø ö Ü ø ûI��ó ø E�þ ÷ ø õ���÷Þ,�õ9ò�I ø ÷Fû�ýD÷#��ó�û�û�÷���÷ þ�úedv� 0 æ C 9 û ÿ����]ú òFû�÷Dõ 4 ö�÷÷ Ü ô Ü ø	� Üqñ ûWô9÷kù#ó ø õ�I ø ú ø û Ü ÷ ø þ ùX��óMô9ó�û�ýFõ9òD÷ ø ûKò þ ÷DýDô9õ9ó�û Ü ø õ þ ÷Nû�ö�ý � ÷ þ�� .�÷ Ü õ9ò Ü ø þ ô ñ ô Ü ó�û3ôòDô9ò�ù ø E�þ ö�ò Ü < «)ñ ô�� ñ�� �©>8
;
�� � �3÷Pô þ�ñ v 4 ø õ9÷A> æ � > ÿ ó�û3ôqõl÷ þ�ñ õ ñ ù�ö���ö�ôqòv÷ 2 ô9õ ñ óMõF��ö�û ñ ö�õl÷vó E ôq÷Dû ø ÷ñ�� ÷Dý#��÷ Ü ò þ ÷DýDôqõló�û Ü ø û�öLI ø ÷ ÜD�

∆t = 7.2 ns

4.7 ns
4
f
.0 ns

5 ns

Electrons

Positive ions

a

bgEhji�kKl7mnkjlpo:µNq�r7s�t$rbu�v�wyxEsIxzs�{°Ócq�|�s!t$r7}~v�wz���7q��E�n}~q���xEs5���,»�wz�$����½	s�tU{EwcxEqpr7s!t$r7s!{z}:�y�T�
���O� �y���M����t!|��n�b�bu���{�s9�[v�wzt$rbu�v�wEwz��w	r
�5���z�n}�¹ù¼���r7�p�n���X�����&�X»7�

H ó ø	� ñ�� óMû � ñMþ ó�õ � ñ ø 4�ÿ ÷Dû3ôqò þ ñ ù�õ9÷ �F� ö�ó�ûc� ø)� I ø ú 0 æ 9 Eüñ õ � ÷PôQ÷ �F� ñ J0ò � ñ û �U�9ø ýDý§w � �ù#÷Fû)� ñ ûWô ¡ ñ û � ����÷ ÿ ó&��ö�v�÷Fõ þ ÷ � I ø ÷Dû�ý���÷Dõ �?< ÷Fû ø ôqö þ ö � ñ û3ô ñ ø ù�õlò ñMþ�ñ�E�þ ÷ þ ÷%ù�õ9ó 4 õ ñMÿ�ÿ ÷���÷
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Deviation d , electrons de 200 keV dans 1 cm de matiere
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Perte d , energie simulee par GEANT 3.21
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Perte d , energie simulee par GEANT 3.21
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wzy��«�$}��$�b�Ý�zw.ybys�$y4~ �B� ~r�F��{��bwk  � w�|'~k{�} � ~p�b{Bw õa� �e} �.� w.�.�F�s��} íA��� ~k�e�b�bwk� Ç w¦� � �$yz  ��� ~ � ~ � ~k}$���$w¨}$w
ybw õ$� � � w.}$���$wA�`~kyn�F����ûs���$�by í�� ~���üz��w¤�e�b�k�ý��} õ wz�$�nw.�4}$w�ysw õ$�u� w � ���$��w õ �k}$���`~py¨�F�k�rûs���$�sy
�z�k��� � ð.�bwz��wz}'�ª $�.w¡�Ý�e{x�$�b� � �Ý�#�$w�~k�$ybys{ õ wzy Ã �$�u�F�`~r�F{B�k}$y õ w ��� ~k��� � {�æ$�ª~p�b{B��}a�

sera pas détecté
Le 1   pulse ne

er
ième

Le 2     pulse
sera détecté

Signal analogique
sur une piste

Seuil

½¢¾À¿NÁ�Â�½�Áÿþ'Ã � Ñ�Ê8ÑkÙ¢ËÌÎ,Ð¢ÑpÊ¡ÐaË�ÊuÅ�ÕzËÌÈIËB×¢É�Ô8ÑpÙ¢ÕzÊ��
h �ª~k�eybw õ wA�.wzy Ã �$�u�F�`~r�F{B�k}$yz ${ � ~p�b�b{ � w��#�$w ��� ~k��� � {�æ`�z~p�F{���}�yb��{!��{B}eyb� ö yF~p}#�bw¡�¢���e���#�$w

� wAys{B|�}$~ ��õa� �$} �z� wz�.�b�b��} õ$� �`~kybysw � w�ybw.�${ �fõ wzy õ {Bys�z�s{B��{B}`~p�bwz�$�syz Nw.���zwu� �z� w.�.�b�b��}>} � wzys�¤~ � ���by
�`~ky õ$� �Fwz�u� �6ê �.���`æ`|e�x�ª©$� ç �u��ú4w��ZéN��w õa� {�}$w ö �z~k�z{!� �wõ$� ��wz} õ$õ �·yswz�${ � ~k�$� � {B�#� � ~k� � õ {�yb�.�b{!ç
��{B}`~p�bwz�$�syAw.� õ wzy��z�k} õ {��b{B��}eyA�$�'éNys{B�#�$w.y�� � |�}`~k}'� õ ~k}ey ��� w.yb�`~k�.w õq� ~k��� � {�æ`�z~p�F{���} êý� ~ � wz�$�



¬���� ¬!×��
	ïñ«´���Î�Í`°
�z´���²ËÐ!®�±	´'¶\Î�ÍÏÎ'®���Ì
õ �I���`~k��� �z� wz�u�F�b{��#�$wk ��z�k������yb{!�F{���}2w.� õ wz}eyb{�� �,õ �·|'~��ª�u� g }·~ � � õ ~k}ey � ~�yswz�.�b{B��} ����� ç ��©
�#�$w � ~��ý�F~k�u�F{B�k} õa���z� w.�.�b�b��}$y4�Ý�e{a}$wA��wz�e�¦�$~ky�ü.�b�bw õ$� �Fw.�.� � w í �ª~k�eybw õ w��.wA�$�b�Ý�zw.ybyb�ey���wz�N�
ü.�b�bw õ$��õ �${��bw õ w � ~ õ {�ys�F�s{B�$�N�F{B�k} õa���.� w.�.�F�s��}$y��$}${��#�$wzy.�

ÚrÛÝÜ�ÞeÜ�Þ ß�� ��ã�����á���ã������ �!� ì�ì �#"$��ä!%'&
vxwzy�{B���$� � ys{B��}ey��z� �z� w.y�ys�$� � wzy¡��{B�z�s���${�ys�Fw.yAw.���#�${«wz}'�F�swz}'� õ ~k}$y � wzy õ {�yb�.�b{B��{B}$~p�Fw.�$�by

yb�k}#� õ wzy�yb{�|�}`~k� � ~k}$~ � ��|k{B�#�$wzy.�
(N{ õ wz� � ys{B|�}`~p� � yb��}'�Eys� ö yF~k����wz}'���e�b�Ý���$wzyEw.}£�Fw.���ey�����$�2ybwå���ew � ~k�$���$w.�z �{ � y6y � ~ õ�õ {��F{���}$}$w.�b��}'�z� Ç ��}e�åyb{A�$} �z� wz�u�F�b�k}0~p�b�b{ � w:ys�$�X�$}$wå�${�ys�bw
~ � ���byA�#�$w � w�yb{�|�}`~ �rõ w �����z� wz�u�F�b�k} �e� � � �#õ w.}'� ê �#�${ õ �$�sw*) í�ê }$yF�u  õ$� �bwz�u� � yb�$� � ~X��ü.��w
�${�ys�Fwp �} � w.ys�¤�`~ky�wz}$�.���bw��bw.�`~kyby � ys���$y � w¡ybwz�e{ �   � w õ wz� � {�ðz��w �.� wz�u�F�s��}I}ew�yswz�F~��`~ky õ$� �bwz�.� �ê �u���$æ`|$�a�z©$�,+��u�

Seuil

ième
Le 2     pulse ne
sera pas détecté

Signal analogique
sur une piste

½q¾À¿NÁ`Â�½�Á.-pÃ � ÒÓÑpÈ>ÍqËÌÎBÑpÈ>Ñp×eÔ¡ÐqÑrÊ¡ÊuË0/e×�É#ÙjüåÐ¢É#×¢Ê¡ÎBÉ2ÅzÆ¢É#È*1¢ÕzÑ2�
ú4w��ZéÝ�¢w õa� {B}$w ö �z~k�z{!� ��õ432í���� w.���e{ � w.��w.}'� ê �����${ � wuçZ�e��� õ wzy4ys{B|�}$~k� � wzy�� � { � ~k���Fw.���ey����ékwz}>y � �`~k�F~p}#� õ w.� � �z� wz�u�F�b�k}$y¦yb�$���$}ew���üz��wA�${�ys�Fwp� "��B� wAwzys� õ �k}$�A�ý��}$�.�b{B��} õ �I�`~py õ w

� ~2���`~p�E�$�bw õ w õ$� �Fwz�u�F{���} �N�F{ � {By � wUw.� õ w � ~ õ w.}$yb{!� ��õ wzy �z� wz�u�F�b�k}$y õ ~k}$y � wU}#�`~k|kw õa� {B�k}${!ç
yF~r�F{B�k}a�`v	~���wz���Fw õa���z� w.�.�b�b��}$y�wz}e|�wz} õ � � w��`~k���.w��$�s�N�.wzysyb�$y õ$� ��wz} õ ~k�$ysyb{ õ w � ~ � ~ � w.�$� õ �
ybw.�${ � ~k�e� � {��Ý� � ~k� � õ {Byb�.�b{���{�}`~p�Fw.�$�by êý� ~ � ~ � w.�$� õ ��ybw.�${ � �e�b{ � {�y � w õ ~k}$y��.w.�s�Fw�ys{B�E� � ~p�b{B��}
�z�k�b�bw.yb����} õåí �$}$w�w ö �ª~k�.{�� �2õ w õ$� �bwz�.�b{B��} õ w �����.� w.�.�F�s��}>�$}${B�#�$w õa� wz} � {B�b�k}65 ì87  �w ��� w¡wzy��
õ ��}e� ��� |�ð.�bw.��w.}#��ys�$�bw.ys�b{B� � w]�8�

ÚrÛÝÜ�ÞeÜ:9 ß;�<�=��ã�� ì ã î�> �
vxw·yséÝy��Fðz��w õ {�yb�.�b{B��{B}$~p�Fw.�$�8? ¥ Ç ú?}ew·��wz�b��w.���`~ky õa� �k�$ybw.� � w.� ��� ~k�b�s{ �Ý� w õ w õ wz� �yb{�|�}`~k� � y � �$~k� � y õ w����k{B}$y õ w�� ì }$yz�Nú4w � ~�ys{B|�}e{�æ`w��#�$w�ys{ õ wz� � ����� � �$y õ w õ w.� � �z� wz�.�b�b��}ey~k�s�b{ � wz}'��yb�$�¡�$}ew���üz��wU�${�ys�Fw õ ~p}$y¡�$} {�}'�Fwz� � ~ �B� w õ w��Fw.���$yA{�}e� � �s{Bw.�$� íA@CB�D ÝFE àHG�I }$y. 

ybw.� �	� wA�$�swz��{Bw.� õ w¡�zw.y �.� wz�u�F�s��}$y�ybw.�F~ õ$� �bwz�.� �6ê �.���eæ$|$�x�ª©$��©#�u�
ú4w.�s�Fw�ys���$�s�zw õq� {�}$w ö �ª~p�z{�� � w.ys�¤{B} õe� ��wz} õ ~p}#�bw õ �Iybw.�${ �Põ w.y õ {�yb�z�s{B��{B}`~r�Fwz�e�byz� "���� wAwzy��

�$}${��#�$wz��wz}'� � { � wU~k�å�bwz���$yA���]ékwz} �Ý�e{�y � �$~k�bw ��� ~k�b�s{ �Ý� w õ wzy �z� wz�u�F�b�k}$y¡yb�$�A�$}ew��e{Bys�bwk xwu�



J ��¬!×
�«­x®�¯�°�óQÍ!��®QÑ�±³²	´4ósÐµ´#¶�Î�ÍÏÎ'®���Ì·²P°¸²PÌ2�ª´ Î��ª´N°	¹ ¬Z×�K

6 ns

10 ns 10 ns

Pulses analogiques
en entrée du discri.

Mise en forme
1er étage TDC

Seuil du
discri.

½q¾À¿NÁ`Â�½�Á¾½�Ã � Ñ�Ô8ÑpÈ>Í¢Ê¡È>ÖÝÕ.Ô��
wzy�� õ ��}$�E�ý�k}$�.�b{B��} õ �å�`~ky õ w � ~����`~k�E�e�bwEwu� õ w � ~ õ wz}$ys{�� �2õ wzy �z� wz�u�F�b�k}$y õ ~k}ey � w�}#�`~p|�w
õa� {B��}e{ByF~r�F{B�k}a�

ÚrÛÝÜ�ÞeÜÀÛ ß;�<�=��ã�� ì �4� â#î �!LM% ì � î �
vxwzyX¥ Ç úH�N�F{ � {By � y��k}#�X�e}$wå�ý� � �#�$w.}$�zw õa� �$��� � ��|kw õ wN5O) ìQPSR �k ��.w��Ý�e{��z���s�bw.yb����} õ

í �$} {�}#�bwz� � ~ �B� w õ w��bwz���$y õa� wz} � {B�s��} �ï}$yz� Ç ��}$��ys{ õ w.� � ys{B|�}`~p� � �k� � � �$y:~k�b�s{ � w.}'�
yb�e� � ~ ���`~k�E�$�swk �ys�$� õ w.y6�${�ys�Fw.y õ {  q� �bwz}'�bwzyz  õ ~k}$y6�e}¸{B}'�Fw.� � ~ �B� w õ w·�Fw.���ey6{B}e� � �b{�wz�$� í
TVUXW=Y[Z à\G^]4_   � w�¥ Ç ú ~  w.�.�bw � w���ü.��w¡�Fw.���$y õa� ~p�b�b{ ��� w í �F�k�$y��zw.y �z� wz�.�b�b��}eyz�xú4w.y �z� wz�8ç
�F�s��}$yAys��}'� õe� �Fw.�.� � yz 	��~k{By¤{ � y�}$wU��wz� � wz}'���$~ky¡ü.�F�swU�e�F{ � {�y � y��¢���e���bwu�F�b�k� � w.� � ~ õ {B�swz�u�F{B�k}
õ w � ~U�F�F~p�zwk ��z~k� � wz�$������yb{!�F{B�k}>} � w.ys���$~ky��.��}$}#�$w ê ~k�E�${�|��!`�� � wz}I�bwz�u��~k}e| � wp ��u���`æ`|$�P�ª©$� ë �u�
Ç ~k}ey��.w.�s�Fw�yb{B��� � ~p�b{B��}q N��} � wzy¦�z�k}$yb{ õ ðz�sw õ �k}$�¡�z������w�}$��}Nç õ$� �bwz�.� � y.�

Positions possibles

Positions réelles

½q¾À¿NÁ$Â�½�Á	ØpÃ � Ñ�Ô8ÑpÈXÍqÊ¡ÐqÑ�Å�Öe×�a�Ù�Ê.Ë�Öe×��
v	~��z��}N�ý�$yb{���}6wz}'�b�bw �.� wz�u�F�s��}$y�w.ys�¦�$}��$� � }e����ð.}$w��#�${ õ$� ��wz} õ~õ ��}$���E�$�sw õa���z� wz�u�F�b�k}$y

~k�s�b{ � ~k}'��yb�$� � ~����`~k���$�bw��$~k� �$}${!� ��õ w4�Fw.���eyz� g }Uy � ~p�s�Fw.} õ�í �zw¦�#� � w ��� w4ys��{���{B} õe� ��wz} õ ~p}#�bw



¬!×P¬ ¬!×��0�cb~Ì#¹yÑ�°�óý´Ý¯£´Ý±d��²	´4óIÍN�ª®�¯�°�óQÍ!��®QÑ�±
õ �0�`~ky õ w � ~ï���`~k�E�e�bw w.�>�#� � w �B� w õe� ��wz} õ w õ w � ~ õ w.}$yb{!� �nõa���.� w.�.�F�s��}$y õ ~k}$y � wå}#�`~p|�w
õa� {B��}e{ByF~r�F{B�k}a�

f,���e� õ wzy2�`~k���F{��z� � wzy õ wå|��b~k} õ w � }$wz�s|�{Bwp ���}¸��wz�e� � w � wz�X�zwu�b�Fwå{�} õ$� �Fwz�s��{�}`~p�b{B��}³wz}
{B}'�bwz�b�z~ � ~p}#���$} �b�b��{�yb{�ðz��w2� � ~k} õ w õe� �Fw.�.�b{B��}a ¨~ � w.� õ wzy��${By��Fwzy õ {B�s{B| � wzy�~k�e�b�bw.��w.}#���#�$w
� w.�by�� ��� � ê �`~k��w � w.��� � we+gf � çkì�h �u�4ú4wz�.{�} � wzy��2�`~ky��¢�kybyb{�� � w õ ~k}ey6}$�k�b�bw·�z~kyz n�ª~p�
�����z� wz�u�F�b�k}�{�}$�z{ õ wz}'�¨y � ~k�b�sü.�Fw õ ~k}ey � w � � � �$��w õ w õe� �b{ � wp�ev	~¡ybwz� � w�ys� � �N�F{B�k}�yswz�b~k{�� õa� �e�F{ � {Byswz�
õ w.y¤�${ � w � y. $��~k{By�w �B� w�wzy����b�bð.y¤���$ð.�bwp�

LNMPO0i j·tlkpcPR`WZVp^*Vkd«S�TPV2WZY []\�^ R`WZYxSs\�ced

v � ~ � |����s{��F�e��w õ w � ~�æ`|k�$�bw��ª©$�.)�����}'�F�sw � w õ$� �s��� � wz��wz}'� õ �·�$�s��|��b~k����wA�$�s{B}$�.{B�`~ ��õ w
�zwu�b�bw�ys{B�E� � ~p�b{B��}a�

vxwzy õ ��}$} � wzy õa� wz}'�b� � w���wz�s��wu�b�Fw.}'� õ w����$��{Bys{B� � wE�ZéÝ�¢w õ wUyb{B��� � ~p�b{B��} í w � � �.�e�Fw.� êQõ {!ç�bw.�.�b{B��} õ w � ~��b�F~k�.w�æ � wA���X~ ��� ~p�b��{B�swk #yb{�|�}`~ � æ � �F� � ���2}$��}q q�!��� �¨w.� õ w�æ � wz� � wzy � ~ � wz�e�by õ w.y�`~k�b~k��ð.�F�swzy õ w � ~�ys{B�E� � ~p�b{B��} ê�� }ewz�b|k{Bwk  õ {Bys�F~k}$�.w õ w õe� �b{ � wp x���!�À�8�
vxwzy��b�F~k�.wzy���}'� � � � yb{B��� �B� wzy��¢���e� õ {  q� �bwz}'�bwzy � }$wz�s|�{Bw.y õ w �����.� w.�.�F�s��} õ wE�bw.�z� �  q~ ��� ~k}'�

õ w2� ìkì2íXê�ì�ìAm won ê �.���q�$~k�s�b{Bw6��+N� ç � ç �8�avxwU�$�b�k|��F~k����w õa� w ö �z~k�z{!� ��� {!� � wzyA����{B}'�Fy õ ��}$} � y
�`~k�*prq«è é ¥?�.���b�swzyb����} õ ~k}'� í ����� }$wz�s|�{Bw>yb���e�`~k{�� � wp�ts � ��~k{���ys�$�${B���$}$wI�b�k�F~p�F{���} í �F���ey
�zw.y¤����{�}#�byz $wu���z� �.��� wzy �.� wz�u�F�s��}$y õa� {B��}${�yF~p�b{B��} í �`~p�s�F{�� õ w � ~E��wz���Fw õa��� }$wz�s|�{Bw õ ��}$} � w��`~p�
prq«è é ¥A 	�z�k}$}`~k{�ybyF~p}#� � w����k�bwz}'�F{�w �rõa� {B��}e{ByF~r�F{B�k} õ �£��{ � {Bw.�:yb{��E� �B�>ê svu�© ì won �¢���e� õ w
��� � �.� {B�e�6�8� g }E���e�b{Bwz}'� ~k{B}$ys{#�$}$w¨�b�F~k�.w õa� {B��}e{ByF~r�F{B�k} � ~k{Bysy � w¨�`~p���$} �.� w.�.�F�s��} õ w¨�bw.�z� � ~]é�~k}'�
�$}$w õ {��bw.�.�F{���}>~ �B� ~p�F�k{B�bw õ ~k}$y ��� w.yb�`~k�.wk�
f,�k�$�����`~k�z�e} õ w¡�zw.y �.� w.�.�F�s��}$y õa� {B�k}${Byb~p�F{���} ÷

ø ��} ~p�s�F�s{B�$�$wU�e}$w��`~k�e�bwz�$� õ w�yb{�|�}`~ �   í �`~k���F{�� õa� �e}$w õ {By��F�b{��$�e�b{B��}:|�~k�$ybys{Bw.}$}$w ê ~k�Nç
�$�s� � {���~r�F{B�k}³ys{B��� � w õ wzy2��� � éÝ}4wk��w.y õ wåfP� � é�~'�u ¨�¢�k�$��ys{B�E� � wz� � wzy � ~p�b{Ì~r�F{B�k}$y õ w
��� ~k��� � {�æ`�z~p�F{���}dx

ø ��}2ys{B�E� � w � ~ õ {  �$ys{B��}��Ý�e{aybwA�$�s� õ �${�� � ���sy õ w � ~ õ$� �s{ � wAwz}X�e�F{ � {�yF~k}'� � ~ õ {�ys�F~k}$�zw õ w
õ$� �b{ � w êIõ {�ys�F~k}$�zw õ ������{B}'�	~p� õ$� �Fw.�.�Fw.�$���8 ]w.� � w.yx�z�Ýw ö �z{�wz}'�Fy õ w õ {  �eyb{B�k}$ya�F�b~k}$y � wz�sybw
wu� � ��}e|�{��b� õ {B}$~ � w ê�y4z�{0| Y à}y4~ W=Y�� à\G��$I�î ù fc� øzù í9çkì �`~k�sy��8 eybw � ��}2�e}$w õ {By��F�s{B�$�Nç
�b{B��}2|'~p�$ybys{Bwz}e}$w

ø ��}å�z~ � �.� � w � w��Fwz���$y õq� ~k�s�b{ �N� w í �`~k���F{�� õ w � ~��z�Ý��� õ ��}$} � w�� õ w �����.� w.�.�F�s��}:wu� õ w � ~
� {��bwzysybw õ w õ$� �s{ � w õ ~p}$y � wA|'~�� ê õ�� à�GO�#G ù�ù f îC_�� ë �

ø ��}��ª~ � �z� � w � w¤}#�$� � �s� õ w.y4�${�ys�Fw.y¨�÷w.� � yb�$� � w.�Ý�ew � ybwz�b~ õ$� �Fwz�u� �������.� w.�.�F�s��} í �`~k���F{B�
õ w.y��z�Ý��� õ �k}$} � w.y � w.��é2w.� õ �I�`~py õ w � ~U���`~k�E�$�sw¡�e�F{ � {By � �
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ÕzÑrÅrÙqÎ¨Ð¢Ñ<,�.$.�ÖNÙ=/$.$.<1ÝÑ>&8�@?	É ÎBË0/e×�Ñ�'eÑrÕ.ÔuËBÅ�É#ÎBÑIÑk×óÍ	ÖeËÌ×eÔuËBÎÌÎBÇrÊUÕzÑrÍqÕzÇrÊ8Ñk×eÔ8Ñ·ÎBÉ
'�Ë�Ô8ÑrÊuÊ8Ñ�ÐqÑ�ÐqÇrÕªË*'NÑ�ÐqÑ-ACBDAFEGEIHKJML ��� Ø�Ù¢Ë,Ê8ÑpÕ.ÉX×¢Ö#Ô8ÕzÑN''É#ÎBÑpÙ¢Õ�Ê�Ô8É#×¢ÐqÉ'Õ.ÐÖ�

v	~ � ~ � w.�$�
È$w � ~ � {��bwzysybwÎÈewÎÈ � �b{ � w4yswz�F~¤�$�b���$~k� � w.��w.}'�,{�������y � wn�`~k� � ~ÑÈ$�$� � wÎÈ$w.y �.�k� }$w8ç
��wz}'�Fy � wzy�� � �$y � }ewz�b| � �F{��#�$wzy ê u ����y í � ì�ì�m won �¢�k�$���$}$w � {��bwzysybwÑÈ$w GO�#G ù�ù ö îC_ ��� �8 ��ª~p�
� ~A�swz�z�k�E�${B}$~k{Bys��}U}$w�ybwz��� � w��`~ky«üu�F�bw��$}�� � w � �$�b�k� � ð.��w¦|��POk�zw íA��� �e�b{ � {�yF~p�b{B��}�È$w ��� � �z� {B�$�>�
è��X��wzys��{B}a e{ � yswz�b~îÈ$�k}$�A�¢�kybyb{�� � w�È � ~p� �.� {B�k�bwz�¨�zwu�b�Fw¡w­Í��z~k�z{!� � w.}I�e�b{ � {ByF~p}#�ÎÈ$wzy�� � ����{B�swzy
� � �$y¦|��F~p}4È$wzy.�

ÿ��Ñ> äl�d�4��% >�â ä > ä â �Q� > �
ü������!%��v�4�¤á­� äl�7R��4�
vxwzy4���$~k�E�$�swzy�ys{B�E� ��� w.ynys��}'���E�e}${Bw.ytÈ$w¤��{��z�s���${By��Fw.yn��wz�s��wu�b�F~k}'� � ~^È � �Fw.�.�F{���} í È$wz� �

È${���w.}$yb{���}$yz�	v � w¨Í��ª~p�z{�� � È � �¢w.}4È¼È$w � ~ÒÈ${�ys��~p}$�zw�wz}'�F�sw��zw.y���{B�.�b���${�ys�bwzyz x� � w.ys� í È${��bwîÈ$�
�`~kyrÈ$w � ~X���$~k�E�$�sw��N�F{ � {By � wk�qvxw��F~k� � wª~k�§�ª©$���6w.� � ~6æ`|k�$�bwX�ª©$�.52���k}#�b�bw.}#� � wzy � ~k�b{B~p�F{���}$y
È$w ��� w¨Í��ª~k�.{�� � ~ � w.� � w��`~kytÈ$w � ~¡���`~k���$�bwp e�����$�n�$} �z� wz�u�F�b�k}AÈ$w��swz�.� � È$w�� ì�ì ���-� ì�ì^m won��
v � w­Í��ª~k�.{�� � w.ys�����]ékwz}$} � w�ys�$� � wzyvÈe{Bys�F~k}$�.wzy^È$wÉÈ � �s{ � wp xw.� � w.y�~k�e�F�swzy¡|��b~k}4È$w.�$�by¡��}'� � w.y
� ~ � w.�$�by^Æuys��~p}4È`~k��È�Æp�

S } � �k{��P�#�$w ��� w­Í��ª~k�.{�� � �swzys�bw í ��wz���e�bðzyP�z�k}#�F~k}'�Fwn�¢�k�$��È$wzy,�`~ky	�F�bð.yx��~k{B� � wzy. ]{B}e� � �b{Bw.�$�by
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í � ì�ì:î �I��(N{4�k}³~p�$|���wz}'�Fw � w6�`~ky<È$w � ~·���$~k�E�$�swk  ��� w­Í��z~k�z{!� � Èe{B��{B}#�$w�� � |�� � {Bð.�bw.��w.}#�
ûs�$ys�Ý� � í �$}£�`~py^Èew ��� ����È$�bwÉÈ$� ��{ �B� {B��ð.�b�bwk ��$�e{By¡w ��� w����#�e�Fw��$�b�eyb�#�$wz��wz}'�z�U�,�k�$��~ � ��{B� � ~
��wz{ ��� w.�$�bw�w­Í��ª~k�.{�� � ����ybys{B� � wk  ��� {0È � ~ � w.ys�¤È$w��e�bwz}!È$�bw � w¡�`~ky � w¡� � �$y��¢wu�F{�������ybys{B� � wk� P ~p{Byz 
�����$�¦�$}$wA�F~k{ ��� w�Èew^È � �Fw.�.�bwz�$��æ � � wp  � wA}$���E�e�bwvÈ$w¡�${�ys�Fw.y ê w.�ÑÈe��}$� � wA�.� 3 �ØÈ$�ÇÈ � �bwz�.�bwz�$�F�wzy���{�} � wz�sybwz��wz}'�¦�e�b�������s�b{B��}e}$w � ~k���`~kyz��í�}6�$�swz}`~k}'�¦�e}��`~kytÈ$w ��� �k�[È$�sw¤È$����{ �B� {���ðu�F�swk r��}
�bw.ys�bwtÈ`~p}$y,�e}$wµ�z��}$w È � w¨Í��ª~p�z{�� � ys�!Í�yF~k}'�bw êWV ) ì�7÷í � ì�ìÏm won¡�u ������$�	�$}��z� 3 � ~k�.�zw.�e��~k� � wk�
vxwzy�yb{��E� � ~p�F{���}$y4ys�${ � ~k}'�bwzy�ybwz�s��}'����~k{��bwzy�~ � w.���$}>�`~kyÑÈ$w���� ë ���>�

�,~ky ê ���6� ì � ì'ë ì ��� ì � ë � ��� ë ë � ì ëkì
í;Í��ª~k�.{�� � � ìkìÉm won êF7 � � ì ��© Ù�5N�,) Ù�+e�3� )!�e�!� )�+e��© ©$)e� ì +!�N��� +k©$�.)
í;Í��ª~k�.{�� � � ìkìÉm won êF7 � � ì �.5 Ù�5N� ë Ù ë � ì Ù ì �.+ )�)e� ë ë ����� ©$+N�,+ + ë ���

"$#!%'Á�Â­À�Áÿþ'Ã!&¦É'ÕzËBÉ�ÔuËBÖN×óÐ¢Ñ2Î�ÒÓÑ�ÃIÅrÉ'ÅrË�Ô8ÇXÉ4'eÑrÅXÎBÑ2Í¢É'Ê�ÐaÙ�Ð¢ÇrÔ8ÑrÅ]Ô8ÑkÙ�Õ�+�ÍPÖNÙ¢ÕEÙq×�ÇpÎBÑpÅ]Ô8Õ.Öe×ïÐqÑ
Õ.ÑpÅrÙqÎ,ÐqÑ-,!.$.2ÖeÙ0/$.$.-1NÑ2&*�
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½q¾À¿NÁ`Â­À�Á�ZrÃ!&¦É'ÕªË�É�ÔuËBÖe×óÐqÑIÎ�ÒÓÑ�Ã·Å�É'ÅrË�Ô8ÇIÉ('NÑpÅIÎBÑ>ÍqÉ'ÊUÐqÙóÐ¢ÇrÔ8ÑrÅ]Ô8ÑkÙ�Õ�+«Í	ÖeÙ�Õ�Ù¢×óÇpÎBÑrÅ]Ô8ÕzÖN×³ÐqÑ
ÕzÑrÅrÙqÎ ÐqÑ�,!.$.·ÖNÙ[/\.].�1NÑ2&*�^?PÉIÎÌË0/N×¢Ñ_'eÑrÕ.ÔuËBÅ�É#ÎBÑ2Ñp×�Í	ÖeËB×eÔuËÌÎÌÎBÇrÊ�ÈXÖN×eÔ8ÕzÑ6Î�Ñ6ÍqÉ'Ê
ÐqÑ�,��a`>È>È Ø�ÙqËPÊ8ÑpÕ.ÉX×¢Ö#Ô8ÕzÑN''É#ÎBÑpÙ¢Õ�Ê�Ô8É#×�ÐqÉ'ÕzÐ
�
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ÿ��Ñ> äl�d�4��% > ü â ä > ä â ��� > �0ü¯�����!%���ü���%îü��
"$�`äpá
vxwzyA�ª~p�F~k�u� � �s{By��F{B�#�$w.y�È$�åys{B|�}`~ � �#�${�~k�b�s{ � w�yb�$� � ~����`~p�E�$�bw�yb��}'�rÈ � �Fwz�s��{�} � w.y��`~k� � w.y

�ª~p�F~k�u� � �s{By��F{B�#�$w.yÏÈ$w � ~��.��}$wvÈ � ~k��� � {!æ`�ª~p�b{B��}8È$�ÇÈ � �bwz�.�bwz�$��wu���`~k� � w.y¦�z��}eys��~p}#�bwzy �z� wz�.�b�b�pç
}${��Ý�ewzy ê �ª~k�$~k�z{!� �  �� � yb{�ys�F~k}$�zwª�,~kysyb�Ý�z{ � wzy í ���`~p�Ý�ew���{��z�s���${By��Fw ê �u���p�$~k�s�b{Bw������!���u�(d�~p}$y��.w.�b�bw
yb{��E� � ~p�F{���}a $��}·�e�F{ � {ByswA�$}:ys{B|�}`~ � È$�k}#� � w���~ � {��E�$��w.ys� í +�}$y�È$�eÈ � �$�e�ª �w.��È$��}'� ��� ~p��ç
� � {��F�!È$w���~ � {B��~ � w�yb�e{����e}$wvÈ${By��F�s{B�$�e�b{B��}�|'~k�$ysyb{Bw.}$}$wp�`v	~ � ~ � wz�e�4����ékwz}$}ew�wu� � w�yb{B|k��~^È$w�zwu�b�bw�|'~k�eybyb{�wz}$}ew���}'� � � � ���e�bwz}#�$wzy í �`~k���F{�� Èew � ~^È${�ys�b�b{B�e�e�F{���}ÉÈ$w��$�e�k�F�pç �z� wz�.�b�b��}��$}${��Ý�ew
� � ~ � {�y � w¡~k� � ~k�����F~r�F��{��bw ê ��~p�[�ª~ m  	��5O5��'�u�

ÿ��Ñ> äl�d�4��% > ü â ä > ä â ��� > �0ü¯�����!%���ü��4�¤á­� ��á�� â � > R��4�e�!%��
vxw�ybw.�${ � È$wzyÏÈ${�yb�.�b{B��{B}$~p�Fw.�$�bynwzy��¦���$��{�yb{qw.}2�ý��}$�.�b{B��}*È$�2}${ � wª~k��Èew��$�b�e{�� �.� w.�.�F�s��}${��Ý�ew

È$�I����}'�F~k|�wk ew.� í �`~p�s�F{��ÏÈ$w � ~U�z���e�b��w�È$w¡�$�e�k�F�pç �z� wz�.�b�b��}>�$}${��#�$wk�¢ú4w.�s�Fw�yb���e�b�zw^È � {B}$w­ÍUç
�ª~p�z{�� �  N�Ý�e{awzy���{B}4È � �¢w.}4È`~k}'�bwvÈ$wzy�~k�e�b�bw.y��`~k�b~k��ðu�F�swzyÏÈ$w ��� w � � � �b{Bw.}$�zwp $} � wzy��¤�$~ky��$�s{Bybw�wz}�z�k���e�bwvÈ`~k}$y � ~�ys{B�E� � ~p�b{B��}a�

¥Pwz���$y P ����� ê }$y�� � ë � ì + ì ëkì � ì�ì
í;Í��ª~p�z{�� � � ì�ìÐm won êF7 � ÙN�k�,+ Ù ì �3� )O+e��© ©O+e�,) + �N�.) �f�N�:Ù
í;Í��ª~p�z{�� � � ì�ìÐm won êF7 � Ù�+N� ì Ù!�N�.) )O)e� ë ©O5e��� +!�e�3� �p©e��©

"$#!%'Á�Â­À�Á.-pÃ!&¦É'ÕzËBÉ�ÔuËBÖN×�ÐqÑ�Î�ÒÓÑ�Ã·Å�É'ÅrË�Ô8Ç�É('NÑpÅ�ÎBÑ�Ô8ÑkÈXÍqÊ�ÈXÖNÕuÔf+xÍ	ÖeÙ�Õ�Ù¢× ÇpÎBÑrÅ�Ô8Õ.Öe× ÐqÑ�ÕzÑrÅpÙ¢Î
Ð¢Ñ�,�.].XÖNÙg/\.].�1ÝÑ>&8�

vxw>�F~k� � wz~k� �ª©$�.+åw.� � ~:æ`|��e�bw��ª©$�!� ì ���k}#�b�bw.}#� � wzy � ~k�b{B~p�F{���}$y�È$w ��� w¨Í��z~k�z{!� � ~ � w.� � w
�Fw.���ey��������ª ������$���$} �.� wz�u�F�s��} Èew>�swz�.� � È$w�� ì�ì ���h� ì�ì6m won� ��$}$wÒÈ${�ys��~p}$�zwÒÈ$wÒÈ � �b{ � w
� ~k�b{B~k}'�ÑÈ$w�� í 5U�>  � w.y�~k�e�F�swzy�|��b~k}4È$w.�$�by�~ªé'~k}'� � w.y � ~ � wz�e�by^Æ.y���~k}4È$~k�[È�Ær�

v � w­Í��z~k�z{!� � Èew6È � �bwz�.�b{B��} �`~k{Bysybwå~pybybw¨�å�¢w.� ûs�$yb�#� ��í �$}*�Fw.���ey6���k�s�8È$w ��� ���[Èe�bwÇÈ$w
� ì }$yz Ý�$�${�y¨w �B� wÑÈ${���{�}#�$w¦� � �eyn�ý�����Fw.��w.}#�4~k�NçoÈ$w �Bí Èew��zwu�b�bw � ~ � w.�$�z�$�P���$�n�¢��� � ��{��tÈ � �Fw.�.�Fw.�
wz} � {B�s��}i�!jl+ËÈ$w.y �z� wz�.�b�b��}eyz P��}��$�swz}4È$�b~·�$}¼Èe{Byb�.�b{���{�}`~p�Fw.�$��~ � wz���$}£�Fw.���ey<È$w6��{Bysw�wz}
�ý���s��wvÈ � wz} � {B�s��} � ì }$yz�

�,���e��{ �B� �eys�F�swz� � wzy¡� � yb� � ��~p�by�È$w��zw��$�s��|��F~p����wk  � ~6æ`|��$�swI�ª©e����������}'�F�bw��$} w � wz��� � w
È$wA}#�`~k|kw��.� �.� �`~k�¦�$} �z� wz�u�F�b�k}ÇÈewG� ì�ìÐm won� `�¢���e���$}$wrÈ${�ys��~p}$�zwvÈ$wvÈ � �b{ � wrÈ$wA©��> $~ � ~k}'�
w.��~p�$�bð.y¦�`~kybyb~k|�wrÈ`~k}ey � w�È � �Fw.�.�Fw.�$� P s�úlk SrP í p¡è�(¢��v � ~ � wG	:�.���b�swzyb����}4È íE��� ~ � wvÈ$w � ~¥��nú w.��m wzy����$}ew<È$w.y�È$w.� � Èe{B�bw.�.�b{B��}$yÑÈ$�SÈ � �bwz�.�bwz�$� P s�úlk SrP í p¡è�(¢�Cí�}:�.�����`~k�F~p}#�� w.y¤Èewz� � }#�`~k|kwzyz ���} � ��{!�¤}ew.�b�bwz��wz}'� ��� w­Úqwu�ØÈ$�SÈ � �Fw.�.�Fw.�$�z ��#�${
È${Bys�z� � �F{�ybw � ~U�¢�kyb{��b{B��}ÒÈ$w.y�z� wz�u�F�b�k}$y�È � {B��}e{ByF~r�F{B�k}a�nd�~k}$yU�.w.�Uw � wz��� � w ê È$��}'� � w��$�e�Ewzys��È � üu�F�sw2{ �B� �$ys�b�F~p�b{��¨��~p{By��Ý�e{} � wzy����`~py�ys� � �.{Ì~ � wz��wz}'�¡�bw.�$� � ybw.}#�F~p�F{!���8 �+e��+O+ �.� wz�u�F�s��}$y¡yb��}'�^È � �Fwz�u� � yz P�¢���e�A�$} }e���E�$�sw
{B}e{��F{B~ � È$w¡© ë © ë  N�zw��#�${x�z���s�bw.yb����}4È í w.} � {��b��}Ë)O5 7 È � w¨Í��z~k�z{!� � �
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½q¾À¿NÁ`Â­À�ÁÀÂfu�Ã!&¦É'ÕªË�É�ÔuËBÖe×�ÐqÑ�Î�ÒÓÑ'ÃIÅ�É'ÅrË�Ô8Ç�É4'NÑpÅ�ÎBÑUÔ8ÑpÈ>Í¢ÊAÈXÖNÕuÔf+qÍ	ÖNÙ¢Õ¡Ùq×:ÇpÎBÑrÅ]Ô8ÕzÖN× Ð¢ÑUÕzÑrÅpÙ¢Î
ÐqÑv,�.$.�ÖeÙw/$.$.v1ÝÑ>&*�x?	É�ÎÌË
/e×�Ñy'eÑrÕ.ÔuË�ÅrÉ#Î�ÑUÑk×:Í	ÖNËÌ×eÔuËÌÎÌÎBÇrÊ�Õ.ÑpÍ¢ÕzÇrÊ8Ñk×eÔ8Ñ�ÎBÑ�Ô8ÑkÈXÍqÊ
È>ÖÝÕ.Ô�ÐqÑ-,!.X×¢ÊAØ�Ù¢Ë,Ê8ÑrÕzÉX×¢Ö#Ô8ÕzÑN''É#ÎBÑpÙ¢Õ�Ê�Ô8É#×¢ÐqÉ'Õ.ÐÖ�

ÚrÛÝÜÀÛÝÜ�Þ ß;��ü �xä > ärãÒý�� > ��üFzuä > �Ìä|{pá���ü
vx���bys�Ý�ew � w�È${�yb����yb{!�F{��aw � � � �b{���w.}#�F~ � w.ys�¦æ � �   ��� w¨Í��ª~k�.{�� � È$wvÈ � �Fwz�u�F{���} � ~k�b{�w�È � �$} �.��� ç}$w.��w.}#� í �e}X~k�e�F�swk Nwz}2�ý��}$�u�F{B�k}AÈ$w � ~�È$wz}$ys{�� � È ���z� w.�.�b�b��}$yÏÈe�>}#�`~p|�w�È � {B��}e{ByF~r�F{B�k}a�Nú4w.�b�bw

È$w.}$yb{!� � w.ys�µÈ � �Fwz�s��{�} � w¨�`~k� ����� }$wz�s|�{BwtÈ$w � ~��`~k���F{B�.� � wn{B}e�z{0Èewz}'�Fw ê � {Ì~ � ~��¢w.�s�bwVÈ ��� }$w.�b|�{�w]�,wu�
�`~k� � ~rÈe{Bys�F~k}$�.w¤È$wØÈ � �b{ � w êý� {Ì~ � ~vÈ${#Úq�$ys{B��}`�u�'v	~¡�¢w.�s�FwØÈ ��� }$w.�b|�{�w�wzys�¨{B} � wz�byswz��wz}'���e�b��������ç
�F{���}$}$w �B� w í2����� }$w.�b|�{�wÐÈ$w �����z� w.�.�b�b��}�{B}e�z{0Èewz}'�ª CÈe��}$� ��� w¨Í��ª~p�z{�� � È$wîÈ � �bwz�.�b{B��} ~k�e|���w.}'�Fwz�b~
~ � w.� ����� }$wz�s|�{Bw8È$w � ~:�$~k�s�b{B�z� � wk�,v	~eÈ${Bys�¢w.�bys{B��} È$w.yU�¢�k{B}'�Fy�Èe�ó}#�`~p|�wX~k�$|���wz}'�bw2~ � wz� � ~
� �k}$|��$w.�$�VÈ$wvÈ � �b{ � wk ½Èe��}$� ��� w¨Í��z~k�z{!� � ~k�e|���w.}'�Fwz�b~Uw �B� w�~k�eybyb{	~ � wz� � ~ � ��}$|��$w.�$�VÈ$wvÈ � �b{ � wp�
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á�Ú:ã`¼Eã�ÞCÛ��"âYÞF�Cß¬àFÚkOf0	)�ÛFævÿRáÇâÜãYÛFâ?�Sá�à\ã0Ýìû�ÞCÝ üCß¬âYæ@ã+6Fè�áK¼Fá%âYá�äH6�á�âYäH6�áS¼FÛ"ê¬áÇâÜãYá7��á�à"ÿFâÜß�¼�ÛFæ ÚYÞCà\ã¼FáÇÚ~©�ß¬àFáÇÚÅ¼Fá'åtß¬âÜãYá©¼FáÇàFÚYæ@ã´ç'ã´âu9�Ú>ÝÆß�ä�ÞCÝ æÆÚYç�áÇÚ�î�� àFá{ÿFÞCâÜãYæ á©¼Fá{äÇá�Ú>ÿSá�â:ã´á�ÚBÿSß¬ÛFâÜâ´Þ�ôÇãYâYá{âÜç�ä�Û��
ÿSç�âYçÇá�áÇàhÞCè�ç�ÝÆæ ß¬âYÞCà\ãéá�àFäÇß¬âYá�ä�á�ã�ÞWÝ ü¬ß¬âÜæÆã?6Fè,áWîE�Há�Ú ÿRßCæ à\ã´Ú%ß	��ãYá�à�ÛFÚ�C,ð	|�|c�Wá�� ÚYßCà�ã è�ß¬æ àFÚ
ÚYæÆü¬àFæ�FväaÞWãYæÆåtÚ&)AÛ°û£ÞCÛ�� ÞCÛ�ãYâYá�ÚBçÇàFá�âÜü¬æ áÇÚ@0Öä�ÞCâ>æ ÝÆÚ6ß¬à\ãBçÇãYç"ß	��ã´áÇà�ÛvC
ÿvÞWâÜã´æÆâY¼Fá�Ï�|�|4ã´â´ÞWä�á�Ú-0HÝ áÇÚ
ÞCÛ�ãYâYáÇÚ>çÇã8ÞWà�ã�ß	��ã´áÇà�Û ÞaêCá�ä5:�|	|4ãYâ´ÞCäÇá�ÚÇî3�PáÇãÜã´áW¼Fæ�,°çÇâYáÇàFä�á{ÚÇû�á0��ÿ�Ý æ�)�ÛFá{Û�àFæ�)�ÛFáÇè,áÇà�ã�ÿvÞCâY¼FáÇÚ¼Fæ�1,äÇÛFÝÆãYç�Ú æ à�åtß¬âÜè4Þ_ã´æ�)�ÛFáÇÚ�¼FáÎÚ:ã´ßAäx�WÞWü¬á©¼FáÇÚ ã´âYÞCä�áÇÚ�'IÝÆá�Ú�FväH6Fæ áÇâYÚS¼FáÎã´âYÞCä�áÇÚ}¼Fá'ð	|	|��Wá�� àFç0�
ä�áÇÚYÚÜæÆã´áÇà\ã6ÛFà�áBãYâ?9ÇÚLüCâ´ÞCà�¼�á�ÿ�Ý$ÞCäÇá>è,çÇè,ß¬æÆâYá~C{ä�ÞCÛFÚYá¦¼FáBÝ áÇÛFâéü¬âYÞCà�¼�àFß¬è���âYáÅ¼FáBÿRßCæ à\ã´Ú+��î

øùß¬Û�âLÝÆá�Ú¹ècô�è�á�ÚéäH6FÞCè��FâÜá�Ú¹åtß¬àFä�ã´æÆß¬àFàvÞCà\ã�C��X|��FÞCâYÚ�' ã8Þ��FÝÆáaÞCÛU�a��î?÷'á�ã�Fvü¬ÛFâÜá��¢��îH÷{'L�\�u�`0
Ý áÇÚ ÿSá�âÜãYá�Ú0ÞCÛFüCè,áÇà�ãYá�à\ãºÚÜá�àFÚÜæ��FÝÆá�è�á�à\ã70¬è,ÞCæÆÚ�âYáÇÚÜãYá�à\ã0æ à�åtçÇâYæ áÇÛFâYáÇÚ ß¬ÛW¼FáéÝ·û�ßCâ�¼FâÜá5¼Fáª:Å�¡ÿRß¬Û�â¼FáÇÚ'ç�àFáÇâYü¬æÆá�Ú'æÆà�åtç�âÜæ áÇÛFâYáÇÚ�CD¥Z|	|\�Cá��Îîo��Þ(ÿRáÇâÜãYá�¼FáD�;:^� C�ð�|	|^�Cá�� áÇãq�
è á�Ú:ãW¼FÛFá
ÞCÛ
àFß¬à��rä�ßCà2FvàFáÇè,áÇà�ã5¼Fá�ÚPãYâ´ÞCäÇá�Ú-02)�ÛFæ°ÚÜß¬à\ãéÚYÛJ1,ÚYÞCè�è,áÇà�ã¹Ý ß¬àFüCÛFá�Ú]ÿRß¬Û�â0ãYâ´Þaê¬áÇâYÚYáÇâéÝ$Þ�äH6vÞCè��FâÜá¼FáÅ¼Fç�ã´á�ä�ã´æÆß¬à�'LCq�X|=�vÞCâYÚ-0vÝ áÇÚ¹ã´â´ÞWä�á�ÚI¼Fá�ð	|	|©�Wá�� åtßCà�ã��¢ï�|{ä�è áÇà	è�ßF�¬á�à�àFáX��î



K � K K [ ç ñPO é Õ7Y T êFì»ê Õ R�M Õ,Õ PLO Y T�ì»ê;P�íÎQ Õ

0
y
1
|
2

3
{
4

5
~
6
�
7

8
�
9
�

10
|

0
y

1 2 3
{

4 5
~

6
�

7 8
�

9
�

10

Longueur de derive (m)Longueur de derive (m)

100 keV

Longueur de derive (m)

200 keV
�

Longueur de derive (m)

400 keV

Longueur de derive (m)

800 keV
�

� -,���ø'��n�=�Á%����:�$�JN��=�Á%������������N�y~=-0/�@
0
y
1
|
2

3
{
4

5
~
6
�
7

8
�
9
�

10
|

0
y

1 2 3
{

4 5
~

6
�

7 8
�

9
�

10

Longueur de derive (m)Longueur de derive (m)

100 keV
�

Longueur de derive (m)

200 keV
�

Longueur de derive (m)

400 keV
�

Longueur de derive (m)

800 keV
�

� ~����+':�$�B� %����:���k�Á%������ ���;��� ~�-0/�@
l&monJÂ{Ã��;Â�Ä/Å/°ªÑ@È>Ô�È>Ñ-Í`Ï*È2ÐW×�Ó�ÍÉÑ@ÕZÚ;ÓBÇ~Ð�ÈJÐUÑ@ÓBÚBÈJÐ�ÇHÍÉÑ@ËØÏ*ÍÉÓBÇ�Ô�ÕZÑ�Ê*Ó=ÔØÑ@È�q>Ñ@ÕfÖ}Ö}Ó�×�Ó=Ñ@ÓBÚ|sÎÓ/Ñ-Ú|s�Ó×ØÓ5Ê�Õq×ØÏ�Ñ@ÓBÚXÍ`Ï�È2Ð�±8Ó/Ðn�LÈ2ÐÎÚXÍ`Ï�È2Ð�×ØÓGÊ<Ò Æ/Ð�ÓBÑ8qJÏ�Ó5ÓBÍ�×�Ó¯Ê*Õq×8Ï�ÇHÍÉÕfÐ�Ú;Ó5×ØÓ5×ØÆBÑ7Ï*ÙJÓët
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ä�ßCè,ÿvÞWâ´ÞCà\ã%Ý áÇÚ¹ã8Þ���Ý áaÞWÛ����¢��î��>áÇã��¢��î�¥Fî
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Æ®Ä/Í*Î,È�Ñ
Í�Ñ�)�ÅÇÆ/0�Î�Ê#È6Ã�ÄÑ¼3ç®éªÊ#Ì�Ì�ÆoàáÊ#È�Ð#Æ®É\Æ®Ä/Í6àæÊFàáÃ�ÄÇÐ#ÅÇÆ®ÅÇÈ� ð
��z ¨�� 'LCoòX|	|©�#Æ��x0 � ð ��z ¨�� !ÖÜ»ß Û�Î®ÉrÊ#àáÃ�È�Ì�)�ÅÇÆÓà	ëâÊJ½�ÅÇÌíÍ¯Æ®É\Æ®Ä/Í9Æ,Ì�Í9ôõÊ#Ñ
ÍîÌ�ÅÇÈ9Æ,Ä�èTÑ
È�Ã�ÄPòóÎ®É`öNÕ
÷�Ã�È�Ìu)TÅ�ëâÃ�ÄÁ¼ÇÑ
ÉdÑ
ÄTÅ3Æ`àæÊjéÇÈ�Æ,Ì�Ì�Ñ
Ã�Ä80�àáÊ^¼ÇçNèÖÑáÊ�Í¯Ñ
Ã�ÄP¼ÇÆNèTÑáÆ®Ä/Í\éÇà
ÅÇÌZôõÊ#Ñ
ñÇàáÆdÐ�ÈÔå#Î,ÆqC$àæÊ^¼3ÑáÉ\Ñð�

Ä�Å3Í¯Ñ
Ã�Ä ¼ÇÆpàæÊò¼ÇÆ®Ä3Ì�Ñ
Í�ç�¼ÇÅøÉ\ç®àáÊ#ÄÇÐ�Æ/0�Æ,Í\Î,ÆjÉdÊ#àáÐ#È�çoàìëËÊ#Å3Ð�ÉdÆ,Ä/Í1Ê�Í�ÑáÃ�ÄP¼3ÆpàáÊ$éÇÈ�Ã�éJÃ�ÈíÍ¯ÑáÃ#Ä ¼ÇÆ)�ÅÇÆ®Ä3ÎH6ÇÆ®È4'LCøòX|	| �#Æ��x0îàæÊ ¼Çç,èTÑáÊ�Í¯Ñ
Ã�ÄmÉ\ÃF��Æ®Ä3ÄÇÆ^¼ÇÆùòX|�ùdÆ,Ì�ÍêÃ#ñ3Í¯Æ,ÄTÅ3Æ$Ê#éÇÈu9®Ì`Å3ÄúéªÊ#È�Î®Ã�ÅÇÈ�Ìõ |3Õ?ãÓÎ®É`öNÕÖå�Ê#È:Î®Ã�Ä/Í�È�Æ�0TÎ®ÆNÍ�Í�ÆY¼ÇÑáÉ\ÑáÄ�Å3Í�ÑáÃ�Ä�¼ÇÆBéÇÈ�Æ,Ì�Ì�ÑáÃ�ÄêÊ�ÅÇÐ�É\Æ®Ä/Í¯ÆBàæÊóè#Ê�àáÆ®Å3È ¼ÇÅ`Î®ÃTÆ-1\Î®Ñ
Æ®Ä/Í¼ÇÆ\¼ÇÑ*,�ÅÇÌ�ÑáÃ�Ä80ÏÆNÍ�¼ÇÃ#ÄÇÎ!Ê�ÅÇÐ�É\Æ®Ä/Í¯ÆpàæÊ#¼ÇÑáÌ�é�Æ,È�Ì�ÑáÃ�ÄÁ¼ÇÆ®Ìdé�Ã#ÑáÄ/Í¯Ìc¼ÇÅmÄ�ÅªÊ�Ð�ÆjéJÃ�ÅÇÈ\ÅÇÄÇÆjÉ�ô,ÉdÆ¼ÇÑ
Ì�Í1Ê�ÄÇÎ®ÆÅ¼ÇÆÅ¼Çç,È�Ñ
è#Æ#Õ
÷ÏëâÆ`,�ÆNÍ}¼ÇÆÓàáÊ�ñÇÊ#ÑáÌ�Ì�Æ¦¼ÇÆÓéÇÈ�Æ,Ì�Ì�Ñ
Ã�ÄpÆ®Ì�ÍBÐ�à
Ã�ñªÊ#à
Æ®É\Æ®Ä/Í=ñÇç,ÄÇç-F{)�ÅÇÆ/0�Î,Ã�ÉdÉ\ÆóàáÆóÉ\Ã�Ä/Í¯È�Æ®Ä/Í<àáÆ,Ì

È�ç,Ì�ÅÇàxÍ1Ê�Í�ÌY¼ÇÅlÍ¯Ê#ñÇàáÆ®Ê#Å�ò¢�ÖÕ£�`ÆNÍ�¼ÇÆ*àáÊ5FªÐ#ÅÇÈ�Æoòa�3Õ´:TÕ°�îÆNÍÓÆ-,�Æ,ÍóÌ�ÆZôõÊ#Ñ
ÍBÌ�Å3È�Í¯Ã#Å3ÍÓÌ�Æ,Ä�Í�ÑáÈ�CoñªÊ#Ì�Ì�Æ
ç®Ä3Æ®È�Ð#ÑáÆ\Æ,Í*éJÃ�ÅÇÈ6àáÆ,ÌZÐ�È�Ê#Ä�¼ÇÆ,ÌZà
Ã�ÄÇÐ�ÅÇÆ,ÅÇÈ�Ì¦¼ÇÆ�¼Çç®È�Ñ
è�ÆD'õéÇÈ�Æ®Ìu)TÅ3Æ���ù�¼ÇÆdÉdÑ
Æ®Å��àC"òX|	|\�#Æ��ûÆNÍ
ÔnÉ`ö`0ÏÎ®Ê#È\Ã�ÄøéJÆ®ÅÖÍoÊ�Í�Í¯Æ,ÑáÄ�¼ÇÈ�ÆjÅ3ÄmÎ®Ã#ÉdéÇÈ�Ã�É\ÑáÌ�Ì�Å3ÈdàáÊ"à
Ã�ÄÇÐ�ÅÇÆ,ÅÇÈ�¼�ëâÊJ½�ÅÇÌ�Í�Æ®É\Æ®Ä/Í�)�ÅÇÑ<ç,Í¯Ê#Ñ
Í
ÑáÉ\éJÃ�Ì�Ì�ÑáñÇà
Æ¯CP³�|jñªÊ#È�Ì,ÕoéDÊ#Ä3Ì�àáÆ®ÌHÎ�Ê#Ì�É\Ã�Ñ
ÄÇÌÆ¼ÇÑ�1\Î®Ñáà
Æ®Ì-0ÂÎ,Æ,Í�Í�ÆêñªÊ#Ñ
Ì�Ì�ÆÀ¼ÇÆêéÇÈ�Æ,Ì�Ì�ÑáÃ�ÄüéJÆ®È�ÉdÆNÍ¼�ëâÊ#É\ç®àáÑ
Ã�È�Æ,ÈîàáÊ�é3È�ç®Î,ÑáÌ�ÑáÃ�Ä�¼�ëïÆ®Ä/èTÑáÈ�Ã�Änò ù Õ
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òX|�| òX:ÖÕ?ã ³�|3Õxò ³�³ÖÕËã
³�|�| ò7|3Õ´: òF÷3ÕË³ ò7¥ÇÕ�:¥Z|�| ÔÖÕ´: Ô3Õ�� ×3ÕË³
Ô	|�| :TÕ?ã :ÖÕ�: :ÖÕâÔ
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÷�ÆÓÍ¯Ê#ñÇà
Æ�Ê#ÅPò¢�3ÕËãZÉ\Ã�Ä/Í¯È�ÆÓàìëâÆ,Ì�Í¯Ñ
É`Ê(Í¯ÑáÃ#Ä`Ã�ñ3Í�Æ®Ä�ÅÇÆ6Ì�ÅÇÈ9àáÊ*àáÃ�ÄÇÐ#ÅÇÆ®ÅÇÈÄ¼3Æ¦¼3ç®È�Ñxè�ÆÅ¼ÇÆ,Ì9Í�È¯Ê#Î,Æ®Ì-0¼Çç<¼ÇÅÇÑ
Í�ÆW¼ÇÆ�àæÊ�¼ÇÑ
Ì�éJÆ®È�Ì�ÑáÃ#ÄlÍ¯È¯Ê�ÄÇÌ�è#Æ®È�Ì�Æ�¼3Æ®ÌÓé�Ã#ÑáÄ/Í¯Ì�¼ÇÅPÄ�ÅªÊ#Ð#Æ�0�éJÃ�ÅÇÈ�¼ÇÆ,Ì6ÎH6ÇÊ#É*ñÇÈ�Æ®ÌÓÈ¯Ê#é3ÑÂ¼ÇÆ,Ì
Æ,ÍZÅÇÄ�É\ç®àáÊ#ÄÇÐ�Æc¾BÆo7û³^� �5¾<8d7 |ÖÕ´:¤� �:87¾ z ¨=Cl³/|jñªÊ#È�ÌZÆNÍW÷	|	|¤T�Õ��îÆNÍ�Í�ÆoÐ�È¯Ê�Ä�¼ÇÆ®Å3ÈÆ®ÌíÍ<Å3Í¯Ñ
àáÆDéJÃ�ÅÇÈ=Î,Ã�ÄÇÄªÊ/.
Í¯È�ÆóàæÊ�é�Ã#Ì�Ñ
Í�ÑáÃ�Ä`Æ7�3Ê#Î,Í�Æ�¼3Åpè#Æ®È�Í�Æ7�\¼ªÊ�ÄÇÌ9àæÊ��9å`��0 Æ,Í<Ì�Ã�ÄFÑ
ÄÇÎ®Æ,È�Í¯ÑxÍ¯Å�¼3Æ¼ÇçNÍ¯Æ®È�ÉdÑ
ÄÇÆ®È�Ê6àìëâÆ,È�È�Æ®ÅÇÈ�ÌA�TÌíÍ¯ç®ÉdÊ�Í�Ñ�)�ÅÇÆ<Ì�ÅÇÈ:àæÊ�¼Çç-FÇÄÇÑ
Í�ÑáÃ�Ä�¼ÇÅ\è�Ã�à
ÅÇÉdÆ�F�¼3ÅÇÎ®Ñ
Æ®àÃ¼ÇÆ<à	ëïÆ7�ÖéÇç®È�ÑáÆ,ÄÇÎ®Æ�Õ�îÆ®Ì`è�Ê#à
Æ®ÅÇÈ�Ì�Ì�Ã�Ä/ÍoÌ�Ã�ÅÇÌ)�§Æ®ÌíÍ¯Ñ
Édç,Æ®Ì@0mCnÎ®Ê#ÅÇÌ�Æ^¼ÇÆpàæÊPÉdçNÍ+6ÇÃ�¼ÇÆpÅ3Í¯Ñ
àáÑ
Ì�ç®ÆFéJÃ�ÅÇÈ�Î�Ê�àáÎ®Å3àáÆ®È\àáÆ
Ì�Ñ
Ð�ÉdÊùÍ¯È¯Ê�ÄÇÌ�è#Æ®È�Ì�Æ�09ÉdÊ#ÑáÌoÎ,ÆPñÇÑæÊ#Ñ
ÌoéJÆ®Å3Í\ô,Í�È�ÆPÎ®Ã#È�È�Ñ
Ð�ç$Ê#Ñ
Ì�ç,ÉdÆ,Ä�Íà'�Ì�Ã�ÑxÍ�¼ÇÑáÈ�Æ®ÎNÍ¯Æ®É\Æ®Ä/Í�¼ªÊ�ÄÇÌ
à	ëâÊ#à
Ð�Ã�È�ÑxÍ+6ÇÉ\Æ�0�Ì�Ã�Ñ
Í�éªÊ�È�ÅÇÄÇÆpÎ�Ê#à
ÑáñÇÈ�Ê�Í¯Ñ
Ã�Ä öNÕ�÷�Æ®Ì\ÑáÄ3Î®Æ®ÈíÍ¯ÑxÍ¯Å�¼ÇÆ,Ì�È�Æ,àæÊ�Í�Ñ
è�Æ,Ì�Ì�Ã�Ä/Í\éÇàáÅ3Ì*ô�Ã�È�Í�Æ®Ì5C
ñªÊ#Ì�Ì�Æ6ç®ÄÇÆ,È�Ð�Ñ
ÆÓÆ,Í9ôõÊ#Ñáñ3àáÆ�¼Çç,È�Ñ
è#Æ�0 Ê#à
àæÊ#Ä/Í�¼ÇÆHãÖÕ�|5C\×ÖÕ�¥À�êCFòX|	|W�#Æ�� Æ,ÍS¼ÇÆ��3ÕË³5C�×3ÕÀ¥��ýé�Ã�Å3È
ÅÇÄÇÆÅ¼Çç,È�Ñxè�ÆÅ¼ÇÆ�òHÉpÕ

ß�ÌíÍ¯Ñ
É`Ê�Í�ÑáÃ�ÄÀ¼ÇÆ � � ñLð�'�ÉoöîÆNÍ<Æ®È�È�Æ®ÅÇÈ�Ì�'.Ù|Ð�ö]ÏÄÇÆ,È�Ð�Ñ
Æ¯'��#Æ��óö � � ñLðDÒ òÓÉ � � ñ<ð;Òâ¥�É � � ñ<ð;Ò^Ô�É
òX|�| Ù�ßHÜ�Ü � Ü»ßHÜ�� 5»ß���Û � Ü�ßË5dX ��ß?Ü�5 � Ü»ß����
³�|�| Ü»ß	��� � Ü»ßHÜ�� 5»ßoXÌX � Ü�ß ¢ X X�ß
�ÌÜ � Ü»ß��#5¥Z|�| Ù�ßHÜ�Ü � Ü»ßHÜdX 5»ßoX�� � Ü�ß ¢ 5 X�ßHÛ�� � Ü»ß Û��
Ô	|�| Ü»ß	��� � Ü»ßHÜ�� 5»ßoX�� � Ü�ß ¢ Ü X�ß
��X � Ü»ß Û�Û

ØTÙ�ÚZÂ\Ã��;Â�
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÷ÏëâÆ,Ì�Í¯Ñ
É`Ê(Í¯ÑáÃ#Ä¤¼ÇÆHÎ®ÆNÍ�Í¯ÆHÐ�È¯Ê�Ä�¼ÇÆ®Å3È;Ä�ëâÊ`éªÊ#ÌBç,Í�çZÃ�é3Í�ÑáÉ\ÑáÌ�ç®ÆÅ¼ªÊ#ÄÇÌ;à	ëâÊ#àáÐ�Ã#È�Ñ
Í?6ÇÉ\ÆDÆ,ÍBÎ®Æ,ÌDÈ�ç0�
Ì�Å3à
Í1Ê(Í¯Ì:¼ÇÆNèÖÈ�Ê#ÑáÆ,Ä/Í ôNÍ¯È�Æ<Ì�Æ®ÄÇÌ�ÑáñÇà
Æ®É\Æ®Ä/Í:Ê#É\ç®àáÑ
Ã�È�ç,Ì@0�Î®Æª)�ÅÇÑªÉdÑ
ÄÇÑáÉ\ÑáÌ�Æ®È�ÊBà	ëïÆ®È�È�Æ,ÅÇÈÏÌA�TÌ�Í�ç®ÉdÊ�Í¯Ñ*)�ÅÇÆ
Ì�Å3È<àáÊ©¼Çç-FÇÄÇÑ
Í�ÑáÃ�Ä�¼ÇÅFè�Ã�à
ÅÇÉ\ÆjF�¼ÇÅÇÎ,ÑáÆ®à3¼3Æ6àìëâÆ0�Öé�ç,È�ÑáÆ,ÄÇÎ®Æ�Õ
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÷�Æ®ÌpÈ�ç®Ì�ÅÇà
Í¯Ê�Í¯Ìq)�ÅÇÆ ¼ÇÃ�Ä3ÄÇÆ®Ä/ÍpÎ®ÆNÍ!Ê�àáÐ�Ã�È�Ñ
Í?6ÇÉdÆjé�Ã#ÅÇÈ¬¼ÇÆPà	ëÀ6Çç®à
ÑáÅÇÉ éÇÅÇÈFéJÆ®È�ÉdÆNÍ�Í¯Æ,Ä/Í�¼ÇÆ
É\Ã�Ä/Í¯È�Æ,È`àìëâÑ
Ä2�ªÅÇÆ,ÄÇÎ®Æ ¼3Å )TÅ3Æ®ÄÇÎH6ÇÆ,È®Õ9å�Ã�ÅÇÈêÄ�ë ô,Í�È�ÆlÌ�Æ®ÄÇÌ�ÑáñÇà
ÆD)�Å�ë�C�àìëâÆ`,�ÆNÍ¬¼ÇÅ )�ÅÇÆ,ÄÇÎH6ÇÆ®È-0=àáÆ,Ì
Ì�Ñ
É*ÅÇàáÊ�Í¯Ñ
Ã�ÄÇÌ�Ã�Ä/Í=ç,Í�çBôõÊ#ÑxÍ¯Æ,Ì�CZÅÇÄ3ÆY¼ÇÆ®Ä3Ì�Ñ
Í�çDÎ®Ã#ÄÇÌ�Í¯Ê#Ä/Í¯Æ#ÕÇ÷�Æ;Édç,àæÊ#ÄÇÐ#Æ�C�³/|ZñªÊ#È�Ì�Æ®ÌíÍ=È�Æ,ÉdéÇàáÊ#Î®ç
éªÊ#È�¼ÇÆPàìë�6Çç,àáÑ
ÅÇÉ é3ÅÇÈ}Cm³�³TÕ£�üñªÊ#È�Ìà'���� 5»ß����ÑÙ|Ü�â������¦á8Þ¬â��Lö� =ÆNÍjÎ,Æ®à
ÅÇÑ�C ò7|�ñÇÊ#È�ÌFÆ®ÌíÍ
È�Æ,Édé3àæÊ#Î,ç!éªÊ#È�¼ÇÆlàìë	!Çç,àáÑ
ÅÇÉ éÇÅÇÈqCúò�³ÖÕ£�nñªÊ#È�Ì#"��$� ¢ ßHÜ%�óÙFÜ�â��&�'�¦á8Þ¬â��LöNÕî÷�Æ®Ì`Í¯Ê#ñÇàáÆ®Ê#Å��
ò¢�3ÕâÔ�Æ,Í6ò¢�3Õâ×�Ì�Ã�Ä/Í&C�Î®Ã�É\éªÊ#È�Æ®È9Ê#Å��êÍ1Ê#ñ3àáÆ�Ê�Å��$ò¢�ÖÕ
(*Æ,Í6ò¢�ÖÕ£�3ÕéDÊ#ÄÇÌ�Î®Æ®ÌÂÎ®Ã�Ä»¼ÇÑ
Í�ÑáÃ�ÄÇÌ) �àæÊ<éÇÈ�ç,Î®ÑáÌ�ÑáÃ�Ä6Ì�Å3È�àæÊ�¼ÇÑ
È�Æ®ÎNÍ¯Ñ
Ã�ÄZÆ,Ì�Í¯Ñ
Édç,Æ:Ì,ëËÊ�Édç,àáÑáÃ#È�Æ�Í¯È+*®ÌÂÄÇÆ,Í�Í¯Æ®É\Æ®Ä/Í, 
Î�Ê�È�àæÊ¦¼ÇÑ.-�ÅÇÌ�Ñ
Ã�ÄoÉ*Å3à
Í¯Ñ
éÇàáÆ9Æ,Ì�Í=É\Ã�ÑáÄ3Ì:Ñ
ÉdéJÃ�È�Í¯Ê#Ä/Í¯ÆI¼ªÊ#ÄÇÌ=àìë	!3ç®àáÑ
ÅÇÉ éÇÅ3È0/�ÅÇÆ�¼ªÊ#ÄÇÌîàáÆ;É\ç®àáÊ#ÄÇÐ�Æ
Í¯Æ,È�ÄªÊ�ÑáÈ�Æ�"�Î,ô�Õ21ªÐÇÕ�òF÷3ÕxòWöLÕ�÷ÏëïÆ)-�Æ,ÍÂÆ®ÌíÍ�éÇà
ÅÇÌÂÑ
ÉdéJÃ�ÈíÍ1Ê#Ä/Í43<ñªÊ#Ì�Ì�Æîç,ÄÇÆ®È�Ð�ÑáÆ� �Ê�è#Æ®ÎîÅ3ÄÇÆ�Ê#É\ç®à
ÑáÃ�È�Ê�Í¯Ñ
Ã�Ä¼ÇÆ ¥ÇÕË³&3%�3ÕÀ¥dù53;³/|9ñÇÊ#È�Ì) �Æ,Íø¼ÇÆ ÷3Õ?÷63�(ÖÕ�(Ìù73óòX|9ñªÊ#È�Ì®ÕWå�Ã�ÅÇÈ�àáÆ,Ì�Í�È¯Ê#Î,Æ®Ìø¼ÇÆkÔ	|	|Ä�#Æ��8 WàæÊ=éÇÈ�ç,Î®Ñ
Ì�ÑáÃ#Ä
Ì®ëâÊ#É\ç®à
ÑáÃ�È�ÆY¼ÇÆ�ò�3d³ ù Õ

9îÑáÆ,Ä:/�Å�ëïç,Í¯Ê#Ä/Í<éÇàáÅÇÌ=ôõÊ#Ñ
ñÇàáÆ;Æ®ÄFè#Ê�àáÆ®Å3È9Ê#ñÇÌ�Ã#àáÅÇÆ� ªÎ®Æ,Í�Í¯Æ6Ê#É\ç®à
ÑáÃ�È�Ê�Í¯Ñ
Ã�Ä`Æ,Ì�Í<ÄÇç�Ê�ÄÇÉdÃ#ÑáÄÇÌ=Ñ
É��
éJÃ�È�Í¯Ê#Ä/Í¯Æ� �3BÎ®Ê#ÅÇÌ�Æ5¼ÇÆ�àáÊ<Î,ÑáÄÇç,É`Ê�Í�Ñ�/�ÅÇÆ`¼ÇÆîàáÊS¼ÇÑ;-�Å3Ì�ÑáÃ#Ä<"�Î®Ã�É\ÉdÆkÃ�Ä*à
Ækè#Ã�Ñ
ÍÂÌ�Å3È�àæÊ=1ªÐ�ÅÇÈ�ÆDòX|3Õ��> 
éJÃ�ÅÇÈ<ÅÇÄÇÆ6Æ®È�È�Æ®ÅÇÈ<ÑÂ¼3Æ®Ä/Í¯Ñ./TÅ3ÆHÌ�ÅÇÈ;àáÊ�¼3ÑáÈ�Æ,Î,Í�ÑáÃ�Ä\¼ÇÆ6à	ëïç®àáÆ,Î,Í�È�Ã�Ä? ªàìëâÑ
ÄÇÎ®Æ,È�Í�Ñ
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u5ô>v�w x
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�"cj`tb_[]^K�N[$^@^��N\&`A��hMb_��cjZA^��Afg�$^�[]Zkb_�$[]^-=A[D�$[:b�b_[D^�[]�]b���ceZ�ceZkb��]b_���Thj��b_[$^@h��j[$��(C^�cj`Af��][$^�=A[
ZA[]`tb_fg��ZAce^N"Ôæ�æ¦ ��ý9P[� j�T�Iû' j�T��A�[]bbæ2�µæI������[]^"�]ceZkb_fg���A`tb���ceZt^�=A[$^Q^�ce`tf��$[]^"�N[$^��A�N`A^��$ZA[]f��e�:b_��/�`A[]^
�T� 9�[:b)�i�µæI�&ceZkb��]b���ZA�$�e�N���e�][$^]�O��[�^g[$`A�N��=A[�=A�]b�[$�]b���ceZ�[]^gb%1>×>�ó3 �2p�p¡W{[YX � �$ZA[]f��e�N[
=A[
�£¢¤�$�N[$�:b_f�cjZ�=t[Dfg[$�]`A�r�P[:bK��h&�Af��N^�[�=A[�=AceZtZA�$[]^K=A`tf�[�¥ChjZA^&3�¦�pC�ihjf�^ � �2p?hjZA^�§
�2pC�ihjf�^_�:�
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3�465F¶K·e­�¶¯®�~t°K�4�s�k�I�)�'�u�����u���m�I�,���u���=�I�>�.�����,�s�J�H�s�)�m�,�������H±?²P³"³Q7?´¶µS·�¸�¹u���,�6�k�-º	¸>¸�»)¼
�4�>�m�'�u� �H�������n8��L±��
½¾·d¿ÁÀK±&Â)½Ã¸i;�Ä�¿ÁÀ@ÂM±LÅgÆj;

��hHÇi�e`Afg[-��È>�É¦K\�ceZkb_f�[P��[P^g�n[]�]b�f�[Bce�tb�[$Z�`?[$ZC`tb����N��^_h{Z�b"=A[]^��ËÊihj\&�Afg[$^�f�hj�A��=t[$^"�ÌcjZA�]b���ceZ>�
ZihjZkb�§Í`AZA[B�tf�[$^g^��NceZ?=A[�¦�pÍ�ihjfg^$Îe[:bO[$Z?��Zkb_fgc>=t`A��^�hjZkbB�2p�p�p�pH�]�j�$ZA[]\S[]Z�b�^.�tf�`A��b�=A[��ÌceZA=?�ih{f
Ï ce`Af]����[$^P�]ceZkb_fg���A`tb���ceZt^4æ�æL[:b �ËÐ [�^�cjZ�b.=A�N^��$[]f�Zih{�A��[]^$Î�\Lh{��^O��hÍf��]^�ce�N`tb_�NceZ�^�`Af��£¢¤�$ZA[]f��e�N[@=A`
ZA[]`tb_fg��ZAc+Z�¢Ñ[]^gba�ihj^D^�`tÒ�^_h{Z�b�[)�Ice`AfD��[$^D^��]�ihjfg[$f�b�cjbËh{��[$\�[$Zkb$�5èP[]b�b�[Lfg�$^�cj��`tb���ceZ�Î�\�[$^g`Af��][
^�`tf���h&f_hj�N[Í=A`+� Ð [D§SÓ�ú�p&Wj[YXaÎI[]^gb�=�¢¤[$Zk�	��fgceZÔ�_pSÕ)�



Ö m�`>a�m7½ g	×eØml p q_r{ÙQ×jqkhÌØmlÛÚQÙ p #�Ü	×jq2r�Ü�Ú�Ü¡ÝQÜ	Ù�q2rMÞßÝ�Ø p %�Ù'#"s>r)(+*-,.,�/+0 à ØAá

â Z)�n[]`tb�=t�]ÇiZA�Nf.��h�ã�`ihj�N�Nb���=t[H��h�^��]�ihjf�h{b_�NceZL�ih{fP��[�f_h{�A�ncjfgbPäHå��Aæ � �Aç Ð �:Î�ceè)�S[$^Gb���h
Êihj`>b_[$`tfK\Shs×>��\Shj��[K=A[D��hC^�ce`tf��$[D�$cjZA^��N=A�$fg�$[ � æ�æ+ce`+� Ð [<��Îi[]b Ð []^gbK��hCÊihj`tb�[$`Af�\���ZA�N\Lhj�N[
[$Zkb�f�[H�N[$^.=A[$`F×S�]ceZkb_f��N�A`tb���ceZA^]�	é-hjZA^.��h��]ceZtÇi�j`Af_h{b���ceZ�=A[K��hÍÇi�e`Afg[a��È>�É¦>Î�ceZLhaäOêGêHëìÓeí&Õ
[]bKä�î Á ëïÈjí�Õ
�
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3�465F¶K·e­�¶Ñò{ót°K�4�s�k�I�)�'�u�{ô��u�{õm�I�,���nö	ôBô�ö>�.�����,�MôJ�H�Mô]õm�$÷������H±?²P³"³Q7?´¶µS·�¸�¹u���$ô6�k�-º	¸>¸�»)¼
��ötõm�Lõu� ��÷������I8F��±���½Á·ø¿ ÀK±&Â¡½ù¸2;�Äú¿ À@Â<±)ÅgÆe¼O��ö>õu��ûe¸x�����n÷s�MôP���
���,��ôI�%�u�{�nö>�u�n÷s�{ô<;

��h�ã	`Ahj����b_�)=A[
��hd^��]�ihjf�h{b_�NceZ [$^Gb?`AZA��ã�`A[]\S[]Zkb?=A`A[�§���h+f��$^gce��`>b_��cjZø^�`AfC�ß¢Ñ�]ZA[$fg�e��[L=A`
ZA[]`tb_fg��ZAc � §��Ahj^�^g[-�$ZA[]f��e�N[<��Î>[:b�ceZSZA[H�I[$`tbP�ihj^.�£¢Ñhj\S�]���Ncef�[]fü[$Z
h{`A�e\�[$ZkbËhjZkbP��h�^gbËhMb_��^Gb_�Nã	`t[
=A[-�ß¢Ñ[I×>�A�$fg��[$Zt�$[jÎtce`)[$Z�=A�N\S�NZ�`ihjZkbP�N[H�Afg`A�NbP=A[H�ÌceZt=
f_hj=A�Nckhj�:b_�N��� â Z
�N[K�	�$fg�NÇi[-[]Z
^��N\&`A��h{Z�b
��[P^��I[$�]b�f�[@f�[]�$ceZt^gb_fg`A�Nbü�ihjfOýHþO���¦øÍÿ
hj�Af��$^B�<íÍh{ZAZA�$[]^O=A[B�Af��N^�[]^�=A[B=AceZAZt�$[$^ � Çi�e`Afg[Í��È>���k�:Î
[]b��][$��`t��ce�tb�[$Z�`d[]Z+^g`A�A�Afg��\ShjZkb@��[Í�Afg`A�Nb@=A[Í�ÌceZt= � Çi�e`Afg[?��È>�����:�

é-hjZA^@�][$^B=A[]`F×���h{^$ÎAceZ
cj�tb_�N[$Zkb@[$ZA�]cef�[�äOê�ê-ë Óeí?Õ�[:b�äKî Á ë È{í?Õ � []b@��h�f��$^gce��`>b_��cjZ



à Ø�� à	� m�lx½)o	p Ù�
rq<stq p

§�Ó�úeí¡Wj[YX �N=A[$Zkb_�Nã�`A[jÎ�=A[��ß¢Ñcefg=Af�[L=A[��<í¶Õ����O��h�^g[$`A�N[�=A�
�n�$fg[$ZA�][�[]Zkb_f�[��][$^�^��I[$�]b�f�[]^S[:b
�$[]��`A�O=A[S��h
Çi�e`Afg[+�<È>�6¦�[$^Gb&`AZA[�=A�N\S�NZ	`>b_��cjZ¶=t[$^��A`A�]b�`ih{b_�NceZA^D^gb_h{b_�N^gb_�Nã�`A[$^]ÎQ[:b&=AcjZA�S`tZA[
hj`A�j\S[]Z�b_h{b_�NceZ
=A`�f_hj�t�ncefGb@^��N�eZihj��æ{�Af�`t�Nb��
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3�465F¶K·e­�¶��eót°����������������{ô ���{õ!���#"$�nö	ôBô�ö	%
&'"(�#�Mô*)+�Mô]õ!�$÷,�-&.�H±?²P³"³Q7?´¶µS·�¸�¹�&.�$ô/���-º	¸>¸�»)¼
��ötõ!��õ-�0)�÷1%(&'�I82� ±3� ½ · ¿ ÀK± Â ½ ¸2; ÄV¿ À Â ± ÅgÆ ;K³��ø¹-�$õ-"
�+���54ßö2���
�#&.�-"�ö2&.�6�7"(48&
÷���÷Lô:õ����-�#"$)�÷�;

��h �$cj\S�ih{f_hj�N^�ceZ =A[]^+^g�n[]�]b_fg[$^+ce�tb_[]Z�`A^�h��e[]�úce` ^_h{ZA^d�Afg`A�Nb�=A[��ÌceZA=�Î�b_ce`tb+hj`>b_f�[]^
�ihjf�hj\9�]b_fg[$^.�$�khj`�×�Î	�I[$f�\�[]b�hj`A^g^���=t[K�ecj��f��£¢¤[]Ò���hj�]�Nb��H=A[K��h�\��]b�ÊAc	=A[H=A[Kf�[ Ï []b�=t`)�Af�`t�Nb.=A[
�ÌceZA=��2��[]^�hj`tb_fg[$^@^��N\&`A��h{b_�NceZA^P^g[$fgceZkbK\�ceZkb_fg�$[]^�^�hjZA^���[Í�Afg`A�Nb@=t[��ÌcjZA=��

��hHf��]^�ce�N`tb_�NceZah{ZA�e`A��hj��fg[��]bËh{Z�b�\S[]���N��[$`tf�[�h��e[$�P��[�\S�]��hjZA�j[.§D�<íK�Ahjf�^]Î{�N[.^g�n[]�]b_fg[�ce�tb�[$Z�`
=ihjZt^��][$^O�$cjZA=A�Nb���ceZt^ � ��h-�Af��N^�[B=A[@=AceZtZA�$[]^.[]^gb����]�t=A[��<í�hjZA^]Îe�Ice`AfOh��ece�Nf�`AZ�ZAce\&�Afg[B=�¢¤�]�e���
ZA[]\S[]Z�b�^��$cj\S�ih{f_hj�A�N[<��=Ace��b�h��ecj��fP`tZA[H\�[$�N����[]`Af�[@fg�$^�cj��`tb���ceZS^�`Af��ß¢Ñ�]ZA[$fg�e��[�=A`
ZA[]`tb_fg��ZActÎ	�][
ã�`�¢¤ceZ��j�$fg�NÇi[�^�`tf���h&Çi�e`Afg[��<È>�6¥	�
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3�465F¶K·e­�¶�={ót°����������������{ô ���{õ!���#"$�nö	ôBô�ö	%
&'"(�#�Mô*)+�Mô]õ!�$÷,�-&.�H±?²P³"³Q7?´¶µ
ûj¸�¹�&.�$ô/���-º	¸>¸�»)¼
��ötõ!��õ��>)�÷1%(&'�n8?�L±3�
½A@¡¿ÁÀK± Â ½ û�¿ À Â ± ÅgÆ ;

��h�f��]^�ce�N`tb_�NceZ�\S[]^�`Afg�$[H^g`Af���h�f_hj�N[K=A` �_Ð [K[$^gbP=A[ B&Õ)Î�[]b��N[$^�f_hj�t�ncefGb_^.ä�ê�êKëìÓk¥�Õ [:b
ä�î Á ëÃÈe¥LÕ ^�cjZ�b-^�[$Zt^����t��[$\�[$ZkbÍ\�[$�N���N[$`Afg^�ã�`A[a=ihjZA^-�N[$^K�$ceZA=t�Nb_�NceZA^K�Af��]�$�$=t[$Zkb_[]^$Î��$[aã	`t�
b_f�hj=A`A��b@`AZA[Dhj`A�j\S[]Z�b_h{b_�NceZ
=A[���h&fg�$^gce��`tb���ceZ�§?�ihj^g^�[��$Zt[$f��j��[j�

C	D6EGF?EHC ILÛýÜKJMLbÝ1N+O�âIÛCÜQP�Ûýãuß ÛCÜ
â Z+^]¢Éh{bgb_[]ZA=�§?�$[�ã�`A[D��[$^@fg�$^�`t�NbËhMb_^@ce�tb�[$Z�`A^�[$Zd`>b_���N��^�hjZkbB=A[$^@�ËÊih{\&�Af�[]^K�N[$Zkb_[]^K^gce��[]Zkb

b_f��$^���Zt�Ì�]f��N[$`Afg^�§ �][$`F× ce�>b_[$Z�`A^+h��e[]�ú��[]^��ËÊihj\&�Afg[$^�f_hj�t��=A[]^$Î@§���hj`A^g[Ô=t[¶��h \Lhj`>�jh{��^�[
f��]^�ce�N`tb_�NceZÔhjZA�e`A��hj��fg[?ã	`t[L=AceZtZA[L�][SbFE	�n[S=A[L=t�]b_[]�]b�[$`AfC§��ihj^g^�[)�]ZA[$fg�e��[{�"þ�Zú�Th{�Nb�Î��jfSRj�][
hj`F×ú�Afgce�Af��N�]b��$^&=A[
��hd�$�NZA�$\Sh{b���ã�`A[]èPcj\S�tb�ceZ�ÎQ�$[:b�b_[
=t��\���Z�`tb_�NceZ¶=A[
��h��Af��]�$��^g��ceZ ^g`Af&��h
=A�Nf�[$�:b_�NceZS=t[K�ß¢Ñ�]��[$�:b_fgceZS=t[Kfg[$�$`t�nZ�¢¤[$^GbP�Ahj^�b�fT�]^P�A�]Zihj���N^_hjZkb�[��Ice`Af���hÍfg�$^�cj��`tb���ceZ�[$ZS�$ZA[]f��e�N[
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=A`�ZA[$`>b_f��NZAcA�

Spectre de neutrinos mesure par HELLAZ
¨

0
©

200
ñ

400
ª

600
«

800
¬

1000

1200

1400

0
©

0.2
©

0.4
©

0.6
©

0.8
©

1 1.2 1.4 1.6 1.8 2

Pas de bruit de fondPas de bruit de fond

3�465F¶K·e­�¶GU�ót°����������������{ô ���{õ!���#"$�nö	ôBô�ö	%
&'"(�#�Mô*)+�Mô]õ!�$÷,�-&.�H±?²P³"³Q7?´¶µ
ûj¸�¹�&.�$ô/���-º	¸>¸�»)¼
��ötõ!�.õ��V)�÷1%(&'�n8?�H±3��½W@?¿ ÀK± Â ½ìûD¿ À Â ± ÅgÆ ¼X�1�Lõ��7"$%$"�ô�&'�	�8�-�Mô8��9!&')L¹-���{ô
��%(&kô�ô�"
Y2õ��Mô�;

èPce\�\S[���[.\SceZkb�f�[���h�ÇA�e`Af�[K��È>�	útÎM��h@f��$^gce��`>b_��cjZ&§HÓ�úeíHWj[YX'[$^gb�=A[-�<íHÕ)Î{[:bü��[]^�f�hj�A�Icefgb�^
äOêGêHë'Óeí�Õ [:büä�î Á ë Èjí�Õ ^�ceZkb"^�[]ZA^��N�A��[]\S[]Z�bQ�N[$^�\9Z$\�[$^�ã�`A[.�Ice`Af�=t[$^Q�ËÊihj\&�Afg[$^Qf_hj�t��=A[]^
�ÌceZA�:b_�NceZAZihjZkba§¡¦jí��ihjf�^]�\["hjfa�]ceZkb_f�[S�$[)fg�$^g`A�Nb_h{ba[]^gb?hMb�b_[]��Zkba§d`AZA[)=t[$ZA^g�Nb_�S�A��`t^a�ihj^g^�[{Î
=AceZt�d��[�ZAce\a�Af�[�=�¢¤�]�	�$ZA[]\S[]Zkb_^
[$^Gb)�NZt�Ì�$fg��[$`tfS�Ice`Af�`AZA[+\VZ]\S[�=A`Afg�$[d=�¢Ñ[I×t�t�$f��N[$ZA�][ � �][
ã�`A��[$^Gb�[$ZA�]cef�[Dhj\��A����Çi�H�AhjfB�£¢¤[]Ò���h{�$�Nb��Í=A[�f�[]�$ceZAZAhj��^g^_hjZA�][�=A[$^Bb_f�hj�$[]^$Îiã�`A��[]^gb��n[$hj`A�]ce`A�
\�ce��ZA^P�nceZtZA[Dh<�j[$�D�$[ÍbFE	�n[D=A[��ËÊihj\a�Af�[��:�
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C	D6EGF?E�] ^¹Ý�ÜK_�Û P7` L�abP.àdceNgf\c�â
��[-��hj^P=A[-�£¢¤ÊA�]����`t\ï�A`Af�[]^gbB�NZ�b��$fg[$^�^�hjZkbB�Ice`AfPÇ>×>[]f�`AZA[-fg�]�Ì�]f�[$Zt�$[jÎt=AceZkbBceZ)^g[Íf_hj�t�Af�c{�

�ËÊA[]f_hÍ[$Z�=A��\���Z�`ih{Z�b���hHã�`ih{Z�b��Nb��B=A[Bã�`A[$ZA�ËÊt[$f$�	��h-�Afg[$^�^g��ceZ?=A[K¦e¦	��ú-�ih{f�^��I[$f�\�[]bü=A[Bf�[]^gb_[]f
§C=A[$Zt^��Nb��Í�$ceZt^gbËh{Z�b�[��AhjfBf_hj�t�ncefGb@hj`�\��$��h{ZA�e[Íý�[Dç ¦?Õ�\��]b�ÊihjZA[Dç ít�6¥?Õ ��^�cj�A`tbËh{ZA[�§
¦jíC�ihjfg^$Îi�Ice`AfB�:�jh{��`A[]fB�£¢¤[��n[]b�=A`�ã	`t[$ZA�ËÊA[]f$�
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3�465F¶K·e­�¶�­:ót°������������h���{ôi���{õ!���;"(�nö	ôÔô�ö2%(&'"(�#�Môi���1����ö2�nôb����õ�"
�j�-&'�nôÔ±C²�³Q³"7C´k��ö>õ��úõ-���
lQm À0�#�1)+�n%$"(���7Ó 9I÷e%("�õ-)o��õ!�-µ�õ-�!�p�-���{ô�ô7"�ö2�q�-�&·>·A;sr�¹-&.�$ô�td�-�1�nô7"
��÷a÷1Y2õ�"
u.&ev
%(�1�	���V&�õ>)�÷1%(&'�n8?��µ�·	¸�¹-&.�]ô6w�;

��hHf��]^�ce�N`tb_�NceZ�^g`Afü�ß¢Ñ�]ZA[$fg�e��[�=A`&ZA[]`tb_fg��ZAc-§HÓ�úeí�Wj[YXV[]^gb�=t[�Ót�É¥-Õ � h��e[]��=A[��ß¢ÑÊt�$���N`A\ �A`tf
§)��¦>�	úa�ih{f�^$ÎtceZ
�n[]`tbB\9Z$\�[H=A[]^��][$ZA=Afg[�[]Z
=A[$^g^�ce`t^�=t[ÍÓ?Õ?�:�i��haã�`ihj�N�Nb��H=A[Í��ha^��]�ihjf_hMb_��cjZ
[$^Gb�=AceZAZA�][��Ahjf@ä�ê�êHë Ók¥?ÕÃ[]b�ä�î Áyx Óeí�Õ)�
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C	D6EGF?EGF I7Ý$â�aCÜ�á6Pdc�ß�à�ákã|{+O�Ý�Ü+Ü�Û,aCãuÛýâ�}�àzÛ
��[$^�f_h{�A�ncjfgb_^�ä�ê�êB[:bOäKî Á ^�ceZkbO=A[]^ü[$^Gb_�N\Lh{b�[$`Afg^ü=A[���hKfg�$^�cj��`tb���ceZa§-�ihj^�^g[B�$ZA[]f��e�N[ � �nce`tf

��[H^��I[$�]b�f�[=æ�æI��=A[Í�£¢¤�$ZA[]f��e�N[H=A`�ZA[]`tb_fg��ZAct� â Z��n[]`tbB�$cjZAZih�ÖNb_f�[H��h&f��]^�ce�N`tb_�NceZ
§&`AZt[Í�$ZA[]f��e�N[
=AceZtZA�$[+[$Z'fg[$\��A��he~$hjZkb���[�^��I[$�:b_f�[+=A[dZt[$`tb�f���Ztce^S^gce��h{��f�[]^?��` [$Z'[]Z�b�f��][d=A`'�tf�ce�ef�hj\�\S[
�ihjfB`tZA[Íf_hj�N[-=�¢¤�$ZA[]f��e�N[-Ç>×>�$[{�mèP[]b�b�[�\S�:b_ÊAc	=A[Í�I[$f�\�[]b�=A[Í�A��`t^B=�¢Ñcj�tb_[]ZA��f�`tZA[Í�jh{��[$`tf��A��`t^
[�×thj�:b_[�=A[���h¡f��]^�ce�N`tb_�NceZ §ÔÓ�újí�W{[YX&Î���hjf?�N[$^?=A��^Gb_fg���A`tb���ceZt^C^�ceZkb�^gE	\��]b_fg��ã�`A[]^ � =ihjZA^���[]^
Çi�e`tf�[$^D��È>�É¦?§��<È>�6È	Îi�$[]bgb_[Df_hj�N[Í[$^Gb-hj^GE	\S�:b_f��Nã�`A[��$hjf@��[]^��]ceZkb_fg���A`tb���ceZt^Læ�æd[:b ��Ð [�Zt[D^gceZkb
�ihj^@^g�$�ihjfg�$[]^Ë�:�

ä@�$^gce��`>b_��cjZ
^�`Af@�£¢¤�$Zt[$f��j��[Í=A`�ZA[$`>b_f��NZAc � Õ?�èPceZtÇA�e`Af_hMb_��cjZ þVå ¦e¥jíCWj[YX þ'åg�kíjí?W{[YX þVå Ó�út�ÍWj[YX
¦{í?�Ahjf�^ ��¥ �6�t�É¥ �<í

ý�[��A`Af$Îi¦e¦>�	ú?�Ahjf�^ �;� ��¦ Ót�É¥
��í?�Ahjf�^ �6� �6�t�É¥ Bt�É¥

èPÊAhj\&�Afg[$^@��[]Z�b�[$^ ��¥	�6¥ �;�A�É¥ �<í
ý�[��A`Af$Î���¦>�	ú?�Ahjf�^ �e�j�6¥ �<ít�É¥ Ó

�?�X�.���e­7�G��ó.��÷{ô�ö2%�õ!�7"�ö2�'ô:õ��+%¢Ó6÷e�!�1�]8	"(�q��õ����{õ!���#"$�nöÔµ ·	Ä	¸i¼y@t¸	¸i�����?r2û��2�M�L¼���ö>õ���%
�{ô
�-"
�Q÷1���e�	���Mô��Mö2�!��8tõ!�#&X�7"�ö2�nôÍ÷��:õ��-"�÷��{ôVtYô�&'�nô�¹-�$õ-"
������4ßö2����w�;
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�
Chambres rapides (10 bars)
�
He pur 22.6 bars

He pur 12.6 bars
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��[$^Of��]^�ce�N`tb_�NceZA^�ce�tb�[$Z�`A[]^P§D¦e¥jí>ÎX�kíeíÍ[]b.Ó�ú>�BWj[YX ^�ceZkbO�	��^��N�A��[]^ü=ihjZt^��N[�bËhj�t��[�h{`��<È>�N�@[:b
^�`tf���h@Çi�e`Afg[H��È	�ÉÓt�M��[$^"f��]^�ce�N`tb_�NceZA^Qce�tb_[]Z�`A[$^ü�Ncef�^gã�`�¢ÑcjZCh Ï ce`tb�[P=A`a�Af�`A��b�=t[.�ÌceZA=�f_hj=t��ckhj�:b_���
� ��í1���ihjf Ï ce`Af_�P^�ceZkb�^�[]ZA^��N�A��[]\S[]Z�b��N=A[$Zkb_�Nã�`A[$^]�

â Zú�ece��baã�`A[L=ihjZA^���h+�]ceZtÇi�j`Af_h{b���ceZh ]^GbËhjZA=Ahjf�=� ��Af��:�>`t[)�ncj`Afaý�[$�N��he¡ � ��¢£¥¤
£ �����jZA[?=A`
bËh{�A��[$hj`+[:b-�]ce`Af��I[� :�ËÊihj\&�Afg[$^Kf_hj�A�N=A[$^ � ¦{í��ih{f�^Ë�� �=A[D��hCÇi�e`Afg[<��ÎnceZ+�n[]`tbÍh��jce��f��<íLÕ =A[
f��]^�ce�N`tb_�NceZ�^�`AfD��h�f_h{��[C=A`Ô�A�$fGE>�N���N`A\+Î�[]b�h��ece�Nf�b�ce` Ï ce`tf�^D\S�N[$`2¦�ã�`A[���¥�Õ =A[�f��$^gce��`>b_��cjZ
§L�ih{^�^�[a�$ZA[]f��e�N[j�-§P[$^-fg�$^�`t�NbËhMb_^H�Ice`Afgf�ceZkbK=A[&�A�N`A^QZ]b_fg[ab_f��$^K�Af�ce�Ahj�A��[]\S[]\abHhj\S�]���Ncef��]^B[$Z
ce�tb���\���^�hjZkbK�N[$^Khj���jcef���b_ÊA\�[$^@=A[�f�[$�ËÊt[$f��ËÊt[C=A[a��hS=A�Nf�[$�:b_�NceZ+=t[&�£¢¤�$�N[$�]b�f�ceZ�=A[&fg[$�]`A�£�I��[a�$hj^
=A[
�ß¢ÑÊA�]���N`A\ �A`Af � ¦�¨ ¢£¥©�£ �����jZA[<��[$^gb?�t��[$Z ^�ªAfC��=t��hj�ßÎ"\Shj��^�����\ScjZ�b�f�[)ã�`�¢¤[$Z ce�tb���\���^�hjZkba��h
ã�`ihjZkb_��b_�@=A[Bã�`A[]ZA�ËÊA[$f]Î>cjZ��Ice`Afgf_h-b_f��$^O�Afgce�ihj�A�N[$\�[$Zkb�hj\��$�N��cefg[$f��N[$^�fg�$^�`t�NbËhMb_^��Afg�$�$�]=A[$Zkb�^$�

��[K�Thj��b.=t[H=A�N\S�NZ	`t[$fO��h��Af�[]^�^g��ceZ
h{\S�]����cjf�[B^�[]ZA^��N�A��[]\S[]ZkbP��hDfg�$^�cj��`tb���ceZS§��ih{^�^�[H�$ZA[]f��e�N[
� � ¨ ¢£«©�£ �N���eZA[a[]bD�$ce`tf��I[q :�ËÊihj\&�Afg[$^�f_h{�A��=A[]^ � �<í
�ih{f�^Ë�� ��:Î��Ncef�^gã�`�¢ÑcjZ¶`>b_���N��^g[&=A[$^��ËÊih{\&�Af�[]^
f_h{�A��=A[]^$��é-h{ZA^��N[C��hj^D=A[]^��ËÊih{\&�Af�[]^��N[$Zkb_[]^$Î�[]bD[]ZÔ^g`A�A�Ice^_hjZkb�ã�`A[S�][$�N��[$^��F�]���A`A��^g^�[]Z�b�=A���
b_[]�]b�[$fH�ß¢Ñ�]��[]�]b_fgceZ�`AZA��ã�`A[{Î2ceZdce�>b_��[]ZkbK`tZA[afg�$^�cj��`tb���ceZ����]�X�$fg[$\�[$ZkbK\Sce�NZA^B�IceZAZA[�ã	`t[�=ih{ZA^
��hC�]ceZtÇi�e`tf_h{b���ceZj ]^GbËhjZt=ihjf�=�  � �£¢¤[]Ò���hj�]�Nb��Í=A[�fg[$�]ceZAZihj�N^�^�hjZA�$[�=A[]^�b�f_hj�][$^�[]b���[ÍZtce\&�Afg[Í=A[
�$�N�A��[]^&=ihjZt^&��hd�/[y§HÎ�ã�`A��=t�]b_[]f�\���ZA[]ZkbC��hd^GbËh{b���^Gb_��ã�`A[L=A[
�£¢¤[7¦>�I�$f��N[$ZA�][jÎ"^�ceZkb?�ihjfa�$ceZkb_fg[
ZA[:b�b_[]\S[]ZkbK\�ce�NZA^B�$�N[]�e�]^Ë���

��[��Ice��Zkb@�N\S�Icefgb_hjZkbB=A[]^�fg�$^g`A�Nb_h{b_^�=A[��$[:b�b_[D�ËÊih1¬�ZA[�=A[�^��N\&`A��hMb_��cjZ)[$^GbHã�`A[D��[Í^g[$`A�N��=A[
�<íeí�Wj[YXÛ^�`Af"�£¢¤�$ZA[]f��e�N[.=A[.�£¢¤�$�N[$�]b�f�ceZD=A[.f�[$�]`A�	[$^gbü`AZace� Ï [$�]b��N�ifg��hj�N��^Gb_[�=ihjZA^"��h@�$ceZtÇA�e`Af_hMb_��cjZ
^gb_hjZA=ih{f�=¡�Afg�]�	`A[C�Ice`Af-�N[a=A�:b_[$�:b_[]`Af�ýK[]����h1¡j���>���][$^Í^��N\&`A��h{b_�NceZA^@^�ceZkb�ce�>b_��\���^Gb_[]^$Î2ceZ¡=A[��
�	f_hD�n[]`tb�Z:b_f�[Khj`A�j\S[]Z�b�[$f��$[K^�[$`t���2ceèL=t��\���Z�`A[$fO��hD�Afg[$^g^���cjZ��2­dhj��^�^��I�$[]^P^g��\&`A��h{b_�NceZA^ü^gceZkb
�I[$^�^g��\���^Gb_[$^]Îkce`L^g�2ceZS�I[$`>bP=A�N\S�NZ�`A[$f��N[@b_hj`2¦�=A[�ã�`A[$Zt�ËÊA[$f]Îtce`�^��2�£¢¤ce�tb���\���^�h{b_�NceZ&=A[]^Phj�N�ec{�
f���b_ÊA\�[$^Khj\��$�N��cefg[Í^�[$Zt^����t��[$\�[$ZkbK��[]^Hf��]^�`A��bËh{b�^$Î2ceZ��Ice`Afgf_hCb_ce` Ï ce`Af�^K�]b�`A=A��[]fK��hS�Ice^�^g���A�N����b_�
=A[��ihj�N^�^g[$f@��[Í^g[$`A�N�£ÎA�][Dã�`A��^g[$f�hj�Nb@`AZt[Dã�`ih{���Nb��Í\Lh Ï [$`Afg[Í=A`+=t�]b_[]�]b�[$`AfKýK[]����h1¡j�



®9¯�°�®9±Q²�³�´�¯�°



µ ØIÝ"×.
TÙ p ÞTØIÝ à z21

��[$^@=A�
�n�$fg[$Zkb_[]^@[7¦>�A�$fg��[]ZA�$[]^K=A�:b_[]�]bËh{Z�bK��[]^BZA[$`>b_f��NZAce^B�]\S�N^��ihjfB�N[�¶>ce�N[$���ßÎ	EL�$ce\��Afg��^B��[
f��]�$[]Z�b�fg�$^g`A�Nb_h{b-=A[3¶	· â f�[]��h{b��N��h{`2¦�§¸§HÎnceZkbÍ\�[$^�`tf��&`AZ��A`2¦��NZt�Ì�$fg��[]`Af-hj`?¦d�tf��$=t���]b���ceZt^
=A[]^+\�c>=	�$��[]^
^�ce��hj��fg[$^]� â Z �I[$ZA^g[úã�`A[¶�$[]^+\�c>=	�$��[]^
^�ceZkb�Ç2hj�A�N[$^]ÎBZAcjbËh{\S\�[$Zkb�§���hj`A^g[
=A[]^
�$ceZkb_f�hj��Zkb�[$^�hj�A�IcefGb_�$[]^
�ihjf)�N[$^)\�[$^g`Af�[]^
=�¢¤ÊA�$�N��ce^g��^�\�ce�Nce�e��[{����[�=A�:Çi�$��b�ce�A^�[]fg�	�¡[$^Gb
=AceZt�ShMb�b_fg���A`t�?hj`2¦��Afgce�Afg���]b��$^�=A`¶ZA[$`>b_f��NZAcAÎ�`tZA[SÊkE	�Icjb_Ê¹�]^�[�f�[]Zt�Ìcef��]�$[��ihjfÍ�N[$^�f��]^�`A��bËh{b�^
=�¢¤[7¦>�A�]f���[]ZA�$[]^d\�[$^g`Af_hjZkb��N[$^��i`2¦ =t[¶Zt[$`tb�f���Ztce^
�Af�c	=A`A��b_^
�ih{f
=�¢Éh{`tb_fg[$^�^�ce`tf��$[]^+ã�`A[¶��[
¶>ce�N[$�N�£Îk[]bP�ihjf���[Kf��$^g`A�Nb_h{b.=A[�¶	· â Î	�$cj\&�A��Zt�Hh��e[]�Í�$[]��`A�I=A[�¶	`A�n[]fMº¼»ìfg[$��h{b_����hj`2¦SZA[]`tb_fg��ZAcj^
^�cj��hj�Nf�[$^ � ��hC^gce\S\�[�½ £�¾ ½6¿ ¾ ½6ÀD[$^gb��]�khj��[�h{`|�i`?¦��Af��]=A�NbË�:�

��h�^�cj��`tb���ceZ?ã�`A�I[7¦>�A���Nã�`A[@��[�\S�N[$`2¦?�N[$^O=AceZtZA�$[]^Bhj�]b�`A[$�N��[]^�^g`A�A�Ice^�[K�£¢¤[7¦>��^Gb_[]ZA�$[�=�¢¤ce^��]���Hº
��hMb_��cjZA^B=A[�^_h��e[]`AfH=t[$^HZt[$`tb�f���Ztce^$Îi�AÊt�$ZAce\9�$Zt[�ã�`A����\��A�N��ã�`A[-=A[]^KZt[$`tb�f���Ztce^K\Shj^g^��N�Ì^]��§P[$��h
ZA�]�$[$^g^���b_[-`AZt[K[�¦>b�[$ZA^g��ceZL=A`L\�c>=	�$��[@^GbËhjZA=Ahjf�=S=A[H��hD�AÊkE	^��Nã�`A[-=A[]^P�ihjfGb_�N�$`A�N[$^$Îk�N[@ZA[$`tb�f��NZAc
Z�¢Ñh�EkhjZkbK�ihj^@=A[�\Lh{^�^�[�=ih{ZA^@��ha�e[]f�^g��ceZ�\S�NZA��\Shj�N[K=A[��][D\�c	=¹�$�N[j�

¶	· â h��Thj�Nb?�Thj�Nf�[�`AZ �ef_hjZt=Û�Afgce�efT�]^L§¶��h¡�$cj\S�Afg�$ÊA[]ZA^��NceZÛ=t[$^L�tf�ce�A�
�$\�[$^]Î�\Shj�N^CZA[
=AceZtZA[�ZA����h��jh{��[$`tfLhj�t^�ce�N`A[d=A`Á�i`2¦>ÂXÂ�Î�ZA�K�N[+f�hj�A�IcefgbL[$Zkb_fg[���[]^V�i`?¦>ÂeÂV[]b ��Ð [ � ã	`t�
�I[$`tbH^�[$`t��[$\�[$Zkb�Z:b_fg[&=A�$=t`A�NbH=A[a��h��{hj��[]`AfH=t[$^-�ih{f_hj\9�]b�f�[$^K=�¢¤ce^��]������h{b_�NceZ2���iýHþO����ÃÍÿ�ÎIã	`t�
�I[$`tb.�Ìce`Af�Zt��f�h��e[$�H�Af��]�$��^g��ceZS��[]^Ä�i`2¦,ÂXÂ)[]bB� Ð [jÎ	[$^Gb�=AceZt�H`AZ)�Ahj^�^�hj�e[-ce�t�����j�B�nce`tf.�	�$fg�NÇi[]f
=A�Nf�[$�:b_[]\S[]Z�b)��[d�ÌceZt�]b_�NceZAZA[]\S[]Zkb
=A[�ZAc{b_f�[d�]b_cj����[{Î.[:b�=AceZAZt[$f_hø=t[¡�A��`A^L=A[$^
�NZA=A���$h{b_�NceZA^
�Afg�$�$�N[$`A^g[$^�^�`Af@�N[$^@ce^��]���N��h{b���ceZA^.§?�ihj^�^g[��$ZA[]f��e�N[j�

��[K�]ceZA�$[]�tb�=t[HýKþ�����ÃÍÿ�Î�ã�`A�I[$^GbP=�¢¤`tb������N^�[]f���h�=A�
�n`A^��NceZ?�$��hj^gb���ã�`A[�ZA[$`tb�f��NZAc�º"�]��[$�:b_fgceZ
=ihjZt^�`tZA[ Å/[y§ �ÌceZA�]b���ceZtZihjZkb�§a¦{í��Ahjf�^O[]bÄ�eíjí,»CÎe=tce�Nb8Z:b_f�[B�{hj�N��=A���Ahjf�`AZA[Kä Æ�éV�Icefgb_hjZkb
^�`tf���hÍ=A�]b�[$�]b���ceZ�f_h{�A��=A[B=�¢Ñ�]��[$�:b_fgceZA^O`AZA�Nã	`t[$^�[]b�^�`AfO��h-f�[$�ËÊt[$f��ËÊt[-=A[@��h-=A�Nf�[]�]b_�NceZ?=A[@�£¢¤�$�N[$�7º
b_fgceZ
=A[-fg[$�]`A�£Î>��ha�]ceZAZihj�N^�^�hjZA�$[Í=t[Í�£¢ÑhjZA�e�N[K[:b@=A[-�£¢¤�$Zt[$f��j��[H=t[Í�$[]b@�]��[]�]b_fgceZ
�I[$f�\�[]bgbËhjZkbP=A[
f�[]�$ceZt^gb_fg`A��fg[��£¢¤�$ZA[]f��e�N[Í=A`+Zt[$`tb�f���ZtcA�

Ã �Ahjfgb���f@=A[�b_f_h{�$[$^�=�¢¤�$�N[$�]b�f�ceZt^H^��N\&`A�N�$[$^@�ih{fKÇ�ÈÉÃK· ÅÊ�t�6¦	�eÎiZAce`A^Kh��eceZt^K�	`�ã�`�¢¤����[$^Gb
�Ice^�^g���A�N[B=�¢Ñcj�tb_[]ZA��f�`AZt[�[:Ò���hj�]�Nb_�@=A[B=t�]b_[]�]b���ceZ�=A[$^O�]��[$�:b_fgceZA^O=�¢¤��ceZA�N^_h{b���ceZ3ËÊÌXÌDÕ � �][@ã	`t�
Z�¢Ñhaf��N[$ZL§D�ecj��f.h<�j[$�Í�ß¢Ñ[:ÒS�$hj�$��b_��=A[Hfg[$�]ceZAZihj�N^�^�hjZA�$[H=�¢Ñ`tZA[Kb�f_hj�][Hã�`A��[]^gb.�ece�N^���Zt[K=A[KBk¥aÕ?�:Î
[$Z
`>b_���N��^�hjZkb.=t[$^��ËÊih{\&�Af�[]^�f_h{�A��=A[]^P=A`)bFE	�I[�­ÎÍM§�ä â ­dþyÇ�Ã�¶nÎAh<�j[$�-`tZ
�ihj^P=t[-�£¢¤cef�=tf�[�=A[
��\S\�Ît�Ice`Af@`AZ�b_[]\S�t^B\ScefGb@=A[?�<íCZA^@[]b�`AZA[Í�Ìfg�$ã�`A[$Zt�$[D=�¢ÑÊtcef��Nce�e[Í=A[?��ÇDýQ¡j�
·Kcjb�f�[��]b�`A=A[D\ScjZ�b�f�[�ã�`A[���hC\�[$^�`tf�[�=A[D�£¢¤�$ZA[]f��e�N[Í=A[��£¢¤�$��[]�]b�f�ceZ�=A[�f�[]�$`A��[]^gbKce�tb_�N\Lh{��[

�ihjfL��Zkb_�]�ef_h{b���ceZÛ=A`V^��N�eZihj�K=A[$^��$�N[$�:b_f�cjZA^)=�¢¤��ceZt��^_hMb_��cjZÛ=�¢¤`AZA[�b�f_hj�][j�B��høf��]^�ce�N`tb_�NceZ'^g`Af
�£¢¤�$Zt[$f��j��[Í=A[��£¢¤�$�N[$�:b_f�cjZ
=A[�f�[$�]`A��[$^GbHh{��cefg^B=A[��£¢¤cef�=Afg[-=A[?��§S¦?Õ)�
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^{Ç¶È$É ð ³�Â;Þ[Þ�É£È@Á�Ç@Ä�oZÞuÈ*Ü2ÆZÞ�É�¬IÂ É�ÂÔÄ�oPÁ®Á�É8û�Ç ü ÄPÉ£È|Â;É;Á®É;ÆPÂm�ZÁ�Ü�Ü�ÁKÈ5Ç@ÄPû�ÁPýþL§Â8û�ÆZÂ;ÇyÅ¬;Á	û�Á�È5È5ÁCÝ;Ç5Æiû ü ¬;Â;Ç5Á�¦£ÆZÉdÁ�É;Ü&£1�PÁ§ÄRÂ;Å5ÅyÞÔÜ�Á�Å ü Ü�Á�û�È@ÇyÆZÉ;Å�Þ�ÅyÆZÜ ü Å�¬ÔÄPÉIÅàÂ;É;Á	��ÆZÉIÁ�¦Ê³�Â;ÞÔÝÖÁ�Âm�PÁ�É£È%.�È@ÇyÁû�ÆPÉ;Å5Þ2¬ ü Ç ü Å�û�ÆZÊ�Ê9Á�¬;Á�ÅpË�_$Ì£b[Å�ù	Æ�Øå¬;Â��IÇ5Â;ÞuÈ	¬;Á/�lÆZÉ;¬þý

� ÆZÊ�Ê9Á|û�Á�È5È@Á]Ý��ÔÄPÅyÁÕÝÖÁ�ÇyÊ9Á�È*¬;Á]¬;Þ�Åyû�Á�ÇyÉ;Á�Ç§Ü�Á|¬ ü �IÂIÈ*¬;Á]ÜÎÄ{éÔÉ�¬;Á]ÜÎÄ®È@Ç5ÄPû�Á�¦�Á�Ü�Ü�Á�ÅyÁ�ÇyÈ��¬ ü È@Á�ÇyÊ9Þ2É;Á�Ç|ÜÎÄåÝÖÆZÅ5ÞuÈ@Þ�ÆPÉ ¬;ÂÍ�ZÁ�Ç�È@ÁIù�ý�ò'ÆZÂ;Ç]û�Á�ÜÎÄm¦XÆZÉ û·ÄPÜ2û�Â;Ü2Á9Ü�ÄE¬;Þ2Å5ÝÖÁ�ÇyÅ5Þ�ÆPÉ È@Ç5ÄPÉ;Å��ZÁ�ÇyÅ5Á0¬;Á�ÅÝÖÆZÞ�É£È@Å%¬;Â0É�ÂÔÄ�oPÁ�¬;Â;Á`�ÕÜÎÄ�¬;ÞJ¶�Â;ÅyÞ�ÆZÉ�ýiLN�ZÁ�û(Ü	�3�£­&ÝÖÆPÈQ��Î�ÅyÁ*¬��ÏÂ;É;Á�¬IÞ&¶�Â;Å5Þ2ÆZÉÒÞ2Å5ÆPÈ5Ç5ÆZÝÖÁ�¦�ÆZÉ�ÝÖÁ�Â&È
Å5ÂIÝ;Ý�ÆPÅ5Á�Ç�³iÂIÁÒÜ�Á�Å5ÞroZÊ9ÄE¬;Á9ÜÎÄå¬;Þ&¶�Â;ÅyÞ�ÆZÉ Ü�ÆZÉ�oPÞ2È@ÂI¬;Þ�ÉÔÄRÜ�ÁåÿR³iÂM�qÆZÉòÉ;ÁÒÝÖÁ�ÂIÈÕÝÔÄPÅ]¬ ü È5Á�Ç5Ê�Þ�ÉIÁ�Ç ðÁ�Å�È ü oZÄPÜ%ÄPÂ Å5ÞroZÊ9ÄE¬;ÁÒÜÎÄå¬;Þ&¶�Â;Å5Þ2ÆZÉ È5Ç@ÄPÉIÅ��ZÁ�Ç5ÅyÁPý]�XÄ�ÝÖÆZÅ5ÞuÈ@Þ2ÆZÉ ¬IÂÏ�ZÁ�ÇyÈ@ÁIù Á�ÅyÈdÄRÜ�ÆZÇyÅ]¬ ü éÔÉ;Þ2Áû�ÆPÊ9Ê�Á(Â;É�ÝÖÆZÞ2É�È�ÅyÞ2È@Â ü ÅyÂ;Ç�Ü	�qÄ
ù&Á]Ý;ÇyÞ�É;û�Þ�ÝÔÄRÜþ¬;Â�É�ÂÔÄ�oZÁ�ÿYÐÒÑÔÓÕÑÀ»�¬ÔÄRÉ;Å�Ü2Á/��ÆZÉéÅy­iÅyÈQÎ�Ê�Á
¬;Áéû�ÆiÆZÇ5¬;ÆPÉ;É ü Á�Å ð Á�È¡�äÂ;É;Á�¬;Þ2ÅyÈ@ÄPÉ;û�Á�Öâ¬;Â ÝIÇ5Á�Ê�Þ�Á�Ç9ÝÖÆZÞ2É�È�ÿ ñ Ñ×Ö ð ý_ò'ÆZÂIÇ�¬;Á�Å9Ç@ÄPÞ2Å5ÆZÉIÅÝ;Ç5ÄRÈ@Þr³iÂIÁ�Å�¦[ÜÎÄ�ÝÖÆZÅ5ÞuÈ@Þ2ÆZÉ ¬;ÂØ�ZÁ�ÇyÈ5ÁUù�Á�ÅyÈdÁ�ÉIÅ5Â;ÞuÈ@Á0Ç5Á�Ý;Ç ü Å5Á�É�È ü ÁéÝÔÄPÇKÜ��qÞ2É;¬;Þ�û�ÁÒ¬;Á0Ü�� ü Ü�Á�û�È@ÇyÆZÉúÜ�ÁÝ;Ü2Â;ÅCÝ;Ç5Æiû[�;Á|¬;ÂEÝ�ÆZÞ2É£ÈCÝ;Ç ü û ü ¬;Á�É£È·ý

� Á�ÈyÈ@ÁòÊ ü ÈQ�;Æi¬;Á�¦·³�Â;Þ�Å5Á�Ê
�;Ü2Á ÇyÁ�ÜÎÄ�È@Þr�PÁ�Ê�Á�É£ÈEÅ5Þ2Ê9Ý;Ü2Á�¦:Á�ÅyÈéÇ5Á�É;¬;Â;ÁäÈ@ÇQÎ�Åéû�ÆZÊ�Ý;Ü�ÁIùIÁ8ÝÔÄRÇÜ�Á�ÅdÄPû�û�Þ�¬;Á�É£È@Åéÿ!Ç5Ä�­PÆZÉ;Å�ë�ÆZÂ oZÇ5ÄPÉ;¬;Á�Åd¬ ü �iÞÎÄ�È@Þ�ÆPÉ;Å ð ¦J³�Â;ÞCû�ÆPÇ5Ç5Á�Å5ÝÖÆZÉ;¬;Á�É£È9Á�Éµo ü É ü Ç@ÄPÜ·�è¬;Á�Å��ÆPÉ;Á�Å§¬;Á��lÆZÇ�È@Á|¬;Á�ÉIÅ5Þ2È ü ý � Á�È�ÁP¶�Á�È�Á�ÅyÈ*ÄPÊ�Ý;Ü�ÞJé ü ÝÔÄPÇ	ÜÎÄd¬;ÞJ¶�Â;ÅyÞ�ÆZÉM¦H³iÂIÞ'ÝÖÁ�ÇyÊ9Á�È���¬;Á�Å§��ÆZÉ;Á�ÅÞ�ÉIÞ2È@Þ�ÄPÜ�Á�Ê9Á�É£È�Å ü ÝÔÄRÇ ü Á�Å'¬IÁàÅ5Á�Ç5Á+¨yÆZÞ�É;¬IÇ5Á�¦�Á�ÈXû�Á�û�Þ£Ê9ÄPÅQ³�Â;ÁàÜ2Á�Å��RÄPÇyÞÎÄRÈ5Þ�ÆZÉ;ÅÖ¬;Á�ÜÎÄ#Ý�Á�ÇyÈ@Á�¬�� ü ÉIÁ�ÇQoPÞ�ÁPý�XÄÕÅ5ÞuÈ@ÂÔÄ�È@Þ�ÆPÉ9Á�ÅyÈ	ÄPÜ2ÆZÇ5Å�È@Ç�Î�Å:û�Ç5ÞuÈ@Þn³�Â;ÁW���ÔÄRÅ5Å5Á ü É;Á�ÇQoZÞ2Á�¦iÆ�Ø�ÆZÉ0Ä]Å5ÆZÂm�PÁ�É£È	¬;Á�Å-È@Ç5ÄPû�Á�Å:û�ÆZÂIÇyÈ@Á�ÅÁ�È�È@ÇQÎ�Å�ÄPû�û�Þ�¬;Á�É£È ü Á�Å�¦�È5ÆZÂIÈ(Á�ÉäÄ�­ZÄPÉ£È|ÄPÅ5ÅyÁ��®ÝÖÁ�Âè¬�� ü Ü2Á�û�È@Ç5ÆPÉ;Å�ý ï Ü'¬;Á1�iÞ2Á�É£È|ÄPÜ�ÆPÇ5Å§È5ÇQÎ�Å(¬;ÞrÙ�û�Þ2Ü�Á¬;ÁK¬IÞ�ÅyÈ5Þ�É�oPÂ;Á�ÇÕÿ!ÅyÝÔÄRÈ@Þ�ÄPÜ�Á�Ê9Á�É£È�Á�È(ÅyÈ@ÄRÈ@Þ2ÅyÈ@Þr³�Â;Á�Ê�Á�É£È ð Â;É;ÁKÅyÂ;Ç5¬IÁ�É;ÅyÞ2È ü ¬IÂ;Á��ÒÂ;É8ÄRû�û�Þ2¬;Á�É£È�¬;ÁÜÎÄèÅyÂ;Ç5¬;Á�É;Å5ÞuÈ ü É;ÆZÇ5Ê9ÄPÜ2Á�¬;ÁSéÔÉç¬;ÁåÈ@Ç5ÄPû�ÁRýz´�ÉU�!ÄPÞ2È�¦�Ê9ÄPÜnoZÇ ü Ü�Á�Å9ÉIÆZÊ
�;ÇyÁ�Â;ÅyÁ�Åi� ü Ç5ÞJéÔû·ÄRÈ5Þ�ÆZÉIÅÁP¶�Á�û�È@Â ü Á�Å1¦[û�Á�È5È5ÁÒÝ;ÇyÆ&û ü ¬;Â;ÇyÁÒÉ;Á9Ý�Á�Ç5Ê�Á�È|ÝÔÄPÅ|È@ÆZÂ.¨yÆZÂ;Ç5Å|¬;Á�Ç5Á�È@Ç5ÆPÂm�ZÁ�ÇÕÜÎÄ��ÖÆZÉ;É;Á�ÁUùiÈ@Ç ü Ê�Þ2È üÝÖÆZÂ;ÇCÜ�Á�ÅCÈ@Ç@ÄRû�Á�Å	¬;ÁX�ÔÄRÅ5Å5Á ü ÉIÁ�ÇQoPÞ�ÁPý
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¬ÔÄPÉIÅ§Ü2Á(Åy­iÅyÈQÎ�Ê�Á]¬;Á|Ç ü � ü ÇyÁ�É;û�Á�¦ÔÈ@Ç5ÄPÉ;Å5Ü�ÄRÈ ü ÝÖÆZÂ;ÇCÝ;Ü�ÄPû�Á�Ç	Ü	�ÏÆZÇ5ÞroZÞ�É;Á�ÄPÂª�ÔÄPÇy­iû�Á�É£È@ÇyÁÕ¬;ÂEÉ�ÂÔÄ�oZÁRý�ÃÁCÅy­iÅyÈQÎ�Ê�Á§ÝIÇ5ÆZÝ;ÇyÁCÁ�Å�È#¬ ü éÔÉ;ÞÔÝ;ÄPÇ�Ü�Á�Åà¬IÞ�Ç5Á�û�È5Þ�ÆZÉ®Ý;ÇyÆZÝ;ÇyÁ�Å�¬;ÂdÉ�ÂÔÄ�oZÁ�¦£Ü	�ÏÆZÇ5ÞroZÞ�É;Á ü È@ÄPÉ£È%¬;ÆZÉ;É ü ÁÝÔÄPÇCÜ2Á/�ÔÄPÇ�­&û�Á�É£È@ÇyÁÕ¬;ÂåÉ�ÂÔÄ�oPÁPý
�ÃÁ�ÅW�PÁ�û�È@Á�ÂIÇ5Å(Ý;ÇyÆZÝ;Ç5Á�Å§Æ��IÈ@Á�ÉiÂIÅ*Ü�ÆZÇyÅ	¬;ÁÕÜ�Ä�¬;Þ�Ä�oZÆZÉ;ÄPÜ�Þ2Å@ÄRÈ5Þ�ÆZÉ�¬IÁ]Ü�Ä�Ê9ÄRÈ@ÇyÞ�û�Á|¬IÆZÉ;É;Á�É�È�Ü�Á�Å

¬;Þ2Ç5Á�û�È@Þ2ÆZÉ;Å�Ý;Ç5ÆPÝ;Ç5Á�Å]¬;Â É�ÂÔÄ�oZÁ�ÝÔÄPÇ�Ç@ÄRÝ;Ý�ÆPÇyÈ]ÄPÂäÅy­iÅyÈQÎ�Ê�ÁÒ¬;Á�Ç ü � ü Ç5Á�É;û�Á�¦'Ü2Á
�ZÁ�û�È@Á�Â;ÇKÝ;ÇyÆZÝ;ÇyÁÄ·­£ÄPÉ£ÈÕÜÎÄåÝ;Ü�Â;ÅzoZÇ5ÄPÉ;¬;Ái�RÄPÜ�Á�Â;Ç]ÝIÇ5ÆZÝ;ÇyÁ9¬ ü éÔÉ;Þ2Å5Å5ÄPÉ£ÈKÜÎÄå¬;Þ2Ç5Á�û�È@Þ2ÆZÉ ÝIÇ5Þ�ÉIû�Þ�Ý;ÄPÜ�Ád¬;Â ÉiÂ;Ä�oZÁPýJ´*ÉÝÖÁ�ÂIÈ®¬IÆZÉ;ûÒÇyÁ�È5Ç5ÆZÂm�PÁ�Ç®Ü��¦ÄPÉmoZÜ�Á�¬;ÁÒÜ�ÄéÈ@Ç5ÄPû�Á9ÝÔÄPÇKÇ5ÄPÝ;ÝÖÆZÇyÈÕÄ�É;ÆRÈ@Ç5ÁÒÅy­iÅyÈQÎ�Ê�Á�¬;Á�Ç ü � ü ÇyÁ�É;û�Á��ÝÔÄPÇ�È@Þ2Ç#¬;Á�Å:û�ÆPÊ9ÝÖÆZÅ@ÄRÉ�È5Á�Å#¬;Â��ZÁ�û�È@Á�Â;Ç:Ý;ÇyÆZÝ;ÇyÁ*¬;Á�ÝIÜ�Â;Å:oZÇ@ÄPÉI¬;ÁW�RÄPÜ2Á�Â;Ç%Ý;Ç5ÆPÝ;Ç5Á�¦Iû��ÏÁ�Å�È
�Õ¬;Þ2Ç5ÁW�
ÝÔÄPÇ�È@Þ2Ç:¬;Á�ÜÎÄ®Ý;ÇyÁ�Ê�ÞnÎ�ÇyÁ(û�ÆZÜ2ÆZÉ;É;Á(¬IÁ|Ü�ÄKÊÒÄ�È@Ç5Þ2û�Á*¬IÁ|ÇyÆPÈ=Ä�È@Þ�ÆPÉþý

�§É;Á�¬;ÞVÙ�û�Â;ÜuÈ ü Ü�Þ ü Á/�dÜ	�ÏÂIÈ5Þ�Ü�Þ2Å@ÄRÈ5Þ�ÆZÉ�¬;Áz®(G'Ó�´�Ì?Á�ÅyÈ<³�Â��ÏÁ�Ü�Ü2Á(¬;ÆZÉ;ÉIÁ]Ü�ÄK¬;Þ�ÇyÁ�û�È5Þ�ÆZÉ0Ê�Æi¬;Â;Ü�Æ
��¤�» ã ¦�û��ÏÁ�ÅyÈ·�]¬;Þ2Ç5Á<³iÂM�¦ÄPÝIÇQÎ�Å-Ü	�qÄPÝ;ÝÖÁ�Ü´¬;Á�û�Á�ÈyÈ@Á*ÇyÆZÂIÈ@Þ2É;Á�¦�ÆZÉ9¬;ÆZÞuÈ^�|û[�ÔÄ�³�Â;Á`�lÆZÞ2Å%È5Á�Å�È@Á�Ç:³�Â��qÁ�Ü�Ü2Á
Á�Å�È�Ü	�ÏÁUùiÈ@Ç ü Ê�Þ2È ü ¬IÂEÉ�ÂÔÄ�oZÁ]û�ÆZÇ5ÇyÁ�ÅyÝ�ÆZÉI¬ÔÄPÉ£È§ÄPÂå¬ ü �;Â&È�¬;Á(È5Ç@ÄPû�ÁPý

�§É;ÁKÄPÂIÈ@ÇyÁKÊ ü È}�IÆ&¬;Á]Ý�Á�Ç5Ê�Á�ÈyÈ=ÄPÉ£È*¬IÁKÇ5Á�È@Ç5ÆPÂm�ZÁ�Ç(ÜÎÄ9¬IÞ�Ç5Á�û�È5Þ�ÆZÉéÝ;Ç5Þ2É;û�Þ2ÝÔÄPÜ�Á|¬;Â�É�ÂÔÄ�oZÁKÁ�Å�È¬��ÏÂIÈ@Þ2Ü�Þ2Å5Á�ÇXÂ;ÉdÄ�¨yÂ;ÅyÈ5Á�Ê�Á�É£ÈàÜ�Þ2É ü ÄRÞ�Ç5Á§��¬IÁ�Â�ùÕ¬;Þ�Ê�Á�ÉIÅ5Þ�ÆPÉ;Å�¦ Å5ÂIÇ�¬;Á�Â�ùKÝ;ÇyÆ$¨yÁ�û�È@Þ2ÆZÉ;Å[ÆPÇyÈ}�IÆ�oZÆZÉÔÄRÜ�Á�Å¬;ÂèÉ�ÂÔÄ�oPÁåÿ!ÝÔÄRÇ�ÁUù&Á�Ê9Ý;Ü2Á�¦ÖÅ5Þ'Ü�ÁÕÉ�ÂÔÄ�oZÁKÁ�Å�È(Ý;Ü2Â;Å*ÄPÜ2Ü�ÆZÉmo ü ¬;ÄPÉ;Å*Ü�Ä9¬;Þ2Ç5Á�û�È@Þ2ÆZÉ�Ð�¦�ÆZÉ�Â&È@Þ�Ü2Þ�ÅyÁ�Ç@ÄÜ�Á�ÅÕÝ;ÇyÆ$¨yÁ�û�È@Þ2ÆZÉ;Å�Ð<Ó Á�È�Ð ñ ð ý��ÃÁ�ÅKÝ;ÄPÇ@ÄPÊ�Î�È5Ç5Á�ÅKÄ�Á�È�� ¬;Á�û[�;Ä�³�Â;Á0¬;Ç5ÆPÞ2È@Á9Å5ÆZÉ£È®Æ��IÈ@Á�ÉiÂIÅ��ÝÔÄPÇ�È@Þ2Ç(¬;Â û�ÄPÜ�û�Â;Üà¬;Á�Å]Ê�Æ�­ZÁ�ÉIÉ;Á�Å1¦N�RÄPÇyÞÎÄPÉIû�Á�Å�Á�È]û�Æ��PÄRÇ5ÞÎÄRÉ;û�Á�Å]¬;ÂäÉ�ÂÔÄ�oZÁ�¦Xû�Ái³�Â;Þ�Ç5Á1�iÞ2Á�É£È|Á�É
�!ÄPÞuÈp�(Ê9Þ2É;Þ�Ê�Þ�ÅyÁ�Ç�Ü�Á�ÅàÁ�Ç5ÇyÁ�Â;ÇyÅ%Á�É9Ê�Þ�ÉIÞ�Ê�Þ�Å@ÄRÉ�È'Â;É�ôÍ½·ý¶´*É�ÇyÁ�û�ÆZÊ
�;Þ2É;ÁCÁ�É;ÅyÂ;Þ2È5Á	Ü	�qÄPÉ�oZÜ2Á-Æ��IÈ5Á�É�Â
¬ÔÄPÉIÅ�û[�;Ä�³�Â;Á]ÝIÇ5Æ$¨yÁ�û�È@Þ2ÆZÉåÝ�ÆPÂ;Ç	Ç5Á�È5Ç5ÆZÂ{�ZÁ�Ç	Ü�Äd¬IÞ�Ç5Á�û�È5Þ�ÆZÉ0Ý;ÇyÞ�É;û�Þ�ÝÔÄRÜ�Á*¬ÔÄRÉ;Å	Ü	�ÏÁ�Å5Ý;ÄPû�ÁRý

�XÄ]¬ ü �&Þ�ÄRÈ@Þ2ÆZÉÒ¬;ÄPÉ;Å-Ü2Á	Ê ü ÜÎÄPÉ�oPÁ<oZÄP��Á�Â�ù�Á�ÅyÈ-Â;É;Á�Ê9ÄPÇyû[�;Á�ÄRÂ��ÔÄPÅ5ÄPÇ5¬�¦�û�Á`³�Â;Þ�ÁIù&Ý;Ü�Þr³iÂIÁ§Ü�Ä¬ ü Ý�Á�É;¬ÔÄPÉ;û�Á§Á�É9Ç5ÄPû�Þ2É;ÁCû·ÄRÇ5Ç ü ÁC¬;Á	ÜÎÄ*¬ ü �iÞÎÄRÈ5Þ�ÆZÉiõ�Ä��ZÁ�û�Ü2ÁCû[�;Á�Ê�Þ�ÉdÝÔÄRÇ5û�ÆPÂ;Ç5Â�ç�ý�G&ÞÔÜ	� ü Ü2Á�û�È@Ç5ÆPÉ¬;ÁEÇ5Á�û�Â;Ü�ÝÔÄPÇ�ÈÒ¬ÔÄRÉ;Å9Ü�Ää¬IÞ�Ç5Á�û�È5Þ�ÆZÉ ñ Á�ÈÒÇyÁ�ÅyÈ5Á�¬ÔÄRÉ;ÅÒÜ2ÁEÝIÜÎÄPÉ Ð ñ ¦�ÆZÉçÄm¦àÝ�ÆPÂ;Ç9ÂIÉ;ÁéÝÖÁ�È5Þ2È5Á
¬ ü �&Þ�ÄRÈ@Þ2ÆZÉfömõ]TF÷]ø ùûúF÷ ø ü Á�È^ý < +Wõ�T�à�¨ ü úFõ&ý��XÁ�¬ ü �;Â&È	¬;Á*ÜÎÄ|È@Ç@ÄRû�Á*Á�ÅyÈ	¬;ÆZÉIû*¬ ü û�Ç5ÞuÈÝÔÄPÇ|Ü	� ü ³�ÂÔÄ�È@Þ�ÆPÉÍà÷õþ÷ ü ä)åC½�ý � Á�ÈyÈ@Á ü ³iÂ;ÄRÈ@Þ2ÆZÉòÉ��ÏÁ�Å�È��RÄPÜ�Ä��;Ü�Ái³�Â;ÁÒÈ5ÇQÎ�ÅÕÜ�Æiû·ÄRÜ�Á�Ê�Á�É£È|û·ÄRÇ]Á�Ü�Ü�Á�!ÄPÞuÈCÜ	�3�£­&ÝÖÆPÈQ��Î�ÅyÁ]¬��ÏÂ;É;Á�ÝÖÁ�È5Þ2È@Á(¬ ü �iÞÎÄRÈ5Þ�ÆZÉåÁ�È	¬��qÂIÉéÊ�ÆZÂm�PÁ�Ê�Á�É£È�Ý;ÜÎÄPÉ�ý

�§ÉçÄ.¨yÂ;ÅyÈ5Á�Ê�Á�É£È9Á�ÉæÝ;Â;Þ�ÅyÅ@ÄPÉIû�Á�¾qµ ¢ Å5Á�Ê
�;Ü�Áå¬;ÆPÉ;ûéÝIÜ�Â;Å�ÄPÝ;ÝIÇ5ÆZÝ;ÇyÞ ü ³�Â��ÏÂ;É Ä�¨yÂ;ÅyÈ5Á�Ê�Á�É£ÈÜ�Þ2É ü ÄRÞ�Ç5Á0ÝÖÆZÂ;ÇdÇyÁ�È@ÇyÆZÂm�PÁ�ÇÒÜ�Ää¬IÞ�Ç5Á�û�È5Þ�ÆZÉ÷ÄPÂç¬ ü �;ÂIÈ9¬;ÁéÜÎÄèÈ@Ç@ÄRû�ÁPý:´*ÉçÝÖÁ�Â&ÈÒÊ�ÆZÉ£È@ÇyÁ�Ç�³iÂIÁ�Ü�ÁÊ�Á�Þ�Ü2Ü�Á�Â;ÇàÄ.¨yÂ;Å�È@Á�Ê9Á�É�È-Á�Å�È-¬;ÆPÉ;É ü ÝÔÄPÇ%Ü	� ü ³�ÂÔÄRÈ5Þ�ÆZÉiÿv÷2½�öª÷>÷�ë!á��}÷>½�������õ	�àõ�
m¦£Æ�Øs÷:¦n÷p¦�ÿ�¦
ëÕÁ�È��	Å5ÆPÉ�È�¬;Á�Å·�lÆZÉ;û�È5Þ�ÆZÉIÅC¬;ÁzõdÁ�È�¬;Á�Å	Ê�ÆZÊ9Á�É£È@ÅC¬;Á5ùåÁ�È§�:¨yÂIÅQ³�Â��5�9Ü	�ÏÆZÇy¬;Ç5Á�
Iý��XÁ�Ê�Á�Þ2Ü�Ü�Á�Â;Ç
Ä.¨yÂ;Å�È@Á�Ê9Á�É�È�Á�ÅyÈ§Æ��IÈ@Á�É�ÂéÝÔÄRÇCÜ�Á(û[�ÔÄPÉmoZÁ�Ê�Á�É£È§¬;Á�Å5ÞnoPÉ;Á(¬;Á�����õ	�-Ü�ÆZÇyÅQ³�Â��ÏÆZÉ��!ÄPÞ2È^�RÄPÇyÞ�Á�Ç
õ&ý

�§É;Á ü È@Â;¬IÁ(ÄÕÊ�ÆZÉ£È@Ç ü ³iÂIÁ*Ý�ÆPÂ;Ç:¬;Á�Å-È@Ç5ÄPû�Á�ÅCÉ��¦Ä·­ZÄPÉ£ÈCÝÔÄPÅ:¬ ü Ç5ÞV� ü ÿlÆZÉ�Þ�É£È5Ç5Æi¬;Â;Þ2È#Â;É;Á§È@ÇQÎ�Å�!ÄPÞr�;Ü�Á�¬;Þ���Â;ÅyÞ�ÆZÉ]Ý�ÆPÂ;Ç[¬;Á�Å�Ç@ÄRÞ�Å5ÆPÉ;Å'É�Â;Ê ü ÇyÞn³�Â;Á�Å ð ¦Rû�Á-È�­iÝÖÁ:¬��qÄ.¨yÂ;Å�È@Á�Ê�Á�É£Èà¬IÆZÉ;É;Á:¬IÁ-Ê�Á�Þ�Ü2Ü�Á�Â;Ç5ÅÇ ü Å5Â;ÜuÈ=ÄRÈ5Å:³�Â��ÏÂ;É0Ä�¨yÂ;ÅyÈ5Á�Ê�Á�É£È:Ü2Þ�É ü ÄPÞ�ÇyÁPýqò'ÄPÇ-û�ÆZÉ£È@Ç5Á�¦&Ü2ÆZÇQ³�Â��ÏÆZÉ�Þ�É£È@ÇyÆ&¬IÂ;Þ2È%ÜÎÄ�¬;Þ���Â;ÅyÞ�ÆZÉM¦£Ü	�qÄ.¨yÂ;Å�MÈ@Á�Ê9Á�É£È*Á�ÉèÝIÂ;Þ�ÅyÅ@ÄPÉ;û�Á{¾�� ¢ ¬;Á1�iÞ2Á�É£È(Ê�ÆZÞ�É;Å�Á1Ù�û�ÄPû�ÁRý � Á�Ü�ÄÒÁ�Å�È(¬;���9ÜÎÄ9ÝÖÆZÅyÞ2È@Þ2ÆZÉE¬;Â��ZÁ�ÇyÈ5ÁUùP¦³�Â;ÞþÁ�ÅyÈ�Â;ÉåÝ�ÆPÞ�É£ÈCÅ5Þ2É�oZÂ;Ü2Þ�Á�Ç-¬ÔÄPÉIÅCÜ	�qÄ.¨yÂ;ÅyÈ5Á�Ê�Á�É£È	Á�ÉåÝ;ÂIÞ�Å5Å5ÄPÉ;û�Á�¦´ÄPÜ2ÆZÇ5Å^³�Â��ÏÞ�Ü�É��ÏÁUù&Á�Çyû�Á]ÄPÂ;û�ÂIÉ;Á
û�ÆPÉ�È5Ç@ÄPÞ2É£È@Á�Å5Â;Ç%Ü	�qÄ.¨yÂ;Å�È@Á�Ê�Á�É£È%Ü�Þ2É ü ÄRÞ�Ç5ÁRýÊ�ÃÁ<�PÁ�Ç�È@ÁUù/¨yÆZÂIÁ�ÂIÉÒÇ��PÜ�Á	¬;Á�Ý;Þr�PÆPÈ�¦£Á�È#È5ÆZÂ;Å%Ü�Á�Å�ÝÖÆZÞ�É£È5Å¬;Á]Ü	�qÄ.¨yÂ;ÅyÈ5Á�Ê�Á�É£È*¬IÆZÞr�PÁ�É£È(.�È5Ç5Á]Å5Þ2È5Â ü ¬IÁ�Ç5ÇyÞnÎ�Ç5ÁÕÜ2Áz�PÁ�Ç�È@ÁUù�ÿ!Þ�ýqÁRý�Þ2ÜN�!ÄRÂIÈ������ ð ý��XÆPÅQ³�Â��ÏÆZÉèÞ�É&M
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È@ÇyÆ&¬IÂ;Þ2È(Ü�Ä�¬;Þ���Â;ÅyÞ�ÆZÉ�¦�¬;Á�Â�ùèÁ���Á�È@ÅX�iÞ�Á�É;É;Á�É£È]ÄPÜ2ÆZÇ5Å(ÝÖÁ�Ç�È@Â;Ç���Á�Ç(Ü	�qÄ.¨yÂ;ÅyÈ5Á�Ê�Á�É£È�öþÜ	�ÏÞ�ÉIû�Á�Ç�È@ÞuÈ@Â;¬;Á
¬;Â;Á��9Ü��qÁ�ÅyÈ5Þ�Ê9ÄRÈ@Þ2ÆZÉ�¬;Á|ÜÎÄdÝ�ÆPÅ5Þ2È5Þ�ÆZÉ0¬IÂ��ZÁ�ÇyÈ5ÁUùP¦�Á�È�Ü�Ä�ÝÖÁ�Ç�È@Á|¬��ÏÞ�Ém�lÆZÇyÊÒÄ�È@Þ�ÆPÉ�¬;Â;Á]ÄPÂ�ùEÝÖÆZÞ�É£È5Å
Å5ÞuÈ@Â ü Å�Ä��RÄPÉ£È�Ü�Á��PÁ�Ç�È@ÁUù�ý

Ú��p�����r���m�?�?�.���m�`�� �0Û"!����+�[�¡�[���
�XÄ�³�ÂÔÄPÜ2Þ2È ü ¬;Á�Ü	�qÄ.¨yÂ;Å�È@Á�Ê�Á�É£È�Á���Á�û�È@Â ü Á�ÅyÈ§¬ ü È5Á�Ç5Ê�Þ�É ü Á(Á�ÉEû·ÄRÜ�û�ÂIÜÎÄPÉ£È	Â;Éªô$#§¬ ü éÔÉ;ÞÃÝÔÄRÇzö

ô # õ V%Uö'&
() *
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ë". * #
Ö #/ á ë"0 * #

Ö #1 ÿ��®ýr� ð
Æ32åH Á�ÅyÈCÜ2Á�É;ÆPÊ
�;Ç5Á�¬;Á(Ý�ÆPÞ�É£È@Å#ÂIÈ@Þ2Ü�Þ�Å ü Å%Ý�ÆPÂ;Ç:û·ÄRÜ�û�ÂIÜ�Á�Ç#Ü�ÁWô4#�¦{Ö / Á�È·Ö 1 ÅyÆZÉ£ÈCÜ�Á�Å:¬;Þ2Å5ÝÖÁ�Ç5ÅyÞ�ÆZÉIÅ¬;Á�û�Á�Å�HâÝ�ÆZÞ2É£È@ÅC¬ÔÄPÉIÅCÜ�Á�ÅC¬IÞ�Ç5Á�û�È5Þ�ÆZÉ�­0Á�È	��¦;Á�È§ë". * Á�È�ë"0 * Å5ÆPÉ�È�Ü2Á�ÅC¬;Þ2ÅyÈ=ÄRÉ;û�Á�Å�¬IÂEÞ65k87Ãk ÝÖÆZÞ2É�È
�®ÜÎÄ®¬;ÇyÆZÞ2È5Á*¬��qÄ.¨yÂ;ÅyÈ5Á�Ê�Á�É£È·ý

�ÃÁÒÝ;ÇyÆ��;ÜnÎ�Ê9Á�³�Â;Þ%Å5Á�ÝÖÆZÅ5Á9Ý�ÆPÂ;Ç ü �PÄRÜ�Â;Á�Ç]Ü�Äª³�ÂÔÄPÜ2Þ2È ü ¬��ÏÂ;ÉúÄ�¨yÂ;ÅyÈ5Á�Ê�Á�É£È®Ç ü Å5Þ2¬;ÁÒ¬ÔÄRÉ;ÅÕÜ�Ä¬ ü:9 É;Þ2È5Þ�ÆZÉè¬IÁ�Ü�� ü û[�ÔÄPÉ£È@Þ2Ü�Ü2ÆZÉ�ÂIÈ5Þ�Ü�Þ2Å ü ÝÖÆZÂ;Ç(û�ÄPÜ�û�Â;Ü�Á�Ç*Ü	�ÏÁ�Å�È@Þ2ÊÒÄRÈ5Á�Â;Ç�ý<;àÉäÁ���Á�È�¦ÃÉIÆZÂ;Å|Ä��ZÆZÉ;Å/�iÂ³�Â;Á%Å5Þ�ÆZÉ|û�ÆZÉ;ÅyÞ�¬�Î�Ç5ÁàÈ@ÆPÂ;Å'Ü2Á�ÅXÝÖÆZÞ�É£È@ÅX¬;Â|É�ÂÔÄ�oZÁ�¦ Ü	�ÏÁ�ÅyÈ5Þ�Ê9ÄRÈ@Á�Â;ÇþÝ;ÇyÁ�É;¬IÇ@Ä§Á�É]û�ÆZÊ�ÝIÈ@Á�¬;Á�Å'ÝÖÆZÞ�É£È5Å
³�Â;Þ�É;ÁKÅ5ÆPÉ�È�ÝÔÄPÅ§Ç5Á�ÝIÇ ü ÅyÁ�É£È=Ä�È@Þr�lÅ�¬;ÁÕÜ�Ä9¬;Þ2Ç5Á�û�È@Þ2ÆZÉ�ÄRÂ�¬ ü �IÂIÈ*¬;ÁÕÜÎÄ®È@Ç@ÄRû�ÁPýP�ÃÁ�Å`�RÄPÇyÞÎÄRÈ5Þ�ÆZÉIÅC¬;ÁÜ	�ÏÁ�Å�È@Þ2ÊÒÄRÈ5Á�Â;Ç-Ü�ÆZÇyÅ:¬;Á�ÜÎÄ®Ç ü ¬;Â;û�È@Þ�ÆPÉE¬IÂéÉ�ÂÔÄ�oPÁ|ÅyÁ�ÇyÆZÉ£È�ÄRÜ�ÆZÇyÅ:¬;Â;Á�Å`�KÈ@ÆPÂIÈ@Á�Å�Ü2Á�ÅCÝÔÄRÇyÈ@Þ2Á�ÅC¬;Á�Ü�ÄÈ@Ç5ÄPû�ÁRý

=àÜ�ÂIÈ��PÈ<³iÂIÁÕ¬;Á|Å5Á|Å5Á�Ç��iÞ�Ç�¬;Á�È@ÆZÂ;Å�Ü�Á�Å§ÝÖÆZÞ2É�È5Å	¬;Â�É�ÂÔÄ�oPÁ�¦´ÆZÉEÝ�Á�ÂIÈ�ÉIÁ]È@Á�É;Þ�Ç	û�ÆZÊ9Ý&È@ÁX³�Â;Á
¬;Á�Å9ÝÖÆZÞ�É£È5Å�Â&È@Þ�Ü2Þ�Å ü Å®ÝÖÆZÂ;Ç��!ÄPÞ�ÇyÁ0Ü	�qÄ.¨yÂ;Å�È@Á�Ê�Á�É£È�ý%L§Â÷û�ÆZÂ;ÇyÅ9¬;ÁEÜÎÄèÇ ü ¬;Â;û�È@Þ2ÆZÉç¬;ÂæÉ�ÂÔÄ�oZÁ�¦�ÆZÉ¬;Á0�&Þ2Á�É£È0ÄRÜ�ÆZÇyÅ�¬IÁ�Ý;Ü2Â;ÅÒÁ�ÉçÝ;Ü2Â;ÅÒÅyÁ�É;ÅyÞn�;Ü2Á�ÄPÂ÷¬ ü �IÂIÈ�¬;ÁéÜÎÄèÈ@Ç5ÄPû�ÁRý7�ÃÁ�ÝIÇ5Æ��;ÜrÎ�Ê�Áå¬;Á�û�Á�È5È5ÁÊ ü È}�IÆ&¬;Á(Á�ÅyÈW³�Â;Á�ÜÎÄ
�RÄPÇ5Þ�ÄRÈ@Þ2ÆZÉ�¬;Á�Ü	�ÏÁ�Å�È@Þ2ÊÒÄRÈ5Á�Â;ÇC¬ ü ÝÖÁ�É;¬éÄPÜ�ÆPÇ5Å	ÄPÂ;ÅyÅ5ÞN�;Þ2Á�Éå¬;Á�ÜÎÄ�³�ÂÔÄPÜ2Þ2È ü ¬;ÁÜ	�qÄ.¨yÂ;Å�È@Á�Ê9Á�É�Èi³�Â;Á0¬IÁ0ÜÎÄf³�ÂÔÄPÜ2Þ2È ü ¬;Á0Ü	� ü û[�;ÄPÉ£È@Þ�Ü2Ü�ÆZÉM¦'û��qÁ�ÅyÈ��è¬;Þ�ÇyÁ�³�Â��ÏÆZÉ�Ý�Á�ÂIÈd¬;Þ�Ê�Þ�É�Â;Á�ÇÕÜ�Ä�RÄPÜ�Á�Â;Ç*¬;ÁÕÜ	�ÏÁ�ÅyÈ5Þ�Ê9ÄRÈ@Á�Â;Ç�¦ÖÅ@ÄRÉ;Å(û[�ÔÄPÉ�oPÁ�Ç(ÜÎÄ9¬;Þ�ÇyÁ�û�È5Þ�ÆZÉ�¬;Á®Ü	�qÄ.¨yÂ;Å�È@Á�Ê�Á�É£È�¦'¨yÂ;Å�È@Á®Á�É8Ê�Æ&¬IÞ 9 ÄPÉ£ÈÜ	� ü û[�;ÄPÉ£È@Þ�Ü2Ü�ÆZÉÒÂIÈ@Þ2Ü�Þ�Å ü ý='ÆZÂIÇC.�È@ÇyÁ*Å5Á�É;Å5Þr�;Ü�Á�Â;É;Þn³�Â;Á�Ê9Á�É£È<�ÕÜÎÄÕ¬IÞ�Ç5Á�û�È5Þ�ÆZÉ0ÄRÂ0¬ ü �;Â&ÈC¬;Á(ÜÎÄ|È@Ç@ÄRû�Á�¦iÈ@ÆZÂ&ÈCÁ�É0ÇyÁ�ÅyÈ@ÄPÉ£ÈÞ�ÉIÅ5Á�ÉIÅ5Þn�IÜ�Á�ÄPÂ�ùi�RÄPÇyÞÎÄRÈ5Þ�ÆZÉ;Åà¬IÁ§Ü�� ü û[�ÔÄPÉ£È@Þ2Ü�Ü�ÆPÉ®ÂIÈ@Þ2Ü�Þ�Å ü Ý�ÆPÂ;Ç]�!ÄPÞ�ÇyÁ�Ü��¦Ä�¨yÂ;ÅyÈ5Á�Ê�Á�É£È�¦�É;ÆPÈ5Ç5Á�Á�Å�È@Þ�Ê9Ä�MÈ@Á�Â;Ç	Á�Å�È§¬IÆZÉ;û�û·ÄPÜ2û�Â;Ü ü Å5ÂIÇ�ÂIÉ ü û[�ÔÄPÉ£È@Þ2Ü�Ü�ÆPÉ 9 ù&Á]¬IÁ|ÝÖÆZÞ2É�È5Å:Å5ÞuÈ@Â ü Å	Á�ÉE¬ ü �;Â&È§¬IÁ�È5Ç@ÄPû�Á�¦ÔÞ2É;¬ ü MÝÖÁ�É;¬ÔÄRÊ9Ê�Á�É£È|¬;ÂäÉ;ÆZÊ
�;ÇyÁd¬;ÁdÝ�ÆZÞ2É£È@Å�ÂIÈ@Þ2Ü�Þ2Å ü Å�Ý�ÆZÂIÇX�!ÄRÞ�Ç5Á®Ü��¦Ä�¨yÂ;ÅyÈ5Á�Ê�Á�É£È·ý � ÆZÊ�Ê�Á®Ü	� ü û[�ÔÄPÉiMÈ@Þ2Ü�Ü2ÆZÉå¬;ÁÕÝÖÆZÞ�É£È5Å§ÇyÁ�ÅyÈ5ÁKÞ�¬IÁ�É£È@Þr³iÂIÁÕÝÖÆZÂ;Ç�ÂIÉ;Á]È5Ç@ÄPû�ÁÕ¬;ÆZÉIÉ ü Á�¦�Ü�Á�ÅW�RÄPÇyÞÎÄRÈ5Þ�ÆZÉ;ÅC¬IÁKÜ	�ÏÁ�Å�È@Þ�Ê9ÄRÈ5Á�Â;ÇÇ5Á:>HÎ�È5Á�É£È§Â;É;Þn³�Â;Á�Ê9Á�É£È§Ü�Ä
³�ÂÔÄPÜ�ÞuÈ ü ¬;Á�Ü��¦Ä.¨yÂIÅyÈ@Á�Ê9Á�É£È·ý
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