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MESURES

Moyenne journalière de l’Ozone
Moyenne Européenne :  (RMS=22,BIAIS=+2.4,CORREL=0.47)
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Maximum journalier de l’Ozone
Moyenne europénne : (RMS=21.4,BIAIS=-4.16,CORREL=0.73)
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POLAIR3D
MESURES

Moyenne journalière de l’Ozone
Station: ILLMITZ (RMS=14.5,BIAIS=+5.37.16,CORREL=0.7)
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Maximum journalière de l’Ozone
Station: ILLMITZ (RMS=20.5,BIAIS=-3.6,CORREL=0.72)
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Moyenne journalière de l’Ozone
Station: ZINGST (RMS=11.34,BIAIS=+1.67,CORREL=0.77)
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Maximum journalier de l’Ozone
Station: ZINGST (RMS=15.2,BIAIS=-3.,CORREL=0.77)
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Moyenne journalière de l’Ozone
Station: IRATY(RMS=18.4,BIAIS=-1.75,CORREL=0.45)
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Maximum journalier de l’Ozone
Station: IRATY (RMS=22.16,BIAIS=-1.5,CORREL=0.5)

0 20 40 60 80 100
Jours

0

50

100

150

200

250

300

350

C
o

n
c
e

n
tr

a
ti
o

n
 (

e
n

 u
g

/m
³)

POLAIR3D
MESURES

Moyenne journalière de l’Ozone
Station: BROTJACKLRIEGEL (RMS=22.9,BIAIS=-13.53,CORREL=0.73)

0 20 40 60 80 100
Jours

0

50

100

150

200

250

300

350

C
o

n
c
e

n
tr

a
ti
o

n
 (

e
n

 u
g

/m
³)

POLAIR3D
MESURES

Maximum journalier de l’Ozone
Station: BROTJACKLRIEGEL (RMS=22.86,BIAIS=-12.2,CORREL=0.79)
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Distribution de fréquence
Différence d’ozone (simulé et mesuré)
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a ^h[cs n�a y } ehvu[ n ] b ]�dfe a dfe�Z�^hq�q a v a v'y{za [ a v acb q a v n `a Z�[ b ]�sA^hv#[�gh]�iX]�dfe a v¥v'sA^ b zZ n Z�¦'s�e bmacn
q�Z�^hv }�a v�ijs�qxzac}�a v�y�sAe n�}_a v n'a ^hq n'a y } ehv�[csAiXy }�a�b v acb y } ehv n `a Z } ]_v b�a v��§y�Z nua � a iXy }�a�¨3} Z
y n ]_v a|a ^0[Ws�ijy b�a q a y } e%v�] a e n v>y%g�Z�v a v�� ©

¤ ^ a y n'a iX]©zaWn'a Z�y%y n s�[�g a y�sAe nun `a y�sA^hq n'a zZ�[ a�b�b�a qh]_�X[ce }_b `a�a v b�} ]�`aWa zZ } Z n `a qheh[ b ]�s�^
q%ª�^�Z�iX]�dfe a q a�bmaW} v�v�ª�v b za i a v ©/« ^¬v a�k sA^%q�Z�^ b v�e n�}�a [WZ n Z�[ b zacn�a�}_a ^ b(Fn Z�yh]_q a q a vMv�ª�vE�
b za i a qh]!�8`acn�a ^ b ] aW} v n `a v�e }!b Z�^ b v � q a v#iXs�qxzaW}�a v n `a qheh] b v~q a y } e%v|y a�b ] b�aub Z�] }�}_a y a e o�a ^ b �a�bmn'a
[WsA^hv bmn eh] b v a ^R® }_b�n Z�^ b>}_a v>[Ws�ijy�sAvmZ�^ b�a v n Z�yh]�q a vC�1¯ � � ©

¤ ^ a v a [csA^hq a Z�yhy n s�[�g aja v b#} ]�`aca Z�e°[csAiXy�s n�bma i a ^ b v b Z b ]�v b ]�dfe a q a [ a v¥v�ª�v b za i a v a�b
a v b/k sA^%q*`aWa v�e n e%^ a q*`a [csAijy�sAv'] b ]_sA^ a ^riXs�q a v>y n sAy n'a v/q a v8v�s } e b ]�sA^hvl�1¯�±�� ©

¤ ^ a�bmn sA]�v']©za i a Z�yhy n s�[�g a�� thZ�v�`aca v�e n q a v�q�`aco�aW} sAyhy a i a ^ b v a ^:y�s } ª�^5�sAi a v¥y�Z n Z�i�`a �
bmn ]_v�`a v acb v'e n q a vM]�^ bmacn y�s } Z b ]�s�^hv\q a v b Z�t }�a v�y n `a �
[�Z } [We } `aWa vT� } s�sA²A�@e%y b Z�t }�a �Xy a e b �a�bmn'a
e b ] } ]�v�`aWa [WsAiXi a iXs�q{zaW}_a q a~n�a y n `a v a ^ b Z b ]_sA^Ry�sAe n>n�a iXy } Z�[ acn>}�a v>v's }_o�a e n v/q a [�gh]�iX] a ©�³ ^
v a�n `ack zaWn'a zZ��1¯�´���y�sAe n y } e%vuq a q�`a�b Z�] } v ©�£ sAe n eh^�iXs�q{zaW}_a Z�ªBZ�^ buµx¶�·'µ�¸�·�¹_¹!¹!·�µ�º»o Z n ])Z�t }_a v
qxw a ^ bmn `aca�� y�sAe n eh^ a�n `a v�s } e b ]_sA^ a ^�¯�¼�½T�©½�y�s�]�^ b vCqxwE`a [�g�Z�^ b ] }�} sA^h^�Z�p a y�Z n qh] n'a [ b ]�s�^�� �{} Z
[WsA^hv bmn eh[ b ]�sA^\q a/} Z b Z�t }�a�bmn Z�qh] b ]�sA^h^ aW}�}_a q¾w�]_^ b�aWn y�s } Z b ]_sA^¥^�`a [ a v�v'] bma8} w a �-`a [We b ]�sA^\q a ½ º k sA]�v
}�a iXs�qxzaW}�a ]�^h] b ])Z } ©f« ^ry } ehv>q a v/qh]_�X[We }_b `a v } ]�`aWa v/Z�e��M]_^ b�aWn y�s } Z b ]_sA^hv|zZX^Rqh]_i a ^hv�]_sA^hv � [ a v
Z�yhy n s�[�g a v n'a v b�a ^ b y n sAgh]_th] b ] oAa vPy�s�e n q a v�iXs�qxzaW}�a v-[�gh]�iX]�dfe a v�dfeh]�[WsAiXy n'a ^h^ a ^ b eh^ b�n za v
p n Z�^%q0^%sAiut n'a q a q a p n `a v/q a~} ]_t acn'b `a �¿e%^ a [ a ^ b Z�]_^ a qxw a v�yxza [ a v�[�gh]_ij]_dfe a v b ª�yh]_d�e a i a ^ b � ©

À�`a [ a iXi a ^ b eh^ a i�`acb g%s�q a ^hsAiXi�`acaÂÁ�Ã ]�pAgÄ�l]�i a ^hv']�sA^�Z }¥Å s�q ac}un�a y n�a v a ^ b Z b ]_sA^hÆ
� Ã � Å À�� � ZÇ`a�b `a y n `a v a ^ b `aWa q�Z�^hvr�<È����/y�sAe n Z�i�`aW} ]�s n'aWn¥} w a �X[�Z�[c] b `a q a q�`a qheh[ b ]�s�^�q aR} Z
n�aW} Z b ]_sA^ a �%]_v b Z�^ bma�a ^ bmn'a�}�a v o Z n ])Z�t }�a v�qxw a ^ bmn `aca�acb [ ac}�}�a vMq a v�s n�b ] a q�Z�^hvReh^ÉiXs�qxzac}�a
[WsAiXy }�a � a q a g�Z�e b�a qh]�i a ^hv']�sA^ ©

YPw<sAt�¦ a [ b ] k q a ^hs b�n�a `acb ehq a0a v b qxw�Z�yhy } ]�dfe acn q�Z�^hv }�a [csA^ bma � b�a q a v�iXs�qxzaW}�a v\�A�Êq a
� gh]�iX] a �@� n Z�^hv'y�s n'b=a ^ b Z�^ b dfe a v'ehthv b ] b e b Z�e��»v�s }_oAa e n v~q a�} Z�[W]_^�`acb ]�dfe a [�g%]�iX]�dfe a ZF®�^
qxwËZ�i�`ac} ]�s n�aWnD} Z n Z�yh]�qh] b `a q a8}_a e n-a ��`a [We b ]�sA^ acb�n'a ^hq n'a Z�]�^hv']hy�s�v�v�]_t }�a q a v\`acb e%q a v�qxw�]_ijyhZ�[ b
zZ\v'[�`a ^�Z n ]_]xiue }!b ]_y }�a v ©

YKZ�i�`acb ghs�q a¥Ã � Å À a v b eh^�q�`a�oAac} sAyhy a i a ^ b|a ^�Ì°v�`aWn ] a v�q a#k sA^%[ b ]_sA^hv8q a¥o Z n ])Z�t }_a v
qxw a ^ bmn `aca [Ws n'n `aW} `aWa v�dfeh] n�a y n `a v a ^ bma ^ b�a �X[WZ�[ a i a ^ b�}_a v } ] a ^hv a ��]�v b Z�^ b v a ^ b�n�a/}�a v a ^ bmn `aWa v a�b
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v's n'b ] a v|qhe�ijs�qxzaW}_a © YPw�s n q n�a�� q a�} w a ��y�Z�^hv']�sA^T[cs n�n'a v�y�sA^hq�zZ } w a � acb [Ws�sAy�`aWn Z b ] k-n `a v�]�q%e aW}
�§eh^ a|k sA]_v�q�`a q%eh] b v8[ a e��Mq a v8s n q n�a v/y n `a [�`a q a ^ b v��>q a v � ehy }_acb v>q a~o Z n ])Z�t }�a v*qxw a ^ bmn `aca ©� ]�Z�e%[Weh^ aXbmn sA^h[�Z b e n'a ^xw a v bua � a [ b e�`aWa��5}�a q�`a�oAac} sAyhy a i a ^ b¥a v b#a �%Z�[ b © YPwËZ�^%vmZ b���� v�e n
}_a dfe ac} v a�k sA^%q aT} Z°i�`acb ghs�q aTÃ � Å À ��a v b dfexwI?WAfC
	T1VC
	 � ] }�a v b v�e%�Xv�Z�^ b q a v aT} ]_ij] bmacn
Z�e��X]�^ bmacn Z�[ b ]_sA^hv a ^ bmn'a [csAehy }_a v o sA] n�a/bmn ]�y }_acb vPq a8o Z n ])Z�t }_a vPy�sAe n�n�a v b ] b e acn-} w<]�^ k s n i�Z b ]�s�^
[csA^ bma ^�e a q�Z�^hv }�a v|ijs�qxzaW}_a vly%gfª�v']�dfe a v ©5� a [c] a v b|o `aWn ]_®*`a�a ^ y n Z b ]�dfe aua�b s�^ v a�} ]_ij] bmaWn Z
]_[W]{Z�e0q�`acoAac} sAy%y a i a ^ b zZ } w<s n q n�a È ©

YKZ�i�`a�b ghs�q a~Ã � Å À v a [�Z n Z�[ b `aWn ]�v a y�Z n|¨
� q a vPsAy�`acn Z b ]�sA^%v�t�Z�v�`aWa vPv a e }�a i a ^ b v'e n q a vPi�Z�^%]�yhe } Z b ]_sA^hvKZ } pD`a t n ]�dfe a v b�n za v n Z�yh]_q a v
acb v b Z�t }�a v � [ a d�e%] n�a ^%q } Zui�`a�b ghs�q a|a �X[WZ�[ a�

� e%^ a#a �%Z�[ b ] b e%q a [csAiXy�Z n Z�t }�a Z�e��0v�s }!oAa e n v�q a#} ZX[c]�^�`a�b ]�dfe a [�gh]_ij]_dfe a��hb sAe b8a ^»Z b �
bma ]_pA^�Z�^ b e%^ a~n Z�yh]_qh] b `a v�]_pA^h]!®�[�Z b ] o�a q albma ijy%v ��£-¤ �

� e%^ a y n ]_v a|a ^0[Ws�ijy b�a q a|b sAe bma v }_a v o Z n ]�Z�t }_a v�qheRv�ª�v b za i a q a qh]�i a ^%v�]�s�^ `aW}_aco `aWa ©
« }_}�a y a e b �a�bmn�a Z�y%y } ]_d�e�`aWa y�sAe n qh]!�8`acn�a ^ b�a v8Z�yhy } ]�[WZ b ]_sA^hv � ^hs b Z�iXi a ^ b|¨

� } Z [csA^hv bmn e%[ b ]_sA^:qxw�e%^ iXs�qxzac}�a sAy�`aWn Z b ]�s�^h^ aW}>a ^ b ]©zacn�a i a ^ b `a dfeh] o Z }�a ^ b Z�e�ijs�qxzac}�a
qxw�s n ]�p�]�^ a �§] } [WZ } [ce }�acn Z>qh] n�a [ bma i a ^ b5}_a vK[WsA^%[ a ^ b�n Z b ]�sA^hv5qxw a v'y{za [ a v�q a v's n'b ] a zZ8yhZ n'b ] n
q a v/[Ws�^h[ a ^ b�n Z b ]�sA^%v>]�^h] b ])Z }�a v�qxw a v'y{za [ a qxw a ^ bmn `aWaCacb q a v=yhZ n Z�i0zacb�n�a v>q alk s n��[WZ�p a � �

� } w�]_q a ^ b ]_®�[WZ b ]_sA^�q a v o Z n ])Z�t }�a v�qxw a ^ bmn `aWa y n ]_^h[W]_y�Z }�a v*qhe0iXs�qxzac}�a��
� } wE`a�b ehq a q a/} w<]�^h[ aWn'b ] b ehq a q a v-v�s n�b ] a vPq a iXs�qxzaW}�a*a ^ k sA^h[ b ]�sA^�q a [ aW}_}�a vPq a v o Z n ]�Z�t }_a v
qxw a ^ bmn `aca © Ã � Å À `a�b Z�^ b t a Z�e%[WsAehyRy } ehv n Z�yh]�q ala ^ bma ijy%v�qxw a ��`a [ce b ]_sA^Rd�e a|}�a iXs��
q{zaW}_a ]�^h] b ])Z }©� eh^ a Z�y%y n s�[�g a q a|b ª�y a#Å sA^ b�a � Z n�} s a v b e b ] } ]_vmZ�t }_a��

� } w�]_q a ^ b ]_®�[WZ b ]_sA^Çq a v [Ws n'n `ac} Z b ]�sA^hv a ^ bmn�a:o Z n ]�Z�t }�a v � [ a dfeh]\y acn i acb qxw�Z o sA] n eh^ a
i a ] }�}_a e n'a [csAiXy n `a g a ^hv']�sA^Rqhe0[Ws�ijy�s n'b�a i a ^ b dfe�Z } ] b Z b ] k qhe0v'ª�v b za i a ©

�8sAehv�y n `a v a ^ b sA^hvX]�[c] �5}�a vuy n ]_^h[W]_y�Z }_a v¥y n sAy n ]�`a�b `a v¥q a [ a�b�bma Z�y%y n s�[�g a �¿v a [ b ]�s�^�� © ¯�� �
^%s bmn'a ]�iXy } `a i a ^ b Z b ]_sA^=Z } pAs n ] b ghiX]�dfe a �¿v a [ b ]�sA^�� © ÈA� � q a v a � a ijy }�a v{v']�iXy }�a vxqxw<] }_} ehv bmn Z b ]�s�^
�§v a [ b ]_sA^�� © �B� � eh^ a Z�yhy } ]�[WZ b ]_sA^ zZ�q a v8[c]�^�`a�b ]_d�e a v>[�gh]_ij]_d�e a v�e b ] } ]�v�`aca v�y�sAe n*} wE`acb e%q a q a~} Z
y�s }_} e b ]�sA^ Z b iXsAv'yhg�`aWn ]�dfe aXbmn s�y�sAv'yhg�`acn ]�dfe a �§v a [ b ]_sA^�� © �f� a�b q a vÂ`a�b ehq a v�q a v a ^hv�]_th] } ] b `a v
q auÃ � Å À Z�e»y�sA]�^ b q a¥n `ack `aWn'a ^h[ a¥a�b Z�e�^%sAiut n'a q a y�s�]�^ b v/qxwE`a [�g�Z�^ b ] }_} sA^h^hZ�p a �¿v a [ b ]�sA^� © � � ©
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YKZ y } ehv�p n Z�^hq a qh]_�X[ce }_b `a q a v b Z�the } Z b ]_sA^hv b�n Z�q%] b ]_sA^h^ ac}�}_a vÂq a v n'aW} Z b ]_sA^hv�qxw a ^��
b�n `aca� v's n'b ] a qxw<eh^Rv'ª�v b za i a [csAiXy }�a � a q a p n Z�^%q a qh]�i a ^%v�]�s�^ o ] a ^ b qhe0^hsAiut n�a q a [WZ } [ce } v
dfeh]3Z�ehpAi a ^ bma�a ��y�sA^ a ^ b ] aW}�}_a i a ^ b Z o�a [ }�a ^hs�iut n�a q¾w a ^ b�n `aca Ì a�b~}�a ^%sAiut n'a q a y�s�]�^ b v
q¾wE`a [�g�Z�^ b ] }�} s�^h^�Z�p a=a ^»½ º>=

� sA^%v�]�q�`aWn s�^hv } Z o Z n ]�Z�t }_a qxw a ^ bmn `aWaRµ@? � µx¶(·�µ�¸�·�¹!¹!¹_·�µ�º �BADC Z o�a [0Ì }�a ^hsAi¥t n�a q a
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o Z n ])Z�t }�a v¥qxw a ^ bmn `aWa �¿q aR} w�s n q n�a q a ¯  A  sAe:y } e%v�q�Z�^hv�^hs�vjZ�yhy } ]_[�Z b ]�sA^%vRzZ } ZT[c]�^�`a�b ]�dfe a
[�gh]�iX]�dfe a � �%a�b�� � µ � } Zuv's n'b ] a qhe0iXs�qxzac}�a =

YPw<]�^��he a ^h[ a q a v o Z n ])Z�t }�a v~qxw a ^ b�n `aWa v�e nC}�a v o Z n ])Z�t }�a v|q a v�s n'b ] a y a e b �a�bmn'a ]�^%q*`a y a ^��
q�Z�^ bma=acb( sAe�v�]_iue }!b Z�^�`aca = Y a y n ]�^h[c]�y a q¾w Ã � Å À a v b q¾w�]_v�s }_aWn-}�a v a � acb v�[Ws�sAy�`acn Z b ] k v a ^ bmn'a
o Z n ])Z�t }�a v ¨/Ã � Å À a ��y n ]�i a Z�]�^%v�] } ZÂv�s n�b ] a�� � µ ��[WsAiXi a eh^ q�`acoAac} sAy%y a i a ^ bRa �%Z�[ bW�
} s n v�dfexw<] } ^¾w a v b y�Z�v bmn sA^hdfe�`a�� q alk sA^h[ b ]�s�^hv>q a|o Z n ]�Z�t }�a v�qxw a ^ bmn `aWa v ac} sA^ ¨

� � µ � ?��
	��
�� º�
�� ¶

�  � µ  � � �
¶�� ���� �fº

� �� � µ  ·�µ � �

� �
¶�� �������� �fº

� ���� � µ  ·'µ � ·�µ � � �É¹�¹W¹����A¶� ¸! �"�"�"  º � µx¶�·�µ�¸�·W¹_¹!¹_·'µ�º � � � = ¯��

sKze0Z�yhy�Z n Z�]�v'v a ^ b v'eh[W[ a v'v�] o�a i a ^ b qhZ�^hv }�a q�`a�oAac} sAyhy a i a ^ b~¨
� �
	 dfeh] n�a y n `a v a ^ b�a eh^ )$#�)$%e.'&)(f)�* v�e n�� � µ � �
� }�a v k s�^h[ b ]�sA^hv\q a y n'a iX] aWn s n q n'a��+�  � µ  � � d�e%] n'a y n `a v a ^ bma ^ bM} w a � a�b q ar} Z o Z n ])Z�t }�aqxw a ^ bmn `aWa�µ  Z�p�]�v�v�Z�^ b ]�^%q*`a y a ^hqhZ�iji a ^ bW� t%] a ^�dfe a pD`a ^�`acn Z }_a i a ^ bu}_a v'ª�v b za i aMa v b
^hsA^�� } ]_^*`a Z�] n�a�� v'e n/} Zuv's n'b ] a,� � µ �|�G®�pAe n'a � = ¯�� �

-�.�/10�2!354�68719;:=<>3@?BAC3EDC2!3�FG.83H2�I;2!AC2�3�J!0C2LK�MNJ!I12O?P.83�QSRT91K�3UD�2!I;VWK)AC3�KXMNYZI;[C\�?!.�I1[^]`_a2!3�KXM�?!.8b13
cMdK�Meb�M;2!.�M;fCK�3gAihj3H[$?P2)k3H3mlon=lp3HF^D5k3�2PM�?!0C2!3�qsrCFtk3H\HM;[C.�J�FG3,:5uv:xw



���������¾�%$�@?���"FG����! �"u&������>.0$�E1�� �&���254-687 �����

267
268

269
270

271
272

273
274

275

0

2

4

x 10
−5

−1

−0.5

0

0.5

1

x 10
−3

Température(°K)

HDMR: Effet de Second ordre

OH(ug/m³)

f ij(
T

i,
O

H
j)

- .�/10C2�3U4C6���9 :=<>3@?xAC3EAC3H0��). c3HF^3 I;2!AC2�3 J�0C2BKXMSJ!I;2�?P.83EQSRT9$K�3�DC2�I;VWKWAC3EKXM,YZI1[�\�?P.8I1[G]�_��U2!3HK�M	�
?!.8b;3 cMdKXM b�M;2!.�M;fCK83SAih 3�[$?P2)k3�3elon�lp3HF^DUk3H2!M�?P0C2�3 qU3�?gKXM \HI;[C\H3�[ ?!2PM�?!.�I1[�R�
 n 3HJ�D c3H\�3oYZI12�\ k3H3�qsr
F k3H\HM;[C.8J!F^3S:+u :Bw

� K�3HJ,YZI;[C\�?!.�I1[CJNAC3dAC3H0��). c3HF^3 I12!AC2�3;rp]`_��n��W_������`q�r�� 0C.=A5k3�\H2!. b13�[ ?mK h 3@<>3@?�AC3HJSb�M;2!.�M;fCK83HJ
Aih 3�[$?P2)k3�3��W_p3@?����SM;/1.�J�JPM;[$?E3�[CJ!3�F fCK�3SJ�0C2EKXM J�I12�?!.�3��in��>qSnXVW/10C2�3m4�6��1q�r

������� r
� K�3dAC3H2�[C.�3�2S?P3H2�FG3 ]����  !��"�"�" � #Cn������!�$ %� �&��� ���'#�qN2!3�DC2)k3�J!3H[$?!3 K�3 ?!3H2!F^3d2)k3�J!.�A�0C3HKBAC3d?PI10)?P3HJK�3HJUb�M;2�.XM;f�K�3HJ5Aih 3�[$?P2)k3�3eM�/1.�J�JPM;[$?�3�[CJ!3�F fCK�3�J�0C2EKXM J!I;2�?P.83��in��>qs6
(Lhj.�[$?�k3�2&)3�?NAC3 K�M J�?!2!0C\@?P0C2�3*
,+mu.- 3HJO?/� 0C3 \10WM�� 0C3oYZI1[C\�?!.�I1[ AC0�A5k3@b13HK8I1DCD 3HF^3H[$?S32���

D�2!.�F^3 K�M \�I12!2)k3HK�M�?P.8I1[�D3054�J!.6��0�3G3@?oK h 3@<>3@?�AC3HJ�b�M;2!.�M;fCK83HJ,Aihj3H[$?!2)k3H3 n 3H['M;/1.�J�JPM;[$?mJ!3�0CK�3dI10
M`b;3H\5A>h M;0)?P2!3�JsqiJ!0C2pKXMUb�M;2�.XM;fCK83=AC3xJ!I12O?P.83;6 :L[ M;[CM;K64�JPM�[ ?pK83HJ \HI1F^D I12�?!3HF^3H[$?PJ AC3�JpYZI1[�\�?P.8I1[CJ
A�0 A5k3@b13�K�I1DCD 3HF^3H[$?N]%7%�@]�_8�@]�_��r 686 6 rWI1[ D 3�0�? AUk3�?!3H2!F^.�[�3H2,9

� K�3HJUb�M;2�.XM;f�K�3HJ9��0�. I1[$?E0C[ 3@<>3@? .�F^D I12O?�M;[$?5J!0C2E0C[C3�J�I12�?!.�3,AC0vF^I)A c3�K�3�r
� K�3HJ�b�M;2�.XM;fCK83HJ�Aihj3H[$?!2)k3H3:� 0C.pM;/1.�J�J!3�[ ?gJ!3�0CK�3�JN3@?g\�3HK8K�3HJ;� 0C.pM;/1.8J!J!3�[$?NAC3mFGM;[C. c3�2!3S\�I12<�
2)k3HK�k3H3SJ�0C2EKXM J!I;2�?P.83;6

wLK�0�J!.�3�0C2!J k3�?!0CAC3HJ>= 7	?$r@�BA�r*�
4�rDC;4BE DC2�I10�b;3H[$?F� 0ihj0C[C3 3��)DC2�3HJ�J!.�I;[ AC3G
,+muH- M;0
A�3H0��). c3�FG3SI;2!AC2�3^9

�in��>qJIT]K7ML
_ONP#
Q
_�NR� ]`_�n��W_ZqSL

Q
��T _VUB�1TW# ]�_��1nX�W_Y�!���Hq nZ4C6��1q



����� �����
	��������������������������! �"#�%$�'&(����)�*��+��
,-���/.0$��1�� �&��3254-687:912-�<;��=4-��.>��"�?@�! �"A���B6C �&����7D�)	A���E?E��"FG����! �"�H

k sAe n ^%] b v'sAe o�a ^ b e%^ a q a v'[ n ]_y b ]_sA^�vmZ b ]�v k Z�]�v�Z�^ bma q a � � µ �¥y�sAe n q a vXZ�yhy } ]�[WZ b ]_sA^hv#q a qh]!�
i a ^hv�]_sA^ `aW}_aco `aWaM} ]�`aWa vrzZTq a v\iXs�qxzaW}�a vuyhgBª�v�]_d�e a v =�� ]�^hv'] �D} Z�q�`a�bmaWn ij]_^�Z b ]�sA^ q aM} Z b Z�t }�a
qxw a ^ bmn `aca� v's n'b ] a qxw�e%^Mijs�qxzaW}_a q a p n Z�^hq�q%]�i a ^hv']�sA^jq aco ] a ^ b y } ehv a �j[WZ�[ a|a�b y } ehv n Z�yh]_q a =�=s b sA^hvKdfe a-} Z>y n ]_v aPa ^¥[Ws�ijy b�a qxw<eh^ k Z�]�t }_a ^hsAiut n�a q a-k sA^h[ b ]�s�^hvxq�Z�^%v }_a q*`aco�aW} s�yhy a i a ^ b
^xw�]_ijy } ]�dfe a yhZ�vl^�`a [ a v'vmZ�] n�a i a ^ b eh^ a y n ]�v a¥a ^T[csAiXy bma qxw<eh^T^hsAiut n�a y acb ] b q a¥o Z n ])Z�t }_a v
qxw a ^ bmn `aca v�]�p�^h]_®�[WZ b ] oAa v acb [Ws�^hv acn'oAa#} Zu^�Z b e n'a ^hsA^�� } ]�^�`a Z�] n�a q a|} Z n�ac} Z b ]�sA^ a ^ bmn `aca �
v�s n�b ] a =

* +.-/+�� � 1��53(
	��� 8 7� 5�7�	���� (;8 0�7����
����� �
�|Z�^hv } Z�®�p�e n�a � = �|^hsAehvPy n `a v a ^ b s�^hv�e%^ a [WsAiXy�Z n Z�]�v'sA^ a ^ b�n�a/}�a [csK�e b q a [Ws�^hv b�n eh[ b ]�s�^

q a v b Z�t }_a v Ã � Å À acb�} Zri�`acb g%s�q aXbmn Z�qh] b ]�sA^%^ aW}_}�a q ajb Z�the } Z b ]�sA^ = £ sAe n [ acb'bma q acn ^h]©zaWn'a
v�sA^M[csK�e b q a pD`a ^�`aWn Z b ]�s�^�q a v b Z�the } Z b ]�sA^hv-[ n sF� � b qxw<eh^ a i�Z�^%]©zaWn'a=b�n za v k s n'b�a�a ^ k s�^h[ b ]�sA^jqhe
^hsAiut n'a qxw a ^ bmn `aWa v8qhe0ijs�qxzac}�a [csA^ bmn Z�] n'a i a ^ b zZ } Zui�`acb g%s�q a~Ã � Å À =

�������! #"%$!&('*),+.-0/�*132*"4��5"7685"9 ;:<1=�>-�6?2!"9@A1;:CB!D�"7@E2!"GFIH4JLK

M%NPO.NRQ SUTVXW!V�Y,Z\[#]_^�W`[bac]ed�V�fhg�ac]_ijW`[bac]_fki0acZ\lmanf*^n].W!V�fkd�Vpo Srq s
tA-��!@n:CD�D>-�6!@Au:Gv* w5"7@#"76x1.v! w5"9y7�>@#"7 zD>"8{|-}2!"E2!"3y~:<D>y7�*D!2!"7@���-�6*y91;��-�6!@�2!��285"���"7D�-�v!v,"7{�"76x1~�
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« b Z�^ b qhsA^%^*`aWa eh^ a i a v�e n'a�� ��� µ � ?��  �  ��� µ  �lq�`a ®h^h] a v�e n C � sA^ ^hs bma�� } w a v'y�Z�[ a
q a v k sA^h[ b ]�s�^hv � �@]_^ b `a p n Z�t }_a v =

£ sAe n q a v n Z�]_v�sA^hvRq a v�]_ijy } ]�[c] b `a q a y n `a v a ^ b Z b ]�sA^ �/}_a v o Z n ]�Z�t }�a vMqxw a ^ bmn `aWa µ  v�s�^ b
b�n Z�^%v k s n i�`aca v�ZF®�^Mdfe a| ��¬µ  � ¯ = YKZ k sA^%[ b ]_sA^�q a v�s n�b ] ag� � µ � a v b Z } s n v*q�`a ®�^h] a q�Z�^%v }�a
[ceht a e%^h] b Z�] n'a! º ?#" � µx¶(·�µ�¸�·�¹!¹_¹!·�µ�º �%$  &��µ  � ¯ ·(' ? ¯ · È ·�¹!¹!¹_· Ì*) =

Y a~}�a iji a v�e%] o Z�^ b v�eh] o Z�^ b/a v b8k sA^hqhZ�i a ^ b Z }�acb qhsA^h^ a e%^ a q*`a [csAijy�sAv'] b ]_sA^ a ^rv'sAehv��
a v�y�Z�[ a v oAa [ b s n ] aW} v>q aC} w a v�y�Z�[ a|oAa [ b s n ] ac},+ ¨

� ?-�W	/. �

�  . �

����
� �� . ¹�¹�¹ �

10 � 32�� "�"�" � 54 � 10Z52 "�"�" 54 . ¹�¹W¹�.6�¾¶¿¸!"�"�" º � � = �B�
Z o�a [ ¨

� �a	 ?7"�� A �P·N�B?98 A;:<) �
� �  ?7"�� A �P·N�B? �  � µ  � ·>= �  � µ  �?� �  � µ  � ?É  ) �
� � �� ?#"�� A �-·g�B? � �� � µ  ·�µ � � · = � �� � µ  ·�µ � �?� � � � µ � � ?  %·,��?@'�·BA ) �
� �x¶¿¸!"�"�" º ?C"�� A �-· = � � µ �?� � � � µ � � ?  %·,��? ¯ · È ¹�¹�¹ ÌD) =

YKZ q�`a [Ws�ijy�sAv�] b ]_sA^ Ã � Å À a v b qh] n�a [ bma i a ^ b»n�ac} ]�`aca zZ�[ acb'bma q*`a [csAijy�sAv'] b ]_sA^ a ^Äv'sAehv��
a v�y�Z�[ a v � qhsA^ b8} Zuy n'a e o�a [csA^hv b�n eh[ b ] oAa~a v b=} Zuv�eh] o Z�^ bma\¨

� � 	 ? = � � µ � � ��� µ � �
� �  � µ  � ? = � � µ � � ��E�� � � ��� µ � �GF � 	��
� � �� � µ  ·'µ � � ? = � � µ � � �HE��  � � � ��� µ � �GF �  � µ  �GF � � � µ � �GF �
	��
� ¹W¹�¹

³ ^Rv aCn `a�k zaWn'a yhZ n>a � a iXy }_a zZr�<È�� � È�� � ± � �
�������	�
�	I J!K�K )+, KML ) % K & **�ON�% , K )

�8s b sA^%v�y�Z n Z�] }�}�a e n vCdfe aR}�a q�`acoAac} sAy%y a i a ^ bXÃ � Å À Z�v�v�e n�a dfe aQP 027;C;CD7;G+C�R+7�:sCD1VUk`8w?4:sG+C97 79E;:OK 	BU 	BK}? P 7 = « ^ a � acbW� sA^ y a e b iXsA^ bmn�acn d�e a»}�a y n sAt } za i a q a iX]�^h]_ij]_vmZ b ]�sA^
v'eh] o Z�^ b~¨

S ' ÌUT-�WV¾� ?-XZY � � � µ �GF[V�� ¸ � ��� µ � ·
V A �W	G. �


�  . �

����
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10�� 32O� "�"�" � 54 � 10X32 "�"�" 54
� � = �f�

Z�y�sAe n v's } e b ]�sA^ }_a v>y n'a iX] acn v�s n q n�a v/qherq�`acoAac} sAy%y a i a ^ b=Ã � Å À ¨

V ? �
	��
�� º�
�� ¶

�  � µ  � � �
¶�� ���� �fº

� �� � µ  ·�µ � � ¹�¹�¹ � �
10 � 32�� "�"�" �  4 � 10Z32 "�"�"  4 � µ 10 ·�µ 32 ·�¹_¹!¹!·�µ  4 � � � = � �
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Y5ZXy n�a e oAa v aCk Z�] b qh] n�a [ bma i a ^ b=a ^É`a [ n ] o Z�^ b=}�a v'ª�v b za i a qxw<sAy b ]�iX]�v�Z b ]_sA^MZ�v'v�s�[W]�`a y�Z n Z�^��
^�e } Z b ]�sA^�q aC} Zuq�`aWn ] o `aWa y n'a iX]©zacn�a q a V =

� a [W]A¦'ehv b ]_® a th] a ^hvA�e n�} Z|y acn'b ]�^ a ^h[ a zZCe b ] } ]�v aWn q a v b�n sA^h[WZ b e n�a v-q a [ a�b�bma qh]_v bmn ]�the b ]�s�^ =

�*�����	�,�1� ��� & ��� L )	�WNh.")+*-, K ) �
£ sAe n ®�^%] n [ acb'bma y n `a v a ^ b Z b ]�sA^ � ^hs b sA^hv|dfe a�}�a [�ghsA]!�»q a v|y�sA]_qhv ��a v b [ n eh[W]�Z }�a�b q�`a �

bmaWn ij]_^ a q a ijZ�^h]©zaWn�a eh^h]�dfe a|}_a q�`aco�aW} sAyhy a i a ^ b=Ã � Å À =�8sAehv�Z }�} sA^hv\y n `a v a ^ b�aWn q a e�� i�`a�b ghs�q a v�Z�v'v�s�[W]�`aca v�zZ°q a vj[�ghsA]1� q%]_�8`aWn�a ^ b v�q a �Äa�b
a ��y } ]_[W] bmaWn�}�a v k s�^h[ b ]�sA^hv*q a q*`aco�aW} s�yhy a i a ^ b q a#Ã � Å À ¨

� } ZXi�`a�b ghs�q a � e b � Ã � Å À a v b Z�v�v's�[c]�`aWa Z�eT[�ghsA]1�rqxw�e%^Ty�sA]_^ b q a¥n `ack `acn�a ^h[ a Z�e»v a ]_^
qheRqhsAijZ�]�^ a C a�b=} Zui a v�e n'a [�ghsA]_v�] a|a v b Z } s n v ¨

��
��� ��� µ � ?-� ������� � µ  � � µ  � � = ±B�
� } Z i�`a�b ghs�q a À � � Ã � Å À ��À8Z�^hq%sAi � Z�iXy } ]_^hpf� a v b Z�v�v's�[c]�`aca zZÂeh^ a qh]�v bmn ]_the b ]�sA^
`a dfeh]_y n sAthZ�t }�a Z o�a [ ¨ ����� ��� µ � ?@�  � µ  � � = ´A�

�|Z�^hv } Z�v�eh] bma q a [ a [�g�Z�yh] b�n�a ^hsAehvj^hsAehv k s�[WZ } ]_v�sA^%v�v�e nj} Z�i�`a�b ghs�q a [We b � Ã � Å À �P} Z
q a e���]©za i a Z�yhy n s�[�g a q a q�`acb�aWn ij]_^�Z b ]_sA^hvXq a v k s�^h[ b ]�sA^hv�[WsAiXy�s�vmZ�^ bma q a�Ã �|À Å � q%] bma
À � � Ã � Å À �Kk§aWn Z } w�s�t�¦ acb qhe�[�g�Z�yh] bmn'a ´»q�Z�^hv }�a [WZ�q n�a qxw�e%^ a `acb ehq a q a v a ^hv']�th] } ] b `a qhe
ijs�qxzaW}_a £�³ Y ��� À=��� =

* +.-/+ * � ������ 1 	�� � 5��! <���r� ��*�����3����� � , %#"(� ��� &
YKZÉi�`a�b ghs�q a � e b � Ã � Å À a v b q�`acbmacn iX]�^�`aca yhZ n }_a [�ghsA]!� qhe y�s�]�^ b q a n `ack `aWn'a ^h[ a

$µ ? � $µx¶�· $µ�¸�·�¹�¹�¹�· $µ�º ��q�Z�^hv }_a qhsAijZ�]_^ a C = �|Z�^hv b sAe bma»} Z°v'eh] b�a�� s�^¬e b ] } ]�v a ½Ty�sA]�^ b v
qxwE`a [�g�Z�^ b ] }�} sA^h^�Z�p a q a v o Z n ]�Z�t }�a vPqxw a ^ bmn `aWa q�Z�^hv�[�ghZ�dfe a qh] n�a [ b ]_sA^r�¿[ a ^hsAi¥t n�a y a e b th] a ^
vB�e n{o Z n ] aWn q�Z�^hvK[�g�Z�dfe a q%] n�a [ b ]�sA^ � i�Z�]�vxsA^Cy n `a v a ^ bma*}_a [�Z�v5[Ws�^hv b Z�^ b yhZ n v�sAeh[c]fq a [ } Z n'b `a � =

Y a v k sA^h[ b ]_sA^hvC[WsAiXy�s�vmZ�^ bma v¥q a [We b � Ã � Å À �  � µ  � �=� � µ  ·�µ � � � = = = v�s�^ b q�`acb�aWn ij]_^*`aWa v^�e%i�`acn ]�dfe a i a ^ b y�Z n q a vj[csAehy a v\q a q n s�] bma v � y } Z�^hv �3o s } ehi a v ��acb [ = zZ bmn Z o�aWn v }�a y�sA]_^ b
q a\n `ack `acn�a ^h[ a $µ qhe qhsAijZ�]_^ a C � qxw<sKze }�a ^hsAiÊq a � e b � Ã � Å À = « }�}�a v|v�sA^ b qhsA^%^*`aWa v#y�Z n
�<± �f� ±A±F� ¨

� 	 ? � � $µ � � � =&% �
�  � µ  � ? � � µ  · $µ  �GF � 	 � � = � �

� �� � µ  ·'µ � � ? � � µ  ·�µ � · $µ �� �GF �  � µ  � F � � � µ � �GF �
	 � � = ¯   �
sKze ¨
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� �
	X} Z k sA^h[ b ]�s�^�[WsA^hv b Z�^ b�a [WZ } [ce } `aca zZ yhZ n'b ] n q a � � µ � � v�s n'b ] a qhe:ijs�qxzaW}_a `aco Z } e�`aWa
Z�e�y�sA]�^ b q a�n `a�k `aWn�a ^h[ a � b sAe bma v }�a v o Z n ]�Z�t }�a v\qxw a ^ bmn `aca v�sA^ b y n ]�v a vMZ�e¬y�sA]_^ b q a
n `ack `acn�a ^h[ a $µ � =

� Y a v k sA^%[ b ]_sA^hv q a y n�a ij] aWn s n q n�a �  � µ  �Çv�sA^ b [�Z } [We } `aWa v Z } s n v zZ y�Z n�b ] n q a
� � µ  · $µ  � a ^�i acb'b Z�^ b\b s�e bma v }_a v o Z n ]�Z�t }�a v�qxw a ^ bmn `aWa Z�e�y�sA]�^ b q aRn `a�k `aWn'a ^h[ a vmZ�e k
} Z o Z n ])Z�t }�a�µ  dfeh] a v b zZ v�Z o Z }�a e n y n ]�v a q a�} w�]_^ bmaWn�o Z }�}_a [�ghsA]�v']�� � � µ  · $µ  � ?
� � $µx¶(·�¹�¹W¹W· $µ �� ¶�·�µ  · $µ �� ¶�·�¹�¹�¹c· $µ�º �'� =
Y ajbmaWn i a �
	�a v b v'sAehv b�n Z�] b q a [�g�Z�dfe a v's n'b ] a q%e�ijs�qxzaW}_a e b ] } ]�v�`a Z o�a [ µ  o Z n ])Z�^ bq�Z�^hvXv�sA^�]�^ bmacn'o Z }_}�a q a q�`a yhZ n'bW� [csAiXi a iXsA^ bmn `a q�Z�^hv } wE`a dfe�Z b ]_sA^ � � = � � = £ sAe n ½
y�sA]_^ b v�e b ] } ]�v�`a v�y�sAe n [�g�Z�d�e a~o Z n ])Z�t }�a q¾w a ^ b�n `aca�� Z�®�^Rq a [csAe o�n ] n>} w a v�yhZ�[ a q a v/qhsA^��
^*`aWa v|qxw a ^ bmn `aca�� �©½!F ¯�� a ��`a [We b ]�sA^%v|q a iXs�qxzac}�a v�s�^ b ^*`a [ a v�v�Z�] n'a v|y�sAe n [�Z } [We }_aWn�}_a v
k sA^h[ b ]�sA^%v=q a y n�a ij] aWn s n q n�a���} w a ��`a [We b ]�sA^rqhe»iXs�q{zaW}_a Z�ery�s�]�^ b q aun `a�k `aWn'a ^h[ a ^xw a v b
y�Z�v|^�`a [ a v'vmZ�] n�a�o e�d�e aX} Z k sA^h[ b ]�s�^ a v b `a pBZ }_a zZ � `aWn sRv aW} sA^ } Z } sA]�q¾w�s n�b ghs�pAsA^�Z } ] b `a
� � = ¯A¯�� = � ]-^hsAehvCqh]�v'y�s�v�sA^hvCq a Ì o Z n ])Z�t }�a v|q¾w a ^ b�n `aca»� ^hsAehv#Z�e n sA^hv#Z } s n v~Ì k s�^h[��
b ]�s�^hv-q a y n�a iX] acn s n q n'a,�  � µ ' � ��acb qhsA^%[=^hs�ehv�Z�e n sA^hv�t a v�s�]�^Xqxw a ��`a [We bmaWn*}�a ijs�qxzac}�aÌP�©½ F¬¯�� k sA]_v =

� Y a v k sA^h[ b ]_sA^hv�q a v a [Ws�^hqMs n q n�aS� �� � µ  ·'µ � �-v�sA^ b [WZ } [ce } `aca v~zZ#y�Z n�b ] n q a � � µ  ·'µ � · $µ �� �
a ^�i a�b�b Z�^ b�b s�e bma v }�a v o Z n ])Z�t }�a v=qxw a ^ b�n `aWa zZ }_a e n y�sA]_^ b q a�n `ack `aWn'a ^h[ a vmZ�e k�}_a v o ZF�
n ])Z�t }�a v µ  Z�^hq µ � dfeh]�v�s�^ b y n ]_v a v*v�e n*}�a e n ]�^ bmacn'o Z }_}�a>n�a v�y a [ b ] k [WsAe o�n Z�^ b*b s�e b*} w a v��y�Z�[ a y�s�v�v�]_t }�a q a v�qhs�^h^�`aWa v�qxw a ^ b�n `aWa qhe¥iXs�qxzaW}�a = � sAiXi a [�g�Z�dfe a�o Z n ]�Z�t }�a q¾w a ^ b�n `aca
a v b�n�a y n `a v a ^ b `aWa y�Z n ½*y�sA]�^ b v � �©½ FX¯�� ¸ a �-`a [ce b ]_sA^hvDq a iXs�q{zaW}_a v'sA^ b ^�`a [ a v�v�Z�] n'a v3y�sAe n
[�Z } [We }_aWn�} Z k sA^h[ b ]�s�^�q a v a [WsA^%q��@s n q n�a^� �� � µ  ·'µ � ��y�sAe n [�ghZ�dfe a�o Z n ])Z�t }�a qxw a ^ bmn `aWa��
}�a v k s�^h[ b ]�sA^hvlZ�e��Ty�sA]_^ b vlq a�n `ack `aWn'a ^h[ a $µ  � $µ � o Z }�a ^ b�� `aWn s a�b qhsA^h[ } w a ��`a [We b ]�sA^Tq%eijs�qxzaW}_a ^xw a v b y�Z�v�^�`a [ a v'vmZ�] n�a � � = ¯A¯�� = Y a v k sA^h[ b ]�sA^%v�zZCeh^js n q n�a v�ehy�`aWn ] a e n v�s�^ b [�Z } �
[We } `aWa vPq a>} Zlir�a i a i�Z�^h]©zacn�a�� ijZ�]�v a ^Xy n Z b ]�dfe a s�^�v a [WsA^ b�a ^ bma q a>} w�s n q n�a ]�^ k `acn ] a e n
È =

� Y a q acn ^h] aWn-bmaWn i aN�B¶¿¸!"�"�" º � µx¶�·�µ�¸�·�¹!¹_¹!·�µ�º � a v b q�`acbmacn iX]�^�`a y�Z n�} ZCqh]!�8`acn�a ^h[ a=a ^ bmn'ag� � µ �
acb8}�a v k sA^h[ b ]�sA^%v�q�`a ¦�zZ\[�Z } [We } `aWa v/Z oAa [ } w@`a dfe�Z b ]�s�^��©´ = ¯�� =

� }�a v b Z�]_v�`a q a/o `acn ]!® aWn d�e¾w�eh^ a=k sA^h[ b ]_sA^j[csAiXy�sAv�Z�^ bma q a [ce b � Ã � Å À a v b ^fe }_}�a/} s n v�dfexw<eh^ a
q a v a v o Z n ])Z�t }�a v�y n�a ^hq0vmZ o Z }�a e n>a ^»e%^ a [WsAiXy�s�vmZ�^ bma qhe0y�sA]�^ b q a~n `a�k `aWn'a ^h[ a $µ5� [�w a v b zZ
q%] n�a�¨

�  0  2 "�"�" 54 � µ  ¶�·�µ  ¸�·�¹!¹_¹!·�µ �� �%$ �	� � ��	� ?É %· ½ A "�'�¶�·('�¸�·�¹!¹_¹!·(' � ) � � = ¯A¯��
[ a dfeh]¾q�`a ®�^h] b e%^ aln�ac} Z b ]�sA^Xqxw<s n'b ghsApAs�^�Z } ] b `a>a ^ b�n�a q a e�� k sA^h[ b ]�s�^hv*[csAijy�sAv�Z�^ bma v�q a [ce b �
Ã � Å À v aW} s�^ ¨

� 10Z32 "�"�"  4 � µ  ¶�·�µ  ¸�·W¹_¹!¹_·'µ �� � � � 0 �B2 "�"�" ��
 � µ � ¶(·�µ � ¸�·�¹!¹_¹!·�µ �O� �%$ � � � �� � ?É %¹
½ A "�'�¶�·('©¸�·�¹!¹!¹_·(' � )� " A�¶�A�¸�¹_¹!¹ A � ) � � = ¯�ÈA�

YKZlpD`a ^*`aWn Z b ]_sA^uq a v b Z�t }_a vDq a/Ã � Å À a v b v�[�g�`a i�Z b ]�v�`aWa y�Z n�} Z8®�pAe n'a � = � acb t�Z�v�`aWa v'e n�¨
� }�a [�ghsA]1�Mq a v o Z n ])Z�t }�a v�qxw a ^ bmn `aWa��
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� }�a [�g%sA]!��qxw<eh^Ry�sA]_^ b q a|n `a�k `aWn'a ^h[ a qhZ�^hv } w a v'y�Z�[ a q a v o Z n ]�Z�t }_a v*q¾w a ^ b�n `aca �§^hsAv b�a v b v
]�^hq%]�dfe a ^ b e%^ a|k Z�]�t }_a v a ^hv�]_th] } ] b `a zZ�[ a [�ghsA]1�h� �

� } Zuq�`a ®�^h] b ]�s�^Mq a v o Z n ]�Z�t }_a v�q a v's n'b ] a v � y�sAe n>}�a v�dfe ac}�}�a v Ã � Å À v aWn Z\Z�yhy } ]�dfe�`a��
� } w a �-`a [ce b ]_sA^\qheXijs�qxzaW}_a ]�^%] b ]�Z } y�s�e n [�Z } [We }_aWn3}_a v-qh]_�/`aWn'a ^ bma v k sA^h[ b ]�sA^%vPqhejq�`acoAac} sAy��
y a i a ^ b8Ã � Å À y�sAe n [�ghZ�dfe a v's n'b ] a q�`a ®�^h] a��

� }�a [�Z } [We } q a [cs a �j[c] a ^ b v*qxw<]�^ b�aWn y�s } Z b ]_sA^hv } ]�^�`a Z�] n'a v a�b th] } ]�^�`a Z�] n�a v�q a v k sA^h[ b ]�s�^hv�q a
q�`aco�aW} sAyhy a i a ^ b8Ã � Å À q�Z�^hv } w a v'y�Z�[ a q a v o Z n ]�Z�t }�a v�qxw a ^ bmn `aWa q�`a ®h^h] a��

� } Z|vmZ�e oAa pBZ n q a q a v b Z�t }�a v�q a v*[cs a �j[c] a ^ b v*y�sAe n [�g�Z�dfe a8o Z n ]�Z�t }�a q a v�s n'b ] a q*`a ®�^%] a =

�D]�pAe n'a � = � ¨ � [�g�`a ijZXq a pD`a ^�`aWn Z b ]_sA^Mq a v b Z�t }_a v>q aCÃ � Å À

Y a v�y n s�[�`a qhe n'a vlq a iX]�^h]_ij]_vmZ b ]�sA^ acbl}_a [�g%sA]!�0sAy b ]�ijZ } q a v k sA^%[ b ]_sA^hv8q a q�`acoAac} sAy%y a �
i a ^ b q a � e b � Ã � Å À zZ�eh^�s n q n'a y acb ] b�n'a ^hq a ^ bl} Zj[Ws�^hv b�n eh[ b ]�s�^»q a v b Z�t }�a v a �X[�Z�[ aua�b
n Z�yh]_q a = � ]�^hv'] } Z o Z }�a e n q%euijs�qxzac}�aB� � µ �5y�sAe n eh^�y�s�]�^ b Z n th] bmn Z�] n�a3µXa v b sAt bma ^fe a zZ=y�Z n'b ] n
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q a [ a v b Z�t }_a v a ^ a � a [ b ehZ�^ b v a e }_a i a ^ b q a v8]�^ bmacn y�s } Z b ]�s�^hv*q a qh]_i a ^hv�]_sA^M]�^ k `aWn ] a e n'a v�e n
}_a v k sA^%[ b ]_sA^hv � ' � µ  � � � � µ  ·�µ � � �x¹W¹�¹

£ n `a [W]_v�sA^hvjy�s�e n ®�^h] n�}_a [Ws{�e b qhe�[�Z } [We } q a0} Z b Z�t }�a = � ]/[�g�Z�dfe a0o Z n ])Z�t }�a q¾w a ^ b�n `aca
y n�a ^%q¬½ o Z }�a e n v\q�Z�^hv } w a v�y�Z�[ a q a vjqhsA^h^�`aca vjqxw a ^ bmn `aca�� y�s�e n [WsA^hv bmn eh] n'a0}_a v b Z�t }�a v\q a
� ' � µ  � �a� � µ  ·�µ � � }�a iXs�q{zaW}_ala v b e b ] } ]�v�`a¥¨

��
�� 	

Ì��
�¿Ì F ' ��� ' � �©½ F¬¯��  k sA]_v � � = ¯��B�

y�sAe n eh^Ms n q n�a�� pD`a ^*`aWn Z } �E¯ ��� � Ì{� = �|Z�^hv }�a [WZ�v�qheMv a [csA^hqRs n q n�a���}�a ijs�qxzaW}_a ]_^h] b ])Z }
a v b e b ] } ]_v�`a#¨

¯ � ÌP��½ F¬¯�� � ÌP�§Ì F¬¯��W�©½ F¬¯�� ¸
È k sA]_v � � = ¯ �f�

[ a dfeh] a v b zZ~[WsAiXy�Z n'aWn Z�eX[�Z } [We } q a v b Z�t }�a v b�n Z�q%] b ]_sA^h^ ac}�}_a v�dfeh]�q a i�Z�^%q a ½ º a �-`a [We b ]�sA^hv
q a iXs�q{zaW}_a v =

*,+.-/+	� 
 5%� 7�� 5%������ 1 ��4: ���� ����h	������ 1/< �� : 1/< �h	���	 ��� 1 3� 1 �;: � : 1 <
Y a q�`aco�aW} sAyhy a i a ^ b�Ã � Å À y�sAv�vWza q a q a v�y n sAy n ]�`acb `a vP]_^ b `aWn'a v�v�Z�^ bma v � ^hs b Z�iji a ^ b y�sAe n

}_a v/Z�v'y a [ b v=v'eh] o Z�^ b v ¨
��� 1VUN|47;CTc+7;U�897��
� sAiji a i a ^ b ]�s�^h^�`a [W]!�
q a v'v�ehv �¥}_a v q*`aco�aW} s�yhy a i a ^ b v a ^ v�`acn ] a q a:k sA^h[ b ]�sA^%v q a
Ã � Å À [WsA^ o�aWn p a ^ b:n Z�yh]_q a i a ^ bW�Ca�b�a ^ pD`a ^�`acn Z }j} w<s n q n'a È a v b v'e%�XvmZ�^ b y�sAe n
n�a y n `a v a ^ bmacnu}�a [csAijy�s n�bma i a ^ b q a v o Z n ]�Z�t }_a v|qxw a ^ bmn `aWaXo ]_v��czZF� o ]�v~q a v o Z n ])Z�t }_a v|q a
v�s n�b ] a � ± � � =

��� 1VU@EJ7;C;|V?4: 	T1VU R+79E P 1 	IE������JE 	srRGN79E��
� ]Keh^ a ^hv a iut }�a q a v�s n�b ] a v "�� ¶ � µ � ·s� ¸ � µ � ·s��� � µ � ·�¹_¹!¹!·s� � � µ �!)�sAt�`a ] b zZ\eh^ a ^hv a iut }�a
q a } sA]�v } ]_^�`a Z�] n�a q a [Ws�^hv acn'o Z b ]_sA^ �§q a ijZ�v'v a�� qxwE`a ^ acn pA] a�� q a iXsAi a ^ b�� = = � }�a e n v
Z�yhy n s���]_i�Z b ]�sA^%vPy�Z n�Ã � Å À � zZ#^xw�]_ijy�s n�bma dfe aW} s n q n�a�� sAt�`a ]�v'v a ^ b `a pBZ }_a i a ^ b zZC[ a v
} sA]_v�q a [Ws�^hv acn'o Z b ]_sA^ �<± � � =

� \ L7J891VK�AN1JE 	B: 	T1VU 7;U |V?4C
	s?4U�897vA@?4C_`"!�`TZ]\_^a`#�

« ^¬e b ] } ]�v�Z�^ b�} Z°y n s�y n ]�`acb `a qxw<s n'b ghsApAsA^hZ } ] b `a q a v k s�^h[ b ]�sA^hvj[WsAiXy�sAvmZ�^ b�a v�q a À � �
ghqhi nW�¾} Z o Z n ]�Z�^h[ a#b s b Z }�a%$ ¸ q a � � µ ��]�^hq%eh] b�a vly�Z nlb sAe b�a v }_a v o Z n ]�Z�t }_a v�q¾w a ^ b�n `aca
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y a e b �acb�n�a q�`a [Ws�ijy�sAv�`aca=a ^�eh^ a v�`aWn ] a q a8o Z n ])Z�^h[ a v-q a v*[Ws�^ b�n ]_the b ]_sA^hvPq a v o Z n ])Z�t }_a v
qxw a ^ bmn `aWa �<± � � ¨

$ ¸ ?
º�
�� ¶

$ ¸ � �
¶�� ���� �fº

$ ¸�� �É¹W¹�¹ � � = ¯ � �

� acb'bma y n sAy n ]�`a�b `a�a v b e b ] }�a y�sAe nR} w�Z�^�Z } ª�v a qxw<]�^h[ aWn�b ] b ehq a � } Z:q�`a [WsAiXy�sAv�] b ]�s�^¬[W]!�
q a v'v�ehv a v b�o Z } Z�t }_a v�e n-b s�e b-}�a qhsAijZ�]_^ a � = � ac} sA^ }�a v-]�iXy�s n�b Z�^%[ a v�q a $ ¸ � $ ¸�� �Bacb [ = = = �] }Aa v b5k Z�[W] }�a q a v�e%] o�n�a [Ws�iji a ^ b5} w<]�^h[ aWn�b ] b ehq a q a v o Z n ])Z�t }�a v¾q a v's n'b ] a-a v b ]_^���e a ^h[�`aca
y�Z n>}_a v>]�^%[ aWn�b ] b ehq a v>q a v o Z n ])Z�t }_a v�q¾w a ^ b�n `aca =

* +.-/+ � � ������ 1 	���� �  5��  <����� �

« ^¬y n Z b ]_dfe a�� sA^¬Z o e¬dfe a»} w<sA^ v a�} ]_ij] bma zZ } w a � a�b q a v o Z n ]�Z�t }_a vXZ�pA]_v�vmZ�^ b v a e }�a v
acb( sAe a ^0[WsAiut%]�^�Z�]_v�sA^�Z o�a [Cqxw�Z�e bmn'a v o Z n ]�Z�t }_a v~� bmn s�^h[�Z b e n�a Z�e»È�za i a s n q n'a � =

�R`a Z�^%ijsA]_^hv � q�Z�^%vldfe aW} d�e a v~[�Z�v �¾} Z�y n ]_v aua ^T[WsAiXy b�a qheTq a e���]©za i a s n q n�a ^xw a v b y�Z�v
v�e%�XvmZ�^ b�a��-acb sA^�y a e b q a�o sA] n Z }�}�acn y } ehv } sA]_^�q�Z�^hv } Z b�n sA^h[WZ b e n�a qhe:q*`aco�aW} s�yhy a i a ^ b
Ã � Å À � ¦'ehv'd�e¾w§zZ } w<s n q n�a � � �jsAeRy } ehv =

YKZ\y n ]_v a~a ^r[WsAiXy b�a q¾w�s n q n�a v=v'ehy�`acn ] a e n v a ��]_p a#} w�e b ] } ]�v�Z b ]_sA^jq¾w�eh^rp n Z�^hqR^hsAiut n'a q a
v�]�i¥e } Z b ]�sA^%v*q a iXs�qxzac}�a|a�b e%^ a p n Z�^hq a q%]�v�y�sA^h]_th] } ] b `a q a i�`a iXsA] n'a y�sAe n/} Z�[Ws�^hv b�n eh[ b ]�s�^
q a v b Z�t }_a v Ã � Å À = �|Z�^%v }�aCb Z�t }�a Z�e � = ¯uv�s�^ b y n `a v a ^ b `a v �{}_a ^hs�iut n�a q a v']�iue } Z b ]�sA^hv a�b
} ZRi�`a ijsA] n�a ^�`a [ a v�vmZ�] n�a y�s�e n#} Z0y n s�qheh[ b ]�sA^ q a v k sA^h[ b ]_sA^hvCq a q�`a�oAac} sAyhy a i a ^ b¥Ã � Å À
a ^ k sA^h[ b ]�sA^Mq aC} w�s n q n'aln�a�bma ^fe =

� ]�^hv']%y�sAe n eh^\^hsAiut n'a q a*o Z n ])Z�t }�a qxw a ^ bmn `aca � ? ¯  A la�bP}�a ^hsAiut n�a qxw@`a [�ghZ�^ b ] }_} sA^%^�Z�p a
�
� ? ¯  %�K} Zri�`a iXsA] n�a q a i�Z�^%q*`aWa vWwE`aW} za�oAa zZ»± ��� ³ = � oAa [ } wE`acb Z b q a�} w�Z n�b q a vuv b Z b ]�sA^hv

q a¥bmn Z o Z�] } Z�[ b e aW}_}�a v � [ acb'bma yheh]_v�v�Z�^h[ a q a ijZ�^hq�`acaun�a v bma y n sAgh]_th] b ] o�a���a ^h[cs n�a y } ehvldfe�Z�^hq
} w<s n q n'a È a�b �~^ a v�s�^ b y�Z�v�v�e��jv�Z�^ b v�y�sAe n�n'a y n `a v a ^ bmacn*}�a iXs�qxzaW}�a zZ n `a qheh] n�a y�Z n�Ã � Å À =

�|Z�^hv�[ a [csA^ bma � b�a0a�b Z�®�^�q aRn `a qheh] n�a�}_a v n�a v�v'sAe n [ a vXq a ijZ�^hq�`aWa v a�b\}�a ^hs�iut n�a q a
v�]�i¥e } Z b ]�sA^%vly�s�e n [csA^hv bmn e%] n�aj} Z b Z�t }�ajÃ � Å À dfeh]�^*`a [ a v�v'] b�aWn Z�] b e%^ a y n ]�v aja ^Â[WsAiXy b�a
qxw�s n q n'a v'ehy�`acn ] a e n zZ È � eh^ a i�`a�b ghs�q a qh] bma�� ��� " � , % � ��� & � Z `a�b `a y n `a v a ^ b `aWa
q�Z�^hv�� ±B´�� = Y-w<]�q�`aWa q a t�Z�v a q a [ acb�b�a i�`acb g%s�q ara v b qxw�Z�yhy n s�[�g acn�}�a v k sA^%[ b ]_sA^hvjqxw�s n q n'a
v�ehy�`acn ] a e n'a v�� �  �  52  �"�"�"� 54 �|yhZ n q a v k sA^h[ b ]�s�^hv~qxw�s n q n'a ]_^ k `aWn ] a e n = �|Z�^hv }�a [�Z�v#q aX} w<s n q n�a � �
} w<]�q�`aca�a v b qxw a v b ]�i aWn�}_a v k sA^%[ b ]_sA^hv�q a q*`aco�aW} s�yhy a i a ^ b8Ã � Å À q albmn s�]�v�]©za i a s n q n�aS� ��O� zZy�Z n'b ] n q a v k sA^h[ b ]�s�^hv�q a v a [WsA^%q»s n q n�a�� qxw<eh^ a i�Z�^h]©zacn�a sAy b ]�ijZ }_a =
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�������������	����
������������� ¶ ¸ �

� 
��������	����������� ¶ ������� � ¶ ��� ��� � ¶ ��� ��� � � �"!#� � ¶%$ !#� � � ¶%$ 2¸
�
�"!#� � ¶%$ !#� � � ¶%$ 2¸ �

�"!#� � ¶%$ !#� � ¸&$ !#� � � ¶%$('
)

*,+�-�.
�/0���1���-�2�3��� +�-� ! ¶ �4� ��� � $(5 ��6�798 5�: ! ¶ �;� ��� � ! ¶ �4� ��� � � �"!#� � ¶%$ !#� � � ¶%$ 2¸
�
�<!=� � ¶%$ !=� � � ¶%$ 2¸ $ ���	6%798>� : �

�<!=� � ¶%$ !#� � ¸&$ !#� � � ¶%$?'
)

$ ���	6�7@8A� :
! 
9-���B� $

�DZ�t }_a � = ¯ ¨ �8sAiut n'a q a v']�iue } Z b ]_sA^hv a�b i�`a iXsA] n�a q a i�Z�^%q*`aWa y�s�e n�}_a [�Z } [We } q a v k sA^%[ b ]_sA^hv
q a � e b � Ã � Å À

� ��O� � µ  ·�µ � ·�µ � �<CED ���� � µ  ·�µ � ·�µ � � $�
	�� D �O� � µ � ·�µ � � $�  � µ  �
� D �� � µ  ·�µ � � $� � � µ � � � D �� � µ  ·�µ � � $� � � µ � �
� D � � µ � � $� �� � µ  ·�µ � � � D � � µ � � $� �� � µ  ·�µ � �
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s{zeFD  � µ  � � D � � µ � � � D � � µ � � � = = = � D ���� � µ  ·�µ � ·�µ � �~v�sA^ b q a vuy�s } ª�^D�s�i a v#v'y*`a [c]_®�dfe a vR� o sA] ny } ehv } sA]�^�� acb $� 	�� $�  � µ  � � = = = � $� �O� � µ � ·'µ � �*v�s�^ b q a v k sA^h[ b ]�s�^M[We b � Ã � Å À y�sAe n eh^ a~k s�^h[ b ]�sA^
yhZ n'b ]�[We } ]©zacn�a $� � µ ��dfeh]~q�`a y a ^%q q a } Z k s�^h[ b ]�sA^ � � µ ��dfexw<sA^É[�g aWn [�g a zZ:Z�yhy n s�[�g aWn y�Z n
Ã � Å À =� ehyhy�sAv�sA^%v#dfe a � � µ � a v b Z�yhy n s�[�g�`aca yhZ n � e b � Ã � Å À Z oAa [je%^ aXb�n sA^%[�Z b e n�a qxw<s n q n�a È �
Z�e0y�sA]_^ b q a|n `ack `acn�a ^h[ a $µ = YPw acn�n�a e n>k Z�] b�a Z oAa [#[ acb�b�a Z�yhy n s���]_i�Z b ]�sA^ a v b¥¨
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� ���� � µ  ·�µ � ·'µ � �
� � = ¯�´A�

Y a v k sA^h[ b ]�s�^hv � ��O� � µ  ·�µ � ·�µ � �xq a q�`aco�aW} sAyhy a i a ^ b3Ã � Å ÀÂy a e o�a ^ b �a�bmn�a y n ]_v a vD[csAiji a
q a v~v�sAiXi a v|q a v b�aWn i a vCq%e q�`a�oAac} sAyhy a i a ^ b q a �DZ�ª } s n zZMeh^ y�sA]_^ b q a\n `a�k `aWn�a ^h[ a�µ 	 ?
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� µ 	 ·�µ 	� ·'µ 	� �*dfeh]{[Ws�^ b ] a ^h^ a ^ b v a e }�a i a ^ b=}_a v o Z n ])Z�t }_a v~� µ  ·�µ � ·�µ � �*v aW} sA^ ¨

� ��O� � µ  ·�µ � ·�µ � � ? � ��O� � µ 	 � �
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�� ¶
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� µ  �

� µ  F µ 	 �
� ��
  �!� ¶

¯
È �
� ¸ � ��O� � µ 	 �
� µ  � µ � �

� µ  F µ 	 �W� µ � F µ 	� � �É¹!¹_¹
� � = ¯ % �

� ]C^%sAehv»[csA^hv']�q�`acn sA^hv0eh^Äv'sAehvE� a ^%v a i¥t }�a � ? � 'E¶�·('©¸W·(' � �Mq a ¯ · È · � ·�¹_¹!¹!· Ì acb»µ�� ?
µ  0 ·�µ  2 ·�µ  ' � $µ�� ? $µ  0 · $µ  2 · $µ  ' y�sA]_^ b q a°n `ack `acn�a ^h[ a Z�v�v�s�[W]�`a zZ µ��Tacb $� � ? $�  0 · $�  2 · $�  'eh^�q a e���]©za i a y�sA]_^ b q aMn `a�k `aWn'a ^h[ a [�ghs�]�v�]*q�Z�^hv µ@? � µx¶�·�µ�¸�·�¹!¹_¹!·�µ�º �¥qh]_�/`aWn'a ^ b q a $µ����3} Z
i�`a�b ghs�q a#Å £ [We b�Ã � Å ÀÄqhsA^h^ aC} w�Z�yhy n s���]�ijZ b ]_sA^�q a v k s�^h[ b ]�sA^hv Ã � Å ÀÄqxw<s n q n'a v'ehy�`a �
n ] a e n�a ��� ±B´��G� � y�sAe n eh^ aCk sA^h[ b ]�s�^»qxw<s n q n�a i � S�� Èj� � S ?��a� ¯ � s{ze }5a v b�} w<s n q n'a q a
} Z bmn sA^h[WZ b e n'a~Ã � Å À �a� 10Z32  ' "�"�" 
	 � µ 10 ·�µ 32 ·�µ  ' ·�¹!¹!¹_·�µ 
	 �*v ac} sA^ ¨
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� � ¶� �� E�� �
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sKze
� $� =8� � n'a v'y = $µ =8� � a v b�}�a>oAa [ bma e n*n `ack `acn�a ^%[ a $� � � n'a v�y = $µ�� �3v�Z�^hv } wE`aW} `a i a ^ b $�  8 � n�a v�y = $µ  8 � �
� $�  �  �� � n'a v�y = $µ  �  �� � a v b~}�aCoAa [ bma e n|n `a�k `aWn�a ^h[ a $� � � n�a v'y = $µ�� �=v�Z�^hv }_a vr`ac} `a i a ^ b v $� �� a�b

$�  � � n'a v'y = $µ �� acb $µ  � � �
� G � � µ���· $µ � � a v bR} Z o Z }_a e n qhe n `a v�]�q%e¬[�Z } [We } `a Z�e¬y�sA]�^ b q a�n `a�k `aWn'a ^h[ a $µ�� v�Z�e k Z�e��
`aW} `a i a ^ b v>q a � �

£ sAe n/}_a [�Z�v/q a i ? � �%a�b � ? � µ 	0 ·�µ 32 ·'µ  ' � ��}_a v n `a v�]_qhehv/v�s�^ b8a �%y n ]�i�`a v>v aW} sA^ ¨
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G ¸ � $� ��· $µ � � ? � � $�  0 · $�  2 · $�  ' · $µ 10Z32  '(�GF � � $�  0 · $�  2 · $µ 10Z32 �F � � $� 10 · $�  ' · $µ 10Z ' �GF � � $� 32 · $�  ' · $µ 52  ' �
� � � $� 10 · $µ 10 � � � � $� 32 · $µ 32 � � � � $�  ' · $µ  ' �GF � � $µ �

� � = È   �
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� � = È�¯��

G ¸ � µ  0 ·�µ  2 · $� 10Z32� · $µ � � ? � � µ  0 ·'µ  2 · $�  ' · $µ 10Z32  '(�GF � � µ  0 ·�µ  2 · $µ 	0Z32 �F � � µ 10 · $�  ' · $µ 10  ' �GF � � µ 32 · $�  ' · $µ 52  ' �
� � � µ 10 · $µ 10 � � � � µ 32 · $µ 52 � � � � µ  ' · $µ  ' �GF � � $µ �

� � = ÈAÈA�

Y a [�Z } [We } q a v k sA^h[ b ]�s�^hv¬s n q n�a v�e%y*`aWn ] a e n q a Å £ [ce b � Ã � Å À ^ a k Z�] b ]_^ b�aWn�oAa �
^%] n dfe a q a v k sA^%[ b ]_sA^hvÇq a y n'a iX] acn s n q n�a G ¸ � µ  0 · $� 	0� · $µ � � acb q a q a e���]©za i a s n q n�a
G ¸ � µ  0 ·'µ  2 · $� 10 32� · $µ � � n�a v�y a [ b ] o�a i a ^ b = � a�b�bma Z�yhy n s�[�g arn `a qhe%] b ^hs b Z�t }_a i a ^ b\}�a ^hsAi¥t n�a
q¾wE`a [�g�Z�^ b ] }�} s�^h^�Z�p a v*y�sAe n>}_a [�Z } [We } q a v k sA^h[ b ]_sA^hv�qxw<s n q n�a v'ehy�`aWn ] a e n>a ^0[WsAiXy�Z n Z�]�v'sA^�q a
} ZMi�`a�b ghs�q a � e b � Ã � Å À �xa�b Z�e%v�v�] }_a v n�a v�v�s�e n [ a v¥i�`a iXsA] n�a ^�`a [ a v�vmZ�] n�a v¥y�sAe n|}_a [WZ } [ce }
a�bX}�a v b s�[�²FZ�p a q a [ a v k sA^h[ b ]_sA^hvuqxw<s n q n�a v�e%y*`aWn ] a e n = YPw�Z�yhy�s n'b q a pBZ�]�^ a ^:^hsAi¥t n�a q a
v']�iue } Z b ]�sA^hv acb8a ^ri�`a iXsA] n'a v'sA^ b=n'a y n `a v a ^ b `a v�q�Z�^%v }_a�b Z�t }�a Z�e�� = È =
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�DZ�t }_a � = È ¨ �=s�iut n�a q a0n eh^hv a�b i�`a iXsA] n�a q a ijZ�^hq�`a vXy�sAe n�}_a [�Z } [We } q a v k sA^%[ b ]_sA^hv�q a
� e b � Ã � Å À
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�|Z�^hv�[ acb�b�a v a [ b ]�sA^ � ^hsAe%v3y n `a v a ^ b sA^hv } w�]_ijy } `a i a ^ b Z b ]�s�^lq a�} Z=i�`acb g%s�q a*Ã � Å À�q�Z�^%v
eh^ iXs�q{zaW}_a q a [W]_^*`acb ]�dfe a [�gh]_ij]_d�e a = �8sAehv~[Ws�^hv�]_q*`aWn sA^hv~eh^ ijs�qxzaW}_a�� v�sAehvCvmZ k s n i a q%]�v��
[ n `a�b ]_v�`aWa qhs�^h^�`aWa y�Z n>} wE`a dfe�Z b ]�sA^Mv'eh] o Z�^ bma�¨

8*º � ¶?�� � 8*º�·  Xº � � � = È��B�
Z o�a [ ¨

� 8*º�}�alo�a [ bma e n q a [csA^h[ a ^ bmn Z b ]�s�^°zZ } w�]_^hv b Z�^ b��@º =
� � } Z k sA^h[ b ]�sA^RZ�v�v�s�[W]�`aWa zZ } Zu[c]�^�`a�b ]�dfe a [�gh]�iX]�dfe a y aWn i a�b�b Z�^ b q a y�Z�v'v aWn qhe bma ijy%v
� Z�e b�a iXyhv � ���	� =
« ^»q a ghs n v8q a v�[Ws�^h[ a ^ b�n Z b ]�sA^%v ��aW}_}�a q�`a y a ^hq»q a y } ehv�] a e n v8yhZ n Z�i0zacb�n�a v8q a#k s n �[�Z�p a
v ac} sA^ }�a v�[�g�`a i�Z [�gh]�iX]�dfe a dfexw<sA^�e b ] } ]_v aT¨Pbma ijy�`aWn Z b e n'a�� gfehij]_qh] b `a�� Z�^%p }�a�� `a ^h]!�
b g�Z }©� = = = YPw a ^hv a iut }_a q a v8y�Z n Z�irzacbmn'a v k s n i a�}�aloAa [ b�a e n> Xº =
�=s b sA^hv3dfe a  \º ^xw a v b y�Z�v } Z�qhsA^%^*`aWa q a vPy�Z n Z�irzacbmn'a vPZ�e�� b�a iXyhv �@º = �|Z�^%v }�a [WZ�q n'a
qxw<eh^ a qh]_v�[ n `acb ]�vmZ b ]�s�^ a ^ bma ijy%vuy�Z n eh^�v'[�g�`a ijZ�^�e%i�`acn ]�dfe a qxw�]_^ b `a p n Z b ]�sA^ qxw�e%^ a
`a dfe�Z b ]�sA^RZ�e���q�`aWn ] o `aWa v/y�Z n'b ] aW}_}�a v � Xº [csAijy n�a ^%q }�a v o Z }_a e n v�q a v8yhZ n Z�i0zacb�n�a v>Z�e��
]�^hv b Z�^ b v>e b ] } ]�v�`a v�yhZ n>} w�Z } p�s n ] b ghi a =

YPw<sAt�¦ a [ b ] k~a v b q a�n'a iXy } Z�[ aWn [ a iXs�qxzaW}�a y�Z n eh^¬iXs�qxzac}�a0n `a qheh] b�a �X[�Z�[ a t�Z�v�`a v�e n
} w<e b ] } ]�v�Z b ]_sA^Çv�y�`a [W]!®�dfe a q a v b Z�t }�a vÂ[�Z } [We } `aWa vÂy�Z n°} ZÄi�`acb g%s�q a�Ã � Å À = � a iXs�qxzac}�a
Z�yhy aW} `a � «�³ Å �¿y�sAe n3Á ��e }�} ª « d�e%] o Z }�a ^ b ³ y aWn Z b ]_sA^�Z } iXs�q ac} Æ�� �Fa v b e b ] } ]�v�`a y�sAe n [�Z } [We }�aWn
qh] n'a [ b�a i a ^ b|}_a v|v�s n'b ] a vlq%e iXs�q{zaW}_a zZ�y�Z n�b ] n q a v a v a ^ bmn `aWa v a ^ b Z�^ b dfexw<]�^ b `a p n Z b�a e n|a ^
v�ehthv b ] b e b ]�sA^MqheRiXs�qxzaW}�a ]�^h] b ])Z } q%sA^h^�`a y�Z n>} wE`a dfe�Z b ]_sA^ � � = �BÈ�� =

YPw<e b ] } ]_vmZ b ]�sA^Xq a � «�³ Å [csAiji a ^%[ a y�Z n
� } ZÂq�`a ®�^h] b ]�s�^Éq a v o Z n ]�Z�t }�a vMqxw a ^ bmn `aWa:¨ [WsA^h[ a ^ bmn Z b ]_sA^ ]�^h] b ]�Z }�a q a v a v'yxza [ a v � q a v
[WsA^%qh] b ]�sA^hvCZ�e�� } ]�iX] bma v �xa�b¥b sAe bma Z�e bmn'ajo Z n ])Z�t }_a Z�e���] } ])Z�] n�a � bma iXy�`acn Z b e n�a�� y n'a vE�
v�]_sA^ � = = = = � �

� } ZMq�`a ®�^h] b ]�sA^�q a v o Z n ])Z�t }�a v|q a v's n'b ] a qhe ijs�qxzaW}_a �¿[csA^h[ a ^ bmn Z b ]�s�^hv~qxw a v�yxza [ a vu[�gh]!�
ij]_dfe a vm��dfexw�s�^r[�g acn [�g a zZ�[�Z } [We }_aWn zZ } w<]�^%v b Z�^ b�� ���
�(�

Y-w@`aco Z } e�Z b ]�sA^Rv aCk Z�] b8a ^hv�eh] bma y�Z n eh^ a v']�iXy }�a~}_a [ b e n�a q a v b Z�t }�a v¥�¿e%^ a#k sA]_v8Z�e�q�`a the b q a
} w<]�^ b `a p n Z b ]�sA^�� acb eh^ a v�sAiXijZ b ]_sA^�q a vXqh]!�8`acn�a ^ b�a v k s�^h[ b ]�sA^hv\[csAijy�sAv�Z�^ bma vXq arÃ � Å À
v aW} sA^ } wE`a dfe�Z b ]�sA^T�©´ = ¯��|� o sA] n>} Z¥®�pAe n'a � = � � =

YPw<e b ] } ]_vmZ b ]�sA^ q arÃ � Å À y�sAe n�} Z n `a q%eh[ b ]�sA^�qxw<eh^:ijs�qxzaW}_a q a [W]_^�`acb ]�dfe a [�gh]_ij]_dfe a��
y a e b v a~k Z�] n'a v ac} sA^ } wËZ } pAs n ] b g%i a v�e%] o Z�^ b�� dfe a~} w�sA^ a ��y } ]_[W] b�a y�sAe n [We b � Ã � Å À ¨
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� �»`a ®�^h] n q a v o Z n ])Z�t }�a v�qxw a ^ bmn `acaja�bC}�a v o Z n ])Z�t }�a v�q a v�s n�b ] a qhe iXs�q{zaW}_a dfexw�s�^
[�g aWn [�g a zZ } w�]_^hv b Z�^ b � ���	� =

� � ghsA]�v'] n eh^�]_^ bmaWn�o Z }�}_a �  dfeh]�[Ws�e o�n�a�} wE`a�o s } e b ]_sA^Xq a [�g�Z�d�e a�o Z n ]�Z�t }�a q¾w a ^ b�n `aca' = � ]�^%sAehv¥^ a qh]_v�y�sAv�sA^%v¥y�Z�v#qxw<]�^ k s n i�Z b ]�s�^hvly n `a Z } Z�t }�a v#v'e n¥} Z o Z n ])Z�t%] } ] b `a v
q a v/y�Z n Z�irzacbmn'a v>qxw a ^ b�n `aWa�� sA^Ry�s�e n�n Z }_a v>q�`a qheh] n�a zZ�y�Z n�b ] n qxw�e%^r[WZ } [ce } y n `aW} ]1�
ij]_^�Z�] n'a q%eriXs�qxzaW}�a qxw�s n ]�p�]�^ a =

� � ghsA]�v'] n e%^ ^hs�iut n�a ½  q a y�sA]_^ b q a } w<]�^ bmacn'o Z }�}_a �  y�sAe n [�ghZ�dfe a o Z n ])Z�t }_aqxw a ^ bmn `aca ' =
� �»`a ®�^h] n eh^ a/o Z }_a e n q a/n `a�k `aWn�a ^h[ a $µ  q�Z�^hv } w<]�^ bmacn'o Z }�}_a �  y�sAe n [�g�Z�d�e a8o Z n ])Z�t }_aqxw a ^ bmn `aca '�� y�Z n ij] }�a v�½  y�sA]�^ b v>[�ghsA]�v']�v =
� � Z } [ce }�acn�}�a v k sA^h[ b ]�sA^%v>qxw�s n q n'a~  � �
	 �*y�sAe n [�g�Z�d�e aCo Z n ])Z�t }_a q a v's n'b ] a =
� � Z } [ce }�acn�} Zuv�`aWn ] a q a|k sA^h[ b ]�sA^%v>qxw�s n q n'a ¯ "��  ) � q a [�g�Z�d�e a y�sA]�^ b q a|o Z n ])Z�t }_aqxw a ^ bmn `aca '�� y�sAe n [�g�Z�dfe a~o Z n ]�Z�t }_a q a v�s n'b ] a =
� � `aW}_a [ b ]�sA^%^ aWn�}_a v o Z n ])Z�t }_a v�qxw a ^ bmn `aca dfeh]{s�^ b e%^ a � a�b���a ^»Z�p�]�v�v�Z�^ b v a e } ]�^%q*`a �
y a ^hq�Z�iXi a ^ b q a v�Z�e bmn'a v o Z n ]�Z�t }�a v>qxw a ^ bmn `aWa�� v�e n�} Z�v's n'b ] a q a iXs�q{zaW}_a�� y�sAe n
[�g�Z�dfe a|o Z n ]�Z�t }�a q a v�s n�b ] a =

� � Z } [ce }�acn�} Z¥v�`acn ] a q a�k sA^h[ b ]_sA^hv*q¾w�s n q n�a È � �� � q a [�g�Z�dfe a [Ws�ehy }�a q a�o Z n ]�Z�t }_a vqxw a ^ bmn `aca ] acb ¦ � y�sAe n [�g�Z�dfe a~o Z n ])Z�t }�a q a v�s n�b ] a =
� � `aW}_a [ b ]�sA^%^ aWnP}_a v�[WsAehy }�a v�q a/o Z n ]�Z�t }�a vPqxw a ^ bmn `aWa dfeh]�sA^ b eh^ a � a�b v'e n*} Z~v's n'b ] a
q a ijs�qxzac}�a�� y�s�e n [�g�Z�dfe a~o Z n ]�Z�t }�a q a v�s n�b ] a =

� � Z } [ce }�acn5}_a vD[Ws a �X[W] a ^ b vDqxw�]_^ bmaWn y�s } Z b ]�sA^hv } ]�^�`a Z�] n'a v���� a�b�� � n'aW} Z b ] k v5Z�e�� k s�^h[��
b ]�s�^hvKq a y n'a iX] aWn vDs n q n'aU�  acb th] } ]�^�`a Z�] n'a v��	� ��
���Xacb � � n�ac} Z b ] k v5Z�e�� k sA^%[ b ]_sA^hvq a v a [WsA^hqrs n q n�am� �� =

� � Z�e o�a pBZ n q aWn|}_a v|[cs a �j[c] a ^ b v|qxw<]�^ bmacn y�s } Z b ]�sA^%v=y�sAe n�b sAe b�a v }�a v o Z n ]�Z�t }�a v�q a
v�s n�b ] a q�Z�^hv/eh^R®�[�gh] aWn th]_^�Z�] n'a =

� � N ���Q, � N��f)��� J�� � 
�¿ZB�RYK] n�al}_a v b Z�t }�a v>q a [Ws a �X[W] a ^ b v/qxw<]�^ b�aWn y�s } Z b ]_sA^hv =
�§t�� � ] b e aWn3}_a vPqh]!�8`acn�a ^ b�a v-[Ws�ijy�sAvmZ�^ b�a vPqhe oAa [ b�a e n q a�o Z n ]�Z�t }_a v3qxw a ^ b�n `aWa zZ } w<]�^%v��

b Z�^ b �(� q�Z�^hv } w a v�y�Z�[ a q a v o Z n ])Z�t }�a v �%a�b8} Z�v�`ac}�a [ b ]_sA^Rq a v=[Ws a �X[W] a ^ b v/qxw<]�^ bmacn �
y�s } Z b ]_sA^hv�Z�yhy n sAy n ]�`a v =

�§[�� � Z } [ce }�acn*} Z#v�s n�b ] a q a ijs�qxzac}�a zZ } w�]_^hv b Z�^ b�� � �	� yhZ n v�]_ijy }�a v'sAiXi�Z b ]�sA^Xq a v
qh]_�8`aWn'a ^ bma v k s�^h[ b ]�sA^hv*q a q*`aco�aW} s�yhy a i a ^ b�Ã � Å À v aW} s�^ } wE`a dfe�Z b ]_sA^ �©´ = ¯��

YKZ n Z�y%]�qh] b `a q a � «�³ Å y n s o ] a ^ b q a q a e�� k Z�[ bma e n v ¨
� Y a v\]�^ bmacn y�s } Z b ]�sA^%v¥^�`a [ a v'vmZ�] n�a v�Z�e:[�Z } [We } vuq a v k s�^h[ b ]�sA^hv�q a q�`acoAac} sAy%y a i a ^ b q a
Ã � Å À �©´ = ¯��=v'sA^ b|bmn za v n Z�y%]�q a v acb t�Z�v�`aWa v~eh^h]�dfe a i a ^ b v�e n q a v~sAy�`acn Z b ]�sA^hv�Z } pD`a �
t n ]_d�e a v =
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� Y a vCy�Z�vCq ajb�a iXyhv#q%e°iXs�qxzac}�a �	� y a e o�a ^ b �a�bmn�a y n ]_vCZ n th] bmn Z�] n'a i a ^ b p n Z�^hqhv�� a�b
]�^hq�`a y a ^hq�Z�iji a ^ b qheMy�Z�v>q a=bma iXyhv�q%eMijs�qxzaW}_a ]_^h] b ])Z } [csA^ bmn Z�]�^ b y�Z n*} Z n Z�]_q a e n � =
£ Z n=a � a iXy }_a�� y�sAe n q a v|Z�yhy } ]�[WZ b ]_sA^hv¥zZ�q a v � � Å �¾}_a y�Z�v�q a¥b�a iXyhv �	�8a v blb ª�yh]!�
dfe a i a ^ b [ aW} eh]�dfeh]�[�Z n Z�[ b `aWn ]�v a=}�a8k s n��[WZ�p a i�`acb `a s�� �  A  v a [WsA^hq a v��*y�sAe n ]�^hq%]�[�Z b ]�s�^ �
zZ¥[Ws�ijy�Z n�aWn Z�eMy�Z�v*q a�bma ijy%v*qxw<]�^ b `a p n Z b ]�s�^�^fehi�`aWn ]_dfe a q a|} Z#[c]�^�`a�b ]�dfe a [�gh]�iX]�dfe a
��¯  �  v a [WsA^%q a v>y�Z n*a � a ijy }_a Z oAa [|eh^Mv�[�g�`a ijZ¥q a�b ª�y a À8s�v a ^ft n s�[�²jy�s�e n q a v�[W]_^�`a �
b ]_d�e a v n Z�]�q a v�� =

��]_pAe n'a � = ��¨ � [�g�`a i�Z\qxw<]�iXy } `a i a ^ b Z b ]�sA^Xq a � «�³ Å q�Z�^hv>eh^0ijs�qxzaW}_a

� ��� ' ORQ����" ��� � V # � " �2� Q��'V " " S � LPN !CLPVWOXJ

* +�� +.- � �`� 3 :P� � �	�_� 3��7P��	�
 : 7.7.5%�!� � 8 � : 1 <
�8s bmn'a y n�a ij]©zaWn'a Z�yhy } ]�[WZ b ]_sA^ � Z `acb `aXa � a [ b e*`aWa v�e n e%^ iXs�q{zaW}_a Z�[WZ�q�`a iX]�dfe a q a � o ZF�

n ])Z�t }�a vuqxw a ^ bmn `aWarµx¶�·'µ�¸�·�µ � � q�`a ®�^h] a v\q�Z�^hv } w<]�^ bmacn'o Z }_}�a �  %� ¯W� �3acb eh^ aMo Z n ]�Z�t }_a q a v�s n�b ] a�¿^hsA^ } ]�^�`a Z�] n'a ��q�`a ®�^h] a v ac} sA^ ¨

� ?Éµx¶ ��µ�¸���µ � ��µ ¸¸ ��µ ¸� ��µ�¸ � µ �
� � = È��f�
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} w�s�t�¦ a [ b ] k `a�b Z�^ b qxw a v�v�Z�ª aWn qxw�Z�yhy n s�[�g aWn [ a iXs�qxzac}�a yhZ n-} Zli�`acb g%s�q a [ce b � Ã � Å À�y n `a v a ^ b `a
Z�ehy�Z n Z o Z�^ b =

���	��
 ��? � 	��
�� º�
�� ¶

�  � µ  � � �
¶�� 8��� �fº

� �� � µ  ·�µ � � � � = È � �

s{ze ^ a v b `a pBZ } zZÇ� qhZ�^hvÂ^hs bmn�a [�Z�v = Y a y�sA]�^ b q a�n `ack `aWn'a ^h[ a `acb Z�^ b y n ]�vÂZ�e ij] } ] a e
q a } w�]_^ b�aWn�o Z }�}�a q a v�y�Z n Z�irza�bmn�a v�qxw a ^ bmn `aca a�b�}�a ^hs�iut n�a q a y�s�]�^ b v�dfeh]0[WsAiXy�s�v a ^ b
} wE`a [�g�Z�^ b ] }�} sA^h^�Z�p a=a v b q a � � ? È   =

¤ ^ aMk sA]�v } Z n�a y n `a v a ^ b Z b ]�s�^ � e b � Ã � Å À [WZ } [ce } `aca�� ^%sAehvXZ o sA^hv a ��`a [We b `ar}_a ijs�qxzac}�a
n `a qhe%] b ¯  A � A uk sA]�v>Z o�a [u� o Z n ])Z�t }_a v�q¾w a ^ b�n `aca qh]!�8`acn�a ^ b�a v b ] n `aWa v/Z } `a Z b s�] n�a i a ^ b q�Z�^hv } w�]_^��
b�aWn�o Z }�}�a �  %� ¯W� a�b ^hs�ehv0Z o sA^hvr[�Z } [We } `aT} w aWn�n'a e nMn'aW} Z b ] oAa � « À=� a ^ bmn�a }�a iXs�q{zaW}_aTn `a q%eh] b
� ���	��
 � � acb8}�a ijs�qxzaW}_ala �%Z�[ b � �u� =

� : ? $ ���	��
 � F �
�

$
�
¯  �  � � = È�±B�

�|Z�^hv }�aub Z�t }�a Z�e�� = �R^hsAe%vCy n `a v a ^ b s�^hv }_a y�sAe n [ a ^ b Z�p a q a\k sA]_v|sKze « À� �A¡�� « À�~¯  B¡��
« À�=È  B¡�� « À�~¯  A B¡ a�b « À � ¯  A �¡ s�t bma ^�e%v�Z oAa [ } w<s n q n�a q a b�n sA^%[�Z b e n�a � n ? ¯ � ÈA� =
YPw<s n q n�a ¯�q a�Ã � Å À k sAe n ^h] b eh^ n `a v�e }_b Z b Z�v'v a � v�Z b ]_v k Z�]_vmZ�^ b yheh]_v�dfe a � ´ ¡ q a vlv�]_iue } ZF�
b ]�sA^%v Ã � Å À:y n `a v a ^ bma ^ b e%^ a�aWn'n�a e n3n�ac} Z b ] o�a ]_^ k `aWn ] a e n�a zZ|È  B¡�� ´ � ¡ q a v3[WZ�v3]_^ k `aWn ] a e n v8zZ
��¡ acb dfe a=  = È�È ¡ q a v�v']�iue } Z b ]_sA^hvDd�e%]�qhsA^h^ a ^ b q a v acn�n'a e n v�v'ehy�`aWn ] a e n�a v~zZ\¯  A B¡ =�� e�Z�^ b
zZ } w�s n q n�a È � ] }�k sAe n ^%] b q�Z�^hv �m� ¡ q a v8[�Z�v/q a v acn�n'a e n v n'aW} Z b ] oAa v/Z�e0q a v�v'sAehv8q a#�A¡ =�8s b s�^hv>dfe a [csAiXi a s�^rZ\eh^RiXs�qxzac}�a dfe�Z�q n Z b ]�dfe a��h} w<s n q n�a È a v b v'e%�XvmZ�^ b th] a ^RvA�e n =

« À ¯�� � s n q n'a È º�� s n q n'a
 �A¡ ´ � ¡ �m� ¡
 ¯  B¡ � � ¡ �m� ¡
�È  B¡ � ´ ¡ ¯  A \¡
Ä¯  A B¡ �m� = ´ % ¡ ¯  A \¡
� ¯  A B¡   = ÈAÈ ¡  X¡

�DZ�t }_a � = � ¨ £ sAe n [ a ^ b Z�p a q a�n `a e%v�v�] bma sAt bma ^feRZ oAa [ � e b � Ã � Å ÀÉv ac} sA^ } w�s n q n'a q a|} Z bmn sA^��
[WZ b e n�a y�s�e n>} w a � a iXy }_a � = � = ¯

*,+�� +�� �r� 5 � :��� 3\���	�I� 3��7�� 	�
 : 7.7.5%�!� � 8 � : 1 <
� e%yhy�s�v�sA^hv } Z n `a Z�[ b ]_sA^M[�gh]�iX]�dfe a v�eh] o Z�^ b�a\¨

� � � �F�� � � � = ÈA´A�
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sKze�� ���u��� v�sA^ b|b�n sA]_v a v'yxza [ a vC[�gh]�iX]�dfe a v = ² a v bC} Z�[csA^hv b Z�^ bma q a�n `a Z�[ b ]_sA^Tdfexw�s�^ y a e b
q*`a ®�^%] n y�Z n>a � a iXy }�a v'sAehv } Z k s n i a v'eh] o Z�^ b�a�¨

��?�� � ¶	�	
 � � = È % �
� y a e b �acb�n�a�o e [csAiXi a e%^ b�aWn i a q a�bma ijy�`acn Z b e n�a qhZ�^hv }�a [WZ�v~qxw�e%^ aXo�n Z�] a [c]�^�`a�b ]�dfe a
[�gh]�iX]�dfe a = � ]hs�^Xvcw�]_^ b `aWn'a v'v a zZ } w a v�yxza [ a��u� v�sA^�`a dfe�Z b ]�s�^�qxwE`a�o s } e b ]_sA^�y a e b vcwE`a [ n ] n�a v aW} s�^ ¨� �� � ? F ��¹ � ¹ � � � = È � �
Z�ªAZ�^ b y�sAe n v�s } e b ]_sA^�^fehi�`aWn ]_dfe a y�Z n eh^Rv�[�g�`a ijZ a �%y } ]�[c] b�au¨

��� � � � � � ? ��� � �GF  � � � ¹ �M� � � ¹ �:� � � ¹ � �
« ^ v'ehyhy�sAvmZ�^ b dfe a � � � a�b�� o Z n ] a ^ b a ^ bmn�a�  acb ¯ �~}�a y�Z�v q a�b�a iXyhv q a } Z

n `a v's } e b ]�s�^ a v b y n ]�vM`a pAZ } zZ � � ? ¯
¯  A 

= �8sAehvlZ o sA^hv|Z�y%y } ]_d�e�`aC} ZXi�`acb ghs�q a � e b � Ã � Å À zZ
[ a ijs�qxzac}�a dfeh] n�a y n `a v a ^ b�a qxw<eh^ a ijZ�^h]©zacn�a v']�iXy } ]!®*`aWa=}�a|b ª�y a qxw@`a dfe�Z b ]�s�^hv/qh]_�8`aWn'a ^ b ] aW}�}_a v
d�e%]Xp�sAe oAacn ^ a ^ b°} Z [c]�^�`a�b ]_d�e a [�g%]�iX]�dfe a = Y a y�sA]�^ b q a:n `a�k `aWn�a ^h[ a:a v b y n ]�v Z�e iX] } ] a e
q a v�]_^ bmaWn�o Z }�}_a vRq a°o Z n ])Z b ]�sA^ q a v�y�Z n Z�irza�bmn'a v0qxw a ^ bmn `aca�acb»}�a ^%sAiut n'a q a y�sA]_^ b v»dfeh]
[WsAiXy�s�v a ^ b/} wE`a [�g�Z�^ b ] }�} s�^h^�Z�p a8a v b � � ? È   =

� a|} Zuir�a i a i�Z�^%]©zaWn'a dfe a q�Z�^hv } w a � a ijy }�a y n `a [�`a q a ^ bW� Z�y n za v }�a [WZ } [ce } q a v k s�^h[ b ]�sA^hv
n�a y n `a v a ^ b Z b ] o�a v0q a � e b � Ã � Å À � ^hsAehvRZ o s�^hv a ��`a [We b `a }�a iXs�qxzac}�a�n `a qhe%] b ¯  A � A °k sA]�v
Z o�a [C� o Z n ]�Z�t }�a v�qxw a ^ bmn `aWa qh]!�8`acn�a ^ b�a v b ] n `a Z } `a Z b sA] n'a i a ^ b q�Z�^hv } w<]�^ b�aWn'o Z }_}�a �  �� ¯W� acb ^hsAe%v
Z o sA^hvj[�Z } [We } `a0} w acn�n'a e n\n�ac} Z b ] o�a � « À���q�`a ®h^h] a v ac} sA^ � � = È�±B� a ^ b�n�ar}�a ijs�qxzac}�aRn `a qheh] bXa�b
}�a iXs�qxzac}�aTa �hZ�[ b = �|Z�^hv }�aTb Z�t }�a Z�e � = �:^hsAe%v0y n `a v a ^ b s�^hv }_a y�sAe n [ a ^ b Z�p a q aTk sA]_vMsKze
« À� �°¡�� « À ~¯  B¡�� « À =È  A¡M� « À�C¯  A B¡¢a�b « À � ¯  � °¡ sAt b�a ^fehv�Z o�a [ } w<s n q n'a q a
bmn s�^h[�Z b e n�a � n ? ¯ � È � �B� = Y a y n'a iX] acn s n q n'a qhe�q*`aco�aW} s�yhy a i a ^ bMÃ � Å À k s�e n ^h] b qxwËZ�v�v a �
t�sA^%v n `a v�e }_b Z b v*y%eh]�v'd�e a ±BÈ ¹ ± ¡ q a vl¯  A � A  v']�iue } Z b ]�sA^hv a � a [ b e�`aWa v>y n `a v a ^ b�a ^ b eh^ a=aWn'n�a e n
n�aW} Z b ] oAa ]_^ k `aWn ] a e n�a zZ �A¡¢acb %  B¡ q a vXv�]_iue } Z b ]�s�^hv¥qhs�^h^ a ^ b q a v aWn'n�a e n vX]�^ k `acn ] a e n�a v»zZ
¯  B¡ = Y a q a e���]©za i a s n q n'a [WZ�y b e n�a|bmn za v/th] a ^ }�a [Ws�ijy�s n'b�a i a ^ b qhe0iXs�qxzac}�a q a#n `ack `aWn'a ^h[ a
yheh]�v'dfe aT}�a ^hsAiut n'a q a [WZ�vMsKze } w aWn'n�a e n�n�ac} Z b ] o�a�a v b ]�^ k `acn ] a e n�a zZ �A¡ a v b q a y } ehvMq a% �A¡ q a v�[�Z�v = Y aRbmn sA]�v']©za i a s n q n�a y n `a v a ^ b�a eh^ n `a v�e }_b Z b�a �%[ aW}_}�a ^ b yheh]_v�dfe a»}_a v0¯  A A � 
v�]�i¥e } Z b ]�sA^%v�y n `a v a ^ bma ^ b eh^ a~aWn'n�a e n>n�ac} Z b ] oAa ]_^ k `aWn ] a e n�a zZ �A¡ =

� �.�  � � " V�U !#L3VWOXJ �! " ! U8V�J �� LPV��MS � U $TV # V��MS �
�|Z�^hv=[ acb'bma v a [ b ]�sA^r^hsAehv=y n `a v a ^ b sA^hv }_a v n `a v'e }_b Z b v=qxw�Z�yhy } ]�[�Z b ]�s�^Mq a [ acb�b�a i�`acb g%s�q a

Ã � Å À �Aa ^Xe b ] } ]_vmZ�^ b�}�a iXs�qxzac}�a � «�³ Å zZ } Z|y } Z�[ a qheXv�s }!oAa e n À8sAv a ^ft n s�[�²uq a8} Z oAaWn v�]_sA^
  �ÇqheriXs�q{zaW}_a £�³ Y ��� À =



��� ������	�	A� �!,
����! �" ��>���=,E��"-$�E������F��,
����.*���E�F� �c� �

« À ¯�� � s n q n�a È º�� s n q n'a �
�
��s n q n�a

 �A¡ ±AÈ = ± % ¡ % � = ± ��¡ ¯  A \¡
 ¯  B¡ %   =  \¡ �   = ´�È ¡ ¯  A \¡
�È  B¡ % %>= � ± ¡ � � = �  \¡ ¯  A \¡
 ¯  A B¡ � ´ = ¯�� ¡ � %>= ± � ¡ ¯  A \¡
� ¯  A B¡ È =&% ´ ¡ ¯ = ��¯ ¡  X¡

�DZ�t }_a � = � ¨ £ sAe n [ a ^ b Z�p a q a�n `a e%v�v�] bma sAt bma ^feRZ oAa [ � e b � Ã � Å ÀÉv ac} sA^ } w�s n q n'a q a|} Z bmn sA^��
[WZ b e n�a y�s�e n>} w a � a iXy }_a � = � = È

*,+ * +.- � 1 3�28 � 8 :�� 1/< 	�� ���� 1�� 7��h	��� 1/< 0� < � � 8 �;: 1/< �
�8sAehv8Z o sA^hv=Z�yhy } ]�dfe�`a [ acb'bma i�`acb g%s�q a zZ b�n sA]_v>v�[�g�`a i�Z�v/[�gh]_ij]_dfe a v>qh]!�8`acn�a ^ b v ¨

� « Å «�£ �<´F�\Z o�a [É¯�´ o Z n ])Z�t }�a v�qxw a ^ bmn `aWa qhsA^ b qh]!�Ä[Ws n'n�a v'y�s�^hq a ^ b Z�e��Ç[WsA^h[ a ^��
bmn Z b ]�s�^hv qxw a v�yxza [ a v �°b�n sA]_v Z�e�� [WsA^%[ a ^ b�n Z b ]�sA^hv qxw a v�yxza [ a v k s n [�`aWa v � eh^ a zZ } Z
bma iXy�`acn Z b e n�a�� eh^ a zZ } w<gfehiX]�qh] b `a�� e%^ a zZ } Zry } eh] a�� e%^ a zZ } wËZ�^%p }�a � `a ^h] b g�Z } �5}�a v�¯  
a v�yxza [ a v�qheRv'[�g*`a ijZX[cs n�n'a v'y�sA^%q a ^ b Z�e��Mv's n'b ] a v8q a ijs�qxzaW}_a =

� ��� Å � �<± % �/Z oAa [»�%¯ o Z n ]�Z�t }�a vuqxw a ^ bmn `aWa dfeh]>[Ws n'n�a v�y�sA^hq a ^ b Z�e���[WsA^h[ a ^ bmn Z b ]_sA^hv
q a v a v�yxza [ a v0qhe v�[�g�`a ijZ a�b �%¯ o Z n ]�Z�t }_a vXq a v�s n�b ] a v £ s�e n [ a [WZ�v � a�b y�s�e n q a v
n Z�]_v�sA^hv/q a qh]_v�y�sA^h]�t%] } ] b `a q a v=qhsA^h^�`aWa v } s n v/q a [ a v bma v b vm� � sA^�Z�®�pD`aC}�a v=[csA^hqh] b ]_sA^hv
[W]�^�`acb ]_dfe a v =

� Å ³~� � � ± � �#Z oAa [�± � o Z n ])Z�t }�a vMq¾w a ^ b�n `aca qhsA^ b ±A±:[cs n�n'a v'y�sA^%q a ^ b Z�e��É[WsA^h[ a ^��
bmn Z b ]�s�^hv~qxw a v�yxza [ a v�[�gh]�iX]�dfe aXacb¥}�a v bmn sA]�v#Z�e b�n�a v0zZ } Z b�a iXy�`aWn Z b e n�a�� gfehiX]�qh] b `a\acb
Z�^hp }_a2� `a ^h] b g�Z } =

Y a v�]_^ b�aWn�o Z }�}�a vÂq a v o Z n ])Z�t }�a v qxw a ^ bmn `aWa e b ] } ]�v�`a vÂqhZ�^hv�[ a v b�a v b v�y n s o ] a ^h^ a ^ b q a
v']�iue } Z b ]�sA^hv�Z�^ b `acn ] a e n�a v#dfeh]Pq%sA^h^ a ^ b eh^ a ]�q�`aWa q aX} Z o Z n ]�Z b ]_sA^�y n `aco ]�v']�t }_a q a v o Z }�a e n v
q¾w a ^ b�n `aca q�Z�^hv }�a iXs�qxzaW}�a qhe n Z�^ b0} w�]_^ b `a p n Z b ]_sA^ = Y a y�s�]�^ b q aTn `a�k `aWn'a ^h[ a y�sAe n [�g�Z�d�e a
o Z n ])Z�t }�a q¾w a ^ b�n `aca#a v b y n ]_v/Z�eR[ a ^ b�n�a q a~} w<]�^ bmacn'o Z }�}_a q a q�`a ®�^h] b ]�s�^ �%}_a ^hsAiut n'a q a y�s�]�^ b v
dfeh]{[csA^hv b ] b e a ^ b/} wE`a [�g�Z�^ b ] }�} s�^h^�Z�p a=a v b y n ]�v¥zZ � � ? È   =

Y a vM®�p�e n�a v � = ± a�b � = ´°y n `a v a ^ b�a ^ b»}_a v n `a v�e }_b Z b v�sAt bma ^fehv0Z oAa [ }�a iXs�qxzaW}�a � «�³ Å
[csA^hv bmn e%] b zZ t�Z�v a q a v b Z�t }_a v Ã � Å À acb }�a iXs�qxzaW}�a q a n `ack `acn�a ^%[ a £�³ Y � � À n `a �
v's } e°Z oAa [ }�a v�s }!oAa e n ^fehi�`aWn ]_dfe a À/sAv a ^ft n s�[�² n�a v'y a [ b ] oAa i a ^ b y�sAe nC}�a v�[�g�`a i�Z « Å «-£
a�b ��� Å � � + = Y a vPy n s�® } v�q a [WsA^h[ a ^ bmn Z b ]_sA^hv3v'sA^ b3bmn za vPv a iut } Z�t }_a v a�bP} w aWn'n�a e n3a v b ij]_^h]�i a =



�P�(� �����
	��������������������������! �"#�%$�'&(����)�*��+��
,-���/.0$��1�� �&��3254-687:912-�<;��=4-��.>��"�?@�! �"A���B6C �&����7D�)	A���E?E��"FG����! �"�H

0 500 1000 1500
Temps (en min)

0

0.5

1

1.5

2

2.5

3

co
n

ce
n

tr
a

tio
n

 (
u

g
/m

3
)

NO2 CONCENTRATION

HDMR
POLAIR

0 500 1000 1500
Temps (Min)

0.46

0.47

0.48

0.49

0.5

0.51

0.52

0.53

0.54

C
o

n
ce

n
tr

a
tio

n
 (

u
g

/m
3

)

SO2 CONCENTRATION

HDMR
POLAIR

0 500 1000 1500
Temps (en min)

0

0.5

1

1.5

2

2.5

3

co
n

ce
n

tr
a

tio
n

 (
u

g
/m

3
)

NO2 CONCENTRATION

HDMR
POLAIR

0 500 1000 1500
0.4

0.5

0.6

0.7

0.8

NH3 CONCENTRATION

HDMR
POLAIR

��]�pAe n�a � = ± ¨ � sAijyhZ n Z�]_v�sA^\q a v*y n s�® } v�q a v � a v�yxza [ a v>qhe�v'[�g*`a ijZ « Å «-£ = « ^����%� n `a v�e }!b Z b
sAt bma ^fe�Z o�a [ }�a iXs�qxzac}�a qxw�s n ]�p�]�^ a £�³ Y � � À   � acb\a ^Ä� } ]�p�^ a � n `a v'e }_b Z b sAt bma ^fe�Z oAa [ }�a
ijs�qxzaW}_a � «�³ Å
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�D]�pAe n'a � = ´ ¨ � sAijyhZ n Z�]_v�sA^ q a vMy n s�® } v�q a v � a v�yxza [ a v0qhe¬v'[�g*`a ijZ ��� Å � = « ^ � } ]�pA^ a �
n `a v'e }_b Z b sAt b�a ^fe�Z oAa [ }_a ijs�qxzaW}_a qxw<s n ]_pA]�^ a £�³ Y � � À   � acb�a ^»�G� � ��� n `a v�e }_b Z b sAt bma ^fe�Z oAa [
}_a ijs�qxzac}�a � «�³ Å
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� ? ¯   � � ��? ¯   � �

�=t n�a q ao� �� % � ´A´ � � %   �

�DZ�t }_a � = ��¨��������
	������������	���������������� ���
!���"#���$���%
&'��	��)(�*+!�,.-/��0-�!2143���5,7698�:<;)=

* + * +�� 0 : 7 � � 8�>n�p	�� � � 1 < ��;: 1/< �h���r� �

�|Z�^hv }_a [�Z�v=qxw�e%^»iXs�qxzac}�a q a g�Z�e b�a q%]�i a ^hv']�sA^ � [WsAiXi a [�w a v bl}_a [WZ�v8qhe»i�`a [WZ�^h]�v'i a
Å ³~� � zZ�± � o Z n ])Z�t }_a v�qxw a ^ bmn `aWa��%} Z¥[csA^hv b�n eh[ b ]_sA^ acb�}�a v b s�[�²�Z�p a q al} Z b Z�t }�a ^*`a [ a v�v'] b�a ^ b
q a v�y } Z�[ a v�i�`a ijs�] n�a vP]�iXy�s n'b Z�^ b�a v = £ sAe n�n�a i�`a qh] acn zZ#[ a y n s�t } za i a�� ^hsAehv*Z o sA^hv�® }_b�n `a/}�a v
[WsAehy }�a v>q ae� �� � µ  ·'µ � �*dfeh]{^xw<sA^ b y�Z�v/qxw a � acb v�e n8} Zuv�s n�b ] a�� v aW} sA^ }_a [ n ] b zaWn�a v'eh] o Z�^ b~¨

? � µ ! ���  ��@ $ $ � �� � µ  ·�µ � �
�
	����  � µ  � ��� � � µ � �

$� � � � = �   �

s{ze µ  ? � µx¶�·'µ�¸�·�¹_¹!¹!·�µ � � � acbCµ � ? � µx¶�·�µ�¸�·�¹!¹_¹!·�µ � @ � � ½  acb ½ � q�`a v']�pA^ a ^ b¥}_a ^hsAiut n'a q ay�sA]_^ b v*dfeh]¾[WsA^hv b ] b e a ^ b/} wE`a [�g�Z�^ b ] }�} sA^h^�Z�p a q a v o Z n ]�Z�t }�a v�q¾w a ^ b�n `aca~µ  a�b>µ � � �©½  ? ½ � ? ¯   zZÈ   � =
Y-w<e b ] } ]_vmZ b ]�sA^°qxw�e%^ bmac} ® }_b�n�a y acn i acb eh^�pBZ�]�^ a ^ v b s�[�²FZ�p a q ar} Z b Z�t }�a0Ã � Å À acb�a ^
e b ] } ]�v�Z b ]_sA^Xq a y } Z�[ a i�`a ijs�] n�a�� v�Z�^hv/y aWn'b�a q a y n `a [W]�v']�sA^ =

�|Z�^hvu^hs b�n�a Z�yhy } ]�[�Z b ]�s�^ q a�Ã � Å À Z�e�i�`a [�Z�^h]�v'i a�Å ³~� � � ^%sAehvue b ] } ]�v�s�^hv#^ ? ± �
o Z n ])Z�t }�a vxqxw a ^ bmn `aWa�� �8sAe b
? ±A± o Z n ])Z�t }�a v¾q a v's n'b ] a v a�b � � ? ¯�¯�y�sA]�^ b v{qxwE`a [�g�Z�^ b ] }�} sA^h^�Z�p a =� ^h] b ])Z }_a i a ^ b|}�a ^hsAiut n�a\b s b Z } q a [csAehy }_a v � �� � µ '�·'µA �~^�`a [ a v'vmZ�] n�a v¥y�sAe nuÃ � Å À a v b q a
} w<s n q n'a q a

Ì
�
�¿Ì F¬¯��
È �

�BA�V � dfeh] o Z�e b ¯ � � % �A± = « ^ e b ] } ]�v�Z�^ b|}�a ® }!bmn�a [c]�q a v�v'ehv�Z oAa [
eh^ � q a~} w<s n q n�a q a ¯   � � sAe ¯   � � ^hs�ehv/pBZ n q%sA^hv>eh^0^hsAiut n�a|bmn za v n `a qheh] b q a [csAehy }_a v>y�Z n
n Z�yhy�s n�b Z�eR^hsAiut n�a ]�^%] b ]�Z } � b Z�t }�a Z�e � = � = È�� =

Y a ® }_bmn Z�p a q a v k s�^h[ b ]�sA^hv8q a y n�a iX] acn s n q n�a �  � µ  �=]_^hqheh] b e%^ a y aWn'b�a q�Z�^%v } ZXy n `a [W]!�v�]�s�^rq a v n `a v�e }_b Z b v � q a y } e%v } ZXy } Z�[ a i�`a iXsA] n'a|n�a dfeh]_v a y�Z n [ a v k sA^h[ b ]�s�^hv/^xw a v b y�Z�v b�n za v
[Ws{�e b�a ehv a [csAijyhZ n `aca zZR[ ac}�}_a ^�`a [ a v�v�Z�] n'a y�sAe n~}�a v b s�[�²FZ�p a q a v#[csAehy }_a v � �� � µ  ·�µ � � = £ sAe n[ a v n Z�]�v'sA^hv � q�Z�^%v }�a [WZ�v|q aXÅ ³~� � � ^hsAehv|^xw�Z o sA^%v|e b ] } ]�v�`a¥}_a ® }!bmn�a [W]3q a v�v'ehv~d�e a y�sAe n
}�a v�[WsAiXy�s�vmZ�^ bma v � �� � µ  ·�µ � ��q a\Ã � Å À ��}�a v n `a v�e }!b Z b v|ijsA^ b�n `a v�q�Z�^hv } Z ��]�p�e n�a � =&% v'sA^ b
sAt bma ^fehv8Z o�a [Ceh^R® }_b�n�a q a0� ? ¯   � � =
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�D]�pAe n'a � =&% ¨ � sAiXy�Z n Z�]�v�s�^ q a v�y n s�® } v�q a v � a v�yxza [ a vRqhe¬v'[�g�`a ijZ Å ³~� � ��a ^ � } ]�pA^ a �
n `a v'e }_b Z b sAt b�a ^fe�Z oAa [ }_a ijs�qxzaW}_a qxw<s n ]_pA]�^ a £�³ Y � � À   � acb�a ^»�G� � ��� n `a v�e }_b Z b sAt bma ^fe�Z oAa [
}_a ijs�qxzac}�a � «�³ Å =
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* + * +�� � ���!�h	�
 ���  8� : � ��p���h 1��5��
	��� 8 7� 5�7

¤ ^ Z�e bmn'aÂbma v b qxw a �X[�Z�[c] b `a q a�} Z i�`acb ghs�q a�Ã � Å À¢Z `a�b `a�a � a [ b e�`a��|a ^ e b ] } ]_vmZ�^ b
} w�Z�yhy n s�[�g a q�Z�^hv }_a [csA^ bma � b�a qxw�Z�^�Z } ª�v a q¾w�]_^h[ acn'b ] b ehq a = �=sAe%v¥y n sAy�Z�p a sA^hv } w<]�^h[ aWn�b ] b ehq a
v�ehyhy�sAv�`aWa v�e n8}�a v o Z n ])Z�t }�a v*qxw a ^ bmn `aca zZ bmn Z oAaWn v }_a ijs�qxzaW}_a|n `a qheh] b [csA^hv bmn e%] b y�Z n/Ã � Å À �
a ^Xq*`aco�aW} s�yhy�Z�^ b�}�a v k s�^h[ b ]�sA^hv�q a y n sAt�Z�th] } ] b `a � £ � �P��q a v o Z n ])Z�t }�a v3q a v�s n�b ] a qhejiXs�q{zaW}_a =

Y a v o Z n ])Z�t }�a v=qxw a ^ bmn `aWa v�sA^ b v�e%yhy�s�v�`aWa v o Z n ] acn v ac} sA^�eh^ aX} sA]5eh^h] k s n i a zZ } w<]�^ b `acn ] a e n
q a v�]_^ bmaWn�o Z }�}_a v n�a y n `a v a ^ b Z b ] k v�q a [�g�Z�[Weh^ a q a v o Z n ])Z�t }�a v = � acb�b�a Z�yhy n s�[�g a�a v b [csAijyhZ n `aca
zZ } Z:i�`a�b ghs�q a [ } Z�v�v']�dfe a q a y n sAy�Z�pAZ b ]_sA^ qxw�]_^h[ acn'b ] b e%q a q a�Å sA^ b�a � Z n�} s�dfeh]Ce b ] } ]_v a
eh^ p n Z�^%q ^hs�iut n�a q¾w a ��`a [We b ]�sA^%v q%e iXs�qxzaW}�a zZ yhZ n'b ] n q a v o Z n ])Z�t }�a vrqxw a ^ bmn `aWa�b ] n `aWa v
Z } `a Z b sA] n�a i a ^ b v ac} sA^ }�a e n v>q%]�v b�n ]_the b ]_sA^hv =

�|Z�^hv>^hs b�n�a [�Z�v }_a v>qh]_v bmn ]�the b ]�s�^hv*v'sA^ b v'ehyhy�sAv�`aca v8eh^h] k s n i a v =
Y a�bma v bPa v bPa � a [ b e�`a v�e n3}_a i�`a [WZ�^h]�v'i a [�gh]_ij]_d�e a ��� Å � + Z oAa [/��¯ o Z n ]�Z�t }_a v5qxw a ^ bmn `aca

d�e%]�v�s�^ b [csAiXy�sAv�`aWa vlq a v|[csA^h[ a ^ bmn Z b ]_sA^hvlq a v a v'y{za [ a v~[�gh]�iX]�dfe a v = YKZ�[csAiXy�Z n Z�]�v�s�^ a v b
k Z�] b�a Z o�a [»e%^�^hsAiut n�a qxwE`a [�g�Z�^ b ] }�} sA^hv\q a0o Z n ])Z�t }�a v�qxw a ^ bmn `aca � ? ¯  A A A  = £�³ Y � � À a v b
a ��`a [ce b `a Z oAa [Ceh^Ry�Z�v/q a|b�a iXyhv/q a ±  A  v a�b v�e n eh^ a ] b `aWn Z b ]_sA^ =�8sAehv8[WsAiXy�Z n sA^hv }�aCn `a v�e }!b Z b sAt bma ^fe»Z o�a [ }�a ijs�qxzac}�aCÃ � Å ÀÄq a y n'a iX] aWn s n q n'a = Y a
^hsAiut n'a q a y�sA]�^ b v#qxw a [�g�Z�^ b ] }�} sA^h^�Z�p a dfeh]*sA^ b v acn'o ]CzZ»[csA^hv bmn e%] n�aX} Z b Z�t }�ajÃ � Å À a v b
q a ¯ � y�sA]_^ b v =

Y a v a v�yxza [ a vjq a v�s n�b ] a v\Z�e���dfe aW}_}�a vX^%sAehvX^hsAehv\v�s�iji a v�]_^ b `aWn'a v�v�`a vjv�sA^ b�� � � � �l¸��� ³ �����l¸|acb 8�� = Y a v n `a v�e }!b Z b vlv�s�^ b y n `a v a ^ b `a v~q�Z�^hv } Zj®�pAe n'a � = � = Y a v|q a e�� £ � ��q a
v�s n�b ] a v ��Z oAa [ }_a ijs�qxzaW}_a�n `a qheh] b0Ã � Å À a�b0}�a ijs�qxzac}�a £�³ Y � � À=�My�sAe n [�ghZ�[Weh^ a q a v
a v�yxza [ a v�[�gh]_ij]_dfe a v�s�t bma ^�e a v � v'sA^ b8b�n za v8y n s�[�g a v =

Y a v#v']�iue } Z b ]_sA^hv=v�sA^ bCa � a [ b e�`aca v¥v'e n eh^ £�� Z o�a [jeh^ y n s�[ a v'v a e n £ a ^ b ]_ehi £ � + q a
È =&% �~a pBZ Ã ��a�b eh^ �|a pAZF�@s�[ b�acb q a i�`a iXsA] n�a = Y a8bma ijyhv ��£-¤ q a i�Z�^%q*`a y�Z n�} Z#i�`acb g%s�q a
� «�³ Å a v b q a0  = ¯ � v a [csA^hq a v�y�sAe n�}_a vM¯  A � A  v�]_iue } Z b ]�s�^hv �Kb Z�^%qh]�v�dfe aR} ZTv']�iue } Z b ]_sA^
e b ] } ]�v�Z�^ b £�³ Y � � À q a~n `ack `aWn'a ^h[ a Z�^�`a [ a v�v�] b `a ¯ = % ��v � v'sA] b eh^Rv'y aca qhehyrq a~} w<s n q n�a q a ¯   =
& )H. N K	� ,F) /�1&�
, % �ON ���Q, � L NW*F*e,p* �ONN* � �
�|Z�^hv }�a [WZ�q n'a qhe iXs�q{zaW}_a [�gh]_ij] a � b�n Z�^%v�y�s n'b £�³ Y ��� À=�A� s{ze } Z�[�gh]�iX] a#a v bC} Z�y } e%v

[Ws{�e b�a ehv a�a ^ bma ijyhv�[�Z } [We }�� ^hsAe%v*e b ] } ]_v�sA^%v } Z~i�`a�b ghs�q a=Ã � Å À Z�®�^�q a=n `a qhe%] n�a8}�a/bma ijy%v
��£�¤ ^�`a [ a v'v�] b `a y�Z n=} Z\[�gh]�iX] a = � a y n s�[ a v�v'ehv a v blb�n za v n Z�]_q aCacbla ��]�p a q a v�y�Z�v�q a#bma ijy%v
�
� 
� �

�
y } ehvRy acb ] b y�Z nRn Z�yhy�s n'b Z�e��ÉyhZ�vRq a b�a iXyhvRq a v»Z�e b�n�a vRy n s�[ a v'v�ehvrd�e a ^hsAe%v

^hs b s�^hv �	� � ��� º � �¿v�s�ehv��
[cª�[ } Z�p a �
=

� y n za v-]�q a ^ b ]_®�[WZ b ]_sA^uq a v-y�Z n Z�irza�bmn�a vPqxw a ^ bmn `aWa qheXijs�qhe }_a [�gh]_ij] a�acb-}_a e n3o Z n ])Z b ]�sA^hv �
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3 �<4
��Z�t }�a � = ± ¨ � y aWa q��@e%yÂqheÂiXs�qxzaW}�a � «�³ Å �5}�a y�Z�v¥q a�bma ijyhv bmn Z�^hv�y�s n�b¥a v b v'ehyhy�sAv�`a q a
¯ %  A  v ¨ �¿ZB�5[WZ�v3s{ze }_a iXs�qxzaW}�a e b ] } ]�v a eh^�v'y } ] b�b ]_^hp/q a y n'a iX] acn s n q n�a�� �§t��5[WZ�v3s{ze }_a iXs�qxzac}�a
e b ] } ]�v a eh^0v�y } ] b'b ]_^hp¥q a v a [Ws�^hq»s n q n�a

}�a v b Z�t }�a v Ã � Å ÀÉv'sA^ b y n `a [WZ } [ce } `aca v*e%^ a=k sA]_v�y�sAe n-b s�e bma���a�b v b s�[�²P`aca v>y�sAe n eh^ a e b ] } ]�v�ZF�
b ]�s�^Me }_b `aWn ] a e n'a y�Z n/}�a iXs�q{zaW}_a � «�³ Å dfeh] n�a ijy } Z�[ aWn Z }_a ijs�qhe }_a [�gh]�iX] a = �|Z�^%v }_a v/[�Z�v
sKze �	� 
� �

�
� �	� � ��� º � � s�^ry a e b y n s�[�`a q acn zZ\eh^rv�sAehv8[cª�[ } Z�p a qherijs�qhe }_a q a [�gh]�iX] a|a ^y n�a ^�Z�^ b y�sAe n>}�a iXs�qxzac}�a � «�³ Å }�a y�Z�v/q a|b�a iXyhv/qhe b�n Z�^%v�y�s n'b �	� � ��� º �

= Y a v'y aca qhehy �
a v b qhs�^h[~q*`a ®�^%]{v aW} sA^ ¨

� ? 8>=@? 
� 
�
 �8A=B?DC � �
�? �	� � ��� º �

�
� 
� �
�
�
8A=B? 
� 

�
 �8A=B? � �
�
�

� � = �%¯��

s{ze 8>=B? 
� 
�
 � a v b0}�a [Ws{�e b [WZ } [ce } � ��£�¤ ��q a ijZ�^hq�`a yhZ n eh^ a ] b `aWn Z b ]_sA^ [�g%]�iX] a�a�b8A=B? � �

�
� } wE`a d�e%] o Z }�a ^ b q a ijZ�^hq�`a y�Z n e%^ a ] b `aWn Z b ]_sA^jq a [�Z } [We } � «�³ Å = £ sAe n q a v n Z�]_v�sA^hv

q a v�sAehvE�@[�ª�[ } Z�p a���8>=@? � �
�
� ? �	� 
� �

��
� � � � º � �
8>=@?DC � �

�
=

�8sAehv n Z�yhy aW} sA^hvudfe aM}_a iXs�qxzac}�a � «�³ Å a v b thZ�v�`a eh^%]�dfe a i a ^ b v'e n q a v�sAy�`acn Z b ]�sA^hv
Z n ] b ghi�`acb ]�dfe a v=v�]_ijy }_a v = Y a [Ws{�e b q a [�Z } [We } q*`a y a ^hq�qhe ^hsAi¥t n�a q a v's n'b ] a v � q%e ^%sAiut n'a
q a y�Z n Z�irza�bmn�a vPqxw a ^ bmn `aWa8n�acb�a ^fehv acb qheX[Ws{�e b q¾w a � b�n Z�[ b ]_sA^\q a v k sA^h[ b ]�s�^hv "�� �� )�q a v b Z�t }�a v
Ã � Å À =

� } wE`a [�g ac}�}_a [csA^ b ]_^ a ^ b Z }�a8acb y�sAe n q a v*v�]_iue } Z b ]_sA^hvPq a=} sA^hp�e a q%e n `aca���}�a y�Z�v*q a=bma ijy%v
qhe bmn Z�^hv�y�s n�b y a e b Z }�}�acn ¦'e%v�dfexwGzZ0��±  A  v � s n=} Z�[�gh]_ij] a ^�`a [ a v�v'] bma q a v|y�Z�vlq a¥bma ijyhv b�n za v
k Z�]�t }_a v/q a ¯  A  v � È  �  v=qhZ�^hv }_a v=i a ] }�}_a e n v>q a v�[�Z�v = « ^�e b ] } ]�vmZ�^ b/}_a iXs�qxzaW}�a � «�³ Å Z oAa [
eh^�v�sAe%v��@[�ª�[ } Z�p a y a ^hq�Z�^ b�} Z»qhe n `aWa qhe b�n Z�^hv'y�s n'b�� eh^�pBZ�]_^ a ^ b�a iXyhvuq a [WZ } [ce } Z�v�v a �
]�iXy�s n�b Z�^ b y a e b �acb�n�a Z b�b�a ^hq%eÂ� b Z�t }_a Z�e � = ±B� =
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Y{s n vjq a0} w<e b ] } ]_vmZ b ]�sA^ q a0} Z�i�`a�b ghs�q a [We b � Ã � Å À � y�sAe n [WZ } [ce }�acn�}�a v k s�^h[ b ]�sA^hv\q a
q�`acoAac} sAy%y a i a ^ blÃ � Å À �
	���"��  ) �� º�� ¶ �D"�� �� ) ¶�� ���� �fº�� = = = � sA^�q�`a ®�^h] b y�sAe n [�g�Z�dfe auo Z n ])Z�t }_aq¾w a ^ b�n `acajµ  e%^°]�^ b�aWn'o Z }_}�a q a\o Z n ]�Z b ]_sA^��  ? � µ�� ·�µ C ��qh]_v�[ n `acb ]�v�`a v aW} s�^ � � y�sA]�^ b v a�b e%^y�sA]_^ b q a~n `ack `acn�a ^h[ a $µ  d�e%] n�a y n `a v a ^ bmaC} Z o Z }_a e n iXs�ª a ^h^ a q a~} Z o Z n ])Z�t }_a�µ  =

�8sAehvM`acb ehqh]�s�^hv>]�[c] } Zuv a ^hv']�th] } ] b `a qhe n `a v�e }!b Z b q aC} Zui�`a�b ghs�q a [ce b � Ã � Å À ¨
� Z�e�[�ghsA]1��q%e�y�s�]�^ b q a¥n `ack `acn�a ^h[ a $µ  ¨ ^hsAe%vly n�a ^hsA^hv � o Z }�a e n v=d�e%]�[Ws n�n�a v�y�sA^hq a ^ bZ�eÂy n'a iX] aWn dfe�Z n�b q a�} w�]_^ bmaWn�o Z }�}_a ��� µ�� �¬µ C ��¼�� � Z�eÂy�sA]_^ b iX] } ] a e�q a�} w�]_^ bmaWn�o Z }�}_a
� µ � ��µ C �'¼AÈ acb Z�eTq aWn ^h] acn dfe�Z n�b q a�} w<]�^ b�aWn'o Z }_}�a �  � µ � � � µ C ��¼�� = Y a ^hsAiut n�a q ay�sA]_^ b v>qxwE`a [�g�Z�^ b ] }_} sA^h^hZ�p a � � a v b y n ]_v�`a pBZ } zZXÈ   y�sA]�^ b v

=

� Z�e�^hsAiut n'a � � q a y�sA]�^ b v�d�e%]>[WsA^hv b ] b e a ^ bX} wE`a [�g�Z�^ b ] }�} s�^h^�Z�p a�� q aR} w<]�^ bmacn'o Z }�}_a � 
=

�=sAehv/Z o sA^hv bma v b `a~}_a v o Z }�a e n v ��� ¯  %� ¯ ��� È  %� È �¥a�b �   y�s�]�^ b v�y�sAe n*} Z o Z n ]�Z�t }_a � � =Y a v/y�sA]_^ b v>q a~n `a�k `aWn'a ^h[ a v'sA^ b y n ]_v/Z�e��Ry�sA]�^ b v>ij] } ] a e��Xq a v8]_^ bmaWn�o Z }�}_a v =

YPwE`acb e%q a|a v b>a � a [ b e�`aca Z o�a [ }�a ijs�qxzac}�a £�³ Y � � À acb>}_a v'[�g*`a ijZu[�gh]�iX]�dfe a e b ] } ]_v�`a q�Z�^hv
[ acb'bma `acb e%q ara v b ��� Å � +�� eh^�yhZ�vjq aRb�a iXyhv\q a��A A  v a [WsA^hq a v � y a ^hq�Z�^ b eh^�¦'sAe n q a
v']�iue } Z b ]�sA^ �fa v b e b ] } ]_v�`a =

�|Z�^%v } Z\®�pAe n'a � = ¯   ^hs�ehvly n `a v a ^ b sA^hv }_a v�q%]_�8`aWn�a ^ b v n `a v�e }_b Z b v�s�t bma ^�e%v~Z o�a [ }_a v�q%] k �
k `acn�a ^ b�a v b Z�t }_a v Ã � Å À [�Z } [We } `aWa v�Z oAa [ }�a v��jy�sA]_^ b v8q a¥n `ack `aWn'a ^h[ a vldfe a ^hsAehv oAa ^%sA^hvlq a
q�`a ®�^h] nW� [WsAiXy�Z n `a Z�eÂiXs�q{zaW}_a q a�n `ack `acn�a ^%[ a £�³ Y ��� À = �=sAe%v n�a ijZ n d�e%sA^hv¥dfe aM}_a y�sA]�^ b
q aXn `ack `acn�a ^%[ a [Ws n'n�a v'y�s�^hq�Z�^ b zZ � µ�� � � µ C �'¼�� k s�e n ^h] b q a v k s�^h[ b ]�sA^hv|q a q�`acoAac} sAy%y a i a ^ bdfeh]�^ a�n'a y n `a v a ^ bma ^ b yhZ�vuZ�v'v a � th] a ^ }_a [csAijy�s n�bma i a ^ b qheÂiXs�qxzaW}�a £�³ Y � � À � yhe%]�v�dfe a
} w acn�n'a e n=n�aW} Z b ] oAa#a v b y�Z n'k s�]�v�v'ehy�`acn ] a e n zZ�¯  � B¡�� [�w a v b~}�a [�Z�v�q a�} w a v'y{za [ a � �l¸~acb � � � �dfe�Z�^ b Z�e���Z�e bmn'a vly�sA]_^ b v�q a¥n `ack `acn�a ^h[ a ] } v8y acn i acb�b�a ^ b qxw�Z o sA] n q a v n `a v�e }!b Z b v�i a ] }_}�a e n v =
� ac} Z¥y�sAe n'n Z�] b vWw a ��y } ]_dfe aWn yhZ n*}_a [�ghs�]!��q a�} w�]_^ b�aWn�o Z }�}�a � dfeh] a v b*bmn za v�p n Z�^hq�yhZ n*n Z�yhy�s n'b
zZ } Z o Z n ])Z b ]�s�^ a �%Z�[ bma q a v8y�Z n Z�irzacbmn'a v>qxw a ^ b�n `aWa =

�|Z�^%v } Z�®�pAe n'a � = ¯A¯\v'sA^ b¥n'a y n `a v a ^ b `a v }�a v n `a v'e }_b Z b v~q a vCq%]_�8`aWn�a ^ b vCijs�qxzaW}_a v n `a qheh] b v
Z�v�v�s�[W]�`a vRZ�e�� b Z�t }�a q a�Ã � Å À [�Z } [We } `aWa vMZ oAa [ }_a vR±Â^hsAi¥t n�a v�qxwE`a [�g�Z�^ b ] }�} sA^h^�Z�p a dfeh]
[csAiXy�sAv a ^ bu}_a vu]_^ bmaWn�o Z }�}_a vCq a�o Z n ]�Z b ]_sA^hv~q a vuy�Z n Z�irza�bmn'a v¥q¾w a ^ b�n `aca � ��� ¯  %� ¯ ��� È  %� È ���
�   � � y�sAe nM}_a v a v'yxza [ a v�� �l¸�� � � � � ³ a�b � � �

=E� y�Z n�br}_a ijs�qxzac}�a [cs n�n'a v�y�sA^hqhZ�^ b zZ
�
� ? ���K}�a v n `a v�e }!b Z b v~v�sA^ b¥b�n za v¥v a iut } Z�t }�a v � [ a dfeh]-y acn i acb qxw a ^ o ]�vmZ�p aWn q a v#^hsAiut n�a v
�
� n'aW} Z b ] o�a i a ^ b�k Z�]�t }_a v�� b ª�yh]_d�e a i a ^ b ¯   �-y�s�e n pBZ�pA^ aWn qhe bma ijy%v ��£-¤ q�Z�^hv }�a [WZ } [ce }

q a v b Z�t }�a v Ã � Å À =
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Profil de  la concentration de l’Ozone
SNAP 6h, Dt=600s
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Profil de la concentration de l’Ozone
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0 u*a� �f�c	moa¡pgu�tgckf�aJtgj�c � ha�mo�gs,egadc6p/sc�ckf��gu�adcBega¡e ha�moaJj � f�l�n�mkf�slÇegaJc6~ds�a�Á®~df�adl�mkc�ega¡u W}n4p��pgjks. �f � n�mof�sl 
	# 3�$ � �,f�n9egadc�~;�gs4f2 °ckp haJ~Jf2��§�tgaJcÆegaJcÆp/s4f�l{moc�ega�~Jsu�u�s,~.n�mkf�sl 3 ¦istgcÅu�aJcÅe ha��m;n4f�u�u�s4lgc��n¡pgj haJc�aJl{m 3
�� ¨ � � � � � �J� �� -b"UJ ��� �

`În � ha�mo�gs,ega�� F�. W�� Á�~Jf�aJl{m F su�u�s�~Jn�mof�sl � a�mo�gs,eTWbadc�mÆ��n4c hada¯c�tgjÆu	W}t�mof�u�f�ckn�mof�sl%egadcp/sf�l{moc9ega�~Js4u�u�s,~.n'mof�s4lgcÀa � pgu�s½� haJcÇe�n4lgcÇuxn � ha�mo�gs,ega e!a §�t�n4egjkn�mot!jka�ega��Ån�tgckc�pqstgj
~.n4u�~Jtgu�aJj�u�aJc�f�l{m haJz4jon4u�aJc 
 7���� 9 � 7�� � 9

�
3 � lÀ~;�gsf�ckf2m�u�adc���n4jkf�n4�gu�adc�eTW¥aJl{mkj haJa�sb�tÀu�a � s�e��adu�a�ckaJjkna�  haJ~dt!m ha%�n¯pgn4j�mkf�jiegaJcBjkn4~Jf�lgaJc�egt¢pqsu��,l¤£s � aÅeTW�+iaJj � f2moaÅeTW}s4jkegj�a�ckt!p haJj�f�aJt!jAW}j � Ê W/§�t�n�lgeu W}n4pgpgj�s½ �f � n�mkf�sl9aJc	m�egaÉu W¥sjke!jkaKW¥j�W 3 � f�lgckf*p/st!j6u W¥sjkegj�a Ê lgstgc6p!jkaJl!slgc�u�adc6jon4~df�lgadc6egtp/su2�,l¤£s � a�eTW,+�aJj � f2moa�e W}sj�egjka È 
 � Ê � Ê

� ! pqstgj�u	W}sj�egjka È
�
u�adc�jon4~df�lgadc 
 �#" $ � ' � " $

� ! pqstgju W¥sjkegj�a $ l!stgc9pgjkadlgslgc9u�adc9jkn4~Jf�lgaJcMegt�p/s4u��,l¤£s � a¢eTW,+�aJj � f2moa¢ega°u W¥sj�egjka ; �n ckn.�sf�j

 �%$ 
 $ � " # � � $ 
 $ � " # � � �&$ 
 $ / " # � � $ 
 $ / " # � � � admk~ 32323

. n4f�c
�
~ds ��� aMsl p/adt!m#c�W}adlªjkadlgegj�aÇ~ds � p�moaÇn4f�c ha � aJl{m

�
u�aÇlgs � �gjkaMegaÇp/s4ckckf��gf�u�f�m haJcega¢p/s4f�l{moc®eTW}adl{moj hada±egt � s,e��aJu�a �n�p�n�j�mof�j¯ega¢c�aJcÀegf 1ihadjkadl�mkcÀp/s4f�l{moc#e!a¢~Jsu�u�s,~.n�mkf�sl�aJc	m
(' � Ê

� �
�
�gf�aJlÀc�tgp haJj�f�adtgj�n4tMlgs � �gjkaBe W}f�lg~Jsl!l,t!c*)g��l9n4�gc�aJlg~daÅe!a6~Jjkf2m.�adjkaB�gf�aJlÀe ha���lgf

�
u�a

~;�gsf2 �eTW¥tgl Ë adt e!aÉ��n4j�fxn4�!u�aJcLeTW}adl{moj hadaÉp/st!j6u�a � s�e��adu�a�e!ad�,f�adl�mÅe hadu�f�~.n�m 3*+ s4tgj�j haJc�stgegj�a~JaLp!jks�gu��a � a
�
e�n4l!c�tgl#p!jka � f�adj�mka � pgc

�
lgs4tgc�n.�sl!c�t!mkf�u�f�c ha�uxn � ha�mo�gs,ega�� F�. 
 � Á�~Jf�adl{mF su�u�s�~Jn�mof�sl . admo�!s�e

�

7 È # 9 � � ��n4c haJaÅcktgj�u�aJc�~Jj�f�m.�aJjkadc�cktgf2��n4l{moc��
� � l¢pgjkadlge°mkst!m6e W�n4�qsj�e

�
pqstgj6u�a�~Js,adÁ�~Jf�aJl{moc � < � u�a¡p/s4f�l{mBega¡��n4j�fxn4�gu�aJc�eTW}adl{moj hada~Jsj�jkadckpqslge�n4l{m �n-, �/. ' p/st!jMmkst!mkaJc9u�aJcM��n4jkf�n4�gu�aJcÀeTW¥aJl{moj haJa°f�ega Ê �n�l

�
§�tgf

~Jsj�jkadckpqslge�n4t p/sf�l{m¯u�aÇpgu�tgc¯p!jks��n��gu�a9p/s4tgj®t!lga�egf�c�moj�f��gt�mof�s4l zn4tgckc�f�adlglglga�e!a
� s½�4aJlglga ' admiega6��n4j�fxn4lg~da Ê 
 n4p!jJ�aJc�mkjon4lgc - sj � n�mkf�sl � 3

� + st!j#u�adc#~Js,adÁ�~Jf�aJl{moc � � �	�
� adm � ��� �

� mkst!moadcÀu�adc¯��n4jkf�n4�gu�adc®e W}adl�mkj hada°c�sl{mMpgjkf�ckadc �np�n4j	mof�j�egaJc�jon4~df�lgadcÉegt�pqsu2��l £s � a¯eTW}s4jkegj�a9c�tgp hadjkf�adtgj 
 j � Ê � � sb�t jÉaJc	m¯u	W}sj�egjkaÀe!au W}n4pgpgj�s. !f � n'mof�s4l
�
�n¡u W¥a� �~Jadp!mof�slÀega�uxn���n4j�fxn4�gu�aBf�sb�tMlgs4tgc�pgjkadlgslgc�uxn���n4u�aJtgj ' 3 � msl�pgj�s�~4�aJega¯ega#uxn � £a � a - n10~dsl p/s4tgj�u�aJc�~ds�a�Á�~Jf�adl{moc � � �	�

�
« �

con�t - §�tga¯mos4t!moadc�u�adc��n4jkf�n4�gu�adcÆc�sl{m¡pgj�f�ckadc haJzn4u�adc¡n4t�  jon4~df�lgadcÇ�n%u	W}a !~daJp!mkf�sl e!aJc���n4j�fxn4�gu�aJcÆf�adm Ë §�tgfckadjksl{mipgjkf�ckadc haJz{n4u�aJc��n32 hadjks 3
� + st!jÆu�aJc�moaJj � adc � �

�
«	¬ � mos4t!moadc�u�adcÅ��n4j�fxn4�!u�aJc6e W}adl�mkj hada¯cks4l�m�~.n4u�~Jtgu haJadcM�n9p�n4j�mkf�j6egadcjon4~df�lgadcLegt%p/su2�,l¤£s � aÅe W}sj�egjkaÆcktgp haJjkf�aJtgjLp/st!j�~;��n�§,t!a��4n�jkfxn��gu�a6f

�Ë a�m54 
 c�f*lgst!cn4u�u�slgc Ë tgc�§�tTW �niu W¥sjke!jka $ e�n�lgc¤u	W�n�pgpgjks. �f � n�mkf�sl
�
adm ' pqstgjÎu�adc*n�t!moj�aJc*adl{moj hadaJc 3 �6n4l!cu�a�~.n4c�sb�tÀu	W}s4lÀegf�c�p/sc�aBaJl!~Jsj�a6ega6pgu�t!c�ega6jon�~Jf�l!aJc�§�tga6ega6pqsf�l�mkc�l had~JaJc�con4f�jkadcipqstgju�aÅ~.n4u�~JtguÎegadcB~Js,adÁ�~df�aJl{mkc

�
lgstgcBp!jkaJl!slgcLu�aJc�jon4~df�lgadc�u�aJcLp!u�tgc�pgjks,~;�gaJc�ega62 haJjks 
 u�ap/s4f�l{m�u�a6p!u�tgc�pgj�s��n4�!u�a6n4tMc�aJlgcieTW¥tglga�egf�c	moj�f��gt!mkf�sl¯z{n4tgc�ckf�adlglga � 3
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��� lga - sf�c haJpgt!f�c haÇu W¥aJlgc�a � �!u�a%e!a%~Jadc#pqsf�l{moc
�
ckfif�u��ªn°�/adcksf�l

�
lgstgc®pgjkadlgslgc#u�aJc

p/sf�l{moc�egaÀ~dsu�u�s�~Jn�mof�sl±ega#moadu�u�a � n4lgf��adjka®§,t!a9u�n%egf�c�moj�f��gt�mof�s4l zu�s��n4u�a®egadc¡p/s4f�l{mocega#~Js4u�u�s,~.n'mof�s4l¢cksf2m�u�nÇpgu�tgc�c	� � hadmkjkf�§,t!a¯pqsckc�f��gu�a®p�n�j�jon�pgp/s4j�m¡n�t�p/s4f�l{m�s4jkf�z4f�lga 3
� fÀn4pgjJ�aJc�~Jarc	m;n4egaru�aªlgs � �!jka�egarpqsf�l{moc ~;�!sf�c�f�c�j�aJc�mkaraJlg~dsjkarf�l -½haJjkf�aJtgj�n4t� ~Js,adÁ�~Jf�aJl{moc�f�lg~Js4lgl�tgc

�
lgstgc�~;�!sf�c�f�ckc�slgc�u�aJc9�4n�jkfxn��gu�adcÇeTW¥aJl{mkj haJa e W}tgl!a � n�lgf��adjkan4u haJn�mosf�jkaÉ�nÉpgn4j�mkf�j�egadc�~Js � �!f�l�n4f�cksl!c�p/s4ckckf��gu�adc�jkadc�m;n�l�mkaJc 3

¦istgcMn.�sl!cMn4pgpgu�f�§�t ha9~Jadm�moa � hadmk�gs�e!a%e�n4l!c#tgl�~.n�cMn4~.n4e ha � f�§�tga �n tglga¢~Jf�l hadmkf�§�tga~;�!f � f�§�tga 
 ckaJ~�mof�sl # 3,; � admiu�a6j haJckt!u�m;n'm�aJc	mimkjJ�adcif�lgc�mon4�gu�a 3
�*� ¨ � � � � � �J{ �Î-b"UJ�� I���

F a�mkmoa � ha�mo�gs,ega 
 � mos,~;��n4c	mof�~ 5 aJc�p/sl!cka � t!j - n4~da . a�mo�gs,e
�
adc�mÀ�gn4c hada�cktgj®uxn � £a � a- s4j � tgu�n�mof�slF§�tgaw�6� . . con4t - §�tTW¥aJu�u�avn4p!p/sj	moavtgl!awc�su�t�mof�s4l �n uxnyu�f � f2m;n�mkf�sl_ega

u�n � ha�mo�gs,ega �6� . . pqstgj±u�a ~;�!sf2  e!aJc°p/sf�l{moc±ega ~Jsu�u�s,~.n�mkf�sl 3��!5�� . t!mof�u�f�c�a�tglga
� hadmk�gs,ega¡egaÉj hadzjkadckckf�sl°aJl°j haJc�su���n4l{mÅtgl°c��,c�m.�a � aÉu�f�l ha.n4f�jkaÇ�n#mojkn.�aJj�cÆu�n � ha�mo�gs,ega � ÃB�
 � f�l!ztguxn�jÆ��n4u�t!a#egaJ~ds � p/sc�f�mkf�sl � 3 ��u�u�a - s4tgjklgf2m�tgl!a - n 0~Jsl�pgu�tgc¡jks�!tgc�mkaÀp/st!j¡~.n4u�~Jtgu�aJju�aJc�~ds�a�Á®~df�adl�mkc�egtÇe had�adu�sp!p/a � adl�mipqsu��,l¤£s � f�n4u 3

F a�mkmoaLn4pgpgj�s�~;�!aLaJc	m�tgl!a�a �mkaJlgc�f�sl¯ega�u�n � hadmk�gs,ega�a�Á�~.n4~daLega�~Jsu�u�s,~.n�mkf�sl�p!j haJc�aJl{m hadan.��n4l{m 3 ��u�u�aiadc�m���n4c hadaLc�tgj�tgl¯lgs � �gj�a�e!aL~;�gsf  ¯¦ ega Ë aJt� ®egai��n4jkf�n4�gu�adc�eTW}adl{moj hada � ~;�gsf�c�f�ce!aLuxn � £a � a - n10~dsl¯§�tgaBegn4lgc�u�n � hadmk�gs,egaB� F�.
�
sÎ�t#¦ aJc�m��gf�adl¯ckt!p haJj�f�aJt!j�n4t®lgs � �gj�aLega~ds�a�Á�~Jf�adl{mocLf�lg~Js4lgl�tgc�egn4lgciu�a�e had�4aJu�spgpqa � aJl{m 
(# 3�$ � 3 �AW¥tglgaÅ~JaJj	m;n4f�lga � n�lgf��adjka � sl%pqaJt!mc�W�n'mkmoadlgegj�a��n°§,t!a%~Jaduxn���c	m;n4�!f�u�f�cka
	Ælgs�mojka9~.n�u�~Jt!u�egaJc®~Js,adÁ�~Jf�aJl{moc®f�lg~dslgl�tgc�ega 
(# 3,$ � 3 0 uadc�mijkad~Js ��� n4lge haB§�tgaÅ¦vcks4f�m�u�n4jkza � adl{m�cktgp haJjkf�aJtgj�n�t9l!s � �gj�a6ega�~Js,adÁ�~Jf�aJl{moc�f�l!~Jslgl�tgc
 m �,pgf�§�tga � adl�mLu�aÆegstg�gu�a � 7 È # 9

�
3 `Îa � s,e��adu�aÅaJc�mBaJlgc�tgf�mka had��n4u�t ha�adl�~Jadc6egf 1�haJj�aJl{moc�p/s4f�l{moc~;�!sf�c�f�cÅadm�n4f�lgc�f�sl s��mof�adl{m�tgl c��,c�m.�a � a#u�f�l ha.n�f�jka%�n9j hadckstge!jka 3�F a¯c	�,c�m.�a � a¯eTW had§�t�n�mof�slgcadc�mij hadcksu�tMp�n4j�tglga � hadmk�gs�e!a6ega6m ��pqa � Ã6� 
 � f�lgzt!uxn4j�Ã�n4u�tga��Bad~Js � pqsckf2mof�s4l � 3

N�O�P�O�P � � ] V���^ S	^
�!Y�]��6S	^
+ stgj�f�u�u�tgc	mojkadj�~dadmkmka � ha�mo�gs,ega6lgst!cip!jkaJl!slgc�u�a � s�e��aJu�aBn4~.n4e ha � f�§�tgaBc�tgf���n4l{m��

�
.
� �� � � �� 
	# 3 � �

n.�4aJ~6egadt� #��n4j�fxn4�gu�aJc�eTW¥aJl{moj haJaBf�lg~Jadj�m;n�f�lgadc�� � cktgp!p/sc haJa6egf�c�mkjkf��!t haJa�tglgf - s4j � ha � aJl{m�adl{mojkaÊ 3 ' a�m Ê ' 3 ' a�m�� � n.�{n4l{m�tglgaLegf�c	mojkf��gt!mkf�sl ��n4tgckc�f�adlglgaBega � s½�adlglga È 3 ' a�m���n4jkf�n4lg~da Ê 3 ' 3� pgjJ�adc#uxn±mojon�lgc - sj � n'mof�s4l�j�aJckpqaJ~�mof2�a�ega�� � � � � aJl�, � adm , � ��n4j�fxn4�gu�aJc�n4u ha.n�mksf�j�aJcl!sj � n4u�adc 
 ¦ 
(' � Ê
� �
�
uxn - sj � tguxn�mkf�sl±adl p/su2�,l¤£s � a®ega¯~;��n4sc�e!t � s,e��aJu�a�� �n%u W¥sjke!jka $pqaJt�m�c�W had~Jj�f�jka6c�stgc�uxn - sj � a��
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	# 3 � �

+ stgj�aJc	mof � adj�u�adc Ê ' ~ds�a�Á�~Jf�adl{moc � < � � � � 3�323�3 � � � �� Ê 3 lgst!c�~;�gs4f�ckf�ckc�slgc ckaJu�sl u�a � ha�mo�gs,ega �!5�� .
�
¦
.
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� È 3 lgs4tgc�a�  haJ~dt!mosl!c�u�a � s,e��aJu�aBn4t, Mp/s4f�l{moc�~dsjkj�aJckpqslgegn4l{moc��
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� � �	�� �
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3�323
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~Ja�§�tgf lgst!cLegsl!lga�tgl Ë aJt�ega�cksj	mof�adcÆ�

� � �	� � � ��� � � 3�323 � � ��
 � 3� $!3 u�aJc�~Js,adÁ�~df�aJl{mkc � < � � � � 323�323 � � � c�sl{mi~.n4u�~Jtgu haJc�adlÇj haJcks4u���n4l{m�u�a6c	��c	m.�a � a�u�f�l ha.n�f�jkaÆ��� 5 /� �
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	# 3 �

�
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adm� �
�
aJc	miuxn � n�moj�f�~Ja�mojon�lgckpqsc hada�ega� 3 �Ba6pgu�t!c6�
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	# 3 Ê ' �

F admkmka � ha�mo�gs,ega6lgst!c�n¡pqaJj � f�c�eTW¥s�!moadlgf�j�u�aJc���n4u�aJtgj�c�cktgf2�4n�l�mkaJc��
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Monte Carlo classique

Distribution de sortie: Sulfate d’ammonium
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	# 3 Ê ? � n½�n4l{m��|~Js,adÁ�~Jf�aJl{moci�nLe hadmkaJj � f�lgaJjpqstgj�	r��n4jkf�n4�gu�adc eTW¥aJl{moj haJa�f�l!~JaJj	m;n4f�lgaJc
�
u�a�~Js,ega�n4e Ë sf�l{m - stgj�lgf�jknLu�a�~Jn4u�~dtgu!ega
	 e haJjkf2� haJaJce!a®pgj�a � f��adjkaÉsjke!jkaÉadm�n4t±mos4mon4u�p/s4tgj�~;��n4§�tga¯pqsf�l�m�e W had~;��n4l{mof�u�u�s4lgl�n4za¡l!stgcÅegf�c�p/sc�slgce!a�	 �

Ê haJ§�t�n�mkf�slgc�u�f�l haJn4f�j�aJc 3 `Îa�lgs � �gjkaÉjkad§�tgf�cÅeTW haJ~;��n4l{mkf�u�u�slgl�n�za�pqstgj�e hadmkaJj � f�lgaJj
u�aJc�~ds�a�Á®~df�adl�mkc�ega�u W}n4pgpgj�s½ �f � n�mkf�sl®aJc	m�e!slg~6ega�u W¥sj�egjka6ega È �	 �
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� £a � aJc�j haJc�tgu�mon�moc�§�tga�~Jadt� 9s�!mkaJl�tgcie�n4lgc�u�n¡ckaJ~�mof�sl # 3 Ê ?�3
� @�? � GJA > = @�?

¦istgc�n.�s4lgc�pgj hadckadl�m ha�e�n4lgc�~daB~;��n4p!f�moj�aBtglga � ha�mo�gs,egaLe!aBpgjks4p�n4z{n�mkf�sl�eTW¥f�lg~daJj	mof�mktgega
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��n4c hada¡cktgjLtglga�t!mkf�u�f�con'mof�s4lÀj haJe!tgf�mka�ega�u�n � hadmo�!s�egaÆega . sl{mka F n4jku�s 3

� lga�pgj�a � f��aJj�a�n4pgp!u�f�~Jn�mof�slÆn hadm ha�a 1 ad~dmkt haJaie�n4lgc�u�a�~Jn4egjka ' �rpqstgj*uxnL~df�l ha�mof�§�tga�~;�!f � f�§�tga
 � . � + � n.�4aJ~Àegadc�f�lg~daJj	mof�mktgegadc�ckt!j�u�adc�~Js4lgc�mon4l{moaJc¡~df�l ha�mof�§,t!aJc 3 ¦�s4c�moadc�moc�m ha � sf�z4lgaJl{me!aÅu�n�~Jsl!ckaJj	��n�mof�slMega�pgj had~Jf�c�f�slMn.�4aJ~ÅtglÇzn4f�lÀf � pqsj�mon4l{m�adlMmka � pgc�ega�~.n4u�~Jtgu 3
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lgstgc#n½�4slgcÀc�tgpgpqsc ha¢tgl!a�f�lg~daJj	mof�mktgegac�tgjiu�aJc ha � f�ckckf�slgc�a�m�p!u�tgc�pgj haJ~Jf�c ha � adl�m�ckt!j�u�aJc��gf�u�n4lgc�n�lgl�tgaJu�c�egaÅ~;��n4§�tgaÅp�n.�,c���z4tgjon4l{megn4lgc�u�a j hadckaJn4t � . � +¤3 ¦istgc¢n.�4slgc¢pgj�f�c9tglga�f�lg~Jadj�mof2motge!a egf 1ihadjkaJl{mka pqstgj%~;�gn4~Jtgl!ae!aJc¯adckp��ad~Jadc ha � f�cka � n4f�cÉp�n4j	most�m hadz{n4u�a9pqstgj�~;��n4§�tga�p�n.�,c ha � a�mkmkaJtgj 3 `În � hadmk�gs,ega��n

� sl{moj haLtgl¯a� �~Jadu�u�adl{m�j hadcktgu2m;n�m�adm�~JaJu�n�e��adc�u�a�pgjka � f�aJj�sjkegj�aLegaB�6� .0.���!5�� .
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pgn4ci� hadjkf�� haJa�a�mLl!stgciu W}n½�4slgc�t!mof�u�f�c ha®�n®~Jn4tgc�a�egadcL~Js4l�mkjon4f�l{moaJcif � pqsc hadaJc�p�n4jiuxn � ha�mo�gs,ega�6� . .%��!5�� .
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�
aJl¯mkaJj � ae!a jkadpgj hadckadl�mon�mof�sl e!a�u	W}f�lg~Jadj�mof2motge!a
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u�a�lgs � �gjka eTW¥aJl{moj haJa�cktgpgpqsc haJaJc f�lg~daJj�mon4f�l!aJc°aJc�ml haJ~Jadckckn4f�j�a � aJl{mijkaJc	moj�aJf�l{m 
 �gztgjka # 3 È � 3

� f�sl�cktgp!p/sc�a tgl!a f�lg~Jadj�mof2motge!a°e!f 1ihaJjkadl{moa°p/st!jÇ~;��n�~Jtglga egaJcÇaJc�pb�aJ~daJc ha � f�ckaJc 
 ;adckp��ad~Jadc
�
a�mLpqstgj�~;��n4§�tgaÆp�n.�,cLaJt!jksp hadaJl 
 È ? p�n.�,c � � ~Jad~Jf cka�mojkn4egtgf2m�p�n4jitgl%lgs � �gjka�ega
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��l¢c�tgpgpqscon4l{m6t!lga�f�lg~Jadj�mof2motge!a��gs � szg�adlgaÅp/st!j�mos4t!moadcBu�adcLaJc�p��aJ~daJc � n4f�ciegf 1ihadjkaJl{mkaaJl - sl!~dmof�slwegtyp�n.�,c ha � adm�moadtgj
�
~Jaduxn �gn4f�c�ckaJjkn4f�m°u�a�lgs � �gjka egadc�p�n4jkn � �a�moj�aJc°f�lg~daJj �m;n4f�lgc±�n È ?
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~Ja�§�tgf�ega � n4lgegadjon4f2m¯t!lga�~Jf�lg§�t�n4l{m;n�f�lga9ega�c�f � tgu�n�mof�sl�p/s4tgj¯u�n � hadmo�!s�ega�6� .0.���!5�� . ega�p!jka � f�adj�s4jkegj�a
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_R`baAcdBe�fhgjikdml�n?o�pDfrqmo a dFshtKo�gDs `+uwv gjihd uyx dBz x dBt�dBs{e ` e�oNgDsh|m}�n�q v�~��
�
z x�cdFt�dBsIe cdFdJi ` skt���D�

�
� F�

�
dFt%e8�hskd a�cdBe�fhg�ihd>ihd.e `�� � uM` e�o�gDs x�cdFih�ho(e�d+��� u�u d x dFz x�cdFtKdFsIe�d"iy�/�kshd a�` sho
�d x d.dB�^� ` �BduM`1x d uM` e�o�gDs��{�ho{d#�joNtKe�d$dFsIe x d u dFt,� `�x o `��hu dFt,ihd$t�g x e�oNd>dBe u dBt<� `�x o `��hu dFtyiw�/dBs{e x�cdBd�iy���hs a g�i,�d u d

�z `�x �hshd�i cdB�Fg a z�gDt�o(e�o�g�srdFs2�Zt cd x o�dBt\ihd���gDsh�Be�o�gDskt1ihd�� `+x o `+�hu dBt�iy��dFsIe x�cdFd+��&u d-�jo�tKe�d�ihdF�j� aAcd#e�fhg�ihdFt1ikdJi cdB�Dd u gDzkz�d a dBs{e�n�q v�~ �)�D� �>�
� uM`�aAcd#e�fhg�ihd¡ ��keK¢&n�q v�~

�
` t�tKgj�Bo cdBd ` ����fhgDo(��z `+x e�oN�F� u o�d x iy���hs£z�gDo�sIe�ihd x�cdB� cd x dFsh�Bd` �Jt�dFoNs¡ih�¡ihg a�` o�shd>¤¥ihdFt<� `+x o `+�hu dBt<iw�/dBs{e x�cdBd �)�D� ��� �Fd#e�e�d aAcd#e�fhg�ihd `Tcd#e cd"z x�cdBt�dFsIe cdFddBe\�ke�o u o�t cdBd ` �� �f ` zkoNe x d�¦h�

� uM`�aAcd#e�fhg�ihd ~�§ ¢ n�q v�~ } ~�` shihg a¨§k`+a z u o�shp � �{�ho8i cdBz�dBshi£ihd uM`^a g�©DdBshshdªiy�/�kshdt�g x e�oNdmihd a g�iy�d u dmtK� x e�gD�ke u d�ihg a�` o�skdm¤m�
 ���dFt%e��Fd#e�e�d¡ihd x sho
�d x d ` zkz x g���fhdb�{�hd«shg��htmi cd#e ` o u�u d x gDskt?i ` shtm�Bdb��f ` zho(e x d�� _ ��g ��¬ dB�Be�o(�dFtKe8iy� cdBe��kiho�d x8uM` � ` o�t `�� o u oNe cd8iy���hshd��ke�o u o�t ` e�oNgDs�ihd u � ` zhz x gj��fhd ~�§ ¢ n�q v�~ i ` sht u d��BgDsIe�d-�je�d q®ikdm �fho a oNd#¢H¯ x�` sht�z�g x e6dFs^e ` sIe$�{�hd?t�� � t%e�o(e��ke ` �j�«t�g u �DdF� x t$ihd u�` �Fo�s cdBe�oN�{�hd1��fho a o��{�hddBe-°�gD��dFs«e ` sIe>�{�hd\z x�cdFz x gj�BdFt�t>z�gD� x>` s `�u ©�t�d x6uM` tKdFshtKo � o u o(e cd�ik� a g�i,�d u dª�` �FdBt"z `+x�`�a �dBe x dFtiy�/dBsIe x�cdBd�� �d���f ` zhoNe x d�dFt%e�g x p ` sko�t cd�ihd uM`ba�` sho
�d x dmtK�hoN� ` sIe�d��²±�g��ht1z x�cdBt�dBs{e�gDsht uM`baAcdBe�fkgjihd�dBst�dF�#e�oNgDs  d#e u � ` zhz u o��{�hgDsktJ�` �hs a g�iy�d u d ` � ` i cd a oN���kdmt�o a z u d��h �dBe�e�d ` zhz u o�� ` e�o�g�s a gDsIe x duM` s cdF�BdFt�tKoNe cdZiy�/�je�o u o�tKd x ihdBt aAcd#e�fhg�ihdBt³ihd x�cdFik�h�Be�o�gDs´ikd�� `�x o ` sh�Bd `+µ s´ihd£iho a oNs{�hd x�u dshg ab�hx d\ihd�tKo a � u�` e�oNgDsht v gDsIe�d�  `�x�u gªs cdB�FdBt�t ` o x d+�k±?gD�ht ` zhz u o��{�hgDskt$dBsht��koNe�d uM`�aAcdBe�fkgjihd` ��dF� x�cdFih�h�#e�oNgDs¶ihdr� `�x o ` sh�Bd·�`£u�` ��fho a oNd³� v �>¸ � q¹dBs�t�dB�Be�oNgDs ¬ dBe��` �hshd cd#e��hihdTikdt�dFskt�o � o u o(e cd�i ` sht uM` tKdF�#e�o�g�s  �
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q ` sht u�`¡aAcd#e�fhg�ihd�ihoNe�d ~�§ ¢ n�q v�~
�
u dBt"��gDsk�Be�oNgDsht"���kow�Fg a z�gDt�dBsIe u d�i cdB��d u g�zhz�d a dBsIen�q v�~ t�gDsIe�i cd#e�d xKa oNs cdFdBt��` z `�x e�o x iy�/�ksñdBsht�d ab�hu dTihdTz�g�o�sIe�t `+u#cd ` e�gDo x d a dFsIeªz x�cd u d#� cdBt
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HJILKNMPOQKRMTS�MTUWVXFYGX[Z K-U!\XF]_^ \Xa`cb \X U/O `NXa`cb2ZdYPe I�f�U�g�h!idj�kml Xon OQU X M,U `NXa` \X�p�X l�q eNerX�^s`NX M
MTU ^ ILU!\X�]_Z�X M `NX fFq�KtU ^*uq_l Xv`NX MA\X�YPZ M/M Z q_KNMwILx1K `NXy^ \X�` O Z�^TX l X O ^JZ�YGe I�f�UwMTO ^ lzI e q_l�ldOQU Z q_K `QX
l b I Z�^ iN{ X MTS�M,UWVXFYGX�| f�q YPYGX MTf�}�\XFY ILU Z M�\XJ` ILKNMClzI~x ] O ^/X hQi'j | fFq YPe q ^ U Xv�

� ONK Y q ` VX l Xw`cb \XFYGZ MTM Z q_K |
� ONK?MTS�MTUWVXFYGX�`QX M Z�Y OQlzILU Z q_K `NX {�} Z�YGZ�X6�#��^ I�KNM e q ^ U |
� `NX M Z K `NZ fFILU X O ^ M `cb2ZdYPe I�f�U |
� ONK Y q ` VX l Xw`NX U#S e�X�` q_M XW�LX��rX U |
� X U `NX M Y q ` ONl X M Y I�f ^ q � \X fFq_KNq YPZd� O X M `�b I�KNI�ldS�M XJ` Oaf�q uOQU X K ]�X K `N^ \X i

� X M,S!M,UWVX�YPX OQU Z l Z M X�X U�fFq Y~nNZ K X l X M `NZ'� \X�^/X KtU X M Z K!��q ^/Y ILU Z q_KNM Z M/MTO X M `NX f X M Y q ` ONl X M X U
X��rX f�U/O X ONKAU ^ I Z U XFYGX K-U `cb q e U Z�YGZ M/ILU Z q_K�I*x1K `NX U ^ q_O p_X�^ lzI;M/q�l�OQU Z q_K[q e U ZdY I�l X�e q_O ^ ONK
eN^ q n l�VXFYGX3X K p�Zd^ q_KNK XFYGX K-U�I�l ` q_KNK�\X I p_X f�ONK YGZ K ZdY O Y�`NX fFq uOQU X U � q_OPOQK�\X�� O Z l Z�nN^TX3X K-U ^TX
l X fFq uOQU `NX�^ \XF` ONf�U Z q_K `QX Mo\X�YPZ M/M Z q_KNM X Uwl X�n \X K�\X x1f X I�f � O Z M�I p�X fvl�I ^ \X�` ONf�U Z q�K `cb�Z�YGe I�f�UWi
� X f�}Nq Z'��`cb ONK X I eNeQ^ q�f�} Xy`cb q e U ZdYPZ M�ILU Z q_K ^/X M,U XGnNZ�X K�M uO ^ ��q_K ` I YGX K-U�I�l X�YPX KtU n I�M�\X M/O ^
`NX MCf�}Nq Z���e q_l Z U Zd� O X M X U�\X fFq�KNq YGZ�� O X M�i
��I ^TYPZ l X M Z K!��q ^/Y ILU Z q_KNM X M/M X K-U Z�X l�l X M ` I�KNM;f X MTS�MTUWVXFYGXAZ K-U!\X�]_^ \XL| lzI ^TX lzI*U Z q�K � O Z l Z�X l�I
^ \XF` ONf�U Z q_K `NX M�\XFYGZ MTM Z q_KNMvVIGl�I ^ \XF` OQf�U Z q_KoM/O ^ l X M X M e VX f X M�f�} Z�YGZ�� O X M ` \XFe q_M�\X�X MwILOaMTq_l9q_O
` I�KNMGl b I Z�^~X MTUPf ^ ONf Z I�l�i%{ X M Z KQ��q ^TY I*U Z q�KNM~MTq_K-UP��q_O ^ K ZdX M ] \X K�\XF^ ILl XFYGX K-UGM/q�ONMG��q ^/YGXo`QX
Y ILU ^/Z f X M |N`NZ U X M��� Q¡�¢*£¥¤ �0
m¦ �A§ ¢� 1¨ 
F© � ¢�¡-i

{ X l�l X M � f Z(ª q�O X K-UaONK ^�uq_l X U ^ VX M ZdYPe q ^ U�I�K-U ` ILKNM?lzI Y q ` \X l Z M/ILU Z q_K `QX M Z�YGe I�f�U/M |3X K
��q_K ` I�K-U `NX M�MTU ^ ILU!\XF]_ZdX M `QX~^ \X�` ONf�U Z q�KNM `QX Mo\X�YPZ M/M Z q_KNM |�e I ^�X��!XFYGe l X M/O ^ l b2« O ^ q erXL|r« ldl X M
��q_O ^ K Z M/M X K-Uyl X M p I ^/Z I*U Z q�KNM X K¬f�q_KNf X K-U ^ ILU Z q_K X U X K ` \XFe�uq�UGM/O ^ ONK Xo q_K X?`NX?^ \X f X�e U Z q_K
` q_KNK�\X�X�|NZ K ` O Z U X M e I ^ l X M&f�}1ILK ]_XFYGX K-U/M ` I�KNM&l X M;\XFYGZ MTM Z q�KNM `cb ONK X� q_K X \XFYGX UTU ^TZ f X iN� X O ^
fFq_KNM,U ^ ONf�U Z q_K®M X �¥I Z UmM/O ^ l�I n I�M X?`cb ONK¬fWI�ldfFONl�M/O ^ye ldONM ZdX O ^ MyI�KNK�\X�X M�g X K p�Z�^ q_K¯j�°�I�KNM�k
X K±O!U Z l Z M/I�K-UJONK Y q ` VX l Xm`NX f�} Z�YGZ�X U ^ I�KNM e q ^ U�I p_X fPl XyYauXFYGX MTf�\X K1I ^/Z q `�b2X�YPZ M/M Z q_KNM `NX M
eN^/Z KNf Zde I�l X M X M e VX f X M�\XFYGZ M X M�iE² Z KNM Z�| VI e I ^ U Z�^�`NX f X MGM Z�Y OQlzILU Z q_KNM X U `QX l X O ^~Y q�S X KNK XL|
q_K;fWILl�fFOQl X�e I ^ M Z�YGe l XC`NZ'p!Z M Z q_KAg ` \XFe³uqLU �LX�YPZ M/M Z q_K�kEl X M `NZ'� \X�^/X KtU/MP\X l�\XFYGX K-U�M `NX l�I Y I*U ^/Z f X
g/´µh t�¶ k�i

� b OQU Z l Z M�ILU Z q_K `NX M Y I*U ^/Z f X M `QX U ^ I�KQMT� XF^ U ` I�KNM�l X M�M,S!M,UWVX�YPXGZ K-U!\X�]_^ \X M `�b \X U�O `NX M `�b2ZdYy�
e I�f�U X MTU ` q_KQf n I�M�\X�X MTO ^ l b }-S e q�U/}cVX M X?`NX l Z K�\X I ^TZ U!\XG� O Z M/O eNe q�M X ONK X?^/X lzILU Z q_K±l Z K�\X I Zd^/X
X K-U ^TX l�I ^ \X�` ONf�U Z q_K `NX M�\XFYGZ M/M Z q_KQM X UGl X O ^vZdYPe ILf�UWiE{ XFe�X K ` I�K-UPf X UTU X }tS e q�U�}cVX M X K b�X M,U
e I�M?��q ^ f�\XFYGX K-U p \X�^/Z x�\XFX±` I�KNMol X M Y q ` VX l X M `QX f�} ZdYPZdX U ^ ILKNM e q ^ U | l X M Y \X fFI�K Z M YPX M `QX
f�} Z�YGZ�X OQU Z l Z M�\X MP\X U�I�K-U `NX�e ldONM X K e l�OQM&fFq YGe l X6�!X M X U�KNq�Kol Z K�\X I Z�^TX M�i

· I�KNMyl b OQU Z l Z M�ILU Z q_K `NX f X M Y ILU ^/Z f X M `NX U ^ ILKNMT� X�^ Uag ZdX M�ILKNMyl b }tS e q�U�}cVX M X?`NX l Z K�\X I ^/Z U!\X
M/q_ONM �dª I�f�f X KtU X k | l b \X U/O `NX�`NX M `NZd� \XF^TX K-U�MmMTf�\X KNI ^/Z q_M `cb�Z�YGe I�f�U |9`NX�p�Z�X K `N^ I Z UvU ^ VX MmfFq uOQU X ONM X
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p q Z�^TX�ZdYPeN^ ILU Z fWI n l X i · Z KNq�ONM X K p�Z M/I ]_X q_KNM `cb I�K1ILldS�M X�^ l b�X��rX U `NXw^ \X�` ONf�U Z q�K `NX r °
	 |�� °	 |
��� 	 | h_°
	 X U�j�°_°
	 `NX M�\X�YPZ M/M Z q_KNM�I�f�U�O X l�l X M `NX r °_° � g�\XFYGZ MTM Z q_KNM `NXs^ \X �W\XF^TX KNf X k `cb ONK X
X M e VX f X f�} Z�YGZ�� O X g������ |�� ��� | ����� | i'idi�k `cb ONK e IWS�M X O ^ q e \XFX K ` q�KNK�\X M/O ^ l�IsfFq�KNf X KtU ^ I �
U Z q_K ` I�KNM3l b I Z�^ q_O�l X�` \XFe�uq�U `cb ONK XJX M e VX f X f�} Z�YGZ�� O X g������ |�� ��� | · ONl'�¥ILU X�`cb I YPY q_K Z O Ya|
K Z U ^ ILU XJ`�b I YGY q_K Z O Ya| idi'i�k(M/O ^ l b�« O ^ q erXJX K r °!j � g,j�°GI�KNM e l�OQMCU�I ^/` k | KNq�ONM�MTO eNe q_M X�^ q_KQM
� O X lzIyfFq�KNf X KtU ^ ILU Z q_K `NX M X M e VX f X M�U ^ ILKNM e q ^ U!\XFX M e q_O ^C`NX Mo\XFYGZ MTM Z q_KNM ` q_KQK�\XFX M ^/X MTU XF^ q�KtU
e�X O±\X l�q Zd] K�\X�X M `QX lzI�f�q_KNf X K-U ^ I*U Z q�K Y q�S X KNK X MTO ^ l X M�j�°JILKNK�\XFX M ` q_K-U%KNq�ONM `NZ M e q�M/q_KNM�i_H X
e l�ONM | l X M�f�}NI YPe M Y \X U!\X q ` q_K-UwKQq_ONM `NZ M e q_M/q�KNM�f�q ^/^TX M e q_K `QX K-UsVIsl�I e \XF^TZ q `NX j �
� �L� r °_° �Q|
l X Mmf�}1I YPe M Y \X U!\X q ^ q_l�q ]_Z�� O X M e q_O ^ l b I�KQK�\XFX r °Qj � K b \X U�I�K-U�\X�p�Z�`NX�YPX K-U e I�M `NZ M e q_K Z�n l X M�i
{ Xa� O Z M Z�] K Z x X?� O b�Z l X MTU Z K `NZ M e�X KNM/I n l X�`�b2X���X f�U�O XF^ l X Moj�° I�KNK�\X�X M `QX fWILl�fFOQl�MGI p_X fal X
YouXFYGX ªTX O `cb \X�YPZ M/M Z q_KNM e q�O ^ f�}1I � O X MTf�\X K1I ^/Z q `NXJ^ \X�` ONf�U Z q�K |!e q_O ^ f�}1I � O X�X M e VX f X \X�YPZ M X
g¥I�O �!� O X ldl X M�q_KaM b�Z K-U!\X�^/X MTM X k X U e q_O ^ f�}1I � O X~e IWS!Mo\XFYGX UTU X O ^ i�{ X lzIGM X U ^ I ` O Z U |1`NXve q Z K-U
`QX�p O X�^TX M/MTq_O ^ f X�`NX fWI�ldfFONlcK�\X f X M/M/I Z�^TX�|1e I ^ ONK?f�q uOQU�fWI�ldfFONl `NX l b q ^/`N^TXv�

{�q uOQU �!�#"%$'&�(�)*�,+.-0/1"2)*�3&%465�"2)7�8-9(�);:=<?>?@BADC9E g�hQi'j�k

q VOF�3"�$'&�( X M,Uyl X KNq YvnN^/X�`QX M/f�\X K1I ^TZ q `NX?^ \X�` ONf�U Z q�K g Z f Z7G k | �H+�-0/I"~l X KNq YvnN^/Xs`NX�e IWS�M
f�q_KNf XF^ K�\X M e I ^ lzI ^ \XF` ONf�U Z q_K `NX M�\XFYGZ MTM Z q�KNMyg `QX l b q ^/`N^TXm`NX�� ° e IWS!M « O ^ q e \XFX KNM�k | �3&�425J"
l X KNq YvnN^TX�`cb2X M e VX f X M�f�} ZdYPZd� O X M�\XFYGZ M X MvVI ^ \XF` O Z�^/X g%�K��� |L� ��� | ���M� | {7N |�O N�{&k | �8-9(
X MTUJl X KQq YvnN^TX~`cb I�KNK�\X�X MJK�\X f X M/M�I Z�^/X M e q_O ^�X���X f�U/O XF^ l X fFI�l�f�ONl X U�:=<?>�@�ADC9E X M,UJl X U X�YPe M
{3��P ` O Y q ` VX l X�`NX f�} ZdYPZdX U ^ I�KQM e q ^ UFi!HJILKNM�l X fFI�M `NX �;NJ� ²�Q0R s H X U&I p_X fwONK X f�} Z�YGZ�X
M Z�YGe l Z x�\XFX�`NXm«TS�« � | :U<?>�@BADC9E X MTU `NX � } X O ^TX M e q_O ^ OQK�I�K `NX fFI�l�f�ONl�ir�³q_O ^wX��rX f�U�O X�^
f X UTU X \X U/O `NXG`NXy`NX M/f�\X K1I ^TZ q `NXy^ \XF` ONf�U Z q_K `NX M�\X�YPZ M/M Z q_KNM |�Z l³�¥I�O `N^ I X K p!Zd^ q_KWV  1¨ 
�¦ �
¤_ YX�¤ � X3g�q_K?K X U Z�X K-U e I�MCfFq YGe U XJZ f Z�`NX l b I eNe q ^ U e q_MTM Zdn l Xw` O e I ^ I�ldl�\X l Z M YPX k�i'idi

��q_O ^ MTO ^/Y q_K-U X�^ f X UTU X~`QZ[Z fFONl'U!\XL| KQq_ONM eQ^ q e q_M/q�KNM ` I�KNM�f X f�}1I eNZ U ^/X�| ONK X I�OQU ^/X I e!�
eQ^ q�f�} X~`NX fWI�ldfFONl `NX�Y ILU ^/Z f X M `NX U ^ I�KNMT� X�^ U n I�M�\X�X M/O ^ l X M Y q ` VX l X M�I `*ª q Z KtU/MFi?\�q_ONM eN^ \X��
M X K-U�q�KNM�\XF] I�l X�YPX KtU�ONK X I eNe l Z fFILU Z q_K ` I�KQM�l X fFI `N^/XP`cb ONK X \X U�O `QXs`cb�Z�YGe I�f�U�OQU Z l Z M/I�K-U�l X
Y q ` VX l Xw`NX {�} Z�YGZ�X6�#��^ I�KQM e q ^ UJg��TNJ�9²,Q0R s H�k�VIml b \X f�} X l�l Xw« O ^ q e \X�X KNK X i

]_^a` b =G8 cWDW8edf�g < D�:hdf >A@ i =?>Fjf c f

« K ] \X K�\XF^ ILl | l X fFI�l�f�ONl `QX M Y ILU ^TZ f X M `NX U ^ ILKNMT� X�^ UJM X } X O ^ U X VI `QX M `NZkZ f�ONldU!\X M�l Z \X�X MPVI
l�IaKNq�K � l Z K�\X I ^/Z U!\Xm` O Y q ` VX l X g � O X fWI[MTq Z U e q�O ^ l X MTf�}�\XFY I[f�} Z�YGZ�� O X q_O l X M Y \X U/}Nq `NX M
KtO Y \XF^TZ�� O X M�O!U Z l Z M�\XFX M |Qe I ^&X��!XFYGe l XJe q_O ^ l b I `Qp_X f�U Z q_K�k6i

��q_O ^�Z l�ldONMTU ^/XF^ f X UTU X KNq�K � l Z K�\X I ^/Z U!\X KNq�ONM�KNq�ONM�MTq YPYGX�Z K-U!\X�^/X MTM�\X M�VI�l�I�f�} ZdYPZdX�`�b I�f Z�`NZ��
xNfWILU Z q_K `�b�«TS�« � M/O ^ l b2« O ^ q e�X I p_X fyl X M�\X�YPZ M/M Z q_KNM�I�KNKtO X l�l X M `NX j ��� � il\�q_ONM�\X U�O `NZ q_KNM
l b2X���X U `NX lzI ^ \XF` OQf�U Z q_K `NX M�\XFYGZ MTM Z q_KNM�� ^ I�KnmfFI Z M X M YPX KNM/O X l�l X M�g�o_I�K p�Z�XF^ k `NX �K��� |p� ���
X U3�K�M�~MTO ^ l Xm^/X MTU XG`NX l b2« O ^ q e�X�|�X K \X U�O `NZ I�K-U�l X M�fFq_KNf X K-U ^ ILU Z q_KNM `NX M/q ^ U ZdXm`NX �K��� |
� ��� X Uq������ir�%l�ONM Z�X O ^ M�M/f�\X K1I ^TZ q_M�M/q_K-Ua\X U�O `QZ \X M X UJMTq_K-U ^ \X M/O Y \X M ` I�KNM�l X�� I n l X ILO[hQi'j_i
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� Z�] O ^/X hQi'j � · U ^ ONf�U/O ^/X�`cb OQK;MTS�MTUWVXFYGXwZ K-U!\XF]_^ \X�`cb I Zd`NX VI�lzI ` \X f Z M Z q_K e q_O ^ ONK X \X U/O `NX�`�b2ZdYy�
e I�f�U
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HJILKNM%ONK eN^/X�YPZdXF^ U XFYGe M KNq_ONM(I p q_KQMm\X U�O `QZ \X lzIwKNq�KGl Z K�\X I ^/Z U!\X�� O Z1X��!Z M,U XCX K-U ^TX l X M YauXFYGX M
X M e VX f X Mo\XFYGZ M X M X U�U ^ I�KQM e q ^ U!\XFX M |1e O Z M X KNMTO Z U XJX K-U ^TX�`NX O �?X M e VX f X M `NZd� \XF^TX K-U X MFi

������	��
	�� ����� ���������
	�� ����� ������	��
	�� �����
����! 	"	#%$'& (*)+ ��-, ��!./& ,0,1& (*)	,2./�!)	,0"��-3 3 �!, �/��! 	"	#%$'& (*)4 	�-, ��!./& ,1,0& (*)	,5$'(�$'6*3 �!,7./�-)�,0"	�!3 3 �!, ����- �"	#!$0& (*)+ 	�!, ��!./& ,0,0& (*)	,8$'(�$06*3 �!,�./�!)	,0"��-3 3 �!,

 ��93 6;:=<06*)	#!�>�!)@?4A�B  	�>3 6�:�<06*)	#!�C�!)EDFA9B  	��3 6G:�<16*)	#-�9�-)@?;HCI
J>K L � M�NPO  	��< ��- �"	#!$0& (*)+ 	�>?4A B Q K L � M�NPO  	�9< ��! 	"	#%$'& (*)+ ��>DFA B R K L � M�NPO  	�>< ��- 	"�#!$'& (*)+ 	�9?4HCI
J>K M;� S*NPO  	��< ��- �"	#!$0& (*)+ 	�>?4A B Q K M4� S*NPO  	�9< ��! 	"	#%$'& (*)+ ��>DFA B R K M4� S*NPO  	�>< ��- 	"�#!$'& (*)+ 	�9?4HCI
J>K T � U*NPO  	��< ��- �"	#!$0& (*)+ 	�>?4A B Q K T � U*NPO  	�9< ��! 	"	#%$'& (*)+ ��>DFA B R K T � U*NPO  	�>< ��- 	"�#!$'& (*)+ 	�9?4HCI
J>K S4� V*NPO  	��< ��- �"	#!$0& (*)+ 	�>?4A B Q K S+� V*NPO  	�9< ��! 	"	#%$'& (*)+ ��>DFA B R K S+� V*NPO  	�>< ��- 	"�#!$'& (*)+ 	�9?4HCI
J>K W � L N*NPO  	�>< ��- 	"�#!$'& (*)4 	�>?4A B Q K W � L N*NPO  	��< ��! 	"	#%$'& (*)+ ��>DFA B R K W � L N*NPO  	�>< ��- 	"�#!$'& (*)+ 	�9?4HCI

� I n l X h!idj � · f�\X K1I ^/Z q_M `NX�^ \X�` ONf�U Z q�KNM

XZY�[\Y�[ ]_^\`badc�`fegihkj cmlnegpoqgsrtg�uvg l r cd`wl gsj;x>ynh�z{r�|~} ^\`n^ x9gsr4y��gi��g
\�q_ONMaI�K1I�l'S!MTq_KNM Z f Z l b�X��rX U `NX ^ \XF` ONf�U Z q_K `NX M¯\XFYGZ MTM Z q�KNM `NX ����� |,� ��� X U ���M�

MTO ^ l X MGfFq�KNf X KtU ^ ILU Z q_KQM X K l b I Zd^v^/X M e�X f�U Zdp�XFYGX K-U `NX M X M e VX f X M �K��� |;� ��� X U `NX �K�M�Wi
{�q YPYGX�X��!XFYGe l X KNq�ONM eQ^/X KQq_KNM�l X M�M/f�\X K1I ^/Z q�M `QX�^ \XF` ONf�U Z q_K eQ^ \X M X K-U!\X M ` I�KQM�l X�� I n l X I�O
h!idjyI p_X fyfFq YGYPX~e IWS!M�\X�YPX U/U X O ^ l�I � ^ I�KNf X�|rX U�fFq YPYGXve IWS�M ^ \X f XFe U X O ^ l b ²�l�l XFY I ] K X�X U
l�I���q_l�q ] K X i \�q_ONM ^ I eQerX l�q_KNM � O XL|!` ILKNM�f X UTU X�X��!e \XF^TZ�X KNf XL| l X My\XFYGZ M/M Z q_KQM `NX M�I�OQU ^TX M e IWS�M
K X M/q_K-U e ILM Y q `NZ x�\XFX M�ILx1K `NX�p q Zd^ l b�X��rX U Y I ^T]_Z KNI�l `NX lzI ^ \XF` ONf�U Z q_K `NX M[\XFYGZ MTM Z q�KNM X K
� ^ I�KNf X i

HJI�KQM l�I�x ] O ^/X hQi r X MTU eN^ \X M X KtU!\X l b2X���X U `QX ^ \XF` ONf�U Z q_K `QX M \X�YPZ M/M Z q_KNM `QX �����
g · f�\X K1I ^TZ q � ²Jk `NX lzI � ^ I�KNf X M/O ^ lzI ^ \XF` ONf�U Z q_K `NX l�I�fFq�KNf X KtU ^ ILU Z q_K `NX �K��� ` ILKNM3l b I Zd^�X K
� ^ I�KNf XsX U X K®²�l�l X�Y I ] K X i�� b�X��rX UyM/O ^ lzI � ^ I�KQf X;e�X OQU uX U ^TX fFq_KNM Z�` \X�^ \X f�q YPYGX l Z K�\X I Z�^TX
YouXFYGX M Z ONK X ^ \XF` ONf�U Z q_K `NX j�°�°	 `QX M \XFYGZ MTM Z q�KNM `NX �����®M X U ^ I ` O Zd^ I Z U e I ^ ONK X
`QZ�YGZ KtOQU Z q_K `NX �%r 	 `QX �K��� ` I�KNM�l b I Z�^ iN� b�X��rX U�M/O ^ l b ²�l�l XFY I ] K X�X M,U��¥I Zdn l XJe O Z M � O b ONK X
^ \XF` OQf�U Z q_K `QX j�°_°
	 `NX M \XFYGZ M/M Z q_KQM `NX lzI � ^ I�KNf X X Ke�K��� K X ` q_KNK X�^ I Z U � O b ONK X
`QZ�YGZ KtOQU Z q_K;I p q Z M Z K1I�K-U&l X M r;� G 	;i

��q_O ^ l X · f�\X KNI ^/Z q ����| ONK X�^ \X�` ONf�U Z q�K `NX3� ���Pg³x ] O ^/X hQi r k�MTO ^ lzI � ^ I�KNf XL|N^/X�eN^ \X M X KtU X
OQK X KNq�K � l Z K�\X I ^/Z U!\X e ldONM ZdYPe q ^ U�I�K-U X e O Z M � O b ONK X ^ \XF` ONf�U Z q_K |ye I ^ X��!X�YPe l X�|y`NX � °	
`QX M \X�YPZ M/M Z q_KNM�MTO ^ l�I � ^ I�KNf X¬X K ]_X K `Q^/XF^ I Z U ONK X ^ \X�` ONf�U Z q�K `cb�X K p�Z�^ q_K � °	 ` I�KNM�lzI
f�q_KNf X K-U ^ ILU Z q_K `NX l b I Z�^ MTO ^ l�I � ^ I�KQf X�X K � ��� |�X U Y q Z KNM `NX r 	 MTO ^ l b ²�l�l XFY I ] K X i�P�K X
^ \XF` OQf�U Z q_K `NX j�°_°	 `NX M \XFYGZ M/M Z q_KQM;g � ����k `NX l�I � ^ ILKNf XL|³` q�KNK XF^ I Z U~ONK X;^ \XF` OQf�U Z q_K `NXt °	 MTO ^ lzIvfFq�KNf X KtU ^ ILU Z q_K X K � ��� `NX lzI � ^ ILKNf X�X U X K p!Zd^ q_K `NX s4� G 	 MTO ^ l b I�l�l XFY I ] K X i
�9IPx ] O ^/X hQi � g · f�\X K1I ^/Z q � {&k Y q�KtU ^/X l b�X��rX U `QX~^/X�` ONf�U Z q�K `NX Ma\XFYGZ M/M Z q_KQM `NX �K�M�JM/O ^ lzI
� ^ I�KNf X�X U�l b ²�ldl X�Y I ] K X��te q_O ^ lzI � ^ I�KNf X q_K e�X OQU�q n M XF^,p_XF^ ONK X l Z K X I ^TZ U!\XL| M/I�OQ� e q_O ^ ONK X
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^ \XF` ONf�U Z q_K `QX j�°_°
	 � O Xm` q_KNK X�^ I Z UGVI e�X O eQ^/X M � G 	 `NXv^ \XF` ONf�U Z q_K `NX l�IPf�q_KNf X K-U ^ I*U Z q�K
`NX ������M/O ^ lzI � ^ I�KNf X i�{ XFe�X K ` ILKtU e q_O ^ l b ²�l�l X�Y I ] K X�| lzI ^ \X�` ONf�U Z q_K X M,U `cb�X K p�Z�^ q_K G 	
g ^/X M e i t i G 	yk e q_O ^ ONK Xs^ \XF` OQf�U Z q_K `NX � °	 g ^TX M e i�j�°�°	yk `NX M�\XFYGZ MTM Z q_KNM `NX � ^ I�KQf XsX K
�K�M�Wi
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SCENARIO-A: réduction des émissions de NOx
Effet sur l’espèce NO2
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SCENARIO-A: réduction des émissions de NOx
Effet sur l’espèce NO2

� Z�] O ^/X hQi r � \�q_K � l Z K�\X I ^TZ U!\X;��«%YGZ MTM Z q�KNM `NX ����� g � ^ ILKNf X k | R�\X f X�e U Z q_K ����� � ^ I�KNf XsX U
²�l�l XFY I ] K X
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SCENARION-B: Réduction des émissions de SO2
Effet sur l’espèce SO2
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SCENARIO-B: Réduction des émissions de SO2
Effet sur l’espèce SO2

� Z�] O ^/X hQi s � \�q_Kol Z K�\X I ^TZ U!\X�X K-U ^/X�YauX�YPX M X M e VX f X M ��«%YGZ M/M Z q_KQM `NX3� ���vg � ^ I�KNf X k | R�\X f XFe��
U Z q�K � ��� � ^ ILKNf XJX U�²�l�l XFY I ] K X

X Y�[\Y�� ]_^w`ba�cd`fegihkj c	lqeg oqgir g�uvg l r cd`wl gij;x9gsr4y��gi��gsr
HJILKNMvl X fFI�l�f�ONl X U ` I�KNMml X MyI eQe l Z fWILU Z q_KNM `NX l�I Y I*U ^/Z f XP`NX U ^ I�KNMT� X�^ UagT´�h_h | h t�¶ k |EZ l

X MTU�MTO eNe q_M�\X�� O b2Z lcK b�X��!Z M,U X I�ONf�ONK X�` \XFe�X K ` I�KNf X~X K-U ^/X l X M X M e VX f X Mo\XFYGZ M X M X U�l X M X M e VX f X M
` \XFe q_M�\X�X MPg�q_O ` I�KQM�l b I Z�^ k6i�HJI�KNMJl X fFI�M `cb2«TS�« � g/´µh_h ¶ k e I ^JX6�QX�YPe l X�|�Z l X MTU�fFq�KNM Zd` \XF^ \X
� O XG�
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SCENARIO-C: réduction des émissions de NH3
Effet sur l’espèce NH3
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SCENARIO-C: réduction des émissions de NH3
Effet sur l’espèce NH3

� Z�] O ^TX h!i �N� \�q_K�l Z K�\X I ^TZ U!\X&X K-U ^TXwYauX�YPX M X M e VX f X M �Q«%YPZ M/M Z q_KNM `NX ���M��g � ^ I�KQf X k | R;\X f XFe!�
U Z q_K_���M� � ^ ILKNf X�X UC²�l�l XFY I ] K X

j_i�� X�` \X�e³uq�U `NX3� ��� X M,U Z K ` \X�erX K ` I�K-U `NX M;\X�YPZ M/M Z q_KNM `QX ����� X U,�K�M���
r i�� X�` \X�e³uq�U `NX ����� X MTU Z K ` \XFe�X K ` ILKtU `NX M�\XFYGZ M/M Z q_KQM `NX3� ��� X U,�K�M���
s i�� X�` \X�e³uq�U `NX ����� X M,U Z K ` \X�erX K ` I�K-U `NX M�\X�YPZ M/M Z q_KNM `NX �K��� X U � �����
\�q_ONM \X U�O `NZ q_KNM Z f Z l b�X��rX Usf ^ q Z M�\Xa`NX l�I ^ \X�` ONf�U Z q_K `NX M \X�YPZ M/M Z q_KNM `NX l�I � ^ I�KQf X[X K

����� |6� ��� X U `NX ���M�vM/O ^ l X M�fFq_KNf X K-U ^ ILU Z q_KNM ` I�KNM�l b I Zd^w`NX �K��� |2� ��� X U `NX ���M�
MTO ^ lzI � ^ ILKNf XJX U�l b ²�l�l XFY I ] K X M X l�q_K?l X M X��rX U/M�MTO Zdp I�K-U �

� «%�rX U `NX&^ \XF` OQf�U Z q_K `NX Mv\X�YPZ M/M Z q_KNM `QX lzI � ^ I�KQf X&X K � ��� M/O ^ lzI�fFq_KNf X K-U ^ ILU Z q_K ` I�KNM
l b I Z�^�`NX �K��� X U,�K�M� X K � ^ I�KNf XJX U X Ko²�ldl XFY I ] K X i

� «%�rX U `NXo^ \X�` ONf�U Z q_K `NX M®\X�YPZ M/M Z q_KNM `NX lzI � ^ ILKNf XoX KF�K����M/O ^ lzIAfFq�KNf X KtU ^ ILU Z q_K
` I�KNMCl b I Zd^�`NX3� ��� X U,�K�M� X K � ^ I�KNf XJX U X Ko²�ldl XFY I ] K X i

� «%�rX U `NX?^ \X�` ONf�U Z q�K `NX M®\X�YPZ M/M Z q_KNM `QX l�I � ^ I�KNf X?X K �K�M�PM/O ^ lzIAfFq�KNf X KtU ^ ILU Z q_K
` I�KNMCl b I Zd^�`NX3� ��� X U,�K��� X K � ^ I�KNf XJX U X K?²�l�l X�Y I ] K X i

HJILKNMvlzIox ] O ^TX hQi G�X MTU eN^ \X M X K-U!\X�X l�I ^/X lzILU Z q_K X K-U ^TX lzI ^ \XF` ONf�U Z q_K `NX M \X�YPZ M/M Z q_KNM `NX lzI
� ^ I�KNf X�X K �K��� g · f�\X K1I ^/Z qy²Jk X U�lzImfFq�KNf X KtU ^ ILU Z q_K `NX �K�M� ` I�KNM�l b I Z�^ iY\�q_ONM e q_O p q_KNM
f�q_KNM,U�ILU XF^;� O b ONK X�`NZdYPZ K�O!U Z q�K `QX M \XFYGZ MTM Z q_KNM `QX �K��� Z K ` O Z UsOQK X I�O ]_YGX K-U�ILU Z q_K `NX
l�I f�q_KNf X K-U ^ ILU Z q_K `NX �K�M��M/O ^ lzI � ^ I�KQf X X U±MTO ^ l b ²�l�l XFY I ] K XL|w`NX M±I�O ]_YGX K-U�ILU Z q_KNM
Z KQ�W\XF^TZ�X O ^/X M VI jW°	 e q_O ^ lzI � ^ I�KNf X g X K p�Z�^ q�K G � G 	 e q�O ^ ONK X¯^ \X�` ONf�U Z q_K `NX j�°�°	
`QX M \XFYGZ MTM Z q_KNM `QX �K���*k X U®ONK X I�O ]_YPX K-U�ILU Z q_K Z KQ�W\X�^/Z�X O ^/X VI r 	 M/O ^ l b ²�l�l X�Y I ] K X i
� b�Z�YGe I�f�U `NX f X U/U X�^ \XF` ONf�U Z q_K?M/O ^ lzIvf�q_KNf X K-U ^ ILU Z q_K ` I�KNM&l b I Zd^�`NX3� ��� X MTU�KtONldl X g¥I�ONfFOQK
f�}NI�K ]_X�YPX KtU e I ^�^ I eNe q ^ U VI l b2X6�!e \XF^TZ�X KQf X¯`NX¯^ \X ��\XF^/X KNf X¯X���X f�U�O�\XFX M/I�KNM®M/f�\X K1I ^/Z q `NX
^ \XF` OQf�U Z q_K�k6i

HJI�KQM l X · f�\X K1I ^/Z q � g � Z�] O ^/X hQi � k | OQK X�^ \X�` ONf�U Z q_K `QX M \XFYGZ MTM Z q�KNM `NX � ���¯M X
U ^ I ` O Z U e I ^ ONK X l�VXF] VX�^/X I�O ]_YGX K-U�ILU Z q_K ` I�KNM�lzI�fFq�KNf X KtU ^ ILU Z q_K `NX l b I Z�^JX K ������M/O ^ lzI
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� ^ I�KNf X g Y I �!Z�Y O Y `NX j � t 	 e q_O ^ ONK X \X l Z�YGZ K1ILU Z q_K?U�qLU�I�l Xm`NX M \XFYGZ M/M Z q_KQM `NX � ���6k X U
M/O ^ l b ²�l�l X�Y I ] K X g~ONK Y I �QZdY O Y `NX ° � t G 	 `cb I�O ]_YGX K-U�I*U Z q�K `NX �K�M� X K¯fWILM `cb OQK X
^ \XF` ONf�U Z q_K `QX j�°_°	 `NX M \XFYGZ MTM Z q_KNM `NX � ���6k�i�� b2X���X U `NX[^ \XF` OQf�U Z q_K `NX M \XFYGZ MTM Z q_KNM `QX
� ���CMTO ^ lzIvfFq�KNf X KtU ^ ILU Z q_K `NX l b I Zd^�`NX ����� X MTU�KtONl�i

� X · f�\X KNI ^/Z q�{ | f�q ^/^TX M e q_K ` I�K-U�VIwONK X M,U ^ ILU!\X�]_Z�X�`NX&^ \X�` ONf�U Z q_K `NX M�\X�YPZ M/M Z q_KNM `NX ����� |
K b I ��X f�U X�e ILM�l�IvfFq_KQf X K-U ^ ILU Z q_K `NX8� ����K Z f X l�l XJ`NX �K��� ` I�KNM&l b I Zd^ i
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SCENARION-A: réduction des émissions de NOx
Effet sur l’espèce NH3
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SCENARIO-A: réduction des émissions de NOX
Effet sur l’espèce NH3

� Z�] O ^/X hQi G�� \�q�K l Z K�\X I ^TZ U!\X?X KtU ^/XAX M e VX f X M `NZ'� \X�^/X KtU X M ��« YGZ MTM Z q_KNM `QX �K��� g � ^ I�KNf X k |
R�\X f XFe U Z q�K����M� � ^ ILKNf XJX U�²�l�l XFY I ] K X
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SCENARIO-B: réduction des émissions de SO2
Effet sur l’espèce NH3
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SCENARIO-B: réduction des émissions de SO2
Effet sur l’espèce NH3

� Z�] O ^/X hQi � � \�q�K l Z K�\X I ^/Z U!\X[X KtU ^/X X M e VX f X M `NZ'� \X�^/X KtU X M ��« YGZ MTM Z q_KNM `NX � ��� g � ^ I�KNf X k |
R�\X f XFe U Z q�K����M� � ^ ILKNf XJX U�²�l�l XFY I ] K X

{ X U/U X \X U/O `NX�| VI;fWI ^ I�f�UWVXF^TX~e O ^TXFYGX K-U Z l�l�OQMTU ^ ILU Z � |Qe�XF^TYPX U `NX�Y q_K-U ^/XF^ K�\X ILK Y q Z KNM�l X M
l Z�YGZ U X M `NX l b }-S e q�U/} VX M X l Z K�\X I Z�^TX i
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� X M Y ILU ^/Z f X M `QX U ^ I�KNMT� X�^ U��t\XFYGZ MTM Z q�K �L^ \X f X�e U X O ^ � Y ILU ^TZ f X M ` \X f ^TZdp I�K-UAlzI ^/X l�ILU Z q_K
X K-U ^/X l X M�\XFYGZ M/M Z q_KQM X UGl X�` \X�e³uq�U `NX M X M e VX f X MPf�} Z�YGZ�� O X Mog¥q_O¬l X MGf�q_KNf X K-U ^ ILU Z q_KNM ` I�KNM
l b I Z�^ k M/O ^C`NZ'� \X�^/X KtU/M�\X f�} X l�l X M `NX U X�YPe M X U `cb2X M e ILf X i

H Z'� \X�^/X K-U/M�U#S erX M `NX;Y ILU ^TZ f XG`QX U ^ I�KNMT� X�^ U�\XFYGZ M/M Z q_K �L^ \X f XFe U X O ^ M/q�KtUvOQU Z l X M ` I�KQMvlzI
Y q ` \X l Z M�I*U Z q�K `cb�Z�YGe I�f�U | VIyM/I p q Zd^ gT´�h�h | h t�¶ k �

� lzI Y ILU ^/Z f X �T��IWS�M �*e q Z K-U `NXw]�^/Z ldl X � � l b q ntªTX f�U Z � X MTU `�b \X�p ILl�O X�^ l b�Z�YGe I�f�U `NX lzI ^ \X�` ONf �
U Z q�K `QX My\XFYGZ M/M Z q_KQM `cb OQK e IWS�M�MTO ^ l XC` \XFe�uq�U�MTO ^ ONK e q Z KtU `QX�]_^TZ ldl X�nQZ�X KGM e \X f Z x � O X�|

� lzI Y ILU ^/Z f X �T��IWS�M � �³I�S�M�� |L� O Z�^TXFeN^ \X M X K-U X l b2X���X U `QX�^ \X�` ONf�U Z q�K `cb \XFYGZ MTM Z q_K `�b ONK e IWS�M
M/O ^ l XJ` \XFe³uq�U ` I�KNMCONKaI�OQU ^TXJe IWS�M |

� lzI Y ILU ^/Z f X � e q Z K-U `NX�]�^/Z ldl XW�Le IWS�M�� � l X�n O!U Z f Z1X M,U `cb \X�p I�ldO XF^ l b2ZdYPe ILf�U `NX�^ \X�` ONf�U Z q_K
`NX Ms\X�YPZ M/M Z q_KNM `cb OQK e q Z KtU `NXJ]_^TZ l�l X g�U#S eNZ�� O X�YPX K-UCONK X M/q�O ^ f XJ`cb \X�YPZ M/M Z q_KNM�k(MTO ^ l X
` \XFe³uqLU � f�q_KNf X K-U ^ I*U Z q�K `�b ONK e IWS�M |

� lzI Y ILU ^TZ f X�e q�KNf�U/O X ldl X l Z \X�X VI;ONK X I�f�U Zdp�Z U!\X~Z K ` ONM,U ^TZ�X ldl X � e q Z KtU `NXy]_^/Z l�l X��Le q Z K-U `NX
]_^/Z l�l X � | q VOol b q_K¯\X U�O `NZ�X�e I ^CX��!X�YPe l X l b2ZdYPe I�f�U `QX M?\XFYGZ M/M Z q_KQM `�b ONK X MTq_O ^ f X MTO ^ OQK
I�OQU ^TXJe q Z K-U�g¥OQK XJp!Z l�l X I p q Z M Z KNI�K-U Xwe I ^�X6�!XFYGe l X k�i

« K ] \X K�\XF^ I�l | q_K;fFI�l�f�ONl X�`NX M Y ILU ^/Z f X�ª q_O ^ KNI�l Z VXF^/X M |tYGX KNMTO X ldl X M�q_O�I�KQK�O X l�l X M | M X l�q�K;l X
n�X MTq Z K `NX l b \X U�O `NX i�\?\X I�K Y q Z KNM | l X M Y I*U ^/Z f X MJI�KNKtO X l�l X M�M/q_K-U�l X M e l�ONM�OQU Z l Z M�\X�X M ` I�KNM�l X
fFI `N^TX~`NX M�\X U/O `NX M `cb2ZdYPe I�f�UFi « ldl X M e�X O p�X K-U uX U ^/X MwfWILl�fFOQl�\XFX M e q_O ^ l X M�f�q_KNf X K-U ^ I*U Z q�KNM X K
l b I Z�^ q_O e q_O ^ l X M�fFq_KQf X K-U ^ ILU Z q_KNM ` \XFe q_M�\XFX Mog�MFVX f�} X M X Uv}�O YPZd`NX k�I�O MTq_l�i6P�K XsY ILU ^/Z f X
ILKNKtO X ldl X g�q_O YGX KQM/O X l�l X k���IWS�M � ��IWS�M e�X OQU�I Z KNM Z�uX U ^TX�` \X x1K Z�X M X l�q_K �

g��v�&k05=�����������! �"#
���%$

& 5
�
)�g('*)³k

�
g�hQi r k

N?VO
+-, ^TXFeN^ \X M X K-U X l X M X M e VX f X M�f�} ZdYPZd� O X M ` O Y q ` VX l X I p�X f�g(�v�&k 5³l X U X�^/YGXJ`NX fFq_KNf X K �
U ^ I*U Z q�K ` \XFe q_M�\XFX g¥q_O ` I�KQM�l b I Z�^ k `NX l b�X M e VX f X/. MTO ^ ONK e q Z KtU�g���IWS�M�k ^ \X f X�e U X O ^10 i

+�2 M,S Yvn q�l Z M X l b�X M e VX f X f�} ZdYPZd� O X \XFYGZ M X I p_X f g('*)³k
�
U XF^TYPX¯`NX M \X�YPZ M/M Z q_KNM `NX

l b�X M e VX f X \XFYGZ M X43 ` O e q Z KtU�g e IWS�M�k651iL�#"!7 $'& ` I�KNM�f X fWI�M X M,Uwl X KNq YvnN^/X�`NX�e q Z K-U�M
g���IWS�M�ks\XFYGX UTU X O ^ M�i

+ & 5
�
X MTU�l b \X l�\XFYGX K-U&fFq ^/^/X M e q_K ` ILKtU `NX l�I Y ILU ^/Z f Xw`NX U ^ I�KNM,� XF^ UWi
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HJILKNMPKQq�U ^TX I eQe l Z fWILU Z q_K�KNq�ONM;I p q�KNM Z l�l�OQMTU ^ \X l b OQU Z l Z M�ILU Z q_K `NX M Y ILU ^/Z f X M `NX U ^ I�KNM �
� XF^ U ` I�KQMsl X fFI�M `cb \X U/O `NX M `cb�Z�YGe I�f�U `NX M¬\X�YPZ M/M Z q_KNM � ^ I�K6mfWI Z M X MGM/O ^ l Xo^/X MTU X�`NX M e IWS�M
X O ^ q e \XFX KNMFi

X Y��ZY�[ � ^ o �g a g������ ]	�
RC²�Q0\ · gKR X�]_Z q�K1I�lG² Z�^±e q_ldl�OQU Z q_K Q0\���q ^/Y ILU Z q_K I�K ` · Z�Y ONl�ILU Z q_K�k X MTU®ONK q_OQU Z l

` \X�p�X l�q eNe \Xse I ^ Q Q#² · ² fFq YGYGX q�OQU Z l Z K-U!\X�]_^ \XG`cb I Z�`NX VIal�I ` \X f Z M Z q_K e q_O ^ l b q e U Z�YGZ M/ILU Z q_K
`NX M®MTU ^ ILU!\XF]_ZdX M `NX ^ \XF` OQf�U Z q_K `NX M \X�YPZ M/M Z q_KNM�I*x1K `NX¯Y I u 
 U ^TZ M X�^ l X ` \XFe�uq�U¬I�f Zd`NX M/O ^
l b2« O ^ q e�XCX U�l b ²�M ZdX ´ G ¶ i�� X M ^ \X M/ONl'U�ILU/M `NX f X�Y q ` VX l X MTq_K-U3OQU Z l Z M�\X M e q�O ^ l XC` \X�p�X l�q eNerX�YPX K-U
`NX KNq�O p_X I�O �AeQ^ q�U/q!f�q_l X M | fFq YPYGX f X ldO Z³`QX�� q X U XFn q ^/]GX K�j �
�
� MTO ^ l�I e q_l�ldOQU Z q_K�U ^ I�KNM �
� ^ q_K-U�ILl Z VX�^/X&X U e q_O ^(`NX M `NZ�^TX f�U Zdp�X M X O ^ q e \XFX KNK X M�M/O ^ l X MG\XFYGZ MTM Z q�KNM K1ILU Z q_K1I�l X M�g¥H Z�^/X f�U Zdp_Xr °_°Qj�k6i�NwK erX OQU e I ^&X6�QX�YPe l X M X�^ \X �W\XF^TXF^ I�OoM Z U X��XFn�������� £�£�  
   �  N¤ �  !¡��A¢� 1£¥¨ 
 i

HJILKNM�l X~Y q ` VX l X R�²,Q0\ · | l X Ma\X l�\XFYGX K-U�M & 5
�
`NX l�I Y ILU ^TZ f X�`NX U ^ I�KQMT� XF^ U YGX UTU X K-U X K

q X O p�^/Xy�
� l X fWI�ldfFONl ` O ` \XFe³uqLUoI�KNKtO X l�M/O ^ l X[` q Y I Z K Xa`cb \X U/O `NX g « O ^ q e�X[` I�KNM�KQq�U ^TX fWI�M�k
I eN^ VX M e l�OQM Z�X O ^ M�I�KQK�\XFX M;g G�� j�°?I�KNM�k `NX fWILl�fFOQl ` O Y q ` VX l Xv`NX {�} Z�YGZ�X6�#��^ I�KNM e q ^ U
g «TS�« �(k �

� l X fFI�l�f�ONl ` O ` \X�e³uq�U�I�KNKtO X l e q_O ^ f�}1I � O X�e IWS�M `NX l b�« O ^ q erX g�� 5�k �
� l X fWI�ldfFONl `NX Ms\X l�\XFYGX K-U/M `NX lzI Y ILU ^/Z f X & 5

�
X K `NZdp�Z M/I�K-U3l X�` \X�e³uq�U�I�KNKtO X l `cb ONK e IWS�M� 5 e I ^ l X M�\XFYGZ M/M Z q_KQM&I�KNKtO X l�l X M `NX f�}1I � O X�e IWS�M�'

�
i

HJILKNM[l X±Y q ` VX l X RC²�Q0\ · | l�I Y I*U ^/Z f X�X MTU�fFI�l�f�ONl�\X�X±e q_O ^[^TXFeN^ \X M X K-U X�^ l�I ^/X lzILU Z q_K
\XFYGZ M/M Z q_K �L^ \X f XFe U Z q�K X K e�XF^ U�O ^Tn I�K-Uyl X M±\XFYGZ MTM Z q�KNMvI�KQK�O X l�l X M `cb ONK e IWS�Mmq_O®ONK ]_^ q�O erX
`NX M/q_O ^ f X M ` I�KNMCl b�X�� \X f�OQU Z q_K ` O Y q ` VX l X�`NX f�} ZdYPZdX U ^ I�KNM e q ^ U�g «TS�« �(k�i

��q_O ^ lzImfFI�l�f�ONl `NX lzI Y ILU ^TZ f XJ`QX U ^ I�KQMT� XF^ U | l X�Y q ` VX l X R�²,Q0\ · |�n ILM�\X M/O ^�`NX M?\X U�O `NX M
eN^ \X l Z�YGZ KNI Z�^TX M?M/O ^ lzIRl Z K�\X I ^/Z U!\X ´�h_h ¶ � O Zme q�O ^/^ I Z U X6�!Z MTU XF^�X K-U ^/X l X M�\X�YPZ M/M Z q_KNM `cb OQK X
X M e VX f XmX UJl X~` \XFe³uqLU e q_O ^ f�}1I � O X q_O[ONK X f�q YvnNZ K1I Z M/q_K `cb�X M e VX f XL| eN^ q�f�VX�`NXve q_O ^ f�}NI � O X
e IWS!M `NX l�I Y I�K Z VXF^TX M/O Zdp I�K-U Xy�

+ R�OQKcj �NerX�^ U/O ^/n I*U Z q�K `NX M;\XFYGZ MTM Z q_KNM `NX3� ��� X UH�K���_i
+ R�OQK r �NerX�^ U/O ^/n I*U Z q�K `NX M;\XFYGZ MTM Z q_KNM `NX ������i
² p_X f `NX O ��^ ONKNM ` O Y q ` VX l X { �HS e I ^Je IWS�M | l�I ^/X l�ILU Z q_K \X�YPZ M/M Z q_K �L^ \X f XFe U Z q_K e q_O ^

l XJ` \X�e³uq�U `NX3� ��� X U,�K��� erX OQU uX U ^/X�eN^ q ` O Z U X i
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\�q�U�q_KQM � O b ONK X U X ldl XAY \X U�}Qq `NX K X�erX OQU uX U ^TX OQU Z l Z M�\X�X�e q_O ^ \X U�O `QZ�XF^ l b�Z�YGe I�f�U `NX M
MTq_O ^ f X M e q_KNf�U�O X l�l X M `QX f�}1I � O XJe IWS�M&M/O ^ l X�^/X M,U Xw`QX M e IWS�M X O ^ q e \X�X KNM�g Y ILU ^/Z f XC`NX U#S erX
��q Z K-U `NX�]_^TZ ldl X�� ��IWS�M�k&fWI ^ f X l�IyK�\X f X M/M Z U X�^ I Z UCONKofFq uOQU�fFI�l�f�ONl `NX l b q ^T`N^/XJ`QXG�

�����
	 E�A�C
� � � r )*�3-0(�)7�H+.-9/I"2)*�#"(7 $%&�)7�8&�425J"2);:U<?>�@BADC9E g�hQi s k

q VO �8-9( X MTU�l X KNq YvnN^TXv`cb I�KNK�\X�X M ^/X U X K�O e q_O ^ f�q_KNMTU ^ O Zd^/X l�I Y I*U ^/Z f X�`NX U ^ I�KNMT� X�^ UGg
`QX l b q ^/`N^TXm`NX G VI�j�°?I�KNK�\XFX M�k | �,+.-0/1"wl X KNq YvnQ^/Xm`NXye IWS�M | �#"!7 $'&wl X KQq YvnN^TXm`NX M/q_O ^ f X M
\X�YPX U/U ^/Z f XJ` I�KNM&f�}NI � O X�e I�S�M | �8&�425J"�l X KNq YvnN^TXJ`cb�X M e VX f X \XFYGZ M X M ^/X U X K�O X M X U�M/O eQe q_M�\XFX M
IWS_I�K-U&ONK X���X U X K p�Z�^ q_KNK X�YPX K-U�I�l X U;:U<?>�@�A�C9E X MTU&l X U XFYGe M&{3��P X���X f�U/O�\Xwe I ^ l X�Y q ` VX l X
�TNJ� ²�Q0R s H e q_O ^ OQK X M ZdY ONl�ILU Z q_K `cb OQK X I�KNK�\XFX q_O `�b ONK Y q Z M�M X l�q�K;l X U#S e�Xw`NX�Y ILU ^/Z f X
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SCENARIO-A: Réduction des émissions de NOx
Effet sur l’espèce NO2

0 20 40 60 80 100
% de réduction des émissions de SO2 (France)

0

20

40

60

80

%
 d

e
 r

é
d

u
c
ti
o

n
 d

e
 l
a

 c
o

n
c
e

n
tr

a
ti
o

n
 d

a
n

s
 l
’a

ir
  

(F
ra

n
c
e

)

Adjoint
Direct

SCENARIO-B : Réduction des émissions de SO2
Effet sur l’espèce SO2
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SCENARIO-C:  réduction des émissions de NH3
Effet sur l’espèce NH3
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lzIvfFq�KNf X KtU ^ ILU Z q_K ` ILKNMCl b I Z�^�`NX M X M e VX f X M ^ \XF` O Z U X M&M/O ^ X� �� ¢* N¨³¤ �
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SCENARIO-A: Réduction des émissions de NOx
Effet sur l’espèce NH3
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SCENARIO-B : Réduction des émissions de SO2
Effet sur l’espèce NH3

� Z�] O ^TX hQi'j_j � Q YPe ILf�U `NX ^ \X�` ONf�U Z q�K `NX M�\XFYGZ MTM Z q�KNM � ^ I�K6mfWI Z M XE`NX ��� �9| � ���9M/O ^ l�I3fFq_KNf X K �
U ^ ILU Z q_K ` I�KNM&l b I Zd^�`NX �K�M��M/O ^ X�  �9¢� 1¨�¤ �
q VO_�3&�425J" X MTUCl X KNq YvnQ^/XJ`cb�X M e VX f X \X�YPZ M X M | �H+ �k"�g 0 k X M,U�l X KNq YvnN^/X�`NXJe q Z K-U�M3f�q YGe q_M/I�K-U�M
l�I e IWS!M 0T| �3"�$'&�( X M,U l X KNq YvnN^TX `NX M/f�\X K1I ^TZ q e q�M/M Zdn l X MFiM\�q_ONM ^ I eQerX l�q_KNM � O X p�Z I
l b O!U Z l Z M/ILU Z q_K `NX l b I `*ª q Z KtU | l X M Y ILU ^TZ f X M `NX U ^ I�KNM,� XF^ U�M/q_K-U�fWI�ldfFONl�\XFX M e I ^�^ I eNe q ^ UyVIGU�q_ONM
l X M e q Z K-U/M¬g¥M/O eNe q�M�\X M/q_O ^ f X M�k ` O ` q Y I Z K X g�� � � �8/Fk6i��³q_O ^®uX U ^/X�e l�ONM�q n�ªTX f�U Zdp_XL| lzI
f�q YGe I ^ I Z M/q�K ` O fFq uOQU�fFI�l�f�ONl e I ^J^ I eNe q ^ UsVIol b I eNeN^ q�f�} X f�lzI�MTM Zd� O Xm` q Z UwM X �¥I Z�^TX VI n I�M X
`QX :=46-� 7 5�$'& " � �8&�425J"n),�#"%$%&%(�)�g�� �,)H� /�kn)7:=<?>�@�ADC9E | f Xv� O Z�^TX K ` l b I eNeN^ q�f�} X OQU Z l Z M/I�K-U
l X fWI�ldfFONl ` O ]_^ I `QZ�X K-U X KNfFq ^TX�e l�ONM Z K-U!\XF^TX MTM�I�K-U X i

� =G8AB,cF@�EDF=G8
\�q_ONMPI p q_KNM eN^ \X M X K-U!\X�` I�KQMPf X f�}1I eNZ U ^/X ONK XoY \X U�}Nq `NX?e q_O ^yX��rX f�U�O X�^s`NX MPfFI�l�f�ONl�M

`QXoY ILU ^/Z f X M `QX U ^ I�KNM,� XF^ U X K¬OQU Z l Z M/I�K-Uvl b I `�ª q Z K-U ` O Y q ` VX l X I p�X foONK X I eNe l Z fFILU Z q_K�I�O
Y q ` VX l X {�} ZdYPZdX��#��^ ILKNM e q ^ U��TNJ�9²,Q0R s H ` I�KNM%l X fWI `Q^/X&`cb ONK X \X U�O `NX&`�b2ZdYPe ILf�U�VIJl b \X f�} X ldl X
X O ^ q e \XFX KNK X i · q_K OQU Z l Z M�ILU Z q_K e q_O ^PX MTU ZdYPX�^ l X U�I�O �®`NX�^ \XF` OQf�U Z q_K `NX MPfFq_KNf X K-U ^ ILU Z q_KNM
` I�KNM�l b I Z�^ MTO ^ l b2« O ^ q e�X M/O Z U X VIoOQK±M/f�\X K1I ^/Z q `NXG^ \X�` ONf�U Z q_K `NX M�\X�YPZ M/M Z q_KNMw� ^ I�KnmfWI Z M X M~I
` q_KNK�\Xy`NXyn q_KNM ^ \X M/ONl'U�ILU/M e I ^J^ I eQe q ^ U;VI�lzI p_X�^ M Z q_K `NZ�^TX f�U X i�{ X U/U XyY \X U/}Nq `QXm`NXFY I�K `NX
`QX M ^/X M/M/q�O ^ f X M `QX fFI�l�f�ONl ZdYPe q ^ U�I�K-U X MFi

· ILf�}1I�K-U � O b ONK XPe I ^ I�ldl�\X l Z M/ILU Z q_K X MTU e q_M/M Z�n l X�|cX K ��q�KNf�U Z q_K `NX M e IWS!M X U `NX M X M e VX f X M
VI \X U�O `NZdXF^�|wZ l X MTU ` q�KNf \X�p�Z�`NX K-U � O b ONK X I eQeN^ q�f�} X�Z K `NZ M erX KNM�I n l X X MTU `NX®e I ^ I�l�l�\X l Z M X�^
f X fFI�l�f�ONl-M/O ^³e ldONM ZdX O ^ M Y I�f�} Z K X M e q_O ^ ^ \XF` O Z�^/X l X U XFYGe M `cb \X�p I�l�O1I*U Z q�K `NX f X M Y I*U ^/Z f X M�VI �
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SCENARIO-B:réduction des émissions de SO2
Effet sur l’espèce SO2
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SCENARIO-A: Réduction des émissions de NOx
Effet sur l’espèce NO2

0 20 40 60 80 100
% de réduction des émissions de NH3 (France)

0

2

4

6

8

10

%
 d

e
 r

é
d

u
c
ti
o

n
 d

e
 l
a

 c
o

n
c
e

n
tr

a
ti
o

n
 d

a
n

s
 l
’a

ir
 (

A
ll
e

m
a

g
n

e
)

Adjoint
Direct

SCENARIO-C: Réduction des émissions de NH3
Effet sur l’espèce NH3

� Z�] O ^/X hQidj r � Q YPe ILf�U `QXw^ \X�` ONf�U Z q_K `NX MP\X�YPZ M/M Z q_KNM � ^ I�K6mfWI Z M X�`NX �K� �9|�� ��� X U7�K�M�CM/O ^
lzIvfFq�KNf X KtU ^ ILU Z q_K ` ILKNMCl b I Z�^�`NX M X M e VX f X M ^ \XF` O Z U X M&M/O ^ X 	 � X�X ���   ��¨ �
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SCENARIO-B: Réduction des émissions de SO2
Effet sur l’espèce NH3
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SCENARIO-A: Réduction des émissions de NOx
Effet sur l’espèce NH3

� Z�] O ^TX hQi'j s � Q YPe ILf�U `NX ^ \X�` ONf�U Z q�K `NX M�\XFYGZ MTM Z q�KNM � ^ I�K6mfWI Z M XE`NX ��� �9| � ���9M/O ^ l�I3fFq_KNf X K �
U ^ ILU Z q_K ` I�KNM&l b I Zd^�`NX �K�M��M/O ^ X 	 � X%X �0�   ��¨ �

:=46-� 7 5�$'& "�� �8& "k+7)*�,+.-0/1"�) G )
:U<?>�@�A�C9E���
� � � � � <��

g�hQi r t k
q VO � � � � � <�� X MTUAl X KNq Y~nN^/X `QX eN^ q�f X M/M X O ^ M `NZ M e q_K Z�n l X M | KNq�ONM ^/X�p�Z�X K `N^ q_KQM[M/O ^

f X UTU X�e I ^ I�l�l�\X l Z M�ILU Z q_K ` ILKNMCl X f�}1I eQZ U ^TX g � k6i

HJI�KQM�ONK±fFq_K-U X6� U X q e \XF^ I*U Z q�KNK X l `QXsY q ` \X l Z M�ILU Z q_K Z K-U!\XF]�^ \XFXP`cb�Z�YGe I�f�U | l X M Y ILU ^TZ f X M
`QX U ^ I�KQMT� XF^ U ` q Z'p_X K-U uX U ^/X fFI�l�f�ONl�\X�X M/O ^ ONK X ldq_K ] O X�e \XF^TZ q `NXJX K?U X�YPe M�g G VI?jW°GILKNM�k3ILxNK
`QXsYGZ�X O � eN^/X K `N^/XPX K f�q YGe U X l X M p I ^/Z ILU Z q_KNM e q_M/M Z�n l X M `NX M�f�}1I YGe M `QX fFq�KNf X KtU ^ ILU Z q_K
`�b ONK X ILKNK�\XFX VImONK X I�OQU ^/X i�{ X lzI ^TX K `N^ I Z U�U ^ VX M�f�q uOQU X O � l X U X�YPe M `NX fFI�l�f�ONl �TNJ�9²,Q0R s H
g :U<?>�@BADC9E���%k6i%HJI�KNMyl b q ntªTX f�U Z � `NXoe q�O p q Zd^m^ \X�` O Z�^TX l X U XFYGe MM:U<?>�@�A�C9E��� | KNq�ONMGI�l�ldq_KNM
KQq_ONM Z KtU XF^TX M/M XF^?` I�KQM;l X f�}1I eNZ U ^/X M/O Z'p ILKtU�VI \X U�O `NZ�X�^ lzI p I ^/Z I nNZ l Z U!\X�Z K-U XF^ I�KNKtO X l�l Xo`NX M
f�q_KNf X K-U ^ ILU Z q_KNM X Uvl�I e q_M/M Z�nNZ l Z U!\Xm`NXP^/XFeQ^ \X M X K-U X�^ f�}1I � O X�Y q Z M `QX l b I�KNK�\XFXGe I ^ OQK ª q_O ^
U#S e�X fWI e I n l XJ`NX fFI e U�O ^/XF^ l b2X���X U Y q�S X K ` O Y q Z MFi
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� X fFI�l�f�ONl `NX M Y ILU ^/Z f X M `QX U ^ ILKNMT� X�^ U M X �¥I Z UEMTO ^ lzI n I�M X&`NX M ZdY ONlzI*U Z q�K s H ` O Y q ` VX l X
`NX f�} Z�YGZ�X U ^ I�KNM e q ^ U�O!U Z l Z M�\X M/O ^(`NX ldq_K ] O X M e \XF^TZ q `NX M�I�ldlzI�K-U `NX�G VIGj�°�ILKNMJgT´�h_h | h t�¶ k�i��9I
fFq_KNM,U ^ ONf�U Z q_K `QX f X M Y ILU ^TZ f X M `QXFY I�K `NX�^ I Z U `NX M ^/X M/M/q�O ^ f X M `NX fWILl�fFOQlrU ^ VX M ZdYPe q ^ U�I�K-U X MFi
{ X f Z KNq_ONM?I Y VX K X VI nNZ�X K I�K1I�l'S!M XF^ l X M;M Z�Y OQlzILU Z q_KNM eN^ \X I�l�I n l X M VI l�I fFq_KQMTU ^ ONf�U Z q_K `QX
f X M Y I*U ^/Z f X M�I*x1K `NX�e q_O p q Z�^CYPZ K Z�YGZ M XF^ l X KNq YvnN^TX�`QX fFI�l�f�ONl�MvVI X���X f�U/O XF^ i�HJI�KQM�f X U/U X
q e U Zd� O X�| l b q n�ªTX f�U Z � `QX f X f�}NI eNZ U ^/XJX MTU �

+ `cb \X U�O `NZ�X�^ l�I p I ^TZ I nNZ l Z U!\X�`QX M�f�q_KNf X K-U ^ ILU Z q_KNM ` I�KNM�l b I Z�^&X U `NX MwfFq_KQf X K-U ^ ILU Z q_KNM ` \X6�
e q�M�\XFX M%fWI�ldfFONl�\XFX M e I ^ l X3Y q ` VX l X �TNJ� ²�Q0R s H `cb ONK X I�KNK�\X�X VIJONK X I�OQU ^/X3X K ] I ^/` ILKtU
l X fWI ` ILMTU ^TX&`NX M~\X�YPZ M/M Z q_KNM³fFq_KQMTU�ILKtUFi · Z lzI p I ^TZ I nNZ l Z U!\X%`cb ONK X ILKNK�\XFX VIwOQK X I�OQU ^/X3`NX M
fFq_KQf X K-U ^ ILU Z q_KNM�K b�X MTU e I�M~U ^ VX M Z�YGe q ^ U�I�K-U X�| f X lzI�KQq_ONM e�XF^TYPX U/U ^ I Z U `QX U ^ I p I Z l�l XF^
M/O ^ OQK Z�� O X�YPX KtU�ONK X ILKNK�\XFXL| lzI e ldONM eN^ q!f�} X�`NX l�I Y q�S X KNK X i

+ `cb�X�� U ^ I Z�^TX~e q_O ^ f�}NI � O XmY q Z M `NX l b I�KNK�\XFX l XCª q_O ^ ��U#S e�X ��l X�e l�OQM ^/X�eN^ \X M X KtU�ILU Z � ` O
fFq YGe q ^ U XFYGX K-U Y q�S X K ` O Y q Z M `NX l�ImfFq_KNf X K-U ^ ILU Z q_K ` I�KQM�l b I Z�^��*` \XFe q_M�\X�X fWILl�fFOQl�\XFX
e I ^ �TN�� ²,Q0R s HviC² p_X f±f X UTU X Y \X U/}Nq `NX�| ONK X M ZdY ONlzI*U Z q�K `�b ONK X I�KNK�\XFX I p�X f�l X
Y q ` VX l X �TNJ�9²,Q0R s H | M b2X���X f�U/O XF^ I ONK Z�� O X�YPX K-U±MTO ^±� O X l � O X M ª q_O ^ M g¥l X M ª q_O ^ M
^/X�eN^ \X M X K-U�ILU Z ��M `NX f�}1I � O X�Y q Z M�k6i

��q_O ^mX���X f�U�O XF^ f X U/U X \X U�O `QX�| KNq�ONM `NZ M e q�M/q_KNM `NX � I�KNK�\X�X M `NX�` q_KNK�\X�X M Y \X U!\X q ^ q_ldq �
]_Z�� O X M Z M/MTO X M `NXG« { S�� � `NX j �
� s VI r °_°!jmM/O ^ l Xm` q Y I Z K X�X O ^ q e \XFX Kci2\�q_OQMJOQU Z l Z MTq_KNM
l XsY q ` VX l X �TNJ� ²�Q0R�H s H I p_X f�OQK X f�} Z�YGZ�XP«TS�« � e q_O ^ l X M~K X OQ��I�KQK�\XFX MFi \�q_ONMmKNq_OQM
Z K-U!\X�^/X MTM/q_KQM�I�O � fFq�KNf X KtU ^ ILU Z q_KQM ` I�KQMsl b I Zd^GX U ` \X�e q�M�\XFX M `NX f�}1ILfFONK X�`NX M X M e VX f X M � O Z
^/X K-U ^/X K-U X K ªTX O ` I�KQM�l XwY \X fWILK Z M YPX f�} ZdYPZd� O X i

� X Ms\XFYGZ MTM Z q�KNM�MTq_K-U Z MTM/O X M `NX l�I n ILM Xw`NX�` q_KNK�\X�X M `�b�«TS�« � |QeN^ \X U ^ I Z U!\X�X M e I ^ l�I�MTO Z U X
e q_O ^ OQK X O!U Z l Z M/ILU Z q_K ` I�KQMPl XoY q ` VX l X �;NJ� ²�Q0R s H g¥f�}1I eNZ U ^/X s k�i � X M X M e VX f X M \X�YPZ M X M
X UaOQU Z l Z M�\XFX M ` I�KNMol X�Y q ` VX l X M/q�KtUK�K��� |�� ��� X UK�K�M��iC�³q�O ^ l b \X U�O `NX�`NX�p I ^/Z I nNZ l Z U!\X
Z K-U X�^ I�KNKtO X l�l X�| KNq_OQM3I p q_KQM�M/O eNe q�M�\X l X My\XFYGZ M/M Z q_KQM(f�q_KNM,U�I�K-U X M X U eN^/Z M�l b ILKNK�\XFX � � fFq YGYPX
I�KNK�\X�X�`QX�^ \X �W\X�^/X KQf X�` O e q Z K-U `NXJp O X�`QX M�\XFYGZ MTM Z q�KNM3M/O ^ l b�« O ^ q e�X i

HJILKNM�OQK eN^/X�YPZdXF^ U XFYGe M | KNq_ONM�I p q_KQM±\X U/O `NZ \X lzI��¥I Z M�I nNZ l Z U!\X~`QXs^/X�eN^ \X M X KtU XF^ f�}NI � O X
Y q Z M e I ^ ONK ª q_O ^ U#S erX fFI e I n l XE`NX fFI e U�O ^/XF^ l X fFq YGe q ^ U XFYGX K-U f�} ZdYPZd� O XEY q�S X K ` O Y q Z M �
` I�KNMyONK®M X fFq_K ` U X�YPe M | l b q n�ªTX f�U Z �?\X U�I Z U `�b I�KNI�ldS�M X�^ lzI p I ^/Z I nNZ l Z U!\Xy`NX MyfFq�KNf X KtU ^ ILU Z q_KQM
`NX M X M e VX f X M�f�} Z�YGZ�� O X M `cb ONK X I�KNK�\X�X VIGONK X I�OQU ^TX�X U `NX�e q_O p q Z�^3Zd`NX K-U Z x XF^&e q_O ^ f�}NI � O X
X M e VX f X l b I�KNK�\XFX lzI e ldONM eN^ q!f�} X�`NX l�I Y q�S X KNK X�`NX M ^ \X M/OQldU�I*U�MCq n U X KtONM�I p_X f�l X M � ILKNK�\XFX M
`NX fWI�ldfFONl�i
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Evolution de la distance par rapport à la moyenne
NO
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Evolution de la distance par rapport à la moyenne
NO2
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Evolution de la distance par rapport à la moyenne
SO2
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W H D LNM+c W H M+H�I OSC V+^KQ]L O I\m�M C V+^ W H [ C ^ Mrqsc)V+H&cZIS_ W _a^ C IS_eLUV�M+c:^KQ W _eIiIS_eV+T�M+H Q O H D _eH O
L O M O H y�YbC V+^�c+V+H�^K_ D c W	C IS_aL�V�c)IS_ W _a^ C V�I W H~^iQ W _`IKIS_eV+TGM+c&^KH\[�LUV+M�L O M O H�m W H � ^iQRH�H\M&c+Q �
H�^iI�M+H W qsL O M O H�M+H  5� QRL�c OzW H�^ D��H D H�Q C ^~M+H ISH D Q)^ ybYbC V)^�c+V�ISH\^�I�H
�RH\[�IKc FH?M C V+^
c)V [\L�V�IKHp{NISH�Mrq C V C�W hZ^iH�Mrqs_eV+[\H O IK_eISc)M+H�m W qsc)IK_ W _a^ C IS_aL�V�M+H D?FH�ISJ)LZM+H�^�M+H 9 LUV�ISH ��CXOKW L~H�V
cZIS_ W _a^ C V�I W H D LNMrjH W H ONFH\M+c)_eI ���32�9 Mrq�c+V�[ �L�I FH�H�I W H D LNMrjH W H ¢32bB � �54 M)H W q C c)I O H�m C M+LUV+V FH
M)H\^ ¢3YO� ^ ��� LUV+[pIS_eLUV+^7M+H!M+H�V+^K_`I FH.M+H!Q O L ��C(� _ W _`I FH � I O jH\^ ^i_ D _ W	C _ O H�^�HpI c+V � ^KQ]H\H�Mfc+Q � M+H�� | y

� V+H�T OSC V)M+HbQ ONFH�[ C cZIS_aL�VgM+LU_eI �H�I O HbQ O _a^KHXm C c D L D H�V�I�M+c�[ CXW [\c W M+H W	C I C(�+W H �EY�9 4 m
M C V+^ W H�[lJ+LU_�{�M+H�^�_aV�ISH Oi}XC�WeW H\^�M+H�^ }XC�O _ C(�)W H\^�Mrq�H\V�I ONFH\H yb� V+HGcZIS_ W _a^ C IS_eLUV�Mrqs_eV�ISH O�}XC�WaW H\^¦ c+_.V+H O H\Q ONFH\^iH\V�ISH�V�I�Q C ^ C ^i^KH � � _aH�V W H�^ }XC�O _ C IS_eLUV+^b^i_ D c WpFH\H�^#Q C�OvW H D LNMrjH W H5MrqsL O _aT�_aV+HXm
M)LUV+V+H OSC _`I�M+H�^ M+_ } H O T�H\V+[�H\^�I O jH\^�_ D Q]L O I C V�ISH�^.M C V+^ W H�^ ONFH�^Kc W I C IK^!M+c D LNM8jH W H ���32�9 Q C�OOKC Q+Q]L O I C c D LNM8jH W H,Mrq�L O _eTU_aV+H ¢32�B � �54 | Yfy

B q�c)IS_ W _a^ C IS_eLUV�M+H �dY�9 4 M C V+^ W Hv[ C ^dI O _eM+_ D H\V)^K_aL�V+V+H W$C FH�I FH�H���H�[�IKc FH\H�^ic O,W q � c O L�QRH
H�V�c)IK_ W _a^ C V�I W	C [lJ+_ D _aH �39F��¢�Ck} H\[ W H D LNMrjH W H ¢32bB � �54d �Yfy
B H [ CXW [\c W �?���32�9 � T W L �+C�W �
H���H�[�IKc FH Ck} H�[�M+H�^�I C<�+W H�^ �dY�9 4 ^Kc O�W	C ��C ^KH�M+H\^ D��H D H�^�_eV�ISH O�}XC�WaW H\^gM+H }�CXO _ C IS_aL�V+^
M)H\^ }XC�O _ C(�+W H\^5Mrq�H\V�I ONFH\Hz^ic O ISL�c)I W H�M+L DwC _eV+H�m C M)LUV+V FHzM)H\^ ONFH\^Kc W I C IS^tI O jH�^xM+_ } H O TUH\V�IS^
M)c D LNMrjH W H ¢32bB � �54� UYfy�� H WaC H\^�I�M �c H\^i^KH�V�IK_aH WaW H D H�V�I�jC�WaC M+_ } H O ^K_eI FHwHpI W	C�}�CXO _ C<� _ W _eI FH
^iQ C IK_ C�W H � J+L O _ � LUV�I C�W H,H�I } H O IS_a[ C�W H � M+H\^�[\L�V+[\H�V�I OSC IK_aLUV)^ [lJ+_ D _ ¦ c+H�^#jC5W q FH�[lJ+H WeW H,[�LUV�IS_aV)H\V �
I C�W H�^ic OdW q � c O LUQ]H�m�[\H ¦ c+_�H�V+TUH�V+M O H c+Vz[lJ)LU_`{�M)czQRL�_aV�I�M+H ONFH�� FH O H\V)[\H#Q]LUc O �dY�9 4 QRH�c
O H\Q ONFH\^iH\V�I C IK_e� ^Kc O ISL�c)IgM C V)^ W H�^ ONFH�TU_aLUV)^wM+H�� C _ �+W H\^ }XC�O _ C IK_aLUV?M+H�^ ONFH�TU_ D H\^t[lJ+_ D _ ¦ c+H�^ yB HvQRLU_eV�IEM+H ONFHp� FH O H�V+[\H ¦ c)_�H\^�I,[�H\V+^ FH O H\Q ONFH\^iH\V�ISH O,W q�H
�RH�I D L h�H\VzM+H ISLUcZISH\^ W H�^ }XC�O _ C(�+W H\^
M�qsH�V�I ONFH�Hv^ic O c+V+H�^KL O IS_eH,M+H D LNMrjH W H y

¢ LUc O ^ic OKD LUV�ISH O [�H�IKIKHwM+_ @ [\c W I FH�m8V)LUc+^ Ck} LUV+^fH���H�[�ISc FHxc+V�M FH\[\L�c+Q C TUHtM+c M+L DwC _eV+H
T FH\LUT OKC Q+J+_ ¦ c+H�H\V Q W c)^K_aH�c O ^g^iLUc+^�M+L DtC _eV+H\^wI O _eM+_ D H\V+^i_aLUV)V+H W ^ � � � ^KLUc+^ � M+L DwC _eV+H\^ � H�I
cZIS_ W _a^ FHPM+H D c W IK_aQ W H\^ ���32�9 mo[\H ¦ c+_ C M+L�V+V FH/M+H\^ ONFH\^ic W I C IS^$V+HpIKIKH D H\V�I D H\_ WaW H\c O ^ ¦ c)H.[�H\cZ{
L � ISH�VNc)^ C } H\[�c+V ���32�9 T W L ��C�W yZ� VxI OKC }XC _ W Q W c+^!Q O L���L�V+MgM+LU_`I �HpI O H,� C _eI.^Kc O WaC#DwC V+_ujH O H
M)H#M FH�[\LUc+Q]H OdW H M+L DtC _aV)HbM+H#[ C�W [�c W m�H�Vz^KH ��C ^ C V�IEQ C�O Hp{ZH D Q W Hv^ic O M+H�^,^K_ D c WaC IS_eLUV+^�M+HD LNM8jH W H,^Kc O Q W c+^K_eH\c O ^ C V+V FH�H\^ y
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B HzI O LU_e^K_ujH D H�ISJrjH D H C(� L O M FH�M C V+^g[\HpIKISH�IKJ8jH\^iH�H�^iI WaC Q O LUQ C T C IK_aLUV'Mrqs_eV+[\H O IK_eISc)M+H�m

M C V+^~c+V�[\L�V�IKHp{NISH M+H ONFH�M+c+[pIS_aL�VAM)c�V+L Dz�+O HGM)H ^i_ D c W	C IK_aLUV+^�M+H DwC V)M FH?Q C�O�W	C DGFH �
ISJ+LNM+H�[ W	C ^K^K_ ¦ c+H�M)H D LUV�ISH ��C�OKW L y3Y H\cN{ C Q+Q O LZ[lJ+H�^wLUV�I FH�I FH�c)IK_ W _e^ FH�^ � 4 8 ���dY�9 4V� HpI� YO�39�9 � 8 4 8 9F�py
������� ��� ��130,�b�.9 ��139: b2i<�0,-:��4�� � >�������4�� ��@

B$C�D?FH�IKJ+LZM)H 4 8 ���EY�9 4 H�^iI c+V+H C cZI O H C Q+Q O LZ[lJ+H�M)H�[ C�W [\c W M+H\^ ��LUV)[�IS_eLUV+^ M)H
M FH } H W L�Q+QRH D H�V�I�M+H �EY�9 4 m ��C ^ FH�H�^Kc O c)V FH�[lJ C V�IS_ WaW LUV+V C T�H C�WpFH C IKLU_ O H&^ic O ISL�c)I W H
M+L DtC _aV+H�M+H�^ }XC�O _ C(�+W H�^�MrqsH�V�I ONFH�H yq�PWeW H�QRH�c)I �HpI O H�c)IS_ W _a^ FH\H�[\L D5D H�^iL We} H\c OxDtC _e^ C c+^K^i_
[\L D5D H?c+V)H ISH�[lJ+V+_ ¦ c+H Mrq FHpISc+M)H M+H ^iH\V+^i_ � _ W _`I FH�mbH�V�M FH�[\L D QRL�^ C V�I W H\^ }�CXO _ C V+[\H�^�M+H�^
^KL O IS_aH�^.M)c D LNMrjH W H�H\Vw��LUV)[�IS_eLUV5M+H\^�[�LUV�I O _ � c)IK_aLUV)^/M)H\^ }XC�O _ C(�+W H\^3Mrq�H\V�I ONFH\H y+B H\^!��L�V+[�IK_aLUV+^4 8 � �EY�9 4 ^KH �+C ^KH�V�I�^ic O c+V)Hg_aV�I FH�T OSC IK_aLUV�Q C�O#W	C�D?FH�IKJ+LZM)HwM+H 9 L�V�IKH ��C�OiW L+m7H�I�c)V+H
ONFH\M)c+[�IK_aLUV�M+H }XC�O _ C V+[�H,Q C�O WaCfD?FHpISJ+LNM+HbM+H�[\L OKONFH W	C IK_aLUV y

B q�c)IS_ W _e^ C IK_aLUV�M+H,[�H�IiISH D?FH�ISJ)LZM+HXmZM C V+^ W Hd[ C M O H,Mrq FH�IKc+M+HbM+Hb^iH\V+^i_ � _ W _`I FH�m�V)LUc+^ Q]H OKD H�I
M+HdM FH\T C T�H O/W H\^/Q C�OKC�D jH�I O H\^3Q]H O IK_aV+H�V�IS^ ¦ c)_ O H\V�I O H\V�I�H�V niH\ctM C V+^/c+V D LZMrjH W H M)H � J+_ D _eH �
��OKC V+^KQ]L O Ikm�QRL�c O [lJ C [\c+V)H M+H\^�H\^iQ8jH\[�H\^G[lJ+_ D _ ¦ c)H\^ y 8 L�V C Q+Q W _a[ C IS_eLUV jC ¢32bB � �54� UYC } H\[ W	C [\_eV FH�IK_ ¦ c+H�[lJ+_ D _ ¦ c)H � 9^��¢ m�V)LUc+^ C Q]H OiD _e^bM+H5M FH\T C TUH O�W H�^�Q C�OSCXD jHpI O H�^�H�I W H�^
H\^KQrjH\[\H�^b[lJ+_ D _ ¦ c+H�^ ¦ c+_�LUV�I,c+V�T OSC V)MzH
�RH�IE^Kc O [lJ C [\c)V+H�M+H\^EH\^KQrjH\[\H�^b[lJ+_ D _ ¦ c+H�^d^iL O IK_aH�^
M+H D LNMrjH W H y�� H�IiISH C Q)Q W _e[ C IK_aLUV CzD L�V�I ONFH W H\^�T OKC V+M+H�^�[ C Q C [\_`I FH\^#M+H W	C�DGFH�IKJ+LNM+HxH�I�^ C}�CXW _aM)_eI FH�Q]LUc O M+H�^ FHpISc+M+H�^�M+H�^KH\V)^K_ � _ W _`I FH y
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B$CwDGFH�IKJ+LNM+H YO�39�9 � 8 4 8 9 H\^�Ibc+V+H#IKH\[lJ+V)_ ¦ c+H ONFH\[\H�V�ISH�M+HvQ O LUQ C T C IK_aLUV�Mrq�_aV+[�H O IK_ �
ISc+M+H.M C V+^�c+V D LZMrjH W H3M+LUV�I W q�L � niH\[pIS_`�+[ WaC ^K^i_ ¦ c+H.H\^iI M+H!Q]LUc } LU_ O
¦ c C V�IS_���H O Mrqsc)V+H DtC V+_ujH O H
H @ [ C [�H W H\^ � LUV+[pIS_aL�V+^rM+H Y H\V+^i_eI FHPM+H ¢3O L ��C(� _ W _`I FH ��¢3YO� ^ � M+H�^$^KL O IS_aH�^$M+c D LNM8jH W H H\V ��LUV+[ �
IS_aL�V M)H\^ ¢3YO� ^7M+H�^ }XC�O _ C(�+W H\^8Mrq�H\V�I ONFH\H y5� HpIKISH C Q+Q O LZ[lJ)H!H\^�I �+C ^ FH�H!^Kc O c+VvM FH } H W L�Q+QRH D H�V�I
H\V�QRL W hNV �L D H\^xM)H }�CXO _ C<�+W H�^wMrq�H\V�I ONFH\H~^Kc)Q+QRL�^ FH\H�^�_eV+[\H O I C _aV+H�^xH�I�Q O _a^iH\^ C�WpFH C IKLU_ O H D H\V�I
jC Q C�O IK_ O M+H W H�c O M+_e^iI O _ � c)IS_eLUV�M+HgQ O L ��C<� _ W _eI FH y$B HgM FH } H W L�Q+QRH D H�V�I YO�39�9 � 8 4 8 9 H\^�I
[\L D QRL�^ FH Mrqsc)V�[\H O I C _eV�V+L Dz�+O H Mrq�_aV+[�LUV+V�c+H�^ ¦ c+_�^iLUV�I,[ CXW [\c WpFH\H�^EQ CXO M+H�^,Hp{ FH�[\c)IK_aLUV+^EM+c
D LNMrjH W H�Mrq�L O _eTU_aV)H ��¢32bB � �54� UY�� jC M+H\^3Q]LU_aV�IS^3[lJ+L�_a^K_e^ C ^iIKc+[\_eH\c+^iH D H\V�I y�B$CbD?FH�ISJ)LZM+H�c)IK_ �W _a^ FH\H Q]LUc OPW H�[lJ)LU_`{�M)H�[�H\^/QRL�_aV�IS^PH�^iI W	CbD?FHpISJ+LNM+H ��� 9 ��� @ [�_aH�V�I � L WeW LN[ C IK_aLUV 9 H�IKJ+LZM �
[\LUc+Q WpFH\H Ck} H\[ W	C ISH�[lJ+V+_ ¦ c)H 8 4 8 9 � 8 ISLN[lJ C ^iIK_a[ 4 H\^iQRLUV)^KH 8 c O � C [\H 9 HpISJ+LNM �py
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B q�c)IS_ W _a^ C IS_eLUVEM)H/[�H�IiISH D?FHpISJ+LNM+H C c D LNMrjH W H ¢32bB � �54� UY'CxFH�I FH3H
�RH\[�IKc FH/M C V+^$M+H�cZ{ C Q �
Q W _a[ C IS_eLUV+^ ' c+V)H C Q+Q W _a[ C IS_aL�V#| Y�C,D _a^ W q C [\[�H\V�I3^Kc OPW H\^ _eV+[\H O IK_eISc)M+H\^ W _ FH�H\^ C cZ{�[�LUV+^iI C V�ISH�^
[�_aV FHpIS_ ¦ c)H\^3M+c D?FH�[ C V+_e^ D H [lJ+_ D _ ¦ c+H �39F��¢ ' M C V+^ W	C M+H�cZ{Z_ujH D H�H
�RH\[pISc FH�Hd^ic O.W H D LNMrjH W H
I O _eM+_ D H\V+^i_aLUV)V+H W ^ic O,W q � c O L�QRHXmRV+L�c+^ Ck} LUV)^b^Kc+Q+Q]LU^ FHfc+V+Hf_eV+[\H O IK_eISc)M+H#^ic O,W H�^ FH D _a^i^K_eLUV+^��{F|8� m ~u|y} m {^���C� M+H\^ Q C hN^ H�c O LUQ FH\H\V)^ ^Kc+_ }�C V�I!c+V+H W LU_
V+L OKDtC�W H yg� L D Q C�ONFH�H\^vjCfWaCvD?FH �
IKJ+LNM+H�[ W	C ^K^K_ ¦ c+H M+H�Q O LUQ C T C IK_aLUVfM�qs_eV+[\H O IS_`ISc+M)H 9 LUV�ISH ��C�OiW L+mU[�H\^/M+H\cN{ C Q+Q W _a[ C IS_eLUV+^�L�V�I
M)LUV+V FH�M+H�^ ONFH\^Kc W I C IS^�Hp{Z[\H WaW H\V�IS^ Ck} H\[�M+H�^tT C _aV+^�H�V'ISH D Q)^ �N¢3� I O jH\^�_ D QRL O I C V�IK^ � c)V� ^KQ]H\H�Mzc+Q � M+H W q�L O M O H�M+H   |U| �py�� HpIKISHvM+H O V+_ujH O H C Q+Q W _a[ C IS_aL�VgV+LUc+^ C Q]H OKD _a^�Mrq�_aM)H\V�IS_���H OW qs_eV+[\H O IK_eISc)M+HfM+H�^v[�LUV+[\H�V�I OSC IS_aL�V+^�M+H\^ H\^iQ8jH\[�H\^fM+H5^KL O IS_eH�M+c D?FH�[ C V+_e^ D H�Mrq C [\_eM+_ ��[ C IS_eLUV��{F|8� m ~u|y} mNV+_eI OSC IKHdHpI�^ic W � C IKHdM�q C�D5D LUV+_ac Dh� ^ic O c)V+H C Q)Q W _e[ C IK_aLUV  UY ^ic O!W q � c O LUQ]HdH�V
^ic+Q+Q]LU^ C V�I�M+H�^�_aV+[�H O IK_eIKc+M+H\^ ^ic O�W H�^ FH D _a^K^i_aLUV)^ M+H\^�Q C hN^�H\c O LUQ FH\H�V+^ y��FH C V D LU_eV+^#c+V)HgM+_ @ [\c W I FH O H\^�ISHgQ ONFH\^iH\V�ISH�M C V)^�[\H�IiISH D?FH�IKJ+LZM)H�m Ck} H\[ W Hw[lJ+LU_`{�M+H�^
Q]LU_eV�IK^!M+Hb[�L WaW LZ[ C IS_eLUV�[\L D5D HEH\V�I ONFH\H�^�QRLUc O!W H D LNMrjH W H ¢32bB � �54� UY�C ��VgM)Hb[ C�W [\c W H O!W H\^}XC�O _ C(�)W H\^!_aV+[�LUV+V�c+H\^�[�L D Q]LU^ C V�ISH\^ M)c�M FH } H W LUQ+Q]H D H\V�I YO�39�9 � 8 4 8 9�y
���Q¨�� � µ\¸ ��¯.¬cª�� ±�ª ¸ �uµ'´� 	5ª���¸
¢�C�OKD _ W H\^v[\L D QRL�^ C V�ISH�^fH\^i^KH�V�IK_aH WaW H�^#Mrq�c+V ^�hN^iIkjH D Hg_eV�I FH\T ONFHwM)H D LZM FH W _e^ C IK_aLUV~Mrq�_ D �

Q C [�I\m W H�^ DtC I O _a[\H�^vM)HwI OKC V+^i��H O I�M)LUV+V+H�V�I W	C�O H W	C IS_aL�V ¦ c+_�Q]LUc OiOSC _`I W _aH O c+V)H ONFH�M+c+[�IK_aLUV
M)H\^ FH D _a^K^i_aLUV)^EjC WaC�ONFH\M+c)[�IS_eLUV�M+H\^.H\^iQ8jH\[�H\^![lJ)_ D _ ¦ c+H\^3M FH�QRL�^ FH\H�^ C ct^iL W LUc D H\^ic ONFH�H\^/M C V+^
W q C _ O ^Kc O M+_ � FH O H�V�IKH\^ FH�[lJ+H WeW H�^bM+HfISH D Q+^EH�IbMrq�H\^iQ C [�H y 2 V�QRH�c)I�[ CXW [\c W H O Q W c)^K_aH�c O ^�I�hNQRH�^
M)H DtC I O _a[\H�^3^KH W LUV W H\c O ^ C Q+Q W _e[ C IK_aLUV)^\m W H\^/Q W c)^.c)IK_ W _a^ FH�H\^ FH�I C V�I W H\^ DwC I O _e[\H�^ �U¢�C hN^ �<¢ LU_eV�I
M)H�T O _ WeW H � m �U¢�C hN^ �(¢�C hZ^ � m �U¢ L�_aV�I�M+H�T O _ WaW H �(¢ LU_aV�I M+H�T O _ WaW H � HpI �?¢ LU_aV�I�M+H�T O _ WeW H �<¢�C hN^ �py¢ LUc O�W H�c O [ C�W [\c W m�V+L�c+^ Ck} LUV+^ Q O LUQ]LU^ FH5c)V+H DGFH�IKJ+LNM+H ��C ^ FH\H5^Kc O W H D LZMrjH W H C M�niLU_eV�I�M)cD LNM8jH W H ¢32�B � �54d UY m)L � ISH�V�c�Q CXO W H,M+_ � FH O H�V�IK_ C IKH\c O�C c)ISL DtC IK_ ¦ c+H 2 M)hN^i^ FH\H y
¢ LUc O,WaCt}XC�W _eM C IS_eLUV�M+Hf[�H�IKIKH#ISH�[lJ+V+_ ¦ c)H�mrV+L�c+^ W q Ck} LUV)^ C Q+Q W _ ¦ c FH�H C cz[ C�W [�c W M+H\^ DtC��

I O _e[\H\^�M)H�I OSC V)^i��H O I�Q C�O�C MoniLU_aV�IS_e^ C IK_aLUV�QRL�c OfW q FH�IKc+M+HgMrq�_ D Q C [pI�Q]LUc O�W	CzONFH\M+c)[�IS_eLUVGM+H�^
FH D _e^K^i_aLUV+^�M+H {F|8� m ~u|y} H�I {^��� M+c D LU_e^bM+H �UC V } _aH O � ����� M+H W qsH�V+^KH Dz�+W H�M+H�^ FH D _e^ �
^i_aLUV)^dM+H W	CS��OSC V+[�Hv^ic OEWaC [\LUV+[�H\V�I OKC IS_eLUV�M C V+^ W q C _ O\� L�c�M FH�QRLU^ FH � D H�V+^Kc)H WaW HvQ ONFH } c+Hv^Kc OW H\^ C c)I O H\^.Q C hN^!H\c O LUQ FH�H\V+^ y!� HpIKIKHE^K_ D c WaC IS_eLUV C~FHpI FHd� C _eISH M C V+^ W Hd[ C M O HdMrq�c+V+H ONFH�M+c+[�IK_aLUV
M)H\^ FH D _a^K^i_aLUV)^E� OSC V �[ C _e^KH\^�^iH W L�V � ^K[ FH\V CXO _aL�^ � � |   m � |   m � |   m 6 |   H�I � |U|   M+H ONFH�M+c+[ �
IK_aLUV �tCk} H�[�c)V+H~[\L D Q C�OKC _a^iLUVAjCGW q C Q+Q O LN[lJ+HzM+_ O H\[pISH y�YbC V+^gc)V [�LUV�ISH {ZIKH~LUQ FH OKC IS_eLUV+V+H W
[�H�IiISH M+H O V+_ujH O H � C Q)Q O LN[lJ+H�M+_ O H\[pISH � H�^iId_aV)� C _a^ C<�+W H C } H\[ W q FH�I C I M+H W q C�O I M)H\^ O H\^i^KLUc O [\H�^EM+H
[ C�W [�c WuyRB H\^ FH\[ C�O IK^bH\V�I O H W H\^EM+H\cZ{ D?FHpISJ+LNM+H\^bH {Z_a^iIKH\V�I � _eH\V FH } _eM+H D5D H�V�IwjC [ C c+^iH�M+H W	CW _aV FH C�O _e^ C IK_aLUVwc)IS_ W _a^ FH\HbM C V+^ W H D LNMrjH W H�M FH O _ }3FHvQ]LUc O�W H [ C�W [�c W M+H\^ DtC I O _a[\H�^�M+HvI OSC V+^���H O Ikm
DtC _e^�[�H�IiISH C Q+Q O LN[lJ+HvM+LUV+V+H M+H�^ ONFH�^Kc W I C IK^ C ^i^KH � ^ C IK_a^�� C _a^ C V�IS^ y
Y H Q]LU_aV�I�M+H } c+H ISH D Q+^
M)Hf[ C�W [\c W m C } H\[�c+V+H#Q C�OSCXWaWpFH W _e^ C IK_aLUVx^iH W LUV W H�^,Q C hN^ FH D H�IiISH\c O ^\m W Hv[\L �c)IEM+H�[ CXW [\c W Mrq�c+V+HDtC I O _a[�H,M+HbI OKC V+^���H O I�Q]H\cZIdH�V+[\L O H �H�I O H ONFH�M+c+_eI y
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��FH\V FH OSCXW H D H\V�I W H,[ CXW [\c W Mrq�_ D Q C [pI�^KHb� C _`I�^ic O M+H\^ W LUV+TUc)H\^ Q FH O _aLNM+H�^!ISH D Q]L O H WaW H\^ ¦ c+_
QRH�c } H�V�I C�WaW H O M+H � jC � | C V+V FH�H\^\m/[\H ¦ c+_ W H O H\V)M _ D Q OKC IS_e[ C(�+W H Ck} H�[zM+H�^ D LZMrjH W H�^5M)H
[lJ+_ D _aHxI OSC V+^iQRL O It[\L D Q W H {ZH y�� LUc)^ Ck} LUV)^wM+LUV)[ FH�IKc+M+_ FH WaC Q]LU^K^i_ � _ W _`I FH�m�jC Q C�O IS_ O Mrqsc)V+H��C ^KH�M+H�M+LUV+V FH\H\^/[\L D Q]LU^ FH�HdM)HdQ W c+^K_eH\c O ^ C V+V FH�H\^/M+Hd^i_ D c W	C IK_aLUV�jC~FH D _a^i^K_aL�V+^P[\LUV)^iI C V�IKH\^�m
Mrqs_eM+H\V�IK_ ��H O c+V+H C V+V FH�H I�hNQ]Hv[ C Q C(�+W HbM+H O H\Q ONFH\^iH\V�ISH OEW q FH } L W c)IS_eLUV D L h�H\V+V+H M+H Q W c)^K_aH�c O ^C V+V FH�H\^�M+Hx^i_ D c W	C IK_aLUV�Mrq�c+VG[lJ C�D QGM+Hg[\L�V+[\H�V�I OSC IK_aLUV)^ y YbC V+^ WaC�D��H D H W LUT�_ ¦ c+H�m7V+LUc)^
C } LUV+^ FH\T C�W H D H�V�I FH�ISc)M+_ FH WaC Q]LU^i^K_ � _ W _`I FH5H�I WaC � C _a^ C(� _ W _eI FHtMrq�_aM)H\V�IS_���H O c)V�niLUc O I�hNQRH�[ C �
Q C(�+W H!M+H O H\Q ONFH\^iH\V�ISH OPW q FH } L W c)IK_aLUV D H�V+^Kc+H WaW H.Mrq�c+V�[lJ CXD Q+^�M+H�[\L�V+[\H�V�I OSC IK_aLUV)^ [lJ+_ D _ ¦ c+H�^ y

YbC V+^,V+L�I O H C Q+Q W _e[ C IK_aLUV�m W	Ct��C ^KH�M+HfM)LUV+V FH�H�H\^iI CXW _ D H\V�I FH\H#Q C�O � C V+V FH\H\^bM)H�[ C�W [\c W¢ 2bB � �54�Y C } H\[dc+V+H�[lJ+_ D _aH M�q C [�_aM+_���[ C IS_aL�V �39F��¢ ^ic O3W q � c O LUQ]H M+H � ���   jC � |U|�� yp¢ LUc OW H � _ WaC V C V)VNc)H W M)H\^�[�LUV+[\H�V�I OSC IS_aL�V+^\mNM+HE� C _ �+W H�^ }�CXO _ C IS_aL�V+^3LUV�I FH�I FHEL � ^iH O�}3FH�H\^�Q]LUc O��
	��
H�I ~	�� m7M+Hw��L O ISH�^ }XC�O _ C IK_aLUV+^bQ]LUc OvW H5V+_eI OSC IKHtHpI�^Kc W � C IKHtMrq C�D5D L�V+_ac D�y8B q C V+V FH�H � ��� �
^\q C } jH O H W q C V+V FH�H W	C Q W c)^bQ O LN[lJ+H�M+H W	CgD Loh�H\V+V)H5M)H\^ � C V+V FH\H�^vQ]LUc O Q O H\^ ¦ c+H5IKLUc)IKH\^ W H�^
H\^KQrjH\[\H�^�M+c D?FH\[ C V+_a^ D H�[lJ+_ D _ ¦ c)HtJ+L OKD _a^ W q�H\^KQrjH\[\H ~�	 �;:< ¦ c+_/^KHxM+_e^iIK_aV+TUc)HtQ]LUc O#C } LU_ O
W q C V+V FH�H � ��� � [�L D5D H C V+V FH\H WaC Q W c+^/Q O LN[lJ+HEM)H W	C�D Loh�H\V+V)H yZB q C V+V FH\HdI�hNQ]H,M FH�QRH�V+MxM+LUV)[
M+H W q�H\^iQrjH\[�Hg[lJ+_ D _ ¦ c+H FH�IKc+M+_ FH\H y�¢ LUc O�W H � _ W	C V D H\V+^ic+H W M+H\^�[�LUV+[\H�V�I OSC IS_aL�V+^#M C V+^ W q C _ O m
^Kc O�W H�^ � C V+V FH\H\^5M+H�[ C�W [\c W m W H�^�Q O L � W ^�M+H }XC�O _ C IS_eLUV+^ D H\V+^ic+H WeW H�^5^iLUV�I5^KH D'�+W	C(�)W H\^�HpI
Q ONFH�^KH\V�IKH\V�I�M+H\^ }XC�O _ C IS_eLUV+^3_aV�IKH OSC V+V�c+H WeW H\^!_aV)� FH O _aH�c O H�^ jC � |   Q]LUc O�W H ��	�� H�I   |   Q]LUc OW H ~	��\y

B$C�D?FHpISJ+LNM+H5M+c�[lJ)LU_`{~M�qsc+V�niLUc O I�hNQRH5Q C�O D L�_a^\m/jC Q C�O IS_ O M+H\^ � C V)V FH\H�^#M+Ht[ C�W [\c W¢ 2bB � �54� UY m C D LUV�I ONFH�c+V+H }XC�O _ C IK_aLUV?H�V ��LUV+[�IK_aLUV'M+H W qsH�^KQrjH�[\H y�B7C�}�CXW _aM C IS_eLUVGM+H WaCD?FHpISJ+LNM+H C?FH�I FH#H���H�[�ISc FH\HfH�Vz[\L D Q C�OKC V�I W H\^ ONFH�^Kc W I C IK^dM+H W q FH } L W c)IK_aLUV D H\V+^ic+H WeW H�M+c OKC V�IW q C V+V FH�H � |U|�� D L hUH�V+V+H�^ic O,W q � c O L�QRHfL � ISH�VNc)^ C } H\[ W H D LNMrjH W H ¢32bB � �54� UY H\V~^i_ D c WaC��
IS_aL�Vx[\L D Q W jH�ISHdH�I WaC#D?FH�ISJ)LZM+H ��C ^ FH�Hb^Kc O W H\^ ONFH\^ic W I C IS^�M)H\^ � � niLUc O ^!I�hNQ]H\^ O H�Q ONFH�^KH\V�I C IS_`��^
M+H\^ � � D LU_e^8M+H W q C V+V FH�H � |U|�� y B$C [\L D Q C�OKC _a^iLUV C M+LUV+V FH/M+H�^ ONFH\^Kc W I C IS^ C ^K^iH � ^ C IK_a^i� C _a^ C V�IK^ y

� �Q¨�� � ª�����º�ªO¬q¸u¯���ª �¥ªV¸ 	p³F¸u³���¥¸ �uµ��\µz³^°
8 c+_eIKH�jC [\H&I OSCk}XC _ W mfQ W c+^K_eH\c O ^'Q]LU_aV�IK^ O H\^iIKH\V�I L�c } H O IS^ yh� LUc+^ [�LUV�IS_eVNc)H O L�V+^ V+L�^O H\[lJ)H O [lJ)H\^EM C V+^ W H�^ M+_ O H\[�IK_aLUV)^�^Kc+_ }XC V�ISH\^ y
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B H D LZMrjH W H C [pISc+H W M)H,[lJ+_ D _aH I OSC V+^iQRL O I ¢ 2bB � �54� UY m�V+HdM+_a^iQRLU^iHEQ C ^�M+H } H O ^K_aL�VxQ C��OKC�WaW jH W H y<� H WaC Q]H\cZI �H�I O H�I O jH\^3c)IS_ W H.QRLUc O c+V+H ONFH�M+c+[pIS_aL�V�M+c�ISH D Q+^ �N¢3� M+H DtC V+M FH Q C�O c+V+H
_eV�I FH\T OSC IK_aLUV5^ FH ¦ c)H\V�IS_eH WaW HdM)c D LNMrjH W H y�B q�c)IS_ W _a^ C IS_eLUV�M+H W	C Q C�OSC�WeWpFH W _a^ C IS_eLUVfM+H�^ D LZMrjH W H�^.M+H
[lJ)_ D _aH � I OKC V+^KQ]L O I C M+L�V+V FH M+H�^ ONFH\^ic W I C I C ^i^KH � Q O L D H�IiISH\c O ^ " � � m � £ 0 yp¢PW c+^i_aH�c O ^ ¦ c+H�^iIK_aLUV+^
^iH�Q]LU^KH O LUV�I ^ic O�W H.I�hNQ]H!M+H DtC [lJ+_eV+HbjC c)IS_ W _e^KH O Q]LUc O c+V+H/ISH WeW H/Q C�OKC�WaWpFH W _e^ C IK_aLUV 7�DtC [lJ+_eV+H�jCDGFH D LU_ O H�M+_a^�I O _ � c FH�H,LUc�Q C�O I C T FH�H�m DwC [lJ)_aV+H,M)H,I�hZQ]Hb^Kc)QRH O [ C�W [�c W	C ISH\c O LUcgc+V�H�V+^KH Dz�+W H
M�qsL O M+_aV C ISH�c O ^�[\LUV)V+H\[pI FH�^KL�c+^Ec+V ONFH\^iH C c�^iLUc+^E��L OiD H M+Hv[ W c)^iISH O ^ yr� V)H C c)I O Hv_aV�ISH OKO L�T C��
IK_aLUV�^iHEQ]LU^KH OSC ^Kc O/W	C � C �[�LUVwM+H�Q C�OKC�WaWpFH W _a^KH O�W H�[�LZM)H�M)c D LZMrjH W H ¢32bB � �54� UY [ C�O _ W Hp{Z_e^iISH
Q W c+^i_aH\c O ^ C Q)Q O LN[lJ+H\^ y
B$C ISH\[lJ)V+_ ¦ c+H�M+HbM FH�[\L D Q]LU^K_`IS_aL�VxM+HbM+L DtC _eV+HEH�^iI�^KLUc } H\V�I W	C Q W c+^
cZIS_ W _a^ FH\H�Q]LUc O W	C Q C�OSCXWaWpFH W _e^ C IK_aLUV�Mrq�c+V D LZMrjH W H�M+H � J+_ D _aH ���7OSC V)^KQ]L O I " � £ m � 6 m ��� m � |U| 0 yYbC V+^t[�H�IiISH C Q+Q O LN[lJ+HXm.[lJ C<¦ c)HzQ O LN[\H�^K^iH\c O ^�qsLN[\[�c+Q]H�M+H W	C~ONFH\^iL W cZIS_aL�V M)c D LNMrjH W H�^Kc O
c)V�^KL�c+^ � M+L DtC _aV+H�M+c�M FH\[�LUc+Q C TUH yD� H�IiISH#Q C�OSC�WeWpFH W _a^ C IS_eLUVwV FH\[\H�^K^i_eISHvM+H\^d[\L D5D c+V)_a[ C IS_aL�V+^
_ D Q]L O I C V�ISH�^8H\V�I O H W H\^7Q O LN[\H�^K^KH�c O ^�QRLUc O�WaC Q CXO IS_eHPI OSC V+^KQ]L O I jC [ C c+^iH�M+H�^�^K[lJ FH DtC ^�V�c D?FH �O _ ¦ c+H�^!c)IK_ W _e^ FH�^/M C V+^ W H D LZMrjH W H y�B qs_eV�IKH OiO LUT C IS_aL�V5^iH,Q]LU^KH OSC mNM+LUV+[XmZ^ic O!WaC � C �[�LUVwL�Q)IS_ DwC�W H
M)H M FH\[\L D Q]LU^KH O W HbM+L DwC _eV+H�mZQ W c)^K_aH�c O ^ C Q+Q O LN[lJ+H�^�M)H M FH\[\L�c+Q C TUH FHpI C V�I�Q]LU^K^i_ �+W H\^ " � £ 0 y� [\H WaC ^iH OKC niLUc)IKH\V�I�M�q C cZI O H�^�_eV�IKH OiO LUT C IS_aL�V+^ O H W	C IK_ } H\^ C cZ{ D LZM+c W H\^�M+c D LNMrjH W H� �)9 m ¦ c+_3M+L�_ } H�V�I �HpI O H5Q C�OSC�WeWpFH W _a^ FH\^ 7 M+LU_eI � LUV�Q C�OSCXWaWpFH W _e^KH O c+V+_ ¦ c)H D H\V�I W	C [lJ+_ D _eH��5LUcW H\^ M+H�cZ{ D LZM+c W H\^!M+H�[lJ+_ D _aHdH�I�I OKC V+^KQ]L O I��

� V+HbM+H\^�Q ONFH\LN[\[�c+Q C IK_aLUV+^!QRH OKDtC V+H\V�IKH\^�M C V+^ c+VgI OKC }XC _ W M)HbQ C�OSCXWaWpFH W _e^ C IK_aLUV�H�^iI�Mrq�LUQ �
IK_ D _a^iH O,C c DtC {Z_ D c D W HfISH D Q)^bM+H�[\L D5D c+V+_e[ C IK_aLUV�H\V�I O H W H\^bQ O LN[\H\^i^KH�c O ^�H�I W H#ISH D Q+^
M�q C IiISH�V�IKHwMrq�c+V�Q O LN[\H�^K^KH�c OI��W L C M ��CXW	C V+[�_aV+T �1¦ c+_ W _ D _eIKH\V�I,T FH�V FH OKC�W H D H�V�I W H\^�[ C Q C [\_`I FH\^
M)H\^ ISH�[lJ+V+_ ¦ c+H�^dM)H Q C�OSC�WeWpFH W _a^ C IS_eLUV " �k|U| 0 y
�7����� ��� ���"$� �,6�(�<=�!0��b"A9����
�"�2="
��� 
 �	������� � �Q� L DtD H�^Kc)_eISH jC V+L�I O H I OSCk}XC _ W ^Kc O W q�c)IS_ W _e^ C IK_aLUV�M+H �dY�9 4
H\V  UY M C V+^ W H [\L�V�IKHp{NISH?Mrq�c+V+H D LNM8jH W _a^ C IS_aL�V&_eV�I FH\T ONFH\HXmEV+LUc)^ FH�ISc)M+_aH O LUV+^�Q W c+^
Q O L���L�V+M FH D H\V�I W H�M FH�[\LUc)Q C TUH5^Kc OvW q � c O LUQ]H C ��V�M+H5T C�OSC V�IK_ ObW H\^ � LUV)^ _eV�ISH O�}XC�WaW H\^
M+H }�CXO _ C IS_aL�V+^!M+H�^�Q C�OSCXD jHpI O H�^ Mrq�H\V�I ONFH\H M+H �EY�9 4�y
YbC V+^ WaC V+LUc } H WeW H } H O ^K_aL�V�M)c D LNMrjH W H ¢32bB � �54� UY mZc)V+Hb[lJ+_ D _aH�[\L D Q W Hp{ZH,Mrq C7FH O L �
^KL W ^v[�L D Q]L O I C V�I c+V D LZM)c W H�M+H5ISJ+H OKD LZMZhZV C�D _ ¦ c+H ��� 8 2�4 2O¢� � � I O jH\^#[�L �c)IKH\cZ{
H\V�ISH D Q+^ �N¢3� H\^�I _aV�I FH�T ONFH�H y�� LUc+^�[\L D Q)IKLUV+^,c)IK_ W _a^KH OEW Hf[\LNM+H ¢32�B � �54 � ���32�9��C ^ FH5^Kc O W H\^�M FH } H W LUQ+Q]H D H\V�IS^ �EY�9 4 mrQ]LUc O�ONFH\M+c+_ O H W HfIKH D Q+^ �N¢3� M+c D LZM+c W H
Mrq C7FH O L�^KL W ^ y
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 �	������� � ��B7C�D?FH�ISJ)LZM+H�M)H5[�c)I � �EY�9 4 H\^iI ��C ^ FH\H�^Kc O W qscZIS_ W _a^ C��
IS_eLUV?Mrqsc)V Q]LU_aV�I5M+H ONFH�� FH O H�V+[\H y!YbC V)^5V)LU^5I OSCk}XC cZ{ V+L�c+^ Ck} LUV+^wcZIS_ W _a^ FHxc+V Q]LU_eV�I
M+H ONFHp� FH O H�V+[\H  � 	 �  � � �  � � � ! ! ! �  � >A� Q CXO _aV�ISH Oi}XC�WaW HEM+H }XC�O _ C IK_aLUVxQ]LUc O [lJ C [\c+V)H M)H\^ %}XC�O _ C(�+W H�^�M�qsH�V�I ONFH�H�M)H D LNMrjH W H yX� V)H C c)I O H�_aM FH\H�[�LUV+^K_e^iIKH#jC c)IS_ W _a^iH O Q]LUc O [lJ C<¦ c)H }XC��
O _ C(�+W H.Mrq�H\V�I ONFH\H�Q W c+^i_aH�c O ^PQ]LU_aV�IK^PM+H ONFH�� FH O H�V+[\H  ���
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L$jc 	 � � � � ^KL�V�I.M+H�^.��LUV+[pIS_eLUV+^3QRL�_aM+^ � _eH\Vt^KQ FH�[\_ � ¦ c)H yg� H�IiISH DGFH�IKJ+LNM+H�QRH�c)I/^\q C } H O H O
QRH O ��L OiDwC V�IKHfM C V)^ W H�[ C ^�Mrq�c+V+H�c)IK_ W _a^ C IS_aL�V�M+H �dY�9 4 jC�W q FH\[lJ+H WaW HvI O _eM+_ D H\V)^K_aL�V �
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