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Variations de la température globale   ( °C )
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XHEHGoikM&ó�X7JL\bM&óWó S�V \�JRIHGaGL\ V g Y�JL\ V \bG S JRE7Y UaV E6N�IHGL\ U E�l
D S ` U E�û,\f� U E�I7J S `nE�XHM&ó�GL\bGRJRE�N�M&ó�X�eWN�IHX U \ U E V E�` V Y�G
E�� S X7JRE�û�E�óQJZ`fM�GdGL\�� V E�]�GRE V M&ó V EHGaM��s�LEHX7JL\�i�GZNmY

X S�V X7Y V ] V_S ñ ( ³ '³( ª5® ¨  hQY5g�M&óÁ�4E7Y�J�GL\�û�Y V E U ] S \�ó�GL\ZhQY5g|e>I7J S � V \ U�V_S GdM�Y U XHE[N�g�I�û,\bGRGL\bM&ó�N�EHGW` S�U JL\bX7Y V EHG
hQY5g�M&ój� S Æ ®�³ Æ ¬¦ñ��® e V g \�ócJRI U \bE7Y U N�E6XHE7JLJRE��4IHM&û�I7J U \bE�l µ E7JLJRE6�4IHM&û�I7J U \bE�`fE7Y�JD¸7J U E6N�E�XHM&û,` V E��O\�JRI�J U �HG
� S�U \ S � V E�l µ K S hQY�EÀû S JRI U \ S Y.N�E:� UdS E�ÉnEHX7JL\=�4E�û�E�ócJWMcXHX7Y�`nE U YWó�E�i�M U û�E��4IHM&û�I7J U \bhcY�E?N�M&óWó�IHE�]�hcY5g�M&ó
S `�`fE V�V E UdS ²� ¿ë¿ È�¿ �� l µ K S hcY�EZXHE V�V Y V E�]�E�ó&M�Y�J U E�]O`nE7Y�Jae GRM&ó�JRM�Y U ¸7J U EjN�IHXHM�Y�`nIHE6E�ó&XHE V�V Y V EHGT\�óQJRI U \bE7Y U EHG
GL\ V g Y�JL\ V \bG S JRE7Y U N�IHGL\ U E^û�E7JLJ U E[E�ó�I:�O\bN�E�ó�XHE&N�EHG�E�É�E7JRG�hcY�\1ó�IHXHEHGRGL\�JRE�óQJ�YWó�E�` V Y�G�� UdS ó�N�E U IHGdM V Y�JL\bM&ó
GL` S JL\ S�V E�M�Y[GRY�\=� U E V g�I:�4M V Y�JL\bM&ó�K�I7JRI U M�����ó�E�N�g YWó�û S JRI U \ S Y5l
��ó N�I��<ó�\�JL\=�4E�]�YWó�E�i�M�\bG�N�I��<ó�\bEHG�JRM�Y�JREHG V EHG�XHE V�V Y V EHG�NmY�` U M�� V ��û�E�]�E7JF`fM�Y U XRK S hcY�E�JÃÿc`nE�N�E�` S�U JL\bX7Y V E

GLY�\=�O\bE���N S ó�GÆó�M�J U E6X S Gp]OYWó�\bhQY�E�û�E�ócJaN�EHGÐó�E7Y�J U M&ó�G���]�ô/ü�ý3þ(EHGLJoE�ó û�EHGLY U EjN�EZ` U E�ó�N U E�E�ó?XHM&û,`�JRE�]�GL\
E V�V EHG�GRM&ócJ�Nm\bGR`fM&ó�\�� V EHG�N S ó�G�YWó�E�� S GRETN�EoN�M&óWó�IHEHGp]�JRM�Y�JREHG V EHG�GdEHX7JL\bM&ó�G�E�ãWX S XHEHG�N�E U I S X7JL\bM&óWN�ETXRK S hcY�E
` S�U JL\bX7Y V E S �4EHX V EHG ó�M�ÿ S Ys�PN�E V_S XHM&û,`fM�GL\�JL\bM&ó�N�EHG û S JRI U \ S Ys��XHM&ó�GLJL\�JLY S óQJ�XdK S hQY�E,XHE V�V Y V E�l3v S�U N�M&ó�G
e V g�EHGL` U \�JahcY5g \ V E��m\bGLJRE6YWó�E U E V_S JL\bM&óPN�Ej��\ �wEHX7JL\bM&óPE�óQJ U E)û S JRI U \ S Ys�&` U \bG�E�ó[XHM&û,`�JRE�N S ó�G V EjJ UdS ó�GL`nM U J
E7J V EHG
XHE V�V Y V EHG
N�I��<ó�\bEHG
N S ó�G V_S �4IHM&û�I7J U \bE�l-ô/ü�ý3þ?I7J S � V \�JZYWó�E,½ 1²dª ¨ ³nÀI¡ Á²1¬�²O ' ¬�²:®�³ ½ ²1³ ÆP¨5Ç:È <ª�³�ª�¬ ¿ 
°-, ¨ ÀLª�:®�¬�²Yª ¨ ³8À Σtot(E)

`nM�Y U XRK S hcY�Ecû S JRI U \ S Y��

Σtot(E) =
∑

∀i

ρi(
∑

∀r

σr
i (E))

�k�ml�¢��

M&p
σr

i (E)
EHGLJ V_S ½ �²dª ¨ ³8Àv¡ Á²1¬�²� '�¨ ²:®�³ ½ ²O³ Æ(¨EÇ:È  ]�E�ó?� S�U ó�GR£
ikM&ó�X7JL\bM&ó&N�E V g�I�ó�E U ��\bE�N�E V_S ` S�U JL\bX7Y V E

\�ó�X7\bN�E�óQJRE�E7J�hcY�\_û�EHGLY U E V_S ` U M�� S ��\ V \�JRI�hcY�E V_S&U I S X7JL\bM&ó
r
S \�J V \bE7YA` S�U \�óQJRE UdS X7JL\bM&ó¤N�E V_S ` S�U JL\bX7Y V E

S �4EHX V Eió�M�ÿ S Y
i
l!¼/óìó�M�JRE

ρi
V Eió�M&û�� U E�N�E³ó�M"ÿ S Ys�

i
` S�U YWó�\�JRI(N�Er�4M V YWû�E���E�ó

1024/
X�û 3 ��l µ E7JLJRE
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GRM&û·û�E6G�g�E�ÉnEHX7JLY�E6`nM�Y U JRM�Y�G V EHGÆó�M"ÿ S Ym¯?` U IHGRE�óQJRG
N S ó�G V E û S JRI U \ S Y5l
D S Nm\�û�E�ó�GR\bM&ó�N�E

Σtot
EHGLJ�N�M&ó�X V g \�óc°4E U GREoN�g YWó�E V M&ó���Y�E7Y U E7J�û�EHGLY U E S \�ó�GL\ V_S ` U M�� S ��\ V \�JRIo` S�U YWó�\�JRI

N�E V M&ó���Y�E7Y U ��X�û���hcY�E V_S ` S�U JL\bX7Y V E6GLY�\�°O\bE
\�óQJRE UdS ��\bGRGREjN S ó�G V E/û S JRI U \ S Y5l�D�g \�óQ°4E U GRE6N�EZXHE7JLJREjhQY S ócJL\�JRI
EHGLJ V E V \�� U E�` S�U XHM�Y U GÆû�M�ÿ4E�ó±e,YWó�E�I�ó�E U ��\bE�N�M&óWó�IHE�]

λ(E)
]�N�E V_S ` S�U JL\bX7Y V E�N S ó�G V Ecû S JRI U \ S Y5l�ô/ü�ý3þ

XHM&ó�GLJ U Y�\�JZN�M&ó�X V_S hQY S ócJL\�JRI
Σtot(E)

hcY�\�EHGLJ�YWó�E N�M&óWó�IHE NmY�XHMON�E�]�e,` S�U JL\ U N�EHGZXHM&û,`fM�GL\�JL\bM&ó�GZE7J V EHG
� S GREHGaN�E6N�M&óWó�IHEHGÆóQY�X V I S \ U EHGaikM�Y U ó�\bEHGo` S�U�V g Y�JL\ V \bG S JRE7Y U l

µ M&óWó S \bGdG S óQJ
λ(E)

]�ô/ü�ý3þ>`fE7Y�J�GL\�û�Y V E U ]�` S�U YWó�EWGLY�XHXHEHGRGR\bM&óCN�EWJL\ UdS �4EHG S�V I S JRM�\ U EHG�] V E�J UdS�² E7J
lE�É�EHX7JL\�i S Y[JL\ UdS �4E�E�ó[XHM�Y U GaE�ócJ U E�N�E7Ym¯�\�óQJRE UdS X7JL\bM&ó�Gp]fE�ó&Y�JL\ V \bG S ócJ V_S ikM&ó�X7JL\bM&ó&�4I�ó�I UdS J U \bXHE

l
]�M&p

p
EHGLJ

YWó ó�M&û�� U E S�V I S JRM�\ U E�JL\ U I6GRY U Ý�¶m]�¢nÝ�GRE V M&ó&YWó�E V M�\�YWó�\�ikM U û�E7³Ql

l(E) = −λ(E) ln(1 − p)
�k�ml|�4�

ujE�i S ÍHM&ó>GL\�û,\ V_S \ U E�]nYWó�E i�M�\bG V E�GL\�JRE,N�E V g \�ócJRE UdS X7JL\bM&ó�N�I��<ó�\2] V Ekó�M"ÿ S Y�hQY�\�GLY���\�J V g \�ócJRE UdS X7JL\bM&ó�E7J
V E
J�ÿO`fEZN�g \�óQJRE UdS X7JL\bM&ó&GRY���\bEZGdM&óQJ�JL\ U IHG S�V I S JRM�\ U E�û�E�óQJ�E�ó�` U E�ó S óQJoE�ó?XHM&û,`�JRE V EHG° S�V E7Y U GTN�EHGTGREHX7JL\bM&ó�G
E�ãWX S XHEHG�e V g�I�ó�E U ��\bE�M&p V_S�U I S X7JL\bM&ó S�V \bE7Y5l�D S û�I7JLK�MON�E�E�û,` V M�ÿ4IHE,`fM�Y U N�I7JRE U û,\�ó�E U�V E ó�M�ÿ S YAE7J V E
JÃÿc`nE�N�E U I S X7JL\bM&ó±GLY���\bE�EHGLJa\bN�E�ócJL\bhQY�E�lf´�M�Y U N�I7JRE U û,\�ó�E U hQY�E V ó�M"ÿ S Y±GLY���\�J V_S,U I S X7JL\bM&ó�` S�U ó�E7Y�J U M&ó5]
M&ó&X S�V X7Y V E�N�g S �nM U N V_S hcY S óQJL\�JRI^�

i=N∑

i=0

Σtot
i × p

�k�ml�ç4�

hcY�\5EHGLJ V_S GRM&û·û�E�N�EjJRM�Y�JREHG V EHG�GREHX7JL\bM&ó�GaE�ãWX S XHEHGÆû S X U M�GRXHM�`�\bhcY�EHGaN�EHG1ó�M�ÿ S Ym¯&` U IHGRE�óQJRGaN S ó�G V E
û S JRI U \ S Y5] S YÀó�M&û�� U E6N�E

N
]4û�Y V JL\�` V \bIHEj` S�U YWóPó�M�Y�°4E S Y^ó�M&û�� U E S�V I S JRM�\ U E

p
JL\ U I
YWó�\�i�M U û�I�û�E�ócJ�GLY U

Ý�¶m]�¢nÝ�l µ E7JLJRE�GRM&û·û�E�EHGLJaJRM�Y ² M�Y U G V_S ûr¸�û�E�]�e³û S JRI U \ S Y�E7JZI�ó�E U ��\bE,N�M&óWó�IHEHG,�fE�ó V_S û�Y V JL\�` V \ S ócJ6` S�U
p
M&ó?XHM&ó�GLJ U Y�\�J S \�ó�GL\nYWó�EZhcY S óQJL\�JRI6hcY�\ V Y�\nEHGRJ�\�ómikI U \bE7Y U E�l�µ S XRK S ócJahQY5g�M&ó?XHM&ó�GRE U °4EZJRM�Y ² M�Y U G V E ûr¸�û�E

³8®�°8®1 N S ó�G V_S(V \bGLJRE,N�EHG ó�M"ÿ S Ym¯>hcY�\�XHM&û,`fM�GdE�óQJ V EKû S JRI U \ S Y5]F\ V E�¯O\bGLJRE YWóAGdE7Y V \�ó�Nm\bXHE
k
N S ó�G�XHE7JLJRE

V \bGLJREjJRE V hQY�E<�

i=k−1∑

i=0

Σtot
i ≤ (

i=N∑

i=0

Σtot
i × p) <

i=k∑

i=0

Σtot
i

�k�ml Îc�

àZM�Y�G�XHM&ó�GLJ S JRM&ó�GZhcY�E6` V Y�G V_S GdEHX7JL\bM&ó�E�ãWX S XHE$û S X U M�GdXHM�`�\bhQY�E
Σtot

k

EHGLJ�\�û,`nM U J S óQJRE�]�` V Y�G V g \�ócJRE U ¥
° S�V�V EWE�ócJ U E V EHG GRM&û·û�EHG�` S�U JL\bE V�V EHG hcY�\E�ó�X S N U E�ócJ,XHE7JLJRE�\�ó�I7� S�V \�JRI�GRE UdS � UdS ó�NCE7J�` V Y�G�\ V ÿ S Y UdS N�EHG
° S�V E7Y U G�N�E

p
hcY�\5GRI V EHX7JL\bM&óWó�E U M&óQJ V Ecó�M"ÿ S Y

k
E�ó&XHM&ó�GRIHhcY�E�ó�XHE�l

�/ó�E�i�M�\bG V E ó�M�ÿ S Y
k
N�I��<ó�\2] V E�J�ÿO`nE,N�E U I S X7JL\bM&óAhQY5g \ V GRY���\�JjEHGRJ�N�I7JRE U û,\�ó�I�N�E i S ÍHM&ó�\bN�E�ócJL\bhQY�E�]

E�ó¤XHM&ó�GL\bN�I UdS ócJ�XHE7JLJRE(i�M�\bG�X7\ V_S ¿ ¨ë½ ª�t°�V® ( ¬�²dª ¨ ³8À ½&hcY5g \ V `fE7Y�J,XHM&óWó S rbJ U E�lµc\oM&óÖó�M�JRE
R
V EÀó�M&û�� U E

N�E U I S X7JL\bM&ó�G S Y�JRM U \bGRIHEHG�`fM�Y U�V Eió�M"ÿ S Y
k
]
σi
V_S ° S�V E7Y U N�E V_S GREHX7JL\bM&óAE�ãWX S XHEiû,\bX U M�GdXHM�`�\bhQY�E(N�E V_S

ºw¶ �0ÿ~·Cÿb� �d�2z~��z ���3þ�z � �i�w���F��vF� �F�Dÿb� û������ÿ�ÿ�û��2z|���P�F�Dÿ�û6}o���2¸��"����¹�v��F�o�2��v	ÿ �������/�F�Æ��û��kz ��������û��¡�TvF�,��� ���y��û����yv��1���
����}Äþ�������û�ÿ|��û��2��z���� �D��� ÿ~���jv��F�!ÿ|��z(ú��kv��������k� �1ünv���z�º����2}1���~�|�
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U I S X7JL\bM&ó
i
e V g�I�ó�E U ��\bE�XHM&ó�GL\bN�I U IHE�]�E7J

p
YWóìó�M�Y�°4E S Yøó�M&û�� U E S�V I S JRM�\ U EWJL\ U I�N�E,i S ÍHM&óAYWó�\�ikM U û�E�GRY U

Ý�¶m]�¢nÝ�] V_S U I S X7JL\bM&ó
r
N S ó�GaXHE7JLJRE V \bGLJRE6GRE UdS XRK�M�\bGR\bE�GL\}�

i=r−1∑

i=0

σi ≤ (
i=R∑

i=0

σi × p) <
i=r∑

i=0

σi
�k�ml�¡4�

D�g K�\bGRJRM�\ U E&N�g YWó�ó�E7Y�J U M&ó.Gpg S�ULU ¸7JRE&hcY S ó�N»\ V ÿ S�S ��GdM U `�JL\bM&ó.N�E V_S ` S�U JL\bX7Y V E?` S�U YWó�ó�M"ÿ S Y5]M�Y
�^GRGL\bM&ó5lou S ó�G
XHE�X S Gp]�ô/ü�ý3þ&` U M�` S �4E UdS YWóaó�M�Y�°4E S YBó�E7Y�J U M&ó�N�E7`�Y�\bG V_S GRM�Y U XHE�N�g�M U \���\�ó�E�N�I��<ó�\bE�` S�U
V g Y�JL\ V \bG S JRE7Y U l µ EHX7\�EHGLJ�N�I7J S \ V�V I�e V_S GRY�\�JRE�l

<Æ�»¼ }��Z�&�o�_�w�_���°�����g�2=�������}��g����~
k

��ó�JLK�IHM U \bE±N�EHG U I S X7JRE7Y U G^ócY�X V I S \ U EHGp]
k
N�IHGL\��ó�E V E[i S X7JRE7Y U N�EBû�Y V JL\�` V \bX S JL\bM&ó½NmY¾G!ÿOGRJR¿�û�E�l.Û V

EHGLJ6K S ��\�JLY�E V�V E�û�E�óQJ�\�óQJRE U ` U I7JRI�XHM&û·û�E V Ekó�M&û�� U E�N�E��^GRGR\bM&ó�G6E�ó��4E�ó�N U IHEHGAÆ ¬8®oÀ ½O½�¨ ³8À ]ne(YWó�\�ó�GLJ S ócJ
N�M&óWó�I�l�Û V `fE U û�E7J�N�EoN�IHX U \ U E V g�I7°4M V Y�JL\bM&ó�hQY�ET`nE7Y�J�XHM&óWó S rbJ U E V_S `fM�`�Y V_S JL\bM&ó³ó�E7Y�J U M&ó�\bhQY�E S Y�GRE7\�ó,N�g YWó
G!ÿmGLJR¿�û�E óQY�X V I S \ U E S YV� V NmY?JRE�û,`�Gpl
µc\2] V M U G�N�g YWó�X S�V X7Y V N�E�J UdS ó�GL`nM U Jp]5M&ó>XHM&ó�GL\bN�¿ U E V_S JRM�J S�V \�JRIWN�E V_S �4IHM&û�I7J U \bE�NmYAG!ÿmGLJR¿�û�E,hcY5g�M&ó

I7JLY�Nm\bEC��XHE�X S G�GdE UdS `nM�Y U ó�M�Y�G V g�I7JLY�N�EPNmYÁXd jY U E�óQJL\bE U E�ó.XHM&ó�GL\bN�I UdS ócJ V E U I�»^EHX7JRE7Y U ��] V E?i S X7JRE7Y U
k
EHGLJL\�û�IW` S�U�V E�XHMON�EWN�E,J UdS ó�GR`fM U J U E7` U IHGRE�óQJRE UdS�V_S û�Y V JL\�` V \bX S JL\bM&óC� V M�� S�V EPó�E7JLJREWN�EHG)ó�E7Y�J U M&ó�G�E�ó

JRE�ó S óQJ�XHM&û,`�JRE,N�EHG
i�Y�\�JREHG6E7J S Y�J U EHGj`nE U JREHG ó�E7Y�J U M&ó�\bhQY�EHG�l µ E�i S X7JRE7Y U EHGLJ S�V M U G S `�`nE V I 7  . 1²dª ¨ ò 8 E7J
EHGLJÐó�M�JRI

k Â~Ã l�Û V E�¯O\bGLJREZJ U M�\bG U I7��\�û�EHG�N�EjXHM&û,`nM U JRE�û�E�óQJaNmY U I S X7JRE7Y U hcY5g�M&ó^ó�M&û·û�EjK S ��\�JLY�E V�V E�û�E�óQJp]
GLY�\�° S óQJ V_S ° S�V E7Y U N�E

k Â~Ã �

•
½ ³ È�½ % ²:® ¨ ª ¨5Ç:È  V M U GRhcY�E k Â~Ã < 1

• ²:® ¨ ª ¨5Ç:È  V M U GRhcY�E k Â~Ã = 1

•
½�È ®�% ²:® ¨ ª ¨5Ç:È  V M U GRhcY�E k Â~Ã > 1

´�\bE�ó&E�óQJRE�ó�NmY&YWó�E U I S X7JL\bM&ó[E�ó?XRK S r�ó�E�XHM&óQJ U Â V IHE�E7JoN�M&ó�XjYWó�Ej` U MONmY�X7JL\bM&ó&XHM&ó�GLJ S óQJRE�N�g�I�ó�E U ��\bE���G S ó�G
S `�`fM U J
N�Ecó�E7Y�J U M&ó�GaE�¯mJRE U ó�EHG S Y&G!ÿmGLJR¿�û�E���ó�E6`nE7Y�°4E�óQJ�¸7J U E�E�óQ°O\bG S �4IHEHGahcY�E6N S ó�G V E6N�E7Ym¯m\b¿�û�E�X S Gpl
µc\�` S�U XHM&ócJ U E�M&ó ó�E�Gpg \�ócJRI U EHGRGRE6hcY5g|e YWó�Ej` S�U JL\bE�NmY&G!ÿmGLJR¿�û�E6E�ó V_S û�McN�I V \bG S óQJ�\�ó�Nm\�°O\bNmY�E V�V E�û�E�óQJ

` S�U YWó ® (�½ 1¬ ÈÁ¨ ÀpÀ}À ¨(��XHE?X S GWXHM ULU EHGL`nM&ó�N UdS>S Ym¯�I7JLY�N�EHG ²O ¿�¿ Èl¿  M�Y ¬ ½�½  '^¾�¿ ¬Yñ� ]N�IHX U \�JREHGWN S ó�G V EHG
XRK S `�\�J U EHG,GLY�\�° S óQJRG���] V E�i S X7JRE7Y U

k
ó�E U E7` U IHGRE�ócJRE UdS ` S G�Nm\ U EHX7JRE�û�E�ócJ V EWXHM&û,`nM U JRE�û�E�óQJ�NmY»G!ÿOGRJR¿�û�E
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] V g K�\bGLJRM�\ U E�NmYÖó�E7Y�J U M&ó»EHGRJ�J U ¿HG V M&ó���Y�E�l!´�\bE�ó»E�ócJRE�ó�NmY5]�YWó

X S�V X7Y V ócYWû�I U \bhQY�E�EHGLJ�M�� V \��4I�N�g \�ócJRE ULU M&û,` U E�XHE7JLJRE6K�\bGRJRM�\ U E�e YWó�û�M&û�E�óQJZN�M&óWó�I�l
´�M�Y U ��¯�E U�V EHG6\bN�IHEHGp]5\ V i S Y�J�\bX7\Nm\bGLJL\�ó���Y�E U N�E7Ym¯>XHM&ó�XHE7`�JL\bM&ó�G�\�û S �4IHEHG N�E V_S îY¨  N�g YWó�ó�E7Y�J U M&ó5l

u�g YWó�E�` S�U J�\ V ÿ S ¿ , © ¨u½ ª�³ ¨ ®1 NmYìó�E7Y�J U M&ó5]�hQY�\�XHM&óQJL\�óQY�E�hcY S ó�N>XHE V Y�\�¥�X7\TN�IHX V E�ó�XRK�E�YWó�E<�^GRGL\bM&ó�û S \bG
Gpg S�ULU ¸7JRE�E�óCX S G N�E,i�Y�\�JREWM�Y S ��GRM U `�JL\bM&ó¤GLJRI U \ V E�l-u�g S Y�J U E�` S�U Jp]�M&óC`nE7Y�J�XHM&ó�GL\bN�I U E U V E�` U M�� V ¿�û�E�E�ó
GRI7` S�UdS ócJ V EHGKó�E7Y�J U M&ó�GWE�ó ñ ( À ( ®�¬nª ¨ ³8À ½[N�E^ó�E7Y�J U M&ó�Gj� V g�I7°4I�ó�E�û�E�ócJ(GRI7` S�UdS ócJWN�E7Ym¯»�4I�ó�I UdS JL\bM&ó�GWN�E
ó�E7Y�J U M&ó�G�EHGLJ V E�` U McXHEHGdGLY�G�N�E.�^GdGL\bM&ó N�M&óWó�EÐó S \bGdG S ó�XHEoe V_S GREHXHM&ó�N�E��4I�ó�I UdS JL\bM&ó5lgu S ó�G�XHE7JLJRE S `�` U McXdK�E�]
V E/ó�E7Y�J U M&ó?hQY�\f\�ó�NmY�\�JYWó�E��^GRGR\bM&ó(Nm\bGL` S�UdS rbJTE7JoN�M&óWó�E UdS ó S \bGRG S ó�XHEje�YWó�XHE U J S \�ó^ó�M&û�� U E6N�E/ó�E7Y�J U M&ó�G
hcY�\ S `�` S�U JL\bE�óWó�E�óQJp]fE7Ym¯n]�e V_S �4I�ó�I UdS JL\bM&ó�GLY�\�° S óQJRE�l
DFE�X S�V X7Y V N�EHG
G!ÿOGRJR¿�û�EHG�X U \�JL\bhQY�EHGZGREj� S GRE�N�M&ó�X�GLY U YWó�GLY�\�°c\�N�EHG ñ ( À ( ®�¬�ª ¨ ³8À ½�N�Ecó�E7Y�J U M&ó�Gpl�È�D5EHG

\�ócJRE UdS X7JL\bM&ó�GoXHM&ó�NmY�\bG S óQJ�e�YWó�E0�^GRGR\bM&ó�\�ócJRE ULU M&û,`fE�ócJ V_S �4I�ó�I UdS JL\bM&ó?NmYÀó�E7Y�J U M&ó(GLY�\�°O\nE7JN�I7JRE U û,\�ó�E�óQJ
N�EHG�GL\�JREHG`fM&ó�X7JLY�E V GTN�E*�^GdGL\bM&ó(N S ó�G V_S �4IHM&û�I7J U \bEZGR\�û�Y V IHE�lOD5EHGTXHMcM U N�M&óWó�IHEHGTGL` S JL\ S�V EHGTN�EaXHEHGTGL\�JREHG�N�E
�^GRGR\bM&ó&GRE U M&óQJaG S Y�°4E7� S�U N�IHEHG�` S�U ô/ü�ý3þn]�hcY�\ V EHGoY�JL\ V \bGRE UdS XHM&û·û�E S Y�J S óQJ
N�E6GdM�Y U XHEHGo`fM&ó�X7JLY�E V�V EHG
N�EHG
ó�E7Y�J U M&ó�G�e�` U M�` S �4E U e V_S �4I�ó�I UdS JL\bM&ó&GLY�\�° S óQJRE�l�u S ó�G�YWó?X S�V X7Y V N�EZX U \�JL\bX7\�JRI�]mYWó ²�*�² ¿  EHGLJ V EjGLY�\�°c\nN�E
N

ó�E7Y�J U M&ó�G S `�` S�U JRE�ó S ócJ�e V_S 'WÉ�'  �4I�ó�I UdS JL\bM&ó5l��/ó±X S�V X7Y V XHM&û,` V E7JjN�E�X U \�JL\bX7\�JRI�\�û,` V \bhcY�E UdS N�M&ó�X
` V Y�GL\bE7Y U G$ó�E7Y�J U M&ó�G�` S�U X�ÿmX V E�]�E7J6` V Y�GL\bE7Y U G�X�ÿmX V EHGpl�Û V i S Y�J U E�û S�U hcY�E U hQY�E V E�` S GdG S �4E S Y>X S�V X7Y V NmY
X�ÿmX V EaGLY�\�° S óQJoEHGLJ�E�óQJ U E7` U \bGT` S�U ô/ü�ý3þWYWó�E�ikM�\bGhcY�E
JRM�Y�G V EHG�ó�E7Y�J U M&ó�GoN�E V_S �4I�ó�I UdS JL\bM&ó?E�ó�XHM�Y U G�M&ócJ
I7JRI6GLY�\�°O\bGp] V g YWó S ` U ¿HG V g S Y�J U E�] ² Y�GRhQY5g|e V g S ��GdM U `�JL\bM&ó[GLJRI U \ V E�] V_S i�Y�\�JRE6M�Y V_S �^GRGR\bM&ó5l
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N�EHGÀó�E7Y�J U M&ó�Gp]�M�Y5]TGL\6M&ó¾°4E7Y�Jp] ° È ÀP È ª5®�³nÀ l*Û V Gpg S ��\�J?N�M&ó�X�N�E±GL\�û�Y V E U YWó�E�hQY S ócJL\�JRI±\�û,`fM U J S ócJRE
N�g © ¨ë½ ª�³ ¨ ®1 ½�ó�E7Y�J U M&ó�\bhcY�EHG�E7J�N�g�I7J S � V \ U E�ó?�<ó�N�E�XHM&û,`�JRE�YWó © ¨ë½ ª�³8® ¨5ÇdÈ  û�M�ÿ4E�ó NmYkó�E7Y�J U M&ó,e V g \�ócJRI U \bE7Y U
N�E V_S �4IHM&û�I7J U \bE�N�M&óWó�IHE�lnD5EHG U IHGLY V J S JRG6NmYPJ UdS ó�GL`nM U J S Ym¯�hQY�E V GjM&ó±Gpg \�óQJRI U EHGdGRE�]nX�g�EHGLJ�¥re�¥�Nm\ U E V EHG
J S Ym¯
N�E U I S X7JL\bM&ó�G�û�M�ÿ4E�ó�G�` S�U XHE V�V Y V EoE7J V EHG7»�Ym¯ ó�E7Y�J U M&ó�\bhcY�EHG�û�M"ÿ4E�ó�G�` S�U XHE V�V Y V E�GRE U M&óQJ S�V M U G�ó�M U û S�V \bGdIHG
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Û VfU E7°c\bE�ócJ
e V g Y�JL\ V \bG S JRE7Y U N�g�I7JLY�Nm\bE UoV Ej` U M�� V ¿�û�E6hcY�\ V g \�ócJRI U EHGRGRE6`nM�Y U I7J S � V \ UoV E ó�M&û�� U E�N�EjX�ÿmX V EHG
E7JaN�E$ó�E7Y�J U M&ó�Ga` S�U X�ÿmX V E�hcY�\ S GRGLY U E�ócJ V_S ` U IHX7\bGR\bM&ó[GRM�Y�K S \�JRIHE�N�EHG U IHGLY V J S JRGpl(à
M�J S û·û�E�ócJp]�\ V i S Y�N UdS
Gpg S GdGLY U E U hcY�E�JRM�Y�JRE V_S �4IHM&û�I7J U \bEZEHGLJ���\bE�ó�°cY�Ea` S�U�V EHG�ó�E7Y�J U M&ó�G�hcY�E V g�M&ó(` U M�` S �4E�]cE7J V EaX S G�IHXRK�I S ócJp]
XdK�M�\bGL\ U N�E
GLY�\�° U E�YWó�XHE U J S \�ó³ó�M&û�� U E
N�E
X�ÿOX V EHGD¨ ÀP¬�²dª ¨ òO½7]�N�M&óQJ V g \�óQJRI U ¸7JTEHGLJ�N�E�` U M�` S �4E U GL` S JL\ S�V E�û�E�ócJ
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GL\�û�Y V E�l
´�M�Y U ��¯mE UTV EHGT\bN�IHEHGp]�XHM&ó�GR\bN�I U M&ó�GoYWó^û S JRI U \ S Y&K�M&û�M��4¿�ó�E6GL`�K�I U \bhcY�E6N�E UdS ÿ4M&ó

R
lmµc\ V EZ` S�U XHM�Y U G

û�M"ÿ4E�óÎN�g YWó ó�E7Y�J U M&ó×¿ ³8® ½ °�, È À�²¡*n² ¿  S>V_S ° S�V E7Y U l
]�E�ó ó5g Y�JL\ V \bG S óQJ�hQY5g YWó�EPGRM�Y U XHE&`nM&ó�X7JLY�E V�V EPN�E

ó�E7Y�J U M&ó�G S Y�XHE�óQJ U E�N�E V_S GL`�K�¿ U E�]�\ V i S Y�N UdSWS JLJRE�ó�N U E E�óaû�M�ÿ4E�óWó�E
R/l

X�ÿmX V EHG S ° S ócJZN�g S JLJRE7\�ó�N U E V EHG
Æ ®1 ',¨ �® ½WGL\�JREHG6N�E?�^GRGL\bM&ó±` U MOXRK�EHG�N�E V_S GLY U i S XHE,N�E V_S GR`�K�¿ U E�]�E7JZ` V Y�Gj`nM�Y U�S °4M�\ U YWó�E�Nm\bGLJ U \���Y�JL\bM&ó
N�EHGaGL\�JREHG���\bE�ó U I7` S�U JL\bE�l

àZM�Y�G�N�IHX U \ U M&ó�G�û S \�óQJRE�ó S óQJ V_S û S ó�\b¿ U E
N�M&óQJ ô ü�ý3þWX S�V X7Y V E V EHGM���GRE U ° S � V EHG�hcY�\<ó�M�Y�G�\�ócJRI U EHGRGRE�óQJ
E7J�N�M&óQJ�M&ó S �fEHGdM�\�ó `nM�Y U GL\�û�Y V E U�V g�I7°4M V Y�JL\bM&ó�NmY�XHM&û���Y�GLJL\�� V EÐócY�X V I S \ U E�lQ´�M�Y U I7J S � V \ U E7J U IHGdM�Y�N U E V EHG
IHhQY S JL\bM&ó�G
hQY�\�N�IHX U \�°4E�óQJ V_S °*	ÀP¬ ',¨5Ç:È  N�E V g�I7°4M V Y�JL\bM&óC� V EHG
IHhQY S JL\bM&ó�G
N�E&´ S JRE�û S ó5]�N�M&óQJaM&ó[` S�ULV E UdS
E�ó�GLY�\�JRE���]�M&ó¤N�M�\�J,XHM&óWó S rbJ U E V EHG�J S Ym¯ìû�M"ÿ4E�ó�G�N�E U I S X7JL\bM&ó °�t²�©�¬ Ç:È tÀ(³&*�¬ È¤N�E�XRK S hcY�EPû S JRI U \ S Y
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ô/ü�ý3þ[EHGLJL\�û�E V E&»�Ym¯ ó�E7Y�J U M&ó�\bhcY�E�N S ó�G
YWó�E�XHE V�V Y V E�N�M&óWó�IHE�E�ó�GRE6� S G S ócJ
JRM�Y ² M�Y U G
GRY U�V E�J UdS�² E7J

û�M"ÿ4E�ó?` S�U XHM�Y U Y?` S�UTV E/ó�E7Y�J U M&ó[e�YWó�EjI�ó�E U ��\bE6N�M&óWó�IHE�]
l(E)

l�D5E�»�Ym¯
φ(E)

N S ó�GYWó�EjXHE V�V Y V EjGRE UdS�V E
UdS `�`fM U J�E�ócJ U E V_S GRM&û·û�E6N�EZJRM�Y�G V EHGT` S�U XHM�Y U GoI V I�û�E�óQJ S \ U EHG

li
hcY�EjXRK S hcY�Ej` S�U JL\bX7Y V E�e V g�I�ó�E U ��\bE

E
S

E�ÉnEHX7JL\�°4E�û�E�ócJ
` S�U XHM�Y U YPN S ó�G V_S XHE V�V Y V E�]^E7J V E�°4M V YWû�E
V
N�E V_S XHE V�V Y V Er�

φ(E) =

∑

i li(E)

V

�k�ml�Ö4�
µ M&óWó S \bGRG S óQJ

φ(E)
`nM�Y U XRK S hcY�E�° S�V E7Y U N�E

E
N S ó�G�YWóCN�M&û S \�ó�E�N�g�I�ó�E U ��\bEP�¡`nM�Y U�V EHG ó�E7Y�J U M&ó�G

J UdS \�JRIHGa` S�U ô/ü�ý-þ�]^N�E?¶�eW�n¶<·PE�â���]�ô/ü�ý3þ&`fE7Y�J S�V M U GaX S�V X7Y V E U N S ó�G�JRM�Y�JRE�XHE V�V Y V E�N�E V_S �4IHM&û�I7J U \bE�]
JRM�Y�JRE�\�ócJRI7� UdS�V E�NmY?` U MONmY�\�JaN�g YWó�EjikM&ó�X7JL\bM&ó[N�M&óWó�IHE

f
E7JaNmYV»�Ym¯

φ
N�E V_S i�M U û�E<�

〈f, φ〉 =

∫

E

∫

−→r
f(E)φ(E,−→r )dEd3−→r

�k�ml�¤��

M&p
φ(E,−→r )

EHGRJ V E&»�Ym¯PN�E$ó�E7Y�J U M&ó�GZ` U IHGRE�óQJjN S ó�G V_S �4IHM&û�I7J U \bE,e V g�I�ó�E U ��\bE
E
S Y[`nM�\�óQJ −→r E7J

fYWó�E i�M&ó�X7JL\bM&ó>N�E V g�I�ó�E U ��\bE,NmYwó�E7Y�J U M&ó>N�M&óWó�IHE�` S�U6V g Y�JL\ V \bG S JRE7Y U l5D�g \�óQJRI7� UdS�V EWGL` S JL\ S�V E,Gpg�E�É�EHX7JLY�E,GLY U
V E6°4M V YWû�E�N�E V_S XHE V�V Y V E�XHM&ó�GL\bN�I U IHE�l
D5E Ò È =yÀP È ª5®�³nÀ ¨5ÇdÈ V°�¬nÀ ½r¿ ¬y²O ¿�¿ Èl¿  ]�\�óQJRI7� U I�E�ó�I�ó�E U ��\bEWE7J�N S ó�G�JRM�Y�J V g�EHGR` S XHEWN�I V \�û,\�JRI�` S�U�V_S

XHE V�V Y V E�]�`nE7Y�J S \�ó�GL\T¸7J U E�X S�V X7Y V I�lLÛ V EHGLJ1ó�M�JRI
〈φ〉

�

〈φ〉 =
1

V

∫

E

∫

−→r
φ(E,−→r )dEd3−→r
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u S ó�G V_S i�M U û�Y V E
�ml�¤O] V_S i�M&ó�X7JL\bM&ó

f(E)
`fE7Y�J.¸7J U EaYWó�E�GREHX7JL\bM&óWE�ãWX S XHE û,\bX U M�GRXHM�`�\bhcY�E
N�E U I S X7JL\bM&ó

\�ó�NmY�\�JRE(` S�U ó�E7Y�J U M&óÅ� V E U IHGLY V J S J,N�E V g \�óQJRI7� UdS�V E&EHGRJ S�V M U G�YWó ª�¬ È =v°�¢® ( ¬�²dª ¨ ³nÀ ` S�U ó�M"ÿ S Y�E7J ` S�U
ó�E7Y�J U M&ó[GdM�Y U XHE�l
Ò
E�û S�U hQY�M&ó�G
\bX7\�hQY�E�]^`fM�Y U GL\�û�Y V E UZV E�J UdS ó�GL`fM U JjN�EHG/ó�E7Y�J U M&ó�Gp]3ô/ü�ý3þ�X S�V X7Y V E?��XHM&û·û�E�M&ó S °OY

E�ó¤GREHX7JL\bM&ó��ml�¢�l�¢�]�ikM U û�Y V E&�ml�ç4� V_S ° S�V E7Y U N�E V_S GREHX7JL\bM&ó¤E�ãWX S XHE ª�³nª�¬ ¿  NmYøû�I V_S ó��4E^û S JRI U \ S Y5l�D5EHG
° S�V E7Y U GN�EHG�GREHX7JL\bM&ó�GTE�ãWX S XHEHG�û�M"ÿ4E�óWó�EHGT`nM�Y U XdK S hQY�E ó�M"ÿ S Y�N S ó�GTXRK S hcY�E û S JRI U \ S Y?E7J`fM�Y U XRK S hcY�E
U I S X7JL\bM&ó�N�M�\�°4E�ócJ/¸7J U E�]�E V�V EHGp]�X S�V X7Y V IHEHG�` S�U ô/ü�ý3þ,e V_S N�E�û S ó�N�E�N�E V g Y�JL\ V \bG S JRE7Y U ]4E7J�GRM&óQJ�N�EHG U IHGLY V J S JRG
NmY&X S�V X7Y V N�E�J UdS ó�GL`fM U Jp]<ó�M&ó?` S GaN�EHG�N�M&óWó�IHEHGpl
�_óCG!ÿZóQJLK�I7JL\bG S óQJp]�`fM�Y U JRM�Y�J ó�M�ÿ S Y¤hQY�\` U IHGRE�óQJRE(YWó�EWGdEHX7JL\bM&óCE�ãWX S XHE�N�E U I S X7JL\bM&ó»\�ó�NmY�\�JRE�` S�U

ó�E7Y�J U M&ó
σ(E)

]�M&ó�X S�V X7Y V E UdS(V_S ° S�V E7Y U û�M"ÿ4E�óWó�E
〈σ〉

N�E�XHE7JLJRE�GREHX7JL\bM&ó>E�ãWX S XHE,N S ó�G V_S XHE V�V Y V E,M&p V E
ó�M�ÿ S Y�GREjJ U M�Y�°4E�l µ E7JLJRE$û�M"ÿ4E�óWó�E�GRE UdS YWó�E6\�ócJRI7� UdS�V E�GRY U�V g�I�ó�E U ��\bE�E7J V g�EHGR` S XHE�N�E V_S GREHX7JL\bM&óPE�ãWX S XHE
û,\bX U M�GRXHM�`�\bhcY�E6N�E U I S X7JL\bM&ó?`fM&ó�N�I U IHEj` S�UoV E�»�Ym¯�]mE7J1ó�M U û S�V \bGRIHEj` S�UTV_S ° S�V E7Y U N�E V g \�óQJRI7� UdS�V E�NmY�»�Ym¯
N S ó�G V_S XHE V�V Y V E��

〈σ〉 =

∫

E

∫

−→r σ(E)φ(E,−→r )dEd3−→r
∫

E

∫

−→r φ(E,−→r )dEd3−→r
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DFEHG�GdEHX7JL\bM&ó�G�E�ãWX S XHEHG�û�M"ÿ4E�óWó�EHG�GRE U M&ócJ�N�M&ó�XoNm\ U EHX7JRE�û�E�óQJ�E�¯m` U \�û�IHEHG�E�ó � S�U ó�G�l�ujETXHE7JLJRE�û S ó�\b¿ U E
M&ó±X S�V X7Y V E V EHGZGdEHX7JL\bM&ó�GZE�ãWX S XHEHG6E7JZJ S Ym¯�N�E U I S X7JL\bM&ó�G6N�E�JRM�Y�G V EHG ó�M�ÿ S Ym¯PhcY�\�\�ócJRE U °c\bE�ó�N U M&ócJ�N S ó�G
V g�I7°4M V Y�JL\bM&ó�ÿ±XHM&û,` U \bG�]3ó�M�J S û·û�E�óQJp]�XHE7Ym¯>hQY�\@ó�E�GRM&óQJ�` S G�` U IHGRE�ócJRG S Y�N�I7��Y�J�N�E V g�I7°4M V Y�JL\bM&ó»N S ó�G
V_S XHM&û,`nM�GL\�JL\bM&óCN�EHGcû S JRI U \ S Ym¯AN�I��<ó�\bG�` S�U�V g Y�JL\ V \bG S JRE7Y U l2Û V i S Y�J���\bE�ó�E�ócJRE�ó�NmY5]�N�E�û S ó�N�E U e�ô/ü�ý-þ
N�g�E�É�EHX7JLY�E U XHE,X S�V X7Y V `nM�Y UZV EHG$ó�M"ÿ S Ym¯>XHM&ó�GL\bN�I U IHGpl�ÓD�<ó>N�E,X S�V X7Y V E U6V_S GREHX7JL\bM&óAE�ãWX S XHE,N�g YWó�ó�M�ÿ S Y
E�ó�` S�U JL\bX7Y V \bE U ]�M&óCEHGLJ N�M&ó�X S û�E�ó�I(e�N�I��<ó�\ U N�EHG)û S JRI U \ S Ym¯C\bGRM�JRM�`�\bhQY�E�û�E�ócJ�`�Y U G ó�M&ó»GRE7Y V E�û�E�ócJ
`nM�Y U XRK S hcY�E ó�M"ÿ S YÁN�E V_S XHM&û,`fM�GL\�JL\bM&ó.\�ó�\�JL\ S�V E[N�EHGKû S JRI U \ S Ym¯.N�M&óQJ�M&ó�GL\�û�Y V E V g�I7°4M V Y�JL\bM&ó5]@û S \bG
I7� S�V E�û�E�ócJ�`fM�Y U XdK S hQY�Ecó�M�ÿ S Y[hcY�\f`nE7Y�J S `�` S�UdS rbJ U E6Y V JRI U \bE7Y U E�û�E�óQJjN S ó�G V E7Y U XHM&û,`nM�GL\�JL\bM&ó5] V M U G�N�E
V g�I7°4M V Y�JL\bM&óWNmY�G!ÿOGRJR¿�û�E�l µ EHX7\Wó�IHXHEHGRGL\�JRE�N�M&ó�XoN�g�I7J S � V \ U ` U I S�V_S � V E�û�E�óQJ V_S ¿ ¨ë½ ª� N�ETJRM�Y�G V EHG�ó�M�ÿ S Ym¯,hcY�\
GRE U M&ócJ�`nM�JRE�óQJL\bE V�V E�û�E�óQJ ` U IHGRE�ócJRG�N S ó�G V E,X S�V X7Y V N�g�I7°4M V Y�JL\bM&ó5l µ EHX7\�GdE UdS�U E7` U \bG6` S�U�V_S GRY�\�JRE,N S ó�G V E
` S�UdS � UdS `�K�Ej�ml�çml|�6\�ócJL\�JLY V IB¿ , ¬n® ¾ ®1&°-, (�î ³ ¿ È ª ¨ ³nÀ lWô/ª3õ�öWI7J S � V \�JXHE7J ¬8® ¾ ®�&°l ¿ , (�î ³ ¿ È ª ¨ ³nÀ ]QhcY�\^EHGLJ V_S�V \bGLJRE
E�¯mK S Y�GLJL\�°4E�N�E6JRM�Y�G V EHG1ó�M�ÿ S Ym¯[I7°4E�óQJLY�E V�V E�û�E�óQJ6` U IHGdE�óQJRG V M U GaN�E V g�I7°4M V Y�JL\bM&ó5]fE7JaN�E�û S ó�N�E�E�ó�GRY�\�JRE�e
ô/ü�ý3þ N�ETX S�V X7Y V E U JRM�Y�JREHG V EHG�GREHX7JL\bM&ó�G�E�ãWX S XHEHG�û�M�ÿ4E�óWó�EHG�N�EHG�ó�M"ÿ S Ym¯,N�E V g S�U � U EoN S ó�G�XRK S hcY�EoXHE V�V Y V E�l
µOM�Y V \��ó�M&ó�GjhcY�E�`nM�Y U
V EHG/ó�M"ÿ S Ym¯ºÇ:È�¨ ÀP ½ ³8ÀLª Æ ¬ ½ �À(²1³8®1r¬ Æ�Æ ¬8® È�½ °�¬8À ½C¿ ¬t²O³ '�Æ ³ ½�¨ ª ¨ ³8À�° È�' ¬%

ª ( ® ¨ ¬ È>e V g \�ó�GLJ S óQJ�N�E V g�I7°4M V Y�JL\bM&ó�M&p V g�M&ó>X S�V X7Y V E V EHGj° S�V E7Y U Gcû�M�ÿ4E�óWó�EHG�N�E V E7Y U G6GREHX7JL\bM&ó�G�E�ãWX S XHEHGp]
V E�X S�V X7Y V N�E�XHEHG�° S�V E7Y U G$û�M�ÿ4E�óWó�EHG�EHGRJ�`fM&ó�N�I U IW` S�U�V_S ikM&ó�X7JL\bM&ó

φ(E)
]FhcY�\ S Y UdS I7JRI�X S�V X7Y V IHEWG S ó�G

JRE�ó�\ U XHM&û,`�JRE�]�N S ó�G V E6J UdS ó�GL`nM U Jp]^N�E V_S ` U IHGRE�ó�XHE�N�E�XHE ó�M�ÿ S YPN S ó�G V Ecû S JRI U \ S Y5l µ E V_S�U E7°c\bE�ócJaN�M&ó�X
çn§
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Eoh]�hQY�E V Ecó�M�ÿ S Y[GRM�\�J�` U IHGdE�óQJaN S ó�G V E û S JRI U \ S Y�M�Y ó�M&ó5l
µ g�EHGLJ�E�ó»XHM&óWó S \bGRG S óQJ,XHEHG ° S�V E7Y U Gp]{»�Ym¯øû�M"ÿ4E�ó�G�` S�U XHE V�V Y V E�E7J GREHX7JL\bM&ó�G�E�ãWX S XHEHGKû�M�ÿ4E�óWó�EHG�N�E

U I S X7JL\bM&ó?N S ó�G�XdK S hQY�EZXHE V�V Y V E
`fM�Y U JRM�Y�G V EHG�ó�M"ÿ S Ym¯�I7°4M V Y S óQJRGoNmY�` U M�� V ¿�û�E�]OE7J�JRM�Y�JREHG V EHG U I S X7JL\bM&ó�G�]
hQY�E·ô ª-õ�ö?EHGLJ�E�ó û�EHGLY U E�N�E�GL\�û�Y V E UaV g�I7°4M V Y�JL\bM&ó�NmY[G!ÿmGLJR¿�û�E�l
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µ S ó�G�`nM�Y UoS Y�J S ócJ S `�` U M�i�M&ó�Nm\ U N S ó�G V_S GLJ U Y�X7JLY U E
á<ó�EjNmY(` U M�� UdS û·û�E�]�ó�M�Y�GT` U IHGdE�óQJRM&ó�GÐû S \�óQJRE�â
ó S óQJ V EHG5` U \�ó�X7\�` S�V EHG�` S�U JL\bEHG�M�Yi' ³Y° È�¿  ½TN�E1ô/ª3õ�ö�hQY�\OGpg�E�óQJ U E V_S XHE�ócJ�`nM�Y U ikM U û�E U XHE�XHMON�E�N�g�I7°4M V Y�JL\bM&ó5l
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D S N�EHGRX U \�`�JL\bM&ó>N�E V_S �4IHM&û�I7J U \bE,GdM�Y�K S \�JRIHE G�g S XHXHM U N�E S °4EHX V_S û S ó�\b¿ U E�N�M&ócJjM&ó�N�I�á<ó�\�JjYWó�E��4IHM�â

û�I7J U \bE�N S ó�G)ô/ü�ý3þ{ì5æFM�Y�J�N�g S �nM U N V g Y�JL\ V \bG S JRE7Y U N�E7° UdS N�I�á<ó�\ U N�EHGo�rM�� ² E7JRGw� U E�óc°4M"ÿ S óQJ eWN�EHG
ikM U û�EHG
�4IHM&û�I7J U \bhQY�EHG GL\�û,` V EHG�E7J6` U IHN�I�á<ó�\bEHG�hcY�\ U E7°c\bE�óWó�E�ócJ�GRM�Y�°4E�ócJ�N S ó�G V_S N�EHGRX U \�`�JL\bM&ó�N�E V_S �4IHM&û�I7J U \bE
N�g YWó U I S X7JRE7Y U ]�` S�U JL\bX7Y V \b¿ U E�û�E�óQJTN�EHG U I S X7JRE7Y U G�ejE S Y&��X�ÿ V \�ó�N U EHGp]�` S�UdS�V�V I V I7`�\�`f¿HN�EHG�] U IHGRE S Ym¯,X S�ULU IHG�M�Y
K�E�¯ S �4M&ó S Ym¯�]�GL`�K�¿ U EHGp]�` V_S ó�G���l�D�g Y�JL\ V \bG S JRE7Y U ó5g�EHGRJ�XHE7`nE�ó�N S óQJ�` S G�XHM&ócJ UdS \�óQJ�N�E�GRE V \�û,\�JRE U eZXHEHG�ikM U û�EHG
` U IHN�I�á<ó�\bEHG)û S \bG�`fE7Y�J�XdK�M�\bGL\ U N�E�N�I�á<ó�\ U GREHG6` U M�` U EHG�M�� ² E7JRG6�4IHM&û�I7J U \bhcY�EHG�XHM&û·û�E�\�óQJRE U GREHX7JL\bM&ó»M�Y
YWó�\bM&ó�N�EHGaikM U û�EHGjI V I�û�E�óQJ S \ U EHGj` U IHXHIHN�E�ócJREHGpl�à
M�Y�GjGRM�Y V \��ó�M&ó�G V g�E�É�M U J6XHM&ó�GL\bN�I UdS � V E \�óQ°4EHGLJL\�N S ó�G V E
N�I7°4E V M�`�`fE�û�E�ócJ�N�EaXHE7JLJRET` S�U JL\bE�]QN�I ² ejE�ó,` V_S XHE V M U G�NmYWN�I7��Y�J�N�E V_S ` U IHGRE�óQJRE�I7JLY�N�E�]gó�M�J S û·û�E�óQJTN S ó�G
V_S �4EHGLJL\bM&ó[N�EHG ó�çjY�N�Gp]�YWó�\bM&ó�G
E7J�\�óQJRE U GREHX7JL\bM&ó�GZN�EHGaNm\�É�I U E�óQJREHGaikM U û�EHGo�4IHM&û�I7J U \bhQY�EHGZN S ó�G V E���Y�JaN�E
i S X7\ V \�JRE U
V_S N�I�á<ó�\�JL\bM&ó�N�EHG�XHE V�V Y V EHG�l
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D S û S ó�\�`�Y V_S JL\bM&ó�N�ETXHEHG�Nm\�°4E U G�M�� ² E7JRG��4IHM&û�I7J U \bhcY�EHG�`nE7Y�J�GdM�Y�°4E�óQJ�XHM&ó�NmY�\ U E�e
N�I�á<ó�\ U N�EHG�XHE V�V Y V EHG
N�M&óQJ V E�°4M V YWû�E ó5g�EHGLJ�` S GGL\�û,` V E
e�X S�V X7Y V E UTS ó S�V ÿOJL\bhQY�E�û�E�ócJplcê/ó³û�MONmY V EaN�E
X S�V X7Y V GLJRMOXRK S GRJL\bhQY�E
N�EHG
°4M V YWû�EHG S I7JRI&` U I7°cY�`nM�Y U ` S�V�V \bE U XHE&` U M�� V ¿�û�E�l�D5E?` U \�ó�X7\�`nE&XHM&ó�GL\bGRJRE[e��rE�óQJRM�Y U E U � V_S �4IHM&û�I7J U \bE
N�M&óQJ V E
°4M V YWû�EjEHGLJTe N�I7JRE U û,\�ó�E U N�g YWó�Eai�M U û�EjGL\�û,` V E�]O` S�U E�¯mE�û,` V EZYWó�EjGL`�K�¿ U E,��N�M&óQJoM&ó�XHM&óWó S rbJ V E
°4M V YWû�E���l���ó�N�I�á<ó�\bGRG S óQJ�YWó�E�GRM�Y U XHE�GLY U i S X7\bhQY�EN�E_ó�E7Y�J U M&ó�G�YWó�\�ikM U û�I�û�E�óQJ U E7` S�U JL\bEGRY UFV_S GLY U i S XHEN�E
XHE7JLJREaGL`�K�¿ U E�]QM&ó,`fE7Y�J�N�IHNmY�\ U E V ET°4M V YWû�EaXdK�E U XRK�IaN�g S ` U ¿HG V_S ° S�V E7Y U NmY<»�Ym¯,N�E1ó�E7Y�J U M&ó�G�hcY�\�J UdS °4E U GdE
XHE�°4M V YWû�E�l µ EHX7\cEHGLJ�\�û,` V I�û�E�óQJRI�N S ó�G�ô/ª3õ�önl µ E�X S�V X7Y V Gpg�E�É�EHX7JLY�E S Y�JRM&û S JL\bhcY�E�û�E�óQJ�hQY S ó�N�XHE U J S \�ó�EHG
XHE V�V Y V EHG?Ç:ÈOë�(�î ³ ¿ È �À^ì ]�E7JaN�M&óQJ$ô ü�ý3þ ó�Ej`fE7Y�J
X S�V X7Y V E U�V E6°4M V YWû�E�]�E�¯m\bGLJRE�óQJ
N S ó�G V_S �4IHM&û�I7J U \bE�l
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Material

ZAI

Nucleus

FissionProduct

FPDistribution

TemperatureMap

BasePriority

ReadXSFile

XSDIR

ReactionList

NucleiTree

NuclearChart

EvolutiveSystem

EvolutionControl

MySystem

MySystemControl

Plane

Cylinder

Tube

Sphere

Hexagon

Brick

Node

Cell 

Shapes

Definition de la géométrie

Création du système à simuler

Gestion des Bases de données

Construction de l'arbre des noyaux

Definition des Matériaux

Evolution du système    et  contrôle de l'évolution

MureGui

MureRead

Exploitation des Résultats
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DFEHG û S JRI U \ S Ym¯[` U IHGdE�óQJRGZN S ó�G V E�` U M�� V ¿�û�E GdM&óQJ
N�I�á<ó�\bGjE�óPE�óQJ UdS óQJ V E7Y U N�E�ó�GL\�JRI�E7J V E7Y U XHM&û,`nM�â
GL\�JL\bM&ó�\�ó�\�JL\ S�V E�l�D�g Y�JL\ V \bG S JRE7Y U `fE7Y�J XRK�M�\bGL\ U N�E(GL`fIHX7\�á^E U XHE V�V E�â�X7\TGRE V M&ó V g YWó�\�JRI(N�EWGdM&óCXdK�M�\�¯n]�û�M V_S \ U E
M�Y«û S GRGL\bhcY�E�l�àZM�JRM&ó�G6\bX7\�hQY�E V EHG6N�E�ó�GR\�JRIHG�N�EHGcû S JRI U \ S Ym¯>I7°4M V Y�E�óQJ S °4EHX V g \ ULUdS Nm\ S JL\bM&ó5l�µc\2]n`nM�Y U YWó
U I S X7JRE7Y U e>XHM&û���Y�GRJL\�� V E�GRM V \bN�E�XHE7JLJRE[I7°4M V Y�JL\bM&ó¾EHGLJiû,\�ó�\�û�E�]�XHE7JLJRE?ikM&ó�X7JL\bM&óWó S�V \�JRI[`nE7Y�J�GdE U I7°4I V E U
\�ócJRI U EHGRG S óQJRE�`fM�Y UoV_S GL\�û�Y V_S JL\bM&óPN�EHG U I S X7JRE7Y U G
e�XHM&û���Y�GLJL\�� V E V \bhcY�\bN�E�l
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æ�M�Y�JREWN�M&óWó�IHEPóQY�X V I S \ U E(N�E�� S GRE�]�hQY5g�E V�V E�GdM�\�J)û�EHGLY U IHE�E�¯O`nI U \�û�E�óQJ S�V E�û�E�ócJ�M�Y>` U IHNm\�JREW` S�U YWó

û�McN�¿ V E�]nN�M�\�J6GLY�\�° U E�YWóP` U MOXHEHGRGLY�GjN�E)û,\bGdE E�ó�ikM U û�E S ° S ócJ�N�gx¸7J U E�Y�JL\ V \bG S � V E�` S�U YWó�XHMcN�E�\�ómikM U û S â
JL\bhQY�E�lfê/ó&JRE V ` U MOXHEHGRGLY�G
N�E�XHM ULU EHX7JL\bM&ó5]fN�g S ó S�V ÿOGRE E7JaN�E�XHM&ómi U M&ócJ S JL\bM&ó�eWN�EHGÆû�MON�¿ V EHGaJLK�IHM U \bhcY�EHGp] S
`fM�Y U M�� ² EHX7JL\�i
N�g�I7J S � V \ U YWó»E�ó�GRE�û�� V E(XHM�K�I U E�ócJ,N�E�N�M&óWó�IHEHGkóQY�X V I S \ U EHG�` S�UdS û�I7J U IHEHG&��N�E�JRE V G�` S�UdS â
û�¿7J U EHG�`nE U û�E7JLJ U M&óQJp]�` S�U E�¯�E�û,` V E�]�N�g�I V_S�U ��\ UaV EHG U IHGRM&ó S ó�XHEHGahcY�Ej` U IHGRE�óQJRE�ócJ V EHGaGREHX7JL\bM&ó�GaE�ãWX S XHEHG
GL\
M&óWN�IHGL\ U EoE�¯mJ UdS `fM V E U�V EHG�N�M&óWó�IHEHGejN�g S Y�J U EHG�JRE�û,`fI UdS JLY U EHG���l µ Eo` U McXHEHGdGLY�G�N�E U IHNmY�X7JL\bM&óWN�EHG�N�M&óWó�IHEHG
óQY�X V I S \ U EHGjE�ó[YWó�E�ó�GRE�û�� V E N�E�N�M&óWó�IHEHG
J S ��Y V IHEHG
EHGLJ S `�`fE V I6YWó�E^(�î ¬ ¿ È ¬�ì ë ³nÀ ]^E7JZXHM&ó�NmY�\�J
N�M&ó�X�e�N�EHG
N�M&óWó�IHEHG,Nm\�JREHG�(�î ¬ ¿ ÈW(  ½�l µ E(J UdS ° S \ V N�g�I7° S�V Y S JL\bM&ó�Gpg�E�É�EHX7JLY�E�]���\bE�óCE�ócJRE�ó�NmY5]�`fM�Y U XRK S hcY�EÀó�M"ÿ S Y¤E7J
XRK S hcY�E U I S X7JL\bM&ó[E�¯m\bGLJ S ócJaN S ó�G V EHG V \�� UdS \ U \bEHG�l
D S XHM&û·û�YWó S Y�JRI·óQY�X V I S \ U E S�S N�M�`�JRI�YWóPi�M U û S J6XHM&û·û�YWóAeWJRM�Y�G V EHGj` S ÿOGjE7J6M U � S ó�\bG S JL\bM&ó�G�hcY�\

E�ÉnEHX7JLY�E�ócJaXHEj�4E�ó U E6N�g�I7° S�V Y S JL\bM&ó�G�N�E6N�M&óWó�IHEHG1óQY�X V I S \ U EHG�l µ g�EHGLJ V E ] î ¬ ¿ È ¬�ì��° ùAÈ ² ¿ �¬8® î ¬�ì�¬ ò{³8® ' ¬�ì
��ö<ý5���O��l µ EZi�M U û S J�EHGRJ U E7` U \bGo` S�U JRM�Y�JREHG V EHGT` U \�ó�X7\�` S�V EHG V \�� UdS \ U \bEHG1óQY�X V I S \ U EHGZE�¯m\bGLJ S óQJREHGpl µ \�JRM&ó�Ga\bX7\
V EHG�` V Y�Go\�û,`nM U J S óQJREHGZN S ó�G V E7Y U °4E U GR\bM&ó V_S ` V Y�G U IHXHE�ócJRE�ó

• ô �@YDYhçml�¢�� V \�� UdS \ U \bE�E7Y U M�`fIHE�óWó�E��
•
�}à u Y_n	´�â�âAÛj� V \�� UdS \ U \bE S û�I U \bX S \�ó�E��

• ô �.à/ujDnâ�çml�ç�� V \�� UdS \ U \bE ²LS `nM&ó S \bGRE��

D5EHG N�M&óWó�IHEHG�I7° S�V Y�IHEHG�N�M�\�°4E�ócJ�XHE7`nE�ó�N S óQJp] S ° S ócJ N�E(GRE U °O\ U e[YWó�E S `�` V \bX S JL\bM&ó5]!¸7J U E(XHM&óQ°4E U JL\bEHG
S Y¤ikM U û S J S N S `�JRI S Y.XHMON�E?hQY�\ V EHG,Y�JL\ V \bGdE�l�´ S�U E�¯�E�û,` V E�]�GRE V M&ó V EHG,X S�UdS X7JRI U \bGLJL\bhQY�EHG�NmY.XHMON�E�] V EHG
N�M&óWó�IHEHG�GRM&ócJ û�M�ÿ4E�óWó�IHEHG�GRE V M&óPYWó�E,Nm\bGRX U I7JL\bG S JL\bM&ówû�Y V JL\�� U M�Y�`fE,E�ó�I�ó�E U ��\bE&��X S G6N�EHG û�I7JLK�MON�EHG6N�I�â
JRE U û,\�ó�\bGLJREHG���M�Y[GRM&óQJaY�JL\ V \bGRIHEHGaE�ó&I�ó�E U ��\bE�XHM&óQJL\�óQY�E���X S G�N�Ecû�I7JLK�MON�EHG�` U M�� S ��\ V \bGRJREHG���l�u S ó�GoJRM�Y�G V EHG
X S G�E V�V E(N�E7° U M&óQJ<¸7J U E�E�¯mJ UdS `fM V IHEHG,e V_S JRE�û,`nI UdS JLY U E�N�IHGL\ U IHE�l!Û V E�¯m\bGLJREW` V Y�GR\bE7Y U G,XHMcN�EHG hQY�\��4¿ U E�óQJ
XHE7JLJRE ì5®�¬�° È ²pì ë ³8À NmYCi�M U û S J³ö<ý5���A°4E U G V EWikM U û S J�` U M�`�\bXHE S YCXHMON�E�l�D5E(ikM U û S J U EHhcY�\bG ` S�U ô ü�ý3þ
EHGLJ V E�ikM U û S Jo3�ü�ö���[ ÷ ³ '�Æ ¬�²pì�] î ¬ ¿ È ¬�ì��°�À È ² ¿ 1¬8®B°�¬�ì�¬�À ¿  ��lmD5E
i�M U û S Jo3�ü�ö S N�M�`�JREjYWó�EZGRJ U Y�X7JLY U E
Nm\�ÉnI U E�ócJREaN S ó�G V g�M U � S ó�\bG S JL\bM&ó�N�EHG�N�M&óWó�IHEHG�]4XHEohQY�\�`nE U û�E7J�N�g�M�`�JL\�û,\bGRE UV g S XHXH¿HG�e6XHE V�V EHGwâ�X7\^` S�U ô ü�ý3þ�l
D5E�XHMON�E ì5®�¬�° È ²pì� È ® Y�JL\ V \bGRIT`fM�Y U ` S GdGRE U N�EHG�N�M&óWó�IHEHG�I7° S�V Y�IHEHG S Y�ikM U û S J�3�ü�ö,EHGLJ V E�XHMON�ET��\bE�óWXHM&óWócY
N�E6J UdS \�JRE�û�E�óQJZN�E�N�M&óWó�IHEHGÆócY�X V I S \ U EHG ýFõ�¬�ö/Ý|�nÖ8Þ�l

Tné Tnéb÷5é
m >_?BfIE�¯�?aOZø?ù&úÆT^û�Ó)O
ý5õ�¬�ö¾EHGLJ�YWóAXHMON�E�XHM&û,` V E�¯�EWN�M&ócJ V_S û S rbJ U \bGRE³ó�IHXHEHGRGL\�JRE�N�EHG�XHM&óWó S \bGRG S ó�XHEHG�` U M�` U EHG S YAJ UdS ° S \ V

N�g�I7° S�V Y S JL\bM&ó�N�E,N�M&óWó�IHEHGcóQY�X V I S \ U EHGpl�´�M�Y U `nE U û�E7JLJ U E�e V g Y�JL\ V \bG S JRE7Y U á<ó S�V N�EPô/ª3õ�ö±N�g S XHXHIHN�E U�S Ym¯
i�M&ó�X7JL\bM&óWó S�V \�JRIHGN�EÆý5õ�¬�ö�G S ó�G�Gpg S�V M�Y U Nm\ U N�EHG S Y�J U EHG�` S�U JL\bEHG�N�EoXHETXHMON�E�J U ¿HG�° S GLJRE�] V ETXHMON�E�N�g \�ócJRE U i S XHE

Î�¢



ö<ýF�F��:Q3�ü�ö#Ý|�4ü8Þ S I7JRI,IHX U \�J�E�óA�n¶n¶�ý�þ�`nM�Y U `nE U û�E7JLJ U E,YWó±` S GRG S �4E S \bGRI�NmY±ikM U û S J ö<ý5�F� S YPikM U û S J
3�ü�ön] V \bGL\�� V EZ` S�U ô ü�ý3þTì�Û V�U E7� U M�Y�`nEZ` V Y�GL\bE7Y U GÐû�MONmY V EHGoNmY(` U M�� UdS û·û�Eký5õ�¬�ö�]�E7JoGL\�û,` V \�á^E V g�IHX U \�JLY U E
á<ó S�V EZNmY(á^XRK�\bE U 3�ü�ön]�E�ó(`nE U û�E7JLJ S óQJ�N�g�IHX U \ U EjXHE V Y�\�â�X7\5E�óWikM U û S J S GRX7\�\nM�Y(E�ó���\�ó S \ U E,��E�ó�Y�JL\ V \bG S óQJ V E
û�MONmY V Ekô�3�ÿ3�����N�Ekô/ü�ý3þ���l
DFE6XHMcN�E)ö<ýF�F��:Q3�ü�ö�ó�M�Y�G S `nE U û,\bG�N�Ej�4I�ó�I U E U JRM�Y�JRE6YWó�Ej� S GRE6N�E6N�M&óWó�IHEHGZe�Nm\�°4E U GREHGoJRE�û,`nI UdS â

JLY U EHGp]QE�ó�ikM U û S J���\�ó S \ U EZE7J�`nM U J S � V E�l��Zg�EHGLJ�XHE7JLJREa� S GREahQY�E$ô ª-õ�ö,Y�JL\ V \bGRE
E7JhcY�\^XHM&û,`�JRE S Y ² M�Y U N�g KcY�\
` V Y�GoN�E6ý���� ó�M"ÿ S Ym¯�l���E U EHXHM�Y U GÐó�M�Y�GT`fE U û�E7J�N�EjNm\bGL`nM�GRE U N�EZJRM�Y�G V EHGT` U McNmY�\�JRGoN�EZá^GdGL\bM&ó�GTE�¯O\bGLJ S ócJ
N S ó�G V EHG�� S GREHGp]�E7JKó�M�J S û·û�E�óQJWN�EÀó�E(` S G�GRE V \�û,\�JRE U e�XHE7Ym¯�i�M�Y U ó�\bG ` S�U�V_S�V \�� UdS \ U \bE?GLJ S ó�N S�U N¤N�E
ô/ü�ý3þjl

� Å�� × �0Ù^� Ø ÎwÙ��
	 ��É
Ù½��� Ë������ÛÆË�Ì�ÙoÎRÛÆÉ � Ø É ÍÎ!$#[%�'
µc\�û�Y V E U�V g�I7°4M V Y�JL\bM&ó(GLY U�V EoJRE�û,`�G�N�g YWó�G!ÿOGRJR¿�û�EÐóQY�X V I S \ U EaGdM�Y�G�\ ULUdS Nm\ S JL\bM&ó³ó�E7Y�J U M&ó�\bhcY�E�\�û,` V \bhcY�E

V_S�U IHGdM V Y�JL\bM&ó�ócYWû�I U \bhQY�E(N�EHG�IHhcY S JL\bM&ó�G�N�E�� S JRE�û S óC`nM�Y U XRK S hcY�Eió�M�ÿ S YCNmY�G!ÿOGRJR¿�û�EWhcY�\�I7°4M V Y�E�l
àZM�Y�GoN�I7J S \ V�V M&ó�G û S \�ócJRE�ó S óQJjXHEj`fM�\�ócJ�\�û,`nM U J S óQJpl

;�y
z�y�x <Æ���B¿^Ç��_}��g���-~����_���^}����� }�~��W����} � }���I�����ø��Ä�¿W|��-���_����-~
DFEHGZIHhcY S JL\bM&ó�G6N�E�� S JRE�û S ó5]fhcY�\�N�IHX U \�°4E�óQJ V g�I7°4M V Y�JL\bM&ó>N�E�XRK S hcY�Ekó�M"ÿ S Y>GRM�Y�GZ\ ULUdS Nm\ S JL\bM&ó5]�GRM&ócJ

N�EHG�IHhcY S JL\bM&ó�G�Nm\���I U E�óQJL\bE V�V EHG�NmY>` U E�û,\bE U M U N U E�l5� V�V EHG�J UdS NmY�\bGRE�óQJ V E�i S \�J�hQY�E�]Fe?YWó>\�ó�GLJ S óQJ N�M&óWó�I�]
V E J S Ym¯PN�E ° S�U \ S JL\bM&ó>N�E V_S ` U M�`fM U JL\bM&ó S JRM&û,\bhcY�E,N�g YWówó�M"ÿ S YAEHGRJ V_S GRM&û·û�E�N�EHGjJ S Ym¯�N�E U I S X7JL\bM&ó�G
hcY�\�XHM&ó�NmY�\bGdE�óQJ�e V_S X U I S JL\bM&ó>N�E�XHE7J6\bGRM�JRM�`nE�]���JRIHE,N�E V_S GRM&û·û�E,N�EHGjJ S Ym¯±N�E U I S X7JL\bM&ó�G�hQY�\ V E�i�M&ócJ
Nm\bGL` S�UdS rbJ U E�l���ó S N�M�`�J S ócJ V_S ó�M�J S JL\bM&ó»E�óAE�¯m`fM�G S óQJ

j → i
`nM�Y U�U I�i�I U E�ó�XHE U�V g�E�ó�GRE�û�� V E(N�EHG$ó�M�ÿ S Ym¯

\�ó�Nm\bXHIHG
j
hcY�\2]cGRM�\�J�` S�U N�IHX U M�\bGRG S ó�XHE�]mGRM�\�J�` S�U�U I S X7JL\bM&ó

r
XHM&ó�NmY�\bGdE�óQJae V_S ` U MONmY�X7JL\bM&ó&N�g YWóPó�M�ÿ S Y&N�E

V g�EHGL`n¿HXHE
i
]�E7J�E�ó�GRI7` S�UdS ócJ V EHG�JRE U û�EHG U E V_S JL\�i�G S Ym¯ U I S X7JL\bM&ó�G�` S�U ó�E7Y�J U M&ó?� V EHG U I S X7JL\bM&ó�G�N�ENm\��nY�GL\bM&ókó�E

û�MONm\�á^E�óQJ�` S G V_S ó S JLY U E
NmYPó�M"ÿ S Y?E7J@ó�E
GRM&óQJTN�M&ó�X
` S GXHM&ó�GL\bN�I U IHEHG�N S ó�G V EHG�IHhcY S JL\bM&ó�GTN�g�I7°4M V Y�JL\bM&ó��
E7J�XHE7Ym¯ U E V_S JL\�i�GZe V_S N�IHX U M�\bGRG S ó�XHE$ó S JLY U E V�V E�N�EHG1ó�M�ÿ S Ym¯n]�M&ó�M���JL\bE�óQJ�ó

∂Ni

∂t
= −λiNi +

∑

j

λj→i
j Nj

︸ ︷︷ ︸uZIHX U M�\bGdG S ó�XHE
+

∑

j′

Nj′〈σj′〉
j′→i〈φ〉 − Ni

∑

∀r

〈σi〉
(r)〈φ〉

︸ ︷︷ ︸Ò
I S X7JL\bM&ó�G

�k�ml�¢��4�

M&p V EHG UdS `�`nM U JRG�N�E�� UdS ó�XdK�E�û�E�óQJRG
Rj→i

E7J
R′

j→i

`fM�Y U�V EHG U I S X7JL\bM&ó�G E7J V EHG�N�IHX U M�\bGdG S ó�XHEHG�GRM&ócJ
\�û,` V \bX7\�JRE�û�E�ócJZIHX U \�JRG�N S ó�G V_S ó�M�J S JL\bM&ó�E�ó&E�¯m`fM�G S óQJ

j → i
ó

〈σj〉
j→i = 〈σj〉j→iRj→i

�k�ml�¢�¢��
� �k��ûL{�û�z�ÿZ���������+�������¡���2����û��D���
�cvF� ���y�k�2����·Äÿ�� !"� Ê$# ����û 	H�
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λj→i
j = λjR

′
j→i

�k�ml�¢p�4�
D5E�G�ÿOGLJR¿�û�E�N�g�IHhcY S JL\bM&ó�G&XHM�Y�` V IHEHG�hQY5g�M&ó XdK�E U XRK�E�e U IHGdM�Y�N U E�`fE7Y�J&N�M&ó�XAGpg�IHX U \ U E�GRM�Y�G�ikM U û�E

û S J U \bX7\bE V�V E6XHM&û·û�EZYWó�E/û S J U \bXHEjX S�ULU IHE
A
N�EjNm\�û�E�ó�GL\bM&ó

n
] V E ó�M&û�� U EjN�E ó�M"ÿ S Ym¯�hQY�\nI7°4M V Y�E�óQJ�N S ó�G

V E�` U M�� V ¿�û�E�lO��ó³ó�M�J S ócJ −→
N (t)

V Eo°4EHX7JRE7Y U N�EHG�` U M�`nM U JL\bM&ó�G S JRM&û,\bhQY�EHG�N�EaXHEHG@ó�M"ÿ S Ym¯WN S ó�G V_S XHE V�V Y V E�ó

−→
N (t) =















N1(t)

. . .

Nj(t)

. . .

Nn−1(t)

Nn(t)















�k�ml�¢Yç4�

D5E6G�ÿOGLJR¿�û�E6G�g�IHX U \�J

d
−→
N (t)

dt
= A(t) ×

−→
N (t)

�k�ml�¢&%c�
' °4EHXj`fM�Y U I V I�û�E�ócJRG
N�E$û S J U \bXHE

Aii = −λi −
∑

k

〈σi〉
i→k〈φ〉

�k�ml�¢pý4�

Aij = +λj→i
j + 〈σj〉

j→i〈φ〉
�k�ml�¢�(4�

' á<ó&N�E6`nM�Y�°4M�\ UoU E�û,` V \ U XHM ULU EHX7JRE�û�E�óQJjXHE7JLJREcû S J U \bXHE6\ V i S Y�N UdS ó
•
��J S � V \ U V EHG U E V_S JL\bM&ó�G�N�E�á V \ S JL\bM&ó»E�óQJ U EÀó�M"ÿ S Ym¯�]�X�g�EHGLJwâre�â�Nm\ U E(I7J S � V \ U ]�`nM�Y U XdK S hQY�EÀó�M�ÿ S Y

i
]

V g�E�ó�GRE�û�� V E
Ji
JRE V hQY�E

∀j ∈ Ji, j → i
] S \�ó�GR\�hQY�E V E,GRM�Y�GLâ�E�ó�GRE�û�� V E�N�EKó�M"ÿ S Ym¯

{k} ∈ Ik
hcY�\

°4I U \�á^E�ócJ
i → k

l
•
µ S °4M�\ U ó�M U û S�V \bGRE U6V_S ° S�V E7Y U NmY*)�Ym¯�\�ócJRI7� U I

〈φ〉
N�E V_S XHE V�V Y V E,N�M&óQJ�M&ó�X S�V X7Y V E V g�I7°4M V Y�JL\bM&ó�e

V_S ° S�V E7Y U hcY�\FXHM ULU EHGL`nM&ó�N[e V_S `�Y�\bGRG S ó�XHE ì,+4ì,-/.10 NmY&G!ÿmGLJR¿�û�E�l
àZM�Y�G�N�I7J S \ V�V M&ó�GÆû S \�ócJRE�ó S óQJjXHEHG�N�E7Ym¯&I7J S `fEHG�\�û,`fM U J S ócJREHGpl

;�y�z�y¡; <�Ä�}��g�@�I�Ö�@���B~@�^Å�}���Ð
ê/ó�E�ikM�\bGjN�I�á<ó�\bE V_S XHM&û,`nM�GL\�JL\bM&ó�\�ó�\�JL\ S�V E�N�E JRM�Y�G V EHG û S JRI U \ S Ym¯±XHM&ó�GLJL\�JLY S ócJ V E ` U M�� V ¿�û�E�] U EHGLJRE

e�XHM&ó�GLJ U Y�\ U E V_S�V \bGLJRE�N�EHGÆó�M"ÿ S Ym¯[hcY�\FGRM&ócJ
GLY�GdXHE7`�JL\�� V EHG
N�g S `�` S�UdS rbJ U E XHM&û·û�E�` U MONmY�\�JRG
N�g \ ULUdS Nm\ S JL\bM&ó
E7J�N�E�N�IHX U M�\bGdG S ó�XHE�lF´�M�Y U XHE V_S ]F\ V i S Y�N UdS ` U E�ó�N U EWE�ó�XHM&û,`�JRE V EHG�Nm\���I U E�óQJREHG U E V_S JL\bM&ó�G�N�E�á V \ S JL\bM&ó5]
N�E6N�EHGRXHE�ó�N S ó�XHE�E7JoN�g S GRXHE�ó�N S ó�XHE�]�GdM�\�J�` S�UoU I S X7JL\bM&ó ócY�X V I S \ U E�]^GRM�\�JT` S�U N�IHGL\�ócJRI7� UdS JL\bM&ó5]^hcY�\nE�¯m\bGLJRE�ócJ
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E�ócJ U E V EHG�Nm\�°4E U G@ó�M"ÿ S Ym¯WNmY�` U M�� V ¿�û�E�l2��E7JLJRE V \bGLJREoE�¯mK S Y�GLJL\�°4E���GdM�Y�G�XHE U J S \�ó�EHG�K4ÿc`nM�JLK�¿HGREHGGL\�û,` V \�á^X S â
J U \bXHEHGohcY�\�GRE U M&óQJ�N�I7J S \ V�V IHEHGT` S�UoV_S GLY�\�JRE��EHGLJÐû�MON�I V \bGRIHEj` S�UTV g S�U �fM U EHGRXHE�ó�XHE6hcY5g�M&ó ó�M&û·û�Ej\bX7\ .!, -/3�45360
7 058�9:+&*;-/<= l ��E7J S�U � U E(N�EHGkó�M"ÿ S Ym¯�EHGLJ�XHM&ó�GLJ U Y�\�J YWó�E�ikM�\bG�`fM�Y U JRM�Y�JREHG V M U G�N�E V g \�ó�\�JL\ S�V \bG S JL\bM&ó�NmY
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`�Y�\bGRG S ó�XHE�l|��E7J S�² Y�GLJRE�û�E�ócJWGpg�E5��EHX7JLY�E?E�ó�XHM&ó�GL\bN�I UdS óQJ V_S GRM&û·û�E?JRM�J S�V E&N�EHG�J S Ym¯»N�E(á^GRGR\bM&ó�N S ó�G
JRM�Y�J V EZG�ÿOGLJR¿�û�E�] V EZ��Y�J�I7J S ócJ�N�g�I7J S � V \ U YWóWi S X7JRE7Y U N�E ó�M U û S�V \bG S JL\bM&ó ó�M�JRI

αnorm
hcY�\fGdE UdS�V Eai S X7JRE7Y U

N�g�IHXRK�E V�V E XHM&û·û�YWó±e JRM�Y�JREHG V EHG�XHE V�V Y V EHG
hQY�\5I7°4M V Y�E�ócJpl

Ó)µ<¢
fI��¢�¯����ÃµWfH"?4��CP¯D?ah�E�C&��µ<¢+�
 "µ�H��
Eoh
αnorm

A_Eo��C³�Dh-?aAD�D�
 " "µ<h�fg?
P

¯DEohDh-²4?
D5E[i S X7JRE7Y U N�Eaó�M U û S�V \bG S JL\bM&ó

αnorm
EHGRJ(N�M&ó�X�YWó�E�hcY S óQJL\�JRIP� V M�� S�V E±hcY�\ZN�M�\�J��7J U E U EHX S�V X7Y V IHE

`fE�ó�N S ócJ V g \�ócJRI7� UdS JL\bM&ó»`fM�Y U Gpg S�² Y�GRJRE U e V_S `�Y�\bGdG S ó�XHE�JRM�J S�V E(hQY5g�M&ó�N�IHGL\ U EWGL\�û�Y V E U l�� U ]�GLY U YWó�` S G
N�g \�óQJRI7� UdS JL\bM&ó±N�M&óWó�I�]Wó�M�J U E S�V �4M U \�JLKWû�E6\�ócJRI7� UdS JRE7Y U ÒaYWó��4E�â��jY�JLJ S,U IHGRM�Y�J V_S û S J U \bXHE�N�g�I7°4M V Y�JL\bM&óPN�E
XRK S hcY�E�XHE V�V Y V E S °4EHX�YWó.` S G�° S�U \ S � V E�]�X S�V X7Y V I�` S�UWV g S�V �4M U \�JLKWû�E±Ò�YWó��4E�â��jY�JLJ SAV Y�\ û���û�E�]�hQY�\ ó5g S
S Y�X7YWó�E UdS \bGRM&ó�N�g��7J U E V E û���û�E6`nM�Y U JRM�Y�JREHG V EHG�XHE V�V Y V EHGpl

��EHX7\^GdM�Y V ¿7°4E�N�M&ó�X V g \�û,`nM�GRGL\���\ V \�JRI�N�E�X S�V X7Y V E U ] -/< 'WÉ�' 0 ë 9�8�ì,-/9^ì 7 , ë 9^ì ( ñ/3z-4ì ë +/9 ]�YWó,i S X7JRE7Y U αnormXHM&û·û�YWó»e(JRM�Y�JREHG V EHG�XHE V�V Y V EHGp]FE7J6` S�U XHM&ó�GRIHhcY�E�ó�XHE�N�g \�óQJRE U °4E�ó�\ U GLY U6V_S ° S�V E7Y U NmYn)�Ym¯
< φ >

S á<ó
N�E U E�ó�M U û S�V \bGRE U�V_S `�Y�\bGRG S ó�XHE�]�`�Y�\bGRhcY�E[E�ó¤i S \bG S óQJ�YWó.GRE7Y V ` S G�Ò�YWó��4E�â��jY�JLJ S E�óQJ U E�N�E7Ym¯¤X S�V X7Y V G
ô/ü�ý-þn]�M&óåó5g S ` S G&M�� V \�� S JRM�\ U E�û�E�ócJ V EHG û���û�EHG&` S G&N�g \�óQJRI7� UdS JL\bM&ó�`fM�Y U?V g�E�ó�GdE�û�� V E>N�EHG&XHE V�V Y V EHG�l
´�M�Y U XHM&óQJRM�Y U ó�E U XHE,` U M�� V ¿�û�E�]�E7J S á<ó�N�E�`fM�Y�°4M�\ U X S�V X7Y V E U XHM ULU EHX7JRE�û�E�óQJ

αnorm
E7J�\�óQJRE U °4E�ó�\ U GLY U

�x� �r����û�z �����2� �kv�ÿ ��û����<���2� ��� �¡�2� ��z �wz��w�d�k��� ���������F� �¡�<� � ����&�	û��¡��·��F������� �+���<�F�f�2�y��ÿ�û����F�B�����wv�ÿ ��v������ ���r�2��z �3�F�3�N�5�5� ���
�	ûd�5¥&���kz|���j·����2���w�����kz\���y�2�����
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V_S ó�M U û S�V \bG S JL\bM&ó�N�E V_S `�Y�\bGRG S ó�XHE±`nE�ó�N S óQJ V g \�ócJRI7� UdS JL\bM&ó5]aM&ó Nm\�°O\bGRE UdSCV g \�óQJRE U ° S�V�V E>E�¯m\bGLJ S óQJ[E�ócJ U E
N�E7Ym¯,` S GÐô/ü�ý3þWXHM&ó�GRIHX7Y�JL\�i�GE�ó�` V Y�GL\bE7Y U G�` S G�N�g \�óQJRI7� UdS JL\bM&ó�Ò�YWó��4E�â��jY�JLJ S�S N ²LS XHE�ócJRGpl���EHG�` S G�GRE U M&ócJ
S `�`nE V IHGa��` S G)õ�ì ÿ��dl ��E7JLJRE�GLY��fNm\�°O\bGL\bM&ó«ó�M�Y�GZ`fE U û�E7J�N�g \�û,`nM�GRE U N�EHGZ\�ó�GLJ S óQJRG6XHM&û·û�YWó�G�e�JRM�Y�JREHG V EHG
XHE V�V Y V EHG6N S ó�G ó�M�J U Ekû�I7JLK�McN�E�N�g \�ócJRI7� UdS JL\bM&óAM&p V g�M&óP`nM�Y ULUdS X S�V X7Y V E UjV E�i S X7JRE7Y U

αnorm
E7Jj\�ócJRE U °4E�ó�\ U

`nM�Y U \�û,`fM�GdE U YWó[XHM&óQJ U � V E�E�¯OJRE U ó�E S Y�G!ÿOGRJR¿�û�E�l
' XdK S hQY�EW` S GKõ�ì�ÿ�]FM&ó�E�ó�N�IHNmY�\�J V EWJ S Ym¯±� V M�� S�V N�E,á^GdGL\bM&ó�G�` S�U ó�E7Y�J U M&óCGRM�Y U XHE�E�ó�GRM&û·û S ócJ

V EHGTJ S Ym¯?` S�U JL\bE V GaN�EZá^GdGL\bM&óA�¡` S�U ó�E7Y�J U M&ó[GRM�Y U XHE��T`fM�Y U JRM�Y�G V EHGÆó�M"ÿ S Ym¯&N�E6JRM�Y�JREHG V EHG�XHE V�V Y V EHG�l:��EHX7\
IHhcY�\�° S Y�Jae�X S�V X7Y V E U YWó�EUk < ë 8B8&-/9 ? 0 k -/3r9�0&<Oì"3x+/9*8&+/<�3 ? 0 hQY5g�M&óBó�M�JRE UdS

P ¡ ¢�£5¤ l

P ¡ ¢,£&¤ =
∑

j

∑

i

N j
i σj

i φ
jû�X�ó�` εi

�k�ml�¢�>4�

M&p
σ
EHGLJ V_S GdEHX7JL\bM&ó�E�ãWX S XHE�N�E6á^GRGL\bM&ó5]

i
i S \�J U I�i�I U E�ó�XHE S YBó�M"ÿ S YPXHM&ó�GL\bN�I U I�E7J

j
e V_S XHE V�V Y V E�l^D5E

i S X7JRE7Y U N�g�IHXRK�E V�V E
αnorm

]4hcY5g�M&ó�XdK�E U XRK�EZXHM&û·û�EÆó�M U û S�V \bG S JL\bM&ó�NmY@)�Ym¯We V_S `�Y�\bGRG S ó�XHE
P
°4M�Y V Y�E�]cEHGLJp]

E�ó ó�M�J S ócJ
εi
V g�I�ó�E U ��\bE V \��nI U IHEj` S�U á^GRGR\bM&ó?` S�U�V Ecó�M"ÿ S Y

i
ó

αnorm ≡
P

Pmcnp
=

P
∑

i

∑

j N j
i σj

i φ
jû�X�ó�` εi

�k�ml�¢pí4�

¥ �-µ<h�H���H"²a¯�?�h-?Z�3H"C�Eoh� ·A_Eo��C³�Dh-?aAD�D�
 " "µ<h�fg?B¯DEohDh�²I?
�ZM�Y�Go`nM�Y�°4M&ó�Go°4I U \�á^E U XHE7JLJRE�° S�V E7Y U E�ó&JRE�ó S ócJ V E UdS \bGRM&óWó�E�û�E�ócJp]�GR\�û,` V E�]�GLY�\�° S ócJ�ó
ú +/<y3l<y9�8�*A87ì�i ' 0 ? 3 ë ì ë m&<o0 � k Â~Ã�¦ ¢���]e>YWó.\�ó�GLJ S ócJ(N�M&óWó�I�] V E�ó�M&û�� U EPN�EHG³ó�E7Y�J U M&ó�G�� V \�� U EHG��

E�¯m\bGLJ S óQJZN S ó�G V E�G�ÿOGLJR¿�û�E�EHGLJ
N�M&óWó�I�` S�UaV E6` U MONmY�\�J
N�E V_S `�Y�\bGRG S ó�XHE(��E�ó?á^GRGL\bM&ó�Ga` S�U GREHXHM&ó�N�E���E7J V E
ó�M&û�� U E)û�M�ÿ4E�óPN�E)ó�E7Y�J U M&ó�GZI�û,\bG
` S�U á^GdGL\bM&ó5]

ν
l:��E7JLJRE�° S�V E7Y U ]fE�óBó�E7Y�J U M&ó�G
` S�U GREHXHM&ó�N�E�]^N�M�\�JU�7J U E

XHM&û,` S JL\�� V E S °4EHX V_S ° S�V E7Y U
αnorm

X S�V X7Y V IHE6` U IHXHIHN�E�û·û�E�ócJpl

αnorm
∼= ν

P

ε

�k�ml|���4�
�ZM�Y�G S °4M&ó�GZ°4I U \�á^I�` S�U YWó�E S `�` V \bX S JL\bM&ó�ócYWû�I U \bhQY�E�Nm\ U EHX7JRE�]nE�ó[` U E�ó S ócJjYWó�E�° S�V E7Y U û�M�ÿ4E�óWó�E

εN�E V g�I�ó�E U ��\bE V \��nI U IHEZ` S�U á^GdGL\bM&óP�k�����/=PE�â��E7JYWó�E
° S�V E7Y U û�M"ÿ4E�óWó�E
ν
NmYPó�M&û�� U E6N�EÆó�E7Y�J U M&ó�G V \��nI U IHG

` S�U á^GRGR\bM&ó.�k�ml|ý4��]5hQY�E,GRY U YWóAE�¯mE�û,` V EWM&p V g�M&ó U I S�V \bGRE V_S XHM&ó�Nm\�JL\bM&ó
k Â~Ã�¦ ¢�]5M&ó U E7J U M�Y�°4EW��\bE�ó5]n` S�UV EHG�N�E7Ym¯^û�I7JLK�MON�EHGp]�N�E7Ym¯�° S�V E7Y U Ga`fM�Y U

αnorm
hcY�\�ó�E6Gpg�IHX S�U JRE�ócJ
hcY�E6N�E��;§(l�D�g�IHX S�U JaEHGRJTi S X7\ V E�û�E�ócJ

E�¯m` V \bhQY�IT` S�U�V_S ° S�V E7Y U�S ` U MOXRK�IHE�N�E
ν
E7J V_S ° S�V E7Y U XHM&ó�GLJ S óQJRE
N�E

ε
N S ó�G�XHE7JLJRE S `�` V \bX S JL\bM&óiócYWû�I U \bhQY�E�l

¨)¢+�� ��
?4��CF ·hD��¼o?Iµ<�-¸°¯D?B¯��� �fgCF²IH��
 "µ�H��
Eoh°?Zh°H"?Z��AD 
D S i S/© M&ó¤N�M&óQJ,M&ó»` U McXH¿HN�E S Y»X S�V X7Y V N�E V g�I7°4M V Y�JL\bM&ó�E�ó U E�ó�M U û S�V \bG S óQJ V E�)�Ym¯A`nE�ó�N S óQJ V g \�ócJRI�â

� UdS JL\bM&óÖó�IHXHEHGRGL\�JRE�N�M&ó�X�N�g YWó�E�Nm\bGRX U I7JL\bG S JL\bM&ó¤JRE�û,`nM U E V�V E�NmYC` U M�� V ¿�û�E&e[J U M�\bGKó�\�°4E S Ym¯�]�`�Y�\bGdhQY�E?e
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V g \�óQJRI U \bE7Y U N�EZXRK S hcY�EZ` S GÆõ�ì ÿ�] V g \�óQJRI7� UdS JL\bM&ó?\�û,` V I�û�E�ócJRE6YWó�E
GRJ U Y�X7JLY U EZá<ó�E ��XHEjGRM&ócJ V EHG 7 k -A8 î -/3 ë -&%
45.I0B8�8 N�E V_S û�I7JLK�McN�E6Y�JL\ V \bGdIHE���l���ó U E7` U E�ó S ócJp]^M&ó S Y UdS N�M&ó�X�� V M�� S�V E�û�E�óQJ�ó

•
ê/óW` U E�û,\bE U 7 (x? +/< k -YñD0@059[ì�0 'gk 8 hcY�\^ikE UdS6U I�ikI U E�ó�XHE S Ym¯W\�ó�GLJ S óQJRGTM&paô/ü�ý-þWE5��EHX7JLY�E V E�J UdS ó�Gwâ
`nM U J�N�EHG·ó�E7Y�J U M&ó�G���E�ó U IHI7° S�V Y S óQJ S \�ó�GL\ V EHG�° S�V E7Y U G�N�EHG�GREHX7JL\bM&ó�G�E�ãWX S XHEHG³û�M"ÿ4E�óWó�EHG�E7JWNmY
)�Ym¯Bû�M�ÿ4E�ó>N S ó�GjXRK S hcY�E XHE V�V Y V E���l�Ó)?4 ÀADµW ^ "Eoh�H���E��-C&h��
 PA�µWCB¢Ã±��-H��
¢+�
 "µ�H"?Z�-C?è3�D�1¯DEo��H^¢
?4 
�+h�H"?IC�ADCF²IH"?ICwfgE��ì��?�¯�?4 BH"?Z��AD B²cè3����¼Wµ<¢
?4h�HaA�¢
?4�+h�?�A����
 " �µ<h-fg? Q ?�é�Aé�A_X^¯D� CF²4µWfH"?4��C
A_E��-CK¢
µ AD�D�
 " "µ<h�fg?(è3�_±��+¢-µ<��C�µ�A�C�²Iµ<¢
µW��¢
?4��?Zh�H)¯D²;E�h��
?^lcD�g�IHX S�U JTE�óWJRE�û,`�G�E�óQJ U EZN�E7Ym¯�` S G
ô/ü�ý3þ?XHM&ó�GdIHX7Y�JL\�i�G
EHGLJ1ó�M�JRI6\bX7\

∆tmcnp
i = tmcnp

i+1 − tmcnp
i

•
' V g \�óQJRI U \bE7Y U N�E�XHE�` U E�û,\bE U N�IHXHM�Y�` S �4EW°O\bE�óQJ�Gpg \�û�� U \bhcY�E U YWó�EWN�E7Ym¯m\b¿�û�E�GLJ U Y�X7JLY U EWJRE�û,`fM�â
U E V�V E·ó�IHXHEHGdG S \ U E�e V g \�óQJRI7� UdS JL\bM&óøóQYWû�I U \bhcY�E�l���E,N�IHXHM�Y�` S �4E�GRE UdS N�M&ó�X,XHM&ó�GLJL\�JLY�I�N�E�` V Y�GL\bE7Y U G
` S G
N�g \�óQJRI7� UdS JL\bM&ó�Ò�YWó��4E�â��jY�JLJ S ]�N�E$û���û�E V M&ó���Y�E7Y U ]�E�óQJ U E N�E7Ym¯?` S Gcô/ü�ý3þ?XHM&ó�GRIHX7Y�JL\�ikGpl���EHG
` S G^õ�ì ÿ½GRM&ócJ S Y°ó�M&û�� U E�N�E

NRK
E7J V E7Y U�V M&ó���Y�E7Y U EHGLJ�N�M&ó�X�] S Y�GRE7\�óÁN�g YWó

∆tmcnp
i

I7� S�V E
e

δtRK
i = tmcnp

i /NRK
l)>Æ±��-H��+¢+�� �µ�H"?4��C� �A_²IfI�FE�?� �Eo��HB¢
µ�¼Wµ<¢�?Z�-C«¯D?

δtRK Õ  "E�� H�¢�µ°¼�µ<¢
?Z�-C
¯D?

NRK
é

' XRK S hcY�E6` S G õ�ì�ÿ>M&ó U IHIHX U \�JaE7JoM&ó U IHGRM�Y�J V_S û S J U \bXHE6N�g�I7°4M V Y�JL\bM&óPE�ó&XHM&ó�GL\bN�I UdS óQJ V_S ó�M�Y�°4E V�V E
U E�ó�M U û S�V \bG S JL\bM&ó�NmY�)�Ym¯�ly�Zg�EHGLJ�e6XHE1ó�\�°4E S Y�hcY�E�]4XHM&û·û�E
M&ó V Eo°4E ULUdS ` S�U�V_S GLY�\�JRE�]�\�ócJRE U °c\bE�ó�N UdS
V_S û�I7JLK�MON�EoN�g�E�¯OJ UdS `nM V_S JL\bM&ó�N�EHG�GREHX7JL\bM&ó�G�E�ãWX S XHEHG_û�M"ÿ4E�óWó�EHG
��N�I7J S \ V�V IoN S ó�G�ml�çml�çml|�4��hQY�\�E�¯m\bGLJRE
N S ó�G$ô ª-õ�önl

•
D5E�J U M�\bGR\b¿�û�EWE7J�N�E U ó�\bE U ó�\�°4E S Y�N�E,Nm\bGRX U I7JL\bG S JL\bM&ó�E�óAJRE�û,`�G�EHGLJ�XRK�M�\bGR\ S Y�JRM&û S JL\bhcY�E�û�E�óQJp]�e
V g \�ócJRI U \bE7Y U N�E
XRK S hcY�Ea` S GÐõ�ÿ�]c` S�U�V g S�V �4M U \�JLKWû�EZN�E�` S G S N S `�J S JL\�iFN�E V_S û�I7JLK�McN�E
N�g \�óQJRI7� UdS JL\bM&ó
ÒaYWó��4E��jY�JLJ S hcY5g�M&ó�Y�JL\ V \bGRE�l ' XHEPó�\�°4E S Y»N�E(N�IHXHM�Y�` S �4E�E�ó�JRE�û,`�G�] V EHG GREHX7JL\bM&ó�G�E�ãWX S XHEHG,E7J
V E�)�Ym¯�û�M"ÿ4E�ó�G `nM�Y U XRK S hcY�E�XHE V�V Y V E�GdM&óQJ�� S�U N�IHG�XHM&ó�GLJ S ócJRGpl�Ó)?°h���¼o?4µ<� ?I "H�?Zh A�C�µ�H��¡è3�-?
�+h�¼-�
 ��
�D¢
?�¶�¢Ã±��-H��
¢+�
 "µ�H"?Z�-Ccé

Tnéb÷�éb÷5é�T >1±�²g¼�Eo¢+�3H��
E�h ?g¸�H"C�µWA_Eo¢
²4? ¯D?I « "?IfgH���E�h- w?Dª�fgµWfI?I ì�ìE4®�?4hDh-?4 w?4h�H"C�?°¯D?4�-¸�ADµW w¯�?
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D5M U G�N�E V g \�óQJRI7� UdS JL\bM&ó¤NmYAG�ÿOGLJR¿�û�EWN�g�IHhQY S JL\bM&ó�G XHM�Y�` V IHEHG�hcY�\�Gpg�E5��EHX7JLY�EWE�ócJ U EWN�E7Ym¯�` S G·ô/ü�ý3þW]
V EHG J S Ym¯�N�E U I S X7JL\bM&ó»` U \bG�E�ó»XHM&û,`�JRE(N S ó�G V EHG�IHhcY S JL\bM&ó�G N�E�� S JRE�û S ó¤GRM&óQJ�E�¯OJ UdS `nM V IHG�GRE V M&óCYWó�E
U I7� U EHGRGL\bM&ó V \�ó�I S \ U E(i S \�JRE�GLY U YWóøó�M&û�� U E

N
N�E(° S�V E7Y U G,NmY»J S Ym¯»N�E U I S X7JL\bM&ó�X S�V X7Y V IHEHG�` S�U ô/ü�ý3þ

V M U G�N�EHG�` S G�` U IHXHIHN�E�óQJRG�l�D5E³ó�M&û�� U E
N
N�E,` S G�` U \bG�E�óCXHM&û,`�JREWN S ó�G�XHE7JLJRE�E�¯OJ UdS `nM V_S JL\bM&ó V \�ó�I S \ U E
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EHGLJ
N�Er%W` S�U N�I�i S Y�Jp]fXHE7JLJRE�° S�V E7Y U `nE7Y�JQ�7J U E�XRK�M�\bGL\bE�` S�UZV g Y�JL\ V \bG S JRE7Y U l�Ò
E�û S�U hQY�M&ó�GZhcY�E�`nM�Y U�V EHG
N` U E�û,\bE U G�` S G�XHEHGGREHX7JL\bM&ó�GTE�ãWX S XHEHGTGRM&ócJ��\bE�ó�E�óQJRE�ó�NmY�� S�U N�IHEHGTXHM&ó�GLJ S óQJREHGT`nE�ó�N S óQJ�JRM�Y�J V g \�óQJRE U ° S�V�V E

N�g \�ócJRI7� UdS JL\bM&ó[E7JoI7� S�V EHG�e V_S N�E U ó�\b¿ U Ej° S�V E7Y U X S�V X7Y V IHEj` S�U ô ü�ý3þfl���EZJ UdS \�JRE�û�E�óQJZXHM&ó�XHE U ó�EjJRM�Y�JREHG V EHG
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Valeur de σ calculée par MCNP

Extrapolation de  σ baséé sur 

4 valeurs MCNP précedentes

Valeur de  σ utilisée 

dans l’integration Pas MCNP (t)

Pas MCNP(t+1)

∆t MCNP

∆t R.K.
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MURE
Définition du Système :

Géométrie

Matériaux

Source

Définition des "pas MCNP"  :

{ ti }  = { t0  , t1  , t2  .... tN }

Construction de l'arbre des noyaux 

MCNP

Intégration R.K

Ecriture des equations de Bateman

Composition du Combustible (ti)

Composition du Combustible ( ti+1 = ti + ∆t )

Résultats du calcul MCNP :

<σ>    <φ>

dN(t)/dt = A(t) x N(t)

Contrôle de l'évolution :

Contrôle de Cb
Stabilisation du keff

Renormalisation à P = cte.
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Ecriture des résultats de l'évolution :  Ni,  σi , φ  par cellule dans un fichier binaire

lisible par MureGui
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N�I�á<ó�\bGRG S ócJ

γr
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ν(n,n′) = 1
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ν(n,xn) = x.D�g�I7°4¿�ó�E�û�E�ócJ�N�E
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ó�E7Y�J U M&ó 7 -/9�8U.1-Bñ ( 9 ( 3x-�ì ë +�9n+/¿ ? 07ìkì�0�À 8N8 ë +/9º8B<�3 îpë 059^ì ó γfiss

° S Y�JTN�M&ó�X,¢�lmD5EHGT\�ócJRE UdS X7JL\bM&ó�GaN�EjJÃÿc`nE
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µc\

τ r
i

N�IHGL\��ó�E V E6J S Ym¯?N�E U I S X7JL\bM&ó
r
GLY UoV E ó�M�ÿ S Y
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∑
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XHM ULU EHX7JRE7Y U EHGRJ V_S ` U M�`fM U JL\bM&óPN�Ej�fM U E6GdM V Y�� V E�N S ó�G V g�E S Y[NmY û�MON�I UdS JRE7Y U ]^GRY UoV_S hQY�E V�V E�M&ó S ��\�Jpl
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∑
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∑
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∑
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cφc(σ

i
fiss + σi

abs − σi
(n,2n) − 2 × σi
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∑
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∑
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• τfiss

V E�J S Ym¯(JRM�J S�V N�E6á^GRGL\bM&ó
• τν.fiss
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ν
XHM ULU EHGR`fM&ó�N S ócJRE�e,XdK S hQY�Ejá^GdGL\bM&ó5l

• τabs
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• τ bore
abs
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• τ(n,2n)
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• τ(n,3n)

V E�J S Ym¯(JRM�J S�V N�E��
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D�g�EHGLJL\�û S JRE7Y U
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N�E7°O\bE�óQJ�ó
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τν.fiss

τfiss + τabs − τ(n,2n) − 2 × τ(n,3n) + τ bore
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` S G ô/ü�ý3þ�` U IHXHIHN�E�ócJRGZe ` U E�ó�N U E�E�ó�XHM&û,`�JRE�N S ó�G V_S U I7� U EHGRGL\bM&ó V \�ó�I S \ U E�EHGLJ�N�I�á<ó�\5` S�UoV g Y�JL\ V \bG S JRE7Y U l
�
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EHGLJL\�û S JRE7Y U
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t
l

è@éëê@ìc�ml®(*í^(:î +/.«<Oì ë +/9 7 0B8 î -/.I05<�3N8 ' +&*D059�9�0B8 7 0B8d8C0 ? ì ë +�9o8Q0¡  ? - ? 058 7 0g3 ( - ? ì ë +/9o8�u,9<9�ø;9 w k +/<�3Qm&<�05.1m&<�0B8ë 8C+�ì,+ k 058 7 < k .«<Oì,+�9 ë < 'Ák +/<y3�<y9 ? -A8 7 0�3 (�ò"( 3x0&9 ? 0Yù

µc\�M&ówó�M�JRE
τi(t + ∆t)

JRM�Y�JREHG V EHGj° S�V E7Y U G�E�¯OJ UdS `nM V IHEHG�N�EHG�Nm\���I U E�óQJRG�J S Ym¯
τi(t)

] V_S ° S�V E7Y U N�E
k̃XRK�E U XdK�IHE e V g \�ó�GLJ S ócJ

t + ∆t
EHGRJ�N�M&ó�X�ó

k̃(t + ∆t) =
τν.fiss(t + ∆t)

τfiss(t + ∆t) + τabs(t + ∆t) − τ(n,2n) − 2 × τ(n,3n) + τ bore
abs (t + ∆t) + P
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abs (t+∆t)k0 =

τν.fiss(t + ∆t)
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− ( τabs(t + ∆t)+τfiss(t + ∆t)−τ(n,2n)−2×τ(n,3n)+P )
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Nbore(t + ∆t) =
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(τ bore
abs (t)/Nbore(t))
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δkeff
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k
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Apollo cell 1

MURE cell 1 

Flux à 172 groupes

Couronne 1
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Apollo cell 2

MURE cell 2 

Flux à 172 groupes

Couronne 2
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Apollo cell 3 

MURE cell 3

Flux à 172 groupes

Couronne 3
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Apollo cell 4

MURE cell 4

Flux à 172 groupes

Couronne 4
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Apollo cell 5

MURE cell 5

Flux à 172 groupes

Couronne 1
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MURE cell 6
Apollo cell 6

Flux à 172 groupes

Couronne 6
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N�E 242 ��û&] V Y�\-û���û�E�` U McNmY�\�J
` S�U N�IHX U M�\bGRG S ó�XHE

β
�w¢�(�K��aN�E 242 ' û E7JZEHGLJ
N�M&ó�X�J U ¿HG

GRE�ó�GL\�� V E S Ym¯>IHX S�U JRG�XHM&ó�GLJ S JRIHG�GLY U XHEió�M"ÿ S Y5l�µcY U�V g \�óQ°4E�óQJ S \ U E�N�g®õ"ö�öLê ] V g�IHX S�U J�E�ócJ U E V EHG�N�E7Ym¯>XHMON�EHG
EHGLJ�\�ómikI U \bE7Y U ¢�§ E�ó?á<ó[N�g \ ULUdS Nm\ S JL\bM&ó5l

u S ó�G V E
X S G�N�EHG S X7JL\�ó�\bN�EHG@û,\�ó�E7Y U G�] V EHG\�óQ°4E�óQJ S \ U EHGTN�E ' û E7J¬��û ` U IHGRE�ócJRE�óQJoN�EHG�Nm\���I U E�ó�XHEHG\�û�â
`fM U J S ócJREHG[hcY�\j`fE7Y�°4E�ócJ S�V�V E U�² Y�GRhcY5g|e»���;§(lg��EHG?IHX S�U JRG&GRM&ócJ&XHE7`fE�ó�N S ócJ[XHM&û,` S�UdS � V EHG S Ym¯�IHX S�U JRG
XHM&ó�GLJ S JRIHGPE�óQJ U EAN�E7Ym¯ X S�V X7Y V G�ô ª-õ�öÎE5��EHX7JLY�IHG[E�ó½` U E�ó S ócJ�N�E7Ym¯Î� S GREHG&N�EAN�M&óWó�IHEHG�Nm\���I U E�óQJREHG
� ô �_Y�Y_n��
� u Y½E7J ô �
� uZDDn��
�/u Y���l���E7JLJREWXHM&û,` S�UdS \bGRM&ó�E�ócJ U E�Nm\��nI U E�ócJREHG�� S GREHG�N�E�N�M&óWó�IHEHGp]�`nM�Y U
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V E6X S�V X7Y V ô/ª3õ�ö6]�EHGLJ S �nM U N�IHE6` V Y�G V M�\�ó5l
DFE�X S GjN�E 242m ' û ` U IHGdE�óQJRE YWóPIHX S�U J6N�g�E�óc°c\ U M&ó¤¢pý;§ hQY�\ U EHGLJRE XHM&ó�GLJ S óQJj`nE�ó�N S óQJ V g�I7°4M V Y�JL\bM&ó�ó

YWóÁJRE V IHX S�U JW`nE7Y�J��7J U E�E�ó.` S�U JL\bE S JLJ U \���Y�IPe V_S ` U \bGRE�E�óÁXHM&û,`�JREPN�g YWó UdS `�`nM U J(N�E[� UdS ó�XRK�E�û�E�óQJ
241 ' û

+n →242m ' û Nm\��nI U E�ócJ6`fM�Y UZV EHGjN�E7Ym¯�XHMcN�EHG�l:� V EHGRJZN�E(¢��;§ N S ó�G V E�X S�V X7Y V ô/ª3õ�ö�lnD�g�IHX S�U J
M���GRE U °4I[GLY U�V_S ` U MONmY�X7JL\bM&óÁN�g 242m ' û GRE U I7`fE U X7Y�JRE�N�M&ó�X[GLY U,V g \�óc°4E�óQJ S \ U E±N�EHG�\bGdM�JRM�`fEHG�N�En��û e
` S�U JL\ U NmY 242 ��ûe�fM&ó�XHM&ó�GLJ S JRE�E5��EHX7JL\�°4E�û�E�óQJ�hcY�E V g�IHX S�U JjN�E�âd¢pý;§ GLY U 242m ' û EHGRJ
J UdS NmY�\�J6` S�U YWó
IHX S�U JaN�E)q ¢pý;§ÚGLY U 242 ��û hcY�\5GRE U E7`fE U X7Y�JRE�GLY U 243 ��û E7J�\bGRM�JRM�`nEHG�GLY�`nI U \bE7Y U Gpl
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D S á���Y U Ef9ml�¢���\ V�V Y�GLJ U E V g�I7°4M V Y�JL\bM&ó�NmY@)�Ym¯iû�M�ÿ4E�ó�`nM�Y U JRM�Y�JREHG V EHG�XHE V�V Y V EHG�NmY�X UdS ÿ4M&ó�E�ó,ikM&ó�X7JL\bM&ó

NmY�J S Ym¯�N�E�XHM&û���Y�GLJL\bM&ó5lQD S ° S�U \ S JL\bM&ó�NmY@)�Ym¯·û�M"ÿ4E�ó�` S�U XHE V�V Y V E�`nE�ó�N S óQJ V g�I7°4M V Y�JL\bM&ó(EHGRJ�XHE7`fE�ó�N S ócJ
ó�E7JLJRE�û�E�ócJiû�M�\�ó�G,\�û,`nM U J S óQJRE&hcY�E�N S ó�G V E?X S G³ª3¬�Al�D�g S Y��û�E�ócJ S JL\bM&óÁ\�û,`nM�GRIHE�GLY U

φ
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N�E�GL\�û�Y V E U YWó�E�`�Y�\bGRG S ó�XHE�XHM&ó�GLJ S óQJRE�]�EHGLJ N S ó�G�XHE�X S G�E5��EHX7JL\�°4E�û�E�óQJ - ' +/37ì ë 0 ` S�U V g S Y��û�E�óQJ S JL\bM&ó
N�EHG�° S�V E7Y U G

σfiss
]5XHM&ó�GRIHhcY�E�ó�XHEWN�E V_S û�M�\�ó�N U E S Y�JRM�` U M�JREHX7JL\bM&ó»N�EHG�GREHX7JL\bM&ó�G�E8]WX S XHEHG�]�X S�U N S ó�G XHE

X S G V E�` V Y�JRM&ó�\�YWû EHGLJ,XHM&ó�GRM&û·û�I�l�D5M U G�N�E V g�I7°4M V Y�JL\bM&ó5] V_S XHM&ó�GRM&û·û S JL\bM&óÁN�EHG�\bGRM�JRM�`fEHG á^GdGL\ V EHG�NmY
` V Y�JRM&ó�\�YWû S Y UdS JRE�ó�N S ó�XHE�e S û�I V \bM U E U�V_S ` S�U JL\bE�JLK�E U û,\bhcY�E�NmY�GL`fEHX7J U E�]�E7J�N�M&ó�X�e S Y��û�E�óQJRE U V EHG
° S�V E7Y U G�û�M"ÿ4E�óWó�EHG�N�EHG�GREHX7JL\bM&ó�G�E8]WX S XHEHGN�E�á^GRGL\bM&ó5l�D5ETJ S � V E S Yg9ml|ýjE�¯m` V \bX7\�JRE V EHG�Nm\���I U E�óQJREHGhQY S ócJL\�JRIHG
\�ócJRE U °4E�ó S óQJ�N S ó�G V g�E�¯m` U EHGRGL\bM&ó NmY�J S Ym¯�N�E�á^GRGL\bM&ó�`nM�Y UFV EHG�` U \�ó�X7\�` S Ym¯)ó�M�ÿ S Ym¯�á^GRGL\ V EHG�NmY�XHM&û���Y�GRJL\�� V E
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E
´�M�Y UaV g�EHGRJL\�û S JL\bM&ó�N�EHGaM���GdE U ° S � V EHG
hQY�\3ó�M�Y�G�\�óQJRI U EHGRGRE�ócJp]�ó�M�J S û·û�E�ócJ V EHGa\�óQ°4E�ócJ S \ U EHGZN�EHG
Nm\�°4E U G

\bGRM�JRM�`nEHG6NmY±` V Y�JRM&ó�\�YWû E7J�N�E V g Y UdS ó�\�YWû E�ó>XHM&û���Y�GRJL\�� V E�æTK�´�Y5] V g S XHXHM U N>E�ócJ U E V EHG6N�E7Ym¯±XHMON�EHG6EHGLJ
J U ¿HG G S JL\bGwi S \bG S óQJp] V_S á���Y U EL9ml�¢�¢(N�M&óWó�E V g�I7°4M V Y�JL\bM&ó¤N�E(XHE7Ym¯câ�X7\2l�D5EHG N�E7Ym¯AXHMcN�EHGp] V g YWóA` U M�� S ��\ V \bGRJRE�]
V g S Y�J U E�N�I7JRE U û,\�ó�\bGRJRE�] S �fM U N�E�ócJ V g�I7°4M V Y�JL\bM&óWNmY�G�ÿOGLJR¿�û�EoN�EÐû S ó�\b¿ U EaJ U ¿HG�Nm\���I U E�óQJRE�l4D S û S ó�\�`�Y V_S JL\bM&ó
N�E6XHEHGoXHMON�EHG1ó5g�EHGLJo` S G S \bGdIHE6E7J�N�EHG V I7�4E U G�N�IHX S�V_S �4EHGaN�EHG�` S�UdS û�¿7J U EHGaE5��EHX7JL\�°4E�û�E�óQJ
GR\�û�Y V IHG1ó�E6GRM&ócJ
` S Go\�ó�XHM&ó�XHE7° S � V EHGp]�ó�M�J S û·û�E�óQJ V E6J S Ym¯&N�E�XHM&û���Y�GLJL\bM&ó5] V_S `�Y�\bGRG S ó�XHE�E5�nEHX7JL\�°4E�û�E�ócJZGR\�û�Y V IHGp]�M�Y V EHG
° S�V E7Y U G�N�EHG�XRK S�V E7Y U G�N�Eá^GRGL\bM&ó,E5��EHX7JL\�°4E�û�E�óQJ�` U \bGREHG�E�ó�XHM&û,`�JRET`fM�Y U XdK S hQY�E�ó�M"ÿ S Y5l�D S XHM&û,` S�UdS \bGdM&ó
U EHGLJREaN�I V \bX S JREaNmY�i S \�J�hcY�E�XHE U J S \�ó�EHG�GREHX7JL\bM&ó�G�E8]WX S XHEHG` U \bGREHG�E�ó(XHM&û,`�JREÆó�E
GRM&óQJ�` S G U \��4M�Y U E7Y�GRE�û�E�óQJ
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\bN�E�óQJL\bhcY�EHG�`fM�Y U�V EHG�N�E7Ym¯CXHMcN�EHG�\bX7\XHM&û,` S�U IHGpl�µOM�Y V \��ó�M&ó�G,E�ómá<ó»hQY�E V_S ��\�� V \bM�JLK�¿HhcY�E(N�E�� S GREHG N�E
N�M&óWó�IHEHG�Y�JL\ V \bGRIHE�` S�U ' `nM V�V M?EHGLJjYWó�E�°4E U GL\bM&ó�� S GRIHE,GLY U6V_S�V \�� UdS \ U \bE ô �@YDY �ml|��hcY�\�\�û,` V I�û�E�óQJRE�N�EHG
û�McNm\�á^X S JL\bM&ó�G S N S `�JRIHEHG�`nM�Y U XHE6XHMON�E�l

�$Å�� à�Í�Ù�ÎN	 Ø ÙoÎRÛ É � � Ë»�2���f�f��Ì�� Í�Ù Ø ÙoÎ�Í�ÙoÎ6² Ì � Î�É��kÌkÎwÙ�� Í�Ì�� Ëd��Í Î�ÉU����É
Ù Ø ÎL�n��Í
�ZM�J U E�I7JLY�N�E�XRK�E U XdK�E�e�EHGLJL\�û�E U ` V Y�GL\bE7Y U GjM���GRE U ° S � V EHGjE7JjeWGL\�û�Y V E UjV E7Y U I7°4M V Y�JL\bM&ó5l ' YP` U E�û,\bE U

UdS ó��,N�EZXHEHGTM���GRE U ° S � V EHGoGRE
J U M�Y�°4E�óQJ V EHG�\�óQ°4E�ócJ S \ U EHG�`nM�Y U XRK S hcY�E
\bGdM�JRM�`fEZNmY?XHM&û���Y�GLJL\�� V E S \�ó�GL\�hcY�E
V EHG�XHMcE8]WX7\bE�ócJRG�N�E U I S X7JL\�°O\�JRITNmY G!ÿmGLJR¿�û�EGL\�û�Y V I�]�hcY�\c° S�V \bN�E�óQJ�YWó�XRK�M�\�¯�` S�U JL\bX7Y V \bE U N�E�XHM&û���Y�GLJL\�� V E�l�� V
EHGLJFN�M&ó�X�\�û,`fM U J S ócJ�N�E�XdK�E U XRK�E U eoI7° S�V Y�E UFV g�E ULU E7Y U GLJ S JL\bGLJL\bhcY�E�N�M&óQJ�XHEHGFM���GRE U ° S � V EHG�GdE U M&óQJ�E�ócJ S XRK�IHEHGpl

�ZM�Y�GÆó�M�Y�G
` U M�`fM�GdM&ó�GaN S ó�GZXHE7JLJRE�` S�U JL\bE N�E�hQY S ócJL\�á^E UjV g \�ó�XHE U JL\�JLY�N�E�GLJ S JL\bGRJL\bhQY�E�hQY�\FE�¯m\bGLJRE�N S ó�G
V E,X S�V X7Y V N�g�I7°4M V Y�JL\bM&ó�ô/ª3õ�ö±GLY U6V g�EHGRJL\�û S JL\bM&óAN�E V g \�óQ°4E�óQJ S \ U E�N�E,XRK S hcY�EKó�M"ÿ S Y5l5´�M�Y U XHE i S \ U E�]fYWó�E
û S ó�\b¿ U E�Nm\ U EHX7JRE�]���\bE�ó»hcY�E��4M�Y U û S ó�N�E�E�ó�JRE�û,`�G�N�E�X S�V X7Y V ]�EHGRJ�N�g�E5��EHX7JLY�E U e U I7`fI7JL\�JL\bM&ó V EPû���û�E
X S�V X7Y V N�g�I7°4M V Y�JL\bM&ó5]4E�ó,` U E�ó S óQJ�GdM�\�ó�N�E�XdK S ó��4E U N�E��4E U û�EoGLJRMOXRK S GLJL\bhcY�EoejXRK S hcY�E�i�M�\bG�hcY5g YWó·ó�M�Y�°4E S Y
X S�V X7Y V ô/ü�ý3þ�EHGLJ V_S ó�XHI�l�D5E(XHMcN�E�ô/ü�ý-þ�`nE U û�E7J e V g Y�JL\ V \bG S JRE7Y U N�E,ikM�Y U ó�\ U E�óAJ S ócJ hcY�E�` S�UdS û�¿7J U E
NmYCX S�V X7Y V ]�YWóìó�M&û�� U E S�V I S JRM�\ U E�û�E�óQJ,JL\ U IWGdE V M&óAYWó�E V M�\�YWó�\�ikM U û�E�hcY�E ô/ü�ý3þAY�JL\ V \bGREWE�ó�GRY�\�JREW`nM�Y U
N�I7JRE U û,\�ó�E U
V Ej�4E U û�E�GLJRMcXdK S GLJL\bhcY�E�NmY&X S�V X7Y V ` U M�� S ��\ V \bGLJRE�N�E6J UdS ó�GL`nM U JaN�E ó�E7Y�J U M&ó�Gpl

�ZM�Y�G S °4M&ó�G S `�` V \bhcY�I
XHE7JLJRE û�I7JLK�McN�M V M���\bEje V g�I7JLY�N�E
N�EHGE ULU E7Y U G�GLJ S JL\bGLJL\bhcY�EHG�\�ó�NmY�\�JREHG�GLY UV g�I7JLY�N�E
N�EHGTN�E7Ym¯WXHM&û���Y�GLJL\�� V EHGp]<ª3¬��E7JTæTK�´�Y5] S á<ó(N�g S °4M�\ U YWó�` U E�û,\bE U�S `nE U6© Y(N�EHG�Nm\��nI U E�ó�XHEHG�\�ócJ U \�ó�GR¿HhQY�EHG
hQY�\�E�¯O\bGLJRE�ócJE�ócJ U E V EHG�N�E7Ym¯,J�ÿO`nEHG�N�E�XHM&û���Y�GRJL\�� V E�l4u S ó�G V EHG�N�E7Ym¯,X S G�] V g�I7°4M V Y�JL\bM&ó S I7JRIoi S \�JRE�E�óW�4IHM�â

ü�ý



û�I7J U \bE�XHE V�V Y V E�K�M&û�M��4¿�ó�E���G S ó�G�N�IHXHM�Y�` S �4E�NmY&X UdS ÿ4M&ó���]�E�ó[E5�nEHX7JLY S ócJaYWó�E�X7\�ó�hcY S óQJ S \�ó�E�N�E6X S�V X7Y V Gpl
�ZM�Y�G�M���JRE�ó�M&ó�G S \�ó�GL\mYWó�ETX7\�ó�hQY S ócJ S \�ó�E�N�E�° S�V E7Y U G�Nm\���I U E�óQJREHG�`nM�Y U�V g \�óQ°4E�óQJ S \ U EaN�E�XdK S hQY�EÐó�M�ÿ S Y

e�XRK S hcY�EP` S G(N�E�JRE�û,`�GplTê/ó�EBû�I7JLK�MON�EP\�ó�XHM U `fM U IHE�e°ô ª-õ�ö.£�`nE U û�E7J(N�EPJ UdS XHE U�V E�GR`fEHX7J U EPN�EHG
\�óc°4E�óQJ S \ U EHGT`nM�Y U XRK S hcY�E/ó�M"ÿ S Y?E7JN�g�E�ó�E�¯OJ UdS \ U E S \�ó�GL\ V g�IHX S�U JJÃÿc`nE�l2�Zg�EHGRJXHE7JTIHX S�U JJÃÿc`nEahcY�\�EHGLJ` U \bG
\bX7\�XHM&û·û�E,\�ó�XHE U JL\�JLY�N�E(GLJ S JL\bGLJL\bhcY�E�l�D S ° S�V E7Y U�S óWó�M&ó�XHIHE�XHM&û·û�EW\�óQ°4E�ócJ S \ U E�EHGLJ V_S ° S�V E7Y U û�M�ÿ4E�óWó�E
N�E V g�E�ó�GdE�û�� V EZN�EHG�° S�V E7Y U Gpl4D S á���Y U Ep9ml�¢p��\ V�V Y�GLJ U E V_S û�I7JLK�McN�EZGLY U�V E
X S�V X7Y V N�E V g \�óc°4E�óQJ S \ U EjNmY³ó�M�ÿ S Y
õ+º�»L´�Y
E�ó&X S�V X7Y V XHE V�V Y V E�ê��ÐÏ�l
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Mean    3.324

RMS    0.02825
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ê/ó�ETikM�\bG�XHE7J S�² Y�GLJRE�û�E�ócJ` S�U YWó�E�� S Y�GRGL\bE�óWó�E
E5�nEHX7JLY�Ia`fM�Y U JRM�Y�G V EHG�K�\bGLJRM�� UdS û·û�EHGN�g \�óc°4E�óQJ S \ U EHG

NmY�` U M�� V ¿�û�E·ó�M�Y�G�`fM�Y�°4M&ó�G$û�E7JLJ U E�E�óAI7°O\bN�E�ó�XHE V E�XHM�Y�` V_S �4E�hcY�\�E�¯O\bGLJRE,E�ócJ U E V EHG6E ULU E7Y U G�\�ó�NmY�\�JREHG
eWXRK S hcY�E�` S GZNmY 45<y359�< k�GLY UZV g \�óQ°4E�óQJ S \ U E,N�EHGjNm\���I U E�óQJRG ó�M"ÿ S Ym¯±NmYPG�ÿOGLJR¿�û�E�l���E7JLJRE�E ULU E7Y U N�I7`nE�ó�N
ikM U JRE�û�E�óQJp]n`nM�Y U YWó«ó�M�ÿ S Y>N�M&óWó�I�]�N�E V g S XHX7YWû�Y V_S JL\bM&óAN�EHG6E ULU E7Y U G6GLJ S JL\bGLJL\bhcY�EHGjGLY UjV g \�óQ°4E�ócJ S \ U E�N�EHG
ó�M�ÿ S Ym¯?hcY�\ V Ej` U IHXH¿HN�E�óQJ V E V M&ó��WN�g YWó�E V \��ó�E�N�E V g S�U � U E�N�EHG1ó�M�ÿ S Ym¯nl
D S á���Y U E�9ml�¢S9A\ V�V Y�GLJ U EP��\bE�ó�XHEHG U E V_S JL\bM&ó�G(`fM�Y U(V EPX S�V X7Y V-£�¤�¥ ó V g \�ó�XHE U JL\�JLY�N�E�GLJ S JL\bGRJL\bhQY�EPEHGLJ

hcY S GL\�û�E�óQJ1ócY V�V E6GLY U�V g \�óQ°4E�óQJ S \ U E�N�E�õ"ö�¦Rê N�M&óQJ V_S ° S�V E7Y U EHGLJTN�M&óWó�IHEj\�ó�\�JL\ S�V E�û�E�óQJ
E7JoX U M�§bJ V M U GRhcY5g�M&ó
Gpg�I V M�\��ó�E�E�ó)ó�M&û�� U ETN�E_û S GRGREN�EXHE V Y�\�â�X7\2l�´�M�Y U YWó ó�M"ÿ S Y,N�M&óWó�I�]�X U IHI V M U G�N�E V g�I7°4M V Y�JL\bM&ó5]�M&ó M���GRE U °4E
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XHEZe�hcY�M�\ V g�M&ó�Gpg S JLJRE�ó�N(\�óQJLY�\�JL\�°4E�û�E�ócJ�ó V g�E ULU E7Y U GLJ S JL\bGLJL\bhcY�EZGLY UV g \�óc°4E�óQJ S \ U E6GREZGLY�`nE U `fM�GdE
e�XHE V�V E
hcY�\
E�¯O\bGRJRE,GLY U6V g \�óQ°4E�ócJ S \ U EWNmYwó�M"ÿ S Y$k i5360 hQY�\ V Y�\�N�M&óWó�EKó S \bGRG S ó�XHE�l5D5E�J S � V E S Y±9ml®(�N�M&óWó�E�XHEHG6E ULU E7Y U G
GLJ S JL\bGLJL\bhcY�EHG�`nM�Y U�V EHG�` U \�ó�X7\�` S Ym¯ S X7JL\�ó�\bN�EHG e�ý�\�ó�GLJ S ócJRG�N�E V g�I7°4M V Y�JL\bM&ó5l��/ó�°4M�\�J�hcY�E V EWX S�V X7Y V EHGLJ
GLJ S � V E�ó�`nM�Y U�V E�N�E U ó�\bE U ` S G�XHM&ó�GL\bN�I U I���%D�P²K³ ²3´ J���] V g \�ó�XHE U JL\�JLY�N�EaGLJ S JL\bGRJL\bhQY�Eo` U M�` S �4IHE
EHGLJ�\�ómikI U \bE7Y U E
e��;§0`nM�Y U hQY S GR\�û�E�óQJ�JRM�Y�G V EHG1ó�M"ÿ S Ym¯�l

�/ó U E�û S�U hcY�E UdS ]�GLY U XHE û���û�EZJ S � V E S Y5]�hcY�E/û���û�E6e�`�Y�\bGRG S ó�XHEjXHM&ó�GLJ S ócJRE�] V g�I7°4M V Y�JL\bM&ó&NmY?X S�V X7Y V
£¤�¥ N�M&óWó�E�YWó�E�)�Y�X7JLY S JL\bM&ó±GLJ S JL\bGLJL\bhcY�E�GLY U
V g \�óQ°4E�óQJ S \ U E,N�E V g®õ"ö<µLê N�M&óQJ V g \�óQ°4E�ócJ S \ U E,EHGLJa��\bE�óPN�I�á<ó�\
e V g \�ó�GLJ S óQJ,\�ó�\�JL\ S�V ó�XHE V I7�4E U N�IHX S�V_S �4E?EHGLJ,Nl¶ S Ym¯t)�Y�X7JLY S JL\bM&ó�G�N�EHG S Y�J U EHG·ó�M"ÿ S Ym¯ � õ"ö�· ´�Y�] õ�¸$¹ ´�Y
` U \�ó�X7\�` S�V E�û�E�óQJ��
N�M&óQJ V EHGTá^GRGL\bM&ó�G�XHM&ócJ U \���Y�E�óQJ S Y�GRGL\Fe V_S `�Y�\bGdG S ó�XHE�]�XHM&ó�GLJ S ócJRE�]^hcY5g�M&ó[GL\�û�Y V E�l
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ÅjE�û S ó�\b¿ U E S ó S�V M���Y�Eae V g S ó S�V ÿmGREi S \�JRE` U IHXHIHN�E�û·û�E�ócJGLY U�V EHG�\�óQ°4E�ócJ S \ U EHG�N�EHG�ó�M�ÿ S Ym¯n]&ó�M�Y�G�`nM�Ymâ
°4M&ó�G�°4I U \�á^E U GLY UoV g�E�ó�GRE�û�� V E�N�EHG�X S�V X7Y V GaXHE V�V Y V E�E5�nEHX7JLY�IHG S °4EHX�N�EHG��4E U û�EHGaGLJRMOXRK S GLJL\bhcY�EHGaNm\���I U E�óQJRG�]
hQY�E V EHGh)�Y�X7JLY S JL\bM&ó�G�M���GRE U °4IHEHG�GLY U�V EHG,Nm\�°4E U GREHG,EHGLJL\�û S JL\bM&ó�GWN�E

k
GRM&ócJ�XHM&û,` S JL\�� V EHG S °4EHX V g�E ULU E7Y U

GLJ S JL\bGLJL\bhcY�E S óWó�M&ó�XHIHE�` S�U ô/ü�ý3þ�]^X�g�EHGLJwâre�â�Nm\ U E S Y�JRM�Y U N�E������W`fX�û `fM�Y U
V_S GLJ S JL\bGLJL\bhcY�E�XdK�M�\bGL\bE N S ó�G
XRK S hcY�EaX S�V X7Y V lmµcY U�V_S X7\�ó�hcY S óQJ S \�ó�EZN�Eo° S�V E7Y U G�EHGLJL\�û�IHEHGTe6XRK S hcY�E�` S G�N�g�I7°4M V Y�JL\bM&ó5]Ió�M�Y�GI7° S�V Y�M&ó�G V_S
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Nm\bGL`nE U GL\bM&ó&M���GRE U °4IHE S Y�JRM�Y U N�E V_S ° S�V E7Y U û�M�ÿ4E�óWó�E�N�E
k
]�`fM�Y U JRM�Y�G V EHG�` S G
N�g \ ULUdS Nm\ S JL\bM&ó5l�D S á���Y U E

9ml�¢&%,\ V�V Y�GLJ U E�XHEHX7\FGLY UoV E�X S G�ê��/Ê�l
D S Nm\bGL`nE U GL\bM&ó[N�E V_S Nm\bGLJ U \���Y�JL\bM&óPN�EHG�° S�V E7Y U GaN�E

k
GRE�û�� V E�Gpg S XHX U M�§bJ U E�`fE�ó�N S ócJ V g�I7°4M V Y�JL\bM&ó�û S \bG

U EHGLJRE�JRM�Y�JRE�ikM�\bGWXHM&û,` S JL\�� V E S °4EHX V g \�ó�XHE U JL\�JLY�N�E�N�E[�����P`nX�û N�M&óWó�IHE?` S�U ô/ü�ý3þ�l|��E7JLJRE[XHM&ó�GL\bN�I UdS â
JL\bM&ó?GL\�û,` V E ó�M�Y�GT`nE U û�E7J�N�EZ°4I U \�á^E U hQY5g YWó�E6I7°4E�ócJLY�E V�V E6` U M�` S � S JL\bM&ó[N�g YWó�E6E ULU E7Y U 8��A87ì_� ~ -�ì ë mC<o0 GLY U
V g�I7°4M V Y�JL\bM&ó¤NmY�i S X7JRE7Y U

k
]�hcY�\�GdE UdS \�J�\�ócJ U McNmY�\�JRE V M U G�NmYCX S�V X7Y V N�g�I7°4M V Y�JL\bM&ó¤` S�U V E�i S \�J�hcY�E V E(G!ÿmGwâ

JR¿�û�E S I7°4M V Y�IWe�` S�U JL\ U N�g YWó>I7J S J�N�M&óQJ V E i S X7JRE7Y U
k
EHGLJjJ U ¿HG V I7�4¿ U E�û�E�óQJ Nm\��nI U E�ócJ�EHGLJ�E�ó�` UdS JL\bhcY�E

\�ó�Nm\bGRXHE U ó S � V E�N�E V_S )�Y�X7JLY S JL\bM&ó�GLJ S JL\bGRJL\bhQY�E�E�¯m\bGLJ S ócJRE�l
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Mean    1.319

RMS    0.002125
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Facteur de multiplication K
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Mean    1.225

RMS    0.002435
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Mean   0.9158

RMS    0.002365
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Å S ó�G�hcY�E V�V EÐû�EHGLY U E�û�McN�I V \bGdE U N�E�i S/© M&ó�K�M&û�M��4¿�ó�EoYWó�X UdS ÿ4M&óWXHM&û���Y�GLJL\�� V E�]QN�M&óQJ V_S XHM&û,`nM�GL\�JL\bM&ó
I7°4M V Y�EZN�E�i S/© M&ó�GL` S JL\ S�V E�û�E�óQJoK�I7JRI U M��4¿�ó�E�] U EHGLJREaYWó�E S `�` U MH¯m\�û S JL\bM&ó&XHM ULU EHX7JREF	j��ó?N�g S Y�J U EHG�JRE U û�EHGp]
i S Y�Jwâ2\ V ` U E�ó�N U E�E�ó[XHM&û,`�JRE6YWó 7 � ? +/< k -SJD0 E�ó[XHM�Y U M&óWó�EHGaNmY&X UdS ÿ4M&ó[`nM�Y UoV EHGo�nEHGRM�\�ó�G�N�E ó�M�J U E�GL\�û�Ymâ
V_S JL\bM&ó5]�hcY�\5XRK�E U XdK�E e�I7J S � V \ U�V g�I7°4M V Y�JL\bM&ó�N�EHGo\�óQ°4E�ócJ S \ U EHGaJRM�J S Ym¯&N�EHGo` U \�ó�X7\�` S Ym¯ ó�M"ÿ S Ym¯a	��/ó?°4E ULUdS
hcY�E V EHGcû�I7JLK�MON�EHGr=�M&ócJRE�� S�ULV M?`nE U û�E7JLJRE�óQJp]�GRE V M&ó V E,X S G�I7JLY�Nm\bI�]5N�E,i S \ U E�YWó�E�JRE V�V E�GR\�û,` V \�á^X S JL\bM&ó
S á<ó&N�E U IHNmY�\ U E V E6JRE�û,`�G�N�E�X S�V X7Y V l

�ZM�Y�G S °4M&ó�Go` V Y�GR\bE7Y U G�i�M�\bG�i S \�J U I�i�I U E�ó�XHE S Y�`�K�I�ó�M&û�¿�ó�E6N�g S Y�JRM�` U M�JREHX7JL\bM&ó�N�EHG U IHGdM&ó S ó�XHEHGp]�ó�M�Y�G
V g�E�¯m` V \bhQY�M&ó�GPû S \�óQJRE�ó S ócJ S á<óÁN�g \ V�V Y�GLJ U E U `fM�Y U hcY�M�\ V E[X UdS ÿ4M&ó¾XHM&û���Y�GLJL\�� V E±I7°4M V Y�EPN�E&XHE7JLJRE&i S/© M&ó
K�I7JRI U M��4¿�ó�E�l

â&ã�ä�ågäAæPç�äLèjä�é"êÈ�(���T���T¡"�"�Ó���"Äv (�- S���� (�N�
DFE X UdS ÿ4M&óAXHM&û���Y�GRJL\�� V E�]���\bE�ó�hQY�E J U ¿HGZá<ó>ePó�M�J U E,IHXRK�E V�V E[��GRM&ó UdS ÿ4M&ó>EHGLJ6N�E V g�M U N U E,N�E�hcY S J U E

û,\ V�V \�û�¿7J U EHG���I7°4M V Y�EoN�Ei S/© M&ó�J U ¿HG�K�I7JRI U M��4¿�ó�E UdS Nm\ S�V E�û�E�ócJpl4��ó,E5�nE7Jp] V_S GLY U i S XHEM�Y V_S k 0x-�< NmY X UdS ÿ4M&ó
EHGLJ6E�ó�XHM&óQJ S X7J�\�û·û�IHNm\ S J ³ S °4EHX V EKû,\ V \bE7Ywû�MON�I UdS JRE7Y U l5D5E,XHM&û���Y�GRJL\�� V E�E�ó�GLY U i S XHE,NmY�X UdS ÿ4M&óAGRE UdS
N�M&ó�X�` U \bM U \�J S \ U E�`nM�Y U6S ��GRM U �fE U
V EHG ó�E7Y�J U M&ó�GZJLK�E U û,\bhcY�EHGjhQY�\�°c\bE�óWó�E�ócJZ` UdS JL\bhcY�E�û�E�óQJjJRM�Y�GZN�E V g�E�¯Oâ
JRI U \bE7Y U NmY�X UdS ÿ4M&ó5]c`�Y�\bGRhcY�EaX�g�EHGLJN S ó�G V g�E S Y(hQY5g \ V GGREÆû�MON�¿ U E�óQJplo��E7JE5��E7J�GRE UdS � UdS ó�N�E�û�E�óQJ S û,` V \�á^I
S Ym¯�I�ó�E U ��\bEHG�N�E U IHGdM&ó S ó�XHEWN�EHGcó�M�ÿ S Ym¯ANmY>XHM&û���Y�GLJL\�� V E�l�D S á���Y U E&9ml�¢pý U E7` U IHGRE�óQJRE V E,GL`nEHX7J U EHG�E�ó
I�ó�E U ��\bE�N�EHG ó�E7Y�J U M&ó�GjN S ó�G V E�N�M&û S \�ó�E�N�EHGZI�ó�E U ��\bEHG
JLK�E U û,\bhQY�EHGZ`nM�Y U YWó�G�ÿOGLJR¿�û�E�æTK�´�Y S YPN�I7��Y�J
N�E V g \ ULUdS Nm\ S JL\bM&ó>E7J
\ V�V Y�GLJ U E X V_S \ U E�û�E�óQJ V E X U E7Y�GRE�û�E�ócJZ\�û,`nM U J S óQJ�NmYj)�Ym¯�ó�E7Y�J U M&ó�\bhcY�E S Ym¯PI�ó�E U ��\bEHG
U IHGRM&ó S ócJREHGaNmY&` V Y�JRM&ó�\�YWû&l

��E7JLJRE
Nm\��nI U E�ó�XHEZN�E~)�Ym¯ió�E7Y�J U M&ó�\bhcY�E6e6YWó�E
I�ó�E U ��\bE
N�E U IHGRM&ó S ó�XHE
N�g YWóPó�M"ÿ S Y5]mE�ó�ikM&ó�X7JL\bM&ó�N�E V_S
` U M�ikM&ó�N�E7Y U N S ó�G V E�X UdS ÿ4M&ó5]�E�¯O` V \bhcY�E V g�I7°4M V Y�JL\bM&óPGL` S JL\ S�V E�û�E�óQJZK�I7JRI U M��4¿�ó�E�NmY�X UdS ÿ4M&ó5l^�_ó�E5��E7Jp] V EHG
GREHX7JL\bM&ó�G�E8]WX S XHEHG�` U IHGRE�ócJ S óQJ�N�g \�û,`nM U J S óQJREHG U IHGRM&ó S ó�XHEHG�°4M�\bE�óQJ V E7Y U ° S�V E7Y U û�M�ÿ4E�óWó�EoN�g YWó�ETXHM�Y U M&óWó�E
e V g S Y�J U E�NmY[X UdS ÿ4M&ó�° S�U \bE U N�EZi S/© M&ó&J U ¿HG
GL\��ó�\�á^X S JL\�°4EWó�X�g�EHGLJ V g S Y�JRM�` U M�JREHX7JL\bM&ó 8 k -�ì ë -/.10 N�EHG
GREHX7JL\bM&ó�G
E8]WX S XHEHG@û�M"ÿ4E�óWó�EHGp]OhQY�\�E�¯m\bGLJRE1û���û�E
hQY S ó�N V_S ` U M�`fM U JL\bM&ó(NmYió�M"ÿ S Y(XHM&ó�GL\bN�I U IaN S ó�G V E�XHM&û���Y�GRJL\�� V E
EHGLJo` S�U JRM�Y�Ja\bN�E�óQJL\bhcY�E�N S ó�G V E�X UdS ÿ4M&ó[XHM&û���Y�GRJL\�� V E�l

ës�ì�����S�G�r�����S�T���������  ��U�l���N���N�À�r�I ³ S�T�+���N���- 2�Dª±���	�T�I 
´�M�Y U�V_S û���û�EZXHM&û,`fM�GR\�JL\bM&ó(NmY�XHM&û���Y�GLJL\�� V EjN S ó�GJRM�Y�JREHG V EHGXHM�Y U M&óWó�EHGTNmY�X UdS ÿ4M&ó>� S Y(N�I7��Y�JTN�E

V g \ ULUdS Nm\ S JL\bM&ó���] V EHG5J S � V E S Ym¯19ml~üoE7JV9ml®> U E7` U E�óWó�E�óQJ�hcY�E V hQY�EHG�° S�V E7Y U G�N�EGREHX7JL\bM&ó�G�E8]WX S XHEHG�X S�V X7Y V IHEHG�` S�U
¸ idvs¨k�_iL{\«r�<ªí¯�«�ª<i��8i�z��«r«�sîwz��<®w�8�z~v�ïj¹�ïsi3¨2�r�2zðidvf®�¸���z�ªkz+ñ���v��jª<i�¨<«�pv�«Uïo��®�i��z~ËHv�««$¨jª<i}Ð�����«íò�¨k�_i��ª�ñnid�<«$�®�«$ó�idv�Ì

�«wv�¨k�2�8�ªw�

>��



=/>�?/@n9ml�¢pýOBIF�k 0 ? ì"3x0kôFð ú <�b ÷ 3605<y8C0 ~ 059^ì 7 <Á%¬<nº�9�05<mì"3z+/9 ë m&<�0^-�<nºP�&9�053�J ë 058 7 0d3��B8C+/9:-/9 ? 0 7 � -D4B8C+/3 k ì ë +�9
7 -/9o8d.I0B8 7 ë � �536059^ì�058 ? +/<y3x+/9�9�0B8 7 < ? 3x-n�;+/9�blõfQA0 ?U? 0 7 � ? +�< k -�JD0�059L�&9�053�J ë 0hu�ö \m÷	÷�\m÷�� w � ? 07ìkì�0 7 ë � �53x0&9 ? 0
-�ìkì�0 ë 9^ì k 360B8Cm&<o0�<�9&WC- ? ì�05<�3gH;Ñ;ÑDÑ 7 -/9�8{.I0-J/3x+/< k 0 7 0@.�-º3��B8C+/9:-/9 ? 0 7 <,» �3��ø <~-�<Oì,+/<�3 7 0gH;0	� u,.I0/%¬<nº
0B8�ì|360 k 3 �B8C059�ì_� ë"?Hë�k -/3r<�9 ë ì_� 7 0�.d�7ì¡ð�-/3�J ë 0��a8C+ ë ì dN/dLog(E) w b

ù £úíû N S ÷�G V EHGZNm\��nI U E\÷cJREHG
XHM�Y U Mn÷	÷�EHGjNmY�X UdSSü Mn÷�`nM�Y U Nm\���I U E\÷QJREHG U I S X7JL\bMn÷�GZE7J:÷�M üQS Ym¯[GL\��+÷�\�á^X S JL\�i�G
N�EHGaN�E7Ym¯?XHMný ö Y�GLJL\ ö V EHGZI7JLY�Nm\bIHGp]�E\÷&i�Mn÷�X7JL\bMn÷[NmY UdSSü Mn÷�E�¯mJRE U ÷�E�N�E V_S XHM�Y U Mn÷	÷�E�l
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σ �S� õ"ö�·(n,f) σ ��� õ"ö�·(n,γ) σ ��� õ�¸��(n,γ) σ ��� õ�¸$¹(n,f)%�l®��í�ý ��( ¢&% ý�> 9��
9ml|í�ím¢ �A% ¢S9 9�> 9m¢
9ml®>�>�ý ��� ¢p� ��> 9��
9ml®(�(+9 �m¢ ¢�¢ �+9 ��í
9ml %Q��( ¢�> í ¢pí ��(
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E\ý S�U hQY�Mn÷�G hQY�E�N S ÷�G V E(X S G ê�CÊ ] V E�J S ö V E S Y�9ml®>&N�Mn÷	÷�E V_S ° S�V E7Y U N�E V_S GdEHX7JL\bMn÷�E8]WX S XHE�N�E

á^GRGL\bMn÷WNmY�õ"ö�·L´�Y S�V M U GhQY�E�XHE V Y�\�â�X7\"÷5g�EHGLJ�` S G�` U IHGRE\÷QJ�N S ÷�G V EaXHMný ö Y�GLJL\ ö V E�lOD S ° S�U \ S JL\bMn÷�N�E V_S GdEHX7JL\bMn÷
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σ ù õ"ö<µ(n,f) σ ù õ"ö<µ(n,γ) σ ù õ"ö�¦(n,γ) σ ��� õ"ö�·(n,f) σ ��� õ�¸��(n,γ)%�l®��í�ý %T9ml|ý íml®> ¢�l®>�� í�( �A%�%
9ml|í�ím¢ %Q�ml®> íml®( ¢�l�¢�� í�ý �A%Qý
9ml®>�>�ý %Q�ml % íml|ý �ml|í�� íA% �A%D(
9ml®(�(+9 %�¢�l~ü íml % �ml®>+9 í+9 �A%Qý
9ml %Q��( %D�ml®( íml|� �ml~ü/( ím¢ �A%Q�
�ml|ý�í�� 9�íml®� >ml®> �ml®(�í >�> �A%Q�
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E8]WX S XHE/ý�M ü E\÷	÷�EoE�¯O\bGLJRE�`nM�Y U J S ÷QJ�E7J(÷�ET`nE7Y�J�` S G �7J U E S JLJ U \ ö Y�IHE�e
Y	÷,E5�nE7J�N�g S Y�JRM�` U M�JREHX7JL\bMn÷�GL` S JL\ S�V E
N�EHG U IHGRMn÷ S ÷�XHEHG�NmY�õ"ö�·L´�Y GLY U�V Y�\�ý��\ý�E�l���EHX7\�\ V�V Y�GLJ U E V g�E5��E7J�N�g S Y�JRM�` U M�JREHX7JL\bMn÷?N�g Y	÷�EaGREHX7JL\bMn÷(E8]WX S XHE
N�g Y	÷x÷�M üQS Y�N�Mn÷	÷�I6` S�U Y	÷�E U IHGRMn÷ S ÷�XHE�N�g Y	÷ S Y�J U Eo÷�M üQS Y5]^hcY�EK÷�M�Y�G�E�¯m` V \bhQY�Mn÷�G:ý S \m÷QJRE\÷ S ÷QJpl

ës�ì�����S�G�r�����S�T���������Ó�Á�d�U�U�Â��ÃI S�������U���a ������U�U�Â�����S���
Ò S \bGRMn÷	÷�Mn÷�G
`fM�Y U Y	÷,÷�M üQS Y

x
N�Mn÷	÷�I�l�µcY�`�`fM�GRMn÷�GjhcY�E V_S GREHX7JL\bMn÷±E8]WX S XHE

σ � (E)
N�g Y	÷�E U I S X7JL\bMn÷

N�Mn÷	÷�IHE�GLY U XHEÁ÷�M üQS Y ` U IHGRE\÷cJREY	÷�E U IHGRMn÷ S ÷�XHETe V g�I\÷�E U ��\bE
E0
lØ� V GRE�`nE7Y�J�hcY5g S Ym¯�E\÷c°c\ U Mn÷�G�N�E

E0
E�¯m\bGLJRE

N�Eai S \�J�Y	÷?X U E7Y�GRE\ý�E\÷QJ�NmY�GL`nEHX7J U E
φ(E)

XHMný^ý�EjXHMn÷�GRIHhcY�E\÷�XHEjN�E V_S ` U IHGRE\÷�XHE�]mN S ÷�G V Epý��\ý�Efý,\ V \bE7Y5]
N�g S Y�J U EHG/÷�M üQS Ym¯ SSüQS ÷QJ�N�EHG U IHGRMn÷ S ÷�XHEHG�°4M�\bGL\m÷�EHGoN�E V g�I\÷�E U ��\bE

E0
lmD�g�E5��E7J�N�g S Y�JRM�` U M�JREHX7JL\bMn÷ U IHGLY V J S ÷cJ

GLY UV_S ° S�V E7Y U N�E V_S GREHX7JL\bMn÷�E8]WX S XHEpý�M ü E\÷	÷�E6NmY�÷�M üQS Y
x
]OhQY�\nEHGLJ V_S XHMn÷c°4M V Y�JL\bMn÷ ∫

E σ � (E)φ(E)dE
]

GRE UdS ` V Y�G6M�Y�ý�M�\m÷�Gj\mý,`nM U J S ÷QJ�GdE V Mn÷ V E U EHXHM�Y�° U E\ý�E\÷QJ N�E V_S(U IHGRMn÷ S ÷�XHE,NmY�÷�M üQS Y
x
S °4EHX V_S M�Y V EHG

U IHGRMn÷ S ÷�XHEHG hcY�\�GRMn÷QJ,e V g�M U \���\m÷�E(NmY�X U E7Y�GRE\ý�E\÷cJ NmYÇ)�Ym¯nl���EWX S G�E�¯O\bGLJRE&ý��\ý�EWGL\ V E^÷�M üQS Y
x

÷5g�EHGLJ
` S G ë 9 ë ì ë -/.I0 ~ 059^ì ` U IHGRE\÷QJ6N S ÷�G V EIý,\ V \bE7Y�ónG S GdEHX7JL\bMn÷±E8]WX S XHE,GdE UdS hcY S ÷�Nvý��\ý�E S Y�JRM�` U M�JRI7�4IHE�` S�U
V_S ` U IHGRE\÷�XHE�N S ÷�G V EKý,\ V \bE7Y[N�g S Y�J U EHG:÷�M üQS Ym¯�e U IHGRMn÷ S ÷�XHEHGa°4M�\bGL\m÷�EHGpl

Å S ÷�G V g�E�¯mE\ý,` V E�GLY�G ý�E\÷QJL\bMn÷	÷�I,N�E
σ

(n,f)

��� õ"ö�·
��X S GjNmY±XHMný ö Y�GLJL\ ö V E £�¤�¥�S YPN�I ö Y�J6N�E V g \ ULUdS Nm\ S JL\bMn÷���]

\ V�ü>S Y	÷�IHX S�U J�N�g�E\÷c°c\ U Mn÷�>;§ E\÷QJ U E V_S ° S�V E7Y U�S Y�XHE\÷cJ U E�E7J E\÷A`nI U \�`�K�I U \bE�NmYCX UdS�ü Mn÷»N�E V_S ° S�V E7Y U
ý�M ü E\÷	÷�E�N�E

σ
(n,f)

��� õ"ö�·
l���E7J?E5��E7J?N�g S Y�JRM�` U M�JREHX7JL\bMn÷½EHGLJ?Nl¶ S Y¾X U E7Y�GdE\ý�E\÷QJ&NmY�)�Ym¯.\m÷�GLJ S Y U I±` S�U�V_S

` U IHGRE\÷�XHEZN�g®õ"ö�¦Rê N S ÷�G V Efý,\ V \bE7Y5]mN�Mn÷QJ V EHG}÷�Mný ö U E7Y�GREHG U IHGRMn÷ S ÷�XHEHGTE7J�` U \m÷�X7\�` S�V E\ý�E\÷QJaXHE V�V E6e�E\÷Q°O\ U Mn÷
(�E_; ]�GdE U EHXHM�Y�° U E\÷cJ S °4EHX�XHE V�V EHG�NmY õ"ö�· ´�Y N S ÷�G V_S U I7��\bMn÷�N�EHG U IHGdMn÷ S ÷�XHEHG U IHGRM V Y�EHGpl
DFEHGE�¯�E\ý,` V EHGT` U IHXHIHN�E\÷QJRGT\ V�V Y�GLJ U E\÷cJ V g S Y�JRM�` U M�JREHX7JL\bMn÷&N�EHG�GdEHX7JL\bMn÷�G�E8]WX S XHEHGTXHMný^ý�EjXHMn÷�GRIHhcY�E\÷�XHE

N�E V g�E�¯m\bGLJRE\÷�XHEZN�g Y	÷W� UdS Nm\bE\÷cJ�GL` S JL\ S�V N�E~)�Ym¯�ejY	÷�E
I\÷�E U ��\bE
N�Mn÷	÷�IHE�]c\m÷�N�I7`nE\÷�N S ý^ý�E\÷QJoN�g Y	÷W� UdS Nm\bE\÷cJ
N�E�N�E\÷�GR\�JRI�N�EHGs÷�M üQS Ym¯ U IHGRMn÷ S ÷QJRGZN S ÷�G V Eoý,\ V \bE7Y5l�´�M�Y U á�¯�E U�V EHG�\bN�IHEHGp]�÷�M�Y�G U E7� S�U N�Mn÷�Gfý S \m÷QJRE\÷ S ÷QJ
V E�X S G
\m÷c°4E U GRE(ó^Y	÷�E GL\�JLY S JL\bMn÷±M��5]feWY	÷�E�I\÷�E U ��\bE�N�Mn÷	÷�IHE�]fMn÷À÷�E�` U E\÷�N�` S GZE\÷±XHMný,`�JRE�Y	÷�� UdS Nm\bE\÷cJ
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GL` S JL\ S�V N�E�)�Ym¯¤N S ÷�G V Exý,\ V \bE7Y5l ' á�÷�N�g \ V�V Y�GLJ U E U XHE7JLJRE[GL\�JLY S JL\bMn÷.Mn÷¤`nE7Y�J,` U E\÷�N U E V g�E�¯mE\ý,` V E[N�g Y	÷
X UdS�ü Mn÷>XHMný ö Y�GLJL\ ö V E^÷�Mn÷�N�IHXHM�Y�`fI�]nM��5]f`nM�Y U Y	÷�E�I\÷�E U ��\bE�N�Mn÷	÷�IHE�]nY	÷�E�GRE7Y V E�° S�V E7Y U NmY*)�Ym¯,ý�M ü E\÷
N S ÷�G V E�X UdS�ü Mn÷PE�¯O\bGLJRE�l�D5E�X U E7Y�GdE\ý�E\÷QJjNmYp)�Ym¯[N�Eo÷�E7Y�J U Mn÷�G S YÂ÷�\�°4E S Y±N�g Y	÷�E U IHGRMn÷ S ÷�XHE�E�¯O\bGLJRE ö \bE\÷
E\÷QJRE\÷�NmY5]�ý S \bGaEHGRJa` U \bGaXHMn÷�GRJ S ÷QJjE7J
I7� S�V e V_S ° S�V E7Y U ý�M ü E\÷	÷�E�NmYp)�Ym¯�e,XHE7JLJRE I\÷�E U ��\bE�`nM�Y U JRM�Y�J V E
X UdS�ü Mn÷5l

' á�÷?N�g \ V�V Y�GLJ U E U XHE7JLJRE6GL\�JLY S JL\bMn÷5]l÷�M�Y�GoN�Mn÷	÷�Mn÷�G V EHGoGREHX7JL\bMn÷�GoE8]WX S XHEHGsý�M ü E\÷	÷�EHGaN�g S ö GdM U `�JL\bMn÷[NmY
õ�¸��R´�YaX S�V X7Y V IHEHG�` S�U ù £úíû N S ÷�G�Y	÷ ý,\ V \bE7Y�XHMný ö Y�GLJL\ ö V E(æTK�´�YAK�Mný�M��4¿\÷�E(E\÷AXHMn÷�GL\bN�I UdS ÷cJ Nm\�°4E U GdEHG
XHMn÷�XHE\÷QJ UdS JL\bMn÷�GjN�E6` V Y�JRMn÷�\�Y	ý&l�D5E6J S ö V E S YÀ9ml|í,N�Mn÷	÷�E�XHEHGo° S�V E7Y U G�l
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�ZM�Y�G�°4M ü Mn÷�G�N S ÷�G�XHE7JWE�¯�E\ý,` V E?GL\mý,` V E&hcY�E V g�E5��E7JWN�g S Y�JRM�` U M�JREHX7JL\bMn÷�EHGLJ�Nm\ U EHX7JRE\ý�E\÷QJ V \bI&e V_S
N�E\÷�GL\�JRI6NmYL÷�M üQS Y U IHGRMn÷ S ÷cJ�` U IHGRE\÷cJpl���Mný^ý�E�e�Y	÷�EjI\÷�E U ��\bE6N�Mn÷	÷�IHEj\ V ÷5g ü(S ` S GoN�EZ� UdS Nm\bE\÷QJ�GR` S JL\ S�V
NmY�)�Ym¯2÷�E7Y�J U Mn÷�\bhcY�Ea` U \bG�E\÷�XHMný,`�JREZN S ÷�G V E:ý�McN�¿ V E
N�EaX UdSSü Mn÷�K�Mný�M��4¿\÷�EZ`nM�Y U X S�V X7Y V E U XHEHG° S�V E7Y U G
N�E�GREHX7JL\bMn÷�G
E8]WX S XHEHGp]�Mn÷?`nE7Y�JaNm\ U E�hcY5g \ V Gpg S ��\�J�\bX7\5N�g Y	÷[E5��E7J�N�g S Y�JRM�` U M�JREHX7JL\bMn÷��_÷�Mn÷�GL` S JL\ S�V E�dl

��E7J E5�nE7J-÷5g�E�¯m\bGLJREW` S G�`nM�Y U Y	÷ ÷�M üQS YCG S ÷�G U IHGRMn÷ S ÷�XHEHGp]Uý��\ý�EWG�g \ V ` U IHGRE\÷cJRE�Y	÷�EWi�M U JRE�GdEHX7JL\bMn÷
E8]WX S XHEsý�M ü E\÷	÷�EaN�g S ö GRM U `�JL\bMn÷5ly�Zg�EHGRJ V EoX S G�NmY ¹�� ��]�N�Mn÷QJ V_S GREHX7JL\bMn÷WE8]WX S XHE�N�g S ö GRM U `�JL\bMn÷±�N÷5]α ��EHGRJGLJ U \bX7JRE\ý�E\÷QJTE\÷

1/v
lcD5EoJ S ö V E S YL9ml�¢���N�Mn÷	÷�EaG S GREHX7JL\bMn÷�E8]WX S XHE:ý�M ü E\÷	÷�EZN�g S ö GRM U `�JL\bMn÷(X S�V X7Y V IHEa`fM�Y U

Nm\��nI U E\÷cJREHG�XHMn÷�XHE\÷QJ UdS JL\bMn÷�G
N�E
XHE V Y�\�â�X7\5E\÷�XHE V�V Y V EZK�Mný�M��4¿\÷�E���N S ÷�GoXHE
X S G�] V g�E S Y?NmY�ý�McN�I UdS JRE7Y U ��l�D S
i S \ ö V E�° S�U \ S JL\bMn÷AN�E V_S GREHX7JL\bMn÷>E8]WX S XHE2ý�M ü E\÷	÷�E�hcY5g�Mn÷>M ö GRE U °4E^÷5g�EHGLJ6` S Gj\bX7\�NmY�E�e(Y	÷>hcY�E V XHMn÷�hcY�E
E5�nE7J N�g S Y�JRM�` U M�JREHX7JL\bMn÷Òý S \bG�e�Y	÷CE5�nE7J�N�E�GL`nEHX7J U E&óFe�` V Y�G�� UdS ÷�N�EWXHMn÷�XHE\÷cJ UdS JL\bMn÷»N�E ö M U E�]�ý�M�\m÷�G
N�EK÷�E7Y�J U Mn÷�Gp] UdS�V E\÷QJL\bGaN S ÷�G V g�E S Y ö M U IHE�]m`nE7Y�` V E U Mn÷QJ V EHGoN�Mný S \m÷�EHG�N�EHG ö S GdGREHGoI\÷�E U ��\bEHGp]�E\÷ S ö S \bGRG S ÷cJ
S \m÷�GL\ V E���`nM�\bN�G��N�E V_S ` S�U JL\bE JLK�E U ý,\bhQY�E,NmY±GL`nEHX7J U E N S ÷�G V E�X S�V X7Y V N�E V_S GREHX7JL\bMn÷�E8]WX S XHEIý�M ü E\÷	÷�E�]
` V Y�G�\mý,`nM U J S ÷QJRE S Ym¯�I\÷�E U ��\bEHGaJLK�E U ý,\bhQY�EHGpl
µc\2]f`nM�Y U ` U \�°O\ V I7��\bE U6V_S X V_S�U JRI�]j÷�M�Y�G S °4Mn÷�G�EHGRG SSü I�N�g�E�¯O`nM�GRE U XHEHGjE5�nE7JRG6N�g S Y�JRM�` U M�JREHX7JL\bMn÷AE\÷�Nm\�i¡â

i�I U E\÷�X7\ S ÷cJZN�E7Ym¯?M U \���\m÷�EHG�\mý^ý�IHNm\ S JREHG��¡� UdS Nm\bE\÷QJjGL` S JL\ S�V NmY�)�Ym¯&N�g Y	÷�E6` S�U Jp]^Nm\��nI U E\÷cJREHG
N�E\÷�GL\�JRIHG
NmY
÷�M üQS Y U IHGRMn÷ S ÷cJjN�g Y	÷�E S Y�J U E���]nN S ÷�G V_SWU I S�V \�JRI N�EHG
XdK�M�GREHGp]�\ V G
XHMOE�¯O\bGRJRE\÷QJ6e�JRM�Y�Jpý�Mný�E\÷QJ6E7J
G�g S Y�JRM�â
E\÷QJ U E7JL\bE\÷	÷�E\÷cJpl�Åj¿HG V EHGF` U E\ý,\bE U G5\m÷�GLJ S ÷cJRGFNmY�GdI ² M�Y U E\÷�XHçjY U N�g Y	÷�I V I\ý�E\÷QJ�XHMný ö Y�GLJL\ ö V E�]�X�g�EHGLJ5N�g S ö M U N
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V g�E5��E7J
N�g S Y�JRM�` U M�JREHX7JL\bMn÷AGR` S JL\ S�V N�EHG U IHGRMn÷ S ÷�XHEHGjNmYPXHMný ö Y�GLJL\ ö V E�hQY�\ - ~ +/3 ? 0 Y	÷�E I7°4M V Y�JL\bMn÷�GL` S JL\ S â
V E\ý�E\÷cJ
K�I7JRI U M��4¿\÷�E NmYPX UdSSü Mn÷PXHMný ö Y�GLJL\ ö V E�l ' Y�XHM�Y U GZN�E V g�I7°4M V Y�JL\bMn÷5]�XHEHGf÷�M üQS Ym¯ �Nq�3 �B8&+/9�-/9 ? 0�
 E7J
V E7Y U GjN�EHGRXHE\÷�N S ÷cJRG6°4Mn÷QJ�N�Mn÷�X��7J U E�XHMn÷�GRMný^ý�IHG6E7J6X U IHIHG S °4EHX,N�EHGZJ S Ym¯PhcY�\�`fE7Y�°4E\÷cJr�7J U E�J U ¿HG6Nm\���I�â
U E\÷cJRG S Y[XHE\÷cJ U E�E7JaE\÷[GRY U i S XHE�NmY�X UdS�ü Mn÷5]�\m÷�GRJ S Y UdS ÷QJ S \m÷�GR\5Y	÷&� UdS Nm\bE\÷QJjGL` S JL\ S�V N�E�N�E\÷�GL\�JRI6`nM�Y U XHEHG
÷�M üQS Ym¯nl
D�g�E5�nE7J�GLY UjV_S N�E\÷�GL\�JRI,N�g Y	÷�÷�M üQS YAN�Mn÷	÷�I,GRE UdS ` V Y�G�M�Y ý�M�\m÷�G6\mý,`nM U J S ÷QJ�GRE V Mn÷�hcY�E,XHE V Y�\�â�X7\�EHGLJ

` U IHGRE\÷cJ�M�YI÷�Mn÷�N�¿HG V E�N�I7` S�U J�N S ÷�G V EXHMný ö Y�GLJL\ ö V E�l�´�M�Y U�V EHGU÷�M üQS Ym¯�ikE U JL\ V EHG�NmY�X ü X V E�]pK S ö \�JLY�E V�V E\ý�E\÷QJ
` U IHGRE\÷cJRG�e�` V Y�G6N�E�í��;§ E\÷ ÷�M üQS Ym¯ V M�Y U N�G���N S ÷�G V EHG U I S X7JRE7Y U G�I V EHX7J U M��4¿\÷�EHG��ZXHE7J6E5��E7JjN�E � UdS Nm\bE\÷cJ
GRE UdSZV \mý,\�JRI�lc´�M�Y U Y	÷2÷�M üQS Y(hQY�\ - k;k -/3x-nw�ì `fE\÷�N S ÷cJ V g \ ULUdS Nm\ S JL\bMn÷5] V g�E5�nE7JGLY U G S N�E\÷�GL\�JRI
N S ÷�G V EoX UdSSü Mn÷
GRE UdS ö \bE\÷�E\÷cJRE\÷�NmY ö E S Y�XHM�Y�`�` V Y�G�GL\��+÷�\�á^X S JL\�iL]�`�Y�\bGRhcY�E V E�� UdS Nm\bE\÷QJ(GL` S JL\ S�V N�E?N�E\÷�GL\�JRI[GRE UdS�S�V M U G
S ÷ S�V M���Y�E S Y�� UdS Nm\bE\÷QJTGL` S JL\ S�V NmY�J S Ym¯�N�E
X U I S JL\bMn÷&÷�E7J�N�E�XHEs÷�M üQS Y�N S ÷�G V E�X UdSSü Mn÷5l���EHX7\�EHGRJ�N�I7J S \ V�V I
` S�UoV_S GRY�\�JRE�l

¿f¢�AÄ �r�N�I ����N���� ��S�����������d�NÄ �U�	���&���c�N�l���F�K�(�È�UÃA���"�U�U�o�"� �A� ���������"�r���4 &�(�È�����T¡"��� �T�"Äv r�� &H
���N (���B ��������ì�4 �����Ät�l���N�"� �r�À���d�N�����A���S���N���Â�S���S���/�Á�d�U�Ó���c¡"����é

�ZM�Y�G S�V�V Mn÷�G�ý S \m÷QJRE\÷ S ÷QJ�°4M�\ U hcY�E�N S ÷�G�XHE U J S \m÷�EHGFGL\�JLY S JL\bMn÷�G�hQY�\4N�I7`nE\÷�N�E\÷QJ�NmY�XHMný ö Y�GLJL\ ö V EhcY5g�Mn÷
GL\mý�Y V E�E7JjN�EHGaM ö GRE U ° S ö V EHGjhQY5g�Mn÷PN�IHGL\ U E�I7° S�V Y�E U ] V E�J UdS \�JRE\ý�E\÷QJj` U M ö S ö \ V \bGLJRE,eWI\÷�E U ��\bE�XHMn÷cJL\m÷QY�E�N�EHG
GL\mý�Y V_S JL\bMn÷�G�=PMn÷QJRE*� S�ULV M>`nE U ý�E7JWN�E&GRE�` S GRGdE U N�g Y	÷.N�IHXHM�Y�` S �4E[NmYÁX UdS�ü Mn÷ÁXHMný ö Y�GLJL\ ö V E V M U GWNmY
X S�V X7Y V N�g�I7°4M V Y�JL\bMn÷5l��
M�Y�G
\ V�V Y�GLJ U Mn÷�GZXHEHX7\�E\÷�` U E\÷ S ÷QJ6N�EHG
E�¯�E\ý,` V EHGjN�E V g�I7°4M V Y�JL\bMn÷�X S�V X7Y V IHE `fM�Y U
V EHG
N�E7Ym¯�J ü `fEHG
N�E�XHMný ö Y�GRJL\ ö V E ² Y�GRhcY5g|e ` U IHGRE\÷QJZI7JLY�Nm\bIHGp] £¤�¥ E7JaæTK�´�Y5l:�
M�Y�GaXHMný,` S�U Mn÷�G V EHG U IHGLY V J S JRG
M ö JRE\÷cY�G ��-+QA0 ? 7 � ? +/< k -SJD0 7 < ? 3x-n�;+/9�
 ��XHMn÷má���Y UdS JL\bMn÷�K�I7JRI U M��4¿\÷�E��
e�XHE7Ym¯&X S�V X7Y V IHG �I8C-/9o8 7 � ? +/< k -SJD0�

��XHMn÷má���Y UdS JL\bMn÷�K�Mný�M��4¿\÷�E���l

Å S ÷�G V E[X S G £¤�¥ ÷�M�Y�G^÷�M�Y�G�\m÷cJRI U EHGRGRMn÷�G�e V g�I7°4M V Y�JL\bMn÷ÁN�E�J U M�\bG2÷�M üQS Ym¯.E\÷¤` S�U JL\bX7Y V \bE U óaõ"ö<µwê
õ"ö�¦ ê ]�E7J õ�¸�� ´�YFla��EHG^÷�M üQS Ym¯�GRMn÷QJ,` U \bG,\bX7\�XHMný^ý�E[E�¯mE\ý,` V E&X S�U \ V GWGRMn÷QJp]�`nM�Y U,V EHG�N�E7Ym¯»` U E\ý,\bE U Gp]
ý S�² M U \�J S \ U E\ý�E\÷QJ�` U IHGRE\÷QJRG N S ÷�G V E�XHMný ö Y�GLJL\ ö V E £¤�¥ l5D5EHG�N�E7Ym¯>N�E U ÷�\bE U G�GRMn÷QJp]5hcY S ÷QJ e�E7Ym¯n]5XHE7Ym¯
hcY�\�` U IHGRE\÷QJRE\÷cJN�EHG�GdEHX7JL\bMn÷�G�E8]WX S XHEHGe U IHGdMn÷ S ÷�XHEHG�` S�U JL\bX7Y V \b¿ U E\ý�E\÷QJT\mý,`nM U J S ÷QJREHG
�ke�E\÷Q°O\ U Mn÷�(jE<;ÎE7J
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E_; U EHGL`nEHX7JL\�°4E\ý�E\÷QJ��E7JTN�Mn÷QJTMn÷(Gpg S JLJRE\÷�N�e�°4M�\ U�V EHGTE5�nE7JRG�N�E V g S Y�JRM�` U M�JREHX7JL\bMn÷&GL` S JL\ S�V E V EHG` V Y�Ga) S â
� UdS ÷QJRGpl��ZM�Y�G S °4Mn÷�G�N�I ² e�I7J S ö V \�hcY�EaXHEaGRMn÷QJ�XHEHGE5��E7JRG�N�g S Y�JRM�` U M�JREHX7JL\bMn÷?hcY�\^\m÷�NmY�\bGRE\÷cJ�Y	÷�EaI7°4M V Y�JL\bMn÷
GL` S JL\ S�V E\ý�E\÷QJaK�I7JRI U M��4¿\÷�E6NmY�X UdSSü Mn÷5l^µc\nY	÷�N�IHXHM�Y�` S �4E6NmY?X UdSSü Mn÷&N�M�\�JTGdE U I7°4I V E U \m÷�Nm\bGL`nE\÷�G S ö V E6e V_S
ö Mn÷	÷�E�GL\mý�Y V_S JL\bMn÷PN�E V g�I7°4M V Y�JL\bMn÷5]^Mn÷&Gpg S JLJRE\÷�N[e�M ö GdE U °4E U N�g \mý,`fM U J S ÷cJREHG
Nm\���I U E\÷�XHEHG�GLY UoV g�I7°4M V Y�JL\bMn÷
N�E6XHEHG/÷�M üQS Ym¯?GRE V Mn÷&hcY5g�E V�V E6GRM�\�J�i S \�JREjE\÷&XHMn÷má���Y UdS JL\bMn÷&K�Mný�M��4¿\÷�E�M�Y?E\÷&XHMn÷má���Y UdS JL\bMn÷&K�I7JRI U M��4¿\÷�E�l

��EHG�J U M�\bGP÷�M üQS Ym¯�GRMn÷QJ ` U IHGRE\÷cJRG S Y»N�I ö Y�J�N�E V g \ ULUdS Nm\ S JL\bMn÷¤e[N�EHG�` U M�`nM U JL\bMn÷�G J U ¿HG�Nm\���I U E\÷QJREHG�l
Å S ÷�G V E�X S�V X7Y Ví£¤�¥ óQí�(ml�9;§ `nM�Y U�V g®õ"ö�¦Rê ]T9ml~ü�§$`fM�Y U�V g®õ"ö<µRê E7JTej` U M�`fM U JL\bMn÷g÷QY V�V E
`fM�Y U�V Egõ�¸��R´�Y�l���EHG
Nm\��nI U E\÷cJREHGa` U M�`nM U JL\bMn÷�G
°4Mn÷QJ:÷�M�Y�Ga`fE U ý�E7JLJ U E�N�Eoý�E7JLJ U E�` V Y�G
X V_S \ U E\ý�E\÷QJjE\÷[I7°O\bN�E\÷�XHE V g \mý,`fM U J S ÷�XHE
hQY5g S,V g \m÷Q°4E\÷QJ S \ U E�\m÷�\�JL\ S�V NmYÂ÷�M üQS Y[XHMn÷�XHE U ÷�I�GRY UoV g K�I7JRI U M��4I\÷�I7\�JRI�N�E6GRMn÷�I7°4M V Y�JL\bMn÷[N S ÷�G V E6X UdSSü Mn÷5l
´�M�Y U XHEHG�J U M�\bG}÷�M üQS Ym¯n] V EHG�á���Y U EHG/9ml�¢�(m]A9ml�¢�ü�E7JÁ9ml�¢�>m] U E7` U IHGRE\÷QJRE\÷cJ V g�I7°4M V Y�JL\bMn÷(GLY�\�° S ÷QJ V E 45<�359�< k

N�EHG6GREHX7JL\bMn÷�G6E8]WX S XHEHGoý�M ü E\÷	÷�EHG�NmY±` U \m÷�X7\�` S�V ý�McN�E�N�E�Nm\bGL` S�U \�JL\bMn÷ S \m÷�GL\�hcY�E V E7Y U N�E\÷�GR\�JRI1ý�M V_S \ U E
`fM�Y UaV EHG�Nm\��nI U E\÷cJREHGaXHM�Y U Mn÷	÷�EHGZNmY&X UdS�ü Mn÷PXHMný ö Y�GLJL\ ö V E�l

ÓP�W &�r�������5ò �r���- 2�N�,�T�"Äv r�� ����N (���,z����
D S á���Y U Ek9ml�¢�(Iý�Mn÷QJ U E�hcY�E V_S ° S�U \ S JL\bMn÷[E\÷QJ U E V_S GdEHX7JL\bMn÷[E8]WX S XHE�N�EZá^GRGL\bMn÷&N�E V g õ"ö<µ ê °OY�Ej` S�U�V_S

XHM�Y U Mn÷	÷�E,E�¯OJRE U ÷�E�EHGLJjE\÷Q°O\ U Mn÷�¢��;§ ` V Y�Gj\mý,`fM U J S ÷cJRE,hQY�E V_S ° S�V E7Y U N�E V_S GREHX7JL\bMn÷�E8]WX S XHEIý�M ü E\÷	÷�E
°cY�E�` S�U�V_S XHM�Y U Mn÷	÷�E�\m÷QJRE U ÷�E NmY�X UdSSü Mn÷PE7JahcY�E�XHE7JZIHX S�U J U EHGLJRE�e,`fE7Y�` U ¿HGaXHMn÷�GLJ S ÷cJ
`nE\÷�N S ÷QJ
JRM�Y�JRE
V g�I7°4M V Y�JL\bMn÷5l:�ZM�Y�GaXHMn÷�GRJ S JRMn÷�G
E5��EHX7JL\�°4E\ý�E\÷QJZY	÷[IHX S�U J
N�EW¢��;§ÚGLY UoV_S N�E\÷�GL\�JRI�N�g õ"ö<µ ê E\÷QJ U E�XHEHGaN�E7Ym¯
XHM�Y U Mn÷	÷�EHG6E\÷Pá�÷PN�g \ ULUdS Nm\ S JL\bMn÷5lK��E7JjIHX S�U JK÷5g S XHE7`nE\÷�N S ÷QJ6` UdS JL\bhcY�E\ý�E\÷QJ S Y�X7Y	÷�E \m÷2)�Y�E\÷�XHE�GLY UZV g \m÷mâ
°4E\÷QJ S \ U EWJRM�J S�V N�g õ"ö<µ ê*` S�U6UdS `�`nM U J S Y>X S GjK�Mný�M��4¿\÷�E&ó V_S XHM�Y U Mn÷	÷�E�E�¯mJRE U ÷�E,EHGLJ6GLYl]WG S ý^ý�E\÷QJ�á�÷�E
`fM�Y U ÷�E�XHMn÷�XHE U ÷�E U hcY�E�`nE7Y[N�E-÷�M üQS Ym¯�E7J V g \m÷c°4E\÷QJ S \ U E,N�g õ"ö<µ ê \m÷�\�JL\ S�V EHGLJ
GLYl]WG S ý^ý�E\÷QJZ� UdS ÷�N[`nM�Y U
hQY�EjXHE7JTIHX S�U JoE\÷(N�E\÷�GL\�JRIjGRM�\�J�JRM�J S�V E\ý�E\÷QJC÷�I7� V \��4E S ö V E6E\÷�XHEjhQY�\nXHMn÷�XHE U ÷�E V g�I7°4M V Y�JL\bMn÷&N�E V g \m÷c°4E\÷QJ S \ U E
JRM�J S�V ]^GRMný^ý�E6GRY U JRM�Y�JREHG V EHG�XHM�Y U Mn÷	÷�EHGZNmY&X UdS�ü Mn÷5l

ÓP�W &�r������ 5ò �r���- 2�N�,�T�"Äv r�� ����N (���,z����
´ U E\÷�Mn÷�G ` S�U E�¯mE\ý,` V E V EWX S G N�E V g õ"ö�¦ ê E\÷�XHMný ö Y�GLJL\ ö V E £¤�¥ lØ� V EHGRJPý S�² M U \�J S \ U E\ý�E\÷QJ,` U IHGRE\÷cJ

N S ÷�G V E?XHMný ö Y�GLJL\ ö V E�N�¿HG V E?N�I ö Y�Jpl�D�g®õ"ö�¦dê Nm\bGL` S�UdS §bJ&ý S�² M U \�J S \ U E\ý�E\÷QJ(` S�U X S `�JLY U E UdS Nm\ S JL\�°4E�lTµ S
GREHX7JL\bMn÷&E8]WX S XHEKý�M ü E\÷	÷�E�N�E6X S `�JLY U E UdS Nm\ S JL\�°4E6° S�U \bEZ`nM�Y U J S ÷QJ�GL\��+÷�\�á^X S JL\�°4E\ý�E\÷cJ S Y&GRE7\m÷?NmY?X UdS�ü Mn÷
N�Eo` U EHGRhcY�EoY	÷,i S X7JRE7Y U 96E\÷cJ U E V_S XHM�Y U Mn÷	÷�E
\m÷QJRE U ÷�E
E7J�E�¯OJRE U ÷�EaXHMný^ý�Es÷�M�Y�G V g S °4Mn÷�G�` U IHGdE\÷QJRIaN S ÷�G V E
J S ö V E S YÀ9ml®>�E7JoXHMný^ý�E V g \ V�V Y�GLJ U E V_S á���Y U EP9ml�¢�üOl�D S ° S�U \ S JL\bMn÷ U E V_S JL\�°4E�E\÷?N�E\÷�GL\�JRI6N S ÷�G V EHGoXHM�Y U Mn÷	÷�EHG
E\÷ ö M U N�E7J S Y(XHE\÷QJ U EaNmY(X UdS�ü Mn÷g÷5g�EHGLJ�XHE7`nE\÷�N S ÷QJThQY�E�N�Ef9;§(l���Mný,`�JRE�JRE\÷cY�hcY�EaXHEHG�XHM�Y U Mn÷	÷�EHGO÷5g�Mn÷cJ
` S G V E�ý��\ý�E�°4M V Y	ý�E�] V_S ° S�U \ S JL\bMn÷�N�E V g \m÷Q°4E\÷QJ S \ U E[JRM�J S�V N�E V g õ"ö�¦ ê EHGLJ,XHMný,` V ¿7JRE\ý�E\÷QJ2÷�I7� V \��4E S ö V E
E\÷QJ U E V E6X S�V X7Y V K�Mný�M��4¿\÷�E�E7J�K�I7JRI U M��4¿\÷�E�l
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ÓP�W &�(�$��%'&B¨P� �r���- g���À���"Äv (�- S���� (�N�Âz(���
Å S ÷�G V E6XHMný ö Y�GRJL\ ö V E £¤�¥>V Erõ�¸��d´�Y EHGLJoX U IHIj` S�U X S `�JLY U E UdS Nm\ S JL\�°4E�GLY UoV E�õ"ö�·R´�Y�] V Y�\íý��\ý�E6X U IHI

` S�U X S `�JLY U E�GRY UoV g õ"ö�¦ ê E7JaN�IHX U M�\bGdG S ÷�XHEHG
β
GLY�XHXHEHGdGL\�°4EHG�ó

õ"ö�· ´�Y (n,γ)
→

õ�¸�� ´�Y (n,γ)
→

õ�¸$¹ ´�Y ��9ml�¢��
D5E õ�¸�� ´�Y EHGLJ V E-÷�M üQS Y�? ð�-/359 ë i53x0 E\÷QJ U E V EHGaN�E7Ym¯[X S `�JLY U EHG UdS Nm\ S JL\�°4EHGjhQY�\ý�¿\÷�E\÷cJ6NmY õ"ö�· ´�Y S Y

õ�¸$¹r´�Y�]n÷�M üQS Ym¯�á^GdGL\ V EHG�\mý,`nM U J S ÷QJRG�N�Mn÷cJ V EHG�GREHX7JL\bMn÷�G�E8]WX S XHEHG�N�E U I S X7JL\bMn÷
(n, γ)

` U IHGRE\÷cJRE\÷QJN�g \mý,`nM U â
J S ÷QJREHG U IHGRMn÷ S ÷�XHEHG�N S ÷�G V E�N�Mný S \m÷�E�N�g�I\÷�E U ��\bE�JLK�E U ý,\bhcY�E�l5D5EHGjJ S Ym¯�N�E X U I S JL\bMn÷�E7JjN�E,N�EHGRJ U Y�X7JL\bMn÷
NmY õ�¸�� ´�Yo°4Mn÷cJ
N�Mn÷�X�XdK S ÷��4E UaUdS Nm\ S�V E\ý�E\÷cJ S Y[GRE7\m÷&NmY�X UdS�ü Mn÷�XHMný ö Y�GLJL\ ö V E�N�EZi S/© Mn÷[GL\��+÷�\�á^X S JL\�°4E�]�E7J
N�g S Y�J S ÷QJT` V Y�G�hQY�E V EHGGREHX7JL\bMn÷�G�E8]WX S XHEHG�N�EHG�\bGRM�JRM�`nEHG�NmYW` V Y�JRMn÷�\�Y	ý ÷�EaGRE U Mn÷cJ` S G S Y�JRM�` U M�JRI7�4IHEHG S Y
N�I ö Y�J
N�E V g \ ULUdS Nm\ S JL\bMn÷PX S�U e�XHEoý�Mný�E\÷QJZXHE7JaI V I\ý�E\÷QJf÷5g�EHGLJo` S G�E\÷�XHM U E�X U IHI�N S ÷�G V E6XHMný ö Y�GRJL\ ö V E�l
D S á���Y U Ep9ml�¢�>Pý�Mn÷QJ U EZhcY5g�E5�nEHX7JL\�°4E\ý�E\÷cJTMn÷�XHMn÷�GLJ S JREaY	÷(IHX S�U J�N�Ea` V Y�G�N�Ef9��;§ E\÷QJ U E V EHGGdEHX7JL\bMn÷�G

E8]WX S XHEHGxý�M ü E\÷	÷�EHG[N�EPX S `�JLY U E UdS Nm\ S JL\�°4E�X S�V X7Y V IHEHG[N S ÷�G V EHG?XHM�Y U Mn÷	÷�EHG?\m÷QJRE U ÷�EHG&E7J?E�¯mJRE U ÷�EHG?NmY
X UdS�ü Mn÷5l�D�g�IHX S�U JZ\m÷�NmY�\�J6GLY UaV g�I7°4M V Y�JL\bMn÷�N�E V_S N�E\÷�GL\�JRI S JLJRE7\m÷QJj` U EHGRhcY�E�Y	÷[i S X7JRE7Y U �WE\÷QJ U E V_S N�E\÷�GR\�JRI
NmYnõ�¸��L´�Y N S ÷�G V_S XHM�Y U Mn÷	÷�E�E�¯OJRE U ÷�E�E7J V_S N�E\÷�GL\�JRI�NmYnõ�¸��R´�Y N S ÷�G V_S XHM�Y U Mn÷	÷�E XHE\÷QJ UdS�V E�l ��E7JZIHX S�U J
E\÷[N�E\÷�GL\�JRI�EHGRJ�GLYl]WG S ý^ý�E\÷QJa\mý,`fM U J S ÷cJa`nM�Y U �7J U E�XHMn÷�GLJ S JRI�N S ÷�G V g \m÷c°4E\÷QJ S \ U E�JRM�J S�V NmY õ�¸�� ´�Y GRE V Mn÷
hQY5g�Mn÷�N�IHXHM�Y�`nE V E
X UdS�ü Mn÷�M�Y�` S GplcD S á���Y U EK9ml�¢píPý�Mn÷QJ U EZhQY�E
GLY U�V g�I7°4M V Y�JL\bMn÷?N�E V g \m÷c°4E\÷QJ S \ U EjJRM�J S�V N�E
XHEo÷�M üQS Y5] V EHG�X S GaK�Mný�M��4¿\÷�E�E7J�K�I7JRI U M��4¿\÷�E�GRE6Nm\��nI U E\÷�X7\bE\÷cJ
`nM�Y U
S JLJRE7\m÷�N U E�Y	÷[IHX S�U JaN�E�¢��;§ E\÷?á�÷
N�g \ ULUdS Nm\ S JL\bMn÷5l�Ò
E\ý S�U hQY�Mn÷�G�hQY�E V EHG�E5��E7JRG�N�E�XHE7JLJRE�K�I7JRI U M��4I\÷�I7\�JRIg÷�E�GRMn÷cJ�°O\bGL\ ö V EHG�GLY U�V g \m÷c°4E\÷QJ S \ U E
JRM�J S�V hQY5g|e�` S�U JL\ U N�g Y	÷�\m÷�GLJ S ÷cJ�N�E V g�I7°4M V Y�JL\bMn÷5] V M U GRhcY�E V E,XHMný ö Y�GLJL\ ö V E S Y UdS XHMn÷	÷QYAY	÷�E�\ ULUdS Nm\ S JL\bMn÷
GLYl]WG S ÷cJRE�l

ÓP�W &�(�$��%'&B¨P� �r���- g���À���"Äv (�- S���� (�N�,.*)Ø¨P�
D S GL\�JLY S JL\bMn÷�EHGLJ�J U ¿HG�Nm\��nI U E\÷cJRE�E\÷�XHMný ö Y�GLJL\ ö V E�æTK�´�Y M�� V g�Mn÷�Gpg S JLJRE\÷�N�e S °4M�\ U N�EHGFXHMn÷�XHE\÷QJ UdS JL\bMn÷�G

\m÷�\�JL\ S�V EHGN�Ea` V Y�JRMn÷�\�Y	ý N�E V g�M U N U EaN�E V_S Nm\1� S \m÷�EaN�Eo`nM�Y U XHE\÷QJTE\÷2ý S GRGREaNmY�XHMný ö Y�GRJL\ ö V E�lcD5EHG�\bGRM�JRM�`nEHG
N�E�` V Y�JRMn÷�\�Y	ýßGRE U Mn÷QJ S�V M U G V EHG�` U \m÷�X7\�` S Ym¯ U EHGL`fMn÷�G S ö V EHG�N�EHG�E5��E7JRG�N�g S Y�JRM�` U M�JREHX7JL\bMn÷WhcY�\mNm\���I U E\÷�X7\bE\÷QJ
V g�I7°4M V Y�JL\bMn÷>NmY�X UdS�ü Mn÷5lØó1� Õ �N�4 À ��T�+���N�"�� L�;ªu���	���I x�r�I x�
 S�G�S�G���4 ��(� �(�N���S�"�r���UÄ  S�A���������rÃ,+.-
����S�"�U�����SÃy�GÃA�I P�r�	�k�N�x�r��Ã4 S�A�U���g�U�2�T�&�r�T�n�U�N�T�P��Ö4 P�N�2�UÃA r���-�r�&���m�N�����	�(�N�l���N�"�0/���mÃ��"��������N�"�
�U�v�N�A�U�F K S�A�+���N�"�� ^�;ª±�T�	���I �Ät�c¡"�c�U�U�I 1�����T�,�N�,�S���¢ �r�Â���"Äv (�- S�������� S�A���  ��A����������� �r���� 
�U�����T�^l�D S á���Y U EP9ml|���1ý�Mn÷QJ U E�XHEHX7\2l
D S ° S�U \ S JL\bMn÷±E\÷±N�E\÷�GL\�JRI�EHGLJ
` V Y�G
GR\��+÷�\�á^X S JL\�°4E�`nM�Y UaV EHGZXHM�Y U Mn÷	÷�EHGjE�¯OJRI U \bE7Y U EHG�ó�Mn÷ U E7J U M�Y�°4E \bX7\

Y	÷�ET\ V�V Y�GLJ UdS JL\bMn÷WN�E V g�E5��E7J�N�ET`fE S Y5l�D5E/ý�MON�¿ V EoN�ETX UdS�ü Mn÷�K�Mný�M��4¿\÷�E U E7` U MONmY�\�J�Y	÷�ET° S�V E7Y U N�E�N�E\÷�GR\�JRI
ý�M ü E\÷	÷�E,GLY U JRM�Y�J V E�X UdSSü Mn÷�hQY�\ U E\÷�N ö \bE\÷PXHMný,`�JRE�N�E V g�I7°4M V Y�JL\bMn÷>N�E V g \m÷c°4E\÷QJ S \ U E,JRM�J S�V ]nXHMný^ý�E V E
ý�Mn÷QJ U E V_S á���Y U E^9ml|�m¢�l5µcY UZV g \m÷c°4E\÷QJ S \ U E,JRM�J S�V NmY$õ�¸��L´�YF]fMn÷ ÷5g�M ö GRE U °4E ` S GjN�g�IHX S�U J�GL\��+÷�\�á^X S JL\�i�E\÷cJ U E

>4ü



V EHG�I7°4M V Y�JL\bMn÷�E5�nEHX7JLY�IHEHG S °4EHX�E7J�G S ÷�G�N�IHXHM�Y�` S �4E�NmY&X UdSSü Mn÷5l
DFEHG�J S ö V E S Ym¯ 9ml�¢�¢�E7J&9ml�¢p��N�Mn÷	÷�E\÷QJp]�`nM�Y U�V EHG�` U \m÷�X7\�` S Ym¯ S X7JL\m÷�\bN�EHGWN�E?XRK S hcY�E�J ü `fE�N�E�XHMný�â

ö Y�GLJL\ ö V E £¤�¥ E7JZæTK�´�Y5] V_S ° S�V E7Y U GjN�EHG6IHX S�U JRG6XHMn÷�GLJ S JRIHG6GLY UZV g \m÷Q°4E\÷QJ S \ U E(eWN�EHGj° S�V E7Y U GjNmY±J S Ym¯PN�E
XHMný ö Y�GLJL\bMn÷[E\÷(á�÷?N�g \ ULUdS Nm\ S JL\bMn÷5]^E\÷QJ U E V EHGoX S�V X7Y V GaX UdS�ü Mn÷&K�Mný�M��4¿\÷�E6E7J�X UdSSü Mn÷?K�I7JRI U M��4¿\÷�E�l�µcY U XHEHG
J S ö V E S Ym¯ ÷�M�Y�G S °4Mn÷�G�\m÷�X V Y�Gp]�N S ÷�G V_S XHM V Mn÷	÷�E,\m÷cJL\�JLY V IHE ��� ? -/37ìQ8�ì,-�ì ë 8�ì ë m&<�0�
 ] V EHG6° S�V E7Y U G�N�EHG6\m÷�XHE U JL\�â
JLY�N�EHGTGLJ S JL\bGLJL\bhcY�EHGoe�XHE7JLJREZ° S�V E7Y U NmY�J S Ym¯�N�EjXHMný ö Y�GLJL\bMn÷&I7° S�V Y�IHEHG�` U IHXHIHN�E\ý^ý�E\÷cJaE\÷(X S�V X7Y V X UdSSü Mn÷
K�Mný�M��4¿\÷�E�l

1 ' 2 I7JRI U M��4¿\÷�E��¡�c� 2 Mný�M��4¿\÷�EW�¡�c� IHX S�U J E ULU E7Y U GRJ S JL\bGLJL\bhQY�E
�Áý �A%Qý ¢�] %4��â��+9 ¢�]|����â��+9 ¢�¢�] %y§ 9m]®�;§
�Áý �A%�% �m]®(���â���� �m] %4��â���� ím]®�;§ �m]|�;§
�Áý �A%T9 9m]®>���â��A% 9m] %4��â��A% ¢��m]|ý;§ ¢�]|�;§
�Áý �A%Q� �m]®����â���� ¢�]®>���â���� >m]|í;§ �m]®>;§
' ý �A%T9 ím]~ü���â���� >m]®>���â���� ím]�9;§ ¢�]®>;§
' ý �A%Q�43 ¢�]®>���â��+9 ¢�]~ü���â��+9 >m] %y§ �m]|í;§
' ý �A%�¢ ým]®����â���� %�]~ü���â���� (m] %y§ �m]~ü�§
´�Y �A%Q� ým] %4��â��m¢ ým]®����â��m¢ ím]|�;§ �m]~ü�§
´�Y �A%�¢ �m]�¢H��5��� �m]®����5��� (m]®�;§ �m]|í;§
´�Y �A%D� 9m]®����5��� 9m]�9���5��� âd¢��m]�¢�§ �m]®>;§
´�Y �+9�í ¢�]�¢H��5�m¢ ¢�]|����5�m¢ âr�m]®�;§ �m] %y§
´�Y �+9�> ¢�]|í���â��m¢ ¢�]|í���â��m¢ ¢�]®�;§ ¢�]|�;§
�
` �+94ü (m]|í���â��m¢ (m]®>���â��m¢ ¢�]|ý;§ ¢�]|�;§
ê �+9�> ¢�]®(���5�+9 ¢�]®(���5�+9 �m]®�;§ �m]®�;§
ê �+94ü ¢�]|í���â���� ¢�]®>���â���� %�]®(;§ �m]|ý;§
ê �+9�( üO]|ý���5��� üO]|ý���5��� â��m]®(;§ �m]|�;§
ê �+9�ý �m]�¢H��5�m¢ �m]�¢H��5�m¢ �m]�9;§ �m]�¢�§
ê �+9A% 9m]|ý���â��+9 9m]®(���â��+9 âr�m]®�;§ ¢�]|�;§
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ÓP�����T���� ��N�"�ì ����I�N�Â���T���������c���T�&�(� �rÃT�������r�o�G���(� ������¡��"�±���"Äv (�- S���� (�N�&�������I���ì�4 �����Ät�l���N�"�
�r�I 2�����"�c���S���N���4 �é
´�M�Y U�V E6X S�V X7Y V N�g�I7°4M V Y�JL\bMn÷�NmY[XHMný ö Y�GLJL\ ö V E £¤�¥ ]l÷�M�Y�G S °4Mn÷�GCý,\bG�E\÷&I7°O\bN�E\÷�XHE�hcY�E V E6X S�V X7Y V E\÷

X UdSSü Mn÷(K�Mný�M��4¿\÷�Ej\m÷cJ U McNmY�\�Jp]m` S�UTUdS `�`nM U J�e�Y	÷�X S�V X7Y V E5��EHX7JLY�IZE\÷?XHMn÷má���Y UdS JL\bMn÷&X UdSSü Mn÷?K�I7JRI U M��4¿\÷�E�]
Y	÷¤IHX S�U J�GLY U,V g \m÷c°4E\÷QJ S \ U E[N�EHG�\bGdM�JRM�`fEHG,N�EHG S X7JL\m÷�\bN�EHG�e[` S�U JL\ U NmYC` V Y�JRMn÷�\�Y	ý hQY�\�EHGLJ,GLY�`nI U \bE7Y U e
V g \m÷�XHE U JL\�JLY�N�E
GLJ S JL\bGLJL\bhcY�EoI7° S�V Y�IHE�GRY U XHEHG�\m÷Q°4E\÷cJ S \ U EHGE\÷�X UdSSü Mn÷WK�Mný�M��4¿\÷�E�lQD�g�IHX S�U J�ý S ¯O\mý S�V M ö GRE U °4I
`nM�Y UjV EHG6\bGRM�JRM�`nEHG6NmY�` V Y�JRMn÷�\�Y	ý EHGLJ6XHMn÷�GLJ S JRI�GLY UjV g \m÷c°4E\÷QJ S \ U EWNmY õ�¸�� ´�Y*E7J�EHGLJ6N�E V g�M U N U E�N�E�¢��;§
E\÷�á�÷CN�g \ ULUdS Nm\ S JL\bMn÷5l��
M�Y�G�M ö GRE U °4Mn÷�G�N�EHG�IHX S�U JRG�NmY±ý��\ý�EWM U N U E�N�E�� UdS ÷�N�E7Y U GLY U�V EHG�\m÷Q°4E\÷QJ S \ U EHG
N�EHG(J UdS ÷�GL` V Y�JRMn÷�\bE\÷�G&hcY�\jGRMn÷QJ�\m÷QJRE U ` U E7JRIHG[XHMný^ý�E�I7J S ÷QJ?\m÷QJ U MONmY�\�JRG�` S�U�V g \m÷�XHE U JL\�JLY�N�E S Y�JRM�Y U N�EHG
\m÷c°4E\÷QJ S \ U EHGZN�EHGo\bGRM�JRM�`nEHG�NmY&` V Y�JRMn÷�\�Y	ý&l
øÂ�"�� L�}�m�����"�� ��r�W L�G D S�T���"Ã �A�M�����N�T�r�p.*)Ø¨P�e�r���w S�c�- ��� (�������SÃ±�NÄ ���G���S�����S���r�I Â�����"�c�fH

�S���N���I -���±�UÃA���"�U�r�o�G�&�(�±�����T¡"���t����ÄÀ (�� ����N r�N��é�DFEHG�IHX S�U JRG�M ö GdE U °4IHGGLY U�V EHG�\m÷Q°4E\÷cJ S \ U EHGTX S�V X7Y V IHG
S °4EHX�Y	÷�E6�4IHMný�I7J U \bE X UdS�ü Mn÷PN�IHXHM�Y�`fIHE�M�Y,÷�Mn÷5]�GRMn÷cJ
N�E V g�M U N U E�N�E V g \m÷�XHE U JL\�JLY�N�E GLJ S JL\bGLJL\bhcY�E6`nM�Y U�V EHG
` U \m÷�X7\�` S Ym¯ S X7JL\m÷�\bN�EHGpla�f÷Ò÷�E�`fE7Y�J�` S G S ] U ý�E U hcY5g \ V/üCS \�J�Y	÷�E?Nm\��nI U E\÷�XHE�°O\bGL\ ö V E�E\÷QJ U E V EHG,N�E7Ym¯
X S�V X7Y V G�E\÷AXHE�hcY�\�XHMn÷�XHE U ÷�E V EHG�\m÷Q°4E\÷QJ S \ U EHG,N�EHG-÷�M üQS Ym¯�l�ÈWD5EHG�IHX S�U JRG V EHG6` V Y�G�\mý,`fM U J S ÷cJRG�M ö GRE U °4IHG
��hcY�\ U EHGLJRE\÷QJ�N�E1ý�M�\m÷�G�N�E��;§ GLY U6V g \m÷Q°4E\÷cJ S \ U EWNmY õ�¸$¹ ´�YZ�:÷�E ² Y�GLJL\�á^E\÷cJ�` S Gp]5e�÷�M�G ü E7Ym¯�] V g \m÷Q°4EHGRJL\bGwâ
GRE\ý�E\÷cJ E\÷�JRE\ý,`�G�N�E(X S�V X7Y V GRY�`�` V I\ý�E\÷QJ S \ U E?hcY�E2÷�IHXHEHGRGL\�JRE V_S GR\mý�Y V_S JL\bMn÷S=�Mn÷cJRE�� S�ULV MPNmY�X UdSSü Mn÷
N�IHXHM�Y�`nI�E\÷»XHM�Y U Mn÷	÷�EHGpl��ZM�Y�G�` U E\÷�N U Mn÷�G,N�Mn÷�X�`fM�Y U JRM�Y�JRE V_S GRY�\�JRE�N�E�XHE7JLJRE(I7JLY�N�E�Y	÷uý�McN�¿ V E�N�E
X UdSSü Mn÷[XHMný ö Y�GLJL\ ö V E�K�Mný�M��4¿\÷�E�l

��E�N�IHXHM�Y�` S �4E�NmY>X UdSSü Mn÷AXHMný ö Y�GRJL\ ö V E S ` V Y�G6N�E UdS \bGRMn÷>N�g��7J U E,N S ÷�G V EHG�X S�V X7Y V G�N�I7JRE U ý,\m÷�\bGRJREHGpl
� V `fE U ý�E7JZN�E ö \bE\÷�` U E\÷�N U E�E\÷�XHMný,`�JRE V_S ° S�U \ S JL\bMn÷ U IHE V�V E�N�E V_S GREHX7JL\bMn÷PE8]WX S XHE�°OY�E�` S�U�V EP÷�E7Y�J U Mn÷
e(Nm\���I U E\÷QJREHG�` U M�ikMn÷�N�E7Y U G�NmY>X UdSSü Mn÷5l5D5E�J UdS \�JRE\ý�E\÷QJPý�Y V JL\�� U M�Y�`nEWE\÷>I\÷�E U ��\bE�Y�JL\ V \bGRI�` S�U6V EHG6XHMON�EHG
N�I7JRE U ý,\m÷�\bGLJREHG�÷5g�EHGLJ�` S G�GRYl]WG S ý^ý�E\÷QJ�á�÷�`nM�Y U ` U E\÷�N U EoE\÷�XHMný,`�JRE V EHG UdS `�\bN�EHG�° S�U \ S JL\bMn÷�G�N�g \m÷QJRE\÷�GR\�JRI
N�g Y	÷�EoGREHX7JL\bMn÷�E8]WX S XHE S Y,°4M�\bGL\m÷ S �4E�N�g Y	÷�E U IHGdMn÷ S ÷�XHE�l4´�M�Y U XHMn÷QJRM�Y U ÷�E U XHET` U M ö V ¿\ý�E�G S ÷�G S Y��+ý�E\÷cJRE U
V_SPU IHGRM V Y�JL\bMn÷ÁE\÷�I\÷�E U ��\bE�] V EHG�X S�V X7Y V G�N�I7JRE U ý,\m÷�\bGLJREHG�GRMn÷QJ S ý�E\÷�IHGWePJ S ö Y V E U N�EHG�GREHX7JL\bMn÷�GWE8]WX S XHEHG
0 � 0 ? ì ë Q/0B8 N�I ² e S Y�JRM�` U M�JRI7�4IHEHG�ómXHEHGo° S�V E7Y U GTJ S ö Y V IHEHG U E\÷�N�E\÷QJ
XHMný,`�JRE�XHM ULU EHX7JRE\ý�E\÷QJZN�E V g S ö GdM U `�JL\bMn÷
`nM�Y U Y	÷�E�° S�V E7Y U NmY�)�Ym¯�hQY�\QEHGRJF` S�U JRM�Y�J�I7� S�V e V_S ° S�V E7Y U hcY�E V E
)�Ym¯ S Y UdS \�J�E\÷�N�E7K�M U G�N�E V_S�U IHGRMn÷ S ÷�XHE�]
N S ÷�G�XdK S hQY�E[� U M�Y�`fE[N�g�I\÷�E U ��\bE��|ý��/��l�´�E\÷�N S ÷QJ V g�I7°4M V Y�JL\bMn÷5]�XHEHG,° S�V E7Y U G S Y�JRM�` U M�JRI7�4IHEHG(N�M�\�°4E\÷QJ��7J U E
U EHX S�V X7Y V IHEHGa`fM�Y U ` U E\÷�N U E�E\÷&XHMný,`�JRE V g�I7°4M V Y�JL\bMn÷�N�E V_S N�E\÷�GL\�JRI�N�EHGC÷�M üQS Ym¯nl
DFEHG�X S�V X7Y V G�=PMn÷QJRE�� S�ULV M[GRE ikMn÷QJ XHE7`fE\÷�N S ÷cJ e?I\÷�E U ��\bEW`fMn÷�X7JLY�E V�V E�]�N�EWXHE�i S \�J�Mn÷AGR\mý�Y V E�]5`nM�Y U

XdK S hQY�E ° S�V E7Y U E\÷�I\÷�E U ��\bE�] V_S ö Mn÷	÷�E ° S�V E7Y U NmYl)�Ym¯v÷�E7Y�J U Mn÷�\bhQY�E1ý�M ü E\÷>N S ÷�GZXdK S hQY�E,XHE V�V Y V E�N�E V_S
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N�E�XHE
i S \�J�` U \bGRE�E\÷PXHMný,`�JRE�`nM�Y U XdK S hQY�EP÷�M üQS Y5]fN S ÷�G
XdK S hQY�E�XHE V�V Y V E�NmY[` U M ö V ¿\ý�E�lf�V÷À÷�Eji S \bG S ÷QJa` S GZN�E
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' Ym¯AE\÷c°c\ U Mn÷�G�N�g Y	÷�E�I\÷�E U ��\bE�N�E U IHGRMn÷ S ÷�XHE�]�Mn÷�GRM�Y�Gwâ�EHGRJL\mý�E UdS N�Mn÷�X V E@)�Ym¯AE\÷ ö M U NmY U E�NmY�X UdS�ü Mn÷
JRM�Y�J�E\÷ V EZGRY U EHGLJL\mý S ÷QJ S Y?XHE\÷QJ U E�]lý S \bG V_S ° S�V E7Y U ` U \bGREjGRE UdS ö \bE\÷ V_S ° S�V E7Y U ý�M ü E\÷	÷�E�XHM ULU EHGL`nMn÷�N S ÷QJ
e V g S Y�JRM�` U M�JREHX7JL\bMn÷±GL` S JL\ S�V E�NmY�)�Ym¯&N S ÷�GoJRM�Y�J V E6X UdSSü Mn÷5l
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D�g S GdGRE\ý ö V_S �4E
XHMný ö Y�GLJL\ ö V EZI7JLY�Nm\bIo\bX7\^EHGLJ�Y	÷ S GRGRE\ý ö V_S �4EaGLJ S ÷�N S�U N�N�E�Òa��´�ârí����mly�Zg�EHGLJ�Y	÷ U IHGdE S Y

X S�ULU I
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hcY�\
XHMn÷cJL\bE\÷QJ[��(A%»X UdS�ü Mn÷�G�N�E�XHMný ö Y�GLJL\ ö V E±E7J���ýAJLY ö EHGW��Y�\bN�EHGpl~��EHG�JLY ö EHG���Y�\bN�EHG
GRMn÷QJp]�GdM�\�J U E\ý,` V \bG�N�g�E S Y ö M U IHE�]nGRM�\�J U E © M�\�°4E\÷cJ V EHG ö S�ULU EHG6N�E�XHMn÷QJ U � V E,M�Y�N�E `fM�\bGRMn÷�XHMn÷�GRMný^ý S ö V EHG
�¡�4I\÷�I UdS�V E\ý�E\÷QJ�NmY

B4C
��l�D S Nm\bGR`fM�GL\�JL\bMn÷,N�EHG�X UdS�ü Mn÷�G�E7J�N�EHG�JLY ö EHG���Y�\bN�EHG�N S ÷�G�XHE U IHGRE S Y EHGRJ�\ V�V Y�GLJ U IHE
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êf÷�ENm\���I U E\÷QJL\ S JL\bMn÷�N�EHG�X UdSSü Mn÷�G�E\÷�J ü `fEHG�N�E�°4M�\bGL\m÷�G�`fE7Y�J�N�Mn÷�Xd�7J U E�\m÷QJ U MONmY�\�JRE S á�÷�N�E�°4M�\ U GL\mE V�V E

ý�E7J�E\÷�I7°c\bN�E\÷�XHETY	÷�ETI7°4E\÷cJLY�E V�V EaNm\���I U E\÷�XHEoGLY U�V g�EHGLJL\mý S JL\bMn÷WN�EHG�\m÷Q°4E\÷cJ S \ U EHG�JRM�J S Ym¯o� V EHG�X UdS�ü Mn÷�G�` V Y�G
` U McXdK�EHGN�g Y	÷�J U M�Y�N�g�E S Y�°4M�\bE\÷QJTE\÷�` U \m÷�X7\�`fEaY	÷�GL`nEHX7J U E�N�E:÷�E7Y�J U Mn÷�G�` V Y�G}ý�McN�I U I�ly�
M�Y�G S °4Mn÷�G�N�Mn÷�X
E5�nEHX7JLY�I V ETX S�V X7Y V N�g�I7°4M V Y�JL\bMn÷�`nM�Y U XHEHG�N�E7Ym¯�XHMn÷má���Y UdS JL\bMn÷�Gpl;�ZM�Y�Gr÷5g S °4Mn÷�G�` S G�M ö GRE U °4ITN�ETNm\���I U E\÷�XHE
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÷�M�J S ö V E�N S ÷�G V g�EHGLJL\mý S JL\bMn÷[N�EHGo\m÷c°4E\÷QJ S \ U EHG
`fM�Y UoV EHGo` U \m÷�X7\�` S Ym¯ S X7JL\m÷�\bN�EHG
NmY&XHMný ö Y�GLJL\ ö V E�æTK�´�Y[E\÷
Nm\���I U E\÷�X7\ S ÷QJ V EHGZX UdS�ü Mn÷�E\÷�J ü `nE N�E�°4M�\bGL\m÷�GZN�g Y	÷PJ U M�YPN�g�E S Y5lnD5E�J S ö V E S YÀý�Mn÷cJ U E V EHGZIHX S�U JRGjGLY U
V EHG
\m÷c°4E\÷QJ S \ U EHGTX S�V X7Y V IHGoe�Nm\���I U E\÷QJREHG�° S�V E7Y U GNmYWJ S Ym¯WN�E
XHMný ö Y�GLJL\bMn÷�ó4XHEHG�IHX S�U JRG U EHGRJRE\÷QJ�` UdS JL\bhQY�E\ý�E\÷cJ
JRM�Y�Go\m÷mikI U \bE7Y U G S Y?`nM�Y U XHE\÷QJje V_S á�÷&N�E V g�I7°4M V Y�JL\bMn÷5l
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� V i S Y�J U E\ý S�U hcY�E U hQY�E�E\÷>X S�V X7Y V =PMn÷QJRE�� S�ULV M�] V E1ý�MON�¿ V E S GRGRE\ý ö V_S �4E�G S ÷�G6Nm\���I U E\÷QJL\ S JL\bMn÷CN�EHG
X UdS�ü Mn÷�G?\mý,`nM�GRE V EHG�ý��\ý�EHG?XHMn÷QJ UdS \m÷cJREHG[E\÷¾JRE\ý,`�G�N�EPX S�V X7Y V hcY�E V_S GR\mý�Y V_S JL\bMn÷ N�E V_S �4IHMný�I7J U \bE
�rXHE V�V Y V�V E����X UdS�ü Mn÷PXHMný ö Y�GLJL\ ö V E�GRE7Y V ��l

ÓP���N�T�U�O�(�����í�Dª±�T�N�c���&�U�Â�S�AÄt�}ÃT���l�������À�(���T�"Äv r�� ����N (���^é
´ U I S�V_S ö V E\ý�E\÷cJZeI÷�M�J U E�I7JLY�N�Ej` V Y�GaN�I7J S \ V�V IHE�NmY&XHMný ö Y�GLJL\ ö V E�æTK�´�Y5]	÷�M�Y�GC÷�M�Y�G�` U M�`fM�GRMn÷�GaN S ÷�G

XHE7JLJRE�` S�U JL\bE
N�E U E7� S�U N�E U�V g \mý,` S X7JTN�g Y	÷�N�IHXHM�Y�` S �4E
X UdS�ü Mn÷�GLY U�V g�EHGLJL\mý S JL\bMn÷�NmYWXHMOE8]WX7\bE\÷QJTN�EoJRE\ý,`nI�â
UdS JLY U E
NmY�XHMný ö Y�GRJL\ ö V E
æTK�´�Y�E\÷�E5��EHX7JLY S ÷QJoN�EHG�X S�V X7Y V G -/8N8C0 ~ 4&.�-SJy0 l2�
M�Y�GGRE U Mn÷�G S ý�E\÷�IHGoe�X S�V X7Y V E U
N�EHG�XHMOE8]WX7\bE\÷QJRG�N�E,JRE\ý,`fI UdS JLY U E�NmY>XHMný ö Y�GLJL\ ö V E�l���E7Ym¯câ�X7\GRE U Mn÷QJ N�I�á�÷�\bG6` S�U�V_S GLY�\�JRE&��X�ioXRK S `�\�J U E
%c��l

�f÷,XRK�E U XdK�E S EHGLJL\mý�E U�V_S ° S�V E7Y U N�E
∂k∞/∂T

E\÷�X S�V X7Y V_S ÷cJ V_S ° S�V E7Y U N�E
k
eZNm\�°4E U GREHG�JRE\ý,`nI UdS JLY U EHG

NmY.XHMný ö Y�GRJL\ ö V E�l´�M�Y U Y	÷�E?JRE\ý,`nI UdS JLY U E[N�Mn÷	÷�IHE�]XHE V�V E�â�X7\aEHGLJ,` U \bGRE?Y	÷�\�ikM U ý�E&N S ÷�G V E?X UdS�ü Mn÷5l�D S
JRE\ý,`fI UdS JLY U E 9�+ ~�ë 9:-�.10 EHGLJ�` U \bGRE
\bX7\ne í����h�,]cXHE7JLJREZ° S�V E7Y U XHM ULU EHGL`nMn÷�N?e V_S JRE\ý,`nI UdS JLY U Efý�M ü E\÷	÷�E�e
V g \m÷QJRI U \bE7Y U N�g Y	÷[X UdS�ü Mn÷PXHMný ö Y�GLJL\ ö V E�E7J�EHGLJ V_S ° S�V E7Y U Y�JL\ V \bGRIHE6N S ÷�GaJRM�Y�GC÷�M�G�X S�V X7Y V G�` S�UaV_S GLY�\�JRE�l
´�M�Y U `nM�Y�°4M�\ U EHGRJL\mý�E U Y	÷�E�° S�V E7Y U NmY(XHMcE8]WX7\bE\÷cJ�N�E U I S X7JL\�°c\�JRIZNmY�XHMný ö Y�GLJL\ ö V EZE\÷�E5��EHX7JLY S ÷QJ�Y	÷�E

E�¯mX7Y U GR\bMn÷�GLY U ` V Y�GR\bE7Y U G�`nM�\m÷QJRG�E\÷AJRE\ý,`nI UdS JLY U E�]5\ V i S Y�N UdS ]5N�g Y	÷�EW` S�U Jp]FhcY�E�XHEHG�`nM�\m÷QJRG E\÷>JRE\ý,`nI�â
UdS JLY U E�GRM�\bE\÷QJ�GLYl]WG S ý^ý�E\÷cJ�I V M�\��+÷�IHG V EHG�Y	÷�G�N�EHG S Y�J U EHG `fM�Y U `nM�Y�°4M�\ U M ö GRE U °4E U Y	÷�E�° S�U \ S JL\bMn÷¤NmY
XHMcE8]WX7\bE\÷cJZN�EKý�Y V JL\�` V \bX S JL\bMn÷�� UdS ÷�N�E�N�E7° S ÷cJaGRMn÷[E ULU E7Y U GLJ S JL\bGLJL\bhcY�E�l��V÷Âý��\ý�E6JRE\ý,`�G�]�\ V i S Y�N UdS °4I�â
U \�á^E UV_S�V \m÷�I S�U \�JRI
NmY�i S X7JRE7Y U N�Esý�Y V JL\�` V \bX S JL\bMn÷���E\÷�` UdS JL\bhQY�E�]cN�E V_S�U I S X7JL\�°c\�JRI

ρ
��GLY U JRM�Y�J V g \m÷cJRE U ° S�V�V E

N�g�E�¯O` V M UdS JL\bMn÷5l���E7JLJRE6E�¯O` V M UdS JL\bMn÷[E\÷�JRE\ý,`nI UdS JLY U E S N�g S ö M U N?I7JRIj` U \bGdEZE\÷?GRE7`�Jo`nM�\m÷QJRGoNm\���I U E\÷QJRG�]�N�E
í����º� e>¢�(����º�,l�D S ` U IHX7\bGR\bMn÷�GLY U XRK S hcY�EWX S�V X7Y V N�E

k∞
E5�nEHX7JLY�I�EHGLJ�\bX7\�N�E V g�M U N U E�N�E�¢����?`nX\ý&l

ê:÷�E JRE V \m÷QJRE U ° S�V�V E,E\÷±JRE\ý,`fI UdS JLY U E�`nE U ý�E7J6N�E V \bGRGRE UZV g�E ULU E7Y U GLJ S JL\bGLJL\bhcY�E XHMný^ý,\bGdE GRY U
V g�EHGLJL\mý S JL\bMn÷
N�E

∂k∞/∂T
l���E V_S `nE U ý�E7J�N�g S °4M�\ U Y	÷�EjE ULU E7Y U N�E V g�M U N U E6N�Er�ml�9 `nX\ý ´ � GLY UoV_S ° S�V E7Y U NmY?XHMOE8]WX7\bE\÷QJ

N�E6JRE\ý,`nI UdS JLY U E�l
�ZM�Y�G S °4Mn÷�G�°4M�Y V Y�°4I U \�á^E U GL\ V E,X S�V X7Y VS GRGRE\ý ö V_S �4E S °4EHXWX UdS�ü Mn÷�G�K�Mný�M��4¿\÷�EHG U E7` U McNmY�\bG S \�J ö \bE\÷

V_S ý��\ý�E EHGRJL\mý S JL\bMn÷±NmY�XHMOE8]WX7\bE\÷QJ6N�E JRE\ý,`fI UdS JLY U E�NmY�XHMný ö Y�GRJL\ ö V E,X S�V X7Y V I E\÷�X UdSSü Mn÷PK�Mný�M��4¿\÷�E�l
ÅjEKý S ÷�\b¿ U E S ÷ S�V M���Y�E�e V g S ÷ S�Vmü GREj` U IHXHIHN�E\÷cJREji S \�JREjGLY UTV g�I7°4M V Y�JL\bMn÷[N�EHGT\m÷c°4E\÷QJ S \ U EHG
N�Ef÷�M üQS Ym¯n]�÷�M�Y�G
E5�nEHX7JLY�Mn÷�G V E6X S�V X7Y V NmY�XHMcE8]WX7\bE\÷cJ
N�E6JRE\ý,`nI UdS JLY U E�NmY[XHMný ö Y�GLJL\ ö V E�E\÷,ý�McN�E�X UdSSü Mn÷�GaK�Mný�M��4¿\÷�E�E7J
X UdS�ü Mn÷�K�I7JRI U M��4¿\÷�EHGpl
D5E�J S ö V E S Y,N�Mn÷	÷�E V g�EHGLJL\mý S JL\bMn÷,N�ETXHEHG�XHMcE8]WX7\bE\÷cJRG�e
` V Y�GL\bE7Y U G�JRE\ý,`�G�N�E V g \ ULUdS Nm\ S JL\bMn÷5l���EHG�X S�V X7Y V G

Mn÷QJjI7JRI�E5��EHX7JLY�IHG
E\÷Àý�McN�E S GRGRE\ý ö V_S �4E�`nM�Y U Y	÷PXHMný ö Y�GLJL\ ö V E æTK�´�Y�e&¢��;§ÚN�E�` V Y�JRMn÷�\�Y	ý GR\mý,\ V_S \ U E
S Y&°4EHX7JRE7Y U \bGRM�JRM�`�\bhcY�E�N�I�á�÷�\5` U IHXH¿HN�E\ý^ý�E\÷cJpl
´�M�Y U Y	÷�E
JRE V�V EjE�¯�X7Y U GL\bMn÷?E\÷�JRE\ý,`nI UdS JLY U E6M��?XRK S hcY�EjX S�V X7Y V ùSRUTWV S Y	÷�EZ` U IHX7\bGL\bMn÷?N�E ¢�����`nX\ý&]

Mn÷ S�ULU \�°4E(e S °4M�\ U Y	÷�EWE ULU E7Y U GRY U�V_S `nE\÷QJRE
∂k∞/∂T

N�g�E\÷c°c\ U Mn÷S�ml�9�`fX\ý ´ �,l���Mný,`�JREWJRE\÷cY�N�E�XHE7JLJRE
\m÷�XHE U JL\�JLY�N�ETMn÷k÷5g�M ö GRE U °4E` S G�N�E�Nm\���I U E\÷�XHEE\÷cJ U E V EHG�N�E7Ym¯�X S�V X7Y V G�E\÷ký�MON�E�K�Mný�M��4¿\÷�ETM�Y�K�I7JRI U M��4¿\÷�E�l
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ë}�,��)�����¢ �(���rÃT�������r�o�G�À�A� �U�W &�U�,�S�AÄt�D ^�A���S���v�])U��è���À�����N�T�r�ÁyJ^`_ba
' `�Y�\bGRG S ÷�XHE�á�¯�IHE�]�XHE?XRK�M�\�¯ S `nE7Y�N�g�E5�nE7J�GRY U Y	÷ ÷�M üQS Y�á^GdGL\ V E�` S�U E�¯mE\ý,` V E�] V g \m÷Q°4E\÷QJ S \ U EPNmY

÷�M üQS Y»á^GRGL\ V E�` U \m÷�X7\�` S�V M�Y»N�g Y	÷ ÷�M üQS Y�N�Mn÷QJ V E(J S Ym¯CN�E�á^GRGL\bMn÷¤XHMn÷cJ U \ ö Y�E?N�EWi S/© Mn÷»\mý,`fM U J S ÷cJRE[e
V_S `�Y�\bGRG S ÷�XHE�]�XHMný^ý�E V g õ"ö�ö ê�l�D�g�I7°4M V Y�JL\bMn÷�N�EHG�\m÷Q°4E\÷QJ S \ U EHGWN�EHGk÷�M üQS Ym¯ChcY�\�XHMn÷�GRJL\�JLY�E\÷QJ V EHG�GRM�Y U XHEHG
ý S�² M U \�J S \ U EHG6N�E�á^GdGL\bMn÷�NmYPXHMný ö Y�GLJL\ ö V E S `fE7Y±N�EIý S�U �4E N�EIý S ÷�çjY�° U E V M U GRhQY5g�Mn÷±\mý,`nM�GRE�Y	÷PJ S Ym¯
� V M ö S�V N�EZá^GdGL\bMn÷&XHMn÷�GLJ S ÷QJZE7J�Y	÷?\m÷Q°4E\÷cJ S \ U E�\m÷�\�JL\ S�V N�Mn÷	÷�I�l
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�ZM�Y�G S °4Mn÷�G�°4I U \�á^I V_S GRE\÷�GL\ ö \ V \�JRI�] S Y�XRK�M�\�¯AN�EHG�` S G�N�E,JRE\ý,`�G E\÷QJ U EWXdK S hQY�E�X S�V X7Y V ùSRUTWV ]5N�E
V g�I7°4M V Y�JL\bMn÷½N�EHG�\m÷Q°4E\÷cJ S \ U EHG&`nM�Y U�V EHG�` U \m÷�X7\�` S Ym¯ S X7JL\m÷�\bN�EHG[e�°O\bE V Mn÷���Y�E�loD S á���Y U Et9ml|�A%Òý�Mn÷QJ U E
V g�I7°4M V Y�JL\bMn÷PN�EHG
\m÷Q°4E\÷cJ S \ U EHGZ`fM�Y U
V EHG�` U \m÷�X7\�` S Ym¯&\bGRM�JRM�`nEHGaNmY�` V Y�JRMn÷�\�Y	ý E7J�`nM�Y UaV g õ"ö�ö ê�]�` U \m÷�X7\�` S�V EHG
M ö GRE U ° S ö V EHG�hQY�\l÷�M�Y�G�\m÷cJRI U EHGRGRE\÷QJ�`fM�Y U Nm\���I U E\÷QJRG�XdK�M�\�¯�NmY�` S G�N�E�JRE\ý,`�Gpl��ZM�Y�G S °4Mn÷�G U E7JRE\÷QY�XHMný^ý�E
XRK�M�\�¯�N�Ea` S G�N�EaJRE\ý,`�G�Y	÷�E
° S�V E7Y U N�E ¢:ý�M�\bGTN S ÷�GO÷�M�GX S�V X7Y V GTN�g�I7°4M V Y�JL\bMn÷ S GRGdE\ý ö V_S �4E�l2�
M�Y�G S °4Mn÷�G
°4I U \�á^I�hcY�EoXHEoXRK�M�\�¯�I7J S \�J�GLJ S ö V Eo` S�U�UdS `�`nM U J�ejN�EHG�I7°4M V Y�JL\bMn÷�G�i S \�JREHG�GLY U N�EHG�` S G�N�ETJRE\ý,`�G�` V Y�G ö U E�ikG
�w¢�]�ü&E7J�¢pý ² M�Y U G���lK�
M�Y�G S °4Mn÷�G�XRK�M�\bGR\N�g�E5��EHX7JLY�E U N�EHG�` S G U I7��Y V \bE U G�]�hcY�\�JLJRE�e[E\÷>i S \ U EWN S ° S ÷QJ S �4E�]
`fM�Y U ÷�EZ` S G�i S Y�GRGRE U�V EHG�Nm\�°4E U GREHGOý�I7JLK�McN�EHGoN�EZXHMn÷QJ U � V EjN�E V_S�U I S X7JL\�°O\�JRI,��hQY�\nMn÷QJoI7JRIZN�I7J S \ V�V IHEHGoN S ÷�G
V EjXRK S `�\�J U E��4� ö S GRIHEHGTGLY UTV g�E�¯mJ UdS `fM V_S JL\bMn÷&N�EZ° S�V E7Y U GoX S�V X7Y V IHEHGoGLY U Y	÷�÷�Mný ö U E N

N�EZ` S G�` U IHXHIHN�E\÷QJRG
E7JahcY�\5GRMn÷QJaGdE\÷�GL\ ö V EHGae�Y	÷&XdK S ÷��4E\ý�E\÷QJ ö U Y�GRhQY�E�N�E V_S�V Mn÷���Y�E7Y U E\÷QJ U E�XHEHGo` S Gpl

c`dfe`dhg ikj;lUmonqpJrWstp]uvmowyxEp?p�z{m}|A~kñbxEmquE�NnouEpJsAl�p]uEp�|{u�|{rN�A�{xEuEp�j4�{ry~hp]~9uEp
�W���Z�]���,�\�������,�q�����\�����n÷������'�\ý ö ���]�q�J�?�,�'���'�Z�]�����'���\÷��\�'�\÷E��÷4�Z�`�����\�������\���\�E�]���k�\�.�����,���m÷\���\�.�k�,�

�\�'�4�;�\���'���\��áE�'�����n÷W�y�;�����,�'�\÷��'�.� ö ���'�.����á�÷0�\���4�E��÷�����áE�,��� ���.�Z�]���X�4�W���,�����.���m÷v�;�\���'�\÷������\�*� ���,�q�����\�����n÷
�\�.�b�m÷4�q�\÷����]���'�.�Z¡L�W�.� ö ���'�.�I�.�nýk�E�]�'�.�.�b���,�y�n÷4�I�,�'�£¢
�pÅ¥¤��â�(;¡®>;� ô ¢{¤`¤Fâ�9;¡�¦��,� ô ¢
�pÅ¥�nâ�9;¡�9;¡

�f÷§�����\�������'�,�'�\÷\���Z�y�U���\�X���J�\���\�E�]�����\�.�����,���m÷\���\�.�X�	÷ ö �n÷0���.�.���'�¨�\÷4���'�����.�����'����� ö ���'�.�Z�N�v��÷v�
�'���v�©���.�©�Z�����m÷;ª«�,�����,�\�C���¬�;��ý��\ý©�����'�;�'���4�v�J� ���,���'�,�\���'���]�������������v���\�'���E�]�q�.�����\���o��÷��©� ���,�q�����\�����n÷W¡
 �,�\���b�4�v�,�����v�.�/÷v� ü �]�;®��\�'�.�'�\÷4�'�\÷��I�\�.�(�.�Z�]���'�(�'�\���,�����,�\�'�b¯X�.�,���'���,���'�,�\�b�����]�����������4�v�¥�,�����,�\�q�\÷4�^�,���'�
���'���mýk�����.��¯��	÷v���;�����,�'�\÷v�.�P÷v����� ö �����\�.� ö ���'�.�Z¡f�t�.�¥��®;�.�,�\�����n÷v�¥�'�n÷4�Z�E�E�]�°���]�\���������]�}�Z�]���,�\�`¢a�fÅ¥¤��
�\�����I�.�ný^ý©���'��ª��,�'�\÷v�.�o�v�\÷?á�÷?�\���.�ný ö �v�������n÷0±P�q�,�'�^%D��²p³§² ´ �´³Zó

•
�	÷v���'���v�Lâ9�.�����mý��]�����n÷?�����\÷4�4���'�n÷ 9��;§@�\� 243 �Áý��\�U���\�(���.�b�\�,�;® ö ���'�.� ô ¢A¤�¤��,� ô ¢
�fÅ¥�{¡

•
�	÷v�°ª������'�£���\�'�.�����mý��]�����n÷?�����\÷������'�n÷§¦S9��;§H�;� 242m ' ýµ�����\� ô ¢{¤`¤t¡

•
�	÷v���'���v���.�����mý��]�����n÷©�����\÷������'�n÷@%y§Q�;� 233 ¶ �;���U���\� ô ¢
�fÅ¥�{�o�.���4�\�4�m÷v�;�\���`�	÷v���'���v�'�.�'���mý��]�����n÷
�;�Âý��\ý©�*���'�;�'�£� ö �'�,���q�.�£���\�gõ"ö�ödê�¡

�W�.�`�.�Z�]���'�·� ö �'�,���q�.�`�U���\�`�'���v�`���.���\���m÷v�,���E�]�;®k���,���m÷\���\�.�{¯°�;�����,�'�\÷��'�·�E���`��� ���������;���]�����n÷��.�����'�,�U�����'�
¯X� �¸��÷	÷v��®;���¥¡ ¶ ���\�(�������\���'���\�p÷v�o�b�Z�]���,�\���C÷v���v�b�Z�q�n÷v�(�'�,�'�\÷���������¹v���º®>�\�¥��� ö ���'��¢a�fÅ¥¤���»�(;¡®>;�\���\�
�������v�,�����*�n÷��;�����U�o���]���(�	÷��\���v�(�o����÷v�x÷v�ný ö �'�*�\�o÷v� ü �]�;®�¯��;���U�,�'�\÷4�'�.�I�'�\ýk�U�,���]���\�'�.�Z¡
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à áÑÓãâ¨Ù·ÍÏÔ ä Ú·ÍåÌ�ÓÕæÏÙ·ÍÏÔ

ç Ô�è é ØSêEDUë�ìIÚkÛyê"Ö'ësØ

í°���v�(� ö ���'�\�n÷v�b¯*�\�'�.�'�\÷����	÷v�©î º´ï�ðºñ�ò�óo¾«¿�ñ�ô8õ�ö�ï;ó�÷]ø,óZù î ô î ö�¾«ò�ñ�ôv¿�ú,ö î£�\�.���.�ný ö �v�'��� ö ���.� ù ¤�¥ ��¹v�]»
�����.�Z¡·ût�,���'�>�]�\�\�'���'¹v�>�.���*ª��]���'���\÷0�Z�]���,�\� �«ó]ø�ø î�ü�ý ðºóþù î 
 �,�X���©�\�'���U�o�'�C��� �m÷4�q�.�������o�v�,��� ���,�q�����\�����n÷$�\�
�;���q�,�'�J� ü �U�.���,�>�'�\÷v�,�\�'�J�\÷ÿ�\���\�'�n÷\���	ý �\�.�>�.�ný ö �v�'��� ö ���.�Z¡b�W�.�J� ö �'�,���o� ö ���.�J�4�\�f÷v���v�>�m÷4�'�,�'�.�'�'�\÷��
�'�n÷����'���\�k���¸� ö ���'�§�.�,�����.�k�4�\�t���n÷����\÷±ý©�.���\�'�>�\� � ó�ð ¿«õ î ò �`�;�¨�����m÷4�k�\�����v�&÷v�,�\���'�n÷\���4�v�o�`�����'¹v���º®
��� �	÷v�k�.�n÷��v�o�\���]�����n÷��\���.�ný ö �v����� ö ���o¡ ¶ �]�£�.�n÷��v�o�\���]�����n÷��n÷6�����v��»9�\÷��'�\÷v�}���,�`�	÷}�q�.�,�'�,�\�����'���'���\���4�v�
�\�¥�\���\�'�n÷\���	ý �,�(�	÷v�¥�'�\÷v�,�\�I�\�n÷	÷v�.�Z¡\í°���v�(�,���v�;���,�'�n÷v�I�\�n÷v�¥���¥�.�nýk�U�����'�\ý©�\÷��°�\���.�.�(�.�ný ö �v����� ö ���.�
�E�]�I���]�\�U�����S¯����X�'�\ýk�U�,���]���\�'�C±«�.�������,���\÷��'�¥�\���.�n÷����'��» �'�Z���,�����n÷8�\÷��'�\ýk�U�,���]���\�'�*�;�?�.�ný ö �v����� ö ���X���
�;��ý©�4�\�,���]�'�,�\�´³°���6¯C�	÷v�X���,���'���;� ý©���\�,���]�'�,�\�C±«�.�4�����,���\÷4�'�£�\�X�4���\�þ³�¡U¢V÷���÷W�j÷v���v���.�'���mý©�,�'�n÷v�����
���]�;®��\���.�ný ö �v�������n÷Àý�� ®��mý��]�����v����¹E�����v�£�.�ný ö �v����� ö ���*�,���v�;���*�.���I�\÷xý©�.���\�'�£�����\÷v�;�\�'�,�Z¡ ¶ ���\�I�	÷v�
�.�n÷��v�o�\���]�����n÷J�\�I�.�ný ö �v�'��� ö ���S�o�]�����\�.�o�q���.�A�m÷��q�\÷4���]���'�.�(�\÷����,���m÷\���\�.�t�,�A���,�\���,�q�����\�����n÷��U�\÷v�v��÷��t� � ������� »
�;���]�����n÷Â÷v���v���U�,��ý©�,�����'�n÷��S�]�����'�(�����,��� ö �����b�\�.� ö ������÷v�(�\�°�\�'���;�v�,�����n÷����J�.�n÷v�'�ný^ý��]�����n÷��\�pý��]�����,�'�	�
�.�.� ö ������÷v�t�.�n÷v���������v�,�'�n÷4�t�E�]�t���£�'�\���'�I�\�.�A�\�n÷	÷v�.�.���\�n÷4�t�n÷��'�b�'�,���������£�v��÷v�Á÷v�����'�S�,���v�\�S�\�I�'�.�\÷E�]�����o�
�\�*������÷v�'�������n÷��q�,�'�°�\�.�°� ü �'�
�\ý©�.����¹

/ ����
� ¡ � ÷��m÷��'�,�
�,�¥�E�]�������,�\�����,���'�,���©�\�n÷v���������'��¯k�����\�'���;�v�,�����n÷
��� ���� � �]�m÷v���y�4�W�¸�]�;®>�Z�]�E���,���'�.�S��� �m÷v�,�m÷v�,���]�����n÷��;�J�\���\�'�n÷\���	ýÕ�\�£�'¹E���4�v��� ü �U�£�\���.�ný ö �v����� ö ���o¡

�{d9g�dhg �Il���mqrWs��9x��Bl�no~��`z{u§|�z����hz·nory�A~hz�� uE��mqxElUj�nouEzAm � uvl�z!� x#"%$vmqu
�{����®;�U�,�����\÷v�.���'�.��¹	÷v�������o�����v�S���.���\���'���.�q�.�����t�.�ný ö �v�'��� ö ��� ù'&)( ± �+* 2

» ¶ � * 2
³W�U�,��ý©�,�·�]��²����\�'��� ¹��\�

���¸�.�q�������	÷v� ö �n÷	÷v�k�.�n÷	÷E�]���'�´��÷v�.�k�\�.�£�.�ný ö �v����� ö ���.�X�]�8�\���\�'�n÷\���	ý�¡-,S�v�k�.�k�'�����£�v��÷v�£�\�.�Ký��]�������.�.�
��¹v�������	ý ���?�\����÷\���	ý��U�n÷8� ö �'�,���q�,�������\�S�����\¹ ü �'�����v�X�\�.�¥� ü �'�
�\ý©�.�°¯ ö ���'�X�\���\���\�'�n÷\���	ý �\�.�¥��.��,�'�
ö ���\÷?�.�n÷	÷4�v�Z�E�;�Jª �]���b�\�������\�'�.���\÷v�.�*�\�£�.�,�I�,���\ý©�\÷4�Z�E���\�I���£�.�nýk�������'�\ý©�\÷4�°�;�?�.�ný ö �v����� ö ���o¡)/������'�.�

¦10;¦



�,�b�\�"²'¯��n÷��U�,�\�b�\÷��,���'�,�b���.�(�\���m÷v�,���E�]�;®2�

• � ÷����U�.�,���'�-÷v�,�\���'�n÷\���4�v�£�\���v�°�;�\�S�;��ª��]���S�\�£���k�\�,�o�����v�]�����n÷8�\�£���k�E�]�������*��¹v�,��ýk���4�v�£�E�]�S���.�
�������'�����.�b�;���\���\�'�n÷\���	ý��\ª������I� ö �'��� ö ��÷��'�f÷v�,�\���'�n÷\�����v�.�°¯��.�.�I�\÷v�,���o���.�Z¡

• � ÷v�·�;�mýk�m÷��\�����n÷��\�·� �������Z���,���'�t�\�.���U�����'�n÷v�÷v�,�\���'�n÷\���4�v�.�W�\���������'�.�y�����\�y���·�'�,�o���]�q�A�\�·���b�,���������,���'�
�;���43¥�\�Z¡]ût�t�'�,���b���A�Z�����;� ö ���'�A�'����� ö �������\���.���y�\���������'���U���\�y���{�\���������]�q�¥±«�,�N�'� ö �.�'���m÷*� � �m÷�²��.�,�����n÷
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• � ÷��.�nýk�������'�\ý©�\÷4��� ü ÷E��ýk���4�v�>�\���v�k�4�ºª¥�;���'�Z���,�'�,�\���4�\�b�.�n÷v�;�\�����6¯}�\�.�k������÷v�����'�����'�.���\���v�
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�����'�Z���,�����4���'�C�'�,���>�\���v�������Z���.�©�����'�X��� �	÷v�©��®;�,�\�'�'���n÷§�\÷6�'�\ýk�U�,���]���\�'�o¡`ût�,�U�\÷v�v��÷��Z�N���©�.�����k»
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±��]�\�'���\�I�\�£½]�U�ryZ� �\�_y����U���\�(�_oJ�.�iy��\�v�����w�\������¹ ¶ �L³t�'�,�����'���\�q�ro4�b��� �_o>ª����,�'�,�\�'�X����6��\���v��ª �]�w�\���
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�.�iyk���o�'�������io>�v�Wov�t���ay��]�'�,�����]��y©�4�\�,���]�'�,�\�Z¡vût�,���'�¥���wyk�\���x�E�Z�]�����io��.������� �v���]�q�o�4�E�]�(��®;�ryk�\���o�;�v�Wov�t���
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ë�Q�� yVTX�^Bro5C�T�Q(@$G(B<Q��¤?�Bro�B<Q(@�F$G�Nx.,E<@�Bro>?�B7FVG(BqC(JXQ(?�Tio(NXQ_y ��Bro½@�E7G�Q(NPF*IWo>?$G,_ Q_o�BS?�Bro�B<Q(@VG(B ø 0TP u
Q_o�B%?�Bro�B<Q(@WG(Bm�VPS�;J�I¦O>QYIWo�?ANX?�E%C(@�E7F�Bro�?�BmG(BVC(JXQ(?�Tio(NXQ_y G�IWo�FUJPBq#7Tiy��(Q�FA?ANw�(JPBmB<?Z��Bro�@�EZI»ì
Q�FA?LIWo>?WJ�I
#7Tio�#7Bro�?A@LIM?ANPTio½G(B	�bT�@�B$#<@ANX?ANPO�Q�B o�E7#7B7F�FLIMNX@�B%G�IWo�F|o�T�?A@�B yVT�G_�<JPB��,Jl_.B�.,B<?UFAQ(@aJl_`IMQ(iVyVBro>?LIM?ANPTio�G�QÞë�Q��
yVTX�^Bro�os_.B7FA?eO�Q�BaG,_.Bro>]�NX@�Tio¼�TPS�

/1032Ä]�6��OY�`¢« ñ�ö�ò?ö�ô ü43�ü�î 6«÷�ï î õ î f'ñ ü�ý ö4ø�698 ý ð î�î 6$¸�ïLö�8fø�ø,óoôgf î õqñ�ôEô)e î d õ�8 5�e�ò î ôY6 î øº6 î ô î ö�ò�ø î ôïLð ö�6 ñ�ô�8Pö ü 8PôLõ�ö�8Pò�ñ�ô�6Wö�ôf%töih ü ñ�÷ î ôJõ�8 5�e�ò î ôY6 d ü ñ�8PôLõ�ò î ¸(ïLð ö�ø�ù�ò�ó�ôLõ î 6 î ô î ö�ò7=76�h î�ü ïLð î ø´ö�ò(ð îk©;ª�« ö6«÷´ï îH« ö
8$9;: -Zî ö�ô î =

<�=?>
@BA(CED?FHG*>!I�CJGLKNMPO�F�G*Q1>!ARCSI�TU>WV�@�G�>YXZ>[C\@�G*F�XR]N^\CZ>
R�_`I»ì
T�Q(?HG(B��bT�@�BWG�IWo�FeJPB�yVT�G(E<@LIM?�B<Q(@�I%C�T�Q(@KB�.bB<?HG(BD@�E7G�Q(NX@�BWFLBro�FANw�(JPBryVBro>?HJ�I$CbT�C(Q(J�IM?ANPTio o�B<Q�f

?A@�Tio(NPO�Q�BaFAQ(@1?�T�Q(?�BHJ�IWi>IWy	yVB�G,_.Ero�B<@Ai�NPB��_y%IMNPF1C(JXQ�FdFLBro�FANw�(JPBryVBro>?\IMQ��qn�IMNw�(JPB7FeEro�B<@Ai�NPB7FdT,+�J�IWF�B7#<?ANPTio

øVø 0



B��%#ZI�#7B\G(Be@�EZI�#<?ANPTio
(n, α)

G�Q ME� 5�I�Q_o�Be]�IMJPB<Q(@�?A@
�7FrE<JPB<]^E7B��>R�_.B�.,B<?1G�QQ�bT�@�BeF�B<@LIUG(Tio�#d]�NPFANw�(JPBeFAQ(@pJ�I
¹,ñoò ü�îHG�QmFACbB7#<?A@�B\B<?1#7Tio�#7B<@�o�B<@LIDC(JXQ�FpCYIM@A?ANP#<Q(JXN��<@�BryVBro�?dJ�IUCYIM@A?ANPB\?At�B<@�y$NPO�Q�B�� � �#omG(B'�(��B<@rJPB7FrNPG(E7B7FZ�o�T�Q�FDG�NPFL#<Q(?�Tio�FUQ_o½B���Bry$C(JPBqG(Tio_o�E��;#7B<JXQ(NpG,_ Q_o½#7Tiy��(Q�FA?ANw�(JPB��1t���Q5G(BV?���CbB ��Q @���ô Bro(@ANP#Lt(N1u ø 0TPS�R;I���i�Q(@�B�6��OU�yVTio�?A@�BV#<J�IMNX@�BryVBro>?DJ�IqG�Nx.,E<@�Bro�#7BVBro�?A@�B$JPB7FaFACbB7#<?A@�B7Fa#ZIMJP#<Q(JPE7FZ�,Jl_ Q_o¤I7]^B7#VQ_o�B$O>QYIWo�?ANX?�E
Nwy$C�T�@A?LIWo�?�BaG(Ba��T�@�Bkjl�iYV0V0DC(C_yqo�_��>Jl_`IMQ(?A@�BHFLIWo�FZ��RsBK?LIW�(JPBZIMQ�6�� 6WG(Tio_o�BHO�Q�B<JPO>Q�B7Fr]�IMJPB<Q(@�F1G(BKFLB7#<?ANPTio�F
B��%#ZI�#7B7FZ�Y#ZIMJP#<Q(JPE7B7F\CbT�Q(@e#7B7FeG(B<Q��h#ZI�F\IMQ¥G(Er�(Q(?\G(B�Jl_ NX@A@LI�G�N�IM?ANPTios��CbT�Q(@dJPB7FdC(@ANwo�#<NXCYIMQ��¥I�#<?ANwo(NPG(B7FKG�Q
#7Tiy��(Q�FA?ANw�(JPB�� * om#7Tio�F�?LIM?�B\Q_o�Ba�YIMNPF�FLB\G(B7F1F�B7#<?ANPTio�FcB��%#ZI�#7B7FtyVTX�^Bro_o�B7FdG(B��YF�FANPTiomG�IWo�F1JPB\#ZI�F1#7Tio>?�B�foYIWo>?$G�Q �bT�@�B��;#7BqO>Q(NpC�B<Q(?kFZ_.B���C(JXNPO>Q�B<@DCYIM@UJ�I �YIMNPF�F�B$i�JPTi�YIMJPBmG(B%J�I�CbT�C(Q(J�IM?ANPTio7o�B<Q(?A@�Tio(NPO�Q�BmG�IWo�F
JPBUG(Tiy%IMNwo�BDG,_.Ero�B<@Ai�NPBU?At�B<@�y$NPO�Q�B��YT,+hJPB7F\F�B7#<?ANPTio�FeB��%#ZI�#7B7FKG(B+�YF�F�NPTio¦G(BU#7B7F'o�T1�>IMQ��hC(@�E7F�Bro�?�Bro>?HG(B7F
@�E7F�TioYIWo�#7B7FZ�

/10�2t]S6��OU'` 6`5 î 6`õ�ö ý ñ�ò î õ�8�ø´ø,ñ�ö4øSõqó�ôvø�ð îIü ñZõSe�ò�ó�6 î ö�òIø�ö4òIð î ø ï î f76«ò î ô î ö�6«ò�ñ�ô�8�ú,ö î õ�ó�ô\øbð î f�ñ ü�ý ö�ø<698 ý ð î
¬l8�f<8bó�ö�õSe ý ö�6¥õ î ð�: 8fò�ò�ó�õ�8«ó^698«ñ�ô^°�=  : ó - ñ�ö�6bõ îCý ñoò î õSe�ùoò�óqõ î ø*8�ù�ô�8 j�f'ó�698³� î�ü�î ôY6Iðºó�ï;ó�ò<698 î 6 ª;î ò ü 8«ú.ö î õ�ö
ø ï î f76«ò î =

²\B<?�Bro�Tio�FK#7B<CbBro�G�IWo>?DO>Q�BWFAN�Q_oÞ#�tYIWo(i^BryVBro>?DG(BDJ�I%n�T�@�yVBkG�Q¥ë�Q��[Bro>?A@LI{z�o�B ó�¹,ñ�ò<698�ñ�ò*8 Q_oÞ#LtYIWo�f
i^BryVBro>?VG(B7FW]�IMJPB<Q(@�F�yVTX�^Bro_o�B7F$G(B7FkF�B7#<?ANPTio�FkB��%#ZI�#7B7F$G(B%@�EZI�#<?ANPTio�G(B7F9o�T1�>IMQ��5G�Q½#7Tiy��(Q�FA?ANw�(JPB���JPB
F�Bro�F�B<?aJl_ Nwo�?�Bro�FANX?�EVG(B$#7B<?A?�B$]�IM@AN�IM?ANPTio2o�B$F�Tio�?aCYI�F�G(E<?�B<@�y$Nwo�E7F ókïLò�8«ñ�ò�8 �bNXJPFaG(E<CbBro�G(Bro>?WG(BkJl_`IMJXJXQ(@�B
G�Q¦FACbB7#<?A@�B+o�B<Q(?A@�Tio(NPO>Q�BDB<?eG(B7FdF�B7#<?ANPTio�FeB��%#ZI�#7B7Fe#7Tio�#7B<@�o�E7FZ�

� é È�Ò�ÒIÈ°ò1ÓWÊÌÉ4ÒIÕØÒIá:Î{ÈÄÏVÐÌÑIÈ�å<Ð�É�ÔOÈbarÈ�Ñ�ÑAÊ�ÅiÊ
Ñ�ÔäÊ�Ë�ÓWÕØÒIÈ�å<ÈCË�Ò�×CÈCÔOÔOÈ�ò4Ó{Õ#ÑIá�ÒAÊÌÏWÔOÕØÒ�ÓWÉ{Èca�Ê=ÔOÈCÓ{Ñ�ÎXÈ k Å�Æedgf ÅVÐ�ÓXÑ�ÓWÉ�×ih�Ó{Ñ
ÈCÉ4ÒIÕkjNÑIÈCÆ:ÈNÉ1Ò�×AíiÊ
ÑIç�á�ÊlarÈC×^×CÈöÒ³èXÅVÈ�ÎXÈ�×CÐ�Æ�ÏWÓWË�ÒIÕOÏ{ÔâÈÌå{ËIÊ=ÉWË�ÏiÊ
Ñ�ÑIÈCË%Î{Èö×NÐ�É4Ò�Ñ�m�ÔOÈ�Ù

øVøVø



Cb σ n�o���I(n,γ) σ p � ����(n,γ) σ qV����(n,γ) σ qV����(n,f) σ p @ ���L(n,γ) σ p @ ���L(n,f) σ p @ �>��(n,γ)0 À
À  0��OUVR � ø ����� �V� ø 0��OY ø � �W6
�iYV0V0 À
À  0��OU^� � ø ���OU ��� ���`� ø � ���

Cb σ p @ �>NM(n,γ) σ p @ �>NM(n,f) σ p @ �>I(n,γ) σ
  �>I(n,γ) σ

  �>��(n,γ) σ
  �>�>(n,γ) σ r  �>NM(n,γ)0 À
À  R�� ø �^� ø 6 ���OY ����� ø � �^�

�iYV0V0 À
À  ���`� �W6 ø 6 ���OY ���`� ø � �VY

[pÌ-\^]g6�� 6 `º§Uî f7698�ñ�ô\ø îts f'óTf î ø ü ñ�÷ î ôvô î øq¬ î ô ý ó�ò´ô^°>õ î f'ó�ï�6«ö4ò î ò�óqõ�8�ó�698³� î ñ�ö9j·ø´ø*8�ñ�ô6õ î ø(ïLò�8Pôgf<8 ï;ó�öVh
óTfZ698fô�8�õ î ø î 6�ú,ö î ð�ú,ö î ø8óTfZ698fô�8�õ î ø ü 8Pô î ö�ò�øJø î ðºñoô#ú.ö î ð�: ñoôÿó - ñ�ö�6 î õ�ö ý ñ�ò î õqóoô\øJðºó�f'ñ ü ï;ñ�ø*89698«ñ�ô	õ�ö
ü ñZõSe,ò�ó�6 î ö4òZ=  : ó�ö�ù ü©î ôY6 ó�698�ñ�ô�ù�ð�ñ ý ó�ð î õ�ö�%töih ü ñ�÷ î ô�ò
e´ø�ö4ð�6 ó�ôY6 î ó�ö4ò�ó6õ î ø î 5 î 6Pø�õ�8 5�e�ò î ôY6Pø�ø�ö4ò�ð î ø
6 ó�öVh>õ î ò�e'óTf7698�ñ�ô6õ î f ª óqú,ö î ôLñ�÷qó�ö�ø î ð�ñ�ô�ðºóCôLñ�ö~� î ðPð î �]ó�ð î ö4ò ü ño÷ î ôvô î õ î ø¥ø î f7698«ñoô\ø îNs f'óTf î ø7=

<�=?>
@BA(CED?FHG*>!I�CJGLK�uv]NX`@�>[XZI�]w@�x�F�CEyzM7KN>[CZG{Q|F[}�>[XJXJ>!A(CE~�CZ��XJ>WCZ@�G�F`XJ]N^\CJ>

��IM@�#7BWO>Qs_ NXJ�#7Tio�F�Tiy	yVBDG(B7F'o�B<Q(?A@�Tio�Fay%I»ì
T�@ANX?LIMNX@�BryVBro�?K?At�B<@�y$NPO�Q�B7FZ��J�I$C(@�E7F�Bro�#7BWG(Bq�bT�@�B�Bro�?A@LI{zXf
o�B<@LIHQ_o õ�ö4ò�f<8fø�ø î�ü�î ôY6 G�Q%FACbB7#<?A@�B�� � C(Q(NPF�FLIWo�#7B\#7Tio�FA?LIWo>?�B��>Jl_ Nwo>?�Bro�FANX?�E\G�Q$ë�Q��	yVT1�^Bro%]�I�IMQ(iVyVBro�?�B<@Z�#ZIM@cB<JXJPBHG(T�NX?dFZ_`I�G�IMC(?�B<@eIMQ��Zo�T�Q(]^B<JXJPB7F1]�IMJPB<Q(@�FtyVT1�^Bro_o�B7F\G(BHF�B7#<?ANPTio�FcB��%#ZI�#7B7Fc?At�B<@�y$NPO�Q�B7FdG(B��YF�FANPTio
G(B7F�o�T1�>IMQ����YF�FANXJPB7F"�,@�B<]�Q�B7FWu�J�I��YIMNPFLF�B%uh#ZIMQ�FLBVG(BVJl_`I»ìAT�Q(?DG�Q2�bT�@�B��%;wJ�B7FA?UNwo>?�E<@�B7F�FLIWo�?WG(Bq#ZIMJP#<Q(JPB<@
Jl_.E<]^T�JXQ(?ANPTio�G�Q5#7Tiy��(Q�FA?ANw�(JPB�Bro�G(B<Q���F�NX?AQYIM?ANPTio�F$B���?A@
�ryVB7FZ��Jl_ Q_o�BmBro5i>IM@�G�IWo>?

Cb = Cb0

#7Tio�FA?LIWo�?�B
CbBro�G�IWo>?aJl_.E<]^T�JXQ(?ANPTios�,Jl_`IMQ(?A@�B$BroÞC(@�BroYIWo�?

Cb = 0
�,R�I ��i�Q(@�B 6����VNXJXJXQ�F�?A@�BkJl_.E<]^T�JXQ(?ANPTio¤G�Qºë�Q�� yVT1�^Bro

]�Q�CYIM@cJPB�#7Tiy��(Q�F�?ANw�(JPBUG�IWo�FcJPB7FdG(B<Q��h#ZI�FZ�
��T�Q(@cQ_o�y �ryVBH?LIMQ��SG(Ba�YFLFANPTiomi�JPTi�YIMJl�(Tio�C�T�Q(@A@LIWTi��F�B<@A]^B<@cQ_o�?LIMQ��mG(Ba#ZIMC(?AQ(@�BHC(JXQ�F1Nwy$C�T�@A?LIWo�?

CbT�Q(@�Q_o�o�T1�>IMQmG(Tio_o�E��>G�IWo�FpQ_o�B\FANX?AQYIM?ANPTioST,+%JPB'��T�@�B\B7FA?�C(@�E7F�Bro�?Z� � Nwo�FANl�>C�T�Q(@�JPB7F�o�T1�>IMQ��q?A@LIWo�FAC(JXQ�f?�Tio(NPBro�FZ�sn9T�@�yVE7FDCYIM@D#ZIMC(?AQ(@�B7FD@LI�G�N�IM?ANX]^B7FkFAQ�#7#7B7F�FANX]^B7F"�;Tio�Ti��FLB<@A]^BVCYIM@DB��(Bry$C(JPBqQ_o�BqIMQ(iVyVBro>?LIM?ANPTio
F�Bro�F�Nw�(JPBeG(BdJPB<Q(@pC(@�T�G�Q�#<?ANPTios��#7Tio�F�E7O�Q�Bro�#7BKG(BdJl_`IMQ(iVyVBro>?LIM?ANPTiohG�Q%ë�Q�� yVT1�^Bro�o�E7#7B7F�FLIMNX@�B\C�T�Q(@�y%IMNwo�f
?�Bro(NX@cQ_o�Ba]�IMJPB<Q(@eG(BHC(Q(NPF�F*IWo�#7B�#7Tio�FA?LIWo>?�B���B<?eG(B7F:o�T�Q(]^B<JXJPB7F\F�B7#<?ANPTio�FeB��%#ZI�#7B7F'yVT1�^Bro_o�B7FZ�

R�I ��i�Q(@�B96��ORZyVTio>?A@�BWJl_.E<]^T�JXQ(?ANPTio¤G(BDJl_ Nwo>]^Bro�?LIMNX@�BVG,_ ����
� F�Q(@\JPB9y �ryVBkB���Bry$C(JPBkG(Bk#7Tiy��(Q�F�?ANw�(JPB
O�Q�B�C(@�E7#7E7G(Bry	yVBro�?l����RsB7F�G(B<Q��U]�IMJPB<Q(@�F�G,_ Nwo>]^Bro�?LIMNX@�Bd#ZIMJP#<Q(JPE7B7F�I7]^B7#cB<?�FLIWo�F^��T�@�B1FZ_.E7#ZIM@A?�Bro�?�G,_.Bro>]�NX@�Tio
RTP¡BroQ�#oqG(B�ý ö4ò�ôvöþï �>#�_.B7FA?�E7#ZIM@A?1B7FA?�Bro�#7T�@�BeJ�I�#7Tio�F�E7O�Q�Bro�#7BKG(B7F�yVT�G�Nx�Y#ZIM?ANPTio�FrF�Q_�(NPB7F�CYIM@�JPB'o(NX]^BZIMQ
G(Beë�Q��Zo�B<Q(?A@�Tio(NPO�Q�BaB<?rG(B7F1F�B7#<?ANPTio�FcB��%#ZI�#7B7FtyVTX�^Bro_o�B7FcJPT�@�F�O�Q�BKJPB'�bT�@�BHB7FA?pC(@�E7FLBro>?Z�(RsBK?LIW�(JPBZIMQ�6��OY
G(Tio_o�BaJl_.E7#ZIM@A?eNwo�G�Q(NX?eFAQ(@cJl_ Nwo>]^Bro�?LIMNX@�BD#ZIMJP#<Q(JPEUC�T�Q(@cJPB7FdC(@ANwo�#<NXCYIMQ��¥I�#<?ANwo(NPG(B7FZ�

>�ô#Ó @
��ô*� ÈNÓWÉWÈ�ÈNÉ{ÑIÕO×�í{Õ õ fl��� å Cb = 7500 ÅWÅ{Æ
øVø �
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Cb(t) = 0 
Cb(t) = Cb0 (7500 ppm)

/10�2t]S6����'` 6Ä�]ñ�ð ö�698�ñ�ô�õ�ös%töihkô î ö�6«ò�ñ�ôY8«ú,ö îSü ñ�÷ î ô��Zö�õ�ó�ô\øbð î f'ñ ü�ý ö4ø�698 ý ð î d î ô©ùqóoò�õqóoôY6 Cb0
f'ñ�ôvø�6 ó�ôY6 î

ï î ôLõ�ó�ôY6�ðA: e�� ñ�ð ö�698«ñ�ô d ï;ó�ò£ò�ó´ïqï\ñ�ò�61¸Cö4ô î ø�836«ö\ó�698�ñ�ô�ø.ó�ô\ø ý ñ�ò î ¬ 4{ý���� °�=
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U-233 (Cb=7500 ppm)

/10�2t]�6��OR�` 6Ä�]ñ�ð ö�698�ñ�ôBõ î ðA: 8Pô#� î ôY6 ó�8fò î õ;: µA¶w¶ ± î ô¨ùqó�ò�õqó�ô�6 Cb0
f'ñ�ô\ø<6 ó�ôY6 î ï î ôLõqóoôY6�ð�: e��]ñ�ð ö�698�ñ�ô d ï;ó�òò�ó�ïqï;ñ�ò<6c¸�ö�ô î ø*896«ö\ó�698«ñoô?ø.ó�ô\ø ý ñ�ò î ¬ 4{ý���� °�=\6�h î�ü ïLð î õ�: e��]ñ�ð ö�698�ñ�ô6õ;: ö�ô2f'ñ ü�ý ö4ø�698 ý ð îh©;ªV« ö
8$9�: -.î ö4ô î

¸�m � ¯Ãõ î ïLð ö�6 ñ�ô�8Pö ü =

��Ñ���ÑwÓ �Ýä_�V¸#�S�êÕ Ö �g�^Õ À;Ö�× ¹�Ø Ö ¸�Ù��v�I¸YØ�� × ¸
Cb0

íKT�Q�FKIZ]^Tio�FH]�Qs�bIMQÞG(Er�(Q(?aG(BD#7BW#�tYIMC(NX?A@�B��,O�Q�BUJl_.B��%#ZI�#<NX?�E$G�Q¼�bT�@�BWB7F�?\?A@
�7FaIWyVT�Nwo�G�@ANPBkG�IWo�FHQ_o
#7Tiy��(Q�FA?ANw�(JPB�u��YI�FLBVG(BVC(JXQ(?�Tio(NXQ_yh��,\Q�B<JXJPB%B7FA?DJ�Im]�IMJPB<Q(@DG(B$J�I¦#7Tio�#7Bro>?A@LIM?ANPTio�G(B	�bT�@�B%#<@ANX?ANPO�Q�B

Cbuh#7Tio�FANPG(E<@�B<@WJPT�@�FWG(B o�T�FW#ZIMJP#<Q(JPFDBro7yVT�G_�<JPBmI�F�F�Bry��(J�IMi^BZ�mR�_`IMC(C(@�T7��Nwy%IM?ANPTio5Q(?ANXJXNPF�E7BqNP#<Np#7Tio�FANPFA?�BSu
#ZIMJP#<Q(JPB<@aJ�Iq]�IMJPB<Q(@aO�Q(Nl� ï\ñ�ö4ò�ö�ô î ù<e�ñ ü e<6«ò�8 î õ î f�Ïtö4ò î ô�698�¨�ò î�ü�î ôY6�f ª ó�ò�ùSe î ô7f'ñ ü©ý ö�ø<698 ý ð î[©;ª�« ö6õ�ö

øVø �



246 û�y ø R��ORTP 244 � y ��� ø P
245 û�y �V���OYTP 243 � y ���OUTP
244 û�y øVø � ø P 242∗ � y ���ORTP
243 û�y R��OYTP 242 � y 6��ORTP
242 û�y ø �OYTP 241 � y ø �OUTP
242 ��Q fw���OUTP 237 í\C ���`�TP
241 ��Q ��� ø P 234 � ø ���O�TP
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� #<?ANwo(NPG(B ;�o>]^Bro>?LIMNX@�B9;<j3?*á+0^o j3i�o ;�j3?*o¡j3i�o
∆ = I(t) − I(0)

j3i�o
∆/E

j³¾�i<�%�Ä�ÝB��`IWo�o
248 û�y 0 ���OU���B�f�0V� ���OU���B�f�0V� ø � 6��MB�f�0W6
247 û�y 0 Y��`�W6^B�f�0�� Y��`�W6^B�f�0�� ���`�VU�B�f�0V�
246 û�y 0 ���O�V0�B"È+0V0 ���O�V0�B"È+0V0 ø �OR ø B�f�0 ø
245 û�y 0 U��OY^�MB"È+0 ø U��OY^�MB"È+0 ø ���OU ø B"È+0V0
244 û�y 0 ���`�VU�B"È+0�� ���`�VU�B"È+0�� ��� ø �MB"È+0 ø
243 û�y 0 R��OUV0�B"È+0V0 R��OUV0�B"È+0V0 6�������B�f�0 ø
243 � y 0 ��� 6SR�B"È+0�� ��� 6SR�B"È+0�� 6�� øVø B"È+0 ø
242 � y m 0 ø � ø 0�B"È+0 ø ø � ø 0�B"È+0 ø U��O0���B�f�0 ø
242 � y 0 ø �OUVR�B�f�0W6 ø �OUVR�B�f�0W6 ���`� ø B�f�0VU
241 � y 6��O0V��B"È+0�� Y��`����B"È+0�� ø �`�VU�B"È+0�� U��`�V0�B"È+0V0
242 ��Q ���O� ø B"È+0V� ���OUW6^B"È+0V� ���`����B"È+0�� ø �����MB"È+0 ø
241 ��Q ���`�VR�B"È+0V� Y�� ø ��B"È+0V� ø � ø U�B"È+0V� U��O�W6^B"È+0 ø
240 ��Q ø �O0W6^B"È+0W6 R�������B"È+0V� f ø �OUVY�B"È+0V� fw���O0VY�B"È+0 ø
239 ��Q ���OUVR�B"È+0W6 ���`�W6^B"È+0V� f ø �OR���B"È+0W6 f ø �O0W6^B"È+0V�
238 ��Q U��OR���B"È+0�� U��OYW6^B"È+0�� f���� 6��MB"È+0 ø f ø �`�V0�B"È+0V0
237 íeC 0 ��� ø ��B"È+0V0 ��� ø ��B"È+0V0 ø � ø �MB�f�0 ø
238 � 0 �����{6^B�f�0V� �����{6^B�f�0V� 6��`�VY�B�f�0W6
236 � 0 U��O0W6^B"È+0V0 U��O0W6^B"È+0V0 ���O����B�f�0 ø
235 � 0 ��� 6SY�B"È+0 ø ��� 6SY�B"È+0 ø Y�� ø ��B"È+0V0
234 � 0 Y��O� ø B"È+0�� Y��O� ø B"È+0�� ���`����B"È+0 ø
233 � 0 U��OUW6^B"È+0V� U��OUW6^B"È+0V� ���OUW6^B"È+0��
232 � 0 ���OYV0�B"È+0 ø ���OYV0�B"È+0 ø ø �O�^�MB"È+0V0
231 ��I 0 U�� ø Y�B"È+0 ø U�� ø Y�B"È+0 ø ���O�VR�B"È+0V0
232 �1t 6�� ø �MB"È+0VY 6��O0^�MB"È+0VY f ø �O0W6^B"È+0W6 f�Y�������B"È+0��
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241 � y 6��O0V��B"È+0�� 6��ORV��B"È+0�� ���`����B"È+0 ø ���O0VU�B"È+0V0
242 ��Q ���O� ø B"È+0V� ���`����B"È+0V� U����iU�B"È+0�� ���OU ø B"È+0 ø
241 ��Q ���`�VR�B"È+0V� 6�� 6SU�B"È+0V� 6��ORW6^B"È+0�� ø �OR^�MB"È+0 ø
240 ��Q ø �O0W6^B"È+0W6 U��`�V0�B"È+0V� f���� 6��MB"È+0V� f ø �O�W6^B"È+0��
239 ��Q ���OUVR�B"È+0W6 ���OYVY�B"È+0V� fw���O�V��B"È+0W6 f�R��`����B"È+0��
238 ��Q U��OR���B"È+0�� U��OU���B"È+0�� fw�����i��B"È+0 ø f ø �O0VU�B"È+0V0
237 í\C 0 ��� 6V6^B"È+0V0 ��� 6V6^B"È+0V0 ø �O�V��B�f�0 ø
238 � 0 ø �OY ø B�f�0�� ø �OY ø B�f�0�� Y��ORV��B�f�0W6
236 � 0 ø �OUVY�B"È+0 ø ø �OUVY�B"È+0 ø U��O�^�MB�f�0 ø
235 � 0 ø �`�W6^B"È+0�� ø �`�W6^B"È+0�� ��� 6>��B"È+0V0
234 � 0 R����iR�B"È+0�� R����iR�B"È+0�� ���O����B"È+0 ø
233 � 0 R��O0V��B"È+0V� R��O0V��B"È+0V� ��� ø 0�B"È+0��
232 � 0 6�� 6SY�B"È+0 ø 6�� 6SY�B"È+0 ø ø ������B"È+0V0
231 ��I 0 ���`�V0�B"È+0 ø ���`�V0�B"È+0 ø �����iR�B"È+0V0
232 �1t 6�� ø �MB"È+0VY 6��O0���B"È+0VY f ø �OY���B"È+0W6 f�Y��ORVY�B"È+0��

[�Ì^\-]�Y�� 6�`(& 8fð�ó�ô\ø�õ î¥ü ó�698l¨�ò î ¸$6 � ��=�®©ó�ôvø î = ï,= ï8ñ�ö*)il ����-�� 6�e<6 ó ý ð�8fø�ï;ñ�ö�ò°ö�ô¼f�ñ ü�ý ö�ø<698 ý ð î õ î 6«÷´ï î
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� #<?ANwo(NPG(B ;�o>]^Bro>?LIMNX@�B9;<j3?*á+0^o j3i�o ;�j3?*o¡j3i�o
∆ = I(t) − I(0)

j3i�o
∆/E

j³¾�i<�%�Ä�ÝB��`IWo�o
248 û�y 0 ø �`�VY�B�f�0W6 ø �`�VY�B�f�0W6 ø �OUV��B�f�0VY
247 û�y 0 R��OYV��B�f�0V� R��OYV��B�f�0V� ��� øVø B�f�0W6
246 û�y 0 ��� 6>��B�f�0 ø ��� 6>��B�f�0 ø U�� ø ��B�f�0��
245 û�y 0 ���`����B"È+0 ø ���`����B"È+0 ø ��� 6V6^B"È+0V0
244 û�y 0 ���O0VY�B"È+0�� ���O0VY�B"È+0�� ���OYW6^B"È+0 ø
243 û�y 0 ��� 6>��B"È+0V0 ��� 6>��B"È+0V0 U��`�VY�B�f�0 ø
243 � y 0 ø �O0 ø B"È+0V� ø �O0 ø B"È+0V� R�� 6>��B"È+0 ø
242 � y m 0 ���O0VY�B"È+0 ø ���O0VY�B"È+0 ø ø ��� ø B"È+0V0
241 � y R�� øVø B"È+0�� ���`�V��B"È+0�� ø �OR���B"È+0�� ø �OY���B"È+0 ø
242 ��Q R�� øVø B"È+0V� R�� ø 0�B"È+0V� f�Y��O0���B"È+0V0 fI6��`�W6^B�f�0 ø
241 ��Q ���`����B"È+0V� R�� ø R�B"È+0V� ø �ORVR�B"È+0�� ø �OY^�MB"È+0 ø
240 ��Q ø �`�^�MB"È+0W6 ø �OUVR�B"È+0W6 fw���`�VY�B"È+0V� fw��� 6SU�B"È+0��
239 ��Q ���O�VU�B"È+0W6 ø �`�VY�B"È+0W6 f ø � øVø B"È+0W6 fw���`����B"È+0��
238 ��Q ����� ø B"È+0V� ���O�VR�B"È+0V� f����O�V0�B"È+0�� fw�����iU�B"È+0 ø
237 íeC 0 ���OUVY�B"È+0V0 ���OUVY�B"È+0V0 ���`� ø B�f�0 ø
238 � 0 ø � 6��MB�f�0�� ø � 6��MB�f�0�� ø �`����B�f�0V�
236 � 0 �����iY�B"È+0V0 �����iY�B"È+0V0 ���`����B�f�0 ø
235 � 0 ���O�W6^B"È+0 ø ���O�W6^B"È+0 ø �����iR�B"È+0V0
234 � 0 ���OU^�MB"È+0�� ���OU^�MB"È+0�� ���`����B"È+0 ø
233 � 0 6��OUW6^B"È+0V� 6��OUW6^B"È+0V� ���ORVR�B"È+0��
232 � 0 ø �O0V��B"È+0 ø ø �O0V��B"È+0 ø R��OUV��B�f�0 ø
231 ��I 0 6��OY^�MB"È+0 ø 6��OY^�MB"È+0 ø ���OR ø B"È+0V0
232 �1t ���`����B"È+0VY ���`�V��B"È+0VY f�U�� ø U�B"È+0V� f�Y�� ø 6^B"È+0��

[pÌ-\^]vY��OY�`*& 8Pð�ó�ô\ø�õ îXü ó�698�¨,ò î ¸m6 � �?óoô\ø î = ï,= ï¨ñ�ö��� ����-�� 6:e76 ó ý ð�8�øIï;ñ�ö�ò�ö�ô7f'ñ ü�ý ö4ø�698 ý ð î õ î 6«÷�ï î
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� #<?ANwo(NPG(B ;Ao�]^Bro>?LIMNX@�B9;�j3?*á+0^o j3i�o ;<j3?*o j3i�o
∆ = I(t) − I(0)

j3i�o
∆/E

j³¾�i<�%���ÝB��`IWo�o
248 û�y 0 ���O0V��B�f�0V� ���O0V��B�f�0V� ø � ø 6^B�f�0W6
247 û�y 0 Y����iY�B�f�0�� Y����iY�B�f�0�� ���`�W6^B�f�0V�
246 û�y 0 ��� 6>��B"È+0V0 ��� 6>��B"È+0V0 ø �`�V��B�f�0 ø
245 û�y 0 R��O�W6^B"È+0 ø R��O�W6^B"È+0 ø 6����i0�B"È+0V0
244 û�y 0 Y�������B"È+0�� Y�������B"È+0�� ���`�V��B"È+0 ø
243 û�y 0 ø �O����B"È+0 ø ø �O����B"È+0 ø ��� 6SU�B�f�0 ø
243 � y 0 ø �O�W6^B"È+0V� ø �O�W6^B"È+0V� ���OYW6^B"È+0 ø
242 � y m 0 ��� ø Y�B"È+0 ø ��� ø Y�B"È+0 ø ø �`� ø B"È+0V0
241 � y R�� øVø B"È+0�� ø �O0 ø B"È+0V� ø �`�VU�B"È+0�� ø � ø 0�B"È+0 ø
242 ��Q R�� øVø B"È+0V� R�� ø �MB"È+0V� U��OYW6^B"È+0 ø ���OU���B"È+0V0
241 ��Q ���`����B"È+0V� ��������B"È+0V� f ø �`����B"È+0�� f ø � ø ��B"È+0 ø
240 ��Q ø �`�^�MB"È+0W6 ø �OYV0�B"È+0W6 fI6����{6^B"È+0V� fw���OU^�MB"È+0��
239 ��Q ���O�VU�B"È+0W6 R��OU���B"È+0V� f ø �OYV0�B"È+0W6 f�R�� 6��MB"È+0��
238 ��Q ����� ø B"È+0V� ���`�^�MB"È+0V� fI6�� 6>��B"È+0�� fw��� 6>��B"È+0 ø
237 í\C 0 ���ORVR�B"È+0V0 ���ORVR�B"È+0V0 ��� ø ��B�f�0 ø
238 � 0 ��� ø �MB�f�0�� ��� ø �MB�f�0�� ø �`����B�f�0V�
236 � 0 Y��OR���B"È+0V0 Y��OR���B"È+0V0 ���`�VR�B�f�0 ø
235 � 0 �����{6^B"È+0 ø �����{6^B"È+0 ø 6��O�VU�B"È+0V0
234 � 0 6��OUVU�B"È+0�� 6��OUVU�B"È+0�� ���OUV��B"È+0 ø
233 � 0 U��`�VY�B"È+0V� U��`�VY�B"È+0V� ���OY���B"È+0��
232 � 0 ���O0���B"È+0 ø ���O0���B"È+0 ø ø � ø R�B"È+0V0
231 ��I 0 U��O0^�MB"È+0 ø U��O0^�MB"È+0 ø ��� 6>��B"È+0V0
232 �1t ���`����B"È+0VY ���`�V0�B"È+0VY fw���O�V0�B"È+0V� f�Y��`�W6^B"È+0��
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� #<?ANwo(NPG(B ;�o>]^Bro>?LIMNX@�B9;<j3?*á+0^o j3i�o ;�j3?*o¡j3i�o
∆ = I(t) − I(0)

j3i�o
∆/E

j³¾�i<�%�Ä�ÝB��`IWo�o
248 û�y 0 ø �OYVR�B�f�0W6 ø �OYVR�B�f�0W6 ø �O�^�MB�f�0VY
247 û�y 0 ���OUVR�B�f�0V� ���OUVR�B�f�0V� U��OU^�MB�f�0W6
246 û�y 0 U��OUW6^B�f�0 ø U��OUW6^B�f�0 ø Y������MB�f�0��
245 û�y 0 ���ORVU�B"È+0 ø ���ORVU�B"È+0 ø ��� 6>��B"È+0V0
244 û�y 0 ��� ø ��B"È+0�� ��� ø ��B"È+0�� �������MB"È+0 ø
243 û�y 0 ���O0V0�B"È+0V0 ���O0V0�B"È+0V0 ���OU ø B�f�0 ø
243 � y 0 ø � ø ��B"È+0V� ø � ø ��B"È+0V� ����� ø B"È+0 ø
242 � y m 0 ø �O0 ø B"È+0 ø ø �O0 ø B"È+0 ø R����iU�B�f�0 ø
241 � y ��� ø U�B"È+0�� Y��OYV��B"È+0�� ���O�^�MB"È+0�� ���O0VU�B"È+0 ø
242 ��Q ø �O0VU�B"È+0W6 ���ORW6^B"È+0V� f����O����B"È+0�� f�U�� 6>��B"È+0 ø
241 ��Q ��� ø ��B"È+0V� U����i��B"È+0V� ���OU ø B"È+0V� ��� ø 6^B"È+0��
240 ��Q ���OY^�MB"È+0W6 ���`�^�MB"È+0W6 f����O0���B"È+0V� fw���OUV��B"È+0��
239 ��Q ���O0���B"È+0W6 ø �����MB"È+0W6 f ø �O� ø B"È+0W6 f ø � ø 6^B"È+0V�
238 ��Q ���`� ø B"È+0V� ��� 6SR�B"È+0V� fI6��O����B"È+0�� f������iU�B"È+0 ø
237 íeC 0 ø �O����B"È+0V0 ø �O����B"È+0V0 ø � ø 6^B�f�0 ø
238 � 0 ø ���iU�B�f�0�� ø ���iU�B�f�0�� ø �OYV��B�f�0V�
236 � 0 ��� ø Y�B"È+0V0 ��� ø Y�B"È+0V0 �����{6^B�f�0 ø
235 � 0 ��� ø �MB"È+0 ø ��� ø �MB"È+0 ø �����iU�B"È+0V0
234 � 0 ��� 6>��B"È+0�� ��� 6>��B"È+0�� ��� ø U�B"È+0 ø
233 � 0 6�� 6SU�B"È+0V� 6�� 6SU�B"È+0V� ���OR^�MB"È+0��
232 � 0 R��ORV��B"È+0V0 R��ORV��B"È+0V0 ���OU^�MB�f�0 ø
231 ��I 0 6��O�W6^B"È+0 ø 6��O�W6^B"È+0 ø �������MB"È+0V0
232 �1t ���ORVR�B"È+0VY ���ORV��B"È+0VY f�Y��ORV��B"È+0V� f�Y��O0^�MB"È+0��
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� #<?ANwo(NPG(B ;Ao�]^Bro>?LIMNX@�B9;�j3?*á+0^o j3i�o ;<j3?*o j3i�o
∆ = I(t) − I(0)

j3i�o
∆/E

j³¾�i<�%���ÝB��`IWo�o
248 û�y 0 ø �OUV0�B�f�0V� ø �OUV0�B�f�0V� ���`�^�MB�f�0VY
247 û�y 0 Y�� ø ��B�f�0�� Y�� ø ��B�f�0�� ���`�^�MB�f�0V�
246 û�y 0 ���O0 ø B"È+0V0 ���O0 ø B"È+0V0 ø ���iY�B�f�0 ø
245 û�y 0 R��`�V��B"È+0 ø R��`�V��B"È+0 ø 6������MB"È+0V0
244 û�y 0 Y��`�^�MB"È+0�� Y��`�^�MB"È+0�� ��� 6SU�B"È+0 ø
243 û�y 0 Y��ORVR�B"È+0V0 Y��ORVR�B"È+0V0 ��� 6 ø B�f�0 ø
243 � y 0 ø � 6SR�B"È+0V� ø � 6SR�B"È+0V� R��OY^�MB"È+0 ø
242 � y m 0 ø �O�V��B"È+0 ø ø �O�V��B"È+0 ø ���OU���B�f�0 ø
241 � y ��� ø U�B"È+0�� U��`�V0�B"È+0�� �����{6^B"È+0�� ��� ø U�B"È+0 ø
242 ��Q ø �O0VU�B"È+0W6 ���OU���B"È+0V� f�R��`�VY�B"È+0�� f�Y�� ø R�B"È+0 ø
241 ��Q ��� ø ��B"È+0V� ��� 6S��B"È+0V� 6��O� ø B"È+0V� ���OYV0�B"È+0��
240 ��Q ���OY^�MB"È+0W6 ���O0VR�B"È+0W6 fI6��`�V0�B"È+0V� fw���ORW6^B"È+0��
239 ��Q ���O0���B"È+0W6 ø �`����B"È+0W6 f ø ������B"È+0W6 f ø �O0W6^B"È+0V�
238 ��Q ���`� ø B"È+0V� ���O� ø B"È+0V� f�Y��`����B"È+0�� f���� 6��MB"È+0 ø
237 í\C 0 ���O�V0�B"È+0V0 ���O�V0�B"È+0V0 ø �O�V��B�f�0 ø
238 � 0 ���OY���B�f�0�� ���OY���B�f�0�� ø �OYV0�B�f�0V�
236 � 0 U��`����B"È+0V0 U��`����B"È+0V0 ���OUV0�B�f�0 ø
235 � 0 ���O�V0�B"È+0 ø ���O�V0�B"È+0 ø 6��`�V��B"È+0V0
234 � 0 6��O����B"È+0�� 6��O����B"È+0�� ���OYV0�B"È+0 ø
233 � 0 U��O0VY�B"È+0V� U��O0VY�B"È+0V� ���OY ø B"È+0��
232 � 0 ø �OR���B"È+0 ø ø �OR���B"È+0 ø ø �O0VY�B"È+0V0
231 ��I 0 Y��`�V0�B"È+0 ø Y��`�V0�B"È+0 ø ��� 6>��B"È+0V0
232 �1t ���ORVR�B"È+0VY ���ORV0�B"È+0VY f�R��OR ø B"È+0V� f�Y�� øVø B"È+0��
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î]ð	ï`ñ~ù�Öpø�õ`ùvô~õ`ð,�fùv÷�ø�î�òvø�ñ~ðJ�«ôpð[ÿÆôpð ó�� ô~õ�÷ ó ÷�øXò�õ�÷�ù�Ö¤ñßôlü°ù�Õ=ß~ôpø�õ�÷Hß ó ð�1#í62óç ��� ô(î]ð	ï/Õxð	õCÖpù�Ölø`ð	ô ó ð)Õxð)ÖÆõ
ñ~ðiï`ð°ü Ø ü ó ð	ï ó ðiî ó ô~õ`ù�Ö~÷�ô5Õ ð	õöñ~ð¡ø�õXòYß~÷ ó ÷�øXð	ï ó�� ÷HÖ��zð)Ö�õXò�÷�ï`ðlýlð)Ö��«÷�ï`ù�Ö Ý Ú3Ù�õ;9�¼¤ÙY¼%õ�<Ïð)ÖÜ�Ö?ñ~ðiõ�ïXòYÖpø�÷�õ�÷�ù�Ö��
õ`ùvô~õÔð)Ö ó ð�ï`ð)ÖpñpòYÖ�õ»Õxùv÷HÖpø�÷HÖ�õ`û	ï`ð°øXøXòYÖ�õ��ßñßô�î�ùv÷HÖÆõÔñ~ðJ�«ôpðnÖpð	ô~õ�ï`ù�Ö~÷�ÿÆôpð-�ßý�ô5Öpð[ô~õ�÷ ó ÷�øXò�õ�÷�ù�Ölî~ï`ù ó ÷f�eû	ïXòYÖÆõ`ð-�
Õ�ò�÷�øxû	þ�ò ó ð)Õxð)ÖÆõ(ñ~ð5�§ò�÷�ï`ðàÕxùv÷HÖpøxñ~ð � ô�ð Y[Z¸ñpòYÖpø ó ð°ø4W � �Æ�Øñ~ù�Ö�õ ó ò#î~ï`ùÆñßôpü	õ�÷�ù�Ö î�ò�ï�ï`û¼òvü	õ`ð	ô~ï�ð°ø�õ
î~ï`ùvî]ùvï�õ�÷�ù�Ö5Öpð ó�ó ðyý£9d�,�

F
<�ì

æ õ�÷ ó ÷�øXò�õ�÷�ù�Ö*ñ � ô5Ö�ø�õ`ùÆüXÍ(÷HÖ~÷�õ�÷ ò ó ñ~ð©ë � ô@ðdY[Z4D å !"! EGF � ô@ðdY�Z4D å !"! EGF�I � ô �K� \$Dct ! EGF � ô �K� \KD å !"! EGFÌ^Ö��zð)ÖÆõXò�÷�ï`ðÊä å"å æ�ô Ä�Å�� �ßì Ý�Ã�õ �ßìSÚ3Ù�õ �ßì ¼¤Ù�õ
1"òvø`ø`ð_ñ � ä å"å æ DSRUT"VOW3X Z\[G]^[�X Z\_Y`

/
ä å"å a F � Ý Ã�õ � Ý Ú�õ �)¼3¼%õ

Ì^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô@ðdY�Z�DST"dUegfhW	dUT"WgWgT"i"ZpZhV4jlk�mn_Y`Uo ð F Ý Ú3Ù�õ Ý Ú3Ù�õ Ã3ï3Ù�õ
Ì^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô �K� \KDST"dUegfhW	dUT"WgWgT"i"ZpZhV4jlk�m»_�`/o ð F Ù�õ Ý Ù�õ �3Ã3Ù�õ
Ì^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô@ðdY�Z�ñß÷�ø`î�ù�Ö~÷Hß ó ð �3Ã�õ �Y¼%õ �3Ù�õ
Ì^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô �K� \Añß÷�ø`î�ù�Ö~÷Hß ó ð Ú3Ù�õ Ù�õ Ù�õ
½Cq�¾�¿ Ý ì Ý À V]ÄXÉ>����� �" �ááí�r ��õ ¡ �%��� � � ¡�¢-£¤¡ Lsâ ¡ � O ÐÒÐ P £ ��� ¢ Ç ¡ Ä	ÁzÄ Ç ¡¡ ���   � ¢ Ä	ÁzÄ Ç ¡ Q Ç � Û � £+¡ Ç �
� �/��� ¢ � � �"  �wT

ê�ùvôpøx÷ ó�ó ôpø`õ�ï`ù�Öpø©Õ�ò�÷HÖ�õ`ð)Ö�òYÖÆõ ó ð°ø�ü°ù�Ö�õ�ïXò�÷HÖÆõ`ð°ø¤ÿ�ô � ù�Ö'î�ð	ô~õlò�õ�õ`ð)Öpñßï`ð*ñ � ô5Öpð�ò�ô~þ3Õxð)ÖÆõXò�õ�÷�ù�Ö0ñ~ð ó ò
î~ô~÷�ø`øÃòYÖpü°ðÏõ`ùvõXò ó ð_÷HÖpø�õXò ó�ó û%ì

� Ý3Ý



æ õ�÷ ó ÷�øÃò�õ�÷�ù�Ö*ñ � ô5Ö*ø�õ`ù«ü`Í�÷HÖ~÷�õ�÷ ò ó ñ~ð9ë � ô ðdY[Z D å !"! EGF � ô ðdY[Z D å !"! EGF4I � ô �K� \ DSt ! EHF � ô �K� \ D å !"! EGFÌBÖ8�zð)Ö�õXò�÷�ï`ð ä å"å/æ¸ô Ä�Å�� ïßìSÃ�õ ïßì Ý õ ï�õ
ÌBÖ8�zð)Ö�õXò�÷�ï`ð ä å"å/æ DSRUT"VUW3X Z\[G]O[hX Z+_Y`/u ä å"å a F �
�¹Ù�õ �
� Ý õ �¹Ú3Ù�õ
ÌBÖ8�zð)Ö�õXò�÷�ï`ð � ô ðdY�Z DST"dOegf�W3dOT"WgWgT"i"Z5ZhV�jlk�mn_Y`/o ð F ¼¤ÙY¼%õ ¼¤Ù
�	õ ï3ÙY¼%õ
ÌBÖ8�zð)Ö�õXò�÷�ï`ð � ô �K� \ DST"dOegf�W3dOT"WgWgT"i"ZpZhV4jlk�mn_Y`/o ð F Ù�õ Ã-��õ �3Ù3Ú�õ
ÌBÖ8�zð)Ö�õXò�÷�ï`ð � ô ðdY�Z ñß÷�ø�î]ù�Ö~÷Hß ó ð �¹Ã�õ �3Ù�õ ��Ý�õ
ÌBÖ8�zð)Ö�õXò�÷�ï`ð � ô �K� \ ñß÷�ø�î]ù�Ö~÷Hß ó ð Ú3Ù�õ Ù�õ Ù�õ

½$q�¾�¿ Ý ìSÚ À V�ÄXÉ>���3� �" Àáöx ùvî~õ�÷HÕ¡÷�ø�õ`ð>z í¶r ��õ ¡ �%��� � � ¡�¢È£¤¡ Lsâ ¡ �ÀO ÐªÐ
P £ ��� ¢ Ç ¡ Ä	ÁzÄ Ç ¡À¡ �3�   � ¢ Ä	ÁzÄ Ç ¡ Q Ç �
Û � £¤¡ Ç �Ä� �U�3� ¢ � � �   �wT

Ì��BÌ ß Ë "´Ì?Í3Î )vÍø÷ â9Ð Ì'ÑHÎ Í�Ò Ó Ë Ñ )bÍ Ì Ò?*´É ãÆå�æç* Ì �6èÃé6è * Ñ Ò6Í Ó=ù &+*�úÒ* Ì'Ñ Ò?*
Ñ?Ó )+É%É Í'Ì Ën*¸* Ì �¸û�è'è

ê�ùvôpø�ü°ù�Öpø�÷�ñ~û	ï`ù�Öpø'Õ�ò�÷HÖ�õ`ð)Ö�òYÖÆõÏô5Ö�ø`ü°û)Ö�ò�ï�÷�ù(ñ~ðöñ~ùvô5ß ó ð)Õxð)Ö�õ_ñ~ðöî~ô~÷�øXøXòYÖpü°ðyò��zð°ü�ü°ù�Õ9Õxðmù�ß
eÑð°ü	õ�÷f�Ô�
ñ � ò�õ�õ`ð	÷HÖpñßï`ðöü°ðÏñ~ùvô5ß ó ð)Õxð)Ö�õ�ð)Ö£�
�¹Ù3Ùßì5ê�ùvôpø�ü � ùv÷�ø�÷�ø`ø`ù�Öpø ó òmñpò�õ`ðÏñ~ð��3Ù3Ã3Ùmü°ù�Õ9Õxð�ñpò�õ`ð_ñ � ÷HÖÆõ�ï`ùÆñßôpü	õ�÷�ù�Ö
ñ~ð°ø�Ä�Å��H��ñpò�õ`ðöý ó òvÿ�ôpð ó�ó ð ó ðÏî�ò�ï`ü�òvü	õ�ôpð ó ñ~ð_ï`û¼òvü	õ`ð	ô~ï`ø¸Ä©èpé�ò�ô~ïXòiõ`ùvõXò ó ð)Õxð)ÖÆõ�ñß÷�ø`î�ò�ï�ô�ì
ú ð°øyõXòYß ó ð¼ò�ô
	 Ý ì � ð	õ Ý ì.�¹Ù�ñ~ù�Ö5Öpð)Ö�õ ó ð°ø6ß~÷ ó òYÖpømñ~ð°øÊÕ�ò�õ�÷G×	ï`ð°øiñß÷�ø�î]ù�Ö~÷Hß ó ð°øið	õy÷�ï�ïXòvñß÷�û°ø¡ý ó òàÜ�ÖËñ~ð

ó ò�õ�ïXòYÖpø`÷�õ�÷�ù�Ö�ìKñ�ù�Õ9Õxð(î~ï`û°ü°û°ñ~ð)Õ9Õxð)Ö�õ�� ó ð°ø�Üpþ%ô~ï`ð°ø Ý ì.�-�-� Ý ì.���*ð	õ Ý ì.�¹ï*ÿÆô~÷�÷ ó�ó ôpø`õ�ï`ð)Ö�õ ó�� û��zù ó ô~õ�÷�ù�Ö ñ~ð
ü°ð°ø=ß~÷ ó òYÖpøyî]ð	ô@�zð)Ö�õÊü	õ�ï`ð�õ�ï`ùvô@�zû°ð°ømý ó òòÜ�Ö�ñ~ð(ü°ð�ü � ò�î~÷�õ�ï`ð%ì ú ð°øy÷HÖ��zð)ÖÆõXò�÷�ï`ð°ø?�vò ó ÷�ñ~û°øyî�ò�ï ó ðxøXü°û)Ö�ò�ï�÷�ù
ñÊ�zù�ÖÆõ�ñ � ð)Ö8�Æ÷�ï`ù�ÖÙ�%ìSÃ�õ�ý��%ì Ý¡õ?9eñ~ð5�%ì � õÏý;�ßìê��õ�<�ø`ð ó ù�Ö ó ð°ø[ñß÷.�zð	ï`ø`ð°ø �¤Ø î]ùvõ � ×°ø`ð°øÏñ~ð�ø�õ`ù«ü`Í¤÷HÖ~÷�õ�÷ ò ó ñ~ð
î ó ô~õ`ù�Ö~÷�ô5Õ ñ~ù�Ö�õ�ù�Ölñß÷�ø�î�ù%øXð-��ð	õÔÿ�ôpð'Öpùvôpø�òM�zù�Öpø�ñ~û e`ý�ñ~û	õXò�÷ ó�ó û°ð°øÔñpòYÖpø ó ð°øÔñ~ð	ô
	(ø`ü°û)Ö�ò�ï�÷�ù%ø�î~ï`û°ü°û°ñ~ð)Ö�õ`ø¼ì
ú ð°øÀ�vò ó ð	ô~ï`øÔñ~ð

F
ñ � ô~õ�÷ ó ÷�øXò�õ�÷�ù�Ö¤ñ~ðÃ1"í32íç ��� ô@ðdY[Z�ð)Ö�W � �0ñpòYÖpøÔü°ð�øXü°û)Ö�ò�ï�÷�ù��zù�ÖÆõÔñ~ð��3Ù	Û ý4�-��Û 9eñ~ð

ï3ï	Ûãò��)¼+ÛX<�ð	õ�ù�Ö¤ï`ð	õ�ï`ùvô@�zð ó ð°ø�Õ©ü)Õxð°øàü°ù�Öpü ó ôpø�÷�ù�ÖpøàÿÆô�òYÖ�õ[ò�ôlî]ð	ô¤ñ~ðÏî�ð	ï�õ�÷HÖpð)Öpü°ð_ÿÆô � ò
�~ð)Ölõ`ð	ï/Õxðöñ~ð
þ�ò�÷HÖ*ð)Ö�÷HÖ8�zð)Ö�õXò�÷�ï`ðmñ �Sä å"åbæ î�ò�ï'Ä�Å��%� ó�� ô~õ�÷ ó ÷�øXò�õ�÷�ù�Ö�ñßô�ø`õ`ùÆüXÍ�ñ~ð � ô �K� \�ì

Ì��Uý ÷þÍ Ì Ën& Ó ÉH)vÍ Ì É Ó�Î Ën*´É¹ÉHË "´ÌÆÍ3Î )bÍ'É

ê�ùvôpø�zð)Öpù�Öpø�ñ~ð�ü°ù�Öpø`÷�ñ~û	ï`ð	ï�ñß÷.�zð	ï`øxø`ü°û)Ö�ò�ï�÷�ù%ø(ñ~ðlõ�ïXòYÖpø�÷�õ�÷�ù�Ö ñßôÈî�ò�ï`ü*òvü	õ�ôpð ó �ÎïXòYÖ�º¼ò�÷�øX�zð	ï`øxô5Öpð
Ü ó ÷G×	ï`ð'ç �

/
ä å"åvæ ÷�øXùvþzû)Öpû	ïXò�õ�ï�÷�ü°ð�ñ~ð�Ä�Å���ìpñ�ð°ø�ø`ü°û)Ö�ò�ï�÷�ù%ø�÷ ó�ó ôpø�õ�ï`ð)Ö�õ ó ò_þ%ïXòYÖpñ~ð[ø`ùvô~î ó ð°ø`ø`ð[ñ~ðàñ~û	î ó ùv÷�ð)Õxð)Ö�õ

ÿ�ô � ò ó òÿÜ ó ÷G×	ï`ð´ç �
/
ä å"å æ þ%ï��vü°ð?ò�ôÜ�fò�÷Hß ó ð"÷HÖ8�zð)Ö�õXò�÷�ï`ðHï`ð°ÿÆô~÷�ø¤î�ò�ï ó ð°ø�Ä�Å�� ð)Ö ø�î�ð°ü	õ�ï`ð#ñ~ðÖpð	ô~õ�ï`ù�Öpø

õ � ð	ï/Õ¡÷�ÿ�ôpð°ø6ë~÷ ó ø[ø`ù�Ö�õ�ð)Ö$ð��]ð	õ�õ`ùvôpø�ü°ù�Õ¡î�ò�õ�÷Hß ó ð°ø���ð	õ[òM�zð°ü�ô5Öpð�Õ�ò�ï�þzð�ü°ù�Ö
�fùvï�õXòYß ó ð�ñpòYÖpø�õ`ùvôpø ó ð°ø[ü¼òvø��
òM�zð°ü�ô5Ö�÷HÖ8�zð)Ö�õXò�÷�ï`ð¤ñ � ô5Öpð(õ`ù�Ö5Öpð(ñ �Sä å"åvæ î�ò�ï�ï`û¼òvü	õ`ð	ô~ïi÷�ø`ùvþzû)Öpû	ïXò�õ`ð	ô~ï¼ì�ñ�ð	õ�õ`ð(øXùvô~î ó ð°ø`ø`ð�ð°ø`õ=Õ¡÷�ø`ð�ð)Ö
û��Æ÷�ñ~ð)Öpü°ðyñpòYÖpø ó ð°øàø�÷�õ�ô�ò�õ�÷�ù�Öpø[ø�ô~÷.�%òYÖ�õ`ð°ø=ë

� Ý Ý
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�   � ¢ � � � â�
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æ õ�÷ ó ÷�øXò�õ�÷�ù�Ö*ñ � ô5Ö�ø�õ`ùÆü��(÷HÖ~÷�õ�÷ ò ó ñ~ð©ë � ô ðdY[Z D å !"! EGF � ô ðdY�Z D å !"! EGF�I � ô �K� \ Dct ! EGF � ô �K� \ D å !"! EGF�^Ö��zð)ÖÆõXò�÷�ï`ð ä å"åbæ�ô Ä�Å�� �� Ý Ã�õ �� Ý�Ù�õ �� SÃ3Ù�õ
1"òvø`ø`ð_ñ �Sä å"å/æ DSRUT"VOW3X Z\[G]^[�X Z\_Y`

/
ä å"å a F � � Ú�õ �3ÙY¼%õ �¹Ú3Ù�õ

�^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô ðdY�Z DST"dUegfhW	dUT"WgWgT"i"ZpZhV4jlk�mn_Y`Uo ð F Ú3ï3Ã�õ ÚY¼¤Ù Ý � Ù
�^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô �K� \ DST"dUegfhW	dUT"WgWgT"i"ZpZhV4jlk�m»_�`/o ð F Ù�õ Ý Ù�õ �3Ã3Ù�õ
�^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô@ðdY�Z�ñß÷�ø`î�ù�Ö~÷Hß ó ð Ã3Ã�õ ï3Ù�õ ï3Ù�õ
�^Ö��zð)ÖÆõXò�÷�ï`ð�ñ~ð � ô �K� \Añß÷�ø`î�ù�Ö~÷Hß ó ð Ú3Ù�õ Ù�õ Ù�õ
!Cq#"$� Ý  � �EV	��
>����� �   Æ í�r ��õ ¡ �H��� � � ¡�¢ £¤¡ Lsâ ¡ �JO&%'% P £ ��� ¢ � ¡ �)(��)� ¡1¡ ���   � ¢ �*(��*� ¡ Q+�g� Û � £+¡ �H�
� �/��� ¢ � � �"  �wT

•
± q@h�hcq ¤n¤ uHh�jÀ�¼lnk8|£}�u%vnlti[j�i�u%vn|�vKuwvÜu ¤ j�i�¬§q�r�k�|�lnk§ln~ ¤ q@h�j5kFvÜj�k�h0¬�k8|�lnk�|�j�u�}-,½lnk
± zä¨ ÖpùvôpømòM�zù�ÖpøÆ�ÆôHÿÆôpð ó ðxü¼òvø ó ð¡î ó ôpøöï`ð°ø`õ�ï�÷�ü	õ�÷f��û	õXò�÷�õmü°ð ó ô~÷�ù0/ ó�� ù�Ö´Öpð�ñß÷�ø�î]ù%øXò�÷�õöÿÆôpðxñ � ô5Ö
ø`õ`ùÆü���÷HÖ~÷�õ�÷ ò ó ñ~ðöî ó ô~õ`ù�Ö~÷�ô5ÕBñ~ð��§ò�÷Hß ó ð�ÿÆô�ò ó ÷�õ`û;9 �¤Ø î�ùvõ � ×°øXð�ñ~ðÊï3Ù3Ù�õ�ñ~ð � ô �K� \ ô5Ö~÷�ÿÆôpð)Õxð)Ö�õ�<,�]ð	õ
ÿÆôpðÊÕ©ü)ÕxðmñpòYÖpø_ü°ðmü¼òvøÏù�Ö"î�ùvô@�%ò�÷�õ[õ�ï`ùvô@�zð	ï_ñ~ð°øÏü°ù�ÖpÜpþ%ô~ïXò�õ�÷�ù�Öpøöñ~ð

F
ÿ�ô~÷t�vò ó ÷�ñpò�÷�ð)ÖÆõ ó ð°ø�õ�ï`ùv÷�ø

øXü°û)Ö�ò�ï�÷�ù%øà÷�ü	÷Aü°ù�Öpø�÷�ñ~û	ï`û°ø. 
� Ý Ú



æ õ�÷ ó ÷�øÃò�õ�÷�ù�Ö*ñ � ô5Ö*ø�õ`ù«ü���÷HÖ~÷�õ�÷ ò ó ñ~ð9ë � ô ðdY[Z D å !"! EGF � ô ðdY[Z D å !"! EGF4I � ô �K� \ DSt ! EHF � ô �K� \ D å !"! EGF�BÖ8�zð)Ö�õXò�÷�ï`ð ä å"å/æ¸ô Ä�Å�� �/ .�¹Ã�õ �/ ê��õ �� � õ�BÖ8�zð)Ö�õXò�÷�ï`ð ä å"å/æ DSRUT"VUW3X Z\[G]O[hX Z+_Y`/u ä å"å a F �3Ã3Ú�õ � Ý ¼%õ �-�3Ú�õ
�BÖ8�zð)Ö�õXò�÷�ï`ð � ô ðdY�Z ñß÷�ø�î]ù�Ö~÷Hß ó ð Ã Ý õ ¼¤Ù�õ Ý �	õ
�BÖ8�zð)Ö�õXò�÷�ï`ð � ô �K� \ ñß÷�ø�î]ù�Ö~÷Hß ó ð Ú3Ù�õ Ù�õ Ù�õ
�BÖ8�zð)Ö�õXò�÷�ï`ð � ô ðdY�Z DST"dOegf�W3dOT"WgWgT"i"Z5ZhV�jlk�mn_Y`/o ð F ¼¤Ú�Ý�õ ¼ � Ù�õ ï3Ú � õ�BÖ8�zð)Ö�õXò�÷�ï`ð � ô �K� \ DST"dOegf�W3dOT"WgWgT"i"ZpZhV4jlk�mn_Y`/o ð F Ù�õ Ã3ï�õ �3Ù3Ú�õ

!$q$"#� Ý  .�¹Ù0�mV	��
)����� �   Æ x ùvî~õ�÷HÕ¡÷�ø�õ`ð>z í�r ��õ ¡ �H��� � � ¡�¢ £¤¡ Lsâ ¡ �>O&%1% P £ �3� ¢ � ¡ �)(��)� ¡9¡ �y�   � ¢ �*(��*� ¡ Q2�H�
Û � £¤¡ �g�Ä� �U�3� ¢ � � �   �wT

•
± q@h;hcq ¤n¤ uHh�j6�¶ztvÖln~+0tzKj ¤ hcu%¬ ¤ jltk�| Ä�Å�� ¨ Öpùvôpø[òM�zù�Öpø�÷ ó�ó ôpø�õ�ï`ûÄ9eð,	ßð)Õ¡î ó ð_ñßô�ø`ü°û)Ö�ò�ï�÷�ù

é�<ÏÿÆô � ô5Öpð¡õ�ïXòYÖpø�÷�õ�÷�ù�Ö6ý¤î~ô~÷�ø`øXòYÖpü°ðxü°ù�Öpø�õXòYÖÆõ`ð-�4Õ©ü)Õxð�òvø`ø`ð��¡î~ï`ù�Õ¡î~õ`ðm9d�¹Ã*òYÖpøyò�î~ïb×°ø ó ð�ñ~û°ü ó ÷HÖ
ñßô�î�ò�ï`üöòvü	õ�ôpð ó ��ð)Öm�3Ù3ï3Ã�<�û	õXò�÷�õàî]ù%ø`ø�÷Hß ó ð_ð	õàøXò�õ�÷�ød�§ò�÷�øXò�÷�õ ó ð_ü	ï�÷�õb×	ï`ðöñ � ÷HÖ8�zð)Ö�õXò�÷�ï`ðÊÕ¡÷HÖ~÷HÕ�ò ó ñ �Sä å"åbæ
î�ò�ï�Ä�Å��� 

•
± q@h�hcq ¤n¤ u%h�j1�ÊznvnkÖq�zK«w¬�kFvwj�q
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~�m�y��)x)Ö�pso&rH��y3�4ÕSpsrHy¸Ö�C{y�p)q���Öy�v�o&rHy�tHm�y��CrHÖ+~:��m)Ö�3pC~/o�m*o�tHm)y�o�x)y&{�tun�psn�y�y&{�o�t�pRv	m*o��¡�Co/ÕSpYÖ�)m5~�m)y��JW��
�5v�o��z~/{�ruo�m�~�m�tB� ä å"å/æ ���)m���{�r$�)��Ö/� ×*o�m��9Ö�Cn&o�m0x*n&{~�m��Co&ru��rHÖ�pstHm�~�m�y��)x)Ö�pso&rH��yF{5Ö��3pso�pC�*nb×*o�m�n��C{�n����Bpsrun
o�x3psturHy&n�m� 

 #p�vK�C{�o�y&{�run�mR~�m2�)m2n&o�p)q�psrut�~��Crun��)��Ö�)m*o/Öm*o�t�p�o�x)y��Ctu{�n&rH��Ö�~�m)y0v�o���ß�tG×)Õ5m)y�o�m)Ö�)��Özn&o�x)y�tH�Co�y0~�m2t�p
Õ�rHy�m�m)Ö�v�t�pC�)m�~/{£�3pstH�*{�tJ��î�{�o3��psrHÖy&r@��{mRtHm��)�C{�v�t�ps��m�~�m)y�o�x)y&{�tun�psn�y�~�mRtB��x*q��Ctu{�n&rH��Öi�I{5Ö£�)�z~�m�~�m
y��)x)Ö�pso&rH���)��Õ�v�tHm*nAn�m*t:��{mFtHm��)�z~�m�ñ@� � ���w~�x*q�m*tH�Cv�vKx�ps{ ñÀW�é� �ñ�m*tu{�r6¢E�*r:vKm*o/Õ5m*n&n&o�p0~�m'Õ�rHm*{/�Rv�o�m)Ö~/o�m
m)Ö_�)��Õ�v�n�m�tHm)y�~/r6�:m*o�m)Ö�n�m)y���{�psturun�x)y�~�m�v�tu{�n���Ö�ru{5Õ{�n&ruturHy�x)m)y�m*n�~�m��z{�pYÖ�n&rgÜ�m*o�tHm)y¸ÕSpCy�y�m)y�m*n�q��Ctu{5Õ5m)y
~�m�~�x)���m*n�yJ{�tun&rHÕ5m)yJv�o��w~/{�run�y3��psrHÖy�rk��{m�~�m�~/rHÕ5m)Öy�rH��Ö5Öm*oQtHm)y@{y&rHÖm)yF~�m�o�m*n&o�psrun�m)Õ5m)Ö�n�pCy�y��w�*rHx)m)y3 

¥ Ý�Ú



® VYV¯b±°²b ® ³µ´ bhVYX£¶Y· ¸¹e¨º » ¼ ½¿¾ À ® d UWZ8Z`UÂÁ

÷ Í &+Ë Ó &�ÃÖ$0Ä Ó

Å�Æ/Ç	È�É�Ê�ËkÌ}ÊsÍÈ þKö Í�Ê � Ç � Ê¤ÎBÍ�Ê � �Kþ Í � ÉCÇ � È�Í�Ê � Í�Ê¤Ï|È � � Æ � Ï}Ç �8Ð Ç:ÆwÉ � �Å� � Í�Ê�Æ/Ë � È�Ë �Å� ÍÑÏ}ÇKÈ
Æ/Ë � È�Ë �Å� Í �y� Æ/È�Ç�ÒkË � Æ/ËkÓ£Ì � Ê-É � Ì}ÎEÍ �

ù5� �=Ô=Õ
ÁÃÂÚe ô n+1� =� ñ�m*tutB ¥ ñ�m*tutB %� ñ�m*tutB @ï ñ�m*tutB 5¼ ñ�m*tutB �Ã ñ�m*tutB Ý

Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ SÃ3Ù3Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
¥ Ù/ SÙ3Ù	Û ¢^Ù/ SÙ ¥ Û ¢^Ù/ SÙ ¥ Û ¢^Ù/ SÙ ¥ Û ¢^Ù/ SÙ ¥ Û ¢^Ù/ SÙ ¥ Û
� ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙ3ï	Û
¼ ¢^Ù/ ¥ Ý3Û ¢^Ù/ ¥¹Ý Û ¢^Ù/ ¥¹Ý Û ¢^Ù/ ¥¹Ý Û ¢^Ù/ ¥ Ý3Û ¢^Ù/ ¥ ï	Û
Ý ¢^Ù/ Sï � Û ¢^Ù/ Sï Ý Û ¢^Ù/ Sï Ý Û ¢^Ù/ Sï3Ã	Û ¢^Ù/ Sï3Ã	Û ¢^Ù/ ê� � Û
¥ Ù ¢ ¥  SÙ3Ã	Û ¢^Ù/ � Ú	Û ¢^Ù/ � ï	Û ¢^Ù/ SÚ � Û ¢^Ù/ SÚ3Ã	Û ¢^Ù/ Ý�ï	Û
¥ Ã ¢ �/ ¥�¥ Û ¢ ¥  � Ý3Û ¢ ¥  SÚ3Ú	Û ¢ ¥  Ý � Û ¢ ¥  Ý ¥ Û ¢ ¥  ¼ � Û
�3Ù ¢^ï/ SÃ3Ù	Û ¢^ï/ ê�3ï	Û ¢^ï/ SÙ Ý Û ¢ �/ � �	Û ¢ �/ Ý�ï	Û ¢ �/ ¼ Ý Û
�3Ã ¢^Ã/ ¥ Ý3Û ¢�¼ Ý�¼+Û ¢�¼ ¼ Ý Û ¢�¼ ê�3ï	Û ¢^ï/ � Ã	Û ¢^ï/ Ý �	Û
ï3Ù ¢ Ýw SÙ3ï	Û ¢ Ý  ¼��	Û ¢^Ã/ �-� Û ¢^Ã/ Ý Ý3Û ¢^Ã/ ê�3Ú	Û ¢�¼ SÚ�Ý3Û
ï3ï ¢^Ú/ ê�3Ã	Û ¢ Ýw SÃ-�	Û ¢ Ý  � Ý3Û ¢ Ý  SÃ � Û ¢ Ý  ¥ ï	Û ¢^Ã/ Ý Ã	Û
¼¤Ù ¢ ¥�¥  Sï3ï	Û ¢ ¥ Ù/ SïY¼+Û ¢ �  ¼ Ý Û ¢^Ú/ � �	Û ¢^Ú/ ê�3ï	Û ¢ Ýw SÃY¼+Û

!$q$"#� Ý  ¥�¥ � 238 ��{R� · �b���*Ö ¢   � ¢¹¡ ��õC
 ¢Ê¡ � ¦ ��õ ¡ ��Ö�� ¦ � ¡�¢ ±}�   â\�   �@� ¡�� �����   â\�   ��� ¡ T�Æ   ¨F� �3�U� ¦�¢   ���b�C�u�)âw�
² P ñ ·k× ì �   �G�   T

¥ Ý �



ùÄ� �=Ô4�
ÁÃÂÚe ô n+1I =� ñ�m*tutB ¥ ñ�m*tutB H� ñ�m*tutB @ï ñ�m*tutB �¼ ñ�m*tutB �Ã ñ�m*tutB Ý

Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù Ù/ SÙ ¥ Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ ¥ Û
Ù/ SÃ3Ù3Ù Ù/ SÙ ¥ Û Ù/ SÙ ¥ Û Ù/ SÙ ¥ Û Ù/ SÙ-�	Û Ù/ SÙ-�	Û Ù/ SÙ-�	Û
¥ Ù/ SÙ-�	Û Ù/ SÙ-�	Û Ù/ SÙ3ï	Û Ù/ SÙY¼+Û Ù/ SÙY¼+Û Ù/ SÙ3ï	Û
� Ù/ SÙ3ï	Û Ù/ SÙY¼+Û Ù/ SÙ3Ã	Û Ù/ SÙ�Ý3Û Ù/ SÙ�Ý3Û Ù/ SÙ3Ú	Û
¼ Ù/ SÙ3ï	Û Ù/ SÙY¼+Û Ù/ SÙ�Ý3Û Ù/ ¥ Ù	Û Ù/ ¥ ï	Û Ù/ ¥ Ã	Û
Ý Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ Ý Û Ù/ ¥ ¼+Û Ù/ ¥ Ú	Û Ù/ ê�Y¼+Û
¥ Ù ¢^Ù/ SÙY¼+Û ¢^Ù/ ¥ Ù	Û Ù/ ¥¹Ý Û Ù/ ê�Y¼+Û Ù/ ê��Ý3Û Ù/ ¼3¼+Û
¥ Ã ¢^Ù/ SÙ3Ú	Û Ù/ SÙY¼+Û Ù/ ê� Ý Û Ù/ Sï3Ù	Û Ù/ Sï3Ù	Û Ù/ Ý ï	Û
�3Ù ¢^Ù/ SÙ ¥ Û Ù/ ê�3Ù	Û Ù/ ê�3Ã	Û Ù/ ê�3Ã	Û Ù/ ¼¤Ù	Û Ù/ SÚ3Ã	Û
�3Ã Ù/ SÙ-�	Û Ù/ Sï ¥ Û Ù/ ê� Ý Û Ù/ ê�3ï	Û Ù/ SÃ ¥ Û ¥  SÙ3Ù	Û
ï3Ù Ù/ SÙ3ï	Û Ù/ ê� Ý Û Ù/ ê�3Ù	Û Ù/ ê�Y¼+Û Ù/ SÃ � Û ¥  ¥ Ý3Û
ï3ï Ù/ SÙ-�	Û Ù/ ¥ � Û Ù/ ¥ Ú	Û Ù/ ê� � Û Ù/ Ý Ù	Û ¥  ê� � Û
¼¤Ù ¢^Ù/ SÙ Ý Û ¢^Ù/ SÙ�Ý3Û Ù/ ¥ Ý3Û Ù/ Sï3Ã	Û Ù/ Ý/¥ Û ¥  SÃ3Ú	Û

!Cq#"$� Ý  ¥ ��� 239 �8{R� · �b�3��Ö ¢   � ¢¹¡ �>õs
 ¢Ê¡ � ¦ ��õ ¡ ��Ö�� ¦ � ¡>¢ ±|�   â\�   ��� ¡A� �����   â\�   ��� ¡ T�Æ   ¨Q� ���U� ¦h¢   ���b���6�)âw�
² P ñ ·k× ì �   �¬�   T

¥ Ú3Ù



ù5� �KØK�
ÁÃÂÚe ô n+1� =� ñ�m*tutB ¥ ñ�m*tutB H� ñ�m*tutB @ï ñ�m*tutB 5¼ ñ�m*tutB @Ã ñ�m*tutB Ý

Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù Ù/ SÙ ¥ Û Ù/ SÙ3Ù	Û Ù/ SÙ ¥ Û Ù/ SÙ ¥ Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ SÃ3Ù3Ù Ù/ SÙ3Ù	Û Ù/ SÙY¼+Û Ù/ SÙ-�	Û Ù/ SÙ ¥ Û Ù/ SÙ ¥ Û Ù/ SÙ ¥ Û
¥ ¢^Ù/ SÙ Ý Û Ù/ SÙY¼+Û Ù/ SÙ ¥ Û ¢^Ù/ SÙ ¥ Û Ù/ SÙ ¥ Û Ù/ SÙ ¥ Û
� Ù/ SÙ3ï	Û Ù/ SÙ3Ú	Û Ù/ SÙ3Ã	Û Ù/ SÙ ¥ Û Ù/ SÙ3ï	Û Ù/ SÙ-�	Û
¼ Ù/ Sï3Ú	Û Ù/ ¥ ï	Û Ù/ SÙ Ý Û Ù/ SÙ3Ã	Û Ù/ SÙ3Ã	Û Ù/ SÙ3Ã	Û
Ý Ù/ SÃ�Ý3Û Ù/ ê� Ý Û Ù/ ¥¹Ý Û Ù/ SÙ3Ú	Û Ù/ SÙ3Ú	Û Ù/ SÙ � Û
¥ Ù ¥  ¥ ï	Û Ù/ Ý ¥ Û Ù/ Sï-�	Û Ù/ ¥¹Ý Û Ù/ ¥ �	Û Ù/ SÙ3Ã	Û
¥ Ã ¥  Sï3Ù	Û Ù/ � �	Û Ù/ ¼ Ý Û Ù/ Sï � Û Ù/ Sï-�	Û Ù/ ¥ �	Û
�3Ù ¥  SÙ3Ã	Û ¥  SÙ Ý Û Ù/ Ý �	Û Ù/ Ý/¥ Û Ù/ SÃ � Û Ù/ ê� ¥ Û
�3Ã ¥  ¥ Ú	Û ¥  ê�3Ú	Û Ù/ � ï	Û Ù/ �-� Û Ù/ � Ù	Û Ù/ SÃY¼+Û
ï3Ù ¥  Ý ¥ Û ¥  Ý � Û ¥  ê��Ý3Û ¥  ê�3Ã	Û ¥  ¥ Ã	Û Ù/ Ý Ý Û
ï3ï ¥  �-� Û �/ SÙ � Û ¥  ¼¤Ù	Û ¥  ê�3Ú	Û ¥  ¥ Ý3Û Ù/ SÚ ¥ Û
¼¤Ù �/ ¥¹Ý Û �/ SÚ Ý Û ¥  SÚ3Ù	Û ¥  ¼ � Û ¥  ê�Y¼+Û Ù/ � ¥ Û

!$q$"#� Ý  ¥ ï�� 240 ��{R� · �b���*Ö ¢   � ¢¹¡ ��õC
 ¢Ê¡ � ¦ ��õ ¡ ��Ö�� ¦ � ¡�¢ ±}�   â\�   �@� ¡�� �����   â\�   ��� ¡ T�Æ   ¨F� �3�U� ¦�¢   ���b�C�u�)âw�
² P ñ ·k× ì �   �G�   T

¥ Ú ¥



ùÄ� �KØÅÿ
ÁÃÂÚe ô n+1I =� ñ�m*tutB ¥ ñ�m*tutB H� ñ�m*tutB @ï ñ�m*tutB �¼ ñ�m*tutB �Ã ñ�m*tutB Ý

Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙ3ï	Û ¢^Ù/ SÙ-�	Û ¢^Ù/ SÙ-�	Û Ù/ SÙ3Ù	Û
Ù/ SÃ3Ù3Ù Ù/ SÙ3Ù	Û ¢^Ù/ ¥ Ý3Û ¢^Ù/ SÙ � Û ¢^Ù/ SÙ3Ã	Û ¢^Ù/ SÙ�Ý3Û ¢^Ù/ SÙ3Ã	Û
¥ Ù/ ¥ Ú	Û ¢^Ù/ ¥ Ã	Û ¢^Ù/ SÙ�Ý3Û ¢^Ù/ SÙ3ï	Û ¢^Ù/ ¥�¥ Û ¢^Ù/ ¥�¥ Û
� ¢^Ù/ SÙ�Ý3Û ¢^Ù/ ê� � Û ¢^Ù/ ê�-�	Û ¢^Ù/ ¥ ï	Û ¢^Ù/ ê�-�	Û ¢^Ù/ ¥ Ú	Û
¼ ¢^Ù/ Ý Ý Û ¢^Ù/ Sï3ï	Û ¢^Ù/ ¥ Ú	Û ¢^Ù/ ¥ Ý3Û ¢^Ù/ ê�3Ú	Û ¢^Ù/ ¼¤Ù	Û
Ý ¢^Ù/ SÚ3ï	Û ¢^Ù/ ¼��	Û ¢^Ù/ ê�Y¼+Û ¢^Ù/ ¥ � Û ¢^Ù/ Sï Ý Û ¢^Ù/ SÃ�Ý3Û
¥ Ù ¢ ¥  ê�3ï	Û ¢^Ù/ �-� Û ¢^Ù/ SÃ3ï	Û ¢^Ù/ Sï3Ã	Û ¢^Ù/ ¼3¼+Û ¢^Ù/ ¼ � Û
¥ Ã ¢^Ù/ Ý Ý Û ¢^Ù/ SÚ � Û ¢^Ù/ SÃ�Ý3Û ¢^Ù/ Ý Ý3Û ¢^Ù/ Ý�Ã	Û ¢^Ù/ Ý/¥ Û
�3Ù ¢^Ù/ ¥ �	Û ¢^Ù/ SÚ3Ù	Û ¢^Ù/ Ý Ú	Û ¢^Ù/ � Ý Û ¢ ¥  ê�Y¼+Û ¢^Ù/ SÚ3Ã	Û
�3Ã ¢^Ù/ SÙ3Ã	Û ¢^Ù/ Ý Ý Û ¢ ¥  SÙ3Ù	Û ¢ ¥  ¼¤Ú	Û ¢ ¥  Ý � Û ¢ ¥  SÃ3Ã	Û
ï3Ù ¢^Ù/ ê�3Ã	Û ¢^Ù/ � Ã	Û ¢ ¥  ¥�¥ Û ¢ ¥  SÃ Ý Û ¢ ¥  SÚ�Ý3Û ¢ ¥  SÚ3ï	Û
ï3ï ¢^Ù/ ê�3Ú	Û ¢ ¥  SÙY¼+Û ¢ ¥  SÙ Ý Û ¢ ¥  SïY¼+Û ¢ ¥  Ý Ã	Û ¢ ¥  Ý Ý Û
¼¤Ù Ù/ SÙ3Ù	Û ¢ ¥  ¥ Ú	Û ¢ ¥  SÙ3Ù	Û ¢ ¥  ¥ Ã	Û ¢ ¥  ê� ¥ Û ¢ ¥  ¼¤ï	Û

!Cq#"$� Ý  ¥ ¼�� 241 �8{R� · �b�3��Ö ¢   � ¢¹¡ �>õs
 ¢Ê¡ � ¦ ��õ ¡ ��Ö�� ¦ � ¡>¢ ±|�   â\�   ��� ¡A� �����   â\�   ��� ¡ T�Æ   ¨Q� ���U� ¦h¢   ���b���6�)âw�
² P ñ ·k× ì �   �¬�   T

¥ Ú-�



ù5� �KØn�
ÁÃÂÚe ô n+1� =� ñ�m*tutB ¥ ñ�m*tutB H� ñ�m*tutB @ï ñ�m*tutB 5¼ ñ�m*tutB @Ã ñ�m*tutB Ý

Ù Ù/ � Ú	Û Ù/ � Ý3Û Ù/ � Ú	Û Ù/ � Ú	Û Ù/ � Ú	Û Ù/ � Ú	Û
Ù/ ¥ Ã3Ù Ù/ � Ú	Û Ù/ � Ý3Û Ù/ � Ú	Û Ù/ � Ú	Û Ù/ � Ú	Û Ù/ � Ú	Û
Ù/ SÃ3Ù3Ù Ù/ � Ã	Û Ù/ � Ý Û Ù/ � Ý3Û Ù/ � Ý3Û Ù/ � Ú	Û Ù/ � Ú	Û
¥ Ù/ � Ã	Û Ù/ � Ý Û Ù/ �-� Û Ù/ �-� Û ¥  SÙ ¥ Û ¥  SÙ3Ù	Û
� Ù/ � �	Û Ù/ � ¼+Û Ù/ � ¼+Û Ù/ � ¼+Û ¥  SÙ3Ù	Û Ù/ � Ú	Û
¼ Ù/ Ý�Ã	Û Ù/ Ý�Ú	Û Ù/ Ý � Û Ù/ SÚ Ý Û Ù/ SÚ � Û Ù/ � ¥ Û
Ý Ù/ Ý/¥ Û Ù/ Ý Ý3Û Ù/ Ý0�	Û Ù/ SÚ-�	Û Ù/ SÚ3Ã	Û Ù/ SÚ � Û
¥ Ù Ù/ ¼¤Ã	Û Ù/ ¼¤ï	Û Ù/ SÃ3ï	Û Ù/ Ý ï	Û Ù/ SÚ3Ã	Û Ù/ �-� Û
¥ Ã Ù/ ê�-�	Û Ù/ SÙ�Ý3Û Ù/ Sï Ý Û Ù/ ¼ � Û Ù/ Ý0�	Û Ù/ � Ù	Û
�3Ù ¢^Ù/ ê� Ý Û ¢^Ù/ Sï3ï	Û Ù/ ¥ Ú	Û Ù/ Sï3Ã	Û Ù/ SÃ3Ù	Û Ù/ Ý Ý3Û
�3Ã ¢^Ù/ ¥ Ú	Û ¢^Ù/ Sï3ï	Û Ù/ ê�3ï	Û Ù/ Sï3ï	Û Ù/ ¼ ¥ Û Ù/ SÃ � Û
ï3Ù ¢^Ù/ ê�-�	Û ¢^Ù/ ¼ Ý Û Ù/ SÙ3ï	Û Ù/ SÙ3ï	Û Ù/ Sï3Ù	Û Ù/ ¼8Ý3Û
ï3ï ¢^Ù/ SïY¼+Û ¢^Ù/ Ý�Ù	Û ¢^Ù/ ¥ Ú	Û ¢^Ù/ ê�3ï	Û Ù/ ê�3Ù	Û Ù/ Sï Ý Û
¼¤Ù ¢^Ù/ ¼3¼+Û ¢ ¥  SÙ ¥ Û ¢^Ù/ SÃ ¥ Û ¢^Ù/ SÃ � Û Ù/ SÙ3ï	Û Ù/ SÙ3Ú	Û

!$q$"#� Ý  ¥ Ã�� 242 ��{R� · �b���*Ö ¢   � ¢¹¡ ��õC
 ¢Ê¡ � ¦ ��õ ¡ ��Ö�� ¦ � ¡�¢ ±}�   â\�   �@� ¡�� �����   â\�   ��� ¡ T�Æ   ¨F� �3�U� ¦�¢   ���b�C�u�)âw�
² P ñ ·k× ì �   �G�   T

¥ Ú3ï



÷ Ó �KØÅÿ
ÁÃÂÚe ô n+1I =� ñ�m*tutB ¥ ñ�m*tutB H� ñ�m*tutB @ï ñ�m*tutB �¼ ñ�m*tutB �Ã ñ�m*tutB Ý

Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù ¢^Ù/ SÙ3ï	Û ¢^Ù/ SÙY¼+Û ¢^Ù/ SÙ3ï	Û ¢^Ù/ SÙ-�	Û ¢^Ù/ SÙ-�	Û ¢^Ù/ SÙ ¥ Û
Ù/ SÃ3Ù3Ù ¢^Ù/ ¥ �	Û ¢^Ù/ ¥�¥ Û ¢^Ù/ SÙ � Û ¢^Ù/ SÙ3Ú	Û ¢^Ù/ SÙ Ý Û ¢^Ù/ SÙY¼+Û
¥ ¢^Ù/ ê� Ý Û ¢^Ù/ ê�3ï	Û ¢^Ù/ ¥ � Û ¢^Ù/ ¥ Ý3Û ¢^Ù/ ¥ ¼+Û ¢^Ù/ ¥ Ù	Û
� ¢^Ù/ SÃ3ï	Û ¢^Ù/ ¼ � Û ¢^Ù/ ¼¤ï	Û ¢^Ù/ Sï3Ã	Û ¢^Ù/ ê� Ý Û ¢^Ù/ ¥ � Û
¼ ¢ ¥  SÙ�Ý3Û ¢^Ù/ �-� Û ¢^Ù/ � �	Û ¢^Ù/ Ý ¼+Û ¢^Ù/ SÃ ¥ Û ¢^Ù/ ¼8Ý3Û
Ý ¢ ¥  Ý Ù	Û ¢ ¥  ¼3¼+Û ¢ ¥  ê� Ý Û ¢^Ù/ � Ù	Û ¢^Ù/ Ý-Ý3Û ¢^Ù/ Ý � Û
¥ Ù ¢ �/ Sï Ý Û ¢ �/ ê�-�	Û ¢ ¥  Ý ï	Û ¢ ¥  ¼ ¥ Û ¢ ¥  SÙ � Û ¢^Ù/ SÚ ¥ Û
¥ Ã ¢^ï/ ê�3Ã	Û ¢ �/ � Ý Û ¢ �/ Sï3ï	Û ¢ �/ ¥ � Û ¢ ¥  Ý Ú	Û ¢ ¥  ê�3Ú	Û
�3Ù ¢^ï/ Ý�Ú	Û ¢^ï/ SÃ3Ã	Û ¢^ï/ ¥ �	Û ¢^ï/ SÙ3Ã	Û ¢ �/ Sï3ï	Û ¢ ¥  Ý ¥ Û
�3Ã ¢�¼ ¥ ¼+Û ¢�¼ SÙ ¥ Û ¢^ï/ Ý0�	Û ¢^ï/ Ý Ã	Û ¢ �/ SÚ � Û ¢ �/ ¥ �	Û
ï3Ù ¢�¼ SÃ Ý Û ¢�¼ Ý ï	Û ¢�¼ ¼¤ï	Û ¢�¼ ê�3Ù	Û ¢^ï/ ¼8Ý3Û ¢ �/ SÃY¼+Û
ï3ï ¢�¼ � ï	Û ¢^Ã/ SÙY¼+Û ¢�¼ SÚ3Ù	Û ¢�¼ SÃY¼+Û ¢^ï/ � Ù	Û ¢ �/ � Ù	Û
¼¤Ù ¢^Ã/ Ý ¥ Û ¢ Ý  SÙY¼+Û ¢^Ã/ Ý ¼+Û ¢^Ã/ Sï-�	Û ¢�¼ Ý � Û ¢^ï/ ¼8Ý3Û

!Cq#"$� Ý  ¥¹Ý � 241 é'Õh� · �b���*Ö ¢   � ¢�¡ �>õs
 ¢�¡ � ¦ �@õ ¡ ��Ö�� ¦ � ¡�¢ ±8�   â\�   �@� ¡|� �����   â\�   ��� ¡ TCÆ   ¨F� ���/� ¦�¢   ���b���6�)âw�
² P ñ ·k× ì �   �¬�   T

¥ ÚY¼



÷ Ó �KØt� m

ÁÃÂÚe ô n+1� =� ñ�m*tutB ¥ ñ�m*tutB H� ñ�m*tutB �ï ñ�m*tutB 5¼ ñ�m*tutB @Ã ñ�m*tutB Ý
Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û

Ù/ ¥ Ã ¢ Ýw ¼ Ý Û ¢ Ýw Ý�Ù	Û ¢^Ú/ Ý�Ù	Û ¢ �  SïY¼+Û ¢ ¥ Ù/ SÚ ¥ Û ¢ ¥�¥  ¼ � Û
Ù/ SÃ ¢^Ã/ Sï Ý Û ¢ Ý  ê� ¥ Û ¢ Ýw SÙ3ï	Û ¢ Ýw Ý0�	Û ¢ �  SÙ ¥ Û ¢ ¥ Ù/ ê� Ý Û
¥ ¢ �/ Ý�ï	Û ¢�¼ SÙ ¥ Û ¢�¼ Ý�Ú	Û ¢^Ã/ ¼ � Û ¢ Ý  Ý�Ù	Û ¢^Ú/ ê�3Ù	Û
� ¥  ê�3ï	Û Ù/ ê�Y¼+Û ¢^Ù/ SÃ�Ý3Û ¢ �/ SÙ-�	Û ¢^ï/ � Ã	Û ¢^Ã/ SÚY¼+Û
¼ Ú/ ê�3Ã	Û Ýw ê� ¥ Û Ý  Sï3ï	Û ï/ Ý-Ý3Û ¥  Ý/¥ Û ¢^Ù/ ê� ¥ Û
Ý ¥ ¼ ¥ � Û ¥ �/ �-� Û ¥�¥  SÃ3Ã	Û �  SÙY¼+Û Ý  Ý�Ù	Û ¼ ¥�¥ Û
¥ Ù �3ï/ SÙ3ï	Û �-�/ ¥ � Û ¥ �  SÚ � Û ¥ Ú/ ê�3ï	Û ¥ ¼ SÚ3Ú	Û ¥ Ù/ Ý Ý Û
¥ Ã ï ¥  SÃ-�	Û ï3Ù/ Ý ¼+Û �3Ú/ � Ú	Û ��Ýw ¼¤Ú	Û �3ï/ � ¥ Û ¥ �  ¼ Ý Û
�3Ù ï�Ýw ¼¤Ã	Û ï Ý  SÚ3Ù	Û ï3Ã/ Ý-Ý3Û ïY¼ ¼ ¥ Û ï ¥  SÙ3Ù	Û � Ý  Sï3Ú	Û
�3Ã ¼ ¥  SÚ3ï	Û ¼ ¥  Sï3ï	Û ¼¤Ù/ Ý/¥ Û ï �  Sï � Û ï Ý  ¼��	Û ï ¥  � Ú	Û
ï3Ù ¼¤Ã/ ê� Ý Û ¼3¼ � ¥ Û ¼3¼ ¼3¼+Û ¼¤ï/ ê� ¥ Û ¼¤Ù/ Ý�ï	Û ï Ý  Ý ¼+Û
ï3ï ¼8Ýw ¥ �	Û ¼ Ý  Ý � Û ¼ Ý  Sï3Ù	Û ¼¤Ã/ ê�3Ù	Û ¼¤ï/ SÙ ¥ Û ï �  ê�3Ù	Û
¼¤Ù Ã3Ù/ SÚ-�	Û Ã3Ù/ ¥ Ý3Û ¼ �  � ¥ Û ¼ �  SÙ Ý Û ¼8Ýw Sï3Ú	Û ¼3¼ ¥ ï	Û
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Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù ¢ Ýw Ý ï	Û ¢ Ý  ¥�¥ Û ¢^Ú/ SÃ ¥ Û ¢^Ú/ ¥ Ã	Û ¢ �  SÃ3ï	Û ¢ ¥ �/ SÚ ¥ Û
Ù/ SÃ3Ù3Ù ¥  � ï	Û ¢^Ù/ SÙ ¥ Û ¢ ¥  SÃ ¥ Û ¢ ¥  � ¥ Û ¢^Ã/ ¼��	Û ¢^Ã/ Sï3ï	Û
¥ Ù/ SÃ3Ú	Û ¢ ¥  ê� ¥ Û ¢ �/ SÚ ¥ Û ¢^ï/ ¥ Ù	Û ¢ Ý  SÙ3Ã	Û ¢ Ý  ¥ � Û
� ¥  SÃ�Ý3Û Ù/ ¥ ï	Û Ù/ SÃ3ï	Û Ù/ ¥ Ã	Û ¢^ï/ SÃ-�	Û ¢ �/ SÚ � Û
¼ ¼ SÙ ¥ Û ï/ ê�-�	Û �/ Ý � Û ¥  ¥ �	Û Ù/ ¥ �	Û ¢^Ù/ Ý/¥ Û
Ý ¼ ê��Ý3Û ï/ ¼ � Û �/ ê�-�	Û Ù/ Ý ¥ Û Ù/ SÙ-�	Û ¢ ¥  ¥ Ú	Û
¥ Ù ï/ Ý0�	Û ï/ SÚ3Ú	Û �/ ¼3¼+Û ¥  Ý0�	Û ¢^Ù/ SÚ3Ù	Û ¢^ï/ SÚ � Û
¥ Ã ï/ SÚ � Û ¼ SÙ3Ã	Û �/ ¥ Ú	Û ¥  ¼8Ý3Û ¢^Ù/ Sï3Ã	Û ¢ �/ SÚ3Ã	Û
�3Ù Ã/ SÃ-�	Û Ã/ SÙY¼+Û �/ Ý ¥ Û �/ SÙ ¥ Û ¥  ¥ Ù	Û ¢^Ù/ Ý �	Û
�3Ã ¼ ¥ Ã	Û ¼ SÙY¼+Û ¥  SÚ-�	Û ¥  ¼ � Û Ù/ �-� Û ¢^Ù/ ê�3Ã	Û
ï3Ù ï/ ¼¤Ã	Û ï/ ¼¤Ù	Û ¥  Ý�Ù	Û ¥  Ý�Ú	Û Ù/ ¼¤ï	Û ¢^Ù/ Ý/¥ Û
ï3ï ï/ Sï3Ú	Û ï/ Ý � Û �/ SÙ3Ã	Û �/ ê�-�	Û Ù/ Sï�Ý3Û ¢^Ù/ ¼ Ý Û
¼¤Ù �/ SÚ3Ú	Û ï/ Ý�Ú	Û �/ ¥ Ý3Û �/ Sï�Ý3Û Ù/ ¼¤Ù	Û ¢^Ù/ ¥ �	Û
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Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù �-�/ SïY¼+Û �-�/ ¥ � Û � ¥  SÃ3Ù	Û � ¥  SÙ Ý Û �3Ù/ SÙ3Ã	Û ¥ �  Ý �	Û
Ù/ SÃ3Ù3Ù �-�/ Ý Ý Û �-�/ ê�-�	Û � ¥  Ý0�	Û � ¥  Sï ¥ Û �3Ù/ SÃ-�	Û ¥ �  SÚ ¥ Û¥ �3ï/ ¥ Ã	Û �-�/ Sï�Ý3Û � ¥  � Ú	Û � ¥  Ý Ã	Û � ¥  SÙ�Ý3Û �3Ù/ Sï3Ã	Û

� �3ï/ ¥ ¼+Û �-�/ Ý0�	Û �-�/ ¼¤Ã	Û � ¥  Ý0�	Û �3Ù/ SÚ-�	Û �3Ù/ ¥ Ã	Û
¼ �3ï/ SÙ3Ã	Û �-�/ SÚ ¥ Û �-�/ Ý Ý Û � ¥  Sï ¥ Û �3Ù/ Ý � Û �3Ù/ Ý�ï	Û
Ý �-�/ SÚ Ý Û �-�/ SÃ � Û �-�/ ê� ¥ Û � ¥  SÙ3Ù	Û �3Ù/ Ý3Ý Û �3Ù/ SÃ Ý Û
¥ Ù � ¥  SÚ ¥ Û � ¥  �-� Û �3Ù/ Ý�Ù	Û �3Ù/ Ý�¼+Û ¥ �  � �	Û ¥ �  SÙ3Ã	Û
¥ Ã � ¥  ¼3¼+Û � ¥  ¥�¥ Û �3Ù/ Ý ï	Û �3Ù/ � Ã	Û �3Ù/ ¥�¥ Û ¥ �  SÃ ¥ Û�3Ù �3Ù/ � Ú	Û �3Ù/ Ý Ù	Û �3Ù/ SÚ�Ý3Û � ¥  ¥ �	Û �3Ù/ ¥¹Ý Û ¥ �  SÃ3Ù	Û
�3Ã �3Ù/ Ý Ù	Û �3Ù/ ¥¹Ý Û �3Ù/ ¼ Ý Û �3Ù/ ¼ ¥ Û ¥ �  Ý0�	Û ¥ �  ê� ¥ Ûï3Ù �3Ù/ SïY¼+Û �3Ù/ ¥ Ý3Û �3Ù/ Sï3Ú	Û ¥ �  Ý � Û ¥ �  ¼¤Ù	Û ¥ Ú/ SÚ3Ã	Û
ï3ï �3Ù/ Sï Ý Û �3Ù/ ¥ Ú	Û �3Ù/ ¥ Ú	Û ¥ �  SÃ � Û ¥ �  SÃ ¥ Û ¥ Ú/ �-� Û
¼¤Ù �3Ù/ SÙ3Ú	Û �3Ù/ SÙ ¥ Û ¥ �  SÚY¼+Û ¥ �  Sï3Ú	Û ¥ �  Sï3Ù	Û ¥ Ú/ Ý �	Û
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Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã ¥ Ýw SÃ-�	Û ¥ Ýw SÙ�Ý3Û ¥ Ýw Sï-�	Û ¥ Ú/ SÙY¼+Û ¥ Ýw SÙ3ï	Û ¥¹Ý  ¼ Ý Û
Ù/ SÃ ¥ Ýw ê� Ý Û ¥ Ýw ê�3Ù	Û ¥¹Ý  SÚ3ï	Û ¥¹Ý  Sï Ý Û ¥¹Ý  ê�3Ú	Û ¥ ¼ SÙ3Ã	Û
¥ ¥ �  ¥ Ã	Û ¥ Ú/ ê� � Û ¥¹Ý  � Ý3Û ¥¹Ý  SÃ3Ã	Û ¥ Ýw ê� ¥ Û ¥ ¼ Ý Ý Û
� ¥ �  SÙ-�	Û ¥ Ýw SÙ3ï	Û ¥¹Ý  Sï Ý Û ¥ Ã/ Ý Ù	Û ¥ Ã/ Sï3Ù	Û ¥ Ã/ SÙY¼+Û
¼ �3Ù/ Ý Ã	Û �3Ù/ ¥¹Ý Û ¥ Ú/ Ý � Û ¥ Ýw SÃ3Ã	Û ¥ Ýw SÙY¼+Û ¥ Ýw Sï � Û
Ý ¥ �  SÙ Ý Û ¥ �  Ý�ï	Û ¥ �  ¥ Ý3Û ¥ Ú/ Sï3Ã	Û ¥ Ýw ê�-�	Û ¥ Ú/ Sï � Û
¥ Ù ¥ Ú/ Ý�ï	Û ¥ �  SÃ�Ý3Û ¥ �  Ý3Ý Û ¥ Ú/ SïY¼+Û ¥ Ýw ¥ Ý3Û ¥ Ýw ê�3ï	Û
¥ Ã � ¥  ê� ¥ Û � ¥  ê�3Ù	Û � ¥  ¥¹Ý Û ¥ �  SÃ � Û ¥ Ú/ Ý3Ý Û ¥ Ýw SÚ-�	Û
�3Ù �3Ù/ Ý ¼+Û �3Ù/ SÚ ¥ Û �3Ù/ Ý � Û �3Ù/ Sï�Ý3Û ¥ �  Sï3Ú	Û ¥ Ýw �-� Û
�3Ã ¥ �  Ý/¥ Û �3Ù/ Sï-�	Û �3Ù/ Ý ¥ Û � ¥  ¥ ï	Û ¥ �  � ¼+Û ¥ �  ¥�¥ Ûï3Ù ¥ �  ê�Y¼+Û ¥ �  SÚ3Ù	Û �3Ù/ ê�3Ù	Û �3Ù/ Ý ¼+Û ¥ �  SÚ3Ã	Û ¥ �  ¥ �	Û
ï3ï ¥ �  ¼��	Û ¥ �  Ý Ù	Û �3Ù/ SÙ3Ù	Û �3Ù/ SïY¼+Û ¥ �  SÚ3Ù	Û ¥ �  SÙ-�	Û
¼¤Ù ¥ �  SÙ ¥ Û ¥ Ú/ SÚ3ï	Û ¥ �  SÙ � Û ¥ �  ¥ Ã	Û ¥ Ú/ Ý0�	Û ¥ Ú/ Ý ï	Û
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Ù Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û Ù/ SÙ3Ù	Û
Ù/ ¥ Ã3Ù ¢ Ý �/ � Ã	Û ¢ Ý Ù/ ¥ ¼+Û ¢ Ý ¼ SÃ Ý Û ¢ Ý Ã/ ê�-�	Û ¢ Ý3Ý  � ¼+Û ¢ Ý�Ã/ SÙ�Ý3Û
Ù/ SÃ3Ù3Ù ¢ ¥ ¼ Ý ¼+Û ¢ ¥¹Ý  � Ý Û ¢ ¥ �  ¼¤Ã	Û ¢ ¥ Ú/ Sï3Ú	Û ¢ �3Ù/ � Ú	Û ¢ �-�/ SÙ3ï	Û
¥ ¢�¼ Sï3Ú	Û ¢ Ý  SÙ3ï	Û ¢^Ú/ ¼ ¥ Û ¢^Ú/ ê�3Ú	Û ¢ ¥�¥  SÃ3ï	Û ¢ ¥ �/ Ý�Ú	Û
� ¢ ¥  Sï3Ù	Û ¢^ï/ � Ù	Û ¢^Ã/ SÙ3Ú	Û ¢^Ã/ Sï3Ù	Û ¢ �  Sï�Ý3Û ¢^Ú/ Ý � Û
¼ Ù/ ¼8Ý3Û ¢^Ù/ SÚ3Ú	Û ¢^Ù/ SÃY¼+Û ¢ �/ SÙ3Ú	Û ¢^Ã/ SïY¼+Û ¢�¼ ê�3Ù	Û
Ý �/ SÙ � Û Ù/ Ý3Ý Û Ù/ SÙ Ý Û ¢ ¥  SÙ�Ý3Û ¢^ï/ ¥�¥ Û ¢�¼ SÙ3Ú	Û
¥ Ù ¥  � Ã	Û �/ ¥ � Û Ù/ SÙ3ï	Û ¢^Ù/ SÙ-�	Û ¢^ï/ SÙ�Ý3Û ¢ Ý  SÙ3Ù	Û
¥ Ã ¥  SÙ Ý Û �/ SÙ ¥ Û ¥  ê�3Ù	Û Ù/ Sï-�	Û ¢ �/ ê� Ý Û ¢^Ã/ ê� � Û
�3Ù ¥  ¥ �	Û ¥  Ý�Ù	Û Ù/ SÚ � Û Ù/ ê�3ï	Û ¢ �/ SÚ-�	Û ¢^Ã/ ê�-�	Û
�3Ã �/ SÃ � Û ¥  � Ý3Û Ù/ Ý-Ý3Û Ù/ ¥ � Û ¢ �/ Sï3Ù	Û ¢^Ã/ SÙ ¥ Û
ï3Ù ï/ SÃY¼+Û ï/ SïY¼+Û ¥  SÚ�Ý3Û ¥  ê� ¥ Û ¢^Ù/ Ý Ý3Û ¢^ï/ ê�-�	Û
ï3ï ï/ SÃ3Ã	Û ï/ SÃ3Ú	Û �/ SÙY¼+Û ¥  SÃ3ï	Û ¢^Ù/ Sï3Ù	Û ¢ �/ Ý Ã	Û
¼¤Ù �/ SÚ � Û ï/ ¼ ¥ Û �/ SÙ Ý Û ¥  Ý�¼+Û ¢^Ù/ SÃ ¥ Û ¢ �/ Sï Ý Û
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Ý@é�ê)ëzì �-�3Ù3Ù ¥�¥ �3Ù3Ù �-�3ï3Ù3Ù ï3ï3Ã3Ù3Ù ¼¤Ã3Ù3Ù3Ù
245 ñCÕ ï/ ¼+Û ¢ �/ ¥ Û ¢ Ýw ¼+Û ¢ ¥�¥  Ý Û ¢ ¥ Ú/ Ý3Û
244 ñCÕ ¢ �  ê�	Û ¢^Ã/ SÃ	Û ¢^Ã/ � Û ¢^Ã/ ê�	Û ¢�¼ SÃ	Û
243 ñCÕ ¢^ï/ Ý3Û ¢^Ú/ SÚ	Û ¢ ¥ Ú/ SÚ	Û ¢ � Ý  SÃ	Û ¢^ïY¼ ¼+Û
242 ñCÕ Ã/ � Û ¼ ê�	Û ï/ Sï	Û ï/ SÙ	Û �/ ¥ Û
245 é�Õ ¢ ¥ ï/ SÃ	Û ¢ ¥�¥  ê�	Û ¢ ¥ �/ Sï	Û ¢ �  SÙ	Û ¢^Ã/ ¥ Û
244 é�Õ ¢ �  SÙ	Û ¢ Ý  Ý3Û ¢ Ýw SÙ	Û ¢�¼ ¼+Û ¢^Ù/ ¥ Û
243 é�Õ ¢ Ý  SÃ	Û ¢�¼ Ý3Û ¢^ï/ Ý3Û ¢ ¥  SÚ	Û ¢ ¥  ê�	Û

242 é'Õ m Ýw ¥ Û �  SÃ	Û ¥ �/ ê�	Û ¥ ï/ ê�	Û ¥ �/ Sï	Û
242 é�Õ Ý  � Û ¥ Ù/ SÙ	Û ¥ ï/ ¥ Û ¥ ï/ ¼+Û ¥ �/ Sï	Û
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!Cq#"$� Ý  ê�-�í� · �b���*Ö ¢ ¢ â+�a�ÔN ¦ ��õ ¡ ��Ö�� ¦ � ¡ Ö   Ö��C�±�   � ¢ Ö���ÖE
 ¢ ¡ ��Ö � ¡ £C¦ G 
>� ¡ ��Ö ¡�¢ �b� ¢�¡�¢Ï£¤¡ £   ���	
 ¡�¢
®1ÞY·�îFï � ×5·�îQï ò ° �   â\� § â ¡ � § â ¡�¢ ���)Ö ¦ � ¦"£¤¡�¢ T

¥ � �



Ý@é�ê3ëzì �-�3Ù3Ù ¥�¥ �3Ù3Ù �-�3ï3Ù3Ù ï3ï3Ã3Ù3Ù ¼¤Ã3Ù3Ù3Ù
245 ñCÕ ¢^Ã/ Ý Û ¢ ¥ ï/ ¥ Û ¢ ¥ Ýw ê�	Û ¢ � ¥  ê�	Û ¢ ��Ýw Sï	Û
244 ñCÕ ¢ Ý  � Û ¢�¼ ¼+Û ¢�¼ Sï	Û ¢^ï/ � Û ¢^ï/ SÙ	Û
243 ñCÕ �/ Ý Û ¢^ï/ � Û ¢ ¥ Ã/ Sï	Û ¢ �Y¼ ¼+Û ¢^ï-�/ ê�	Û
242 ñCÕ ¥�¥  ¼+Û �  SÃ	Û Ýw Sï	Û Ã/ SÃ	Û ¼ Sï	Û
244 é�Õ ¢ Ý  � Û ¢^Ã/ SÙ	Û ¢�¼ Ý Û ¢�¼ ê�	Û ¢^ï/ Sï	Û
243 é�Õ ¢^ï/ � Û ¢^ï/ SÃ	Û ¢ �/ ê�	Û ¢ ¥  ¥ Û ¢ ¥  SÚ	Û

242 é'Õ m ¥ Ú/ SÃ	Û ¼3¼ SÚ	Û Ý-Ýw Ý3Û ¥ Ù3Ú/ Sï	Û ¥ ï3Ã/ ¥ Û
242 é�Õ ¥ Ú/ ê�	Û ¼��/ Ý3Û Ý0�/ SÙ	Û � Ú/ SÙ	Û ¥ �3Ù/ Sï	Û
241 é�Õ ¢^Ù/ Ý Û ¢ �/ Ý Û ¢�¼ Ý Û ¢ Ý  Sï	Û ¢ Ýw � Û
242 �8{ Ù/ ¥ Û Ù/ Ý3Û ¥  ê�	Û ¥  SÃ	Û �/ ¥ Û
241 �8{ ¢^Ù/ ê�	Û ¢^Ù/ � Û ¢ ¥  ¥ Û ¢ ¥  ¼+Û ¢ ¥  ¼+Û
240 �8{ Ù/ ¥ Û Ù/ ¼+Û Ù/ Ý3Û Ù/ � Û ¥  ¥ Û
239 �8{ Ù/ SÙ	Û Ù/ SÙ	Û ¢^Ù/ ¥ Û ¢^Ù/ ¥ Û Ù/ SÙ	Û
238 �8{ Ù/ SÙ	Û Ù/ ¼+Û ¥  SÙ	Û ¥  Ý Û �/ SÙ	Û
238 êFv ¢^Ù/ Ý Û ¢ ¥  ¥ Û ¢�¼ ê�	Û ¢�¼ ê�	Û ¢�¼ ¼+Û
237 êFv ¢^Ù/ Sï	Û ¢ ¥  SÃ	Û ¢ �/ SÃ	Û ¢^ï/ Sï	Û ¢^ï/ � Û
236 êFv ¢^Ã/ � Û ¢^ï/ Ý Û Ù/ SÚ	Û Ù/ SÙ	Û Ù/ Ý Û
237 æ Ù/ ¥ Û ¢^Ã/ SÃ	Û ¢ �/ ê�	Û ï/ Ý3Û ï/ Ý Û
236 æ Ù/ SÙ	Û Ù/ ê�	Û ¢^Ù/ ¼+Û ¢ ¥  ¥ Û ¢ ¥  Ý3Û
235 æ ¢ ¥  SÃ	Û ¢ ¥  Sï	Û ¢ ¥  Ý Û ¢ ¥  ¼+Û ¢ �/ ê�	Û
234 æ ¢^Ù/ Sï	Û ¥  ¥ Û ¥  Ý Û ¥  Ý3Û �/ SÙ	Û
233 æ ¢^Ù/ SÚ	Û Ù/ ¥ Û Ù/ Sï	Û Ù/ Sï	Û Ù/ ê�	Û
232 æ Ã/ ¼+Û ï/ Ý Û Ý  ¥ Û Ý  SÙ	Û ¼ � Û

234
�$p ¢^Ù/ Sï	Û �/ Ý3Û ¥  SÚ	Û ¥  SÃ	Û ¢ ¥  � Û

233
�$p ¢^Ù/ Ý3Û ¥  ¥ Û ¢^Ù/ ê�	Û ¥  ¼+Û Ù/ ¥ Û

232
çA� Ù/ SÙ	Û Ù/ SÙ	Û Ù/ SÙ	Û Ù/ SÙ	Û Ù/ SÙ	Û
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