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Variations de la température globale   ( °C )
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D5E�·�M&ócJRE µTS�ULV M ¬8À(¬ ¿ ³1ñ È ­ EHGLJ V_S û�I7JLK�MON�E
N�Ea� S GRE�hcY�\2]QXHM&û·û�EZGRM&óió�M&û V g \�ó�Nm\bhcY�E�] U E7` U McNmY�\�JTN�E
i S ÍHM&ó>Nm\ U EHX7JRE V E�J UdS �wE7J6`�K4ÿOGL\bhcY�E,hcY�E V EHG�` S�U JL\bX7Y V EHG�GLY�\=� UdS \bE�óQJ�N S ó�G V_S�U I S�V \�JRI�l3ujEHGA� S�U \ S óQJREHG�` V Y�G
I V_S �fM U IHEHG N�EWXHE7JLJRE³û�I7JLK�McN�E(E��m\bGLJRE�óQJp]�N�M&óQJ�XHE U J S \�ó�EHG S JLJ U \���Y�E�ócJ�N�EHG�`fM�\bN�G GLJ S JL\bGLJL\bhcY�EHG�Nm\�É�I U E�óQJRG
` S�U ` S�U JL\bX7Y V E�GLY�\=�c\bE�l µ EHGiû�I7JLK�MON�EHG�` V Y�GWI V_S �nM U IHEHGp]�N�M&ócJ�ô/ü�ý3þ.GRE?GRE U Jp]�XdK�E U XRK�E�óQJ&e U IHNmY�\ U E V_S
� S�U \ S ó�XHE6N�EHG U IHGRY V J S JRGo\�û,` V \bhQY S ócJaN�EHGoI:�4I�ó�E�û�E�óQJRGa`fE7Y(i U IHhQY�E�ócJRGp]O`fM�Y UoV EHGdhQY�E V G�YWó&GLY�\=�O\ S ó S�V M���Y�E
N�EHG�` S�U JL\bX7Y V EHG N�M&óWó�E UdS \�J�E��mJ U ¸�û�E�û�E�óQJ `fE7Y�M�Y>` S G�N�g�MOXHX7Y ULU E�ó�XHEHGplFD�g Y�JL\ V \bG S JRE7Y U `nE7Y�Jp]�` S�U N�EHGRGRY�G
XHEaJ UdS \�JRE�û�E�ócJ�N�E U IHNmY�X7JL\bM&ó&N�E�� S�U \ S ó�XHE
hcY�E$ô/ü�ý3þW\�û,` V I�û�E�óQJREj` S�U N�I�i S Y�Jp]cXdK�M�\bGL\ U N�E
N�I��<ó�\ U Nm\�É�I�¥
U E�óQJRG*Æ ³ ¨ ° ½�N�EHGo` S�U JL\bX7Y V EHGaGRY�\=�c\bEHG�GdE V M&ó V g�E�ó�N U M�\�J
N�E V_S �4IHM&û�I7J U \bE�GR\�û�Y V IHE�M&p&XHE V�V EHG�¥�X7\FGREjJ U M�Y��4E�óQJpl
�FM�Y�JRE�ikM�\bGp] V EHGaX S�V X7Y V GahcY�\�ó�M�Y�G�XHM&ó�XHE U ó�E�óQJZ\�û,` V \bhQY�E�ócJ
N�EHG�I:�4I�ó�E�û�E�ócJRG
hcY�\3ó�E6GRM&ócJ�` S G UdS�U EHG
N S ó�G
V g�EHGL` S XHE�M&p?M&ó V EHGoGL\�û�Y V E<�m\ V G�g S ��\�J�N�E U I S X7JL\bM&ó�G1óQY�X V I S \ U EHGa\�ó�NmY�\�JREHGo` S�U ó�E7Y�J U M&ó&N S ó�GoYWó&XHM&û���Y�G�¥
JL\�� V E�GRM�Y�Go\ ULUdS Nm\ S JL\bM&ó�E�ó U I S X7JRE7Y U óQY�X V I S \ U E�]�X�g�EHGLJo`nM�Y U hQY�M�\�ó�M�Y�G1ó5g S �4M&ó�G�` S Go�nEHGRM�\�ó&N�g Y�JL\ V \bGRE U XHEHG
JREHXRKWó�\bhcY�EHGpl@ô ª-õ�ö>EHGLJ�XHE7`fE�ó�N S ócJp]�E�ó�J S óQJ�hQY5g \�ócJRE U i S XHE�XHM&û,` V �7JRE�N�E�ô ü�ý3þW] S `�JRE(e�\�û,` V I�û�E�óQJRE U
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
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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�l
µc\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
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XHE V�V Y V E�l

;�y�x�y¡; < �CÏ���Ð �_�Ö~_���_�
�g�-~@�a��~��
¿<�3�g¿ø�_}�~@���@~@���������Ã�@���
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�]
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YWó�EjXHE V�V Y V EjGRE UdS�V E
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φ(E) =
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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
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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
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E7JaNmYV»�Ym¯

φ
N�E V_S i�M U û�E<�

〈f, φ〉 =

∫

E

∫

−→r
f(E)φ(E,−→r )dEd3−→r
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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〉
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φ(E,−→r )dEd3−→r
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u S ó�G V_S i�M U û�Y V E
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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 G
N�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$ó�M"ÿ S Ym¯>XHM&ó�GL\bN�I U IHGpl�ÓD�<ó>N�E,X S�V X7Y V E U6V_S GREHX7JL\bM&óAE�ãWX S XHE,N�g YWó�ó�M�ÿ S Y
E�ó�` S�U JL\bX7Y V \bE U ]�M&óCEHGLJ N�M&ó�X S û�E�ó�I(e�N�I��<ó�\ U N�EHG)û S JRI U \ S Ym¯C\bGRM�JRM�`�\bhQY�E�û�E�ócJ�`�Y U G ó�M&ó»GRE7Y V E�û�E�ócJ
`nM�Y U XRK S hcY�E ó�M"ÿ S YÁN�E V_S XHM&û,`fM�GL\�JL\bM&ó.\�ó�\�JL\ S�V E[N�EHGKû S JRI U \ S Ym¯.N�M&óQJ�M&ó�GL\�û�Y V E V g�I7°4M V Y�JL\bM&ó5]@û S \bG
I7� S�V E�û�E�ócJ�`fM�Y U XdK S hQY�Ecó�M�ÿ S Y[hcY�\f`nE7Y�J S `�` S�UdS rbJ U E6Y V JRI U \bE7Y U E�û�E�óQJjN S ó�G V E7Y U XHM&û,`nM�GL\�JL\bM&ó5] V M U G�N�E
V g�I7°4M V Y�JL\bM&óWNmY�G!ÿOGRJR¿�û�E�l µ EHX7\Wó�IHXHEHGRGL\�JRE�N�M&ó�XoN�g�I7J S � V \ U ` U I S�V_S � V E�û�E�óQJ V_S ¿ ¨ë½ ª�­ N�ETJRM�Y�G V EHG�ó�M�ÿ S Ym¯,hcY�\
GRE U M&ócJ�`nM�JRE�óQJL\bE V�V E�û�E�óQJ ` U IHGRE�ócJRG�N S ó�G V E,X S�V X7Y V N�g�I7°4M V Y�JL\bM&ó5l µ EHX7\�GdE UdS�U E7` U \bG6` S�U�V_S GRY�\�JRE,N S ó�G V E
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E�¯mK S Y�GLJL\�°4E�N�E6JRM�Y�G V EHG1ó�M�ÿ S Ym¯[I7°4E�óQJLY�E V�V E�û�E�óQJ6` U IHGdE�óQJRG V M U GaN�E V g�I7°4M V Y�JL\bM&ó5]fE7JaN�E�û S ó�N�E�E�ó�GRY�\�JRE�e
ô/ü�ý3þ N�ETX S�V X7Y V E U JRM�Y�JREHG V EHG�GREHX7JL\bM&ó�G�E�ãWX S XHEHG�û�M�ÿ4E�óWó�EHG�N�EHG�ó�M"ÿ S Ym¯,N�E V g S�U � U EoN S ó�G�XRK S hcY�EoXHE V�V Y V E�l
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V E�X S�V X7Y V N�E�XHEHG�° S�V E7Y U G$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
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]�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
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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
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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
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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 G
GL\�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�E
N�E_ó�E7Y�J U M&ó�G�YWó�\�ikM U û�I�û�E�óQJ U E7` S�U JL\bE
GRY UFV_S GLY U i S XHE
N�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

è@é�êÄìm�ml�¢*í�î�ëëî ­�® ½ ­ ½ ² ¿ ¬ ½O½ ­ ½ °-, ³ ¾¡ï ­7ì ½ ­Hì!®�­ ¿ ¬�ì ë ³8À ½�½ ²�ð (�' ¬4ì ë5Ç:È ­ ½CÇ:ÈOë ²1³nÀ ½ ì ë ì È ­:À^ì ¿ ¬ ½ ì5® È ²Hì È ®1­C° È ²1³Y°�­
ô/ª3õ�ö ù

;�y¡;�yã; <Æ} �@¿�ä�~����g����~ �@���B� }��
¿<�I��}���Ð

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

Î�¶



;�yã;�y
z < } ���-~��F�&�4�@�Z�g���-~���Ä��@~_�Ö��}����°�@�ø�@�-~@~@¿<����å �@�2ñÆ¿<�g��~��
���^�
����=1¿<�I}o�g�@�g���
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�IHEHG
ejN�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 U
V 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 \�JRIHG
N�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
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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
E7J
hcY�\^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
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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�E
Nm\��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 G
XHM&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���
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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

%�ç



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�¿HGREHG
GL\�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
X S�V X7Y V N�g�I7°4M V Y�JL\bM&ó*=�êZÒa�al
´�M�Y U XdK S hQY�E,\bGdM�JRM�`fE�] V_S `nI U \bMON�E�] V EHGcû�McN�EHG�N�E�N�IHX U M�\bGRG S ó�XHE�E7J V EHG UdS `�`fM U JRG�N�E�� UdS ó�XRK�E�û�E�óQJ

XHM ULU EHGL`nM&ó�N S óQJRG�GRM&óQJ V Y�G6N S ó�GjYWó±á^XdK�\bE U \�óQJRE U ó�E�eaô/ª3õ�öPhcY�\ U E7` U E�ó�N>N�EHG6N�M&óWó�IHEHG�N�E V_S(V \�� UdS \ U \bE
ô �@YDY¤E7J�N�E V_S U I�i�I U E�ó�XHErÝ|��>8Þ�l
DFEHGoNm\��nI U E�ócJRG�J�ÿO`nEHGoN�E U I S X7JL\bM&ó�GÆóQY�X V I S \ U EHGaXHM&ó�GRJL\�JLY�E�óQJaYWó�E@? .1-A8B8C0 7 , +D4 ï 07ì e�` S�U Jp] S á<ó&N�g�MA� U \ U

e V g Y�JL\ V \bG S JRE7Y U
V_S `fM�GdGL\���\ V \�JRIoN�E�XRK�M�\bGR\ U�V EHG U I S X7JL\bM&ó�G S Y�JRM U \bGRIHEHG�GLY U XdK S hQY�EÆó�M"ÿ S Y�G�g \ V�V EoN�IHGL\ U E�lgu S ó�G
ó�M�J U E�X S G�]¡ó�M�Y�G�Y�JL\ V \bGRM&ó�GFYWó�E�N�I7JREHX7JL\bM&ó S Y�JRM&û S JL\bhcY�E�N�E�JRM�Y�JREHG V EHG U I S X7JL\bM&ó�GF` U IHGRE�óQJREHG�E7JFNm\bGL`nM&ó�\�� V EHG
N S ó�G V_S � S GRE,N�E�N�M&óWó�IHEHG�`nM�Y U XHM&ó�GLJ U Y�\ U E V E,` U E�û,\bE U S�U � U E�N�EHG$ó�M"ÿ S Ym¯ S ° S óQJ�GL\�û,` V \�á^X S JL\bM&ó5l2Û V�S
I7� S�V E�û�E�ócJ
I7JRI�\�û,` V I�û�E�ócJRIaYWó�M U N U EaN�Eo` U \bM U \�JRI
N�EHG V \�� UdS \ U \bEHG
N�EaN�M&óWó�IHEHG@ócY�X V I S \ U EHG�ej` U E�ó�N U E�l2��E7J
M U N U E�N�E�` U \bM U \�JRI�EHGLJ�I7J S � V \�` S�U�V g Y�JL\ V \bG S JRE7Y U ]FhcY�\�`fE7Y�J S�V M U G�XRK�M�\bGL\ U N�E�GRE U EHGLJ U E7\�ó�N U EWe?YWó�E,� S GRE
YWó�\bhcY�E6M�Y[N�g S�V�V E U XdK�E U XRK�E U N�EHG�N�M&óWó�IHEHGaN S ó�G�N�g S Y�J U EHGa� S GREHGpl

T�é�÷5é Tné+m L��+�ìAD¢+�FEDfIµ�H���E�h�¯D?a¢Ã±�µWCF�DCF?B¯�?4 ³h-EZ®�µ<�3¸
uj¿HG V M U G(hcY�E�]�N S ó�G V EHG U ¿7� V EHG�N�E&XHM&ó�GRJ U Y�X7JL\bM&ó�N�E V g S�U � U E�N�E ó�M"ÿ S Ym¯�M&ó.XHM&ó�GL\bN�¿ U E[N�EHG U I S X�â

JL\bM&ó�G�XHM&û·û�E V_S á^GRGR\bM&ó5] V_S X S `�JLY U E ó�E7Y�J U M&ó�\bhQY�EjM�Y V_S N�IHX U M�\bGRG S ó�XHE
α
]cM&ó(° S J U ¿HG UdS `�\bN�E�û�E�óQJ S °4M�\ U ]

XHM&û·û�E·ó�M�ÿ S Ym¯>`fM�JRE�ócJL\bE V�V E�û�E�óQJ�` U IHGRE�ócJRG�N S ó�G V E,` U M�� V ¿�û�E�]5JRM�Y�JRE V_S XRK S�U JRE�N�EHG$óQY�X V I7\bN�EHG�l2Û V EHGLJ
N�M&ó�XÀó�IHXHEHGRG S \ U E?N�E(` U MOXHIHN�E U e±N�EHG,GL\�û,` V \�á^X S JL\bM&ó�G�N�E V g S�U � U E ó�E�GRE UdS \�Jwâ�XHE?hcY�E(`fM�Y U N�EHG��nEHGRM�\�ó�G
N�g�IHXHM&ó�M&û,\bE�N�E6X S�V X7Y V E7JaN�E6Nm\bGL`nM&ó�\���\ V \�JRI�N�EHG�N�M&óWó�IHEHG óQY�X V I S \ U EHGpl

L3�+��A�¢+�GE�fgµ�H��
Eoh°A�µWC³H"?4��AD i¯D?B¯D?4���IH�¼-�
?B���+h��+�«����é

´�M�Y U JRM�Y�Jcó�M"ÿ S Y S ÿ S óQJ�YWóPJRE�û,`�G�N�E N�E�û,\�â2°O\bE�\�ómikI U \bE7Y U e(YWó�E�° S�V E7Y U GRE7Y�\ V
Tmin

\�û,`nM�GRIHE ` S�U
V g Y�JL\ V \bG S JRE7Y U ��E7J@û,\bGRE
N S ó�G1ô/ª3õ�ö ` S�U N�I�i S Y�J�eW¢7K���]QM&óWXHM&ó�GR\bN�¿ U E
hcY�E V EÆó�M�ÿ S Y�E�ó(hQY�EHGLJL\bM&ó(N�IHX U M�rbJ
\�û·û�IHNm\ S JRE�û�E�ócJ�°4E U G�GREHG�N�EHGRXHE�ó�N S óQJRG�\�û·û�IHNm\ S JRGpl5D S á���Y U E@%�l|�(\ V�V Y�GRJ U E�XHE UdS \bGRM&óWó�E�û�E�óQJp]�M&p V g�M&ó
XHM&ó�GL\bN�¿ U E V E X S G
N�g YWó�ó�M"ÿ S Y«Ï�]�` U MONmY�\�J
` S�U N�IHX U M�\bGRG S ó�XHE�M�Y U I S X7JL\bM&ó�GLY U ' ]^E7JjN�M&óQJ V E�JRE�û,`�GjN�E
N�E�û,\�â2°O\bEjEHGLJ
\�ómikI U \bE7Y U e

Tmin
l�µcY U XHE7JTE�¯�E�û,` V E�] V E ó�M"ÿ S Y Ï½EHGLJoI V_S ��Y�IjN�E V g S�U � U E6X S�U \ V ó�EjG S JL\bGwi S \�J

` S G V E�X U \�JR¿ U E N�E�N�E�û,\�â2°O\bE$û,\�ó�\�û S�V E�ó V E$ó�M�ÿ S Y ' K�I U \�JRE�N�EHG�á V GZN�E�N�IHX U M�\bGdG S ó�XHE�N�E)Ï l^D5EHG�á V GZN�E
Ï�` S�UoU I S X7JL\bM&ó�GRM&ócJaI V_S ��Y�IHGaE7J ó5g S `�` S�UdS \bGRGRE�óQJZN�M&ó�X6` S Go`nE�ó�N S óQJ V g�I7°4M V Y�JL\bM&ó�N S ó�G V_S N�EHGdXHE�ó�N S ó�XHE
N�E ' l�u S ó�G�JRM�Y�G V EHG,X S G V EHG UdS `�`nM U JRGWN�E�� UdS ó�XRK�E�û�E�ócJRG�GRY�\�° S ócJ,YWó�E V \��
ó�E?N�E?N�EHGRXHE�ó�N S ó�XHE&GRM&ócJ
U EHGL`nEHX7JRIHGpl�D S XHM&ó�GLJ U Y�X7JL\bM&ó�N�E V g S�U � U E�N�E ó�M"ÿ S Ym¯�G�g�E5�nEHX7JLY�E�N�E�` U MOXRK�E E�ó[` U MOXRK�E E7JZXHE�` U McXHIHN�I N�E
GL\�û,` V \�á^X S JL\bM&óPGRE U I7`n¿7JREj`fM�Y U XdK S hQY�E$ó�M"ÿ S YPe JRM�Y U N�E U � V E�l

%�%



A

X
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E F G H

Decay (R )

R RE F

X

Decay
(R R E)X

Decay
(R X R F)

T 1/2< T min

b) Après Simplificationa) Avant Simplification

Noyaux Fils 

Par Réaction

     Noyaux Fils 

Par Décroissance

     Noyaux Fils 

Par Décroissance
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A

X

A

W1=RE W2=RF

E F G H

     Noyaux Fils 

Par Décroissance
Noyaux Fils 

Par Réaction

R RE F

T 1/2< T min

b) Après Simplificationa) Avant Simplification

Reaction (W
0

)

E F

Noyaux Fils

Par Réaction

W
0

W
0
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Base Standard MCNP

T        =  1h min 

Nombre de noyaux dans un arbre qui considère  

 

 (n,f ) ,  (n,γ) et (n,2n)   pour Z > 90

 (n,γ) et  (n,2n)  pour  50 < Z < 90

 (n,γ)    pour Z < 50
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��E7JLJRE�GL\�û,` V \�á^X S JL\bM&ó�XHM&ó�XHE U ó�E,N�EHG U I S X7JL\bM&ó�G�N�M&óQJ V_S GREHX7JL\bM&ó�E�ãWX S XHE,EHGLJ ² Y��4IHE�J U M�`�`nE7Y�GL\��
ó�\�â
á^X S JL\�°4E�lnD5E JREHGLJ6E5��EHX7JLY�I XHM&ó�XHE U ó�E V_S hcY S óQJL\�JRI

Ξ
]fX S�V X7Y V IHE�`fM�Y U XRK S hcY�E U I S X7JL\bM&ó>N S ó�G V g S�U � U E,N�EHG

ó�M�ÿ S Ym¯�ó

Ξ =

∫ 20MeV
0 σi(E)d

V M��
(E)

∫ 20MeV
0 d

V M��
(E)

< 0.01
� S�U ó�G

.
�k�ml�¢�ü��

Ξ
U E7` U IHGdE�óQJRE�]5`nM�Y U YWó�E U I S X7JL\bM&ó

i
N�M&óWó�IHE�]FYWó�E,° S�V E7Y U û�M"ÿ4E�óWó�E�]�X S�V X7Y V IHE�E�óQJ U E��?E7J����p=PE�â

N�E6G S GREHX7JL\bM&ó[E�ãWX S XHE�N�E U I S X7JL\bM&ó
σi
`nM&ó�N�I U IHE�` S�U�V E V M�� S�U \�JLKWû�E N�E V g�I�ó�E U ��\bE�l^D S hQY S ócJL\�JRI

Ξ
`nE7Y�J

N�M&ó�X��7J U E6°OY�E�XHM&û·û�E6YWó�E$û�M"ÿ4E�óWó�E�N�E
σi
GRY U YWó�)�Ym¯�k .�-4ì E�ó V I7JLK S�U ��\bE�l
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Evolution du calcul  et de l’intégration en temps
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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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`fE7Y�J
N�M&ó�X6`fM�GdE U ]�E�ó�ó�M�J S óQJ
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V E$ó�M&û�� U E�N�EZá^GdGL\bM&ó�Gae V_S �4I�ó�I UdS JL\bM&ó

j
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k =
Nf (j)
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`fM�Y�°4M&ó�G
I7J S � V \ U hcY�E�ó

k =
Nf (j) × ν

Nf (j − 1) × ν
=

Nfiss(j + 1)

Nfiss(j)
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EHGLJ V Ecó�M&û�� U E�JRM�J S�V N�E ó�E7Y�J U M&ó�G
I�û,\bG�` S�U á^GRGL\bM&ó[` U IHGRE�óQJRGZe V_S �4I�ó�I UdS JL\bM&ó
i
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GRM�\�J V g S ��GRM U `�JL\bM&ó>��GRM�Y�G V_S i�M U û�E

(n, γ)
]
(n, α)
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(n, xn)
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` S�U á^GRGL\bM&ó
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γr = 1 − νr
�k�ml|�A%c�

M&p
νr
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ν(n,xn) = x.D�g�I7°4¿�ó�E�û�E�ócJ�N�E
á^GRGL\bM&ó�N�I V \�û,\�JREZN�E7Ym¯��4I�ó�I UdS JL\bM&ó�G�GLY�XHXHEHGRGL\�°4EHGTN�E/ó�E7Y�J U M&ó�GoE7J�ó�EZ�4I�ó�¿ U EZ` S GTN�E
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
(n, xn)
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E7JÆó5g \�óQJRE U °O\bE�óQJjN�M&ó�X6` S Gpl
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N�IHGL\��
ó�E V E6J S Ym¯?N�E U I S X7JL\bM&ó
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]�M&ó?`nE7Y�JaIHX U \ U E�]�`nM�Y U XRK S hcY�E��4I�ó�I UdS JL\bM&óCó

k =

∑
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∑
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c

∑
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abs − σi
(n,2n) − 2 × σi
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abs φc + P

�k�ml|��(4�
M&p

σabs
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i S \�J U I�i�I U E�ó�XHE�e V_S XHE V�V Y V EWNmYC` U M�� V ¿�û�E�E7J

i
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∑
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∑

i

(N i
cσ

i
rφc)(t)

�k�ml|�4ü��

ujE6XHE7JLJREji S/© M&ó[M&ó ó�M�JRE UdS ó
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�k�ml|��>4�

ýA%



�ZM�JRM&ó�G�hcY5g S °4EHX�XHE7JLJRE û�I7JLK�MON�E6\ V i S Y�N UdS I7° S�V Y�E U�V EHG�J S Ym¯�N�E6X S `�JLY U E�N S ó�G�JRM�Y�G V EHG1û S JRI U \ S Ym¯�]
û���û�E
XHE7Ym¯�N�M&ócJ�M&ó ó�E�X S�V X7Y V E
` S G V g�I7°4M V Y�JL\bM&ó&��N S ó�G-ó�M�J U E
X S G5\ V Gpg S ��\�J�N�EHG�GLJ U Y�X7JLY U EHGp]�N�EHG5� S \�ó�EHGp]�N�E
V g�E S Y��fM U IHE�� S \�ó�GL\�hcY�E V EHG�`nE U JREHG
N�E/ó�E7Y�J U M&ó�G�` S�U i�Y�\�JRE�lo��EHX7\�\�û,` V \bhcY�E UdS YWó�Ea` V Y�G
� UdS ó�N�EjN�E�û S ó�N�E
E�ó U IHGLY V J S JRGZe�X S�V X7Y V E U ` S�U ô/ü�ý3þ?E7JaN�M&ó�XjYWó�E$ó�E7JLJRE S Y��
û�E�óQJ S JL\bM&ó±E�ó&JRE�û,`�G�N�E�X S�V X7Y V l

O ¸�H"C�µWA_E�¢�µ�H��
E�h ¢+�+h-²4µ<�
CF?a¯�?�¢�±�?4 ¡H��+��µ�H"?4��C
k̃

´�M�Y U M���JRE�ó�\ UZV_S ° S�V E7Y U hcY5g S Y UdS ó�M�J U E�EHGLJL\�û S JRE7Y U6S Y[` U MOXRK S \�ó�X S�V X7Y V ô/ü�ý3þ�E5��EHX7JLY�I S Y[JRE�û,`�G
t + ∆t

]�ó�M�Y�G�E5��EHX7JLY�M&ó�G6YWó�E,E�¯mJ UdS `fM V_S JL\bM&ó V \�ó�I S \ U E,N�EHG�Nm\��nI U E�ócJRG6J S Ym¯
τi
hcY�\�\�óQJRE U °O\bE�óWó�E�óQJ N S ó�G

V g�E�¯O` U EHGdGL\bM&ó(N�E
k̃
e6` S�U JL\ U N�EHG�° S�V E7Y U G
N�E
XHEHG�J S Ym¯ V M U G�N�EHG
` U IHXHIHN�E�óQJRGTX S�V X7Y V G/ô ü�ý3þTìmD5EÆó�M&û�� U EjN�E

` 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
�
M�Y�G S °4M&ó�GZXRK�M�\bGL\FN�g�E�ó[` U E�ó�N U E�E�ó[XHM&û,`�JRE6J U M�\bGpl

�ZM�Y�G�GLY�`�`fM�GdM&ó�G?hQY�E V EHG�J S Ym¯�N�E U I S X7JL\bM&ó N�E±JÃÿc`nE¤�
ó5] ¯Zó���I7°4M V Y�E�ócJ&`fE7Y5]oXHE±hcY�\6EHGLJ�°4I U \�á^I
- k +/8�ì�053 ë +�3 ë�]�XHM&û·û�E V g \ V�V Y�GLJ U E V_S á���Y U E&�ml®(ml
��M&û·û�E�`nM�Y U�V EHG�`nE U JREHG,N�EÀó�E7Y�J U M&ó�G,` S�U i¡Y�\�JRE���hcY�\
N�I7`fE�ó�N�E�ócJ6EHGRGRE�óQJL\bE V�V E�û�E�ócJZN�E V_S �4IHM&û�I7J U \bE�]�\�ó�XRK S ó��4IHE���] V EHG�° S�V E7Y U GaN�E�XHEHG�J S Ym¯[N S ó�G V g�E�¯O` U EHGRGR\bM&ó
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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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ó�M�JRE S�V M U G
τ bore
abs (t + ∆t)k0

V_S ° S�V E7Y U N�E
τ bore
abs

hcY�\�I7� S�V \bGRE·ó�M�J U E�EHGRJL\�û S JRE7Y U
k̃
�
t + ∆t

�je V_S ° S�V E7Y U
GRM�Y�K S \�JRIHE

k0
ó

τ bore
abs (t+∆t)k0 =

τν.fiss(t + ∆t)

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

(τ bore
abs (t)/Nbore(t))
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δkeff
] V g \�ó�XHE U JL\�JLY�N�E

GLJ S JL\bGRJL\bhQY�E�GLY U�V E�i S X7JRE7Y U
k
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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
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MURE cell 6
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Flux à 172 groupes

Couronne 6
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´�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�]
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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�E
á^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�E
GL\�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�EHG
E ULU E7Y U G�GLJ S JL\bGLJL\bhcY�EHG�\�ó�NmY�\�JREHG�GLY U
V 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�ócJ
E�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
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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?E7J
N�g�E�ó�E�¯OJ UdS \ U E S \�ó�GL\ V g�IHX S�U J
JÃÿc`nE�l2�Zg�EHGRJ
XHE7JTIHX S�U J
JÃÿc`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

Entries  53

Mean    3.324

RMS    0.02825
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���P ����-���d�����"�c���S�������&�N�2�N�"�Ø�x�U�2���m�	�� U���^�U�4 o���c¡"����¢
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�EHG
N�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 GRGRE
N�E
XHE 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 U
V 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
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` 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 ÿmGRE
i S \�JRE
` U IHXHIHN�E�û·û�E�ócJ
GLY 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�G
I7° S�V Y�M&ó�G V_S
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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
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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\÷cJRE
Y	÷�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 U
V_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
DFEHG
E�¯�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

>��



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

>+9



Cb
�¡`�`	ý��

σabs
¹�� �Î� ö S�U ÷�G��

¢������ (�(
������� (�ý
9������ (+9

Í��ØÎr@+9ml�¢��/B1F 0 ? ì ë +/9p0¡  ? - ? 0 ~ +n�D059�9�0 7 � -D4B8C+/3 k ì ë +/9 7 <���� ! u,<�9�9:+n�;-/<��"0&9 1/v 
 w Ç 8&-/9�8|3 �B8&+/9�-/9 ? 0B8��
k -/8 7 � -/<mì,+ k 3x+�ì�0 ? ì ë +/9 Ç .�- 7 ëN~ ë 9�<mì ë +�9 7 0�.�-p8C0 ? ì ë +/9�0¡  ? - ? 0 ~ +n�D059�9�0�0B87ì 7 <�0gqp<�9S0 � 07ì/J/.1+D4x-/. 7 0
8 k 0 ? ì"360 7 -/9o8�.I0 ~ + 7 �53x-�ì�05<�33�^m&< ë 8C0 7 <�3 ?7ë ì|.�+/3B8&mC<V� +/9$-/<+J ~ 059^ì�0h.1- k 3x+ k +�3�ì ë +/9 7 0�4x+/360Sb
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 E
XHMný 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�nE7J
GLY 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
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�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 E
hcY5g�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\÷cJ
N�EHG�GdEHX7JL\bMn÷�G�E8]WX S XHEHG
e 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�XHEHG
E5��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
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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
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´ 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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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\÷QJ
N�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 EHG
GREHX7JL\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 EHG
GdEHX7JL\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
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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
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´ 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
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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�G
GRE 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
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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 U
V_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 V
S 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\÷�XHE
E\÷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

í4ü
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���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

í�>



�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�G
X 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
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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÷
���¸���,���\� ö �������4�v�£�\�£���.�,�\�����'�*�v��÷v�b���*�,���'�,�\���b�\���mý��]���'�þ³I�]�m÷v�'�y���v���\�.� ö �]���'�.�I�\�£�.�ný^ý���÷v�\�X�\÷
5

4
ûB�4�\�W�.�n÷v���������v�\÷��S���£� ü ���
�\ý©�����¸�]���
�,�I��� �\���q�\÷v�.�o¡

• � ÷��.�nýk�������'�\ý©�\÷4��� ü ÷E��ýk���4�v�>�\���v�k�4�ºª¥�;���'�Z���,�'�,�\���4�\�b�.�n÷v�;�\�����6¯}�\�.�k������÷v�����'�����'�.���\���v�
���]�\���\�.�þ�y�;�6ª �]���*�\�k���xý©���m÷v�;�'���\�'���U���������n÷§�\�^÷v�,�\���'�n÷v���'�,���]�'�\�.�>±«��ª���� ö ���Z�]�76v¡�¦þ³¥���'�'�v�£�\�.�
�E�������n÷v�A�;�C�\���\�'�n÷\���	ý��4�4�\�L�]�\�����'�\÷v�v��÷v�.�¥¯£� ö �]���'���,�A���(�'�\ýk�v�Áý©� ü �\÷>�\÷����'�S�\�,�;®©�q�\÷v�,���]�����n÷v�
�\�-÷v�,�\���'�n÷v��±P�E�]�b���]�\�U�����S¯X�	÷��.�ný ö �v����� ö ���98 &)( �.�n÷��q�\÷4�����n÷	÷v�,�f³�¡

•
ût�ný^ý©�t���.�����'���'���U�.�N�;���\���\�'�n÷\���	ý �'�n÷4�`�\�.�r÷v� ü �]�;®*ª������'�\ý©�\÷��`�'�.�'�n÷	÷E��÷��'�{�]�;®X�\÷v�,���o���.�`��¹v�,��»
ýk���4�v�.�Z��� ����.U�,���\�.���.�n÷4���'��» �'�Z���,�����n÷v�:/¥���\�\���,�t�'�,�������.�,���W¡<;�÷������m÷v�=�.���v�\ý©�\÷4�Z�4��������� ö ���������]�����n÷>�\�
�����'�Z���,�����4���'�C�'�,���>�\���v�������Z���.�©�����'�X��� �	÷v�©��®;�,�\�'�'���n÷§�\÷6�'�\ýk�U�,���]���\�'�o¡`ût�,�U�\÷v�v��÷��Z�N���©�.�����k»
�,���\÷4���\�������\�k�'�,����ý©���m÷v� ö �n÷6�;�}ª �]���£��� �	÷v�k�\���v�¥ª������'�©�.�n÷v�.�\÷������]�����n÷0�\÷ ö ���'�k������� ö ���©�v��÷v�
���Pý©�4�\�,���]�'�,�\�¥�,�I�	÷v�£ª«�����'�*�'�\÷v�,�\�S�\÷ 
�> � ¶ �*�E�\�n÷4�I���.�'�E�'�����n÷v�I���]�\���\�.�I�U�,�\�q�\÷��¥�.�n÷������ ö �v�,�£¯ª �]���'���'�\ý©�n÷4�'�,�I���X�'�Z���,���������'�£�����'�b�\�����X�U�,���'�£�4�E�������'�����]���£�;�xý©���\�,���]�'�,�\�Z¡
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[��-\^]_6v¡�¦a`cb óoð î ö�òXõ î βr d ïLò�ñ´ï;ñoò�¾«¿�ñ�ô6õ î ô î ö;¾«ò�ñ�ôvø£ò î ¾ óoò�õSe�ø(ï;ñ�ö�ò*ð î øtïLò�¿fôgf.¿¸ï;óoöih�ôLño÷oóoöih'j·ø�ø�¿fð î øCk�l<mCn
�A� �\�����������]�����ioC�\�qp &)( ��¹ ¶ � * 2

�ro��'�Z���,�'�,�\�tsvu V ov�b�\�,�����]���A�E���Z�q�ro��\���wov�,�����o�4�;�x.U�,�'�,�t�����Vo\�x�E�Z�]���º»
�q�ry©�ro4�`�\�A���b�'�.��¹_ov�������o���b�]��²����\�'��� ¹4�\��y��{z��������'�.���\�.���'�Z���,�'�,�\�'�·¯b�Z�]�X�\�����������Wo4�`�;�X�\���\�'�io\���_y����.�iy	y©�
� � �������v�����'�¥�����Z���(�;�J�'�Z���,�'�,�\��u V s��v�4�\���U�,�\�b�roJ�\���wov�,���U�|�,���'��ü ñXhSe ¯>¦10V0TP�¡\í°���v�b�.�q�iov�þ�v�v�Wov�(�.�,���'�
�,���v�\�o��ª �]�������k�'¹v���º®6�\�k���wy��\���,�£�_o7svu V~}=�_�_� �.�io��q�ro4�����io_ov�,�t�,�£�\���q�����*�4�v�,�·�A���U�k�\�k�.�io��v�o�\���]�����io
�.�iy��\�v�����w�\������¹ ¶ �������\�o�]���b�Z�¸���v�]�\�'�,�°¯��.�£�A�������\���'�Z���,�'�,�\�Z�E���Wov�:y©���;�x�E�Z�]�����io?�\�¥�����q�.�iy©�,�������o¡

�IuEp���m�~9��j\~I�Al�z������~�ouEz��S���AuEz��V�qrN�A~A�`zAu��
�y�.��ov�1���]�;® 
��I
 ��¹y� 
���J ¶ ��� 
���L ¶ �£� 
�>�� ¶ ��� 
�>NM ¶ �*� 
�>I
 ¶ �*� 
�>NMN� y	���\�'�.�'�ro4�'�A�ro©�4�E�Wo������'�b�'���Vo\�x�E�Z�]�����q��v�Wov�������.�iy��\�v�����w�\������¹ ¶ � * 2

�_�.�£���©�\�r�\�\���\�k� � ���������;���]�����ioW���'�,�'�io4�£���.�£�\���wov�,���E�]�;®§���,�'�,�\�'�����\�£���
�\���Wo�ov�,�\���'�io\���4�v�o¡{�W��o4�v�,���,���\� 
�>NM � y	�·�ry©�,���'�,�\� α

�,�
γ
�·�.�����\�'���;�\���k�E�]�©�\�.���wo��'�,�o���]�����io

β−
�;�


�>NM ¶ �×±��
1/2 = 14.35

�Wov�´³�¡ � �wov��� �L�����'�¥�\���.�,���'���,���v�\�o�U�io����,���C�Wy©�rov�k¯C�\���#o\���°�\���v�'���,�\�'�����E�]�����'�.�
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�;�8�\���\�'�io\���_y�¡W�y�>�4�E�]�����'���;�8�\���\�'�io\���_y��W���\�·�\�,�U�rov�8�\���'�io8�������o�wov�k�,�£�\�X���io��]�q��±P�'�ryk�v���]�\�
�.�
�'�,�E�]���]�����ioL³��E���,���k�\���#o\�����E�]�b���¥�q�.�,�'�,�\�I�\�*�.�.�b���º®>���'���'�����.�þ¡

� �v� uEz���|�z�s(r��qu�����~��q~���zAu
�W�.�£�������'�iov�*�'�����_�\���.�£�v�Wov������y©���\�,���]�'�,�\�Z�y�.�iy	y©�k�����U���'�o���q�����ro4�£���,�\�*�����Z���,���'�©���¸�W�v�'�����\�����io

�o���Wov�\�ry©�ro��(�;�wyk�wo��v�.�¥¯��Z�]�v�'�I�\�(�����\�,�o�����v�]�����io>�;�����U�.�,���'�:ov�,�\���'�io\�����v�S�v�Wov�A�����E�]�������b��¹v�,��yk���4�v�
±P���¨�'�.�,�����ioB�����Z���.�8���¸�W�v�������\�����ioÿ�;� ME� 5 �.���>�ro

1/v
³�¡��{�����'�;�'�8�\�?�o���Wov�\�,�\�J�\���.�,���'�������Z���,���'�

±��]�\�'���\�I�\�£½]�U�ryZ� �\�_y����U���\�(�_oJ�.�iy��\�v�����w�\������¹ ¶ �L³t�'�,�����'���\�q�ro4�b��� �_o>ª����,�'�,�\�'�X����6��\���v��ª �]�w�\���
���v���U���\�`�_ok�.�iy��\�v�����w�\���+8 &)( ±��]�\�'���\�A�\�:RS���ryZ� �\�_yC³��Tov�.�.�.�'�������Wo��{���¸�]�\�Vy©�ro4�'�,���;��y �ry©�tª ���,�'�,�\�
���k�.�iov�.�ro������]�����io}�ro��U���'�£�,�����������v�o¡

ç�¡N¢ £�¤¦¥ ë�ì9§�¨ ¤ª©¬«g«�¤�¥¦­ ¨
®°¯ ¤

�y���q�.�iy©�,�������°���'���ry��\���]�q�I�4�W� �\���������'�'ov�����'�:y©�4�_�,���°���,�'�I�\���#o\���S�v�Wov�{���b��¹E�]�\�����'�I�\�'�.�.�.�\�ro4�Z¡4¢{�����
�.�����'�.���U�iov��¯C�_o����'�'�ry��\���]�q���\���A�����Qsvu#± }
�_�_� ¡�²S�ry��]�'���v�iov���4�v��ov���v�|ov�k�.�iov�����\�,�'�iov���E���þ���v�Wov�
�.�,���'�©�,���v�\�o�U�����;�x.U�,�'�ro4�����]�����io§�\�X�'�rov�,�\�'�£�\���\���\�'�io\���_y �U���\�¥���.�£�,���4�q�iov�*��� �_o����'�'�ry��\���]�q�?±³ov���v�
oW� �wyk�\���ry©�ro��'�iov���\�iov���E���I�\��´ ñ�ô�óZù îXµþ³�¡Lût���'¹v���º®����wyk�\���x�E�Z�]�'�,�\�°�'�¥���'���\�q���,���'�*�.�iyk�E�]���w�\�����.�q�.�*���
�'¹v���º®>�'�.�'¹_ov�������o���4�v�*�ro4�4�����]�q�o�;�U���\�b���'�'�ry��\���]�q�.�+p &)( �\�.�(�43¥�\�'�'u#±#s���ov�io�¶Z�iov�.�Z¡\í°���v�t���]�\���,���iov�
���,�W���.�b���U�.�,�x�E�Z�]�����iov�b�q�.�iy©�,�������4�v�.�S�\���������'�.�.�Z¡

· �V��z��~�oz��T¸���|�~A�hz{x#¸���|������ �
¹�¸#��z
�W�.�·�;�x.��,�'�ro��'�.�A�o���������.�b±��]�	ov�iy��\�'�b�\�:R¥�v�Wov�`�_oZsvu#± }
�_�_� ³y�4�\�E���'���\�'�ro��·���°�����W�\�������'���q�,�������Z�]���I�\�.�
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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
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/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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/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
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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
240 ��Q fw���ORTP 233 � ���`�TP
239 ��Q ���OYTP 232 � ø Y�� ø P
238 ��Q 0��OYTP 233 ��I ���O�TP

[pÌ-\^]ö6��OY�` 6°f'ó�ò<6Pø£ï;ó�ò*ò�ó´ï�ï;ñ�ò<61¸�ö�ô î e�� ñ�ð ö�698�ñ�ô�ø,óoô\ø ý ñ�ò î ø�ö4ò�ð î øq8Pô#� î ôY6 ó�8fò î ø>õ î ø£ïLò�8Pôgf<8 ï;ó�öVh�óTf<Ð
698Pô�8�õ î ø î ô j{ô õ;: 8fò�ò�óqõ�8�ó�698«ñoôÍ¬w� �z����-�� 6�°8õqó�ô\ø�ð�: e�� ñ�ð ö�698�ñ�ôÿõ;: ö�ôÃf'ñ ü©ý ö�ø<698 ý ð î½©;ª�« ö�¸ m � ¯ õ î 6«÷�ï î
« ö
8$9�: -.î ö�ô î f'ñ�ô�6 î ôLó�ôY6K´"® �&� ïqï ü õ îXý ñ�ò î õqó�ôvø¥ð î*ü ñZõSe�ò�ó�6 î ö�ò7=

ü43�ü�î 6«÷�ï î<�;I�F�FAQ(@�BVJ�Im]�IMJPB<Q(@ ø G�QÞn�I�#<?�B<Q(@ k Å�Æ IMQ¤G(Er�(Q(?UG(B$Jl_ NX@A@LI�G�N�IM?ANPTios��R;I���i�Q(@�B	6��`�hG(Tio_o�BVQ_oIMCbB<@�Ü<QhG(BaJ�IWi^E7TiyVE<?A@ANPBUG,_ Q_o¥#43HQ(@asvu#± }=�_�_� u ø Y^�$I�F�FLBry��(J�IMi^B7FZ�

* @Z�b#7B<?A?�B$#7Tio���i�Q(@LIM?ANPTio½#43HQ(@Z�,O>Qs_.TioÝIMC(CbB<JXJPB>ü ñoôLñ�Ð"ó�ø�ø î,ü©ý ðºóZù î<�,C(Q(NPF�O�Q�Bk?�T�Q�FHJPB7F�I�F�F�Bry��(J�IMi^B7FG�Q�#43HQ(@$F�Tio>?$NPG(Bro�?ANPO>Q�B7F"��FAQ(@�B7FA?ANwyVB<@LIºG,_.Bry��(JPE7B
Cb0

��J�IºO>QYIWo�?ANX?�E�G(B���T�@�BmF�T�JXQ_�(JPBmG�IWo�FkJl_.BZIMQ�G�Q
yVT�G(E<@LIM?�B<Q(@�o�E7#7B7FLFLIMNX@�BKC�T�Q(@cI7]^T�NX@

k Å�Æ á ø �~/k_ Q_o�BeCYIM@A?c#7Tiy	yVB�o�T�Q�FpJl_`IZ]^Tio�FcG(E�ìAuDG�NX?aj9BroZ6��`�^o�o�T�Q�Fo�BWFANwyUQ(JPTio�FHCYI�FHJ�I%C(@�E7F�Bro�#7BkG(B9�YIM@A@�B7FaG(BD#7Tio�?A@���JPBVT�Q[G(BDCbT�NPF�Tio[#7Tio�F�Tiy	y%IW�(JPB��,#ZIM@HJPB9o�Tiy��(@�B$B<?
J�IWtYIMQ(?�B<Q(@eG,_ Nwo�FLB<@A?ANPTio¦G(B�#7B<JXJPB7F
fg#<N,]�IM@ANPBro>?\C�Bro�G�IWo�?dJl_ NX@A@LI�G�N�IM?ANPTio¥B<?dFAQ(NX]�IWo>?eJ�IWC�T�FANX?ANPTiohG(B�Jl_`I�F�F�Brykf
�(J�IMi^B�O�Qs_.Tio¦#7Tio�FANPG_�<@�B��Y#7B�O>Q(NsB7F�?eG(E<C�T�Q(@A]�QhG,_ Nwo>?�E<@
�<?HG�IWo�FcQ_o¦#ZIMJP#<Q(J�G,_`I�F�F�Bry��(J�IMi^BUBro�yVT�G(BaNwo��#o(N
O�Q(N�]^B<Q(?UF�BV@LIMC(C(@�T�#Lt�B<@WG(Bq#7Tio�G�NX?ANPTio�F�ü ñ�÷ î ôvô î ø G�Q¤#43HQ(@Z����IM@$IMNXJXJPB<Q(@�FUNXJ�n�IMQ(?U#7Tio�F�NPG(E<@�B<@WO�Q�B$J�I
@�EZI�#<?ANX]�NX?�ESC(@�E7F�Bro>?�BÞj3t�T�@�y$NPFkJ�I¥FANX?AQYIM?ANPTio�G�Q½#43HQ(@�o�B<Q�nKIMQ5G(Ery%IM@A@LIMi^B"oWG�IWo�FWQ_o5#43HQ(@$Bro½@�E<i�NwyVB
G(BDn�Tio�#<?ANPTio_o�BryVBro>?Z�sB7FA?Kn�T�@�#7EryVBro>?|yVT�Nwo�G�@�B$O�Q�Bk#7B<JXJPB$B7FA?ANwyVE7BkG�IWo�F+o�T�?A@�B�yVT�G_�<JPBkG(Bk#43HQ(@|yVTio�TMf
I�F�FLBry��(J�IMi^B��_/aIWo�F1Q_o�BHFANX?AQYIM?ANPTio�@�EZIMJXNPFA?�B���JPBH#43HQ(@dG�Q�@�EZI�#<?�B<Q(@dB7FA?c#7Tio�FA?ANX?AQ�EaG,_`I�F�F�Bry��(J�IMi^B7FdO�Q(NbTio�?
FAQ_�(N�G(B7FU#r��#<JPB7FDB<?�G(B7Fa?LIMQ��ÝG(BV#7Tiy��(Q�FA?ANPTio½G�Nx.bE<@�Bro�?�FUB<?UT,+ÞJPB7FUC(@�T�G�Q(NX?�FUG(B��YF�FANPTioÝF�Tio�?�C(@�E7F�Bro�?�F
FAQ(@cJPB7F\I�F�F�Bry��(J�IMi^B7F\G(E�ìAuWNX@A@LI�G�NPE7F"�
��T�Q(?�B�n9T�NPF"�(Bro�os_`I4�>IWo>?KO>Q�BHJPB+�bT�@�BHF�T�JXQ_�(JPB�G�Q�yVT�G(E<@LIM?�B<Q(@e#7Tiy	yVBaF�B<Q(JPBaF�T�Q(@�#7BaG,_`IWo�?ANX@�EZI�#<?ANX]�NX?�E

C(@�E7F�Bro�?�BWIMQ[G(Er�(Q(?HG(B�Jl_ NX@A@LI�G�N�IM?ANPTios��o�T�Q�FKFANwyUQ(JPB<@�Tio�FHJPB���Tio¼o�Tiy��(@�BWG,_`IW��F�T�@AC(?ANPTio�FaFAQ(@\Jl_.E<]^T�JXQ(?ANPTio
Bro�?AN��<@�B���JPT�@�FLO>Q�B��<o�T�Q�F1JPBe]^B<@A@�Tio�F1CYIM@rJ�IDFAQ(NX?�B��~o�T�Q�FpC(@�Bro�G�@�Tio�FcBrom#7Tiy$C(?�BKJ�I�CbB<@A?�BHG�QZ�bT�@�BKF�T�JXQ_�(JPB��

íKT�Q�FdB�.,B7#<?AQ�Tio�FeG(Tio�#aQ_o�BUB���C(JPT�@LIM?ANPTioºBro¦#7Tio�#7Bro>?A@LIM?ANPTio[G(B|�bT�@�B�I{�#o¦G(Ba?A@�T�Q(]^B<@eJ�IW]�IMJPB<Q(@
Cb0G�IWo�F�J�I�#7Tio���i�Q(@LIM?ANPTioS#43HQ(@�yVTio�TMfwI�F�F�Bry��(J�IMi^B\CbT�Q(@�JPB7F�G�Nx.,E<@�Bro>?�Fp?A��C�BdG(Be#7Tiy��(Q�FA?ANw�(JPBK¼ *c¾ �1t���Q
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/1032Ä]T6�� ø 0a`�j�I^oK��« ñoö<� ñ�8fò¥õ�ö ý ñoò î��bî ø<698 ü e î ôXï�f ü�� ïqï ü ï;ó�òbð�óIï î ôY6 î õ î øaf'ñ�ö�ò ý'î ø ρ(Cb)
ï\ñ�ö4ò+f ª óqú.ö î

f'ñ ü©ý ö�ø<698 ý ð î e<6«ö\õ�8IeZ= B<?Dj³��o Cb0 = f( � p @ )
#7Tio�FANPG(E<@�E7F"��R�IZ��i�Q(@�B�6��`��� �ÞNXJXJXQ�FA?A@�B$#7B<?A?�B$B���C(JPT�@LIM?ANPTio�Broº?�B<@�yVB7FUG(BD@�EZI�#<?ANX]�NX?�E��WíKT�Q�FK]^E<@ANx�YTio�FaCYIM@
#7B7FH#ZIMJP#<Q(JPFaO�Q�BDJPB ï;ñoö<� ñ�8fò�õ�ö ý ñ�ò î<�sB���C(@ANwyVEkBro[C�#ryZ�»C(C_yh�,B7FA?+�(NPBros�bG�IWo�FHQ_oÞ#7Tiy��(Q�FA?ANw�(JPBQ�1t���Qs�
Nwo�n�E<@ANPB<Q(@�IMQ��D]�IMJPB<Q(@�F�?A��C(NPO>Q�BryVBro�?�@�Bro�#7Tio>?A@�E7B7FpG�IWo�F�Q_oV#7Tiy��(Q�FA?ANw�(JPBa8 &)( j�IMQ(?�T�Q(@�G(Bpf�RMCb#ryZ�»C(C_yqo��
��T�Q(@�o�T�F�G�Nx.bE<@�Bro�?�F�?A��C�B7F�G(B1#7Tiy��(Q�F�?ANw�(JPBd¼ *c¾ �1t���Qs��#7B7F�]�IMJPB<Q(@�F�T�F�#<NXJXJPBro>?�IMQ(?�T�Q(@�G(B�fw�MCb#ryZ�»C(C_yh�G,_.T,+½Jl_ Nwy$C�T�@A?LIWo�?�BhO�QYIWo>?ANX?�EmG(BQ�bT�@�BS@�B7O>Q(NPFLB��`ûrB7#<NcB7FA?WNXJXJXQ�FA?A@�E�uhJ�I���i�Q(@�B�6�� ø 0�� * o5#7Tio�F�?LIM?�BSO�Q�BJPB �Z8 î 8fðPð�8�ø´ø î�ü�î ôY6 G�Q½C(JXQ(?�Tio(NXQ_yh��O�Q(Nr#7Tio�G�Q(NX?%u¦J�I¦C�B<@A?�BSG(BmFLI�?�Bro�B<Q(@$Bro 
�>NM ��Q;��I¦G,_ Nwy$CbT�@A?LIWo>?�B7F#7Tio�F�E7O�Q�Bro�#7B7FKFAQ(@dJ�I$]�IMJPB<Q(@\G(B

Cb0

�YO�Q(N;B7FA?'�bBZIMQ�#7T�Q(CºC(JXQ�FcnlIMNw�(JPB�CbT�Q(@eJPB7FK#7Tiy��(Q�FA?ANw�(JPB7Fau	�YI�FLBUG(B
C(JXQ(?�Tio(NXQ_y G(Bk?���CbB���Q õ�öw÷ ]�NPB<Q��,��C(JXQ�Fa@ANP#�t�B7FDBro 
�>�� ��QU�bRsBk?LIW�(JPBZIMQ26��OUmG(Tio_o�BkJPB7F�]�IMJPB<Q(@�FaG(B Cb0@�B<?�Bro�Q�B7FdCbT�Q(@dJPB7FdG�Nx.,E<@�Bro>?�Fd?���CbB7FdG(B�#7Tiy��(Q�FA?ANw�(JPBU¼ *1¾ �1t���Qs�

����CbB�G(Ba��Q ��Q @
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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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� #<?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 ���`�V��B�f�0�� ���`�V��B�f�0�� R��OUV��B�f�0W6
247 û�y 0 ���`�^�MB�f�0 ø ���`�^�MB�f�0 ø ø �`�VU�B�f�0��
246 û�y 0 ø �O�VY�B"È+0 ø ø �O�VY�B"È+0 ø Y��`�V��B�f�0 ø
245 û�y 0 ø �OYVU�B"È+0�� ø �OYVU�B"È+0�� U��O0V��B"È+0V0
244 û�y 0 U��OYV��B"È+0�� U��OYV��B"È+0�� ���OY���B"È+0 ø
243 û�y 0 ø � 6>��B"È+0 ø ø � 6>��B"È+0 ø Y�� 6>��B�f�0 ø
243 � y 0 ��� 6S0�B"È+0�� ��� 6S0�B"È+0�� ���OUV��B"È+0 ø
242 � y m 0 ��� 6>��B"È+0V0 ��� 6>��B"È+0V0 ���OU^�MB�f�0 ø
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��
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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��
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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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V ¡XW Y }[ZY{]\_^ � �AZ�|`\d}
aKT�Q�F�@�B<i>IM@�G(Tio�FpuaC(@�E7F�Bro>?�J�IHn�IMNPFLIW�(NXJXNX?�EeG,_ Q_o�BcC(@�T�G�Q�#<?ANPTioq#7Tio>?ANwo>Q�BKG,_ Q_o%FA?�T�#
¾kG,_cbedfd`gzO>Q(N�F�B<@LIMNX?

Bro2yVB7FAQ(@�BVG,_`I�FLFAQ(@�B<@�Q_o�B$?A@LIWo�FANX?ANPTio¤C(@�T�i�@�B7F�FANX]^BVG�Q2o�Q�#<JPEZIMNX@�BqI�#<?AQ�B<Jp]^B<@�FaQ_o�Bih�JXN�j<@�BVG(B$@�EZI�#<?�B<Q(@�F
NPF�T�i^Ero�E<@LIM?�B<Q(@�F%u �YI�F�BSG(Bq#7Tiy��(Q�FA?ANw�(JPBlk1t

/
bedfdXgW�AaKT�Q�FW#7Tio�F�NPG(E<@�Tio�F$G(B<Q���#ZI�FkG(BQ�YI�F�B���#7B<JXQ(N1G,_ Q_o

#7Tiy��(Q�FA?ANw�(JPBmk1t���Q¥u9�YI�FLB�G(B ��Q�n ��ô B<?d#7B<JXQ(N;G,_ Q_o¦#7Tiy��(Q�FA?ANw�(JPBku9�YI�F�BaG(B ��QpoJq ÷ �
R�_ NPG(E7Bm#7Tiy	yDQ_o�Bhuh?�T�Q�FWJPB7FkF�#7EroYIM@ANPT�FkO>Q�BSJl_.Tio½C(@�E7F�Bro>?�BSNP#<NcB7FA?kO>Q�BqJ�I¦C(@�T�G�Q�#<?ANPTio�G,_cbedfd`g r	s

tvuxw s 6 G(BKJ�Iyh�JXN�j<@�BHNPF�T�i^Ero�E<@LIM?A@ANP#7B�B7FA?dI�F�FAQ(@�E7BHCYIM@1Q_o�CYIM@�#aG(BK@�EZI�#<?�B<Q(@�F\uWBZIMQ�JPE<izj<@�Bx{�r 6e|�t s~} 89698fw sY�a\T�Q�Fm��T�Q�FkFANX?AQ�Tv��FkG�I���FWJPBq#ZI�FDn9@LI���ÜZIMNPFZ��F�T�NX?DQ~�½CYIM@�#SB���NPFA?LI���?$G(B%@�EZI�#<?�B<Q(@�FQsvu#±�O�Q(NrG(B<]�@LI��<?A@�B
C(@�T�i�@�B7F�FANX]^BryVB	��?�@�B	��T�Q(]^B<JPEWJPT�@�F�O>Q�Bk#7B<Q���fg#<N�]�NPB	��G�@�Tv�>?Uu%?�B<@�yVBkG(BWJPB<Q(@KG�Q(@�E7BkG(BW]�NPB���RsBkG(E7#<JXN��ÞG�Q
CYIM@�#¥I�#<?AQ�B<JK#7Tiy	yVB	��#7B<@LIÞ]^B<@�Fq�%���%���p#�_.B7FA?VCbT�Q(@�O>Q�T�N\Tv��C(@�B	��G�@LIÝ#7B<?A?�B¥G�IM?�Bh#7Tiy	yVB¦G(Er�(Q(?SG(B�J�I
?A@LI���FANX?ANPTv�s�
aKT�Q�FhB7F�FLI1�^Tv��F¦IMJPT�@�F¦G(B[]^T�NX@¦J�I5]�IMJPB<Q(@h#7Tiy$CYIM?ANw�(JPB�G,_ N��>]^B	��?LIMNX@�B y%I»��Nwy%IMJDB	��bedfd`g O�Qs_ NXJ�B7FA?

C�T�FLFANw�(JPBDG,_.B	��]�NPF*IMi^B<@aCYIM@\@�EZI�#<?�B<Q(@aNPF�T�i^E	��E<@LIM?�B<Q(@Z�,B<?H#7B7#<N�I7]^B7#kG�N��,E<@�B	�>?�FaF�#7E	�YIM@ANPT�FaG(BWG(E<C(JPT�NPBryVB	�>?
G(B�#7B<Q���fg#<Nl���KN��bE<@�B	��?�F;F�#7E	�YIM@ANPT�F;C�B<@�yVB<?A?A@�Tv��?�IMJPT�@�F�G,_.B��bB7#<?AQ�B<@�J�I1?A@LI���FANX?ANPTv�DIZ]^B7#�Q~��N���]^B	�>?LIMNX@�BpN��(NX?AN�IMJ
y%I»��Nwy%IMJ(B	�ibedfd`g�G�N��bE<@�B	��?��"#�_.B7FA?�C�T�Q(@�O�Q�T�N���T�Q�F�n�B<@�Tv��F�IMJPT�@�F�]�IM@ANPB<@�Jl_ N���]^B	�>?LIMNX@�B1N��(NX?AN�IMJ�G,_cbedfd`g�@�B7O�Q(NPF
CYIM@e@�EZI�#<?�B<Q(@Z��R�_ N��>]^B	��?LIMNX@�B�y%I»��Nwy%IMJ�B	� bedfd g CYIM@e@�EZI�#<?�B<Q(@\O�Qs_ Q~�¦F�#7E	�YIM@ANPT%G(Tv�~��EUB7FA?eB	��yVB7FAQ(@�BDG(B
]�IMJXNPG(B<@rB7FA?�G(Tv��#eQ~�V@�E7FAQ(JX?LIM?pG(BdJl_.E<?AQ�G(BeB<?���Tv�%Q~��BeG(Tv�~��E7BeG,_.B	��?A@�E7B í #7Bd@�E7FAQ(JX?LIM?�CbB<@�yVB<?A?A@LIUIMJPT�@�FrG(B
F�B<JPB7#<?ANPTv�~��B<@UJPB7FU#7Tv��#7B<C(?�F�G(Bk@�EZI�#<?�B<Q(@�F�NPF�T�i^E	��E<@LIM?�B<Q(@�FW#7Tiy$CYIM?ANw�(JPB7FDIZ]^B7#$JPB$F�#7E	�YIM@ANPThG(Bk?A@LI���F�NX?ANPTv�
E<?AQ�G�NPE��
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� B7F�F�#7E	�YIM@ANPT�FpG(BeG(E<C(JPT�NPBryVB	�>?1F�Tv�>?rG�NX@�B7#<?�BryVB	�>?rN���FAC(NX@�E7F�G(B7FpF�#7E	�YIM@ANPT�F�B���NPFA?LI��>?pC�T�Q(@�JPBdG(E<C(JPT�NPB�f
yVB	��?VG(B7F	²eEZI�#<?�B<Q(@�FVu$a\B<Q(?A@�Tv��FQ²\IMC(NPG(B7Fhj�²�aa²KoDIMQ�F�T�G�NXQ_y E<?AQ�G�NPE7FVCYIM@$JPB � Ú � B<?$Ú�G¢æ�j
åc�^�»æg�
åc�%�»æ3o��
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aKT�Q�F¡��T�Q�F%N��>?�E<@�B7F�F�Tv��FSuÞG(B7F%F`¢�FA?`j	£VB7F�k1t
/
bedfd`g n�Tv��#<?ANPTv�~�YI��>?mB	� FACbB7#<?A@�BhG(B¤��B<Q(?A@�Tv��F%?At�B<@
f

£$NPO�Q�B7FeG�Qº?¥¢�C�B�²eEZI�#<?�B<Q(@Hu Û B<JPFÄæ�Tv��G�Q�F$j§¦©¨X»�o�� � BD#7Tv��#7B<C(?KG(BU@�EZI�#<?�B<Q(@\C(@�E7FLB	�>?�BDJl_`I7]�I��>?LIMi^BkG,_ Q~�
N���]^B	�>?LIMNX@�BmhYF�FANXJPBWN��(NX?AN�IMJ�?At�E7T�@ANPO�Q�B	£VB	�>?HnlIMNw�(JPB���R;B7FaE<?AQ�G(B7F[£VB	��E7B7F�IMQÞRs� Û~� j
å`� � æg�Xå`���Mæ3oeFAQ(@H#7BD?ª¢�CbB
G(BdF`¢�FA?`j	£VB\B7FA?AN�£VB	�>?rJl_ N��>]^B	��?LIMNX@�B�£$N��(N�£%IMJ�G,_«bedfd�g uaB	�>]�NX@�Tv�qQ~��Be?�Tv�~��BeCbT�Q(@�Q~�q@�EZI�#<?�B<Q(@rG(B ø �Ä�ÝB
NPF�T�i^E	��E<@LIM?�B<Q(@euWFACbB7#<?A@�BHG(B���B<Q(?A@�Tv��F1?At�B<@�£$NPO>Q�B7FZ��N���F�C(NX@�EKG�Q�#7Tv��#7B<C(?eI�£VE<@ANP#ZIMN��¦¼ Û«¬ ²èG(B7FcI��~��E7B7F
ø �^�v���
��ÑwÓ,Ñ�â � Õ¥�I� Ö � × ¸ � �g�^Õ¥­#�T¸�Ø��^Õ¥�gÕ��Mä��
aKT�Q�F$I7]^Tv��FZ��G�I���FkJPBS#�tYIMC(NX?A@�BmC(@�E7#7E7G(B	��?Z��B	��#ZI�G�@�ESJPB7Fi®(NXJ�I���FWG(BSC(@�T�G�Q�#<?ANPTv��G,_cbedfd�g B<?$G,_ N���#<N�f

��E<@LIM?ANPTv�£G(B�C(JXQ(?�Tv�(NXQ~£ B	��JPB7Fq#ZIMJP#<Q(J�I��>?�uÞG(B<Q���N���FA?LI��>?�FSG(B�Jl_.E<]^T�JXQ(?ANPTv�£G�N��bE<@�B	��?�F í N���FA?LI���?�FqO�Q(N
#7T�@A@�B7FACbTv��G(B	�>?HukG(B<Q��S?LIMQ��hG(Ba#7Tv£y®(Q�FA?ANPTv�ºukJ�IkG(E7#LtYIM@Ai^BUG�N��,E<@�B	�>?�Fm�

•
R;B�C(@�B	£$NPB<@HB7FA?eCbB7F�FAN�£$NPFA?�BU#ZIM@eNXJ�FLT�Q�F
fgB7FA?AN�£VB�JPBU?LIMQ��¦G(BU#7Tv£y®(Q�FA?ANPTv�ºB	����BU#7Tv��FANPG(E<@LI���?HCYI�F
J�IVi^B7FA?ANPTv�¦CYIM@en3@LI�#<?ANPTv�~��B	£VB	��?aG�Q¦#°¯HQ(@Z���aI���F\#7BU#ZI�FZ�(J�IVC(@�T�G�Q�#<?ANPTv�ºG,_cbedfd`g B7FA?dC(JXQ�F\i�@LI���G(B
CYIM@�Q~�(NX?�EeG,_.E	��B<@Ai�NPB�£%IMNPF�Tv�%IMQ(@LIHB<Q¡®�B7FLT�N��s��C�T�Q(@�B	�WnlI�®(@ANPO>Q�B<@�Q~��BcO�QYI��>?ANX?�EdG(Tv�~��E��>G,_ Q(?ANXJXNPF�B<@
Q~��B�C(JXQ�Fci�@LI���G(BUO�QYI��>?ANX?�E�G(B�C(JXQ(?�Tv�(NXQ~£òG(Tv�>?eJl_ N���#<N���E<@LIM?ANPTv���s_`IMQ(@LIkCYI�FeE<?�E�T�C(?AN�£$NPF�E7B��

•
R;BeG(B<Q���N�j	£VB\CbB<Q(?��<?A@�BK#7Tv��FANPG(E<@�EKT�C(?AN�£$NPFA?�B í NXJ�#7Tv��FANPG~j<@�B\Q~��B\i^B7FA?ANPTv�Su9��#	¢�#<JPB7FpG�Qm#7Tv£�®(Q�FAf
?AN�®(JPB��(O�Q(NbJPBHC(@�T�JPTv�(i^BaG(B_�%�z±ñCYIM@c@LIMC(C�T�@A?eIMQ�#ZI�F1C(@�E7#7E7G(B	�>?\B<?cIM?A?�B<N���?eG(B7F1]�IMJPB<Q(@�FcG,_.B	�>]�NX@�Tv�
² �"�Ä��ì`³»?Z��#7B%O�Q(NpB7FA?kIMQ�ì
T�Q(@�G,_ t�Q(Nc#7Tv��FANPG(E<@�E%Q~�½?LIMQ��¤G(BS#7Tv£�®(Q�FA?ANPTv��B<JPB<]^ESO>Q(NrFAQ(C(C�T�FLBVJ�I
?�B	��Q�BDG(B7F�£%IM?�E<@AN�IMQ��¥G(B�FA?A@AQ�#<?AQ(@�BWuV#7B<?A?�B�ë�Q�B	��#7B���´�]^B7#�Q~��BUO�QYI��>?ANX?�EDG(B�C(JXQ(?�Tv�(NXQ~£�G(Tv�~��E7B
Tv�hn�I�®(@ANPO�Q�B<@LI���B	�hC(JXQ�FdG(B�?�B	£$C�FZ�(C(JXQ�FeG,_ bedfd gW�H°?>&IBG*x&I�CRK£@�Mz@�I4G*>WKNMz@�]NO�IB²PV&>
@±@�>Pø`}\TUF7@�ø�µ&I�>
I�>&G*F�X`@�TJG*x&I�>WX`@�x&I4AJM7XJIBKN>º@�>
� @�>�>WX`@�G*>�TRM¢G�>[X`@�øAµWI�>&IBT?F�CJGBK£MPI�CJ]£@�>!AR>�KNM§AR]NI�V&CJI�I�]NF`X��
aKT�Q�FdB��,B7#<?AQ�Tv��F\IMJPT�@�F\#�tYI�O�Q�B�#ZIMJP#<Q(J�G(B�FL#7E	�YIM@ANPTVB	�¦#7Tv��FANPG(E<@LI���?\#7B7FeG(B<Q���?LIMQ���G(B�#7Tv£�®(Q�F�?ANPTv�

G�N��,E<@�B	�>?�FduUJ�IWG(E7#�tYIM@Ai^BHCbT�Q(@1#LtYI�O>Q�BK?ª¢�CbBHG(BK#7Tv£y®(Q�FA?AN�®(JPB_k1t���Qs�~aKT�Q�FcI7]^Tv��F1C(@ANPF1JPB7Fr@�E7FAQ(JX?LIM?�FcG(B
��T�F\#ZIMJP#<Q(JPFe#7T�@A@�B7FACbTv��G�I��>?�IMQ��h#ZI�F�k1t���Q�n ��ô -°r�¶«s�rkux���c�z±óB<?dJPBU#ZI�F[k1t���QpoJq ÷¸· 8 r�¶%¹Þu ø	� ±�CbT�Q(@
NXJXJXQ�FA?A@�B<@�JPB7F�#ZIMCYI�#<NX?�E7FpO�Q�B1CbB<Q(]^B	�>?rIZ]^T�NX@pG(B7F�@�EZI�#<?�B<Q(@�FpuaBZIMQVJPE<izj<@�BeB	�V?�B<@�£VBeG(BcC(@�T�G�Q�#<?ANPTv�%G,_ bedfd gW�
�aI���F�JPB%#ZI�FUG�Q���Q oJq ÷��;#7B<?A?�BV?�B	��B<Q(@DB7F�?U#7Tv£$CYIM?AN�®(JPBSuhJ�Im?�B	��B<Q(@DO�Qs_.Tv��F"_`IM?A?�B	��G�uhIZ]^T�NX@UCbT�Q(@UQ~�
C(JXQ(?�Tv�(NXQ~£çG(BU#7BH?¥¢�C�BaO�Q(N;IMQ(@LIkQ~�*ºMi^B_£VT�¢^B	�¦#7Tv£$C(@ANPFeB	��?A@�B��kB<?[»%�$I���FeIMQhG(E	®(Q(?eG�Q¥F�#7E	�YIM@ANPTVG(B
?A@LI���FANX?ANPTv�s�

ø �%�



k�¢�CbB k1t���Q n ��ô j�ìAB<Q~��B"o k1t���Q oJq ÷rj3]�NPB<Q��Yo
k�B	��B<Q(@ ���c��± ø	� ±
k�IMQ��¤£VT¼¢^B	�¥G(Ba#7Tv£y®(Q�FA?ANPTv�¥B7F�?AN�£VE%j

τm
o » � � �;� À � À ³ � �x�Ä��ì`³»? � � � �;� À � À ³k�%���Ä��ì`³»?

τd
ßgCbB7F�FAN�£$NPF�?�B�à$j

τd = τm
o » � � �;� À � À ³ � �x�Ä��ì`³»? � � � �;� À � À ³k�%���Ä��ì`³»?

τd
ßwT�C(?AN�£$NPF�?�B�àVj

τd = 1.5 × τm
o � �c� � � �;� À � À ³ ² »��Ä��ì`³»? » � � �;� À � À ³ � ���Ä��ì`³»?
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RsBr?LI�®(JPBZIMQ ² � ø @�E7FAQ~£VBrJPB7F�N���FA?LI��>?�F�JPT�@�F�G(BrJl_.E<]^T�JXQ(?ANPTv�%IMQ���O�Q�B<JPF�Tv�$B��bB7#<?AQ�BrJPB7F�®(NXJ�I���F�G(B�£%IM?AN�j<@�B

O>Qs_.Tv�½#7Tv��FANPG~j<@�BVNP#<Nl��RsB7F�?LI�®(JPBZIMQ�� ² �`�¥u ² � � @LIMC(CbB<JXJPB	�>?WNP#<N�JPB7F�®(NXJ�I���FDG(B$C(@�T�G�Q�#<?ANPTv�5G,_ bedfd g B<?WG(B
#7Tv��F�Tv£¡£%IM?ANPTv�[G(BHC(JXQ(?�Tv�(NXQ~£òG(E�ì�ukE<?LI�®(JXNPFdCbT�Q(@e#7B7FdG(B<Q��m?¥¢�C�B7FdG(BU#7Tv£�®(Q�FA?AN�®(JPB7FZ�

a\T�¢>IMQ Ì¥��]^B	�>?LIMNX@�BmÌ�jf»$I���F*o
∆ = I(3) − I(0) ∆/E

jÎÍ�iÆ³%�Ä�ÝB��`I���o
242 ��Q ��� ² ��B"ÈÏ�%»$i ���c����B"ÈÏ���$i ø � ² �MB"ÈÏ� ø
241 ��Q ��� ø ��B"ÈÏ�%»$i ø �`� ø B"ÈÏ�%»$i ���c�%��B"ÈÏ� ø
240 ��Q ���c����B"ÈÏ�%»$i f ø � � �MB"ÈÏ�%»$i fª���c����B"ÈÏ� ø
239 ��Q ��� ² ��B"ÈÏ�%»$i f ø �c����B"ÈÏ� � i f ø �c�%��B"ÈÏ�%»
238 ��Q ² �c� � B"ÈÏ���$i fª»��c� � B"ÈÏ� ø i fw���c�%��B"ÈÏ�%�
� Tv��F�Tv£¡£%IM?ANPTv�¥��Q À À f ø �c�%��B"ÈÏ�%»
233 g ² � � ��B"ÈÏ�%»$i ² � � ��B"ÈÏ�%»$i »�������B"ÈÏ���

½�Ì�¾�¿ ² �`� À & 8ÎÇ�t s~}y{�r�Â |�w {v¶~Ä 698ew s?{ : µÑÐÒÐ ±¸r 6 {�rmÄ w s~} wvuiuxt�698fw sH{�r�Â Ç ¶ 6§w s 8 ¶ uz¸�Ó¤t s~}y{ : 8Î|Ã|�t { 8ft�698fw sÂ w ¶ | ¶«s"Ä wvu�Å ¶�} 698fÅ	Ç r ü�²�³ ©;ª�«�¶ ¸lÅ�t }¼ri{�r «�¶ 8$9�: � -°r	¶Æs�r�� ¸q­�=�®�¯ {�r 6 r�s�r	¶ | r	sh«Ô¶ =

��ÑgÓ,Ñ3Ò Õ 2 ��Ö©×z�Ø­�Ù�Ú�Ù × ÚËÛ�Ü©Ù�Ú × Ú�Ù�ÙvÝ�ä Ö Ü]Þ>Õ¥ÖAÙhÕ¥Ý(Õ�ÝßÖ Ö ÙMÕ × äpÞ>ä�Ù
R�_.E<?AQ�G(BDG(B�F�#7E	�YIM@ANPT�F\B7FA?e#7Tv£$C(JPB��(BUB<?à��E7#7B7F�F�NX?�B_®�BZIMQ�#7T�Q(CºG,_ t�¢�C�T�?Atpj7FLB7FeG(Ba?A@LIZ]�IMNXJl��ÌgJ©��BDFZ_`IMi�NX?

CYI�FZ�%®(NPB	�SB	�>?�B	��G�Qs�>G(BdC(@�E7G�NX@�BdJl_.E<]^T�JXQ(?ANPTv�mG(BcJ�IHCbT�JXNX?ANPO>Q�B���Q�#<JPEZIMNX@�B\G,_ Q~�%CYI°¢�FZ�%£%IMNPF�G(ByÄ w s�ÄXr · w�8Î| B<?{ : 8áÇÎÇ ¶Æ} 6e| r | G(B7Fr#Lt�T�N��qCbT�F�FAN�®(JPB7F1G(BH#7BHO>Q(NbF�B<@LIMNX?1C(t�¢�FANPO�Q�B	£VB	�>?c@�EZIMJXNPFLI�®(JPBHG�I���F1JPB7F1G(E7#7B	�~�(NPB7FeuU]^B	�(NX@
FANsJ�IW]^T�JPTv��?�EDG,_`IMJXJPB<@d]^B<@�FeQ~�¦#	¢�#<JPB�G�Q�?At�T�@ANXQ~£òB���NPFA?�B�� � B7#<Ns@�B7O�Q(NPB<@A?eG(BÏh(�(B<@e#7B<@A?LIMN���B7F\t�¢�C�T�?Atpj7FLB7FZ�
� B<JXJPB7FeO�Q�BÏ��T�Q�F\I�G(T�C(?�Tv��FZ��C�T�Q(@d?�T�Q(?�B�J�IkFAQ(NX?�B���F�Tv��?e#7T�t�E<@�B	�>?�B7FHI7]^B7#aJPB7Fe#<@ANX?`j<@�B7FeFAQ(NX]�I��>?�Fy�

•
k�T�Q(?�B�?A@LI���FANX?ANPTv�¥?�B7#�t~��T�JPT�i�NPO�Q�BD]^B<@�FeQ~����T�Q(]^BZIMQº?¥¢�C�B�G(B�@�EZI�#<?�B<Q(@KT�Q¦G(BD#7Tv£�®(Q�FA?AN�®(JPBmj9O�Q�B
#7B\F�T�NX?�Q~�V@�EZI�#<?�B<Q(@1uaBZIMQ%JPE<izj<@�B\G(B�»�â%i^E	��E<@LIM?ANPTv�SQ(?ANXJXNPFLI��>?rG(B7F�#7Tv£y®(Q�FA?AN�®(JPB7FÔk1t���QqT�QVQ~�q@�E�f
I�#<?�B<Q(@1uaF�B<JPF�n�Tv��G�Q�F�G(B � â i^E	��E<@LIM?ANPTv��o�N�£$C(JXNPO�Q�BdQ~�%N��>]^B7FA?ANPF�FLB	£VB	�>?1F�#<NPB	�>?AN�hYO�Q�B��^?�B7#Lt~�(NPO>Q�BKB<?

ø � ø



aKT¼¢>IMQ Ìª�>]^B	��?LIMNX@�B�Ì<j � �c�VI���F*o
∆ = I(4.5) − I(0)

j3i�o
∆/E

jÎÍ�iÆ³%�Ä�ÝB��`I���o
242 ��Q ���`����B"ÈÏ�%»$i ² ��� ² B"ÈÏ���$i ��� ²�ø B"ÈÏ� ø
241 ��Q � � ��² B"ÈÏ�%»$i � �c� � B"ÈÏ���$i ø �c�^�MB"ÈÏ� ø
240 ��Q ² �`�%��B"ÈÏ�%»$i fª»�� � �MB"ÈÏ�%»$i f ø �c» � B"ÈÏ���
239 ��Q »��c�%��B"ÈÏ�%»$i fw���c»%»�B"ÈÏ� � i fª���`����B"ÈÏ���
238 ��Q ² � ² ��B"ÈÏ���$i fw�����v»�B"ÈÏ� ø i f ø �c� ² B"ÈÏ�%�
� Tv��F�Tv£¡£%IM?ANPTv�º��Q À À fw���`�%��B"ÈÏ���
233 g ���c�%»�B"ÈÏ�%»$i ���c�%»�B"ÈÏ�%»$i »�� ø ��B"ÈÏ���

½pÌ�¾�¿ ² �c» À & 8ÎÇ�t s~}�{�rØÂ |�w {v¶~Ä 698fw s*{ : µÑÐÒÐ ±ãr 6 {ÆrÏÄ w s~} wvuiu¡t^698ew s¤{�rØÂ Ç ¶ 6§w s 8 ¶ u�¸���=�®it s~}[{ : 8Î|Ã|�t { 8ft�698fw sÂ w ¶ | ¶«s#Ä wvu�Å ¶Æ} 698§Å�Ç r�ü¤²�³ ©;ª�«�¶ ¸lÅ�t }¼ri{�r «�¶ 8$9�: � -¼r�¶Æs]r�� ¸q­�=�®�¯ {�r 6 r�s]r�¶ | r�s¦«�¶ =
a\T�¢>IMQ Ì¥��]^B	�>?LIMNX@�ByÌ�j��$I���F*o

∆ = I(2) − I(0) ∆/E
jÎÍ�iÆ³%�Ä�ÝB��`I���o

242 ��Q ��� ² ��B"ÈÏ�%»Vi fw�����v��B"ÈÏ� ø i fª���c�%��B"ÈÏ�%�
241 ��Q ���c�^�MB"ÈÏ�%»Vi ��� øVø B"ÈÏ���$i ø �c�%»�B"ÈÏ� ø
240 ��Q ø �c�%��B"ÈÏ� � i fw���c�^�MB"ÈÏ�%»$i fw���c�%��B"ÈÏ���x�
239 ��Q ø � � ��B"ÈÏ� � i f ø �c�^�MB"ÈÏ� � i fw���c»%»�B"ÈÏ���
238 ��Q ��� ²�ø B"ÈÏ�%»Vi fª»��`�^�MB"ÈÏ���$i fw���c� � B"ÈÏ� ø
� Tv��F�Tv£¡£%IM?ANPTv�¥��Q À À f ø �`�%��B"ÈÏ�%»
233 g � �c� ² B"ÈÏ�%»Vi � �c� ² B"ÈÏ�%»$i »��`� ² B"ÈÏ���

½pÌ�¾�¿ ² � �¡À & 8ÎÇ�t s~}y{�r�Â |�w {v¶~Ä 698fw s?{ : µÑÐÒÐ ±¸r 6 {ÆryÄ w s~} w%umuxt�698fw sH{�r�Â Ç ¶ 6§w s 8 ¶ uz¸L��t s~}y{ : 8Î|Ã|�t { 8ft�698fw sÂ w ¶ | ¶«s#Ä wvu�Å ¶Æ} 698§Å�Ç r�ü¤²�³ ©;ª�«�¶ ¸lÅ�t }i{�r «�¶ %R'�) ¸¤ä �,¯ {�r 6 r�s�r�¶ | r�sh«�¶ =
N���G�Q�F�?A@ANPB<J�#7Tv��FANPG(E<@LI�®(JPB��ß´\N���FANYTv�qC(@�B	��G�@LIDB	�q?LI��>?1O>Qs_ tÆ¢�CbT�?Atpj7F�B\G(Bà®YI�F�B\O>Qs_ NXJ��s_.B7FA?�CYI�FrB	�>]�N�f
F*IMi^BZI�®(JPBdG,_.B	�>?A@�B<?�B	�(NX@rJPBcG(E<C(JPT�NPB	£VB	�>?1FAN�£UQ(JX?LI���E\G(BcG(B<Q��V#7Tv��#7B<C(?�F�G(B1@�EZI�#<?�B<Q(@�F�@�E<i^E	��E<@LIM?�B<Q(@�F
G�N��,E<@�B	�>?�F"�

•
�aI���F\Q~��B�CbB<@�FACbB7#<?ANX]^BDG,_ Q(?ANXJXNPFLIM?ANPTv�[G,_ Q~�[#7Tv£�®(Q�FA?AN�®(JPB(å[æ�ç 6 ª wv|*8 É<��NXJA��T�Q�FKF�B	£�®(JPBW#7T�t�E<@�B	�>?
G(BKFAQ(C(CbT�F�B<@�Jl_`IM@A@`�<?1G�QSC(@�T�i�@LI�£¡£VB�å[æ�ç[#7Tv�>]^B	��?ANPTv�~��B<Jpj3Q(@LI��(NXQ~£kflC(JXQ(?�Tv�(NXQ~£qocIMQqC(JXQ�Fp?LIM@�Gmu
J�IWG�IM?�BaG�Q�G(E	®(Q(?dG(BKJ�ID?A@LI���FANX?ANPTv�s�~a\T�Q�F1B	��#ZI�G�@�Tv��FeIMJPT�@�FÔ��T�FcFL#7E	�YIM@ANPT�F1CYIM@dG(B<Q��qt�¢�CbT�?Atpj7F�B7F
G(Bp?A@LI7]�IMNXJ©�ZQ~��BrC(@�B	£$N�j<@�Brt�¢�C�T�?Atpj7FLBpO�Q(N�FA?ANXC(Q(JPBrJl_`IM@A@`�<?�G�QDC(@�T�i�@LI�£¡£VB[å[æ�çhueJ�IdG�IM?�BcI�#<?AQ�B<JXJPB��
B<?eQ~��B�G(B<Q���N�j	£VBUO>Q(N©�s_.B	��]�NPFLIMi^BU#7B<?\IM@A@`�<?eO�Qs_`IMQ¦G(E	®(Q(?eG(BHJ�IkCbE<@ANPT�G(BaG(B�?A@LI���FANX?ANPTv�s�

•
ÚØ�ßhp�s�p��T�Q�FeF�Q(C(C�T�F�Tv��F\O>Q�B�J�Ik]^T�JPTv�>?�EDG(B�i>IM@�G(B<@KIMQ*£$N��(N�£UQ~£�#7Tv��FA?LI��>?�BDJ�IkC(Q(NPF�FLI���#7BUE<JPB7#�f
?A@�T�izj	��B�G,_.T�@ANXi�N���B���Q�#<JPEZIMNX@�B���]^T�NX@�BSG(BqJl_`IMQ(i%£VB	�>?�B<@Z��B���NPFA?�B�� � B7#<NcFAQ(C(CbT�F�B%JPBq@�B	��T�Q(]^B<JXJPB	£VB	�>?
#7Tv��?AN��>QmG�QVCYIM@�#eI�#<?AQ�B<J�CYIM@�Q~�VCYIM@�#dG(Bc@�EZI�#<?�B<Q(@�FpG(Bc?A@LI���FANX?ANPTv�SG(Bà» â i^E	��E<@LIM?ANPTv�s�ÆaKT�Q�F�FAQ(C(CbTMf

ø ���



F�Tv��F\#7BaCYIM@�#U#7Tv��F�?ANX?AQ�E�G(B�@�EZI�#<?�B<Q(@�FHu$BZIMQhJPE<izj<@�BDO>Q(NsCbB<Q(]^B	�>?��<?A@�BUI�F�FAN�£$NXJPE7FKu$G(B7Fd@�EZI�#<?�B<Q(@�F
G(Ba?ª¢�CbB�èpép¦��

�#Ü�×%Ú�Ù*Ý~�gä�Ú~×$Ü]Ý«×%ÚYØ�Þ�Ù × ØêÙ�Ý�ä Ö Ü]Þ>Õ§Ö × Ú6×%ÞzÜ Ö Ù�Õ§×�Õ¥Ö Ö
RsB7Fpt�¢�CbT�?Atpj7F�B7FrC(@�E7#7E7G(B	�>?�B7FdFAQ(C(CbT�F�B	��?1IMJPT�@�FrJl_.B���NPFA?�B	��#7B\G(B\?A@�T�NPF�n�I�£$NXJXJPB7F1G(B\@�EZI�#<?�B<Q(@�F1C�B	��G�I���?

J�Ik?A@LI���FANX?ANPTv�¦O�Q(N©��T�Q�FdN���?�E<@�B7F�F�B�� � B7Fd@�EZI�#<?�B<Q(@�F\F�Tv��?Z��B	�¤��T�Q�FdN���F�C(NX@LI��>?eG�Q¦#ZI�Fcn3@LI���ÜZIMNPFy�
•
RsB7Fe@�EZI�#<?�B<Q(@�F\G(BU?¥¢�C�Bm¦©èpéhG�Q¥CYIM@�#DI�#<?AQ�B<Jl��O>Q(Ns]�NPB	�~��B	�>?au$G(E7#<@�T�ëP?A@�Bku$CYIM@A?ANX@KG(BaJ�IVG�IM?�BDG(B
�%���%�ßì�a\T�Q�FUC(@�B	��G�@�Tv��FDQ~��BqG(E7#<@�T�NPF�FLI���#7BqG(Bq�*�Ä�ÝB%CYIM@DI��½u�CYIM@A?ANX@WG(BV#7B<?A?�BqG�IM?�B��;F�T�NX?DQ~�
@�¢�?At~£VBKC(JXQ�Frn�IMN�®(JPBKO>Q�BH#7B<JXQ(NsI7]^B7#KJPB7O�Q�B<J,#7B7Fp@�EZI�#<?�B<Q(@�FcTv��?dE<?�EeN���F�?LIMJXJPE7F_��NXJPFcIMQ(@�Tv��?Z��C�B	��G�I���?
JPB<Q(@D]�NPB��s#7Tv�~��Q�Q~�¤C(@�T�JPTv�(i^B	£VB	�>?$G(BVJPB<Q(@UG�Q(@�E7BqG(BV]�NPB%u � �hI���FWB	�H£VT�¢^B	�~��B%ì8í[�?î~ï`ð	�pñßïXò
ó ð	ô~ï�ñpò�õ`ð�ñ~ðöñß÷�ø�î�ò�ï�÷�õ�÷�ùv�*ð	�¥�%�%�%�ßì

• ú ð°øØï`û¼òvü	õ`ð	ô~ï`ø�ýÏð¼ò�ô ó û	þzj	ï`ðàñ~ðà» â þzû	�pû	ïXò�õ�÷�ùv�s�zñ~ðÔõ¥¢«î�ð�è�ép¦��zÿÆô~÷~î~ï`ð	�~�pð	��õ ó ò�ï`ð ó j��zð[ý�î�ò�ï�õ�÷�ï�ñ~ð�%���%����ð	õ�ñ~ùv�Æõ ó�� � ¢«î�ùvõ � j°ø`ðmð°ø`ø`ð	�Æõ�÷�ð ó�ó ðið°ø�õ[ÿÆô � ÷ ó ø[øXùv��õÏü � ò�ï�þzû°ø_ð	�*î�ò�ï�õ�÷�ð¡ò��zð°üyñßô"ü°ùv£�®~ôpø�õ�÷�® ó ð
¼#í ¾ k ��� ô�ì � ùvô~ïàü°ð°øÔï`û¼òvü	õ`ð	ô~ï`ø�� ó ðÏõXò�ô
	�ñ~ð�õ�ïXò��pü � ð°ø[ü	ï`û°û°ð°øÔî�ò�ï�ò����~ò�÷��pø�÷©ÿ�ôpð ó òmî~ï`ùvî]ùvï�õ�÷�ùv�
ñßô�ü°¯Ïô~ï�ÿ�ô~÷�ô~õ�÷ ó ÷�ø`ðàñßô uxw ¹
��� w%|�� É[ø`ùv��õ�ñ~ð°øØñ~ùv�~�pû°ð°ø�ñßô(ø`ü°û	��ò�ï�÷�ùyý��%ò ó ÷�ñ~ð	ï¼ìza�ùvôpø�ü°ùv�pø�÷�ñ~û	ï`ùv�pø
ô~�pðöñßô~ï`û°ð�ñ~ð��Æ÷�ð_ñ~ð ² ��ò��pø�î�ùvô~ï[ü°ð°ø�ï`û¼òvü	õ`ð	ô~ï`ø¼ì

•
ÚJ�ßhp�$ð	õà®~÷�ð	��ð	�Æõ`ð	�pñßô�� ó ð°ø[ü°ùv�pü°ð	î~õ`ø[ñ~ð�ï`û¼òvü	õ`ð	ô~ï`ø�÷�øXùvþzû	�pû	ïXò�õ`ð	ô~ï`ø[ñ~ð�õ¥¢«î�ðy¦©¨��lñ~ùv��õ ó�� ÷����zð	�
�
õXò�÷�ï`ð_÷��~÷�õ�÷ ò ó ð	��bedfd�g ð	õ ó òiñpò�õ`ðöñ~ð ó ð	ô~ï�ð	�Æõ�ï`û°ðöð	�*ø`ü°j	�pð_ø`ùv�Æõ�ñ~ð°ø � ¢Æî]ùvõ � j°ø`ð°ø�ñßô�ø`ü°û	��ò�ï�÷�ù~ì
a�ùvôpø�î~ï`ð	�pùv�pø��«ò�hp��ñ~ð[ø�÷�£¡î ó ÷�h�ð	ï ó ð[ïXò�÷�ø`ùv�~�pð	£xð	��õ��«ô~�pð[î~ô~÷�ø`øXò��pü°ð�û ó ð°ü	õ�ï�÷�ÿ�ôpð�ñ~ð����Ä�2î]ùvô~ï�õ`ùvôpø

ó ð°ø�ø�¢ßø�õ`j	£xð°ø��~ò�÷��pø�÷�ÿ�ô � ô~���§òvü	õ`ð	ô~ï�ñ~ðöü � ò�ï�þzð�ñ~ðö�%�z±�ì

V�� � !#" Z%$m\_^y\'&X\'(')+*

ú ð°øiø`ü°û	��ò�ï�÷�ù%ø�ÿ�ôpð ó�� ùv�Ëî~ï`û°ø`ð	��õ`ðl÷�ü	÷�ø`ùv�Æõxû ó ò�®�ùvï`û°ø¡ð	�Ëî~ï`ð	��ò���õxð	�Èü°ùv£¡î~õ`ðlô~�Ë£xù«ñ~j ó ð�ÿÆô~÷Ôñ~û,�ü°ùv£¡î~õ`ð-��ýlü � òvÿ�ôpð�÷��pø�õXò���õmñ~ð ó òlõ�ïXò��pø�÷�õ�÷�ùv��� ó ð°øö®~÷ ó ò��pøyñ~ð¡£�ò�õ�÷�j	ï`ðxî~ï`û°ø`ð	�Æõ`ø¼ì ú ò�hpþ%ô~ï`ð ² ì.�¡÷ ó�ó ôpø`õ�ï`ðó ò$ñ~û	£�ò�ï`ü � ð¤ø�ô~÷.�«÷�ð-��ù0/ ó�� ùv�Ëñ~û°ü°ùv£¡î~õ`ð ó ò�î~ï`ù«ñßôpü	õ�÷�ùv� ñ � bedfd g ð	õ ó ò�ü°ùv�pø`ùv£¡£�ò�õ�÷�ùv� ñßô?î ó ô~õ`ùv�~÷�ô~£
ð	�?ü°ùv£y®~ôpø�õ�÷�® ó ð�1"í32 k ��� ô6ñpò��pø ó ð°øöï`û¼òvü	õ`ð	ô~ï`øiñ~ð�õ�ïXò��pø�÷�õ�÷�ùv��ì�a�ùvôpø�ü°ùv�pø`÷�ñ~û	ï`ùv�pø���øXð ó ùv� ó�� ÷��pø�õXò��Æõ
ñ~ð ó ò"õ�ïXò��pø�÷�õ�÷�ùv����ñß÷.�zð	ï`ø`ð°ø4�%ò ó ð	ô~ï`ø¡î]ùvô~ï ó ð��§òvü	õ`ð	ô~ï�ñ � ô~õ�÷ ó ÷�øXò�õ�÷�ùv� ñßô'ü°ùv£�®~ôpø�õ�÷�® ó ð$k ��� ô'ð	� ü°¯Ïô~ï¼ì
� ð5�fòvü	õ`ð	ô~ï��8ÿÆôpð��pùvôpøi�pùvõ`ð	ï`ùv�pø

F
��ð°ø`õ ó ð�ïXò�î~î]ùvï�õ¡ñ~ð ó ò$ÿÆô�ò���õ�÷�õ`û¤ñ~ðlü°ùv£�®~ôpø`õ�÷�® ó ð�ñ~ð�õ¥¢«î�ð�1#í62

k ��� ô?ò�ô�ü°ùv£y®~ôpø�õ�÷�® ó ð¡õ`ùvõXò ó ñpò��pø ó ðiï`û¼òvü	õ`ð	ô~ï�� ó ðiï`ð°ø�õ`ð¡û	õXò���õyñßôHü°ùv£�®~ôpø�õ�÷�® ó ð�7�æ�ç ü°ùv�8�zð	��õ�÷�ùv�~�pð ó ì
�Ïû�hp�~÷�ïàñß÷��]û	ï`ð	�Æõ`ð°ø3�vò ó ð	ô~ï`ø�ñ~ð

F
ø�ô~÷.�%ò���õ ó ð°ø�ñß÷��©û	ï`ð	��õ`ð°ø�î]û	ï�÷�ùÆñ~ð°øÔñ~ð ó òyõ�ïXò��pø�÷�õ�÷�ùv�¤�pùvôpøÔî]ð	ï�£xð	õ��Æî�ò�ï

ð,	ßð	£¡î ó ð-�Jñ � ùvî~õ�÷�£¡÷�øXð	ï ó ò�î~ï`ùÆñßôpü	õ�÷�ùv� ñ � bedfd g ð	�Ëî]û	ï�÷�ùÆñ~ðlñ~ð¤ñ~û	î ó ùv÷�ð	£xð	�Æõ�ñ~ð°ø�¦©¨���ùvô ñ~ð�î~ï`ù�hpõ`ð	ï
ñ � ô~�pðmî ó ôpø[þ%ïXò��pñ~ðyî~ï`ù«ñßôpü	õ�÷�ùv�"ñ~ðyî ó ô~õ`ùv�~÷�ô~£:9eð	�$ü°ùv£y®~ôpø�õ�÷�® ó ð;7�æ�ç;<,��î�ð	�pñpò��Æõ ó ð°ø�î]û	ï�÷�ùÆñ~ð°ø�ù0/ ó ð°ø
÷�ø`ùvþzû	�pû	ïXò�õ`ð	ô~ï`ø�ø`ùv��õ�ø`õXò�® ó ð°ø¼ì
´[÷��pø�÷�� ó ò5�vò ó ð	ô~ïöñßô=�§òvü	õ`ð	ô~ï

F
ü � ò��~þzð	ïXò�ò�ôHü°ùvô~ï`øöñßô#õ`ð	£¡îpø��©ø`ð ó ùv� ó òlø`õ�ïXò�õ`û	þ%÷�ðxñ~ðiî~ï`ùÆñßôpü	õ�÷�ùv�

�¼�%»



ñ � bedfd g¸ùvôxñ � ÷��pü	÷��pû	ïXò�õ�÷�ùv�(ñßôiî ó ô~õ`ùv�~÷�ô~£ òvñ~ùvî~õ`û°ð%ìÆí[�xü � ð	ï`ü � ð�ò ó ùvï`ø ó ð°ø>�%ò ó ð	ô~ï`øJñ~ð
F
ÿ�ô~÷~£�ò�	ß÷�£¡÷�ø`ð	�Æõ

ó�� ÷��8�zð	��õXò�÷�ï`ðà£�ò�	ß÷�£�ò ó î]ù%ø`ø�÷�® ó ðÔñ � bedfd`g¸î�ò�ï�¦©¨���ì � ùvô~ï�ô~�pð6�%ò ó ð	ô~ïØñ~ùv�~�pû°ðàñ � ÷����zð	�ÆõXò�÷�ï`ð�÷��~÷�õ�÷ ò ó ð	��bedfd�g?�
ô~�Hø`ü°û	��ò�ï�÷�ù¤ü°ùv�pø`÷�ø�õ`ðxò ó ùvï`øöð	�Hô~�pðiî~ï`ùvî]ù%ø�÷�õ�÷�ùv��ñ~ð¡ñß÷��©û	ï`ð	��õ`ð°ø��vò ó ð	ô~ï`øöñ~ð

F
ÿÆô~÷8î�ð	ï�£xð	õyñ~ðiþ�ò�ï`ñ~ð	ï

ñ~ð°ø�®~÷ ó ò��pøà£�ò�õ�÷�j	ï`ð�ÿÆô~÷©ï`ð	�pñ~ð	��õ ó òmõ�ïXò��pø`÷�õ�÷�ùv�*î]ù%ø`ø�÷�® ó ð%ì
a�ùvôpøöü°ùv�pø�÷�ñ~û	ï`ùv�pø�ô~��ñ~û°ü¼ò ó ò�þzð�ñ~ð(�¤ò��pøö�pû°ü°ð°ø`øXò�÷�ï`ð(ò�ôHï`ð,�Îï`ùv÷�ñß÷�øXø`ð	£xð	��õmð	õyý ó ò5�§ò�®~ï�÷�ü¼ò�õ�÷�ùv�?ñßô

ü°ùv£y®~ôpø�õ�÷�® ó ð-��ð	�Æõ�ï`ð ó ð°ø�÷����zð	�ÆõXò�÷�ï`ð°øiî~ï`ùÆñßô~÷�õ`ømð	õ ó ð°ø�÷����zð	��õXò�÷�ï`ð°øiï`ð°ÿÆô~÷�ø���ü°ð°ü	÷��pùvôpøöî]ð	ï�£xð	õyð	�6ùvô~õ�ï`ð
ñ~ð_î~ï`ð	�pñßï`ðyð	�*ü°ùv£¡î~õ`ð ó ò¡î�ò�ï�õ�ñ � bedfd g î~ï`ùÆñßô~÷�õ�î�ò�ï ó ò¡ñ~û°ü	ï`ùv÷�ø`øÃò��pü°ðöñßô bedfd � ò~ìpa�ùvõ�ï`ð�ò���ò ó ¢ßø`ðöø`ðÏh@	~ð
ò ó ùvï`ø��vü°ùv£¡£xðàøXü°û	��ò�ï�÷�ù_ñ~ð�õ�ïXò��vò�÷ ó � ó ò'�fùvï�£xð�ñ~ð°øJü°ùvô~ï�®]ð°øØñ~ðÔî~ô~÷�ø`øXò��pü°ð�÷��pø�õXò ó�ó û°ð�î�ò�ï8õª¢Æî]ð�ñ~ð�ï`û¼òvü	õ`ð	ô~ï¼ì

Parc REP Actuel

Comb.

MOX 

(U-Pu)
Combustible UOX

Parc EPR 3ème G.

Combustible UOX
Comb.

MOX ThPu

Parc RSF 4ème G.

Combustible Th-U233

Stock Pu(MOX)

  irradié 1 fois en MOX(U-Pu)

Stock Pu(UOX)

issu du combustible UOX 

Stock U-233
 

Stock Pu(MOX)

irradié 1 fois en MOX(ThPu) 

Stock Pu(UOX)

irradié 1 fois en MOX(ThPu) 

A6B�C�¿ ² ì.� ÀED rÃ},� �fw s�{v¶�Â Ç ¶F� w s � ¶ u {�rx{ � G É | r�sH�¥r�} wv|,��Ê0� s]rÃ}i{ t s~}m{v¶#Ä wvu�Å ¶Æ},� �§Å�Ç riå[æ�çJIK�0LÔ¶�Â w ¶ |iÇ�tÂ |�w {v¶~ÄM� �fw s#{KN O ÐÒÐFP { t sp} Ç rÃ} | É t ÄM�¥r�¶ | }
Q(r t ¶ Ç É Ê8R�| ri{Ær�S R	u r Ê É�s]É |Ñt � �ew sUTKV�Ä,�ßÉ uxtmÊ É�s�É |ÑtvÇ Â w ¶ | � w ¶Æ}
Ç rÃ}Ï}	ÄXÉ	s tv|,�ew }yÄ w s~} � {�É | ÉÃ}�T

�¼� �



WJ�$ø`ùvï�õ�÷�ð�ñ � ô~�$ø`ü°û	��ò�ï�÷�ù�ñ~ùv�~�pû-���pùvôpøÏò�ô~ï`ùv�pø[û	õXò�® ó ÷ ó òX�%ò ó ð	ô~ï�ýxü � òvÿ�ôpð�÷��pø�õXò���õ���î]ð	�pñpò���õ�õ`ùvô~õ`ð
ó òiî]û	ï�÷�ùÆñ~ð_ñ~ð_õ�ïXò��pø`÷�õ�÷�ùv���pñ~ð°øà®~÷ ó ò��pøàñ~ðö£�ò�õ�÷�j	ï`ðöø�ô~÷.�%ò���õ`ø��

• ú � ÷��8�zð	��õXò�÷�ï`ðmñ � bedfd`g={ � }§Â w s �fÅ�Ç r
• ú � ÷��8�zð	��õXò�÷�ï`ðmñ~ð_î ó ô~õ`ùv�~÷�ô~£¸ñ~ðÏõª¢Æî]ð � ô�n Y[Z�{ � }¥Â w s �§Å�Ç r
• ú � ÷��8�zð	��õXò�÷�ï`ðmñ~ð_î ó ô~õ`ùv�~÷�ô~£¸ñ~ðÏõª¢Æî]ð � ô oJq]\ { � }¥Â w s �§Å�Ç r
• ú � ÷��8�zð	��õXò�÷�ï`ðmñ~ð_î ó ô~õ`ùv�~÷�ô~£¸ñ~ðÏõª¢Æî]ð � ô�n Y[ZA¶Æ}°Émò�î~ï`j°ø�î�òvøXøXò�þzðöð	�"å[æ�ç^��� w%|�� É
• ú � ÷��8�zð	��õXò�÷�ï`ðmñ~ð_î ó ô~õ`ùv�~÷�ô~£¸ñ~ðÏõª¢Æî]ð � ôpoJq]\�¶Æ}°Émò�î~ï`j°ø�î�òvøXøXò�þzðöð	�"å[æ�ç^��� w%|�� É
• ú � ÷��8�zð	��õXò�÷�ï`ðmñ � ô~ïXò��~÷�ô~£_� w � t%Ç �pñpò��pø ó ð_ü	¢«ü ó ð-�pñ~ð ó òyh ó ÷�j	ï`ðök � /

bedfdXg`9�{ � }§Â w s �fÅ	Ç r;a ¶
� �áÇb� }°Éc<�ì
� ò�ï[{ � }§Â w s �fÅ	Ç r�ùv�xø`ùvôpød�¥ð	�Æõ`ð	�pñ¡÷�ü	÷ ó�� ÷����zð	�ÆõXò�÷�ï`ð�õ`ùvõXò ó 9eñ~ðÔî ó ô~õ`ùv�~÷�ô~£ ùvôxñ � bedfd�g�<�ÿÆô~÷��zý�ô~�¡÷��pø�õXò��Æõ

ñ~ùv�~�pû-��ð°ø�õJî~ï`�	õ�ýÏ�	õ�ï`ðàü � ò�ï�þzû[ð	�xï`û¼òvü	õ`ð	ô~ï¼ì�´[÷��pø�÷ ó òÏü°ùv��õ�ï�÷�®~ô~õ�÷�ùv�lñ~ð�£�ò�õ�÷�j	ï`ð�î~ï`ù«ñßô~÷�õ`ð�òÏô~�(ñ~û°ü¼ò ó ò�þzð
ñ~ð��_ò��pø�ò��vò��Æõ�ÿÆôpð�ü°ð ó�ó ð,�¥ü	÷�ø`ùv÷�õØü°ùv�pø�÷�ñ~û	ï`û°ðm{ � }¥Â w s �§Å�Ç r	ì � ùv£¡£xð ó ð�ü°ùv�pü°ð	î~õÔ¦©¨��mð°ø�õJ÷�ü	÷��%î�ò�ïØñ~û�hp�~÷�õ�÷�ùv�ñßô(ø`ü°û	��ò�ï�÷�ù@�z÷�ø`ùvþzû	�pû	ïXò�õ`ð	ô~ï�� ó�� ùv®
e�ð°ü	õ�÷f��ùvî~õ�÷�£�ô~£ ð°ø�õ�ñ � ò�ï�ï�÷.�zð	ï�ý ó�� û°ü � û¼ò��pü°ð�ñ~ð ó òÏõ�ïXò��pø�÷�õ�÷�ùv��ü°ùv£¡î ó j	õ`ð
òM�zð°ü�ô~�¤÷����zð	��õXò�÷�ï`ðy��ô ó ñ � bedfd�g ñß÷�ø`î�ùv�~÷�® ó ð%ì
g�hci[j µ h�kmlnkpo
q�rsi�ltq
j�i[uwv^lyx{znv^|�}�~FvKq@h0i�u�lnuwvnvn~

ú ð�ø`ü°û	��ò�ï�÷�ù�ð°ø�õØü°ùv�pø`÷�ñ~û	ï`û'�%ò ó ÷�ñ~ûàø � ÷ ó î]ð	ï�£xð	õ�ñ~ð�þ�ò�ï`ñ~ð	ï���î�ð	�pñpò��Æõ�õ`ùvô~õ`ð ó òöñßô~ï`û°ð�ñ~ð ó òÏõ�ïXò��pø`÷�õ�÷�ùv���
ñ~ð°ø¡÷����zð	�ÆõXò�÷�ï`ð°ø#{ � }¥Â w s �§Å�Ç rÃ}*ñ~ðlî ó ô~õ`ùv�~÷�ô~£Fð	õxñ � bedfdXg î]ù%ø�÷�õ�÷f�føxý$õ`ùvô~õx÷��pø�õXò���õ¼ì�a[ùvôpø�ò��zùv�pø��Jî]ùvô~ïü � òvÿÆôpð[ü¼òvø��zð°ø`øXò¼¢zû�ñ~ð'�%ò ó ÷�ñ~ð	ï ó ð[ø`ü°û	��ò�ï�÷�ùöõ`ùvô~õ�ð	�(ü � ð	ï`ü � ò���õàýÏ£�ò�	ß÷�£¡÷�ø`ð	ï ó�� ÷����zð	�ÆõXò�÷�ï`ð[÷��~÷�õ�÷ ò ó ñ � bedfd g
î�ò�ï�¦©¨���ÿÆôpð ó ðöø`ü°û	��ò�ï�÷�ù�û	õXò�÷�õ�ü¼ò�î�ò�® ó ðöñ~ðöø�ô~î~î]ùvï�õ`ð	ï¼ì

� ùvô ó ÷�þ%�pùv�pøàð	�ßhp� ó�� ÷�£¡î]ùvï�õXò��pü°ðöñ~ð°øÔï`û¼òvü	õ`ð	ô~ï`ø[è�ép¦$ñ~ð�õ�ïXò��pø�÷�õ�÷�ùv�*ñ~ùv��õ ó ð�ï+� ó ð_ñpò��pø�ü°ð°ø�ø`ü°û	��ò�ï�÷�ù%ø
ð°ø�õ��pùv�?ø`ð	ô ó ð	£xð	��õiñ~ðxî~ï`ù«ñßô~÷�ï`ð ó�� bedfd g?�©£�ò�÷�øyñ~ð�ü°ùv��õ�÷��Æôpð	ïxý5�eùvô~ï��~÷�ï ó ð¡î ó ô~õ`ùv�~÷�ô~£ �pû°ü°ð°ø`øXò�÷�ï`ð(ý ó ò
ü	ï`û¼ò�õ�÷�ùv��ñ~ðiå[æ�ç���� wv|,� ÉÃ}�ð	��ÿ�ô�ò��Æõ�÷�õ`û°ø�ø�ô
��øXò��Æõ`ð°ø¼ì � ÷ ó�� � ùvï�÷.�¼ùv�$ð	���«÷�øXò�þzû_ï`ð°ø�õ`ð ó ð_ñ~û	î ó ùv÷�ð	£xð	��õÏñ � ô~�î�ò�ï`ü*ñ~ð � â þzû	�pû	ïXò�õ�÷�ùv����÷ ó �pð��§ò�ô~õxî�òvø�î]ð	ï`ñßï`ð�ñ~ðp�Æôpð�ÿÆôpð ó ò"ï`û	ôpøXø�÷�õ`ð*ñ~ð�ü°ð	õ�õ`ð*õ�ïXò��pø�÷�õ�÷�ùv�'î�òvøXø`ð
÷��pû��Æ÷�õXò�® ó ð	£xð	�Æõ_î�ò�ï ó ðyï`ð	£¡î ó òvü°ð	£xð	��õöñ � ô~�pðyî�ò�ï�õ�÷�ðmñßô�î�ò�ï`üiòvü	õ�ôpð ó î�ò�ïÏñ~ð°ø[ï`û¼òvü	õ`ð	ô~ï`øöýxð¼ò�ô ó û	þzj	ï`ð%ì
ú ò�ïXò�î~÷�ñß÷�õ`ûmò��zð°ü ó òvÿÆôpð ó�ó ð ó ð°ø�ï`û¼òvü	õ`ð	ô~ï`øÏñ~ðöþzû	�pû	ïXò�õ�÷�ùv�#Ì]�Dî]ùvô~ï�ï`ùv��õ_òvø`ø�ô~£xð	ï ó ò¡ï`ð ó j��zðmñ~û	î�ð	�pñßïXò(ð	õñ~ð ó�� ùv®
e�ð°ü	õ�÷f�Jñ~ðÏî~ô~÷�øXøXò��pü°ð_÷��pø�õXò ó�ó û°ð��«÷�ø`û-�~ð	õ�ñ~ð ó ð	ô~ï�÷����zð	��õXò�÷�ï`ðmð	�lh�ø`ø�÷ ó ðÏï`ð°ÿÆô~÷�ø¼ì
a�ùvôpøt�fò�÷�øXùv�pø8£�ò�÷���õ`ð	��ò���õ�ô~�¡î]ùv÷���õ�ø�ô~ï ó ð°ø � ¢Æî]ùvõ � j°ø`ðàÿÆô � ùv�¡î~ï`ð	�pñßïXòÏî]ùvô~ï ó ð°øJø�õ`ù«ü`ÍßøØñß÷�ø�î]ùv�~÷�® ó ð°ø

ñ~ð_î ó ô~õ`ùv�~÷�ô~£:ýiü°ùv�pø`÷�ñ~û	ï`ð	ï�ò�ô�ñ~û	®~ô~õ�ñßô*øXü°û	��ò�ï�÷�ù@�pø`ùv÷�õàð	�m�%�-�%�ßì
� ×%ÖJÝ��JÙ��ÑÞzÜ��y�ßÜU�ªÙp��Ú?���]�J×%ÖK�y�]� � � �+�[�ØÖ�Þ��]�~ÖK�����K���

WJ�p�%�%�-� ó�� û	õXò�õ�ñ~ð°ø ó ÷�ð	ô
	¤ñ~ð°øàø�õ`ù«ü`Íßøàð	��î ó ô~õ`ùv�~÷�ô~£:û	õXò�® ó ÷�î�ò�ï ó�� ´[a�����´?�c�
�,�Að°ø�õàñ~ðx�
•

�¼�%�mõ`ùv�~�pð°ø[ñ~ð_î ó ô~õ`ùv�~÷�ô~£¸ü°ùv�Æõ`ð	��ô�ñpò��pø ó ð°øàü°ùv£�®~ôpø`õ�÷�® ó ð°ø�7�æ�ç�ôpø`û°ø
•

� ² õ`ùv�~�pð°ø[ñ~ð_î ó ô~õ`ùv�~÷�ô~£4ü°ùv��õ`ð	�Æô$ñpò��pø ó ð°øàü°ùv£�®~ôpø�õ�÷�® ó ð°ø�å[æ�çHôpø`û°ø
• � ��õ`ùv�~�pð°øxñ~ð�î ó ô~õ`ùv�~÷�ô~£ �fr�s Êzt¼Ê É0�_ñ~ðlÿ�ô�ò ó ÷�õ`û � ô�ndY�Zpî~ï`�	õ�ýp�§ò�÷�ï`ð�ô~�Èî�òvø`øXò�þzðlð	� å�æ�ç�ìtWØ�
ü°ùv�pø�÷�ñ~û	ïXò��ÆõJô~�pð�÷��pü	÷��pû	ïXò�õ�÷�ùv��ñ~ð � �z± ò�î~ï`û°ø8î�òvø`øÃò�þzð�ð	��å[æ�ç��vü°ð°ü	÷~û°ÿ�ô~÷.�%ò�ô~õ���ò�î~ï`j°ø8÷�ï�ïXòvñß÷ ò�õ�÷�ùv���

�¼�%�



ý�� � õ`ùv�~�pð°ø�ñ~ð � ôpoJq \Æì
¡£¢�¤ u�j�¥ µ |�k§¦�¨�©;hchcª�j4l>z ¤ h�u%«Hhcq�¬§¬�k å[æ�ç®­d¯5°²± z´³�l µ |4q�z@µ�uwzKhclyx.¥�zti

WØ�Hü°ùv�pø�÷�ñ~û	ïXò���õ ó ðiî ó ô~õ`ùv�~÷�ô~£ î~ï`ùÆñßô~÷�õöñ~ð4�%�%�-��ý��%�-�%�¶9d�-�	õÃ³vò��%<,��ü°ð°ü	÷��pùvôpø_ü°ùv�pñßô~÷�õyý�î~ï`ð	�pñßï`ð
ü°ùv£¡£xð¤÷��8�zð	��õXò�÷�ï`ð°ølð	� î ó ô~õ`ùv�~÷�ô~£ î~ï`û°ø`ð	��õ`ø�ð	���%�-�%�
�Ô} ��w s t%|Ã|+· �¥r Ç rmÂ |�w`Êv|�tvuiu r*å[æ�ç¸Q Ç�t { t �¥r
t Ä��e¶~r ÇÎÇ r�� ó ðöü¼òvøàñ~ð_hpþ%ô~ï`ðöø�ô~÷.�%ò���õ��

•
»%�%�mõ`ùv�~�pð°ø[ñ~ð_î ó ô~õ`ùv�~÷�ô~£¸ñ~ð_ÿÆô�ò ó ÷�õ`û � ô ndY�Z

•
�%�mõ`ùv�~�pð°ø[ñ~ð_î ó ô~õ`ùv�~÷�ô~£4ñ~ðöÿÆô�ò ó ÷�õ`û � ô�oJq]\

� ð¡ü¼òvø_ü°ùvï�ï`ð°ø`î�ùv�pñHñ~ùv�püxý�ô~�pð¡ð°ø`õ�÷�£�ò�õ�÷�ùv�Hùvî~õ�÷�£¡÷�ø�õ`ð-��ñpò��pø ó ð¡ø`ð	�pø_ñ~ð ó�� ÷�£¡î]ùvï�õXò��pü°ðxñßôHø�õ`ù«ü`ÍU�
ñ~ð°øàø`õ`ùÆüXÍ«ø�ð	��î ó ô~õ`ùv�~÷�ô~£:ñ~ðÏõ¥¢«î�ð � ô�ndY�Z¹�ÎïXò���º¼ò�÷�ø�ì

¡£¢�¤ u�j�¥ µ |�k=»¼¨�©;hchcª�j4l>z ¤ h�u%«Hhcq�¬§¬�k å[æ�ç®­d¯5°²± z´³�kFv½»H¾%»�¾

�_ò��pø ó�� � ¢Æî]ùvõ � j°ø`ðHñ~ð ó ò ü°ùv��õ�÷���ô~÷�õ`û6ñßô0î~ï`ùvþ%ïXò�£¡£xðÈå[æ�ç ñ � ò�ô0eÑùvô~ï`ñ � � ô~÷¿eÑôpø`ÿÆô � ð	�¹�%�-�%�Ë�pùvôpø
î~ï`ð	�pñßï`ùv�pøÏò ó ùvï`ø[ü°ùv£¡£xðyü¼òvø[ñ~ð_hpþ%ô~ï`ð_Â~r�}X} �Îu
� }��¥r�ô~�*÷����zð	�ÆõXò�÷�ï`ðmõ`ùvõXò ó ñ~ðy»%�%�xõ`ùv�~�pð°ø[ñ~ðöî ó ô~õ`ùv�~÷�ô~£ñ~ðÏõª¢Æî]ð � ô~oJq \yð	�m�%�-�%�ið	õàô~�*÷����zð	��õXò�÷�ï`ð���ô ó ñ~ðÏî ó ô~õ`ùv�~÷�ô~£¸ñ~ð_õª¢Æî]ð � ô�ndY[Z�ì
a�ùvôpø�ü°ùv�pø�÷�ñ~û	ï`ùv�pø[ñß÷.�zð	ï`øàø`ü°û	��ò�ï�÷�ù%ø�÷��pø�î~÷�ï`û°ø�ñßô�ü¼òvøÀ�ÎïXò���º¼ò�÷�ø�òvü	õ�ôpð ó ��ü°ð ó ô~÷�ñ � ô~�¤î�ò�ï`üöñ~ð ² �4ÁÃÂHð

ñ~ð*¦©èpé©ìJa[ùvôpø¡÷ ó�ó ôpø`õ�ï`ùv�pøxñ~ð	ô
	ËøXü°û	��ò�ï�÷�ù%øxñ~ð¤õ�ïXò��pø�÷�õ�÷�ùv�'ý$î~ô~÷�ø`øÃò��pü°ð�ü°ùv�pø�õXò���õ`ð*ð	õ¡ô~� ø`ü°û	��ò�ï�÷�ùHñ~ð
õ�ïXò��pø�÷�õ�÷�ùv�$òM�zð°üöñ~ùvô~® ó ð	£xð	�Æõ�ñ~ð ó òiî~ô~÷�øXøXò��pü°ð_÷��pø�õXò ó�ó û°ðöð	�Æõ�ï`ð��%�-�%�¡ð	õJ�
�¼�%�ßì
�_ò��pø¡õ`ùvô~õ`ð ó ò#ø�ô~÷�õ`ð¤�pùvôpø(ñ~ùv�~�pùv�pø��Øî]ùvô~ï�ü � òvÿ�ôpð�ø`ü°û	��ò�ï�÷�ù@�Øõ�ï`ùv÷�ø(ü¼òvøxÿ�ô~÷[ü°ùvï�ï`ð°ø�î�ùv�pñ~ð	�Æõlò�ô
	

� ¢Æî]ùvõ � j°ø`ð°øàø�ô~ï ó ò¡��ò�õ�ô~ï`ðöð	õ ó ò¡ÿÆô�ò���õ�÷�õ`ûöñßô*ø`õ`ùÆüXÍ�ñ~ð_î ó ô~õ`ùv�~÷�ô~£¸÷��~÷�õ�÷ ò ó ì � ð°ø�õ�ï`ùv÷�ø[ü¼òvøàø`ùv��õy�
À � ð ó ùv� ó�� � ¢«î�ùvõ � j°ø`ð£�¡ñ~ð ó�� ò�ï�ï`�	õöñßô#î~ï`ùvþ%ïXò�£¡£xðÄ1"í32?�]�pùvôpøö�pðmü°ùv�pø`÷�ñ~û	ï`ùv�pø�ÿÆôpð ó�� ô~õ�÷ ó ÷�øÃò�õ�÷�ùv�
ñßô*î ó ô~õ`ùv�~÷�ô~£¸ñ~ðÏõ¥¢«î]ð � ô�ndY[ZK�pø`ùv÷�õ�»%�%�iõ�ò�ô�ñ~û	®~ô~õ�ñ~ð ó òiõ�ïXò��pø�÷�õ�÷�ùv��ì
À � ð ó ùv�yü°ð	õ�õ`ðØ£x�	£xð � ¢Æî]ùvõ � j°ø`ð-�°�pùvôpø©ï`ð	þ�ò�ï`ñ~ùv�pø ó�� ò�î~î]ùvï�õAÿ�ô � ò�ô~ïXò�÷�õ�ñpò��pø ó ðJø`ü°û	��ò�ï�÷�ù@� ó�� ô~õ�÷ ó ÷�øÃò�õ�÷�ùv�
ñßô*î ó ô~õ`ùv�~÷�ô~£¸ñ~ðÏõ¥¢«î]ð � ô oJq \ �~ø`ùv÷�õ[�%�mõ[ò�ô�ñ~û	®~ô~õ[ñ~ð ó òmõ�ïXò��pø�÷�õ�÷�ùv��ì
À WØ�ßhp����ø`ð ó ùv� ó�� � ¢Æî]ùvõ � j°ø`ðÅ�Ôñ~ð ó�� ò�ï�ï`�	õ�ñßô_î~ï`ùvþ%ïXò�£¡£xðÀ1"í326ð	�Æ�%�-�%�
�¼�pùvôpø�ï`ð	þ�ò�ï`ñ~ùv�pø ó ð�ø`ü°û	��ò�ï�÷�ù
ð	�*î�ò�ï�õXò���õ[ñ � ô~��ø�õ`ùÆüXÍ(ô~�~÷�ÿÆôpðöñ~ð � ô�oJq]\ ñ~ðö»%�%�¡õ`ùv�~�pð°ø¼ì
�_ò��pø ó ð°ø(hpþ%ô~ï`ð°ølø�ô~÷.�vò��Æõ`ð°øl�pùvôpø�÷ ó�ó ôpø�õ�ï`ùv�pø���î�ùvô~ï¤ü � òvÿÆôpð"ø`ü°û	��ò�ï�÷�ùËü°ùv�pø�÷�ñ~û	ï`û-� ó ð°ø�÷����zð	��õXò�÷�ï`ð°ø

ùv®~õ`ð	�Æôpø�ø`ð ó ùv� ó ð°øØñß÷��©û	ï`ð	��õ`ð°øÅ�vò ó ð	ô~ï`ø�ñ~ð
F
òvñ~ùvî~õ`û°ð°øØî]ùvô~ï ó ð°øJõ�ï`ùv÷�øØø�÷�õ�ô�ò�õ�÷�ùv�pø�ø�ôpø�£xð	��õ�÷�ùv�~�pû°ð°ø�ì�a�ùvôpø

ò��zùv�pø[ñ~û	õ`ð	ï�£¡÷��pûmü°ð°ø'�%ò ó ð	ô~ï`ø[ñ~ð
F
ð	�*ü � ð	ï`ü � ò���õ_õ`ùvô0e�ùvô~ï`ø ó òxî ó ôpøàþ%ïXò��pñ~ðÆ�vò ó ð	ô~ï�ñ~ð ó�� ÷����zð	�ÆõXò�÷�ï`ð¡ð	�

bedfd g î�ò�ï�¦©¨��(ÿÆô~÷��%ò ó ÷�ñ~ð ó ðöø`ü°û	��ò�ï�÷�ù~ì
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a�ùvôpø�ï`ð	þ�ò�ï`ñ~ùv�pø$ô~��£xù«ñ~j ó ð6ø�÷�£¡î ó ð�ñ~ð?ø`ü°û	��ò�ï�÷�ù ÿÆô~÷öî~ï`ð	�pñ ü°ùv£¡£xð?ñpò�õ`ð?ñ � ÷���õ�ï`ù«ñßôpü	õ�÷�ùv� ñßô
ü°ùv�pü°ð	î~õ�¦©¨�� ó�� ò��Ê�%�%»%�ßì ú ò6ñpò�õ`ð"ñ~ð$ñ~û	®~ô~õlñ~ð°ø�¦©¨��Èï`ð	î~ï`û°ø`ð	�Æõ`ð$÷�ü	÷�ô~� ü � ùv÷f	 õ�ï`j°ølùvî~õ�÷�£¡÷�ø�õ`ð"ü¼ò�ï÷ ó � � ÷���õ`ð	ïÔ�«÷�ð	��õ�ÿ�ôpð¶�¼�#ò��pø�ò�î~ï`j°ø ó ð¤ñ~û	®~ô~õxñ~ð ó ò$õ�ïXò��pø�÷�õ�÷�ùv����ý$ô~�È£xùv£xð	��õ�ù0/ ó ð°øiõ�ï`ùv÷�ø¡õ¥¢«î]ð°øxñ~ð
ï`û¼òvü	õ`ð	ô~ï`ø[ü°ù«ð,	ß÷�ø�õ`ð	��õ�ð	�pü°ùvï`ð%ì
ú � � ¢Æî]ùvõ � j°ø`ð�ñ � ô~�xï`ð	�pùvô@�zð ó�ó ð	£xð	�Æõ�ñßô¡î�ò�ï`üàòvü	õ�ôpð ó î�ò�ïØñ~ð°ø�èpép¦�ñ~ðÔõ�ïXò��pø�÷�õ�÷�ùv�¡h@	~ð-��î�ùvô~ï ó ð°ø�ñpò�õ`ð°øñ � ÷���õ�ï`ù«ñßôpü	õ�÷�ùv��ñßô(ü°ùv�pü°ð	î~õ�¦©¨��%�Æñ~ð	ô
	�÷���õ`ð	ïÔ�%ò ó�ó ð°øÔùvô(ü°ð ó�ó ð°ød�¥ü	÷]ø`ùv��õÔü°ù � û	ï`ð	��õ`ð°øàò��zð°ü�ô~�pð[õ�ïXò��pø�÷�õ�÷�ùv�¤ý

î~ô~÷�ø`øXò��pü°ð[÷��pø�õXò ó�ó û°ð�ü°ùv�pø�õXò���õ`ð%ì � ð°ø�÷���õ`ð	ïÔ�%ò ó�ó ð°ø�ñ~ð�õ`ð	£¡îpø�î�ù%ø`ø`÷�® ó ð°ø�ø`ùv�Æõ��Æø`ùv÷�õ�ò��vò��Æõ3�%�%�%�
�«ø`ùv÷�õÔò�î~ï`j°ø
�%�%�%�
��ü°ùv£¡£xð_�pùvôpø ó�� ð,	«î ó ÷�ÿÆôpùv�pøà£�ò�÷��Æõ`ð	��ò���õi�
À ©6o@q�vwjÄ»H¾%Õ�¾Ö¨�ó ðÏü°ùv�pü°ð	î~õ�ñ~ð � â þzû	�pû	ïXò�õ�÷�ùv���~÷�ü	÷ ó ð°ø�¦©¨��H�~ð°ø`õ�÷��Æõ�ï`ùÆñßô~÷�õ�î�ùvô~ï6�fùvô~ï��~÷�ïÔô~�pðÏî�ò�ï�õ
ø�÷�þ%�~÷�h�ü¼ò�õ�÷.�zð�ñ~ð ó òöî~ô~÷�ø`øXò��pü°ð�÷��pø�õXò ó�ó û°ð�òM�%ò���õ ó ð�ï`ð	�pùvô@�zð ó�ó ð	£xð	��õ�ü°ùv£¡î ó ð	õÔñßôxî�ò�ï`ü[òvü	õ�ôpð ó ìÆ�_ò��pø
ü°ðàü¼òvø�ñ~ð�hpþ%ô~ï`ð ó òÏñpò�õ`ðàñ � ÷��Æõ�ï`ùÆñßôpü	õ�÷�ùv��ñ~ð¿�%�%»%�Ï÷ ó�ó ôpø�õ�ï`ð ó ð°ø�ü°ùv��õ�ïXò�÷���õ`ð°øÔýöò�õ�õ`ð	�pñßï`ðàñ � ô~�(ñ~û	®~ô~õ
î~ï`ùv£¡î~õ�ð	õ�ø�÷�þ%�~÷�h�ü¼ò�õ�÷f��ñ~ð°øxï`û¼òvü	õ`ð	ô~ï`ø;�fùv�pü	õ�÷�ùv�~��ò���õlð	�'ü	¢«ü ó ð*k � �¥g�»
��ÿ�ô~÷�ü°ùvï�ï`ð°ø`î�ùv�pñ'ý#ô~�pð
î~ï`ùvî]ùvï�õ�÷�ùv��ñ~ðö�%�z±ãñßô*î�ò�ï`ü_÷��pø�õXò ó�ó ûöð	�p�%�%�%�ßì
À�× vwj�h�k=»�¾wÕ�¾�k�jÄ»�¾%ØH¾Ù¨ ø�÷ ó ð°ø�ï`û¼òvü	õ`ð	ô~ï`ø[ñ~ð � â þzû	�pû	ïXò�õ�÷�ùv��� � ùv��õàî�òvø'�fò�÷�õ ó ð	ô~ï[ò�î~î�ò�ï�÷�õ�÷�ùv����ùv�
ø�ô~î~î]ù%ø`ðxÿÆô � ð	�Ú�%�%�%�
� tÔÛ sË{Ær Ê�tv| {Ær | ¶«s�r_Â�¶ � }Ã} t s�ÄÃr � s~}�� tvÇáÇ É`r�Ä w sp},� t sH�¥rM�©õ`ùvô~õ ó ð¡î�ò�ï`ü(òvü	õ�ôpð ó
ð°ø�õyï`ð	£¡î ó òvü°ûxî�ò�ïmñ~ð°ø�W � �Æ�Añ � ô~�pð�ñßô~ï`û°ð�ñ~ðX�«÷�ð�ñ~ð ² �*ò��pø¼ì��_ò��pømü°ðxü¼òvømñ~ðihpþ%ô~ï`ð-��ùv�?ñ~ùv÷�õ
ò�õ�õ`ð	�pñßï`ð ó ð_ñ~û°ü ó ÷��*ñ~ðöü°ð°øàñ~ð	ï��~÷�ð	ï`ø�òM�%ò���õ[ñ � ð	�ÆõXò�£xð	ï ó ò¡ü°ùv�pø`õ�ï�ôpü	õ�÷�ùv�*ñ � ô~�pðö�pùvô@�zð ó�ó ðÏh ó ÷�j	ï`ð%ì
À © ¤ h µ |p»H¾HØ%¾Ü¨ ñpò��pøÏõ`ùvôpø ó ð°ø_ü¼òvøÏñ~ðmhpþ%ô~ï`ð ó ðiî�ò�ï`ü
W � � ñ~ðiõ�ïXò��pø`÷�õ�÷�ùv��ò�ô~ïXò(ü°ùv£¡£xð	�pü°û�ø`ùv�
ñ~û°ü ó ÷���ì ú ð°øàü°ùv�pü°ð	î~õ`ø�ñ~ð � j	£xð_þzû	�pû	ïXò�õ�÷�ùv�*î]ð	ô@�zð	��õ�ñ~ùv�pü��	õ�ï`ð_÷���õ�ï`ù«ñßô~÷�õ`ø¼ì
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ú òHhpþ%ô~ï`ð ² ìê�Ëñ~ùv�~�pð ó�� ò ó�ó ô~ï`ð#ñ~ð°ø*ü°ùvô~ï�®�ð°ø¤ñ~ð$î~ô~÷�ø`øXò��pü°ð"î�ò�ï��§ò�£¡÷ ó�ó ð"ñ~ð"ï`û¼òvü	õ`ð	ô~ï`ø ó ùvï`ø¤ñ~ð ó ò
õ�ïXò��pø�÷�õ�÷�ùv�0ý#î~ô~÷�øXøXò��pü°ð�ü°ùv�pø`õXò���õ`ð"ü°ùv�pø�÷�ñ~û	ï`û°ð-�Ôÿ�ô � ùv� ò�î~î�ð ó�ó ð ó ð$ø`ü°û	��ò�ï�÷�ù?´mì ú ò�ñpò�õ`ð$ñ~ðë�%� � �
�Ôýó òvÿÆôpð ó�ó ð ó òÏõ�ïXò��pø`÷�õ�÷�ùv�Ä�zð	ï`ø�ô~��î�ò�ï`ü�ü°ùv�pø`õ�÷�õ�ôpû�ð	��õ�÷�j	ï`ð	£xð	�Æõàñ~ð[¦©¨��¡ñ~ùv÷�õ��	õ�ï`ð[òvøXø�ô~ï`û°ð-��ð°ø�õ�÷�ü	÷ph@	~û°ð�î�ò�ï
ó òiñßô~ï`û°ðöñ~ð��Æ÷�ð_ñ~ð°ø�ï`û¼òvü	õ`ð	ô~ï`ø[ñ~ð_õ�ïXò��pø�÷�õ�÷�ùv���pøXùv÷�õ ² �xò��pø¼ì
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� s~},� t%ÇáÇ ÉÃ}�r�� � sH� |�w {v¶~ÄM� �fw sH{v¶�Ä w s�ÄXr¥Âw��ñJV
òóQ Ç�t { t �¥ry{�r�ôFï0S�õ�T

a�ùvôpø¡ü°ùv£¡£xð	��õ`ùv�pø(ð	�Èñ~û	õXò�÷ ó ü°ð¤ø`ü°û	��ò�ï�÷�ùHò�hp�Èñ � ÷ ó�ó ôpø�õ�ï`ð	ï ó ð�ïXò�÷�ø`ùv�~�pð	£xð	��õ(ÿ�ô~÷�î]ð	ô~õ¡ø � û	õ`ð	�pñßï`ð
ò�ô
	¤ò�ô~õ�ï`ð°ø�ð,	ßð	£¡î ó ð°ø�ÿÆô~÷©ø�ô~÷.�Æï`ùv�Æõ��~ð	õÔî�ùvô~ï ó ð°ø`ÿÆôpð ó øÔùv�¤�pðÏñ~ùv�~�pð	ïXòiÿ�ôpð ó ð°øÔï`û°ø�ô ó õXò�õ`ø��~ð	�lï`ð	�8�zù¼¢�ò���õ
ó ð°ø�hpþ%ô~ï`ð°øöü°ùvï�ï`ð°ø`î�ùv�pñpò��Æõ`ð°øyý ó ò(hp�#ñ~ð¡ü°ð¡ü � ò�î~÷�õ�ï`ð-��ü°ð°ü	÷�ò�hp�Hñ~ðm�pðiî�òvø_ð	�pü°ùv£�®~ï`ð	ï ó ò ó ð°ü	õ�ô~ï`ð¡ñ~ð°ø
ü°ùv�pü ó ôpø�÷�ùv�pø[ø�÷�£¡î ó ð°øàÿÆô � ÷ ó �fò�ô~õ�õ�÷�ï`ð	ï�ñ~ð_ü°ð°ø�÷ ó�ó ôpø�õ�ïXò�õ�÷�ùv�pø¼ì
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ú òyhpþ%ô~ï`ð ² ìc»iñ~ùv�~�pð-�~î]ùvô~ï ó ðöø`ü°û	��ò�ï�÷�ù¡´?� ó�� û��zù ó ô~õ�÷�ùv��ñ~ð°ø�÷��8�zð	��õXò�÷�ï`ð°ø�ñß÷�ø�î�ùv�~÷�® ó ð°ø�ñ~ðÏî ó ô~õ`ùv�~÷�ô~£

ð	õ�ñ � bedfd�gmì � ô~ï ó òihpþ%ô~ï`ð ² ìc»ßì ®$ø`ùv�Æõ�ï`ð	î~ï`û°ø`ð	�Æõ`û°ð°ø ó ð°ø[ñß÷.�zð	ï`øXð°ø¿�%ò ó ð	ô~ï`ø[ñßôp�fòvü	õ`ð	ô~ï
F
øXùvôpø ó òxî�û	ï�÷�ù«ñ~ð

ù0/�ü°ð	õ�õ`ð��%ò ó ð	ô~ï�ñ~ð��6÷���õ`ð	ïÔ�«÷�ð	��õ¼ì
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ó ùvï`ø`ÿÆô � ùv��ò�ï�ï�÷.�zð�ò�ô�î~ï`ð	£¡÷�ð	ïàî�ò ó ÷�ð	ï�ñ~ð°ø[¦©¨���ì
� kÖ»�¾wÕ�¾��½»H¾HØH¾¹¨Jó ð¡�pùv£y®~ï`ð(ñ~ðl¦©¨��$÷��pø�õXò ó�ó û°øyð°ø�õyü°ùv�pø`õXò���õyð	õmùv�?òvü°ü	ô~£�ô ó ð ó�� bedfd g î~ï`ù«ñßô~÷�õ

ð	��1"í32Sk ��� ô��~ð	��ò�õ�õ`ð	�pñpò��Æõàô~�pð��pùvô@�zð ó�ó ð_î � òvø`ðÏñ~ðÏñ~û	î ó ùv÷�ð	£xð	��õ�ñ~ðö¦©¨���ì~g[�pðJ�eùv÷�øÔÿÆô � ô~��¦©¨���ð°ø�õ
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� ð	�pñpò��Æõöü°ð	õ�õ`ð�î]û	ï�÷�ù«ñ~ð-� ó òxü°ùv�Æõ�ïXò�÷���õ`ðiî~ï�÷��pü	÷�î�ò ó ðið°ø�õ�ñ~ðöþ�ò�ï`ñ~ð	ï�ô~�*÷����zð	�ÆõXò�÷�ï`ð¡ñ~ðöî ó ô~õ`ùv�~÷�ô~£Cñß÷�ø�î]ùc�
�~÷�® ó ð�î]ù%ø�÷�õ�÷f�Ô�~õ`ùvô~õ[ð	��ô~õ�÷ ó ÷�øXò���õ ó òxÿÆô�ò���õ�÷�õ`ûmø�ô
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�~ð)Ölõ`ð	ï/Õxðöñ~ð
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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
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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�
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÷ 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
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÷ 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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÷ Ó �KØ#Ô
ÁÃÂ§e 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 ¢ 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 Ó �KØt�
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 �-�/ 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 Ó �:Ø#Ô
ÁÃÂÚe ô n+1I =� 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 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 Ó �KØkØ
ÁÃÂÚe ô n ñ�m*tutt� ñ�m*tutÞï ñ�m*tut4¼ ñ�m*tutÞÃ ñ�m*tut Ý ñ�m*tut>Ý

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
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