
Discrete Version of the She Asymptotics: Multigroup

Neutron Transport Equations

Thierry Goudon, Antoine Mellet

To cite this version:

Thierry Goudon, Antoine Mellet. Discrete Version of the She Asymptotics: Multigroup Neutron
Transport Equations. RR-4302, INRIA. 2001. <inria-00072285>

HAL Id: inria-00072285

https://hal.inria.fr/inria-00072285

Submitted on 23 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
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VXWZ\�[]mvjlcnm>o�mv�GoZ\Afsju}lmro�t
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�khr}ucihv�Zge\2h>t�:@JLK MON�P�QSR0¯<QUTV? �Q\/ceoZ�3juWZ\,[!hrtlt�mr�0juWZ\,oZ\Afsju}lmro4¯>NB=W? cnjlt`\AoZ\/}l�rx hvo wRXAZY D\[^] juWZ\ w cn}l\Az�jucemro,mv�
juWZ\�_�ce�rW�j?¥�VXW�\%fZo'`doZm 1 oa2E�r\A}uc&b�\?t�h�jl}lhro�tuq�m>}yjX\A¡�f�hvjucemro
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cno�jl\/}-hrzÄjlcnm>o�qZ}lmsz�\?tutu\At
fZo w \/}l�rmro�\
�dx,juW�\�oZ\Afsju}lmro�t�hvo w w \Atlz�}lce��\ w juWZ}lmrf��rWpjuW�\�m>q�\A}lhvjumr}3mo4(29;l¥�VXWZ\`gehvjyjl\/}�hr}u\�\Atlty\Ao�jucihvgegnxpz�m>gngec�´
tucemro�tA¥0sZfZ}ujuW�\/}l[`m>}u\>¯OjuW�\!o�f�[��Q\/}�mr�'oZ\Afsju}lmro�t�cno hvodx �>mrgefZ[]\r¯�hvj�hvodxEjlcn[]\r¯
}l\/[!hvceo�t%tu[]hrgnge\/}
jlW�hvo juWZ\,odfZ[��Q\/}`mv��hvjum>[`ciz2o�f�z�ge\/c�+utv? ]w] cit�h j�x�q�cezAhvg�}lhvjuceme/�tum jlW�hkj]cnj`cit`}u\?hrtumro�hr�Zgn\]jlm h>t�´
tufZ[]\,juW�hvj!juWZ\E[]m�t�j!qZ}lmr��hr�Zge\2\A�r\/o�j!cit�hvo \/gihrtyjucizpz�mrgegecetucnm>o 1 cnjuW juW�\ tyfZ}l}lmrfZo w cnoZ� []\ w cefZ[p¥
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jlWZ\Ez�m>gngecetucemro�� 1 WZcegn\Z��4�897�:�;�=�?$cit`juWZ\Etumv´ñz/hrgnge\ w }l\/[]mk�khvgXz�}lm>tlt`ty\?zÄjucemro�¥�I ��jlWZ\pmrqQ\/}-hkjlmr}`cet
z/mro�tu\/}l�khkjlcn�>\�c<¥ \r¥ � m�4(29;k�k:FJ�?Z¯ 1 W�cez-W3[`\?hvo�t�jlW�hkj���4�897�:�;rJ�� y{4�8|7w: } 7w:�;e�O: } ¯GjuWZ\Ao hr��tym>}uqZ´
jlcnm>o��qbQtutucnm>o \/�r\Ao�jlt`hv}l\!oZ\/�>gn\?zÄju\ w mr}`z�m>[`qQ\/o�tuhvju\ w 1 c�jlW tuzAhkjuju\/}lceoZ��¥���o�\�hvgitym3tuhPxst7jlW�hkj`juWZ\
}l\Ah>zÄjlmr}�cet�z/}ucnjuciz/hrgOcno2juWZcit0zAhrtu\r¥{I j�cet 1 mr}ujuW,}u\A[!hv}
`�ceoZ��juW�hvjA¯�tucno�z�\�juWZ\7}-hkjlcnm`mv��juWZ\%[!hrtlt�mv�
juWZ\
odf�z/gn\AcQjum`juWZ\�[!hrtlt�mv��jlWZ\�oZ\/fsjl}um>o�t�cetX�>\/}lx]gehr}u�>\r¯>juWZ\Ao4¯ w fZ}lcno��`hro2\Ageh>t�jlcez�z�mrgegecetucnm>o4¯�juWZ\7\AoZ\/}l�rx
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qQm>tltucn�Zge\r¯s��fsj0c�j�zAhvo,mroZgex�msz/z/fZ}X�¢mr}�W�cn�>WZgnx2\/oZ\A}u�>\�jlcez�oZ\/fZju}lmro�tA¥��o�juWZ\XmrjuWZ\A}
W�hvo w ¯ro�f�z�ge\Ahv}�\AoZ�rceoZ\/\A}lt�hr}u\�[]mvjuce�khkjl\ w cno�juWZ\ w \A}uce�khkjlcnm>o�mv�Gtyce[]qZgec�b�\ w []m w \Aget
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\AoZ\/}l�rx!�>}um>fZq�tv��� N!���&�^7
Nk ¢¡ j!£ Jn¤$¥��¦ ] � N!��7wN!�¨§ ] ��¥HIño2[]m�t�j�mv�
juW�\7tucnjuf�hvjucemro�tA¯djuWZ\7jlmvj-hvgOodfZ[��Q\/}�mr��>}um>fZq�tª©!cit�b�oZcnju\>¥>��oZ\%hrtltyfZ[]\?t�juW�hvj�juWZ\�z/}um�tut�ty\?zÄjlcnm>o�t w m!oZmrjX�khr}ux!jlmdm`[�f�z-W,mro2juWZ\%\AoZ\/}l�rx
�>}um>fZq�t]hvo w o�\/fsjl}um>o�t!\/�>mrge�r\EhrzAz�m>} w ceoZ�3jum�hP�>\/}-hv�r\ w ¡�f�hvo�jlc�jlcn\?t/¯�tuf�z-W h>t�hP�r\A}lhr�r\,tuzAhkjyjl\/}lcno��
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²�m 1 \A�r\/}?¯�cnj�cit�hrgetum,ju\/[]qsjlcno�� jumEm>�sjlhrcno�tuxst�jl\/[!t%gec&`>\G+T�e/��¢}um>[ jlWZ\0`dceoZ\�jlcez![]m w \AgnceoZ��¯
\A¡Q¥+y��´��O/�¯Qhro w jum�c w \Ao�jucn�¢xpjuWZ\`z�md\���z�ce\/o�j-t0jlWZ}um>fZ�rW hro hrtuxd[`qZjumvjlcez�hvo�hrgnxstucetA¥�VXWZ\Ao4¯Gt�j-hv}ujuceoZ�!�¢}lmr[
jlWZ\�z�m>o�juceo�f�c�j�x�\?¡�f�hkjlcnm>o ced «3f w ce��j"!$J x$#&%('*) mo4(29;k�OR +¢^e/
tlhkjlcet�b�\ w �dx!jlWZ\%[!hrz�}lm>tlz�m>qZciz w \Ao�tuc�j�x

«�4(6�7�897wNk;5J x # %('*) 254(6�7�897 K M�N�P!QVRr;k�OR\7
hro w juWZ\%[!hrz/}um�tuz/mrqZciz�z�fZ}l}u\Ao�j

!�4(6�7�8|7
Nk;{J x # %('*) K M�N�P!QVR 254.6�7�897 K M�N�P�Q Rr;e��R\7
1 \�tu\Ahv}-z-W��¢m>}�h w cn�Qf�tycemrop\A¡�f�hvjucemrop�dx�qQm>tyjufZgihkjlcno���h]}u\Agehvjucemro,��\/j 1 \A\/oF«�hvo w !�juW�hkj�jlhO`r\?tXjuWZ\
�¢m>}u[5mv�Kh��>\/oZ\A}lhrgnce¤/\ w s
ciz�` � tXgih 1

!�4.6�7�897wNk;5J �Gx � 4�897wNe7wN!}�;>i j «�4(6�7�897wN!}~;e�kN!}(�
asf�z-WEhvoEhvqZq�}umP{sce[]hvjucemro,cet0cno�ju\Ao w \ w jlm�hvq�qZgnx2cno,jlWZ\�gecn[]cnj�mv�Kty[!hrgng4[]\?hvo,�¢}u\A\%q�hkjlW�tA¯ 1 WZciz-Wpcet
}l\/gihkjl\ w jum`juWZ\%q�}um>��hv�Zcegec�j�x!mr�
z�m>gngecitycemro�t��dx�fZo�c�j�ge\/oZ�rjuWEhvo w2w \Az/}u\?hrtu\At 1 WZ\Ao�jlWZ\ w \/o�tycnj�x�mv��juWZ\
[]\ w cnf�[ cno�z�}l\Ahrtu\AtA¥�I j%gn\?h w t�jlmptuceoZ�rfZgihv}�qQ\/}ujufZ}l��hkjlcnm>o$qZ}lmr��gn\A[]t7hro w jlWZcet 1 mr}
`Ecit w \/�rmrju\ w jum
tuf�z-Wph]¡>f�\Atyjucemro4¥+ \�}u\/�¢\/}��¢m>} w \�j-hvceget�m>o�jlWZ\�qZWdxstyciz/t
mr�Qodf�z/gn\?hv}�}u\?hrz�jumr}-t�jum�juW�\0z�gihrtltyciz/hrg��QmdmO`st�mv�O£�¥v°�hP�dcitym>o, �P�"-ì¯0³�¥�+ ce�roZ\A} , ^��.- ¯�³�¥/+ h>z-W�tyq�}u\?tut , ^>��-ì¯10�¥'£�f�tltlhrzÄ´ñ|
¥Ù��\Af�tut , �P�"- ¯10Z¥�|Kgihvo�z-W�hr} w , ���2- ¯���¥
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�'\A}lz/cn�>o�hvo�c , ���"- ¥�VXWZ\�[!hvjuWZ\A[]hvjuciz/hrg
tyjuf w x2mr�KjuWZ\��PhroZcityWZceoZ��[]\?hvoE�¢}l\/\�q�hkjuW$gnce[]c�j7hvo w mr�KjuWZ\
w c��Gf�tucnm>o hrqZqZ}lmP{dce[!hkjlcnm>o cit]��x oZm 1 h z/geh>tutucezAhvgXqZ}lmr�Zge\/[ 1 cnjuW hrqZqZgecezAhkjucemro�t]cnoÊ�khv}lcnm>f�t$b�\/g w t
mr�0qZWdxstyciz/tv� 1 \�}u\/�¢\/}`hv[]mroZ�$mvjuW�\/}-t%jum ³�¥ ��hv}-tu\/os´ 0Z¥��7\/gegn\A} , �>�"- ¯E¬�¥K£�\/o�tumrf�tutlhvos´ 0�¥ ´ ��¥ ��cnm>o�t�´
� ¥�|�hvq�hroZciz�mrgihvm>f , �?� -ì¯'��¥�£Xhv} w m>ty´ñ�%¥�ashro>jlm>ty´ ��¥
ad\Ao>jlcet , � -Xhro w ¯��¢m>}�}l\Az/\/o�j�qZ}lmr�>}u\?tutu\AtA¯4jlm3�%¥
°�hvfZju}-hPx>´ 0�¥ �Ù¥ �4cemro�t , ����-ì¯�s�¥	�Ehvge�khv�rcn´ñ°�¥ �4\A�r\/}l[]mr}l\�´ � ¥'|
mr[]}-hvoZceoZ� , �
�"-ì¯�s�¥0|
mrfZq�hrf w , � � -ì¯s�¥ � mrgitu\ , ��� - ¯%��¥�£Xhv} w m�t�´�s�¥ � mrgitu\�´ñ£�¥�|
\/}ujuW�hr[`\ , � -ì¯���¥�£Xhv} w m>ty´ps�¥ � mrgity\/´ £�¥X|�\A}yjlW�hv[]\/´ �%¥
as\/o�jucit , � -ì¯|s�¥ � m>getu\�´�s�¥Q|
mrf�q�hvf w , �>�2- ¯4|
¥ ��¥ �4cemro�t�´ � ¥OV�m�tuzAhvoZc , �v^�-�|
¥�°�\/�rm>o w ´ñV7¥ � m>f w m>os´ps�¥
|
m>fZq�hvf w , �r� - ¥n¥e¥B¬0oZmrjuWZ\A} w c ��z�f�g�j�x ceo�}l\Ahrz�jum>}�qZWdxstyciz/t�cit�}l\/gihkjl\ w jlm jlWZ\2W�cn�>W�WZ\�jl\/}lmr�>\/oZ\Ac�j�x
mr�ÙjlWZ\�tyf�}u}lmrfZo w cno��,[]\ w cnf�[,¥0¬�zAz�m>} w ceoZ�>gnx>¯OjuWZ\�z/}um�tut7tu\Az�jucemro�t w \Aq�\Ao w mro3juW�\�tyq�h>z�\]�khv}lcehr�Zge\
hro w qZ}l\Atu\/o�j0�r\A}ux2gehr}u�>\7m>tlz�cegngihkjlcnm>o�t/¥XVXWZcit0ge\Ah w tXjum�WZmr[]mr�>\/oZce¤Ahvjucemrop¡�fZ\Atyjucemro�tA¥�°�\Aq�\Ao w ceoZ��m>o
jlWZ\�m>} w \A}uceoZ��¯�jlWZ\�WZm>[`m>�r\AoZcn¤?hkjlcnm>o q�}umsz�\ w fZ}l\�z/hro ��\�qQ\/}u�¢mr}l[]\ w hvj�juWZ\l`dcnoZ\/juciz!ge\/�r\Ag<¯Ktu\/\�s�¥
� m>getu\ , �k^Z¯O��� -ì¯ ��¥Q°�fZ[!h>t�´�s�¥ � m>getu\ , �r�"- ¯Q|
¥ � �/}-hv} w ´�s�¥ � mrgity\ , �r� -
m>} w ce}u\?zÄjlgnxpmropjlWZ\ w c��Gf�tucnm>o
hrqZqZ}lmP{scn[!hkjlcnm>o�hrt'cno 0Z¥d°�mr}loZcno��v´ñ�%¥e- wZw ceos´ñ²�¥ �QW�hroZ� , �s�.-�
`¥Z��hrq w \/�Qm>tlz/¡ , �A�s¯G�/^ -ì¯ � ¥�¬0gegehrcn}l\�´

`¥s��hrq w \/�Qm>tlz/¡ , � -ì¯ � ¥�¬0gegehrcn}l\�´�s�¥
�Ehrgnce�r\ , � - ¥ +3\7z/hro�hvgitym�z�mr[��ZceoZ\�hrg�jlmr�r\/juWZ\A}KjuW�\Atu\�\��G\Az�jltXhrt
ceo$³�¥ ��hr}ltu\/o , �r�s¯G�Z��-ì¯G³�¥ ��hv}-tu\/os´�� ¥$+ cegngecihv[!t , �r��-ì¯4��¥Q£Xhr} w m�t�´ ��¥Z°�fZ[!hrty´ñ|�¥ � �/}-hv} w ´�s�¥ � mrgitu\, �"- ¯ � ¥�¬�gngihvce}l\�´ � ¥>£Xhvg , ��-ì¯ � ¥d£Xhvg , ^ -ì¯sV7¥ � mrf w m>os´�s'¥d|
mrfZq�hvf w , ����-ì¯sV7¥ � mrf w m>os´�¬�¥��p\/gegn\/j , � � -ì¥

²�m 1 \A�r\/}?¯Gc�j�cit%h 1 \Agngn´(`doZm 1 o$�Thrz�j�jlW�hkj w cn�G\/}l\/o�j0+ø�¢mr}l[!hvg /�[`\/juWZm w t7mr��hrqZqZ}lmP{dce[!hkjlcnm>o$z/hro
�>cn�>\�}lcetu\�jlm w c��G\/}l\/o�z/\�m>o juW�\�gecn[]cnj�z�md\���z�ce\/o�j-t/¯Otu\/\ , �Z��-Kmr} , �d�2-ì¯ , ��- ¯ , �?� -��¢mr}7tym>[]\�\/{shr[]qZgn\?t/¥s�fZ}ujuWZ\A}u[]mr}l\r¯ 1 WZ\Ao`tyjlhr}yjlcno����¢}lmr[ [�fZg�jlcn�>}um>fZq�\?¡�f�hkjlcnm>o�t�hro w q�\A}y�¢m>}u[]ceoZ�0jlWZ\ w c��Gf�tucnm>o`hrqZqZ}lmP{d´
ce[!hkjlcnm>o2gecn[]cnjA¯�mroZ\7f�tuf�hvgegex�mr�sj-hvceo�t0h]tucnoZ�>gn\ w cn�Gf�tycemrop\?¡>f�hkjucemro,ceo2jlWZ\�tuq�hrz/\��khr}ucihv�Zge\7mroZgexr¯Ztu\/\, �"- ¯ , �A� -p��jlWZ\]gnce[]c�j�q�}umsz�\ w fZ}l\��¢m>}u�>\�jlt�jlWZ\][�fZgnjuce�r}lmrfZq hrtuq�\?zÄj?¥�VXWZcit7cet7�Q\AzAhvf�tu\�jlWZ\!tyxstyju\A[ cet
z/mro�tuc w \/}l\ w jlm]}u\Agehv{!jum 1 hv} w t'hro�\?¡>f�cngecn��}ucefZ[ fZo w \/}��QmvjlW2\Ageh>t�jlcez�hvo w ceoZ\/gihrtyjuciz�z/mrgegncitucnm>o�tXhkjXjuWZ\
tlhv[]\`tuzAhvge\r¥%²0m 1 \/�>\/}?¯�cnj�z�mrf�g w ��\`cno�jl\/}l\AtyjuceoZ��jlm w \A}uce�r\�[]mr}l\�z�m>[]qZgn\/{ []m w \/git/¯ 1 WZciz-W$}l\�j-hvceo
jlWZ\�\/oZ\A}u�>x]h>t'h��khv}lcehr�Zge\�hvo w 1 WZ\/}l\�juWZ\ w cn�Qf�tucemro2h>t 1 \/gegOhrtÙjuWZ\7ceoZ\/gihrtyjuciz�z/mrgegncitucnm>o�t'z/mrfZq�gn\�juWZ\
�khr}ucemrf�tÙ\/oZ\A}u�>x�ge\/�>\/git/¥�VXWZcit�cetÙjuWZ\��rm�hvg�mv�OjuW�\�qZ}l\Atu\/o�jÙq�hvqQ\/}?¥�V�m�jlW�hkj�qZfZ}lq�m�ty\>¯dmrfZ}�hvo�hrgnxstucetÙcet
ceo�tuqZce}u\ w �dx2}u\?hrtumroZceoZ�>t w \A�r\Agnm>q�\ w ceopjuW�\�[]m w \/gecnoZ�!mr��ty\A[`ciz�m>o w f�z�jum>}lt w \A�dcez/\At 1 WZ\A}u\>¯Zceo�t�jl\Ah w
mr�4mr�sj-hvceoZceoZ��h w }ucn�øjy´ w cn�Qf�tucemro�\?¡�f�hkjlcnm>o4¯ 1 \�hr}u\�gn\ w jum`hvo�ceo�ju\A}u[]\ w cehvju\�tuxst�jl\/[p¯���xo`>\/\/q�cnoZ��juWZ\
\AoZ\/}l�rx�h>t�h]�khv}lcehr�Zgn\>¯sty\A\�£'\Ao�¬�� w hvgegehrWs´ |
¥�°�\/�>mro w , � - ¯�|
¥�°�\/�rm>o w , � � ¯4����-ì¥ + \�hvgitym][]\/o�jlcnm>o
jlWZ\,}u\?z�\/o�j!hvqZq�gnciz/hvjucemro jlm$jlWZ\pqZWZmro�mro�t w xdo�hv[]ciz/t`�dx 0Z¥K|
¥�£�mrfZ}l�>h w \ , �r�.- ¥ VXWZ\?ty\,tymr´ zAhvgegn\ w
aZ²�³�´ []m w \/git�W�hP�>\%��\A\/o$tuWZm 1 opjlm���\��r\A}ux,hrz/z/fZ}-hkju\>¯�ceo q�hr}yjlcez/fZgehr}��¢mr}�odfZ[]\/}lcezAhvg�tuce[�fZgihkjlcnm>o�t/¥I j�cet 1 mr}ujuW�oZmrjuciz�ceoZ��hvjÙjlWZ\�[]mr[]\Ao>j�juW�hkjÙjlWZ\�\/oZ\A}u�>x`z/mrfZqZgeceoZ��z/hro��Q\�m>�sjlhrcnoZ\ w \/cnjuW�\/}'juWZ}lmrfZ�>W
jlWZ\�¤A\/}lmvjlW�mr} w \/}Ùju\A}u[!t 1 WZ\/o!jlWZ\�cnoZ\Ageh>t�jlcez�z�m>gngecetucemro�t'hv}l\�ju}l\Ahvju\ w hrt�qQ\/}ujuf�}u��hvjucemro�tA¯�mr}'juWZ}lmrfZ�>W
jlWZ\ w c��Gf�tucnm>o�m>q�\A}lhvjumr} 1 WZ\Ao�ceoZ\/gihrtyjuciz�q�}umsz�\?tutu\At'hv}l\0jl}u\?hkju\ w ceo2h�[]mr}l\�ceo>jl}uciz/hvju\ 1 hPx>¯dh>tÙcnj�W�hrt
�Q\/\Ao w m>oZ\��dx |�¥�°�\/�rm>o w , ��� - ¯Kceo juWZ\��¢}lhr[]\ 1 mr}
`$mv�0tu\/[]ciz�mro w f�zÄjlmr}-t%jlWZ\/m>}ux>¯��¢m>}�z/mro�juceodfZmrf�t
\AoZ\/}l�rx�gn\A�r\AgetA¥
²�m 1 \A�r\A}A¯kjlWZ\�hro�hvgexstycit w \/�r\Agnm>q�\ w cno]jlWZ\�q�}u\?ty\Ao>j'q�hvqQ\/}?¯rjlWZmrf��rW!gihv}l�r\/gex�ceo�tuqZce}u\ w
�¢}lmr[ , ��� - ¯�}l\A¡�fZce}u\?t7gn\?tut%}l\Atyju}lcizÄjuce�r\`Wdxdq�mrjuWZ\?ty\?t0+Ttu\/\!ceo q�hv}ujuciz�fZgihv}�as\AzÄjlcnm>o �Ehvo w |K}lmrqQm>tuc�jlcnm>o
�k/Ä¥�±0mrju\�jlW�hkj�jlWZcit 1 mr}
`�cetÙmroZgex�z/mro�z/\/}loZ\ w 1 cnjuW]jlWZ\ w cn�Qf�tycemro�hrqZqZ}lmP{dce[!hkjlcnm>o�qZ}lmr��gn\A[��rjuWZ\�WZmv´
[]m>�r\/o�cn¤?hkjucemro�¡�fZ\?t�jlcnm>o 1 cegngQ��\7h w�w }u\?tutu\ w \Agetu\ 1 W�\/}l\r¥�±0mvjl\�hrgetum%juW�hkj 1 \�W�hP�r\�z-W�m�m�ty\Ao]jum�ju}l\Ahkj
jlWZ\7\/�>mrgefsjucemro2qZ}um>�Zge\/[¦�Zfsj?¯Zmv��z�m>fZ}ltu\r¯dm>fZ}�hvo�hrgnxstucet�z/hro2�Q\%hvqZqZgece\ w jum]\/ce�r\Ao��khrgnfZ\�qZ}lmr�Zge\/[!tXhrt1 \/gegì¥

VXWZ\�q�hvqQ\/}0cit0m>}u��hvoZce¤/\ w h>tX�¢mrgegnm 1 tA¥<Iño$as\AzÄjlcnm>o$�s¯ 1 \ 1 cegng�ty\/j�fZqEqZ}l\Az/cetu\/gex�jlWZ\�[�f�g�jlcn�>}um>fZq
h>tyqQ\Az�j0mropjlWZ\�£�mrgnju¤A[]hroZoE\A¡�f�hvjucemro4¥�ad\?zÄjucemro �]cit w \/�rmrju\ w jlm�h w citlz�f�tltycemropmr�Ktumr[]\%qZ}lmrqQ\/}ujuce\At
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mr��jlWZ\�z�m>gngecitycemro,mrqQ\/}-hkjlmr}?¥5Iñopq�hr}yjlcez/fZgihv}?¯ 1 \�hvce[5hvj�tyqZgecnjyjuceoZ�]jlWZ\�£�mrgnju¤/[!hroZopmrqQ\/}-hkjum>}Xcno�jum!hro
\Ageh>t�jlcez�q�hv}ujA¯�juW�hvj�ge\AhP�r\?tXjuW�\�odfZ[��Q\/}�mv��oZ\Afsju}lmro�t�cno h��rce�r\/oE\AoZ\/}l�rx2gn\A�r\Ag�fZo�z-W�hvoZ�>\ w ¯Qhvo w hro
ceoZ\Ageh>t�jlcez�q�hr}yj?¥�VXWZcit�zAhvo7��\ w mroZ\Ù\/cnjuWZ\A}4gnmszAhvgegnx�mr}4oZmrj�hrtG�Thr}�hrtOjuWZ\�\AoZ\/}l�rx��khv}lcehr�Zgn\�cit�z/mro�z/\/}loZ\ w ¥Iño3tym>[`\�ty\Ao�ty\>¯�jlWZ\`gehvjyju\A}�}l\�j-hvceo�t�tumr[]\�}l\/ge\/�khro>j�cnos�¢m>}u[!hvjucemroEmro juWZ\�\/oZ\A}u�>x2\/{sz-W�hvoZ�>\ w fZ}lcnoZ�
jlWZ\�z/mrgegncitucnm>o�t 1 cnjuWEjlWZ\�[]\ w cnfZ[p¥\Iño$as\AzÄjlcnm>o ^ 1 \%�¢mr}l[!hvgegnx w cituz/f�tltXjuWZ\`ty[!hrgng�[`\?hvoE�¢}l\/\�q�hkjlW
h>tyxd[]qsjlmvjucizpgecn[]cnj 1 cnjuWÊjuW�\ }u\?¡�fZcn}l\/[]\Ao>j!jlW�hkj2\/gihrtyjucizv¯�mr}2¡>f�hrtuc�´ \/gihrtyjucizv¯�qZ}lmdz/\Atlty\?t w mr[]ceo�hkjl\r¥¬�z�juf�hrgngexr¯dm>fZ}X[`\/juWZm w z/hro��Q\7��ce\ 1 \ w hrtXh�WZ\/fZ}lcit�jlcez�qZ}lmsz�\ w fZ}u\�jum w \A}uce�r\�[!hrz�}lm>tlz�m>qZciz�[]m w \/git/¯1 W�cez-W hv}l\]cno�ju\A}u[]\ w cehvju\]�Q\�j 1 \/\/o h2�¢fZgegE`dcno�\�juciz w \?tuz/}uceqsjucemro hvo w hptucn[]qZge\ w cn�Qf�tycemro \A¡�f�hvjucemro4¥s
ceo�hvgegexr¯�ad\?zÄjucemro ��cit�z�mro�z�\/}loZ\ w 1 cnjuWEh`}uce�rm>}um>f�t'qZ}umdmr��mv�Kz�m>od�r\/}l�r\Ao�z�\>¥
� � )2+Ä�
��.�����)2# 	�6!)2�7�
�������

VXW�\�\/�rm>gnfZjucemro]mv�GjuW�\0q�m>qZfZgihkjlcnm>o`mr�OoZ\/fsjl}um>o�tKcit w \?tuz/}uce�Q\ w juWZ}lmrf��rW!hvo]\A¡�f�hvjucemro]}l\/gihkjuceoZ�7jl}lhro�t�´
qQmr}ujXjum!ceo�ju\/}-hrz�jucemro2qZ}umsz/\Atlty\?t�h>t��¢mrgegnm 1 t

����� ����
4 c d fg:�h!i j ;p2FJ m�4(29;w7mo4(29;5J t� Y Dr[�] � x	� % y{4.8|7w:�7w:e}(;�254�:�}~;k�k:�}'����4�897�:�;p254�:�;w7
��4�8|7w:�;EJ t� Y D\[^] � x � % y{4�897�: } 7�:�;k�O: } � + �O/

VXW�\7juWZce} w }l\/gihkjlcnm>o2[]\?hvo�tXjlW�hkj�juWZ\�m>q�\A}lhvjum>},m cit0z/mro�tu\/}l�khkjuce�r\>¯smr}�z/}ucnjuciz/hrg<¯�cnopjlWZ\�tu\/o�tu\7juW�hvjA¯
o�\/�rge\Az�juceoZ�]cno�jl\/�r}-hv��cngec�j�x�¡�fZ\?t�jlcnm>o�t��¢mr}XjlWZ\7juce[]\%��\Acno���¯ 1 \7W�hP�r\

x � %�m�4(29;k�k: J ?'�
�'m>[]q�hv}l\ w jum]jlWZ\�Iño�jl}um w f�z�jucemro4¯ 1 \�W�hP�r\�z-W�hroZ�r\ w jlWZ\�z/}um�tuty´ tu\Az�jucemro�t��dx,cno�ju}lm w f�z/cnoZ�]jlWZ\�oZm>}y´
[!hrgnce¤Ahvjucemro!�dx ]
 #&%('*) 
 �¢m>}ÙqZf�}u\�z/mrod�r\AoZce\/o�z/\O�rcnj 1 cngeg�hrgngem 1 f�t�jlm 1 mr}
` 1 cnjuW�oZm>}u[!hrgnce¤/\ w [`\?hrtufZ}l\hro w 1 cngeg�tucn[]qZgec��¢x,tym>[]\��¢m>}yjlW�z�m>[]cnoZ�!z/mr[]qZfsj-hkjucemro�t/¥+ \ 1 }ucnju\7jlWZ\%�r\Agnmsz/c�j�x!mr��jlWZ\%q�hv}ujuciz�ge\AtXh>t��¢mrgegnm 1 t
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