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modèle d’Ising
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RTSVUXWYS[ZY\]\�^`_badc�S[egfihkjl^!e�jgmnS[^!oqpnZYS[Zsrkrut�ru^!o$vxwnZXoV^!o(yn^zyxUX{n{x|!^!o$vCSV|!o[^!ZYm~}	^�j�o<�io�jlt!\]^!o�yihuo�jlS<huwxmn|!o

RTSVU��<^�j(���[�i���bc��
��ZXpxp�UYS<j(yn^`S[^!egfn^!S[egfn^Q{��	�Y���C��a�c��iS<hkrT_$�X�C��a*�C��pnZYWY^!o

�	�C�!�����J����{�pnS[|!oV^!{Xjg^#yn^!ozfx^!mnS<huo�j[hu�Cmn^!o�p?UXmxS�r¡  UYpij[hu\¢huo[Zsj[huUY{£e!UX\�w~hu{nZ�jgU�huSV^z^!{¤��ZYS<huZYwiru^!o�wihk¥
{nZshuS[^!o�¦i§(^!o�fx^!mnS<huo�j[hu�Cmn^!o�o�  hu{no[p~huS[^!{YjTyn^byn^!o[e!^!{Yjl^!o�yx^�WXSVZXy~hu^!{Xjgo�ynZY{no�mn{%^!o[pxZXe!^(yn^!o�pnfnZYo[^!o�SVZX{~¥
ynUY\%huoV|�vne!UiUYS[yxUX{n{x|!^�pnZYS�e!UiUXSVynUY{n{n|!^�¦i��{�e!UX{xo<huynt!SV^zynUY{ne�ru^�pnS[UYwirut!\�^�y�  UYpij[hu\¢huo[Zsj[huUY{¨e!UY\]\�^
mn{#�<^!m�©�yn^!m~}`��UXmn^!mxS[o$vsru^�elfx^!S[egfn^!mnS�e!UY{YjlSV^(ruZ�ª%ZsjlmnSV^�¦n��{]UYwij[hu^!{Yj(mn{]ZsruWXUYS<hkjgfn\]^��CmnZYynSVZ�jVhu�~mx^
p?UXmxS�ru^	pnS[UYwirut!\�^�ynmJoVZXe�©�ynUYo$v�^l}~jgS[«!\]^!\�^!{Yj�^�¬]e!ZYe!^�^!{JpnSVZ�jVhu�Cmn^�¦�­�^]pirumno�UY{�®¡UYmnS[{ihkj#mn{n^
hu{Yjl^!SVpnS[|�jgZ�jVhuUX{�pxS[UYwnZXw~hkrkhuo<jl^�©#mn{	ZsruWXUYS<hkjgfn\]^(yn^�R�¦i�¯hk�~hut!SV^�p?UXmxS�ru^�pxS[UYwirut!\]^(y�  �<o�hu{nW¨°k_!��±¡vnyxUX{Yj
UY{�^l}np~rkhu�~mx^zZshu{no<h"r¡  ^�¬]e!ZYe�hkjl|�¦
²´³xµA��¶[·X¸¹�J�ºUXpijVhu\%huoVZ�jVhuUX{�^!{¨�sZXS�huZXwiru^!o(»s¥g_svGwnZYS<�ie!^!{YjlS[^�vXWXSVZXyihu^!{Yj!vnoVZXe�©%ynUYo$vx\]Uiynt�ru^�y?  �<o<hu{nWi¦
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���n·sµX���J^�pxS[^!o[^!{Yj�WYS[ZYyihu^!{Yj[¥¹rkh���^#fn^!mnS�huo<jVhue!o(®¡UYS�e!UX\�w~hu{nZ�jgUXS�huZ�r?»�¥[_�UXpijVhu\%h��!Zsj[huUY{�¦�§(UY{no<huy~¥
^!S�hu{nW#jlfn^bUXpijVhu\%h��!Zsj[huUY{%pnSVUXwiru^!\ ZXo(Z#j��(U%piruZ!�Y^!S[o(WYZX\�^�viS[^!oV^!ZXSVelfx^!S�ZXWYZshu{no<j�ª%ZsjlmnSV^�v��(^�yn^!S�hk�X^
Z:pnfnZYo[^	o[pnZYe!^�e!UX{xo<huo<jVhu{nW£Us®�jlfx^Ð\¢h }x^!y o<jlSVZ�jg^!W�hu^!o#Us®�jgfihuo%WYZX\�^¨ZsruUX{xW£hu{nyn^!p?^!{nynZY{Yj�e!UiUXSVyihk¥
{nZsjl^!o�ZA}x^!o$vGUY{���fihuelf�UY{n^`e!ZX{�yx^��Õ{n^`WXSVZXyihu^!{Yjgo$¦(��fihuo¯ru^!ZXyno�mxo�jlU�ZX{�ZsruWXUYS<hkjgfn\ ®¡UYS(jlfn^�rkhu{n^!ZYS
�C{nZYpno[ZYe���pnS[UYwiru^!\ÐvÕ�X^!S<��^�¬]e�hu^!{Yj�hu{nyn^!^!y?¦��:^�jlfx^!{£W�hk�Y^]Z�pnSVUXwxZXwihkrkhuo�j[hue#hu{Yjl^!SVpnS[^�jgZ�jVhuUX{�jgU¨R�¦
��hk�Chut!SV^�  oz°k_!�s±�Z�ruWYUXS�hkjlfn\ ®¡UYS(jlfx^��CmnZYynS[Zsj[hue�wihu{nZYS<�¨UYpijVhu\%h��!Zsj[huUY{%pnS[UYwiru^!\�¦
��� �"¶"!�³#��$���� »s¥g_`UYpijVhu\%h��!Zsj[huUY{�vCwnZYS<�ie!^!{YjlSV^�viWYS[ZYyihu^!{Yj�v%�C{nZYpnoVZXe��%pnSVUXwiru^!\�vC�<o�hu{nW%\]Uiyx^�r¡¦
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+V�<{zZ�y~huo[e!S[^�jg^�\�ZX{ihk®¹U�ruy?v�jlfx^TpnS�hu{ne�hupiru^qUXS�egfnZYS[ZYe�jl^!S?U�®ihkjgo�\]^�jlS�hue�S[^�ruZsj[huUY{no?huo�ZsruS[^!ZYyi�
Wshk�X^!{�hu{¢jlfn^({nUsj[huUY{�U�®Gjlfn^(\�ZX{ihk®¹U�ruy?v ��fn^!S[^!ZYo"hu{]Z`e!UX{YjVhu{~mxUXmno \]ZY{ihk®¡Usruy#jlfihuoq{nUsj[huUY{
fnZYo`jlU£w?^%®¹UXmn{xyº^�ruoV^���fn^!S[^�vÕh¡¦ ^�¦qhkj%fnZXo#jgU�e!UX\�^%®¹S[UY\ UYmijgo<huyn^�¦-,�hkjgfn^!S$v�jlfn^!SV^�®¡UYS[^�v
jlfx^!S[^!ZsrkhkjÀ� ��fihuelf	mn{nyx^!S<rkhu^!o(o[pnZYe!^�\�mno�jT®¹UXSV\�Z�y~huo[e!S[^�jg^�\]ZY{ihk®¹U�ruy�vXUXS��(^z\�mno�j¯oV^!^
�
jlfx^ÐWYS[UYmn{ny U�®`hkjlo�\]^�jlS�hue�S[^�ruZsj[huUY{no/.¡\]^!ZYo[mnSV^�¥Æe!UY{nyihkjVhuUX{no�0zUYmijgo<huyn^�hkj!v�hu{ wihu{xyihu{nW
®¡UYS[e!^!o ��f~huelf£ZYe�j�mnp?UY{¨hkj!¦ 132�465 �7�	���8�9�;:�<*=>�8��&��	� �?�"���@
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��{�pnS[|!oV^!{Xjg^�mn{n^�\]|�jlfxUiyn^(p�UYmnSqruZ%S[|!oVU�rumijVhuUX{�ZXpxpnS[Uiegfn|!^�yn^�pnS[UYwirut!\]^!oqy�  UYpij[hu\¢huo[Zsj[huUY{]e!UY\�wihk¥
{nZsjlUshuS[^�yn^�ruZ�®¡UYS[\�^

TVU
WXZY\[�]_^`[ o$¦ e�¦Ja [�]b^dcfeg^	h
U�i ] yn|!o�huWX{n^`mn{��Y^!e�jl^!mnS�^!{���ZYS<huZYwiru^!o�w~hu{nZ�huSV^!o$¦x�Àr�o$ GZYW�hkj�yn^#pnS[UYwirut!\]^!o(y�  ZsrkruUie!Zsj[huUY{ÐUYpijVhu\]Zsru^jg^�ruo��~m?  UX{�^!{�S[^!{xe!UX{YjlSV^�®¡SV|!�Cmn^!\]\�^!{Xj(^!{ �8�������?�!���!&��	���	��
 yn^�j jXegfn^!o(^!{�S[^!egfn^!SVelfn^bUXp?|!S[Zsj[huUY{i¥
{n^�rkru^�vqr¡  ZYo[o�huWX{xZ�jVhuUX{ y�  mx{n^	��ZXS�huZXw~ru^Ð©lkJUYm ©nmÐe!UYS[S[^!oVp�UY{nynZY{Yjz©�r¡  ZXwxo[^!{ne!^	UXm ©�ruZ:pnS[|!oV^!{ne!^
y�  mx{n^zZYS[«�jg^�^!{YjlSV^�yn^!m~}]o[UY\]\]^�jgo�y�  mx{ÐWYS[ZYpnfn^�o~^!{ �"���*���	�	�7� v?ru^!o(��ZYS<huZYwiru^!o(wihu{nZshuS[^!o(\]Uiyn|�rkhuoVZX{Yj
ruZ	e!UXm~ru^!mnS(wiruZX{xelfn^#UYm�{nU�huSV^#y�  mn{�pih }x^�r�yn^`r¡  |!e!S[ZY{�.¹�XUshuS�° �Y��±"0	oGUXm�^!{)p �!�8��&���� v"p�UYmnS�r¡ "|�ruZYw�UYS[Zs¥
jVhuUX{�yn^!o�p?UYS<jl^�®¹^!mihkrkru^!o �Õ{nZY{ne�hu^!S[o_.¹�YU�huS(° ��±"0g¦�­�^(pirumno�jgUXmij�pxS[UYwirut!\]^�y?  UXpijVhu\%huoVZ�jVhuUX{`e!UX\�w~hu{nZ�jgU�huSV^
p?^!mijToV^�S[^�®¹UXSV\�miru^!S�^!{¢��ZYS<huZYwiru^!oTw~hu{nZ�huSV^!o$vC�CmihkjVjl^�©�ZYmnWY\]^!{Yjl^!S"ru^�{nUY\�wnS[^�yn^¯��ZXS�huZXw~ru^!o$¦i§(UY\]\�^
ru^!o�\�|�jlfnUiyx^!oTWY|!{n|!S[Zsru^!o(^!{�e!^#ynUX\�Z�hu{x^�e!UY{no<huo�jl^!{Yj(ruZXSVWX^!\�^!{Xj�^!{�ruZ¢®¡UYS[\]Zsrkhuo[Zsj[huUY{	yn^#pnS[Uie!|!yn|!o
mijVhkrkhuo[|!o�p?UYmnS�S[|!oVUXmnyxS[^�jg^�r UYm�jl^�r�e!ZYo�pnZYS<j[hue!m~rkhu^!S$vxUX{�oV^�SV|�®¡t!SV^�ynZY{no(ruZ	o[mihkjg^z©�yn^!m~}ÐpnS[UYwirut!\]^!o
q�R�¥Âe!UX\�piru^�jlo(wihu^!{¤e!UX{n{Cmnor. �XUshuS¢° ss±"0	tGru^ �u����(*�Av	���w�!x y��*�"��� v UXm�\¢hu{ihu\%huoVZ�jVhuUX{�y�  mx{n^`®¡UYS[\]^`�CmnZs¥
ynSVZ�jVhu�Cmn^]^!{:��ZYS<huZYwiru^!o�wihu{nZshuS[^!o�v�^�j�ru^ �u����(*�Av	���l�8z{�%��&}|~���%� vqUXm \%hu{~hu\%huo[Zsj[huUY{:y�  mn{n^�®¡UYS[\�^
rkhu{n|!ZshuS[^bo[UYmno�e!UY{YjlS[Zshu{Yjl^�rkhu{n|!ZshuS[^�^!{���ZXS�huZXw~ru^!oTwihu{xZ�huSV^!o$¦C§(^!o�pnS[UYwirut!\]^!o�ZYpnpnZYS[Zshuo[oV^!{Yj�e!UX\�\]^qru^!o
ZY{nZsruUXWYmn^!o�^!{]��ZYS<huZYwiru^!o�wihu{xZ�huSV^!o¯yx^!o¯pxS[UYWXSVZX\�\]Zsj<huUX{xo�rkhu{n|!ZshuS[^!o(^�j��~mxZXynSVZ�jVhu�Cmn^!oTyx^�r¡  UYpij[hu\¢huo[Zs¥
jVhuUX{�e!UX{Y�X^l}x^�¦ ��^!mnS�|�jgmnyn^%p?^!S[\�^�j�ynUX{xe%y�  ZYpnpnS[|!fx^!{nyn^!S(ru^!o#yihk¬]e!mirkjg|!o��Cmn^�o[UYmirut��X^�ru^�pnZYo[o[ZYWY^
yn^#�sZXS�huZXwiru^!o�e!UX{YjVhu{~mx^!o�^!{���ZYS<huZYwiru^!o�w~hu{nZ�huSV^!o$v?ynZY{no�yn^!m~}¤e!ZXo�yn^ �ÕWYmnS[^#e!UY{YjlS[ZYo<jg|!o$vxpnmihuoV�~mx^#ruZ
yihk¬�e!mirkjl|�ynm¨pxS[UYwirut!\]^(rkhu{n|!ZshuS[^bj[hu^!{Yj�ynZY{noToVZ�e!UX{YjgS[Zshu{Xjg^�vYruZ�®¹UXSV\]^��CmnZYynS[Zsj[hu�Cmn^�SV^!pnS[|!oV^!{YjlZY{Xjq©
^�rkru^#o[^!m~ru^�mn{n^`yihk¬]e!m~rkjl|�hu\�p�UYS<jgZX{Yjg^�¦

,�{]pnSVZ�jVhu�Cmn^�vYUX{�o$  hu{Yjl|!SV^!o[oV^�o[UYmi�X^!{YjTZYm~}�p?U�rkhkjVhu�Cmn^!oTUYm]ZsrkruUie!Zsj[huUY{no�UYpij[hu\�Z�ru^!o�vYpirumno�^!{ne!UXSV^(�~m?  ©
ruZ	��Zsru^!mnS�e!UYS[SV^!o[p?UX{xynZX{Yjg^�ynm£pnSVU��xj�¦G­�^%p~rumno�r¡  UYwijl^!{YjVhuUX{�y�  mx{n^�Z�rkruUie!Zsj[huUY{��CmnZYo<hk¥ÂUXpijVhu\]Zsru^#^!o<j
|!WYZ�ru^!\�^!{Yj�hu{Yjg|!S[^!o[oVZX{Yjg^�¦�,�{%�Õ{:r¡  UXw~jl^!{Yj[huUY{ y�  mn{ �X^!e�jg^!mnS#�Cmih�\%hu{ihu\¢huo[^�ZXwnoVU�rumx\]^!{Yj Y ^!o<j]^!{
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WY|!{n|!S[Zsr�mn{ UYwi�<^!e�j[hk®�jlSVUXp�yihk¬]e�hkru^	©£Zsj[jl^�hu{xynS[^�v?ru^�pnS[UYwirut!\�^%|�jlZY{YjCq�R�¥Âe!UX\�piru^�j�. �XUshuS¨° s�±"0g¦���{
o�  hu{Xjg|!S[^!oVo[^�ynUX{xe¯yxZX{no e!^TjgS[Z!�sZ�hkri©`yn^!o�fn^!mnS�huo<jVhu�~mx^!o�e!UX{nyxmihuo[ZY{Yj ©`yn^!o�ZsruWYUXS�hkjlfn\�^!o �Cmihne!Zsrue!miru^!{Yj�v
ZYm]pnS�h }	y�  mn{x^�e!UX\�piru^l}~hkjl|$+gS[Zshuo[UY{n{nZYwiru^L1V.¡w�UYS[{x|!^¯pxZXS�mn{	p�Usrk�i{��X\�^(yn^�®¡Zshuwiru^�yn^!WXSV|�^!{%ruZ#jgZ�hkrkru^
ynm�pnS[UYwirut!\�^�0lvGmn{£�Y^!e�jl^!mnS�+go[mi¬]oVZX\�\]^!{Yj�pnSVUielfn^L1�yn^%e!^%\¢hu{ihu\�mn\�¦?��^��X^!e�jg^!mnS�UYwijl^!{Cm£p?^!mij
^!{noVmihkjl^(«�jgS[^�mij[hkrkhuoV|�e!UX\�\]^�ZXpnpxS[U$}~hu\]Zsj[huUY{`ynm%\%hu{~hu\�mn\´S[^!egfn^!S[egfn|�v�UXm¢e!UX\�\]^�p?Ushu{Xjqyn^�yn|!pnZYS<j
p?UXmxS¯y?  ZXmijgS[^!o(pnSVUie!|!ynmnS[^!o y�  UXp~j[hu\%huoVZ�jVhuUX{?¦

q�U�jgS[^�huyx|!^TyihuSV^!e�jlS�hue!^�^!o<j�yn^(SVZ�huoVUX{n{x^!S�o�jlZsj[huo<jVhu�Cmn^!\]^!{Yj"o[mnS"ru^(WYS[ZY{nyz{xUX\�wnSV^�yn^!o�e!UY{%�ÕWYmnSVZ�jVhuUX{no�v
oVUXmnSVe!^zyx^zruZ	yihk¬]e!m~rkjl|#ynm£pnSVUXw~rut!\]^�yx^�\¢hu{ihu\%huoVZ�jVhuUX{ ��( �����6zu� v"Z �Õ{�y�  UYwijl^!{ihuSbS[ZYpihuyn^!\]^!{Yj�mn{n^
w?UX{�\¢hu{ihu\�mn\ � �������L&���� ¦��qjlZY{Yj�ynUX{x{n|!^�mn{x^�®¹UX{ne�jVhuUX{	^!{	��ZYS<huZYwiru^!o(wihu{nZshuS[^!o Y ©%\¢hu{ihu\%huoV^!S$viUY{hu{YjlSVUiynmihkj`ynUX{xezru^!o`\]U$�X^!{n{n^!o�p�UY{nyn|!SV|!^!o�yn^ Y v��xmx^�e!UX\�\]^`mn{n^�®¹UX{ne�jVhuUX{x{n^�rkru^#o[mnSbru^!ozegfnZY\]pnow?^!S[{nUYmihkrkrkhu^!{no`yn^�pnZXSVZX\�t�jlSV^	� .¹j[huSVZXWY^!o�©¤pihkru^¨UYm�®¡ZYe!^�hu{nyn|!p?^!{nynZY{Yjlo�oVmihk��ZY{Yj�ru^!o�e!UiUYS[yxUX{n{x|!^!o
ynm	�Y^!e�jl^!mnS ] 0g¦���{�UXw~j[hu^!{Yj�mn{�p�Usrk�i{��X\�^�\�mirkjVhkrkhu{n|!Z�huSV^�

� Y vGZXpnp?^�ru| �9��
7�	��
"�7�	� yn^ Y vGZ!�XZY{Yj�yn^!opnSVUXpxS<hu|�jl|!o�^l}~jlSV|!\]Zsru^!o�ZY{nZ�ruUYWYmn^!o�©%e!^�rkru^!o(yn^ Y txZ�hu{xo<h?jlUYmij¯\¢hu{ihu\�mn\ ruUie!Z�r?y� �
 � Y o[mnS�r¡  ^!oVpnZXe!^yn^!oqpnfnZYo[^!o�
%vY\�mn{~hnyn^�o[Z�jlUYp�UsruUYW�hu^ &	z?(*���	zu����� vC^!o<jV¥¡hkrnZsj[jg^�hu{Xjq^!{%mn{%p?U�hu{Yj�©`e!UiUYS[ynUY{n{n|!^!o?»zUYm
_g.¹jgfn|!UYS[t!\]^(�C¦u_A��0l¦C��Z#e�ru^�®"yn^�e!^�jgfn|!UYS[t!\]^�^!o<jqr¡  fnZYS[\]UY{ihue�hkjg|�y� �
�� Y ¦n��{]yn|��Õ{~hkj¯ZsruUXSVoTyx^!o�yn^!o�¥e!^!{Yjl^!oqyn^!o�WYS[ZYyihu^!{Yjlo y� �
 � Y ynZY{no�r¡  ^!oVpnZXe!^�yx^!o�pnfnZYo[^!o�vsru^�ruUY{nWzyx^!o[�Cmn^�rkru^!o�
 � Y ^!o�jTyn|!e!SVU�huoVo[ZY{Xjg^.¡pnS[UYp�UYo<hkjVhuUX{��i¦u_$»I0g¦���{x^�®¡UYS[\�miru^byn^���mxo[o[UG. �XUshuS`°k_��!±"0(p?^!S[\�^�j�y�  ^!o�j[hu\]^!Sqyn^!o�WXSVZXyihu^!{Yjgo$vC^�j(y�  ^!{
yn|!yxmihuS[^�yn^!o�Z�ruWYUYS<hkjlfx\]^!o�ZYpnpnS[Uiegfn|!o�p?UYmnS�e!^!S<jgZ�hu{xo�pnS[UYwirut!\�^!or.ÂpnSVUXp?UXo�hkj[huUY{��x¦u_%0l¦"��{ pxS[|!o[^!{Yjg^
^!{noVmihkjl^#mn{¤Z�ruWYUXS�hkjlfn\�^z�CmnZYynSVZ�jVhu�~mx^z^!{£^!oVpnZYe!^z^�j�rkhu{n|!Z�huSV^�^!{�jl^!\�pno�p?UXmnS¯ru^�pnS[UYwirut!\]^`ynm£oVZXe
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,�{ S[^���ZY{negfn^�v o<h�UY{ yihuo[p?UXoV^]y�  mx{ w�UY{ ^!o<jVhu\]Zsjl^!mnS`p�UYmnS#e!^!S<jgZ�hu{xo�WXSVZXyihu^!{Yjgo$v UX{ p?^!mij�mij[hkrkhuoV^!S
e!^�jVjl^`hu{i®¡UYS[\�Z�jVhuUX{�yxZX{no�yn^!o�\�|�jlfnUiyx^!o¯y~huS[^!e�jl^!ob^�¬]e!ZXe!^!o�¦Gc�hu{no�h�ynZY{no�ru^%e!ZYo�yx^ " X ru^%WYS[ZYyihu^!{YjZYm�\%hkrkhu^!m �¨y�  mx{Ðe!mxw�^ > e!UY{Yjl^!{nZY{Yj ] p?U�hu{Yjg^�yihuSV^!e�jl^!\]^!{Yj�ynZX{xo(ruZ%w�Ushkjl^�yn^`­�huS<huegfiru^�j�ZYo[oVUie�hu|!^© ] ¦!,T{	^/T�^�j�p?UXmxS �#I oVmnpnp [ � ^ UY{�Z%y�  ZYpnS[t!o�r¡  |!�CmnZsj[huUY{l.Æ��0

�� �%c 
 � Y 0 
 � � (
	 ��� Y  
 � � (
	 ��� Y_h
�Cmih?^!o<j �nk#o<h ](I @ �0c$0 mDBYvC^�j �nk#o<h ] I @ �0c$0dkIBX¦X­�UY{ne�ru^�oVUX\�\]^�j�yn^�ruZ#w?U�hkjg^�yn^�­bhuS<huegfiru^�j
ynZY{no(ruZY�Cmn^�rkru^zp?Ushu{Xjg^�ru^`WXSVZXy~hu^!{Xj�^!o�j�©�r¡  hu{Yjl^!S[oV^!e�j[huUY{¨yx^!oT®¹ZXe!^!o(e!UY{Yjl^!{nZY{Yj ] v?e�  ^!o�j�ynUX{xe ] ¦
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c�yn\]^�jVjlUY{noÕynUY{neqp�UYmnS?r¡  hu{no<jgZX{Yj��Cm�  UY{#yihuo[p?UXoV^�y�  mx{¢��S[ZYe�ru^�v�UXm#pnSVUie!|!ynmnS[^�yx^Te!Zsrue!mirCynmzWYS[ZYyihu^!{Yj
^!{�jg^!\]pno e!UX{no�jlZY{Yj�vse!UX\�p�UYo[ZY{Yjl^qpnZXSqe!UX\�p�UYo[ZY{Yjl^�¦$��Zze!UY\]piru^l}~hkjg|¯^!{�jl^!\]pxo�yn^�e!^�j[jg^TpxS[Uie!|!ynmnSV^
^!o�j¯r¡  mx{ihkjl|#yn^�\]^!o[mxS[^�p?UXmxSTru^!o�ZsruWYUXS�hkjlfn\�^!oT|��YUi�~mx|!o¯yxZX{no�ruZ�o[mihkjg^�¦��TUshue�h��Cmn^�ru�Cmn^!o�huyn|!^!o�y�  mijVhk¥
rkhuoVZ�jVhuUX{�yn^!o(WYS[ZYyihu^!{Yjlo�ynZX{xo¯yx^!o¯ZsruWYUXS�hkjlfn\�^!oTZYpnpnSVUielfn|!oqyn^�\¢hu{ihu\%huoVZ�jVhuUX{�y�  mn{n^b®¡UY{ne�j[huUY{ Y oVmnSmn{�fY�ip�^!SVe!mnw?^ : vGyn^�\¢hkrkhu^!m �Õ¦

9 c��YZX{Yj(^!o<jVhu\]|(ru^`WXSVZXyihu^!{Yj�^!{ �ÕviUY{	yn|�jl^!SV\%hu{n^�ruZ .Âw?Ushkjl^�yn^�­�huS<huegfiru^�j�yn^�ruZ�0�e!UX{ �ÕWXmxS[Zsj[huUY{
] �Y^!S[o�ruZY�Cmn^�rkru^�p�Ushu{Yjl^�e!^�WXSVZXyihu^!{Yj!v�^!{ jg^!\]pno`rkhu{n|!ZshuS[^�¦ Y\[7]_^ ®¹UXmnSV{ihkj%ZsruUXSVo%mn{n^	��Zsru^!mnSZYpnpnS[Uiegfn|!^�ynm�\¢hu{ihu\�mn\ yn^ Y oVmnS : . �ÕWYmnS[^��~¦ c 0l¦

9 ��Zs¬]{nZY{Yj�ruZ�pnSVUie!|!ynmnS[^`pnSV|!e!|!yn^!{Yjl^�vGUX{�yn|�jl^!SV\%hu{n^`y�  ZYw�UYS[yÐruZ�®¡ZYe!^#�X^!S[o`ruZY�Cmn^�rkru^%p?U�hu{Yjl^
�>
 � Y�� ¦GR�mihuo�UX{�SV^!e!UX\�\]^!{ne!^(Z!�Y^!e�e!^�jVjl^�®¹ZXe!^`ZYm¨rkhu^!m�yxmÐe!mxw�^bhu{ihkj[huZsr¡vG^�j�Z�hu{no�h yx^zoVmihkjl^�v�<mxo[�Cm�  ©#UXw~jl^!{ihuSqmn{n^�e!UY{%�ÕWYmnS[Zsj[huUY{ ] � ^!{]jg^!\]pnoq�CmnZXyxS[Zsj[hu�Cmn^�¦ Y\[7] � ^ ^!o<j(mn{n^�ZYmijlSV^���Zsru^!mnSZYpnpnS[Uiegfn|!^�ynm�\¢hu{ihu\�mn\ yn^ Y oVmnS : . �ÕWYmnS[^��~¦ � 0l¦

9 R�UYmnS�ru^�egfnUsh }%yx^(ruZ�®¹ZXe!^�vsmn{%\�^�hkrkru^!mnS�e!S�hkjlt!S[^�p?^!mij�«�jlSV^Tru^�\¢hu{ihu\�mn\´oVmnS�e!^�jVjl^q®¡ZYe!^�v�^!o�j[hu\�|
pnZYS`ruZ�pnS[Uie!|!ynmxS[^�ynm:pnS[^!\¢hu^!Szp?Ushu{Xj!v�©£e!UY\]p~ru^l}ihkjg|%e!mnwihu�Cmn^�o UXm:pnZYS#e!^�rkru^¨ynm:yn^!m~}~hut!\�^
p?U�hu{Yj�vs©�e!UX\�piru^l}~hkjl|��CmnZYynS�hu�~mx^�o�UYm�^!{ne!UYS[^�pnZYS�mn{n^(pnS[Uie!|!yxmnS[^�SV|!e!mnS[o�hk�X^�vs�Cmihn{nUYmno�SVZX\�t!{n^
©�mn{n^%|!{Cmn\�|!S[Zsj[huUY{�¦u,T{:^/T�^�j`ru^]WYS[ZYyihu^!{Yjzy? �
�� Y ZYm \%hkrkhu^!m:y�  mn{�o[^!WY\]^!{Yjz{? �^!o<j#ZYmijlSV^! Ë�� � )+0 Ó��LK!Ò � Ò�� M2. )+0 Ò � Ó�Ò � � HJI 0 � Ó¡Ò ,�Ò M/'	7 8 '2037 8 < 7 5��9:�� I������< �35/7 :"! 5 �$# �&%('*),+.- : @
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�Cmn^�ruZ¨yihST?|!S[^!{ne!^�yn^!o(��Zsru^!mnS[obyn^ Y ^!{YjgS[^�ru^!o�^l}~jlS[|!\¢hkjl|!o�ynm�o[^!WY\]^!{Yj!viy�  ZYpnS[t!o(ruZ¢®¡UYS[\�miru^yn^���mno[oVU3.À��0l¦
cbhu{no<h?UX{�p�^!mijqhu\]ZYW�hu{x^!S�mn{n^bWXSVZX{nyx^(��ZXS�hu|�jl|�y�  ZsruWYUXS�hkjlfn\�^!o�yn^�\¢hu{ihu\%huoVZ�jVhuUX{%yx^ Y o�h�UY{¨y~huo[p?UXoV^yn^`WYS[ZYyihu^!{Yjlo$¦
� �C� �%�&�"��� 0 (+* ,�D ��³01#���n� � �~µ$" ³%! 6 �%� ·Y³%!Gµ
���M"+!Õµ �C�37*­�ZX{xo%ruZ pnS[Uie!|!yxmnS[^�ynm�yn^!m~}~hut!\�^
p?U�hu{Yj!v�S[|!e!mxS[o<hk�Y^%o[m~hk��ZX{Yj#ru^!o#®¡ZYe!^!o$vb.¹ruZ�pirumno#pnSVUielfx^%yn^!o`Z�ruWYUXS�hkjlfn\�^!o�yn^!o#oV^!e�j[huUY{no��i¦ ��^�j#�x¦ ��0lv
UY{�pnS[UYo[p?^!e�jl^�vC^!{	jg^!S[\]^!o�yn^`pnS[UYWYS[ZY\]\]Zsj[huUY{�pnZYS�e!UX{YjgS[Zshu{Xjg^!o$v z;�G�9�%�V�	�{�J88����
 ¦?��Z¢S[^!{YjlZYwihkrkhkjl|
©�ruUY{nW�jl^!SV\]^�yn^�pnZYo[o[^!S`ynm�jl^!\�pno�©£pxS[UYo[p?^!e�jl^!S�^!{:ZX\�UX{Yj#Z!��ZY{Xj�y�  ZYo[o�huWX{x^!Sz^!o�j�mn{�®¡Zshkj�wihu^!{
e!UY{n{Cm�^!{]hu{Yjl^�rkrkhuWY^!{ne!^`ZXS�j[h �Õe�hu^�rkru^$.¹�YU�huSz° �s±"0l¦
0�( *0(>� � �M!�$�³Õ�X"¡�
�iµ$"¹³%!��06 � ���n¸¹¸¡�C¸+"¡�!� ���"·Y³Õ� � �C!�$��
��Z �����!���8�$�A����
#����� p?^!S[\]^�j�r¡ �^l}xpiruUXSVZ�jVhuUX{ +gZXm��XUshuo<hu{nZYWY^L1£y�  mn{n^	yn^!o�o�jlS[Zsjl|!Wshu^!o`y�  ^l}xpiruUXSVZ�jVhuUX{
pnSV|!e!|!yn^!{Yjl^!o�¦CR�ZYS¯^l}x^!\�piru^�UY{�p�^!mij(egfnU�huo�huS�mn{n^b®¡ZYe!^�Z!�Y^!e�mx{n^�pnSVUXwxZXwihkrkhkjg|�pnSVUXp?UYS<j[huUY{n{n^�rkru^�©�ruZ
e!UY\]p?UXoVZX{Yjg^�ynm�WXSVZXy~hu^!{Xj�ynZY{no�oVZ%yihuSV^!e�j[huUY{l.¡{~m~rkru^�o�h�ru^#WXSVZXyihu^!{Yj�p?U�hu{Yjl^��X^!SVo�ruZ%®¹ZXe!^`UYpnp�UYo[|!^�0gv
ZYm�rkhu^!m£yn^`elfxU�huo�huS�o<�io<jg|!\]Zsj[hu�Cmn^!\�^!{Xj�ruZ%®¹ZXe!^��X^!SVo�ruZY�~mx^�rkru^�p�Ushu{Yjl^�ru^�WYS[ZYyihu^!{Yj�¦G��{£UXw~j[hu^!{Yj�yn^!o
pnSVUX\�^!{nZYyn^!o�Zsru|!Z�jgU�huSV^!o(o[mnS(ru^#e!mnw?^�viyihuS�huWX|!^!o(ZYmijlUYmnS(yn^`e!^!S<jgZ�hu{no(WYS[ZYyihu^!{Yjlo�¦n��{�hu{XjgS[Uiynm~hkjbZsruUYS[o
mn{¤pnZXSVZX\�t�jlSV^�yn^�e!UY{YjlS �sru^ �sv�|!WXZsr�ZXm¤{nUX\�wxS[^`yn^#®¡Ushuo��Cm�  UY{£ZYpnpirkhu�Cmn^#r¡  ZsruWXUYS<hkjgfn\]^#S[ZY{nynUY\%huoV|
yn^!pxmihuo#ru^¨\¢hkrkhu^!m ynm e!mnw�^�¦ ��Z��Cmn^!o<jVhuUX{ yn^��Chu^!{Yj�e!^�rkru^¨ynm egfnUsh } yn^ �/. �XUshuSÐ° � � ±"0l¦q��UYmijl^�®¹U�huo`hkr
p?^!mij�^l}~huo<jl^!S#yn^!o#o�hkjlmnZsj[huUY{no#U�i e!^	WX^!{xS[^%yn^	o[UYmno�¥ÆUYpij[hu\¢huo[Zsj[huUY{£{n^	o[mi¬¢j%pnZXo#©£WYZYS[ZY{XjVhuS`r¡  UXwi¥
jg^!{XjVhuUX{:y�  mn{:\%hu{~hu\�mn\4ZYwnoVU�rum�¦ ­�^	pirumno#ruUYS[o#yn^¢ruZ£pnS[^!\¢hut!S[^�jgS[Z���^!e�jlUshuS[^#yn^	yn^!o[e!^!{Yjg^#hkrbp?^!mij
«�jgS[^`pnS[|�®¹|!S[ZYwiru^�y�  ZYpnpirkhu�Cmn^!S(ruZ¢�X^!SVo<huUY{�yn|!S[ZY{nynUY\%huoV|!^�yn^`r¡  Z�ruWYUXS�hkjlfn\�^�vnoVmnS<jgUXm~jbo�h ��� yihu\ [ > ^ ¦§(^!o`pnS[UY\]^!{xZXyn^!o�Zsru|!ZsjlUshuS[^!o�oVUX{Yjz�CmnZsrkhkjlZsj[hk�Y^!\]^!{Yjzy~hST�|!S[^!{Yjg^!o�yn^!o�pnS[Uie!^!oVo[mno�yx^�S[^!e!mihkj`o<hu\�miru|�¦
cbhu{no<h"{n^�oVUX{YjV¥Æ^�rkru^!o(pnZYo�jlS[ZY{no�hkj[hk�X^!o�¦ �nUY{nyn|!^!o(oVmnS(yn^!o(fn^!mnS<huo�j[hu�Cmn^!o�ZX{YjgfnS[UYp�UY\]UYS[pxfn^�o .¹�YU�huSz° ��±"0lv
^�rkru^!o�oVUX{Yj�SVZXpihuyx^!o$vx\]Zshuo�pnZXo(hu{~®¡Zshkrkrkhuwiru^!o$¦?c´r¡  UYpnp?UXoV|�viru^`S[^!e!m~hkj�o<hu\�miru|�vx®¡UY{nyn|�o[mnSbyn^!o�pnS<hu{xe�hup�^!o
{nZsjlmxS[^�ruo$vxZsj[jl^�hu{Yj�ru^!{Yjl^!\�^!{Yj�\]Zshuo�o �nSV^!\]^!{Yj�o[^!o �Õ{xo$¦?��Z���Zsru^!mnS�SV^!{Y�XU!�Y|!^�pnZXSb{nUXobfn^!mnS<huo�j[hu�Cmn^!o
p?^!mij�ZXmxo[o<h"o[^!S��ChuS¯yx^zw?UX{	p?U�hu{Yj�yn^`yn|!pnZYS<j(p�UYmnS(mn{�S[^!e!m~hkjbo�hu\�miru|`UXm	mn{n^`S[^!egfn^!S[egfn^�jgZXw?UYm�¦

��{Jp?^!mij#|!WXZsru^!\]^!{Yj��XUshuS�yn^%jg^�ruozZsruWXUYS<hkjgfn\]^!o�o[UYmno`r¡  ZX{xW�ru^ &�����
"�����A�J�J88��&J&	��(*�
� ¦���{Jegfn^!SVelfn^¢©
e!UY{YjlS �sru^!S�mn{n^	jgS[Z���^!e�jlUshuS[^%huoVo[mn^�yn^ � Z �Õ{ y�  Zsj[jl^�hu{xynS[^�ruZJe�huw~ru^ :�
 ¦(c�m �im�yn^	ruZ�®¡UYS[\�miru^�yn^
��mxo[o[UivCUY{]^!o�jTjg^!{Xjg|�y�  |��YUi�~mx^!S�ruZ#jlfx|!UXS�hu^�ynm MQ������( ��&�� v"�Cmih?o[mnWYWXt!SV^�y�  ZYpnpirkhu�Cmn^!S�©�egfnZY�Cmn^�|�jlZYp?^
r¡  ^!{YjlSV|!^z�Cmih�oV^!S[ZshkjbUYpijVhu\]Zsru^�o<h"jgUXmijg^!o�ru^!o��~mxZX{Yj[hkjg|!o�hu{ne!UX{x{~mx^!o�|�jlZshu^!{Xj �x}x|!^!o(©%ru^!mxS�^!o[p?|!S[ZY{ne!^�v
Z �Õ{	yn^ze!UY\]p?^!{noV^!S�ru^!o�hu{ne!^!S<jVhkjlmnyn^!oq^�j(ru^zwnSVmihkj�ynZY{no�ru^zo��xo�jlt!\�^C.¹�YU�huSz° �ivnp?¦ _$�X�s±"0l¦x��{�SV^�jlS[UYmi�Y^
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ru^!o(rkhu^!{nob^l}ihuo�jlZY{Yjb^!{YjgS[^�o�jlSVZ�jg|!W�hu^�wxZ!�X|!o�hu^!{n{n^�^�j�\¢hu{ihu\]ZA}J. �XUshuSz°k_�vGegf�¦ �A±"0g¦
,�{]yihu\�^!{no<huUY{��nvimx{]WYS[ZYyihu^!{YjTZ � [ � ^ e!UY\]p?UXoVZX{Yjg^!o$¦$�ÀrÕ®¡ZYmij�ynUX{xe � [ � ^ e!Zsrue!miruoTp?UYmnS�ru^�yn|�jl^!SV\%hk¥{n^!S�¦n§(^!o(e!Zsrue!miruoToVUX{Yj ���u� �����	� hu{xyn|!p�^!{xynZX{Yjgo$vsynUY{ne�yihuSV^!e�jl^!\�^!{XjqpnZXSVZ�rkru|�rkhuoVZXw~ru^!oQtCUY{¨SV|!pnZYS<j[hkjqru^!o
e!UiUiynUY{n{n|!^!o�|!�CmihkjlZYwiru^!\�^!{Xj�^!{YjgS[^�ru^!o�pnSVUie!^!o[o[^!mxS[o$¦~R�UYmnS�r¡ ?hu\�ZXWY^!S<hu^�vGUYm�r¡  mij[hkrkhuoVZ�jVhuUX{£y?  UXSVyihu{nZs¥
jg^!mnS[o�\�ZXoVo<hk�Y^!\]^!{Yj�pnZXSVZ�rkrut�ru^!ob^!o<jzpxS[Zsj[hu�Cmn^`e!UXmnSVZX{Yjg^�vnruZ	e!UY\]piru^l}~hkjl|`^!{�jl^!\�pno�p?^!mij�ynUY{ne#«�jlSV^
yihk�ChuoV|!^zpnZYS � vxU�i � ^!o�j�ru^z{xUX\�wnSV^�yn^�pnS[Uie!^!oVo[^!mnSVo$¦
,�{£pnSVZ�jVhu�~mx^�r¡  ��S[ZYe�ru^�o$  UYwij[hu^!{Yj�^!{�oV^�S[^!o�jlS[^�huWY{nZY{Yjb©	yn^!o�e�ruZYo[oV^!o�wihu^!{�egfnUshuo<hu^!o�yx^z®¹UX{xe�j[huUY{no Y vmijVhkrkhuo[ZY{Yj¯r¡ Xhu{i®¡UYS[\�Z�jVhuUX{�oVmnpnpiru|!\�^!{YjlZshuS[^�vsyn^�{nZsjlmxS[^�ZsruWX|!wnS�hu�Cmn^�t Y �~mxZXynSVZ�jVhu�Cmn^�v Y rkhu{x|!Z�huSV^�o[UYmnoe!UY{YjlS[Zshu{Yjl^�rkhu{x|!Z�huSV^�oiUYm¨pnSVUXwxZXwihkrkhuo�jl^�tYhu{Yjg^!S[pnSV|�jlZsj[huUY{#®¡S[|!�Cmn^!{YjVhuo<jl^byn^�ruZ�®¹UXSV\�miru^�yn^���mno[oVUxv~p�UYmnS
UYwijl^!{~huS$vsynZY{no�ru^!oqw�UY{no�e!ZYo$vYyn^!oq^!o<jVhu\]Zsjl^!mnSVo SVZ�huoVUX{x{nZXw~ru^!o�p�UYmnS�e!^!S�jlZshu{no�WYS[ZYyihu^!{Yjlo$¦s��^!oqo[^!e�j[huUY{no
SV^!o<jlZY{Yjl^!o�\�UX{YjgS[^!{Yj�e!UY\]\]^!{Yj�UY{ p?^!mij�^!o�j[hu\]^!Sbyn^!o�WYS[ZYyihu^!{Yjlo�v?^�j�^!{£yx|!ynmihuS[^�yx^!ozZsruWXUYS<hkjgfn\]^!o
^�¬]e!ZYe!^!o(p�UYmnS�e!^!S<jgZ�hu{no(pnSVUXw~rut!\]^!o$¦

�V�]� 	 �)
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R�UYmnS#ru^	pnS[UYwirut!\�^%ynm o[ZYe]©£yxUXo�v�r¡  ZYpnpirkhue!Zsj[huUY{ ynm:jlfn|!UYS[t!\�^�yn^]�"hu{nyx^!w�^!SVWÐp?UYmnS`ru^!o�o[UY\]\]^!o
yn^b��ZYS<huZYwiru^!o�hu{xyn|!p�^!{xynZX{Yjg^!o .¹�YU�huS�° �Y�~v~p�¦ � � ��±"0TSV^!{ny]p?UYo[o<huw~ru^�mn{n^�^!o�j[hu\�Z�jVhuUX{�yn^!o(WYS[ZYyihu^!{YjloqZXm~}
\¢hkrkhu^!m~}�yn^!o�e!mxw�^!o�¦
0�( &�( * ��� ��!#" µ$"¹³%! $�� 6���³ 
�¸ /C� � �Yµ �I6#6�¸+"¡· �iµ$"¹³%!��
�qjlZY{Yj¢yxUX{n{x|!^!o�ru^!o�oVmihkjl^!o#S[|!^�rkru^!o 	 0 [ 	 c ^ c : R ^�j�� 0 [ � c ^ c : R v�ruZ¤e!UX{YjlSVZ�hu{Yjg^	�

,
I � v�^�j#r¡ 
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