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��nv��^7ujlab�¬=c��R­J]_^�c��rc*¥¹sx�rcxÉvitu-pr^ac�mksqª ��nx��^-ujlab�¬=c��µmtikb-i³pRÉxpr^ac�z{sxmklypritsvu�z$s|¥Epr^ac:�'svc:�*svbgw��{cRz{z{it¬�mtc�z{sxmk¨xc��´��n|u�uas|p²¬=c
nxu9nv���*l��rn|p{cen|wawa�rs±�yitb7n|p{iksxu�sx¥#pr^ac�ituP�*sxb-wa�rc�zrz{it¬amkcez�~yz�p{c�b�ª'^ac��rc§p{^acewa�rc�zrz�l��{c�¶�l��*p{l�n|p{iksxu�z'zr��nxmtcRz_ª'i³pr^�pr^ac #*)'�2
I� �
sx¥�pr^ac���nx��^9ujlab�¬=c��R­

L u�p{^aioz'w�nxwPc���Éyª¸cec*�an|b-ikuac§p{^ac�zrn|b-cewa�rsx¬amkc�b ¥¹sv��¦§s } lauasq¨7p�~jw=c�z{��^ac�b-c�z�­ L u8�*svuBp{��nxz�p¸ª'itp{^��'svc�p�~jw=c�z�svmt¨vc���z�É
pr^ace¶�ly�9^ac��rceikz'sx¥#pr^ace¥¹sx�rb+�

������1 � ��* �,� 1�* ��� � �-� 1�*.�/�%1�* � J �0K
ª'^ac��{c0��1�*©ioz_p{^�c�z�svmtlypritsvu�sx¥Jnxu�c��ynv�0p'sx��nxwawa�rs±�yitb7nqprc§��itc�b-nxuau9wa�{sv¬amkc�b } c�À�uac } ¬j~�p{^acep�ª¸sgz�prn|p{cRz1�%1�n|u } �%*µ­

]_^acRz�c§p�~jw=c�s|¥Jzr��^ac�bgcRz_c*�y^aik¬aitp'p{^ac�zrn|b-cewa�rsx¬amkc�b�sx¥�nv����la�rnv�*~gp{^Pn|u��'sxc�� z'nxu } s|p{^�c��'lawjª'iku } z{��^ac�b-c�z�­
½Jik��­���z{^asqª�z�n|u c��an|b-wamkc�s|¥:p{^aiozg¬Pc�^�n±¨jitsv��­32�u¤p{^�ikz�À��vla�{c�ikz-z{^asqª'u n>z�cR·vl�c�u���c�s|¥§�*sxb-walaprnqpritsvu�z�s|¥�pr^ac�¶Psqª
nx�{svlau } n�¾�� È �:�x���R�-nxit�{¥¹sxikm#nqp } c����{cRnxz{itua���Hnx��^�ujlab�¬=c���sxu8pr^ac�zrn|b-c�b-c�z{^»­ L u8pr^ac�z{c���sxb-walyp�nqp{iksxuPz�É�p{^ac�ituy¶Psqª
¨vc�mksj��i³p�~7ioz�Axc�wyp��*svu�z�p�n|uBp_c�·Bl�n|m=prsgl�uai³p�~�ª'^aitmkc§p{^aceikuy¶�sqª w��{cRz{z{la�rc:ioz_itu����{cRnxz{c } ­$]_^ac�À��vla�{cRz_z�^asqª p{^aceuasv�{b7n|mki Q�c }
wa�rc�zrz{la�{c�4 / 465�7 8:9;4�5�<>= / 4�5�7 8y­>��z�pr^ac9��nv��^¤ujlab�¬=c�� } c����{cRnxz{c�z�É#pr^ac��rc�z{lamtprz�¬PcR�*sxb-c�ªµsv�rz{c�n|u } p{^ac9z�svmtlypritsvu�z
} s7u�s|p���sxuj¨xc��{�vc:prs�n-�{cRnxz{sxu�nx¬amtcen|w�wa�{s±�yikb7nqp{iksxu�s|¥�p{^�c�itu���sxb-wa�rc�zrz�ik¬amkc�z�svmtlap{iksxu»­²]_^�c�À��xl��{cRz } ikz{wamon±~7¥¹�rsxb�mkc*¥ùp:p{s
�rit�v^Bp²p{^�c§�rc�z{lamtprzµsx¬yp�n|ikuac } ª'i³pr^��'svc§zr��^ac�bgc�ª'^ac��rc�pr^ac§¶�ly��ioz²sx¥»p{^�c�¥¹sv�{b J ��K0Éjprsx�vc*p{^�c��¸ª'i³pr^�p{^�c��rc�z{lamtprz¸sx¬yp�n|ikuac }
¬j~�pr^ac�¼�½��'svc�z{��^�c�b-c J p{s7¬=c } cRz{���{ik¬Pc } ¬Pc�mtsqªCK¸n|u } ¦§s } l�uasq¨�zr��^ac�b-ceª'^ac��rcep{^�ce¶�ly�yc�z'nx�{ces|¥Jp{^�ce¥¹sx�rb J �RK0­ L p�ioz
z{c�c�u�pr^�nqp_pr^ac�z{nxb-c§�rc�z{lamtprz'nx�{cesx¬aprn|ikuac } ¥¹sv�_p{^acRz�cepr^a�{c�celawjª'itu } zr��^ac�b-cRz�­

N u } c���z�prn|u } itu���pr^ac_�{cRnxz{sxu�s|¥�pr^aioz$¬Pc�^�n±¨jitsv��ikz�w�nx��prik��lamon|�rmt~�ikuBp{c��rc�z�p{ikua�eiku�pr^ac���nvz�c_s|¥¿¦§s } lauasq¨�zr��^ac�bgcv­Jhjiku���c'itu
pr^aikz_zr��^ac�b-cvÉxpr^ac:¶Ply���*svbgw�lyp{c } nqp¸p{^ac§ikuvprc��{¥Mnx��c�ikz¸c��ynv�0pRÉxpr^ac�svuamk~gc��{�rsx�µz�svla�r��c��rc�z{lam³p�z´¥¹�rsxb«pr^ac�w��{sx��c��0pritsvu7s|¥»pr^ac
z{sxmklyp{iksxu�svu�p{^�c�¬�nvz�ioz�sx¥´waitcR�*c�ª'ikz{c��*svu�z�prn|uBp�¥¹l�u��0pritsvu�z�­��:z:¥¹sx����sxc�zr��^ac�b-cvÉPª¸c�ª'ikmtm�z�c�c�pr^�nqp�p{^acgn|u�nxmt~yz{ikz'�rc�¨vc�nxmkz
pr^�nqp7pr^ac } ioz{���{c�p{i Q�c } z{sxmklyp{iksxuPz7n|�rc�w=sxmkmtlap{c } ¬j~Ìw��{cRz{z{la�rc�¶�lP�0p{lPnqp{iksxuPz7s|¥§sx� } c�����nv��^»­�]_^ac��rc*¥¹sv�{cvÉ´pr^ac�·Blac�z�p{iksxu
¬=c���sxb-c�z�p{s�i } c�uBp{it¥¹~8p{^acgb-c���^�nxuaioz�b p{^Pnqp��*�rc�nqprc�z�wa�rc�zrz�la�rc�ª_n±¨xcRz�s|¥´sv� } c�����nx��^�n|p:pr^ac�ikuBp{c���¥Mnv�*c�¥¹�rsxb nxuHikuai³priknxm
À�c�m } pr^�nqp:��sxuBprnxitu�z_svuamk~�wa�rc�zrz�la�rc�¶�l��0prl�nqpritsvu�z_s|¥�sx� } c��'�Hnx��^8z{·Bl�nx�{c } ­
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Roe Mach=0.1

PRESSURE : MIN=71.0920 MAX=73.5269

VFRoe Mach=0.1

PRESSURE : MIN=71.0920 MAX=73.5254

Godunov Mach=0.1

PRESSURE : MIN=71.0919 MAX=73.5208

Roe Mach=0.01

PRESSURE : MIN=7138.78 MAX=7159.35

VFRoe Mach=0.01

PRESSURE : MIN=7138.78 MAX=7159.35

Godunov Mach=0.01

PRESSURE : MIN=7138.78 MAX=7159.35

Roe Mach=0.001

PRESSURE : MIN=714244 MAX=714446

VFRoe Mach=0.001

PRESSURE : MIN=714244 MAX=714446

Godunov Mach=0.001

PRESSURE : MIN=714244 MAX=714446
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hjiku���c-p{^ac�ª¸sx��AHsx¥'hE­�hy��^asy��^ac�p �t�<# � J z{c�c�nxmkz{s � � � Kep{^ac7¬=c�^�n±¨jiksx��ª'^ac�u©p{^ac��Hnx��^©ujlab�¬=c����vsxcRz§p{s1Q�c��{s�sx¥µpr^ac
z{sxmklyp{iksxuPz#sx¥ap{^ac_�*svb-wa�{cRz{z{ik¬amtc H lamkc���c�·Bl�n|p{iksxu�z#¥¹sx�J�xc�uac���n|mvitu�i³priknxm } nqprn�ÉqikzJª¸c�mkmvl�u } c���z�p{sjs } nqpJmtcRnxz�p�¥¹sv�#pr^ac¸ikz{c�uBp{�rsxw�ik�
cR·vlPnqp{iksxuPz���pr^acemtikb-i³p:z{sxmklypritsvu�z{c�w�nx�rn|p{c�zµikuvprs7n|u�nv�*svl�z�prik��ª_n±¨xc�p{^�n|p } c�w=c�u } z_svu9n�¥Mnxz�p_p{ikb-c§¨qnx�{ion|¬amkc � 9 ��� wamkl�z'n
z{mtsqª w�n|�{p�pr^�nqp } svc�zJuasxp } c�w=c�u } sxu�p{^aiozJ¥Mnxz�p�p{ikb-c¸¨qnx�{ion|¬amkcx­��8sx�rc�sq¨vc��#p{^ac'z{mtsqªÌwPn|�{p } svc�z�zrnqp{ioz�¥¹~ep{^ac_iku��*svbgw��{cRz{z{it¬�mtc
H l�mtc��$c�·Bl�nqpritsvu�z�­�½asv�´n���c��{prnxitug�*monxzrz�sx¥Pikuaitp{ion|m } n|prn J p{^�c¸ª¸c�mkmywa�rc�w�nx�{c } ��nxz{c�K»p{^ac'nx��sxl�z�p{io�¸�*sxb-w=sxuac�uBpJioz�uas|p$wa�rc�z{c�uBp
n|p§mkc�n } itu���sx� } c���n|u } p{^ac-z{sxmklyp{iksxu�z�s|¥$pr^acgitu���sxb-wa�rc�zrz�ik¬amkc H l�mtc���cR·vlPnqp{iksxuPz�nx�{c�pr^ac-z�pr�{svua��mkitb-itprz§s|¥$pr^ac-z�svmtlypritsvu�z
sx¥�pr^ac��*svbgw��{cRz{z{it¬�mtc§sxuacRz'nxz_ª_nxz�Ajuasqª'u�¥¹�{svb�z{sxb-cec�n|�rmkitc��¸�rc�z{lamtprz_sx¥.� � � n|u } � � � ­

½�sx�gp{^ac8uasvu��óikz{c�uBp{�rsxw�ik��bgs } c�mLÉ²p{^ac�z{i³prl�nqpritsvuËiozgmtcRz{z-��mtcRn|�R­ L uËp{^ac8ª¸c�mkm¸w��{c�w�n|�rc } ��nxz{cxÉ¸nxz-z�^�sqª'u iku �k� H�� É²itp
ioz)Ajuasqª'u>p{^�n|p�p{^ac�z{sxmklypritsvu�zes|¥¸p{^ac7iku���sxb-wa�rc�zrz�ik¬amkcgb-s } c�m²n|�rc7z�pr�{svua��mkikbgitprz�s|¥¸p{^ac�z{sxmklypritsvu>sx¥µpr^ac��*svbgw��{cRz{z{it¬�mtc
b-s } c�mO­�]_^�c�z{nxb-c��{cRz�l�m³p§ikz�p{�rlac�nxu } uas|p§uac���c�zrz{nx�{~�¥¹sx�§ªµc�mtm�wa�{c�w�n|�rc }8} n|prn7iku�pr^ac�ª'^asvmtcgz�wPnx�*c �k�x� � ­���sqª¸c�¨xc���É�itu
pr^ac�wPc��{iks } io����nxz{cxÉyn-mks|p's|¥$·Blac�z�p{iksxuPz_�{c�b-nxitu�sxw=c�u J z{c�c �k�R� � ¥¹sx��n|u8law��Lprs�� } nqprc��rc�¨jikc�ª[sx¥�pr^aioz'wa�rsx¬amkc�b3K0­
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]_^ac�lau } c��rz�prnxu } ikua�Hsx¥¸pr^aioz���sxb-wamkc*�©¬Pc�^�n±¨jitsv��ioz�l�z{c*¥¹lamµp{s6��n|pr��^©p{^�c��rc�nxz{sxuPz�ª'^j~¤¦§s } l�uasq¨6zr��^ac�bgc�¥Mn|ikmkz�p{s
��sxb-walyprc�pr^ac�iku���sxb-wa�rc�zrz�ik¬amkc�mkitb-itp�­��'�0prl�n|mkmt~vÉ»nxz�ªµc�ª'itmkm$z�c�c�iku>z{c��*p{iksxu���ÉPpr^acgituBp{c���¥Mnv�*c�¨±nxmtl�c�ze�*svbgw�lyp{c } ¬j~�¦§s��
} l�uasq¨gzr��^ac�bgc��*sxuBp�n|iku�ne¥Mnxz�pµnx��sxl�z�p{io�'�*svb-wPsvuac�uBp²pr^�nqp¸�*sxb-cRz$¥¹�rsxbºp{^ac�wa�{sx��c��*p{iksxu-s|¥Ep{^�c:ikuai³priknxm } nqprn�sxu7waikc���c�ª'ioz�c
��sxu�z�prnxuvp§À�c�m } z�­�]_^acgwa�rc�zrz�la�rc�w=c��{p{la�r¬�n|p{iksxu�zenxzrz{sj��ikn|p{c } ª'i³pr^�pr^aikze��sxb-wPsvuac�uBp�n|�rc�sx¥²sx� } c��e��nx��^6n|u } ^ai } cg��sxb �
wamkc*prc�mk~�p{^�c�iku��*svb-wa�{cRz{z{ik¬amtc�w�n|�{p�­��º��sxu�z{c�·Blac�u��*c�s|¥²pr^aioz:¥Mnv�0peikz§pr^�nqp§p{^�c�ÀPc�m } �*svb-walyp{c } ¬j~9p{^�c } ikzr�*�rc*prcgzr��^ac�b-c
�rc�z{lamtprz¸¥¹�rsxb�ng¬�nxmknxu��*c§s|¥$nx��sxl�z�p{io�§ª¸n±¨vc�zµituPz�prc�n } sx¥Jzrnqp{ioz�¥¹~Bikua�gp{^�c�c�·Bl�nqpritsvu�z_s|¥�p{^ac�iku���sxb-wa�rc�zrz�ik¬amkc§b-s } c�mL­

]_^ac-z{lab-b-nx�{~8sx¥´p{^aioz§ªµsv� A9ioz§nvz�¥¹svmtmksqª�z�­ L u6z�cR�0pritsvu>��ª¸c��rc���n|mkmJz{sxb-c ABu�sqª'uH�{cRz�l�m³p�z�svu�p{^�cg¬=c�^Pn±¨Biksx��s|¥´pr^ac
z{sxmklyp{iksxuPzµsx¥#pr^ac H lamkc��'cR·vlPnqp{iksxuPzµiku�p{^acemksqª ��nx��^�ujlab�¬=c��'mkitb-itp�­´]_^acewal��{w=svz{ces|¥»pr^aikz:z�cR�0p{iksxu�ikz¸prs7z�^asqª p{^�n|p¸pr^ac
z{sxmklyp{iksxuPz$s|¥Ep{^�c:iku��*svbgw��{cRz{z{it¬�mtc'b-s } c�m=n|�rc'sxuamk~�ª¸c�n0A�mkitb-itprzµs|¥=p{^ac§z�svmtlap{iksxu�z$sx¥Ep{^ac:��sxb-wa�rc�zrz�ik¬amkc H lamkc��µbgs } c�mL­$½�sx�
pr^aikz�É�ª¸ceituBpr�{s } l���c�n7z�ikb-wamtc�mkikuac�nx�'bgs } c�mEp{^�n|p } ioz�wamon±~yz¸p{^ac�zrn|b-c§p�~jwPc�sx¥J¬=c�^Pn±¨Biksx�_pr^�n|u�p{^�c H lamkc��'cR·vlPnqp{iksxuPz'n|u }
ª¸c�itu } ik��nqprc§^�sqª p{^�c��{cRz�lamtprz_svu�pr^aioz'b-s } c�m»c��Bprc�u } prs�pr^ac�uasvu�mkitu�c�n|� H lamtc���b-s } c�mO­

L u�z{c��0pritsvu��aÉaª¸c�z�prl } ~�p{^ac�z�svmtlypritsvu�z_s|¥Jp{^�c��'ikc�b7n|uau8wa�rsx¬�mtc�b�iku8p{^ac�mksqª°�Hnx��^8ujlab�¬=c���mkikbgitp�­¸®6c�z�^asqª p{^Pnqp
c�¨xc�u�i³¥�p{^ac§itu�i³priknxm } n|prn�n|�rc:ª¸c�mkmPwa�rc�wPn|�rc } nxu } �*mksvz{c�prsgnxu�iku��*svbgw��{cRz{z{it¬�mtc'ÀPc�m } ª'itp{^�w��{cRz{z{la�rc�¶�l��*p{l�n|p{iksxu�zµs|¥�sx� } c��
��nv��^Ìz{·Bl�nx�{c } É»pr^ac�z{sxmklypritsvu6sx¥_p{^ac9�'itc�b7n|uau¤wa�rsx¬�mtc�b c*�y^aik¬aitprz�nx�*svl�z�p{io�g¶�l��0prl�nqpritsvu�z�pr^�nqp-z{��n|mkc7ª'i³pr^©p{^ac8��nx��^
ujlab�¬Pc���­$]_^aioz´wa^�c�uasvbgc�u�n���nxu7¬Pc:�{c�mkn|p{c } prs�p{^ac�¥Mnx�0p²p{^�n|p²p{^�c�wa�rs|��c��*p{iksxu-s|¥Epr^ac�ikuai³priknxm } n|prn�svu-waitcR�*c�ª'ikz{c:�*svu�z�prn|uBp
¥¹lauP�0p{iksxuPzµ���{cRnqp{cRz´n|�{p{itÀP��iknxm } ioz{��sxuBp{ikujlai³pritcRz$pr^�nqp_n|�rc'�{cRz�w=sxu�z{ik¬amtc_¥¹sv�´pr^ac:�vc�uac��rn|p{iksxugs|¥#nx��sxl�z�p{io�_ª_n±¨xc�z$nvz´iku-p{^ac§��nvz�c
sx¥Juasxp'ªµc�mtm»w��{c�w�n|�rc }�} nqp�na­

½�sx�'pr^ac��'svc�z{��^ac�b-cxÉ�itp:ioz7Ajuasqª'u9p{^�n|p�p{^�c�l�z{c�s|¥$wa�rc���sxu } itp{iksxu�itua�-ioz:n-w=sqªµc���¥¹l�m»�{c�b-c } ~�p{s���la�{cepr^ac�nv���*l��rnv�*~
wa�rsx¬�mtc�b � # � É"�×� � Évp{^�c�z{nxbgc���sxu���mtlPz�iksxu�z�^Pn±¨xc¸¬Pc�c�u7�rc�nx��^�c } ¥¹sx�$s|pr^ac��´p�~Bw=c�z´s|¥Elawjª'itu } zr��^ac�bgcRz$nxzJpr^ac:�:Ê�Ê H zr��^ac�b-c
� � � sv�:pr^ac-¼�½�½ È p�~Bw=c7z{��^�c�b-c�z �×� � � ­ L u©z�cR�0pritsvu�d�É#ªµc-z�prl } ~�pr^ac7n|waw�mtio��n|p{iksxu�sx¥²wa�rc���sxu } itp{iksxu�itua��p{s9¼�½��'svcgp�~Bw=c
zr��^ac�b-cRz �k��� � ­Ì®6c8z�^asqª�p{^�n|p-nvz�¥¹sv�gp{^ac9wa�rc�¨jitsvl�z{mt~¤�*itp{c } l�wBª'iku } z{��^ac�b-c�z�É´wa�rc��*svu } itp{iksxuaikua�>ikz-n|moz{s>n>wPsqª¸c��{¥¹lam
�rc�b-c } ~7p{^�n|p:n|mkmtsqª�zµpr^ac�nx���*la��nqprce��sxb-walyp�nqpritsvu�z¸s|¥�uac�nx�'itu���sxb-wa�rc�zrz�ik¬amkc§z{sxmklypritsvu�z�­

� � ��� "¸�����J���g������ ��9����	8(*��%

]�s¤^ac�mkwZp{^�c�lau } c��rz�prnxu } ikua�©s|¥ep{^ac�¬=c�^Pn±¨Biksx�7sx¥§l�wBª'iku } zr��^ac�b-c�z�itu p{^�cHmtsqª2��nx��^Zujlab�¬Pc��7mtikb-i³pRÉ'ªµc��rc���n|mkm'itu
pr^aikz�z�cR�0pritsvu©z{sxb-c$Ajuasqª'u©�rc�z{lam³p�z�sxu6pr^ac��*svuBp{ikuBl�sxl�z�w��{sv¬amtc�b8­�®6c�¬Pc��xiku©ª'i³pr^©p{^ac�ioz{c�uBp{�rsxwaio�7z{~jz�p{c�b ª'^ac��{c-pr^ac
b7nqpr^ac�b7n|p{io��n|mEpr^ac�sv�{~�ikz�nxmtb-sBz�p��*svb-wamtc�p{c�n|u } �rc�z�p{�rik�*p_p{^ac } iozr�*l�zrz�iksxu�p{sgpr^ac�wPc��{iks } io����nxz{cx­

J ¾�s|prc�pr^�nqp-ikuÌp{^�c9��nxz{c�s|¥�pr^ac9ª'^asxmkc�z{w�nx��c�nxu } c�¨vc�u¤¥¹sv���vc�uac��rnxmµikuaitp{ion|m } nqp�naÉ$pr^ac9�{cRz�lamtprzgn|�rc�z�p{�rsxua�vc�� } lac
prs8p{^ac } cR��n±~�n|p�ituyÀPuai³p�~>s|¥¸p{^ac7c�uac��r�x~�sx¥µpr^ac�nx��sxl�z�p{io�-�*svbgw=sxu�c�uBp�­7�:z�z�^asqª'u6iku �×�x� � p{^ac7mkikbgitp�z{sxmklyp{iksxu�zesx¥µpr^ac
��sxb-wa�rc�zrz�ik¬amkc�c�·Bl�n|p{iksxu�z�z{n|p{ioz�¥¹~9pr^ac�cR·Bl�nqpritsvu�z:sx¥$p{^acgiku��*svbgw��{cRz{z{it¬�mtc H lamtc��ebgs } c�m$n|mtp{^asvla�x^�lau�i³¥¹sv�{b ��sxuj¨xc��{�vc�u���c
¬a�rc�n0Ayz_uac�nx� � � � ­ K

]_^aceioz�c�uBp{�rsxwaio� H lamkc���cR·vlPnqp{iksxuPzµª'�ritp{c �

%��
% �

 � } ik¨��  � ��� � �@�

% �
% �

 §} it¨"�	��
�� �  �
��
�
�
� 4 � �

J d K

L u>p{^acRz�c7cR·Bl�nqpritsvu�z�É�� � � (����6� ioz�n9¨xcR�0p{sv�eÀ�c�m } n|u } � n8z{��n|mon|�§À�c�m } É } c*À�u�c } sxu�� ����� � ª'^ac��{c�� � ioz�n�p�ªµs
} ikb-c�u�z{iksxu�nxm#w=c��rits } io��¬=s±�E­ 
 ioz:n�z{b7n|mkm#w�nx�rnxbgc�p{c���wa�rsxw=sx�{p{iksxu�nxmEp{s7pr^acg��nv��^�ujlab�¬=c��R­']_^ac�wa�rc�zrz{la�{c14�ikz:�{c�mkn|p{c }
prs7p{^ac } c�uPz�itp�~�¬j~�p{^ac�ioz{c�uBp{�rsxwaio��z�prnqprc�mon±ª 4 ��È p{c ��� ­']�s�b7nIAxcepr^ac�nxu�n|mk~yz�ioz�z{itb-wamkc��RÉ�ª¸c�wPc���¥¹sv�{b�p{^�c�¥¹sxmkmtsqª'ikua�
��^�nxua�xcesx¥�¨qn|�riknx¬amkc �

�� � �
� /��! 4#"�� � �&�

�
��  4�" � � � J H K

nxu } z{c*p �� � �%$  
&� ª'^�c��rc �&$ ioz_n���sxu�z�prnxuBp�­ L u�prc��rb s|¥»pr^aceuac�ª[¨±nx�{ion|¬�mtcRz�� � � � � Éjpr^ac�z�~yz�p{c�b J d K´prn0Axc�zµpr^ac§¥¹sx�rb �

% �
% �

 � � � �  ��#�&$
 } ik¨'� �I�

% �
% �

 §} ik¨ �(�)
*� �
 ���� � �  ��#� $
 � � � �
J �RK

+�,TS-+ è



���������
	�����
�������������������� �"!$#&%'���&(
�'#)� �*�����,+-���/.*
0%'�1�2��(3	��'�4+5� (�� �7698�8;: �

®6c�ª'�{itp{c§pr^aikz:z�~yz�p{c�b�itu9p{^�c�z�~jb�¬=sxmkio�:¥¹sv�{b �

% �
% �

 �� ��� � � �
 �� � $

 �!� �I� J �RK

ª'itp{^ � � � � � ( � � ��� É��!� � � } ik¨'� � � � ��� ioz¸p{^ac�mkikuac�nx��Éa��sxu�z�prnxuvp���sBc*���*ikc�uBp�Éanv�*sxlPz�prik�§sxw=c���nqprsx�R­
��zJn�À���z�p�z�p{c�w�iku�pr^ac'n|u�nxmt~yz{ikz�s|¥ J �RK*Éx�*svu�z{i } c��#pr^ac¸¥¹sxmkmtsqª'ikua�§�*sxuPz�p�n|uBp���sxc*�7��itc�uBpJmkitu�c�n|��b-s } c�myw��{sv¬amtc�b�sx¬yp�n|ikuac }

¥¹�rsxb J �RK:¬B~�n�mtikuacRn|�rikzrnqpritsvuHn|�rsxlau } p{^ac-z�p�nqprc � � � � � � � �����
� ­�½�sx��p{^ac7zrnIAxc�s|¥µz{itb-wamkio�*itp�~xÉ¿ikuHp{^�c�¥¹svmtmksqª'itu���ª¸c�z{c*p
�� �%$ � � ­

% �
% �

 	�+��� �  �
 
��(� � � �
% �
% �

 	�+��� �  �
 � � � �
J �v��K

®6c�ª'�{itp{c§pr^aikz�mtikuac�nx��z�~yz�p{c�b�lau } c��_p{^ace¥¹sv�{b��

% �
% �

 �
 �  �
 �!� �@� J �±�0K

ª'^ac��{c 
 � ���+��� ��ikz¸n���sxu�z�prnxuBp²¨xc�mtsy�*itp�~gmtikuac�nx�¸n } ¨xcR�0pritsvu7sxw=c���nqp{sv��­�®>�ritp{ikua� J �R�0K´itu�½asxl��{ikc��¸z�w�nv�*c'¥¹sv�²pr^ac�½�sxla�rikc��
��sxb-wPsvuac�uBp�z��� ��� � sx¥ �jÉyª¸ce�xc*p �

% �� ��� �
% �

 ���� �
 ��� �  �
 �� ��� ��� �� ��� �&� � ¥¹sx� ����� � J �R�RK

ª'^ac��{c§pr^ac�b7nqp{�rit� �
 ��� �  @� 9 
 ��1��� � ioz'cR·vlPn|mEp{s �
�����
�

�+� � � . 9 
 � � 9 
� . 9 
 �+� � �

� � 9 
 � �+� �

�!    
" J ��d K

]_^aioz'b7nqpr�{it��ioz } ion|�xsvu�n|mki Q�n|¬�mtcvÉBitprz�c�ik�xc�uj¨vc��0prsx��zµnx�{c �

� . ��� �&� �
 �� # � # �

�� �
/ ��.
/ � �

�" � � � ��� �&� �
# � #

�� �
/ � ���.

�" � �$# ��� �&� �
 �  # � # �

�� ��'.� �
�" J � � K

ª'itp{^�nxzrz{sj��ikn|p{c } c�it�vc�uj¨qn|mklac�z&% . ���+� � / # � #

 � % � ���+� �©n|u } % # �'�2� �  # � #


 ­

]_^ac��{c�¥¹sx�rcxÉBp{^�c�z�svmtlypritsvu�sx¥ J ��� K²ioz �

�� ��� � � �&�
())))))))))* ))))))))))+

�
 �� # � # � �$�� ��� � � �2/ � . �( ��� � ���-/ � � �� ��� � ���>��,.-0/2143�5 67-98 6:8 ;=<?>2� � . ��� �
 �
# � # � / � � �( ��� � ���
 � . �� ��� � ���>��, -0/@3�5 6A� � � ��� �

 �
 �� # � # � �$�� ��� � � �
 � . �( ��� � ���
 � � �� ��� � � � ��, -B/C143�5 6EDF8 6:8 ;=<?>2� �$# ��� �

J � H K

½��{svb J � H K�i³p§ikz§z{c�c�uHp{^�n|p:p{^�c�z{sxmklyp{iksxuHz{c�w�nx�rn|p{cRz'ituBprs�n7¥Mnvz�p�svzr�*ikmtmonqprsx�r~��*svb-wPsvuac�uBp:pr^�nqp } c�w=c�u } z:svu�p{^�c�¥Mnxz�p
pritb-c�¨qn|�riknx¬amkc � 9 


��EG�HJI ��� � � � � 9 
 � � �
 �  # � # �

())))* ))))+
�$�� ��� � ���-/ � . �( ��� � � �2/ � � �� ��� � ���>�K,�-0/2123E5 67-98 6:8 ;=<?>C� � . ��� �
 
�$�� ��� � ���
 ��.��( ��� � � �" � � �� ��� � ���>�K, -0/2123E5 6EDF8 6:8 ;=<?>2� � # ��� �

J �<#IK

STS àIUPV±õ�ø�W



�R� � :������ + +-
I� ! 
I� !�� :T.1����� ���"�

wamkl�z�n-z{mtsqª°�*svbgw=sxu�c�uBp_p{^�n|p } sxcRz_uas|p } c�wPc�u } sxu�p{^aioz_¥Mnvz�p'¨qn|�riknx¬amkc �

��EH��@G � ��� � � �&� �
# � # � / � � �( ��� � ���
 � . �� ��� � � � ��, -B/ 3E5 6A� � � ��� � J �R�RK

L u ½asxl��{ikc��-z�wPnx�*cvÉ�p{^ac@Axc��{u�c�m¸s|¥'p{^�c�mkitu�c�n|�-nx��sxl�z�p{io��svwPc��rn|p{sv� ��1��� � ioz�p{^ac8z�wPnx�*c9z�wPn|uac } ¬j~6p{^ac9¨xcR�0p{sv� � � ��� �=�� ��� / � � � � .���� ­´]_^aioz'�*sv�{�rc�z{w=sxu } z¸iku8wa^j~jz{io��n|m¿z{w�nx��c§p{s-p{^�c�z�w�nv�*c } c*ÀPuac } ¬j~ �
Avc��&� ��� � � � � ��� � � �0prc �r} it¨'� � ��� J �R�RK

]_^ac¸z�mksqª©�*sxb-w=sxuac�uBp�� H��@G � �
	 6 �� H�� G � ��� � � ��,A/4675 � ioz¿pr^BlPz¿p{^�c²wa�rs|��cR�0p{iksxuesx¥Bpr^acµz{sxmklypritsvu§svuep{^aioz#z{w�nv�*c²nxu } �{c�wa�rc�z{c�uBprzpr^ac � � % ��( ������# #���	�+ � ��sxb-wPsvuac�uBp's|¥�p{^ac�z{sxmklypritsvu»­ L p:z{n|p{ioz�ÀPc�zµp{^acCB�iku��*svbgw��{cRz{z{it¬�mtcez�~yz�p{c�b,D �

% � H��@G �
% �

 �
 � H��@G � � � J �x�RK

ª'itp{^8ikuai³priknxm } n|prn � H�� G � � � �I� � �
� � � � �I��� ª'^�c��rc � ioz¸p{^ac�wa�rs|��cR�0pritsvu�svu Avc��&��­
½��{svb�c*�ywa�rc�zrz{itsvu J �<#IK*É�itp�ikz�z�c�c�u9p{^�n|p � G�HJI �*sxuj¨vc��r�xc�zµiku8p{^ac�z{c�uPz�ces|¥ } ioz�p{�rit¬alap{iksxu�z_prs � ª'^ac�u 
�
 � ­²��sqª¸c�¨vc��

pr^aikzµioz´sxu�mt~-n�ª¸c�nIAg�*svuB¨vc��r�xc�u��*c'n|u } p{^ac��{c�¥¹sx�rc'c*�a�*c�wyp´¥¹sx�¸n�z{wPcR�*ion|m���mknvz{z²s|¥¿itu�i³priknxm } n|prnaÉvp{^�c:z�svmtlap{iksxu��*svuBprn|iku�z$¨vc��r~
¥Mnvz�p�svzr�*ikmkmkn|p{sx�r~8�*sxb-w=sxuac�uBprz�p{^�n|p } s�u�s|p } ikzrn|w�wPcRn|�eª'^ac�u 
�
 � ��iku>�vc�uac��rnxmLÉEc�¨xc�u�¥¹sx�§¨xc��{~Hz{b7n|mkm 
 ª¸cg^�n±¨xc�p{s
ª'�ri³prc �

� ��� � � �&� � H�� G � ��� � � �
 � G�HJI ��� � � � � 9 
 � J �a��K
®6c'uasqª } c�zr�*�rit¬=c'n�z�w=c���iknxma�*monxzrz�s|¥Eitu�i³priknxm } nqp�n�z�lP��^�pr^�nqp´ª¸c_ª'itmkm�^Pn±¨xc_n�z�pr�{svua���*sxuj¨vc��r�xc�uP�*c´prsqª¸nx� } p{^ac:itu���sxb �

wa�rc�zrz{it¬amkc�mkitb-itp�­_� uac���c�zrz{nx�{~���sxu } i³pritsvu�¥¹sv� � ��� � � � p{s���sxuj¨xc��{�vc�u���c§z�p{�rsxu��xmk~7p{s-pr^ac�iku��*svbgw��{cRz{z{it¬�mtcemkitb-itp�� H�� G � ��� � � �ioz´pr^�nqp�� G�HJI ��� � � � � 9 
 � ��sxuj¨xc��{�vc�z$z�p{�rsxua�vmt~�p{s � ­J]_^�ikzµikz²uas|pµwPsBz{z{it¬�mtc ����% � � � it¥¿p{^ac:ituaitp{ion|m } n|prn�nx�{c���mtsBz�c'prs�p{^�cCAxc��{u�c�m
sx¥F�:­²]_^aioz'ioz_p{^ac���nxz{ce�{c�¥¹c��r�{c } prs�nxz_pr^acCB�ªµc�mtm»w��{c�w�n|�rc } ��nvz�c'D�­²½�sx�_pr^ac�ioz�c�uvpr�{svwaio� H lamtc���c�·Bl�n|p{iksxu�z�Éypr^aikz:z�itp{l�n|p{iksxu
^�nvz_¬Pc�c�u8c*�anxbgikuac } iku � � � n|u } � � � ª'^aikmtce¥¹sv�_p{^ac�u�sxu��óikz{c�uBpr�{svwaik��b-s } c�mOÉaª¸c§�rc*¥¹c��_p{s �k� H�� ­

½�sx��svla�'b-s } c�m#w��{sv¬amtc�b J �x��Kµpr^ac B�ªµc�mtm#wa�{c�w�n|�rc } ��nvz�c'De��n|u8¬Pc } c�zr�*�rit¬=c } nvz¸¥¹sxmkmtsqª�z�­ L p�ikz���mtcRn|�'¥¹�rsxb J � H Kµp{^Pnqp
it¥ (* + �$�� ��� � ���-/ � . �( ��� � � �-/ � � �� ��� � � �>���
� � 
 �

�$�� ��� � ���
 � . �( ��� � � �
 � � �� ��� � � �>���
� � 
 �
J �v�0K

pr^ac�u�p{^ac§svzr�*ikmkmkn|p{sx�r~-�*sxb-w=sxuac�uBp¸sx¥»p{^acez{sxmklyp{iksxu�� G�HJI �*svuB¨vc��r�xcRz´z�pr�{svua�xmk~gp{s � nxu } pr^BlPz¸p{^ac§ituP�*sxb-wa�rc�zrz{it¬amkc���sxb-w=s��
uac�uBp � H��@G � ioz¸p{^�c�z�pr�{svua�-mtikb-i³p�sx¥ ��nxz 
�
 � ­

L u8wa^j~yz�io��nxm¿z�w�nv�*cvÉjp{^acep�ª¸s7�*sxu } i³pritsvu�z J �v�0Kµb-c�nxu�pr^�nqp'pr^ac�itu�i³priknxm } nqp�ng^�n±¨xc�p{^ace¥¹svmtmksqª'ikua�g¥¹sx�rb+�
� � ��� � ���&� 
&� . ��� � � ������ � � ��� � $ ��� � � �
 
 � . ��� � � � J �x�RK

ª'^ac��{c � . ��� � � � ikzJn|u � � � � z{��n|mon|�¿À�c�m } É � $ ��� � � � n|u } � . ��� � ��� p�ª¸s � � � � ¨vc��0prsx�#À�c�m } z 
��"! � $ ��� � � � zrnqp{ioz�À�c�z } ik¨�� $ � � ­
Ê#c*p�l�z:uasqª �rc*prla�ru�prs7p{^ac�ikz{c�uBp{�rsxw�ik� H lamkc��:c�·Bl�nqpritsvu�z J �RK0­¸��mtp{^asvla�x^8pr^ac�nxu�n|mk~yz�ioz'n|u } prc���^auaio·Blac�z�s|¥�wa�{sjsx¥�nx�{c

b�l���^�b-sx�rc��*sxb-wamkc*��p{^�nxu8¥¹sx��svla��mkitu�c�n|�:bgs } c�m#wa�rsx¬�mtc�b9É�p{^ac��{cRz�lamtprz:n|�rc�c�zrz�c�uvpriknxmtmk~�pr^ac�zrn|b-cx­_�:z:wa�rsq¨xc } iku �t�<# �
J z�c�c�n|moz�s�� � � K*Éaiku�pr^ac�mksqª°��nv��^�ujlab�¬=c��:mtikb-i³pRÉyp{^ac�z{sxmklypritsvu9��n|u9¬Pc�ª'�ri³p{p{c�u8nvz �

� ��� � � �&� � H��@G � ��� � � �  � G=H?I ��� � � � � 9 
 �" �� � 
 � J �|d K
nxu } z{c�w�nx�rn|p{c�ikuBp{s�n�¥Mnxz�p¸nx��sxl�z�p{io����sxb-wPsvuac�uBp.� G=H?I ��� � � � � 9 
 � pr^�nqp } c�w=c�u } zµsvu-p{^ac�¥Mnxz�p´pritb-c§¨±nx�{ion|¬�mtc � 9 
 nxu } n�z{mksqª
w�nx��p � H��@G � ��� � � � ­²�8sx�rc�sq¨vc��RÉxpr^ac�z{mtsqª w�n|�{p'ikz'z{sxmklyp{iksxu9s|¥Jp{^�c�itu���sxb-wa�rc�zrz�ik¬amkc�cR·Bl�nqpritsvu�z �

} it¨
�	� � � � � ��� � � �
� $ � %% �

�  
.�	� �	��� � �>�  ��� � � � ��� � � �

+�,TS-+ è



���������
	�����
�������������������� �"!$#&%'���&(
�'#)� �*�����,+-���/.*
0%'�1�2��(3	��'�4+5� (�� �7698�8;: �x�

L u7�vc�uac��rnxm6� H�� G � ��� � � � ioz$sxu�mt~-neªµcRnIA�mtikb-i³p²sx¥Ep{^ac:z{sxmklypritsvu�z$c*�a��c�wyp´¥¹sv�´ª¸c�mkm�wa�rc�w�nx�{c } ikuaitp{ion|m } nqp�n��*mksvz{c_p{s�pr^ac Axc��{u�c�m
sx¥ �:­���z_¥¹sx�_pr^ac�b-s } c�m»w��{sv¬amtc�b8Éjp{^aioz�z{wPcR�*ion|m»�*monxzrz¸s|¥�itu�i³priknxm } nqp�ngikz'��^�nx�rnv�0prc��ri-Q�c } ¬j~ �

� � ��� � � ��� 
&� . ��� � � ��!��� � � � � � $ ��� � � �
 
 � . ��� � ��� ª'i³pr^ } ik¨�� $ � � J � H K

¦§svitua�-¬�nv� A7p{sgpr^ac�sx�rit�vituPn|mE¨qn|�riknx¬amtcRz ��4 � � � Éaª¸c�z�c�c�pr^�nqp'pr^aioz'itb-wamkikc�z¸p{^Pnqp'p{^�c�ituaitp{ion|m } nqp�ngnx�{c�z{l���^�p{^�n|p �
� 4���� � � � �[È prc  
 � 4 � ��� � ����!��� � � � � � $ ��� � � �
 
 � . ��� � ��� ª'i³pr^ } ik¨�� $ � � J �'#IK

ª'^ac��{c14 � ��� � � �,� � $ ��� � � �,� �&.���� � � � n|�rc§z{b-sBsxp{^»Éy�rc��vlamon|�¸¥¹lau��*p{iksxu�z�­

� � �����2�*��%/
������9����	9(���% �����J���
(��'� +,
�"$� �-�9% 	��'��(���%;���

®6cgnx�{c�ituBp{c��{cRz�prc } iku��*svb-walyp{ikua��¶�sqª�z:��mtsBz�c�prs�pr^ac�iku��*svb-wa�{cRz{z{ik¬amtc�mtikb-i³pR­��:z§z{c�c�u�itu�pr^acgwa�{c�¨jitsvl�z�z{c��0pritsvu»É=i³¥´pr^ac
ikuaitp{ion|m } nqp�n�n|�rc�ªµc�mtm�wa�rc�w�nx�{c } nxu } s|¥�pr^ac�¥¹sv�{b J �'#IK_ª'itp{^Hw��{cRz{z{la�rce¶�l��0prl�nqpritsvu�z�sx¥�p{^ac�sx� } c���sx¥�p{^acgz{·Bl�nx�{c�sx¥Jpr^ac
��nv��^�ujlab�¬=c��RÉ�ª¸c�^�n±¨xc�z�p{�rsxu����*sxuj¨vc��r�xc�uP�*c§s|¥�p{^ac�z�svmtlypritsvu�s|¥Jp{^acg�*svbgw��{cRz{z{it¬�mtcec�·Bl�n|p{iksxu�z'p{s7pr^ac�z{sxmklyp{iksxu8sx¥Jpr^ac
iku��*svb-wa�{cRz{z{ik¬amtc7cR·Bl�nqpritsvu�z�­���sqª¸c�¨xc��ec�¨xc�u©i³¥_p{^�c7ituaitp{ion|m } nqp�n } s�¨xc��{it¥¹~�pr^aikz�nxzrz�l�bgwap{iksxu»É#p{^ac�w��{sx��c��0pritsvu>sx¥µpr^ac�z{c
} n|prn8svu>waikc���c�ª'ioz�c���sxu�z�prnxuBp§¥¹l�u��0pritsvu�z��*�rc�n|p{cRz } ikzr�*svuBp{ikuBl�i³pritcRz�nqp�p{^�c7ituBp{c���¥Mnv�*c-¬=c*p�ª¸c�c�u6pr^ac��*c�mtmoz�­�®�^ac�u¤z{sxmk¨Bikua�
pr^ac��'ikc�b7n|u�u�wa�{sv¬amkc�b8Éyp{^�c�z{c } ikzr�*svuBp{ikuBl�i³pritcRz'�xc�uac���nqprc§w��{cRz{z{la�rc§ª_n±¨xcRz¸s|¥$sx� } c��:�Hnx��^»­²��z:n7��sxu�z{c�·Blac�u��*cvÉyitu�z�p{cRn }
sx¥��*svbgw�lyp{ikua�©n|u nxwawa�rs±�jikb7nqpritsvu¤s|¥'p{^�c9z{sxmklyp{iksxuËs|¥'pr^ac�iku���sxb-wa�rc�zrz�ik¬amkc�c�·Bl�n|p{iksxu�z�É$lawjª'iku } zr��^ac�b-cRz���sxb-walyprc9n
¬�nxmknxu��*cesx¥�nv�*sxlPz�prik��ª¸n±¨vc�z�­

È svu�z�i } c��µpr^ac��'ikc�b7n|u�u9w��{sv¬amtc�b } c�À�uac } ¬j~ �
% �
% �

 %�� �/� �
%�� �I�

� � � � � � � � � � � 1 i³¥ � : �� � � * i³¥ � 4 �
J �x�RK

ª'itp{^

� �
���
	
�� (� �� ,


���

 � ��� �&�

���
	
� (� ( �  4� (��� � ,' 4 � (


���

 J �x�RK

L u�sv� } c��¿prs�b7nIAxc²c�nxz{ikc��¿pr^ac } cRz{���{ikwypritsvu§sx¥yp{^aioz»w��{sv¬amtc�b iku�pr^ac²mksqª©�Hnx��^�ujlab�¬=c���mtikb-i³pRÉqªµc²�{cR��n|mkm|¬=c�mksqª©^asqª6p{s:z{sxmk¨xc
itp´itu�p{^�c¸�vc�uac��rnxmB��nxz{cx­J½asx� } c*prnxitmoz�Éqsxuac'��nxu��rc*¥¹c���¥¹sv�$ituPz�p�n|u���c²prs J �t�R� � É6� H�� K*­$]_^ac¸z{sxmklypritsvug��sxu�z{ikz�przJsx¥Pd } i��Ec��rc�uBp´�*svu��
z�prnxuvp²z�prn|p{cRz��%1 � � �1 � � �* � �%*��*svuauacR�0p{c } ¬B~�p{^a�rc�c:ª¸n±¨vc�z�p{^�n|pµ��nxu-¬Pc'¥¹�rsxbºmtc�¥ùp´p{s��rik�x^Bp�ÉBn-� �ó�rnx�{c�¥Mnx�0pritsvu�sx�µn-� �ëz�^asy� AEÉxn
��sxuBprnv�0p } ioz{��sxuBp{ikujlai³p�~�n|u } ne� �ó�rnx�{c�¥Mnx�0pritsvu�sx�´ne���óz{^asy� AE­#]_^ac_¥¹sxl��$wPsBz{z{it¬�mtc_ª_n±¨xc¸w�nqp{p{c��ru�z$nx�{c¸�{c�wa�rc�z{c�uBp{c } svug½Jik��­×�y­

]_^a�rsxl��x^�n�� �ó�rnx�{c�¥Mnx�0pritsvu»É|pr^ac§c�uBp{�rsxwj~xÉBpr^ac:p�n|ua�vc�uBp{ion|m=¨xc�mtsy��i³p�~7n|u } p{^�c§·Bl�nxuvpri³p�~ (  � � 9 � � /;� � ª'^ac��{c � ioz²pr^ac
z{sxlau } z{wPc�c }  � 4"9 � É»n|�rc���sxu�z�prnxuBp�­�]_^jl�z�p{^�cgz�prn|p{c�z � � ( � �"� 4�p{^�n|pe��n|u>¬Pc7�*svuauacR�0p{c } prs�pr^ac7z�p�nqp{c � 1 � ( 1 ��� 1 � 4 1pr^a�{svla�x^8n9� �ó�rnx�{c�¥Mnx�*p{iksxu�^�n±¨vc§p{s7z{n|p{ioz�¥¹~ �

4
� �
� 4 1
� � 1 � (  � �

� /�� �@( 1  
� ��1
� /�� J ����K

nxu } � � � 1 J �v�RK
È svb�¬aikuaikua�-p{^acep�ª¸s7c�·Bl�n|p{iksxu�z J �a��K0Éaª¸cesx¬yp�n|iku�pr^ac�� �O��n|�rc*¥Mnv�0p{iksxu��*la�r¨xc§p{^Pnqp } c�À�uacRz'itu9pr^ac � ( � 4 � wamknxuacep{^�c�z�p�nqprc�z
pr^�nqp:��n|u9¬Pc���sxuauacR�0prc } p{s � 1 �

( �I(+1  � ��1
� /6� � � / �

4
4�1 ��� � ª'itp{^ � � � � /6� � 9 � � n|u } 4 : 4 1 J � � K

hjikb-itmon|�rmk~xÉBª'�{itp{ikua��pr^�nqp´pr^ac���itc�b-nxuau7ikuB¨qnx�{ion|uBprz²n|�rc:�*svu�z�p�n|uBp$p{^��{svla�x^�n����O��n|�rc*¥Mnv�0pritsvu»Éqªµc:sx¬yp�n|iku-p{^ac§� �ó�rnx�{c�¥Mnx�0pritsvu
��la�{¨vc§p{^�n|p } c*À�u�c�z'n|mkm¿pr^acewPsBz{z{it¬�mtc�z�prn|p{c�z¸pr^�nqp:��n|u9¬Pc���sxuau�c��0prc } p{s ��*6p{^��{svla�x^8n-� �ó�rnx�{c�¥Mnx�0pritsvu �

(J� ( * / � � *
� /�� � � / �

4
4 * � � � ª'i³pr^ 4 : 4�* J ��#IK

STS àIUPV±õ�ø�W



�±� � :������ + +-
I� ! 
I� !�� :T.1����� ���"�

            Case (a)

t
contact

X

1−rarefaction     3− shock

q q
L
*

R
*

q
L

q
R X

Case(b)

t

1−shock         3− rarefaction

q q

q q

L
*

R
*

L R

contact

Case(c)

t

X

1− rarefaction   3−rarefaction

q q

q q

L
*

R
*

L R

contact
t

contact

X
            Case (d)

q q

qq

L
*

R
*

L R

1−shock      3−shock

½Jik�xla�rcÌ� � ��� Â !óÆ 	#  � Æ �R� 
M� � Â Å ¡ �=Â ��¡y��� Â   � � 
 � � � Â � Æ � 	#� 
 Æ � Æ�! � � Â � 
 Â �©¡ � � ��  Æ ��� Â � £ ��¡3� � Ä
 q¡y  Â ! ¡a¢|��
 Æ � � ¢ Æ � ��¡a¢x� � � Ä � � Æ ¢%$ � ����� � Ä � � Æ ¢%$ � ¢ Æ � ��¡a¢x� � � Ä  ±¡a  Â ! ¡a¢x� 
 Æ � � ��¢�� � Ä  q¡y  Â ! ¡a¢|��
 Æ � � ¢ Æ � ��¡a¢x� � � Ä
 q¡y  Â ! ¡a¢|��
 Æ � � ��Ç&� � Ä � � Æ ¢%$ � ¢ Æ � ��¡a¢x� � � Ä � � Æ ¢8$�"

]_^acg�*svu�z�i } c��rn|p{iksxu�s|¥²p{^ac�p�ªµs��*la�r¨xcRz J � � K � J �'#0K'n|mkmtsqª�z:sxuac�p{s8�*svbgw�lyp{c�p{^ac-z�svmtlap{iksxuHiku>��nxz{c J ��K�sx¥µ½Jit�P­ �a­§½�sx�
pr^aces|p{^�c��'����nxz{c�z�Éjsxuac§^�nxzµprsg��sxu�z{i } c��¸p{^acesy����la�rc�u���c:s|¥�z�^�sj� A-ª_n±¨xcRz�­J®>�ritp{ikua��pr^ac���n|u2ABikuac �ó�:la�xsvuaitsxpµ�rc�monqpritsvu�z �

())* ))+
& � (0��� & �& � ( �  4 ��� & � (& � ( �=��� & � �& � � ,' 4 � ( ��� & � ,

J �v�RK

pr^a�{svla�x^�p{^�c�z�^asy� Ayz�Éyªµcesx¬aprn|iku�p{^ac7� �óz{^asy� A�n|u } � �ëz{^asy� A��*la�r¨xcRz��

(0�I(+1 / 4 / 4 1
 4  �� � 4 1  

� �5/�� � � 9 � 1 ª'itp{^ 4 4 4 1 J dP��K

(0�@(+*� 4 / 4 *
 4  �� � 4 *  

� �5/�� � � 9 � * ª'i³pr^ 4 4 4 * J dB�RK

ª'^ac��{c � � � � � /7� � 9 � �  �� � ­J]_^�c�z{sxmklyp{iksxu�sx¥¿p{^ac§�'ikc�b7n|uau�wa�{sv¬amkc�b ikz¸�*svb-wamtc�p{c } ¬j~�ÀPu } ikua��pr^ac:¨qn|mklacRz � ( � � 4 ��� itu
pr^ac¸z�prn|p{cRz�� 1�� nxu } � * � ­�½a�rsxb n|ugn|mk�xc�¬a�rnxik��w=sxikuBpJsx¥a¨jitc�ª�É±p{^aioz���sxu�z{ioz�p�z»prs�À�u } p{^ac¸ikuvprc���z�cR�0pritsvu�s|¥apr^ac:� �O��n|�rc*¥Mnv�0p{iksxu��
� �óz{^asy� A��*la�r¨xc§sx�rik�xiku�nqpritua��¥¹�{svb � ( 1 � 4 1 � ª'itp{^�p{^�ce���O��n|�rc*¥Mnv�0pritsvu��j���óz{^asy� A��*l��{¨vc�w�nvz{z{ikua��pr^a�rsxla�v^ � ( * � 4 * � ­ H �a�*c�wyp
iku�pr^ac§��nxz{c:sx¥¿p�ªµs�c*�jp{�rc�b-c�mk~7z�pr�{svua��¥Mnv�*ikua����n|�rc*¥Mnv�0p{iksxuPz�Éxp{^acRz�c:p�ªµsg�*la�r¨xcRz²n } bgitprz¸n�l�uaik·Blac§ikuvprc���z�cR�0pritsvu�wPsvituBp_n|u }
pr^aikz:�*sxb-wamkc*prc�mk~ } c�p{c��{b-ikuac�z¸pr^ac�z�svmtlap{iksxu9s|¥#pr^ac��'ikc�b7n|u�u9w��{sv¬amtc�b8­

®6c�n|�rceuasqª ikuBp{c��{cRz�prc } ¬B~�p{^ac�z�svmtlypritsvu�sx¥�pr^aioz�wa�rsx¬amkc�b�itu9p{^�c�mtsqª ��nx��^8ujlab�¬Pc��'mtikb-i³pR­_�8sv�{c�z{wPcR�*itÀP��nxmtmk~xÉ�ªµc
��sxu�z{i } c��'ikuai³priknxm } n|prn���� 1�� � *�� ��mtsBz�c§p{s7n-�*svu�z�prn|uBp } c�u�z�itp�~�iku���sxb-wa�rc�zrz�ik¬amkc:¶�sqª itu9pr^ace¥¹sxmkmtsqª'ikua�-z�c�u�z{c �

� 1 � �
	���
 � � $  �� �� � 1�, �  @��� ���(21 � � 	���
 � �  6��� (+13, .  I� ������ 10��� 	���
 � �� �� � � 13, .� I� �����4�1 � � 	���
 � �	���
 ��4 $  �� � � 4 13, �  @����� �
J dvd K

� * � �
	���
 � � $  �� �� � *-, �  I��� ���(2* � � 	���
 � �  6��� (+*-, .� I� ������ *7��� 	���
 � �� �� � � *-, .� I� �����4 * � ��	���
 � �	���
 ��4 $  ���� � 4 *-, �  @����� �
J d � K

+�,TS-+ è



���������
	�����
�������������������� �"!$#&%'���&(
�'#)� �*�����,+-���/.*
0%'�1�2��(3	��'�4+5� (�� �7698�8;: ���

2�¬�z{c��r¨xc¸pr^�nqp´iku7nx����sx� } n|uP�*c¸ª'i³pr^-p{^ac'�rc�z{lamtprz�pr^�nqp´ª¸c'^�n±¨xc_�rc���n|mkmtc } iku7z�cR�0p{iksxu��aÉqp{^ac:ituaitp{ion|m } nqp�n�n|�rcµpr^ac'wa�rs|��cR�0p{iksxu
svu>n�waitcR�*c�ª'ikz{cg��sxu�z�prnxuBp:À�c�m } s|¥ B�ª¸c�mkm�wa�rc�wPn|�rc } D�ikuaitp{ion|m } nqp�na­ L u6w�n|�{p{io�*l�mknx��ÉPp{^ac-wa�rc�zrz{la�{c�À�c�m }�} sxc�z§uasxpe��sxuBprnxitu
¶�lP�0p{lPnqp{iksxuPz�sx¥�sx� } c�� ��� ­©]�sHÀPu } pr^ac9z{sxmklypritsvuÌs|¥'pr^ac9��itc�b-nxuau w��{sv¬amtc�b
itu p{^ac9mtikb-i³p ��� 
 � É$ª¸c�ª'�ri³prc�pr^ac
z{sxmklyp{iksxu9iku�pr^ace¥¹sx�rb+�

� � �
	���
 � � $  �� � � .� 6� �� � �  @��� ���( � �
	���
 � �  6��� (+.� I� ������=� �
	���
 � �  6��� � .� I� ��� �

4 � � 	���
 � �	���
 ��4 $  �� �>4�.  6� � � 4 �  @����� �
J d H K

L uBp{�rs } l���itua��p{^�c�z{c�c��jw��{cRz{z{itsvu�z�itu�p{^ac-��n|�rc*¥Mnx�*p{iksxu�nxu } z{^asy� A��*la�r¨xcRz J � � K � J �'#0K � J dP��K � J dB�RK*ÉPitp�ikz§c�nvz�~9prs9z{c�c�p{^�n|p�itu
pr^ac�mtikb-i³p � � 
 � Éap{^acRz�c��*l��{¨vc�z_¬=c��*svb-c�z'z�p{��n|ik�x^�mkikuac�z'sx¥Jz{mtsvwPcRz�� � 9�� � 4 $ � $ �

� �ë��n|�rc*¥Mnv�0p{iksxu (2. �I(213, . / �
� � 4 $ � $

4 . ¥¹sx� 4 . : �

� ��hj^asy� A (2. �I(213, . / �
� � 4 $ � $

4 . ¥¹sx� 4 . 4 �

� �ë��n|�rc*¥Mnv�0p{iksxu (2. �I(2*-, .� �
� � 4 $ � $

4 . ¥¹sx� 4 . : �

� ��hj^asy� A ( . �I( *-, .  �
� � 4 $ � $

4 . ¥¹sx� 4�. 4 �

J d #IK

��z�z{^asqª'u©ituÌ½Jik��­8��s|¥¸p{^ac�d�wPsBz{z{ik¬amtc7ª_n±¨xc-w�n|p�prc��ru�z } ioz{wamkn±~vc } ituÌ½Jik��­H�yÉJsxu�mt~�p{^acH� �O��n|�rc*¥Mnv�0pritsvu��j���O��n|�rc*¥Mnv�0p{iksxu
J ª'^ac�u (2*-, . / (213, .546� K¸nxu } � �ëz�^asy� A �j���óz{^asy� A J ª'^ac�u (2*-, . /7(+13, .5:�� K_z�svmtlypritsvu�z_n|�rcewPsBz{z{it¬�mtcv­

U

P

U

P < 0

U

U

1

γ P0

R,1

L,1

1 1

 1

1

 ρ0

3−rarefaction

3−shock

1− rarefaction

1− shock

−1

γ P0
ρ
 0

U

P

U

U

U

L,1

R,1

1

1

1> 0 1P

1− rarefaction

 3− rarefaction

1−shock

3−shock

−1

γ P0
ρ

0

γ P0
ρ
0

1

½Jik�xla�rc²��� � � � Â  q� Â ¢|��
 Æ � Æ*!  q¡y  Â ! ¡a¢|��
 Æ � ¢�	#  �PÂ � !óÆ   (+*-, . / (213, .546� � � Â ! �<�²¡ � Ç�� � Æ ¢8$8¢�	#  �PÂ � !óÆ  5(+*-, . / (213, .5:��
��  
 "�� �<��"

½�sx�_p{^�c�z{c�p�ª¸s7��nvz�cRz�Éjpr^ac��*svbgw�lyprn|p{iksxu9s|¥#pr^ac�ikuvprc���z�cR�0pritsvu�w=sxikuBp�s|¥#pr^ac��*l��{¨vc�z J d #IK¸�xik¨xcRz �
(+. � � (213, .� ;(2*-, . � 9 �
4 . � / � � 4 $ � $ & (2. 9 �

J dB�RK

ª'itp{^ & ( . � & *+1 ( . � ( *-, . /;( 13, .R­e]_^ac��rc*¥¹sv�{cvÉPitpeikz§z�c�c�u�pr^�nqpec�¨vc�uHit¥´pr^ac�ikuaitp{ion|m } nqp�n�nx�{c�sx¥´p{^�c�¥¹sx�rb J dvd K � J d � K
ª'itp{^ 4�1�, . � 4�*-, . � � Éjpr^ac�ikuvprc��{¥Mnx��c§w��{cRz{z{la�rc§��sxuBprnxitu�z'n�¶�lP�0p{lPnqp{iksxu8sx¥�sx� } c�� � � �

4 � � 	���
 � �	���
 ��4 $ / ���
� � � 4 $ � $ &9( .  I� ��� J dB�RK

�'�*p{l�nxmtmk~xÉ_pr^aikz�wa�rc�zrz�la�rc8¶�l��*p{l�n|p{iksxu�ioz�wal��{c�mt~Ës|¥�nx��sxl�z�p{io�8sx�rit�vitu#­°]_^ac>z�^asy� A �*la�r¨xcRz7s|¥ J d #IK7nx�{c9pr^ac>��nxuPAjitu�c �
�:la�xsvuaitsxp¸�rc�monqpritsvu�z²¥¹sx�_n|u�nv�*svl�z�prik��z�~yz�p{c�b�n|u } J dv� K´ioz¸itu�¥Mnx�*pµpr^ac�z�svmtlypritsvu�s|¥#p{^ac +5� �"��
I� 
0% ����#�� ��% w��{sv¬amtc�b } c*ÀPuac }
¬j~ �

%
% �

�� ( .4 .
�"  

�� � � 9 � $
� 4 $ �

�" %
%��

�� ( .4 .
�" �@� J � �RK

STS àIUPV±õ�ø�W



��d � :������ + +-
I� ! 
I� !�� :T.1����� ���"�

nxu } p{^ac��{c�¥¹sx�rcxÉvp{^ac�¶�ly���*svbgw�lyp{c } nqp´pr^ac:ikuBp{c��{¥Mnx��c�iku�z�prc�n } s|¥¿¬Pc�itu���n|u�nxwawa�rs±�jikb7nqpritsvugsx¥Ep{^ac�B�iku��*svb-wa�{cRz{z{ik¬amtc¸¶�la�RD
iozep{s8mkc�n } itu��9sv� } c��§p{^acg¶�la�6�*svb-itua��¥¹�rsxb nxu 
R% ����#�����% wa�{sv¬amkc�b¯�xc�uac���nqprc } ¬j~�p{^ac7nx��pri³ÀP��iknxm } ioz{��sxuBp{ikujlyp{ikc�z�n|p§pr^ac
ikuBp{c��{¥Mnx��c�z_¬=c*p�ª¸c�c�u�pr^ac��*c�mtmoz�­

]�s�ikmkmtl�z�p{��nqprcgp{^aioz�n|u�nxmt~yz{ikz�ÉEªµc-z{^asqª iku6½Jik��­gd�ÉEp{^�c-z{sxmklypritsvu�s|¥µp{^ac7�'ikc�b7nxuau>w��{sv¬amtc�b J �x�RK§�*svbgwPn|�rc } prs�pr^ac
nvz�~jb-wyp{sxp{io�§c*�ywa�rc�zrz�iksxu J dv� Kµ¥¹sx�'ikuaitp{ion|m } n|prngs|¥Jp{^ace¥¹sv�{b J dxd�K � J d � K } c*ÀPuac } ¬j~ �

())* ))+
� 1 � � �(+1 � � �� 1 � ���
4 10� �%����� ���

nxu }
())* ))+
� * � ���(2* � ����� � sv� � � � �� * � � � � �
4 * � �8��� ��� � � �

J � ��K

]_^ace�rc*¥¹c��{c�u��*c���nx��^�ujlab�¬=c��_¥¹sv�µpr^aioz���nvz�c§ikz¸sx¥�sx� } c�� �%�:- � ­ L u9½Jik��­�d�Éjpr^ac�mkc*¥ùp'wamks|prz } ikz{wamon±~-p{^ac���nvz�c§s|¥$���rnx� �
c�¥Mnx�0pritsvu�z{sxmklyp{iksxu J ª'^ac�u (2*>4�(+1 K²ª'^aikmtc�p{^ace�rit�v^Bpµwamks|p�z¸z{^asqª�z²p{^ace��nvz�c�s|¥�n�p�ª¸s�z{^asy� A-z{sxmklypritsvu J ª'^ac�u (2*>:�(21 K*­
2�¬�z{c��r¨xc�p{^�nxu�itu�p{^ac�p�ªµs���nxz{c�z�Évp{^ac�wa�{cRz{z{la�rc$��lab-w�¬=c*p�ª¸c�c�u7p{^�c:p�ª¸s�ikuai³priknxm¿z�p�nqp{cRz´ioz²c��jp{�rc�b-c�mk~7z�b7n|mkm J s|¥¿pr^ac§sx� } c��
sx¥ � � � ��� Kµ¬alyp'p{^�c�¨xc�mksy�*itp�~e��lab-wH�*�rc�n|p{c�z_nxu�c��Bpr�{c�b-c�mk~�mknx�{�vce¨±nx�{ionqpritsvu�sx¥#p{^�c�ituBp{c���¥Mnv�*cewa�rc�zrz�l��{cv­

½��{svb n|u�c��an|b-ituPnqp{iksxu s|¥epr^acH�'ikc�b7n|uau�w��{sv¬amtc�b.ikuZp{^ac�mtikb-i³p � � 
 � É¸ª¸cH��nxu p{^ac��{c�¥¹sx�rcH�*sxuP�*mkl } c8p{^Pnqp�c�¨xc�u
it¥´p{^�c�ikuai³priknxm } nqprn�n|�rc��*mksvz{c�prs�n���sxu�z�prnxuBp } c�uPz�itp�~8itu���sxb-wa�rc�zrz�ik¬amkceÀ�c�m } É=p{^�c�À�c�m } �*sxb-walap{c } ¬B~�nxuHlawjª'itu } z�svmt¨vc��
��sxuBprnxitu�zµnq¥ùprc��²svuac'pritb-c�z�p{c�w»Éynx��sxl�z�p{io�_wa�rc�zrz�la�rc'ª_n±¨xc�z´s|¥¿sx� } c�� � �¸pr^�nqp_n|�rc'b�l���^�mknx�{�vc���p{^Pn|u7pr^ac:wa�rc�zrz{la�{c_¶Pl��0prl��
n|p{iksxu�z } lac�prs7p{^ac�ituP�*sxb-wa�rc�zrz{it¬amkc��*svb-wPsvuac�uBp�­']_^acRz�c�nx�*svl�z�p{io���*sxb-w=sxuac�uBprz��rc�b7nxitu8wa�rc�z{c�uBp:iku8p{^ac�¥¹sxmkmtsqª'ikua�-pritb-c
z�p{c�w�z�n|u } pr^ac�c�·Blaikmkit¬a�riklab�z�prnqprc�s|¥Jp{^ac } ikzr�*�rc*prc§cR·Bl�nqpritsvu�z J it¥Jitp:c��jioz�prz Kµ��n|u9¬Pc } c�zr�*�rit¬=c } nxz'n-¬Pn|mon|u���c�sx¥�nv�*sxlPz�prik�
ª_n±¨xcRz:iku�z�p{c�n } sx¥²�{c�wa�rc�z{c�uBp{ikua��nxu>nxwawa�rs±�jikb7nqpritsvu�s|¥µnxu�iku��*svbgw��{cRz{z{it¬�mtc�À�c�m } ­ L u©z{c��0pritsvu H É¿ª¸cgwa�{cRz�c�uBp�pr^aikz§mkitb-itp
z{~yz�prc�b8ÉEp{^acg�rc�n } c��:ª'ikmkmJu�s|p{io�*c�p{^�cg��mtsBz�c��{cRz�c�b�¬amon|u���c�s|¥²p{^aiozez�~yz�p{c�b2ª'itp{^�p{^acgmtikb-i³p�cR·vlPnqp{iksxuPz:sv¬yprnxituac } ¥¹�rsxb¯n|u
nvz�~jb-wyp{sxp{io�en|u�nxmt~yz{ikz_sx¥#p{^�c��'sxc�zr��^ac�b-c§p{^�n|p�ªµce^�n±¨vcewa�{cRz�c�uBp{c } itu � # � ­

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

-250 -200 -150 -100 -50 0 50 100 150 200 250

(U
-m

in
(U

L,
U

R
))

/(
m

ax
(U

L,
U

R
)-

m
in

(U
L,

U
R

))

X/t

Godunov
Asymptotic

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

-250 -200 -150 -100 -50 0 50 100 150 200 250

(U
-m

in
(U

L,
U

R
))

/(
m

ax
(U

L,
U

R
)-

m
in

(U
L,

U
R

))

X/t

Godunov
Asymptotic

-60

-40

-20

0

20

40

60

-250 -200 -150 -100 -50 0 50 100 150 200 250

(P
-m

in
(P

L,
P

R
))

/(
m

ax
(P

L,
P

R
)-

m
in

(P
L,

P
R

))

X/t

Godunov
Asymptotic

-60

-40

-20

0

20

40

60

-250 -200 -150 -100 -50 0 50 100 150 200 250

(P
-m

in
(P

L,
P

R
))

/(
m

ax
(P

L,
P

R
)-

m
in

(P
L,

P
R

))

X/t

Godunov
Asymptotic

½Jik�xla�rced6� % Æ ���J¡y  
¹� Æ � � Â � Å�ÂjÂ � ! Æ Ç 	 � Æ�� � Æ � �=Â  �¡ � Ç�¡a� Ã ���#� Æ ��
¹¢8¡ � ¡ � Ã � 
M� !óÆ   ( * 4�( 1 � � Â ! ���g¡ � Ç !óÆ  
( * :�( 1 �ë  
 " � ����"

+�,TS-+ è



���������
	�����
�������������������� �"!$#&%'���&(
�'#)� �*�����,+-���/.*
0%'�1�2��(3	��'�4+5� (�� �7698�8;: � �

� � ��� ���6�'"´�����Z�9���'"¸�����9�0�J�*������� ?

½�sx�e�'sxc�p�~jw=cgzr��^ac�bgcRz�É=ª¸c�^�n±¨xc�z�^asqª'u�itu3� # � p{^Pnqp:¥¹sv��¨vc��r~�z{la¬�z{sxuaio��¶Psqª�z:n���mtcRn|��itb-wa�rsq¨xc�bgc�uBp�s|¥´pr^ac�nv���*l��rnv�*~
��n|u8¬Pcesv¬yprnxituac } ¬B~�bgs } it¥¹~jitu��-p{^ac�ujlab-c��rio��n|m=¶�la� J ��K¸itu�p{^�ce¥¹sxmkmtsqª'ikua�-ª¸n±~ �

������1 � ��* �,� 1�* � � �� ��� � � 1�*!����1 �
 � � � 1�*!����* �
 � - . # � % � � � 1�*
% �

# & 1�*�� � J � �0K

ª'^ac��{c � ioz�n�wa�{cR�*svu } itp{iksxuaikua��b7n|p{�ri³�¿­ L u�p{^aiozez�cR�0pritsvu»ÉEªµc�wa�{svwPsBz�cgn�z{itb-ikmknx��z�p{��nqprc��x~9prs�sq¨xc��r��sxb-cep{^�cgnv���*l��rnv�*~
wa�rsx¬�mtc�b�c�u���sxlauBprc��rc } ¬B~9¦§s } lauasq¨7p�~jw=c�z{��^ac�b-c�z�­

�8sv�{c�z�w=c���i³ÀP��n|mkmt~vÉ�ª¸c�ª'ikmtmJn|waw�mt~8wa�rc���sxu } itp{iksxu�itua�-prs�pr^ac�¼§½J��sxc���mknvz{z:s|¥²zr��^ac�b-c�z'p{^�n|p�ª¸c } cRz{���{ik¬Pc�uasqª�­�]_^ac
¼§½J��sxc�zr��^ac�b-c�z �k��� � l�z�c�n�¶�la��s|¥�p{^ace¥¹sv�{b �

����� 1�� � *.�,�&1�* ��� � �-� 1�* �/� 1�*�� J � �RK

ª'^ac��{c � 1�* ioz�n8z�prnqprc��*svbgw�lyp{c } ¬j~�p{^ac�z{sxmklyp{iksxu©sx¥¸n��'ikc�b7n|u�u6w��{sv¬amtc�b ¬=c*p�ª¸c�c�u6pr^ac7p�ª¸s8z�prn|p{cRz0� 1�� � * ­ L ¥¸p{^aioz
�'ikc�b7nxuau�wa�rsx¬amkc�b�ikz } c*À�u�c } ¬j~�pr^ac�uasvu�mtikuacRn|� H l�mtc���c�·Bl�n|p{iksxu�z�Éapr^ac�zr��^ac�b-c } c�À�uac } ¬j~ J � �RK¸ioz:z{itb-wamk~8¦§s } l�uasq¨
zr��^ac�b-cv­���sqª¸c�¨vc��RÉ�¥¹�rsxb n��*sxb-walaprnqpritsvu�n|m�w=sxikuBp§sx¥²¨jitc�ª�É¿i³p�b7n±~8¬Pc-ikuvprc��rc�z�p{ikua��prs } c*À�u�c�pr^aikze�'ikc�b7nxuau>w��{sv¬amtc�b
¬j~�ngmkitu�c�n|�ri Q�c } wa�rsx¬amkc�b�¬Pc�p�ªµc�c�u�p{^acep�ª¸s7z�p�nqp{cRz ��� 1�� � *�� �

% ��
% �
 :�� 4 % ��

%�� �@�
�� � � � � � � � �� � �� 1 i³¥ � : ��� � �� * i³¥ � 4 �

J � d K

ª'^ac��{c :���4 ikzen9�*sxuPz�p�n|uBp§b7n|p{�ri³��nxu } �����n|u>¬Pcgpr^ac7�*sxuPz�c��{¨qnqprit¨vc�¨qn|�rion|¬amkc�z �7sx��nxuB~�sxp{^ac���z�c�p§sx¥µiku } c�w=c�u } n|uBp
¨qn|�rion|¬amkc�z�­$��c��rcxÉj¥¹sv�'ituPz�p�n|u���cxÉyª¸c�ª'itmkm¿l�z{cep{^acCB�c�uBp{�rsxw�ik��D�¨qn|�riknx¬amtcRz �� � ��4 � ( � �"��� ��� nxu }8} c*ÀPuac :�� 4 ¬j~ �

:�� 4 �
���
	
:6(�4 � : 4 4 � �
� 9 : � 4 :6(�4 � �
� � :�( 4 �
� � � :�( 4


 ��

 J � � K

ª'^ac��{c :��&4 � �>� � � 1� � � � *.� 9 � } c�uas|prcgp{^ac7n|�ritp{^ab-c*prik�-n±¨vc���n|�xc�¬Pc�p�ªµc�c�u �� ��� 1 n|u } �� ��� * ­7]_^jl�z§itu J � �RK*É�� 1 * ikz§pr^ac
��sxu�z{c��r¨qnqp{ik¨xc�¨qn|�riknx¬amtcRz���sx�r�{cRz�w=sxu } itu���p{s �� 1 * z�svmtlap{iksxu�sx¥²pr^ac-mtikuac�nx�{i Q�c } �'ikc�b7n|u�u>wa�rsx¬�mtc�b J � d�K0­g��u©nxz{~Bb-wyprs|prik�
nxu�n|mk~yz�ioz�sx¥�p{^aioz�lawjª'itu } z{��^�c�b-c�z{itb-ikmknx��prs�pr^ac9nxu�n|mk~yz�ioz�w��{cRz�c�uvprc } ikuËz{c��*p{iksxu ��~Bikc�m } z�p{^ac8zrn|b-c���sxu���mtl�z{iksxu�z�nxz
¦§s } lau�sq¨Hz{��^ac�b-cx­ L p�z{^asqª�z�p{^�n|p§pr^acgituBp{c���¥Mnv�*cgwa�rc�zrz�la�rc�ioze�xik¨xc�u�¬j~�c*�ywa�rc�zrz{itsvu J dB�RK�n|u } p{^jl�z§p{^Pnqpep{^ac-wa�rc�zrz{la�{c
À�c�m } ��sxuBprnxitu�z¸¶Pl��0prl�nqpritsvu�z_s|¥�sx� } c�����nv��^»­

L u§p{^�c²z�w�it�ri³p»sx¥jp{^ac$wa�rc���sxu } i³pritsvuaitu��'s|¥y�'sxc´zr��^ac�b-c J � �0K*É�ª¸c$wa�rsxw=svz{cJp{s'b-s } i³¥¹~�p{^�c$ituBp{c���¥Mnv�*c�¶�la�0������1 � ��* �,� 1�* � �
� �-� 1 *.���%1 * � ¬j~���sxb-walypritua� ��1�*©nxzµpr^ac�z�svmtlypritsvu�sx¥Jn ��� � % ���"!�� � �����"��! �'itc�b7n|uau9wa�rsx¬amkc�b8­´�8sx�rcez�w=c���i³ÀP��n|mkmt~vÉjitu J � �RK
ª¸ceprn0Axc �%1�*Ìnxz¸p{^�c�z�svmtlypritsvu�sx¥�pr^acewa�rc��*svu } itp{iksxuac } w��{sv¬amtc�b+�

% ��
% �

 � :	� 4 % ��
% � �I�

�� � � � � � � � �� � �� 1 i³¥ � : ��� � ���* i³¥ � 4 �
J � H K

ª'^ac��{c � ikz¸pr^ac�wa�rc���sxu } itp{iksxu�itua�-b7nqpr�{it��wa�rsxw=svz{c } itu �k��� �

� �
���
	

 � � � �
� � � �
� � � �
� � � �


 ��

 J � #IK

ª'itp{^ 
 n-w�n|��n|b-c�p{c��_sx¥#p{^�c�sx� } c��_s|¥Jp{^�c���nx��^9ujlab�¬=c��0� 
 �	� � 
 .�ª'i³pr^ 
 . �
� � � � ­

STS àIUPV±õ�ø�W



� H � :������ + +-
I� ! 
I� !�� :T.1����� ���"�

®6c-wa�{sy��c�c } uasqª�prs9z{^asqª�pr^�nqp§p{^ac-ikuBp{c��{¥Mnx��c�w��{cRz{z{la�rc�z{sxmklyp{iksxu>s|¥²pr^ac ��� � % ���"!�� � �����"��! ��itc�b-nxuau6wa�{sv¬amkc�b J � H K
} svc�z$u�s|p²�*svuBprn|iku�¶�l��0prl�nqpritsvu�z$sx¥=sv� } c�� ��� it¥Ppr^ac�ikuai³priknxmawa�rc�zrz�l��{c'�*svuBprn|iku�z�svuamt~�wa�{cRz{z{la�rc¸¶�l��0prl�nqpritsvu�z$sx¥Psx� } c�� ��� � ­
]_^ac�mkc*¥ùp:nxu } �{ik�x^Bp'z�p�nqprc�z�nx�{c�p{^ac�u } c*À�u�c } ¬j~ �

� 1 � ��	���
 � � 13, $  6��� � 1�, .� �� �� � 13, �  I� �����(+1 ���
	���
 � �� �� � (213, .� @����� �� 1 �'�
	���
 � �  6��� � 13, .� @����� �

4�1 � � 	���
 � �	���
 � 4 $  6� � � 4�1�, �  I��� ���
J � �RK

� * � ��	���
 � � *-, $  6��� � *-, .� 6� �� � *-, �  I� �����(+* �'�
	���
 � �  �� � (2*-, .� @����� �� * �'�
	���
 � �� 6��� � *-, .� @����� �

4 * � ��	���
 � �	���
 � 4 $  6��� � 4 *-, �  I��� ���
J � �RK

¾:s|p{c§pr^�nqp�iku J � ��� � �RK0Éjª¸c§nxmtmksqª�pr^ac�wa�rc�z{c�u���c�sx¥ } c�u�z�itp�~ } iozr�*sxuBpritujlaitp{ikc�z_sx¥�sx� } c�� � � � � ¬alyp'p{^Pnqp_p{^ac�w��{cRz{z{la�rc´��lab-w
¬=c*p�ª¸c�c�u�pr^ac�mkc*¥ùp:n|u } �rit�v^Bp'z�prn|p{cRz_ikz'sx¥�sv� } c�� � �� ­

]�s�sx¬aprn|ikuHn|u�c��ywamtio�*itp�c��ywa�{cRz{z{iksxu9¥¹sx�:p{^ac�z{sxmklypritsvu�s|¥ J � H K*É�ª¸c } ion|�xsvu�n|mki Q�cep{^�c�b7nqpr�{it� : � 4 ­ L p�z�c�ik�xc�uj¨±nxmtl�c�z
nx�{ce�xik¨xc�u�¬j~ � % .5� � � �. 
 � ��:6(�4�/ � � � 9 �% � � % # �9:�(�4%�� � � � �. 
 � ��:6(�4
 � � � 9 � J H �RK

ª'itp{^�� � � � � / 
 � � :�( 4 � �  � 
 � � : 4 4 9 : � 4 n|u } pr^ac�nxzrz�sy��ikn|p{c } c�ik�xc�uB¨vc��*p{sx��z ���gn|�rc �

� . �
�����
	

�% . / 
 � :�( 4

 �%� : 4 4�

�


�����

 � � � �

���
	
�
�
�
�


 ��

 � � # �

���
	
�
�
�
�


 ��

 � ��� �

�����
	

�% � / 
 � :�( 4

 � � : 4 4�

�


�����

 J H ��K

½Jiku�n|mkmt~vÉjmtc�pµl�zµituBpr�{s } l���c'p{^�c��*sjsv� } iku�n|p{c�z � � � & *+1 �� � sx¥¿p{^ac²��lab-w & *+1 �� � �� * / �� 1 itu7pr^ac§¬�nxz{ikz²s|¥Ep{^�c�c�it�vc�uj¨xcR�0p{sv�rz� � � � . � / ��% .�/�:6(�4 � & 4  
 � � : 4 4 &9(
� �

� � � &	�
� # � & �

�
� � ��% � /	:6( 4 � & 4  
 � � : 4 4 &9(
� �

J H �0K

pr^ac�u»Éap{^ac�z{sxmklyp{iksxu9s|¥ J � H Kµioz'�xik¨xc�u�¬j~�d7�*svu�z�prn|uBp�z�prnqprc�z ���1 � �� �1 � �� �* � ���* } c�À�uac } ¬j~ �

�� � � � � �&�
())))))))* ))))))))+

�� 1 ¥¹sx� � 9 � : % .
�� �1 � �� 1  � . � . ¥¹sx� % . : � 9 � : % �
�� �* � �� * / ������� ¥¹sx� % � : � 9 � : %��
��%* ¥¹sx� % � 4 � 9 �

J H �RK

N z�ikua�©p{^�c�c*�ywa�rc�zrz�iksxu�zgsx¥�pr^ac�mtc�¥ùp�n|u } �rik�x^Bp7c�ik�xc�uj¨vc��0prsx��z J H �RK � J H ��K0Éµp{sv�xc*pr^ac��7ª'itp{^ pr^acHnxz{~jbgwap{s|prik�8c��yw�n|u�z{iksxu�z
J � �RK � J � � K0Éyª¸c§sv¬yprnxitu�p{^�ce¥¹sxmkmtsqª'ikua�7nxz{~jbgwap{s|prik�§c��jw��{cRz{z{itsvu�z²¥¹sx�_p{^�cep�ªµs7z�prnqprc�z �� �1 � �� �* �

+�,TS-+ è



���������
	�����
�������������������� �"!$#&%'���&(
�'#)� �*�����,+-���/.*
0%'�1�2��(3	��'�4+5� (�� �7698�8;: ��#

J ¾�s|prcep{^�n|p'p{^ac�¨qnxmtlacesx¥ ( nxu } 49nx�{cecR·vlPn|m¿iku�pr^acep�ªµs7z�prn|p{c�z �� �1 � �� �* K

( � �'�
	���


� �  6� � � :�( . 4	/ :6( . 4� � � $ &9( . /
& 4 �: � $ 4 � � $ �  

��� � � :�( � 4 /
:�( . 4
� � � $ &9( �  � ����� � & (2.� : � . 4 & 4 �: � $ 4 � � $  � � ��� � & 4 � �
 ��� ���

4 � � � 	���
 � �	���
 ��4 $  �� � � � : 4 � 4	/ 
 . � � 4 $� � $ &9( .  :6( . 4� � � $ & 4 � �  � �����

J H d K

ª'^ac��{c � $ � � : (2. 4 � �  � 
 . � � 4 $ 9 : � $ 4 É : ��4 � � � ��� 1� � � � *!� 9 � } c�uas|prc�zepr^ac�nx�{itp{^ab-c�p{io�7n±¨xc���n|�vc�nxu } � ��� ���
z�prnxu } z¸¥¹sx��z�svbgce�*svb-wamtc���prc��rb-z¸pr^�nqp:nx�{c§uasxp�c*�ywamkik��i³prc } ^ac��rcx­

]_^ac�¨qnxmtlacRz_s|¥Jp{^ac } c�u�z{i³pritcRz'n|u } p�n|ua�vc�uBp{ion|mE¨xc�mtsy��i³pritcRz'n|�rc§�vit¨vc�u�¬B~	�

�
�1 � �
	���
 � � 13, $  6��� � 1�, .* 

� � � � � 13, � /

 . � � 13, $
� � $ &9( .  � 13, $ :�(2. 4� � 4 $ � � $ & 4 �  � 13, $� � 4 $ & 4 � �" ����� �

� �1 � � 1

�
�* � � 	���
 � � *-, $  �� � � *-, .  

� � � � � *-, � /

 . � � *-, $
� � $ &9( .  � *-, $ :6( . 4� � 4 $ � � $ & 4 � / � *-, $� � 4 $ & 4 � �
 ����� �

� �* � � *

J H � K

½��{svb�c*�ywa�rc�zrz�iksxu J H d K0Éyitp�ioz�z�c�c�u�p{^�n|p'p{^ac�ikuBp{c���¥Mnv�*cewa�rc�zrz�la�rc§ikz¸¥¹�rc�c�sx¥�sx� } c��'�Hnx��^�¶�l��0prl�nqpritsvu�z�­

¾:sqª�Évmkc*p¸l�z´�rc*prla�{u-prs�pr^ac:ujlab-c��rio��n|mPc*�yw=c��ritb-c�uBp�z$p{^Pnqpµª¸c�^�n±¨vc�wa�rc�z{c�uBp{c } itu�p{^ac�ituBp{�rs } l��*p{iksxu»­�½Jit�P­ H wa�{cRz�c�uBprz
pr^ac�w��{cRz{z{la�rc�À�c�m } z:¥¹sx��p{^ac-zrn|b-c�pr^a�{c�c } cR�*��nxz{itu�����nx��^Hujlab�¬Pc��:pr^�n|u>itu>½�ik��­g�x­§®6cgz{c�cvÉ�pr^�nqpeitu6�*svuvpr�rnvz�p:p{s�pr^ac
�rc�z{lamtprz_sx¬aprn|ikuac } ª'itp{^9pr^ac�sx�rit�vituPn|m=¶�ly�yc�z�Éjp{^�c�z�svmtlypritsvu9��sxuj¨xc��{�vc�prs-nxu8lauaio·vl�c�z�svmtlypritsvu»­

½Jik��­ � wa�{cRz�c�uBprz�pr^ac�w��{cRz{z{la�rc7¶�l��*p{l�n|p{iksxu�z�ª'i³pr^ �rc�z{wPcR�0p�prsHp{^�c9��nv��^¤uBl�b�¬=c��R­��:z�itb-wamkikc } ¬j~6c*�ywa�rc�zrz�iksxu J H d K*É
pr^acewa�{cRz{z{la�rc�¶�lP�0p{lPnqp{iksxuPz'z{��n|mkc:c*�anv�0p{c�mt~7ª'itp{^�p{^�cezr·Bl�n|�rc:sx¥»p{^�c��Hnx��^�ujlab�¬Pc��_itu8n|�v�{c�c�b-c�uBpµª'itp{^�p{^�c§¬=c�^Pn±¨Biksx�¸s|¥
pr^ac��*svuvpritujlasvl�z_c�·Bl�n|p{iksxu�z¸iku9p{^ac���nxz{c§sx¥�ª¸c�mkm �ówa�rc�w�nx�{c } ikuaitp{ion|m } n|prn�­
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VFRoe-Turkel Mach=0.1

PRESSURE : MIN=71.2412 MAX=71.9025

VFRoe-Turkel Mach=0.01

PRESSURE : MIN=7142.67 MAX=7143.33

VFRoe-Turkel Mach=0.001

PRESSURE : MIN=714285.5 MAX=714286.2
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N z�ikua��nxu©nvz�~jb-wyprs|p{io�7n|uPn|mk~jz{iozes|¥:¦§s } lauasq¨6z{��^ac�b-cxÉ#ª¸c�^�n±¨vc-c*�y^aik¬ai³prc } pr^ac�b-c���^�nxuaioz�b p{^�n|p�wa�rc�¨xc�uBprz§p{^�ikz�p�~Bw=c
sx¥:n|wawa�rs±�yitb7n|p{iksxu>p{s���sxb-walyprc�uacRn|��iku��*svb-wa�{cRz{z{ik¬amtc�¶�sqª�z�­�]_^ac�p{�rsxla¬�mtc���sxb-c�z�¥¹�{svb pr^ac�¥Mnv�0p�pr^�nqp�p{^ac�ituBp{c���¥Mnv�*c
wa�rc�zrz{la�{c���sxb-walyprc } ¬j~�pr^ac��'ikc�b7n|u�u8z{sxmk¨xc����*svuvp�n|iku�z'wa�rc�zrz{la�{c§¶�lP�0p{lPnqp{iksxuPz's|¥�sx� } c��:�Hnx��^8c�¨vc�u8i³¥�pr^ac�ikuai³priknxm } n|prn
pr^�nqp } c*À�uac�p{^ac§�'itc�b7n|uau-wa�rsx¬amkc�b �*svuBprn|ikug¶�l��*p{l�n|p{iksxu�z�pr^�nqp¸z{��n|mkc'ª'i³pr^-p{^ac§z{·Bl�nx�{c_s|¥Epr^ac���nv��^gujlab�¬Pc���­�]_^aioz$¥Mnv�0p
ioz } c�c�wamt~7mkikuPAxc } p{s�p{^�c�¬=c�^�n±¨jiksx�¸s|¥»pr^acez�svmtlypritsvu�zµs|¥»pr^ac H lamkc��_c�·Bl�n|p{iksxu�z¸nqp_mtsqª[�Hnx��^�ujlab�¬Pc����$it¥»pr^ac�ikuaitp{ion|m } n|prn
nx�{c�u�s|p�ª¸c�mkmJwa�{c�w�n|�rc } Éap{^�c�uHiku>n }a} itp{iksxu8p{s�p{^ac�ituP�*sxb-wa�rc�zrz{it¬amkc���sxb-wPsvuac�uBpRÉ�pr^acgz{sxmklypritsvu�z�sx¥$p{^ac H lamkc��§c�·Bl�nqpritsvu�z
��sxuBprnxitu©n|moz�s8n|u6c*�jpr�{c�bgc�mt~H¥Mnxz�p�nv�*svl�z�prik��w�nx��pR­-]_^�ikz�nv�*sxlPz�prik��w�n|�{p�ikz���sxb-walyprc } ¬j~�p{^ac } ikzr�*�rc*prc-zr��^ac�bgc�p{^Pnqp��rc �
nv�0prz'p{s7pr^ac�n|�{p{itÀP��iknxm } ikzr�*svuBp{ikuBl�i³pritcRz } lac�prs7p{^�c�wa�rs|��c��*p{iksxu9s|¥Jp{^ac�ituaitp{ion|m } nqp�n-sxu8waikc���c�ª'ioz�c���sxu�z�prnxuBprz_¬j~����{cRnqp{ikua�
nv�*sxlPz�prik�§ª_n±¨xc�z_n|p¸pr^ac�ikuvprc��{¥Mnx��c§¬=c*p�ª¸c�c�u�pr^ac��*c�mtmoz�­

®6cgnxmkz{s�z{^asqª pr^�nqp�nxz�iku�pr^acg��nxz{c�sx¥µ�'sxc-zr��^ac�b-c�� # � ÉEp{^�ikzez{i³prl�nqpritsvu>��nxu�¬=cg��sxuBp{�rsxmkmkc } ¬j~�b-s } i³¥¹~jikua��p{^acgujl��
b-c��rio��n|m=¶�la�jcRz¸ª'i³pr^�pr^ace^ac�mkw�sx¥#wa�rc���sxu } itp{iksxu�itua��p{cR��^auaio·Blac�z�­´�8sx�rc�z{wPcR�*itÀP��nxmtmk~xÉyª¸c§wa�{svwPsBz�c:p{s7��^�nxua�xc:p{^acesx�rik�xiku�n|m
�'ikc�b7nxuauHwa�rsx¬amkc�b ¬j~�n ��� � % ���"!�� � �����"��! �'ikc�b7n|u�uHwa�rsx¬amkc�b8­�®6c�nxwawamk~�pr^aikz§z�p{��nqp{c��x~�p{s�n�¼�½��'sxcgz{��^�c�b-cx­ L uHp{^aioz
monqp{p{c�����nxz{cxÉyª¸c�z�^asqª ¬Psxp{^�p{^ac�sx�rc*prik��n|mkmt~�nxu } uBl�bgc��{io��nxmtmk~-p{^Pnqp'p{^�c�z�svmtlypritsvu�sx¥#pr^ac�wa�rc��*svu } itp{iksxuac } ��itc�b-nxuau9wa�{sv¬��
mkc�b�wPsBz{z{c�zrz�cRz¸wa�{cRz{z{la�rc:¶Pl��0prl�nqpritsvu�z's|¥�p{^ac���sx�r�{cR�0p_b7n|�xu�i³prl } cx­

�$�rc���sxu } i³pritsvuac } ��sxb-wa�rc�zrz�ik¬amkc�z�svmt¨vc���z � # � É �×� � É�� � � n|�rc�n|¬amkc�prs } cRn|m#ª'itp{^Hp{^acgz�ikua�xl�mknx�{itp�~�sx¥�p{^ac H lamkc��§c�·Bl�nqpritsvu�z
ikuÌpr^ac�mksqª���nx��^ uBl�b�¬=c��g�{c��xikbgcv­ È svbgwPn|�rikz{sxu�z�ª'i³pr^ iku��*svbgw��{cRz{z{it¬�mtc�nxu } mksqª���nx��^¤ujlab�¬Pc��gz{sxmk¨xc��rz�z�^asqª pr^ac
c��y��c�mkmtc�uBp�¬=c�^�n±¨jiksx��sx¥$p{^acRz�c�bgc�p{^as } z J z{c�c�cx­ ��­ �×�qd � É �k��� � É �t��d � É �k� � � K0­§��sqª¸c�¨vc��RÉaitu�sxla��sxwaikuaiksxu»É=p{^�c��rc�nxz{sxu8sx¥$p{^aioz
�vsBs } ¬=c�^�n±¨jiksx�´�rc�b7nxitu�z´lau��*mkc�nx��­��:zµb-c�uBp{iksxu�c } ¬j~ (§­B¨qn|u�Ê»c�c��²nxu } � �óÊ²­��§n|�rb-s|¥Mn|mPitu �×�|� � pr^ac:¬=c�uac�ÀP�*ion|mPitua¶�lac�uP�*c
sx¥Jwa�rc���sxu } i³pritsvuaitu��7sxu�p{^ac�nv����la�rnv�*~7sx¥���sxb-wa�rc�zrz�ik¬amkcez{sxmk¨xc��rz_iku9p{^ac�mtsqª ��nx��^8ujlab�¬=c��'�rc��vitb-c�ª_nxz'nxu9l�uac*�yw=c��0prc }
z{i } c§c �=cR�0pR­ L u�p{^�ikz_w�nxwPc���Éynvz¸n�À���z�p'z�p{c�w9iku�p{^�cenxu�n|mk~yz�iozµs|¥#pr^ac�z{c§bgc�p{^as } z�Éyª¸c�^�n±¨vc�z{^asqª'u�pr^�nqp_pr^ac�b-sBz�p'sx¬j¨jiksxl�z
�rc�z{lamtp´s|¥¿wa�rc��*svu } itp{iksxuaikua���*svu�z{ikz�prz$sx¥=�rc�b-sq¨jikua�§p{^ac'¶Pl��0prl�nqpritsvu�z$s|¥¿sv� } c��²��nx��^-ikugp{^ac�ikuBp{c���¥Mnv�*c'wa�rc�zrz�l��{cRz�­J]_^BlPz�Évitu
z{sxb-c�z{c�uPz�cvÉxpr^ac:wa�rc���sxu } i³pritsvuac } z{sxmk¨xc��rz´z{lawaw��{cRz{z´p{^ac�laujª¸nxuvprc } nv�*sxlPz�prik�'ª_n±¨xcRz$�xc�uac���nqprc } ¬j~gp{^ac�ituBprc��{¥Mnx�*c } ikzr�*svu��
pritujlaitp{ikc�z�­ L p'ª'itmkm»�rc�b7n|iku�p{s-wa�rsq¨xc�p{^�n|p¸pr^ac��rc�z{lam³pritu���¶Ply�yc�z_wa�rsq¨ji } cRz_n��vsjs } n|w�wa�{s±�yikb7nqp{iksxu�s|¥#pr^ac�iku��*svbgw��{cRz{z{it¬�mtc
z{~yz�prc�b8­�®�^aikmtcgpr^ac��rcgnx�{cgc*�yw=c��ritb-c�uvp�n|mJc�¨ji } c�u���c�zez{^asqª'itu���p{^Pnqpep{^aioz§ikzeiku } c�c } p{^ac7��nvz�cvÉ=p{^acgp{^�c�sx�rc*prik��n|mJwa�rsBsx¥²s|¥
pr^aikz'¥Mnx�0p��rc�b7nxitu�z¸prs-¬Pce¥¹svlau } ­
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�:c��rc>nxz�itu[z{c��*p{iksxu ��É'ªµc6�*sxuPz�i } c���p{^ac>mtikb-i³p8z�svmtlypritsvu�s|¥�pr^ac>�'ikc�b7nxuau�wa�rsx¬amkc�b J �x�RK-iku sx� } c��7p{sËi } c�uBp{it¥¹~Ëpr^ac
mkitb-itp�z�~yz�p{c�b2pr^�nqp§p{^�c } ikzr�*�rc*prc�lau2ABu�sqª'u�z�zrnqprikz�¥¹~x­ L u©z{c��0pritsvu��aÉ¿ª¸cg^�n±¨xcgz�^asqª'uHp{^�n|p§c�¨xc�u>i³¥µp{^acgikuai³priknxm } nqp�n�nx�{c
B�ªµc�mtm�wa�rc�w�nx�{c } Denxu } s|¥�p{^�c�¥¹sx�rb J dxd �Od � K0Éap{^ac�z{sxmklypritsvu8n|¥ùp{c��:sxu�c�p{ikb-c�z�prc�wH��sxuBprnxitu�z�wa�{cRz{z{la�rc�ª¸n±¨vc�z_sx¥�sv� } c�� � �|­
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pr^ac�ikuaitp{ion|m } n|prn�nxm³pr^asxl��x^�z�p{ikmtm¿��^�nx�rnv�0p{c��{i Q�c } ¬B~7n�mtsqª[��nv��^�ujlab�¬=c��_n|�rc�uasxpµª¸c�mkmEwa�{c�w�n|�rc } ­ L u�n }a} itp{iksxu»Éyz{ituP�*c�pr^ac
iku��*svb-wa�{cRz{z{ik¬amtc H lamkc��'b-s } c�m»z�law�wPsv��p�z } c�u�z{itp�~ } ikzr�*svuBp{ikuBl�i³pritcRz�Éyª¸c�n|moz�sgn|mkmtsqª iku�p{^ac�ikuaitp{ion|m } n|prnaÉBpr^ac�wPsBz{z{ik¬aitmkitp�~-p{s
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