
���������
	�	������������� ������������������� �!�#"$���%�&�'�(	*)+�,���
-.�(	$/102��	43(�657�#"$���%�&�'�(	�(��89�:�%�&�;�'	�< �=��>?�'	�@A�B���DC:�
E ���
	�C&�,�����(	�C

FHGJILKNMPO�QRM9S%O�TRU4V'QXWZY\[]V'M�KN^_[]V=`badce I]IfV=^=WROgQh`�i I]V�jRO�Qh`RV'^6k�Ggl

monPprqtsuqtvJq�wtxvJy{z}|,~=�D|_q�yts�|6vPn\����y��=��qts�p����J|��4�'qt�P|_�
�'qts����P�h���&�����=���P|,nh�
�Z|,�D�P��|_yt�'y��=��|,n��=���J�}���¡ '¢£�=¤D���=���P|,nh�Pz}|_yt�
�=n�¥
¦�§'¨'©Pª=«�¬©g®�ª�¯¡¯¡ª¡°�¬�±�²�³£³=´�µ�¶¡·'©&¸o°=¹�º¡¨J»£§£§£¼'¨�ª=«X¸o¦�ª

½h¾�¿�¿ÁÀJÂ'Ã\Ä �ÅnÆ|_ÇJ�=�_q(�ÅsL|_�
�=nPnÈp�~¡��É£|_y�sLp��J|,É¡|,��~¡��|Ê�Èw]~=y�qt�J|�sLn�É£|_prqtsL�¡�'qts�~¡n�~'wËnJ~¡ng�
�_�f�'p�p�s��Ê�=�PÌ&�ÊÉ£|&�P�J|,nP~=�D|,n\��s�nÎÍ&Ïh��Ð\vJsL�Jp��'n\��ÐPvPsL�JpZÌÑ�Ps����ËvPnP�J|_yt�=~{���J�\�'p�|:q�y��=nJp�s�qts�~=nZÒ
��|_yt|&Ì&|�~=vJqt��s�nP|&qt�J|��\�=p�s����,~=nPprq�ytvJ�_qts�~¡nÎ�gytsLnJ�,s��P��|,pX~=w\qt�Js�pX�Ås�|,�
�=nJn%p�~=�LÉ¡|_yX|,�D�P��~Ê¥gsLnJ�{�
�=|,nP|�y��=�Ó|,Ô�vP�'qts�~¡n(~=w1prq���qt|{qt�\�'q�q��'�£|,pÑnP|_�£�'qts�É£|}nP~¡nJ��sLnJ|Ê�'ytsuqo¥4�'n\�(�J�\�'p�|{q�y��=nPp�suqts�~¡n�sLn�qt~
�'�,�,~=vPn�qÊÒ=�&�Ps�p1|_ÇJ�=�_q1�Ås�|,�
�=nJn�p�~=��É£|_yXs�p1�}vPp�|_w]vP��É=�=��sL�P�'qts�~=n%qt~�~¡��wÕ~'y1ngvJ�D|_yts��Ê�=��p����P|,�D|_p,�
s�n��\��y�qts��,vP�L�'yÊ�ÑÌÑ�J|,nÖ�=�P�J��sL|,�Æqt~?qt�P|Á�'w]~=yt|,�D|_n�qts�~=nP|Ê�×Ð\vJsL�Jp,ÒÑ�Åp4�=nÖ�'�P�P��s��Ê��qtsL~=nZ�ÑÌ&|
�gyt|,p�|,n�qØp�~¡�D|�n�vP�D|_yts��Ê�'�Jyt|,p�vJ�uqtpXÌÑ�J|_yt|ÅÌ:|Ñ�,~¡nJp�sf�g|_y:ÐP~ÊÌHÙP|,�L�JpX|_Çg�Ps��Psuqts�nP�6nJ~¡nJ�Ú�,�L�'p�p�sL�,�=�
Ì&�ÊÉ£|6�P�J|,nP~=�D|,n\���JvJ|}qt~DÍ�ÏR�×Ð\vPsL�gp��'n\���P�\�'p�|{q�y��=nJp�s�qts�~=nZÒ

Û�ÜPÝÅÞ�ßRà6áËâ�ãÓÞRätàÅÝ

å{TRV�`�æ\QhO�U4[Õç'èDGgK ç�GgU4éR^_V=è_è�[fêRI]V�ëhG�ì èÎThOJè
O�ètí_^�GJQRM�[fQRë e V'QZç�V�GJQHí_TRV$`�V¡è�[]MgQ×GgK
O�[]^_ç'^_O�Kí4OgQh`Æí e ^�êÓGgU9OJç,TR[fQhV'^_ægî&ï�QdU9OgQPæ�OgéRéRI][]ç=O�í_[fGJQhè(í�TRVbë e [Õ`d[]è4U4G�`�V'I]V=`dê\æ
OÆéZV=^�KNV¡çÊíbMJOgè=îÑï�Qðí_TRVñ^,O�QhMgV�G�K
éÓV'^�KNV=ç�íÁMPOgè4í_TRV'GJ^�æòGgQRI]ædítì�GÆítæ\éÓV=è$G�K
ì{O£ógV=è
O�^_V?éZGPè�è�[]êRIfVHO�Qh`ðOgIfI]G�ì�V¡`òêPæòí_TRV?V'QPí_^�GJéPæò[]QRV=ô e OgIf[fítægWÅí�TRV�õ_ö�÷ øúù�û�ü_üÊýÚö�þÿü��hö=õ��
O�Qh`ñí�TRV?õ,û'þ���û�ù�û���û���ø
	�þRüÊýÚö�þ��	�þ�Gg^4ù�	�ù�û��	gõ��oýÚö�þ���	���û'îXi ç�GgU4éR^_V=è_è�[fGJQñè�ThG\ç���[Õè
OH`�[Õè_ç�GgQPí_[fQ e [fítæ×ì6TRV'^_V$í_TRVbéR^�V¡è�è e ^_V$GgK í�TRVÁë e [Õ`�[]Qhç'^�V¡Ogè�V=è(ì6TR[fI]VÁí�TRV�è�TRG�ç��È[Õè
éhOgè_è�[]QRMZW1ì6TRV'^_V=OJèÎ[fQ�O�^,O�^_V�KÚOJçÊí_[fGJQHì{O£ógV�í�ThV�éR^_V=è_è e ^_V9`�V=ç'^�V¡Ogè�V=èDOgQh`Hí�TRV�ì{O£ógV
è�ThOgéZV%KNGJ^�U9è6O�KÚO�QXî

� G�ì}V'ógV=^=WÑí�TRVHéZV=^�KNV¡çÊí�MJOgè$U4G\`RV'I%[]èbQRGdIfGJQRMgV=^$O�éRéh^�GJéR^�[ÕO�í_V?ì6TRV=Q `�V=OgIf[]QRM
ì6[Lí_Tdè�G���ç'O�I]I]V=`����úå2ë e []`Rè4ç,ThOg^_OJçÊí_V'^_[��=V=`×ê\æ�O?IÕO�^_MgVÁTRV=O�í�ç'OgéhOgç'[LítæJWØVJî MZîfW&TR[]MgT
U�GJIfV¡ç e IÕO�^�ë e Gg^,ç'Og^�êÓGgQZè�O�Qh`�T\æ�`�^_G�ç'O�^_êÓGgQhè=îÅå{TRV¡è�V�ë e []`hè�V�j�TR[]êR[fíbOÆ^_V'MJ[fGJQ�[fQ
í�TRV9éRTZOgè�V�è�éhOgç'V4ì6TRV'^_V�í_TRV9[Õè�V=QJí_^�GJéZV¡è%[fQÈí�ThV�éh^�V¡è�è e ^_V�rógGgI e U4V�éhI]OgQRV9O�^_V(QRGJQ��
ç�GgQ\óJV�j�WZè�V'V! Ø[]M e ^�V#"RîZïríÎ[ÕèËOgI]è�G�^_V�KNV'^_^_V=`bí�GbOgèË^�V=Mg[]GgQ�GgK þÓû%$&	��oý'��û4þúö�þ�(LýþÓû�	�ùÊý'�*)�î
 R^_GgU V�j�éÓV'^_[fU4V'QPí,è'W{è�V=V,+ �-�/.10325476rW�[fí�[]è8�\QRG�ì6Qðí�TZO�í$í_TRV'^_VñU9O£æ�G�ç'ç e ^$QRGJQ��
ç�IÕOgè_è�[Õç'OgI6V9úV=çÊí,è�è e ç,TðOgèñû���ø
	�þRüÊýÚö�þ ü:�hö=õ���ü�OgQh` õ,ö�÷�øÓù�û�ü,ü,ýÚö�þ;�	�þRüÊW�OJè4ì�V=IfIËOgè
ì}O£óJV=èÎç�GJU�éÓGJè�V=`ÈGgK{OJ`=<�Ogç'V'QPí�è�ThG\ç���è>	�þ?�4^,O�^_V�KÚOJçÊí�[]GgQHéhO�^�í_è=î1ï�QÆè�TRGg^�í=W1U4GPètí
GgK
í�TRV}ç�IÕOgè_è�[Õç'OgI�[fQhV=ô e O�I][fí�[]V=èXOgQh`ÎV9úV=ç�í_è:O�^_VÑ^_V'ógV=^_è�V=`1îÊï�Q�Og`R`R[Lí_[fGJQ1W'êÓV'I]G�ìÈí�TRV}ç�^_[Lí_[]ç=O�I
éZGJ[fQPí�[]Q�í_TRV�éhThOgè�VËè�éhOgç'VgWPè�V=V3 :[fM e ^_V3"�WPIf[Õô e [Õ`$O�QZ`9ó�O�éÓGg^�ç'G��rV�j�[ÕètíÅ[]Q$O(è�G5�rç=O�I]IfV¡`



  ��~=�uwÕ�£�'nP�D�6�'�P�D|,nh���gs�|,�'w]yts�|Ê����xvJ�L��|_yÊ���=n\�(����|_ÇJ�=nP�J|_y��X~��

÷(ý �&����ù�ûbù�û%$�ýÚö�þhî	�ËQRVbì}V'I]I/�\QRG�ì6QdV�jRO�U4éRI]Vb[]è(í�ThVbThV=O�í_[fQhMHGgK�ì}O�í�V=^=W&ì6TRV=^�V�O�í
OÁç'V'^�í_O�[]Q�í_V'U4éZV=^_O�í e ^_V4O�Qh`ñéR^�V¡è�è e ^_V
í_TRV(ì{O�í_V'^Îètí,O�^�í_èËí�Gbó�O�éÓGg^_[��=V(OgQh`�K e ^�í�ThV'^
TRV=O�í�[]QRM$`�G\V=èËQRGgíË^_V=è e ILíË[fQ?ThG�í�í_V'^%ì}O�í�V=^�ê e í%[fQñU�GJ^�V�ó£OgéZGJ^=îÓå{TRV
í_V'U4éÓV'^,O�í e ^�V
G�K:í�TRV
è�í�V¡O�U []Qhç�^_V=OJè�V¡è{O�MJOg[fQXWPì6ThV'Q�O�I]I�ì}O�í�V=^6ThOgè{ó�O�éÓGg^_[ �'V=`1î
S e Vñí�GÖí�TRVHéRThOgè�Vñç,ThOgQRMgVHO�í�í_TRVHéhThOgè�V?êÓG e Qh`hO�^_ædQRV=ì!éRTRV=QRGgU4V'QZO�è e ç,T Ogè
If[Õô e V�KÚOJçÊí�[]GgQ�è�TRG�ç��\è=WRè�TRG�ç��$è�éhIf[fí�í_[fQRMZWR^,O�^_V�KÚOgç�í�[]GgQbè�TRG�ç���è=W\ç'GgU4éRI]V�í_VDV'ó�O�éÓGg^,O�í_[fGJQ
è�TRG�ç���è&O�Qh`�If[Õô e [Õ` ��V=ó�O�éÓGg^,O�í�[]GgQ(ì}O£óJV=èXThO£ógV}êZV=V'Q�Ggêhè�V'^_ógV¡`�W£çÊKtî
+ SËå6añY�
�RW�å .12&4�W
å��/.12���Wúå��}a�� 2�
76�îúï�Q?í_TR[Õè�^,O�QRMJV
ì}V�QRV=V=`ñOgQ?V=ô e O�í�[]GgQ?GgKÅètí,O�í_V������ÎY���ì6TR[]ç,T
[]èbO�êRI]V?í_GÖU4G�`�V'IËí�ThVñQRV=MJO�í_[fóJV?QRGJQRIf[]QRV¡O�^_[LítæòG�K ���úå ë e [Õ`Rè�Ogè$ì�V=IfIÎOgè$éRThOJè�V
í�^,O�Qhè�[Lí_[fGJQ1î

ï�Q�Gg^,`�V=^Xí_G�[]QPóJV=è�í�[]MJO�í�VÑí_TRV=è�V}éRTRV'QhGgU4V'QhO%O�QZO�I]æJí_[]ç=O�I]IfæJW=ì}V{ç�GgQZè�[Õ`�V'^Øí�ThV�V'j�OJçÊí
è�GJI e í_[fGJQ�í�G�O�� [fV=U4OgQRQñéh^�GJêRIfV=U�KNGg^Dç�GJU�éh^�V¡è�è�[fêhIfVDë e []`ñëhG�ì ì6TRV=^�V(ì�V(V'U4éRI]G�æ
O9MgV=QRV'^,O�I����ÎYúî � ��jROgç�í��RU4V¡O�Qhè=WRí_TRV!�6[]V'U9OgQRQ?è�GJI e í�[]GgQ�[Õè êhOJè�V¡`ÁGJQ�ì}O£óJV
ç e ^_ógV
O�QhOgIfæ�è�[]è�^_O�í�TRV=^
í�TZO�QÖGJQ�Q e U4V'^_[]ç=O�I}O�éRéR^_G£j�[fU9O�í�[]GgQhè=îØY e ç,TòO�Q�V'jROgçÊí"�6[]V'U9O�QRQ
è�GJIfóJV'^
[Õè
TRV=IféRK e I{[fQ�U9OgQPæÈ^_V=è�éZV¡çÊí_è=î  :[]^_è�í�GgK�O�I]IoWØ[Lí�U4O£æ×è�V'^_ógV�Ogè(O�ó�O�I][]`hO�í�[]GgQ
í�G\GgIZKNGg^�Q e U�V=^�[Õç'OgIZè_ç,TRV'U4V¡è'îPa�Gg^_V'G�óJV'^¡W�[Lí{ç'O�Q$êZV e è�V¡`4í�G(`�V�í_V'^_U�[]QRVË[fQR[fí�[ÕO�Iúç�GJQ��
`�[Lí_[fGJQhè6KNGJ^ V�j�éÓV'^_[fU4V=QJí,è6V�j�TR[]êR[fí�[]QRM9V9úV=ç�í_èËè e ç,T�OJè'W�KNGJ^ []Qhètí,O�Qhç'VgWÓO4If[Õô e V�KÚOJçÊí�[]GgQ
è�TRG�ç��úî
å{TRV{MgV'QhV'^,O�I�ç�GJQhç�V=é�íÑG�Kúç�GgQZètí_^ e ç�í�[]QRMÎO�Q4V�jROgç�í#� [fV=U4OgQRQ9è�GJI e í�[]GgQ�[]è&ì}V'I]I �%�\QRG�ì6Q1W
QhO�U4V'I]æ
í_G
ç�GJQhètí_^ e çÊí&í�TRV�QRGgQRI][]QRV=Og^�ì}O£óJV}ç e ^�óJV=è�ç'Gg^_^�V¡è�éÓGgQh`R[fQRMËí�GÎí_TRV QRGJQRI][fQRV¡O�^
ç,ThO�^,Ogç�í�V'^_[Õètí_[]ç%$hV=I]`hè%OgQh`�í_GÁ`�V'í�V'^_U4[fQhV
í�ThV([]QPí�V'^,è�V=çÊí_[fGJQ?ètí,O�í_V=èË[fQñí�TRV(éR^�V¡è�è e ^_V�
ógV'I]G�ç�[fítæ$éRIÕO�QhVgWZç�Ktî + a�& 2��=6rî ��G�ì�V=ógV'^¡W�[fíËThOJè6êZV=V'QñOgQ�GgéÓV'Q�éR^_GgêhIfV=U è�G9KÚO�^1�Rö��
í�GDç�GJQhètí_^ e çÊí:í�TRV6ì{O£ógV}ç e ^_ógV¡èØ[fí_è�V'IfKú[fQ(í�TR[Õè&MgV=QRV'^,O�I�è�V�í�í�[]QRMÎ[fQhç'I e `�[fQhM%éhThOgè�VÅí_^_OgQ��
è�[fí�[]GgQ1îúïrKÅGJQRI]æbQhV'MJO�í�[]ógV(QRGgQRI][]QRV=Og^�[fítæ�[]è�í_O5�gV'Qñ[fQPí�G�Ogç=ç�G e QPí=WZí�TRV=[f^Îç�GJQhètí_^ e çÊí�[]GgQ
[]è(ì�V=IfI(' �\QRG�ì6Q�` e V�í_GHFÈV'Qh`R^�G59 + FHV=Q)
�"�ê�66O�Qh`+*X[ e + *X[ e 
�,=6rîØï�Qòç'OJè�V�GgK éRThOJè�V
í�^,O�Qhè�[Lí_[fGJQ$í_TRV
ì{O£ógVÎç e ^_ógV¡è6O�^_VDQRG4IfGJQRMgV=^ è�U4G\G�í_T�ç e ^_ógV¡è{ê e í í_TRV'æbè e 9úV'^ �P[]Q
��è
O�íÑí_TRV éRThOJè�V6êÓG e Qh`RO�^_[]V=è=îgå{TRV=è�V �\[fQ��\è�ç'O e è�V < e U�éZèÑ[]Q4í�TRV�ç,TZO�^,OgçÊí_V'^_[]è�í�[Õç{è�éÓV'V¡`Rè
ì6TR[]ç,T×U9O��JV=èËí�ThV�ç�GgQZètí_^ e ç�í�[]GgQÈG�K�í�TRV9ì{O£ógV¡èËU e ç,TÈU�GJ^�V9`�[.-�ç e Ifí=îØFð[Lí_TR[]QHí_TRV
éR^�V¡è�V=QPí%éR^_G�<tV¡çÊí%ì�V�V�j\í�V=Qh`ñKNGg^Ëí�TRV/$h^,ètí%í�[]U4V�í�TRV�MgV=QRV'^,O�I&ç�GJQhç�V=é�í%GgKÅí_TRV(ì{O£ógV
ç�GgU4éÓGJè�[Lí_[fGJQ�O�QZ`Dç�GgQZètí_^ e ç�í�[]GgQDí_G í_TR[]èØQRGJQhè�U4G\G�í_T�ç'OJè�VJî ��V'^_VÅì}VÅç�GJQ0$hQRVÅí�GËè�GgU4V
êhOgè�[]ç�éR^_[]Qhç�[]éRI]V=èDU4G�í_[fó�O�í�V=`Èê\æHO�ç,ThOg^_OJçÊí_V'^_[]è�í�[Õç�V'jRO�U4éRI]VgîXa�GJ^�V9`�V'í_Og[fIÕè
OgèÎì}V'I]I
Ogè6O�QZO�I]æJí_[]ç=O�Iú^_V=è e ILí,è ç�GJQhç�V=^�Qh[fQRM(í�Th[]è è e ê�<tV¡çÊí�ç=O�QbêZVÎKNG e Qh`b[fQ + k�GglPO76�î
�6V=OgIf[ �'[]QRM�O�Q�V'j�OJçÊí��6[]V'U9OgQRQ?è�GJIfóJV'^{KNGJ^6í�TRV1� e I]V'^ V¡ô e O�í�[]GgQZè6V=ô e []éRéÓV=`�ì6[fí�T?O�Q
�2�ÎYúW1[]Qhç'I e `R[fQRMñéRThOgè�V4í�^,O�QZè�[fí�[]GgQ1W�^_V=ô e []^_V=è
O�Q e U(êZV=^
G�K6U4G�` e I]V=è
OgI]è�G�QRV'V¡`�V=`
KNGg^ÎQ e U4V'^_[]ç=O�I�è�ç,ThV'U4V=è=W�è e ç,TÈOgèÎO�QHV3-�ç�[]V'QPíDV'ó�OgI e O�í�[]GgQHG�KÅéRT\æ�è�[]ç=O�I�ô e O�QPí�[fí�[]V=è=W
Vgî Mhî]WXí_V'U4éZV=^_O�í e ^_V�O�Qh`ÆV=QRV'^_MgæJWXKNGJ^�è�í_O�í�V¡è�[]Qhè�[]`�VÁí�ThVÁU4[fjPí e ^_VÁ^_V'MJ[fGJQ1î  hGg^(í�TR[Õè
é e ^_éZGPè�V�í�ThV4�6575 �rI][fêR^,O�^_æ98;:<�=9ThOJèÎêZV=V'Q×`�V'óJV'I]GgéÓV=`�W1è�V'V + k�Gglgê
6�î1å{TR[ÕèÎI][fêR^,O�^_æ
ThOgè{êÓV'V=Qb[]Qhç'Gg^_éZGJ^_O�í�V=`$[fQPí_G4í�TRV!>%?Ëi�S  @*#�6F è�GJIfóJV'^¡W�çÊKtî + �6AÎa ����B&4=6rî

å{TRV�G e í�I][fQhV�G�Kúí_TRVËéZO�éÓV'^Å[Õè}Ogè�KNGJIfI]G�ì è=î& :[f^,è�í�G�KXOgIfI�Wgì}V�[]QPí�^_G�` e ç�V�^�V'í�^_GgMg^,Og`RV
O�Qh`;���úå�ë e [Õ`RèÎ[]Q×Y�V=çÊí_[fGJQ "ÁO�QZ`ñè e U4U4Og^�[ �'V4è�GgU4V9ç,ThO�^,Ogç�í�V'^_[Õètí_[]çÎKNV¡O�í e ^�V¡è'îúï�Q
Gg^,`�V'^:í�GDU4G�`�V=I�í�TRV¡è�V{ë e []`hè&ì�V6éR^_V=è�V'QPíÑOÎè�[]U4éRI][($hV¡`�^�V¡O�I�MJOJè&U4G\`RV'I�[]Q9Y�V=çÊí_[fGJQ 4RW
êhOgè�V=`DGJQ
í_TRV�ó�OgQ(`�V=^ØF×OgOgI]è#�2�ÎYDì6TRV'^_VÅì}VÅ[]Qhç�GJ^�éÓGg^,O�í_V�a?O�j�ì�V=IfI�� èØç�GJQhètí_^ e çÊí�[]GgQ
éR^�[]Qhç'[féRI]VÎí�G9^_V=è�GgI]ógVËí�ThV e QRéRT\æ�è�[Õç'OgI�^�V=Mg[]GgQbG�K&V'I]If[]é�í_[]ç'[LítæJî�� V=^�V%í�ThV�ètí,O�í_V=è{[]QÁí_TRV
U�[fj\í e ^_V%^�V=Mg[]GgQ�O�^_V�U4G�`�V=IfV¡`�[]Q�í�ThV'^_U�G�`�æ\QhOgU4[]ç=O�IÓV=ô e []If[]êR^_[ e U�î\ï�QbY�V=çÊí_[fGJQ�C(ì�V
G e í_If[]QRV4í�ThV�êZOgè�[]ç4ç�GJQhè�í�^ e çÊí_[fGJQHéR^_[]Qhç�[]éRI]V=èÎG�K�í�TRV4� [fV=U4OgQRQÆè�GJIfóJV'^ÎV'U4éRI]G�æ\[fQhMbO
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MgV'QhV'^,O�I �2�ÎYúW\í,O��\[]QRM4QRV'MPO�í�[]ógV%QRGJQRIf[]QRV¡O�^_[Lítæ�OgQh`béRThOgè�V%í�^,O�Qhè�[fí�[]GgQ$[]QPí�G9Ogç=ç�G e QPí=î
 Ø[]QhOgIfI]ægW�ì}V{éR^_V=è�V'QPíÑè�GJU�V{Q e U4V'^_[Õç'O�I\^_V=è e Ifí_è&[]Q9Y�V=çÊí_[fGJQ4,�ì6ThV'^_V}ì}V6ç�GJQhè�[Õ`�V=^ØëZG�ì
$hV'IÕ`Rè6[]Q � ��åðë e [Õ`Rè6V'j�TR[fêh[Lí_[fQRM4QRGJQ���ç�IÕOgè_è�[Õç'OgIÓì{O£ógV%éRTRV=QRGgU4V=QhORî

������Þ�ßRà
	Åß���á���&ÝËá�����������â�ä�á��

å{TRV�U9O�í_V'^_[]OgIRéR^_GgéÓV'^�í�[]V=è�O�^_V ç,ThO�^,Ogç�í�V'^_[ �'V=`�ê\æ(í�TRV%�2�ÎYúî0��V'^�í_O�[]Q�ç�GJQhè�í�^,O�[]QJí,è�GgQ
í�TRV �2�ÎYñO�^_V([]U4éZGPè�V¡`ñê\æ�í_TRV4éR^_[fQhç'[féhIfV4G�K�í�TRV=^�U4G�`�æ\QhOgU�[Õç'è=î � V=^�VJWÓì}V9ç�GJQ0$hQRV
G e ^,è�V=IfóJV=è(í�GÈí_TRV'^_U4G\`RæPQZO�U4[]ç=O�I6V¡ô e [fI][fêh^�[ e U�WÑ[�î VJîfW&í_TRV�[fQPí_V'^_QhO�I è�éZV¡ç�[.$Zç�V'QhV'^_Mgæ
����� � �"! =���G�K:O�Q$V¡ô e [fI][]êR^�[ e U è�í_O�í�V%[]è�^�V=I]O�í�V¡`4í�G(í�TRVÎè�éZV¡ç�[.$Zç�V=QPí�^_Ggé\æ =�O�Qh`4í_TRV
è�éÓV=ç'[($ZçÎóJGgI e U4V#�Óî
i�ç'ç'Gg^,`�[]QRMñí_GÈí�TRV � ��þ?�&	�÷9û�þ �%	�( �'�hû�ùÊ÷9ö7��)�þ?	�÷(ýÚõñý �gû'þ���ý'�*)×í�TRV�[]QJí_V'^_QhO�I è�éÓV=ç�[.$Zç
V'QRV=^�MJæ9[]è ç,TZO�^,OgçÊí_V'^_[��=V=`9ê\æ

$ �%�'&)( $ � 5+* $ =,! �.- �
ì6TRV'^_V6í�ThVËéR^_V=è_è e ^�V ( OgQh`�í�TRVËí�V=U4éZV=^_O�í e ^_V*9O�^_V�`�V $hQRV=`�êPæ(í�ThVËéhOg^�í_[]OgIZ`�V=^�[]ó�O��
í�[]ógV=è{GgK �

( �/�0! = ��1 �2&��43 �/�0! = �5!6* �/�0!3=���1 �7�98 �/�0!3=��;: �*"��
ï�QÁç�GJQPí�^,Ogè�íÅí�G�^_V'M e I]Og^Åë e []`Rè{è e ç,TÁOJè{O�[]^=W\QRGJQ���^_V'M e IÕO�^Ñë e []`hè�V'j�TR[fêh[Lí O�QhGgU9O��

If[]V=è�[fQÆí_TRV<* � =�`�[ÕO�MJ^_OgU OgQh`×[fQ×í_TRV ( �=�H`�[ÕO�MJ^_OgU�îXå{TRV=è�V9ë e []`Rè�O�^_V�ç,ThOg^_OJçÊí�V=^:�
[��=V=`×ê\æÈO�IÕO�^_MgV9U4GJI]Og^
TRV=O�í(ç'OgéhOgç'[LítæJW1Vgî Mhî]WXTh[fMJT;'PU4GgI]V=ç e IÕO�^DT\æ�`�^�G�ç=O�^_êZGJQhèDO�Qh`
ë e Gg^,ç'Og^�êÓGgQZè'îúï�QHí�TRV9I][Lí_V'^,O�í e ^�VJW�ì�V9`�[Õè�í�[]QRM e [Õè�TÈêÓV�ítì}V'V=Qdù_û��ù�ö�$�ù�	&�gû?>2��ý �£ü�O�Qh`
@)A)BDCE>2��ý �£üÊî

FHGJI�KMLONQPSRUTUPSV�WXLZY�[ \X] WX^
�6V�í_^�GJMg^,Og`�Vbë e [Õ`Rè�Og^�V?ç,TZO�^,OgçÊí_V'^_[��=V=`dê\ædO�Q�G�óJV'^_ThO�QRMÈG�KÎí_TRVñè_O�í e ^_O�í�V=`���ó�O�éÓGg^
ç e ^_ógV4[]Qñí_TRV�* � ==��`�[]OgMg^,O�U�î  RGg^DOb^_V'M e I]Og^Ëë e []`Hí_TRV9V'QPí�^_Ggé\æ�[]Qhç�^_V=OJè�V¡è%ì6[Lí_T×`RV�
ç�^_V=Ogè�[]QRM×í�V=U�éÓV'^,O�í e ^_V?O�I]GgQRM×í_TRVHè_O�í e ^_O�í�V¡` ��ó�OgéZGJ^�ç e ^_ógVJîÑï�Q ç�GJQJí_^_OJètí9í_GÆí�Th[]è=W
^�V'í�^_GgMg^,Og`RVÑë e [Õ`Rè�V'j�TR[fêh[LíÅè�GgU4V{éhO�^�í�G�KÓí�TRV è_O�í e ^,O�í�V¡` �ró£OgéZGJ^:ç e ^_ógV{ì6TRV'^_V}í�TRV6V=Q��
í�^_Ggé\æ$`�V¡ç�^_V=Ogè�V=è{ì6[fí�T?`RV=ç�^_V=OJè�[]QRM�í�V=U4éZV=^_O�í e ^_VgWhè�V'V  :[]M e ^_V_-gîhå{Th[]è�[fU4éRI][fV¡è{í�TZO�í
KNGg^�^�V=M e IÕO�^Dë e []`hè(ç'GgQh`�V=Qhè_O�í�[]GgQ×í,O��JV=è
éhI]OJç�V$GJQðýÕü'û�þ �où�ö,øÓýÚõ?û���ø
	�þRüÊýÚö�þ�ì6TRV=^�V¡Ogè
KNGg^Å^_V�í_^�GJMg^,Og`�V{ë e []`hèÅ[fíÅí,O��gV¡èÑéRIÕOgç'V�GJQ�ýÕü�û'þ���ù�ö,øÓýÚõ�õ,ö�÷ øúù�ûÊü,üÊýÚö�þZW�O�í�I]V=OJètí�[fQ$í�TRV¡è�V
éhO�^�í�[Õç e IÕO�^{^_V'MJ[fGJQhè'î

��æ$U�V¡O�Qhè{GgKØí_TRV
ç,ThOg^_OJçÊí�V=^�[Õè�í�[Õç TRV¡O�í�ç'OgéhOgç'[Lítæ

`a 3 � aSb3 � *,c �
d

^�V'í�^_GgMg^,Og`RVÎë e [Õ`RèËç=O�Q?êÓV4`�[]è�í�[]QRM e []è�TRV¡`�KN^�GJU+^�V=M e IÕO�^�ë e [Õ`Rè'î � V=^�V `ae3 []è%`�V3$ZQRV=`
êPæ$í�TRV�[]`�V¡O�I���MPOgè{TRV¡O�íËç=O�éhOJç�[fítæ$O�í�í�TRVDí_TRV'^_U4G�`�æ\QhO�U4[ÕçDç�^_[Lí_[]ç=O�I�í_V'U4éZV=^_O�í e ^_V�*�c
QRGg^_U9O�I][��=V=`�ê\æbí�TRV(MJOgèËç�GJQhètí,O�QPí�d?îÓïríÎì}OJè6KNG e Qh`�ê\æ *XO�U(êR^,O��\[]è + *ØO�U�
�"76:í�TZO�í
ë e [Õ`Rè{V�j�TR[]êR[fí}í_TRVÎG�ógV=^�ThOgQRM�ì6ThV'QRV=ógV'^�í�ThVÎç,TZO�^,OgçÊí_V'^_[]è�í�[Õç ThV=O�í ç=O�éhOJç�[fítæ�V'jRç�V'V¡`Rè
`af3#g -h-4: "�î



� ��~=�uwÕ�£�'nP�D�6�'�P�D|,nh���gs�|,�'w]yts�|Ê����xvJ�L��|_yÊ���=n\�(����|_ÇJ�=nP�J|_y��X~��

(A)

(B)

(C) (D)

(E)

(F)

T

S

cr.pt.

�ÚO��}^�V=M e IÕO�^�ë e [Õ`
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(F*)

�Úê��{^_V�í_^�GJMg^,Og`�V�ë e [Õ`
���������
	 -gî���IÕO e è�[ e è � � O�Q��P[]QRV��rç'æ\ç'IfV¡è'î

FHG F����� Y�[J\ ]JW ^

� ��å#ë e [Õ`RèÎO�^_V�O$è e êRMJ^�G e é�G�KÑ^_V�í_^�GJMg^,Og`�VÎë e []`Rè=î�å{TRV'æ�Og^�V
QZO�U4V=`HO�Kí�V=^ �}V'í�TRV
� -���C "��ÊW
�ÓV'I�� `RG�óP[Õç,T �.-���C�����WPå{ThGgU4éhè�GgQ �.-��;
9- ��î� RGg^ ���úå�ë e []`hè}í�TRVDç e ^�ó�O�í e ^_VËGgK
í�TRV$è_O�í e ^,O�í�[]GgQÆç e ^�óJV9[]è(è�G�[]QPí�V=Qhè�V�í�ThO�í�[Lí(IfV¡Og`Rè
í�GñO�ç'GgQhç=O£ógV4êZV=Qh`�[]QRM?GgK}í_TRV
[]è�V'QPí�^_GgéÓV=è�QRV=Og^
í_TRVbç'^�[fí�[Õç'OgIÅéÓGg[]QPí�[]QÆí�ThV ( �=�&��`�[ÕO�MJ^_OgUbW1è�V'V  :[fM e ^�V "�W:[oî Vgî]WXí_TRV
[]è�V'QPí�^_GgéÓV=è6Og^�V%I]G\ç=O�I]Ifæ$QRGgQ���ç�GJQ\ógV�j�î

0.4

0.6

0.8

1

1.2

1.4

1.6

0
0.5 1 1.5 2 2.5 3 3.5 4

Γ

Γ
Γ

< 0

> 0

mixture region

s  : convex isentrope
s  : non-convex isentrope
s  : isentrope with kink
= 0 : locus of inflection

points of isentropes

vapor
liquid

0

1
2

s

s

s

0

1

2

p/pc

v/vc

����� Ä��hÄ mop�|,n�q�yt~¡��|,pÑ~'w1�ÎÍ�ÏR���ú��vJsf�(sLn · � ± �JsL�=�'y��=�

å{TR[]è}[Õè{[fQ�ç�GJQPí�^,Ogè�íÅí�G�í_TRVÎêZV=ThO£ó\[fGJ^�GgKXí�ThV%U4GPètí ç�GJU4U�GJQ�ë e []`Rè{ì6ThV'^_VË[Õè�V=Q��
í�^_GgéÓV=èDO�^_V4ç�GgQ\óJV�j�î�i U�V¡Ogè e ^_V�KNGJ^Îí�TRV4êÓV'Qh`�[]QRM�[Õè%í�TRV � ��þ �5	�÷4û'þ�� 	�(��Jû�ùÊý'��	���ý'�£û
ö � $ 	£ü ��)�þ 	�÷�ýÚõÊü
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( 3 3 � �"! =��
&)(93 � �0!3=�� ��4��

ì6TR[]ç,TÆêÓV=ç'GgU4V=è
QRV'MPO�í�[]ógV4[]Q�O�^�V=Mg[]GgQÈQRV=Og^Dí�ThV$ç�^_[Lí_[]ç=O�IÑéÓGg[]QPí=î � V'^_VgW a `�V=QRG�í_V=è
í�TRV
è�éZV=V=`bG�K&è�G e Qh`�`�V $hQRV=`bê\æ

a � 1 � & � � (93 �/�0!3=��;: ��C��

0 G�í_VgW\í_ThO�í{í�ThVÎè�G���ç'OgIfI]V=`�^�V=Mg[]GgQ$GgKÅþÓû%$ 	���ý'�£û�þÓö�þ�(�ýþúû�	�ùÊý'�*)�WR[oî Vgî]W���� BRW\[]è{I]G�ç'O�í�V=`
[fQbí�ThVDó£OgéZGJ^6éRThOJè�VDO�í{í_TRV
ç e ^_ógVÎGgK:è_O�í e ^_O�í�V=`Áó�O�éÓGg^¡WRè�V=V1 Ø[]M e ^�V "�î

i QRGgí�TRV=^ÅKNV¡O�í e ^�V%G�K ���úåðë e [Õ`Rè}[]è�í�TZO�í{[]è�V'QPí�^_GgéÓV=è�[]Qhè�[Õ`�V%í�ThVËU4[fjPí e ^_VË^_V'MJ[fGJQ
U4O£æ�ç'^�GPè�è�í_TRVDç e ^_ógV%G�K&è�O�í e ^,O�í_V=`�ó�OgéZGJ^{è e ç,TÁí�ThO�í{í�TRVD[Õè�V=QPí�^_GgéÓV=è{è e 9ÓV=^ O�QRGJQ��
ç�GgQ\óJV�j �\[fQ
�úîRå{TR[Õè}[]è6`R[ 9úV'^_V'QPí}KNGg^{G�í_TRV'^}ë e [Õ`Rè{ì6TRGPè�V%[Õè�V=QJí_^�GJéZV%ì6[]IfI�QRV=ógV=^}ç'^�GPè�è
í�TRV9è_O�í e ^_O�í�V=`?ó£OgéZGJ^Dç e ^_ógVJî? hGg^%U�GJ^�V4`�V'í_O�[]IÕèËGJQ ���úå�ë e []`hè%è�V'VJWÓKNGg^Î[fQZètí,O�Qhç'VgW
å{TRGgU4éhè�GgQ + å{ThG���-6�î

�
	����\ä�ã0� ���.à6á�D�

 RGg^ÎG e ^Ë[]Q\ógV¡ètí_[fMPO�í�[]GgQZè6í�ThV(ë e []`H[ÕèËU4G�`�V=IfV¡`?ê\æ�í�TRV4ó�O�QÈ`�V'^ÎF×OgOgI]è%�2�ÎYúî�å{TR[Õè
Mg[]ógV=è$O�ô e O�I][Lí,O�í_[fóJV'I]ædMJGPG�`�^_V'éR^_V=è�V'QPí,O�í�[]GgQ�GgK%í_TRV?ë e []` [fQ ó�Og^�[]G e è�[fU4éÓGg^�í_O�QPí
^�V=Mg[]GgQhè=WJQZO�U4V'I]æ�í�TRVÎ^_V'Mg[]U4V=è�G�K1TR[]MgTbç�GJU�éh^�V¡è�è�[fGJQ1WJí�TRVÎO�^_V=O�ì6[Lí_T$QRV=MJO�í_[fóJV�QRGJQ��
If[]QRV=Og^�[fítæ$QhV=O�^ í�TRV�ç'^�[fí�[Õç'OgIXéÓGg[]QPí�^�V=MJOg^_`�[]QRM ���úåÿë e [Õ`Rè�OgQh`bí�TRV�U�[fj\í e ^_V
^_V'MJ[fGJQ
í�G�O�I]I]G�ìðKNGg^6éRTZOgè�VËí_^_OgQhè�[Lí_[fGJQ1î

� GJI���V�� WXLOP�� V�V [ ^����H\ V,Nf] R���R���� N V�N L

i.ó\[Lí,O�I�OJè�è e U4é�í�[]GgQ�GgK(í_TRVÆ[]`RV=O�I�MJOgè?U�G�`�V=I
[Õè�í�ThO�í?í�ThVÆéhO�^�í�[Õç�I]V=è?Og^�V×QRGJQ��
[fQPí�V=^_OJçÊí_[fQRM4U9Ogè_è}éZGJ[fQPí,è'WR[�î Vgî]WRO�Q�O�éRéh^�V¡ç�[ÕO�êRI]V�KNGJ^_ç'VDOgçÊí,è{GgQÁí�TRV=U GJQRIfæÁ` e ^_[fQRM9O
ç�GgI]I][]è�[fGJQ1î  e ^�í�ThV'^_U�GJ^�VJWhí_TRV4ógGJI e U4V�G�K�í�TRV�éhO�^�í�[Õç�I]V=è%[ÕèÎQRV'MJIf[]Mg[]êRI]V(ç'GgU4éhO�^_V=`?í�G
í�TRVÎí_G�í_OgI�ógGJI e U4V%G�ç'ç e éR[fV¡`$ê\æ9í_TRVDMJOJè'î�å{TR[Õè{[Õè{QRG4IfGJQRMgV=^}ó�OgIf[Õ`$[fK:í�TRV
`�V=Qhè�[Lítæ�[Õè
è�G9TR[]MgT�í_ThO�í�í�TRV�`�[]è�í_OgQhç�VDêÓV�ítì}V'V=Q�ítì�G$éhO�^�í�[Õç�I]V=è6[Õè GgK&í�TRV
GJ^_`RV'^6G�K&í_TRV'[]^�[]QPí�V'^��
OgçÊí_[fGJQ�`�[ÕO�U4V�í_V'^¡îPY e ç,T$V�j\í�^_V'U4V�`�V=Qhè�[Lí_[fV¡è�ç=O�Q9êÓV�^_V=Ogç,ThV=`4` e ^_[fQhMDí�TRV%ç�GJIfIÕO�éhè�V GgK
ODê e êRêhIfVJîgï�Q4í�Th[]è}ç'OJè�VJW�í�TRV�^_OgQRMgV6GgKúó�OgIf[Õ`�[fítæ(GgKÓí_TRV [Õ`�V=OgIhMPOgè�U4G�`�V'IZ[]èÅV�jRç�V=V=`�V¡`�î

å{TRV(ó�OgQñ`�V'^ÎF×OgOgI]è%�2�ÎY�[ÕèÎO�QHV�j\í�V=Qhè�[]GgQñG�KÑí_TRV([Õ`�V¡O�I&MJOJè�U4G�`�V'I&ì6[fí�Tñítì�G
U4O�í�V=^�[ÕO�I:éhO�^,O�U4V'í�V'^,è� �OgQh`"!�í_G$í,O��JV�[]QJí_GbOJç'ç'G e QPí�í_TRV4O�í�í_^_OJçÊí_[fGJQ?G�KÅéZO�^�í�[Õç�I]V=è
O�Qh`$í�TRVD^_V=` e çÊí_[fGJQbGgKXKN^_V'VDóJGgI e U4VgîRå{TRV%í�ThV'^_U4OgI��2�ÎY�[]è�`�V�í_V'^_U�[]QRV¡`Áê\æ

( �/�0! *0� �
d *

� & ! &
 
� �

��,��

ì6[Lí_TÖéR^_V=è_è e ^�V ( WØí�V=U�éÓV'^,O�í e ^_V *úW:è�éÓV=ç�[.$Zç$ógGgI e U4V �úW&è�éÓV=ç'[($Óç�MJOJè(ç'GgQhè�í_OgQPí d?W
[fQPí�V=^�QZO�I}éR^�V¡è�è e ^_V# �$e� � OgQh`�ç�G�óJGgI e U4V�!�î:å{ThVÁ[]QPí�V'^_QhOgI�éR^_V=è_è e ^�V$[]è�è e ê�í�^,Ogç�í�V=`
KN^�GJU í�TRVDéh^�V¡è�è e ^_V�í_G(í,O��JVË[]QPí�G9Ogç=ç�G e QJí{í_ThO�í6í_TRVDO�í�í_^_OJçÊí_[fGJQÁGgKØéhOg^�í_[]ç'IfV¡è}`R[fU4[]Q��
[]è�TRV=è�í_TRVÎéR^�V¡è�è e ^_Vgî\å{TRVÎç�G�ógGJI e U�V%!9^�V¡` e ç�V¡è�í�TRVÎógGJI e U�V?�4í�G(í�TRVDO£ó�O�[]IÕO�êRI]V KN^_V'V
ógGgI e U4V#� & !�îRå{TRV
ç'OgIfGJ^�[Õç ���ÎY�^_V=OJ`Rè



¤ ��~=�uwÕ�£�'nP�D�6�'�P�D|,nh���gs�|,�'w]yts�|Ê����xvJ�L��|_yÊ���=n\�(����|_ÇJ�=nP�J|_y��X~��

� � �0!.*�� � ��� 5 ���
��� a 3 �/*�� $ * &

 
� � ���

ì6TRV'^_V ae3 `�V=QRG�í_V=èÅí�TRV%TRV=O�í{ç=O�éhOJç�[fítæ�O�í}ç'GgQhè�í_OgQJí}ógGJI e U4V%O�Qh` � í_TRVË[]QPí�V=^�QhOgIZV=Q��
V'^_Mgægî�åØGgMJV�í_TRV'^�ì6[fí�T�í�ThV6K e Qh`ROgU4V'QPí_OgIR[]`RV'QPí�[fítæ�GgKÓMPOgè�`�æ\QhOgU�[Õç'è6�.- �:ì}V ç�GJQhç�I e `�V

=�� �"! *�� �7� � 5 � �
� �

-
* ae3 �/*�� $ *

ì6[Lí_T � � í_TRVDTRV=O�í6G�K:KNGg^_U4O�í�[]GgQ1î
� G F�� ]
	HN \ PSLZK L9T"] R��

Y\[fQZç�V�ì}V
ì{O�QPí í_G$O�éRéhIfæbí�ThV�ó�O�Q?`�V=^�F×OgOgI]è �2�ÎYÁí�GÁMJOJè�V¡è O�Qh`�I][Õô e []`Rè%Ogè�ì�V=IfI�W
í�TRV=^�VÑ[ÕèXO QRV'V¡`ÎKNGg^:`�V=è_ç�^_[fêh[fQRM6ì6TZO�íØTZO�éRéÓV'QhèX[fQ
í�TRVÑ^_V'MJ[fGJQDG�K�éRThOJè�VÑí�^,O�Qhè�[Lí_[fGJQ1î�ï�Q
 Ø[]M e ^�V14�í�TR^_V'VÎ[Õè�Ggí�TRV=^�U9è6O�^_V%éRIfGgí�í_V=`b[fQÁí�ThV ( �=��`�[ÕO�MJ^_OgUbW�ç'Gg^_^�V¡è�éÓGgQh`R[fQRM�í�G �N[ �
O
í_V'U4éZV=^_O�í e ^_VÎO�êÓG�ógV í_TRVÎç�^_[Lí_[]ç=O�IÓí�V=U�éÓV'^,O�í e ^_V?*�c'W �N[][ �Åí�ThV%ç'^�[fí�[Õç'OgIZí_V'U4éÓV'^,O�í e ^�V
�í�ThV
ç�^_[Lí_[]ç=O�I�[Õè�Ggí�TRV=^�U4�{O�QZ` �Ú[f[][ �{O�í_V'U4éÓV'^,O�í e ^�VÎêÓV'I]G�ì *�c�î
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ï�QÖí_TRV�U�[fj\í e ^_Vb^�V=Mg[]GgQ1W&I][]ô e [Õ`ÖOgQh`ÖMPOgè�O�^_VÁéh^�V¡è�V=QJí4[]QdO×ç�GJQJí_[fQ e G e è�IfæÆç,ThOgQRM��
[fQRM�KN^_OJçÊí_[fGJQ�ì6TRV'^_V í_TRVËKN^_OJçÊí�[]GgQ$G�KXI][]ô e [Õ`�[]Qhç'^�V¡Ogè�V=èÑì6ThV'Q9í_TRVËóJGgI e U4VË`�V¡ç�^_V=OJè�V¡è'î
� G�ì}V'ógV=^=W1í�TRVbGg^_[fMJ[fQZO�IÑó�O�Qd`�V'^�FÈOJO�IÕè
V¡ô e O�í�[]GgQdè�TRG�ì è(O�Q e QRéRT\æ�è�[Õç'OgIÅ[]Qhç�I][fQZO��
í�[]GgQ []Qðí�Th[]èbO�^_V=OhîÅå{TR[Õè$ç'OgQ êÓVHè�V'V'Qð[fK
ì}Vñç�GJQhè�[Õ`�V=^ÁO�Qð[Õè�G�í�ThV'^_U�KNGJ^ÁOÆí_V'U!�
éZV=^_O�í e ^_V6êZV=IfG�ìòí_TRV�ç�^_[fí�[Õç'O�IZGgQRVJî�FÈV�GgêZè�V=^�óJV�ítì}GDI]G\ç=O�IZV�j\í�^_V'U9ORWJç'O�I]I]V=`bü�øÓýþúö �&	�(
øRö�ýþ��oü,î�å{ThV'æ�ç'Gg^_^�V¡è�éÓGgQh`Dí�G%í�TRV{V=Qh`�éÓGg[]QJí,è&G�Kúè e éÓV'^,è_O�í e ^_O�í�V=`
ó£OgéZGJ^6�NU9O�j�[]U e U4�
O�Qh`�G�óJV'^_V�j�éhOgQh`�V=`�I][Õô e []` �NU4[fQh[fU e U4�ÊW�^_V=è�éZV¡çÊí�[]ógV=IfæJî �}V�ítì}V'V=Q�í�ThV=è�V�ítì}G$éÓGg[]QPí_è
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í�TRV?`�V=^�[]ó�O�í_[fóJV ( 3 �/�0! *0�([Õè4éZGPè�[fí�[]ógV�OgQh`�W�TRV=Qhç�VJW�éRT\æ\è�[Õç'O�I]I]æÆV�jRç�I e `�V¡`�îÑï�QòGg^,`�V'^
í�G$éh^�G�ó\[Õ`�VDéRT\æ�è�[Õç'OgIfI]æÁU4V¡O�QR[]QRM�K e I:`RO�í_OhWhì}V(ç'OgI]ç e IÕO�í�V
í�TRV(V=ô e []If[]êR^_[ e U+éR^_V=è_è e ^�V�( � �( � *0��WZè�V'V  :[]M e ^_V 4RWÓOgè O9K e QhçÊí_[fGJQ?G�K&í_TRVDí�V=U4éZV=^_O�í e ^_V e è�[fQhM4í�TRV�� 	 �&�Åû('(�� ü
õ_ö�þRü ��ù �hõ��ýÚö�þ4øúùÊýþÓõ'ý ø?(fûh1
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��æ�U�V¡O�Qhè&GgKZí_TR[ÕèÑè�æ�è�í�V=U ì�V6`�V'í�V=^�U4[]QRV{KNGg^ÑOgQPæ%*�� *�c:í_TRV6V=ô e []I][fêR^_[ e U�éR^_V=è_è e ^�V�( OgQh`Áí�TRV�ç�Gg^_^_V=è�éZGJQh`�[]QRM9è�éÓV=ç'[($Zç
ógGgI e U4V=è ���DO�Qh` �� � ç,ThOg^_OJçÊí�V=^�[ �'[]QRM�í�ThV
éRThOJè�VêZG e Qh`ROg^�æ
ç'Gg^_^�V¡è�éÓGgQh`R[fQRM í�GDè�O�í e ^,O�í_V=`�ó£OgéZGJ^:OgQh`�è�O�í e ^,O�í_V=`DI][]ô e [Õ`�W�^_V=è�éZV¡çÊí_[fóJV'I]ægî
ï�QñGg^,`�V=^ í�Gb`�V�í_V'^_U4[fQRV�[]QJí_V'^_QhO�IØV'QRV=^�MJæ�O�Qh`�V=QPí�^_Ggé\æÁ[]Qhè�[]`RV�í_TRV(U4[fj\í e ^_V�^_V'MJ[fGJQ
ì�VÎOgè_è e U�V%V=ô e []I][fêR^_[ e U�î
� V'QZç�VgWPí_TRVDç�Gg^_^_V=è�éZGJQh`�[]QRM(è�í_O�í�V=è{ç=O�Q$êÓVDç'OgI]ç e I]O�í�V¡`�ê\æ
í�TRV�ç'GgQ\ógV'jbç'GgU�êh[fQhO�í�[]GgQ�G�K&í_TRV
V=ô e []I][fêR^_[ e U�è�í_O�í�V¡è�O�í�í�TRV
éhThOgè�V
êÓG e Qh`hO�^_ægWhè�V'V
+ k�GJlJO=6rW�+ k�Gglgê 6ÅKNGg^
`�V'í_O�[]IÕèDGgQHí�TRV9[]U4éRI]V'U4V'QPí_O�í�[]GgQ1î 0 G�í_VgWúí_ThO�í
ê\æ?í_TR[ÕèDO�Qhè_O�í��gW
ì�VÎV�jRç'I e `RVÎí�TRVDéÓGJè_è�[]êR[]If[fítæ�GgK&è�G���ç'OgIfI]V=`$U�V'í_OJètí,O�êRI]VDètí,O�í�V¡è'î

� ������ðä ��� ��Ý�Ý 	ñßhà��?�.��� à���� � ���  Ý��� ä�ãH�

ï�Q�Gg^,`�V'^6í_G�[]QPóJV=è�í�[]MJO�í�V
O�QZO�I]æJí_[]ç=O�I]IfæÁQRGgQZç�IÕOgè_è�[Õç'OgI�ì}O£óJV%éhTRV'QRGJU4V'QhO�è e ç,T?OJè6V�j �
éhO�Qhè�[]GgQ�è�ThG\ç���è OgQh`�ç�GJU4éR^�V¡è�è�[]GgQbì}O£óJV=è6Ogè�ì�V=IfIØOgè ì{O£ógVDè�éRI][Lí�í�[]QRMhWZì�V�ç'GgQhè�[Õ`�V'^
í�TRV �6[]V'U9O�QRQ$éR^�GJêRI]V'UBKNGg^}MJOgè�`�æ\QhO�U4[Õç'è=îJï�Q�*XO�MJ^_OgQRMg[ÕO�Q9ç'GPGJ^_`R[fQhO�í�V¡è&í�TR[Õè}éR^_Ggê��
IfV=U ç'OgQÁêÓVÎKNGg^_U e I]O�í�V=`bOgè ��� 5�� � � ��� � B
ì6[Lí_Tbéh[fV¡ç�V'ì6[Õè�VÎç'GgQhè�í_OgQPí{[]QR[fí�[ÕO�IX`hO�í_O
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� V'^_V í_TRV�óJV=ç�í�Gg^�G�K1ç�GJQhè�V'^_ógV=`9ô e OgQPí�[fí�[]V=è � OgQh`4í�ThV ë e j)� � � �ÅO�^_V�`�V�í_V'^_U4[fQRV¡`9ê\æ
��� �/�0!+*H!�,��.-<!/�)� � � � � & *0! ( ! ( * �0-�!

ì6[Lí_T×í�TRV$è�éÓV=ç�[.$Zç9óJGgI e U4V��úW�í�TRV$ógV'I]G�ç�[fítæ1*�W1éR^_V=è_è e ^�V ( W1í_TRV9í_G�í_OgIÑV'QhV'^_Mgæ1, �
� 5 B�: ,2* � OgQh`$í�TRVD[]QPí�V'^_QhOgI�V'QRV=^�MJæ � îZå{TR[]è6è�æ�ètí_V'U []è6ç'IfGPè�V¡`$ê\æ$O�MgV=QRV'^,O�I ���ÎY

(�� ( � �0!3=��;! (93 �/�0!3=�� � B�: � 
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� V'^_V9ì}V$Ogè_è e U�V4í_ThO�í�í�TRV�[Õè�V'QPí�^_GgéÓV9[]è(O�ètí_^�[ÕçÊí_IfæÈU4GgQRGgí�GJQRV4K e Qhç�í�[]GgQÆ[]QÆGg^,`�V'^
í�G9V'QZè e ^_V
è�í�^_[]ç�í�T\æPéÓV'^_êÓGgI][]ç'[LítæÁG�K:í�TRV e Qh`�V'^_I]æP[]QRM�è�æ�ètí_V'U GgK�V=ô e O�í_[fGJQhè=îhi�ç=ç�Gg^,` �
[fQRM4í_G�ètí,O�Qh`hO�^,`ÁOJè�è e U4é�í�[]GgQZè{G�K&V=ô e []If[]êR^_[ e U í�TRV=^�U4G�`�æ\QhOgU�[Õç'è ì�VÎU9O£æ$V'j\éh^�V¡è�è
V=ô e []ó£OgIfV=QPí�I]æ(í_TRV%éR^�V¡è�è e ^_V�O�IÕè�G
[fQ�í�V'^_U9èÅGgKØè�éZV¡ç�[.$Zç óJGgI e U4VËO�QZ`9[fQPí_V'^_QhO�IÓV'QRV=^�MJægî

��æ$QRG�ìDW\í�TRV7�6[]V'U9OgQRQ�éR^�GJêRI]V'U [Õè{ì�V=IfI e Qh`�V'^,è�í�G\G�`�KNGJ^{í�TRV1� e IfV=^{V=ô e O�í_[fGJQhè
í�ThO�í
U�G�`�V=IÅV¡ô e [fI][fêh^�[ e U T\æ�`�^_G�`�æ\QhO�U4[Õç'è=î  RGg^
OgQ×G�ógV'^_ó\[fV=ì ì}V9^�V'KNV'^Îí�G�í_TRV9^_V�
óP[]V'ìdO�^�í�[Õç�I]V�ê\æ�a�V=QR[ �gG�9�OgQh` &ÅIfGJTR^ + a�& 2��76rî�å{TRV{MgV=QRV'^,O�I\ç�GJQhètí_^ e çÊí�[]GgQ(éR^_[fQhç'[féhIfV
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KNGg^Dí_TRV��6[]V'U9OgQRQÆè�GJI e í_[fGJQÆ[]è
V=è_è�V=QJí_[]OgIfI]æñêZOgè�V=`×GgQÈí_TRV$è_ç'O�I]V '\[fQ\ó�O�^_[ÕO�Qhç'V(GgK}í_TRV
è�GJI e í_[fGJQ O�Qh`ðí�TRVHTPæ\éÓV'^_êZGJIf[Õç�[fítæòG�KDí�ThVñMgG�óJV'^_QR[]QRMÆV=ô e O�í�[]GgQhè$G�KDë e [Õ`ðU4G�í_[fGJQ1î
å{TRV=è�V éR^_GgéÓV'^�í�[]V=è�^_V=ô e []^_V{í�TRV�è�GgI e í_[fGJQ(í_G
êÓVËç�GJU4éZGPè�V¡`(GgK1`�[ 9úV'^_V'QPíÅì{O£ógV¡è&[fQ4í_TRV
í�[]U�V3'\è�éhOgç'VDç�GgQPí_[fQ eRe U ì6TR[Õç,Tbç'Gg^_^�V¡è�éÓGgQh`�í�G�`�[�9úV'^_V'QPí�ç,ThO�^,Ogç�í�V=^�[Õètí_[]ç�ógV=IfG�ç�[fí�[]V=è=î
a�Gg^_V'G�óJV'^¡W�í�TRV=^�V%V�j�[Õètí,è{O�GJQRV 'Pí�G'\GgQRVËç�Gg^_^_V=è�éZGJQh`�V'QZç�V êÓV�ítì}V'V=QÁO�è�[]QRMgI]VËì{O£ógV�[fQ
í�TRV���'$ b`�[]OgMg^,O�U2O�Qh`4í_TRVÎètí,O�í�V¡èÅ[]Q9í_TRVËéhThOgè�V�è�éhOgç'V�ì6TR[Õç,T$ç'OgQ9êZVÎç�GJQRQRV¡çÊí�V¡`9ê\æ
í�TR[ÕèÅì{O£ógVJîgi I]IÓG�Kúí�TRV¡è�V%ètí,O�í_V=èÅOg^�V�Ifæ\[]QRM
GgQ9GJQRV�réhOg^_OgU�V'í�^_[]ç6ç e ^_ógV=èÅO�Qh`�í_TRVËè�GgI e �
í�[]GgQ?GgK�í�TRV/�6[fV=U9O�QRQ?éh^�GJêRIfV=U [Õè�`RV�í�V=^�U4[]QRV=`?êPæbí_TRV�[]QPí�V'^,è�V=çÊí_[fGJQ�éZGJ[fQPí,è�GgK:í_TRV
`�[ 9úV'^_V'QPí�ç e ^_ógV=èÑV=Ogç,T9ç'Gg^_^�V¡è�éÓGgQh`R[fQRM%í_G�O
ç,ThOg^_OJçÊí�V=^�[Õè�í�[Õç $ZV'IÕ`4[fQ4í_TRV�éRTZOgè�V è�éhOJç�V
ç�GgQhQRV=ç�í�[]QRM�í_TRVËítì�G�[fQh[Lí_[]OgIúè�í_O�í�V¡è'î�� V=Qhç�VJWPí�TRVÎU4GJè�í{ç'^ e ç�[ÕO�IÓéZGJ[fQPí6[fQbè�GJIfó\[]QRM
í_TRV
�6[fV=U9O�QRQ(éR^�GJêRI]V'U O�QZO�I]æJí_[]ç=O�I]IfæÎ[ÕèØí�TRV{ç�GJQhètí_^ e çÊí�[]GgQ�G�KRí_TRV6ç e ^_ógV¡è1[]Q(éRTZOgè�V�è�éhOgç'Vgî
åXG�`�[Õètí_[fQRM e [Õè�Tñí�TRV�^�V¡è�éÓV=ç�í�[]ógV�è�V'í�í�[]QRMPèË[]Q?í_TRV9ç�G e ^_è�V
GgKÑí�TRV9`�[Õè_ç e è_è�[]GgQñì�V(ì6[fI]I
ç�GgQZè�[Õètí_V'QPí�I]æ�^�V'KNV'^Ñí_G
GgQhV 'PéZO�^,O�U4V�í_V'^&KÚO�U4[]If[]V=è�G�KXè�í_O�í�V¡èÑ[]Q�éRThOJè�V�è�éhOJç�V�OJèËõ ��ù �£û�ü
ì6TR[fI]V
è�éZV¡O��\[fQhM�GgK ��	��£û�ü
[fQÁí�ThV  0'��}éRIÕO�QRVJî
�DGJI����XV,PSV
	 NfLOPe]��4V,Nf] R���R�� � V�UL���\ P�UL9^

ï�QbGJ^_`RV'^{í�G�ç,TZO�^,OgçÊí_V'^_[��=V�í_TRV�`�[�9úV'^_V'QPí�ç e ^_ógVÎítæ\éÓV=è6ì}V $h^,ètí []QPí�^_G�` e ç�VÎí_TRV
ç,ThOg^:�
OgçÊí_V'^_[]è�í�[Õç4è�éÓV'V¡`Rè����0� � ��W�� � -4!�"�!�4hWúOJè%í�TRV��\í�T×V'[]MgV=QPó�OgI e V4GgKÅí�ThV��JOJç�Ggêh[]OgQHGgK�)� � �Åì6Th[]ç,Tbí e ^�Q�G e í}í_G9êZV
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ì6TRV'^_V a `�V=QRG�í_V=èÁí�ThV×è�G e Qh` è�éZV=V=`ÿ`�V3$hQhV=` []Q � C���î6å{TRVÈç'Gg^_^�V¡è�éÓGgQZ`�[fQhM�^�[]MgTPí
V'[]MgV'Q\óJV=çÊí_Gg^,è�Og^�VÎMJ[fóJV'QbêPæ
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å{TRV'Q4í_TRV�ç�GJ^�^_V=è�éÓGgQh`�[]QRMÎç,ThO�^,Ogç�í�V=^�[Õètí_[]ç#� ��$hV=I]`�[ÕèÅç,ThOg^_OJçÊí�V=^�[ �'V¡`
ê\æ(í�TRV ó�Og^�[ÕO�í_[fGJQ
G�Khí_TRV ç,ThOg^_OJçÊí�V=^�[Õè�í�[ÕçÑógV=IfG�ç'[Lítæ�� � [fQ(í�TRV `R[f^_V=ç�í�[]GgQ�G�Khí_TRV ç�GJ^�^_V=è�éÓGgQh`�[]QRM$�Pí�T�^�[]MgTPí
V'[]MgV'Q\óJV=çÊí_Gg^{G�KØí�TRV��POgç'GgêR[ÕO�QÁG�K�� � � �ÊW�[�î VJîfW
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å{TRV=è�VDO�^_VÎ`RV�í�V=^�U4[]QRV=`bê\æ
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ì6TRV'^_V��2`�V=QRG�í_V=èËí�TRV�K e QZ`RO�U4V'QPí,O�I�`�V'^_[]ó£O�í�[]ógV(G�KÅMPOgè%`�æ\QhO�U4[Õç'èÎ`�V3$ZQRV=`ñ[fQ � 4���î
�ËêPó\[]G e è�I]ægWZKNGg^ÎOÁç'GgQ\ógV'j ���ÎYúWÓ[oî Vgî]W �"' BRWÓì�V4`�[Õètí_[fQhM e [Õè�THêZV'ítì�V=V'Qñítì�G�ç'OJè�V¡è'W
QhO�U4V'I]ægW&í_TRV(� ��$hV'IÕ`ò[]è (LýþÓû�	�ù ( )��Jû%$Jû'þÓû'ù�	���û���W�[oî Vgî]W % ��� � � � BHKNGg^�OgIfI � WÑGJ^(í_TRV� � $ZV'IÕ`9[]è-$Pû�þ���ýþÓû�( )(þúö�þ (�ýþÓû�	�ùÊW\[�î VJîfW % �0� � �*)� BÎKNGg^{O�I]I � îJï�QÁç'OJè�V�G�KXO
QhGgQ���ç�GJQPóJV�j
�2�ÎY×í_TRV�QRGgQhIf[]QRV=Og^/$hV'IÕ`Rè�U9O£æÆIfG�ç'OgIfI]æ�`�V=MgV'QhV'^,O�í�VJW&[oî Vgî]W&í�TRV=^�V�O�^_V�ètí,O�í�V¡è �� [fQ
éRThOgè�VDè�éZOgç�VDè e ç,TÁí�ThO�í % � � �� � � Bhî
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0 V�j\íÎì�V�Mg[]ógV�O�QH[]`�V¡O$GJQ?TRG�ì í_Gbç'GgQhè�í�^ e ç�í%O �6[fV=U9O�QRQÈè�GJI e í_[fGJQ?KNGJ^�í_TRV/� e I]V'^
V=ô e O�í_[fGJQhè�[LKXQhGgQ��rMgV=Q e [fQRVËQRGgQhIf[]QRV=Og^�$hV=I]`hè}OgQh`9éRTZOgè�V�í_^_OgQhè�[fí�[]GgQÁç�GgU4VË[fQPí�G(éRIÕO£ægî
åXG6KNG�ç e è1GJQÎí�TRVÑU9Og[fQDéR^_[]Qhç�[]éRI]V=è1ì}VÑ^_V=è�í�^_[]ç�í1G e ^:ç,ThO�^,Ogç�í�V=^�[ �=O�í�[]GgQ í_G�è�GgU4VÅè�éZV¡ç�[ÕO�I
ç'Ogè�V=è=WJç'I]Og^�[.$hV¡`4êPæ�U4V=OgQhèÑGgKXO
ç�GJU�éh^�V=TRV'Qhè�[]ógV6V�jROgU�éhIfVJîPiÿç�GgU4éRI]V�í_V�`�V¡è�ç'^�[]é�í�[]GgQ
ç�GgQPí,O�[]QR[fQhMbOgIfIÑç=Ogè�V=èËKNGg^Îí_TRV � e I]V'^DV¡ô e O�í�[]GgQZè%O e MgU4V=QJí_V=`Hì6[Lí_TÈOgQ ���ÎY?GgK�ó�O�Q
`�V'^6F×OgOgI]è:�oítæ\éÓV%ç=O�QÁêZVÎKNG e Qh`Á[fQ + k�GJlJO=6rî�ï�QbéhO�^�í�[Õç e IÕO�^¡W\ì�VÎè��P[]é�O�`R[]è_ç e è_è�[fGJQ$GgQ
e QR[Õô e V'QRV¡è�è%O�Qh`?V�j�[]è�í�V=Qhç�V�O�Qh`ñOgè_è e U4VJWhí_ThO�í%í�TRV=^�V([]è%O�I]ì{O£æ\è�O e QR[Õô e V�V'QPí�^_Ggé\æ
è�GJI e í_[fGJQ1î

�DG � � V "L ��\DP�UL9^

ï�Q(MJV'QRV=^_OgIoW=í�TRV{V=QJí_^�GJé\æ
è�GJI e í_[fGJQ�GgKZO �6[fV=U9O�QRQ(éR^�GJêRI]V'U�KNGg^ÑOËT\æ\éZV=^�êÓGgI][]ç}è�æ\è�í�V=U
G�K�� ç'GgQhè�V'^_ó�O�í�[]GgQ�IÕO£ì è ç'OgQ�êZV(ç�GgQZètí_^ e ç�í�V¡`�êPæ�ç�GJQhè�[]`�V=^�[]QRM�í�ThV(è�G���ç'O�I]I]V=`;��	���û
õ3��ù ��ûÊü��
�%1��
	���bW�� � -h!Q: :Q:Q!��Hî¡å{TRV=è�VÅOg^�VÑéZO�^,O�U4V�í_V'^_[��=V=`Îç e ^_ógV¡è1ç�GJQRQRV¡çÊí�[]QRM
è�GJU�VÎ[]QR[fí�[ÕO�IXè�í_O�í�V � � � � �0��B��}ì6[Lí_T 	�('(���^�V¡Ogç,ThOgêRI]V���è�í_O�í�V¡è'î
å{TRV'Q4í_TRV�è�GgI e í�[]GgQ4KNGJ^ÅO1�6[]V'U9O�QhQ9éR^�GJêRI]V'U�ì6[fí�T$[fQR[fí�[ÕO�IÓ`RO�í,O � # OgQh` � & []èÑKNG e QZ`�W
[LKØí�TRV=^�V%[]è{O(ógV¡çÊí�GJ^�GgKØéhOg^_OgU4V�í�V=^_è�� �\W � � -h!Q: :Q:5!��HWRç'GgQRQRV¡çÊí_[fQRM � # O�QZ` � & W\TRV=^�V
KN^�GJU IfV'Kí í�G4^_[fMJTPí=W�ê\æ�U4V=OgQhè{G�K:í�TRV�� ì}O£óJVËç e ^�óJV=è=W�[oî Vgî]W

� � � : :Q:�� � ��� �� ��# !�� ���;!�� � �5!Q:Q: :5!�� � � � � & :
ï�QbGgí�TRV=^6ì�GJ^_`hè'W�V¡Ogç,Tbì}O£óJV%ç e ^�óJVÎV�jRç�V=é�í{í�TRV $h^,è�í GgQRVJWRètí,O�^�í_è6O�í�è�GgU4VÎ[]QJí_V'^_U4V�
`�[]O�í�V%ètí,O�í�VËG�K�í_TRV�éR^_V'ó\[]G e èÅGgQRV%O�Qh`9í�TRV%ç�^ e ç�[ÕO�IÓéZGJ[fQPí}[]èÅí�G $hQh`4í_TRV=è�VËè�í_O�í�V=è � �\W
^�V¡è�éÓV=ç�í�[]ógV'I]æ9í_TRVDéhO�^,O�U4V'í�V'^,è�� �\WRç�Ktî  :[fM e ^_V CZî

q2=W1(q1,ξ1)

q1=ql

q3=W2(q2,ξ2)

q4=qr

W2

W1

W3

����� Ä��ÓÄ�� ~=nPprq�ytvP��qtsL~=n4~=wÓqt�P|6�ÅsL|_�
�=nPn�p�~¡��vgqtsL~=n9��¥
�D|Ê�=nJp�~=w�Ì��ÊÉ£|6�_vJytÉ£|,p,Ò

ï�Qñç'OJè�V
GgKÑí�ThV!� e IfV=^ËV¡ô e O�í�[]GgQZè6í�ThV(éR^_GgêhIfV=U+ç=O�Q?êÓV�^_V=` e ç�V¡`�í�GÁí�TRVM-�6O�Qh`
í�TRV 4���ç e ^_ógVJWhêÓV=ç=O e è�V
í_TRV "���ì{O£ógVD[ÕèÎO�I]ì}O£æ�èËO$ç�GJQPí_Ogç�í%`�[Õè_ç�GgQPí_[fQ e [fítægWÓì6TRV'^_V
í_TRV
éR^�V¡è�è e ^_V ( O�Qh`?ógV'I]G�ç�[fítæ�*?Og^�V�ç'GgQhè�í_OgQPí=îúå{TRV'^_V�KNGJ^�VJWRí�ThV(ç�GJQhè�í�^ e çÊí_[fGJQ?éR^_[fQhç'[féhIfV



� ¢ ��~=�uwÕ�£�'nP�D�6�'�P�D|,nh���gs�|,�'w]yts�|Ê����xvJ�L��|_yÊ���=n\�(����|_ÇJ�=nP�J|_y��X~��

[fQÈí�Th[]è
ç=Ogè�V9è�[]U4éRIf[.$hV¡èDOgè%KNGgI]I]G�ì èQ1 ��GJU�é e í�V4í_TRVZ-�rì}O£óJVgWÓ[oî Vgî]WXç'GgI]IfV¡çÊí
O�I]IÑètí,O�í_V=è
ì6TR[]ç,TÈõ�	�þ��_ûDù�û�	gõ��Rû��-�,ù�ö�÷ �$# î�Y\[]U e Ifí_OgQRV'G e è�I]æ4ç�GgU4é e í�V í_TRV 4��rì}O£óJV���	Jõ�����	�ù���üÊW
[oî Vgî]WRç�GJIfI]V=ç�í6OgIfI�éÓGJè_è�[fêRI]VÎ[fQPí_V'^_U�V¡`�[ÕO�í�VÎè�í_O�í_V=è �,ù�ö�÷ � �hû�ù_û(ö�þÓû�õ�	�þñù�û�	gõ��Áí_TRVÎV'Qh`
ètí,O�í�V �$& îJå{TRVË[fQPí_V'^,è�V¡çÊí�[]GgQ4éÓGg[]QPí�G�Kúí_TRV ítì}G
ì{O£ógV=è&éh^�G5<tV=çÊí_V=`4GJQJí_GDí�ThV ( � *�éRIÕO�QRV
[]èXí�TRV�Gg^_[fMJ[fQDGgK � � î£å{T e è1í_TRV�éZO�^,O�U4V�í_V'^,è�� �ÅO�Qh`�� � O�QZ`Îí�TRV{è�GgI e í�[]GgQD^_V=è�éZV¡çÊí_[fóJV'I]ægWO�^_V �\QRG�ì6QXî �
�DG � ��R ��� \DNfV,N ]JR�� R�� � V "L(	4\ P�UL9^

i}íÑí�TR[ÕèÑéÓGg[]QPíÅ[fíÅ^�V=U9O�[]Qhè&í�G$õ,ö�÷ ø ���rû í�TRV�ì}O£óJV{ç e ^_ógV=è=î�?Ëè�[]QRM
O�õ,ö�þ �£û������ÎY(If[ �gV
í�TRVÁ[]`�V¡O�I�MJOgè�I]O£ì I]V=OJ`RèDí_G?ì}O£óJV�ç e ^_ógV¡è�ç'GgU4éZGPè�V¡`×G�K6V�jROJçÊí�I]æÈGgQRV�^,O�^_V�KÚOJçÊí_[fGJQ
O�Qh`ñGgQRV4è�ThG\ç���êR^,O�QZç,T1î?��V'^_V(V=[Lí_TRV'^Dè�[]`RV(GgKÑí�TRV4ì{O£ógV�ç e ^_ógV�[]è%^_V�KNV'^_^_V=`�í_GbOJèËO
ì}O£óJVËêR^,O�QZç,T1î
��æ9ç,ThOgQRMg[]QRMÎí_TRV ���ÎY(í�G(O
QRGgQ���ç�GJQ\ógV�j�GgQRVJWgKNGJ^Å[]Qhè�í_O�QZç�VgWgí�G�í�TRVËó£OgQ$`�V=^ÅF×OgO�IÕè
�2�ÎYúW:O�éRéRI][]V=`Èí�G;���úåBë e [Õ`Rè'W:^_V'Mg[]GgQZèD[fQÖéRThOgè�V$è�éhOgç'V�O�^_[]è�V�ì6TRV=^�V�í�TRVbè�[]MgQÆGgK
í�TRV$K e Qh`ROgU�V=QPí_O�I{`�V=^�[]ó�O�í�[]ógV9êÓV=ç'GgU4V=è�QRV'MPO�í_[fóJV$O�Qh`Èí_TRV$QhGgQRI][fQhV=O�^ � ��$hV'IÕ`Rè�`RV�
MgV'QhV'^,O�í�VJî�� V'MJOg^_`R[fQRM
í�TRV%ì}O£óJV�êR^,O�QZç,TRV=èÑí�TR[Õè{U9O£æ4ç=O e è�V í_TRV%êR^�V¡O�� ��`�G�ì6Q9G�K1í_TRV
ç�IÕOgè_è�[Õç'OgI:ç e ^�óJV�ítæ\éÓV=è4ù�	�ù�û��	gõ��oýÚö�þdO�QZ`Æü��Rö¡õ��ÈOgQh`H[fU4éRI][fV¡èÎó�O�^_[fG e è KÚOJçÊí,èQ1 $h^,è�í�I]ægW
O$ì{O£ógV(êR^_OgQhç,THç=O�QHêZV9ç�GJU4éZGPè�V¡`?G�K{è�G5�rç=O�I]IfV¡` ��	���ûDø
	�ù �ÚüÊWúí�TZO�íD[]èÎObè�V¡çÊí_[fGJQHGgK
í�TRV ì{O£ógV{êR^,O�QZç,T(ì6[fí�T9GJQRV ì{O£ógV}ítæ\éZVJîgå{TRV'Q4í_TRV éhOg^_OgU4V�í�V=^�^_OgQRMgV{GgKÓí_TRV êR^,O�QZç,T
+ B !�� �76{[Õè(éZO�^�í�[fí�[]GgQRV¡`Æ[fQPí_GHè�U4OgIfI]V'^�éhOg^�í,è8+ ���� !���� � �� 6rî�å{TRV�è�[fí e O�í�[]GgQ�[Õè4è�ThG�ì6QÆ[fQ
 Ø[]M e ^�V1,�îÓY\V=ç'GgQh`�I]ægW\í_TRV
ç�IÕOgè_è�[]ç=O�I�ì{O£ógVËítæPéÓV=è�O�^_V%QhG�í è e -9ç'[fV=QPí6í�G�ç�GJQPí�[]Q e VËí_TRV

q2

k=qk+1

q0

k=qk

Wk

1

Wk

2

ξ1k

0=ξ0k

ξ2k=ξk

q1

k

� � � Ä	�hÄ ���ÊÉ£|{�,vgytÉ£|{�P�'y�qtsuqts�~¡nPpÑ~'w�
��Ò

ì}O£óJV�ç e ^�óJV=èØ[fQ4O�Q�Og`�U4[Õè�è�[fêhIfV}ì}O£æJî�å{TRV'^_V�KNGJ^�VJW¡OËQRV'ìdéhO�^�í:ítæPéÓV
õ,ö�÷�øRö�ü,ý'��û6TZOgèØí�G
êZVD[]QPí�^_G\` e ç�V¡`�W\í_O5�P[]QRM4è�GJQR[Õç%è�TRG�ç���è{O�Qh`Á^_Og^�V'KÚOgç�í�[]GgQhè%�Úè�V'VÎêÓV'I]G�ì��}[fQPí�G4Ogç=ç�G e QPí=î
å{TRV(ç'GgQhç'V'é�í�GgKÅç�GJU�éÓGJè�[fí�V
ì{O£ógV¡è{ì}OJè []QJí_^�G�` e ç�V=` $Z^_è�íËê\æbFHV=Qh`�^_G�9 + FÈV'Q)
5"�O=6rW
+ FÈV'Q)
5"�ê�6úO�Qh`"*X[ e + *1[ e 
 ,�6�îPå{TR[]^_`�I]ægWg[fQ$ç=Ogè�V6G�K�ç�GJU�éÓGJè�[fí�V=è�O£ì}O£æÎKN^_GgUBí�ThV éRThOJè�V
êZG e Qh`ROg^�[]V=è=Whí_TRV�ì}O£óJV
ç e ^_ógV¡èËOg^�V
QhG$I]GgQRMJV'^ ítì6[Õç�V�ê e íÎGgQhIfæ�GgQZç�V(`R[ 9úV'^_V'QPí�[ÕO�êhIfV
O�Qh`bO�í éRTZOgè�V%êÓG e Qh`RO�^_[]V=è{GgQhIfæ$ç'GgQPí�[]Q e G e è'î
� �J~=y%qt�J|
pt�=�£|�~=w��,~¡�D�J��|_qt|,nP|_p�p,�úqt�P|��\��y��=�D|_qt|_y����
�Ê�=n?��|Dyt|,�,~=nPprq�ytvP��qt|Ê��w]yt~¡� qt�P|
��nJ~�ÌÑn(s�n�qt|�yt�D|Ê�JsL�'qt|}prq��'qt|,p,Ò
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i�ì}O£óJV%ç e ^�óJVgW�GJ^=W�U4Gg^_VÎéR^_V=ç�[Õè�V'I]ægWRO4ì{O£ógV%êR^_OgQhç,TbU4O£æ$êZV
ç'GgU4éZGPè�V¡`bG�K:è�V'óJV'^,O�I
ì}O£óJV}éZO�^�í_è=î��ÅOJç,T(éhOg^�í�[]è�GgK�V'[fí�TRV=^�í�TRV ítæPéÓV ^,O�^_V�KÚOJçÊí�[]GgQ��úWgè�TRG�ç�����GJ^Åç�GJU4éZGPè�[fí�V
� îRå{ThV'æÁOg^�VÎ`�V $hQRV=`1WR[fQ�è�TRGg^�í=WROJè}KNGgI]IfG�ì è=î

K V,PSL �=V
	 Nf] R��'�%\ P�UL9^

 RGg^Ëí�ThV�QRGJQRIf[]QRV¡O�^ $hV'IÕ`Rè=WZTRV=^�V � � -4!�4RWÓì�V�`�V3$hQhV
í�ThV(éhOg^_OgU4V�í�V=^�[ �'V¡`�ç e ^_ógV�� �
Ogè}í�ThV
è�GJI e í_[fGJQ$í_G4í�TRV!�%S%�

� � �
� �

� �� !���� � : �;���
�0� ��� � �;!	� ��� �� ! B�� � �� !

[oî Vgî]WgOgè&[]QPí�V=Mg^,O�IRç e ^�óJV{OgIfGJQRM%í�TRV6^_[]MgTPí�V'[]MgV'Q\óJV=çÊí_Gg^:í�Th^�G e MgT4OÎètí,O�í�V �� î�ïrK � � [Õè6þúö��
�gû,õ�ù_û�	�üÊýþ $bO�I]GgQRM(í�ThV=è�VÎç e ^_ógVgW\[�î VJîfW $ � � $ $ � g BhW�[Lí [Õè{V=ô e []ó�O�I]V'QPí{í�G�í�TRVDç'I]OJè�è�[]ç=O�I
ù�	�ù�û��	gõ���ýÚö�þòõ ��ù ��û�îXY e ç,TÈO�ç e ^�óJV([ÕèDç'OgIfI]V=` 	5��÷�ýÕü,üÊý �(fûbOgQh`ñ[fí
ç�GJIfI]V=ç�í_èÎO�I]IÑètí,O�í_V=è
ì6TR[]ç,T�ç=O�QbêZV
ç'GgQRQRV¡çÊí_V=`$í�G �� ê\æ$O4ç�V=QPí�V'^_V=`Á^,O�^_V�KÚOgç�í�[]GgQ$KÚO�Q1î
0 G�í_VgW&í_ThO�í�ì6TRV=Q�� � `�V=ç'^�V¡Ogè�V=è4O�I]GgQhMÈOÈì{O£ógV$éZO�^�í4êÓV'[]QRMÆéhOg^�í4G�KDO �6[]V'U9O�QRQ
è�GJI e í_[fGJQ1W&í�T e è4ì}G e I]`ÖIfV¡Og`Öí�G �NéR^_GgTh[fêR[fí�V¡` �(KNGgIÕ`�[]QRM×G�KËí�TRV�è�GgI e í�[]GgQò[fQdí�ThV  �� �
éRI]OgQRVgîÓY\[fU4[]I]Og^�I]ægWRí�TRV e è e OgI1éhOg^_OgU�V'í�V=^�[ �=O�í�[]GgQ � �  $ ��[Õè QhG�í�O�éhéR^�GJéR^_[]O�í�V%ì6TRV'Q
$ ��� $ $ �(ó�O�QR[Õè�ThV=è6O�I]GgQhM
�
�\î �

ï�Q�ç'Ogè�V�GgK}í_TRV�� e I]V'^
V¡ô e O�í�[]GgQZè�O�^,O�^_V�KÚOgç�í�[]GgQÆç e ^�óJV9éhO�^,O�U4V�í_V'^_[��=V=`Èê\æñí_TRV
éR^�V¡è�è e ^_VË[Õè6GJê�í_Og[fQRV¡`$ê\æ$è�GgI]ó\[fQhM

$ ���
-
��� : � $ ( !

KN^�GJU O�Mg[]ógV'Q�è�í_O�í_V �� î
?�è�[fQRMÈí_TRV�K e Qh`ROgU4V'QPí_OgI6[]`�V=QPí�[fítæ�G�KÎMJOJè�`RæPQZO�U4[]ç=è9� - ��WÑì}V�ç'GgQhç'I e `�Vbí�ThO�í�í_TRV
V'QPí�^_Ggé\æb[]è%ç�GJQhètí,O�QPíËOgIfGJQRM�� � WÓOJè I]GgQRMbOgè�[Lí%[]è%Og`�U4[Õè�è�[]êRIfVJî?��V'Qhç'VgWúO�éR^_G�<tV¡çÊí_[fGJQ
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specific volume const. wave curve phase space
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KÚO�U4[fI]æ�GgK1ètí,O�í�V¡è'î�ï�Q�ç=Ogè�V}í�ThO�í �� ç'Gg^_^�V¡è�éÓGgQh`hèXí_G
ODètí,O�í_V6ì6TRV'^_V �ðó�O�QR[Õè�TRV=è=W�[Lí}ç'O�Q
êZV éh^�G�óJV'Q(í�ThO�íÅí�ThV�ç�GJU�éÓGJè�[fí�V ç e ^�óJV6[]èÑí_O�QhMgV'QPí_[]OgIfI]æ�O�í�í_OJç,TRV=`�í_GÎí�TRV ^,O�^_V�KÚOJçÊí_[fGJQ
ç e ^_ógV
� � O�í �� Wúè�V'V + a�k B - 6�î1å{ThV�ç'Gg^_^�V¡è�éÓGgQh`R[fQRMÁç e ^_ógV
[ÕèÎOg`�U4[Õè�è�[]êRIfV4OgèËI]GgQRMbOgè
�N[ ��� � � �4! � �*)� ����� � �}OgQh` �N[][ � � �%[Õè{QRG�í6í_TRVDGg^_[]Mg[]Q$G�K��
�PWhçÊKtî + *X[ e 
�,76rî

�DG����MW�� ] ^f^ ] �X[JL�	4R��XW ] N ] R��X^

.ÎQRG�ì6[fQhMÁí_TRV$ç'GgQhè�í�^ e çÊí_[fGJQHéh^�[]Qhç�[]éRI]VgW:OgèDì}V'I]IÅOgè%í_TRV�U9O�í_TRV'U9O�í�[Õç'O�I�ç�GgQZ`�[Lí_[fGJQhè
GgQÈí�TRV$ì}O£óJV(éhOg^�í,è'WXì�V9ì{O�QPíÎí�Gñç'GgI]IfV¡çÊíDí_TRV�ç�GJQh`�[fí�[]GgQhèÎKNGJ^�ç,ThOgQRMg[]QRMbí�TRV9ì{O£ógV
ítæPéÓV=è{` e ^�[]QRM
í_TRVDç�GJU�é e í_O�í�[]GgQ$GgK�í�TRVÎì{O£ógV êh^_OgQhç,T1WPGg^¡WJ^,O�[Õè�V�í�TRVDô e V¡ètí_[fGJQ1WJThG�ì
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IfGJQRMH[Õè4OÈì}O£óJV$éhOg^�í9Og`�U4[Õè�è�[]êRIfV��bFHV�è�ThO�I]I è�V'VgW:í_ThO�í�` e Vbí_GHéRTZOgè�V$í_^_OgQhè�[fí�[]GgQ
Og`R`�[fí�[]GgQZO�I1ç�GJQh`�[fí�[]GgQhè6Og^�[Õè�Vgî

� R�� �XV�^fL N PeV � ^f]/Nf] R�� G i�è U�V=QPí�[]GgQRV¡`�êZV'KNGg^_VgWRO4QRV¡ç�V=è_è_O�^_æ$ç�GJQh`�[fí�[]GgQÁKNGg^�O
^_Og^�V'KÚOgçÊí_[fGJQ×éhO�^�íDí�G?êÓVÁOJ`�U4[]è_è�[fêRI]V�[ÕèDí_ThO�í
í_TRV$ì{O£ógV9è�éZV=V=` � � []Qhç�^_V=OJè�V¡è
O�I]GgQRM
í�TRVDì{O£ógV%éhO�^�í=î���í_TRV'^_ì6[Õè�V%í�ThV
è�GJI e í_[fGJQÁì}G e I]`$KNGgIÕ`b[fQbí�ThV  
� ��éRIÕO�QhVgî�ï�Qhç'^�V¡Ogè�[fQRM���$[]èËí,O�QPí_OgU�G e QPíËí_GbO�$Rj�V=`Èè�[fMJQñG�KÅí�TRV�K e Qh`hO�U4V'QPí_OgI�`�V'^_[fó�O�í�[]ógV �2OgQh`?[fKÅí_TRV
^_Og^�V'KÚOgçÊí_[fGJQ
éhOg^�í�QRV=ógV'^&ç�^_GJè_è�V=è:OË^_V'MJ[fGJQ
ì6TRV=^�V ��ç,ThO�QhMgV=è:[fí_è�è�[fMJQ1W¡í�TRV{ì{O£ógVÅítæPéÓV
`�G\V=è%QRG�íDç,ThOgQRMgVJîÓi}íDO$è�í_O�í�V�ì6[Lí_THó�O�Qh[]è�TR[]QRMÁ`�V=^�[]ó�O�í_[fóJV�G�K ���RWÓ[�î Vgî]W � � BhWhí_TRV
^_Og^�V'KÚOgçÊí_[fGJQ$éhOg^�í6V=Qh`Rè OgQh`ÁO�QRV=ì#ç'GgU4éÓGJè�[Lí_V%éZO�^�í{êÓV'MJ[fQZè'î
i è�[]U4[fIÕO�^}è�éÓV'V¡`9ç�GJQh`�[fí�[]GgQ9ThOJè�í�G�TRGgIÕ`9O�I]GgQRMÎí_TRV�è�TRG�ç���éhOg^�í¡WgQhOgU4V'I]ægW�í_TRV�è�TRG�ç��
è�éÓV'V¡`����%ThOgè:í_G�`�V¡ç�^_V=Ogè�V{O�I]GgQRM%í�ThV � e MJGgQR[]G�íÑç e ^�óJVgW�ì6Th[]ç,T4[Õè&í�TRV�û��&�rû'þ?�Jû�����ý �,C
õ_ö�þ?��ý'�oýÚö�þhî�ïrí6^�V¡` e ç'V=èÅí�G(í�TRVÎì}V'I]I ' �PQhG�ì6Q4*XO�j$ç'^�[fí�V=^�[ÕOD[]Qbç=Ogè�V�GgKØO(ç'GgQ\ógV'j"���ÎYúî
i�èËU�V=QPí�[]GgQRV¡`�êZV'KNGg^_VgWÓ[LK ���9`�G\V¡è�QRGgí%`�V¡ç�^_V=OJè�V�OgQ\æPU4GJ^�VJW�í�TRV�ì{O£ógV
ç e ^�óJV�U e ètí
ThO£ógVÁV'QPí�V=^�V¡`�O?^_V'MJ[fGJQ�G�K QRV=MJO�í�[]ógV$QhGgQRI][fQhV=O�^_[fítæÈêÓV�KNGJ^�VJî:å{ThV'Q�í_TRV�è�TRG�ç��×éhOg^�í
V'Qh`Rè
TRV'^_V9O�Qh`ñí�TRV9ì{O£ógV�êR^,O�Qhç,TÈç'OgQÈêÓV�è�U�G\Ggí�TRI]æñç�GJQPí�[]Q e V=`HêPæHOÁ^,O�^_V�KÚOJçÊí_[fGJQ
éhO�^�í=îhå{ThV
è�TRG�ç���[Õè ç=O�I]IfV¡`ñü'ö�þhýÚõÎêÓV=ç=O e è�VD[Lí�í�^,O£ógV'IÕè}ì6[Lí_T�í�TRV
è_O�U4V
è�éZV=V=`�Ogè}í_TRV
$h^_è�í ètí,O�í_VDGgQÁí�TRVÎKNGJIfI]G�ì6[fQhM�^,O�^_V�KÚOJçÊí_[fGJQ1î
å{TRV QRV=ìdítæ\éÓVËç'GgU4éZGPè�[fí�V6[ÕèÅO�è�V'íÅG�K1è�TRG�ç��(è�í_O�í_V=è=îgï�Q4í_TRV�ç e ^�^_V'QPí�ç'GgQPí�V'jPíÅè e ç,T�O
ì}O£óJV�éhOg^�íÅè�í_Og^�í,è�O�íÅODè�í_O�í�V �� ì6TRV=^�V � � BRWJO�Qh`�í�TRV�ì}O£óJV�éhOg^�íÑêÓV�KNGJ^�V6U e è�íÑêZV O
^_Og^�V'KÚOgçÊí_[fGJQ�éhOg^�í¡î *1[ �gV{OÎè�TRG�ç��
éZO�^�í=W£í�ThV{ç'GgU4éÓGJè�[Lí_V}éZO�^�í&[Õè�Og`RU�[Õè_è�[]êRI]V{OJè&IfGJQRMÎOgè
í�TRVDè�TRG�ç���è�éÓV'V¡`$O�I]GgQhM�í_TRVDç�GgU4éÓGJè�[Lí_VËéZO�^�í}[Õè{`�V=ç'^�V¡Ogè�[fQRMZîJïrKØí�TR[Õè{[Õè�ó\[]GgIÕO�í_V=`9í_TRV
QRV�j\íØì{O£ógVÅéhO�^�íØ[ÕèØO�^_Og^�V'KÚOgç�í�[]GgQÎéhO�^�í:OgMJOg[fQ
OgQh`Îí�ThV}è�[Lí e O�í_[fGJQ
[ÕèØè�[fU4[]I]Og^1í_GËO�è�GgQh[]ç
è�TRG�ç��úî�ïrí}[]è��PQhG�ì6Q(í_ThO�í�í�TRVËOgè_è�G�ç�[ÕO�í_V=`4è�í_O�í_V=è�O�íÑí_TRV éR^_V=ç'V=`�[]QRM
^,O�^_V�KÚOJçÊí�[]GgQ�éhOg^�í
�
O�^_VÅU4G�ó\[fQRM�í�G�ì{O�^,`RèXí�TRV}Gg^_[fMJ[fQ�G�Khí_TRV}^_Og^�V'KÚOgçÊí_[fGJQ
éhOg^�í¡î£å{Th[]è:I]V=Og`hèXí_G�í_TRV}G�í�ThV'^
í�V'^_U4[fQZO�í�[]QRMbç�GgQZ`�[Lí_[fGJQ�KNGg^Ëí�ThV(ç�GJU4éZGPè�[fí�V(éhO�^�í=WÓ[oî Vgî]WÓí�TRV�Ogè_è�G�ç'[]O�í�V=`�^,O�^_V�KÚOJçÊí_[fGJQ
ètí,O�í�VÁýÕü
í�ThV(GJ^�[]Mg[]Q�G�K �úîúå{TRV'Q�í_TRV�ì}O£óJV
ç e ^_ógV�ç=O�Q?êÓV(ç'GgQPí�[]Q e V=`?ì6[Lí_THO�è�TRG�ç��
éhO�^�í6ì6TRV'^_V%í�TRV
è�TRG�ç���Gg^_[]Mg[]Q$[Õè{í�TRVDGJ^�[]Mg[]Q$GgK �úî
� ��	h[ \XW ] � T�� �XV�^ L N PSV�� ^f]/Nf] R�� G Y�GÆKÚO�^Áì�Vñ`RV=è_ç�^_[fêÓV=`òí_TRVÖþúö�þ C�õ,ö�þ���û��ÿè�[fí e O��
í�[]GgQÆì6TRV=^�V9í_TRV$ì{O£ógV9ç e ^�óJV=è
Og^�V�è�U4G\G�í�TXîXïrí(êÓV=ç'GgU4V=è�V'óJV'QÆU4Gg^_V�ç�GJU�éhIf[Õç'O�í�V=`
[LK}í�TRV4ì{O£ógV4ç e ^_ógV¡èÎç�^_GJè_è�V¡èËObéRThOJè�V4êÓG e QZ`RO�^_ægî�å{TRV4MgG\G�`HQRV'ì èÎ[Õè%í�ThO�í=W1I][ �gV�[fQ
í�TRV�è�U4G\G�í_T�QRGgQ���ç�GJQ\ógV�jbç'Ogè�VgWhí�TR^_V'V
ítæPéÓV=è�G�K�ì{O£ógVDéhOg^�í,è�è e -�ç�VDí_G$ç�GJQhètí_^ e çÊíËO
�6[fV=U9O�QRQ�è�GJI e í�[]GgQ1îRå{TRVÎêhOJ`$GJQRVÎ[]è}í_ThO�í6í_TRVD`�[Õè�ç'GgQPí�[]Q e [Lítæ$G�KXí_TRV
ç,ThOg^_OJçÊí�V=^�[Õè�í�[Õç
è�éÓV'V¡` ����OJèDì}V'I]I�OgèDí�TRVÁéZGPè�è�[fêhIfV�ç,ThOgQRMgV9GgK{í�TRVbè�[]MgQ×G�K6QRGJQRI][fQRV¡O�^_[LítæÈOgç'^�GPè�èDO
éRThOgè�V6êÓG e Qh`hO�^_æ�ç'O e è�V¡è�Og`R`R[Lí_[fGJQhO�I�í_V'^_U4[fQhO�í�[]QRM
ç�GJQh`�[fí�[]GgQhè�KNGg^Ñì{O£ógV}éhO�^�í_è=îgå{TR[Õè
[]è�`�[]^�V¡çÊí�I]æ×^�V=I]O�í�V¡`Èí�G?í_TRVÁô e V¡ètí_[fGJQ�TRG�ì í_Gñç�GJQJí_[fQ e V$í�TRVÁì}O£óJV�êR^,O�Qhç,TXîØå{TRV¡è�V
í�Ggéh[]ç=èËOg^�VDí_^�V¡O�í_V=`�[]Q?U9O�í_TRV'U9O�í_[]ç=O�I&`�V�í,O�[]IØ[]Q�+ k�GglJê�6�î � V=^�V(ì�V�ç'OgQ�GgQRI]æ�Mg[]ógV�O
è e U4U9O�^_æ�G�K�í�ThVË^_V=è e Ifí_è�êPæ�U4V=OgQhèÅGgKXODí,O�êRI]VËç'GgQPí_Og[fQR[]QRMDí_TRVÎ`�[ 9úV'^_V'QPí{ç'Ogè�V=è�O�Qh`
í�V'^_U4[fQZO�í�[]QRM9ç�GJQh`�[fí�[]GgQhè=WRè�V'V
å:O�êRI]V_-gî
i�èÎì}V(U4V'QPí_[fGJQRV=`ÈO�êÓG�ógV�í�TRV4U4GgQRGgí�GJQR[]ç'[Lítæ�GgKÅí_TRV4ì}O£óJV(è�éZV=V=`�W1`�V=QRG�í_V=`ñêPæ+=
	oW
[oî Vgî]W���	 � Gg^ ��	� WPO�I]GgQRMÎí_TRV�ç e ^�óJVgW�[ÕèÑGJQRV G�Kúí_TRV U9O�[]Q�ç�^_[Lí_V'^_[]O%í_G
ç�GJQJí_[fQ e V�Gg^�í_V'^_U�[��
QhO�í_V(O9ì{O£ógVDéhOg^�í¡î �ËQRV�ç'OgQ9$hQh`?[fíË[]Q�í_TRV1$h^,è�í�éhO�^�íËGgKÑåØOgêRIfVM-gWhí�TRV 	5��÷�ýÕü,üÊý �(fû
õ�ùÊý'��û�ùÊý 	�îZå{TRV=æÁOg^�V%[fQ�V�9ÓV¡çÊí ì6TR[]IfV
O�ì{O£ógV%éhO�^�í6[]è�ç�GgU4é e í�V=`1î
ï�Qñè�GJU4V(ç'OJè�V¡è6í_TRV(ì{O£ógV
è�éÓV'V=`+=�GJ^Ë[fí_è%`�V=^�[]ó�O�í�[]ógV�= 	 < e U4éhèËì6TR[]IfV4ç�^_GJè_è�[fQRM4í_TRV
éRThOgè�V$êÓG e Qh`RO�^_æÆO�Qh`�[Lí4U9O��gV¡è�è�V'Qhè�V�í_GHè�éZV¡O��×G�K�OHô e O�QPí�[fítæ �,û ��ö�ù�û �� ����O�Qh`
�_û��\ýþ � �� � �2í�TRVÈêZG e Qh`ROg^�æJW�`�V=éZV=Qh`�[]QRMÖGJQðí�ThVñéhOg^_OgU�V'í�V=^�[ �=O�í�[]GgQ1îÑï�Q í�TRVHV'Qh`
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í�TRV=^�V%[]è{O $hQhOgIZí_V'^_U4[fQhO�í�[]QRM(ç'GgQh`R[Lí_[fGJQ1î\ïrí{V=U4V'^_MgV=èÅ[LK&O�ì{O£ógV í_O��JV=è�G�ógV=^}OgQRG�í_TRV'^
ì}O£óJVgîZå{Th[]è%ThOgéRéZV=Qhè=WZKNGJ^Ë[]Qhè�í_OgQhç�VJWÓ[fK�Obè�ThG\ç��bì{O£ógV(ç'^�GPè�è�V=èËO�éRTZOgè�V�êÓG e Qh`hO�^_ægW
í�TRV/< e U4é�[fQ�è�TRG�ç��4è�éÓV'V=`Á[Õè{éZGPè�[fí�[]ógV 	�þ ��êÓV'TR[]Qh`Áí�ThV%êÓG e Qh`RO�^_æ4í�ThV%ì{O£ógV%ç e ^_ógV
ç�GgQPí_[fQ e V¡è ì6[fí�TñOÁè�V¡ç�GgQZ`�è�TRG�ç��béhO�^�í=WÓè�V=V(ç=Ogè�V���������îúY�[fQhç'V
í_TRV�< e U4é?[ÕèËéZGPè�[fí�[]ógV
O�Qh`�í�TRVÎè�ThG\ç��9è�éZV=V=`9[Õè{`�V=ç'^�V¡Ogè�[fQhM�O�I]GgQRM�í�TRVÎè�V=ç�GJQh`9éhOg^�í¡WJ[fí{U4O£æ4ThOgéRéÓV'Q1WPí�TZO�í
í�TRV4è�éÓV'V¡`ñç'Gg[]Qhç�[Õ`�V=èËì6[fí�T?í_TRV�I]OJètíÎè�TRG�ç���è�éÓV'V¡`?GgKÑí�TRV!$h^,ètíÎè�ThG\ç���éhOg^�í¡îZï�Q?í�TR[Õè
ç'Ogè�V�í_TRVÁè�GgI e í_[fGJQÖç'OgQRQRG�í4ç�GJQhè�[Õè�í(G�K�ítì�Gñè�TRG�ç���è(OgQ\æPU4GJ^�V9ê e í(í_TRV�$Z^_è�í�è�TRG�ç��
éhO�^�í%ì6[]I]I�êZV9ç�GJQPí�[]Q e V=`ñOgQh`?[fíÎí_O5�gV=èËG�ógV=^�í_TRV9è�V¡ç�GJQh`?GJQRVgî���í�ThV'^_ì6[]è�V�[fíDì�G e I]`
^�V¡è e Ifí6[fQ�O(KNGgIÕ`�[]QRM9G�KØí�TRV
è�V=ç'GgQh`bè�TRG�ç���[fQbí_TRV  
� ��éhI]OgQRVgî
å{TR[]è�U4V=OgQhè'WJí�ThV'^_V%Og^�V6í_V'^_U4[fQhO�í�[]QRM(ç'GgQh`R[Lí_[fGJQhè�`RV'éÓV'Qh`�[]QRM�GgQ9í_TRV�Th[]è�í�GJ^�æ4G�K�í_TRV
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è�TRG�ç��béhO�^�í�^_V=OJç,TRV=è{í_TRV(è�éÓV'V=`?G�K&í�TRV $h^,ètí�^,O�^_V�KÚOJçÊí_[fGJQbéZO�^�í ���DO�í�� �� WÓçÊKtî  Ø[]M e ^�V

0�Nê)�Êî
0 G�ìDW1[fK}QhG�íDí�V=^�U4[]QhO�í_V=`�WXí�TRV�è�TRG�ç��?ì}G e IÕ`ÈêZV4KÚOJètí_V'^Dí_ThO�QÈí_TRV�IÕOgè�íÎ^,O�^_V�KÚOJçÊí_[fGJQ
ètí,O�í�V¡è'W6OgQh`ðí_TR[]èbU4V=OgQhè�O�KNGJI]`R[fQRMd[fQÿí�ThV  �� �ÁéRI]OgQRVgî ��V'Qhç'VHì}VÈç'GgQPí�[]Q e V?í_TRV
ì}O£óJV�ç e ^�óJV9ì6[Lí_TÆO�ç�GgU4éÓGJè�[Lí_V4éhO�^�í�O�MPO�[]Q1W � � W1QRG�ì2ç�GJ^�^_V=è�éZGJQh`�[]QRMbí�Gbí�ThV $h^,ètí
^_Og^�V'KÚOgçÊí_[fGJQ$éhOg^�í � � îZY e ç,TbO4è�GgI e í�[]GgQb[Õè{Mg[]ógV'Q$KNGg^{í_TRV1�6[]V'U9O�QRQ�`RO�í_O � & � ��� [fQ
 Ø[]M e ^�V12 �ÚV ��î
*1[ �gV$êÓV�KNGJ^�VJWXí_TRV�ç�Gg^_^_V=è�éZGJQh`�[]QRM?^,O�^_V�KÚOgç�í�[]GgQ � � [Õè�V=O�í�V'Q e éÖê\æÈí�TRV�ç�GJU4éZGPè�[fí�V
ètí,O�í�V¡è�OgQh`9ì}VËç'GgQPí�[]Q e V í_TRVËì{O£ógVËç e ^_ógV6KN^_GgU2í_TRVËéÓGg[]QPí=W\ì6TRV=^�V�í�TRV%è�éÓV'V¡`�G�K�í_TRV
$h^_è�í ètí,O�í_VDG�KXí_TRVD^,O�^_V�KÚOgç�í�[]GgQÁ[]è{^_V=OJç,TRV=`�W�ThV'^_VÎO�í � �� WRì6[fí�T�O�QRV'ì�è�TRG�ç���éhO�^�í �

�
î

å{TRV%è�éÓV'V=`$[]è{`�V¡ç�^_V=OJè�[]QRM(OgQh`$O(è�GJI e í�[]GgQ�í_G(GJQRV%G�K1í_TRV=è�V%è�TRG�ç��9ètí,O�í_V=è � & � ��� [Õè
éR^�G�ó\[Õ`�V=`Áê\æ� :[fM e ^_V 2��K ��î
Y\[fQZç�V4í�ThV9ì}O£óJV�ç e ^�óJV�ç'^�GPè�è�V=`?í�TRV9^_V'MJ[fGJQHGgK�QRV=MJO�í�[]ógV4QRGgQhIf[]QRV=Og^�[fítæ�êÓV�KNGg^_VgWúí_TRV
è�TRG�ç��%U9O£æËêÓV=ç'GgU4V�è�GgQR[Õç�î¡å{TR[ÕèXThOgéRéÓV'Qhè:O�í � �� î£å{TRVÑKNGJIfI]G�ì6[fQhM ^_Og^�V'KÚOgç�í�[]GgQÎéhO�^�í � �[]è}Og`=<�OJç�V=QJí�í�G�í�TRV%I]OJètí{è�ThG\ç��4è�í_O�í_VËOgQh`�êÓV=ç=O e è�V6í�ThV'^_VËO�^_V�QhG
K e ^�í�TRV=^}OgQRGgU9OgIf[]V=è
[fQ�éhThOgè�V$è�éhOgç'V9í�TRVÁì}O£óJV�ç e ^_ógV9^_V'U9Og[fQhè(O�^,O�^_V�KÚOgç�í�[]GgQ×éhOg^�í
KNGJ^(OgIfI�éhO�^,O�U4V�í_V'^
Mg^_V=O�í_V'^6í_ThO�Q � �� î � V'QZç�VgWhí�TRV(I]OJètí%éZGPè�è�[]êRIfV�ì}O£óJV
ç e ^_ógVÎítæ\éÓV�[ÕèËè�TRG�ì6Q�[fQ  Ø[]M e ^�V
2 �NM;�Êî

éhO�^,O�U4V'í�V'^{^,O�QRMJV�ì{O£ógV%éhO�^�í í�V'^_U4[fQZO�í�[]QRM9ç�GJQh`�[fí�[]GgQ $hM e ^_V
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�ÚM���éhOg^�í,èQ1
���rè�GgQR[Õç � �
���������
	 2Rî�&Ñ^_V=è_è e ^�V%[]Q�è�éhOJç�VËKNGg^�`�[�9úV'^_V'QPí �6[fV=U9O�QRQ�éR^_GgêRI]V'U9è6O�í6ç'GgQhè�í_OgQPí}í_[fU4VJî

���#â � �1ßhä�ã0� � ���D�\â��tÞ,�

FHV{ç�GJQhè�[Õ`�V=^1ítì}G ítæ\éZV¡èXGgKhQ e U4V'^_[]ç=O�IJV�j�éZV=^�[]U4V'QPí_èØì6TRV=^�V�éRThOgè�VÑí_^_OgQhè�[Lí_[fGJQ
G�ç'ç e ^_è
[fQ�í_TRV(ëhG�ì $hV'IÕ`�î  :[f^,ètí¡WZì}V�[]Q\ógV¡ètí_[fMPO�í�V(O9If[Õô e V�KÚOJçÊí_[fGJQñè�ThG\ç���V'j\éZO�Qh`�[]QRM9KN^_GgU!O
è�TRG�ç��9í e êÓV�[]QJí_G9O�Q�Ggêhè�V'^_ó�O�í_[fGJQbç,ThOgU�êÓV'^¡îhi QhG�í�ThV'^�ç'GgQ0$hM e ^,O�í�[]GgQbç�GJQhç�V=^�Qhè}í_TRV
ç�GgI]IÕO�éhè�VÅGgKZO�éhI]OgQhO�^:ê e êRêhIfV{QRV¡O�^&O ^_[fMJ[]`�ì}OgIfI�î�å{TRVÅítì}GËç'GgQ0$ZM e ^,O�í_[fGJQhèXOg^�V}è�TRG�ì6Q
[fQ  :[fM e ^_V �hî

å{TRV�Q e U4V'^_[Õç'O�Iúè�[fU e I]O�í�[]GgQhè}O�^_V�éÓV'^�KNGg^_U4V=`9ê\æ4í_TRV%è�GgI]ógV=^�>%?Ëi�S  @*#�6F W�è�V'V
+ �6AÎa � ��B54=6rî\å{TR[]è}[Õè�O $hQR[fí�V%ógGJI e U�V%è�GJIfóJV'^ÅKNGg^}êRIfG�ç�� ��ètí_^ e ç�í e ^_V=`4MJ^�[Õ`Rè=îJï�Q$V=Ogç,T
êRIfG�ç���ì}VñéÓV'^�KNGg^_U MJ^�[Õ` OJ`RO�é�í,O�í_[fGJQ ê\æòU4V¡O�QhèÁG�K�OÖU e Ifí�[Õè�ç=O�I]VHOgQhO�I]æ�è�[Õè'î{å{TRV
ç�GgQ\óJV=çÊí_[fóJVDë e j�V¡è%Og^�V�`�V�í_V'^_U4[fQRV¡`ñê\æ?è�GgI]ó\[fQRMbô e Ogè�[ '\GgQRV(`�[fU4V=Qhè�[]GgQZO�I �6[]V'U9O�QRQ
éR^�GJêRI]V'U9è6O�í{í�ThVÎç'V'I]I1[]QJí_V'^�KÚOgç'V=è=î ��V'^_VÎì�V e è�V%í�TRV1�6G\V7�6[]V'U9O�QhQbè�GgI]ógV=^{OJ`RO�éRí�V=`
í�G?^_V=OgIÅMJOJè'îØå{TRV$è�éhO�í_[]OgI�Ogç=ç e ^,Ogç'æñ[Õè
[]Qhç�^_V=OJè�V¡`ÈêPæ×O�I][fQhV=O�^¡WXU e Ifí�[Õ`�[fU4V=Qhè�[]GgQZO�I
^�V¡ç�GgQZètí_^ e ç�í�[]GgQ?GgKÑí�ThV�ç'GgQhè�V'^_ó�O�í�[]ógV�ó£Og^�[ÕO�êhIfV¡è'îÓï�QHGJ^_`RV'^ í_GbO£óJGg[Õ`�GJè_ç�[]I]I]O�í�[]GgQhè�[fQ
í�TRVÎó\[]ç'[fQh[Lítæ�GgKØI]G�ç'O�IúV'jPí_^�V=U9O�OgQh`$`R[]è_ç�GJQJí_[fQ e [fí�[]V=è=W�I][fU4[fí�V'^,è{ì6[fí�T�å{kËS éR^_GgéÓV'^�ítæ
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O�^_V e è�V=`�î�å{TRV�í�[]U�V%[]QJí_V'MJ^_O�í�[]GgQ9[ÕèÅéÓV'^�KNGg^_U4V=`9ê\æ9O�Q�V'j�éRIf[Õç�[fí{U e Ifí�[Õètí,O�MJV�� e QRMJV '
. e í�í,O�è_ç,TRV=U�VJî

Rigid Wall

Rigid Wall

Mn0 = 1.86

p0 = 321400 [Pa]

T0 = 430 [K]

u0 = 0 [m/s]

p2 = 1285600 [Pa]

T2 = 463 [K]

u2 = 148 [m/s]

�oO�����j�éhOgQh`�[]QRM�If[Õô e V�KÚOJçÊí�[]GgQ�è�TRG�ç��
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w
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y [m]
radius: 0.01 m
distance to wall: 0.0005m

pout = 5.73 * 107 N/m2

ρout = 200 kg/m3

Tout = 900 K

pin = 1.56*107

ρin = 200 kg/m3

Tin = 595K

�Nê�� &ÑIÕO�QhOg^}ê e êRêRI]V
ç�GJIfIÕO�éhè�V
� ��� � �
	 �Rî�ï�Qh[Lí_[]OgIXç�GJQ0$hM e ^_O�í�[]GgQhè=î

�HGJI � 	�� V�� ^f] R���R���V���] �H\XL �=V
	4N ]JR�� � � R 	#�
å{TRVbè�V�í�í�[]QRMñGgK í�Th[]è4ç�GJQ0$hM e ^_O�í�[]GgQÆ[Õè(è��gV'í_ç,TRV¡`Æ[]Q, :[fM e ^_V�� �oO���î&å{ThV$ë e []` e Q��
`�V'^ ç'GgQhè�[]`RV'^,O�í�[]GgQb[Õè}í�TRV
Th[fMJT���U4GJIfV¡ç e IÕO�^}ë e GJ^_ç=O�^_êZGJQ8 #�6
 ,�î�ï�Q�O4è�TRG�ç��9í e êÓV
GgK
^_OJ`�[ e è�� � B�: "�2&2ÁU O ��I][]ô e V'KÚOgç�í�[]GgQÆè�ThG\ç�� �b[Õè
MgV=QRV'^,O�í_V=`�î ��V'^_V4í�TRV$éR^�V��rè�TRG�ç��
ètí,O�í�V � � O�Qh`?í�TRV9éÓGJè�í:��è�TRG�ç���è�í_O�í�V � � O�^_V�ç,TRGPè�V=QHè e ç,T?í_ThO�íÎí_TRV'æñOg^�V�I]æP[]QRM�GgQí�TRV�è_O�U4V � e MgGJQR[]G�íÅç e ^�óJV6ì6TR[]ç,T�ç'^�GPè�è�V=è&êÓG�í_T9éRThOJè�V êÓG e Qh`RO�^_[]V=èÑç'GgQRQRV¡çÊí_[fQRMÎí_TRV
ètí,O�í�V � � []Q?í�ThV8(�ý�� ��ý ��ø
��	£ü'û4ê\æbí�TRV4è�í_O�í_V � � []Q�í_TRV8��	_øhö�ùËø��
	£ü'û'îúï�Q  :[fM e ^_V -�B
í�TRV�ì}O£óJV
ç e ^_ógV�O�Qh`�í�TRV([fQR[fí�[ÕO�I�è�í_O�í�V=èËO�^_V(è�TRG�ì6Q�[]Q?í�ThV ( � � ��`�[ÕO�Mg^,O�U�îhå{ThV�I][]ô&�
e V�KÚOJçÊí�[]GgQ�è�TRG�ç���[]è{^ e QRQh[fQRM�í_G(í_TRVD^_[fMJTJí6O�QZ`$[Õè6V�j�éhOgQh`�[]QRM�[fQPí�G�í_TRVDGgêhè�V'^_ó�O�í_[fGJQ
ç,ThO�U(êZV=^=î�å{TR[ÕèÎ^�V¡è e ILí,èË[]Q×Ob`R[ 9ú^_OJçÊí_[fGJQñG�K�í�TRV4éRIÕO�QZO�^Dè�ThG\ç���ì{O£ógVJîúïríÎTZOgè%êZV=V'Q
[fQ\ógV¡ètí_[fMPO�í_V=`�V�j�éÓV'^_[fU4V'QPí,O�I]IfæJWJè�V'V + å{TRG�� - 6rîJi�ç=ç�GJ^_`�[]QRMDí_G(Y\V¡çÊí�[]GgQ>4
ì�V�OgéRéRI]æ�í_TRV
ó£OgQ$`�V=^ÅF×OgO�IÕè ���ÎY(ì6[Lí_TÁa?O�j\ì}V'I]I�� èÑç'GgQhè�í�^ e ç�í�[]GgQ9éR^_[fQZç�[]éRIfVJîJå{TRV%ç�^_[Lí_[]ç=O�IZó£OgI e V=è
G�KÑí_TRV�ë e []`; @�6
�,�Og^�V��,c � B : B�B�-
!�\M $£U � W0*�c � ,�B�B�: ",-#.(W ( c � B : - ��B�
�� - B �
&�O�î

0 G�í,O�êRI]V KNV¡O�í e ^�V¡èÑGgK1í�TRVÎO�j�[Õè�æ\U4U4V�í_^�[Õç�W e Qhè�í�V=OJ`�æ�ëhG�ì O�^_V6í_TRV%è�í�^_GgQhM
ógGJ^�í_V�j
O�Qh`�í�TRV6&Å^_OgQh`\í�I���a�V'æJV'^XV'j�éhO�Qhè�[]GgQ(ç,TZO�^,OgçÊí_V'^_[]è�í�[Õç'è=î=i�Q([]QPí�V=^�QhOgI�è�TRG�ç��DGJ^�[]Mg[]QhO�í_V=è
QRV=Og^�í_TRV$óJGg^�í�V�jÆç�V=QPí�V'^¡î&å{TR[]è�[Õè(`RV'éR[ÕçÊí_V=`�[]Q� :[]M e ^_V - ,�î&å{TRVÁè�í�^ e çÊí e ^_V$G�K6í_TRV
V�j\í�^_V'U4V�V�j�éhOgQhè�[fGJQÖKÚOgQð[]è9^_V�KNV=^�^_V=`Öí�G�OJè4í�ThV ��a?OJç,TÖí_^ e U�éÓV�í �RW}è�V=V�+ å{TRG���-�6rî
å{TRV6U9O�[]Q�ç�GgU4éR^_V=è_è�[fGJQ(è�TRG�ç��
KNGg^_U9è&í�ThV{KN^�GJQJíÑGgKZí_TRV6í_^ e U4éÓV�íÅì6ThV'^_V=Ogè:í_TRV�è�[]`RV=è
O�^_V(KNGJ^�U4V¡`Hê\æÈO�^_Og^�V'KÚOgçÊí_[fGJQHè�TRG�ç��úîXå{TRV9^,O�^_V�KÚOgç�í�[]GgQ×è�ThG\ç��ñ[]èDGgK�í_TRV�U4[fjPí e ^_V�
V'ó�O�éÓGg^,O�í_[fGJQËítæ\éÓVgî=ïríØ[ÕèXOgè_è�G\ç'[]O�í�V¡` í_G6í�TRV �\[fQ
�%G�K\í_TRVÑ[Õè�V=QJí_^�GJéZV¡è1O�íXí�TRV}è�O�í e ^,O�í_V=` �
ó£OgéZGJ^XêÓG e QZ`RO�^_ægî¡åXGËó£OgIf[Õ`RO�í�V�í_TR[]èØì}VÅV�j\í_^_OJçÊíØ`RO�í_O OgIfGJQRM�O6éZO�^�í�[Õç�I]VÅéhO�í�T
ç�^_GJè_è�[fQRM
í�TRV�è�TRG�ç��$KN^�GJQJí%O�Qh`�éh^�G5<tV=çÊí6í_TRV(ç'Gg^_^�V¡è�éÓGgQZ`�[fQhM4è�í_O�í�V¡è []Q�í�TRV ( � �b`�[]OgMg^,O�U�Whè�V'V
 Ø[]M e ^�V�-4-gî\å{TRV%ètí_^�V¡O�U4If[]QRVË[]è{`�V=éR[]ç�í�V¡`9KN^_GgU  :[fM e ^�V�- ,RîJï�QbOg`R`�[fí�[]GgQXWJì}V�éR^_V=è�V'QPí
[fQ; Ø[]M e ^�VM-��9í_TRV4`�[ 9úV'^_V'QPíÎ^�V=Mg[]GgQhè�[fQñí�TRV(ëhG�ì $hV=I]`ñì6TRV'^_V
í_TRV(ë e [Õ` e Qh`RV'^_MgG\V=è
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FHV%ç�GgQZè�[Õ`�V'^�O�ç�æ\I][fQZ`�^�[Õç'OgIRê e êhêRIfV�$hI]IfV¡`9ì6[Lí_T�ì{O�í�V=^�è�í�V¡O�U è e ^_^_G e Qh`RV=`�ê\æ�ì{O�í_V'^
QRV=Og^}O(éRIÕO�QhOg^}è�GgI][]`�ì}OgIfI�î�å{TRVËì{O�í_V'^}[]è{O�í}TR[]MgTÁéR^_V=è_è e ^_V�OgQh`�TR[]MgT$í�V=U�éÓV'^,O�í e ^_Vgî
å{TRV�ë e [Õ`�[]Qhè�[Õ`�V�í_TRV?ê e êhêRIfVñ[]èÁO�í�I]G�ì éR^_V=è_è e ^�V �ÚêZV=IfG�ì+ó�O�éÓGg^9éR^_V=è_è e ^�V �4O�Qh`
IfG�ì}V'^Ëí�V=U�éÓV'^,O�í e ^_V4ç'Gg^_^�V¡è�éÓGgQZ`�[fQhM�í�G�ì}V�í
è�í�V=OgU�W�[oî Vgî]Wúí�TRV9è�í_O�í�V4If[]V=èÎ[]Qhè�[]`RV(í_TRV
U�[fj\í e ^_VÈ^�V=Mg[]GgQ1î/��Ggí�T#ètí,O�í�V¡èÁOg^�VHO�í�ç�GgQZètí,O�QPíÁóJGgI e U4Vgî{å{TR[]è�ç'GgQ0$hM e ^,O�í�[]GgQð[Õè
è:�JV�í_ç,ThV=`�[]Q  :[fM e ^�V�� �Nê���î/��V'^_V�í�ThV?ë e [Õ`ðì{O�í_V'^�[Õè$U4G�`�V=IfV¡`ðê\æÖí_TRVñó�O�Q `RV'^
FÈOJO�IÕè ���ÎY�O�éRéhIfæ\[]QRMÁa?O�j�ì�V=IfI�� èËç�GJQhètí_^ e çÊí�[]GgQñéR^�[]Qhç'[féRI]V�U4G�`�V=If[]QRMÁí�TRV�U4[Lj\í e ^�V
^�V=Mg[]GgQ1î&å{TRV�ç�^_[Lí_[]ç=O�I}ó£OgI e V=è�O�^_V ��c � B : B�B�- 2�B�- �8�\M $�U���W *�c � � C0
9: C .4W ( c �
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G e ítì{O�^,`�^ e QRQR[]QRM�^_Og^�V'KÚOgç�í�[]GgQ�ì{O£ógV4O�Qh`HOÁç'GgQPí_OJçÊíD`�[]è_ç�GJQPí�[]Q e [LítæJîúå{ThV�G e ítì{O�^,`
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`�^�GJé4êZV=TR[fQZ`�í�TRV ^_V�ëZV=çÊí_V=`�^,O�^_V�KÚOgç�í�[]GgQ�ì}O£óJV}í�TRV6ë e []`4[ÕèÅOJç'ç'V'I]V'^,O�í�V¡`
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è e ^�KÚOgç'V�[Õè(`�V'KNGg^_U4V=`�W&è�V=V8 :[]M e ^_V - 
+�Úç ��' �ÚT��Êî�Y\[]Qhç�VÁí�ThVÁOgç'G e è�í�[Õç9[]U4éZV¡`RO�Qhç'VÁ[Õè
O�êÓG e í{í�Th^�V=V�í_[fU4V=è TR[fMJTRV'^{[]Q$í_TRVÎì}O�í�V=^}éhThOgè�V�í_ThO�Qb[]Q$í_TRVDì�V'í{è�í�V¡O�U éhThOgè�V�í_TRV
^_Og^�V'KÚOgçÊí_[fGJQ$ì{O£ógVÎ[Õè6^ e QRQR[]QRM�KÚOgè�í�V'^ í�ThOgQÁí_TRV
è�TRG�ç���ì}O£óJVgîRi}í6í_[fU4V�� � - 4�: �54
�1è
í�TRV}[fQ\ì{O�^,`D^ e QRQR[]QRMÎè�TRG�ç��ÎThOJèX^_V=OJç,TRV=`Îí_TRV{ç�V'QPí_V'^&G�K�í_TRV{ê e êRêRI]V{O�Qh`�[]è:^_V�ëhV¡çÊí�V¡`�W
è�V=V  :[]M e ^_V - 
 �NM;�ÊW��NT)�Êî �}V'Th[fQh`Hí_TRV9è�TRG�ç���í_TRV9éR^_V=è_è e ^_V�[fQhç'^�V¡Ogè�V=èÎO�êÓG�ógV(ó�O�éÓGg^
éR^�V¡è�è e ^_V$O�QZ`×í�TRVÁì�V'í�è�í�V¡O�U ó�O�éÓGg^_[��=V=è=îØå{TRVÁ^�V'ëhV=ç�í�V=`Öè�TRG�ç��×ì{O£ógV9[Õè�^ e QRQR[]QRM
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G�ógV'^}í_TRVDç�GgQPí,OgçÊí `�[Õè_ç�GgQPí_[fQ e [fítægWRè�V'V1 :[fM e ^_V�-
��Ú[ ��W�� < ��WhO�QZ`$í_TRV%ë e [Õ`bêZV=TR[fQZ`$í_TRV
è�TRG�ç��([]è�Ogç'ç'V'I]V'^,O�í_V=`�[fQ9G e ítì{O�^,`�`R[f^_V=ç�í�[]GgQ1îgå{ThV'^_V�KNGg^_V6U9Ogè_èÑ[Õè�í_^_OgQhè�éÓGg^�í�V¡`4O£ì}O£æ
KN^�GJU�í�ThV�ê e êRêhIfVbç�V'QPí_V'^�OgQh`×O�IfG�ì2éR^_V=è_è e ^_V4^�V=Mg[]GgQÆ`�V=ógV'I]GgéZèÎQRV=Og^Dí�TRV$ê e êRêRI]V
ç�V'QPí_V'^¡WJè�V'V  :[]M e ^_V - 
/� ���ÊW �NI �Êî\i}íÅí�[]U4V � � "52�: 4�B �1èÑéZO�^�í_è�GgK�í�TRV ^_V�ëZV=çÊí_V=`9è�TRG�ç��
O�^_V�^_V�ëZV=çÊí_V=`ÈO�íÎí�ThV9ì}OgIfI�î1S e V4í�Gbí�TRV�ç e ^_ógV=`Èè�TRG�ç���KN^�GJQJíÎí_TRV�O�QRMJIfV9ç'GgQh`�[fí�[]GgQ
[]è%ó\[fGJI]O�í�V¡`?O�Qh`1WÓThV'Qhç'VgWúOÁa?OJç,Tñè�í_O�U![Õè%`�V'óJV'I]GgéR[]QRMhîúå{TRV4a?Ogç,THètí_V'U!êÓV=ç�GJU4V=è
ètí_^�GJQRMgV=^6ì6[Lí_T?[fQZç�^_V=Ogè�[]QRM4í�[]U4V�éR^_GgéhOgMJO�í�[]QRM9O£ì}O£æ9KN^_GgU í�ThV(è�æPU4U4V�í_^�æÁIf[]QRVJWÓè�V'V
 Ø[]M e ^�V�-
 � ����' �N^ �Êîhi�MJO�[]Q�í�ThV
^�V'ëhV=ç�í�V¡`bè�TRG�ç��$ì{O£ógVÎ[Õè6^ e QRQR[]QRM9G�ógV=^{í�TRV�ê e êRêRI]V
O�Qh`
í�TRV{U9Ogè_èXêÓV'Th[fQh`�í�ThV}ì{O£ógV�Ogç'ç'V'I]V'^,O�í_V=`D[]Q
í_TRV6`�[f^_V=ç�í�[]GgQ(G�KRí_TRV�U4G�ó\[]QRMËè�TRG�ç��
KN^�GJQJí¡î�å{TRV'^_V�KNGJ^�VËí�TRV%ë e []`Á[]è6OJç'ç'V'I]V'^,O�í�V¡`�O£ì{O£æ�KN^_GgU í_TRVÎì}OgIfIúì6TR[Õç,T$I]V=OJ`Rè�í�G9O�Q
Og`R`�[fí�[]GgQZO�I�`�V'KNGg^_U9O�í�[]GgQòG�K%í�ThV�ê e êRêRI]Vñè�ThO�éÓV�ç�GJU�éÓV'QZè�O�í�[]QRM×KNGg^4í_TRV?éR^_V'ó\[]G e è
`�V�KNGJ^�U9O�í_[fGJQ1î  Ø[]QhOgIfI]ægWúí_TRV(ê e êRêRI]V9è�ThOgéZV�êÓV=ç�GJU4V=èÎO�I]U4GJè�íÎè�æ\U�U4V'í�^_[]ç(O�MJOg[fQXîZï�Q
éhO�^�í�[Õç e IÕO�^¡W\í�ThVDê e êRêRI]V�`�G\V¡è6QRG�í []QPí�V=^_OJçÊí6ì6[Lí_T�í�TRVDì{O�I]IXOgQh`bì�VD`�G9QRGgí Ggêhè�V'^_ógV
O�ç'GgI]I]Ogéhè�V%GgKXí_TRVDê e êRêhIfVJî
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