
HAL Id: tel-00345711
https://theses.hal.science/tel-00345711v3

Submitted on 24 Apr 2012

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

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Contribution à la simulation numérique des transferts de
chaleur par conduction, rayonnement et convection

thermosolutale dans des cavités
Najma Hidani Laaroussi

To cite this version:
Najma Hidani Laaroussi. Contribution à la simulation numérique des transferts de chaleur par conduc-
tion, rayonnement et convection thermosolutale dans des cavités. Autre [cond-mat.other]. Université
Paris-Est, 2008. Français. �NNT : 2008PEST0219�. �tel-00345711v3�

https://theses.hal.science/tel-00345711v3
https://hal.archives-ouvertes.fr


���������
	������������������������
 "!$#%!$&('*),+.-,/0)1-12435-7698;:<8�=>+.?,@A-

B�C"D4EGF
H�I*JLK�INMGO,P�QLRSKUTVP;WNK,XZYLP;YLP

[ I]\^O,P�JGK_YGP<T�` � QLRVa*P�KcbdRVOde ��f"g_h
E0i>F4E]B

'ZjLk1),+98�6l+l=Aknm0o�/0-,@>pqk,=>+.rZs0-_-,=ut7k,/5+.-_35-12wv�@Ax*)1k135k12
oy)1xz6.-_35x*),=Axz@
8�6.-nm5{�/N|�xz@>:<8�=>+.xz/~}]��xz:;:�s5/5+.)�8�=>+.xz/~}L��x*35k,6l+.2
8�=>+.xz/~}]'Z+l:�s5698�=>+.xz/���oy��/

◦ ���N�^�

j5@Ak12A-,/Z=Ak1-_-,=w2Axzs5=A-,/Zs0-�j5s5�56l+.rZs0-,:n-,/�=uj�8�@
���G���������������������� 

6.- ��¡u¢ s5+l/�£ ¡�¡�¤

¥§¦©¨;ªz«L¬�"®�ª�¬1¦�¨°¯²±d³²´]¬
µ¶®�±d³7ª�¬�¦©¨·¨¸®wµ¶¹º«G¬�»�®7¼¾½"¼~´¿ªz«~³%¨�´]Àz¼º«Áª�´¿½�¼
ÂNÃ ³�±1¼%®%«ÅÄÆ³�« Â ¦�¨<½¸® Â ª�¬1¦�¨¸Ç;«È³ÈÉ_¦�¨�¨¸¼Èµ¶¼~¨;ªÅ¼©ª Â ¦©¨<Ê©¼ Â ª�¬1¦©¨ª Ã ¼º«ºµ¶¦©´È¦©±z®�ªZ³�±1¼Ë½_³�¨�´¿½�¼~´ Â ³4Ê©¬^ªN¹~´�Ì

��-,:��5@A-1243Ns ¢ s5@>Í�m

tÎ!5Ï%xz/5/0-,= v�@Ax�|Ð-12A2A-,s5@  u/5+lÑG!5�Ò8�@>/0-U698"Ó©8�6l6.k1- oÁÔ08�:;+l/�8�=A-,s5@
Ï�!�t7s0-,@>@>+.-,@ ��+l@�!035-7@A-1)AÕ0-,@A)
Õ0- ��Ö�&�' &�8�j5jGxz@>=A-,s5@
#�!5��xz/0)AÕ0xzsNÔ v�@Ax�|Ð-12A2A-,s5@  u/5+lÑG!5×�xzs56.xzs02A- oÁÔ08�:;+l/�8�=A-,s5@
tÎ!5ØÈ8�s5@>+98�= v�@Ax�|Ð-12A2A-,s5@  u/5+lÑG!5�Ò8�@>/0-U698"Ó©8�6l6.k1- ��+l@A-1),=A-,s5@u35-7=>Õ0?12
-
#�!5vÙ-,/0xz= ��+l@�!035-7@A-1)AÕ0-,@A)
Õ0- ��Ö�&�' &�8�j5jGxz@>=A-,s5@
Ú"!5Öu+.)1xz698z2 ��!535-�)1xz/N|�k,@A-,/0)1-  u/5+lÑG!5�Ò8�@>/0-U698"Ó©8�6l6.k1- {�/�Ñ*+l=Ak





���������
	������	�������������	����������	������� ��!"�
	�#��$&%�$"�&���"�'�(��)�$
�*���+%�$&,.-��'�/$00�213���&,4�'�5%3�,6��	/�'��7
�
�"8(�'�(��$
��$
���9$��9,4����:0$;,*��	����<��-�$"�
���6�=����>���'��$�%?�'�(�@%�$"�&,"��:0	A�B!
�4C

D&E;F�G�HIE�J�Ø�K$xz� ¢ -1),=>+ |�35-4)1-,=>=A-u=>Õ0?12A-�-12>=�35-�)1xz/�=>@>+l�5s0-,@ML�698_2>+l:�s5698�=>+.xz/ /�s5:nk,@>+.rZs0-�35-12�=>@
8�/02�|Ð-,@>=A235-U)AÕ�8�6.-,s5@4j�8�@w)1xz/03Ns0),=>+.xz/ 308�/02�6.-12�j�8�@Axz+.2�}Nj�8�@�@
8�Íqxz/5/0-,:n-,/�=�-,=�j�8�@w)1xz/�Ñq-1),=>+.xz/ =>Õ0-,@>:nx�2
xz6ls5=
8�6.-
308�/02_35-12_)�81Ñ*+l=Ak12U|Ð-,@>:nk1-12_xzs 308�/02�35-12�)1xz/03Ns5+l=A-12�!~�U8�/02�698Æj56ls5j�8�@>=_35-12_)�8z2Uj5@
8�=>+.rZs0-12�}º6.-12_=>@Axz+.2
:nx*35-12U35-�=>@
8�/02>|�-,@>=U35-Î)AÕ�8�6.-,s5@_2
xz/�=7|Ðxz@>=A-,:n-,/�=�)1xzs5j56.k12U6.xz@A2ArZs0-"6.-2N0s5+.35-"-,/�:nxzs5Ñq-,:n-,/Z=_-12>=7s5/
:nk,698�/5pq-_35-7p�8"Oq!
Ø~-u=>@
8�/02�|Ð-,@>=�35-�)AÕ�8�6.-,s5@%j�8�@%)1xz/�Ñq-1),=>+.xz/Æ/�8�=>s5@A-,6l6.-U8z2A2Ax*),+.kPL�698_)1xz/035-,/02
8�=>+.xz/Æ2>s5@�| 8z),+.rZs0-u308�/02�s5/0-
)�81Ñ*+l=AkQL"35-,sNÔ 3N+l:n-,/02>+.xz/02^}N@A-,:;j56l+.-U3?K 8�+l@�Õ�s5:;+.35-�8"k,=AkUk,=>s03N+.k�/�s5:nk,@>+.rZs0-,:n-,/�=�!GØ~-12%j�8�@Axz+.2%Ñq-,@>=>+SR
)�8�6.-12�}]3?K$k,j�8�+.2A2A-,s5@PT0/5+.-�}�2Axz/Z=u-,/�)1xz/Z=
8z),=�81Ñq-1)�s5/0-�8�:_�5+98�/0)1-"-dÔN=Ak,@>+.-,s5@A-�|�@Axz+.35-�!]Ø�8;:nx*35k,6l+.2
8�=>+.xz/
| 8�+l�56.-,:n-,/�=<)1xz:;j5@A-12A2A+l�56.-ÆjG-,@>:n-,=+L�698 |Ðxz+.2;35- =A-,/5+l@<)1xz:;j5=A-Æ35- 698Ò3N+l:;+l/�s5=>+.xz/ 35- 698�:<8z2A2A-Æ3Ns
:nk,698�/5pq-Î-,=u35-�698nj5@A-12
2>+.xz/�=>Õ0-,@>:nx*3NÍ*/�8�:;+.r�s0-�!LØ~-12uÑz8�@>+98�=>+.xz/02�=A-,:;jLxz@A-,6l6.-12U35-12u)
Õ�8�:;j02U35-�|Ðxz/0)BR
=>+.xz/�35-<)1xzs5@
8�/�=�}Ùj5@A-12A2A+.xz/~}~=A-,:;jLk,@
8�=>s5@A- -,=_|S@
8z),=>+.xz/02�:<8z2A2>+.rZs0-12"2Axz/�=Îk,=>s03N+.k1-12_jLxzs5@Î3N+SULk,@A-,/Z=A-12
)1xz/03N+l=>+.xz/0243?K ÕZs5:;+.3N+l=Ak_+l/5+l=>+98�6.-�!
o�p�8�6.-,:n-,/Z=�}~s5/0-;k,=>s035-;35-Î698 )1xz/�Ñq-1),=>+.xz/ :;+ Ô*=A-n8z2A2
xZ),+.k1-VL¸6/K$k,Ñz8�jLxz@
8�=>+.xz/ 3?K s5/WT06l: 6l+.rZs5+.35-Î@>s5+.2�R
2A-,698�/Z=�2>s5@76.-12U35-,sNÔ�j�8�@Axz+.2U3?K s5/ )�8�/�8�6�Ñq-,@>=>+.)�8�6©8 k,=Ak":n-,/0k1-�!ºØ~-12�-BUº-,=A2U35-12�|Ðxz@A)1-12U3?KYX4@A)
Õ5+l:n?135-
=>Õ0-,@>:;+.rZs0-�-,=�2Axz6ls5=
8�6.-�2>s5@�6.-735k,Ñq-,6.xzj5jG-,:n-,/Z=w35-u6/K$k1)1xzs56.-,:n-,/Z=wxz/�=�k,=Ak�:nxz/�=>@Ak12�!NØ~-12�@Ak12>s56l=
8�=A2�xz/Z=
k,=Ak�xz�5=A-,/�s02�-,/n)1xz/02>+.35k,@
8�/�=�r�s0-%6.-12Áj5@Axzj5@>+.k,=Ak12�3Ns;:nk,698�/5pq-w2Axz/�=y)1xz/02A=
8�/�=A-12©xzs;��8z2
k1-12y2>s5@Á698�@A?,p�6.-
3?K s5/Æ=>+.-,@A2�!5�7-,sNÔ :nk,698�/5pq-12��5+l/�8�+l@A-12435-7p�8"OUj�8�@�| 8�+l=A248�+l@�R Ñ�8�jG-,s5@w-,=48�+l@�R Õ0-dÔ08�/0-�xz/�=wk,=AkU)1xz/02A+.35k,@Ak12
-,/�Ñq-,@>=>s 35-U3N+lÑq-,@A2
-124)1xz/03N+l=>+.xz/02u8�sNÔ 6l+l:;+l=A-12�!

Z<[�\.F^];_`E;F m1)1xzs5j5698�pq-©)1xz/�Ñq-1),=>+.xz/�/�8�=>s5@A-,6l6.-BR @
81Íqxz/5/0-,:n-,/Z=�}�)1xz/�Ñq-1),=>+.xz/"=>Õ0-,@>:nx�2Axz6ls5=
8�6.-�}^)1xz/035-,/�R
2
8�=>+.xz/~}0k,Ñ�8�jLxz@
8�=>+.xz/~}0)1xz/035-,/02
8�=>+.xz/�2As5@�|Ð8z),+.rZs0-�}0)�81Ñ*+l=Ak7|Ð-,@>:nk1-�}0)�8�/�8�6~Ñq-,@>=>+.)�8�6 !

+



���������
	������	���� �B� ��-�$ �� ��$
�"	�,"�'� ��	��� �`����	��'� ��)2-5$=�������
�'��� )�$"���;8 ,4�'�5%3�,6��	/�'��7 �
� %?	�� �
��	���� �'�5% ��-5$
�"���6�
�'��>���'�M,4����:0$;,*��	��'� 	�� ,"�0:0	 ��	�$"� C

D � F�G�H � J~×%Õ0-�j5s5@>jLx�2A-�x�|Á=>Õ5+.24=>Õ0-12>+.2w+.2w=>Õ0-_)1xz/Z=>@>+l�5s5=>+.xz/�=Axn=>Õ0-�/�s5:n-,@>+.)�8�6Á2>+l:�s5698�=>+.xz/�x�|ÁÕ0-�8�=
=>@
8�/02�|Ð-,@���Í )1xz/03Ns0),=>+.xz/~}0@
8z3N+98�=>+.xz/�8�/03 =>Õ0-,@>:nx�2
xz6ls5=
8�6È)1xz/�Ñq-1),=>+.xz/�+l/ 8Î),6.x�2A-13Æ)�81Ñ*+l=ÍÆxz@�+l/ 8�Ñq-,@�R
=>+.)�8�6y)AÕ�8�/5/0-,6 !È{/Ò:nx�2>=7j5@
8z),=>+.)�8�6©)�8z2A-12^}]=>Õ0-Î=>Õ5@A-1-Î:nx*35-12Ux�|�Õ0-�8�=U=>@
8�/02>|�-,@�8�@A-;2>=>@Axz/5p�6lÍÒ)1xzs5j56.-13
� Õ0-,/�=>Õ0- N0s5+.3�+l/Æ:nxz=>+.xz/�+.248Î:;+ ÔN=>s5@A-�x�|Áp�8z2A-12�!
��-�8�=U=>@
8�/02�|�-,@7�ZÍ�/�8�=>s5@
8�6y)1xz/ZÑq-1),=>+.xz/�8�/03�2>s5@�| 8z)1-Î)1xz/035-,/02
8�=>+.xz/ +l/�= � x"R3N+l:n-,/02>+.xz/�8�6�-,/0),6.x�2As5@A-12+l/ )1xz/�=
8z),= � +l=>Õ�8�)1xz6.3 -dÔ*=A-,@>/�8�6º8�:_�5+.-,/Z=�=>Õ5@Axzs5p�Õ�8 � 8�6l6Lx�|?T0/5+l=A-u=>Õ5+.)��*/0-12A2 � 8z2�2A=>s03N+.-13</Zs5:n-,@>+SR)�8�6l6lÍq!*'ZjL-1),+98�6]8�=>=A-,/Z=>+.xz/ � 8z2�p�+lÑq-,/<xz/n=>Õ0-w:nxZ35-,6l+l/5p"x�|G=>Õ0- N�x � x�|È8��5+l/�8�@>ÍÎ:;+ Ô*=>s5@A-u)1xz/02>+.2>=>+l/5p_x�|
Õ�s5:;+.3Æ8�+l@�!NØ~x � R��8z)
ÕÆ/�s5:_�L-,@48z2A2>s5:;j5=>+.xz/ � 8z2�+l/Z=>@AxZ3Ns0)1-13 +l/ xz@A35-,@%=Ax"8z)1)1xzs5/Z=�|�xz@%35-1),@A-�8z2A-12%+l/:;+ ÔN=>s5@A-w:<8z2A2%8�/03¸8�Ñq-,@
8�pq-uj5@A-12
2>s5@A- � +l=>Õ5+l/¸=>Õ0-u-,/0),6.x�2>s5@A-4�G-,= � -1-,/ =>Õ0-w+l/5+l=>+98�6º8�/03<2A=A-�8z3NÍn2>=
8�=A-12�!×%Õ0-u=>+l:n-BR Ñz8�@>+98�=>+.xz/02wx�|~=>Õ0-72>=>@A-�8�: |�s5/0),=>+.xz/~}Z:n-�8�/ j5@A-12A2>s5@A-�}*=A-,:;jL-,@
8�=>s5@A-U8�/03 � 8�=A-,@�Ñz8�jLxz@�8z2�8|�s5/0),=>+.xz/ x�|Ù=>+l:n-�8z)1)1xz@A3N+l/5p<=AxÎÑ�8�@>+.xzs02wÑ�8�6ls0-12wx�|Ù=>Õ0-�+l/5+l=>+98�6~@A-,698�=>+lÑq-UÕ�s5:;+.3N+l=�Í 8�@A-�2>=>s03N+.-13º!
Xu6.2Ax5}�87/Zs5:n-,@>+.)�8�6]+l/ZÑq-12>=>+lp�8�=>+.xz/ � 8z2©)1xz/03Ns0),=A-13¸=Ax�2>=>s03NÍÎ:;+ Ô5-13<)1xz/ZÑq-1),=>+.xz/¸+l/ 87Ñq-,@>=>+.)�8�6])
Õ�8�/5/0-,6
� +l=>Õ�-,Ñz8�jLxz@
8�=>+.xz/ x�|©=>Õ5+l/�6l+.rZs5+.3�T06l:n2Uxz/ � -,=>=A-13 � 8�6l6.2�!º×%Õ0-Î-BUº-1),=A2Ux�|©=>Õ0-"=>Õ0-,@>:<8�6©8�/03Ò2Axz6ls5=
8�6�5s0x�Í�8�/0),Í"|Ðxz@A)1-12�xz/;=>Õ0- N�x � T�-,6.3º}�Õ0-�8�=©8�/03Î:<8z2
2Á=>@
8�/02�|�-,@y8�@A-%+l6l6ls02>=>@
8�=A-13º!�&4-12>s56l=A2 � -,@A-wxz�5=
8�+l/0-13�Lxz=>Õ |Ðxz@_Ñ�8�@>+98��56.- 8�/03 |�xz@")1xz/02>=
8�/�="j5@AxzjG-,@>=>+.-12"s02>+l/5p�=>Õ0-¸xz/0-BR =>Õ5+l@A3 @>s56.-�!�X4+l@�R � 8�=A-,@"Ñ�8�jLxz@�8�/038�+l@�R Õ0-dÔ08�/0-ÆÑz8�jLxz@Î:;+ Ô*=>s5@A-12^}y8z2A2>s5:n-13 8z2;+.35-�8�6�p�8z2A-12^}Á8�@A-Æ)1xz/02A+.35-,@A-13§s5/035-,@nÑ�8�@>+.xzs02Î�Gxzs5/0308�@>Í
)1xz/03N+l=>+.xz/02�!

� �	��
 [���(F m~��xzs5j56.-13Ò/�8�=>s5@
8�6y)1xz/�Ñq-1),=>+.xz/�R @
8z3N+98�=>+.xz/~}È=>Õ0-,@>:nx�2Axz6ls5=
8�6.-n)1xz/�Ñq-1),=>+.xz/~}È)1xz/035-,/02
8 R=>+.xz/~}0-,Ñ�8�jGxz@
8�=>+.xz/~}�2>s5@�|Ð8z)1-_)1xz/035-,/02
8�=>+.xz/~}�),6.x�2A-13Æ)�8�ÑZ+l=�Í }NÑq-,@>=>+.)�8�6È)AÕ�8�/5/0-,6 !

+l+



� ������� �	��
 � �����������


� �"E��0H���G(_ � �

� ��� �"!$#&%�� '

(*) \ � [���G(]=\,+`[-) .

� /10 G2��\,+`[3)�F � � ]4[3)�F � �546��\,+`[3) �-�
� ! � ��x*35k,6l+.2
8�=>+.xz/ !�!U!�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ���

� ! � ! � �4Í*jGxz=>Õ0?12
-12 !_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ���
� ! � ! £ oyr�s�8�=>+.xz/02u35-U)1xz/02A-,@>Ñ�8�=>+.xz/Ë!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ���
� ! � ! � X4j5j5@Ax�Ô*+l:<8�=>+.xz/�35-UÏ�xzs02
2>+l/0-12Ar !U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � £
� ! � ! � oy)1xzs56.-,:n-,/�=�L�|Ð8�+l�56.-�/0xz:_�5@A-�35-��Ò8z)AÕÅ!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ���

� ! £ ×~@
8�/02�|Ð-,@>=4@
8z3N+98�=>+ | !�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,�
� ! £N! � ��k,=>Õ0x*35-U35-12w@
8z3N+.x�2>+l=Ak12 !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �87
� ! £N! £ Ø~-12w�:9�� xzs :nk,=>Õ0xZ35-�35-124xz@A35xz/5/0k1-12u3N+.2A),@A?,=A-12<!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �8;

� ! � ��xz/03N+l=>+.xz/�8�sNÔÆ6l+l:;+l=A-12�m0)1xzs5j5698�pq-U@
8�Íqxz/5/0-,:n-,/�=U)1xz/�Ñq-1),=>+.xz/ !U!�!U!�!_!U!�!U!�!U!�! �,<
� ! � &4k12Axz6ls5=>+.xz/�/Zs5:nk,@>+.r�s0- !�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¤

� ! � ! � �u+.2
),@Ak,=>+.2
8�=>+.xz/ 35-12wk1rZs�8�=>+.xz/02435-�)1xz/02
-,@>Ñz8�=>+.xz/ !_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ ¡
� ! � ! £ '*)AÕ0k,:<8n3?K +l/Z=A-,@>jGxz698�=>+.xz/�!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ �
� ! � ! � '*)AÕ0k,:<8n)1-,/Z=>@Ak�3Ns 2A-1)1xz/036Rxz@A3N@A- !�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £�£
� ! � ! � '*)AÕ0k,:<8<8�:nxz/Z=43Ns 2A-1)1xz/03 xz@A3N@A-¾!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ �
� ! � ! 7 '*)AÕ0k,:<8>=� �{>�@? !�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ �
� ! � ! ; ��xzs5j5698�pq-UÑZ+l=A-12
2A-BR j5@A-12A2>+.xz/ !U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ 7
� ! � ! < &4k12>+.3Ns02Um0vÁ8�@
8�:n?,=>@A-_35-_)1xz/�=>@BAz6.-_35-7698n)1xz/�Ñq-,@>pq-,/0)1- !U!�!U!�!_!U!�!U!�!U!�! £ <
� ! � ! ¤ '*xzs02�R @A-,698�Ô58�=>+.xz/ !�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ ¤
� ! � !DC ×È-,@>:n-1242
xzs5@A)1-12¾!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ ¤

+l+l+



���������
	�������������������

� ! 7 ��k,=>Õ0x*35-U/�s5:nk,@>+.rZs0-_35-�@Ak12Axz6ls5=>+.xz/�=A-,:;jLxz@A-,6l6.-_!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ ¤
� ! 7 ! � &4k12Axz6ls5=>+.xz/�35k1)1xzs5j56.k1-_+l:;j56l+.),+l=A-U!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! £ ¤
� ! 7 ! £ &4k12Axz6ls5=>+.xz/�)1xzs5j56.k1-BR-dÔNj56l+.),+l=A- !_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �N�
� ! 7 ! � '*)AÕ0k,:<8;=A-,:;jLxz@A-,6~/0xz/�R +l=Ak,@
8�=>+ |4��Ö�{�×(X � !�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �N�

� � �0_ + � ��\,+`[-) ���

£N! � Ó©8�6l+.308�=>+.xz/�3Ns�:nx*35?,6.-�Ï%xzs02A2>+l/0-12Ar -,/Æ@Ak,p�+l:n-�2>=
8�=>+.xz/5/�8�+l@A- !�!U!�!U!�!_!U!�!U!�!U!�! ���
£N! � ! � �%81Ñ*+l=Ak�)�8�@>@Ak1-

A = 1
!U!�!�!U!�!U!�!U!_!�!U!�!U!�!U!�!_!U!�!U!�!�!U!�!U!_!U!�! ���

£N! � ! £ �%81Ñ*+l=AkU@A-1),=
8�/5p�s5698�+l@A-
A > 1

!�!U!�!U!_!�!U!�!U!�!U!�!_!U!�!U!�!�!U!�!U!_!U!�! �"7
£N! £ ��xz/�Ñq-1),=>+.xz/�/�8�=>s5@A-,6l6.-_308�/02�s5/0-�)�8�ÑZ+l=Ak_),s5�5+.r�s0-°!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �$<

£N! £N! � � =>s035-�35-U:<8�+l6l698�pq- !�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �$<
£N! £N! £ o�=>s035-_35-U698n)1xz/�Ñq-1),=>+.xz/�/�8�=>s5@A-,6l6.-_jLxzs5@43N+SUºk,@A-,/�=A-12uÑz8�6.-,s5@A2u3Ns�/0xz:_�5@A-"35-

&u81Í*6.-,+lp�Õ !U!�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¤
£N! � Ó©8�6l+.308�=>+.xz/�3Ns�:nx*35?,6.-�Ï%xzs02A2>+l/0-12Ar -,/Æ@Ak,p�+l:n-U=>@
8�/02>+l=Axz+l@A- !�!�!U!�!U!�!_!U!�!U!�!U!�! ��¡

£N! � ! � �%81Ñ*+l=Ak�)�8�@>@Ak1-
A = 1

!U!�!�!U!�!U!�!U!_!�!U!�!U!�!U!�!_!U!�!U!�!�!U!�!U!_!U!�! ��¡
£N! � ! £ �%81Ñ*+l=AkU@A-1),=
8�/5p�s5698�+l@A- !U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � £

£N! � Ó©8�6l+.308�=>+.xz/�3Ns�:nx*35?,6.-7| 8�+l�56.-U��8z)
ÕÅ!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��7
£N! � ! � v�@A-,:;+.?,@A-�Ñ�8�6l+.308�=>+.xz/ !�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��7

��8�+l6l698�pq-�-,=wxzj5=>+.xz/02u35-�)�8�6.),s56.2�!�!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � <
��xz:;j�8�@
8�+.2Axz/02435-12�j5@Ax"T06.2u35-UÑ*+l=A-12A2A-12w8z3N+l:n-,/02>+.xz/5/0-,6l6.-127!�!U!�!_!U!�!U!�!U!�! ��¤
��xz:;j�8�@
8�+.2Axz/02435-12�/0xz:��5@A-12u35-_Ö4s02A2
-,6l= !U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! 7 £

£N! � ! £ ��-,sNÔN+.?,:n-UÑ�8�6l+.308�=>+.xz/ !U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! 7��
£N! 7 oy)1xzs56.-,:n-,/�=�=>@
8�/02>+l=Axz+l@A-_308�/02ws5/0-�)�81Ñ*+l=Ak_8�6l6.xz/5pqk1- !�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ; £

£N! 7 ! � Ó©8�6l+.308�=>+.xz/�-,=�@Ak12>s56l=
8�=A2Ë!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ;��
£N! ; ��xzs5j5698�pq-_)1xz/�Ñq-1),=>+.xz/�R @
8�Íqxz/5/0-,:n-,/�=_-,/ pqk1xz:nk,=>@>+.-_£z� !_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ; C
£N! < Ó©8�6l+.308�=>+.xz/�3Ns )1x*35-;m0)1xzs5j5698�pq-�)1xz/ZÑq-1),=>+.xz/�R @
81Íqxz/5/0-,:n-,/�=�-,/�pqk1xz:nk,=>@>+.- � ��!U!�!U!�! <��

£N! < ! � ��-12
),@>+lj5=>+.xz/ 35-U698Î)1xz/�T0p�s5@
8�=>+.xz/Òk,=>s03N+.k1- !U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! < 7
£N! < ! £ ��xz/03N+l=>+.xz/02u8�sNÔÆ6l+l:;+l=A-12 !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! < 7
£N! < ! � ��xz:;j�8�@
8�+.2Axz/¸35-12©@Ak12>s56l=
8�=A2©xz�5=A-,/Zs02©j�8�@�6.-12©35-,sNÔ;:nk,=>Õ0xZ35-12um�� 'N£q';-,=�� 9�� � < ;
£N! < ! � ��xz:;j�8�@
8�+.2Axz/�8�Ñq-1)���xz6.xz:n-,@u-,=48�6 !�� £ ;�� !�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! <"<

+lÑ



����� ��� 	����� �������������

� � [ G���_ ��� � ]4[3) ��G�]4\,+ [3)���]4[-)34 � ]=\,+`[3) ) ��\�G � � _�_ � � \ � � � [-) ) � H � ) \VF�G �	� �']�+ 0 G � � � )(F
� � FV]$��42+ \.E;F 
 �
� ! � {/Z=>@AxZ3Ns0),=>+.xz/§!U!�!U!�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ¤N�
� ! £ ��xzs5�56.-_ÑZ+l=>@
8�pq- !U!�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ¤��

� ! £N! � � =>s035-12wj�8�@
8�:nk,=>@>+.rZs0-12 !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ¤��
� ! � �%81Ñ*+l=Ak�j�8�@>=>+l=>+.xz/5/0k1- !_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ¤�¤

� ! � ! � &4k,p�+l:n-U2>=
8�=>+.xz/5/�8�+l@A- !U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ¤�¤
� ! � ! £ &4k,p�+l:n-7+l/02>=
8�=>+.xz/5/�8�+l@A- !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! C�£
� ! � ! � ��xz:;j�8�@
8�+.2Axz/�35-12�@Ak12As56l=
8�=A2�/�s5:nk,@>+.rZs0-12u-,=u-dÔ*jLk,@>+l:n-,/�=
8�sNÔ � ��� � !�!U!�!U!�! C 7

� ! � o�=>s035-_35-7698;2A=>@
8�=>+ST�)�8�=>+.xz/ =>Õ0-,@>:;+.rZs0-�!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! C <
� ! � ! � �%81Ñ*+l=Ak"£z�¿@A-,:;j56l+.-�3?K 8�+l@�3N+SULk,@A-,/Z=>+.-,6l6.-,:n-,/�=�)AÕ�8�s�Uºk1-Î81Ñq-1)"35-124j�8�@Axz+.2uÕ0x"R

@>+ O�xz/�=
8�6.-1278z3N+98���8�=>+.r�s0-12Ò!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! C <
� ! � ! £ �%81Ñ*+l=Ak � ��@A-,:;j56l+.-�3?K 8�+l@%3N+SULk,@A-,/Z=>+.-,6l6.-,:n-,/�=4)
Õ�8�s�ULk1-781Ñq-1)�35-12�2As5@�|Ð8z)1-12�Õ0x"R

@>+ O�xz/�=
8�6.-1278z3N+98���8�=>+.r�s0-12Ò!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¡N�
��xz/03N+l=>+.xz/02u8�sNÔÆ6l+l:;+l=A-12 !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¡ £
{/�N0s0-,/0)1-�3Ns�)1x*-��<),+.-,/�=�3?K$k1)AÕ�8�/5pq-�-dÔ*=Ak,@>+.-,s5@

hcv
2>s5@�6.-12wj�8�@Axz+.2wÕ0xz@>+ O�xz/�=
8�6.-12 ��¡��

� ! � ! � Ó©8�6.-,s5@435-U698Î2>=>@
8�=>+ST�)�8�=>+.xz/
S
308�/02�s5/0-�)�81Ñ*+l=Ak � � !_!�!U!�!U!�!�!U!_!U!�!U!�! ��¡$<

Ó©8�@>+98�=>+.xz/ 3Ns�j�8�@
8�:n?,=>@A-"' -,/�|�xz/0),=>+.xz/ 35-7698;j5@Ax�|�xz/035-,s5@435-�698Î)�81Ñ*+l=Ak�j !�! ��¡ C
� ! 7 'Z=>@>s0),=>s5@A-12n8�6lÑqk1xz698�+l@A-12Æm���xzs5j5698�pq- 35-<698�)1xz/�Ñq-1),=>+.xz/~}�3Ns�@
81Íqxz/5/0-,:n-,/Z=n-,="35-¸698

)1xz/03Ns0),=>+.xz/ !�!U!�!U!�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ����¡
� ! 7 ! � vÙ8�@
8�:n?,=>@A-12�35-�)�8�6.),s56�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �����
� ! 7 ! £ o�=>s035-u35-u:<8�+l6l698�pq-ujGxzs5@�s5/0-4)1-,6l6ls56.-735-wj�8�@>j�8�+l/5p;3N+SUºk,@A-,/�=>+.-,6l6.-,:n-,/Z=w)AÕ�8�s�Uºk1- �����
� ! 7 ! � o�=>s035-�35-Uj�8�@>j�8�+l/5p<35- ��¡ !�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��� £

�%8�6.),s56©3Ns N0sNÔ�-,=_35-12U@Ak12>+.2>=
8�/0)1-12_=>Õ0-,@>:;+.r�s0-12_jGxzs5@�3N+SULk,@A-,/Z=A-12�=A-,:;jLk,@
8 R
=>s5@A-124-dÔN=Ak,@>+.-,s5@A-12 !U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �����

� ! 7 ! � ×~@
8�/02�|Ð-,@>=�35-�)
Õ�8�6.-,s5@4308�/02%s5/ j�8�@>j�8�+l/5pn35-U£ ¡ ),:¾)1xz:;jLxz@>=
8�/�=w35-,sNÔ )1-,6l6ls56.-12 ���,<

�"� ��� �"!$#&%��"� ���

� � �5� )(F�� � � \ � � H ��\,+�� � � � \ � � ]	� �0_ � G � � � )(F�G ) � ]$�$42+ \.E�� � �"H E � J E;\�G � � � � _ �
]4[3) � � )(F8��\,+`[-) F�G ��� �']�+ 0 G � � ���

(*) \ � [���G(]=\,+`[-) � ���
� ! � ��xz/035-,/02
8�=>+.xz/�308�/024s5/0-�)�81Ñ*+l=AkU@A-,:;j56l+.-�3?K 8�+l@wÕZs5:;+.35- !_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � £ <

� ! � ! � ��x*35k,6l+.2
8�=>+.xz/ !U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � £ <
Ñ



���������
	�������������������

� ! � ! £ ��xz/03N+l=>+.xz/02u8�sNÔÆ6l+l:;+l=A-12 !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � £ ¤
� ! � ! � ×È-,@>:n-1242
xzs5@A)1-12¾!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ����¡

� ! £ ��xz/035-,/02
8�=>+.xz/�308�/024s5/0-�)�81Ñ*+l=Ak7|Ð-,@>:nk1-§!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ����¡
� ! £N! � ×È-12>=A2w35-�Ñz8�6l+.308�=>+.xz/ m5)�8�6.),s56Ù35-7698Î:<8z2A2A-U)1xz/035-,/02
k1- !�!U!�!U!�!_!U!�!U!�!U!�! ����¡
� ! £N! £ &4k12Axz6ls5=>+.xz/Æ/Zs5:nk,@>+.r�s0- !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ���N�
� ! £N! � &4k12>s56l=
8�=A2°!�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �����
� ! £N! � �%8�6.),s56.2435-12w)
Õ�8�6.-,s5@A2w698�=A-,/�=A-�-,=42A-,/02>+l�56.-Å!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ���"7

�%81Ñ*+l=Ak7|�-,@>:nk1-�@A-,:;j56l+.-�3?K 8�+l@42A-1)·!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ����¤
�%81Ñ*+l=Ak7|�-,@>:nk1-�@A-,:;j56l+.-�3?K 8�+l@wÕ�s5:;+.35- !�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,��¡

� ! £N! 7 �%81Ñ*+l=Ak�3N+SULk,@A-,/Z=>+.-,6l6.-,:n-,/�=U)AÕ�8�s�Uºk1-_8�Ñq-1)�s5/0-U2A-,s56.-Uj�8�@Axz+�)1xz/03Ns0),=>@>+.)1- !U!�! �,� <
� ! £N! ; {/�N0s0-,/0)1-�35-7698;Ñz8�@>+98�=>+.xz/ 35-�6/K Õ�s5:;+.3N+l=Ak�@A-,698�=>+lÑq-_+l/5+l=>+98�6.-�! !U!�!_!U!�!U!�!U!�! �,� C
� ! £N! < {/�N0s0-,/0)1-�35-7698;Ñz8�@>+98�=>+.xz/ 3Ns�)1xZ-��<),+.-,/Z=u3?K$k1)AÕ�8�/5pq-�-dÔ*=A-,@>/0-

hcv
!U!�!U!�!U!�! �87$<

�"�"� ��� �"!$#&%��"�"� �� '

� � [3)34 � ]4\,+ [3)<H�+��?\ � � � )�F G ) � ]4[-) ��G + \ � ��_ � ) � 4 � ��\,+`]$�0_ � J (*)���G � )(] � � � F \ �5� )(F��
� � � \.F � � H ��\,+�� � � F G �+_ � F � � �"[-+`F �	� .

(*) \ � [���G(]=\,+`[-) �	� .
7 ! � Z<[���E*_ +`F8��\,+`[-) !U!�!_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,<*�

7 ! � ! � �4Í*jGxz=>Õ0?12
-12 !_!U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,<*�
7 ! � ! £ oyr�s�8�=>+.xz/02u35-U)1xz/02A-,@>Ñ�8�=>+.xz/Ë!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,< £

��xz/03N+l=>+.xz/02u8�sNÔÆ6l+l:;+l=A-12 !�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,<��
t�@
8�/035-,s5@A24)�8�6.),s56.k1-12 !U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,< 7

7 ! � ! � oyr�s�8�=>+.xz/02u35-U)1xz/02A-,@>Ñ�8�=>+.xz/�2Axzs02�6/K 8�j5j5@Ax�Ô*+l:<8�=>+.xz/�35-�Ï%xzs02A2>+l/0-12Ar !�!U!�!U!�! �,<"<
t�@
8�/035-,s5@A2435-7@Akd|Ðk,@A-,/0)1-n!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,<z¤

7 ! £ ��k,=>Õ0x*35-�35-U@Ak12Axz6ls5=>+.xz/ /�s5:nk,@>+.rZs0-�! !_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,< C
7 ! £N! � o�=>s035-�35-U:<8�+l6l698�pq- !�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! �,< C

7 ! � ��xz:;j�8�@
8�+.2Axz/�8�Ñq-1)_35-12�@Ak12>s56l=
8�=A24j5s5�56l+.k12�j�8�@ XPO1+ O1+È-,=48�6 ! � ¤"7�� !U!�!U!�!_!U!�!U!�!U!�! ��¤N�
7 ! � ! � �4Í*jGxz=>Õ0?12
-12�)1xz:;:_s5/0-1278�sNÔ 35-,sNÔ�k,=>s035-12 !�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¤ £

��xz:;j�8�@
8�+.2Axz/ !U!�!U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¤ £
7 ! � o�Ñz8�jLxz@
8�=>+.xz/�35-�698"Ñz8�jL-,s5@w3?K$-�8�s·!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¤��

7 ! � ! � o�Ñz8�jLxz@
8�=>+.xz/ 35-U698"Ñ�8�jL-,s5@43?K$-�8�s 308�/02�6/K 8�+l@4-,/�)1xz/ZÑq-1),=>+.xz/�:;+ ÔN=A- !U!�!U!�! ��¤"7
��xz/�Ñq-1),=>+.xz/�2
xz6ls5=
8�6.-nm

Tp = T0
!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! ��¤"7

Ñ*+



����� ��� 	����� �������������

��xz/�Ñq-1),=>+.xz/�×%Õ0-,@>:nx�2
xz6ls5=
8�6.-¸m
∆T = 20, 2K

!�!U!�!�!U!�!U!_!�!U!�!U!�!U!�! � C �
7 ! 7 o�Ñz8�jLxz@
8�=>+.xz/�35-�6/K Õ0-dÔ58�/0- !U!�!U!�!�!U!_!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � C 7

7 ! 7 ! � o�Ñz8�jLxz@
8�=>+.xz/ 35-U6/K Õ0-dÔ08�/0-�308�/02�6/K 8�+l@u-,/ )1xz/�Ñq-1),=>+.xz/�:;+ Ô*=A- !�!_!U!�!U!�!U!�! � C 7
v�@Axzj5@>+.k,=Ak12wj5ÕZÍ*2>+.rZs0-1243NsÆ:nk,698�/5pq-"8�+l@�R Õ0-dÔ58�/0-2LÎj5@A-12A2>+.xz/ 8�=>:nx�2>j5Õ0k,@>+.rZs0- ! � C 7
��xz/�Ñq-1),=>+.xz/�2
xz6ls5=
8�6.-nm

Tp = T0
!U!�!U!�!�!U!�!U!_!U!�!�!U!�!U!�!_!U!�!U!�!U!�! � C ;

��xz/�Ñq-1),=>+.xz/ =>Õ0-,@>:nx�2
xz6ls5=
8�6.-¸m
∆T = 45K

!�!U!�!U!�!�!U!_!U!�!�!U!�!U!�!U!_!G£ ¡�¡
{/�N0s0-,/0)1-�35-7698;Ñz8�@>+98�=>+.xz/ 35-12wj5@Axzj5@>+.k,=Ak124=>Õ0-,@>:nxzj5ÕZÍ*2>+.rZs0-1243Ns :nk,698�/5pq- !�!L£ ¡N�

� [-)(];_�G(F,+`[-)(F � \ � � �"F�� � ]4\,+ 4 � F ��� .

� ) ) � � � F � �-�
� + ��_ +`[ � �5��� � + � � � �
� G ��_ +`]$��\,+`[-)(F � ��


ÑZ+l+



���������
	�������������������

Ñ*+l+l+



� � � �	���� � � ������

l

G &+,



� � ����� � �������I��� �

G & G



� � � �	���� � � ������

� , � ! * r9�$T>	��J x *S/ �2�
0+���.J � �$5?	������.�2#�����
0+Ch�2�@�e�2���$�!�2#������=�	����������t���O�m=�	��������.�2^��	����!�2�$()�$&�2�Q	��+l
����)���$��	)J |8M C+� * x ��$��0$� ���$4$4$ *fo�o J ( *�, GKl o�o J�4$4 * G -)} l G ,'& JE` ,.~�%)~�di*

� G � p * *g* � �2�����
�����SJ%p * 0$	 ( � M  * ��=\���.J L@M ��	�	il 0+��5?	��
�������e�23�e�2���$�!�29������=�	���������� ��� � T7�.: * �� �$5?	������.�2 �����
0+C��������	��
����������J ( �� *N}�& J
4e�2��� , J$4$4 * , l &+, ` ,.~&"�")di*� &�� �t*<|E* x �!�2� �����SJ�� * � *<| ��������	��g�2�
0 X3* � * x �!�2� �\��� X �
J ! 4$4$����.�2�������t�2� k − ε ���$��T$�$�	��
��	 * 5?��0$	�%���	��
����)��	�0 T$�
�kC��2�
��C�l 0+����=�	�� ��	����������$&�2�����$( Fe���1J X#M 	�5 * , �$( *%X ��565jJ ( �� *�,'& J84$4 * G })~ l &+,)( J
` ,.~)} G di*

� ( � � * �3���SJ |E*</ , 	 � , r , J / ���
	.�2�I���!�2T$������ Cs�2�e�2�C\�!	��[�2� �e�2���$�!�2%������=�	����������OFe���9�1���O�m0+�w{;	���	��+l
���&�2��C M 	.�2��	�0h�����e�2��	Z�.�.=���� C��D��� M �����
0+�
�������$( M ������u.�����!�2��@�2���.J |^M C+� * x ��$��0$�.J ( �� *�,'& J � ◦ *N~ J
4$4 * G)c)G ~ l G)c ( G+JV`�G -)-+,kdi*

� c � ! * �\���+'f�2�$��J x * ! �
0+��	)J�� *<L �2���
	)J ! 'e�������������
��l�(���� Te����	�0a���!�2�����������.�2f�e�2�������@l�Te�2�
0m5?�\0$	�e����� o r
����$(�l��!�2�$(�	j�!	��
�����$(s�2� � G � �2� M ��( M ��	�5647	��!�2���$��	)J������$���e�2A�2� 	��e�2�������!�2����=�	 ��4>	��������)������4�C
�2�
0jr3��0+�&�2����=�	 L �!�2�
���H	��.J ( �� *#"�& J
4$4 * &�&)~ l & ('" JE`�G -)- G di*

� %�� J , * �\	�0+� �\��J ! * �\���+'f�2�$�f�2�
0 �t* � * ���w�������$� X ��5ZT$���
	�0](����8�!��0+�&�2�������a�2�
0g&�256���e�2�#56�w:+	�06������=�	��il
�������n��� =�	��������.�2����������$&�2�?���$T7	��kJ o ��� * �����$���e�2��2� � 	.�2�B�2�
0 x ��$��0 x ����1J (  * G ( J � ◦ * c+J84$4 *
"�&�% l "#(
% JV`�G -)-�&�di*

� " � J � * � 	i�H�!� M J *g*>/ 	�5?���$�$��	��.J ! * P@	���T$��� �7J ! * � 	�u�� M �2TSJ , ���
0$	g���$5?"��������
	60$	Z&�a������=�	����������
�e�2���$��	���	R0$	m0$���$T$�	R0+�w{>�
������� 0
�2�
�g�$�t5?"�&�2�$(�	j�2����l CO2

J � x L G -)-&" J o �	]0$	�� , 5IT$��	�u�J%G ~
� �2��J+4$4 * %+,.~ l % G ( JE`�G -)-)}�di*

� }�� x ��
	���� %+* G *�,�% � ��	��.�<�Ap3�$��0$	B`U� * 0 * d J�� � � * F
�
	������
��	���� * ����5 *
� ~�� � *</ �)�2�����
������J7p *</ �2�$���&�2�.J � * � ������&���.J , ���
0$	 � �$5?"��������
	Z0$	�� L �!�2�
����	������A0$	 X#M �2�	��$� X ���$4$�"��

0
�2�
�%�$�
	 | �2����� ! �=�"���&�2����	)J������$���
"�	 o ����	����e�2�������e�2�	��@0$	 L@M 	���56�����
	!� o L�� J , cKl ,�" � �.=�	�5IT$��	)J
L �2�$(�	��.J � �2�����)J
G)c , l G)c ( JV`�G -)- c di*

� ,.-�� � * �t* � � M �2 ���2� * ! ����(����$�����
�Z	i:\4>�)����������� �2�#� M 	gP@���
�������
	���� �24$4$����:+��5B�2�������y�24$4$����.�2T$�	6���R�
� M ���j&�.C�	��A�2�VF
�$��0 * ! ��������4 M C+� * �
J (  *;,'&�% J$4$4 * ,), G % l ,),'&�& JV` ,.~�% G di*

� ,), � ! * p3�!�.C�J *g* p3������()���$��J L@M 	�=)�2���0+��� CB�2�S� M 	�P ���
�!�����
	����?�24$4$����:+��5B�2�������a�H���#������$��0$�@�2�
0](�����	�� *
o ��� * � * � 	.�2�3�2�
0 � ����� L �!�2�
����	��.J ( �� *S,.~ J$4$4 * c ( cKl c)c , JV` ,.~&"�%�di*

� , G � r * ����	�(�	��J"� * r * � ���#	��DJ L@M 	���5B�2W�!��0+�&�2������� M 	.�2�����!�2�
����	��.J � �6p3�!�#�@l � ���8P@��� � X ��564e�2��C�J
��	������
0q	�0+���������SJ � 	$�&%%�(' �7JS` ,.~)~ G di*

� ,'&�� � *fX#M�)+* 0,' )(-/. � M�) '�021 3��(
43654
87+�954:�3(;=<?>#�$:�0 XA@B) ' .$*DC=E(* | ' .#-F- JS`HG ~ cJI d 0
� G ( � PK0 pL0 XM) ' @N-FE(*O)+*DC �P0 * 0�Q )+R�M ' E(S 0 L ' )+*D-�S"E ' RTR�MD.#E '�URl L@MD. �V.$R�MDE�CWE+X�*TYN-FZ ' .$RF. � ' C,Y[*�)+RF.#- 0

Y[* * X\E(]PS=^=R�Y[*=_`Y[* ' .�)(Z$RFE ' S$M U -�YNZ#-�a�b ���\ced(:��6d(;f3(;g�Lhe:���3���� a `HG ~�%)}�d 0

i &�&



� � ����� � �������I��� �

� G.c � � 0 ! 0 x Y��6.$@B)+*DC 0 L@M ' .#. l *TY[] .$*D-�YNE(*�)+@ ' )(C,YB)+R�Y��6.QMD.�)+R!R ' )+*D-HX. ' -FE(@[^=R�YNE(*D- T�U R�MD.�*TYN-FZ ' .$RF. � '�l
C,Y[*�)+RF.#- �V.$R�MDE�C 0 ��dJ��:�;g3(� d�>�� �,��:��Pd������+< 
��< a ( 0 @ 0 i a � ◦ 0 (Da,S=S * & I ~ l & G %,a G ~)})} 0

� G %�� � 0 ( 0 |�)+R/)+* � ) ' a � ^=] . ' YNZ�)+@ �T.�)+R!)+*DC x @[^=YNC x @NE � a Q E(*DC=E(* a �OZ pT' ) � �!Y[@[@ a `HG ~)} I d 0
� G " � PK0 , 0JQ )+^=*DC=. ' a � 0 X 0�r . U *DE(@NC=-�a � 0�r E�C,Y�.$R�)+@ 0 a)L ^ '�T ^=@N.$*DZ#. �VE�C=.$@N-�)+*DCLR�MD.$Y ' ! S=S=@[YNZ�)+R�YNE(*D-�a

( E(@ 0 i a
|�) ' YN- * , U�' E(@[@N.#- `HG ~)} (�d 0
� G }�� � 0<PK0 ! �DT Y a ( .$*�R�Y[@B)+R�YNE(*`E+X P ^=Y[@NC,Y[*=_6-�a Q E(*DC=E(* *

,
	 x � � S E(* `HG ~)~ G d8o �\P � `HGil })}�& ( G & l })} l c d 0
� G ~�� � 0 �P0 ( . ' -�RF.#.$_Da � 0 ��)+@B)+@B)(-F. � . ' ),a ! * Y[*�R ' E�C,^DZ$R�YNE(*�RFELZ#E(]PS=^=R/)+R�YNE(*�)+@ x @[^=YNC * U *�)+]PYNZ#-�a , - l

-F.�� * Q E(*=_J]�)+* � Z$YN.$*�R�Y��Z
	 L .#Z�M=*=YNZ�)+@ a `HG ~)~ c d ` o �\P � 0 IKl c } i l i G })} ( l c d

� i I � �D0 ( )+* *TE�E ' ]�)J)+@ .$R pP0Yr )+Y[R�M T�U a , *$M�)+*DZ#.$] .$*�RF- E+XeR�MD. � o�� | Q , ] .$R�MDE�C X4E ' S ' .#C,YNZ$R�Y[*=_
Y[*DZ#E(]PS ' .#-F-FY T @N.��D^=YNC���E � -�a � ^=] 0 � .�)+RAL ' )+*D-HX. ' a ( E(@ 0 "�a=S=S * G ('" l/G %�&,a `HG ~)} (�d 0

� i G � r 0 o 0 o -F-/),a � E(@[^=R�YNE(* E+X\Y[]PS=@[YNZ$Y[R�@ U C,YN-/Z ' .$R�YN-F.#C��D^=YNC���E � .���^�)+R�YNE(*D- T�U E(S . ' )+RFE ' -FS=@[Y[R�R�Y[*=_Da �D0
X\E(]PS=^=R 0 |8M U -�a ( E(@ 0 % i a=S=S * ( IKl % cj`HG ~)}�%�d 0

� iJi � ! 0 Q )+* � MDE ' -�R�a Q )+]PY[*�) ' )+*DCPR�^ '�T ^=@N.$*�RA*�)+R�^ ' )+@"Z#E(*��6.#Z$R�YNE(* Y[*�Z�)���Y[R�YN.#-�a � ^=] . ' YNZ�)+@ �VE�C=.$@[@[Y[*=_
)+*DC , ��S". ' Y[] .$*�R/)+@ ( )+@[YNCD)+R�YNE(* aeL@MD.#-F.Ja `HG ~)~ G d 0

� i &�� � 0<r 0 � ) '�' .$* aE| 0 � 0 � )+] .#-�aVo 0 X 0 % E(^=*=_Da �K)+*DC T E�E � E+X��T.�)+RZL ' )+*D-HX4. ' a ��)(Z pT' ) �@l � Y[@[@ �K)+*DC l
T E�E � -�a+L@M=Y ' C , C,Y[R�YNE(* a `HG ~)~)}�d 0

� i ( � %P0 Q .]|�.$^=R ' .#Z .$R pP0 Q )+^ ' YB)+R�a , { .#Z$RF-LE+X!R�MD.]MD.�)+R9R ' )+*D-�X4. ' RP)+R R�MD. -�YNC=. � )+@[@N-PE(* *�)+R�^ ' )+@
Z#E(*��6.#Z$R�YNE(*VY[*�Z�)���Y[R�YN.#-�aeL ' )+*D-���� � b �,��� ��365��D:H3J;�>#�$:�5 a ( E(@ 0 GJG i aDS=S * &&" IKl &&"�},a `HG ~)~ I d 0

� i c �IL 0 x ^D-F.$_JY a ��0 �VY[* 0 � U ^=* a Q )+]PY[*�) ' )+*DC R ' )+*D-�Y[R�YNE(*�)+@ *�)+R�^ ' )+@eZ#E(*��6.#Z$R�YNE(* Y[* )+* .$*DZ$@NEJ-�^ ' .
� Y[R�M Z#E(]PS=@N.��`)+*DC ' .�)+@[YN-�R�YNZ Z#E(*DC,Y[R�YNE(*D-�a�� ;�5 �"�,��� ��3J5 ��� ��
4� ���[d! a ( 0DG.c a � ◦ 0 (Da6S=S *

i c } l i %)},a
`HG ~)~ (�d 0

� i %�� pL0 X\E(@NE(] . ' a � 0 X\EJ-�R/),a r 0 X\E(*D-F^=@ a�L@M ' .#. l C,Y[] .$*D-�YNE(*�)+@"*�^=] . ' YNZ�)+@"-�Y[] ^=@B)+R�YNE(* )+*DC ' )(C,YB)+R�YNE(*
Y[*W)9C,Y { . ' .$*�R�YB)+@[@ U MD.�)+RF.#C Z�)���Y[R U ^D-�Y[*=_LR�MD. C,YN-FZ ' .$RF. E ' C,Y[*�)+RF.#- ] .$R�MDE�C�a�� ;g5 � �,��� ��3J5���� ��
4�(<
���[d! a ( 0 ('"�a � ◦ 0[G a=S=S *

i c " l i %)~,a ` i IJI (�d 0
� i " � � 0 � 0 ! ' ]"��.$@NC�a ��0 X 0 |�)+R�RF. ' -FE(* a � )��6.KS ' E(S ' R�YN.#- E+X *�)+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(* T E(^=*DCD) '�U @B) U . ' -�a �D0

x @[^=YNC 0 �O.#Z�M a ( E(@ 0 i &)~,a�S=S * G ~ cKl i G i a `HG ~)~ i d 0� i }�� �D0 � 0 � U ^=* a �D0 � 0 Q .#.Ja � ^=] . ' YNZ�)+@K-/E(@[^=R�YNE(*D- X4E ' R ' )+*D-�YN.$*�R *�)+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(* Y[* ) -#��^�) ' .
Z�)���Y[R U � Y[R�M C,Y { . ' .$*�RL-FYNC=. � )+@[@\RF.$]PS . ' )+R�^ ' .#-�aWo *�R 0��D0 � .�)+RP)+*DC x @[^=YNC x @NE � a ( E(@ 0[G�I a � ◦ 0 i a
S=S * G (
% l/G.c,G a `HG ~)})~�d� i ~�� pL0�Q )+^ ' YB)+R�a8o 0 ! @[R�Y[]PY ' a ! *D. � XE ' ] ^=@B)+R�YNE(* E+X!R�MD. ] .$R�MDE�C XE ' R�MD.�S ' .#C,YNZ$R�YNE(* E+X!*�)+R�^ ' )+@
Z#E(*��6.#Z$R�YNE(*$��E � -eY[*�Z�)���Y[R�YN.#-�afX\E(]PS=^=RF. ' -K)+*DC x @[^=YNC�a ( E(@ 0[G &,a � ◦ 0 i a S=S * G ( Gil/G.c)c a `HG ~)} c d� & I � � 0 � 0 ! ' ]"��.$@NC�a �D0 X 0 |�)+RF. ' -FE(* a�*TY ' .#Z$R\-FY[] ^=@B)+R�YNE(* E+X � )��6. Y[*�RF. ' )(Z$R�YNE(*D-MY[*`^=*D-FRF.�)(C U *�)+R�^ ' )+@
Z#E(*��6.#Z$R�YNE(*VY[*W)LZ�)���Y[R U aeo *�R 0D�D0 � .�)+R ��)(-F-9L ' )+*D-HX4. ' a ( E(@ 0 & (Da � E 0 ( c a S=S * ~ i ~ l ~ ( I a `HG ~)~ G d 0

� & G � �D0 X 0 |�)+R�RF. ' -FE(* a � 0 � 0 ! ' ]"��.$@NC�aWL ' )+*D-�YN.$*�RLX4.�)+R�^ ' .#-PE+X *�)+R�^ ' )+@MZ#E(*��6.#Z$R�YNE(* Y[* )VZ�)���Y[R U a �D0
x @[^=YNC 0 �O.#Z�M a ( E(@ 0 i G ~,a�S=S * (
%)~ l (�~&"�a `HG ~)~ I d 0

� & i � pL0KQ )+^ ' YB)+R�a ! Z#Z$^ ' )+RF. -FE(@[^=R�YNE(*D-fE+X *�)+R�^ ' )+@�Z#E(*��6.#Z$R�YNE(*���E � -�Y[* -#��^�) ' . Z�)���Y[R U )+RhM=Y[_)M
r ) U @N.$Y[_)Mf*�^=] T . ' - � Y[R�M ) Z$^ T YNZ�-�S=@[Y[*D.`)+S=S ' E���Y[]�)+R�YNE(* 0 ! � � , � Y[*�RF. ' ! *=*�^�)+@ �O.#.$R�aY} i l

� ! � �3L l " G a
|8MDE(*=Y��a S=S * Gil/G�I,0E`HG ~)} i d 0� &�&�� �D0 X 0 |�)+R�RF. ' -FE(* a �D0 o ] T . ' _6. ' a �!*D-�RF.�)(C U Z#E(*��6.#Z$R�YNE(* Y[* ) ' .#Z$R/)+*=_�)+@B) ' XM)���Y[R U a �D0 x @[^=YNC �V.#Z!M a
( E(@ 0[G�IJI a�S�) ' R 0[G a=S=S * % cKl }�% 0Y`HG ~)} I d 0� & ( �I| 0�Q . 	 ^&% ' %Ja�L 0 ! @ u YB) '�U C=. r E'��^D.�XE ' R�a�L ' )+*D-�Y[R�YNE(*`RFE ^=*D-�RF.�)(C U *�)+R�^ ' )+@"Z#E(*��6.#Z$R�YNE(* E+X )+Y ' Y[*
C,Y { . ' .$*�R�YB)+@[@ U MD.�)+RF.#C`Z�)���Y[R�YN.#-�a ! ] . ' YNZ�)+* � E�Z$YN.$R U E+X �V.#Z!M�)+*=YNZ�)+@ , *=_JY[*D.#. ' Y[*=_Da � .�)+R#L ' )+*D-HX. '
*TY���YN-�YNE(* a ( E(@ 0 % I S=S *

i ~ l &�%,a `HG ~)}�%�d 0

i & (



� � � �#� � �������L��� �

� & c � � 0 L E(^�) u Y a , R�^DC=.�*�^=] % ' Y ��^D.\C � ^=*L-FZ�M&%$]�)!C=. �6E(@[^=] .#- �D*=YN- -�^ ' C=.#- ]�)+Y[@[@B)+_6.#- *DE(* -FR ' ^DZ$R�^ ' %#-
S"E(^ ' C=.#- %#Z#E(^=@N.$] .$*�RF-�C=. �D^=YNC=. ��YN-#��^D.$^ ���!C=.$*D-FY[R#% Z#E(*D-�R/)+*�RF. E(^9X )+Y T @N.$] .$*�R �J) ' YB) T @N.Ja�L@M z -F.
C=. *KE�Z$RFE ' )+R�a=^=*=Y��6. ' -�Y[R#% C=. �O) ' *D. l Q ) l ( )+@[@ %#.Ja ` i IJI %�d 0

� &�%��I| 0,Q . 	 ^&% ' %Ja$X 0 � .$YN-�]�)+* a � 0 |�)+Y[@[@ z$' .Ja �D0 ( YN. ' .$*DC=.#.$@N-�a , 0 *TYNZ � a r 0\P .#Z � . ' a � 0�P\' )J)(Z � )+*DC
�D0�Q E�Z � .Ja �OE�C=.$@[@[Y[*=_�E+Xe*�)+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(* ��E � - � Y[R�M @B) ' _6. RF.$]PS". ' )+R�^ ' . C,Y { . ' .$*DZ#.#- * !P .$*DZ�M=]�) ' � S ' E T @N.$] X4E ' @NE � ��)(Z�M�*�^=] T . ' -/E(@��6.#- 0 |�) ' R GJ0
r .�X. ' .$*DZ#. -FE(@[^=R�YNE(*D- a , � ! o�� *��)+R�MD.$]�)+R�YNZ�)+@ �OE�C=.$@[@[Y[*=_ )+*DC � ^=] . ' YNZ�)+@ ! *�)+@ U -�YN- a �6E(@ 0 &)~,a � ◦ 0 &,a,S=S * % I ~ l % G %,a ` i IJI)c d� &&" �I| 0 Q . 	 ^&% ' %JaVX 0 � .$YN-�]�)+* a � 0 |�)+Y[@[@ z$' .Ja �D0 ( YN. ' .$*DC=.#.$@N-�a , 0 *TYNZ � a r 0<P .#Z � . ' a � 0<P\' )J)(Z � )+*DC
�D0 Q E�Z � .Ja �OE�C=.$@[@[Y[*=_ E+X *�)+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(* ��E � - � Y[R�M @B) ' _6.WRF.$]PS . ' )+R�^ ' .OC,Y { . ' .$*DZ#.#- *

!
P .$*DZ�M=]�) ' � S ' E T @N.$] XE ' @NE � �O)(Z!M *�^=] T . ' -FE(@��6.#- 0 |�) ' R i 0 X\E(*�R ' Y T ^=R�YNE(*D-eRFE9R�MD. � ^=*D. i IJI (
X\E(*,X. ' .$*DZ#.`a , � ! o � * ��)+R�MD.$]�)+R�YNZ�)+@ �OE�C=.$@[@[Y[*=_ )+*DC � ^=] . ' YNZ�)+@ ! *�)+@ U -�YN- a �6E(@ 0 &)~,a � ◦ 0 &,a
S=S * % G " l % i G a ` i IJI)c d� &)}�� x 0 � ^ a ��0 X 0 |�)+R�RF. ' -/E(* a#X#M 0 Q .$Y a � M�)(C=E � _ ' )+S$M E T -F. ' �J)+R�YNE(*D- E+X R ' )+*D-�Y[R�YNE(* E+XTR�MD. R�MD. ' ]�)+@
T E(^=*DCD) '�U @B) U . ' Y[*W-FYNC=. l MD.�)+RF.#C�Z�)���Y[R U a , ��S 0 x @[^=YNC=-�a ( E(@ 0 &)},aDS=S * "�" IKl "�"�~,a ` i IJI)c )�d 0� &)~�� x 0 � ^ a �D0 X 0 |�)+R�RF. ' -FE(* a)X#M 0�Q .$Y a2L ' )+*D-FYN.$*�R�E+X,R�MD. ' ]�)+@ T E(^=*DCD) '�U @B) U . ' Y[*L)(C,Y { . ' *�R�YB)+@[@ U MD.�)+RF.#C
Z�)���Y[R U RFE`)(C=E(^ T @N. l @B) U . ' -�R ' ^DZ$R�^ ' .Ja � )+] .#-�X\E�E � �!*=Y��6. ' -FY[R U a ! ^D-�R ' )+@[YB),a ` i IJI)c2T d 0

� ( I � �D0 X 0 |�)+R�RF. ' -/E(* afL 0fpK' )2M�)+]�a � 0 � Z�M��(S,X�a � 0 � 0 ! ' ]"��.$@NC�a P E(^=*DC '�U @B) U . ' C=. �6.$@NE(S".$] .$*�R E(*V)
-F.$]PY l Y[* �D*=Y[RF. -�^DC=C=.$*=@ U MD.�)+RF.#C��6. ' R�YNZ�)+@ S=@B)+RF. 0=�D0 x @[^=YNC 0 �V.#Z!M a ( E(@ 0 i G ~,a,S=S * (
%&" l (�~&" ` i IJI i d 0

� ( G � � 0 � )+*=_Da � 0 � Y[* a7| 0 Q . 	 ^&% ' %Ja , R�^DC=.9*�^=] % ' Y ��^D.LC,^�Z#E(^=S=@B)+_6.9C=. @B)�Z#E(*��6.#Z$R�YNE(*�*�)+R�^ ' .$@[@N.
)��6.#Z @N. ' ) U E(*=*D.$] .$*�R C=. -�^ ' X )(Z#. .$*�Z�)���Y[R#% Z�) '�' %#. ' .$]PS=@[YN. C � )+Y '�0 X 0$r 0 �O.#Z�)+*=Y ��^D.Ja ( E(@ 0 &�& (Da
S=S * (�} l c "�a ` i IJI)c d 0

� ( i � x 0 � ' C=E(*D.#- 0 � Y[] ^=@B)+R�YNE(* � ^=] % ' Y ��^D. C=. R ' )+*D-HX4. ' RTZ#E(^=S=@ %#-!Z#E(*��6.#Z$R�YNE(*V*�)+R�^ ' .$@ l ' ) U E(*=*D.$] .$*�R
CD)+*D-K^=*D.LZ�)���Y[R#% * )+S=S=@[YNZ�)+R�YNE(*���^=*D.9S�) ' E(Y C=.9S�) ' S�)+Y[*=_�-FE(^=]PYN-F.L)+^OX4.$^ 0 1 3 ���,d(:$5!�(��� b �
� b � 0 �!*=Y��6. ' -�Y[R#% C=. �O) ' *D. @B) �J)+@[@ %#.Ja i IJI ( 0

� (�&�� ( 0 � )+] T E(^ aWL ' )+*D-�X4. ' RF-9R�MD. ' ]PY ��^D.#-LY[*D-�R/)+R�YNE(*=*�)+Y ' .#- * �6. ' -9^=*D. E(S=R�Y[]PYN-/)+R�YNE(* C=.�S�) ' E(YN-LC=.T�� R�Y[] .$*�RF-�aeL@M z -F. C=. *TE�Z$RFE ' )+R�a�� *=Y��6. ' -�Y[R#%1|�)+^=@ � ) T )+R�YN. ' C=.ZL E(^=@NE(^D-F.Ja ` i IJI }�d
� (�( � ! 0^P .$* � MD.$@[Y X ),a
	.X\E(*�R ' Y T ^=R�YNE(*���@ � %$R�^DC=.#- .���S % ' Y[] .$*�R/)+@N.#- C=.#- T Y X?^ ' Z�)+R�YNE(*D- C=.WZ#E(*��6.#Z$R�YNE(*

*�)+R�^ ' .$@[@N.`CD)+*D- ^=*D. Z�)���Y[R#% .$* )+Y ' C,Y { % ' .$*�R�YN.$@[@N.$] .$*�RPZ�M�)+^ { %#. * o * �D^D.$*DZ#. C=.P@ � Y[*DZ$@[Y[*�)+YN-/E(*�	(aL@M z -F. C=. *TE�Z$RFE ' )+R�a�� *=Y��6. ' -�Y[R#% C=.1|�E(Y[R�YN. ' -�a ` i IJI %�d 0
� ( c � �D0 � )+@B)+R_X\E(*�R ' Y T ^=R�YNE(*� @ � %$R�^DC=.�C=.O@B) Z#E(*��6.#Z$R�YNE(* *�)+R�^ ' .$@[@N.�R ' YNC,Y[] .$*�R�YNE(*=*D.$@[@N. .$* Z�)���Y[R#%

C,Y { % ' .$*�R�YN.$@[@N.$] .$*�RKZ!M�)+^ { %#. 0 |8M * L@MD.#-�YN- 0 � *=Y��6. ' -�Y[R#% C=.1|�E(Y[R�YN. ' - 0 | E(Y[R�YN. ' -�a ` i IJI (�d 0
� (
%�� r %$_J@N.$] .$*�R/)+R�YNE(* r L i IJIJI a r %$_J@N.#-9L@M l P � R�afX � L PK0
� ('" � ! 0$P . � )+* afX\E(*��6.#Z$R�YNE(* �T.�)+RAL ' )+*D-�X4. ' R�aD-/.#Z#E(*DC�.#C,Y[R�YNE(* a � Y[@N. U a `HG ~)~�%�d 0
� (�}�� � 0 � Y[* a8| 0�Q . 	 ^&% ' %Ja�	)*TY ' .#Z$R *�^=] . ' YNZ�)+@ -�Y[] ^=@B)+R�YNE(* E+X R � E C,Y[] .$*D-�YNE(*�)+@!Z�M�)(E(R�YNZW*�)+R�^ ' )+@

Z#E(*��6.#Z$R�YNE(* Y[* ) C,Y { % ' .$*�R�YB)+@[@ U MD.�)+RF.#C Z�)���Y[R U E+X )(-FS .#Z$R ' )+R�YNE�(�	(a �D0 x @[^=YNC 0 �V.#Z!M a ( E(@ 0 & I (Da�S=S *}&" l/GJG },a `HG ~)~ c d
� (�~��I| 0 * 0 � .$YNC,]�)+* aVX\E(*��6.#Z$R�YNE(* ' .$_JY[] . ��E � Y[* )��6. ' R�YNZ�)+@A-�@NE(R * Z#E(*�R�Y[*�^=^=] E+Xe-FE(@[^=R�YNE(*D- X ' E(]

Z�)+S=S".#C RFEPE(S".$*W.$*DC=-�a �T.�)+R )+*DC ��)(-F-DL ' )+*D-HX. ' a ( E(@ 0 (�&,a � ◦ 0 i a,S=S * G�I & l/G�I ~,a ` i IJI %�d 0
� cJI � , r9pL0 , Z � . ' R�a � � 0 XM) ' @N-FE(* a � )+R�^ ' )+@KZ#E(*��6.#Z$R�YNE(* Y[* )+* )+Y ' @B) U . ' .$*DZ$@NEJ-F.#C T .$R � .#.$* R � E

�6. ' R�YNZ�)+@�S=@B)+RF.#- � Y[R�M�C,Y { . ' .$*�R RF.$]PS". ' )+R�^ ' .Ja
o *�R 0 �D0 �T.�)+R ��)(-F-@L ' )+*D-HX. ' a � ◦ *
i a�S=S * G�I % l/G i I a`HG ~�% G d 0

� c,G � � 0 � Y[* a , R�^DC=.#-�*�^=] % ' Y ��^D.#-MC=.!@B) Z#E(*��6.#Z$R�YNE(* *�)+R�^ ' .$@[@N.K.$*�Z�)���Y[R#%T.$RAC=.eS ' E T @ z ] .#-\Z#E(*=*D.��=.#-�a
�K) T Y[@[Y[R/)+R�YNE(*�� *TY ' Y[_6. ' C=.#- r .#Z�MD. ' Z!MD.#- ` �!* r d�a � *=Y��6. ' -�Y[R#% C=.1|�) ' YN- � ^DC�a ` i IJI)c d 0

i & c



� � ����� � �������I��� �

� c i � r�z _J@N.#-RL@M l � a\X )(-FZ$YNZ$^=@N. ( ��c a Z�)+@NZ$^=@ C=.�Z�) ' )(Z$R#% ' YN-�R�Y ��^D.#- R�MD. ' ]PY ��^D.#-�C=.#- S�) ' E(YN-�E(S�)!��^D.#-�a
X � L PK0

� c &�� PK0Kp . T M�) ' R�a %L0#� )+@[^ ' YB),a r 0 Q�0 �O)2M�) � )+* a PK0 � )+]P]�) � YB),a P ^DE U )+*DZ U�l o *DC,^DZ#.#C x @NE � -�)+*DC1L ' )+*D- l
S"E ' R�a �T.$]PYN-�S$MD. ' .1| ^ T 0 X\E 0 a � . �@l% E ' � a `HG ~)})}�d 0

� c ( � ! 08P . � )+* a%X\E(*��6.#Z$R�YNE(* �T.�)+R?L ' )+*D-HX. ' a^L@M=Y ' C .#C,Y[R�YNE(* a � E�M=* � Y[@N. U )+*DC � E(*D-�a � . � % E ' � a
` i IJI)c d 0

� c)c � �D0 ! 0 � .�)��6. ' a r 0 ( YN- � )+*�R/),a � )+R�^ ' )+@gZ#E(*��6.#Z$R�YNE(* C,^D.!RFE[MDE ' Y u E(*�R/)+@"RF.$]PS". ' )+R�^ ' .T)+*DC`Z#E(*DZ#.$* l
R ' )+R�YNE(* _ ' )(C,YN.$*�RF- l\GJ0 ( ) ' YB) T @N. R�MD. ' ] E(S$M U -�YNZ�)+@"S ' E(S". ' R�YN.#-A. { .#Z$RF-�a�o *�R 0��D0 �T.�)+R ��)(-F-%L ' )+*D- l
X. ' a ( E(@ 0 & (Da � ◦ 0[G i a=S=S * & G�I " l & G i I a `HG ~)~ G d 0

� c %�� �D0 ! 0 � .�)��6. ' a r 0 ( YN- � )+*�R/),a � )+R�^ ' )+@gZ#E(*��6.#Z$R�YNE(* C,^D.!RFE[MDE ' Y u E(*�R/)+@"RF.$]PS". ' )+R�^ ' .T)+*DC`Z#E(*DZ#.$* l
R ' )+R�YNE(*�_ ' )(C,YN.$*�RF- l i 0 � S".#Z$YN.#-KY[*�RF. ' C,Y { ^D-�YNE(* a � E ' .$R )+*DC *T^,XE(^ ' . { .#Z$RF-�a7o *�R 0"�D0 � .�)+R ��)(-F-
L ' )+*D-HX4. ' a ( E(@ 0 & (Da � ◦ 0[G i aDS=S * & G i Gil & G &�&,a `HG ~)~ G d 0

� c " � � 0 � 0Yr )2M=]�)+* a � 0 �D0 Q )+]PS=Y[*D.$* a � ^=] . ' YNZ�)+@M-�R�^DC U E+Xe*�)+R�^ ' )+@AZ#E(*��6.#Z$R�YNE(* X ' E(] ) �6. ' R�YNZ�)+@
-�^ ' X )(Z#.KC,^D.TRFE9Z#E(] T Y[*D.#C T ^DE U )+*DZ$YN.#-�a � ^=] . '�0 �T.�)+R@L ' )+*D-HX. ' |�) ' R ! a ( E(@ 0 i },a,S=S * ( I ~ l ( i ~,a
`HG ~)~ c d 0

� c }�� �D0 X#M�)+*=_Da7L 0 x 0 Q Y[* a7L ' )+*D-�YN.$*�R *�)+R�^ ' )+@�Z#E(*��6.#Z$R�YNE(* MD.�)+RK)+*DCV]�)(-F- R ' )+*D-HX. ' E �6. ' ) �6. ' R�YNZ�)+@
S=@B)+RF. E+X �D*=Y[RF.[MD.$Y[_)M�R�a � ^=] . '�0 � .�)+R9L ' )+*D-HX. ' |�) ' R ! a ( E(@ 0 i G aDS=S * G }&" l i G (Da `HG ~)~ i d 0� c ~��IL 0 x 0=Q Y[* afX 0 ��0 X#M�)+*=_Da � 0 � 0�% )+* a ! *�)+@ U -FYN-eE+X�Z#E(] T Y[*D.#C T ^DE U )+*DZ U . { .#Z$RF-eE+X�R�MD. ' ]�)+@ )+*DC
]�)(-F-LC,Y { ^D-�YNE(* E(* @B)+]PY[*�) ' XE ' Z#.#C Z#E(*��6.#Z$R�YNE(* MD.�)+R R ' )+*D-HX. ' Y[* )$�6. ' R�YNZ�)+@MR�^ T .Ja ! � � , �D0
�T.�)+RAL ' )+*D-�X4. ' a ( E(@ 0[GJG�I aDS=S * &�&&" l & (�( `HG ~)})}�d 0

� % I � � 0 � 0D% )+* a %L0 Q�0 L - ) U a7L 0 x 0 Q Y[* a � Y[] ^=@[R/)+*D.#E(^D-1MD.�)+RK)+*DCV]�)(-F- R ' )+*D-HX4. ' Y[*O@B)+]PY[*�) ' ]PY�=.#C
Z#E(*��6.#Z$R�YNE(*
��E � - T .$R � .#.$*
�6. ' R�YNZ�)+@\S�) ' )+@[@N.$@\S=@B)+RF.#- � Y[R�M )(- U ]P] .$R ' YNZBMD.�)+R�Y[*=_DaEo *�R 0 �D0 �T.�)+R
)+*DC x @[^=YNC x @NE � a ( E(@ 0[G�I a � ◦ 0 &,a,S=S *

i % i l i %)~,a `HG ~)})~�d 0
� % G � �P0 L 0AQ .#.Ja � 0 Q�0 L -/)+Y a � 0 � 0 % )+* a �WY�=.#C Z#E(*��6.#Z$R�YNE(* MD.�)+R )+*DC ]�)(-F- R ' )+*D-�X4. ' Y[* �6. ' R�YNZ�)+@

' .#Z$R/)+*=_J^=@B) ' C,^DZ$RF-�a
o *�R 0D�D0 �T.�)+R ��)(-F-MR ' )+*D-HX. ' a ( E(@ 0 ( I a � ◦ 0 "�a=S=S * G %
i Gil/G %�& G a `HG ~)~&")d 0

� % i � pL0 *K.#- ' ) U )+^DC�a pL0�Q )+^ ' YB)+R�a �T.�)+RM)+*DC`]�)(-F-\R ' )+*D-HX. ' )+*�)+@NE(_ U XE ' Z#E(*DC=.$*D-/)+R�YNE(* E+XSM�^=]PYNC�)+Y '
Y[*V) �6. ' R�YNZ�)+@ Z�M�)+*=*D.$@ a �T.�)+R )+*DC ��)(-F-DL ' )+*D-HX4. ' a ( E(@ 0 &&"�aDS=S * %&" l "�%,a ` i IJI,G d 0� %�&�� � 0 � 0+% )+* a)L 0 x 0JQ Y[* a\X 0 �D0 X#M�)+*=_Da�X\E(] T Y[*D.#CBMD.�)+R�)+*DCL]�)(-F- R ' )+*D-HX. ' Y[*P*�)+R�^ ' )+@�Z#E(*��6.#Z$R�YNE(*
T .$R � .#.$*��6. ' R�YNZ�)+@ S�) ' )+@[@N.$@gS=@B)+RF.#-�a ��� ' ] .!^=*DC � RFE {��$T . ' R ' )+_J^=*=_Da ( E(@ 0 i &,a�S=S * %)~ l "�%,a `HG ~)})}�d 0� % ( � �D0 ! 0 � .�)��6. ' a r 0 ( YN- � )+*�R/),a � )+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(*�Y[* T Y[*�) '�U _�)(-F.#-TC,^D. RFEBMDE ' Y u E(*�R/)+@�R�MD. ' ]�)+@
)+*DC�-/E(@[^=R/)+@ _ ' )(C,YN.$*�RF-�a ! � � , �D0 � .�)+R9L ' )+*D-HX4. ' ( E(@ 0[GJG &,aDS=S * G ( IKl/G ('"�a `HG ~)~ G d 0� % c �I| 0,Q . 	 ^&% ' %Ja$X 0 � .$YN-�]�)+* a � 0 |�)+Y[@[@ z$' .Ja �D0 ( YN. ' .$*DC=.#.$@N-�a , 0 *TYNZ � a r 0\P .#Z � . ' a � 0�P\' )J)(Z � )+*DC
�D0�Q E�Z � .Ja �OE�C=.$@[@[Y[*=_�E+Xe*�)+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(* ��E � - � Y[R�M @B) ' _6. RF.$]PS". ' )+R�^ ' . C,Y { . ' .$*DZ#.#- * !P .$*DZ�M=]�) ' � S ' E T @N.$] X4E ' @NE � ��)(Z�M�*�^=] T . ' -/E(@��6.#- 0 |�) ' R GJ0
r .�X. ' .$*DZ#. -FE(@[^=R�YNE(*D- a , � ! o�� *��)+R�MD.$]�)+R�YNZ�)+@ �OE�C=.$@[@[Y[*=_ )+*DC � ^=] . ' YNZ�)+@ ! *�)+@ U -�YN- a �6E(@ 0 &)~,a � ◦ 0 &,a,S=S * % I ~ l % G %,a ` i IJI)c d� %�%�� � 0 pL0<r . U *DE(@NC=-�aKL@MD. ' ] E�C U *�)+]PYNZ\S ' E(S ' .$R�YN.#- Y[* � o * _ ' )+S$MD-�a�R/) T @N.#-�)+*DC Z#E(]PS=^=R/)+R�YNE(*�)+@D.���^�) lR�YNE(* XE ' X4E ' R U -F^ T -�R/)+*DZ#.#-�a 	)*K.$S=ReE+X �O.#Z�M�)+*=YNZ�)+@ , *=_JY[*D.#. ' Y[*=_`-�R/)+*,XE ' C �!*=Y��6. ' -FY[R U 	(a `HG ~&"�~�d 0

� %&" �IL 0 x ^ � Y[Y a %L0 � )+RFE=a �P0 �VY�M�) ' ),a , �,S ' .#-F-�YNE(*D- E+X R ' )+*D-�S"E ' Re)+*DC R�MD. ' ] E�C U *�)+]PYNZKS ' E(S . ' R�YN.#- E+X
)+Y ' a�-�RF.�)+] )+*DC � )+RF. ' a � .$Y � )+* � ) p ) � ^ � .$* �KU ^ � E=a r .$S E ' R � E 0 %�%,a �KU ^ � M�^ �!*=Y��6. ' -�Y[R U a
�KU ^ � M�^ a � )+S�)+* `HG ~&"�")d

� %)}�� , 0 ( 0 � E(] . ' -�a>L@MD.#E ' .$R�YNZ�)+@�Z#E(*D-�YNC=. ' )+R�YNE(*D- E+X\Z#E(] T Y[*D.#C�R�MD. ' ]�)+@�)+*DCO]�)(-F-KR ' )+*D-HX. ' X ' E(] )
�6. ' R�YNZ�)+@ S=@B)+RF.Ja �D0 ! S=S=@ 0 �V.#Z!M a ( E(@ 0 i &,a=S=S *

i ~ cKl & I,G a `HG ~ c %�d 0

i &�%



� � � �#� � �������L��� �

� %)~�� � 0 � ) � )+] ^ ' ),a P ^=@[@ 0=� )+S�)+* � E�Z 0 �V.#Z!M 0 , *=_ ' - cR`HG ~�% i d & GJG
� " I � Q�0 X 0 X#MDE � a �D0 � 0 X#M�^=*=_Da , �()+S"E ' )+R�YNE(* E+X � )+RF. ' Y[*�RFE9) @B)+]PY[*�) ' -FR ' .�)+] E+X )+Y ' )+*DC�-�^=S". ' MD.�) l

RF.#C�-FRF.�)+]�a
o *�R 0=�D0 �T.�)+R �O)(-/-9L ' )+*D-HX. ' a ( E(@ 0 i %,a=S=S * &&"�& l &)} I a `HG ~)}�&�d 0
� " G � , 0 � 0 � S�) '�' E � a �D0 Q�0$pT' .$_J_Da�L@MD. �() ' YB) T @N. �D^=YNC l S ' E(S . ' R U S ' E T @N.$] Y[* X ' .#.!Z#E(*��6.#Z$R�YNE(* a+L ' )+*D- 0

! ] 0 � E�Z 0 �V.#Z!M 0 , *=_ ' -�a ( E(@ 0 } I a,S=S * }&"�~ l })}�%,a `HG ~ c }�d 0� " i � � 0 �T) � Y a Q�0 X 0 X#MDE � a , ��S". ' Y[] .$*�R/)+@ ] .�)(-�^ ' .$] .$*�RKE+X � )+RF. ' . �J)+S E ' )+R�YNE(* ' )+RF.#-eY[*�RFE )+Y ' )+*DC
-�^=S". ' MD.�)+RF.#C�-�RF.�)+]�a ! � � , �D0 �T.�)+RAL ' )+*D-HX4. ' a ( E(@ 0[GJG�I a S=S *

i &&" l i ( i a `HG ~)})}�d 0
� "�&��IL 0 � 0=Q .#.Ja$| 0 pL0 |�) ' Y � M a ! 0 ! Z ' Y��6EJ-�a * 0+P . ' -�M�)(C=. ' a � )+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(*WY[*�) �6. ' YNZ�)+@ Z!M�)+*=*D.$@

� Y[R�M E(S=S"EJ-�Y[*=_ T ^DE U )+*DZ U XE ' Z#.#-�a\o *�R 0,�D0 �T.�)+R �O)(-F-@L ' )+*D-HX4. ' a ( E(@ 0 i c a�S=S * (�~)~ l c,GJG a `HG ~)} i d 0
� "#( �gX 0 �D0 X#M�)+*=_DaSL 0 x 0�Q Y[* a � 0 � 0g% )+* a � )+R�^ ' )+@�Z#E(*��6.#Z$R�YNE(*
��E � - Y[* ) �6. ' R�YNZ�)+@ a E(S .$*�R�^ T . ' . l

-�^=@[R�Y[*=_ X ' E(] Z#E(] T Y[*D.#C T ^DE U )+*DZ U . { .#Z$RF-AE(*`R�MD. ' ]�)+@")+*DC`]�)(-F-\C,Y { ^D-�YNE(* a�o *�R 0���0 �T.�)+R���)(-F-
L ' )+*D-HX4. ' a ( E(@ 0 i ~,aDS=S * G.c (�& l/G.c)c i a `HG ~)}�%�d 0

� " c � � 0 � 0 % )+* aVL 0 x 0�Q Y[* a , { .#Z$RF-PE+X � .$R�RF.#C � )+@[@ME(* @B)+]PY[*�) ' ]PY�,.#C Z#E(*��6.#Z$R�YNE(* Y[* )$�6. ' R�YNZ�)+@
Z!M�)+*=*D.$@ a �D0 L@MD. ' ] E(S$M U -FYNZ#-�a ( E(@ 0 &,a=S=S * ~ ( l ~�%,a `HG ~)})~�d 0

� "�%�� � 0 � 0 % )+* a �WY�=.#C�Z#E(*��6.#Z$R�YNE(*tMD.�)+R R ' )+*D-HX. ' .$*$M�)+*DZ#.$] .$*�R9R�M ' E(^=_)M @B)+RF.$*�R1MD.�)+R R ' )+*D-�S"E ' R
Y[*��6. ' R�YNZ�)+@"S�) ' )+@[@N.$@�S=@B)+RF.KZ�M�)+*=*D.$@ ��E � -�a$XM)+* 0,� X#MD.$] 0 , *=_ 0 ( @ 0 %)~,a�S=S * G

i "�" l/G i } i a `HG ~)~ G d 0
� "�" � %P0 Q�0 L -/) U a�L 0 x 0�Q Y[* a\X\E(] T Y[*D.#CBMD.�)+RA)+*DC ]�)(-F-�R ' )+*D-HX. ' Y[* @B)+]PY[*�) ' _�)(-�-�R ' .�)+] ��E � Y[*=_9E �6. '

)+*W. �J)+S"E ' )+R�Y[*=_ @[Y ��^=YNC �D@[]�a ��� ' ] . ^=*DC � RFE { �$T . ' R ' )+_J^=*=_Da ( E(@ 0 i c a�S=S *
iJi Gil i G &,a `HG ~)~ I d 0

� "�}�� � 0 � 0 % )+* aEL 0 x 0 Q Y[* aWX\E(] T Y[*D.#C MD.�)+R9)+*DC ]�)(-F- R ' )+*D-HX4. ' Y[* *�)+R�^ ' )+@ Z#E(*��6.#Z$R�YNE(* T .$R � .#.$*
�6. ' R�YNZ�)+@\S=@B)+RF.#- � Y[R�M
�D@[] . �J)+S"E ' )+R�YNE(* aEo *�R 0 �D0 �T.�)+R ��)(-F-IL ' )+*D-HX. ' a ( E(@ 0 &�&,a S=S * c i ~ l c ( G a
`HG ~)~ I d 0

� "�~�� � 0 � % )+* aWL@MD. . { .#Z$RLE+XT@[Y ��^=YNC
�D@[] �J)+S E ' Y u )+R�YNE(* E(* *�)+R�^ ' )+@eZ#E(*��6.#Z$R�YNE(*nMD.�)+R�)+*DC ]�)(-F-
R ' )+*D-HX. ' Y[*`)��6. ' R�YNZ�)+@DR�^ T .Ja\XM)+*�)(C,YB)+* � E(^ ' *�)+@�E+X�Z�MD.$]PYNZ�)+@".$*=_JY[*D.#. ' Y[*=_ ` XM)+* 0 �#0 Z�MD.$] 0 .$*=_ 0 d�a
�6E(@ 0 " I a � E 0 &,a=S=S * ( c i l (
% i `HG ~)~ i d 0

� } I � � 0 � 0#% )+* a , { .#Z$RF- E+X �D@[]&. �J)+S E ' )+R�YNE(*9E(* @B)+]PY[*�) ' ]PY�=.#C Z#E(*��6.#Z$R�YNE(*QMD.�)+R�)+*DC ]�)(-F- R ' )+*D-HX. '
Y[*V) �6. ' R�YNZ�)+@ Z�M�)+*=*D.$@ aeo *�R 0��D0 �T.�)+R �O)(-F-AL ' )+*D-HX. ' a ( E(@ 0 & c a=S=S * & ( G ~ l & ( i ~,a `HG ~)~ i d 0

� } G � �D0 � 0�� )+*=_Da � 0 � 06% )+* a�L@MD. ' ]�)+@ S ' E(RF.#Z$R�YNE(* � Y[R�M�@[Y ��^=YNC �D@[] Y[*�R�^ '�T ^=@N.$*�R\]PY�=.#C`Z#E(*��6.#Z$R�YNE(*
Z!M�)+*=*D.$@ ��E � -�a
o *�R 0D�D0 �T.�)+R ��)(-F-9L ' )+*D-�X4. ' a ( E(@ 0 (�~,aDS=S * &�% ( cKl &�% c (Da ` i IJI %�d 0

� } i � �D0 � 06� )+*=_Da � 0 � 0+% )+* a�X 0 X 0 � ^�)+*=_Da �VY�,.#C�Z#E(*��6.#Z$R�YNE(*aMD.�)+R�R ' )+*D-HX. ' .$*$M�)+*DZ#.$] .$*�RMR�M ' E(^=_)M
�D@[] . �()+S"E ' )+R�YNE(*WY[*VY[*DZ$@[Y[*D.#CV- ��^�) ' . C,^DZ$RF-�afo *�R 0g�D0 �T.�)+R ��)(-F-�L ' )+*D-HX. ' a ( E(@ 0 (�},agS=S *

i GJG " l
i G i c a ` i IJI)c d 0

� }�&��gX 0 X 0 �!^�)+*=_Da � 0 � 0�% )+* a �D0 � 0 � )+*=_Da Q )+]PY[*�) ' ]PY�=.#C Z#E(*��6.#Z$R�YNE(* MD.�)+RL)+*DC ]�)(-/- R ' )+*D-HX. '
Y[*��6. ' R�YNZ�)+@ ' .#Z$R/)+*=_J^=@B) ' C,^DZ$RF- � Y[R�M �D@[] . �()+S"E ' )+R�YNE(*�)+*DCOZ#E(*DC=.$*D- )+R�YNE(* a7o *�R 0 �D0 �T.�)+R ��)(-F-
L ' )+*D-HX4. ' ( E(@ 0 (�},aDS=S * G "�"

i l/G "�} (Da ` i IJI)c d 0
� } ( � ��0 ! 0 �T)+]P] E(^ a PK0;P .$*$M�)+] E(^ a � 0Yp )+@B)+*=YN-�a �D0 � ' � a Q )+]PY[*�) ' ]PY�=.#CfZ#E(*��6.#Z$R�YNE(* E+X M�^=]PYNC

)+Y ' Y[* )��6. ' R�YNZ�)+@AZ!M�)+*=*D.$@ � Y[R�M . �()+S"E ' )+R�YNE(* E ' Z#E(*DC=.$*D-/)+R�YNE(* )+R R�MD. � )+@[@ aEo *�R 0 �D0 L@MD. ' ]�)+@
� Z$YN.$*DZ#.#-�a ( E(@ 0 (�&,aDS=S * c & Gil c &)~,a i IJI (�d 0

� } c � %P0 ! u Y u Y a PK0$P .$*$M�)+] E(^ a � 0ep )+@B)+*=YN-�a � 0 p )+*�)(E(^=Y a P ^DE U )+*DZ U . { .#Z$RF-eE(* ^=S � ) ' CV)+*DC C=E � * l
� ) ' C @B)+]PY[*�) ' ]PY�=.#C Z#E(*��6.#Z$R�YNE(* MD.�)+R )+*DC ]�)(-F-`R ' )+*D-HX4. ' Y[* ) �6. ' R�YNZ�)+@ Z�M�)+*=*D.$@ a@o *�R 0 �D0 E+X
� ^=] . ' YNZ�)+@ �O.$R�MDE�C=-eX4E ' �T.�)+R!)+*DC x @[^=YNC x @NE � a ( E(@ 0[G "�a � ◦ 0 &,a,S=S * &�&�& l & c &,a ` i IJI ")d 0

� }�%�� r 0 Q YNC=. 0 * )���YNC�a �T.$* '�U60 ( 0 � .�M=YB)+YB)+* a 	.X r X � ! � * P � � � E+X;L@MD. ' ] E(S$M U -FYNZ�)+@")+*aL@MD. ' ] E�Z!MD. l
]PYNZ�)+@�* )+R/) 	(a `HG ~)~ (�d 0

� }&" � r 0<PT0KP Y ' C�a � 0 , 0 � RF. � ) ' R�a , 0 � 0+Q Y[_)M�RHX4E�E(R�a�L ' )+*D-�S"E ' RV|^MD.$*DE(] .$*�),a � Y[@N. U a � . � % E ' � a `HG ~�% I d

i &&"



� � ����� � �������I��� �

R������ � ��� � �	��
� �&� � ��������
 � ��� � �	��
��

[|1|] � ����������������� �"!$# ���������%�&� $ a('*)"+-,-.0/2123547698:4<;&=>)-?@)"AB.C3D1	AE'*)"+GF04IH-3KJK)"+L1	+:M�'*)"+:MC4<+$?N123KJK)"+)"OCP�.Q=�JKMSR7JT;9JT+>'�1UF-JB3KJK4V?�a	W *�RF. ' *�)+R�YNE(*�)+@ � E(^ ' *�)+@�E+X$XZYD. ' ]�)+@ � Z$YN.$*DZ#.Ja C=E(Y * G�I,0[G�I,G % � �#0 Y � R&YD. ' ]�)+@N-/Z$Y0 i IJI " 0[G i 0 I,G@[\ i IJI^]U_�0

[|2|] � ����������������� �"!`# �����������&� $a!�# ��b�cd� ���fe7����b aCg�h94IH-3i?S)"OfFI1	;&Jj1(k0AK4�MC4<+$?&JB3Tl�OD)";nmCAT=
4-FI1@o�)";N123KJK)"+p)"+�Aj1	=�JT+G1	;7=�J�qG4IM�HI)"+ F04IH-3KJK)"+rJT+s1tF04<;"3KJKHu1	A�H58G1	+C+:4<A avW *�RF. ' *�)+R�YNE(*�)+@ � E(^ ' *�)+@ E+X �T.�)+R
)+*DC ��)(-F-nX ' )+*D-�X4. ' aDC=E(Yxw G�I,0[G�I,G"y � �$0 Y � YD.�)+R�]�)(-F-�R ' )+*D-HX. '�0 i IJI^],0 I^z,0 iJi \ i IJI^]U_�0

[|3|] # ��b�cS� ���fe7����b>!{� �}|Sc ��� ��~Sc7�L!^� ��� ��~d���v�f��#��<��� � c%!�c ��~S��c � �<c7�L!	� ���G������� � !
� �}��������������� �-!E� �������C�f��|S� aC�73&.2MC4d��.Q=>�<;&JK�(.24�'*)"=%o�1	;N123KJBF04�MC4V?7�nHI)�.QAK4<=>4<+G3i?�698:4<;&=>)	�
HI)"+GF04IH-3KJTOK?�M21	+$?S.Q+�'�1	+G1	Af�:4<;"3KJKHu1	A�'98G12.Qh9�I4nR�?5lC=�=>�-3K;&JK�C.24<=�=>4<+G3�a2�dWVW��$] .��\E(@[@NE'��^D.�W *�RF. ' ^=*=Y��
�6. ' -�Y[R/)+Y ' .�� ' )+*DZ#E0� 	 ^&%@� %#Z#E(YN-K-�^ ' @B)�XZYD. ' ]PY ��^D. C=.#-�� U -�R<�$] .#-�a i ] ��� I �O)+Y i IJIU� a �VE(*�R ' %�)+@ 0

[|4|] � ����������������� �"!�# �}���������&�n�a!a# ��b�cd� �%�fe7����b a�+G.Q=>4<;&JKHu1	A�?&JT=L.QAj123KJK)"+�)"O�=�J�qG4IM
HI)"+GF04IH-3KJK)"+ �`JB3K8tmCAT=¡4-FI1@o�)";N123KJK)"+tJT+r1LF04<;"3KJKHu1	A`H�8G1	+C+:4<A a£¢ ' E�Z#.#.#C,Y[*=_6-TE+X z R&Y�¤ ^ ' E(S".�)+*�XZYD. ' ]�)+@��
��Z$YN.$*DZ#.#-��\E(*,X4. ' .$*DZ#.Ja G"] � iJi �O) U i IJI^] aQ¤ Y[*DC(YDE��6.$* a+R&YD.f¥ .$R&YD. ' @B)+*DC=-�aU�f¢x�*� G a0¦d§n�2Xn¨�¦7�fX Stwª© z,0

[|5|] � ����������������� �"!(# �����������&�n� a"��.Q=>4<;&JKHu1	A2«{JT=t.QAj123KJK)"+�)"O(�S123&.Q;N1	A '*)"+ F04IH-3KJK)"+�1	+:M�'*)"+:MC4<+v�?N123KJK)"+>)"O:P�.Q=�JKM%R�JT;�¬�+L1d`1	;"3KJB3KJK)"+:4IM�g�+:H<AK)-?".Q;@4�a�¢ ' E�Z#.#.#C,Y[*=_6-AE+X����dXf� I^] W®��� �X¯W *�RF. ' *�)+R�YNE(*�)+@
� U ]PS EJ-�Y[^=] E(*s¦ C �()+*DZ#.#- Y[*s�\E(]PS=^=R/)+R�YNE(*�)+@ �T.�)+R�X ' )+*D-HX. ' a ��) U�GJG � G"y a i IJI^] a ��) '�' ) � .#Z<Y a �OE0�
' E�Z#Z#E=aG����Xf� I^] ��� ] i aG¦�§��2Xn¨�¦7�fX S°w G � i

[|6|] � ����������������� �"!9# ���������%�<�n� aE'*)"+:MC4<+$?N123KJK)"+pM21	+$?�.Q+:4�'�1UF-JB35��±�4<=%o ATJK4�M�² 1	JT;�P�.Q=�JKMC4 a
�\E(*=_ ' �#-7� ' )+* � )+YN-!C=.�XZYD. ' ]PY ��^D.Ja �2�`X i IJIU� a Q .#-�¤ ]%�=YN.@³6a�S´w y,G �	� y,G"],0

[|7|] � ����������������� �"!x# ���������%�&�n� a�g�3&.2MC4%��.Q=>�<;&JK�C.24�MC4V?a6(;N1	+$?&O�4<;"3i?�MC4L'98G1	AK4-.Q;�M21	+$?�MC4V?« 3K;".2H-3&.Q;@4V?�R7ABF0�I)"Aj1	JT;@4V?*4<+%±��&/UJT=>4�?"3D123KJK)"+C+G1	JT;@4x4-3�6(;N1	+$?&JB35)"JT;@4�a0¨!. ��^D.�W *�RF. ' *�)+R�YNE(*�)+@N.\C � � %$@[YNE(RF.#ZVY(�
*=Y ��^D.Ja � *D. ' _JYN.u�D¤�*���Y ' E(*=*D.$] .$*�R�a2¥ ◦ � y a	¤�C,Y[R#%\S�) ' @B)d�nµ �¢ Q ¤f�aw^�\E�E(S % ' )+R�YNE(* ��%#C,Y[RF. '�' )+*&%#.$*=*D.
S"E(^ ' @ � ¤ *D. ' _JYN.���E(@B)+Y ' .Ja i IJI^y a=S´w G@[ � G"z,0

[|8|] � ����������������� �"!*# ���������%�<�n�a!�c ��~S��c � �<c7� a9'*)"+GF04IH-3KJK)"+¶698:4<;&=�JK�C.24�4-3*·p10?<?&JK�C.24�4<+
±��&/UJT=>47¬�+$?"3D123KJK)"+C+G1	JT;@4�M21	+$?a¸E+:4�'�1UF-JB35�a�:4<+ 3KJTAK�I4�a �\E(*=_ ' �#-�� ' )+* � )+YN-!C=.�XZYD. ' ]PY ��^D.JaG�2�`X i IJI^z a
¨!.$Y[] -�a,S´w G"]^z � G © I,0

[|9|] � ����������������� �"!$# ���������%�&�n�L!�¹ � � �u~�������� a-g�3&.2MC4���.Q=>�<;&JK�(.24fMC4V?n6(;N1	+$?&O�4<;"3i?xMC4�'98G1Q�AK4-.Q;>'*)�."o AK�V?aM21	+$?a.Q+:4�`1	;@)"JZR�ABF0�I)"Aj1	JT;@4�a � E(^ ' *&%#.LW *�RF. ' *�)+R�YNE(*�)+@N.#-PC=.�XZYD. ' ]PY ��^D. � W5X��9a G"z � G-�
¥TE��6.$]%� ' .Ja i IJI^z a$X )+*=_6. ' a �O) ' E�ZJa=S´w i z,G � i z0[

i � ]




