
���������	��
��������������������������������� ����!"�#��$�%�&'� ()� *+�#,-$#�.&�/�0���1�%

243537698;:=<?>A@CB=D�8E3GF5DIHKJL6�D9MA<C>A@?BIBA<ONP:QD9BA@OHRDTS;D
DVUID9BIBWDIB9X�@Y>ID7Z=M98?>G<CNEM[8Q\48TF7S]D_^4`QM�D=Sa<93L<O>;@
>b39>;8cM;ZWU=M;<O>A<]:QBID9S�@9Zed	d9M;<�:=@Y>fU�8[M[8QHg8�BIB;<OH

H4@?XhBIDLF5BA<?H U;<9698

iGjlk�mhk�n�ohprqhohs�t�uhv�wyx�mhk�zTkh{�ty|Tsho�t~}�qho��ho
���������	�������������	�����-�Q�	���	�����������	�	�����	��	��������������������� 	��������	 #���¡�¢�¡£�#¡�¤�¥¦�§ 	�	��¨©�ª¬«�¦®°¯²±�³´�µ��¶�·�¸�¹	º�® »�º£¼ ®°µ�½�¾�® £·	£»	¼ ¿�½
À�Á�Â�Á�Ã£ÄyÅ	Æ�Ç�ÁÉÈ	Å�Ê	Ë�ÂhÌhÍ�ÎÉÏ	Â�Ð�Ñ	Ê�ÒlÓ£ÔhÕ�Æ§Ä§Ö�Í�ÄLÓÉ×�×�ÔhØ�¼¬ÙrÅ�Æ�Ç�Ë	Î�Å�Î£Í�Î�Í�Â¦Ö�Æ�Á�Ð�ÊyÚ�Û'Ü�Â£Ä7ÓÉ×�×�Ý~Ø�¼

Þ�ÍrÎßÏ#ËrÆ�à�Î�ÕáÏ#Ê�ÕrÂ�Ü�Êrâ�Î£Ç�Ð�ÊrãgÜ�Î�ä�Â�Õ	Êrâ�Î¦Ç£Ð	ÊrãáÜ�Î�Á£Æ�ÏgÊrÇ£Ç�Ë	Î£ÏrÆ�Ì�Â�ÕrÊ�ÄåÇ�Á£ÊrÜ�È	ËrÊrÍrÆ�Ì�Â�ÕrÕ�Æ	ãæÏ#ÊrÕrÂ�Ü�Ê�Ð�ÊgÊ
Å	ÊrÕrÕrÊ�ÕrØ�ÂTÌ�Ì�ÊrärÍrÎ�Ì�Æ�ãWÍrÎ�çhÎ£Á�Ð�ÎLè�Ö�ÍrÊrÐ�Æ�Ç£Æ	Ì�ÂTÌ�Ç�Ì�Î£ÍrärÅ	ÍrÆ�Ì�Æ�ÏrÕrÊrÐ	Â�äcéÉéaÍ�Æ�ÏrÂ;ÇLÊrÇ£ÅrÆ�ËrÃ�ê�Æ�Ì�Â�Õ	ÊrÎ£ÜëÇ£ËrÂ¦Ö�Æ	Ø�Æ
Õ	Êrê£Ð	Æ�â	Â�Ç�Á£Æ�Á�ÕrÆ�Ø�Æ~Ü�Â�Ø�ÕrÊ�Á�ÕrÆ�Ø�Æ'ÅrÆ�Ë�Ä�¼rÞ�Æ�Ð�Â¦ê£Â�Õ�Æ Ù�â�Á�ÆhÅrÍrÊrË�Æ	à�Î£ÕrÊ	Î�Ç�ËrÂ�Ö�Æ�Ø�Æ'Å	Î�Í�Î¦Ü�Î£ÕrÕrÆ�Ø�Æ~ÅrÆ�Ë�Ä�Ç£ÅrÆ�Ç�Æ�Ö�Ç�Á£Ì�ÈrÎ�Á
Ï#Î£ÅrÊ	ÕrÕrÊrÕ�ØÉÈ7Ì�Êrä�ÍrÎ�ã7è�Ö�ÍrÊrÐ�Æ�Ç£Æ�Ì�ÂyÊaÏrÆ�ÅrÆ�ËrÕrÊrÁ£Î�ËrÃ�ÕrÆ�ãaÏrÊrÇ�Ç£ÊrÅrÂ¦ÑrÊrÊaì�Õ�Î¦Í�Ø�ÊrÊ7Æ�Ç£Ì�Æ�Ö�Æ�à�Ï#Î£ÕrÕrí�Ü�Ê7Ì�Êrä�Í�Ä#Ü�Ê�¼�À
È	Ì�Î£ËrÊrâ�Î�ÕrÊrÎ£Ü7â�Â�Ç£Á�Æ�Á£íTÅrÆ�Ë�ÄyÕrÂ�Ç�Á�ÈrÅrÂ�Î�Á�Á�Â�Ð�Æ�ãyÍrÎ�à�ÊrÜ�ÙrÐ�Æ�ØÉÏrÂîÌ�ÊrärÍ	ÊyÅrÆ�â�Á�ÊyÕ�Î�Ð	Æ�ËrÎ�Ö�ËrÒ�Á�Ç£Ä ÙrÁ�¼ Î�¼�Ï#ÊrÇ£Ç¦Ê�ÅrÂ�ÑrÊ�Ä
ï Â�Ð�Á�Êrâ�Î�Ç�Ð�Ê ÅrÍ	Î�Ð�Í	Â�ð�Â�Î£Á�ÇßÄñÙòÂóÅrÊ�ÕrÕrÊrÕ�Øôâ�ÍrÎ�ê£Ì�í�â�Â�ãrÕrÆõì ï�ï Î�Ð�Á�Ê�Ì�Î�Õ�¼÷öhÂ�Ö�Ë	Ò�ÏrÂ¦Î£Ü�í�Î)ÄrÌ�Ë	Î�Õ�Ê�Ä
È�ÏrÆ	Ì�ËrÎ�Á£Ì�Æ�ÍrÊrÁ£Î�ËrÃ�ÕrÆ�Æ�Ö�ørÄ	Ç�Õ�Ä#Ò�Á�Ç£Ä�ÌyÍrÂ�Ü�Ð�Â�ä�Á£Î�Æ�Í	ÊrÊ7ù�Æ�ÍrÃ�Ð�Æ	Ì�ÂyÊ7ú�Æ�ÅrÕrÊ�ÕrÂ#¼

ûñÂ¦ÅrÍ�Æ�Å	Æ�Õ	Æ�Ì�Â�Õ�Æ7ÏrÊ	ÕrÂ�Ü�®üâ�ÕrÊrã;Ü�Î�ärÂ�Õ�®°â�Õ�Êrã;Ü Î�Á£Æ�ÏLÏrÆ�Ç£Ë�® ÏràîÎ�Õ�Õ�ÄAÇ£Á�ÊrÜÈrËrÃ¦Æ�Ì�Â�ÕrÆ�ý�ÏrÊrÕrÂ�Ü�®°Ð�ÊLÁ£ÂaÅ�®°Õ�®°ÕrØ�ÂaÌ
Ì�ÊrärÆ�ÍrÆ�Ì	®üã;Ø�Í	Â�Á£Ñ�®�è�Ö	Ír®þÐ	Æ�Ç�Æ�Ì�ÂaÌ7Õ�Â�ÏrÅ	ÍrÆ�Ì	® ÏrÕrÊrÐ	Â�äTéÉéhÍrÆ§Ï	ÈLêÿÌ�Ê�Ð	Æ�Í	ÊrÇ£Á�Â�Õ�Õ�ÄrÜ=Ç£ËrÂ�Ö�Ð	Æ�Ø�ÆaÕrÊrê�Ã�Ð�Æ	â�Â�Ç£Á�Æ�Á�Õ�Æ	Ø�Æ
Ü�Â¦Ø�Õ�®üÁ�ÕrÆ�Ø�ÆOÅrÆ�Ë�Ä�¼7Þ�Æ�Ð�Â¦ê£Â�ÕrÆ�ÙaðhÆëÅrÍ�ÊrÐ�ËrÂ�ÏrÎ�ÕrÕ�Ä Ç�Ë	Â�Ö�Ð	Æ�Ø�ÆOê�Ü�®üÕrÕ	Æ�Ø�ÆëÅ�Æ�Ë�Ä Ç�ÅrÍrÊ�Ä � ÏrÎ�Å#®þÕr®¬Õ�ØÉÈ Ì�ÊrärÆ�Í�®°Ì
è�Ö�Ír®¬Ð�Æ�Ç£Æ�Ì�ÂIÁ£Â9Ï#Æ§Ï#Â�Á£Ð	Æ�Ì	®°ã�ÏrÊrÇ¦®þÅ�Â�Ñ�®°ýaÎ�ÕrÎ£ÍrØ�®°ýaê�Ì�®°ËrÃ�ÕrÎ�ÕrÊrÜ�ÊëÌ�Ê	ärÆ�ÍrÂ�Ü�Ê�¼yéÉê�ê�Ö	®þË�Ã�çhÎ�ÕrÕ�ÄrÜ â�Â�Ç£Á�Æ�Á£ÊQÅrÆ�Ë�Ä
Õ	Â�Ç�Á�Â � Á�Â�Ð�Êrã;Í	Î�à�Ê�Ü�Ù�Ð	Æ�ËrÊ;Ì�ÊrärÆ�ÍrÊ5Ü�Â�ãrà�Î�ÕrÎÿÐ	Æ�ËrÊ�Ì�Â�Ò�Á�Ã�Ç�Ä�Ù�Á�Æ�Ö�Á�Æ Ï#Ê�Ç�®°ÅrÂ�Ñ�® Ä ï Â�Ð�Á�Êrâ�ÕrÆ7ÅrÍrÊ�ÅrÊrÕ�Ä � Á�Ã�Ç�Ä�ÙÁ�Æ�Ï�®�ÄrÐ5Å�®°Õ�®°ÕrØ � ÕrÂ£Ï#ê£Ì�Ê	â�Â�ãrÕ	ÆGÎ ï Î�Ð�Á�ÊrÌ�ÕrÊ�ã�¼�À�Å�Æ	Ç£Á�Î£ÍrÎ�à�È#Ì�Â¦Õ�®�Ä	Ì�ÊrðhÂaê£Â�ÏrÆ�Ì	®üËrÃ�ÕrÆ7ÅrÆ�ÄrÇ�ÕrÒ�Ò�Á�Ã�ÇßÄAÌaÜ�Î£à�Â¦ä
Á�Î£Æ�Í�®°ý�ù�Æ�Í�Ã�Ð	Æ�Ì�ÂyÁ�Âyú�Æ�ÅrÕ�®°ÕrÂr¼
��������±�	�
�����������Ù�Ô���¼����¼���½
�����! #"%$#&('�)�*(+#"��!,�+(-/.! 0+�1&'�)(*�*(&�2�$#+�*()�-/+34+�+65�+*(*�+(*�78)

9;:=<>�<?A@�<
BDC�C(EAF(G�H�IKJL�M�NOG/M�L�J�P6M/Q�MRIKM�S/T�FIHKU�HVC(HKC(W�HN�L/MKN

C0IXF0TAS�Y/T�H=IXH=G/L�M�QKH�IZIXW�H�T�H�U�H[TAH#G�J\IXC(F�U�G�J\Y�T]F(G�C�W(^
J#IE]N]E�M _#H�E�`KabH=c L/J�d=e�L/fgc M YAT�JQ�W�M�e�F�C0Q�M/c
M�L�W�FT�F(CAhiQ]H=W�H]TAfgc FjbF _KH=EAF(F IH�k(TAH#C Y]H=C�E�F
H=WQ�T�f;WMKNml6n6oqpsr
l6M�S�T�F�I#J%NtT�FaqF(W(Q�Jvu;_=T�MAQ#HKC�H=IKJVw�lgx�uzy{Y�T�F�G�C�W(^

JIE�N�F(W C�H#_#H�c H#C�HK_=fgc d�Y�T�d�U�M�c Q#H�L�W(M�L]d=d�P|h
H#_#E/J�G]J}qjDM�c M�L]W(F(T]F�C0LAf;P~M QKH#E�F�_=J�W�F�E�`L�f;P�M
C0I�H�c�C(W�I#J�P�M~r l6f;C�H=QKH#W�F�P�Y�F0TAJ�W�d=T�LAf;F
C0I�FT�S�Y�TKH�IH#G�L�MAQ=M{I�C(M�E�d�M]S�I#f;C�H=Q�M�S�Q�T�M�W(M�eKF(C�Q=M]S
W(F�P�Y�FT�J�W�d=T�M�C�E�H�M�C(W�H=c�C�W(T�d=Q]W�d�T=f�S�JTAJ(Q�W�F(T�M�k�d�}|W�C�N
U�H�T�J�k�G�H _#HKE�F(F I#f;C�H=QKH=c Y�H C0T�JIKL�F(L�M�} C�H
C0I�FT�S�Y�TKH�IH#G�L�MAQ=J�P�M �4� T]H#G�J Y�H#G�I#M]��L]H#C�W(`}
I#M�S�T]F(IH�csT�FaqF(W(Q�M�h�Q#HKW�H=T]H=c�Y�TKH#WM�I�H#C�W�H�M�WDY�M�L�L�MAL�UKh
C0I�N�k(JL�LAfgc C T=J�k�L�H#HK_=T�J�k(LAf;P~M G�F(�|F0QKW(J�P�M
C(W(T]d]QKW�d�T�f�r6�6W�H�YAT�M�IHKG�M�WsQ�C�d]j�F�C(W�IH=IJLAM�}�I�Y]E�H=^
C0QKH#C�W(M���h���w!�Z��M�L�G�d�Q���MKN�P~J�U�L�M�W�L�H#U�H�Y]H#E�N�h����
W(F�P�Y�FT�J�W�d=TAJ�y�CY�F(�/M��qM�e#F�C(Q�M�S���J�k�H�If;S�Y�FT�F�SAH#G�H=I�I

I#M]S�TKF0I�H�c�T#FabF�W�Q�F�hOk(JIM�C�N]j�M�S HKW¡C�H#HKW(L�H�abF0LAMKN
P¢F��bG�d£J�L�M�k�H#W(T]H=Y�L�H�c J�P�Y�E�M�W�d#GAH=c¤Q#HKE�F�_=JL�M�c¤M
J�P~Y]E�M�W�d�G�H=c¤W�FY�E�H�I�H#U�H¥G�F(Y�MAL�L�M�L�U�JAhOW(JQ�M�S�hRQ=JQ
G�Id�P¢F�T�L�H#F�MsW�T�F�S�P�F0T�L]H#FDY�E�JI�E�FL�M�FDM�G�T�r
B�C(C�E�F�G�H=IKJ#L�MAF¦G/M�L�J�P6M�QAM�l;x¢u H�C(HK_�F0L�LAH§JQA^

W�d]J�E�`LAH¨Iª©(W�H#P¡C�E�d�e�J�F�h�WJQZQ�J#Q«_�HKE¬`aDJ0NYAH#G/^
I#MA�DL�HKC(W` IKM�S¬T]F0IKf;S E�M/L�M/c Y�T�FY]N]W�C(WId�F�W
Y/T�JQ�WM�e�F(CQ�H#P�dZM�CYAH#E�`�k(H�I#JLAM�}®l�n¯o�p�r±°6H#E�`aDHKF
e�M�C�E�H T/J�_#H�WAh§M�CY�H�E�`Xk(d�}�j�M�S TAF(k�M�C�W0MAI#L/f;F M
P6J�U(L�MAW(L/f;F P�F(W�H#G�f MAk�P�F0T�FL/M�c�h�Y�T�F�G�H�C(W(JKI#M�E�M
�AF0L�LAd�} M�L/�qH=T�P6J�/M�} P6JQ�T�H�CQ�H=Y/M�e�F(CQ�HKU�H
S�JT�JQ�W�F0T�J�Y]HsG�M/L�J�P6M�QKF�lgx¢u�²�³�h�´/µ�r
ogT�F(G/M P�JQAT�H�P~F�W�H�G�H�I H#W�P�F(WM�P C�W0J�WMAe#F�C0Q�M/c

P�F(S/J#L�MAe#F�C0QAM�c P~F�W�H#G MAk�P¢FT�FL�M]N P�J�U�L/M�WL�HKU�H
P�H#P�FL�W(J¬h G�JIKa¶MAc YAF0T�IXH�F P6JQ�T�H�CQ�H=Y/M�e�F(CQ�HKF
G�H�Q�J�k0J�W�F�E¬`�C�W0IXH IHKk(P�HK�¶L�H�C(W�M C(d�j�F(C�W(IH�IKJL�MKN
·/¸�¹

− º
¹ ^�CMAP¢P�F(WT�M/MsY/JT�JP�F(WT�J�Y�H�TKN�G�Q�JAh�M�M�k�P~FT�FL�M]F

CI�N�k0JL/L�H�c C ©(W�M�P JL�M]k(HKW0T�H�Y�M/M I#LAd�W0T]F0L/L�F�U�H
Y/M�L�LAM�L�U�J ²¼»�µ�r ½DW(P�F(WM�P|h e=W�H JL/M�k�H=W�T�H�Y�MKN

¾ ¿�À6Á�Â0Á�Ã#ÄKÅÇÆ�ÄÈ�É�Ê=Ë�Ì�Í�Â(Á�Î¢Á�Ï6ÉÐ�ÈÄ�ÉÑ6Æ�Ä�Ò#Ä�ÍXÓ8ÔÔ#Õ



Y�M�L/L�M/L�U(J I#M�S�T�Fc ug_�T�M�Q]H=C�H=IKJAh I#f;kI#JL/L�J�N
G�M�C�E�H�Q�J#��M]N�P6M�h¨_�f;E�J¤H#_�L�JKT�d��DF0LAJ¤C(WJ�W0MAe#F�CQ�M�P
P~F�S�JL�M�e�F�C0Q�MAP P�F(W�H#GAH#P I CY�E�JIF �������m²���µ0r
� Q�CY�FT�M�P�FL�WJ�E¬`LAH QAJT�W(M/L�J JL�J�EAH=U�MAe�L�J
L�J�_�E�}qG�JF�P¢H�c I T�J�_�HKW(F ²Ç»�µ�r 	�jbF _KH=EAF(F
e=d�IXC(WI#MAW�F�E¬`L/f;P P�F�W(HKG�H#P M�k�d�e=FL�M]N ©�W(MAS
Y�T�H���F�C�C(H�I N�IXE�N�F(W�C�N Y�T=N]P�H�c G�M/L�JP�M�e�F�C0Q�M/c
P~F�S�JL�M�e�F�C0Q�M/c P¢F�W(H�G MAC(C�E�F�G�H�I#JL�M]N Y�H�W(FT�`Ah
G�J}bjDM�c±M/L��qH=TAP~J#�AM�}�H IXk0JM�P�H�G�F0cAC�W0IKM�MmI#M�S�T�Fc I
C0IXF0TAS�Y/T�H=IXH=G/L�M�Q�JXS IW�H]T]H=U�H T�H�G�J ²�
�µ0r
�mF�S¬JL�MAe�F(CQ�M�P6M P�F�W(HKG�J�P6M M�C�C(EAF(G�H�I#JKL�f
T�F�E�JQ�CJ��MAH=L/L�f;F Y�T�H���F�C�C0f�h C�H�Y�T�H�IH��bG�J}bjDM�F
IH�k0LAM�Q�LAH=IFL/M�FZM¦TAJ�C0Y/J�G¡lgx¢u Q�JQ I\H�_=f;e�L/f;S
C0IXF0TAS�Y/T�H=IXH=G/L�M�Q�JXS IXW�H�T�H�U�H�T�H�G�JAhgWJQ�M I l�n¯o�p�h
d�C(W�J#L�H�IEAF0L/J�CI�N�kJL�L/J�N�C IXH#k�P~HK�¶L�f;P�Y�E¬JIXE�FL�MAF(P
lgx¢uR²��h���µ¯W(F�P6Y�FT�JW�d/T�J¶YAFT�F(SAH=G/J¶IX_#E�M�k0M�����h�I#fgabF
Q�H�W�H�T�H�c E/H#U�JT�M��|P6M�eKF(CQ�M/c S/H#G S�JKT�JQ�W�F0TAL�H�c
k0JIKM�CM�P�H�C(W(M Y/T�H���F�C(CJ T]F(E�JQ�CJ��M�M kJ�P�F0L]N�F(W�C�N
C(W�F0YAFL�L�f;P�C Y]H]Q�JXk(JW�F�E/F(P�C(W�F0Y]F0L/M Ú

⁄ � r�gFL�L�d/}\M�L��|H�T�P6J��M�}«HmC�WT�d�Q�W(d�T�F±MmG�M/L�J�P6M�QKF
lgx¢u G�JF�W C0TAJ#I#L]F0L/M�F T�F(k�d�E¬`�WJ�W�H=I P6JQ�T]H=^¤M
P�M/Q�T�HKC0Q]H=Y/M�e�F(CQ�M�S¤P¢F�W(H�G�H�I/hVW(J#Q�MAS�hOQ�JQ����{x|r
� �b�gFQ�WM�I#LAH#C�W0`����{x¦Q�JQ«P�F�W�H�G�J�M�C(C�E/F(G�H�I#JL/MKN
C(E/H#�¶LAfgS�IKM�S�T�F0IKf;S�C(W(TAd�Q�W�d�T�IDQ�H�L�G�FL�CM�T]H=I#JKL�L/f;S
C0TAF(G�JXS¡P~HK�¶L�H¡Y�TAH=MAE�E¬}|C(WT�M/T�H=IKJW(` L�J Y�T�M]P~FT�F
M�C�C(EAF(G�H�IKJL�M�N d�L/M�Q�J�E�`L�f;S C0IXH=cAC(WI IKM�S�T�F0IXH#U�H
C(H�C�W(HXNAL/MKNsIH�I#T�Jj�J#}�j�F(P�C�N CIFT�S/W(FQKd�e#F�P ����� ²���µ0r
l Y�HKC(E/F�G]L/M�F U�HKG�f L/J�_=E/}�G�JXF(W�C�N C�d�jbF�C(WIFL�L/fgc
Y�T�H�U�T�F�C(C I M�k�d�e=FL�M/M G�M�L�JXP~M/Q�M l;x¢u C
M�CY�H�E�`k�H=IKJL�M]F(P�����x|r�pzT/M G�HKC(WJ�W�H#e�L�H L�MAk0Q�MAS
W(F�P6Y�F0T/J�W�d]TAJ�S�w � ��� � ��yvCY�FQ�W(T!���{x�H�W(T/J��DJF�W
E�H�Q�J�E¬`LAH#F T�JCY�T�F�G�F�E�FL�MAF P6J�U(L�MAW(L�HKU�H Y�H�E�N�h
H=_Kd�C�E�H�IE�FL�L]H=F�C(d�jbF�C(WIH�IKJL�M�F�POd�C�W(H�c�e�M�IXH=cvlgx�uDh
J�G�MAL�J�P6M�Q�J I#M]S¬T�FIH�c T�FabF�W0Q�M Y�T]H#N�IXE�N�F(W�C�N§I
C(d��bFL�MAMvE�M�LAM�c"��� xtMVI{Y�TAH=�AF(C�CJ�SOT�F(E/J#QKC0JK��M/M
N]GAF0T�r BDk(d�e�F0LAM�F W�F(P6Y�FT�JW�d�T�L�H�c k0JIKM�CM�P�H#C�WM
C0Q�H�T�HKC(W�Fc CY�M�L/^ C0Y�M/L�H�IH�c M C0Y�M/L�^ T�FabF�W(HKe�L�H�c
T�F�E�JQ�CJ��M/cN�G�F0T G�J�F�W IXH#k�P~HK�¶L�H�C�W0`ªH�Y�T�F�G�F(E�M�W`
S¬JT�JKQKW(FT�L/f;F�I#TAF(P�F0L/J�Q�H�T�T]F(EAN���M�M lgx¢u�hzJ W0JQ��bF
W(F�P6Y�F0T/J�W�d]T]d�F�F¶YAE�J#IXE�FL�MKN�r
#DF�G�JI#L]H¡_=f;E¥Y�T�F�G�E/H#�DFL M�LAW�F0T�F�CL�f�c P¢F�W(H�G

M�C�C(EAF(G�H�IKJL�M�N\G�M�L/J�P6M�Q�M l�x¢u�h�C(WM�P�d�E¬MAT�H�I#JL/L�H�c
I#LAF0aDL/M�P6M L/M�k0Q]H#e�J�C(W�H�W(L/f;P�M w$#�%�y M
M�P6Y�d�E�`�C0L/f;P6M P6J�U�L�M]W0L/f;P6M Y�H�E�N�P6M�h
M�CY�H�E�`k�d�}�j�M�c N�IE�FL/M�F¡G�F�zJ�kM�TAH=IKQ�M N�G�FT�LAH#U�H
C0Y/M�LAH=IH�U�Hs©�S�J�²�&/µ�r¢½DW�P�F(WM�Pqh�e�W�H�©(W�H#WDP�F�W�H�GsG�JIKL�H
Y�T�MAP¢FL]N]F�W�C�N Y/T�M M�C�C�E�F(GAH]IKJL�M/M G/M�L�J�P6M�QAM
G�H�P¢FL�L�f|S U(TAJL�M�� I¤P�JU�L�F�W(M/Q�J�S M Y�H�kIHKE�N�F�W
M�k�d�e]J�W` ©0�q��FQ�Wf�h C0I0N]kJL/L�f;F¥C¥JL�M]k(HKW0T�H�Y�MAFc
C0IXF0TAS�W�H=L/Q�H#U�H�Y�H�E�N�hzY�T]H]M]k0IXH=G�MAW0`mQ]H=E/M�eKF(C�W0IXF0L/L�f;F
H]�AFL�Q�M E�H�Q�J�E¬`L/f;S L�F(H�G�L]H]T]H#G�LAH#C�W(Fc M
Y�HKG�I#MA�DL�HKC(WM�G�H�P¢FL�L�f|S�U(T�JL/M���h�JDWJQ��bF¶YAH#E/d=e�J�W`
��FL�L]d]} M/L��qH=TAP~JK��M�} HK_ M]G�F0LAW(M/�bM�Q�J�/M�M�CY�FQ�WT�J
���{x¥²�³('�µ�rmo;W0M�P�d�E�M�T�H�I#JL/L�J�N[IKL�FaDL/M�P6M)#�% M

MAP~YAd=E�`�CL�f;P6M�Y�H�E�N�P6MsG/M�L�J�P6M�QAJbG�H�P¢FL�LAfgSsU�T�JL�MA�
I P6J�U�L�F�WM�Q�J�S M/L�W(FLAC0M�IKL�H¤M�k(d�e�J�E�J�C0` WJQ��bF§M
P6JQ�T�H�CQ#H�Y�MAe�F(CQ�M�P6M�P�F(W�H�G�JP~M ²�³#³#µ�r
°6HKE¬`a�H=c M�LAW�F0T�F�C Y/T�F(GAC(W(JKIE�N�F�W M�k�d=e�FL�M]F

C�W0M�P�d�E�M�T�H�I#JL/L�H�cmG�M/L�JP�M�Q�MmM C0M]E�Y�M/L�L/M�L�U�J±l;x¢u
I C0IXF0TAS�Y/T�H=IXH=G/L�M�Q�JXS¥��� T�H#G/J�I�©Q�CY�FT�M�P�FL�W�JS
P6JQ�T�H�CQ#H�Y�MAe�F(CQKH�U�H WM�Y�J M C0T�JKI#L�FL/M�F ©�W0MAS
T�F�k(d�E�`�W0J�W�H�I�C¶G�JKL�L�f;P6M*��� xgr

+�,.-$/ <$0/@21�<X?43(57648#?:9�<;0�<7<$=464873(573(9
@�@4>@?4A - =:BD>�<?A@¬<

l L�J�C�W�HXN�jbF(c T�J�_#HKW�F P6f Y�T�F�G�E�J�U�J�F�P
H=TAM�U�M�L�J�E�`L�d�} P�F(W�HKG�M�QKd M]C�C(EAF�G�H=I#JLAMKN
C�W(M�P¢d�E�MAT�H=IJL�L]H=c{G�M�L�J�P�M�Q�M�M Y�M�L�L�MAL�U�Jmlgx�u\Y�T�M
IHKk�G�F0c]C�W(I#MAM�C�E�J�_KH#U�H�Y�F0TKF�P¢FL�L�HKU�H�P�J�U�L�M�WL�H#U�H¶Y]H#E�N�r
l Q�J�e#F�C�W(IFZY]F0T�I�HKU�H�F(FZYAT�M�P¢FL�F(LAMKN YAT�M�I�H#GKN�W�C�N
T�F�k�d#E/`�W0J�W0f YATKN=P�H#U�H M�k�P¢FT�F(LAMKN Y�H#W�FT�` I
Y�FTKF(P�F0L�L]H#P P6J�U%LAM�W0L]H#P Y�HKE�FAr o6d�W(` P¢F�W�H#G�J
k(JQKE�}|e]J�F�W�C�N I C�E�F�G�d�}�jbF�Pgr o I�FTKS�Y�T�H�IH#GKN�jDM�c
��M�E/M�L�G�T�M�e�F�CQ�M�c�H#_�T�J�k(F(��Y�H#G�I�FabM�I#J�F�W�C�N�L�J�W�H�L�QKH=c
d�Y�T�dKU�H�c�L�M�W(M�MOY�HKP~F�jDJ�F�W�C�NRI�Y�FT�Y�F(L]G]MAQ�d#E�N�T�L]H#F
H#CM ��M�E�MAL�G�T�J Y]H#C�W�HN�L�L�H#F P~J�U�L�M�W(L]H#F Y�HKE�F
C � >

C � Ó h C�H#k�G�J(}qjbF�F I#M]S�T�M u;_=TAM�QKH#C�H=IJAr
BDk�P�F0TKN�}gW�C�N M]k�P�F(L�FL�MKN k�J�W�d�S�JL�MKN M e�J�C(W�H#W(f
QKH#E�F�_=JLAM�c�h If;k(IKJ(L�LAf;F Y�T�M�C�d�W�C�W(IM�F�P I#M�S/T�F(c
u;_=T�M�QKHKC(H�IJs²�
�µ�r�p�H�Q=J�Y�H#E�FDC � <

C � Ó hAQ�JQ�e=J�C�W�H#W(J ω
h

W(JQmM E�H#U�JT�M��qP~M�eKF(C�Q=MAcmG�F0Q�T�F�P~F�L�Wsk(J�W�d=S/JL�MKN
δ
L�F

k(JIKM�C�N�W HKW J�P�Y�E�M�W�d=G�f Q#HKE�F�_=JL�MKN
ϕ
rb½zG/L�J(Q]H�h�Q=JQ

W�HKE�`Q�H�Y]H#E�F C � C�W(JL]H=I#M]W�C�N�_#HKE�`abF C � Ó M�I�H#_FE/F�P�FCI�F0TKS�Y�T]H=IHKG�L�M�Q�J H#_=TAJ�k�d�}gW�C�N IM�S�TAM u�_�T�M�QKH#C�H=IJ
w�Q�H#W�H�T�f¯F k(JQ�T�FY�E�F(L�f¤L�JªG�F0�|F0QKW(J�S�T�F(a�F�W0Q�M�yXh I
T�F�k�d#E/`�W0J�W(FqC�d�jbF�C�W(IH�IJL�MKNsY�M�L�LAM�L�U�JbI#M�S�TAM�C(HKk�G�J}gW
G�H=Y�HKE�L�M�W�F�E�`LAfgc�P¢HKP¢FL�W�h�QKH#W�H�T�fgc�G�F�E/J�F(Wqe=J�C�W�HKW(d�M
k(J�W�d�S�JLAM�F Y�H#G�IXF�C0L]H=c C(M�C�W�F�P6f k(JI#M�C�M�P~f;P�M H#W
J�P~Y]E�M�W�d�G�f QKH#EAF�_=JL�MAc�r l e=J�C�W(L�HKC�WM�h L�J
J�P~Y]E�M�W�d�G�L�f;S kJ(IKM�C(M�P�HKC�W�N�S e=J�C�W�HKW(f¡M�k(J�W�d�S�JLAMKN
Y�HXNAI�E]N]F�W�C�N Q�T�M�WM�eKF�C0Q�J�N J�P~Y]E�M�W�d#G�J]h~IfgabF�Q#HKW�H=T]H=c
e=J�C�W�HKW(J QKH#E�F�_=J�L�M�c L�J�e=MAL�J�F(W d�P¢F(L�`a�J�W(`�C�N�hiJ
k(J�W�d�S�JLAM�F � d�I�F�E�M�e=MAI#J�W0`�C�N�r BDk�P�F0TXN�N ©�W(M
k(JIKM�C(M�P�H#C�W(M�h�P�f�C�d�G�M�P�Q�J�Q�H�C(M�E�F�Y�M�L�L�MAL�U�J�h�W�JQsM
H G�M�C�CM�Y�J�WM�IL�f;S Y�T�H=�]F�C(C�J�S�hZC�H=YAT�H=I�HK�zG/J(}qjDM�S
G�I#M��bF(LAM�F lgx�uDr�G JQ Y�H=Q�J�k(J�E H=J�E�Jc�QKH ²�³(´�µ�h
C�d=jbF�C�W(IXF(L�L�d�} T]H#E�` Y�T�M ©�W�H#P M�U�T�J�F�W
Ik�JM�P¢HKG=Fc�C�W�I#M�F C(IXH#_KH#G�L�f;S M kJ(QAT#FY�E�F�L�L�f;S
I#M]S�TKF0c�r«o d]IXF�E�M�eKF0LAM�F�P J�P~Y�E�M]W�d�G]f Q#HKE�F�_�JL�M�c
Y�HKG]IXF�CL�H=c C(M�C�W�F�P~f M]k�P¢FLKN=F�W�C�N Q#H�L���FL�W(T�J��/MKN
CI�H#_#HKG�L�f;S�M�k(JQ�T�FY�E�F�L�L�f;SsI#M]S�T�F(c�h�e#W�H¶Y�T�MAI�H#G�M�WzQ
J�P~Y]E�M�W�d�G�L�H=c k�JI#M�C(M]P¢H#C�W(M G�M�C�CM�Y�J�W�M�IL�f;S
Y�T�H���F�C�C(H�I�I�C�P�F0aDJ�L�L�HKP�C(HKC�W(HXN]L�MAM�rzpbT�F�G�E�J�U�J�F(P�J�N
P¢F�W�HKG]MAQ�J k(JQKE�}ge�J�F(W�C�N I W�H#P|h�e�W�H¦YAJT�J�E�E�F�E/`L�H
H#CL�H�IL�H#P�d Y]H#E�} C � h C�H#k�G]J}qjqF(P�d IM]S�T�M
u;_=T�M�QKHKC(H�IJAh�Y�T�M�Q�E�J�G�f;I#J�F�W�C�N�C(E/J�_#H#F\Y�FTKF(P�F0L�L]H#F
Y�HKE�F¡wJI

≈
³#h�
 ��yKh I\T�F�k�d�E�`�W(J�W�F eKF(U�H I�H#k(L�MAQ�J�F�W

K Ä�Ë%Ä�L!É~È�Ä�ËJL�ÄNM.O�Ì0ÐQP�Ì$R�ÉSO�T(R�Í�Ó8Ô(ÔÕ�ÍUO(Á�VXW�ÍSY�Ó�Z Ô�W$[



G�H=Y�HKE�L�M�W�F�E�`L�J�N¥G�M�C�C0M�YAJ(�/MKN¥©(L�FTKU%MAM QKH#EAF(_�J(L�MAc
Y�H#G�I�F�C(L�H�c�P¢F�S�JL�M�eKF�C0QKH�csCM�C�W�F(P�f�r
½D_�T�Jk�F� M�k W�FT�P�H#G�M/L�J�P6M�eKF(CQ�M H�_�T�J�WM�P�H#U�H

P~H�L�H�Q�T/M�C(WJ�E/E�J ���X� � I ��H�T�P�F �/M�E/M�L�G/T�J
G�M�J�P�F�W(TAH#P ´�h�
 P�P M G�E�M/L�H�c �

=

 P~P

Y�T�M/Q�T�FY�EAN�E�C�N Q�QKH�E�F(_�J�W�F(E/`#L�H�c�CM�C�W(F�P�F�h¬M]P~F}bjbFc
P~H�P�F0LAW MAL�FT��/M�M��

= =
�7��h��F
�U

⋅
C(P Ú r�	�FDC�H�_#C�W0IXF0L/L�J�N

e]J�C�W�H=W�J
ω =
'/h � &���� Ó r�p�FT/IH#F\Q�T�MAW(MAe�F(CQKH=F\Y�H�E�F

C � Ó =
2
 ��r l�L�Fa¶L]F(F Y�H�E�FAh Y�T�M Q]H=W�H]T]H=P

M�k�P¢FT�N�F�W�C�N IE�MKN�L�M]F�C(E�JX_#H�U�H�Y�FT�F�P~FL�LAH#U�H�Y�H�E�NmL�J
Q�T�MAW0M�e�F�C0Q]H#F�C�H�C(W�HN�L/M�F�CIFT�S�Y/T�H�IH�G�L�M/Q�J��4� T]H#G�JAh
C � =

�2' � M Y�T�FI#f�a�J�F(W w(L�H L�F C(E�M�aDQ]H=P
H=W�E�MAe=JXF(W�C�N¢y�Y�FT�IXH#FVQ�T�M�WM�eKF(CQ�H�F YAH#E/F�r G|JQtd=�bF
H=W�P¢F�e�J�E�HKC0`¬h~Y�FT�F�P�F0L�LAH#FsYAH#E/F I�C(H�C�W(J#IXE�N�F(W�P6J�E/d]}
G�H�_=JI#Q]d

≈
³�h 
�� Q C � r

GzJKQ IKM�G/L�H¨LAJRT/M�C�r�³#h�Y�T�M«L�M�k�Q�M�S«e=JKC#W�H�WJS
Y�T�MAE�H���F=L�L�HAU�H Y�H�E]N I L�J_AE¬}bG/J#}bW�CN _/H�E�FKF
C#d�j�F#C#WIF�L�L�f;F M�k#P�F=L�F�L�MKN G�M]C#C�M�Y�JK��M�M�r l
H�W�C#d/W�C�W(I�M�FzY]H�E�N I�k�JW�d�S�J#LAM�F¶M�e�JC�W�H/W(J�Q#H/E�FK_�J�L�M�c
k=JKI#MACN�W H�W¥JXP~Y�E�MAW�d/G�f Q�HAE�F#_�J#L�MAc Y]H�G�IFKC�L�H�c
C=MAC#W�F#P�f�r��6W0M�k=J#IKM�C�M�P¢H/C#WMDJKL�JE/H�U�MAe=LAf±H�Y�M�C�J=LAL�H�c
I T�JX_�H�W�F§²S
/µ M¡C�IXN]k�J#L�f C L�JXE�M�e�M�FKP£IKM�S�TAF=c
ug_�T�M�QKH/C#H�IKJ�hteKW(H�C�I�M�G�F#W�F#E/`C#WIdAF#W H/_�H/W(T�fgIXF
I#MAS�T�F�c¡H�W ��F=L]W0T�H/I¦Y�M/L�L�M�L�U�J�Y�T/M¡JP�Y�E�M�W�d�G�JS
Q�H�EAF#_�J#L�M�c

ϕ
h Y/T�FI#fgaDJK}�jDMAS L�FQ�HKW(H�T�HKF

Q�T�MAW(MAe�F(CQKH=F�k0L/J�e�F0L�MAF
ϕ
� r

G�J#QC(EAF(G�d�F�W M�k T�M�CAr{³�h	��h Y�TAMZCT�JIKL�M�W�F�E¬`LAH
_�H#E�`aDMAS e=JC�W�H�WJ�S ³(�2' Q:H]�

≤ 
 ≤
´$�4'sQQH��

E/H#U(JT�M/�gP6MAe#F�C0QAM�c G�FQ�T�F�P~FLAW
δ

kJ�W(d�S�JL�MKN
Q�HKE�F�_=JKL�M�c�YAH#G/IF�C0L�H�c¤CM�C�W�F(P�f L�F kJI#MACM�W HKW
e�J�C(W�H#Wf��|M�N�IXE�N�F(W�C�N�Y�HsIF�E�M�e�M�L�FbWJQ�MAPm�zFAh¬Q�JQ�I
H�W�C�d�W�C�W0IKM�F Y�FT�F�P~FL�LAH#U�H YAH#EAN w

δ = δ � yKr pzT/M
G�J�E�`L�Fc�abF�P d�P�FL�`#abFL/M�M e]J�C�W�H=W�f

δ
L�J�e�M/L�J�F�W

IH�k(T/J�C�W0J�W` M I\Y�HKE�N�S�t³N'VQQH��RIveKF(WfgTAF TAJ�k0J
Y/T�F0IKfgaDJF�W

δ � r�qC0L�H�h e#W�H Y�TAM Y�T�MAE�H��bF0L/M�M C�E¬J�_�HKU�H
YAF0T�F�P�F0LAL�HKU�H¥Y�H�E�N I e�J�C�W(HKW(H�c � J�P�YAE�MAW�d�G�L/f;F
©�z�qFQKW0f e�JC�W�H�W0f

ω
M k0J�W�d�S�J#L�M]N

δ
h

L/J�_#E�}gG�JIKa¶M�F�C�N Y�T�M �
=
'�h P�F0LKN�}qW�C�N�r

ugP6Y�E�M�W(d�G�LAJ�NRkJI#MACM�P�H#C�W0`
ω
h¶W�H#e�L�F�F�hsM�k�P~FL�FL�M]F

e�J�C(W�H#Wf
∆ω

kJI#MACM�W�H#W�e�J�C�W(HKW0f�Y�F0TAF�P¢FL�L�H�U�H Y�H�E�N
��JL/J�E�HKU(M�e�L�H�M]k(P�FL�F0L/M�}k0J�W�d�S�J#L�M]N QKH�E�F�_�JL�M�c

δ
h

YAH=Q�J�kJL�L]H=P�d L�J T�M]C�r�³=r���JI#M�CM�P�HKC(W`
∆ω

w
∆ωH�_#H�k(L/J�e�J�F(W¶T/J�kL�H�C(W(`�P�F��DG�d���M�Q]E¬M�e�F�C0Q]H=c�e�J�C�W(HKW(H�c

Q�HKE�F�_=JKL�M�c{�/M�E�M�L�G�T/J�Y/T�M{J�P�YAE�MAW�d�G�F
ϕ =
'�h�'=´�T�J�G

M F(F k0LAJe#FL/M�F(P Y/T�M
ϕ =
'�h ³RT�JXG¬y H=W�e�J�C�W(HKW0f

YAF0T�F�P�F0LAL�HKU�H�Y�H�E�N � Y�TAF(G�C�W0JIXE�FL�J±L�J�T/M�CAr�´�r�G�JQ
I#MAG�L�H�h�M�k�P�F0L]F0L/M�F

∆ω
Y�HKN�IE�N�F�W(C�N¨Y/T�Mªk0L/J�e�F0L�M/M

e�J�C(W�H#Wf Y�FT�F�P�F0L�LAH#U�H Y�H�E�NZL�M���F �
= =

³(�F'�Q:H]�~r
��W�M�P�H�L�H¡HKW(E�M�e�J�F(W�C�N H=W G�M/L�JP�M�Q�M Y�H�IF�G�FL�MKN

����������� ûÂ£Ì¦Ê�Ç�Ê�Ü�Æ�Ç�Á�Ã'Ë	Æ�ØÉÂ�Í�Ê ï Ü�Ê�â�Î�Ç�Ð�Æ�ØÉÆ'Ï	Î�Ð�Í�Î�Ü�Î�Õ�Á�Â~ê�Â£ÁÉÈ	ä	Â£Õ	Ê�Ä
Ð�Æ�Ë�Î£Ö¦Â£Õ	Ê�ã4Å�Æ�Ï	Ì�Î£Ç�Õ	Æ�ãáÇ�Ê	Ç�Á�Î�Ü�í

δ
Æ�Á â�Â�Ç�Á�Æ�Á�íPÅ�Î�Í�Î�Ü�Î�Õ�Õ�Æ¦ØÉÆ

Ü Â£Ø�Õ�Ê�Á�Õ�Æ�ØÉÆ~Å�Æ�Ë�Ä � � ¡ � ¼�� Æ'à�Î�Ì'Ê	Õ�Á�Î�Í�Ì�Â�Ë�Î�â�Â¦Ç�Á�Æ�ÁyÓÉÚ(� � Ú��(�"Ð	ù�ÑÌhÈ�Ì�Î�Ë	Ê�â�Î�Õ	Õ�Æ�Ü7Ü�Â�Ç�ç�Á�Â�Ö�Î�� � � ¼

����������� ûÂ�Ì�Ê�Ç�Ê	Ü�Æ�Ç�Á�Ã
∆ω Æ�Á�â�Â�Ç£Á�Æ¦Á�íQÅ�Î�Í�Î�Ü Î�Õ�Õ�Æ�ØÉÆ7Å�Æ�Ë�Ä � �

∆ω� Í�Â�ê�Õ�Æ�Ç�Á�ÃbÑ�Ê	Ð�Ë	Ê�â�Î�Ç�Ð�Ê	ä â�Â¦Ç�Á�Æ�Á_Ð�Æ¦Ë�Î�Ö�Â�Õ�Ê	ã Å	Æ£Ï	Ì�Î�Ç�Õ�Æ�ã
Ç�Ê�Ç�Á�Î�Ü�í�Å	Í�Ê�Â�ÜÅ	Ë�Ê�ÁÉÈ¦Ï�Â¦ä

ϕ =
��Ù �§Ú~Ê �rÙþÓ�Í�Â�Ï � ¼

Ô$W0Õ K Ä�Ë�Ä$L8É�È(Ä�ËJL4ÄXMQO4ÌÐ P�Ì$R�ÉXO�T(R#Í0Ó4Ô(ÔÕ#Í O0Á�VXW�ÍSY�Ó�Z



G�F0QAT�F(P�FL�WJ k(JXW�d�S�JL/MKN
δ
h Q�H�W�H�T�fgc H=C�W(JXF(W�C�N

L�FM�k�P~FL�L/f;PZI M/L�W�F0TAI#J�E/F ´7�2'��¯³(�2'VQ:H]��M�W(HKE¬`Q�H
Y�T�M �

=
³J '�Q:H��sL/J�e�M�L�J�F�WzIXH�k0T�J�C�WJ�W0`�w(TAM�CAr¢³�h���h=U�G�F

Y�T�F�G�C�W0JIXE�FL�f TAF(k�dAE�`W(JXW(f _KH=EAF(F W0jDJXW�F�E¬`LAH#U�H
M�k�P¢FT�FL�M]N�I�H#_�E�J�C�W0M�³(´2'���´$�4'sQ H=�¢yKr
n�JQ�M�P H�_=T/J�k(HKP�h L�JaDM ©0Q�CY�FT�M]P~FL�Wf

Y�H�Q�J�k0fgIKJ#}|W�h eKW(H Y/T�MAE�H��bF0L/M�F C�E�J�_�H#U�H
Y�FT�F�P~FL�LAH#U�H YAH#EAN C0YAH#C�H�_#C�W0IXd=F�W G�FY�M/L�L�MAL�U�d
I#MAS�T�Fc ug_=T�M/Q�H#C�H�I#J M IXH#kL�M�QAL�H�IFL�M�}
G�H�Y�H�E�L�M]W(F�E�`#L]H]c G�M�C�CM�Y�JK��M/M ©L�FT�U�M/M
H=CIHK_�H#�DG�FL�L/f;P6M IKM�S�T=N]P6M�r§�;W0M C�H#H�_=T/J��bF0L/MKN
Y�HKG�W0IXF0T]�DG�J#}gW�C�N M�C(C�E/F(G�H�I#JL/M�F�P J�P�Y]E¬M�W�d�G�L/f;S
©0�b�qF0Q]W�H�IDY�TAMsL�J�E�M�e�M�M�C�E�J�_=HKU�H¶YAF0T]F(P�FL�L�HKU�H¶YAH#EAN�r
½¶Q�J�k0fgIKJF�W�C�N~h�e�W�H Q�TAM�W0MAe#F�CQ�J�N�J�P6Y�E�MAW�d�G�J

ϕ
� h�Y�TAM

Q�H�W�H�T�H�c\IRQ]H#E/F(_�J�W(F�E¬`L/f;S\©Q#CYAF0T�MAP¢FLAW0J�SZIKM�S¬TAM
H=WT�fgIKJ}�W�C�N H�Wz�AFL�W(TAH=I�k(JKQ=TAFY�E�FL�M]N�h]T�F�k0Q]H Y�JXG�JF�W
Y�T�M±d�P�FL�`#abFL�M/M�e�J�C�W(H�W(f�Y�FT�F�P�F0L/L�H�U�H Y�H�E�N�w(T�MACAr
»¢h;C0T�rgT�M�CAr �/yKr�G�JQ�IKM�G�LAH�M�k�U�T/J�zMAQ�J LAJ T/M�CAr�»�h
Y�T�M P6J�E�f|S e�J�C(W�H�W(JS w(Y�TAM�_�E�M�kM�W�F(E/`#L�H G�H
�

≈

F'±QQH=��y

ϕ
� T�F�kQ#Hvd�P�F0L�`KaDJ�F�W(C�N LAM��bF�Y/T�F�G�F�E�J

IH�k(P�H���LAH#C�WM�L�J�_�E�}qG�FL�M]N I�G�JL/L�H�P�©Q�C0YAFT�M�P�F0LAW�F
w(´

⋅
³(' − Ú TAJ�G¢yKr pbT�M d/IF�E�M�eKF0L/M�M e�J�C(W�H#Wf

Y�FT�F�P~FL�LAH#U�HZYAH#EAN �Vd�U�H=E
ϕ
� IXH�k(T�J�C�WJ�F(W M Y�TAM

e]J�C�W�H=W�JS �
=
´#´2'���´F�4' QQH=��IKf;S�HKG�M�W L/J d/T�H=IXF0L/`

Q�T�MAW0M�e�F�C0Q]H=c J�P6Y�E¬M]W(d�G�f�h L/J�_#E�}gG�J�F�P�H]c Y�TAM
H=W�C�d=W�C�W(I#M/M�YAF0T�F�P�F0LAL�HKU�H�Y�H�E�N�r��qE�N{C0T�JKI#L�FL/MKN L�J
T�M�CAr � Y�T�MAIF�G�F0L/J JXP~YAE�MAW(d�G�L�J�N kJI#M�CM�P�HKC(W`
k0J�W�d�S¬JL/MKNOw(Y�TAM �

= =
³X�7'�h ´�QQH=��yh Y/T�M�QKH�W�H=T�H�c

ϕ
�

d��bF d�IF�E�MAe�F0L�JVLAJ�C(W�H�E�`#QKH�h¶e�W(HVH�L�JVY]H=e�W(MªT�J#IKL�J
Q�T�MAW0M�e�F�C0Q]H=c±JP~YAE�MAW(d�G�F�I�H�W�C(dAW�C(WI#MAF�Y�FT�F�P~FL�LAH#U�H
Y�HKE�N�r

�gE�N HK_FE�N�C(L]F0L�M=N Y�H#EAd=eKF(L�L�f;S T�F�k�d�E�`�W(J�W�H�I
IH#C�Y�H#E�`�k�d#F�P¢C�N�W�F(H�T�M�F(c"HKH=T�`QKH=IJmM G H�Y�L�M�LAJ�²�³�»/µ�r
x¢F�e�` M�G�F(W HK_ ©0QKCY�F(T�M]P¢FL�W�F C �/M�E�MAL�G�T�H#P|h
Q�H#E�F�_#E�}qjDM�P¢C�N I{Y�H#C�W�HN�L�L�HKPRP�J�U�L�M�W(L�HKP Y�HKE�F�hzL�J
Q�H#W�H�T�H#FOLAJQ#E/J�G]fgIJ�F�W�C�N\C�E�J�_KH#F�Y�F(T�F�P�F(LAL�H#F�Y�H#E�F]r
°~d�G�F(P T�J�C�C(P�J�W(T�M�IJ�W(` C(EAd#e�J(c G�HKC�W(J�W�HKe]L]H�_KH#E�`aqH�c

e=J�C�W�HKW(f Y]F(T�F�P¢F(L�L]H#U�H Y�H#E]N
ω > ω �

w�U�G�F
ω �

�
Y�T�F�G�F�E�`L�J�N e=J�C�W�HKW(JAh Y�TAM Q#HKW(H�TKH=c IM]S�T�M
H#W�T�fgIJ}gW�C�N H#W �]F0L�W�T�H=I YAM�L�L�M�L]U%JKyKr °�d=G�F�P
Y�T�F�G�Y�H#E/J�U�J�W(`�WJ�Q��bF�h6e#W�H±C�P�F(jbF(LAM�F�IM�S�T�F(c
	�P�J�E�H
Y�H C0T�JI#L]F(L�M�} C¦T�J�C�C�W�HN�L�M�F�P P�F(�bG�d§�AF(L�W(TAJ�P~M
Y�M�LAL�M�L�U�JAr=n�H#U�G�JbI#M�S�T�M�_#d#GAd#W�C�H=IF�T�aDJ�W0`bI�H#k�I#T�J�W0L]H=^
Y�HKC(W�d�Y�J�W�F�E�`L�HKFzG�IM��bFL�M�FqH=QKH#E�H���FL�W(T�H�IDY�M�LAL�M�L�U�JAr
p�H�Q=JmIM]S�T�M�L�F�k(JQ�T�F0Y]E�F(L�f�h�H�L�M�P�H#U�d#W�C�H=I�FT�aDJ�W(`
P¢F�G�E�FL�L�f;c G�TKFc�� I T#F�k�d�E�`�W(J�W�F Q#HKE�F�_�JL�M�c
��M�E/M�L�G�T�JAh¦Y�H#©�W�HKP¢d H�L�M _Kd�G=d�W G�M�C�CM�Y�M�T]H=IJ�W(`
©L�F(T�U�M�}VQKH#EAF(_�J(L�MAc��/M�E�MAL�G�T�J�r
ogT�F(G/L�N�N�G�M�C�C0MAY�J�/MKN�©0LAFT�U�M�M�LAF kJI#MAC0M]W HKW

e�J�C(W�H#WfvY�FT�F�P~FL�LAH#U�HsYAH#EAN
ω
Y�T/M�P6J�E¬f;S�e�J�C(W�H�W(JS�h

Q�HKU�G�JmC�P�F0j�F0L�MAF�	VL�Fmk0JIKM�CM�W±H�W
ω
rz½DG/L�JQ�H�Y�T/M

d�IF�E¬M]e=FL/M�M
ω
Q=JKT�WM�L�J M�k�P�F0L=N]F�W�C�N�r pqH=CQ�HKE¬`Q�d

CM�E�J WT�FL�MKN�h G�F0c]C(WId�}bjDJ�N L�J I#MAS�T�M~h
Y/T�H=YAH=T/��MAH=L/J�E¬`L/J CQ�H�T�H#C�WM w�W�r FAr e�J�C(W�H�W�F�yKh
L/J�e]MAL�J�N C LAF0QKH�W(H�T�H�c e�J�C�W(HKW0f J�P6Y�E¬M]W(d�G�J
C�P~FjbFL�M=N I#MAS�T]N[HKW ��FLAW(T�J«Y�M/L�L/M�L�U�J\L�J�e�M/L�J�F�W
d�P�F0L/`aDJW�`C�N~r x~J�k(P�FT�f ��FL�W�T�H�I Y�M�L/L�M/L�U(J
G�H�IH�E�`#L]H IF�E�M/Q�M w(Y�H�TKN�G�Q�J M _#H�E�`#a�F
ξ =
��h�


⋅
³N' − � C�Pqh¶Y�H ©�E/F0Q�W�T�H�L�L�H�P�M�Q�T]H#CQ�H�Y�M�eKF(CQ�H�c

Q�JT�WM/L�F W�FT�P�H=G�M/L�JP�M�e�F�C0Q�M H�_=T�JXW(M�P�HKU�H
P�H=LAH=Q�TAM�C�W0J�EAE¬J���� Ô�� ��� � �

hAY/T�F�G�C�W0JIXE�F0L/L�H�c�L�J�T�M�CAr

/yKh|YAH#©�W�H=P�d ICQ�H�T�FmC�P¢FjDFL�MAF IKM�S/T�Fc�C�WJL�H�I#M�W�C�N
YAH=TKN�G�Q�J±M�E�M�P~FL�`KabF T�J�k�P�F0T�J±�AF0L�WT�J±Y�MAL�L�M/L�U(J±M
I#MAS�T�` Y�T/JQ�W(MAe�F(CQ�M H#C�W0J�F�W�C�N IXC(F IKT�F�P¢N
kJQ�T�FY�E�FL/L�f;Pqr pzT�M ©�W�HKP G]M]C�C(M�Y�J���MKN�h�QKH#L�F�e=L]H�h
T�F�k�Q#H�d�P¢F(LA`azJ�F�W�C�N¢r

��E]N H=�]F0L�Q�M e�J�C(W�H#W(f�h¨YAT�M QKH#W�H=TKH=c L�J�e=L�F�W
Y�T�HXN]IXE�N=W`�C�N k(JIM]C0M�P�H#C�W`�C�P¢FjbF(L�MKN±H#W

ω
h¢k(JY�M�aqF�P

d�T�J�I#L�F(LAM�F H#H=TA`Q#H�IJ M G;H=Y�L�MAL�J w�d�T�JIL�FL�M�F
G�I#M��bF(LAMKN TKFabF�W(Q�M I#M�S/T�F(c I Y]F(T�F�P¢F(L�L]H#P Y�H�^
E�Fs²%³�»�h�³J��µ�y�

�������C��� û�Â£Ì�Ê�Ç�Ê�Ü�Æ�Ç�Á�Ã Ð�Í�Ê�Á�Ê	â�Î�Ç�Ð�Æ�ØÉÆåÈ	ØÉË�Â
ϕ � Æ¦Ááâ�Â¦Ç�Á�Æ�Á�í

Å	Î�Í�Î�Ü�Î�Õ	Õ�Æ�Ø�Æ'Å�Æ�Ë�Ä � ¼
����������� ûÂ�Ì�Ê	Ç�Ê�Ü�Æ�Ç£Á�Ã~Ë�Æ�Ø�Â£Í	Ê ï Ü�Ê�â�Î�Ç�Ð�Æ�ØÉÆ'Ï	Î�Ð�Í�Î�Ü�Î�Õ�Á�Â'ê�Â�ÁÉÈ	ä�Â�Õ�Ê�Ä
Ð�Æ�Ë�Î�Ö�Â�Õ�Ê�ã

δ
Æ�Á Â�ÜÅ	Ë�Ê�ÁÉÈ¦Ï�íbÐ�Æ�Ë�Î�Ö�Â�Õ�Ê�Ä

ϕ
ÌKÅ	Í�Ê	ÇÉÈ�Á�Ç�Á�Ì¦Ê�Ê

Å�Î�Í	Î�Ü�Î�Õ�Õ�Æ�ØÉÆhÅ	Æ�Ë�Ä �
≈
Ó�Ù ����¼

K Ä�Ë%Ä�L!É~È�Ä�ËJL�ÄNM.O�Ì0ÐQP�Ì$R�ÉSO�T(R�Í�Ó8Ô(ÔÕ�ÍUO(Á�VXW�ÍSY�Ó�Z Ô�WÔ



σ�
� Ú
� Ú ²�� � ×

∂�
∂ �
µ

= ( ���	� − � ��� ) ²
��� × ∇ ���� 	mµ +

+ � ��� ²���� × ∇
Ú 	��

+ ������� � � ×
∂ ���
∂� Ú
µ�h w�³#y

	 � C�P�F0jbFL�MAF IKM�S/T�Fc���� � ��F�G�M�L/M�e�L�f�c±IFQKW(H�T�I
L�JY/T�JIE/FL�M�M P~JU�L/M�WL�H�U�H{Y�HKE�Nvw�H#C` � y�L�JmT�MACAr ��
σ� � Y�T�H�IXH#G�MAP¢H�C�W0` CIFT�S¬YAT�H�IH�G�L�M�QAJ I
C(P�FaDJ#L�LAH#PvC�H#C�W(HKN�L�M/MmY�T�M±G/I#M��DFL�M/MmI#M�S�T�Fc�� C¦^
Y�HKC(W�HKNALAL�HKF�Y]H=EAF ���¦� M�L�G�d�Q��/M�N�� �

αβ
�¡d�Y/T�d�U(M�F

P~H�G�d�E�M�T�F0a�F�W(Q�M�IKM�S�T]F0c �

� Ó�Ó =
� Ú
�

π
∂
C

∂
� +

³
�
π ∫�

!
�

′
Ú ∂ �#"

∂
�

′ �
· �

′
h

w(´/y

� ��� =
��C
�
π
� � ��� =

³
�
π ∫�

!
�

′
Ú ∂ � C

∂$ ′
Ú · � ′

r

l§T/J�_#H�W�FZ²�³�»�µVY�H�Q�Jk(JKL�H�h�e�W�H\d�T�JIKL�F0L/M�F\w�³#y
C(H�IP�F�C(W�L�H±CsU�T/JL�M�e�L�f;Pvd�C(E/H=IKM�F�PVL�J�Y�H�IFT�S�LAH#C�WM
H=_�T�J�k��J¬h¬Q�H#W�H�T�H#F�M�P�F�F(W¶IKM�G

ν% ( � Ó�Ó − � ��� )  ��� 	 + � ��� ν & ∂ ' (
∂ )+* + � �	� ∂ ' (

∂, =

= ν�
� � C (
�

π
− ν ( $.- (

C �
− " - )/
π

h w�»�y

U�G�F
νν (ν * h ν

�
)
�¤IFQ�W�H=TvL�H�T�P6J�E¬MvQ�YAH=IFT�S�L�H�C(WM

H�_=T�JXk(�/JAh Y]H=kIHKE�N�}|W kJY�M�CJW�` d�T�JIKL�FL�MAF G�E�N
T�JXC0Y�T]F(G�F�E/F0L�M]N�Y�FT�F�P~FL/L�H�U�H�YAH#EAN�IbH�_=T/J�k0��FDI�I#M�GAF
d�T�JIKL�FL�M�c ��JQ�CIF�E�E¬J®C P�H=G/M��bM���M/T�H�I#J#LAL�f;P6M
IF�E�M�e�M�L�J�P6M

σ
M

µ
r o�P�F0j�F0LAM�F IKM�S/T�Fc 	

L/JY�T�JIXE�FL�HsIXG=H�E�`�H�C0M10 Msk�J#I#M]C0MAWbW�H�E�`#Q�H�H�W206r�BDk
w�³#yzY]H=EAd�e=JXF(P

σ�
� Ú
� Ú

∂ ' º
∂
� = � Ó�Ó ∂

Ú ' º
∂
0 Ú r wJ��y

H�T�JL/M�e�L�fgF d�C�E�H�I#MKN w�»/y G�J}|W Y�T/M 0
=
'

w(Q�HKP�Y]H]L]F0LAW0J�IGAH=E/`�H=CM30~y

� Ó�Ó ∂ '54
∂
0 =

� � C76
�

π
r w(
�y

pDT�F�G�C(WJI#M]P ' º I�I#MAG�F ' º = 8 � ( � − ® ω 9 ' º )
hbW(H�U�G�J

MAk�wJ��ybC�E�F�G�d�F(W

∂
Ú ' (

0
)

∂
0 Ú +

:
ωσ� � �
� Ú � �;� ' (< ) =

'/r

½DW�C0}qG�J�G�E�N ' º Y�H�E�d�e=JXF(P
' (< ) = = � −(

Ó
+
®
)
¹�>

δ ? @ h
U�G�F

������� A�� �.Ë�Î�Ð�Á�Í�Æ�Õ�Õ�Æ�Ü�Ê�Ð�Í�Æ�Ç�Ð�Æ¦Å�Ê�â�Î�Ç�Ð¦ÂßÄ Ð�Â�Í	ÁÉÊ�Õ�Â
Á�Î�Í�Ü�Æ£Ï�Ê�Õ�Â�Ü�Ê�â�Î�Ç�Ð�Ê Æ�Ö�Í�Â£Á�Ê�Ü�Æ£Ø�Æ Ü�Æ�Õ�Æ�Ð�Í�Ê�Ç�Á�Â£Ë�Ë�Â B� C�D E�µ FGD
�´È�Ì�Î�Ë�Ê�â¦Î�Õ�Ê�Î�×�Ý������ � ¼

�������å¨¦� À�ä�Î£Ü�ÂPì�Ð�Ç�Å�Î�Í	Ê�Ü�Î£Õ�Á�Â Ï	Ë�ÄbÆ�Ñ	Î£Õ�Ð�Ê ê�Â�Ì�Ê�Ç£Ê�Ü�Æ�Ç�Á�Ê
Ç�Ü�Î�ð�Î�Õ	Ê�Ä�Ì�Ê�ä�Í�Î�ã H Æ�Á�â�Â£Ç�Á�Æ�Á�íTÅ�Î�Í	Î�Ü�Î�Õ�Õ�Æ�ØÉÆhÅ	Æ�Ë�Ä � ¼

Ô�I(Z K Ä�Ë�Ä$L8É�È(Ä�ËJL4ÄXMQO4ÌÐ P�Ì$R�ÉXO�T(R#Í0Ó4Ô(ÔÕ#Í O0Á�VXW�ÍSY�Ó�Z



δ =







´ � Ó�Ó � Ú
$ Ú ωσ�








Ó���Ú
=

�
√
´
πµ � �ω σ�

�

µ � � = � ���� � π � Ó�Ó � ©���qFQ�W0MAI#L/J�N P6J�U(LAM�WL�J�N
Y�T�H�L�M/��JXF(P�H=C�W`bG�E�NsCM�C�W(F�P6f�I#M�S�T�Fc�r/BDk�wN
/ygM�P�F�F(P

�
= −

� Ú
�
π � Ó¦Ó δ * (

³
−
:

´
" 6
� - = −µ � �δ & %

�
− �	
C76
� �

r

BDWJQ�h

' (
0

) = −µ � �δ * (
³

−
:

´
C 6
$ � � −(

Ó
+ * ) º � δ 
 � r

½¶��FL�Q�J�e�J�C�W(HKW0f
ω
h¢Y�T/M�QKH�W(H�T�H�c ·�

δ * ( (ω)
h�G�J�F�W

� � =
ω �
´
π

=
� Ó�Ó � Ú

π
· Ú

σ� � Ú −�
³

π

� ���
� � ρ�

� Ú
· Ú r

BDCY�H�E�`k�dKN�©0Q�CY�FT�MAP~FL�WJ�E¬`L/f;F\T�F(k�d�E¬`�WJ�Wf�M
d�T�JI#LAFL�M�F w(´/yKh YAH#E/d�e]J�F�P IF�E�M�e�M�L]d � Ó�Ó�� � ÚY�H�T�N�G�Q�J F�G]M/L�M/��f Y�T/M Y�HKE�N�S ´2
 ' ��»2' ' �
wSC � ´ C�� Ó yKh�H�W0QKd�G�J

� � =
³

π

ρ� ³J' × ²!½DP ⋅ ��� �
· Ú ² C�Pgµ � � −

Ó µ�r

l¡L�J#abF�P�C�E�d�e�J�F
ρ� −� � ⋅ ³X' − Ô ½DP ⋅

C�P¦Y�T�M C � =
=
�2'��bh ·

=
	���� P�Pqh�H�W�C}�G/J

� � ≈
³N'�Q:H]�~h

e=W�H¦LAF0Y]E�HKS�H�C�H�U�E¬J�C�d�F(W�C�N¡CZW�H=c e�J�C�W(H�W�H�c�h�Y�TAM
Q�H�W�H�T�H�c�L�J�e�M�LAJ�F(W�C�N Y�J�GAF0L/M�F�G]MAC�C0M�Y/J�/M�M�r
n�JQ�M�P H=_�T�J�k�H#PqhZP�H��DL�H YAT�F(G/Y�HKE¬J�U�JW�`/hZe�W(H

Y�J�G�FL�MAF G/M�C�C0MAY�J�/M�M C0I0N]kJLAH C d�IF�E�MAe=FL�MAF(P
W0T�FL/MKN�h�YAT�F0Y]N�W(C�W(IXd�}�jbF�U�H�C�P�F0j�F0L/M�} I#M�S�T�FcOY�H�G
G�F0cAC�W(I#MAF(P Y�F0TAF�P¢FL�L�H�U�H YAH#EAN�r pbH P~FT�F
d�P¢FL�`a�FL�M�N C(P�FjbFL�MKN IKM�S�T]F0c H#W ��FL�WT�H=I
Y�M�L/L�M/L�U(J d�CM�E�M/I#J�F�W�C�N M�S ©�b�gFQ�WM�I#LAH#F
k0JQ�T]F0YAE�FL�M�FVL/JV��F0LAWT�J�S Y/M�L�LAM�L�U�JAh e�W�H�hsIvC0IXH]}
H=e�FT�F�G�`Ah Y�T�M/IHKG�MAW�Q d�P~FL�`KabF0LAM�}«G�MAC(CM�Y/J��M�M�G�H
F(F�k0LAJ�e=FL/MKN Y�T�M�LAd�E�FIH�c�e�J�C(W�H#W�F�r
�mf�M�C�C(E/F�G=H�IKJ�E¬M�W0JQ]�zF�kJI#MACM�P�H=C�W(`�k(JXW�d�S�JL/MKN

H=W�IXF(E�MAe=M/L�f«Y�FT�F(P�FL�L]H=U�HmY�HKE�N ImY/T�M�T�Jk�E�M�e�L/f;S
e]J�C�W�H=W�JS � M

ω � =
´�h�'2
 � � Ó w�C(P|r]T�MACAr ��yKr/½¶Q�J�kJ�E�H�C0`Ah

e=W�H�C±d�IXF(E�MAe#FL/M�F(P J�P6Y�E�M�W�d=G/f\Y�FT�F�P~FL�LAH#U�H{Y�H�E�N
G]MKC�C�M=Y�J���MXN�Y�T�M�P~J�E�f6S I�HC�W�J�F�W�C!N�YKH#eW�M�Y#HC�W�H�N]L�LKH#c�h
JbG=J�E�`a�FbY�T=M�d�I�F�E�MKe#F(L�M�M I T#F�k(QXH¶dKP�F(L�`abJ�F�W�C�N�r

�gEAN H#_2E�N�CL�FL�MKN WJQ�H�U�H Y�H�IF�G�F0L/MKN
IH�C0Y]H=E/`k�d=F�P�C�N H�Y�N�W` W�F(H�T�M�Fc H#H�T�`Q�H�I#J M
G H�Y�L/M�L/J�²�³�»¢h ³J��µ�r/p�TAM�d�IXF(E�MAe#FL/M�M�L�JY�T=N]��F0L�LAH#C�WM
Y�FT�F�P~FL�LAH#U�H P6J�U(LAM�W(LAH#U�H Y�H�E�N d�IF�E�M�e�M�I#JXF(W�C�N
C(P�FjbF0L/M�F IKM�S/T�F0c�r¡p�TAM GAH#C�W0J�W�H�e=LAH _#H�E�`#a�H=P
Y�FT�F�P~FL�LAH#P\Y�H�E�F�C�P¢Fj�F0L�MAF�I#MAS�T�FcvG�HKC(WM�U�J�F�W�Y�H

YAH=TKN�G�Q�d{IF�E�MAe]MAL�f«T�J�k�P~FT�H�I±H=_�T�Jk���JAr�pqH=CQ�HKE¬`Q�d
J�P6Y�E/M�W�dAG]J Y�FT�F�P�F0L�LAH#U�H Y]H=E]N L�F Y�TAF0IKfgaDJ�F�W
'�h '�³ C � h P6f¡Y�H�E�JXU�J�F(Pqh�e=W�HRIKM�S/T�M C�P�F0j�J}�W�C�N Q
YAH=IFT�S�L�H�C(WM{H�_=T/J�k��J�MvY�H�Q�M�G�J}|W F�U�H�h|Y/T�F�H#G�H�E�FI
_�JT�`FT °�M/L�J ���zM/I#M�LAU�C(W�H�L�J ²�³(
/µ�r 	¢C�W(F�C(WIFL�LAH
Y/T�F(G/Y�H�E�H���MAW(`¬h�eKW(HVY/T�MVG�J�E�`LAF0c�a�F(P\d�IF�E�MAe�F0L�M/M
YAH#EAN I#M�S�T�M HKC(WJL�d�W�C�N Y�T�M]�¶J�W0f;P6M Q C�W�F0L�Q]F
H�_=T�JXk(�/J _=HKE¬`a�d�} e�J�C�W0` I#T�F�P�F0L�M¤M¥LAF¦_Kd�G�d�W
C�P~FjDJ�W`C�N Y/T�M Q�H#E/F�_=JL/MKN�S ��MAE�M/L�G�T�JAr l
T�F�k(d�E�`�W0J�W�F kJ�W�d=S/J#L�MAF�h F�C�W(F�C(WIFL�LAH�h _#d�G�F�W
d�P�F0L/`aDJW�`C�N w(Q�C(W�JW(M�h¶I#f;S/H#GRIKM�S/T�FcOMAk{H#_�T�J�k��J
W�H#�DF YAT�M�IXF(E _�f Q�d�P�F0L/`aDFL�M/} k0J�W�d�S�J#LAM�N¢yXr
½¶�AF0L�QAJDIF�E¬M]e]M/L�f�YAFT�F(P�FL�LAH#U�H�Y�H�E�N�h�Y�T�M�Q�H#W�H�T�H#P
C�P~FjbFL�M]F I#MAS�TAF0c C�W0JLAF(W Y�H�TKN�G�Q�J G]M/J�P�F(WT�J
�/M�E¬MAL�G�TAJAh JL/J�E/H#U(M�e�L�J0N I#fgabFY/T�M�IF�G�FL�L]H]c~h
YAH=Q�J�kfgI#J�F�W�h¥e�W�H Y�J�G�FL�M�F G�MAC�C0M�Y/J�/M�M _#d�G�F�W
Y/T�H=MAC(SAH=G/M�W Y/T�M I Y�H�TKN�G�Q�JVGAF(C�N�W(Q�Jv©T�C�W�F�G�h e�W�H
S/H=T�H�abH C(HKU�E�JXC(d�F�W(C�N C ©0Q]C0Y�FT�MAP�F0L�WJ�E�`L�f;P6M
G�JL/L�f;P6M�r

� 5 , 6�����<?�@/<
n�J#Q�MAPmH�_=T�JXk�H�P�h�I�L�J�C�W�H#N�jbFc�T�J�_�H#W�F¶Y�T�F�G�E/H#�DFL

LAH=I#fgc G]M/L�JXP~MAe=F�CQ=M/c P�F(W�H#G M�C�C(E/F�G=H�IKJL�MKN
C�W0M�P�d�E�M�T�H�I#JL/L�H�c�G/M�L�J�P6M�QAM MmY�M/L�L/M�LAU%J�I#M�S�T�FIH�c
T�FaDF�W(Q�Mug_=T/M�Q�HKC(H�I#JtCRMAC0Y�H�E�`Xk�H�I#JL/M�F�P¦C�E¬J�_�HKU�H
L/M�k0Q]H#e�J�C(W�H#WLAH#U�H�Y�H�E�N�r
pbH=Q�J�kJLAH�h e�W�H Y�T�MAE�H��bF0L/M�F C�E¬J�_�HKU�H

YAF0T�F�P�F0LAL�HKU�H Y�H�E�N CY�HKC(H�_#C�WId�F(W G�FY�MAL�L�M/L�U�d
I#MAS�T�Fc�ug_�T�MAQ�H�C(H�I#JDM�G=H�Y�H�E�L/M�W�F(E�`LAH=c�G/M�C(CM/Y�J��M/M
©L�FT�U�M�M H#CIH�_#H��bG�FL�L/f;P�M I#M�S�TKN�P6M�h e�W�H
YAH#G�WIFT��bG�J�F�W(C�N MAC(C�E�F�G�H�I#JL�MAF�P J�P6Y�E�M�W(d�G�LAfgS
©�z�qFQKW(H�I/r
#�J�_#E�}gG�J�F�P6f;F L�J�P6M NAIXE�FL�MKN

d�G�H�IE�F�WIH=T/M�W�F(E/`#L�H±H#_2EAN]CLKN�}qW�C�N I�T/J�P�Q�JXSmW�F(H�T�M/M
H#H�T�`KQ#H�IKJ�M GgH=Y/L�M�LAJAr

����������� ûÂ�Ì�Ê	Ç�Ê�Ü�Æ�Ç£Á�Ã~Ë�Æ�Ø�Â£Í	Ê ï Ü�Ê�â�Î�Ç�Ð�Æ�ØÉÆ'Ï	Î�Ð�Í�Î�Ü�Î�Õ�Á�Â'ê�Â�ÁÉÈ	ä�Â�Õ�Ê�Ä
Ð�Æ�Ë�Î�Ö�Â�Õ�Ê�ã�Æ�Á�Õ	Â£Å	Í�Ä	à�Î�Õ�Õ�Æ�Ç�Á�ÊyÅ�Î�Í�Î�Ü Î�Õ�Õ�Æ�ØÉÆhÜ�Â�ØÉÕ�Ê	Á�Õ�Æ�Ø�ÆhÅ�Æ�Ë�Ä � ¼

K Ä�Ë%Ä�L!É~È�Ä�ËJL�ÄNM.O�Ì0ÐQP�Ì$R�ÉSO�T(R�Í�Ó8Ô(ÔÕ�ÍUO(Á�VXW�ÍSY�Ó�Z Ô�I]Ó



BDCY�H�E�`k�d�F(P6fgc G�M�L�JXP~MAe�F(CQ�M�c P�F�S¬JLAM�e�F�C0Q�M/c
P~F�W�H#G�h W(J#Q �bF Q�JQ M M�C�C(E/F(GAH=I#JL/M�F
C(WM�P�d�E�M/T�H=IKJ#L�LAH=c G�M�L/J�P6M�Q�M¤I#M�S�T�FIH�c T�FabF�W0QAM
Y�d�W�F(P GAF0�qJk(M/T�H�I#Q�M N�G�FT�L�HKU�H C0Y/M�LAH=IXH=U�H ©�S�JAh
H=_KF(CYAF(e�M�IKJ�F(W IHKk(P�HK�¶L�H�C(W` Y�T]N�P¢H�U�H¨L/J�_�E�}qG�F0L/MKN
Y�T�H���F�C�C(H�I TAF(E/JQ�C0J�/M/M I#MAS�T�FIH�c T�FabF�W0QAM
ug_]TAM�Q�H�C(H�I#JAr�G�TAH#P�F�W�H#U�H�h Y/T�F(GAE�J�U(J�F�P�J�N{P�F(W�H#G�MAQ�J
NAIXE�N�F�W(C�N�G�H=YAH#E�L�MAW�F�E¬`LAH=c±Q*���{x|h¬WJQ�Q�JQ�d�G�HK_�L�J
G�E�N MAC(C�E�F�G�H�I#JL�M]N§��JXk�H�IH=c G�M/J�U(T�J�P�P6f I Y�E/H=^
C0Q�H�C�W(M���h���I�aDM/T�H�Q�H�P�G/M�JY�J�k�H=LAF�Y�JT�JXP¢F�W0T]H]I�²��µ�h
P~F�G�E�FL/L�fgS T]F(E�JKQKC0JK��M�H�L�LAfgS Y�T]H]�AF�C(C�H=I C
S¬JT�JKQKW(FT�L/f;P�M�I#TAF(P�F0L/J�P6MsYAH=T]N�G]QAJ�³�CDM�IKfgabF�²���µ�h
Y�HKW(FL��AM�J�E/H=I¡Y�M/L�L/M�LAU%J ²�³(�µ«M W�r G�r �gG�FT�L/fgc
P�J�U�L�M�WL�fgc�T]F(k�H�L�JL�CAh YAH=^ I#MAG�M�P�H#P�d�h�_�H#E/F�F�d�G�H#_�FL
G�E�N MAC(C�E�F�G�H�I#JL�M]N _�f;C(WT�fgS T�F�E¬JQ]C0J�/M�H�L�L/f;S
Y�T�H���F�C�C(H�I\CªS¬JT�JKQKW(FT�L/f;P�M I#T�F�P�F0L�JXP~M�YAH=T]N�G�Q�J
³X' − Ó C¶M�L�M���Fs²�³X��h ³N�/µ�r¢½DW�P~F�WM�P�WJQ��bF¶_KE¬M]k0Q�M]F¶Y�H
Y�H�T�N�G�Q�d IF�E�M�e�M�L/f kL/J�e=FL�M]N Y�H�W�F0L��/M�JXE�J
Y�M�L/L�M/L�U(JAh�Y�H�E�d�e#FL/L�fgFgP�F�S¬JL�MAe�F(CQ�M�P�²�³N/µ�M ����x~^
P~F�W�H#G�J�P6M ²�&�hÇ³(��µ w(Y�H�TKN�G�Q�J '�h ´ M '�hÇ³ ©#l
C(H�H#WIF�W�C(WIFL�LAH�yKr
B¶L�W�FT�F(CLAH Y�T�HKC(E/F�G�M�W` kJ kJ�W�d=S/J#L�MAF(P

Q�H�E�F(_�JL�M/c I\Y�TAM�C�d�W(C�W(I#M/M C(WM�P�d�E¬MAT�d�}�j�F�U�H # %
IH�k(G�Fc�C�WI#MKN¦I H#G�LAM�S¡M W�F(S �bF\H#_�T�J�k��J�S�hme�W(H
Y�HKk0IXH=E/M�W�C�d�jbF�C�W0IXF0L�LAH�YAH=IKf;C0MAW`±G�H#C�W(H�IXF0T�L]H=C�W`mM
W(H�e=LAH#C�W`�T�F(k�d�E¬`�WJ�W�H]I¬r
ugIW�H�T�f IKfgT�J��¶J}qW _KE¬J�U�H#G�JT�LAH#C�W` #�r °br

G H�Y�L/M�LAd k(J YAH#P�H=j�` Y/T�M M�L�W�FT�Y�TAF(W(JK��M/M
T�F�k�d�E�`XW(JW�H]I�©Q�CY�FT�M�P�FL�W�J/r
#¶J�C�W(HXN�jDF�F M]C(C�E�F�G�H�I#JL/M�F�e=JXC(W(MAe�L�H�Y�H�G�G�F0TA�DJL�H

U(T�JLAW0J�P6M�´¬rÇ³(�sM�´�r ³%´�ugQ�J�G�F�P6M�M�L/J�d]Q H=T�d�k0M/M�r
��� �î������¢������É � 	���	�h� �y¥
��������� � �#�-������������ �������_¥
��¥�� ��� � � ��¥��
�	���	��¡ � Ù��ÿÊ�· Ù���Æ�Ç�Ð�Ì�Â ��Ó�×�Ô�Û � ¼Úr¼���¼���¼��[Ü�Ê�Ï	Á�Ù���¥�����������¥Q�������	�£� ��¥�� ��� � � �£¥��
�	���	����¥��ö�Â£È�Ð�ÂrÙ��aÆ�Ç�Ð�Ì£Â �¦ÓÉ×�Ý�Ú � ¼
� ¼ B�¼�é²º´¸	®���#Ù��"¼	 "!�#���rÙ�$y¼/��º´&%�!	�Ù('h¼��-
)�#�«� 9 #Ù��"¼ E*%+��	Ù�,�-$y¼ B�&!	½�Ù�® , ±/.1032 � � � ��4 �65+7�4 �"8 2 7 � �*9 2�:<;�=
> � � . � º? � Ù��¾²�¿#�½ ��Ó�×�×(� � Ù�@�ÓßÚ#Ó£Ô	¼
�r¼�A�à'¼#ù¼�B�Ê	ØÉÌ�Ê�Õ�Â�Ï	ê�Î�Ù�C ���-D ��Ù�Ó�ÛrÓ �¦Ó�×�Ý�� � ¼
Ûr¼�A�à'¼#ù¼�B�Ê	ØÉÌ�Ê�Õ�Â�Ï	ê�Î�ÙEGF�� C �HrÙrÚÓÇ��� ��Ó�×�Ô�Ú � ¼
��¼�è�¼�è�¼(I�Â�ç�Ì�Ê�Ë	ÊÙ ��¼(��¼(�aÂ£â�Â�Ê�Ï	ê�Î�Ù*Jh¼ ��¼�Þ-Â¦Õ�Ê	Â£çîÌ�Ê�Ë�Ê�Ù(Ah¼
ù¼�B�Ê	ØÉÌ�Ê�Õ	ÂßÏ	ê�Î	Ù�KMLNC � 	�ÙrÚ�×	Ô �¦ÓÉ×�×�� � ¼

Ô�¼���¼�öy¼(O.Â�Ð�·	ÂßÏ	ê�Î	Ù.èî¼.èî¼*IhÂ£çîÌ£Ê	Ë�Ê�Ù ��¼(��¼(�aÂ£â�Â�Ê�Ï	ê�Î�Ù ��¼�ú�¼
ö�Â�ä�È	Ñ�·	Ê�ç�Ì�Ê�Ë�Ê ÙPJ'¼ ��¼yÞ�Â£Õ	Ê�Â�ç�Ì£Ê	Ë�Ê ÙNA"¼~ù¼QB�Ê�Ø�Ì�Ê�Õ�Â£Ï	ê�Î�Ù
KMLQC �D	�Ù � �rÓ ��Óß×¦×�� � ¼Ýr¼SRQ¼S�;¼SOñÈ	Õ�Ã�Ð�Æ�ÌrÙ�ù¼ST�¼�ù§È	·�ØÉ½�Õ�Ê	ç�Ì�Ê�Ë�Ê ÙS�;¼�ú�·�È	ê�Ê�È�Ç	Ù�ùr¼�è�¼
U�Â�·�Â£Ï	ê�Î�Ù�V C � D 
�
rÙ�Ó¼�#Ó �¦ÓÉ×�Ý�� � ¼

×r¼�W�¼�@X%¦¾²º´	ÙD��¼����¾´¾´½ 9�9 	Ù�W.¼D��® , 9 %�¯°½£º�® Ù6Y]¼b�S%�¾ 9 ®´Ùq��¼�Z�® ª¿��«[%�, 9 ® Ù\@�¼�]�¼6�^#	¸�Ù�
,��G_y¼\Z�¼�B`%�¾´¿�½�º3%�, Ù*a � �cb �edgf&h�7��
i = ? 2 7���j�Ù�Ó ��× ��Ó�×�×�Û � ¼Ó4��¼�©�¼1Yÿ�»�¸�%+k�º3!��
,�����¼�E�&��%�¯°ºl!#® Ù*m�2 b *on m 4pf�4 = 8 2>	>rq 7	� ��s�ÙÚ�ÓÉÛ ��Ó�×�Ý¦Ý � ¼

Ó�Ó�¼��h¼�$y¼c]�¼utT
, 9 ½�,��£¾¦Ù��h¼�vh¼�$y¼�t9®°¯°º3%�,�Ù`_'¼�$ ¼���¸	£·#¯þ® , Ù�+,^�
��¼N]r¼D��£«î·�µ�½�¯¬¯´Ù^w���d-f�hc7���d-f�hc7��udxfu4 =+0 ��sjrÙ�Ó � ��Ó�×�×(� � ¼Ó�Úr¼���¼Þ~¼rù�Â�Ë�Â�ã�Ð�ÆrÙ�y ���
z²¢�¡~¥[EGF�� C{H�Ù.Ó�ÚÓ ��Ó�×���Ý � ¼

Ó � ¼�Jh¼�Þ"¼�ù�Æ�·�Ã¦Ð�Æ¦ÌrÙ�ö ¼cO�¼rú�Æ�Å�Õ	Ê�Õ�Ù�V C � D^D �Ù(�Ó � �¦Óß×§Ô§Û � ¼Ó8�r¼�öy¼|O�¼�ú-Æ�Å	Õ�Ê�Õ�Ù}Ah¼�ù¼NB�Ê	ØÉÌ�Ê	Õ�Â�Ï�ê�Î�ÙPy � �
� � ���	� C ����~	� Ù� Ö�Ê�Ë�Ê�Ç�Ê ��Ó�×�×(� � ¼
Ó�Ûr¼���¼���¼*@�½�&,7
,���]�¼S_y¼(�®��	® ,�¿�º 9 %�,�ÙM. � º�? �Xi =�� ��9 = 4l4 �[D�� Ù�Ó8��¦ÓÉ×(�!� � ¼
Ó4��¼���¼�öy¼(O.Â�Ð�·	ÂßÏ	ê�Î	Ù.èî¼.èî¼*IhÂ£çîÌ£Ê	Ë�Ê�Ù ��¼(��¼(�aÂ£â�Â�Ê�Ï	ê�Î�Ù ��¼�ú�¼

ö�Â�ä�È	Ñ�·	Ê�ç�Ì�Ê�Ë�Ê Ù�A"¼cù¼GB�Ê�Ø�Ì�Ê�Õ�Â�Ï	ê�Î�Ù EGF�� C D ��
�Ù Ú�ÛrÓ�×�¦ÓÉ×�× � � ¼Ó�Ô�¼A��¼�$y¼MZ�½�»�»�¸	®ü	Ùu]#¼K�î¼MYÿ¦¾ 9 ® ,���§¯ü½�Ù���¼M$y¼#�ñ½�,�,	®o,�¿ 9 %�,�Ù�t�¼���¼
$[##¯ 9 º�Ùr&,��P]r¼���¼��«+® 9 ¸�Ù�. � º? ��i =�� �M9 = 4l4 ¼#	&s�Ù � Û�� � �¦ÓÉ×�×�Ô � ¼Ó�Ýr¼�Y;¼]�S%¦¾ 9 ®´Ù�@�¼�]�¼#�^#	¸�Ù�W�¼�B��µ�
!�Ù��¼�Z�®°¿��«�%�, 9 ®´Ù�W�¼�@M%�¾´º´	Ù�Y;¼
��#�Ùr
,��}@�¼�_�£µ	¾l%k�º3!�®´Ù . � º? ��i =�� �M�*��
rÙr×��(�£× ��Ó�×�×(� � ¼

�r�������6���S����� ���M� ���������/�S�c�*��� ���}�*�����*� �`�M� �������
�\�X�3�  �`����¡|¡��(�o���u¢�� ���p��� ����� �N�£�`�M�-¤p¤

�M���M�S�p�������(�����¥�(�p��� �}�X���6�S�*���u��� �¦��� �X� �

§*¨`©-¨Mª�«X� ��¡(�����*�S¬S���"���©�¨*¤®¨X¯��"�-�S� �S�*«�¡(��� �

B�¸�½���¹�,��«h® »�¦¯'«�½�»£¸,#® »£¦¯'«�½ 9 ¸%^�[® ºa£·	·	¯ ® ½�� 9 %® ,���½�º 9 ® ¿� 9 ½ 9 ¸�½aº 9 ® «[##¯ü 9 ½��°��¹,��«h®°»�ºy&,��;·r® ,�,#® ,�¿�%±
9 ¸�½g��µ	¾É®�!%�ºl%+���%�¾ 9 ½�²L¯° 9�9 ® »�½y® , 9 ¹�·�½�é²é�ºl#	·�½�¾´»
%�,��#�»�ª9 %�¾´º[k�® 9 ¸ 9 ¸�½N#�º´½N%±�Nk�½��!7¯�%^k³±þ¾É½�´�#�½&,�»�¹a«��¿,�½ 9 ® »± ® ½�¯p��¼9é 9 ® ºîº²¸%k	, 9 ¸� 9�9 ¸�½h�·�·#¯þ®°»� 9 ® %�,�%±�Nk�½��!a�»«��¿^,	½ 9 ® »�± ® ½�¯��;½�,�¸��,�»�½�º\��½�·r® ,�,r® ,	¿µ%¶± 9 ¸�½g��µ	¾�® !�%�º3%���%�¾ 9 ® »�½�ºh�,� 9 ¸�½�
���r® 9 ® %�,	�¯	�r® º´º�® ·� 9 ® %+,-%±�½
,�½�¾´¿�¹5µ�¹
¾´½�¯þ½�£º´½��·�^%¦¾ 9 ® »�½�º�¼���º 9 ¸�½g± ® ½�¯p�·±þ¾´½�´�#	½�,�»É¹c® ,	»�¾´½£�º´½�º£Ù
º3%�«�½'º�® 9 #� 9 ® %�,��	½���½¦¯�%�·�º	k�¸	½�, 9 ¸�½\�%�¾ 9 ® »�½�º�¦¯°«[%�º 9 ��%,�% 9 %�º´»�®°¯¬¯þ 9 ½�Ù�® ¼ ½�¼þÙS�r® º´º�®ü·� 9 ®o%�,7�» 9 #�¦¯ ¯ ¹ º 9 %�·	º��,� 9 ¸�½·r® ,�,�®�,�¿ë® º5½
² 9 ¾´½�«�½�¯ ¹Q½+±¥±þ½�» 9 ® ��½�¼ B�¸�½%�µ�º´½�¾3��½&�Q·�¸�½�ª
,�%�«î½�,�h£¾´½�+��½
´#� 9 ½�¯ü¹y½�²	·r¯°�®�,�½&�Nkî® 9 ¸r® , 9 ¸�½6��%�¾3!�%+��ª�r%¦·�,r® , 9 ¸	½�%�¾ ¹�¼

Ô�I(V K Ä�Ë�Ä$L8É�È(Ä�ËJL4ÄXMQO4ÌÐ P�Ì$R�ÉXO�T(R#Í0Ó4Ô(ÔÕ#Í O0Á�VXW�ÍSY�Ó�Z


