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ÏðÍhÎ87%Ê�ÎpÈ�ÌnÊ 5 Î�É:9<;>='?ûÊÄÏhÉ�ÍhÊ�ÏhÎ�ÍFÏ,=@? Ï,A�Ï 5 Î?ÍhÊ�?¯ÇCBËÉsÌ 5 ÎNÊ<DhÉðÏE?ûÊGF�ÉsÏ
∂ {u = 0} ⊂ IRnÏðÍhÎ(? Ì
H®Ç>? Ï,A�Ï 5 Î(= 5 Ï%I'JðÈ�ÏhÉsÍ,=,ÉKB�Ç'HðÏ

C1
Ç>=ML%ÌnÊ ÍhÊ 5 Ç
;VÏ87VÏ

X0 NPO Ï�È�ÌnÊ 5 Î
X0

ÏðÍhÎQ7%Ê�Î@ÍhÊ 5 ;>='?ûÊÄÏhÉ�ÍSR ÊK?
5 R ÏðÍhÎÈ�ÇnÍ(É�9<;>='?ûÊÄÏhÉ N�µ�¦�n�ª'���n�z���Z��¤Z�Z©�§<�¦���8��©�©����næ¦�z�����o��©��Z� �����z���o©��n��¥��Z�n©����¦�z©ZíK�n�¦�n©% @���¦�n©�ªo�� �÷n���¢�� ��n�¦�z���Z�����
å?����¥�n�����n�Ä¥��¦�n�����¦�n���I©��n�ç�� ¡�8���

�Ho
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W�ÌnÊ�Î

v(X) = 1
2

tX · Q ·X Ì3X
Q

ÏðÍhÎ�= 5 ÏYAZÇ%ÎNÉhÊ<HðÏ
n × n

Í,J3AZ9hÎWÉËÊG[\=�ÏaÎ¡Ï,?K? ÏE[\=�Ï�ÎWÉ
Q = 1 NW!Ê

u
ÏðÍhÎ]= 5 Ï)ÍFÌ3?�=VÎNÊÄÌ 5 7VÏ_^a` N `\b
c�ÏhÎ\ÍhÊ$?�R ÌnÉhÊd;%Ê 5 Ï

0
ÏðÍhÎ]= 5 È�ÌnÊ 5 Î@ÍhÊ 5 ;>='?ûÊÄÏhÉe7VÏf?¯Ç�BËÉsÌ 5 ÎNÊ<DhÉðÏ8?ûÊGF�ÉsÏ

∂ {u = 0} c�Ç>? ÌnÉsÍ
1

rn+3

∫

∂Br(0)

(u− v)2 ÏðÍhÎ�HhÉsÌnÊ ÍðÍ�Ç 5 Î¡ÏaÏ 5
r

�¼�	��ªo©��n�ç�ì ¡��©��	�zªZ¥��¦�p������ �©�©����Äå= �¤o�����o¥¨�o�p��ã%§n ��������ö�n�	�ô å?�¦��¥�n���I�n��¥��¦�n�¡���¦�n�����n�(£È�o��©�©Zé�K �����÷<�Z����ª	î8�n���:ïó�¦�� ¨©��n�I����¤ìñn���çä-�n�Z©)å?�¦�n¤o�����¦�z©
v
��¥¨§n����î8�n�Ä�:ïó�n�z��¤Z�ç��ªõ�n���ô %����¥��������n�����¦�z�

÷z���FÅQþy�n§��Z�
0
�o�¢§n�����z�¦���Z��§» �������¤o�n�����Z�Eî8�n�

u
 ��z¥¨�'�¢�z�¨�nª'�¦�o���¦§n§<�Z¥��Z�p�¢�n���� @£6���¦�4ãÄ� ïø�¦���n���
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�o�

0
é
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W!Ê
u

ÏðÍhÎ(= 5 Ï�ÍFÌ3?�=,ÎNÊÄÌ 5 7VÏg^a` N `\b
cøÏhÎ�ÍhÊ6?�R ÌnÉhÊd;%Ê 5 Ï
0

ÏðÍhÎ(= 5 È�ÌnÊ 5 Î�ÍhÊ 5 ;>=@?ûÊÄÏhÉf7VÏ*?¯ÇhBËÉsÌ 5 ÎWÊ<DhÉsÏ%?ûÊGF�ÉsÏ:cÇ>? ÌnÉsÍ
u(X) =

1

2
tX ·Q0 ·X + o(X2)

Ì3X
Q0

ÏðÍhÎi= 5 ÏCAZÇ%ÎNÉhÊ<HðÏ
n× n

L>9hÉËÊ j�Ç 5 Î�ÎWÉ
Q0 = 1

ÏhÎ
Q0 ≥ 0 N�¼�%��ªZ©��z���ì ¾�� j ��z©�©��4ª'��ª%§n�����z�¦ª���ªo¤Z�Z¥�¥��Z�p�	§» ����Q ��^ ����o�����¸�» ��n©Zi�{�l%m:í�¥¨ ���©õ�o�±�z��������©� ¡�8���ô 

å?����¥�n���)�z��¥¨���n�������n�����n��ý)���?�Q ��� ¡���Z�������»�����Z�n¥¨ ���í6 �§n§z����î8�nªo�� ���æ¦�� ��z���Z�p�¼�n�
u
éGýi¤Z�¦�p���� ¾þ

�����ní8�n�¡������å?�¦��¥��n���(�n�)¥¨�¦�z�����¦�z���(�n�I�zªZ¤Z�o©�©������õ§n �©¼�n�)�nªZ�������Z�¼�� �©��¦���z�����¦�
u
�o�¼§³�o��¥��o�¼�n�¦�n¤

�^ïóª'���n�n���Z�¢���Z©c©����næ¦�n�� ����ç��ªo©c�z�Z©¢å?���¦�p����üZ���o©¼����÷n���Z©4§³���n�¼�n�o©¼§n���¦÷n��üZ¥��Z©c�n�I�:ïó�¦÷z©��ì ¡¤Z���) �©�©��6¤Z��ªo©Qã
�z�Z©õ�¦§<ªZ�� ¡���o�n��©�§z���n©)æ¦ªZ�nªo�� ��6ärî8�n��:ïó�¦§<ªZ�� ¡���o�n�I�z���K �§n�ô ¡¤Z�*«?¤oåOé � �¦�n�n�Z �� iç�kjnm ¬ í^¤o�î8�n���n�§<�Z��¥¨�'�(§» �©(� ïó �§n§z���6¤ìñn�Ä�n���Q ��� ¡���Z�����@iu{nl%m é
t��¦�n©(ªZ�z�¦�nùZ���n©)¥¨ ����8���Z�» ¡�8�(�� 
Á�G�C'k�RVL%DHJKEHR
PÔ��l/ËÕ�Ln�K�"R�Â�ReEnm^Apo#opqr/�AVOPo,�s2�2
t Ì3=�ÍuHðÌ 5�v Ï:HhÎw=VÉsÌ 5 Íx[\=�Ï*Î¡Ì3=,Î¡Ï�ÍFÌ3?�=VÎWÊÄÌ 5 B�Ç%ÊGF\? Ïx7>=¿È�ÉsÌ>F\?yD,A�Ïx7VÏM?�R Ì>FhÍhÎdÇ'H,? Ïz[\=�Ï{?�R Ì 5 Ì>F�ÎNÊÄÏ 5 Î
LnÇ%ÉËÊNÇ%ÎNÊÄÌ 5S5 Ï,?K? Ï,A�Ï 5 ÎZÏðÍhÎg;'9 5 9hÉËÊG[\=!Ï,A�Ï 5 ÎY= 5 Ï'ÍFÌ3?�=,ÎNÊÄÌ 5 BkÌnÉËÎ¡Ï:cZHSR ÏðÍhÎG|�}>|�7%Ê�ÉðÏ~[\=!Ïu?¯Ç{BËÉsÌ 5 ÎNÊ<DhÉðÏ
?ûÊGF�ÉsÏaÏðÍhÎi= 5 ÏCLnÇ%ÉhÊ<9hÎ�9

C∞ N�� ¡�n©)���õ¤@ �©(§» ¡������¤Z�n�����o�¼�n�Ä�ô ��n��¥¨�o�n©����¦�
2
íz�n�¦�n©(ªo�� �÷n����©�©��¦�n©ö¤o�o������¤o�¦�¾���o¤o���z���%Ã

T �K�eG!EH]V_0RTP�Ô¤�U/����eÃ�J@U^�"EnM�DF�3Ã��VC��eE�MNS�J�R
I�RTU^�ybÄEnG�C�DFMN]eEHR¿UNM^[@EHR�R,C�IKMN_0RVC@XkM^G�C
2
2

� Ì3=VÉ
n = 2

c�? ÏðÍnA�Ê 5 ÊKA�Ê ÍFÏ,=,ÉsÍ
ug

7VÏ~?�R�9 5 ÏhÉw;%ÊÄÏ�^a` NK� bcÍ,=,É~? Ï�HðÌ 5 Ï�HðÌ 5 L%Ï��,Ï
K

L>9hÉËÊ j�Ç 5 ÎÏ 5 È�Ç%ÉËÎWÊ<H,='?ûÊÄÏhÉ
ug = g

Í,=VÉu? Ï~FhÌnÉ�7
∂Ω

Ç>L%Ï:H
g > 0

= 5 Ï�HðÌ 5 ÍhÎdÇ 5 Î¡Ï:c�ÍFÌ 5 Î�Î�Ï,?uÍ~[\=!ÏZÈ�Ì3=,ÉÈ�ÉsÏðÍ\[\=�Ï½Î¡Ì3=VÎ�Ï8LnÇ>? Ï,=,Éf7VÏ
g
c(?¯ÇhBËÉðÌ 5 ÎNÊ<DhÉsÏ8?ûÊGF�ÉsÏ

∂{ug = 0} ÏðÍhÎ(= 5 Ï�ÍFÌ3=eÍ,|�LnÇ%ÉËÊ<9hÎ�9(Ç 5 Ç>?�JnÎNÊG[\=!Ïr7VÏ
7%ÊKA�Ï 5 ÍhÊÄÌ 5

1 N�K �¤o�¦�¾���o¤o���z�����n�%�6¤ìñ» ����³�Z�õ���Z©������¦�z���Z�������Z�r�z��¥��Z�n©����¦�
n ≥ 3

é^ú �r�n��¥¨�o�n©����¦��©��z§³ªo�����o�n���
�z�¦�n©� @�¦�¦�n©�©��o�n���o¥¨�o�p�)���

�F}



T �K�eG!EH]V_0RTP�Ô��U/����eÃ�J@U^�"EnM�DF�3Ã��VC��eE�MNS�J�R¿RVC�IKMW_0RVCKXkM^G�C
n ≥ 3

2
��5 7%ÊKA�Ï 5 ÍhÊÄÌ 5

n ≥ 3
c�? ÏðÍYA�Ê 5 ÊKA�Ê ÍFÏ,=,ÉsÍ

ug

7VÏY?�R�9 5 ÏhÉw;%ÊÄÏM^a` NK� bfÍ,=VÉ_? Ï�HðÌ 5 Ï&HðÌ 5 L%Ï��,Ï
K

ÍFÌ 5 ÎÎ¡Ï,?uÍC[\=�ÏøÈ�Ì3=,É�È�ÉsÏðÍ\[\=�Ï½Î¡Ì3=VÎ�Ï8LnÇ>? Ï,=,Ée7VÏ
g
cpÊK?�Ï��|Ê ÍhÎ�Ïf= 5 Ï 5 ÍFÏ,AEF\? Ï Sg

Î¡Ï,?�[\=�Ï8?¯Ç�BËÉsÌ 5 ÎWÊ<DhÉsÏf?ûÊGF�ÉðÏÈ�ÉËÊKL>9ðÏ�7VÏnHðÏhÎfÏ 5 ÍFÏ,AEF\? Ï:c_HSR ÏðÍhÎw|�}>|�7%Ê�ÉsÏ
∂{ug = 0}\Sg

ÏðÍhÎY= 5 Ï3ÍFÌ3=eÍ,|�LnÇ%ÉËÊ<9hÎ�9'Ç 5 Ç>?�J�ÎNÊG[\=�Ïn7VÏ
7%ÊKA�Ï 5 ÍhÊÄÌ 5

n − 1
c�ÏhÎ8?¯ÇnA�ÏðÍ,=,ÉsÏz7VÏ&�;Ç>=�Í\7VÌnÉ��

(n − 2)
|�7%ÊKA�Ï 5 ÍhÊÄÌ 5S5 Ï,?K? ÏZ7VÏ Sg

ÏðÍhÎg9<;�Ç>? Ï{}
� 9hÉsÌ N�)�¦�n�n�¦�z©Q�n�n�����nªZ�)©��n¤o¤Z���8�����n�)�ô �§z���Z�G�¦�õ�n�o©¼��ñnªo�¦��üo¥¨�o©ö�GéuoGíð�Gé�}�î8�n�^©��)å= ��ç�¼�o�������¦��©¢ªo�ì ¡§³�o©Zé
� ÎÄÇhÈ�Ï ���� §z���¦�z���������z���ïó �÷<�¦���Èî6�z���ô j¤Z�¦�����o¤o�����¦�u�n�������n©����Z©�§<�¦���8��©�©����næ¦�z�����o��©Ä§<�¦�n�����¦�z���Z©���Z©
�¡ ����Z�n��©õ�n�

g > 0
í S =

⋃

g Sg

�o©��	¤Z�¦�p���Z�8�n�%�» ��n©Ä�n�z��ñ8£6§<�Z��©��n��å= �¤Z�
C1

§n���n©õ�n�Î�Z�z©��Z¥�÷n���
��ªZ©����n�n�o�n�n�Q¥��Z©��n���ö�z�(èI ��n©��n�¦�Ü�

(n−1)
þy�n��¥¨�o�n©����¦�n�n�o�����cªoæp ����öã½�Zªo���né%�K�o© ���næ���ªZ�z���Z�p��©E�n�ö�ô 

§z���Z�G�¦�	©��¦�p�(������ñnªZ����üZ¥��õ��ïø�'ä6���o�n©����¦�j�n�;£0ñn�����n�o£T«=¤'åOé��»�Z�n�o���Z��i �_��{Fm ¬ ín�o�(�n�¡������å?����¥�n�����n�¥��¦�n�¡���¦�n����§<�¦�n�Q���Z©(§³�����p��©Q©����næ��n�����Z��©oé��¼�'�����Ä�n�o���n��üZ���	§<�Z��¥¨�'�(�Z�/§» �������¤o�n�����Z�¢��ïð ¡©�©��6¤Z���Z�ö�n�
ñp£6§<�Z��§z�ô ����ì ¡�næ¦�Z�p�c�Z�%¤ìñ» ¡î6�z�)§<�¦���p� ©����næ��n�����Z�Zí¡ @�¦�o¤)�nªo§³�o�n�n�o�n¤Z��¤Z�¦�p�����8�n�(�n�ö¤Z�'�cñ8£6§<�Z��§n�ô ��
�o�/å?���n¤o�����¦�j�n�j§<�¦���p�@é
� ÎÄÇhÈ�ÏC`
���/¥¨���8�����õî8�n�Ä� ïø�Z�z©��Z¥�÷n���Ä�¦÷z���Z�8�/¤Z�¦¥�¥¨�I�ô �¤Z�¦�����o¤o�����¦���n�o©�å?���¦�p����üZ���o©ö����÷n���o©ö§³�¦�z�

g > 0
Ã

⋃

g

(∂ {ug = 0}) × {g}

�o©������õæ��� �§nñz�	�^ïó�n�z�	å?�¦�z¤o�����¦�
h

�2��§z©�¤ìñn�ç�s�Ä©��n�
Ω
é!�2�Ä¤@ ��� ¡��üo�����2��§n©�¤ìñn���®�Ä�Z©���§n���¦�z��ª�æ¦�®r�¤Z�	ã

�z�n�Ä¥¨ª'��ñn�6�n�õ�n�	�nªoå?����¥¨ ¡�����¦���n�Ä©����n©�þ�©��¦���z�����¦�n©�«=���n©�§z����ªo�õ�n���Q ��^ ����o�����\iu{�}�m ¬ �z�/�y£6§<��Ã
vε(X) = sup

Y ∈Bεδ(X)

ug−δ(Y )

�z�¦�p�ö�¦��¥��¦�p�����)î8��ïó�o�����Z©Q���Z©����Z�p�(©����n©Q�ô �©��¦���z�����¦�
ug

§<�¦�n�Q�n�o©
ε
�» ��n©Q�z�n�õ§n�ô ¡æ¦�)�z���� ¡���Z�z��©

(0, εc)
�|

εc

�Z©��¼���n�nªZ§<�Z�z�» ��p�Q�n�
δ > 0

�» ¡�n©¢�� 	����¥������¼�n�o©¼§<�o���ç��©
δ
é,�¼�Z¤Z�<�n�¦�z�n�)��äz �¤o���Z¥��Z�p�

���õ¤Z�¦�p����ÿ¦���(�K��§n©�¤ìñz���s�õ�zªZ©�����ª¡é
� ÎÄÇhÈ�Ïg�
���r ¡§n§n����î8�n���� �å?�¦��¥�n�����n��¤Z�¡þy �������ã¨�ô ¨���Z©�������¤o�����¦�-�n���� �å?�¦�n¤'�����¦�

h
ã��:ïó�o�n©��o¥÷n�����n�����¦�n©

���Z©ö§<�¦���p��©�©����næ��n�����Z��© S Ã
∫ +∞

0

Hn−2
(

(

h|S
)−1

(g)
)

dg =

∫

S
|∇h|S |dHn−1

òy¤o� Hn−2 �o©��	�ô �¥��Z©��n���%�n�%è) ��n©��n�¦�Æ�
(n − 2)

þy�z��¥��Z�n©����¦�n�z�Z������í®�o�
dHn−1 �Z©��Ä� ïøªZ��ªZ¥�ªZ�p�õ�n�¥��Z©��n�����n��èI ¡�n©��n���Æ�

(n − 1)
þy�n��¥¨�o�n©����¦�n�n�o� éP�õ�±¤Z�¦�z¤Z���G���� �§n���o�z�¦���Z�±§n���¦�G�� ¡�8��§» ��Ä�n�z�

 ¡�z�����	¥�ªo��ñn�6�n�õî8�n�Ä���õæ¦�� ��n���o�p�(�n�
h|S

�Z©��)�8�n� é
ú �È�z��¥��Z�n©����¦�

2
í2���E�Z©���§<�¦©�©���÷z������ïó @�¦�¦�����n�o©����zå?�¦��¥� ¡�����¦�z©I�n���» ¡���n���%æ¦ªo�¦¥¨ª'������î8�n�%©��n�

���Z©Q©����næ��n�ô �������ªZ©c�o�ö¤o�Z¤Z�³§³���n�¼�����z���Iå?���¦�p����üZ���)����÷n����«=�'�ö�n�¦��§n���n©Qæ¦ªo�nªZ����î8�n�o¥¨�o�8�Q©��Z�z���Z¥��Z�p� ¬ éý)���n©��)�Q ��� ¡���Z�����Q�'� Â ���6��üo���yi	jp�Gíøj|qGíøjz��í�j�l%m��¦�p��§n���¦�z��ª�§» ����n�o©�¥�ªo��ñz�G�n�o©¨�z�-å?�¦�n¤'�����¦�n©
�H{



ñz�¦���¦¥��¦��§nñn�Z©Äî8�n�����%÷<�¦���±�n�����¦�z���¨¤o�¦¥¨§<�¦©� ��p����¤Z�¦�n�z�'äG���n��� ïø���p��ªZ�����Z�n�õ�z�¨�:ïó�o�n©��o¥÷n�����n�
¤o�%À��z¤Z���z�Z�n¤o�� ��z���n�¦¥�÷n����û»�n�®�n�I§<�¦���8��©¢©����næ��n�����Z��©oéV�¼�����¦�n©¢ ��n©�©��³�������� @�¡ ����»�z� �  ������'��þ��¸ ����'�i �Ho|{Fm�©��n���� �å?�¦��¥¨�	æ¦ªZ�zªZ����î8�n���n�o©�©����næ¦�n�� ����ç��ªo©)�n��§n���¦÷z��üZ¥��	�n�� ïø�¦÷n©��ì �¤o���	�Z���z��¥��Z�n©����¦�

2
é�I ��n©)�G¤ìñ» ��h�^�o��i �H{%znm ín���-§<�Z�z���������I§» ��( ��������o�n��©)Ã

�y� Ç 5 Í 5 ÌFÍ�Ï��,Ï,A�È�? ÏðÍ:cKÍhÊ
n = 2

c]? ÏðÍ�È�ÌnÊ 5 Î^Í�Ï��@HðÏ¡È�ÎWÊÄÌ 5S5 Ï,?uÍ�ÍFÏ½ÍhÊ�ÎG=!Ï 5 Î�Î¡Ì3=eÍ½Í,=VÉr?�R Ç��,ÏC7VÏðÍ½É�9ðÏ,?uÍÇ>L%Ï:H�Ç>=fÈ�?�=�ÍY7VÏ,=>�(È�ÌnÊ 5 Î^Í�Ï��@HðÏ¡È�ÎNÊÄÌ 5S5 Ï,?uÍÿÈ�Ç%ÉYHðÌ3A�È�ÌFÍ�Ç 5 Î¡ÏðÍ!��é�¼�'���������Z¥¨ ���î8�n�(���8�����6�n�n�ç�E�» ¡���n���o�����Z¥��Z�p�4�n�������ö��ªo©��n�ç�ì ¡�4©��n�4���ö�n��¥÷n���ö�z��§<�¦���8��© ©����næ¦�n�����Z��©
�z�	�� �å?���¦�p����üZ���Ä����÷z�����o�-�n��¥¨�o�n©����¦�

2
Ã

T �K�eG!EH]V_0RTP�Ô�o�/ ¾ R,XfY.R�DHM�DFRVX�L|G�_cY.G�X���C�DFRVXfG�C�D��"JÑY\UNJ@XfI�RVJ6�wY.G�MWC�DFXZX�MWC�Ã�J@UNMNReEnX32
W�ÌnÊ�Î C = 5 Ï%HðÌ3A�È�ÌFÍ�Ç 5 Î�Ï�HðÌ 5S5 Ï��,Ï�7VÏ�?�R Ê 5 Î�9hÉËÊÄÏ,=,É�7VÏ�?�R Ï 5 ÍFÏ,AEF\? Ïh7VÏfHðÌ3� 5 HhÊG7VÏ 5 HðÏ�7�R = 5 Ï�ÍFÌ3?�=VÎNÊÄÌ 5
u
7VÏ_^a` N `\b;Í,=,É

Ω ⊂ IR2 N#� ? ÌnÉsÍ)ÊK?�Ï��|Ê ÍhÎ¡Ï%= 5 ÏCHðÌ 5 ÍhÎÄÇ 5 Î�Ï
ρ = ρ

(

|D2u|L∞(Ω),
7%Ê ÍhÎ

(C, ∂Ω)
)

> 0Î¡Ï,?K? ÏY[\=�ÏÊ b�ÍhÊ^�n�ô �¥
(C) < ρ

cÿÇ>? ÌnÉðÍr?¯Ç%BËÉðÌ 5 ÎNÊ<DhÉsÏe?ûÊGF�ÉsÏ
∂C ÏðÍhÎÿÇ 5 Ç>?�J�ÎNÊG[\=!Ï�Í�Ç>=,BaÏ 5 Ç>=�È�?�=�ÍY7VÏ,=>��È�ÌnÊ 5 Î�Í NÊ�Ê b�ÍhÊ2�n�ô �¥

(C) ≥ ρ
c�ÏhÎ

X1, X2 ∈ ∂C ÍFÌ 5 Î�7VÏ,=!��È�ÌnÊ 5 Î�ÍhÊ 5 ;>='?ûÊÄÏhÉsÍ:cøÇ>? ÌnÉsÍ |X1 −X2| ≥ ρ
2 N�¼�c��ªo©��n�ç�ì ¡�µ���o§³��©��c©��n�µ�ô Q��ñzªZ�¦������iu{��nm8�nªo���Z���¦§n§<ªZ�c§» ��\�Q ��� ¡���Z�����¡�o�¸©��n�µ�n�n�4§n���¦§n����ªo��ªcî8�n�
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2
Ã¡©��

X0

�Z©��E�n��§³�¦���p��©����næ¦�z�����o�
�z�-÷<�¦���j�n�Ä�� ¤Z�¦¥�§³��©� ��p��� C í® ����¦��©ö���G¤Z ����o¥¨�o�8�¼�» ��n©(�n�z�	÷<�¦�n��� Br(X0)

í»�ô ¤o�¦¥�§³�¦©� ��p��� C�o©��(¤o�¦�p���Z�8�n�Ä�» ¡�n©ö�����¦�¦��©����n �æ¦�I���n÷n�n�� ������I��ïø�n�j�n�Z©ö�� @£¦�¦�n©ö�z�õ�ô �÷<�¦�n����é"�2�I���¦��©����» ¡æ¦�)���n÷n�Gþ
�� ������I�o©��(¤ìñn�¦��©��³��ïóªo§» ���©�©��o�n�

e(r)
í6���o�^î8�n�Ä� ïøªZ§» ¡��©�©��Z�n�¼���Z�� ¡���ç�¦� e(r)

r
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§z�ô �¤o��í �'ä6���Z�n©����¦�n©�î8�n�(©��¦�p�¨§n��ªo©��o�8��ªZ�o©��» ��n© � �¦�z�n�@ �� iç�kj�m éø�¼�ç���¦�z©��o�zû»�a���Z©����� @�¡ ��Gä!�n�
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�G�����
Ω
�n�f�¦�G�¦�Z����÷<�¦���nª��n�

IRn
î8�n���n�¦�n©��^ïð ������¦�z©�§» ¡©©��n§z§³�¦©��Z�%��ªoæ¦�n�����Z�	�» ��z©�¤Z�o�����

©��Z¤'��������é]��� ©��n§n§<�¦©��o�� 
Ω
©��o�n���o¥¨�o�8��n����ªoæ¦�n�� ����ç��ª��K��§n©�¤ìñz���s�¨�o��©� ¡����©�å= ¡��©� ¡�8���ô /¤Z�¦�n�z�������¦�

�Fj



©��n���¡ ��p���/�z�/©�§nñnüo������ä6��ªZ�����o�n���j§<�¦�n�%�n�
δ > 0

�n�¦�n�zªuÃ §<�¦�n�����¦�z��§³�����p�
X

�n�a÷<�¦���a�n�
�:ïó���z�¦�o���

∂Ω
í����¸��äG��©�����n�n��÷³�¦�z���

Bδ

¤Z�¦�p���o�8�n���» ��n©õ����¤o�¦¥¨§z��ªZ¥��Z�p�� ������	�z�
Ω
í^�o�I�ì ��næ��Z�p���

�o�
X
 ��/÷<�¦���j�n�Ä� ïø�¦�z���Z���

∂Ω
é

t��¦�n©(¤Z�¦�z©����zªZ�����n©Iã��n���z�¦�Z ������õ¥¨���n��¥���©��Z�n�
ug

�n�Ä�:ïóªo�n�Z��æ¦���
∫

Ω

|∇u|2 + 2u
« �Gé�q ¬

©��n�(� ïø�Z�n©��Z¥÷z���õ�n�õå?�¦�n¤'�����¦�n©
u
 ¡§n§» ������Z�n ��p�I ¡�-¤o�¦�n�Ä¤Z�¦�p���'äG�

K
�nªoû»�z�2§» ��

K =
{

u ∈ H1(Ω), u = g
©��z�

∂Ω, u ≥ 0
©��n�

Ω
}

�%/�� ��n�¦�n�nªo�	 ��-÷<�¦���/�o©����n�n�	¤Z���n©��� ��p���
g ≥ 0

é�µ�¦�n�
g = 0

í¾���6�Z©�� ¤Z�� ����µî8�n�ö�ô �©��¦���z�����¦���o©��
u0 ≡ 0

�o���ô )å?���¦�p����üo���¢����÷z���c�Z©��
∂ {u0 = 0} = ∂Ω

é�¸ ��(§³�o�����n��÷» ¾��������ín�n�¦�z©�§z���¦�z���¦�n©(���õ��ªZ©��n���� ¡��©��n�ç�� ¡�8�
T �K�eG!EH]V_0RTP�Ô¤ U/ T EH��CKX�bdReEFD�IKR
EH�eÃ�J@U^�"EnM�DF��I@JÑ[.G!EnI¯.$��R¿��RVEnXfU^R¿[.G!EnI�UWM^[@EHR°2
W�Ì3=�Íf? ÏðÍYHðÌ 5 7%Ê�ÎNÊÄÌ 5 Ír[\=VÊ�È�É�9:H:D�7VÏ 5 ÎKc@ÊK?KÏ��|Ê ÍhÎ¡Ï

g0 > 0
Î�Ï,?s[\=!Ïf?¯Ç�BËÉsÌ 5 ÎNÊ<DhÉðÏf?ûÊGF�ÉsÏ

∂ {ug = 0} ÏðÍhÎÇ 5 Ç>?�JnÎNÊG[\=!Ï�È�Ì3=VÉ(Î�Ì3=VÎ
g ∈ (0, g0) N�¼����ªo©��n�ç�ì ¡���n��©���¥��¦�p�����Ä§» �©I§n ��)�z�-��ñzªZ�¦��üZ¥����n�o©)å?�¦�z¤o�����¦�n©(��¥�§n����¤Z�ç���o©(«?���¦����©��o¤o�����¦�r�6éuq

§<�¦�n�4�n�z�����Z�����( �§n§n���G¤ìñz���o��©��n§n§<�¦©� ��p�¢§n���z©c�z�)��ªZæ¦�n�� ����ç��ªQ©��n�
∂Ω ¬ é8òy¤Z�®�ô õ§n���Z�z���I©���å= ��ç�4§» ���:ïð ¡÷n©��n���n��é�ú � ©��n§z§³�¦©� ��p�%���%��ñnªo�¦��üo¥¨�¨å= ��Gä³í¸��� �nªZ�z�n�����:ïó��äG��©����Z�n¤o����ïø�n�n��©��n�������n��§³�¦���p��©

©����næ��n�����Z��©
(Xg)g

�z�Z©)å?���¦�p����üZ���o©(����÷z���Z©
∂ {ug = 0} ���¦��©�î6�z� g ���Z�z�-�¦�o��©)�ZªZ���né®ú ��©��n���¡ ��p�)���Z©

§<�¦���8��©
Xg

§» ��ö�z�-÷n���FÅQþy�n§/ ��» ¡§z��ª

ug(X) =
ug(Xg +X

√
g)

g

�'�õ�Z�r��ä6���� @£¦ ��p�Ä�n�n�©��¦�n©�þ�©��n�ç���¤o�¦�p�¦�o�» �÷n����í��n���n©��¦÷z���Z�n���n©��n�n��¤Z�¦�p���� ��n��¤o�����¦��ã¨�ô �����¥������
g = 0

íK�6�ô /�ô /��ñnªZ�������¨�n�*�Q n�� ����Z����� é��µ�¦�n��§³���z�¦�¦����§» ¡©�©��o��ã��� -����¥¨�ç�������4å= ¡�z���z�U¤Z�¦�p����ÿ¦���
©��n�Q�� �©��¦���z�����¦�

ug

é"�¼��¤Z�¦�p����ÿ¦�����Z©��ö�¦÷z���Z�8���G�� ��n�n�õ÷<�¦���n�
L∞ ©��n�Q���Z©Q�zªZ���ç�¦ªo�Z©ö©��o¤Z�¦�z�n�Z©(�n�

ug

í<�n�n�çå?�¦��¥��Ä§» ��I�� �§n§<�¦���Iã
g
§<�o�����@é�� �n��©�î8�n����	÷<�¦����ûGäG�

∂Ω
�^ïó�o©��õ§» ¡©I©��z§n§³��©�ª���ªoæ¦�n�����Z�oí

¤o�o�����Ä÷³�����n�
L∞ �Z©����n�z��î8�n�Z¥��Z�p�(�¡ ��ô ¡÷n���)�Z�/�n�Z©(§<�¦���p��©ö©������nªZ©(ã��n�n�Ä�n��©��� ��n¤Z�õ�z�-÷<�¦����ûGäz�

∂Ω
í<©��z§³ªo�����o�n���Ä�¦�/ªZæ¦ ����	ã��n�n�	¤Z�¦�z©��ì ¡�8���	å?����© √

g
é��¼�'�����	÷<�¦���n�

L∞ �o©��)�¦÷z���o�8�n���o�� �§z§n��� þ
î8�» ¡�8�»���n�n��¤Z���Z�n©��Z¥��Z�p�µ� ïø���nªoæp ����ç��ªµ�n�¢èI ����» �¤ìë��» ¡�n©¸�:ïó�o©�§n�����K�n�Ä���� @�� ¡���¦�n�4ý)���K�o�@� ñn��������§n©.iÒl�qnm:é

t��¦�n©E¤o�¦�n©����nªZ���¦�n©E¥¨ ����8���Z�» ¡�8�¸�n��§n���¦÷n��üZ¥��¢�n�¼� ïø�¦÷n©��� �¤Z���¢�z�¦������nª@ ¡�����4���8���Z���¦�Z�n ��p�4�» ��n©
�� Q¥¨�6�nªo����©� ¡�����¦���n�Z©K©��z§n�� �¤o�¦�n�n�z¤o���o�n��©ÿ«=¤'åOéH�¼ñ» �§z¥� ��^í Â �z÷n���n©����o����í@�G¤ìñ» ¡�®�Z¥¨ ��Zi�z|qnm íÁ�6�Z��å= ¾�y£¦í
�G ��n�n���Z�3i�o��|qnm:íE©��Z¤o�����¦�wo ¬ é4�G�¦�ç� G �n�n��å?�¦�n¤'�������

C∞ �¦ªo����û» ��p�
G′(0) > 0

�'�%¤Z�¦�p�¦��äG��©��z�
[0,+∞)

é#���j¤Z�¦�z©����züZ���	 ����¦��©ö�� ¥¨���n��¥���©� ¡�����¦���n�Ä� ïøªZ�n�o��æ¦���
∫

Ω

G(|∇u|2) + u2 « �Gé	l ¬
�Fz



©��n�(���õ¤o�¦�n�Ä¤Z�¦�p���'äG�
Kg,h

�nª'û»�n�K§» ��

Kg,h =
{

u ∈ H1(Ω), u = g
©��n�

∂Ω, u ≥ h
©��z�

Ω
}

�%
g > h > 0

©��¦�p���n�Z©(¤o�¦�n©��� ��p���o©ZéP�õ�/ % ����¦��©ö���
T �K�eG!EH]V_0RTP�Ô¤OU/ T EH��CKX�bdReEFD�IKR
EH�eÃ�J@U^�"EnM�DF��I@JÑ[.G!EnI¯.$��R¿��RVEnXfU^R¿[.G!EnI�UWM^[@EHR°2
� Ì3=VÉ�Î¡Ì3=,Î

g > 0
c�ÊK?�Ï��|Ê ÍhÎ¡Ï

η > 0
Î�Ï,?h[\=!Ï�È�Ì3=VÉ�Î¡Ì3=,Î

h ∈ (g − η, g)
c�ÊK?�Ï��|Ê ÍhÎ¡ÏZ= 5 = 5 ÊG[\=�Ï

A�Ê 5 ÊKA�Ê ÍFÏ,=VÉE7VÏ�?�R�9 5 ÏhÉw;%ÊÄÏ{^a` N ± b�Í,=,É
Kg,h N � Ï½È�?�=eÍ�?¯ÇgBËÉðÌ 5 ÎNÊ<DhÉsÏ�?ûÊGF�ÉsÏ&7VÏzHðÏ�A�Ê 5 ÊKA�Ê ÍFÏ,=VÉ�ÏðÍhÎ

C∞ N�¼�%��ªo©��n�ç�ì ¡�Ä�o©��	§n���¦�z�¦ª¡í2§³���n�õ�n�Î§n����÷n��üo¥¨�©��Z¥÷z�ô �÷n����í��z�å= �ùZ�¦�rå?�¦��¥¨�o�������» ��z©��¼ñ» �§Gþ
¥¨ ���í Â �n÷n���n©����Z���^í^�6¤ìñ» ¡�s�o¥� ¡�Ùi�z%qnm¸æ¦�sr�¤o�ã��n�n�� ��n ���£6©��� �©�£G¥�§z��������î6�z��é<òy¤Z�µ�n�¦�n©)§n���¦�G�¦�¦�n©
����æ¦���n���o�n©��o¥¨�o�8�E¤Z�(��ªo©��n�ç�ì ¡�Zé|t)�¡�����¼§n���o�z�¦���Z©��4©���¥����� ������4ãõ¤Z�Z�����¢�n����ñnªo�¦��üo¥¨���Gé�j�¥¨ ���©¸÷³�Z ��Gþ
¤o�¦�n§/§n���z©Q���Z¤ìñz�n��î8�n�¡é��Kã%�Z�n¤o�¦���¡í»� ïø���nªoæp �������ª��n�	èI ¡���» �¤ìë������n�õ�n�/��ÿ¦���õ�Z©�©��Z�p�����Z�:é

�µ�¦�n��¤o�±§z���¦÷n��üZ¥��Î�n�±�:ïó��÷n©��� �¤Z���u�z�¦�i�����nªZ �������íQ�n���n©-§z���¦�z���¦�n©� ��n©�©����z�i��ªo©��n�ç�ì ¡�-�n�
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T �K�eG!EH]V_0RTP�ÔNA²³/�1½ReEFDHJKEH[K��DHM^G�C�I�R
U^�ybÄEnG�C�DFMN]eEHR
UNMN[KEHR!�@U^GL|��U^R¿RVC�RVX�YK��L|R°2
W�ÌnÊ�Î

h∗ ∈ (0, g)
ÏhÎ
ug,h∗

= 5 A�Ê 5 ÊKA�Ê ÍFÏ,=,ÉC7VÏg?�R�9 5 ÏhÉw;%ÊÄÏE^a` N ± b�Í,=VÉC? Ï�HðÌ 5 L%Ï��,Ï
Kg,h∗

Î¡Ï,?�[\=�ÏY?¯Ç
BËÉsÌ 5 ÎNÊ<DhÉsÏ8?ûÊGF�ÉsÏ

∂ {ug,h∗ = 0} ÍFÌnÊ�Î
C∞ 7�Ç 5 Í%= 5 HðÌ3A�È�Ç'HhÎ K∗ 7VÏ

Ω NP� ? ÌnÉsÍøÈ�Ì3=,É�Î�Ì3=VÎhHðÌ3A�È�Ç'HhÎ
K ÍhÎWÉËÊ<HhÎ¡Ï,A�Ï 5 ÎÿÊ 5 H,?�=�ÍY7�Ç 5 Í K∗ c�ÊK?pÏ��|Ê ÍhÎ�Ï

ε > 0
Î¡Ï,?([\=�Ï�È�Ì3=,É�Î¡Ì3=,Î

h
L>9hÉËÊ j�Ç 5 Î |h− h∗| < ε

c
?¯Ç%BËÉsÌ 5 ÎNÊ<DhÉsÏe?ûÊGF�ÉsÏ

∂ {ug,h = 0} ÏðÍhÎÿÇ>=�ÍðÍhÊ
C∞ 7�Ç 5 Í K N�¼�	��ªo©��n�ç�ì ¡�(���Z§<�¦©��Ä�n�n�õå?�¦��©ö�Z�n¤o�¦���Ä©��n�(�ô ���ñzªZ�¦�����õ�n���Q ��^ ����o�����pi�{¦�nm:é�t)�¦�z©����Z�p�¦�_£��¦�n©õã
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 ¡�±¤Z �©

∂Ω
�2��§n©�¤ìñn���®��í2¤Z�o���n���n��ê¼��ª��Z��©oí�#õ���n�n�o�����Zñn���Z�fi	}|}�m:é��µ �¥�ªo��ñn�G�z���z��§z���Z�G�¦���Z©����n�n�

 ¡�» �§z�� ¡�����¦���n���Q ��^ ����o�����\iu{�q�m é
T �K�eG!EH]V_0RTP�ÔNA!A0/ÆQ;X�DHMN_0��DFMNG�C×IKR
UÜ����M^EHR¿I�RTU^�ybÄEnG�C�DFMN]eEHR¿UNM^[@EHR°2
´ ?�Ï��|Ê ÍhÎ¡Ï�= 5 ÏfHðÌ 5 ÍhÎÄÇ 5 Î¡Ï

C > 0
[\=VÊ 5 Ï�7'9¡È�Ï 5 7g[\=�Ï*7VÏ

Ω, g, G
Î�Ï,?K? Ï�[\=!Ï@È�Ì3=,É?Î¡Ì3=VÎ�A�Ê 5 ÊKA�Ê ÍFÏ,=VÉ

ug,h

7VÏe?�R�9 5 ÏhÉw;%ÊÄÏE^a` N ± b�Í,=,Ée? Ï�HðÌ 5 L%Ï��,Ï
Kg,h

È�Ì3=,É
h ∈ [0, g]

c?Ì 5 Ç
Hn−1 (∂ {ug,h = h}) ≤ C

Ú � ¥ µ R�w6DGP)wzxIBEDzM t4v }IRUXOB � w t4v DGMO~�wnRfXOMyxIwnR!b w°¶4�^R { XOB DzF)H t wnMORf}IRUeiB4S6F�·
A t S6R�w à Ú ä

å�æ�çhè�é3æ
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òy�2©oïð ¡æ¦���ö�^ïó�n�/���� _�¡ ����^�o�-¤o�¦���� �÷³���� ¡�����¦�� _���Z¤	ý�é®ê¼���n�n�o�Zé
òy�^�Z©���§<�¦©�©���÷n���õ�n���¦�����öî8�n�Ä���õ§n���¦÷n��üZ¥����n�õ� ïø�¦÷n©��ì �¤o���õ�n���/�����nªZ ������� �©�©��6¤Z��ªÄã%�:ïóªo�n�Z��æ¦����« �Gé	l ¬�z�Q�ô I©��Z¤'�������§n��ªo¤Zªo�n�Z�p���(§<�Z�z�E©��Q���oå?�¦��¥�n���o���n�¼�ô �å= ¡ùZ�¦��©��n���¡ ��p���¼�» ��n©E���¼¤Z �©E�|�� )å?�����8����üo���
����÷n�����Z©�����ªZæ��n����üZ���¡ét��¦�n©�¤ìñn�Z��¤ìñn�¦�n©)�n�����z�¦�o���)÷³�¦���nªÄ��ªoæ¦�n�����Z�

ω
���n¤o���n©(�» ¡�n©(� ïø�¦�z�¦�o���)÷³�����nªÄ��ªoæ¦�n�����Z�

Ω ⊂ IR2
í

�'���n�n�õå?�¦�n¤'�������
u
�nªoûn�n���õ©��n�

Ω\ω ��ªZ���çû® ��p�	Ã






















div(G′(|∇u|2)∇u) − u = 0
�» ��z©

Ω\ω�|j�� �å?�¦�n¤o�����¦�
G
�Z©��

C∞ ¤Z���8���'äG��©��n�
[0,+∞)

 @�¦�o¤
G′(0) > 0

u = g
©��n�

∂Ω
u = h

©��n�
∂ω

∂u
∂n

= 0
©��n�

∂ω

« �Géuo ¬

òy¤o�
g, h

©��¦�p���z�Z©Ä¤Z�¦�z©��ì ¡�8���Z©	�¦ªZ����û® ¡�8�
g > h > 0

éµ�6������¤'���j©��o�n©���íK�n���n©	 _���¦�n©	�n�¦�n�zª¨�» ¡�n©ió�nmc���o©Ä§n���o�z�¦�o©�» ��n©	����¤@ ¡©��n���ô j�n��¥¨�o�n©����¦�
n = 2

íK÷n���o�±î8�n�����¦�z©����Z©	��ªZ©��n���� ¡��©Ä�n�¨¤Z�'�����
©��Z¤'�������-©oïóª'���Z�z�n�Z�p�)©� ��n©��n�¯v¨¤o�n����ªZ©ö�o�-�n��¥¨�o�n©����¦�n©ö©��n§³ªo�����Z�n���Z©Zé�I ��n©õ¤Z�'�����©��o¤o�����¦�r�n�¦�z©õ©��n§n§<�¦©��¦�n©õ����÷³������ûzäG�

∂Ω
�n����ªoæ¦�n�� ����ç��ª

C∞ �o���n�¦�n©õ¥��¦�p�����¦�n©
¤o�¦¥�¥¨�o�8�µ�¦�	§<�Z�z�µ�¦÷z���Z�n���K� ïø�'äG��©����Z�z¤Z�c�n�¢©��¦���G�������n©2��ªoæ¦�n����üZ���Z©

(ω, u)
�n��§n���¦÷n��üZ¥��4ã(å?���¦�p����üo���

����÷n����«:�Géuo ¬ §» ¡��§³�o�����n��÷» ¾����������ïø�n�n�©��¦���z�����¦�-���n�ç���� ���� (ω∗, u∗)
 @�¦�o¤��n�n��å?���¦�p����üZ��������÷n���

∂ω∗��ªZæ¦�z����üo���¡éHt)�¦�n©� ������¦�n©K �§z§n����î6�z�Z�µ��� ��ñnªo�¦��üo¥¨�¢��ïø���p�¦�o��©����¦�����G¤Z ���� �z�?tI ¡©�ñGþ � �¦©��o��§<�¦�n�µ���oî6�z�Z�
�z�¦�n©����Z�p�¦�_£¦���n©	ã�èI �¥����ç���¦�ciç���Fjnm:í^ý)�����zñ» �¤�í��õªZ�� ����Ùi	q�onm:í^�'�Ä ��n©�©��¸§³�¦�z�I�n�o©õ¤Z�¦¥�§n��ªo¥¨�o�p��©
� �¦©��o��i �F}¦�Gí��F}z�¦í^�F}p�nm:í�tI ¡©�ñciç�F}%q�m í»�G¤ìñ�ÅQ ����s��iç�Fj¦�Hm:í<�G�Z��æ¦�Z�� ��Z����i �Fj|q6í2�Fj%lnm í�¹^�oñn�n�n�o��i �Fz%lnm é

� ��ªo¤Z��©�ªZ¥��Z�p�)§³���n�ö���p�����G�z�n�������n�¦©(��ªo©��n�ç�ì ¡��©Zí»���^�Z©��I�zªZ¤Z�o©�©� ��������n�Ä�� �§n§<�Z���o�ö�ô �Ã
- ��.\C@M�DHM^G�C�P�ÔWAVPU/®��YKY@UWMNL|��DHM^G�CwI�G�J@L|R°2
O R ÇhÈ�È�?ûÊ<H®Ç%ÎNÊÄÌ 5

Φ : C∞(M) → C∞(N)
Ì3X

M
ÏhÎ
N

ÍFÌ 5 Î87VÏ,=>�nLnÇ%ÉËÊ<9hÎ�9ðÍ{9,L%Ï 5 ÎG=!Ï,?K? Ï,A�Ï 5 Î8}
FhÌnÉ�7nÍ:c�ÏðÍhÎ%7%Ê�Î�Ï

C0
|�7VÌ3=SHðÏ�Í,=VÉ_?�R Ì3='L%ÏhÉËÎ

U ⊂ C∞(M)
c?ÍhÊ�Ï,?K? Ï�ÏðÍhÎfHðÌ 5 ÎNÊ 5 =!ÏZÏhÎ?ÍhÊ�Ï,?K? ÏYL>9hÉËÊ j?Ï

?�R Ê 5 9<;�Ç>?ûÊ�Î�9g7VÌ3=SHðÏ½Í,=VÊKLnÇ 5 Î�Ï�È�Ì3=VÉe= 5
α ∈ (0, 1) º

∃r ∈ IN, ∀k ∈ IN, ∃Ck+α > 0, ∀u ∈ U : |Φ(u)|k+α ≤ Ck+α(1 + |u|k+r+α)

ÏhÎ
Φ

ÏðÍhÎ
C∞ |�7VÌ3=SHðÏ½ÍhÊ

DjΦ
ÏðÍhÎ

C0
|�7VÌ3=SHðÏ?È�Ì3=VÉ�Î¡Ì3=VÎ

j ∈ IN N
òy¤o�

(| · |k+α)k≥0

�nªo©���æ��n�%�n�n��ªZ¤ìñn�o�������z�¨�n����¥��Z©õ�n�¨è%»¦���n�Z�õ�z��§z���n©Ä�Z�u§n���n©Ä��ªZæ��n����üZ���o©Zé�2�
��ñnªZ����üZ¥�����ïø���p���Z��©����¦�f���G¤Z ����¨�n�3tI �©�ñGþ � �¦©��o��§³�o��¥��o����ïø���p���Z��©��Z�%� ïøªZî8�» ¾�������

Φ(u) = f
 ��

���¦��©����» ¡æ¦�õ��ïø�n�n�Ä©��¦���z�����¦��§» �������¤Z�n����üZ���
Φ(u∗) = f ∗ ∈ C∞ í»©�� Φ

�o�
(DΦ)−1

©��¦�p�
C∞ þ��n�¦�n¤o�Z© ¡�j���¦��©����» ¡æ¦�õ�n�

u∗ ∈ C∞ éný)���n©��2�¦�j§n���¦�G�¦�	���
T �K�eG!EH]V_0RTP�ÔNAV~U/�1½ReEFDHJKEH[K��DHM^G�CwÃ�UNG![K��U^R¿I�RTU^�ybÄEnG�C�DFMN]eEHR¿UNM^[@EHR°2
W!Ê

(ω∗, u∗)
ÏðÍhÎ�= 5 ÏÿÍFÌ3?�=VÎNÊÄÌ 5 È�Ç%ÉËÎWÊ<H,='?ûÊ<DhÉsÏ*7VÏr^a` NK¼ bÿÈ�Ì3=VÉ

h = h∗ ∈ (0, g)
Î�Ï,?K? Ï�[\=!Ï

∂ω∗ ∈ C∞ cÇ>? ÌnÉsÍÿÊK?!Ï��|Ê ÍhÎ¡Ï
η > 0

Î¡Ï,?°[\=�Ï\È�Ì3=VÉÿÎ¡Ì3=,Î
h
L>9hÉhÊ j�Ç 5 Î |h−h∗| < η

cs? Ï@È�ÉðÌ>F\?yD,A�Ïf^a` NK¼ b;Ç�7>A�ÏhÎs= 5 ÏÍFÌ3?�=VÎNÊÄÌ 5 É:9<;>='?ûÊ<DhÉsÏ
(ω, u)

Ç>L%Ï:Hi= 5 Ï#BËÉsÌ 5 ÎWÊ<DhÉsÏi?ûÊGF�ÉsÏ
∂ω

7VÏøÉ�9<;>=@?¯Ç%ÉËÊ�Î�9
C∞ N � ÏÈ�?�=�Íi?�R ÇhÈ�È�?ûÊ<H®Ç%ÎWÊÄÌ 5

h 7−→ ∂ω
ÏðÍhÎ

C∞ |�7VÌ3=SHðÏ N

�G�



�K �¥�ªo��ñz�G�n�õ�z��§n���Z�z����¤o�¦�n©���©����	ã%©�¤Z���n�n�Z�(���õ§n���¦÷z��üZ¥��Z« �6é o ¬ �o�-�z�Z�Gäj©��¦�n©Oþy§n���¦÷n��üo¥¨�o©ZéW�Ì3=�Í,| È�ÉsÌ>F\?yD,A�Ï ����/©��n§z§³�¦©��Ä�ô å?���¦�p����üZ���õ����÷n���
Γ = ∂ω

�z�¦�n�nªo�� %§n�����¦���^�o���¦�j��ªZ©����n�






div(G′(|∇u|2)∇u) − u = 0
�n ��n©

Ω\ω
u = g

©��z�
∂Ω

∂u
∂n

= 0
©��n�

∂ω

�¼�o¤Z�2å?�¦�n���n���Q�n�n�Ä©��¦���z�����¦�
u(Γ)

é
W�Ì3=�Í,| È�ÉsÌ>F\?yD,A�Ïr`
���/��¥�§³��©����� ¤Z�¦�n�z�������¦���n���I������¤ìñz���o�(©��n�

Γ
Ã

u(Γ)|Γ = h

¤o�î8�n�µ�nªo���Z��¥����z����¥�§n����¤Z�ç���o¥¨�o�8�Q�ô �å?���¦�p����üZ���	����÷n���
Γ = Γ(h)

æ¦�sr�¤o� ��-��ñnªo�¦��üo¥¨���n�at) �©�ñGþ
� �¦©��o�) ¡§n§n����î8�nªÄã

Φ(Γ) := u(Γ)|Γ
é

òy���o©��(�nªo¤Z�o©�©� ¡�����õ�z�õ���Z¤o�¦�n�����Q ¡����ñnªo�¦��üo¥¨���z�(tI �©�ñGþ � ��©��Z�oín¤@ ¡�Q���I��ñnªZ����üZ¥�����ïø���p���Z��©����¦�
���G¤Z ����I¤Z�ô ¡©�©���î8�n�õ�» ��n©(���Z©(�Z©�§» �¤Z�o©)�z��è*»¦���z�Z�ö�n�Ä©Zïó �§n§z����î8�n�Ä§» ¡©���¤Z�:énú �-�h�^�'��� ïó �§n§n����¤@ ¾�������

Φ : Ck+α −→ Ck+α

Γ 7−→ u(Γ)|Γ

�o©��c���o�����¼î6�z�)©� 	�n�¯�^ªo���o�8�����o�����¼�Z�
Γ∗ ∈ Ck+α

 ��������¦�ö�n ��n©c�n�¨�o©�§» ¡¤Z��§n���n©4��ªZæ¦�n�����o�Eî8�n�
Ck+α

Ã

DΓΦ(Γ∗) : Ck+α −→ Ck+1+α

�¼�o�ô õ©��(���� ��n�n�ç� §» ��4�n�z��§<�Z�����(�n�(��ªoæ¦�n�� ����ç��ªQ©��n�4� ïø���p�¦�o��©��(�n�������nª@ ¡����©�ª
(DΦ)−1

î6�z�® �§n§n����î8�n�
 ¡���¦��©

Ck+α
�n ��n©

Ck−1+α
é,�¼�'�����I§³�o�������n�)�nªZ�����¦ªo����ïø�n�n�)�n�n����ª)©��n�

(DΦ)−1
§n���_�6���o�8�¼�n��å= ��ç�

î8�n�%�:ïó�¦�r��¥¨§<�¦©��©��n�Ä�� �å?���¦�p����üZ�������÷n���
Γ
�n�Z�6äÎ¤Z�¦�z�n�������¦�n©õ�^ïó�¦���n���o©Ä�n�¤�³ªZ���Z�p�����Z��©I�n�¤�³ªZ���Z�p��©«N�I������¤ìñn���o�

u = h
�'�ÿt��Z�n¥¨ ��n� ∂u

∂n
= 0 ¬ é8ú4�¨���'�� ¡�n¤ìñn��©��®�¦��¤Z�¦�n©����nüo��� Φ : C∞ 7−→ C∞  �������©

DΦ
�Z©��I�z�n�Ä÷n� ���o¤o�����¦�j�n�

C∞ �» ��n©
C∞ í»�o�����õ��ñnªZ�¦��üZ¥��Ä��ïó���p�¦�Z��©����¦�-���G¤Z ����I�n��t) �©�ñ6þ � �¦©��Z�

©oïð ¡§n§n����î8�n��é�)�Z©Ä��ªo©��n�ç�ì ¡��©õ�n�%©��ì ¡÷n��������ª	�n�%�ô �å?���¦�p����üZ��������÷z����§n ��õ§³�o�����n��÷» ¾��������í^©���¥����ô ¡�����o©I ¡����ñnªo�¦��üo¥¨�
�6é��FqGí»©��¦�p����÷z���o�6�z©I�» ��z©Iè) �¥¨�������¦�¢iç���Fj�m:í^�6¤ìñ» ����³�Z��iç�F{%jnmµ§<�¦�n���n�Z©�§n����÷n��üo¥¨�o©Iã�å?���¦�p����üZ���Z©
����÷n���Z©2å= ���©� ��p�µ���p���o�����Z�n�����n�o©��¦§<ªZ�� ¡���o�n��©µ�Z������§G����î8�n�o©2�����nª@ ������o©Zé¾�G��æ¦�» ����¦�n©K ��n©�©��,�I�Z���6���Z�6ä*i	z|jnm:é

t��¦�n©4ªZ�n���nùZ�¦�z©c¥¨ ����8���Z�» ¡�8�4�z����ªZ©��n���� ¡�4�n�(§³�o�����n��÷» ¾��������©����zæ¦�n����üZ���¼�n�(�ô Iå?���¦�p����üZ���ö����÷n���
��÷z���o�6�j�6�ô �������ñnªZ����üZ¥��Ä�n��tI �©�ñGþ � �¦©��o�
T �K�eG!EH]V_0RTP�ÔNA��l/�1½ReEFDHJKEH[K��DHM^G�C�XkMNCKÃ�JKUWM^]eEHR'I�RTU^�¢bdEHG�C�DHMN]eEHR'UWM^[@EHR°2
´ ?@Ï��|Ê ÍhÎ¡Ïe= 5

η > 0
Î¡Ï,?�[\=�Ï?È�Ì3=,É(Î¡Ì3=,Î

h ∈ (g − η, g)
c]? Ï�È�ÉsÌ>F\?yD,A�Ï�^a` NK¼ bZÇ�7>A�ÏhÎi= 5 Ï;ÍFÌ3?�=VÎWÊÄÌ 5É�9<;>='?ûÊ<DhÉsÏ

(ω, u)
Ç>L%Ï:H�= 5 Ï�BËÉsÌ 5 ÎNÊ<DhÉðÏ�?ûÊGF�ÉðÏ

Γ = ∂ω ∈ C∞ N � Ï½È�?�=eÍ�?�R ÇhÈ�È�?ûÊ<H®Ç%ÎWÊÄÌ 5
h 7−→ ∂ωÏðÍhÎ

C∞ |�7VÌ3=#HðÏ N
�¦�



ω

Ω\ω

¸ø¹�º�» l�¼��¸�Z�����n��÷» ¡�����¦�/©����næ¦�n����üZ���õã�§» ��������¼�n�-¤Z �©
Ω\ω = ∅

Â �Z¥¨ ���î6�z�¦�n©Kî8�n�¼���¦��©�î6�z�
h
���Z�z���¦�o��©

g
í_��� �n�¦¥¨ ����n�

Ω\ω ©��n�µ���Zî8�n�o�p� ïøªZî8�» ¡�����¦�	�Z������§z����î6�z�E�Z©���zªoû»�n���¢���Z�n����Z��©�� ïø�Z�n©��Z¥÷n���c�6���n��é��2�¢��ñzªZ�¦��üZ¥��ö�Géç�klI�o©�� �z�¦�n¤¼�z����ñnªo�¦��üo¥¨�¢�n�¼§<�Z�����n��÷» ¡�����¦�
 ¡�» �����æ¦�n�) ��¨��ñnªZ�¦��üZ¥��õ�Géç�Fqzí6¥¨ ���©cã�§» ¡�������4��ïó�z��¤@ �©¢�nªZæ¦ªo�nªZ��ª��|����)�z�¦¥� ¡���n��©��n�¢���oî6�z�Z�^�o©��
§<�¦©�ªZ�Ä� ïøªZî8�» ¡�����¦�j�o������§z����î8�n�� ��n��©�§» ����-¤Z ��

Ω\ω∗ = ∅ §³�¦�z� h = h∗ = g
é

�6�
ε
�o©��(� ïø�¦���n�����z�	æ��� ��n�z�Z�n�ö�n�õ�� �n��©��ì ��z¤Z�õ�Z�p�����Ä�ô �å?���¦�p����üZ���õ����÷n���

∂ω
�o�
∂Ω

í® ����¦��©Qî8�» ¡�n�
h −→ g

í»�¦�- 
ε −→ 0

í»�o���ô %�n�¯v¨¤o�n����ªõ�Z©��I�n�	§<�¦�z�¦�����ö§n���¦�z�¦�o�Iî8�n�
(DΦ)−1

�Z©��
C∞ þy�n���n¤Z����z©�î8��ïø�Z�

ε = 0
é��¸�¦�z�	¤o�Z�� zí��» ��z©õ���¤Z �©Ä�|

Ω
�o©��	ñn�¦¥�ªZ��¥¨�¦��§nñn��ã��n�Î�n��©�î8�n�¡í2�¦�Î�� �¥�üZ�n�

Ω\ω §» ��ö¤ìñn ��næ¦�o¥¨�o�8�)�n�Ä�¡ ����� �÷n����ã
S

1 × (0, 1)
ín�'�I ¡���n©��2� ïøªZî8�» ¡�����¦�

DΦ · w = k
ªZ¤Z�������	©��n�

S
1 × (0, 1)

§n���Z�n�/�ô å?�¦��¥¨�I©��n�ç�� ¡�8���






ε2A2
sswss + 2εA2

rswrs + A2
rrwrr + εA1

sws + A1
rwr + A0w = k0(s, r)

∂rw(s, r = 1) = k1(s)
w(s, r = 0) = k2(s)

« �Gé�} ¬
Â �Z¥¨ ���î6�z�¦�n©��Z�/§» �������¤o�n�����Z�öî8�n�	� ïø�¦§³ªo�� ¡���Z�n�(©��n�

w
�zªZæ¦ªo�nüZ����������©�î8�n�

ε
���Z�n�/�¦�o��©��oªZ���né����

¤o�¦�n¤o���z�(æ¦�®r�¤Z�	 �����ñnªZ�¦��üZ¥��Ä©��n�ç�� ¡�8����ïø���p��ªZ�®�'�(���n�zªZ§<�Z�n�» ¡�8�	Ã
T �K�eG!EH]V_0RTP�ÔNAV�U/ - G�JKL|RVJKE�RVUWUNMNY�DHMNS�J�R3IK��CKX�JKC�L|��XZIK�eÃ!�VCK�eEH�°2
W�ÌnÊ�Î

w(s, r)
c�Ç>L%Ï:H

(s, r) ∈ S
1× [0, 1]

= 5 Ï�ÍFÌ3?�=VÎWÊÄÌ 5 7VÏe^a` NG½ b N W!Ês?�R ÌðÈS9hÉÆÇ%Î�Ï,=VÉ½Ï,?K?ûÊuÈ�ÎWÊG[\=�Ï�L>9hÉËÊ j?Ï
? Ï;È�ÉËÊ 5 HhÊuÈ�Ï&7>=¾AZÇ��|ÊKA�='AYc)Ç>? ÌnÉsÍE?¯Ç3ÍFÌ3?�=,ÎNÊÄÌ 5

w
ÏðÍhÎ

C∞ |�7VÌ3=#HðÏ&7VÏðÍzHðÌFÏ�¿ÀHhÊÄÏ 5 Î�Í
A(s, r)

c%7>=ÍFÏ:HðÌ 5 7EA�Ï,AEF�ÉðÏ
k(s, r)

ÏhÎ�7VÏ
ε
v =�Í\[\=]R Ï 5

ε = 0 N
�6��æ¦�» ¡���¦�n©)î8�n���n�Z©õ¤Z �©��nªoæ¦ªZ�zªZ��ªo©Ä�¦�p�Äªo��ª�ªo���z�n��ªo©õ�» ��n©	�G¤ìñn ����³�Z�fi �Fj¦��m��o�(� �������n��ë��_�0iç�F}%}nm
 @���Z¤	�n�Z©�¥¨ª'��ñn�6�n�o©ö�n�¤�³ªZ���Z�p���o©)�n�Ä�� �n��������é
Ú �^ã ÞöP)wiXOB�� t4v �4R^�(M�DGH })RLX'|=R v SGRKJ�xIX�RÊ}IRL� t M v �^MO}IR v �^R }IP�VIw t xIX�~KJLR

}IR�X'| t xIS8DGB4�^XORÁ¤�X�RLV t M v D�})RL�öPIR�})R2S0H2NQPIBEDGM tcv Si� t JÊVIXO~^DzRKJLR v D
vIt4v XOM v H2B4MywnR2S à ÛøÛ.â�Û Ú ä

å�æ�çhè�é3æ
�%q
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	�\ïsñ¡ñ�ïKõ�ö�ókõ�ö¡ò�÷sñ�÷\ö�÷ðí¡ô�úûñ�ï\þ�ïKú��Òë�õ�õ�úûò�îËë�ñ¡ò�ókì(þS� ô�ì�ñ��e÷ðókö��sý(ï(��ïËë�ôeîðókô�õõ�úûôeí��H÷sìe÷söÜë�ú��nôeï�ìeókôeí�÷sñÜë\��úûò�íÜí�ókìeíÿõ�ókô�ö�ú�ïðí�í�ókúûô�ñ¡ò�ókìeí�ë�ìVë�ú�§%ñ¡ò��nôeïðí?þS� ÷:��ôVë�ñ¡ò�ókìeí?ïsúûúûòûõ��ñ¡ò���ôeïðí�îðóký;õ�ú��sñ�ïsý(ïsì�ñ@ìeókì(úûòûìe÷Ëë�òûö�ïðí@ïsì(þ|òûý(ïsìeí¡ò�ókì
2
	3�\ï.ñ��e÷ðókö��sý(ï.ü ókô�ö¡ì�òûñ�ô�ì�í�§%í�ñ��sý(ïþS� ÷:��ôVë�ñ¡ò�ókìeí�Â�òûìe÷:��ôVë�ñ¡ò�ókìeí)þ|òÃ��÷sö�ïsìnñ¡ò�ïsúûú�ïðí�îðókô�õ�ú�÷ðïðí�í¡ô�ö�ú�ï8�FöÜëkþ|ò�ïsì�ñ)ïsñ�ú¯ëaîðókô�ö���ô�ö�ï(þ�ïðíúûò��Fìeïðí½þ�ï�ì�òûùHïËë�ô¿þ�ï�ú¯ëfíÜókúûô�ñ¡ò�ókì#	P�ÿókôeí�÷sñÜë\��úûò�í�í�ókìeí½ïsì'õVë�ö¡ñ¡ò�îsô�úûò�ïsör��ô#�Òë�ô�ª3õ�ókòûì�ñ�í½þ�ïý�ë©ª|òûý�ô�ý þ�ïf�FöÜëkþ|ò�ïsì�ñ�í¡ô�öÿô�ìeï)úûò��Fìeï;þ�ï�ì�òûùHïËë�ô#�"ú¯ë�îðókô�ö���ô�ö�ï;ìeï)õ�ïsô�ñ���ôeï�þ�÷ðîsö�ókòûñ¡ö�ïëËùHïðî�ú�ï�ì�òûùHïËë�ô#	

òy�2©oïð ¡æ¦���ö�^ïó�n�/���� _�¡ ����^�o�-¤o�¦���� �÷³���� ¡�����¦�� _���Z¤ â é!�I�¦��÷³�Z ��n���Zé
úE�� ��p� �n�¦�n�zªö�n���¦�z���Z���4÷<�¦���nªQ��ªoæ¦�n�����Z�

Ω
�n�
IR2

í¡�o� ª'�ì ��p� �z�¦�n�nªo�Z©4�n�Z�6äå?�¦�n¤'�����¦�n©�¤o�¦�p�¦��äz�o©
F
�'�
G
íp���Z©�§³�o¤o���ç�¦�o¥¨�o�8�

C2 �o� C1 íp�o�4�¦ªo����û» ��p� G′(0) > 0
íp�n�¦�n©c©��n§z§³�¦©��¦�n©c� ïø�'äG��©����o�n¤Z����ïø�n�

¥����z��¥���©��o�n�
u
�n�	� ïøªZ�n�o��æ¦���

∫

Ω

G(|∇u|2) + F (u)
« �6é { ¬

©��n�(���õ¤o�¦�n�
K =

{

u ∈ H1(Ω), u = g
©��z�

∂Ω, u ≥ 0
©��n�

Ω
}

�%
g > 0

�Z©��I�z�n�Ä¤Z�¦�n©��ì ��p����é®ýI���¦��©Q���-§n���¦�z�������
T �K�eG!EH]V_0RTP�ÔNA'�U/ËÁ�G�C���R���M�DF�'IKR
UÜ��RVC@X�R,_T[@UNR'I�RTL|G°ÄËCKL�MWI�RVC@L|R°2
W�Ì3=�Íi? ÏðÍ]I'JðÈ�ÌnÎ�ISDðÍFÏðÍÈ�É�9:H:9�7VÏ 5 Î¡ÏðÍ:c"ÍhÊ

Ω
ÏðÍhÎ�HðÌ 5 L%Ï��,Ï:c�Ç>? ÌnÉsÍi?�R Ï 5 ÍFÏ,AEF\? Ï�7VÏ�HðÌ3� 5 HhÊG7VÏ 5 HðÏ {u = 0}7>=xA�Ê 5 ÊKA�Ê ÍFÏ,=VÉ�ÏðÍhÎ?Ç>=�ÍðÍhÊ�HðÌ 5 L%Ï��,Ï N�¼�¨��ñnªo�¦��üo¥¨�� -ªo��ª�§n���¦�z�¦ª��» ��n©���¨¤Z �©�§n �������¤Z�z�����o�Ä�|

G′ �o� F ′ ©��¦�p���z�Z©¤o�¦�n©��� ��p���o©�§» ���»�����Z�z¥� ��^í��4ñz��������§n©�i �¦�_�HmI�o���n��¥��Z�n©����¦�
2
�'��ª'���Z�z�n���Z�W���¦�z���Z©��n��¥¨�o�n©����¦�n©�§» ���#	 kÅ¢�¦ñn�i �Á�%}Hm é!�2�Ä§n���¦÷n��üo¥¨�õ��ä6��ªZ�����o�n�� %ª'��ªÄªo���n�n��ª	§n ���#Ä FÅ¢�¦ñn��i �Á�|{Hm é Â  �§n§<�Z���¦�n©öî8�n�	���o©ö©��¦���z�����¦�n©

�z��§n���¦÷n��üo¥¨�(�n��� ïø�¦÷n©��ì �¤o���Q��ªZ���çû»�Z�p�¼�n�n��¤Z�¦�n�z�������¦�%�n�)t)�Z�z¥� ��z��ñn�¦¥��¦æ¦üo�n�(©��n�c�ô õå?�����8����üo���
����÷n���Ã

∂u

∂n
= 0

©��z�
∂ {u = 0} «:�Gé�j ¬

�)�Z©%��ªo©��n�ç�ì ¡��©�©���¥����� ������Z©	 �� ��ñnªZ�¦��üZ¥��/�Géç�F}��¦�p�%ªo��ª�§n���¦�G�¦ªZ©%§» ¡�Z�Q ��� ¡���Z�����:í��6§n���n¤ìëÑið�|o¡�nm
§<�¦�n�Ä�:ïó�¦§<ªZ�� ¡���o�n�Ä�n���µ ¡§n�ô �¤o�% @�¦�Z¤¨�n�n��¤Z�¦�z�n�������¦�Î�n��t)�o�n¥� ¡�n�±���nñn�¦¥��¦æ¦üo�n� ∂u

∂n
= λ > 0 @���Z¤

λ
¤Z�¦�z©��ì ¡�8�©��n���ô /å?���¦�p����üZ��������÷n���¡é � �Z�p�����¦�n�n���n© ��z©�©��¢�n�Z�6äU ��G�����o©���ªZ©��z���ì ¾��©�©��n����Z©

 ¡�n�n�@ ¡�Gä/¤Z�¦�p���'äG�Z©(�Q n�� ����Z����� íz�G§n���n¤ìëyið�%o���m:í!�I�ô %�¡í!#Ä FÅ¢�¦ñn��i �_�z��m é!�µ�¦�n�(���o©�î8�n�o©������¦�n©�æ¦ªo�nª'þ
�� ����o©��n�¤o�¦�p�¦��äz�ç��ª%�n�¦�z©����o�8���_£¦�¦�n©�ã*#Ä kÅ¼�¦ñz�?i �Á�%znm:éK�G��æ¦�» ����¦�n©) ��r§» �©�©� �æ������Z©)���� @�¡ ��Gä��n��Ä �÷n�����o�½i �¦�HoHm:í.#Ä kÅ¼��ñn�;i �Fq¦�nmQ©��n���n�o©%î6�z�Z©������¦�z©%���¦��©����n�o©ZíE�z�!§n �§n���o���ªo¤Z�o�8���n���Q n�� ����Z����� í
�G ��ô %�Z ��;i	j�onm:í»�o�(���Z©(��ªo©��n�ç�ì ¡��©ö�n��è��Z�n�����@í»�Gñ» �ñnæ�ñn�¦���� ��¢i �¦�FzGí2�_���Gí2�Á�6��m:é

t��¦�n©¼�z�����¦�z©
n = ∇u

|∇u|
�ô Ä�n�¦��¥¨ ����ö�n�n���� �������ã��ô Ä����æ¦�n�ö�n�)�n�����@ ��¨�o�

τ
�������Z¤o���Z�n�¼�n�n���� ������

�� ��næ¦�o�p��ãj�ô j����æ��n�%�n���n�ç�¦�Z ��È�n�¨©��¦������î8�n�
(τ, n)

å?����¥��¨�n�z��÷» �©��¨�z�����o¤o����é¸ú �� ��p���z�¦�n�nªo�
�z�n��å?�¦�n¤'������� G  ��» ��ç£8����î8�n���o���n�o�GäU���z�¦�o����©

ω ⊂⊂ Ω ⊂ IR2
íµ�n�¦�n©% ������¦�z©�¤o�¦�n©����nªZ���Z�����Z©

��l



©��¦���G�������n©ö ��» ¡��£8����î6�z�Z©(�n�Ä� ïøªZî8�» ¡�����¦��¤o�¦¥�§n��ü'���Z¥��Z�p�(�n���-�����nªZ ������

G(Dnnu,Dττu,Dnτu, |∇u|, u) = 0
�» ��n© {∇u 6= 0} ∩ (Ω\ω)

0 < u < g
�» ��n©

Ω\ω
« �Gé�z ¬

 @���Z¤	���Z©ö¤o�¦�n�n�ç�����¦�n©( ��j÷<�¦���/§³���n�ö�n�n�Ä¤Z���n©��� ��p���
g > 0

Ã


















u = g
©��z�

∂Ω

u = 0
∂u

∂n
= λ(K) ≥ 0

∣

∣

∣

∣

∣

©��n�
∂ω

«:�Géç�_� ¬

òy¤o�
λ
�Z©��)�n�n�õå?�¦�z¤o�����¦�/�n�Ä�ô �¤Z�¦�z��÷n�n���

K
�n�	�ô å?���¦�p����üZ���Ä����÷z���

∂ω
«= @�¦�Z¤	�ô �¤o�¦�p�¦�Z�p�����¦�-î6�z�

K
�Z©��)§<�¦©������çåK©��

ω
�Z©��I¤o�¦�p�¦�'äG� ¬ é

t��¦�n©öå?�Z���¦�n©(���o©�ñp£6§<����ñnüo©��o©I©��z���¡ ��p���o©«=ú ¬ �¼���n�n�������¦�z©Q��ïø�Z������§z����¤o����ª Ã�)ªoû»�n��©�©��¦�n©
α = (G)′Dnnu

í
β = (G)′Dττ u

�o�
γ = (G)′Dnτ u

é#���/�n�Z¥¨ ��n�n�Äî8�n�
α > 0, β > 0, 4αβ − γ2 ≥ 0 ,

«N�p� ¬ �¼�¦�n�n�ç�����¦��©��n�(�� �å?���¦�p����üZ���õ����÷n��� Ã
∂ω

�o©��% ��n ���£8����î8�n�¨�'��� ïó �§n§z����¤Z ¡�����¦�
K 7→ λ(K)

�Z©��% ��» ¡��£8����î6�z��íµ�nªZ¤o���¦��©�©� ¡�8����é\�I��§n���z©�©��
λ(K) ≡ 0

©��z�
∂ω
í� ����¦��©��¦���n�o¥� ¡�n�n�î8�n� G(0, 0, 0, 0, 0) < 0

�'��î8�n������¤ìñ» ¡¥¨§r�n���¦�Z¤'���o�n�
n = ∇u

|∇u|
©��¦���� ��n ���£8����î8�n�c���n©�î6�^ïð ��-÷³�����

∂ω
é

�¸ ����'äG�Z¥�§n����� ïøñp£G§<����ñnüZ©��0«=ú ¬ �Z©��¨�o�U§» �������¤o�n�����Z��©� ¡����©�å= ¡�����¨§³���n��n�n��ªoî8�» ¡�����¦�Uî8�» �©��çþ�����n�Z ������I�n�j�y£6§³�
�n�ç� ( ∇u

√

1 + |∇u|2

)

= f(u, |∇u|)
���/÷z���Z�/�n�n�Äªoî6�n ¡�����¦�j¤Z�¦¥�§n��ü'���o¥¨�o�8�(�z�¦�-�����nªZ ������I�n�j�y£6§³� � ���næ¦�'þ�ýI¥�§³üo���

�z�o�
(D2u) = f(u, |∇u|)

�µ�¦�n�ö���¦�G�)�z���¦�Z ��
t ∈ (0, g)

íz�n�¦�z©��z�����¦�z©
Γt �� ¤Z�¦�z��÷<�	�z�	�z���¦�Z ��

Γt = {x ∈ Ω, u(x) = t}
t��¦�n©(�n�����¦�n©

m(t)
���õ¥� Áäz��¥�n¥ �n�/æ¦�� ��z���Z�p�(©��n�(¤Z�o�����Ä¤Z���n��÷<�Ä�n�Ä�n�����@ ��

m(t) = max
y∈Γt

|∇u(y)|
t��¦�n©��nªoûn�n��©�©��¦�n©)¥� ¡���p���o�» ��p�(� ïø�Z�n©��Z¥÷z���

X t
�z�Z©�§³�¦���p��©(�n�	æ¦�� ��z���Z�p��¥¨ ¾äG��¥¨ ��^©��n�)�� �����æ��n�

�z�	�z���¦�Z ��
X t =

{

x ∈ Γt, |∇u(x)| = m(t)
}

�|o



ú �zûn���n�¦�z©¢¤ìñn����©���©�©��¦�n©c�n�)�zªoû»�n���4�ô Ä¤Z�¦�n��÷n�n���
K(t)

¤o�¦�����Z©�§³�¦�z�» ��p����¤Z�¦¥�¥����� õ§n���n©4æ¦�� ��n�n�
¤o�¦�n��÷n�n���Ä�n�Ä¤o�Z©�§³�¦���p��©

K(t) = max
y∈Xt

(

Dττu

|∇u| (y)
)

���- � ¡���¦��©ö���
T �K�eG!EH]V_0RTP�ÔNApo�/ÆQ;S�J���DHM^G�C�XkJ�E*U^R¿Ã!EH��I@M^RVC�D��\MWC��VS�JK�,DHMNG�CwXkJKE�UN�yL|G�JKEH[@JKEHR°2
W�Ì3=�ÍY?�R I'JËÈ�ÌnÎKISDðÍFÏz^ � b�ÏhÎ�?¯Ç�HðÌ 5 7%Ê�ÎWÊÄÌ 5

m(t) > 0
Í,=,É

(0, g)
c.ÍFÌnÊ�Î

u
= 5 Ï�ÍFÌ3?�=VÎNÊÄÌ 5 Ç 5 Ç>?�JnÎWÊG[\=�Ï

7VÏ&^a` NKÅ b NÆ� L%Ï:HC? ÏðÍ 5 ÌnÎÄÇ%ÎWÊÄÌ 5 Í?È�É�9:H:9�7VÏ 5 Î¡ÏðÍ:c
m

ÏhÎ
K

ÍFÌ 5 Î�ÍFÌ3?�=VÎWÊÄÌ 5 Í�Í,=,É
(0, g)

7VÏ

G
(

m
dm

dt
,mK, 0, m, t

)

= 0

dK

dt
≤ −K

2

mòy¤o�z�:ïó���nªZî8�» ¡�����¦�	©��z�E�ô �¤Z�¦�n��÷n�n���
K(t)

�n�¦�ç�\�'�����¼¤Z�¦¥�§n����©��¢ ��©��Z�n© �n�o©E�n��©�������÷n�G�������n© D′(0, g)
í

 ¡���¦��©�î8�n�r� ïøªZî8�» ¡�����¦��©��n�����ræ��� ��n���Z�p�
m(t)

�Z©��j©� ¡����©�å= ¡������§³�¦�z��§n���o©�î8�n�Î���¦�G�����¡ ����o�n���n�
t ∈ (0, g)
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c�ÊK?\Ï 5 ÏðÍhÎ�7VÏCAZé,A�Ï

7VÏ�Î¡Ì3=�ÍC? ÏðÍ?È�ÌnÊ 5 Î^Í;Ê 5 Î�ÏhÉ¨AZ9�7%ÊNÇ%Ê�ÉsÏðÍ
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∆u− c
∂u

∂xn
+ f(u) = 0

©��n�
IRn

0 < u < 1
©��z�

IRn

limøaù ú û
(x,Ω(u))→+∞

u = 1

limøaù ú û
(x,(IRn\Ω(u)))→+∞

u = 0
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u < θ

u > θ

¸�¹�º�» {�¼��»�¦��¥����n�Ä�ô ax® ¡¥¨¥��f«N�o�¦�n�Ä�n�Äæp %�õå?�� ���© ¬
÷<�¦���nªZ�¡ét��¦�n©4�n�¦�z©c©��¦¥�¥¨�o©4 ����n©��n�Z©�©��o�8�����o�����o¥¨�o�p�4�� �¥��Z�nªo©cãÄ�:ïð ¡§n§n����¤@ ¡�����¦���n�(�ô �¥�ªo��ñn�G�z�ö�n�(�nªZ§n�� ¾þ
¤o�Z¥��Z�p��©c�n���n�¦¥¨ ����z�Z©�«=¤'åOé8ê¼�Z���Z©��y£G¤ìë8�:í�t������o�8÷³�o��æ�ið�¦�%{Hm ¬ í8��¤o�n�» ��n©c���o©4�n�¦¥¨ ����n�o© �n�¦��÷³�����nªo©Zé

t��¦�n©(§n����§³�¦©��¦�n©(��¤o���n�n�	©�£6�p��ñzüZ©����n�Ä�n�¦©(��ªo©��n�ç�ì ¡��©ö���o©�§z���n©ö©� ������ô ��p��©oé
Â  �§n§<�Z���¦�n©Q�����z�(��ïó �÷³�����j������ªZ©��n���� ¡�(¤Z�� �©�©���î8�n�õ©��z���¡ ��p��«=¤'åOénýI���¦�n©�����í"£È�o���8÷<�Z��æ��Z�(ió����{Hm:í

ê¢�Z���o©��y£6¤ìë8� í�t)��¤Z�¦�� ��Z�në¡�ní»�6¤ìñn�Z�n���Z��ið�¦�nl�m:í!#	 ¡�n�Z�.ió�%z|jnm í!���çå?��í � ¤k�2�Z�6�cið�|{nl%m ¬W�Ì3=�Í%? ÏðÍ%I'JðÈ�ÌnÎKISDðÍFÏðÍøÈ�É�9:H:9�7VÏ 5 Î¡ÏðÍ:cKÊK?�Ï��|Ê ÍhÎ¡Ï%= 5 Ïf= 5 ÊG[\=!Ï�ÍFÌ3?�=VÎWÊÄÌ 5
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n = 1

cøÎ¡Ï,?K? Ïg[\=�Ï
u0(0) = θ
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(c0, u0)
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u′′0 − c0u
′
0 + f(u0) = 0

©��z�
IR

u0(−∞) = 0, u0(0) = θ, u0(+∞) = 1
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(c, u)
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(c, u)
ÏðÍhÎ�ÍFÌ3?�=,ÎNÊÄÌ 5 7VÏn^�� NK�'½ b3|¨^�� NK�°ü b*Í,=VÉ

IRn
c;Ç>L%Ï:H

c = c0
sinα

È�Ì3=VÉ
α ∈ (0, π
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]
c;Ç>? ÌnÉsÍM?¯Ç

BkÌ 5 HhÎNÊÄÌ 5
u

ÏðÍhÎ�HhÉsÌnÊ ÍðÍ�Ç 5 Î¡Ï87�Ç 5 Í�Î¡Ì3=VÎ�ÏðÍ8? ÏðÍe7%Ê�ÉsÏ:HhÎNÊÄÌ 5 Ír7>=xHðÌ 5 Ïe7�R Ç��,Ï
en

ÏhÎQ7VÏr7VÏ,A�ÊK|ÜÇ 5 ;>? Ï�Ç>=
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α Nú �	§» �������¤o�n�����Z���n���n©µ _���¦�n©K��� ¤o�¦�������ô ¡�����¸§³���n�
α = π/2
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(c, u)
ÏðÍhÎ.ÍFÌ3?�=VÎWÊÄÌ 5 7VÏE^�� NK�'½ b3|¨^�� NK�°ü b�Í,=,É

IRn
cÿÇ>L%Ï:H

c = c0
Ç>? ÌnÉsÍ(ÊK?\Ï��|Ê ÍhÎ¡Ï

t ∈ IR
Î¡Ï,?�[\=�Ï

u(x′, xn) = u0(xn + t)� ���z©�æ�ªZ�nªo�� ����Z¥��Z�p�@ín�z�¦�n©� @�¦�¦�n©����
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c = c0
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u(x′, xn) = u0(xn + t)
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α ∈ (0, π/2]
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(c, u)

7VÏY^�� NK�'½ b3|¨^�� NK�°ü b�Í,=VÉ
IR2
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c = c0

sinα

ÏhÎ
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(c, u)
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c = c0
sin α

ÏhÎ
u(x1, x2) = u(−x1, x2)ÏhÎ

u(0) = θ Nt��¦�n©- _���¦�n©� ����¦��©j���r��ñnªo�¦��üo¥¨�Î©��n���¡ ��p�-�n�±¤o�ô �©�©��çû»¤@ ¡�����¦�0�n�Î�����z���o©-���Z©j©��¦���z�����¦�n©j�n�«Nqzéç�F} ¬ þË«Wqzéç�H{ ¬ Ã
T �K�eG!EH]V_0RT~�Ô¤ U/ËÁ�UN�"XkXkMK.pL|��DFMNG�C�I�RVXfX�G�UWJDHM^G�CKX32
� Ì3=VÉ

n = 2
c�Î¡Ì3=,Î¡Ï3ÍFÌ3?�=,ÎNÊÄÌ 5

(c, u)
7VÏ�^�� NK�'½ b3|¨^�� NK�°ü b0ÏðÍhÎEH®Ç%ÉÆÇ'HhÎ�9hÉËÊ Í
9ðÏaÈ�Ç%É{= 5 Ç 5 ;>? Ï

α ∈
(0, π/2]

Î¡Ï,?�[\=�Ï
c = c0

sinα Nh� ? ÌnÉsÍ~^�}TÎNÉ®Ç 5 Í,?¯Ç%ÎNÊÄÌ 5 È�É�DðÍ�b
c�Ì3=�F�ÊÄÏ 5
u

ÏðÍhÎY9<;�Ç>? Ï{}~?¯ÇTÍFÌ3?�=VÎWÊÄÌ 5Í,J3AZ9hÎNÉhÊG[\=�Ï�7VÌ 5S5 9ðÏÈ�Ç%É�? Ï�ÎKIS9ðÌnÉ�D,A�Ï�� Naü cKÌ3=_F�ÊÄÏ 5
u(x) = u0(x·ν)

Ç>L%Ï:H |ν| = 1
ÏhÎ
ν2 = cosα N� ïøªo���z�n���z�	�� ©��� �÷n��������ª��n�Z©�x® ¡¥¨¥��Z©ö�o©��) �¤o���n�Z�����o¥¨�o�8�(�o�-¤o�¦�n��©Zé

q|}



¥ � ¥ s X�B4S6SGM�¢I�^BEDGM t4v }IR2S�S t XOP�DGM t4v S�}�|=P v VIw t xIXO~KJLRa})RUD!ÿQV�R�ÞQR�wzwzM v M v ·
DzR�wG�4R v B v D½})B v S P v J t })~2X�R }IR0Î�BcJ�JLR { F)BcP(DGR H v R�wnb4MORÊ}|?B4�#·
DzMy�¸BEDzM t4v à á@ä

å�æ�çhè�é3æ
ê�ë�ìeí.îðïsñ¡ñ�ïÿí�ïðîsñ¡ò�ókìaìeókôeíp÷sñ¡ôeþ|ò�ókìeípô�ì�õ�ö�ó���ú��sý(ï�®�ü ö�ókì�ñ¡ò��sö�ï?úûò���ö�ïrÓ þ�ïøñw§�õ"ï��%ïsö¡ö¡òûì@ßþ�ókì�ñú�ïðí�í�ókúûô�ñ¡ò�ókìeí�ö�ïsõ�ö�÷ðí�ïsìnñ�ïsì�ñ@þ�ïðíÆÑ,ë�ý;ý(ïðí�îðókô�ö��"ïðí6®Q�Vë�ô�ñ�ïðíK÷sìeïsö��Fò�ïðíþS�Òëkîsñ¡òûùkë�ñ¡ò�ókìeí¨	�ÿókôeípõ�ö�ókô�ùHókìeí¨�|õ"ókô�ö.îðï?õ�ö�ó���ú��sý(ï�ïsìfþ|òûý(ïsìeí¡ò�ókì

2
��ú�� ï�ª|ò�í¡ñ�ïsìeîðï�þ�ï�í�ókúûô�ñ¡ò�ókìeí,�%ïsñ�þ�ókì��ìeókìeí�ô�ìeï;îsú¯ëkí�í¡òÃ"VîËë�ñ¡ò�ókì3îðóký;õ�ú��sñ�ï(þ�ïðí�íÜókúûô�ñ¡ò�ókìeí?õ�óFí�í�ò���ú�ïðí�í�ókôeí�ú�ïðí�í�ïsô�ú�ïðí�îðókìeþ|òûñ¡ò�ókìeí

��ôeï½ú¯ëgÑ,ë�ý;ý(ï;ïðí¡ñ�í¡òûý;õ�ú�ïsý(ïsì�ñ)îðókì�ìeï�ª�ï;ïsñ*®aîðókô�ö���ô�ö�ïr�"ókö¡ìe÷ðï
	S��ókñ¡ö�ï(ë�õ�õ�ö�ó%î��eï�ïðí¡ñ�VëkíÜ÷ðï�í¡ô�ö.ú¯ë�ý(÷sñ��eó�þ�ï�þ�ïðíøþ�÷sõ�ú¯ëkîðïsý(ïsìnñ�íÿþ�ï�þ�óký�ë�òûìeïðí¨�Vë�úûúûò�÷ðï*®�ô�ìeï�þ�÷�"eì�òûñ¡ò�ókìZþ�ï�í�ô�öïsñ�íÜókôeía�Ní�ókúûô�ñ¡ò�ókìeí�õ"ókô�ö.ú¯ë�ü ö�ókìnñ¡ò��sö�ï�úûò���ö�ï*�nô�ò�ïðí�ñ�í¡ñÜë\��ú�ï?õVë�ö�õVëkí�íÜë\�Hï%®�ú¯ë�úûòûý;òûñ�ï
	
òy�2©oïð �æ����(��ïø�n�j���� @�¡ ����^�Z�/¤Z�����ô ¡÷³�¦�� ¡�����¦�� @���Z¤��¼é»èI ¡¥¨�o� ét��¦�n©Q¤o�¦�n©����nªo���¦�n©ö¥¨ ����8���Z�» ¡�8�¼���o©Q©��¦���z�����¦�n©c��ïø�n�j§n���¦÷z��üZ¥���ã	å?���¦�p����üZ��������÷n����©��n�

IR2
é"t��¦�n©

�z�����¦�z©
x = (x1, x2)
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(c, u,Ω)
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Ω = {u < 1} �o©����n�/�¦�z���Z��� C2
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∆u− c
∂u

∂x2

= 0
�» ¡�n©

Ω ⊂ IR2,

u = 1
�» ¡�n©

IR2\Ω,
0 < u < 1

�n ��n©
Ω,

∂u

∂n
= c0 > 0

©��n�
Γ = ∂Ω,

lim
d(x,IR2\Ω)→+∞

u(x) = 0,
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α ∈ (0, π/2]
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(c, u)
7VÏu^�� NK��� b
Î¡Ï,?K? Ï{[\=�Ï

c = c0
sin α

c�ÏhÎ
uL>9hÉËÊ j?Ï

u(x1, x2) = u(−x1, x2)� Ï?È�?�=eÍ�HðÏhÎNÎ¡Ï;ÍFÌ3?�=,ÎNÊÄÌ 5 L>9hÉËÊ j?Ïg[\=QR ÊK?KÏ��|Ê ÍhÎ�Ï
a, b ∈ IR

Î�Ï,?uÍY[\=�Ï
{x2 < −|x1| cotα + a} ⊂ {u < 1} ⊂ {x2 < −|x1| cotα + b}
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(c, u)
7VÏz^�� NK��� b�Î¡Ï,?K? Ï�[\=�Ï

c = c0
sinα

c
Ω = {u < 1} ÏðÍhÎ�ÍhÊKA�È�? Ï,A�Ï 5 ÎgHðÌ 5S5 Ï��,Ï3ÏhÎg}�HðÌ3=VÉ©F\=,ÉsÏÉFhÌnÉ 5 9ðÏ:c

u(x1, x2) = u(−x1, x2)
ÏhÎ

u(0) = 1
Ç>L%Ï:H

u(0, x2) < 1
È�Ì3=VÉ

x2 < 0 N
q�{
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(c, u)
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α ∈ (0, π/2]
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c = c0
sinα NP� ? ÌnÉsÍ�^�}�ÎNÉ®Ç 5 Í,?¯Ç>|ÎNÊÄÌ 5 È�É�DðÍ�b
c?Ì3=�F�ÊÄÏ 5

u
ÏðÍhÎ�9<;�Ç>? ÏC}&?¯ÇZÍFÌ3?�=,ÎNÊÄÌ 5 Í,J3AZ9hÎWÉËÊG[\=�ÏY7VÌ 5S5 9ðÏÿÈ�Ç%Ée? Ï(ÎKIS9ðÌnÉ�D,A�ÏC� NK�'È c?Ì3=

F�ÊÄÏ 5
u(x) = u0(x · ν)

Ç>L%Ï:H |ν| = 1
ÏhÎ
ν2 = cosα

c�Ì3X*Ê<HhÊ
u0(y) = ec0y

ÍhÊ
y < 1

ÏhÎ
u0(y) = 1ÍhÊ

y ≥ 0 N
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∆u+ f(u) = 0
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��ªZ����û® ��p� |u| ≤ 1
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u(x′, xn) −→xn→±∞ ±1
�n�n�çå?�¦��¥�ªZ¥��Z�p�(§» ��ö�� �§n§<�¦����ã

x′ = (x1, ..., xn−1)
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f

�2��§n©�¤ìñn���®�I©��n�
[−1, 1]

íG��ªZ���çû® ��p�
f(±1) = 0

�o�Q���Z�����)î8��ïø���<�'äG��©����
δ > 0
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f
�o©����nªZ¤o���¦��©�©� ��p����«: ��/©��o�n©��ô ���æ¦� ¬ ©��n� [−1,−1 + δ]
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[1 − δ, 1]
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�6��¥�n�ç�ì ��zªZ¥��Z�p�@í ¤o����ªo©��n�ç�ì ¡�� ±ªo��ª�§n���¦�z�¦ª�§» ����z�Z©�¥�ªo��ñn�G�z�Z©�§z���¦÷» ¡÷n������©����Z©%§» ���êQ ������FÅÄí
ê¼ �©�©oí��õ�n�Kið�G����m í8�'�Q§» ��ÿ�® ������» �ió�|{G�¡ín�%{¦�nm<�Z���z��������©� ¡�8�4�z�n��¥�ªo��ñz�G�n����ïøñp£G§<�Z��§n�ô ¡�n©Q¥��¦÷n�����Z©oé
�6��æ¦�» ¡���¦�n©Äî8�n��¤o����ªZ©��z���ì ¾���o©������Z����ª�ã��n�n�¨î6�z�Z©������¦�È§n���n©��n�¤v�¤o�����jÃK�n�n��¤Z�¦�¾���o¤o���n���¨�n�*�I��õ������æ¦�øió�%}p�nm�«=¤oåOé³©��o¤o�����¦�¢qzéuo�§³���n�I§n���n©��n���zªo�ì ¡����© ¬ é^�G��æ��» ������n©I ¡�n©�©��E�n�n����äG���Z�n©����¦�Î�n��¤Z�Z©��ªZ©��n���� ¡��©(§» ����® ������» *ió�%}|j6í<�%}|zHmµ ��j¤@ �©(�n�Ä�n�¦�z�����zª@ �������ªo©Q�n��©�¤Z���8�����8�n�o©Zé

t���������¥�ªo��ñn�6�n�(�n�)§z���Z�G�¦�I§<�Z��¥¨�'�4�n�(���� ¡�����o� ©� ��z©¢�n�¯v�¤Z�n�ç��ªö©��z§n§n��ªo¥¨�o�p�ì ������(���ö¤Z �©¢�^ïó�n�
��§³ªo�� ¡���Z�n�¨ãu¤o�G�hv�¤Z���o�p��¤o�¦�n©��� ��p��§n���n©%æ¦ªZ�zªZ�� ¡��î8�n�-� ïø�¦§<ªZ�� ¾���Z�z���z�¿�K �§n�� �¤Z�¡í �o�� @�¦�Z¤-�n�n�
�z�¦�n�����nª@ ¡������ªI¥��¦�n�����¦�n�õ�o�

xn

Ã

Lu+ g(xn, u) = 0
©��n�

IRn «Nqzéð�¦� ¬
�%

Lu = aij(x)∂iju+ bj(x)∂ju�o©��(���o�2î8�n�
∃c0, C0 > 0, ∀ξ ∈ IRn, c0|ξ|2 ≤ aij(x)ξiξj ≤ C0|ξ|2�'�

bj
�Z©��)÷<�¦���nªõ�n ��n©

L∞ é�K ��n�¦�z�����zª@ �������ª
g(xn, u)

�o©���©��z§n§³��©�ªZ��¤Z�¦�p�����8�n�Ä©��n�
IR× [−1, 1]

�o��æ¦����÷» ����o¥¨�o�p���2��§n©�¤ìñn���®�
§n ��ö�� �§z§³�¦����ã

u
é��)�	§z���n©ö�o��������ªZ����û»�

g(·,±1) = 0
�'�







g
�o©���¤Z���¦��©�©� ��p���Ä§» ¡���� �§n§<�¦����ã

xn

∃δ > 0
���o�2î8�n��ã

xn

ûzäGª
g(xn, u)

�Z©����nªo¤Z���¦��©�©� ��p���Ä§» ¡���� �§n§<�¦����ã
u
©��n�

[−1,−1 + δ]
�o�

[1 − δ, 1]

�2�¦��©�î8�n�¢���Z©µ¤Z�6��v�¤o���Z�p��©
aij, bj

�z�¢�:ïó�¦§<ªZ�� ¡���o�n�µ©��¦�p�E¤o�¦�n©��ì ��p��©oí¡���c��ñnªZ����üZ¥���qzé��_�(©��¼æ¦ªo�nªZ�� �����©��
�o�
T �K�eG!EH]V_0RT~�ÔNAV~U/ËÁ�G�R�ýÙL�M^R,C�DHXfL|G�CKX�DF�"C�DHX�R�D�Xh��_0��DFEnMNR°2
W!Ê(? ÏðÍ�HðÌFÏ�¿ HhÊÄÏ 5 Î�Í

aij, bj
ÍFÌ 5 Î�HðÌ 5 ÍhÎÄÇ 5 Î�Í:c�Î�Ì3=VÎ¡Ï;ÍFÌ3?�=,ÎNÊÄÌ 5

u
7VÏE^�� N `�`\b3|¨^�� N ` È b 5 ÏC7'9¡È�Ï 5 7Z[\=�Ï

7VÏÉ?¯Ç HðÌFÌnÉ�7VÌ 5 9ðÏ
xn

ÏhÎfÏðÍhÎ�ÍhÎNÉhÊ<HhÎ¡Ï,A�Ï 5 ÎEHhÉsÌnÊ ÍðÍ�Ç 5 Î¡ÏTÏ 5
xn N � ÏfÈ�?�=�Í:cZÏ,?K? ÏTÏðÍhÎg= 5 ÊG[\=�Ï3ÍhÊ

g7'9¡È�Ï 5 73É�9ðÏ,?K? Ï,A�Ï 5 Î*7VÏ
xn

c�ÏhÎ�ÍFÏ,='? Ï,A�Ï 5 Î�= 5 ÊG[\=!Ï&}�ÎWÉÆÇ 5 Í,?¯Ç%ÎNÊÄÌ 5 È�É�DðÍaÍhÊ
g
5 Ï�7'9¡È�Ï 5 7�È�ÇnÍE7VÏ

xn N �¼�Ä��ñnªo�¦��üo¥¨�õ�z�	©oïð ¡§n§n��ªo¤Z���	�6�� ¡��¥��Z�p�öî8��ïó ������Zæp ����j�n�-��ªZ©��n���� ¡�(©��n�ç�¡ ��p�
T �K�eG!EH]V_0RT~�ÔNA��l/ËÁ�G�R�ýÙL�M^R,C�DHXfCKG�CÑL|G�CKX�DF��C�DFXZR�DZY.ReEHDkR
I�RTX���_0��DFEnM^R°2
��5 7%ÊKA�Ï 5 ÍhÊÄÌ 5

n ≥ 2
cKÊK?Ï��|Ê ÍhÎ¡Ïf7VÏðÍrHðÌFÏ�¿ÀHhÊÄÏ 5 Î^ÍfHðÌ 5 ÍhÎdÇ 5 Î�Í

aij, bj
ÏhÎ(= 5 Ï6BkÌ 5 HhÎWÊÄÌ 5

g
Ê 5 7'9¡È�Ï 5 |

7�Ç 5 Î¡ÏY7VÏ
xn

cøÎ¡Ï,?K? Ï_[\=!Ï�ÏhÎ�È�Ì3=,É�Î¡Ì3=,Î
ε > 0

c�ÊK?\Ï��|Ê ÍhÎ¡ÏY7VÏðÍ�HðÌFÏ�¿ HhÊÄÏ 5 Î�ÍCLnÇ%ÉËÊNÇ�F\? ÏðÍ
aε

ij(x), b
ε
j(x)Ç%É©F�Ê�ÎNÉÆÇ%Ê�ÉðÏ,A�Ï 5 Î�È�ÉsÌ
H:I�ÏðÍg7VÏðÍ_HðÌFÏ�¿ÀHhÊÄÏ 5 Î�Í_HðÌ 5 ÍhÎÄÇ 5 Î^Í º

|aε
ij − aij|L∞(IRn) + |bεj − bj|L∞(IRn) < ε

q|z



ÏhÎøÎ¡Ï,?uÍY[\=QR ÊK?\Ï��|Ê ÍhÎ¡Ïg7VÏðÍ½ÍFÌ3?�=VÎWÊÄÌ 5 Í
uε

7VÏ
aε

ij(x)∂iju
ε + bεj(x)∂ju

ε + f(uε) = 0
Í,=,É

IRn

Í�Ç%ÎNÊ Í�B�Ç%Ê Í�Ç 5 Î*^�� N ` È b�ÏhÎøÎ�Ï,?K? ÏðÍg[\=�Ï
uε 5 ÏY7'9¡È�Ï 5 7;È�ÇnÍY[\=�ÏY7VÏe?¯ÇxHðÌFÌnÉ�7VÌ 5S5 9ðÏ

xn Nt��¦�n©õ�¦�_£¦���n©��z�¦�n¤%î8�n�%�ô �¤Z���n�n�������¦���n�%¤Z�6��v�¤Z���Z�p��©Ä¤Z���n©��� ��p��©	�Z©��Äå?�¦�z�» �¥��Z�p�ì ����§<�¦�n�
 @���¦���4�n�¨��ªZ©��n���� ¡�¢�n�)©�£6¥¨ª'��������ée�K �©�£6¥¨ª'�������(§³�o�z�ÿ�'�����I÷n����©�ªo�)§n ��4§³�o�����z��÷» ¡�����¦�z©

L∞ �z�Z©¼¤o�¡þ
�hv�¤Z�Z�p��©¢¥Z�Z¥��ö ���÷n������ ������Z¥��Z�p�¸§³�'���ç����é%�K Ä§z���Z�G�¦�(�n�ö¤Z�ö�z�Z���z���Z� ��ªZ©��n���� ¡� ©��öå= ��ç�E�o��¤o�¦�n©������z�çþ
©� ��p�I�z�-��äz�o¥¨§z���	�'äG§n����¤Z�ç���õ§<�¦�n�(���oî6�z�Z�K§³���n�(¤Z�Z���ì ����n©����Z�Gä/�z��¤o�G�hv¨¤o���o�8��©

aε
ij(x), b

ε
j(x)

í»���
��÷z�����Z�p�c�Z�%å= ���� �z�n��å= ¡¥¨�������c¤Z���8�����8�n�)ãõ�n��§» ¡�� �¥�üo�����ö�n�(©������z�����¦�n© �z�¦�Gþy�z�n���n��¥¨�o�n©����¦�n�n�o�����Z©Zé
�µ�¦�n���z�Z©õ��ªo©��n�ç�ì ¡��©�©���¥¨���ô ������o©��z�§³�o�������n�©�£6¥�ªo�������¡í^�n���n©����o�p�¦�_£¦�¦�z©�ã�ý)���Z©�©����ní â �Z ��¾���Z ���í� �¦�p���Z¤o¤ìñn�ô ¡����i �Fz|jzí)�Fz|zHm�§<�¦�n���n�o©j�'äG�Z¥�§n���o©�©�¤Z ��ô ¡�����o©���©�©��n©��z�r�ô ±��ñnªZ�¦�����-�n�Z©j©�£6©���üZ¥��Z©
ñn �¥¨�������¦�n���o�n©Zí��o��ã±ýI�� �¥¨ zí ê¼���¦�n©� ¡����íÿ�Ä�z��i �Fz�{Fm�§³�¦�z�¨�n�W�'äG�Z¥�§n���/¤Z�������o©�§<�¦�n�» ¡�8��ã±�n�
©�£6©���üo¥¨�	��ïøªZî8�» ¡�����¦�z©) ¡�z���¦�z�¦¥¨�o©ö©��n�

IR2
é�µ�¦�n��û»�n���I©���æ¦�» ¡���¦�n©)î8�n���n�¦©���ªZ©��n���� ¡��©��z��©�£6¥¨ª'��������n�z�çþy�z��¥��Z�n©����¦�n�z�Z�����õ©Zïó ��» �§G���Z�p�	 ��

¤Z �©c��ïóªoî8�» ¡�����¦�n©¢©��Z¥��çþ������nª@ ������o©�§<�¦©�ªo�Z©¼©��n�¼���(�n�Z¥��çþ��Z©�§n �¤Z�¡íG @���Z¤I¤o�¦¥�¥¨�(���»©��)�z�¦���Zíp�n�n�I�z�¦�Gþ
�����nªZ ����ç��ª%¥��¦�n�����¦�n�%�o���z� �¦§<ªZ�� ¾���Z�z���o������§z����î8�n��ã�¤Z�6��v�¤Z���Z�p��©�¤Z�¦�z©��ì ¡�8��©Zé.�µ�¦�n�����Z©��nªo�� �����©
�z�¦�n©����Z�p�¦�_£¦���n©	ã�ê¼�Z���Z©��y£6¤ìë8� í�èI �¥��Z�:í � �¦�n�n�Z �� iç�_�Hm é^ú �r§» �������¤o�n�����Z�(�n���������ªZ©��z���ì ¾��æ¦ªo�nª'þ
�� �����©��õ�n�/��ªo©��n�ç�ì ¡�) ��p��ªZ�����Z�n�(�"Ð-ã��¼��ªZ¥��Z�p�Zí<�VÅ¼�o�Z��©aió�|o��nmK©��n�����õ�n�o¥¨� þy�Z©�§» �¤o��é $ �¦���( ��n©�©��K���
���� @�¡ ����³�n�	ê¼�Z���Z©��y£G¤ìë8�:í��Q ��^ ����Z����� í,t)�����Z�8÷<�Z��æ'ió�G�F}nm é

¥ �<Ê ��R�wnS XOB � t4v SpD6wnPI�®DGM t4v }|?P v � t4v D6wnRÆ·¾R^�(RKJÊVIXOR { P v R � tcvKÝ R2�<DGP)wzR
}IR��0R�� M t wzbcM%R v b wnB v })R�}IM�JLR v SGM t4v	� à Ú Êÿâ ¥ Ú ä

å�æ�çhè�é3æ
à�ókô�ö(ú�ïðí;í�ókúûô�ñ¡ò�ókìeí�þS� ÷:�nôVë�ñ¡ò�ókìeí(ïsúûúûòûõ�ñ¡ò���ôeïðí�íÜïsý;òûúûòûìe÷Ëë�òûö�ïðí¨��ìeókôeí;ý(ïsñ¡ñ�ókìeí(ïsìT÷sù%òÃ�þ�ïsìeîðï(ú�ï;úûò�ïsìx��ô�òKï�ª%ò�í�ñ�ï;ïsìnñ¡ö�ï(ú�ïðí�ý;òûì�òûý;ò�í�ïsô�ö�í��Fú�ó��Vë�ô�ª3í¡ô�ö

IRn−1 ïsñ�ú�� ï�ª%ò�í¡ñ�ïsìeîðï�þ�ïíÜókúûô�ñ¡ò�ókìeípý(ókìeókñ�ókìeïðí.ìeókì�ñ¡ö¡òûù�ò¯ë�ú�ïðí.í�ô�ö
IRn 	���ókôeípõ�ö�ókô�ùHókìeíi�nôeïÿú�� ï�ª|ò�í¡ñ�ïsìeîðï?þS� ô�ì�ý;òÃ�ì�òûý;ò�íÜïsô�ö6�Fú�ó��Vë�úVí�§%ý(÷sñ¡ö¡ò��nôeï.í�ô�ö

IRn−1 òûý;õ�úûò���ôeï.ú�� ï�ª|ò�í¡ñ�ïsìeîðï.þS� ô�ìeï�í�ókúûô�ñ¡ò�ókì(ý(ókìeókñ�ókìeïìeókì;õ�ú¯ë�ìeïøí¡ô�ö
IRn �nô�òeïðí¡ñý;òûì�òûý;ò�íÜïsô�ö6�Fú�ó��Vë�ú�	Hê?ïpõ�úûôeíìeókôeíõ�ö�ókô�ùHókìeí$�nôeïpñ�ókô�ñ�ï�íÜókúûô��ñ¡ò�ókì;ý(ókìeókñ�ókìeï�í¡ô�ö

IRn ïðí¡ñ�ý;òûì�òûý;ò�í�ïsô�ö��Fú�ó��Vë�úeí¡òeïsñ�íÜïsô�ú�ïsý(ïsìnñKí¡òeíÜïðí�úûòûý;òûñ�ïðíòûì|ü ÷sö¡ò�ïsô�ö�ïïsñ�í�ô�õ�÷sö¡ò�ïsô�ö�ï�ú�ï�í�ókìnñ�ë�ôeíÜí¡ò�	
òy�2©oïð ¡æ¦���ö�^ïó�n�/���� _�¡ ����^�o�-¤o�¦���� �÷³���� ¡�����¦�� _���Z¤���é â �Z����©��¦��é
Â  �§n§<�Z���¦�n©ö�o�-§n���Z¥����o�ö�����o���ô ¤o�¦�¾���Z¤'���n����©��n���¡ ��p���
Á�G�C'k�RVL%DHJKEHR
~ÔNAV�U/ - RyÓ*MNG!EHÃ�Mfm¯P#�!P°qe/�AVOPo" Æ2�2
W�ÌnÊ�Îi= 5 Ï½ÍFÌ3?�=,ÎNÊÄÌ 5

u ∈ C2(IRn)
7VÏ

∆u = u3 − u

Î¡Ï,?K? ÏY[\=�Ï
|u| ≤ 1,

∂u

∂xn
> 0

lp�



7�Ç 5 Í½Î�Ì3=VÎQ?�R ÏðÍ¡È�Ç'HðÏ
IRn N � ÍhÎG|¡ÊK?sLFÉÆÇ%Ê][\=�Ï:c�È�Ì3=VÉ;Î¡Ì3=,Î

λ ∈ IR
c]? ÏðÍaÏ 5 ÍFÏ,AEF\? ÏðÍ {u = λ} ÍFÌ 5 Î�7VÏðÍ

I'JðÈ�ÏhÉdÈ�?¯Ç 5 Í:c�Ç>=xA�ÌnÊ 5 Í½ÍhÊ
n ≤ 8 


���½©Zïø���p��ªo���o©�©��È§n���n©jæ¦ªo�nªZ�� ����o¥¨�o�p�� ¡�Gä½©��¦���z�����¦�n©j÷<�¦���nªo�Z©/��ïøªZî8�» ¡�����¦�n©/�Z������§z����î6�z�Z©�©��o¥¨� þ
�����nªZ ������Z©Q�z�	�� �å?�¦��¥��

∆u = F ′(u)
©��n�

IRn «Nqzéð�%q ¬
�'�(�¦ªZ����û® ¡�8�

∂u

∂xn
> 0

©��n�
IRn «Nqzéð��l ¬

òy¤o�
F
�Z©��

C1,1 �o�(�¦ªo���çû»�
{

F ≥ 0
©��n�

IR
F > 0

©��n�
(−1, 1)

�'�
F (−1) = F (1) = 0

«Nqzéð�|o ¬
�¼�'�����I¤Z���n�n�������¦���Z©��Qª'�G���n�Z¥�¥��Z�p�¢��ªZ����û»ªo�I§<�¦�n�c����¤ìñn�¦�çä�§n �������¤Z�z�����o�

F (u) = (1−u2)2/4
î8�n�

¤o�¦�����Z©�§³�¦�z��ã%�ô ¤o�¦�¾���Z¤'���n�����z���)���õ������æ¦�:é

- ��.\C@M�DHM^G�C�~�ÔWA'�U/®� MNC@MN_�MNX�RVJKEnX�Ã�U^G![@��J��wXkJ�E
IRn 2465 Ï�BkÌ 5 HhÎNÊÄÌ 5

u
ÏðÍhÎ87%Ê�Î¡Ï�A�Ê 5 ÊKA�Ê ÍFÏ,=VÉC;>? Ì>FðÇ>?KÍ,=VÉ

IRn ÍhÊ@È�Ì3=,ÉfÎ¡Ì3=,Îf7VÌ3AZÇ%Ê 5 Ï&FhÌnÉ 5 9fÉsÏ<;>='?ûÊÄÏhÉ
Ω ⊂ IRn 5 Ì3=eÍ�Ç>L%Ì 5 Í

∫

Ω

1

2
|∇u|2 + F (u) ≤

∫

Ω

1

2
|∇v|2 + F (v)

È�Ì3=VÉ(Î�Ì3=VÎ¡ÏQBkÌ 5 HhÎWÊÄÌ 5
v ∈ C0,1(Ω)

Î�Ï,?K? ÏY[\=�Ï
v = u

Í,=VÉ
∂Ω

t��¦�n©(§n���¦�z�¦���n©
T �K�eG!EH]V_0RT~�ÔNApo�/®� MWCKMW_c��UWM�DF�3I�RVX�X�G�UNJ�DFMNG�CKX�_0G�CKG�DFG�C�R,X2
W�ÌnÊ�Î*= 5 Ï%BkÌ 5 HhÎNÊÄÌ 5

F ∈ C1,1(IR)
ÏhÎ
u
= 5 Ï�ÍFÌ3?�=VÎWÊÄÌ 5 FhÌnÉ 5 9ðÏ&7VÏÉ^�� N `�©b*Í�Ç%ÎNÊ Í�B�Ç%Ê Í�Ç 5 ÎY^�� N ` ± b Nt Ì3=�Í 5 ÌnÎ�Ì 5 Í

x′ = (x1, ..., xn−1)
ÏhÎøÊ 5 ÎWÉsÌ\7>=VÊ ÍFÌ 5 Í
{

u(x′) = lim
xn→+∞

u(x′, xn)

u(x′) = lim
xn→−∞

u(x′, xn)

«Nqzéð�%} ¬

� ? ÌnÉsÍ
u

ÏðÍhÎQ= 5 A�Ê 5 ÊKA�Ê ÍFÏ,=,É�;>? Ì>FðÇ>?�Í,=VÉ
IRn

ÍhÊøÏhÎpÍFÏ,='? Ï,A�Ï 5 Î\ÍhÊ
u

ÏhÎ
u

ÍFÌ 5 Îi7VÏðÍ8A�Ê 5 ÊKA�Ê ÍFÏ,=,ÉsÍ
;>? Ì>FðÇ>=!�ZÍ,=VÉ

IRn−1 N�¼�Ä��ñnªo�¦��üo¥¨�õª'���o�n����ªZæ¦üo���Z¥��Z�p�(���õ��ªZ©��n���� ¡�(©��z���¡ ��p�

ln�



T �K�eG!EH]V_0RT~�ÔNAV U/®�*UN[.ReEFDHM��K�*_¢[KEHG�XkMNG��.Á��"[@EH��m¤PS²�~°q�2
W�ÌnÊ�Î

u
= 5 ÏYBkÌ 5 HhÎWÊÄÌ 5 Ï 5 ÎNÊ<DhÉsÏ:cEFhÌnÉ 5 9ðÏ:c�ÍFÌ3?�=VÎNÊÄÌ 5 7VÏ�^�� N `�©bwÏhÎ�Í�Ç%ÎNÊ Í�B�Ç%Ê Í�Ç 5 Îz^�� N ` ± b
cZÏhÎ�ÍFÌnÊ�Î

Ω ⊂ IRn
= 5 Ì3='L%ÏhÉËÎ�FhÌnÉ 5 9(É�9<;>='?ûÊÄÏhÉ N�� ? ÌnÉðÍ

∫

Ω

1

2
|∇u|2 + F (u) ≤

∫

Ω

1

2
|∇v|2 + F (v)

È�Ì3=VÉ(Î�Ì3=VÎ¡ÏQBkÌ 5 HhÎWÊÄÌ 5
v ∈ C0,1(Ω)

Î�Ï,?K? ÏY[\=�Ï
v = u

Í,=,É
∂Ω

ÏhÎ
u(x′) ≤ v(x′, xn) ≤ u(x′)

È�Ì3=VÉ(Î�Ì3=VÎ
x = (x′, xn) ∈ Ω

�2�;�öñnªo�¦��üo¥¨��qzéç�Fj� �ªo��ªõ§n���¦�G�¦ªÄ�» ��n©öý)��÷<�Z����� íGýI¥÷z���¦©����ní"�Q �÷n��ªfió���|qHm2�Z�/�z��������©� ��p�¢�n�Z©
��ªZ©��n���� ¡��©c�n�I¤Z �����÷n�� ¾�������n©E§<�¦�n�c�n�Z©cå?�¦�n¤o�����¦�z�n�Z�����Z©4©�¤@ ��� ������Z©4�n�3�Q ���¤Z�n���n©4�n�Z© $  ����� ¡�����¦�n©�«?¤oåOé�I �¤Z�¦���¦æ¦�» 3ió�|o%q�m:í��� ¡� �  �©��zí � �G�z��¤@ 3ió�|o�lnm í � ����æp ��yi	qp��lní"qp�|onm ¬ éòy¤o�z�n�������¢§n���o�z�¦�Q�z�Z©���ñnªZ�¦��üZ¥��Z©.qGé��H{(�o�pqzé��kj)�Z©�� ÷» �©�ªZ�Q©��n���� )¥�ªo��ñn�G�z�¼�n�o©E�nªZ§z�ô �¤o�Z¥��Z�p��©
�z�	�z�¦¥� ¡���n�o©�«=©������n���næ¥��o��ñn�G�^ín¤oåOé®ê¼�o���o©��y£6¤ìë8� í�t)�����Z�8÷<�Z��æ¿ió�¦�|{Fm ¬ é

t��¦�n©(§n�����z�¦�¦�z©I ��z©�©��
T �K�eG!EH]V_0RT~�ÔNAVOU/�þ3C@MNL�M^Dk�'I�RVX�X�G�UNJDHMNG�CKX�_0G�CKG�DFG�C�RVX32
W!Ê
u

ÏðÍhÎ�= 5 Ï�ÍFÌ3?�=VÎWÊÄÌ 5 7VÏ{^�� N `�©b3|¨^�� N ` ± b*ÏhÎ
u

ÏðÍhÎ�A�Ê 5 ÊKA�=@A ;>? Ì>FðÇ>?�Í,=VÉ
IRn

Ç>? ÌnÉsÍ�È�Ì3=VÉaÎ�Ì3=VÎÌ3='L%ÏhÉËÎ
Ω
FhÌnÉ 5 9�ÏhÎøÉ�9<;>=@?ûÊÄÏhÉ�cpÍhÊ

v
ÏðÍhÎ.ÍFÌ3?�=VÎWÊÄÌ 5 7VÏ
{

∆v = F ′(v)
Í,=,É

Ω
v = u

Í,=VÉ
∂Ω

ÏhÎiL>9hÉËÊ j?Ï
u(x′) ≤ v(x′, xn) ≤ u(x′)

È�Ì3=VÉ(Î�Ì3=VÎ
x = (x′, xn) ∈ ΩÇ>L%Ï:Hr? ÏðÍ 5 ÌnÎdÇ%ÎNÊÄÌ 5 Í

u, u
7>=�Î�IS9ðÌnÉ�D,A�Ïg� NK�°ü c�Ç>? ÌnÉsÍ

v = u
Í,=VÉ

Ω Nt��¦�n© ¡�������n©õ¥� ¡���p���o�» ��p�Ä�¦�¦����î8�n�����o©�©��¦���z�����¦�z©	î8�n�¨�n�¦�n©	¤Z���n©����nªZ���¦�n©�§z��ªZ©��Z�p���o�p���n�Z©
 ¡�» �����æ¦���o©¼����üZ©öå?�¦�����Z©� @�¦�o¤����Z©ö©��z��å= �¤o�Z©�¥¨���n��¥¨ ����o©Zé
�*C���U^G!Ã�M^RVX�ÕJ�EHbd��L|RVX�_0MWCKMW_c��UNRVX��,Q - 1 RVUNUWM^YKDFMWS�J�RVXaX�RV_�M �ðUNMNCK�e��M^EHR,X
Â �Z¥¨ ���î6�z�¦�n©ö���¦�G�(��ïð ¡÷³�¦���jî6�z�����Z©ö©������z�����¦�n©ö�z��«Nqzéð�%q ¬ ©��¦�p�I§<�¦���p��©ö¤Z���ç����î6�z�Z©ö�n�Ä� ïøªZ�z�Z��æ����

E(v,Ω) :=

∫

Ω

1

2
|∇v|2 + F (v)

§<�¦�n�¢���¦�z�Q�¦�z�¦�o���
Ω ⊂ IRn

é��� ��( ¡�������Z�n��©Zí6�n��å= �ùo�¦�jã�nªo���Z��¥¨���n�Z�Q�� �å?�¦��¥¨���z�õ� ïø�Z�n©��Z¥÷n�����n�
�z���¦�Z �� {u = 0} ã-�:ïó���zû»�n�:í���� �o©���n ¡���n���Z�4��ïø���³�Z¤'���n�o��n�È÷z���FÅQþy�n�FÅ(� ©��n�	¤Z�o�����¨©��¦���z�����¦�±�o�
���p�����6�n�n��©� ��p�(§<�¦�n�ö�n�z�	©��n�����Ä�n�Ä�� @£¦�¦�

R > 1
¤Z���¦��©�©�©� ��p��©��ô ©��z�����

uR(x) = u(Rx)

l8�



ý)���n©��
uR

�Z©��)§<�¦���8�(¤o���ç����î8�n�õ�z�	�� �n�¦�z���Z�����ÄªZ�n�o��æ¦���

ER(v,Ω) :=

∫

Ω

1

2R
|∇v|2 +RF (v)

§<�¦�n�����¦�z�/�¦�z���Z���
Ω ⊂ IRn

é � �6�n��¤Z f�'� � �¦�����¦�ô �i	qp���Hm����8�/§n���¦�z��ª±î8�n�u�» ��n©/�ô U����¥������
R −→ +∞ íz� ïøªZ�n�o��æ¦���

ER(·,Ω) Γ
þ�¤Z�¦�p�¦�o��æ¦�Ä�¦�o��©��ô �å?�¦�z¤o�����¦�n�n�o������©��n�ç�¡ ��p���

E∞(u,Ω) =







cFHn−1 (Ω ∩ ∂E)
©�� ∃ ú ���o�2î8�n� {

u(x) = 1 p.p.x ∈ E,
u(x) = −1 p.p.x ∈ Ω\E

+∞ ©����n�¦�
�%

cF
�Z©����� ¤Z�¦�n©��ì ��p���

cF =

∫ 1

−1

√

2F (s)ds

�G��� ïø���p���o��å= �¤o��©�ªo§» ��� ¡�8�½���Z© ��ªZæ¦���¦�n© {u∞ = 1} �'� {u∞ = −1} �Z©��g��ªZæ¦�z����üo���¡í� ����¦��©
c−1
F E∞(u,Ω) = Hn−1 (Ω ∩ ∂E)

©Zïø���n�o�8����û»�)���z©����o¥¨�o�p�	ã�� ïó ��������n��¤o�o���������p���o��å= �¤o��¤Z�¦¥�§n����©��
�n ��n©(� ïø�¦�z���Z���

Ω
é

�G�®¥¨ ����p���Z�» ��p�
u
�o©��Q�z�n�)©��¦���G���������z�a«Nqzé ��q ¬ î6�z�<��ªZ���çû»��«Wqzéð��l ¬ �o�¢î8�n���n�I§n���n©4©��o©¼����¥¨�ç���o©�o�

xn = ±∞ ©��¦�p�
u = 1

�o�
u = −1

í2 ����¦��©)�n�¦�n©Ä©� @���¦�n©Äî8�n�
u
�o©��	¥¨���n��¥���©��Z�n�(æ¦���¦÷» ��¸�n�

�:ïóªo�n�Z��æ¦���a«?��ñnªZ�¦��üZ¥��Z©�qzéç�H{Gí�qzéç�Fj ¬ éGý)���n©��^��ïó �§n��üZ©öýI¥�÷n���¦©����ní��Q �÷n��ªfið�¡�p�Hm.«?�¦�����ö ��z©�©��^ýI��÷<�Z�����:í
ý)¥÷n���¦©����ní��Q �÷z��ª�ið���%qnm ¬ í»�¦�j§<�Z�z���'ä6���� ������õ�n�n�Ä©��¦�n©�þ�©��n�ç��� (uR′)R′

î8�n�2�¦ªo���çû»�






uR′ −→ u∞
�» ��n©

L1
loc (IRn)

ER′(uR′ ,Ω) −→ E∞(u∞,Ω) < +∞
�%
u∞

�Z©��E�n��¥¨���n��¥���©��Z�n���z�
E∞(·,Ω)

§<�¦�n�K�����z�
Ω ⊂ IRn

é¡ú �§n �������¤Z�z�����o�2¤Z�o�ô )��¥¨§z����î8�n� î8�n�
���)÷<�¦���

∂ {u∞ > 0} �Z©��Q�n�n�)©��n��å= �¤Z�)¥¨���n��¥¨ �����é%�¼�Z¤Z�³©Zïø���p���o��§n��üo����í6�Z���n��©� ��p�¢î8��ïðã�� ïø���zû»�z� íp�ô 
����æ¦�z���n�Ä�n�����@ �� {u = 0} ©��Ä¤Z��¥¨§<�¦������O�o©�©��o�p�����o�����Z¥��Z�p���¤Z�¦¥�¥��õ�n�n�Ä©��n��å= �¤Z�Ä¥����n��¥� ¡����é

$ �¦���� ��n©�©��µè)�z��¤ìñn���n©��¦��í!�µ�¦�n�Zæ¦ FÅ¼ ¿ió�%z�oHm í!�2�n¤ìë8ñ» ��z©Zí � �G�n��¤@ 3i	q¦�|j�m:í���Å¼�o��í Â �n÷n���n©����Z����í
�8���Z���8÷³�o��æ'i�qp��}�m íz§³�¦�z���z�Z©ö���o¤ìñn�n��î8�n�o©I©���¥����ô ¡�����o©Zé

l�q



t ◦ �6�n��å= �¤o�Z© � ���z��¥¨ ����o© ú��½��ú ������§z����î8�n�õ�G�o¥¨� þ��2���zª@ ������
/����VXkJKU�DF��DHX32 /ËÁ�G�C@k�RVL%DHJ�EHRVX32

� �n�n��¤o����ªõ�n�Z©(æ¦�� �§nñn�o©�©��¦���G�������n© �z�n��¤o����ªI�n�Z©�©��¦���z�����¦�n©
xn

þy¥��¦�n�����¦�n�o©«= _���Z¤	���õæ¦�� �§nñn� ⊂ IRn ¬ «?�nªoûn�n���o©�©��n�
���o©ö¤o£6�����n�n���o©

ω × (a, b) ⊂ IRn ¬� §» ��ö�nª'û»�n�ç������� ���o©ö©��¦���z�����¦�n©ö�o�8����üo���Z©
¥¨���n��¥���©��)�:ïóªo�n�Z��æ¦��� ©��¦�p�)�z�Z©(¥¨���n��¥���©��Z�n��©¼æ¦���¦÷» ��6ä

q ���Z©(©��n��å= �¤Z�o©(¥¨���n��¥¨ ����o©¼�» ¡�n©
IRn

���Z©(¥¨���n��¥���©��Z�n��©¼æ¦���¦÷» ��6ä�©��n�
IRn©��¦�p���n�Z©�ñp£6§³�o��§n�� ��n©(©��

n ≤ 7
©��¦�p�I§z�ô ��n©ö©��

n ≤ 7l ������äG��©����Ä�n�-�o�n©��o¥÷n���	¥����z��¥¨ �� ���^�'äG��©����Ä�n�/¥¨���n��¥���©��Z�n�cæ¦����÷» ��
�z�¦�Gþyæ��� �§nñz�õ�» ��n©

IRn §<�¦�n� n ≥ 8
�n���/§z�ô ��j©��z�

IRn §³���n� n ≥ 8«=¤Z���n�Ä�n���G��¥��¦�n© ¬o ���o©(æ¦�� �§zñn�Z©(¥����n��¥� ��6ä��n ��n©
IRn

���o©ö©��¦���z�����¦�n©ö¥��¦�n�����¦�n�Z©ö©��n�
IRn©��¦�p���n�Z©�ñp£6§³�o��§n�� ��n©(©��

n ≤ 8
©��¦�p��§n�ô ¡�n�Z©(©��

n ≤ 8«=¤o�¦�¾���o¤o���z���	�n���I���Ä���¦��æ¦� ¬} ���Z©öæ¦�� �§nñn�o©(¥¨���n��¥¨ ��Gä¨�n�¦�/§n�� ��n© ���Z©(©��¦���z�����¦�n©Q¥��¦�n�¡���¦�n�o©ö�n�¦�/§n�ô ¡�n�Z©
�'äG��©����o�8���» ¡�n©

IRn
§<�¦�n�

n ≥ 9
�'äG��©����o�p�I©��n�

IRn
§<�¦�n�

n ≥ 9{ ���o©öæ¦�� �§zñn�Z©��2��§n©�¤ìñn���®�Ä�» ��n©
IRn

���Z©ö©������z�����¦�n©ö¥��¦�n�¡���¦�n�o©ö©��n�
IRn

 @�¦�Z¤
©��¦�p���n�Z©�ñp£6§³�o��§n�� ��n© �n�-�o�n©��o¥÷n���	�z�	�z���¦�Z ��

u = 0
�2��§z©�¤ìñn�ç�s�

�o�/���¦�z���Z©(�n��¥��Z�z©������n© ©��¦�p��§n�ô ¡�n�Z©ö�o�/���¦�z���o©)�z��¥��Z�n©����¦�n©
j ���Z©(©��n��å= �¤Z�o©)¥����z��¥¨ ����o© �����z���Z�n©��Z¥÷n���Ä�n�Ä�n�����@ ��

u = 0©���v�©� ¡¥¨¥��Z�p��§n�ô ¾���Z©ö�n ��n©
BR

©���v�©� ¡¥¨¥��Z�p��§n�ô ¾�(�» ��n©
BR

í
©��¦�p�)�z�Z©(æ¦�� ¡§nñn�Z©(�» ¡�n©

BR
2

�Z©��I�z�-æ¦�� �§nñn�
���n�nªo§³�o�n�» �¥�¥¨�o�p�(�n�

R
�» ¡�n©

BR
2

���n�nªZ§<�Z�z�» �¥�¥¨�o�8�(�z�
R

�� ¡�n©��� j�� �÷n����¤Z� þy�n�o©�©��n©Zíµ�n�¦�n©	§n��ªZ©��o�p���¦�n©����Z©� ��» ����¦æ¦���Z©õ�'äG��©��ì ¡�8���Z©��Z�p���������o©���ªZ©��n���� ¡��©
÷z���Z�j¤o�¦�n�8�n©�©��n�(���o©(©��n��å= �¤Z�o©�¥����z��¥¨ ����o©Zí8�o�����o©ö¤Z�¦�Á���Z¤o���n���o©�«?�n�¦�p�(¤Z�o���ì ¡���n�o©�©��¦�p����ïð ¡�������Z�n��©
�zªO��ã�§n�����z�¦ªo�Z© ¬ �n�¡��ªZ�o© (Ck)

§<�¦�n�
k = 1, ..., 8

ízî8�n�õ� ïø�¦��§<�Z�z�Q�» ¡���z���Z�����o¥¨�o�8�¼å?�¦��¥�z���Z�¢§³���n�
���Z©Ä©������z�����¦�n©Ä��ïøªZî8�» ¾�������n©Ä�Z������§z����î8�n�o©õ©��Z¥��çþ������nª@ ������o©Zí<�n�¦�p���o�È§» ¡������¤Z�n�����o���ô �¤Z���¾���Z¤'���n�����n��)���õ������æ¦��qzé��Fo��z����ªo�	��¤Z�

(C5)
é�µ�¦�n�j���o©���ªoå?ªo���o�n¤Z�o©�©��z�����Z©j©��n��å= �¤o�Z©j¥����n��¥� ����Z©oíc�z�¦�n©j���o�8���_£¦�¦�n©�ãfê¼�Z���n©����Z���Øió�¦�%znm:í

�6��¥��¦�¢i�q%qp�6í!q|q%qnm:í � ���� ��n�» 3i	qz�FqGí�l%lp�nm:í!�����o¥¨���næ*ió�|{%}Hm í��õ���n©����\iç�¦�F{nm í��õ�ô ¡î6�z���p�ì �ió�%j|qnm é�K �¤o�¦�¾���Z¤'���n�����n�*�I�*�Ä���¦��æ¦�:í2�n����ªZ�
(C5)

�» ¡�n©�ô j�ì �÷z����¤o�çþ��n�Z©�©��n©oí  �ªo��ª�§n���¦�z�¦ªo��§» ��
�õñn�¦�z©�©����n÷�í@�Ä�z��ið��j|}nm4�o�È�n��¥¨�o�n©����¦�

n = 2
« �¦�¦���Ä ��n©�©��4ê¼�Z���Z©��y£G¤ìë8�:íp�Q ��^ ����Z����� í�t)�����Z�8÷<�Z��æió�G�FqHm ¬ �o�õ§» ¡��ýI¥÷z���¦©����ní��Q �÷n��ª3ið�¡�p�Hm��Z�r�n��¥¨�o�n©����¦�

n = 3
é��¼�o������¤o�¦�¾���Z¤'���n�����Z©������¦�Á���¦�n��©

���z�¦�o�����-�Z�a�n��¥��Z�n©����¦�z©
n ≥ 4

« �¦�¦���%�nª@ ��z¥¨�¦���n©%�������� @�� ¡���Q�n�¿�õñn�¦�n©�©��¦�n÷^íÿ�õ�n��ió�%j�{Hm��o�
�z��¥��Z�n©����¦�n©

n = 4, 5 ¬ é,��ïð ��G�����o©Q���� _�¡ ��6ä�§z���n©¼ ��n¤Z���Z�n©¢¤Z�¦�z¤Z�Z���n�Z�p�ö�� ��n��¥¨�o�n©����¦�
2

« � �6�n��¤@ zí
� �¦�����¦�ô *i	qp�G��m:í® @�¦�o¤��n�z�	¤o�¦�n�n�ç�����¦�j�n�Ä����æ��n�Z©ö�n�Ä�n�ç�¦�Z ��-�z�n��å?�¦��¥¨ªo¥¨�o�p���2��§n©�¤ìñn���®� ¬ í»���-÷n���Z��z�¦�n�n�o�8�)�n�o©)���zå?�¦��¥¨ ¡�����¦�n©c�n�Ä�y£6§³�õ��ñzªZ�¦��üZ¥��	�z���2���¦�z�6�������I�o�-�z��¥��Z�n©����¦�jî8�n�Z��¤Z�¦�zî6�z��« � �¡þ
�z��¤@ 3i	qz�F}Hm í��Q ��^ ����Z����� í��	 ¡����å= ����níz�G�Zæp ¡�ô *ió��l�}�m ¬ é $ �����( ��n©�©�� � �6�n��¤@ 3i�qG�Ho6í!qz�F{6í!qz�Fj6í!qz�FzHm é
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�2�Z©)¤Z�¦�Á���Z¤o���n���o©
(C1), (C7)

©��¦�p���6�� ����Z©	Ã
(C1)

�Z©��)§n���¦�z�¦ªo���» ¡�n©)���õ��ñnªo�¦��üo¥¨��qzéç�Fz�§n ��
�� �¥¨ª'��ñn�6�n�ö�n�o©¢�zªZ§n�� �¤Z�o¥¨�o�8��©4�n�(�n�¦¥¨ ����n�o©Zí¡�o�

(C7)
 õªo��ª(§n���¦�G�¦ªZ��§» ���«=êQ ������FÅÄí¦êQ ¡©�©Zí,�õ�n�ió�G�¦�hm ¬ é $ �¦��� ��n©�©��Q�������� @�� ¡���c�n�3�Q ��^ ����o����� í@�¼�¦���z�¦÷» Ùió��leoGíE��l|l�mQ©��n����Z©¥����z��¥���©��o�n��©	�n�¦�p�

�:ïó�o�n©��o¥÷n���õ�n�Ä�n�����@ �� {u = 0} �Z©����n�/æ¦�� �§nñn�¡é�K ��¼�¦�¾���o¤o���n���
(C2)

 (ª'��ª §n���¦�z��ªZ�c©��¦�n©2¤o�Z���ì ����n�Z©Kñp£6§³����ñnüZ©��Z©µ§» ��2ý)��÷<�Z����� í'ýI¥÷z���¦©����ník�Q �÷n��ªió���|qHm)«?���¦���I��ñnªZ����üZ¥��fqzéç�Fj ¬ é�K �¤Z�¦�¾���o¤o���n���
(C2)

�o©��	�Z�z¤Z�¦���%�6�� �����©��¦�n©Ä���o©õñ8£6§<����ñzüZ©��o©��z�
��ñnªZ����üZ¥��Zqzéç�H{�î6�z�¨�n���n©� @���¦�n©	§n���¦�G�¦ª�éKý)�±¤o�¦�p���� ¡�������� �¤Z�¦�¾���o¤o���n���

(C2)
��ïø�Z©���§» ¡©Ä�6�� ����

©� ��n©�¤Z�¦�n�z�������¦�n©Ä©��z§n§n��ªo¥¨�o�p�ì ������Z©oéK�K�o©�¤o�¦�¾���o¤o���z���Z©
(C4)

�o�
(C6)

©����8�����¦�Á���¦�n��©	�¦�z���Z�����Z©oét�ª@ ��z¥¨�¦���n©ö�n�¦�z©�§z���¦�z���¦�n©�������ñnªZ�¦��üZ¥��(qzéð����î6�z�2©��¦�n©�¤Z�o���� ����n�o©(ñ8£6§<����ñzüZ©��o©)©���æ¦�z��û»�
(C4) =⇒ (C6)�µ�¦�n�����Z©	©��z��å= �¤o�Z©¥����n��¥� ¡���Z©oí^���Z©	¤Z�¦�¾���o¤o���n���o©

(C4)
�o�

(C6)
¤Z�¦�����o©�§<�¦�n�n�o�8�� ��Gäu��ªo©��n�ç�ì ¡��©

÷z���Z�r¤o�¦�n�8�n©Ä�o�Ä§z���¦�z��ªZ©õ§» ¡�Äê¼�¦¥÷n���Z��� í��I�Z�õ���¦��æ¦� í��õ���n©�����ið�%q���m é��¸�¦�z��û»�n���oí^�� �¤Z�¦�Á���Z¤o���n���
(C8)

«?¤�ïø�Z©���þOã¾þ��n������O§z�ô ¡������¥�§n����î6�z��yæ¦�� ¡§nñn�;�2��§z©�¤ìñn�ç�s��� ¬ ���Z©����õ�n�n��î8�n�o©������¦�j�¦�z���Z�����Äã��n�¡�����¤o�¦�n�» ¡��©�©� ��n¤o��í¢ ����¦��©%î6�z���» ��z©*�Q ��^ ����o����� í.�¼�����n�¦÷n �ió��leonm:í4���ö�Z©���§n���¦�z��ª�î8�n���� u§z���¦§n����ª'��ªyæ¦�� ¡§nñn�(�2��§n©�¤ìñn���®������¥�§n����î6�z�I�n�/¤Z�¦�p����ÿ¦���
C1,α

é
���,X�J@U�DF��DfYKEnMWCKL�MNYK��Ut��������¨��ªZ©��n���� ¡�	§n�����n¤Z��§» ��E�o©��������ñnªo�¦��üo¥¨��©��n�ç�¡ ��p��î8�n�c¥��¦�p�����%î8�n�¨� ïø�'äG��©����Z�z¤Z����ïó�z�È¥����n� þ
¥���©��Z�n�4©�£G¥�ªo������î6�z�I©��z�

IRn−1
��¥¨§n����î8�n�ö�:ïó��äz��©����Z�n¤o�)��ïø�n��¤o�¦�p�����'þy��äG�Z¥�§n���Iã��ô Ä¤Z���¾���Z¤'���n���I�n��)���õ������æ¦�³�» ��n©

IRn
é

T �K�eG!EH]V_0RT~�Ô¤PS²³/ËÕ�DkEn�,DF�eÃ�M^R�Y.G�J�E*L|G�C�DFEnJKMNEHR'J@C�L|G�C�DkEnR|�®R��RV_0Y\U^R°2
è�Ì 5 ÍhÊG7'9hÉsÌ 5 Í�= 5 Ï�BkÌ 5 HhÎNÊÄÌ 5

F ∈ C1,1(IR)
Í�Ç%ÎNÊ Í�B�Ç%Ê Í�Ç 5 Îg^�� N ` ¼ b N W#=HÈ�È�ÌFÍFÌ 5 Í�?�R Ï��|Ê ÍhÎ¡Ï 5 HðÏZ7�R = 5

A�Ê 5 ÊKA�Ê ÍFÏ,=VÉf;>? Ì>FðÇ>?
v

Í,=,É
IRn−1

^�Ç>=�ÍFÏ 5 Í�7VÏY?¯Ç{7'9�j 5 Ê�ÎWÊÄÌ 5 � NK�'½ bZÍ�Ç%ÎWÊ Í�B�Ç%Ê Í�Ç 5 Î |v| < 1
ÏhÎ�? ÏðÍÍ,J3AZ9hÎNÉhÊÄÏðÍ;Í,=VÊKLnÇ 5 Î¡ÏðÍ º

v(x1, ...,−xi, ..., xn−1) = v(x1, ..., xi, ..., xn−1)
È�Ì3=VÉ

i = 1, ..., n− 1

� ? ÌnÉsÍ;È�Ì3=VÉ{H:I�Ç�[\=�Ï
γ ∈

(

0,
√

2F (v(0))
) ÊK?ÿÏ��|Ê ÍhÎ�ÏE= 5 Ï*BkÌ 5 HhÎWÊÄÌ 5

u ∈ C2(IRn)
ÍFÌ3?�=VÎWÊÄÌ 5 7VÏ

^�� N `�©b�Í�Ç%ÎWÊ Í�B�Ç%Ê Í�Ç 5 Î |u| ≤ 1
ÏhÎ�L>9hÉËÊ j�Ç 5 Î

∂u

∂xn
> 0

Í,=VÉ
IRn

Î¡Ï,?K? ÏY[\=�Ï?È�Ì3=,Ée= 5
λ ∈ IR

cQ?�R Ï 5 ÍFÏ,AEF\? Ï {u = λ} 5 R ÏðÍhÎ�È�ÇnÍC= 5 I'JðÈ�ÏhÉdÈ�?¯Ç 5 N� Ï?È�?�=eÍ�HðÏhÎNÎ¡Ï;ÍFÌ3?�=,ÎNÊÄÌ 5
u

ÏðÍhÎ�= 5 A�Ê 5 ÊKA�Ê ÍFÏ,=VÉ�;>? Ì>FðÇ>?�Í,=VÉ
IRn

ciL>9hÉËÊ j?Ï
∂u

∂xn
(0) = γ

ÏhÎ
u(0) = v(0)

ÏhÎ.Í�Ç%ÎNÊ Í�B�Ç%Ê�Î�? ÏðÍ½Í,J3AZ9hÎNÉhÊÄÏðÍ º
u(x1, ...,−xi, ..., xn−1, xn) = u(x1, ..., xi, ..., xn−1, xn)

È�Ì3=,É
i = 1, ..., n− 1

«WqGé �|{ ¬t��¦�n©� @�¦�¦�n©��n�Z©��� ���©��¦�z©��n��§<�Z�n©��Z��î8��ïø�n�È���Z�4¥����n��¥¨��©��Z�z��©�£6¥�ªo������î8�n�
v
©��n�

IR8
�'äG��©������o�

�^ïó�o©��Eå?�¦�z¤o�����¦�	î6�z�Q�n� |X| í |Y | í¡ @�¦�o¤ X = (x1, ..., x4)
�o�
Y = (x5, ..., x8)

é¡�G�6�n�������¼¤o�¦�p�G��¤o�����¦�
©��õ��ª'�¦üZ���õ�'äz �¤'����í® ¡���¦��©¼�n�������I��ñnªZ����üZ¥��õ§<�Z��¥��o������ ����¢�n�õ¤Z���n¤Z���n���õã�:ïó��äG��©����Z�n¤o�õ��ïø�n�j¤Z�¦�p�����'þ
��äG�Z¥�§n���	ã��ô ¤o�¦�¾���Z¤'���n�����z���)���õ������æ¦�³�» ��n©

IR9 é
leo
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å�æ�çhè�é3æ
ê�ë�ìeí@îðïsñ¡ñ�ï�í�ïðîsñ¡ò�ókì�ìeókôeí@÷sìeókì�ðókìeí�ô�ì(ñ��e÷ðókö��sý(ï�þ�ï.ñG§%õ"ïQ«�ò�ókô�ù%òûúûú�ï�õ"ókô�öKþ�ïðí�÷:��ôVë©�ñ¡ò�ókìeí�ïsúûúûòûõ�ñ¡ò��nôeïðí�îðóký;õ�ú��sñ�ïsý(ïsì�ñ)ìeókì*úûòûìe÷Ëë�òûö�ïðí,	#à�ókô�ö)þ�ïðí�÷:�nôVë�ñ¡ò�ókìeí�ò�í�ókñ¡ö�ókõ�ïðí��eóký(ó\���sìeïðíí�ô�ö

IR2 ñ�ókô�ñïsìnñ¡ò�ïsö¨�kìeókôeí�ý(ókì�ñ¡ö�ókìeí�í�ókôeí�îðïsö¡ñÜë�òûìeïðíîðókìeþ|òûñ¡ò�ókìeí¨�
��ôeï@ú�ïðí�í�ókúûô�ñ¡ò�ókìeíþ�ókì�ñ?ú�ï*�FöÜëkþ|ò�ïsì�ñ�ìeï)í¨�Òë�ì�ì�ô�ú�ï½õVëkí?í�ókìnñ?þ�ïðí?í�ókúûô�ñ¡ò�ókìeí?ô�ì�ò�þ|òûý(ïsìeí¡ò�ókì�ìeïsúûú�ïðí¨�"ò�	 ï
	�ìeï�þ�÷��õ"ïsìeþ�ïsìnñ���ôeï�þS� ô�ìeï�í�ïsô�ú�ï)îðó�ókö�þ�ókì�ìe÷ðï�þS� ïðí¡õVëkîðï
	@��ókôeí�þ�ókì�ìeókìeí�ô�ìZö�÷ðí¡ô�úûñÜë�ñÿí�òûý;òûú¯ë�òûö�ïõ"ókô�ö.ú�ï�õ�ö�ó���ú��sý(ï�þ�ï�ñG§%õ�ï*�%ïsö¡ö¡òûì�îðókö¡ö�ïðí¡õ�ókìeþeë�ì�ñ¨	
òy�2©oïð ¡æ¦���ö�^ïó�n�/���� _�¡ ����^�o�-¤o�¦���� �÷³���� ¡�����¦�� _���Z¤ â é!�I�¦��÷³�Z ��n���Zét��¦�n©)¤Z�¦�n©����nªo���¦�z©I���o©I©��¦���z�����¦�z©)��ïø�n�n��ªZî8�» ¡�����¦�-�Z������§G����î8�n�Ä¤o�¦¥¨§z��üo���Z¥��Z�p�)�n�¦�������nªZ ������õñn�¡þ
¥��¦æ¦üo�n�õ�o����©��������¦§<�õ�n�¦�p���ô �å?�¦��¥¨�õ�� §n���z©öæ¦ªZ�nªo�� ����Ä�Z�/�n��¥��Z�n©����¦�

2
�^ïó�o©�§» �¤o���o©��

F(Dnnu,Dττu,Dnτu, |∇u|2, u) = 0

�%
n = ∇u

|∇u|
�Z©��¼���ö�¦�Z¤'���o�n�¼�n����¥¨ ��n�n�n�ç�ì ������öãÄ�ô õ����æ¦�n�ö�z���z���¦�Z ����'�

τ
�o©��c���ö�¦�o¤o���Z�n�¢�n�n���� ������

�� ��næ¦�o�p� ãI�� )����æ¦�n�c�n�¼�z���¦�Z ����n�Q©��¦�����¼î8�n�
(τ, n)

å?����¥��¢�n�z�Q÷» �©��Q�¦����ñn�¦�n����¥�ªZ�c�n�����Z¤o����é%t)�¦�n©
 ¡�������n©)�z�¦�n©����Z©������o���n�n����ã��n��¤@ �©��%�����æ¦�� ��z���Z�p�I�n�©Zïó ��n�8�n���§» �©oí^�n��©��¦�����î8�n��� ïøªZî8�» ¡�����¦�
©��¦���ö���¦�¾���¦�z��©ö÷n���Z�/�nªoû»�z����é
t��¦�n©(���p�����6�n�n��©��¦�n©ö���Z©öñp£6§³����ñnüZ©��Z©)©��n�ç�� ¡�8���Z©
/ÜQg2 �¼�¦�n�n�ç�����¦�n©ö��ïø�Z������§G����¤o����ª�)ªoû»�n��©�©��¦�n©

α = (F)′Dnnu

í
β = (F)′Dττu

í
γ = (F)′Dnτ u

é�t)�¦�z©)©��n§n§<�¦©��¦�z©�î8�n�
α > 0, β > 0, 4αβ − γ2 > 0

/�þu2 �G�����z�����¦���z�n���n��¥¨�o�n©����¦�n�n�o�����t��¦�n©(©��z§n§³��©��¦�n©�� ïø�'äG��©����o�n¤Z�Ä��ïø�n�n�	©������z�����¦���n�z���n��¥¨�o�n©����¦�n�n�o�����
m0(t) > 0

�n�

F
(

d

dt

(

m2
0

2

)

, 0, 0, m2
0, t

)

= 0
§³�¦�z�

t ∈ (a, b)

t��¦�n©� @�¦�¦�n©) ����¦��©ö���õ��ªZ©��n���� ¡�(©��z���¡ ��p�(�n�õ�y£6§³���2���¦�z�6�������
T �K�eG!EH]V_0RT~�Ô¤PA0/ T ���eG�EH]V_0R¿IKR�Dh��Y.R ¾ M^G�J��MWUNUNR°2
W�ÌnÊ�Î

a, b ∈ IR
ÏhÎ

Ω ⊂ IR2
= 5 Ì3=@L%ÏhÉËÎ�HðÌ 5S5 Ï��,Ï(ÏhÎ@ÍhÊKA�È�? Ï,A�Ï 5 ÎQHðÌ 5S5 Ï��,Ï N t Ì3=�Í�Í,=FÈ�È�ÌFÍFÌ 5 Íf[\=�Ï

?¯Ç%BkÌ 5 HhÎNÊÄÌ 5 F ÏðÍhÎÿÇ 5 Ç>?�J�ÎNÊG[\=!Ï:cÿÏhÎ�[\=�ÏC?¯Ç%BkÌ 5 HhÎWÊÄÌ 5 Ç 5 Ç>?�J�ÎNÊG[\=!Ï
u

ÏðÍhÎ�ÍFÌ3?�=VÎWÊÄÌ 5 7VÏ
F(Dnnu,Dττu,Dnτu, |∇u|2, u) = 0

Í,=,É
Ω ⊂ IR2 «Nqzéð�%j ¬

L>9hÉËÊ j�Ç 5 Î
a < u < b

Í,=VÉ
Ω N t Ì3=eÍfÍ,=FÈ�È�ÌFÍFÌ 5 ÍZ[\=QR ÊK?ÿÏ��|Ê ÍhÎ¡Ï&= 5 ÏZFhÌnÉ 5 Ï�Í,=VÉ |u|C2(Ω)

ÏhÎ87VÏ,=>�
BkÌ 5 HhÎNÊÄÌ 5 Í_HðÌ 5 ÎNÊ 5 =!ÏðÍ

m(·) ÏhÎ
M(·) Î¡Ï,?K? ÏðÍY[\=!Ï

0 < m(u(x)) ≤ |∇u(x)| ≤ M(u(x))
Í,=VÉ {a < u(x) < b} ∩ Ω

l�}



t Ì3=�Í½Í,=HÈ�È�ÌFÍFÌ 5 Ír[\=�Ï F Í�Ç%ÎNÊ Í�B�Ç%Ê�Î]?¯ÇzHðÌ 5 7%Ê�ÎNÊÄÌ 5 7�R Ï,?K?ûÊuÈ�ÎNÊ<HhÊ�Î�9�^ � b
cÿÏhÎi[\=]R ÊK?KÏ��|Ê ÍhÎ¡Ïr= 5 Ï�ÍFÌ3?�=VÎNÊÄÌ 5
= 5 ÊG7%ÊKA�Ï 5 ÍhÊÄÌ 5S5 Ï,?K? Ï

m0

L>9hÉhÊ j�Ç 5 Î*^ 4 bZ7VÏ;ÍFÌnÉËÎ�Ïg[\=�Ï
lim

t→t∞
M(t) −m0(t) = lim

t→t∞
m(t) −m0(t) = 0

È�Ì3=VÉ
t∞ = a, b

«Wqzéð�%z ¬
� ? ÌnÉsÍf? ÏðÍ8?ûÊd; 5 ÏðÍ87VÏ 5 ÊKL%Ï®Ç>= {u = t} ÍFÌ 5 Îi7VÏðÍ8?ûÊd; 5 ÏðÍ87%ÉsÌnÊ�Î�ÏðÍøÈ�Ì3=VÉgH:I�Ç�[\=!Ï

t ∈ (a, b)
cÿÏhÎ

Ω
ÏðÍhÎ

7VÌ 5 Hr= 5 ÏYFðÇ 5 7VÏg7VÏÿÈ�?¯Ç 5 cQ= 5 7VÏ,A�ÊK| È�?¯Ç 5 Ì3=uF�ÊÄÏ 5 ? Ï�È�?¯Ç 5 Ï 5 ÎWÊÄÏhÉ N�¼����ñzªZ�¦��üZ¥���©���¥��¦�p������ãr� ïó ����n�¨�n��¤o�¦�n©����nªZ�� ¡�����¦�n©©��n�����o©��'ä6����ªZ¥¨ ��n�fæ¦�� ¡�n���o�8�©��n�
���Z©�����æ��n�Z©Ä�n�¨�n�����@ �� �z���ô j©��¦���z�����¦��éµú � ¤Z���n©����nªZ�� ��p��ã-�� /å?�¦��©����¨æ��� ��n���Z�p���o��� -¤o�¦�n��÷z�n���
�o�Î¤Z�Z©Ä§<�¦���p��©��'ä6�����Z¥¨ zí��¦�Î�¦÷G�����o�p�������¦��©�¤o�¦�n§n���Z©õ�n��æ��� ��n���Z�p���¾¤Z�¦�n��÷n�n����Ã�¤Z�o���n�E �©�©��G¤o��ª� ��
¥����z��¥�n¥ �n�fæ¦�� ��n���Z�p�@íE¤o�Z���n�ö �©�©��6¤Z��ªj ¡�a¥¨ ¾äG��¥�z¥��z�aæ¦�� ��n���Z�p�@íE�'�%¤Z�o���n�Q�z�/�� �©��¦���z�����¦�
�z�n���n��¥¨�o�n©����¦�n�n�o������é\�¼�Z©�¤o�¦�n§n���Z©%©� ¾����©�å?�¦�p���n�a©�£6©���üo¥¨�/��ïø���nªoî8�» ¡�����¦�n©%�n�¯�^ªo���Z�p�����Z�����o©��¦���n� þ
�n ������Z©�§» ¡�� �¥�ªo����ª§» ¡�������n�����@ ��

t = u
�n���� �����æ¦�n���n��n�ç�¦�@ ¡��«?¤oåOé³�n�r���� @�¡ ����¸§n��ªZ¤oªZ�n�o�8�	�n��)�¦��÷<�@ ��z���@í � �¦�n�n�Z ���i �Á�nm ¬ é!�K %¤Z�¦¥�§» ��� ���©��¦�j�Z�p������¤o�Z©�¤Z�¦�z§n���o©)§<�Z��¥¨�'�)�z��¤o�¦�n¤Z���n���Äî8�n���ô 

©��¦���G���������Z©���ªoæp ����Äã��� %©��¦���G���������n�n���z��¥��Z�n©����¦�n�z�Z������é
����§<�Z�G���� ¡§n§n���6¤ìñn�o�)�n�¡�����	��ñnªo�¦��üo¥¨�	��ïø�n����ªZ©��z���ì ¾�)�z�¤�³ªZ���o�p�I�'��¤Z��¥¨§n��ªZ¥��o�� ������I�����¦�z�¦ª

��ªZ¤o�Z¥�¥¨�o�8��§» ����® ������» ¢ið�%{��nmc�Z�±�n��¥��Z�z©������
2
§<�¦�n�	¤Z�Z���ì ����n�Z©	ªZî8�» ¾�������n©�î8�» ¡©��������nªZ ������Z©õ�n�

å?����¥���§» �������¤o�n����üZ���¡éK�G�¦�z©��n�z�¨¤o�¦�n�n�ç�������u�z�¨æ¦�� ��n���Z�p�	�n�¦�u�6�z� íK���Eª'�ì �÷z�����Äî8�n�����o©Ä©��¦���z�����¦�n©
�z�¦�p���:ïó�������o�p�ì ¡�����¦���z�±æ¦�� ��n���Z�p�	�n���� ¡������§n �©õ������§±ãj� ïø���Gû»�n�E©��¦�p���z�n���n��¥¨�o�n©����¦�n�n�o�����Z©Zé^�G�¦�
��ªZ©��n���� ¡�Q���Z§<�¦©���©��n�Q�n����ñnªZ����üZ¥��I�z�;�2���¦�z�6�������ö§z���¦�z��ªõ§» ��?�Ä����÷» ���æ��'�(�G�o�������Tió�%j%l%m:é��¼�¦¥¨¥��
¤o�¦�������ô ¡�����¡íp���®§n���¦�z�¦�õ�o��§» �������¤o�n�����Z�cî8�n���ô �¤Z�¦�¾���o¤o���n�����z�;�I���õ���¦��æ¦�»�Z©��ö�G�� ����)�Z���n��¥¨�o�n©����¦�
n = 2

§<�¦�n�ö�z�Z©��Zî8�» ¡�����¦�n©öî8�» ¡©��çþ������nª@ ������o©Zé
òy�z�nªZ§<�Z�n�n �¥¨¥��Z�p�Zí��� ¡�n���o�����^�o�½�	 �����å= ����3ið�%}���mµ�¦�p�I§n���¦�z��ª�î8�n���� �¤o�¦�¾���o¤o���z�����z���I�a�Ä���¦��æ��
�o©��)�G�� �����§³���n�)�z�Z©�ªoî6�n ¡�����¦�n©Iî8�» ¡©��çþ������nª@ ������o©ö�Z�r�n��¥¨�o�n©����¦�n©

n = 2
�o�
n = 3

í<æ�ªZ�nªo�� �����©� ¡�8�
 ¡���n©������õ��ªZ©��z���ì ¾�(�o���ô ¥�ªo��ñn�G�z�	�^ïóý)¥÷n����©����zí��Q �÷n��ªZið���¦�nm é
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f
�o©���¤Z�¦�p�����8�n�j�n�

IR+ �» ��z©
IR

�o����ïó Îî8��ïø�n�a�n�¦¥÷n����û»�n�ö�n�3�oªZ����©Zéc�G�
l�z



¸ø¹�º�» z'¼ ú4¥�§n�����Z¥��Z�p���z�¦�a©�£6¥¨ª'������î8�n�j�n�j�n�Z�GäU©��¦���z�����¦�n©�§n�� ¡���Z ��f� ïø�n�n��©��z���:ïð ¡�z�����y«=�Z�
�z��¥��Z�n©����¦�r� ¬
f(u0) = 0

 ����¦��©ö���^��äz��©����
ε > 0

���o��î8�n�«=  ¬ �¦�j÷n���Z� f �o©����nªo¤Z������©�©� ��p����«= ��j©��Z�z©)�� ���æ¦� ¬ ©��z� (u0 − ε, u0 + ε)
ín�'�)���/�z���(î8�n�

u0 ∈ Za«?÷ ¬ ����÷n���Z� f > 0
©��z�

(u0, u0 + ε)
í8�o�¼�¦���n�ç�¢î8�n�

u0 ∈ Zb

é��)�I§n���n©¼�¦�¨©��n§z§³�¦©���î8�n�
0 ∈ Zb
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u

ÏðÍhÎY? Ì
H®Ç>? Ï,A�Ï 5 Î�}�Í,J3AZ9hÎNÉhÊÄÏ
ÉÆÇ�7%ÊNÇ>? Ï:c�ÍSR ÊK?;Ï��|Ê ÍhÎ¡Ïn= 5 Ï'Í,=VÊ�Î�Ï~7'9 5 Ì3AEF�ÉÆÇ�F\? Ïn7VÏ
BkÌ 5 HhÎNÊÄÌ 5 Í

(ui)i∈I

ÍFÌ3?�=VÎWÊÄÌ 5 ÍY7VÏ
∆pui + f(ui + Ci) = 0

Í,=,É
IRn

Î¡Ï,?K? ÏY[\=�Ï
u =

∑

i∈I

ui

ÏhÎh[\=�Ï






ui = 0
Í,=VÉ

IRn\BRi

ui = ci > 0
Í,=,É

Bri

ui

ÏðÍhÎøÉ®Ç�7%ÊNÇ>? Ï:c\ÍhÎWÉËÊ<HhÎ¡Ï,A�Ï 5 Î�7'9:HhÉsÌnÊ ÍðÍ�Ç 5 Î¡Ï�Í,=VÉ
BRi

\BriÈ�Ì3=VÉg7VÏðÍ�HðÌ 5 ÍhÎdÇ 5 Î¡ÏðÍ
Ci, ci, Ri, ri N�� 5 ÊKA�È�ÌFÍFÏaÏ 5 È�Ç%ÉËÎWÊ<H,='?ûÊÄÏhÉg[\=QR�9hÎÄÇ 5 Î�7VÌ 5S5 9ðÍC7VÏ,=>��Ê 5 7%Ê<HðÏðÍ

i
ÏhÎ
j
c�Ì 5 Ç�Ì3=�F�ÊÄÏ 5

BRj
⊂ Bri

c�Ì3=uF�ÊÄÏ 5
BRi

⊂ Brj N
���- � ¡���¦��©ö���
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W�ÌnÊ�Î

p > 2
c
B = B(0, 1)

?¯Ç{FhÌ3=@? ÏC= 5 Ê�Î�9_7VÏ
IRn

c
f
= 5 ÏQBkÌ 5 HhÎWÊÄÌ 5 HðÌ 5 ÎNÊ 5 =�ÏgL>9hÉhÊ j�Ç 5 Îi?�R I'JðÈ�Ì3|ÎKISDðÍFÏ&^w�ib
c?ÏhÎ

u ∈ C1
(

B
) = 5 Ï;ÍFÌ3?�=,ÎNÊÄÌ 5 7VÏ







∆pu+ f(u) = 0
Í,=,É

B
u ≥ 0

Í,=VÉ
B

u = 0
Í,=,É

∂B

Ç>L%Ï:H
∆pu =

7%ÊKL
(|∇u|p−2∇u) N W�ÌnÊ�Î

M = |u|L∞(B) N�� 5 Í,=FÈ�È�ÌFÍFÏg[\=!Ï
u ∈ C2 ({x ∈ B,∇u(x) 6= 0}) ∩ C1,γ ({x ∈ B, u < M})

o��



Ì3X
γ > 1

p−1 N W!Ê(?�R Ï 5 ÍFÏ,AEF\? Ï
I := {x ∈ B, ∃u0 ∈ Zb\ {0} , u(x) = u0, ∇u(x) = 0}

ÏðÍhÎiLFÊG7VÏ:c�Ç>? ÌnÉsÍ
u

ÏðÍhÎi? Ì
H®Ç>? Ï,A�Ï 5 Îi}ZÍ,J!AZ9hÎNÉËÊÄÏ(ÉÆÇ�7%ÊNÇ>? Ï N
òy¤o���ô �¤Z�¦�z�n�������¦�

I = ∅ ©��Z¥�÷n���	���Z¤ìñz�n��î8�n�¡í�¥� ¡��©��n�¦�n©)�n�©� @���¦�n©õ§» �©)¤Z�¦¥�¥��Z�p���:ïóª'�G�ç���o�Zéú �����%�Z©��§» ����'äG�Z¥�§n���� ��G���¦¥¨ ¡����î8�n�Z¥��Z�p�	©� ¡����©�å= �������©��¢���È©��z§n§³��©��
f > 0

©��n�
(0,+∞)

íK¤Z�
î8�n�:í»ã%�n�������õ¤Z�¦�z�» ���©�©� ��z¤Z��í»å?�¦�z���n�ç�ö�nªO��ã%�n�/��ªo©��n�ç�ì ¡�(�n���z�¦�Z ��-�n ��n©�¤Z�Ä¤@ �©(§» ¡������¤Z�n�����o�Zé

t������¦�z©ö�Z�zû»�/î8�n�Ä����§z���¦÷n��üZ¥����n������ ��ç���Z�¼�n�Z©ö©��¦���z�����¦�z©
u ∈ C1, 1

p−1
ín¤o�õî6�z�2§³�o�z�� ����������Z�

©�� ∇u(x0) = 0
�o�
f(u(x0)) 6= 0

ín���o©�����¤o�¦¥¨§z��üo���Z¥��Z�p�ö�¦�G�¦�Z���@é
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n ≥ 3
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g��n�� ��G�������n�����Z¤'�����¦�±�z�����o¤ìñn�Z��¤ìñn��¥��¨©��Z¥÷z����§» �������¤o�n����üZ���o¥¨�o�p�Ä���p��ªo���Z©�©� ��p����é�òy�4©oïð �æ����
�z��¥��o�������� ��/§³�����p���n��¤o�¦�p������þy��äz�o¥¨§z����ã¨�n�n�	¤Z���¾���Z¤'���n�����n���I���õ������æ¦���o��æ¦�� ��n�n�	�n��¥¨�o�Gþ
©����¦�^é�t)�¦�n©¨ @�¦�¦�z©¨�nªy��ãuå= ��ç�%�ô r¥��¦������ª��z�W¤ìñn�o¥¨���a�» ¡�n©¨¤o�o�����/�n�����Z¤o�����¦�f�o�Wªo�� �÷n����©�©� ��p�����
�����o�¨�o�8�������:ïó��äG��©����Z�n¤o�I��ïø�n��¤o�¦�p�����'þy��äG�Z¥�§n���)�Z���n��¥¨�o�n©����¦�

n
�'�Q� ïø�'äG��©����o�n¤Z�)��ïø�n��¥����n��¥¨��©��Z�z�

©�£6¥¨ª'������î8�n���o���n��¥¨�o�n©����¦�
n− 1

é»òy�2�n�¦�z©)©��Z¥÷n���Ä¥� ��ç���o�» ��p����¥�§³�¦���ì ��p�ö�^ïó�o©�©� @£��Z����ïøªo�� �÷n�����
�:ïó��äG��©����Z�n¤o���ïø�n�Î¥¨���n��¥���©��Z�n�ö©�£6¥¨ª'������î8�n��Z�r�z��¥��Z�n©����¦�

n − 1 = 8
í<¤Z�î8�n�E�z�¦�n©��n���n�n�Z�� ����

 ¡�z���¦¥¨ ¡����î8�n�Z¥��Z�p�ö�z�-¤o�¦�p������þy��äz�o¥¨§z���Ä�Z�/�n��¥��Z�z©������
n = 9
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IR2 × (−1, 1)
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Ω∞ = IR2×(−1, 1)

�n�n�Q§n�� �î8�n�¼���zû»�n����é�t)�¦�z©E�n�����¦�n©
x = (x′, x3)

�n��§³�����p�E�n�¼¤Z�o�����
§z�ô �î8�n�	 @�¦�o¤

x′ = (x1, x2)
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�������n��¥��Z�n©����¦�z�n�Z�

u = (u1, u2, u3)
���Z©ö�¦§<ªZ�� ¡���o�n��©	Ã

Lu =























(λ+ 2µ)∂11u1 + µ(∂22u1 + ∂33u1) + (λ+ µ)(∂12u2 + ∂13u3)

(λ+ 2µ)∂22u2 + µ(∂11u2 + ∂33u2) + (λ+ µ)(∂21u1 + ∂23u3)

(λ+ 2µ)∂33u3 + µ(∂11u3 + ∂22u3) + (λ+ µ)(∂31u1 + ∂32u2)

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣
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Ω∞

Bu =























µ(∂3u1 + ∂1u3)

µ(∂3u2 + ∂2u3)

λ(∂1u1 + ∂2u2) + (λ+ 2µ)∂3u3

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

©��n�
∂Ω∞
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λ, µ > 0

©��¦�p�)���Z©(¤Z���n©��� ��p���Z©��n���K �¥�ª�é
òy�p�����G�z�n��©��¦�n©4§» ��c ��������o�n��©�� ïø�¦§³ªo�� ¡���Z�n�4 ¡©�©��6¤Z��ª( ���¥¨�6�nüZ���Q�n��#õ����¤ìñn�%�®þ��2�_�¦�(�n�(�ô ���ñzªZ�¦�����

�z�Z©�§n�ô �î8�n�o©
M = (MS,MA)

 �æ¦��©�©� ��p�(©��n�(���Z©öå?�¦�z¤o�����¦�n©
ζ(x′) = (ζ1, ζ2, ζ3)
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Mζ =







































(MSζ)1 = ∆′ζ1 +

(

3λ+ 2µ

λ+ 2µ

)

∂1

�n�ç� ′ζ

(MSζ)2 = ∆′ζ2 +

(

3λ+ 2µ

λ+ 2µ

)

∂2

�n�ç� ′ζ

MAζ = ∆′2ζ3

∣

∣

∣

∣

∣

∣

∣

∣
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∣

∣
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∣
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∆′ = ∂11 + ∂22

�'���� r�n�����Z��æ��Z�n¤o��÷n���n��¥��Z�n©����¦�z�n�Z������§<�¦���ì ��p���n�n��î6�z�Z¥��Z�p��©��n�����Z©%�n�o�Gäa§n���o¥¨��üZ���Z©%¤Z�¦¥�§<�¡þ
©� ��p���o©)�n�

ζ
ín�o©��

�n��� ′ζ = ∂1ζ1 + ∂2ζ2úp�³�Z¤o���n�¦�n©j�n�z�r���Z¥¨ ���î6�z��§n��ªo����¥¨���» ������j©��n���� È©�£6¥�ªo���������n�0§n���¦÷z��üZ¥���é��¸���n��¤Z�o�ô È�¦�
�zªoû»�n�ç�õ§<�¦�n���n�z�å?�¦�n¤o�����¦��©�¤@ ¡�ô ������

v
©��z�

Ω∞
í^���o©�§» ��������Z©�©�£G¥�ªo������î6�z�Z©õ�o�õ ��p����©�£6¥¨ª'������î8�n�Z©

���Z�� ¡���ç�¦�Z¥��Z�p��ã��ô ¤o�G�����n�¦�z�nªZ�
x3

Ã

vs(x) =
1

2
(v(x1, x2, x3) + v(x1, x2,−x3))

�o�
va(x) =

1

2
(v(x1, x2, x3) − v(x1, x2,−x3))

�¼�o�ô �§³�o��¥��o�¸�n�¼�nª'û»�n����ãI�z�¦�z�¦�Z ��§<�¦�n�µ�n�n�¼å?���n¤o�����¦��ã��¡ ����Z�n��©¸�¦�o¤o���¦�����Z�����Z©
u = (u1, u2, u3)

í
���Z©ö§» ¡�������Z©½Í,J3AZ9hÎWÉËÊG[\=�ÏðÍQ�'�aÇ 5 ÎNÊ Í,J3AZ9hÎWÉËÊG[\=�ÏðÍQ�n�Ä�� �å= �ùZ�¦�/�n�¦�j©��ì ��n�n ����/©��n�ç�¡ ��p���%Ã

uS = (us
1, u

s
2, u

a
3)

�o�
uA = (ua

1, u
a
2, u

s
3)

ý)���n©������¸�o©��õ��¥¨¥�ªZ�n�� ¡���n��¦ªo���çû»�Z��î8�n��©��
u
�Z©��õ©��¦���z�����¦���z�u§z���¦÷n��üZ¥����n��§n�ô �î8�n���������n��¥��Z�6þ

©����¦�z�n�Z�
{

Lu = −f ©��z�
Ω∞

Bu = g
©��n�

∂Ω∞ ¡���¦��©ö����§n���¦÷n��üZ¥��õ©��Ä�nªZ¤o�¦�n§n���Ä�Z�p���������Z©ö§» ��������Z©(©�£6¥�ªo������î8�n�o©��'�) ��p����©�£6¥¨ª'������î8�n�Z©
{

L(uS) = −fS

B(uS) = gA

�o� {

L(uA) = −fA

B(uA) = gS

�¼�'�����¨���Z¥¨ ���î8�n�%§<�Z��¥��o�Ä�o�È§» ¡������¤Z�n�����o�I�n��©�¤o���n�n�o�Ä����§n���¦÷n��üo¥¨���o�È�n�o�Gäu§n���¦÷n��üo¥¨�o©õ���n�zª'þ
§<�Z�z�» ��p��©oé

òy�p�����G�z�n��©��¦�n©j¥� ¡���p���o�» ��p���n�n�u �§z§n����¤@ ¡�����¦�aî6�z�Äãf�z�n��å?�¦�n¤'�������
ζ(x′)

�nª'û»�n���u©��n�
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�z�������¨ª'���n�n�¡éµú �� ��p���z�¦�n�nª
ζ = (ζ1, ζ2, ζ3)

�¦�±�zªoû»�n�ç�����%�nªZ§n�� �¤Z�o¥¨�o�p��©�£6¥¨ª'������î8�n�¨©��n���¡ ��p�
î8�n�2�z�	�zªZ§<�Z�n�-î6�z�	�z�

(ζ1, ζ2)

US(ζ) =























ζ1 +
λ

λ+ 2µ

x2
3

2!
∂1

�z��� ′ζ

ζ2 +
λ

λ+ 2µ

x2
3

2!
∂2

�z��� ′ζ

− λ

λ+ 2µ
x3

�z��� ′ζ
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ζ3

UA(ζ) =

















−x3∂1ζ3 + a(x3)∂1∆
′ζ3

−x3∂2ζ3 + a(x3)∂2∆
′ζ3

ζ3 +
λ

λ+ 2µ

x2
3

2!
∆′ζ3

















�%
a(x3)

�o©������õ§<�¦�ç£G�zÿ¦¥¨�I�Z�
x3

©��z���¡ ��p�

a(x3) =

(

3λ+ 4µ

λ + 2µ

)

x3
3

3!
− 2

(

λ+ µ

λ+ 2µ

)

x3
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�'�) ��p�y£G©�£6¥¨ª'������î8�n�Z©

U(ζ) = US(ζ) + UA(ζ)�2�)���� ��z©�å?�¦��¥� ¡�����¦��î8�n�³ã
ζ
 �©�©��G¤o���

U(ζ)
§³�o��¥��o�c¥� ¡���p���o�» ��p�¼�^ïó��äzñz��÷<�Z�c�n��§n���Z¥����Z�4�����Z�
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�z�Z©�§n�ô �î8�n�o©Zé
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W�ÌnÊ�Î

ζ(x′) = (ζ1, ζ2, ζ3)
= 5 ÏQBkÌ 5 HhÎWÊÄÌ 5 7'9�j 5 ÊÄÏ)Í,=,É

IR2 N&� 5 Ç�Ç>? ÌnÉsÍ
(

Mζ = 0
Í,=,É

IR2
)

=⇒
{

LU(ζ) = 0
Í,=,É

Ω∞
BU(ζ) = 0

Í,=VÉ
∂Ω∞

t��¦�n©¸ _���¦�n©K�nª'���Z��¥¨���nª4�ô ¼���� ��n©�å?�¦��¥¨ ¡�����¦�
ζ 7−→ U(ζ)
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u
= 5 Ï;ÍFÌ3?�=,ÎNÊÄÌ 5

C2
7VÏ

{

Lu = 0
Í,=,É

Ω∞
Bu = 0

Í,=VÉ
∂Ω∞Î¡Ï,?K? ÏY[\=]R ÊK?@Ï��|Ê ÍhÎ�ÏY7VÏ,=!�xHðÌ 5 ÍhÎÄÇ 5 Î�ÏðÍ

C, p > 0
7VÏ;ÍFÌnÉËÎ¡ÏY[\=!Ï

|u(x)| ≤ C (1 + |x|)p Í,=VÉ
Ω∞

� ? ÌnÉsÍfÊK?øÏ��|Ê ÍhÎ�Ï�= 5 È�Ì3?�J 5(' A�Ï
ζ(x1, x2)

7VÏE7VÏ<;%É:9�Ê 5 B�9hÉhÊÄÏ,=VÉ�Ì3=�9<;�Ç>?Q}
p

Î�Ï,?][\=!Ï
Mζ = 0

ÏhÎ
u = U(ζ) N
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u
�Z�rå?�¦�z¤o�����¦���n�o©õå?�¦��¤o�Z©õ�n�

���¦���z¥¨� −f = Lu
�o���n�o©%å?����¤Z�o©%�n�j©��n��å= �¤Z�

g = Bu
é�ý�¤Z ��n©��/�z�a�n�_£¦ ��a�z�¦�U�����ç�6�ô ��¢�n�
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P2,4 =
{

v ∈ C2(Ω∞), Lv = Bv = 0, ∃C > 0, |vS(x)| ≤ C(1 + |x|)2, |vA(x)| ≤ C(1 + |x|)4
}

òy�G©Zïó �æ¦�ç����ïø�n���o�n©��o¥÷n���¼�n�Q§<�¦��£6�nÿ¦¥��Z©µ�Z�
(x1, x2, x3)
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MA ¬ é
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v
�n�oûn�n����©��n���z��©��¦�z©�þy�o�n©��o¥÷n����¦�z���Z���

A
í<�n�¦�z©��n�����¦�n©I�� �©��Z¥��çþ��n�¦��¥��

�z��è*»¦���z�Z�ö§<�¦�n�
α ∈ (0, 1)

[v]α;A = sup
x,y∈A, x6=y

|v(x) − v(y)|
|x− y|α

� ���n©(æ¦ªZ�nªo�� ����Z¥��Z�p�(�n�¦�z©��� �§n§<�Z���¦�n©ö���o©(�n�¦��¥��Z©

|v|k+α;A =

k
∑

j=0

|Djv|α;A

 @�¦�o¤ |v|α;A = |v|0;A + [v]α;A

�o� |v|0;A = sup
x∈A

|v(x)|

�µ�¦�n��§n���o�n�n�����o�-¤o�¦¥¨§G���Ä���õ�n�_£¦ �� P2,4

�n�Ä� ïø�¦§<ªZ�� ¾���Z�z���z�	�:ïóªo�ô �©�����¤Z����ª�íG�n�¦�n©(©���¥¨¥��Z©(�» ¡���Gþ
���Z�����Z¥��Z�p�� �¥¨�o�nª% ��nª'û»�n���õ�� �©��o¥¨� þy�n�¦��¥¨�	©��z���¡ ��p����©��n�Ä�n�Î�¦�z�¦�o���

A
î8�n�o��¤Z���nî8�n�%¤Z�¦�p���o�8�

�n ��n©
Ω∞

Ã
Nk+2+α;A(u) = sup

x∈A

inf
P∈P2,4

|u− P |k+2+α;B1(x)∩A

�õ�sr¡¤Z��ã�¤o�o������©��Z¥��çþy�z�¦��¥��¨��� �n��¤o�¦�n©��o�����/î8�n���ô �§» ¡�������¨÷<�¦���nªZ���z�U�nªZ§n�� �¤Z�o¥¨�o�p�@é]���f 
 ¡���n©���� ïø�Z©�����¥¨ ¡�����¦���o������§z����î8�n�I©��n���¡ ��p���
T �K�eG!EH]V_0R¿��Ô¤~U/ÆQ;X�DFMW_0�,DHMNG�C×JKC@M^bdG!En_0R

C2+α 2´ ?KÏ��|Ê ÍhÎ¡Ïr= 5 Ï_HðÌ 5 ÍhÎÄÇ 5 Î�Ï
C > 0

Î�Ï,?K? Ïe[\=!Ï½ÍhÊ
u

ÏðÍhÎQ= 5 7'9¡È�?¯Ç'HðÏ,A�Ï 5 ÎQ7VÏ;É�9<;>='?¯Ç%ÉËÊ�Î�9
C2+α(Ω∞)

cÇ>? ÌnÉsÍaÌ 5 ÇE?�R ÏðÍhÎWÊKAZÇ%ÎNÊÄÌ 5 Í,=VÊKLnÇ 5 Î�Ï
N2+α;Ω∞

(u) ≤ C (|Lu|α;Ω∞
+ |Bu|1+α;∂Ω∞

)

7'DðÍC[\=!ÏC? ÏðÍY7VÏ,=!�ZA�Ï,AEF�ÉsÏðÍg7VÏe?�R Ê 5 9<;�Ç>?ûÊ�Î�9½ÍFÌ 5 Î#j 5 Ê Í N�K �§z���Z�G�¦���n��¤Z����ñnªZ�¦��üZ¥���©���å= ����)§» ��)� ïó �÷n©��n���n��æ¦�sr¡¤Z��ã��z��¤Z�¦�p����ÿ¦����©��z�
u− P

�|
P
�Z©��

�z��§³����£6�nÿ¦¥����z� P2,4

é��¼�¤Z���8����ÿ¦����©��n�
u − P

�z��������©��Ä�ô %��ñnªo�¦�������n�o©��Z©�§» �¤o�Z©õ�n��G�¦÷<�¦���'��ã
§<�¦���n©¼§<�¦�n�Q�:ïó��§³ªo�� ¡���Z�n�¢�n�(�K �§n�ô ¡¤Z�I©��n�

IRn
íz�zªo�¦�o���¦§z§³ªo�õ�Z�p�����Ä ��z�����Z©ö§» ¡�¼ýI¥������n¤ìñn�fi	q%l�znm:í

ý)¥¨���¦�n¤ìñn�¡í@�Ä���� ��n�ç�@í��Ä�����¦�����*i	q%l�jHm é@�¼�����¦�n©	 ��n©�©���#)�|�o���_�<í �  %�¡ïø£¦ zí Â �¦©�©�¥¨ ��n�wi	ln�kznm:é@t��¦�n©
o%}



¤o�¦�¾���o¤o���z���¦�n©¸� ïø�'äG��©����o�n¤Z�c��ïø�n�n�¢��ñnªZ�������4©���¥����ô ¡�����¸�n�Z©µ�Z©�§» �¤o�Z©E�n�¼�G�¦÷<�¦���o�Äã(§³�����n©K§<�¦�n�µ� ïø�¦§³ª�þ
�� ¡���o�n�¼�z��� ïøªZ�� �©�����¤Z�ç��ª(©��z�Q�n�n��§z�ô �î8�n�)���zû»�z���

Ω∞
í8��ñzªZ�¦�����Iî8�n�³��¥�§n����î8�n�Z�� ����4�n��©¼��ªo©��n�ç�ì ¡��©Q�n�

å= ¡ùZ�¦�j§n���n©(�n�����Z¤o����é
�I�o©¼�o©�����¥� ¾�������n©E�n�)è%»¦���n�Z�4��ïø�¦���n����§n���z©cªo��ª'�¦ª

Ck+2+α
î8�n��¤Z�Z�����o©c�z�¦�n�nªo�Z©¼�n ��n©c���ö��ñnªo�¡þ

��üZ¥��;lné	l¨©��¦�p�)��÷z���o�6�z�Z©(å= �¤Z�����Z¥��Z�p�( @���Z¤	�n�������Ä¥¨ª'��ñn�6�n��é
òy�n©���©����¦�n©%©��n�%����å= ��ç��î8��ïó���W rªo�6���n�Z¥��Z�p���n�Z©%�o©�����¥� ¾�������n©©���¥¨���ô ������o©	�n ��n©%���o©��Z©�§n �¤Z�o©

W k,p
¥�n�z�µ�z���n����¥��Z©��n�n��å?����¥��Z©Zé®úE�� ��p�I�n���n�nª	�n���¦�z���Z���

A
î8�n�Z��¤Z�¦�nî8�n�¡í³�����nª'û»�n���)§<�¦�n�

1 < p < +∞ �'���n�n�õå?�¦�n¤'�������
u
�ô �n����¥��

|u|Lp+-, ù . (A) = sup
x∈A

|u|Lp(B1(x)∩A)

�'��§n���n©öæ�ªZ�nªo�� ����Z¥��Z�p��§³�¦�z�Q���¦�z�
k
��ªZ�Z�2§<�¦©������çå

|u|W k,p+/, ù . (A) = sup
x∈A

|u|W k,p(B1(x)∩A)

���- �©�©��G¤o���Ä ��z©�©��µ ��j�n�_£¦ �� P2,4

�ô ©��Z¥��çþ��n�¦��¥��

NW k,p+-, ù . (A)(u) = sup
x∈A

inf
P∈P2,4

|u− P |W k,p(B1(x)∩A)

ý)���n©����¦�- ����
T �K�eG!EH]V_0R¿��Ô��l/ÆQ;X�DFMW_0�,DHMNG�C×JKC@M^bdG!En_0R

W 2,p021�3 4 2´ ?@Ï��|Ê ÍhÎ¡ÏC= 5 Ï_HðÌ 5 ÍhÎÄÇ 5 Î¡Ï
C > 0

Î¡Ï,?K? Ïg[\=�Ï;ÍhÊ
u

ÏðÍhÎ�= 5 7'9¡È�?¯Ç'HðÏ,A�Ï 5 Îi7VÏ�É�9<;>='?¯Ç%ÉhÊ�Î�9
W 2,p5 687 (Ω∞)

cÇ>? ÌnÉsÍaÌ 5 ÇE?�R ÏðÍhÎWÊKAZÇ%ÎNÊÄÌ 5 Í,=VÊKLnÇ 5 Î�Ï

NW 2,p9;:=< > (Ω∞)(u) ≤ C

(

|Lu|Lp9;:=< > (Ω∞) + |Bu|
W

1− 1
p ,p9;:=< > (Ω∞)

)

7'DðÍC[\=!ÏC? ÏðÍY7VÏ,=!�ZA�Ï,AEF�ÉsÏðÍg7VÏe?�R Ê 5 9<;�Ç>?ûÊ�Î�9½ÍFÌ 5 Î#j 5 Ê Í N
ã�� Ú h/SpDGM�JLB DGM t4v S�R2XOXOMyV)DGMONQPIR2S�M v DGH�wzM�R2P�wnR2S�V t P)w�P v J t }I~2XORr}IRrV�XOB4NQP)R

¢ v MOR R v H2XOB4S8DGMO�^M�DGH X�M v H2BcMywzR à Ú ë@ä
å�æ�çhè�é3æ

�ÿókôeí�õ�ö�÷ðí�ïsì�ñ�ókìeí�ô�ìeï½ìeókô�ùHïsúûú�ï(÷sñ¡ôeþ�ï�þ�ïðí�÷:�nôVë�ñ¡ò�ókìeí�þ�ï½ú�� ÷sú¯ëkí�ñ¡ò�îsòûñ�÷;úûòûìe÷Ëë�òûö�ï;õ"ókô�öô�ìeïÿõ�ú¯ë���ôeïh"eì�ò�ï
ω × (−1, 1)

ó@?
ω

ïðí¡ñpô�ìaókô�ùHïsö¡ñ�þ�ï
IR2 	�A ô�ì�ñ�ïsö¡ý(ï?õ�ö��ðí,�%ï�ª|õ"ókìeïsì��ñ¡ò�ïsúûú�ïsý(ïsì�ñ\þ�÷ðîsö�ókò�íÜíÜë�ìnñ\ïsì;ú¯ë�þ|ò�í¡ñÜë�ìeîðï�õVë�öKöÜë�õ�õ�ókö¡ñ@ë�ôC��ókö�þ;ú¯ë�ñ�÷söÜë�ú

∂ω× (−1, 1)
�Hìeókôeíó���ñ�ïsìeókìeíaþ�ïðí�ïðí¡ñ¡òûý�ë�ñ¡ò�ókìeíaïsúûúûòûõ�ñ¡ò��nôeïðízÓ

W k,p ïsñ
Ck+α ß(í¡ô�ö�ú�ïðí�þ�÷sõ�ú¯ëkîðïsý(ïsìnñ�í,�pô�ì�òÃ�ü�ókö¡ý(ïðí�®(ú�� òûì�ñ�÷sö¡ò�ïsô�ö�þ�ï�ú¯ë�õ�ú¯ë��nôeï�ïsìZü�ókìeîsñ¡ò�ókì�þ�ïðíøü�ókö�îðïðíÿï�ª%ñ�÷sö¡ò�ïsô�ö�ïðí¨	p�ÿókôeíÿþ�ókì�ìeókìeíë�ôeíÜí¡ò�þ�ïðí�ïðí¡ñ¡òûý�ë�ñ¡ò�ókìeí?îðókìnñ¡ö�ókú¯ë�ìnñ�ú�ïðíÿþ�÷®ü�ókö¡ý�ë�ñ¡ò�ókìeíÿþ|ô�þ�÷sõ�ú¯ëkîðïsý(ïsìnñ?ñ¡ö¡ò�þ|òûý(ïsìeí¡ò�ókì�ìeïsúõVë�ö?ú�ïðí?þ�÷®ü�ókö¡ý�ë�ñ¡ò�ókìeí�þS� ô�ìeï)õ�ö�ó\�¡ïðîsñ¡ò�ókìM��ò�þ|òûý(ïsìeí¡ò�ókì�ìeïsúûú�ï(þ|ô�þ�÷sõ�ú¯ëkîðïsý(ïsìnñ�ñ¡ö¡ò�þ|òûý(ïsì��í�ò�ókì�ìeïsú�	

o|{



�� ¡�n©¢¤o�o������©��Z¤'�����¦���n���n©¢���Z§n���Z�n���n©¢���(§n���¦÷z��üZ¥��öªo���n�n��ª)ãÄ�ô õ©��Z¤o�����¦�¨§n��ªo¤Zªo�n�Z�p���)¥� ¡��© ��¤o�
©��n�¼�z�n�I§n�� �î8�n��î6�z�^��ïø�Z©��Q§» �©¢���zûn�n���¡é6�G�¦���

ω
�z���¦�z���Z���¼�n�

IR2 î8�n�Z��¤Z�¦�zî6�z�f«=ª'�¦�Z�p���n�Z�����Z¥��Z�p�
�z�¦�-÷<�¦���nªõ�o���n�¦�/��ªoæ¦�n�����Z� ¬ é°�õ�j¤o�¦�n©����nüZ������ §n�ô ¡î6�z�	©��n���¡ ��p���

Ω = ω × (−1, 1)

t��¦�n©(�n�����¦�n©(�n��©��
(x′, ω)

�� �n��©��ì ��z¤Z�Ä��ïø�n�-§<�¦���8�
x′ ∈ IR2

ã
ω
ín�'�

Ωd = ωd × (−1, 1)
�|

ωd =
{

x′ ∈ IR2,
�n��©��

(x′, ω) < d
}

�µ�¦�n�(�n�/�Z�n©��Z¥÷z���Äî8�n�Z��¤Z�¦�nî8�n�
A ⊂ Ω∞

í»�n�¦�n©(�nª'û»�n��©�©����n©

Nk+2+α;A(u) = sup
x∈A

inf
ξ∈Ξ(x′)

|u− U(ξ)|k+2+α;B1(x)∩A

�%
Ξ(x′) = {ξ ∈ C∞(B2(x

′)), Mξ = 0
©��n�

B1(x
′)}t��¦�n©õ�z��������©����n©I���Z©�¥Z�Z¥��Z©õ�n�¡�ì ¡�����¦�n©)î8�n�%�» ��n©õ�� �©��o¤o�����¦�Î§n��ªo¤Zªo�n�Z�p����§<�¦�n�����Z©õ�¦§<ªZ�� ¡���o�n��©

M,L,B
ét��¦�n©(���p�����6�n�n��©��¦�n©ö ¡�n©�©��µ�� �n���� ¡�����¦�

∂∗Ωd

§<�¦�n�ö�nªo©���æ��n�Z�(���õ÷<�¦���/�z�
Ωd

�'äG¤Z�o§z��ª	���o©ö÷³�����n©
�� ¡��ªo�� ��6ärÃ

∂∗Ωd = (ωd × {+1}) ∪ (ωd × {−1})t��¦�n©� @�¦�¦�n©) ����¦��©ö���õ��ªZ©��n���� ¡�(©��z���¡ ��p�
T �K�eG!EH]V_0R¿��Ô¤�U/ÆQ;X�DFMW_0�,DHMNG�C×MNC�DF�eEnMNRVJ�EnR

Ck+2+α Y.G�J�E*JKCKR¿Y\U^��S�J�R
����R,L3[.G!EnI@X32
´ ??Ï��|Ê ÍhÎ�ÏM7VÏðÍ{HðÌ 5 ÍhÎdÇ 5 Î¡ÏðÍ

C, c > 0
Î�Ï,?K? ÏðÍM[\=�Ï�È�Ì3=VÉ�Î¡Ì3=VÎ�Ï%BkÌ 5 HhÎWÊÄÌ 5

u ∈ Ck+2+α(Ωd)
c 5 Ì3=eÍ

Ç>L%Ì 5 ÍÿÈ�Ì3=,É
d ≥ 0

Nk+2+α;Ω(u) ≤ C
(

|Lu|α;Ωd
+ |Bu|k+1+α;∂∗Ωd

+ e−cdNk+2+α;Ωd
(u)
)

7'DðÍC[\=!ÏC? ÏðÍY7VÏ,=!�ZA�Ï,AEF�ÉsÏðÍg7VÏe?�R Ê 5 9<;�Ç>?ûÊ�Î�9½ÍFÌ 5 Î#j 5 Ê Í N�I�Äå= �ùo�¦�j©���¥����� �������í8�n�¦�z©��z�����¦�z©�§<�¦�n�
1 < p < +∞ í

|u|Lp+-, ù . (Ω) = sup
x∈Ω

|u|Lp(B1(x)∩Ω)

�'��§n���n©öæ�ªZ�nªo�� ����Z¥��Z�p�
|u|W k,p+-, ù . (Ω) = sup

x∈Ω
|u|W k,p(B1(x)∩Ω)

t��¦�n©(���p�����6�n�n��©��¦�n©ö�� ©��Z¥��çþ��n�¦��¥¨�
NW k,p+/, ù . (Ω)(u) = sup

x∈Ω
inf

ξ∈Ξ(x′)
|u− U(ξ)|W k,p(B1(x)∩Ω)

t��¦�n©� @�¦�¦�z©I ����¦��©¼� ïó ��» ����¦æ¦�n���z�/��ñnªZ�¦��üZ¥��;lnéuo�§<�¦�n�(���Z©ö�Z©�§» �¤o�Z©
W k+2,p+/, ù . Ã

o%j



T �K�eG!EH]V_0R¿��Ô��U/ÆQ;X�DFMW_0�,DHMNG�C×MNC�DF�eEnMNRVJ�EnR
W k+2,p021B3 4 Y.G�JKE�J@C�R
Y@UN��S�JKR
����RVL'[.G!EnI@X2

´ ?�Ï��|Ê ÍhÎ¡Ïz7VÏðÍÉHðÌ 5 ÍhÎÄÇ 5 Î�ÏðÍ
C, c > 0

Î¡Ï,?K? ÏðÍ{[\=�Ï�È�Ì3=VÉ�Î¡Ì3=VÎ�ÏfBkÌ 5 HhÎWÊÄÌ 5
u ∈ W k+2,p5 687 (Ωd)

c 5 Ì3=eÍÇ>L%Ì 5 ÍÿÈ�Ì3=,É
d ≥ 0

NW k+2,p9;:=< > (Ω)(u) ≤ C

(

|Lu|W k,p9;:=< > (Ωd) + |Bu|
W

k− 1
p ,p9;:=< > (∂∗Ωd)

+ e−cdNW k+2,p9;:=< > (Ωd)(u)

)

7'DðÍC[\=!ÏC? ÏðÍY7VÏ,=!�ZA�Ï,AEF�ÉsÏðÍg7VÏe?�R Ê 5 9<;�Ç>?ûÊ�Î�9½ÍFÌ 5 Î#j 5 Ê Í N
Â �Z¥¨ ���î8�n���n©õî8�n�%���Z©õ�o©�����¥¨ ¡�����¦�n©Iî8�n���z�¦�n©	 @�¦�¦�n©Ä�¦÷G���Z�8�n�o©Ä�» ��n©õ���¤@ �©Ä��ïø�n�n��§z�ô �î8�n�

���zû»�n���
Ω∞ = IR2 × (−1, 1)

©����8���n�u¤Z�¦���¦���� ���������¥¨¥�ªZ�z�ô ¡�I�n�Z©	�Z©�����¥¨ ¡�����¦�n©I���p��ªo�����o�n���o©Äî6�z�
§z��ªZ¤oüZ�n�o�p�f«=��¤Z�

d = +∞ ¬ éýK�¡ ��p���n��ûn�n���(¤Z�'�����©��o¤o�����¦��í<�n�¦�n©)�n�¦�n�z�¦�n©I�z�n��Z©�����¥� ¡�����¦�j�n�	�y£6§³�%�6�¦÷³�����o�<í®¥¨ ���©(�n�
�n ¡���n���Ä�n�¤�³ªZ���Z�p���¡é»ýI�/�����o����ï	�o�����Ä�n�n��å?����¥���íz�o�����õ�Z©������8��ªZæ¦�� ����¡é�µ�¦�n�4¤Z�o�ô zí�ªo�ì ¡�8�c�n���n�nªZ���n�n�öå?�¦�z¤o�����¦�

h = (h1, ..., h11)
�nªoûn�n���(©��z�

ωd

íp�n���n©4�nªoû»�z��©�©��¦�n©c©��¦�y�'ä6���o�n©����¦�j�������n��¥��Z�z©������n�n�Z��������§» ��

P0(h) =























h1 + x3h4 +
x2

3

2!
h7 +

x3
3

3!
h10

h2 + x3h5 +
x2

3

2!
h8 +

x3
3

3!
h11

h3 + x3h6 +
x2

3

2!
h9























t��¦�n©(�n�����¦�n©(§» �� P �:ïó�o©�§» ¡¤Z�õå?�¦��¥�ªõ�n�õ���o�����Z©Qå?�¦�n¤'�����¦�n©õÃ

P =
{

P0(h), h ∈ H2(ωd)
}

t��¦�n©��nªoûn�n��©�©��¦�n©)�ô %§n���Á���Z¤o�����¦�/÷n���n��¥��Z�n©����¦�z�n�Z�����;� ���Á�
|P(u)

í»�|¿� ���¾�
|P
�Z©��I�^ïó��¥¨§<�¦�����õî8�n�Z�

§z���¾���o¤o���o�n���z�
L2([−1, 1])

©��n�
IR11 í(î8�n���o©����» ¡���z���Z�����o¥¨�o�8�/ª'���Z�z�n� ãf�n��§n���¾���Z¤'���Z�z���n�

H2(Ωd)
©��z� P é!t��¦�n©(�n�¦�n�z�¦�n©�¥� ����p���Z�n ��p�ö�n�n�	�Z©�����¥¨ ¡�����¦��©��n�

w = u− � ���¾�
|P(u)

T �K�eG!EH]V_0R¿��Ô�o�/ÆQ;X�DFMW_0�,DHMNG�C×MNC�DF�eEnMNRVJ�EnR
W k+2,p Y.G�JKE�J@C�R
Y@UN��S�JKR
����RVL'[.G!EnI@X2

´ ?�Ï��|Ê ÍhÎ¡Ïz7VÏðÍÉHðÌ 5 ÍhÎÄÇ 5 Î�ÏðÍ
C, c > 0

Î¡Ï,?K? ÏðÍ{[\=�Ï�È�Ì3=VÉ�Î¡Ì3=VÎ�ÏfBkÌ 5 HhÎWÊÄÌ 5
u ∈ W k+2,p5 687 (Ωd)

c�Ì 5 ÇÈ�Ì3=VÉ
w = u− � ÉðÌ v

|P(u)
ÏhÎÈ�Ì3=VÉ

d ≥ 0 º
|w|W k+2,p(Ω) ≤ C

(

|Lu|W k,p(Ωd) + |Bu|
W

k− 1
p ,p

(∂∗Ωd)
+ e−cd|u|W k+2,p(Ωd)

)
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å�æ�çhè�é3æ
ê�ë�ìeí(îðïsñ¡ñ�ïZí�ïðîsñ¡ò�ókìTìeókôeí(îðókìeí¡ò�þ�÷sö�ókìeí;ô�ìeïfõ�ú¯ë��nôeïaúûòûìe÷Ëë�òûö�ïsý(ïsì�ñ�÷sú¯ëkí¡ñ¡ò���ôeï

Ωε =
ω × (−ε, ε)

þS� ÷sõVë�ò�í�íÜïsô�ö
2ε

õ�ókô�ö�ô�ì'ókô�ùHïsö¡ñ
ω

þ�ï
IR2 	(C�ì
ï��"ïðîsñ¡ôeï�ô�ì¿î��Vë�ì��Hïsý(ïsìnñþS� ÷ðî��eïsúûú�ï(õ"ókô�ö�í�ï½öÜë�ý(ïsìeïsö�í¡ô�ö�ô�ì'ókô�ùHïsö¡ñ�"�ª|ï
��þeë�ìeí�ú�ï:�nôeïsúKókì�ë�õ�õ�úûò���ôeï;ú�ïðí�ïðí�ñ¡òûý�ë©�ñ¡ò�ókìeí@ô�ì�ò ü�ókö¡ý(ïðí\ó���ñ�ïsì�ôeïðípþeë�ìeíKú�ïðí\í�ïðîsñ¡ò�ókìeí@õ�ö�÷ðîð÷ðþ�ïsìnñ�ïðí¨	DC�ì�ó���ñ¡ò�ïsì�ñ.þ�ïðí@ïðí¡ñ¡òûý�ë�ñ¡ò�ókìeíþS� ïsö¡ö�ïsô�ö½ókõ�ñ¡òûý�ë�ú�ïðí�ïsìnñ¡ö�ï�ú¯ëfí�ókúûô�ñ¡ò�ókì'ñ¡ö¡ò�þ|òûý(ïsìeí¡ò�ókì�ìeïsúûú�ïaïsñ�ô�ìeï(õ�ö�ó\�¡ïðîsñ¡ò�ókìÉ��ò�þ|òûý(ïsì��í�ò�ókì�ìeïsúûú�ï�þ�ï�ú¯ë½í�ókúûô�ñ¡ò�ókìfñ¡ö¡ò�þ|òûý(ïsìeí�ò�ókì�ìeïsúûú�ï
	

t��¦�n©�¤Z�¦�n©����nªo���¦�z©��n�n�/§n�� �î8�n�
Ωε = ω × (−ε, ε) �n���8�¨� ïøªZ§n ���©�©��Z�z� 2ε

�Z©����n�o©������nªo��ã
���Z�n�z�������Z��©;�oªZ���né�� ïø�Z�n©��Z¥÷n���

ω
�o©��õ�n�r���z�¦�o���õî8�n�o��¤Z���nî8�n�3«=ª'�¦�o�8���n�Z�����o¥¨�o�8���n�¦�r÷<�¦���nª��o�

�z�¦����ªoæ¦�n�����Z� ¬ �z� IR2
é³ý)§n��üo©�¤ìñ» ��næ��Z¥��Z�p�õ�n���¡ ����ô �÷z���Z©oíK«=¤'åOé��¼�� ������o��i�q|}%znm ¬ �¦��©���� ¡¥¨üo�n�ã�:ïó���z�¦�o���(ûzäG�

Ω = ω × (−1, 1)
é#���-��÷z�����Z�p�(�n�Z©(�nªo§n�ô ¡¤Z�Z¥��Z�p��©

u
�nªoû»�z��©(©��n�

Ω
é����j§³��©��

eε(u) =





















e11(u) e12(u)
1

ε
e13(u)

e12(u) e22(u)
1

ε
e23(u)

1

ε
e13(u)

1

ε
e23(u)

1

ε2
e33(u)





















�'���¦�j�nªoû»�z�����ô �å?�¦��¥¨�õ÷z�������nª@ ¡������©��z�
H1ã äwå (Ω) × C∞

0 (ω × [−1, 1])

aε(u, v) =

∫

Ω

λeε
ii(u)e

ε
jj(v) + 2µeε

ij(u)e
ε
ij(v)

�'���ô �å?�¦��¥¨�õ�����nªZ ������I©��z�
C∞

0 (ω × [−1, 1])
Ã

l(v) =

∫

Ω

fv +

∫

ω×{+1}
gv −

∫

ω×{−1}
gv

§<�¦�n���z�Z©�å?�¦�n¤'�������n©
f ∈ L2ã äGå (Ω)

�'�
g ∈ H

1
2ã äwå (∂Ω)

é����!¤o�¦�n©����nüo���/ �������©���Z©��nªo§n�ô �¤o�Z¥��Z�p��©
u ∈ H1ã äGå (Ω)

©������z�����¦�n©¼�n�-§z���¦÷n��üZ¥��õ©��n�ç�¡ ��p�ÄÃ

aε(u, v) = l(v), ∀v ∈ C∞
0 (ω × [−1, 1])

«Nlzéuq|q ¬
ý ¤Z��©��� ��n���z���ô %§n��ªZ©��o�p�ì ¡�����¦���z�¦�n©I§<�¦�n�������¦�n©(�� Á�����z���o�)�n�z��¤Z���n�n�������¦�/©��z�I���Ä÷<�¦���-�ô ¡��ªZ�� ��
∂ω × (−1, 1)

í2¤Z�Z§<�Z�z�» ��p���n�������%��ñnªo�¦�����%�nªZ¤o�Z©�©�������§n���n©��z���nª'�¦�Z���¦§n§<�Z¥��Z�p��©�§³���n���o�±���Z�n���
¤o�¦¥�§z���)�n�)å= �ùo�¦��©� ¡����©�å= ���©� ��p����«=ª'���n�z�)û»�n�I�n�Z©Q¤o�¦�n¤ìñn�o©Q����¥¨�ç���o© �» ��n©Q�z�Z©Q�n����¥��Z©c�n�n��å?����¥��Z©
 ¡�» �§z��ªZ�Z© ¬ é!�Iïó�o©����ô �� ���©��¦��§<�¦�n�ö�ô ¡î6�z�Z�����I�n���n©ö��ïø���p��ªoæ¦���¦�z©ö§» �©(¤Z�o©�¤o�¦�n�n�ç�����¦�n©ö ��6ä�����¥¨�ç���o©
�n ��n©(�ô �å?�¦��¥�n�� ¡�����¦���¡ ����� ¡�����¦�n�n�o�����a«^lnéuq%q ¬ é

}¦�



òy�)�'äG��©������n�-����üo©��n�¦¥�÷n���o�GäW���� @�¡ ��GäW©��n�����Z©��Z©�����¥¨ ¡�����¦�n©%��ïø�Z�����Z�z��©��Z�p�����r�ô u©��¦���z�����¦�
�������n��¥��Z�n©����¦�z�n�Z�����	�n�Z©ÄªZî8�» ¾�������n©Ä�n�%� ïøªZ�ô ¡©�����¤Z�ç��ª������nªZ ��������'���z�±�nªo§n�ô ¡¤Z�Z¥��Z�p�Ä�n�Z#õ����¤ìñnñn�%�®þ�2�_�¦��©������z�����¦���n�o©¢ªoî8�» ¡�����¦�n©4�n��¥��o¥¨�ö�z�¦¥-é��¼�������n©4�Z��§» �������¤o�n�����Z�E���Z© ���� _�¡ ��6ä%�n�)�Gñn�¦��ë8ñn�o�iÒl�}�{Fm2�o���¼�ô ������o�Zí��)�Z©����z£6�n�n�o��i	q�{G�¡í�q|j|z6í"q|j|jGí"q|}|}Hm2§<�¦�n�Q���Z©Q§n���Z¥���üo���Z©¼�Z©�����¥¨ ¡�����¦�n©c��ïø�Z�����Z�n�
����æ¦���n���o�n©��o©¨©��n�¨�� r�n�¤�³�Z���Z�n¤o�

u − U0
�Z�p�����-�� r©��¦���z�����¦�U�������n��¥��Z�z©������n�n�Z�����¨�o�¨���j�nªZ§z�ô �¤o�'þ

¥��Z�p�¼�n�;#õ����¤ìñnñn�%�®þ��2�_�¦�¡é"�¼�ç���¦�n©¼ã�� ïø���p���Z��©����������� _�¡ ����®��ªZ¤o�Z�p�ö�n�½�� ��næ¦�I�o���õ���n ���©)i�q%j¦��m³©��n�
�z�Z©Ä�Z©�����¥¨ ¡�����¦�n©I��ïó�o�����Z�n�

L∞ í��o�Ä�������ç�G��������üZ©Ä��ªo¤Z�o�8�	�n� �  ���ï £p zí�t) %�@ ����_�³í�� �� �¥¨�o�n�o�6©�ë6� �oíiÒl�q%lGí\l�q|oHm¢�| ©����8������ ¡����ªo©��n�¨�n�¦¥÷z���Z�6ä §n���¦÷n��üZ¥��Z©��z��§<�Z�����n��÷n ¡�����¦�È�» ¡�n©�n�o©�n�¦¥¨ ����z�Z©
©����næ��n�����Z��©% @���Z¤����Z�n��©¨�o©�����¥� ¾�������n©���ïø�Z�����Z�n��©�¤o�¦�����Z©�§<�¦�n�n ��p���Z©oé?��ïø�n�n�/å= �ùZ���Wæ¦ªo�nªZ�� ����¡í ¤Z�Z©
�z���¦�o��©��Z©��o©�����¥� ¾�������n©ö��ïø�Z�����Z�n�)©��¦�p�)�» ��n©)���Ä¥Z�Z¥��	�o©�§n�����)î8�n���� ���ñnªZ�������	�n�o©I§<�Z�����n��÷n ¡�����¦�n©
©����næ��n����üZ���o©Q�nª'�¦�Z���¦§n§<ªZ�	�n�Z§z�n��©(���o©� ��n�nªo�Z©Ä�Fz|}¦��«?¤oåOé��2�����n©(i	lp�%z�m ¬ énòy�2�o©���÷n���o�-¤o�¦�n�8�/î6�z�����Z©§<�Z�����n��÷» ¡�����¦�n©I©����zæ¦�n����üZ���Z©I§z��ªZ©��Z�p���o�p���z�u§zñnªZ�n��¥¨üo�n��n��§<�Z�������n���ªZæ¦�z�ô �������ª�î8�n���o¥¨§<üZ¤ìñn�
�^ïó�o©�����¥¨�o�

u− U0
�» ¡�n©I���Z©��n�¦��¥��Z©)�» ¡���n���o�����o©Zé��� ¡�)��äz�o¥¨§z����¥Z�Z¥��	�» ��n©)���	¤@ �©�����üo©I§» ¡����� þ

¤o�n�����Z����ïø�n�n��§z�ô �î8�n��§³ªo�����6�n��î6�z��«?� éø��é
Ω = ω × (−1, 1)

 @�¦�o¤
ω = IR2\ E 2)

í®©��
f ∈ L2(Ω)

�o�
g ∈ H

1
2 (∂Ω)

ín���^��ïø�Z©��(§» �©Q¤o�¦�n�8�j��ïø�Z©�����¥¨ ¡�����¦���z���y£G§<� |u− U0|H2(Ω)

§» ��Q�n�z�õ§n�n��©�©� ��z¤Z�õ�n�
ε
é��� ��n©)���¦�n©I���Z©)¤@ �©I¤Z�¦�n�8�n©I���Kå= ��z�@í<�¦��÷z���Z��©��¤o�¦�p���Z�p���Z�õ��ïø�n�n��o©�����¥¨ ¡�����¦�-�z���ªoæ¦�n�ô ¡������ª
§z���n©öå= ���÷n���)©��n�

u− U0
í»�¦�j÷n���Z�/�n�Z¥¨ ��n�z�Z�ö§n���n©(�n�Ä��ªZæ��n�ô �������ª�©��n�(���Z©Qå?�¦��¤Z�Z©���¥�§<�¦©�ªo�Z©

f
�o�

g
é�� ïð �§z§n���6¤ìñn��¤Z�� �©�©���î8�n�% �ª'��ª% �§z§n����î6�zªZ��ã��n������üo©õ�n�¦¥÷z���Z�6är§n���¦÷n��üZ¥��Z©I�z����ªZ�z�n¤o�����¦�r�n�
�z��¥��Z�n©����¦��é��¼�Z§<�Z�z�» ��p�	ã��n�������¤o�¦�n�» ���©�©� ��n¤Z�¡í^�����n©�©������^���Z�p�Ä�n��¤o�o�����¥Z�Z¥���n�¤v�¤o�n����ª��n�
��ªZæ¦�z�ô �������ª¡é��¼�ç���¦�n©(ã%¤Z�Ä§n���¦§<�¦© â  �¤Zî8�n�o©�þ¡�K���n��©��2���¦�z©�«ÆiÒl8�%z�m:ín§�é!zp� ¬ Ã
O ÏðÍ
ÏðÍhÎNÊKAZÇ%ÎNÊÄÌ 5 Íx7VÌ 5S5 9ðÏðÍ~^ NKNKN b¿ÍFÌ 5 ÎY7�Ç 5 ÍM?�R ÏðÍ¡È�Ç'HðÏ

H1 N ��5 B�Ç%Ê�ÎaÏ 5 =,ÎNÊK?ûÊ Í�Ç 5 Îe? ÏðÍ3É�9ðÍ,=@?ûÎÄÇ%Î�Í
H,?¯ÇnÍðÍhÊG[\=�ÏðÍM7VÏ*É�9<;>='?¯Ç%ÉhÊ�Î�9z7VÏðÍ�È�ÉsÌ>F\?yD,A�ÏðÍ�Ç>=>�~?ûÊKA�Ê�Î¡ÏðÍ'Ï,?K?ûÊuÈ�ÎNÊG[\=!ÏðÍu^ NKNKN b
cf? ÏðÍ�ÍFÌ3?�=VÎWÊÄÌ 5 Í

u
^ NKNKN bÍFÌ 5 Î*7�Ç 5 Í�7VÏðÍ�ÏðÍ¡È�Ç'HðÏðÍ�È�?�=�Í�È�ÏhÎNÊ�Î^Íz^�7VÏYW�Ì>FhÌ3? Ï,L\c�7VÏ_WsH:I�Ç>=p7VÏhÉ�c)ÏhÎ�H N b N�F =�Ï,?K? ÏðÍ�ÍFÌ 5 Î�? ÏðÍ�ÏðÍhÎWÊK|

AZÇ%ÎNÊÄÌ 5 Íg7�R ÏhÉËÉsÏ,=,Ég7�Ç 5 Í_HðÏðÍ�ÏðÍ¡È�Ç'HðÏðÍ 
� ïø�¦÷6���'�)�z�	�z�������Ä���� @�¡ ����³�Z©��)�z�	§z���¦§<�¦©��o�(�n�n�Ä��ªo§³�¦�z©��	§³�¦©�©���÷n���õã%¤Z�'�����	î8�n�o©������¦�/©��n�(���õ¤@ �©
�z�Z©I§z�ô �î8�n�o©�«=¥¨ ���©�î8�n�¸ ¨�o��å= ��ç�)�z��¤@ ��� �¤o��üZ���������z��þyã¾þ�å= ��ç�öæ¦ªo�nªZ�� �� ¬ í<�o��¤Z���8���¦�n���» ��p���� ��n�çåôþûn¤Z�n�ç��ª¤o�ô �©�©���î8�n��æ¦�sr�¤o��ã��:ïó���8�����6�n�n¤'����������ïø�n�n��§n���¾���Z¤'�����¦��÷n���n��¥��Z�n©����¦�z�n�Z�����Ä�n��� �©��¦���z�����¦�
�������n��¥��Z�n©����¦�z�n�Z������é
Á�����C�Ã�RV_0RVC�D�I�R'�"��E�M^�"[@UNRVX
�������8�����6�n�n�ç�±��� ¤ìñ» ��zæ¦�Z¥��Z�p�U�n�a�� ¡���ô ¡÷n���o©±©��n���¡ ��p�

x = (x1

ε
, x2

ε
, x3)

 @�¦�Z¤
x ∈ Ω =

ω

ε
× (−1, 1)

�'�

u1(x) = ε2u1(x) ∂1 = ε∂1 f 1(x) = ε4f1(x) g1(x) = ε4g1(x)

u2(x) = ε2u2(x) ∂2 = ε∂2 f 2(x) = ε4f2(x) g2(x) = ε4g2(x)

u3(x) = εu3(x) ∂3 = ∂3 f 3(x) = ε5f3(x) g3(x) = ε5g3(x)�¼�	¤ìñ» ��zæ¦�Z¥��Z�p�)�n�	�¡ ����ô �÷z���Z©ö§<�Z��¥¨�'�I�z�	©����� �¥¨�o�n�Z��ã%� ïøªo���n�n�	§n��ªo¤ZªZ�z�Z�p�����n���� �§n�ô �î8�n�	�Z�
ªo�ô �©�����¤Z����ªI�����nªZ ������I©��z�ö� ïø�¦�z�¦�o��� ω

ε
× (−1, 1)

�'�(��ïð ¡§n§n����î8�n�Z�ö�n��©ö�Z©�����¥¨ ¡�����¦�n©¢���n�nªo§³�o�n�» ��p���Z©
�z�	�� ��ì ��������I�n�Ä� ïø�¦�z���Z���)�^ïóªo§» ���©�©��o�n�öûzäGªZ��é
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ú �±���³�Z¤o���» ��p�����%¤ìñ» ��næ��Z¥��Z�p���z�%�¡ ����ô �÷z���Z©õ§z��ªZ¤oªZ�n�o�p�@í��z�¦�n©	 ������¦�n©õ¥¨ ����p���Z�» ��p�	 �§z§n����î6�z�Z�
�� Ä��ñnªZ�������(î8�n�)�n�¦�n©¢ @�¦�¦�n©¢�nªo���Z���¦§n§<ªZ�I�n ��n©c���Z©c©��o¤o�����¦�n©c§n��ªZ¤Zªo�n�Z�p���Z©Zé"�� ��n©c���o©¢�o©�����¥� ¾�������n©
©��n���¡ ��p���Z©ö�n�¦�z©ö§n���o�n�n�����n©(�n�Z©Qå?�¦��¤Z�o©ö©��n��å= �¤Z��î6�z�Z©(�8�n�����Z©

g = 0
§<�¦�n�Q©���¥�§n���çû»�Z�c�ô �§n��ªo©��Z�p�� ¾þ

�����¦�^ín÷n���o�jî6�z�	�z�Z©���ªZ©��n���� ¡��©(©���¥����ô ¡�����o©¢©��¦���o�p�(�n��©�§³�¦�z��÷n���Z©Q§<�¦�n�
g 6= 0

é
ý �n�o©öû»�n©(§³ªo�» �æ¦��æ¦��î8�n�o©Zí»�n�¦�z©�¤o�¦¥�¥¨�o�nùZ�¦�z©�§n ��ö�n�/��ªZ©��n���� ¡�(§» �������¤Z�n�����Z�oé
T �K�eG!EH]V_0R¿��Ô¤ U/®�aG!EnCKRVX

L∞ I���CKX�U^R
L|��X�Y.�eEnMNGIKMNS�JKR°2
´ ?"Ï��|Ê ÍhÎ�Ï�= 5 Ï%HðÌ 5 ÍhÎÄÇ 5 Î�Ï

C > 0
[\=,Ê 5 Ï�7'9¡È�Ï 5 7r[\=!Ï�7VÏ

λ, µ
Î�Ï,?K? Ï�[\=!Ï�È�Ì3=VÉh?¯Ç�È�?¯Ç�[\=�ÏKÈS9hÉËÊÄÌ\7%ÊG[\=�Ï

^�HSR ÏðÍhÎG|�}>|�7%Ê�ÉsÏ
Ω = ω × (−1, 1)

Ç>L%Ï:H
ω = IR2\ E 2 b
c�ÍhÊ

f ∈ L∞(Ω)
ÏhÎ
g ≡ 0

c;Ç>? ÌnÉsÍ�Î¡Ì3=,Î¡ÏÍFÌ3?�=VÎNÊÄÌ 5
u
7VÏE^ ±�N ���©b�ÏðÍhÎøÎ�Ï,?K? ÏY[\=�Ï

w = u− � ÉsÌ v
|P(u)

L>9hÉhÊ j?Ï

|eε(w)|L∞(Ω) ≤ Cε
(

|fα|L∞(Ω) + ε |f3|L∞(Ω)

)

t��¦�n©����_£¦�¦�n©�î8�n��¤Z����ñnªZ�¦��üZ¥����n���n©� �©�©��n����î8�n��©��)�¦� ©� ����¨÷³�����n�o�����o©��nª'å?�¦��¥¨ ¡�����¦�n©��n�� ���¾�
|P(u)

î8�n�2�o©��)�n�n�Äî8�» ��p���ç��ªÄ�Z©�©��o�8�����o�����o¥¨�o�p�(÷n���n��¥¨�o�n©����¦�n�n�o������íG ����¦��©Q�¦�/©� ��ç�� ��n©�©��2÷<�¦��þ
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Ω = ω × (−1, 1)

Ç>L%Ï:H
ω
= 5 Ì3='L%ÏhÉËÎ�FhÌnÉ 5 9g7VÏ

IR2
c�ÏhÎ

Ωd = ωd × (−1, 1),
Ì3X

ωd =
{

x′ ∈ IR2,
7%Ê ÍhÎ

(x′, ω) < d
}

W�ÌnÊ�Î
1 < p < +∞ N ´ ?øÏ��|Ê ÍhÎ�Ï�7VÏ,=>�¾HðÌ 5 ÍhÎÄÇ 5 Î¡ÏðÍ

C, c > 0
7'9¡È�Ï 5 7�Ç 5 Î�= 5 ÊG[\=!Ï,A�Ï 5 Î*7VÏ

λ, µ
ÏhÎ

p
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u
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Ωd
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f ∈ Lp(Ωd)
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w = u− � ÉsÌ v
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g ≡ 0
È�Ì3=,É
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ε2 |eε(w)|Lp(Ω)

|∂33w3|Lp(Ω)

ε |∂33wα|Lp(Ω) , ε |∂3αw3|Lp(Ω)

ε2 |∂3αwβ|Lp(Ω) , ε2 |∂αβw3|Lp(Ω)

ε3 |∂αβwγ|Lp(Ω)
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∑
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x′ = (x1, x2)
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[v]′α;A = sup
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|x′ − y′|α
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α ∈ (0, 1)
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x3
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[v]3α;A = sup
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|x3 − y3|α

t��¦�n©(�� ¡§n§³�o���¦�z©( ��n©�©��Kî6�z�	�z�¦�n©(�n�����¦�n©(�ô �n����¥��
L∞ Ã

|v|0;A = sup
x∈A
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ζ1 − x3∂1ζ3 + ε2
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′ζ3
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(
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c�ÏhÎ

Ωd = ωd × (−1, 1),
Ì3X

ωd =
{
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7%Ê ÍhÎ

(x′, ω) < d
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′) = {ξ ∈ C∞(B2ε(x
′)), Mξ = 0

Í,=,É
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(λ+ 2µ)∂11u1 +
(λ+ µ)∂21u2 + µ∂22u1

ε2
= −f1

(λ+ µ)∂21u1 + µ∂11u2

ε2
+

(λ+ 2µ)∂22u2

ε4
= −f2
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= g1

λ∂1u1
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(uj)j

�Z©��(�zªo���o��¥����nªo���n��å= �ùo�¦���n�n��î8�n��í»ã�z�¦�z�¦�Z ��j�Z�j��¥�§<�¦©� ��p�¼�ô 
¤o�¦�n�n�ç�����¦���n�Ä�n�¦��¥� �����©� ¡�����¦��§<�¦�n�ö¤ìñ» ¡î6�z���o�8�����o�

j
Ã

∫

Ω

uj
i = 0, i = 1, 2

}�o
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(f, g)

ãå?��ªZî8�n�Z�z¤Z�Z©)÷³�����nªo�Z©(�Z�
x1

í»� éø��én�n�Ä�� �å?�¦��¥��

F =
∑

k∈ E , |k|≤K

F c
k (x2) cos(k1x1) + F s

k (x2) sin(k1x1)

 @���Z¤
F c

k , F
s
k ∈ C∞([−1, 1])

í6���»�'äG��©����
η0(K) > 0

í¦���o�®î6�z�I���(�nª'�¦�o���¦§n§<�Z¥��Z�p�;«Nlné�q�o ¬ ¤Z���8���Z��æ¦��n ��n©(�n�Z©��Z©�§» �¤o�Z©��n���G�¦÷<�¦���'���n�j�y£6§³�
Hm((−1, 1), Hq(I))

§<�¦�n�
η ∈ [0, η0)

é
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Φ
ci?�R ÇhÈ�È�?ûÊ<H®Ç%ÎNÊÄÌ 5

Φ : C∞(Ω) × C∞(∂Ω) × [0,+∞) −→ C∞(Ω)
(f, g, η) 7−→ u(η)

Ì3X
u(η)
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Φ
ÏðÍhÎ

C∞ v =eÍ\[\=]R Ï 5
η = 0 N�¼����ªZ©��n���� ¡�@íc��ïó �§n§» ����Z�n¤o�r©���¥¨§n���-�'��©��n���n��§n���¦÷n��üZ¥��-�����nªZ �������í �Z©����Z� å= ¡���¨�nªZ����¤@ ¾��ã

�zªZ¥��¦�p�����o�ZéHt��¦�n©µ�n�o���¦�n©µ�Z�	§» �������¤o�n�����Z��¥��¦�p�����Z�Kî8�n� ���¦�z���4�nªZ�����¦ªo�
k
þy��üZ¥�� �n�

Φ
§» ��K�� �§n§<�¦���

ã
η
í¦�Z©��c¤Z�¦�p�����8�n�����n©�î8��ïø�Z�

η = 0
ée�4���n© §n��ªZ¤Z��©�ªo¥¨�o�8�c�n���n©4�¦÷z���o�n�¦�n©oíp�Z�¨ ��z�����Z©oíp� ïø�Z©�����¥¨ ¡�����¦�

�z�¦�-��§z����¥� ����I©��n���¡ ��p���õ§<�¦�n�ö���¦�z�
j, k ≥ 0

∣

∣

∣

∣

∂ju

∂ηj
− uj

∣

∣

∣

∣

k+α

≤ ηC|F |k+9j+5+α

«^lné�q|} ¬
�%

C = C(n, k, α) > 0
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η = ε2
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Φ
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�z�������¦����ïø�n�n�	 �§n§z����¤Z ¡�����¦���n���n¤Z� ¬ é

}|}



ã��<Ê h/SpDGM�JLB DGM t4v }|?R�wzwnR2P�wfV t P)wfP v J t }I~2XOR½}IR½�ÆÿöXOM v }�wnR�B4Sÿ(JÊV)D t DGMa·
NQPIRKJLR v DaJLM v �^R à Ú Ð@ä

å�æ�çhè�é3æ
ê�ë�ìeí)îðïsñ¡ñ�ï(í�ïðîsñ¡ò�ókì3ìeókôeí)îðókìeí¡ò�þ�÷sö�ókìeí�ô�ì�î�§%úûòûìeþ|ö�ï;ý;òûìeîðï

εω × (0, L)
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εω
ïsñþ�ï\ú�ókì��Fôeïsô�ö

L
	JC�ì;îðókìeí¡ò�þ��sö�ï.ú�ïðíþ�÷sõ�ú¯ëkîðïsý(ïsìnñ�í@þ�ïpîðï.î�§�úûòûìeþ|ö�ïïsì�÷sú¯ëkí¡ñ¡ò�îsòûñ�÷�úûòûìe÷Ëë�òûö�ï��e÷sñ�÷sö�ó���sìeï?ë�ì�ò�í�ókñ¡ö�ókõ�ï�ïsì�í¡ô�õ�õ"óFíÜë�ì�ñKú�ïðíKï�ª|ñ¡ö�÷sý;òûñ�÷ðí\þ|ô�î�§%úûòûìeþ|ö�ï"�ª�÷ðïðí¨	KC�ì�ï���ïðîsñ¡ôeï)ô�ì�î��Vë�ì��Hïsý(ïsìnñ�þS� ÷ðî��eïsúûú�ï½õ�ókô�ö?í�ï)öÜë�ý(ïsìeïsö?í�ô�ö�ô�ì�î�§�úûòûìeþ|ö�ï*"�ª�ï
�þeë�ìeí?ú�ï:��ôeïsúókì*ó���ñ¡ò�ïsìnñ�ô�ìeï½ïðí¡ñ¡òûý�ë�ñ¡ò�ókì3þS� ïsö¡ö�ïsô�ö

3d − 1d
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Ωε = εω× I �z�)©��Z¤o�����¦� εω �|
ω
�Z©��¼�n�¨�¦�z���Z���¢÷<�¦���nª(��ªZæ¦�n�����o� �n�

IR2
�o�
I = (0, L)

�|
L
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Ω = ω × (0, L)
©��n�!���Zî8�n�o���¦� ¤Z�¦�n©����nüo���½���o©!�zªZ§n�� �¤Z�o¥¨�o�8��©

uε = (uε
1, u

ε
2, u

ε
3)

 �§z§» ������Z�» ¡�8�Wã � ïø�Z©�§n �¤Z�
(H1

b (Ω))
3 é4òy¤o�

H1
b (Ω)

�Z©����:ïó�o©�§» ¡¤Z���z�Z©¨å?���n¤o�����¦�n©%©�¤@ ��� ������Z©
H1(Ω)

©oïð ��z�6�z�ô ��p�¨©��n�����o©¨��ä6þ
����ªo¥¨�ç��ªZ©ö�z�-¤'£G�����n�z����Ã

H1
b (Ω) =

{

u ∈ H1(Ω), u = 0
©��z�

ω × ∂I
}

t��¦�n©�z�����o���¦�n©
x = (x′, x3)

���¦�z�§³�¦���p��n�
Ω
 @�¦�o¤

x′ = (x1, x2) ∈ ω
é@�� ��n©��� �©��n�ç�������Z©

���n�n��¤Z�Z©¢�ô ¡�����n©
i, j, k, ...

§z���Z�z�n���¦�z©Q���o©¢�¡ ����o�n��©
1, 2, 3

é8ýi¤Z ��n©����n��¤ìñ» ¡�næ¦�Z¥��Z�p�ö�z�I�¡ ����� �÷n���o©Zí
���Z©¸�nªZ§n�� �¤Z�o¥¨�o�p��©

uε
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�z�¦�n�nª%�n�u�nªZ§z�ô �¤o�Z¥��Z�p�
φ ∈ (D′(Ω))3 ���o©	�zªoå?�¦��¥� ¡�����¦�z©�©��n�ç�¡ ��p���Z©Ä�¦���8�Q���¦�z�Z�Ä�n�u��ÿ¦������¥�þ§<�¦���ì ��p�ÄÃ

eε(φ) =





















1

ε2
e11(φ)

1

ε2
e12(φ)

1

ε
e13(φ)

1

ε2
e21(φ)

1

ε2
e22(φ)

1

ε
e23(φ)

1

ε
e13(φ)

1

ε
e23(φ) e33(φ)
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eij(φ)

�Z©��)�zªoû»�n�2§n ��

eij(φ) =
1

2

(

∂φj

∂xi
+
∂φi

∂xj

)

, i, j = 1, 2, 3
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A
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A
�Z©��Q©��n§n§<�¦©�ªIå?�¦�����Z¥��Z�p�Q¤o�G�o��¤o��åK�o�Qã�¤Z�6��v�¤o���Z�p��©

�n ��n©
L∞(Ω)

í»� éø��é
Aijkl ∈ L∞(Ω), i, j, k, l = 1, 2, 3

}�{



Aijkl = Ajikl = Aijlk, i, j, k, l = 1, 2, 3

Aijkl(x)ekleij ≥ m
∑

i,j

|eij|2,
§�éø§�é

x ∈ Ω, ∀e ∈ IR3×3
s

Q½CKG�CKL|�
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h ∈
(

L2(Ω)
)3×3

s

�z�¦�n©(¤ìñn�Z��¤ìñn�¦�n©)���o©ö�nªZ§n�� �¤Z�o¥¨�o�p��©
uε ©��¦���z�����¦�n©ö�n�/§n���¦÷n��üo¥¨�)�� ¡���ô ¾�������n�n�Z�³©��n�ç�¡ ��p�















∫

Ω

A(x)eε(uε)eε(φ)dx =

∫

Ω

heε(φ)dx

uε ∈ (H1
b (Ω))

3
, ∀φ ∈ (H1

b (Ω))
3
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(u, v, w)
î8�n�2©��Z�����8��§n��ªZ¤o��©�ªo©)¤o�çþ��n�Z©�©��¦�n©oí®�o�ö���o��©(î8�n�

∣

∣

∣

∣eε
(

uε −
(

u+ εv + ε2w
))∣

∣

∣

∣

L2(Ω)
−→ 0

� ïø�¦÷6���'�I�n���n�������	ªo���z�n���o©����z��§n���¦�z���Z�Zí³î8�n��������ã�©��n§n§<�¦©��o�I§n���n©)�z����ªoæ¦�n�� ����ç��ªõ©��z�I���o©)�z�¦�Gþ
�zªZ�Z©�����¥¨�ç���o©Zí6î6�z�	¤o�o�����	¤Z�¦�p�¦�o��æ¦�o�n¤Z�� ������o���Z�

O(ε)
é
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1, 2

«=ãI� ïø�'äG¤o�Z§z�����¦���n�
ε
î8�n�G�Z©��4�n�Z©������zª

ãj���o�n�n�����¦�o��©��oªZ��� ¬ é(���È�z��������©����� /¤o�¦�p�¦�Z�p�����¦�U�n��©���¥¨¥¨ ¡�����¦�Î©��n�	���o©����n�n��¤Z�Z©	��ªo§³ª'��ªo©Zép�K 
�z���ì ¡�����¦�

xR
�zªZ©���æ¦�n�¨���%�¦�Z¤'���o�n�

xR = (−x2, x1, 0)
�n�

IR3
�¦÷z���o�8�Uã�§» ��������	�z�

x
§» ����n�n�

�����ì ¾��������n�
π/2

�n�Z© �n�o�Gä%§n���Z¥���üo���Z©�¤Z�¦¥�§³��©� ��p���o©Zí¦�'�4�Z�� ��n�8�n�� ��p� �ô ��z�Z���z��üZ���Q¤Z��¥¨§<�¦©� ¡�8����é
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H1
b (I) =

{

φ ∈ H1(I) : φ = 0
©��n�

∂I
}

H2
b (I) =

{

φ ∈ H2(I) : φ =
dφ

dx3
= 0

©��n�
∂I

}

H1
m(ω) =

{

ψ ∈ H1(ω) :

∫

ω

ψ(x′)dx′ = 0

}
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IR3











BNb(Ω) = {u : ∃ζα ∈ H2
b (I), uα(x) = ζα(x3), α = 1, 2

∃ζ3 ∈ H1
b (I), u3(x) = ζ3(x3) − xα

dζα

dx3
(x3)

}
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Rb(Ω) = {v : ∃c ∈ H1
b (I), vα(x) = c(x3)x

R
α , α = 1, 2

v3 ∈ L2(I;H1
m(ω))}

«?�|j�ô ��n���� ¡�����¦�
R
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RD⊥
2 (Ω) = {w : wα ∈ L2(I;H1

m(ω)), α = 1, 2

∫

ω
(−x2w1(x

′, x3) + x1w2(x
′, x3)) dx

′ = 0
§�éø§�é

x3 ∈ I,

w3(x) = 0}
«?�|j�ô ��n���� ¡�����¦�

RD2
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E(Ω) =
{

e ∈ (L2(Ω))
3×3
s : ∃(u, v, w) ∈ BNb(Ω) ×Rb(Ω) × RD⊥

2 (Ω),

e =

(

eαβ(w) eα3(v)
eα3(v) e33(u)

)}

�% �¦�  ��n����ª ©�£6¥÷<�¦����î8�n�Z¥��Z�p�
eαβ(w)

��� ���o�n©��o�n� {eαβ(w) : α, β = 1, 2} �n�
IR2×2

s�'�
eα3(v)

��� �¦�o¤o���o�n� {eα3(v), α = 1, 2} �n�
IR2

éx����§<�Z�z�g¥¨���8�����o� « �¦�¦��� i	leo¡�nm ¬ î8�n�
BNb(Ω), Rb(Ω), RD⊥

2 (Ω)
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||e33(u)||2L2(Ω),
∑

α

||eα3(v)||2L2(Ω),
∑

α,β

||eαβ(w)||2L2(Ω)

�'��î8�n� E(Ω)
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∫

Ω

A(x)eedx =

∫

Ω

hedx

e ∈ E(Ω) ∀e ∈ (E(Ω))3

�)�	§z���n©(�������Z�n©��Z�n�
e
©��¦���z�����¦��©Zïø�Z¤o�����

e =

(

eαβ(w) eα3(v)
eα3(v) e33(u)

)

�%
(u, v, w) ∈ BNb(Ω) × Rb(Ω) × RD⊥

2 (Ω)
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� L%Ï:H�? ÏðÍ 5 ÌnÎdÇ%ÎNÊÄÌ 5 ÍZ[\=VÊ@È�É�9:H:D�7VÏ 5 Î�c�ÊK?ÿÏ��|Ê ÍhÎ¡Ï�= 5 ÏMHðÌ 5 ÍhÎÄÇ 5 Î�Ï

C = C(m, |A|L∞(Ω)) > 0
Î¡Ï,?K? Ï

[\=�Ï:c�ÍhÊ
w1, w2, v3

ÇhÈ�È�Ç%ÉËÎNÊÄÏ 5S5 Ï 5 Îr}
H1

b (Ω)
c

(h− Ae)α3 ∈ H1
b (I;L

2(ω))
c�ÏhÎ

(h− Ae)33 ∈
H2

b (I;L2(ω))
c�Ç>? ÌnÉsÍ

∣

∣

∣

∣eε
(

uε −
(

u+ εv + ε2w
))∣

∣

∣

∣

L2(Ω)
≤ εCMÌ3X

M = ||v||
(H1

b
(Ω))

3 + ||w||
(H1

b
(Ω))

3 + ||(h− Ae)α3)||H1
b
(I;L2(ω)) + ||(h− Ae)33)||H2

b
(I;L2(ω))

��5 È�Ç%ÉËÎNÊ<H,=@?ûÊÄÏhÉ�Ì 5 7'9�7>=VÊ�Î
||uε − u||H1(Ω) ≤ εCM�K �§n���Z�z�����z��¤Z���ñzªZ�¦��üZ¥������Z§<�¦©���©��n�õ�n�z���n�¦�z���Z��������zªZæp �������ª��n��y£6§<�f#)�¦���rî8�n�%�n�¦�n©

§z���¦�z���¦�n©
1�EHG!Y.G�X�M^DHM^G�C ��ÔNAV~U/ÆB�CK�eÃ!��UNM^DF�'I�R¿DË�Y.RNM�G!EnCø�@Y@��EHDFMNRVUNUNR°2
´ ?@Ï��|Ê ÍhÎ¡ÏC= 5 Ï_HðÌ 5 ÍhÎÄÇ 5 Î¡Ï

C > 0
[\=VÊ 5 ÏY7'9¡È�Ï 5 7M[\=�Ïg7VÏ

Ω
Î¡Ï,?K? ÏY[\=�Ï;ÍhÊ

z ∈ (H1(Ω))
3 cÿÇ>? ÌnÉsÍ

∣

∣

∣

∣

∣

∣

∣

∣

z3 −
(

∫

ω
z3

∫

ω
1
− xα

d

dx3

(

∫

ω
zα

∫

ω
1

))∣

∣

∣

∣

∣

∣

∣

∣

H−1(I;L2(ω))

≤ C
(

||eαβ(z)||L2(Ω) + ||eα3(z)||L2(Ω)

)
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Ωε = ω× (−ε, ε) ��ïøªZ§n ���©�©��Z�z� 2ε
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ω = IR2/ E 2 é��¼�'������§n�� �î8�n�Ä�Z©��I©��¦�z¥¨��©��
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u
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Aε(u) = F
©��n�

Ω = ω × (−1, 1)
«^lné�q�{ ¬

�%
F
�zªZ©���æ¦�n�-���Z©�å?�¦��¤o�Z©���ä6��ªZ�����o�n���o©��o� Aε
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ω
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ω
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þy¤o�¦�p�¦�o��æ¦�o�n¤Z�¡í³���Z¥¨ ���î8�n� ¬� t ÌnÎ�Ì 5 ÍE[\=QR = 5 Î�IS9ðÌnÉ�D,A�Ï�7VÏMHðÌ 5 L%ÏhÉw;VÏ 5 HðÏE[\=VÊ v =eÍhÎNÊ j?ÏhÉÆÇ%Ê�Î�?¯Ç'Î�IS9ðÌnÉËÊÄÏ&7VÏ [ Ê�É:H:I�I�Ì���| O Ì3L%Ï

5 Ì 5 ?ûÊ 5 9®Ç%Ê�ÉðÏ 5 R ÏðÍhÎ�Î¡Ì3= v Ì3=VÉsÍ�È�ÇnÍ_HðÌ 5S5 = N �
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ε
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u(ε)
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∫
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α = ζα(x′) − x3∂αζ3(x
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3 = ζ3(x

′)
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x′ = (x1, x2)
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−∂βnαβ(ζ) = hα

8µ(λ+ µ)

3(λ+ 2µ)
∆2ζ3 − ∂β (nαβ(ζ)∂αζ3) = h3

Ì3X
nαβ(ζ) =

4λµ

λ+ 2µ
E0

γγ(ζ)δαβ + 4µE0
αβ(ζ)
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ÏhÎ
E0

αβ(ζ) =
1

2
(∂αζβ + ∂βζα + ∂αζ3∂βζ3)

hα = IFα, h3 = IF3 + ∂αI(x3Fα)Ì3Xx?�R ÌðÈS9hÉÆÇ%Î�Ï,=VÉ
I

ÏðÍhÎ�7'9�j 5 Ê�È�Ç%É

IFi(x
′) =

∫ +1

−1

fi(x
′, x3)dx3 + [gi(x

′, x3)]
x3=+1
x3=−1
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g = 0
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Dlh = {∂l1

1 ∂
l2
2 ∂

l3
3 h}li≥0,i=1,2,3,l1+l2+l3=l

�o�
Dl

Th = {∂L1
1 ∂l2

2 h}lα≥0, l1+l2=l
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k ≥ 0
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F = (f, g) ∈ Hk
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Tg|L2(∂Ω)
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e33(u)

ε2
,
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ε
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, e12(u), e11(u), e22(u), e

−
13(u), e

−
23(u), e

−
12(u)
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eij(u) =
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α = 0
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e33(u
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E0
ij(u) =

1
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(∂iuj + ∂jui + ∂iu3∂ju3), E2
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∂iuγ∂juγ
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h(x′, s)ds

t��¦�n©�©��¦¥�¥¨�o©ö¥� ¡���p���o�» ��p���Z�/§³�¦©��������¦��§<�¦�n�(ªZ�z�¦�n¤Z�o�)§z��ªZ¤o��©�ªZ¥��Z�p�I�z�������	��ªZ©��n���� ¡��§n�����Gþ
¤o��§» ¡�
T �K�eG!EH]V_0R¿��ÔNAV�U/ËÁ�G�C���ReEHÃ!RVC@L|R
~!I��ðP!I�R�DZRVX�DHMN_0��DHM^G�CwI���RVEHEHRVJKE�2
´ ?øÏ��|Ê ÍhÎ¡Ï

ε0, R0,M > 0
Î¡Ï,?uÍ&[\=�Ï½È�Ì3=,É�Î¡Ì3=VÎ

ε ∈ [0, ε0)
ÏhÎ�Î¡Ì3=,Î

F
Í�Ç%ÎWÊ Í�B�Ç%Ê Í�Ç 5 Î�?¯ÇuHðÌ 5 7%Ê�ÎNÊÄÌ 5

7�R�9�[\=VÊK?ûÊGF�ÉsÏE^ ±�N ±6ü bfÎ¡Ï,?�[\=!Ï |F |H4 < R0

cøÊK?\Ï��|Ê ÍhÎ�Ïr= 5 Ï;ÍFÌ3?�=VÎWÊÄÌ 5
u ∈ H3(Ω)

7VÏ
Aε(u) = F

È�Ç%É¨A�Êe? ÏðÍ�ÍFÌ3?�=,ÎNÊÄÌ 5 Í'Í�Ç%ÎNÊ B�Ç%Ê Í�Ç 5 ÎY?¯Ç¯HðÌ 5 7%Ê�ÎNÊÄÌ 5 7VÏ 5 ÌnÉ¨AZÇ>?ûÊ Í�Ç%ÎWÊÄÌ 5 ^ ±�N ±h� b N � ÏZÈ�?�=�Í'ÍhÊ 5 Ì3=eÍ
5 ÌnÎ¡Ì 5 Í

u0 ?¯ÇZÍFÌ3?�=VÎWÊÄÌ 5 È�Ì3=,É
ε = 0

c?ÏhÎ
v = u0 + ε2u2[u0]

c�Ç>? ÌnÉsÍ 5 Ì3=�Í�Ç>L%Ì 5 Í
|∇ε(u− v)|H2(Ω) ≤ εM

«Nlnéuo�� ¬
� Ì3=VÉ]j 5 Ê�É�Î¡Ì3=VÎ�Ï;ÍFÌ3?�=VÎWÊÄÌ 5 Í�Ç%ÎNÊ Í�B�Ç%Ê Í�Ç 5 Î*^ ±�NK¼'È b�ÏðÍhÎi= 5 ÊG[\=�ÏCA�Ì\7>='? Ì�?¯Ç 5 ÌnÉ¨AZÇ>?ûÊ Í�Ç%ÎWÊÄÌ 5 ^ ±�N ±h� b N� ïø�Z©�����¥¨ ¡�����¦� «Nlnéuo�� ¬ �o©����¦÷z���o�8�n�/�6�� u�� Î¥�ªo��ñn�6�n�j�n�Z©����� ¡�n©��� ¡�����¦�n©��n�'t)�����Z�8÷<�Z��æÑ«?¤oåOé
ê¢��ª��o��©�i	q�o%znm ¬ �o�(�o©��)÷» �©�ªo�Ä©��n�(� ïø���zªZæp �������ªI�n��#)������é
��R,_c�"EnS�JKR'��ÔWA'�ji Ï,AZÇ%É�[\=!Ì 5 ÍE[\=!Ï 5 ÌnÎNÉsÏEAZ9hÎ�I�Ì\7VÏ�7�R Ê 5 L%ÏhÉsÍhÊÄÌ 5 ÍhÊ 5 ;>='?ûÊ<DhÉðÏ 5 Ï½È�ÏhÉ¨A�ÏhÎ.È�ÇnÍ
7�R Ï,A�ÈSé:H:I�ÏhÉ�? Ï�ÈSIS9 5 Ì3AZD 5 Ï8H,?¯ÇnÍðÍhÊG[\=�Ï87VÏøÈ�ÏhÉËÎ¡Ï87VÏ�É�9<;>='?¯Ç%ÉËÊ�Î�9 º Ê<HhÊpÌ 5 7VÏ,AZÇ 5 7VÏf[\=�Ï%? ÏðÍ�BkÌnÉ:HðÏðÍ
ÍFÌnÊÄÏ 5 Î]FhÌnÉ 5 9ðÏðÍ87�Ç 5 Íf= 5 Ï 5 ÌnÉ¨A�Ï8F�ÊÄÏ 5 È�?�=�Í(BkÌnÉËÎ¡Ïe[\=�Ïr?¯Ç 5 ÌnÉ¨A�Ï 5 Ç%Îw=VÉsÏ,?K? Ïe[\=VÊiHðÌnÉËÉsÏðÍ¡È�Ì 5 7%ÉÆÇ%Ê�Î
}É7VÏ,=>�~HhÉ®Ç 5 Í�7VÏ�É�9<;>='?¯Ç%ÉhÊ�Î�9&7VÏ_A�ÌnÊ 5 Í�[\=�Ï�?¯Ç�É�9<;>='?¯Ç%ÉËÊ�Î�9&7VÏ�ÍFÌ3?�=,ÎNÊÄÌ 5 N ègR ÏðÍhÎ)Ç>=�ÍðÍhÊh?¯Ç3É®Ç%Ê ÍFÌ 5È�Ì3=VÉe?¯Ç�[\=!Ï,?K? Ï 5 Ì3=eÍ 5 R Ç>L%Ì 5 Í�È�ÇnÍ_H:I�ÏhÉ�H:IS9g}�ÌðÈ�ÎWÊKA�Ê ÍFÏhÉr?¯Ç�É�9<;>='?¯Ç%ÉËÊ�Î�9g}*Ç>L%ÌnÊ�É�Í,=VÉ

F
ÏhÎ
u N

{|{



�K È§n���Z�z�����n� ��ñnªZ�¦��üZ¥���¤o�çþy�z�Z©�©��n©����Z§<�¦©����Z©�©��Z�p�����Z�����Z¥��Z�p��©��n�¨���Z©¨�n�Z�6ä §n���¦§<�¦©��ç�������n©
©��n���¡ ��p���Z©(�|/�¦�j�n�����

Kε
M(F ) =

{

u ∈ H3(Ω), |∇ε(u− v)|H2(Ω) ≤ εM
}

�%
v = u0 + ε2u2[u0]

§³�¦�z�
u0
©������z�����¦���n� A0(u0) = F
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ε′0 = ε′0(M,R0) > 0
ÏhÎ
c > 0

Î�Ï,?uÍY[\=�Ï?È�Ì3=VÉ�Î¡Ì3=VÎ |F |H4 < R0

c.ÍhÊ
u ∈ Kε

M(F )
Ç>L%Ï:H

ε ∈ (0, ε′0)
cÿÇ>? ÌnÉsÍ
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M > 0
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ε ∈ (0, ε0)
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t��¦�n©Iª'���n�z���¦�n©��n�n��§³���z������÷n���n��¥��Z�n©����¦�z�n�Z�����
Ωε = I × (−ε, ε) �^ïóªo§» ���©�©��o�n� 2ε

í®�'�I©��n§Gþ
§<�¦©�ªZ�Ä§³ªo�����G�n��î8�n�õ�» ��n©(©��¦�� ¡�z�����	�z�����o¤o�����¦�

I = IR/ (2πL E )
é����/¤Z�¦�z©����züZ���Ä�:ïóªo�n�Z��æ¦���
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f ε
i = 0, gε

1 = 0, gε
2 = ±(λ+ 2µ)δε2 ©��n�
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Ì3X
ζ = (ζ1, ζ2)

A�Ê 5 ÊKA�Ê ÍFÏr?�R�9 5 9hÉw;%ÊÄÏ½Í,=VÊKLnÇ 5 Î¡Ï
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∫
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V = H1(I) × H2(I) NrO R Ê 5 jQA�='A 7VÏ E0
δ

ÏðÍhÎZÇ%ÎNÎ�ÏhÊ 5 Î�Ï��eÇ'HhÎ¡Ï,A�Ï 5 Î)È�Ç%Éu? ÏðÍgBkÌ 5 HhÎWÊÄÌ 5 ÍÍ,=VÊKLnÇ 5 Î¡ÏðÍE^a= 5 ÊG[\=�ÏðÍY}�Ç�7%Ê�ÎNÊÄÌ 5 7VÏ_HðÌ 5 ÍhÎÄÇ 5 Î�ÏðÍ?È�É�DðÍ�b
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ζ1(x1) = −L
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√
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(
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L
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(
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∣

∣

∣

∣

∣

∣

∣

∣

∣
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ÍhÊ
δ ≤ − 1

c3L2

Ì3X
c−1
3 = 2µ

3(λ+2µ)
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∂ε
2u

ε
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 ¾�����o���p�(�ô ��¡ ����Z�n�

(λ+ 2µ)δε2  _���Z¤
δ < − 1

c3L2
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�z�±��ñzªZ�¦��üZ¥��¨�n�o©	å?���n¤o�����¦�n©Ä��¥¨§n����¤o�����o©��» ��z©�¤o�¨¤Z ��n����þy��ã0«?¥��o¥¨���n�u�y£6§³��tI �©�ñGþ � ��©��Z�oíK¤oåOé
�¸ ��n¥����o��iÒleo%}Hm ¬ î8�n�K�n�¦�n�z�Z�� ¡�����n�n��©��¦���z�����¦�/ã ε > 0

ã�§» ¡�������(�n��¤Z �©)§n �������¤o�n�����Z�
ε = 0

é<ú �
�h�^�'�@ízã�ô �����¥������

ε = 0
í6� ïø�Z�z©��Z¥�÷n��� D0

��ïø�Z©��(§n���n©¼�n���¦�z���Z���Q�n�õ� ïø�Z©�§» �¤Z�I�n�Z©ö�nªo§n�ô ¡¤Z�Z¥��Z�p��©Zé
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§<�¦©�ª	©��n�(�n�n�Ä§<�¦�z�����Ä���zû»�z���
Ω∞ = IR× (−1, 1)

Ã

L(δ)v = 0
©��n�

Ω∞ = IR× (−1, 1)
«^lné o�� ¬
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∂11v1(λ+ 2µ+ λ(δ + δ2

2
)) + ∂12v2(λ+ µ)(1 + δ) + ∂22v1(µ+ (λ+ 2µ)(δ + δ2

2
)) = 0

∂11v2(µ+ (λ+ 2µ)(δ + δ2

2
)) + ∂12v1(λ+ µ)(1 + δ) + ∂22v2(λ+ 2µ)(1 + 3(δ + δ2

2
)) = 0

∣

∣

∣

∣

∣

∣

©��n�
Ω∞

∂2v1(µ+ (λ+ 2µ)(δ + δ2

2
) + ∂1v2µ(1 + δ) = 0

∂2v2(λ+ 2µ)(1 + 3(δ + δ2

2
)) + ∂1v1λ(1 + δ) = 0

∣

∣

∣

∣

∣

∣

©��n�
∂Ω∞
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ε
é
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� Ì3=VÉ

δ < 0
ÏhÎ |δ| Í,=¨¿ÙÍ�Ç>A�A�Ï 5 Î,È�ÏhÎWÊ�ÎKcÊK?!Ï��|Ê ÍhÎ�Ï�7VÏðÍ�ÍFÌ3?�=VÎNÊÄÌ 5 Í

x1

| È�ÏhÉhÊÄÌ\7%ÊG[\=�ÏðÍ 5 Ì 5 HðÌ 5 ÍhÎÄÇ 5 Î�ÏðÍ
7VÏ&^ ±�NK¼ `\b�7VÏQBËÉ�9�[\=!Ï 5 HðÏ

ξ2 = −3(λ+ 2µ)

2µ
δ(1 + o(1))

j¦�



� =ZHðÌ 5 ÎNÉÆÇ%Ê�ÉsÏ@È�Ì3=VÉ
δ ≥ 0

Ç>L%Ï:H |δ| Í,=,¿ÙÍ�Ç>A�A�Ï 5 ÎeÈ�ÏhÎWÊ�ÎKc�? ÏðÍøÍFÏ,=@? ÏðÍøÍFÌ3?�=VÎWÊÄÌ 5 Í�FhÌnÉ 5 9ðÏðÍ�7VÏ8^ ±�NK¼ `\bÍFÌ 5 Î�HðÌ 5 ÍhÎÄÇ 5 Î�ÏðÍ N�¼�/��ªo©��n�ç�ì ¡���Z©������p��ªo���Z©�©� ��p�¨��ïø�n�n�/§» ����¨ãÎ¤@ ��z©��/�n�j©��Z©¨�����Z�n©% @�¦�o¤-���Z©%���o¥� ¡��î8�n�Z©�î8�n�
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ξ = 1
L

í^�������'�������z�¦���� ¨�¡ ����o�n�I¤o��������î8�n���n�
∂ε

2u
ε
2
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∣

∣
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∫
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∣
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H ∈ C2+α(Σ)
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H ∈ C2+α(Ω)
7VÏM^ ¼�NK¼�� b3Ç>L%Ï:H_?¯Ç

HðÌ 5 7%Ê�ÎNÊÄÌ 5 Ç>=�FhÌnÉ�7
Hext

T = µBT

Í,=,É
∂Σ

È�Ì3=VÉ
µ > 0

Í,=¨¿×Í�Ç>A�A�Ï 5 Î$;%ÉÆÇ 5 7 N
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è�Ì 5 ÍhÊG7'9hÉsÌ 5 Í8= 5 Ï;ÍFÌ3?�=VÎWÊÄÌ 5

H ∈ C2+α(Σ)
7VÏ&^ ¼�NK¼�� b�ÏhÎh7'9�j 5 Ê ÍðÍFÌ 5 Ír? ÏYHðÌ3=,ÉÆÇ 5 ÎÈ�Ç%É

J =
ÉsÌnÎ

H

Ê b � ? ÌnÉsÍ?È�Ç%Ég7'9�j 5 Ê�ÎNÊÄÌ 5
J2 < 4
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Í,=VÉ
Σ N � Ï?È�?�=�Í

J2
ÏðÍhÎiAZÇ��|ÊKAZÇ>?�Í,=VÉ

∂Σ NÊ�Ê b8W�ÌnÊ�Î
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H
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H = Jext
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κ
ñ�ïsìeþfùHïsö�í
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1
κ2 ∆f = f(f 2 +Q2 − 1)
− ����� (

�����
Q) = fQ

∣

∣

∣

∣

©��n�
Ω

∂nf
κ2 = 0�����
Q = H0

∣

∣

∣

∣

©��z�
∂Ω

«WoGéuo%z ¬
î8�n�2©��¦�p�����Z©(ªoî6�n ¡�����¦�n©(��ïóú4�z���Z�Oþ��K �æ¦�� ��næ¦�I�n�

Eκ(f,Q) =

∫

Ω

|∇f |2
κ2

+ f 2Q2 +
(f 2 − 1)2

2
+ | ����� Q− h0|2

«WoGé�}¦� ¬
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V =
{

(f,Q) ∈ L∞(Ω) × (L∞(Ω))2 , ∇f, �����
Q ∈ L2(Ω)

}
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K =

{

(f,Q) ∈ V, f 2 −Q2 ≥ 1

3

}
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h∗0

Î¡Ï,?h[\=�Ï;È�Ì3=VÉZÎ¡Ì3=VÎ
h0 ∈ (0, h∗0)

c�ÊK?ÿÏ��|Ê ÍhÎ�Ï
κ0 = κ0(h0)

cf7VÏÍFÌnÉËÎ¡ÏM[\=!Ï(È�Ì3=VÉ�Î¡Ì3=,Î
κ > κ0

c)ÊK??Ï��|Ê ÍhÎ¡ÏZ= 5 Ï3ÏhÎf= 5 ÏfÍFÏ,=@? ÏfÍFÌ3?�=VÎWÊÄÌ 5
(f,Q)

7VÏ�^ ¼�NK¼�Å b�È�Ç%É¨A�Ê
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IKJ�_�MNC@MN_¢J@_ Iø���VCKReEHÃ�MNR°2
´ ?@Ï��|Ê ÍhÎ¡ÏC= 5 Ï_HðÌ 5 ÍhÎÄÇ 5 Î¡Ï

C > 0
[\=VÊ 5 ÏY7'9¡È�Ï 5 7M[\=�Ïg7VÏ

Ω
Î¡Ï,?K? ÏY[\=�Ï

inf
(f,Q)∈V

Eκ(f,Q) ≤ C(1 + h2
0)√

κ
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Γε = R
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m(x) =

N
∑

k=−N

ε3δ(x− kεe3).

òy¤o�
2N+1

�Z©��E���4�n��¥÷n���4���¡�ì ��8�n�c�n�_£p ��6ä^í¡�o�¸§³���n�¸æ¦ ��� ��p����� 1

ε2

∫

Γε

m = 2
í¾�z�¦�n©�©��n§n§<�¦©��o���¦�z©

§<�¦�n��©���¥¨§n����û»�o�Äî6�z�
ε = 1

N+ 1
2
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Γε

§» ����ô 
©��¦���G���������n� −∆Gε = δ0(x)
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Gε(x) = − 1

2ε2
|x3| +

1

4π

∑

k∈εZ2×{0}

(

1

|x− k| −
1

ε2

∫

[− ε
2
, ε
2
[×{0}

dy

|x− y − k|

)

+
M

ε
,
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M
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ε ¬ �n�(©���������î8�n� Gε(x)− 1
4π|x| → 0

������©�î8�n�
x→ 0
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Etot = −∇
(

Gε ?

(

m− ρ

ε

)

− Ex3
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Γε
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ρ
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Eε(ρ) =

∫

Γε

ε4 |∇√
ρ|2 + ε2ρ

5
3 + ρ ·Gε ?

(

1

2
ρ−m

)

+ εEx3ρ,
«ÄoGé�}|q ¬
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Kλ

�nªoûn�n�2§³���n�
λ > 0

§» ��

Kλ =

{

ρ ≥ 0,
√
ρ ∈ H1(Γε), |x3|ρ ∈ L1(Γε),

1

ε2

∫

Γε

ρ = λ > 0

}
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0 ≤ E < 1
ε N t Ì3=�Í�È�ÌFÍFÌ 5 Í�Ç>? ÌnÉsÍ

λc = (1 − εE)

(

1

ε2

∫

Γε

m

)

,

t Ì3=�Í�Ç>L%Ì 5 Í
^dÊ bæW!Ê

λ > λc

cÿÇ>? ÌnÉðÍ
infKλ

Eε = −∞.
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^dÊ�Ê bæW!Ê
0 ≤ λ ≤ λc

c?Ç>? ÌnÉsÍ
infKλ

Eε > −∞,
ÏhÎ*HðÏhÎWÎ¡Ï&9 5 ÏhÉw;%ÊÄÏaÇ�7>A�ÏhÎh= 5 = 5 ÊG[\=�ÏYA�Ê 5 ÊKA�ÊK|ÍFÏ,=VÉ
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0 ≤ E < 1
ε

ÏhÎ
λ = λc N�� ? ÌnÉsÍ�ÊK?\Ï��|Ê ÍhÎ¡Ï_7VÏ,=>�ÉHðÌ 5 ÍhÎÄÇ 5 Î¡ÏðÍ

C1, C2 > 0
^�[\=VÊ 5 Ï_7'9¡È�Ï 5 7VÏ 5 Î

[\=�Ï87�R = 5 Ï8FhÌnÉ 5 Ï�Í,=VÉ
E

ÏhÎ�È�ÇnÍf7VÏ
ε
b�Î¡Ï,?K? ÏðÍ8[\=!Ï%?¯Ç�7VÏ 5 ÍhÊ�Î�9*A�Ê 5 ÊKA�Ê Í�Ç 5 Î�Ï

ρ = ρλc

ÏhÎ(? ÏeH:I�Ç>A�È
9,? Ï:HhÎNÉËÊG[\=!Ï�Î¡ÌnÎÄÇ>?

Etot
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∣ρ(x) − ρper(
x
ε
)
∣

∣

∣

∣Etot(x) + (∇φper)
(

x
ε

)∣

∣







≤ C1e
−C2

d(x)
ε ,

Ì3X
d(x) = d (x3, [−1, 1]c)

ÏðÍhÎ�?¯Çz7%Ê ÍhÎÄÇ 5 HðÏg7�R = 5 È�ÌnÊ 5 Î
x
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Ẋi = Fi(X1, ..., Xn), i = 1, ..., n
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Ẏi = Gi(Y̌i), i = 1, ..., n
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mY = dY1 ... dYn
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ṙ = p
ṗ = F (r) − pξp
ṗξ = p2 − kT
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1 ¬ í p � ïø��¥�§n�n��©����¦�±�n�j�ô §n �������¤Z�z����í8�'�
pξ

O� ïø��¥�§n�n��©����¦��n����ñn�Z��¥¨�¦©��ì ¡���ìéV�2�Z©cå?�¦��¤o�Z©
F (r)

©��¦�p�Q©��n§n§<�¦©�ªo�Z©ö�nªo���ç�¦�Z�¼��ïó�z�
§<�����Z�p�����Z�

F (r) = −V ′(r)
í»�o���� %¥¨ �©�©��	�n���� �§» �������¤o�n���Ä %ªo��ª��n����¥¨ �����©�ªZ�Äã

1
é!�K %¤Z�¦�n©��ì ��p���

k
�o©���¤Z�o�����õ�z��ê¢�¦���®�Z¥¨ ��n��é

òy�2�o©���÷n���Z�j¤Z�¦�z�6�-î8�n��«ÄoGé�}|} ¬ ¤o�¦�n©��o�������ô ¥��Z©��n���Ä©��n���¡ ��p���Ä�n�õ�y£6§<�T �  ¾äVÅ¢�Z��� þOê¼�����s�o¥� ¡�n�u�
m1 = e

− 1
kT � p2

2
+

p2
ξ
2

+V (r) �
dr dp dpξ
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ξ
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ξ̇ = pξ
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H ′ =
p2

2
+
p2

ξ

2
+ V (r) + ξkT

m0 = eξdr dξ dp dpξòy���'äG��©����-�n���n��¥÷n���o�GäW ���æ��¦���ç��ñn¥��Z©�©��n��¤Z�'�������'äG�o¥¨§n���-����üZ©¨©���¥¨§n����í4¥¨ ���©%�n�������-÷n�z���o©��
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p̃ = eξp

ý)���n©������õ©�£6©���üo¥¨��«Äo6éu}|} ¬ þh«WoGé�}�{ ¬ ©��	��ªZªo¤Z���ç�(§³���n�(���Z©Q�¡ ����ô �÷z���Z© (r, ξ, p̃, pξ)

ṙ = p̃e−ξ

˙̃p = eξF (r)
ṗξ = p̃2e−2ξ − kT

ξ̇ = pξ
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L = ṙ∂r + ˙̃p∂p̃ + ṗξ∂pξ
+ ξ∂ξ

î8�n�	�n�¦�z©�ªo¤Z�����¦���n©
L = L1 + L2 + L3 @���Z¤
L1 = ξ̇∂ξ

L2 = ˙̃p∂p̃

L3 = ṙ∂r + ṗξ∂pξg(��������©� ��p�Q�� �å?����¥�n�����n�(�µ���������Z�(§<�¦�n�ö�n�o©(�¦§³ªo�� ¡���Z�n��©)æ�ªZ�nªo�� ��Gä
A
�'�
B

e∆t(A+B) = e
∆t
2

B e∆tA e
∆t
2

B +O(∆t3)
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e
∆t
2

La e
∆t
2

Lb e∆tLc e
∆t
2

Lb e
∆t
2

La = e∆tLeff
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 @���Z¤ {a, b, c} = {1, 2, 3} é®ê¢���Z�z©®Ðn�(�¦�/ % �������©
e∆tLeff = e∆tL +O(∆t3)
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�¸ ��(�'äG�Z¥�§n���õ§³�¦�z�����õ¤ìñn�¦� ä��n�
(a, b, c) = (1, 2, 3)

���- ��:ïð ���æ¦�¦������ñz¥¨��©��n�ç�¡ ��p��Ã

(1) ξ → ξ + 1
2
∆t ξ

(2) p̃→ p̃+ 1
2
∆t eξF (r)

(3)

{

r → r + ∆t p̃e−ξ

pξ → pξ + ∆t
(

p̃2e−2ξ − kT
)

(2) p̃→ p̃+ 1
2
∆t eξF (r)

(1) ξ → ξ + 1
2
∆t pξ
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m̃
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H̃ ′ =
p̃2

2
e−2ξ +

p2
ξ

2
+ V (r) + ξkT
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Ï 5 ÏhÉw;>J�ÇnÍT¯%ÇhÈ�È�ÇZÎ¡Ï 5 7nÍ(Î¡ÌZÊ 5 j 5 Ê�ÎwJ¾í!�Ié Â énýö¤@ ¡��é<�G¤Z�:é��� ¡����©oí®�Gªo�Zé
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â é �  ¡��ñ�é»ý)�» ��:é ~A «W} ¬ í2�Fq�{nln¼<�Fq|z|oGí�«:���¦�¦� ¬ éiuonm F =�ÇnÍhÊK?ûÊ 5 Ï®Ç%É � ?K?ûÊuÈ�ÎWÊ<H�W#JFÍhÎ¡Ï,A � ÉhÊ ÍhÊ 5 ;�Ê 5 Ç � IVÉðÏðÏ,|�7%ÊKA�Ï 5 ÍhÊÄÌ 5 Ç>? � JðÈ�Ï,| ´�´ W#=FÈ�ÏhÉ:HðÌ 5 7>=SHhÎ¡ÌnÉ
BkÌnÉ ´¨5 j 5 Ê�Î�Ï [ ÇhÈ�È�Ç�ín �¤Z¤o�Z§z��ª	�n ��n©)t)�¦�n�����n�Z ��¼ý)�» ��:é"� � ý�é

i�}�m��/�����h� ¸)»±° ��¬²�h³�¡Zí#W�Ì3?�=,ÎNÊÄÌ 5 Ír7�R�9�[\="Ç%ÎNÊÄÌ 5 Í�ÍFÏ,A�ÊK?ûÊ 5 9®Ç%Ê�ÉðÏðÍf7�Ç 5 Í
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IVÊd;3IÉ7%ÊKA�Ï 5 ÍhÊÄÌ 5 Í'í6©����n¥¨��©(ã�ýI�n�» ¡�����n� �  ¡���o¥� ¡����¤Z ��4�z�� %�Z�/ýI§n§n����¤Z ¡�ì zé

ió�%}�m � 5 Ï ´ �7>|�`'7�Ê 5 Î¡ÏhÉËÊÄÌnÉ(ÏhÉËÉsÌnÉ;ÏðÍhÎWÊKAZÇ%Î¡Ï�Ê 5 7VÏ¡È�Ï 5 7VÏ 5 Î�Ì 5 ÎKI�Ï�;VÏðÌ3A�ÏhÎWÉ¨JZÌ�B�Ç_?ûÊ 5 Ï®Ç%É½Ï,?¯ÇnÍhÎWÊ<HÈ�?¯Ç%Î¡Ï'ín©����n¥¨��©(ã�ýI©�£6¥�§z���¡����¤õý)�» ��ç£G©���©oé
ió�|{nm��/�����h� §�»K¾X� ³u¿Ê�h�GÀ�³� �¡oí � 5 Ç O ÊÄÌ3='LFÊK?K? Ï?ÎGJðÈ�Ï?ÎKI�ÏðÌnÉsÏ,A�BkÌnÉøÊ ÍFÌnÎWÉsÌðÈ�Ê<HiI�Ì3A�Ì�;VÏ 5 ÏðÌ3=eÍ#B¨='?K?�J

5 Ì 5 ?ûÊ 5 Ï®Ç%É�Ï,?K?ûÊuÈ�ÎWÊ<H�Ï�[\=�Ç%ÎWÊÄÌ 5 Í?Ê 5 7%ÊKA�Ï 5 ÍhÊÄÌ 5 Î ´ Ì¾í¡©��¦�n¥���©¸ãIýI�n�n ����8�n�o���ô I�G¤Z�z�¦�ô )t)�¦��¥� ����
�G�z§³�o�������Q�n��� ��©� zí!�¼�ô ¡©�©��Ä�n�µ�6¤Z���o�"�Z�¡é

ió�%j�m � 5 Î�I�Ï i Ï<;>=@?¯Ç%ÉËÊ�ÎGJ0Ì�B*ÇuÇ�ÉsÏðÏ®·½Ì3= 5 7�Ç%É¨JYBkÌnÉ*Ç t Ì 5 ?ûÊ 5 Ï®Ç%É � FhÍhÎÄÇ'H,? Ï � ÉsÌ>F\? Ï,A � ÉhÊ ÍhÊ 5 ;Ê 5 W#=FÈ�ÏhÉ:HðÌ 5 7>=SHhÎ¡ÌnÉÇ`yÌ\7VÏ,?K?ûÊ 5 ;�í¢©��¦�n¥���©¨ ��GäWýI�n�n ����o©��n���� 0�® �¤Z�z����ª-�n�Z©��G¤Z���Z�n¤o�Z©��n��µ�¦�n���¦�n©��¡é
z|j



| � ÉËÎNÊ<H,? ÏðÍ�Ï 5 È�É�9¡È�Ç%ÉÆÇ%ÎWÊÄÌ 5
ió�%z�m��/�����h� ¸)»�Ë À£¹±�� Ì�K Ì� » ¥ ¹ ³ ¹ ¡Zí � ÍhÎNÊKAZÇ%ÎWÊÄÌ 5 7�R ÏhÉhÉsÏ,=VÉÿÈ�Ì3=,Ée? Ï?È�ÇnÍðÍ�Ç
;VÏr�7>| � 7*Ï 5 9,?¯ÇnÍ,|ÎNÊ<HhÊ�Î�9C?ûÊ 5 9®Ç%ÉËÊ Í
9ðÏ(Ç 5 Ê ÍFÌnÎWÉsÌðÈ�Ï8IS9hÎ�9hÉsÌ�;'D 5 Ï'é
i	q¦��m��/�����h� ¸�»¶° ��¬²�¶³®�K  §�»ÎÍÆË�»(Ï���Ð À£�¶Ñ ��Ò�Ò ¹Ó�(¡oí � �|Ê ÍhÎ�Ï 5 HðÏ:cs= 5 ÊG[\=�Ï 5 ÏðÍðÍ)Ç 5 7½ÍhÎdÇ�F�ÊK?ûÊ�ÎGJfÌ�BÍFÌ3?�=VÎWÊÄÌ 5 Í�Ì 5 ÎKI�Ï ´ I�Ì3? Ï�Í¡È�Ç'HðÏ BkÌnÉ½ÍFÏ,A�ÊK?ûÊ 5 Ï®Ç%É(Ï,?K?ûÊuÈ�ÎWÊ<HaÏ�[\=�Ç%ÎNÊÄÌ 5 Í�Ç%ÉËÊ ÍhÊ 5 ;ZÊ 5 HðÌ3AEF\=�ÍhÎWÊÄÌ 5ÎKI�ÏðÌnÉ¨J¡é
i	qz��m��/�����h� §�»(¾X� ³r¿(�K�±À£³� ��K cÔ »�¸ �h³u¬²�h¹�¡Zí O Ì
H®Ç>?�Í,J3A�A�ÏhÎNÉ,JaÇ 5 7 5 Ì 5 = 5 Ê BkÌnÉ¨A�?�J�Ï,?K?ûÊuÈ�ÎWÊ<HÌðÈ�ÏhÉÆÇ%Î¡ÌnÉðÍ'é

| � ÊKL%ÏhÉðÍ
i	qp�nm � ÉsÌ>F\?yD,A�ÏðÍ�7VÏMBËÉsÌ 5 ÎWÊ<DhÉsÏðÍ�?ûÊGF�ÉsÏðÍ:c � � � Ï,?K?ûÊuÈ�ÎNÊG[\=�ÏðÍ 5 Ì 5 ?ûÊ 5 9®Ç%Ê�ÉsÏðÍwÏhÎ�ÇhÈ�È�?ûÊ<H®Ç%ÎNÊÄÌ 5 ÍwÏ 5

HðÌ3AEF\=�ÍhÎWÊÄÌ 5 c�Í,=FÈ�ÉÆÇ'HðÌ 5 7>=#HhÎNÊKLFÊ�Î�9�ÏhÎh9,?¯ÇnÍhÎWÊ<HhÊ�Î�9'íV�öñnüZ©��õ�n�;�I�6¤o���¦�� ¡�Zí�g��n�����Z��©�����ª;� ���o�����)�o�
�  ¡�������¼�z�����¡í��� ¡����©oíK«��Fz%z|z ¬ é

i	q|q�mÕ`¾9hÎ�I�Ì\7VÏðÍ I'J>F�ÉËÊG7VÏðÍ HðÌ3=HÈ�?¯Ç 5 Î9Ç%Î¡Ì3A�ÏðÍ ÏhÎ£HðÌ 5 ÎWÊ 5 ='='A�í��� �§z§³�¦��� ���p���o���n� ú�t��ø�cþ�Qú Â)� òÜ�ö�³í@« �����z� ¬ é

z|z



ò <h132�<h¨*Ö(>\/�´×y*<�4

Ø >@¨�132h=�8 4�7 µ ¶n>@¨�§�:�<h=?>\4�7 2�<h1*>\4�7 4?: :£yzó�¨(>\<h4 5*4 Þ /�7Óy{#Û ¨�74?>
Ù Ú�Û�ÜVÝµÞ�ßJà�á�â8ã¶äµå�æÊç(èrérêBß�Þ�ë¶ãÊì2åíæÊçGîrê2Þ�èðï�å�ñ£ò_ó�ô»õ÷öÆø;ùûú ü%ñ£ò=ý/ô»õþúÿý�����ø�����ô»ùûõ ù	�=ø;ùÿö)ù�
Âö��öÆø;ùÿö�ú¨ù	��
�öÆõ�������ò�õ

���Æø��Dø ö���ú ô»ø ò����������� "!#�%$� '&(���� ')�*�+-,/."0"�21�34&(5��768 :9<;�=?>A@CBED7�'FEF�G%HIG�JLK��?@NM8GEGLO�D7 Ù ÚEBÆÜVÝ�P�âûéRQ�ëDÞ�ãTS�å�æVUXWJà�ëràZYÊã:[�å��]\V^'_�ø öÆú8ò=ô»ø/ý`^�ý=ò�ô'����ab�Æù cd_�ø òe
�ú ùÿò=õ ý�ò�ú�úgf"_h��ø�i�jIòk��ò�l�ö�ý�f(am�n�Æý=ò�ø7 LoIpE625e�258*�+qH
6�+-��p'rds/)�*"+t62+q�Ep'r#*�0nuwvd!�&x@bM8GEG"M�D� Ù Ú�y�ÜVÝ�P�z�ã|{Vå~}Qåg���TfJòX�(ô»ù	�����%�Ìúgf@ø2�Æô�ó�fx^'�Æø���ô@ý�j�òh�ÆùÿöE�Óñ£ò_ó�ô»õ÷öÆø;ùûú ü��N�Zú�f�ò/�/ø ò/òZý;ô»øg�=ö��/ò�������pL0:r��e��+-��62�
���%623R :=R;:�'KEB�B�HNKEO�K��T@NM�GLO�O�D7 Ù ÚLO�ÜVÝ�P�z�ã�{�åt}Qåg����ú ø��%j&ô�
�ó�ò�
��ô»ø��2f�ù�
(f'�%j�� ó�ò�
�ò�^'�Æø2��ý�ò4�)òh�Æùÿòe
�j�ùûúw�/ø ò=ùÿòej ñ£ö%
T�%���: �!�58+qp'5�9#p"1E5e�k 
���%623R '�?�?�R�"F�G�H2MEM�B��T@NM�GLO�GED7 Ù Ú�F�ÜVÝ�P�z�ã?{Vå~}Qå�æR�£ë]�L�-ërà�ß'PEP�â8ãZ�£å÷Ý�åg�L���íù ý;ú_òe
?�/òzö%
T��ø ò_ó�ô»õ÷ö�ø;ùûú¨üw���Æø�öXj�ù�
�ù�j�ô�j�^�ø2����õ÷ò�j��Kùûú�f��/ø ò/òk�h�Æô�
:a
��ö�ø;ü%�'�' :!�5e+-p"5k9#p"1E5e�k '�n�%6�3V R;(�T�R�?M�JEB%H2MBÛ�Û'�T@NM�G�F'M�D7 Ù Ú�G�ÜVÝ�P�z�ã�{�åt}QåÆæd�£ëV�(�-ërà�ß"PLPíâ8ã���åþÝVå�æÊçGà�âûß"Y]�Óëré¶ãÊÝVå��]�d��ùÿö�õûõ ü²ý;ü%jIò=ú ø;ù	�#��ò�ú]������ýh�`9#�h�h3R R!#��68 V�45��h3R 
9#p'���C '�V;?�"GLO�HhM�ÛLG"�T@NM�G�F�ÚLD7 Ù ÛEJ�ÜVÝ�P�z�ãZ{Vå~}	å�æ`�£ëV�(�-ërà�ß"PLP�â8ã]��åþÝVåÆærçGà�âûß"YV�£ëré ÝVå����TfJòX��ö%j ^�ø��E�=õÎò�j¡�Kùûú�fTúC�����(ô»ù	�Æýh�'u��E,X,¢ (��0"�25
9#�"�'�C '�n�%6�3V :=:>R�'y�J'M�HIy�Û(B��:@bM8GEF�ÛLD� Ù Û'M�ÜVÝ�P�z�ã?{Vå~}Qå�æ]�£ëV�(� ëuà�ß"PEP�â8ãR��åþÝVåÆæ�ç(à�âûß'YV�ÓëuéÕÝ�åg����ö�ø;ùÿöÆú ù	�%
�ö�õ:£(ø��E�=õ÷òej�ý��Kùûúgf%ú¤���d^"f�ö�ý�ò=ý�ö%
T�&ú�f�ò=ùûø
�/ø ò/ò��h��ô�
?��ö�ø;ùÿò;ý7�'¥]�h��p'r8 "9#,�5e�� "����6�3R :&��(�� ?=:�?=x@CKED7�JÛ�Ú"MeH ÛLy"M��T@NM�G�F�ÛLD7 Ù ÛLKÆÜVÝ�P�z�ã�{�åt}Qå�æ#U&â�PíëràZYrâ8ãwUTå����TfJò¦�/ò2f�ö%§2ù	�Æô»ø��N��úgfJòd�/ø ò/ò¨�h��ô�
?��ö�ø;ük���ÆøIúgfJò��íö%j�^�ø��E�=õÎò�jX�V9#p'pR ]&��e0R 
v#�E��,¢ '&(0"�V "��+©r���ªV�:BEO�M�HIyEK�y'�:@bM8G�F'M�D� Ù ÛíÚ�ÜVÝ�P�z�ãw{Vå~}Qå�æw[�QDâ�PLPíâ�«�êíã�¬Tå��� �/ø ò/ò¢�2��ô�
?�íöÆø;ü�^�ø�����õ÷òej®���ÆøIý�òej�ùûõ ù�
�ò/öÆøVò�õûõ ù ^�ú¨ù	�²òh��ô�öÆú ù	�%
Jý7��' ]!�5e+-p"5
9#p"1E5e�k "����6�3R ?�:¯?�R�"yíÚ%HhM8J(O(�:@bM8GEF�yED� Ù Û�Û�ÜVÝ�P�z�ãL{Vå~}Qå�æL°�ëré¢¬�îDâ�±;éhã'��åt²uå�����ý;ú8öÆú ù	�%
�öÆø;ü�����³�b�:�/ø-ò;ý�fIö�
?��ý�öÆõ ú�ó�ø���ô�
?�%�¶ö�ú_ò�ø(ù�
�ök�2�2ö�ý;ú8öÆõJö���ô»ù �=ò�ø7�
v#�Ep"�q+-p"5�����9#p'���C :¥���9<;L´µ@CFED��'yEKEB�HIyEB�y'�:@bM8G�GEJED� Ù ÛLBÆÜVÝ�P�z�ã'{�åt}Qå�æ:¶Êëué�¬�îDâ�±;éhãR��åt²råg�E�µ�/ø ò/ò·�h�Æô�
T��öÆø;üw^�ø�����õ÷òejÌù�
'§%�Æõ~§2ù�
�ó�öX�=ô@ý¤^�£±öÆø;úR¸d¹`ºGõq�E�/öÆõ�ö%
�ö�õ ü�ý;ù ý7�
)�0"�2���?58��p¦�: "9#�"�'�C '�n�%6�3V '´V�JÚEG%HIy�Ú'�T@bM8GEG�ÚED� Ù ÛEy�ÜVÝ�P�z�ã?{Vå~}Qå�æ:¶(ëréA¬�îDâ�±;éhã]��åt²uå����»�/ø ò/òk�h�Æô�
T��ö�ø;ü�^�ø2����õ÷ò�j�ù�
'§%�Æõ~§2ù�
�ó%ö���ô@ý¤^¨£ÓöÆø;úV¸·¹:¼]�8�/ö�õ���
�öÆõ ü�ý;ù ý7�
�"�25e�"�2+qpL6� Ù Û(O�ÜVÝ�P�z�ãk{Vå~}	åÆæ½¶(ëré¾¬�îDâ�±;éhãX��åq²råg�����/ø ò/òµ�h�Æô�
?�íöÆø;ü�^�ø��E�=õ÷òejfù�
:§���õ~§Bù�
@óÇö¿�=ô@ý¤^À¹�ÁÓø ò/ö8Â�ú�f»ø��Æô�ó�fÃ�N�
��ö�õ~�¶öÆú8ò=ø7�'�"��58�"�2+qpL68 Ù ÛEF�ÜVÝ�zZQ�ëré�ë�êBè]«�èuîRP�è�êíãuì�å�æw�£ë]�L�-ërà�ß'PEP�â8ã��£å÷Ý�åg�T�Ä�TfJòh�Æø òejÅ�b��ñ�ò-ö�õZ��
�öÆõ ü�ý;ù ý&ö�
?�Vùûú¨ý·��^E^�õ ù	�/ö�ú¨ù	��
Jý�úI�
��ø-ò-ò|Ád��ô�
?�íöÆø;üX£(ø2����õ÷ò�j�ý7�?u���,�,¢ "��0'��5½9d�"�"�¤ '���%623R :�?�³@CBED7�»ÛEGEG%HNB�JLK��T@NM8GEFEBED7 Ù ÛEG�ÜVÝ�zZQ�ëré�ë�êBè]«�èuîRP�è�êíãhì�å�æd�£ëV�(� ëuà�ß"PEP�â8ã��£å÷Ý�å�æ#S�ëVP@ê�ë¶ã�S�åg�#ÆhöÆõq��ø;ù	�|�/ô�
?��ú¨ù	��
JýIù�
A¼�ù ^�ýe�2f»ùûú�Ç¢�E�%jIöÆù�
Jýö%
T�IúgfJòµø ò_ó�ô»õ÷ö�ø;ùûú¨ü��b��ýe�Æõ ô»ú ù	�%
�ý�úI�|^'fJöÆý=ò�ú ø ö%
�ý;ùûú¨ù	��
�^�ø2����õ÷ò�j�ý7�'9#p'pR "��È�����6�3R R;(´T�R�»Û:MBÚ%H_ÛíÚ�Û'�?@NM8GEG�yLD7 ÙÉB�J�ÜVÝ�zZQ�ëré�ë�êBè]«�èuîRP�è�êíã�ì�å�æ'�£ëV�(�-ërà�ß"PLPíâ8ã(�£å÷Ý�å�æ"S�ëVP�ê�ë¶ã"S�å��2ñ£ò_ó�ô»õÎöÆø;ùûú ü|�N�¶ú�f�òT�/ø ò/ò��h�Æô�
?�íöÆø;ü�ù�
#^�öÆø-ö��h�Æõ ù	�
^"f�ö�ý�ò�a8ú ø ö�
Jý;ùûú¨ù	��
�^�ø�����õ÷òejµý7�:9���62������6�3R R;">:¯R�'K�ÛLB�HNK�FLK��?@NM8GEG�yLD7 ÙÉB�M�ÜVÝ�zZQ�ëré�ë�êBè]«�èuîRP�è�êíãuì�å�æw�£ë]�L�-ërà�ß'PEP�â8ã��£å÷Ý�å�æ�S�ëVP@ê=ë¶ã�S�å��T£�fJö�ý�òn�Jø ö�
Jý;ùûú¨ù	��
x£(ø��E�=õ÷òej�ýX�N�k£±öÆø-ö��h�Æõ ù	�
�»ü2^�òX¹R�hõÎöÆú���ø ò/ò·Ád��ô�
?�íöÆø;ùÿò=ý|��ø ò·�?j����Æúgf(�?u��E,�,¦ ���0"��5½9d�"�"�¤ '����6�3R ?�R;?�:O�O�HhM�M�K��T@NM�G�G�FLD7 ÙÉB�KÆÜ¦Ê�ëVYrßJàZËuè¶ãDä�åþÝVå��:�T�hfJö�ô'��ò�øµò;ý;ú ù�j�ö�ú_ò=ý����Æø/����õ ù	��ô�ò��íò=ø;ù�§ÆöÆú ù�§Æò�^�ø�����õ÷òejµý7�?u� :!k "9��e�E*Z "&���+¤ "�����2+-r8�"&(Ìe�� 
o7�'�?=:¯V�ZMBÚLOEO�HhMBÚEF�J"�?@NM�G�G�FLD7 

Í�ÎTÎ



ÙÉB�Ú�Ü¦Ê�ërà�ßJéDá?P�ë(zTzKã�UVåþì�å��T��ø öE�=ú ô»ø ò�ù�
*ý���õ ù	��ýIö�ý&ö|�/ø ò/ò��h�Æô�
T��öÆø;ü/^�ø2����õ÷ò�jX�?�������e58*�+-p"1Erd��È�¥]���-58*��:�Tu���p"Èg5�H
��58p'��5��Ep�Èg��585#.?��0"p'*'���2$/�"�2��."�-5e,�r8�(u��E�q�¤ EÏ'��585#.:�E0"p'*"����$����2��."�-5e,�r#Ð�6�3"58���2$���p'*Ñ���'�"�q+©�e��6�+-��p4@	¥]���-58*"�'�
M8GEG�ÚED���K�J�H_ÚEG"����+q6�,���p�!�5�re wv#��6258r¦���%623R �&(5e�� w�T='�V ���0"."�-+-�8�%6�+-��pÀÐwÒV��p"1E,���pÓ&���+¤ ¥V5��h3"pR -�wÔ����2�q�%�k�
@NM�G�GEBED7 ÙÉBÆÛ�Ü¦Ê�ëràZPíß�ê�ã]UVåíæ`S�èuîVÕrëréDâ�Yrâ êíãZ[µå÷äµåR�"��l�ò�����^E^�ø öE�8�hfVúI�½��ø2�%
�ú£(ø��2^�ö�ó�öÆú ù	�%
4£(ø��E�=õ÷òej�ýk¹��TfJòh�Æø;ü�ö�
?�
��^E^�õ ù	�/öÆú ù	�%
�ý7�'�"�25e�"�2+-pE6� ÙÉB�BÆÜ¦Ê�ß�Þ?ËuéDß�àKãV}	å�æ]ÖIß�éDâgÕ¶ã���å�æV[£â�«'QDßJàKã`²rå��'+qp¦�"�25e�'���2��6�+-��pR ÙÉB�y�Ü¦Ê�ßJà�ß�êez:×�Þ:Ë�â8ã�{Vå�æ�ÊzèuéDéDß�zKãhÝVå�æ°íëré¬�îDâ�±;éhãw��åq²råg�#�Tf�ò�ø ò_ó�ô»õÎöÆø;ùûú ü¢�b��úgfJò��/ø-ò-ò��2��ô�
?�íöÆø;ü��/ò=ú¤�¶ò/ò�
úC���#�Êô»ù	�Æýzù�
Xö|^'�Æø2�Æô@ýkj�òh��ùûô�j��"+-p¢�"�25e�'���2��6�+-��pR ÙÉBEO�Ü¦Ê�ßJà�ß�êez:×�Þ:Ë�âw{�å�æ�ï&âûà�ßJéDá�ßJàTÕØ�£åíæ]¶(ërà�ëVY]Q�ëréS�åtÙ�å©S�åg���?f�ò½£(ø;ù�
?��ù ^�õÎò/�(ùþó�ò�
:§�ö�õ ô�òIö%
T���)öe�íù�j&ô�j
£(ø;ù�
?��ù ^�õÎò����Æø���òh�h�%
T�%a7\Gø��íò=ø��(õûõ ù ^�ú ù	��\]^�ò=ø-öÆúI�Æø/ý�ù�
³ºÓòe
�ò�ø öÆõ"ÚX�%jIöÆù�
Jý7�"u���,�,¢ E��0"��5|9#�"�'�C �����6�3R (´T>R�Û(O�HmGLK��T@NM8GEG�Û(D7 ÙÉB�F�Ü¦Ê·P�ëréVËÊãÊì2åg���f�öÆø¤^®ñ£ò=ý/ô»õþúÿý����ÆøIúgfJò&ñ£ò_ó�ô»õÎöÆø;ùûú ü²ö�
?�4��ú8ö���ùûõ ùûú¨üA�N��úgfJò���ø ò/òXÁd��ô�
?��ö�ø;üZù�
 úgfJòn\#�;ý;ú8ö���õ÷ò
£(ø��E�=õ÷òejX��6��Ñ���"�:5�����+-p¦oIp:*�+-��p'��Û#p"+-ÜT '����6�3R '�: - ÙÉB�G�Ü¦Ê·P�ëréVËÊãuì2åg������,�,�0"p"+©�e�%62+q�Ep¨�?5e�hr���p"p"58�q�-5� Ù y�J�Ü¦Ê·P�ë(zKã#²råíæ�ÝÂèrà�ß"P�ã#²uåÉÞ2Ý×å����(õûõ ù ^�ú¨ù	��^�ø��E�=õÎò�j�ýVù�
�ù�jIö�ó�òTý�ò_ó�j�òe
�ú8öÆú ù	�%
Çö%
T�Xú�f�ò=ùûøTø ò�õ÷ö�ú¨ù	��
�úm���/ø öE��aú¨ô»ø-ò�úgfJòh�Æø;ü%�?���2����5e5�*�+-p"1Er���È�6�3"5�oIpL68 Tu��Ep�ÈN ?��p4p"�Ep"�q+-p"5����#58�q�-+q�"6�+©�½��p4�:���h��.?���-+-�·�"�2��.'�q58,�r8�'v���p'�e$¦FEF"�
ÒR�Ep"1�,���pV�T@bM8GEF�GED� Ù y"M�Ü¦Êzèré�ë]�£â8ãhÝVå�æ�{&â�PLQrèràDêezKã�¬Tå�æ��(è]ÕrëVË(ãhäµåg�`�����Æù ß(òh�¢j���ú¨ù	��
à��ü¦jIò/ö%
���ô»ø7§�ö�ú¨ô»ø-ò�¹¶õ-�8�/öÆõ¶ò2�íù ý;ú_òe
?�/òö%
T�Iô�
�ù	��ô�òe
�ò=ý-ý�ö%
T����ô�öÆõ ùûú8öÆú ù�§Æò�^�ø��2^�ò�ø;ú¨ùÿò=ý7�'�"�2�"�2+qpL68 Ù yEKÆÜ¦ÊzèréDérß�zKã�ÝVå��V\w
VúgfJò�ø ò_ó�ô»õ÷öÆø;ùûú üX�b��òh��ó�ò=ý£ù�
Tù�j�öBóíò�ý�ò_ó�j�òe
�ú8öÆú ù	�%
:�E9#p'pR EoIp:rN6� EÔ½ L���+-p'�e����Ì#9dp'���¤ (v#��p
ÒR+-p"Ì8��+q�25X;(�³@ÿÛLD7��ÛEFEB%HIBEK�F'�:@NM�G�GEyED7 Ù y�Ú�Ü¦ÊzèréDérß�zKãÊÝVå�æwÖ�ëV�£âûéhã#S�åg�]�	ý;ú_ö�ú¨ù	��
�ö�ø;ü½�����Nù�
{öTý;ú ø;ù ^?�Vvd��p"�-+-p"58���½9#p'���C V¥��n9®�?�á@CyED7�O%yEB%HNO�F�J'�
@NM�G�G�GLD7 Ù y�Û�Ü¦Êzèrérèuà�âûérèÊã#�£åg��ñ�ò_ó�ô»õ÷ö�ø;ùûú¨üµ�N��úgfJòk�/ø ò/ò��h��ô�
?��ö�ø;üX����øVý���j�ò)ò=õûõ ù ^�ú¨ù	�Xö%
T��^Jö�ø ö��h��õ ù	�X^�ø�����õ÷òejµý7��v#â|Û
ã +©r2rb58�b6h�%6�+-��pV�T@bM8GEG�GED� Ù yEBÆÜ¦Ê�à�ë�îréDßJàKã���å-ÝÇåíæ�{&îRP@êeQrè]äµ²råíæ��ÊîDé�ëràZYuâÓÝVå��]�Ìó�ò�
�ò=ø-öÆõÊöh^�^�ø2�BöE�2f®úI�Vý;ú_öE�=ùûõ ùûú ü²ù�
¨�/ø-ò-ò¦�h�Æô�
T��öÆø;ü
^�ø��E�=õÎò�j�ý7�"�"�25e�"�2+qpL6� Ù y�y�Ü¦Ê�àZW'å�â êíãR{Vå�æRÖIâûéRYußJàZPíß'QDà�ßJàKãR¬Tå����TfJòk�:j��8��ú�f�
�ò=ý-ýk�N���T��õ ô»ú ù	�%
Jý�úm�kl��%
�õ ù�
�ò/öÆø¢��ö�ø;ùÿöÆú ù	�%
�öÆõ'¸7
�òh�=ô�ö�aõ ùûú ùÿò;ý7�"oIp'*"+-��p'��Û#p"+-ÜT '���%623R '�: :='æ³@CGED��'F�Ú'M�HIF�Û�Û:�:@bM8GLOÆÛLD� Ù yLO�Ü¦Ê�à�ß'å�â êíã�{�å�æ�S:z�ëV��«2ë�Þ�Þ?QDâ ë¶ã�UTå�����ô»ø%õ÷ö*ø�__ó�ô»õÎöÆø;ùûúI_¦�íòVõ÷öZý���õ ô»ú ù	�%
�Rç ù�
T_2��ô�öÆú ù	�%
�ýVò�õûõ ù ^�ú ù	�=ô�ò=ý7��è�0'�q�¤ 
&(���� "����6�3R :Ï"�h��p'�e5kª?¯V�ZM�B�Ú�H2M�F�J'�:@NM�G�yEFED7 Ù y�F�Ü��£ërá�àZWDãdéTå�æk�£ëVä(ä ëuà�ß"PEP�â8ã·�£å÷Ý�åg���Dô»õûõ ü4l/�%
�õ ù�
�ò/ö�øÑ�Gõûõ ù ^�ú ù	�¦�#�=ô�ö�ú¨ù	��
Jý7��u����-�q��êL0"+-0",ë��0".'�q+©�e��6�+-��p'r8 
9#,�5e�� "����6�3R :&��(�� "´?æV�R@NM�G�GLB�D7 Ù y�G�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã`�£å÷Ý�åg�"�Dø ò/òX�2��ô�
?�íöÆø;ü|^�ø2����õ÷ò�j�ý�¹Kö�ý;ô»ø7§Æò=ü%�]@NM8GEFEBED7 Ù~O%J�Ü��£ëVä(ä-ërà�ß"PLPíâ8ãR��åþÝVå��L��ì�öÆø7
�öE�2Â½¸7
�òh��ô�öÆõ ùûú ü½��^�^�ø��2ö��hfVúm��úgfJò±ñ�ò ó�ô»õ÷ö�ø;ùûú¨ü��N����ø-ò-ò#Á��Æô�
T��ö�ø;ùÿò;ý7�:u���,�,¢ 
��0"�25k9#�"�"�¤ '����6�3R ?æ:ª³@¤B�D7�?BÆÛ'MeHIB�ÛLB"�:@NM�G�FEyED7 Ù~O(M�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã���åþÝVå����Dø ò/ò��2��ô�
?�íöÆø;ü�^�ø��E�=õ÷òej ù�
/f»ùþó�f�ò=ø#�Æù�jIòe
Jý;ù	�%
�ýh��9��76h�#����6�3R L;(æ?ªV��M�BEB�HhM8F�Û'�%@NM�GLO�O�D7 Ù~O�KÆÜ��£ëVä(ä-ërà�ß"PLPíâ8ã:�£åþÝVå��?Æ��%jd^JöE�=ú¤
�ò=ý/ý��)ò�ú�f'�8�Æý±ù�
X��ø-ò-òwÁd��ô�
?�íöÆø;ü�£(ø��E�=õÎò�j�ý7�Lu���,�,¢ �����b62+-��� ã +qí?58��58pL6�+©���
)�êL0'�%62+q�Ep'rd�V@ ÛLD��»ÛLKLO�H_Û�ÛEF'�?@bM8GEF�JED� Ù~OÆÚ�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã�£å÷Ý�åg�:�cø òejIöÆø�Â¦�%
*ú�f�ò|ì�öÆô@ýe����øgc jIò/ö�ý;ô»ø òX�N�µö��/ø ò/ò��2��ô�
?�íöÆø;ü�îGö�
?�%ú�f�òX�h��
'§Æò=ø¨ó�òe
?�/ò
�N�½�h�Æù�
T�=ù	�íò�
T�/ò�ý�ò�úÿý7�'èw�E�q�¤ "Û#pR :���%6� �om62���¤ '9<;��³@CBED7�RM�J�G%HhM�M2Ú"�?@NM8GEF"M�D7 Ù~O�Û�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã`�£å÷Ý�åg���Tf�ò�\#�=ý;ú_öE�=õ÷ò·£(ø��E�=õÎò�j¢ø òe§Bù ý;ùûú8òh�%�'�: 'Ï"�E0"�2+q58��9dp'���¤ '9d�"�"�¤ '´V�JÚEF�Ú�H ÛLJEK��T@NM�G�GEFED7 Ù~O�BÆÜ��£ëVä(ä-ërà�ß"PLPíâ8ãT�£å÷Ý�åg�L��ìµöÆø7
�ö��hÂ|¸7
�òh��ô�öÆõ ùûú ü·�w^�^�ø��BöE�2f�úI�µú�f�ò±ñ£ò_ó�ô»õÎöÆø;ùûú ü��N����ø ò/ò�Á��Æô�
?�íöÆø;ùÿò=ýhîR£±ö�ø;úV¸�¹
¼�ù ^�ý��hf@ùûúgÇk�Dø ò/ò�Á��Æô�
?�íöÆø;ùÿò=ý�öÆø ò

C1,α
�"!�58ÜT '���%6� �oI.:58���L��,�5e�2+©�e��p:�Xæ³@¤K�D7�VMBÚ�G�H2M�yEK"�:@NM�G�F(O�D7 

Í�Î`Í



Ù~O%y�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã���åþÝVå��]�®ì�öÆø7
�ö��hÂ¨¸�
�òh��ô�öÆõ ùûú ü¨��^E^�ø��2ö��hf®úm�Zú�f�ò&ñ�ò_ó�ô»õ÷ö�ø;ùûú¨ün�b���Dø ò/òXÁ��Æô�
T��öÆø;ùÿò=ýhî�£±ö�ø;ú
¸b¸½¹R�¶õ÷ö�ú��Dø ò/ò·Ád��ô�
?��ö�ø;ùÿò;ý�ö�ø ò·¼�ù ^�ýe�hf@ùûúgÇe�Tu���,�,¢ "��0'��5k9#�'�"�C ?���%623R "´Z=Z�:BEB�HbO%F'�?@bM8G�FEGED� Ù~O�O�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã���åþÝVå��]�®ì�öÆø7
�ö��hÂ¨¸�
�òh��ô�öÆõ ùûú ü¨��^E^�ø��2ö��hf®úm�Zú�f�ò&ñ�ò_ó�ô»õ÷ö�ø;ùûú¨ün�b���Dø ò/òXÁ��Æô�
T��öÆø;ùÿò=ýhî�£±ö�ø;ú
¸b¸�¸�¹T���íù ý;ú_òe
?�/òÑ�TfJòh�Æø;ü�î�Æ��%jd^JöE�=ú¤
�ò=ý/ýhîhö�
?�·Ú&òm^�ò�
T��òe
?�/òk�%
Ñï½�L9dp"pR �&���0"�E�-�/v#���2,¢ L&(0'�R E��+-r2�Xu��¤ L&��e+
;��A@ÿÛLD��'B�F�Ú�HmyEJEK"�?@bM8G�FEGED� Ù~O%F�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã�£å÷Ý�å�æ�ç�ërá�ß�êíã�äµå�æÝ®èuàEz�è]Píë¶ã`Ý×å�æ�S�ëVP@ê�ë¶ã�S�å��?Á��Æô�
T��öÆø;ü¢�/ò2f�ö%§2ù	�ÆøX�b�½
T�%
n
�ò_óíö�ú¨ù�§Æòýe�Æõ ô»ú ù	�%
x�b�µò�õûõ ù ^�ú ù	���2^�ò=ø-öÆúI�Æø/ýzù�
A��ù�§�ò�ø¨ó�ò�
T�-òw����ø7j��"oIp:*�+-��p'��Û#p"+-ÜT '����6�3R '�: 'æ?�R�'yLK�MeHmy�ÛEJ"�?@NM�G�F"M�D7 Ù~O%G�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã]�£åþÝVåÆæRÖIßJérâgÕ¶ã���åþäµå�æR²�ßJà�â ê2èuéhãV¬Tå��:�T��j�ò½
�òe�àj��%
T�ÆúI�%
�ù	�=ùûú ü�ú�f�ò2��ø òejµý·�Kùûú�fTöh^�^�õ ù	�/ö%aú¨ù	��
Jý�úm�d�/ø ò/ò��h��ô�
?��ö�ø;ü|^�ø��E�=õÎò�j�ý7�'�"�25e�"�2+-pE6� Ù F�J�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã��£åþÝVåÆæ�ÖIâûéVYrßJàZP�ß"QDà�ßJàKã�¬Våg�Z£#�Æú8ò�
�ú¨ùÿö�õ�j�ò�ú�f'�8�Æý�ù�
µ§ÆöÆø;ùÿö�ú¨ù	��
�öÆõ¶ù�
�òh�=ô�ö�õ ùûú ùÿò;ý7�R�: ?9dp'���¤ 
���%623R 'æT>Z�'K�FEB�HNK�GLB��T@NM�G�F�JLD7 Ù F"M�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã���åþÝVå�æ�Ù�â-°uâ�ðJà�ßrãJï�å-ÝÇåg�'\�
�ú�f�òhñ£òh��ú¨ù ß(ö���ùûõ ùûú¨ü½�b�ÚX�%jIöÆù�
�ý��Kùûúgfk�¶ù�
�ùûú8ò�£±ò�ø;ù�j�ò�ú8ò=ø7�%9#p'pR 
&���0'���©��vd���2,¦ '&�0"�R '��+-r2�Ñu��C :&"��+�;"=Z�RM%O�O�H2M�F�y"�?@NM�GLO�BED7 Ù FEKÆÜ��£ëVä(ä-ërà�ß"PLPíâ8ã��£å÷Ý�åÆæwÙ�â-°uâ�ð�à�ßDã±ï�å-ÝÇåg�]�?j����Æúgf(
�ò;ý/ý%ö%
T�¨��
�ö�õ üÆú ù	�=ùûú ün�N���Dø ò/ò�Á��Æô�
T��ö�ø;ùÿò;ý%ù�
 ��öÆø;ùÿö%aú¨ù	��
�ö�õ:¸7
�ò2��ô�öÆõþùûú¨ùÿò=ý7�'9#p"pV :&���0'���©�Xvd���2,¢ '&(0"�R "��+-r2��u��C ?&���+Væµ@ÿÛLD��:K�FEG%H8Ú"M8J'�:@bM8GLO�B�D� Ù F�Ú�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã���åþÝVå�æ�Ù�â-°uâ�ðJà�ßrãÓï�å-ÝÇåg�`��ý;ü%jd^�úI�Æú ù	�¦�/òhfJö�§Bù	��ô»ø¢�b�d�/ø ò/ò¢�h�Æô�
?�íöÆø;ùÿò=ýVöÆú�úgfJò�ùûø%ý;ù�
�ó�ô»õ÷öÆø
^"��ù�
�ú¨ý7�"9#p"pR :��È���%623R R;��:¯V�JÚ�JEG%H8Ú"M�O��:@bM8GLOEO�D� Ù F�Û�Ü��£ëVä(ä-ërà�ß"PLPíâ8ãk��åþÝVåÆæ|Ùµâ-°uâ�ðJà�ßDãzïVåqÝ×å��X�TfJòZý7j����Æúgf(
�ò;ý/ýn�N�TúgfJòXò�õ÷ö�ý;ú ù	��a-^�õ÷ö�ý;ú ù	���/ø-ò-òA�h�Æô�
T��öÆø;üá�N�ZöúC�Kù ý;ú8òh�Ñ�/öÆø7�"���2���� '9d,�5e�� "���%623R :&(���� ?¯:æ]@NM�D7�'B�y�HIB�F"�T@NM�GLO�O�D7 Ù FEBÆÜ��£ëVä(ä-ërà�ß"PLPíâ8ã��£åþÝVå�æ�S�ëVPíë]åÆëràKã�²rå��`�Z�Æõ ô»ú ù	�%
�ý��N���/ô»õûõ ü4
T�%
�õ ù�
�ò/öÆø%ò�õûõ ù ^�ú ù	�Vò2��ô�öÆú ù	�%
�ý��Kùûúgf�^�öÆúI�2f�ò;ý��N�
Ç2ò=ø���ó�ø-ö��Æùÿòe
�ú�¹Kò2��ù ý;ú8ò�
T�/ò7îhø ò_ó�ô»õ÷öÆø;ùûú ü�ö%
T���h�%
:§�ò2�íùûú¨ü��b�zõ÷òe§�ò�õ]��ô»ø7§�ò=ý7�"�"�25e�"�2+-pE6� Ù F�y�Ü��£ëVä(ä-ërà�ß"PLPíâ8ã��£åþÝVå�æ�S?«Jà�îrÞ?ËÊã�²uå���Æ��%
:§�ò2�íùûú¨ü�^�ø2�2^�ò=ø;ú ùÿò;ý��b�µýe��õ ô»ú¨ù	��
Jý&úm��ýe�%jIò���õ÷öÆý-ý;ù	�/öÆõ�§�ö�ø;ùÿöÆú ù	�%
�ö�õ
^�ø��E�=õÎò�j�ý7�?u���,�,¢ "������6�+©��� ã +tíT5e�25epL6�+©���V)�êL0'�%62+q�Ep'rd>³@NMEM�D��ZMBÚ�Ú(O�HhMBÚ(O%G"�:@NM8GEFEKED7 Ù FLO�Ü��£ërà�à�â�PLP�èÊã²rå���\�
*úgfJò&ô�
�ù	�=ô�òe
�ò=ý/ý��N��úgfJò�ýe��õ ô»ú¨ù	��
»�N��úgfJòIòe§%�Æõ ô»ú ù	�%
»��ö�j<^�ø2����õ÷ò�jX�Zv#�Ep"�q+-p"5����d9dp'���¤ 
¥���9½�T=:=A@¤B�D7�'BLOÆÚ�HmyEJLO(�T@NM�G�G�ÛLD7 Ù F�F�Ü��£ërà�à�â�PLP�èÊãV²uå��:�w
�ú¨ø��h^�ü�ýe�Æõþô»ú¨ù	��
Jý����Æøk
T�%
�õþù�
�ò/öÆø��íò_óíòe
�ò�ø öÆú8ò�^�ø��E�=õ÷òej�ýh�"6��Ñ���'�:5����� Ù F�G�Ü��£ërà�â�PLP�èRÞ2Ý ß�éDßJéRYuß'åJã²råíæ���QDâ�«�èVzKã�ÝÇå��w\�
)úgfJò��íö%jñ^�ø2����õ÷ò�jX�Z�' ã +qíT5e�25epL6�+©���`)�êL0'�%62+q�Ep'rd´Z�R�?K�Ú�Û�H
KEO�J"�Z@NM�G�FEKED7 Ù G�J�Ü��£ërà�â�PLP�èRÞ2Ý ß�éDßJéRYuß'åJã²råíæ���QDâ�«�èVz�ã�Ý×å��V��ô»øzõbç ô�
�ù	�=ùûúI_���ò&õ÷ö�ýe�Æõþô»ú¨ù	��
³��ô�^�ø��E�=õ-i�jIò���ò&õbç _h�h�Æô»õÎò�jIò�
�ú
ò ú ø ö%§Æò�ø/ý�ô�
�ò/�Æùþó�ô�òe�Tu� '!k "9��8��*Z ?&���+¤ ������2+-r8�'&(Ìe�� �o7�?=:ª?=R�ZM8G'M�HhM8G�Û'�:@bM8GEF"M�D� Ù G"M�Ü���Q�ëV��á�è]PEP�ßDãuÝ�åg�:�hù�
�ùûú_òea	Úµù c£ò=ø-ò�
T�-ò=ý#Ú�ù ýe��ø ò=ú ùqÇ2öÆú ù	�%
�ý��N��úgfJò½�Tô�j����Æø2�%am��f�ö8f¦��ô�
T�=ú ù	�%
�öÆõ~�'�"��58�"�2+qpL68 Ù GEKÆÜ���Q�ëV«"�£ëréhãwS�åt²råg�`��ô�^�ò=ø�f�ò-ö�ú¨ù�
@ó��¶ùÿò=õ-�n�N��ú ü2^Jòea	¸b¸&ý;ô�^�ò=ø2�2��
?��ô'�=úI�Æø/ý7�R&(oN9d�ó�' R9d�"�"�¤ Z���%623R ]�:�R�M�K�Ú�Ú%H
M�KEB�F"�T@NM�G�GLB�D7 Ù G�Ú�Ü���Q�ëV«"�£ëréhãVS�åq²rå�æZÙ�îDá�âûérêez�ß�âûéhãZ²råíæRS�Þ:QDëLzRå��ÓëréhãZÝ×å'�Ã�)ò/ö%
:a~ßÊò�õq���n�8�íò=õR�b�#��ô�^Jò�ø��h�%
T�Æô'��ú¨ù�
@ó/§%�Æø7aú¨ù	�/ò=ý7��)�0"�2���?58��p4�: "9#�"�'�C '�n�%6�3V ?>Z�"G(O�HhM�MEM��T@NM8GEG�yLD7 Ù G�Û�Ü���QDâ�«�èVzKã�ÝÇåg�<��öÆø;ùÿö�ú¨ù	��
�öÆõÂù�
�òh��ô�öÆõ ùûú ùÿò;ýQö�
?�ô���%� ù�
õ^'�Æø2�Æô@ý®jIò2��ùÿö%��&(�'��+-p"1�58�bHmö�5e�2�©��1÷B�K"�n5�*Z 
@NM�G�FEKLs(M�G�F�Û(D7 Ù GEBÆÜ���à�ërâgÕÊã}Qå�æ�S?z�ß�à�éDá�ß�à?ÕÊã�[µåg�R��ü%jXjIò=ú ø;ü¨�N�w�/ø ò/òea_ý/ô»øg�=öE�/ò�������ý7�?9d�2�h3R ?!#�%62+q�Ep'���`�458�h3V :9#p:���¤ ];?;(�V�
M�H8Ú�y'�?@bM8G�GLK�D� Ù G�y�Ü¦¬�ëVQVPíá�ßJàTÕ¶ã�Ê�åþä�åt²råg��Êý;ú ù�j�ö�ú_ò=ý¦�b�XfJö�ø7j���
�ù	�¢jIò/ö�ý;ô»ø òe�`9d�2�h3V `!#��6�+-��p'�����45��h3R 9#p'���C �¯?�R��KEO%F�HIK�F�F'�
@NM�GLO�O�D7 Ù GLO�Ü¦¬�ë%°�â�Y¶ãTUTå��

C1
öÆø��=ýV���Æø�j�ù�
�ù�j�ùqÇ2ò�ø/ý��N�£ú�f�ò#�²ô�j����Æø���am��f�ö8f��/ô�
?��ú¨ù	��
�ö�õ~�L&(oN9��õ�' E9#�"�"�¤ E�n�%6�3V L�'¯�@ÿÚED��

O%FíÚ%HIF�F�F'�:@bM8G�GEyED� Ù G�F�Ü¦¬�ßJà�°uâûßJîZøÊã(ÝVå��]�ñ^Jò�ø;ú ô»øe�-ö�ú¨ù	��
 ý;ú ô'�Æün�N�%ú�f�ò¨�E�;ý;ú8ö���õ÷ò½^�ø��E�=õ÷òejù�=ü4jIò/ö%
�ýÑ�b��ö�ó�òe
�ò�ø öÆõ ùqÇ2òh�*ù�j#^�õ ù	��ùûú
�/ô�
?��ú¨ù	��
ZúgfJòh�Æø òejX�'9#p"pV '���%6� "��0"�h��9#�"�'�C R;"=?>Z�JÚLK�M�H8Ú�y�Û'�T@NM�G�F"M�D7 

Í�ÎZú



Ù G�G�Ü¦¬�ß³U&ßJéréDß�êíã][�å©UVåR��ô�^�ò=ø2�2��
?��ô'�=ú ù�§Bùûú ü��N�|�)ò�ú_ö�õ ý�ö%
T����õûõq��ü�ý7�'v#58�Óâ��E��û���p'*¦9#,�rN625e�h*"��,Ä@NM�G�y�yLD7 ÙqM�J�JÆÜ¨¬�ß»U&â èuà?Õuâ8ãrä�å��:�Dø ò/ò�Úµù ýe�2��
�ú ù�
�ô»ùûú ü�£(ø��E�=õ÷òej�ý�ù�
àÆhöÆõq��ô»õ ô@ý��N�¢��öÆø;ùÿöÆú ù	�%
�ý7�'+-p¢Ï'���EpL6�+-5e�hr�+-p¢�"0"�25½��p'*
���"�'�q+-58*��n�%6�3'5e,��%62+-�8re�T���e���-�q5��76�+-��pn��È��'���:58�2r|*�58*"+-�8�%6�5�*¢6��¢�: HIÒ� ?ÒR+-��p'r���p4623"5X�(�8�e�Erb+-��p4��È�3"+©r�yEJ%6�3
."+-�b623'*"��$���!k ã ��0�6��h��$Ñ58*R q�:BEB�HIy"ME�Lvd����6�3¢Ô#���-�©��p'*Z�]@NM8GEG"M�D7 ÙqM�J"M=Ü¨¬�â ë]å�ã�²uåþì�å�æ|Ö�ë%ü�è]QRP�ã�Ê�åg�k\w
Ó�h��
'§Æò��íùûú üÕö�
?�A��ú_ö�ø/ý�fJö2^�òh�%
�ò;ý/ýn�N�Tõ÷òe§Æò=õ���ò=ú¨ý|����ø¢�T�%jIò�l��%
�õ ù�
�ò/öÆø
�(õûõ ù ^�ú¨ù	��ö%
T��£±ö�ø ö��h��õ ù	�½£(ø��E�=õ÷òej�ý��%
�Æ���
'§Æò���ñ�ù�
�ó�ý7�"�' "����6�3R :9#p'���C '9d�"�"�¤ R;">:>R�'K�yíÚ%HNK�F�y'�:@bM8G�GíÚED� ÙqM�JEK�Ü¨¬Iè]Píá�ß»ë�îRP7zKã�[�å�����
�öÆõþü�ý=ò4�h��j#^�õ÷ò��@òe��u����-�q5��76�+-��pà����ý©6��2+-r�5�*�5¢����6�3"58,���6�+©êL0"58r���0"�258r8�]5�*Z �����r2r���pR�
@NM�G�G�JLD7 ÙqM�J�ÚÆÜ¨¬Iè]Píá�ß»ë�îRP7zKã�²�æ¨ã�[�èrîR«2ë�îRYÊã¶ç�å��`�¢ø ò�jIöÆø�Âx�%
Âú�f�ò¨��ø;ùûú ù	�-ö�õ(ò2��^�õq�Æý/ù	��
�^�öÆø-ö%jIò=ú8ò=ø#����ø�öTý�òej�ùûõþù�
�ò/öÆøò=õûõþù ^�ú ù	�µòh�=ô�ö�ú¨ù	��
²ù�
)özóíòe
�ò�ø;ù	�/�E�%jIöÆù�
Zô@ý;ù�
@óIö%
)ò2�7^�õq��ý;ù	��
Zú¨ù�jIò½�b��ö�
n�Æø���ù�
�öÆø;üÑ��ù c£ò=ø-ò�
�ú¨ùÿö�õrò2��ô�öÆú ù	�%
:�
v#�Ep"�q+-p"5�����9#p'���C :¥���9À="´µ@CFED��RM�MBÛEG%HhM�M�yEK"�'@NM�G�GEBED7 ÙqM�J�Û�Ü¨¬�îhã�þ�åíæ�U�îDéVå�á�îDàTÕrß�àKãÝ×åt¬Tå�æ[£ß"z�ß�àDê�ßJé¶ã`²uå©S�åg�?��
�ö�õ ü�ý;ù ý�ö%
T�X�w^�^�ø2�e�íù�j�ö�ú¨ù	��
»�N��úgfJò¨ºGù�
(Ç���ô»ø¨ó�a
¼rö�
?�íöÆô¢j�����ò�õ`�b��ý;ô�^Jò�ø��h�%
T�Æô'��ú¨ù�§2ùûú ü%�:&(oN9d�ÿ!�58ÜT 'æ'´µ@bM�D7�?BÆÛ�HIF"ME�Z@NM8GEGEKED7 ÙqM�JEB�Ü�ä#°�ërérêíãR��å©��å���£±öÆø;ú ùÿöÆõ'Úµù c£ò�ø òe
�ú ùÿöÆõ'����ô�öÆú ù	�%
Jý7���|�h��*�0'��6�5·&L6�0'*"+q5�r�+-p�����6�3"58,��%6�+©�er�;�ªR�(9#,�5e�� (���%623R 
&(���� -�R@NM�G�G�FLD7 ÙqM�J�yÆÜ�ç�ëVP@Þ�èrérßJàKã]Ö²åq²råg���?f�ò�óíòh�%jIò�ú¨ø;ü��b���/ø ö���ú_ö�õDý�ò�úÿý7�?uw��,/."�2+-*"1�5·Û#p"+-Ü�58�2r�+t6N$�����5�r�r8�R@NM�G�FEBED7 ÙqM�JLO2Ü�çGß"YußJà�ßJàKã{Vå���ºÓòh�%jIò=ú ø;ù	�k�)ò/ö�ý;ô»ø ò¢�TfJòh�Æø;ü%�Z&(�"�2+-p"1�58�bHmö�5e�2�-��1'�T@NM�G�y�GLD7 ÙqM�J�FÆÜ�çGà�ß"Quê�ß�²uå��`\�
VúgfJò±ñ�ò_ó�ô»õ÷ö�ø;ùûú¨ü��N��úgfJò|�Z�Æõ ô»ú ù	�%
��N�zö���ò2�h��
?�¨\Gø���ò�ø¨��öÆø;ùÿöÆú ù	�%
�öÆõ'¸�
�òh�=ô�ö�õ ùûú ü%�Lèw���-�¤ LÛdpR 
���%6� �om62���C 'èÀ@¤O�D�¯³@ÿÛLD���Ú"M�K�H8Ú"M�B"�:@bM8GLO�K�D� ÙqM�J�GÆÜ�çGà�âûß"Y]�Óëré¶ã±Ý�åg�½��öÆø;ùÿö�ú¨ù	��
�ö�õ£(ø;ù�
T�=ù ^�õ÷ò;ýTö%
?�¢�Dø ò/òXÁ��Æô�
T��öÆø;ü¢£(ø�����õ÷òejµý7�`��0"�25���p:*A���"�"�-+q5�*³,��%6�3'5�H
,��%6�+©�er8��ob&"&�v JEJLO�G%HIF"M8FLB������Ø+-�-5e$LH¤oIpL625e�hr��e+q58p'��5|�"0"."�-+©�e�%62+q�EpR�R@NM�G�FLK�D7 ÙqMEM8JÆÜ�çGà�âûß"Y]�Óëré¶ãrÝVå�æV[�QDâ�PEP�â�«�êíãZ¬Tå����TfJò��/ø-ò-ò��h�Æô�
?�íöÆø;üÑ�N�zö&ý�òej�ùûõþù�
�ò/öÆøµò�õûõ ù ^�ú ù	�&ò2��ô�öÆú ù	�%
:��¥V�h��p'r8 �9#,�5e�� 
���%623R '&(���� T='�T=Z�ZM�B�Ú�H2M�FEK��?@NM�G�F�Û(D7 ÙqMEM�M=Ü�çGà�âûß"Y]�Óëré¶ãJÝ�å�æ"[�è`å�å�âZUVå÷Ý�åg�T�TfJòV�/ø ò/ò#�h�Æô�
T��öÆø;ü�����ø±ò�õ÷öÆý/ú ù	�ea-^�õ÷öÆý/ú ù	��úm��ø/ý;ù	�%
|^�ø2����õ÷ò�j�ý7��¥V�h��p:re �9#,�5e�� 
���%623R '&(���� T=:�?>A@CKED7�»Û'MEM�H_ÛLKEB��T@NM8GEF�JLD7 ÙqMEM�K�Ü�ç(èréuê�ß�Þ�ë¶ã�ì�å���¸7
�ú_ò�øg�=ö���ùÿöÆõ�òe
�ò�ø¨ó�üµö�
?�µú�f�ò��)ö8���¶ò�õûõ�ø;ô»õÎò���9d�2�h3V �!#�%62+q�Ep'�����45��h3R �9#p:���¤ �;(�?¯¢@NM�D7��yíÚ%HIGEB��
@NM�G�F�GLD7 ÙqMEMBÚÆÜ�ç(èréuê�ß�Þ�ë¶ã£ì2åíæÓçGîrê2Þ�èÊãÓïVå��Kñ£ò_ó�ô»õ÷öÆø;ùûú ü)ø ò=ý;ô»õ ú¨ýd���Æø²ö%
�ù ýe��ú¨ø��h^�ù	�Tù�jIö�ó�òTý�ò_ó�j�òe
�ú8öÆú ù	�%
áj�����ò�õ ý7��9#p'pR 
&���0'���©��vd���2,¦ '&�0"�R '��+-r2�Ñu��C :&"��+¤ ?="´µ@¨ÚED��»ÛEy�Ú�H ÛLG�G¨@NM8GEGLO�D7 ÙqMEM�Û�Ü�ç(èréuê�ß�Þ�ë¶ãKì�å�æKçGà�ëréuÞ:ä�èràEzKã�UVå���ñ£ò�õ÷öe�@öÆú ù	�%
�ù�
�Á��¿§Æò=ø/ý;ô@ý���ô�ö�ý;ù	�h�%
:§�ò2�íù ß��/öÆú ù	�%
�ù�


W 1,p � ö¨j��8�íò=õ
���Æø�úgfJòµù�
�ú8ò=ø öE�=ú ù	�%
A�-ò�ú¤�¶ò-òe
/�/ø öE�=ú ô»ø ò�ö�
?�¨��ö%jIö�ó�òe�Tuw���©�� (ö����8 (������6�+©��� ã +tíT5e�25epL6�+©���Z)�êE0:�%6�+-��p:r�´V�@ÛEJ(O�HÛ�ÛLy"�Z@NM�G�GEBED7 ÙqMEM�B�Ü4U&ërá�à�âûß'P�ãÙ%åg�T�cø-ò;ý;ô»õ ú��h�%
?�/ò�ø7
�ù�
@ó¨�h�%
:§�ò2�Võ÷òe§�ò�õDý;ô»øg�=öE�-ò=ý��N�

3
ab��ù�j�òe
Jý;ù	�%
�öÆõZfJöÆø7j��%
�ù	���/ô�
?��ú¨ù	��
Jý7�:�: 

ÒR�Ep'*���p¦���%623R :&(���� :æ?=R�'K�FEy%HNK�G�Û'�:@bM8GLBEO�D� ÙqMEM8yÆÜ4U�âûéVå�á�îDàTÕ¶ãd¶Våq�£å�æ��hëréRY�ë�îhãd�£åt¬Tåg��\�
}ú�f�òTúgfJòh�Æø;ü»�N��ý;ô�^�ò=ø��h��
?�Æô'��ú ù�§Bùûú ü%��&(�%Ü(+q5e6X��3L$�r8 q���: )����:5eH
��+-,�5epL68 "¥�3'5e���25�6� ���3($�re :=:�R�VM8J�y�Û'�T@NM�GEB�JLD7 ÙqMEM�O2Ü4U�âûîrê�z�â8ã�äµåg�T�Tù�
�ù�j�ö�õDý;ô»øg�=ö��/ò=ýµö%
?�d�/ô�
?��ú¨ù	��
Jý/�N���2��ô�
?�íò2�Ñ§�ö�ø;ùÿöÆú ù	�%
�ýh�?èw+q�2û(3���0'r�5e����èw�Erb6���pV�T@bM8GEF�ÛLD� ÙqMEM8FÆÜ¨{�ëV��â�P7zDèréhã�Ù�å©S�åg���TfJò%ù�
'§Æò=ø/ý�ò��/ô�
T�=ú ù	�%
�úgfJòh�Æø-ò�jÅ�b�|l�ö�ý�f�ö%
T�¨�n��ý�ò=ø7�Rèw0"�-�¤ T9d,�5e�� ?����6�3R R&(���� R>R�
yEB%HIKEK�K��?@NM�G�FEKED7 ÙqMEM8GÆÜ¨{&ßJéDà�èVz�ã�ÝVå�æ'S?Q�ëVQVÕ]Qrè]Píâ ëuéhã�{Vå��"Æ���
'§Æò��íùûú ü|�N�:�/ø ò/ò��h�Æô�
?�íöÆø;ùÿò=ý��KùûúgfX�-ò�ø7
?��ô»õûõ ù�ú ü2^�ò��2��ô�
?�íöÆø;ü|�h��
?�Æù�aú¨ù	��
Jý7�"v#�Ep"�-+qp"5����#9dp'���¤ '¥���9À=:�³@CBED7�R@NM�G�G(O�D7 ÙqM�K�JÆÜ¨{&ßJéDà�èVz�ãuÝ�å�æS?Q�ë]QVÕVQuèVP�â ëréhãR{Vå��'���íù ý;ú8ò�
T�-ò��N�½��õ÷ö�ý/ý;ù	�/öÆõrý���õ ô»ú ù	�%
Jý�úI�%ö��/ø ò/òX�2��ô�
?�íöÆø;ü�^�ø��E�=õÎò�j ���Æøú�f�òw^TaC¼röh^�õ÷öE�-ò��h^Jò�ø ö�úm��ø/¹
	�¸��Iú�f�ò�ò2�íú_ò�ø;ù	�Æø/�h�%
:§�ò2�¦�-öÆý�ò��:�"��58�"�2+qpL68 ÙqM�K�M=Ü¨{&ßJéDà�èVz�ãuÝ�å�æS?Q�ë]QVÕVQuèVP�â ëréhãR{Vå��'���íù ý;ú8ò�
T�-ò��N�½��õ÷ö�ý/ý;ù	�/öÆõrý���õ ô»ú ù	�%
Jý�úI�%ö��/ø ò/òX�2��ô�
?�íöÆø;ü�^�ø��E�=õÎò�j ���Æøú�f�òw^TaC¼röh^�õ÷öE�-ò��h^Jò�ø ö�úm��ø/¹
	�¸�¸�IúgfJòµù�
�ú8ò=ø;ù	��ø/�2��
'§Æò��¢�/ö�ý�òe�"�"�25e�"�2+-pE6� 

Í�Î��



ÙqM�K�K�Ü�ìhPL�ÓërérßJéhã��Iåg��¼ròh��ú¨ô»ø ò=ý¦��
¿�Zò/ö�
 Æ�ô»ø7§�ö�ú¨ô»ø òÑ�¶õq���aö%
?�)ñ£ò�õ÷öÆú8òh�Õò2��ô�öÆú ù	�%
�ý7��ÒR58��6�0"�25¢v#��6258rXo�uw¥���
¥V�2+-58rb6�5��R@bM8GEGEB�D� ÙqM�K�ÚÆÜ�ì;ê�ëVËrè?°(ãV¶Tå��:¸�
'§Æò=ø/ý�ò�úgfJòh�Æø òej�ý��2��
?�/ò�ø7
�ù�
�ó�úgfJòµý7j����Æúgf(
�ò;ý/ý��b��^'�Æú8ò�
�ú¨ùÿö�õ ý7�:�: ã +tíT5e�25epL6�+©���])�êL0'�%62+q�Ep'r
;:;?�'B�J�HIB�y"�T@NM�GLO%yLD7 ÙqM�KÆÛ�Ü¨²�ßJà�â ê2èré³¬Tå�æTÖIßJéDâgÕà��åg�(Á��Æô�
T��öÆø;ü��/ò2f�ö%§2ù	�Æô»øk�N�wf�öÆø7j��%
�ù	���/ô�
?��ú¨ù	��
JýÓù�
¦
?��
�ú8ö%
�ó�òe
�ú ùÿöÆõûõ ü�ö��h�/ò;ý/ý;ù	�=õÎò
����j�ö�ù�
Jý7�'9�*�ÜT '����6�3R :´?¯³@bM�D7�:F�J%HhM�Û�O(�T@NM�G�FEKED7 ÙqM�K�B�Ü¨Ö�ë�îR«rã�Ê�å�æ�Ö�ë�îV«Dã���å��Rì/��õq�%j��Æø¤^'f@ù	����ô�
T�=ú ù	�%
�ý��b�/��ò�§Æò�ø öÆõ½��öÆø;ùÿö���õ÷ò=ý7���A���t625e�k*�5��|�20"$L6�5e���Zèw5e�2�q+-pR�
v#58�â����2ûT�R@NM�G�F�ÚLD7 ÙqM�K�yÆÜ¨Ö�ë�ü�è]QRP�ãVÊ&åg���ÑfJòe
*ö�ø ò�ýe�Æõ ô»ú ù	�%
�ý�úI�X
?��
�õ ù�
�ò-ö�ø�ò=õûõ ù ^�ú¨ù	�X�h�Æô�
T��öÆø;ü�§ÆöÆõ ô�òw^�ø��E�=õ÷òej�ýk�h�%
:§�ò2�����:u���,�,¢ 
������6�+©��� ã +qíT5e�25epL6�+©���R)�êE0:�%6�+-��p:r·;(�V�ZM�K"MBÚ%HhM�KEK�B"�:@NM�G�FLB�D7 ÙqM�KEO2Ü¨Ö�ë�ü�è]QRP�ã�Ê&åg��\�
�úgfJò��h�%
:§�ò2�íùûú¨ü²ö%
T��ý/ü%jXjIò=ú ø;ü¦�b�µýe��õ ô»ú¨ù	��
JýµúI�²ö%
 ò�õûõ ù ^�ú ù	�#�/ø-ò-ò��2��ô�
?�íöÆø;ü/^�ø��E�=õ÷òejX�
�' "9d0'rb6��h���¤ "���%623R :&(���� '&�5e�� '9Ã´T=R�:BEO�HmyEF"�T@NM�G�FLO�D7 ÙqM�K�FÆÜ¨Ö�ë�ü�è]QRP�ã|Ê�å��k\�
�úgfJò��h�%
:§�ò2�íùûú¨ü»�b��õÎò�§Æò=õÓý=ò�ú¨ý|���Æø)ò�õûõ ù ^�ú¨ù	�Xö%
T�¨^Jö�ø ö��h��õ ù	��ò��íú8ò=ø;ù	��ø4�h��ô�
?��ö�ø;ü³§�ö�õ ô�ò
^�ø��E�=õÎò�j�ý7�"���6�58pL6�+©���T6�3'5e���2$n@	���2��1�0"5E�ZM8GEFLO�D��(���q58p(0",¢�'v#58�Óâ��E��ûLHIÒR��p:*���pR�TM�B�Ú%HhM�B�G"�?@NM8GEF�FLD7 ÙqM�K�GÆÜ¨Ö�ë�ü�è]QRP�ã'Ê&åg��ñ£ò/öÆø;ø ö�
�ó�ò�jIòe
�ú¨ýGö%
T��Æ��%
:§�ò2�íùûú¨ü/�b��¼ròe§�ò�õ(��ò�ú¨ýÊù�
X£�Ú·�w��ÒV58�7620"�25wvd��6�5�r`+qpX���%623R (;:;"�'�V�
@NM�G�FEBED7 ÙqM2Ú�JÆÜ¨Ö�ë�ü�è]QRP�ãVÊ&åg�]ºÓòh�%jIò�ú¨ø;ù	�/öÆõL^�ø��2^�ò�ø;ú¨ùÿò=ýk�b��õ÷ò�§Æò�õ�ý�ò�úÿýk�N��ýe�Æõ ô»ú ù	�%
�ý�úI�Iò=õûõþù ^�ú ù	�w^�ø2����õ÷ò�j�ý7�����2�(�� "&($(,X�?�Er8 
��0"�25k���%623R '´Z�Z��������6dK��"9d,X58�8 :���%623R :&(���� -�����2�%Ü(+-*�58p'��5E�'K�B%H_ÚEy"�T@NM8GEF�yLD7 ÙqM2Ú"M=Ü¨ÖIß�éDâgÕ¶ã���å÷äµåg�]ìµö�ø7j���
�ù	�Tö%
�öÆõ ü�ý;ù ý�ú8òh�2f�
�ù	��ô�ò;ýd����øIý�ò2�h��
?�A�Æø��íò=ø�ò�õûõ ù ^�ú¨ù	�4�h�Æô�
T��ö�ø;ü�§�ö�õ ô�ò½^�ø��E�=õÎò�j�ý7�
uwè��n&�!#5e1�+-��p:���Vu���p�ÈN ?&(5e�� �+qp4����6�3R ?�:æV "9#,�5e�2+©�e��p¢����6�3"58,���6�+©�e���V&(����+-5�6N$��R@bM8GEG�ÛLD� ÙqM2ÚEK�Ü¨ÖIß�éDâgÕ¶ã���åþäµå�æ���èrà�è¶ã��X��ìµö�ø7j���
�ù	�xjIò-öÆý;ô»ø òx��
\õ-�8�/öÆõûõþü¨�±öÆú�����j�ö�ù�
Jý7� ã 0"ûE5n����6�3R w�' ��?> @ÿÚED��
B�JEG%HNB�B�ME�:@bM8G�G(O�D� ÙqM2Ú�ÚÆÜ¨ÖIß�éDâgÕ¶ã���å÷äµå�æ���èrà�èÊã��X�:ì�öÆø7j��%
�ù	�/jIò-öÆý;ô»ø ò;ýµö�
?��£#�Æù ý/ýe�%
��&ò�ø7
�ò�õ ý7���"�25e�"�2+-pE6� 

�qM��! �Ü¨ÖIâ-Þ ëVQR�<�¶ßJßZ��\#�;ý;ú8ö���õ÷ò�^�ø�����õ÷òej ���Æøk
?��
�õ ù�
�ò/öÆø�ý�òh�2��
?��ab�Æø��íò=ø�ò�õûõ ù ^�ú¨ù	���h^Jò�ø öÆúI�Æø7�'�"��58�"�2+qpL68 
�qM��EB�Ü¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKã¬Tå����?f�òk��ø ò/ò·Ád��ô�
?�íöÆø;ü�Ú&ò=ú8ò�ø7j�ù�
�ò2�¨�=ü�ú�f�òk�Z�Æõ ô»ú ù	�%
*úm�Vö/Úµù c£ò�ø ò�
�ú¨ùÿö�õT����ô�öÆú ù	�%
:�

oIp'*�+©��p'��Ûdp"+qÜT "����6�3R :�' ?=?�A@CKED7�ZM�GEB�HNK�JEF"�T@NM�GLO%yLD7 
�qM���yÆÜ¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKã¬Tå����?f�ò��2��ù�
?��ù	��òe
?�/ò���ò�ú��N�·�Z�Æõ ô»ú ù	�%
�ý��N��Æhò�ø;ú_ö�ù�
���ö�ø;ùÿöÆú ù	�%
�öÆõZ¸7
�òh��ô�öÆõ ùûú ùÿò=ýh�?9#�h�h3R 

!#�%62+q�Ep'���Z�45��h3R '9dp'���¤ "´?�V�'K!�'M�HNK�B�J"�T@NM8G(O(M�D7 
�qM��LO2Ü¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKã'¬Våg��ì��%� ö·j&ù�
�ù�jIöÆõ@ý;ô»øg�=ö��/òÓõ÷ò/ö%§Æò;ýÓö%
��E�;ý;ú8ö���õ÷ò���9���62�' ��n�%6�3V E;�æ:�V�%K�K�MeHIK! LK"��@NM�GLO"�LD7 
�qM���FÆÜ¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKã`¬Tå�ærï&âûà�ßJéDá�ßJàTÕ¶ã`�£åg�Jñ£ò_ó�ô»õÎöÆø;ùûú ü&ù�
��/ø ò/ò/�h�Æô�
T��öÆø;ü|^�ø�����õ÷òejµý7�'9dp"pR :&"��0"�E�-�Xv#�E��,¢ 

&(0"�R '��+-r2�Ñu��C ?&���+R´]���LO!�%H���G'M��:@bM8G(O�O�D� 
�qM���GÆÜ¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKã]¬Tå�ærï&âûà�ßJéDá�ßJàTÕ¶ãV�£å�æS?«Jà�îrÞ?ËÊãR²uå���ñ�_ ó�ô»õ÷ö�ø;ùûúm_½�íö%
�ý�õ÷ò=ý�õ÷ò;ý�^�ø2����õqi�jIò=ý�ò�õûõ ù ^�ú¨ù	��ô�ò;ý

ò �/ø���
�ú ù	i=ø-ò�õ ù	��ø òe�?u� '!k :9��e��*R '&��� "������+©re�"&(Ì8�8 :9½�?=:�:¯V�TM�M�FLO�HhM�M�G�J'�:@NM�GLO�FED7 
�qM# EJÆÜ¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKãZ¬Tåíæ�ï&âûà�ßJéDá�ßJàTÕ¶ãT��å�æVS?«Jà�îrÞ?ËÊãT²uå���ñ�ò_ó�ô»õ÷ö�ø;ùûú¨ü�ù�
Tò�õûõ ù ^�ú¨ù	���/ø ò/òk�2��ô�
?�íöÆø;ü�^�ø�����õ÷òejµý

¸7�"�: '9#p:���¤ "���%623R :æ:´V�"FEy%HhM�M8G'�?@bM8G(O%FED� 
�qM# 'M=Ü¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKãZ¬Tåíæ�ï&âûà�ßJéDá�ßJàTÕ¶ãT��å�æVS?«Jà�îrÞ?ËÊãT²uå���ñ�ò_ó�ô»õ÷ö�ø;ùûú¨ü�ù�
Tò�õûõ ù ^�ú¨ù	���/ø ò/òk�2��ô�
?�íöÆø;ü�^�ø�����õ÷òejµý

¸b¸½¹R�#�=ô�ö�ú¨ù	��
Jý��N�df»ùþó�f�ò=øX�Æø��íò=ø7�?9#p"pR ?&���0"�E�-��vd���2,¦ '&�0"�R "��+©r2��u��C '&��e+C :´»@	yLD7�"y$�(O�HIy�F%�"�T@NM8G(O%GLD7 
�qM# LK�Ü¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKã�¬Tå�æ#S:zíëV�d«2ëDÞ�Þ:Qrâ ë UVåg�]��
x¸7
�ú¨ø����Æô'��ú ù	�%
 úI�Ø��ö�ø;ùÿöÆú ù	�%
�öÆõ`¸�
�òh��ô�öÆõ ùûú ùÿò;ý�ö�
?�à�Tf�ò=ùûø

��^E^�õ ù	�/öÆú ù	�%
�ý7�:9��e�E*�5e,�+©�|����5�r�r8�"v#58�Óâ��E��ûT�R@bM8G�FEJED� 
�qM# %�ÆÜ¨ÖIâûéVYrßJàZP�ß"QDà�ßJàKã`¬Tå�æ�S:z�ëV��«2ë�Þ�Þ?QDâ ë¿UTå��:�¿�/ø ò/ò��2��ô�
?�íöÆø;ü|^�ø2����õ÷ò�j¢ù�
�^'�Æú8òe
�ú ùÿöÆõDúgfJòh�Æø;ü%�:9#p"pR 'oIp'rN6� 

Ï"�E0"��+-5e�k@&�|��58p"��."�-5�D�=?�Z�'�EK!��H�$ $ :�:@NM�GLO�B�D7 
�qM# $ �Ü¨ÖIéuè?üÑPíß�êíã'²uåtÖ²åg���Ã
?�Æú8òd��
%úgfJò�ò�
�ò=ø¨ó�ü�ø ò�õ÷ò/ö�ý�òÓø-öÆú8òÓù�
¨��ô�ö�ý;ù�a_ý;ú8öÆú ù	��ò�õ÷ö�ý;ú ù	����ø öE�2Â�^�ø��h^JöBóíö�ú¨ù	��
'�(&(oN9d�

�' "9d�"�"�¤ '����6�3R '´];?�( EJ"MeH& :M�K"�:@NM�G�F'M�D7 
�qM# LB�Ü¨�¶ëVY?×�ê8QDßJérê8ËuëE×»ë¶ã*)�å÷Ý�å�æ,+�à�ë]P!-~zDêBß(°�ë¶ãÓïVåþïVå���¼�ù�
�ò-ö�øTö�
?�/.Gô�ö�ý;ùûõ ù�
�ò/öÆø��Gõûõ ù ^�ú ù	�¦�#�=ô�ö�ú¨ù	��
Jý7��v#5e�

â����2û4Ð'9��e�E*�5e,�+©�|����5�r�r8�R@NM�G�yEFED7 

Í�Î10



�qM# Ey"2¨�4365�768�9�:18�;w[=<%>�S:z6768"Y?5RPA@B9�CeËV×�;
D=<g�]���%E ýGF�He
?�GH��b��I�HJ!K(LNM"O��T�!LPK(F&E	�%
�Q���EBFgfn¼?H�§"HRLPQ����!O���HejSEBLPE�
1HGM"O
�
LBLPE ^�FTE	�w���RK�M!FTE	��
�Q���EBF�f·l��%
:j���
?�"FI�%
�H

L1
l��%
'LPE�
1HGM"OUEBF&EVHRQh��oIp'*"+-��p'�dÛdp"+qÜT ����%623R %�' %æ?ªÑ@W (D7�(M8JEF"MeH2MEM�MX :�

@NM�G�G�JLD7 
�qM# (O�2¨��8'Õ?8�7�;#²�<��Y<��`�4LZM!FC
�HUQGQ[M�
?�¢�\E�
'EBFC
�HUQGQ�E�
/F�f�H���K�j����"O���am��f�M8f�^1O2���XLZH�jX��' `���%623R V��0'��5�r/9#�'�"�C ^]#_��

 %�'M�H LB�G'�:@bM8G�GEGED� 
�qM# EF"2¨��@©zTzT��3�9\;�}`<$>|S?z$3V��«#3�:�:?Q�@a34;|Ub<!>#}c8�@B9�d18�7?Õ?8�7�;�{[<Ze^<g��I*H&J$K(LZM!Ok^�f"E�
�FTQ*gRf!ObHXLBLPE ^1F&E	�hHh�XK�M"F&EVf%
�Q

��EBF�fn�"EaQe�Gf%
'FTE�
'K�f"KiQ½�jf�HTká�XEVH�
'FVQ7�?9#p"pR ?&���0"�E�-��vd���2,¦ '&�0"�R "��+©r2��u��¤ :&��e+C V;�>A@T�ED7�� %�%HbO�O��?@bM8GEy$�ED� 
�qM# EG"2¨��8(ü�×�;�{[<g��\w
lFgf�HmOnHC�oH2�XF&EVf%
pLZM��qQrfsgSQXH2�Gf�
?�hf!O��$HXO��"E c*HROnHe
�F&EVM"L
H2�XK�M"F&EVf%
�QSE�
tFC�4fbE�
T�$HI^�He
?�%H�
'F�§"M%a

OUEVM��XLZHRQh�?èw0"�q�¤ "9#,�58�8 ",���6�3R :&��(�� '¯?�R���LO�HIB�F"�Z@NM�GEB�GED
�qM�B�J"2¨��8(ü�×�;?{[<g�Z\w
�jYE�
'E�j�M!L"�'K(OWgRME�GHUQ���EBFgf/£oM!OUFTEVM!LBLPu·��OnHGHwÁ*f"K�
T�$M!OUu%�(u���,�,¢ %��0"�25�9#�"�'�C ��n�%6�3V �´V��MeH2M��"�

@NM�GEB�M�D7 
�qM�B�MR2¨��8(ü�×�;R{v<��`\�
�MwgGOjHjH��Gf"K�
?�%M"OUud^1OnfE�RLNH�jxE�
�FC�4f��!E�j�He
�QUEVf%
�Q7�"!�5ep'*R "u�+-�h�� (���%6� E�����-5e�2,��¨@¤K�D�æ:´A@V�ED��

�EKEB�H��$��y'�:@bM8G�FEyED� 
�qM�B�Ky2¨��8(ü�×�;|{[<!>½S:z%3V�d«�3�:�::Q�@a34;|Uv<g�|\�
zFgf�H�I*H&J$K(LZM!OUEBFTulf{gvFgf�H¦�6f"LPK(F&EVf%
|fsgbM �'M"OUEVM!FTEVf�
1M"L�¸�
1Hh�XK�M"LPEBF&u%�

u���,�,¢ ���0"�25½9#�"�'�C '�n�%6�3V ?=:=R�ZM�B$�%HhM8FEF"�:@bM8GEy�GED� 
�qM�B!�"2¨��8(ü�×�;�{v<!>dS:z$3V��«�36:�:?Q�@a34;#Uv<g�#\�
tFgf�H�Qhjrf�f"Fgf(
1HRQGQ[f{g�QUK�^�HRO�f�M"O7jrf%
'E	�UQÑ�]f(E	�2fpQXf"L~§"HbM�jSE�
�E�jSK�j

^1OnfE�RLNH�jX�'�: '9#p'���C "�n�%6�3V ?='æV�'K�KLO�HNK!�Ey"�T@NM8G(O%JLD7 
�qM�B" !2¨��8(ü�×�;�{v<$>
}Q�@-×?563�94;��r<��w\w
�gGOnHGHÑ�Gf"K�
T�$M!OUu½^�Onf��XLZHej=QSE�
~F¤�4f4�"E�jrHe
�QUEVf%
�Qh�Z!�58p'*Z Vu�+-�2�� ?����68 ?���%H

�q58��,��¢@CKED�æ'´]���EKEB�H��$��y'�?@bM8GEFEB�D� 
�qM�B�By2¨��@B9\;�e^<q{[<g����p¢0"p"�"0'."�q+©r�3"58*¢���E0"�hrb5·�%6|u��E0"�2��pL6woIp'rb6�+q6�0"6�5k��È�����6�3"58,���6�+©�e���V&���+-5ep'�e58r8�R@NM�G�G�JLD7 
�qM�B�y"2¦Ý�:1�=3�d1d�;?�v<��?�'F&Onf�
AJ4Æ\f�j#^�M"OUEaQXf%
�Tf�HGf"OjH�jYQ\gRf"O*�
LBLPE ^�FTE	���,�RK�M!FTEVf�
�Q�f{g·�6H2�Gf�
?�¢\wO��%HRO7�"�: ���È���%623R 

��p'*¦�45��h3'��p"+©�er·;��³@V�LD7�( A�"M�H $ LJ"�T@NM�G�y"M�D7 
�qM�BEO�2¦Ýp3VPLP%8�z?Þ�[q3?768�z�;d²�<g�kº,H�
�HROUE	��K�
#gRf"L-�"E�
AJ!Q�M%
?�µ
1f"O7jrM"L6gRf!O7j=Q�f{g[QXf%jrHbQUE�
AJ$K(LZM!OUEBFTEVHRQ�M!OUEaQUE�
AJlE�
�Fgf

HGf��RQGF�M��XLZH�^1OnfE�RLNH�jX� ã 0"û�5½�n�%6�3V "�' '´T¯³@V�LD7�'y$ LB%HmyEF$�"�?@NM�GLO%GLD7 
�qM�B�F"2¦Ý���768'P';#²?<ÉÞ2Ý|<��/�Tf�H¦��K�jwgRf"O���am��f�M8f¿�Gf%
8�XH2�XF&K(OnHvE�
zE�j�M#J%H�^1Onf��GHUQGQUE�
AJ���&(5e,¢ �v½ �èw��0"�2.'��ûL+¤�V5X���:�LrbÌ

F"M��"�Z@NM�G�GEBLs%GEyED7 
�qM�B�G"2¦Ý���768'P';�²�<ÉÞhÝ�<V;�S��VPA@���@B9�@�;wS�<��|�'M!OUEVM"F&EVf%
1M!L�j�HXFgf�f��yQ�E�
lE�j�M#J%HrQRHJ�j�He
�F�M"F&EVf%
:�Zè�+-�2ûL3'��0'r�5e���:èw�Erb6��EpR�

@NM�G�G! (D7 
�qM�y�J"2¦Ý��?C#8�7�;]²�<��:�ô
�H��zF�Hh�2f�
�EV�XK�H\gRf"O�Fgf�H/�jf�
�QUF&OUK'�RF&EVf%
�fsg*QRf!LPK(F&EVf%
�Q�f{g·
�f%
'LPE�
1HGM"O½�!E c�HROjH�
'FTEVM!L?HG�RK�M!FTEVf�
�Q7�

���2�(�� "vd��68 '9��8��*Z '&��e+C :Û�&�9 ´Z>Z�ZM�FEK! �HhM8F$�'M��'@bM8GEy"M�D� 
�qM�y"MR2¦Ý��?C#8�7�;]²�<��'��OnMh^1E	�iL�u¨�Gf%
'§"HXOTJ%He
�F4EBFHXOnM"F&EVf%
nj�HXF�f�f8�mM%
?��
1f%
�L�E�
1HGM"O�^�M"OUF&EVM"L]�!E c�HROjH�
'FTEVM!L?HG�RK�M!FTEVf�
�Q�¸��

9#p"pV :&���0'���©�Xvd���2,¢ '&(0"�R "��+-r2�Ñ='�V�'K�yLB�H��"M�B"�?@bM8GEy�yED� 
�qM�yEKy2¦Ý��?C#8�7�;T²�<g�(��OnM2^�E	�iLPuÑ�Gf%
'§"HXOTJ%He
�F�EBF�HROnM!FTEVf�
¢j�HXF�f�f8��M�
?�/
1f%
vLPE�
�HjM!O�^�M"OUF&EVM"LZ�"E c�HXOnHe
�F&EVM"L6HG�RK�M!FTEVf�
�Q�¸b¸��

9#p"pV :&���0'���©�Xvd���2,¢ '&(0"�R "��+-r2�Ñu��C :&"��+¤ ?='�V�( $ LG%HNB!�LB��:@bM8GEy�yED� 
�qM�y$�"2[�Y3?C8Q\;`²�<����Tf�H=E�j��GHh���"E�
iJ½^1OnfE�RLZHej�gRf"O*I*EVHej�M�
njrM%
�E gRf!Lq�yQ7�?9#p"pR '��È����%623R :¯?æR�'K�J%HIy$�"�T@NM�GEB�yED7 
�qM�y! !2¨[�Q�@�PLP%@�«�C%;V¬b<g�"�ñ�bE�
'E�jYEqÇ�M!FTEVf�
¢£
OnfE�RLNH�j�M%
T�rFgf�H�I*HJ!K(LZM!OUEBFTu�fsg^QRf!LPK(F&EVf%
�Q�E�
�Fgf�H|£
OnHRQRHe
?�GHYf{g�M���OnHGH

Á�f!K�
?�%M"OUu%�"oIp'*"+-��p'��Û#p"+-ÜT '���%623R '�: 'æ?=µ@NM�D��R@NM�G�F$�LD7 
�qM�yEBy2¨[�Q�@�PLP%@�«�C%;�¬b<��Zì=M!KiQ��%f"OgcñjrHjM"QUK(OnHrHUQUF&E�j�M!FHRQSfsg�M^gGOnHGHÑ�Gf!K�
?�$M!OUu^gRf!O�M¦jSE�
�E�jSK�jñ^1Ojf��XLZH�jX�]u���,�,¢ 

������6�+©��� ã +qíT5e�25epL6�+©���R)�êE0:�%6�+-��p:r#�³@NM#�LD7�RM# EJEG%HhMX LB! '�'@bM8GEF$�ED� 
�qM�y�y"2¨[�PA�Vz69�@�Ë��?°
;R[=<Z��<g�:�<§"M"OUEVM�
�Fof{g�Fgf�H·l=M"Q�f(am�hfyQXHXO�F�f�HGf"OnHej�� ã +-p'��,�+-û%�Ñ&(�"�-�Er�3"pR :&(�258*"$n;�¯?=R�"GLO�H2M�JLO(�

@NM�GLO%FLD7 
�qM�yLO�2¨[*71�Vz68�7�;�Ý|<t{v<!>�}�8�@B9�d'8�7?Õ?8�7�;�{v<�e�<g�V�hMe�%E�jSK�j £
OUE�
?�XE ^1LNHUQrE�
nÚ=E c�HROjH�
'FTEVM!L�HG�XK�M"F&EVf%
�Qh�T���25epL62+-�e5�H

Ôd���q�¤��)�p"1E�q58���(��*¢u��-+qíTr8�V@NM�G�y(O�D7 
�qM�y�F"2¨Ù=8"Y?�?9RY?��;R²?<©�Y<����Tf�H�^�He
1M"L�EqÇ#Hh��fE�UQUF�M��XLZHw^�Onf��XLZHej��T¸8�?¼�E ^'Qe�2f(EBF�Ç=OnHJ$K(LZM"OUEBF&urf{g*LZH�§"HXL�QRHXFTQh� ã 0"û�5|���%623R 

�' '¯?ª³@NM�D7�� A�%HIyEB"�?@bM8G�G%�ED� 

Í�Î6�



�qM�y�G"2¨Ù=8"Y?�?9RY?��;�²?<©�Y<��#�Tf�H�^�He
1M"L�EqÇ#Hh��fE�UQUF�M��XLZH|^�Onf��XLZHej��`¸e�
C1,α

OnHJ$K(LZM"OUEBF&u�f{gYLZH�§"HXL?QXHXFVQ7� ã 0'û�5��n�%6�3V T�: 
¯:ª³@bM�D��"yLO�HIFEB"�Z@NM8GEG$�LD7 

�qM%O%J"2¨Ù=8�@�äi8�9�d18�7?Õ�;�DY<tÙ�<g���
�Hm^�E ^�HXOUE�jrHRF&OUE	�bE�
1HG�XK�M"LPEBF&uhOjHRLZM!FHh��F�f�Fgf�H�M�
1M"L�u"FTE	�XEBFTulf{g�jYE�
'E�j�M!L4QUK(OWgRME�jHRQ7�
9#p"pV '���%623R '�?�R�RMeH2M# '�T@NM�G�y! (D7 

�qM%O(MR2¨Ù=8�@�äi8�9�d18�7?Õ�;wD=<qÙ�<��`��f!LPK(F&EVf%
tf{gSFgf�H/£wLZM"F�HGM"Kn£
OnfE�RLZHej�gRf!O
m
ab�!E�j�He
�QUEVf%
�M"L�QUK(OWgRME�jHRQ�fsgX§yM!OUu"E�
AJhFf�a

^�f!LZfjJ!E	�GM"L?FTu2^�He�'9��76h�����%623R Z;(�:´]�ZM�HIGEK��Z@bM8G�yEJED� 
�qM%O�Ky2¨Ù��]Y�76@gÕ?5�8�C%;]²?<�e�<���\#�RQUFME�RLZH·£
OnfE�RLNH�jYQ�E�
��hM"Fgf�HejrM"F&E	�jM!LT£�f(uyQUE	�UQ7�Tv#����6�3"HmÔd���-�-��p'*Z�Z@NM�G�FLO�D7 
�qM%O"�"2¨Ù��]Y�76@gÕ?5�8�C%;#²�<~Þne�<!>w�r@�;we^<g��\�
zM�F¤�4f%a-^'f�MyQXH��Gf�
�F&E�
�K�f"KiQ��GMyQUF&E�
AJn�'F�HTgRM%
n^1OnfE�RLZHejë��EBFgf»
�f%
'LPE�
1HGM"O

�
K����()�0'���E�:5���p¢�' '9d�"�"�¤ '����6�3R R;?�'K�B�G%HNKEO�F"�:@bM8GEG�JED� 
�qM%Oy !2¨Ù��]Y�76@gÕ?5�8�C%;]²?<ÉÞne�<%>q}?3VP�zZå��,3�9�9\;ZÊ�<���\�
n�RLNMyQGQUE	�jM!L�QXf"L�K(FTEVf�
�Q=f{g�Fgf�H�FC�4f�a-^"f�M"QXH�QUF�HjME�"u%aQUF�M"F�H·�'F�HTgRM%


^1OnfE�RLNH�j`E�
�QUF&OUE ^'Q7�'v#�Ep"�-+qp"5����#9dp'���¤ "¥���9<;�ª³@V�ED��:K�J(O�HNK�JEF"�T@NM8GEGEKED7 
�qM%O�By2¨Ù��]Y�76@gÕ?5�8�C%;�²?<ÉÞne�<!>o}?3VP7zRå��,3�9�94;�Ê�<���I�HJ$K(LZM"OYQXf"LPK(F&EVf%
�Qrfsg�M¢�'F�HVgRM�
¦^1OnfE�RLZHej�E�
�QGF&OUE ^'Q7�Z�"�25e�'��+-pL68�

Û#p"+-Ü�58�2r�+©*"��*�5·*�5½ÒV+-r�.:�L�"�Z@NM�G�G$ LD7 
�qM%O%y"24S13�9RY�@B8�7�;�D=<!>�S18�7Zän3(z?×�;�S�<g�?��I�E�JAf"Ojf"KiQ�ÚSHROUE�§"M"F&EVf%
pf{gSM��6OnHGHeaCÁ�f!K�
?�%M"OUu�£wOnf��XLZHej �*OUEaQGE�
iJ[E�
x�1K�a

^�HXO��Gf%
T�"K'�XFTE�§�EBF&u%�"�"�25e�"�2+qpL6� 
�qM%O�O�24S6::Q�3�8"ä(äi8�7�;V¬b<©Ub<��L��
m���iM%jd^1LNH�f{g�º,H�
�HROUE	�,I*HJ!K(LZM!OUEBFTuwgRf"O�Mkl=f�
'aC¼�E�
1HGM"Oo�
LBLPE ^1F&E	�*�,�RK�M!FTEVf�
'��9#�h�h3R 

!#�%62+q�Ep'���Z�45��h3R '9dp'���¤ :�:>R�ZM#�$ �HhMX :M��T@NM8G(Oy (D7 
�qM%O%F"24S6::Q�3�8"ä(äi8�7�;]¬b<�Uv<����À�'F�M��XEBLPEBFTun�Tf�HGf!OnH�j�gRf"O�Fgf�H�\#�RQGF�M��XLZH�^1OnfE�RLZHejX�"9�*�ÜT (�n�%6�3V ?;�¯V�A�$ �H (O(�?@NM�GLO�BED7 
�qM%O%G"24S6::Q�3�8"ä(äi8�7�;Z¬b<©Uv<g�(��f%jrHo���iM%jd^1LZHRQ^fsg��'E�
iJ!K(LNM"OUEBF&EVHUQ�E�
�M·�6OnHGH�Á*f"K�
?�%M"OUu%�(9#p"pV L&��e0"���©�kv#�E��,¢ E&(0'�R 

��+©r��Ñu��¤ :&���+¤ "´»@V LD7�VM#�"MeH2M# $ :�:@NM�GLO�yED7 
�qM�F�J"24S6::Q�3�8"ä(äi8�7�;¬v<�Uv<����Tf�H��GM2^�M��XEBF�f"O�^�Onf��XLZHej��'oIp'*�+©��p'��Û#p'+qÜT '����6�3R :�' :='´V�VM�MX A�%HhM�M�yLO(�:@NM8G(O�BED7 
�qM�F"MR24S6::Q�3�8"ä(äi8�7�;¬v<�Uv<��\�
1HeaQUE	�$Hh�Y�
QGF&E�jrM"F�HUQ�gRf"O�Fgf�H�ÆqK(O7§yM!FTK(OnHYf{g�Fgf�H·�6OjHjH|Á�f!K�
?�%M"OUurE�
hFgf�HÑ\#�UQUF�M��XLZH

£
OnfE�RLZHejX�'9�*�ÜT '����6�3R :='´V�TO%F%HIG�F'�?@bM8G(O�O�D� 
�qM�FEKy24S6::QZüw3?7�zRå�;�²?<��#\�
³l=MyQ�f�ç QmE�j#^�LPE	�XEBF\gGK�
?�XFTEVf�
1M"L�F�f�HGf"OnHej���u���,�,¢ V��0'��5�9d�"�"�¤ `�n�%6�3V �;�æR�B�J�G�HIB$��J'�

@NM�G�y�JLD7 
�qM�F$�"24S�8�7?Õ?8�7�3�8�7�z�;\e��*�?�1H�JL_R�T_ROjM"LPEaQXM"F&EVf"���!KhFgf"_Gf"O2i�jrH��$HRQ�gRf"�T�RF&EVf"��Q=E�jd^1LPE	�XEBFHRQÑ�$Hkl=M"Q�f(�Ru� ?!k T9��e�E*Z 

&���+¤ ������2+-r8�'&(Ì8�8 �o7�?=?>:�R�"FEy"M�HIF�y%�"�?@NM8G(O%JLD7 
�qM�F! !24S�8�7?Õ?8�7�3�8�7�z�;qe��o�?��Fgf"_Gf!O�i�jrHX�$H
gRf"�T�RF&EVf"��Q�E�jd^1L�E	�REBF�HUQ=QGK(O½�GHXOUFM!EB��Q=HUQ¤^�M��GHRQ��$H�gGO�_h�2f�HRF,HXF
�XK�HRLZ�XK�HRQ

M2^E^1LPE	�GM"F&EVf"��Q7�?9dp"pR :&��e0"���©��v#�E��,¢ '&(0"�V "��+©r��Ñu��¤ :&���+¤ -�:&(5e�� 'B��"´]�:B�G�G%HIy�yEJ"�?@NM8G(O�KED7 
�qM�FEBy24S�@��*�?9\;V�*<��"¼�Hh�XFTK(OnHRQ�f!�[JAHjf�j�HXF&OUE	�kjrHjM"QUK(OnH�Fgf�HGf"OUu%���������� 'u�58pE62��5·����6�3R "9dp'���¤ �9#0'rb6��h���¤ �vd�%6� "Û#p"+-ÜT 

æR�R@bM8GEF$�ED� 
�qM�F�y"24ST«�7'5?::Ë
;·²�<g�
I�HJ$K(LZM"OUEBF&ulEB��HXLBLPE ^�FTE	�l�Gf"K(�T�$M!OUu¢^1Onf%�RLNH�jYQ7�w!�5���58pE6Ñ,�5e6�3"��*"r�+qpØp"�Ep�Hm�q+-p"58������p:���-$(r�+©re�

���2�(�� �+qpL6� '�45e5e68 -�'!��E,X5�M�GLO%F'�'O"�%HIF"ME�?@bM8G(O%GED� 
�qM�FLO�24S?z6�]±G3�9��T°?@W:�;?SV�E£oHXOUFTK(OX�GM!FTEVf!�*gRf"O7jSK(LZM�gRf"OoOnHJ$K(LZM"O�gGOjHjH^�Gf"K(�T�$M"OUEVHRQoEB�vHXLBLPE ^1F&E	��M"�T�w^�M"OnM%�Gf"LPE	��f$�RQUFME�RLNH

^1Onf%�RLNH�jYQ7�:&(oN9d�ÿ�: ?u���pL62���E�����"6�+-,¦ ?æ?�A@CyED7�?K�J�FEy%HNK�M�J�J"�:@NM8GEGLO�D7 
�qM�F�F"2[��3VPA8�9Zz6@�;�Uv<g����f�j�HbHRQUFTE�jrM"F�HUQ[fsgrQXf"L�K(FTEVf!��Q�F�f��hf"�iJ%HeaC��jd^"iXOnHvF&u2^�HbHG�RK�M!FTEVf!��Q�EB���"E�jrHR��QUEVf"�zFC�4f!�

9#p"pV :&���0'���©�Xvd���2,¢ '&(0"�R "��+-r2�Ñu��C :&"��+¤ :���ZM�F$��HIK$��J��T@NM�G�F'M�D7 
�qM�F�G"2[���?7��4;
�r<B��º,HGf%jrHRF&OUEV�v�jf!�1�!EBFTEVf!��QmM"����H��%EaQUF�HR���jH[f{g��XE�aC¼qE ^1QR�hfiEBFgÇk^�M!OnM%jrHXFTOUEqÇ�M"F&EVf"��QU� ã 0"û�5�����6�3R V�: 

>:>A@bM�DR�ZM8G$��HIKEKEO(�?@bM8G�GLB�D� 
�qM�G�J"2[���?7��4;��r<W��ÚSf"K��XLPEB�AJ�M!�1�¨�oM"F&�1HRQjQn¹*J%HGf%jrHXFTOUu�fsg�jrHGMyQUK(OnHRQG��v#��6�+©��5�r�9#,�58�8 ����%623R �&(���� �´:´ô@	GEDR�

M8JEFLO�HhM8JEG! '�'@NM�G�GLO�D7 
�qM�G"MR2�}c8�@WC�C$;�Uv<©Sq<B�"� f�f�j�fjJ%HX�1HXEBF&u�E�j#^�Onf%§"Hej�HX��FoM2^E^1Onf�M$�hf�F�frFgf�HYf$�RQUFM%�RLZH�^1Ojf$�XLZH�jS�'oIp(ÜE5epL68 �����6�3R Z;�æ:���

K!��HIB�J��T@NM8GEG�GLD7 
�qM�GEKy2��r@4e�<%>�}`Q�3�9VÕ¿²�<W��ÆqLZMyQGQUEV�GM"L�H��%EaQUF�HR���jHSf{g�F�f�H��of%��f{g�F¤�4frE�jXjYEaQX�XEV�RLNH���K(EV�"Qk��EBF�f�HG�RK(E�§�EaQX�jf"QUEBFTu[EB�~M

FC�4f�as�"E�jrHR��QUEVf"�1M!L�^�f"Onf!KiQkj�HG�"EBK�jS�:&(oN9��ÿ�' "9d�"�"�¤ '���%623R j�����r�j�����Ñ@NM�G�G(O�DU�

Í�Î��



�qM�G$�"2�}�3VP7zRå���3�9�9\;�Ê�<B�%��K(LPF&EV�"E�jrHR��QGEVf!�1M!L�F¤�4f%a-^"f�MyQXH��XK�MyQUEaQUF�M"F&EVf"�1M!OUu·�'F�HVgRM!�·^1Ojf$�XLZH�jS������pL0:rn X¡�+-��62�d���%623��
>'���'K�F(O�H���J'M$�:@bM8GEG$�EDR�

�qM�G! !2�}q8"Q�9RY?8�7�;�D=<W�½º,HR��HROnM!LPEqÇ�HG�pE�jd^1LPEV�XEBF,gGK(�1�XF&EVf"�|Fgf�HGf!OnH�jYQ4��EBF�f¢M2^E^1LPEV�GM!FTEVf!��QhF�f�QXf%jrHhQ7j�M!LBL^�"E�§�EaQXf"O
^1Onf%�RLNH�jYQhî£oM"OUFI�Z¸U�Tu�£�,�,b�(¤�0�¡25½9#�"�"�&�'����6�3��T='���"G"MeH2M# EJ��T@NM�GLO�B�DU�

Í�Î6¥



¦/§�¨^© ª�«¬�ª¯®¢°�© ª�«±ª�²´³�¨*§h³�¨*µ$¶�²,¶�«¸·�¹�°�º%µ!²�°�²,µ!»�ª�«¸¬�ª�«¼¾½À¿
ªrº$º%µ$³�²,µA·t¹�ª�«

�qM�GEBy2[�XäLz$3VPA@W�?9\;w�[<!>�Ê�5�C�:'34;�²�<W�?I�M%�"EVM!L4QUu%jXj�HXFTOUu~f{gmf�§yHXOn�$HXF�HRO7jSEB�1HG�Ñ^1Onf%�RLNH�jYQmEB�/H2�%FHXOUEVf"Ov�$f%jrM"EB��QU�
Á ¡G GÂ���Ã#�!ÄnÅN£�p'���T��Æ# GÂ�� Á p'���&�6Ç(´?æ��6È#ÉAÊyË{Ì!Í�y��1ÎsÈ#É%É$Ï%ÐR�

�ZÈ�É�y"2[��ÕV�^��9\;?Ñq<!>��S@B768�9�d18�7?Õ�;Z��<?£
OnfGÒ�HXOUFTEVHRQ�f{g�QRf!LPK(F&EVf"��Q�f{g�f"On�!EB�1M!OUum�"E c�HXOnHX��F&EVM"L�HG�RK�M!FTEVf!��Q*EB�¨Á*M"��M$�hf
Q&Ò�M%�jHX�?u�£%ÓSÓb�(¤\Ô�¡nÆ Á �"�"�&�'���"ÄjÂ���Ç�¯��6ÈyÌ(ÈXË�Ì$�$É���Î{È�É�y%�%ÐU�

�ZÈ�ÉAÕ�2[�SÖ%3V�,34;*Ñq<$>#Ê�7���9�CX3�76×�;���<$>�ØS5�@�;��Y<B�w�1FM!FTEVf!�1M"OUu�LZM"u$HXOnHG��QXf"LPK(F&EVf"��QmEB�
IRn

gRf"O�M"���*LBLZHX��Ù7Æ\M�fi�
QUuyQGF�Hej���EBFgf¢jSK(LPFTE Ò�LZH/�4HRLBL�Ò�f!FHX��F&EVM"LP�Zuw���a !��ö��$¡#�(¤��!¡nÄnÅ©��� ã Åqí1Æ#¡nÆ8p%ÄjÅ-���6Ú�êAÔ'�"ÄjÅZ£Ep'rd�����%Ê$É"Ë��$É$Í��'ÎsÈ#É$ÉiÕ!ÐR�

�ZÈ�É$Ï"2[�SÖA8�C#C#@W��;�e�<!>R²'8(3�9R±U8(3?9\;V�*<!>VÝt�?9Zz68�:�:1Û�@a3�76@�;�ÜY<B�:�'F�M"F&EVf"��M"OUu�LZM"u$HXOnHG�SQXf"L�K(FTEVf!��Q*EB�
IR2

gRf!O�Mm�RLZM"QGQ
f{gY�1f!��ÙsM"K(F�f"��f%jrf"KiQ|�*LBLZHX��Ù7Æ\M�fi�tHG�RK�M!FTEVf!��QU�Vuw���a !�:ö��!¡��'¤��!¡nÄnÅ©��� ã Åtí�ÆX¡jÆepAÄnÅ©����Ú�êAÔ'�!ÄnÅN£�p'rYÇ'Ç1��ÈyÕ$ÕyË�Ì$Í%Ì��
ÎTÌ$Í$Í$ÍAÐU�

�ZÈ�É$É"2[�SÖA8�C#C#@W��;�e�<!>?²�8(3�9V±U8(3�9\;?��<!>TÝt�?9Zz68�:�:1Û�@a3�76@�;1Ü=<W�!���$EaQUF�HR���GH*fsgoEB�8ß4��EBF�HRLPukjrM"�'u�QUFM!FTEVf!�1M"OUu=LZM"u$HXOnHG�
QXf"LPK(F&EVf"��Q^EB�

IR2
gRf"OYM[�RLNMyQGQ=f{g
Ò�HROUEVf��"EV�½�*LBLNHR�'Ù7Æ�M�fi��Hj�XK�M"F&EVf"��QU�"��¡jÆe��¡jÅqpAÄ��

� Ì$Í$Í"2[�SÖA8�ø�3�9�×?71�]ä(ä�;*�v<t¬b<B�Y�?�'EV�RK�HX�1HRQGQ[Fgf�HGf"OjH�j`gRf"OvQUK(OWgRM$�GHUQbEB��Fgf�H�LZM"OTJAHX��ö�Æ8rsÄ�p�Å-û�Ò�Æep�Å-p�Ý$¡h�$ÞàÛ#p�Å-Ü��
���"ÄjÂ��6Ç1Ç'��Ê"ËjÈ"Õi�6Î{È�É%Ê�yAÐU�

� Ì$Í�ÈR2[�SÖA8�ø�3�9�×?71�]ä(ä�;\�[<q¬b<B�T�`�hf�M!OnM$�XFHXOUEaQUFTEV��Ò1OnfGÒ�HXOUF&ubfsgYFgf�HYQ&Ò'f�HXOnHUQU� Á p"p��Z���"Ä���¤\Ô�¡h� Á �'�"�T�V�:�����$Í%�"Ë
�%Ê! ��6Î{È�É�y%Ì%ÐU�

� Ì$Í%Ìy2[�X��d17��?C#@W�4;T�*<!>]��3�d176ß�;Tév<W�i�
�'FTEBOjH*QRf!LPK(F&EVf"��Q�f{g�QRHejSEBLPEB�1HGM"O�HXLBLPE Ò1F&EV��HG�RK�M!FTEVf!��Q�EB�
IR3

M"���rMS�Gf!�e�XHG�RÙ
FTK(OjH�f{gdÚSH�ºwEVf!OTJ!EB�T�'� Á Ó�ÆX¡��"���"ÄjÂ��'ài£( $��Ç(æ��'Õ!Ì%ÊyËsÕ"�%É��'Î&Ì!Í%Í$Í%ÐR�

� Ì$Í$�"2[�SÖAd'8�7Ez6@�;�Øb<$>����*d'7��?C#@W��;V��<%>���3?d'76ß�;`éb<B�\áw��MmLZf!�AJ$ÙQGF�M"���"EB�iJ[�Gf"�8�XHG�RF&K(OnHSf{g*���VÚYH�ºwEVf"OTJ$Ew¹�f!LZ�
M"���rOnHG�GHR�'F\OnHRQUK(LPFVQU����¡jÆe��¡nÅ-pAÄ#�

� Ì$Í! !2[�X��@W:?Ë
;`�Y<��y<!>6ew7�3�8�9RË?8�Ö';R�*<�DY<B��Tf�H�K(��EV�XK�HX�1HRQjQ�f{g�ì�EBLBLbç Q^Q&Ò"f�HROUEV�GM"LZ§"f"OUF�H2�$� Á ¡j GÂ��iÃ#�!ÄnÅN£�p'���?��Æ� GÂ��
Á p'���T�'ª�â���É�ÈRËGÈ$È�É���Î{È�É$Ï�yAÐU�

� Ì$Í%Êy2[�S9�×?768�5�:�:1@�;�¬b<!>,ØS@a3�9�9�@�;�Ù�<W�#ÆqLZMyQGQUEV�GM"L\QXf!LPK(FTEVf!��Q�FfhM¢jYK(L�FTEV�!E�j�HX��QUEVf"��M"L�gGOjHjHv�Gf"K(���$M"OUuYÒ�Onf$�XLZHej
M"OUEaQUEB�AJmEB�~�Gf�j��XKiQUFTEVf!�hFgf�HGf"OUu"�?u�£%Ó�Óv��¤�$¡sÄjÅ-��� ã Åqí1Æ#¡nÆ8pAÄnÅ©����Ú�êAÔ'�!ÄnÅN£�p'r�Ç�ª���Ï$Í$�!ËÏAÌ�y��1ÎsÈ#É$É$ AÐR�

� Ì$Í�y"2[�S9VÕ?8�9�8�9Rzq;wÑ�<tÊ�<B�*�?�'EV�RK�HX�1HRQGQSf{gYFgf�HYQXf"LPK(F&EVf"�tfsgSM[QXHejYEBL�EB�1HGM"Or�Gf"K(�1�%M"OUu¦§yM!LPK�H*Ò�Onf$�XLZHejY�R���!ÄnÂ���£�È
Á p"p��1â'ã1â��6È�Ì!É!ËjÈ��$Ï��'Î{È�É$ÏAÊ$ÐU�

� Ì$ÍAÕ�2[�S7���9�C��?9\;�¬b<aØb<!>�}c8�@B9�d18�7TÕ�8�7�;�{v<�e�<B�VlYf"�'LPEB�1HGM"Om�!E coKiQUEVf"�/EB�bÒ�fjÒ1K(LNM"F&EVf"�lJ%HX�1HXFTEV�RQhî*�Gf%jr�RKiQUF&EVf"�
M"���p��HRO7§"H�Ò1OnfGÒ�M#J%M!FTEVf!����oIp Ð
¤��!¡nÄ#� ã Åqí��wÚ�ê1����p�Þ�¡jÆe�©�"ÄjÆ#Þ/Äj£���Åa er#�wÒ�Æ# RÄnÔ�¡jÆ8r¨v,£!ÄjÆ8rmÅqpÓ�n�"ÄnÂ��w´?´?¯��
à(��¡jÅqp�Ý$ÆX¡���v,Æ8�Óâ\£%¡�û���ÊyË %É��6Î{È#ÉiÕ!Ê%ÐU�

� Ì$Í$Ï"2[�S7���9�C��?9\;T¬v<BØv<!>Z}c8�@B9�d18�7TÕ�8�7�;V{[<Ze^<W����K(LPF&EV�"E�jrHR��QUEVf"�1M!L��1f!��LPEB��HGM"O��"E coKiQUEVf"��Q�M!OUEaQUEB�AJrEB�SÒ�fjÒ�K(LZM"Ù
FTEVf!�[JAHR��HRF&EV�UQU� Á Þ"Ü1�:���"ÄjÂ��:æ?�����%�"ËsÕ%y���Î{È�ÉAÕ!Ï%ÐU�

� Ì$Í$É"2¨Ê^3�9�×�ÖA8�;�Y<%>�D*C�C#8�9\;]Ý|<B��áw��Ò�fyQUEBF&E�§yH�QXf"LPK(F&EVf"��Q�fsg��wj��%HR��HG�RK�M!FTEVf!��Q�EB�~�Gf"��HRÙ�LPEqÂ%HS�$f%jrM"EB��QU� Á ¡G GÂ��
Ã#�"ÄjÅZ£Ep'���Z��Æ� GÂ�� Á p'���&�6Ç'Ç�â�����È#É!Ë�%�$Ï��1ÎsÈ#É$É%Í%ÐR�

� Ì�È#Í"2¨Ê^3�76Öi�?ü�;�Ý|<��r<W�oá
�tF�f�H�¼qEVf!K�§#EBLBLNH�Ò�OnfjÒ�HXOUFTu�gRf!Om�"E�§"HROTJAHX�1�GH�gRf!O7jäfGÒ�HXOnM!Ff!OGQG��uw��p'�%Þ6�Z���R�n�"ÄnÂ��`�'���
 %ÏiÕ�Ë %É�y��'ÎsÈ#É$É%Ï%ÐR�

� Ì�È$ÈR2¨Ê^3�76Öi�?ü�;#Ý�<Z�r<$>#Ê^3?C�C%;�Ù�<$>^Ø�5�@�;��Y<B�½�Tf�H�¼�EVf"K�§�EBLBLZH�£
OnfGÒ�HXOUF&u~M"���lM»Æ\f!�e�XHG�RF&K(OnH�fsgXÚSHxº
EVf!OTJ$EB�
u�£$Ó�Ób�(¤\Ô�¡jÆ Á �"�'�T�'�n�"ÄnÂ��?�'æ��6È#Í%ÍAÕyËjÈ�Í$�$Ï���ÎTÌ$Í$Í%Í%ÐU�

� Ì�È�Ìy2¨Ê�8�768'C�z?×�:?Ë�@�;w{v<B�o.wK�M!LPEBFM!FTE�§"H�Ò1OnfGÒ�HXOUFTEVHRQ[f{gSQXHejYEBL�EB�1HGM"O[HXLBLPE Ò�FTEV�bHG�RK�M!FTEVf!��QrEB�pK(���jf!K(�1�%Hj�h�$f%jrM"EB��QU�
Än£����'�'Æ��!¡��

� Ì�È#�"2¨Ê�8�768'C�z?×�:?Ë�@�;?{v<!>V��3Vä(äj3�768�ÖAÖ%@�;T�*<��v<">1�S@B768�9�d18�7TÕ4;?��<W�%å6K(OUFgf�HXO��XK�M"LPEBF�M"F&E�§yH4Ò�OnfjÒ�HXOUFTEVHRQ?gRf"O^HRLBLPE Ò�FTEV�
HG�RK�M!FTEVf!��Q�EB�hK(�1�Gf!K(�1�$HG���%f%jrM"EB��QG� Á p"p��1à( XÔ�£��©��v�£$¡jÓb�'àiÔ"����¤\Å-r2�Ñu��T�1à( RÅ&��ÎW iÐoâ:���"y$É!ËÉ$ ��6Î{È�É$ÉAÕ$ÐU�

� Ì�ÈX !2¨Ê�8�768'C�z?×�:?Ë�@�;½{[<%>���3Vä(äj3�768�ÖAÖ%@�;½�*<��v<!>��S@B768�9�d18�7?Õ�;½�*<B��¸R�1HG�RK�M!LPEBF&EVHUQYgRf!O�QXHG�jf!�1�/f"On�%HRO~HRLBLPE Ò�FTEV�
HG�RK�M!FTEVf!��Q·��EBF�f�MjÒ%Ò1LPEV�GM"F&EVf"��Q=F�f�K(�1�Gf"K(���$HG�m�%f%jrM"EB��Q�¸e�N� ã Ô"û$Æk���!ÄnÂ��:���'��Ç'�� EyAÕyË& AÉ! '�'Î{È�É$ÉEy%ÐU�

Í�Î�æ



� Ì�È�Êy2¨Ê�8�768'C�z?×�:?Ë�@�;�{[<%>#��3]äLäj3�768�Ö%ÖA@�;#��<Z�[<">o�S@B768�9�d18�7TÕ4;��*<B�\�hf!�1f"F�f"�'EV�REBF&uYgRf!O[HXLBLPE Ò1F&EV��HG�RK�M!FTEVf!��QrEB�
K(�1�Gf"K(���$HG�/¼�E Ò'QX�2f(EBF�Ç��%f%jrM"EB��QG�Zu�£$Ó�Ób�(¤\Ô�¡jÆ Á �"�'�T�'�n�"ÄnÂ��?�'���6È#Í%Ï$É!ËjÈ%È$È$È%�'ÎsÈ#É$ÉiÕ!ÐR�

� Ì�È8y"2¨Ê�8�768'C�z?×�:?Ë�@�;?{v<!>R��3Vä(äj3�768�ÖAÖ%@�;T��<Z�[<$>'�S@B768�9�d18�7TÕ4;?��<W�(�'u%jXj�HXFTOUu\gRf!O^HXLBLPE Ò1F&EV��HG�RK�M!FTEVf!��QoEB��M|f�M"L g
Q&Ò�M%�jHX�(Å-p¨è
£$Ô"p'Þ"�!¡jç�Ü����ZÔ�Æ|��¡n£%è"�ZÆ#Ó�r�ÈW£%¡w�:�!¡nÄnÅ©���6Þ(Åqí1Æ#¡nÆ8p%ÄjÅ-����Æ8êAÔ'�"ÄjÅZ£Ep'r���p�Þ¨���"�'�ZÅa e�!ÄnÅN£�p'r#�%Æ�Þ6�(èiçÑ��� ËIÒ\�
Ò�ÅN£�p'r
ÆXÄd���&�Z��Ãd� Á ÃoÆ8r#�"v,£$ÄnÆ�r Á �"�'�T�'�n�"ÄnÂ��Z�'�n��r2rs£Ep��i¤�$¡nÅ©r#��Ì%Õ�Ë AÌ��1ÎsÈ#É%É$�%ÐR�

� Ì�ÈyÕ�2¨Ê�8�768'C�z?×�:?Ë�@�;"{[<$>:��3Vä(än3?768�Ö%ÖA@�;"�*<��v<!>(�Y@B768�9�d'8�7?Õ�;���<W���1EB�AJ$K(LZM"O
LPE�jSEBFVQ
EB�r�1f"�'LPEB�1HGM!OoHXLBLPE Ò�FTEV�^HG�RK�M!Ù
FTEVf!��Q�M"���,gGOnHGHS�jf!K(�1�%M"OUu�Ò�Onf$�XLZHej=QU��Å-p¦��¡nÆ8�'�!¡h�"ÄjÅZ£Ep�Î&Ì!Í$Í%Í%ÐR�

� Ì�È#Ï"2¨Ê�8�768'C�z?×�:?Ë�@�;]{v<$>���3Vä(än3?768�Ö%ÖA@�;`��<��v<!>��Y@B768�9�d'8�7?Õ�;V�*<B�w�?�'E gRf"O7j�HUQUF&E�j�M!FHRQ�gRf"O�OnHJ$K(LZM"OUEaQXM"F&EVf"�lf{g
gGOnHGH��Gf"K(�1�%M"OUu[Ò1Ojf$�XLZH�jYQU��oIpÓÐ Á p:���&���p�Þp¤��$¡sÄ�� ã Åqí���Ú�ê1�N��u*�\à��$Þ(£Lrbûiçléõ�l� ã Æ# hû%ÆX¡SÆ#Þ"r#�\Ê�yAÕyËmy�ÈyÕ(�
Î{È�É$É$ÍAÐU�

� Ì�È#É"2¨Ê�8�768'C�z?×�:?Ë�@�;�{v<!>w��3Vä(äj3�768�ÖAÖ%@�;���<Z�[<!>4�Y@B768�9�d'8�7TÕ�;���<W�T¸R�1HG�RK�M!LPEBF&EVHUQwgRf"OYQRHG�Gf"���"Ùsf!On�$HXO�HG�XK�M"F&EVf"��Q
��EBF�fhMjÒ%Ò1LPEV�GM"F&EVf"��Q=F�frK(�1�Gf!K(�1�$HG���%f%jrM"EB��Q�¸b¸½¹`�1u%j�jrHXFTOUu�EB�hEB��ß\�'EBFH�QGF&OUE Ò'QU�"��¡nÆ8��¡nÅ-pAÄ#�

� Ì%Ì!Í"2¨Ê�8�768'C�z?×�:?Ë�@�;?{v<!>?�\3�767��?5Zz65�71�?5\;"Ê�<W�L£
LZM!�1M"O�FTOnM�§yHXLBLPEB�iJwgGOnf"�'F�QXf"L�K(FTEVf!��Q*f{g,OnHGM$�XFTEVf!��Ùs�"E c,KiQGEVf!��Ò�Onf"Ù
�RLNH�jYQU�"��¡jÆe��¡jÅqpAÄ��

� Ì%Ì(ÈR2¨Ê�8�768'C�z?×�:?Ë�@�;�{v<!>d�43�767���5Zz65�7��?5\;�ÊS<W��.
K�HXLZ�XK�HUQbMyQ&Ò�HG�XFVQ¨j�M!F�f�ê�jrM"F&EV�RK�HRQb�%HbLZM[Ò�OnfjÒ�MXJAM"F&EVf"���$HRQ
�oM%jXj�HRQ�Ò1Ojê�jrêRLNM"�AJAêGHUQU�(oIp�ÐLv,£�p'�ZÅ-p�Æ8�$¡���� Þ6� Æ$�(��p�ÞrÄnÂ�Æ#ÅZ¡����"�'�ZÅa e�!ÄnÅN£�p'r#�(u�£E�q�NëXÝ%Æ,Þ(Æ�Ï�¡2��p� RÆdrnÆXÓ�Å-p'�!¡*Ç(���
è
¡�Ì#ìXÅ©rw��p�Þ¦Ò�ÅN£�p'rwÆ�Þ"rX��¤\Å�ÄjÓ���p4Ò�£Ep�Ý$Ó���p��"Ôd�!¡jè1£%���(Û*í���Î{È�É$É%Í%ÐU�

� Ì%Ì$Ìy2¨Ê�8�768'C�z?×�:?Ë�@�;`{v<!>�\3?7671�?5Zz65�7���5\;VÊS<%>]��@W��9?C$;�Ü=<q��<B�1��K(LPF&EV�"E�jrHR��QUEVf"�1M!L?F&OnM�§yHXLPEB�AJ$ÙI�4M%§"H=QXf"LPK(F&EVf"��Q
f{g�Md�wM�j�HoÒ1OjfjÒ�MXJAM"F&EVf"�³j�f��$HXLP� Á ¡j GÂ���Ã#�"ÄjÅZ£Ep'���Z��Æ� GÂ�� Á p'���&�6Ç'Ç1Ç1���$�"Ë %É��6Î{È#É%É$ÍAÐU�

� Ì%Ì!�"2¨Ê�8�768'C�z?×�:?Ë�@�;:{v<$>:�\3�767���5Rz�5�71�?5\;"Ê�<$>:Ù��?î?5�8"±R�]ä(äA768�;?²?<ÉÞ2Ý|<B�(�1FM%�REBLPEBF&uYfsg��(OjM%§"HRLBLPEB�iJ�å6Ojf"��FTQwEB�vM
�hf#�%HRL$gRf!O*å4LZM%jrH|£wOnfjÒ�MXJAM"F&EVf"�'î£oM"OUF¸½¹Z¼qEB��HjM!O��*�1M!LPuyQUEaQG� Á ¡j GÂ���Ã#�"ÄjÅZ£Ep'���Z��Æ� GÂ�� Á p'���T�6Ç1Ç(ã��(ÉAÕyËjÈ%ÈyÕi�
Î{È�É$É%Ì%ÐU�

� Ì%Ì" !2¨Ê�8�768'C�z?×�:?Ë�@�;�{[<%>��Y@W:��?Ö$3?8�9RË���;]Ê�<%>�Ñ�:1Û�8�5�768�7�;�ÊS<W����OnM%§"HXLBLPEB�AJ��4M%§"HUQYQRf!LPK(F&EVf"��QYFfv�Gf%jr�RKiQUF&EVf"�
j�f��$HXLïQ=M"���rFgf�HXEBO�QUEB�AJ$K(LZM"O�L�E�jYEBFTQU�'à(o Á �ÿ�'�"���"ÄjÂ�� Á p'���&��Ç�¯��6ÈyÌ!ÍAÕyËjÈyÌ" iÌ(��ÎsÈ#É$ÏAÊ$ÐR�

� Ì%Ì$Êy2¨Ê�8�768'C�z?×�:?Ë�@�;V{v<!>��S@B768�9�d18�7?Õ�;V�*<B�:��f�j�H��XK�M"L�EBFM!FTE�§"HwÒ�OnfjÒ�HXOUFTEVHRQ�fsg*QRf!LPK(F&EVf"��Q�f{g*QXH�jSEBLPEB��HjM!O�HRLBLPE Ò�FTEV�
HG�RK�M!FTEVf!��Q�EB�~Mm�Xu"LPEB���$HXOU��Åqp Á p'���Nç�rsÅ©rwÚ�Ä|u�ÆRÄjÆX¡h�[Î&Ü=<`Ù�3�d1@B9��?ü�@©zRå=ÆRÄd���&�N�(Ú4Þ(ÅZÄn£$¡hrGÐU� Á  e�%Þ(ÆXÓ�Åa ^¤\¡nÆ�r�r#�
è
£ErsÄn£�p��1È%È�Ê"ËjÈ�y! ���Î{È�É$É%Í%ÐU�

� Ì%Ì�y"2¨Ê�8�768'C�z?×�:?Ë�@�;�{v<!>\�S@B768�9�d18�7?Õ�;��*<B�R�^QUu%j,Ò�Ff!FTEV��Á�Hhf�M�§#EVf!K(O�§#EVM�ìYM"OU�1M%�2ÂÑ¸U�1HG�XK�M"LPEBF&u"� Á p"p��6à� RÔ�£E�-�
v,£%¡nÓb��àiÔ"����¤\Å©r��Ñu��&�'à( RÅ&��È��%ÊyËGÈX % ��1Î{È#É%É�ÈyÐU�

� Ì%Ì%Õ�2¨Ê�8�768'C�z?×�:?Ë�@�;Z{[<%>1�S@B768�9�d18�7TÕ4;Z�*<B��áw�vF�f�H|j�HXFgf�f��Sfsgdjrf%§�EB�AJ�Ò�LZM"��HUQ�M"���=Fgf�H*QULPEV�!EB�AJ�jrHXF�f�f#�!�Lè
£��&�
ài£( !�"è
¡h��rnÆe�NÆXÅN¡2�����"Ä���Î	v=� à��ïÐ,â1â6��ÈXË�iÕi�6Î{È�É$É�È�ÐU�

� Ì%Ì!Ï"2¨Ê�8�768'C�z?×�:?Ë�@�;�{[<%>��Y@B768�9�d'8�7?Õ�;���<W����OnM�§yHXLBLPEB�AJ�gGOnf"�'FVQ=EB�p�Xu"LPEB�1�%HROGQU� Á p"p��ToIp'rsÄ#�TÔ���¤q£$Å-p� e�$¡�Ì Á p'���&�
v,£Ep¦Ò�Åqp"Ì��!ÅN¡nÆ½ª��( %ÉiÕ�Ë{Ê%Õ!Ì��'ÎsÈ#É$ÉAÌ$ÐR�

� Ì%Ì!É"2¨Ê�8�769?C�z68�@B9\;�Ñ�<W��ðq�GHXO�HREB��J%HGf%jrHXFTOnf"QX�2f�HUQA�Tf�HGf!OnH�j�K(�1��QXHREB��HX�*�:�4HR���"K(�AJhM"KRg��"EVH�Ò�M"OUF&EVHRLBLNHR�µÚ�E gGÙ
gRHROjHR�'FTEVM!L J!LNHREV�hfiK(�iJ%HX�§"f%jHXLBLPE Ò'QX�hf�HX�ñ��ujÒ1KiQe�N�����"ÄjÂ��4ñ1ÆXÅZÄ#�4â:¯��\Ê%Ê(ÈRË{Ê$Ê$Ï�Î{È#ÉAÌ%Õ$ÐU�wÎBÄn¡h��p:rb�©�"ÄjÅZ£Epp£�È,ÄjÂ�Æ
£$¡jÅZÝ%Åqp:���?Ü$ÆX¡hrnÅZ£EpmÅ-p�u�£%Ó�Óv�'Þ(Æ·�-��ài£( $�"���"ÄjÂ���Þ(Æ�í�Â'�$¡�û%£%Ü�Ì"Ë&ë#Ó�Æ·r�ÌX¡��6Ç"�6���%Ï"Ë AÊ(�6ÎsÈ#É�ÈyÊyËGÈ#É�ÈyÕ!ÐR�

� Ì$�$Í"2¨Ê��]��d1@B8�76@�;�D=<!>`¬�8~ØS@W�?7?Õ?@�;�DY<!>�Ø�@B5�C�z6@�;?D=<B�1��EB��E�jrM"L��jf!�1HRQ=M"�1�rF�f�H|Á*HROU��QUFHXEB��Ò1Ojf$�XLZH�jS�"oIp(Ü$Æ8pAÄ#�
���"ÄjÂ��'ã��'Ì" A�"Ë{Ì�y$Ï��'ÎsÈ#É�y%É%ÐR�

� Ì$��ÈR2¨Ê��?9�9�8�z�;i�v<!>E{Y3V�*8�Ö';Ae�<B�����$EaQUF�HR���GH
fsg\��f"��ÙNÒ�LZM"��M"O4QRf!LPK(F&EVf"��Q�fsg�M�QUE�j,Ò�LZHwjrf#�%HRL(f{g6Ò1OnHejYEt�iHG��ÁoK(��QXHR�
�oM%jrHUQU��à(o Á �ë���"���!ÄnÂ�� Á p'���T�'æ�Ç'��Ï%Í"ËGÈ$È�Ï���Î{È#É%É$ÉAÐU�

� Ì$�%Ìy2¨Ê�7�365�9�8�7�;]�Y<ÉÞ2Ý|<$>Z�45�963�76×�@�;��v<B�(¸U��QUF�M$�XEBLPEBF&u�fsg^MwgGOnHGH��Gf"K(���$M!OUuYEB��MSF¤�4f"Ùs�"E�jrHX��QUEVf"��M"L��Gf%jr�RKiQUF&EVf"�
j�f��$HXLP�?u*�'Ã�� Á  e�%Þ6��à( XÅT��¤��$¡nÅ©rX��à(Ì#¡#��oU�?æ:æ?���'Õ%Õ�Ë�Ï�È%�1Î&Ì!Í$Í%Í%ÐR�

� Ì$�$�"2¨Ê�7�365�9�8�7�;w�Y<ÉÞ2Ý|<$>���5�963�76×?@�;\�v<!>
Ñ�:1ÛR�*@B×Rz?Þ��\3?@B9�ß�;w�*Ö1<B�*�?��HS�1f"K�§"HXLBLZH,gRf!O7jYK(LZM!FTEVf!�t�$H�jrf���iXLZHUQ
�$HYgGOnf"�'FVQ�HX�lÒ1Ojf$�XLqi�jrHRQ�Ff!FM!LZH�jrHX��F=��f"��L�EB�1ê�M"EBOnHRQU��u*�
Ã�� Á  e�%Þ6��à( XÅT��¤��!¡jÅ-r#�4à(ÌX¡���oU��æ�Ç1Ç'�
Ê!ÉAÕyËmy%Í%Ì��
Î{È�É$É$ÍAÐU�

Í�Î�ò



� Ì$�! !2¨Ê�7�365�9�8�7�;]�Y<ÉÞ2Ý|<$>T�45�9�3�76×�@�;��v<!>?Ñ�:1ÛR��@B×Vz?Þ��\3�@B9�ß�;]�*Ö'<W���'F�M$�XEBLPEBF&u�fsg�F&OnM�§yHXLBLPEB�AJ��4M%§"HUQd��EBFgf[EB��F�HXOUÙ
gRM$�GHS�jf!�1�!EBFTEVf!��QU�:v�£�p"�NÅqp�Æ8�!¡ Á p'���&�"¥�� Á Ç�ª��( iÊ$Ê"Ë& (Õy ���Î{È�É$ÉAÌ$ÐU�

� Ì$�%Êy2¨Ê�7�365�9�8�7�;��Y<ÉÞ2Ý|<$>���5�963�76×?@�;��v<$>�Ñ6:'ÛV��@B×Rz?Þ��43�@B9�ß�;��*Ö1<B�?��K(LPF&EV�"E�jrHR��QGEVf!�1M!L?QUF�M$�XEBLPEBF&ubM!�1M"L�uyQGEaQ�f{g
Ò1LZM!�1M!O�FTOnM�§yHXLBLPEB�iJ��4M�§yHRQU� Á �"�"�&�'���"ÄjÂ��'Ò�ÆRÄsÄ��1ãbÊ(�6ÈXË& '��Î{È�É$É! iÐU�

� Ì$��y"2¨Ê�7�365�9�8�7�;��Y<~Þ2Ý�<%>q�S����7�D�d'3�×4;\Ñ�<%>\Ñ6:'ÛV��@B×Rz?Þ��43�@B9�ß�;��*Ö1<B�:lYf"�'LPEB�1HGM"O�QGF�M$�XEBLPEBF&uvM!�1M"L�uyQGEaQ�f{g�QUEB�'Ù
J!K(LNM"OSFTOnM�§yHXLBLPEB�iJ��4M�§yHRQSEB�/�jf�j��XKiQUFTEVf!��¹wM�f"��HRÙNÒ'f�MyQXH�Ò1Onf%�RLNH�jS�Vv,£Ep"�NÅqp�Æ��!¡ Á p:���&�T¥�� Á Ç�¯���Ï$Ï�ÈXËÏ%É%Ì��
Î{È�É$É�ÈyÐU�

� Ì$�AÕ�2¨Ê�7��?:?Ë
;�e�<B��Æ�f!��F&EB��K�f!KiQ��1FHXEB�1HXO�QUu%j�jrHRF&OUEqÇ�M"F&EVf"�'�'���"ÄjÂ��'v��$ GÂ�¡���Ç(ã1â6��Ì%ÊyË %Ï���ÎsÈ#É%É%Ê$ÐR�
� Ì$�$Ï"2¨Ê�7��?:?Ë
;'e�<W�Lu�£�pAÄnÅ-piÔ�£$Ô:r�¡nÆ��!¡j¡2��p�Ý$Æ#Ó�ÆepAÄ2r`��p�Þ�rnçiÓSÓ�ÆXÄn¡jç=£�ÈZrn£��NÔ(ÄnÅN£�p'r\£�È�Æe�-�ZÅ-�(ÄnÅa ���¡j£$è'�ZÆ#Ó�r#�!¤\¡jÆe��¡nÅ-pAÄ#�
� Ì$�$É"2¨Ê�5�:?Ë`�,3?Cez68�7�;Z²�<q¬b<B�(� jrM"Fgf�Hej�M!FTEV�GM"L��%HUQX�XOUE Ò1F&EVf"�hfsg^fGÒ�HX�hM"���S�XLZf"QRHG���oM%jrH�F&E Ò'QU�"u�£$Ó=è��Aà( XÅT�(¥�Æ� GÂ��

â'�����$�!Ë& AÍ���Î{È�ÉAÕ"ÉAÐU�
� Ì! %Í"2¨Ê�5�:?Ë`�,3?Cez68�7�;½²?<t¬b<B�w£,f"LPu8f�Hj�!OnM"L��oM%jrHRQ2îrM"��H��iHXOn�XEaQRH�EB���RE�jrf��$M"L��XE gGK(On�GM"F&EVf"�óM"��M"LPuyQUEaQU�,à(o Á � �'�

Á �"�'�T�'�n�"ÄnÂ��"´:´?�� %Í!Ë�Ê%Ê(��Î{È�É$Ï%Ì%ÐU�
� Ì! �ÈR2¨Ê�5�:?Ë`�,3?Cez68�7�;?²�<t¬b<!>:�45�×]ä%�?76×4;1Øb<aÑ�<BÑ�<B��¼�HG�XFTK(OjHUQ,f"�m��M!F�f�H�jrM"F&EV�GM"L`Æ\f%jr�RKiQUF&EVf"���%oIp¢ÐEuwè��hàAËIv*à"Ï

ÃoÆXÝ%ÅZ£Ep'���Vu�£Ep�È{�'àiÆ#¡#�(Å-p Á �"�"�&�'���!ÄnÂ��:´?æ���Î{È�É$Ï$�AÐU�
� Ì! AÌy2¨Ê�5�:?Ë`�,3?Cez68�7�;Z²�<q¬b<!>Z�45�×]ä%�?76×4;�Øv<aÑq<aÑ�<W�]�?f�H·jrM"Fgf�Hej�M!FTEV�RQ�fsg^�Gf%jr�XKiQGF&EVf"�'�EÏ�¡n£Ep%ÄjÅZÆ#¡2r Á �"�"�&�(���"ÄjÂ��

â6��à�o Á �l��ÎsÈ#É%Ï%Ê$ÐR�
� Ì! %�"2¨Ê�5�C�:'34;�²�<%>�Ñ1@B7�3VË��T°�;]Ê�<W�V�1u%j�jrHRF&OUu�OnHRQUK(LPFTQ4gRf"O�QXHejYEB�'LPEB�1HGM!O�HXLBLPE Ò1F&EV�SQUuyQUFHejYQ�EB�~Fgf�HX�]f�f"LZH�QTÒ�M$�GHX�

��¡jÆe��¡jÅqpAÄ��
� Ì! $ !24��3]äLäj3�768�Ö%ÖA@�;#��<Z�[<$>��^��76×���d'34;o�v<B������E gRf"O7j Æ\f!�'§"HROTJAHX�1�GHbf{g[M��'EB�iJ!K(LNM"O�Ò�HXOUFTK(OX�GM"F&EVf"�µ£
Onf%�RLZHejS�

u�£$Ó�Ób�(¤\Ô�¡jÆ Á �"�'�T�'�n�"ÄnÂ��'´?���6ÈRËGÈ�Ì��6Î{È#É%É%Ê%ÐU�
� Ì! AÊy24��3]äLäj3�768�Ö%ÖA@�;:�*<��v<!>T�^�?76×?�?d'34;��v<B��£�f�MyQXH*FTOnM!��QUEBF&EVf"�¨¹�����E gRf"O7jôOnHJ$K(LZM"OUEBF&u=f{gwFgf�H�F&OnM"��QGEBF&EVf"�mLZM"u$HXOGQU�

��¡jÆe��¡jÅqpAÄ��
� Ì! Ey"24��3]äLäj3�768�Ö%ÖA@�;R��<Z�[<$>?ØY3�7��Väj3�Öi�l�v<!>?Ñ18'Õ�3�Ö%34;6e�<B�"�¢J$OnM%�"EVHX��F��Gf"K(���
gRf"O�HR�'FTEBOnH*QXf!LPK(FTEVf!��Q�f{g��RK�M"QGEBÙ

LPEB�1HGM!O=Hj�XK�M"F&EVf"��Q=M"�1��EBFVQ=�Gf"��QXHj�XK�HX�1�GHUQU�:u�£%ÓSÓb�(¤\Ô�¡nÆ Á �"�"�&�'���"ÄjÂ��'´6ã6�6È# AÊAÕ�ËGÈX iÕ!���1Î{È#É%É! iÐU�
� Ì! iÕ�24��3]äLäj3�768�Ö%ÖA@�;#��<Z�[<">���8�×�8�7Z�,3�9\;d�Y<%>�}õ��Ö%3�9�C8Ë?@�;
�v<B������E gRf"O7j±HRQUFTE�jrM"F�HUQ[M!�1�hLPE�jSEBFVQ�gRf!O[M�F¤�4f

Ò"f�MyQXH,Ò�M!OnM$�Gf"L�EV��QUEB�iJ!K(LZM!O
Ò�HXOUF&K(OX�jM!FTEVf!�rÒ�Onf$�XLZHejY�:oIp�Þ(Å©��p'��Û#p�ÅqÜ��'���!ÄnÂ��:���"´T¯��( iÊ!�!Ë& AÉ$Í��1Î{È�É$ÉAÕ$ÐU�
� Ì! %Ï"24��3]äLäj3�768�Ö%ÖA@�;d�*<��v<!>�¶
3]å$î?5�8'å�;�²�<t�*<B���ógGOnHGHXÙs�Gf"K(�1�%M"OUu�Ò1Onf%�RLZHejögRf!O[Fgf�HÑf�HjM!F=HG�RK�M!FTEVf!�zM!OUEaQGEB�iJ�EB�

�oM%jrH
Ò1OjfjÒ�MXJAM"F&EVf"���T¥?¡2��p'rX� Á Ó�ÆX¡��"���"ÄjÂ��'ài£( !�?æ'´6ã6�i 'È$ÈRË $ 'È$��Î{È�É$É%Ê%ÐU�
� Ì! %É"24�*Û�8�9\;�}`<!>��4@�;��Y<W��ÆqLZMyQGQUE ß��GM!FTEVf!�tf{g=QRf!LPK(F&EVf"��QYfsg�QXf�j�HS��f"��L�EB�1HGM"O�HRLBLPE Ò�FTEV�mHj�XK�M"F&EVf"��QU� ã Ô"û$Æ����"ÄjÂ��

���'¯?æ��"y�È�Ê"ËmyAÌ$Ì��'Î{È�É$É�È�ÐU�
� Ì%Ê!Í"24�*ÖAß"�*8�9Zz�;'ÜY<!>�Ñ:ür8�8�7�C$;�Øv<W�!���$EaQUF�HR���GH*M!�1�kjSK(LPF&E Ò1LPEV�XEBF&u�OnHRQGK(L�FVQ�gRf"O*M�QRHejSEBLPEB�1HGM"O^HRLBLPE Ò�FTEV��HXE�J%HX�'§"M"L�K�H

Ò1Onf%�RLNH�jS� Á p'p��'à( XÔ�£��©��v,£$¡jÓb��àiÔ"���'¤\Å©r��Ñu��&�'à( RÅ&��ÎW iÐ^ÇL´?��ÉAÕyËjÈyÌ(È%�1ÎsÈ#É$ÏiÕ!ÐR�
� Ì%Ê(ÈR24�^�?7Ez$÷]å!3�7�;·�Y<%>*D*ÖLÕ?5�8�z%34;dÝ¾>�ew8�ÖL��8�7�;^Ü=<W�^áw�|M�QXHejYEBLPEB��HGM"O�HRLBL�E Ò1F&EV�rÒ�Onf$�XLZHej´EB�

IRN
��EBFgf�M

�1f!��ÙC¼qE Ò1QX�2f(EBF�ÇXEVM"�~�1f!��Ù�LPEB��HGM"OUEBF&u"� Á Þ�Ü�� ã Åqí�ÆX¡jÆepAÄnÅ©����Ú�ê%Ô:�"ÄnÅN£�p:r�Ç'��È�É$É!Ë�Ì�È#Ï��1Î{È�É$É�yAÐU�
� Ì%Ê$Ìy24�*7�3?@gÕ4;`}x<%>�Ñ?z�8�769�d'8�7?Õ�;qÜ=<B�T�1u%j�jrHXFTOUumfsg\gGOnHGHRÙQUK(OWgRM%�jHw�of%�qQU� Á ¡j GÂ���Ã#�"ÄjÅZ£Ep'���R��Æ# GÂ�� Á p'���&��Ç1Ç(���

ÈRË���y��1ÎsÈ#É$ÉAÌ$ÐR�
� Ì%Ê!�"2¨¬=3�:1�?7��]Õ?9634;`Ê�<B�?Ú=EBOnHG�XF��hHXF�f�f#�"QYEB�~F�f�H¦Æ\M"LZ�XK(LPKiQSfsg�ø'M!OUEVM"F&EVf"��QU� Á �"�'�ZÅNÆ#Þ��n�"ÄnÂ�ÆXÓ��"ÄjÅN 8����à� RÅNÆep� XÆ8r

ã'����à(��¡jÅ-p�Ý$Æ#¡#�6Î{È�ÉAÕ!Ï%ÐU�
� Ì%Ê" !2¨¬=3�ÖkÝl3?C���;(Øv<%>LÝ���×?@W:'34;(��<B���tJAHR��HROjM"LAF�f�Hjf!OUu^fsg�§"M"OUEVM"F&EVf"��M"LRgGK(���RF&EVf"��M"LïQU�eoIp�Ð�¥�£E��Åa er6Å-p½Ï�Ô"p' UÄnÅN£�p:���

Á p'���Zç�rnÅ-r^È�É$Ï$Í(siÈ�É$Ï�È%�iù*Ô'�%Þ(ÆX¡2p�£rà( RÔ�£��©��v�£$¡jÓ����ZÆ�àiÔ'�'Æ#¡nÅN£$¡jÆ�¤\Å-r2���6È# %É!Ë�Ì%Ì(È$��Î{È�É$Ï�È�ÐU�
� Ì%Ê$Êy2¨¬=3V�,3�C#:18�ÖAÖ%@�;V��<B�:��f�j�H�OnHej�M!O�ÂyQ�f"��Fgf�H·jrHXF�f�f#��fsg·j�f�§#EB�iJ^Ò�LZM"��HUQU� ã Åtí�ÆX¡jÆepAÄnÅ©���ToIpAÄnÆ#Ý$¡h���1Ú�êAÔ'�"ÄjÅZ£Ep'r

Ç'Ç1�( %É%�"Ë{Ê!Í�È$�'ÎsÈ#É%É$Ï%ÐR�

ÍTÍ�Î



� Ì%Ê�y"2¨¬=3V�,3�C#:18�ÖAÖ%@�;���<W�|Æ\f�j,Ò�M"OUEaQXf"��Fgf�HGf"OnHejYQ^gRf"OvQXf%jrHh�XK�MyQUEBLPEB��HGM"Oh�$HJAHR��HROjM"F�H�HRLBL�E Ò1F&EV�~fGÒ�HXOnM!Ff!OGQ�M!�1�
MjÒ%Ò1LPEV�GM"F&EVf"��Q*F�f�QUu%jXj�HXF&OUuYM"���½jrf"��f"F�f"��EV�XEBF&u=OnHRQUK(LPFVQU� Á p"p��EoIp'r{Ä���Ô��%¤q£$Å-p� e�$¡�Ì Á p'���&��v,£Ep�Ò�Å-p"Ì8�$ÅZ¡jÆ�Ç����
 %É%�"Ë{Ê(È8y��'ÎsÈ#É$É%Ï%ÐR�

� Ì%Ê%Õ�2¨¬=3V�,3�C#:18�ÖAÖ%@�;V��<$>?Üq3�:'8�Ö%Ö%34;�e�<B�1�hf"��f"F�f"�'EV�REBF&u[M"���SQUu%j�jrHXFTOUumfsg^QRf!LPK(F&EVf"��Q�f{g
p
ÙC¼�MGÒ1LZM%�jHSHG�RK�M!FTEVf!�"î

1 < p < 2
îT§�EVM=F�f�H�jrf%§�EB�AJ,Ò1LZM!�1Hdj�HXFgf�f��"� Á p'p��%à( XÔ�£��©��v�£$¡jÓb�"à(Ô"���"¤\Å©r��½u��&�$à( RÅ&�%â:¯��%y$Ï%É"ËsÕ"ÍiÕi�%ÎsÈ#É%É$Ï%ÐR�

� Ì%Ê!Ï"2¨¬=3V�,3�C#:18�ÖAÖ%@�;|��<%>�Üq36:18�ÖAÖ%34;�e�<$>·Ù�3]�,3?C�üo3V��×�;½Ý|<B���1u%j�jrHXFTOUupf{g�J$Onf!K(�1�~QUF�M"F�HUQhf{gYÒ�ÙC¼�MGÒ1LZM%�GH
HG�RK�M!FTEVf!��Q·§#EVMmF�f�H½jrf%§�EB�AJ�Ò1LNM"�1H�jrHRFgf�f��"� Á ¡G GÂ���Ã#�!ÄnÅN£�p'���T��Æ# GÂ�� Á p'���&�6Ç(´?����Ì!É�ÈRË��$Í$Ï��1ÎsÈ#É%É$É%ÐR�

� Ì%Ê!É"2¨¬=3V�,3�C#:18�ÖAÖ%@�;��*<$>�Ù�3]�,3?C�üo3V��×�;wÝ�<W�V�1u%j�jrHRF&OUuvfsg
C1

QXf!LPK(FTEVf!��Qrf{g,Ò1ÙC¼?MjÒ1LNM$�GHmHG�XK�M"F&EVfyQU��EB�
IRN

�
��¡jÆe��¡jÅqpAÄ�Î{È�É$É$ÉAÐU�

� Ì�y$Í"2¨¬b<�¬�3?9�@B8�ÖAÖ%@�;��[<�ØY3�7��]än3?ÖA�\�]£
OnfGÒ�HXOUFTEVHRQ[f{g�HX��F&EBOnH�QXf"LPK(F&EVf"��Q�fsg��1f!��Ù�K(��E gRf!O7jYL�u�HRLBL�E Ò1F&EV�vHG�XK�M"F&EVf"��Q
M"OUEaQUEB�AJmEB�vJAHGf%jrHRF&OUumM"����EB�rÒ"f�M"QXH=F&OnM!��QUEBFTEVf!��QU�"��¡jÆe��¡nÅ-pAÄ#�

� Ì�y�ÈR2¨¬=365VÕ�8�;`Ý|<B���wLBLPE Ò1F&EV�r�Gf"K(�1�%M"OUuÑ§"M"L�K�HoÒ�Onf$�XLZHej=Q�f"�~�Gf!OU�1HXOGQY�$f%jrM"EB��Qe��:jrf�f"Fgfi�1HRQGQ=M"�1�vMyQUu%j�Ò1F�f"F&EV�UQ
f{g^QXf"L�K(FTEVf!��QU�'Ò�Æ� UÄjÔ�¡nÆkv�£!ÄnÆ�rwÅqp4���!ÄnÂ���Ç(æ:´�Ç1��Î{È�É$Ï%Ï%ÐU�

� Ì�y%Ìy2¨¬�8|ØS@W�?7?Õ?@�;wD=<W��Æ�f!�'§"HRO&J%HX�1�GH�Ò1Onf%�RLNH�jYQ�gRf"O^gGK(�1�XFTEVf!�1M"LPQ�M!�1�~fjÒ�HROjM"F�f"OGQU��Å-pl¤\¡j£i $�VoIpAÄ#�]��ÆXÆXÄnÅ-p�Ý�£�p
ÃoÆ# XÆepAÄ#��ÆRÄjÂ�£(Þ"roÅ-p4v,£�p'�ZÅ-p�Æ8�$¡ Á p'���Zç�rnÅ-r#��Ão£%Ó�ÆSÈ�ÉAÕ!Ï��iÚ,� ã Æ=�^ÅN£$¡jÝ$Å6ÆRÄd���T�?ÎWÆ#Þ'rjÐR��¤\ÅZÄ2�!Ý%£$¡h����è
£��N£$ÝEp'���
È#��ÈRËGÈ#Ï$Ï��'ÎsÈ#ÉAÕ!É%ÐR�

� Ì�y$�"2¨¬�@`Ê�8�9�8�×?8�zTz6��;�D=<W�
C1+α

LNf#�GM"L1OnHJ$K(LZM"OUEBF&uSfsg#�4HGM8Â=QXf"L�K(FTEVf!��Q^fsg*�$HJAHR��HROjM"F�H�HRLBLPE Ò�FTEV�=Hj�XK�M"F&EVf"��QU�Ev,£Ep(Ë
�ZÅ-p�Æ��!¡ Á p'���T�:¥�� Á ã6��ÏAÌ%ÕyËÏAÊ!Í���Î{È�É$Ï%�%ÐU�

� Ì�y! !2¨¬r�?Ö%d18(365�Ö7z�;"²?<$>'e
8�ÖE�*8�7�;'ÜY<B�L�'u%jrêXFTOUEVH��$HRQwQXf"LPK(F&EVf"��Q,�Vç êG�RK�M!FTEVf!��QoQXH�jSEBÙ�LPEB��ê#M!EBOnHUQ*HXLBLPE Ò�FTEV�XK�HUQ4ú¤�1u%jYÙ
j�HXF&OUu=f{goFgf�H,QXf"LPK(F&EVf"��Q*f{gwQXHejYEBLPEB��HGM"O*HXLBLPE Ò1F&EV��HG�RK�M!FTEVf!��QWûG�(u*�!Ã�� Á  e�%Þ6�%à( XÅT�!¤��$¡nÅ©rX�!à(Ì#¡#��oU�Eæ1â:ª���yAÕ$ÕyËmy%Ï%Ì��
Î{È�É$É$ÉAÐU�

� Ì�y%Êy2¨¬r�?Ö%d18(365�Ö7z�;w²�<%>
ew8�ÖL��8�7�;
ÜY<B���1u%j�jrHXFTOUuhM!�1�nj�f!�1f"F�f"�'EV�REBF&u�Ò�OnfjÒ�HROUF&EVHRQ�gRf"O�Ò�fyQUEBF&E�§yHmQXf"L�K(FTEVf!��Q[f{g
QXH�jSEBÙ�LPEB�1HGM!O=HRLBLPE Ò�FTEV�½£�Ú^��ç QU�?u�£%Ó�Óv��¤�$¡sÄjÅ-��� ã Åqí1Æ#¡nÆ8pAÄnÅ©����Ú�êAÔ'�!ÄnÅN£�p'r�â?�~ÎTÊ"ËmyAÐU�6È%È�Ê!�!ËjÈ%È8y%É��'Î&Ì!Í%Í$Í%ÐR�

� Ì�y�y"2¨¬r�?Ö%d18(365�Ö7z�;�²�<$>^ew8�ÖL��8�7�;^Ü=<W���hf!�1f"F�f"�'EV�REBF&utM"���A�'u%jXjrHRF&OUupf{g=Ò�f"QUEBFTE�§"H�QXf!LPK(FTEVf!��QvFf���f"�'LPEB�1HGM"O
HRLBL�E Ò1F&EV�SHG�XK�M"F&EVf"��Q½¹�LNf#�GM"L��hf%§�EB�AJ�£
LZM!�1HRQ�M!�1�l�?��EV�XK�H�Æ�f!��F&EB��K�M!FTEVf!���'rnÔ�è�Ó�ÅZÄsÄnÆ�Þ6�

� Ì�yAÕ�2[D^C�z68�d'3�9\;`Ý�<!>]�4@W�?9�C%;�Ü=<~Þ���<W�i���%EaQUFHX�1�GHYM"�1�S��f"��H��%EaQUFHX�1�GH�OjHUQUK(LPFTQ?gRf"O�QXHejYEBL�EB�1HGM"O�HXLBLPE Ò1F&EV�wÒ�Onf$�XLZHej=Q
EB��K(�1�Gf!K(�1�$HG�[�$f%jrM"EB��QU��¤\¡j£( !��Ão£"ç%��ài£( !�(Ú4Þ(Å-piè�Ô�¡jÝ$Â�àiÆ� UÄ#� Á ª:æ��6ÈRËGÈX '��ÎsÈ#É%Ï%Ì$ÐR�

� Ì�y$Ï"2[e13�76@B9�34;��v<B�w£
OjfjÒ1OUEVêXF�êUQ~�%Hxj�f!�1f"F�f"�'EVH�HRF��$HhQUu%jrêRF&OUEVH�K(��EV�"E�jrHX��QUEVf"�'�1HXLBLZHmÒ�f!K(O�LZHRQ�QRf!LPK(F&EVf"��Q��%H
∆u + f(u) = 0

M%§"HG�m�%HUQwgRf"�1�XF&EVf"��Q
f
êe§"HR�'FTK�HXLBLZHej�HX��F*�!EaQX�jf!��F&EB��K�HRQU�]u*��Ã�� Á  e�$Þ��6à� RÅ&�6¤�$¡nÅ©r#��à(Ì#¡#�ToU�

æ:æ?���iÉiÕ"�!ËÉiÕ"Ï���ÎTÌ$Í$Í%Í%Ð
� Ì�y$É"2[e13�76@B9�34;q�[<W�'�hf!�1f"F�f"�'EV�REBF&uvM!�1�[f"�1HXÙs�"E�jrHX��QUEVf"��M"L�QUu%jXj�HXF&OUu,gRf"O�Fgf�H�QRf!LPK(F&EVf"��Q=fsg

∆u + f(u) = 0
EB�

IRN
��EBFgfYÒ�fyQGQUEV�RLPub�"EaQX�Gf"�'FTEB�'K�f"KiQ��1f"�'LPEB�1HGM!OUEBFTu"�:��¡nÆ8��¡jÅqpAÄ#��Î&Ì!Í%Í�È�ÐR�

� ÌAÕ"Í"2[e13�76@B9�34;q�[<W��áw��HRÙs�!E�j�HX��QUEVf"��M"L�QGu%jXjrHRF&OUu,gRf"O�QXf"L�K(FTEVf!��Q=f{g=�XK�MyQUEBLPEB��HGM"OYHG�XK�M"F&EVf"��Q�EB�
IR2
����¡jÆe��¡jÅqpAÄ��

� ÌAÕiÈR2[e13�76@B9�34;i�[<W�%��f�j�HqI�HejrM"O�Â"Q�f"��M½Æ\f!�e�XHG�RF&K(OnHofsg]ÚSHdºwEVf!OTJ!EB��uw���a !�eö��!¡��R¤��!¡nÄnÅ©��� ã Åtí�ÆX¡jÆepAÄnÅ©���%Ú�êAÔ'�"ÄjÅZ£Ep'r
��ÎV�AÐU�'Ì$�$�"Ë{Ì" iÊ(�1Î{È#É%É$ÉAÐU�

� ÌAÕ!Ìy2[e13�76@B9�34;��v<B���1u%j�jrHXFTOUu�gRf"O
QXf"LPK(F&EVf"��Qwf{g�QXHejYEBLPEB��HGM"O,HRLBL�E Ò1F&EV��HG�RK�M!FTEVf!��Q
EB�
IRn

M"���^OnHXLZM"F�HG���Gf"�e�XHG�XFTK(OjHUQU�
ÃoÅa RÆX¡G GÂ�Æ·���"Ä��'´T���6ÈyÌ!É"ËGÈ�Ê! ��1Î{È#É%É$ÉAÐU�

� ÌAÕ"�"2[e13�76@B9�34;\�v<!>��XË��]«�@a3�9\;`¶b<B�R�1K(O�LZHRQ�QXf"LPK(F&EVf"��Q=OnM%�"EVM"LNHUQ��$HSLbç êG�XK�M"F&EVf"� −∆u = u(1 − |u|2) �%M"��Q IRn	
N ≥ 3

�"�:u*��Ã�� Á  8�$Þ6��à� RÅ&��¤��!¡jÅ-r#��à(ÌX¡���o�æ�â?�6�"y%Í�ÈRËIy$Í$ ��1Î{È#É%ÉAÕ$ÐU�
� ÌAÕy !2[ew@�äi8�;�Ü=<©�Y<$>�Ýt:?�48'��×�;�²�<qÊS<W���Tf�HmMjÒ$Ò�Onf�M$�hfpf{g=QXf"LPK(F&EVf"��QSf{gS��f"��L�EB�1HGM"O��"E coKiQUEVf"�tHG�XK�M"F&EVf"��QYF�fmF&OnM!Ù

§yHXLBLPEB�iJ*gGOjf"��F4QXf"LPK(F&EVf"��QG� Á ¡G GÂ���Ã#�"ÄjÅZ£Ep'���R��Æ# GÂ�� Á p'���&�:¯T�6���%�%ÊyË���y�È$��Î{È�ÉAÕ$Õ$ÐU�
� ÌAÕ!Êy2[ew@WC#Û�8�7�;qÙ�<��v<B���Tf�H�M%�%§"M"�1�GH�f{g�M%�%§"M"�'FM#J%HGf"KiQ*JAHX�1HRQG� Á p"p���Ú\Ô�Ý$Æ8p�Åa er*ã����$�AÊyË���y$É��'ÎsÈ#É$�iÕ!ÐR�
� ÌAÕ%y"2[ewÖA8"��@B9]Õ4;'}x<t{v<B�'áw�rF�f�H�f"OUEVHX��F�HG�d£
LZM!FHGM!K�Ò�Onf$�XLZHejY�!Ã,Æep�Þ6�Eu�ÅN¡G !�����"Ä���¤����ZÆ#¡nÓ�£YÎ&Ì$Ð`ª��%y%É"Ë�Ï$É��AÎ{È�É�y%Ì%ÐU�
� ÌAÕ$Õ�2[ew7�3�9?:'Û�@�;`Ê�<%>]�43�9�:���9�8�Ö%ÖA@\DY<!>4Ñ18�7676@B9\;`²�<W�1���%EaQUFHX�1�GHSM"�1��K(��EV�XK�HR��HUQGQ=f{g��1f"�'�1HJAM"F&E�§yH�QXf"LPK(F&EVf"��Q

f{g��XK�MyQUEBLPEB��HjM!OYHG�RK�M!FTEVf!��Q�EB�
IRN

� Á Þ�Ü��'���!ÄnÂ���Ç1Ç����6È"Õ$Õ�Ë{Ì" A���1Î{È#É%É�yAÐU�

ÍTÍTÍ



� ÌAÕ"Ï"2[ew7�3�9VË?8�Ö1;qÝ|<t�*<!>?Ñ1@-°$3?C#Û�@B9�C8ËV×�;aØv<Z�y<B�6áw�[Fgf�H=Hj�XK�M"F&EVf"��fsg^�XK(O7§yHG���oM%jrHqgGOnf!��F&�%¤\Âiç�rnÅN 8� ã æ?���iÌ$Ï"Ë AÌ(�
Î{È�É$Ï$ÏAÐU�

� ÌAÕ"É"2�ØS3�Ö$3]ËVz6@W�?9��?°�;(¶b<��v<">"{S5�ÖAC#Û��]ä�;"²�<%>�¶�3`å$î?5�8'å�;�²?<t�*<B�$���%FTEB���RF&EVf"�mM!�1�4gRf#�XKiQUEB�AJ=�GHhf�M�§#EVf!K(O*f{g
Q&Ò"f�HRÙ
OUEV�GM"L�M"����M"�'��K(LZM!O`�oM%jrHRQ��$HRQX�ROUEV�GHG���Xu�MwgGOnHGH=�Gf"K(���$M"OUu�Ò1Ojf$�XLZH�jS�"�'�(�n�"ÄnÂ��%¤\Ô�¡nÆ�r Á �"�"�&��ã'¯���Ê�y$�!Ëmy%Í$Ï��
Î{È�É$ÉAÕ$ÐU�

� Ì$Ï$Í"2�Ø�@B×�3?C$;|Êz>*�S@�;�}x<qÝ|<!>��Y@B768�9�d'8�7?Õ�;��*<B���1u%j�jrHRF&OUulM"�1��I�HXLZM"F�HG�n£
OnfGÒ�HXOUF&EVHUQ¢§#EVMpF�f�Hb�hMe�%E�jSK�j
£
OUEB�1�XE Ò1LNHR�Zu�£$Ó�Ó=Ô"p��'���"ÄjÂ��(¤\Âiç�rX�?¯:����Ì!Í%É"Ë{Ì" %���'ÎsÈ#ÉAÕ!É%ÐR�

� Ì$Ï�ÈR2�Ø�@B×�3?C$;kÊz>��S@�;k}`<qÝ�<$>��Y@B768�9�d'8�7TÕ�;½��<W�#�'u%jXjrHRF&OUu�f{grÒ�f"QUEBFTE�§"H�QXf"LPK(F&EVf"��Q�f{g���f"�'LPEB�1HGM"O~HRLBLPE Ò�FTEV�
HG�RK�M!FTEVf!��Q�EB�

IRn
��oIpxÐ"�n�"ÄnÂ�� Á p'���T� Á �"�"�&��¤��!¡nÄ Á � Á Þ�Ü%��p' RÆ8rwÅ-p¢���"ÄjÂ���àiÔ"�"�'�T�'àiÄnÔ�Þ(ÅNÆ8r^ã�üh����y$É!Ë& AÍ%Ì��

Î{È�É$Ï�ÈyÐU�
� Ì$Ï%Ìy2�Ø�@B×�3?C$;qÊ�<!>6ÑT«�7'5?::Ë
;t²?<6�]º
LNf$�GM"L6M"����LZf��GM"L6�GH2f�M%§�EVf"K(O^fsg�Ò�fyQUEBFTE�§"H*QXf"LPK(F&EVf"��Q*f{g��1f"�'LPEB�1HGM!O*HRLBL�E Ò1F&EV��HG�RK�M!Ù

FTEVf!��QU�:u�£$Ó�Ób��¤\Ô�¡nÆ Á �'�"�T�?���"ÄjÂ��'æ:´��'Ê%Ì$Ê"Ë�Ê$É$Ï��1Î{È�É$Ï�ÈyÐU�
� Ì$Ï$�"2�Ø�@a36î?5�@B9Zz%34;#Ý�<$>#{Y@BÖA×�8�d'7�3�9�×Rz�;*Ñ�<B��Æ\M"LZ�XK(LPKiQvfsgpø'M!OUEVM"F&EVf"��Q�¸U���^¡nÔ"p'Þ��ZÆ#Â�¡jÆep»���!ÄnÂ�����Å-r2r#�æ�Ç(���

à(��¡jÅqp�Ý$ÆX¡��6Î{È�É$É�yAÐU�
� Ì$Ï! !2�Ø�@BÖ%d'3�7TÕ4;L¬b<!>�Ñ18�7676@B9\;L²�<W��áw�YEaQXf"LNM"F�Hj��QUEB�AJ$K(LZM!OUEBFTEVHRQwfsg�QXf"LPK(F&EVf"��Q�f{g\QRHG�Gf"����f"On�%HROwHRLBLPE Ò�FTEV���"E c�HXOnHX��F&EVM"L

HG�RK�M!FTEVf!��QU�"��� Á p'���T�"���!ÄnÂ��:´����%Í$É!Ë�$ %Í��1Î{È�É%Ê�yAÐU�
� Ì$Ï%Êy2�Ø�@BÖ%d'3�7TÕ4;Z¬b<!>6��715�×�@B9]Õ�8�7�;��[<BÑ�<B�A�wLBLPE Ò1F&EV�
Ò�M"OUF&EVM"L��!E c�HROjHR�'FTEVM!L6HG�XK�M"F&EVf"��Q�f{g�QXHG�jf!�1�rf!On�$HXOU��à(��¡jÅqp�Ý%ÆX¡

ö�ÆX¡2�-�$Ý��6Î{È�É$ÉiÕ!ÐU�
� Ì$Ï�y"2�Ø�Û���5?C#C���5�d?;��v<$>�ØS5�@�;]�Y<W��áw��MS�Gf!�e�XHG�RF&K(OnH�fsgwÚSH�º
EVf!OTJ$E�M!�1�=QXf%jrH�OnHXLZM"F�HG�,Ò1Onf%�RLZHejYQG�����!ÄnÂ�� Á p'p��

æ�Ç1Ç1�A AÏ�ÈXË& AÉ�È$��Î{È�É$É%Ï%ÐU�
� Ì$ÏAÕ�2�Ø�Û���5?C#C���5�d?;?�[<%>�ØS5�@�;�Y<B�4á
�¦ÚYHÑº
EVf!OTJ$E�ç Q�Æ\f"�e�XHG�XFTK(OjH�EB�¦Ú=E�jrHR��QGEVf!��Q,ý�M!�1�vþ"�"��¡nÆ8��¡nÅ-pAÄ#�
� Ì$Ï$Ï"2�Ø�Ö$3�9]Õ�8�z%3?C%;t��<1�$ÿ
F&K��$H*�Rç K(��HoLPE�jSEBFHoQUEB�AJ$K(LPE	iROjH��Rç K(��j�f���iXLZHoEB�'FHXO7§"HR��M"��FqHR�m�Gf�j��XKiQUFTEVf!��� Á rnçiÓX��Än£!Ä��

Á p'���T�:������ÈyÕ�Ë��! iÌ(�1Î{È#É%É%Ì%ÐU�
� Ì$Ï$É"2�Ø�76@WC7°$3?76×4;�ÜY<��1�wLBLPE Ò1F&EV��Ò1Onf%�RLNH�jYQ�EB�h�1f!��Q7jrf#f!F�fh�$f%jrM"EB��QU��¤\ÅZÄnÓ���p���Î{È�É$Ï%Ê%ÐU�
� Ì$É$Í"2¨{Y3�×?8�Ö%8�7�;tÖ�<�ÜY<">ZÙ��Rz6Û�8�;Ze�<�����OnM%§"HXLBLPEB�AJ�gGOnf"�'FVQ�EB����f"�'LPEB�1HGM"O��"E c,KiQGEVf!�hHG�RK�M!FTEVf!��QU�L�'�(���"ÄjÂ��Lè
ÅN£��&�(â��

Ì$Ê�ÈRË{Ì�y$���'ÎsÈ#ÉAÕ$Ê$ÐR�
� Ì$É�ÈR2¨{Y3V�*8�Ö';Ze�<B�'å?f"O7jSK(LZHUQ½jSEB��ÙIjrMe��Ò�f"K(O�LZHRQ½§�EBFHRQGQRHRQY�Rç f!�1�%HUQoÒ�OnfjJ!OnHRQGQUE�§yHRQ½jYK(L�FTEV�!E�j�HX��QUEVf"�'�1HXLBLZHRQG� Á p'p��

Ï'�% !��à( XÅT�'¥?£$Ô'�Z£%Ô'rsÆ·���!ÄnÂ��:����Ì$Ê$É"Ë{Ì!Ï%Í���Î{È#É%É$ÉAÐU�
� Ì$É%Ìy2¨{Y3V�*8�Ö';Ze�<!>��Y3�×�@B7�3�CXÛT°�@BÖ%@�;1�[<W���OnM%§"HXLBLPEB�AJ��4M�§yHRQ�M!�1�rHX��F&EBOnH�QXf"LPK(F&EVf"��Q^f{g*F�f�H,å4EaQbf�HROUÙV�k£�£�HG�XK�M"F&EVf"�

EB�
IRN

� Á ¡G GÂ���Ã#�"ÄjÅZ£Ep'���R��Æ# GÂ�� Á p'���&�Z��Än£Ñ���'�'Æ��!¡��
� Ì$É$�"2¨{S8�@B9Vå$8�;aÑq<!>4Üq3V«�3�9�@W:1�?Ö%36�?5\;4Øv<%>wÑ:z68(°?8�9�C$;Z�[<W�*ø1M"OUEVM"F&EVf"��M"L1Ò�OUEB�1�XE Ò1LZHRQ,gRf"O*Ò1OnfGÒ�M#J%M!FTEVf!�pQ&Ò�HjHG�"QYEB�

EB�(f�f%jrfnJAHR��HGf"KiQkj�HG�!EVM"�'��¡nÆ8��¡nÅ-pAÄ#�
� Ì$É! !2¨{S8�9�7��Vzq;Z�[<">�Ü*Û�@BÖ%@�«'«�@B9\;�Øv<��v<B�(�6f%jrH*f�§yHXOn�$HXF�HRO7jSEB�1HG���Gf"K(�1�%M"OUu�§yM!LPK�H\Ò1Onf%�RLZHejYQd��EBF�f[HXLBLPE Ò1F&EV�GM"L"gGOnHGH

�Gf"K(�1�%M"OUEVHRQU�'à(o Á �ÿ�'�'���!ÄnÂ�� Á p'���&�1â:ª����%Í$É"Ë��%Ì$Í���Î{È�É$É$ÏAÐU�
� Ì$É%Êy2¨{S5Zz�:1Û�@B9�C���94;#²�<ZD=<!>,���?9�8'Õ�3%üo34;,�b<W��Æ\f"�:§yHXOTJAHR���GH�f{g�Ò"f�M"QXHbEB��F�HROWgRM%�GHUQvEB�/Fgf�H/ø1M"�µÚYHXOt��M$M"LPQGÙ

Æ\M8fi�'Ù	ì�EBLBLPEVM!On�[F�f�HGf"OUu"�?uw���N $��ö��!¡��(¤�$¡sÄjÅ-��� ã Åqí�ÆX¡jÆepAÄnÅ©����Ú�ê%Ô:�"ÄnÅN£�p:rX�(ÈW£%¡sÄjÂ� R£%ÓSÅ-p�Ý'�
� Ì$É�y"2¨{S@BÖAÛ���7�Cez�;�¬b<$>�{S5�ÖiCXÛ?�Vä�;�²?<B�V��gGOnHGH��Gf"K(���$M"OUu�gRf��RKiQUEB�iJSÒ1Ojf$�XLZH�jS�6¤\¡j£( !� Á Ó�ÆX¡��R���!ÄnÂ���ài£( !�qÇ�â6Ç1�

È$È�É$�"ËGÈ�Ì$Í%Ì���Î{È�É$É! iÐU�
� Ì$ÉAÕ�2¨²1��5�Ö%@B9\;BØv<
�ZÚ�u"��M%jSEV�RK�H��%HUQ
gGOnf"�'FVQS�%H��oM%jXj�HRQU�ToIp»ÐZ��£(Þ�Ìe�NÅ-r2�"ÄjÅZ£Ep�Þ(ÆX�-�[ R£$ÓYè�Ô'rsÄnÅN£�p��:o�Ó��!Ý$Æ�r*Þ�Æ8r

���"ÄjÂ"ÌXÓ��!ÄnÅ©ê%Ô�Æ8r#�:uwv�Ã�à��?Î{È#É%É�yAÐU�
� Ì$É$Ï"2¨Ö�3?9�8�Ö!-T;ï��34<Z�y<B�VÆ\HXOUFM!EB��Ò�Onf$�XLZHej=QYfsg��RK(OU�'EB�AJ$Ù�F�f�HGf"OUumHG�RK�M!FTEVf!��QU�'ài£%Ü��"���!ÄnÂ�� ã £�û(�&�1â��( %Ï"Ë{Ê(È%�6Î{È#ÉEy�ÈyÐU�
� Ì$É$É"2¨Ö�3?9�8�Ö!-T;���3�<��y<B���Tf�H=QUFM!FTEVf!�1M!OUurQXf"LPK(F&EVf"��f{g�Fgf�H�QXHRFof{g=HG�XK�M"F&EVf"��EB�hFgf�HYF�f�HGf"OUumf{gY�jf�j��XKiQUFTEVf!��� ã £EûL�&�

¤\Âiç�rX�:u�Â�Æ#Ób��ÇL´Tª���Ì" �ÈXË�Ì! %���'Î{È�É�y%�%ÐU�

ÍTÍ"ú



� �%Í$Í"2¨Ö��?ÖE�^�]Õ���7��?°�;Z�[<Z�[<�>AÜ�8�z67��?°�C8ËR×�;Z�y<aØv<y>AÜ�@WC8Ë?5�9?�?°�;��v<aÑq<B�R�
FTK��%Hw�$H
Lbç êG�XK�M"F&EVf"�m�$H
LNM^�!E coKiQUEVf"��M%§"HG�
�ROjf"EaQGQXM"�1�GHo�%HwLZM��XK�M"��F&EBF�ê
�%H�jrM"F&E	iROnH�HRF1QXf"�mMGÒ$Ò1L�EV�jM!FTEVf!� ò K(�*Ò1Onf%�RLqiejrH,�REVf!LZfjJ!EV�XK�HR�%è
Ô"�-�ZÆXÄnÅ-p/Û#p�ÅqÜ%ÆX¡hrsÅZÄ�Ì
Þ�� Ú�Ä2�!Ä��X��£Erj R£$Ô�Î	è��{Ô"�&�'��£Lrbû%£%�#rbû%£$Ý%£=�^£Er#�"Û#p�Å-Ü�� ÐR�1à(Ì#¡nÅNÆ�ÅqpAÄnÆ#¡�p:�"ÄnÅN£�p:���NÆ^ü Ç1�6ÈRË{Ì�y��6ÎsÈ#É$�iÕ!ÐR�

� �%Í�ÈR2¨Ö��?9�×�7�3(z�-�8(°
;~¶b<��v<B�EÁ*f"K(�1�%M"OUu^Ò�Onf$�XLZHej=Q�gRf"O�HRLBL�E Ò1F&EV�YHG�XK�M"F&EVf"��Q�EB�h�$f�j�M!EB��Q·��EBF�fb�Gf!��EV�GM"L?f!O�M!�AJ$K(LZM"O
Ò�f!EB��FTQU�"¥�¡h��p'r#�"��£Lrn X£%�Ó���"ÄjÂ��'ài£( $�6Ç(¯��'Ì$ÌAÕ�Ë���È����'ÎsÈ#ÉEyAÕ!ÐR�

� �%Í%Ìy2¨Ö��`å!Öi�?°�C8ËR×�;qØv<!>\Ñ1@-°$3?C#Û�@B9�C8ËR×
;�Øv<Z�y<B�qáw��fjÒ�HR�lM"���m�XLZfyQXHG�mFTE Ò1Q�fsg�Á,K(��QXHR�~�RK(OU��HRO��oM%jrHUQU�'¥wÂ�ÆX£$¡��
u�£$Ó���Ô(Ä��"Ï`�ZÔ�ÅaÞ ã çLp��:¯��6È�Ï�ÈXËjÈ�É%Ì(�1Î{È�É$É! iÐU�

� �%Í$�"2¨��8�×�8�7Z�,3�9\;��Y<$>�}õ�?Ö$3?9�CeË�@�;q�[<W��ø?EaQR�Gf"QGEBF&u[QRf!LPK(F&EVf"��Q�M"�1�vOjH&J$K(LZM!OUEBFTu�f{gYF�f�HwgGOnHGHr�Gf"K(�1�%M"OUu�gRf"OSF�f�H
LPE�jSEBF�f{g�M"�hHXLBLPE Ò�FTEV�=FC�4f�Ò'f�M"QRH�QUEB�AJ$K(LZM"O4Ò�HROUF&K(OX�GM"F&EVf"�SÒ1Ojf$�XLZH�jS� Á p'p���à( RÔ�£��©�/v,£%¡nÓb�(àiÔ"���(¤4Å-r2�Xu��&��à( RÅ&�
ÎW iÐwâ1ã���Ì$Ê!�!Ë�Ì$Ï$Ï��1ÎsÈ#É$É%Ï%ÐR�

� �%Í! !2¨��8(ü�@WC$;qÊ�<$>�¶Y��9|D�ÖAd'8�;oØv<B��Æ\f�j��XKiQUFTEVf!�"îV�oM%jrHUQ�M"���hH2�RÒ1LZf"QGEVf!��Qmf{g�JAMyQXHRQU� Á  e�%Þ(ÆXÓ�Åa Y¤4¡nÆ�r�r#�Zv,Æe�
â\£$¡2û��(Ò�£�p�Þ�£�p���ÎsÈ#É�y�È�ÐR�

� �%Í%Êy2¨��@�;T�Y<����hf"��f"F�f"�'EV�REBF&uYM"����QUu%jXj�HXFTOUu�fsg
QRf!LPK(F&EVf"��Q�fsg6gGK(LBLPu��1f!��LPEB��HjM!O�HRLBL�E Ò1F&EV�^HG�XK�M"F&EVf"��Qof!�mK(�1�Gf!K(�1�$HG�
�$f�j�M!EB��QU�?u�£$Ó�Ób��¤��!¡nÄnÅ©��� ã Åqí1Æ#¡nÆ8p%ÄjÅ-���6Ú�êAÔ'�"ÄjÅZ£Ep'r�Ç�¯��'Ê$Ï%Ê"Ëmy�È�Ê(�1Î{È�É$É�ÈyÐU�

� �%Í�y"2¨��@�;ï��<!>^�Y@�;t}x<ÉÞj�[<���áw��F�f�HhMyQUu%j�Ò1F�f"F&EV���GHhf�M�§#EVf!K(O�M"����OnM$�!EVM"L�QGu%jXjrHRF&OUu�fsgYÒ�f"QUEBFTE�§"H�QXf!LPK(FTEVf!��Qhf{g
QXH�jSEBLPEB�1HGM!O�HG�XK�M"F&EVf"��Q*EB�

IRn
îZ¸k¹qM"QGu%j�Ò1F�f"F&EV�=�GHhf�M�§#EVf!K(Ohî]¸b¸k¹�OnM$�!EVM"L6QUu%jXj�HXFTOUu"� Á ¡j GÂ��iÃ#�!ÄnÅN£�p'���?��Æ� GÂ��

Á p'���T�6Ç1Ç����6È�É%ÊyË{Ì$Ì%Ì��AÌ%Ì!�!Ë�Ì! %����Î{È�É$ÉAÌ$ÐU�
� �%ÍAÕ�2¨��@	�63�9\;Z�[<����Tf�H�QUFTOUK��XFTK(OjH^fsg��"E coKiQUEVf"���wM�j�HRQU�(oIpnÐ�Ï`�ZÔ�ÅaÞmÞ�çLp:�!Ó�ÅN 8���T��r��'Æ� UÄhr4£�È? R£%Ó=è�Ô'rsÄnÅN£�p�ÄnÂ�Æ#£$¡jç$�

¤\ÅZÄnÓ���p�ÃoÆ�rX�"v�£!ÄnÆ�r#���!ÄnÂ���àiÆ#¡#�'â1â:æ��"Ò�£�p�Ý%Ó���pbà� RÅ&�'¥�Æ� GÂ��N�"Ôd�!¡2�N£%���1È%ÈRË{Ì!É���ÎsÈ#É%É�È�ÐR�
� �%Í$Ï"2¨��5�:?Ë?Û�3�5?C$;4Ñ�<!>�Ý���×?@W:'34;��<B���Tf�H¦ºwEV�#�RQUÙ8�Tf�f%j�Ò'QXf!�pOnHXLZM"F&EVf"�³��EBFgfiEB��F�f�H�J!OnM%�"EVHX��FoFgf�HGf"OUubf{goÒ"f�M"QXH

FTOjM"��QUEBF&EVf"��QG� Á ¡j GÂ���Ã#�"ÄjÅZ£Ep'���R��Æ� GÂ�� Á p:���&��Ç(��ã��'ÕiÈRË�Ï$���1ÎsÈ#É%Ï$É%ÐR�
� �%Í$É"2¦Ýp3(zTË?�?ümCeËV×�;tÊ�<q²�<">�Ñ1@-°%3?CXÛ�@B9�CeËV×�;BØv<��y<��'�*�hMyQUu%j�Ò1F�f"F&EV�Y�%HROUE�§"M"F&EVf"��f{g�F¤�4f�j�f��$HXLïQ�EB�/�oM%jrH�Fgf�HGf"OUu

MyQGQXf#�XEVM"F�HG�Ñ��EBFgfbFgf�HS�Gf"��QGF�M"�'F
�%HR��QGEBF&umMjÒ%Ò1Onf8�%E�j�M!FTEVf!���6à(o Á �ÿ�'� Á �"�"�&�'���!ÄnÂ�æ�ã6�"y%Ï�y"ËIy$É%É��1Î{È#ÉiÕ"ÉAÐU�
� ��È#Í"2¦Ýp3]å�-~×(34;~¶b<aØv<y>�Ü�Ö%3V��8�9�8(°�C8Ë?@T@�;tÊ�<��v<
�wá
��Fgf�H[�jf�HTk/�XEVHR�'FVQSEB�lF�f�H�MyQUu%j�Ò1F�f"F&EV�UQ�f{gYQXf"L�K(FTEVf!��Q�fsgrHRLPÙ

LPE Ò1F&EV�S�jf!K(�1�%M"OUu"ÙI§"M"LPK�H,Ò1Ojf$�XLZH�jYQ��1HGM!O=�jf!��EV�GM"L(Ò�f!EB��FTQG�1ài£%Ü��"���"ÄjÂ�� ã £�û(�T�6Ç"���6È�Ê%Õ" !ËGÈ�ÊAÕ!Ê(�1Î{È�ÉAÕy iÐU�
� ��È$ÈR2¦Ýt@W:1Û�8�ÖiC#�?9\;t¬b<
�]�'F�HGM$�"umQXf"LPK(F&EVf"��QSf{g=F�f�H��=K(OjM%jrf"F�f"Ùm�'E�§"MyQ�f(EB��Q�Â"u�HG�RK�M!FTEVf!���1¤\Âiç�rsÅa e� ã Ç�ª��1Ï$É!ËjÈ%È$È$�

Î{È�É$Ï�yAÐU�
� ��È�Ìy2¦Ýt@W:1Û�8�ÖiC#�?9\;t¬b<��(Á,K(��QXHX���oM%jrHUQ�MyQoQUFHGM%�"u�QXf!LPK(FTEVf!��Q*fsg,Fgf�Hw�YK(OnM%jrf"F�f"Ùm�1E�§yM"Qbf(EB��Q�Â!uSHG�RK�M!FTEVf!���ià(o Á �

���"�n�"ÄnÂ�� Á p'���T�'â:æ�����y! $Ë�%Ï�y��1ÎsÈ#É$É�È�ÐR�
� ��È#�"2¦Ýt@B7�3�9�×�34;|Ý�<W���'K�Ò�HROgß
�RE|jYEB�'E�j�H�EBLBLPE�jSEBFM!FHX� Á p'p���à( XÔ�£��©�xv�£$¡jÓb��à(Ô"����¤\Å©r��»u��&�4à( RÅ&��´?�\��È#�!Ë�AÌ$Ì��

Î{È�ÉAÕ$Õ$ÐU�
� ��ÈX !2¦Ýt@B7�3�9�×�34;Ý�<W�6�hMe�%E�jSK�jóÒ�OUEB�1�XE Ò1LZHrM!�1��jSEB��E�jrM"L�QUK(OWgRM$�GHUQU� Á p"p��1à( RÔ�£E�-��v�£$¡jÓv�1àiÔ"����¤4Å-r2��u��T�1à( RÅ&�

â:���"y�yiÕ�ËIy$Ï�È$�'ÎsÈ#É%ÉAÕ!ÐR�
� ��È�Êy2¦Ý���×?@W:'34;V�*<B�

Γ
Ùs�Gf"�:§yHXOTJAHR���jH�Ff�jSEB��E�jrM"L�QUK(OWgRM%�jHRQ�Ò1Onf%�RLZHej`M!�1��J$LZf%�jM!L6QXf"LPK(F&EVf"��Q�fsg

∆u = 2(u3 − u)
�

Åqp�¤4¡n£( !�?oIpAÄ#�?��ÆXÆXÄnÅ-p�Ým£Ep�ÃoÆ# XÆepAÄ|��ÆXÄnÂ�£(Þ"r�Åqpxv,£�p'�ZÅ-p�Æ8�$¡ Á p'���Nç�rsÅ©rX�1Ão£$Ó�Æ�È�ÉAÕ!Ï���Ú,� ã ÆS�^ÅN£$¡jÝ$Å�ÆXÄ|���&�
ÎWÆ�Þ"rjÐR��¤\ÅZÄ2�$Ý$£$¡h����è
£��N£$ÝEp'����Î{È�ÉAÕ!É%ÐU�

� ��È8y"2¦Ý���×?@W:'34;V�*<B�:��J$OnM$�!EVHR�'F
�Gf"K(���mM!�1��MX¼qEVf"K�§�EBLBLZHYFgf�HGf"OnHej¢gRf!O��1f!��LPEB��HjM!O�£of"EaQGQXf"��HG�RK�M!FTEVf!��QU�?u�£$Ó�Ób�
¤\Ô�¡jÆ Á �"�"�&�'���!ÄnÂ��?æ:���"yAÕ!É"ËIy$Ï! '�1ÎsÈ#É%Ï%Ê$ÐR�

� ��ÈyÕ�2¦Ý���×?@W:'34;���<B��ºwOnM%�"EVHX��F^F�f�HGf"OUu�fsg*Ò"f�M"QXHmF&OnM!��QUEBFTEVf!��Q���EBFgfp�Gf"K(���$M"OUuh�Gf!��F�M$�XF�HX�1HXOTJ$u"� Á p"p��VoIp'rsÄ#�VÔ=�
¤q£$Å-p� e�$¡�Ì Á p'���T�"v�£�p4Ò�Å-p"Ì��!ÅN¡nÆk´?�( %ÏAÕyË�Ê�È�Ì��'Î{È�É$ÏiÕ!ÐU�

� ��È#Ï"2¦Ý���×?@W:'34;���<W�·�Tf�HAºwOnM%�"EVHX��F¨�Tf�HGf"OUulf{g�£�f�M"QXH»�(OnM!��QUEBF&EVf"��Q[M!�1��Fgf�Hm��EB��E�jrM"L�¸U�'FHXOWgRM$�GHxÆqOUEBFHXOUEVf"�'�
Á ¡G GÂ���Ã#�!ÄnÅN£�p'���T��Æ# GÂ�� Á p'���&�'ª?����ÈyÌ!�!ËjÈ# AÌ(�1Î{È�É$ÏAÕ$ÐU�

� ��È#É"2¦Ý���×?@W:'34;½��<W���hf!�1f"F�f"�'EV�REBF&u�f{g�Fgf�HlHX�1HXOTJ$u[gRf!O~HX��F&EBOnHhQRf!LPK(F&EVf"��Q�f{g�QXHejYEBL�EB�1HGM"OlHRLBL�E Ò1F&EV�pHG�RK�M!FTEVf!��QU�
¤��!¡nÄnÅ©���6Þ(Åqí1Æ#¡nÆ8p%ÄjÅ-����Æ8êAÔ'�"ÄjÅZ£Ep'r���p�ÞmÄnÂ�Æ� 8���a RÔ"�NÔ'r
£�È`Ü%�!¡jÅ-�!ÄnÅN£�p'r#�(ö�£��&��oboU�N�(¤\¡n£%Ý$¡���v,£�p'�ZÅ-p�Æ8�$¡ ã Åqí1Æ#¡nÆ8pAÄnÅ©���
Ú�êAÔ'�"ÄjÅZ£Ep'r Á �'�"�T�1Ì(�"è
ÅZ¡2ûiÂ��!Ô:rsÆ#¡#��è
£ErsÄn£Ep���Ï! A�"Ë�Ï%Ê!Í��'ÎsÈ#É$Ï%É%ÐR�

ÍTÍ(�



� �AÌ!Í"2¦Ý���×?@W:'34;½��<$>/Ýt�?7�z��?Ö$3�;YÑ�<B�m�?��HRQXH�j�Ò1EVf��!E
Γ−
Ùs�Gf"�'§"HXOTJ%HX�(Ç�M!�wè
£��-�&��Û#p����n�"Ä#��oÄ2���T��èäÎTÊ$Ð�ÇL´?�

Ì!ÏAÊyË{Ì!É$É��'ÎsÈ#ÉAÕ%Õ!ÐR�
� �AÌ(ÈR2¦Ý���×?@W:'34;��<!>�Ýt�?7Ez6�?Ö%34;qÑ�<W�Z��f�j�H�HX��F&EBOnH�QRf!LPK(F&EVf"��Q�EB�~F�f�HwÒ�LZM"��Hrf{g���f"�'LPEB�1HGM"O·£of"EaQGQXf"�lHG�RK�M!FTEVf!��QU�

è
£��-�T�"Ûdp��'���!Ä#��oÄ2���T�T�6�"y�ÈX !ËIy%Ì%Ì(��Î{È�É$Ï$ÍAÐU�
� �AÌ$Ìy2¦Ý���9Rz�8�9�8'Õ?71��;�Ý|<B���'F&Onf"�iJAj�M8�$E�jSK�jxÒ1OUEB���RE Ò�LZHUQ�gRf!OmQUK�Ò�HROGQXf"L�K(FTEVf!��Qvfsgv�XK�MyQUEBLPEB��HjM!ObHXLBLPE Ò�FTEV�~HG�RK�M!Ù

FTEVf!��QU�"v,£Ep"�NÅqp�Æ��!¡ Á p'���&�'¥�� Á æ�ã6�( A��ÈXË& % %Ï��1Î{È�É$É$ÉAÐU�
� �AÌ!�"2¦Ý���76768�×�;��Y<qÊ�<���K(LPF&E Ò1LNH=EB�'FHJ$OnM"LPQ�EB��F�f�H=�GM"LN�RK(LPKiQ=fsgk§yM!OUEVM"F&EVf"��QG��à(��¡jÅqp�Ý$ÆX¡nËmö�ÆX¡2�-�$Ý���Î{È#ÉEy�yAÐU�
� �AÌ" !2¦Ý���7TÕ�3�9\;�e�<W�"�*OjHjM�jYEB�'E�jYEqÇXEB�AJrQUK(OWgRM$�GHUQhî�gRM%�jHRQ=f{g�ºwOnM"QjQ7jrM"�'��EVM"��Qhî\M!�1�[�jM!LPEV�XOnM"F&EVf"��QG� Á Ó�ÆX¡������"ÄjÂ��

��£�pAÄjÂ"�Zç¦ª?����Ï�È��"Ë�Ï%Ì$Ì��'ÎsÈ#É$Ï%Ï%ÐR�
� �AÌ$Êy2¦Ý���7TÕ�3�9\;�e�<B��Æ�M!LPEV�XOnM"F&EVf"��QrM!�1�[�1He��QUEB�AJ$K(LPOUEBF&EVHUQYEB�lM!OnHGM"ÙIjSEB��E�jSEqÇXEB�AJvQUK(OWgRM$�GHRQX¹4MmQUK(O7§"HRu"�?oIp»Ð?ö��"Ë

¡nÅ©�"ÄjÅZ£Ep'���w��ÆRÄjÂ�£(Þ"rvÎ	Ô���è
Æ#¡nÆ�r{Ä{ç( hûiÅ\ÆRÄ����&��Æ#Þ"r#� ÐR�q¤\¡n£%Ý$¡jÆ8r2r�Å-p�v,£Ep"�NÅqp�Æ��!¡ ã Åqí�ÆX¡jÆepAÄnÅ©���
Ú�êAÔ'�"ÄjÅZ£Ep'r���p�Þ
Á �"�'�ZÅa e�!ÄnÅN£�p'r�´?�"è
ÅZ¡2ûiÂ��!Ô'rnÆX¡���è
£ErsÄn£�p����%Ì!É!Ë�$ AÌ��'Î{È�É$É%Í%ÐU�

� �AÌ�y"2�)·ü�8�9\;
�[<��Y<!>wÙ^5�d'@B9�Cez68�@B9\;�²�<$>,Ñ:z68�769�d18�7TÕ4;�Ü=<W�?��EB�'E�jYEqÇ�HXOGQ�M!�1�[J!OnM%�"EVHX��F`�wf��qQwgRf!OSQGEB�iJ!K(LNM"OULPu
Ò�HXOUF&K(OX�jHG���XEBÙQUFM%�RLNH=Ò�f!FHX��F&EVM"LïQ���EBFgftM¦Ú=EBOUEV�2f(LZHRF��Gf"���"EBF&EVf"�'�?¤\¡j£( !��Ã,£"ç$�?ài£( $�]Ò�£Ep�Þ6� Á ´�â:ª���Ê!�$�!Ë�Ê%Ê" '�
Î{È�É$É$ÍAÐU�

� �AÌ%Õ�2¨Ù=8�@W:1Û�8�Ö1;~}x<W��I*M$�!EVM"L�QUu%j�jrHRF&OUu*gRf!O�HXLBLPE Ò�FTEV���Gf!K(�1�$M!OUu"ÙI§yM!LPK�H*Ò�Onf$�XLZHej=Qrf"�pH��%F�HROUEVf!OoÒ�Onf$�XLZHej=QU� Á ¡G GÂ��
Ã#�"ÄjÅZ£Ep'���Z��Æ� GÂ�� Á p'���&�6Ç(æ�ã����$Ï�ÈXË�%É! '�1ÎsÈ#É$ÉiÕ!ÐR�

� �AÌ!Ï"2¨Ù���î�5�8"±R�Vä(äi768�;`²�<~Þ2Ý�<W����§yHX��F&K�M"LZjrf"��f"F�f"��EV�XEBF&umM"�1�m�jf!�'§"HRO&J%HX�1�GH�F�f�F&OnM%§"M$HXLBLPEB�iJ�gGOnf!��FTQqgRf!O�F�f�H�QXf"L�K(Ù
FTEVf!��Q�f{g
Ò�M"OjM$�Gf"LPEV�rHG�XK�M"F&EVf"��Q^EB���Ru"LPEB���$HXOGQU�'��¡jÆe��¡jÅ-p%Ä��

� �AÌ!É"2¨Ù���î�5�8"±R�Vä(äi768�;R²?<ÉÞ2Ý|<B�:�'F�M$�XEBLPEBF&u�fsg���OnM%§"HXLBLPEB�AJSå6Onf!��FTQ,EB�hMY�hf#�%HRL"gRf"O,å4LZM%jrH�£wOnfjÒ�MXJAM"F&EVf"�'îV£,M"OUF]¸�¸|¹
l=f!��LPEB��HjM!O·�'F�M$�XEBLPEBF&u"� Á ¡G GÂ���Ã#�!ÄnÅN£�p'���R��Æ# GÂ�� Á p'���T�6Ç1Ç(ã��6È$È�É"ËGÈ�Ê$����Î{È#É%É%Ì%ÐU�

� �%�$Í"2�Ñ�8�7676@B9\;�²�<W�`�xQUu%j�jrHXFTOUuSÒ�Onf$�XLZHej�EB��Ò�f!FHX��F&EVM"L�F�f�HGf"OUu"� Á ¡j GÂ���Ã#�"ÄjÅZ£Ep'������Æ# GÂ�� Á p'���&�V´Tæ��?�$Í! $Ë��È#Ï��
Î{È�ÉAÕiÈyÐU�

� �%��ÈR2�Ñ�8�7676@B9\;"²?<$>'}q�?5\;�{v<B���1u%j�jrHXFTOUu�f{g|ºwOnf"K(�����'F�M"F�HUQof{go�XK�MyQUEBLPEB�1HGM!OoHXLBLPE Ò�FTEV�^HG�RK�M!FTEVf!��QU� Á ¡G GÂ���Ãd�"ÄnÅN£�p:���
��Æ# GÂ�� Á p'���T��Ç(´T����Ì�yAÊyË{Ì!É%Í���Î{È#É%É$ÉAÐU�

� �%�%Ìy2�Ñ�@��*�?9\;���<W�6�
�'FTEBOjHYQRf!LPK(F&EVf"��Q�f{gYF�f�HXjYEB�'E�j�M!L?QUK(OWgRM%�jHmHj�XK�M"F&EVf"�'�?�'� ã Åqí1Æ#¡nÆ8pAÄnÅ©�����^ÆX£$Ób�Zæ:���Ty! %�!Ëmy%Ï$Ï��
Î{È�É$Ï$ÉAÐU�

� �%�$�"2�Ñ�@��*�?9\;]�*<B���Tf�H/jSEB��E�jrM"L�QUK(OWgRM%�jHSHG�RK�M!FTEVf!���"��¡nÆ8��¡nÅ-pAÄ#�
� �%�! !2�Ñ�@-°$3?C#Û�@B9�C8ËR×�;=Øv<Z�y<B���Tf�H��"E c,KiQGEVf!��QUF&OnM"F&E ß��GM"F&EVf"��H	c�HG�XFYEB�ØÁoK(��QXHR�n�oM�j�HRQU������Ô,Æ8�!Ä¨¥?¡2��p'rNÈWÆ#¡�Ç'Ç1�

Ê!�%Í"Ë{Ê!�%Ê��'ÎsÈ#ÉAÕ" AÐR�
� �%�%Êy2�Ñ�@-°$3?C#Û�@B9�C8ËR×�;\Øv<Z��<W���?f�H=QGF&OUK��XFTK(OnH=f{gdÁ,K(��QXHR���wM�j�HRQU�'�'�?u�Â�ÆXÓb�(¤\Âiç�r#�:¯1â��"y$�%Ï"ËIy! A����Î{È#ÉiÕ!Ê%ÐU�
� �%��y"2�Ñ�@-°$3?C#Û�@B9�C8ËR×�;4Øv<Z�y<B�'l=f!��LPEB��HGM"O=M"��M"LPuyQUEaQSfsg|f(u$�"Onf��"u"��M%jSEV�UQ=EB��QUFM%�REBLPEBF&umEB�~LZM�jYEB��M"O��oM%jrHRQ2î¸�¹ZÚSHROUEBÙ

§yM!FTEVf!�~fsg��jM"QUEV�SHG�XK�M"F&EVf"��QG� Á  UÄ2� Á r{Äj¡n£'�"´���È%ÈyÕ%Õ�ËGÈ�Ì!ÍEy���ÎsÈ#ÉiÕ$Õ!ÐR�
� �%�AÕ�2�Ñ�@-°$3?C#Û�@B9�C8ËR×�;rØv<��y<W�=áw�A�oM�j�HmÒ�OnfjÒ�MXJAM"F&EVf"�óK(���$HXO~�Gf"���"EBF&EVf"��Q~f{ghQUFf!EV�2f(EVf%jrHRF&OUu"�*à(o Á � �'� Á �"�"�&�

���"ÄjÂ��'æ?ª��"yiÕ�Ë�Ï%Ì(�6ÎsÈ#É$Ï%Í%ÐR�
� �%�$Ï"2[���?ÖLË�C#×?�?7Zä�;oÜ=<B�q�w§yHXOUu%�]f�HXOnHXÙ�OnHJ!K(LNM"OUEBF&uSgRf!O�QXf%jrHb�RK�M"QGEBL�EB�1HGM"O[QUuyQGF�Hej=Q���EBFgfpLNM$�hÂ�f{g[HXLBLPE Ò�FTEV�XEBFTu"���'�

ã Åqí�ÆX¡jÆepAÄnÅ©���6Ú�êAÔ'�!ÄnÅN£�p'rd��Ç1�6È�Ì�y!ËjÈyÊ!Í��1ÎsÈ#É$Ï$ AÐR�
� �%�$É"2[���?9\;"Ê�<Z�[<W�'áw��M�gGOnHGHXÙs�jf!K(�1�%M"OUu�Ò1Onf%�RLNH�j M"OUEaQUEB�AJ�EB��Fgf�H
QUF&K��"u�f{gT�oM%jrH�Ò�OnfjÒ�MXJAM"F&EVf"�'�����"ÄjÂ��%��ÆRÄjÂ�£(Þ"r

Á �"�'�T�'à� RÅ&��Ç����( iÕ!É"Ë %É%���'ÎsÈ#É%É%Ì$ÐR�
� �$ %Í"2[���?9\;wÊ�<��v<B�oáw�tMbQUF�HjM%�"ubQUF�M"F�H,gGOnHGHv�jf!K(�1�%M"OUuSÒ1Ojf$�XLZH�j M"OUEaQUEB�iJ�EB�z�jf�j��XKiQUFTEVf!�pFgf�HGf"OUu"� ã Åqí1Æ#¡nÆ8pAÄnÅ©���

oIpAÄnÆXÝ%¡2����Ú�êAÔ'�"ÄjÅZ£Ep'rd�6�6È�Ï�ÈXËjÈ�É�È$��Î{È�É$ÉAÌ$ÐU�
� �$ �ÈR2�¶
3]å%î�5�8:å�;"²?<t��<W���¢QUFTOnf!�AJ^�hM8�$E�jSK�j £
OUEB�1�XE Ò1LZH�gRf!OwQRf�j�H^�XK�MyQUEBLPEB�1HGM!O�HRLBLPE Ò�FTEV��HG�XK�M"F&EVf"��QU� Á �"�"�&�����"ÄjÂ��

���(ÄnÅNÓb�6Ç(â���È�É�ÈRË{Ì!ÍAÌ(�1Î{È#É%Ï! iÐU�
� �$ AÌy2�¶�8'Õ�34;w²�<qÝ|<B�wáw�lF�f�HrK(�'EV�RK�HX�1HRQGQ�f{gXjSK(LPF&EV�"E�jrHR��QGEVf!�1M!L\FTOjM%§"HRLBLPEB�iJ=gGOjf"��FTQ�fsgSQXf%jrH�QXH�jSEBLPEB��HjM!OmHG�RK�M!Ù

FTEVf!��QU�"�'�'���"ÄjÂ�� Á p:���&� Á �"�'�T��Ç�ã1ã6�( AÏ�ÈRË %É%Í���Î{È�É$É$�AÐU�

ÍTÍi0



� �$ %�"2�}c@BÖ%ÖA@a3V�^C$;?e^<W��Æ\f%jr�RKiQUF&EVf"�Ø�?f�HGf"OUu"� Á Þ�Þ(Å-rn£�p�Ë&�~Æ8r��ZÆ#ç$��ÃoÆ��$Þ(Å-p�Ý�� Á ��Î{È�É$Ï$�AÐU�
� �$ $ !2�}q8�Ö%×��?°?@W:1Û\;
��<tÊ�<!>qÊ*3?768�9�d1Ö$3(zTz�;*Øv<��y<!>#��@Bd1�T°?@W:1Û\;�¶v<qÊ�<!>dÝl3�:?ËV°?@BÖ$3?×]å!8�;*Øv<qÝ|<B�·�Tf�H¢j�M!F�f�HRÙ

j�M!FTEV�GM!L�F�f�HGf"OUumf{gY�jf�j��XKiQUFTEVf!�~M!�1�mH2�RÒ1LZf"QUEVf"��QU�Zu�£�p'r#�"è
Ô�¡nÆ��!Ô��"v�Æe�Óâ\£$¡2û1��ÎsÈ#É%Ï%Ê$ÐR�
� �$ AÊy2�}q8�Ö%×��?°?@W:1Û\;?²�<qÊS<$>1ew7�3�9VËRÞ�Ö�3]��8�9�8"z6C8Ë�@V@�;Z¬b<��v<B�L�óFgf�HGf"OUu�f{g,Fgf�HXO7jrM"L$Ò1OnfGÒ�M#J%M!FTEVf!�hf{gV�oM�j�HX� Á  RÄ2�

��Âiç�rsÅN£( GÂ�ÅZÓ�Åa e�¢Û�Ã*à�àµª��?�! �ÈXË�AÊ!Í���ÎsÈ#É$�%Ï%ÐR�6Ú�p�Ý��NÅ©rsÂ~Än¡h��p:rb�©�"ÄjÅZ£EpàÐ]oIpµÚ=u"�1M�jYEV�RQ[f{g[�RK(O7§"HG��gGOnf!��FTQG�?Ã��
¤qÆe�a �Ì�Æ#Þ6�N��¤qÆX¡hr��'Æ� UÄnÅ-Ü$Æ�rwÅqpv¤\Âiç�rsÅa er*àiÆX¡jÅZÆ�rX� Á  8�$Þ(Æ#ÓSÅa �¤\¡jÆ8r2rX�"v�Æe�Óâ\£$¡2û1�6È���ÈXËjÈ# %Í���Î{È�É$Ï%Ï%ÐU�

ÍTÍ��



¼ ºA°h«w²,µ�
Yµ$²,¶ ª�² ª�«w²,µA© °�²,µ$§��« ªrº$º%µ$³�²,µA·t¹�ª�«

� �$ Ey"2[��ÕV�^��9\;�Ñ�<$>�¬��?5VÕ?Ö%@WC%;��v<$>Y�Y@B768�9�d'8�7TÕ�;/��<W�o�
QGF&E�jrM"F�HUQ¦lYHGM"OhFgf�H�Á*f"K(���$M!OUubgRf!On�6f"LPK(F&EVf"��Q~f{g
�
LBLPE Ò�FTEV��£oM!OUFTEVM!LÚ=E c�HXOnHR�'FTEVM!L��o�XK�M"F&EVf"��QX�6M"F&EaQWgGu"EB�AJáº,HR��HROjM"L`Á*f"K(���$M"OUu�Æ�f!�1�!EBFTEVf!��Qe��¸R�`u�£$Ó�Ób��¤\Ô�¡jÆ
Á �"�'�T�'�n�"ÄnÂ��6Ç(â��'y%Ì$�"ËsÕ!ÌAÕi�'ÎsÈ#ÉAÊ!É%ÐR�

� �$ iÕ�2[��ÕV�^��9\;�Ñ�<$>�¬��?5VÕ?Ö%@WC%;��v<$>Y�Y@B768�9�d'8�7TÕ�;/��<W�o�
QGF&E�jrM"F�HUQ¦lYHGM"OhFgf�H�Á*f"K(���$M!OUubgRf!On�6f"LPK(F&EVf"��Q~f{g
�
LBLPE Ò�FTEV�/£,M"OUF&EVM"LRÚ�E c*HROnHX��F&EVM"L��o�XK�M"F&EVf"��Q½��M!FTEaQWgGu"EB�iJ³º,HR��HROnM!LZÁ*f"K(���$M!OUuxÆ\f"���"EBF&EVf"��Q��¸�¸U�Ru�£$Ó�Ób��¤\Ô�¡jÆ
Á �"�'�T�'�n�"ÄnÂ��6Ç(ã����%Ê"ËÉAÌ�ÎsÈ#É�y$ AÐR�

� �$ %Ï"2[�X��7��?5�:1Û�8�;�Y<%>qØS@B7�365�Ö�zq;R¶v<!>�ØS@B7���@B768�;]²�<W�o�SHXE�J�f(FHG�X�6f$�Gf"LZHe§X�!Ò�M$�GHRQqgRf!O�¼�MGÒ1LZM%�jH:ç QYHG�RK�M!FTEVf!��EB�
IRn

�"���'�n�"ÄnÂ���¤\Ô�¡jÆ8r Á �"�"�&�Z�'à(ÆX¡��'Õ"���'ªpÎ	y%ÐR��Ê%Õ!É"ËIy$Í�y��1ÎsÈ#É%É! AÐR�
� �$ %É"2[�X��7��?5�:1Û�8�;�Y<W�'¥wÂ�ë�rsÆ�Þ�� Â'�!è�Åq�NÅ�Äh�"ÄjÅZ£Ep��
� �AÊ!Í"2[�S9ZzZ�,3?9\;�Ñq<aÑ�<W��lYf"�'LPEB�1HGM"O�£wOnf$�XLZHej=QYfsg��
LZMyQUF&EV�REBF&u"�1à���¡nÅ-p�Ý%ÆX¡nË¤ö�Æ#¡��©�!Ý'�1ÎsÈ#É$ÉAÊ$ÐR�
� �AÊ(ÈR2[�S9ZzZ�,3?9\;
Ñ�<BÑ�<B�
áwOn�"EB��M"OUu��"E c�HXOnHX��F&EVM"L?�o�XK�M"F&EVf"��Q�f{gklYf"��ÙC¼�EB�1HGM"O��
LZM"QGF&EV�XEBFTu�¸�¹�å�f!K(�1�%M"F&EVf"��Qrf{gYF�f�H

�Tf�HGf"OUEVHRQ�f{g�l=f!��ÙC¼�EB�1HGM"OULPu��
LNMyQUFTEV�
I�f��yQoM"���·��f�HRLBLPQG� Á ¡j GÂ��yÃd�"ÄnÅN£�p:���(��Æ# GÂ�� Á p'���&��¯�Ç1�"�$ÍAÕyË�AÊ(È%�$Î{È�ÉAÕ%yAÐU�
� �AÊ$Ìy2[�S9ZzZ�,3?9\;6Ñq<aÑ�<W�6á
Oj�"EB�1M!OUuY�"E c*HROnHX��F&EVM"L��o�XK�M"F&EVf"��Q*f{g�lYf"�'ÙC¼qEB�1HGM!O��
LZMyQUF&EV�REBF&u|¸�¸�¹'���%EaQGF�HX�1�GH�M"�1�^I�HJ$K(Ù

LZM"OUEBF&uÑ�?f�HGf"OUu\gRf"O·Æ\f"��QXHRO7§"M"F&E�§yHwÁ�f!K(�1�%M"OUubø'M"L�K�H�£
Onf%�RLZHejYQG� Á ¡j GÂ��yÃ#�!ÄnÅN£�p'���E��Æ� GÂ�� Á p'���T�%¯�Ç1�y�%Ê!�!Ë�%É$���
Î{È�ÉAÕ%yAÐU�

� �AÊ!�"2[�S9Vå$8�Ö%Öi�Vz�@�;YØb<$>½Ê^3�ÖA×?��;YÑ�<$>=Ü�8�7�:1@-°$3�ÖA8�;½¬b<B��Ú�E�jrHX��QUEVf"��OnHG�"K��XFTEVf!��EB��§"M"OUEVM!FTEVf!�1M"L
Ò�Onf$�XLZHej=Qhî
MyQUu%j�Ò1F�f"F&EV���$He§yHXLZfjÒTj�HX��F4EB�

Γ
Ùs�Gf"�'§"HXOTJ%HX�1�GH�M"���YF�f(EB�[QUF&OUK��RF&K(OnHRQoEB�bHXLZMyQUF&EV�REBF&u"� Á rnçiÓX��Än£!Ä�� Á p'���&�LªhÎ{È�ÐR�

y�ÈXËjÈ�Í$Í��1Î{È�É$É! iÐU�
� �AÊ" !2[�S769��?Ö%×�;T¬v<Z�[<$>6e'3?ÖEË
;ZÙ�<B���Tf�H�Á�f!K(�1�$M!OUu/¼�M!u$HROqgRf"O^F�f�H,I�HXEaQGQU�1HXOUÙ�bEB���iLPEB�¨£
LNM"F�H^�hf#�%HRLP��à�o Á �÷�'�

���"ÄjÂ�� Á p:���&�1â6Ç1��Ì!Ï�ÈRË���ÈyÌ(�'ÎsÈ#É%É$Í%ÐR�
� �AÊ$Êy2¨Ê^3�ÖAÖ1;d²�<W�kÆ\f"�'§"H2�$EBF&up�Gf"�1�!EBFTEVf!��Q�M"���lH��%EaQUFHX�1�GHbFgf�HGf!OnH�jYQbEB���1f"�'LPEB�1HGM!O�HXLZM"QGF&EV�XEBFTu"� Á ¡j GÂ��qÃd�"ÄnÅN£�p:���

��Æ# GÂ�� Á p'���T�:¯?æ����$�AÕyË& AÍ$���'Î{È�ÉAÕ%Õ!ÐU�
� �AÊ�y"2¨Ê^3�d15�C8Ë�3�;?�y<$>\Ñ�:1ÛTüo3�d�;��Y<W�?�¢Ò�fyQUF�HROUEVf!OUE
HXOUOnf"O=HRQUFTE�jrM"F&EVf"�SgRf"O|f(EVHROjM"On�hfiEV��jrf��$HXLïQ=f{g=HXLBLPE Ò1F&EV�r�Gf"K(�'Ù

�$M!OUu�§yM!LPK�H,Ò1Onf%�RLZHejYQ�f!�hFgfiEB���$f%jrM"EB��QU�1à(o Á �Ä�'�"v,Ô�ÓSÆ#¡#� Á p'���T�:æ?æ���Ì$Ì(ÈXË�Ì! Ey��'Î{È�É$ÉEy%ÐU�
� �AÊ%Õ�2¨Ê��?5�7�î�5�@B94;�e�<$>\Ñ�:1ÛTüo3�d?;��Y<B�'���iM%�RFw�jf!��F&Onf"LNM$�XEBLPEBFTuvf{g�Fgf�H

(1, 1, 2)
Ò�LZM"F�H/j�f��$HXLP��¤\¡j£( RÆ#Æ#Þ(Å-p�ÝEr
£�È�ÄnÂ�Æ

ÈX¡hr{Ädu�£�p"ÈWÆX¡jÆep� XÆ^£EpbàiÄn¡jÔ� UÄjÔ�¡2���]u�£�pAÄn¡j£��&�"è��!¡G RÆ8�Z£Ep'����Î{È�É$É�yAÐU�
� �AÊ!Ï"2¨Ê�768�9�9�8�7�;
Ñ�<��Y<!>�Ñ�:��Vz?z�;��*<tÙ�<W���Tf�HY�hM"Fgf�HejrM"F&EV�jM!L��Tf�HGf"OUu�f{g�å\EB�'EBFH��wLZH�jrHX��Fw�hHRFgf�f��yQU�Z¥?ÆR�iÄ2r�Åqp

Á �"�'�ZÅNÆ#Þ¢���!ÄnÂ�Æ#Ó��!ÄnÅa er#�6Ç�����à(��¡jÅ-p�Ý$Æ#¡sËmö�ÆX¡2�-�$Ý��(v,Æ8�Óâ\£%¡�û���Î{È�É$É$ AÐU�
� �AÊ!É"2¨Ê�768'å$@WC$;`{v<B�:�*�1M!LPuyQXH4gRf!�1�XFTEVf!����HRLBLZH����Tf�êjf!OUEVH�HRFoMjÒ%Ò1LPEV�GM"F&EVf"��QU�'Ú4Þ��'����r2rn£�p���ÎsÈ#É$É%�%ÐR�
� �Ey$Í"2¨Ê�768'å$@WC/{v<!>��S@B768�9�d18�7TÕ4;V{[<W�

H1
§"HXOGQGKiQ

C1
LZf��jM!LZjYEB�'E�jYEqÇ�HXOGQU�:u*�iÃ�� Á  8�$Þ6�(à( XÅT�i¤��!¡jÅ-r#�(à(ÌX¡��EoU�"æ�Ç(ã��

 EyAÊyË iÕ!Ì��'ÎsÈ#É$É%�%ÐR�
� �Ey�ÈR24��3?@BÖ%ÖA8�76@B8�;`¬b<B���TfiEB���
LZM"QGF&EV��M"����£oHXOUEVf#�!EV�½£
LZM!FHRQU�'���"ÄjÂ��'��ÆXÄnÂ�£(Þ"r Á �"�"�&�'à( XÅT�?¯��6ÈyÊ!É"ËGÈ#É�È$��Î{È�É$Ï! iÐU�
� �Ey%Ìy24��3?@BÖ%ÖA8�76@B8�;·¬b<B��ìYf%jrfnJAêX�1êXEaQRM!FTEVf!���%HUQ�êG�RK�M!FTEVf!��Qh�$HhLZM��"E coKiQUEVf"�|QUFM!FTEVf!���1M!EBOnH~�$M"��Q�LZHUQ��Xu"LPEB�1�!OnHUQ

MjÒ�LZM"F&EaQU�'Ã Á o{Ão� ��£(Þ�Ìe�&�'���!ÄnÂ�� Á p'���&�'v�Ô�Ó�ÌX¡���Ç�����Ì!ÉAÊyË���È�É��'ÎsÈ#É%Ï�È�ÐR�
� �Ey$�"24��3]�d«�3�963(z��4;�Ñ�<B�'�,�RK�M�ÇREVf!��E4HXLBLPEBF&FTEV�hf�H��$HXL6QXHG�RK(���$f[f"On�!EB�1HSH�Q&Ò�M�ÇXE L2,λ

� Á p"p��'�n�"Ä#�(¤4Ô�¡2� Á �"�"�&�:¯:ª��
�%Ì�ÈRË��$Ï$Í��'ÎsÈ#É�yAÊ$ÐR�

� �Ey! !24�*Û�3V«�8�ÖAÖ%8�;�¬b<B�?�wFTK��%Hm�$HRQ^Ò"f�êR��f%j�iR��HUQm�$H�§"HROUOnf!K(EBLBLZMXJAH[��K�jrêROUEV�XK�H^Ò�f"K(O�LZHRQ*Ò1Onf%�RLqiejrHUQ[�%Hm�Gf#�XK�HRQ
jYEB���GHUQU�"¥wÂ�ë�rsÆ�Þ(Æ ã £( UÄn£%¡2�!Ä#�"Ò]�!è1£$¡h�"Än£%ÅZ¡jÆ·u�Æ8pAÄn¡h����Þ(Æ�rw¤�£EpAÄ2roÆXÄdu�Â:�!Ô'r2rbÌ#Æ8r#��Î{È�É$É�yAÐU�

� �Ey%Êy24�*Û�8�9\;��b<~ÞU}
<!>w}c5\;��*<ÉÞ7�Y<W���HG�Gf"���láwOn�$HXOY�
LBLPE Ò�FTEV���,�RK�M!FTEVf!��QmM"���[�
LBLPE Ò�FTEV�¨�1uyQUFHej=QU�R¥?¡2��p'r��-�!ÄnÅN£�p'r
£�Èd���!ÄnÂ�Æ#Ó��"ÄnÅa e������£Ep�£$Ý%¡2����Â'rrÇ�ã'´�� Á Ó�ÆX¡jÅN 8��p��n�"ÄnÂ�ÆXÓ��"ÄjÅN 8���oài£( RÅNÆRÄ{ç$�?¤\¡j£%ÜAÅaÞ(Æ8p� RÆ%��ÃoÂ�£iÞ�Æ�oNr��-��p�Þ6�
Î{È�É$É$ÏAÐU�

� �Ey�y"24�*@a3?76Ö%8�z�;�ÜY<aØv<W��£
LZM"F�HRQ�M!�1���%K(���RF&EVf"��QvEB�z�
LZMyQUF&EV�h�bK(L�FTEBÙm�1FTOUK��XFTK(OjHUQ¦¹#�*�¿�^QUu%j,Ò�Ff!FTEV�¢�*�1M!LPuyQUEaQe�N�
Ã�� �l� Á ��Ç(´��"���Er�rn£�p¦��p�Þ�à(��¡nÅ-p�Ý$Æ#¡sËmö�ÆX¡2�©�!Ý��A¤��!¡jÅ-r���p�Þ¢Ô,ÆXÅaÞ(Æ8�Zè1ÆX¡jÝ���ÎsÈ#É$É%Í%ÐR�

ÍTÍ(�



� �EyAÕ�24�*@a3?76Ö%8�z�;�Ü=<BØv<B���
LZM"QUFTEV�XEBFêYF&OUEV�"E�jrHR��QUEVf"����HRLBLNHR��Ã#� Á Ç1��Ú4Þ6�:����r2rs£Ep��6Î{È�É$Ï�yAÐU�
� �Ey$Ï"24�*@a3?76Ö%8�z�;wÜ=<BØv<B�q�hM!F�f�H�jrM"F&EV�GM"Lq�wLZMyQUF&EV�REBF&u�î[ø'f!L]¸�¹½�Tf(OnHGHRÙ	Ú=E�j�HX��QUEVf!�1M"L��
LZM"QGF&EV�XEBFTu"�`v,£$¡nÄnÂ�ËmÔ�£��-�-��p�Þ6�

Á Ó�rsÄnÆX¡GÞ"�$Óv�
� �Ey$É"24�*@a3?76Ö%8�z�;qÜ=<BØv<B�1�hM"Fgf�HejrM"F&EV�jM!L��
LNMyQUFTEV�XEBF&u�îYø'f!L:¸b¸�¹#�?f�HGf"OUu[fsg�£
LZM!FHRQU�'àAÄnÔ'Þ(ÅZÆ�roÅ-p¢�n�"ÄnÂ�ÆXÓ��"ÄjÅN 8r#��p�Þ

Å�Ähr Á �"�'�ZÅa e�!ÄnÅN£�p'r#�'Ì%Õ(��v,£$¡nÄnÂ�ËmÔ�£��-�-��p�Þ6� Á Ó�rsÄnÆ#¡jÞ"�$Ób��Î{È#É%É$ÏAÐU�
� �iÕ"Í"24�*@a3?76Ö%8�z�;�ÜY<aØv<W���hM"Fgf�HejrM"F&EV�jM!L'�
LZM"QGF&EV�XEBFTu�î�ø'f!L"¸b¸b¸·¹��Tf�HGf"OUu�f{g��"f�HXLBLïQU�(v�£$¡nÄnÂ(ËIÔ,£E�q�©��p'Þ6� Á Ó�r{ÄjÆX¡GÞ"�!Ób�
� �iÕiÈR24�*@a3?76Ö%8�z�;�ÜY<aØv<!>q¬�8�C�z65T×�9�×�8�7�;qÜY<B�?��UKiQUFTE ß
�jM!FTEVf!�pf{g�Fgf�HYF¤�4f"Ùs�!E�j�HX��QUEVf"��M"L'Ò1LNM"F�HXj�f��$HXLP�T���?�4Ì# 8�"Ë

p�Å©ê%Ô�ÆSÇ�������È�Ê"Ë�$ $ '�1ÎsÈ#ÉAÕ!É%ÐR�
� �iÕ!Ìy24�*@a3?76Ö%8�z�;*Ü=<aØb<!>#���?×?C%;�¶b<B���^QUu%j�Ò1F�f"F&EV���*�1M!LPuyQUEaQbf{g�¼qEB��HGM"OULPu��
LZM"QGF&EV�¢�"f�HXLBLïQe��¸8���AKiQUF&E ß��GM"F&EVf"��f{g

�hH�jr�ROjM"�1H½��f�HRLBL6�o�XK�M"F&EVf"��QU� Á ¡j GÂ���Ã#�"ÄjÅZ£Ep'���R��Æ� GÂ�� Á p:���&��Ç(æ?¯��6È$È#É!ËjÈ�y�È%�'Î{È�É$ÉEy%ÐU�
� �iÕ"�"24�*@a3?76Ö%8�z�;YÜ=<aØb<">/���?×?C%;·¶b<$>/Ýt@a3�7�34;½Ê�<B�#�^QUu%j�Ò1F�f"F&EV���*�1M!LPuyQUEaQ~f{g¢¼qEB�1HGM!OULPul�wLZMyQUF&EV�x��f�HXLBLïQe�|¸b¸e�

�AKiQGF&E ß��GM!FTEVf!�hf{g*å4LZH2�%K(OnM"LZ�"f�HXLBL1�o�XK�M"F&EVf"��QG� Á ¡G GÂ���Ã#�!ÄnÅN£�p'���R��Æ# GÂ�� Á p'���&��Ç�æ:¯���È8y%�"ËGÈ#É$Í��1ÎsÈ#É%É�y%ÐR�
� �iÕy !24�*@a3?76Ö%8�z�;^Ü=<BØv<!>d�
��×�C$;d¶v<$>|Ýt@a3�7�34;dÊ�<W���*�1M"L�uyQRH¨�^QUu%j,Ò�Ff!FTEV�XK�Hh�%HUQ��Gf#�XK�HUQvLPEB�1êGM!EBOnH�jrHX��FSêXLZM"QGÙ

FTEV�XK�HRQ��Z¸�¸e�wÆ\f��RK�HRQ��THR�/�oH2�%EVf"���{�?u*��Ã�� Á  e�$Þ��'à( RÅ&�(¤��!¡jÅ-r#��à(Ì#¡#��oU�:æ�Ç�ª���ÉAÊyËGÈ#Í$Í��1ÎsÈ#É%É! AÐR�
� �iÕ!Êy24�*@a3?76Ö%8�z�;�Ü=<BØv<!>ZÝp@a3?7�34;:Ê�<W���AKiQUFTE ß
�jM!FTEVf!�vfsg,Fgf�H��V�4f"Ù	Ú=E�j�HX��QUEVf"��M"L��o�XK�M"F&EVf"��Q*f{g*Mk¼�EB�1HGM"OULPu��
LZM"QGÙ

FTEV�k��f�M"LBLZf����f�HRLBL��Tu�£$Ó�Ób�(¤\Ô�¡jÆ Á �'�"�T�:���"ÄjÂ��'´Z�6���AÌ%Õ�Ë���y%Í��1Î{È#É%É%Ì%ÐU�
� �iÕ%y"24�*@W�?7�3�9�8'C#:15\;]¬v<%>qÑ'3?@B9Zzµ²�8(3�9�Üq365�Ö%@B94;Z²�<B�Æ\f"���"K��XFTE�§�EBF&u^Ò1Onf%�RLZHejYQ�gRf!O�F�f(EB��FM!LBL6QUFTOUK��XF&K(OnH��$H�Ò�HX��Ù

�"EB�iJ[f!��QXH�§"HXOnM"L6Q7jrM"LBL�Ò�M!OnM%jrHRF�HXOGQG� Á Þ�Ü��'���"ÄjÂ���à( XÅT� Á �"�"�&�?���'Ì!ÏiÕ�Ë��%Ì!Í��'ÎsÈ#É$ÉAÊ$ÐR�
� �iÕ$Õ�24�^�?5Zz%3�9�×4;(¬b<B���*�1M"L�uyQRH�j�M!F�f�ê�jrM"F&EV�RK�Ho�%H�jrf#�EiRLZHRQw�%H�Ò1LZM%�RK�HRQwHXF��$H,�Gf��RK�HRQ
HX��êRLZM"QUFTEV�XEBFêo�1f"�SLPEB��êjM!EBOnHX�

¥wÂ�ë8rnÆ�Þ(Æ ã £( RÄn£$¡h�"Ä��"Û#p�Å-Ü$Æ#¡2rnÅZÄ�Ì�¤\ÅNÆX¡j¡nÆ�ÆRÄd�n�!¡jÅZÆ/u�Ô�¡jÅZÆ%��ÎTÌ$Í$Í$ÍAÐU�
� �iÕ"Ï"2¨¬=3V��Ö%3V�*@a3�9\;o�v<$>�¶Y�`Õ?8�Ö%@B5?C$;#Ý|<B��ì=f�j�fjJ%HX��EqÇ�M!FTEVf!��LPE�jYEBFTQvfsgmFgf�H�HG�XK�M"F&EVf"��Qvf{gbHRLNMyQUFTEV�XEBF&u�EB�zFgfiEB�

�$f�j�M!EB��QU�'à(o Á �ë���"���!ÄnÂ�� Á p'���T�6Ç����( A�%Ê"Ë& iÊ(È$��Î{È�É$ÏiÕ!ÐU�
� �iÕ"É"2¨¬=365VÕ�8�;'Ý�<%>aØS71563�@WC%;(�y<B��ÚYêe§"HRLZfGÒ$Ò�H�jrHX��F�MyQUu%j,Ò�Ff!FTEV�XK�H^�Rç f"Oj�"OnH^M"OX�XEBFTOjM"EBOnH�Ò�f!K(OwK(�1H�Ò�LZM$�XK�H^êRLZM"QUFTEV�XK�H

jYEB���GH=HX�1�GMyQUF&OnêGHR�'v�£!ÄjÆ½u*�'Ã�� Á  e�%Þ6��à( XÅT��¤��$¡nÅ©rX��à(Ì#¡#�'oU�'æ1â�Ç'���iÕ!Ê"Ë�%Ï$Í���Î{È�É$ÉAÊ$ÐU�
� �%Ï$Í"2¨¬=365VÕ�8�;(Ý|<$>BØS7'5�3�@WC$;%�y<B����QUu%j,Ò�Ff!FTEV�RQ
f{gwM"OX�XEBF&OnM"OUu�f"On�%HRO�gRf"OoM*F�f(EB��HRLZM"QUFTEV�,�XLZM�j,Ò�HG�4Ò1LZM!FH�î�¸8��á?Ò�FTE�jrM"L

HROUOjf"O=HRQGF&E�jrM"F�HUQU� Á rnçiÓ��(Än£$Ä#� Á p'���&��Ç�æ��6È�ÉAÕ�ËGÈ#ÉiÕi�1Î{È#É%É�yAÐU�
� �%Ï�ÈR2¨¬=365VÕ�8�;RÝ�<$>BØS71563�@WC%;1�y<W����QGu%j�Ò1F�f"F&EV�RQ�f{g�M"OX�XEBF&OnM"OUu�f"Oj�$HXO�gRf!O�MSFgfiEB�hHXLZMyQUF&EV���XLZM%j�Ò�HG�*Ò�LZM"F�H�îR¸�¸e�T�*�1M!Ù

LPuyQUEaQ=f{g�Fgf�HY�jf!K(�1�%M"OUu�LZM!u$HRO=FHXO7j=QU� Á rsçiÓ��(Än£$Ä#� Á p'���&��Ç�¯���É%É"ËGÈ�Ì! ���Î{È#É%É$ÏAÐU�
� �%Ï%Ìy2¨¬=365VÕ�8�;?Ý|<$>aØ�7'563?@WC$;��y<W�%�o�XJAH^LZM"u$HXOGQ,EB�vF�f(EB�vHXLZMyQUF&EV�4Ò1LZM!FHRQU�(u�£$Ó���Ô�Ä#����ÆXÄnÂ�£(Þ"r Á �"�"�&�E��Æ# GÂ��"Ú�p�Ý$¡jÝ��

Ç��1ã��i�%�%Ê"Ë�$ iÕi��Î{È�É$É%Ï%ÐU�
� �%Ï$�"2¨¬=365VÕ�8�;/Ý�<%>aØS71563�@WC%;���<T;½Ù��?C�C#Ö%8�;��v<B�Ñ�Tf�H4¸R�8�
K�HR���GH�fsg¦¼?M"F�HROnM!L�Á*f"K(���$M!OUuÓÆ\f"���"EBF&EVf"��Qlf"��F�f�H

�^QUu%j�Ò1F�f"F&EV�UQ�EB�á�TfiEB���
LZM"QUFTEV�k£
LZM!FHRQd¸U��¤4¡�Ì8��Ô�è"�NÅN 8�"ÄjÅZ£EpvÉiÕ�Ë{Ì!Ï��(o{Ã#� Á Ã���Ã,Æep"p�Æ�r�Î{È�É$ÉAÕ$ÐU�
� �%Ï! !2¨¬=365VÕ�8�;/Ý�<%>aØS71563�@WC%;���<T;½Ù��?C�C#Ö%8�;��v<B�Ñ�Tf�H4¸R�8�
K�HR���GH�fsg¦¼?M"F�HROnM!L�Á*f"K(���$M!OUuÓÆ\f"���"EBF&EVf"��Qlf"��F�f�H

�^QUu%j�Ò1F�f"F&EV�UQ�EB�á�TfiEB���
LZM"QUFTEV�k£
LZM!FHRQd¸b¸R��¤\¡2Ìe��Ô�è'�ZÅa e�!ÄnÅN£�pbÉAÕ�Ë{Ì!É��(o{Ã#� Á Ã���ÃoÆep'p�Æ8r�ÎsÈ#É$ÉiÕ!ÐR�
� �%Ï%Êy2¨¬=365VÕ�8�;]Ý�<%>V¬�±U5�76×]±U8(°?@W:�;?�y<!>`Ù��?C�C#Ö%8�;��[<W�'ì�E�J�f�HXOrá
Oj�$HXO#Á*HX�1�"EB�iJ[M!�1�r��Hejr�ROnM!�1H^I�HRQ&Ò�f!��QXHUQ�f{g

�TfiEB�¢¼�EB�1HGM"OUL�uS�
LZM"QGF&EV�k£
LZM!FHRQU�?u*��Ã�� Á  8�$Þ6��à� RÅ&�(¤�$¡nÅ©r#��à(ÌX¡���oU�:æ�â'¯�ÎV AÐU�1Ê(È#É!Ë�Ê%Ì" '�'Î{È�É$É%Ï%ÐU�
� �%Ï�y"2¨¬�8�Cez65T×?9�×?8�7�;�Ü=<B�:� Æ�LNMyQGQUE ß��GM"F&EVf"�pf{g��Tf(EB�n�"f�HXLBL��Tf�HGf"OUEVHRQU� Á  RÄ2� Á �"�'�T�?���"ÄjÂ��"´���È�ÊyËIy$���1ÎsÈ#É%Ï%Ê$ÐR�
� �%ÏAÕ�2¨¬�8�Cez65T×?9�×?8�7�;
Ü=<!>,Ñ'3�Ö%365�9\;�Ý|<B�q�hM"Fgf�Hej�M!FTEV�GM!L`�*�1M!LPuyQUEaQ�fsg��?f(EB�³£
LNM"F�H��hf#�%HRLPQG�`���"ÄjÂ�ÆXÓ��!ÄnÅ©ê%Ô�Æ8r

é Á �"�"�NÅN 8�"ÄnÅN£�p:r�â"´?��à�� Á oU�'à(��¡jÅqp�Ý$ÆX¡�ÎsÈ#É%É�y%ÐR�
� �%Ï$Ï"2¨¬�8�Cez65T×?9�×?8�7�;�Ü=<W�ZÆ�f�j,Ò�M"OjM"EaQXf"�hHX��F&OnH�LZHUQ#jrf���iXLZHUQ*FTOUEV�!E�j�HX��QUEVf"�'�1HXLïQ*HXF��XEV�"E�jrHX��QUEVf"�'�1HXLïQ^�$H4Ò�LZM$�XK�HRQ

HR�~êRLZM"QUFTEV�XEBFê��N�'Ã Á o{Ã,� ��£iÞ"Ìe�&�"���"ÄjÂ�� Á p:���&�'v,Ô�Ó�Ì#¡#�6Ç"�6�'�$��ÈXË�Ey$É��'Î{È�É$Ï�È�ÐU�
� �%Ï$É"2¨¬�8�Cez65T×?9�×?8�7�;^Ü=<B�w�1K(OmK(�1Hk�UKiQGF&E ß��GM!FTEVf!�|�$HRQ¨jrf#�EiRLZHRQ��$HSÒ�LZM$�XK�HRQ�HXFY�$H��Gf#�XK�HUQ=Ò�M!O[LNHUQ¢j�êXFgf�f��$HRQ

MyQUu%j�Ò1F�f"F&EV�RK�HRQU�'¥wÂ�ë8rnÆ�Þ�� Ú�Ä2�!Ä#�:Ûdp�Å-Ü$ÆX¡hrnÅ�Ä2Ì^¤4ÅZÆ#¡n¡jÆ�ÆRÄd���$¡nÅNÆku�Ô�¡nÅNÆ$�(¤��!¡jÅ©rX��ÎsÈ#É$Ï%Í%ÐR�
� �%É$Í"2¨¬�8�Cez65T×?9�×?8�7�;�Ü=<B����QUF&E�j�M!FTEVf!��Q=�Rç HXOUOnHXK(O=H��RÒ�LPEV�REBF�HRQwÒ�f!K(O^LNHUQkjrf#�EiRLZHRQ=�$HoÒ1LZM%�RK�HRQY�$H^�YEBOn�hf�f�fbcoÙC¼?f%§"H

HRFqI�HXEaQGQG��HROUÙ��EB���iLPEB���Zu*��Ã�� Á  8�$Þ6��à( XÅT��¤�$¡nÅ©r#��à(ÌX¡���oU�:æ�â:����Ì!�%�"Ë{Ì!�$Ï��'ÎsÈ#É$ÉiÕ!ÐR�

ÍTÍ�¥



� �%É�ÈR2¨¬�8�Cez65T×?9�×?8�7�;�Ü=<%>·Ýtß�z6@-°?8�z�;·Ê�<B�
��QUF&E�j�M!FTEVf!���Vç HROUOnHXK(OhH2�UÒ�LPEV�XEBFH��$M!��Q�K(�1H4j�êXF�f�f#�%H��Rç êXLZê�jrHX��FTQ
ß\�'EaQ��Gf"��gRf"O7jrHR�Zu*��Ã�� Á  8�$Þ6��à( XÅT��¤�$¡nÅ©r#��à(ÌX¡���oU�:æ�â'æ��"yAÕ!É"ËIy$Ï! '�'ÎsÈ#É$ÉEy%ÐR�

� �%É%Ìy2[D*5�ÖA8�7�;��*<B�q�hHXF�f�f#�!KiQ�EB�:§yHX��EVHX�1�!EoLPEB�1HGM"Q��XK(O7§"MyQ�j�M8�$E�jSE�jSEB��E�jSE�§yH�Ò1OnfGÒ1OUEVHXFM!FH�JAM"K��%HR�'FHRQU�4Î{È"Õy $ iÐU�
Á �"�1Æep'Þ(Å���oU�"ÚSH��RK(O7§�EaQ�HXLZMyQUF&EV�REaQU��è
£$Ô'r2êAÔ�ÆRÄ��LÒ]�!Ô'r2��p'p�Æd��p'Þm�^Æep�Æ8Ü%���AÚ�p�Ý��NÅ©rsÂ�¥?¡h��p'r��-�!ÄnÅN£�p4Ð����NÞ�È	�"ÄnÂ�ÆX¡
��� Á �Z��Ú��q�NÅ©r�u*� Á �Z�:è�¡j£%��p ã � �l�Z�:oNrsÅ©r�â:���'Õ$ÌyËGÈ8y$Í��1ÎsÈ#É%É$�%ÐR�

� �%É$�"2[ew@�äi8�;?Ü=<B��l=f!��LPEB��HGM"O��$HC�oHj�XF&EVf"��fsg*FgfiEB�hHXLZM"QGF&EV�
Ò�LZM"F�HRQ^K(���$HXO*F�HR��QUEVf"���'u�£%ÓSÓb�A¤\Ô�¡jÆ Á �"�"�&�"���"ÄjÂ���ÇL´?�
Ï�ÈXËjÈ%È�Ì(�1Î{È�É�y�ÈyÐU�

� �%É! !2[e
�Tø4;:¬v<$>'Ù�3��?5�Ö7z�;��v<$>�Ñ�@��*��;'²�<��Y<B�A�hf#�EiRLNHUQ^M"QUu%j,Ò�Ff!FTEV�XK�HUQoEB�:§yM!OUEVM"��FTQqÒ�f"K(OwLZHRQ
QUF&OUK��RF&K(OnHRQ�jSEB�1�GHRQ
êRLNMyQUFTEV�XK�HRQG�Tu*��Ã�� Á  e�%Þ6�'à( XÅT�(¤��$¡nÅ©rX��à�ÌX¡���oU�:æ�Ç"����Ì!�%Ê"Ë�Ì! %Í��'Î{È�É$ÉAÌ$ÐU�

� �%É%Êy2[e
�Tø4;Z¬b<$>VÙ�3���5�Ö�zq;6�v<!>�Ñ�@��*��;Z²�<©�Y<W���à�UKiQUF&E ß��GM"F&EVf"�hfsg�l=f"�'LPEB�1HGM!O�£
OjfjÒ�HROULPu/¸R�'§"M"OUEVM!��F`£
LNM"F�H¨�Tf�HGf"Ù
OUEVHUQU� Á ¡j GÂ���Ã#�"ÄjÅZ£Ep'���R��Æ� GÂ�� Á p:���&��Ç(â'´?�6È�Ê%ÕyËjÈ�É$É��'Î{È�É$É%�%ÐU�

� �%É�y"2[ew76@B8�C#8�:?Ë�8�;�Øv<!>T²�3V��8�C%;ZÙ�<q¬v<$>TÝ���ÖAÖ%8�7�;�Ñ�<W�AI*E�JAf"K(Onf!KiQ*�$HXOUE�§yM!FTEVf!�hf{g,��f"�'LPEB�1HGM"O\Ò1LZM!FH�F�f�Hjf!OUuSM!�1�
J%HGf�j�HXFTOUEV�=OUE�J$EV�"EBF&u"�:��¡jÆe��¡nÅ-pAÄ#�

� �%ÉAÕ�2�ØS3�Ö%×?@�;qØv<ZÜ=<W�:�*�¨¸U�'FTOnf��"K��XF&EVf"��F�f�Fgf�H���M!F�f�H�jrM"F&EV�GM"L#�Tf�HGf"OUu[fsg�Fgf�H|l=M%§�EVHXOUÙm�'F�f8Â%HUQ*�o�XK�M"F&EVf"��Q2îYø'f"Lq�
� î�¼qEB�1HGM!OUEqÇ#HG�[QUF�HjM%�"u=Ò1Onf%�RLNH�jYQe�N�6à���¡nÅ-p�Ý%ÆX¡�¥?¡h�$ UÄhr,Å-pnvd�!ÄnÔ�¡h���?¤\Â�Å-�Z£Lrs£E��Âiç$�Zæ:���1à���¡nÅ-p�Ý%ÆX¡nË¤ö�Æ#¡��©�!Ý'�"v,Æe�
â\£$¡2û���ÎsÈ#É%É! AÐR�

� �%É$Ï"2�ØS3�5�×�@B8�ÖAÖA��;i�¢>'Ø�5�C�z%3Vä(C#C��?9\;�Ê�<$>��48'äEz68�7�;Z�Y<$>"Ý��?C�CX@B9?��²�<W�%��QUu%j,Ò�Ff!FTEV�*M"�1M!LPuyQUEaQ�gRf!O�j�f!�1f"F�f"��H
�RK�M"QUEBLPEB�1HGM"O
Ò�Onf$�XLZHej=Q�EB��F�f(EB�njSK(LPF&EV�$f%jrM"EB��QU�"��¡jÆe��¡jÅqpAÄ��

� �%É$É"2�ØS3�5�×�@B8�ÖAÖA��;��¢>qØS5�Cez$3Vä(C�C#�?9\;ZÊ�<!>R��8"äLz�8�7�;`�Y<$>VÝ��?C�C#@B9��µ²�<W����QUu%j,Ò�Ff!FTEV�YM"�1M!LPuyQUEaQ�fsg^Mr�XLZM"QjQ�f{g
jYEB�'E�jYEqÇ�M!FTEVf!�rÒ1Ojf$�XLZH�jYQ�EB�~M�F�f(EB�njSK(LPF&EV�$f%jrM"EB�'�'��¡jÆe��¡nÅ-pAÄ#�

�  AÍ$Í"2�Ø�8�9�8(°?8�×�;RÖ�<B�iI�Hej�M!O�ÂyQ�f"�Ñl=f!��LPEB��HjM!O��hHej��XOnM!�1H|�"f�HXLBL"£wOnf$�XLZHej=QU�����"ÄjÂ��(��Æ# GÂ��iài£��NÅaÞ"rwâ��(Ì(È�Ê"Ë�Ì$�AÕ(�
Î{È�É$ÉAÕ$ÐU�

�  AÍ�ÈR2�Ø�8(×]�*�?963(z�;qØv<%>VÖr7�3?C#5�:?Ë�@�;�e�<$>Ýl3�76@gÕ���;V²�<~Þ�²�<W�T�'F&OnHRQjQ��"EaQUF&OUEV�RK(F&EVf"��EB��M"�'EaQXf"F&OnfjÒ�EV�SHXLZM"QGF&EV�S�jf�jYÙ
Ò�f"QUEBFH��GHGM%jYQe�N��oIp Á �"�"�NÅa e�"ÄjÅZ£Ep'rS£�È·��Ô"�ZÄnÅ-�"�ZÆ�à( 8���NÅqp�ÝErSÅqp¿��Æ� GÂ'��p�Åa er#�q¤q� �S��u�Å©�!¡2�ZÆXÄ���p�Þ�Ú,�4à���p' GÂ�ÆXì
¤����NÆep� XÅ-�YÆ#Þ"r#�N�'����r2rn£�p��i¤��!¡jÅ-r#�6È$È�Ï"ËGÈ#�%���'ÎsÈ#É%ÏAÕ!ÐR�

�  AÍ%Ìy2�Ø�@a36î?5�@B9Zz%34;�Ý�<W����K(LPFTE Ò�LZHvEB��F�HJ!OjM"LïQ�EB��F�f�Hv�GM!LZ�RK(L�KiQ[f{g�§"M"OUEVM!FTEVf!��QvM!�1�h�1f"�'LPEB�1HGM!O[HRLBL�E Ò1F&EV�vQUuyQGF�Hej=QU�
Á p"p:���©rX�"���!ÄnÂ��1àAÄnÔ�Þ�ÅZÆ�r�Ç(�T���(¤\¡nÅ-p� XÆRÄn£Ep¦Ûdp�Å-Ü1��¤\¡nÆ�r�r#��Î{È�É$Ï%�%ÐU�

�  AÍ$�"2�Ø�@a36î?5�@B9Zz%34;]Ý|<B�'¸R��F&Onf#�!K��RF&EVf"�hFf�OnHJ!K(LZM!OUEBFTurFgf�HGf!OUu[f{g���f"��Ù�L�EB�1HGM"O=HXLBLPE Ò1F&EV�YQUuyQUFHej=QU�"Ò�Æ# UÄjÔ�¡jÆ8rwÅ-p¢�n�"Ë
ÄnÂ�Æ#Ó��"ÄnÅa er#�(Ú�¥�Ôõñ���¡nÅa GÂ��"è
ÅZ¡2ûiÂ��!Ô:rsÆ#¡#��è���rnÆe�&��Î{È�É$É$�AÐU�

�  AÍ! !2�Ø�@BÖ%d'3�7TÕ4;à¬v<%>���715�×�@B9]Õ�8�7�;t�[<BÑ�<B���
LBLPE Ò1F&EV�À£oM!OUFTEVM!L¢Ú=E ��HXOnHX��F&EVM"Lb�,�RK�M!FTEVf!��Q�f{g ��HG�Gf"�1� áwOn�$HXOU�
à(��¡jÅqp�Ý$ÆX¡nËmö�ÆX¡2�-�$ÝmÎ{È�É$ÉAÕ$ÐU�

�  AÍ%Êy2�Ø�76@WC7°$3?76×4;�ÜY<B�!�
LBLPE Ò�FTEV�#£
Ojf$�XLZH��YQoEB��l=f!��Q��rf#f!F	�kÚSf �rM"EB��QU�!¤\ÅZÄnÓ���p Á Þ�Ü%��p� XÆ#Þ=¤\Ô�è"�NÅ-rnÂ�Å-p�Ý�¤\¡j£$Ý$¡h�!Ób�
Î{È�É$Ï%Ê%ÐU�

�  AÍ�y"2�Ø�76@WC7°$3?76×4;�Ü=<B�T�1EB�AJ$K(LZM"OUEBF&EVHRQ�EB���Gf"K(�1�%M"OUuÑ§"M"L�K�HwÒ�Onf$�XLZH!�=QU�'Ã,Æ8rnÆ8�!¡G GÂ¨v�£!ÄjÆ�Åqp Á �'�"�ZÅNÆ#Þ¢���!ÄnÂ��'Ã#� Á
â'â��"���Er�rn£�p���à(��¡nÅ-p�Ý$Æ#¡sËmö�ÆX¡2�©�!Ý���Î{È�É$ÉAÌ$ÐU�

�  AÍAÕ�2�Ø�5�@W:1Û63�76×�8"zq;��v<B�¨�"��êGf!OUEVH/�%HlLZM�OnHÒ�OnêRQRHX��F�M"F&EVf"�c�$HRQ�J$Onf"K�Ò�HRQG�^ R£%Ô�¡2rbÞ(Æµ�#� Ú4 R£E�ZÆl¤q£��NçAÄnÆ� GÂ"p�Å©ê%Ô�Æ$�
Î{È�É$É%Ì%ÐU�

�  AÍ$Ï"2�Ø�5�@B×�5VÕ?ÖA@�;'ÜY<�Ü=<W�i�hM"F$��H!��M!FTEV�GM"L%Ò�Onf$�XLZH!�=Q�EB�vF$��H��Gf"��QUF&EBFTK(F&E�§"H�F$��HGf!OUuYf{g]ß\��EBF�H^HRLZM"QUFTEV�XEBFTu"�iÃoÆ8p�Þ6�Aà(ÆXÓb�
���"ÄjÂ��"Û#p�ÅqÜ���¤q£��NÅZÄnÆ# $�'¥?£$¡jÅqp�£Ñ�:æ�Î{È�ÐR��ÈRËGÈ�Ì��6Î{È#É%É%Ê%ÐU�

�  AÍ$É"2¨{Y3V�*@BÖ7z���9\;·Ù�<BÑ�<B������H�EB�'§"HROGQXHYgGK(�1�XFTEVf!�|F$��HGf"OnH!�¸f{g�lYMyQ%�|M!�1�l��f"QXHROU��è
Ô"�q�&� Á Ó�ÆX¡������!ÄnÂ��wài£( !�
Î	v=� à��ïÐ,ã��'y%Ê"Ë�Ì%Ì$Ì(��Î{È�É$ÏAÌ$ÐU�

�  'È#Í"2¨{S@BÖAÖ';w²�<-Ý�<$>w�S7676@gÕ?��;w¬v<q²�<W�|�(OjM"��QWgRf!O���M!FTEVf!��Q[M"���[�o�XK�M"F&EVf"�lI�HG�!K��RF&EVf"��Q�EB�lå4EB��EBF�HS�
LNMyQUFTEV�XEBF&u¦¸�¹
£
LZM!�1H½�'F&OnM"EB�¨ÚSHTgRf"O��rM"F&EVf"��QU�?���"ÄjÂ��'��Æ� GÂ���ài£��NÅaÞ"r�Ç'��È�Ê$Ê"ËjÈ"Õ!Ê��'Î{È�É$ÉEy%ÐU�

�  'È$ÈR2¨{��?7Z�,3�9�×?8�7�;?��<B�6áw�[F	��H,F$��HGf"OUuSf{gqÒ�M"OUF&EVM"L��"E ��HXOnHX��F&EVM"L6fjÒ�HROjM"F�f"OGQU� Á  RÄ2�����n�"ÄnÂ��Lª:´��(È�y�ÈRË{Ì" AÏ��iÎ{È�É%Ê$Ê%ÐU�

ÍTÍ(æ



�  'È�Ìy2¨²1��Û�9\;�e�<B�$��QUF&E	��M!FHRQ�gRf!OwF	��H�ÚSHROUE�§"M"F&E�§yHRQ�f{g
F$��H��1FTOjHUQGQ�EB�mM¨���(EB�Ñ�&��HXLBL�M"�1�d¸U��F�HXOUEVf"Ow�'��HRLBLA�,�RK�M!FTEVf!��QU�
u�£$Ó�Ób�(¤\Ô�¡jÆ Á �"�'�T�'�n�"ÄnÂ���Ç(����Ì!�AÊyË{Ì�yiÕi�'ÎsÈ#ÉEy%Ê$ÐR�

�  'È#�"2¨²1��Û�9\;�e^<W��I�HCß\��HG��¸U�'FHXOUEVf"O[�o�XK�M"F&EVf"��Q[å�f!Oà���(EB���wLZMyQUF&EV�4�&��HXLBLïQU��u�£%ÓSÓb�\¤4Ô�¡nÆ Á �"�"�&�����!ÄnÂ��oâ"´?�
Ê!Ï%�"ËIy�È�Ê��'ÎsÈ#ÉAÕ(È�ÐR�

�  'ÈX !2¨²1��Û�9\;4e�<B����QUF&E	��M!FHRQogRf"O�F	��H�HXOUOnf"O�EB�lF$��HmHG�XK�M"F&EVf"��Q�f{gS��f"��Ù�L�EB�1HGM"O�Ò1LZM!FHmF$��HGf"OUu"�Rv�Æe� â\£%¡�û�Ûdp�ÅqÜ��N�
u�£$Ô�¡h��pAÄ�oIp'rsÄ#�'���!ÄnÂ���à� RÅ&����ÃoÆ�rX��ÃoÆ8���"oN����Ëmv#â|Û��$Í%Ï���ÎsÈ#É�y%�%ÐR�

�  'È�Êy2¨²1��Û�9\;\e�<B�V£
LZM!�1HrQGF&OnM!EB�mÒ�Onf$�XLZH!�=QogRf"O�M=Ò�HROWgRHG�XFTL�u�HXLZM"QGF&EV���rM"F�HROUEVM!L4f{g(��M!O���f!��EV��FTujÒ�HR�]u�£%Ó�Óv�1¤\Ô�¡jÆ
Á �"�'�T�'�n�"ÄnÂ��6Ç(æ��'Ì!�%É"Ë{Ì!ÉEy��'ÎsÈ#ÉEy$Í%ÐR�

�  'È8y"2¨Ör@B7�:1Û�Û��]ä(ä1;*Øb<B��ðq�GHXOm�$M"Q�º
LNHREV�)�!JAH���EV�)�iF=K(�1�h�!EVH�Á�He�4HJ!K(�iJ�HXEB�1HXO[HXLZMyQUF&EaQR�)��HX�à���)�iOUEV�GHR�`���?ÃoÆXÅ-p�Æ
Á p�Ý%Æe���"���!ÄnÂ��:´?����Ê(ÈXË�Ê$Ï���Î{È#ÏAÊ!ÍAÐU�

�  'ÈyÕ�2¨Ö��`å!Öi�?°�;"¶b<��v<">ZÝl3]å�-É×(34;'¶v<BØv<!>�Ñ�:1ÛTüo3�d�;R�Y<W��áw�Ñ�1EB�AJ$K(LZM"OUEBF&EVHUQ�f{g��6f"LPK(F&EVf"��Q*f{g�F	��HwÚ=EaQ&Ò1LZM%�GH��rHR�'F
£
Onf%�RLZH!� f{g�¼qEB�1HGM!Ow�
LZM"QUFTEV�XEBFTuY�1HGM"O�F	��Hmø1HROUF�H���fsg*M¨Æ\f"�1HX� Á ¡j GÂ��$Ã#�"ÄjÅZ£Ep'���:��Æ# GÂ�� Á p'���T�'Ç'Ç�ª���È#ÉAÕyË�Ì%Ì%Õ(�
Î{È�É$É%Ì%ÐU�

�  'È#Ï"2¨Ö��`å!Öi�?°�;:¶v<Z�[<!>RÝp36-qå�×(34;?¶b<aØv<">RÝ��?°�:1Û63�9\;��v<tÊ�<B���^QUu �,Ò�Ff!FTEV��OnHÒ�OnHRQRHX��F�M"F&EVf"��fsg^HXLZMyQUF&EV��ß
HRLZ�"Q�EB�
M*�SK(LPF&EBÙQGF&OUK��XFTK(OnH��N� Á rnçAÓ��(Ä�� Á p'���&�6Ç'Ç1���! A�"Ë �ÈyÊ(��Î{È#É%É%Ê%ÐU�

�  'È#É"2¨Ö��`å!Öi�?°�;R¶b<��v<">�Ýl3]å�-É×(34;V¶v<BØv<!>`Ù���C�Ce��3�9�9á²�<B���
LBLPE Ò1F&EV�½Á*f"K(�1�%M"OUupø1M"LPK�H·£
Onf%�RLZH!�YQ=EB�¦ÚSf �rM"EB��Q
��EBF	�µ£,f"EB��FTQ¦�'EB�AJ$K(LZM!OUEBFTEVHRQU�����"ÄjÂ�ÆXÓ��!ÄnÅa e���,àiÔ�¡�Ü%ÆXç�r���p�Þá��£�p�£$Ý$¡h����Â'rX�1â6� Á Ó�ÆX¡jÅN 8��pà�n�"ÄnÂ�ÆXÓ��"ÄjÅN 8���
ài£( RÅNÆRÄ{ç%��Î{È#É%ÉAÕ$ÐU�

�  iÌ!Í"2¨Ö��?9�×�7�3(z6@B8(°�;(¶b<��v<!>')YÖA8�@B9�@�Ë
;1)[<��v<B�%ì=M!On�"uRç Q,M"���,��f"OU�Zç Q
F&ujÒ�HwEB�1HG�XK�M"LPEBF&EVHUQ�M!�1��F$��HXEBO,MjÒ$Ò�LPEV�GM"F&EVf"��QG�
ÃoÆep'Þ6�"���"Ä���Î&Õ$Ð^Ç(���"y! 'ÈRËIy�yEy��%Ã,£$Ó��bÎ{È#É%É$ÍAÐU�

�  iÌ(ÈR2¨Ö��`å!Öi�?°�;|¶v<Z�[<">½Ýp3]å�-~×(34;·¶v<BØv<">SÑ�:1ÛTüo3�d�;��Y<B�Sáw��QUEB�AJ$K(LZM!OUEBFTEVHRQ�f{g�QRf!LPK(F&EVf"��Q�F�flF$��H¢Ú=EBOUEV�+�(LZHXF
Ò1Onf%�RLNH���f{g,�(u$�"Onf��"u"��M �SEV�UQY�1HGM"O�F$��H½§yHXOUFH2�bf{g�M[�jf!�1HX�'�'��ÃoÆXÅ-p�Æ Á p�Ý$Æe���:���"ÄjÂ��'´Z�'¯��"y%Ê"ËÉiÕi��Î{È#É%É! iÐU�

�  iÌ$Ìy2¨Ör76@BÖi�?°�;��[<t¶v<W�"¼?HG�RF&K(OnHRQ�f!�v�
LBLPE Ò�FTEV��M"���/£oM!OnM$�Gf"L�EV���,�RK�M!FTEVf!��Q�EB�¨ì/�!LZ�$HXO·�!Ò�M$�GHRQU���^¡2�%Þ(Ô'�"ÄjÆ|rsÄnÔ'Þ(ÅZÆ�r
Åqp¢���!ÄnÂ�Æ#Ó��!ÄnÅa er�Ç�â�� Á Ó�ÆX¡jÅN 8��p¢���"ÄjÂ�ÆXÓ��!ÄnÅa e����à(£i XÅZÆXÄ{ç$��ÎsÈ#É$ÉEy%ÐR�

�  iÌ!�"2¨��8�¬�768�z�;|{[<W�kÆ\f"�'§"HXOTJ%HX�1�GH�f{g��"EaQ&Ò�LZM$�GH!��HX��FTQhM"�1��QGF&OnHRQGQ[EB��LPEB��HGM"OULPupHXLZMyQUF&EV��QULZHX�1�%HRObOnf��yQ�MyQbF	��H
F	�(EV�2Â!�1HRQGQ�J%f�HUQ�F�f�Ç�HXOnf��N� Á rsçiÓ��(Ä�� Á p'���T��Ç(������yiÕ�Ë %Í%Ì��'ÎsÈ#É$ÉAÊ$ÐR�

�  iÌ" !2¨��8n¬�768�z�;V{v<!>]Ù�3���5�Ö�zq;��[<W���"��H��hH!���XOnM"��Hk�&��HXLBL6�hf#�%HRL�EB�¨l=f!��LPEB��HjM!O*�
LZM"QGF&EV�XEBFTu�¹Z��ø'M!OUEVM"F&EVf"��M"L
�^QUu ��Ò1F�f"F&EV��ÚSHROUE�§"M"F&EVf"�'�'�'�'v,£Ep"�ZÅ-p�Æ��!¡,à( RÅ&�:¯��'Ê!É!ËÏ$ [ÎsÈ#É$ÉEy%ÐR�

�  iÌ$Êy2¨��8 ¬�768�z�;/{v<!>/Ù�36�?5�Ö7z�;��v<B�Ñ�"��Hl�XK�MyQUEV�Gf"�'§"H2��HR�:§yHXLZfGÒ�HpfsghF$��Hn�6M"EB��Flø1HR��M"��F&ÙV�YEBOn�)�-��f.��QUF�f"OnHG�
HR��HRO&J!uogGK(�1�XF&EVf"����¤\¡n£( $��Ão£"ç$��ài£( $��Ú4Þ(Å-piè�Ô�¡jÝ$Â�àiÆ# RÄ#� Á Ç�â:���6È$È"Õ"É!ËjÈ%È#É%Ì��'ÎsÈ#É$ÉAÊ$ÐR�

�  iÌ�y"2¨��8Ø¬�768�z�;�{[<!>�Ù�36�?5�Ö7z�;w�v<B�|�"��Hv��f"�'LPEB�1HGM"O/��H!���XOnM!�1H0��f��$HXLoMyQÑ§"M"OUEVM"F&EVf"��M"LwLPE	�SEBF�f{g���f"�'LPEB�1HGM"O
F	�(OnHGHRÙs�!E	��HX��QUEVf!�1M"L�HRLZM"QUFTEV�XEBFTu"�T�'�"���"ÄjÂ���¤\Ô�¡jÆ8r Á �"�"�&�1ã'´���Ê! %É"Ë{Ê%Õ!Ï���Î{È�É$É%Ê%ÐU�

�  iÌ%Õ�2¨��8t��3�ÖAÖ%8�:��Vl�K'��HXOUEV�GM"Lq�hHRF$��f��yQ,gRf!O/l=f"�'LPEB�1HGM!O��"�(OnHGHRÙ	Ú=E	��HX��QUEVf!�1M"Lq�
LZMyQUF&EV�REBF&u"�]Ô���p�Þ�è'£i£�û�£�Èwv�Ô(Ë
Ó�ÆX¡jÅN 8��� Á p'���Zç�rnÅ-r#�(Ú��©rsÆ8ÜiÅZÆ#¡#��Î$������ÐR�

�  iÌ!Ï"2¨��@Bd�3?@�;,�[<$>^Ñ1@��d�^��9�×?C%;�²�<aØb<B�|�"��H�l=f"�'LPEB�1HGM!O³�"��HGf"OUulf{g��
LZM"QGF&EV�[Q%��HXLBLïQe��áw��H�Q&Ò�M"F&EVM"L�Ú=E	��HX��QUEVf"�'�
Á  e�%Þ(ÆXÓ�Åa *¤4¡nÆ�r�r#��oIp� !�N�"Ôd�$¡j X£$Ô�¡nÄ#è
¡2�% RÆ·�$£%Ü%��p�£%ÜAÅa GÂ��A¤\Ô�è"�NÅ©rsÂ�Æ#¡2r#��ÎsÈ#É$Ï%Ï%ÐR�

�  iÌ!É"2¨��@W��9?C$;²�<~Þ���<W�:£oHXOUFTK(OX�GM"F&EVf"��Qk�'EB�iJ!K(LPE21XOnHRQY�$M!��Q�LZHRQ�£
Onf$�XL31!��HRQSM!K���¼�E	�YEBF�HRQYHRFoHR�áÆ\f"�'FTO%4!LZH[á?Ò1F&E	��M!LP�
Ò�Æ� UÄnÔ�¡nÆkv,£$ÄnÆ�rwÅqp4���!ÄnÂ��'æ�â'æ���à(��¡jÅ-p�Ý$Æ#¡sËmö�ÆX¡2�-�$Ý��(è
ÆX¡2�ZÅ-p��'Ô�ÆXÅaÞ(Æe�Nè'Æ#¡nÝ'�"v,Æ8�Óâ\£%¡�û��6Î{È�ÉAÕ"�AÐU�

�  A�$Í"2¨�
��×�C$;?¶b<!>ZÝp@a3�7�3�;?Ê�<W�Ll=f!��LPEB��HGM"Ow�wLZMyQUF&EV���'��HXLBL1�hf#�%HRLïQ·¹:��å�f!O���M!L���QGu ��Ò1F�f"F&EV�#��Ò%Ò1Onf�M$�)��¸b¸·¹��"��H
å4LZH��%K(OnM!L��hf#�%HRLP� Á ¡G GÂ���Ã#�!ÄnÅN£�p'���Z��Æ# GÂ�� Á p'���T�6Ç(´�â����%Ê%ÊyË��AÕ" ���Î{È#É%É$ÏAÐU�

�  A��ÈR2¨�
�?°?8�;��v<�D=<q{[<W���ôFTOnHGM!FTEaQXHSf"�hF$��H��hM"F$��H!��M!FTEV�GM!L��"��HGf!OUu[f{g*�wLZMyQUF&EV�REBF&u�î�å?f"K(OUF$�m�o�!EBFTEVf!���Zuw�!Ó=è�¡nÅaÞ(Ý$Æ
Û#p�Å-Ü$Æ#¡2rnÅZÄ{çr¤\¡nÆ�r�r#�:uw�!ÓYè�¡jÅNÞ(Ý%Æ$�6Î{È�É$�$ AÐU��Ã,Æe��¡jÅqpAÄjÆ#Þ[èAç ã £%Ü%ÆX¡o¤\Ô�è'�ZÅa e�!ÄnÅN£�p'r#�"v,Æ8�Óâ\£%¡�û���Î{È�É! % AÐU�

�  A�%Ìy2¦Ýp3�Ö65�;'²�<$>6}�@B8"�*8�7�;"}`<�Ü=<W�$å\EB��H�I*HJ!K(LZM!OUEBFTu�fsg���f!LPK(FTEVf!��Q,f{g4�
LBL�E Ò1F&EV�#£oM"OUF&EVM"L(Ú�E ��HXOnHX��F&EVM"LA�,�RK�M!FTEVf!��QU�
���"ÄjÂ�ÆXÓ��!ÄnÅa e����àiÔ�¡�Ü%ÆXç�r���p�Þ¦��£Ep�£$Ý%¡2����Â'r#�6Ç1� Á Ó�Æ#¡nÅa e��p¦���!ÄnÂ���à(£i $�Z�?Î{È#É%ÉAÕ$ÐU�

ÍTÍ(ò



�  A�$�"2¦Ýp3�76×�3�768�;:�Y<W���*�1M"L�uyQRH�MyQUu �,Ò�Ff!FTEV�XK�H�HXF7�rf#�81RLNHUQ��XEBÙs�"E	�rHR��QGEVf!����HRLïQ,�$HRQ,�jf��XK�HUQ
LPEB�1êGM"EBOjH��rHR�'F�OUE�J$EV�$HRQU�
¥wÂ�ë8rnÆ�Þ(Æ ã £( RÄn£$¡h�"Ä��"Û#p�Å-Ü$Æ#¡2rnÅZÄ�Ì�¤\ÅNÆX¡j¡nÆ�ÆRÄd�n�!¡jÅ-rdu�Ô�¡jÅNÆ$��Î{È�É$ÉiÕ!ÐU�

�  A�! !2¦Ýp3]å�-~×(34;'¶b<!>��Y3]å"3�7��?°�;�Ñ�<$>1Ü�Ö%3V��8�9�8(°�C8Ë?@�±";TÊ�<B�(�^QUu �,Ò�Ff!FTEV���"��HGf!OUu�fsg
�
LBLPE Ò�FTEV��Á�f!K(�1�$M!OUuhø'M!LPK�H
£
Onf%�RLZH!�YQ�EB�»�'EB�AJ$K(LZM!O�£oHROUF&K(OX�GHG�ÑÚYf9��M!EB��Qhî�¸U�q���'Æ#¡2�!Än£$¡k¥wÂ�Æ#£$¡jç$� Á Þ�Ü%��p' RÆ8rk��p�Þ Á �"�'�ZÅa e�!ÄnÅN£�p'r�Ç1Ç'Ç1�
è
ÅZ¡2ûiÂ��!Ô'rnÆX¡���ÎTÌ!Í%Í$ÍAÐU�

�  A�%Êy2¦Ýp3]å�-~×(34;'¶b<!>��Y3]å"3�7��?°�;�Ñ�<$>1Ü�Ö%3V��8�9�8(°�C8Ë?@�±";TÊ�<B�(�^QUu �,Ò�Ff!FTEV���"��HGf!OUu�fsg
�
LBLPE Ò�FTEV��Á�f!K(�1�$M!OUuhø'M!LPK�H
£
Onf%�RLZH!�YQ=EB�A�'EB�AJ$K(LZM!O|£oHXOUFTK(OX�GHG��ÚYf9��M!EB��Qhî¸�¸U�����'Æ#¡2�!Än£$¡�¥wÂ�ÆX£%¡nç%� Á Þ�Ü%��p� XÆ8r���p�Þ Á �"�"�NÅN 8�"ÄjÅZ£Ep'r�Ç1Ç(â��
è
ÅZ¡2ûiÂ��!Ô'rnÆX¡���ÎTÌ!Í%Í$ÍAÐU�

�  A��y"2¦Ýt@a3�7�34;wÊ�<$>,Ñ'3�9�:1Û�8'å%ÞnÜq3�ÖA8�9�:1@a34;�D=<B�]��QUu �,Ò�Ff!FTEV�vM"��M"LPuyQUEaQ[f{g�L�EB�1HGM"OULPuhHXLZM"QGF&EV��Q.��HRLBLPQG� Á rnçiÓX��Än£!Ä��
Á p'���T�6Ç�â��( �ÈRË{Ê" '�6Î{È#É%É�yAÐU�

�  A�AÕ�2¦Ýt@a3�7�34;"Ê�<!>"¶�3�ÖA8�9Zz68�;(¶b<B�?Æ\f"�'FTO%4!LZM$�XEBLPEBF�ê*H2�iM$�XFH��Rç K(�1H��jf��XK�H,�$H��Sf!EBFHXO�Ò�M!OoM%�RF&EVf"��QGK(O4QXM�gGOnf"�'FTE21XOnHX�
��¡jÆe��¡jÅqpAÄ�Î{È�É$ÉAÕ$ÐU�

�  A�$Ï"2¦Ýt@a3�7�34;`Ê�<B�'l=f!��LPEB��HGM"O*�
LZM"QUFTEV�/�'��HRLBL��hf#�%HRLïQ�¹R�õå�f!O���M!L?�^QUu ��Ò1F�f"F&EV�|�
Ò$Ò1Ojf#M%�+�¨¸/¹#�"��H=�hH!���XOnM"��H
�hf#�%HRLP� Á ¡G GÂ���Ã#�!ÄnÅN£�p'���R��Æ# GÂ�� Á p'���&��Ç(´�â����$��ÈRË��%Ê$���'ÎsÈ#É%É$Ï%ÐR�

�  A�$É"2¦Ýt@B8�ÖLË?8�;'�[<W�'áw��F$��H��AKiQGF&E ß��GM!FTEVf!�mf{g�£
LZM!FHX�"��HGf"OUEVHRQ,EB�X¼qEB��HGM"O4�
LZM"QGF&EV�XEBFTu¦�"��Hjf!OUub��QUEB�AJ^���RÒ�f!�1HX��F&EVM"L
ÚYHG�GM"u=��QUF&E	��M!FHRQU�'�'��Ú��©��rsÄnÅa RÅZÄ{ç¨æ:����È�y%ÊyË{Ì!Í%Ï��1Î{È#É%É%Ê%ÐU�

�  % %Í"2¦Ýt@B8�ÖLË?8�;��v<B�4á
�x��M!EB��F&ÙI§yHX�1M!��F�ç Q
Ò1Onf%�RLZH!�õgRf!OYM"�pHXLZMyQUF&EV�YQGF&OUE Ò1�'¤\¡j£i $�'Ão£"ç%�1ài£( $��Ú4Þ(Å-piè�Ô�¡jÝ$ÂhàiÆ� UÄ�� Á
Ç'Ç��'ü��6È8y�ÈRËGÈ#Ï�È$�'ÎsÈ#É%Ï$Ï%ÐR�

�  % �ÈR2¦Ýt@B8�ÖLË?8�;��v<B�V��M!EB��F&Ù"ø'HR��M"�'F�ç Q�£
Onf%�RLNH�� M!�1����H!�YEBÙ	¸R�'§"HROGQXH/��f!LPK(F&EVf"��QYEB�¢lYf"��L�EB�1HGM"O��
LZMyQUF&EV�REBF&u"� Á ¡G GÂ��
Ã#�"ÄjÅZ£Ep'���Z��Æ� GÂ�� Á p'���&�6Ç(��â;:bæ"<y�'Ì$Í%Ê"Ë�Ì%Ì!É�ÎsÈ#É$Ï%Ï%ÐR�

�  % AÌy2¦Ýt@B8�ÖLË?8�;q�v<B��Æ\f"OUOUE�JAHX�1�"K'��F�f�¹=���6M"EB�'FTÙ"ø'HX�1M!��F�ç Q4Ò�Onf$�XLZH!� M"����QXH��SEBÙ�EB�'§"HXOGQRH=QXf"L�K(FTEVf!��Q�EB�h��f"�'LPEB�1HGM"O
HRLNMyQUFTEV�XEBF&u'�{� Á ¡j GÂ���Ãd�"ÄnÅN£�p:���R��Æ� GÂ�� Á p'���T��Ç'Ç��>:N´�<y���AÊ(ÈRË��%Ê%ÌrÎ{È�É$É%Í%ÐU�

�  % %�"2¦Ýt@B8�ÖLË?8�;��v<B�4I*Hj�!K��RF&EVf"�|fsg�£�Ú���Q�f!�¢�$f9��M!EB��Q4��EBF$��QXH�§"HROjM"L,K(���jf!K(�1�%Hj�t�"EBOnHG�XFTEVf!��Q�¹#�ñß\OGQUF�QUFH�Ò
Ff��4M"On�"Q���f��"K(LZM!FTEVf!��Q=HG�RK�M!FTEVf!��QU�1ñ�� Á p�Ý%Æe���"���!ÄnÂ���¤4ÂAç�r#�"´?æ��( $ AÉ"Ë iÕ!Í���Î{È#É%É%Ì%ÐU�

�  % $ !2¦Ý���7TÕ?8�9�Cez�8�769\;]¬b<W�'ì=HXOULZHREBF&K(�AJ[�$HXOd£
LZM"F&F�HR�'F	��Hjf!OUEVH�M"KiQ��$HXO=�"OnHXEV�"E	�rHR��QUEVf"�1M!LZHX���wLZMyQUF&EqÇREBF@?"FTQUF	��HGf"OUEVHX�
Á ¡G GÂ���Ã#�!ÄnÅN£�p'���T��Æ# GÂ�� Á p'���&�"´?��ÈX iÊyËGÈ�Ê$Ì��'ÎsÈ#É%Ê$É%ÐR�

�  % AÊy2¦Ý���76768�×�;V�Y<tÊ�<B�(�6Hj�Gf!�1�Sf"On�%HRO�HRLBLPE Ò�FTEV�*QUuyQUF�H��YQ*f{g��!E ��HXOnHR�'FTEVM!L�HG�XK�M"F&EVf"��QG� Á p"p��$£�ÈZ���!ÄnÂ��%àiÄnÔ�Þ(ÅNÆ8rwæ:æ��
¤\¡jÅqp� XÆRÄj£�p¢Û#p�Å-Ü���¤\¡jÆ8r2rX�6È�Í�ÈRËGÈ�Ê$É��1Î{È#ÉAÊ" iÐU�

�  % Ey"2¦Ý���76768�×�;Ó�Y<tÊ�<B����K(LPFTE Ò�LZH ¸U�'FHJ$OnM"LPQóEB��F$��H Æ\M$�XK(LPKiQ�fsg ø'M!OUEVM"F&EVf"��QU��à���¡nÅ-p�Ý%ÆX¡nË¤ö�Æ#¡��©�!Ý'��è
ÆX¡2�ZÅ-p(Ë
Ô,Æ#ÅNÞ(Æ8�Zè1ÆX¡jÝ!ËIv,Æ8�Øâ\£$¡2û���Î{È�É�y�yAÐU�

�  % iÕ�2¦Ýt5�7�3(z�;4e�<$>,Ñ1@BÖA@�;\�[<W�V£
Onf$�XL31!��HRQ*��f!�1f!Ff!�1HRQr�%M"��Q�LZHRQr�Xu"LPEB���"OnHRQr�%H�gRM!EV�RLNH[�!EVM �*1RF&OnHX�`u*��Ã�� Á  e�%Þ6�
à( RÅ&�(¤��!¡jÅ-r#��à(Ì#¡#��oU�:æ�Ç�ª���Ê�yAÕ�Ë{Ê%Õ$Ì(�1Î{È#É%É! iÐU�

�  % %Ï"2¦Ýt5�7�3(z�;�e�<$>SÑ1@BÖA@�;��v<B��£
Onf$�XL31!��HRQA�rf"��f"F�f"�1HRQ��$M!��QhLNHUQ~�Xu"LPEB���"OnHRQ~�$H�gRM!EV�RLNHp�"EVM9��1XFTOjH�gRf"O��rêUQ~�%H
��M!FêXOUEVM"K�����êXF�êROnfjJ�1R��HUQU�?u*��Ã�� Á  e�%Þ6��à( RÅ&��¤��!¡jÅ©rX��à(Ì#¡#��oU�7B-C�D!��È$È�É$É!ËjÈyÌ!Í! '�'ÎsÈ#É$ÉAÊ$ÐR�

�  % %É"2¦Ýt5�7�3(z�;�e�<$>�Ñ1@BÖA@�;6�v<B�`Æ�f9�,Ò�f"OUF�H!��HX��F�M"QUu �,Ò�Ff!FTEV�XK�H=�%HUQ*QRf!LPK(F&EVf"��Q��"K[QUuyQGF@1!��H��%H�Lbç êXLZMyQUF&EV�REBF�ê=LPEB�1êGM"Ù
OUEaQXêjHYM"�'EaQRf!FTOjfjÒ�H,��êXF�êROnfjJ�1R��H=�$M!��Q�LZHRQ��Xu"LPEB�1�!OnHRQE�SEB�1�GHRQU�:u*�iÃ�� Á  e�$Þ��(à� RÅ&�(¤�$¡nÅ©r#�ià(Ì#¡#�(oU�7B-C%_!��ÈyÕ"É!ËjÈ�Ï! '�
Î{È�É$É$ÉAÐU�

�  iÊ!Í"2¦Ýt5�7�3(z�;1e�<%>�Ñ�@BÖ%@�;1�[<W�L�*��EaQXf!FTOnfGÒ1EV��î7��HRF�HXOnfnJAHX�1HGf"KiQhî?L�EB�1HGM"OUEqÇ�HG�rHRLNMyQUFTEV�XEBF&uoÒ1Ojf$�XLZH��YQ�EB�bF$�iEB���Ru"LPEB���$HXOGQU�
Æep¦��¡2Ìe�'�$¡2�!ÄnÅN£�p��

�  iÊ(ÈR2[�S@B768�9�d18�7TÕ4;�*<B�\áw��HXLBLPE Ò1F&EV��Ò�M"OUF&EVM"L��"E ��HXOnHX��F&EVM"L�Hj�XK�M"F&EVf"��QU� Á p"p��1à( XÔ�£��©��v,£$¡jÓb�'àiÔ"����¤\Å©r���à� RÅ&�'Ï�Å-r#�
���"Ä��Z��à(ÆX¡����bÇ(â:æ���È%È�ÊyËGÈ8yAÌ�ÎsÈ#É%Ê$É%ÐR�

�  iÊ$Ìy2[�S@B768�9�d18�7TÕ4;��*<B�*ø'M"OUEVM!FTEVf!�1M"L\M!�1�µ��fGÒ�f!LZfjJ!EV�GM"LF�rHXF	��f#�"Q=EB����f"�'LPEB�1HGM"O,Ò1Onf%�RLNH��YQU�?è
Ô"�-�T� Á Ó�Æ#¡#�?���"ÄjÂ��
ài£( !��ÎCv��ïà�� Ð#´lÎV�%ÐR�'Ì�yiÕ�Ë��$ÍAÌ(�'ÎsÈ#É%Ï�È�ÐR�

�  iÊ!�"2[�S@B768�9�d18�7TÕ4;��*<V;]}t3�ÖLË�8�7�;{[<W���"��Hkl�K(LBLR�!Ò�M$�GH�f{g��
LBLPE Ò�FTEV�/£,M"OUF&EVM"LZÚ�E ��HXOnHX��F&EVM"L
á?Ò�HXOnM"F�f"OGQ�EB�
IRn

�
���"�n�"ÄnÂ Á p'���&� Á �"�'�T�'´6â��'Ì%Õ(ÈRË��$Í�È%�'ÎsÈ#ÉAÕ!�%ÐR�

Í"ú?Î



�  iÊ" !2[�S@©z�C#:1Û�8�;�²�<��v<B�'áw����f!OU�Tç Q4QRHG�Gf"���^EB�1HG�XK�M"LPEBF&u"�"Ã Á o{Ã,�à��£(Þ�Ìe�&�����"ÄjÂ�� Á p'���&��v,Ô�Ó�ÌX¡��AÇ��mÎV�AÐU�"Ì!�AÕyË�Ì! %Ï��
Î{È�É$Ï�ÈyÐU�

�  iÊ$Êy2[Üq365R�*@B8�7�;²�<~Þ7�Y<B�6���%EaQGF�HX�1�GHrM"���[�Gf"�:§yHXOTJAHR���GHrf{g�F$��HrH2�RÒ�M!��QUEVf"��EB�~F	��HrMyQUu ��Ò1F�f"F&EV�SF	��Hjf!OUuvfsgYHXLZMyQUF&EV�
F	�(EB��Ò1LNM"F�HUQU�'Ã Á o{Ã,� ��£(Þ�Ì8�T�:���"ÄjÂ�� Á p:���&�"v,Ô�Ó�ÌX¡��1â?�~ÎV�AÐU���iÕiÈRË��$É�È$�1Î{È#É%É�ÈyÐU�

�  iÊ�y"2[Üq365R�*@B8�7�;²�<~Þ7�Y<B�R�*�1M!LPuyQXHS�%Hr�GHROUF�M"EB��QoÒ1Onf%�RLG1��rHUQS�1f!��LPEB��êGM"EBOnHRQX¹F�rf��-1XLZHUQr�$H�Ò�LZM$�XK�HUQ�HRF,�$Hr�Gf��RK�HRQU�
¥wÂ�ë8rnÆ�Þ(Æ ã £( RÄn£$¡h�"Ä,Þ�� Ú�Äh�"Ä#�?Û#p�Å-Ü$Æ#¡2rnÅZÄ�Ì�¤\ÅNÆX¡j¡nÆ�ÆRÄ#���$¡nÅNÆ/u�Ô�¡jÅZÆ%��Î{È#É%Ï%Ê%ÐU�

�  iÊ%Õ�2[Üq365R�*@B8�7�;L²�<ÉÞ��Y<B�y���$EaQUF�HR���GH4F$��HGf!OnH��YQ'gRf!O4�1f!��LPEB��HGM"O
HXLZM"QGF&EV�?Ò�LZM"F�HUQ���EBF	�oÒ�HROUEVf��"EV�*�jf!K(�1�%M"OUu^�Gf!�1�"EBF&EVf"��QU�
���(Ú��-�Er{ÄjÅN XÅ�Ä{çvâ:æ��'Ì!�%�"Ë{Ì$Ê$Ì��'ÎsÈ#É$É%Í%ÐR�

�  iÊ!Ï"2[Üq365R�*@B8�7�;k²�<~Þ7�Y<$>��*Û�8�963�@WC%;½¬b<B�Sáw�|F$��H�LZf��2Â!EB�AJhÒH��HX�1f9��HX�1f!��gRf!O~Mz�XLZMyQGQ�f{g~HRLBL�E Ò1F&EV�[Ò1Onf%�RLNH��YQU�
v,Ô�Ó�Æ#¡#�"���!ÄnÂ��?¯1ã��( AÌAÕ�Ë $ %Í��'ÎsÈ#É$É$ AÐR�

�  iÊ!É"2[Üq365R�*@B8�7�;�²?<ÉÞ7�Y<%>�Ù�3��?5�Ö7z�;4�v<B�V��QGu ��Ò1F�f"F&EV�m�Gf!��QUEaQUFHX�1�Xu�f{gSF	��H^Ò�f"LPu"��f �SEVM"LwMjÒ$Ò�Onfe�%E	�rM"F&EVf"��EB�pF	��H
LPEB�1HGM!OUEqÇ#HG��Ò1LZM!FHYF$��HGf"OUu�¹�MGÒ$Ò1L�EV�jM!FTEVf!��F�frF$��H*I�HXEaQGQG��HROUÙ��EB���iLPEB���f��$HXLP��Ã#���"�1£$¡nÄ
ÄjÆ# GÂ"p�Å-êAÔ�Æ�È8y$ XÒ]�xu4Ë
oN� Á �õ�^¡jÆep�£$è"�NÆ$��ÎsÈ#É$ÉEy%ÐR�

�  Ly$Í"2�Ñ13Vä%�?9��?°�;?Ý�<t¶v<W�1áw��F$��H^�XLZMyQGQUEV�GM"L'QRf!LPK(F&EVf"�vfsg�Á*HRLBLI�rM"�Zç Q*HXLBLPE Ò1F&EV��HG�RK�M!FTEVf!��� ã £$Â'�T� Á û%�$Þ6��v��!Ô"ûSà�à�à(Ã
â'ã:�~Î{È�É$Ï! iÐU�(Ú�p�Ý��NÅ-rnÂmÄj¡2��p'r#�ZÐ'ài£%Ü��"���"ÄjÂ�� ã £�û(�T�?æ:���( %ÏAÌyË %Ï%Ê��1ÎsÈ#É%Ï! AÐR�

�  Ly�ÈR2�Ñ13�9�:1Û�8'å%ÞnÜq3�ÖA8�9�:1@a34;,DY<B���'F�M"F&EV�RK�H�HXF��"u"�1M9�YEV�XK�Hh�%HUQb�jf��XK�HUQJ�YEB���jHRQX¸8�½Æ\MyQ��$H·�oH2�$EVf!�~Ò1K(OnHv��f"�
EB���(EV�jêGHX�?u*��Ã�� Á  e�$Þ���à( RÅ&��¤��!¡jÅ-r#��à(ÌX¡��"oU�'æ?�:ª��( �È%ÈRË �È"Õi��Î{È#É%Ï$ÉAÐU�

�  Ly%Ìy2�Ñ13�9�:1Û�8'å%ÞnÜq3�ÖA8�9�:1@a34;1D=<B�'�'F�M"F&EV�RK�H�HXF\�"u"�1M9�YEV�XK�H��%HUQ*�Gf��RK�HRQ��SEB�1�GHUQ�¸�¸e��Æ�M"Q^�$H��wH2�%EVf"�=Ò1K(OnH*EB�'�iEV�GêGH
Ù���Ò$Ò�Onfe�%E	�rM"F&EVf"���H!�r�ROnM!�1M!EBOnHR�Tu*��Ã�� Á  8�$Þ6��à( XÅT��¤�$¡nÅ©r#�(à�ÌX¡��"oU�'æ:�?ª��( �È$ÈXË& 'ÈyÕ(�1ÎsÈ#É$Ï%É%ÐR�

�  Ly$�"2�Ñ13�9�:1Û�8'å%ÞnÜq3�ÖA8�9�:1@a34;�DY<B�w�'K(OWgRM%�GHUQ�HRFS�jf��XK�HUQ�êRLZM"QUFTEV�XK�HUQK�SEB�1�GHUQ�¹�Ò1Onf%�RL31!�rHUQhHXFY�$êCß�QU��ÒV�AÜiÅNÆbÞ�Æ8r
à( RÅNÆep' RÆ8r#�6Ç�â~ÎV�%ÐR�'Ì!�%É"Ë{Ì$Ê$Ï��'ÎsÈ#É%É%Ê$ÐR�

�  Ly! !2�Ñ6:'Û�8�:1ÛZz68�7�;�Ý�<B���hf��$HXOU�A�rHRF$��f��yQ�EB��Ò�M!OUFTEVM!L��!E ��HROjHR�'FTEVM!L?HG�RK�M!FTEVf!��QU�'�� ��^¡2���wËIÔ,Å-�q�&��Î{È�ÉAÕ%Õ!ÐU�
�  Ly%Êy2�Ñ6:'ÛZüw3?d?;w�Y<W�ZÁ*f"K(���$M!OUu�¼?M"u$HXOYOnHRQXf"LPK(F&EVf"��EB�4ì�EVHXOnM"Oj�+�(EV�jM!L]£
LZM!FHY�hf��$HXLBLPEB�AJ$�R���"ÄjÂ��T��ÆRÄjÂ�£(Þ"r Á �"�"�&�

à( RÅ&�6Ç������$ AÊyË��AÕ!Í���Î{È�É$É%Ê%ÐU�
�  Ly�y"2�Ñ6:'ÛZüw3?d?;��Y<W�`��ÙNÒ�fyQUF�HROUEVf!OUE��rf#�%HRLPEB�iJ�HROUOnf!O[HRQGF&E	�rM"F&EVf"�[gRf!OL�iEVHXOnM%�+�(EV�YÒ1LZM!FH0�rf#�%HRLPQG�v,Ô�ÓSÆ#¡#�]���"ÄjÂ��

ã"´?��Ì$Ì�ÈRË{Ì$Ê$É��'ÎsÈ#É%É�y%ÐR�
�  LyAÕ�2�Ñ�Û���@�Ë�Û�8�z�;RÊ�<Z�[<W���*�hHX�1HXOTJ$uSEV�%HR�'FTEBF&u�EB��Ò&�(uyQUEV�jM!LBLPu���f"��L�EB�1HGM"O�HXLZMyQUF&EV�REBF&umM"����HROUOjf"O�HUQUF&E	��M!FHRQ�f{g^F	��H

Ò1LZM!FH^HG�RK�M!FTEVf!��QU�!¤\¡jÅ-ûL�&�����!ÄnÆ#Óv����ÆeûiÂ'��p���´?�M:nâ�<*Î{È�ÉAÕ%yAÐ���ÈyÕyË�AÌ�y��XÚ�p�ÝE�ZÅ©rnÂYÄj¡2��p'r��-�!ÄnÅN£�p��'� Á �'�"�T�E���"ÄjÂ��
��Æ# GÂ���Ì!É�ÈXË�%Í�È%�'Î{È�ÉAÕ�y%ÐU�

�  Ly$Ï"2�Ñ�@��*�?9\;��*<B����)��M!K��$HXO�HUQUF&E	��M!FHRQr�XuvQX�jM!LPEB�AJ$�`uw���N $�Zö��!¡��1¤��$¡sÄjÅ-��� ã Åqí1Æ#¡nÆ8p%ÄjÅ-����Ú�êAÔ'�"ÄjÅZ£Ep'r/�����$É�ÈXË& AÍAÕ(�
Î{È�É$ÉAÕ$ÐU�

�  Ly$É"2�Ñ�Ö%@W:'3�715\;�Ñ�<t�*<B�o.wK�HXLZ�RK�HRQ=I�êRQUK(LPFM!FVQ��$M!��Q�LZMhF$��êGf"OUEVHb�$HRQ[�Gf#�XK�HRQ�L�EB�1êGM"EBOnH!�rHR�'F�êXLZM"QGF&EV�XK�HUQ ò QUK(OWgRM$�GH
��f!u$HR�'�1H�K(�'E gRf"O��rê��rHX��F�HXLBLPE Ò1F&EV�XK�H=f"K��Gf ��Ò�M%�RF�H�QXM!��Q��Gf!On�"�"¥wÂ�ë�rsÆ^Þ(Æ ã £( UÄj£$¡h�"Ä��LÛdp�ÅqÜ%ÆX¡hrsÅZÄ�Ì*¤\ÅNÆX¡j¡nÆ*ÆRÄ
���!¡jÅNÆku�Ô�¡jÅNÆ$��Î{È�É$É%Ï%ÐU�

�  (Õ"Í"2�Ñ?z6�]Ë�8�7�;�²?<t²?<B�Rl=f!��LPEB��HjM!OY�
LZM"QGF&EV�XEBFTu"�Vv�£!ÄjÆ8r�£�p³���!ÄnÂ��R��p�ÞhÅZÄ2r Á �"�"�NÅa e�"ÄjÅZ£Ep'r#���^£$¡GÞ(£�pA��p�ÞAè
¡nÆ��$ GÂ��
à( RÅNÆep' RÆ·��Ô�è"�NÅ©rsÂ�Æ#¡2r#�"v,Æ8�Óâ\£%¡�û��"Ò�£�p�Þ(£Ep��(¤��!¡jÅ-r#�6Î{È�É�y$ÏAÐU�

�  (ÕiÈR2�Ñ?z6�]Ë�8�7�;�²�<q²�<W���'fjÒ1EV�RQ�EB�4lYf"�'Ù�LPEB�1HGM"O��
LZM"QGF&EV�XEBFTu"�Rv�£!ÄnÆ�r�èiç�Ã�� ��� ã Åa hû$Æ#ç$�Ru�£$Ô�¡h��pAÄdoIp'rsÄnÅZÄnÅZÄnÆS£�È��n�"Ë
ÄnÂ�Æ#Ó��"ÄnÅa e����à( RÅNÆep' RÆ8r#�"v,Æ8�Óâ\£%¡�û¨Û#p�Å-Ü$Æ#¡2rnÅ�Ä{ç%�6Î{È#ÉEy! iÐU�

�  (Õ!Ìy2�Ñ?z�715Tü�8�;VÝ|<B�wø'M!OUEVM"F&EVf"�1M!L��hHRF$��f��yQhî`��Ò%Ò1LPEV�GM!FTEVf!��Q�FfklYf"��L�EB�1HGM"Od£oM!OUFTEVM!L'Ú�E ��HXOnHX��F&EVM"L��o�XK�M"F&EVf"��Q�M!�1�
ì=M9�YEBLPF�f"�'EVM"�n�'uyQUFH!�YQG��Ì�p�ÞvÆ#Þ6�N��à(��¡jÅ-p�Ý$Æ#¡#��ÎsÈ#É$ÉEy%ÐR�

�  (Õ"�"2[��8'�,3V�Y;"Ù�<B��£
Ojf$�XL31��rHRQ��hM"F$��ê!�rM"F&EV�RK�HRQ�HR��£
LNMyQUFTEV�XEBF�êR�$�·�$Ô(ÄnÂ�ÅNÆX¡nËmö�Å-�q�©�!¡��X¤��!¡jÅ©r�ÎsÈ#É$Ï%�%ÐR�XÚ�p�ÝE�ZÅ©rnÂ�Än¡h��p:r{Ë
�-�!ÄnÅN£�pAÐ��hM"F$��H!��M!FTEV�GM"LR£
Onf%�RLNH��YQ�EB�¦£
LZM"QUFTEV�XEBFTu"�6�·�!Ô�ÄnÂ�ÅNÆX¡nË¤ö*Åq�-�©�!¡��A¤��$¡nÅ©rX��ÎsÈ#É%Ï%Ê$ÐR�

�  (Õy !2[���?5R«�@B94;]Ù�<Z�[<W�T��M!EB��F&Ù"ø'HR��M"�'F�ç Qd£
OUEB�1�XE Ò1LNHR� Á ¡G GÂ���Ã#�"ÄjÅZ£Ep'���R�n�$ GÂ�� Á p'���&��Ç�����Ï%�"Ë�É�y���Î{È�É�y$ AÐU�
�  (Õ!Êy2[��7�3?d'5�:1Û���;?��<$>'¶S@a3?9��4;:²�<-Ý�<B�i�hM!F	��H��rM"F&EV�GM"L"��f��$HXLBLPEB�iJrf{goOnf��yQU��Ô���p�Þ�è'£i£�û=£�ÈZv,Ô�Ó�ÆX¡jÅa e��� Á p'���Nç�rsÅ©r

´��"v�£$¡nÄnÂ(ËIÔ,£E�q�©��p'Þ6� Á Ó�rsÄnÆX¡GÞ"�$Óv��ÎsÈ#É%É�y%ÐR�

Í"ú]Í



�  (Õ%y"2[��715�×?@B9VÕ�8�7�;��v<B�'���1He��MjÒ$Ò�Onf�M$�)��F�fSF	��H·�6�+��M"K��$HXO�HUQUF&E	��M!FHRQ�gRf"O�LPEB��HjM!O�HRLBLPE Ò�FTEV��HG�XK�M"F&EVf"��QU�(ö�£��NÔ�Ó�Æ
ÇL´b£�È?¤\¡j£( RÆ#Æ#Þ(Å-p�ÝErw£�È�ÄjÂ�Æ�uw� Á �'�'�!Ý%Æ8r,Ê$Ì"Ë�Ê$É�� Á Ô'rsÄn¡h���NÅ©��p¢vd�"ÄjÅZ£Ep'���RÛdp�Å-Ü$ÆX¡hrnÅ�Ä{ç%�:uw��piè'Æ#¡n¡h����Î{È�É$ÏEy%ÐU�

�  (Õ$Õ�2[��715�×?@B9VÕ�8�7�;4�v<B�R¼�HG�XFTK(OnHRQSf!�l�1f"�'LPEB�1HGM!OYQXHG�Gf"����f"On�%HRO�HXLBLPE Ò1F&EV�[HG�XK�M"F&EVf"��QG�Zv���p"û%�!ÅoIp'rsÄnÅZÄnÔ�ÄnÆ�£�È��n�"Ë
ÄnÂ�Æ#Ó��"ÄnÅa er#�"¥wÅ©��p �{Å-p��?u�Â�Å-p'�bÎ{È�É$ÏAÊ$ÐU�

�  (Õ"Ï"2�¶
3�ÖA8�9Zz�;1�r<B�E��Ò�OnfjÒ�HXOUFTuYfsgw��K(LPF&E Ò1LPEV�GM"F&EVf"�vEB�Ñ�6f$�Gf"LNH�§·�$Ò�M%�jHRQe�:��f9��H���Ò%Ò1LPEV�GM!FTEVf!��QU�%ÃoÆ8p�Þ6�%à(ÆXÓb�����"Ä��
Û#p�Å-Ü��(¤��$Þ(£%Ü%��ã"´?�"y�ÈXË{Õ!����Î{È�É$Ï%Ê%ÐU�

�  (Õ"É"2�¶
3�ÖA8�9Zz�;��r<W����HGf"OjH��SE\�"E\HUQUEaQUF�HR��Ç#MmH�K(��EV�XEBFMrEB�hHRLZM"QUFf"QGF�M"F&EV��ß\��EBF�M"�(ÃoÆ8p�Þ6��àiÆ#Óv�"�n�"Ä#��Ûdp�ÅqÜ��(¤��$Þ�£%Ü��
¯:���6È8yAÊyËGÈ#Ï�È$�'ÎsÈ#ÉiÕ"Ï%ÐR�

�  AÏ$Í"2�¶
3�ÖA8�9Zz�;^�r<B���1K(LBLZMp�"E �*HROnHX�(ÇXEVM%�REBLPEBF�M/�"E�K(��fjÒ�HROjM"F�f"OnHhLZHJ%M!Ff�M�K(�1Ml�XLZM"QjQXH~�"E^QUEaQUFH!�YE��!E ��HROjHR��ÇREVM!LPE
�RK�M"QUEBÙ�LPEB�1HGM"OUEB�1ÃoÆep'Þ6�'àiÆ#Óv�"�n�"Ä#�:Û#p�Å-Ü���¤��$Þ(£%Ü%���'ã�����È%ÈRË��%Ì$���'ÎsÈ#ÉiÕ$Õ!ÐR�

�  AÏ�ÈR2�¶
3�ÖA8�9Zz�;o�r<B���'K(LBLZM~�"E ��HXOnHX�(ÇXEVM$�XEBLPEBF�Ml�$HXLBLbç fjÒ�HXOnM"F�f"OnH��"E�lYH��Su"EaQ�Â"u"�qÃoÆ8p�Þ6��à(ÆXÓb�`�n�"Ä#�]Û#p�Å-Ü��?¤��$Þ�£%Ü��
¯?������È%ÈRË��%Ì$���'ÎsÈ#ÉiÕ"Ï%ÐR�

�  AÏ%Ìy2�¶
3�ÖA8�9Zz�;,�r<W��Á*f"K(���$M!OUu¢ø'M!LPK�HÑ£
Onf%�RLNH��YQbfsg�å4EB��EBF�Hm�
LNMyQUFTEV�XEBF&u���¼?f��jM!L�F$��HGf!OnH��YQbf!��H��%EaQUFHX�1�GH�î*K(�'EBÙ
�RK�HX�1HRQGQhî\M!�1��M!�1M!LPu"FTEV���%HÒ�HR���$HX�1�GHSf"���%M"F�M��N�'à(��¡nÅ-p�Ý$Æ#¡�¥�¡h�$ RÄ2r
Åqp¢vd�!ÄnÔ�¡h����¤\Â�Åq�N£Ern£���Âiç%�'æ�Ç1��v,Æe�Óâ\£$¡2û
ÆRÄG !�ZÐ'à(��¡nÅ-p�Ý$Æ#¡sËmö�ÆX¡2�©�!Ý���Î{È�É$Ï%Ï%ÐU�

�  AÏ$�"2�¶
3�ÖA8�9Zz�;��r<W�E¼�f��GM"L�F$��HGf!OnH��YQ�f{g�H2�%EaQUFHX�1�GH�M!�1��K(��EV�XK�HR��HUQGQwEB��ß\�'EBFH*HRLNMyQUFf"QUFM!FTEV�RQU�!Åqp�Ï�Åqp�Å�ÄjÆoÆe�©��rsÄnÅa RÅZÄ{ç$�
Î ã � Ú��?uw�!¡2�-rn£�p���Ã�� ¥���à(Â�ÅZÆ8�NÞ���Ú4Þ(ÅZÄn£%¡2rGÐU��¤4¡n£( !�'oNÛd¥ Á � àiçiÓ����Z�:è�ÆXÄnÂ"�NÆXÂ�ÆXÓb�� %Í�ÈRË AÌ%Ì(�'ÎsÈ#É%Ï%Ì$ÐR�

�  AÏ! !2�¶S�]Õ?8�ÖA@B5�C$;�Ý|<$>�Ê^3�d15�CeË?34;��y<B�4á
�lM�Ú�E	�rHX��QUEVf"��M"LqOnHG�"K��XFTEVf!�N�rHXF	��f#��¸e�|�"��Hbá?Ò1F&E	�rM"L]��HXLZHG�RF&EVf"�pf{g
Á�M"QUEaQ�å�K(�1�XF&EVf"��QU�"���!ÄnÂ��Tu�£$Ó����:æ�ã~Î{ÈyÊ$Ê$ÐR�(��ÈRËIy$Ï[��Î{È�É$Ï�È�ÐU�

Í"úTú



OQPSRUTWV!XSR�PZY[ER"\FV!P
]7^�_a`6bHc-d�e�fa^�c-gih�^�`6j

�  AÏ%Êy2[�XäLz$3�ÖA@W�?9\;,�v<�áw��F$��Hb�bEB�'E	�YEqÇ�HXOGQbfsgmF$��H³ºwEB��Ç#�XK(OTJ$ÙC¼�M!�1�%M"K��w�1HXOTJ!u�gRf"O�ì�E�J6����MjÒ%Ò�Mµ¹�F	��H~áw�1HXÙ
�"E	�rHR��QUEVf"�1M!L�Æ\MyQXHX��Ú\Ô�¡n£E�'Æ���p¢��� Á �"�"�&�'���"ÄjÂ��:�����$��ÈRË��! iÊ(�'ÎsÈ#É%ÉAÕ!ÐR�

�  AÏ�y"2[�XäLz$3�ÖA@W�?9\;��[<oá
�~F$��HY��EB��E	�SEqÇ�HROGQrf{gYF	��H¦º
EB��Ç��RK(OTJ$ÙC¼?M"�1�%M"K��
�1HXOTJ$u*gRf"O·ì�E�J6�b��MjÒ$Ò�M4¹�F$��H½�d�%EVM"LBLPu
�'u �L��HXF&OUEV��Æ\MyQXHX�'��¡jÆe��¡jÅ-p%Äo£�È?Ú4 X£��NÆ½v,£$¡jÓ����NÆ�à(Ô"�:Ì#¡nÅNÆXÔ�¡nÆ�¤��!¡jÅ©rX�6Î{È�É$ÉEy%ÐU�

�  AÏAÕ�2[�XäLz$3�ÖA@W�?9\;��[<W�/Æ\f"�:§yHXOTJAHR���jH~f{gA�YEB�'E	�YEqÇ�HXOGQ�f{g�F$��H�ºwEB�(Ç��XK(OTJ!ÙC¼?M"���$M!K|HR��HROTJ$upEB��f"�1H~�"E	�rHX��QUEVf"�'�
��¡jÆe��¡jÅqpAÄ��

�  AÏ$Ï"2¨Ê�8�768'C�z?×�:?Ë�@�;�{v<V;�Ê��?9�9�8�z�;\�v<V;w�*Û�3V«"�,3?9�Ñ�<t²?<B�R����H!�YEBÙsHXLBLPE Ò�FTEV���'uyQUFH!�¡�*OUEaQUEB�AJ�EB�lF	��Hn�"��HGf"OUu
f{g�F&ujÒ�HXÙ	¸b¸k�'K�Ò�HROj�jf!�1�!K��RF&E�§#EBF&u"�:u�£$Ó�Ób� Á �"�"�&�'v,£Ep"�ZÅ-p�Æ��!¡ Á p:���&��Ç'�6ÈXË�Ì�È$�6Î{È�É$É$ AÐU�

�  AÏ$É"2¨Ê�8�z6Û�5�8�Ö';?e�<$>RÊ�76ß'å$@WC$;]{[<!>]{Y8�Ö%8�@B94;�e�<B�ºwEB�(Ç��RK(O&J!ÙC¼?M"���$M"K¢§"f"OUF&EV�GHUQU�(¤\¡j£$Ý%¡nÆ�r�r4Åqp¢v,£Ep"�ZÅ-p�Æ��!¡ ã Åqí1ÆXË
¡nÆ8pAÄnÅ©����Ú�êAÔ'�"ÄjÅZ£Ep'r#��p�Þ�ÄjÂ�ÆXÅN¡ Á �'�"�ZÅa e�!ÄnÅN£�p'r�Ç(æ��"è
£ErsÄn£�p��"è�ÅN¡2ûAÂ:�!ÆXÔ:rsÆ#¡#��Î{È�É$É! iÐU�

�  AÉ$Í"2¨Ê��?Ö%ÖA8(×�;��Y<%>�{Y8�ÖLä(äi8�7�;�Ê�<B�1I*E�JAf"Onf!KiQ�OnHRQGK(L�FVQ\gRf"OYF	��H¦ºwEB�(Ç��RK(O&J!ÙC¼?M"���$M"K~Hj�XK�M"F&EVf"��QYMyQGQXf#�XEVM"F�HG�vFfvM
QUK�Ò�HXOn�Gf"���"K��XFTEB�iJ#ß\Lk�öEB�hF$��H/�4HGM8Â

κ
L�E	�YEBF&��ÃoÆ8Ü1�:���"ÄjÂ��(¤\Âiç�rX�:���( %�!ËÏ%���6Î{È�É$ÉEy%ÐU�

�  AÉ�ÈR24�*Û�3V«"�,3?9\;�Ñ�<t²?<B�V�'K�Ò�HRO%��HjM!FTEB�iJ�å4EVHRLZ��fsg�F&ujÒ�Hk¸�¸�QUK�Ò�HROj�jf!�1�!K��RF�f"OGQU�1à�o Á �ù�'� Á �"�"�&�?�n�"ÄnÂ��Z�?�6�?È�Ì$�$�"Ë
È�Ì%Ê!Ï���Î{È�É$ÉAÊ$ÐU�

�  AÉ%Ìy24�*Û�3V«"�,3?9\;�Ñ�<q²�<!>R{��?ü�@WC���9\;�Ñ�<q¬b<!>�)S:?Ë?8�9�×?�?9\;Z²�<qÙ�<B�'�hM$�XOnfyQX�GfjÒ�EV���hf��$HXLïQ�f{gd�'K�Ò�HROn�Gf!�1�"K��XF&E�§#EBF&u"�
à(o Á �äÃoÆ8Ü��'æ'´?��Ê$Ì$É"Ë{Ê�y$Í��1ÎsÈ#É%É%Ì$ÐR�

�  AÉ$�"24�*Û�3V«"�,3?9\;�Ñ�<q²�<!>/Ù^5�d'@B9�Cez68�@B9®²?<$>SÑ�:1Û63(zRå���3�9\;½Ý|<B�#�ä�hHGM"�'Ù~ß�HXLZ�t��f��$HXL�f{g��'K�Ò�HROn�Gf!�1�"K��XF&EB�AJ
§yf!OUFTEV�GHRQU��Ú\Ô�¡j£��1Æ8��p¦�'� Á �"�'�T�?���"ÄjÂ��'ã6�'ÉAÕ�ËGÈ$È%È$��Î{È�É$É�yAÐU�

�  AÉ! !2¨¬�8pØS8�9�9�8�C$;�Ü=<BØv<B�?�1K�Ò�HXOn�Gf"���"K��XFTE�§�EBFTumfsg^�hHRF�M"LïQYM!�1�X�*LBLZf"uyQU�'v�Æe��â\£$¡2û���p�Þ Á Ó�rsÄnÆ#¡jÞ"�$Ób��Î{È�É�y�yAÐU�
�  AÉ%Êy2¨¬�5\;�þ[<%>\Ø�5�9Vå!d15�7TÕ�8�7�;Ý|<t¬b<!>qÜ�8"z�8�7�CX8�94;`²?<aÑ�<W�?�*�1M!LPuyQUEaQYM"���X�
Ò$Ò1Ojfe�%E	��M!FTEVf!�pf{g�F$��H¨ºwEB�(Ç��XK(OTJ$Ù

¼�M!�1�%M"KK��f��$HXL�fsg�QUK�Ò�HXOn�Gf"���"K��XFTE�§�EBF&u"�'à(o Á �äÃoÆ8Ü��'æ'´?�6È$�'Ê! !Ë�Ï�È%�1ÎsÈ#É$ÉAÌ$ÐR�
�  AÉ�y"2¨¬=365Zz67�3E×
;]Ù�<T;�4@W�?9�C$;`²�<~Þ���<W�?�*�1M!LPuyQXHl��M!F	��ê��rM"F&EV�RK�H�HXFw�GM!LZ�RK(L���K'�rêXOUEV�RK�HoÒ�f!K(O�LZHRQ�QX�REVHX�1�GHRQYHRF
LZHRQ

FHG�)�i�'EV�RK�HRQU�:u�£��-�T��Þ�Ô4u�Ú Á �:���Er�rn£�p��(¥?£$Ó�Æ=Ì���Î{È#É%Ï%Ê%ÐU�
�  AÉAÕ�2�Ø�@B9Vå!d15�7TÕ4;�¶v<q��<!>��\3�9�×�365\;���<t¬b<W�
áw�lF$��H�F	��Hjf!OUu�f{gYQUK�Ò�HXOn�Gf"���"K��XFTE�§�EBFTu"��ài£%ÜiÅZÆXÄ^¤\Âiç�r#�Z�R�%Ú�¥w¤õâ'���

È#ÍEy! ���Î{È�É%Ê$Í%ÐU�
�  AÉ$Ï"2�Ø�@B7�3�5�Ö7z�;R¶b<V;VÙ�3%°?@a3�76×�;�ÜY<ÉÞn�v<B��å4EB��EBF�H��
LZH!��HX��F��hHRF$��f��yQ4gRf!O�l=M�§#EVHXOUÙm�'F�f8Â%HUQ^�,�RK�M!FTEVf!��QU�'à(��¡jÅ-p�Ý$Æ#¡sË

ö�ÆX¡2�-�$Ý��6Î{È�É$ÏEy%ÐU�
�  AÉ$É"2¨��@B9\;�e�<t{v<B�ØÆ\f ��Ò1LNH��ùº
EB��Ç��RK(OTJ$ÙC¼?M"�1�%M"K HG�RK�M!FTEVf!��QôM!�1���!u"�1M �SEV�RQ fsgÀ§"f"OUF&EV�GHUQhî�ß\LZM9��HX��FTQcM!�1�

�Gf#�!E	��HX��QUEVf"�'Ù@CmQUK��!��M!��E gRf!LZ�yQU�Tu�£%Ó�Óv�(¤4Ô�¡nÆ Á �"�"�&�'���!ÄnÂ��?��Ç�ÎW iÐU���%Ï%Ê"Ë& % �È$�1Î{È�É$É$ÏAÐU�
� Ê$Í$Í"2¦Ý���76768�×�;��Y<qÊ�<B�1��K(LPFTE Ò�LZH|¸U��F�HJ!OjM"LïQ�EB��F$��H�Æ\M!LZ�RK(L�KiQ�fsgbø'M"OUEVM!FTEVf!��QU� ã ÅZÆ��^¡jÔ"p�Þ��NÆXÂ�¡nÆ8p�Þ(ÆX¡����!ÄnÂ�Æ#Ó��"Ë

ÄnÅ©rn GÂ�Æepv��Å-r2rsÆ8p'rj GÂ'�%ÈBÄjÆepvÅqpbÚ\Å-p�ìXÆ8�NÞ'�!¡hr{ÄjÆe�-�ZÔ"p�Ý$Æep~Ç�æ:����à(��¡jÅqp�Ý$ÆX¡nËmö�ÆX¡2�-�$Ý�v�� âY�N��ÎsÈ#É�yEy%ÐR�
� Ê$Í�ÈR2�Ñ13�9�×�@B8�7�;�D=<!>�Ñ18�7Zän3(z?×�;�Ñ�<W�?��I�E�JAf"Ojf"KiQ�ÚSHROUE�§"M"F&EVf"�pf{gSMrå6OnHGHXÙCÁ�f!K(�1�%M"OUu�£wOnf$�XLZH!� �*OUEaQGEB�iJ[EB�x�1K(Ù

Ò�HXOn�Gf"���"K��XFTE�§�EBF&u"�"��¡jÆe��¡jÅqpAÄ��
� Ê$Í%Ìy2�Ñ13�9�×�@B8�7�;
DY<!>�Ñ18�7Zäj3(z?×�;�Ñ�<B�Vì�E�Jm����MjÒ$Ò�M¢¼qE	�SEBF�fsg�F	��H�ºwEB�(Ç��XK(OTJ$ÙC¼�M!�1�$M!KtHG�RK�M!FTEVf!��Qmf{gX�1K�Ò�HXOn�Gf"�'Ù

�"K��XFTE�§�EBF&u"�"��¡jÆe��¡jÅqpAÄ��
� Ê$Í$�"2�Ñ�8�7Zäj3Lz?×�;rÑ�<B�,�
F&K��$HN�rM"F$��ê!��M!FTEV�XK�Hp�$H~L�ç êj�XK�M"F&EVf"�ó�%Háº
EB��Ç��RK(OTJ$ÙC¼?M"�1�%M"K¢�%H�LZMtQUK�Ò1OnM%�Gf"�1�!K��RF&E�§�EBFHX�

¥wÂ�ë#Þ�Æ�Þ�Æ ã £( UÄj£$¡h�"Ä��"Û#p�Å-Ü$Æ#¡2rnÅ�Ä2Ì�Þ(Æ�¤�$¡nÅ©rsË�àiÔ'Þ6��Î{È�É$É$ÉAÐU�
� Ê$Í! !2�Ñ�8�7Zäj3Lz?×�;,Ñ�<W�]�1FM%�RLNH¢Æ\f"�8ß�J!K(OjM"F&EVf"��QSEB�µ�'K�Ò�HXOn�Gf"�1�!K��RF&E�§�EBFTu4¹=�?��EV�XK�HX�1HRQjQhî
��K(LPFTE Ò�LPEV�XEBFTuhM!�1�zø'f!OUFH2�%Ù

l�K��XLZHGM"F&EVf"�'����¡nÆ8��¡jÅqpAÄo£�È�Û#p�Å-Ü$Æ#¡2rnÅZÄ{çr£�Èq¤�$¡nÅ©rsË�àiÔ'Þ6��Î{È�É$ÉAÕ$ÐU�

Í"ú1�



� Ê$Í%Êy2�Ñ�8�7Zäj3Lz?×�;�Ñ�<W��¼?f#�GM!L���EB�'E	�YEqÇ�HXOGQ�gRf!OvF$��HAºwEB��Ç#�XK(OTJ$ÙC¼�M!�1�%M"Kp�
�1HXOTJ$u���HjM!OnÆqOUEBF&EV�jM!Lw�hMXJ$�1HXFTEV�vå\EVHXLZ�!�
��¡jÆe��¡jÅqpAÄw£�È�Û#p�Å-Ü$Æ#¡2rnÅZÄ{ç�£�È�¤�$¡nÅ©rsË�àiÔ'Þ6��Î{È�É$ÉAÕ$ÐU�

n(o d�pqbHj�r)sUh�` pqt	r+u�d�e7r+vwh�t2x-jmy&cmz�h�`Lg o h�dH`6{|d�}~b'gmd�p�j

� Ê$Í�y"2[�SÖAÖ$3�@B768�;1Øv<�ìYf �rfnJAHX��EqÇ�M"F&EVf"�bM"�1��FC�4f!ÙQX�jM!LZH��Gf!�'§"HROTJAHX�1�GHR�$à'� Á �¡���%���!ÄnÂ�� Á~� ���&�!â:ævÎ	yAÐU�(ÈX AÏ%Ì"ËjÈyÊ(È#Ï��
Î{È�É$É%Ì%ÐU�

� Ê$ÍAÕ�2[��°?7���94;V²�<ZD=<">`{Y8�76d1Cez�;V��<t}x<W�'�$Ò�HG�XFTOnM!L�M"����QX�GM"F&FHXOUEB�AJ�F	��Hjf!OUumf{g|�6�+�(O��#�!EB�AJAHRO=fGÒ�HXOnM!Ff!OGQ�OjHRLZM!FHG��F�f
F	��H·�1FM!O�ÂmH���HG�RF&�:u�£$Ó�Ób�'���!ÄnÂ���¤\Âiç��#�:�1â6��Ì$�$É"Ë{Ì$Ê! ���Î{È�ÉAÕ$Õ$ÐU�

� Ê$Í$Ï"2¨Ê^3�ÖAd'÷?C$;���<��Y<!>/Ê^3�767�3�9?:1��;/Ý|<$>SØY3?71:1@a3?C%;�e�<$>XÝl3U�63?9�8�C%;=�v<!>=�Y3%°$3�767���;½²�<!>qÙ�5�d'@W��;=�v<!>
Ñ18�767�34;`��<W�w�"��HYQUF�M"F&EV�oÒ�f"LNM"OUEaQXM$�XEBLPEBF&ubfsg(�rHRF�M"Lq�RLPKiQUF�HROGQ=M!�1��QTÒH��HXOnHRQ�EB��M!��E	��Ò1Onf�§yHG�µ�"��f9��M"QGÙTå?HXO��YE
MjÒ%Ò1Onf8�$E	�rM"F&EVf"�'�:�'�(¤\Âiç'�X�RÐTu�£ � Þ(Æ � �#�"���"ÄnÄnÆX¡�Ç1��È�Í$�$É�ÈRËGÈ#Í$ %Í%Ê���Î{È�É$Ï$ÉAÐU�

� Ê$Í$É"2¨Ê^365�8�7�;Z¬b<%>]�^��769��?Ö7z6@�;�e�<$>RÝl3�:�:1Û�@�;6�v<!>6Ü�@©z6768�ÖAÖ%@�;T¬b<B��¸Xf!��EqÇ�M"F&EVf"�hfsg�F$��HÑ�"��f �rMyQUÙTå�HXO��SE�M!Ff9�
EB��EB��F�HX��QXH�LNMyQXHRO�ß
HRLN�yQ/¹�F	��H�QUF�M"F&EV��L�E	�YEBF
OnHe§#EaQUEBF�Hj�!�:�'�(¤\Âiç'�X�'è�æ:æ���Ï%Ì$É"Ë�Ï! iÌ(�'Î&Ì!Í%Í$Í%ÐR�

� Ê�È#Í"2¨Ê�8�9]Õ�5�76@a3�;�Ù�<%>�Ê�76ß'å$@WC$;�{[<$>���@B8�d?;�D=<q{[<W���"��H³�"��f9��M"QGÙTå?HXO��YEBÙI§"f"���SHXEqÇUQ!?%�2Â%HRO�F$��HGf"OUuhfsgrM"F�f �YQ
M"���*�rf"LZHG�XK(LZHUQU�?u�£%Ó�Óv�"�n�"ÄnÂ���¤\Âiç'�X�N�1ã:ª��6È�yAÕ�ËGÈ#Ï%Í��1Î{È#É%Ï�ÈyÐU�

� Ê�È$ÈR2¨Ê�8�9]Õ�5�76@a3�;RÙ�<$>Z��@B8�d�;6D=<t{v<B���"��HE�rfyQUF��1HJAM"F&E�§yH�EVf"��EB�bF	��HÑ�"��f �rMyQUÙTå?HRO��SEBÙI§"f"��Ù"��HREqÇRQ!?$�hÂ%HRO�F$��HGf"OUu
f{g�M!Ff9�=Q=M"���*�rf"LZHG�XK(LZHRQG�:����¤4ÂAç'�#�"èóÇ����6È�Í! iÊyËGÈ#Í%Ê$É���ÎsÈ#É%Ï%Ê$ÐR�

� Ê�È�Ìy2¨Ê�Ö%3�9�:�;�év<!>w�48àÊ�76@WC$;#�Y<B�|�"��f �rMyQUÙTå�HXO��SEoFTujÒ�H��rf��$HXLïQwgRf!O^Ò�f!LPu �rHROGQ[M!�1�bF$�iEB��ß4LI�YQG� Á Þ�Ü�� ã Åqí1ÆXË
¡nÆ � ÄnÅ©����Ú�êAÔ'�"ÄjÅZ£ � ����Î&ÕyËÉAÐU�(ÉAÕ%Õ�ËGÈ#Í$�AÌ(�1ÎTÌ!Í%Í$ÍAÐU�

� Ê�È#�"2¨Ê�76ß'å$@WC$;�{v<B����H!�YEBLPEB��HGM"OS�o�XK�M"F&EVf"��QmEB�
R

N
�vEBF$��f"K(F�Æ\f"���"EBF&EVf"��QvM"F�¸U��ß\��EBF&u"� Á �"�"�&�]���!ÄnÂ������(ÄnÅNÓb�

Ç(â���Ì%Õ(ÈRË{Ì!ÏAÌ(�'ÎsÈ#É%Ï! AÐR�
� Ê�ÈX !24��3(zTz��4;i�y<$>(��8�Ê�76@WC%;"�Y<%>(�4@W�?9�C$;iÜY<ÉÞ��*<B�e���!ÄnÂ�Æ#Ó��"ÄnÅa e���"ÄnÂ�ÆX£$¡jç^£�ÈiÄnÂ�Æ#¡nÓ�£(Þ(ç � �$ÓSÅa !�R�ZÅNÓ�Å�Ä)�X��¥wÂ�£$Ó��8�{Ë

Ï�Æ#¡nÓ�Å�Ä{ç(�'Æ�Ó�£(Þ(Æ8�G�#�'���(ÈW£$¡GÞ¨���!ÄnÂ�Æ#Ó��"ÄnÅa e���R��£ � £$Ý$¡h����ÂH�X��Î{È�É$É%Ï%ÐU�
� Ê�È�Êy24��3(zTz��4;Y�y<$>/��8 Ê�76@WC$;��Y<$>��4@W�?9�C$;=Ü=<ÉÞ2��<B�#¼qE	�SEBF�H�F	��HRO��rf��"u"�1M9�YEV�XK�H[Ò�f"K(O�LZHUQ��f��-1XLZHRQ��%H~FTujÒ�H

�"��f �rMyQUÙTå?HRO��SE,úe�"��HXO���f��"u"��M �SEV��LPE	�SEBF
gRf!Oà�"��f �rMyQUÙTå?HRO��SE�F&ujÒ�HA�rf#�%HRLïQWûG��u*��Ã�� Á  8�$Þ6�
à( RÅ&�\¤��!¡jÅG�#�
à(ÌX¡��'�U�'æ�â'â����%ÊAÕ�Ë���y! '�1ÎsÈ#É%É�y%ÐR�

� Ê�È8y"2¨��@B8�d�;�D=<q{[<">��=3�769�Û��Väi8�7�;Z{v<B���"��H�F	��HRO��rf#�!u"�1M9�YEV�=LPE	�SEBF�gRf"O��(HRLBL�EBK'�Y���'�(àiÄ2�"Ä��i¤\Âiç��#�1Ç(â���Ì!É�ÈXË��È#Í��
Î{È�ÉAÕ!Ê%ÐU�

� Ê�ÈyÕ�2[��Õ?5�8�z�CX8�9VÕ4;oØv<B�Z�cJ%HX�1HXOnM"L\�Gf"�:§yHXOTJAHR���GH�OnHRQGK(L�F�gRf!O�M�gGK(���RF&EVf"��M"LqOnHXLZM"F�HG�vFf[F$��HSF$��HGf"OUu�f{g���f9��fjJAHRÙ
��EqÇ�M"F&EVf"�'�'à�� Á �Ä�'�"���!ÄnÂ�� Á�� ���&�1â:��ÎV�AÐU�'y%Í$Ï"ËIy%Ì$���1Î{È#É%Ï$ÉAÐU�

� Ê�È#Ï"2[Üq3?767�;:Ù�<BØv<$>'��3?9VÕ4;:}x<W�EÚSHR��QGEBF&u"ÙTå�K(�1�XFTEVf!�1M"L��"��HGf"OUu�f{g��*Ff9�=Q�M"���=��f!LZHG�RK(LNHUQU�����LÈW£%¡jÞ�Û � ÅqÜ%ÆX¡)�sÅZÄ{ç
¤\¡jÆi�+�X��ÎsÈ#É$Ï%É%ÐR�

� Ê�È#É"2�Ñ6��Öi�?°?8"±";'²�<�ÜY<B���?�'E�§yHXOGQXM"LPEBF&u�EB��F$��H��"��f9��M"QGÙTå?HXO��YEBÙI§"f"�/�SHXEqÇRQ�?%�2Â%HXOS��f��$HXL1fsg,M"F�f �YQ,M!�1�(��f!LZHG�RK(LZHRQU�
u�£$Ó�Ób�"���"ÄjÂ���¤\Âiç'�#�6Ç(â:ª���Ê�y�ÈXË�Ê$É$Ï���Î{È�É$É%Í%ÐU�

� {7eab&pqt���^�h��wd�����c8^���b&t$` h

� Ê%Ì!Í"2[�S9�×?8�7�CX8�9\;�²�<Z+[<!>(Ê��?9�8�715R«�;(D=<$>�{=3�9?CX8�94;LÖ�<W��áw��F	��H,�Gf"���jH�Ò1F�fsg
FH!�,Ò�HXOnM"F&K(OnH1gRf"O,M*Q���M!LBLiEaQRf!LZM"F�HG�
QUuyQGF�H!�Y�"�'�:u�Â�ÆXÓb��¤4ÂAç'�#��Ç1ÇL´lÎsÈ�Ê$ÐR�"y%Ê�È#Ï"ËIy%Ê%Ì$Ê���ÎTÌ$Í$Í�ÈyÐU�

� Ê%Ì(ÈR24��3���;�²�<%>�Ýl3�7Ez?×?9634;�Øb<t²�<W�T�*�"EVM%�jM!FTEV�^Ò�M!F	��EB�'FHJ$OnM"La��f!LZHG�RK(LNM"Or�"u"�1M9�YEV�RQ���HXF	��f#�"Qe��C(�`�*L JAf"OUEBF$���YQU�
���:u�Â�ÆXÓb��¤\Âiç'�X�6Ç��:´���Ì$Í%Ì!Ï��6Î{È#É%É�yAÐU�

Í"ú'0



� Ê%Ì$Ìy24�*Û�3�Ö%Ö%3�:��V�*d'8�;#Ý|<!>�}cÛ�@©z68�;��Y<$>�{S8(3�×RÞUØ��?76×?�?9\;�Ý�<B��£oHXOUEVf#�!EV�h�Gf"K(���$M"OUu��Gf"�1�!EBFTEVf!��QvM!�1�hF	��H
gRMyQUF��YK(LPF&E Ò�f"LZH���HXF$��f��"�'�'�?u�Â�Æ#Óv��¤\Âiç��#�6Ç��1ã~Î&Ì!�%ÐR�6È#Í�È#��ÈXËjÈ�Í�È# %Í��'Î{È#É%ÉAÕ$ÐU�

� Ê%Ì!�"2[D*71:��?Ö%8'C#C#@�;oe�<$>o�S×�3V�*C%;�²�<tÊ�<W�`¸U�'FHXOnM!Ff9�YEV��£of!FHX��F&EVM"LïQ^gGOnf �¾å4EBOGQUFTÙC£wOUEB�1�XE Ò1LZHRQxÆ\M"LN�RK(LZM!FTEVf!��Q4¹wF	��H
å�f!On�GHRÙ�hM!F�)�iEB�iJr�hHXF	��f#�!��Ú\Ô�¡j£���ÂAç'�#�"Ò�ÆXÄsÄ#��â'¯�ÎTÏ%ÐU�1Ê!Ï$�!Ë�Ê$Ï$Ï��'Î{È�É$É$ AÐU�

� Ê%Ì" !2¨{Y3�@B768�7�;tD=<!>µ��5�d'@W:1Û\;à�*Û�7�<$>µ}�3�9�9�8�7�;�Øb<B�»º,HGf �rHRF&OUEV����K'�rHROUEV�GM"L�¸R��F�HJ!OnM!FTEVf!�"î³�'F&OUK��XFTK(OnHXÙ
£
OnHRQXHRO7§�EB�AJ��*L JAf"OUEBF$���YQ�gRf!O�áwOn�"EB��M"OUu/Ú=E ��HXOnHR�'FTEVM!L1�o�XK�M"F&EVf"��QG��à(��¡jÅ � Ý$ÆX¡nËmö�ÆX¡2�-�$Ý���ÎTÌ!Í%Í%Ì%ÐU�

� Ê%Ì$Êy2¨{����?°?8�7�;V}x<aØb<B�i¤\Âiç'�X��Ã,ÆeÜ�� Á æ�Ç1�6È8y%É%Ê���ÎsÈ#É%Ï%Ê$ÐR�
� Ê%Ì�y"2¨{S5R��«�Û�768(×�C%;T¬b<t¬b<!>�ew76@B8�C#9�8�7�;ZÙm<��v<!>TÊ^8�769�8�;TÊ�<t²�<W�(����K(LPFTE Ò�LZHXÙ8��E	�rHXÙm�'F�HÒ��hf"LZHG�XK(LZM"O�Ú=u"�1M �SEV�RQ

�*L JAf"OUEBF$����gRf"O��hM$�XOnf �rf"LNHj�XK(LZHRQU�?�'�(¤\Âiç'�X�?u�Â�ÆXÓb�:ª?���"y%Ï$Ï%Ê"Ëmy%Ï$ÉAÌ(��ÎsÈ#É$É$ AÐR�
� Ê%Ì%Õ�2¨{S5ZzTz68�7�;�²�<%>o��5�:?Ë?8�7Z�,3�9\;�Ý�<�DY<!>oÜq3�76@B9�8�Ö%Öi�4;�Ý�<W�`¸R��F�H&J$OnM!FTEB�iJhF$��HxÆ\M"OUÙC£,M"OUOUEB�1HXLBLZfpHG�XK�M"F&EVf"��Q��

¸b¸�¸e�#�'Hj�)�i�'EV�RK�HRQ\gRf"O�K(LPF&OnM"QRfsgGF�Ò1QXHRK��%fjÒ�f"F�HR�'FTEVM!LïQU�:�'�?u�Â�ÆXÓb��¤4ÂAç'�#�6Ç(��â~ÎTÌ%ÐU��ÏAÊ!É!ËÏiÕiÈ$�1Î{È�É$É%Ê%ÐU�
� Ê%Ì!Ï"2¨²�3�9VÕ�;�Ñ�<$>w¶Y�Vz6Û\;oØb<B��'E	��Ò1LNHmOjH�§"HROGQUEV�XLZH0��f!LZHG�RK(LNM"O[�!u"�1M �SEV�RQ[M"L JAf"OUEBF$���YQ*gRf"OL�=fyQXêXÙ	ì=f�f%§"HROm�)��M!EB�

�"u"��M �SEV�UQU�'�'�?u�Â�Æ#Óv��¤\Âiç��#�6Ç��1ã~Î&Ì$Ì$ÐR��É%Ê�ÈX !Ë�É%Ê%Ì�y��'Î{È�É$ÉiÕ!ÐU�
� Ê%Ì!É"2¨²�3�9VÕ�;�Ñ�<!>L¶Y�Vz�Û4;iØv<W�#I�HRQ&Ò�f!��QXH�Ff��NÆ\f �L��HX��F�f!�³ç �1E	�,Ò�LZH
OnHe§yHXOGQUEV�RLNH���f!LZHG�RK(LNM"O
�!u"�1M9�YEV�RQwM!L J%f!OUEBF	�'�=Q

gRf"O*�=f"QRêXÙ	ì=f�f%§"HXO��)��M!EB�¢�"u"��M �SEV�UQ �Pú@����ÆU��H!���#£��(uyQe� �8� D%î�B��6C�B�	 �9�8�-� �{ûG�w����u�Â�Æ#Óv��¤4ÂAç'�#�oÇ'Ç��¢Î&Õ!ÐR�
��yAÌ�y"Ë���yAÌ!Ï���Î{È�É$É$ÉAÐU�

� Ê$�$Í"2¨��@B5\;ï��<!>���5�:?Ë?8�7Z�,3�9\;Ý�<ZD=<W��ºoHX�1HXOnM!LPEqÇ�Hj�nº,M"KiQGQUEVM"���f9��HX��F�F	��HRO��rfyQUF�M"F&FTEB�iJ¨¹]�c�1He�|�Gf"��F&EB��K�f!KiQ
�"u"��M �SEV�jM!L�MGÒ$Ò1Ojf#M%�+�hF�frF$��H=�GM!�1f"�'EV�GM"L�HX��QXH!���XLZHX�'�'�?u�Â�ÆXÓb��¤4ÂAç'�#�6Ç'Ç�â~ÎW iÐU��È�y$ÏAÊyËGÈyÕ"Í%Í���Î&Ì!Í%Í$Í%ÐR�

� Ê$��ÈR2¦Ýp3�7Ez6�?963VË
;?Ù�<$>-Ýt�?Ö7z68�9�@�;R�Y<$>�Üq3?7676@B9�8�ÖAÖA��;qÝ|<B������H����Gf!��QUFM!��F&ÙNÒ1OnHRQGQUK(OnH*M%�*EB��EBF&EVf)���XLZM"QjQUEV�GM"L��rf"Ù
LZHG�RK(LNM"Oh�"u"��M �SEV�UQW�rHXF	��f#�á¹*QUE	�YK(LZM!FTEVf!��fsgYÒ1OnHRQGQUK(OnHRÙ�EB���"K��GHG�tM9��f!O&Ò&�iEqÇ�M!FTEVf!��EB��M

Si35H36

�XLPKiQUFHXOU�
� £$Ó���Ô(Äh�"ÄjÅZ£ � ���Z���!ÄnÆX¡jÅ©�����,à( RÅNÆ �  XÆ=â'����Ì!É%�"Ë{Ì!É$É��1Î&Ì!Í%Í�È�ÐR�

� Ê$�%Ìy2¦Ýp3�7Ez:×�9634;*Øv<q²�<!>�{S5VÕ?Û�8�C%;
�v<$>o��5?::Ë�8�7Z��3�9\;#Ý�<ZD=<W���hf"LZHG�XK(LZM"Ob�"u"�1M9�YEV�RQvM!L J%f!OUEBF	�'�=Q^gRf"O�Ò�M"F$�
EB��F�HJ!OnM!LïQ�M"Fo�jf!��QUF�M"��F�Ò1OnHRQGQUK(OnHR�"�'� � Â�Æ#Ób��¤\Âiç'�X�6Ç1Ç(��ÎÕ!ÐR���%ÌAÕ!ÊyË��%Ì$É$Í���Î{È�É$É$ÉAÐU�

� Ê$�$�"2¦Ýp3�7Ez:×�9634;�Øv<q²�<!>�ÖrÖA8�@B9\;�Ý|<t�*<!>\��5�:?Ë�8�7Z�,3�94;�Ý�<ZD=<B�"�=f"QRêXÙ	ì=f�f%§"HXOS�)��M"EB��Q�¹·�"��H��GM"��f"�'EV�jM!L\HR�'Ù
QXH��r�RLNH½§�EVM[�Gf!��F&EB��K�f"KiQ��"u"��M �SEV�UQU�:�'� � Â�Æ#Ób��¤\Âiç'�X�'ª�ã~ÎW iÐU�'Ì�y$�%Ê"Ë�Ì�y! A����ÎsÈ#É$ÉAÌ$ÐR�

� Ê$�! !2¦Ýp3�7Ez:×�9634;�Øv<t²?<!>���5�:?Ë�8�7Z�,3?9\;|Ý|<�DY<B���¾�1He��OjHj�XE Ò1Ojf#�GM"LwQ&Ò�M$�GHh�GM"QRHG�M�rHXF	��f#�rgRf!ObFTOnHGM!FTEB�iJ�LZf"�iJ
OnM"�iJ%H4gRf"On�GHRQ�EB�~�XLPKiQUFHXOGQU�"��� � Â�ÆXÓb��¤\Âiç'�X��Ç'Ç�����Ì$Ï�È�Í���Î{È#É%É$ÉAÐU�

� Ê$�%Êy2¦Ýp3�7Ez:×�9634;1Øv<q²�<!>���5�:?Ë?8�7Z��3�9\;'Ý|<�DY<B�E�'u ��Ò1LZHG�XFTEV��OnHe§yHXOGQUEV�RLZH�EB��F�HJ!OjM"F�f"OGQ#¹(£wOnHG�"EV�XFf!OUÙs�jf!OUOnHG�RF�f"OS�rHXÙ
F	��f#�"QU�'��� � Â�ÆXÓb��¤\Âiç'�X��Ç(��â�ÎTÌ!ÍAÐU��Ï%ÍAÕ(ÈRË�Ï$ÍAÕ%Õi��ÎsÈ#É%É%Ê$ÐR�

� Ê$��y"2¦Ýp3�7Ez:×�9634;�Øv<t²?<!>w��5�:?Ë?8�7Z�,3�9\;�Ý|<�D=<$>
���?d1@a3?C$;�¬b<q²�<!>�ÖrÖA8�@B9\;�Ý�<q��<B�?���UÒ�LPEV�XEBF^OjH�§"HROGQUEV�XLZHvEB��F�HXÙ
J!OjM"F�f"OGQ�gRf"OYH2�%FHX�1�%Hj�rQUuyQGF�H!�=Q��"u"��M �SEV�UQU�:��£��&�(¤\Âiç��#�:��ã~ÎTÊ%ÐU��È%È$ÈyÕyËjÈ%È�ÊAÕi��ÎsÈ#É$ÉEy%ÐR�

� Ê$�AÕ�2¦Ýp3(z�5�d�3L×(3?C#@�;
�v<!>o�Y3VË?3�Û63�7�34;�Ý�<W��I*H�§"HROGQUEV�XLZH0��f!LZHG�RK(LNM"O[�!u"�1M �SEV�RQ*gRf"O�OUE�J$EV���Gf#�!EVHUQvM!�1�K�iu$�XOUEV�
�hf"��F�H�Æ\M!OULZf"�T��� � Â�ÆXÓb��¤\Âiç'�X�6Ç1Ç���Î&Õ!ÐR���%Ì$É�ÈXË�%�$Í�È%��Î{È�É$É%É%ÐU�

� Ê$�$Ï"2[�Y3VË?3�9���;,�v<B��£oM"OnM!LBLZHXL~�YK(L�FTEBLZHe§"HRL?Ò1OjHj�Gf!�1�"EBF&EVf"��HG�p�Gf"�e�UK$JAM"F�HXÙVJ!OnM%�"EVHX��FYMGÒ$Ò�Onf#M%�+��FfA§"M"OUEVM%�RLNHRÙs�)��M!OTJ%H
��f!LZHG�RK(LNM"O=�"u"��M �SEV�UQU� � £$Ó����(¤\Âiç'�X� � £$Ó�Ób��Ç(�:´?�(Ê$É"ËIy$É���ÎsÈ#É%ÉAÕ!ÐR�

� Ê$�$É"2[����CXß�;\Ñ�<W�"��� � Â�Æ#Ób��¤\Âiç'�X�:��Ç1��Ê�y�È%�6Î{È#É%Ï%Ê%ÐU�
� Ê! %Í"2[Üq3L×?9�8�;�Ý|<©�Y<!>^��8�z68�7�;·Ý�<�ÜY<!>��SÖAÖ$3�94;#¬b<©�Y<!>^�Y76@a3�C$;,�r<Z�[<%>d²1��3�9�9��]«��?5�Öi�?C%;t²?<t¬b<B�]¸RFHXOnM!FTE�§"H

�YEB�'E	�YEqÇ�M!FTEVf!�[F�HG�+�(��EV�XK�HUQ6gRf"O*M%�,EB�'EBFTEVf=F�f"F�M"LPÙsHX�1HXOTJ$u=�jM!LZ�XK(LZM"F&EVf"��Q�¹���f!LZHG�RK(LZM!O*�"u"��M �SEV�UQ*M!�1�Y�jf!�e�UK$JAM"F�H
J!OjM$�"EVHX��FTQU��ÃoÆ8ÜAÅNÆe�~�w£�È`��£(Þ(Æ#¡ � ¤\Âiç'�nÅN i�#¯'´lÎV AÐU��È#Í! iÊyËGÈ#Í%É�y��'Î{È#É%É%Ì%ÐU�

� Ê! �ÈR2[Üq3?7676@B9�8�ÖAÖA��;wÝ|<$>�Ù�3?ÛR�,3�94;o�[<W���'F&OnM"EB�¦�
K��RF&K�M"F&EVf"��Q�M!�1�~HRLNMyQUFTEV���Gf!��QUFM!��FTQU�V��� � Â�ÆXÓb�?¤\Âiç��#�qã:¯
ÎTÊ%ÐU��Ì�yEy%Ì"Ë�Ì�y�y�y��'ÎsÈ#É$ÏAÌ$ÐR�

� Ê! AÌy2[Ü*71��:'3�:1:1@�;�Ü=<%>ZÊ�8�769�8�;RÊ�<q²�<B����K(LPFTE Ò�LZH�F&E	��H�QR�GM!LZHE�rHRF$��f��yQqgRf"O��jf!��QUF�M"��F1Ò�OnHRQjQUK(OnH��rf"LNHj�XK(LZM!O��!u"�1M"Ù
�YEV�RQ�QUE	�YK(LZM!FTEVf!��Q=f{gE�rf"LNHj�XK(LZM!O�QUuyQGF�H!�=QU�"��£E�T��¤4ÂAç'�#�'�:æ�Î&Ì$ÐR�'Ì$Ê%ÊyË{Ì%Õ!Ì��1ÎsÈ#É%É! AÐR�

� Ê! %�"2[Ü*71��:'3�:1:1@�;�Ü=<!>�Ê^8�769�8�;wÊS<q²�<W�wÆ\f9�,Ò�K(FHXO�QUE	�YK(LZM!FTEVf!��f{gSQXf!LPEV�
C60

KiQUEB�AJ��SK(LPF&E Ò1LZH�FTE	�rHXÙQGF�H�Ò/M"L JAf"Ù
OUEBF	�'�=QU�"�'� � Â�Æ#Óv��¤\Âiç��#�6Ç���Ç�ÎT�%ÐU�1Ì" AÌ�ÈRË{Ì" A��È$�'Î{È#É%É! iÐU�

Í"ú��



� Ê! $ !2¨Ù�3E×
;�²�<qÙ�<$>�Ý��?�?×?×�;�Ý|<©�Y<$>�Ù�3�ÛR��3�9\;\�v<B�?�hf"LZHG�XK(LZM"Or�"u"��M �SEV�UQ��GM"LZ�XK(LZM"F&EVf"�/f{g�HRLZM"QUFTEV���Gf!��QUFM!��FTQ
gRf"O=M[�ROUuyQUF�M"LBLPEB��H�QUuyQUF�H��`EB�~HG�XK(EBLPEV�ROUEBK'�S��¤\Âiç'�#��ÃoÆeÜ��"è�æ1â~Î&Ì$ÐU��Õ"�$�!Ë{Õ!�%Ê��'Î{È�É$ÏAÊ$ÐU�

� Ê! AÊy2¨Ù�×�:?Ë?3�8�7Ez�;R²�<ZÜ=<!>��S76@a3�ÖA×�@�;?Øv<%>VÝp8�ÖA:1Û�@W�?9�9634;?Ñq<B�'��f!LZHG�RK(LNM"O��"u"��M �SEV�UQ=f{g4Ò�f"LPu �rHXO|��EBF$�bH2�UÒ�LPEV�XEBF
�RK(F1gGOnf8Ç�HX�K�(u$�"OnfjJ%HX��QU�'��£��&��¤\Âiç'�X�'ª?ª�ÎV�AÐU��ÈyÊ$ÊyËGÈ8yAÊ(��ÎTÌ$Í$Í�ÈyÐU�

� Ê! Ey"2�Ñ13V��5�8�ÖAC���94;�Ñ�<$>`Ýp3�7�z?×?9�34;�Øb<t��<W���R�4fv�"E	�rHX��QUEVf"��M"L�K'�r�XOnHRLBLNMrQXM ��Ò1L�EB�AJ[FHG�)�i�'EV�RK�HRQ\gRf"O�F$��HS�jf9�YÙ
Ò1K(F�HRO,QGE	�SK(LZM!FTEVf!�bQGF&K��"u�f{gS��HXLPEV�GM"LAÒ�HÒ�FTEV�%HUQ�M"F�F$��HXO��rM"L�HG�RK(EBLPEV�XOUEBK'� ¹��"��H�B��m	g¸��oÒ�H�Ò1F&EV�$H�EB�¢§yM%�RK�frM!�1�
QXf"LPK(F&EVf"�'�"��� � Â�ÆXÓb��¤\Âiç'�X�6Ç��?ª��6È%È#Í�y�È$��Î{È�É$É$ÏAÐU�

� Ê! iÕ�2�Ñ13�9Vå�ÞRÑ18�769634;V²�<qÝ|<!>`��3�Öb°���Ý|<�Ü=<W����K'��HXOUEV�GM"L'ì=M9�YEBL�Ff!��EVM"�¨£wOnf$�XLZH!�=QU� Á �'�"�ZÅNÆ#Þ¨���"ÄjÂ�ÆXÓ��!ÄnÅa !��� � Þ
���"ÄjÂ�ÆXÓ��!ÄnÅa e��� � £%ÓX��Ô(Ä2�!ÄnÅN£ � ã6� � Â:����Ó�� � � � Þ¦Ô����-�T�"Ò�£ � Þ�£ � ��ÎsÈ#É$É$ AÐR�

� Ê! %Ï"2�Ñ6:'Û�Ö%@W:?Ë
;��r<%>�ew@gÕ�5�8�71��3�;\Ñq<$>�Ýp8'å$8�@�;�Ý�<W�Z����f!LZHG�RK(LNM"Or�"u"�1M9�YEV�RQ�QUE	�SK(LZM"F&EVf"�pf{gSM¨�4M"F�HROY�!OnfjÒ�LZHXF
�RurF$��H=E	��Ò1LPEV�XEBFTÙT�wK(LZHRO��"¼�M!�AJAH�§�EB�~QX�+��H��rHR�:��� � Â�ÆXÓb��¤\Âiç'�X�'ª:´lÎV�AÐU�'Ì�È$È�Ï"Ë{Ì(È�Ì$É���ÎsÈ#É%É�È�ÐR�

� Ê! %É"2�ÑT�,3�7TÕ�@a3�C#C#@�;4DY<B�VÚSHVgRHG�XFqÒ1OnfGÒ�HXOUF&EVHUQmM"�����"E �,KiQGEVf!�tEB�lQXf��"EBK'�¾KiQGEB�iJ�M$�mEB��EBF&EVf��rf"LNHj�XK(LZM!Or�!u"�1M9�YEV�RQU�
� £$Ó���Ô(Äh�"ÄjÅZ£ � ���Z���!ÄnÆX¡jÅ©�����,à( RÅNÆ �  XÆ=â'���( �È�y"Ë AÌ$Ì��1Î&Ì!Í%Í�È�ÐR�

� Ê%Ê!Í"2�Ñ?z�5�3�7�z�;^Ñq<t²�<$>*}�Û��?5\;�Ù�<$>dÊ^8�769�8�;#Ê�<t²?<B���hf"LZHG�XK(LZM"Ob�"u"�1M9�YEV�RQ¨��EBF$���YK(L�FTE Ò�LZHbF&E	��HmQX�GM"LZHRQ¦¹��"��H
QXHRLZHG�XFTEVf!�~fsg�HVkz�REVHX��F
OnHTgRHROjHR���jH�QUuyQUFH!�óÒ�OnfjÒ�MXJAM"F�f"OGQU�?��� � Â�ÆXÓb��¤\Âiç'�X�6Ç��T�~ÎW AÐR��ÈX iÌ�y!ËjÈ# %��y���Î{È�É$ÉEy%ÐU�

� Ê%Ê(ÈR2[���ZøZ°$3�8�76×�;?Ñ�<B�VÆ�f9�l�rHX��F4f"��¹�OnH�§"HXOGQGEV�XLZHE�SK(LPF&E Ò1LZH^F&E	�rH*QR�GM!LZH���f!LZHG�RK(LNM"O��"u"�1M9�YEV�RQU����� � Â�ÆXÓb�A¤\Âiç��#�
ª:ª�ÎT�%ÐR��Ì$Ì%Õ%Õi�6Î{È�É$É%�%ÐU�

� Ê%Ê$Ìy2[��5?::Ë�8�7Z��3�9\;]Ý|<�DY<B�LÚSHRQGE�J$��EB�iJ*�rf"LZHG�XK(LZM"O��!u"�1M �SEV�RQ��rHRF$��f��yQ�M"���SEB��F�HJ!OnM!FTEVf!��M"L J%f!OUEBF	�'�=QU�&�nÔ�è�Ó�Å�ÄnË
ÄnÆ�Þ�Äj£Ñ���(¤\Âiç'�#� � Â�ÆXÓb�

� Ê%Ê!�"2[��5?::Ë�8�7Z��3�9\;�Ý�<ZD=<!>wÊ�8�769�8�;�Ê�<t²?<B�q�hf"LZHG�XK(LZM"Ov�"u"�1M9�YEV�RQ�EB�pQUuyQUF�H��YQX��EBF$�M�SK(LPF&E Ò1LZHmF&E	��H�QX�jM!LZHRQÑ¹
�'uyQUF�H��YQw��EBF$�SQUF&E �|M"����QXfsgGFq�%H&J$OnHGHRQ,fsg�gGOnHGHG�$f9� M!�1�½��EBF	�rQ%��f"OUF�M"����LNf"�AJ=OnM!�AJAH�gRf!On�GHUQU�E�'� � Â�Æ#Óv�$¤\Âiç��#�
ª?�~ÎsÈ$ÈyÐU��Ï$�Ey%Ì"ËÏ%��y! '��Î{È�É$É�È�ÐU�

� Ê%Ê" !2[��5?::Ë�8�7Z��3�9\;RÝ�<ZD=<!>TÊ�8�769�8�;ZÊS<q²�<W�"�'F�f��+��MyQUFTEV���rf"LNHj�XK(LZM!O��!u"�1M �SEV�RQ*EB�[QGuyQUF�H��YQd��EBF$�/�YK(LPF&E Ò1LNH^FTE	�rH
QX�jM!LZHRQ�M!�1����H!��f!OUu,gGOUEV�RF&EVf"�'�:�'� � Â�Æ#Óv��¤\Âiç��#�'ªT�~Î	y%ÐR�� %�%Ï$É!Ë& A�$É�y���Î{È�É$É�È�ÐU�

� Ê%Ê$Êy2[��5?::Ë�8�7Z��3�9\;�Ý|<�DY<!>�Ê�8�769�8�;�Ê�<t²?<!>�Ýp3�7Ez:×�9634;wØb<t²�<W��I*H�§"HXOGQGEV�XLZH��YK(LPF&E Ò1LNHrF&E	��HrQR�GM!LZH*�rf"LZHG�XK(LZM"O
�"u"��M �SEV�UQU�'�'� � Â�Æ#Óv��¤\Âiç��#�'ª�ã~ÎV�%ÐR��È#É%É$Í!Ë�Ì$Í$Í�È%�'ÎsÈ#É$ÉAÌ$ÐR�

� Ê%Ê�y"2[��5?::Ë�8�7Z��3�9\;'Ý|<�D=<$>"Ê�8�769�8�;:ÊS<q²�<!>:Ýl3�7Ez?×?9634;1Øb<t²�<W��I*HÒ�LPu�Ff�Æ\f9�l�rHR�'F�f!��¹AI*H�§"HXOGQGEV�XLZH��YK(L�FTE Ò�LZH
FTE	�rH�QX�GM"LNH��rf"LNHj�XK(LZM!O=�"u"�1M9�YEV�RQU�:�'� � Â�Æ#Óv�(¤4ÂAç'�#�:ª?ª�ÎV�%ÐR�'Ì$ÌAÕ"Ï!Ë�Ì%Ì%Õ"É���Î{È�É$É%�%ÐU�

� Ê%Ê%Õ�2[��5?::Ë�8�7Z��3�9\;:Ý|<�DY<!>'Ê�8�769�8�;'Ê�<t²?<!>:Ýp3�7�z?×?9�34;1Øv<q²�<B�A�hf"LNHj�XK(LZM!O��"u"�1M9�YEV�RQ*M"L J%f!OUEBF	�'�zgRf!OS�YK(L�FTE Ò�LZH
FTE	�rH�QX�GM"LNHUQ�¹]�1uyQGF�H!�=Q·��EBF	��LZf"�iJ�OjM"�AJAH�gRf"On�GHRQG�?��� � Â�ÆXÓb��¤\Âiç'�X�?ª'´lÎsÈ#Í%ÐR�"y$Ï�È$ÈRËIy$Ï�È�Ê���Î{È�É$É�ÈyÐU�

� Ê%Ê!Ï"2[��5?::Ë�8�7Z��3�9\;]Ý|<�DY<!>VÊ�8�769�8�;VÊ�<t²?<$>VÙ���C#C#@�;��v<B�1�hf"LZHG�XK(LZM"O=�!u"�1M9�YEV�RQ=M"L JAf"OUEBF$����gRf"O��SK(LPF&E Ò1LZH�FTE	�rH
QX�jM!LZHRQ½¹]�1uyQUFH!�=Q·��EBF$���"EaQ&Ò�M"OnM!FHL�rMyQGQXHRQG�:��� � Â�Æ#Ób��¤\Âiç'�X��É$ 'ÎTÌ%ÐU�6È# Ey%Ê"ËjÈ# Ey%É���ÎsÈ#É$É�È�ÐR�

� Ê%Ê!É"2[��5?::Ë�8�7Z��3�9\;½Ý�<ZD=<!>½Ýp3�7Ez:×�9634;=Øv<t²?<B�r���1�%HROGQUF�M"�1�!EB�AJt�hf"LZHG�XK(LZM"O¦Ú�u"��M �SEV�UQx¹Ñ�'HG�+�(��EV�XK�HUQ�M!�1�
��Ò%Ò1LPEV�GM"F&EVf"��QU�:�'�(¤\Âiç��#� � Â�Æ#Ób�'è�Ç��'´?�6È�Ê$É"ËGÈyÕ"Ï��'Î&Ì!Í$Í%Í%ÐR�

� Ê�y$Í"2[��5?::Ë�8�7Z��3�9\;TÝ�<�DY<!>TÝl3�7Ez?×?9634;6Øv<t²?<B�ZÆ\f �L��HX��F�f"�A���'E	��Ò1LZH*OnHe§"HROGQUEV�XLZH���f!LZHG�RK(LNM"O*�!u"�1M �SEV�RQ*M"L JAf"Ù
OUEBF	�'�=Q\gRf!O,�=f"QRêXÙ	ì=f�f%§"HXO=�+��M"EB�p�"u"��M �SEV�UQ �Pú@����ÆU��H!���V£��iuyQe� � D(]eî � þ � ý/	 �9�8� ]{�{ûG�T��� � Â�ÆXÓb��¤\Âiç'�#��Ç'Ç��
Î&Õ$ÐU����yAÌ!�!Ë�Ey%Ì$Ê��'ÎsÈ#É$É%É%ÐR�

� Ê�y�ÈR2[��5?::Ë�8�7Z��3�9\;TÝ�<�DY<!>TÝl3�7Ez?×?9634;6Øv<t²?<!>'Ê�8�769�8�;:Ê�<t²?<B�i�hf"LNHj�XK(LZM!O^�"u"��M �SEV�UQ*M!L JAf"OUEBF$����gRf"O*�Gf!�1�$HX��Ù
QXHj�rQUuyQGF�H!�=Q·��EBF	���YK(L�FTE Ò�LZH�F&E	�rH�QX�GM"LZHRQU�:�'� � Â�ÆXÓb��¤4ÂAç'�#�'ª:æ�Î&Ì$ÐR��È�Ì$ÏAÕ�ËGÈ�Ì$É�È%�'Î{È�É$É%Í%ÐU�

� Ê�y%Ìy2[��5?::Ë�8�7Z��3�9\;�Ý�<ZD=<!>�Ýp3�7�z?×?9�34;4Øv<t²?<!>ÖrÖ%8�@B94;Ý|<t�*<!>�Ê�8�769�8�;�Ê�<t²?<B�1�6k/�XEVHR�'F���f!LZHG�RK(LZM!OS�!u"�1M"Ù
�YEV�RQ=M"���l�iu$�XOUEV�/��f!��F�HY�GM"OULNfmM"L J%f!OUEBF	�'�=Q�gRf!O
Ò�M!F	��EB��F�HJ!OjM"LïQU�"�'� � Â�ÆXÓb��¤4ÂAç'�#�'ª:ª���Ì%Õ!É�y���ÎsÈ#É%É$�%ÐR�

� Ê�y$�"2[��5?::Ë�8�7Z��3�9\;�Ý|<�DY<!>dÝl3?7Tø4;#¬b<!>dÖrÖA8�@B9\;�Ý�<t�*<!>,Üq3�76@B9�8�Ö%Öi��;#Ý�<B�\��kz�REVHX��F=M!�1��JAHR��HROjM"LoM"L JAf"Ù
OUEBF	�'�=QqgRf"O�Ò�M"F$�vEB��F�HJ!OnM!L�Æ\M"OUÙC£oM!OUOUEB�1HXLBLZf��rf"LNHj�XK(LZM!O��!u"�1M9�YEV�RQU�'��� � Â�Æ#Ób�A¤4ÂAç'�#��Ç(�:´�Î{ÈX iÐU��Ê$ÊAÕ"É!Ë�Ê%Ê!Ï$Ï��
Î{È�É$É�yAÐU�

� Ê�y! !2[��5?::Ë�8�7Z��3�9\;½Ý�<ZD=<!>½Ýt5�9�×?×�;½�Y<t²?<$>kÖrÖA8�@B9\;kÝ�<q��<W�X��f��4M"On�/M³�1FM!FTEaQUF&EV�GM"LX�"��HXO��rf#�!u"�1M �SEV�RQ�f{g
�'F�HGM$�"u��1FM!FHRQU�(¤\Âiç'�X��ÃoÆ8ÜiÅZÆ8��Ò�ÆRÄsÄjÆX¡)��ã'��ÎsÈ$ÈyÐU��Ì!Í$ AÌ"Ë�Ì$Í! AÊ��

Í"ú1�



� Ê�y%Êy2[��5?::Ë�8�7Z��3�9\;�Ý�<ZD=<!>�Ýt5�9�×?×�;��Y<q²�<!>�Ýp3�7�z?×?9�34;4Øv<t²?<B�\áw�~F	��HS�XLZM"QjQUEV�GM"L�QUF�M"F&EaQGF&EV�GM"La��HG�)��M!��EV�RQ�f{g
�1f!��Ù	ì=M9�YEBL�Ff!��EVM"�hQUuyQGF�H!�=QU�(Ú\Ô�¡j£���ÂAç'�#�"Ò�ÆXÄsÄ#�:´T���6ÈX AÉ��6Î{È�É$É$ÉAÐU�

� Ê�y�y"2[��5?::Ë�8�7Z��3�9\;ZÝ�<ZD=<!>1Üq3�76@B9�8�ÖAÖi�4;?Ý�<B�(¸U�'FHJ$OnM"F&EB�AJ=F	��H�Æ�M!OUÙC£oM"OUOUEB��HRLBLNf�HG�RK�M!FTEVf!��Qe�"¸e�:Á�M"QGEV��EB��F�H&J$OnM!Ù
FTEVf!��F�Hj�)�i�'EV�RK�HRQU�'�'� � Â�ÆXÓb��¤\Âiç'�#��Ç(��Ç�ÎTÌ%ÐU��È��$ÍAÌyËGÈ#��ÈyÊ(��ÎsÈ#É%É! AÐR�

� Ê�yAÕ�2[��5?::Ë�8�7Z��3�9\;TÝ�<�DY<!>�Üq3?76@B9�8�ÖAÖA��;"Ý�<W��¸U��F�HJ!OjM"F&EB�AJ�F$��H/Æ\M"OUÙC£oM!OUOUEB�1HXLBLZf�HG�RK�M!FTEVf!��Qe�"¸b¸8�'��K(LPFTE Ò�LZH�FTE	�rH
QX�jM!LZH=FHG�)�i��EV�XK�HRQG�:��� � Â�Æ#Ób��¤\Âiç'�X�6Ç���Ç�Î&Ì$ÐR��È#��È8y"ËGÈ#�AÌ!É���Î{È�É$É! iÐU�

� Ê�y$Ï"2[��5?::Ë�8�7Z��3�9\;Ý�<�DY<!>�+Y9VÕ�3�7�;?Ü=<t²?<!>V°��?9»Ù���CX8�9Z°?@B9VÕ?8�;q�r<$>VÖrÖA8�@B9\;Ý�<q��<W�"���|¸U�'EBFTEVfr�hf"LZHG�XK(LZM"O
Ú�u"��M �SEV�UQ·�1E	�YK(LZM!FTEVf!��QU�'�'� � Â�ÆXÓb��¤4ÂAç'�#�6Ç(�?���6È�Ì!ÏiÕ"Ï!ËjÈyÌ!Ï$ÏiÕi��ÎsÈ#É%É�y%ÐR�

� Ê�y$É"2[��5?::Ë�8�7Z��3�9\;�Ý|<�DY<!>�°��?9ØÙ���C#8�9T°?@B9VÕ?8�;��r<$>�{S5VÕ?Û�8�C%;4�v<!>�Ýp3�7�z?×?9�34;
Øv<q²�<B�?�hf"LZHG�XK(LZM"O��!u"�1M"Ù
�YEV�RQbM!L JAf"OUEBF$���YQ�gRf!OSÒ�M!F	�zEB��F�H&J$OnM!LoM!FS�Gf"��QUFM!��F
Ò1OjHUQGQUK(OnHX���sÔ�è�ÓSÅZÄsÄjÆ#Þ�Än£µ��£E�T��¤4ÂAç'�#�,ÎW¡jÆ# XÆXÅ-Ü$Æ#Þà�E� � �
È#É%ÉAÕ!ÐR�

� ÊAÕ"Í"2[��5?::Ë�8�7Z��3�9\;Ý�<�DY<!>���3�769�8�;`¬b<��v<">�Ñ13V��5�8�ÖAC���94;qÑ�<B)[<!>]{S5VÕ?Û�8�C%;��v<t�*<">`Ýp3�7�z?×?9�34;qØv<q²�<W�'���%Ù
Ò1LZf!EBFTEB�iJK�SK(LPFTE Ò�LZHSLZHe§yHXLïQSfsgoÒ�M"OjM"LBLZHXLPEaQ�� EB�~�hf"LZHG�XK(LZM"OkÚ�u"��M �SEV�UQ��jM"QXHj�b�GM"LN�RK(LZM!FTEVf!��QX§#EVMJ�rf#�%HROU��F�HG�+�(Ù
��EV�XK�HUQ�M"����QXf{gGF¤�4M"OjHoÒ�M"OjM$�"E�J-�YQG� � £$Ó�����¤4ÂAç'�#� � £$Ó�Ób��Ç�â'�����$�%���6ÎTÌ$Í$Í$ÍAÐU�

� ÊAÕiÈR2�}qÛ���54;LÙm<$>�Ñ:z6563�7Ez�;�Ñq<t²�<$>LÊ�8�769�8�;(ÊS<q²�<W�!�hf"LZHG�XK(LZM"Oo�"u"��M �SEV�UQ�gRf"O
�1f!�1HG�RK(EBL�EV�ROUEBK'��QUuyQUF�H��YQ4EB�����iEV�)�
F	��HROjHYM!OnH�M�Q���M!LBL?�'K'���GHXO�f{gk§"HROUu���f"F?Ò�M"OUF&EV�RK(LNHUQ�EB��M[�GM"F$�x¹6I�HTgRHROnHX�1�GH=QUuyQUFH!�óÒ�OnfjÒ�MXJAM"F�f"Ol��HXF$��f��yQU�
��� � Â�ÆXÓb��¤\Âiç'�X�6Ç��T�~Î{È�ÐR�'Ì!�AÊyË{Ì!�%É��'ÎsÈ#É%É�y%ÐR�

� b����g o d7fahA�*^ab&jit�c-d�e"git�e�^�h

� ÊAÕ!Ìy2[��3�×]�*�?7�;\D=<qÊS<$>
)Y7�z6@gå�;�Ý�<%>\Ü�Û�@BÖAÖA@�«�C$;�Ùm<B�w.wK�MyQUEV�Gf"��F&EB��K(K'� M!�1M"L�uyQGEaQ�f{g��$HTgRHG�RFTQ�EB��QXf!LPEV�yQU��¤\Â�Åq�&�
���!Ý'� Á ã'æ��6È�Ê%Ì!É��6ÎsÈ#É$ÉEy%ÐR�

� ÊAÕ"�"2�Ñ�Û�8�9��?×
;�¶v<qÊS<">#Ýt@BÖ%ÖA8�7�;�Ù�<%>o�43?×V�*�?7�;oD=<qÊ�<!>�Ù���×?9�8(×�;�¬b<$>oÜ*Û�@BÖ%ÖA@�«�C%;�Ù�<$>*)Y7Ez6@gå�;#Ý�<W��*�
���%MjÒ�FM!FTE�§"H*å4EB��EBF�H*�wLZH��rHX��F`�
Ò$Ò1Ojf#M%�+��Ff½�*F�f �SEV�RÙm�6�GM"LZH���HG�)��M!��EV�RQGÙ8�"��H�.wK�MyQUEV�Gf"�'FTEB�'K(K'�ô�hHRF$��f��"�'�'�
��Æ# GÂ��(¤\Âiç��#��ài£E�ZÅaÞ&�#´6ã6�"y�È$È%��ÎsÈ#É%É$É%ÐR�

Í"ú�¥


