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xn+1 = λ1 − x2
n + ε(xn − yn),

yn+1 = λ2 − y2
n + ε(yn − xn).
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ª «#"%$'&)( ª ( Á+* ,/. (%0'1�2 , *%4"Á ('5�2 ,\² 6"Â#­98g¹;: Á"Â<8E¹ ¼�½�½�Ã



� ú  �������� í ø
	��
� í��jî�ì

1.5

0.9

l1

l2

a) b)

c) d)

e) f)

0.9
1.5

1.5

0.9

l1

l2

0.9
1.5

1.5

1.5

0.9

0.9

l1

l1

l2

l2

0.9

0.9

1.5

1.5

1.5

1.5

0.9

0.9

l1

l1

l2

l2

0.9

0.9

1.5

1.5

chaos

2

4
12

24

���
	���� � 1 ¸ÖÀ�������Â�¸�µ�À�´�®°Â��-Â��,������­ � ¸�Â��M®��sÀ�´�®°Â��6´�Â!���!��«��0Â��Ç´ � « �����ó´�«?µ #ó¹ %"Â!�+´ � «^³	­öÀ��M«^®)�+´ � «T¸ÖÀ�����«·Â��A­?Â!��³�­°®"���
³nÀ�¸ÖÀ�µ·«b´�«b¸ ��¸�Â�µ #ÛÀ+%

ε = 0.14
�M³0´�Â¬½ 8 º��@®

ε = 0.14
»�#y¶-%

ε = 0.25
»�#y­ %

ε = 0.3
» #Û±�%

ε = 0.4
»�#y« %

ε = 0.44
»�#.� %

ε = 0.49
8

0 ��´ � « ��¸ÖÀ���µ·«���´�#y­&%8´ � «�­öÀ�¸���«��ó´�À ¸�«sÀ��¬Â�� �ó´ÖÀ�¶M®�­°® ´2�çÀ ¸�«0®)�M±�®°­sÀ ´�«s±;¶�� ���Mµ·«b¸ÖÀ�­)�\µ·«?À��M®"���j´ � «"³M«b¸�®°Â¤±�Â��X­��p­ ­°«�8

( A | HJT &�¦ ]�9<;�XSD�]$G�Q7=7Q�;�HJ=SX�G�Yc;�=7=7Q�;�>�=SG�QSXg;�QSDZX79$G�B/AN;�=3M";�Q7HWG�P$X1]$G�HJA�=SX1G�Y�]<;�Q�;�_dD�=SD�QSX1]�UV;�A$D\q
λ2
`
λ1
x

YsG�Q-=79$DgM�;�UJP$D�G�Ye>�G�P�]�UJHJA�T}]<;�Q�;�_dD�=SD�Q
ε = 0.4

HJAF;�M�HW>�HJA�HJ=7^?G�YbX7^�A$>�9�QSG�A�HJ��;�=7HWG�Ai=SG�A�T'P$D�=79<;�=3G�Q7HJT'HJA<;�=SD�X
YyQSG�_§=79$D * D�HJ_{;�Q7E u"� ;�E�D�QkO�H�YyP�QS>@;�=7HWG�Ao>�P�Q7M�D{q¿YsHJQSX7=cY�;�_�HJUJ^ x�&
¤ A$G�=79$D�Qd_dD�=79$G'Lz`bB/9�HW>�9�T'HJM�D�X�D�YyY�D�>�=7HJM�D�HJA"Y�G�Q7_{;�=7HWG�A:;�O$G�P�={L"^�A<;�_�HW>�X{G�Y1X7^"X7=SD�_?`�HWX�=79$D\_dD�=79$G'L

G�Yb z^�;�]�P�A$G�MRD���]$G�A$D�A�=1>�9<;�Q7=SXZt % ¡ u��'��w�&<, G}>�G�_�]�P�=SD�X7P$>�9o>�9<;�Q7=3B)Dh>@;�UW>�P�UV;�=SD�=79$DhM";�UJP$D�G�Yb z^�;�]�P�A$G�M
D���]$G�A$D�A�=

Λ
;�=/D@;�>�9�]$G�HJA�=)G�Yl;�_dD�X79}HJA�]<;�Q�;�_dD�=SD�QSX/]�UV;�A$D &�, 9$D�A�HJ=SX�M�;�UJP$D3HWX/>�G'L�D�L}O�^d=79$D3T'Q�;�L$;�=7HWG�A$X

G�Y)T'Q�;�^N>�G�UWG�QZ;�>�>�G�QSL"HJA�TF=SGi=79$DdA$D��"=�Q7P�UWD & 8:9�HJ=SDr>�G�UWG�Q�>�G�Q7QSD�X7]$G�A$L�XZ=SG?=79$DrM";�UJP$DrG�Y
Λ
=79<;�=�HWX�>�UWG'XSD

=SGd�@D�QSG &#� G�HJA�=SXkB/HJ=79oA$D�T�;�=7HJM"DgM�;�UJP$D�XkG�Y
Λ
;�QSDh>�G'L�D�L?O�^\=79$DhT'Q�;�^\X79<;�L"HJA�T
X �$=79$DhT'QSD@;�=SD�Q-=79$D�;�O$XSG�UJP�=SD

M";�UJP$D�G�Y
Λ
=79$DhL$;�Q7E"D�Q-HWX-X79<;�L"HJA�T &�¨ UV;�>�E?>�G�UWG�Q3L�D�X7HJT'A<;�=SD�X�;�UJU�]$G'X7HJ=7HJM"DgM�;�UJP$D�X-G�Yb n^";�]�P�A$G�MRD��"]$G�A$D�A�= &

, 9�P$X6HJ=�HWX�]$G'XSX7HJO�UWD-=SG�L"HWXS=7HJA�T'P�HWX79\��P<;�X7HJ]$D�Q7HWG'L"HW>3QSD�T'HJ_dD3B/HJ=79}�@D�QSG� z^�;�]�P�A$G�MrD��"]$G�A$D�A�=6YyQSG�_j>�9<;�G'X�YsG�Q
B/9�HW>�9d=79�HWX�HJA$L�D��ZHWX�]$G'X7HJ=7HJM"D & 8�9�HJ=SD)>�G�UWG�Qb;�UWX�G1HJA$L"HW>@;�=SD�Xe]$G�HJA�=SXb;�=�B/9�HW>�9dHJ=SD�Q�;�=7HJM"Dc]�QSG'>�D�XSX�HWXbL"HJM�D�Q7T'HJA�T &
( A | HJT &�£ B)D�L�D�_dG�A$X7=7Q�;�=SD�=79$D� n^";�]�P�A$G�M\D��"]$G�A$D�A�=)>�9<;�Q7=SX/Y�G�Q6=7B)GZA$G�A"��HWL�D�A�=7HW>@;�U~UWG�T'HWX7=7HW>1_{;�]$Xhq %�x G�A
;?]�UV;�A$D}G�Yk]<;�Q�;�_dD�=SD�QSX�>�G�A�=7QSG�UJUJHJA�TF]$D�Q7HWG'L���L�G�P�O�UJHJA�T
X�HJA�]<;�Q7=7HV;�U6XS^�X7=SD�_dX & � ;�Q�;�_dD�=SD�QSX�M�;�UJP$D�XZ;�QSD{=79$D
X�;�_dD�;�X3HJA | HJT &��"&�, 9$D�XSDZ>�9<;�Q7=SXg;�QSD�>�G�A�M"D�A�HWD�A�=�=SG}MaHWX7P<;�UJHJ�@D�QSD�T'HWG�A$X�G�Y6�aP<;�X7HJ]$D�Q7HWG'L"HW>�QSD�T'HJ_dD�X ��=79$D�XSD
;�QSD@;�X)UWG'G�E"X/UJHJE"D1B/9�HJ=SDh;�QSD@;�X)B/HJ=79\HJ_�_{;�A$D�A�=3D�A�=7Q�;�HJA�_dD�A�=-9$G�Q7A$X/HJA$XSHWL�D &

¢"&),/�e. �o(+*-¤   ��03(+*-,k�K03| |��e( �1�e*3¨c¤-4�� 56.k(+,/( 56¤     (+*-�6�m¤-*32�¨c( |�43.356¤3,/( 03*
¤-*3¤  �� ��(7�:( * ,��3�e( .�*-�b(;���3¨)03. ��0�032

 �D�=/P$X/L"HWXS>�P$XSX6=79$D1O�H�YyP�QS>@;�=7HWG�A?L"HV;�T'Q�;�_ HJA\_dG�QSD1L�D�=�;�HJU &�( A | HJT &$� ;�=79$D1>�9<;�Q7=)G�YlL"^�A<;�_�HW>@;�UzQSD�T'HJ_dD�X
HWXhQSD�]�QSG'L"P$>�D�LpY�G�Qh=79$D}>�G�P�]�UJHJA�TF]<;�Q�;�_dD�=SD�Q�M�;�UJP$D

ε = 0.4
`�B/9�HJUWDrHJA | HJT &l� O�Y�G�Qh=79$D}X�;�_dDd]<;�Q�;�_dD�=SD�Q

M";�UJP$D�X�=79$DFO�H�YsP�QS>@;�=7HWG�AC>�P�Q7M"D�XR;�A$Lm>�G'L"HJ_dD�A�=7HWG�A"� � O�H�YsP�QS>@;�=7HWG�A ]$G�HJA�=SXR;�QSD¥X79$G�B/AmB/9�HW>�9K>�G�A$X7=7HJ=7P�=SD
=79$DRO$G�P�A$L$;�Q7HWD�X\G�Y�X7=�;�O�HJUJHJ=7^�L�G�_{;�HJA$X}]�QSD�XSD�A�=SD�L:HJA | HJT &c� ; &c0 A$Do>@;�A D@;�X7HJUJ^�XSD�DiO�QSD@;�E�L�G�B/A G�Yg=79$D
| D�HJT
D�A�O<;�P�_ ]$D�Q7HWG'L[L�G�P�O�UJHJA�Tp>@;�X�>@;�L�D�HJA[=79$D�MaHW>�HJA�HJ=7^�G�Y3=79$D\L"HV;�T
G�A<;�U�`eB/9$D�QSD�q�;�X�B)D?;�UJQSD@;�L"^�9<;�M�D
X79$G�B/A x �aP<;�X7HJ]$D�Q7HWG'L"HW>gQSD�T'HJ_dD�X3;�A$L?X7^�A$>�9�QSG�A�HJ��;�=7HWG�A?=SG�A�T'P$D�X1;�QSD�G�O$XSD�Q7M�D�L &<¨ D�T'HJA�A�HJA�TrB/HJ=79i;Z>�^">�UWDgG�Y
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λ2, λ1
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ε = 0.3
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Â��¨±����MÀ�µ·®°­sÀ#­h¸�«���®°µ·«��,�åÂ�¸

ε = 0.3
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]$D�Q7HWG'L ¦ =79$D�>�G�Q7QSD�X7]$G�A$L"HJA�T�UJHJA$D�X3G�Ye]$D�Q7HWG'L���L�G�P�O�UJHJA�T\O�H�YsP�QS>@;�=7HWG�AN;�QSDh=SD�Q7_�HJA<;�=SD�LoO$D�Y�G�QSDhQSD@;�>�9�HJA�T�=79$D
L"HV;�T
G�A<;�U�;�=3>�G'L"HJ_dD�A$X7HWG�A"� � O�H�YyP�QS>@;�=7HWG�Ao]$G�HJA�=SX &�| G�Q-]$D�Q7HWG'L�� ¦ >�^">�UWDgHJ=-HWX-;d]$G�HJA�=3G�Y�QSD�XSG�A<;�A$>�D % � � qy=79$D
]$G�HJA�=

R2
HJA�YyHJT'P�QSD�X@`�O$G�=79�_�P�UJ=7HJ]�UJHWD�QSX{G�Yg;F>�^�>�UWD?;�QSD\D��aP<;�U/=SG

µ1,2 = −1
x ;�A$L�YsG�Qd>�^">�UWD�XdG�Y19�HJT'9$D�Q

]$D�Q7HWG'L�Xh=79$D�QSDr;�QSD��	��
���
������6]$G�HJA�=SX�;�=hB/9�HW>�9�_�P�UJ=7HJ]�UJHWD�QSXZ;�QSDdD���P<;�Ub=SG
µ1 = −1 � µ2 = 1

qyHJANYsHJT'P�QSD�X
=79$D�XSD�]$G�HJA�=SXk;�QSDhL�D�X7HJT'A<;�=SD�Li;�X

FF
q�����
����������! x7x�&

¨ H�YsP�QS>@;�=7HWG�A�>�P�Q7M"D�Xd;�A$L�]$G�HJA�=SX�HJA[=79$D�A$D�HJT'9�O$G�Q79$G'G'L�G�Y�>�G'L"HJ_dD�A�=7HWG�A"� � O�H�YyP�QS>@;�=7HWG�A�]$G�HJA�=
R2

;�QSD
X79$G�B/A�HJA�=79$D/D�A�UV;�Q7T
D�LdXS>@;�UWDcHJA | HJT &�v ; &'( A | HJT &�v O{;�A$L v >/>�G�Q7QSD�X7]$G�A$L"HJA�Th=SG | HJT &�v ;1>�9<;�Q7=eG�YzL"^aA<;�_�HW>@;�U
QSD�T'HJ_dD�X-;�A$L? n^";�]�P�A$G�M\D��"]$G�A$D�A�=k>�9<;�Q7=-;�QSDgX79$G�B/A &
� _{;�A<;�=7HJA�T\YyQSG�_ =79$D�]$G�HJA�=

R2
HWX1=79$DZ>�P�Q7M"D�G�Y * D�HJ_{;�Q7E u"� ;�E�D�Q�O�H�YsP�QS>@;�=7HWG�A

NS1
q | µ1,2 |= 1

`�HJ=1HWX
_{;�Q7E�D�LiO�^�=79�HW>�E\UJHJA$D x `<HJ=-HWXk=79�HWX->�P�Q7M�D�B/9�HW>�9?Y�G�Q7_dX-=79$DhD�L"T
D�G�Y��aP<;�X7HJ]$D�Q7HWG'L"HW>Z;�QSD@;{L�D�X�>�Q7HJO$D�LiD@;�Q7UJHWD�Q
B/HJ=79�=79$D{9$D�UJ][G�Y->�9<;�Q7=SX�G�YkL"^�A<;�_�HW>@;�U/QSD�T'HJ_dD�X &�( =�T'HJM�D�X�Q7HWXSDr=SG ¤ Q7A$G�UWL�X7^�A$>�9�QSG�A�HJ��;�=7HWG�A[=SG�A�T'P$D�X�G�Y
M";�Q7HWG�P$X�]$D�Q7HWG'L�X�qsXSD�D | HJT &�� ; x HJA$>�UJP$L"HJA�T¥;�QSD@;RG�Yk;\QSD�XSG�A<;�A$>�D % � ¢ q

R3
HJA | HJT &l� O x�&�( AN=79$D{L�G�_{;�HJA�G�Y

L�G�P�O�UWD�Lo]$D�Q7HWG'Lo>�^">�UWDZ;�A$G�=79$D�Q * D�HJ_{;�Q7E u"� ;�E�D�Q3O�H�YsP�QS>@;�=7HWG�AN>�P�Q7M�D
NS2

G�Q7HJT'HJA<;�=SD�X3YsQSG�_ =79$D
R2

]$G�HJA�=@`
HJ=/HWXk;�UWXSG�X79$G�B/ARO�^r=79�HW>�E}UJHJA$D1HJA | HJT &<v ; &$, 9�P$X/=79$Dg;�QSD@;�G�Y�X7=�;�O�HJUJHJ=7^�G�Yl]$D�Q7HWG'Li�	��>�^�>�UWD�HWXcUJHJ_�HJ=SD�L\YyQSG�_
=SG�]:q | HJT &lv ; x ]<;�Q7=7UJ^FO�^ * D�HJ_{;�Q7E u"� ;�E�D�Q�O�H�YyP�QS>@;�=7HWG�A�UJHJA$D

NS2
;�A$L�=79$D�Y�G�UWL¥O�H�YyP�QS>@;�=7HWG�A�UJHJA$Diq

µ1 "
% `

| µ2 |< 1
`'L$;�X79$D�LZUJHJA$D x `�=79$D�^Z;�QSD/X�D�]<;�Q�;�=SD�LZO�^�;1>�G'L"HJ_dD�A$X7HWG�A"� � O�H�YsP�QS>@;�=7HWG�Ad]$G�HJA�=

R1
qyHJ=�HWXe;3QSD�XSG�A<;�A$>�D

% � % O�H�YsP�QS>@;�=7HWG�A?]$G�HJA�=@`
µ1,2 = +1

x�&
( =)X79$G�P�UWL\O$D1A$G�=SD�Lz`<=79<;�=k;ZUJHWX7=)G�Y�UWG'>@;�UnO�H�YsP�QS>@;�=7HWG�A$X)QSD�UV;�=SD�L\=SG{;�QSD�X�G�A<;�A$>�D % � � ]$G�HJA�=)HWX)D��"9<;�P$X7=SD�L

O�^�O�H�YyP�QS>@;�=7HWG�A$X}L�D�_dG�A$X7=7Q�;�=SD�L�HJA | HJT &�v ; &e( =dHWXdA$D�>�D�XSX#;�Q7^�=SG�D�_�]�9<;�X7HJ�@D?=79<;�=
NS2

HWXd=79$DR>�P�Q7M"D?G�Y
#�$&%(' 
�
���
 ' ��� * D�HJ_{;�Q7E u"� ;�E�D�QZO�H�YsP�QS>@;�=7HWG�A &�( Ap=79$D{M�HW>�HJA�HJ=7^NG�YkQSD�XSG�A<;�A$>�Dr=79$D�QSD};�QSD}X7=7HJUJUcXSD�M"D�Q�;�UbUJHJA$D�XZG�YT'UWG�O<;�U~O�H�YsP�QS>@;�=7HWG�A$X3=79<;�=3;�QSD�>�G�A$>�D�Q7A$D�LRB/HJ=79oQSD@;�Q7Q�;�A�T
D�_dD�A�=�G�Y�>�UWG'X�D�LRHJA�M�;�Q7HV;�A�=k_{;�A�H�Y�G�UWL�X�;�Q7HWX7HJA�T};�X

ª «#"%$'&)( ª ( Á+* ,/. (%0'1�2 , *%4"Á ('5�2 ,\² 6"Â#­98g¹;: Á"Â<8E¹ ¼�½�½�Ã



���  �������� í ø
	��
� í��jî�ì

2

y

-1 x

-1

2

2

y

-1 x

-1

2

2

y

-1 x

-1

2

2

y

-1 x

-1

2

2

y

-1 x

-1

2

2

y

-1 x

-1

2

2

y

-1 x

-1

2

2

y

-1 x

-1

2

1.45

1.19

0.97 1.23

l
1

l
2

1 2

3

4

56

7

8

4

12

24

���
	��������¨Â�¸}´}¸ÖÀ�® ´��8Â��EÀ�´}´}¸ÖÀ�­b´�Â�¸��¨Â!�T´ � «\³ � À��}«Ç³	­öÀ��M«4#
x
»
y
%5À ´X´ � «�±�®'�
�å«b¸�«��p´¨³MÂ�®"�p´��¨Â��n´ � «\³MÀ�¸ÖÀ�µ·«b´�«b¸��X³�­öÀ��M«4#
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ø Ð�Ý�ß�Üpã�Øp×bÎpünÍ
Ø�×§äåÏ ø Ò Ð�Î�ÝhÔbÐöÙÛÐåÒ@! ú`ûpûMú ì

� ì,+0Î�Ð�Ò-��! ù ì`ÜpÝEÏ ÷ Ø�Ñ§Î-�nÐ�ä�ÏhÎ	! � ì ! � àçÎ�×bßpÎ�ÝEÒ Î�Ø`Ù/.jÓEÜpÑ§Ð�ã�Î�×bÐ�ØMÏhÐåÒ Ð�Ô§é¡Ð�Ý ø énàçàçÎ Ôb×§ÐåÒ�Üpä�ä�é ù ØpÓ�ãEä�Î�Ï�!�ò�ÏhÎ�Ý�Ô§ÐåÒ�Ü`ä � Î�×bÐ�ØMÏnè
� ØpÓ�Ú�ä�Ð�Ý�ß ø éhÑ�ÔbÎ�à�Ñ#!10 ¦n�¤usw������X��| ��w�|-2N� ! �#Ã	Ã�� !MïnØ�äxì � ú !hÝ�Øgì ú !hã�ã<ì � �
���43�� � ��� ì

� ì,+=Ü�ÑÖàçÓEÑbÑÖÎ�Ý$!�5gì ! ÷ ØMÑÖÎ%�nÐ�äåÏhÎ � ì !�Ü`ÝgÏ,+0Î�Ð�Ò-�5ì ù ì !��"Ð�ÙÛÓ�×?Ò�Ü�ÔbÐ�Ø�ÝEÑÇÐ�Ýçí�ñ0Ø ù Ø�Ó�ã�ä�Î�Ï6+87Ø�ÑbÑ§ä�Î�× ø énÑÖÔ§Î�à�Ñ�! ����vÛ¦�|-����v{w��su
��t5�9��~���!ezhv}|��?u¡wyt��gw:�;zh����v{w�~�t ! �#Ã	Ã�� !MïnØ�äxì � û !hã�ã<ì ú � � 3 ú���û ì

� ì � ÜpÝEÒ ÕEÓ��"! ø ì ! ÷ Ü`ÐåÑ�Ôb×§Î�Ý��nØ�! � ì !eÜpÝEÏ ÷ ØMÑÖÎ%�MÐ�äåÏhÎ�! � ì !Xî¨Ø�ÑbÑ=Ø`Ù ø éMÝgÒ Õ�×bØpÝ�Ð<;�Ü`Ô§Ð�ØpÝ-Ð�Ý ù ØpÓEã�ä�Î�Ï9+87Ø�ÑbÑ§ä�Î�× ø éhÑÖÔ§Î�à�Ñ#!
0 ¦h�¤u?w����6� ! úpûpû � !nïnØpä{ì ��� � !nÝ�Ø�Ñ�ì �=3 ú !nã�ã<ì ú �43 � ú ì
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� ì � ÜpÝEÒ ÕEÓ��"! ø ìTÜ`ÝgÏ  Üpã�ÐöÔ?Ü`Ý�ÐåÜ��"!0í¡ì ! ù ÕEÜ`ØMÑ�è��=énã�Î�×bÒ�ÕEÜ`ØMÑ+í�×?Ü`ÝEÑ§Ð�Ô§Ð�ØpÝ	Ð�Ý ù ØpÓ�ãEä�Î�Ï +87ØMÑ§Ñ§ä�Î�× ø éhÑ�ÔbÎ�à�Ñ#! 0 ¦n�¤u��
*�|�v{vó|��?u=� ! ú`û�û � !�ïnØpä{ì ú Ã û !hÝ�ØMÑ�ì ��3 � !MãEã<ì ���	Ã43�� � � ì

� ì � ÓgÜ`Ý$! 5Eì è ÷ ì !ní�Ó�Ý�ßa! ÷ ì !nô8Î�Ý�ß�! � ì è���ì !hÜ`ÝEÏ � Ü`×?ÏhÓEÒ�Ò�Ð¿!nî�ì ÷ ì !�ò}ÝgÑ�Ô?Ü`Ú�Ð�ä�Ð�Ô§é�ÜpÝEÏ�ò}×b×§Î�ßpÓ�äåÜ`× �"Î�ÕgÜ`ïnÐ�Ø�×�Ø`Ù ù Ø�Ó�ã�ä�Î�Ï
î<Ø�ßpÐåÑ�ÔbÐ�Ò ��
 ÓEÜ`Ô§Ð�ØpÝEÑ#!10 ¦h�¤u �¨��| ���<� ! ��Ã�� � !nïnØpä{ì ú � !hãEã<ì ����� ú 3�������� ì

� ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�!#��ì � ì !  Ó�;�ÝEÎ ÔbÑ§Øpï"! ø ì � ì !ÇÜ`ÝEÏ ø Ü`ÔbÜ`Î�ï"!<òsì +�ì ! �IÐåÒ ×bÐ�Ô§ÐåÒ�Ü`ä � énÝEÜpà;ÐåÒ�Ñ�Ø`Ù � Î�×bÐ�Ø�Ïnè � Ø�Ó�Ú�ä�Ð�ÝEß ø éhÑ�ÔbÎ�à�Ñ
ñ0Ð�Ô§Õ � Ý�ÐåÏhÐ�×§Î�ÒsÔbÐ�Ø�ÝEÜ`ä ù Ø�Ó�ã�ä�Ð�Ý�ßa! rstgvó|��ste�`vó���h���=w �?zh��� �¨¦��p~�u^�$! !e���A�X� w��8�"tM�p�Ö��� ! �#Ã	Ã � !MïnØpä{ì � !hÝEØEì � !Eã�ã<ì � ��Ã43
� ��� ì

Ã ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�!���ì � ì !  Ó�;�Ý�Î�ÔbÑ§Øpï"! ø ì � ì !PÜpÝEÏ ø Ü`ÔbÜ`Î�ï"!�òsì +·ì ! � Ü`×bÐ�Î�Ô§é Ø`Ù�í�énã�Î�Ñ Ø`Ù ù ×bÐöÔbÐ�Ò�Ü`ä �IÎ�ÕEÜ`ïnÐ�Øp× Ü`ÝEÏ
÷ Ó�ä�Ô§ÐåÑÖÔbÜ`ÚEÐ�ä�ÐöÔbé Ð�Ý � Î�×§Ð�Ø�Ï � Ø�Ó�Ú�ä�Ð�Ý�ß ø éhÑÖÔ§Î�àçÑ�ñ0Ð�Ô§Õ � Ý�ÐåÏhÐ�×§Î�ÒsÔbÐ�Ø�ÝEÜ`ä ù ØpÓEã�ä�Ð�Ý�ß � Î�Üp×�Ô§Õ�Î 	 ÝEÑ§Î Ô-Ø`Ù ù ÕgÜ`Ø�Ñ#!
rstgvó|��ste�`vó���h���=w �?zh��� �¨¦��p~�u^�$! !e���A�X� w��8�"tM�p�Ö��� ! �#Ã�Ã � !nïnØpä{ì � !hÝ�Øgì � !hãEã<ì ���	Ã43���� ú ì

� û ì  Ð�à�! ø ì è � ì !pî¨Ð�àZ!`ÍCì !�ÜpÝEÏ  Ð�àZ! � ì ! � Ý�Ð�ïnÎ�×bÑbÜ`ä��"ÐåÒ ×bÐöÔbÐ�Ò�Ü`ä��"Î�ÕEÜpïnÐ�Ø�×AØpÙ � Î�×bÐ�ØMÏ � ØpÓEÚ�ä�Ð�Ý�ßMÑÇÐ�Ý � Ý�Ð�Ï�Ð�×bÎ�Ò Ô§Ð�ØpÝEÜpä�ä�é
ù ØpÓEã�ä�Î�Ï 	 ÑbÒ Ð�ä�ä�Ü`Ô§Øp×?Ñ#!�0 ��~��p�����5¦�|�~���� 0 ¦n�¤u�� ! úpûpû � !�ïnØ�äxì � û � !MÝEØEì � !hãEã<ì � � 3�� � ì

� � ì  Ð�à�! ø ì è � ì ! �"Ð�Ò�×§Ð�Ô§ÐåÒ�Üpä �IÎ�ÕEÜ`ïnÐ�Øp×¡Ø`Ù � Î�×bÐ�Ø�Ï � Ø�Ó�Ú�ä�Ð�Ý�ßMÑ¡Ð�Ý � Ý�Ð�Ï�Ð�×bÎ�Ò Ô§Ð�ØpÝEÜpä�ä�é ù ØpÓ�ãEä�Î�Ï ÷ Ü`ãEÑ#! 0 ¦n�¤u��\��|����Ç� !
�#Ã	Ã�Ã !MïnØ�äxì ��Ã !hÝ�Øgì � !hã�ã<ì ������� 3 ���@Ã ú ì

� ú ì  Ð�à�! ø ì è � ì"ÜpÝEÏ
î<Ð�àZ!IÍCì ! �"Ð�Ò�×§Ð�Ô§ÐåÒ�Üpä ø Ò�Ü`ä�Ð�Ý�ß �IÎ�ÕEÜ`ïnÐ�Øp×PÐ�Ý � Ý�Ð�Ï�Ð�×bÎ�Ò Ô§Ð�ØpÝEÜpä�ä�é ù Ø�Ó�ã�ä�Î�Ï 	 ÑbÒ Ð�ä�ä�Ü`Ô§Øp×?Ñ#!$0 ¦n�¤u��
��|��¤�<� ! ú`û�û � !nïnØpä{ì � � !hÝ�ØEì � ! û ��� úpú � ì

��� ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�! ø ì � ì ! ����te����w������$�<¦E�p~�u ! ÷ Ø�ÑbÒ Ø�ñ·ü�ôAÐ'; ÷ Ü�Ô?î<Ð�Ô#! úpûpû � �ÛÐ�Ý9+0ÓEÑbÑÖÐåÜ`Ý � ì
� � ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�! ��ì � ì !  Ó�;�Ý�Î Ô?ÑÖØ�ï�! ø ì � ì !EÜ`ÝEÏ ø Ü�Ô?Ü`Î�ï�!Mòsì +·ì ! � � Ü`×bÐ�Î�Ô§é�Ø`Ù � Î�×bÐ�ØMÏnè � Ø�Ó�Ú�ä�Ð�Ý�ß � ÝEÐ�ïnÎ�×?ÑbÜ`ä�ÐöÔbé ù äåÜpÑbÑ§Î�Ñ

Ð�Ý ÷ Ó�äöÔbÐöè � Üp×bÜpà;Î�Ô§Î�×'�TÝEÜ`ä�éhÑÖÐåÑ�Ø`Ù\í�×?Ü`ÝEÑ§ÐöÔbÐ�Ø�ÝPÔbØ ù ÕEÜ`ØMÑ�!�0 ¦h�¤u?w����6� ! �#Ã�Ã � !MïnØpä{ì � û Ã !hã�ã<ì Ã
� è � � ú ì
��� ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�! ��ì � ì !  Ó�;�Ý�Î Ô?ÑÖØ�ï�! ø ì � ì !¤Ü`ÝEÏ ø Ü�ÔbÜpÎ�ï"! òsì +·ì ! ÷ Ó�ä�Ô§Ð�ãEÜp×bÜpà;Î�Ô§Î�× ù ×bÐöÔbÐ�Ò�Ü`ä ø Ð�Ô§ÓgÜ�Ô§Ð�ØpÝgÑ�! � Ý�Ð�ïnÎ�×?Ñ§Üpä�Ð�Ô§é^Ü`ÝEÏ

ø Ò�Ü`ä�Ð�Ý�ß¡Ð�ÝPí�ñ0Ø`è � Ð�àçÎ�ÝEÑ§Ð�ØpÝEÜpä � Î�×bÐ�ØMÏnè � Ø�Ó�Ú�ä�Ð�Ý�ß ÷ ÜpãEÑ#! �h�g�gv}��v}� 0 ¦n�¤u�� ! ú`ûpû � !�ïnØpä{ì � ú � !�Ý�ØMÑ�ì � è � !�ã�ã<ì ��Ã � 3 � ��� ì
��� ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�!)��ì � ìeÜpÝEÏ ø Ü`ÔbÜ`Î�ï"!�òsì +�ì ! � Î�×bÐ�ØMÏnè � Ø�Ó�Ú�ä�Ð�Ý�ßçÙÛØ�×jí�ñ0Øpè � Ð�àçÎ�ÝEÑÖÐ�ØpÝgÜ`ä � Ø�Ýhèóò}Ý�ïnÎ�×§Ô§Ð�Ú�ä�Î ÷ Ü`ãEÑ�ü1+0Î�Ý�Øp×§è

à�Ü`ä�Ð';�Ü�ÔbÐ�Ø�Ý �^×bØpÓ�ã �=ÝgÜ`ä�énÑ§ÐåÑ0Ü`ÝEÏ9.jÓEÜ`Ý�Ô§Ð�ÔbÜ�ÔbÐ�ïnÎ � ÝEÐ�ïnÎ�×?ÑbÜ`ä�ÐöÔbé�!10 ¦n�¤usw����6� ! �#Ã	Ã � !nïnØpä{ì � û � !nã�ã<ì ú �	Ã�3 ú ��Ã ì
� � ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�!���ì � ì<Ü`ÝgÏ ø Ü�Ô?Ü`Î�ï�!eòsì +·ì ! � ÝEÐ�ïnÎ�×?ÑbÜ`ä�ÐöÔbé-ÜpÝEÏ ø Ò�Ü`ä�Ð�ÝEßPÙÛØp×jÔ§ÕEÎ,�"×§Î�Ü��nÓ�ã ØpÙ � ÕEÜ�ÑÖÎ ø énÝEÒ Õ�×bØpÝEÐ';�Ü�Ô§Ð�ØpÝ

Ü�Ô�ÔbÕ�Î 	 ÝEÑ§Î Ô=Ø`Ù ù ÕEÜ`ØMÑ�Ð�Ý-Ü � Î�×§Ð�Ø�ÏhÐåÒ�Üpä�ä�é � ×§Ð�ïnÎ�Ý9+87Ø�ÑbÑ§ä�Î�× 	 ÑbÒ Ð�ä�ä�Ü`Ô§Øp×�!�0 ¦n�¤u��<��| ���<� ! úpûpû � !nïMØ�äxì � � ! û ��� ú � � ì
��� ì  Ó�;�Ý�Î Ô?ÑÖØ�ï�! � Ó<ì ��ìEÜpÝEÏ6î¨Î�ïnÐ�Ô§Ð�Ý$! � ì � ì ! ù 	 � í � � í¡ü�� ÷ Ó�äöÔbÐ�ãEä�Ü`ÔÖÙÛØp×bà � Ý�ïnÐ�×bØpÝ�àçÎ�ÝhÔ0ÙÛØp× ù Ø�ÝhÔ§Ð�Ý�ÓEÜ`Ô§Ð�ØpÝ-Ü`ÝEÏ
�"ÐöÙÛÓE×bÒ�Ü�Ô§Ð�ØpÝ �=ÝEÜpä�éhÑ§Ð�ÑTØ`Ù � énÝEÜ`àçÐåÒ�Ü`ä ø éhÑÖÔ§Î�à�Ñ#! � énÝEÜ`àçÐåÒ�Üpä ø éhÑÖÔ§Î�àçÑ^î¨ÜpÚ�Øp×?Ü�ÔbØp×bé"! ù Î�ÝhÔb×§Ó�à�ïnØ�Øp×TÍ
ÐåÑ��MÓEÝEÏhÎ
Î�Ý-ò}ÝhÙÛØ�×§à�Ü`Ô§ÐåÒ�Ü
! �TàçÑÖÔ§Î�×bÏEÜ`àZ!Eí�Õ�Î � Î�Ô§Õ�Î�×§äåÜ`ÝgÏ�Ñ�! ��Ã�Ã � ì

�#Ã ì ÷ Üp×bÒ�ÓEÑ�! ÷ ìgÜpÝEÏ��=Î�Ñ§Ñ#!1�^ì !gî<éhÜpã�Ó�Ý�Ø�ï � ðhã�Ø�Ý�Î�ÝhÔ?Ñ=ØpÙAÔbÕ�Î�î¨ØpßpÐåÑÖÔ§ÐåÒ ÷ Ü`ã-ñ0Ð�Ô§Õ � Î�×bÐ�ØMÏhÐ�Ò·ôAØ�×bÒ�Ð�Ý�ßgì ��~���!ezhv}| �?u
��t5������� !E¦nw�� u ! ��Ã���Ã !nïMØ�äxì ��� !hÝ�Øgì � !hã�ã¨ì ��� �43 ����� ì

ª «#"%$'&)( ª ( Á+* ,/. (%0'1�2 , *%4"Á ('5�2 ,\² 6"Â#­98g¹;: Á"Â<8E¹ ¼�½�½�Ã



���  �������� í ø
	��
� í��jî�ì
ú`û ì,+0ØMÑ§Ñ§ä�Î�×#!�5gì !  Ð�ñ0Ðy! ÷ ì ! �=Î�Ñ§Ñ#!��^ì !�Ü`ÝEÏ ÷ Üp×bÒ�ÓEÑ�! ÷ ì ! ÷ ØMÏhÓ�äåÜ�ÔbÎ�Ï � Ø�Ý�ä�Ð�Ý�Î�Ü`× � ×bØ�Ò�Î�ÑbÑÖÎ�ÑAÜpÝEÏçÜ � ØpïnÎ�ä ÷ Î�Ò�ÕEÜ`Ý�ÐåÑ§à

Ô§Øçò}ÝEÏ�ÓEÒ Î ù ÕEÜpØ�Ñ#!10 ¦n�¤u��<��| ���<� ! ��Ã���Ã !nïMØ�äxì �	Ã !hÝ�Øgì � � !hã�ã<ì ��Ã�� ��3 ��Ã�� û ì
ú � ì ÷ Üp×bÒ�ÓEÑ�! ÷ ì ! ù ÕEÜpØ�Ñ"Ð�Ý ÷ ÜpãEÑ"ñ0ÐöÔbÕ ù ØpÝhÔbÐ�Ý�ÓEØpÓEÑ�Ü`ÝgÏ � Ð�ÑbÒ Ø�ÝhÔ§Ð�Ý�Ó�Ø�ÓEÑ ÷ Ü`ðnÐ�à�Ü
! ��~���!ezhv}| �?u·wyt 0 ¦n�¤usw��su ! �#Ã�Ã û !

ø Î�ãhÔ§Î�à;ÚEÎ�× � 	 ÒsÔbØpÚ�Î�×#!nã<ì ��� � ì
úpú ì,��ÜpÑÖÔ§ØMÑIÏhÎ¡ôAÐ�ß�Ó�Î�Ð�×bÎ�ÐåÏhØ�!�5gì ù ìhÜ`ÝgÏ ÷ ÜpäöÔ?Ü
! ù ì � ì !�î¨énÜpã�Ó�Ý�Ø�ï��^×bÜpã�ÕPÙÛØ�×"í�ñ0Øpè � Üp×bÜpàçÎ Ô§Î�× ÷ Ü`ã<ü �=ãEã�ä�ÐåÒ�Ü`Ô§Ð�ØpÝ+Ô§Ø

Ô§ÕEÎ ù Ð�×?Ò ä�Î ÷ Ü`ã$! r tEv}| �st5��v}� �h� �=w �?zh��� �¨¦���~¤u¡� !�!5���A�5��w��<�"tn�`�Ö�M� ! ��Ã�Ã�� !�ïnØ�äxì � !�Ý�ØEì ú !hã�ã<ì ú � ��3 ú Ã � ì
ú � ì��=×bÝ�Ø�ä�Ï�! � ì òsì ! �=|�~��ç|�v{�sw����`� ��| vÛ¦�~��¤u�wyt vy¦E| �5¦�|�~��s�o~���������wyt5���s� ��w �y� |���| tgvxw��`�;����zE��v{w�~�tEu ! � Î�ñ � Ø�×��5ü

ø ã�×bÐ�Ý�ßpÎ�×Öè � Î�×§äåÜ`ßa! ��Ã���� ì
ú � ì �^ÓEÒ-�MÎ�Ý�Õ�Î�Ð�àçÎ�×�!-5gì�ÜpÝEÏ �=Øpä�àçÎ�Ñ#! � ì ! � ØpÝ�ä�Ð�Ý�Î�Üp× 	 Ñ§Ò�Ð�ä�ä�Ü`Ô§Ð�ØpÝEÑ#! � éMÝgÜ`àçÐ�Ò�Ü`ä ø éhÑ�ÔbÎ�à�Ñ�!�Ü`ÝEÏ �"ÐöÙÛÓE×bÒ�Ü�Ô§Ð�ØpÝgÑXØ`Ù � Î�ÒsÔ§Ø�×

ôAÐ�Î�ä�ÏEÑ�! � Î�ñ � Ø�×��5ü ø ã�×bÐ�ÝEßpÎ�×§è � Î�×bäåÜ`ß�! �#Ã�� � ì
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