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hs(t,x,u, ψ0,ψ) =
(

hs

t (t,x, ψ0,ψ),hs
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u(t,x,u, ψ0,ψ),
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ψ(t,x,u, ψ0,ψ)
)
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T (t,x, ψ0,ψ) =
∂

∂s
hs
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x

∣

∣

∣

∣

s=0

Ì

U (t,x,u, ψ0,ψ) =
∂

∂s
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u

∣

∣

∣

∣

s=0

, Ψ (t,x,u, ψ0,ψ) =
∂

∂s
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ψ

∣

∣

∣
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s=0
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∂H

∂t
T +

∂H

∂x
·X +

∂H

∂u
·U +

∂H

∂ψ
·Ψ −Ψ

�
· ẋ−ψ

�
·
dX

dt
+H

dT

dt
= 0
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� Ñ /�ÐÈ Ã;Â Ì /0|4�>h ÄJ^ |0���eÍ:.�É 4 1B� 4 È'Í�.�È¿Ë0/�ÍKÉ Ñ �GÐ#1BË	�NÍKÊ¯Ë	Ð2/�ÊKË03�ÐÈ Ñ .�� 4 Í:.�Ê¯ÈBÈ 4 Í¯�GÍKÈ
Ç��	ÊKÉ �>3�Ð È 4 N

n = 3
PÞ�	���èÍ�8�Ëk1?Ë4�4Í¯ÊKË4Ð 4 N

m = 2
P�| EsÉ Í:.����>/�Ð È���È�H���É ÍKÉË	� 4


��������������������������� ���"!$#&%('"��)�*������� +&,�-/.1032��34��(5768������� +&.&':9�032��34��(5;68�������/�)!

L := u1

2 + u2

2

ϕ := [u1 cos (x3) , u1 sin (x3) , u2]

Ë	Î�Ê�/�Ê¯Ë 1?È=��Î�Ê¯ÈJ6 ¾@©ª©'�B�Y��¾ ��ÈBÍKÈ;Ê Ñ É��È 4 Í�.�È9É� H���É ÍKÈ 4 É Ñ �GÐ�É��Ç��	ÊKÉ �G�@1?È�Ï	ÈB��ÈBÊ7�@ÍKË4Ê 4 Ë�=
Í:.�ÈøË0/�ÍKÉ Ñ �GÐi1?Ë4�NÍKÊ¯Ë	Ð /�Ê¯Ë�3�ÐÈ Ñ Î�����È;Ê_1?Ë	� 4 É ��ÈBÊ7�@Í¯É Ë4�0Ò


=<�>@?&?BA�C&D&>)08�E6�#&%('16�CF6G�82��H���)6�2��3���)6�2��84��&�)6I�*�����J�)68�������&�(5K!

{T = C2, X1 = −C1x2 + C3, X2 = C1x1 + C4, X3 = C1,

U1 = 0, U2 = 0, Ψ1 = −C1ψ2, Ψ2 = C1ψ1, Ψ3 = 0}

N
Ci

Ì
i = 1, . . . , 4

Ì��	ÊKÈ��GÊ�3�É ÍKÊ7�GÊ�6;1BË	� 4 Í¯�	�NÍ 4 P�|®��.�Èo=¬� Ñ É Ð76�Ë>=�n�Ë4� 4 ÈBÊ¯Ç��GÍKÉË	� C �R8 4
� 4�4 Ë 1?É �@Í¯È;� 89É Í:.�Í�.�ÈèÏ	È;��ÈBÊ7�@Í¯Ë	Ê 4 *�Î 4 ÍªË�3�Í¯�GÉ��È=�eÉ 4 È;� 4 ÉÐ<6uË�3�Í7�GÉ��È;�uÍ�.�Ê¯Ë	Î�Ï0.uË4Î�Ê
/�ÊKË 1BÈ;��Î�Ê¯È 'ª�;�B�¦£��?� NºÍ:.�È 4 ÉÏ	��Ë�=f/#È;Ê�1BÈB�NÍ¯�	Ï	ÈGN�LSP"É 4 �G��Ë0/#È;Ê¯�GÍKË	Ê"Î 4 È=��É�����>/�Ð È
ÍKË�ÊKÈl/�Ê¯È 4 ÈB�NÍÞÍ:.�ÈøÊ¯È 4 Î�Ð ÍÞË�=iÍ�.�È /�Ê¯ÈBÇ�É Ë4Î 4 1?Ë Ñ�Ñ �	���&P?Ò
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(−C1x2(t) + C3)ψ1(t) + (C1x1(t) +C4)ψ2(t) +C1ψ3(t) −

„

ψ0

`

u1(t)
2 + u2(t)

2
´

+ u1(t) cos (x3(t))ψ1(t) + u1(t) sin (x3(t))ψ2(t) + u2(t)ψ3(t)

«

C2 = const

��.�È¹Ë�3�Í7�GÉ��È;�a1?Ë	� 4 È;ÊKÇ@�@Í¯É Ë4�èÐ �R8 ��È�/�ÈB�#� 4 Ë	�a=ºË	Î�Ê�/��	Ê¯� Ñ ÈBÍKÈ;Ê 4 |0EsÉ Í:. Í:.�È 4 Î-3 4 ÍKÉ Å
ÍKÎ�Í¯É Ë4� 4

C1 = 1
�G�#�

C2 = C3 = C4 = 0
8�È¹Ë�3�Í¯�GÉ� Í:.�Èm1BË	� 4 ÈBÊ¯Ç@�@ÍKÉË	� Ð�R8



Á	Æ>e ��� · ������� �	��½��B¤¬¡�» · ����� ¸ ��
 �@���K�? 


 .:� � .;0��E�����&�(�76��E�3���/���F6��E�34��/���F6��E�	��� ���F6 PB57!
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/�ÊKË 1BÈ;��Î�Ê¯È 4

Symmetry
�G�#�

Noether
ÍKËrË�3�Í7�GÉ�VÇ@�GÊ¯É�GÍKÉË	���	Ð 4 6 Ñ�Ñ È?Í¯ÊKÉÈ 4 �G�#�
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