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p = (x, y, z)
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⎧⎪⎪⎨
⎪⎪⎩

π
2
− 2 arctan

(
x√

x2+y2+y

)
, y ≥ 0

2 arctan

(
x√

x2+y2−y

)
− π

2
, y < 0
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φ r

x = r sinφ

y = r cosφ.

x y

(x, y)
φ r φ r

φ = arctan(y/x)

r =
√

x2 + y2

φ r
φ r
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[x− 2σ, x+ 2σ]
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E(x, y) =
∑
u,v

w(u, v) |I(u+ x, v + y)− I(u, v)|2 .

#���� � ���
�� ��������� �� I(u+ x, v + y) ����� (x, y) = (0, 0) �����

I(u+ x, v + y) ≈ I(u, v) +
∂I

∂x
(u, v)x+

∂I

∂y
(u, v)y

=⇒ E(x, y) ≈
∑
u,v

w(u, v)

∣∣∣∣I(u, v) + ∂I

∂x
(u, v)x+

∂I

∂y
(u, v)y − I(u, v)

∣∣∣∣
2

=
∑
u,v

w(u, v)

∣∣∣∣∂I∂x(u, v)x+
∂I

∂y
(u, v)y

∣∣∣∣
2

.

��� 
����� �� � �������� ������� �� x ��� y� ����� ����� �� ��� 	� ��������� ��

E(x, y) ≈ [
x y

]
A

[
x
y

]
,

����

A =
∑
u,v

w(u, v)

⎡
⎣
(
∂I
∂x
(u, v)

)2 ∂I
∂x

∂I
∂y
(u, v)

∂I
∂x

∂I
∂y
(u, v)

(
∂I
∂y
(u, v)

)2

⎤
⎦ .
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�	 ��� Â(i) 	�� ��	
	��� �� 	�� �	
��	�� $%& �	 ��
� ��
�	
i� ��� ��
	 �� 	�� *&+% �
�� �� ��	�� 
� A ��� Â ��� ���
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(
ξ′ + β1 sin 2ξ

′ cosh 2η′ + β2 sin 4ξ
′ cosh 4η′ + β3 sin 6ξ

′ cosh 6η′ +
β4 sin 8ξ

′ cosh 8η′
)
�

1� ������	 	
����"
E = 0.996â
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