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∂ρ′
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+ ρ�div v = 1" G/�AH

∂v
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∇p′
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= 1. G/� H
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∂t
+ ρ�

[
∂p

∂ρ

]
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div v = 1. G/�BH
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v = gradϕ. G/�CH
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p′ = −ρ�∂ϕ
∂t
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∂�ϕ
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� ������� Δ 9 ����
��� ?
�

�
" c 9 �������� ����
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c = c�e
−iδ = c�(cos δ − i sin δ)"
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 �������� �
����& ��
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ϕ = Ae−iωt+i
ω
c x = Ae

−( ω
c�

sin δ)·x
e
−iωt+i( ω

c�
cos δ)·x

. G@�CH
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β = (ω/c�) sin δ.
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Z = p′/v = R− iX = |Z| e−iσ" �	� tg σ = X/R. G@�0H
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p′ = −ρ� ∂ϕ
∂t

= iρ�ωϕ" v =
∂ϕ

∂x
= i

ω

c�
(cos δ + i sin δ)ϕ.

F��	

Z =

ρ�c�
cos δ + i sin δ

= ρ�c� e
−iδ. G@�/1H
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�������
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p′ = c��ρ
′ +mc��

t∫

−∞
exp
(
− t− t′

τ

)
∂ρ′

∂t′
dt′. G@�//H
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�����& ���������� p′ � ������� G@�//H"
��
��
��

∂ρ′

∂t
+ ρ�div v = 1" G@�/@H

∂v
∂t

+
c��
ρ�

∇
(
ρ′ +m

t∫

−∞
exp
(
− t− t′

τ

)
∂ρ′

∂t′
dt′
)

= 1. G@�/$H

=
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����� �
������� ρ′ ��
������ G@�/@H" G@�/$H ���	���� � �	�
���� �������	�44����*�

����� ��
������

Δ

(
ρ′ +m

t∫

−∞
exp
(
− t− t′

τ

)
∂ρ′

∂t′
dt′
)

− /

c��

∂�ρ′

∂t�
= 1. G@�/AH
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���� ������� G@�/AH � ��	� �
����& �
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��" ������&
�	�
� ��� xI ρ′ = ρ′� e

−iωt+ikx� '�
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�� 	������������ ��
������

k� =
ω�

c��

[
/−m

iωτ

/− iωτ

]−�
. G@�/ H
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�" ��(���� �� G@�/ H ����
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k = ± ω

c�

[
/− m

@

m�τ�

/ + ω�τ�
+ i

m

@

ωτ

/ + ω�τ�

]
. G@�/3H
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β =
m

@c�τ

ω�τ�

/ + ω�τ�
. G@�/BH
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(
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c�∞ − c��
c��

ω�τ�

/ + ω�τ�

)
" G@�/CH
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c� = c��
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mω�τ�

/ + ω�τ�

)
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�	���" ��� c�(ωτ → 1) = c��" c
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β =
ω�τ

@c�

(c∞/c�)� − /

/ + (ωτ)�
" βλ ≈ πωτ

(c∞/c�)� − /

/ + (ωτ)�
.
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� d(βλ)/d(ωτ) = 1" �
��	��" ��� ωτ = / ������������� �
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(βλ)max =
π

@

(
c�∞
c��

− /

)
=
π

@
m. G@�@1H
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 /HI

ϕ��
 = Aeik�(x sinϑ�−z cosϑ�)" k� = ω/c� G$�/H

� � ���
)����& ��
��I
ϕ��� = AV eik�(x sinϑ�+z cosϑ�). G$�@H

8	��� V 9 ��(44�*���� ���
)����! c� � ρ� 9 �������������� ��������
����
 � �
������� � ���	� /� '����*�

 ��
� � ���	� /

ϕ� = ϕ��
 + ϕ���. G$�$H

� ���	� @
ϕ� = AWeik�(x sin ϑ�−z cosϑ�)" k� = ω/c�. G$�AH
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������� � ���	� @�
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�
���&I p� = p�" ����	
 G��� G/�0HH

ρ�ϕ� = ρ�ϕ�! G$� H

�H �
������� ����

���� ��������&I vn� = vn� �
�

∂ϕ�
∂z

=
∂ϕ�
∂z

. G$�3H
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� G$�/HDG$�AH" �
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ρ�
ρ�

/ + V

W
= eix(k� sinϑ�−k� sinϑ�). G$�BH
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sinϑ�
sinϑ�

=
k�
k�

=
c�
c�

= n" G$�CH
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�� G$�BHDG$�0H ����	�� 4����
� 	
� V � W G
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V =
m cosϑ� − n cosϑ�
m cosϑ� + n cosϑ�

=
m cosϑ� −

√
n� − sin� ϑ�

m cosϑ� +
√
n� − sin� ϑ�

=

=
ρ�c�/ cosϑ� − ρ�c�/ cosϑ�
ρ�c�/ cosϑ� + ρ�c�/ cosϑ�

=
Z� − Z�
Z� + Z�

" G$�/1H
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W =
@ cosϑ�

m cosϑ� + n cosϑ�
. G$�//H
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Vp = V " Wp =
ρ�
ρ�
W =

@m cosϑ�
m cosϑ� + n cosϑ�

. G$�/@H
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Vp =
m− n

m+ n
" Wp =

@m

m+ n
.
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t =
AO

c�
+
OB

c�
=

/

c�

√
h�� + x� +

/

c�

√
h�� + (d− x)� .

6����
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dt

dx
=

x

c�

√
h�� + x�

− d− x

c�

√
h�� + (d− x)�

= 1"

����	

sinϑ�
c�

=
sinϑ�
c�

.
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ϕ� = Ae−ik�z" ϕ��� = AV eik�z" ϕ� = AWe−ik�z"

�	�

V =
ρ�c� − ρ�c�
ρ�c� + ρ�c�

" W =
@ρ�c�

ρ�c� + ρ�c�
.
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Vv =
(
v���
v�

)
z=�

=
(
∂ϕ���/∂z

∂ϕ�/∂z

)
z=�

=
ρ�c� − ρ�c�
ρ�c� + ρ�c�

= −V.
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)���� ��� (��� V = e−iσ"
�	� tg(σ/@) = (α/a�)(ρ�/ρ�)" a� = (ω/c�) cosϑ�� �����
�� �����&
������� ��

 ���
��
���� ϑ� � ���	� @ ��� ��
� �
	���� ϑ� = C1◦I

cos� ϑ� = /− sin� ϑ� = /− (c�/c�)� sin� ϑ� < 1" cosϑ� = iβ.

2
�������� ��
����� a� = (ω/c�) cosϑ� = iα = i·/"C ��−�� 7
�
 ��(4�
4�*����
 σ = @"$$� ;
����� d" �
 ������& � 
��
��� 	
�
���� ����
��
� e �
�" �
��	�� �� αd = /I d = 1" B ���

������� ������� 
�������������� 4����
� 	
� ��(44�*����
 ���
�
)���� �� �

�� ���
��
���& ���	� ��� �

�� ��

� ���
�)�����

�������� 8
����� � 4����
� G$�/1H ���
 �
	���� ϑ� �
 ���
 ���
��
)���� χ� F��	


V =
m sinχ−

√
n� − cos� χ

m sinχ+
√
n� − cos� χ

"

�	� m = ρ�/ρ�" n = c�/c�� '�

�
� 	
� �

�� ��
�� cos� χ = / �
sinχ ≈ χ" ��
����

Vp =
mχ(n� − /)−�/� − /

mχ(n� − /)−�/� + /
=
αχ− /

αχ+ /
"
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