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∂u

∂t
+ C(u)

∂u

∂x
= > 17�7�72
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∂v

∂t
+ v

∂v

∂x
= > 17�7�82
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��� � ���
��� �)����
��
� � 	������!�� 	�������� �������� ��!��
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X(y� t) = y + v�(y)t � V (y� t) = v�(y) . 17�7�42
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x = X(y� t) . 17�7�;2
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��
�� ���������� 	��$����
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�
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x = y + v�(y)t . 17�7�:2

%�
�� ����
��� ���� v(x� t) 
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�
��� ������ ��� �������
(�������� ����	����� x � ������� t� I
�� � ���� $� ����
��� ���
��� 17�7�;2� ��� ��$���� ��)���$���� ����	���� � (�������� �� �����
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V (y� t) = v(X(y� t)� t) . 17�7�=2

0 	������!�� ����� ��	����� ����	���� 
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dV
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dX

dt
= V . 17�7�<2
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y = y(x� t) �
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v(x� t) = V (y(x� t)� t) = v�(y(x� t)) . 17�7�62

%�	
������� �	�����
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v(x� t) 
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����� ������� � � ����
���
�� �� ����	����� x� *�
���$	� ����
�
��� �
������ ����� ����
� ��!���� J������ K������
� ��������� ����������)� 	��$���� 
�
���� 17�7�:2 y �� y(x� t)

y(x� t) = x− v�(y(x� t)) t ⇒ y(x� t) = x− v(x� t) t 17�7�7>2
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����� ������ 
�
�� ����
����)� ����$���� � 17�7�62� ���	��
� ������� ����� ����
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v(x� t) = v�(x− v(x� t)t) . 17�7�772
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 ���� ��)��	��� ����� ����
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v(x� t) =
x− y(x� t)

t
. 17�7�782

I� 
��
� ���	����� �
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�
����
����� ���� x − y� ����	������ 
�
����� � ������� t� 	�������� ��
����� 	��$����� 0 	������!�� � ����$��
�  ���� )�� ���� �������

�
��� � )�������
�
��� 
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� 
�����!���� 17�7�782�

%�� ��
������� )������ (������� ���� v(x� t) �	� �� �������
� ��
��)���$��� ���� � 
������ v(x� t) ���������
�
��N

x = y + v�(y)t � v = v�(y) . 17�7�742
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v�(x) = V� exp
(
− x�

8��

)
. 17�7�7;2
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J(y� t) =
∂X(y� t)
∂y

. 17�7�7=2
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J(y� t) = 7 + v′�(y)t . 17�7�752
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��
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�
������ 17�7�7;2� ��� ��$��� �� ��
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%��� J(y� t) 17�7�7=2 / ��)���$��� ���� ��
��	���
��� "���
�����
��� (������� ���� ��
��	���
��� �
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j(x� t) = J(y(x� t)� t) ⇐⇒ J(y� t) = j(X(y� t)� t) . 17�7�7<2
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∂y(x� t)
∂x

=
7

j(x� t)
. 17�7�762
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m�(x) =
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ρ�(z)dz
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M(y� t) =

y∫

−∞
ρ�(z) dz = m�(y) . 17�7�8>2
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∂m
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= > . 17�7�872
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ρ(x� t) =
∂m(x� t)
∂x

. 17�7�882
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M(y� t) = m�(y) ⇐⇒ m(x� t) = m�(y(x� t)) . 17�7�8;2
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ρ(x� t) = ρ�(y(x� t))
∂y(x� t)
∂x

17�7�8:2
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ρ(x� t) =
ρ�(y(x� t))
j(x� t)

⇐⇒ R(y� t) =
ρ�(y)
J(y� t)

. 17�7�8=2
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ρ(x� t) = ρ� (x− v(x� t)t)
(
7− ∂v(x� t)

∂x
t

)
. 17�7�852
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x = y + v�(y)t � ρ =
ρ�(y)
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τ = 1
τ = 0,5
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p(x� t) =

x∫

−∞
v(x� t)ρ(x� t) dx .
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p(x� t) =

x∫

−∞
v�(y(x� t))ρ�(x(y� t))
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P (y� t) = p�(y) =
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−∞
ρ�(y)v�(y) dy . 17�7�4>2
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∂p

∂t
+ v

∂p

∂x
= > � 17�7�472
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g(x� t) = ρ(x� t)v(x� t) =
∂p(x� t)
∂x
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(vg) = > . 17�7�482

��������� �� H�)�� ����
�� 	����� ��������� ��� 
��	
���� 	���
������������� ��������� J����� 17�7�82 � ����������
�� 17�7�842�
*� �� 
���������� ��!�� ���$��� &����)�������' ������ ��� ���



"- ��� X� ������%�U� ��������+ "���
�
 "
�+
��

�� ����$�� ���
��	
���� ��
������ � � ������ ��!���� ����������
����������

��������� 	� %�
������ ������
�� ������
� ��	
�����
� ���� $�
���������� 
�� � ���
�� ������
�� ρ(x� t)� �� & �
������' ���� ������
����$���� 	�� (������� � ��)���$��� ����� ������
�� ������
��
��	
����� � 17�7�8=2� ���
�� ��
������ ������
��� ��
������ ������
N

g(x� t) =
ρ�(y(x� t))v�(y(x� t))

j(x� t)
⇐⇒ G(y� t) =

ρ�(y)v�(y)
J(y� t)

. 17�7�442
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ρ̃(κ� t) =
7

8π

∞∫

−∞
e−iκxρ(x� t) dx . 17�7�4;2
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ρ̃(κ� t) =
7

8π

∞∫

−∞
e−iκx ρ�(y(x� t)) dy(x� t) .
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ρ̃(κ� t) =
7

8π

∞∫

−∞
e−iκX(y�t)ρ�(y) dy . 17�7�4:2
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ṽ(κ� t) =
i

8πκt
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−∞

[
e−iκX(y�t) − e−iκy

]
dy . 17�7�4=2
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v�(x) = a sin(kx) � ρ�(x) = ρ� = const . 17�7�452
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eiw sin z =
∞∑

n=−∞
Jn(w) einz . 17�7�4<2
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x = X(y� t) = y + at sin(ky) . 17�7�462
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ρ̃(κ� t) =
ρ�
8πk
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e−iμz−iμτ sin z dz .
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ρ̃(κ� t) = ρ�

∞∑
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Jn(−μτ) 7

8πk

∞∫

−∞
e−i(μ−n)z dz .
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8πk

∞∫

−∞
e−i(μ−n)z dz =
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k
δ(μ− n) = δ(κ − kn) .
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ρ̃(κ� t) = ρ�

∞∑
n=−∞

Jn(−nτ)δ(κ − kn) .
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ρ̃(κ� t) eiκx dκ
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J−n(−w) = Jn(w) � 17�7�;>2
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ρ(x� t) = ρ� + 8ρ�

∞∑
n=�

(−7)nJn(nτ) cos(kx) . 17�7�;72
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dX

dt
= c sinϑ

dZ

dt
= c cosϑ � 17�8�82
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Z(t) = h(X(t)� t) . 17�8�42
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= c cosϑ . 17�8�;2
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= − tanϑ . 17�8�:2

� �
���� (��)� �����
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∂h
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=

c

cosϑ
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√
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�� ���=����$�� �
������������ ���������  ��"�-!

�
�� 
��  ���!� �)�� ϑ ��$	� �
�� z � ������������ ��
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��� ������ ��
���
���������
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u(x� t) = −∂h(x� t)
∂x

. 17�8�7>2
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= Φ(u) � h(x� t = >) = h�(x) � 17�8�772
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Φ(u) = c(u)

√
7 + u� . 17�8�782
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��) ����������� ��	���

�� ������ %�� (��� �� �����	�� 
��$��� ��������
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cos(ϑ′ − ϑ) dϑ′ = D(7 + cosϑ) . 17�8�7=2
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dX̃

dt
= C(U) �

dU
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= > �

dH
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= Λ(U) � 17�8�762
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Λ(u) = Φ(u) − uC(u) = −u� d
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u
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U(y� t) = u�(y) � X̃(y� t) = y + C(u�(y))t � H(y� t) = h�(y) + Λ(u�(y))t .
17�8�882
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h�(x) = h� cos kx ⇒ u�(x) = h�k sin kx .
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z = μ+
ετ sinμ√

7 + ε� sin� μ
� η = ε cosμ+

τ√
7 + ε� sin� μ

� 17�8�8;2
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kx = z � ky = μ � ckt = τ � kh = η � 17�8�8:2
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d�X
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= γ [Mr(y� t) −Ml(y� t)] .
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dX(y� t)
dt

= V (y� t) �
dV (y� t)
dt

= γ [Mr(y) −Ml(y)] . 17�4�72
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X(y� t = >) = y � V (y� t = >) = v�(y) .
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v = V (y� t) = v�(y) + γ [M − 8M(y)] t 17�4�82
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x = X(y� t) = y + v�(y)t+
γ
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[M − 8M(y)] t� . 17�4�42
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Mr(y) −Ml(y) = M − 8Ml(y) = M − 8M(y) .
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J(y� t) =
∂X
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= 7 + v′�(y)t−

γ
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ρ�(y)t� . 17�4�:2
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M − 8M(y) = −8ρ�� arctan
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η = ζ − τ� arctan ζ � u = −8τ arctan ζ � r =
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7 + ζ� − τ�
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ρ
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ρ�(x) = ρ� g
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� 17�4�52
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[M − 8M(y)] = 8ρ� y .
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x = y
(
7− γρ� t

�
)

+ v�(y) t � v = v�(y) + 8γρ� y t .
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q(x� t) <
7

t
. 17�;�72
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v�(x) = a sin(kx) . 17�;�82
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x = X(y� t) = y + v�(y) t � q = Q(y� t) .
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