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�
 �	�	�������*� �� �
�"
�
  ���	��� �  ��#��- ����- 
����
����  '.)� /��	 �	%�0 ��	�� 1 �	 
�����*�-
������! 2	�
��	  !��	�!�! ��� ! ���� 	��
 ��	�!���*� ��� 3
��� ��������0 �	
	"
��  !��	����
 ����������	 ��! ��	�%�4 ��$�
��4 � �� ���� �	�	��������� �� �
���
� �!�#�!� ������� !�  !��
����
�  ���	��� �  ��#�!�! ���	�!� �� �
���
 �
!"
����� ��� 3
��� �*	
	��0 �	
	�� 5�������#�
 �	 �����	$ ��� 3
��� 
�
��*� �� �
��
�
6� ����!�# �� �
��� ������0�

�� 
����������� ������ �� ������� ����������� & ���	��� ΩT = {(x, t) :
h1(t) < x < h2(t), 0 < t < T}� 
� x = h1(t) �	 x = h2(t) 1 �� �
��� ������0�
���*�

	��#�
 �������	 �	
	�	  !��	����
 ����������	 a(t) > 0, t ∈ [0, T ]  �� �
���

ut = a(t)tβuxx + b(x, t)ux + c(x, t)u + f(x, t), (x, t) ∈ ΩT 7�8

� ���	��� �- ��� �-

u(x, 0) = ϕ(x), h1(0) � x � h2(0) 7(8

�© ������� �	
��� 
���
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�	 ��	4� !�! ��� 	�!

u(h1(t), t) = µ1(t), u(h2(t), t) = µ2(t), 0 � t � T, 7,8


� h1(0) = h10 �	 β � 1 1 �	
	�� �!��	� ��
  !��	����
 �� �
���*� ����������	 �	
������4� 
�� �	
	-�# ���� ���	���� �	
	-�# 
�
	��� � �	� � 	�� ��� ! ���� !��	"
����
  !*�

�

a(t)tβux(h1(t), t) = µ3(t), 0 � t � T, 7.8

h2(t)∫
h1(t)

u(x, t)dx = µ4(t), 0 � t � T, 7�8

h2(t)∫
h1(t)

xu(x, t)dx = µ5(t), 0 � t � T. 798

�	����- �����!$ y = x−h1(t)
h2(t)−h1(t) � t = t �	
	�	 7�8"798 � �
!�#�
 
� ��������0

����� �� �� �
��!$ (a(t), h1(t), h3(t) = h2(t) − h1(t), v(y, t) = u(yh3(t) + h1(t), t))  
���	��� �� ��	�!�! ���	�! QT = {(y, t) : 0 < y < 1, 0 < t < T }:

vt =
a(t)tβ

h2
3(t)

vyy +
b(yh3(t) + h1(t), t) + h′

1(t) + yh′
3(t)

h3(t)
vy + c(yh3(t) + h1(t), t)v+

+f(yh3(t) + h1(t), t), (y, t) ∈ QT , 7�8

v(y, 0) = ϕ(yh3(0) + h10), 0 � y � 1, 7;8

v(0, t) = µ1(t), v(1, t) = µ2(t), 0 � t � T, 7�8

a(t)tβ

h3(t)
vy(0, t) = µ3(t), 0 � t � T, 7�<8

h3(t)

1∫
0

v(y, t)dy = µ4(t), 0 � t � T. 7��8

h1(t)µ4(t) + h2
3(t)

1∫
0

yv(y, t)dy = µ5(t), 0 � t � T. 7�(8

������� �� /���01���23 42 5�62708�91� 0�25�:
1) ϕ ∈ C1[h10, +∞), ϕ(x) � ϕ0 > 0, x ∈ [h10, +∞), µi ∈ C1[0, T ], i = 1, 2, 4, 5,

µi(t) > 0, t ∈ [0, T ], i = 1, 2, 4, b, f ∈ C2,0([h10, +∞) × [0, T ]), c ∈ C1,0([h10, +∞) ×
×[0, T ]), f(x, t) � 0, c(x, t) � 0, (x, t) ∈ [h10, +∞) × [0, T ];

2) µ3 ∈ C[0, T ], µ3(t) > 0, t ∈ (0, T ], �� �170; 16�7<�77� =��7�>� lim
t→+0

µ3(t)t−
β+1
2 =

= A0 > 0, −µ′
1(t) > 0, t ∈ [0, T ], |µ′

5(t)| � A1t
β−1

2 +γ , |µ′
4(t)| � A2t

β−1
2 +γ ,

t ∈ [0, T ], |b(x, t)| � A3t
β−1

2 +γ , |bx(x, t)| � A4t
β−1

2 +γ , |bxx(x, t)| � A5t
β−1

2 +γ , |c(x, t)| �



.0 ����� �����	


� A6t
β−1
2 +γ , |cx(x, t)| � A7t

β−1
2 +γ , |f(x, t)| � A8t

β−1
2 +γ , |fx(x, t)| � A9t

β−1
2 +γ , (x, t) ∈

∈ [h10, +∞)× [0, T ], ?� Ai, i = 0, 9 @ ?��6� ?2?��7� 1��A�3 γ > 0 @ ?25�A97� B�6125�7�
<�1A2C

3) ϕ(h10) = µ1(0), ϕ(h2(0)) = µ2(0)�
�2?� �2D7� E�E7�<��� ��6� <�1A2 T03 0 < T0 � T 3 �6� 5�E7�<�;�91� 5���?7�


�� ?�7���3 42 �2E5F�E26 (a, h1, h3, v) ∈ C[0, T0] × (C1[0, T0])2 × C2,1(QT0) ∩ (QT0
)3

vy(0, t) ∈ C(0, T0]3 a(t) > 03 h3(t) > 03 t ∈ [0, T0] E�?�<� G�H
G#�H �170; � ;?�7�I�

�� �������� ������  !"# ��" �� ������� �������� &!��	�!�� ���	��� �
��	����
 ������0 x = h2(t)� 
�	 �	
	� �� �
��� ���� ���	���� �*�
�� � ��� 	�!
7(8� 7�8 �	 ��!��6���
�! ������! ����� �
!�� �!��� h2(0) > h10� 
�� � ��� 3
����
�� �
��


h2(0)∫
h10

ϕ(x)dx = µ4(0).

=��� �	
	�� ����!�- h30 = h2(0) − h10   	�	�!����  �
���-�
�� ��� 3
��� �	
	�� 7�8"7�8 �	�������� ��!��!� �	��!���� '�� �� (�)� >��!�	���

������ ��!�� ������0 v(y, t)

v(y, t) � M1 > 0, (y, t) ∈ QT , 7�,8


� ��	�	 M1 �	���!�#  �
  !$�
�!$ 
	�!$ �	
	��� ��	4
��	 �����	 
	� ���*� ����!�!
������0 h3(t)� h1(t)�  �	$� �-�! �� �
��
 7��8� 7�(8

h3(t) � 1
M1

max
[0,T ]

µ4(t) ≡ H1 < ∞, t ∈ [0, T ], 7�.8

|h1(t)| � µ5(t)
µ4(t)

+
µ4(t)

1∫
0

v(y, t)dy

≡ H2, t ∈ [0, T ]. 7��8

&!���!��� �-�! ��� � ��!��!� �	��!���� 
�
 ��� 3
��� �	
	�� 7�8"7�8� �
��"
�����

v(y, t) � M2 < +∞, (y, t) ∈ QT 7�98

� �*�
�� � 7��8

h3(t) � 1
M2

min
[0,T ]

µ4(t) ≡ H0 > 0, t ∈ [0, T ]. 7��8

+���	�!�� q(t) = a(t)
h2
3(t)

� p(t) = h′
1(t)� r(t) = h′

3(t)� ω(y, t) = vy(y, t)� +�!����! "

%! �!��	�� �� 6� ������0 a(t), h1(t), h3(t) 1  �
���� ��
�� �	
	�� 7�8"7�8 �	���!��
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�� � 	������- �!�����- ����*�	�#�!$ �� �
�#

v(y, t) = v0(y, t) +

t∫
0

1∫
0

G1(y, t, η, τ)
(

b(ηh3(τ) + h1(τ), τ) + p(τ) + ηr(τ)
h3(τ)

ω(η, τ)+

+c(ηh3(τ) + h1(τ), τ)v(η, τ)
)

dηdτ, (y, t) ∈ QT , 7�;8

ω(y, t) = v0y(y, t) +

t∫
0

1∫
0

G1y(y, t, η, τ)
(

b(ηh3(τ) + h1(τ), τ) + p(τ) + ηr(τ)
h3(τ)

ω(η, τ)+

+c(ηh3(τ) + h1(τ), τ)v(η, τ)
)

dηdτ, (y, t) ∈ QT , 7��8


� ����� Gk(y, t, η, τ), k = 1, 2 ����	���� ������0 ?���	 k"0 ��	4� �0 �	
	�� 
�
 �� "
�
��


vt = q(t)tβvyy + f(yh3(t) + h1(t), t). 7(<8

@$  !��	�	-�# �������-

Gk(y, t, η, τ) =
1

2
√

π(θ(t) − θ(τ))

+∞∑
n=−∞

(
exp

(
− (y − η + 2n)2

4(θ(t) − θ(τ))

)
+

+(−1)k exp
(
− (y + η + 2n)2

4(θ(t) − θ(τ))

))
, k = 1, 2,


� θ(t) =
∫ t

0
q(τ)τβdτ. A�� 3
��� �� �
��
 7(<8 � ��� 	�! 7;8� 7�8 ����	���� �����

v0(y, t) �  �� �	�  !*�



v0(y, t) =

1∫
0

G1(y, t, η, 0)ϕ(ηh30 + h10)dη +

t∫
0

G1η(y, t, 0, τ) τβq(τ)µ1(τ) dτ −

−
t∫

0

G1η(y, t, 1, τ) τβq(τ)µ2(τ)dτ +

t∫
0

1∫
0

G1(y, t, η, τ) f(ηh3(τ) + h1(τ), τ)dηdτ. 7(�8

+��
!�������-��� �� ����# 7(�8 �� y� &!���!��� �-�!  �	��! ���� ������0 ?���	
G1y = −G2η� G2τ = −τβq(τ)G2ηη �	 ����*��-�! �	��!�	�!� ��	$�
!��

ω0(y, t) = h30

1∫
0

G2(y, t, η, 0)ϕ′(ηh30 + h10)dη +

t∫
0

G2(y, t, 0, τ)(f(h1(τ), τ) − µ′
1(τ)) dτ+

+

t∫
0

G2(y, t, 1, τ)(µ′
2(τ) − f(h3(τ) + h1(τ), τ))dτ+

+

t∫
0

1∫
0

G2(y, t, η, τ)h3(τ)fx(ηh3(τ) + h1(τ), τ) dη dτ. 7((8



.. ����� �����	


� ��� 7�<8"7�(8 ���!�����

q(t)tβω(0, t) =
µ3(t)
h3(t)

, t ∈ [0, T ], 7(,8

h3(t) =
µ4(t)

1∫
0

v(y, t)dy

, t ∈ [0, T ], 7(.8

h1(t)µ4(t) = µ5(t) − h2
3(t)

1∫
0

yv(y, t)dy, t ∈ [0, T ]. 7(�8

+��
!�������-��� �� ����� 7��8� 7�(8� &�	$� �-�! �� �
��
 7�8� ��� ! 7;8� 7�8 �	
 !���!��� �-�! ����*�� 	��
 �	��!�	�!� �
�������

p(t)µ1(t) =
µ′

5(t)
h3(t)

− µ′
4(t)

(
h1(t)
h3(t)

+ 1
)
− b(h1(t), t)µ1(t) − h3(t)q(t)tβ(ω(0, t) + µ1(t)−

−µ2(t)) +

1∫
0

b(yh3(t) + h1(t), t)v(y, t)dy − h3(t)

1∫
0

(1 − y)
(
(bx(yh3(t) + h1(t), t)−

−c(yh3(t) + h1(t), t))v(y, t) − f(yh3(t) + h1(t), t)
)
dy, t ∈ [0, T ], 7(98

p(t)(µ2(t) − µ1(t)) + r(t)µ2(t) = µ′
4(t) − h3(t)q(t)tβ(ω(1, t) − ω(0, t)) + b(h1(t), t)µ1(t)−

−b(h3(t) + h1(t), t)µ2(t) + h3(t)

1∫
0

(
(bx(yh3(t) + h1(t), t) − c(yh3(t) + h1(t), t))v(y, t)−

−f(yh3(t) + h1(t), t)
)
dy, t ∈ [0, T ]. 7(�8

>���� �	
	�� 7�8"7�(8 � �
��� 
� �!����! �� �
�# 7�;8� 7��8� 7(,8"7(�8� �	
	�	 7�8"
7�(8 �	 �*	
	�	 �!����	 �� � 	������  �	���� �����: 
�6� (a(t)� h1(t)� h3(t)� v(y, t)) �
��� 3
���� �	
	�� 7�8"7�(8� �� q(t) = a(t)

h2
3(t)

� h1(t)� h3(t)� p(t) = h′
1(t)� r(t) = h′

3(t)� v(y, t)�
ω(y, t) = vy(y, t)) 1 ������� �!4 ��� 3
��� �!����! 7�;8� 7��8� 7(,8"7(�8� � �	 �	�!�

�6� (q(t), h1(t), h3(t), p(t), r(t), v(y, t), ω(y, t)) 1 ������� �!4 ��� 3
��� �!����! 7�;8�
7��8� 7(,8"7(�8� �� a ∈ C[0, T ]� h1, h3 ∈ C1[0, T ]� v ∈ C2,1(QT )∩C(QT )� vy(0, t) ∈ C(0, T ]
� ��� 3
���� �	
	�� 7�8"7�(8�

B��	 
�� ��$	4 (q(t), h1(t), h3(t), p(t), r(t), v(y, t), ω(y, t)) 1 ������� �!4 ��� 3
���
�!����! �� �
�# 7�;8� 7��8� 7(,8"7(�8� +�!��6���
 ������! 
	-�# ���*� ���
!�����"
��- 	�! �� ����# 7�;8 �� y� +��� �--�! ��	 � �	��!�! ���!�	��0 �� ����� � �� �����
7��8� �
������� ω(y, t) = vy(y, t), (y, t) ∈ QT � ���� ��*�� vy(0, ·) ∈ C(0, T ]� +�
��	 "
�
-�!  7�;8 �	����# ω(y, t) ������- vy(y, t)� �	�!����� 6� v ∈ C2,1(QT ) ∩ C(QT )�
�	
� ��#�
� �� �
��


vt = q(t)tβvyy +
b(yh3(t) + h1(t), t) + p(t) + yr(t)

h3(t)
vy + c(yh3(t) + h1(t), t)v +

+f(yh3(t) + h1(t), t) 7(;8



 !"#$"$% &%'%(% ')* +%#%! ),($ - #,�$*$$* .2

�	 ��� ! 7;8� 7�8�
+��
!�������-��� �� ����� 7(.8� 7(�8�  !���!��� �-�! �� �
��
 7(;8 �	 ��� !

7;8� 7�8

h′
1(t)µ4(t)
h3(t)

− h′
3(t)

(
µ4(t)
h3(t)

− 2

1∫
0

yv(y, t)dy

)
+ p(t)

(
µ1(t) − µ4(t)

h3(t)

)
+ r(t)

(
µ4(t)
h3(t)

−

−2

1∫
0

yv(y, t)dy

)
=

µ′
5(t)

h3(t)
− µ′

4(t)
(

h1(t)
h3(t)

+ 1
)
− b(h1(t), t)µ1(t) − h3(t)q(t)tβ(ω(0, t)+

+µ1(t) − µ2(t)) +

1∫
0

b(yh3(t) + h1(t), t)v(y, t)dy − h3(t)

1∫
0

(1 − y)
(
(bx(yh3(t) + h1(t), t)−

−c(yh3(t) + h1(t), t))v(y, t) − f(yh3(t) + h1(t), t)
)
, t ∈ [0, T ], 7(�8

h′
3(t)µ4(t)
h3(t)

+ p(t)(µ2(t) − µ1(t)) + r(t)
(

µ2(t) − µ4(t)
h3(t)

)
= µ′

4(t) − h3(t)q(t)tβ(ω(1, t)−

−ω(0, t)) + b(h1(t), t)µ1(t) − b(h3(t) + h1(t), t)µ2(t) + h3(t)

1∫
0

(
(bx(yh3(t) + h1(t), t)−

−c(yh3(t) + h1(t), t))v(y, t) − f(yh3(t) + h1(t), t)
)
dy, t ∈ [0, T ]. 7,<8

� �
�!�  �	$� �-�! ��!��6���
 ������!� ���!��  !��� ��� 6� h1, h3∈C1[0, T ]� &�
"
������  �
 7,<8 �� ����# 7(�8� &�	$� �-�!� 6� ω(y, t) = vy(y, t)� ���!�����

µ4(t)
h3(t)

(r(t) − h′
3(t)) = 0,

� �
�!�  !���!��� �-�! ��� ! ������!� �	��� r(t) = h′
3(t)� &�
�
 %! �����  �
 7(�8

�� ����# 7(98� ��	$�
!�� p(t) = h′
1(t)� +�
��	 �
-�!  7(;8 �	����# r(t), p(t) ��	4
���

��	����
� 	 �	����# q(t) 1 
��� a(t)
h2
3(t)

� ��!$�
!�� 
� �� �
��
 7�8� +���
 �#�*� ��� !

7(,8"7(�8 �� � 	������  �
�� �
�� 7�<8"7�(8� 6� 4 �	 ��%�� 
� �
���
 �� � 	����������

$� %�������� ��������� ����&��'� ������  !"# ��"� �� �
���� 6� �����
��� 3
��� �!����! �� �
�# 7�;8� 7��8� 7(,8"7(�8� ��
 �#�*�  !���!��	��� �������
2	�
��	 ��� ����$��� ����� ������ ������� ��*� ����	���	� ��	4
��� 	�������
�����! ��� 3
��� �!����!� � �� � 	��������� �	
	�� 7�8"7�(8 �	 �!����! �� �
�# 7�;8�
7��8� 7(,8"7(�8  !��! 	�� 6� 
�
 ������4 h1(t), h3(t), v(y, t) ��	 !�#�� �����! 7�,8"
7��8� =��� �	�!%!���# ����!�! ������0 p(t), r(t), q(t), ω(y, t)� &!��	�!�� �� �
����
������0 ω(y, t) ��! t → +0� +���	�!�� W (t) = max

y∈[0,1]
|ω(y, t)|� h3min(t) = min

0�τ�t
h3(τ)�

h3max(t) = max
0�τ�t

h3(τ)� qmin(t) = min
0�τ�t

q(τ)� qmax(t) = max
0�τ�t

q(τ)� &�	$� �-�! �� "

����#
1∫

0

G2(y, t, η, τ)dη = 1, 7,�8
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�
�������� 6� ���%!4 � ��� ���!4 ����*�	�! � 7((8 �������� ��	�!�!� 
�� �	���	�#
 �
  !$�
�!$ 
	�!$ �	
	�� 7�8"7�(8

∣∣∣∣
1∫

0

G2(y, t, η, 0)ϕ′(ηh0)dη

∣∣∣∣ � C1,

∣∣∣∣
1∫

0

t∫
0

G2(y, t, η, τ)h(τ)fη(ηh(τ), τ)dηdτ

∣∣∣∣ � C2. 7,(8

��
 �����! 
 �$ ��%!$ 
�
	���  !���!��	��� �	�� ������ ������0 ?���	

G2(y, t, η, τ) � C3 +
C4√

θ(t) − θ(τ)
. 7,,8

>��!�	���

|ω0(y, t) | � C5 + C6

t∫
0

dτ√
θ(t) − θ(τ)

. 7,.8

&�	$� �-�! ���� ����#

1∫
0

|G1y(y, t, η, τ) | dη � C7√
θ(t) − θ(τ)

7,�8

�	 ��!��6���
 ������!� � �� �
��
 7��8 ��	$�
!��

W (t) � C5 + C6

t∫
0

dτ√
θ(t) − θ(τ)

+ C8

t∫
0

τ
β−1

2 +γ√
θ(t) − θ(τ)

dτ +

+C9

t∫
0

τ
β−1

2 +γ + | p(τ)| + | r(τ)|√
θ(t) − θ(τ)

W (τ)dτ, (y, t) ∈ QT . 7,98

C�����0 p(t), r(t) ����!���  !���!��� �-�! 7(98� 7(�8� &�	$� �-�! ��� ! ������!�
�	���

| p(t) | � C10t
β−1

2 +γ + C11q(t)tβ + C12q(t)tβW (t), t ∈ [0, T ], 7,�8

| r(t) | � C13t
β−1

2 +γ + C14q(t)tβ + C15q(t)tβW (t), t ∈ [0, T ]. 7,;8

A��*�
���� ����*�	�

t∫
0

dτ√
θ(t) − θ(τ)

� C16√
qmin(t)

t∫
0

dτ√
tβ+1 − τβ+1

� C17

t
β−1

2
√

qmin(t)
. 7,�8

+�
��	 �
-�! 7,�817,�8 � 7,98� �
���!��

W (t) � C5 +
C18

t
β−1

2
√

qmin(t)
+

C19t
γ√

qmin(t)
+

C20

t
β
2
√

qmin(t)

t∫
0

τ
β−1

2 +γW (τ)√
t − τ

dτ +

+
C21qmax(t)

t
β
2
√

qmin(t)

t∫
0

τβW (τ)√
t − τ

dτ +
C22qmax(t)

t
β
2
√

qmin(t)

t∫
0

τβW 2(τ)√
t − τ

dτ, 7.<8
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� �
�! ���!��  !��� ��� 6� ω(y, t) �� �
!�# ���� 
�
C23

t
β−1

2

��! t → +0�

��
 ��*�� 6�� ����!�! q(t) � ��$�� ����!�� ω(0, t) ��!���  �	$� �-�! 7��8� 7((8�
>����#�! G2(0, t, 1, τ) � C24� ���  �	$� �-�! 7,(8� 7,�8� ��	$�
!��

ω(0, t) �
t∫

0

G2(0, t, 0, τ)(f(p1(τ), τ) − µ′
1(τ))dτ − C25 − C26

t∫
0

τ
β−1

2 +γ√
θ(t) − θ(τ)

dτ−

−C27

t∫
0

τ
β−1

2 +γ + | p(τ)| + | r(t)|√
θ(t) − θ(τ)

W (τ)dτ, t ∈ (0, T ]. 7.�8

>���!�� ���%!4 ����*�	� � ���	��#�0 ���� ������  !���!��� �-�! ����	����

������0 ?���	

t∫
0

G2(0, t, 0, τ)(f(h1(τ), τ) − µ′
1(τ))dτ =

1√
π

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

θ(t) − θ(τ)
dτ+

+
2√
π

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

θ(t) − θ(τ)

∞∑
n=1

exp
(
− n2

θ(t) − θ(τ)

)
dτ � 1√

π

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

θ(t) − θ(τ)
dτ.

&!���!��� �-�! ���� ����� 7,�8� 7,;8 �	 �� �
���� ������0 ω(y, t) ��! t → +0� ���!"
��  !��� ��� 6� �����! ���� 
 �$ ��%!$ ����*�	�� � 7.�8 � ���%!�! �	 �����! ���#
���%�*�� =��� 
�
 
� ��#��*� ����� 	��*� r: 0 < r < 1 ����� �	�� �!��� t1:
0 < t1 � T � 6�

C25 + C26

t∫
0

τ
β−1

2 +γ√
θ(t) − θ(τ)

dτ + C27

t∫
0

τ
β−1

2 +γ + | p(τ)| + | r(τ)|√
θ(t) − θ(τ)

W (τ)dτ �

� r√
π

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

θ(t) − θ(τ)
dτ, t ∈ [0, t1].

=�
� � 7.�8 ���!�����

ω(0, t) � 1 − r√
π

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

θ(t) − θ(τ)
dτ, t ∈ (0, t1]. 7.(8
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+�
��	 ! %! 7.(8  7(,8� �
���!��

q(t) � µ3(t)

1 − r√
π

tβh3(t)

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

θ(t) − θ(τ)
dτ

�

�
√

πµ3(t)
√

qmax(t)

(1 − r)
√

1 + β tβh3min(t)

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

tβ+1 − τβ+1
dτ

, t ∈ [0, t1]. 7.,8

& �
��� ����	����


K(t) ≡
√

πµ3(t)

√
1 + β tβ

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

tβ+1 − τβ+1
dτ

. 7..8

�*�
�� � ��� 	�! ������! K(t) ������� �	 �	 
�
	��	 �	 (0, T ]� &!���!��� �-�!
������� ��� ����
�� �	 �	���� �����!$ z = τ/t� 
� �
��� ���� 	��
 *�	�!��

lim
t→+0

K(t) = lim
t→+0

√
πµ3(t)

√
1 + βtβ(f(h1(t̃), t̃) − µ′

1(t̃))

t∫
0

dτ√
t1+β − τ1+β

=

=
√

π

1 + β

A0

(f(h10, 0) − µ′
1(0))I1

> 0,


� t̃ ∈ [0, T ], I1 =

1∫
0

dz√
1 − zβ+1

�

&�	$� �-�! 7..8� � 7.,8 �	�!����

q(t) � K(t)
(1 − r)h3min(t)

√
qmax(t), 	�� qmax(t) � K2

max(t)
(1 − r)2h2

3min(t)
, 7.�8


� Kmax(t) = max
0�τ�t

K(τ)� >��	����� ���!�����

q(t) � B1, 
� B1 =
K2

max(T )
(1 − r)2h2

3min(T )
, t ∈ [0, t1]. 7.98

>���!�� ω(0, t) � ��$�� �*�
�� � 7��8� 7((8 �	���

ω(0, t) � C28 +
1√
π

t∫
0

f(h1(τ), τ) − µ′
1(τ)√

θ(t) − θ(τ)
dτ + C29

t∫
0

τ
β−1

2 +γ√
θ(t) − θ(τ)

dτ+
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+C30

t∫
0

τ
β−1

2 +γ + | p(τ)| + | r(τ)|√
θ(t) − θ(τ)

W (τ)dτ.

+�
��	 !�� ���	��- ���� ����#  7(,8� &!���!��� �-�! 7,�8"7,;8� 7.98� �
���!��

q(t) � K(t)
√

qmin(t)
h3max(t)

(
C31t

β−1
2 +1+C32t

β−1
2 +γ+C33t

β−1
2

t∫
0

τ
β−1

2 +γW (τ)√
tβ+1 − τβ+1

dτ+C34t
β−1

2 ×

×
t∫

0

τβW (τ)√
tβ+1 − τβ+1

dτ + C35t
β−1

2

t∫
0

τβW 2(τ)√
tβ+1 − τβ+1

dτ

)−1

� K(t)
√

qmin(t)
(1 + r)h3max(t)

, 7.�8

t ∈ [0, t2]� 
� �!��� t2 : 0 < t2 � T �	��� 6� ��	 !�#�	 ���� ����#

C31t
β−1

2 + C32t
β−1

2 +γ + C33t
β−1

2

t∫
0

τ
β−1

2 +γW (τ)√
tβ+1 − τβ+1

dτ + C34t
β−1

2

t∫
0

τβW (τ)√
tβ+1 − τβ+1

dτ+

+C35t
β−1

2

t∫
0

τβW 2(τ)√
tβ+1 − τβ+1

dτ � C31t
β−1

2 + C32t
β−1

2 +γ + C36t
γ + C37t

β+1
2 + C38t � r,

��! t ∈ [0, t2]� =�
�

qmin(t) � K2
min(t)

(1 + r)2h2
3max(t)

, 	�� q(t) � B0, t ∈ [0, t2], 7.;8


� Kmin(t) = min
0�τ�t

K(τ)� B0 =
K2

min(T )
(1 + r)2h2

3max(T )
> 0�

&�	$� �-�! 7.98� 7.;8� � 7.<8 ��	$�
!��

W (t) � C5 +
C39

t
β−1

2

+ C40t
γ +

C41

t
β
2

t∫
0

(τ
β−1

2 +γ + τβ)W (τ)√
t − τ

dτ +
C42

t
β
2

t∫
0

τβW 2(τ)√
t − τ

dτ. 7.�8

������!�� ��!
 � �	��!�! ���� ����� 7.�8 �	 t
β−1

2 � ��!4���� W1(t) = W (t)t
β−1

2 �
>��!�	���

W1(t) = C43t
β−1

2 + C44 + C45t
− 1

2

t∫
0

(τγ + τ
β+1
2 )W1(τ)√

t − τ
dτ + C46t

− 1
2

t∫
0

τW 2
1 (τ)√

t − τ
dτ. 7�<8

D�$	4 γ � 1� =�
� � 7�<8 �	�!����

W1(t) = C47 + C48t
− 1

2

t∫
0

τγ(W1(τ) + 1)2√
t − τ

dτ,
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	��� ����	�! %! W2(t) = W1(t) + 1�

W2(t) � C49 +
C48√

t

t∫
0

τγW 2
2 (τ)√

t − τ
dτ. 7��8

+�
������ ��!
 � �	��!�! 7��8 
� � 	
�	�	�  !���!��� �-�! ���� ����� ��%� �	
��%� 1 E��
�� �#��*�

W 2
2 (t) � 2C2

49 + 2C2
48t

γ+ 1
2

t∫
0

τγ−1W 4
2 (τ)√

t − τ
dτ.

& ���	���4 ���� ����� ����!�� t �	 σ �� 
�����! %! �	 1√
t−σ

� �������*����� 00 �� σ

 �
 0 
� t
t∫

0

W 2
2 (σ)√
t − σ

dσ � C50

√
t + C51t

γ+ 1
2

t∫
0

τγ−1W 4
2 (τ)dτ.

&!���!��� �-�! ���	��- ���� ����#  7��8� �
���!��

W2(t) � C52 + C53

t∫
0

W 4
2 (τ)

τ1−γ
dτ. 7�(8

+���	�!��

χ(t) = C52 + C53

t∫
0

W 4
2 (τ)

τ1−γ
dτ. 7�,8

=�
� � 7�(8 ���!�	��� W2(t) � χ(t)� +��
!�������- 	 %! 7�,8 �  !���!��	 %!
���	��- ���� ����#� ��	$�
!��

χ′(t) � C53

t1−γ
χ4(t),

� �
�!

χ(t) � C52
3
√

γ
3
√

γ − 3C3
52C53tγ

.

&!�!�	-�! �!��� t3, 0 < t3 � T �	�� 6�� γ − 3C3
52C53t

γ
3 > 0� �	�!���� χ(t) � M3�

	�� W2(t) � M3, t ∈ [0, t3]� �  !�	
�� γ > 1 ���� ����# 7�<8 � �
!�#�
 
�  !*�

�

W2(t) � C54 + C55

t∫
0

W 2
2 (τ)√
t − τ

dτ,

� �
�!� �	����� �-�! �� �	�� ����� 	��
� 6� 4 ��! ��� 3
�	��� 7��8� ��	$�
!��
W2(t) � M4, t ∈ [0, t4], 
� �!��� t4, 0 < t4 � T  !��	�	��#�
 ��	�!�! C54, C55�
>����

|ω(y, t)| � M5

t
β−1

2

, (y, t) ∈ [0, 1] × (0, t5], 7�.8
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� M5 = max{M3, M4}� t5 = min{t3, t4}� +�
��	 �
-�! 7.98� 7�.8  7,�8� 7,;8� �
��"
�!��

| p(t)| � M6t
β−1

2 +γ , | r(t)| � M7t
β−1

2 +γ , t ∈ [0, t5]. 7��8

�	� 	�!��� 6� �*�
�� � 7.(8 � 7.;8

ω(0, t) � M8

t
β−1

2

, t ∈ (0, t5]. 7�98

>���� ��	4
��� 	������� �����! ��� 3
��� �!����! 7�;8� 7��8� 7(,8"7(�8� & �
��� �� �
������- ω̃(y, t) = ω(y, t)t

β−1
2 � ��
	�� �!����� 7�;8� 7��8� 7(,8"7(�8 �  !*�

�

v(y, t) = v0(y, t) +

t∫
0

1∫
0

G1(y, t, η, τ)
(

c(ηh3(τ) + h1(τ), τ)v(η, τ) +

+
b(ηh3(τ) + h1(τ), τ) + p(τ) + ηr(τ)

h3(τ)
ω̃(η, τ)

τ
β−1

2

)
dηdτ, (y, t) ∈ Qt0 , 7��8

ω̃(y, t) = ω0(y, t)t
β−1

2 + t
β−1

2

t∫
0

1∫
0

G1y(y, t, η, τ)
(

c(ηh3(τ) + h1(τ), τ)v(η, τ)+

+
b(ηh3(τ) + h1(τ), τ) + p(τ) + ηr(τ)

h3(τ)
ω̃(η, τ)

τ
β−1

2

)
dηdτ, (y, t) ∈ Qt0 , 7�;8

q(t) =
µ3(t)

t
β+1
2 ω̃(0, t)h3(t)

, t ∈ [0, t0], 7��8

h3(t) =
µ4(t)

1∫
0

v(y, t)dy

, t ∈ [0, t0], 79<8
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h1(t) =
(

µ5(t) − h2
3(t)

1∫
0

yv(y, t)dy

)
µ−1

4 (t), t ∈ [0, t0], 79�8

p(t) =
(

µ′
5(t)

h3(t)
− µ′

4(t)
(

h1(t)
h3(t)

+ 1
)
− b(h1(t), t)µ1(t) − h3(t)q(t)(ω̃(0, t)t

β+1
2 + tβ(µ1(t)−

−µ2(t))) +

1∫
0

b(yh3(t) + h1(t), t)v(y, t)dy − h3(t)

1∫
0

(1 − y)
(
(bx(yh3(t) + h1(t), t)−

−c(yh3(t) + h1(t), t))v(y, t) − f(yh3(t) + h1(t), t)
)
dy

)
µ−1

1 (t), t ∈ [0, t0], 79(8

r(t) =
(

µ′
4(t) − p(t)(µ2(t) − µ1(t)) − h3(t)q(t)t

β+1
2 (ω̃(1, t) − ω̃(0, t)) + b(h1(t), t)µ1(t)−

−b(h3(t) + h1(t), t)µ2(t) + h3(t)

1∫
0

(
(bx(yh3(t) + h1(t), t) − c(yh3(t) + h1(t), t))v(y, t)−

−f(yh3(t) + h1(t), t)
)
dy

)
µ−1

2 (t), t ∈ [0, t0], 79,8


� v0(y, t), ω0(y, t)  !��	�	-�#�
 ������	�! 7(�8� 7((8� 	 t0 = min{ti, i = 1, 5}� B!�"
���� 7��8"79,8 ��
	�� �  !*�

� ����	�����*� �� �
��


w = Pw,


� w = (q, h1, h3, p, r, v, ω̃)� 	 ����	��� P  !��	�	��#�
 ��	 !�! �	��!�	�! �� �
�#
7��8"79,8� F���� N ����	�!�� ����!�� N = {(q, h1, h3, p, r, v, ω̃) ∈ (C[0, t0])3×
×(C(Qt0))

2 : B0 � q(t) � B1� |h1(t)| � H2� H0 � h3(t) � H1� |p(t)| � M6t
β−1

2 +γ �

|r(t)| � M7t
β−1

2 +γ � M1 � v(y, t) � M2� |ω̃(y, t)| � M5� ω̃(0, t) � M8 > 0}� �*	
	��
�����! 
	-�# ��	 � �� ��
�� 	�!� 6� ����!�	 N 1 �	�����	 4 �����	� 	 ����	���
P ���� �
!�# 00  ����� =�� 6� ����	��� P ������ ������� �!4� 
� �
!�#�
 
�  
'()� '9)� =�
� �*�
�� � �������- 2	�
��	 ����� ��� 3
��� �!����! �� �
�# 7�;8� 7��8�
7(,8"7(�8� 	 ����� � ��� 3
��� �	
	�� 7�8"7�(8 ��! (y, t) ∈ [0, 1] × [0, t0]�

(� %�������� )������� ����&��'� ������  !"# ��"� D	 ��
��	 � �� � 	���"
������ �	
	�� 7�8"7�(8 �	 �!����! �� �
�# 7�;8� 7��8� 7(,8"7(�8� 
� �
��� �
!����#
��� 3
��� �*	
	��0 �!����!� +�!����!��� 6� ����� 
 	 ��� 3
��! (qi(t)� h1i(t)� h3i(t)�
pi(t)� ri(t)� vi(y, t)� ωi(y, t))� i = 1, 2� �!����! �� �
�# 7�;8� 7��8� 7(,8"7(�8� +���	�!��
q(t) = q1(t) − q2(t)� h1(t) = h11(t) − h12(t)� h3(t) = h31(t) − h32(t)� p(t) = p1(t) − p2(t)�
r(t) = r1(t) − r2(t)� v(y, t) = v1(y, t) − v2(y, t)�
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ω(y, t) = ω1(y, t) − ω2(y, t)� �	��	���� ����!�� �	
� ��#�
-�# �	�� �!����� �� �
�#

v(y, t) = v∗0(y, t) +

t∫
0

1∫
0

(G(1)
1 (y, t, η, τ) − G

(2)
1 (y, t, η, τ))

(
c(ηh31(τ) + h11(τ), τ)v1(η, τ)+

+
b(ηh31(τ) + h11(τ), τ) + p1(τ) + ηr1(τ)

h31(τ)
ω1(η, τ)

)
dηdτ +

t∫
0

1∫
0

G
(2)
1 (y, t, η, τ)×

×
((

p(τ)
h31(τ)

+
ηr(τ)
h31(τ)

+
b(ηh31(τ) + h11(τ), τ) − b(ηh32(τ) + h12(τ), τ)

h31(τ)

)
ω1(η, τ)−

− h3(τ)
h31(τ)h32(τ)

b(ηh32(τ)+h12(τ), τ)ω1(η, τ) +
b(ηh32(τ) + h12(τ), τ) + p2(τ) + ηr2(τ)

h32(τ)
×

×ω(η, τ) + (c(ηh31(τ) + h11(τ), τ) − c(ηh32(τ) + h12(τ), τ))v1(η, τ)+

+c(ηh32(τ) + h12(τ), τ)v(η, τ)
)

dηdτ, (y, t) ∈ QT , 79.8

ω(y, t) = ω∗
0(y, t) +

t∫
0

1∫
0

(G(1)
1y (y, t, η, τ) − G

(2)
1y (y, t, η, τ))

(
c(ηh31(τ) + h11(τ), τ)×

×v1(η, τ) +
b(ηh31(τ) + h11(τ), τ) + p1(τ) + ηr1(τ)

h31(τ)
ω1(η, τ)

)
dηdτ+

+

t∫
0

1∫
0

G
(2)
1y (y, t, η, τ)

((
ηr(τ)
h31(τ)

+
b(ηh31(τ) + h11(τ), τ) − b(ηh32(τ) + h12(τ), τ)

h31(τ)
+

+
p(τ)

h31(τ)

)
ω1(η, τ) − h3(τ)

h31(τ)h32(τ)
b(ηh32(τ) + h12(τ), τ)ω1(η, τ)+

+
b(ηh32(τ) + h12(τ), τ) + p2(τ) + ηr2(τ)

h32(τ)
ω(η, τ) + (c(ηh31(τ) + h11(τ), τ)−

−c(ηh32(τ) + h12(τ), τ))v1(η, τ) + c(ηh32(τ) + h12(τ), τ)v(η, τ)
)

dηdτ, (y, t)∈QT , 79�8

q(t) = −h3(t)q1(t)
h32(t)

− tβq1(t)q2(t)h31(t)
µ3(t)

ω(0, t), t ∈ [0, T ], 7998

h3(t) =
h31(t)h32(t)

µ4(t)

1∫
0

v(y, t)dy, t ∈ [0, T ], 79�8

h1(t)µ4(t) = h3(t)(h31(t) + h32(t))

1∫
0

yv1(y, t)dy + h2
32(t)

1∫
0

yv(y, t)dy, t ∈ [0, T ], 79;8



2. ����� �����	


p(t)µ1(t) = − µ′
5(t)h3(t)

h31(t)h32(t)
− µ′

4(t)
(

h1(t)
h31(t)

+
h12(t)h3(t)
h31(t)h32(t)

)
− tβ

(
(h3(t)q1(t)+

+h32(t)q(t))ω1(0, t) + h32(t)q2(t)ω(0, t) + (h3(t)q1(t) + h32(t)q(t))(µ1(t) − µ2(t))
)−

−(b(h11(t), t) − b(h12(t), t))µ1(t) +

1∫
0

(
(b(yh31(t) + h11(t), t) − b(yh32(t) + h12(t), t))×

×v1(y, t) + v(y, t)b(yh32(t) + h12(t), t)
)
dy − h3(t)

1∫
0

(1 − y)
(
(bx(yh31(t) + h11(t), t)−

−c(yh31(t) + h11(t), t))v1(y, t) − f(yh31(t) + h11(t), t)
)
dy − h32(t)

1∫
0

(1 − y)×

×
((

(bx(yh31(t) + h11(t), t) − bx(yh32(t) + h12(t), t)) − (c(yh31(t) + h11(t), t)−

−c(yh32(t) + h12(t), t))
)
v1(y, t) + (bx(yh32(t) + h12(t), t) − c(yh32(t) + h12(t), t))×

×v(y, t) − (f(yh31(t) + h11(t), t) − f(yh32(t) + h12(t), t))
)

dy, t ∈ [0, T ], 79�8

p(t)(µ2(t) − µ1(t)) + r(t)µ2(t) = −(h3(t)q1(t) + h32(t)q(t))tβ(ω1(1, t) − ω1(0, t))−
−h32(t)q2(t)tβ(ω(1, t) − ω(0, t)) + (b(h11(t), t) − b(h12(t), t))µ1(t)−

−(b(h31(t) + h11(t), t) − b(h32(t) + h12(t), t))µ2(t) + h3(t)

1∫
0

(
(bx(yh31(t) + h11(t), t)−

−c(yh31(t) + h11(t), t))v1(y, t) − f(yh31(t) + h11(t), t)
)
dy + h32(t)

1∫
0

(
v1(y, t)×

×(
(bx(yh31(t) + h11(t), t) − bx(yh32(t) + h12(t), t)) − (c(yh31(t) + h11(t), t)−

−c(yh32(t) + h12(t), t))
)

+ (bx(yh32(t) + h12(t), t) − c(yh32(t) + h12(t), t))v(y, t)−

−(f(yh31(t) + h11(t), t) − f(yh32(t) + h12(t), t))
)

dy, t ∈ [0, T ], 7�<8


� v∗0(y, t) = v01(y, t)−v02(y, t)� ω∗
0(y, t) = ω01(y, t)−ω02(y, t)� v0i(y, t)� ω0i(y, t)� i = 1, 2�

 !��	�	-�#�
 �� ����
�! 7(�8� 7((8� G
(j)
i (y, t, η, τ)� i, j = 1, 2� 1 ������0 ?���	 i"0

��	4� �0 �	
	�� 
�
 �� �
��


vjt = qj(t)tβvjyy + f(yh3j(t) + h1j(t), t).
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+�!��6���
 ������! �	�������-�# ��	 !�#����# �� �����

b(yh31(t) + h11(t), t) − b(yh32(t) + h12(t), t) = (y(h31(t) − h32(t)) + (h11(t) − h12(t)))×

×
1∫

0

bx(y(h32(t) + σ(h31(t) − h32(t)) + h12(t) + σ(h11(t) − h12(t))), t)dσ, 7��8

6� ��	 !�#�	 
�
 ������4 bx(yh3(t)+h1(t), t), c(yh3(t)+h1(t), t), f(yh3(t)+h1(t), t)�
>���!�� ������- q(t)�  !���!��� �-�! �� �
��
 7998� +���	�!�� V (t) =

= max
y∈[0,1]

|v(y, t)|� W (t)= max
y∈[0,1]

|ω(y, t)|G q̃max(t)= max
0�τ�t

| q(τ)|� h̃3max(t)= max
0�τ�t

|h3(τ)|�
>����#�! qi(t), i = 1, 2 ��� 3
��! �!����! 7�;8� 7��8� 7(,8"7(�8� �� 
�
 �!$ ���	 "


��-�#�
 �����! 7.�8� =�
� � 7998 ���!�����

q̃max(t) � tβK4
max(t)h32max(t)

(1 − r)4h2
31min(t)h2

32min(t)µ3(t)
|ω(0, t)| + C56h̃3max(t). 7�(8

B���	��� ����!��  ��!�!�! |v(y, t)|� |ω(y, t)|� |p(t)|� |r(t)|� |h1(t)|�  �
 
�!$ �	���	�#
�����! |ω(0, t)| �	 h3max(t)� A��*�
���� 
�
�� � 
�
	��� � 
��  $�

�# 
� v∗0(y, t)�
ω∗

0(y, t)� &!���!��� �-�! ��!��6���
 ������! �	 �����! 7,�8� 7,,8� ��	$�
!��

|Q1| =
∣∣∣∣

t∫
0

1∫
0

(G(1)
1 (y, t, η, τ) − G

(2)
1 (y, t, η, τ))f(ηh31(τ) + h11(τ), τ)dηdτ

∣∣∣∣ �

� C57t
β+1
2 +γ q̃max(t), 7�,8

|Q2| =
∣∣∣∣

t∫
0

1∫
0

(G(2)
1 (y, t, 0, τ)(f(ηh31(τ) + h11(τ), τ) − f(ηh32(τ) + h12(τ), τ))dηdτ

∣∣∣∣ �

� C58t
β+1
2 +γ(h̃3max(t) + |h1(t)|),

|R1| =
∣∣∣∣

t∫
0

(G(2)
2 (y, t, 0, τ)(f(h11(τ), τ) − f(h12(τ), τ))dτ

∣∣∣∣ � C59t
γ |h1(t)|,

|R2| =
∣∣∣∣

t∫
0

(G(2)
2 (y, t, 0, τ)(f(h31(τ) + h11(τ), τ) − f(h32(τ) + h12(τ), τ))dτ

∣∣∣∣ �

� C60t
γ(h̃3max(t) + |h1(t)|),

|R3| =
∣∣∣∣

t∫
0

1∫
0

(G(2)
2 (y, t, η, τ)h32(τ)(fx(ηh31(τ)+h11(τ), τ)−fx(ηh32(τ)+h12(τ), τ))dηdτ

∣∣∣∣�
� C61t(h̃3max(t) + |h1(t)|).
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&�� ��%� 
�
	��! ����--�# 
�  '()� � �����#�	�� ���!�	���

|v∗0(y, t)| � C62q̃max(t) + C63t
β+1
2 +γ(h̃3max(t) + |h1(t)|), t ∈ [0, T ], 7�.8

|ω∗
0(y, t)| � C64q̃max(t)

t
β−1

2

+ C65t
γ(h̃3max(t) + |h1(t)|), t ∈ (0, T ]. 7��8

��
 �����! h3(t) ��
��	 !�� 79.8  79�8�

A��*�
���� 
�
	��� S1 =
∫ 1

0 dy
∫ 1

0 (G(1)
1 (y, t, η, 0) − G

(2)
1 (y, t, η, 0))ϕ(ηh30 + h10)dη�

����! %! ���

�� ����*�� 	��
 �	  !���!��	 %! �� ����#

1∫
0

G1(y, t, η, 0)dη = 1 −
t∫

0

G1η(y, t, 0, τ)τβq(τ)dτ +

t∫
0

G1η(y, t, 1, τ)τβq(τ)dτ,

�
���!��

S1 =

1∫
0

ϕ(ηh30 + h10)
(
−

t∫
0

(
G

(1)
1y (η, t, 0, τ) − G

(2)
1y (η, t, 0, τ)

)
τβq1(τ)dτ−

−
t∫

0

G
(2)
1y (η, t, 0, τ)τβq(τ)dτ +

t∫
0

(
G

(1)
1y (η, t, 1, τ) − G

(2)
1y (η, t, 1, τ)

)
τβq1(τ)dτ+

+

t∫
0

G
(2)
1y (η, t, 1, τ)τβq(τ)dτ

)
dη =

4∑
i=1

S1,i.

>����#�! G1y(η, t, y, τ) = −G2η(η, t, y, τ)� �� 
�
 S1,1 �	���

S1,1 =

t∫
0

τβq1(τ)dτ

1∫
0

(
G

(1)
2η (η, t, 0, τ) − G

(2)
2η (η, t, 0, τ)

)
ϕ(ηh30 + h10)dη =

=

t∫
0

τβq1(τ)
(
(G(1)

2 (1, t, 0, τ)−G
(2)
2 (1, t, 0, τ))ϕ(h30+h10)−(G(1)

2 (0, t, 0, τ)−G
(2)
2 (0, t, 0, τ))×

×ϕ(h10) − h30

1∫
0

(G(1)
2 (η, t, 0, τ) − G

(2)
2 (η, t, 0, τ))ϕ′(ηh30 + h10)dη

)
dτ,

� �
�! ��	$�
!�� |S1,1| � C66t
β+1
2 q̃max(t). >���--�!  �� ��%� 
�
	��! ��
����� � 79�8

���!�����

h̃3max(t) � C67t
γ q̃max(t) + C68t

γ+1(h̃3max(t) + |h1(t)|) +
C69

t
β−1
2

(|p(t)| + |r(t)|) +

+C70t
β+1
2 +γW (t) + C71t

β+1
2 +γV (t). 7�98
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� �� �����4 79;8"7�<8 ��	$�
!��

|h1(t)| � C72h̃3max(t) + C73V (t), 7��8

|p(t)| � C74t
β−1

2 +γ q̃max(t) + C75t
γ(|p(t)| + |r(t)|) + C76t

β−1
2 +γV (t) + C77t

βW (t), 7�;8

|r(t)| � C78t
β−1

2 +γ q̃max(t) + C79t
γ(|p(t)| + |r(t)|) + C80t

β−1
2 +γV (t) + C81t

βW (t). 7��8

&�	$� �-�! 7�.8� 7��8� �� 79.8� 79�8 �
�������

V (t) � C82q̃max(t) + C83t
γ(h̃3max(t) + |h1(t)|)+

+C84

t∫
0

(
τ

β−1
2 +γ(V (τ) + W (τ)) +

|p(τ)| + |r(τ)|
τ

β−1
2

)
dτ, t ∈ [0, T ], 7;<8

W (t) � C85q̃max(t)

t
β−1

2

+
C86(h̃3max(t) + |h1(t)|)

t
β−1

2

+

+
C87

t
β
2

t∫
0

τ
β−1

2 +γV (τ) + τ
β−1

2 +γW (τ) +
|p(τ)| + |r(τ)|

τ
β−1

2√
t − τ

dτ, t ∈ (0, T ]. 7;�8

A�� 3
��-�! �!����� ���� �����4 7�98"7;�8� ��	$�
!��

V (t) � C88q̃max(t), t ∈ [0, t4], W (t) � C89

t
β−1

2

q̃max(t), t ∈ (0, t6], 7;(8

|p(t)| � C90t
β−1

2 +γ q̃max(t), |r(t)| � C91t
β−1

2 +γ q̃max(t), t ∈ [0, t6], 7;,8

|h1(t)| � C92q̃max(t), h̃3max(t) � C93tq̃max(t), t ∈ [0, t6], 7;.8


� �!��� t6� 0 < t6 � T �	���!�#  �
 ��	�!$ �*	
	��0 �!����!�
>���!�� �����%� �
!� � 
�
	��� � 
�!4  $�
!�# 
� ω(0, t)� 	 �	��:

R4 =

t∫
0

|G(1)
2 (0, t, 0, τ) − G

(2)
2 (0, t, 0, τ)|(f(h1(τ), τ) − µ′

1(τ))dτ =

=
1√
π

t∫
0

∣∣∣∣ 1√
θ1(t) − θ1(τ)

− 1√
θ2(t) − θ2(τ)

∣∣∣∣(f(h1(τ), τ) − µ′
1(τ))dτ+

+
2√
π

t∫
0

∣∣∣∣f(h1(τ), τ) − µ′
1(τ)√

θ1(t) − θ1(τ)
×

∞∑
n=1

exp
(
− n2

θ1(t) − θ1(τ)

)
− f(h1(τ), τ) − µ′

1(τ)√
θ2(t) − θ2(τ)

×

×
∞∑

n=1

exp
(
− n2

θ2(t) − θ2(τ)

)∣∣∣∣dτ =
2∑

i=1

R4,i.
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��
	��� R4,2 ��
	�� �  !*�

�

R4,2 =
2√
π

t∫
0

(f(h1(τ), τ) − µ′
1(τ))

∣∣∣∣
θ1(t)−θ1(τ)∫

θ2(t)−θ2(τ)

d

dz

(
1√
z

∞∑
n=1

exp
(
−n2

z

))
dz

∣∣∣∣dτ,

� �
�!�  �	$� �-�! ����������# ��
����*�	�#��*�  !�	�� �	 ���� ����#

|θ1(t) − θ1(τ) − θ2(t) + θ2(τ)| �
t∫

τ

|q(σ)|σβdσ � tβ+1 − τβ+1

β + 1
q̃max(t), 7;�8

�	��� R4,2 � C94t
β+2q̃max(t)� ��
 �����! R4,1  !���!��	��� 7..8� 7;�8 �	 ���� �����

θi(t) − θi(τ) =

t∫
τ

|q(σ)|σβdσ � K2
min(t)

h2
3imax(t)(1 + r)2

tβ+1 − τβ+1

β + 1
, i = 1, 2,

R4,1 �
√

β + 1(1 + r)3q̃max(t)h31max(t)h32max(t)

K3
min(t)

(
1

h31max(t)
+

1
h32max(t)

) t∫
0

f(h1(τ), τ) − µ′
1(τ)√

tβ+1 − τβ+1
dτ �

� (1 + r)3h2
31max(t)h2

32max(t)µ3(t)
tβK4

min(t)(h31max(t) + h32max(t))
q̃max(t).

��
 �����!  ��$ ��%!$ 
�
	��� ω(0, t)  �	$���� ���� ����� 7;(8"7;.8� >��!�	���

|ω(0, t)| �
(

C95 +
(1 + r)3h2

31max(t)h2
32max(t)µ3(t)

tβK4
min(t)(h31max(t) + h32max(t))

+ C96t
γ−β−1

2

)
q̃max(t). 7;98

+�
��	 ! %! 7;.8� 7;98  7�(8� �
���!��

q̃max(t) �
(

C97t
β−1

2 +
(1 + r)4K4

max(t)h2
31max(t)h3

32max(t)
(1 − r)4K4

min(t)h2
31min(t)h2

32min(t)(h31max(t) + h32max(t))
+

+C98t
γ + C99t

)
q̃max(t), t ∈ [0, t6]. 7;�8

>����#�! lim
t→+0

Kmax(t) = lim
t→+0

Kmin(t)� lim
t→+0

h3imax(t) = lim
t→+0

h3imin(t) = h30�

i = 1, 2� �� 
�
 �	
	��*� r : 0 < r < 1 ����� �	�� �!��� t7 : 0 < t7 � T � 6�

K4
max(t)h2

31max(t)h3
32max(t)

K4
min(t)h2

31min(t)h2
32min(t)(h31max(t) + h32max(t))

� 1 + r

2
, t ∈ [0, t7],

C97t
β−1

2 + C98t
γ + C99t � r, t ∈ [0, t7].

�	�������� �!��� r �	�� 6�� 0 < r <
5
√

2 − 1
5
√

2 + 1
� =�
�

C97t
β−1

2 +
(1 + r)4K4

max(t)h2
31max(t)h3

32max(t)
(1 − r)4K4

min(t)h2
31min(t)h2
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