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√
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√
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⎠
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(√

F2

F1
− 1
)
· η
]2 . )>-

T��1�.3����7 #�."/��#�# 2";1.1�:�� 4�#�#
.���7��7 )>- 2�E

u (η) =
H

E

η∫
0

P

F1
· 1[

1 +
(√
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(√
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⎡
⎣1− 1

1 +
(√

F2

F1
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)
η

⎤
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O#5�B75#% .���7��7 )>- K3%�E/# 3 �"� 72� $#D
 ��#/�
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2 + c4η
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R#�!����" ci (i = 1, 2, 3, 4, 5) 3 �".�5� 2 7 $1D
.1/�G1��7 )@�- 5��<21/# 5 .#5�B75%3 !"!�1/" � D
�1J.�=C�"0 .���7�4, !;#./#���#= �� #!�#�� �"%#��D
��7 �.��"C�#= 3/#�" $.# ��2!3���!�4 $1.1/�G1��7
#!�#�" #$#." �� �.3$" 3/#� 3 �35 �0 )@Q-� M .1D
53 4���� $."0#2"/# 2# !"!�1/" .���7�4 �"23⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

c1 = 0,
1
4c2 +

1
16c3 +

1
48 c4 +

1
192c5 = H1,

1
2c2 +

1
4c3 +

1
8c4 +

1
16c5 = H2,

3
4c2 +

9
16c3 +

27
48 c4 +

81
192c5 = H3,

c2 + c3 + c4 + c5 = H4

��������	 
��
���� �	����� ���������� �� 	����������� ��� ����
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.#5�B75#% 7%#= E

c1 = 0, c2 = 16H1 − 12H2 +
16

3
H3 −H4,

c3 = −208

3
H1 + 76H2 − 112

3
H3 +

22

3
H4,

c4 = −128

3
H1 + 64H2 − 128

3
H3 +

32

3
H4.

)@8-

9�2!��� 7FC" 5��<21�� %#1;�:�E��" ci,
(i = 1, 2, 3, 4, 5) )@8- 3 ;#./3 3 )@�- �� �.3$3FC"
#�."/��"< �".�5 ��2�#!�# ���#�"0 %#1;�:�E����
Hj (j = 1, 2, 3, 4) 2�!��E/#

u (η) =

(
16η − 208

3
η2 + 96η3 − 128

3
η4
)
×

×H1 +
(− 12η + 79η2 − 128η3 + 64η4

)
H2+

+

(
16η − 112

3
η2 +

224

3
η3 − 128

3
η4
)
H3+

+

(
− η +

22

3
η2 − 16η3 +

32

3
η4
)
H4.

)@H-

��FC" �".�5 )@H- /#6�� 5�$"!��" $# ��#/�D
� 4�� J�5"!�� ;3�%:�= /1�#23 m� 4#.%���

e1 (η) = 16η − 208

3
η2 + 96η3 − 128

3
η4,

e2 (η) = − 12η + 79η2 − 128η3 + 64η4,

e3 (η) =
16

3
η − 112

3
η2 +

224

3
η3 − 128

3
η4,

e4 (η) = − η +
22

3
η2 − 16η3 +

32

3
η4.

)@N-

9.#:123.� 5�!�#!3����7 /1�#23 m� 4#.%���,
���6�FC" $." :4#/3, G# J�5"!�� )@N- � $.#J�� ;3�D
%:�= !$��$�2�F�4, E ��%#Fh
5��0#2"/# ��2$#��2�3 /��.":F Λ

Λij = E

1∫
0

ej (η)
d ei (η)

d η
dη,

Λ =
5H

8E

⎛
⎜⎜⎝

5445
4096 − 203

256
2229
4096 − 33

16
533
256

5
16

69
256 −1

8661
4096

261
256

5445
4096 − 33

16
33
16 1 33

16 0

⎞
⎟⎟⎠ ;

)@>-

�"5��C�E/# �1%�#. b

bj =

1∫
0

ej (η) σ (η) dη,

b =

⎛
⎜⎜⎝

−25, 822 · 104
−20, 105 · 104
−70, 137 · 104
−29, 429 · 104

⎞
⎟⎟⎠ ;

)@L-

�� #!�#�� )@L- 5 �".�53

ΛijHi = bj , )@v-

�� 5��C1�4 )@>- 2�!��E/# ���#�� %#1;�:�E��"

⎛
⎜⎜⎝

H1

H2

H3

H4

⎞
⎟⎟⎠ = Λ−1b =

⎛
⎜⎜⎝

−2, 903 · 10−5

−8, 302 · 10−5

−1, 690 · 10−4

−3, 542 · 10−4

⎞
⎟⎟⎠ . )�A-

9�2!��� 7FC" 5��<21�� 5��C1��7 )�A- 3 )@H-
#�."/3E/# ��J "61�"< .#5�B75#% 2";1.1�:�� 4D
�#�# .���7��7 21;#./�:�= #$#."

u (η) = −
(
16η − 208

3
η2 + 96η3 − 128

3
η4

)
×

×2, 903 · 10−5 (− 12η + 79η2 − 128η3 + 64η4)×
×8, 302 · 10−5−

−
(
16η − 112

3
η2 +

224

3
η3 − 128

3
η4

)
×

×1, 690 · 10−4−

−
(
− η +

22

3
η2 − 16η3 +

32

3
η4

)
· 3, 542 · 10−4 =

= −1, 525 · 10−5η − 5, 860 · 10−4η2+

+8, 906 · 10−4η3 − 6, 435 · 10−4η4.

9 !:

�"! #�"< ��� �5 �� #!�#�� ��J "61�#= ;#./3D
 " )�@- !��2C"�4, G# /�E /�!:1 /�<61 $#��1 !$��D
$�2���7 �5 5��C1��7/" $1.1/�G1�4, #�."/��"0 ��
#!�#�� �#C�#�# ��� ��"C�#�# �".�53 )@A-�

M"%#."!���K" $.#1%:�<�"< /1�#2 K 70#/ .#5D
% �23 �� C#�"." J�5"!�� �."�#�#/1�."C�� ;3�%:�=
.#5�B75#% .���7��7 )>- $#2�/# 3 �"� 72�

u (η) = c1 + c2 cos
(π
2
η
)
+ c3 sin

(π
2
η
)
+

+c4 cos (πη) + c5 sin (πη) .
)��-

o3�%:�7 u (η) )��- /�E 5�2#�# 4�7�" 3/#��
u (0) = 0, � ��%#6 3/#��/ )@Q- 3 �35 #�"0 �#C%�0�
M .153 4���� /�E/# !"!�1/3 .���7�4

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

c1 + c2 + c4 = 0,

c1 +

√
2−√

2
2 c2 +

√
2−√

2
2 c3 +

√
2
2 c4 +

√
2
2 c5 = H1,

c1 +
√
2
2 c2 +

√
2
2 c3 + c5 = H2,

c1 +

√
2−√

2
2 c2 +

√
2−√

2
2 c3 −

√
2
2 c4 +

√
2
2 c5 = H3,

c2 + c3 − c4 = H4

5 .#5�B75%#/

c1 = −34, 960H1+49, 434H2−34, 960H3+10, 743H4,

c2 = 31, 948H1 − 49, 434H2 + 34, 972H3 − 10, 373H4,

c3 = 34, 972H1 − 49, 434H2 + 31, 948H3 − 8, 113H4,

c4 = 3, 0120H1 − 6, 0241H2 − 3, 0120H3 + 1, 6295H4,

c5 = −14, 473H1+21, 465H2−14, 473H3+3, 7407H4.

9�2!���"�K" #�."/��� 5��C1��7 %#1;�:�E����
ci (i = 1, 2, 3, 4, 5) 3 �".�5 2 7 $1.1/�G1��7 )��-,
#�."/3E/#

��������	 
��
���� �	����� ���������� �� 	����������� ��� ����



K*A(�>A@('88> A'?'6 �8:787!8*< =!'-".-. A ?*=*2*;*k &U			 �J

u (η) =
[
−34, 960+ 31, 948 cos

(π
2
η
)
+

+37, 972 sin
(π
2
η
)
+ 3, 0120 cos(πη)−

−14, 473 sin (πη)]H1 + [−34, 960+

+49, 434 cos
(π
2
η
)
− 49, 434 sin

(π
2
η
)
+

+3, 0120 cos(πη)− 14, 473 sin (πη)]H2+

+
[
−34, 960+ 37, 972 cos

(π
2
η
)
−

−31, 948 sin
(π
2
η
)
− 3, 0120 cos(πη)−

−14, 473 sin (πη)]H3 + [10, 743−
−12, 373 cos

(π
2
η
)
− 8, 1138 sin

(π
2
η
)
+

+1, 6295 cos(πη) + 3, 7407 sin (πη)]

)�Q-

t� #!�#�� )�Q- ;#./3E/# �."�#�#/1�."C�� J�D
5"!�� ;3�%:�=

e1 (η) = −34, 960 + 31, 948 cos
(π
2
η
)
+

+37, 972 sin
(π
2
η
)
+ 3, 0120 cos (πη)−

−14, 473 sin (πη) , e2 (η) = −34, 960+

+49, 434 cos
(π
2
η
)
− 49, 434 sin

(π
2
η
)
+

+3, 0120 cos(πη)− 14, 473 sin (πη) ,

e3 (η) = −34, 960 + 37, 972 cos
(π
2
η
)
−

−31, 948 sin
(π
2
η
)
− 3, 0120 cos (πη)−

−14, 473 sin(πη) , e4 (η) = 10, 743−
−12, 373 cos

(π
2
η
)
− 8, 1138 sin

(π
2
η
)
+

+1, 6295 cos(πη) + 3, 7407 sin (πη) .

)�8-

M"%#���K" ��2$#��2�� %.#%" 5 .1� �5�:�= /1�#D
23 m� 4#.%��� ��2$#��2�# 2# 5� 16�#!�1< )@>-D)�A-
� �"%#."!����7/ J�5"!�"0 ;3�%:�< )�8- 5��0#2"/#
5��C1��7 ���#�"0 %#1;�:�E����h

⎛
⎜⎜⎝

H1

H2

H3

H4

⎞
⎟⎟⎠ = Λ−1b =

⎛
⎜⎜⎝

−2, 545 · 10−5

−8, 108 · 10−5

−1, 651 · 10−4

−3, 514 · 10−4

⎞
⎟⎟⎠ .

��FC" 5��C1��7 21;#./�:�< �35 ��
Hj (j = 1, 2, 3, 4) /#6�� 5�$"!��" �".�5 2 7 �"D
5��C1��7 $1.1/�G1��7 /#!�#�#= #$#." �� #!�#��
/1�#23 m� 4#.%��� 5 J�5"!�"/" �."�#�#/1�."C�"D
/" ;3�%:�7/"

u (η) = −
[
−34, 960 + 31, 948 cos

(π
2
η
)
+

+37, 972 sin
(π
2
η
)
+ 3, 0120 cos(πη)−

−14, 473 sin(πη)] · 2, 545 · 10−5−
−
[
−34, 960 + 49, 434 cos

(π
2
η
)
−

−49, 434 sin
(π
2
η
)
+ 3, 0120 cos(πη)−

+14, 473 sin(πη)] · 8, 108 · 10−5−[
−34, 960 + 37, 972 cos

(π
2
η
)
−

+31, 948 sin
(π
2
η
)
− 3, 0120 (πη)−

−14, 473 sin(πη)] · 1, 651 · 10−4−
−
[
10, 743− 12, 373 cos

(π
2
η
)
−

−8, 1138 sin
(π
2
η
)
+ 1, 6295 cos(πη)+

+3, 7407 sin(πη)] · 3, 514 · 10−4 =

= −1, 122 · 10−3 + 1, 274 · 10−3 cos
(π
2
η
)
+

+6, 182 · 10−4 sin
(π
2
η
)
−

−1, 520 · 10−4 cos (πη)− 2, 970 · 10−4 sin (πη) .

)�H-

t� #!�#�� #�."/��"0 5� 16�#!�1< )�H- $#J3D
2#���# .#5.�03�%#�"< � �#."�/� M"%#���� C"! #D
�� 2#! �261��7 $#%�5� ", G# ��� ��"C�"< /1�#2
�� �2�$�#���� ��J "61�� !01/" �� #!�#�� /1�#23
m� 4#.%��� �21%����� � $.#!�#.� $# ��#/�� 4�"0
�� �."�#�#/1�."C�"0 J�5"!�"0 ;3�%:�<� S#%.1/�,
$#.���7��7 .#5�B75%��, #�."/��"0 �� #!�#�� �%�D
5��"0 $�20#2��, � �#C:� ��<J� 4K#�# $1.1/�G1��7
$#%�53E, G# ��20" 1��7 ��2 ��� ��"C�#�# .#5�B75D
%3 3 �"$�2%3 �"%#."!����7 $.#1%:�<�#�# /1�#23
5 �"J#.#/ �%�5��"0 J�5"!�"0 ;3�%:�< !���#�"�4
A,8} qA,AQ} j

2� 
���� ��

M"5��C1��7 ��$.361�4 � 5/�G1�4 /#!�#�#= #$#D
." E ��6 "�"/ /#/1��#/ $." #:��:� == /�:�#!��
� /#6 "�#!�� �#./� 4�#�# ;3�%:�#�3����7 � .#D
J#C#/3 .16"/�� S�$.#$#�#���# 1;1%�"��"< $�20�2
2# $#J32#�" .#5�B75%3 5�2�C� $.# 21;#./�:�F /#D
!�#�#= #$#." 3 ;#./� 5.�5��#�# %#�3!� $�2 2�EF 5#�D
��K�4#�# !" #�#�# �������61��7� O#5�"�3�"< $�2D
0�2 $1.12J�C�E 5�!�#!3����7 ��� ��"C�#�# /1�#23
� ��J "61�#�# g $.#1%:�<�#�# /1�#23 m� 4#.%���,
7%"< $1.12J�C�E �"%#."!����7 � 7%#!�� J�5"!�"0
;3�%:�< $# ��#/" � �."�#�#/1�."C�� ;3�%:�=� M"D
%#���# $#.���7 4�"< ��� �5 #�."/��"0 5� �%�5�D
�"/" /1�#2"%�/" C"! #�"0 .153 4�����, � .153 4D
���� C#�# �!���#� 1�# $#��3 =0 �21%�����!�4�
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,!- zZUL�TS�Y k���� y]\SM ����� sXZRSM ��h� �MiLXo]ZMS iXdPlSMYMNM LV^]L^] Y�U[MY�UXdRZPo VdV`VZ_�Y `M&
^_�Y 44 �O� ZX]S� [LXQR� K�XNZM^_PSX� UMYNMY�\Z�^_R _X LVSMZ^_L]SQ�j `M^_�Y � O]U�YVdRZPo SMZ^_L]SQ�T� 5
 ""!� 5 7 �� 5 w� !A8  �

, - �NZX_PlPZ h��� E�%+�4 3#��+:�#- 1� ���, $�4$%-(��( 1�� �,#- ���� $(�&�. 44 hVoXZ�SX � v�iPSX L]T&
Z]YXZZj O]U�YVdRZPo `X_VL�Xd�Y _X SMZ^_L]SQ�TC iX iXN� LVU� y]\SX ���� 5 yRY�YE eX`VZjL�  ""6� 5 7 ;� 5
w� ;6A8;;��

,�- aPdMZVZSM w�a� E�(� #3���%� �1#��#�5 B41�$��#�F ��� $�+:F �#%9��� #�%� 5 e�E }iU&YM ehb�z�
!AAA� 5 �"6 ^�

,=- eMYXdR s�h�� aXdR z���� w_X�]S s�h� KM^d�UWVZZj _VoZ�\ZMNM ^_XZ] XY_MUMLMWZRMNM `M^_X \VLVi �]&
^XZ�Y^RS] [LM_MS] Y `� ePxY� 44 �O� ZX]S� [LXQR� K�XNZM^_PSX� UMYNMY�\Z�^_R _X LVSMZ^_L]SQ�j `M^_�Y �
O]U�YVdRZPo SMZ^_L]SQ�T� 5  "";� 5 7 �� 5 w� �;8==�

,6- eMYXdR s�h�� y]\SM ����� w_X�]S s�h� kQ�ZSX _L��PZM^_�TSM^_� OV_MZ�Y ] `M^_MYPo SMZ^_L]SQ�jo iX `V_M&
UM` XS]^_P\ZMc V`�^�c 44 �O� ZX]S� [LXQR� K�XNZM^_PSX� UMYNMY�\Z�^_R _X LVSMZ^_L]SQ�j `M^_�Y � O]U�YVdRZPo
SMZ^_L]SQ�T� 5  ""!� 5 7 �� 5 w� A!8AA�

,;- fP`MlVZSM w�s�� �]URVL K� )��$#� (�$(9�� #� 5 h�E {X]SX� !A<6� 5 6<6 
�

,<- aPdPZ z�s� G$#�+%��%� 1�-%�#�%  ,�$��9� ��'�$1#$(�1�9�  �+%� f� ! 5 h�E {X]SX� !A<6� 5 �� ^�

,�- kOLXiQMY }�a� !%$#%&#����� 1� ��� $%�3� %  ����� ����- %,#%&#����- �$�� $%�� ,����- ���� $(7
�&#.� 5 h�E hXlPZM^_LMVZPV� !A;;� 5 �A ^�

,A- �vP`MY z�r�� �MdM_XLVY |���� fVL[PNMLVYX r�h� 0% �1% #3���#. %�%+#4 H���&#%+:��� $%4��+�I� A�
JJ� G$#1����#� ���� �$�- 1� ���, 1% �1% #3����9� # '(��&#��%+:��9� %�%+#4%5 (3�?� G���?#� �+�
, (4�, 5 h�E r~^l� lSMdX� !A�"� 5  A6 ^�

,!"- h~lSP^ z�K� 0% �1% #�% �+� , (4�,� K��&#%+:��� �($��� 5 h�E {X]SX� !A<!� 5 ;� ^�

,!!- eMddX_Q a� >(��&#��%+:��. %�%+#4 # ,�3#�+# �+:�%� 1% �1% #�%� 5 h�E hPL� !A;A� 5 === ^�

,! - eMd`MNMLMY z�{�� aM`PZ w�r� L+�1�� �  ��$## '(��&#. # '(��&#��%+:��9� %�%+#4% 5 h�E {X]SX�
!A;�� 5 6== ^�

,!�- �X_^MZ r�� fP` K� G$#+�M��#� '(��&#��%+:��9� %�%+#4% #  ��$## ���$% �$�,� 5 h�E hPL� !A��� 5 =� ^�

,!=- �XY]LPZ h�e� N��&## �� 1� ��%1 ,�3#�+��#.� 5 h�E {X]SX� !A<!� 5  =� ^�

,!6- sP^XLVZSM ��w�� �SMYdVY z�s�� hX_YVVY r�r� K�$%,�3�#� �� ���$� #,+��#; 1% �$#%+�, 5  &V PiU�� [VLV&
LXO� P UM[� 5 e�E {X]S� U]`SX� !A��� 5 <�; ^�
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