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C:FWÅ¡x:Æ�v�Ç	zgx:È:É¨ÇËÊ#Ç#ÌMÇ#Ígt�F�NWÎ�Ï�Ð	Ñ3ÒuÓ�Ô3Õ�Ö	×�Ø:Ù�Ú3Û�Ü	ÝjÕ¡Ó�Þ�ß/à3Ó�×�Þ#ÙáÖ	Ø:Ù/Õ�Þ�ß/à³Î�Ù�â�Ù�Ð	Ñoâ	Ú3ã�â3Ñ3äWå

äeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü3ß/ç�ß¶ß/Ô3Õ�Ø:Ù�×�ß/Ø:Ù�Ð3Õ�×�Þ�Õ�Ø	×�ß/ç�ß¡Ô3ß/Ø#ã�â3Ö'Ù'è�Î�Ù�â�Ù�Þ#Ù/Õ�Ò,ß/ç�ß�â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü	ÝjÒkÏ�Ø:Ù�Þ/å
Ü3Õ�Ü	Ñ3Õ�ÒéÞ�Ñ'â�Ù

y(4)(x) + q(x)y(x) = λa4y(x), 0 6 x 6 π, a > 0, (1)
ÓWÔ3Õ�Ø	Ñ3ß�â3Ñ	Ð3Õ�Ó�Ö	Ñ3Ò�Ñ5ç�Ø:Ù�Ü	Ñ	Ð	Ü	ÝjÒ�ÑáÏ�Ó�Ú:ß/Þ�Ñ	ã	Ò�Ñ

y(0) = y(π), y′(0) = y′(π), y′′(0) = y′′(π), y(3)(0) = y(3)(π). (2)
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Z5â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü3ß�ÒáÏ�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	Ñ	��
�DÐ	Ñ3Ó�Ú:ß
λ ∈ C � Ó�Ô3Õ�Ö	×�Ø:Ù�Ú3Û�Ü	Ý2à°Ô:Ù�Ø:Ù/Ò,Õ�×�Ø�è�äKÏ�Ü	Ö	æ	Ñ	ã

ρ(x) = α4 > 0 � Þ�Õ�Ó�ß/Þ#Ù�ã äKÏ�Ü	Ö	æ	Ñ	ã¨è¨äKÏ�Ü	Ö	æ	Ñ	ã
q(x) � Ô3ß/×�Õ�Ü	æ	Ñ:Ù�Ú��gmáÝ Ô	Ø3Õ�â3Ô3ß�Ú�Ù�ç�Ù/Õ�Ò2ègÐ	×�ß

Ô3ß/×�Õ�Ü	æ	Ñ:Ù�Ú
q(x)

ã'Þ/Ú3ã	Õ�×�Ó�ã¶Ó�Ï'Ò,Ò�Ñ	Ø	Ï�Õ�Ò,ß/à�äKÏ�Ü	Ö	æ	Ñ3Õ�à¶Ü:Ù°ß/×�Ø3Õ�Î�Ö�Õ
[0;π] �

q(x) ∈ L1[0;π] ⇔
( x∫

0

q(t) dt

)′

x

= q(x) (3)

Ô3ß/Ð	×�Ñ¡â	Ú3ã¡Þ�Ó�Õ��
x
Ñ	ÎPß/×�Ø3Õ�Î�Ö'Ù

[0;π]
�
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Ü3ß	è�Ö�ß/ç�â�ÙeÞeØ:Ù���ß/×/Ù�6% 78(�Ñ6% 9(:�/Ý8Ú²Ñ	Î�Ï�Ð3Õ�Ü�ß/Ô3Õ�Ø:Ù�×�ß/Ø²Þ�×�ß/Ø3ß/ç�ßeÔ3ß/Ø#ã�â3Ö'ÙPÓcÓ�Ï'Ò,Ò�Ñ	Ø	Ï�Õ�Ò�ÝjÒªÔ3ß/×�Õ�Ü'å
æ	Ñ:Ù�Ú:ß�Ò2è;�/Ý8Ú3Ñ�Þ�Ý2Ð	Ñ3Ó�Ú:Õ�Ü	Ý\Ù/Ó�Ñ3Ò�Ô	×�ß/×�Ñ	Ö	Ñ�Ô	Ø3ß/Ñ	Î�Þ�ß�Ú3Û�Ü3ß/ç�ß�Ô3ß/Ø#ã�â3Ö'Ù²Ó�ß���Ó�×�Þ�Õ�Ü	Ü	Ý���Î�Ü:Ù�Ð3Õ�Ü	Ñ	à5Ñ
Ó�ß���Ó�×�Þ�Õ�Ü	Ü	Ý��éäKÏ�Ü	Ö	æ	Ñ	à Ö	Ø:Ù/Õ�Þ�ß/àéÎ�Ù�â�Ù�Ð	Ñ=< ×�Ï�Ø3ÒMÙ � ]KÑ	Ï�Þ�Ñ'Ú	Ú3ã Ü:Ùáß/×�Ø3Õ�Î�Ö�Õ��,m�Õ�×�ß�â3Ñ	Ö'Ù�Ø:Ù�å
��ß/×>% 7�è-9(�â	Ú3ã�Ñ	Î�Ï�Ð3Õ�Ü	Ñ	ã Ó�Ô3Õ�Ö	×�Ø:Ù�Ú3Û�Ü	Ý��oÓ�Þ�ß/à3Ó�×�Þ5ß/Ô3Õ�Ø:Ù�×�ß/Ø3ß/Þ5Ó@Ó�Ï'Ò,Ò�Ñ	Ø	Ï�Õ�Ò�ÝjÒ�ÑoÖ�ß���äeäKÑ	æ	Ñ'å
Õ�Ü	×/Ù/Ò�ÑáÜ3ÕKÔ3Õ�Ø3Õ�Ü3ß�Ó�Ñ	×�Ó�ã¶Ü:Ù`ß/Ô3Õ�Ø:Ù�×�ß/Ø	Ý?��ß�Ú:Õ�ÕKÞ�ÝjÓ�ß/Ö	Ñ��¡Ô3ß/Ø#ã�â3Ö�ß/Þ-�

ZoØ:Ù���ß/×/Ù�@% A'è3
8B(�Ù�Þ�×�ß/Ø3ß�Ò�Ø:Ù�Î�Ø:Ù���ß/×/Ù�Ü:ÙeÜ3ß/Þ#Ù�ã`Ò,Õ�×�ß�â3Ñ	Ö'ÙWâ	Ú3ã°Ñ	Î�Ï�Ð3Õ�Ü	Ñ	ã°â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û/å
Ü	Ý��³ß/Ô3Õ�Ø:Ù�×�ß/Ø3ß/Þ Ó²Ó�Ï'Ò,Ò�Ñ	Ø	Ï�Õ�Ò�ÝjÒ�Ñ¹Ö�ß���äeäKÑ	æ	Ñ3Õ�Ü	×/Ù/Ò�Ñ$�MZBØ:Ù���ß/×�ÕC% A(D�/Ý8Ú¹Ñ	Î�Ï�Ð3Õ�Üéß/Ô3Õ�Ø:Ù�×�ß/Ø
Ð3Õ�×�Þ�Õ�Ø	×�ß/ç�ßPÔ3ß/Ø#ã�â3Ö'Ù'è#Ï!Ö�ß/×�ß/Ø3ß/ç�ßPÜ3Õ2×�ß�Ú3Û�Ö�ßeÔ3ß/×�Õ�Ü	æ	Ñ:Ù�Ú£è#Ü3ßKÑ@Ö�ß���äeäKÑ	æ	Ñ3Õ�Ü	×PÔ	Ø	Ñ@Ô3Õ�Ø	Þ�ß/à�Ô	Ø3ß�å
Ñ	Î�Þ�ß�â3Ü3ß/àE�/Ý8Ú3Ñ³Ñ	Ü	×�Õ�ç�Ø	Ñ	Ø	Ï�Õ�Ò�ÝjÒ�Ñ¹Ü:Ùáß/×�Ø3Õ�Î�Ö�Õ¡äKÏ�Ü	Ö	æ	Ñ	ã	Ò�Ñ$�gZ\Ø:Ù���ß/×�ÕC%'
8B(2Ø:Ù/Ó�Ó�ÒMÙ�×�Ø	Ñ	Þ#Ù�Ú:Ó�ã
ß/Ô3Õ�Ø:Ù�×�ß/ØF)°Õ�Ó�×�ß/ç�ß¡Ô3ß/Ø#ã�â3Ö'Ù¶Ó°Î�Ù�Ô:Ù�Î�â3Ý2Þ#Ù��! !Ñ3ÒuÙ�Ø	ç�Ï'Ò,Õ�Ü	×�ß�Ò2è�Ô3ß/×�Õ�Ü	æ	Ñ:Ù�Ú³ß/Ô3Õ�Ø:Ù�×�ß/Ø:Ù¡ã'Þ/Ú3ã�Ú	å
Ó�ã5Ó�Ï'Ò,Ò�Ñ	Ø	Ï�Õ�Ò,ß/à�äKÏ�Ü	Ö	æ	Ñ3Õ�à�Ü:Ù�ß/×�Ø3Õ�Î�Ö�Õ�èDç�Ø:Ù�Ü	Ñ	Ð	Ü	ÝjÕ!Ï�Ó�Ú:ß/Þ�Ñ	ã�Ø:Ù�Î�â:Õ�Ú:Õ�Ü	Ü	ÝjÕ�èG�/Ý8Ú�Ù�Þ�Ý2Ð	Ñ3Ó�Ú:Õ�å
Ü:Ù�Ù/Ó�Ñ3Ò�Ô	×�ß/×�Ñ	Ö'Ù5Ó�ß���Ó�×�Þ�Õ�Ü	Ü	Ý��oÎ�Ü:Ù�Ð3Õ�Ü	Ñ	àéÑ³Ó�ß���Ó�×�Þ�Õ�Ü	Ü	Ý��³äKÏ�Ü	Ö	æ	Ñ	à$�£aKÕ�ß��H�#ß�â3Ñ3Ò,ßªß/×�Ò,Õ�×�Ñ	×�Û3è
Ð	×�ßKÓ�Þ�ß/Î�Ø:Ù/Ó�×/Ù�Ü	Ñ3Õ�Ò�Ô3ß/Ø#ã�â3Ö'ÙYâ3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü	Ý��°Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	à�è/Î�Ù�â�Ù��! !Ñ��°ß/Ô3Õ�Ø:Ù�×�ß/Ø	Ýeè�Ó�Ú:ß82°å
Ü3ß�Ó�×�Û@Þ�Ý2Ö'Ú�Ù�â:ß/ÖáÞ�ß/Î�Ø:Ù/Ó�×/Ù/Õ�×�Ò�Ü3ß/ç�ß/Ö	Ø:Ù�×�Ü3ß3�

Z Ø:Ù���ß/×�Õ0%'
�
�(£Ï�â�Ù�Ú:ß�Ó�Û@Ñ	Î�Ï�Ð	Ñ	×�Û`â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü	Ý2à�ß/Ô3Õ�Ø:Ù�×�ß/ØáÔ	Ø3ß/Ñ	Î�Þ�ß�Ú3Û�Ü3ß/ç�ß�Ü3Õ�Ð3Õ�×�Ü3ß�å
ç�ß5Ô3ß/Ø#ã�â3Ö'Ù�Ó�ß�Ó�×/Ù�Ü'â�Ù�Ø	×�Ü	ÝjÒ�ÑËäKÑ	Ö�Ó�Ñ	Ø3ß/Þ#Ù�Ü	Ü	ÝjÒ�Ñ Ø:Ù�Î�â:Õ�Ú:Õ�Ü	Ü	ÝjÒ�Ñ¹ç�Ø:Ù�Ü	Ñ	Ð	Ü	ÝjÒ�Ñ Ï�Ó�Ú:ß/Þ�Ñ	ã	Ò�Ñ$�
ZéØ:Ù���ß/×�ÕI%'
8,(DÑ	Î�Ï�Ð3Õ�Ü	Ý Ó�Ô3Õ�Ö	×�Ø:Ù�Ú3Û�Ü	ÝjÕWÓ�Þ�ß/à3Ó�×�Þ#ÙPæ3Õ�Ú:ß/ç�ß!Ó�Õ�Ò,Õ�à3Ó�×�Þ#Ùeâ3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü	Ý��²ß/Ô3Õ�å
Ø:Ù�×�ß/Ø3ß/Þ�Þ�ÝjÓ�ß/Ö�ß/ç�ß@Ð3Õ�×�Ü3ß/ç�ß@Ô3ß/Ø#ã�â3Ö'Ù@ÓWØ:Ù�Î�â:Õ�Ú:Õ�Ü	Ü	ÝjÒ�Ñ�ç�Ø:Ù�Ü	Ñ	Ð	Ü	ÝjÒ�ÑáÏ�Ó�Ú:ß/Þ�Ñ	ã	Ò�Ñ$�

IKÕ�Ø	Ñ3ß�â3Ñ	Ð3Õ�Ó�Ö	Ñ3Õ@ç�Ø:Ù�Ü	Ñ	Ð	Ü	ÝjÕ°Ï�Ó�Ú:ß/Þ�Ñ	ã¨è�Ö�ß/×�ß/Ø	ÝjÕ`Ò�ÝJ�/Ï�â:Õ�ÒËÑ	Î�Ï�Ð:Ù�×�Û�Þ²Ü:Ù/Ó�×�ß�ã� °Õ�à�Ø:Ù���ß/×�Õ�è
ã'Þ/Ú3ã��Y×�Ó�ã�Ü3Õ�Ø:Ù�Î�â:Õ�Ú:Õ�Ü	Ü	ÝjÒ�Ñ$�:QeÚ3ã¶â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü	Ý��5ß/Ô3Õ�Ø:Ù�×�ß/Ø3ß/Þ�Ô3ß/Ø#ã�â3Ö'Ù²Þ�ÝK)°ÕPÞ�×�ß/Ø3ß/ç�ß
Ü3Õ�Ø:Ù�Î�â:Õ�Ú:Õ�Ü	Ü	ÝjÕWç�Ø:Ù�Ü	Ñ	Ð	Ü	ÝjÕcÏ�Ó�Ú:ß/Þ�Ñ	ãC� Ójæ3Õ�Ú3Û�� ß/×�ÝjÓ�Ö'Ù�Ü	Ñ	ã�Ù/Ó�Ñ3Ò�Ô	×�ß/×�Ñ	Ö	Ñ¶Ó�ß���Ó�×�Þ�Õ�Ü	Ü	Ý���Î�Ü:Ù�Ð3Õ�å
Ü	Ñ	à:��Ø:Ù�Ü3Õ�ÕeäPÙ�Ö	×�Ñ	Ð3Õ�Ó�Ö	ÑáÜ3ÕWÑ	Î�Ï�Ð:Ù�Ú3Ñ3Ó�Û-�

L FNM�Æ�tNO!Pgv'x:v'tgÉ¨Ç�w��RQS�#zgt��oÌMt�T@T@�#w��#z�UgtgÇWVYX:zgx�Z�x6[�wgÇ	È:z��#zgt$\^]�C-_`Pgwgt=�:x3VYX�Q�t£y
Ê#zgÇ#Í��#zgt$\�yXÆaP��#Égv'wgÇWVYX:zgx�Z�xbPgÇ	wgÇ-O!�#v'wgÇ

λ
FcZ�Þ�Õ�â:Õ�ÒBÓ�Ú:Õ�â3ÏW�! !Ñ3Õ�ß���ß/Î�Ü:Ù�Ð3Õ�Ü	Ñ	ã � λ = s4

è
s = 4

√
λ
è�Ô	Ø	Ñ	��×�ß�Ò â	Ú3ã²Ö�ß/Ø	Ø3Õ�Ö	×�Ü3ß�Ó�×�Ñ¡â�Ù�Ú3Û�Ü3Õ�à3)!Ñ���Þ�Ý2Ö'Ú�Ù�â:ß/Ö¡Î�Ù/äKÑ	Ö�Ó�Ñ	Ø	Ï�Õ�Ò³×�Ï@Þ�Õ�×�Þ�Û�Ù�Ø	Ñ3äWå

Ò,Õ�×�Ñ	Ð3Õ�Ó�Ö�ß/ç�ß¶Ö�ß/Ø	Ü	ã¨è�â	Ú3ã5Ö�ß/×�ß/Ø3ß/à 4
√
1 = +1

�DIWÏ�Ó�×�Û
wk

�
k = 1, 2, 3, 4

� � Ø:Ù�Î�Ú3Ñ	Ð	Ü	ÝjÕ`Ö�ß/Ø	Ü	Ñ



�!��"�� - �����������	���á�#"�����
����á��������#�e�����@�������e��"£��$��	��������$ -
	/-�- 1D��"���� - "�� � 7

Ð3Õ�×�Þ�Õ�Ø	×�ß/à�Ó�×�Õ�Ô3Õ�Ü	Ñ¶Ñ	ÎPÕ�â3Ñ	Ü	Ñ	æ	Ý �

w4
k = 1, wk = e

2πi
4

(k−1) (k = 1, 2, 3, 4); w1 = 1, w2 = e
2πi
4 = i = z 6= 0,

w3 = e
4πi
4 = z2 = −1, w4 = z3 = −i.

(4)

RWÑ3Ó�Ú�Ù
wk (k = 1, 2, 3, 4)

Ñ	ÎI� /W�£â:Õ�Ú3ã'×PÕ�â3Ñ	Ü	Ñ	Ð	Ü	ÏW�^ß/Ö	Ø	ÏW2`Ü3ß�Ó�×�ÛPÜ:ÙWÐ3Õ�×�Ý2Ø3Õ2Ø:Ù�Þ�Ü	ÝjÕjÐ:Ù/Ó�×�Ñ�è
Ô	Ø	Ñ@��×�ß�Ò¹Ó�Ô	Ø:Ù�Þ�Õ�â	Ú3Ñ	Þ�ÝuÓ�Ú:Õ�â3ÏW�! !Ñ3ÕeÓ�ß�ß/×�Ü3ß�)°Õ�Ü	Ñ	ã �

4∑

k=1

wp
k = 0, p = 1, 2, 3;

4∑

k=1

wp
k = 4, p = 0, p = 4. (5)

m�Õ�×�ß�â:ß�Ò¹Þ#Ù�Ø	Ñ:Ù�æ	Ñ	Ñ¶Ô3ß�Ó�×�ß�ã'Ü	Ü	Ý��¶Ï�Ó�×/Ù�Ü:Ù�Þ/Ú3Ñ	Þ#Ù/Õ�×�Ó�ã5Ó�Ú:Õ�â3ÏW�! °Õ�ÕKÏ�×�Þ�Õ�ØR2°â:Õ�Ü	Ñ3Õ��
�#�#x:w��WOYÇ^C:F�M������$	�D�

y(x, s)
�������e��"£��$��	��������$ -
	/-  #"���
�$D��$	��� ��
���'
������������á"£������$	�D���

�	$D��� 	 "�������$ -
	/-  #"���
�$D��$	���¶� - ��������"	"�0

y(x, s) =
4∑

k=1

Cke
awksx − 1

4a3s3

4∑

k=1

wke
awksxϕk(x, s), (6)

ϕk(x, s) =

x∫

0

q(t)e−awksty(t, s) dt, k = 1, 2, 3, 4. (7)

C
IWØ3ß/Þ�Õ�Ø	Ñ	×�ÛªÓ�Ô	Ø:Ù�Þ�Õ�â	Ú3Ñ	Þ�ß�Ó�×�Ûªäeß/Ø3Ò�Ï�Ú

(6)
è
(7)

Ò,ß82`Ü3ß5Ü3Õ�Ô3ß�Ó�Ø3Õ�â:Ó�×�Þ�Õ�Ü	Ü	ÝjÒuâ3Ñ3äeäeÕ�Ø3Õ�Ü'å
æ	Ñ	Ø3ß/Þ#Ù�Ü	Ñ3Õ�Ò2è'Ï�Ð	Ñ	×�Ý2Þ#Ù�ã¨è#Ð	×�ß!Ô	Ø	Ñ²Þ�Ý2Ô3ß�Ú3Ü3Õ�Ü	Ñ	Ñ¡Ï�Ó�Ú:ß/Þ�Ñ	ã²Ó�Ï'Ò,Ò�Ñ	Ø	Ï�Õ�Ò,ß�Ó�×�Ñ

(3)
Ô3ß/Ð	×�Ñ�Þ�Ó*�8â3Ï@Ü:Ù

ß/×�Ø3Õ�Î�Ö�Õ
[0;π]

Ó�Ô	Ø:Ù�Þ�Õ�â	Ú3Ñ	Þ#Ù�Ó�Ú:Õ�â3ÏW�! `Ù�ã¡äeß/Ø3Ò�Ï�Ú�Ù �

d

dx
(ϕk(x, s)) =

( x∫

0

q(t)e−awksty(t, s) dt

)′

x

= q(x)e−awksxy(x, s).

IKß���×�ß�Ò�Ï�Ñ	ÎPäeß/Ø3Ò�Ï�Ú>� � ��è$� 7���Ñ3Ò,Õ�Õ�Ò

y(m)(x, s) =
4∑

k=1

Ck(awks)
meawksx − 1

4a3s3

4∑

k=1

wk(awks)
meawksxϕk(x, s)

− 1

4a3s3
φm(x, s), m = 1, 2, 3,

(8)

φm(x, s) =

4∑

k=1

wk(awks)
m−1eawksxq(x)e−awksxy(x, s) = 0, m = 1, 2, 3,

Þ@Ó�Ñ'Ú3Ï¡Ó�ß�ß/×�Ü3ß�)°Õ�Ü	Ñ	à"� 1a��ÑáÓ�Þ�ß/à3Ó�×�Þ#Ù`Ó�Ï'Ò,Ò�Ñ	Ø	Ï�Õ�Ò,ß�Ó�×�Ñ=� � ���
IWØ3ß�â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ	Ø	Ï�Õ�Ò

y(3)(x, s)
Ñ	Î � 9a�YÕ* °Õ`Ø:Ù�Î`Ô3ß¡Ô3Õ�Ø3Õ�Ò,Õ�Ü	Ü3ß/à

x
èDÔ3ß�â:Ó�×/Ù�Þ�Ñ3Ò Ô3ß�Ú3Ï�Ð	Ñ	Þ/å

)°Õ�Õ�Ó�ã¶Þ�Ý2Ø:Ù�2!Õ�Ü	Ñ3Õ!Ñ>� � ��è�� 7��8Þ`â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü3ß�ÕPÏ�Ø:Ù�Þ�Ü3Õ�Ü	Ñ3Õ ��
��è3Ï�Þ�Ñ'â3Ñ3Ò2è3Ð	×�ß
y(4)(x, s) +

q(x)y(x, s) − λa4y(x, s) = 0
Ô3ß/Ð	×�Ñ5â	Ú3ã5Þ�Ó�Õ��

x
Ñ	Î@ß/×�Ø3Õ�Î�Ö'Ù

[0;π]
èD×��¨Õ��DÏ���Õ�â3Ñ3Ò,Ó�ã5Þ¡×�ß�Ò2èDÐ	×�ß

y(x, s)
Ñ	Î � � ��è�� 7��Mâ:Õ�à3Ó�×�Þ�Ñ	×�Õ�Ú3Û�Ü3ß�ã'Þ/Ú3ã	Õ�×�Ó�ã¶Ø3Õ*)°Õ�Ü	Ñ3Õ�ÒéÏ�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	ãF��
���

B
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UYÓ�Ñ3Ò�Ô	×�ß/×�Ñ	Ö	Ï¡Ø3Õ*)°Õ�Ü	Ñ	à¶Ñ	Ü	×�Õ�ç�Ø:Ù�Ú3Û�Ü3ß/ç�ß@Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	ãF� � ��Ü:Ù�à'â:Õ�Ò¹Ò,Õ�×�ß�â:ß�Ò¹Ô3ß�Ó�Ú:Õ�â:ß/Þ#Ù�×�Õ�Ú3Û/å
Ü	Ý��ªÔ	Ø	Ñ-��Ú3Ñ32!Õ�Ü	Ñ	àéIWÑ	Ö'Ù�Ø:Ù � Ü:Ù�à'â:Õ�Ò y(t, s)

Ñ	Î�Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	ã � � ��è�Ô3ß�â:Ó�×/Ù�Þ�Ñ3Ò
y(t, s)

ÞáÏ�Ø:Ù�Þ�Ü3Õ�å
Ü	Ñ3Õ � � ��è	Ô3ß�Ú3Ï�Ð	Ñ3Ò

y(x, s) =
4∑

k=1

Cke
awksx − 1

4a3s3

4∑

k=1

wke
awksx

x∫

0

q(t)e−awkst

×
{

4∑

k=1

Cke
awkst − 1

4a3s3

4∑

k=1

wke
awkst

t∫

0

q(ξ)e−awksxy(ξ, s) dξ

}
dt.

� Aa�

IWØ3ß/Ñ	Î�Þ�Õ�â3ã¶Þ6� Aa��Ü3Õ�ß��H�#ß�â3Ñ3Ò�ÝjÕ!Ô	Ø3Õ�ß��/Ø:Ù�Î�ß/Þ#Ù�Ü	Ñ	ã¨è3Ü:Ù�#ß�â3Ñ3Ò

y(x, s) =

4∑

k=1

Cke
awksx − 1

4a3s3

4∑

k=1

Ckψ3k(x, s) +
H6(x, s)

16a6s6
, (10)

ψ3k(x, s) =
4∑

n=1

wne
awnsx

x∫

0

q(t)ea(wk−wn)stdtakn, k = 1, 2, 3, 4, (11)

H6(x, s) =

4∑

p=1

wpe
awpsx

x∫

0

q(t)e−awpst

(
4∑

n=1

wne
awnst

t∫

0

q(ξ)e−awnsξy(ξ, s) dξ

)
dt. (12)

IKß�â:Ó�×/Ù�Þ�Ñ3Ò Þ�äeß/Ø3Ò�Ï�Ú3ÏC��
8,a��Þ�Ý2Ø:Ù�2!Õ�Ü	Ñ3Õeâ	Ú3ã
y(ξ, s)

Ñ	Î � � ��è$� 7���è	Ô3ß�Ú3Ï�Ð	Ñ3Ò �

H6(x, s) =
4∑

p=1

wpe
awpsx

x∫

0

q(t)e−awpst

(
4∑

n=1

wne
awnst

t∫

0

q(ξ)e−awnsξ

×
[

4∑

r=1

Cre
awrsξ − 1

4a3s3

4∑

r=1

wre
awrsξϕr(ξ, s)

]
dξ

)
dt.

��
 � �

IKß�Ò,Õ�Ü	ã'ÞKÞ0��
 � ��Ô3ß/Ø#ã�â:ß/Ö@Ó�Ï'Ò,Ò�Ñ	Ø3ß/Þ#Ù�Ü	Ñ	ã°Ñ°Ó�â:Õ�Ú�Ù�ÞKÜ3Õ�ß��H�#ß�â3Ñ3Ò�ÝjÕjÞ�Ý2Ö'Ú�Ù�â3Ö	Ñ`Ñ°Ï�Ô	Ø3ß� °Õ�Ü	Ñ	ã¨è
Ü:Ù�#ß�â3Ñ3Ò

H6(x, s) =

4∑

k=1

CkH6k(x, s), (14)

H6k(x, s) =

4∑

n=1

wne
awnsx

[
4∑

p=1

wp

x∫

0

q(t)ea(wp−wn)st

×
( t∫

0

q(ξ)ea(wk−wp)sξ dξ

)
dtapnkp

]
+
H9k(x, s)

4a3s3
, k = 1, 2, 3, 4.

��
81a�

IWØ3ß�Ù�Ü:Ù�Ú3Ñ	Î�Ñ	Ø3ß/Þ#Ù�ÞPäeß/Ø3Ò�Ï�Ú3Ý^� Aa���;��
81a��è�Ô	Ø	Ñ��#ß�â3Ñ3Ò5Ö!Þ�Ý2Þ�ß�â3Ï�è/Ð	×�ßYÓ�Ô	Ø:Ù�Þ�Õ�â	Ú3Ñ	Þ#ÙWÓ�Ú:Õ�â3ÏW�! `Ù�ã
×�Õ�ß/Ø3Õ�ÒMÙ��
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�#�#x:w��WOYÇ � F����������2"£������$	�D�8�������e��"£��$��	��������$ -
	/-  #"���
�$D��$	���>��
��1#"��� 3��� - 
��	� �� 3�,�����
"3 3��� - �����á1 - ����$��	�������@� � ���3�����������D���3 	�
�!�	�¡
��#���

y(x, s) =

4∑

k=1

Ckyk(x, s); y(m)(x, s) =

4∑

k=1

Cky
(m)
k (x, s), m = 1, 2, 3, (16)

1#"�������� �2 	$#��������$D��������$����¡���D���������j"£������$	�	� {yk(x, s)}4k=1

1 - ���/�	$����������¶���D���3 	�
�����²�����3��1��
� - ���	�3�Y1#"��

s→ ∞ �

yk(x, s) = eawksx − ψ3k(x, s)

4a3s3
+
H6k(x, s)

16 a6s6
+O

(
e| Im s|ax

s9

)
, k = 1, 2, 3, 4, (17)

y
(m)
k (x, s) = (as)m

{
wm
k e

awksx − ψm
3k(x, s)

4a3s3
+
Hm

6k(x, s)

16a6s6
+O

(
e| Im s|ax

s9

)}
,

k = 1, 2, 3, 4; m = 1, 2, 3,

(18)

�2 	$	���	�	�
ψ3k (k = 1, 2, 3, 4)

- 1#"£���£���D��$	0 � - "D�£ �� - �
(11)

* �2 	$	���	�	�
H6k(x, s) (k = 1, 2, 3, 4)- 1#"£���£���D��$	0 � - "D�£ �� - �

(15)
*

ψm
3k(x, s) =

4∑

n=1

wnw
m
n e

awnsx

x∫

0

q(t)ea(wk−wn)st dtakn, k = 1, 2, 3, 4; m = 1, 2, 3, (19)

Hm
6k(x, s) =

4∑

n=1

wnw
m
n e

awnsx

[
4∑

p=1

wp

x∫

0

q(t)ea(wp−wn)st

×
( t∫

0

q(ζ)ea(wk−wp)sζ dζ

)
dtapnkp

]
, k = 1, 2, 3, 4; m = 1, 2, 3.

� ,�Ba�

UYÓ�Ñ3Ò�Ô	×�ß/×�Ñ	Ð3Õ�Ó�Ö	Ñ3Õªß/æ3Õ�Ü	Ö	Ñ ��
7���è`��
89a�@Ï�Ó�×/Ù�Ü:Ù�Þ/Ú3Ñ	Þ#Ù��Y×�Ó�ãuÙ�Ü:Ù�Ú:ß/ç�Ñ	Ð	Ü3ß Ù/Ó�Ñ3Ò�Ô	×�ß/×�Ñ	Ð3Õ�Ó�Ö	Ñ3Ò
ß/æ3Õ�Ü	Ö'Ù/Òéâ	Ú3ã²â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü3ß/ç�ß�ß/Ô3Õ�Ø:Ù�×�ß/Ø:Ù`Þ�×�ß/Ø3ß/ç�ß@Ô3ß/Ø#ã�â3Ö'Ù6� Ó�ÒK�$%'
 � è	ç�Ú���,( èG%'
*/3è	ç�Ú���,( ���

IWØ	ÑE��×�ß�Ò Ô	Ø	Ñ¹Þ�Ý2Þ�ß�â:Õáäeß/Ø3Ò�Ï�Ú?��
 � ���;� ,�Ba�`Ò�Ý ×�Ø3ÕH��ß/Þ#Ù�Ú3Ñ Þ�Ý2Ô3ß�Ú3Ü3Õ�Ü	Ñ	ã Ó�Ú:Õ�â3ÏW�! !Ñ��éÜ:Ù�å
Ð:Ù�Ú3Û�Ü	Ý��¡Ï�Ó�Ú:ß/Þ�Ñ	à �

ψ3k(0, s) = 0; H6k(0, s) = 0; ψm
3k(0, s) = 0; Hm

6k(0, s) = 0;

yk(0, s) = 1; y
(m)
k (0, s) = (as)mwm

k , k = 1, 2, 3, 4; m = 1, 2, 3. (21)

 F8r�Êa[�Í��#zgt��SZ�wgÇ	zgtgÍgz��°y [�Æ�V,x:È:t�� ] � _�F�IKß�â:Ó�×/Ù�Þ/Ú3ã'ã�äeß/Ø3Ò�Ï�Ú3Ý ��
 � �8â	Ú3ã5ß��� °Õ�ç�ß²Ø3Õ�å
)°Õ�Ü	Ñ	ã²â3Ñ3äeäeÕ�Ø3Õ�Ü	æ	Ñ:Ù�Ú3Û�Ü3ß/ç�ß@Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	ãF��
��Þ`ç�Ø:Ù�Ü	Ñ	Ð	Ü	ÝjÕeÏ�Ó�Ú:ß/Þ�Ñ	ã>� ,a��è'Ô3ß�Ú3Ï�Ð:Ù/Õ�Ò




y(π, s)
(2)
= y(0, s) ⇔

4∑
k=1

Ckyk(π, s)=
4∑

k=1

Ckyk(0, s) ⇔
4∑

k=1

Ck[yk(π, s)− yk(0, s)]=0;

y(m)(π,s)
(as)m

(2)
= y(m)(0,s)

(as)m ⇔
4∑

k=1

Ck

[
y
(m)
k (π,s)

(as)m − y
(m)
k (0,s)

(as)m

]
= 0, m = 1, 2, 3.

(22)

S�Ñ3Ó�×�Õ�ÒMÙ6� ,�,a��Ô	Ø3Õ�â:Ó�×/Ù�Þ/Ú3ã	Õ�×�Ó�ß���ß/à¡Ú3Ñ	Ü3Õ�à	Ü	ÏW� ß�â3Ü3ß/Ø3ß�â3Ü	ÏW�\Ó�Ñ3Ó�×�Õ�Ò�Ï¡Ñ	ÎKÐ3Õ�×�Ý2Ø3Õ��¡Ï�Ø:Ù�Þ�Ü3Õ�å
Ü	Ñ	à¹Ó�Ð3Õ�×�Ý2Ø	Û�Ò�ãéÜ3Õ�Ñ	Î�Þ�Õ�Ó�×�Ü	ÝjÒ�Ñ

C1
è
C2
è
C3
è
C4
��NWÎ¶Ò,Õ�×�ß�â�ÙªTWØ:Ù/Ò,Õ�Ø:Ù�Ó�Ú:Õ�â3Ï�Õ�×�è,Ð	×�ß�×/Ù�Ö'Ù�ã
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Ó�Ñ3Ó�×�Õ�ÒMÙ�Ñ3Ò,Õ�Õ�×�Ü3Õ�Ü	Ï�Ú:Õ�Þ�ÝjÕ!Ø3Õ*)°Õ�Ü	Ñ	ã
(C4

1 + C4
2 + C4

3 + C4
4 6= 0)

×�ß�Ú3Û�Ö�ß�Þ²×�ß�ÒËÓ�Ú3Ï�Ð:Ù/Õ�è�Ö�ß/ç�â�Ù
Õ�Õeß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Û�Ø:Ù�Þ�Õ�Ü¶Ü	Ï�Ú-�&��S�Ô	Ø:Ù�Þ�Õ�â	Ú3Ñ	Þ#Ù@Ó�Ú:Õ�â3ÏW�! `Ù�ã�×�Õ�ß/Ø3Õ�ÒMÙ��

�#�#x:w��WOYÇ L F =¨"���
�$D��$	�D�u$�� � - ������
'��$	$	0W� �$�������$	��� �������e��"£��$��	��������$ -
	/- - 1D��"���� - �
"��+��
���;� ,a�c�8 3��� - 
��D���k�� 3�,���#"3 3��� - ������1 - ����$��	�������@� � ���3�����������D���3 	�
�!�	�¡
��#���

f(s) =

∣∣∣∣∣∣∣∣∣∣∣∣∣

y1(π, s)− y1(0, s) y2(π, s)− y2(0, s) y3(π, s)− y3(0, s) y4(π, s)− y4(0, s)

y′1(π,s)
as − y′1(0,s)

as
y′2(π,s)

as − y′2(0,s)
as

y′3(π,s)
as − y′3(0,s)

as
y′4(π,s)

as − y′4(0,s)
as

y′′1 (π,s)
(as)2

− y′′1 (0,s)
(as)2

y′′2 (π,s)
(as)2

− y′′2 (0,s)
(as)2

y′′3 (π,s)
(as)2

− y′′3 (0,s)
(as)2

y′′4 (π,s)
(as)2

− y′′4 (0,s)
(as)2

y
(3)
1 (π,s)
(as)3

− y
(3)
1 (0,s)
(as)3

y
(3)
2 (π,s)
(as)3

− y
(3)
2 (0,s)
(as)3

y
(3)
3 (π,s)
(as)3

− y
(3)
3 (0,s)
(as)3

y
(3)
4 (π,s)
(as)3

− y
(3)
4 (0,s)
(as)3

∣∣∣∣∣∣∣∣∣∣∣∣∣

= 0.

� , � �

IKß�â:Ó�×/Ù�Þ/Ú3ã'ã²äeß/Ø3Ò�Ï�Ú3Ý?��
7���è:��
89a�gÞeÏ�Ø:Ù�Þ�Ü3Õ�Ü	Ñ3ÕI� , � �gÑ@Ï�Ð	Ñ	×�Ý2Þ#Ù�ã`Ü:Ù�Ð:Ù�Ú3Û�Ü	ÝjÕcÏ�Ó�Ú:ß/Þ�Ñ	ã � ,�
��è
Ô	Ø	Ñ	Þ�Õ�â:Õ�Ò¹Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ3Õ � , � ��ÖáÓ�Ú:Õ�â3ÏW�! °Õ�Ò�Ï²Þ�Ñ'â3Ï �

f(s) =
∥∥b(s)mn

∥∥4
m,n=1

= 0, (24)

b1n(s) = (ewn − 1)− ψ3n(π, s)

M3
+
H6n(π, s)

M6
+O

(
1

s9

)
, n = 1, 2, 3, 4;

bmn(s) = wm
n (ewn − 1)− ψm

3n(π, s)

M3
+
Hm

6n(π, s)

M6
+O

(
1

s9

)
, m = 2, 3, 4; n = 1, 2, 3, 4,

ç�â:ÕKÞ�Þ�Õ�â:Õ�Ü	ÝuÓ�Ú:Õ�â3ÏW�! !Ñ3Õeß���ß/Î�Ü:Ù�Ð3Õ�Ü	Ñ	ã � ewk = aawksπ
è
M3 = 4a3s3

è
M6 = 16a6s6

�
L�Ù/Ó�Ö'Ú�Ù�â3Ý2Þ#Ù�ã�ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Û

f(s)
Ñ	Î	� ,�/W�2Ô3ß�Ó�×�ß�Ú��/æ:Ù/ÒËÜ:Ù@Ó�Ï'Ò,Ò�Ï¶ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú:Õ�à�èDÔ3ß�Ú3Ï#å

Ð:Ù/Õ�Ò

f(s) = f0(s)−
f3(s)

4a3s3
+

f6(s)

16a6s6
+O

(
1

s9

)
= 0, (25)

ß�Ó�Ü3ß/Þ�Ü3ß�ÕeÔ	Ø	Ñ-��Ú3Ñ32!Õ�Ü	Ñ3ÕPÑ3Ò,Õ�Õ�×@Þ�Ñ'â
f0(s) = 0, (26)

f0(s) =

1(ew1 − 1) 1(ew2 − 1) 1(ew3 − 1) 1(ew4 − 1)

w1(e
w1 − 1) w2(e

w2 − 1) w3(e
w3 − 1) w4(e

w4 − 1)

w2
1(e

w1 − 1) w2
2(e

w2 − 1) w2
3(e

w3 − 1) w2
4(e

w4 − 1)

w3
1(e

w1 − 1) w3
2(e

w2 − 1) w3
3(e

w3 − 1) w3
4(e

w4 − 1)

=W0(e
aw1sπ − 1)(eaw2sπ − 1)(eaw3sπ − 1)(eaw4sπ − 1),

(27)

ç�â:Õ
W0 �

ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Û²Z2Ù�Ü'â:Õ�Ø3Ò,ß/Ü'â�Ù@Ð	Ñ3Ó�Õ�Ú
w1
è
w2
è
w3
è
w4 �

W0 = det Wandermound′s(w1, w2, w3, w4)

=

∣∣∣∣∣∣∣∣∣

1 1 1 1

w1 w2 w3 w4

w2
1 w2

2 w2
3 w2

4

w3
1 w3

2 w3
3 w3

4

∣∣∣∣∣∣∣∣∣
=

∣∣∣∣∣∣∣∣∣

1 1 1 1

1 i −1 −i
1 −1 1 −1

1 −i −1 i

∣∣∣∣∣∣∣∣∣
= −16i 6= 0,

� ,�9a�

f3(s) =

4∑

k=1

f3k(s), f6(s) =

4∑

k=1

f6k(s) +

10∑

k=5

f6k(s), (29)



�!��"�� - �����������	���á�#"�����
����á��������#�e�����@�������e��"£��$��	��������$ -
	/-�- 1D��"���� - "�� /-


ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Ñ
f3k(s) (k = 1, 2, 3, 4)

Ô3ß�Ú3Ï�Ð:Ù��Y×�Ó�ã¹Ñ	Îáß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3ã
f0(s)

Ñ	Î>� ,a7��!Î�Ù/Ò,Õ�Ü3ß/à
k
å ç�ß@Ó�×�ß�Ú��/æ:Ù°Ü:Ù`Ó�×�ß�Ú���Õ�æ

(ψ3k(π, s)
è
ψ1
3k(π, s)

è
ψ2
3k(π, s)

è
ψ3
3k(π, s))

∗ è'Ü:Ù�Ô	Ø	Ñ3Ò,Õ�Ø�è

f31(s) =

∣∣∣∣∣∣∣∣∣∣∣

ψ31(π, s) 1(ew2 − 1) 1(ew3 − 1) 1(ew4 − 1)

ψ1
31(π, s) w2(e

w2 − 1) w3(e
w3 − 1) w4(e

w4 − 1)

ψ2
31(π, s) w2

2(e
w2 − 1) w2

3(e
w3 − 1) w2

4(e
w4 − 1)

ψ3
31(π, s) w3

2(e
w2 − 1) w3

3(e
w3 − 1) w3

4(e
w4 − 1)

∣∣∣∣∣∣∣∣∣∣∣

, (30)

ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Ñ
f6k(s) (k = 1, 2, 3, 4)

Ô3ß�Ú3Ï�Ð:Ù��Y×�Ó�ã¹Ñ	Îáß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3ã
f0(s)

Ñ	Î>� ,a7��!Î�Ù/Ò,Õ�Ü3ß/à
k
å ç�ß@Ó�×�ß�Ú��/æ:Ù°Ü:Ù`Ó�×�ß�Ú���Õ�æ

(H6k(π, s)
è
H1

6k(π, s)
è
H2

6k(π, s)
è
H3

6k(π, s))
∗ è'Ü:Ù�Ô	Ø	Ñ3Ò,Õ�Ø�è

f62(s) =

∣∣∣∣∣∣∣∣∣

1(ew1 − 1) H62(π, s) 1(ew3 − 1) 1(ew4 − 1)

w1(e
w1 − 1) H1

62(π, s) w3(e
w3 − 1) w4(e

w4 − 1)

w2
1(e

w1 − 1) H2
62(π, s) w2

3(e
w3 − 1) w2

4(e
w4 − 1)

w3
1(e

w1 − 1) H3
62(π, s) w2

3(e
w3 − 1) w3

4(e
w4 − 1)

∣∣∣∣∣∣∣∣∣
, (31)

ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Ñ
f6k(s) (k = 5, 6, . . . , 10)

Ô3ß�Ú3Ï�Ð:Ù��Y×�Ó�ã¹Ñ	Î¶ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3ã
f0(s)

Ñ	Î>� ,a7��PÎ�Ù/Ò,Õ�å
Ü3ß/àéâ3Þ�ÏR�éÓ�×�ß�Ú��/æ3ß/Þ � Ô3ß�âËÜ3ß�Ò,Õ�Ø:Ù/Ò�Ñ

k1
Ñ
k2
�!Ü:Ù�Ó�×�ß�Ú��/æ	Ý

(ψ3k1(π, s);ψ
1
3k1

(π, s);ψ2
3k1

(π, s);
ψ3
3k1

(π, s))∗
Ñ
(ψ3k2(π, s);ψ

1
3k2

(π, s);ψ2
3k2

(π, s);ψ3
3k2

(π, s))∗
è	Ü:Ù�Ô	Ø	Ñ3Ò,Õ�Ø�è

f65(s) =

∣∣∣∣∣∣∣∣∣

ψ31(π, s) ψ32(π, s) 1(ew3 − 1) 1(ew4 − 1)

ψ1
31(π, s) ψ2

32(π, s) w(ew3 − 1) w4(e
w4 − 1)

ψ2
31(π, s) ψ2

32(π, s) w2
3(e

w3 − 1) w2
4(e

w4 − 1)

ψ3
31(π, s) ψ2

32(π, s) w2
3(e

w3 − 1) w3
4(e

w4 − 1)

∣∣∣∣∣∣∣∣∣
, (32)

Þªß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú:Õ
f66(s)

Ò,Õ�Ü	ã��Y×�Ó�ã 
�å à¹Ñ � å à¹Ó�×�ß�Ú��/æ	ÝeèMÞªß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú:Õ
f67(s) �


�å à¹Ñ=//å à
Ó�×�ß�Ú��/æ	Ýeè�Þ

f68(s) �
,�å à Ñ � å àËÓ�×�ß�Ú��/æ	Ýeè�Þ

f69(s) �
,�å à Ñ //å àËÓ�×�ß�Ú��/æ	ÝeèMÞoß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú:Õ

f6,10(s) � � å à¶Ñ+//å àáÓ�×�ß�Ú��/æ	Ý`�
lYÐ	Ñ	×�Ý2Þ#Ù�ã¨è¨Ð	×�ß�Þ¶Ó�Ñ'Ú3Ï5äeß/Ø3Ò�Ï�Ú � /W�

w3 = −w1
è
w4 = −w2

è¨ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Û
f0(s)

Ñ	Î6� ,a7��
Ô	Ø3Õ�ß��/Ø:Ù�Î�Ï�Õ�×�Ó�ãáÖ¶Ó�Ú:Õ�â3ÏW�! °Õ�Ò�Ï�Þ�Ñ'â3Ï �
f0(s) =W0

{
ew1+w2 +ew1−w2 +e−w1+w2 +e−w1−w2 −2ew1 −2e−w1 −2ew2 −2e−w2 +4

}
. (33)

NWÜ'â3Ñ	Ö'Ù�×�ß/Ø	Ü:Ù�ã¡â3Ñ:Ù�ç�Ø:Ù/Ò,ÒMÙ+
YÏ�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	ã � ,�1a���;� � ,a� � Ó�ÒK�G%'
81'è'ç�Ú��G
8,( ��è'×��'Õ��'Þ�Ý2Ô	Ï�Ö'Ú�Ù�ã¡ß���ß�å
Ú:ß/Ð	Ö'Ù²Ô3ß/Ö'Ù�Î�Ù�×�Õ�Ú:Õ�àF��Ö�Ó�Ô3ß/Ü3Õ�Ü	×�è�Þ��#ß�â3ã� !Ñ��5Þ	��×�ß²Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ3Õ�è¨Þ¡Ó�Ñ'Ú3Ï"� ��� �cÑ3Ò,Õ�Õ�×¶Ó�Ú:Õ�â3ÏW�! !Ñ	à
Þ�Ñ'â �

����������Ã
	�Â���'Ã������'Ã
����Ã����gÃ����
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IKß���×�ß�Ò�Ï�Ñ	ÎYß��� °Õ�à²×�Õ�ß/Ø	Ñ	ÑS� Ó�ÒK�:%'
81'è#ç�Ú��:
8,( �MÓ�Ú:Õ�â3Ï�Õ�×�è�Ð	×�ßeâ	Ú3ã�Ü:Ù�#ß82°â:Õ�Ü	Ñ	ã¡Ù/Ó�Ñ3Ò�Ô	×�ß/×�Ñ	Ö	Ñ
Ö�ß/Ø	Ü3Õ�àáÏ�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	à"� ,�1a���;� ,�Aa��Ñ

f0(s) = 0
Ñ	Î � ��� ��è	Þ@Ó�Õ�Ö	×�ß/Ø3Õ 
��Ñ	Ü'â3Ñ	Ö'Ù�×�ß/Ø	Ü3ß/àáâ3Ñ:Ù�ç�Ø:Ù/Ò,Ò�Ý 


Ü:Ù�â:ßPß�Ó�×/Ù�Þ�Ñ	×�Û&��Ö�Ó�Ô3ß/Ü3Õ�Ü	×�ÝkÓ2Ô3ß/Ö'Ù�Î�Ù�×�Õ�Ú3ã	Ò�Ñ
w1−w2, w1

Ñ
w1+w2

è�ÞPÓ�Õ�Ö	×�ß/Ø3Õ ,a��Ü3Õ�ß��H�#ß�â3Ñ3Ò,ß
ß�Ó�×/Ù�Þ�Ñ	×�Û@��Ö�Ó�Ô3ß/Ü3Õ�Ü	×�Ý\Ó!Ô3ß/Ö'Ù�Î�Ù�×�Õ�Ú3ã	Ò�Ñ

w1 + w2, w2
Ñ
w1 − w2

è:Þ¡Ó�Õ�Ö	×�ß/Ø3Õ � � � ��Ö�Ó�Ô3ß/Ü3Õ�Ü	×�Ý
Ó°Ô3ß/Ö'Ù�Î�Ù�×�Õ�Ú3ã	Ò�Ñ −w1 + w2,−w1

Ñ −w1 − w2
è�Þ¶Ó�Õ�Ö	×�ß/Ø3Õ&/W� � ��Ö�Ó�Ô3ß/Ü3Õ�Ü	×�Ý Ó!Ô3ß/Ö'Ù�Î�Ù�×�Õ�Ú3ã	Ò�Ñ

−w1 − w2
è −w2

Ñ
w1 − w2

�
ADFcr�Êa[�Í��#zgt��ox�Pgw��/Ì ��V,tgv���VY�R�

f3k(s)
t
f6k(s)

t£Ê ] � A:_�� ] L:� _�FMIKß�â:Ó�×/Ù�Þ/Ú3ã'ã³äKÏ�Ü	Ö	æ	Ñ	Ñ
ψ31(π, s)

Ñ	Î+��
�
�2Ñ
ψ
(m)
31 (π, s) (m = 1, 2, 3)

Ñ	Î+��
8Aa�2Þ�ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Û
f31(s)

Ñ	Î+� � Ba��è:Þ�Ý2Ü3Õ�Ó�Õ�Ò
Ò�Ü3ß82`Ñ	×�Õ�Ú3Ñ

(ew2 − 1)
è
(ew3 − 1)

Ñ
(ew4 − 1)

Ñ	Î4,�å ç�ß	è � å ç�ß`Ñ+//å ç�ß@Ó�×�ß�Ú��/æ3ß/Þ3è3Ô3ß�Ú3Ï�Ð	Ñ3Ò

f31(s) =

∣∣∣∣∣∣∣∣∣

ψ31(π, s) 1 1 1

ψ1
31(π, s) w2 w3 w4

ψ2
31(π, s) w2

2 w2
3 w2

4

ψ2
31(π, s) w3

2 w3
3 w3

4

∣∣∣∣∣∣∣∣∣
(ew2 − 1)(ew3 − 1)(ew4 − 1), (34)

ψ31(π, s) =

4∑

p=1

wpe
wp

( π∫

0

. . .

)

a1p

;

ψm
31(π, s) =

4∑

p=1

wpw
m
p e

wp

( π∫

0

. . .

)

a1p

, m = 1, 2, 3.

L�Ù/Ó�Ö'Ú�Ù�â3Ý2Þ#Ù�ã³ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Û
f31(s)

Ñ	ÎC� � /W�YÔ3ß¶Ó�×�ß�Ú��/æ:Ù/Ò Ü:Ù¡Ó�Ï'Ò,Ò�Ï�ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú:Õ�à�è£Ñ3Ó�å
Ô3ß�Ú3Û�Î�Ï�ãáÓ�Þ�ß/à3Ó�×�Þ#Ù`ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú:Õ�à�è:Ü:Ù�#ß�â3Ñ3Ò

f31(s) = w1W0

( π∫

0

. . .

)

a11

ew1(ew2 − 1)(ew3 − 1)(ew4 − 1), (35)

ç�â:Õeß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3Û
W0

ß/Ô	Ø3Õ�â:Õ�Ú:Õ�Ü�äeß/Ø3Ò�Ï�Ú:ß/à>� ,�9a���
UcÜ:Ù�Ú:ß/ç�Ñ	Ð	Ü	ÝjÒ ß��/Ø:Ù�Î�ß�Ò¹Þ�Ý2Þ�ß�â3Ñ3Ò

f32(s) = w2W0

( π∫

0

. . .

)

a22

ew2(ew1 − 1)(ew3 − 1)(ew4 − 1), (36)

f33(s) = w3W0

( π∫

0

. . .

)

a33

ew2(ew1 − 1)(ew2 − 1)(ew4 − 1), (37)

f34(s) = w4W0

( π∫

0

. . .

)

a44

ew4(ew1 − 1)(ew2 − 1)(ew3 − 1), (38)

Ô	Ø	Ñ@��×�ß�Ò¹ß/×�Ò,Õ�×�Ñ3Ò2è3Ð	×�ß°Þ�Ó�Ñ'Ú3Ï�äeß/Ø3Ò�Ï�Ú3Ý ��
�
��Ñ3Ò,Õ�Õ�Ò

( π∫

0

. . .

)

a11

=

( π∫

0

. . .

)

a22

=

( π∫

0

. . .

)

a33

=

( π∫

0

. . .

)

a44

=

π∫

0

q(t) dta11. (39)
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NKÓ�Ô3ß�Ú3Û�Î�Ï�ãáäeß/Ø3Ò�Ï�Ú3Ý ��
81a��ÑF� ,�Ba��è'â	Ú3ã¶ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú3ã
f62(s)

Ñ	Î � � 
��Ñ3Ò,Õ�Õ�Ò

f62(s) =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1
4∑

n=1
wne

wn

(
4∑

p=1
wp

(
π∫
0

. . .

)

apn2p

)
1 1

w1

4∑
n=1

wnwne
wn

(
4∑

p=1
wp

(
π∫
0

. . .

)

apn2p

)
w3 w4

w2
1

4∑
n=1

wnw
2
ne

wn

(
4∑

p=1
wp

(
π∫
0

. . .

)

apn2p

)
w2
3 w2

4

w3
1

4∑
n=1

wnw
3
ne

wn

(
4∑

p=1
wp

(
π∫
0

. . .

)

apn2p

)
w3
3 w3

4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

× (ew1 − 1)(ew3 − 1)(ew4 − 1),
� /RBa�

ß/×�Ö	Ï�â�Ù'è	Ñ3Ó�Ô3ß�Ú3Û�Î�Ï�ãáÓ�Þ�ß/à3Ó�×�Þ#Ù`ß/Ô	Ø3Õ�â:Õ�Ú3Ñ	×�Õ�Ú:Õ�à�è:Ü:Ù�#ß�â3Ñ3Ò

f62(s) = w2W0

(
4∑

n=1

wn

( π∫

0

. . .

)

an22n

)
ew2(ew1 − 1)(ew3 − 1)(ew4 − 1). (41)

UcÜ:Ù�Ú:ß/ç�Ñ	Ð	Ü3ß@Þ�Ý2Þ�ß�â3Ï¡äeß/Ø3Ò�Ï�Ú>� /RBa��ÑF� /-
��Ô3ß�Ú3Ï�Ð:Ù/Õ�Ò

f61(s) = w1W0

(
4∑

n=1

wn

( π∫

0

. . .

)

an11n

)
ew1(ew2 − 1)(ew3 − 1)(ew4 − 1), (42)

f63(s) = w3W0

(
4∑

n=1

wn

( π∫

0

. . .

)

an33n

)
ew3(ew1 − 1)(ew2 − 1)(ew4 − 1), (43)

f64(s) = w4W0

(
4∑

n=1

wn

( π∫

0

. . .

)

an44n

)
ew4(ew1 − 1)(ew2 − 1)(ew3 − 1). (44)

NKÓ�Ô3ß�Ú3Û�Î�Ï�ã�Ó�Þ�ß/à3Ó�×�Þ#Ù'è#Ô	Ø	Ñ3Ò,Õ�Ü3Õ�Ü	Ü	ÝjÕWÜ:Ù/Ò�Ñ²Ô	Ø	Ñ�Þ�Ý2Þ�ß�â:ÕWäeß/Ø3Ò�Ï�ÚS� � /W���;� /�/W��è#â	Ú3ã²ß/Ô	Ø3Õ�â:Õ�Ú3Ñ'å
×�Õ�Ú3ã

f65(s)
Ñ	Î � � ,a��Ñ3Ò,Õ�Õ�Ò �

f65(s) =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

4∑
n=1

wne
wn

(
π∫
0

. . .

)

a1n

4∑
n=1

wne
wn

(
π∫
0

. . .

)

a2n

1 1

4∑
n=1

wnwne
wn

(
π∫
0

. . .

)

a1n

4∑
n=1

wnwne
wn

(
π∫
0

. . .

)

a2n

w3 w4

4∑
n=1

wnw
2
ne

wn

(
π∫
0

. . .

)

a1n

4∑
n=1

wnw
2
ne

wn

(
π∫
0

. . .

)

a2n

w2
3 w2

4

4∑
n=1

wnw
3
ne

wn

(
π∫
0

. . .

)

a1n

4∑
n=1

wnw
3
ne

wn

(
π∫
0

. . .

)

a2n

w3
3 w3

4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

× (ew3 − 1)(ew4 − 1) = w1w2W0e
w1ew2(ew3 − 1)(ew4 − 1)

×
[( π∫

0

. . .

)

a11

( π∫

0

. . .

)

a22

−
( π∫

0

. . .

)

a12

( π∫

0

. . .

)

a21

]
.
� /R1a�
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UcÜ:Ù�Ú:ß/ç�Ñ	Ð	Ü	ÝjÒ ß��/Ø:Ù�Î�ß�Ò¹Ü:Ù�#ß�â3Ñ3Ò �

f66(s) = w1w3W0e
w1ew3(ew2 − 1)(ew4 − 1)

×
[( π∫

0

. . .

)

a11

( π∫

0

. . .

)

a33

−
( π∫

0

. . .

)

a13

( π∫

0

. . .

)

a31

]
,
� / � �

f67(s) = w1w4W0e
w1ew4(ew2 − 1)(ew3 − 1)

×
[( π∫

0

. . .

)

a11

( π∫

0

. . .

)

a44

−
( π∫

0

. . .

)

a14

( π∫

0

. . .

)

a41

]
,
� /W7��

f68(s) = w2w3W0e
w2ew3(ew1 − 1)(ew4 − 1)

×
[( π∫

0

. . .

)

a22

( π∫

0

. . .

)

a33

−
( π∫

0

. . .

)

a23

( π∫

0

. . .

)

a32

]
,
� /R9a�

f69(s) = w2w4W0e
w2ew4(ew1 − 1)(ew3 − 1)

×
[( π∫

0

. . .

)

a22

( π∫

0

. . .

)

a44

−
( π∫

0

. . .

)

a24

( π∫

0

. . .

)

a42

]
,
� /RAa�

f6,10(s) = w3w4W0e
w3ew4(ew1 − 1)(ew2 − 1)

×
[( π∫

0

. . .

)

a33

( π∫

0

. . .

)

a44

−
( π∫

0

. . .

)

a34

( π∫

0

. . .

)

a43

]
.
� 1�Ba�

� F�M�Æ�tNO!Pgv'x:v'tgÉ¨Ç¶Æ�x��:Æ�v'È��#zgz��°yªÊ#zgÇ#Í��#zgt��ªÌMt�T@T@�#w��#z�UgtgÇWVYX:zgx�Z�x¶x�P��#wgÇ	v'x:wgÇ
(1)

�

(2)
�

(3)
ÈéÆa�#Égv'x:w��

1)
tgz¨ÌMtgÉ¨Ç	v'x:wgzgx��¹ÌMtgÇ3Z�wgÇ-O O
�

1
FgNKÓ�Ô3ß�Ú3Û�Î�Ï�ã�Î�Ù/Ò,Õ�Ð:Ù�Ü	Ñ3Õ�è¨Ó�â:Õ�Ú�Ù�Ü	Ü3ß�Õ

Ü:Ù/Ò�Ñ!Ô3ß�Ó�Ú:Õ�äeß/Ø3Ò�Ï�Ú3Ý � ��� ��è�ÞYäeß/Ø3Ò�Ï�Ú�Ù� � � 1a���;� � Aa��è�� /-
���;� /�/W��Ñ	� /R1a���;� 1�Ba��Ü3Õ�ß��H�#ß�â3Ñ3Ò,ßKÓ�â:Õ�Ú�Ù�×�Û
Ü	ÏW2`Ü	ÝjÕ¶Ô3Õ�Ø3Õ�Ò�Ü3ß82!Õ�Ü	Ñ	ãËÑ¹ÞoÓ�Õ�Ö	×�ß/Ø3ÕF
�!Ñ	Ü'â3Ñ	Ö'Ù�×�ß/Ø	Ü3ß/àËâ3Ñ:Ù�ç�Ø:Ù/Ò,Ò�Ý ß�Ó�×/Ù�Þ�Ñ	×�Û>��Ö�Ó�Ô3ß/Ü3Õ�Ü	×�Ý
ÓKÔ3ß/Ö'Ù�Î�Ù�×�Õ�Ú3ã	Ò�Ñ

w1 − w2, w1
Ñ
w1 + w2

�	IKß���×�ß�Ò�Ï¡Ó�Ô	Ø:Ù�Þ�Õ�â	Ú3Ñ	Þ�ß²Ó�Ú:Õ�â3ÏW�! °Õ�ÕWÏ�×�Þ�Õ�ØR2°â:Õ�Ü	Ñ3Õ��
�#�#x:w��WOYÇ  F8=¨"���
�$D��$	�D��$��P� - ������
'��$	$	0W�2�$�������$	���°�������e��"£��$��	��������$ -
	/-!- 1D��"���� - "��

(1)
<

(2) (
�, 3��� - 
��D���

(3)
�� 3�,���#"3 3��� - �����²1 - ����$��	�������

q(x))

`�����D� - "£�

1)
�	$#���	�	��� - "�$ - �`����� 	 "���� �

��0
1
�3�����������D���3 	�
�!�	�¡
��#���

g1(s) = g1,0(s)−
g1,3(s)

4a3s3
+
g1,6(s)

16a6s6
+O

(
1

s9

)
= 0, (51)

g1,0(s) = ea(w1+w2)sπ − 2eaw1sπ + ea(w1−w2)sπ, (52)

g1,3(s) =
{
w1

[
ew1+w2 − 2ew1 + ew1−w2

]
+ w2

[
ew1+w2 − ew1

]

+ w4

[
ew1−w2 − ew1

]}
π∫

0

q(t) dta11, e
wk = eawksπ, k = 1, 2, 3, 4,

� 1 � �



�!��"�� - �����������	���á�#"�����
����á��������#�e�����@�������e��"£��$��	��������$ -
	/-�- 1D��"���� - "�� /R1

g1,6(s) = g1,6,1(s) + g1,6,2(s);

g1,6,1(s) = w1

[
ew1+w2 − 2ew1 + ew1−w2

] 4∑

n=1

wn

( π∫

0

. . .

)

an11n

+w2

[
ew1+w2 − ew1

] 4∑

n=1

wn

( π∫

0

. . .

)

an22n

+ (−w2)
[
ew1−w2− ew1

] 4∑

n=1

wn

( π∫

0

. . .

)

an44n

,

(54)

g1,6,2(s) = w1w2

[
ew1+w2 − ew1

]
[( π∫

0

. . .

)

a11

( π∫

0

. . .

)

a22

−
( π∫

0

. . .

)

a12

( π∫

0

. . .

)

a21

]

−w1w2

[
ew1−w2 − ew1

]
[( π∫

0

. . .

)

a11

( π∫

0

. . .

)

a44

−
( π∫

0

. . .

)

a14

( π∫

0

. . .

)

a41

]

+w2w2e
w1

[( π∫

0

. . .

)

a22

( π∫

0

. . .

)

a44

−
( π∫

0

. . .

)

a24

( π∫

0

. . .

)

a42

]
.

(55)

IWØ	Ñ.��×�ß�Ò5Î�Ù/Ò,Õ�×�Ñ3Ò2è�Ð	×�ßYÞeäeß/Ø3Ò�Ï�Ú�Ù�
(51)

�

(55)
Ò�Ý¹Ò,ß82!Õ�Ò�Ô3ß�â:Õ�Ú3Ñ	×�ÛeÜ:Ù

ew1 = eaw1sπ 6= 0
�

OYÓ�Ü3ß/Þ�Ü3ß�Õ�Ô	Ø	Ñ-��Ú3Ñ32!Õ�Ü	Ñ3Õ5Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	ãb� 1�
���;� 1�1a�`Ñ3Ò,Õ�Õ�×oÞ�Ñ'â
g1,0(s) = 0 ⇔ eaw2sπ − 2 +

e−aw2sπ = 0 ⇔ eaw2sπ = 1
� Ö�ß/Ø3Õ�Ü	Û¡Ö	Ø:Ù�×�Ü3ß�Ó�×�ÑF,a� ⇔ sk,1 ����� = 2k

a , k ∈ Z
è:Ñ	Ü'â:Õ�Ö�Ó+
PÏ

sk,1 �����ß/Î�Ü:Ù�Ð:Ù/Õ�×�è:Ð	×�ß`Ò�Ý^Ñ	Î�Ï�Ð:Ù/Õ�Ò¹Ó�Õ�Ö	×�ß/ØF
��è���ß�Ó�Ü���ß/Î�Ü:Ù�Ð:Ù/Õ�×	��ß�Ó�Ü3ß/Þ�Ü3ß�Õ
�²Ô	Ø	Ñ-��Ú3Ñ32!Õ�Ü	Ñ3Õ��
�#�#x:w��WOYÇ5ADF��e���3��1D� - ���	�	�°� - ������
'��$	$	0 � �$�������$	�	�`�������e��"£��$��	��������$ -
	/-°- 1D��"���� - "��

(1)
<

(3)

¡�����D� - "£�

1)
�	$#���	�	��� - "�$ - �¡����� 	 "����,��0

1
�3�������@���D���3 	�
�!�	�¶
��#���

sk,1 =
2k

a
+

2d3k,1
ak3

+
2d6k,1
ak6

+O

(
1

k9

)
, k ∈ Z. (56)

C
QeÚ3ãuâ:ß/Ö'Ù�Î�Ù�×�Õ�Ú3Û�Ó�×�Þ#Ù ×�Õ�ß/Ø3Õ�Ò�Ý 1 Ü3Õ�ß��H�#ß�â3Ñ3Ò,ß Ô3ß/Ö'Ù�Î�Ù�×�Û3èeÐ	×�ßkÖ�ß���äeäKÑ	æ	Ñ3Õ�Ü	×�Ý

d3k,1Þ�äeß/Ø3Ò�Ï�Ú:ÕS� 1 � �PÜ:Ù�#ß�â3ã'×�Ó�ã¹Õ�â3Ñ	Ü3Ó�×�Þ�Õ�Ü	Ü	ÝjÒBß��/Ø:Ù�Î�ß�Ò Ñ³Ô	Ø	Ñ	Þ�Õ�Ó�×�Ñ äeß/Ø3Ò�Ï�Ú3Ý â	Ú3ãoÑ��oÞ�Ý2Ð	Ñ3Ó�å
Ú:Õ�Ü	Ñ	ã¡Þ`ã'Þ�Ü3ß�ÒéÞ�Ñ'â:Õ��

NKÓ�Ô3ß�Ú3Û�Î�Ï�ãáäeß/Ø3Ò�Ï�Ú3Ý^m5Ù�Ö'Ú:ß/Ø3Õ�Ü:Ù`Ñ¶äeß/Ø3Ò�Ï�Ú3ÏS� 1 � ��è	Ñ3Ò,Õ�Õ�Ò

e±aw2sπ

∣∣∣∣
sk,1

= 1± 2πid3k,1
k3

± 2πid6k,1
k6

−
2π2d23k,1
k6

+O

(
1

k9

)
, (57)

1

s3

∣∣∣∣
sk,1

=
a3

8k3

[
1− 3d3k,1

k4
+O

(
1

k7

)]
,

1

s6

∣∣∣∣
sk,1

=
a6

64k6

[
1− 6d3k,1

k4
+O

(
1

k7

)]
.

(58)
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IKß�â:Ó�×/Ù�Þ/Ú3ã'ã�äeß/Ø3Ò�Ï�Ú3Ý � 1 � ���;� 1�9a�8Þ`Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ3Õ � 1�
���;� 1�/W��è3Ô3ß�Ú3Ï�Ð:Ù/Õ�Ò

[
1 +

2πid3k,1
k3

+
2πid6k,1
k6

−
2π2d23k,1
k6

+O

(
1

k9

)

− 2 + 1− 2πid3k,1
k3

− 2πid6k,1
k6

−
2π2d23k,1
k6

+O

(
1

k9

)]

− 1

4a3
a3

8k3

[
1− 3d3k,1

k4
+O

(
1

k7

)] π∫

0

q(t)dta11

{
w1

[
1 +

2πid3k,1
k3

+ O

(
1

k6

)
− 2 + 1− 2πid3k,1

k3
++O

(
1

k6

)]
+ w2

[
1 +

2πid3k,1
k3

+O

(
1

k6

)
− 1

]

− w2

[
1− 2πid3k,1

k3
+O

(
1

k6

)
− 1

]
+

1

16a6
a6

64k6

[
1− 6d3k,1

k4
+O

(
1

k7

)]

×
[
g1,6,1(s)

∣∣∣∣
sk,1

+ g1,6,2(s)

∣∣∣∣
sk,1

]}
+O

(
1

k9

)
.
� 1�Aa�

IWØ	Ñ	Ø:Ù�Þ�Ü	Ñ	Þ#Ù�ã�Þ!Ï�Ø:Ù�Þ�Ü3Õ�Ü	Ñ	Ñ � 1�Aa�,Ô3ß�Ó�Ú:Õ�â:ß/Þ#Ù�×�Õ�Ú3Û�Ü3ß°Ö�ß���äeäKÑ	æ	Ñ3Õ�Ü	×�Ý Ô	Ø	Ñ
k0
è
k−3 è k−6 è#Þ�Ý8å

Þ�ß�â3Ñ3Ò äeß/Ø3Ò�Ï�Ú3Ï

d3k,1 =
1

32π

π∫

0

q(t) dta11, k ∈ N. (60)

IKß�Ú3Ï�Ð3Õ�Ü	Ñ3ÕPäeß/Ø3Ò�Ï�Ú3Ý � � Ba��Î�Ù�Þ�Õ�Ø3)`Ù/Õ�×`â:ß/Ö'Ù�Î�Ù�×�Õ�Ú3Û�Ó�×�Þ�ß²×�Õ�ß/Ø3Õ�Ò�Ý?1��
BNWÎ�Ï�Ð:Ù�ã�Ù�Ü:Ù�Ú:ß/ç�Ñ	Ð	Ü	ÝjÒéß��/Ø:Ù�Î�ß�Ò³Ó�Õ�Ö	×�ß/Ø:Ù&,a��è � ��èR/W�,Ñ	Ü'â3Ñ	Ö'Ù�×�ß/Ø	Ü3ß/à�â3Ñ:Ù�ç�Ø:Ù/Ò,Ò�Ý 
�è#Ï���Õ*2°â�Ù�å

Õ�Ò,Ó�ã¡Þ�Ó�Ô	Ø:Ù�Þ�Õ�â	Ú3Ñ	Þ�ß�Ó�×�Ñ5Ó�Ú:Õ�â3ÏW�! °Õ�ç�ß°Ï�×�Þ�Õ�ØR2°â:Õ�Ü	Ñ	ãG�
�#�#x:w��WOYÇ � F �e���3��1D� - ���	�	�á� - ������
'��$	$	0 � �$�������$	�	� - 1D��"���� - "��

(1)
<
(3)


á�����D� - "�� �
2)
<
4)�	$#���	�	��� - "�$ - �¡����� 	 "����,��0

1
 �� - 
��D����
 - "������²���D���3 	�
�!�3� �����3��1D� - ���	�	�����

1)

sk,2 = sk,1e
πi
2 ,

sk,3 = sk,2e
πi
2 = sk,1e

2πi
2 ,

sk,4 = sk,3e
πi
2 = sk,1e

3πi
2 ,

sk,m = sk,1e
πi
2
(m−1), m = 1, 2, 3, 4,

(61)

	 �£�!�/�D�����
sk,1

- 1#"£���£���D��$	0 � - "D�£ ��������
(56)

*
(60);

2)

λk,m = s4k,m, m = 1, 2, 3, 4; k ∈ N. (62)

QeÚ3ã�Ü:Ù�#ß82°â:Õ�Ü	Ñ	ãªÙ/Ó�Ñ3Ò�Ô	×�ß/×�Ñ	Ö	ÑªÓ�ß���Ó�×�Þ�Õ�Ü	Ü	Ý��5Î�Ü:Ù�Ð3Õ�Ü	Ñ	àªäKÏ�Ü	Ö	æ	Ñ	à5Ò,ß82`Ü3ß²â:ß/Ö'Ù�Î�Ù�×�Û¶Ó�Ú:Õ�å
â3ÏW�! °Õ�ÕWÏ�×�Þ�Õ�ØR2°â:Õ�Ü	Ñ3Õ��



�!��"�� - �����������	���á�#"�����
����á��������#�e�����@�������e��"£��$��	��������$ -
	/-�- 1D��"���� - "�� /W7

�#�#x:w��WOYÇhE�F 6M- ������
'��$	$	0W� �2 	$	���	�	�
yk(x, s)

�������e��"£��$��	��������$ -
	/-é- 1D��"���� - "��
(1)
<
(3) �� - 
��D����
 - "�� �P�����D���3 	�
�!�3�Ë�����3��1D� - ���	�	�����

yk,m(x, s) =
∣∣∣∣∣∣∣∣∣∣

y1(π, s)− y1(0, s) y2(π, s)− y2(0, s) y3(π, s)− y3(0, s) y4(π, s)− y4(0, s)
y′1(π,s)

as − y′1(0,s)
as

y′2(π,s)
as − y′2(0,s)

as
y′3(π,s)

as − y′3(0,s)
as

y′4(π,s)
as − y′4(0,s)

as
y′′1 (π,s)
(as)2

− y′′1 (0,s)
(as)2

y′′2 (π,s)
(as)2

− y′′2 (0,s)
(as)2

y′′3 (π,s)
(as)2

− y′′3 (0,s)
(as)2

y′′4 (π,s)
(as)2

− y′′4 (0,s)
(as)2

y
(3)
1 (x,s)
(as)3

− y
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(3)
3 (0,s)
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y
(3)
4 (x,s)
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− y
(3)
4 (0,s)
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	 �£�e�/�D�����
sk,m

- 1#"£���£���D��$	0 � - "D�£ ��������
(56)

*
(60)

<
(62),

�2 	$	���	�	�
y
(p)
n (x, s)

 �� - 
��D����
 - "�� �P�
�����3��1D� - ���	�	���

(17)
*
(18)

*
(21)

*
n = 1, 2, 3, 4

*
p = 0, 1, 2, 3
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