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(x, y)D = (Dx, y)
ýðõ-úû�õ��

‖x‖D =
√

(Dx, x)
*

,L�-ó©ô��Á�_ú�ò
ù-ðø{ðýøE0@È�3.üØò&�+ò
ðõ�ùÁH©ô-õ-û]ÿúõ-ó©ô-ú�ò
ðó©ô-ù-ø
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ó{ó{û�õ
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Bp
uk+2p

− uk

τ∗
+ Auk = f,

0N=&Ù}3
�i�2ø

Bk =
1

1 + ωk

Bk−1 (E +Gk−1)
−1 ;

Gk−1 = E − τ∗B
−1
k−1A;

ωk =
ω2

k−1

2 − ω2
k−1

, k = 1, 2, . . . , p ; B0 = B (τ∗) ; ω0 = ρ∗;
0N=�=B3

τ∗ ¤ üÍð�ò&'ø{ðýø×õ-ÿ%ô-ýû�òB���-ðõ��{õ�ý%ô-ø{ú�ò�)ýõ-ððõ��{õ�ÿ�ò
ú�ò
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C = C∗ = D1/2B−1AD−1/2 > 0
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∥

∥υk+2p∥

∥
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∥

∥
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q2p (ρ∗) = 2
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1

ρ∗
+

√

1

ρ∗
− 1

)2p

+
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1

ρ∗
−

√

1

ρ∗
− 1

)2p]−1 *
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2p �Ü!¨ò��{õ-ù-õ��{õ.MN'ø����"!�ø{ù-ó��#õ��{õ�Oãý%ô-ø{ú�ò�)ýõ-ððõ��{õçû�ø©ô-õ��+ò�*,núø��2ÿõ���õ&�çýû#	$'%ô-õbù-û�ø{ó©ô-õ

τ∗
ý%üÍù-ø{ó©ô-ðõbðø��#õ
ô-õ-úõ-ø.ø��{õsÿúý�����ý��¨ø{ðýø
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Gk

ó{ÿú�ò
ù-ø��-��ýù�ò�õ�)ø{ð��_ò
‖Gk‖ = ρk < ρ2

k−1 < . . . < ρ2k

0 , k = 1, 2, . . . , p,
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2ρ2
k−1 − ω2

ck−1

2 − ω2
ck−1

, 0 < ρ2
c 6 ρ2

0;

ω2
ck−1

2 − ω2
ck−1

, ρ2
0 6 ρ2

c 6
2ρ2

0

1 + ρ2
0
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ρ2

0 6 ρ2
c 6

2ρ2
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1 + ρ2
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ρc
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ρc�$�2õ-ù���ø©ô-ù-õ-ú�öø©ôçðø{ú�ò
ù-ø{ðó©ô-ù��
2ρ2

0

1 + ρ2
0

6 ρ2
c < 1,
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k−1 − ωkE
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iri+1

= ωp, α
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irl
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α
(l+1)
irl+1

±

√

α
(l+1)
irl+1

(

1 + α
(l+1)
irl+1

)
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α
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ir1

= α
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±

√
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(

1 + α
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ir2
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/(

2 − ω2
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ÿÿúõ��#ó{ýû�ýúõ-ù�òB��õ-ó��]ð�ò5�ù�ò&�2ú�ò�ô-ðõ�� ó{ø©ô��#ø/�#ü:��õ-ù]óÞ!¨ò��{õ-û
h = 1/Mú�ò�üÍðõ-ó©ô-ðõ��áóT��ø{û�õ��áù
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ρc
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üÍõ-ù�ò
ðýý<MN'ø����"!�ø{ù-ó��#õ��{õ�OÞû�ø©ô-õ��+ò³ýý%ô-ø{ú�ò�)ýõ-ððõ���óT��ø{û1��*

ïþô�ò�����*+I�ÿúýù-ø��2ø{ðõ2'ýó��õdý%ô-ø{ú�ò�)ý��
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ù�òB��óÀöîô-õ�'ðõ ¤ τ∗ =
2

γ1 + γ2

*
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∣

∣

∣

∣
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÷6��% ù��Ìú�ò��¨ø{ðý%ö

ρc = ||UNc − UNc−1||/||UNc−1 − UNc−2||.
·���ö

M = 25
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ϕ (x3, t) = δ (x3, t) x3e

−βx3 ,
0N=&Ò}3

δ (x3, t) =

{

1, (1 − 2 · 10−4 (t− 10−3)) 6 x3 6 1, t 6 6 · 10−3,
s, t > 6 · 10−3.
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ð�òáô�ò��ýû õ��-ú�ò�üÍõ-û#	+'%ô-õîð�òÓù���õ��2ø�ùU�_ò
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102 *

t = 0.02 t = 0.5 t = 1

t = 0.02 t = 0.5 t = 1

(#ê ÷ ê}ê�òBü�)�ç�ý}þ}ê
s = 0

� ötô î þ�� ð �Ïê
s = 0.05

� ö ÷ ê ï�ð � Õ



{�I ~6�$�"���#�}�����-� ��� �+���T���+���&� �����B�

,nõ��-� 'ø{ððõ-ønó×ÿõ-û�õ
÷6��% õ-ÿýóÍò
ððõ��{õ�òB���{õ-úý%ô-û�ò�üÍð�ò&'ø{ðýø
un+1 ó�'ý%ô�òB��õ-ó���úø:!�ø{ðýø{û]ú�ò�ü:�ðõ-ó©ô-ðõ��LóT��ø{û1�Pð�ò

(n + 1)
�¹û ó��õ-ødÿõ�ù-úø{û�ø{ðý
*Ï,núý/H©ô-õ-û ó{úø��2ðø{øE�#õ���ý�'ø{ó©ô-ù-õàý%ô-ø{ú�ò�)ý��Üð�ò

�_ò��(�2õ-û�ó��õ-øvó{õ-ó©ô�ò
ù-ý ��õ�=BÈ�Ò�*
8vòdúýó:�_ð��#ø¨ÿõ��_ò�üØò
ð��Û��ýðýý��_úõ-ù-ð%öA���_ð���)ýý

Ψ
�-��ö�ô-úø��üÍð�ò&'ø{ðý��?ù-úø{û�ø{ðý50

t = 0.02
	

t = 0.5, t = 1
3*�ï�õ?ù-ó{ø��ú�ò
ó�'ø©ô�òB��üÍð�ò&'ø{ðýøîÿ�ò
ú�ò
û�ø©ô-ú�ò³ó©ô-ú�ò�ô-ý��vý��_ò�)ýý

β = 5
*1,nõ��_ò�üØò
ð�òô�ò³õ����2ò
ó©ô��³úø:!�ø{ðý%ö
	»�i�2øîð�ò�����%7�+ò
ø©ô-óÀö]ù-õ
üÍûY�#÷�ø{ðýø�*7,núý

s = 0
�-��ö�ù-úø{û�ø{ðý

t > 6 · 10−3�çý����#õ-ó©ô��]ðø`ÿúõ$��õ��2ý%ô�'ø{úø©ü/�{ú�ò
ðý�)��(õ����2ò
ó©ô-ý
x1 = 0

*sï ó�-� '�ò
ø
s = 0.05

�-��öÊ��%s�-õ��{õüÍð�ò&'ø{ðý%ö
t > 0

'ø{úø©ü.�{ú�ò
ðý�)��
x1 = 0

ÿõ-ó©ô��_ÿ�ò
ø©ô2�çý����#õ-ó©ô���*
* ± í ��� � â�í � ê ³��S�,+2³ ä
- ì/.1032547658:9<; =1;?>@9A87B3CED5F5G�658H=1;I05;7J-ç:ù�ç�õ}êÁù�ê ÷ ç$û
êK)}ê2ötò&þ ç�ò&ê3L#ê}ë}ê}þ�ü$ô�ç ÷}÷ óM� ÿ ê�ù3)�ü&ötò î ø Õ7N�ÕPO3Q ç ºð )�çR�-ì��	�	� Õ �	�	�Lö Õ
- ��.1STD5B3D5G�6VUW;IUW; N2î òBü�ùEù�þ�ü&è ÷ óM� � ç��ü$ô.þ î��Lît÷ ê}ú2û ÷ ü��ü&û î þ ÷ óM� ï ç:ù�ç�õEû�ç�ò î û�ç�ò&ê}õ î ö�)�ü$ø"L#ê ï êK)}ê Õ
N�ÕPOKQ ç ð )�çR��ì��	��� Õ ì��	�Lö Õ

- �.X9Y2[Z\25]3^_G5F5`a=1; =1;?>�UTF5G�67b[25B38�cd;P9<; N2î òBü�ù�óRþ î��Lît÷ ê}ú(ö î òBü$õ ÷ óM� ð þ ç�ô ÷�ît÷ ê}ø ÕKN�ÕPOKQ ç ð )�çR��ì������ Õ
�	�	�Lö Õ

- 
�.1e"25]3f�g5Gh05;IiW; N2î òBü�ù�ó5ô&ó1õ}ê�öTé�ê}ò î é�ñ ÷ ü$øEû�ç�ò î û�ç�ò&êK)}ê ÕjN�ÕPO3Q ç ð )�çR��ì��	�	� Õ �	�	��ö Õ
- ��.1i,blk7m�2[ZY658Wen; =1;�o�è ï ü$þ�þ ç$è&ü$ò"ý�ü ÷�î ü$ò&þ ç ÿ ç�pYqsê�û ð öTé ü$ô&ê}ú}û ÷ çr��þ ç ÷ ê}ë ç��Lþ ç$ötõ î ò ÷ ü$øSü&è�é�ç$ötò&êts	s

æYþ Õ ö î û
ê ÷ ç�þ ç � ç ï ç ÷�Õ L#ê ïÅÕ º ò î � ÷�Õ ê ÷-º ò$ç Õ ì��	�	� ÕRu 
 Õjv�Õ ��wR��
 Õ
- ��.Xx@2�y�25]3658"z{;IUW;R|-þ ç:ù�ê ît÷ ò ÷ ó î ê}ò î þ ç�ë}ê�ü ÷}÷ ó î û î òBü�ù�óRþ î��Lît÷ ê}ú ï ç:ù�ç�õX��ê�ù�þ�ü�ù�ê ÷ ç$û
êK)}ê Õ3Q ü$ôBü&ötê º

è$ê}þ�ö�) O3Q ç ð )�çR�7�	�	�	� Õ �		��ö Õ
- ��.Xx@2�y�25]3658:z{;IUW;jo�è�ü�ù ÷ ü&ûÌötý�ü&ö�ü&è î ý�ü&ötò&þ�ü ît÷ ê}ú�ë}êK)�é�ê}õ î ö�)}êR��ê}ò î þ ç�ë}ê�ü ÷}÷ óM�Áö�� î ûns	s,}"ê�öTé Õ û î�º

òBü�ù�ó¨û î ��ç ÷ êK)}ê�ötý�é ü �s÷ ü$ø<ötþ î ù�ó O\v è Õ9÷ ç ð õ Õ ò&þ Õ s�~ Q v�v�vÏí+ÕM�M�<��� æ�� N�Õ ì������ Õ æ Õ ì��R� u 
 Õ
v�Õ �	��w�ì��	� Õ

�t�����X�K���3�����<�@�������K�������7���\�����3���7�a�7�K�K�¡ �¢¤£
�¡�����@���3��¥��	�X��¦�¦���§¨�������W© ªE�����@�«�7�:�7�K�K�¡ �¢


