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�y�����y��}������������c�y�������������2�����y���c����}������~���������7}y�y�M��}y�y�����o}y�����k�������� ����������y�����U���y�����y�����y�M���Y��������¡O���
���������y�����y�����y������}y�y���7¡O�������������y������}�¢��

D1D2D
2
3D

2
4u(x)

�i�y�������i�������	�1¢���£������� ��y���y�����	�M¤
Lp ¥ ¢���£������ ¥ ��y���y�����	��¦2���������?������}������y�o£������M����}������Q¢Y£�¢����������y���y���y���	�o���y�������y�������y���	�1���y�����y�����y§�¨

©Uª	«o¬'­�®y¯7­M°�ª	±y®y²#³y�����y�������������y����¢��������y�����y�����y��´��y�������������2���������1����}�����������������´����y�����y�����y�1�k�y�������i� ¥�����	�M¢���£������� ��y���y�����	��¨
N¶µ8·y¸�¹�º�»'¼~½�¾�¿ÁÀ�Â2½�¾,½�µ	ÃÄ¿�¸�Ã'Å2Ã	»	¾�ÃÆ¾�µ2ºyÇ�Ã'ÈÁ¾O·�¹�½�¾O·�¹�Ã	É�ºyÀ?Ã2¸�¸�Å8½�Ê8ºyÀ#·�Å2Ã2¸�Ë?Â8·�Ì�µ2º�º�ÍyÂ8·�Ì�µ	Îo½

É'Å�·y¸�¸�Îg¹�Â2½�È	¾,½�Â	µ	Î7ÈiÏ�Ð2½�¹�Î1Â2½�È	¾,½�Â	µ	Î7ÈiÏ,·Á¹y·�É	Ñ!½Ò¾�µ2ºyÇ�º�¾,½�Â	µ	Î7È�Å8ºyÉ'·�Å2Ë�µ	Î7ÈÓÃ�µ2½�Å8ºyÉ'·�Å2Ë�µ	Î7È
µ8·�Ð8·�Å2Ë�µ2º�ÔÕÉ	Â8·y½�À�Î7È^Ì�·�Ê�·�ÐÖÊ	Å2»×¿�Â8·�À�µ2½�µ	Ã	ØÙ¸�ºÓ¸�¹y·�Â	Ú~½�ØÖÐ8·y¸�¹�µ2ºyØ^Û	Â2ºyÃ	Ì�À�º�Ê2µ2ºyØ�Ïo¸�¾1ÜÝÏ7µ8·�Û	Â	Ã'Ô
¾,½�Â�ÏUÞÝß�à'á�â�Üuã�¹�º`¸�À�»'Ì�·�µ2º`¸ÆÃ'È×Û2º�»'ÀyÅ8½�µ	Ã2½�¾pÀÓÂ8·�Ì�Å2Ã	Ð	µ	Î7È^Ì�·�Ê�·�Ð8·�ÈÖÛ	Â	Ã	É'Å�·�Ê2µ2ºyÇ�ºÓÈ�·�Â8·�É	¹�½�Ô
Â8·ÄÞÝß�ä�â�Ü

B8Ecåæz8ç�è�t	ékz8{8êit4ë#t#xOt#ìkí
]gÂ8·yÍ�ºy¹�½Äº�Í�º�¸�µ2ºyÀ�Î1À#·y½�¹�¸�»îÉ�ºyÂ	Â2½�É	¹�µ2º�¸�¹�ËïÐ2½�¹�Î1Â2½�È	¾,½�Â	µ2ºyØ×Ì�·�Ê�·�Ð	Ãîfi¿�Â2¸�·�¸Òµ2½�É'Å�·y¸�¸�Ã	Ð2½�Ô

¸�É	Ã2¾�ÃÆ¿�¸�Å8ºyÀ�Ã	»	¾�ÃÆÊ	Å2»æº�Ê2µ2ºyÇ�º?Ç�Ã	Û2½�Â2Í�º�Å2Ã	Ð2½�¸�É�ºyÇ�ºÁ¿�Â8·�À�µ2½�µ	Ã	»iÜ
\�·y¸�¸�¾,ºy¹�Â	Ã2¾Ö¿�Â8·�À�µ2½�µ	Ã2½

(V1,1,2,2u)(x) ≡ D1D2D
2
3D

2
4u(x)

+ a1,0,2,2(x)D1D
2
3D

2
4u(x) + a0,1,2,2(x)D2D

2
3D

2
4u(x)

+ a1,1,1,2(x)D1D2D3D
2
4u(x) + a1,1,2,1(x)D1D2D

2
3D4u(x)

+
∑

i1+i2+i3+i4<5,
iξ=0,1, ξ=1,2;
iη=0,2, η=3,4

ai1,i2,i3,i4(x)D
i1
1 D

i2
2 D

i3
3 D

i4
4 u(x) = ϕ1,1,2,2(x) ∈ Lp(G),

ð ß�ñ

Ì�Ê8½�¸�Ë
u(x) = u(x1, x2, x3, x4) ò Ã2¸�É�º�¾O·�»[óM¿�µ	É	ô	Ã	»iÏÁºyÛ	Â2½�Ê8½�Å8½�µ	µ8·�»õµ8·

G; ai1,i2,i3,i4 =
ai1,i2,i3,i4(x) ò

Ì�·�Ê�·�µ	µ	Îo½YÃ	Ì�¾,½�Â	Ã2¾�Îo½QóM¿�µ	É	ô	Ã	ÃÁµ8·
G = G1×G2×G3×G4

Ï�Ç�Ê8½
Gξ = (0, hξ)

Ï
ξ = 1, 2, 3, 4 ö ϕ1,1,2,2(x) ò Ì�·�Ê�·�µ	µ8·�»^Ã	Ì�¾,½�Â	Ã2¾O·�»ÙóM¿�µ	É	ô	Ã	»îµ8·

G ö Dξ = ∂
∂xξ

ò ºyÛ2½�Â8·�¹�ºyÂ
º�Í�º�Íy¼~½�µ	µ2ºyÇ�º�Ê2Ã2óSóS½�Â2½�µ	ô	Ã	Â2ºyÀ#·�µ	Ã	»æÀÒ¸�¾�Îo¸�Å8½!TYÜ	P?Ü8T�º�Í�º�Å8½�À#·'Ü

hYÂ8·�À�µ2½�µ	Ã2½ ð ß�ñ!»'ÀyÅ2»	½�¹�¸�»ÖÇ�Ã	Û2½�Â2Í�º�Å2Ã	Ð2½�¸�É	Ã2¾p¿�Â8·�À�µ2½�µ	Ã2½�¾1Ï1É�ºy¹�ºyÂ2º�½�º�Í�Å�·�Ê�·y½�¹`Ð2½�¹�Î1Â	Ë�¾�»
Ê8½�Ø2¸�¹�À�Ã	¹�½�Å2Ë�µ	Îo¾�Ã4È�·�Â8·�É	¹�½�Â	Ã2¸�¹�Ã	É'·y¾�Ã

x1 = const
Ï
x2 = const

Ï
x3 = const

Ï
x4 = const,

Û2½�Â'Ô
À#·�»ÄÃæÀ�¹�ºyÂ8·�»iÏ	Ã	ÌMÉ�ºy¹�ºyÂ	Î7ÈÆÛ	Â2º�¸�¹y·�»iÏ8·~¹�Â2½�¹y·�»æÃæÐ2½�¹�À�½�Â	¹y·�» ò Ê2À�¿#È'É	Â8·�¹�µ	Îo½�Ü�mMºy÷�¹�º�¾�¿Ä¿�Â8·�ÀyÔ
µ2½�µ	Ã2½ ð ß�ñcÀ4µ2½�É�ºy¹�ºyÂ2º�¾g¸�¾�Îo¸�Å8½Æ¾,º�Ñ�µ2º�Â8·y¸�¸�¾O·�¹�Â	Ã	À#·�¹�Ëï¹y·�É	Ñ!½ÆÉ'·�É×Û2¸�½�ÀyÊ8ºyÛ8·�Â8·yÍ�º�Å2Ã	Ð2½�¸�É�º�½

ø
© ù�ú�û�üoý ���2��}����oþ7¨���¨
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¿�Â8·�À�µ2½�µ	Ã2½ÄÞÝß�ß�Ïkß���â�ÜUhYÂ8·�À�µ2½�µ	Ã	» Û2º�Ê8º�Íyµ2ºyÇ�ºÄÀ�Ã'Ê�·?À�ºyÌ�µ	Ã	É'·	�Y¹ÄÛ	Â	Ã4ºyÛ	Ã2¸�·�µ	Ã	Ã�¾�µ2ºyÇ�Ã'È Û	Â2ºyô2½�¸�Ô
¸�ºyÀ2Ï'Û	Â2ºyÃ2¸�È#º�Ê2»'¼!Ã'ÈæÀ~Û	Â	Ã	Â2º�Ê8½MÃÄ¹�½�È'µ	Ã	É�½�ÜOmMº�Ê8º�Íyµ	Îo½S¸�Ã	¹�¿#·�ô	Ã	ÃÆÃ2¾,½
�Y¹�¾,½�¸�¹�º~Û	Â	ÃÄÃ	Ì�¿�Ð2½�µ	Ã	Ã
Û	Â2ºyô2½�¸�¸�ºyÀ�Â8·y¸�Û	Â2º�¸�¹�Â8·�µ2½�µ	Ã	»`¹�½�Û'Å�·ïÞÝß���â�ÏkÀyÅ�·�Ç�ºyÛ2½�Â2½�µ2º�¸�· ÀÆÛ2ºyÐ	À�ºyÇ�Â	¿�µ	¹y·�È^ÞÝß
�yâ�Ï�óMÃ'Å2Ë�¹�Â8·�ô	Ã	Ã
Ñ�Ã'Ê2É�º�¸�¹�Ã�ÀQÛ2ºyÂ	Ã2¸�¹�Î7È~¸�Â2½�Ê�·�ÈÄÞÝß�
�â�ÏyÀYÌ�·�Ê�·�Ð8·�È~¾O·�¹�½�¾O·�¹�Ã	Ð2½�¸�É�ºyØÁÍyÃ2º�Å8ºyÇ�Ã	ÃæÞÝß � â�Ï�·U¹y·�É	Ñ!½7ÀY¹�½�º�Ô
Â	Ã	Ã ºyÛ	¹�Ã2¾O·�Å2Ë�µ	Î7ÈÆÛ	Â2ºyô2½�¸�¸�ºyÀ�ÞÝß���â�Ü

] ÷�¹�ºyØgÂ8·yÍ�ºy¹�½×¿�Â8·�À�µ2½�µ	Ã2½ ð ß�ñ�Ã2¸�¸�Å8½�Ê8ºyÀ#·�µ2º À¶º�Íy¼~½�¾ ¸�Å2¿�Ð8·y½�Ï�É�ºyÇ�Ê�· É�ºy÷�óSóMÃ	ô	Ã2½�µ	¹�Î
ai1,i2,i3,i4(x)

»'ÀyÅ2»��Y¹�¸�»lµ2½�Ç�Å�·�Ê2É	Ã2¾�ÃõóM¿�µ	É	ô	Ã	»	¾�Ã�Ï�¿�Ê8ºyÀyÅ8½�¹�À�ºyÂ#»��Y¼!Ã2¾�ÃgÅ2Ã	Ú!Ë¶¸�Å8½�Ê2¿��Y¼!Ã2¾
¿�¸�Å8ºyÀ�Ã	»	¾��

a0,0,i3,i4(x) ∈ Lp(G), a1,0,i3,i4(x) ∈ Lx1,x2,x3,x4∞,p,p,p (G), a0,1,i3,i4(x) ∈ Lx1,x2,x3,x4p,∞,p,p (G),

a0,0,2,i4(x) ∈ Lx1,x2,x3,x4p,p,∞,p (G), a0,0,i3,2(x) ∈ Lx1,x2,x3,x4p,p,p,∞ (G), a1,1,i3,i4(x) ∈ Lx1,x2,x3,x4∞,∞,p,p (G),

a1,0,2,i4(x) ∈ Lx1,x2,x3,x4∞,p,∞,p (G), a1,0,i3,2(x) ∈ Lx1,x2,x3,x4∞,p,p,∞ (G), a0,1,2,i4(x) ∈ Lx1,x2,x3,x4p,∞,∞,p (G),

a0,1,i3,2(x) ∈ Lx1,x2,x3,x4p,∞,p,∞ (G), a0,0,2,2(x) ∈ Lx1,x2,x3,x4p,p,∞,∞ (G), a1,1,2,i4(x) ∈ Lx1,x2,x3,x4∞,∞,∞,p (G),

a1,1,i3,2(x) ∈ Lx1,x2,x3,x4∞,∞,p,∞ (G), a0,1,2,2(x) ∈ Lx1,x2,x3,x4p,∞,∞,∞ (G), a1,0,2,2(x) ∈ Lx1,x2,x3,x4∞,p,∞,∞ (G),

Ç�Ê8½
i3 = 0, 1

Ï
i4 = 0, 1.mQÂ	Ã¶÷�¹�º�¾[À#·�Ñ�µ	Îo¾ Û	Â	Ã	µ	ô	Ã	Û	Ã8·�Å2Ë�µ	Îo¾ ¾,º�¾,½�µ	¹�º�¾ »'ÀyÅ2»	½�¹�¸�» ¹�º	ÏYÐ	¹�ºîÂ8·y¸�¸�¾O·�¹�Â	Ã	À#·y½�¾,º�½

¿�Â8·�À�µ2½�µ	Ã2½1º�Í�Å�·�Ê�·y½�¹MÂ8·�Ì�Â	Î1À�µ	Îo¾�Ã?É�ºy÷�óSóMÃ	ô	Ã2½�µ	¹y·y¾�Ã�Ï�É�ºy¹�ºyÂ	Îo½1¿�Ê8ºyÀyÅ8½�¹�À�ºyÂ#»��Y¹M¹�º�Å2Ë�É�ºQµ2½�É�º�Ô
¹�ºyÂ	Îo¾ ¿�¸�Å8ºyÀ�Ã	»	¾ ¹�Ã	Û8·

p
ÔÕÃ	µ	¹�½�Ç�Â	Ã	Â	¿�½�¾,º�¸�¹�Ã ÃÓºyÇ�Â8·�µ	Ã	Ð2½�µ	µ2º�¸�¹�Ã�Ï�¹�Ü�½�Ü?Â8·y¸�¸�¾,ºy¹�Â2½�µ	µ	Î1Ø Û2¸�½�ÀyÔ

Ê8ºyÛ8·�Â8·yÍ�º�Å2Ã	Ð2½�¸�É	Ã	Ø�Ê2Ã2óSóS½�Â2½�µ	ô	Ã8·�Å2Ë�µ	Î1Ø�ºyÛ2½�Â8·�¹�ºyÂ µ2½MÃ2¾,½�½�¹?¹�Â8·�Ê2Ã	ô	Ã2ºyµ	µ2ºyÇ�ºÁ¸�ºyÛ	Â#»'Ñ!½�µ	µ2ºyÇ�º
ºyÛ2½�Â8·�¹�ºyÂ8·'Ü

mQÂ	Ã~÷�¹�Ã'Èc¿�¸�Å8ºyÀ�Ã	»�È!Â2½�Ú~½�µ	Ã2½
u(x)

¿�Â8·�À�µ2½�µ	Ã	» ð ß�ñ�Íy¿�Ê8½�¾�Ã2¸�É'·�¹�ËQÀQÛ	Â2º�¸�¹�Â8·�µ2¸�¹�À�½UTYÜ�P?Ü�T�º�Ô
Í�º�Å8½�À#·

W (1,1,2,2)
p (G) ≡

{

u(x) : Di1
1 D

i2
2 D

i3
3 D

i4
4 u(x) ∈ Lp(G), iξ = 0, 1, ξ = 1, 2; iη = 0, 1, 2, η = 3, 4

}

,

Ç�Ê8½
1 6 p 6 ∞ ÜÙJMºyÂ2¾�¿×À`·�µ	Ã	Ì�ºy¹�Â2ºyÛ	µ2º�¾pÛ	Â2º�¸�¹�Â8·�µ2¸�¹�À�½

W
(1,1,2,2)
p (G)

Íy¿�Ê8½�¾AºyÛ	Â2½�Ê8½�Å2»'¹�Ë
Â8·�À�½�µ2¸�¹�À�º�¾

‖u(x)‖
W

(1,1,2,2)
p (G)

=
∑

iξ=0,
ξ=1,2

∑

iη=0,
η=3,4

∥

∥Di1
1 D

i2
2 D

i3
3 D

i4
4 u(x)

∥

∥

Lp(G)
.

eSÅ2»æ¿�Â8·�À�µ2½�µ	Ã	» ð ß�ñ�¿�¸�Å8ºyÀ�Ã	»Æfi¿�Â2¸�·~É'Å�·y¸�¸�Ã	Ð2½�¸�É�ºyÇ�ºÒÀ�Ã'Ê�·�¾,º�Ñ�µ2º?Ì�·�Ê�·�¹�Ë?À?À�Ã'Ê8½






















u(x1, x2, x3, x4)
∣

∣

x1=0
= F 1(x2, x3, x4); u(x1, x2, x3, x4)

∣

∣

x2=0
= F 2(x1, x3, x4);

u(x1, x2, x3, x4)
∣

∣

x3=0
= F 3(x1, x2, x4);

∂u(x1,x2,x3,x4)
∂x3

∣

∣

∣

x3=0

= F 4(x1, x2, x4);

u(x1, x2, x3, x4)
∣

∣

x4=0
= F 5(x1, x2, x3);

∂u(x1,x2,x3,x4)
∂x4

∣

∣

∣

x4=0

= F 6(x1, x2, x3),

ð ��ñ

F 1(x2, x3, x4)
Ï
F 2(x1, x3, x4)

Ï
F 3(x1, x2, x4)

Ï
F 4(x1, x2, x4)

Ï
F 5(x1, x2, x3), F

6(x1, x2, x3) òÌ�·�Ê�·�µ	µ	Îo½ÒÃ	Ì�¾,½�Â	Ã2¾�Îo½ÁóM¿�µ	É	ô	Ã	Ãïµ8·
G.

IUÐ2½�À�Ã'Ê2µ2º	ÏkÐ	¹�ºÆÀ ¸�Å2¿�Ð8·y½?¿�¸�Å8ºyÀ�Ã	Ø ð ��ñMóM¿�µ	É	ô	Ã	Ã
F i
Ï

i = 1, 2, 3, 4, 5, 6,
É	Â2º�¾,½M¿�¸�Å8ºyÀ�Ã	Ø

F 1(x2, x3, x4) ∈W (1,2,2)
p (G2 ×G3 ×G4), F 2(x1, x3, x4) ∈W (1,2,2)

p (G1 ×G3 ×G4),

F 3(x1, x2, x4) ∈W (1,1,2)
p (G1 ×G2 ×G4), F 4(x1, x2, x4) ∈W (1,1,2)

p (G1 ×G2 ×G4),

F 5(x1, x2, x3) ∈W (1,1,2)
p (G1 ×G2 ×G3), F 6(x1, x2, x3) ∈W (1,1,2)

p (G1 ×G2 ×G3),
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Ê8º�Å2Ñ�µ	Î ¿�Ê8ºyÀyÅ8½�¹�À�ºyÂ#»'¹�ËÁ¹y·�É	Ñ!½c¸�Å8½�Ê2¿��Y¼!Ã2¾×¿�¸�Å8ºyÀ�Ã	»	¾��






































































F 1(0, x3, x4)=F
2(0, x3, x4); F 1(x2, 0, x4)=F

3(0, x2, x4);

F 2
x4(x1, x3, 0)=F

6(x1, 0, x3);

F 1(x2, x3, 0)=F
5(0, x2, x3); F 1

x3(x2, 0, x4)=F
4(0, x2, x4);

F 1
x4(x2, x3, 0)=F

6(0, x2, x3);

F 2(x1, x3, 0)=F
5(x1, 0, x3); F 2(x1, 0, x4)=F

3(x1, 0, x4);

F 2
x3(x1, 0, x4)=F

4(x1, 0, x4);

F 3(x1, x2, 0)=F
5(x1, x2, 0); F 3

x4(x1, x2, 0)=F
6(x1, x2, 0);

F 4
x4(x1, x2, 0)=F

6
x3(x1, x2, 0),

ð ��ñ

É�ºy¹�ºyÂ	Îo½S»'ÀyÅ2»��Y¹�¸�»æ¿�¸�Å8ºyÀ�Ã	»	¾�Ã�¸�ºyÇ�Å�·y¸�ºyÀ#·�µ	Ã	»iÜ

� E��æw#è��	�kw�
�vYw��kékt�
Öë#t#xOt#ìktÓr����kç�t
{ïékw#ê��,t	ç�ç�íkìkw#ç�êiz��^è��kt	êkè'z8{8êiw íÖw#w�z��8z8ç�ékz8{8t	ékíkw

JS·�Å2Ã	Ð	Ã2½Á¿�¸�Å8ºyÀ�Ã	Ø×¸�ºyÇ�Å�·y¸�ºyÀ#·�µ	Ã	» ð ��ñMÀ�Û2º�¸�¹y·�µ2ºyÀ�É�½ÄÌ�·�Ê�·�Ð	Ã ð ß�ñ�Ï ð ��ñSºyÌ�µ8·�Ð8·y½�¹�ÏOÐ	¹�º ¿�¸�Å8º�Ô
À�Ã	»	¾�Ã ð ��ñoÌ�·�Ê�·�µ8·Á¹y·�É	Ñ!½~µ2½�É�ºy¹�ºyÂ8·�»4Ã	Ì�Å2Ã	Ú!µ	»'»4Ã	µ2óSºyÂ2¾O·�ô	Ã	»4ºÒÂ2½�Ú~½�µ	Ã	Ã�÷�¹�ºyØ4Ì�·�Ê�·�Ð	Ã�ÜcmMº�Ô
÷�¹�º�¾�¿?À�ºyÌ�µ	Ã	É'·y½�¹�À�ºyÛ	Â2º�¸Mºcµ8·�È#º�Ñ~Ê8½�µ	Ã	ÃæÉ	Â8·y½�À�Î7ÈÁ¿�¸�Å8ºyÀ�Ã	Ø�Ï'É�ºy¹�ºyÂ	Îo½Qµ2½Y¸�º�Ê8½�Â#Ñ~·�¹?Ã	Ì�Å2Ã	Ú!µ2½�Ø
Ã	µ2óSºyÂ2¾O·�ô	Ã	ÃÓºÄÂ2½�Ú~½�µ	Ã	ÃïÃ�µ2½~¹�Â2½�Íy¿��Y¹æÀ�Î1Û2º�Å2µ2½�µ	Ã	»ïµ2½�É�ºy¹�ºyÂ	Î7È�Ê8ºyÛ2º�Å2µ	Ã	¹�½�Å2Ë�µ	Î7Èï¿�¸�Å8ºyÀ�Ã	Ø
¹�Ã	Û8·Æ¸�ºyÇ�Å�·y¸�ºyÀ#·�µ	Ã	»iÜ ]g¸�À�»'Ì�Ã`¸�÷�¹�Ã2¾¶Â8·y¸�¸�¾,ºy¹�Â	Ã2¾u¸�Å8½�Ê2¿��Y¼!Ã2½?µ2½�É'Å�·y¸�¸�Ã	Ð2½�¸�É	Ã2½ÁÇ�Â8·�µ	Ã	Ð	µ	Îo½
¿�¸�Å8ºyÀ�Ã	» �

V0,0,i3,i4u ≡ Di3
3 D

i4
4 u(0, 0, 0, 0) = ϕ0,0,i3,i4 ∈ R, iν = 0, 1, ν = 3, 4;

(V1,0,i3,i4u)(x1) ≡ D1D
i3
3 D

i4
4 u(x1, 0, 0, 0) = ϕ1,0,i3,i4(x1) ∈ Lp(G1), iν = 0, 1, ν = 3, 4;

(V0,1,i3,i4u)(x2) ≡ D2D
i3
3 D

i4
4 u(0, x2, 0, 0) = ϕ0,1,i3,i4(x2) ∈ Lp(G2), iν = 0, 1, ν = 3, 4;

(V0,0,2,i4u)(x3) ≡ D2
3D

i4
4 u(0, 0, x3, 0) = ϕ0,0,2,i4(x3) ∈ Lp(G3), i4 = 0, 1;

(V0,0,i3,2u)(x4) ≡ Di3
3 D

2
4u(0, 0, 0, x4) = ϕ0,0,i3,2(x4) ∈ Lp(G4), i3 = 0, 1;

(V1,1,i3,i4u)(x1, x2) ≡ D1D2D
i3
3 D

i4
4 u(x1, x2, 0, 0)

= ϕ1,1,i3,i4(x1, x2) ∈ Lp(G1 ×G2), iν = 0, 1, ν = 3, 4;

(V1,0,2,i4u)(x1, x3) ≡ D1D
2
3D

i4
4 u(x1, 0, x3, 0) = ϕ1,0,2,i4(x1, x3) ∈ Lp(G1 ×G3), i4 = 0, 1;

(V1,0,i3,2u)(x1, x4) ≡ D1D
i3
3 D

2
4u(x1, 0, 0, x4) = ϕ1,0,i3,2(x1, x4) ∈ Lp(G1 ×G4), i3 = 0, 1;

(V0,1,2,i4u)(x2, x3) ≡ D2D
2
3D

i4
4 u(0, x2, x3, 0) = ϕ0,1,2,i4(x2, x3) ∈ Lp(G2 ×G3), i4 = 0, 1;

(V0,1,i3,2u)(x2, x4) ≡ D2D
i3
3 D

2
4u(0, x2, 0, x4) = ϕ0,1,i3,2(x2, x4) ∈ Lp(G2 ×G4), i3 = 0, 1;

(V0,0,2,2u)(x3, x4) ≡ D2
3D

2
4u(0, 0, x3, x4) = ϕ0,0,2,2(x3, x4) ∈ Lp(G3 ×G4);

(V1,1,2,i4u)(x1, x2, x3) ≡ D1D2D
2
3D

i4
4 u(x1, x2, x3, 0)

= ϕ1,1,2,i4(x1, x2, x3) ∈ Lp(G1 ×G2 ×G3), i4 = 0, 1;
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(V1,1,i3,2u)(x1, x2, x4) ≡ D1D2D
i3
3 D

2
4u(x1, x2, 0, x4)

= ϕ1,1,i3,2(x1, x2, x4) ∈ Lp(G1 ×G2 ×G4), i3 = 0, 1;

(V0,1,2,2u)(x2, x3, x4) ≡ D2D
2
3D

2
4u(0, x2, x3, x4) = ϕ0,1,2,2(x2, x3, x4) ∈ Lp(G2 ×G3 ×G4);

(V1,0,2,2u)(x1, x3, x4) ≡ D1D
2
3D

2
4u(x1, 0, x3, x4)

= ϕ1,0,2,2(x1, x3, x4) ∈ Lp(G1 ×G3 ×G4).

ð ��ñ

LO¸�Å2Ã¶óM¿�µ	É	ô	Ã	»
u ∈ W

(1,1,2,2)
p (G)

»'ÀyÅ2»	½�¹�¸�» Â2½�Ú~½�µ	Ã2½�¾[Ð2½�¹�Î1Â2½�È	¾,½�Â	µ2ºyØ¶Ì�·�Ê�·�Ð	Ãufi¿�Â2¸�·
É'Å�·y¸�¸�Ã	Ð2½�¸�É�ºyÇ�ºSÀ�Ã'Ê�· ð ß�ñ�Ï ð ��ñ�Ï�¹�ºQºyµ8·U»'ÀyÅ2»	½�¹�¸�»~¹y·�É	Ñ!½1Â2½�Ú~½�µ	Ã2½�¾4Ì�·�Ê�·�Ð	Ã ð ß�ñ�Ï ð ��ñ�Ê	Å2»

ϕi1,i2,i3,i4¸M¿�¸�Å8ºyÀ�Ã	»	¾�Ã

ϕ0,0,0,0 = F 1(0, 0, 0) = F 2(0, 0, 0) = F 3(0, 0, 0) = F 5(0, 0, 0);

ϕ0,0,1,0 = F 4(0, 0, 0) = F 2
x3(0, 0, 0) = F 1

x3(0, 0, 0);

ϕ0,0,0,1 = F 6(0, 0, 0) = F 1
x4(0, 0, 0) = F 3

x4(0, 0, 0);

ϕ0,0,1,1 = F 6
x3(0, 0, 0) = F 4

x4(0, 0, 0);

ϕ1,0,0,0(x1) = F 2
x1(x1, 0, 0) = F 3

x1(x1, 0, 0) = F 5
x1(x1, 0, 0);

ϕ1,0,1,0(x1) = F 2
x1x3(x1, 0, 0) = F 4

x1(x1, 0, 0) = F 5
x1x3(x1, 0, 0);

ϕ1,0,0,1(x1) = F 2
x1x4(x1, 0, 0) = F 3

x1x4(x1, 0, 0) = F 6
x1(x1, 0, 0);

ϕ1,0,1,1(x1) = F 2
x1x3x4(x1, 0, 0) = F 4

x1x4(x1, 0, 0);

ϕ0,1,0,0(x2) = F 1
x2(x2, 0, 0) = F 3

x2(0, x2, 0) = F 5
x2(0, x2, 0);

ϕ0,1,1,0(x2) = F 1
x2x3(x2, 0, 0) = F 5

x2x3(0, x2, 0) = F 4
x2(0, x2, 0);

ϕ0,1,0,1(x2) = F 1
x2x4(x2, 0, 0) = F 3

x2x4(0, x2, 0) = F 6
x2(0, x2, 0);

ϕ0,1,1,1(x2) = F 1
x2x3x4(x2, 0, 0) = F 6

x2x3(0, x2, 0);

ϕ0,0,2,0(x3) = F 1
x3x3(0, x3, 0) = F 2

x3x3(0, x3, 0) = F 5
x3x3(0, 0, x3);

ϕ0,0,2,1(x3) = F 1
x3x3x4(0, x3, 0) = F 2

x3x3x4(0, x3, 0) = F 6
x3x3(0, 0, x3);

ϕ0,0,0,2(x4) = F 1
x4x4(0, 0, x4) = F 2

x4x4(0, 0, x4) = F 3
x4x4(0, 0, x4);

ϕ0,0,1,2(x4) = F 1
x3x4x4(0, 0, x4) = F 2

x3x4x4(0, 0, x4) = F 4
x4x4(0, 0, x4);

ϕ1,1,0,0(x1, x2) = F 3
x1x2(x1, x2, 0) = F 5

x1x2(x1, x2, 0);

ϕ1,1,1,0(x1, x2) = F 5
x1x2x3(x1, x2, 0) = F 4

x1x2(x1, x2, 0);

ϕ1,1,0,1(x1, x2) = F 3
x1x2x4(x1, x2, 0) = F 6

x1x2(x1, x2, 0);

ϕ1,1,1,1(x1, x2) = F 4
x1x2x4(x1, x2, 0) = F 6

x1x2x3(x1, x2, 0);

ϕ1,0,2,0(x1, x3) = F 2
x1x3x3(x1, x3, 0) = F 5

x1x3x3(x1, 0, x3);

ϕ1,0,2,1(x1, x3) = F 2
x1x3x3x4(x1, x3, 0) = F 6

x1x3x3(x1, 0, x3);

ϕ1,0,0,2(x1, x4) = F 2
x1x4x4(x1, 0, x4) = F 3

x1x4x4(x1, 0, x4);

ϕ1,0,1,2(x1, x4) = F 2
x1x3x4x4(x1, 0, x4) = F 4

x1x4x4(x1, 0, x4);

ϕ0,1,2,0(x2, x3) = F 1
x2x3x3(x2, x3, 0) = F 5

x2x3x3(0, x2, x3);
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ϕ0,1,2,1(x2, x3) = F 1
x2x3x3x4(x2, x3, 0) = F 6

x2x3x3(0, x2, x3);

ϕ0,1,0,2(x2, x4) = F 1
x2x4x4(x2, 0, x4) = F 3

x2x4x4(0, x2, x4);

ϕ0,1,1,2(x2, x4) = F 1
x2x3x4x4(x2, 0, x4) = F 4

x2x4x4(0, x2, x4);

ϕ0,0,2,2(x3, x4) = F 1
x3x3x4x4(0, x3, x4) = F 2

x3x3x4x4(0, x3, x4);

ϕ1,1,2,0(x1, x2, x3) = F 5
x1x2x3x3(x1, x2, x3);

ϕ1,1,2,1(x1, x2, x3) = F 6
x1x2x3x3(x1, x2, x3);

ϕ1,1,0,2(x1, x2, x4) = F 3
x1x2x4x4(x1, x2, x4);

ϕ1,1,1,2(x1, x2, x4) = F 4
x1x2x4x4(x1, x2, x4);

ϕ0,1,2,2(x2, x3, x4) = F 1
x2x3x3x4x4(x2, x3, x4);

ϕ1,0,2,2(x1, x3, x4) = F 2
x1x3x3x4x4(x1, x3, x4).PS½�Ç�É�º�Ê8ºyÉ'·�Ì�·�¹�Ë2Ï2Ð	¹�º�À�½�Â	µ2º�ÃÆº�ÍyÂ8·�¹�µ2º�½�Ü�VQµ8·�Ð2½SÇ�ºyÀ�ºyÂ#»iÏ8½�¸�Å2Ã óM¿�µ	É	ô	Ã	»

u ∈W (1,1,2,2)
p (G)»'ÀyÅ2»	½�¹�¸�»ÄÂ2½�Ú~½�µ	Ã2½�¾`Ì�·�Ê�·�Ð	Ã ð ß�ñ�Ï ð ��ñ�Ï�¹�º~ºyµ8·c»'ÀyÅ2»	½�¹�¸�»Ä¹y·�É	Ñ!½QÂ2½�Ú~½�µ	Ã2½�¾ Ì�·�Ê�·�Ð	Ã ð ß�ñ�Ï ð ��ñ�Ï�Ê	Å2»

¸�Å8½�Ê2¿��Y¼!Ã'ÈæóM¿�µ	É	ô	Ã	Ø
F i
Ï
i = 1, 2, 3, 4, 5, 6

�

F 1(x2, x3, x4) =
1
∑

i3=0

1
∑

i4=0

xi33 x
i4
4 ϕ0,0,i3,i4 +

1
∑

i3=0

1
∑

i4=0

xi33 x
i4
4

x2
∫

0

ϕ0,1,i3,i4(ξ2) dξ2

+

1
∑

i4=0

xi44

x3
∫

0

(x3 − ξ3)ϕ0,0,2,i4(ξ3) dξ3 +

1
∑

i3=0

xi33

x4
∫

0

(x4 − ξ4)ϕ0,0,i3,2(ξ4) dξ4

+

1
∑

i4=0

xi44

x2
∫

0

x3
∫

0

(x3 − ξ3)ϕ0,1,2,i4(ξ2, ξ3) dξ2 dξ3 +

x3
∫

0

x4
∫

0

(x3 − ξ3)(x4 − ξ4)ϕ0,0,2,2(ξ3, ξ4) dξ3 dξ4

+
1
∑

i3=0

xi33

x2
∫

0

x4
∫

0

(x4 − ξ4)ϕ0,1,i3 ,2(ξ2, ξ4) dξ2 dξ4

+

x2
∫

0

x3
∫

0

x4
∫

0

(x3 − ξ3)(x4 − ξ4)ϕ0,1,2,2(ξ2, ξ3, ξ4) dξ2 dξ3 dξ4;

F 2(x1, x3, x4) =

1
∑

i3=0

1
∑

i4=0

xi33 x
i4
4 ϕ0,0,i3,i4 +

1
∑

i3=0

1
∑

i4=0

xi33 x
i4
4

x1
∫

0

ϕ1,0,i3,i4(ξ1) dξ1

+
1
∑

i4=0

xi44

x3
∫

0

(x3 − ξ3)ϕ0,0,2,i4(ξ3) dξ3 +
1
∑

i3=0

xi33

x4
∫

0

(x4 − ξ4)ϕ0,0,i3,2(ξ4) dξ4

+
1
∑

i4=0

xi44

x1
∫

0

x3
∫

0

(x3 − ξ3)ϕ1,0,2,i4(ξ1, ξ3) dξ1 dξ3 +

x3
∫

0

x4
∫

0

(x3 − ξ3)(x4 − ξ4)ϕ0,0,2,2(ξ3, ξ4) dξ3 dξ4

+

1
∑

i3=0

xi33

x1
∫

0

x4
∫

0

(x4 − ξ4)ϕ1,0,i3 ,2(ξ1, ξ4) dξ1 dξ4

+

x1
∫

0

x3
∫

0

x4
∫

0

(x3 − ξ3)(x4 − ξ4)ϕ1,0,2,2(ξ1, ξ3, ξ4) dξ1 dξ3 dξ4;
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F 3(x1, x2, x4) =M0(x1, x2, x4), F 4(x1, x2, x4) =M1(x1, x2, x4),

Ç�Ê8½

Mk(x1, x2, x4) = ϕ0,0,k,0 + x4 ϕ0,0,k,1 +

x1
∫

0

ϕ1,0,k,0(τ1) dτ1 + x4

x1
∫

0

ϕ1,0,k,1(τ1) dτ1

+

x2
∫

0

ϕ0,1,k,0(τ2) dτ2 + x4

x2
∫

0

ϕ0,1,k,1(τ2) dτ2 +

x4
∫

0

(x4 − τ4)ϕ0,0,k,2(τ4) dτ4

+

x1
∫

0

x2
∫

0

ϕ1,1,k,0(τ1, τ2) dτ1 dτ2 + x4

x1
∫

0

x2
∫

0

ϕ1,1,k,1(τ1, τ2) dτ1 dτ2

+

x2
∫

0

x4
∫

0

(x4 − τ4)ϕ0,1,k,2(τ2, τ4) dτ2 dτ4 +

x1
∫

0

x4
∫

0

(x4 − τ4)ϕ1,0,k,2(τ1, τ4) dτ1 dτ4

+

x1
∫

0

x2
∫

0

x4
∫

0

(x4 − τ4)ϕ1,1,k,2(τ1, τ2, τ4) dτ1 dτ2 dτ4, k = 0, 1;

F 5(x1, x2, x3) = L0(x1, x2, x3), F 6(x1, x2, x3) = L1(x1, x2, x3),

Ç�Ê8½

Lk(x1, x2, x3) = ϕ0,0,0,k + x3 ϕ0,0,1,k +

x1
∫

0

ϕ1,0,0,k(η1) dη1 + x3

x1
∫

0

ϕ1,0,1,k(η1) dη1

+

x2
∫

0

ϕ0,1,0,k(η2) dη2 + x3

x2
∫

0

ϕ0,1,1,k(η2) dη2 +

x3
∫

0

(x3 − η3)ϕ0,0,2,k(η3) dη3

+

x1
∫

0

x2
∫

0

ϕ1,1,0,k(η1, η2) dη1 dη2 + x3

x1
∫

0

x2
∫

0

ϕ1,1,1,k(η1, η2) dη1 dη2

+

x2
∫

0

x3
∫

0

(x3 − η3)ϕ0,1,2,k(η2, η3) dη2 dη3 +

x1
∫

0

x3
∫

0

(x3 − η3)ϕ1,0,2,k(η1, η3) dη1 dη3

+

x1
∫

0

x2
∫

0

x3
∫

0

(x3 − η3)ϕ1,1,2,k(η1, η2, η3) dη1 dη2 dη3, k = 0, 1.

VQ¹y·�É�ÏCÐ2½�¹�Î1Â2½�È	¾,½�Â	µ	Îo½~Ì�·�Ê�·�Ð	Ãïfi¿�Â2¸�·?É'Å�·y¸�¸�Ã	Ð2½�¸�É�ºyÇ�ºæÀ�Ã'Ê�· ð ß�ñ�Ï ð ��ñ1Ã�À�Ã'Ê�· ð ß�ñ�Ï ð ��ñ1ÀÄº�Í�Ô
¼~½�¾Ù¸�Å2¿�Ð8·y½!÷�É	À�Ã	À#·�Å8½�µ	¹�µ	ÎSÜ�IoÊ2µ8·�É�ºÄÐ2½�¹�Î1Â2½�È	¾,½�Â	µ8·�»�Ì�·�Ê�·�Ð8·Äfi¿�Â2¸�· ð ß�ñ�Ï ð ��ñoÛ2ºÁÛ2º�¸�¹y·�µ2ºyÀ�É�½
Í�º�Å8½�½1½�¸�¹�½�¸�¹�À�½�µ	µ8·'Ï�Ð2½�¾�Ì�·�Ê�·�Ð8· ð ß�ñ�Ï ð ��ñ�ÜOã�¹�ºQ¸�À�»'Ì�·�µ2ºM¸�¹�½�¾1Ï�Ð	¹�ºYÀQÛ2º�¸�¹y·�µ2ºyÀ�É�½1Ì�·�Ê�·�Ð	Ã ð ß�ñ�Ï ð ��ñ
µ8·�Û	Â8·�À�Îo½SÐ8·y¸�¹�Ã É	Â8·y½�À�Î7È ¿�¸�Å8ºyÀ�Ã	Ø µ	Ã	É'·�É	Ã'ÈÆÊ8ºyÛ2º�Å2µ	Ã	¹�½�Å2Ë�µ	Î7È ¿�¸�Å8ºyÀ�Ã	Ø�¹�Ã	Û8·?¸�ºyÇ�Å�·y¸�ºyÀ#·�µ	Ã	»
µ2½M¹�Â2½�Íy¿�½�¹�¸�»iÜ�mMºy÷�¹�º�¾�¿ÄÌ�·�Ê�·�Ð	¿ ð ß�ñ�Ï ð ��ñ7¾,º�Ñ�µ2º?Â8·y¸�¸�¾O·�¹�Â	Ã	À#·�¹�ËÁÉ'·�ÉÆÌ�·�Ê�·�Ð	¿Æfi¿�Â2¸�·�¸Qµ2½�É'Å�·y¸�Ô
¸�Ã	Ð2½�¸�É	Ã2¾�Ã ¿�¸�Å8ºyÀ�Ã	»	¾�Ã�Ü

Zk·�É	Ã2¾Öº�ÍyÂ8·�Ì�º�¾1Ï	Ê8ºyÉ'·�Ì�·�µ8·
��w#z��kw�vYt�B8E����������y� �  #"����o
��#���

(1)
*
(2)

�!$C���	����������������� -��y- 
��#���
(1)
*
(4) �

�	
��	
����C��$C��$	/ 6
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di·�Ê�·�Ð	¿ ð ß�ñ�Ï ð ��ño¾,º�Ñ�µ2ºÄÃ2¸�¸�Å8½�Ê8ºyÀ#·�¹�Ë2Ï�¸�Å8½�Ê2¿�»4¸�È#½�¾,½~Â8·y¸�¸�¿�Ñ~Ê8½�µ	Ã	Ø4Â8·yÍ�ºy¹�Î Þ �	�yâ�ÏC¾,½�¹�º�Ê8º�¾
ºyÛ2½�Â8·�¹�ºyÂ	µ	Î7Èæ¿�Â8·�À�µ2½�µ	Ã	Ø�Ü�]^Â2½�Ì�¿�Å2Ë�¹y·�¹�½S¿'Í�½�Ñ~Ê�·y½�¾,¸�»æÀ?¸�Û	Â8·�À�½�Ê	Å2Ã	À�º�¸�¹�Ã�¿�¹�À�½�Â#Ñ~Ê8½�µ	Ã	»iÏ�·�µ8·�Ô
Å8ºyÇ�Ã	Ð	µ2ºyÇ�º?¹�½�ºyÂ2½�¾,½MÃ	ÌÒÞ �	�2Ï2¸�Ü � ��â�Ü

IU¹�¾,½�¹�Ã2¾1Ï�Ð	¹�ºÒÛ	Â	Ã2¾,½�µ	»'»�¾,½�¹�º�Ê2Ã	É	¿�ÏCÛ	Â	Ã	À�º�Ê2Ã2¾�¿��gÀÄ¸�¹y·�¹�Ë�½ÁÞ � 
�â�ÏC¾,º�Ñ�µ2ºÒÛ2º�Å2¿�Ð	Ã	¹�ËÁÃ	µ	¹�½�Ô
Ç�Â8·�Å2Ë�µ2º�½7Û	Â2½�Ê8¸�¹y·�ÀyÅ8½�µ	Ã2½oÂ2½�Ú~½�µ	Ã	»~Ì�·�Ê�·�Ð	Ã ð ß�ñ�Ï ð ��ñ�¸�Ã2¸�Û2º�Å2Ë�Ì�ºyÀ#·�µ	Ã2½�¾ÓóM¿�µ'Ê�·y¾,½�µ	¹y·�Å2Ë�µ2ºyÇ�ºMÂ2½�Ô
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