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Â _5Ã�Ä�Å�n�Æ�Ç5È�É�Å�osÆ�Ä
G�Ê#Ë�Ì�Í�Î�Ï�ÐÑËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒSÖ9Ï�×�ÌÙØ~Ì�Ì�ÊÛÚÜÊ#ËIÎ�Ô�Ý'Þ2ß�Ì�ÝàÏ�Ê2ÝáÓ�ÔpÞ	Ê2ÝâËIÖ2Ì�ÚÜÎ?Ï�ã	ã	ÐÜÚhß�Ï�ËIÚhÔpÊ2ÒäÚÜÊåÏ�ã	ã	ÐÜÚhÌ�Ý

ÕæÏ�ËIÖ2Ì�ÕæÏ�ËIÚhß�Ò�Ï�Ê2ÝçÝ'ÚÜ×�Ì�Î�Ò�Ì�è9Ì�ÐhÝ	ÒBÔ�Ó~Ò�ß�ÚhÌ�Ê2ß�Ì�é�J7Ö2Ì1RAÏ�ÎIËIÐhÌ�ê¢ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ?ÚhÒ�Ï�Ê�ÚÜÊ#Ë�Ì�Í�Î�Ï�Ð9ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕæÏ�ËIÚhÔpÊ
ËIÖ9Ï�Ë�ÕæÏ�ã2Ò�ÏWÎ�Ì�Ï�Ð�ëv×�Ï�ÐÜÞ2Ì�ÝkË�Ì�Õçã~ÔpÎ�Ï�Ð~ÔpÎ�ÒIã9Ïpß�Ú�Ï�Ð2Ó�Þ	Ê2ß�ËIÚhÔpÊæÚÜÊ#Ë�Ô�ÏAÎ�Ì�Ï�Ð�ëv×�Ï�ÐÜÞ2Ì�ÝkÓ�Î�Ì�ì#Þ2Ì�Ê2ß�ê!Ó�Þ	Ê2ß�ËIÚhÔpÊæ×�Ú�Ï
ËIÖ2Ì�í�Ì�ÎIÊ2Ì�Ð2ß�ÏpÒ

(·) = cos(·)+sin(·) é�D1Ý'×�Ï�Ê#Ë�Ï�Í�Ì�ÒBÔ�Ó~RAÏ�ÎIËIÐhÌ�ê¢ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒ,ß�ÔpÕkÌ�Ò,Ô�×�Ì�Î,ËIÖ9Ï�ËBÔ�Ó~K2ÔpÞ	ÎIÚhÌ�ÎËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒ�ÒIÚÜÊ2ß�ÌWËIÖ2Ì�êîÏ�×�ÔpÚhÝîËIÖ2ÌWÞ2Ò�ÌWÔ�Ó,ß�ÔpÕçã	ÐhÌ�ï\Ï�ÎIÚÜËIÖ	ÕkÌ�ËIÚhßñð1Ö	Úhß�ÖòÎ�Ì�ÒIÞ	ÐÜË�Ò1ÚÜÊîÓvÏpÒIË�Ì�ÎEÏ�ÐÜÍ�ÔpÎIÚÜËIÖ	ÕkÒ�é
RAÏ�ÎIËIÐhÌ�êkËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒ1ß�Ï�ÊfÓ�Þ	ÎIËIÖ2Ì�Î�Ø~ÌAÏ�Ê9Ï�ÐÜê�ËIÚhß�Ï�ÐÜÐÜêcß�ÔpÊ#ËIÚÜÊ#Þ2Ì�ÝcÚÜÊ#Ë�Ô�ËIÖ2Ì=ß�ÔpÕçã	ÐhÌ�ïcã	Ð�Ï�Ê2Ì�ó	Ï�Ê2ÝkÓ�ÔpÎ7Î�Ì�Ï�Ð
Ó�Þ	Ê2ß�ËIÚhÔpÊ2Ò5ËIÖ2Ì�ê!Ï�Î�Ì7R=Ì�ÎIÕçÚÜËIÚ�Ï�ÊkÒIê�ÕçÕkÌ�ËIÎIê¢ÔpÎ5Î�Ì�ô9Ì�ß�ËIÚhÔpÊçÚÜÊ!ËIÖ2Ì�Î�Ì�Ï�Ð2Ï�ï'ÚhÒ�é�G�Ê!ËIÖ	ÚhÒBÏ�ÎIËIÚhß�ÐhÌ�ð�Ì7ß�ÔpÊ2ÒIÚhÝ	Ì�Î
Ï�Ê�ÚÜÊ#Ë�Ì�Í�Î�Ï�Ð5ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕõÎ�Ì�Ð�Ï�Ë�Ì�Ý\Ë�ÔfRAÏ�ÎIËIÐhÌ�ê�Ï�Ê2ÝaK2ÔpÞ	ÎIÚhÌ�ÎAËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒAÝ	Ì�è2Ê2Ì�ÝòÓ�ÔpÎEÓ�Þ	Ê2ß�ËIÚhÔpÊ2ÒAÔ�Ó�Ë�ð�Ô
×�Ï�ÎIÚ�Ï�Ø	ÐhÌ�Ò=ÏpÒ

Hρ,η
α,βf(ζ, ξ) =

1

2π

∫

R

∫

R

f(x, y)(α cos ζx+ β sin ζx)(ρ cos ξy + η sin ξy) dx dy, ö�÷�ø
ð1Ö2Ì�Î�Ì

(ζ, ξ) ∈ R2 ó R2 = R × R
Ï�Î�ÌòËIÖ2Ì\ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕù×�Ï�ÎIÚ�Ï�Ø	ÐhÌ�ÒîÏ�Ê2Ý

α
ó
β
ó
ρ
ó
η
Ï�Î�Ì�Ï�ÎIØ	ÚÜËIÎ�Ï�ÎIê

ß�ÔpÊ2ÒIË�Ï�Ê#Ë�Ò�é
DPÚÜÊ#×�Ì�Î�ÒIÚhÔpÊòÓ�ÔpÎIÕ¢Þ	Ð�ÏçÔ�Ó5ËIÖ2Ìñß�ÚÜË�Ì�ÝîÚÜÊ#Ë�Ì�Í�Î�Ï�Ð�Ø~ÌWß�Ï�ÊòÌ�ÏpÒIÚÜÐÜêcÎ�Ì�ß�Ô�×�Ì�Î�Ì�ÝîÓ�Î�ÔpÕ

(1)
Í�ÚÜ×�ÚÜÊ	Í

f(x, y) =
1

2π

∫

R

∫

R

Hρ,η
α,β(ζ, ξ)(α cos ζx+ β sin ζx)(ρ cos ξy + η sin ξy) dζ dξ. ö�ú�ø

G�ÊaÏæÒIã~Ì�ß�Ú�Ï�ÐMß�ÏpÒ�Ì�ó2Ó�ÔpÎ
α = β = 1

ó
ρ = η = 1,

ËIÖ2Ì¢ÚÜÊ#Ë�Ì�Í�Î�Ï�Ð5ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ
(1)

Ï�Ê2Ý\ËIÖ2Ì¢ÚÜÊ#×�Ì�Î�ÒIÚhÔpÊ
Ó�ÔpÎIÕ¢Þ	Ð�Ï

(2)
Ï�Î�ÌAÎ�Ì�ÒIã~Ì�ß�ËIÚÜ×�Ì�ÐÜêcÎ�Ì�Ý'Þ2ß�Ì�ÝîË�ÔçËIÖ2ÌñÝ	ÔpÞ	Ø	ÐhÌñRAÏ�ÎIËIÐhÌ�êfËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ

Ad
ã9Ï�ÚÜÎ ö Ò�Ì�Ì [10])

Ad(ζ, ξ) =
1

2π

∫

R

∫

R

f(x, y)(cos ζx+ sin ζx)(cos ξy + sin ξy) dx dy ö�û�ø
�
©
¹�ü�µI·���� ��ýM��z�|vw#þ���ÿ7�����
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Ï�Ê2Ý

f(x, y) =
1

2π

∫

R

∫

R

Ad(ζ, ξ)(cos ζx+ sin ζx)(cos ξy + sin ξy) dζ dξ. ö � ø
K	Þ	ÎIËIÖ2Ì�Î�ó2ð1ÚÜËIÖ\ÒIÚÜÕçã	ÐhÌñß�ÔpÕçã	Þ	Ë�Ï�ËIÚhÔpÊ2Ò�ó2ËIÖ2ÌWí�Ì�ÎIÊ2Ì�Ð�Ó�Þ	Ê2ß�ËIÚhÔpÊ

(cos ζx+ sin ζx)(cos ξy + sin ξy) = cas ζx cas ξy ö���ø
ÚÜÊ2ÒIÚhÝ	ÌWËIÖ2ÌWÚÜÊ#Ë�Ì�Í�Î�Ï�ÐMÒIÚÜÍ�Ê2Ò�ß�Ï�ÊîØ~ÌAð1ÎIÚÜËIË�Ì�ÊaÏpÒ

cas ζx cas vy = cos(ζx− ξy) + sin(ζx+ ξy). ö���ø
R=Ì�Ê2ß�Ì�ó	ËIÖ2ÌWÚÜÊ#Ë�Ì�Í�Î�Ï�ÐM@Bì#Þ9Ï�ËIÚhÔpÊ2Ò

(3)
Ï�Ê2Ý

(4)
ß�Ï�Ê�Ï�ÐhÒ�Ô�Ø~ÌAÎ�Ì�Ï�ÎIÎ�Ï�Ê	Í�Ì�ÝòÚÜÊòË�Ì�ÎIÕkÒ�Ô�Ó

(6)
ÏpÒ

Ad(ζ, ξ) =
1

2π

∫

R

∫

R

f(x, y)(cos(ζx− ξy) + sin(ζx+ ξy)) dx dy ö���ø
Ï�Ê2Ý

f(x, y) =
1

2π

∫

R

∫

R

Ad(ζ, ξ)(cos(ζx− ξy) + sin(ζx+ ξy)) dζ dξ, ö���ø
Î�Ì�ÒIã~Ì�ß�ËIÚÜ×�Ì�ÐÜê�é

� êcÒ�Ì�ËIËIÚÜÊ	Í
α = 1, β = i, ρ = 1

Ï�Ê2Ý
η = i,

ð�ÌñÝ	Ì�ÎIÚÜ×�ÌWËIÖ2ÌWÝ	ÔpÞ	Ø	ÐhÌñK2ÔpÞ	ÎIÚhÌ�Î�ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ
F d ã9Ï�ÚÜÎ�ó

F d(ζ, ξ) =
1

2π

∫

R

∫

R

f(x, y)(cos ζx+ i sin ξx)(cos ζy + i sin ξy) dx dy ö���ø
Ï�Ê2Ý

f(x, y) =
1

2π

∫

R

∫

R

F d(ζ, ξ)(cos ζx+ i sin ξx)(cos ζy + i sin ξy) dζ dξ. ö�÷���ø
� êæÓvÏpß�Ë�ÔpÎIÚÜÊ	Í

Ad(ζ, ξ)
ÚÜÊ#Ë�ÔkÌ�×�Ì�Ê�Ï�Ê2ÝòÔ�Ý	Ýîß�ÔpÕçã~ÔpÊ2Ì�Ê#Ë�Ò�ó

Ad(ζ, ξ) = Ed(ζ, ξ) +Od(ζ, ξ)
ó	ð1Ö2Ì�Î�Ì

Ed(ζ, ξ) =
1

2π

∫

R

∫

R

f(x, y) cos(ζx− ξy) dx dy ö�÷�÷�ø
Ï�Ê2Ý

Od(ζ, ξ) =
1

2π

∫

R

∫

R

f(x, y) sin(ζx− ξy) dx dy ö�÷�ú�ø
ð�ÌWÍ�Ì�Ë

F d(ζ, ξ) = Ed(ζ, ξ)− iOd(ζ, ξ)
Ï�Ê2Ý

Ad(ζ, ξ) = ReF d(ζ, ξ) + ImF d(ζ, ξ). ö�÷�û�ø
QAÌ�Ê2ÔpË�Ì�Ø#ê

L 2 ËIÖ2Ì�F�Ì�Ø~Ì�ÒIÍ�Þ2ÌçÒIã9Ïpß�Ì�Ô�Ó�ÚÜÊ#Ë�Ì�Í�Î�Ï�Ø	ÐhÌ�Ó�Þ	Ê2ß�ËIÚhÔpÊ2ÒñÔ�×�Ì�Î R2;
ËIÖ2Ì�Ê�ËIÖ2Ì�ß�ÔpÊ#×�ÔpÐÜÞ	ËIÚhÔpÊ

ã	Î�Ô�Ý'Þ2ß�ËEÔ�Ó
f(x, y)

Ï�Ê2Ý
g(x, y)

ÚÜÊ
L 2 ÚhÒ�Ý	Ì�è2Ê2Ì�ÝîØ#ê

(f ∗2 g)(x, y) =
∫

R

∫

R

f(t, w)g(x − t, y − w) dt dw.

 ÌñÒIË�Ï�Ë�ÌñÏ�Ê2Ýîã	Î�Ô�×�ÌñËIÖ2ÌAÓ�ÔpÐÜÐhÔ�ð1ÚÜÊ	ÍkËIÖ2Ì�ÔpÎ�Ì�Õòé
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f(x, y), g(x, y) ∈ L 2.
�'*
�	�,+-��* 
/.0�

Hρ,η
α,β(f ∗2 g)(ζ, ξ) = J(ζ, ξ)G(ζ, ξ),

+�*
���1�
J(ζ, ξ)


��
�
G(ζ, ξ)


�1�32 �4.0�	��56���*
�����78� 2 � 
�9�

J(ζ, ξ) =

∫

R

∫

R

f(t, w) cos(tζ) cos(wξ) dt dw


��
�

G(ζ, ξ) =

∫

R

∫

R

4βη sin(ζz) sin(rξ)g(z, r) dz dr.

C
F�Ì�Ë

f(x, y), g(x, y) ∈ L 2.
J7Ö2Ì�ÊòØ#êfÞ2ÒIÚÜÊ	ÍkËIÖ2Ìñß�ÔpÊ#×�ÔpÐÜÞ	ËIÚhÔpÊ\ã	Î�Ô�Ý'Þ2ß�Ë1Ó�ÔpÎIÕ¢Þ	Ð�Ïçð�ÌWÖ9Ï�×�Ì

Hρ,η
α,β

(
f ∗2 g

)
(ζ, ξ) =

∫

R

∫

R

(
f ∗2 g

)
(x, y)(α cos(xζ) + β sin(xζ))

×(ρ cos(yξ) + η sin(yξ)) dx dy

=

∫

R

∫

R

(∫

R

∫

R

f(t, w)g(x − t, y − w) dt dw

)

×(α cos(xζ) + β sin(xζ))(ρ cos(yξ) + η sin(yξ)) dx dy.

[�Ö9Ï�Ê	Í�ÌñÔ�Ó5×�Ï�ÎIÚ�Ï�Ø	ÐhÌ�Ò
x− t = z

Ï�Ê2Ý
y − w = r

ÚÜÕçã	ÐÜê
dx = dz

Ï�Ê2Ý
dy = dr

Ï�Ê2ÝcÖ2Ì�Ê2ß�Ì

Hρ,η
α,β

(
f ∗2 g

)
(ζ, ξ) =

∫

R

∫

R

f(t, w)

∫

R

∫

R

g(z, r)(α cos ζ(z + t) + β sin ζ(z + t))

×(ρ cos ζ(r + w) + η sin(r + w)ξ) dz dr dt dw.

� ê¢Ï�ÚhÝ!Ô�Ó9ËIÖ2ÌBÓvÏpß�Ë�Ò
cos(α+β) = cosα cos β−sinα sinβ

Ï�Ê2Ý
sin(α+β) = sinα cos β−sinβ cosαÏ�Ê2ÝîÞ2ÒIÚÜÊ	ÍkÒIÚÜÕçã	ÐhÌñß�ÔpÕçã	Þ	Ë�Ï�ËIÚhÔpÊ2ÒEð�ÌWÍ�Ì�Ë

Hρ,η
α,β

(
f ∗2 g

)
(ζ, ξ) =

∫

R

∫

R

f(t, w)σ(t, w) dw dt, ö�÷ � ø
ð1Ö2Ì�Î�Ì

σ(t, w) = cos(tζ) cos(wv)

∫

R

∫

R

g(z, r)(α cos(zζ) + β sin(zζ))× (ρ cos(rξ) + η sin(rξ)) dz dr

− cos(tζ) sin(wξ)

∫

R

∫

R

g(z, r)(α cos(zζ) + β sin(zζ))× (ρ sin(rξ)− η cos(rξ)) dz dr

− sin(tζ) cos(wξ)

∫

R

∫

R

g(z, r)(α sin(zζ)− β cos(zζ)) (ρ cos(rξ) + η sin(rξ)) dz dr

+ sin(tζ) sin(wξ)

∫

R

∫

R

g(z, r)(α sin(zζ)− β cos(zζ))× (ρ sin(rξ)− η cos(rξ)) dz dr.



� �������	��
����� 6��k6��A6
R=Ì�Ê2ß�Ì�ó	ÚÜÊî×�ÚhÌ�ðPÔ�Ó

(15)
ó2ð�ÌWÍ�Ì�Ë

Hρ,η
α,β

(
f ∗2 g

)
(ζ, ξ) =

∫

R

∫

R

f(t, w)




cos(tζ) cos(wξ)
(
Hρ,η
α,βg(ζ, ξ)

)
−

cos(tζ) sin(wξ)
(
Hρ,−η
α,β g(ζ, ξ)

)
−

sin(tζ) cos(wξ)
(
Hρ,η
α,−βg(ζ, ξ)

)
+

sin(tζ) sin(wξ)
(
Hρ,−η
α,−βg(ζ, ξ)

)



dt dw

=
((
Hρ,η
α,β −Hρ,−η

α,β −Hρ,η
α,−β +Hρ,−η

α,−β

)
g
)
(ζ, ξ)

∫

R

∫

R

f (t, w) cos(tζ) cos(wξ) dt dw.

J7Ö	ÚhÒEß�Ï�ÊîØ~ÌAã	Þ	Ë�ÚÜÊ#Ë�ÔçËIÖ2ÌAÓ�ÔpÎIÕ
Hρ,η
α,β

(
f ∗2 g

)
(ζ, ξ) = Ψ(g)(ζ, ξ) × J(ζ, ξ), ö�÷���ø

ð1Ö2Ì�Î�Ì
Ψ = Hρ,η

α,β − Hρ,−η
α,β − Hρ,η

α,−β + Hρ,−η
α,−β.

J�Ô ß�ÔpÕçã	ÐhÌ�Ë�Ì�ËIÖ2Ì\ã	Î�Ô�Ô�Ó!Ô�ÓñËIÖ2Ì�ËIÖ2Ì�ÔpÎ�Ì�Õòó�ÚÜËfÚhÒ
ÒIÞ��æß�ÚhÌ�Ê#ËIÐÜêòÌ�Ê2ÔpÞ	Í�Öòð�ÌñÒIÖ2Ô�ð ËIÖ9Ï�Ë

Ψ(g)(ζ, ξ) = J(ζ, ξ).� êîÏ�ÚhÝòÔ�Ó
(15)

ð�ÌñÝ	Ì�ÎIÚÜ×�Ì

Ψ(g)(ζ, ξ) =
((
Hρ,η
α,β −Hρ,−η

α,β −Hρ,η
α,−β +Hρ,−η

α,−β

)
g
)
(ζ, ξ)

=

∫

R

∫

R

(α cos(zζ) + β sin(zζ))2η sin(rξ) g(z, r) dz dr

−
∫

R

∫

R

(α cos(zζ)− β sin(zζ))2η sin(rξ) g(z, r) dz dr.

R=Ì�Ê2ß�Ì�ó	ÚÜË7Ó�ÔpÐÜÐhÔ�ð�Ò�ËIÖ9Ï�Ë

Ψ(g)(ζ, ξ) =

∫

R

∫

R

4βη sin(zζ) sin(rξ) g(z, r) dz dr = J(ζ, ξ).

R=Ì�Ê2ß�ÌWËIÖ2ÌWËIÖ2Ì�ÔpÎ�Ì�Õ ÚhÒ�ß�ÔpÕçã	ÐhÌ�Ë�Ì�ÐÜêîã	Î�Ô�×�Ì�Ý�é
B

� _��òo���Å�npo��5È�Å�osÆ�Ä�l2e
Hρ,η
α,β

Å�n�l2Ä��
	�Æ9npj��

QAÌ�Ê2ÔpË�ÌWØ#ê
T 2 ËIÖ2ÌñÒIã9Ïpß�ÌWÔ�Ó,ÒIÕkÔ�ÔpËIÖîÓ�Þ	Ê2ß�ËIÚhÔpÊ2Ò�Ô�×�Ì�Î ϕ Ý	Ì�è2Ê2Ì�Ý\ÔpÊ R2 ÒIÞ2ß�ÖòËIÖ9Ï�Ë

℘k,K(ϕ) = sup
x∈K

∣∣Dkϕ(x)
∣∣ <∞,

ð1Ö2Ì�Î�ÌæËIÖ2ÌæÒIÞ	ã	Î�Ì�Õ¢Þ	ÕÛËIÎ�Ï�×�Ì�Î�Ò�Ì�ÒçÏ�ÐÜÐ�ß�ÔpÕçã9Ïpß�Ë�ÒIÞ	Ø2Ò�Ì�Ë�Ò
K
Ô�Ó

R2 é�QAÌ�Ê2ÔpË�ÌkØ#ê T
′

2 ËIÖ2Ìæß�ÔpÊ��Þ	Í#Ï�Ë�ÌÒIã9Ïpß�Ì
T 2 Ô�Ó�Ý'ÚhÒIËIÎIÚÜØ	Þ	ËIÚhÔpÊ2Ò1Ô�Ó�ß�ÔpÕçã9Ïpß�Ë7ÒIÞ	ã	ã~ÔpÎIË�Ò�Ô�×�Ì�Î R2.

J7Ö2Ì�Ê�ó�Ý'Þ2Ì�Ë�Ô��5Ï�ËIÖ9Ï�í
[13], T 2 Ý	Ì�è2Ê2Ì�ÒÏæÊ2ÔpÎIÕ Ï�Ê2Ý�ËIÖ2Ì�ß�ÔpÐÜÐhÌ�ß�ËIÚhÔpÊ

℘k,K
ÚhÒAÒ�Ì�ã9Ï�Î�Ï�ËIÚÜÊ	Í2é�R=Ì�Ê2ß�Ì!ÚÜËWÝ	Ì�è2Ê2Ì�ÒñÏæRAÏ�Þ2Ò�Ý��ÔpÎ��ÑË�Ôpã~ÔpÐhÔpÍ�ê�ÔpÊ

T 2.G�Ë1ÚhÒ�Ì�ÏpÒIêfË�Ô�Ê2ÔpËIÚhß�ÌñËIÖ9Ï�Ë�ËIÖ2ÌAí�Ì�ÎIÊ2Ì�Ð�Ó�Þ	Ê2ß�ËIÚhÔpÊ
K(ζ, ξ, x, y) = (α cos(ζx) + β sin(ζx))(ρ cos(ξy) + η sin(ξy)) ö�÷���ø

Ô�Ó
(1)

ÚhÒEÏ�ÕkÌ�Õ¢Ø~Ì�ÎEÔ�Ó
T 2 Ï�Ê2ÝîÖ2Ì�Ê2ß�Ì�ó	ÐhÌ�ÏpÝ	Ò�Ë�Ô�ËIÖ2ÌWÍ�Ì�Ê2Ì�Î�Ï�ÐÜÚ���Ì�Ý\Ý	Ì�è2Ê	ÚÜËIÚhÔpÊ

Ĥρ,η
α,βf(ζ, ξ) = 〈f(x, y),K(ζ, ξ, x, y)〉 , ö�÷��ø

ð1Ö2Ì�Î�Ì
f
ÚhÒEÏ�Ê\Ï�ÎIØ	ÚÜËIÎ�Ï�ÎIêîÝ'ÚhÒIËIÎIÚÜØ	Þ	ËIÚhÔpÊ\ÚÜÊ

T
′

2.
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K	Þ	ÎIËIÖ2Ì�Î=ÒIÚÜÕçã	ÐhÌAã	Î�Ôpã~Ì�ÎIËIÚhÌ�ÒEÔ�Ó

Ĥρ,η
α,β

ß�Ï�ÊòØ~ÌWÝ	Ì�ÎIÚÜ×�Ì�ÝcÓ�Î�ÔpÕ
(17)

ÏpÒ7Ó�ÔpÐÜÐhÔ�ð�Ò��
#%$'& Æ9n & j � _�( ��

f(x, y) ∈ T
′

2 * �*
�	�,+-��* 
/.0�
(i) Ĥρ,η

α,β

�9� +-��� ���!� ��� �
� ���

(ii) Ĥρ,η
α,β

�9� � ���
� 
���

(iii) Ĥρ,η
α,β

�9� ���
� 8�"���
���

(iv) Ĥρ,η
α,β

�9� 
�� 
� �  �	� 
��
�

∂Ĥρ,η
α,β

∂ζ
f(ζ, ξ) =

〈
f(x, y),

∂

∂ζ
K(ζ, ξ, x, y)

〉


��
�

∂Ĥρ,η
α,β

∂ξ
f(ζ, ξ) =

〈
f(x, y),

∂

∂ξ
K(ζ, ξ, x, y)

〉
.

C
�,Î�Ô�Ô�ÓBÔ�Ó �5Ï�ÎIË

(i)
Ó�ÔpÐÜÐhÔ�ð�Ò�Ó�Î�ÔpÕ

(16).
J�Ôkã	Î�Ô�×�Ì��5Ï�ÎIË

(ii)
F�Ì�Ë

α ∈ R
Ï�Ê2Ý

Ĥρ,η
α,βf

ó
Ĥρ,η
α,βg

Ø~Ì
ËIÖ2Ì

Ĥρ,η
α,β

ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒEÔ�Ó
f
Ï�Ê2Ý

g ∈ T
′

2,
Î�Ì�ÒIã~Ì�ß�ËIÚÜ×�Ì�ÐÜê�é9J7Ö2Ì�Êòð�ÌWÖ9Ï�×�Ì

α∗
(
Ĥρ,η
α,βf + Ĥρ,η

α,βg
)
= 〈α∗(g(x, y) + f(x, y)),K(ζ, ξ, x, y)〉 .

� êfËIÖ2ÌWß�ÔpÊ2ß�Ì�ã	Ë=Ô�ÓBÏpÝ	Ý'ÚÜËIÚhÔpÊ\Ô�Ó,Ý'ÚhÒIËIÎIÚÜØ	Þ	ËIÚhÔpÊ2ÒEð�ÌWÍ�Ì�Ë
α∗
(
Ĥρ,η
α,βf + Ĥρ,η

α,βg
)
(ζ, ξ) = 〈α∗f(x, y),K(ζ, ξ, x, y)〉 + 〈α∗g(x, y),K(ζ, ξ, x, y)〉 .

R=Ì�Ê2ß�Ì�ó2Ò�ß�Ï�Ð�Ï�Î1Õ¢Þ	ÐÜËIÚÜã	ÐÜÚhß�Ï�ËIÚhÔpÊ�ÚÜÊòËIÖ2ÌñÒIã9Ïpß�Ì
T

′

2 ÚÜÕçã	ÐÜÚhÌ�Ò
α∗
(
Ĥρ,η
α,βf + Ĥρ,η

α,βg
)
(ζ, ξ) = α∗Ĥρ,η

α,βf + α∗Ĥρ,η
α,βg.

J7Ö	ÚhÒ�ß�ÔpÕçã	ÐhÌ�Ë�Ì�ÒEËIÖ2ÌAã	Î�Ô�Ô�Ó,Ô�Ó5ËIÖ2ÌWÐÜÚÜÊ2Ì�Ï�ÎIÚÜË�ê\Ï�ï'ÚhÔpÕ Ô�Ó
Ĥρ,η
α,β

é
J�Ôâã	Î�Ô�×�Ì ËIÖ9Ï�Ë

Ĥρ,η
α,β

ÚhÒ ÔpÊ2Ì�ëvË�Ô�ë�ÔpÊ2Ì�ó ð�ÌõÏpÒ�ÒIÞ	ÕkÌ
Ĥρ,η
α,βf = Ĥρ,η

α,βg.
J7Ö2Ì�Êùð�Ì Ö9Ï�×�Ì

〈f(x, y),K(ζ, ξ, x, y)〉 = 〈g(x, y),K(ζ, ξ, x, y)〉 . R=Ì�Ê2ß�Ì
〈f(x, y)− g(x, y),K(ζ, ξ, x, y)〉 = 0

ÚÜÊîËIÖ2ÌñÝ'ÚhÒIËIÎIÚÜØ	Þ	ËIÚhÔpÊ9Ï�ÐMÒ�Ì�Ê2Ò�Ì�é2J7Ö2Ì�Î�Ì�Ó�ÔpÎ�Ì�ó	ÚÜË1Ó�ÔpÐÜÐhÔ�ð�Ò�ËIÖ9Ï�Ë
f(x, y) = g(x, y).

J7Ö	ÚhÒ�ã	Î�Ô�×�Ì�Ò �5Ï�ÎIË
(iii)

é
J�Ôçã	Î�Ô�×�Ì �5Ï�ÎIË

(iv)
ð�ÌWÎ�Ì�Ó�Ì�Î�Ë�Ô

[13]
é9R=Ì�Ê2ß�ÌWËIÖ2ÌAã	Î�Ô�Ô�Ó5ÚhÒ�ß�ÔpÕçã	ÐhÌ�Ë�Ì�Ý�é

BJ7Ö2ÌñÔpã~Ì�Î�Ï�ËIÚhÔpÊ ∗2 ß�Ï�ÊòØ~ÌWÌ�ï'Ë�Ì�Ê2Ý	Ì�ÝîË�Ô T
′2 ÏpÒ

〈
f(x, y) ∗2 g(x, y), ϕ(x, y)

〉
= 〈f(x, y), 〈g(t, w), ϕ(t + x, y + w)〉〉 .

 ÌñÒIË�Ï�Ë�ÌAð1ÚÜËIÖ2ÔpÞ	ËEã	Î�Ô�Ô�Ó5ËIÖ2Ì=Ó�ÔpÐÜÐhÔ�ð1ÚÜÊ	ÍæËIÖ2Ì�ÔpÎ�Ì�Õòé
#%$'& Æ9n & j�
�_�( ��

f(x, y), g(x, y) ∈ T
′2.

�'*
�	�,+-��* 
/.0�

Ĥρ,η
α,β

(
f(x, y) ∗2 g(x, y)

)
(ζ, ξ) = J(ζ, ξ)G(ζ, ξ),

+�*
���1�

G(ζ, ξ) = 4βη 〈g(t, w), sin(tζ) sin(wξ)〉 , J(ζ, ξ) = 〈f(t, w), cos(tζ) cos(wξ)〉 .
K2ÔpÎEÒIÚÜÕçÚÜÐ�Ï�Î�ã	Î�Ô�Ô�Ó,Ò�Ì�ÌWJ7Ö2Ì�ÔpÎ�Ì�Õ ÷ é	R=Ì�Ê2ß�ÌWð�ÌñÝ	Ì�ÐhÌ�Ë�ÌWËIÖ2ÌñÝ	Ì�Ë�Ï�ÚÜÐhÒ�é
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J7Ö2ÌWÚhÝ	Ì�ÏkÔ�Ó,ß�ÔpÊ2ÒIËIÎIÞ2ß�ËIÚhÔpÊ�Ô�Ó � Ô�Ì�Ö	ÕçÚ�Ï�Ê2Ò�ð7ÏpÒ�ÚÜÊ	ÚÜËIÚ�Ï�Ë�Ì�ÝòØ#êcËIÖ2Ìñß�ÔpÊ2ß�Ì�ã	Ë=Ô�Ó5Î�Ì�Í�Þ	Ð�Ï�Î=Ôpã~Ì�Î�Ï�Ë�ÔpÎ�Ò�é
[�ÔpÊ2ÒIËIÎIÞ2ß�ËIÚhÔpÊaÔ�Ó � Ô�Ì�Ö	ÕçÚ�Ï�Ê2ÒEÚhÒEÒIÚÜÕçÚÜÐ�Ï�ÎEË�ÔkËIÖ9Ï�ËAÔ�Ó5è9Ì�ÐhÝ\Ô�Ó�ì#Þ2ÔpËIÚhÌ�Ê#Ë�ÒAÏ�Ê2ÝòÚÜÊ�Ò�ÔpÕkÌ¢ß�ÏpÒ�Ì�Ò�ó	ÚÜËEÍ�ÚÜ×�Ì�Ò
��Þ2ÒIË1ËIÖ2ÌAè9Ì�ÐhÝòÔ�Ó,ì#Þ2ÔpËIÚhÌ�Ê#Ë�Ò�é2J7Ö2Ìñß�ÔpÊ2ÒIËIÎIÞ2ß�ËIÚhÔpÊ�Ô�Ó � Ô�Ì�Ö	ÕçÚ�Ï�Ê2Ò�ß�ÔpÊ2ÒIÚhÒIË�Ò�Ô�Ó5ËIÖ2ÌAÓ�ÔpÐÜÐhÔ�ð1ÚÜÊ	ÍfÌ�ÐhÌ�ÕkÌ�Ê#Ë�Ò��

(i)
DSÒ�Ì�Ë

A;

(ii)
DSß�ÔpÕçÕ¢Þ	Ë�Ï�ËIÚÜ×�Ì¢Ò�Ì�ÕçÚÜÍ�Î�ÔpÞ	ã

(B, ∗) ;
(iii)

DEÊòÔpã~Ì�Î�Ï�ËIÚhÔpÊ � : A×B → A
ÒIÞ2ß�ÖòËIÖ9Ï�Ë7Ó�ÔpÎEÌ�Ïpß�Ö

x ∈ A
Ï�Ê2Ý

υ1, υ2,∈ B,

x� (υ1 ∗ υ2) = (x� υ1)� υ2;

(iv)
DSÒ�Ì�Ë

∆ ⊂ BN Ò�Ï�ËIÚhÒ�Ó�ê�ÚÜÊ	Í �
(a)

GvÓ
x, y ∈ A

ó
(υn) ∈ ∆

ó
x� υn = y � υn

Ó�ÔpÎEÏ�ÐÜÐ
n,
ËIÖ2Ì�Ê

x = y;

(b)
GvÓ
(υn), (σn) ∈ ∆,

ËIÖ2Ì�Ê
(υn ∗ σn) ∈ ∆ ö ∆ ÚhÒ1ËIÖ2ÌWÒ�Ì�Ë�Ô�ÓBÏ�ÐÜÐ�Ý	Ì�ÐÜË�ÏçÒ�Ì�ì#Þ2Ì�Ê2ß�Ì�Ò ø é[�ÔpÊ2ÒIÚhÝ	Ì�Î

A = {(xn, υn) : xn ∈ A, (υn) ∈ ∆, xn � υm = xm � υn,∀m,n ∈ N} .
GvÓ
(xn, υn), (yn, σn) ∈ A

ó
xn�σm = ym�υn

ó ∀m,n ∈ N,
ËIÖ2Ì�Êkð�ÌEÒ�Ï�ê

(xn, υn) ∼ (yn, σn).
J7Ö2Ì

Î�Ì�Ð�Ï�ËIÚhÔpÊ ∼ ÚhÒAÏ�Ê�Ì�ì#Þ	ÚÜ×�Ï�ÐhÌ�Ê2ß�ÌñÎ�Ì�Ð�Ï�ËIÚhÔpÊ�ÚÜÊ
A .

J7Ö2Ì!ÒIã9Ïpß�Ì¢Ô�ÓBÌ�ì#Þ	ÚÜ×�Ï�ÐhÌ�Ê2ß�Ì!ß�Ð�ÏpÒ�Ò�Ì�Ò�ÚÜÊ
A
ÚhÒEÝ	Ì�Ê2ÔpË�Ì�Ý

Ø#ê
κ(A, (B, ∗),�,∆).

@,ÐhÌ�ÕkÌ�Ê#Ë�Ò=Ô�Ó
κ(A, (B,∗),�,∆)

Ï�Î�ÌWß�Ï�ÐÜÐhÌ�Ý � Ô�Ì�Ö	ÕçÚ�Ï�Ê2Ò�é
� Ì�Ë�ð�Ì�Ì�Ê

A
Ï�Ê2Ý

κ (A, (B,∗) ,�,∆)
ËIÖ2Ì�Î�ÌWÚhÒEÏ�ß�Ï�Ê2ÔpÊ	Úhß�Ï�ÐMÌ�Õ¢Ø~Ì�Ý	Ý'ÚÜÊ	ÍfÌ�ï'ã	Î�Ì�Ò�Ò�Ì�ÝòÏpÒ

x→ x� sn
sn

ÏpÒ
n→ ∞.

J7Ö2ÌñÔpã~Ì�Î�Ï�ËIÚhÔpÊ � ß�Ï�ÊòØ~ÌWÌ�ï'Ë�Ì�Ê2Ý	Ì�ÝîË�Ô
κ (A, (B,∗) ,�,∆)×A

Ø#ê
xn
υn

� t =
xn � t

υn
.

G�Ê
κ (A, (B, ∗) ,�,∆)

ó	Ë�ð�ÔçË�ê�ã~Ì�ÒEÔ�Ó,ß�ÔpÊ#×�Ì�ÎIÍ�Ì�Ê2ß�Ì �
Â�� D Ò�Ì�ì#Þ2Ì�Ê2ß�Ì

(hn) ∈ κ(A, (B, ∗),�,∆)
ÚhÒ7Ò�Ï�ÚhÝfË�Ô¢Ø~Ì

δ
ß�ÔpÊ#×�Ì�ÎIÍ�Ì�Ê#Ë�Ë�Ô

h ∈ κ(A, (B,∗),�,∆),Ý	Ì�Ê2ÔpË�Ì�ÝfØ#ê
hn

δ→ h
ÏpÒ
n→ ∞,

Ú�Ó�ËIÖ2Ì�Î�Ì=Ì�ï'ÚhÒIË�Ò7Ï¢Ý	Ì�ÐÜË�Ï¢Ò�Ì�ì#Þ2Ì�Ê2ß�Ì
(υn)

ÒIÞ2ß�ÖcËIÖ9Ï�Ë
(hn� υn),

(h� υn) ∈ A, ∀ k, n ∈ N,
Ï�Ê2Ý

(hn � υk) → (h� υk)
ÏpÒ
n→ ∞,

ÚÜÊ
A,

Ó�ÔpÎ�Ì�×�Ì�ÎIê
k ∈ N

é
��� DSÒ�Ì�ì#Þ2Ì�Ê2ß�Ì

(hn) ∈ κ(A, (B,∗),�,∆)
ÚhÒEÒ�Ï�ÚhÝcË�Ô�Ø~Ì

∆
ß�ÔpÊ#×�Ì�ÎIÍ�Ì�Ê#Ë=Ë�Ô

h ∈ κ(A, (B,∗),�,∆),Ý	Ì�Ê2ÔpË�Ì�ÝmØ#ê
hn

∆→ h
ÏpÒ
n → ∞,

Ú�Ó7ËIÖ2Ì�Î�ÌkÌ�ï'ÚhÒIË�Ò¢Ï
(υn) ∈ ∆

ÒIÞ2ß�ÖmËIÖ9Ï�Ë
(hn − h) � υn ∈

A,∀n ∈ N,
Ï�Ê2Ý

(hn − h)� υn → 0
ÏpÒ
n→ ∞ ÚÜÊ

A.

K2ÔpÎ1Ó�Þ	ÎIËIÖ2Ì�ÎEÝ	Ì�Ë�Ï�ÚÜÐhÒ�ð�ÌWÎ�Ì�Ó�Ì�Î1Ë�Ô
	 ÷�� �� Ï�Ê2Ý�	 ÷�÷���÷ �  éF�Ì�Ë
D2 Ø~Ì!ËIÖ2ÌçV�ß�Ö#ð7Ï�ÎIË �fÒIã9Ïpß�Ì�Ô�Ó�Ë�Ì�ÒIËEÓ�Þ	Ê2ß�ËIÚhÔpÊ2ÒWÔ�Ó�Ø~ÔpÞ	Ê2Ý	Ì�Ý�ÒIÞ	ã	ã~ÔpÎIË�ÒAÔ�×�Ì�Î R2 Ï�Ê2Ý ∆2 Ø~ÌËIÖ2ÌñÒIÞ	Ø2Ò�Ì�Ë�Ô�Ó

D2 Ô�Ó,Ò�Ì�ì#Þ2Ì�Ê2ß�Ì�Ò (θn(x, y)) ÒIÞ2ß�ÖòËIÖ9Ï�Ë
(i)
∫
R

∫
R

θn(x, y) dx dy = 1;

(ii)
∫
R

∫
R

|θn(x, y)| dx dy 6M,M
ÚhÒ1ã~Ô�ÒIÚÜËIÚÜ×�ÌAÎ�Ì�Ï�Ð�Ê#Þ	Õ¢Ø~Ì�Î��

(iii) supp
(x,y)∈R2

θn(x, y) → (0, 0)
ÏpÒ
n→ ∞.
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J7Ö2Ì�Ê

∆2 ÚhÒñÏfÒ�Ì�ËWÔ�Ó�Ý	Ì�ÐÜË�ÏcÒ�Ì�ì#Þ2Ì�Ê2ß�Ì�ÒAð1Ö	Úhß�Ö ß�ÔpÎIÎ�Ì�ÒIã~ÔpÊ2ÝaË�ÔfËIÖ2ÌçÝ	Ì�ÐÜË�ÏfÝ'ÚhÒIËIÎIÚÜØ	Þ	ËIÚhÔpÊ δ(x, y) é�G�Ë=ÚhÒí�Ê2Ô�ðPÓ�Î�ÔpÕ ÐÜÚÜË�Ì�Î�Ï�ËIÞ	Î�Ì!ËIÖ9Ï�Ë
δ(x, y) = 0

ó
x 6= 0

ó
y 6= 0

Ï�Ê2Ý ∫
R

∫
R
δ(x, y) dx dy = 1 (⇒ δ(x, y) =

δ(x)δ(y)).
G�Ë�Ï�ÐhÒ�Ôç×�Ì�ÎIÚ�è9Ì�ÝîËIÖ9Ï�Ë

∫

R

∫

R

δ(x− α, y − β) f(x, y) dx dy = f(α, β),

ð1Ö2Ì�Î�Ì
α
Ï�Ê2Ý

β
Ï�Î�ÌWß�ÔpÊ2ÒIË�Ï�Ê#Ë�Ò�é

F�Ì�Ë
(δn(x, y)) ∈ ∆2.

J7Ö2Ì�ÊòÚÜË1ÚhÒ�Ì�ÏpÒIêfË�ÔçÒ�Ì�ÌWËIÖ9Ï�Ë
(
Hρ,η
α,βδn(x, y)

)
(ζ, ξ) → αρ

2π

ÏpÒ
n→ ∞.

F�Ì�Ë
B
(
T 2,D2,∆2, ∗2

) Ø~ÌAËIÖ2Ì � Ô�Ì�Ö	ÕçÚ�Ï�Ê\ÒIã9Ïpß�ÌAÖ9Ï�×�ÚÜÊ	Í
T 2 ÏpÒEÏ�Í�Î�ÔpÞ	ã�ó D2 ÏpÒEÏ�ÒIÞ	Ø	Í�Î�ÔpÞ	ãÔ�Ó

T 2 ó D2 ÏpÒ7ËIÖ2ÌAÒ�Ì�Ë1Ô�Ó5Ý	Ì�ÐÜË�Ï�Ò�Ì�ì#Þ2Ì�Ê2ß�Ì�Ò�Ï�Ê2Ý ∗2 Ø~Ì�ÚÜÊ	Í�ËIÖ2ÌWÔpã~Ì�Î�Ï�ËIÚhÔpÊòÔpÊ T 2 ËIÖ2Ì�Êîð�ÌAÚÜÊ#ËIÎ�Ô�Ý'Þ2ß�ÌËIÖ2ÌAÓ�ÔpÐÜÐhÔ�ð1ÚÜÊ	ÍæÝ	Ì�è2Ê	ÚÜËIÚhÔpÊ2Ò�é
F�Ì�Ë

f(t, w) ∈ T 2 ó θ(t, w) ∈ D2 Ï�Ê2Ý (θn(t, w)) ∈ ∆2.
 ÌEð1ÚÜÐÜÐ�Þ2ÒIÞ9Ï�ÐÜÐÜêkß�Ö2Ô�Ô�Ò�Ì

h(ζ, ξ)
ó
g(ζ, ξ)Ï�Ê2Ý

en(ζ, ξ)
Ë�ÔçÝ	Ì�Ê2ÔpË�Ì

h(ζ, ξ) = 4βη

∫

R

∫

R

f(t, w) sin(tζ) sin(wξ) dt dw, ö�÷���ø

g(ζ, ξ) =

∫

R

∫

R

θ(t, w) cos(tζ) cos(wξ) dt dw, ö�÷���ø

en(ζ, ξ) =

∫

R

∫

R

θn(t, w) cos(tζ) cos(wξ) dt dw ö�ú ��ø
ã	Î�Ô�×�ÚhÝ	Ì�ÝòËIÖ2ÌAÚÜÊ#Ë�Ì�Í�Î�Ï�ÐhÒ=Ì�ï'ÚhÒIË�é

F�Ì�Ë
H 2

1 (ζ, ξ)
ÔpÎ

H 2
1

Ø~ÌAËIÖ2ÌWÒIã9Ïpß�ÌWÔ�ÓBÏ�ÐÜÐ
Hρ,η
α,β

ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒ�Ô�Ó5ÒIÕkÔ�ÔpËIÖcÓ�Þ	Ê2ß�ËIÚhÔpÊ2Ò
h(ζ, ξ)

ÒIÞ2ß�Ö
ËIÖ9Ï�Ë�Ó�ÔpÎ7Ò�ÔpÕkÌ

f(t, w) ∈ T 2 (18)
Ò�Ï�ËIÚhÒ�è9Ì�Ò�é � ê

H 2
2 (ζ, ξ)

ÔpÎ
H 2

2

Ý	Ì�Ê2ÔpË�Ì=ËIÖ2ÌAÒ�Ì�Ë1Ô�Ó�ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕkÒ7Ô�Ó
g(ζ, ξ)

ÒIÞ2ß�Ö\ËIÖ9Ï�Ë
θ(t, w) ∈ D2 Ï�Ê2Ý (19)

Ò�Ï�ËIÚhÒ�è9Ì�Ò=Ï�Ê2Ý�ó9ÒIÚÜÕçÚÜÐ�Ï�ÎIÐÜê�ó
∆2

3(ζ, ξ)
ÔpÎ

∆2
3

Ý	Ì�Ê2ÔpË�Ì¢ËIÖ2ÌñÒ�Ì�Ë
Ô�ÓBÏ�ÐÜÐ�Ò�Ì�ì#Þ2Ì�Ê2ß�Ì�Ò

en(ζ, ξ)
ÒIÞ2ß�ÖòËIÖ9Ï�Ë1Ó�ÔpÎ�Ò�ÔpÕkÌ

(θn(t, w)) ∈ ∆2 ð1Ö2Ì�Î�Ì (20) Ö2ÔpÐhÝ	Ò�é
���������
	��� F�Ì�Ë

(θn(t, w)) ∈ ∆2.
J7Ö2Ì�Êòð�ÌñÖ9Ï�×�Ì

en(ζ, ξ) =

∫

R

∫

R

θn(t, w) cos(tζ) cos(wξ) dt dw → 1
ÏpÒ
n→ ∞. ö�ú'÷�ø

J7Ö	ÚhÒ5Î�Ì�ÕæÏ�ÎIí¢ÚhÒ,ÏEÒIËIÎ�Ï�ÚÜÍ�Ö#Ë�Ó�ÔpÎIð7Ï�Î�ÝçÎ�Ì�ÒIÞ	ÐÜË,Ô�Ó
(20)

é�<=Ô�ð ð�Ì�Ï�Î�Ì�Í�Ì�Ê2Ì�Î�Ï�ËIÚÜÊ	ÍWËIÖ2Ì � Ô�Ì�Ö	ÕçÚ�Ï�ÊçÒIã9Ïpß�Ì
B
(
H 2

1 ,H
2
2 ,∆

2
3,×2

)
.J�ÔçËIÖ	ÚhÒEÏ�ÚÜÕòó	ð�ÌñÝ	Ì�è2Ê2Ì!Ï�ÊòÔpã~Ì�Î�Ï�ËIÚhÔpÊòØ~Ì�Ë�ð�Ì�Ì�Ê

H 2
1

Ï�Ê2Ý
H 2

2

ÏpÒ
h(ζ, ξ)×2 g(ζ, ξ) = h(ζ, ξ)g(ζ, ξ). ö�ú�ú�ø

 ÌWã	Î�Ô�ß�Ì�Ì�ÝcË�ÔkÌ�ÒIË�Ï�Ø	ÐÜÚhÒIÖòËIÖ2ÌñÏ�ï'ÚhÔpÕkÒEÔ�Ó5ËIÖ2Ì=è2Î�ÒIËEß�ÔpÊ2ÒIËIÎIÞ2ß�ËIÚhÔpÊ�é
#%$'& Æ9n & j���_ ( ��

h(ζ, ξ) ∈ H 2
1 (ζ, ξ)


��
�
g(ζ, ξ) ∈ H 2

2 (ζ, ξ).
�'*
�	� +-�"* 
/.0�

h(ζ, ξ) ×2

g(ζ, ξ) ∈ H 2
1 (ζ, ξ).

C
F�Ì�Ë

h(ζ, ξ) ∈ H 2
1 (ζ, ξ)

ó
g(ζ, ξ) ∈ H 2

2 (ζ, ξ).
J7Ö2Ì�Ê

h(ζ, ξ)g(ζ, ξ) = Hρ,η
α,β

(
f ∗2 θ

)
(ζ, ξ)

Ó�ÔpÎ
Ì�×�Ì�ÎIê

f(t, w) ∈ T 2 Ï�Ê2Ý θ(t, w) ∈ D2.
� Þ	Ë7ÒIÚÜÊ2ß�Ì

f ∗2 θ ∈ T 2 ÚÜËBÓ�ÔpÐÜÐhÔ�ð�Ò�ËIÖ9Ï�Ë h(ζ, ξ)×2 g(ζ, ξ) ∈
H 2

1 .
J7Ö	ÚhÒ�ß�ÔpÕçã	ÐhÌ�Ë�Ì�ÒEËIÖ2ÌAã	Î�Ô�Ô�Ó,Ô�Ó5ËIÖ2ÌWËIÖ2Ì�ÔpÎ�Ì�Õòé

B



÷�� �������	��
����� 6��k6��A6
#%$'& Æ9n & j��~_�( ��

h1(ζ, ξ), h2(ζ, ξ) ∈ H 2
1 (ζ, ξ)

6 �'*
�	� �!��� 
� �
g(ζ, ξ) ∈ H 2

2 (ζ, ξ)
+-� * 
/.0�

(h1(ζ, ξ) + h2(ζ, ξ))×2 g(ζ, ξ) = h1(ζ, ξ)×2 g(ζ, ξ) + h2(ζ, ξ)×2 g(ζ, ξ)
6

C
F�Ì�Ë

f1(t, w), f2(t, w) ∈ T 2 Ï�Ê2Ý θ(ζ, ξ) ∈ D2 Ø~ÌWÒIÞ2ß�ÖîËIÖ9Ï�Ë

h1(ζ, ξ) = 4βη

∫

R

∫

R

f1(t, w) sin(tζ) sin(wξ) dt dw,

h2(ζ, ξ) = 4βη

∫

R

∫

R

f2(t, w) sin(tζ) sin(wξ) dt dw

Ï�Ê2Ý
g(ζ, ξ) =

∫

R

∫

R

θ(t, w) cos(tζ) cos(wξ) dt dw;

ËIÖ2Ì�ÊòÞ2ÒIÚÜÊ	ÍkËIÖ2ÌWÝ	Ì�è2Ê	ÚÜËIÚhÔpÊ�Ô�Ó ×2

(h1(ζ, ξ) + h2(ζ, ξ))×2 g(ζ, ξ) = (h1(ζ, ξ) + h2(ζ, ξ)) g(ζ, ξ)

= h1(ζ, ξ)g(ζ, ξ) + h2(ζ, ξ)g(ζ, ξ) = h1(ζ, ξ)×2 g(ζ, ξ) + h2(ζ, ξ)×2 g(ζ, ξ).

J7Ö	ÚhÒEß�ÔpÕçã	ÐhÌ�Ë�Ì�Ò�ËIÖ2ÌWã	Î�Ô�Ô�ÓIé
B

#%$'& Æ9n & j���_ ( ��
h1(ζ, ξ), h2(ζ, ξ) ∈ H 2

1 (ζ, ξ).
�'*
�	� �!����
� �

g(ζ, ξ) ∈ H 2
2 (ζ, ξ)

+-�"* 
/.0�
(α∗h1(ζ, ξ))×2 g(ζ, ξ) = α∗

(
h1(ζ, ξ)×2 g(ζ, ξ)

) 6
C

�,Î�Ô�Ô�ÓBÔ�ÓMËIÖ	ÚhÒ�ËIÖ2Ì�ÔpÎ�Ì�Õ ÚhÒEÏ�Ê9Ï�ÐhÔpÍ�ÔpÞ2ÒEË�Ô�ËIÖ2ÌWã	Î�Ì�×�ÚhÔpÞ2Ò1ã	Î�Ô�Ô�ÓIé2QAÌ�Ë�Ï�ÚÜÐhÒEÏ�Î�ÌñÔpÕçÚÜËIË�Ì�Ý�é
B

#%$'& Æ9n & j���_)( ��
hn(ζ, ξ) → h(ζ, ξ)

���
H 2

1 (ζ, ξ)

��
�

g(ζ, ξ) ∈ H 2
2 (ζ, ξ);

�*
�	�
hn(ζ, ξ)×2

g(ζ, ξ) → h(ζ, ξ)×2 g(ζ, ξ).

C
F�Ì�Ë

hn(ζ, ξ), h(ζ, ξ) ∈ H 2
1 (ζ, ξ)

Ï�Ê2Ý
g(ζ, ξ) ∈ H 2

2 (ζ, ξ)
Ò�Ï�ËIÚhÒ�Ó�êkÓ�ÔpÎ�Ò�ÔpÕkÌ

fn, f ∈ T 2 Ï�Ê2Ý
θ ∈ D2 é	J7Ö2Ì�Ê\Ô�Ó�ß�ÔpÞ	Î�Ò�Ì fn → f

ÏpÒ
n→ ∞ é	J7Ö2Ì�Î�Ì�Ó�ÔpÎ�Ì�ó

(hn − h)(ζ, ξ)×2 g(ζ, ξ) = (hn − h)(ζ, ξ)g(ζ, ξ)

= g(ζ, ξ)

∫

R

∫

R

(fn − f)(t, w) sin(tζ) sin(wξ) dt dw → 0
ÏpÒ

n→ ∞.

R=Ì�Ê2ß�Ì�ó
(hn − h)(ζ, ξ)×2 g(ζ, ξ) → 0

ÏpÒ
n→ ∞.K	Î�ÔpÕ ð1Ö	Úhß�Öòð�ÌWð1ÎIÚÜË�Ì�ó

(hn − h)(ζ, ξ)g(ζ, ξ) = hn(ζ, ξ)g(ζ, ξ)− h(ζ, ξ)g(ζ, ξ) → 0
ÏpÒ

n→ ∞.

J7Ö#Þ2Ò
hn(ζ, ξ)×2 g(ζ, ξ) → h(ζ, ξ)×2 g(ζ, ξ)

ÏpÒ
n→ ∞.J7Ö	ÚhÒEß�ÔpÕçã	ÐhÌ�Ë�Ì�Ò�ËIÖ2ÌWã	Î�Ô�Ô�Ó,Ô�Ó5ËIÖ2ÌAËIÖ2Ì�ÔpÎ�Ì�Õòé

B
#%$'& Æ9n & j���_�( ��

hn(ζ, ξ) → h(ζ, ξ)

��
�

(en(ζ, ξ)) ∈ ∆2
3.

�'*
�	�
hn(ζ, ξ)×2en(ζ, ξ) → h(ζ, ξ)

6
C
F�Ì�Ë

hn(ζ, ξ), h(ζ, ξ) ∈ H 2
1 (ζ, ξ)

Ï�Ê2Ý
en(ζ, ξ) ∈ ∆2

3

Ò�Ï�ËIÚhÒ�Ó�ê Ó�ÔpÎæÒ�ÔpÕkÌ
fn, f ∈ T 2 Ï�Ê2Ý

(θn) ∈ ∆2.
J7Ö2Ì�Ê\Ì�Õçã	ÐhÔ�ê�ÚÜÊ	ÍfCEÌ�ÕæÏ�ÎIí ÷ Í�ÚÜ×�Ì�Ò
hn(ζ, ξ)×2 en(ζ, ξ) = hn(ζ, ξ)en(ζ, ξ) → hn(ζ, ξ) → h(ζ, ξ)

ÏpÒ
n→ ∞.

J7Ö	ÚhÒEß�ÔpÕçã	ÐhÌ�Ë�Ì�Ò�ËIÖ2ÌWã	Î�Ô�Ô�Ó,Ô�Ó5ËIÖ2ÌWJ7Ö2Ì�ÔpÎ�Ì�Õòé
B

#%$'& Æ9n & j	��_�( ��
(en(ζ, ξ)), (rn(ζ, ξ)) ∈ ∆2

3

6 �'*
�	�
en(ζ, ξ)×2 rn(ζ, ξ) ∈ ∆2

3.



��� �����������	�
��� 
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��� 
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���� �!�����"� ÷�÷
C

� ê
(22)

ð�ÌñÖ9Ï�×�Ì

en(ζ, ξ)×2 rn(ζ, ξ) = en(ζ, ξ)rn(ζ, ξ) = jρ,ηα,β
(
θn ∗2 εn

)
.

R=Ì�Ê2ß�ÌîØ#ê ËIÖ2ÌcÓvÏpß�ËkËIÖ9Ï�Ë
θn ∗2 εn ∈ ∆2 ÚÜËçÓ�ÔpÐÜÐhÔ�ð�ÒkËIÖ9Ï�Ë Hρ,η

α,β

(
θn ∗2 εn

)
∈ ∆2

3.
R=Ì�Ê2ß�ÌîËIÖ2Ì

J7Ö2Ì�ÔpÎ�Ì�Õ � ÚhÒ1ã	Î�Ô�×�Ì�Ý�é BJ7Ö2Ì � Ô�Ì�Ö	ÕçÚ�Ï�Ê\ÒIã9Ïpß�Ì
B
(
H 2

1 ,H
2
2 ,∆

2
3,×2

) ÚhÒ1ËIÖ2Ì�Î�Ì�Ó�ÔpÎ�Ìñß�ÔpÊ2ÒIËIÎIÞ2ß�Ë�Ì�Ý�é
D Ë�ê�ã	Úhß�Ï�Ð�Ì�ÐhÌ�ÕkÌ�Ê#Ë�ÚÜÊ

B
(
H 2

1 ,H
2
2 ,∆

2
3,×2

) ÚhÒ�Ô�Ó�ËIÖ2Ì7Ó�ÔpÎIÕ [hn
en

]
.
D1Ý	Ý'ÚÜËIÚhÔpÊ�ó�Õ¢Þ	ÐÜËIÚÜã	ÐÜÚhß�Ï�ËIÚhÔpÊcØ#ê

Ï�Ò�ß�Ï�Ð�Ï�Î�ó2ß�ÔpÊ#×�ÔpÐÜÞ	ËIÚhÔpÊ�Ï�Ê2ÝîÝ'Ú ��Ì�Î�Ì�Ê#Ë�Ï�ËIÚhÔpÊ�ÚÜÊîËIÖ2ÌñÒIã9Ïpß�Ì
B
(
H 2

1 ,H
2
2 ,∆

2
3,×2

) Ï�Î�ÌñÝ	Ì�è2Ê2Ì�Ý\ÏpÒ
[
hn

en

]
+

[
dn

rn

]
=

[
hn ×2 rn + dn ×2 en

en ×2 rn

]

κ

[
hn

en

]
=

[
κhn
en

]
, κ

Ø~Ì�ÚÜÊ	Íæß�ÔpÕçã	ÐhÌ�ïîÊ#Þ	Õ¢Ø~Ì�Î
.

[
hn

en

]
×2

[
dn

rn

]
=

[
hn ×2 dn

en ×2 rn

] Ï�Ê2Ý
D
α

[
hn

en

]
=

[
Dαhn

en

]
.

∆
Ï�Ê2Ý

δ
ë�ß�ÔpÊ#×�Ì�ÎIÍ�Ì�Ê2ß�Ì�Ï�Î�ÌñÝ	Ì�è2Ê2Ì�Ý\ÏpÒ1Þ2ÒIÞ9Ï�Ð�Ó�ÔpÎ � Ô�Ì�Ö	ÕçÚ�Ï�Ê\ÒIã9Ïpß�Ì�Ò�é

��_
Hρ,η
α,β

Æ 	�� & Ä & n�l2e�o�� & Ç ��Æ &�$ j osl2Ä��
K	Î�ÔpÕ ã	Î�Ì�×�ÚhÔpÞ2Ò=Ï�Ê9Ï�ÐÜê'ÒIÚhÒ1Í�ÚÜ×�Ì�ÊòÚÜÊîËIÖ	ÚhÒ=Ï�ÎIËIÚhß�ÐhÌWð�ÌñÝ	Ì�è2Ê2ÌWËIÖ2Ì

Hρ,η
α,β

ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ Ô�Ó [fn
θn

] ÏpÒ
︷ ︸︸ ︷
Hρ,η
α,β

[
fn
θn

]
=

[
hn

en

]
, ö�ú�û�ø

ð1Ö2Ì�Î�Ì
hn
ó
en
Ö9ÏpÒ1ËIÖ2ÌWÎ�Ì�ã	Î�Ì�Ò�Ì�Ê#Ë�Ï�ËIÚhÔpÊaÔ�Ó

(18)
Ï�Ê2Ý

(20).G�ËEÚhÒ=ß�ÐhÌ�Ï�Î=ËIÖ9Ï�Ë [hn
en

]
∈ B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

)
.
F�Ì�Ë [fn

θn

]
=
[gn
εn

]
,
ËIÖ2Ì�Ê

fn ∗2 εm = gm ∗2 θn.DEã	ã	ÐÜê�ÚÜÊ	Í
Hρ,η
α,β

ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ Ï�Ê2ÝîÞ2ÒIÚÜÊ	ÍkËIÖ2ÌWß�ÔpÊ#×�ÔpÐÜÞ	ËIÚhÔpÊ�ËIÖ2Ì�ÔpÎ�Ì�Õ ê�ÚhÌ�ÐhÝ

hn ×2 rm = dm ×2 en,

ð1Ö2Ì�Î�Ì
hn
ó
rm
ó
dm
ó
en
Ö9Ï�×�ÌcÒIÚÜÕçÚÜÐ�Ï�Î!Î�Ì�ã	Î�Ì�Ò�Ì�Ê#Ë�Ï�ËIÚhÔpÊ2ÒæÏpÒ¢ÚÜÊ

(18)
Ï�Ê2Ý

(20).
J7Ö2Ì�Î�Ì�Ó�ÔpÎ�Ì hn

en
∼ dn

rn
.

R=Ì�Ê2ß�Ì [hn
en

]
=
[
dn
rn

]
.
J7Ö2Ì�Î�Ì�Ó�ÔpÎ�Ì�ó'ð�ÌAÖ9Ï�×�Ì ︷ ︸︸ ︷

Hρ,η
α,β

[fn
θn

]
=
︷ ︸︸ ︷
Hρ,η
α,β

[gn
εn

]
.
J7Ö2Ì�Î�Ì�Ó�ÔpÎ�Ì

(23)
ÚhÒ7ð�Ì�ÐÜÐ�ë�Ý	Ì�è2Ê2Ì�Ý�é

K2ÔpÐÜÐhÔ�ð1ÚÜÊ	ÍfË�ð�ÔçËIÖ2Ì�ÔpÎ�Ì�ÕõÏ�Î�ÌñÒIËIÎ�Ï�ÚÜÍ�Ö#Ë�Ó�ÔpÎIð7Ï�Î�Ýòã	Î�Ô�Ô�Ó�Ò�é  ÌWã	Î�Ì�Ó�Ì�Î1ð�Ì¢ÔpÕçÚÜË�Ý	Ì�Ë�Ï�ÚÜÐhÒ�é
#%$'& Æ9n & j Â�� _ ︷ ︸︸ ︷

Hρ,η
α,β : B

(
T 2,D2,∆2, ∗2

)
→ B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

) �9� � ���
� 
� 6
#%$'& Æ9n & j Â9Â _ ︷ ︸︸ ︷

Hρ,η
α,β : B

(
T 2,D2,∆2, ∗2

)
→ B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

) �9� ���
� �!���
� 6
#%$'& Æ9n & j Â � _ ︷ ︸︸ ︷

Hρ,η
α,β : B

(
T 2,D2,∆2, ∗2

)
→ B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

) �9� � ���7 ���7�����/�,+��4�*
�1� ���-����38�

δ
� ���7.0����2 �	� � � 6

C
F�Ì�Ë

βn → β
ÚÜÊ

B
(
T 2,D2,∆2, ∗2

) ÏpÒ
n → ∞.

 ÌmÒIÖ2Ô�ð ËIÖ9Ï�Ë ︷ ︸︸ ︷
Hρ,η
α,β βn →

︷ ︸︸ ︷
Hρ,η
α,β βÚÜÊ

B
(
H 2

1 ,H
2
2 ,∆

2
3,×2

) ÏpÒ
n → ∞.

F�Ì�Ë
βn, β ∈ B

(
T 2,D2,∆2, ∗2

) ó=ËIÖ2Ì�Ê?ð�ÌLß�Ï�Êäè2Ê2Ý
fn,k, fk ∈ T 2 ÒIÞ2ß�Ö]ËIÖ9Ï�Ë βn =

[fn,k

θk

] Ï�Ê2Ý
β =

[fk
θk

] Ï�Ê2Ý
fn,k → fk

ÏpÒ
n → ∞, ∀ k ∈ N .
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J7Ö2Ì�Î�Ì�Ó�ÔpÎ�Ì ︷ ︸︸ ︷

Hρ,η
α,β

[fn,k

θk

]
=
[hn,k

ek

] ð1Ö2Ì�Î�Ì
hn,k

Ï�Ê2Ý
ek
Ï�Î�ÌEËIÖ2ÌEËIÖ2Ì=ß�ÔpÎIÎ�Ì�ÒIã~ÔpÊ2Ý'ÚÜÊ	ÍçÚÜÊ#Ë�Ì�Í�Î�Ï�Ð�Ì�ì#Þ9Ï�ËIÚhÔpÊ2Ò

Ô�Ó
fn,k

Ï�Ê2Ý
θk
ó	Ò�Ì�Ì

(18)
Ï�Ê2Ý

(20)
é9R=Ì�Ê2ß�Ì�ó	ð�ÌWÖ9Ï�×�Ì

︷ ︸︸ ︷
Hρ,η
α,β

[
fn,k
θk

]
=

[
hn,k

ek

]
→
[
hk

ek

]
= β.

J7Ö2ÌWã	Î�Ô�Ô�Ó5ÚhÒ�ß�ÔpÕçã	ÐhÌ�Ë�Ì�Ý�é
B

#%$'& Æ9n & j Â 
�_ ︷ ︸︸ ︷
Hρ,η
α,β : B

(
T 2,D2,∆2, ∗2

)
→ B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

) �9� � ���7 ���7�����/�,+��4�*
�1� ���-���� 8�

∆
� ���7.0����2 �	� � � 6

C
F�Ì�Ë

βn
∆→ β

ÚÜÊ
B
(
T 2,D2,∆2, ∗2

)
,
ÏpÒ
n→ ∞.

J7Ö2Ì�ÊòËIÖ2Ì�Î�ÌWÚhÒ
fn ∈ T 2 Ï�Ê2Ý (θk(ζ, ξ)) ∈

∆2 ÒIÞ2ß�ÖîËIÖ9Ï�Ë
(βn − β)×2 θn =

[
fn ×2 θk

θk

]

Ï�Ê2Ý
fn → 0

ÏpÒ
n→ ∞.

R=Ì�Ê2ß�Ì
︷ ︸︸ ︷
Hρ,η
α,β((βn − β)×2 θk) =

︷ ︸︸ ︷
Hρ,η
α,β

[
fn ×2 θk

θk

]
=

[
hn ×2 ek

ek

]
' hn → 0

ÏpÒ
n→ ∞.

R=Ì�Ê2ß�ÌWËIÖ2ÌWËIÖ2Ì�ÔpÎ�Ì�Õ ÚhÒ�ß�ÔpÕçã	ÐhÌ�Ë�Ì�ÐÜêîã	Î�Ô�×�Ì�Ý�é
B

�~_ #%$'& o�Ä�� & n � & �Mn�Æ �5e & j

F�Ì�Ë [hn
ek

]
∈ B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

) é#J7Ö2Ì�ÊfËIÖ2ÌEÚÜÊ#×�Ì�Î�Ò�ÌEËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ −1︷ ︸︸ ︷
Hρ,η
α,β

Ô�Ó ︷ ︸︸ ︷
Hρ,η
α,β

ß�Ï�ÊfØ~Ì�Ý	Ì�è2Ê2Ì�Ý
Ø#ê

−1︷ ︸︸ ︷
Hρ,η
α,β

[
hn

ek

]
=

[
fn
θn

]

ÚÜÊòËIÖ2ÌWÒIã9Ïpß�Ì
B
(
T 2,D2,∆2, ∗2

)
.

#%$'& Æ9n & j Â ��_ −1︷ ︸︸ ︷
Hρ,η
α,β : B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

)
→ B

(
T 2,D2,∆2, ∗2

) �9� 
 +-��� ���!� ��� �
� � 
��
�
� ���
� 
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C
F�Ì�Ë [hn

en

]
=
[
dn
rn

]
∈ B

(
H 2

1 ,H
2
2 ,∆

2
3,×2

)
.
J7Ö2Ì�ÊÑÚÜËWÓ�ÔpÐÜÐhÔ�ð�Ò!ËIÖ9Ï�Ë

hn(ζ, ξ) ×2 rm(ζ, ξ) =

dm(ζ, ξ)×2 en(ζ, ξ)
ó'ð1Ö2Ì�Î�Ì

hn(ζ, ξ) = 4βη

∫

R

∫

R

fn(t, w) sin(tζ) sin(wξ) dt dw,

en(ζ, ξ) =

∫

R

∫

R

θn(t, w) cos(tζ) cos(wξ) dt dw,

dm(ζ, ξ) = 4βη

∫

R

∫

R

gm(t, w) sin(tζ) sin(wξ) dt dw,

Ï�Ê2Ý
rn(ζ, ξ) =

∫

R

∫

R

εn(t, w) cos(tζ) cos(wξ) dt dw, εn, θn ∈ ∆2, fn, gn ∈ T
2.



��� �����������	�
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� ��� 
� �����������
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���� �!�����"� ÷�û
J7Ö2ÌWÕkÌ�Ï�Ê	ÚÜÊ	ÍæÔ�Ó ×2 ËIÖ2Ì�ÊòÐhÌ�ÏpÝ	Ò1Ë�Ô

hn(ζ, ξ)rm(ζ, ξ) = dm(ζ, ξ)en(ζ, ξ).

J7Ö2Ì�Î�Ì�Ó�ÔpÎ�Ì�ó
(22)

Í�ÚÜ×�Ì�Ò
Hρ,η
α,β

(
fn ∗2 θm

)
(ζ, ξ) = Hρ,η

α,β

(
gm ∗2 εn

)
(ζ, ξ). ö�ú � ø

V#ÚÜÊ2ß�Ì
Hρ,η
α,β

ÚhÒ�ÔpÊ2Ì�ëvË�Ô�ë�ÔpÊ2Ì�ó
(24)

ê�ÚhÌ�ÐhÝ	Ò
fn ∗2 θm = gm ∗2 εn.

J7Ö#Þ2Ò fn
θn

∼ gn
εn
,
ð1Ö	Úhß�ÖòËIÖ2Ì�Êòß�ÔpÊ'è2ÎIÕkÒ

[fn
θn

]
=
[gn
εn

]
.
J7Ö	ÚhÒEÌ�ÒIË�Ï�Ø	ÐÜÚhÒIÖ2Ì�Ò1ËIÖ9Ï�ËEÔpÞ	Î�ËIÎ�Ï�Ê2Ò�Ó�ÔpÎIÕ ÚhÒ1ð�Ì�ÐÜÐ�ë�Ý	Ì�è2Ê2Ì�Ý�é

J�ÔäÌ�ÒIË�Ï�Ø	ÐÜÚhÒIÖ ÐÜÚÜÊ2Ì�Ï�ÎIÚÜË�ê�ó�ð�Ì ÏpÒ�ÒIÞ	ÕkÌ ËIÖ2Ì�Î�Ì Ï�Î�Ì
α∗
1, α

∗
2 ∈ C,

è9Ì�ÐhÝ Ô�Óaß�ÔpÕçã	ÐhÌ�ï Ê#Þ	Õ¢Ø~Ì�Î�Ò�ó
[fn
θn

]
,
[gn
εn

]
∈ B

(
T 2,D2,∆2, ∗2

) ó	ËIÖ2Ì�Ê
−1︷ ︸︸ ︷
Hρ,η
α,β

([
α∗
1fn
θn

]
+

[
α∗
2gn
εn

])
=

−1︷ ︸︸ ︷
Hρ,η
α,β

([
α∗
1fn ∗2 εn + α∗

2gn ∗2 θn
θn ∗2 εn

])

=

[
α∗
1hn ×2 rn + α∗

2dn ×2 en

en ×2 rn

]
=

[
α∗
1hn

en

]
+

[
α∗
2dn

rn

]
= α∗

1

[
hn

en

]
+ α∗

2

[
dn

rn

]
.

J7Ö	ÚhÒ�ß�ÔpÕçã	ÐhÌ�Ë�Ì�ÒEËIÖ2ÌAã	Î�Ô�Ô�Ó,Ô�Ó5ËIÖ2ÌWËIÖ2Ì�ÔpÎ�Ì�Õòé
B
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