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áãâ�ä
å¬æ-çÏè%é�ê¸ë�ì�ä
í-ç
æ-êîì�ä
å¸å¸ï�ä�æ-ìðñ�ä
òÂæ-åÑè�óñ�äÏô2ì�ä�æ
õ[ìâöÇêî÷dç-ìï�õÏø�ö9ç-í
é�ê¸ù¸çúñ-ð#ô+ä�ñÞûê¸ìðç�ü
ô2ðýê¸å¸ó#ç-ïWå�ø�õ[ý�ä
ê
þyñÞó#ç
æ-ç-ìöÇêÓñ�ÿ�ç¸ô�è%æ��Àâ�äÏýê¸âð%è�÷Öõ[âó��ðð�ðvê¸êîûìç-ð��Àñ-ç¸ô2âö�ÿ�ô2çúâê¸ó#ç
æ-ç-ìç-ù¸ç
ûç-ì�è#ô2ó[ä����}õ-å¬æ	�

ϕ(x) 
 �ÏäÏô+ä
ââ�ä�è�â�ägñ-å¸ê¸ë�ýðå�ø�ç-ñ-ç-ë�ç-å¸ð�ûê¸ìðç¸ô+ä×êÈô2ðâð��ö�÷Öõ[âó��ð%è¤þ�ðïyê¸òpü
é ä�è!ä
í-å¸ç�ø�òÂæ-âçÂâê¸ûìê¸ìöÇñ-â%õ[ò\â�äÇñ-å¸ê¸ëbç-å¸ðbûìç-ð��Àñ-ç¸ô2â%õ[ò

(m−1)
ü¹ù¸çpûç-ì�è#ô2ó[äpðbðâ%æ-ê¸ù¸ìðì%õ-ê¸ï�õ[ò

â�ä
(0; 1)

ûç��bê¸í-ê¸ù¬õîûìç-ð��Àñ-ç¸ô2â%õ[ò
ϕm(x)

þ 1

N
= h

þ
X = {xγ = hγ

þ
y = 0, 1, . . . , N} 
 å¸ç-ñ-ç-ó%õ[û[ü

âç-å¬æ	��õ�¬ø�ç-ñþ
P = {Cγ,k, γ = 0, 1, . . . , N

þ
k = 0, 1, . . . , ργ} 
 å¸ç-ñ-ç-ó%õ[ûâç-å¬æ	�Þó#ç	�¸÷d÷dð��ðê¸â%æ-ç-ñ

óñ�äÏô2ì�ä�æ
õ[ìâö�ÿg÷dç-ìï�õÏøgð
∆ = [0; 1)

�-á�ñ-êÈô2ê¸ï ûìç-å¬æ-ì�ä
âå¬æ-ñ-çbó[ø2ä
å¸å¸ç-ñdûê¸ìðç¸ô2ðýê¸å¸óð[ÿg÷Öõ[âó��ðë
L̃m

p (∆)
åÖó#ç-âê¸ýâç-ë�âç-ìïyç-ë

‖ϕ‖eLm
p (∆) =




1∫

0

|ϕ(m)(x)|pdx




1/p

.

� ø�ê¸ïyê¸â%æ�ä
ïyðÓûìç-å¬æ-ì�ä
âå¬æ-ñ�ä
L̃m

p (∆)
å�ø�õ��ä�æ ó[ø2ä
å¸å¸ö ûê¸ìðç¸ô2ðýê¸å¸óð[ÿÓ÷Öõ[âó��ðë¤þ[ç
æÀø�ðý�ä
òÂé�ð[ÿ�åÑè

ô2ì%õ[ùbç
æ�ô2ì%õ[ù�ä�â�ä�ûç-å¬æ-çÏèââ%õ[ò��
�Öñ�äÏô2ì�ä�æ
õ[ìâ�ä�èi÷dç-ìï�õÏø2ä�ç-í
é�ê¸ù¸çgñ-ð#ô+ä ñ-öÇù¡ø�è#ô2ð%æ×æ�ä
ó��

1∫

0

ϕ(x)dx ≈
N∑

γ=0

ργ∑

k=0

Cγ,kϕ
(k)(hγ). �����

�Öñ�äÏô2ì�ä�æ
õ[ìâ�ä�è×÷dç-ìï�õÏø2ä ����� å¸ç¸ô2ê¸ì��×ð%æ�ñbå¸ê¸í-êÂûìð ρ0, . . . , ρN
ó[ä
ógý�ä
å¬æ-âöÇë`å�ø�õ[ý�ä
ë`÷dç-ìï�õ�ü

ø�õ�� ���
1∫

0

ϕ(x)dx ≈
N∑

γ=0

ρ∑

k=0

Cγ,kϕ
(k)(hγ).
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kbø�èiûç-å¬æ-ìç-ê¸âð%è�ûê¸ìðç¸ô2ðýê¸å¸ó#ç-ù¸ç`÷Öõ[âó��ðç-â�ä�ø2ä�ì�ä
å¸å¸ïyç
æ-ìðïSûìç-å¬æ-ê¸ë�l!õ[ò=÷dç-ìï�õÏø�õ

1∫

0

ϕ(x)dx ≈
N∑

γ=0

ργ∑

k=0

Cγ,kϕ
(k)(γ) �nm	�

o ÷Öõ[âó��ðç-â�ä�ø�ç-ï\ûç-ù¸ìê-l�âç-å¬æ-ð

〈l, ϕ〉 =

∞∫

−∞

[
ξ(0;1)(x) −

N∑

γ=0

ργ∑

k=0

(−1)kδ(k)(x− γ)

]
ϕ(x)dx.

�}õ-å¬æ	�
m 
 ù¡ø2äÏô2ó#ç-å¬æ	��ûìç-å¬æ-ì�ä
âå¬æ-ñ�ä�ð ÷Öõ[âó��ðç-â�ä�øvûç-ù¸ìê-l�âç-å¬æ-ð

l(x)
ç-ì%æ-ç-ù¸ç-â�ä�ø�ê¸â ïyâç-ù¸ç�ü

ý[ø�ê¸â�ä
ï\å¬æ-ê¸ûê¸âð
m
þæ���êB�

〈l, xα〉 = 0, α = 0, 1, . . . , m.�Öç	�¸÷d÷dð��ðê¸â%æ-ö
Cγ,k

÷dç-ìï�õÏø�ö �nm	� ç-ûìêÈô2ê�ø�èòÂæ-åÑèÓð��Öå�ø�êÈô�õ[òÂé�ê¸ëîø�ðâê¸ëâç-ëÓå¸ðå¬æ-ê¸ïyöàõ[ì�ä
ñ-âê�üâðë��
N∑

γ=0

ργ∑

k=0

Cγ,k
α!

k!
γ[α−k] =

1

α+ 1
, �pP��

ùÊô2ê
γ[α−k] =

{
γ[α−k],

ê¸å�ø�ð
α ≥ k,

0,
ê¸å�ø�ð

α ≤ k,

ð
α = 0, 1, . . . , m = ρ0 + ρ0 + . . .+ ρs + s.

q.õÀô2ê¸ï�å¸ýð%æ�ä�æ	�þ�ý%æ-çÂýðå�ø2ä
s, ρ0, ρ0, . . . , ρs

ñ-öÇí-ì�ä
âö�æ�ä
ó¤þ�ý%æ-ç-í-ö å¸ðå¬æ-ê¸ï�ä �pP�� ðïyê�ø2äÇìê-l�ê¸âðêûìðÓõ-å�ø�ç-ñ-ðð
m = ρ0 + ρ0 + . . .+ ρs + s.r�ä
å¸å¸ïyç
æ-ìðï óñ�äÏô2ì�ä�æ
õ[ìâ%õ[òW÷dç-ìï�õÏø�õ

1∫

0

ϕ(x)dx ≈

s∑

γ=0

s−γ∑

k=0

Cγ,kϕ
(k)(γ).

�Öìç¸ô2ç�øe�×ðï�÷Öõ[âó��ðç-â�ä�øúûç-ù¸ìê-l�âç-å¬æ-ð

l(x) = ξ(0;1)(x) −

s∑

γ=0

s−γ∑

k=0

(−1)kCγ,kδ
(k)(x− γ)

â�ä×ñ-å¸ò=ýðå�ø�ç-ñ
õ[òãç-å��`û%õ#æ-ê¸ï(å¬õ[ïyïyðìç-ñ�ä
âð%èúûç
β
��s�ø�êÈô2ç-ñ�ä�æ-ê�øt�-âçþ+ûê¸ìðç¸ô2ðýê¸å¸óðë�÷Öõ[âó��ð[ü

ç-â�ä�ø�ûç-ù¸ìê-l�âç-å¬æ-ðÞç-í
é�ê¸ù¸çgñ-ð#ô+ä��Ïä
ûðå¸öÇñ�ä
ê¬æ-åÑèÞó[ä
ó

l̃(x) = 1 −
s∑

k=0

Dk(−1)kϕ
(k)
0 ,

ùÊô2ê
Dk =

s−γ∑
γ=0

Cγ,k
�

�}õ-å¬æ	�
ϕ ∈ L̃m

p (∆)
ð
l̃ ∈ L̃m∗

p (∆)
�auE�!õ-å�ø�ç-ñ-ð%èúìê¸÷}ø�ê¸ó#å¸ðñ-âç-å¬æ-ð�ûìç-å¬æ-ì�ä
âå¬æ-ñ�ä

L̃m
p (∆)

ûìð
1 < p <∞

ðïyê¸ê¸ï
〈l̃, ϕ0〉 = ‖l̃‖eLm∗

p (∆), ‖ϕ0‖eLm
p (∆) = 1. �vQ�



wZx�y i^zX\^{|Y�ge}	[tY�~��+f�[ x���� ~ � [�j-za{|YT�+f�[ x���� j�[tY�g�Y �	���
r�ê-l ä�è�ñ�ä
ìð�äB�ðç-ââ%õ[ò��ÏäÏô+äÏý%õ �vQ� ûçgïyê¬æ-ç¸ô�õ � ë[ø�ê¸ì�ä%þ�â�ä�ÿ�ç¸ô2ðï

〈l̃, ϕ0〉 = ‖l̃‖eLm∗

p (∆)

∫

∆

|ϕm
0 (x)|p−1sgnϕm

0 (x)ϕm(x)dx ∀ϕ ∈ L̃m
p (∆). �n�	�

�Öç�ø�ç6�×ðï
ψm

0 (x) = ‖l̃‖
1

p−1

eLm∗

p (∆)
ϕm

0 (x)
����ç-ùÊô+ä

‖ϕ0‖eLm
p

(∆) = ‖l‖
1

p−1

eLm∗

p (∆)
.

á��¬æ-ç-ïSå�ø�õ[ý�ä
êdõ[ì�ä
ñ-âê¸âðê �n�	� ûìðâðï�ä
ê¬æ×ñ-ð#ô
∫

∆

|ψm
0 (x)|p−1sgnψm

0 (x)ϕm(x)dx = 〈l̃, ϕ〉 ∀ϕ ∈ L̃m
p (∆).

�Öç�ç-ûìêÈô2ê�ø�ê¸âðò=ûìç-ð��Àñ-ç¸ô2âç-ëi÷Öõ[âó��ðð�ûç�ø�õ[ý�ä
ê¸ï
dm

dxm
|ψm

0 (x)|p−1sgnψm
0 (x) = (−1)ml(x). �p���

�dä�ÿ�ç¸ô2ðï\ìê-l�ê¸âðêbõ[ì�ä
ñ-âê¸âð%è �p��� ådûç-ïyç
é��-ò�ûìê¸ç-í-ì�ä$�Àç-ñ�ä
âð%è��!õ[ì��-êB�2áàìê-�¸õÏøt�Ïæ�ä�æ-ê!ðïyê¸ê¸ï

ψm
0 (x) =

∣∣∣∣∣∣∣∣

∑

β 6=0

s∑
k=0

Dk(−2πiβ)ke−2πiβx

(−2πiβ)m

∣∣∣∣∣∣∣∣

1

p−1

sgn
∑

β 6=0

s∑
k=0

Dk(−2πiβ)ke−2πiβx

(−2πiβ)m
. �n�	�

�Öì�ä
ñ
õ[ò�ý�ä
å¬æ	�gì�ä
ñ-ê¸âå¬æ-ñ�ä �n�	� ì�ä$�¬ø�ç6�×ðï\ñ�ì�è#ô��!õ[ì��-ê

ψ
(m)
0 (x) =

∑

γ 6=0

cγe
−2πiγx,

ùÊô2ê

cγ =

∫

∆

∣∣∣∣∣∣∣∣

∑

β 6=0

s∑
k=0

Dk(−2πiβ)ke−2πiβy

(−2πiβ)m

∣∣∣∣∣∣∣∣

1

p−1

sgn
∑

β 6=0

s∑
k=0

Dk(−2πiβ)ke−2πiβy

(−2πiβ)m
e2πiγydy. �p���

r�ê-l�ê¸âðêbõ[ì�ä
ñ-âê¸âð%è �n�	� ç-ûìêÈô2ê�ø�èê¬æ-åÑèÞì�ä
ñ-ê¸âå¬æ-ñ-ç-ï

ψ0(x) =
∑

γ 6=0

cγe
−2πiγx

(−2πiγ)m
, �p���

ùÊô2ê
cγ
ñ-öÇì�ä$��ä
ê¬æ-åÑè�÷dç-ìï�õÏø�ç-ë �p��� �á�ê¸ìâê¸ïyåÑè�óiìê-l�ê¸âðòWñ�ä
ìð�äB�ðç-ââç-ë��ÏäÏô+äÏýð���áàå¸ð[ø�õ

〈l̃, 1〉 = 0
â�ä�ÿ�ç¸ô2ðï

∫

∆


(−1)m+1

∑

β 6=0

s∑
k=0

Dk(−2πiβ)ke−2πiβx

(−2πiβ)m
+ c


ϕm(x)dx = 〈l̃, ϕ〉. ���6���
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r�ä
ñ-ê¸âå¬æ-ñ-ç ���6��� ç-ûìêÈô2ê�ø�èê¬æ�ç-í
é�ê¸êúûìêÈô2å¬æ�ä
ñ�ø�ê¸âðê�ûê¸ìðç¸ô2ðýê¸å¸ó#ç-ù¸ç�÷Öõ[âó��ðç-â�ä�ø2ävñ ç-í
é�ê¸ïñ-ð#ô2êB�

�Öìðïyê¸âðïSâê¸ì�ä
ñ-ê¸âå¬æ-ñ-ç�����øt��ô2ê¸ì�ä

〈l̃, ϕ〉 ≤




∫

∆

∣∣∣∣∣∣∣∣

∑

β 6=0

s∑
k=0

Dk(−2πiβ)ke−2πiβx

(−2πiβ)m
+ c0

∣∣∣∣∣∣∣∣

p′

dx




1/p′

‖ϕ‖eLm
p

(∆).

á�ñ-êÈô2ê¸ï\ç-í-çB�Àâ�äÏýê¸âðê

Bs
m(x) =

∑

β 6=0

s∑
k=0

Dk(−2πiβ)ke−2πiβx

(−2πiβ)m
.

�iðâðïyð��Àðì%õ-ê¸ïàå�ø�êÈô�õ[òÂé�ê¸ê!ñ-öÇì�ä$� ê¸âðêdûç
c
�

J(c) =

∫

∆

|Bs
m(x) + c|p

′

dx.

uE�}ìê-l�ê¸âð%èîñ�ä
ìð�äB�ðç-ââç-ë��ÏäÏô+äÏýð
J(c) ≥ J(c0)

ñ-öÕæ-ê¸ó[ä
ê¬æ�þý%æ-ç û�ä
ì�ä
ïyê¬æ-ì
c0
ç-ûìêÈô2ê�ø�èê¬æ-åÑèÓð��

õ[ì�ä
ñ-âê¸âð%è
∫

∆

|Bs
m(x) + c0|

1

p−1 sgn[Bs
m(x) + c0]dx = 0.

s�ðå¬æ-ê¸ï�ä �p��� ðïyê¸ê¬æ`êÈô2ðâå¬æ-ñ-ê¸ââç-ê!ìê-l�ê¸âðê�� m�� ����#�t���#�Ö$��Z�����t�
1 < p < ∞ ∀ϕ ∈ L̃m

p (∆) � l̃ ∈ L̃m∗

p (∆)
�
ψ0(x) �¡ �¢ �-£G¤�¥9¦¨§)�t©�ªe§6«�¬$§B�§B®�§-��«°¯t¥1¤t�t±6��e®�¥�� ¢ ±�²'±�³Z´�ª ¢�µ �t±6ªe§)�t§ l̃0(x) � £V±�±6¶�·V¥�¥T¯B¤�¥-$�-£�§	¸���¥-ªe�t¥T±6¯e£���¦¨§)�t©�ªt±�²'±�¯t¥1¤t�t±6��e¹®�¥�� ¢ ±�²'±T³Z´�ª ¢�µ �t±6ªe§)�t§ l̃0(x) ��¦<¥�¥-£º¸$�e

〈l̃, ϕ〉 =

1∫

0

[Bs
m(x) + c0]ϕ

mdx ∀ϕ ∈ L̃m
p (∆),

 �¢ �-£G¤�¥9¦¨§)�t©�ªe§6«�³Z´�ª ¢�µ ��« ψ0(x)
-��«�¯t¥1¤t�t±6��e®�¥�� ¢ ±�²'±�³Z´�ª ¢�µ �t±6ªe§)�t§ l̃0(x) ¸�«t¸$ªt±^¦¡¸$�e$¥�¸$»a¤§B¹

¼ §	¥-£V�H«�³½±J¤¦¨´���±6¾

ψ0(x) =

1∫

0

(
|Bs

m(x) + c0|
1

p−1 sgn(Bs
m(x) + c0)

e−2πiγx+2πiγy

(−2πiγ)m
+ c0

)
dx,

ªt±J¤¦¨»°¯t¥1¤t�t±6��e®�¥�� ¢ ±�²'±<³Z´�ª ¢�µ �t±6ªe§)�t§ l̃0(x) �  �¢ �-£G¤�¥9¦¨§)�t©�ªt±6¾�³Z´�ª ¢�µ �e� ψ0(x)
��±�±6£V¸B¥-£V�-£V¸B¥-ªe¹

ªt±V±6¯B¤�¥-$¥���«e¿+£V�H«�¤§	¸B¥-ªt�-£V¸$§6¦¨�

‖l̃0‖eLm
p (∆) =

[
|Bs

m(x) + c|p
′

dx
]1/p′

;

‖ψ0(x)‖eLm
p (∆) =

[
|Bs

m(x) + c|p
′

dx
]1/p

0
.



wZx�y i^zX\^{|Y�ge}	[tY�~��+f�[ x���� ~ � [�j-za{|YT�+f�[ x���� j�[tY�g�Y �	���
ÀÂÁ�ÃÅÄ@ÆÈÇÊÉ�Ã�ËEÌ+ÍÅÎ<ËGÏ�Í�Ð
ÑÓÒJÔ�Õ|Öt×�ØeÙXÚ�ÛÜÖ�Ý5ÞàßaÞ	á�â$ã-äå�ã�æ6çBå�è�é½ê�ëbì)åí�ç-îé°ï ÆHð í/í/êHæ6å ð�ñ è�é½íóòì)ô^å�ã�è ð�ñ è�é½í�ïJî�ì6ê^í�õ6õGö ð�÷�Û ø íXã�æ Ûè�ã^çBù ðtú�ûýü�Û è�ã^ç ñ�Û æ6å Û	þ î�ã�è øvþ äÿ���Ò������ Û�û�Û�����	
���#Û
Ñ -Ô����������������aÜ��VÞ��EÞ �!�#"$�Û����óÖ�%��aÜ�&VÞ��EÞ�'+ì)åíXã�ì ü�( êHô'ì@â ð ä�ã|òêHå ð ì^ä ð�ñ ê^ïHùBì)ô'ì5ë+çBè�ù
) ð ì)è�ã-î�ã|âò�åì6ïHæ6å�ã�èïHæ6â�ê û�Û *dÛ$û ì ü ì�î�êHâ$ã

L̃m
p (∆)

�
1 < p < ∞
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