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0 < µ0 6 µ(s) 6 µ1, 0 < k0 6 k(s) 6 k1, 0 < κ0 6 κ(s) 6 κ1 ∀ s ∈ R.
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V6:M9;:MCVÙSR�Ì4ÍUTïÜ�Î�ÝÚÌ
óöõ�ä�á�á8� � úÚü*��� ��ñ4�4�fçS�@�@
 ù@�

õz��á�á�ë|ä�ß"�4��ë/�Y�Ú����î�à8î4��à

Lu(x) ≡ D
{α,β}
0x u(x)− λD

{γ,δ}
0x u(x) = f(x), 0 < x < 1, (1)

� �Úà
D

{α,β}
0x

ú
D

{γ,δ}
0x

� ä���à��Ú��ß
ä��4â � ��ä"��î�ä � äK��� #W#*à���à8î�A4����ä�����î4� �  oí?� �
��ò � îÚ���
ü,à���á�à�á � îÚ��ú+��á�á�ä�A4�4����ä�����î4î4â(à&á��Y��ä�� � �Úä�ñ�à8î4î4â(ëz�$�Ú�!�Ú��ëz� {α, β} � {γ, δ} ��ä�� � ���+ä��
µ = α+ β − 1 > 0

ú
ν = γ + δ − 1 > 0

á�ä�ä�ß��
à8ß
á8ß��
à8î4î�ä4ú
µ > ν, λ ∈ R

û
ø���à��Ú��ß
ä�� � ��ä"��î�ä � ä ��� #W#*à���à8î�A4����ä�����î4� �  oí?� �
��ò � îÚ��� ü,à���á�à�á � îÚ��úz��á�á�ä�A4��å����ä�����î4î4â$ê á;��ä�á0�Úà0�Úä�����ß
à0� ��î�ä�á8ß"�"� {γ0, γ1, . . . , γn}

��ä�� � ����� α =
∑n

k=0 γk − 1 > 0,
γk ∈ (0, 1],

ä�����à0�Úà0� � à8ß
á � á�ä�ä�ß�î�ä�òVà8î4��à�ëQë �­ì

D
{γ0,γ1,...,γn}
0x u(x) = Dγn−1

0x D
γn−1

0x . . . Dγ1
0xD

γ0
0xu(x),

� �Úà
Dγ

0x

�æ����ä��4���
ä���îÚ� � óÅ�4î4ß
à � �Ú���	�$õ|��ë~��îÚ���æ`,���+�����4� � ë ��ì û
õz����ë|à��4î�ä�á8ß"� � � �Ú�&���4î�à8ê4î4â��ï��� #W#*à���à8î�A4�Ú��� ��î4â��=ä���à��Ú��ß
ä���ä�� óÐA�à0�Úä � ä*�ï� ��ä"��åî�ä � ä(��ä�� � �������0ú*����� ���Ú�������Úä4ú*á8� � ����îÚ� á¥��ä�� � ���+ä�ë á8ß��!�4òVà8ê[����ä��4���
ä���î�ä�ê2ûoü*��å

���4��ë|à��2úK�4� � ä���à��Ú��ß
ä���ä�� õ|��ë~��îÚ� � `,���+�����4� � � �*�!���+ß
ä ��ä�� � ����� α,
� �Úà

m− 1 < α 6 m,
á�ä�ä�ß��
à8ß
á8ß��"�Y�=�ï� � �Ú����ë|à��4î�ä�á8ß"�t�Ú����îÚ�

m
û

�;�%��î4î�ä�ê¥�Ú����ä�ß
à���ä�á8ß"��ä�à8î�äMä"���Và�àt����à0�Úá8ß������Úà8î4��àX��à8òVà8î4� � �Y�Ú����î�à8î4� � ó � �*����4��l�ß
ä�ë
��ä���������î�ä4ú�ñ4ß
ä=�Ú����ë|à��4î�ä�á8ß"� � � �Ú��ä���à��Ú��ß
ä��Ú� L ��������á8�4ß*ä�ß<�Ú��á�����à0�Úà0�Úà8î4� ��Ú�!�Ú��ë|à8ß"��ä��
α
ú
β
ú
γ
ú
δ
�Zë|ä�íuà8ß$��â$ß"���Ú����î�ä�êFî���� �Vû

 uä���������îÚ� á0�Úà0� �Y�=�ï� �9�Î�ÙÚÜ�Î+Ï&Ì	:7vyxcz+{�|��7x���������µ
f(x)

��~��;��z+{��4�(�c�����¶�(�����
f(x) = D−ε

0x g(x)
�
g(x) ∈

L[0, 1]
�
ε > σ − µ.

�.���C�j�¶���R¤(�(��~����!x(��µ�~.�?�(�K~���¥������?�Kx�~j�4�(�?������µ
(1)

¤	x4���+{��c���+{�|
�(���

1)
��~.�

α > γ

u(x) =

x∫

0

f(t)(x− t)µEµ−ν,µ+1(λ(x− t)µ−ν) dt+

+xα−1Eµ−ν,α(λx
µ−ν)

[
Dα−1

0x u(x)
]
x=0

;

2)
��~.�

α = γ

u(x) =

x∫

0

f(t)(x− t)µEµ−ν,µ+1(λ(x− t)µ−ν) dt+
xα−1

Γ(α)

[
Dα−1

0x u(x)
]
x=0

;

Z



3)
��~.�

α < γ

u(x) =

x∫

0

f(t)(x− t)µEµ−ν,µ+1(λ(x− t)µ−ν) dt,

�C���
Eα,µ(z) =

∑∞
k=0 z

k/Γ(αk + µ) · �7x���������µ¹¸¢�?{({��4� ·»º �+�£�y�?�;~j�$ë d ú���û ��� P ì }
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÷G�o÷Gß�àO
 ù�³���ü,�,ý@�@äïú!ø&õOß�ø&üoø&õO

�,õµø&��ù&ü,ü,ù<q¸�oø;÷$ø&�(ø�`Wà~�µ�
�[�oø&õµø�YS ®à~ü,ü,ù<q ÷G�o÷Gß�àO
Mø=äæ³���ü,�,ý@�@ä[`*ù=¶fà~õ~õ%ùWå

_;:|Ë�:O\ÚÌ�Û^]CÐzÏ&Ð�Ü°×�Ì4Î�Ý
óöõ�ä�á�á8� � úS
?���+��ñ4�����%�Uç� uü,ýãõ%ù&üE�

�<�
á8ß"�
p > 1

ú
Lp � ����ä�á8ß"�Ú��î�á8ß��
ä?�4��ë|à��4��ëzâ��¥#@�+î4��A4�4ê

f
ú�ä�����à0�Úà0�Úà8î4î4â��CîÚ�

��ä�� �
ä�á8�
[0,∞)

� ß����4�U�rú�ñ4ß
ä

‖f‖Lp =

( ∞∫

0

|f(x)|p dx
) 1

p

<∞,

W r
Lp

�¸��ä������%��á�áW#@�+î4��A4�4ê
f
ú+î�à�����à��4â$��î�äV��� #W#*à���à8î�A4�����
à�ëzâ��

r− 1
�Ú���
ú+�4� � �+ä�åß
ä��4â��

f (r−1) ����á�ä�� �&ß�î�ä?î�à�����à��4â$��îÚ�MîÚ�c����ä��4���
ä�� ��î�ä�ë á�à � ë|à8î4ß
à
[a, b] ⊂ [0,∞)

ú
�
f (r) ∈ Lp ûM±,à���à8� µαn(x) (n = 0, 1, . . .)

ä"��ä���îÚ��ñ4��ë�#@�+î4��A4�4� `o� � à����Ú��ú|�+ä�ß
ä��4â(à
ä�����à0�Úà0� � �&ß
á � �Ú���
à8î�á8ß��
ä�ë

µαn(x) =
√
ρ(x) lαn(x),

� �Úà
ρ(x) = e−xxα

ú
lαn(x)

� ä���å
ß
ä�î�ä���ëz����ä�����î4î4â$êm��ä����4î�ä�ëB`o� � à����Ú� á8ß
à���à8î4�

n
û�â�ä���ä�òVäZ�4���
à�á8ß�î�ä4úzñ4ß
ä á8��á8ß
à�ë~�

#@�+î4��A4�4ê {µαn(x)}∞n=0

���4�
α > −1

ä��4ß
ä�î�ä���ëz����ä�����îÚ� ä�ß�î�ä�á8�4ß
à0� ��î�ä á8����� � �4î�ä � ä����ä��4���
à0�Úà8î4� � 〈µαm, µαn〉 =
∫∞
0 µαm(x)µαn(x) dx.

�/�Ú����ä�ß
à�ë �­ì ��â��Úä���ä���������î�ä4ú�ñ4ß
äïá8��å
á8ß
à�ë~�K#@�+î4��A4�4ê {µαn(x)}∞n=0

���4�
α > 0

ä"���Ú�����Y�&ß��
������á ������ä�á8ß"�Ú��î�á8ß��
à
Lp �4� �

4
3 < p < 4

û
� îÚ��á8ß
ä � �Và8ê �Ú����ä�ß
àê�Ú��á�á�ë~��ß"�4�4����à8ß
á � á8��á8ß
à�ë~� #@�+î4��A4�4ê

µαr,n(x)
ó
r ∈ N

ú
n = 0, 1, . . .

�0ú|���
à0�Úà8î4îÚ� � ���Ú����ä�ß
à7ë ��ì ú�ä��4ß
ä�î�ä���ëz����ä�����î4îÚ� � ���4�
α > −1

ä�ß�î�ä�á8��å
ß
à0� ��î�ä á8����� � �4î�ä � ät����ä��4���
à0�Úà8î4� � ÷µä"��ä��Úà8���

〈f, g〉 =
r−1∑

ν=0

f (ν)(0)g(ν)(0) +

∞∫

0

f (r)(t)g(r)(t) dt

�X��ä���ä�íV�Úà8î4îÚ� � #@�+î4��A4� � ëz�X`o� � à����Ú�
µαn(x)

ó
n = 0, 1, . . .

�J��ä�á���à0�Úá8ß��
ä�ë/�Ú���
à8î�á8ß��

µαr,n(x) =
xn

n!
, n = 0, 1, . . . , r − 1,

µαr,r+n(x) =
1

(r − 1)!

x∫

0

(x− t)r−1µαn(t)dt, n = 0, 1, . . .

ø&á8î�ä���î4â(ëz�c��à8����� ��ß���ß���ëz�?îÚ��á8ß
ä � �Và8ê,�Ú����ä�ß�â � ��� � �&ß
á � á0�Úà0� �Y�=�u��à,ß
à�ä���à�ëzâ*û9�Î�ÙÚÜ�Î+Ï&Ì»ÄS:Åvyxcz+{�|
α > 0

�
A > 0

� 4
3 < p < 4

�
f ∈ W r

Lp } �.���C�j�¹~�µ��»Æ7x�~.|��
�7x����������

f
�?��z��?z+{(�=��� {µαr,n(x)}∞n=0

z"Ç����.�?{(z;µR~j�4�(�?�4���;~.�?�Å�({��?�(z��?{(����|(�?�
x ∈ [0, A] }
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α > −1 } �.���C�j�Ìz���~j�4���;�.�����(�Íz��?�;�cx����Î�?�Î~����ex�~�~����?{����K�

z+�(�({��?��¥�������µjÏ
µαr,n(x) =

x

n
µαr,n−1(x), 1 6 n 6 r − 1;

rµαr+1,r+1(x) = (x− 2r − α)µαr,r(x) + 2xµαr−1,r−1(x), r > 1;

µα1,n+2(x) =
2xµαn(x)− µα1,n+1(x) +

√
n(n+ α)µα1,n(x)√

(n+ 1)(n+ α+ 1)
, n > 0;

rµαr+1,r+n(x) =
√
n(n+ α)µαr,r+n(x) + (x− 2n− α+ 1)µα

r,r+n−1(x)+

+
√
(n− 1)(n+ α− 1)µαr,r+n−2(x), r > 1, n = 2, 3, . . .

9�Î�ÙÚÜ�Î+Ï&ÌÌÐ×:�Ñ���~j�4���;�.�����e��z��?�;�cx������4µÒ��z��c�&�?{(�({��j�e�+z����4µÓ�£�!~?��x(�.��Ï

µ01,1+n(x) =
xe−

x
2

n+ 1
L1
n(x) +

x2e−
x
2

2(n+ 1)(n+ 2)
L2
n(x) + ϑn(x),

�`�c�({(�!~���¡¶�.��µ��(z+{���{(���J�?���J�¹�J�?���.��z���~j�4���;�.�����(�»z��?�;�cx����Î�?�£���?��������Ï

O

(
1

n3

)
, 0 6 x 6

1

n
,

O

(
1

n
7
4

)
,
1

n
6 x 6 ω.




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� ß�àµø&õO�@� �,õ%ù=à~��ã7â�N!ù$ uùM±  E`EqØ��õ%ù&��ü@à~ü@�Wq
÷ ø=�@à~õ%ùMß�ø&õµø=
  uõµø&��üoø=¶�øÂ ®�o÷µ�,õOàOß$üoø

õ%ù�÷G�,õOà� ®àM`Wà~ü,üoø=¶�øã ®�E³?³®à~õOà~ü,ý@�,õµø&��ù&ü@�WqEå

a�:Mbc:O\ÚÌ�Û|×�ÙÚÝÚÌ
óöõ�ä�á�á8� � úÚü*��� ��ñ4�4�fçS�@�@
 ù@�

�U�4î4ß
à��4�����Úà
0 < x < 1

�Ú��á�á�ë|ä�ß"�4��ëm�Y�Ú����î�à8î4��à
m∑

j=1

βj∂
αj

0xu(x) + λu(x) = f(x),
ó � �

� �Úà
αj ∈]1, 2[ ú λ, βj ∈ R

ú
β1 > 0

ú
α1 > . . . > αm

ú
∂γ0xu(x)
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= r ln
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K

N

)
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N(t) = K exp

(
ln

(
N(0)

K

)
e−rt

)
, lim

t→∞
N(t) = K.
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#@�+î4��A4�4� ¶+ä�ë^��à��4ß"AÚ�?ä�ßMë|ä��Úà0���r³uà����U��� �
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Ñ
��à���à � � �
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�µ��� �&ñ4��ëK�*ë|ä��Úà0� ����!�Ú���8��â$���!�=�®�Y�í��à � ��� � A4���Ø� �4� � ß���à κ �
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ó d �
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γ
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tj, k 6= j.
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∂zj
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Tj,z(f)(t) :=

{
tjf(t)−zjf(tj,z)

tj−zj
, tj 6= zj ,

zj∂jf(tj,z) + f(tj,z), tj = zj ,

�
Tz := T1,zT2,z · · · TN,z
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⋃

n∈N En
ú � �Úà

En :=

{
f ∈ H(CN )

∣∣∣∣ sup
z∈CN

|f(z)|
exp(vn,k(z))

< +∞ ∀ k ∈ N

}
.
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ä�ë
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äW³E��à8òVà
En

î�à�����à��4â$��î�ä����Úä�íuà8î�ä&�
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á0�Úä���� � ë$ú2ä"��à�á���à8ñ4�4���!�=�u��ë �4î4���!�4�Ú��î4ß�î�ä�á8ß"� E ä�ß�î�ä�á8�4ß
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î4â��Fî�à�����à��4â$��î4â��Mä���à��Ú��ß
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�
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á � ä���à��Ú�!A4� � ��ëzî�ä�íuà8î4� � (ϕ⊗ψ)(f) := ϕz(ψ(Tz(f)))

ú
ϕ,ψ ∈ E ′ ú f ∈ E

û�÷Mî�à8ê
E′á8ß���î�ä����4ß
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(ϕ⊗ ψ)(f) = ϕz(ψt(f(t+ z))), ϕ, ψ ∈ E ′, f ∈ E,

�
ϕ ⊗ ψ

� ä"��â$ñ4îÚ� � á8�
à��4ß�����ûMß����+ä�à$��ëzî�ä�íuà8î4��à ⊗ �
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E
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∀n ∃m ∀ s ∃ k ∃C > 0 : vn,k(t+ z) 6 vm,s(t) + vm,s(z) + C, t, z ∈ C
N .

�rl�ß
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ϕ 7→ Bϕ
�
Bϕ(f)(z) := ϕt(f(t + z))

�
z ∈ C

N � f ∈ E
�
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á8ß"� ß
à���à����
N = 1

� A � á8��á8ß
à�ë~��ú�á�ä�á8ß
ä � �ï� � �4�*ä���î�ä � ä ä���à��Ú��ß
ä��Ú���,ä�ë|ë^�
à
D0,g0

ú2ä�����à0�Úà0� � à�ë|ä � äFß����2û�Nr��#,�4�+á8�����
à�ëQ#@�+î4��A4���
g0 ∈ E

ß������Y�Vúrñ4ß
ä
g0(0) = 1óÐ����à0� ��ä��%� � � � úÚñ4ß
ä ä�îÚ�Vá��Y�Và�á8ß��"�
à8ßY�0ú��X��ä��Úä�íï��ë

D0,g0(f)(t) :=

{
f(t)−g0(t)f(0)

t , t 6= 0,

f ′(0) − g′0(0)f(0), t = 0.

�*���M�?��â$òVà�ú	����à0� ��ä��%� � ��à�ë$ú°ñ4ß
ä
vn,k

���Úä����Úà8ß��
ä�� � �&ßFá8ß���î��%�!�4ß�î4â(ë ß
à­��î4�4ñ�à�á8�4��ë�
á0�Úä���� � ë$û!ø���à��Ú��ß
ä��4âÂá-����� � � Tz ú z ∈ C
ú+�4� � D0,g0

�����%�!�&ß
á � ��ä?���Ú������� �	�

Tz(f)(t) :=

{
tf(t)g0(z)−zf(z)g0(t)

t−z , t 6= z,

zg0(z)f
′(z)− zf(z)g′0(z) + f(z)g0(z), t = z.

�,ä��Úä�íï��ë �4� � (ϕ⊗ ψ)(f) := ϕz(ψ(Tz(f)))
ú
ϕ,ψ ∈ E ′ ú f ∈ E

û �,ë|à�à8ß=ë|à�á8ß
ä
9�Î�ÙÚÜ�Î+Ï&Ì Ê¸ë ��ì : óÐ©Ð�
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�4���J�+¤!~j� }óÐ©¨©Ð�d|�{(�(¤!~j�4�������?�

κ : ϕ 7→ Bϕ
�
Bϕ(f)(z) := ϕ(Tz(f))

�
z ∈ C

�
f ∈ E

�
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(E′,⊗)
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u(x, t) + (−1)n

∂2n
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µ�¸
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�XÇ�µ�¸�°�·/µ ± ³�°�µr¶�  }

(2) È ¶� �·�ºÆ²^¹`Ã�  ± ·�²^µ�» ± ²^´3Çe¾!·	 É¸	 �·�¶^µS´\Ãª¼�¾X �·�²�°�¼�·1µS´ X µ�¸@¼�·�Ç� �· ± ¼*³W´3Ç� �Ç }
(3) È ¶� �·�ºÆ²^¹`Ã�  ± ·�²^µ�» ± ²^´3Çe¾!·	 É¸	 �·�¶^µS´\Ãª¼�¾X �·�²�°�¼�·1µS´ X µ�¸1¸�°�·�¼�´\Ã�¹ ºiÇ�µ~²�Ã�¼�´!²^¹ }
(4) È ¶� �·�º ± ²^´3Çe¾!·	 É¸	 �·�¶^µS´\ÃªÇ�µ~²�Ã�¼�´!²^¹A¼�¾X �·�²�°�¼�·1µS´ X µ�¸1¸�°�·�¼�´\Ã�¹ ºÆÇ�µ~²�Ã�¼�´!²^¹ }
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Dα
0tu(t)− λu(t)− µH(t− τ)u(t− τ) = f(t), 0 < t < 1,

ó � �
� �Úà

1 < α 6 2
ú
λ
ú
µ
� ����ä��4���
ä�� ��î4â(àc��ä�á8ß
ä � î4î4â(à�ú τ � ��ä��Úä�íï�4ß
à0� ��î�ä�àFñ4��á0�Úä4ú

Dα
0t

� ä���à��Ú��ß
ä�� � ��ä"��î�ä � äï�4î4ß
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Dν
stg(t) =





sign (t−s)
Γ(−ν)

t∫
s

g(ξ) dξ
|t−ξ|ν+1 , ν < 0;

g(t), ν = 0;

signn(t− s) dn

dtnD
ν−n
st g(t), n− 1 < ν 6 n, n ∈ N,

H(t)
� #@�+î4��A4� � â�à8����á���ê��%��û�r�Ú����ä�ß
àW��ä�� �+ñ�à8î�ä?��à8òVà8î4��à@�Y�Ú����î�à8î4� � ó � �8úU���Úä����Úà8ß��
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á0�Úä���� � ë

a lim
t→0

Dα−1
0t u(t) + b lim

t→0
Dα−2

0t u(t) = 0,

c lim
t→1

Dα−1
0t u(t) + d lim

t→1
Dα−2

0t u(t) = 0,

ó � �

���4�4ñ�à�ë
a2 + b2 6= 0

�
c2 + d2 6= 0

û
õ�à8òVà8î4��à*�����%��ñ4�Có � � ÿ ó � �µ��ë|à�à8ß �����

u(t) =

1∫

0

f(ξ)G(t, ξ) dξ,

� �Úà

G(t, ξ) = H(t− ξ)Wα(t− ξ) + (cW1(1− ξ) + dW2(1− ξ))
bWα(t)− aWα−1(t)

4 ,

4 = ac(λWα(1) + µWα(1− τ)) + (ad− bc)W1(1)− bdW2(1) 6= 0,

Wν(t) =
∞∑

m=0

µm(t−mτ)αm+ν−1
+ Em+1

α,αm+ν(λ(t−mτ)α+), ν ∈ R,
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Eρ
α,β(z) =

∞∑

k=0

(ρ)kz
k

Γ(αk + β)k!
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ϕn(x) (n = 0, 1, . . .)
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ρ[a, b]
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ρ = ρ(x)
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A4� � ûe³ �!�Ú�!�������4î�ä���â(ë �ïûY�ïûY��â��ÚäE��ä���������î�äZóöá�ë$û ú�îÚ�!���4��ë|à��2ú	ë � ú ��ì �0ú�ñ4ß
äoîÚ�oä�á8î�ä��
à
á8��á8ß
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〈f, g〉 = f(a)g(a) +

1∫

−1
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û

�ØîÚ��á8ß
ä � �Và8ê7�Ú����ä�ß
à���â��7��ä�á8ß"��ä�à8î ñ4��á0�Úà8î4î4â$êCë|à8ß
ä�� �4� � îÚ����ä�íV�Úà8î4� � î�à���ä�å�����4íïî�ä�êVß
ä�ñ4�4�Vä���à��Ú��ß
ä��Ú�
AN

û!ß����4íuà���â��%�;�Ú�����Ú����ä�ß���îÚ�&�+ä�ë^���"�&ß
à��4îÚ� � ����ä � �Ú��ë�åë~��ú2ä�á��Y�Và�á8ß���� � �=�ï� � ���4� �����4íuà8î4î�ä�àt��à8òVà8î4��à �����%��ñ4�J�,ä�òu�?�4� � á8��á8ß
à�ëzâSä"��â$��å
î�ä��
à8î4î4â�� ��� #W#*à���à8î�A4�Ú��� ��î4â��X�Y�Ú����î�à8î4�4êc�+��������î4î4â(ël��â$òVà*ë|à8ß
ä��Úä�ë$û

n�þ



aFÐ�Í�Î�Ü�Ì4ÍYo2Ü�Ì
Á0Ê��7øC½�ø�ù�Ã�§�Q�P�ü�ý£ú�ÿ�ú�ÿ ���7øC½�ø�ù�Ã�§�Q�P�ü�ýd0Yÿeú�ÿYð|£�¤�®�¬�£0¹4¼|¿�£0§�º8£�·-£�¬�¥3¤�»0¬�¼2©(¦�£EÔ%£­ï0£�¤�©­¨0¸�¿�¦�£�¾
§�£3´~ª�©­¬�¬�¼2©$¹4¬�£�·-£�·Ìó�¤�©­¬�¥�¹4® û|©Ìï�¼fÒ~©­¨�¥�¿4£0§�º8£�·-£�¬�¥3¤�»0¬�¼2¹4®V¬�¥�±²©²º8¢�©7���y�MË­¨�Ê�¨0¸�Ë²£�¨�Ê�ô�¥�º�Ê �
È�Ç�Á���Ê ��
%Ê�ö0È�¿�À È�Ê ��Ô°Ê�É	�ÌÛ4�=��Ê

È�Ê��7øC½�ø�ù�Ã�§�Q�P�ü�ý�ú�ÿ+ú�ÿeÔÚ¦�© ò�®�¥3¤�»0¬�¼2©°§eÝ�ª�¼=¦�£~¦�£�¤�®�¬�£0¹Ú¥�¹ V~¥3·-©²§�§�¥z®(®�½$¥3¦�¦�§�£0¢�±­®�¹Ú¥�º0®�¨0¬�¼2©
±­¨8£�³�±²º0¨�¥�����ÔÚ®�ï�Ê�¹Ú¥�º�Ê�´�¸�§�¬+Ê �$È�Ç�Á���Ê ��
%Ê�ö�Ã�¿�À È�Ê ��Ô°ÊJÈ!È8Ç�Û+È8É	��Ê

Ä�Ê��7øC½�ø�ù�Ã�§�Q�P�ü�ý&ú�ÿ�ú�ÿ ��¿@ø�©�ü�à?®ñ§�p ªOø!¯]ÃJàÕü�ýAî®ÿ p���ÿ�ß�ÿjÖ ¦�§�©«ª�±²º0¥3¨0¤�©­¬�®�®�§�©ÌÒ~©­¬�®�ÝJË-¥-ª
¥Ìó�®Gõ|£­Ò|®
§eÝ�ª�£0¹$ñ~¸�§�»8©°¦�£�¦�£�¤�®�¬�£0¹Ú¥�¹r¿�£0§�º8£�·-£�¬�¥3¤�»0¬�¼2¹ï¦�£�Ô%£­ï0£�¤�©­¨0¸�¿�¦�£0§�£3´~ª�©­¬�¬�¼2¹=¹4¬�£�·-£�ó�¤�©­¬�¥�¹4®V~¥3·-©²§�§�¥7���XÁ~®�¯�Ê�¸�§�¥3¨0¬�©­¬�®�Ý
Ê �$È�Ç�Á-Ã�Ê ��
%Ê"ö�È�¿�À Á0Ê ��Ô°Ê�ö�Á Û�É0Ã�ÊÈ�Ê��7øC½�ø�ù�Ã�§�Q�P�ü�ý�ú�ÿ�ú�ÿÌÙ|©²¢�£0º8£0§�¼2©%±­¦�© ò�®�¥3¤�»0¬�¼2©Ú§eÝ�ª�¼u¦�£2£­ï�"|®�¹,¦�£�¤�®�¬�£0¹Ú¥�¹ÅV~¥3·-©²§�§�¥r®�§eÝ�ª�¼
ñ~¸�§�»8©�¦�£~¦�£�¤�®�¬�£0¹Ú¥�¹�V~¥3·-©²§�§�¥�¿�£0§�º8£�·-£�¬�¥3¤�»0¬�¼2¹ï¦�£�Ô%£­ï0£�¤�©­¨0¸Å���XÁµ¥3·-©²±²º0¥3¬+Ê�ã­¤�©²¢�º8§�£�¬+Ê�¹Ú¥�º�Ê
®�Ë­¨�Ê �$È�Ç�Á�ö�Ê ��
%ÊJÈ�Ê ��Ô°Ê���È�Û�Á0Á���Ê

ö�Ê��7øC½�ø�ù�Ã�§�Q�P�ü�ý�ú�ÿ�ú�ÿ<ÔÚ®�±²º8©²¹4¼ ¯°¸�¬�¢�ò�®�³+¿�£0§�º8£�·-£�¬�¥3¤�»0¬�¼2©z¦�£;Ô%£­ï0£�¤�©­¨0¸�¿�¥�±²±²£�ò�®�®�§�£�¨�¥3¬�¬�¼2©
±|£0§�º8£�·-£�¬�¥3¤�»0¬�£�³,±­®�±²º8©²¹�£�³£�����MË­¨�Ê�¶�Ø�Ù�Ê�Ô%©²§�Ê�¹Ú¥�º�Ê �$È�Ç�Á-Ã�Ê ��
%Ê�Ã8È�¿�ÀÂÁ0Ê ��Ô°Ê�È0È­öÌÛ�È­ö�Ã�Ê

n P



¹
º!»�¼�½jº!»�¾U¿U¼�À�ÁY¾UÂ$º!ÃUº�Ä�¾UÅ<¾�½jº!»�¼�½jº!»�¾U¿U¼�À�Á�Æ�¼@½jÆ�Ç ¼�Ä�¾�ÈYÆ�É�º!ÃU¾U¼"Ê
º8©ÌË0Ê�ª�£0¢�¤+Ê�ÍjÎÐÏ
ÑÚ¤�¥-ª�®�¢�¥3¨8¢�Ê�¹�£�¤�£²ª�©²´�¬+Ê�¹Ú¥�º�Ê�Ò~¢�ÊUÓx¶ÕÔ×Ö°¾ÐØ~¿�±0Ê!Ù�Ê!Ú|©­³+¿
Á-É�Û�È�Á~®�Ü°¤�Ý&È�Ç�Á-Ãµ·­Ê Þ

øã÷Jâ&ø� ®�@
Mø,÷Gß��Sõ	q( ïø&�B³���õW´�à/�oøí�oø�`W�,üoø=
 ù=
 q���ø&���
� ��àµ÷$ø&�(ø=
 �,õµø,÷Gß$õ%ù&üo÷Gß$��à(`Wà~��àO¶+ù
÷r�@à~õOàO

à~ü,ü@ã6
 �oø&�,ù<N!ùMß�àM`WàO


9;:OLK:M° ÌUx	¬�²uÏ&Ð�Ü�ÙÚÝ
óöõ�ä�á�á8� � úS
?���+��ñ4�����%�Uç� uü,ýãõ%ù&üE�

�<�
á8ß"�
p = p(x)
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à0� ��îÚ� � �4��ë|à��4��ë~� � #@�+î4��A4� � ú2�����%��î4îÚ� � îÚ� E =
[−1, 1]

ú
µ = µ(α, β, x) = (1 − x)α(1 + x)β

ó
α, β > −1

�<� �
à�á�ä���� � #@�+î4��A4� � û�±,à0å��à8�
L
p(x)
µ (E)

ä"��ä���îÚ��ñ4��ëê����ä�á8ß"�Ú��î�á8ß��
ä �4��ë|à��4��ëzâ���#@�+î4��A4�4ê
f = f(x)

ú%�����%��î4î4â��
îÚ�

E
ú��4� � �+ä�ß
ä��4â�� �+ä�î�à8ñ�à8î �4î4ß
à � �Ú���/`*à���à � � ∫
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à�á8ß�î�ä ë �­ì ú
ñ4ß
ä à�á0���
#@�+î4��A4� � p = p(x)

á��Y�Và�á8ß��
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E
ú4ß
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µ (E) � ��� � à8ß
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infx∈E p(x)
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‖f‖p(·)(E) = inf
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∫

E

∣∣∣∣
f(x)

α

∣∣∣∣
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µ(x) dx 6 1



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��ä����4î�ä�ë|ä��êq&�+ä"���

pα,βn (x) = (hα,βn )−
1
2Pα,β

n (x)
ó
n = 0, 1, . . .

� � ��� � à8ß
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�
L
p(x)
µ (E)
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4 α+1
2α+3 < p(1) < 4 α+1

2α+1

ú
4 β+1
2β+3 < p(−1) < 4 β+1

2β+1

û�ý,à0� �"�lîÚ��á8ß
ä � �Và8ê�Ú����ä�ß�â � ��� � à8ß
á � �
á8���Úà8î4��àW�+��������î4î�ä � ä���à8����� ��ß���ß�� îÚ�Vá0� �+ñÚ��ê
α, β > −1
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�G��ä���î�àJ��ä��Úä�íï�4ß
à0� ��î4â(à(ä�ß
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à0� ��î�ä�àMä�ß
ä"���Ú��íuà8î4��à
ϕ : A → B

� l�ß
äK���4î�à8ê4î�ä�à ä�ß
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� � ��� ����à��4ß
ä��
ä�ë ����ä�á8ß"�Ú��î�å
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à~á0��� �4î4�
ä�� �&ß��4��îÚ� � K��iB�å­��� � à����Ú�
��ä���îÚ��úzß
ä?ä�îÚ�FîÚ����â$����à8ß
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WΦ : K → KΦ {��4���?�+�&�e{(�

1) Φ(x) =WΦ?πΦ(x)SΦ �.��µ¶���R¤(���J� x ∈ E {
2) vΦt S

Φ = SΦut
�.��µ¶���R¤(���J�

t ∈ G {
3) wΦ

t W
Φ =WΦu′t

�.��µ¶���R¤(���J�
t ∈ G {

4) [{πΦ(E)SΦ(H)}] = KΦ {
5) [{πϕ(A)SΦ(H)}] = HΦ

�B�C���
πϕ : L(HΦ) → L(HΦ) · �?����~��;~.�7�(���7¡

?
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