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t10�< p ∈ (0;+∞), L2((0; 1);x
pdx) g $.#!��.

�"/�.�"0 ;3�%:�< f , 2 7 7%"0
∫ 1

0 t
p|f(t)|2dt < +∞,

5� !%� 7.�"/ 2#J3�%#/ 〈f1; f2〉 =
∫ 1

0
tpf1(t)f2(t)dt,

�#./#F ‖f‖ =
√∫ 1

0
tp|f(t)|2dt � [x] g :� � C�!�"D

�� C"! � x� M�2#/# )V@, !�>@W-, G# $." ν > 1 ;3�D
%:�7 ?1!!1 7 $1.K#�# .#23 J−ν(z) $#.72%3 −ν /�E
�1!%��C1��3 %� 4%�!�4 2�<!�"0 �3 �� � 2[ν] $#$�.�#
!$.761�"0 %#/$ 1%!�"0 �3 ��� r%G# [ν]g �1$�.�1
:� 1 C"! #, �# !1.12 %#/$ 1%!�"0 �3 �� E 2�� C"!�#
37��"0 )2"�� ��%#6 VNW, V�, !�HQ�W-� t10�< ρj = ρ−ν,j ,
j ∈ N, g �� �3 � ;3�%:�= J−ν(z), 2 7 7%"0 �ρj > 0,
7%G# ρj g %#/$ 1%!�1 C"! # � ρj > 0, 7%G# ρj g
2�<!�1 C"! #�

9"����7 $.# $#��#�3 ;3�%:�< � !"!�1/ ;3�D
%:�< J−ν , 21 ν > 1 g �1:� 1 C"! # .#5� 72� "!4
3 $.�:70 VQqH,>q@@W� �" 2#�#2"/# ��!�3$�1 ��1.D
261��7

�������� g"d�� vj(x) = ρνj
√
πx/2J−ν(ρjx)� ^"

ν > 1 h +�����" !����� /�^� ���
"�� {vj(x) : j ∈
N} [ +"�"+��#"#�\ � +���
��� L2((0; 1);x

2ν−1dx)�
k 7 2#�121��7 :4#�# ��1.261��7 ��/ 5��2#J"D

�4!7 ��!�3$�"< .153 4���
�����V@@W g"d�� z h ^�����#" !����� /�^�∫ 1

0

cos(zt)
J−ν(ρjt)
(ρjt)−ν

dt = (−1)m+1

√
π

2
ρ1+νj ×

×J−ν+1(ρj)

(
1

z

d

dz

)m
J−ν(z)

(z2 − ρ2j)z
−ν , )@-

^" ν > 1 h +�����" !����� m ∈ N 
��"� 1�
−ν+m = −1/2� (z−1d/dz)m h m ��2�� 2��
�����#�
�+"����0 z−1d/dz J^�]"�"#��\��##0 2 #��
%+#��
�#�c"##0� #� 1/zL�
3��"^"##0 
"��"��� k#!"�4 $#%�5��", G# !"D

!�1/� {vj(x) : j ∈ N\{1}} E $#��#F � $.#!�#.�
L2((0; 1);x

2ν−1dx)� 9."$3!�"/#, G# �#�� �1$#����
U#2� �!�3E ��%� ;3�%:�7 ϕ ∈ L2((0; 1);x

1−2νdx), G#
ϕ �= 0 � ∫ 1

0

ϕ(t)vj(t)dt = 0, j ∈ N\{1},

�J# √
π

2

∫ 1

0

ϕ̃(t)
J−ν(ρjt)
(ρjt)−ν

dt = 0,

21 ϕ̃(t) = t1/2−νϕ(t) ∈ L2(0; 1)� t10�<

Q(z) =

√
π

2

∫ 1

0

ϕ̃(t)
J−ν(zt)
(zt)−ν

dt. (2)

S V�, !�N>W /�E/#√
π/2J−ν(zt)/(zt)−ν = cos

(
zt+

mπ

2

)
×

×
[m/2]∑
r=0

(−1)r(m+ 2r)!(zt)m−2r

(2r)!(m − 2r)!22r
−

− sin
(
zt+

mπ

2

)
×

×
[(m−1)/2]∑

r=0

(−1)r(m+ 2r + 1)!(zt)m−2r−1

(2r + 1)!(m− 2r − 1)!22r+1
,

21 −ν = −m− 1/2, m ∈ N� U�%"/ C"�#/,

Q(z) =

[m/2]∑
r=0

(−1)r(m+ 2r)!zm−2r

(2r)!(m− 2r)!22r
×

×
∫ 1

0

ϕ̃(t)tm−2r cos(zt+mπ/2)dt−

−
[(m−1)/2]∑

r=0

(−1)r(m+ 2r + 1)!zm−2r−1

(2r + 1)!(m− 2r − 1)!22r+1
×

×
∫ 1

0

ϕ̃(t)tm−2r−1 sin(zt+mπ/2)dt.

U#2� Q g $�.�� :� � ;3�%:�7 � Q(ρj) = 0, j ∈ N�
?321/# ���6��", G# ci g 217%� !�� �� S��2�# 5 �1D
.����!�F R#K�D?3�7%#�!4%#�# /�E/#∣∣∣∣
∫ 1

0

ϕ̃(t)tm−2r cos(zt+mπ/2)dt

∣∣∣∣ � c1e
|	z|√

1 + |�z| ,

r ∈ {0; [m/2]},∣∣∣∣
∫ 1

0

ϕ̃(t)tm−2r−1 sin(zt+mπ/2)dt

∣∣∣∣ � c1e
|	z|√

1 + |�z| ,

r ∈ {0; [(m− 1)/2]},
21 m ∈ N, z ∈ C� S��2!"

|Q(z)| � c2
e|	z|√
1 + |�z|(1 + |z|)m, z ∈ C.

t10�< L(z) :=
√
π/2zνJ−ν(z) = cos(z +

mπ/2)
∑[m/2]
r=0 ((−1)r(m + 2r)!zm−2r)/((2r)!(m −

2r)!22r)− sin(z +mπ/2)
∑[(m−1)/2]
r=0 ((−1)r(m+ 2r +

1)!zm−2r−1)/((2r + 1)!(m − 2r − 1)!22r+1)� U#D
2� �!�3F�4 $.#/1�� arg z = ψk, k ∈ {0; 1; 2; 3},
ψ0 ∈ (0;π/2), ψ1 ∈ (π/2;π), ψ2 ∈ (π; 3π/2),
ψ3 ∈ (3π/2; 2π), �� 7%"0

|L(z)| � c3(1 + |z|)m exp(|�z|).
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t10�< Q0(z) = L(z)/(z2 − ρ21), Ω = Q/Q0� U#2� Ω
E :� #F $�.�#F ;3�%:�EF $#.72%3 ρ̃ � 1� R.�/
:4#�#,

|Ω(z)| � c4(1+|z|)3/2, arg z = ψk, k ∈ {0; 1; 2; 3}.
f!����7 �1.����!�4 !$.��12 "�� 2 7 �!�0 z ∈ C�
n$.��2�, �10�< G0 = {z : ψ3 < arg z < ψ0},
G1 = {z : ψ0 < arg z < ψ1}, G2 = {z : ψ1 <
arg z < ψ2}, G3 = {z : ψ2 < arg z < ψ3}� U#D
2� ��54/1/# 2#�� 4�3 �# #/#.;�3 �� %3 ;3�%:�=√
ik + z � Gk, k ∈ {0; 1; 2; 3} � .#5� 7�1/# ;3�D

%:�F Ω̃k(z) = Ω(z)/((ik + z)
√
ik + z), �# #/#.;�3

� #J �!�� Gk� t� /16� #J �!�� Gk ;3�%:�7 Ω̃k E
#J/161�#F � /�E $#.72#% ρ̃k � 1 � Gk� U#/3 5��D
2�# 5 $."�:"$#/ o.��/1�� � I��21 4#;�, �#�� E
#J/161�#F � Gk� f�61, |Ω(z)| � c5(1 + |z|)3/2 2 7
�!�0 z ∈ C� w 1, Ω g $�.�� :� � ;3�%:�7� U#/3 Ω
E !�� #F � Q = cQ0�

n%#."!��E/#!4 .����!�F V�, !� HNW

d

dz

J−ν(z)
z−ν

= −zνJ−ν+1(z),

#�."/�E/#(
1

z

∂

∂z

)m
J−ν(zx)
(zx)−ν

= (−1)mx2m
J−ν+m(zx)

(zx)−ν+m
. (3)

f!%� 4%" x1/2J−1/2(x) =
√
2/π cosx, �# 5 )�- � )Q-

/�E/#

c

(
1

z

d

dz

)m
Q0(z) = (−1)m

∫ 1

0

ϕ̃(t)t2m cos(zt)dt.

S ;#./3 " )@- #�."/�E/#

(
1

z

d

dz

)m
L(z)

(z2 − ρ21)
=

=
(−1)m+1ρ−1−ν

1

J−ν+1(ρ1)

∫ 1

0

cos(zt)
J−ν(ρ1t)
(ρ1t)−ν

dt.

U#/3 ϕ̃(t) = −cρ−1−ν
1 t−2m(ρ1t)

νJ−ν(ρ1t)/J−ν+1(ρ1)�
f!%� 4%" ϕ̃ ∈ L2(0; 1), �# :1 /#6 "�# �� 4%" 3 �"D
$�2%3, %# " c = 0� f�61, ϕ̃ = 0, G# !3$1.1C"�4
��K#/3 $."$3G1��F� U1#.1/3 2#�121�#�
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����� 44 @����� �� ���
� 5 !A=<� 5 ��� 7  � 5
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�� ���
���� 44 ���
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����� ��� ��� �������� ����� $������ ���
0����� �$������ 44 ���� m���� �� 
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,�- .������/��� 0�� 1
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� ������� �� 0����� ���
����� �� ����� −3/2 44
hX_V`X_P\Z� w_]U�c� 5  "!"� 5 ��� 7  � 5 w� !6 8!6A�
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����� 3� 3� 
��$�������� �� �
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