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Abstract

This paper studies the mapping properties of the integral operator generated by that singular integral which arises in the theory
of I. Vekua generalized analytic functions. Boundedness problems are explored in weighted grand Lebesgue spaces.
c⃝ 2016 Ivane Javakhishvili Tbilisi State University. Published by Elsevier B.V. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The theory of generalized analytic functions was developed by L. Bers and I. Vekua. We refer to their books [1–3].
Generalized analytic functions of the class Ur,2(A, B; E), r > 2, in the sense of I. Vekua, are regular solutions of the
equation

∂zΦ(z) + A(z)Φ(z) + B(z)Φ(z) = 0, (1)

where ∂z =
1
2 ( ∂

∂x + i ∂
∂y ), A(z), B(z) ∈ Lr,2(E), r > 2. Here E denotes the plane. The set of functions f defined on

E is called the class Lr,2(E) if

f (z) ∈ Lr (U ), f0(z) = z2 f
1

z


∈ Lr (U ), U = {z : |z| < 1}.

Let Γ be a simple, rectifiable curve of the complex plane.
Let f ∈ L1(Γ ). It is known [3,4] that the integral

Φ(z) =
1

2π i


Γ

Ω1(z, τ ) f (τ ) dτ − Ω2(z, τ ) f (τ ) dτ , (2)

∗ Corresponding author at: Department of Mathematical Analysis, A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State
University, 6 Tamarashvili st., Tbilisi 0177, Georgia.

E-mail addresses: kokil@rmi.ge (V. Kokilashvili), meskhi@rmi.ge (A. Meskhi), paatashvilitam2@gmail.com (V. Paatashvili).
Peer review under responsibility of Journal Transactions of A. Razmadze Mathematical Institute.

http://dx.doi.org/10.1016/j.trmi.2016.07.004
2346-8092/ c⃝ 2016 Ivane Javakhishvili Tbilisi State University. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.trmi.2016.07.004&domain=pdf
http://www.elsevier.com/locate/trmi
http://dx.doi.org/10.1016/j.trmi.2016.07.004
http://www.elsevier.com/locate/trmi
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kokil@rmi.ge
mailto:meskhi@rmi.ge
mailto:paatashvilitam2@gmail.com
http://dx.doi.org/10.1016/j.trmi.2016.07.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


V. Kokilashvili et al. / Transactions of A. Razmadze Mathematical Institute 170 (2016) 212–214 213

where Ω1 and Ω2 are the so-called basic normalized kernels of the class Ur,2(A, B; E), is a regular solution of (1)
(see [2,3] for details). The integral (2) is called the generalized Cauchy type integral. The corresponding generalized
singular integral is introduced as

SΓ f (t) =
1

2π i


Γ

Ω1(t, τ ) f (τ ) dτ − Ω2(t, τ ) f (τ ) dτ . (3)

The kernels Ω1 and Ω2 have the following structures

Ω1(z, τ ) =
1

t − z
+

m1(z, t)

|t − z|α
and Ω2(z, τ ) =

m2(z, t)

|t − z|α
, (4)

where the functions m1(z, t) and m2(z, t) are continuous and bounded.
In [4] for the case of L p the following statement was proved.

Proposition A. Let Γ be a Carleson curve. The operator SΓ is bounded in L p(Γ ) if

p >
r

r − 2
. (5)

In [5] it was established more general result for variable exponent Lebesgue space L p(t) which even in the case of
constant p is stronger than the existing result of Proposition A because it was admitted the whole range 1 < p < ∞

avoiding restriction (5). In the same paper [5] it was also proved the boundedness of the operator SΓ in weighted
variable exponent Lebesgue spaces with a certain class of weights including power type weights.

This paper deals with the boundedness of SΓ in weighted grand Lebesgue spaces. All possible cases of weighted
grand Lebesgue spaces are discussed, namely the case when in the definition of the norm a weight generates absolutely
continuous measure and the other case, when a weight plays a role of multiplier. It is known (see, e.g., [6]) that these
two spaces are not reducible to each other unlike the classical weighted Lebesgue spaces.

Let us define the aforementioned two weighted grand Lebesgue spaces.
Let 1 < p < ∞, θ > 0. Let w be a weight function defined on the rectifiable curve Γ of the complex plane, i.e. w

be a.e. positive and integrable function on Γ . We define the weighted grand Lebesgue space L p),θ
w (Γ ) as follows:

L p),θ
w (Γ ) =


f : ∥ f ∥

L p),θ
w (Γ )

< ∞

,

where

∥ f ∥
L p),θ

w (Γ )
= sup

0<ε<p−1


εθ


Γ

| f (t)|p−εw(t) |dt |

 1
p−ε

.

Now, we define another type weighted grand Lebesgue space L p),θ
w (Γ ) by the norm

∥ f ∥L p),θ
w (Γ )

= sup
0<ε<p−1


εθ


Γ

| f (t)w(t)|p−ε
|dt |

 1
p−ε

.

Both these spaces are non-reflexive, non-separable Banach spaces. It should be noted that in unweighted case when
θ = 1 the spaces L p) were introduced by T. Iwaniec and C. Sbordone [7]. More general space L p),θ , θ > 0, was
introduced by L. Greco, T. Iwaniec and C. Sbordone [8].

Let Γ be a simple finite rectifiable curve Γ = {t ∈ C : t = t (s), 0 ≤ s ≤ t} with arc-length measure ν(t) = s. In
the sequel we use the notation

D(t, r) = Γ ∩ B(t, r), B(t, r) =

τ ∈ C : |τ − t | < r


, t ∈ Γ , r > 0.

Γ is called Carleson if

νD(t, r) ≤ c0r

with c0 > 0 not depending on t and r .
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We need also the definition of the Muckenhoupt A p(Γ ) class of weights suited to the curves.
By the definition w ∈ A p(Γ ) if

sup
r>0
t∈Γ


1
r


D(t,r)

w(t) d|t |


1
r


D(t,r)

(w(t))1−p′

d|t |

p−1

< ∞.

The main results of this paper read as follows:

Theorem 1. Let 1 < p < ∞, θ > 0. Assume that w ∈ A p(Γ ). Then the operator SΓ is bounded in L p),θ
w (Γ ).

Theorem 2. Let 1 < p < ∞, θ > 0. If w p
∈ A p(Γ ), then the operator SΓ is bounded in L p),θ

w (Γ ).
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