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Abstract. Making use of a linear operator, which is defined here by
means of the Hadamard product (or convolution), we define a subclass
Tp(a, c, γ, λ;h) of meromorphically multivalent functions. The main ob-
ject of this paper is to investigate some important properties for the class.

We also derive many results for the Hadamard products of functions be-
longing to the class.
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1. Introduction

Let Σp denote the class of meromorphically multivalent function f(z) of the
form

(1.1) f(z) = z−p +
∞∑

n=1

anz
n−p (n ∈ N = {1, 2, 3, · · · }),

which are analytic in the punctured open unit dis U∗={z ∈ C : 0 < |z| < 1} =
U\{0}. For functions f(z) ∈ Σp given by (1.1) and g(z) ∈ Σp given by

g(z) = z−p +
∞∑

n=1
bnz

n−p (n ∈ N),

we define the Hadamard product (or convolution) of f(z) and g(z) by

(f ∗ g)(z) = z−p +
∞∑

n=1
anbnz

n−p (n ∈ N).
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Let the function φp(a, c; z) be defined by

(1.2) φp(a, c; z) = z−p +

∞∑
n=1

(a)n
(c)n

zn−p,

where (a)n = a(a + 1) · · · (a + n − 1), n ∈ N. Corresponding to the function
φp(a, c; z), Liu [6] and Liu and Srivastava [7] have introduced a linear operator
Lp(a, c) which is defined by means of the following Hadamard product (or
convolution)

(1.3) Lp(a, c)f(z) = φp(a, c; z) ∗ f(z) (f(z) ∈ Σp).

Just as in [6] and [7], it is easily verified from the definitions (1.2) and (1.3)
that

z(Lp(a, c)f(z))
′ = aLp(a+ 1, c)f(z)− (a+ p)Lp(a, c)f(z).

The operator Lp(a, c) is also studied by many authors(see examples in [11,12],
[14]. We note, for any integer n > −p and for f(z) ∈ Σp, that

Lp(n+ p, 1)f(z) = Dn+p−1f(z) = 1
zp(1−z)n+p ∗ f(z),

where Dn+p−1 is the differential operator studied by (for detail, see [2, 4, 5])
Uralegaddi and Somanatha [13] and Aouf [1].

Let
(1.4)

Fp,a,c,γf(z) = (1− γ)Lp(a, c)f(z) +
γ

p
z(Lp(a, c)f(z))

′ (f ∈ Σp; 0 ≤ γ <
1

2
).

The operator Fp,a,c,γ is introduced by Aouf [3] . We easily obtain that

(1.5) Fp,a,c,γf(z) = (1− 2γ)z−p +
∞∑

n=1

(
1− γ + γ

n− p

p

)
(a)n
(c)n

anz
n−p

since f(z) ∈ Σp is given by (1.1). From (1.5), it is easily verified that

(1.6) Fp,a,c,0f(z) = Lp(a, c)f(z),

and
(1.7)

z(Fp,a,c,γf(z))
′ = aFp,a+1,c,γf(z)− (a+ p)Fp,a,c,γf(z) = Fp,a,c,γ(zf

′(z)).

Let Ω be the class of functions h(z) with h(0) = 1, which are analytic and
convex univalent in the open unit disk U . For functions f(z) and g(z) analytic
in U , we say that f(z) is subordinate to g(z), written f(z) ≺ g(z), if g(z) is
univalent in U, f(0) = g(0) and f(U) ⊂ g(U).

Let A be the class of functions of the form

(1.8) h(z) = z +
∞∑

n=2

anz
n,
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which are analytic in U . A function h(z) is said to be in the class S∗(α), if

Re
{

zh′(z)
h(z)

}
> α (z ∈ U)

for some α (α < 1). When 0 ≤ α < 1, S∗(α) is the class of starlike functions of
order α in U . A function h(z) ∈ A is said to be prestarlike of order α in U , if

z
(1−z)2(1−α) ∗ h(z) ∈ S∗(α) (α < 1).

We denote this class by R(α) (see [9]). A function h(z) ∈ A is in the class R(0)
if and only if h(z) is convex univalent in U and

R( 12 ) = S∗( 12 ).

In this paper, we introduce and investigate the following subclass of Σp.

Definition 1.1. A function f(z) ∈ Σp is said to be in the class Tp(a, c, γ, λ;h)
if it satisfies the subordination condition

(1.9) (1 + λ)
1

1− 2γ
zpFp,a,c,γf(z) +

λ

p

1

1− 2γ
zp+1(Fp,a,c,γf(z))

′ ≺ h(z),

where 0 ≤ γ < 1
2 , λ ∈ C, h(z) ∈ Ω.

The special class Tp(a, c, 0, λ;h) = Mp(a, c, λ;h) was investigated by Yang
and Liu [15]. In order to prove our main results, we need the following lemmas.

Lemma 1.2. (see [4]) Let g(z) be analytic in U and h(z) be analytic and
convex univalent in U with h(0) = g(0). If

(1.10) g(z) +
1

µ
zg′(z) ≺ h(z),

where Re µ ≥ 0 and µ ̸= 0, then

g(z) ≺ h̃(z) = µz−µ

∫ z

0

tµ−1h(t)dt ≺ h(z),

and h̃(z) is the best dominant of (1.10).

Lemma 1.3. (see [9])Let α < 1, f(z) ∈ S∗(α) and g(z) ∈ R(α). Then, for any
analytic function F (z) in U ,

g∗(fF )
g∗f (U) ⊂ co(F (U)),

where co(F (U)) denotes the convex hull of F (U).

2. Main results

In this section, we obtain some results of Tp(a, c, γ, λ;h). The first set of
inclusion relationships are given below.
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2.1. Inclusion relations.

Theorem 2.1. Let 0 ≤ λ1 < λ2, then

Tp(a, c, γ, λ2;h) ⊂ Tp(a, c, γ, λ1;h).

Proof. Let 0 ≤ λ1 < λ2, and suppose that

(2.1) H(z) =
1

1− 2γ
zpFp,a,c,γf(z)

for f(z) ∈ Tp(a, c, γ, λ2;h). Then the function H(z) is analytic in U with
H(0) = 1. Differentiating both sides of (2.1) with respect to z and using (1.7),
we have
(2.2)

H(z)+
λ2

p
zH ′(z) = (1+λ2)

1

1− 2γ
zpFp,a,c,γf(z)+

λ2

p

1

1− 2γ
zp+1(Fp,a,c,γf(z))

′ ≺ h(z).

From Lemma 1.2 with µ = p
λ2

> 0, we get

(2.3) H(z) ≺ h(z).

Noting that 0 ≤ λ1

λ2
< 1 and that H(z) is convex univalent in U , it follows from

(2.1)-(2.3) that

(1 + λ1)
1

1− 2γ
zpFp,a,c,γf(z) +

λ1

p

1

1− 2γ
zp+1(Fp,a,c,γf(z))

′

=
λ1

λ2

[
(1 + λ2)

1

1− 2γ
zpFp,a,c,γf(z) +

λ2

p

1

1− 2γ
zp+1(Fp,a,c,γf(z))

′
]

+(1− λ1

λ2
)H(z) ≺ h(z).

Thus, f(z) ∈ Tp(a, c, γ, λ1;h). □

Theorem 2.2. Let

(2.4) Re {zpφp(a1, a2; z)} >
1

2
(z ∈ U ; a2 ̸= {0,−1,−2, . . .}),

where φp(a1, a2; z) is defined as in (1.2). Then,

Tp(a2, c, γ, λ;h) ⊂ Tp(a1, c, γ, λ;h).

Proof. For f(z) ∈ Σp, we can easily verify that

(2.5)
1

1− 2γ
zpFp,a1,c,γf(z) = (zpφp(a1, a2; z)) ∗ (

1

1− 2γ
zpFp,a2,c,γf(z)),

and
(2.6)

1

1− 2γ
zp+1(Fp,a1,c,γf(z))

′ = (zpφp(a1, a2; z)) ∗ (
1

1− 2γ
zp+1(Fp,a2,c,γf(z))

′).
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We suppose f(z) ∈ Tp(a2, c, γ, λ;h), then from (2.5) and (2.6), we deduce
that
(2.7)

(1+λ)
1

1− 2γ
zpFp,a1,c,γf(z)+

λ

p

1

1− 2γ
zp+1(Fp,a1,c,γf(z))

′ = (zpφp(a1, a2; z))∗Ψ(z),

where
(2.8)

Ψ(z) = (1 + λ)
1

1− 2γ
zpFp,a2,c,γf(z) +

λ

p

1

1− 2γ
zp+1(Fp,a2,c,γf(z))

′ ≺ h(z).

In view of (2.4), the function zpφp(a1, a2; z) has the Herglotz representation

(2.9) zpφp(a1, a2; z) =

∫
|x|=1

dµ(x)

1− xz
(z ∈ U),

where µ(x) is a probability measure defined on the unit circle |x| = 1 and∫
|x|=1

dµ(x) = 1.

Since h(z) is convex univalent in U , it follows from (2.7)-(2.9) that

(1 + λ) 1
1−2γ

zpFp,a1,c,γf(z) +
λ
p

1
1−2γ

zp+1(Fp,a1,c,γf(z))
′ =

∫
|x|=1

Ψ(xz)dµ(x) ≺ h(z).

This shows that f(z) ∈ Tp(a1, c, γ;h), and the proof of Theorem 2.2 is com-
pleted. □

Theorem 2.3. Let 0 < a1 < a2. Then,

Tp(a2, c, γ, λ;h) ⊂ Tp(a1, c, γ, λ;h).

Proof. Define

w(z) = z +
∞∑

n=1

(a1)n
(a2)n

zn+1 (z ∈ U ; 0 < a1 < a2).

Then,

(2.10) zpφp(a1, a2; z) = w(z) ∈ A,

where φp(a1, a2; z) is defined as in (1.2), and

(2.11)
z

(1− z)a2
∗ w(z) = z

(1− z)a1
.

By (2.11), we have

z
(1−z)a2

∗ w(z) ∈ S∗(1− a1

2 ) ⊂ S∗(1− a2

2 )

for 0 < a1 < a2, which implies that

(2.12) w(z) ∈ R(1− a2
2
).
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Let f(z) ∈ Tp(a2, c, γ, λ;h). Then we deduce from (2.7) and (2.8) (used in
the proof of Theorem 2.2) and (2.10) that

(2.13) (1 + λ)
1

1− 2γ
zpFp,a1,c,γf(z) +

λ

p

1

1− 2γ
zp+1(Fp,a1,c,γf(z))

′

=
w(z)

z
∗Ψ(z) =

w(z) ∗ (zΨ(z))

w(z) ∗ z
,

where

(2.14) Ψ(z) = (1 + λ)
1

1− 2γ
zpFp,a2,c,γf(z)

+
λ

p

1

1− 2γ
zp+1(Fp,a2,c,γf(z))

′ ≺ h(z).

Since the function z belongs to S∗(1− a2

2 ) and h(z) is convex univalent in U ,
it follows from (2.12) and (2.13) and Lemma 1.3 that

(1 + λ) 1
1−2γ z

pFp,a1,c,γf(z) +
λ
p

1
1−2γ z

p+1(Fp,a1,c,γf(z))
′ ≺ h(z).

Thus, f(z) ∈ Tp(a1, c, γ, λ;h) and the proof is completed. □

As a special case of theorem 2.3 , we have Tp(a+1, c, γ, λ;h) ⊂ Tp(a, c, γ, λ;h)
for a > 0.

Theorem 2.4. Let Re a ≥ 0 and a ̸= 0. Then

Tp(a+ 1, c, γ, λ;h) ⊂ Tp(a, c, γ, λ; h̃)
where

h̃(z) = az−a

∫ z

0

ta−1h(t)dt ≺ h(z).

Proof. Define

(2.15) g(z) = (1 + λ)
1

1− 2γ
zpFp,a,c,γf(z) +

λ

p

1

1− 2γ
zp+1(Fp,a,c,γf(z))

′

for f(z) ∈ Σp. From (1.7) and (2.15), we obtain

(2.16)
1

1− 2γ
Fp,a+1,c,γf(z) + (p− aλ)

1

1− 2γ
Fp,a,c,γf(z).

Differentiating both sides of (2.16) and using (2.13), we arrive at

(2.17)
1

1− 2γ
pz−p [zg′(z)− pg(z)] = aλ

1

1− 2γ
z(Fp,a+1,c,γf(z))

′+

(p− aλ)
1

1− 2γ
[aFp,a+1,c,γf(z)− (a+ p)Fp,a,c,γf(z)] .

By (2.16) and (2.17), we have

pz−p(zg′(z) + ag(z)) = aλz 1
1−2γ (Fp,a+1,c,γf(z))

′ + ap(1 + λ) 1
1−2γFp,a+1,c,γf(z),
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that is,

(2.18) g(z) +
z

a
g′(z) = (1 + λ)

1

1− 2γ
zpFp,a+1,c,γf(z)+

λ

p

1

1− 2γ
zp+1(Fp,a+1,c,γf(z))

′.

If f(z) ∈ Tp(a+ 1, c, γ, λ;h), then it follows from (2.18) that

g(z) + z
ag

′(z) ≺ h(z) (Re a ≥ 0, a ̸= 0).

Hence an application of Lemma 1.2 yields

g(z) ≺ h̃(z) = az−a

∫ z

0

ta−1h(t)dt ≺ h(z),

which shows that f(z) ∈ Tp(a, c, γ, λ; h̃) ⊂ Tp(a, c, γ, λ;h). □

Theorem 2.5. Let λ > 0, β > 0 and f(z) ∈ Tp(a, c, γ, λ;βh+1−β). If β ≤ β0,
where

(2.19) β0 =
1

2

(
1− p

λ

∫ 1

0

u
p
λ−1

1 + u
du

)−1

,

then f(z) ∈ Tp(a, c, γ, 0;h) .The bound β0 is sharp when h(z) = 1
1−z .

Proof. Define

(2.20) g(z) =
1

1− 2λ
zpFp,a,c,γf(z),

for f(z) ∈ Tp(a, c, γ, λ;βh+ 1− β) with λ > 0, β > 0. Then we have

g(z) + λ
p zg

′(z) = (1 + λ) 1
1−2λz

pFp,a,c,γf(z)

+λ
p

1
1−2λz

p+1(Fp,a,c,γf(z))
′ ≺ βh(z) + 1− β.

Hence an application of Lemma 1.2 yields

(2.21) g(z) ≺ h̃(z) =
p

λ
z−

p
λ

∫ z

0

t
p
λ−1(βh(t) + 1− β)dt

=
pβ

λ
z−

p
λ

∫ z

0

t
p
λ−1h(t)dt+ 1− β = (h ∗Ψ)(z),

where

(2.22) Ψ(z) =
pβ

λ
z−

p
λ

∫ z

0

t
p
λ−1

1− t
dt+ 1− β.

If 0 < β ≤ β0, where β0 > 1 is given by (2.19), then it follows from (2.22)
that

ReΨ(z) = pβ
λ

∫ 1

0

u
p
λ−1Re (

1

1− uz
)du+ 1− β >

pβ

λ

∫ 1

0

u
p
λ−1

1 + u
du+ 1− β ≥ 1

2
.
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By using the Herglotz representation for Ψ(z), from (2.20) and (2.21), we arrive
at

g(z) = 1
1−2λz

pFp,a,c,γf(z) ≺ (h ∗Ψ)(z) ≺ h(z),

because h(z) is convex univalent in U . This shows that f(z) ∈ Tp(a, c, γ, 0;h).
For h(z) = 1

1−z and f(z) ∈ Σp defined by

1
1−2γ z

pFp,a,c,γf(z) =
pβ
λ z−

p
λ

∫ z

0

t
p
λ−1

1− t
dt+ 1− β,

it is easy to verify that

(1 + λ) 1
1−2γ z

pFp,a,c,γf(z) +
λ
p

1
1−2γ z

p+1(Fp,a,c,γf(z))
′ = βh(z) + 1− β.

Thus, f(z) ∈ Tp(a, c, γ, 0;βh+ 1− β). Also, for β > β0, we have

Re
{

1
1−2γ z

pFp,a,c,γf(z)
}
→ pβ

λ

∫ 1

0

u
p
λ−1

1 + u
du+ 1− β <

1

2
(z → −1),

which implies that f(z) /∈ Tp(a, c, γ, 0;h). Hence the bound β0 cannot be
increased when h(z) = 1

1−z . □

2.2. Convolution properties.

Theorem 2.6. Let f(z) ∈ Tp(a, c, γ, λ;h), g(z) ∈ Σp and Re{zpg(z)} > 1
2 (z ∈

U). Then
(f ∗ g)(z) ∈ Tp(a, c, γ, λ;h).

Proof. For f(z) ∈ Tp(a, c, γ, λ;h) and g(z) ∈ Σp, we have

(1 + λ)
1

1− 2γ
zpFp,a,c,γ(f ∗ g)(z) + λ

p

1

1− 2γ
zp+1(Fp,a,c,γ(f ∗ g)(z))′(2.23)

= (1 + λ)(zpg(z))∗( 1

1− 2γ
zpFp,a,c,γf(z))+

λ

p
(zpg(z))∗( 1

1− 2γ
zp+1(Fp,a,c,γf(z))

′)

= (zpg(z)) ∗ (Ψ(z)),

where
(2.24)

Ψ(z) = (1 + λ)
1

1− 2γ
zpFp,a,c,γf(z) +

λ

p

1

1− 2γ
zp+1(Fp,a,c,γf(z))

′ ≺ h(z).

The remaining part of the proof of Theorem 2.6 is similar to that of Theorem
2.2. □

Corollary 2.7. Let f(z) ∈ Tp(a, c, γ, λ;h) be given by (1.1) and let

sm(z) = z−p +
m−1∑
n=1

anz
n−p (m ∈ N\{0}).

Then the function

σm(z) =

∫ 1

0

tpsm(tz)dt
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is also in the class Tp(a, c, γ, λ;h).

Proof. we easily obtain that

(2.25) σm(z) = z−p +
m−1∑
n=1

an
n+ 1

zn−p = (f ∗ gm)(z),

where

f(z) = z−p +
m−1∑
n=1

anz
n−p ∈ Tp(a, c, γ, λ;h)

and

gm(z) = z−p +
m−1∑
n=1

1
n+1z

n−p ∈ Σp.

It is known from [10] that

(2.26) Re{zpgm(z)} = Re

{
1 +

m−1∑
n=1

1

n+ 1
zn−p

}
>

1

2
.

In view of (2.25) and (2.26), an application of Theorem 2.6 leads to σm(z) ∈
Tp(a, c, γ, λ;h). □

Theorem 2.8. Let f(z) ∈ Tp(a, c, γ, λ;h), g(z) ∈ Σp and zp+1g(z) ∈ R(α) (α <
1). Then

(f ∗ g)(z) ∈ Tp(a, c, γ, λ;h).

Proof. For f(z) ∈ Tp(a, c, γ, λ;h), and g(z) ∈ Σp, from (2.23) we have

(1 + λ)
1

1− 2γ
zpFp,a,c,γ(f ∗ g)(z) + λ

p

1

1− 2γ
zp+1(Fp,a,c,γ(f ∗ g)(z))′(2.27)

=
(zp+1g(z)) ∗ (zΨ(z))

(zp+1g(z)) ∗ z ,

where Ψ(z) is defined as in (2.24). Since h(z) is convex univalent in U ,

Ψ(z) ≺ h(z), zp+1g(z) ∈ R(α), z ∈ S∗(α) (α < 1).

From (2.28) and Lemma 1.3 the desired result follows. □

Taking α = 0 and α = 1
2 , Theorem 2.8 reduces to the following.

Corollary 2.9. Let f(z) ∈ Tp(a, c, γ, λ;h), and let g(z) ∈ Σp satisfy either of
the following conditions:
(1)zp+1g(z) is convex univalent in U or
(2)zp+1g(z) ∈ R( 12 ).
Then (f ∗ g)(z) ∈ Tp(a, c, γ, λ;h).
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2.3. Integral operators.

Theorem 2.10. Let f(z) ∈ Tp(a, c, γ, λ;h). Then the function F (z) defined by

(2.28) F (z) =
µ− p

zµ

∫ z

0

tµ−1f(t)dt (Re µ > p)

is in the class Tp(a, c, γ, λ; h̃), where

h̃(z) = (µ− p)z−(µ−p)

∫ z

0

tµ−p−1h(t)dt ≺ h(z).

Proof. For f(z) ∈ Σp and Re µ > p, we find from (2.28) that F (z) ∈ Σp and

(2.29) (µ− p)f(z) = µF (z) + zF ′(z).

Define G(z) by

(2.30) z−pG(z) = (1 + λ)
1

1− 2γ
Fp,a,c,γF (z) +

λ

p

1

1− 2γ
z(Fp,a,c,γF (z))′.

Differentiating both sides of (2.30) with respect to z, implies
(2.31)

zG′(z)−pG(z) = (1+λ)
1

1− 2γ
zpFp,a,c,γ(zF

′(z))+
λ

p

1

1− 2γ
zp+1(Fp,a,c,γ(zF

′(z))′.

Furthermore, it follows from (2.29)-(2.31) that

(1 + λ)
1

1− 2γ
zpFp,a,c,γf(z) +

λ

p

1

1− 2γ
zp+1(Fp,a,c,γf(z))

′ =(2.32)

(1 + λ)
1

1− 2γ
zpFp,a,c,γ

(
µF (z) + zF ′(z)

µ− p

)
+
λ

p

1

1− 2γ
zp+1

(
Fp,a,c,γ

(
µF (z) + zF ′(z)

µ− p

))′

=
µ

µ− p
G(z) +

1

µ− p

(
zG′(z)−G(z)

)
= G(z) +

zG′(z)

µ− p
.

Let f(z) ∈ Tp(a, c, γ, λ;h). Then, by (2.32),

G(z) + zG′(z)
µ−p ≺ h(z) (Re µ > p),

and so it follows from Lemma 1.2 that

G(z) ≺ ˜h(z) = (µ− p)z−(µ−p)

∫ z

0

tµ−p−1h(t)dt ≺ h(z).

Therefore, we conclude that

F (z) ∈ Tp(a, c, γ, λ; h̃) ⊂ Tp(a, c, γ, λ;h).

□
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Theorem 2.11. Let f(z) ∈ Σp and F (z) defined as in Theorem 2.10. If

(2.33) (1− α)
1

1− 2γ
zpFp,a,c,γF (z) + α

1

1− 2γ
zpFp,a,c,γf(z) ≺ h(z) (α > 0),

then f(z) ∈ Tp(a, c, γ, 0; h̃), where Re µ > p, and

h̃(z) = µ−p
α z−

µ−p
α

∫ z

0

t
µ−p
α −1h(t)dt ≺ h(z).

Proof. Define

(2.34) G(z) =
1

1− 2γ
zpFp,a,c,γF (z).

Then G(z) is analytic in U , with G(0) = 1, and

(2.35) zG′(z) = pG(z) +
1

1− 2γ
zp+1(Fp,a,c,γF (z))′.

Making use of (2.29) and (2.33), (2.34), (2.35), implies that

(1− α) 1
1−2γ z

pFp,a,c,γF (z) + α 1
1−2γ z

pFp,a,c,γf(z)

= (1− α) 1
1−2γ z

pFp,a,c,γF (z) + α 1
1−2γ z

pFp,a,c,γ

(
µF (z)+zF ′(z)

µ−p

)
= (1− α)G(z) + α 1

1−2γ z
p
[
Fp,a,c,γ

µ
µ−pF (z) + Fp,a,c,γ(

1
µ−pzF

′(z))
]

= (1− α)G(z) + µα
µ−pG(z) + α

µ−p (zG
′(z)− pG(z)) = G(z) + α

µ−pzG
′(z)≺h(z)

for Re µ > p and α > 0. Therefore, an application of Lemma 1.2 yields the
assertion of Theorem 2.11 . □
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de Montréal, Montreal, 1982.
[10] R. Singh and S. Singh, Convolution properties of a class of starlike functions, Proc.

Amer. Math. Soc. 106 (1989), no. 1, 145–152.
[11] H. M. Srivastava and S. Owa, Current Topics in analytic function theory, World Scientific

Publishing Co., Inc., River Edge, 1992.
[12] H. M. Srivastava, D. G. Yang and N. Eng Xu, Some subclasses of meromorphically mul-

tivalent functions associated with a linear operator, Appl. Math. Comput. 195 (2008),
no. 1, 11–23.

[13] B. A. Uralegaddi and C. Somanatha, Certain classes of meromorphic multivalent func-
tions, Tamkang J. Math. 23 (1992), no. 3, 223–231.

[14] D. G. Yang, Certain convolution operators for meromorphic functions, Southeast Asian
Bull. Math. 25 (2001), no. 1, 175–186.

[15] D. G. Yang and J. L. Liu, A class of meromorphically multivalent functions defined by
means of a linear operator, Appl. Math. Comput. 204 (2008), no. 2, 862–871.

(Xiaofei Li) Yangtze Univ., Coll. Engn. and Technol., Xueyuan Rd, Jingzhou
434020, Hubei, China.

E-mail address: lxfei0828@163.com

(Liangpeng Xiong) Engn. and Technol. Coll., Chengdu Univ. of Tech., Xiaoba
Rd, Leshan 614000, Sichuan, China.

E-mail address: xlpwxf@163.com


	1. Introduction
	2. Main results
	2.1. Inclusion relations
	2.2. Convolution properties
	2.3. Integral operators

	Acknowledgments
	References

