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1. Introduction

The concept of convergence of sequences of points has been extended by sev-
eral authors to convergence of sequences of sets. The one of these extensions
considered in this paper is the concept of Wijsman convergence in [42, 43]. In
[22], Nuray and Rhoades presented definitions for statistical convergence of se-
quences of sets. Ulusu and Nuray [39, 40] studied the notion of Wijsman lacunary
statistical convergence of sequence of sets. Nuray et al. [23] studied the concepts
of Wijsman Cesàro summability and Wijsman lacunary convergence of double
sequences of sets and investigated the relationship between them. Various ap-
plications of this concept can be found in [4, 14, 24, 27, 28, 36, 37, 38].

Fast [7] presented a generalization of the usual concept of sequential limit
which is called statistical convergence. Šalát [26] gave some basic properties of
statistical convergence. Various applications of this concept can be found in [9,
11, 17, 30, 31, 33]. The idea is based on the notion of natural density of subsets of
N, the set of all positive integers which is defined as follows: The natural density
δ (A) of a subset A of N is defined by δ (A) = limn→∞

1
n |{k ≤ n : k ∈ A}| .

Generalizing the concept of statistical convergence, Kostyrko et al. introduced
the idea of I-convergence in [15]. More investigations in this direction and more
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applications of ideals can be found in [5, 10, 12, 13, 21, 18, 19, 20, 34]. In
another direction, a new type of convergence, called I-statistical convergence,
was introduced in [3]. Recently, various types of I-statistical convergence for
sequences have been studied by many authors (see for example [29, 41]).

In this paper, we study Wijsman I-lacunary statistically ϕ-convergent, Wi-
jsman I-lacunary statistically ϕ-convergent and Wijsman strongly I-lacunary
ϕ-convergent concepts for triple sequence of sets and discuss the relationships
between these new notions. We shall use lacunary triple sequence and Orlicz
function ϕ to introduce these concepts. In addition to these definitions, natural
inclusion theorems shall also be presented.

2. Definitions and Notations

First we recall some of the basic concepts which will be used in this paper.
By N and R, we mean the set of all natural and real numbers, respectively.

We say that a number sequence x = (xk)k∈N statistically converges to a point
L if for each ε > 0 we have δ (K (ε)) = 0, where K (ε) = {k ∈ N : |xk − L| ≥ ε}
and in such situation we will write L = st-limxk.

On the other hand in [2] a different direction was given to the study of statisti-
cal convergence where the notion of statistical convergence of order α, 0 < α ≤ 1
was introduced by replacing n by nα in the denominator in the definition of sta-
tistical convergence.

In several literary works, statistical convergence of any real sequence is identi-
fied relatively to absolute value. While we have known that the absolute value of
real numbers is special of an Orlicz function [25], that is, a function ϕ : R → R in
such a way that it is even, non-decreasing on R+, continuous on R, and satisfying

ϕ(x) = 0 if and only if x = 0 and ϕ(x) → ∞ as x → ∞.

Further, an Orlicz function ϕ : R → R is said to satisfy the ∆2 condition, if there
exists an positive real number M such that ϕ(2x) ≤ M.ϕ(x) for every x ∈ R+.

Definition 2.1. ([30]) Let ϕ : R → R be an Orlicz function. A sequence
x = (xn) is said to be statistically ϕ-convergent to L if for each ε > 0,

lim
n

1

n
|{k ≤ n : ϕ (xk − L) ≥ ε}| = 0.

The notion of statistical convergence was further generalized in the paper
[15, 16] using the notion of an ideal of subsets of the set N. We say that a
non-empty family of sets I ⊂ P (N) is an ideal on N if I is hereditary (i.e.
B ⊂ A ∈ I ⇒ B ∈ I ) and additive (i.e. A,B ∈ I implies A ∪B ∈ I). An ideal
I on N for which I ≠ P (N) is called a non-trivial ideal. A non-trivial ideal I
is said to be admissible if I contains every finite subset of N. If not otherwise
stated in the sequel I will denote an admissible ideal. Let I ⊂ P (N) be any
ideal. A class F (I) = {M ⊆ N : ∃A ∈ I : M = N\A} called the filter associated
with the ideal I, is a filter on N.
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Let I be an admissible ideal on N and x = (xk) be a real sequence. We
say that the sequence x is I-convergent to L ∈ R if for each ε > 0, the set
A (ε) = {n ∈ N : |xk − L| ≥ ε} ∈ I. Take for I the class If of all finite subsets
of N. Then If is a non-trivial admissible ideal and If -convergence coincides
with the usual convergence. For more information about I-convergent, see the
references in [18, 34].

We also recall that the concept of I-statistically convergent is studied in [29].
A sequence (xk) is said to be I-statistically convergent to L if for each ε > 0
and δ > 0, {

n ∈ N :
1

n
|{k ≤ n : |xk − L| ≥ ε}| ≥ δ

}
∈ I.

In this case, L is called I-statistical limit of the sequence (xk) and we write
I-st-limk→∞ xk = L.

We now recall the following basic concepts from [27, 28, 32, 33, 35, 37, 39, 40]
which will be needed throughout the paper.

A function x : N × N × N → R (or C) is called a real (or complex) triple
sequence. A triple sequence (xjkl) is said to be convergent to L in Pringsheim’s
sense if for every ε > 0, there exists n0 (ε) ∈ N such that |xjkl − L| < ε whenever
j, k, l ≥ n0.

Definition 2.2. A subset K of N×N×N is said to have natural density δ3(K)
if

δ3(K) = P − lim
n,k,l→∞

|Knkl|
nkl

exists, where the vertical bars denote the number of (n, k, l) in K such that
p ≤ n, q ≤ k, r ≤ l. Then, a real triple sequence x = (xnkl) is said to be
statistically convergent to L in Pringsheim’s sense if for every ε > 0,

δ3 ({(n, k, l) ∈ N× N× N : |xnkl − L| ≥ ε}) = 0.

Throughout the paper we consider the ideals of P (N) by I; the ideals of
P (N× N) by I2 and the ideals of P (N× N× N) by I3.
Definition 2.3. A real triple sequence (xnkl) is said to be I3-convergent to L
in Pringsheim’s sense if for every ε > 0,

{(n, k, l) ∈ N× N× N : |xnkl − L| ≥ ε} ∈ I3.
In this case, one writes I3-limxnkl = L.

Let (X, ρ) be a metric space. For any point x ∈ X and any non-empty subset
A of X, we define the distance d (x,A) from x to A is defined by

d (x,A) = inf
a∈A

ρ (x, a) .

Definition 2.4. ([1]) Let (X, ρ) be a metric space. For any non-empty closed
subsets A; Ak ⊆ X; we say that the sequence (Ak) is Wijsman convergent to A
if

lim
k→∞

d (x,Ak) = d (x,A)
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for each x ∈ X.

Definition 2.5. Let (X, ρ) be a metric space and I ⊆ P (N) be an admissible
ideal. For any non-empty closed subsets A, Ak ⊂ X, we say that the sequence
{Ak} is Wijsman I-statistical convergent to A or S (IW )-convergent to A if for
each ε > 0, δ > 0 and for each x ∈ X,{

n ∈ N :
1

n
|{k ≤ n : |d(x,Ak)− d(x,A)| ≥ ε}| ≥ δ

}
belongs to I. In this case, we write Ak → A (S (IW )) .

By a lacunary θ = (kr); r = 0, 1, 2, ..., where k0 = 0, we shall mean an
increasing sequence of nonnegative integers with kr − kr−1 as r → ∞. The
intervals determined by θ will be denoted by Ir = (kr−1, kr] and hr = kr −kr−1.
The ratio kr

kr−1
will be denoted by qr.

Definition 2.6. Let (X, ρ) be a metric space, θ be a lacunary sequence and
I ⊆ P (N) be an admissible ideal. For any non-empty closed subsets A,Ak ⊂ X,
we say that the sequence {Ak} is Wijsman I-lacunary statistical convergent to
A or Sθ (IW )-convergent to A if for each ε > 0, δ > 0 and for each x ∈ X,{

r ∈ N :
1

hr
|{k ∈ Ir : |d(x,Ak)− d(x,A)| ≥ ε}| ≥ δ

}
belongs to I. In this case, we write Ak → A (Sθ (IW )) .

Definition 2.7. Let (X, ρ) be a metric space and I ⊆ P (N) be an admissible
ideal. For any non-empty closed subsets A,Ak ⊂ X, we say that the sequence
{Ak} is Wijsman I-statistical convergent of order α to A or S (IW )

α
-convergent

to A, where 0 < α ≤ 1, if for each ε > 0, δ > 0 and for each x ∈ X,{
n ∈ N :

1

nα
|{k ≤ n : |d(x,Ak)− d(x,A)| ≥ ε}| ≥ δ

}
belongs to I. In this case, we write Ak → A (S (IW )

α
) .

3. Main results

Following the above definitions and results, we aim in this section to intro-
duce some new notions of Wijsman I-statistical convergence with the use of
Orlicz function, lacunary sequence and triple sequences of sets and obtain some
analogous results from the new definitions point of views.

Throughout the paper, we let (X, ρ) be a metric space and A, Ajkl be any
non-empty closed subsets of X.

Definition 3.1. Let ϕ : R → R be an Orlicz function. We say that the triple
sequence (Ajkl)j,k,l∈N is Wijsman I3-statistically ϕ-convergent to A, if for each

ε > 0, δ > 0 and for each x ∈ X,{
(r, s, t) ∈ N× N× N :

1

rst
|{j ≤ r, k ≤ s, l ≤ t :
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ϕ (d(x,Ajkl)− d (x,A)) ≥ ε}| ≥ δ}
belongs to I3. In this case we write I3-st-limW (S) Ajkl = A.

The set of Wijsman I3-statistically ϕ-convergent triple sequences will be de-
noted by

W3S (I3 − ϕ) :=
{
{Ajkl} : I3-st- limW (S) Ajkl = A

}
.

Furthermore, a new type of sequence called triple lacunary sequence was
introduced in Esi and Savaş [6]. The triple sequence θ3 = θr,s,t = {(jr, ks, lt)}
is called triple lacunary sequence if there exist three increasing sequences of
integers such that

j0 = 0, hr = jr − jr−1 → ∞ as r → ∞,

k0 = 0, hs = ks − ks−1 → ∞ as s → ∞,

and
l0 = 0, ht = lt − lt−1 → ∞ as t → ∞.

Let kr,s,t = jrkslt, hr,s,t = hrhsht and θr,s,t is determined by

Ir,s,t = {(j, k, l) : jr−1 < j ≤ jr, ks−1 < k ≤ ks and lt−1 < l ≤ lt} ,

qr =
jr

jr−1
, qs =

ks
ks−1

, qt =
lt

lt−1
and qr,s,t = qrqsqt.

Let D ⊂ N× N× N. The number

δθ3(D) = lim
r,s,t

1

hr,s,t
|{(j, k, l) ∈ Ir,s,t : (j, k, l) ∈ D}|

is said to be as the θr,s,t-density of D, provided the limit exists.

Definition 3.2. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t =
{(jr, ks, lt)} be a lacunary triple sequence. We say that the triple sequence {Ajkl}
is Wijsman I3-lacunary statistical ϕ-convergent to A, if for each ε > 0, δ > 0
and for each x ∈ X,{
(r, s, t) ∈ N× N× N :

1

hr,s,t
|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}| ≥ δ

}
belongs to I3. In this case, we write we write I3-st-limWθ(Sθ) Ajkl = A.

The set of Wijsman I3-lacunary statistically ϕ-convergent triple sequences
will be denoted by

Wθ3Sθ (I3 − ϕ) :=
{
{Ajkl} : I3-st- limWθ(Sθ) Ajkl = A

}
.

Definition 3.3. Let ϕ : R → R be an Orlicz function. We say that the triple
sequence {Ajkl} is Wijsman I3-statistical ϕ-convergent of order α to A, where
0 < α ≤ 1, if for each ε > 0, δ > 0 and for each x ∈ X,{

(r, s, t) ∈ N× N× N :
1

rαsαtα
|{j ≤ r, k ≤ s, l ≤ t :

ϕ (d(x,Ajkl)− d (x,A)) ≥ ε}| ≥ δ}
belongs to I3. In this case we write I3-st-limWα(S) Ajkl = A.
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The set of Wijsman I3-statistically ϕ-convergent triple sequences of order α
will be denoted by

Wα
3 S (I3 − ϕ) :=

{
{Ajkl} : I3-st- limWα(S) Ajkl = A

}
.

Definition 3.4. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t =
{(jr, ks, lt)} be a lacunary triple sequence. We say that the triple sequence
{Ajkl} is Wijsman I3-lacunary statistically ϕ-convergent of order α to A, where
0 < α ≤ 1, if for each ε > 0, δ > 0 and for each x ∈ X,{
(r, s, t) ∈ N× N× N :

1

hα
r,s,t

|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}| ≥ δ

}
belongs to I3. In this case, we write we write I3-st-limWα

θ (Sθ) Ajkl = A.

The set of Wijsman I3-lacunary statistically ϕ-convergent triple sequences of
order α will be denoted by

Wα
θ3Sθ (I3 − ϕ) :=

{
{Ajkl} : I3-st- limWα

θ (Sθ) Ajkl = A
}
.

Theorem 3.5. Let 0 < α ≤ β ≤ 1. Then Wα
3 S (I3 − ϕ) ⊂ W β

3 S (I3 − ϕ) .

Proof. Let 0 < α ≤ β ≤ 1. Then

1

rβsβtβ
|{j ≤ r, k ≤ s, l ≤ t : ϕ (d(x,Ajkl)− d(x,A) ≥ ε}|

≤ 1

rαsαtα
|{j ≤ r, k ≤ s, l ≤ t : ϕ (d(x,Ajkl)− d(x,A) ≥ ε}|

and so for any δ > 0,{
(r, s, t) ∈ N× N× N :

1

rβsβtβ
|{j ≤ r, k ≤ s, l ≤ t :

ϕ (d(x,Ajkl)− d (x,A)) ≥ ε}| ≥ δ}

⊂
{
(r, s, t) ∈ N× N× N :

1

rαsαtα
|{j ≤ r, k ≤ s, l ≤ t :

ϕ (d(x,Ajkl)− d (x,A)) ≥ ε}| ≥ δ} .

Hence if the set on the right hand side belongs to the ideal I3 then obviously the
set on the left hand side also belongs to I3. We obtain the desired result. □

Corollary 3.6. If a triple sequence is Wijsman I3-statistically ϕ-convergent of
order α to A for some 0 < α ≤ 1 then it is Wijsman I3-statistically ϕ-convergent.

Similarly we can show that

Theorem 3.7. Let 0 < α ≤ β ≤ 1. Then Wα
θ3
Sθ (I3 − ϕ) ⊂ W β

θ3
Sθ (I3 − ϕ) and

in particular Wα
θ3
Sθ (I3 − ϕ) ⊂ Wθ3Sθ (I3 − ϕ) .
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Definition 3.8. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t =
{(jr, ks, lt)} be a lacunary triple sequence. We say that the triple sequence
{Ajkl} is Wijsman strongly I3-lacunary ϕ-convergent to A, if for each ε > 0 and
for each x ∈ X,(r, s, t) ∈ N× N× N :

1

hr,s,t

∑
(j,k,l)∈Ir,s,t

ϕ (d(x,Ajkl)− d(x,A)) ≥ ε


belongs to I3. In this case, we write we write I3-limWθ(Nθ) Ajkl = A.

The set of Wijsman strongly I3-lacunary ϕ-convergent triple sequences will
be denoted by

Wθ3Nθ (I3 − ϕ) :=
{
{Ajkl} : I3- limWθ(Nθ) Ajkl = A

}
.

Theorem 3.9. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t = {(jr, ks, lt)}
be a lacunary triple sequence. Then,

I3- limWθ(Nθ) Ajkl = A implies I3-st- limWθ(Sθ) Ajkl = A.

Proof. If ε > 0 and I3-limWθ(Nθ) Ajkl = A, we can write, for each x ∈ X∑
(j,k,l)∈Ir,s,t

ϕ (d(x,Ajkl)− d(x,A))

≥
∑

(j,k,l)∈Ir,s,t
ϕ(d(x,Ajkl)−d(x,A))≥ε

ϕ (d(x,Ajkl)− d(x,A))

≥ ε |{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|
and so

1

εhr,s,t

∑
(j,k,l)∈Ir,s,t

ϕ (d(x,Ajkl)− d(x,A))

≥ 1

hr,s,t
|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}| .

Then, for each x ∈ X and for any δ > 0,{
(r, s, t) ∈ N× N× N :

1

hr,s,t
|{(j, k, l) ∈ Ir,s,t :

ϕ (d(x,Ajkl)− d (x,A)) ≥ ε}| ≥ δ}

⊆

(r, s, t) ∈ N× N× N :
1

hr,s,t

∑
(j,k,l)∈Ir,s,t

ϕ (d(x,Ajkl)− d(x,A)) ≥ ε.δ

 ∈ I3.

This proof is completed. □

Definition 3.10. Let ϕ : R → R be an Orlicz function. A triple sequence
(Ajkl) is said to be bounded if there exists M > 0 such that ϕ (Ajkl) ≤ M for
all j, k, l ∈ N. We denote the space of all bounded triple sequences by ℓ3∞.
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Theorem 3.11. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t =
{(jr, ks, lt)} be a lacunary triple sequence. If (Ajkl) ∈ ℓ3∞ and (Ajkl) is Wijs-
man I3-lacunary statistical ϕ-convergent to A, then (Ajkl) is Wijsman strongly
I3-lacunary ϕ-convergent to A.

Proof. Suppose that (Ajkl) belongs to the space ℓ3∞ and I3-st-limWθ(Sθ) Ajkl =
A. Then, we can assume that

ϕ (d(x,Ajkl)− d(x,A)) ≤ M, for each x ∈ X and all j, k and l.

Given ε > 0, for each x ∈ X we have

1

hr,s,t

∑
(j,k,l)∈Ir,s,t

ϕ (d(x,Ajkl)− d(x,A))

=
1

hr,s,t

∑
(j,k,l)∈Ir,s,t

ϕ(d(x,Ajkl)−d(x,A))≥ ε
2

ϕ (d(x,Ajkl)− d(x,A))

+
1

hr,s,t

∑
(j,k,l)∈Ir,s,t

ϕ(d(x,Ajkl)−d(x,A))< ε
2

ϕ (d(x,Ajkl)− d(x,A))

≤ M

hr,s,t

∣∣∣{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε

2

}∣∣∣+ ε

2
.

Consequently, we have(r, s, t) ∈ N× N× N :
1

hr,s,t

∑
(j,k,l)∈Ir,s,t

ϕ (d(x,Ajkl)− d(x,A)) ≥ ε


⊆

{
(r, s, t) ∈ N× N× N :

1

hr,s,t
|{(j, k, l) ∈ Ir,s,t :

ϕ (d(x,Ajkl)− d (x,A)) ≥ ε

2

}∣∣∣ ≥ ε

2M

}
∈ I3.

Therefore, I3-limWθ(Nθ) Ajkl = A. □

From Theorem 3.9 and Theorem 3.11, we have following Corollary.

Corollary 3.12. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t =
{(jr, ks, lt)} be a lacunary triple sequence. Then, the following statements hold:

Wθ3Sθ (I3 − ϕ) ∩ ℓ3∞ = Wθ3Nθ (I3 − ϕ) ∩ ℓ3∞.

We will now investigate the relationship between Wijsman I3-statistical ϕ-
convergence and Wijsman I3-lacunary statistical ϕ-convergence for triple se-
quence.

Theorem 3.13. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t =
{(jr, ks, lt)} be a lacunary triple sequence with lim inf qr,s,t > 1. Then, I3-st-
limW (S) Ajkl = A implies I3-st-limWθ(Sθ) Ajkl = A.
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Proof. Suppose that lim inf qr,s,t > 1. Then, there exists a γ > 0 such that
qr,s,t ≥ 1 + γ for sufficiently large r, s, t, which implies

hr,s,t

kr,s,t
≥ γ

1 + γ
.

If I3-st-limW (S) Ajkl = A, then for every ε > 0, for each x ∈ X and for suffi-
ciently large r, s, t, we have

1

kr,s,t
|{j ≤ jr, k ≤ ks, l ≤ lt : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|

≥ 1

kr,s,t
|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|

≥ γ

1 + γ

1

hr,s,t
|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}| .

Then, for each x ∈ X and for any δ > 0, we get{
(r, s, t) ∈ N× N× N :

1

hr,s,t
|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}| ≥ δ

}

⊆
{
(r, s, t) ∈ N× N× N :

1

kr,s,t
|{j ≤ jr, k ≤ ks, l ≤ lt :

ϕ (d(x,Ajkl)− d (x,A)) ≥ ε}| ≥ γδ

1 + γ

}
∈ I3.

This completes the proof. □

Theorem 3.14. Let I3 = Ifin
3 = {J : J is a finite set} be a non-trivial ideal,

and let θ3 = {(jr, ks, lt)} be a lacunary sequence with lim sup qr,s,t < ∞. Then,
the following statements hold:

I3-st- limWθ(Sθ) Ajkl = A implies I3-st- limW (S) Ajkl = A .

Proof. If lim supr,s,t qr,s,t < ∞, then without loss of generality, we can assume
that there exists a D > 0 such that qr,s,t < D for all r, s, t ≥ 1. Suppose that
I3-st-limWθ(Sθ) Ajkl = A and for ε > 0, δ > 0 and for each x ∈ X define the sets

Fr,s,t = |{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|

and{
(r, s, t) ∈ N× N× N :

1

hr,s,t
|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}| ≥ δ

}
=

{
(r, s, t) ∈ N× N× N :

Fr,s,t

hr,s,t
≥ δ

}
∈ I3,

and, therefore, it is a finite set. We choose integers r0, s0, t0 ∈ N such that

Fr,s,t

hr,s,t
< δ for all r > r0, s > s0, t > t0.
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Let F = max {Fr,s,t : 1 ≤ r ≤ r0, 1 ≤ s ≤ s0, 1 ≤ t ≤ t0} and p, q, r be any three
integers with jr−1 < p ≤ jr, ks−1 < q ≤ ks and lt−1 < r ≤ lt, then we have

1

pqr
|{j ≤ p, k ≤ q, l ≤ r : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|

≤ 1

jr−1ks−1lt−1
|{j ≤ jr, k ≤ ks, l ≤ lt : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|

=
1

jr−1ks−1lt−1
{|{(j, k, l) ∈ I1,1,1 : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|

+ ...+
1

jr−1ks−1lt−1
|{(j, k, l) ∈ Ir,s,t : ϕ (d(x,Ajkl)− d(x,A)) ≥ ε}|

}
=

1

jr−1ks−1lt−1
{F1,1,1 + F2,2,2 + ...+ Fr0,s0,t0 + Fr0+1,s0+1,t0+1 + ...+ Fr,s,t}

=
F

jr−1ks−1lt−1
r0s0t0 +

1

jr−1ks−1lt−1

{
hr0+1,s0+1,t0+1

(
Fr0+1,s0+1,t0+1

hr0+1,s0+1,t0+1

)
+...+ hr,s,t

Fr,s,t

hr,s,t

}
=

F

jr−1ks−1lt−1
r0s0t0

+
1

jr−1ks−1lt−1

(
sup

r>r0,s>s0,t>t0

Fr,s,t

hr,s,t

)
{hr0+1,s0+1,t0+1 + ...+ hr,s,t}

≤ F

jr−1ks−1lt−1
r0s0t0 + δ

(
jrkslt − jr0ks0 lt0
jr−1ks−1lt−1

)
≤ F

jr−1ks−1lt−1
r0s0t0 + δqr,s,t

≤ F

jr−1ks−1lt−1
r0s0t0 + δD.

Since jr−1 → ∞, ks−1 → ∞, lt−1 → ∞ as p → ∞, q → ∞, r → ∞, respectively,
it follows that I3 − st − limW (S) Ajkl = A. This completes the proof of the
theorem. □

From Theorem 3.13 and Theorem 3.14, we have following Corollary :

Corollary 3.15. Let ϕ : R → R be an Orlicz function and θ3 = θr,s,t =
{(jr, ks, lt)} be a lacunary triple sequence with 1 < inf qr,s,t ≤ sup qr,s,t < ∞.
Then, the following statements hold:

I3-st- limWθ(Sθ) Ajkl = I3-st- limW (S) Ajkl.
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15. P. Kostyrko, T. Šalát and W. Wilczynski, I-convergence, Real Anal. Exchange 26 (2000-

01), 669-685.
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24. N. Pancaroğlu, E. Dündar and F. Nuray, Wijsman I-invariant convergence of sequences

of sets, Bull. Math. Anal. Appl. 11 (2019), 1-9.
25. M.M. Rao and Z.D. Ren, Applications of Orlicz spaces, Marcel Dekker Inc., 2002.
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35. A. Şahiner and B. C. Tripathy, Some I-related properties of triple sequences, Selçuk J.
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Işıl Açık Demirci is a Assistant Professor in Department of Mathematics Education,

Mehmet Akif Ersoy University. She received Ph.D. degree in Mathematics for Suleyman

Demirel university. Her research interests include summability theory and sequences spaces
through functional analysis.

Department of Mathematics Education, Mehmet Akif Ersoy University, Burdur, Turkey.
e-mail: idemirci@mehmetakif.edu.tr
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