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1. Introduction

Let (𝑋, 𝜏) be a topological space. For a subset 𝑆 of 𝑋, the closure, the interior,
and the complement of 𝑆 with respect to (𝑋, 𝜏) is denoted by 𝑐𝑙 𝑆, 𝑖𝑛𝑡 𝑆, and 𝑆𝑐,
respectively. Any function is assumed to be mapping between two topological spaces.

Recently there has been some interest in the notion of a simply-opened subset of
topological space (𝑋, 𝜏). According to Neubrunnovia [1] a subset 𝑆 of a space (𝑋, 𝜏)
is called simply-opened if it is 𝑆 = 𝑂 ∪𝑁 , where 𝑂 is open and 𝑁 is nowhere dense
(= 𝑛𝑤𝑑, 𝑖𝑛𝑡 (𝑐𝑙 𝑁) = Φ) subset of a space (𝑋, 𝜏).

In [2] Ganster, Reilly and Vamanmurthy showed that a subset 𝑆 of a space (𝑋, 𝜏)
is simply-opened if and only if it is intersection of semi-opened and semi-closed subsets
of a space (𝑋, 𝜏).

A set 𝐵 of a topological space (𝑋, 𝜏) is simply-closed if and only if 𝐵𝑐 is simply-
opened.

The class of all simply-opened subsets of the space (𝑋, 𝜏) will be denoted by
𝑆𝑀𝑂(𝑋).

Semi-opened subsets of a topological space were defined by Levine [3]. Recall
that 𝑆 is called semi-opened [3] if 𝑆 ⊂ 𝑐𝑙(𝑖𝑛𝑡 𝑆). A semi-closed set is a set, whose
complement is semi-opened.

A subset 𝑆 of a topological space (𝑋, 𝜏) is called 𝛿 − 𝑠𝑒𝑡(see [4]) if 𝑖𝑛𝑡(𝑐𝑙 𝑆) ⊂
𝑐𝑙(𝑖𝑛𝑡 𝑆).

Intersection of all semi-closed sets containing 𝐴 is called the semi-closed of 𝐴
(see [5]) and is denoted by 𝑠𝑐𝑙(𝐴). By a semi-clopen set we mean the set, which is
semi-opened and semi-closed at the same time. Recall that a subset A of a space
(𝑋, 𝜏) is called regular open if 𝐴 = 𝑖𝑛𝑡 𝑐𝑙 𝐴.

The concept of semi-reopening was introduced by D. Andrijevic (see [6] and [7]).
These sets were called 𝛽 — open sets. A subset 𝑆 of a space 𝑋 is called semi-preopen
if 𝑆 ⊂ 𝑐𝑙(𝑖𝑛𝑡(𝑐𝑙(𝑆))).

A subset 𝐴 of a space 𝑋 is said to be regular open (respectively regular closed)if
𝐴 = 𝑖𝑛𝑡(𝑐𝑙(𝐴)) (respectively 𝐴 = 𝑐𝑙(𝑖𝑛𝑡(𝐴))) (see [7]).

In [8] the definition of semi-g-regular topological space was introduced. A topolog-
ical space (𝑋, 𝜏) is said to be semi-g-regular if for each sg-closed set 𝐴 and each point
𝑥 /∈ 𝐴, there exist disjoint semi-opened sets 𝑈, 𝑉 ⊂ 𝑋 such that 𝐴 ⊂ 𝑈 and 𝑥 ∈ 𝑉 .

A subset 𝐴 of a topological space (𝑋, 𝜏) is called semi-generalized closed (see [9]),
briefly sg-closed, if 𝑠𝑐𝑙(𝐴) ⊂ 𝑈 whenever 𝐴 ⊂ 𝑈 and 𝑈 is a semi-opened.

A function 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) is said to be semi-continuous [3] (resp. irres-
olute [10], perfectly contra-irresolute [11], semi-precontinuous [12], almost continu-
ous [13] (written as a.c. 𝑆), contra-irresolute [11]) if the inverse image of every open
subset (resp. semi-opened, semi-opened, open, regular open, semi-opened) subset
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of (𝑌, 𝜎) is semi-opened (resp. semi-opened, semi-clopen, semi-preopen, open, semi-
closed) in (𝑋, 𝜏).

A function 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) between two topological spaces is said to be
pre-semi-opened [10] if and only if, the image of every semi-opened set in (𝑋, 𝜏) is
semi-opened in (𝑌, 𝜎).

A function 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) between two topological spaces is said to be
semi-homeomorphism [10] if and only if 𝑓 is one-to-one, onto, irresolute, and pre-
semi-opened.

Def 1. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a function. We say that f is a simply-
continuous(resp. ws-continuous, ss-continuous if the inverse image of every open(resp.
simply-opened, simply-opened) set in 𝑌 is simply-opened(resp. open, simply-opened)
set in 𝑋.

We give now an example to show that the simply-continuous function appears to
be not necessary continuous function.

Example 1. Let 𝑓 : ℜ −→ ℜ where ℜ is the real line with the usual topology and
𝑓(𝑥) = 1 when (0 6 𝑋 < 1) and 𝑓(𝑥) = 0 otherwise. It is very easy to see that 𝑓 is
simply-continuous but not continuous function.

2. Properties of simply-continuous, ss- continuous, ws-
continuous functions

Lemma 1 (see [14]). Every semi-opened subset of a space (𝑋, 𝜏) is a simply-
opened set.

Theorem 1. Every perfectly contra-irresolute function is a simply-continuous func-
tion.

Proof. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a perfectly contra-irresolute function and let
𝑂 be an open subset of 𝑌 . Then by lemma 1 we have that 𝑂 is simply-opened and
since f is perfectly contra -irresolute function, 𝑓−1 (𝑂) is semi-clopen subset of 𝑋
(𝑓−1(𝑂) = 𝑓−1(𝑂) ∩ 𝑓−1(𝑂)) as intersection of semi-opened and semi-closed and so,
𝑓−1 (𝑂) is simply-opened by the definition of simply-opened in [2]. �

Theorem 2. Every ws-continuous is a semi-precontinuous function.

Proof. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a ws-continuous function and let𝐴 be an open
and so semi-opened subset of 𝑌 . By lemma 1 𝐴 is simply-opened subset of 𝑌 , so
𝑓−1(𝐴) is open subset of 𝑋 and so semi-opened, but it is very easy to see that, every
semi-opened set is semi-preopen, so 𝑓−1(𝐴) is semi-preopen. �

The converse of above theorem need not be true by the following example:

Example 2. Let 𝑋 = {𝑎, 𝑏, 𝑐}, 𝜏1 = {Φ, 𝑎, 𝑏, 𝑎, 𝑏,𝑋}, 𝑌 = {1, 2, 3, 4}, 𝜏2 =
{Φ, 1, 1, 2, 1, 2, 3, 𝑌 }. A function 𝑓 : (𝑋, 𝜏1) −→ (𝑌, 𝜏2) is defined by 𝑓(𝑎) = 1,
𝑓(𝑏) = 3, 𝑓(𝑐) = 2. Here 𝑆𝑃𝑂(𝑋) = {Φ, {𝑎}, {𝑏}, {𝑎, 𝑏}, {𝑎, 𝑐}, {𝑏, 𝑐}, 𝑋}. Then 𝑓
is semi-precontinuous. But 𝑓 is not ws-continuous since 𝑓−1({1, 2}) = {𝑎, 𝑐}, which
is not open in 𝜏1.

Theorem 3. Every ws-continuous function is an almost continuous function.

Proof. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a ws-continuous function and let 𝐴 be a regular
open subset of 𝑌 . Since every regular open set is open set, and so semi-opened subset
of 𝑌 , by lemma 1, 𝐴 is simply-opened subset of 𝑌 , so 𝑓−1(𝐴) is an open subset of 𝑋.�
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Proposition 1 (see [15]). If 𝑋 is a topological space and 𝑌 is a dense subspace
of 𝑋, then for any 𝐴 ⊂ 𝑌 , 𝐴 is nowhere dense in 𝑌 if and only if 𝐴 is nowhere dense
in 𝑋.

Theorem 4. Let (𝑋, 𝜏) be a topological space, (𝑋0, 𝜏0) be a subspace of (𝑋, 𝜏),
𝐴 ⊂ 𝑋0 ⊂ 𝑋 and 𝑋0 ∈ 𝑆𝑀𝑂(𝑋). If 𝐴 ∈ 𝑆𝑀𝑂(𝑋) then 𝐴 ∈ 𝑆𝑀𝑂(𝑋0).

Proof. Since 𝐴 is simply-opened in (𝑋, 𝜏) then 𝐴 = 𝑂 ∪𝑁 , where 𝑂 is open and
𝑁 is nowhere dense subsets of 𝑋, so 𝐴 = 𝑋0∩𝐴 = 𝑋0∩(𝑂∪𝑁) = (𝑋0∩𝑂)∪(𝑋0∩𝑁).
But (𝑋0 ∩𝑂) and (𝑋0 ∩𝑁) are open and nowhere dense subsets of the space (𝑋0, 𝑇0)
respectively. Thus 𝐴 is simply-opened in (𝑋0, 𝑇0). �

Lemma 2 (see [14]). Let 𝑆 and 𝑂 be subsets of a space (𝑋, 𝜏) such that 𝑆 is a
simply-opened set and 𝑂 is an open set. Then 𝑆 ∩𝑂 is a simply-opened set.

Theorem 5. If 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) is a simply-continuous function and 𝑋0 is an
open set in 𝑋, then the restriction 𝑓/𝑋0 : 𝑋0 −→ 𝑌 is simply-continuous.

Proof. Since 𝑓 is simply-continuous, for any open set 𝑉 in 𝑌 , 𝑓−1(𝑉 ) is a simply-
opened set in 𝑋. Hence by lemma 2, we have that 𝑓−1(𝑉 ) ∩ 𝑋0 is a simply-opened
set in 𝑋. Since 𝑋0 is an open set, by theorem 8, (𝑓/𝑋0)

−1(𝑉 ) = 𝑓−1(𝑉 ) ∩ 𝑋0 is a
simply-opened set in 𝑋0, which implies that 𝑓/𝑋0 is simply-continuous. �

Theorem 6. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a function between two topological spaces.
Then the following statements are equivalent:
(1) 𝑓 is strongly simply-continuous;
(2) if 𝑥 ∈ 𝑋 and V is simply-opened in 𝑌 containing 𝑓(𝑥), then there exists 𝑈 simply-

opened in 𝑋 containing 𝑥 such that 𝑓(𝑈) ⊂ 𝑉 .

Proof ((1) =⇒ (2)). Let 𝑉 be simply-opened in 𝑌 and 𝑓(𝑥) ∈ 𝑉 . Since 𝑓 is
ss-continuous, 𝑓−1(𝑉 ) is simply-opened in 𝑋 and 𝑥 ∈ 𝑓−1(𝑉 ). Put 𝑈 = 𝑓−1(𝑉 ).
Then 𝑥 ∈ 𝑈 and 𝑓(𝑈) = 𝑓(𝑓−1(𝑉 )) ⊂ 𝑉 .

((2) =⇒ (1)). Let 𝑉 be simply-opened in 𝑌 and 𝑥 ∈ 𝑓−1(𝑉 ). Then 𝑓(𝑥) ∈ 𝑉
therefore, there exists a 𝑈𝑥 simply-opened in 𝑋 such that 𝑥 ∈ 𝑈𝑥 and 𝑓(𝑈𝑥) ⊂ 𝑉 ,
therefore 𝑥 ∈ 𝑈𝑥 ⊂ 𝑓−1(𝑉 ). This implies that 𝑓−1(𝑉 ) is union of simply-opened sets,
hence 𝑓−1(𝑉 ) is simply-opened in 𝑋 so 𝑓 is strongly simply-continuous. �

Theorem 7. Let (𝑋, 𝜏) and (𝑌, 𝜎) be two topological spaces. The function 𝑓 :
(𝑋, 𝜏) −→ (𝑌, 𝜎) is simply-continuous function if and only if, for every closed subset
𝐵 of 𝑌 , 𝑓−1(𝐵) is simply-closed in 𝑋.

Proof. Necessity. If 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) is simply-continuous function, then for
every open subset 𝑂 of 𝑌 , 𝑓−1(𝑂) is simply-opened in 𝑋. If 𝐵 is any closed subset
of 𝑌 , then 𝐵𝑐 is open. Thus 𝑓−1(𝐵𝑐) is simply-opened, but 𝑓−1(𝐵𝑐) = (𝑓−1(𝐵))𝑐 so
that 𝑓−1(𝐵) is simply-closed.

Sufficiency. If for all closed subset 𝐵 of 𝑌 , 𝑓−1(𝐵) is simply-closed in𝑋, and if 𝑂 is
any open subset of 𝑌 , then 𝑂𝑐 is closed. Also, 𝑓−1(𝑂𝑐) = (𝑓−1(𝑂))𝑐 is simply-closed.
Thus 𝑓−1(𝑂) is simply-opened. �

Theorem 8. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be two topological spaces. The one-to-one
and onto function 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) is ws-continuous (resp. ss-continuous) if and
only if, for every simply-closed subset 𝐵 of 𝑌 , 𝑓−1(𝐵) is closed(resp. simply-closed)
in 𝑋.

Proof. In the same way of proving theorem 7 we can proof this theorem. �

Lemma 3 (see [8]). For a topological space (𝑋, 𝜏) the following statements are
equivalent:
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(1) (𝑋, 𝜏) is semi-g-regular;
(2) every sg-closed set 𝐴 is an intersection of semi-clopen sets.

By the upper Lemma we have the following proposition:

Proposition 2. A subset 𝐵 of a semi-g-regular topological space is simply-opened
if and only if it is sg-closed set.

Theorem 9. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a simply-continuous (resp. ws-simply
continuous, ss-continuous) function between two semi-g-regular topological spaces. Then
the inverse image of every sg-closed set is sg-closed set.

Proof. Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a simply-continuous (resp. ws-simply continu-
ous, ss-continuous) function between two semi-g-regular topological spaces and let 𝐴
be a sg-closed subset of 𝑌 and 𝑌 a semi-g-regular topological space, then, by Propo-
sition 2, 𝐴 is simply-opened subset of 𝑌 , so 𝑓−1(𝐴) is simply-opened subset of 𝑋
whatever 𝑓 be. But 𝑋 is semi-g-regular topological space, so 𝑓−1(𝐴) is sg-closed set.�

Lemma 4 (see [11]). Let 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) be a map. Then the following
conditions are equivalent:
(i) 𝑓 is contra-irresolute;
(ii) the inverse image of each semi-closed set in 𝑌 is semi-open in 𝑋.

Theorem 10. Every contra-irresolute function is simply-continuous.

Proof. Let 𝐴 be open in (𝑌, 𝜎) where 𝑓 : (𝑋, 𝜏) −→ (𝑌, 𝜎) is contra-irresolute
function, so 𝐴𝑐 is closed and so semi-closed and by the contra-irresoluteness, lemma 4,
of the function we have, 𝑓−1(𝐴𝑐) to be semi-open and so, by lemma 1 is simply-closed
in (𝑋, 𝜏), so we have that (𝑓−1(𝐴𝑐))𝑐 = 𝑓−1(𝐴) is simply-opened. �
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УДК 513.831
Некоторые результаты о просто-непрерывных функциях

Аль Баяти Джелал Хатем Хуссейн
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117198, ул. Миклухо-Маклая, д.6, Москва, Россия

В этой статье введены три класса функций, называемых соответственно просто-непре-
рывными, сильно просто-непрерывными и слабо просто-непрерывными как обобщения
непрерывных функций. Получены их характеристики, основные свойства и описаны их
связи с другими обобщениями непрерывных отображений топологических пространств.

Ключевые слова: простооткрытые множества, простозамкнутые множества, полу-
g-регулярное пространство, почти непрерывная функция.




