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Abstract. This study is dedicated to make an attempt to defifikeidint types of separation axioms in neutrosophic topological
spaces. The relationships among them are shown with a diagram and counterexamples. We also introduce some new notions,
such as neutrosophic quasi-coincidence, neutrosophic g-neighborhood, neurosophic cluster point, and give a new definition for
neutrosophic function.
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INTRODUCTION

Undoubtedly, the concept of separation axioms has always been an indispensable subject in topology. This concept
formed the basis of many valuable researches in general topology. And, these researches played very important roles
in many parts of real life and the findings of these researches came to life in many applications. But, as technology
advances and the industry evolves, people’s needs have changed and general topology has become inadequate in the
real life. So, the impact of these findings on real life has diminished. Then, scientists went on téf&rehtitypes of
topological spaces, and separation axioms occupied an important place in these topological spaces. In [2], Salama and
Alblowi introduced the theory of neutrosophic topological spaces by using neutrosophic sets that had been defined

in [3]. In this study, we present filerent types of separation axioms in neutrosophic topological spaces as a hew
instrument for the real life applications and new notions that we think benefit in other investigations.

Definition 1 (I3]) A neutrosophic sef on the universe sef is defined as:
A={XTa(X),1a(X), Ha (X)) : X € X},
whereT, I, H: X - ]70,1"[and 0 < Ta(X) + 1a (X) + Ha (X) < 3*.

Membership function3, indeterminacy functionsand non-membership functiofsof a neutrosophic set take
value from real standard or nonstandard subse}s®fi*[. However, these subsets are sometimes inconvenient to be
used in real life applications such as economical and engineering problems. On account of this fact, we consider the
neutrosophic sets, whose membership functions, indeterminacy functions and non-membership functions take values
from subsets of [AL].

Definition 2 ([1]) Let X be a nonempty set. H, t, sare real standard or nonstandard subsels®fL*[, then the
neutrosophic set ;s given by

_f (rts),  if x=Xp,
Xer.s(Xp) = { (0.0,1), if x# X
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is called a neutrosophic point i, andx, € X is called the support of; ; s. Herer denotes the degree of membership
value,t denotes the degree of indeterminacy, aglthe degree of non-membership valueqfs.
Clearly, every neutrosophic set is the union of its neutrosophic soft points.

Definition 3 ([2]) Let A andB be two neutrosophic soft sets over the universeXsdthen, their union is denoted
by AU B = C and is defined b = {{(x, Tc (X), Ic (X), Fc (X)) : x € X}, where

Tc(X) = maxTax), Te(X)},
Ic(X) = max{la(x), Is(X)},
Fc(X) = min{Fa(X), Fa(X)}.

Definition 4 ([2]) Let A; and A, be two neutrosophic soft sets over the universeXsa@hen the intersection @%;
andA;, denoted byA; N Ay = Ag is defined byAs = {(X, Ta, (X), 1a, (X), Fa, (X)) : X € X}, where

TA3(X) = min{TAl(X)?TAz(X)},
IA3 (X) = min{l/-\l (X) B IAz (X)} P
Fa, () = max{Fa, (x), Fa, (X)}.

Definition 5 ([2]) A neutrosophic sef over the universe seX is said to be a null neutrosophic sefTif (x) =
0, Ia(X)=0, FA(X) =1, Yxe X
It is denoted by Q.

Definition 6 ([2]) A neutrosophic se® over the universe seX is said to be an absolute neutrosophic set if
Ta(X) =1L Ia(¥) =1, FA(X) =0, VYxe X
It is denoted by &.

Definition 7 ([2]) Let NS(X) be the family of all neutrosophic sets over the universeXsatdr c NS(X). Then,
7 is said to be a neutrosophic topology Xnif:

1. Ox and 1 belong tor,

2. The union of any number of neutrosophic sets belongs tor ,

3. The intersection of a finite number of neutrosophic setstalongs tor.

Then (X, 7) is said to be a neutrosophic topological space ddtach member of is said to be a neutrosophic open
set.

Definition 8 ([2]) Let (X, 7) be a neutrosophic topological space oXaandA be a neutrosophic set ovEr Then
A'is said to be a neutrosophic closed set if its complement is a neutrosophic open set.

Some definitions

Definition 9 A neutrosophic poink s is said to be neutrosophic quasi-coincident (neutrosophic g-coincident, for
short) withH, denoted by ; sqH if and only if .t s ¢ HE. If X s is not neutrosophic quasi-coincident with we
denote byx ; sGH.

Definition 10 A neutrosophic seH in a neutrosophic topological spack, {) is said to be a neutrosophic g-
neighborhood of a neutrosophic poit s if and only if there exists a neutrosophic openGetuch thatx; sqG c H.

Definition 11 A neutrosophic seG is said to be neutrosophic quasi-coincident (neutrosophic g-coincident, for
short) withH, denoted bycgH if and only if G ¢ HE. If G is not neutrosophic quasi-coincident wkh we denote by
GgH.

Definition 12 A neutrosophic poink: ;s is said to be a neurosophic cluster point of a neutrosophitl seand

only if every neutrosophic open g-neighborhood Gxgfs is g-coincident withH. The union of all neutrosophic
cluster points oH is called the neutrosophic closuretdfand is denoted bi.
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Definition 13 A neutrosophic topological spac¥. () is said to be a neutrosophig-space (resp. neutrosophic
Ti-space) if for every pair of neutrosophic poinss,, , Yo g,-» Whose supports areftierent, there exist neutrosophic
open set#d, G such thaix, g, € H, Yo, € H® (resp. andk, g, € G°, Yo g € G).

Example 1 Consider the seX = {x,y} and the familyr = {{Xa,a,l—asyﬁ,ﬁ,l_ﬁ} ta,B €0, 1]}. Thenrt is a neutro-

,,,,,

,,,,,,,,,,

Definition 14 A neutrosophic topological spaces said to be a neutrosophig-space if for every pair of neutro-
sophic points, s, Yo g, » Whose supports areftiérent, there exists neutrosophic open 816 such tha, g, € H,
Yo py € He, Yo p .y € G, Xepy € G* anquG

For a neutrosophic topological spacg £) we have the following diagram:

neutrosophid,-space

1)
neutrosophidi-space

l
neutrosophidy-space

Converse statements may not be true as shown in the examples below;
Example 2 Consider the seX = {x,y} and the family

T= {{Xa,a,l—wayﬁ,ﬁ,]_—p’} ca€[0,1],8€ 0, 1)}_

Then,r is a neutrosophic topology ovet. It is easily seen that{, r) is a neutrosophid-space. But, it is not a
neutrosophicli-space, becausg; 1o andyi 10 are neutrosophic points irX(r) with different supports and the only
neutrosophic open set that contajagp is 1x.

Example 3 Let X = N be the set of naturel numbers. For ang N, ny 1 is a neutrosophic point. Clearly, there
is a one-to-one compability betwedhand{n; 1 : n € N}. Then, we can define a cofinite topology{ohio : n € N}.

That is, a neutrosophic sét is neutrosophic open if and only if it is constituted by discarding a finite number
of elements from{ny 10 : N € N}. Hence, this cofinite topological space is a neutrosophispace. But, it is not a
neutrosophid,-space.

NeutrosophicR-spaces, +0, 1

Definition 15 A neutrosophic topological spack, () is said to be a neutrosophiRy-space if and only if for any

two neutrosophic points, s, andy, g, if Xo5,8Ye g thenXe s, 0o 5., -

Definition 16 A neutrosophic topological spack,(r) is said to be a neutrosophii-space if and only if for any
two neutrosophic pointg, s, andye gy if Xop,0Ye s, then there exist two neutrosophic open détandG in
(X, 1) such thatx, 3, € H, Yo g ,» € G andHGG.

Neutrosophic regular, normal and T;-Spacesj = 3,4
Definition 17 A neutrosophic topological spack, ) is said to be a neutrosophic regular (neutrosophispace,
for short) space if and only if, for any neutrosophic poirtg, and any neutrosophic closed $etn (X, 7) such that
X 8,0K, there exist two neutrosophic open setandG in (X, 7) such thatx, 5, € H, K ¢ G andHgG.
Definition 18 A neutrosophic topological spack, ) is said to be a neutrosophic normal (neutrosopliispace,

for short) space if and only if for any two neutrosophic closed BeagdK in (X, 7) such thatPgK, there exists two
neutrosophic open sekbandG in (X, 7) such thatP c H, K ¢ G andHGG.

020002-3



Definition 19 A neutrosophic topological spack, ) is said to be a neutrosophig-space if and only if it is both
a neutrosophi®, and neutrosophi€;-space.

Definition 20 A neutrosophic topological spack, () is said to be a neutrosophig-space if and only if it is both
a neutrosophi®; and neutrosophi€;-space.

Theorem 1 Let (X, 7) be a neutrosophic topological space(X, ) is a neutrosophic F-space, then it is a neu-
trosophic k-space.

Theorem 2 Let (X,7) be a neutrosophic topological space.(X, ) is a neutrosophic - space, then it is a
neutrosophic J-space.

Conclusion

We have brought a new perspective to the world of topology on separation axioms in neutrosophic topological spaces.
In addition, we have given a new definition for neutrosophic function that we think will benefit the other mathematical
studies especially in topology. It is our wish that this study and the new notions and concepts we ofter will help other
scientists around the world to create new fields of work and make inventions that will benefit people.
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