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Abstract

In this paper, A new type of separation axioms in the neutrosophic crisp Topological space named neutrosophic
crisp pre separation axioms is going to be defined , in which neutrosophic crisp pre open set and neutrosophic
crisp point are to be depended on. Also, relations among them and the other type are going to be found.

Keywords: Neutrosophic crisp pre separation axiom, neutrosophic crisp separation axiom, neutrosophic crisp
point, Neutrosophic crisp semi separation axiom.

1. Introduction

In 1995, F.Samarandache generalized the fuzzy logic concept into the neutrosophic logic which presents a more
detaied and concise description than the fuzzy logic and classical logic; then several researches emerged in this
logic, in all branches of mathematics, especially Topology.

In 2012 A. A Salama et al. defined the concept of the neutrosophic set. Also, in 2020 A. Al-Nafey, R. Al-Hamido
and F. Smarandache define the neutrosophic crisp separation axioms[2]. Also, in 2020 R. K. Al-Hamido, L.A. Salha
and T. Gharibah define neutrosophic crisp semi separation axioms[13].

Recently, the neutrosophic crisp set theory may have applications in image processing [3-4]and possible applications
to database[6]. Also, neutrosophic sets [7] have applications in the medical field [8-11], [9], [10], [11] and in the
field of geographic information systems[5].Many researchers studied topology, and they had many contributions to
neutrosophic toplogy as [14], [15], [16], [17] and [18] and in neutrosophic bitopology in [19], [20], [21] and [22],
and in neutrosophic algebra in [23], [24], [25], [26] and [27].

In this paper, neutrosophic crisp pre separation axioms via neutrosophic crisp pre open set and neutrosophic crisp
point are going to be studied.

Lastly, the definition of separation axioms is as follows T;,i = 0,1,2 and the relations among them.

2. Preliminaries
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In this paper, the symbol (y,T) means a neutrosophic crisp topological space (N.TS), Also

N.. OS (N.. CS) means a neutrosophic crisp open(closed) sets and neutrosophic crisp pre open set in N.TS mean a
N.P.OS.

Some important definitions to this paper will be shown.

Definition 2.1. [1]

Suppos that X # @ be a fixed set. A neutrosophic crisp set (N¢.S) U is an object with the U=< U,, U,, Us> shape;
U1, U, and Usare subsets of X.

Definition 2.5. [12]
Suppos that x be a non-empty set. And x,y,z€ ¥, then:
a. xy,=<{x},0,0 > is called a neutrosophic crisp point (N.Py,) in .

b.  yn,=<0,{y},® > is called a neutrosophic crisp point (N.Py,) in x.
¢ zy,=<0,0,{z} > is called a neutrosophic crisp point (N.Py,) iny .
The set of all neutrosophic crisp points (N.Py,, NcPx,, NcPy,) is denoted by NCPy.

Definition 2.6. [12]
Suppos that (y,T) be an NcTS. Then y is called:

a. N;To-space for every two diffrant points from y there exists neutrosophic crisp open set in y containing one of

them but not the other.

b. N,To-space for every two diffrant points from y there exists neutrosophic crisp open set in  containing one of

them but not the other.

c. N;To-space for every two diffrant points from y there exists neutrosophic crisp open set in  containing one of

them but not the other.

Definition 2.7. [12]

Suppos that (y,T) be an NcTS. Then y is called:
a. N;Ti-space for every two diffrant points from y are Xy, , ¥y, there exists two neutrosophic crisp open set M,

M in y such that xy, € M1, yn, € Miandxy, € Mz, yN, € Mo
b. N, Ti-space for every two diffrant points from y are Xy, yy, there exists two neutrosophic crisp open set M1,
M in  such that xy, € Gi,yn, € Giandxy, € G2, yy, € Ga.
¢ N3Ti-space for every two diffrant points from y are Xy, yn, there exists two neutrosophic crisp open set M1,
Mz in  such that Xy, €M1, yn, €Miand xy, € M2, yy, €
Mo.

Definition 2.8. [12]

Suppos that (y,T) be an NcTS. Then ¥ is called:
a. N;Tr-space for every two diffrant points from y are xy,, ¥y, there exists two neutrosophic crisp open set M,
M in y such that xy, € M1, yyn, € Miand xy, & Mz, yy, € M. with MinMz= @.
b. N, T>-space for every two diffrant points from y are Xy, yn, there exists two neutrosophic crisp open set M1,
M in  such that xy, € My, yy, € Miand xy, € Mz, yy, € Mz with MinM,= @.
¢. N;3T>-space for every two diffrant points from y are xy,, yn, there exists two neutrosophic crisp open set Mi,
M. in y such that xy, € My, yy, € Miand xy, € Mo, yn, € M2 with Min My = @.

Definition 2.9. [13]

Suppos that (y,T) be an NcTS. Then y is called:
a. NjsemiTo-space if for every Xy, # yn, € there exists NcS.0S M in y containing one of them but not the other.
b. NjsemiTo-space if V xy,# yn, € X there exists NcS.0S M in y containing one of them but not the other.
¢.  NzsemiTo-space if V xy,# yn, € there exists NcS.0S M in  containing one of them but not the other.
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Definition 2.10. [13]

Suppos that (y,T) be an NcTS. Then ¥ is called:

a. N; semiTi-space if for every xy, # yy, €) there exist NcS.0S M 1, M, in y such that xy, € M, yy, € M1 and
XN1 z My ,le e M.

b. N,semiTi-space if V xy, # yy, €} there exist NcS. 0§ M 1, My in y such that xy, € G1, yy, € Giand xy, € G2,
YN, € G2

¢.  NzsemiTi-space if V xy, # ¥y, €} there exist NcS. 0S M, M; in y such that xy, €My, yy, €M and xy, ¢ Mz,
VN, € M2

3

Definition 2.11. [13]

Suppos that (3, T) be an NcTS. Then y is called:

a. NjsemiTs-space if for every xy, # yy, € there exists NcS.0S M, M, in  such that xy, € My, yy, € M and
XN, g My, YN, € M,. with MiNM,= @.

b. N,semiT>-space if V Xy, # Yy, €) there exists NcS.0S M, M; in y such that Xy, € My, yy, € Miand Xy, € M
> YN, € M, with MiNM,= @.

¢ NsemiT>-space if V Xy, # yn, € there exists NcS.0S My, M, in y such that xy,€ M, yn, € M and Xy, €
Mo, YN, € M, with Min M= @.

3. Separation axioms via pre open sets

This section introuduces a new type of separation axioms in the neutrosophic crisp Topological space named
neutrosophic crisp pre separation axioms.

Definition 3.1.
Suppos that (3, T) be an NcTS. Then y is called:

d. NjpreTo-space if for every xy, # ¥, € there exists NcP.OS M in y containing one of them but not the other.
e. NypreTo-space if V xy,# yn, €X there exists NcP.OS M in y containing one of them but not the other.
f. NspreTo-space if V xy,# yn, € there exists Nc.P.OS M in y containing one of them but not the other.

Definition 3.2.
Suppos that (y,T) be an N.TS. Then 7y is called:

d. N;Ti-space if for every xy,# yn, € there exist NcP.0S M1, M in y such that xy, € M1, yn, € M1and xy, ¢
M . le e M.

e. N,preTi-space if V xy, # yn, €Y there exist NcP.0S M1, Ma in y such that xy, € Gi, yn, € Giand xy, ¢ G2,
yn, € G2

f.  N3preTi-space if ¥ xy, # yn, €) there exist NcP.0S M, M, in x such that Xy, €M1, yn, €M and xy, € Mz,
YN3 e M

Definition 3.3.

Suppos that (y,T) be an N.TS. Then 7y is called:

d. N;preTs-space if for every xy,# yn, €) there exists NcP.0S M 1, M; in y such that xy, € M1, yy, € M and
XN, € My, YN, € M,. with MiNM,= @.

e. NppreTo-space if V xy, # yn, € there exists NcP.0S M, Mz in y such that xy, € My, yn, € Miand xy, € M2,
YN, € M, with MiNnM,= @.

f.  NspreTz-space if V xy, # yn, €) there exists NcP.0S Mi, Mz in y such that xy,€ My, yn, € M1 and xy, &
Mo, YN, € M, with Min M= @.

Theorem 3.4.

Suppos that (y,T) be an N TS, then :
1.  Every N;To-space is N,preTo-space.
2. Every N,To-space is N,preTo-space.
3. Every N;To-space is N3preTo-space.
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Proof:

1. Suppose that (x,T) is an N;To-space, therefore for every two xy, # yy,, there exists an N..OS M in
containing one of them to which the other does not belong. So there exists an NcP.0S M in y containing
one of them to which the other does not belong, therefore X is N;preTo-space.

2. Suppose that (x,T) is an N,To-space, therefore for every two xy, # yy,, there exists an Ne.OS M in y
containing one of them to which the other does not belong. So there exists an NcP.0S M in y containing
one of them to which the other does not belong, therefore X is N,preTo-space.

3. Suppose that (y,T) is an N3To-space, therefore for every two xy, # yn,, there exists an Ne.OS M in y
containing one of them to which the other does not belong. So there exists an NcP.0S M in  containing
one of them to which the other does not belong, therefore X is N;preTo-space.

Remark 3.5.

The converse of theorem 3.4 is not true, as it is shown in the following examples.

Example 3.6.

Letx ={a,b,c},T={0y,Xy, AL, A={<{a}, 0,0 >}
NpP.OS=TU{B={<{ac},00>},C={<{ab},00 >}

Let xy, = {< {b},0,0 >}# yn, = {< {c},0,0 >}ey there is no a N..OS M in y containing one of them but not
the other. Therefore (y,T) is not N, To-space.

Letxy, = {< {b},0,0 >}=yn, = {<{a},0,@ >}ey there is a N:P.OS B in y containing one of them but not the
other.

Let xy, = {< {a}, 0,0 >}= Yy, = {<{c},0,® >}ey there is a N.P.OS A in  containing one of them but not
the other.

Letxy, = {< {0}, 0,0 >}» yy, = (< {c}, 0, ® >}ey there is a N..OS B in  containing one of them but not the
other. Therefore (y,T) N;preTo-space.

Then (y,T) N.preTo-space, But (3, T) is not N; To-space.
Example 3.7.

LetX = {a,b,c},T = {mN :XN 'A }'A = {< {a},Q,(D >}
NP.OS=TU{B={<{a,c},0,0>},C={<{ab},0,0 >}

Letxy, = {< 0,{b},® >}# yn, = {< 0,{ c},® >}y there is no a N..OS M in y, containing one of them but not
the other. Therefore (y,T) is not N,To-space.

Let xy, = {< @,{b},0 >}# yn, = {< 0,{c},@ >}y there is a N.P.OS B in y containing one of them but not
the other.

Let xy, = {< @,{a},® >}# yn, = {< D,{c},® >}ey there is a N.P.OS A in y containing one of them but not
the other.

Let xy, = {< @,{b},0 >}# yn, = {< 0,{ a}, ® >}ey there is a NcP.OS A in y containing one of them but not
the other. Therefore (y,T) N,preTo-space.

Then (y,T) N,preTo-space, But (3, T) is not N, To-space.
Example 3.8.

LetX = {a,b,c},T = {mN IXN 'A }'A = {< {a}l®'® >}
NP.OS=TU{B={<{a,c},0,0>},C={<{ab},00>}}

Let xn, = {< 0,0,{ b} >}# yn, = {< @,0,{ c} >}ey there is no a N..OS M in y containing one of them but not
the other. Therefore (y,T) is not N;To-space.

Letxy, = {< 0,0,{ b} >} yn, = {< 0,0, { c} >}y there is a N,P.OS B in  containing one of them but not the
other.

Letxy, = {< @,0,{a} >}z yn, = {< D,0,{c} >}ey there is a N.P.OS A in y containing one of them but not the
other.

Let xy, ={< @,0,{ b} >} yn, = {< 0,0,{ a} >}ey there is a N..OS A in y containing one of them but not the
other. Therefore (y,T) NspreTo-space.

Then (y,T) N3preTo-space, But (3, T) is not N;To-space.
Theorem 3.9.

Let (y,T) be an N.TS, then :
1. Every N, Ti-space is N;preTi-space.
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2. Every N,Ti-space is N,preTi-space.
3. Every N;3Ti-space is NypreT-space.

Proof:
1. Suppose that (x,T) is an N; Ti-space , therefore for every two Xy, #yy, , there exist an No.OS M1, Mz in
such that xy, € M1, yy, € M1 and xy, € M2, yn, € Ma. So there exists an NcP.0S M1, My in y such that
XN, € My, yn, € Miandxy, € Mz, yy, € Mo
Therefore X is N;preTi-space.
2. Suppose that (x,T) is an N,Ti-space , therefore for every two xy, # yn, , there exist an Ne.OS M1, M, in
such that xy, € M1, yy, € M1 and Xy, € Mz, yyn, € Mo. So there exists an NcP.0S M 1, M; in j such that
XN, € M1, yn, € Miandxy, € M2, yy, € M.
Therefore X is N,preTi-space.
3. Suppose that (3,T) is an N3Ti-space , therefore for every two Xy, # Yy, » there exist an Ne.OS My, Mz in g
such that xy, € M1, yy, € M1and Xy, € Mz, yy, € Mo. So there exists an NcP.0S M 1, My in j such that
XN, € M1, yn, € Miandxy, € Mo, yy, € M.
Therefore X is N;preT,-space.
Remark 3.10.
The converse of a theorem 3.9 is not true, as it is shown in the following example.
Example 3.11.
LetX = {a,b,c},T = {¢N iXN 'A'B}'A = {< { a},®,¢ >}:B = {< { b, C}: @;@ >}
NP.OS=TU{G={<{b},0,0>},C={<{c},0,0 >}LE={<{a,b},0,0 >}, H={<{ac}00>}}
Letxy, = {< {b},0,0 >} yn, = {<{c},0,0 >}ey there is no Nc. 0S M, M in y such that xy, € Mi, yy, €
M; and xy, € M2, yn, € Ma. Therefore (3, 1) is not N;Ti-space.

Then (y,T) NipreTi-space, but (3, T) is not N, Ti-space.
Example 3.12.

Letx ={a,b,c},T={0y,Xy,A B}, A={<0,{a},0 >},B={<?,{b,c},0 >}.
NS.0S=TU{G={<0,{b},0 >},C={<0,{c},0>}LE={<0,{a,b},0 >} H={<0,{ac}0>}}
Letxy, = {< @,{b},0 >}#yn, = {< 0,{ ¢}, ® >}y there is no Nc.0S M, M, in y such that xy, € My, yy, ¢
M; and xy, € M2, yn, € Mo. Therefore (3, T) is not N, Ti-space.

Then (y,T) N,preTi-space, but (%, T) is not N, Ti-space.
Example 3.13.

Letx ={a,b,c},T={0y,Xy,ABLA={<0,0,{a}>},B={<0,0,{b,c} >}
NS.0S=TU{G={<0,0,{b}>},C={<0,0,{c}>}LE={<0,0,{ab}>LH={<0,0,{a,c}>}}.
Letxy, = {< 0,0,{ b} >}z yn, = {< 0,0,{ c} >}ey there is no Nc. 0S M, M. in y such that xy, € Mi, yy, €
M, and xy, ¢ M2, yn, € M. Therefore (3, 1) is not N3 Ti-space.

Then (y,T) NspreTi-space, but (3, T) is not N3Ti-space.
Theorem 3.14.
Let (y,T) be an N.TS, then :

1. Every N, T»-space is N, preT»-space.

2. Every N,T:-space is N,preT»-space.

3. Every N;T»-space is N3preT>-space.

Proof:
1. Suppose that (x,T) is an Ny T>-space , therefore for every two xy, # yy, , there exists an Nc.0S M1, M in
y such that xy, € My, yy, € M1and xy, € Mz, yn, € Mo with MinMz= @. So there exists NcP.0S M,
M in y such that xy, € My, yy, € Miandxy, € Mo, yy, € Ma. with MinMe= @.
Therefore X is N;preT2-space.
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2. Suppose that (x,T) is an N, T>-space , therefore for every two Xy, # y, , there exists an Nc.0S M, Mz in
x such that xy, € My, yy, € M1 and xy, € M2, yn, € Mo with MinMz= @. So there exists NcP.0S M,
M in y such that xy, € M1, yn, € Miand xy, € M2, yn, € Ma. with MinMy= @.
Therefore X is N,preT:-space.
3. Suppose that (x,T) is an N3 T2-space , therefore for every two Xy, # yn, , there exists an Nc. 0S M, Mz in
x such that xy, € M1, yy, € M1 and xy, € Mz, yn, € Ma. with MinM,= @. So there exists NcP.0S M,
M in  such that xy, € M1, yn, € M1 and xy, & Mz, yn, € M. with MinMz= @.
Therefore X is N3preT»-space.
4.
Remark 3.15.
The converse of the Theorem 3.14 is not true,, as it is shown in the following example.
Example 3.16.

In example 3.11. (3, T) NypreT2-space, but (3, T) is not N, T>-space.
Example 3.17.
In example 3.12. (3, T) N,preTz-space, but (y,T) is not N, T>-space.
Example 3.18.

In example 3.13. (3, T) NspreTz-space, but (3, T) is not N3 T>-space.
Theorem 3.19.

Let (y,T) be an N.TS, then :

1.  NjpreTz-space = N;preTi-space = N;preTo-space.
2. N,preT,-space = N,preT-space = N,preTo-space.
3.  NjpreTz-space = N;preTi-space = NipreTo-space.
The converse of the Theorem 3.19 is not true.
Remark. 3.21.
Relations among the different types of neutrosophic crisp separation axioms which were studied in this paper,
appear in the following diagram.

Ni-ST;-space  —> Ni-ST;-space — > Ni-ST,-space.

I I St

Ni-Ty-space  —> Ni-Tj-space ——> Ni-T,-space.

T S

Ni-PT>-space  —> Ni-PT;-space —> Ni-PT,-space.

&

<

i=0,1,2.

Conclusion

In this paper, a new type of neutrosophic crisp separation axioms has been defined by using neutrosophic crisp pre
open sets and certain point in the neutrosophic crisp topological spaces. Moreover, the connections between
neutrosophic crisp pre separation axioms and the existing neutrosophic crisp separation axioms are studied. And
many examples are presented to clear the concepts introduced. Also, proof their basic properties. Also, investigate
their fundamental properties and characterizations.
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