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Abstract.The main ideaof this researchisto define a newneutrosophicrisp points in neutrosophicrisp
topologicalspacenamely[NCPy] the cormept ofneutrosophicrisp limit point wasdefind using [NCR],with
some of its propertieghe separation axioms - T;-space= 0,1,2] were constructed in neutrosophitsp
topological space using [NGPand examinethe relationship between them in details
Keywords: Neutrosophic crisp topological spaces, neutrosophic crisp limit fs@pgration axioms.

Introduction

Smarandachfl,2,3] introduced the notions of neutrosophic theory amicbduced the neutrosophic
component$ 6:(5; which represerthe membership indeterminacy and non membershiglues resp
ectively, where] 10,1 is a non standardinit interval. In [4,5,67,8,9,1011,12,1314,15,16,17,18,19
,20] many scientists presented the concepts of the neutrosophic set theory in theiSatankea et al.
[21,22] provided natural foundationgo put mathematicateatments forhte neutrosophipervasively
phenomenain our real world and for buildingnew branche®f neutrosophicnathematics

Salama et a[23,24] put somebasic concept®f the neutrosophicrisp set and their operations
and becausef their wide applicationsand their grateflexibility to solve the problemwe used
these conceptgo define new types of neutrosophigoints, that we called neutrosophicrisp
points[NCPy] .

Fainally,we used thegmoints [NCPy] to definethe concept oheutrosophicrisp limit point, with
some of its properties armbnstructe the separaticaaxioms> - T;-spacei=0,1,2]in neutrosophicrisp
topological and examinethe relationshipbetweerthem in details

Throughout this pape(Ng:TS) meansa heutrosophicrisp topological spaceAlso, simply we
denote neighborhood by S 1.

1 Basic Concept s
1.1 Definition [25]

Let 0 be a norempty fixed set. A neutrosophicrispset][ NCS for short] B is an objecthaving the
form B B,, B,, B3> where B, B, and B are subsets of0 .

1.2 Definition [25]

The object havinghe formB By, B,, B3> is called:

1. A neutrosophicrispset of Typd [ NCSType] if satisfying
B, "B, 1,B; " B; TandB, " By 1

A neutrosophicrispsetof Type2 [ NCS/Type2] if satisfying
B, "B, I1,B; "By flandB, "B; 1,B;,B,, By 0.

A neutrosophicrispset of Typ8& [ NCS/Type3] if satisfying
B, "B, "B; 1,B;,B,, B; 0
1.3 Definition [25]

Typesof NCSs 1, = 0grin 0 as follows:

1. T may bedefinedin manyways asa NCS asfollows:

1. Typel :Tg= 1

2. Type2:ig= T,0,0 !

3. Type3:lg= 1, 0,1!

4, Typed: Tgr= 1,171,171 !

2. 0rmay bedefinedin manyways asa NCS asfollows:
1. Typel: 0p= 0,1 ,1 !

~ BN |

, 1, O
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2. Type2: 6r= 0, 0,1 !
3. Type3: 0r= 0,1, 0!
4. Typed: 0g= 0, 0, 0!
1.4 Definition [25]
Let 0 bea norempty set and theNCSs C & D inthe form C.G,G>, Dy, D, D>

then we may considertwo possible definitiondor subsetsC CD, maybedefinedin two ways :

1. CCDzZGCD,GCDhandy CG
2. CCDhzGCD,,bbCGand}y CG
1.5 Definition [25]
Let 0 bea nonrempty set and theNCSs C & D in the form C,G,G>, Dy, D, D>
then:

1. C e+ D maybedefinedin twowaysasa NCS asfollows:
CeD=[G*D],[G, D] [G, D]
CeD=[G *D:],[G D] ,[G, D]
, D may bedefinedin twowaysasa NCS asfollows:
C,D=[G, D], [G, D], [G*Ds]
C.D=[CG . D] [G D], [G*Ds]
1.6 Definition [25]
A neutrosophicrisptopology(NCT) on a noremptyset & isafamily § of neutrosophicrisp
subsetsn 0 satisfying thefollowing axioms;
1. Tr®r DI
2. e DPi d&''fe> &4 D1
3. The unionof any numberof setsin T belongsto 1
The pair( 0 & ; is said to be aneutrosophicrisp topological spacé NCTS)in 0. MoreoverThe
elements in 7 are said to beneutrosophicrisp opensets(NCOS), a neutrosophicrisp setF is
closed(NCCS ) iff its complement Cis an ope neutrosophicrispset.
1.7 Definition [25]
Let 0 bea nonempty set and theNCS D in the form Dy1,D,,D5>.Then 2 may be
definedin threewaysasa NCS asfollows:
a 822 », 2 DDD>or ® Dy gD
1.8 Definition [25]
Let ( 0 & ; be neutrosophicrisptopological space (NCTS). A beneutrosophicrispset then
The intersectiorof any neutrosophicrisp closed sets containefl is called neutrosophicrisp closure
of A ( NC-CI(A) for short) .

N
X X O x X

2 Neutrosophic crisp limit point
In this section,we will introduce the neutrosophicrisp limit points with some of its properties.
This work contains an adjustment for the abowentioned definitions 1.4 & 1.5, this was necessary to
homogeneous suitable results for the upgrade of this research.
2.1 Definition

Let 0 bea norempty set and theNCSs C & D in the form C.G,G>, D,,D,, D>
thenthe additional new ways for the intersection , union and inclusion between f "

CeD=[G*D:],[G D] ,[G* D]

C,D=[G,D][G, D] ,.[G, D]
CCD % G CD;,G CD,andG CDs
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2.2 Definition
For all x,y, z belonging taa norempty set 0. Then theneutrosophicrisp points related to xy, z
are defined as follows

x 3% {x}, 1,1>, is calledaneutrosophicrisppoint ( C ) in 0.
X g 1,50>, is called aneutrosophicrisppoint ( C ) in 0.
x @ I,1&oe, is calledaneutrosophicrisppoint ( C g,) in 0.

The set ofill neutrosophicrisppoints : C g, C g aC g, ;isdenoted by C g
2.3 Definition
Let 0 betoa norempty setand x a»>a @eTh2n theneutrosophicrisppoint:
X Sr is belonging to theneutrosophicrisp set B B;,B,,Bs>, denoted bySy B , if $Bb
swherein 3; doesnot belong to theneutrosophicrispset B denoted bz N ,if 3N &
X >g Is belonging to theweutrosophicrispset B  B;,B»,Bs>, denoted by>g B ,if > D 4 In
contrast>g doesnot belongto theneutrosophicrispset B, denoted byg N ,if >N &
X @, is belonging to theneutrosophicrispset B B;,B»,Bs>, denoted bycg, D , if oD - In
contrastcg, doesnot beongto theneutrosophicrispset B ,denoted byg, N ,if N -
2.4 Remark
If B1,B;,B:> is a NCS ina norempty seto then:
B35k LO 538 54 ; P.B35; means that the component B doesn't contgin
B3gr LO sag3s=a; P.B3g means that the component B doesn't contain
B3® LO saga;3weP.B 3, means thatthe component B doesn't contain
2.5 Example
If B= O<fa, s <..8d,=&..af= isaaNCSin 0 L <fa, &..5 then:
B3fg LO< , =4<..2, =a<..af=P
B3, LO<fé&,=a<.rFa<.af=pP
B3.g LO<fa,=a<.2,=a<, =P

2.6 Remark

If B1,B,,B:> is a NCS ina norempty seto then:
B , " &y B T, ,">R.€1>R_E) T, -"cg,r?\(ﬁ/E)

,MO0<§=41 4 P3P0, ,"01 &< =4l P+ Do, «~01 &l a<o=P=+0b0"
orB ,"& & D ~,  MHpag b T, , "gag D

,N0<§=ald P& DO, ,70la< =al P& PO~ , , 074l &o=P doDo"
2.7 Definition

Let (0 & ;be NCTS & B C  <+0 @neutrosophicrispset B,,B,,Bs> DT iscalled
neutrosophicrispopen nhdof in(o0 & ;if D
2.8 Definition

Let ( 04 ;be NCTS a B C i <0 @neutrosophicrispset B.,B,,B;> Piiscalled

neutrosophicrispnhd of in (0 & ; &f there isneutrosophicrispopen setA Ay, Ay Az>
containing P such that C .
2.9 Note

Every neutrosophic crisppen nhd of any point B C g <+0 is neutrosophic crisphd of , but
in generathe nversds not true, the following examie illustrates this fact.

2.10 Example
f oL Shém T L Ogdrd & & =
A <$=1,1>,B < s1,1>,6  <Tausti,i1»>
If we take U <TauUs<o=4 >.
Then G <T&Js1,1 >is anopen set containing L &  <§51,1 >andG C . That is

U is aneutrosophicrispnhd of in ( 0 & ;, while it is notaneutrosophicrispopen nhd of .
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2.11 Definition
Let ( 04 ; be NCTS and B, , B, Bs >be NCSof 0. A neutrosophicrisp point P B

C Rrin 0 is called aneutrosophicrisplimit point of B, ,B, ,B; >iff every neutrosophicrisp
open set containing P must contains at leastnengrosophicrisp point of B different from P. It is
easyto say thatthe point  is notneutrosophicrisplimit point of if there is aneutrosophicrisp
openset of and é: 3 ;L Ig
2.12 Definition

The set of alheutrosophicrisplimit points of aneutrosophicrispset is calledneutrosophicrisp
derived setof , denoted by o

2.13 Example

If 0 L Shéoe, T L Ordré & & SA <$=51,1>,B < s1,1>,G <Ta&
UsT,71>.Ifwetake D <T&=I,1> Then = < < =I,1> is the onlyneutrosophicrisp
limit point of D. i.e. M I ey

2.14 Remarks

X LetB be anyneutrosophicrispset of 0, If P= { x}, 1,1> BT in anyNCT space , 1), then
P b Do

X LetB be anyneutrosopiccrispset of 0 ,the following facts is true:

A, A . ;,and sometimes : ; @B =TRor . ;éB MTx
X InanyNCT spacg(0 & ;, we have  :1; L Tg.
2.15 Theorem
Let (0 & ;be NCTSand B, ,B, ,B; > be aneutrosopiccrispset of 0,thenB is
neutrosophicrispclosed sef NCCS for short) iff 5, C

Proof

Let beNCCS, then: 0 3 ;is neutrosophicrisp open set{( NCOSfor short) this implies thafor
each neutrosophicrisppoint B g <+ :03 ;& N , there isa neutrosophicrisp open set
of Pand C:03 ;&
Since & :03 ;L Icdhen is not neutrosophicrisp limit point of , thus & L T¢,which
implies that N . .Hence :; C

Conversely, assume that N ., implis that is not neutrosophicrisp limit point of , hence,
there is aneutrosophicrisp open set of P and é L TC which means that C:0 3 ;and
since :0 3 ;is aneutrosophicrispopen set Hence «<eef——"'¢*" S "¢’ 7 e dttd &

2.16 Theorem
Let (0 & ;be NCTS, B G be aneutrosophicrispsetsof 0, then the followingpropertieshold:
(6h) KicoL T¢

2 If C ,then 5, C .
(3) . é ,;C = -
4 & ;L D é S
Proof (1) the prod is, directly.
Proof (2)

Assume that : ;beaneutrosophicrisp set containing aeutrosophicrisppoint b g,
then by definition2.11, for eachneutrosophic crisppenset of , we have & 3 MTQ,but C
,hence & 3 Ml this means that B c.afx-..& :;C D
Proof (3)

Since & C ,thenby(2) . é ;C s (D)

é C ,implies : é ;C - (2)
From (1) & (2) : é ;C D, é -

Proof (4)

let B gre—.=SfN D e ., then either N : ;and N : ,then
there is aneutrosophicrispopenset of and é 3 LTCand é 3 LTC, this imgdies that
(& ;e 3 Llc,ie N : & ;,hence : é ;C T, é - u;
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Converselysnce C & , C &  thenbyproperty(2) : ;C :$é);and ., C
(B &G), thus . é& ;D A - D TV

from (3) and (¥ we have é L Y - o

2.17 Remark

In generalthe inverse of property 2 & 3 in Th.(2.18) not true The following examples act as an
evidence to this claim.

2.18 Example

If O L S4és T L Ogdra 5B 1, <I51>.IfwetakeA T&T=z01>G I1&U=sI>
Notes that; . sLOT&Ua&/d Pa : ;LOT&WVE Pfet :;C ., but
A AG.
2.19 Example

If 0 L Shéos 1 L Ordra 3B 1,<Ts0>.Ifwetake A T&T=1> G T&kEl>.
Notes that; . é& ;B ;€ o
2.20 Theorem

For any neutrosophic criget over the universa, thenNC-CI(B) = & -
Proof

Let us first prove that & . ;is aneutrosoplt crispclosedset that is

o0gr3k & : ;0L :0Rr3 ; & kor3  ;oisaneutrosophicrispopen set.
Now for aneutrosophicrisppoint D kog3: ;0é kdog3 : ;o,then D:0R3: ;;fT D
0g 3 : ,thus N and N : ; So bydefinition 2.12, there is aneutrosophicrisp set
of St & L 1ghence Cog3.
Now for each 5B , then 5 N . ;athen & . ;L Tg this implies that C0g3

cifie C:0r3 ;€&ko0Og3 © ;02Thus: 0gR3 ; ékoOR3 . ;0is aneutrosophic

crisp hd of all its elements and hence&r3 ; é kog3 : ;0is aneutrosophicrisp openset and
thus & ., is aneutrosophicrispclosed setcontaining , thereforeNC-CI(B) C & Do
SinceNC-CI(B) is aneutrosophicrisp closed se{seedefinition 2.12) andNC-CI(B) contains all its
neutrosophic crisgimits points .Thus : ; CNC-CI(B) and C NC-CI(B), henceNC-CI(B)
= & Do

3 Separation Axioms In a neutrosophic ~ Crisp Topologic al Space
3.1 Definition
A neutrosophicrisptopological space (0 & ; is called:

X s To-space ifE&g z>g * 0 | aneutrosophicrispopen setG in 0 containing one of them but
not the other.

X & 1o-space ifE Sg Z>r * 0 I aneutrosophicrispopen setG in 0 containing one of them but
not the other .

X +1.-space ifE Sg, 2R, 0 I aneutrosophicrispopen setG in 0 containing one of them but
not the other .

X = 11-space if ES; z>r * 0 |a neutrosophicrispopen set G, ,& in 0 suchthat & * G
Or *Gand S G, G

X & 11-space if EéR_ Z>g *0 | aneutrosophicrispopen set G, , G in 0 such that S+ G
' OR * G and éR_ e 5, R e

X  rTi-space if ESz, z>g, * 0 | aneutrosophicrispopen set G ,G; in o0 suchthat 3 * G

gy e Gand Sz e &, og G

X s1,spaceifES z>g * 0 | aneutrosophicrispopen set G, ,G in 0 suchthat & « G

sp. *Grand & G, >r * GWith G, éG,L T4

X  glrspaceifESz z>g * 0 Ianeutrsophiccrispopen set G, G in Osuchthat 3z * G

g *Grand &+ G, g * G WithG, &G, L T4
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X +1,-space ifE S, Z>R,* 0 | aneutrosophicrispopen set G, , G in 0 such that Sz, G
,or, *Grand &, * G, >k * G, WithG,6G, L T4

3.2 Definition

A neutrosophicrisptopological space (0 & ; is called:
X -1,spaceif @8 ;is gi,Space, gl,spacef et +1,space
X -T;-spxeif (0 & ;is 5 T1i-space, gTi-spacef T +1;-space
X -Trspaceif (@ & ;is g T,-space, g 1,-spacef T +T7,-space
3.3 Remark

For aneutrosophiccrisp topological spaced & ;
x Every - T,space is 5 1,-space
X Every - 1,-spaceis ¢ Tg-space
x Every -1y spaceis +igspace
Proof  the proof isdirectly from definition3.2.
The nverseof remak 3.3 isnot true the following example explain this state.

3.4 Example
If 0 L S&= 15l Ordga 51gL Ordra =, L Ogdra A {x, 1,1>B 1.4y}, 1>,
G T1,1,{x}>, Then(0,79is s 1,-space buit is not -17,-space(0,1g9is ¢ 1,-space buit is not
-To-space(0,1,)is +1,space buit is not -T1,-space
3.5 Remark

For aneutrosophiccrisp topological spaced & ;
x Every - Ti-space is 5 T1;-space
x Every - 1;-spaceis ¢ 1;-space
x Every - 1;-spaceis +ii-space
Proof the proof is directly from definitioB.2.
The inverseof remark(3.5) is rot true as it isshownin the following example,

3.6 Example
If 0 L S&=TsL Ogdraa =8gL Ogdra & A {x}, s51>,B  <sHx}, 1>,
G 1,1{3>,F 1,1{y}>,Then (0,19)is = 1:-space buitisnot -7,-space(0,1is & 1:-

space buit isnot -T;-space(0,7¢is + T;-space buit is not -T1;-space

3.7 Remark
For aneutrosophiccrisp topological spaced & ;
x Every -i,-spaceis s 1,-space
X Every -T,-spaceis g 1,-space
X "17">-1,-spaceis +1,-space
Proof  the proof is directly from definitioB.2.
The inverseof remark(3.7) isnot trueas it isshown in the exampl€3.6).

3.8 Remark
For aneutrosophigccrisp topological spaced 4 ;
x Every -ii-spaceis -Ty-space
x Every -T1,spaceis -1,-space
Proof the proofis directly.
The inverseof remark(3.8) is not true as it isshown in the following example:

3.9 Example
If L <§é=,i L <OR éTRé a a =
A {x} 1,1>,B I,{y} 1>, 1,1{x}>,

Then( 0,17)is -T1,-space but not-1;-space
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Conclusion

. We defined a new neutrosophicisp pointsin neutrosophicrisptopologicalspace

. We introduced the concept néutrosophicrisplimit point, with someof its properties

" We constructed the separation axiomsT;-space i= 0,1,2]in neutrosophicrisptopological
andexaminethe relationship between them in detaiis
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