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ABSTRACT

The aim of the research is to define new types of M —nano

—separation axioms then named My —T; (My — semi —
T;,My —pre —T; ), where i = 0,1,2 , Also there are some
theorems and examples shown the relationship among these
types of spaces.
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1. Introduction and preliminaries

The notion of M-open sets in topological spaces were
introduced by EI-Ma introduced ghrabi and Al-Juhani
[5] in 2011 and studied some of their properties.

In 2013Thivagar M.lelis[4] introduce idea of Nano-
topological space with respect to a subset Xof
universe U which is defined as an upper and lower
approximation of X. The element of N-topological
space is called a Nano-open sets. In 2019 A. Padma,
M. Saraswathi and A. Vadivel, [1] introduced Nano
M-Separation axioms. In 2022 Mohmmed N.H and
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Shihab Ali A. [3] introduced definition of Nano-M-
open set. The purpose of this paper is to discuss the
separation axioms via Nano-M-open sets such as
Nano-M-T; spaces where = 0,1,2 , Nano-M-regular
and Nano-M- Normal spaces are introduced and some
of the properties are discuss spaced .

2. Some Types My — T;-spaces,
i=01,2

Definition 2.1[2]: A Nts(U, Tx(x)) is called

where
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1- My — T, space, if for any two points L #
m,3IM — Noset containing only of them.

2- My —T; space, if for any two points L #
m,3IM — No sets such that one containingL but not
mand the other containing m but not L.

3- My — T, space, if for any two points L # m, 3
disjoint M — Nosets G and H for every L#me€
Usuchthat L € Gand f € H.

Definition 2.2[1]: A function f: (U, Tz(x)) —
(Q, Tr(y)) is said to be

1- My —continuous if for each N — ¢ set a of Q, the
set f~1(a)isMy —c S U.

2- M,y —irresolute if for each a My — c set of Q, then
fYa)is My —cinU.

3. My —Separation Axioms

In this section, we define and study the ideal some
types of My — T;space and obtained some of their
basic results.

Definition 3.1: A space (U, Tr(y)) is said to be:

1- M-Nano semi-T, space (My —S —T, space) if
dx,y € U,3G is Mys —open set such that either
XxXEGYEGorx&G,yeQq.

2- M-Nano pre  T,-space (My —pre —T,
space) ,3x,y € U,3 an My pre-open set containing
only one of them.

Theorem 3.4: If UR(x) * U, UR(x) * LR(x)tLR(x) * 0,
then (U, Trey )My — S — To(My — pre — Tp) for any
a,b €U such that a € Up(yy and b € [Ugey]” or
a € BR(X) and b € LR(X)

Proof: To prove That (U, Tx(y)) is My — S — T,

In thIS case TR(x) = {U, ¢, LR(x),UR(x)fBR(x)}
Leta € Ugyy and b € {Ug(y)} then Ugy is Nano-
openset containing a and b & Ug(y). That is U is
My — S — T, for any a and b. Suppose a € Lg(y, and
b € Bg(x). Since Lg(y) is N-0 set containing a and
b & Lg(x). Thatis U is My —S — T, for any a and b.
Corollary 3.5: If Ugyy = U and Lg(y) # ¢, then U
isMy — S — To(My — pre — Ty),Va,b € U, such that
a e UR(x) and b € BR(x)

Corollary3.6:  Then  Ug(x) = Lgxy =x, ifU
isMy —S —Ty(My — pre —Ty),Va,b € U, such
that @ € Ug(yy and b € [Ugy]*

Theorem 3.7: Let(U, Tr(y)) be NTs, thenV My—T,-
Space is My — S — Ty(resp My — p — Tp).

Proof: Let U beMy—T,-Space, x and y be
twodistinct points of U, as Uis MyT,. 3 My, Set such
that x € G and y & G, Since every My, set is My-
S(resp My —pre)-openand  hence  GisMy —
S(resp My — pre)o-s such that x € G and € G. U is
My — S — Ty(resp My — pre — T,) space. But the
converse of the theorem need not be true in general.
Example 3.8: Let
U=1{1234}7 = {(1},(24, B3}, x = (1.2}  and
Treo ={U,0,{1},{1,2,4},{2,4}} be a NT onU.
Wehave
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{U,¢,{1},{1,3},{2,4},{1,2,4},{2,3,4},
Mypo(U,X) =

U, &, {1}, {2}, {4}, {1,2}, {14}, {24}, {1,2,3}, {1,2,4}{1,3,4}}

1-Let x ={1,3} and y = {3} then it is My — S — T,
space but not My — T, space.

2-Let x = {2} and y = {3} then it is is My — per —
T, space but not My — T, —space.

Diagram (1)

N—T,
My _L'o

My —semi — TogMy —pre — Ty
Definition 3.9.:A space (U, Tg(y)) is said tobe:
1- My-Semi—T;-space for every x #y € U,3 two
open set such that one containing x but noty and the
other containing y but not x.
2- My-pre —T;-space Vx,y € U,3 two My-pre-open
set such that one containing x but not y and the other
containing y butnot x.
Theorem 3.10: Every My _T; is My — S —T;.
Theorem 3.11: Every My — T, is My —pre—Tj;.
Proof: Let U be My_T; space and x # y in U. Then
3 distinct M — No sets G and H such that x € G and
y € H. As every M-N-O set is
My — preT;(resp My — semi T;) open G and H are
distinct My — pre(res My — S) open sets such that
x € G and y € H. Converse of above theorem is need
not be true in general.
Example  3.12: Let U=1{1,234},U/R, =
{13,243, 3}, x, = {1,2} and Tgy ) =
{U,¢,{1},{1,2,4},{2,4}} be a NT on U, we have
MNSo(U,x,) =
{U,0,{1},{1,3},{2,4},{1,2,4},{2,34}}
MNpo(U,x,) =

{U,0,{1},{2},{4},{1,2},{1,4}:{2,4}, {1,2,3}, {1,2,4}, {1.3,4}}

U/Ry = {{1,2},{3}, {4}}, x, = {2,3}
;{/f//, ¢,{3},{1.3,4}}, {1.4}}.
e

MNSo(U,x,) =

{U,¢,{3}{1,4},{2,3}, {1,2,4}, {1,3,4}}

MNpo(U,x,) =

{U, 0, {13, {3}, {4}, (1,3}, {1,4}, (2.4}, (1,23}, {1L34}}.
1- Let x ={1,3} and y = {1,2} then it is My — S —
T, space but not My — T; space.

2- Letx ={2}and y = {3} thenitis My —pre — T,
space but not M, — T; space.

Theorem 3.13: If Ug,y =U and Ly # ¢, and
Ug # Lrpythen U is My — S — T, (My — pre—T;) for
any a,b € Us.t.a € Lp(xy and b € Bp(y,.

and TR () =

have
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Proof: To prove My —pre — T;. Let a,b € U such
that a € LR(x) and b € BR(X)! since LR(X) and BR(x)
are My — o Sets and Lg(yy N Bryy = @ This implies
to that is U is My —pre—T,(My —S —T,) for
any a and b.

Theorem 3.14: Let (U,Tgyy) be a NTs then
VMy —pre —Ty(resMy — S —T;) space is
My —pre—T, space.
Proof: Let U be My —pre —T;(resMy —S —T;)
space and a and b be two distinct points of U, as U is
My —pre—Ty(res.My —S —T;) space 3I My —
pre(resp.My — S) open set Gsuch thata € G and
b e G, since every My —open set is My —
pre(res.My —S) open sets such that a € G and
bg&G=Uis My —pre—T,.

Diagram (2)

N-T,

Mye Th

// \\\_
/ \%
M, £5—T, My —prd—T,

Definition 3.15:Aspace (U, Tg(x)) is said to be:

1- My —semi—T, space(My—S—T, space)that
there exist two disjoint open sets G and V for every
x#y€UsuchthatxeGandy e V.

2- My — pre—T, space (My—p—T, space)
3 x,y € U3two disjoint M-N open sets G and Vfor
everyx #yeUst.xeGandy€eV.

Dingram (4)

Mi—S~Ts
A

My = Semi~T,

~

“I..- \ ?..l

Theorem 3.19: If f:(U,Trey) = (@ Trpyy) s
injectiveM,, sets function and Q is aN — T, space
then U isa My — S — T, space.

Proof: Suppose that a and b is any points in U,a # b
and f injective such that f(a),f(b) in Q,f(a) #
f(b), by using Remark (2) (every N-open set is
My — semi open(My — pre) set. Since Q isMy —
S — T, space, 3 a NOS G in Q containing f(a) butnot
f(b), Againsince f is My sets, f~1(G) is aMy —
0Sin U containinga but not b. ThereforeU is a
My — S — T, space.
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Theorem 3.16.: Every My — T, space is My —p —
T,(resp.My — S — T,) space.

Proof: Let U be My — T, space and let x = y in U,
then 3 disjoint My — Osets G and H such that
XE€EGy€EH. As every My—Oset is My—
pre(resp.My —S) open G and H are disjoint
My — pre(resp. My —S) open sets such that
x € G,y € H. Converse of above theorem is need not
be true in general.

Example 3.17: From Example 3.12. Let x = {1}, y =
{3L,x,yeU,x =y, thenitisclearthat x € G,g ¢ G
and y € H,x ¢ H, then we can say that it is My —
pre — T, space but not My —p — T,(resp. My — S —
T,) space.

Diagram (3)
N-T,
|
|
My ¥ T,
/s \
// N
/,// \.I\-\
M S - T, My — pr&—T,

Theorem 3.18: Let (U, Tg(y)) be a N — T space then
for each My —p — T,(resp.My — S —T,) space is
My — pre — T, space.

Proof: LetU beMy—p—T,(resp.My —S —
T,)space and x,y be two distinct points of U, as U is
My —p—Ty(resp.My —S —T,) space 3IMy —
pre(res.My — S) open set G such that x € G,y € G,
since every My — open set is My —p (resp. My —
S) open and hence G is My — pre(resp. My — Semi)
opensetsuchthat x € G,y € G = U isMy —p — Ty.

Dingram (3)

My~ pre~T,
"

My pre~T,

My < pre-T,

Theorem  3.20:If f: (U, Trex)) = (Q, Treyy) I8 an
injective Myirr formand Q isaM — NST, then U is a
My — S—T,.

Proof: Suppose Q isMy — S — T, space. Let a and b
be any two distinct points in U. Since f is injective
f(a) and f(b) are distinct points in Q. Since Q is
aMy—S—T, space, 3 a My —open set G in Q
containing f(a) butnot f(b). Again, sincef is
My — Sirr, f~1(G)is aM — NOSinU  containing
abut not b thereforeU isa My — S — T, space.
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Theorem 3.21: If f:(U,Tre) = (Q,Trey) IS an
injective My irr function and Q is aMy—S—
T.(My — pre —T,) space. Then U is also a My —
S —T,(My — pre — T,) space.

Proof: Let a and b be pair of distinct points in U.
since f is injective, 3 two distinct points ¢ and d
of Qsuch that f(a) =c¢,f(b) =d. Since Q is a
My —S—T, space, 3M —No sets Gand W in
Qsuchthat ce G,d € G and c ¢ W,d € W. That is
a€fYG)aeftW) and befl(W)be¢
f~Y(G), since f is My — irr function f~1(G) and
f~Y(W) are M — No sets in U. Thus, for any two
distinct pointsa,b of U3 M — Nosets f~1(G) and
f*(W)such that a€ f1(G),ae¢ f*(W) and
bef (W) and b¢f1(G). Therefore U is
My — S — T;space.

Theorem 3.22: If f: (U, Trex)) = (Q, Treyy) is a M-N
sets injective and Q is aN — T, —space. Then U is
aMy —pre—T;(My — S —T,) space.

Proof: for any two distinct points a,b of U3 two
distinct points ¢ andd of Qsuch that f(a)=
c,f(b) =d, since Q isaN — T; —space,3 a MyoSG
and Win Q such that a€ G,b & G and a ¢ W,b €
W. That is a€f1(G),a¢f (W) and b€
f7I(W),b & f~1(G). Sincef is a M-Ncts function
f~Y(G) and f~Y(W) are My —open sets in U. Thus,
for any two distinct points a,b of U AMyo0Sf~1(G)
and f~*(W) Such that a € f~(G),a & f~*(W) and
befY(W),b € f1(G). Therefore, U is a My —
pre — T, space.

Theorem 3.23: If f:(U,Taw) = (Q,Treyy) s
a Mycts injection and Q is a N — T, —space, then U
isaMy—S —T,(My —p —T,) space.

Proof: for any two distinct points aand b of U, 3 two
distinct points ¢, d of Q suchthat f(a) =c¢, f(b) =d,
since Q isN — T, space, 3 a disjoint Nos G and
WinQsuch that a€ G and beW. That is a€
f7Y(G) and befYW). Sincefis aN -—
Mcts function, f~1(G) and f~1(W) are MyoS in U.
Further as f is injective f~Y(G)n f~Y(W) =
UGN W)=f"1(¢p)=¢. Thus, for any two
distinct pointsa and b of U,3aIMyoSf~1(G) and
f~t(W)such that a € f~1(G) and b€ f~L(W).
Therefore U is My — S — T, space.

Theorem 3.24: If f:(U,Trw) = (Q, Trgyy) is an
injective, M-N irr function and Q is a My —p —
T,(My —S —T,) space, thenUisalso a My —p —
T,(resp.My — S — T,) space.

Proof: Let a and b be a pair of distinct pointsinU.
Sincef is injective are distinct inQsuch that f(a) and
f(b) are distinct points in Q. Itwo distinct pointsc
and dof Q such that f(a) = ¢, f(b) = d. SinceQ is a
My — T, space, 3 a disjoint M — NoSG and W in Q
such that a € G,b e W. That is a € f~1(G),b €
f~Y(W). Sincef is a My — irr function f~1(G) and
f~Y(W) are disjoint Myos inU. Thus, for any two
distinct points a and b of U,3 disjoint Myosf~1(G)
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and f~1(w) such that a € f~1(G) and b € f~1(W),
Therefore U isMy — p — T, space.

Definition 3.25: A My — Tg(U, Tg(x)) be called M-
Nano-regular space (briefly My — R —S). If for any
My — cl —set W and a point p such that p ¢ W 3 a
disjoint My —o sets M and Qsuch that WCMand
pEQ

Theorem 3.26:If UR(x) = U, LR(x) * ¢, UR(x) *
Lpixythen  the space U  isMy — R —space.
Proof: since Ug(xyy = U and Lg(y) # @, then Tgy =
{U,®,Lrxy Bryy the My —cl  sets are

C C .
U,0,[Lrey] s [Breo] - YMy — 0 set in Ty are
My —cl set in U, that is Lggy = [BR(X)]C,BR(X) =

[Lro]”

Thus,U is extremely disconnected space.Therefore,U
is My — R —space.

Lemma 3.27: when Ugwy # U,Lgx) = Uy =
x.Then the space Uis not My, — R —space.

Theorem 3.28:1f Ug(yy # U, Ly # @, then the
space is not M — R —space.

Proof: when Ugey # U, Lgy # ¢, then Tgyy =
{U,®, Lexy, Ury, Brew }- The My-cl-sets in U, are

U, d), [LR(x)]C, [UR(x)]C and [BR(X)]C. All these
M,y — cl-sets contained only inU, so that if taking any
point p out of any My — cl —set, then the onlyM, —
o —set which contain theMy —cl —set is U, and
p € U. Hence Uis not My, — R —space.

Definition 3.29:A My — R —space which also My —
T;space be called My — T5 space.

Example 3.30:Let U ={1,2,3,4} with U/R=
{1,2},{34}} and X ={123} Then Tiy =
{U,0,{1,2},{3,4}}, the My — cl —sets are U, ¢, {1,2}
and {3,4}. Then U is My — T; for {1,2} and {3,4}.
And U is My — R Space. U is My — T; space for
{1,2} and {3,4}.

Definition 3.31:A space U be called My-Normal iff vV
two disjoint My — cl Wy, W, € U ,3 disjoint My-0-
set G and Hsuch that W, c G,W, c H.

Theorem 3.32: If Ugy = U, Upey) # Ly and
Lgx) # @ then the space U isMy — N —space.

Proof: when Ug(xy = U and Ly # @. then Tp,y =
{U,9, Br(x), Lr(x) }: the My — cl-sets are
U,0, {Bren)” and {Unco}"-

Suppose W, = [BR(x)]C and W, = [LR(x)]C, w; N
W, = @. Since WicLgxy and WycBg(x). SINCe Lg(x
and Bgyare disjoint Ny — o-sets. Hence is My-
Normal-space.

Lemma 3.33:1f Ug(y) # U, Lg(x) # @, then the space
is My — N —space.

Proof: In this case there are only three cl-sets except
U. these cl-sets are [Lpcy]”, [Brool” and [Ureol”,
since all these cl-sets are not disjoint. So that U is
My — N —space.
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Definition 3.34:Aspace (U, Tg(y)) be called My —
S — N —space(My — pre — Normal) if for any two
disjoint My — S — cl(res. My —pre —cl) sets W,
and W,3 adisjoint My —S — O(res. My — pre — o)
sets Gand Hsuch that W; ¢ G and W, € H, and
symbolized beMy — S — Normal(res. My — pre —
N).

Theorem 3.35:V My —extremely disconnected space
the following are true:
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