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1. Introduction

The notion of Nano topology was introduced by Thaa[4] which was defined in terms
of approximations and boundary regions of a subkah universe using an equivalence
relation on it and he also defined Nano closed Netfjo interior and Nano closure.
Levine [5] introduced generalized closed sets agemeralization of closed sets in
topological spaces. Monsef et al. [1] introducee tiotion of S-open set in topology,
and further investigation of Nanf open sets was given by Gnanambal [3]. Munshi [6]

introduced g-regular and g-normal spaces usingoged sets in topological spaces. In
this paper Ng3 regular spaces and Ngnormal spaces are introduced and some of its

properties are investigated.

2. Preliminaries
Definition 2.1. [4] Let U be the universeR be an equivalence relation &h and

TR(X)={U,¢, LR(X),UR(X), BR(X)}whereX OU . Then it satisfies the following
axioms:

i)  UandgOrg(X).

ii)  The union of the elements of any sub coIIectiorng(fX) isin TR(X).

iif) The intersection of the elements of any finite soliection of TR(X) is in

r.(X).
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Then TR(X) is called the Nano topology dd with respect toX (U,TR(X)) is called
the Nano topological space. Elements of the Napoltgy are known as Nano open sets
inU . Elements o{rR(X )]C are called Nano closed setslin.

Definition 2.2. [4] If (U,TR(X)) is a Nano topological space with respett where
X OU andifAOU , then
* The Nano interior of a sét is defined as the union of all Nano open subsets
contained iPA and is denoted tNint(A). Nint(A)isthe largest Nano open

subset ofA.
« The Nano closure of a sét is defined as the intersection of all Nano closed

sets containingA and is denoted tNCI(A). NCI(A)is the smallest Nano
closed set containing.

Definition 2.3. [2] A subsetA of (U,Z'R(X)) is called Nano generalized closed set
(briefly Ng closed) if NCI(A)DV whenever AV and V is Nano open in

L.7e(x))-

Definition 2.4. [7] A subsetA of Nano topological spacéJ,rR(X)) is called Nano
generalizeds closed set (briefly Ng closed) if N/l (A) OV wheneverAV and
V is Nano open i(U,TR(X)).

Definition 2.5. [8] Let (U,TR(X))and (V,OR, (Y)) be Nano topological spaces. Then a
mappingf : (U,7,(X)) - (V,0,(Y))is called NgBcontinuous oty if the inverse
image of every Nano open setVihis Ng/Sopen inU .

Definition 2.6. [8] Let (U,TR(X))and (V,OR, (Y)) be Nano topological spaces. Then a
mappingf :(U,TR(X)) - (V,UR. (Y))is called NgBirresolute ot if the inverse
image of every N@ closed set iV is Ng[ closed inU .

Definition 2.7. [8] A map f :(U,TR(X)) - (V,OR. (Y)) is said to be Ng closed map
onU if the image of every Nano closed setlris Ng£ closed inV .

Definition 2.8. [8] A map f : (U,7:(X)) = (V,0.(Y)) is said to be strongly N§
closed map ot if the image of every Ng closed set itJ is Ng£ closed inV .

3. Ng [ regular spaces and Ng £ normal spaces
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Definition 3.1. A Nano topological spac(él , TR(X)) is said to be N regular space, if
for each Nano closed sét and each poinX [ F, there exists disjoint N§ open sets
Gand H such thatx(1Gand F [0 H .

Remark 3.2. Every Nano regular space is fgregular space.

Theorem 3.3.If f:U — Vis Nano continuous bijective, Ng open function and) is
a Nano regular space th¥his NgSregular.

Proof: Let F be a Nano closed set Mandy[lF . Take y = f(x)for some x[JU .
Since f is Nano continuousf *(F) is Nano closed i such thatx O f *(F). Now
U is Nano regular space, there exist disjoint NgmenosetsG and H such thatx 1 G
and f*(F)OH. That is y= f(x)O f(G)and F O f(H).Since fis NgB open
function, f(G), f(H)are NgB open sets inV and fis bijective, f(G)n f(H)=
f(Gn H)= f(¢)=¢. ThereforeV is NgSregular space.

Theorem 3.4.1f f:U - Vis Nano continuous surjective, strongly gopen function
andU is a Ngg regular therV is also NgGregular.

Proof: Let F be a Nano closed set Mand y[JF . Take y = f(x)for some XU .
Since fis Nano continuous surjectivé,‘l(F)is Nano closed inU such that
xd f‘l(F). Now U is Ngf regular, there exist disjoint Ng open setsGand H
such thatxDGand f *(F) O H . Thatisy = f(x)0 f(G)and F O f(H).Since f is
strongly NgB8 open and surjectivef (G) f(H)are disjoint Ng3 open sets inV .
ThereforeV is Ng/regular space.

Theorem 35.1f f:U - Vis Ngf continuous, Nano closed injection avidis a Nano
regular space theld is Ngfregular.
Proof: Let F be a Nano closed set ld and X[ F . Since f is Nano closed injection,

f(F) is Nano closed set iV such that f (x) 0 f(F). Now V is Nano regular, there
exist disjoint Nano open set§and H such that f(x)0Gand f(F)OH. This
impliesx(J f *(G)and F O f *(H).Since fis NgBcontinuous  function,
f%(G), f *(H) are NgB open sets iJ . Further, f *(G)n f *(H) = @. HencdJ is
Ng Bregular space.

Theorem 3.6.If f:U - Vis Ngf irresolute, Nano closed injection aktl is a NgB3
regular therlJ is also NgBregular.

227



S.B.Shalini, G. Sindhand K.Indirani

Proof: Let F be a Nano closed set ld and X[ F . Since f is Nano closed injection,
f(F) is Nano closed set iV such that f (x) 0 f(F). Now V is Nano regular, there
exist disjoint Nano open set§and H such that f(x)0Gand f(F)OH. This
implies x0 f (G)and F O f *(H).Since f is Ng irresolute, f *(G), f *(H)are
Ng 3 open sets itJ . Further, f "1(G) n f "l(H): @. HenceU is NgSregular space.

Definition 3.7. A Nano topological spac(bJ , TR(X)) is said to be Ng# normal space, if
for each pair of disjoint Nano closed sésand F of U , there exists disjoint N§g open
setsGand H such thatE 1 GandF LI H .

Remark 3.8. Every Nano normal space is iignormal space.

Theorem 3.9. If f:U - Vis Nano continuous bijective, Ng open function andl is
Nano normal space thahis Ng/normal.

Proof: LetEandF be disjoint Nano closed set i . Since fis Nano continuous
bijective, f _l(E)andf '1(F)are disjoint Nano closed i . Now U is Nano normal
space, there exist disjoint Nano open séisand H such that f‘l(E)DGand
f*(F)OH. That is EC f(G)and F O f(H).Since fis NgB open function,
f(G), f(H)are NgB open sets inVand fis injective, f(G)n f(H)=
f(Gn H)= f(¢)=¢. ThereforeV is NgSnormal space.

Theorem 3.10. If f:U - Vis Ngf continuous, Nano closed injection akd is a
Nano normal space thethis Ng/Snormal.
Proof: Let Eand F be disjoint Nano closed set Wi. Since f is Nano closed injection,

f(E) andf(F)are disjoint Nano closed i . Now V is Nano normal space, there
exist disjoint Nano open se@and H such that f(E) D Gand f(F)OH . That is
EO f*G)and F O f *(H).Since f is Ng/ continuous function,f *(G), f *(H)

are NgB@ open sets ilJ . Further f ‘1(G) n f‘l(H): @. ThereforeU is Ng/normal
space.

Theorem 3.11. If f:U - Vis Ngg irresolute, Nano closed injection akdis a NgB3
normal thedJ is Ng/normal.
Proof: Let Eand F be disjoint Nano closed set Wi. Since f is Nano closed injection,

f(E) andf (F)are disjoint Nano closed i . Now V is Ng8 normal space, there exist
disjoint Ng/3 open setsGand Hsuch that f(E)0Gand f(F)OH. That is
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EO f*G)and F O f *(H).Since fis Ngg irresolute, f *(G), f *(H)are NgB
open sets itJ . Furtherf "1(G) n f '1(H ) = @. ThereforeU is NgBnormal space.

Theorem 3.12. If f :U - Vis Nano continuous bijective, strongly Mgopen function
andU is Ng£ normal therV is also NgBnormal.
Proof: Let Eand F be disjoint Nano closed set i . Since f is Nano continuous

bijective, f‘l(E)andf _l(F)are disjoint Nano closed i) . Now U is Ng£ normal,
there exist disjoint Ng open setsGand H such thatf *(E) 0 Gand f *(F) O H.

That is EO f(G)and F O f(H).Since fis strongly Ng8 open function,
f(G), f(H)are NgB open sets inVand fis injective, f(G)n f(H)=

f(Gn H)= f(¢)=¢. ThereforeV is NgBnormal space.

4. Conclusion
In this paper, some of the properties of Slgegular spaces and Mfnormal spaces are
discussed. This shall be extended in the futureares with some applications.
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