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Abstract :  The main goal of the study is to describe and characterize new classes of normal spaces namely 𝔑𝔇ℜ𝔑ℓ, 𝔑𝒮̅𝔇ℜ𝔑ℓ and 

𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ spaces and to investigate their various properties and features.  
 

I. INTRODUCTION 

In 2013,Lellis Thivagar introduced the concept of Nano-topological spaces[13]. Nano-topology has been analysed by various 

authors in a diverse array of applications [8-10].The idea of ideal Nano-topological space was provided by Parimala[6].In Ideal 

Nano-topological space,different varieties of generealized open and closed sets are introduced[6,12].Maheswari and Rekha have 

introduced a new kind of ideal Nano-topological space called 𝔇ℜ-Nano topological space and explored different kinds of open sets 

in 𝔇ℜ-Nano topological space[14]. In this current research, we explore the ideas of 𝔑𝔇ℜ𝔑ℓ, 𝔑𝒮̅𝔇ℜ𝔑ℓ and 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ -spaces  in 

𝔇ℜ-Nano topological space and examine their  various characteristics properties. 

 

  2. Preliminaries 

Definition: 2.1[14] Let 𝓀 be an ideal in the universal set 𝔘. Let 𝒢 ⊆ 𝔘. 

Then the Nano right dynamic lower, upper and boundary regions are given by 

  𝔇ℜ(𝒢) = {𝜚 ∈ 𝔘: ℜi(𝜚) ∩ 𝒢𝑐 ∈ 𝓀 𝑎𝑛𝑑 ℜi(𝜚) ⊆ 𝒢},  

where ℜi(𝜚) = {βϵU: ℜ𝔯(𝜂) ⊆ ℜ𝔯(β)}and 

 𝔇ℜ(𝒢) = {𝜚 ∈ 𝔘: ℜi(𝜚) ∩ 𝒢 ∉ 𝓀 𝑎𝑛𝑑 ℜi ∩ 𝒢 ≠ ∅} and 𝔅𝔇ℜ
(𝒢) = 𝔇ℜ(𝒢) − 𝔇ℜ(𝒢). Also, the generated Nano right dynamic 

topology (called 𝔇ℜ - Nano topology) with respect 𝒢 ⊆ 𝔘 is given by 𝔑𝔇ℜ(𝒢) = {𝔘, ∅, 𝔇ℜ(𝒢), 𝔇ℜ(𝒢), 𝔅𝔇ℜ
(𝒢)}.

 
 

The collection  𝔙𝔇ℜ
(𝒢) = {𝔘, 𝔇ℜ(𝒢), 𝔅ℭℜ

(𝒢)} forms a basis for 𝔜ℭℜ and the Nano right dynamic topological space is denoted 

by (𝔘, 𝔑𝔇ℜ(𝒢), 𝓀).The elements of 𝔑𝔇ℜ(𝒢) are called 𝔑𝔇ℜ- open sets and its complements are called 𝔑𝔇ℜ- closed sets.  

Definition 2.2[14] Let (𝔘, 𝔑𝔇ℜ(𝒢), 𝓀) be a nano right dynamic topological space. An operator 𝔔𝔇ℜ : 𝓅(𝔘) → 𝓅(𝔘) is known as 

the dynamic function of 𝓀 on 𝔘 and defined as 𝔔𝔇ℜ = {𝜚 ∈ 𝒰: 𝒰 ∩ 𝔔 ∉ 𝓀 𝑓𝑜𝑟 𝑎𝑙𝑙 𝒰 ∈ 𝔑𝔇ℜ(𝒢)} and its closure operator is 

𝔇ℜ
∗(𝔔) = 𝔔 ∪ 𝔔𝔇ℜ. 

Definition 2.2[14]A subset 𝒫 of (𝔘, 𝔑𝔇ℜ(𝒢), 𝓀) is 𝔑𝓻𝔇ℜ- open if 𝒫 = 𝑖𝑛𝑡𝔑𝔇ℜ
(𝑐𝑙𝔑𝔇ℜ

(𝒫) 

Definition 2.3[14] Let 𝐻 be a subset of  (𝔘, 𝔑𝔇ℜ(𝒢), 𝔎).Then, 

𝐻 is 𝔑𝒮̅𝔇ℜ-closed if 𝔇ℜ
∗( 𝐻) ⊆ 𝕊 whenever 𝐻 ⊆ 𝕊, 𝕊 is 𝔑𝓈𝔇ℜ- open. 

Example 2.4.Let  𝔘 = {𝜌, 𝜍, 𝜐, 𝜉, 𝜏},𝒢 = {𝜌, 𝜍}, 𝓀 = {∅, {𝜌}, {𝜉}, {𝜌, 𝜉}} and the relation X =
{(𝜌, 𝜌), (𝜌, 𝜍), (𝜌, 𝜐), (𝜍, 𝜍), (𝜐, 𝜌), (𝜐, 𝜉), (𝜉, 𝜏), (𝜏, 𝜍)}. 

Then the corresponding 𝔇ℜ - Nano topology is 

 𝔑𝔇ℜ(ℳ) = {𝔘, ∅, {𝜌}, {𝜌, 𝜍, 𝜏}, {𝜍, 𝜏}}.  

Then 𝔑𝔇ℜℂ(𝐶) = {𝔘, ∅, {𝜐, 𝜉}, {𝜌, 𝜐, 𝜉}, {𝜍, 𝜐, 𝜉, 𝜏}}, 

 𝔇ℜ
∗ℂ(𝐶) = {𝔘, ∅, {𝜌}, {𝜉}, {𝜌, 𝜉}, {𝜐, 𝜉}, {𝜌, 𝜐, 𝜉}, {𝜍, 𝜐, 𝜉, 𝜏}}  

𝔑𝒮̅𝔇ℜℂ(𝒢) = {𝔘, ∅, {𝜌}, {𝜉}, {𝜌, 𝜉}, {c, 𝜉}, {𝜌, 𝜐, 𝜉}, {𝜍, 𝜐, 𝜉}, {𝜐, 𝜉, 𝜏}, {𝜌, 𝜍, 𝜐, 𝜉}, {𝜌, 𝜐, 𝜉, 𝜏}, {𝜍, 𝜐, 𝜉, 𝜏}}. 
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3. 𝕹𝓢̅𝕯𝕽𝕹𝓵-spaces  

Definition 3.1. Let (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀) be a 𝔑𝔇ℜ- Nano topological space. Then,  

1. 𝔘 is  𝔑𝔇ℜ-Normal space ( known to be 𝔑𝔇ℜ𝔑ℓ-space ) if with any pair of non-empty disjoint 𝔑𝔇ℜ- closed sets 𝒮𝒻 and 

𝒮𝒽 of  (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀), there exist 𝔑𝔇ℜ-open sets 𝒢𝒻 and 𝒢𝒽 of (𝔘, 𝔑𝔇ℜ(𝒫), 𝔎) with 𝒮𝒻 ⊂ 𝒢𝒻 and 𝒮𝒽 ⊂ 𝒢𝒽. 

2. 𝔘 is  𝔑𝒮̅𝔇ℜ-Normal space( known to be 𝔑𝒮̅𝔇ℜ𝔑ℓ-space ) if with any pair of non-empty disjoint 𝔑𝔇ℜ- closed sets 𝒮𝒻 

and 𝒮𝜓 of  (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀), there exist 𝔑𝒮̅𝔇ℜ-open sets 𝒢𝒻 and 𝒢𝒽 of (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀) with 𝒮𝒻 ⊂ 𝒢𝒻 and 𝒮𝒽 ⊂ 𝒢𝒽. 

Theorem 3.2.Each 𝔑𝔇ℜ𝔑ℓ-space is 𝔑𝒮̅𝔇ℜ𝔑ℓ-space. 

Proof. Let (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀) be a 𝔑𝔇ℜ𝔑ℓ-space and 𝒮𝒻 and 𝒮𝒽 be two disjoint non-empty 𝔑𝔇ℜ- closed sets. Then there exist 

disjoint non – empty pair of 𝔑𝔇ℜ-open sets 𝒢𝒻 and 𝒢𝒽 of (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀) with 𝒮𝒻 ⊂ 𝒢𝒻  and 𝒮𝒽 ⊂ 𝒢𝒽.Here 𝒢𝒻  and 𝒢𝒽 are 𝔑𝒮̅𝔇ℜ-

open sets. 

 Since each 𝔑𝔇ℜ- open set is an 𝔑𝒮̅𝔇ℜ-open set,(𝔘, 𝔑𝔇ℜ(𝒫), 𝓀) is  𝔑𝒮̅𝔇ℜ𝔑ℓ-space. 

Remark 3.3. From example 2.4,{𝜌, 𝜍} is 𝔑𝒮̅𝔇ℜopen but not 𝔑𝔇ℜ-open. 

Therefore every 𝔑𝒮̅𝔇ℜ𝔑ℓ-space need not be a 𝔑𝔇ℜ𝔑ℓ-space. 

Theorem 3.4. If (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀) is 𝔑𝒮̅𝔇ℜ𝔑ℓ-space then for each pair of 𝔑𝔇ℜ-open sets 

𝒮𝒻 and 𝒮𝒽 with 𝒮𝒻 ∩ 𝒮𝒽 = 𝔘, there exist 𝔑𝒮̅𝔇ℜ-closed sets 𝒢𝒻 and 𝒢𝒽 with 𝒢𝒻 ⊂ 𝒮𝒻and 

𝒢𝒽 ⊂ 𝒮𝒽 and 𝒢𝒻 ∩ 𝒢𝒽 = 𝔘. 

Proof.Let 𝒮𝒻 and 𝒮𝒽 be 𝔑𝔇ℜ-open sets in (𝔘, 𝔑𝔇ℜ(𝒫), 𝓀) with 𝒮𝒻 ∩ 𝒮𝒽 = 𝔘. 

Then 𝒮𝒻
𝑐 and 𝒮𝒽

𝑐 are disjoint 𝔑𝔇ℜ - closed sets. Since (𝔘, 𝔑𝔇ℜ(𝒫), 𝔎) is 𝔑𝒮̅𝔇ℜ𝔑ℓ-space,  

their existpair of 𝔑𝒮̅𝔇ℜ-open sets 𝒳𝒻  and 𝒳𝒽 such that 𝒮𝒻
𝑐 ⊂ 𝒳𝒻  and 𝒮𝒽

𝑐 ⊂ 𝒳𝒽 . 

This shows that 𝒢𝒻 = 𝒮𝒻
𝑐 and 𝒢𝒽 = 𝒮𝒽

𝑐 are 𝔑𝒮̅𝔇ℜ-closed sets such that 𝒢𝒻 ⊂ 𝒮𝒻  

and 𝒢𝒽 ⊂ 𝒮𝒽 with 𝒢𝒻 ∩ 𝒢𝒽 = 𝔘. 

Theorem 3.5.Let Λ: (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂) → (𝔘𝓃 , 𝔑𝓃, 𝓀𝓃) be a 𝔑𝔇ℜ- continuous bijective 

function and 𝔑𝒮̅𝔇ℜ-open function. If 𝔘𝓂 is a 𝔑𝔇ℜ𝔑𝔯-space, then 𝔘𝓃is a 𝔑𝒮̅𝔇ℜ𝔑ℓ -space. 

Proof.Let 𝒮𝒻 and 𝒮𝒽 be any pair of disjoint 𝔑𝔇ℜ- closed sets in (𝔘𝓃 , 𝔜𝓃 , 𝓀𝓃). 

As Λ is 𝔑𝔇ℜ-continuous bijective,Λ−1(𝒮𝒻) and Λ−1(𝒮𝒽) are disjoint 𝔑𝔇ℜ- closed sets  

in (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂).Also since 𝔘𝓂is 𝔑𝔇ℜ𝔑ℓ-space, there exist disjoint 𝔑𝔇ℜ-open sets 𝒮𝜂 and 

𝒮𝒽 with Λ−1(𝒮𝜂) ⊂ 𝒮𝜂 and Λ−1(𝒮𝒽) ⊂ 𝒮𝒽 .Therefore, 𝒮𝒻 ⊂ Λ(𝒮𝜂) and  𝒮𝒽 ⊂ Λ(𝒮𝒽). 

Also, Λ(𝒮𝒻) and Λ(𝒮𝒽) are 𝔑𝔇ℜ-open sets in (𝔘𝓃 , 𝔑𝓃 , 𝓀𝓃).Since Λ is bijective, 

  Λ(𝒢𝒻) ∩ Λ(𝒮𝒽) = ∅ . Hence, (𝔘𝓃 , 𝔑𝓃 , 𝓀𝓃) is 𝔑𝒮̅𝔇ℜ𝔑ℓ -space. 

Theorem 3.6.Let Λ: (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂) → (𝔘𝓃 , 𝔑𝓃, 𝓀𝓃)  be a 𝔑𝒮̅𝔇ℜ-continuous, 𝔑𝔇ℜ- 

closed bijection and 𝔘𝓃be a 𝔑𝔇ℜ𝔑ℓ-space. Then 𝔘𝓂is a 𝔑𝒮̅𝔇ℜ𝔑ℓ -space. 

Proof.Let 𝒮𝒻 and 𝒮𝜓 be any pair of disjoint 𝔑𝔇ℜ- closed sets in (𝔘𝓃 , 𝔜𝓃 , 𝓀𝓃). 

Then Λ(𝒮𝜂)and Λ(𝒮𝒽)are disjoint closed sets in (𝔘𝓃 , 𝔑𝓃 , 𝓀𝓃). 

Since 𝔘𝓃 is 𝔑𝔇ℜ𝔑ℓ -space, there exist disjoint 𝔑𝔇ℜopen sets 𝒢𝒻 and 𝒢𝜓with Λ(𝒮𝒻) ⊂ 𝒢𝒻  

and Λ(𝒮𝒽) ⊂ 𝒢𝒽.Therefore 𝒮𝜂 ⊂ Λ−1(𝒢𝒻  )and 𝒮𝒽 ⊂ Λ−1(𝒢𝒽).Since Λ is  

𝔑𝒮̅𝔇ℜcontinuous, Λ−1(𝒢𝒻  ) and Λ−1(𝒢𝒽) are 𝔑𝒮̅𝔇ℜ-open sets in (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂).  

Also, Λ−1(𝒢𝒻) ∩ Λ−1(𝒢𝒽) = ∅.Hence (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂). is 𝔑𝒮̅𝔇ℜ𝔑𝔯-space. 

Theorem 3.7.If Λ: (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂) → (𝔘𝓃 , 𝔑𝓃 , 𝓀𝓃) is 𝔑𝒮̅𝔇ℜ-irresolute, 𝔑𝔇ℜ-closed 

bijection and 𝔘𝓃 is 𝔑𝒮̅𝔇ℜ𝔑ℓ-space, then Then 𝔘𝓂is a 𝔑𝒮̅𝔇ℜ𝔑ℓ -space. 

Proof.Let 𝒮𝒻 and 𝒮𝒽 be any pair of disjoint 𝔑𝔇ℜ- closed sets in (𝔘𝓃 , 𝔑𝓃 , 𝓀𝓃). 

As Λ is 𝔑𝔇ℜ-closed bijection, Λ(𝒮𝒻) and Λ(𝒮𝒽) are disjoint 𝔑𝔇ℜ- closed sets 

 in (𝔘𝓃 , 𝔜𝓃, 𝓀𝓃) . 

Also since (𝔘𝓃 , 𝔑𝓃 , 𝓀𝓃)is 𝔑𝒮̅𝔇ℜ𝔑𝔯 -space, there exist disjoint  

𝔑𝒮̅𝔇ℜ open sets in 𝒢𝒻and 𝒢𝒽 such that Λ(𝒮𝜂) ⊂ 𝒢𝒻  and Λ(𝒮𝒽) ⊂ 𝒢𝒽. 

Here Λ is 𝔑𝒮̅𝔇ℜ-irresolute, Λ−1(𝒢𝜂  ) and Λ−1(𝒢𝒽) are 𝔑𝒮̅𝔇ℜ-open sets  

in (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂) and also Λ−1(𝒢𝒻) ∩ Λ−1(𝒢𝒽) = ∅. 

Hence (𝔘𝓂 , 𝔑𝓂 , 𝓀𝓂)is 𝔑𝒮̅𝔇ℜ𝔑ℓ -space. 

 

4. 𝕹𝓠𝓢̅̅ ̅̅ 𝔇ℜ𝕹𝓵-spaces 

Definition 4.1. A subset 𝔔𝜁  of (𝔘, 𝔑𝔇ℜ(𝒢), 𝔎) is a 𝔑𝜋̅𝔇ℜ-open set if it is the finite  

union of 𝔑𝓇𝔇ℜ-opensets. 

Example 4.2. Let = {𝜌, 𝜍, 𝜐, 𝜉, 𝜏} ,𝒢 = {𝜌, 𝜍}, 𝓀 = {∅, {𝜌}, {𝜉}, {𝜌, 𝜉}} and the relation X =
{(𝜌, 𝜌), (𝜌, 𝜍), (𝜌, 𝜐), (𝜍, 𝜍), (𝜐, 𝜌), (𝜐, 𝜉), (𝜉, 𝜏), (𝜏, 𝜍)}. 

Then the corresponding 𝔇ℜ - Nano topology is 

 𝔑𝔇ℜ(ℳ) = {𝔘, ∅, {𝜌}, {𝜌, 𝜍, 𝜏}, {𝜍, 𝜏}}. Also, {𝜌, 𝜍, 𝜏} is a 𝔑𝜋̅𝔇ℜ-open set. 

Definition 4.3. A 𝔇ℜ-nano topological space (𝔘, 𝔑𝔇ℜ(𝒢), 𝔎) is 𝕹𝓠𝓢̅̅ ̅̅ 𝔇ℜ𝔑ℓ-space if for any  

pair of disjoint 𝔑𝜋̅𝔇ℜ-closed sub sets 𝔚𝜂, 𝔚𝜓 of 𝔘,there exist disjoint 𝔑𝒮̅𝔇ℜ-open sets  

𝔜𝜂, 𝔜𝜓such that 𝔚𝜂 ⊆ 𝔜𝜂and 𝔚𝜓 ⊆ 𝔜𝜓. 

Theorem 4.4.If (𝔘, 𝔑𝔇ℜ(𝒢), 𝔎) is a 𝔇ℜ-nano topological space,then the following are 

equivalent. 
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a) 𝔘 is 𝕹𝓠𝓢̅̅ ̅̅ 𝔇ℜ𝔑ℓ-space. 

b) For any pair of  𝔑𝜋̅𝔇ℜ-open sets 𝔚𝜂 and 𝔚𝜓of 𝔘 with 𝔚𝜂 ∪ 𝔚𝜓 = 𝔘,there are 𝔑𝒮̅𝔇ℜ-closed subsets 𝔜𝜂, 𝔜𝜓of 𝔘 such 

that 𝔜𝜂 ⊆ 𝔚𝜂 and 𝔜𝜓 ⊆ 𝔚𝜓with 

 𝔜𝜂 ∪ 𝔜𝜓 = 𝔘. 

c) For every 𝔑𝜋̅𝔇ℜ-closed set 𝔚𝜂 and every 𝔑𝜋̅𝔇ℜopen set 𝔜𝜂with 𝔚𝜂 ⊆ 𝔜𝜂,there is ℭ𝜂 with 𝔚𝜂 ⊆ ℭ𝜂 ⊆

𝔑𝒮̅𝔇ℜℂ(ℭ𝜂) ⊆ 𝔜𝜂 . 

d) For any pair of disjoint 𝔑𝜋̅𝔇ℜ-closed subsets 𝔚𝜂and 𝔚𝜓 of 𝔘, there exist 𝔑𝒮̅𝔇𝔏-open subsets ℭ𝜂 and ℭ𝜓 of 𝔘 with 

𝔚𝜂 ⊆ ℭ𝜂, 𝔚𝜓  ⊆ ℭ𝜓 and 𝔑𝒮̅𝔇ℜℂ(ℭ𝜂) ∩ 𝔑𝒮̅𝔇ℜℂ(ℭ𝜓) = ∅. 

Proof. Assume (a).Let 𝔚𝜂 and 𝔚𝜓 be 𝔑𝜋̅𝔇ℜ-open subsets of 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ--space 𝔘 with  

𝔚𝜂 ∪ 𝔚𝜓 = 𝔘.Then 𝔚𝜂
𝑐
 and 𝔚𝜓

𝑐
are the 𝔑𝜋̅𝔇ℜclosed subsets of 𝔘. 

Also,there exist disjoint 𝔑𝒮̅𝔇ℜ-open subsets 𝔏𝜂, 𝔏𝜓 of 𝔘 with 𝔚𝜂
𝑐 ⊆ 𝔏𝜂  

and 𝔚𝜓
𝑐 ⊆ 𝔏𝜓 .Let 𝔜𝜂 = 𝔏𝜂

𝑐
 and 𝔜𝜓 = 𝔏𝜓

𝑐
.Then 𝔏𝜂and 𝔏𝜓 are 𝔑𝒮̅𝔇ℜ-closed subsets of 𝔘 with 𝔏𝜂 ⊆ 𝔚𝜂and 𝔏𝜓 ⊆

𝔚𝜓 .Hence (b) is proved.Assume (b).Let 𝔚𝜂be any 𝔑𝜋̅𝔇ℜ-closed set and ℭ𝜂be any 𝔑𝜋̅𝔇ℜ-open subset of 𝔘 with 𝔚𝜂 ⊆ 𝔜𝜂.Then 

𝔚𝜂
𝑐
 and ℭ𝜂 are 𝔑𝜋̅𝔇ℜ-open subsets of 𝔘 with 𝔚𝜂

𝑐 ∪ 𝔜𝜂 = 𝔘.Then there exist 𝔑𝒮̅𝔇ℜ-closed subsets of 𝔘 𝔏𝜂, 𝔏𝜓of 𝔘 with 𝔏𝜂 ⊆

𝔚𝜂
𝑐
 and 𝔏𝜓 ⊆ 𝔜𝜂 and 𝔏𝜂 ∪ 𝔏𝜓 = 𝔘. Also, 𝔚𝜂 ⊆ 𝔏𝜂

𝑐
 , 𝔜𝜂

𝑐 ⊆ 𝔏𝜓
𝑐
 and 𝔏𝜂

𝑐 ∩ 𝔏𝜓
𝑐 = ∅.Let ℭ𝜂 = 𝔏𝜂

𝑐
 and ℭ𝜓 = 𝔏𝜓

𝑐
.Then 

ℭ𝜂and ℭ𝜓 are disjoint 𝔑𝒮̅𝔇ℜ-open sets with 𝔚𝜂 ⊆ 𝔏𝜂 and 𝔜𝜂
𝑐 ⊆ ℭ𝜓 which gives ℭ𝜓

𝑐 ⊆ 𝔜𝜂. 

Since ℭ𝜓
𝑐
is 𝔑𝒮̅𝔇ℜ-closed, 𝔑𝒮̅𝔇ℜℂ(ℭ𝜂) ⊆ 𝔜𝜂.Hence (c) is proved. 

Assume (c).Let 𝔚𝜂 and 𝔚𝜓be any pair of disjoint  𝔑𝜋̅𝔇ℜ-closed sets of 𝔘. 

Then 𝔚𝜂 ⊆ 𝔚𝜓
𝑐
and 𝔚𝜓

𝑐
is 𝔑𝜋̅𝔇ℜ-open. After that, there is a 𝔑𝒮̅𝔇ℜ-open sets 𝔜𝜂 of 𝔘 with 𝔚𝜂 ⊆ 𝔜𝜂 ⊆ 𝔑𝒮̅𝔇ℜℂ(𝔜𝜂) ⊆

𝔚𝜓
𝑐
.Also 𝔚𝜂 ⊆ 𝔜𝜂, and 𝔚𝜓 ⊆ (𝔑𝒮̅𝔇ℜℂ(𝔜𝜂))𝑐. 

Let 𝔜𝜓 = (𝔑𝒮̅𝔇ℜℂ(𝔜𝜂))𝑐.Then 𝔜𝜓 is 𝔑𝒮̅𝔇ℜ-open subset of 𝔘. 

Therefore,  𝔚𝜂 ⊆ 𝔜𝜂and 𝔚𝜓 ⊆ 𝔜𝜓 with 𝔑𝒮̅𝔇ℜℂ(𝔜𝜂) ∩ 𝔑𝒮̅𝔇ℜℂ(𝔜𝜓) = ∅. 

Hence (d) is proved.  

From the definition of 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ-space, (d)⇒(a) can be easily verified. 

Theorem 4.5. If Λ: (𝔘𝒶 , 𝔑𝒶, 𝔎𝒶) → (𝔘𝒷 , 𝔑𝒷 , 𝔎𝒷) is 𝔑𝔇ℜ-open and 𝔑𝔇ℜ-continuous 

bijective function and (𝔘𝒶 , 𝔑𝒶, 𝔎𝒶) is 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ-space,then Λ(𝔘𝒶) is 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ-space. 

Proof.Let 𝔏𝜂and 𝔏𝜓be two disjoint𝔑𝜋̅𝔇ℜ-closed subsets of Λ(𝔘𝒶).Then,Λ−1(𝔏𝜂)  

and Λ−1(𝔏𝜓) are disjoint 𝔑𝜋̅𝔇ℜ-closed subsets of 𝔘𝒶.Since 𝔘𝒶is a 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ-space,there  

exist 𝔑𝒮̅𝔇ℜ-open subsets 𝔜𝜂and 𝔜𝜓of 𝔘𝒶with Λ−1(𝔏𝜂) ⊆ 𝔜𝜂, Λ−1(𝔏𝜓) ⊆ 𝔜𝜓 and  

Λ(𝔏𝜂) ∩ Λ(𝔏𝜓) = ∅.So, Λ(𝔏𝜂) and Λ(𝔏𝜓) are disjoint 𝔑𝒮̅𝔇ℜ-open sub sets of Λ(𝔘𝒶). 

Hence, Λ(𝔘𝒶) is 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ-space. 

Conclusion 

This study examines 𝔑𝔇ℜ𝔑ℓ, 𝔑𝒮̅𝔇ℜ𝔑ℓ-spaces and𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ -spaces generated through  

𝔑𝔇ℜ, 𝔑𝒮̅𝔇ℜ-open sets in 𝔇ℜ-Nano topological spaces. Moreover, beneficial results are  

Investigated by contrasting  𝔑𝔇ℜ𝔑ℓ and 𝔑𝒮̅𝔇ℜ𝔑ℓ  and 𝔑𝒬𝒮̅̅ ̅̅ 𝔇ℜ𝔑ℓ spaces in the context of  

these specific concepts.  
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