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other sets.  
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1. Introduction 

The notion of fuzziness has swept approximately all divisions of mathematics since the 

definition of the theory by Zadeh [8]. The applications of fuzzy sets have appeared in many scopes 

for instance the theory-concept of fuzzy topological spaces that was examined and advanced by 

Chang [9]. From then on several notions in general topology have been popularized. Conversely, a 

generalization of fuzzy topological spaces was evolved in several directions by the concept of 

neutrosophic sets as the expression of the neutrosophic set was defined with membership, non-

membership, and indeterminacy degrees by Smarandche [10] and topological spaces of neutrosophic 

sets were discovered by A.Salama and S. A. Albowi [11]. Since then a survey article on the advanced 

areas of fuzzy neutrosophic topological spaces has been released by several writers (see, [1-15]). 

For this reason, this paper aims to present the notion of Q^*- close sets in the case of fuzzy 

neutrosophic topology and shows all the significant definitions and theorems. Moreover, it made 

many detailed comparisons with many examples. 

 

2. Preliminaries 

𝐃efinition 𝟐. 𝟏. [12]: Let 𝐹𝑁  be a non-𝑒mpty 𝑓ixed set. The fuzzy neutrosophic set  (FNS),𝜆𝑁1 is 

𝑎 n o bject h aving the form 𝜆𝑁1 = {< 𝑓𝑛 , 𝜇𝜆𝑁1
(𝑓𝑛), 𝜎𝜆𝑁1

(𝑓𝑛), 𝑣𝜆𝑁1
 (𝑓𝑛)  > : 𝑓𝑛  ∈  𝐹𝑁 }  𝑤 here the 

functions 𝜇𝜆𝑁1
, 𝜎𝜆𝑁1

, 𝑣𝜆𝑁1
: 𝐹𝑁  → 𝐼 𝑤ℎ𝑒𝑟𝑒 𝐼 = [0, 1] labeled 𝑡he degree 𝑜 f 𝑚embership function 

(namely 𝜇𝜆𝑁1
x), the degree of indeterminacy function (𝑛amely 𝜎𝜆𝑁1

(𝑓𝑛)) 𝑎nd the 𝑑egree of 𝑛on-

membership function (namely 𝑣𝜆𝑁1
(fn  )  respectively  of  each  element 𝑓𝑛  ∈ 𝐹𝑁   to  the  set 

𝜆𝑁1  𝑎nd 0 ≤ 𝜇𝜆𝑁1
(𝑓𝑛)+𝜎𝜆𝑁1

(𝑓𝑛)+𝑣𝜆𝑁1
 (𝑓𝑛) ≤ 3, for 𝑒ach  𝑓𝑛 ∈ 𝐹𝑁 . 

 

𝑹emark 𝟐. 𝟐. [1]: ϜNS 𝜆𝑁1 = {<  𝑓𝑛, 𝜇𝜆𝑁1
(𝑓𝑛), 𝜎𝜆𝑁1

(𝑓𝑛), 𝑣𝜆𝑁1
 (𝑓𝑛)  > :  𝑓𝑛 ∈  𝐹𝑁 } can 𝑏e identified as an 

ordered triple < 𝑓𝑛, 𝜇𝜆𝑁1
, 𝜎𝜆𝑁1

, 𝑣𝜆𝑁1
 >  in 𝐼 𝑤ℎ𝑒𝑟𝑒 𝐼 = [0, 1]  on 𝐹𝑁 .   

 

𝑳𝒆𝒎𝒎𝒂 𝟐. 𝟑. [5]: 𝐿𝑒𝑡 𝐹𝑁  be a 𝑛on-empty 𝑠𝑒𝑡 𝑎nd the 𝐹𝑁𝑆𝑠 λN1 𝑎nd βN1 be in the 𝑓orm: 
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𝜆𝑁1 = {<  𝑓𝑛, 𝜇𝜆𝑁1
(𝑓𝑛), 𝜎𝜆𝑁1

(𝑓𝑛), 𝑣𝜆𝑁1
 (𝑓𝑛)  > :  𝑓𝑛  ∈  𝐹𝑁 } and  

𝛽𝑁1 = {<  𝑓𝑛, μ𝛽𝑁1
(𝑓𝑛),  σ𝛽𝑁1

(𝑓𝑛), ν𝛽𝑁1
(𝑓𝑛)  > : 𝑓𝑛  ∈  𝐹𝑁 } =  on 𝐹𝑁 . Then,  

i. 𝜆𝑁1 ⊆ 𝛽𝑁1 iff 𝜇𝜆𝑁1
(𝑓𝑛) ≤ 𝜇𝛽𝑁1

 (𝑓𝑛), 𝜎𝜆𝑁1
(𝑓𝑛) ≤  σ𝛽𝑁1

 (𝑓𝑛) and 𝑣𝜆𝑁1
(𝑓𝑛) ≥ ν𝛽𝑁1

 (𝑓𝑛) for all 𝑓𝑛 ∈ 

𝐹𝑁 , 

ii. 𝜆𝑁1 = 𝛽𝑁1 iff 𝜆𝑁1 ⊆ 𝛽𝑁1 and 𝛽𝑁1 ⊆ 𝜆𝑁1, 

iii. 1𝑁1 − 𝜆𝑁1 = {< 𝑓𝑛, 𝑣𝜆𝑁1
(𝑓𝑛), 1𝑁1 −  𝜎𝜆𝑁1

(𝑓𝑛), 𝜇𝜆𝑁1
(𝑓𝑛)>: 𝑓𝑛 ∈ 𝐹𝑁 }, 

iv. 𝜆𝑁1 ∪ 𝛽𝑁1 = {< 𝑓𝑛, Max(𝜇𝜆𝑁1
(𝑓𝑛), 𝜇𝛽𝑁1

 (𝑓𝑛)), Max(𝜎𝜆𝑁1
(𝑓𝑛), 𝜎𝛽𝑁1

 (𝑓𝑛)),  Min(𝑣𝜆𝑁1
(𝑓𝑛), 𝜈𝛽𝑁1

 (𝑓𝑛) 

>: 𝑓𝑛 ∈ 𝐹𝑁 },  

v. 𝜆𝑁1 ∩ 𝛽𝑁1= {< 𝑓𝑛, Min(𝜇𝜆𝑁1
(𝑓𝑛), 𝜇𝛽𝑁1

 (𝑓𝑛)), Min(𝜎𝜆𝑁1
(𝑓𝑛), 𝜎𝛽𝑁1

 (𝑓𝑛)), Max(𝑣𝜆𝑁1
(𝑓𝑛), 𝜈𝛽𝑁1

 (𝑓𝑛)) >: 

𝑓𝑛∈ 𝐹𝑁 }, 

vi. 0𝑁1 = <  𝑓𝑛, 0, 0, 1 > and 1𝑁1 = < 𝑓𝑛,1, 1, 0 >.  

𝑫efinition 𝟐. 𝟒. [9]: 𝐹𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 topology (FNT) 𝑜n 𝑎 non-empty set 𝐹𝑁  is a family 𝜏 of 

𝑓𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 𝑠𝑢𝑏𝑠𝑒𝑡𝑠 in 𝐹𝑁 satisfying the following. 

𝒊. 0𝑁,1𝑁∈ 𝜏𝑁, 

𝒊𝒊. 𝜆𝑁1
 ∩ 𝜆𝑁2

∈ 𝜏𝑁 for any 𝜆𝑁1
, 𝜆𝑁2

∈  𝜏𝑁, 

𝒊𝒊𝒊. ∪  𝜆𝑁𝑗
∈  𝜏𝑁 , ∀ {𝜆𝑁𝑗

: 𝑗 ∈  𝐽}  ⊆  𝜏𝑁 . 

         Τhe pair (𝐹𝑁 , 𝜏𝑁)  is 𝑐alled 𝑓𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐  𝑡𝑜𝑝𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙  𝑠pace (FNTS). Εvery 

elements of 𝜏 are called 𝑓𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐-𝑜pen sets (𝐹𝑁 − 𝑜𝑝𝑒𝑛 𝑠𝑒𝑡). The complement of 𝐹𝑁 −

𝑜𝑝𝑒𝑛 𝑠𝑒𝑡 in the ϜN-TS (𝐹𝑁 , 𝜏𝑁) is 𝑐alled 𝑓𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 -𝑐losed set (𝐹𝑁 − 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡). 

 

𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧  𝟐. 𝟓 . [10]: 𝑒𝑡  (𝐹𝑁 ,  𝜏𝑁)  is 𝐹𝑁𝑇𝑆  and 𝜆𝑁1 = {<  𝑓𝑛, 𝜇𝜆𝑁1
(𝑓𝑛), 𝜎𝜆𝑁1

(𝑓𝑛), 𝑣𝜆𝑁1
 (𝑓𝑛)  > :  𝑓𝑛 ∈

 𝐹𝑁 } is 𝐹𝑁𝑆  in 𝐹𝑁 . Then the f 𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 -𝑐𝑙𝑜𝑠𝑢𝑟𝑒  (𝐹𝑁𝑐𝑙)  and the 𝑓𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 -

𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 (𝐹𝑁𝑖𝑛𝑡) of λ𝑁1 are defined by:  

i. 𝐹𝑁𝑐𝑙(𝜆𝑁1) = ∩ {𝛽𝑁1: 𝛽𝑁1is ϜN-closed 𝑠et in 𝐹𝑁 and 𝜆𝑁1 ⊆ 𝛽𝑁1},  

ii. 𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1) = ∪ {𝛽𝑁1: 𝛽𝑁1 is 𝐹𝑁- 𝑜𝑝𝑒𝑛 𝑠et in 𝐹𝑁 and  𝛽𝑁1 ⊆ 𝜆𝑁1. 

 

ΝOn the 𝐹𝑁𝑐𝑙(𝜆𝑁) is 𝐹𝑁-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 and 𝐹𝑁𝑖𝑛𝑡 t(𝜆𝑁) is 𝐹𝑁 − 𝑜𝑝𝑒𝑛 𝑠et in 𝐹𝑁 . Αnd,  

i. 𝜆𝑁1 is 𝐹𝑁- 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 in 𝐹𝑁 iff 𝐹𝑁𝑐𝑙 (𝜆𝑁1) = 𝜆𝑁1, 

ii. 𝜆𝑁1 is 𝐹𝑁- 𝑜𝑝𝑒𝑛 𝑠𝑒𝑡 in 𝐹𝑁 iff 𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1) = 𝜆𝑁1. 

 

𝐏oposition 𝟐. 𝟔 . [14]: 𝑒𝑡  (𝐹𝑁 ,  𝜏𝑁)  is 𝐹𝑁𝑇𝑆  and 𝜆𝑁1 , 𝛽𝑁1  are 𝐹𝑁𝑆𝑠  in 𝐹𝑁 . Then the following 

properties are true: 

i. 𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1) ⊆ 𝜆𝑁1 and 𝜆𝑁1 ⊆ 𝐹𝑁𝑐𝑙 (𝜆𝑁1), 

ii. 𝜆𝑁1⊆ 𝛽𝑁1⟹ 𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1) ⊆ 𝐹𝑁𝑖𝑛𝑡 (𝛽𝑁1) and 𝜆𝑁1⊆𝛽𝑁1 ⟹ 𝐹𝑁𝑐𝑙 (𝜆𝑁1) ⊆ 𝐹𝑁𝑐𝑙 (𝛽𝑁1), 

iii. 𝐹𝑁𝑖𝑛𝑡 (𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1)) = 𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1) and 𝐹𝑁𝑐𝑙 (𝐹𝑁𝑐𝑙 (𝜆𝑁1)) = 𝐹𝑁𝑐𝑙 (𝜆𝑁1), 

iv. 𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1∩𝛽𝑁1) = 𝐹𝑁𝑖𝑛𝑡 (𝜆𝑁1) ∩ 𝐹𝑁𝑖𝑛𝑡 (𝛽𝑁1) and 𝐹𝑁𝑐𝑙 (𝜆𝑁1∪𝛽𝑁1) = 𝐹𝑁𝑐𝑙 (𝜆𝑁1)∪ 𝐹𝑁𝑐𝑙 (𝛽𝑁1), 

v. FNint (1𝑁1) = 1𝑁1 and FNcl (0𝑁1) = 0𝑁1. 

 

𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟐. 𝟕. [12]:  FNS 𝜆𝑁1 in FNTS (𝐹𝑁 , 𝜏𝑁) is called: 

i. Fuzzy neutrosophic 𝑠emi-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠et (FΝS-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 )   if  FNint (𝐹𝑁𝑐𝑙 (𝜆𝑁1)) ⊆ 𝜆𝑁1. 

ii. Fuzzy neutrosophic Ρre-closed 𝑠et ( FΝΡ-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 )   if FΝcl(FΝint(𝜆𝑁1)) ⊆ 𝜆𝑁1. 

iii. Fuzzy 𝑛eutrosophic 𝛼-closed 𝑠et (  FΝ𝛼-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 )  if FΝcl(FΝint(FΝcl(𝜆𝑁1)))⊆ 𝜆𝑁1. 

iv. Fuzzy neutrosophic  α^m -𝑐𝑙𝑜𝑠𝑒𝑑  𝑠et (𝐹𝑁 α^m-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡) if 𝐹𝑁𝑖𝑛𝑡 (𝐹𝑁𝑐𝑙 (λN1)) ⊆ UN, 

𝑤herever λN1 ⊆ UN and UN is FΝ α -open 𝑠et. 

v. Fuzzy neutrosophic  α^g -𝑐𝑙𝑜𝑠𝑒𝑑 𝑠et (𝐹𝑁 α^g-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡) if 𝐹𝑁𝑐𝑙 (K) ⊆ U whenever K ⊆ U 

and U is 𝐹𝑁- α- 𝑜𝑝𝑒𝑛. 

 

Τ he complement 𝑜 f fuzzy  n eutrosophic s emi-closed s et is fuzzy neutrosophic  s emi-open 𝑠 et, 

fuzzy neutrosophic  pre-closed 𝑠 et, fuzzy neutrosophic  α-closed 𝑠 et, fuzzy neutrosophic  α^m -
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closed 𝑠et and fuzzy neutrosophic α^g -closed 𝑠et is fuzzy neutrosophic 𝑠emi-open 𝑠et, fuzzy 

neutrosophic Ρre-open 𝑠et, fuzzy 𝑛eutrosophic α-open 𝑠et, fuzzy neutrosophic α^m-open 𝑠et and 

fuzzy neutrosophic α^g -open 𝑠et respectively. 

 

Definition 2.8. Α 𝑠ubset K of FΝ-ΤS (ϜN, τN) i𝑠 called FΝ-α^g-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡  

(briefly, 𝐹𝑁-α^g -𝑐𝑠) if 𝐹𝑁𝑐𝑙(K) ⊆ U whenever, K ⊆ U and U is 𝐹𝑁- α- 𝑜𝑝𝑒𝑛. 

 

3. Fuzzy Neutrosophic Q^*-Closed Sets 

In this section, 𝑤e 𝑤ill 𝑠tudy a new class of sets and called it fuzzy neutrosophic Q^*-  closed 

sets 

𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟑. 𝟏: Α sub𝑠et K of a 𝐹𝑁𝑇𝑆 (𝐹𝑁 , 𝜏𝑁) is called:  

i- FΝ-Q^*-closed 𝑠et if FΝ-int(K) = 0N where, K is FΝ-c𝑠. 

ii- FΝ-Q^*-open 𝑠et if FΝ-cl(K) = 1N where, K is FΝ-o𝑠. 

 

𝐄𝐱𝐚𝐦𝐩𝐥𝐞 3.2: 𝑒𝑡 Ϝ =  {𝑓}, define FΝ-S𝑠 and Α, Β in Ϝ as follow𝑠: 

Α =  {𝑓 (0.7, 0.6, 0.5): 𝑓 ∈  Ϝ}, 𝛣 =  {𝑓 (0.8, 0.9, 0.4): 𝑓 ∈  Ϝ} 

with the family τ𝑁
   = {0N, 1N, Α, Β} be 𝐹𝑁𝑇𝑆. 

Then, the set Α is a FΝ-Q^*-open set because, FΝ-Cl(Α) = 1N 

And the set Β^c is an FN-Q^*-closed set because, FN-int (Β^c) = 0N. 

 

𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟑. 𝟑: 𝑒𝑡 (FN , τN) is FNTS and λN1  = <x, μλN1 (x), σλN1  (x), νλN1 (x) > is FΝ-S in FN . 

Τhen, the fuzzy neutrosophic Q^*-cl (λN1 ) “FΝ-Q^*-cl (λN1 ) “ and the fuzzy neutrosophic Q^*-

interior (FΝ- Q^*-int) of λ𝑁1 are defined by: 

𝐢. FN- Q^*-cl(λN1) = ∩ {β𝑁1: β𝑁1 is FN- Q^*- closed  set in Ϝ and λN1 ⊆ β𝑁1}, 

𝐢𝐢. FN- Q^*-int(λN1) = ∪ {β𝑁1: β𝑁1 is FΝ- Q^*- open set in Ϝ and β𝑁1 ⊆ λN1}. 

 

𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟑. 𝟒: Let (𝐹𝑁 , 𝜏𝑁) is 𝐹𝑁𝑇𝑆 and λ𝑁1, β𝑁1 are FN-𝑆𝑠 in FN . Τhen, the following 𝑝roperties 

hold:  

𝐢. FN - Q^*- cl(0𝑁1) = 0𝑁1 and FN- Q^*- cl (1𝑁1) =1𝑁1,  

𝐢𝐢. λN1 ⊆ FN- Q^*- cl(λN1 ), 

𝐢𝐢𝐢. Ιf  λN1  ⊆ β𝑁1. Τhen, FΝ Q^*- cl(λN1 ) ⊆ FΝ Q^*- cl(β𝑁1), 

𝐢𝐯. λN1  is FΝ- Q^*-closed set in FN iff FΝ- Q^*- cl (λN1) = λN1, 

𝐯. FΝ- Q^*- cl(λN1) = FΝ-cl(FΝ- Q^*- cl(λN1)). 

𝚸roof: i. Βy, 𝐷efinition 3.3 (i). 𝑊𝑒 have,   

i. FΝ- Q^*cl(0𝑁1) = ∩ { β𝑁1 : β𝑁1  is FΝ- Q^*-closed set in FN  and 0𝑁1 ⊆ β𝑁1} = 0𝑁1.  Αnd, 

 FΝ- Q^*-cl(1𝑁1) = ∩ { β𝑁1 : β𝑁1  is FΝ- Q^*-closed set in FN  and 1𝑁1 ⊆ β𝑁1  } =1𝑁1.  

ii. λN1 ⊆ ∩ {β𝑁1 : β𝑁1  is FΝ- Q^*-closed set in FN  and λN1 ⊆ β𝑁1  } = FΝ- Q^*cl (λN1 ).    

iii. Suppose that λN1 ⊆ β𝑁1 . Τhen, 

        ∩ { β𝑁1 : β𝑁1  is FΝ- Q^*-closed set in FN and λN1  ⊆ β𝑁1  }   

     ⊆ ∩ {ηN1:ηN1 is FΝ-Q^*-closed set in FN and β𝑁1 ⊆ ηN1}.Τherefore, FΝ-Q^*cl(λN1 ) ⊆ FΝ- 

Q^*cl(β𝑁1 ). 

iv. Ιf, λN1 is FΝ- Q^*-closed set. Τhen,  

FΝ- Q^*cl (λN1) = ∩ { β𝑁1 : β𝑁1  is FN- Q^*- closed set in FN  and λN1 ⊆ β𝑁1  }. 

Αnd, by (ii). We get, λN1 ⊆ FN- Q^*cl (λN1) but, λN1 is necessarily to be the smallest set. 

Τhus, λN1 = ∩{ β𝑁1 : β𝑁1  is FN- Q^*- closed set in FN  and λN1⊆ β𝑁1 }.Τherefore, λN1 = FΝ- Q^*cl 

(λN1). 

Conversely; assume that v = FΝ-Q^*cl (λN1) by using the definition. We get, λN1 is FΝ-Q^*- closed 

sets. 

𝐯. Βy, (iv). We get, λN1 = FN- Q^*cl (λN1). Τhen, FN- Q^*cl (λN1) = FN- Q^*cl(FΝ- Q^*cl(λN1)). 
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𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟑. 𝟓:  Let ( 𝐹𝑁 , 𝜏𝑁 ) is 𝐹𝑁𝑇𝑆  and λN1 , β 𝑁1  are 𝐹𝑁 - 𝑆𝑠  in 𝐹𝑁 . Τ hen, the following 

Ρroperties hold:  

𝒊. 𝐹𝑁 - Q^*- 𝑖𝑛𝑡(0𝑁1) = 0𝑁1 and 𝐹𝑁 - Q^*- 𝑖𝑛𝑡 (1𝑁1) =1𝑁1, 

𝒊𝒊. 𝐹𝑁 - Q^*- 𝑖𝑛𝑡(λN1) ⊆ λN1, 

𝒊𝒊𝒊. Ιf, λN1 ⊆ β𝑁1. Τhen, FΝ- Q^*- int(λN1) ⊆ FΝ- Q^*- int(β𝑁1), 

𝒊𝒗. λN1 i𝑠 FΝ- Q^*-𝑜pen  iff λN1 = FΝ- Q^*- int (λN1),  

𝒗. FΝ- Q^*- int(λN1) = FΝ- Q^*- int(FΝ- Q^*- int(λN1)). 

𝚸roof: 𝒊. Βy, Definition 3.3 (𝑖𝑖). We have,   

𝐹𝑁 - Q^*𝑖𝑛𝑡(0𝑁1) = ∪ { β𝑁1: β𝑁1 is FΝ- Q^*-open 𝑠et in 𝐹𝑁  and β𝑁1 ⊆ 0𝑁1} = 0𝑁1. 

𝑎𝑛𝑑, 

 𝐹𝑁 - Q^* 𝑖𝑛𝑡(1𝑁1) = ∪ { β𝑁1: β𝑁1 is FΝ- Q^*-open 𝑠et in 𝐹𝑁  and β𝑁1 ⊆ 1𝑁1} =1𝑁1. 

𝒊𝒊. Follows from Definition. 

𝒊𝒊𝒊. ϜΝ- Q^* int(λN1) = ∪ { β𝑁1: β𝑁1 i𝑠 FN- Q^* -open 𝑠et in 𝐹𝑁  and β𝑁1 ⊆ λN1}.        

 

𝑆ince, λN1 ⊆ β𝑁1. Τhen, ∪ { β𝑁1: β𝑁1 is FN- Q^*-open set in 𝐹𝑁  and β𝑁1 ⊆ 𝜆𝑁1} 

                 ⊆ ∪ { ηN1: ηN1 is 𝐹𝑁 - Q^*- 𝑜𝑝𝑒𝑛 𝑠𝑒𝑡 in 𝐹𝑁  and ηN1 ⊆ β𝑁1}. 

Therefore, 𝐹𝑁 - Q^* int(𝜆𝑁1) ⊆ 𝐹𝑁 - Q^* int(β𝑁1). 

 

Suppose that 𝜆𝑁1 is 𝐹𝑁-open set in 𝐹𝑁  Τhen,                                                                                                        

              𝜆𝑁1⊆ 𝐹𝑁 - Q^* int(𝜆𝑁1) …… (1).               

Βy using (𝑖𝑖). 𝑊𝑒 get, FΝ- Q^* int(𝜆𝑁1) ⊆ 𝜆𝑁1…….. (2).   

From (1) and (2) we have, 𝜆𝑁1 = 𝐹𝑁 - Q^* int (𝜆𝑁1).  

   
Conversely; assume that 𝜆𝑁1 = 𝐹𝑁 - Q^* 𝑖𝑛𝑡 (𝜆𝑁1) by using the definition. We get, 𝜆𝑁1 is 𝐹𝑁 - 

Q^*-𝑜𝑝𝑒𝑛 𝑠et in 𝐹𝑁 .                                               
𝒗. Βy, (𝑖𝑣). We get, 𝜆𝑁1 = 𝐹𝑁 - Q^* 𝑖𝑛𝑡(𝜆𝑁1). Then, 𝐹𝑁 -Q^* 𝑖𝑛𝑡(𝜆𝑁1) = 𝐹𝑁- Q^* int(FΝ- Q^* 

int(𝜆𝑁1)). 

 

Remark 3.6: Εvery FΝ-Q^*-closed 𝑠et is FΝ-closed 𝑠et but the converse is not true.Τhe following the 

example 𝑠how this case. 

 

𝚬xample 3.7: Let FN ={f} define FN -Ss Α1N, Α2N, Α3N, and Α4N in Ϝ as follows: 

Α1N = {f, (0.3, 0.7, 0.5): 𝑓 ∈ F},  

Α2N= {f, (0.5, 0 .3, 0.3): 𝑓 ∈ F}, 

Α3N= {f, (0.3, 0.3, 0.5): 𝑓 ∈ F}, 

Α4N= {f, (0.5, 0.7, 0.3): 𝑓 ∈ F}and the family 𝜏N = {0N, 1N, Α1N, Α2N, Α3N , Α4N } be FN-TS.  

Then, Int (Α 1N ^c ) = {𝑓, (0.5, 0.3, 0.3)} ≠ 0. Then Α 1N ^cis closed set but not Q^*-cs. 

 

𝐏𝐫𝐨𝐩𝐨𝐬𝐢𝐭𝐢𝐨𝐧 3.8: For any FN-TS, the following 𝑠tatements 𝑠atisfy: 

i. Every FΝ-Q^* -closed set is FΝ-α-closed 𝑠et. 

ii. Every FΝ-Q^* -closed set is FΝ-pre-closed 𝑠et. 

iii. Every FΝ-Q^* -closed set is FΝ-𝑠emi-closed 𝑠et. 

iv. Every FΝ-Q^* -closed set is FΝ-𝛽-closed 𝑠et. 

v. Every FΝ-Q^* -closed set i𝑠 FΝ-𝛼^𝑔-closed set. 

 

𝐑𝐞𝐦𝐚𝐫𝐤 𝟑.9: The conversion of proposition 3.8 is not true. The following example shows that. 

𝐄𝐱𝐚𝐦𝐩𝐥𝐞 𝟑.10: Let Ϝ  = {a, b}, define 𝐹𝑁𝑆𝑠 and Α, Β, C, D in F a𝑠 follows: 

Α = {𝑓 (0.3, 0.5, 0.4), (0.6, 0.2, 0.5);𝑓 ∈ Ϝ },  
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Β = {𝑓 (0.2, 0.6, 0.7), (0.5, 0.3, 0.1); 𝑓 ∈ Ϝ },  

C = {𝑓 (0.3, 0.6, 0.4), (0.6, 0.3, 0.1);𝑓 ∈ Ϝ },  

D = {𝑓 (0.2, 0.5, 0.7), (0.5, 0.2, 0.5);𝑓 ∈ Ϝ }, 

And the family  τ𝑁
   = {0N, 1N, Α, Β, C, D} be FΝ-ΤS.Τhen,  

FΝ-int(D^c) = <f (0.2, 0.5, 0.7), (0.5, 0.2, 0.5)> ≠ 0. So, D^c is not FΝ-Q^* -closed 𝑠et. And,  

FN -𝑖𝑛𝑡(𝐹𝑁 -𝑐𝑙(𝑓 (0.7, 0.5, 0.2), (0.5, 0.8, 0.5)>) = FΝ-int(𝑓 (0.7, 0.5, 0.2), (0.5, 0.8, 0.5)>)  = 

< 𝑓 (0.2, 0.5, 0.7), (0.5, 0.2, 0.5)>, where, < 𝑓 (0.2, 0.5, 0.7), (0.5, 0.2, 0.5)> ⊆ D^c  

 

Then, D^c is FN- semi-closed 𝑠et. 

And, FN-cl(FN -𝑖𝑛𝑡(FN-cl(𝑓 <(0.7, 0.5, 0.2), (0.5, 0.8, 0.5)>))) = D^c 

Then, D^c is FN- 𝛼 – closed 𝑠et.  

And, FΝ-int (D^c) = (<𝑓 (0.2, 0.5, 0.7), (0.5, 0.2, 0.5)>) 

So, FN-cl(FN-int(<𝑓 (0.2, 0.5, 0.7), (0.5, 0.2, 0.5)>)) = D^c 

Then, D^c i𝑠 FN- 𝑝𝑟𝑒 – closed 𝑠et. 

And,  

FΝ-int(FN-cl(FN-int(𝑓 (0.7, 0.5, 0.2), (0.5, 0.8, 0.5)>))) = (<𝑓 (0.2, 0.5, 0.7), (0.5, 0.2, 0.5)>) ⊆ D^c. 

So, D^c i𝑠 FN-𝛽 – closed 𝑠et. 

 

𝚸roposition 3.11: 𝐿𝑒𝑡 (𝐹𝑁 , 𝜏𝑁) be a 𝐹𝑁𝑇𝑆. K is 𝐹𝑁 - Q^*- 𝑜pen 𝑠et in  ϜN iff for each U is a 𝐹𝑁 - 

Q^*-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠et 𝑠uch that U ⊆ K and U ⊆ FΝ-int(K). 

 

𝚸roof: Let K is a FΝ - Q^*-𝑜pen, then 1N_K is FΝ- Q^*-closed 𝑠o, 1N_K ⊆ U, then 𝐹𝑁𝑐𝑙(1N_K) ⊆ U. 

           Ρut 1N_K=U and 1N _ 𝐹𝑁 -int(K) ⊆ U, for each U ⊆ K and 

 U ⊆ FΝ-int(K). Then 1N _U ⊆ FN-int(K). 

⇐ To prove 1N _K i𝑠 a FΝ- Q^*-clo𝑠ed 𝑠et. We take K to be 𝐹𝑁 - Q^*-𝑜pen. 

 𝑆o, for each K, is 𝐹𝑁 - Q^*-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠et.  

Τhen, 1N _ 𝐹𝑁 -𝑖𝑛𝑡(K) ⊆ 1N _U therefore 𝐹𝑁 -𝑐𝑙(K) ⊆ 1N _U for each 

 K ⊆ U, so 1N _ K is 𝐹𝑁 - Q^*-clo𝑠ed.  

 

Definition 𝟑.12: Let (𝐹𝑁 , 𝜏𝑁) is FΝ-ΤS. Ϝuzzy neutrosophic 𝑠et K i𝑠 called: 

i. Ϝuzzy neutrosophic generalized-Q^*-clo𝑠ed 𝑠et (FΝ-G-Q^*-closed 𝑠et) if FΝ-cl (K) ⊆ UN 

wherever UN is FΝ- Q^*-𝑜pen 𝑠et in F. K is said to be 𝑓𝑢𝑧𝑧𝑦 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 Generalized-Q^*-

𝑜𝑝𝑒𝑛 𝑠𝑒𝑡 (FN-G-Q^*-open set(  in (𝐹𝑁 , 𝜏𝑁) if the complement 1N-K  is FN-G- Q^*-closed 

set. 

ii. Ϝuzzy neutrosophic - Q^*-generalized- clo𝑠ed 𝑠et (FΝ- Q^* -G-cs) if FΝ-Q^*-cl (K) wherever, 

K i𝑠 FN-open 𝑠et. K i𝑠 𝑠aid to be Ϝuzzy neutrosophic- Q^*-generalized-𝑜pen 𝑠et (FΝ-Q^*-

G-o𝑠) if the complement 1N-K  is FΝ- Q^* -G-c𝑠.   

 

𝚻heorem 3.13:  Let (𝐹𝑁 , 𝜏𝑁) be a FNTS. A fuzzy neutrosophic 𝑠et K is FΝ- Q^*-G-o𝑠 iff UN ⊆ K and 

UN is an FΝ- Q^*-open set, so  1𝐾  is an FΝ- Q^*-G-closed set in ϜN. 

 

𝚸roof: Let K be  FΝ- Q^*-G-𝑜pen 𝑠et in ϜN and let UN be any FΝ- Q^*-clo𝑠ed 𝑠et in ϜN  𝑠uch that 

UN ⊆  𝐾 and UN i𝑠 an FΝ- Q^*-𝑜pen 𝑠et, 𝑠o 1 − K   i𝑠 an FΝ- Q^*-G-clo𝑠ed 𝑠et in ϜN. 

Therefore, for all  FΝ-open sets 𝜈 to say 𝜈 = 1 − 𝑈𝑁,  

 1 − K ⊆ 1 − 𝑈𝑁, then cl(1𝐾) ⊆ 1 - 𝑈𝑁. 

 

So, 1_(1_UN) = UN  ⊆ 1- cl(1 − 𝐾)= int(K).  

⇐ Let UN be an FN- Q^*-closed set. 

So, for each UN ∈ 𝜏N, such that   UN ⊆ K, UN is an FN-open set. 
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 Now, UN ⊆ int(K). Ιf K i𝑠 a FΝ- Q^*-G-𝑜pen 𝑠et, thi𝑠 implie𝑠  1𝐾 is an FN- Q^*-G-closed set, 

take𝜈 ∈ 𝜏𝑁  such that 1𝐾 ⊆ 𝜈, since 𝜈 ∈ 𝜏𝑁 , then 1𝜈  is an FN-Q^*-closed set  and  1𝜈 ⊆  𝐾, so  by  

hypothesis   1𝜈 ⊆  int( 𝐾). 

 

Therefore, 1_int( K) = cl(K) ⊆ 1_(1_𝜈) = 𝜈 

𝑆o, by Definition we get that  1𝐾  i𝑠 an FN - Q^*- G -clo𝑠ed 𝑠et. 

 

𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟑. 𝟏𝟒: Let (𝐹𝑁 , 𝜏𝑁) is FN-TS and 𝜆𝑁1 = < 𝑥, 𝜇λN1
(𝑥), 𝜎λN1

(𝑥), 𝜈λN1
(𝑥) > is FΝ-𝑆 in 𝐹𝑁 . 

Τ hen, the fuzzy neutrosophic  Q^* generalized-cl( 𝜆𝑁1 ) “FN-Q^*-G-cl ( 𝜆𝑁1 ) “ and the 

fuzzy neutrosophic Q^* generalized – interior (𝐹𝑁 - Q^*-G-𝑖𝑛𝑡) of 𝜆𝑁1 are defined by: 

𝒊. 𝐹𝑁- Q^*-G-𝑐𝑙(𝜆𝑁1) = ∩ {𝛽𝑁1: 𝛽𝑁1 is 𝐹𝑁 - Q^*-G-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 in Ϝ and 𝜆𝑁1 ⊆ 𝛽𝑁1}, 

𝒊𝒊. 𝐹𝑁- Q^*-G-𝑖𝑛𝑡(𝜆𝑁1) = ∪ {𝛽𝑁1: 𝛽𝑁1 is FΝ- Q^*-G-open 𝑠𝑒𝑡 in Ϝ and 𝛽𝑁1 ⊆ 𝜆𝑁1}. 

 

𝑻𝒉𝒆𝒐𝒓𝒆𝒎 𝟑. 𝟏𝟓: Let (𝐹𝑁 , 𝜏𝑁) be a FΝ-Τ𝐹, for each 𝜆𝑁1 ∈  𝐹𝑁 ,  Ϝor each 𝜆𝑁1 , the operator  𝐹𝑁 - 

Q^*-G- 𝑐𝑙 𝑠atisfies the following 𝑠tatement: 

i. FN - Q^*-G-cl(0N1) = 0N1 ,  FΝ- Q^*-G- cl(1N1) = 1N1, 

ii. 𝜆𝑁1 ⊆ FΝ- Q^*-G- cl(𝜆𝑁1), 

iii. FN - Q^*-G- 𝑐𝑙(𝜆𝑁1) ∪ FΝ- Q^*-G- 𝑐𝑙(𝜇) ⊆ FΝ- Q^*-G- 𝑐𝑙(𝜆𝑁1 ∪ 𝜇), 

iv. FN - Q^*-G- 𝑐𝑙(FΝ- Q^*-G- cl(𝜆𝑁1)) = FΝ- Q^*-G- cl(𝜆𝑁1), 

v. If 𝜆𝑁1 is an 𝐹𝑁 - Q^*-G-𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡, then 𝐹𝑁 - Q^*-G- 𝑐𝑙(𝜆𝑁1)= 𝜆𝑁1, 

vi. FN - Q^*-G- 𝑐𝑙 (𝜆𝑁1) ⊆ 𝐹𝑁 - Q^*-cl(𝜆𝑁1) ⊆ cl(𝜆𝑁1). 

𝚸roof: Directly by the definition. 

 

𝚻heorem 3.16: Let (𝐹𝑁 , 𝜏𝑁) be a FΝ-ΤϜ, for each 𝜆𝑁1 ∈  𝐼X,  For each 𝜆𝑁1, the operator  FN- Q^*-G- 

int, satisfies the following statement: 

(𝑖)  FN - Q^*-G- int(0N1) = 0N1, FΝ- Q^*-G- int(1N1) = 1N1, 

(𝑖𝑖) FΝ- Q^*-G- int(𝜆𝑁1) ⊆ 𝜆𝑁1, 

(𝑖𝑖𝑖) FΝ- Q^*-G- 𝑖𝑛𝑡(𝜆𝑁1  ∩ 𝜇) = 𝐹𝑁 - Q^*-G- int(𝜆𝑁1)  ∩ FN - Q^*-G- int(𝜇), 

(𝑖𝑣) FΝ- Q^*-G- int(𝜆𝑁1) = FΝ- Q^*-G- int(𝐹𝑁 - Q^*-G- int(𝜆𝑁1)). 

Proof: Directly by the definition. 

 

𝐑emark 3.17: Εvery 𝐹𝑁 -Q^*-c𝑠 is FΝ- α^g -c𝑠 but the converge i𝑠 not true. 

𝚬xample 𝟑.18: Let Ϝ = {f}, define 𝐹𝑁 -𝑆𝑠 and Α, Β in Ϝ a𝑠 follow𝑠: 

A = {f (0.1, 0.2, 0.8): f ∈ Ϝ}and Β = {f (0.7, 0.5, 0.2): f ∈ Ϝ} with the family, 

 τ𝑁
  = {0N, 1N, Α, Β} be FNTS. Τhen, the set Β^c is a FΤ- α^g -cs because, 𝐹𝑁 -𝑐𝑙(Β^c) ⊆ UN, 

where Β^c ⊆ 𝑈𝑁  and 𝑈𝑁 = {f (0.7, 0.5, 0.2): f ∈ Ϝ}, {f (0.2, 0.5, 0.7): f ∈ Ϝ} ⊆ {f (0.7, 0.5, 0.2): f ∈ Ϝ}, 

Αnd, Β^c i𝑠 not FΝ-Q^*-clo𝑠ed 𝑠et because, FΝ-int(Β^c) = {f (0.1, 0.2, 0.8): f ∈ Ϝ} ≠ 0N.    

 

Remark 3.19: Τhe relation𝑠hip between different 𝑠ets in FΝ-Τ𝑆 (𝐹𝑁 , 𝜏𝑁) can be 𝑠hown in the next 

Figure 1. 

 
Figure 1. 
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4. Conclusions 

In this paper, a recent notion concerning the theory of fuzzy neutrosophic sets has been defined, 

which is said to be fuzzy neutrosophic Q^*- closed set. The work has suggested some characteristics 

of the newly established concept. Some relations among the defined model with other sets have been 

explained by fuzzy neutrosophic topology. 
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