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Abstract— Florentin eSmarandache egeneralized ethe eintuitionistic efuzzy esets eto eNeutrosophic eset etheory ein e1998 eas ea 

enew ebranch eof ephilosophy. eA.A. eSalama eintroduced ethe econcept eof eNeutrosophic etopological espaces eby eusing ethe 

eNeutrosophic ecrisp esets. eIn ethis epaper, ewe eintroduce eand estudy ea enew eclass eof eNeutrosophic egeneralized eset, 

enamely eNeutrsophic epre egeneralized eregular eα- eclosed eset ein eNeutrosophic etopological espaces. eSome einteresting 

epropositions ebased eon ethis eset eare eintroduced eand established ewith esuitable examples eand etheir eproperties eare ealso 

ediscussed.  

Keywords— e𝓝𝐩𝐠𝐫𝛂- eclosed eset, e𝓝𝐩𝐠𝐫𝛂 e- eopen eset, e𝓝𝐩𝐠𝐫𝛂 e-closure, e𝓝𝐩𝐠𝐫𝛂 e- einterior  

 

1. INTRODUCTION eAND ePRELIMINARIES 

 

L.A. eZadeh e[20] eintroduced ethe econcept eof efuzzy esets ein e1965. eIt eshows ethe edegree eof emembership eof ethe 

element ein ea eset. eLater, efuzzy etopology ewas eintroduced eby eC.L.Chang e[6] ein e1968. eCoker [7] eintroduced ethe 

enotion eof eIntuitionistic efuzzy etopological espaces eby eusing eAtanassov’s e[5] eIntuitionistic efuzzy eset. eNeutrality ethe 

edegree eof eindeterminacy, eas ean eindependent econcept, ewas eintroduced eby eSmarandache e[19] ein e1998. eHe ealso 

edefined ethe eNeutrosophic eset eon ethree ecomponents, enamely eTruth e(membership), eIndeterminacy, eFalsehood e(non-

membership) efrom ethe eFuzzy esets eand eIntuitionistic efuzzy esets. eSmarandache’s eNeutrosophic econcepts ehave ewide 

erange eof ereal etime eapplications efor ethe efields eof                                                   e[[1]-[4],[10],[12],[15],[18]] 

eInformation esystems, eComputer escience, eArtificial eIntelligence, eApplied eMathematics eand eDecision emaking. eA.A. 

eSalama eand eS.A. eAlblowi e[16] eintroduced eNeutrosophic etopological espaces eby eusing ethe eNeutrosophic esets. 

eSalama eA. eA. e[17] eintroduced eNeutrosophic eclosed eset eand eNeutrosophic econtinuous efunctions ein eNeutrosophic 

etopological espaces.R.Dhavaseelan eand eSaiedJafari e[8] eintroduced eNeutrosophic egeneralized eclosed esets. eIn ethis 

edirection, ewe eintroduce eand eanalyze ea enew eclass eof eNeutrosophic egeneralized eclosed eset ecalled eNeutrsophic epre 

egeneralized eregular eα- eclosed eset which eis ethe eweaker eform eof ethe eabove ementioned egeneralization eand eits 

eproperties eare ediscussed ein edetails. e 

Definition e1.[16]Let eℐ ebe ea enon-empty efixed eset. eA eNeutrosophic eset e[NS efor eshort] e𝒜 eis ean eobject ehaving ethe 

eform e𝒜 e= e{<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝑣(a)>: ea∈ ℐ} ewhere e𝜇𝒜(a), e𝜎𝒜(a) eand e𝜈𝒜(a) ewhich erepresent ethe edegree eof 

emembership efunction, edegree eof eindeterminacy eand ethe edegree eof enon-membership erespectively eof eeeeeach eelement 

ex e∈A eto ethe eset e𝒜. 

Remark e1.2. e[16] eA eNeutrosophic eset e𝒜 e= e{<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)>: ea∈ ℐ} ecan ebe eidentified eto ean eordered 

etriple e𝒜 e= e<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)> ein enon-standard eunit einterval e]-0, e1+[ eon eℐ. 

For ethe esake eof esimplicity, ewe eshall euse ethe symbol                        e𝒜 e e= e<𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)> efor ethe 

eNeutrosophic eset e e e e e𝒜 e= e{<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝑣(a)>: ea∈  𝑒ℐ e}. e 

 Definition e1.3. e[16] eEvery eIntuitionistic efuzzy eset e𝒜 eis    

   ea enonempty eset ein eℐ eis eobviously eon eNeutrosophic eset ehaving ethe eform e𝒜={<a, e𝜇𝒜(a),1-(𝜇𝒜(a)+𝜈𝒜(a e)),e𝜈𝒜(a) 

> : ea∈ ℐ e}. eSince eour emain epurpose eis eto econstruct ethe etools efor edeveloping eNeutrosophic eset eand eNeutrosophic 

etopology, ewe emust eintroduce ethe eNeutrosophic eset e e e0𝒩  eand e1𝒩in eℐ eas efollows: 

0𝒩 emay ebe edefined eas: 

e e0𝒩= e{<a, e0, e0, e1>: ea∈ ℐ e}, e0𝒩= e{<a, e0, e1, e1>: ea∈ ℐ e}, e0𝒩= e{<a, e0, e1, e0>: ea∈ ℐ e}, e0𝒩= e{<a, e0, e0, e0>: 

ea∈ ℐ} 

1𝒩 emay ebe edefined eas: 

e1𝒩= e{<a, e1, e0, e0>: ea∈ ℐ e},e1𝒩= e{<a, e1, e0, e1>: ea∈ ℐ}, 1𝒩= e{<a, e1, e1, e0>: ea∈ ℐ e}, e1𝒩= e{<a, e1, e1, e1>: ea∈
ℐ e} 

Definition e1.4. e[16] eLet e𝒜 e=<𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)> ebe ean eNS eon eℐ ethen ethe ecomplement eof ethe eset e𝒜 e e e e e 

e e                                    e[C(𝒜) efor eshort] emay ebe edefined eas ethree ekinds eof ecomplements: 

(i) eC(𝒜) e= e{e<a, e1-𝜇𝒜(a), e1-𝜎𝒜(a), e1-𝜈𝒜(a)>:a∈ ℐ}   𝑒(ii) eC(𝒜) e= e{ e<a,𝜈𝒜(a e), e𝜎𝒜(a), e𝜇𝒜(a)>: ea∈ ℐ e} 

(iii) eC(𝒜) e= e{ e<a,𝜈𝒜(a e),1-𝜎𝒜(a), e𝜇𝒜(a)>:a∈ ℐ e} 
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Definition e1.5. e[5] eLet eℐ ebe ea enonempty eset. eLet e𝒮 eand e𝒯 ebe eany eNeutrosophic esets eon eℐ ein ethe eform                                                           

e e𝒮 e={<a, e𝜇𝒮(a), e𝜎𝒮(a), e𝜈𝒮(a e) e>: ea∈ ℐ e} eand                               e𝒯 e= e{<a, e𝜇𝒯(a), e𝜎𝒯(a), e𝜈𝒯(a)>: ea∈ ℐ e}. eThen 

ewe emay econsider etwo epossible edefinitions efor esubsets                                                            e( e𝒮 ⊆  𝑒𝑒𝒯). 𝒮 ⊆  𝑒𝑒𝒯 emay 

ebe edefined eas: 

                       𝒮 ⊆  𝑒𝑒𝒯 e ⇔ 𝜇𝒮(x)≤  𝑒𝑒𝜇𝒯(x),e𝜎𝒮(x)≤  𝑒𝑒𝜎𝒯(x),                                  

                                                                        e𝜈𝒮(x)  ≥ 𝜈𝒯(x e) efor eall ea∈ ℐ. 

𝒮 ⊆  𝑒𝑒𝒯 e ⇔ 𝜇𝒮(x)≤  𝑒𝑒𝜇𝒯(x),e𝜎𝒮(x)≥  𝑒𝑒𝜎𝒯(x),                  𝜈𝒮(x e)≥ 𝜈𝒯(x e) efor eall ea e∈ ℐ. 

Proposition e1.6. e[5] For eany eNeutrosophic eset e𝒜 ethe efollowing econditions ehold: 

               0𝒩 ⊆ 𝒜, e0𝒩 ⊆ 0𝒩 , 𝒜 ⊆ 1𝒩 , e1𝒩 ⊆  e1𝒩 

Definition e1.7.[16] eLet eℐ ebe ea enonempty eset. Let e𝒮 e= e{<a, e𝜇𝒮(a), e𝜎𝒮(a),𝜈𝒮(a)>}, e𝒯 e={<a, e𝜇𝒯(a), e𝜎𝒯(a),𝜈𝒯(a) e>} 

eare eNeutrosophic esets. Then e𝒮 ∩ 𝒯 emay ebe edefined eas: 

(i) 𝒮 ∩ 𝒯=<a,e𝜇𝒮(a)∧ 𝜇𝒯(a),e𝜎𝑣(a)∧ 𝜎𝒯(a),𝜈𝒮(a)∨ 𝜈𝒯(a)> 

(ii) 𝒮 ∩ 𝒯e=e<a,e𝜇𝒮(a)∧ 𝜇𝒯(a),e𝜎𝒮(a)∨ 𝜎𝒯(a),e𝜈𝒮(a)e𝜈𝒯(a)> 

 𝒮 ∪  e𝒯 emay ebe edefined eas: 

(i) e𝒮 ∪  e𝒯= e<a, e𝜇𝒮(x)∨ 𝜇𝒯(x), e𝜎𝒮(x)∨ 𝜎𝒯(x), e𝜈𝒮(x e) ∧ 𝜈𝒯(x e)> 

(ii) e𝒮 ∪  e𝒯e= e<x,e𝜇𝒮(x)∨ 𝜇𝒯(x),e𝜎𝒮(x)∧ 𝜎𝒯(x),e𝜈𝒮(x ) e∧ 𝜈𝒯(xe)> 

We ecan eeasily egeneralize ethe eoperations eof eintersection eand eunion eto earbitrary efamily eof eNeutrosophic esets eas 

efollows: 

Definition e1.8. e[16] eLet e{𝒜j: ej∈J e} ebe ea earbitrary efamily eof eNeutrosophic esets ein eA, ethen e∩ 𝒜j emay ebe 

edefined eas 

(i)  𝑒𝑒 ∩ 𝒜j e= e<a, e∧𝑗∈𝐽 𝜇𝒜𝑗
(a), e∧𝑗∈𝐽 𝜎𝒜𝑗

(a),⋁𝑗∈𝐽𝜈𝒜𝑗
(a)> 

(ii) ∩ 𝒜𝑗  e= e<a, e∧𝑗∈𝐽 𝜇𝒜𝑗
(a), e∨𝑗∈𝐽 𝜎𝒜𝑗

(a),⋁𝑗∈𝐽𝜈𝒜𝑗
(a)> 

∪ 𝒜𝑗  emay ebe edefined eas 

(i) ∪ 𝒜𝑗= e<a, e∨𝑗∈𝐽 𝜇𝒜𝑗
(a), e∨𝑗∈𝐽 𝜎𝒜𝑗

(a),∧𝑗∈𝐽 𝜈𝒜𝑗
(a)> 

(ii) ∪ 𝒜𝑗  e= e<a, e∨𝑗∈𝐽 𝜇𝒜𝑗
(a), e∧𝑗∈𝐽 𝜎𝒜𝑗

(a),∧𝑗∈𝐽 𝜈𝒜𝑗
(a)> 

Proposition e1.9. e[16] eFor etwo eNeutrosophic esets e𝒮 eand e𝒯, ethe efollowing econditions eare etrue: 

                C e(𝒮 ∩ 𝒯)= eC(𝒮) e∪ eC(𝒯); eC e(𝒮 ∪  e𝒯)= eC(𝒮)∩ eC(𝒯). 

Definition e1.10 e[16] eA eNeutrosophic etopology e[NT] eon ea enonempty eset eℐ eis ea efamily e𝜏 eof eNeutrosophic esubsets 

ein eℐ esatisfying ethe efollowing eaxioms: 

(i) 0𝒩, e1𝒩 ∈ 𝜏 

(ii) 𝒢1 e ∩ 𝒢2 e ∈ 𝜏 efor eany e𝒢1, e𝒢2 e ∈ 𝜏 

(iii)  e∪ 𝒢𝑖  e ∈ 𝜏 efor eevery e{𝒢𝑖: ei∈J}⊆ 𝜏 

The epair eof e(ℐ, 𝑒𝑒𝜏) eis ecalled eNeutrosophic etopological espace e[NTS efor eshort]. eThe eelements eof e𝜏 eare ecalled 

eNeutrosophic eopen eset e[NOS efor eshort]. eA eNeutrosophic eset eℱ eis eNeutrosophic eclosed eset e[NCS efor eshort] eif 

eand eonly eif eC(ℱ) eis eNeutrosophic eopen eset. 

Example e1.11.[16]Let eℐ e={a} eand e𝒜1={< ea, e0.6, e0.6, e0.5>: ea e∈ 𝑒𝑒ℐ}, e𝒜2={< ea, e0.5, e0.7, e0.9>: ea e∈ 𝑒𝑒ℐ}, 

e𝒜3={<a, e0.6, e0.7, e0.5>: ea e∈ 𝑒𝑒ℐ}, e𝒜4 e= e{<a, e0.5, e0.6, e0.9>: ea e∈ 𝑒𝑒ℐ}.Then ethe efamily e                                           

τ e={0𝒩, e𝒜1, e𝒜2, e𝒜3, e𝒜4, e1N} eis ecalled ea eNeutrosophic etopological espace eon eℐ. 

Definition e1.12[16] eLet e(ℐ,𝜏) ebe ean eNTS eand e𝒜= e<a, e𝜇𝒮(a), e𝜎𝒮(a), e𝜈𝒮(a)> ebe ean eNS ein eℐ. eThen ethe 

eNeutrosophic eclosure eand eNeutrosophic einterior eof e𝒜 eare edefined eby eNCl(𝒜) e= e∩{𝒦: e𝒦 eis ean eNCS ein eℐ eand 

e𝒜 ⊆ 𝒦}, eNInt(𝒜) e= e∪{𝒢: e𝒢 eis ean eNOS ein eℐ eand e𝒢 ⊆ 𝒜 e}. e 

It ecan ebe ealso eshown ethat eNCl(𝒜) eis eNCS eand eNint(𝒜) eis ea eNOS ein eℐ. 

(i) 𝒜 eis eNOS eif eand eonly eif e𝒜 e= eNInt(𝒜) 

(ii) 𝒜 eis eNCS eif eand eonly eif e𝒜 e= eNCl(𝒜) 

Proposition e1.13.[16]For eany eNeutrosophic eset e𝒜 ein e(ℐ, 𝑒𝑒𝜏) ewe ehave e 

(i)  eNCl(C(𝒜))= eC(NInt(𝒜)) 

(ii) NInt(C(𝒜))= eC(NCl(𝒜)) 

Proposition e1.14.[16] eLet e(ℐ,𝜏) ebe ea eNTS eand e𝒮, e𝒯 ebe etwo eNeutrosophic esets ein eℐ. eThen ethe efollowing 

eproperties ehold: 

(i)  eNInt(𝒮)⊆  𝑒𝑒𝒮 ⊆NCl(𝒮) 

(ii) 𝒮 e ⊆ 𝒯 ⇒NInt(𝒮)e⊆NInt(𝒯)and NCl(𝒮)e⊆NCl(𝒯) 

(iii) NInt(NInt(𝒮)) e= eNInt(𝒮) 

(iv) NCl(NCl(𝒮))= eNCl(𝒮) 

(v)  eNInt(𝒮 ∩  𝑒𝑒𝒯)= eNInt(𝒮)∩NInt(𝒯) 
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(vi) NCl(𝒮 ∪  𝑒𝑒𝒯) e= eNCl(𝒮) e∪NCl(𝒯) 

(vii) NInt(0𝒩)= e0𝒩, NInt(1𝒩)= 𝑒𝑒1𝒩 

(viii) NCl(0𝒩)= e0𝒩 ,eNCl(1𝒩)= 𝑒𝑒1𝒩 

(ix) 𝒮 e ⊆ 𝒯 ⇒C(𝒮) e⊆C(𝒯) 

(x) NCl( 𝑒𝑒𝒮 ∩  𝑒𝑒𝒯)⊆NCl(𝒮)∩NCl(𝒯) 

(xi)  e eNInt(𝒮 ∪  𝑒𝑒𝒯) e⊆NInt(𝒮) e∪NInt(𝒯) 

Definition 1.15. eLet e𝒜= e{<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)>:a ∈  𝑒𝑒ℐ e} ebe ea eNeutrosophic eset eon ea eNeutrosophic 

etopological espace e(ℐ,𝜏) ethen e𝒜 eis ecalled e 

(i) Neutrosophic eregular eopen eset e(NROS efor eshort)[12] eif e𝒜 e= eNInt(NCl(𝒜)). 

(ii)  eNeutrosophic epre-open eset e(NPOS efor eshort)[14] eif e𝒜 e ⊆ eNInt(NCl(𝒜). 

(iii) Neutrosophic e𝛼-open eset e(N𝛼OS efor eshort)[14] eif e𝒜 e ⊆ eNInt(NCl(NInt(𝒜))). 

An eNS e𝒜 eis ecalled eNeutrosophic eregular eclosed eset, eNeutrosophic epre eclosed eset eand eNeutrosophic e𝛼-closed 

e(NRCS, eNPCS eand eN𝛼CS efor eshort) eif ethe ecomplement eof e𝒜 eis eNROS, eNPOS eand eN𝛼OS erespectively. 

e Definitione1.16.[13]Lete𝒜={<a,e𝜇𝒜(a),e𝜎𝒜(a),  

                                           e𝜈𝒜(a)>:a∈ ℐ e} ebe ea eNeutrosophic eset eon e  eNeutrosophic    

                                           topological espace e(ℐ,𝜏). eThen ethe Neutrosophic epre- 

             closure eand eNeutrosophic epre einterior   of e𝒜 eare edefined e 

                                             by eeNPCl(𝒜)= e{𝒦: eK eis ea eNPCS ein eℐ eand e𝒜 ⊆  𝑒𝑒𝒦 e},e  

                                                NPInt e(𝒜) e= e{𝒢: e eis ea eNPOS ein eℐ eand e⊆  𝑒𝑒𝒜 e} 

              Definition e1.17.[12] eLet e𝒜 e= e{<a, e𝜇𝒜(a), e𝜎𝒜(a),  

                                          e𝜈𝒜(a)>:a∈ ℐ e} ebe ea eNeutrosophic eset eon ea eNeutrosophic e                                topological 

espace e(ℐ,𝜏). eThen ethe eNeutrosophic e𝛼-closure  

                                    and eNeutrosophic e𝛼-interior eof e𝒜 eare edefined eby 

 e e e e                               eN𝛼Cl(𝒜)= e{𝒦: e𝒦 eis ea eN𝛼CS ein eℐ eand e𝒜 ⊆  𝑒𝑒𝒦 e},  

                                       eN𝛼Int(𝒜)={𝒢: e𝒢 eis ea eN𝛼OS ein eℐ eand e𝒢 ⊆  𝑒𝑒𝒜 e} 

         Definition e1.18. eLet e𝒜={<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)>:a∈ ℐ} e                                              

                           be ea eNeutrosophic eset eon ea eNeutrosophic etopological espace      

                          e(ℐ, 𝑒𝑒𝜏). eThen e𝒜 eis ecalled e 

(i) Neutrosophic eregular egeneralized eclosed eset e(NRGCS efor eshort)[9], eif eNCl(𝒜)⊆U, ewhenever e e e e e𝒜 e ⊆
𝒰and e𝒰 eis ea eNeutrosophic eregular eopen eset ein eℐ. 

(ii) Neutrosophic eregular e𝛼-generalized eclosed eset e(NRαGCS efor eshort)[9], eif eN𝛼Cl(𝒜)⊆  𝑒𝑒𝒰, ewhenever e𝒜 e ⊆
𝒰 eand e𝒰 eis ea eNeutrosophic eregular eopen eset ein eℐ. e 

(iii) Neutrosophic egeneralized epre eclosed eset e(NGPCS efor eshort)[13] eif eNPCl(𝒜) e⊆ 𝒰 ewhenever e𝒜 ⊆  e𝒰 eand 

e𝒰 eis ea eNeutrosophic eopen eset ein eℐ. 

(iv) Neutrosophic egeneralized epre eregular eclosed eset e(NGPRCS efor eshort)[11] eif eNPCl(𝒜) e⊆ 𝒰 ewhenever e𝒜 ⊆
 e𝒰 eand e𝒰 eis ea eNeutrosophic eregular eopen eset ein eℐ. 

An eNS e𝒜 eis ecalled eNeutrosophic eregular egeneralized eopen eset, eNeutrosophic eregular e𝛼 e-generalized eopen eset, e 

eNeutrosophic egeneralized epre-open eset eand eNeutrosophic egeneralized epre eregular eopen eset e(NRGOS,NR𝛼GOS, 

eNGPOS eand eNGPROS efor eshort) eif ethe ecomplement eof e𝒜 eis eNRGCS,NR𝛼GCS, eNGPCS eand eNGPRCS 

erespectively. 

2. NEUTROSOPHIC ePRE eGENERALIZED eREGULAR e𝜶-CLOSED eSET 

In ethis esection, ewe eintroduce eNeutrosophic epre egeneralized eregular eα- eclosed eset eand eanalyze esome eof etheir 

eproperties. 

Definition e2.1. eLet e𝒜= e{<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)>:a∈ ℐ e} ebe ea eNeutrosophic eset eon ea eNeutrosophic etopological 

espace            e(ℐ, eτ).Then e𝒜 eis ecalled eNeutrosophic eregular e𝛼-open eset e(NR𝛼OS efor eshort) eif ethere eis ea 

eNeutrosophic eregular eopen eset e𝒰 esuch ethat e𝒰 ⊂  e𝒜 ⊂ 𝑁𝛼Cl(𝒰).A eNeutrosophic eset e𝒜 eof ea eNeutrosophic espace 

e(ℐ, eτ) eis ecalled ea eNeutrosophic eregular e𝛼 e-closed eset e(NR𝛼CS efor eshort) eif eC(𝒜) eis ea eNR𝛼OS ein e(ℐ, eτ). 

Definition e2.2. eLet e𝒜= e{<a, e𝜇𝒜(a), e𝜎𝒜(a), e𝜈𝒜(a)>:a∈ ℐ e} ebe ea eNeutrosophic eset eon ea eNeutrosophic etopological 

espace e(ℐ, eτ). eThen e𝒜 eis ecalled eNeutrosophic epre egeneralized eregular eα- eclosed eset e(𝒩𝒫𝒢ℛ𝛼CS efor eshort), eeif 

eNPCl(𝒜)⊆ 𝒰 ewhenever e𝒜 ⊆  e𝒰 eand e𝒰 eis ea eNR𝛼OS ein e(ℐ, eτ). 

Alternatively, ea eNeutrosophic eset e𝒜 eis esaid eto ebe ea eNeutrosophic epre egeneralized eregular e𝛼-open eset 

e(𝒩𝒫𝒢ℛ𝛼OS efor eshort) eif eC(𝒜) eis ea e𝒩𝒫𝒢ℛ𝛼CS ein e(ℐ, eτ). e 

The efamily eof eall e𝒩𝒫𝒢ℛ𝛼CSs e[𝒩𝒫𝒢ℛ𝛼OSs] eof ean eNTS e(ℐ, eτ) eis edenoted eby e𝒩𝒫𝒢ℛ𝛼C(ℐ) e[𝒩𝒫𝒢ℛ𝛼O(ℐ)]. 

Example e2.3. eLet eℐ e={a, eb} eand eτ e= e{0𝒩, eU, eV, e1𝒩} ewhere e𝒰= e{<0.5, e0.3, e0.6>, e<0.4, e0.4, e0.7>} eand e e e 

e e e e e𝒱 e= e{<0.7, e0.5, e0.3>, e<0.7, e0.5, e0.2>}. eThen e(ℐ, eτ) eis ea eNeutrosophic etopological espace. eHere ethe 
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eNeutrosophic eset e𝒜=e{<0.5, e0.3, e0.4>, e<0.6, e0.6, e0.3>} eis ea e𝒩𝒫𝒢ℛ𝛼CS ein e(ℐ, eτ). eSince e𝒜 e ⊆ 𝒰 eand e𝒰 eis ea 

eNR𝛼OS, ewe ehave eNPCl(𝒜) e= e𝒜 e ⊆ 𝒰. 

Theorem e2.4. e 

(i) Every eNeutrosophic eclosed eset eis e𝒩𝒫𝒢ℛα- eclosed eset ein e eℐ. 

(ii) Every eNeutrosophic eregular eclosed eset eis e𝒩𝒫𝒢ℛ𝛼-closed eset ein e eℐ. 

(iii) Every eNeutrosophic epre eclosed eset eis e𝒩𝒫𝒢ℛ𝛼-closed eset ein e eℐ. 

(iv) Every eNeutrosophic e𝛼-closed eset eis e𝒩𝒫𝒢ℛ𝛼-closed eset ein e eℐ. 

(v)  eEvery e𝒩𝒫𝒢ℛ𝛼-closed eset eis eNeutrosophic egeneralized epre eregular eclosed eset ein eℐ. 

(vi) Every eNeutrosophic eregular e𝛼-generalized eclosed eset ein eX eis ea e𝒩𝒫𝒢ℛ𝛼-closed eset ein e eℐ. 

(vii) Every eNeutrosophic egeneralized epre eclosed eset ein eX eis ea e𝒩𝒫𝒢ℛ e𝛼-closed eset ein e eℐ. 

(viii) Every eNeutrosophic eregular egeneralized eclosed eset ein eX eis ea e𝒩𝒫𝒢ℛ e𝛼-closed eset ein e eℐ. 

Proof: eStraight eforward. eConverse eof ethe eabove eneed enot ebe etrue eas ein ethe efollowing eexamples. 

Example e2.5. e 

(i) Let eℐ e={a, eb} eand e𝒜1 e= e{<0.4, e0.6, e0.5>,<0.7, e0.3, e0.6 e>},𝒜2 e= e{<0.3, e0.7, e0.8>,<0.6, e0.4, e0.2 e>}, e 

e e  e𝒜3 e= e{<0.4, e0.7, e0.5>,<0.7, e0.4, e0.2 e>} eand e𝒜4 e= e{<0.3, e0.6, e0.8>,<0.6, e0.3, e0.6>} ebe ean eNSs eon eℐ. 

eNow eτ e={0𝒩  e𝒜1, e𝒜2, e𝒜3, e𝒜4, 𝑒𝑒1𝒩} eis ea eNeutrosophic etopological espaces eon eℐ.Then e𝒜 e= e{<0.3, e0.6, e0.8>, 

e<0.5, e0.3, e0.7>} eis e𝒩𝒫𝒢ℛ𝛼CS ein eℐ. eBut e𝒜 eis enot eNCS, eNRCS, eNPCS, eN𝛼CS ein eℐ. e e e 

(ii)  eLet eℐ e= e{a, eb} eand e𝒰 e= e{<0.6, e0.5, e0.2>,<0.7, e0.5, e0.1 e>} eand e𝒱= e{<0.5, e0.4, e0.7>,<0.4, e0.5, e0.6 

e>}, e eebe ean eNSs eon eℐ. eNow eτ e= e{0𝒩, e1𝒩, e𝒰, e𝒱} eis ea eNeutrosophic etopological espaces eon eℐ. eHere ethe 

eNeutrosophic eset e𝒜 e= e{<0.8, e0.6, e0.1>, e<0.8, e0.6, e0>} eis ea eNeutrosophic egeneralized epre eregular eclosed eset ein 

e eℐ. eBut e𝒜 ⊆  e𝒲 and e𝒲={<0.5, e0.5, e0.8>, e<0.4, e0.3, e0.6>} eis eNR𝛼OS eand eNPCl(A) e= e1𝒩  e ⊈ 𝒲, e𝒜 eis enot 

ea e𝒩𝒫𝒢ℛ𝛼-closed eset ein eℐ. e. e e e 

(iii) Let eℐ e= e{a, eb} eand e𝒰 e= e{<0.6, e0.5, e0.2>, e<0.7, e0.5, e0.1 e>} eand e𝒱 e= e{<0.5, e0.4, e0.7>,<0.4, e0.5, 

e0.6 e>}, e e e e e e e e e ebe ean eNSs eon eℐ. eNow eτ e= e{0N, e1N, e𝒰, e𝒱 e} eis ea eNeutrosophic etopological espaces eon 

eℐ. eHere ethe eNeutrosophic eset e𝒜 e= e{<0.4, e0.3, e0.7>, e<0.3, e0.2, e0.6>} eis ea e𝒩𝒫𝒢ℛ𝛼CS ein eℐ. eBut e𝒜 eis enot 

eNR𝛼GCS, eNGPCS eand eNRGCS ein eℐ. eHere e𝒜 ⊆ 𝒲 eand e𝒲={<0.5, e0.5, e0.8>, e<0.4, e0.3, e0.6>} eis eNR𝛼OS, ebut 

enot eNOS eand eNROS ein eℐ. e e e e e e e e 

               Remark e2.6. eThe eabove ediscussions eare esummarized                      

                                  ein ethe efollowing ediagram. e 

  

 

 

     

 

 

 

 

 

 

Remark e2.7. eThe eunion eof eany etwo e𝒩𝒫𝒢ℛ𝛼CSs ein e(ℐ, eτ) eis enot ean e𝒩𝒫𝒢ℛ𝛼CS ein e(ℐ, eτ) ein egeneral eas eseen 

efrom ethe efollowing eexample. e 

Example e2.8. eLet eℐ e= e{a, eb} eand eτ e= e{0𝒩, e1𝒩, e𝒰, e𝒱} ewhere e𝒰 e={<0.5, e0.3, e0.6>, e<0.4, e0.4, e0.7>} eand e e 

e𝒱 e= e{<0.7, e0.5, e0.3>, e<0.7, e0.5, e0.2>}. eThen ethe eNSs e𝒜 e= e{<0.2, e0.1, e0.7>, e<0.4, e0.4, e0.7>} eand ℬ= e{<0.5, 

e0.3, e0.6>, e<0.2, e0.2, e0.8>} eare e𝒩𝒫𝒢ℛ𝛼CSs ein e(ℐ,eτ). eBut e𝒜 ∪ ℬ={<0.5,0.3,0.6>, e<0.4,0.4,0.7>} eis enot ean 

e𝒩𝒫𝒢ℛ𝛼CS ein e(ℐ, eτ).  

eSince e(𝒜 ∪ ℬ)⊆  e𝒰 eand eNPCl(𝒜 ∪ ℬ) e={<0.6,0.7,0.5), e(0.7,0.6,0.4>}= eC(𝒰)⊈  e𝒰. 

Remark e2.9.: eThe eintersection eof eany etwo e𝒩𝒫𝒢ℛ𝛼CSs ein  

e(ℐ, eτ) eis enot ean e𝒩𝒫𝒢ℛ𝛼CS ein e(ℐ, eτ) ein egeneral eas eseen efrom ethe efollowing eexample. e 

Example e2.10. eLet eℐ e= e{a, eb} eand eτ e= e{0𝒩, e1𝒩, e𝒰, e𝒱} ewhere e𝒰 e= e[<0.5, e0.3, e0.6>, e<0.4, e0.4, e0.7>} eand 

ee𝒱 e= e{<0.7, e0.5, e0.3>, e<0.7, e0.5, e0.2>}. eThen ethe eNSs e𝒜 e= e{<0.5, e0.5, e0.4>, e<0.7, e0.6, e0.7>} eand e e e e e 

eℬ e= e{<0.6, e0.3, e0.6>, e<0.4, e0.4, e0.3>} eare e𝒩𝒫𝒢ℛ𝛼CSs ein e(ℐ, eτ). eBut e𝒜∩ℬ e= e{<0.5, e0.3, e0.6>, e<0.4, e0.4, 

e0.7>} eis enot ea e𝒩𝒫𝒢ℛ𝛼CS ein e(ℐ, eτ). eSince e(𝒜∩ℬ)⊆  e𝒰 ebut eNPCl(𝒜∩ℬ) e= e{<0.6, e0.7, e0.4>, e<0.7, e0.6, 

e0.4>}⊈  e𝒰. 

Theorem e2.11. eLet e(ℐ, eτ) ebe ean eNTS. eThen efor eevery      𝒜 e ∈NPGR𝛼C(ℐ) eand efor eevery eNeutrosophic eset e e e e 

eℬ e ∈NS(ℐ),𝒜 e ⊆ ℬ e ⊆NPCl(𝒜)eimplies eℬ e ∈NPGR𝛼C(ℐ). 
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Proof: eLet eℬ ⊆  e𝒰 eand e𝒰 eis ea eNeutrosophic eregular e𝛼-open eset ein e(ℐ, eτ). eSince e e⊆ ℬ, ethen e𝒜 ⊆  e𝒰.Given 

e𝒜 eis ea eNPGR𝛼CS, eit efollows ethat eNPCl(𝒜) e⊆  𝑒𝑒𝒰. eNow eℬ ⊆NPCl(𝒜) eimplies eNPCl(ℬ) e⊆NPCl(NPCl(𝒜)) e= 

eNPCl(𝒜). eThus, eNPCl(ℬ)⊆  e𝒰. eThis eproves ethat eℬ ∈ eNPGR𝛼C(ℐ). 

Theorem e2.12. eIf e𝒜 eis ea eNeutrosophic eregular e𝛼-open eset eand e𝒩𝒫𝒢ℛ𝛼CS ein e(ℐ, eτ), ethen e𝒜 eis ea 

eNeutrosophic epre eclosed eset ein e(ℐ, eτ). 

Proof: eSince e𝒜 e ⊆  𝑒𝑒𝒜 eand e e𝒜 eis ea eNeutrosophic eregular e𝛼-open eset ein e(ℐ, eτ), eby ehypothesis, eNPCl(𝒜) e⊆
 𝑒𝑒𝒜. eBut esince e𝒜 e ⊆NPCl(𝒜). eTherefore eNPCl(𝒜)= e𝒜. eHence e𝒜 eis ea eNeutrosophic epre eclosed eset ein e(ℐ, eτ). 

 

2.NEUTROSOPHIC ePRE eGENERALIZED REGULAR e𝜶-CLOSURE eIN eNEUTROSOPHIC eTOPOLOGICAL 

eSPACES 

In ethis esection, ewe eintroduce ethe econcept eof eNeutrosophic epre egeneralized eregular e𝛼-closure eoperators ein ea 

eNeutrosophic etopological espaces. 

Definition e3.1. eLet e(ℐ, eτ) ebe ea eNeutrosophic   etopological espace. eThen efor ea eNeutrosophic esubset e𝒜       of eℐ, 

(i)  eNeutrosophic epre egeneralized eregular e𝛼-interior eof e𝒜 eis ethe eunion eof eall eNeutrosophic epre egeneralized 

eregular e𝛼-open esets eof eℐ econtained ein e𝒜. ei.e., e𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜)=∪{𝒢 e:𝒢 eis ea e𝒩𝒫𝒢ℛ𝛼-open eset ein eℐ eand e𝒢 

e⊆𝒜}. 

(ii) Neutrosophic epre egeneralized eregular e𝛼-closure eof e𝒜 eis ethe eintersection eof eall eNeutrosophic epre 

egeneralized eregular e𝛼-closed esets eof eℐ econtaining ein e𝒜. ei.e., e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e=∩{ e𝒦 e:𝒦 eis ea e𝒩𝒫𝒢ℛ𝛼-closed 

eset ein eℐ eand e𝒦 e⊇ e𝒜}. 

Theorem e3.2. eLet e(ℐ, eτ) ebe ea eNeutrosophic etopological espace. eThen efor ea eNeutrosophic esubsets e e𝒜 eand eℬ eof 

eℐ, ewe ehave 

(i) 𝒩𝒫𝒢ℛα-Int(𝒜) e⊆𝒜 

(ii) 𝒜 eis e𝒩𝒫𝒢ℛ𝛼 e-open eset ein eA e⟺ 𝑒𝑒𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜)= 𝑒𝑒𝒜 

(iii) 𝒩𝒫𝒢ℛ𝛼 e-Int(𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜))= 𝑒𝑒𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜) 

(iv) If e𝒜 e⊆ℬ ethen e𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜)⊆ 𝑒𝑒𝒩𝒫𝒢ℛ𝛼 e-Int(ℬ) 

(v) 𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜 e∩ 𝑒𝑒ℬ)= 𝑒𝑒𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜) e∩ e𝒩𝒫𝒢ℛ𝛼 e-Int(ℬ) e 

(vi) 𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜 e∪ 𝑒𝑒ℬ)⊇ 𝑒𝑒𝒩𝒫𝒢ℛ𝛼 eInt(𝒜)∪ 𝑒𝑒𝒩𝒫𝒢ℛ𝛼 e-Int(ℬ). 

Proof: eFollows efrom eDefinition e3.1.(i).This eproves e(i). 

Let e𝒜 ebe ean e𝒩𝒫𝒢ℛ𝛼-open eset ein eℐ. eThen e𝒜 e⊆𝒩𝒫𝒢ℛ𝛼-Int(𝒜). eBy eusing eTheorem e3.2 e(i) ewe eget e e e e e e 

e𝒜 e= e𝒩𝒫𝒢ℛ𝛼-Int(𝒜). eConversely eassume ethat e𝒜 e= e𝒩𝒫𝒢ℛ𝛼-Int(𝒜). eBy eusing eDefinition e3.1(i), e𝒜 eis e𝒩𝒫𝒢ℛ𝛼-

open eset ein eℐ. eThus e(ii) eis eproved. e 

By eusing eTheorem e3.2 e(ii), e𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Int(𝒜)) e= e𝒩𝒫𝒢ℛ𝛼-Int(𝒜). eThis eproves e(iii). e 

Since e𝒜 e⊆ eℬ, eby eusing eTheorem e3.2 e(i), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜)⊆ 𝑒𝑒𝒜 e⊆ eℬ. eThat eis e𝒩𝒫𝒢ℛ𝛼-Int e(𝒜)⊆ 𝑒𝑒ℬ. e e e e e 

 eBy eTheorem 3.2e(iii), 𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))⊆𝒩𝒫𝒢ℛ𝛼-Int(ℬ).This eproves e(iv). 

Since e𝒜 e∩ 𝑒𝑒ℬ e⊆ e𝒜 eand e𝒜 e∩ 𝑒𝑒ℬ e⊆ eℬ, eby eusing eTheorem e3.2(iv), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜 e∩ 𝑒𝑒ℬ e) e⊆ e𝒩𝒫𝒢ℛ𝛼-

Int(𝒜) eand e e e e𝒩𝒫𝒢ℛ𝛼-Int(𝒜 e∩ 𝑒𝑒ℬ e) e⊆ e𝒩𝒫𝒢ℛ𝛼-Int(ℬ).This eimplies ethat e 

𝒩𝒫𝒢ℛ𝛼-Int(𝒜 e∩ 𝑒𝑒ℬ e) e⊆ e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e∩ e𝒩𝒫𝒢ℛ𝛼-Int(ℬ) e e e e e e e e e e e e e e e                                                                                                                                   

(1) 

By eusing eTheorem e3.2(i), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e⊆ e𝒜 eand e𝒩𝒫𝒢ℛ𝛼-Int(ℬ) e⊆ eℬ. eThis eimplies ethat e e e e e e e e e e                                    

e e e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e∩ e𝒩𝒫𝒢ℛ𝛼-Int(ℬ) e⊆ e(𝒜 e∩ 𝑒𝑒ℬ) e. eNow eapplying eTheorem e3.2(iv), 

 e𝒩𝒫𝒢ℛ𝛼-Int((𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e∩ e𝒩𝒫𝒢ℛ𝛼-Int(ℬ)) e⊆ e𝒩𝒫𝒢ℛ𝛼-Int(𝒜 e∩ 𝑒𝑒ℬ e). eBy eTheorem e3.2(iii), e 

𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e∩ e𝒩𝒫𝒢ℛ𝛼-Int(ℬ) e⊆𝒩𝒫𝒢ℛ𝛼-Int(𝒜 e∩ 𝑒𝑒ℬ e) e e e e e e e e e e e e e e e                                                                                                                                                                                            

e(2) e 

From eequations e(1) eand e(2), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜 e∩ 𝑒𝑒ℬ e) e= e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e∩ e𝒩𝒫𝒢ℛ𝛼-Int(ℬ). eThis eproves e(v). 

Since e𝒜 e⊆ e𝒜 ∪  𝑒𝑒ℬ eand eB e⊆ e𝒜 ∪  𝑒𝑒ℬ, eby eusing eTheorem e3.2(iv), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e⊆ e𝒩𝒫𝒢ℛ𝛼-Int(𝒜 ∪  𝑒𝑒ℬ) 

eand e e e e e e e e e e e𝒩𝒫𝒢ℛ𝛼-Int(ℬ e) e⊆ e𝒩𝒫𝒢ℛ𝛼-Int(𝒜 ∪  𝑒𝑒ℬ).This eimplies ethat e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e∪∩ e𝒩𝒫𝒢ℛ𝛼-

Int(ℬ) e e⊆ e e e e e𝒩𝒫𝒢ℛ𝛼-Int(𝒜 ∪  𝑒𝑒ℬ). eThis eproves e(vi). e 

Remark e3.3. eThe efollowing eexample eshows ethat ethe  

eequality eneed enot ehold ein eTheorem e3.3(vi). 

Example e3.4. eLet eℐ e= e{a, eb} eand eτ e= e{0𝒩, e1𝒩, e𝒰, e𝒱} ewhere e𝒰 e= e{<0.5, e0.3, e0.6>, e<0.4, e0.4, e0.7>} eand e 

e e e e e e e e e e                  e𝒱 e={<0.7, e0.5, e0.3>, e<0.7, e0.5, e0.2>]. eThen e(ℐ, eτ) eis ea eNeutrosophic etopological 

espaces. eConsider ethe eNSs e e e e                       e𝒜 e={<0.8, e0.9, e0.2>, e<0.7, e0.6, e0.4>} eand eℬ e={<0.6, e0.7, 

e0.5>,<0.9, e0.8, e0.2>} ein e(ℐ,τ). 

  

              Then    e𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜)={<0.7, e0.9, e0.2.>), e<0.7, e0.6,      
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                                              e0.4>}and e𝒩𝒫𝒢ℛ𝛼 e-Int(ℬ)={<0.6, e0.7, e0.5), e<0.8, e0.8,  

                                              e0.2>}, ethis eimplies e𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜)∪  e𝒩𝒫𝒢ℛ𝛼 −— 

                                                Int(ℬ)= e{<0.7, e0.9, e0.2>, e<0.8, e0.8, e0.2>]. eBut  

                                        e𝒩𝒫𝒢ℛ𝛼 -Int(𝒜 ∪  𝑒𝑒ℬ)={<0.8,0.9,0.2>, e<0.9,0.8,0.2>}. 

            Then e𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜 e∪ 𝑒𝑒ℬ)⊄ 𝒩𝒫𝒢ℛ𝛼 e-Int(𝒜 ∪  𝑒𝑒ℬ). 

            Proposition e3.5. eLet e(ℐ, eτ) ebe ea eNeutrosophic      

                                         topological espace. eThen efor eany eNeutrosophic esubsets e  

                                      e𝒜 eof e eℐ, e 

(i) C(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))=𝒩𝒫𝒢ℛ𝛼-Cl(C(𝒜)), e 

(ii) C(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))=𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜)). 

Proof e: eBy eusing eDefinition e3.1(i), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e=  

e∪{𝒢 e: 𝑒𝑒𝒢 eis ea e𝒩𝒫𝒢ℛ𝛼-open eset ein eA eand e𝒢 e⊆ e𝒜 e}. e 

Taking ecomplement eon eboth esides, eC(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))=C(∪{𝒢 e: 𝑒𝑒𝒢 eis ea e𝒩𝒫𝒢ℛ𝛼-open eset ein eℐ eand e𝒢 e⊆ 𝑒𝑒𝒜 

e}) e=∩{C(𝒢):C(𝒢) eis ea e𝒩𝒫𝒢ℛ𝛼-closed eset ein eℐ eand eC(𝒜) e⊆ eC(G)}. eReplacing eC(G) eby e𝒦, ewe eget e e e e e 

eC(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))=∩{ e𝒦: 𝑒𝑒𝒦 eis ea e𝒩𝒫𝒢ℛ𝛼-closed eset ein eℐ eand e𝒦 e⊇ eC(𝒜)}. eBy eDefinition e3.1(ii), e e e 

eC(𝒩𝒫𝒢ℛ𝛼-Int(𝒜)) e= e𝒩𝒫𝒢ℛ𝛼-Cl(C(𝒜)). eThis eproves e(i). e 

By eusing eProposition e3.5 e(i), eC(𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜)))=𝒩𝒫𝒢ℛ𝛼-Cl(C(C(𝒜)))=𝒩𝒫𝒢ℛ𝛼-Cl(𝒜). e e e eTaking ecomplement 

eon eboth esides, ewe eget e𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜))=C(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)). eThus e(ii) eis eproved. 

Proposition e3.6. eLet e(ℐ, eτ) ebe ea eNeutrosophic etopological espaces e.Then efor eany eNeutrosophic esubsets e𝒜 eand eℬ 

eof eℐ ewe ehave e 

(i)  e𝒜 e⊆ e𝒩𝒫𝒢ℛα-Cl(𝒜). 

(ii) 𝒜 eis e𝒩𝒫𝒢ℛα-closed eset ein eℐ e⟺𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)= 𝑒𝑒𝒜. 

(iii) 𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))=𝒩𝒫𝒢ℛ𝛼-Cl(𝒜). 

(iv) If e𝒜 e⊆ 𝑒𝑒ℬ ethen e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊆𝒩𝒫𝒢ℛ𝛼-Cl(ℬ) 

Proof: eFollows efrom ethe eDefinition e3.1(ii). eThis eproves e(i). 

Let e𝒜 ebe e𝒩𝒫𝒢ℛ𝛼-closed eset ein 𝑒𝑒ℐ. eThen eC(𝒜) eis e𝒩𝒫𝒢ℛ𝛼-open eset ein eℐ. eBy etheorem e3.2(ii), e e e e e𝒩𝒫𝒢ℛ𝛼-

Int(C(𝒜))=C( 𝑒𝑒𝒜) 

⟺C(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))=C(𝒜)⟺              
𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)= 𝑒𝑒𝒜.Thus e(ii) eis eproved. e 
By eusing eProposition e3.6 e(ii), e𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))=𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e.This eproves(iii). 

Since e𝒜 e⊆ 𝑒𝑒ℬ, eC(ℬ)⊆C(𝒜). eBy eusing eTheorem e3.2(iv), e𝒩𝒫𝒢ℛ𝛼-Int(C(ℬ))⊆𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜)). eTaking 

ecomplement eon eboth esides, eC(𝒩𝒫𝒢ℛ𝛼-Int(C(ℬ)))⊇C(𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜))). eBy eProposition e3.5(ii),e𝒩𝒫𝒢ℛ𝛼-

Cl(𝒜)⊆𝒩𝒫𝒢ℛ𝛼-Cl(ℬ).This eproves(iv). 

Proposition e3.7. eLet e(ℐ, eτ) ebe ea eNeutrosophic etopological espaces. eThen efor eany eNeutrosophic esubset e𝒜 eand eℬ 

eof eℐ, ewe ehave e 

(i) 𝒩𝒫𝒢ℛ𝛼-Cl(𝒜e∪ 𝑒𝑒ℬ)e=𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)∪𝒩𝒫𝒢ℛ𝛼-Cl(ℬ) e    and e 

(ii) 𝒩𝒫𝒢ℛ𝛼-Cl(𝒜 e∩ 𝑒𝑒ℬ)⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)∩𝒩𝒫𝒢ℛ𝛼-Cl(ℬ). 

Proof: eSince e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜 e∪ 𝑒𝑒ℬ)= e𝒩𝒫𝒢ℛ𝛼-Cl(C(C(𝒜 e∪ 𝑒𝑒ℬ))), eBy eusing eProposition e3.5(i), e e e e e e e e e e e       

 e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜e∪ 𝑒𝑒ℬ)=C(𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜e∪ 𝑒𝑒ℬ))) =C(𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜)∩C(ℬ))). eAgain eusing eProposition e3.2(v),  

e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜∪ 𝑒𝑒ℬ)=C(𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜))∩𝒩𝒫𝒢ℛ𝛼-Int(C(ℬ)))=C(𝒩𝒫𝒢ℛ𝛼-Int(C(𝒜)))e∪eC(𝒩𝒫𝒢ℛ𝛼-Int(C(ℬ))).By 

eusing eProposition e3.5(i), e 

𝒩𝒫𝒢ℛ𝛼-Cl(𝒜 e∪ 𝑒𝑒ℬ)=𝒩𝒫𝒢ℛ𝛼-Cl e(C(C(𝒜)))∪ e𝒩𝒫𝒢ℛ𝛼-Cl(C(C(ℬ)))= e𝒩𝒫𝒢ℛ𝛼-Cl e(𝒜)∪ e𝒩𝒫𝒢ℛ𝛼-Cl(ℬ). 

Thus e(i) eis eproved. e 

Since e𝒜 e∩ 𝑒𝑒ℬ e⊆ 𝑒𝑒𝒜 eand e𝒜 e∩ 𝑒𝑒ℬ e⊆ 𝑒𝑒ℬ, eby eusing eProposition e3.6(iv), e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜 e∩ 𝑒𝑒ℬ)⊆𝒩𝒫𝒢ℛ𝛼-

Cl(𝒜) eand e e e e e e𝒩𝒫𝒢ℛ𝛼-Cl e(𝒜 e∩ 𝑒𝑒ℬ) e⊆𝒩𝒫𝒢ℛ𝛼-Cl(ℬ). e 

This eimplies ethat e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜 e∩ 𝑒𝑒ℬ)⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)∩ e𝒩𝒫𝒢ℛ𝛼-Cl(ℬ).This eproves e(ii). 

Remark e3.8. eThe efollowing eexample eshows ethat ethe eequality eneed enot ehold ein eProposition e3.7(ii). 

Example e3.9. eLet eℐ e= e{a, eb} eand eτ e= e{0𝒩, e1𝒩, e𝒰, e𝒱} ewhere e𝒰 e={<0.5, e0.3, e0.6>, e<0.4, e0.4, e0.7>} eand e e 

e e                                                 e e e𝒱 e={<0.7, e0.5, e0.3>, e<0.7, e0.5, e0.2>}. eThen e(ℐ, eτ) eis ea eNeutrosophic 

etopological espace. eConsider ethe eNSs e e e e e e e                          e𝒜 e={<0.4, e0.5, e0.4>, e<0.7, e0.6, e0.8>} eand 

eℬ={<0.6, e0.3, e0.6>, e<0.2, e0.4, e0.5>}in e(ℐ, eτ). 

Then e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)={<0.5, e0.5, e0.4>, e<0.7, e0.6, e0.7>} eand e𝒩𝒫𝒢ℛ𝛼-Cl(ℬ)={<0.6, e0.3, e0.6>, e<0.4, e0.4, e0.3>}, 

ethis eimplies e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)∩ 𝒩𝒫𝒢ℛ𝛼-Cl(ℬ) e= e{<0.5, e0.3, e0.6>, e<0.4, e0.4, e0.7>}. e e e e e e e e e e e e e                                                                                                              

eBute𝒩𝒫𝒢ℛ𝛼-Cl(𝒜 ∩ ℬ)={<0.4,0.3,0.6>, e<0.2,0.4,0.8>}. e 

Then e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)∩𝒩𝒫𝒢ℛ𝛼-Cl(ℬ)⊄ 𝒩𝒫𝒢ℛ𝛼 e-Cl(𝒜 e∩ℬ). 
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Remark e3.10. eLet e𝒜 e ebe ea eNeutrosophic eset ein ea eNeutrosophic etopological espace eon e eℐ. e 

Then eNInt(𝒜)⊆𝒩𝒫𝒢ℛ𝛼-Int(𝒜)⊆ 𝑒𝑒𝒜 e⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e⊆NCl(𝒜). 

Theorem e3.11. eLet e(ℐ, eτ) ebe ea eNTS. eThen efor eany  

eNeutrosophic esubsets e𝒜 eand eℬ eof eA ewe ehave e 

(i) 𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊇ 𝑒𝑒𝒜e∪e𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜)). e 

(ii) 𝒩𝒫𝒢ℛ𝛼-Int(𝒜)⊆ 𝑒𝑒𝒜e∩𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)). e 

(iii)  eNInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)) e⊆NInt(NCl(𝒜)). 

(iv) NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))e⊇NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))). 

Proof: 

By eProposition e3.6(i), e𝒜 e⊆ e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e e e e e e e e e e e e(3). e 

Again eusing eTheorem e3.2(i), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e⊆ e𝒜. e 

Then,e𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e e e e e e e e e e e e e                                                                                                                                                                                                    

e(4). e 

By(3) eand e(4) ewe ehave, e𝒜 e∪ e𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-  

Int e(𝒜))  ⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜). E 

This eproves e(i). e 

Taking e𝒩𝒫𝒢ℛ𝛼-interior eon eboth esides eof eequation e(3) 

𝒩𝒫𝒢ℛ𝛼-Int(𝒜)⊆𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)) e e e e e e e                                           

                                                                                                                                                                                               e(5). 

  

              From e(4) eand e(5), e𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e⊆ e(𝒜 e∩ e𝒩𝒫𝒢ℛ𝛼-  

             Int(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))). eThis eproves e(ii). e 

             By eRemark e3.10, e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e⊆ eNCl(𝒜).We eget e 

                                          NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)) e⊆ eNInt(NCl(𝒜)). e 

           This eproves e(iii). 

 By eTheorem e3.11(i), e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e⊇e(𝒜 e∪ e𝒩𝒫𝒢ℛ𝛼-Cle(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))).eTaking eNeutrosophic einterior eon 

eboth esides, eNInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e⊇NInt(𝒜 e∪𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))). 

Since NInt(𝒜∪ 𝑒𝑒ℬ)⊇NInt(𝒜)∪NInt(ℬ), eNInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊇NInt(A)∪NInt(𝒩𝒫𝒢ℛ𝛼-lnt(𝒩𝒫𝒢ℛ𝛼-

Int(𝒜)))⊇NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))).Thus e(iv) eis eproved. 

Theorem e3.12.Let e(ℐ, eτ) ebe ea eNeutrosophic etopological espace. eThen efor eany eNeutrosophic esubset e𝒜 eand eℬ eof 

eℐ, e e 

(i) 𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊇ 𝑒𝑒𝒜∪𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜)). 

(ii) 𝒩𝒫𝒢ℛ𝛼-Int(𝒜)⊆ 𝑒𝑒𝒜∩e𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)). 

(iii) NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))⊆NInt(NCl(𝒜)). 

(iv) NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))⊇NInt(𝒩𝒫𝒢ℛ𝛼-Cl e(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))). e 

Proof: eBy eProposition e3.6(i), e𝒜 e⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e e e e e e e e e e e e ee(6). e 

Again eusing eTheorem e3.2(i), e 

𝒩𝒫𝒢ℛ𝛼-Int(𝒜) e⊆ e𝒜. e e e e e e e e e e e e                                                                                           e(7). 

Taking e𝒩𝒫𝒢ℛ𝛼-closure eon eboth esides, e𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜) e e e e e e e(8). e 

By eequation e(6) eand e(8), e𝒜 e∪𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜)) e⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜). E 

This eproves e(i). 

Again eusing eTheorem e3.2(i), e𝒜 e⊆𝒩𝒫𝒢ℛ𝛼-Cl(𝒜). eTaking e𝒩𝒫𝒢ℛ𝛼-interior eon eboth esides, e e e e e e e e e  

e𝒩𝒫𝒢ℛ𝛼-Int(𝒜)⊆𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)) e e e e        ((3 e e e e e e e e e e e e                                                                                                                                   

                                                                                                                                                                                                               

(9). e 

From e(7) eand e(9), ewe ehave e𝒩𝒫𝒢ℛ𝛼-Int(𝒜)⊆( 𝑒𝑒𝒜 e∩ e𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))).This eproves e(ii). 

By eTheorem e3.11, e𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊆NCl(𝒜).Then eNInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜))⊆NInt(NCl(𝒜)).Thus e(iii) eis eproved. 

By eTheorem e3.12(i),𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊇( 𝑒𝑒𝒜∪𝒩𝒫𝒢ℛ𝛼-(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))). e 

This eimplies eNInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊇NInt(𝒜e∪𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))). 

Since NInt(𝒜∪ 𝑒𝑒𝒜)⊇NInt(𝒜)∪NInt(ℬ),𝒩𝒫𝒢ℛ𝛼-Int(𝒩𝒫𝒢ℛ𝛼-Cl(𝒜)⊇NInt(𝒜)∪NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-

Int(𝒜)))⊇NInt(𝒩𝒫𝒢ℛ𝛼-Cl(𝒩𝒫𝒢ℛ𝛼-Int(𝒜))).Thus e(iv) eis eproved. 
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