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topological spaces under the structure of COVID-19.In thisarticle, we introduce a (i,j)*--

cld  in BTPS. This sets lies between i,j-cld and the class of (i,j)*-g-cld. 

 

2010iMathematicsiSubjectiClassification:i54E55 

 

KeyiwordsiandiPhrases:second wave COVID-19 infections, (i,j)*-g-cldiset,i(i,j)*--

cldiset,i(i,j)*--openiseti 

1.iINTRODUCTION 

This paper deals the parameters of COVID-19 equation models ([1]- [4]) connected to 

closed sets. In this regard, we compare the sg-closedisets,igs-closedisets,i closedisetsiandi

gs -closedisets to COVID-19 infection models. It is a connection for this infection model 

analysis to (i,j)*--cld  in BTPS. This paper was fully analyzed the pure mathematics 

under the connection of closed sets in Nano topological spaces. 

Recently,Several authors such as 

BhattacharyaiandiLahiri,iAryaiandiNour,iiSheikiJohniandiRajamaniiandiViswanathaniiintr

oducedisg-closedisets,igs-closedisets,i -closedisetsiandi gs -closedisetsirespectively ([5]-

[21]).iIn myarticle, we introduce a (i,j)*--cld  in BTPS. This sets lies between  i,j-cld and 

the class of (i,j)*-g-cld. 

 

2.iPRELIMINARIES 
 

Throughoutithisipaper(X,iτi,iτj)i(briefly,iX)willdenote BTPS. 

 

Definitioni2.1 

Let H X. Then H is said to be τi,j-open [12] if  H = PQwhere Pτi and Qτj. 

Theicomplementiofiτi,j-openisetiisicallediτi,j-cld. 

Definitioni2.2i[12] 

LetiHiX.iThen 

(i)i theiτi,j-closureiofiH,idenotedibyiτi,j-cl(H),iisidefinediasiii{Fi:iHiiFiandiFiisiτi,j-

cld}. 
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(ii)i theiτi,j-interioriofiH,idenotedibyiτi,j-int(H),iisidefinediasii{Fi:iFiiHiandiFiisiτi,j-

open}. 

 

Definitioni2.3 

 

AisubsetiHiiXiisicalled: 

 

(i) (i,j)*-semi-openiseti[11]iifiHiii,j-cl(i,j-int(H)); 

(ii) (i,j)*-preopeniseti[11]iifiHiiii,j-int(i,j-cl(H)); 

(iii) (i,j)*- -openiseti[8]iifiHiii,j-int(i,j-cl(i,j-int(H))); 

(iv) (i,j)*-β-openiseti[13]i(i=i(i,j)*-semi-preopeni[13]i)iifiHiii,j-cl(i,j-int(i,j-cl(H))); 

(v) regulari(i,j)*-openiseti[11]iifiHi=ii,j-int(i,j-cl(H)).  

Theicomplementsiofitheiaboveimentionediopenisetsiareicalleditheirirespectiveiclos

edisets. 

 

 

Definitioni2.4 

 

AiHiXiisicalled 

 

(i)i (i,j)*-generalizediclosedi(briefly,i(i,j)*-g-cld)iseti[16]iifii,j-

cl(H)iiUiwheneveriHiiUiandiUiisii,j-openiiniX.i 

 

  

(ii)ii (i,j)*-semi-generalizediclosedi(briefly,i(i,j)*-sg-cld)iseti[11]iifi(i,j)*-

scl(H)iiUiwheneveriHiiUiandiUiisi(i,j)*-semi-openiiniX.i 

 

  

(iii)ii (i,j)*-generalizedisemi-closedi(briefly,i(i,j)*-gs-cld)iseti[11]iifi(i,j)*-

scl(H)iiUiwheneveriHiiUiandiUiisii,j-openiiniX.i 

 

  

(iv) i(i,j)*- -generalizediclosedi(briefly,i(i,j)*- g-cld)iseti[15]iifi(i,j)*-

cl(H)iiUiiiwheneveriHiiUiandiUiisii,j-openiiniX.i 

 

  

(v)i (i,j)*-generalizedisemi-preclosedi(briefly,i(i,j)*-gsp-cld)iseti[15]iifi(i,j)*-

spcl(H)iiUiwheneveriHiiUiandiUiisii,j-openiiniX.i 

 

  

(vi)i (i,j)*-ĝ-closediseti(i(i,j)*- -cld))i[5]iiif ii,j-

cl(H)iiUiwheneveriHiiUiandiUiisi(i,j)*-semi-openiiniX.i 
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(vii)i (i,j)*- gs -cldiseti[15]iifi(i,j)*- cl(H)iiUiiwheneveriHiiUiandiUiisi(i,j)*-semi-

openiiniX.i 

 

  

(viii)i (i,j)*-g*s-cldiseti[11]iiifi(i,j)*-scl(H)iiUiiwheneveriHiiUiandiUiisi(i,j)*-gs-

openiiniX.i 

 

Theicomplementsiofitheiaboveimentionediclosedisetsiareicalleditheirirespectiveiop

enisets. 

 

 

Definitioni2.5i[16] 

 

AisubsetiHiofiaiBTPSiXiisisaiditoibei(i,j)*-

locallyiclosediifiiHi=iUiiF,iwhereiUiisii,j-openiandiFiisii,j-cldiiniX.iii 

 

Remarki2.6 

 

(1)i Everyii,j-openisetiisi(i,j)*-g*s-openi[16]. 

 

(2)i Everyi(i,j)*-semi-openisetiisi(i,j)*-g*s-openi[11]. 

 

(3)i Everyi(i,j)*-g*s-openisetiisi(i,j)*-sg-openi[16]. 

 

(4) Everyi(i,j)*-semi-cldisetiisi(i,j)*-gs-cldi[16]. 

 

(5) Everyii,j-cldisetiisi(i,j)*-gs-cldi[16]. 

 

 

 

 

3.i(i,j)*--CLDiSETSiINiBTPS 
 

Weiintroduceitheifollowingidefinition. 

 

Definitioni3.1 

 

AisubsetiHiofiaiBTPSiXiisicallediai(i,j)*--cldisetiifii,j-

cl(H)iiUiwheneveriHiiUiandiUiisi(i,j)*-gs-openiiniX. 

 

Propositioni3.2 

 

Everyii,j-cldisetiisi(i,j)*--cld. 
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Proof 

 

IfiHiisianyii,j-cldisetiiniXiandiGiisianyi(i,j)*-gs-

openiseticontainingiH,itheniiGiiHi=ii,j-cl(H).iHenceiHiisi(i,j)*--cld. 

 

TheiconverseiofiPropositioni3.2ineedinotibeitrueiasiseenifromitheifollowingiexamp

le. 

 

Examplei3.3 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p,iq}}iandiiji=i{,iX}.iThenitheisetsiini{,i{p,iq},i

X}iareicalledii,j-openianditheisetsiini{,iX,i{r}}iareicalledii,j-closed.iTheni(i,j)*--

C(X)i=i{,i{r},i{p,ir},i{q,ir},iX}.iHere,iHi=i{p,ir}iisi(i,j)*--cldisetibutinotii,j-cld. 

 

Propositioni3.4 

 

Everyi(i,j)*--cldisetiisi(i,j)*-g*s-cld. 

 

Proof 

 

IfiHiisiai(i,j)*--cldisubsetiofiXiandiGiisianyi(i,j)*-gs-

openiseticontainingiH,itheniGiii,j-cl(H)ii(i,j)*-scl(H).iHenceiHiisi(i,j)*-g*s-cldiiniX. 

 

TheiconverseiofiPropositioni3.4ineedinotibeitrueiasiseenifromitheifollowingiexamp

le. 

 

Examplei3.5 

 

IniExamplei3.3,iHere,i(i,j)*G*SC(X)i=ii{,i{p},i{r},i{p,ir},iX}.iHere,iHi=i{r}iisi(i

,j)*-g*s-cldibutinoti(i,j)*--cldisetiiniX. 

 

Propositioni3.6 

 

Everyi(i,j)*--cldisetiisii(i,j)*- -cld. 

 

Proof 

 

SupposeithatiHiiGiandiGiisi(i,j)*-semi-openiiniX.iSinceieveryi(i,j)*-semi-

openisetiisi(i,j)*-gs-openiandiHiisi(i,j)*--cld,Ithereforeii,j-cl(H)iiG.iHenceiHiisi(i,j)*-

 -cldiiniX.i 

 

TheiconverseiofiPropositioni3.6ineedinotibeitrueiasiseenifromitheifollowingiexample. 

 

 

Examplei3.7 
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LetiXi=i{p,iq,ir},iii=i{,iX,i{p}}iandiiji=i{,iX,i{q,ir}}.iThenitheisetsiini{,i{p}

,i{q,ir},iX}iareicalledii,j-openianditheisetsiini{,iX,i{p},i{q,ir}}iareicalledii,j-

closed.iiTheni(i,j)*--C(X)i=i{,i{p},i{q,ir},iX}iandi(i,j)*-

C(X)i=iiP(X).iHere,iHi=i{p,ir}iisi(i,j)*- -cldibutinoti(i,j)*--cldisetiiniX. 

i 

 

 

Propositioni3.8 

 

Everyi(i,j)*-g*s-cldisetiisi(i,j)*-sg-cld. 

 

Proof 

 

SupposeithatiHiiGiandiGiisi(i,j)*-semi-openiiniX.iSinceieveryi(i,j)*-semi-

openisetiisi(i,j)*-gs-openiandiHiisi(i,j)*-g*s-cld,ithereforei(i,j)*-

scl(H)iiG.iHenceiHiisi(i,j)*-sg-cldiiniX.i 

 

TheiconverseiofiPropositioni3.8ineedinotibeitrueiasiseenifromitheifollowingiexamp

le. 

 

Examplei3.9 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p}}iandiiji=i{,iX,i{q,ir}}.iThenitheisetsiini{,i{p}

,i{q,ir},iX}iareicalledii,j-openianditheisetsiini{,iX,i{p},i{q,ir}}iareicalledii,j-

closed.iTheni(i,j)*-G*SC(X)i=i{,i{p},i{q,ir},iX}iandi(i,j)*-

SGC(X)i=iP(X).iHere,iHi=i{p,iq}iisi(i,j)*-sg-cldiibutinoti(i,j)*-g*s-cldisetiiniX. 

 

Propositioni3.10 

 

Everyi(i,j)*- -cldisetiisi(i,j)*- gs -cld. 

 

Proof 

 

IfiHiisiai(i,j)*- -cldisubsetiofiXiandiGiisianyi(i,j)*-semi-

openiseticontainingiH,itheniGiii,j-cl(H)ii(i,j)*- cl(H).iHenceiHiisi(i,j)*- gs -

cldiiniX. 

 

TheiconverseiofiPropositioni3.10ineedinotibeitrueiasiseenifromitheifollowingiexam

ple. 

 

Examplei3.11 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p}}iandiiji=i{,iX}.iThenitheisetsiini{,i{p},iX}iar

eicalledii,j-openianditheisetsiini{,iX,i{q,ir}}iareicalledii,j-closed.iTheni(i,j)*-

C(X)i=i{,i{q,ir},iX}iandi(i,j)*- GS
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C(X)i=ii{,i{q},i{r},i{q,ir},iX}.iHere,iHi=i{q}iisi(i,j)*- gs -cldibutinoti(i,j)*- -

cldisetiiniX. 

 

 

Propositioni3.12 

 

Everyi(i,j)*--cldisetiisi(i,j)*-g-cld. 

 

Proof 

 

IfiHiisiai(i,j)*--

closedisubsetiofiXiandiGiisianyiopeniseticontainingiH,isinceieveryii,j-openisetiisi(i,j)*-gs-

open,iweihaveiGiii,j-cl(H).iHenceiHiisi(i,j)*-g-cldiiniX. 

 

TheiconverseiofiPropositioni3.12ineedinotibeitrueiasiseenifromitheifollowingiexam

ple. 

 

Examplei3.13 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p}}iandiiji=i{,iX,i{q,ir}}.iThenitheisetsiini{,i{p}

,i{q,ir},iX}iareicalledii,j-openianditheisetsiini{,iX,i{p},i{q,ir}}iareicalledii,j-

closed.iTheni(i,j)*--C(X)i=i{,i{p},i{q,ir},iX}iandi(i,j)*-G

C(X)i=iP(X).iHere,iHi=i{p,iq}iisi(i,j)*-g-cldibutinoti(i,j)*--cldisetiiniX. 

 

Propositioni3.14 

 

Everyi(i,j)*--cldisetiisi(i,j)*- gs -cld. 

 

Proof 

 

IfiHiisiai(i,j)*--closedisubsetiofiXiandiGiisianyi(i,j)*-semi-

openiseticontainingiH,isinceieveryi(i,j)*-semi-openisetiisi(i,j)*-gs-open,iweihaveiGiii,j-

cl(H)ii(i,j)*- cl(H).iHenceiHiisi(i,j)*- gs -cldiiniX. 

 

TheiconverseiofiPropositioni3.14ineedinotibeitrueiasiseenifromitheifollowingiexam

ple. 

 

Examplei3.15 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p}}iandiiji=i{,iX,i{q,ir}}.iThenitheisetsiini{,i{p}

,i{q,ir},iX}iareicalledii,j-openianditheisetsiini{,iX,i{p},i{q,ir}}iareicalledii,j-

closed.iTheni(i,j)*-i-C(X)i=i{,i{p},i{q,ir},iX}iandi(i,j)*- GS

C(X)i=iiP(X).iHere,iHi=i{p,ir}iisi(i,j)*- gs -cldibutinoti(i,j)*--cldisetiiniX. 
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Propositioni3.16 

 

Everyi(i,j)*--cldisetiisi(i,j)*- g-cld. 

 

Proof 

 

IfiHiisiai(i,j)*--cldisubsetiofiXiiandiGiisianyii,j-

openiseticontainingiH,iisinceieveryii,j-openisetiisi(i,j)*-gs-open,iweihaveiGiii,j-

cl(H)ii(i,j)*- cl(H).iHenceiHiisi(i,j)*- g-cldiiniX. 

 

TheiconverseiofiPropositioni3.16ineedinotibeitrueiasiseenifromitheifollowingiexam

ple. 

 

Examplei3.17 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{r}}iandiiji=i{,iX,i{p,iq}}.iThenitheisetsiini{,i{r},

i{p,iq},iX}iareicalledii,j-openianditheisetsiini{,iX,i{r},i{p,iq}}iareicalledii,j-

closed.iTheni(i,j)*-i-C(X)i=i{,i{r},i{p,iq},iX}iandii(i,j)*- g

C(X)i=iiP(X).iHere,iHi=i{p,ir}iisi(i,j)*- g-cldibutinoti(i,j)*--cldisetiiniX. 

 

Propositioni3.18 

 

Everyi(i,j)*-i-cldisetiisi(i,j)*-gs-cld. 

 

Proof 

 

IfiHiisiai(i,j)*--cldisubsetiofiXiandiGiisianyii,j-

openiseticontainingiH,isinceieveryii,j-openisetiisi(i,j)*-gs-open,iweihaveiGiii,j-

cl(H)ii(i,j)*-scl(H).iHenceiHiisi(i,j)*-gs-cldiiniX. 

 

TheiconverseiofiPropositioni3.18ineedinotibeitrueiasiseenifromitheifollowingiexam

ple. 

 

Examplei3.19 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p}}iandiiji=i{,iX}.iThenitheisetsiini{,i{p},iX}I 

areicalledii,j-openianditheisetsiini{,iX,i{q,ir}}iareicalledii,j-closed.iTheni(i,j)*--

C(X)i=i{,i{q,ir},iX}iandi(i,j)*-GS

C(X)i=ii{,i{q},i{r},i{p,iq},i{p,ir},i{q,ir},iX}.iHere,iHi=i{r}iisi(i,j)*-gs-

closedibutinoti(i,j)*--cldisetiiniX. 
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Propositioni3.20 

 

Everyi(i,j)*--cldisetiisi(i,j)*-gsp-cld. 

 

Proof 

 

IfiHiisiai(i,j)*--cldisubsetiofiXiiandiGiisianyii,j-openiseticontainingiH,ieveryii,j-

openisetiisi(i,j)*-gs-open,iweihaveiGiii,j-cl(H)ii(i,j)*-spcl(H).iHenceiHiisi(i,j)*-gsp-

cldiiniX. 

 

TheiconverseiofiPropositioni3.20ineedinotibeitrueiasiseenifromitheifollowingiexam

ple. 

 

Examplei3.21 

 

IniExamplei3.19,iHere,i(i,j)*-GSP

C(X)i=ii{,i{q},i{r},i{p,iq},i{p,ir},i{q,ir},iX}.iHere,iHi=i{r}iisi(i,j)*-gsp-

cldibutinoti(i,j)*--cldisetiiniX. 

 

Remarki3.22 

 

Theifollowingiexampleishowsithati(i,j)*--cldisetsiareiindependentiofi(i,j)*- -

cldisetsiandi(i,j)*-semi-cldisets. 

 

Examplei3.23 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p,iq}}iandiiji=i{,iX}.iThenitheisetsiini{,i{p,iq},i

X}iareicalledii,j-openianditheisetsiini{,iX,i{r}}iareicalledii,j-closed.iThen(i,j)*--

C(X)i=i{,i{r},i{p,ir},i{q,ir},iX}iandi(i,j)*- C(X)i=i(i,j)*- S

C(X)i=ii{,i{r},iX}.iHere,iHi=i{p,ir}iisi(i,j)*--cldibutiitiisineitherii(i,j)*- -

cldiinori(i,j)*-semi-cldiiniX. 

 

Examplei3.24 

 

LetiXi=i{p,iq,ir},iii=i{,iX,i{p}}iandiiji=i{,iX}.iThenitheisetsiini{,i{p},iX}iar

eicalledii,j-openianditheisetsiini{,iX,i{q,ir}}iareicalledii,j-closed.iTheni(i,j)*--

C(X)i=i{,i{q,ir},iX}iandi(i,j)*- C(X)i=i(i,j)*- S

C(X)i=ii{,i{q},i{r},i{q,ir},iX}.iHere,iHi=i{q}iisi(i,j)*- -cldiasiwelliasi(i,j)*-semi-

cldiiniiXibutiitiisinotii(i,j)*--cldiiniX. 
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Remarki3.25 

 
(i,j)*- -cld(i,j)*- gs -cld(i,j)*- g-cld 

 

 

 

i,j-cld(i,j)*--cld(i,j)*- -cld(i,j)*- g-cld 

 

 

 

(i,j)*-semi-cld(i,j)*-g*s-cld(i,j)*-sg-cld(i,j)*-gs-cld 

 

 

Noneiofitheiaboveiimplicationsiisireversibleiasishowniinitheiremainingiexamplesiandiinith

eirelatedipapersi[15,16]. 
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