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Abstract:  

              In this paper we introduce and study the a new class of closed 

set called (i,j)-preregular weakly closed set (briefly (i,j)-prw closed).and  

(i,j)- pre weakly closed set (briefly (i,j)-pw closed).Moreover the notions 

of (i,j)-prw- Continuous function and (i,j)- pw- Continuous function are 

introduced ,and study the relationships  among them, are studied. 
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1.Introduction and Preliminaries: 

A triple (𝑋, 𝑇𝑖 , 𝑇𝑗 ) where X is non-empty set and  𝑇𝑖   𝑎𝑛𝑑  𝑇𝑗 are 

topologies on X is called a bitopological space . Kelly [9] initiated the 

study of such spaces . In 1985,Fukutake [5] introduced the concepts of g-

closed set in bitopological spaces then, several authors turned their 

attention towards generalizations of various concepts of topology by 

considering bitopological spaces. S.S.Benchalli and RS Wali 

[2]introduced new class of sets called regular weakly-closed (briefly rw-

closed set) in topological spaces which lies between the notions of w-

closed and  regular g-closed sets. M.karpagadovi and A.pushralath [10] 

introduced a new class of sets called (i,j)-rw-closed ) in bitopological 

spaces which lies between (i,j)-w-closed and (i,j)- regular g-closed.  If A 

is a subset  of X with topology T, then the closure of A is denoted by  T-

cl(A) orcl(A), the interior of A is denoted by  T-int(A) or int(A)  and the 
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complement of A in X is denoted by 𝐴𝑐 . The intersection of all pre closed 

subset of X containing A is called pre-closure of A and denoted by 

𝑝𝑐𝑙(𝐴).Observe that 𝑝𝑐𝑙(𝐴) = 𝐴 ∪ 𝑐𝑙(𝑖𝑛𝑡(𝐴))[3].Now, we need to recall 

the  following definitions. 

Definition 1.1:A subset A of a topological space (𝑋, 𝑇) is called: 

1- A generalized  closed (briefly, g-closed) [11] if   UAcl   wherever 

𝐴 ⊆ 𝑈 ,U is open in X. 

2- A generalized  open (briefly, g-open) [11] if 𝐴𝑐 is g-closed  in X. 

3- A regular closed [15] if    AAcl int . 

4- A pre closed [13] if   AAcl int . 

5- A semi open [12] if  AclA int . 

6- A strongly  generalized  closed (briefly, 𝑔∗-closed) [16] if   UAcl   

wherever 𝐴 ⊆ 𝑈 is g- open in X. 

Notation : We use the relation (i,j)that denotes to the pair of bitopologies 

(𝑇𝑖 , 𝑇𝑗)  . 

Definition 1.2:   A sub set A of a bitopological space (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is called: 

1- (i,j)-regular open, [4] if    AAjcli ]int[ . 

2- (i,j)-pre-open, [8] if 𝐴 ⊆ 𝑗 𝑖𝑛𝑡[𝑖 𝑐𝑙(𝐴)] . 

3- (i,j)-semi-open, [12] if 𝐴 ⊆ 𝑗𝑐𝑙[𝑖 𝑖𝑛𝑡(𝐴)] . 

4- (i,j) –g-closed, [5] if UAclT j  )(  wherever 𝐴 ⊆ 𝑈and  U is open 

in𝑇𝑖. 

5- (i,j) weakly closed,(brieflyw-closed) [6] if UAclT j  )(  wherever 𝐴 ⊆

𝑈   and  U is semi open in𝑇𝑖. 

6- (i,j) weakly generalized closed, (briefly wg-closed) [7] if 

UATclT ij  )]int([  wherever 𝐴 ⊆ 𝑈   and  U is open in𝑇𝑖. 

7- (i,j) regular generalized closed, ( briefly rg-closed) [1] if 

UAclT j  )(  wherever 𝐴 ⊆ 𝑈   and  U is regular  open in𝑇𝑖. 

8- (i,j) generalized pre regular  closed, ( briefly  gpr-closed) [6] if 

UApclT j  )(  wherever 𝐴 ⊆ 𝑈   and  U is  regular open in𝑇𝑖. 
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9- (i,j) –𝑔∗-closed [14] if UAclT j  )(  wherever 𝐴 ⊆ 𝑈   and  U is g-

open  in𝑇𝑖. 

2. (i,j) –prw-Closed Set  and (i,j)-pw Closed Set in 

BitopologicalSpaces. 

In this section, we introduce a new class of sets in bitopological spaces. 

Definition 2.1:A subset A of a bitopological space (𝑋, 𝑇𝑖 , 𝑇𝑗 )is called  

(i,j) –prw-closed if UApclT j  )(  wherever 𝐴 ⊆ 𝑈   and  U is  regular  

preopen in𝑇𝑖. 

Definition 2.2: A subset A of a bitopological space (𝑋, 𝑇𝑖 , 𝑇𝑗 )is called  

(i,j) –pw-closed if UAclT j  )(  wherever 𝐴 ⊆ 𝑈  and  U is  preopen in𝑇𝑖. 

Theorem 2.3:Every 𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –prw-closed . 

Proof : Assume that A is 𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑 , 𝐴 ⊆ 𝑈 and U is regular preopen 

in  𝑇𝑖;Since A is 𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑,then AAcl )( ; Thus, we have UApclT j  )( . 

Hence A is (i,j) –prw-closed. 

Remark 2.4:Observe that, the converse of the theorem 2.3 need not be 

true in general as show by the following example. 

Example 2.5:Let  𝑋 = {1,2,3} , be a bitopological space with topologies  

𝑇𝑖 = {∅, 𝑋, {1}}  , 𝑇𝑖 = {∅, 𝑋, {2,3}} . Then the set {2,3}  𝑖𝑠  (𝑖, 𝑗) −

𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but not 𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑 . 

Theorem 2.6:Every 𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –pw-closed set. 

Proof : Assume that A is 𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑 , 𝐴 ⊆ 𝑈 and U is pre-open in  𝑇𝑖 , 

since A is 𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑, then AAcl )( ;Thus, we have UAclT j  )( . Hence 

A is (i,j) –pw-closed. 

Remark 2.7:Observe that, the converse of the theorem 2.6 need not be 

true in general as show by  the following example. 

Example 2.8: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =
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{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . Then the set {𝑎}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but not 

𝑇𝑗 − 𝑐𝑙𝑜𝑠𝑒𝑑 . 

Theorem 2.9:Every (𝑖, 𝑗) − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –

prw-closed set. 

Proof : Assume that A is (𝑖, 𝑗)𝑟𝑒𝑔𝑢𝑙𝑎𝑟 − 𝑐𝑙𝑜𝑠𝑒𝑑 , 𝐴 ⊆ 𝑈 and U is 

regular  pre-open in  𝑇𝑖 , since A is 𝑇𝑗 − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑐𝑙𝑜𝑠𝑒𝑑 , AAcl )(

;Thus, we have UApclT j  )( . Hence A is (i,j) –prw-closed. 

Remark 2.10:Observe that, the converse of the theorem 2.9 need not be 

true in general as show by  the following example. 

Example 2.11: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . Then the set {𝑐, 𝑑}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but 

not (i,j) regular closed . 

Theorem 2.12:Every (𝑖, 𝑗) − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –

pw-closed set. 

Proof : Assume that A is (𝑖, 𝑗)𝑟𝑒𝑔𝑢𝑙𝑎𝑟 − 𝑐𝑙𝑜𝑠𝑒𝑑 , 𝐴 ⊆ 𝑈 and U is  pre-

open in  𝑇𝑖 , since A is 𝑇𝑗 − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑐𝑙𝑜𝑠𝑒𝑑 , AAcl )( ;Thus, we have 

UAclT j  )( . Hence A is (i,j) –pw-closed. 

Remark 2.10: Observe that, the converse of the theorem 2.12 need not be 

true in general as show by  the following example. 

Example 2.11:Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . Then the set {𝑐, 𝑑}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but 

not (i,j) regular closed. 

Remark 2.12:The following example shows that (i,j) –prw-closed set is 

independent of (i,j)-rg-closed set . 

Example 2.13: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑑}, {𝑎, 𝑐}, {𝑎, 𝑑}, {𝑎, 𝑐, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐, 𝑑}, {𝑎, 𝑐, 𝑑}} . 
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 Then the set {𝑎, 𝑏}  𝑖𝑠  (𝑖, 𝑗) − 𝑟𝑔 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but not (i,j)-prw closed set . 

Example 2.14: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} ,   𝑇𝑗 =

{∅, 𝑋, {𝑎, 𝑏, 𝑑}, {𝑎, 𝑐, 𝑑}, {𝑎, 𝑑}} . Then the set {𝑎}  𝑖𝑠 𝑛𝑜𝑡 (𝑖, 𝑗) −

𝑟𝑔 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but is (i,j)-prw closed set. 

Remark 2.15:The following examples show that (i,j) –pw-closed set is 

independent of (i,j)-rg-closed set . 

Example 2.16: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . 

 Then the set {𝑎}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but not (i,j)-rg closed set . 

Example 2.17: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 𝑇𝑖 =

{∅, 𝑋, {𝑎}, {𝑑}, {𝑎, 𝑐}, {𝑎, 𝑑}, {𝑎, 𝑐, 𝑑}} , 𝑇𝑗 = {∅, 𝑋, {𝑐, 𝑑}, {𝑎, 𝑐, 𝑑}} . 

 Then the set {𝑎, 𝑏}  𝑖𝑠  (𝑖, 𝑗) − 𝑟𝑔 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but not (i,j)-pw closed set . 

Theorem 2.18: Every (𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) if and only if  

is (i,j) –gpr-closed set  

Proof : Assume that A is (𝑖, 𝑗)𝑝𝑟𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 , 𝐴 ⊆ 𝑈 and U is regular 

pre-open in  𝑇𝑖,sinc every  𝑇𝑖 − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑜𝑝𝑒𝑛 is 𝑇𝑖 − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑝𝑟𝑒 𝑜𝑝𝑒𝑛 

, then UApclTApcl j  )()( ;Thus, we have UApclji  )().( . Hence A is 

(i,j) –gpr closed. And the other proof  is in the same way. 

Theorem 2.19:  Every (𝑖, 𝑗) − 𝑔𝑝𝑟 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –pw-

closed set. 

Proof: : Assume that A is (𝑖, 𝑗)𝑔𝑝𝑟 − 𝑐𝑙𝑜𝑠𝑒𝑑 , 𝐴 ⊆ 𝑈 and U is reguler 

open in𝑇𝑖 ,sinc every  𝑇𝑖 − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑜𝑝𝑒𝑛  is 𝑇𝑖 −  𝑝𝑟𝑒 𝑜𝑝𝑒𝑛 , then 

UAclTApcl j  )()( , there for  UApclji  )().( . Hence A is (i,j) –pw 

closed set. 

Remark 2.20:Observe that, the converse of the theorem 2.19 need not be 

true in general as show by  the following example. 
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Example 2.21: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} .Then the set {𝑎, 𝑐, 𝑑}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but 

not (i,j)-gpr closed set . 

Theorem 2.22: Every( 𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –pw-

closed set. 

Proof : Assume that A is (𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 , 𝐴 ⊆ 𝑈 and U is  regular 

pre-open in  𝑇𝑖 ,sinc every  𝑇𝑖 − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑝𝑟𝑒 𝑜𝑝𝑒𝑛  is 𝑇𝑖 −  𝑝𝑟𝑒 𝑜𝑝𝑒𝑛 , 

then there for  . Hence A is (i,j) – pw closed set. 

Remark 2.23:Observe that, the converse of the theorem 2.22 need not be 

true in general as show by  the following example. 

Example 2.24: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . Then the set {𝑐, 𝑑}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but 

not (i,j) -prw closed. 

Remark 2.25: Every (𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 set and  every (𝑖, 𝑗) −

𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is not (i,j) w-closed set . 

Example 2.24: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . Then the set {𝑎}  𝑖𝑠  (𝑖, 𝑗) −

𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎𝑛𝑑 (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 but not (i,j) -w closed set. 

Theorem 2.25:Every (𝑖, 𝑗) − 𝑤𝑔 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –prw-

closed set. 

Proof : Assume that A is (𝑖, 𝑗) − 𝑤𝑔 𝑐𝑙𝑜𝑠𝑒𝑑  , 𝐴 ⊆ 𝑈 and U is regular 

pre-open in𝑇𝑖 , since AAcl )( ;Thus, we have UApclT j  )( . Hence A is 

(i,j) –prw-closed. 

Remark 2.26: Observe that, the converse of the theorem 2.25 need not be 

true in general as show by  the following example. 

Example 2.27: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =
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{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . Then the set {𝑎}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but 

not (i,j) -wg closed set. 

Theorem 2.28:Every (𝑖, 𝑗) − 𝑤𝑔 𝑐𝑙𝑜𝑠𝑒𝑑 set in (𝑋, 𝑇𝑖 , 𝑇𝑗 ) is (i,j) –pw-

closed set . 

Proof : Assume that A is (𝑖, 𝑗) − 𝑤𝑔 𝑐𝑙𝑜𝑠𝑒𝑑  , 𝐴 ⊆ 𝑈 and U is regular 

pre-open in𝑇𝑖 , since AAcl )( ;Thus, we have UAclT j  )( . Hence A is 

(i,j) –pw-closed. 

Remark 2.29: Observe that, the converse of the theorem 2.28 need not be 

true in general as show by  the following example. 

Example 2.30:  Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑐}, {𝑏}, {𝑏, 𝑐}} . Then the set {𝑐}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but 

not (i,j) -wg closed set. 

Remark 2.31:The following example shows that (i,j) –pw-closed set is 

independent of (i,j)-semi closed set . 

Example 2.32: Let 𝑋 = {𝑎, 𝑏, 𝑐, 𝑑}, be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}, {𝑏}, {𝑎, 𝑏, 𝑐}}, 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}} .  

Then the set {𝑎} 𝑖𝑠  (𝑖, 𝑗) − 𝑠𝑒𝑚𝑖 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) -pw closed set. 

The set {𝑎, 𝑏}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) - 𝑠𝑒𝑚𝑖 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡. 

Remark 2.33:The following example shows that (i,j) –prw-closed set is 

independent of (i,j)-semi closed set . 

Example 2.34: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}, {𝑏}, {𝑎, 𝑏, 𝑐}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}} .  

Then the set {𝑎, 𝑐, 𝑑}  𝑖𝑠  (𝑖, 𝑗) − 𝑠𝑒𝑚𝑖 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) -prw 

closed set.The set {𝑎, 𝑏}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) -

 𝑠𝑒𝑚𝑖 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡. 

Remark 2.35:The following example shows that (i,j) –prw-closed set is 

independent of (i,j)-𝑔∗closed set . 
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Example 2.36:   Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}, {𝑏}, {𝑎, 𝑏, 𝑐}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}} .  

Then the set {𝑑}  𝑖𝑠  (𝑖, 𝑗) − 𝑔∗ 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) -prw closed set, 

The set {𝑎, 𝑏}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑟𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) -𝑔∗ 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡. 

Remark 2.37:The following example shows that (i,j) –pw-closed set is 

independent of (i,j)-𝑔∗closed set . 

Example 2.38: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , be a bitopological space with 

topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}, {𝑏}, {𝑎, 𝑏, 𝑐}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}} .  

Then the set {𝑑}  𝑖𝑠  (𝑖, 𝑗) − 𝑔∗ 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) -pw closed set, 

The set {𝑎, 𝑏}  𝑖𝑠  (𝑖, 𝑗) − 𝑝𝑤 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡 𝑎 but not (i,j) -𝑔∗ 𝑐𝑙𝑜𝑠𝑒𝑑 𝑠𝑒𝑡. 

The following  diagram  shows explains the relations among all the 

concepts introduced in the above section : 

 

 

 

 

 

 

 

 

 

 

 

(i,j)-regular-closed 
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          (i,j)-gpr-closed                                                          (i,j)-rg- closed 

 

   (i,j)-w-closed                             j-closed                              (i,j)-g-closed 

 

(i,j)-prw-closed                    (i,j)-wg-closed                           (i,j)-g*-closed 

 

(i,j)-semi-closed  

                                               (i,j)-pw-closed 

3.(i,j) –prw- Continuousand (i,j)-pw- Continuous in 

BitopologicalSpaces. 

 

In this section we introduce (i,j) prw- continuity and (i,j) pw- 

continuity in bitopological spaces . 

Definition 3.1:A function  𝒇: (𝑿, 𝑻𝒊, 𝑻𝒋)   ⟶   (𝒀, 𝝈𝒊, 𝝈𝒋)   is  

1-(i,j) w- Continuous if inverse image of any (i,j) closed set in Y is 

(i,j) w-closed set in X. 

2-(i,j) wg- Continuous if  inverse image of any (i,j) closed set in Y is 

(i,j) wg closed set in X. 

3-(i,j) rg- Continuous if  inverse image of any (i,j) closed set in Y is 

(i,j) rg closed set in X. 

4-(i,j) gpr- Continuous if  inverse image of any (i,j) closed set in Y is 

(i,j) gpr closed set in X. 

5-(i,j) semi- Continuous if  inverse image of any (i,j) closed set in Y 

is (i,j) semi closed set in X. 
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6-(i,j) g- Continuous if  inverse image of any (i,j) closed set in Y is 

(i,j) g- closed set in X. 

7-(i,j) g*- Continuous if  inverse image of any (i,j) closed set in Y is 

(i,j) g*- closed set in X. 

8 -(i,j) regular - Continuous if  inverse image of any (i,j) closed set 

in Y is (i,j) regular- closed set in X. 

Definition 3.2:A function  𝒇: (𝑿, 𝑻𝒊, 𝑻𝒋)   ⟶   (𝒀, 𝝈𝒊, 𝝈𝒋) is called  

(i,j) prw- Continuous if  inverse image of any (i,j) closed set in Y is 

(i,j) prw closed set in X. 

Definition 3.3:A function  𝒇: (𝑿, 𝑻𝒊, 𝑻𝒋)   ⟶   (𝒀, 𝝈𝒊, 𝝈𝒋)  is called 

(i,j) pw- Continuous if  inverse image of any (i,j) closed set in Y is 

(i,j) pw closed set in X. 

Theorem 3.4:Every (𝒊, 𝒋) − 𝒑𝒓𝒘 Continuous function is (𝒊, 𝒋) −

𝒑𝒘Continuous function. 

Proof : Let 𝒇: 𝑿  ⟶   𝒀  be a  (𝒊, 𝒋) − 𝒑𝒓𝒘 Continuous function  

from the spaces X to a spaces Y, and  U be an closed set in Y. By 

(𝒊, 𝒋) − 𝒑𝒓𝒘 Continuity of f , we have 𝒇−𝟏(𝑼) is  (i,j) prw- closed  

set in set in X. By (theorem 2.22), we obtain that 𝒇−𝟏(𝑼)  is (i,j) pw- 

closed set in X. There for, 𝒇  𝒊𝒔 (𝒊, 𝒋) − 𝒑𝒘–Continuous function . 

Remark 3.5:Observe that, the converse of the theorem 3.4 need not 

be true in general as show by  the following example. 

Example 3.6: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , 𝑌 = {1,2,3,4}be a bitopological 

spaces  with topologies 𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑎, 𝑏}, {𝑎, 𝑐, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑑}, {𝑎, 𝑑}} .𝜎1 = 𝜎2 = {∅, 𝑌, {2}, {1,3}, {1,2,3}} ,   and let 

𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = 𝑓(𝑏) = {4} , 𝑓(𝑐) =

{1} , 𝑓(𝑑) = {2}  , then 𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑤- Continuous but is not  

𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑟𝑤Continuous. Because the 𝑐𝑙 𝑖𝑛𝑡 {𝑎, 𝑏, 𝑐} ∪ {𝑎, 𝑏, 𝑐} =

{𝑎, 𝑏, 𝑐}  ∉  regular preopen set in 𝑇1. 
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Remark 3.7:The following example shows that (𝑖, 𝑗) − 𝑝𝑤 continuity 

is not (𝑖, 𝑗) − 𝑔𝑝𝑟 continuity. 

Example 3.8: Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , 𝑌 = {1,2,3,4}be a bitopological 

spaces  with topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑎, 𝑏}, {𝑎, 𝑐, 𝑑}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑑}, {𝑎, 𝑑}} .𝜎1 = 𝜎2 = {∅, 𝑌, {2}, {1,3}, {1,2,3}} ,   and let 

𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = 𝑓(𝑏) = {4} , 𝑓(𝑐) =

{1} , 𝑓(𝑑) = {2}  , then  𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑤- Continuous but is not  

𝑖𝑠 (𝑖, 𝑗) − 𝑔𝑝𝑟- Continuous. Because the 𝑐𝑙 𝑖𝑛𝑡 {𝑎, 𝑏, 𝑐} ∪ {𝑎, 𝑏, 𝑐} =

{𝑎, 𝑏, 𝑐}  ∉  regular open set in 𝑇1. 

Theorem 3.9:Every (𝑖, 𝑗) − 𝑤𝑔 -Continuous is (𝑖, 𝑗) − 𝑝𝑤- 

Continuous 

Proof : Let U be closed set in Y then  𝒇−𝟏(𝑼) is  (i,j) wg- closed  set 

because 𝒇 is (𝒊, 𝒋) − 𝒘𝒈 − Continuous .Then  𝒇−𝟏(𝑼)  is (i,j) pw- 

closed set by (theorem 2.28) ,then 𝒇  𝒊𝒔 (𝒊, 𝒋) − 𝒑𝒘- continuity. 

Theorem 3.10:Every (𝑖, 𝑗) − 𝑤𝑔 - Continuous is (𝑖, 𝑗) − 𝑝𝑟𝑤- 

Continuous . 

Proof : Let U be closed set in Y then  𝑓−1(𝑈) is  (i,j) wg- closed  set 

because 𝑓 is (𝑖, 𝑗) − 𝑤𝑔 − Continuous.Then  𝑓−1(𝑈)  is (i,j) prw- 

closed set by (theorem 2.28) ,then 𝑓  𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑟𝑤- continuity. 

Remark 3.11: Observe that, the converse of the theorem 3.10 need 

not be true in general as show by  the following example 

Example 3.12:Let 𝑋 = {𝑎, 𝑏, 𝑐},𝑌 = {𝑎, 𝑏, 𝑐}be a bitopological 

spaces with topologies𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}}, 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}}.𝜎𝑖 = {∅, 𝑌, {𝑎}} , 𝜎𝑗 = {∅, 𝑌, {𝑎}, {𝑎, 𝑏}} ,   

and let 𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = {𝑎}, 𝑓(𝑏) =

{𝑏}, 𝑓(𝑐) = {𝑎} , then  𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑟𝑤- Continuous but is not  

𝑖𝑠 (𝑖, 𝑗) − 𝑤𝑔- Continuous. Because the 𝑐𝑙 {, 𝑐} = {, 𝑐}  ∉  𝑇1. 

Theorem 3.13:Every (𝑖, 𝑗) − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 − 𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 is (𝑖, 𝑗) − 𝑝𝑤 

continuity  
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Proof : Let U be closed set in Y then  𝑓−1(𝑈) is  (i,j)  regular - 

closed  set because 𝑓 is (𝑖, 𝑗) − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 − Continuous .Then  

𝑓−1(𝑈)  is (i,j) pw- closed set by (theorem 2.12) ,then 𝑓  𝑖𝑠 (𝑖, 𝑗) −

𝑝𝑤- continuity.  

Theorem 3.14:Every (𝑖, 𝑗) − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 Continuous is (𝑖, 𝑗) − 𝑝𝑟𝑤- 

Continuous 

Proof : Let U be closed set in Y then  𝑓−1(𝑈) is  (i,j)  regular - 

closed  set because 𝑓 is (𝑖, 𝑗) − 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 − Continuous .Then  

𝑓−1(𝑈)  is (i,j) prw- closed set by (theorem 2.9) ,then 𝑓  𝑖𝑠 (𝑖, 𝑗) −

𝑝𝑤-continuity . 

Theorem 3.15:Every 𝑇𝑗 − Continuous is (𝑖, 𝑗) − 𝑝𝑤 Continuous. 

Proof : Let U be closed set in Y then  𝑓−1(𝑈) is  𝑇𝑗- closed  set 

because 𝑓 is 𝑇𝑗 − Continuous .Then  𝑓−1(𝑈)  is (i,j) pw- closed set 

by (theorem 2.6) ,then 𝑓  𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑤- continuity . 

Remark 3.16:Observe that, the converse of the theorem 3.15 need not 

be true in general as show by  the following example 

Example 3.17:Let  𝑋 = {𝑎, 𝑏, 𝑐} , 𝑌 = {𝑎, 𝑏, 𝑐}be a bitopological 

spaces with topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}}, 𝑇𝑗 =

{∅, 𝑋, {𝑎, 𝑐}, {𝑐}} .𝜎𝑖 = {∅, 𝑌, {𝑎}} , 𝜎𝑗 = {∅, 𝑌, {𝑎}, {𝑎, 𝑏}} ,   and let 

𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = {𝑎} , 𝑓(𝑏) = {𝑏} ,

𝑓(𝑐) = {𝑐} , then  𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑤Continuous but is not  𝑖𝑠 𝑇𝑗− 

Continuous. Because the {𝑏, 𝑐}  ∉  𝑇𝑗. 

Theorem 3.18:Every 𝑇𝑗 − Continuous is (𝑖, 𝑗) − 𝑝𝑟𝑤- Continuous. 

Proof : Let U be closed set in Y then  𝑓−1(𝑈) is  𝑇𝑗- closed  set 

because 𝑓 is 𝑇𝑗 − Continuous .Then  𝑓−1(𝑈)  is (i,j) prw- closed set 

by (theorem 2.3) ,then 𝑓  𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑟𝑤- Continuous. 

Remark 3.19:Observe that, the converse of the theorem 3.18 need not 

be true in general as show by  the following example. 
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Example 3.20:  Let  𝑋 = {𝑎, 𝑏, 𝑐} , 𝑌 = {𝑎, 𝑏, 𝑐}be a bitopological 

spaces  with topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎, 𝑐}, {𝑐}} .𝜎𝑖 = {∅, 𝑌, {𝑎}} , 𝜎𝑗 = {∅, 𝑌, {𝑎}, {𝑎, 𝑏}} ,   and let 

𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = {𝑎} , 𝑓(𝑏) = {𝑏} ,

𝑓(𝑐) = {𝑐} , then  𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑟𝑤Continuous but is not  𝑖𝑠 𝑇𝑗− 

Continuous. Because the {𝑏, 𝑐}  ∉  𝑇𝑗. 

Theorem 3.21:Every (1,2) − 𝑝𝑟𝑤 − 𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 in  21,, TTX  is (i,j) 

–gpr- continuity , Every (1,2) − 𝑔𝑝𝑟 − 𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠  is (i,j) –prw - 

Continuous. 

Proof : Let U be closed set in Y then  𝒇−𝟏(𝑼) is  (i,j) prw- closed  set 

because 𝒇 is (𝒊, 𝒋) − 𝒑𝒓𝒘 − Continuous .Then  𝒇−𝟏(𝑼)  is (i,j) gpr- 

closed set by (theorem 2.18) ,then 𝒇  𝒊𝒔 (𝒊, 𝒋) − 𝒈𝒑𝒓- 

Continuous.now let U be closed set in Y then  𝒇−𝟏(𝑼) is  (i,j) gpr- 

closed  set because 𝒇 is (𝒊, 𝒋) − 𝒈𝒑𝒓 − Continuous .Then  𝒇−𝟏(𝑼)  

is (i,j) prw- closed set by (theorem 2.18) ,then 𝒇  𝒊𝒔 (𝒊, 𝒋) − 𝒑𝒓𝒘- 

Continuous. 

Remark 3.22:The following example shows that (𝑖, 𝑗) − 𝑝𝑤 

continuity and (𝑖, 𝑗) − 𝑝𝑟𝑤 continuity is not (𝑖, 𝑗) − 𝑟𝑔 − continuity. 

Example 3.23:  Let  𝑋 = {𝑎, 𝑏, 𝑐} , 𝑌 = {𝑎, 𝑏, 𝑐}be bitopological 

spaces  with topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎, 𝑏}, {𝑏}}.𝜎𝑖 = {∅, 𝑌, {𝑎}} , 𝜎𝑗 = {∅, 𝑌, {𝑎}, {𝑎, 𝑏}} ,   and let 

𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = {𝑎} , 𝑓(𝑏) = {𝑏} ,

𝑓(𝑐) = {𝑐} , then  𝑓 𝑖𝑠 (1,2) − 𝑝𝑟𝑤 continuity and (1,2) − 𝑝𝑤 

continuity but is not  𝑖𝑠 (1,2) − 𝑟𝑔 − continuity. Because the 

 𝑐𝑙{𝑐} = {𝑐} ∉ 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑜𝑝𝑒𝑛 𝑠𝑒𝑡 𝑖𝑛 𝑇𝑖 . 

Remark 3.24:The following example shows that (𝑖, 𝑗) − 𝑝𝑤 

continuity and (𝑖, 𝑗) − 𝑝𝑟𝑤 continuity is not (𝑖, 𝑗) − 𝑤 − continuity. 

Example 3.25: Let  𝑋 = {𝑎, 𝑏, 𝑐} , 𝑌 = {𝑎, 𝑏, 𝑐}be bitopological 

spaces  with topologies  𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}}, 𝑇𝑗 =

{∅, 𝑋, {𝑎, 𝑏}, {𝑏}} .𝜎𝑖 = {∅, 𝑌, {𝑎}} , 𝜎𝑗 = {∅, 𝑌, {𝑎}, {𝑎, 𝑏}} ,   and let 
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𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = {𝑎} , 𝑓(𝑏) = {𝑏},

𝑓(𝑐) = {𝑐} , then  𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑟𝑤- Continuous and (𝑖, 𝑗) − 𝑝𝑤- 

Continuous but is not  𝑖𝑠(𝑖, 𝑗) − 𝑟𝑔 − Continuous. Because the {𝑐} ∉

𝑠𝑒𝑚𝑖 𝑜𝑝𝑒𝑛 𝑠𝑒𝑡 𝑖𝑛 𝑇𝑖 . 

Remark 3.26:The following examples shows that (𝑖, 𝑗) − 𝑝𝑤 

continuity independent  with (𝑖, 𝑗) − 𝑠𝑒𝑚𝑖 − continuity. 

Example 3.27:Let  𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , 𝑌 = {1,2,3,4}be bitopological 

spaces  with topologies𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑎, 𝑏}, {𝑏}, {𝑎, 𝑏, 𝑐}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}} .𝜎𝑖 = 𝜎𝑗 = {∅, 𝑌, {2}, {1,3}, {1,2,3}} ,   and let 

𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = {1}  , 𝑓(𝑏) = 𝑓(𝑑) =

{4} , 𝑓(𝑐) = {2}  , then  𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑠𝑒𝑚𝑖Continuous but is not  

𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑤Continuous. Because the 𝑐𝑙 {𝑑} = {𝑐, 𝑑}  ∉ regular 

open set in 𝑇𝑖. 

Example 3.28: Let 𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} , 𝑌 = {1,2,3,4}be bitopological 

spaces with topologies 𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑎, 𝑏}, {𝑏}, {𝑎, 𝑏, 𝑐}}, 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}}.𝜎𝑖 = 𝜎𝑗 = {∅, 𝑌, {2}, {1,3}, {1,2,3}}, and let 

𝑓: 𝑋 ⟶ 𝑌 be function defined by 𝑓(𝑎) = 𝑓(𝑏) = {4}, 𝑓(𝑐) =

{1} , 𝑓(𝑑) = {2}, then𝑓𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑤- Continuous but is not𝑖𝑠(𝑖, 𝑗) −

𝑠𝑒𝑚𝑖 Continuous. Because the {𝑎, 𝑏, 𝑐} ∉semiclosed set in 𝑇𝑖. 

Remark 3.29:The following example shows that (𝑖, 𝑗) − 𝑠𝑒𝑚𝑖 

continuity is not  (𝑖, 𝑗) − 𝑝𝑟𝑤 continuity. 

Example 3.30:Let 𝑋 = {𝑎, 𝑏, 𝑐, 𝑑}, 𝑌 = {1,2,3,4}be a bitopological 

spaces  with topologies 𝑇𝑖 = {∅, 𝑋, {𝑎}, {𝑎, 𝑏}, {𝑏}, {𝑎, 𝑏, 𝑐}} , 𝑇𝑗 =

{∅, 𝑋, {𝑎}, {𝑏}, {𝑎, 𝑏}} .𝜎𝑖 = 𝜎𝑗 = {∅, 𝑌, {2}, {1,3}, {1,2,3}} ,   and let 

𝑓: 𝑋  ⟶   𝑌   be function  defined by  𝑓(𝑎) = {1}  𝑓(𝑏) = {4},

𝑓(𝑐) = 𝑓(𝑑) = {2}   , then  𝑓 𝑖𝑠 (𝑖, 𝑗) − 𝑠𝑒𝑚𝑖 Continuous but is not  

𝑖𝑠 (𝑖, 𝑗) − 𝑝𝑟𝑤 Continuous. Because the {𝑑}𝑖𝑠 𝑛𝑜𝑡(𝑖, 𝑗) −

𝑝𝑟𝑤closed  set in 𝑇𝑖. 

The following  diagram  shows explains the relations among all the 

concepts introduced in the above section : 
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(i,j)-regular-Continuous 

 

   (i,j)-gpr-Continuous                                                      (i,j)-rg- Continuous 

 

     (i,j)-w-Continuousj-Continuous 

 

                                               (i,j)-prw-Continuous 

                                                                                        (i,j)-wg-Continuous 

 (i,j)-semi Continuous 

                                                 (i,j)-pw Continuous 
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وال المستمرة القبلية المنتظمة الضعيفة  في دالمجموعات المغلقة القبلية المنتظمة الضعيفة وال

 الفضاءات التبولوجية الثنائية 
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 الخلاصة :-

في هذا البحث تم تقديم ودراسة انواع جديدة من المجموعات المغلقة، تسمى المجموعات المغلقة القبلية            

المستمرة القبلية الضعيفة والدوال وكذلك تم تقديم الدوال الضعيفة والمجموعات القبلية المنتظمة الضعيفة 

 المستمرة القبلية المنتظمة الضعيفة، ودراسة العلاقات بينهم .

 مفتاح الكلمات:

(i,j) - مة  الضعيفة ، المجموعة المغلقة القبلية المنتظ-(i,j)  الضعيفة ، المجموعة المغلقة القبلية(i,j)- لداله ا

 .لداله المستمرة المغلقة القبلية  الضعيفةا -(i,j)المستمرة المغلقة القبلية المنتظمة  الضعيفة، 
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