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ABSTRACT 

The purpose of this paper is to the q-continuousspace from a quad topological space to a triple topological 

space,we introduce a conditions to make us able to change the separation axioms and regular space, normal 

space in q-topologicalspace to the separation axioms and regular space, normal space in tri-topological space 

and study some of their properties 
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1-  Introduction 

J .C. Kelly [2] introduced bi-topological spaces in 1963 and Luma [4], . The study of tri-topological spaces was 

firstinitiated by Martin M. Kovar [4] in 2000,where a non empty set X with three topologies is calledtri-

topological spaces. N.F. Hameed & Mohammed Yahya Abid [1] studied separation axioms in tri-

topologicalspaces. D.V. Mukundan [5] introduced the concept on topological structures with fourtopologies, 

quad topology and defined new types of open (closed )sets. In thispaper, we use q-open and q-closed sets 

defined by D.V. Mukundan [5] to explain the concept of separation axioms in quad topological spaces 

 

Definition 2.1: A quad topological space 𝑋 is called (𝑇𝑜_𝑞) space 𝑖𝑓𝑓 to each pair of distinct point 𝑥, 𝑦 in 𝑋, 

there exist a (𝑞_𝑜𝑝𝑒𝑛) set containing one of the points but not other.  

Definition 2.11: A quad topological space 𝑋 is called (𝑇1_𝑞) space 𝑖𝑓𝑓 to each pair of distinct point 𝑥, 𝑦 in 𝑋, 

there exist a pair (𝑞_𝑜𝑝𝑒𝑛) set containing 𝑋 but not 𝑦 and the other containing  𝑦 but not 𝑋. 

Definition 2.22: A quad topological space 𝑋 is called (𝑇2_𝑞) space 𝑖𝑓𝑓 to each pair of distinct point 𝑥, 𝑦 of  𝑋, 

there exist a pair of distinct (𝑞_𝑜𝑝𝑒𝑛)  sets one containing 𝑥   and the other containing  𝑦  and called 

(𝐻𝑎𝑢𝑠𝑑 𝑜𝑟𝑓𝑓_𝑞). 

Definition 2.33: A quad topological space 𝑋 is said to be (𝑟𝑒𝑔𝑢𝑙𝑎𝑟_𝑞) space 𝑖𝑓𝑓 for each 𝑞𝑐𝑙𝑜𝑠𝑒𝑑  set 𝐹  and 

each point 𝑥 ∉ 𝐹.  there exist disjoint  (𝑞𝑜𝑝𝑒𝑛) sets 𝐺, 𝐻 such that  𝑥 ∈ 𝐺, 𝐹 ⊆ 𝐻. 

A 𝑟𝑒𝑔𝑢𝑙𝑎𝑟_𝑞 with 𝑇1_𝑞 space is called 𝑇3_𝑞 space. 

A 𝑟𝑒𝑔𝑢𝑙𝑎𝑟_𝑞 + 𝑇1_𝑞 space = 𝑇3_𝑞 space 

Definition 2.43: A quad topological space 𝑋 is called to be 𝑛𝑜𝑟𝑚𝑎𝑙_𝑞 space 𝑖𝑓𝑓 for each two disjoint 𝑞_𝑐𝑜𝑙𝑠𝑒𝑑 

set 𝐹1, 𝐹2 ⊆ 𝑋, there exist two disjoint  (𝑞𝑜𝑝𝑒𝑛) sets 𝐺1, 𝐺2 such that  𝐹1 ⊆ 𝐺1, 𝐹2 ⊆ 𝐺2. 

A 𝑁𝑜𝑟𝑚𝑎𝑙_𝑞 with 𝑇1_𝑞 space is called 𝑇4_𝑞 space. 

A 𝑁𝑜𝑟𝑚𝑎𝑙_𝑞 + 𝑇1_𝑞 space = 𝑇4_𝑞 space 
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2-  Preliminaries 

Definition 2.1 [5][6] :Let X be a nonempty set and (τ)𝑖=1,2,3,4are general topologies on X. 

Then a subset A of space X is said to be quad-open(q-open) set if𝐴 ⊂ 𝜏1 ∪ 𝜏2 ∪ 𝜏3 ∪ 𝜏4 and itscomplement is 

said to be q-closed and set X with four topologies called (𝑋, 𝜏𝑖)𝑖=1,2,3,4. q-opensets satisfy all the axioms of 

topology. 

 

Definition2.2 [5][6]: A subset of a q-topological space (𝑋, 𝜏𝑖)𝑖=1,2,3,4is called q- Neighbourhood 

of a point if and only if there exist q-open sets such that𝑥 ⊂ 𝑋 ⊂ 𝐴. 

 

Note 2.3[5][6] : We will denote the q-interior (resp. q-closure) of any subset ,say of by q-intA(qclA),is the 

intersection of all q-closed sets containing A.where q-intA is the union of all q-open sets contained in A, and q-

clA is the intersection of allq-closed sets containing A. 

 

3- q-Continuous in quad Topological Space 

Definition3.1: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4 , be quad-topological space and (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3  be a tri-topological space, a 

function of 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 is said to be 𝑞 −ccontinuous at 𝑥 ∈ 𝛸 if 𝑓 for every tri-open set 𝑉 

in 𝜓  containing 𝑓(𝑥)  there exists q-open set 𝑈  in 𝑋  containing x such that 𝑓(𝑈) = 𝑉 , we say that f is q-

continuous on X if 𝑓 is 𝑞 −continuous at each 𝑥 ∈ 𝛸. 

 

Definition3.2 : Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4 be quad topological space and (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 be a tri topological space and 

𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3be a function, then: 

1. 𝑓is said to be q-open function if and only if 𝑓(𝐺) is tri-open in 𝜓 for every q-open set G in 𝑋. 

2. 𝑓 is q-closed function if and only if 𝑓(𝐹) is tri-closed in 𝜓 for every q-closed set 𝐹 in 𝑋. 

3. 𝑓is q-homeomorphism if and only if:  

i. 𝑓is bijective (1-1, onto) 

ii. 𝑓 and 𝑓−1 are q-continuous. 

 

Example 3.3: Let 𝑋 = {𝑎, 𝑏, 𝑐}, 𝜏𝑖 = {𝑥, 𝜑, {𝑎}}, 𝜏𝑖 ={𝑥, 𝜑, {𝑏}}, 𝜏𝑖 ={𝑥, 𝜑, {𝑎, 𝑐}},  

𝜏𝑖 ={𝑥, 𝜑, {𝑏}, {𝑐}, {𝑏, 𝑐}}, (𝑋,T1) , (𝑋,T2) , (𝑋,T3) , (𝑋,T4) are quad topological space, such that: 

𝑇∪𝑋= {𝑥, 𝜑, {𝑎}, {𝑏}, {𝑐}, {𝑏, 𝑐}, {𝑎, 𝑐}} 

Let 𝜓 = {1,2,3}𝜏1𝜓 = {𝜓, 𝜑, {1,2}},𝜏2𝜓 ={𝜓, 𝜑, {2,3}}, 𝜏3𝜓 ={𝜓, 𝜑, {1}, {3}, {1,3}}where(𝑋,T1) , (𝑋,T2) , (𝑋,T3) 

aretri-topological space, such that𝑇∪𝑌 = {𝜓, 𝜑, {1}, {3}, {1,2}, {2,3}, {1,3}} 

Define 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝑇𝑖)𝑖=1,2,3by 𝑓(𝑎) = 1, 𝑓(𝑏) = 2, 𝑓(𝑐) = 3 

Then 𝑓 is not q-open and not q-continuous because𝑓−1(𝜓) = {𝑎, 𝑏, 𝑐} = 𝑋 is q-open in X,and 𝑓−1(𝜑) = 𝜑 is q-

open in X, 𝑓−1({1}) = {𝑎} is q-open in X, 𝑓−1({3}) = {𝑐} is q-open in X 

 but 𝑓−1({1,2}) = {𝑎, 𝑏}is not q-open in 𝑋. 

Hence 𝑓is not q-continuous.  And since 𝑓(𝑋) = {1,2,3} = 𝜑 is tri-open in 𝜓 and 𝑓(𝜑) = 𝜑 is tri-open in 𝜓, also 

𝑓({𝑎}) = {1} is tri-open in 𝜓 and 𝑓({𝑏}) = {2} is not tri-open in 𝜓, Hence f is not q-open. 

Early 𝑇∁
∪𝑋 = {𝑥, 𝜑, {𝑏, 𝑐}, {𝑎, 𝑐}, {𝑎, 𝑏}, {𝑎}, {𝑏}} and 𝑇∁

∪𝑌={ 𝜓, 𝜑, {2,3}, {1,2}, {3}, {1}, {2}} 

Then 𝑓(𝜑) = 𝜑 is tri-open in 𝜓,𝑓(𝑥) = 𝜓 is tri-open in 𝜓 and 𝑓({𝑏, 𝑐}) = {2,3} is tri-open in 𝜓 

And 𝑓({𝑎, 𝑐}) = {1,3}is not tri-open in 𝜓. Hence 𝑓 is not q-closed. 

Clearly f is bijective, but its not q-continuous. Thane is notq-homeomorphism. 

 

Propositions 3.4: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4 be a quad topological space and (𝜓, 𝑇𝑖)𝑖=1,2,3be a tri topological space the 

function 𝑓: 𝑋 →  𝜓 is q-continuous if and only if the inverse image under f of every t=open set V of 𝜓 is a q-

open set of X. 

Proof: Let 𝑓 a q-continuous, and V is tri-open in 𝜓, to prove that 𝑓−1(𝑉)is q-open in X. if 𝑓−1(𝑉) = 𝜑 so,

𝑓−1(𝑉) is q-open inX. if 𝑓−1(𝑉) ≠ 𝜑, Let 𝑥 ∈  𝑓−1(𝑉)then 𝑓(𝑥) ∈ 𝑉,Bydefinition ofq-continuous there exist q-

open set Gx in X containing x such that 𝑓(𝐺𝑥)  ∈ 𝑉. 
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𝑥 ∈  𝐺𝑥 ∈  𝑓−1(𝑉)this shows that 𝑓−1(𝑉)is a q-nbd of each is points. Hence 𝑓−1(𝑉)is q-open in X. 

Conversely, let 𝑓−1(𝑉)is q-open set in X, for each V is a tri-open set in 𝜓 to prove f is q-continuous. 

Let 𝑥 ∈ 𝑋 andV is a tri-open set in 𝜓 containing 𝑓(𝑥)so𝑓−1(𝑉)is q-open in X-containing 𝑓(𝑥) 𝑠𝑜 𝑓−1(𝑉) is q-

open in X-containing x and (𝑓−1(𝑉)) ⊂ 𝑉 

Then f is q-continuous on X. 

 

Propositions 3.5: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4 be a quad topological space and (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 be a tri topological space. A 

function 𝑓: 𝑋 → 𝜓 is q-continuous iff if the inverse image under f of every tri-closed set in 𝜓 is q-closed set in 

X. 

Proof:  Assume that 𝑓 is q-continuous and let F be any tri-closed set in 𝜓. To show that 𝑓−1(F) is q-closed in X, 

since 𝑓 is q-continuous and 𝜓 − 𝐹 is t-open in 𝜓, it follows from proposition (3.3.4), 𝑓−1(𝜓 -F) = X- 𝑓−1(𝐹) is 

q-open in X, that is 𝑓−1(𝐹) is q-closed in X. 

Conversely, let 𝑓−1(𝐹) be q-closed in X for every t-closed set F in 𝜓, we want to show that f is q-continuous 

function. Let G be an t-open set in 𝜓. Then 𝜓 -G is t-closed in 𝜓 and so by hypothesis, 

𝑓−1(𝜓 − 𝐺) = 𝑋 − 𝑓−1(𝐺) is q-closed in X, that is 𝑓−1(𝐺)  is q-open in X, hence 𝑓 is q-continuous by 

proposition (3.1.4). 

 

Proposition 3.6: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4be a quad topological space, and (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3be a tri topological space, a 

function 𝑓: 𝑋 →  𝜓 is q-continuous iff.  𝑓(𝑞 − 𝑐𝑙(𝐴) ⊂ 𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴) for every 𝐴 ∈ 𝑋 

Proof: let f be q-continuous, since 𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴)) is a tri-closed set in Ψ. Then by proposition (3.3.5)  

𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴)) isq-closed in X, 

𝑞 − 𝑐𝑙(𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴)) = 𝑓−1(𝑡 − 𝑐𝑙(𝑓(𝐴)) ………………… (3.3.4) 

Now 𝑓(𝐴) ⊂ 𝑡 − 𝑐𝑙(𝑓(𝐴), 𝐴 ⊂ 𝑓−1(𝑓(𝐴))  ⊂ 𝑓−1(𝑡 − 𝑐𝑙(𝑓(𝐴)) 

Then 𝑞 − 𝑐𝑙(𝐴) ⊂ 𝑞 − 𝑐𝑙(𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴))  = 𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴)) by (3.3.4) 

Then 𝑓(𝑞 − 𝑐𝑙(𝐴)) ⊂ 𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴)) 

Conversely, let 𝑓(𝑞 − 𝑐𝑙(𝐴)) ⊂ 𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝐴)) for every 𝐴 ⊂ 𝑋.  

Let  be any tri-closed set in 𝜓, so that 𝑡𝑟𝑖 − 𝑐𝑙(𝐹) = 𝐹, 

Now 𝑓−1(𝐹) ⊂ 𝑋 by hypothesis, 𝑓(𝑞 − 𝑐𝑙(𝑓−1(𝐹)))Ϲ 𝑡𝑟𝑖 − 𝑐𝑙(𝑓(𝑓−1(𝐹))) ⊂  𝑡𝑟𝑖 − 𝑐𝑙(𝐹) = 𝐹 

Therefore, 𝑞 − 𝑐𝑙(𝑓−1(𝐹))  ⊂  𝑓−1(𝐹) 𝑏𝑢𝑡𝑓−1(𝐹) ⊂ 𝑞 − 𝑐𝑙(𝑓−1(𝐹)) always 

Hence 𝑞 − 𝑐𝑙(𝑓−1(𝐹)) =  𝑓−1(𝐹 ) and so 𝑓−1(𝐹)  is q-closed in X, hence by proposition (3.3.5), 𝑓  is q-

continuous. 

 

Proposition 3.7: : Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4be a quad topological space, and (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3be a tri-topological space, a 

function 𝑓: 𝑋 → 𝜓is q-continuous iff: 

𝑞 − 𝑐𝑙(𝑓−1(𝐵)) ⊂ 𝑓−1(𝑡 − 𝑐𝑙(𝐵)) for every B⊂ 𝜓 

Proof: Let f be q-continuous. Since 𝑡𝑟𝑖 − 𝑐𝑙(𝐵) is t-closed in Ψ, then by proposition (3.3.5) 𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝐵)) is 

q-closed in X and therefore, 

 𝑞 − 𝑐𝑙(𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝐵))  =  𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝐵)) … … … … . (3 − 3 − 5) 

Now 𝐵 ⊂ 𝑡𝑟𝑖 − 𝑐𝑙(𝐵) , then 𝑓−1(𝐵) ⊂ 𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝐵)), then  𝑞 − 𝑐𝑙(𝑓−1(𝐵)) ⊂ 𝑞 − 𝑐𝑙(𝑓−1(𝑡 − 𝑐𝑙(𝐵)) =

 𝑓−1(𝑡𝑟𝑖 − 𝑐𝑙(𝐵)) by (3-3-5) 

Conversely, let the condition hold and let Fbe any tri-closed set in 𝜓 so that 𝑡𝑟𝑖 − 𝑐𝑙(𝐹) = 𝐹 by hypothesis 

𝑞 − 𝑐𝑙(𝑓−1(𝐹)) ⊂  𝑓−1(𝑞 − 𝑐𝑙(𝐹)) = 𝑓−1(𝐹)but𝑓−1(𝐹) ⊂ 𝑞 − 𝑐𝑙(𝑓−1(𝐹)) always. 

Hence 𝑞 − 𝑐𝑙(𝑓−1(𝐹)) = 𝑓−1(𝐹) and so𝑓−1(𝐹) is q-closed in X. it follows from proposition (3.3.5) that 𝑓 is q-

continuous. 

 

Proposition 3.8: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4be a quad topological space, and (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3be a tri topological space, a 

function 𝑓: 𝑋 →  𝜓is q-continuous iff𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵) ⊂ 𝑞 − 𝑖𝑛𝑡(𝑓−1(𝐵)) for every 𝐵 ⊂ 𝜓. 

Proof: Let  𝑓  be q-continuous, since 𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵) is tri-open in  𝜓 , then by proposition (3.1.4) 𝑓−1(𝑡𝑟𝑖 −

𝑖𝑛𝑡(𝐵)isq-openin Xand therefor𝑞 − 𝑖𝑛𝑡(𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵)) = 𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵)) ………….(3.3.6) 
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Now  𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵) ⊂ 𝐵 then 𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵)) ⊂ 𝑓−1(𝐵),  then  𝑞 − 𝑖𝑛𝑡(𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵) ⊂  𝑞 −

𝑖𝑛𝑡(𝑓−1(𝐵))Hence 𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐵)) Ϲ 𝑞 − 𝑖𝑛𝑡(𝑓−1(𝐵)) 𝑏𝑦 (3.3.6). 

Conversely, let the condition hold and let G by any tri-open set in 𝜓 . So that 𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐺) = 𝐺 by 

hypothesis, 𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐺)) ⊂ 𝑞 − 𝑖𝑛𝑡(𝑓−1(𝐺)) ,since 𝑓−1(𝑡𝑟𝑖 − 𝑖𝑛𝑡(𝐺)) = 𝑓−1(𝐺) then 𝑓−1(𝐺) ⊂ 𝑞 −

𝑖𝑛𝑡(𝑓−1(𝐺)), but 𝑞 − 𝑖𝑛𝑡(𝑓−1((𝐺)) ⊂ 𝑓−1(𝐺) always and so 𝑞 − 𝑖𝑛𝑡(𝑓−1((𝐺)) = 𝑓−1((𝐺)therefore𝑓−1(𝐺) is 

a q-open in X and consequently by proposition (3.3.4)𝑓 is q-continuous.  

 

 

 

4- Separation axiom in quad Topological Space 

 

Proposition 4.1 : Let (𝜓, 𝑇𝑖)𝑖=1,2,3be a To-tri space if 𝑓: (𝑋, 𝑇𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3q-continuous and 1-1 

function, then (𝑋, 𝜏𝑖)𝑖=1,2,3,4 is a T0-q space. 

Proof: Let 𝑥1, 𝑥2 ∈ X, 𝑥1≠𝑥2. Since 𝑓 is 1-1 function then 𝑓(𝑥1) ≠ 𝑓(𝑥2), 𝑓(𝑥1) and, 𝑓(𝑥1) ∈ 𝐺 and 𝜓 us T0-

tri-space, then there exist q-open G in 𝜓 such that 𝑓(𝑥1)  ∈  𝐺 and 𝑓(𝑥2) ∉ 𝐺.  

So 𝑥1 ∈ 𝑓−1(𝐺), 𝑥2 ∉ 𝑓−1(𝐺) . therefore 𝑓−1(𝐺) is q-open set in X containing 𝑥1  but not 𝑥2 , hence 

(𝑋, 𝑇𝑖)𝑖=1,2,3,4is T0-q space. 

 

Proposition4.2:let𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3   be an q-open bijective function if(𝑋, 𝜏𝑖)𝑖=1,2,3,4 is a T0-q 

space then (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is T0-tri space. 

Proof: suppose 𝑦1, 𝑦2 ∈ 𝜓, 𝑦1 ≠ 𝑦2 since f is onto, there exist 𝑥1, 𝑥2∈ X such that 𝑦1 = 𝑓(𝑥1), 𝑦2 = 𝑓(𝑥2) and 

since f is bijective, then (𝑥1) ≠ (𝑥2), since X is T0-q space, then there exist q-open set G such that 𝑥1 ∈ 𝐺,  𝑥2 ∉

𝐺. 

Hence 𝑦1 = 𝑓(𝑥1) ∈ 𝑓(𝐺), 𝑥2 = 𝑓(𝑥2) ∉ 𝑓(𝐺) , since f is q-open function, then 𝑓(𝐺 ) is tri-open set in 𝜓 . 

Therefore (𝜓, 𝑇𝑖)𝑖=1,2,3is T0-t space. 

 

Proposition 4.3:  Let (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3be T1-tri space, If 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3  is q-continuous and 1-1 

function, then X is a T1-q space. 

Proof: Let𝑥1, 𝑥2 ∈  𝑋, 𝑥1 ≠ 𝑥2 since 𝑓 is 1-1 function then 𝑓(𝑥1), 𝑓(𝑥2) ∈  𝜓, 𝜓 is T1-tri space, then there exist 

𝑈1, 𝑈2, tri-open set in 𝜓 such that:𝑓(𝑥1) ∈ 𝑈1, 𝑓(𝑥2) ∈  𝑈2, 𝑓(𝑥1) ∉ 𝑐𝑈2, 𝑓(𝑥2) ∉  𝑈1 then 𝑥1 ∈ 𝑓−1(𝑈1) but 𝑥2 ∉

 𝑓−1(𝑈1), and 𝑋2 ∈  𝑓−1(𝑈2), but 𝑥1 ∉  𝑓−1(𝑈2) and𝑓−1(𝑈1), 𝑓−1(𝑈2, ) are q-open set inX, Hence(𝑋, 𝑇𝑖)𝑖=1,2,3,4 

is a T1-q space. 

 

Proposition 4.4: Let 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4  → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 be bijective function and q-open function,  

If (𝑋, 𝜏𝑖)𝑖=1,2,3,4is a T1-q space then (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is a T1-tri space 

Proof: Suppose 𝑦1, 𝑦2 ∈ 𝜓, 𝑦1 ≠  𝑦2since f is onto, there exist 𝑥1, 𝑥2 ∈ X, such that 

𝑦1 = 𝑓(𝑥1),  𝑦2 = 𝑓(𝑥2) and since 𝑓 is bijective, then 𝑥1 ≠ 𝑥2 ∈  𝑋, 𝑓(𝑥1) ≠ 𝑓(𝑥2) and since X is T1-q space, 

then there exist q-open sets G,H such that 𝑥1 ∈  𝐺 but 𝑥2 ∉ 𝐺 and 𝑥2 ∈ 𝐻 but 𝑥1∉ H, hence 𝑓(𝑥1) ∈ 𝑓(𝐺) and 

𝑓(𝑥2) ∈ 𝑓(𝐻). since f is q-open function hence 𝑓(𝐺), 𝑓(𝐻) are tri-open sets of 𝜓, such that 𝑦1 ∈  𝑓(𝐺) but 𝑦2 ∉

𝑓(𝐺) and 𝑦2 ∈ 𝑓(𝐻) but 𝑦1 ∉ 𝑓(𝐻), then (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is a T1-tri space. 

 

Proposition4.5: Let (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3be T2-tri-space, if 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3  is q-continuous and 1-1 

function, then (𝑋, 𝜏𝑖)𝑖=1,2,3,4is a T2-q space. 

Proof:Let 𝑥1, 𝑥2 ∈ 𝑋,  𝑥1 ≠  𝑥2since𝑓 is1-1 function then  

𝑓(𝑥1) ≠ 𝑓(𝑥2),  𝑦1 = 𝑓(𝑥1), 𝑦2 = 𝑓(𝑥2),  𝑦1 ≠  𝑦2.  

Since 𝜓 is T2-tri-space, there exist tow tri-open sets G,H in 𝜓 such that𝑦1  ∈  𝐺, 𝑦2 ∈  𝐻, 𝐺 ∩ 𝐻 =  𝜑, hence 

𝑥1 ∈  𝑓−1(𝐺), 𝑥2 ∈  𝑓−1((𝐻)  since f is q-continuous and 𝑓−1(𝐺)  and 𝑓−1((𝐻)  are q-open sets in 

X.Also𝑓−1(𝐺) ∩ 𝑓−1((𝐻) = 0 and 𝑓−1(𝐺 ∩ 𝐻) = 𝑓−1(𝜑) = 𝜑Thus 𝑓: (𝑋, 𝑇𝑖)𝑖=1,2,3,4 isa T2-q space. 
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Proposition4.6: let 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4  → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 be bijective and q-open function, if (𝑋, 𝑇𝑖)𝑖=1,2,3,4 is a T2-q 

space then (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is a T2-t space. 

Proof: Let 𝑦1 ≠  𝑦2 since f is bijective function and onto, then there exist 𝑥1≠ 𝑥2 ∈ X such that𝑦1 =  𝑓(𝑥1) and 

𝑦2 = 𝑓(𝑥2) since X is T2-q space, then there exist q-open sets 𝐺, 𝐻 in X such that 𝑥1 ∈ 𝐺, 𝑥2 ∈  𝐻, 𝐺 ∩ 𝐻 = 𝜑. 

Since f is q-open function then 𝑓(𝐺) and 𝑓(𝐻) are tow t-open sets in 𝜓 and 𝑓(𝐺 ∩ 𝐻) = 𝑓(𝐺) ∩ 𝑓(𝐻) = 𝜑, 

Also 𝑦1 = 𝑓(𝑥1) ∈ 𝑓(𝐺), 𝑦2 = 𝑓(𝑥2) ∈ 𝑓(𝐻) hence (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is a T2-tri space. 

 

Proposition4.7: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4be a regular-qspace and the function 

𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4  → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3  be q-homeomorphism then (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is a regular-t space. 

Proof: let F be a t-closed in 𝜓, 𝑞 ∈ 𝜓, 𝑞 ∉ 𝐹. Since f is bijective and onto function, then there exist.               P 

∈ X such that 𝑓(𝑝) = 𝑞, 𝑝 = 𝑓−1(𝑞) since f is q-continuous so 𝑓−1(𝐹) is q-closed in X, 𝑞 ∉ 𝐹𝑝 = 𝑓−1(𝑞) ∉

𝑓−1(𝐹). since (𝑋, 𝑇𝑖)𝑖=1,2,3,4is regular-q-space, there exist q-open sets G,H in X. such that 𝑝 ∈  𝐺, 𝑓−1(𝐹) ∈  𝐻 

and 𝐺 ∩ 𝐻 = 𝜑  𝑠𝑜 𝑞 = 𝑓(𝑝)  ∈  𝑓(𝐺), 𝐹 ∈  𝑓(𝑓−1(𝐹) ∈  𝐻), since f is a q-open function, hence𝑓(𝐺), 𝑓(𝐻)are 

tri-open sets in 𝜓 and 𝑓(𝐺 ∩ 𝐻) =  𝑓(𝐺) ∩ 𝑓(𝐻) = 𝐹(𝜑) = 𝜑, therefore (𝜓, 𝑇𝑖)𝑖=1,2,3is a regular-tri-space. 

 

Proposition4.8: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4  be T3-q space and the function 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4  → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3  be q-

homeomorphism, then (𝜓, 𝑇𝑖)𝑖=1,2,3is T3-t space. 

Proof: Easy by using Propositions (3.4.4) and (3.4.7) 

 

proposition4.9: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4be a normal-q space and the function 𝑓: (𝑋, 𝑇𝑖)𝑖=1,2,3,4  → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 be q-

homeomorphism, then (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is a normal-t. 

Proof: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4 be a normal-q space and let (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 be a q-homeomorphism image of 

(𝜓, 𝜏𝑖𝜓)𝑖=1,2,3under a q-homeomorphism to show that (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3also normal-t space. 

Let S,B be a pair of disjoints t-closed subsets of 𝜓, since f is q-continuous function then 𝑓−1(𝑆) and 𝑓−1(𝐵) are 

q-closed subsets of X, also𝑓−1(𝑆) ∩  𝑓−1(𝐵) = 𝑓−1(𝑆 ∩ 𝐵) =  𝑓−1(𝜑) = 𝜑 

then 𝑓−1(𝑆), 𝑓−1(𝐵) are disjoint pair of q-closed subset of X. since the space (𝑋, 𝑇𝑖)𝑖=1,2,3,4is normal-q, then 

there exist q-open sets 𝐺, 𝐻  in  𝑋  such that 𝑓−1(𝐵) ∈ 𝐺, 𝑓−1(𝑆) ∈ 𝐻 and 𝐺 ∩ 𝐻 = 𝜑 but 𝑓−1(𝐵)  ∈  𝐺, then 

𝑓(𝑓−1(𝐵)) ∈ 𝑓(𝐺), 𝐵 ∈  𝑓(𝐺) similarly, 𝑆 ∈ 𝑓(𝐻). also since 𝑓 is a q-open function 𝑓(𝐺) and 𝑓(𝐻) are tri-open 

sets of 𝜓, such that 𝑓(𝐺) ∩ 𝑓(𝐻) = 𝑓(𝐺 ∩ 𝐻) = 𝑓(𝜑) = 𝜑 

thus, there exist tri-open subsets in 𝜓, 𝐺1 = 𝑓(𝐺) 𝑎𝑛𝑑 𝐻1 = 𝑓(𝐻) such that 𝐵 ∩ 𝐺1, 𝑆 ∩ 𝐻1,  

and 𝐺1 ∩ 𝐻1 = 𝜑, it follows that (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3also normal-tri-space. 

 

Proposition4.10: Let (𝑋, 𝜏𝑖)𝑖=1,2,3,4 be a T4-q space and the function 𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3  be q-

homeomorphism, then (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3is T4-trspace. 

Proof: Easy by using proposition (3.4.4) and (3.4.9) 

 

Proposition4.11:The q-continuous image of a q-continuous space is a tri-compact. 

Proof: let𝑓: (𝑋, 𝜏𝑖)𝑖=1,2,3,4 → (𝜓, 𝜏𝑖𝜓)𝑖=1,2,3 be a q-continuous, let X be a q-compact, let C be a tri-open covering 

of the set 𝑓(𝑋) by sets of tri-open in 𝜓. The collection {𝑓−1(𝐴): 𝐴 ∈ 𝐶} is a collection of q-open covering of X, 

these sets are q-open in X because f is q-continuous hence finitely many of them, say 𝑓−1(𝐴1), … , 𝑓−1(𝐴𝑛) 

cover X, then the sets 𝐴1, … , 𝐴𝑛 are cover of X. 

 

Conclusions 

In this paper, the concept of continuity from a quad topological space to a triple topological space is presented, 

and the separation axioms are studiedbetween these spaces. between 

 

References 

[1] Hameed N.F. & Mohammed Yahya Abid ,Certain types of separation axioms in Tri-topological spaces, 

Iraqi journal of science, Vol 52, No.2,2011,PP212-217. 

[2] Kelly J.C, Bitopological spaces, Proc.LondonMath.Soc., 3 PP. 17-89, 1963.  



Turkish Journal of Computer and Mathematics Education               Vol.12 No.13 (2021), 3491-3496 

                                                                                                                                     Research Article 

3496 
 

[3] Kovar M., On 3-Topological version of Thet-Reularity, Internat. J. Math, Sci,Vol.23, No.6,393-398, 

2000.  

[4] LumaS.,On (i,j) -prw Closed Set and (i,j)-prw Continuous function in Bitopological Spaces, AL-

Qadisiyha Journal For Science, Vol.19 No. 2, 2014, 194-210. 

[5] Mukundan D.V., Introduction to Quad topological spaces, Int. Journal of Scientific & Engg. Research, 

Vol.4, Issue 7, 2483-2485, July-2013. 

[6] U.D.Tapi&Ranu Sharma, q-Continuous in quad Topological Space, Annals of Pure and Applied 

Mathematic,Vol.10, No.1, 117-122, 2015. 

 

 

 

 


