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ABSTRACT 

The aim of the research is to define new types of   nano 

–separation axioms then named       (        
              ), where         , Also there are some 

theorems and examples shown  the relationship among these 

types of spaces. 

 

 

  بديهيات الفصل النانوية من النمط 

 نورس حسن محمد, علي عبد المجيد شهاب

 قدم الخياضيات, كلية التخبية للعلهم الصخفة, جامعة تكخيت, تكخيت , العخاق.
 

 طلخص ال

                   )      تدم تددطهتها    الهجف من البحث هه تعخيف أنهاع ججيدج  مدن يدجيهيات ال صد  مدن الدظط    

   ),where         .مع يخهظة بعض الظظخيات بحهث أظهخت الأمثلة العلاقة يهن هحه الأنهاع من ال ضاءات 
 

1. Introduction and preliminaries 
The notion of M-open sets in topological spaces were 

introduced by El-Ma introduced ghrabi and Al-Juhani 

[5] in 2011 and studied some of their properties. 

In 2013Thivagar M.lelis[4] introduce idea of  Nano-

topological space with respect to a subset  of 

universe   which is defined as an upper and lower 

approximation of  . The element of  -topological 

space is called a Nano-open sets. In 2019 A. Padma, 

M. Saraswathi and A. Vadivel,  [1] introduced Nano 

M-Separation axioms. In 2022 Mohmmed N.H and 

Shihab Ali A. [3] introduced definition of  Nano-M-

open set. The purpose of this paper is to discuss the 

separation axioms via Nano-M-open sets such as 

Nano-M-   spaces where        , Nano-M-regular 

and Nano-M- Normal spaces are introduced and some 

of the properties are discuss spaced .  

2. Some Types      -spaces, where 

        
Definition 2.1[2]: A    (    ( )) is called 
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1-       space, if for any two points   
       set containing only of them. 

2-       space, if for any two points   
        sets such that one containing  but not 

 and the other containing   but not  . 
3-       space, if for any two points    ,   
disjoint     sets   and   for every     
  such that     and    . 

Definition 2.2[1]: A function   (    ( ))  
(    ( )) is said to be 

1-    continuous if for each     set   of  , the 

set    ( ) is       . 

2-    irresolute if for each        set of  , then 

   ( ) is      in  . 

3.    Separation Axioms 
In this section, we define and study the ideal some 

types of      space and obtained some of their 

basic results.  

Definition 3.1: A space (    ( )) is said to be: 

1-  -Nano semi-   space (        space) if 

          is     open set such that either 

   ,    or        . 

2-   -Nano pre   -space (          
space)           an    pre-open set containing 

only one of them. 

Theorem 3.4: If   ( )      ( )    ( )   ( )   , 

then (    ( ))       (         ) for any 

      such that     ( ) and   [  ( )]
 
 or 

    ( ) and     ( ). 

Proof: To prove That (    ( )) is        . 

In this case   ( )  {      ( )   ( )   ( )}. 

Let    ( ) and   {  ( )}
 
 then   ( ) is Nano-

openset containing   and     ( ). That is   is 

        for any   and  . Suppose     ( ) and 

    ( ). Since   ( ) is N-o set containing   and 

    ( ). That is   is         for any   and  . 

Corollary 3.5: If   ( )    and   ( )   , then   

is       (         )       , such that 

    ( ) and     ( ). 

Corollary3.6: Then   ( )    ( )   , if   

is        (         )       , such 

that     ( ) and   [  ( )]
 
  

Theorem 3.7: Let(    ( )) be NTs, then        -

Space is        (            ). 
Proof: Let   be      -Space,   and   be 

twodistinct points of  , as  is     .       set such 

that     and    , Since every     set is   -

S(resp       )-openand hence  is   
 (           )o-s such that     and   .   is 

       (              ) space. But the 

converse of the theorem need not be true in general. 

Example 3.8: Let 

  *       + 
 

 
 {* + *   + * +}   *   + and 

  ( )  *    * + *     + *   ++ be a NT on  . 

Wehave 

    (   )  
*    * + *   + *   + *     + *     +   
    (   )  
*    * + * + * + *   + *   + *   + *     + *     +*     ++
. 

1-Let   *   + and   * + then it is         
space but not       space. 

2-Let   * + and   * + then it is is        
   space but not       space. 
 

 
Definition 3.9.:A space (    ( )) is said tobe: 

1-   -Semi   -space for every         two 

open set such that one containing   but not  and the 

other containing   but not  .  
2-   -pre    -space          two   -pre-open 

set such that one containing   but not   and the other 

containing   butnot  . 
Theorem 3.10: Every       is        . 
Theorem 3.11: Every       is    pre   .  
Proof: Let   be       space and     in  . Then 

  distinct      sets   and   such that     and 

   . As every M-N-O set is 

        (               ) open   and   are 

distinct       (        ) open sets such that 

    and    . Converse of above theorem is need 

not be true in general. 

Example 3.12: Let   *       +      

{* + *   + * +}    *   +       (  )  

{    * + *     + *   +} be a    on  , we have 

    (    )  
*    * + *   + *   + *     + *     ++  
    (    )  
*    * + * + * + *   + *   +*   + *     + *     + *     ++  
     **   + * + * ++    *   + and   (  )  

*    * + *     ++ *   ++. 
We have  

    (    )  
*    * + *   + *   + *     + *     ++ 
    (    )  
*    * + * + * + *   + *   + *   + *     + *     ++   
1- Let   *   + and   *   + then it is      
   space but not       space. 

2- Let   * + and   * + then it is           
space but not       space. 

Theorem 3.13: If   ( )    and   ( )   , and 

     ( )then   is        (         ) for 

any      s.t.    ( ) and     ( ).  
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Proof: To prove          . Let       such 

that     ( ) and     ( ), since   ( ) and   ( ) 

are      Sets and   ( )    ( )    This implies 

to that is   is          (       ) for 

any   and  . 

Theorem 3.14: Let (    ( )) be a     then 

          (           ) space is 

          space.  

Proof: Let   be          (           ) 
space and   and   be two distinct points of  , as   is 

         (           ) space      
   (         ) open set  such that    and 

   , since every    open set is    
   (        ) open sets such that     and 

      is          . 

 
 

Definition 3.15:Aspace (    ( )) is said to be: 

1-            space(        space)that 

there exist two disjoint open sets   and   for every 

      such that     and    . 

2-            space (        space) 

        two disjoint M-N open sets   and  for 

every       s.t.     and    . 

Theorem 3.16.: Every       space is      
  (            ) space.  

Proof: Let   be       space and let     in  , 

then   disjoint     sets   and   such that 

       . As every         is    
   (         ) open   and   are disjoint 

      (         ) open sets such that 

       . Converse of above theorem is need not 

be true in general. 

Example 3.17: From Example 3.12. Let   * +   
* +          , then it is clear that         

and        , then we can say that it is    
       space but not        (          
  ) space. 
 

 
 

Theorem 3.18: Let (    ( )) be a     space then 

for each        (            ) space is 

          space.  

Proof: Let   be        (          
  )space and     be two distinct points of  , as   is 

       (            ) space     
   (        ) open set   such that        , 

since every         set is      (        
 ) open and hence   is       (            ) 
open set such that           is       . 

 
Theorem 3.19: If   (    ( ))  (    ( )) is 

injective   sets function and   is a      space 

then   is a         space.  

Proof: Suppose that   and   is any points in       
and   injective such that  ( )  ( ) in    ( )  
 ( ), by using Remark (2) (every N-open set is 

        open(      ) set. Since   is   
     space,   a NOS   in   containing  ( ) butnot 

 ( ), Againsince   is    sets,    ( ) is a   
  in   containing  but not  . Therefore  is a 

        space. 

Theorem 3.20:If   (    ( ))  (    ( )) is an 

injective   irr form and   is a        then   is a 

       . 
Proof: Suppose   is        space. Let   and   
be any two distinct points in  . Since   is injective 

 ( ) and  ( ) are distinct points in  . Since   is 

a         space,   a    open set   in   

containing  ( ) butnot  ( ). Again, since  is 

          
  ( )is a      in  containing 

 but not   therefore  is a          space. 

https://doi.org/10.25130/tjps.v28i3.1436
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Theorem 3.21: If   (    ( ))  (    ( )) is an 

injective        function and   is a      
  (         ) space. Then   is also a    
    (         )         
Proof: Let   and   be pair of distinct points in  . 

since   is injective,   two distinct points   and   

of  such that  ( )     ( )   . Since   is a 

        space,        sets   and   in 

 suchthat         and        . That is 

     ( )      ( ) and      ( )   
   ( ), since   is        function    ( ) and 

   ( ) are      sets in  . Thus, for any two 

distinct points     of         sets    ( ) and 

   ( )such that      ( )      ( ) and 

     ( ) and      ( ). Therefore   is 

       space. 

Theorem 3.22: If   (    ( ))  (    ( )) is a M-N 

sets injective and   is a      space. Then   is 

a          (       ) space. 

Proof: for any two distinct points     of     two 

distinct points   and   of  such that  ( )  
   ( )   , since   is a      space,  a       

and  in   such that         and       
 . That is      ( )      ( ) and   
   ( )      ( ). Since  is a M-Ncts function 

   ( ) and    ( ) are    open sets in  . Thus, 

for any two distinct points     of         
  ( ) 

and    ( ) Such that      ( )      ( ) and 

     ( )      ( ). Therefore,   is a    
       space. 

Theorem 3.23: If   (    ( ))  (    ( )) is 

a       injection and   is a      space, then   

is a        (       ) space.  

Proof: for any two distinct points  and   of     two 

distinct points     of   suchthat  ( )     ( )   , 

since   is      space,   a disjoint Nos   and 

 in such that     and    . That is   
   ( ) and      ( ). Since is     
     function,    ( ) and    ( ) are      in  . 

Further as   is injective    ( )     ( )  
   (   )     ( )   . Thus, for any two 

distinct points  and   of         
  ( ) and 

   ( )such that      ( ) and      ( ). 
Therefore   is         space. 

Theorem 3.24: If   (    ( ))  (    ( )) is an 

injective, M-N irr function and   is a      
  (       ) space, then  isalso a      
  (            ) space.  

Proof: Let   and   be a pair of distinct pointsin . 

Since  is injective are distinct in such that  ( ) and 

 ( ) are distinct points in  .  two distinct points  
and  of   such that  ( )     ( )   . Since  is  a 

      space,   a disjoint        and   in   

such that        . That is      ( )   
   ( ). Since  is a        function    ( ) and 

   ( ) are disjoint      in . Thus, for any two 

distinct points   and   of     disjoint      
  ( ) 

and    ( ) such that      ( ) and      ( ), 
Therefore   is        space. 

Definition 3.25: A       (    ( )) be called M-

Nano-regular space (briefly       ). If for any 

      set   and a point   such that       a 

disjoint      sets   and  such that    and 

    

Theorem 3.26:If   ( )      ( )      ( )  

  ( ) then the space   is     space. 

Proof: since   ( )    and   ( )   , then   ( )  

*      ( )   ( )+ the       sets are 

    [  ( )]
 
 [  ( )]

 
.       set in   ( ) are 

      set in  , that is   ( )  [  ( )]
 
,  ( )  

[  ( )]
 
.  

Thus,  is extremely disconnected space.Therefore,  

is      space. 

Lemma 3.27: when   ( )      ( )    ( )  

 .Then the space  is not      space. 

Theorem 3.28:If   ( )      ( )   , then the 

space is not      space.  

Proof: when   ( )      ( )   , then   ( )  

{      ( )   ( )   ( )}. The   -cl-sets in  , are 

    [  ( )]
 
 [  ( )]

 
 and [  ( )]

 
. All these 

     -sets contained only in , so that if taking any 

point   out of any       set, then the only   
  set which contain the      set is  , and 

   . Hence  is not      space. 

Definition 3.29:A      space which also    
  space be called       space. 

Example 3.30:Let   *       + with     
**   + *   ++ and   *     +. Then   ( )  

*    *   + *   ++, the       sets are     *   + 
and *   +. Then   is       for *   + and *   +. 
And   is      Space.   is       space for 

*   + and *   +. 
Definition 3.31:A space   be called   -Normal iff   

two disjoint                  disjoint   -o-

set   and  such that          . 

Theorem 3.32: If   ( )      ( )    ( ) and 

  ( )    then the space   is     space.  

Proof: when   ( )    and   ( )   . then   ( )  

*      ( )   ( )+, the      -sets are 

    {  ( )}
 
 and {  ( )}

 
. 

Suppose    [  ( )]
 
 and    [  ( )]

 
    

    . Since      ( ) and      ( ). Since   ( ) 

and   ( )are disjoint     -sets. Hence is   -

Normal-space. 

Lemma 3.33:If   ( )      ( )   , then the space 

is      space. 

Proof: In this case there are only three   -sets except 

 . these cl-sets are [  ( )]
 
 [  ( )]

 
 and [  ( )]

 
, 

since all these cl-sets are not disjoint. So that   is 

     space. 

https://doi.org/10.25130/tjps.v28i3.1436
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Definition 3.34:Aspace (    ( )) be called    

    space(             ) if for any two 

disjoint        (             ) sets    
and     adisjoint       (            ) 
sets  and  such that      and     , and 

symbolized be           (           
 ). 
Theorem 3.35:     extremely disconnected space 

the following are true: 

a) Every     space is      . 

b) Every     space is      . 

Proof: a) If   be extremely disconnected space and   

is      space [Theorem 3.32]. Since   ( )  

      . 
b) Since every   -open is   -pre then  is   -pre. 

Definition 3.36: A      space which also    
   space be called       space (     ). 
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