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    Abstract 

In this thesis we introduce Fixed point theorems for generalized ( α- - -F)- rational contraction 

type mappings in b-metric spaces and prove the existence and unique fixed point theorems for such 

mappings and also we give its application in ordinary differential equations. Our result Generalizes 

many fixed point theorems in the literature. 

Keywords: b-metric space, fixed point, altering distance function, integral equation, admissible 

mapping. α--complete b-metric spaces, α--continuous mappings, triangular α- admissible mappings , 

C-class functions, generalized (α- -   -F)- rational-contraction type mapping. 
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                                             1. Introduction 

In the development of nonlinear analysis, fixed point theory occupies a prominent place in many 

aspects. It has been used in different branches of engineering and sciences. In particular, the famous 

Banach contraction principle, is very popular tool of mathematics in solving a great deal of problems 

in several branches of mathematics such as variational and linear inequalities, differentio-integral 

equation, and approximation theory. To overcome the problem of measure and the convergence 

induced by measurable functions, Bakhtin [5] or Czerwik [7] introduced an extension of metric 

space, which is called b-metric space or metric type space, and proved a more general Banach 

contraction principle in such space. Since then, many authors have been interested in investigating 

fixed point theorems for single-valued and set valued mappings in b-metric spaces (see [2, 6, 8, 9, 

12–18, 20–24]). On the other hand, Khan et al. [11] introduced the concept of altering distance 

function, which is a control function that alters distance between two points in a metric space. Some 

mappings will become weak if they act with altering distance functions. Afterwards, many 

mathematicians obtained fixed point theorems associated with altering distance functions (see [14, 

21–24]). Recently, Ansari [3] introduced C-class function in metric spaces and obtained some fixed 

point results. Subsequently, many scholars were interested in fixed point theorems for C-class 

function (see [4, 14, 19]). Throughout this paper, inspired and motivated by previous results in the 

existing literature, we give several fixed point results for C-class functions in b-metric 

spaces.Otherwise, we apply our results to prove the existence and uniqueness of a solution to 

ordinary differential equation with initial value conditions. In addition, we deal with the existence 

and uniqueness of a solution to a class of nonlinear integral equations. In the  

sequel, we always denote by         the set of positive integers, real numbers, and nonnegative 

real numbers, respectively. The following definitions and results will be useful for proving our ma   
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2. preliminaries 

                          et X be a nonempty set and s > 1 be a given real number. 

 A function                   is called a b-metric on X if, for              , the following 

conditions hold:  

(b1                                      

(b2)                       

(b3                                  In this case,  

the pair (X , d) is called a b-metric space. It is evident that the class of b-metric space is larger 

than that of metric space since any metric space is a b-metric space with s = 1. 

                         . Let (X , d) be a metric space and     : X   X      be  defined by  

and    (x , y) =           for all x, y   X, where p > 1 is a fixed real number. Then (X ,    ) is  a 

b-metric space with coefficient            In the following examples, we replace the coefficient 

     
 

           
 

 
  

  

                                                                     

            {      |∫|    | 
 

 

    }   

 where the mapping d :   [a , b ]×   [a , b ]     is defined  
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            (∫ |         | 
 

 
  )

 

 
                               

                                   metric space with coefficient     
 

  . 

In fact, we only need to prove that condition (  ) in Definition 2.1 holds. To this end,  

let x = x(t), y = y(t), z = z(t), we show that  

 (∫ |         | 
 

 
  )

 

 
     

 

 
  

[(∫ |         | 
 

 
  )

 

 
 (∫ |         | 

 

 
  )

 

 
].                  (1.1)           

   Denote u t    x t    y t   v t    y t    z t   then x t    z t    u t    v t   so     ) becomes  

(∫ |         | 
 

 
  )

 

 
     

 

 
  

[(∫ |     | 
 

 
  )

 

 
 (∫ |    | 

 

 
  )

 

 
].                                       (1.2)                                    

 Next we prove (1.2). Noticing the following inequalities, 

              (a, b > 0, 0 < p   1),  

                    (a, b > 0, 0 < p  1) we have 

 (∫ |         | 
 

 
  )

 

 
     (∫  |    |  |    |   

 
  )

 

 
 

                                              (∫  |    | 
 

 
 |    |    )

 

 
  

                                = (∫  |    | 
 

 
   ∫ |    | 

 

 
  )

 

 
 

                                     
 

 
  

[(∫ |         | 
 

 
  )

 

 
 (∫ |         | 

 

 
  )

 

 
]  

 Example                             and define the mapping               

 by d(0, 0) = d(1, 1) = d(2, 2) = 0, d(0, 1) = d(1, 0) = d(1, 2) = d(2, 1) = 1  

and d(2, 0) = d(0, 2) = m,  
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where m > 2 is a real number. Then (X, d) is a b-metric space with coefficient s = 
 

 
 .  

Definition                Let       be a b-metric space and      a sequence in X. We say that 

 (1) {  }  b-converges                                   

 (2)  {  }   is a b-Cauchy sequence if                            

 (3)     ) is b-complete if every b-Cauchy sequence in X is b-convergent. Each b-convergent 

sequence in a b-metric space has a unique limit and it is also a b-Cauchy sequence. 

Definition                 :          :                                    

                            

Definition             :                                                 

              

                     

                                                       

Definition                                                          a mapping on X is 

said to be   – complete if every b- Cauchy sequence       in X with   (        )   1 b- converges 

in X. 

Definition             A function ψ :     )       ) is called an altering distance function if the 

following  properties are satisfied. 

a)   is non – decreasing and continuous ; 

b)                  

The family of all altering distance functions denoted by  . 

Definition 2                                       :                       :   

                                                                          as 

n    and               1 for all n N {0] implies T       as n    . 
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Definition            A mapping              is called  a C-class function if 

(i)                                 

(ii)                                       

(iii)                                         . 

Example 2.4. Each of the following functions                is a C-class function:  

(1) F(s, t) = s − t; 

(2) F(s, t) = λs, where 0 < λ < 1;  

(3) F(s, t) = 
 

      
 , r   

Definition 2.9 Volterra integral equation 

a)  of the first kind is expressed a 

          ∫  
 

 
             

b) For the second  it is usually represented as 

                     ∫  
 

 
            

Where 

  (t) is the unknown function we want to find 

 k (t , s) is the kernel of  the integral equation. 

 g(t) is a given function. 

 [a , t] is the interval in which  the equation is defined. 

Lemma                  ) be a b-metric space with coefficient s  1 and  T :  X   X be  a 

mapping. Suppose that      is sequence in X induced by      =      

such that                                  

                                                                       .                                                                                                                                
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                        3. MAIN RESULTS 

  Let      ) be a  b-metric space with coefficients s    1  and  :             T: X    X  be a 

mapping. Assume that 

                          
                

         
 
               

           
                                                                 (3.1)                

  (x , y) = max{ d(x , y) ,
                                

                     
, 
                               

                      
                       (3.2) 

                                                                                                                                                                                             

  (x , y) = max{ d(x , y) , 
                

                              
, 

               

                                  
}                    (3.3)                         

       and                                                   )} .                                             (3.4)                                                

Definition 3.1 

Let      ) be a  b-metric space with coefficients s    1  and  :              A mapping T: X  X 

is said to be generalized (α- ψ - - ) rational contraction type mapping 

 If   (x , y)       ψ (          ))    (ψ (  (X , Y)),      (x , y))) +  N(x ,y)               (3.5)                 

For all x , y  X , where                 are constants , ψ,    :       
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are altering distance functions   :          is a C- class function, and   (x , y)  (i=1,2,3) 

and         are defined by               

Theorem 3.1 

Let        be a b-metric space. Assume that  : X x X       ). And T: X X are mappings. 

Suppose that the following conditions holds. 

(i) (X , d) is an   – complete b- metric space; 

(ii) T is a generalized ( (α- ψ - -   rational contraction type mapping; 

(iii) T is triangular    – admissible mapping  

(iv) There exists      X , such that  (         )     

(v) T is an   – continuous mapping 

Then T has a fixed point    in X . more over for any       the iterative sequence {       be 

converges to the fixed point   . 

Proof.  Define a sequence {   } in X by         ,(n    u {0}). 

         if           for some    N, then                   

    In this case      is a fixed point of T. Suppose that              o      n    u        

 Since T is              mapping and   (                     we deduce that  (        

               . On continuing this process we get that   (        )  

   o       n    u       Since T is a generalized (α- ψ - -                        type mapping 

and  (         )    we      

ψ (    (        ) = ψ (                ) 

                                      (ψ(  (         )),     (        ))) +  N(         )                    (3.6) 

                                   ψ                 +  N(         ) ,                                                                 

                        = max{              ,
                        

               
, 
                      

              
 } 

                          max{            ,
                       

             
, 
                         

             
 }                        (3.7) 
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                       = max{  (          ),             } 

                =max{               ,
            (         )                             

     (        )  (        ) 
, 

                                                          
            (          )                             

     (        )  (          ) 
 }   

                  =max{             ,
             (           )

     (           )  (            ) 
  

                            

    (            ) 
}                        (3.8) 

                      x                
               (         )               

     (          )  (          ) 
  

                         

    (            ) 
      

                    x                
                 (           )              

 [ (          )  (          )]
  

             

 
                  

                =max{              , 
                         

     (          )  (        )                
  , 

                                    
                          

    (          )     (             )  (          ) 
}                                                          (3.9 )                   

                            =max{              , 
                          

   [ (           )  (             )]  
, 0}   

                   max{ (         ), 
                       

             
} = max{            ,            } 

     (        ) =min{            , d(        ) , d(      ) , d(          )} 

                     =   min{            , d(        ) , 0, d(         )}=   0                                                 (3.10)                                                                                                       

                               
 

  d(        ), for all n   {0}                                                   (3.11 ) 

If  substitute     =     , then by (3.6)  , (3.7) ,  and 3.10)   it follows that        

   (   (        )      ψ                  max{            ,            }                 (3.12) 

since   is monotone , then it is easy  to see from (3.12) that  

                     (        )    max{            ,          )}                                                                 (3.13) 

                 If                             ,then by (3.13) it yields that 



16 
 

                   
 

  
d(        )              , this is a contradiction. Hence, 

                                            . Again by (3.13), which implies that (3.11). 

      If     =   ,then by (3.6)  , (3.8) ,  and  (3.10)   it is obvious that     

      (   (        )     ψ                   (         ) , again by monotonicity of ψ  (3.11) 

holds. 

   If    =   ,then by (3.6)  , (3.9) ,  and  (3.10)  together with the case of   =     

Mentioned above we get (3.11) .As a consequence by (3.11) and lemma 2.1 we obtain  {   } is a 

b-cauchy sequence.  Since        is  -b-complete there exists u X such that  i       =u. 

By condition (v) T is  -continuous we have  

                                                                                    

 

Theorem 3.2   Let        be a b-metric space. Assume that  :                  :     are 

mappings. Suppose that the following conditions holds. 

Let        be a b-metric space. Assume that  :                  :    . Suppose that the 

following conditions are satisfied 

I. (X , d) is an   – complete b- metric space; 

II. T is a generalized  (α-ψ- -   rational contraction type mapping; 

III. T is triangular    – admissible mapping; 

IV. There exists      X , the such that  (        )  ; 

        V.       If {   } is a sequence in X such that  (       )    for all n   {0}   and           as 

n     Then there exists a subsequence         of {   } such that  (          
  )   1   for all k  . 

Then T has a fixed point      and{     } converges to   . 

Proof. By analogous proof as in theorem 3.1 we can construct a convergent sequenc{   } defined 

                                                       (       )             n         
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                 there exists a subsequence{       } of     } such that  (          
  )   1  for all 

    . Hence using  generalized (α- ψ - -   rational contraction type mappings we have 

  (    (              ) =  (             ) 

                                         (  (  (         
 )),     (          

 ))) +  N(          
 )              ( 3.14) 

                                                ψ              
    ,  

Where             
    =max{             

   ,
                                

              
   

 
                                

                   
 }   

                                              max{             
   ,

                               

              
   

    
                                

                   
} 

                                       = max{           
   ,0,0} =             

   ,                                                      (3.14a)             

            
   =max{            

    
 (           )(              )            (           )

   [ (               )           ]
  

                                                                         
                                                            

     (           )  (           ) 
}    

                max{            
    

 (          
 )(            

 )            (              )

   [ (                )           ]
 , 

                                                                     
 (                 )            

              (              ) 

     (          
  )  (              ) 

    } 

              =max{           
                

              
                       

 )            
     (3.14b)                

            
   =max{            

    
 (                )            

   [ (         
  ) (              )  (              )]

    

                                 
                (              

 ) 

     (                   )     (              )              
                                         

                                max{            
    

 (                 )                      

   [ (         
   )  (          

 )  (               )]
, 

                                  
 (         

   )(            
 )

[     (                 )     (             )]
 } 
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                         =max{            
  ,0,

 (         
   )(            

 )

    [ (             )]
 }=           

                                (3.14c) 

And            
  =min{                  , (         , (              ), d(          )} 

                 =min{                  ,          ,            
  ,  (            )}                              (3.14d) 

Substituting equation (3.14a) - (3.14d) in equation (3.14) and letting k   we obtain that   

  (             (0) =0. 

Thus  (         =0,this implies that          = 0.hence        . 

 

 

 

Theorem 3.3 

In addition to the hypothesis of theorem 3.1 and theorem 3.2. 

assume that for all x     .There exists v    such that          ,          

and          .Then T has  unique fixed point. 

Proof .  suppose        are two fixed point of T such that        ,then by assumption ,there 

exists v    such that          ,          and          .Since T is triangular  -

admissible ,we have             and              o      n      . 

This implies that   (             =   (            ) 

                                (  (  ( 
     )),    ( 

     ))) +  N(      ) 

                               ψ      
       +  N(      ), o      n      .                         (3.15) 

          
        =max{           ,

                            

             
 
                              

                
  

                                            max{           ,0 , 0} =          , 
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        =max{           ,

                             (              )             

                                  
   

                                                

                           
  

                                max{           ,0 ,0} =             

    
          =max{         ) ,   

            (           )

                                                  
   ,  

,                                               
                        

                                              
 

                                     max{          , 
                         

                      
   }=           . 

   and          =min{          ,                , d(        ),            } 

                              =min{ 0 , 0 ,             ,             = 0. 

By theorem 3.1 ,we deduce that {   } converges to  a fixed point    of T.This implies that 

 i              =d(     ). 

Taking n   in (3.15) it follows that  d(     ) = 0 or   d(     )=0. 

Therefore d(     )= 0,hence       , similarly we can prove that       .  

Hence       . Then T has a unique fixed point. 

Corollary 2.4. Let (X , d) be a b-complete b-metric space with coefficient s   1  and T:  X → X be a mapping 

 such that                    ψ(  d(Tx , Ty) ψ(  (x , y)) − ϕ(   (x , y)) + βN(x , y), 

for all x , y   X , where α > 0 ,k     β > 0 are constants, ψ, ϕ :    →      are altering distance functions, 

and   (x , y)(i = 1, 2, 3) and N(x , y) are defined by(3.1) - (3.4). Then for each i   {1, 2, 3}, T has a unique 

fixed point in X. Moreover, for any x   X , the iterative sequence {  x} (n      . b-converges to the fixed 

point.   

 Proof. Taking F (s , t) = s − t (s , t > 0) in Theorem 3.1, we obtain the desired result.  

.Corollary 2.5. Let (X , d) be a b-complete b-metric space with coefficient  s  1   and T : X → X be a 

mapping 
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 such that                    d(Tx , Ty)  
        

         
 

for all x, y   X, where α > 0, k   are aconstants, and    x, y)( i = 1, 2, 3) are defined by (3.1)-(3.3). Then for 

each i   {1, 2, 3}, T has a unique fixed point in X. Moreover, for any x   X, the iterative sequence{  x} 

(n        b-converges to the fixed point.  

Proof. Take  F (s , t) = 
 

   
 (s > 0) and β = 0, the claim holds. 

 Corollary 2.6. Let (X , d) be a b-complete b-metric space with coefficient s   1 and T : X → X be a mapping 

such that                    d(Tx , Ty)   λ   (x , y) , 

for all x , y   X, where α > 0, k    and 0 < λ < 1 are constants, and   (x , y)(i = 1, 2, 3) are defined by (3.1) - 

(3.3). Then for each i   {1, 2, 3}, T has a unique fixed point in X. Moreover, for any x   X, the iterative 

sequence   x} (n      ) b-converges to the fixed point. 

 Proof.                                      , this completes the proof . 

 

                                     

                       4. Applications 

In this section we apply theorem 3.1 to solve the second order initial value problem of the form 

                          {
   

          
  

  
                                                     

           
        

    ) 

where                              the set of all continuous real functions defined 

on       are given and        are constants. 

Theorem 4 .1 

Consider initial value problem (4.1), and set     x
        

|                  |  If 

    
      is satisfied or some    0,then(4.1) has a unique solution in                   the 

solution is written as follows. 
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Y= ∑ ∫  
 

 
 
   x-t)     dt +         

Where        =q(x)-        -                  

                   ∫             
 

 
     ]     (t) dt , n        …  

Proof .put u(x) =  
   

    
,  p(x)= 

  

  
, then u(x) , p(x)             considering  the initial conditions 

,we obtain that 

                      
  

  
 = ∫     

 

 
                                                                                                                    (4.2) 

 Y= ∫        
 

 
      ∫   ∫        

 

 

 

  
    ds +                                                                                  (4.3)  

                          = ∫ ∫          
 

 

 

  
    +   

                          = ∫   ∫        
 

 

  

     
    +  = ∫          

 

 
dt+    +   

Substituting (4. 2)and (4. 3) into (4 .1), we obtain that(4 .1) is equivalent to the following 

volterra type integral equation 

                U(x)= ∫                    
 

 
 

Where k(x , t)=      (t- x) -      ,     =q(x) -         -          -        . 

Let X=             put d : XxX    as d(u ,v)=   x      
|         | . It is clear that (X, d) is 

a b-complete b-metric space with coefficient s=2. 

Define a mapping T : X    by  

Tu(x) = ∫                    
 

 
 

For any u , v             we have 

d(Tu , Tv) =   x
      

| ∫               
 

 
∫           

 

 
  |  

            =   x
      

| ∫              
 

 
       |                                                                                        (4.4) 
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     x

      

|          |  

       =    
   d(u , v). 

Let  (t) = 
 

  
 (t         )=    

   (          then   is an altering distance function and      

a c-class function because of     
        

      . Otherwise by (4.4), we have 

     d(Tu , Tv)) = d(Tu , Tv)  

                        
   d(u , v). 

                    =    
     d(u , v). 

                          
       (u , v)). 

                   =      (x , y)),     (x ,y)))    (x ,y)),where     :              is any 

altering distance function, Owing to the above statement, all conditions of theorem 3.1 are 

satisfied ,then by theorem 3.1 T has a unique fixed point in X .That is to say ,the initial value 

problem (4.1) has a unique solution in            

 

                                      

                               5. Conclusion  

This thesis has established fixed point theorems for generalized (α−ψ−   −F)-rational contraction 

mappings in α-complete b-metric spaces. We have demonstrated the application of these theorems to 

ordinary differential equations, showing how they can be used to prove existence and uniqueness of 

solution. 

 

 References  

[1] A. Aghajani, M. Abbas, J. R. Roshan, Common fixed point of generalized weak contractive 

mappings in partially ordered b-metric spaces, Math. Slovaca, 64 (2014), 941–960. 1, 1.12, 2.10  



23 
 

[2] H. Alsamir, M. S. M. Noorani, M. Noorani, W. Shatanawi, F. Shaddad, Generalized Berinde-

type  η  ξ  ϑ  θ  cont  ctive   ppings in B-metric spaces with an application, J. Math. Anal., 7 

(2016), Pages 1–12. 1 

     A  H  Ans  i  Note on “ϕ-ψ-cont  ctive type   ppings  n   e  te   ixe  point”  The  n  

Regional Conference on Mathematics and Applications PNU, (2014), 377–380. 1, 1.8 

 [4] A. H. Ansari, W. Shatanawi, A. Kurdi, G. Maniu, Best proximity points in complete metric 

spaces with (P)-property via C-class functions, J. Math. Anal., 7 (2016), 54–67. 1, 1  

[5] I. A. Bakhtin, The contraction mapping principle in almost metric space, (Russian) 

Functional analysis, (Russian), Ulyanovsk. Gos. Ped. Inst., Ulyanovsk, 30 (1989), 26–37. 1, 1.1  

[6] M. Boriceanu, M. Bota, A. Petrus¸el, Multivalued fractals in b-metric spaces, Cent. Eur. J. 

Math., 8 (2010), 367–377. 1, 1  

[7] S. Czerwik, Contraction mappings in b-metric spaces, Acta Math. Inform. Univ. Ostraviensis, 

1 (1993), 5–11. 1, 1.1  

[8] H.Huanga , Guantie Denga, , Stojan Radenovic Fixed point theorems for C-class functions in b-metric 

spaces and applications 

[9] N. Hussain, V. Parvaneh, J. R. Roshan, Z. Kadelburg, Fixed points of cyclic we k y  ψ  ϕ, L, A, 

B)-contractive mappings in ordered b-metric spaces with applications, Fixed Point Theory 

Appl., 2013 (2013), 18 pages. 1, 1.7 

 

 [10] M. Jovanovic, Z. Kadelburg, S. Radenovi ´ c,´ Common fixed point results in metric-type 

spaces, Fixed Point Theory Appl., 2010 (2010), 15 pages. 1, 2.2 H. Huang, G. Deng, S. Radenovic, 

J. Nonlinear Sci. Appl., 10 (2017), 5853–5868 5868 ´ 

 [11] M. S. Khan, M. Swaleh, S. Sessa, Fixed point theorems by altering distances between the 

points, Bull. Aust. Math. Soc., 30 (1984), 1–9. 1, 1, 1.10  



24 
 

[12] P. Kumam, W. Sintunavarat, The existence of fixed point theorems for partial q-set-valued 

quasi-contractions in b-metric spaces and related results, Fixed Point Theory Appl., 2014 

(2014), 20 pages. 1, 1, 2.2 

 [13] R. Micu escu  A  Mih i   A gene   iz tion o  M tkowski’s  ixe  point theo e   n  

Ist ˘ t¸escu’s  ixe  point theo e  conce ning convex cont  ctions  J  Fixe  Point Theo y App    

184 (2015), 1–9.  

[14] V. Ozturk, A. H. Ansari, Common fixed point theorems for mappings satisfying (E.A)-

property via C-class functions in b-metric spaces, Appl. Gen. Topol., 18 (2017), 45–52. 1, 1  

[15] V. Ozturk, S. Radenovic,´ Some remarks on b-(E.A)-property in b-metric spaces, 

SpringerPlus, 5 (2016), 10 pages. 1.2  

[16] J. R. Roshan, V. Parvaneh, S. Sedghi, N. Shobkolaei, W. Shatanawi, Common fixed points of 

   ost gene   ize   ψ  ϕ)scontractive mappings in ordered b-metric spaces, Fixed Point Theory 

Appl., 2013 (2013), 23 pages. 1, 2.10  

[17] W. Shatanawi, Fixed and common fixed point for mappings satisfying some nonlinear 

contractions in b-metric spaces, J. Math. Anal., 7 (2016), 1–12.  

[18] W. Shatanawi, A. Pitea, R. Lazovic,´ Contraction conditions using comparison functions on 

b-metric spaces, Fixed Point Theory Appl., 2014 (2014), 11 pages. 1 

 [19] W. Shatanawi, M. Postolache, A. H. Ansari, W. Kassab, Common fixed points of dominating 

and weak annihilators in ordered metric spaces via C-class functions, J. Math. Anal., 8 (2017), 

54–68. 1  

[20] S. L. Singh, S. Czerwik, K. Krol, A. Singh, ´ Coincidences and fixed points of hybrid 

contractions, Stability of functional equations and applications, Tamsui Oxf. J. Math. Sci., 24 

(2008), 401–416. 1, 2.2  

[21] W. Sintunavarat, Fixed point results in b-metric spaces approach to the existence of a 

solution for nonlinear integral equations, Rev. R. Acad. Cienc. Exactas Fs. Nat. Ser. A Math. 

RACSAM, 110 (2016), 585–600. 1, 1.2, 1, 1.5, 1.6, 1.11, 1, 2.10  



25 
 

[22] W. Sintunavarat, Nonlinear integral equations with new admissibility types in b-metric 

spaces, J. Fixed Point Theory Appl., 18 (2016), 397–416. 1.2, 1.6, 1.11  

[23] O. Yamaod, W. Sintunavarat, Y. J. Cho, Common fixed point theorems for generalized cyclic 

contraction pairs in b-metric spaces with applications, Fixed Point Theory Appl., 2015 (2015), 

18 pages.  

[24] O. Yamaod, W. Sintunavarat, Y. J. Cho, Existence of a common solution for a system of 

nonlinear integral equations vi 

 

                 

                      

 

                             

                           

                               

 

    

 

  

 

 



26 
 

 

 

                       

               

      

 

 

                 

                    

                                            

 

 

 

 

      

                                

                                  



27 
 

 

 

                    


