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ABSTRACT 
In this paper, we discussed some types of degrees on chains 

of fuzzy graphs. also introduced a new type of degree, which 

is called an average degree. 

 

 درجة الرؤوس على سلسلة البيانات المضببة

 2أ.م. د. نبيل عز الدين عارف   ,1رسل حسن مجيد

 قسم الرياضيات, كمية عمهم الحاسهب و الرياضيات, جامعة تكريت, تكريت, العراق

 خصلالم
ة فلت تلنيلة أجريت الدراسة لتنقية انزيم البرولايديز من مصل  النسلاا الاصلا ات متسلام الحال   اسلتقدام تلنيلة التيلايل الايلهنت درلة ممتلت يرجلة التنقيل

( . وأجريت الدراسلة الحركيلة لزنلزيم الانللي جزيحيلا درلة كلان تركرلز 8.82ودصرمة انزياية )  IU/L (8.88)(والفعالية النهعية1.85التيايل الايهنت )
مرناللا يرجللة الحللرارة الا مللي  ) mM(71.42 والسللرعة اللصلله   mM (1.25)وبمتللت مياللة  امللت مينللالس منللتن  mmol 97 الاللاية ااسللام اام لل 

  ت.تلم تلللدير اللهلن اليزيحللت لزنلزيم الانللي مللن الارضلي  يريلللة التردرل  الكهربللا  pH(9والام الهرلدروجرنت اام لل   له ) ) 37 (لعال  الانلزيم  للت 
املا  النسلية لدراسلة  65KD لزنلزيمالهلن اليزيحلت  مغ درة م ( PAGE_SDSالصهييهم )ي  مهجهي كبريتات يويينا أمايد ااكري متعدي   لامي مع

( اما الهرملهن الاالاي 06.882ملارنة مع السييرة) (549858فت الارضي) ( P≤0.01)اري روبهيترن عدة متتررات درة وجد ارتفاع معنهي لهرمهن 
 2.155ملارنللة مللع السللييرة ) (8274.± 88454فللت الارضللي )( P≤0.05)ايرار البللهل درللة كانللت النتييللة مسللتهيات عاليللة مللن  لل ا الهرمللهن 

ملارنللة مللع مياهعللة السللييرة  (20.8± 0288.7فللت الارضللي درللة ممتللت ) (P≤0.05) ( امللا مسللته   رمللهن الالدسللتررون مسللته  وا لل ±0.571
فلت الارضلي ملارنلة ملع السلييرة درلة (P≤0.05)كانلت الاسلتهيات منقفالة D3 ( اما  النسية لاسلتهيات النتريلأ أوكسلرد وفرتلامرن±33.8 143.6)

فللللللت الارضللللللي  D3( وفرتللللللامرن 5.3±44.2السللللللييرة )ملارنللللللة مللللللع  (1.9±30.0كانللللللت النسللللللي عمللللللي التللللللهالت أوكسللللللرد النتريللللللأ فللللللت الارضللللللي )

http://tjps.tu.edu.iq/index.php/j
http://creativecommons.org/licenses/by/4.0/
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 ADH(نسلللتنتن ملللن النتلللا ن أعللللاض ان  نلللاك  علللم الاتترلللرات ترتفلللع ملللع تسلللام الحاللل  م للل   رملللهن 3.45±15.78( املللا السلللييرة )11.04±0.99)
يد تلنقفم ملع ليلاي ضلتح الحال  أي ملع تسلام الحال  ىضلافة اللي والنتريلأ أوكسلا D3وفرتلامرن  ALDلكن الاتتررات ااخر  م ل    EPOو رمهن 

الحهامل  ان الهدف ااساست من اليحة تنقية انزيم البرولايديز فت مصل  النسلاا الاصلا ات متسلام الحال  ومعرفلة ملدة تل  رر  ل ا الانلزيم عملي النسلاا 
وربيلللللللللللللللللللللللللللللللللللللللللللللل  فللللللللللللللللللللللللللللللللللللللللللللللت يراسللللللللللللللللللللللللللللللللللللللللللللللة أخللللللللللللللللللللللللللللللللللللللللللللللر  مللللللللللللللللللللللللللللللللللللللللللللللع مللللللللللللللللللللللللللللللللللللللللللللللهاي  ييللللللللللللللللللللللللللللللللللللللللللللللاي علللللللللللللللللللللللللللللللللللللللللللللللا  جديللللللللللللللللللللللللللللللللللللللللللللللد.
Introduction 
 

The fuzzy graph is a mathematical application tool 

that helps users quickly describe the connection 

between any two notions. Rosenfeld introduced the 

notion of the fuzzy graph and several fuzzy 

counterparts of concepts from graph theory, like 

paths, cycles, and connectedness, in 1975[1]. 

Nagoor Gani and Basheer Ahmed compared the 

relationships between degree, order, and size of 

fuzzy graphs while examining the characteristics of 

different kinds of degree, order, and size of fuzzy 

graphs [2]. Mahmood and Ahmed presented 

Schultz and Modified Schultz Polynomials for 

Vertex Identification Chain and Ring for Hexagon 

Graphs in 2021[3]. This paper aims to introduce a 

new type of degree. It also compares the 

relationship between different types of degrees. 
 

2.Basic Concepts  
       The fuzzy graph G=(V,σ,μ) on the crisp graph 

G=(V,E)is formed of the nonempty set V and two 

functions σ:V→[0,1]and μ:V×V →[0,1] such that ∀ 

x,y ∈V, the relation μ(x,y)≤σ(x)∧σ(y) is fulfilled 
[5.]  

The fuzzy set  μ is referred to the fuzzy edge set 

and σ the fuzzy vertex set. In a fuzzy graph G, a 

path P is a collection of vertices with distinct values 

of x_0,…,x_nwhere x_0≠x_nand n≥2 such that 

μ(x_(i-1),x_i )>0,i=0,…,n.The edges of the path are  

 

the pairs that follow [4]. The number of edges 

equals the length of the path. a P -path where 

n≥3and x_0=x_nare cycles. A path's strength is 

defined by the weight of its weakest edge. The 

strength of connectivity between two vertices, 

indicated by 〖CCON〗_G (x,y)or μ^∞ (x,y)is the 

shortest path among all those linking vertices x and 

y A path connecting two vertices denotes that they 

are linked. If 〖CCON〗_G (x,y)>0,∀ x,y ∈V a 

fuzzy graph G=(V,σ,μ)is connected  [6.]  

3. Main Results  

3.1. The Vertex- Identification Chain Fuzzy 

Graphs 

A chain of fuzzy graphs is defined formally as 

follows. 

Definition3.1.1: Assuming that             , 
is a collection of pairwise disjoint fuzzy graphs 

with vertices      ∈       the fuzzy graph 

created, 

                                    

              from        
    is known as the 

vertex identification a chain of fuzzy graphs and 

such that the vertex identification's membership 

value is                          (denoted by 

          (see Fig. 3.1), and in which: 

 

Fig. 3-1. Chain fuzzy graphs 

3.2. Order and size of         : 

Definition3.2.1:[6]  Let           be a fuzzy graph. The order       and the size      of    are defined by:  

      ∑     
 ∈ 

     ∑       
     ∈ 
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Fig.2-2          

Example3.2.1: From Fig.2-2 the order of         

is               , and the size of         is 

               .  

Theorem3.2.1 : In chain fuzzy graphs,  

                        . 

Proof : Suppose  that         be a chain of fuzzy 

graphs. Let    ∈        and   ∈      . From 

the definition of fuzzy graph 

            ∧     ,    ∈   that means the 

membership values of the vertices are greater than 

the membership values of the edges.  

Since  (       )  ∑            ∈ , and  

 (       )  ∑      ∈ . 

Then                        .  

3.3. Degree and Average Degree of        : 

We will now introduce a new type of degree and 

discuss some known types of degrees and the 

relationships between them. 

Definition3.3.1:[4] Let           be a fuzzy 

graph. The degree of a vertex   is    
∑            ∈  for      ∈  . 

Definition3.3.2:[4] The minimum degree of   is 

     is defined by                 ∈     

Definition3.3.3:[4] The maximum degree of   is 

     is defined by                 ∈     

Example3.3.1 :In Fig(2-2), the degree of the 

vertices are: 

                   
                      

                                       

                              

                           

                             

             
          

                             

             
           

 the maximum degree of        is  (       )  

   , and the minimum degree of         is 

 (       )       . 
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Remark3.3.1: The degree of the vertex 

identifications is greater than any other vertices. 

Theorem3.3.1: In the chain of fuzzy graphs, 

     is the degree of one of the vertex 

identifications. 

Proof : Let         be a chain of fuzzy graphs, and 

let    be  the vertex identifications and    be the 

other vertices in        . 

Since every vertex identification links two graphs, 

there are four edges incident on the vertex 

identification . the degree of vertex identification is 

greater than the degree of other vertices. 

By the definition of      , then,      is the degree 

of one of the vertex identifications. 

Definition3.3.4:[5] The neighborhood degree of a 

vertex   is denoted by:  

        ∑      ∈    . The minimum       

and the maximum       neighborhood degrees of 

fuzzy graph are given by : 

                    ∈    and       
              ∈   . 

 

Example3.3.2: In Fig.(2-2) The neighborhood 

degrees of the vertices are : 

                                       

            ,                           

                          ,          
    

                            ,          
    

               

From the example 

  (       )        (       )        

Remark3.3.2:   (       )    (       )  

Remark3.3.3:    (       ) is the 

neighborhood degree of one of the vertex 

identifications. 

Corollary3.3.1: In the chain of fuzzy graphs,  

 (       )    (       )   (       )

   (       ) 

                        . 

Proof : Let         be a chain of fuzzy graphs. 

Since   (       )             ∈     

Since   (       )                ∈     and  

        ∑      ∈    . From the condition of 

fuzzy graph 

            ∧     . 

We get  (       )    (       )      

Since   (       )                ∈     and 

 (       )              ∈      

             ∈                 ∈      

Then   (       )   (       )….(2) 

From the definition of  (       )              

∈     and  

  (       )                ∈   . 

 (       ) depends on the sum of membership 

values of all edges incident to  .   (       ) 

depends on the sum of the membership values of all 

neighbors. 

Then  (       )    (       )….(3) . 

Now   (       )                ∈   . 

          = ∑            ∈  [ the sum of  

membership values for all edges in the chain].  

Then    (       )            ….(4). 

Now, from theorem definition of size and order 

We get                       ….(5) 

From (1), (2), (3), (4), (5) we get :  
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 (       )    (       )   (       )

   (       ) 

                        . 

          3.3.5: Let           be a fuzzy 

graph, the average degree of a vertex    is 

        
     

                  
 . 

Definition3.3.6: The minimum average degree of 

  is       is defined by                    

∈     

Definition3.3.7: The maximum average degree of 

  is       is defined by                    

∈     

Example3.3.3: 

                               

                             , 

                                    
      

                                   
      

    

                                     
     

In this example   (       )     , which is the 

degree of   . 

  (       )         which is the degree of the 

vertex identification     

Remark3.3.4: The average degree of the vertex 

identifications is smaller than any other vertices. 

Theorem3.3.2: In a chain of fuzzy graphs  

  (       ), is the average degree of one of the 

vertex identifications. 

Proof : Let         be a chain of fuzzy graphs, 

and let    be  the vertex identifications and    be 

the other vertices in        . 

Since every vertex identification links two graphs, 

there are four edges incident on the vertex 

identification. Since 

         
      

                  
  

The average degree of vertex identification is 

smaller than the average degree of other vertices. 

By the definition of             , then, 

            is the average degree of one of the 

vertex identifications. 

Theorem3.3.3: In a chain of fuzzy graphs,  

1.   (       )   (       ). 

2.   (       )   (       )  

Proof : 

 1. It is clear, since   (       )               

∈   , and         
      

                  
  

 (       )              ∈   , and       

 ∑            ∈   

Then   (       )   (       )  

2. Clearly, since   (       )        

       ∈   , and 

         
      

                  
  

 (       )              ∈   , and       

 ∑            ∈   

Then   (       )   (       )  

 

 

4. Conclusions: 
In this paper, we discussed the relationship between 

some type of degrees, and we introduced a new 

type of  degree called average degree. The degree 

of  vertex identification is greater than other 

vertices. In average degree the vertex identification 

is the minimum average degree. 
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