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 In this paper, a different-order fraction dynamical system of five equations for an epidemic model 
was analyzed by studying the existence of equilibrium points and their stability (locally and 
globally). The bifurcation (locally and globally) of equilibrium points, positivity, and uniformly 
boundedness of solutions was also proved under certain conditions on the system's parameters.   
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1. Introduction  
The World Health Organization recognized COVID-19 as a global health 

crisis in March of 2020. This disease has a fast-moving spread in multiple 
countries worldwide. This causes the governments to prohibit travel inside or 
outside of their jurisdiction. The World Health Organization also released a 
series of initial judgments regarding LaTroy's potential effectiveness in 
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healthcare and called on all countries to collaborate in its eradication. The 
disease then spread to the rest of the world, leading to health issues in one 
region. Despite public immunizations in a limited number of countries, 
strategies like social isolation, physical distance, and wearing a mask are 
primarily employed to reduce the rapid growth of COVID-19. Other scientists 
and mathematicians contribute to submitting numerous models, including SEIR, 
SEIVR, and SEQAIJRE. The SEIVR model, in particular, has been a focus of 
research due to its potential in accurately representing the dynamics of the 
disease. A representation of the SEQIR in Italy was submitted [7]. After 
augmenting the model SEIVR with a limit function that includes its parameters' 
recovery, mortality, and transmission as random increases the model's reliability. 
[2] & [9]. The model SEIVR was resolved mathematically using the sensitivity 
and eigenvalue method. In [4], they employed a numerical approach to solving 
the linear system that lacked real data. The numerical investigation of a 
deterministic mathematical model of a

Covid-19. [11-18] investigated the safety of the criticality of epidemiological 
systems related to COVID-19.  Instead of the local investigation of the 
equilibrium points, which was conducted by studying their stability, also in [14, 
16-26], a different dynamic system of five equations is analyzed to prove the 
existence of equilibrium points and their stability (locally and globally) when 
studying the system's behavior. and its calculations can be accomplished easily 
in a simple procedure; the fundamental concepts were explained in Sec.2. 
Section 3. The mathematical framework was explained. The primary results 
were covered in Sec.4. The Positive and Bounded properties are demonstrated. 
Section5. The existence of the points at equilibrium was crucial. We investigate 
the stability and the local nature of these points in Sec. 6 & Sec.7.Respectively. 
Ultimately, the Conclusion and the future planned were both included in Sec.8. 
& Sec.9.Respectively. 
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2. Basic Concepts  
2.1. Existence and Uniqueness  

satisfies Lipschitz condition  Then there exists an a > 0 such 
that the initial value problem is: 

Theorem 2 [14] : If xo is a stable equilibrium point of (1), then no eigenvalue of 
Df(xo) has positive real part.  

Definition 1 [14]: Suppose M = {gi : V          , where Vis any set and W 
lies in   or ℂ. 

2.2 Bifurcation   
Local bifurcation 2.2.1 [15] :  

Definition 2 [16]: Bifurcation is a qualitative (topological) modification in the 
nature of the System solution that occurs when a system parameter is changed.  

3. The modified mathematical model: 
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4. Positivity and Uniform Boundedness:     
4.1 Positivity     

Theorem 3: All the solutions of system (2) are positive. 

Proof: 

Here, the system equations was converted from the fractional derivative to 
the ordinary differential derivative. At first we show the positivity of  ̂    and 
similarly for the others. 

4.2                     

Theorem 4: All the solutions of the system (2) are uniformly bounded. 

Proof:     ( ̂     ̂     ̂     ̂     ̂   ) be any solution of system (2) with 

nonnegative initial condition ( ̂     ̂     ̂     ̂     ̂   )        
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5. Equilibrium points 
The equilibrium points as shown in the following table 1:-

 ̃

 ̃

 ̃

 ̃

 ̃

6. Stability of the equilibrium points 

7. The Local Bifurcation: 
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Theorem 5: The equilibrium point  ̃  of (5) is saddle node bifurcation where 
the following criteria are fulfilled: 

Proof: According to the Jacobian matrix 𝐽𝐽( ̃  ) given by (6) ,the system (6) at 
equilibrium point  ̃  ( ̃  ̃     ̂    

 ̃   ̃   ̃   ̃ 
 ̃ 

 ̃    ̂   
 ̃ ̃  ̃  ̃  ̃ 

 ̃   ̃ 
   ̃  ̂  ̃ 

)   has 

no positive eigenvalue, say: Ro=      It is clearly that  ̃,  ̃    ̃> 0, Let 
 ̂[ ]                                   ̂[ ]  ( ̂   ̂   ̂   ̂   ̂ )  Where 
 ̂[ ]
  ( ̂   ̂   ̂   ̂   ̂ )
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8. Results and Discussion 
The dynamical behaviors of model (2) is discussed in this paper. Model (2) 

contains five fractional differential equations with different orders. An analysis 
solution is evaluated by finding the equilibrium points and studying their 
stability and the bifurcations. The satisfactory property of the given analysis 
solution is illustrated through graphs and tables. Clearly finding approximate 
solution of the problem is better than the qualitative study because we get 
quantitative results as well as one can estimate the size of populations after 
successive times.  
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