
 

Results 

Case 𝜺𝟏 = 𝟎. The phase space of problem (1), (2) takes the form  

 𝔓𝜀1
= {𝑥 ∈ 𝑋𝛼: 〈∑𝑛

𝑖=1 𝛼1𝑣𝑠𝑖
, 𝜉

𝑠𝑖
〉 = 〈𝛽

1
− (𝛽

2
+ 1)𝑣 − 𝑣2𝑤, 𝜉〉}.  

 Theorem 1. Let 𝛼1, 𝛼2 ∈ 𝑅\{0}, 𝑛 ≤ 4, 𝛽
1

∈ 𝑅, 𝛽
2

∈ 𝑅\{𝛼1𝜈𝑘 − 1}, where 𝜈𝑘 are the 

eigenvalues of the homogeneous Dirichlet problem for the operator (−Δ), then the set 𝔓𝜀1
 

at the point 𝑥0 is a simple Banach 𝐶∞-manifold. 

 Theorem 2. Let 𝛼1, 𝛼2 ∈ 𝑅\{0}, 𝑛 ≤ 4, 𝛽
1

∈ 𝑅, 𝛽
2

= 𝛼1𝜈𝑘 − 1, then the phase space 

𝔓𝜀1
 contains the Whitney 1-fold. 

Case 𝜺𝟐 = 𝟎. The phase space of problem (1), (2) takes the form  

 𝔓𝜀2
= {𝑥 = (𝑣, 𝑤) ∈ 𝑋𝛼: ∑𝑛

𝑖=1 〈−𝛼2𝑤𝑠𝑖
, 𝜂

𝑠𝑖
〉 + 〈𝑣2𝑤, 𝜂〉 = 〈𝛽

2
𝑣, 𝜂〉}.  

 Theorem 3. Let 𝛼1 ∈ 𝑅\{0}, 𝛼2 ∈ 𝑅−, 𝛽
1

, 𝛽
2

∈ 𝑅, 𝑛 ≤ 4, then the set 𝔓𝜀2
 at the point 𝑥0 

is a simple Banach 𝐶∞-manifold. 

Case 𝜺𝟏 = 𝜺𝟐 = 𝟎. The phase space of problem (1), (2) takes the form  

 𝔓𝜀1=𝜀2=0 = {𝑥 ∈ 𝑋𝛼: {
∑𝑛

𝑖=1 〈𝛼1𝑣𝑠𝑖
, 𝜉

𝑠𝑖
〉 = 〈𝛽

1
− (𝛽

2
+ 1)𝑣 − 𝑣2𝑤, 𝜉〉,

∑𝑛
𝑖=1 〈−𝛼2𝑤𝑠𝑖

, 𝜂
𝑠𝑖

〉 + 〈𝑣2𝑤, 𝜂〉 = 〈𝛽
2

𝑣, 𝜂〉
}.  

Conclusion 

 

The phase space of a model of an autocatalytic reaction with diffusion has been studied. 

Conditions are found under which the phase space of the system contains a Whitney 1-

assembly or is a simple Banach 𝐶∞-manifold. 
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Introduction 

 
The mathematical model of an autocatalytic reaction with diffusion, based on a 

degenerate system of distributed brusselator equations, belongs to a wide class of 

Sobolev-type semilinear models. In this mathematical model, the rate of change of one 

of the components of the system can significantly exceed the other, which leads to a 

degenerate system of equations. Due to the degeneracy of the system of equations, the 

solution of the Cauchy problem does not exist for an arbitrary initial value. 

Consideration of the initial condition of Showalter – Sidorov allows one to avoid the 

difficulties of studying the Cauchy problem, however, the non-unique solution of the 

problem under consideration is possible if the phase space of the equation contains a 

Whitney fold or fold. 

Problem              

In the cylinder Ω × 𝑅+ consider the degenerate system of equations 

{
𝜀1𝑣𝑡 = 𝛼1𝑣𝑠𝑠 + 𝛽

1
− (𝛽

2
+ 1)𝑣 + 𝑣2𝑤,

𝜀2𝑤𝑡 = 𝛼2𝑤𝑠𝑠 + 𝛽
2

𝑣 − 𝑣2𝑤,
   

(1) 

𝜀1 = 0 or (and) 𝜀2 = 0 (*) 

with the Dirichlet condition 

                           𝑣(𝑠, 𝑡) = 0, 𝑤(𝑠, 𝑡) = 0, (𝑠, 𝑡) ∈ 𝜕Ω × 𝑅+.     (2) 

Here 𝑣 = 𝑣(𝑠, 𝑡) and 𝑤 = 𝑤(𝑠, 𝑡) are vector functions characterizing the concentrations 

of reagents, 𝛼1, 𝛼2, 𝛽
1

, 𝛽
2

∈ 𝑅+. Let 𝑈𝑀 = (𝑊
∘

2

1

(Ω))2, 𝑈 = (𝐿2(Ω))2, 𝑈𝑁 = (𝐿4(Ω))2. 

Construct an auxiliary interpolation space 𝑋𝛼 such that  𝔘𝑀 ↪ 𝑋𝛼 ↪ 𝑈𝑁 ↪ 𝑈.  

 


