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We denote it by ℂ̅, i.e., ℂ̅ = ℂ ∪ {∞}. Consider an arbitrary polynomial 𝑓: ℂ̅ → ℂ̅.  Let 𝑓𝑛 denote the 𝑛𝑡ℎ 

iterate of 𝑓, that is, 𝑓 composed with itself 𝑛 times. For each point 𝑧0 ∈ ℂ̅, we are interested in the behavior 

of the sequence  𝑧0, 𝑓(𝑧0), 𝑓2(𝑧0), … , 𝑓𝑛(𝑧0), …, and in particular, what happens as 𝑛 goes to infinity. 

Theorem 1. For any polynomial, 𝑓(𝑧) = 𝑎𝑛𝑧𝑛 + 𝑎𝑛−1𝑧𝑛−1 + ⋯ + 𝑎1𝑧 + 𝑎0, 𝑎𝑛 ≠ 0, there is a real number 

𝑟 such that if |𝑧| > 𝑟, then  |𝑓(𝑧)| ≥ 2|𝑧|. Furthermore, the iterates of 𝑓 are either bounded or tends to 

infinity. 

Proof. Since 𝑎𝑛 ≠ 0 we choose 𝑟 = √
4

|𝑎𝑛|

𝑛−1
.  Thus, for |𝑧| > 𝑟 we have  

|𝑧| ≥ √
4

|𝑎𝑛|

𝑛−1

 ⟹ |𝑧|𝑛−1 ≥
4

|𝑎𝑛|
 ⟹

1

2
|𝑎𝑛||𝑧|𝑛−1 ≥ 2 ⟹

1

2
|𝑎𝑛||𝑧|𝑛 ≥ 2|𝑧|  

Now we can make 𝑟 sufficiently large to ensure that when |𝑧| ≥ 𝑟, 

|𝑎𝑛−1||𝑧|𝑛−1 + ⋯ + |𝑎1||𝑧| + |𝑎0| ≤
1

2
|𝑎𝑛||𝑧|𝑛 

Thus 

|𝑓(𝑧)| = |𝑎𝑛𝑧𝑛 + 𝑎𝑛−1𝑧𝑛−1 + ⋯ + 𝑎0| ≥ |𝑎𝑛||𝑧|𝑛 − (|𝑎𝑛−1||𝑧|𝑛 + |𝑎𝑛−1||𝑧|𝑛−1 + ⋯ + |𝑎1||𝑧| + |𝑎0|)

≥ |𝑎𝑛||𝑧|𝑛 −
1

2
|𝑎𝑛||𝑧|𝑛 ≥

1

2
|𝑎𝑛||𝑧|𝑛 ≥ 2|𝑧| 

Now, let us consider the set {𝑓𝑛(𝑧): 𝑛 ∈ ℕ} of all iterates of 𝑓. If |𝑓𝑛(𝑧)| ≤ 𝑟 for all 𝑛 ∈ ℕ  then clearly the 

iterates of 𝑓 are bounded. Otherwise, if |𝑓𝑚(𝑧)| ≥ 𝑟 for some 𝑚 ∈ ℕ then we have  

|𝑓𝑚+𝑘(𝑧)| = |𝑓 (𝑓𝑚+𝑘−1(𝑧))| ≥ 2|𝑓𝑚+𝑘−1(𝑧)| ≥ 22|𝑓𝑚+𝑘−2(𝑧)| ≥ ⋯ ≥ 2𝑘|𝑓𝑚(𝑧)| 

Thus, |𝑓𝑚+𝑘(𝑧)| ≥ 2𝑘|𝑓𝑚(𝑧)| ≥ 2𝑘𝑟,  so  |𝑓𝑘(𝑧)| → ∞  as  𝑘 → ∞, i.e. the iterates of  𝑓 tends to infinity.     
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1. Введение и постановка задачи. 

В области {( , ) : ,0 1}x t x t       , для дробного уравнения параболического типа 

четвёртого порядка с инволюцией вида 

 
   4 4

,

4 4

; ;
; 0

u x t u x t
D u x t

x x

  
  

  
 

                                 (1) 

рассмотрим следующую задачу: 

Задача D. Требуется найти функцию ( , )u x t  обладающую следующими свойствами: 

1) 
1 ,( ), ( ), ( ), 0,2

k

xxxxk

u
t C D u C u C k

x

   
      


; 

2) ( , )u x t  удовлетворяет уравнению (1) в области  ; 

3) функция ( , )u x t  удовлетворяет условиям 
1

0
lim ( , ) ( ,1) ( ),
t

t u x t u x x x   


     , 

( , ) ( , ) ( , ) ( , ) 0,0 1xx xxu t u t u t u t t           . 


