
Promising areas of theoretical and applied research                                                                           November, 2025 

Conference proceedings                                                54                        Series «SWorld-US Conference proceedings»  

https://www.proconference.org/index.php/usc/article/view/usc34-00-029 
DOI: 10.30888/2709-2267.2025-34-00-029 

UDK 517.929.2:517.929.4 

SCHEME OF THE CHAIN METHOD 
Kruglov Viktor 

c. ph.-m. s., prof., professor of the Department 
 of Methods of Mathematical Physics 

Odessa I.I. Mechnikov National University, 
 Odessa, str. Dvoryanska, 2, 65029 

Odessa, Ukraine 
 
Анотація. В цій роботі наведено схему методу ланцюгів стосовно розв’язання 

скінченного лінійного різницевого рівняння, і приведено формулу загального розв’язку цього 
рівняння. Як наслідок, наведено формулу загального розв’язку різницевого рівняння зі сталими 
коефіцієнтами, яка цілком залежить тільки від коефіцієнтів цього рівняння. Розглянуті 
розв’язки лінійних диференціальних рівнянь у вигляді узагальненого степеневого ряду, 
коефіцієнти якого знаходяться методом ланцюгів. 

Ключові слова: ланцюг, різницеве рівняння, функція цілочисельного аргументу. 
Abstract. A scheme of the chain method for solving a finite linear difference equation given in 

this paper, and a formula for this equation`s general solution of is given. As a result, the formula for 
the general solution of a difference equation with constant coefficients is given. This formula depend 
entirely only on the coefficients of this equation. Considered solutions of linear differential equations 
in the form of a generalized power series, the coefficients of which are found by the chain method.  

Keywords: chain, difference equation, functions of integer argument. 
 

Introduction. 

This paper is a review of the author's works [1 – 5], in which the chain method 

was developed for solving a linear difference equation and applied to construct 

solutions to some linear differential equations. 

Main text. 

Consider a linear difference equation of order n: 

𝒍𝒍𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝟏𝟏𝟏𝟏𝒍𝒍𝒏𝒏+𝒌𝒌−𝟏𝟏 + 𝒂𝒂𝟐𝟐𝟐𝟐𝒍𝒍𝒏𝒏+𝒌𝒌−𝟐𝟐 + ⋯+ 𝒂𝒂𝒏𝒏𝒏𝒏𝒍𝒍𝒌𝒌,   𝒂𝒂𝒏𝒏𝒏𝒏 ≠ 𝟎𝟎,   𝒌𝒌 = 𝟎𝟎,𝟏𝟏, …,    (1) 

where 𝒂𝒂𝟏𝟏𝟏𝟏, 𝒂𝒂𝟐𝟐𝟐𝟐, …, 𝒂𝒂𝒏𝒏𝒏𝒏 are known functions of integer argument k. 

A step-by-step solution of equation (1) is used, i.e. at each subsequent step of 

using equation (1), the solutions found in the previous steps are taken into account, and 

writing the coefficients of equation (1) in the form 𝒂𝒂𝒋𝒋𝒋𝒋 does not allow establishing the 

regularities that exist between these coefficients. Therefore, we denote 𝒂𝒂𝒋𝒋𝒋𝒋= 𝒂𝒂𝒏𝒏+𝒌𝒌−𝒋𝒋
(𝒋𝒋) , 

j = 𝟏𝟏,𝒏𝒏. Then equation (1) takes the form 

𝒍𝒍𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝒏𝒏+𝒌𝒌−𝟏𝟏
(𝟏𝟏) 𝒍𝒍𝒏𝒏+𝒌𝒌−𝟏𝟏 + 𝒂𝒂𝒏𝒏+𝒌𝒌−𝟐𝟐

(𝟐𝟐) 𝒍𝒍𝒏𝒏+𝒌𝒌−𝟐𝟐 + ⋯+ 𝒂𝒂𝒌𝒌
(𝒏𝒏)𝒍𝒍𝒌𝒌, 𝒌𝒌 = 𝟎𝟎,𝟏𝟏, …  .  (2) 
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The general solution of equation (2) is given by the formula 

𝒍𝒍𝒏𝒏+𝒌𝒌 = 𝝋𝝋𝒏𝒏−𝟏𝟏,𝒏𝒏+𝒌𝒌𝒍𝒍𝒏𝒏−𝟏𝟏 + 𝝋𝝋𝒏𝒏−𝟐𝟐,𝒏𝒏+𝒌𝒌𝒍𝒍𝒏𝒏−𝟐𝟐 + ⋯+𝝋𝝋𝟎𝟎,𝒏𝒏+𝒌𝒌𝒍𝒍𝟎𝟎,   𝒌𝒌 = 𝟎𝟎,𝟏𝟏, …  ,   (3) 

where 𝒍𝒍𝒏𝒏−𝟏𝟏, 𝒍𝒍𝒏𝒏−𝟐𝟐, …, 𝒍𝒍𝟎𝟎 are arbitrary constants, integer functions 𝝋𝝋𝒊𝒊,𝒏𝒏+𝒌𝒌, i = 𝟏𝟏,𝒏𝒏 − 𝟏𝟏, 

form the fundamental system of solutions of equation (2), and which are constructed 

in explicit form. Their structure is determined by the formulas 

𝝋𝝋𝟎𝟎,𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝟎𝟎
(𝒏𝒏)𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌 ,

𝝋𝝋𝟏𝟏,𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝟏𝟏
(𝒏𝒏−𝟏𝟏)𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌 + 𝒂𝒂𝟏𝟏

(𝒏𝒏)𝒇𝒇𝒌𝒌−𝟏𝟏,𝒏𝒏+𝒌𝒌 ,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
𝝋𝝋𝒊𝒊,𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝒊𝒊

(𝒏𝒏−𝒊𝒊)𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌 + 𝒂𝒂𝒊𝒊
(𝒏𝒏−𝒊𝒊+𝟏𝟏)𝒇𝒇𝒌𝒌−𝟏𝟏,𝒏𝒏+𝒌𝒌 + ⋯+ 𝒂𝒂𝒊𝒊

(𝒏𝒏)𝒇𝒇𝒌𝒌−𝒊𝒊,𝒏𝒏+𝒌𝒌 ,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
𝝋𝝋𝒏𝒏−𝟏𝟏,𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝒏𝒏−𝟏𝟏

(𝟏𝟏) 𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌 + 𝒂𝒂𝒏𝒏−𝟏𝟏
(𝟐𝟐) 𝒇𝒇𝒌𝒌−𝟏𝟏,𝒏𝒏+𝒌𝒌 +⋯+ 𝒂𝒂𝒏𝒏−𝟏𝟏

(𝒏𝒏) 𝒇𝒇𝒌𝒌−𝒏𝒏+𝟏𝟏,𝒏𝒏+𝒌𝒌 .

 (4) 

The functions 𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌, 𝒇𝒇𝒌𝒌−𝟏𝟏,𝒏𝒏+𝒌𝒌, …, 𝒇𝒇𝒌𝒌−𝒑𝒑,𝒏𝒏+𝒌𝒌, p = min(n, k), are related by the 

equality 

𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝒏𝒏
(𝟏𝟏)𝒇𝒇𝒌𝒌−𝟏𝟏,𝒏𝒏+𝒌𝒌 + 𝒂𝒂𝒏𝒏

(𝟐𝟐)𝒇𝒇𝒌𝒌−𝟐𝟐,𝒏𝒏+𝒌𝒌 + ⋯+ 𝒂𝒂𝒏𝒏
(𝒑𝒑)𝒇𝒇𝒌𝒌−𝒑𝒑,𝒏𝒏+𝒌𝒌 ,      (5) 

with 𝒇𝒇𝟎𝟎,𝒏𝒏+𝒌𝒌≡ 1, 𝒇𝒇𝒋𝒋,𝒏𝒏+𝒌𝒌≡ 0, if j < 0. 

In constructing the function 𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌, those coefficients of equation (2) that appear 

at the k-th step of the recursion are used, namely 

𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌 = 

= �𝒂𝒂𝒏𝒏
(𝟏𝟏),𝒂𝒂𝒏𝒏+𝟏𝟏

(𝟏𝟏) , … ,𝒂𝒂𝒏𝒏+𝒌𝒌−𝟏𝟏
(𝟏𝟏) ;  𝒂𝒂𝒏𝒏

(𝟐𝟐),𝒂𝒂𝒏𝒏+𝟏𝟏
(𝟐𝟐) , … ,𝒂𝒂𝒏𝒏+𝒌𝒌−𝟐𝟐

(𝟐𝟐) ; … ; 𝒂𝒂𝒏𝒏
(𝒔𝒔),𝒂𝒂𝒏𝒏+𝟏𝟏

(𝒔𝒔) , … ,𝒂𝒂𝒏𝒏+𝒌𝒌−𝒔𝒔
(𝒔𝒔) �, 

where s = min(k, n). 

The elements 𝒂𝒂𝒊𝒊
(𝒋𝒋), j = 𝟏𝟏,𝒏𝒏, are called elements of rank j. The elements of the set 

𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌 that have the smallest subscripts, i.e. 𝒂𝒂𝒏𝒏
(𝟏𝟏), 𝒂𝒂𝒏𝒏

(𝟐𝟐), …, 𝒂𝒂𝒏𝒏
(𝒔𝒔), are called the initial 

elements of the set, and the elements whose sum of the lower and upper indices is equal 

to n+k are called the final elements of the set [6]. The element 𝒂𝒂𝒏𝒏+𝒌𝒌−𝒔𝒔
(𝒔𝒔)  can be both 

initial and final. 

The results of recursion produce products formed by elements of the set 𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌, 

which have the following structure: two arbitrary adjacent factors in each of the 

products satisfy the following multiplication rule: ∙∙∙  𝒂𝒂𝒌𝒌
(𝒊𝒊𝟏𝟏)𝒂𝒂𝒌𝒌+𝒊𝒊𝟏𝟏

(𝒊𝒊𝟐𝟐) ∙∙∙, 𝒊𝒊𝟏𝟏, 𝒊𝒊𝟐𝟐= 𝟏𝟏,𝒏𝒏, where 

𝒊𝒊𝟏𝟏 and 𝒊𝒊𝟐𝟐 can be equal to each other. 
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A chain consisting of elements of the set 𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌 is called the product of the 

maximum possible number of elements from this set, but for two arbitrary adjacent 

factors in this product the specified multiplication rule must be used. It follows that an 

arbitrary chain starts with some initial element of the set 𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌 and ends with one of 

the final elements of this set. 

The structure of an arbitrary chain has the following form: 

𝒂𝒂𝒏𝒏
(𝒊𝒊𝟏𝟏)𝒂𝒂𝒏𝒏+𝒊𝒊𝟏𝟏

(𝒊𝒊𝟐𝟐) 𝒂𝒂𝒏𝒏+𝒊𝒊𝟏𝟏+𝒊𝒊𝟐𝟐
(𝒊𝒊𝟑𝟑) ∙ … ∙ 𝒂𝒂𝒏𝒏+𝒊𝒊𝟏𝟏+𝒊𝒊𝟐𝟐+⋯+𝒊𝒊𝒓𝒓−𝟏𝟏

(𝒊𝒊𝒓𝒓)  , 

𝒏𝒏 + 𝒊𝒊𝟏𝟏 + ⋯+ 𝒊𝒊𝒓𝒓−𝟏𝟏 + 𝒊𝒊𝒓𝒓 = 𝒏𝒏 + 𝒌𝒌 . 

The order of a chain is the sum of the ranks of all the factors that form this chain. 

From the elements of the set 𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌 it is possible to form chains of order k only, 

because 𝒊𝒊𝟏𝟏 + ⋯+ 𝒊𝒊𝒓𝒓−𝟏𝟏 + 𝒊𝒊𝒓𝒓 = 𝒌𝒌 . 

The function 𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌 is the sum of all chains of order k that can be composed of 

elements of the set 𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌. Let us now count the number of terms in the function 

𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌. Let a chain of order k have 𝒙𝒙𝟏𝟏 elements of rank one, 𝒙𝒙𝟐𝟐 elements of rank two, 

etc., 𝒙𝒙𝒏𝒏 elements of rank n. Then 𝒌𝒌 = 𝒙𝒙𝟏𝟏 + 𝟐𝟐𝒙𝒙𝟐𝟐 + ⋯+ 𝒏𝒏𝒙𝒙𝒏𝒏 . It follows that the 

number of all chains of order k that can be composed of elements of the set 𝑴𝑴𝒏𝒏,𝒏𝒏+𝒌𝒌 is 

equal to 

𝑸𝑸𝒌𝒌
(𝒏𝒏) = �

(𝒙𝒙𝟏𝟏 + 𝒙𝒙𝟐𝟐 + ⋯+ 𝒙𝒙𝒏𝒏)!
𝒙𝒙𝟏𝟏!𝒙𝒙𝟐𝟐! …𝒙𝒙𝒏𝒏!

𝒙𝒙𝟏𝟏+𝟐𝟐𝒙𝒙𝟐𝟐+⋯+𝒏𝒏𝒙𝒙𝒏𝒏=𝒌𝒌

 . 

The function 𝒇𝒇𝒌𝒌−𝟏𝟏,𝒏𝒏+𝒌𝒌 is constructed similarly. It is the sum of chains of order 

k – 1, which are formed from the elements of the set 

𝑴𝑴𝒏𝒏+𝟏𝟏,𝒏𝒏+𝒌𝒌 = �𝒂𝒂𝒏𝒏+𝟏𝟏
(𝟏𝟏) , … ,𝒂𝒂𝒏𝒏+𝒌𝒌−𝟏𝟏

(𝟏𝟏) ;  𝒂𝒂𝒏𝒏+𝟏𝟏
(𝟐𝟐) , … ,𝒂𝒂𝒏𝒏+𝒌𝒌−𝟐𝟐

(𝟐𝟐) ; … ; 𝒂𝒂𝒏𝒏+𝟏𝟏
(𝒑𝒑) , … ,𝒂𝒂𝒒𝒒

(𝒑𝒑)�, 

and the number of such chains is 

𝑸𝑸𝒌𝒌−𝟏𝟏
(𝒏𝒏) = ∑ (𝒙𝒙𝟏𝟏+𝒙𝒙𝟐𝟐+⋯+𝒙𝒙𝒏𝒏)!

𝒙𝒙𝟏𝟏!𝒙𝒙𝟐𝟐!…𝒙𝒙𝒏𝒏!𝒙𝒙𝟏𝟏+𝟐𝟐𝒙𝒙𝟐𝟐+⋯+𝒏𝒏𝒙𝒙𝒏𝒏=𝒌𝒌−𝟏𝟏  , etc. 

The number of chains of order k – m (i.e., terms in the function 𝒇𝒇𝒌𝒌−𝒎𝒎,𝒏𝒏+𝒌𝒌) formed 

from the elements of the set 

𝑴𝑴𝒏𝒏+𝒎𝒎,𝒏𝒏+𝒌𝒌 = �𝒂𝒂𝒏𝒏+𝒎𝒎
(𝟏𝟏) , … ,𝒂𝒂𝒏𝒏+𝒌𝒌−𝟏𝟏

(𝟏𝟏) ;  𝒂𝒂𝒏𝒏+𝒎𝒎
(𝟐𝟐) , … ,𝒂𝒂𝒏𝒏+𝒌𝒌−𝟐𝟐

(𝟐𝟐) ; … ; 𝒂𝒂𝒏𝒏+𝒎𝒎
(𝒑𝒑) , … ,𝒂𝒂𝒒𝒒

(𝒑𝒑)�, 

is equal to 
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𝑸𝑸𝒌𝒌−𝒎𝒎
(𝒏𝒏) = �

(𝒙𝒙𝟏𝟏 + 𝒙𝒙𝟐𝟐 + ⋯+ 𝒙𝒙𝒏𝒏)!
𝒙𝒙𝟏𝟏!𝒙𝒙𝟐𝟐! …𝒙𝒙𝒏𝒏!

𝒙𝒙𝟏𝟏+𝟐𝟐𝒙𝒙𝟐𝟐+⋯+𝒏𝒏𝒙𝒙𝒏𝒏=𝒌𝒌−𝒎𝒎

 . 

The solution to equation (2) is given by formulas (3) and (4). 

Let 

𝒂𝒂𝒋𝒋𝒋𝒋 = 𝒂𝒂𝒏𝒏+𝒌𝒌−𝒋𝒋
(𝒋𝒋) ≡ 𝒂𝒂𝒋𝒋 ,   𝒌𝒌 = 𝟎𝟎,𝟏𝟏, … , 

that is, we are dealing with a difference equation with constant coefficients 

𝒍𝒍𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝟏𝟏𝒍𝒍𝒏𝒏+𝒌𝒌−𝟏𝟏 + 𝒂𝒂𝟐𝟐𝒍𝒍𝒏𝒏+𝒌𝒌−𝟐𝟐 + ⋯+ 𝒂𝒂𝒏𝒏𝒍𝒍𝒌𝒌 ,   𝒌𝒌 = 𝟎𝟎,𝟏𝟏, ….             (6) 

Now, in any chain, the order of multiplication of its elements according to the 

specified rule loses its meaning, and the chain structure takes the form 𝒂𝒂𝟏𝟏
𝒙𝒙𝟏𝟏𝒂𝒂𝟐𝟐

𝒙𝒙𝟐𝟐 …𝒂𝒂𝒏𝒏
𝒙𝒙𝒏𝒏. 

Then 

𝒇𝒇𝒌𝒌,𝒏𝒏+𝒌𝒌 = �
(𝒙𝒙𝟏𝟏 + 𝒙𝒙𝟐𝟐 + ⋯+ 𝒙𝒙𝒏𝒏)!

𝒙𝒙𝟏𝟏!𝒙𝒙𝟐𝟐! …𝒙𝒙𝒏𝒏!
𝒙𝒙𝟏𝟏+𝟐𝟐𝒙𝒙𝟐𝟐+⋯+𝒏𝒏𝒙𝒙𝒏𝒏=𝒌𝒌

∙ 𝒂𝒂𝟏𝟏
𝒙𝒙𝟏𝟏𝒂𝒂𝟐𝟐

𝒙𝒙𝟐𝟐 …𝒂𝒂𝒏𝒏
𝒙𝒙𝒏𝒏 = 𝑹𝑹𝒌𝒌

(𝒏𝒏) , 

𝒇𝒇𝒌𝒌−𝒎𝒎,𝒏𝒏+𝒌𝒌 = �
(𝒙𝒙𝟏𝟏 + 𝒙𝒙𝟐𝟐 + ⋯+ 𝒙𝒙𝒏𝒏)!

𝒙𝒙𝟏𝟏!𝒙𝒙𝟐𝟐! …𝒙𝒙𝒏𝒏!
𝒙𝒙𝟏𝟏+𝟐𝟐𝒙𝒙𝟐𝟐+⋯+𝒏𝒏𝒙𝒙𝒏𝒏=𝒌𝒌−𝒎𝒎

∙ 𝒂𝒂𝟏𝟏
𝒙𝒙𝟏𝟏𝒂𝒂𝟐𝟐

𝒙𝒙𝟐𝟐 …𝒂𝒂𝒏𝒏
𝒙𝒙𝒏𝒏 = 𝑹𝑹𝒌𝒌−𝒎𝒎

(𝒏𝒏)  . 

Equation (5) can be written in the following way: 

𝑹𝑹𝒌𝒌
(𝒏𝒏) = 𝒂𝒂𝟏𝟏𝑹𝑹𝒌𝒌−𝟏𝟏

(𝒏𝒏) + 𝒂𝒂𝟐𝟐𝑹𝑹𝒌𝒌−𝟐𝟐
(𝒏𝒏) + ⋯+ 𝒂𝒂𝒏𝒏𝑹𝑹𝒌𝒌−𝒏𝒏

(𝒏𝒏)  , 𝒌𝒌 > 𝒏𝒏;

𝑹𝑹𝒌𝒌
(𝒏𝒏) = 𝒂𝒂𝟏𝟏𝑹𝑹𝒌𝒌−𝟏𝟏

(𝒏𝒏) + ⋯+ 𝒂𝒂𝒌𝒌−𝟏𝟏𝑹𝑹𝟏𝟏
(𝒏𝒏),   𝒌𝒌 = 𝟏𝟏,𝒏𝒏 ;

              (7) 

𝑹𝑹𝟎𝟎
(𝒏𝒏) = 𝟏𝟏,𝑹𝑹𝟏𝟏

(𝒏𝒏) = 𝒂𝒂𝟏𝟏.                                                        (8) 

Equation (4) can be written in the following way: 

𝝋𝝋𝟎𝟎,𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝒏𝒏𝑹𝑹𝒌𝒌
(𝒏𝒏),

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
𝝋𝝋𝒊𝒊,𝒏𝒏+𝒌𝒌 = 𝒂𝒂𝒏𝒏−𝒊𝒊𝑹𝑹𝒌𝒌

(𝒏𝒏) + ⋯+ 𝒂𝒂𝒏𝒏𝑹𝑹𝒌𝒌−𝒊𝒊
(𝒏𝒏) ,   𝒊𝒊 = 𝟏𝟏,𝒏𝒏 − 𝟐𝟐 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
𝝋𝝋𝒏𝒏−𝟏𝟏,𝒏𝒏+𝒌𝒌 = 𝑹𝑹𝒌𝒌+𝟏𝟏

(𝒏𝒏) = 𝒂𝒂𝟏𝟏𝑹𝑹𝒌𝒌
(𝒏𝒏) +⋯+ 𝒂𝒂𝒏𝒏𝑹𝑹𝒌𝒌−𝒏𝒏+𝟏𝟏

(𝒏𝒏)  .

 

The general solution of equation (6) is given by the formula 

𝒍𝒍𝒏𝒏+𝒌𝒌 = �(𝒂𝒂𝒊𝒊𝑹𝑹𝒌𝒌
(𝒏𝒏) + 𝒂𝒂𝒊𝒊+𝟏𝟏𝑹𝑹𝒌𝒌−𝟏𝟏

(𝒏𝒏) + ⋯+ 𝒂𝒂𝒏𝒏𝑹𝑹𝒌𝒌−𝒏𝒏+𝒊𝒊
(𝒏𝒏) )𝒍𝒍𝒏𝒏−𝒊𝒊

𝒏𝒏

𝒊𝒊=𝟏𝟏

 ,   𝒌𝒌 = 𝟎𝟎,𝟏𝟏, … , (9) 

where the numbers 𝑹𝑹𝒌𝒌
(𝒏𝒏), if 𝒌𝒌 = 𝟏𝟏,𝒏𝒏 or 𝒌𝒌 > 𝒏𝒏, are calculated by formulas (7), (8). 

It can be proven that among the solutions (9) there are known solutions of the 
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form 𝒌𝒌𝒎𝒎λ𝒔𝒔, where λ is the root of the characteristic equation 

λ𝒏𝒏 = 𝒂𝒂𝟏𝟏λ
𝒏𝒏−𝟏𝟏 + ⋯+ 𝒂𝒂𝒏𝒏−𝟏𝟏λ + 𝒂𝒂𝒏𝒏 . 

In [1] an example is given where the equation is considered 𝒍𝒍𝒌𝒌+𝟐𝟐= 𝒂𝒂𝒍𝒍𝒌𝒌+𝟏𝟏+ 𝒃𝒃𝒍𝒍𝒌𝒌. 

Its solution is given by the formula 

𝒍𝒍𝒌𝒌+𝟐𝟐 = (𝒂𝒂𝒍𝒍𝟏𝟏 + 𝒃𝒃𝒍𝒍𝟎𝟎) � 𝑪𝑪𝒌𝒌−𝒎𝒎𝒎𝒎 𝒂𝒂𝒌𝒌−𝟐𝟐𝟐𝟐𝒃𝒃𝒎𝒎
[𝒌𝒌 𝟐𝟐⁄ ]

𝒎𝒎=𝟎𝟎

+ 𝒃𝒃𝒍𝒍𝟏𝟏 � 𝑪𝑪𝒌𝒌−𝒎𝒎−𝟏𝟏
𝒎𝒎 𝒂𝒂𝒌𝒌−𝟐𝟐𝟐𝟐−𝟏𝟏𝒃𝒃𝒎𝒎

[𝒌𝒌 𝟐𝟐⁄ ]

𝒎𝒎=𝟎𝟎

 . 

This formula implies: 

1) if λ𝟏𝟏 ≠ λ𝟐𝟐 and 𝒍𝒍𝟏𝟏 = λ𝟏𝟏, 𝒍𝒍𝟎𝟎 = 1, then 𝒍𝒍𝒌𝒌+𝟐𝟐 = λ𝟏𝟏
𝒌𝒌+𝟐𝟐; 

2) if λ𝟏𝟏= λ𝟐𝟐= 𝒂𝒂
𝟐𝟐
 , 𝒍𝒍𝟏𝟏= λ𝟏𝟏= 𝒂𝒂

𝟐𝟐
 , 𝒍𝒍𝟎𝟎 = 1, then 

𝒍𝒍𝒌𝒌+𝟐𝟐 = �
𝒂𝒂
𝟐𝟐
�
𝒌𝒌+𝟐𝟐

λ𝟏𝟏
𝒌𝒌+𝟐𝟐, 

and for 𝒍𝒍𝟏𝟏 = λ𝟏𝟏, 𝒍𝒍𝟎𝟎 = 0 

𝒍𝒍𝒌𝒌+𝟐𝟐 = (𝒌𝒌 + 𝟐𝟐)λ𝟏𝟏
𝒌𝒌+𝟐𝟐. 

Summary and сonclusions. 

Thus, the construction of a fundamental system for solving equation (2) allows us 

to explicitly construct a general solution to a homogeneous difference equation of the 

n-th order. In this paper, we consider the case where the coefficients of the difference 

equation are constant real numbers. The second-order equations are generalized by the 

Fibonacci sequence. 
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