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Let 0h and Rahahaaa  ,...},2,,{: . [1-2]. 

Definition1.Let Rf a : . Then the h -derivative of the function )(tff  has the form and is 

defined as  
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The h -integral (or the h -difference sum) is given by  
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Definition 2.Let Rt , . Then the h -fractional function )(

h
t  is defined as 
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where  is the gamma function of Euler, ,...}3,2,1{ 
h

t
 and we use the convention that division 

at the pole gives zero. Notice that 
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Definition 3.(Foundamentaltheroem h -calculus) If  xF  is an h -antidereivetive of  xf  is 

continusat 0x , we get  
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b

a

h
 , 

for a
Tba , . 

The Bessel differential equation. We consider the h -difference equation in the following form: 

 
              022 22122  tyvhtythtyDthtyDt hhhhh    (1) 

 

which is the equation (1) is called the h -Bessel equation of the indicator in v , where v  is a real 

number.This equation has a special point 0t  (the coefficient at the highest derivative in (1) 

vanishes at 0t ). 

Theorem 1.Let 0v . Then there is a particular solution to equation (1), given by a uniformly 

convergent series 
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which is the solution of the Bessel equation and is called the Bessel function of the first kind v -th 

order. 

The h -Bessel operator: In this article, we consider a discrete analogue of the Bessel operator, 

wherethe h -Bessel operator has in the following form: 
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In addition, 
h

B is a linear operator, that is 
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Theorem 4.(Orthogonality of eigenfunctions). Let  y,
1
  and  y,

2
 two pairs of 

eigenvaluesand eigenfunctions, and
21
  . Then, for both regular and periodic problems, the 

correspondingeigenfunctions  ty  and  tf are orthogonal with weight r                                       

(therefore     0, tfty ). 
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Let H be a separable Hilbert space and :A H H  be an arbitrary unbounded positive 

selfadjoint operator inH. Suppose that A  has a complete in Hsystem of orthonormal eigenfunctions 

{ }kv  and a countable set of positive eigenvalues k . It is convenient to assume that the eigenvalues 

do not decrease as their number increases, i.e. 1 20 <     . 

Let (0,1)  , [0,1]  and a function ( )h t be defined on [0, ) .The the Riemann-

Liouvillefractional integrals [1]of order  function ( )h t has the form 
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The Hilfer derivative [2] defined as  
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