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Moving averages are widely used in signal processing, economics, technology, 

and finance during the analysis of random processes, signal with noise [1], [2]. 
Among the large number of such averages, the exponential moving average is the 
most popular; as it gives the most priority to the most recent data. Comparing two 
moving averages with different parameters gives information about the rate of change 
of a random process.  The purpose of the study is to analyze the spectral 
characteristics of a digital filter constructed from the difference of two exponential 
moving averages, to describe the frequencies that such a filter strengthens or 
weakens. One of the most famous indicators of technical analysis, which uses such 
differences of exponential moving averages, is the indicator MACD. The study of its 
spectral characteristics was started in works [3], [4]. 

 The exponential moving average is defined by the following difference 
equation [1], [2]: ( ) ( ) ( 1)y n x n y nα β= + −  or ( ) ( 1) ( )y n y n x nβ α− − =  ; 1α β+ =  ,   
0 , 1α β< < .   

The parameter α  is related to the width of the filter window N  by the formula 
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. When substituting exp( )z iω= , we get the Fourier 

transform of the transfer function – the function of the spectral density of the system 
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means of simple transformations, it is possible to obtain 
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( ( )) ( ) ( 1)x n x n x n∆ = − −            [5], [6]. 

The spectral function of the difference of two exponential moving averages can 

be represented as   ( ) (1 exp( ))
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Our goal is to find this leading frequency of the filter 0ω , that is, the maximum 
point of the amplitude spectral density function. 

We will consider that       
0 2 24
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.  For sufficiently large 

values ,N M , the approximate formula can be used 0
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ω ≈ ⋅ . Using the 
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language of periods, we have a formula for the leading period 
0

0

2T π
ω

= , or an 

approximation  0T NMπ≈ . Find the value of the gain at the leading frequency of the 
filter - the maximum value of the spectral density. We need to find the value of the 
function 

2 2

1 1( ) ( )
1 ( 1) 1 ( 1)

G x M N x
N x M x

= −
+ + + +

    at the point 

2
0 2 2

1sin
2 ( 1)( 1)

x
N M

ω
= =

+ +
 .    

0 2 2
( )

( 1) ( 1)
M NG x

N M
−

=
+ + +

  or for large values ,N M , you 

can use the approximate formula 0( ) M NG x
M N

−
≈

+
. In the theory of digital filters, an 

important role is played the ratio of the maximum gain at the leading frequency 0( )G x  
to the maximum attenuation factor at other frequencies (separation factor). For our 
filter, the maximum attenuation occurs at ω π=  . 2( ) sin ( ) 1

2
x ππ = = . (1) M NG
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= . Then 

the separation factor of frequency will be as follows: 
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