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Introduction  
It is known that noise, which is an extra-

neous disturbance in systems of tracking, moni-
toring, control, diagnostics, forecasting, identi-
fication, management, etc., obstructs correct re-
ception of the main useful signal. Noise masks 
and distorts the useful signal, impeding its de-
tection. Therefore, the most important indicator 
of successful functioning of said systems is 
their noise resistance, by which we understand 
the  ability  of  a  system  to  resist  obstructive  ef-
fects  of  noise.  There  are  many  noise  control  
methods, such as shielding, grounding, balancing, 
filtering, isolation, separation and orienta-
tion, circuit impedance level control, cable 
design, cancellation (frequency or time do-
main), etc. [1].  

However, noises can be caused by vari-
ous factors. Distortions of useful signals in-
duced by such destabilizing factors as defects, 
wear and tear, corrosion, cracks, breaks and 
other malfunction of equipment, structure, en-
gine, mechanism, etc. are also classified as 
noises [2]. In that case, not suppression of noise 
but its separation from the total of the regis-
tered signals and calculation of its probabilistic 
characteristics will allow one to obtain useful 
information on the nature of the noise and de-
tect the initial stage of defect origin. 

The additive noise ( )tE  that emerges due 
to defect origin is superimposed on the useful 
signal ( )tX : 

 
( )tG = ( )tX + ( )tE .    (1) 

 
 

To carry out quantitative calculations of 
the effects of noise on the signal, one needs to 
know the main probabilistic characteristics of 
noise [3, 19-27; 44-55]. The authors of [4-6] 
developed methods for calculating some of the 
characteristics of noise of noisy signals, such as 
variance, mean square deviation. However, this 
information alone is not sufficient for solving 
the described problems, as such main character-
istic of the random noise as the differential 
function of distribution remains unknown. Pro-
posed below are digital algorithms for calculat-
ing the differential function of distribution of 
noise of the noisy signal ( )tG  for the case when 
( )tE  obeys the normal law. 

Problem statement. Let us assume that 
the stationary ergodic random signal ( )tG  with 
the distribution law ( )gf  consists of the sum of 
the stationary ergodic random main signal ( )tX  
with the arbitrary distribution law ( )xf  and the 
stationary ergodic random interfering sig-
nal ( )tE  with a zero mathematical expectation 

em =0 and the normal distribution law, i.e. ( )tG  
can be represented as (1).  

The distribution law ( )gf  of the noisy 
signal ( )tG  can always be determined based on 
the measure of agreement between the theoreti-
cal  and  statistical  distributions  [7,  149]. But in 
that case, the differential function of distribu-
tion ( )xf  of the useful signal ( )tX  cannot be 
separated from the differential function of dis-
tribution ( )ef  of the noise ( )tE . At the same 
time, the pattern and variation dynamics of the 
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differential function of distribution ( )ef  of the 
noise ( )tE  can be indicative of the changes in 
the technical condition of the object under in-
vestigation, i.e. one could extract the necessary 
useful information from them.  

In systems of tracking, monitoring, con-
trol, diagnostics, forecasting, identification, 
management, etc., noise complies with the 
normal distribution law with a zero mean, i.e. is 
a Gaussian process at the initial stage of origin 
of defects, faults, malfunction, etc. Such noises 
have very low probability of their pulse spike 
amplitude exceeding the tripled mean square 
value. Such noise emerges when independent 
white noises are added together and it is com-
mon in practical problems. The differential 
function  of  distribution  of  that  noise  is  deter-
mined from the expression [3, 20-21]:  
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where es , em  are the mean square deviation 
and the mathematical expectation of the noise 
( )tE . 

As the stationary random noise )(tE  is 
ergodic, then its mathematical expectation  em  
and the mean square deviation es  have the 
same value for each of the random functions in 
the set. Therefore, let us represent the differen-
tial function of the normal distribution of the 
noise as follows:  
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However, as the degree of malfunction 

increases in course of time, the shape of the dif-
ferential curve of the normal distribution 
changes first; then, as the defect takes an ex-
plicit form, the distribution law itself changes 
from the normal one. Therefore, the problem of 
determining the differential function of normal 

distribution ( )eN  of the noise ( )tE  arises. This 
allows for identifying the dynamics of the 
variation of the shape of the normal curve ( )eN  
of the noise ( )tE  in time, determining the prob-
ability with which it takes the maximum value 
and the most probable values within the interval 

( ) ee ss £E£- t . 
If  we  build  a  matrix  of  informative  at-

tributes, with the listed characteristics being the 
elements of that matrix, we can use the combi-
nations of their values to determine the initial 
period of defect origin and the moments when 
maintenance, regular and overhaul repairs are 
due. Therefore, in the following paragraphs, we 
propose digital algorithms for determining the 
differential function of normal distribution 
( )eN  of the noise ( )tE  of the noisy signal 
( )tG , which are easy to use in practice. 

Digital algorithms for determining the 
differential function of normal distribution 
of the noise. We know that the differential 
function of normal distribution ( )eN  of the 
noise ( )tE  is characterized by two parameters: 
the mathematical expectation em  and the mean 

square deviation ees D= . As the noise has a 
zero mean 0=em , then the problem amounts to 
the calculation of the parameter es  alone.  

Let  us  assume  that  the  additive  noisy  
digital signal ( )tG D  consisting  of  the  useful  
signal ( )tX D  and the noise ( )tDE  comes from 
the sensor, which is placed in the area of effect 
of the factors affecting the object and receives 
digital information from that object. The signal 
( )tG D  is sampled at the interval tD . Let us use 

the following expression for calculating the 
correlation function ( )mggR  of the noisy signal 
[7-8]: 
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where the centered values are calculated from 
the expressions: ( ) ( ) gmtGtG -=

o , ( ) ( ) xmtXtX -=
o

; 

gm , xm  are the mathematical expectations of 
( )tG  and ( )tX , respectively.  

Considering that the useful signal ( )tX  
and the noise ( )tE  are non-correlated, i.e. 
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we can write the following: 
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           = ( )mXXR + ( )meeR .                   (5) 

 
Thus, the correlation function ( )mGGR  of 

the noisy signal ( )tG  consists of the sum of the 
correlation functions ( )mXXR  and ( )meeR  of the 
useful signal ( )tX  and the noise ( )tE , respec-
tively. 

 

 
In practice, for such infra-low frequency 

slow-flowing technological processes as oil re-
finery, petrochemistry, when tD=m  is signifi-
cantly (multifold) lower compared to the observa-
tion time T , the noise )(tE  forms from high fre-
quency spectra due to such faults as wear and tear, 
corrosion, carbon formation, etc. and has a higher 
spectrum than the useful component )(tX itself. 
The meaning of the useful component has no time 
to change in the interval tD , and )( ttX D+  
matches the value of )(tX , i.e. 

 
          )( ttX D+ = )(tX .                (6) 

 
This equality holds for the cases when 

T is, for instance, 30-50 hours, and tD  is sec-
onds or minutes (depending on the specifics of 
the process under investigation). In that case, 
the sampling interval tD  is selected based on 
the spectrum of the noise )(tE  and not of the 
useful component )(tX , i.e. ew21=Dt , where 

ew  is the noise cutoff frequency. 
Obviously, such a strict equality does 

not  hold  for  all  real-life  processes,  but  for  
processes of oil refinery, petrochemistry. For 
other technological processes, an approximate 
equation is acceptable. Then for said facili-
ties, when condition (6) holds, the relation 

)0(
)(

XX

XX

R
tR D=m =1, i.e. [8]: 

 
)0()( XXXX RtR =D=m                (7) 

 
At the same time, since the random noise 

( )tE  emerges when independent white noises 
are added together, it has the correlation time of 
m =0, and the correlation function ( )meeR  is a 
d -function [8], i.e. 
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Considering that the estimates of autocor-
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relation functions of the useful signal ( )tX  and 
the noise ( )tE  at a zero time shift m =0 are the 
variances  of  the  useful  signal  ( )tX  and the 
noise ( )tE , respectively: 

 
( )0=mXXR = XD , ( )0=meeR = eD ,  (9) 

 
in  the  sufficiently  small,  compared  to  the  ob-
servation time T , interval tD=m , with regard 
to expressions (5)-(9), we get: 

 
( )0=mGGR - ( )tRGG D=m = ( )0=meeR . 

 
Then the noise variance is calculated 

from the expression: 
 
  *

eD = ( )0=mGGR - ( )tRGG D=m .     (10) 
 

Therefore, the mean square deviation *
es  

of the noise ( )tE  can be calculated from the 
expression: 

 
  *

es = *
eD = ( ) ( )tRR GGGG D=-= mm 0 .   (11) 

 
Thus, the parameter *

es  of the normal dif-
ferential distribution of the noise ( )tE  can be 
calculated by determining the square root from 
the difference of the estimates of the autocorre-
lation correlation function ( )mGGR  of the noisy 
signal at a zerom =0 and unit tD=m  time shifts.  

Then the differential function of the nor-
mal distribution ( )ee se ,,mN  of the noise ( )tE  
of the noisy signal ( )tG  with the mathematical 
expectation 0=em , with provision for formula 
(2), can be found, using the expression: 
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Considering that the absolute value devia-

tion from the mathematical expectation for the 
normally distributed process does not exceed the 

tripled mean square deviation, the discrete val-
ues of the differential function of distribution 

)(e*N  of the noise )(tE  are calculated within 
the interval ( ) ** £E£- ee ss 33 t . To that end, we:  

− calculate the minimum and maximum 
values of )(tE : *-= ese 3min ; *= ese 3max ; 

− set a sequence of possible values of )(tE  
in  ascending  order  from mine  to maxe at a certain 
interval eD : min)1( ee = , eee D+=+ )()1( ii , 
…, maxe ; 

− form a sequence of possible values of the 
noise )1(e , )2(e , )3(e , )4(e , …, maxe , for 
which the condition )1( -ie < )(ie  holds;  

− calculate the differential function of the 
normal distribution within the interval 

( ) ** £E£- ee ss 33 t   in points )1(e , )2(e , )3(e , 
)4(e , …, maxe , using one of the formulas: 
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Conclusions 
The developed digital algorithms can be 

used in systems of tracking, monitoring, control, 
diagnostics, forecasting, identification, manage-
ment, etc. for timely detection of incipient defects 
and determining the time for maintenance, regu-
lar and overhaul repairs. 
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KÜYÜN DİFERENSİAL NORMAL PAYLANMA FUNKSİYASININ HESABLANMASININ  
ƏDƏDİ ALQORİTMLƏRİ  

 
T.A.Əliyev, N.F.Musayeva, M.T.Süleymanova, B.İ.Qazızadə 

 
Küyün diferensial paylanma funksiyasının hesablanmasının ədədi alqoritmləri işlənilmişdir. Küyün normal 

paylanmaya malik olan hala baxılmışdır.  
 
Açar sözlər: küy, normal paylanma qanunu, diferensial paylanma funksiyası, ədədi alqoritmlər 

 
 

ЦИФРОВЫЕ АЛГОРИТМЫ ВЫЧИСЛЕНИЯ ДИФФЕРЕНЦИАЛЬНОЙ ФУНКЦИИ  
НОРМАЛЬНОГО РАСПРЕДЕЛЕНИЯ ПОМЕХИ 

 
Т.А.Алиев, Н.Ф.Мусаева, М.Т.Сулейманова, Б.И.Газызаде  

 
Разработаны цифровые алгоритмы вычисления дифференциальной функции распределения помехи за-

шумленного сигнала. Рассмотрен случай, когда помеха подчиняется нормальному закону распределения.  
 

Ключевые слова: помеха, нормальный закон распределения, дифференциальная функция распределения, 
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