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Максимальная эффективность обнаружения 
ИИ наблюдается при расположении ИСП к об-
следуемому объекту на расстоянии не более 
10 см при скорости его перемещения (трассиро-
вания) вдоль объекта не более 10 см/с. По мере 
приближения к ИИ частота следования сигналов 
возрастает.  
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Electromagnetic quantities, for example, electric 
voltage, current, power, resistance, magnetic flux etc 
are of interest from the point of view of the concept 
of uncertainty, since most of them are complex in 
alternating current circuits containing capacitance or 
inductance. 

Models of mathematical expectations of these 
quantities have three forms of notation – rectangular, 
polar and exponential. The rectangular form is [3]: 

Z=a+bi,       (1) 

where z -complex number; a – real part; b – imagi-
nary part; i – imaginary unit, i2=–1. 

The polar form of notation involves the transition 
from Cartesian coordinates (x,y) to polar ones (r,φ) 
where r is the distance of the point from the origin 
and φ is the angle, in radians, from the positive x-axis 
to the ray connecting the origin of the point [3]: 

 Z = r(cosφ+isinφ),   (2) 

where r – modulus of complex number: 

 r = |z|	= |a ൅ bi| =	√aଶ ൅ bଶ	,       (3) 

φ – argument of complex number, 

 φ ൌ arctg
ୠ

ୟ
.                 (4) 

The exponential form of a complex quantity 
is [3]: 

Z = r*e୧஦,                          (5) 

where eiφ – complex number from Euler’s formula. 
The graphical interpretation of mathematical ex-

pectations of a complex quantity is a vector on a 
plane, as shown in Figure 1 (the real part of the 
number is plotted along the abscissa – the active 

component of the quantity, along the ordinate – the 
imaginary part (or reactive component) 

 

Figure 1 – Graphical representation of a complex quantity 
 
Nowadays, there are guidelines [1–3] for esti-

mating the uncertainty of complex quantities, given 
in rectangular form. For example, the author of [2] 
work offers several approaches to describing the 
uncertainty of a complex quantity: 1) using the Ja-
cobi matrix; 2) based on alternative expressions of 
the law of propagation of uncertainty: а) through the 
correlation coefficients, б) using  submatrix.  

The Jacobi matrix has a block structure that can 
be related to the derivatives of f with respect to the 
individual 2D inputs [2]. 

J(y)=ሾJଵሺyሻ	Jଶሺyሻ…	J୫ሺyሻሿ,                   (6) 

where   

J୧ሺyሻ ൌ ൦

ப୤భ
ப୶భౠ

ப୤భ
ப୶మౠ

ப୤మ
ப୶భౠ

ப୤మ
ப୶మౠ

൪.                   (7) 

These blocks represent 2D sensitivity coeffi-
cients. They can be related to complex partial de-
rivatives of the function using "simple and elegant 
matrix". For a complex number (1), the mathemati-
cal expectation model is as follows [2]: 
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M(z) ≡ ቂa െb
b a

ቃ.               (8) 

Such matrices behave like complex numbers in 
the usual matrix operations for arithmetic: division 
corresponds to multiplication by the inverse matrix 
and taking a transposition matrix corresponds to a 
complex conjugation operation. In addition, if the 
complex function f (z) is analytic in the region of 
interest, then the Cauchy-Riemann relations will be 
applied to its partial derivatives [4]:  

ப୤భ
பୟ
ൌ

ப୤మ
பୠ
,
ப୤భ
பୠ
ൌ െ

ப୤మ
பୟ

 .                  (9) 

Equations (8) and (9) show that the complete Ja-
cobi Matrix can be written in the form [2]: 

J(y)=ቂMቀ
ப୤

ப୶భ
ቁMቀ

ப୤

ப୶మ
ቁ… 	Mቀ

ப୤

ப୶ౣ
ቁቃ. (10) 

An alternative expression of the law of propaga-
tion of uncertainty using the correlation coefficients 
assumes that the covariance matrix is symmetric and 
positive definite. It can always be considered in the 
matrix of correlation coefficients and matrix of 
standard deviations [2]: 

V(X) = S(X)R(X)SሺXሻᇱ,                 (11) 

where R (X) is a matrix of correlation coefficients; S 
(X) is the diagonal matrix of standard uncertainties 
of the individual input signal of the component (i.e. 
the square root of the diagonal elements of V (X)). 

The propagation law can be expressed in terms 
of R (X) by substituting (11) in (6) [2, 3]: 

U(y) = J(y)S(X).                         (12) 

This gives an alternative form of the law 

V(y) = U(y)R(X)Uሺyሻᇱ                  (13) 

An alternative submatrix approach uses formulas 
(6) and (13) to sum by explicitly recognizing (2x2) 
the internal structure of the matrices U (y), V (X), 
and R (X). There are m sub-matrices associated with 
the input quantities in U (y) [2]: 

U୨ሺyሻ ൌ ቂ
uଵଵ୨ uଵଶ୨
uଶଵ୨ uଶଶ୨ቃ.                 (14) 

 

In this case, the uncertainty is the product of a 
two-dimensional matrix of sensitivity coefficients 
J୧(y) and a submatrix of standard uncertainties from 
the diagonal matrix S(X) corresponding to input j:  

U୨ሺyሻ ൌ ൦
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Thus, U୨ሺyሻ is a two-dimensional analogue of the 
“scalar uncertainty component”.  

The “chain rule” of uncertainty estimation, set 
forth in [2, 3], is based on chains of intermediate 
calculations considering the correlation between 

their results. In addition, authors assume, firstly, 
the rectangular form of notation of complex quanti-
ties should be replaced with an exponential one, 
since this form of notation allows us to directly 
work with both degrees of freedom that any com-
plex quantity has. It is convenient to represent 
these degrees of freedom as uncertainty when 
measuring the vector length of a complex quantity 
and the angle of inclination of this vector, through 
which this value is set in the exponential form of 
the record. After all, it is these values that we ob-
tain when measuring complex quantities, for exam-
ple, electromagnetic quantities in alternating cur-
rent circuit. Thus, the region of permissible values 
of the measured quantity will be obtained as a re-
gion in the Cartesian coordinate system (the dimen-
sions of which are determined by the permissible 
error or target uncertainty for each degree of free-
dom) and the measured value itself can be repre-
sented as a set of vectors starting at the origin and 
forming the region values, which should be includ-
ed in the range of permissible values of this quanti-
ty. Secondly, in some cases, it is necessary to con-
sider different laws of probability distribution for 
the real and imaginary parts of a complex quantity, 
which can cause difficulties in assessing the range 
of permissible values of the quantity and verifica-
tion of compliance of measurement results with 
requirements. 

Third, if, when considering a scalar quantity, we 
could unambiguously set the tolerance interval on 
the value axis and then simply compare the meas-
ured values with it, assessing whether it falls within 
the tolerance field. For vector quantities, this is ex-
tremely difficult, since we do not have the means to 
unambiguously compare vectors with each other.  

When trying to evaluate and simulate the results 
of measurements of a complex quantity, we are 
faced with the need to construct the range of values 
of the desired quantity based on two degrees of free-
dom with different distribution laws for each of 
them. For example, the distribution of the angle of 
inclination will have the form of the Rayleigh distri-
bution (Figure 2, a) and the modulus of the vector of 
most physical quantities will have the form of the 
Gaussian distribution (Figure 2, b). 

It may be difficult to combine the uncertainties 
of the Gauss and Rayleigh probability distributions 
during the estimating ofuncertainty. The range  
of acceptable values can be represented as a rec-
tangle or ellipse, as shown in the figure 3 [3].  
In addition, questions arise about the possible 
choice of priority between degrees of freedom  
and requirements for them. The areas of acceptable 
values for a continuous value are shown in the  
figure. Obviously, for discrete quantities, they will 
be described by finite sets of the geometric location 
of points using the mathematical apparatus of dis-
crete geometry and set theory. 
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Figure 2 – Probability distribution functions of a complex 
quantity: a – Rayleigh; b – Gauss 

 

 

 

Figure 3 – Representation of the range  
of acceptable values: 

a – with all possible outcomes, b – without the least likely 
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Постоянно изменяющиеся отраслевые техни-
ческие нормативные правовые акты в сфере си-
стем менеджмента безопасности пищевых про-
дуктов свидетельствуют о повышении заинтере-
сованности в управлении информацией на всех 
стадиях жизненного цикла продукции.  

В настоящее время системы менеджмента 
информационной безопасности рассматривают-
ся, как одна из важнейших составляющих про-
цесса обеспечения безопасности пищевых про-
дуктов. Стабильный, адекватный, надежный 
процесс прослеживаемости информации о каче-
стве и безопасности пищевой продукции на всех 
этапах жизненного цикла продукции не возмо-
жен, если не обеспечены надлежащие условия 
получения, передачи и хранения этой информа-
ции. По тем же причинам невозможно обеспе-
чить быстрый обмен информации о возможных 
проблемах с безопасностью продукции по звень-
ям жизненного цикла продукции, что, например, 
важно в случаях обнаружения несоответствия 
продукции и необходимости быстрого принятия 
мер по изъятию (отзыву) продукции с рынка. 

В настоящее время в пищевой отрасли 
наблюдается динамическое развитие автомати-
зированных производств, компьютеризирован-
ных технологий. Налицо так называемая цифро-
визация пищевой отрасли. Повышение степени 
автоматизации на всех стадиях производства и 
контроля качества продукции, только повышает 
риски потерь информации со всеми возможными 
последствиями. Проблема, идентифицированная 
в докладе, связана с тем, что используемые тех-
нологии поддержания определенной практики 
документирования стали не применимы для 
управления электронными данными. Многие 
предприятия продолжают вести бумажный до-
кументооборот, получая и храня данные на бума-
ге даже там, где есть возможность полного ис-
пользования электронной информации. 

Невзирая на то, что потребность в более но-
вых методах управления информацией (а в осо-
бенности, в управлении электронными данны-
ми) в промышленности есть, требования к це-
лостности и доступности информации 
прописаны, как обязательные, при этом в отрас-


