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MaxkcumanbHas 3(P(GEKTHBHOCTh OOHAPYKEHUSI
WU nabmromaetca npu pacnonoxernu WUCII x 06-
clielyeMOMy OOBEKTYy Ha paccTosHUM He Ooiee
10 cM mpu CKOpPOCTH €r0 HepeMemeHus (Tpacchpo-
BaHMs1) BIOJbL 00bekTa He Oonee 10 cm/c. TTo mepe
npubmkenust kK MM vacrora ciegoBaHusi CUTHAJIOB
BO3pacTacr.
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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+thi, )
where z -complex number; a — real part; b — imagi-
nary part; i — imaginary unit, i>=—1.

The polar form of notation involves the transition
from Cartesian coordinates (X,y) to polar ones (r,¢)
where r is the distance of the point from the origin

and ¢ is the angle, in radians, from the positive x-axis
to the ray connecting the origin of the point [3]:

Z =r(cos+ising), ?2)
where r — modulus of complex number:
r=|z| =|a+ bi| =va? + b?, 3)

¢ — argument of complex number,
@ = arctg g. “)

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

Z=r*el?, )

where e — 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)
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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: a) through the
correlation coefficients, 0) 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].

IV=U0:) J2) - Jm ], (6)
where
o o
0xqj  0Xyj
II(Y) = ale ale . (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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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]:

of, _ 9f, ofy of,
9a  ob’ob  oa’

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

_ of of of
I-MEIMGE) - MGl o
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)RX)S(X)’, (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)RX)U(y)’ (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]:

U =|

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

Uj1j ulzj]

Uz1j  Uzpj (14)

on of
_ 0x1j 0%y u(le) 0
U](Y) - & of. [ 0 U(ij) . (15)

6X1j 6X2j

N

Thus, U;(y) 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
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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
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Figure 3 — Representation of the range
of acceptable values:
a — with all possible outcomes, b — without the least likely
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AHAJIN3 TEHJEHIMI OBECHEYEHUS UHOOPMAIIMOHHOM BE3OIMACHOCTH
B IMUIIEBOM OTPACJIH
Ionos A.B., Cepenxos II.C.

benopycckuii nayuonanvHulll mexHu4eckutll yHugepcumenmn,
Mumnck, Pecnybnuxa benapyco

[TocTOSTHHO M3MEHSIOLIMECS OTPACIIECBBIC TEXHH-
YecKre HOpPMaTHBHBIE IIPABOBBIE aKThHl B cdepe CH-
CTeM MEHEPKMEHTa 0e30MacHOCTH IHMILEBBIX MHpO-
IYKTOB CBHJETENILCTBYIOT O IOBBIIICHUY 3aUHTEpE-
COBaHHOCTH B YIpaBJIeHWH HWHQOpMalMeil Ha Bcex
CTaIMAX KU3HEHHOTO IUKJIA MPOITYKIIUH.

B Hacrosiimee Bpemsl CHCTEMBl MEHEIKMEHTa
MHPOPMAIIMOHHON OE30MacHOCTH PaccMaTpPUBAIOT-
cs, Kak OJHAa W3 BaKHEUIINX COCTaBJISIOUIMX IPO-
mecca obecredeHHs OE30MACHOCTH HHIIEBBIX IIPO-
nyktoB. CTaOWIBHBINA, aqeKBATHBIM, HaIEKHBIHA
IpoLece MPOCISKIUBAEMOCTH HHPOPMAMU O Kade-
CTBE M 0€30I1aCHOCTH NHILEBOI NPOAYKIUH Ha BCEX
9Tanax JXM3HEHHOTO LUKJIA MPONYKIMH HE BO3MO-
KEH, eclad He olecledyeHbl HalUIeKallue yCIOBUSA
MOJy4eHHs], TIepe/ladud U XpaHeHHs 3ToW MHPopMa-
muu. [lo Tem ke mpuYMHaAM HEBO3MOXKHO oOecrie-
YUTh OBICTPBIII OOMEH MH(pOPMAIMU O BO3MOXKHBIX
npobiemax ¢ 0e30IMaCHOCTHIO MPOAYKIIMHU MO 3BEHb-
SIM JKH3HEHHOTO LIMKJIA TPOAYKLUH, YTO, HAIIPUMED,
BXHO B CIIydyasXx OOHApy>KeHUS HECOOTBETCTBUS
MPOAYKIHUU U HEOOXOIUMOCTH OBICTPOTO MPHUHSATHS
Mep IO U3BATHIO (OT3BIBY) MPOLYKIIUHU C PHIHKA.

B mHacrosimiee Bpemss B IUIIEBOW OTpaciu
Ha0mroaeTcs IMHAMHYECKOE Pa3BUTHE AaBTOMAaTH-
3UPOBAHHBIX IPOU3BOJCTB, KOMIIBIOTEPU3UPOBAH-
HBIX TexHoyoruil. Hanuio tak HaseiBaeMas Iudpo-
BH3aLusA NuIieBoil orpaciu. IloBblieHHe cTeneHH
aBTOMAaTH3allMd Ha BCEX CTAaJUsIX NPOU3BOACTBA U
KOHTPOJISL KauyecTBa MPOIYKIHUHU, TOJbKO MOBBIIIACT
PHCKH ITOTeph MH(OPMAIIH CO BCEMH BO3MOKHBIMHU
nocneacTBusiMu. [Ipobnema, maeHTHUINpPOBaHHAS
B JIOKJIAJIe, CBSA3aHa C TEM, YTO HCIIOIb3YEMbIC TEX-
HOJIOTUH TOJJIEPKAHUS ONPEJCICHHON IPAKTHKH
JOKyMEHTHUPOBAHUS CTald HE IPUMEHUMBI JUIA
YIOPABJIEHUS AJIEKTPOHHBIMU JaHHbIMU. MHorue
OPEANPUATHS NPOJOJDKAIOT BECTH OYMaKHBIA [0-
KyMEHTO00O0pOT, N0JIy4asi U XpaHs JaHHbIE Ha OyMma-
re Jake TaM, IJ€ €CTb BO3MOXKHOCThb IOJIHOTO HC-
T10JIb30BaHMsI 3JIEKTPOHHON MH(POPMAIHH.

Hes3supas Ha To, 4TO OTpPEOHOCTH B OoJiee HO-
BBIX METOJIaX ynpasjeHusi nHpopmanuei (a B oco-
OCHHOCTH, B YINPaBJICHUH >JICKTPOHHBIMH JIAHHBI-
MH) B IIPOMBIIIJIEHHOCTH €CTh, TpeOOBaHMS K Iie-
JOCTHOCTH W JAOCTYHHOCTH  WH(OpPMAaIUH
MIPONMCAHBI, KaKk 00s3aTeIbHbIE, IPH 3TOM B OTpac-
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