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Purpose. To investigate the understudied aspects of voltage quality and electromagnetic compatibility and provide
mathematical description for the analysis of voltage interharmonic components in mixed spectrum.

Methodology. Methods of research are based on the theory of spectral analysis and general electrical engineering.

Findings. The stress is made on the necessity to take into account the impact of interharmonics while analysing the
quality of voltage in industrial power supply systems. The process of interharmonics occurrence in power supply sys-
tems is explained in terms of physics, the sources generating this kind of interference are described. Mathematical
dependences that allow identifying interharmonics in the general energy of distorted spectrum are provided. The fo-
cus is placed on the feasibility of using spectral analysis in computations. We have analysed the values of error in
calculations of electric power quality indexes (EPQI) and the following reasons for its occurrence: error in setting the
parameters of electric equipment, their reduction, etc. It has been established that the expected error is within the
range of 3—13 %.

Originality. The Fourier integral application for the analysis of interharmonics has been theoretically substantiat-
ed. Dependences between the commutating angles of the inverter rectifiers and the level of interharmonics in the
converter line current have been established. The appropriateness of preparing instructions for the application of es-
timating calculation methods, which are similar to those used in power engineering and other industries, has been
emphasized.

Practical value. Analysis of the obtained solutions allows making a quantitative estimation of levels of interhar-
monics and higher harmonics as the markers of the voltage quality. The approximate formula for assessing interhar-
monics levels while applying a linear law of invertor control has been inferred. Certain parameters used in estimating
calculations are provided. It is shown that the calculated values of estimated losses in power engineering of Ukraine
coincide with the results of more specific research based on factual data.

Keywords: voltage quality, interharmonics, spectral analysis, estimating method, error

Introduction. The issue of power quality (PQ) is still a lot of theoretical research and achievements in solving

one of the critical components of a more general prob-
lem of energy efficiency which significantly defines the
present state of power engineering. The importance of
PQ problem is determined by its nonsinusoidality, i.e.
higher harmonics (HH) of currents and voltages. Despite
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applied tasks [1, 2], the significance of PQ becomes even
more notable. This is explained by not always timely so-
lutions aimed at correction of nonsinusoidality values.
Thus, for instance, the content of HHs in Swiss low
voltage distributed networks has risen by 30 % over re-
cent years. This figure can reach 8—10 % for electromag-
netic loss at the expense of nonsinusoidality. Here the
difference is made by various frequency convertors (FC)
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which have been actively introduced recently. It has
been reported that sometimes the cost of implementing
FC-based advanced technologies turns bigger than the
losses associated with HHs.

The recent decades have been characterised not only
by the classic ideas about HH composition, with pre-
vailing integer values, but also by the awareness of the
role and significance of intermediate harmonics or in-
terharmonics (IH).

The IH sources are consumers working constantly or
temporarily in the transient mode [3]. This mode is con-
ditioned either by the load change associated with the
technological processes mode, or by peculiarities of the
electromagnetic processes, accompanying operation of
electrical appliances, e.g. half-duplex operation of FC
rectifiers. In the first case, the processes of current (volt-
age) change are characterized by randomness or nonpe-
riodicity. In the second case, if the effect of different ran-
dom interferences is neglected, the processes of current
(voltage) change of IH sources can be treated as periodi-
cal. This approach can be applied to both analysis and
computation of IHs generated by different sources.

IHs occur as a result of the main frequency and HH
modulation by other frequency components and are ob-
served during the operation of static FCs, particularly
cycloconvertors, induction motors (IM), asynchronous
converting cascades, arc furnaces, welding machines, etc.

On the whole, the impacts of IHs and HHs on elec-
trical equipment, communication and telemechanical
systems are alike, but in certain cases the IH effect can
be greater than that of HH, partially from the viewpoint
of the necessary level of interference immunity. That is
why the research into their generation, propagation and
aggregation is important for ensuring quality and reli-
ability of power supply.

Defining IH from the graph of stochastic processes.
In order to define the amplitudes and frequencies of
IHs, it is possible to apply Fourier transform directly to
the graphs of stochastic processes describing the actual
envelope currents /() and volumes U(f). Decomposi-
tion is done to a concrete realization on the idle interval.
Harmonic analysis can be easily conducted by means of
fast Fourier transform (FFT). IH energy according to
the graph /(?) is taken as a sum of real values squares A2,
Energy values are defined by the area under the curve
1(?) and are equal numerically to the process dispersion.
To obtain the spectral composition of the periodic com-
ponents, it is possible to apply FFT to the “tail” of cor-
relation function (CF); thus yielding the spectrum of IH
squares (A?).

Discrete spectrum allows estimating the relationship
between IH energy and the general value of the process
energy /(7). The research has proved that the share of IH
discrete spectrum energy in electric networks with elec-
trotechnological units is 10—25 % of the total energy of
the process mixed spectrum.

Defining IH on the basis of Fourier integral. Analyti-
cal studies of nonperiodic processes in many cases are
done on the basis of direct Fourier transform (or Fou-
rier integral); when decomposition into Fourier series,
i.e. inverse Fourier transform, is not possible.
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In the spectral theory of stochastic processes, the re-
lationship between the processes in time and frequency
domains of the §(7) takes the form

o0

S(w)= JZ(t)e‘j“”dt,

where S() is spectral density of the process or the com-
plex spectrum of nonperiodic process (7). Module |S(o)|
is sometimes called spectrum for simplicity. Process &(7)
can be presented as a sum of infinitely great number of
infinitely small oscillations that are infinitely similar in
frequency, reflecting the so called continuous spectrum.
The spectrum of the process square X? represents the
process energy Wr, emitted during the time 7'

W, :}z%ﬁ :%T\S(m)\z do. 1)
0 0

Mean process power is

I
- ! [5(0) do=6(o), @)

where G() is energy spectrum, i.e. power per frequency
unit or spectral power density.

Formula (2) stands for the so called Rayleigh theo-
rem.

Spectral densities S(w) and G(w) and correlation co-
efficient (CC) are the main elements of the spectral-
correlation theory of stochastic processes.

Stochastic processes in electrotechnological units
are narrow band for these progresses

G (o)) = b o 3o
g2y (ml — 0))
where D is process dispersion; w; and a is the coefficient
of fading and CC own frequency.

Energy spectrum G(w) consists of continuous Gy
and discrete G, components.

G= GN+ GD'

Distribution of the continuous IH spectrum is char-
acterized by G component. The formula for current /(w)
is derived on the basis of Rayleigh formula considering
the ratio (Kharkevich A. K.)

2
1 (0)) T G(w) .

The values of G(w) can be practically found from the
equation of energy spectrum and correlation function
(CF), while CF values can be established either by meas-
urements or analysis.

The proposed technique of computing amplitude
spectrum of IHs allows extending the method of calcu-
lating HHs of currents and voltages in the nodes of in-
dustrial mains onto IHs calculation by means of nodal

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6



TEXHONOTIi EHEPTO3ABE3NEYEHHSA

voltages method. If there are several IHs sources con-
nected to the mains nodes, the stochastic process of cur-
rent change of this nodal nonlinear load is a sum of sto-
chastic processes of load currents from each separate
source. Loads which are the sources of IHs can be treat-
ed as independent. Then the spectral nodal current den-
sity of the mains with several IHs sources is a sum of
spectral current densities of the corresponding nonline-
ar loads. To define the IHs spectrum of voltage, we set a
system of nodal equations, which has the following ma-
trix form

V(o) U(o) = (o), 3)

where Y (o) is the matrix of mains nodal conductances;
U(w) is the matrix of IH voltage spectra modules in
mains nodes; /(w) is the matrix of IHs current spectra
modules in mains nodes (matrix of master currents IHs
modules).

Matrix nodal equation (3) is solved via the matrix of
nodal voltages spectra

Uw)=Z,(0)(»),
where Z,(w) is the matrix of mains nodal resistances
Z(0) = Y (o).

Computation of frequency converter IHs. Industrial
power supply systems are actively implementing FCs with
the direct current element (DCFC), in addition to direct
FCs that are no longer manufactured. They generate [Hs
which are commensurable to the amplitudes of conven-
tional HHs, and, as a rule, significantly exceed them.
Spectral composition of the input DCFC current is de-
termined by the output frequency f,, the type of model-
ling function, depth of modulation and coefficient of the
load reactive power tgp. In practice, we use linear, sinu-
soidal, triangular and rectangular laws of control. Deter-
mination of the spectral composition of the input DCFC
currents is a very complex and sophisticated task which
cannot be approached without computational technolo-
gy. It is only for certain occurrences that approximate
equations have been found for frequencies and ampli-
tudes, particularly for the linear law of control. In such a
case, relative IH frequencies are defined by

n :|6p+li6px|;

n, =‘6p+li(6p+2)x‘,

. t
where p is the pulse convertor; y = o4/ .

in
IH amplitudes /,,(p) with the error up to 10 % ap-
proximately equal

1

Ly(p) = 6pil

As an example below, we provide the values of n,, n,
and /,,(p) for the input current of low frequency three-
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phase bridge 6-pulse convertor for the linear control
law at y = 0.2 and tgp, = 0.2.

For other control laws, as of today, there are no rela-
tively simple approximate formulas for IH frequencies
and amplitudes because of extreme complexity of their
original expressions. Solution of this problem is very im-
portant for theoretical and practical development of FCs
implementation. Computation of [H input current given
in [1] is not presented here. It should be noted that the
total IH values in such a case are smaller than those for
DFCs.

In the practice of designing and operating power
networks and electric systems, we face, as a rule, the ne-
cessity to estimate mode parameters, electric equipment
cost, to compute the accounts between the energy sup-
pliers and consumers, etc. Such an approach is accept-
able for making a project decision on the estimation of
capital construction expenditures and other costly solu-
tions, facilities reconstruction, variant calculations, etc.
In such a case, consolidated indices are used, which, of
course, allow obtaining only an approximate, i.e. esti-
mated value. In operational conditions, making such de-
cisions is only possible in emergency situations: urgent
replacement of the working electrical equipment, esti-
mation of economic loss, etc., if it is impossible to use
the expert evaluation method.

Estimating methods, as a rule, are based on analogies,
replicas of physical processes, known peculiarities of mu-
tual influence of certain kinds of electric equipment or
precedents. Generally, these methods are combined with
simplified approaches: hence, a group of different kinds
of electric equipment (motors, generators, transformers,
etc.) is treated as a single physical body with parameters
which are in fact a sum of different equipment unit pa-
rameters. Changes in the quantity of this or that kind of
equipment are represented as the corresponding change
in power consumption. Consolidated indices are used for
the known kinds of equipment [4].

Under such an approach, it may be difficult in some
cases to average out the cost of different types of a single
equipment set and the cost of 1 kWh of power, because
this value may be different for different regions, indus-
tries, etc. In such cases, it is reasonable while averaging
out to consider several groups of the country industrial
complex, taking into account the ratio between the ter-

Table
Calculation of interharmonics
p ny n Lx(p)
-4 27.32 26.09 0.043
-3 20.24 19.88 0.059
-2 13.16 12.8 0.091
-1 6.08 5.72 0.2
0 1 1 1
1 8.08 8.44 0.54
2 15.16 15.38 0.143
3 22.24 22.6 0.077
4 29.32 29.68 0.053
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ritory and population [4], the value of the annual power
production, etc.

The accuracy of PQ values estimation depends on the
error set for the nominal parameters of electric equip-
ment and power networks, and on incompleteness or in-
correctness in analysing the composition and modes of
electric equipment.

The errors of resistance reduction do not usually ex-
ceed 5—10 %, but, if there are non-linear appliances
present, the errors can be sufficiently bigger. The same
refers to the resistances of the direct and reverse se-
quences. The errors of calculating resistances on the har-
monics frequencies can be bigger, as the values of induc-
tive resistances rise proportionally to the numbers of high-
er harmonics (HH).

The reverse sequence resistance of the feeding net-
work is assumed to be equal to the short circuit resis-
tance in the considered nod; the calculation error for
this resistance is within 3—13 %. Its frequency charac-
teristic is substantially non-linear.

The values of calculation error are significantly af-
fected by incomplete and incorrect information con-
tained, for example in the tasks related to power supply
engineering: in fact, about 30—50 % of the necessary
data are not known. The following information is also
usually missing: mode characteristics of electric net-
works, prospective growth of capacities and changes in
configuration of the supplying power system. The values
of HH and interharmonics (IH) currents, as well as neg-
ative sequence currents /,, necessary for calculating non-
sinusoidal and asymmetric modes, are also set with sub-
stantial error. For example, mathematical expectation
M| L] and dispersion D[[,] of the relative calculation
error for the negative sequence current at chosen substa-
tions turn to be within the range M[/1,] = 0.04-0.10,
D[] = 0.14+0.18. For HH, the corresponding values
are even bigger.

The error in calculating PQ in industrial networks
and power systems can reach 10—15 %. As evident from
practice, a similar accuracy can be reached in singular
cases with the help of the so called estimating calcula-
tions, when there is no necessity to take into account the
maximum number of affecting factors. In some cases, it
means that application of complex programs consider-
ing a lot of effecting factors or physical models in calcu-
lating PQ in power networks is unfeasible [1].

In estimating calculations, we take into account cer-
tain average values of the following parameters [2]:

- cost indices (currencies rate ratio) are assumed to
be: $ 1 equals UAH 26; the cost of 1 MVA of transform-
er capacity is assumed to be equal to 1 min roubles or
250 thousand UAH or 3000 dollars;

- decrease in the life time of the transformer and
electric motor insulation caused by low quality power
(unacceptable values of asymmetry, non-sinusoidality,
voltage deviation) is taken to be 20 %;

- total capacity of transformers exceeds the total in-
stalled capacity of the power plant generators by 4—5 times;

- probability of supply disconnection or limitation at
substations is taken to be 5 %;

- electric drive consumes 70 % of all generated power.

112

Estimation of economic losses in Ukraine related to
low quality power. The total transformer capacity Wy is
5 times higher than the total capacity of the power plant
generators W. In Ukraine, Wy = 50.000 MVA. Thus,
Ws=50-5=250 GW.

According to the averaged estimation of Energoset-
projekt institute [4], annual failure of transformers AW
resulting from additional wear of insulation because of
low quality power is 20 %, if more than 75 % of trans-
formers are working at a capacity of over 50 %. Hence,
GW.

AWr=10.2-0.75- W5 =0.15-250 = 37.5.

Expenditures related to transformers replacement:
37500-0.25 = 9375 min UAH /year or 9375/8 = 1.17 bln
dollars/year.

Electric motors (electric drives) consume about
70 % of all generated power Sg. In 2012, this value was
SE=200bln kWh. §;,=0.7- Sz=0.7 - 200 = 140 bln kWh.

Values of losses AS),, related to the effect of low qual-
ity power on electric motors damage is AS), = 0.2-Sy=
=140 - 0.2 = 28 bln kWh.

The cost of additionally consumed power (0.5 UAH/
kWh): S}/ = 28-0.5 = 14 bln UAH /year = 1.75 bln dol-
lars/year.

The cost of annual losses in electric networks
(12 % according to 2012 data): 200-0.12-0.5=12bln
UAH /year =1.5 bln dollars/year.

The cost of total electromagnetic power losses:
Sy=1.17 + 1.75 + 1.5 = 4.42 bln dollars.

Thus, the estimated value of electromagnetic losses
in electric networks of Ukraine can be taken as 4.4 bln
dollars/year.

Let us determine the technological component of
the prospective loss related to overheating or supply lim-
itation with probability ¢ = 0.05 [2], considering the val-
ues of systemic failure flow A, = 0.1/year [2]. The prob-
able value of the technological component of loss AS,,,,,
will be: AS),,,, = 0.05 - 0.1 - 200 = 1 bin kWh/year.

Considering the value of specific loss Y, for industry
and housing and utilities sector ¥, = 0.3 dollars/kWh,
the probable value of the technological component of
the prospective loss will be S,,,,, = 1 0.3 = 0.3 bln dol-
lars/year.

The estimated value of the total loss is Sy +5,,,,, = 4.42 +
+ 0.3 =4.72 bln dollars/year.

Or, by rounding, we obtain Sy + S, = 5 bln dollars/
year.

Sometimes, in estimating calculations, when electric
systems and economic activities have a similar structure,
we can consider estimated values for population, power
generation, territory, etc. for instance, the ration of pow-
er generation in Russia and Ukraine is (according to
2012 data) 1000

200
losses due to low PQ in Russia at 25 bln dollars/year.

This result corresponds to the figure in [4] based on
much more accurate calculation taking into account the
real data about losses.

Peculiarities of determining losses for the case with
capacitor banks. When capacitor banks (CB) are in-

=35, which allows estimating the annual
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stalled for increasing the power factor in industrial elec-
tric networks of 0.4, 6 or 10 kW with non-sinusoidal volt-
ages, it is possible that currents resonance will appear in
the capacitor bank circuit — external network at HH fre-
quencies. In this case, capacitors are subjected to cur-
rent and power overload, which can lead to their failure.
As a result, it is impossible for CB to operate in a regular
mode without special measures aimed at failure preven-
tion. With non-sinusoidal voltages, capacitors should be
either protected by reactors against HH penetration or
included into the circuits of HH filters otherwise they
should be shut down. In this case, the loss is determined
by the annual expenditures on installation and operation
of protective reactors or filter reactors (UAH /year) [3]

YW = g g»
n b

where E? is the norm coefficient of capital investment
efficiency K® and coefficients of allowances for depre-
ciation, current repairs, and maintenance.

When CBs are shut down, the losses are defined by
the cost of additional power and capacity losses during
the operation of electric network with a low power fac-
tor. i.e.

Y0 =8(aky +Be)- (AP, ~APL),

where AP,, and Aijlk) are maximum losses of active
power for shut down and working capacitors corre-
spondingly, kW, a stands for specific costs determined
by the increased power of the system plants in order to
compensate losses of active power, UAH/KW, 3 stands
for specific costs on power generation and expansion of
fuel base, UAH /KW, k,, is the ratio of active power losses
at the moment of energy system peak load to the maxi-
mum losses of its active power; T is the number of maxi-
mum losses hours; § is the coefficient, incorporating
expenditures on the electric networks area expansion
resulting from the power transfer to compensate the ac-
tive power losses.

Conclusions.

1. Interharmonics are the most serious kind of elec-
tromagnetic interferences in systems of power supply. As
of today, there is no serious research into the physical
processes linked to generation and distribution of these
interferences in power supply systems. Besides, there are
no official documents regulating their assessment and
standardization in electrical networks of Ukraine.

2. It is feasible to compute IHs in industrial power
supply systems on the basis of the spectral theory of sto-
chastic processes using fast Fourier transform.

3. Computing IHs of DFC input currents is only pos-
sible on the basis of state-of-the-art software, taking into
account the laws of inverter control. It is important here
to develop reasonably correct approximate formulas.

4. The suggested approaches to estimating losses and
other parameters of PQ in electric networks of indus-
trial enterprises and energy systems can be used for cal-
culating their approximate (also variant) values while
solving the problems of engineering and operation.
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5. In order to develop estimating calculation meth-
ods, it is necessary to conduct further research related to
specific objects, with statistical processing and analysis
of the results.
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Meta. Po3misiHyTH MaJOBHMBUCHY YaCTHHY ITUTaH-
HsI SIKOCTi HAIIpyTU Ta eJIEKTPOMAarHiTHOI CYMiCHOCTI i
IaTh MaTeMaTUYHMU OIMMC IS aHali3y iHTeprapmo-
HIYHMX CKJIAJI0BUX HAMPYTU Y 3MilIaHOMY CHEKTPI.

Metoauka. MeTonnka qOCiKEeHb 3aCHOBAaHA HA Te-
opii CIeKTpaJbHOTO aHaJli3y i 3arajabHOI TeOpii eleK-
TPOTEXHIKM.

Pe3ynbTaT. HarosomreHo Ha HeOOXimHOCTi Bpaxy-
BaHHSI iHTEPrapMOHIK MpPU aHai3i SIKOCTi HaNpyru B
CHUCTeMax eJIeKTpoIocTayaHHs MianpueMmcTB. [losic-
HIOETBCS (pi3rKa MpolLiecy MOsSBU iHTEPrapMOHIK Y CUC-
TeMax eJIeKTPOIOCTayYaHHsI, OMUCYIOThCS IxKepea, 1110
reHepyloTh AaHuii BuI niepeinkon. [IpeacraBieHi Ma-
TEMaTUYHi 3aJIEXXHOCTIi, 110 JTO3BOJSIOThH iTeHTUDIKY-
BaTU iHTEPrapMOHiKU B 3arajibHiif eHeprii CroTBOpe-
Horo criekTpa. [TinkpecieHo TOUiIbHICTh BUKOPUCTAH -
HS B PO3paxyHKaX METOMIB CIEKTPAJbLHOTO aHai3y.
ITpoananizoBaHO 3HaAYEHHS TOXMOOK PO3PaXyHKIiB MO-
Ka3HUKiB sgkocTi enekTpoeHeprii ([TKE) i npuunnuy, 1o
iX 3yMOBITIOIOTE: TTIOXMOKH 3aBIAHHS ITApaMeTPiB eJieK-
TpoOoOJaTHAHHS, iX €eKBiBaJIEHTYBaHHS I T.i. BcTaHOB-
JICHO, III0 MaTeMaTUYHE OYiKyBaHHS ITOXMOOK 3HAaXO-
UTHCS B Mexax 3—13 %.

HaykoBa HoBH3HA. [IaHO TeOpeTUYHE OOTPYHTYBaH-
H$I TOLTBLHOCTI BUKOpUCTaHHS MeTony IHterpana dyp’e
IUISL aHaJIi3y iHTeprapMoHik. BcTaHOBIIEHI 3a/1eXKHOCTI
MiXK KyTaMy KOMYyTallil BEHTWJIiB iHBepTOpa i1 piBHEM
IHTeprapMoHiK y MepexXeBOMY CTPYMi IlepeTBOproBayva.
IToxazaHa NOUIBHICTb MiATOTOBKM KEPIBHUX BKA31BOK
I10 OL[IHOYHUM METOJaM PO3PaxyHKY, aHAJOTiUHUX Bi-
JIOMUM B €HEPreTUIIi Ta iHILIMX TaJTy3sX TOCIOAapCcTBa.

IIpakTiyna 3HAYMMICTb. AHAJTi3 OTPUMAHUX DillleHb
JI03BOJIUB KiJIbKiCHO OLIIHUTU PiBHi iHTEprapMOHiK i BU-
IIMX TAapMOHIK SIK MOKa3HUKIB sKocTi Hanpyru. [Ipen-
cTaBJieHa HaOamKeHa (hopMyJia ISl OLIHKM PiBHIB iH-
TeprapMOHiK MpH JIiHIHHOMY 3aKOHi yIIpaBlaiHHS iHBEp-
TopoM. Po3kpuTta BiIMOBiAHICTH PO3paxyHKOBOIO 3Ha-
YEHHS OLIiIHOYHUX BTPAT B €JIEKTPOEHEPIeTUlli YKpaiHu
pe3ysabTaTaM, OTPUMMaHUM IOCJIiITHUKAMU TTPU OLIBII 10-
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KJIAJHUX JAOCHTIKEHHSX, 3aCHOBAaHUX Ha (DaKTUYHUX
JaHUX.

KmovoBi cioBa: skicms nanpyeu, inmepeapMmoHiKu,
CNeKmpanbHUil aHaniz, OUiHOUHUIl Memod, noxuoKu

Ieas. PaccMoTpeTh MaloM3ydeHHYIO YacTh BOIIPO-
ca KayecTBa HaIMpsDKeHUS U 2JIEKTPOMarHUTHOI COBMe-
CTUMOCTHM U JaTh MAaTEMaTUUYECKOE ONUCcCaHUe 151 aHa-
JIN3a MHTEPrapMOHUYECKUX COCTaBJISIIOLLIMX HaIpsoKe-
HUS B CMEIIIaHHOM CITeKTpe.

Metoauka. MeToauka rccienoBaHUi OCHOBaHa Ha
TEOPUH CITEKTPATILHOTO aHAJIM3a 1 OOIIEH TCOPHH BJICK-
TPOTEXHUKMA.

PesyabraThl. [ToguepkHyTa HEOOXOAUMOCTD yyeTa
WHTEPrapMOHUK IIPY aHAJIN3e KaUeCTBA HAIIPSLKCHUS B
CUCTEMaX 2JIEKTPOCHAOXKeHUST TpearpusaTuii. O0bsc-
HsieTcsl (hU3MKa Mpoliecca MOsSBACHUS MHTePrapMOHUK
B CHCTEMaXx 3JIeKTPOCHAOXEHUsI, OTTMCHIBAIOTCS UCTOY-
HUKU, TeHEepUpYIOIIue JaHHbIi BUa momeX. [Ipeacras-
JIEHbl MaTeMaTUYeCKue 3aBUCMMOCTU, KOTOPbIE MO3BO-
JISTIOT UISHTU(PUIIMPOBATH MHTEPTapMOHUKHN B OOIIEH
SHEPTUU MCKaxkeHHOTro criektpa. [ToguepkHyTa 1ene-
CO000Pa3HOCTb UCITOJb30BaHUS B pacueTax MeTOAOB
CIIEKTPaJIbHOTO aHaim3a. [IpoaHalIM3MpoBaHBI 3HAYE-
HUS TIOTPEITHOCTEN pacdyeToB ITOKa3aTelleil KauyecTBa
anekTposHepruu (I1KD) 1 mpuamHbI, UX 00YCIOBIM-
BaroIIMe: TOTPEIIHOCTY 3adaHMSI TTapaMeTPOB 3JIEKTPO-
000pyI0BaHUS, UX SKBMBAJICHTUPOBAHUE U IP. Y CTaHOB-
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JICHO, YTO MaTeMaTUIeCKOe OXMIAHME ITOTPEITHOCTEH
Haxonurtcs B nipeneiax 3—13 %.

Hayuynas noBusHa. JlaHO TeopeTHUuecKoe 000CHOBA-
HHE 11eJIeCO00Pa3HOCTH MCIOIb30BaHUs MeTtona MH-
terpania Mypbe U1l aHAIM3a MHTEPrapMOHUK. YCTa-
HOBJICHBI 3aBUCUMOCTH MEXIy yIriaMU KOMMYTalluu
BEHTWIEH MHBEPTOpa U YPOBHEM MHTEPrapMOHUK B Ce-
TE€BOM TOKe npeodpasoBaTess. [TokazaHa Liesecoodpas-
HOCTH ITOATOTOBKU PYKOBOISIINX YKA3aHHWI IO Olie-
HOYHBIM METOHaM pacueTa, aHaJIOTMIHBIX M3BECTHBIM
B DHEPTETUKE U IPYTUX OTPACIISIX XO3SMCTBA.

IIpakTHyecKas 3HAYUMOCTh. AHAJTN3 TTOTyYeHHBIX pe-
IICHWIA TIO3BOJIMII KOJIMIECTBEHHO OIICHUTh YPOBHU MH-
TEPrapMOHMK M BBICIIMX TApPMOHWK KaK ITOKa3aTeseid
KavyecTBa HanpspkeHus1. [lpencraBieHa mpuOIMKeHHast
opMyta 111 OIICHKM YPOBHEM MHTEPrapMOHUK TIPU JTU-
HEMHOM 3aKOHE yMNpaBJIeHUsI MHBEPTOPOM. PacKphITo
COOTBETCTBYE PACUETHOIO 3HAUEHNSI OLICHOYHBIX MIOTEPh
B 2JICKTPOSHEPreTUKe YKpauHbl pe3ysibTataM, MoTydeH-
HbIM HCCIIEIOBaTEISIMU TP OoJiee MOAPOOHBIX UCCIIEN0-
BaHMSIX, OCHOBAaHHBIX Ha (DAKTUUECKMX TaHHBIX.

KioueBble coBa: kauecmeo HanpsceHus, uHmep-
2APMOHUKU, CNeKMPAAbHbLI AHAAU3, OUEHOUHbLI Memoo,
noepeuHocmu
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