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IDENTIFICATION OF HARMONIC DISTORTION SOURCES IN
DISTRIBUTION SYSTEMS USING THE DISCRETE FOURIER
TRANSFORM ON PERIODS

The presence of non-linear loads and the increase in the number of systems of distributed generation of
electricity lead to a distortion of the voltage and current waveform in distribution systems (DS), mo ecmo x
nose1eHUio 2apMoHuUK moxa u Hanpsiicenus. In this case, the power system is obliged to supply electricity only to
the fundamental frequency of 50 Hz with constant amplitude. Power supply organizations usually disclaim
responsibility for the causes of harmonics by introducing standards or recommendations for limiting the levels of
harmonic components in the points of common connection of consumers. These documents do not take into account
the composition of DS equipment and, accordingly, the damage from this harmonics for network equipment and
consumer equipment. The urgency of the work is due to the need to reliably identify the sources of harmonic
distortion in the supply system for the effective functioning of the system of penalties and fines and to more
effectively determine the list of measures to improve the electric power quality. The paper reviews the existing
methods for distortion sources identification in supply systems. In most cases, the fast Fourier transform (FFT) is
used as a method of harmonic analysis to determine the sources of distortion, which in the case of a rapidly
changing non-linear load does not reliably determine the sources of distortion and the degree of participation of
each DS’s subject in the power distribution of higher harmonics. In order to detail the frequency content of the
signal at the measurement interval, the spectral points obtained as a result of the FFT were calculated using the
Discrete Fourier Transform (DFT). A new approach to the harmonic sources identification is proposed using a
method based on the measurement of harmonic power flux sense using the Discrete Fourier Transform on periods
by the example a distribution network model.

Key words: power quality, harmonics, nonsinusoidal conditions, harmonic ratio, identification of distortion
source, Fast Fourier Transform, Discrete Fourier Transform.

Introduction. The presence of nonlinear loads and the growth of the number of distributed generation
systems lead to a distortion voltage and current waveform in the distribution systems (DS), i.e., to the appearance
of current and voltage harmonics. But power system is duty to supply electric power only on the fundamental
frequency 50 Hz with constant amplitude.

The problem of harmonics in DS is not new. As early as the 30s of the 20th century, distortions current and voltage
waveform were observed in the generators. The impact of harmonics is entails a malfunction of the power
equipment and harmful effects on consumers' electrical receivers. Some effects of harmonics [1, 2]:

1. Outage of capacitor banks. When the harmonics exceed the allowable levels, the capacitor banks do not
change their characteristics, but they quickly fail.

2. Influence on power line communication. Harmonics is interference for the carrier frequency of power line
communication transmitting equipment, which causes data loss and incorrect operation of remote equipment using
this type of communication.

3. Increased power loss and overheating of synchronous and asynchronous machines.

4. Increasing voltages or currents harmonic in the distribution network due to series or parallel resonances.

5. Cable insulation fault as a result of overvoltages caused by harmonics.

6. Interference for telecommunication.

7. Effect on the accuracy of metering devices. [3].

8. Malfunctions of protection devices or decline of their characteristics. Semiconductor and microprocessor
systems are particularly sensitive to harmonics.

9. Influence on frequency-regulated drives and excitation systems of power plant generators.

10. Shaft vibration of asynchronous and synchronous machines.

11. Unstable operation of digital relays using algorithms based on the analysis of a sample of data or the
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determination of the zero crossing voltage or current.

The effects of harmonics impact also depend on the harmonic sources, its location in the DS and the
characteristics of the network [1]. The same harmonics from different sources can produce a different effect,
depending on their phase with respect to the fundamental [2].

According to European research institutions, as a result of the low quality of electrical energy in
industry, there is a loss of more than 150 billion euros per year. Of these, harmonic effects account for 1.3
billion euros [4]. But if we take into account the impact of harmonics on the relay protection equipment and
the possible outages of consumers, the losses can amount to more than 100 billion euros [4].

Energy supply organizations usually disclaim responsibility for the causes of the appearance of
harmonics, introducing standards or recommendations to limit the levels of harmonic at the point of common
connection [2]. These documents do not take into account the type of the DS equipment and, accordingly,
the damage that harmonics can cause to network equipment and consumer equipment.

Losses subjects of the process of distribution of electrical energy from the decline of its quality in
excess of permissible rates [5], must be paid by the distortion sources. For this, it is necessary to determine
the harmonic sources and to assess the degree of participation of each to stimulate the distortion sources to
install compensating equipment with the help of a system of penalties and fines.

Analysis of references. There is not yet available a generalized method that can provide distortion
sources detection [6].

In the references [7-12] two groups of approaches to the distortion sources detection of the voltage
waveform at the point of common connection (PCC) are distinguished [13]:

1. A group based on measurements in the PCC with known or unknown impedance of the network and the
consumer;

2. A group based on measurements taken at different points in the supply system, using state estimation
techniques [14].

The second group of approaches for detection of harmonic sources is used for transmission lines and
includes complex algorithms for optimizing the placement of sensors throughout the power supply system
for distortion sources assessment (for example, [15]).

We are interested in the distribution network, in which a tree-shape structure with a single power
source distinguishes them from complex-closed transmission lines and determines the direction of the power
flux of the fundamental harmonic [16]. Since it is necessary to monitor each subject of the DS (by analogy
with energy metering), the issue of optimizing the location of metering devices points is not put.

Let's consider the methods of the distortion sources detection related to the first group:

1. Methods based on harmonic power flux sense [17]:

p = Yl +Usl, Ul —U,.l

1 2 QI 2 , (1)
where Pj, Qi — active and reactive power of the i-th harmonic; Ui, Uis — the cosine and sine components of
the amplitude of the i-th harmonic of voltage; lic, lis — the cosine and sine components of the current
amplitude of the i-th harmonic.

2. The method of the deforming and non-deforming load [18], according to which the measured current
i(t) the sum of the non-deforming in(t) and deforming iq(t) currents:

i, (t) = ilﬁuk sin(kaot + 6, +k(¢, —6,))
=Y )
Iy (1) =i(t)—i, (1) 3)
where Uy, 1 — rms voltage and current of the first harmonic; 61, ¢1 — the phase angles of the current and
voltage first harmonic; 6y, — the phase angle of the k-th voltage harmonic.
3. Method of distorting and non-distorting current [19]. The load is represented as an equivalent linear
resistance to the first harmonic:

u
z=
. _ @)
where Uy, |1 — the rms voltage and current of the first harmonic, measured in the PCC.
Then:
Rz‘Zl‘COS(ply XI:\Zl\sin(pl’ (5)
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Xl

2TE fl , (6)
where R — the active component of the load impedance; X1 — the reactance load to the first harmonic; @1 —
the phase difference between the voltage and current vectors of the first harmonic, f1 - the frequency of the
network (50 Hz), L — the inductance of the load.

Load reactance to harmonic components:
X, =2mkfL @)

where k — the order of the harmonic.
Without considering skin effect and supposing R independent on frequency:

Z,|=[R®+ X ®

P = tgilﬁ
R )
Current consumed by the ideal linear load:
i (t) = iﬁﬁ sin(2rkft + (6, — 9, ))
= (10)

where 6k — the phase angle of the k-th harmonic voltage vector; @k - the phase difference between the voltage
and current vectors of the k-th harmonic.

A non-linear current is the difference between the measured current and the calculated ideal current:

L O =i0-i.) ) (11)
where i(t) - the measured current.

A comparative analysis of these methods of distortion source detection is given in [13].

In the above described harmonic sources detection methods all measurements are made at the PCC.
The second and third of the listed distortion sources detection methods in the DS are founded on the
assumption of linearity of the load impedance at all frequencies, which is not entirely correct. For example,
presence of the harmonic filter reduces to zero this assumption. Most universal is the power flux sense method
generated by the harmonic source, since only measured values are used there without any assumptions. The
drawback of power flux sense method is the lack of consideration of the mutual fluxes of the distortion power
that arise when there are several harmonic sources in the DS [20]. Actually, the EMF of harmonic sources
can have various values and internal impedances. When measuring of the harmonics voltage in the PCC, we
get some total value - the resultant value impact of all distortion sources in the network.

To minimize the effect of mutual compensation of secondary powers a method for detecting harmonics
power flux using the technology of distributed measurements is proposed in [21-23].

As a method of harmonic analysis, the Fast Fourier Transform is used in most cases to detection
distortion sources, which does not allow reliably identify the distortion sources and the degree of participation
of each subject of DS in the distribution of secondary power of higher harmonics in the case of an fast-
variable nonlinear load. Application the wavelet transforms solves this problem only partially due to problem
the transition from wavelet coefficients to harmonics. Hence, for reliable identify of distortion sources and
the degree of participation of each DS’s subject in distribution of harmonics power relevant problem of
choosing the method of harmonic analysis.

Objectives and purposes of study. The purpose of this work is to increase the reliability identify of
distortion sources and increase reliability of detecting the degree of participation of each subject of DS in
distribution of harmonics power.

To achieve this purpose, it is necessary to solve the following tasks:

« create a model of DS with several fast-variable sources of harmonics;
» measure the magnitude and sign of the harmonics power, at all connection points of the DS’s subjects;
* to draw conclusions from the results of measurements.

Results of study. A feature of the FFT is that with this conversion all components of the output
spectrum of the signal are calculated at once. As a result, the original signal x(t) is represented as sine’s sum
(harmonics) of various frequencies:

X(t) = A sin(ot +o,) + A, sin(Ret + o) +K + A, sin(net +a.,) , (12)

where Az, Az, ..., Ax — the amplitudes harmonic components of signal x(t); o - the angular frequency;
ay, o2, ... an — the harmonic components phase angle of the signal; n — the maximum harmonics order.
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It can be argued that the FFT is an indicator of the presence of certain harmonic components in the
signal [24].

According to [25], for distribution systems with a frequency of 50Hz, an 10 periods of the fundamental
harmonic is taken as sample interval for measuring the power quality indicators.

With the aim of detail the frequency content of the signal in the sample interval, we make computation
the spectrum points obtained as a result of the FFT applying the Discrete Fourier Transform (DFT) (Fig. 1).

DFT Detailing
FFT Spectrum on on
spectrum periods
. . & Points By

Figure 1. Improvement of the harmonic analysis method [24]

Data-in

The possibility to analyze the source signal for each harmonic separately is a specific feature of the
DFT with respect to the FFT.

To do this, multiply each period of the signal by sine and cosine of individual amplitude with
frequencies obtained as a result of the FFT signal and integrate over the interval 2z. As a result, for each
harmonic component on the I-th period of the sample interval, we obtain a set of equations [24]:

{Akl meoSay = ay
Ay msinay, =by, ' (13)
where Ay, — the amplitude of the k-th harmonic on the I-th period of the sample interval; k — harmonic order;
I=1+10 — the serial number of the measurement interval period; ax — the phase angle of the k-th harmonic at
the I-th sample interval period; ax — the integral sum over the interval 2z of product of the signal by the
individual amplitude sine of the k-th harmonic on the I-th of the sample interval period; by — the integral sum
over the interval 27t of product of the signal by the individual amplitude cosine of the k-th harmonic on the I-
th of the sample interval period.

The set of equations (13) is a trigonometric form of a complex number zg=ax+jbw. Then the amplitude
of the k-th harmonic on the I-th sample interval period:

A, [l
Lo, (14)

where | Zu | — the absolute value of the complex number zy.
The phase angle of the k-th harmonic on the I-th sample interval period:
oy =argzy , (15)
where arg zy — the argument of the complex number zy.
Thus possible to localize the moments of beginning and ending occurrence of the higher harmonics
accurate to one period of the fundamental frequency.
For the current and voltage measured at the connection nodes of the DS subjects, on the sample interval
we have complex current and voltage matrixes for each harmonic:
Uk = [Ukl Uk2 Ukl U'klo]’ (16)
. o=l Iy o DL o Dol ' (17)
where Uj, — complex voltages matrix of the k-th harmonic on the measurement interval; I;, — complex currents
matrix of the k-th harmonic on the measurement interval; U; — the complex value of the k-th harmonics
voltage on the I-th period of the sample interval; I,; — the complex value of the k-th harmonics current on the
I-th period of the sample interval; I=1+10 — serial number of the period on the sample interval; k — harmonic
order.
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The active power of the k-th harmonic is:
szuklkCOS‘Pkk' (18)
where Uy — the rms value of the k-th harmonics voltage; Ix —the rms value of the k-th harmonics current; ¢k —
the phase difference between the voltage and current of the k-th harmonic; k — harmonic order.
Elementwise multiplication (16) by (17), using expression (18), given us the scalar matrix of the k-th
harmonics active power on the sample interval:
Pe=[Ps P, A By A PklO], (19)

where Py — the active power of the k-th harmonic on the I-th period of the sample interval; k — harmonic
order; I=1+10 — serial number of the period on the sample interval.

Since, in the case of an fast-variable nonlinear load, the magnitude and sign of the harmonics power
flux at the sample interval vary, then the arithmetic mean value of the elements of the matrix (17) is taken as
the power of the k-th harmonic on the sample interval:

- 1 10
R = *z R
1043 (20)

In the case of a steady state nonlinear load, the power of the k-th harmonic consumed or generated
by the i-th subject of the DS, calculated using the FFT and the power of the k-th harmonic calculated by the
described algorithm using of the DFT on periods will be the same:

kaFT = pk'?”

, 21
pFT . . N . . . pOFT 21
where "k —the k-th harmonics power of the i-th DS’s subject, calculated using FFT algorithm; "%  —the
k-th harmonics power of the i-th DS’s subject, calculated using DFT on periods algorithm.
Symptom of the fast-variable nonlinear load is the inequality:
P
PKDFT #1
ki (22)

For a correct distribution of compensation payments, it is expedient to determine not only the sources
of distortions, but to estimate the degree of participation of each DS’s subject in the distribution of the
harmonics power. As a participation criterion of each DS subject in distribution of the harmonics power, the
distribution coefficient by k-th harmonic is used — the ratio of the k-th harmonic active power of each subject
of DS to the aggregate active power of the corresponding harmonic generated by all distortion sources, taking
into account the sign [23].

The formula for determining the distribution coefficient of the i-th DS’s subject by the k-th harmonic:
il

DFT
PZk

KO =
, (23)

DFT
Pac™ _ the k-th harmonics aggregate power, calculated using DFT on periods algorithm.

where

DFT
The value of P is the sum of the active powers of all the sources of the k-th harmonic calculated
using the DFT on periods algorithm:

PZIEFI— =2Pkli3s':£rce, (24)
DFT
where Pasourse _ the power of the i-th source of the k-th harmonic, calculated using the DFT on periods
algorithm.
PDI——I'

kisourse j5 determined from the condition:
{ 0if PP >0
PDI——I'

kisource — R DFT
P if Py <O (25)

DFT
where "0 _ the k-th harmonics power of the i-th DS’s subject, calculated using DFT on periods algorithm.

At the fig. 2 an algorithm is presented that allows to determine the type of distortion source (fast-
variable or steady state) and the degree of participation of each DS’s subject in the distribution of harmonics
power, as well as other additional information that allows to optimize the operation of the distribution system.
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Figure 2. Algorithm of the method for determining the type of distortion source and the degree of
participation of each DS’s subject in distribution of harmonics power at the sample interval

For the study, the DS scheme was simulated, with sources of the 3rd harmonic (Fig. 3).

The circuit is powered from the source 110kV 50Hz via the step-down transformer 110 / 10kV 40
MVA. EMF Eg, E», loads 1 and 2, the switches SW1 and SW2 form a distortion sources, in which the loads 1
and 2 themselves is an internal resistance, and the switches SW1 and SW2 simulating the fast-variable sources
of distortion.

Load 1
O T T AT T T T )
| E |
71 | 3MW e
|
4:—&: 2 —||I'
| SWA1.2 I
Upcc :_ ________ 3KV 150 Hz
110KV 110/10 kV Passive load
50 Hz 40 MVA ____rassive load
Zip Foe 3 NAW : |
HFO—CDO4+——3—+41 3 i
U i ot o s
_____Lload2
| SWal -i
Z,,=2,,=Zp; 1 km; [ E |
Ro=0.326 Ohm/km; Zi L s MW 2
Co=4.27-10° F/km. | SW2 :
oL 3KV 150 Hi!

Figure 3. Schematic diagram of the DS’s model with two distortion sources E; and E,, where Zy1, Z12, Zip —
the impedance of the cables lines, which supplying the load 1, load 2 and passive load; E1, E; — EMF of
harmonics generated in load 1 and load 2, respectively; SW1, SW2 — switches that model the variable
source of distortion
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For the analysis of this DS’s model, the following operation modes were chosen:

1. E;=6000V with phase 0° and E,=3000V with phase 0° (E; and E; are in-phase). In this mode, E:
operates over the entire sample interval, and E; during the first five periods of the fundamental frequency,
i.e., half the sample interval (Fig. 4a).

2. E1=6000V with phase 0° and E;=3000V with phase 180° (E1 and E; are opposite). In this mode, E>
operates over the entire sample interval, and E; during the first five periods of the fundamental frequency,
i.e., half the sample interval (Fig. 4b).

3. E1=30000V with phase 0° and E;=3000V with phase 0° (E; and E> are in-phase). In this mode, E;
operates over the entire sample interval, and E1 over only first period of the fundamental frequency (1/10 of
the sample interval), i.e., the overvoltage caused by the harmonic source (Fig. 4c).

4. E;=6000V with phase 0° and E;=6000V with a phase of 180° (E; and E; are opposite). In this mode,
E; operates over the first five periods of the fundamental frequency harmonic at the sample interval, and E>
over the remaining five periods of the fundamental frequency, i.e., the distorting effect of harmonic sources
at the sample interval is separate by time (Fig. 4d).

The magnitude and sign of the 3rd harmonic power were studied at the sample interval, depending on
the distortion source power, the effect duration, the location in the network, and the measurement point. The
measurements were doing in the PCC and at the connecting terminals of all DS subjects. For detection the
harmonic spectrum of the current and voltage, was used the FFT and DFT on periods algorithms. The active
power of the k-th harmonic, consumed by the i-th cable line, is defined as the difference between the power
measured at the beginning of the line (PCC) and at the end of the line (consumer terminals) [23]:

Pk =

where Pjx — the active power of the k-th harmonic of the i-th consumer.

PikPCC - Pik ,

(24)
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Figure 4. Diagrams of the effect of distorting loads on the voltage waveform at the PCC for mode 1 (a),
mode 2 (b), mode 3 (c), and mode 4 (d), where U — the fundamental harmonics voltage, Ei — the distortion
EMF distortion in load 1; E2 - EMF distortion in load 2; | — the serial number of the period of the

fundamental harmonic at the sample interval
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The results are shown in Table 1.
Table 1.
The power of the 3rd harmonic of all subjects of model of DS for the different operating modes

Parameter Mode 1 Mode 2 Mode 3 Mode 4
2l -3186,75 -1170,5 -2780,43 -1134,35
PoT -6287,27 -4159,63 -30273,6 -4489,62
Py -3192,28 -1204,74 -2791,08 -1197,58
P -2425,47 -461,24 4161,435 -4559,01
P 3121,95 0 3204,146 0
P2 3888,391 744,3795 10153,96 2977518
Pt 520,1117 0 410,0289 0
P 685,0428 152,5759 1860,712 610,3036
P 1378,522 1170,5 1113,63 1134,346
P 2702,909 2490,717 12872,03 2708,001
P 1380,854 1204,739 1125,754 1197,581
Py 1419,835 1199,471 1316,631 2617,886
P -22,4045 0 -282,055 0
P 16,56659 33,7301 91,217 134,9204

When analyzing the results, we saw a significant difference in the third harmonic power, calculated
using FFT and calculated using DFT by periods. Moreover, for all subjects of the DS model the power of the
3rd harmonic, calculated using DFT on periods, greater in magnitude than the power of the third harmonic
calculated using FFT. We can be concluded, that in case of an fast-variable nonlinear load when using only
FFT, there is an underestimation of damage to the DS’s electrical equipment. It is also noteworthy, that for
modes 1 and 3 in the case using FFT, the cable line feeding the passive load is detecting as a harmonic
distortion source, which does not match to the physical properties of this DS’s subject.

Conclusions:

« for detection of distortion sources is advisable to use the harmonic power flux method with using
the technology of distributed measurements;

« "transit" elements of DS (transformers, cable lines) are consumers/generators of harmonics active
power;

« existing methods of harmonic analysis do not allow authentically detection the distortion sources
and the degree of participation of each subject of DS in the distribution of the harmonics power in the
presence of fast-variable nonlinear loads in DS;

 to increase authentically detection of distortion sources and the degree of participation of DS’s
subjects in the distribution of the harmonics power in the case of fast-variable distorting loads, it is necessary
to jointly use the FFT and DFT algorithms on points of spectrum, obtained as a result of the FFT.
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BU3HAYEHHA 1) KEPEJ 'APMOHIYHUX CITIOTBOPEHBb B CUCTEMAX
EJIEKTPOIIOCTAYAHHS 3 BUKOPUCTAHHSM AJITOPUTMY IUCKPETHOI'O
INEPETBOPEHHS ®YP'E 3A IIEPIOJIAMU

Hasienicmo Heninitinux Ha8aHmMadiceHs i 3pOCMAHHS YUCIA CUCMEM PO3NOOLIeHOT 2eHepayii enekmpoenepeii
npu36005Mmb 00 CHOMBOPEHHA POPMU KPUBUX HANpY2u I cmpymy 8 cucmemax erekmponocmayanns (CEI), mobmo
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00 nosgu 2apmoHix cmpymy i nanpyeu. Ipu ybomy enepzocucmema 30008'a3ana noCmagnamu eieKmpoeHepailo
minvku ocHosHoi uacmomu S50[y 3 nocmitinoto amniaimyooro. Eunepeonocmauanvhi opeawnizayii 3azeuuati
3HIMalomb 3 cebe 8iON0BIOANbHICMb 34 NPUUUHU BUHUKHEHHS 2APMOHIK, 8800A4U CIMAHOAPMU DO peKoMeHOayii
w000 0OMeNHCEHHS PIGHI8 2APMOHILIHUX CKIAO08UX 8 MOUKAX 3A2ANbHO20 NPUEOHANHSA cnodcusayis. Li dokymenmu
He gpaxogyioms ckaad oonaouanus CEII i, 6i0nosiono, 30umku, AKUX MOJNCYMb 3A80aAMuU 2APMOHIKU MEPENCEEOMY
0011aOHAHHIO MA YCIMAMKYBAHHIO cnodcusaya. Akmyansuicms pobomu 00ymMosiena HeoOXionicmio 00CmosipHo20
susHAUeHHs Oxcepen capmoniunux cnomeopens ¢ CEILI ona egpexmusnozo ynxyionyseans cucmemu wmpagie i
CauKyitl i Oinb eheKMUBHO20 GUIHAYEHHSL CNUCKY MEXHIYHUX 3aX00i6 U000 NIOSUUEHHSL IKOCMI eleKMPOeHep2il.
Y cmammi nposedeno oenaod icnyrouux memoois susnayenns odxcepen cnomeopenns 6 CEIL. B sxocmi memooy
2aPMOHINIHO20 AHANIZY NPU BUSHAYEHHI OXcepes CHOMBOPeHb 8 Dilbuocmi 8Uunaokie suxkopucmogyemoca Lllguoxe
Iepemeopenns @yp'e (LLIID), sike 6 pasi pi3kKOIMIHHO20 HENIHIIHO20 HABAHMANCEHHS He 00380719€ 00CMOBIPHO
suUsHawamu 0ixcepena cnomeopeHHs i CmyniHb yuacmi KodcHo2o cy6'ekma CEII 6 po3noodini nomyscHocmi sumux
2apMoHiK. 3 memoio demanizayii 4acmMomHoO20 HANOBHEHHS CUZHALY HA IHMeP8ai 8UMIPIO8AHHS 6)]10 NPOBEOeHO
PO3PaxyHOK MOYOK cnekmpy, ompumanux 6 pezyabmami LLUIID, euxopucmosyouu [uckpemne Ilepemeopenns
Qyp'e (AI1P). Ha npuknadi mooeni po3nodiibuoi mepedici 3anponoHo8ano HO8UU NioXio 00 GU3HAYEHHsL Odcepell
2APMOHIK NO Mmooy, 3ACHOBAHOMY HA BUMIPIOBAMHI 3HAKA | GeIUYUHU CHOMBOPIOIOUOI NOMYAHCHOCI, WO
sUsHAYEHA 3a O0NOMO2010 aneopummy Juckpemnozo Ilepemsopenns Qyp'e 3a nepiooamu.

Kniouosi cnoea: skicTh eneKTpoOeHeprii, rapMOHIKH, KOE(ILi€HT TapMOHIK, [DKEPENO CIIOTBOPEHHS,
IIBuaxe [leperBopenus Pyp'e, uckperHe [leperBoperus Oyp'e.
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HanuoHanbHbINH TEXHHYECKHI YHHBEPCUTET Y KPaWHbI
«KueBcknii mojurexnuyeckuii HHCTHTYT uMenu Uropsi CHKOPCKOTo»
OIIPEJEJIEHUE UCTOYHUKOB TAPMOHHNYECKHUX UCKAXKEHU B CUCTEMAX
SJEKTPOCHABXEHUA C UCITIOJIB30BAHUEM AJITOPUTMA JUCKPETHOI'O
HNPEOBPA3OBAHUS ®YPLHE 110 IIEPUOJJAM
Hanuuue nenunelinvix Hazpy30K u pocm yucia cucmem pacnpeoeneHnoll 2eHepayuu 2NeKmpoIHepeUuu
NPUBOOSIN K UCKAIICEHUIO (DOPMbI KPUBLIX HANPSJICEHUS U MOKA 8 cucmemax snekmpocuabicenus (CIC), mo
ecmv K NOGIEHUI0 2APMOHUK MoKa u Hanpsidcenus. Tlpu smom snepeocucmema o0sa3ana nocmasniame
NEKMPOIHEPSUID THOLKO OCHOBHOU uacmomul S0y ¢ nocmosHHol amnaumyoou. DHepeocHabxicaouue
opeanuzayuy 006bIYHO CHUMAIOM C ce0si OMEemCmEeHHOCb 3a NPUYUHbL BO3HUKHOBEHUS 2APMOHUK, 88005
CcmManoapmel U PEKOMEeHOAyUu NO OSPAHUYEHUIO YPOBHEeU 2aPMOHUYECKUX COCMAGIAIOWUX 6 MOYKAX
0bue2o npucoeourerus nompeobumenei. Imu 0OKyMeHmul He yuumvieaiom cocmae ooopydosanus COC u,
coomeemcmeeno, YOulmKY, KOmopbvle MO2YM HAHeCMU 2apMOHUKU CcemegoMy 0060py0osanuto u
0bopyoosanuto nompebumens. AxkmyanbHocms pabomvi 00)Cl08IEHA HEOOXOOUMOCHBIO OOCHOBEPHO20
onpedenenus UCMOYHUKO8 eapmonuteckux uckadxceruti 8 COC ona 3¢pghexkmuenoco GyHKYuOHUpoBaHus.
cucmemul wmpaghos u cankyuii u 6onee d¢hgexmusnozo onpedeneHus CRUCKA MeXHUYEeCKUx Meponpusmutl
1O NOGBIUEHUIO KaAYyecmed dleKmpodnepeuu. B cmamve npogeden 0030p cyujecmayiomux memooos
onpedenenus ucmounuxos uckadicenus ¢ CIOC. B kauecmee memooa 2apMOHUYECKO20 AHAIU3A NPU
onpeoeneHuy UCMOYHUKO8 UCKAdlCEeHUll 8 boabuuncmee cryuaes ucnonszyemcs boicmpoe Ilpeobpasosanue
Qypve (BIID), xomopoe 6 ciyyae pe3konepeMenHoOlU HeNUHeUHOU HAZPY3KU He N036075iem O00CHOBEPHO
onpeoensims UCMOYHUKU UCKAJICeHUsl U cmeneHb yuacmus kaxcoozo cyowvexkma CIOC 6 pacnpedenenuu
MmowHocmu gvicuiux eapmonux. C yenvio demanuzayui 4acmomno20 HANOIHeHUs CUSHALA HA UHMepBaie
usmepenusi Obll NposedeH pdacuem Mo4eK cnekmpda, noayuenuvix 6 pesyiomame bBIID, ucnonvsys
Jluckpemnoe Ilpeodpazosanue Pypve (D). Ha npumepe modenu pacnpeoeiumenbHoil cemu RpeoiodNcet
HOBbIIL NOOX00 K ONpedeneHuio UCIMOYHUKO8 2aPMOHUK NO Mmooy, OCHOBAHHOMY HA U3MepeHuu 3HaKd U
BeNUYUHbL  UCKAdICarowell  MOWHOCMY, ONpPeoelenHol ¢  NoMowblo  aneopumma  JJuckpemnoco
Ilpeobpazosanus Dypve no nepuodam.
Kniwouesvle cnosa. xauecTBO 3IIEKTPOIHEPTHH, TAPMOHHKH, KO3((HUINEHT TapMOHHK, MCTOYHHK
uckaxenus, beictpoe [IpeobpazoBanme Pypbe, AUCKpeTHOE MpeodpazoBanue Dyphe.
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