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Abstract

Purpose. The quality of electricity is a problem of major interest, making it necessary to analyze the factors and causes that
result in the worsening of the electric energy quality. An important aspect of electricity quality is the introduction of current
and voltage harmonics in the alternating current network by non-linear consumers. The paper analyzes the deforming re-
gime introduced by the drive systems of a bucket wheel excavator within a technological line at an open pit mine.

Methods. The paper presents the measurements of power quality in a laboratory experimental study and measurements of
an upgraded technological line at a lignite open pit. In this sense, the present the study of a distorting regime introduced by
the drive systems formed from a static frequency converter and an asynchronous motor, as well as the results of quality
power measurements introduced by the drive systems in the electric network.

Findings. The paper presents analysis of the voltage and current harmonics introduced in the alternating current network of
static converter-asynchronous motor drive systems, which is necessary to establish the deformation factor. The values of the
deforming regime are essential to obtain the harmonic compensation solutions.

Originality. The originality of the paper consists in the approach to the measurements performed and the analysis of the
deforming regime introduced by the electric drive systems.

Practical implications. The values of the current and voltage harmonics were determined both by the laboratory measure-
ments and by measurements made on the supply line of a bucket wheel excavator in different operating regimes.

Keywords: bucket wheel excavator, deforming regime, drive systems, electric current, lignite open pits, measurements,

quality, voltage

1. Introduction

The quality of the electricity is a complex problem that
resides in the multitude of factors that condition it, due to
their interdependence, the lack of methods and means of
obtaining expeditious and especially accurate information on
certain sizes that characterize it [1].

In many cases, especially in the case of modern technolo-
gies, the end users are the ones that cause significant elec-
tromagnetic disturbances, which can affect the quality of the
electricity provided to other users. In this case, the end-users
must take the necessary measures to limit the disturbance to a
level where the standard quality of electricity is not affected
to other users [2].

A significant part of the equipment currently used re-
quires a good quality of electricity. However, the same
equipment often causes a distortion of the voltage supply to
the installations due to their nonlinear characteristics, i.e.
they lead to the appearance of a non-sinusoidal current when
a sinusoidal voltage is applied. Thus, maintaining a satisfac-
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tory quality of electricity is a common responsibility of the
electricity supplier and user [3].

The main causes of the deforming regime, induced by in-
troducing voltage and current harmonics in the S.E.N., are
the following:

— development of power electronics in the fields of elec-
tric machine drives, transmission of electricity over long
distances, regulation of voltage and reactive power, industrial
processes of electrostatic nature, and so on;

—increasing the number of non-linear consumers and the
amount of power absorbed by them (electric welding devic-
es, fluorescent lighting, and so on);

—raising the voltage levels in the operation of the very
high voltage networks, due to their reactive power input
(transformers, autotransformers, compensation coils and steel
core devices, which increase their deforming contribution
with the increase in the applied voltage due to saturation of
the magnetic core) [4].

The propagation, amplification and compensation of the
deforming phenomena, pose the following problems:
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a) avoiding or limiting the production of current and volt-
age harmonics;

b) avoiding or limiting the propagation of harmonics in
electrical installations;

¢) avoiding or limiting the effects of higher current and
voltage harmonics;

d) compensation of the deforming regime, i.e. of the cur-
rent and voltage harmonics at certain points of the network.

The widespread use of rectifiers for powering the invert-
ers has the major negative consequence of increasing “har-
monic pollution”. The energy system can function properly
in the presence of a limited “quantity” of harmonics. Until
recently, injection of harmonics into the system could be
considered insignificant. At present, however, the increasing
dependence of consumers on equipment with non-linear
characteristics means that this phenomenon can no longer be
neglected. Introduction of harmonics in the electricity supply
system is not the only problem, the operation of electrical
equipment can also be affected [5].

The presence of harmonics in the power supply system
can generate a wide range of unwanted effects. For example,
harmonics can cause signal interference, overvoltage, data
loss in data transmission lines. Harmonics can also cause
overheating, malfunction of electrical equipment in general.
Harmonics can get transformers and capacitors to overheat,
reducing the life of these devices or damaging them. Another
effect is heating of electric motors and the appearance of a
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pulsating torque. The presence of harmonics in the power
supply system leads to general power losses, reduced effi-
ciency of AC motors, increased maintenance cost [6].

The amplitude and order of the harmonic components
depend on a series of factors: the source of harmonics,
the power level of the system, the operation of the system
in normal or resonance regime. Even the harmonics pro-
duced by a single installation can vary depending on its
operating mode [7].

Nonlinear loads can also produce harmonics multiple of
three. These require special attention, as they bring about
current in the zero conductor, which can sometimes exceed
the phase current in amplitude.

Considering the increase in the amount of electric power
equipment, together with the full range of unwanted auxiliary
effects presented above, different national and international
organizations have issued recommendations regarding
the limitation of the current harmonics injected into the net-
work, to ensure maintaining the acceptable quality of the
power network [8].

In lignite open pits, because of the specificity of the work
carried out, the main objectives (fixed at the level of the Euro-
pean Community), to be satisfied by the applied technologies
are: reduced consumption of raw materials, low energy con-
sumption and the decrease in the deforming regime [9].

The main equipment used in technological flows from the
lignite open pits is bucket wheel excavators (Fig. 1) [10].
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Figure 1. The functional structure of the ERc 1400-30/7 bucket wheel excavator (BWE): 1 - crawler travel mechanism; 2 — rotation
mechanism; 3 — bucket wheel; 4 — boom lifting mechanism; 5 — command cabin operation mechanism; 6 — rotating 10 t crane;

7 — conveyor hoisting and moving mechanism

Technological process of exploiting the lignite deposits
of lignite open pits comprises four phases: excavation, trans-
portation and storage (sterile/charcoal), delivery (char-
coal) [11], [12]. All stages are interrelated, and, from the
functional point of view (power and capacity), the special-
ized technical equipment corresponds to the power and ca-
pacity of the primary equipment of the technological flow,
which is bucket wheel excavators [13].

We can infer that the technological flow of lignite open pits
is composed of excavating machines of continuous mode (buck-
et wheel excavators), transportation equipment (belt conveyor,
belt track trolleys, crawler distribution trolleys, conveyor distri-
bution), deposit equipment (dump cars, traversers bridges,
bridges of direct dump) and storage equipment (field machine,
salt harvester, combined machine to excavate and deposit) [14].
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Considering the complexity of the excavator electric
drive systems, the paper analyzes the deforming regime
introduced by this type of equipment, both through labora-
tory measurements and through measurements made in a
lignite open pit.

2. The laboratory experimental study

In this paragraph, we performed laboratory measurements
for the study of deforming regime introduced by the drive
systems with static frequency converter — asynchronous
motor. The measurements were performed on a laboratory
stand with the following equipment:

—asynchronous motor P, =3kW; U,=230/400V;
In=14 A; (2, =154.46 rad/s;
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—indirect static VARISPEED F7 frequency converter,
formed by uncontrolled rectifier and a vector-control inverter
of power 4.5 kW,

— DC generator functioning as brake for the load on the
drive motor;

— equipment for energy quality analysis.

The schematic diagram for the measurement stand is
shown in Figure 2.

J

Figure 2. Assembly used in making the measurements

The measurements were made for operation with the fol-
lowing characteristics: start time at frequency 50 Hz;
t=20s; timeout t=10s. During measurements, the motor
supply frequency was changed, the frequencies for which
measurements were made were 45, 50 and 55 Hz.

The inverter used is controlled to operate at U/f = constant
carrier frequency of 2 kHz. The measurement results are
shown in Figures 3 and 4. The measurements were carried
out at start-up, frequency change, and different values of the
voltage and the load, including no-load operation.

~ | vertcaiaxszoom | z1 = | w1 sac || Numberorasta[ 702 |

I TME PLOT MG || P TIME PLOT DIPISWELL. ’

Figure 3. Variation the frequency of the output voltage during the
experiment and the variation curves of voltage and elec-
tric current output
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Figure 4. The THDI variation during the experiment and the
variation curves of voltage and electric current

The harmonics spectrum is shown in Figure 5 for diffe-
rent cases. Analysis of data from Figure 5 highlights the fact
that at the output of the inverter, the total harmonic distortion
factor for voltage is greater than the total harmonic distortion
factor for electric current. This is due to the specific mode of
the voltage curves formation at the inverter output with
PWM (Pulse Width Modulation) control.

Figure 5. The harmonics spectrum recorded in the experimental study: (a) idle, f =50 Hz; (b) on load, f =50 Hz; (c) on load, f = 45 Hz;
(d) idle, f = 55 Hz; (¢) on load, f =55 Hz

The total harmonic distortion for voltage (THDU) is
40.3% at 50 Hz for idle regime, dropping slightly at
full load (37.9%). As the frequency decreases and
the deforming regime changes, THDU =22.9% for
idle regime and THDU = 17.5% at full load at 45 Hz and
THDU = 22.4% for idle regime and THDU =15.8% at
full load at 55 Hz.

To analyze the influence of the carrier frequency of the
harmonic spectrum of the inverter output quantities, the car-
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rier frequency value was set to 5kHz. The experimental
results of the tests are shown in Figures 6 and 7.

The spectrum of the harmonics for the carrier frequency
5 kHz is shown in Figure 8. With increasing carrier signal
frequency, the deforming regime greatly decreases, reaching
THDU =5.7% for 5 kHz carrier frequency at 50 Hz for the
inverter output voltage. In this case we observed an increase
in the deforming regime at different frequencies
(THDU = 23.4% for 45 Hz and THDU = 14% for 55 Hz).
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Figure 6. Variation of the frequency and variation of the voltage
and electric current curves
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Figure 7. Variation of the total harmonic distortion THDU during
the experiment and the variation curves of voltage and

electric current
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Figure 8. Spectral composition of the inverter output electrical
quantities under PWM control, with the carrier fre-
quency 5 kHz: (a) for frequency 45 Hz; (b) for frequen-
cy 50 Hz; (c) for frequency 55 Hz
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3. Electricity quality measurements
on a modernized production line

To confirm the experimental results obtained in the la-
boratory, we performed measurements to study the deform-
ing regime and electricity quality systems introduced by
existing shareholders on a production line at a lignite open
pit. Measurements were performed with Hioki 3197 appa-
ratus for analyzing the quality of electrical power connected
to the transformer station which supplies the technological
line equipment. The current and voltage probes were in-
stalled in measuring cells at the output of the 2x4 MVA
transformation station.

The carrier machines operating in a continuous mode are
driven by asynchronous machines with rated voltages of
6 kV and 400 V. Distribution of ST 20/6 kV to electrically
operated equipment is made by cable lines with lengths be-
tween 350 and 5700 m.

The module of the measuring device connection is given
in Figure 9.
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Figure 9. The main window for the mode choice of connection

3.1. Measurements performed on the excavator

The measurements were made on the excavator
ERc 1400-30/7 with the loader bucket volume 1400 I, maxi-
mum cutting height 30 m and the maximum depth of cut 7 m
below the ground level. This excavator has rated voltage
6 kV, rotor nominal power 500 kW, installed power
2540 kW and current 130 A. The bucket wheel drive uses
asynchronous motor with a wound rotor (power 500 kW,
rated voltage 6000 V, and rotation speed 104.7 rad/s).

The motors for actuating rotor arm are pivotally DC
squirrel-cage type with output power 2x37 kW, supply vol-
tage 220 V, the speed of rotation between 10 = and 50 & rad/s
and CSF of P = 90/132 kW/kVA.

Further we discuss the results of measurements taken from
the power quality analyzer and processed with a personal com-
puter. The measurements were performed in different operating
modes of the line that feeds excavator regimens given proper
functioning of the excavator, including idle modes.

The measurement results are shown in Figures 10-12,
namely the variation of the voltage and the electric current
modes (actual and maximum values for a single phase), the
values of active and reactive power, the variation of power
factor and the variation of distortion factor.

From the analysis of graphs in Figures 10-12 it can be
concluded that there is no strong interference with the varia-
tion of voltage and the electric current, even the variation of
power factor being within normal limits.



F.G. Popescu, D. Pasculescu, M.D. Marcu, V.M. Pasculescu. (2020). Mining of Mineral Deposits, 14(4), 40-46

et 1 P e FLoTRMe | EITIME PLOTOIREWELL |
e Tns reeaaer ame (Bl » 2o~ | URSHRBIRARERER] <1~ |l vl <o |[reemir ot el 53
e =
P P e 1

20 08 0 nadr
RIS OROTIG GAnI/G BEALTE OR0ITD O8R1AG 0RUiG

T eventwes |
Toneme 11~ |

Noliage s, | <2+ | Cunmmass | <20 ~

et s
o1 17 5a30 167
ferarr

| varing e eez o2 ] e Freafee || 0 razsv || tamposo |4 1 Rangs x| ] + |1 [ + || Berit e foror 5o || em |

Figure 10. Active power variation and the time variation of vol-
tages and electric currents
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Figure 11. Reactive power variation and the time variation
voltages and electric currents
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Figure 12. Distortion factor variation and the time variation of
voltages and electric currents

As regards the distortion factor, it is reduced. To get
some clearer conclusions, we performed measurements
shown in Figure 13 which present the data on the measured
harmonic values and the time variation of electric current and
voltage at different time points. Figure 13 presents the varia-
tion of current and voltage curves, the harmonics spectrum of
voltage and current as well as certain parameters which are
characteristic of voltage, current and power (the effective
voltage, the peak voltage, the distortion factor THD in percent,
the effective electrical currents, the peak currents, the power
factor, the active power values — reactive and apparent).

3.2. Measurements performed
on the excavator conveyor belts

Below we discuss the results of measurements for the
supply line of the T-500, T-501 and MAN-1 conveyor belts
electrical drives. The measurements were performed in dif-
ferent operating regimes of the drives on this supply line.

Each belt conveyor is equipped with 6 kV/630 kW drive
motors, three-phase motors with wound rotor, starting ac-
complished by the static converter rotor CSR, type 630 P.
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Figure 13. The harmonics spectrum, the effective values, the
voltage and the current curves: (a) the harmonics spec-
trum; (b) the effective values; (c) the voltage and the
current curves

The measurement results show mode variation of the volta-
ges and electric currents (actual and maximum values for single
phase), the values of active and reactive power, the power factor
variation and the variation of the distortion (Figs. 14-16).
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Figure 14. Active power variation and the time variation of vol-
tages and electric currents
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Figure 15. Reactive power variation and the time variation of
voltages and electric currents
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Figure 16. Distortion factor variation and the time variation of
voltages and electric currents

From the analysis of graphs in Figures 14-16 it can be
concluded that there is no strong interference with the varia-
tion of voltage and the electric current.

The power factor variation is insignificant, it is below 0.5
and even lower at higher loads, which may be due to the
improper loading of the machines. As regards the distortion
factor, it is reduced.

For confirming the obtained results shown in Figure 17,
the harmonics amplitudes of electric current and voltage, as
well as the indicators of the deforming regime characteristics
were calculated. The above measurements were made in idle
and load operating regimes of the T-500, T-501 conveyor
belts of the E-05 excavator.
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Figure 17. The harmonics spectrum of the voltages and the cur-
rent at load operation (a); the effective values recorded
at load operation (b)

4. Conclusions

From the measurement data obtained in the laboratory ex-
perimental study it was evident that at the inverter output, the
deforming regime is stronger for the voltage than for the elec-
tric current. This occurs due to the specific mode of the voltage
curves formation at the inverter output, with PWM control.

The laboratory measurement results were substantiated
by the measurements made in the analyzed lignite open pits.
It allowed to conclude that on a modernized production line
equipped with rectifiers with width modulation, the harmonic

regime is significantly reduced in comparison with techno-
logical lines which are not modernized and still use semi-
controlled rectifiers, thus introducing a fairly pronounced
harmonic regime.

From the measurement analysis it was inferred that in the
case of modernized production lines there is no strong inter-
ference with the voltage and current variation, but it was
found that the power factor variation is inadequate, being 0.5
and even lower at higher load values, which may be due to
the longer electric lines or the impact of other users.
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AHaJi3 rapMoHiK CTPyMY i HAaNPyru, BUKJIUKAHUX CHCTEeMaMHU

NPHBOY 6AaraTOKOBIIOBOI0 €KCKABATOPA

@.I'. [lonecky, O. ITackynecky, M.JI. Mapky, B.M. ITackynecky

Mera. JlociipKeHHs Ta aHaji3 TapMOHIKH CTpyMy W HAmpyTH, IO 3’SIBJSIOTHCS B MEPEXki 3MIHHOTO CTPyMY, a Takox AehOopMyr0doro
pexuMYy, 3aJaHOTO CUCTEMaMH MPUBOIY 0araTOKOBIIOBOTO €KCKaBaTOpa Ha TEXHOJIOTIYHIHN JiHII Kap’epa.
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Metoauka. BukonaHo y1abopaTopHi BUMIpPIOBaHHS /I AOCIIDKSHHS 3MIHHOTO J1e(OpMYIOUOro peXHMy, CTBOPIOBAHOTO MPHUBOIHUMU
CHCTEMaMH 31 CTATHYHUM II€PETBOPIOBAYEM YaCTOTH — ACHHXPOHHHMM JIBUT'YHOM. BuMipu nmpoBoamucs Ha 1ab0paTOpHOMY CTEH 3 HacTy-
ITHAM 00JIaHaHHAM: acCHHXPOHHUK IBUTYH (Pn = 3 kBT), Henmpsimuit cratmunumii neperBopioBad yactotn VARISPEED F7, reneparop moc-
TIHHOTO CTPyMY, IIO HpAIIO€ SK TOPMO3 HaBaHTAXXCHHS HAa MPHUBOAHHWII ABUTYH, OONAaTHAHHS IJIS aHAJi3y AKOCTi eHeprii. BumiproBaHHsS
TIPOBOJIVIIKCH IIPY 3aIyCKY, 3MiHI YaCTOTH Ta MPH Pi3HUX 3HAUCHHSX HAIPYTU H HaBaHTaXXCHHs, BKIIFOUAIOYH pOoOOTY Oe3 HaBaHTa)KCHHS.

Pe3yabsTaTn. BeranosieHo, 1o Ha BUXOJi iHBepTOpa Ae(OPMYIOUH PeXXHUM CHIIBHIIIE B pa3i HANPYTH, HIK B pa3i eEeKTPUIHOTO CTpPY-
My, 110 BiIOyBa€ThCS BHACIIIOK OCOOINBOTO PeXUMY (OpMyBaHHsS KPUBHX HAIpyT'd Ha BUXOJI iHBepTOopa. BuzHaueHo, 110 Ha MOJEpHi30-
BaHiil BUPOOHMYOT JiHIl, 110 CKJIANAETHCS 3 OCHALICHUX BUIPSAMIITYAMH 3 IIUPOTHOIO MOAYJIILIERO, CIIOCTEpIranocs, o rapMOHiiHUHA pe-
JKUM 3HaYHO 3HIKCHUH y TOPIBHSAHHI 3 TEXHOJOTTYHUMH JIiHISIMH, 10 HE MOJCPHI3YIOThCA 1 SKi BUKOPUCTOBYIOTh HAIiBKEPOBaHi BHIIPSIM-
JI4i, THM CaMUM, IO BBOISATH Y PEXHM FapMOHIKH JOCHTH SCKPAaBO BUPAKEHUI TapMOHIHHHUN peskuM. BussieHo, mo B pasi MoxepHi30oBa-
HUX BUPOOHHUYHX JIiHIH HEMA€E CyTTEBHUX MEPEIIKO Y 3MiHI HAIPYTH U CTPyMYy, alie BHSIBICHO, IO 3MiHa KOeili€HTa MOTYXHOCTI € Hea/IeK-
BaTHOIO, CTaHOBHUTH 0.5 i MeHIIe mpy OUIBII BUCOKHX 3HAYCHHSX HABAaHTAXKCHHS, IO ITOB’S[3aHO 3 OIIBII JOBIMMH €ICKTPUYHIMH JTIHISIMI
a00 BIUIMBOM IiHIIINX KOPUCTYBAYiB.

HayxoBa HoBH3HA. PO3p00IIeHO IPUHIUITIOBO HOBHH MiJXiA 1O €KCIEPUMEHTATBHIX BUMIPIB SIKOCTI eJICKTPOCHEPTii Ta aHaii3y xedop-
MYIOUOTO PEKHMY, BUKITUKAHOTO CUCTEMaMH €JICKTPOIIPUBOY.

IIpakTHuna 3HaumMicTh. OTpUMaHi pe3yJIbTaTH IO3BOJSIOTH MOJAEPHI3YBaTH SKICTh CHCTEMH €JIEKTPOIOCTaYaHHS Ta IMiJBHILUTH
SIKICTB eNIeKTPOEHEPTii Al BUIMKOBOT TEXHIKU MPH BIAKPUTIH po3poOIli poJOBHIIL.

Kniouosi cnosa: 6azamokosuioguil ekckagamop, 0eopmyroduil pejcum, cucmemu npuooy, eileKmpudHuil Cmpym, JieHimosuil kap’ep,
BUMIDIOBAHHA, AKICMYb, HANpy2a

AHanu3 TapMOHHUK TOKA M HANIPAKEHNS, BbI3BBAHHBIX CUCTEMaMH
NMPpUBOJAAa MHOI'OKOBIIIOBOI'0 JKCKaBaTopa

@.I'. [Tonecky, . ITackynecky, M.Jl. Mapky, B.M. Ilackynecky

Lean. HccnenoBanne n aHaM3 TApMOHUKH TOKa U HAIIPSDKESHUS, TTOSIBIIIOMINXCS B CETH EPEMEHHOT0 TOKa, a Takke Je()OPMHUPYIOIIETo
peXrMa, 3aJaHHOTO CHCTEMaMH IIPUBO/Ia MHOTOKOBIIIOBOTO SKCKaBaTOpa Ha TEXHOJIOTHUECKON JIMHIH Kapbepa.

MeToauka. BeinonHeHsl 1a00paTOpHbIC U3MEPEHUS IS UCCIICJOBAHUS UCKAXKAIOLIET0 Ae(hOPMHUPYIOLIETO PEXHMa, CO3/1aBaeMOro npH-
BOJIHBIMH CHCTEMaMHM CO CTaTHYECKUM IIpeoOpa3oBaTelieM YacTOThl — aCHHXPOHHBIM JBHTaTeseM. 3MepeHus MpoBOAMINCE Ha 1abopaTop-
HOM CTEHJE CO CICAYIOMNM 00OpYIOBaHHEM: aCHHXPOHHBIN aBuratens (Pn= 3 kBT), HempsiMoii cratiueckuii mpeoOpa3oBaTeb 4acTOThI
VARISPEED F7, renepatop NOCTOSSHHOTO TOKa, pabOTarOLIMil KaK TOPMO3 Harpy3Ky Ha IPHBOTHOM ABUTaTeNb, 000pYAOBaHIE AJIs aHAIN3a
Ka4ecTBa SHEepruu. V3MepeHns mpoBOAMINCE MPH 3aIlyCKe, N3MEHEHNH YacTOTHl U IPH PAa3IHYHBIX 3HAYCHUSIX HAIPSDKCHUS] M HAarpY3KH,
BKITFO9ast paboTy 0e3 Harpy3KH.

Pe3yabTaThl. YCTaHOBIIEHO, YTO HA BEIXO/E MHBEPTOPA Ae(OPMHUPYIOIIMH PEXKUM CHIBHEE B CiIydae HANpsHKEHHS, YeM B CIIydae dJeK-
TPUYECKOTO TOKA, YTO IPOHCXOJHUT BCIEIACTBHE 0COOO0T0 perkiMa (POPMUPOBAHMS KPUBHIX HANPSDKEHHUS Ha BBIXOJe MHBepTOopa. OnpererneHo,
YTO Ha MOAEPHU3UPOBAHHON MPOM3BOACTBEHHOM JIMHUHU, COCTOSIIEH U3 OCHAIEHHBIX BBINPSIMUTENEH C IIUPOTHONW Moy suueil, Habmoaa-
JIOCh, YTO FapMOHI/IqGCKI/lI\/'l PEXUM 3HAYUTEIIBHO CHUXKEH 110 CPABHCHUIO C TEXHOJIOTUMYCCKUMU JIMHUAMHU, KOTOPBIC HE MOACPHU3HUPYIOTCA U
KOTOpBIE HCHONB3YIOT HONYyNpaBiIsieMble BBIIPSIMHUTEIH, TEM CaMBbIM BBOJSIINE B PEXHUM TapMOHHUKH JOCTATOYHO SIPKO BBIPAYKEHHBIN rap-
MOHHYECKHH pexuM. BrIsBIeHO, 4TO B CiTyyae MOAEPHH3HPOBAHHBIX MPOU3BOACTBEHHBIX JIMHAI HET CHIIBHBIX OMEX B M3MEHEHHHN Hamps-
KEHHUS W TOKa, HO OOHapy»XeHO, YTO M3MEHEeHHe Ko3((HUIMEHTa MOIIHOCTH HeaneKBaTHO, cocTaBisieT 0.5 m MeHee mpu Ooiee BBICOKHX
3HAUCHUSIX HATrPy3KH, 9TO CBSI3aHO C OoJiee JUIMHHBIMH 3JIEKTPUIECKIMHE JIMHUSIMA HITH BIIMSTHHEM JPYTHX MOJB30BaTeNei.

Hayunas noBu3Ha. PazpaboTaH NPUHIMITHAIEHO HOBBIH MOAXOJ K 3KCIEPUMEHTAIBLHBIM H3MEPEHHSIM KadeCTBa DIICKTPOIHEPIHU U
aHanm3a J1eOpMHUPYIOIIETO PEKIMA, BBI3BAHHOTO CHCTEMaMH JJIEKTPOIPHBOJIA.

ITpakTHYecKasi 3HAYMMOCTB. [loTyueHHBIE pe3yIbTaThl O3BOJSIOT MOJCPHU3UPOBATH CHCTEMBI AIEKTPOCHAOKEHHS ¥ ITOBBICHTH Kade-
CTBO JIEKTPOIHEPTHH [UIsl BHIEMOYHOM TEXHUKH IIPU OTKPBITOH pa3paboTKe MECTOPOKICHHH.

Kniouegvie cnosa: Mno2oKk08u06blIl IKCKABAMOpP, 0ePOpMUPYIOWULL PEdHCUM, CUCEMbl NPUEoOd, I1eKmpUudeckuti mox, JTUSHUNMOGHIL
Kapvep, usmepeHs, Kawecmeo, HanpsiceHue
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