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Purpose. To investigate the operation of three-phase electric motor of electric networks which is characterized by
the absence of such capacity components such as reactive power and variable components of the active capacity as well
as higher harmonics caused by asymmetry and harmonicas of the load. These undesirable components significantly de-
crease the efficiency of the energy transfer and transformation. Methodology. General scientific methods have been
used. Thus, existence of higher harmonics and a variable component in the consumed three-phase capacity decrease
efficiency of the electromechanical energy transformation from the point of view of the consumed electric energy into
the mechanic one with the use of three-side electric drive. Results. The following results have been revealed. Harmon-
ics are known to cause such serious problems as decreasing efficiency of energy consumption; overheating cables, elec-
tric motors and transformers; response of automatic switches; overheating and breaking down of capacitors; overload-
ing neutral wires. Originality. Nowadays, the task of compensating higher harmonics components of the current re-
mains topical. The active harmonics capacitor connected to the parallel non-linear load is one of the most widespread
means of compensating higher harmonics of the current. VVoltage oscillation is referred to as fast changes of the efficient
value of the voltage that occur with the speed of 1-2 % of the normal voltage per second. Normalization of the voltage
oscillations is done on the level of the influence on the human sight. Let us study the process of healthy perception of
the oscillation (flicker). Practical value. The upper limit of the voltage oscillation that influences the sight with taking
into consideration the constant time of the bulb filaments equals around 35 Hz with changes of voltage less than 10 %.
The operation principle of the active harmonics capacitor is based on the analysis of current harmonics of non-linear
load and generation of these current harmonics into the distributing net but with the reverse phase. References 17, fig-
ures 3.

Key words: reactive power, active capacity, active harmonics, transformation, electromechanical energy, three-
phase capacity, voltage oscillations.
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[MpoananizoBaHo poOOTY TpH(a3HUX EIESKTPUUYHUX MEPEXK, 10 XaPAKTEPU3YETHCS NMPHUCYTHICTIO HEAKTUBHUX CKJIa-
JTOBHX TIOTYXXHOCTI, TAKHX SIK: PEaKTUBHA TOTYXKHICTh Ta 3MiHHI CKJIAZIOBI aKTUBHOI ITOTY>KHOCTI, @ TAKOK BHIII TapMO-
HIKM, 1[0 BUKJIMKaHI HE CHMeETpielo a00 HECHHYCOiJHICTIO HABAaHTAXXCHHS. AHalli3 BHUSBUB, IO HeOakaHI CKIAIOBI
3HAYHO 3HWKYIOTh €(DEKTHBHICTH Nepesiayi Ta mepeTBopeHHs eHeprii. Tak, i3 Mooy Ha epeTBOPEHHS CIIOKHUTO] eJe-
KTPUYHOI eHeprii B MeXaHiuHy i3 BUKOPHCTaHHSIM THPHUCTOPHOTO €JIEKTPONPHBOJA, HAsBHICTh BUIIUX T'APMOHIK Ta
3MIHHOT CKJIQJIOBOT B CHIOKMBaHIN Tpu(a3Hii akTHBHINA MOTYKHOCTI 3HIDKYE €()EKTUBHICTh EJIEKTPOMEXaHIYHOTO Hepe-
TBOpEHHS eHeprii. B po6oTi 3a3HaueHo, 10 TAPMOHIKU IIPUBOSTH 10 CEPHO3HUX MPOOJIEM TaKHX SIK: 3HIKEHHIO edek-
TUBHOCTI €HEProCHOXHUBaHHS; IeperpiBy KaOeiB, eJEKTPOJBUIYHIB Ta TpaHC(HOPMATOPIB; CIPaIbOBYBAaHHIO aBTOMa-
TUYHUX BUMHUKA4iB; MEpPErpiBy i BUXOAY 3 JIaJy KOHAEHCATOPIB; MEpeBaHTaXEHHsI HEWTpalbHUX MPOBOIiB. ToMy Ha
CHOTOJHINIHIN JIEHh HE BTpada€e CBOET aKTyaJIbHOCTI 3aJja4a KOMIICHCAIlli BUIIUX TAPMOHIMHUX CKIAA0BHX CTpymy. Ha-
pa3i HalNOIMPEHINM 3ac000M KOMITCHCAIlIi BUIIMX TAPMOHIK CTPYMY € aKTHBHUI KOHAMIIIOHEp TapMOHIK, IO IMiIK-
JIFOYAETHCS TApaNeNIbHO HENiHIHHOMY HaBaHTaKeHHIO. [IpHHIMI il aKTHBHOTO KOH/AWIIIOHEpPA rapMOHIK 3aCHOBAaHHMH
Ha aHaji3l rapMOHIK CTpyMy HENHIHHOTO HAaBaHTa)KCHHS 1 TeHEPyBaHHS B PO3MOAUIbHY MEPEXY THX )K€ TapMOHIK
CTpyMy, ajie 3 IpOoTHiIekHOIO (azoro. [Ipobiema sKOCTI eneKTpoeHeprii B el yac € Jyke rocTporo. Y mepiry 4epry e
BUKJIMKAHO THM, III0 €KCIUTyaTOBaHi Mepexi (pi3udHO i MOpaibHO 3acTapiyiv, a iHBECTHIIIT Ha IXHE BiJIHOBJIECHHS HEJO-
cratHi. HaBaHTa)<eHHs Ha SIKi BOHM OyJIM pO3paxoBaHi, 32 OCTaHHI KiJIbKa pokiB 3pociu B 1,5-2 pazu. Heo6xinHo Takox
3rajiaTy, Mo enekTpudikamis B YKpaidi, MpoBoauIacs MPUCKOPSHUMH TEMIIaMH, 0 HE MOTJIO HE BioOpasuTHCS Ha
SKOCTI MEPEX 1 BCTAHOBIIIOBAHOT'O BCTATKyBaHHS. BCi Il MPUYMHN HE MOXYTh, HE BUKIMKATH 3HWKCHHS SIKOCTI €NEKT-
poeneprii. Llst mpobiema mysxe TocTpo KOIITYE mepe 0ararbMa MmiJIpHEMCTBAMU SIKi PO3IIMPIOIOTHCS i YCTAHOBIIOIOTh
cydJacHe, HaiuacTimie 3aKOpJOHHE, YCTaTKyBaHHS, III0 B YMOBaxX HH3BKOi SIKOCTI €IEeKTPOEHeprii BUMarae yCTaHOBKHU
MOTYKHUX CTa01/1i3aTOPiB HATIPYTH.

Ki11040Bi cj10Ba: peakTHBHA MOTYXKHICTh, aKTHBHA €MHICTh, aKTUBHI TApMOHIKH, TpaHC(HOpMAIIis.

PROBLEM STATEMENT. The problem of the en- ments into their renovation. The loads, they were calcu-
ergy quality is very burning nowadays. First, it is caused lated for, have increased in 1,5-2 times. It is worth men-
by the fact that the exploited nets are physically and tioning that electrification in Ukraine was speeded up
morally out-of-date and there are no efficient invest- that could not help but influence the quality of the nets
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and the installed equipment. The equipment (transform-
ers, high-voltage switches, capacitors) having 30-40
years of service time have been still exploited.

In such conditions the control of the electric energy
quality is conducted only by consumers who have
enough material resources for it while the transferring
companies control only the consumption of the reactive
power.

According to the International standard, the main in-
dexes and norms of the electric energy quality in the
electric networks of the system of electric supply of
common purpose of a variable three-phase and one-
phase current with frequency of 50 Hz in the points to
which the electric nets are connected or electric energy
receivers are the following: voltage oscillation, nonsinu-
soidal voltage, voltage asymmetry, frequency error,
voltage depression, voltage impulses, temporary over-
voltage

All these reasons cannot but cause decrease of the
electric energy quality. This problem is burning among
many enterprises developing and installing up-to-date
(most often foreign) equipment that in current condi-
tions of the low electric energy quality requires installa-
tion of the powerful voltage regulators.

In the exploitation practice, it is considered that the
operation efficiency of all electric equipment and espe-
cially the systems of the electric drive using alternating
current electric energy is mainly determined by the elec-
tric energy quality in the supply nets.

Voltage oscillation is referred to as fast changes of
the efficient value of the voltage that occur with the
speed of 1-2 % of the normal voltage per second. Nor-
malization of the voltage oscillations is done on the
level of the influence on the human sight. Let us study
the process of healthy perception of the oscillation
(flicker). The upper limit of the voltage oscillation that
influences the sight with taking into consideration the
constant time of the bulb filaments equals around 35 Hz
with changes of voltage less than 10 %. The sensitive-
ness of the human visual perception of the light oscilla-
tion depends on the frequency and can be between 8 and
10 Hz maximum. The relation between the relative am-
plitude of the voltage change and the corresponding
flicker feeling is quadratic, i.e. increase of the visual
perception takes place faster that the increase of the
voltage oscillations. Another parameter concerning the
reaction of the sight system is the effect of remembering
everything that happens in the brain.

Harmonics cause such serious problems as
decreasing efficiency of energy consumption;
overheating cables, electric motors and transformers;
response of automatic switches; overheating and
breaking down of capacitors; overloading neutral wires.

MATERIAL AND RESULTS. To choose the
approach to compensating higher harmonics, we need to
study the main means of controlling them that are
applied in modern electrical engineering.

Switching in the linear throttle.

Consecutive switching in the linear throttles is the
simplest way to decrease higher current harmonics into
the out net. Such throttle has the value of the induction
resistance on the main frequency 50 Hz and significant

value of resistance for higher harmonics that leads to
their weakening.

Applying passive filters.

Application of the consecutively connected linear
throttles in a range of cases does not allow decreasing
the current harmonic distortions to the appropriate
limits. In this case, it is reasonable to use the passive
LC-filters adjusted for a certain harmonic order. To
improve harmonic component of the consumed current,
such filters are widely applied in the systems with the
sources of uninterrupted power supply (UPS).
Connection of the filter on the input of the six-half period
rectifier with 100 % UPS load ensures decreasing of the
current distortion coefficient to the value of 8-10 %. The
value of the coefficient in the system without filters can
reach 30 % and above.

Application of special isolating transformers.

The isolating transformer with the winding “triangu-
lar-star” allows efficiently control harmonics multiple of
three with the balances load. The crossing (zigzag) sys-
tem of winding where the secondary winding of each
phase is divided into two parts and places on different
rods of the transformer magnetic conductor is used for
weakening the influence of the load asymmetry and
decreasing the neutral terminal current. On non-
sinusoidal current the losses increase in transformers
mainly due to the loses on Foucault currents that re-
quires increase of their established capacity or applica-
tion of special K-factor transformers. K-factor trans-
formers differ from the standard ones with having addi-
tional heat capacity allowing standing heating caused by
the current higher harmonics. Besides, a special con-
striction of such transformer allows minimizing ex-
penses on Foucault currents and expenses because of the
spurious capacitance.

Applying magnetic synthesizers.

The magnetic synthesizer ensures protection of the
load from various distortions of electric supply, i.e.
from voltage depressions and voltage surges, impulse
and high frequency obstructions, existence of higher
harmonics that causes distortions of the sinusoid form of
the outgoing voltage. The outgoing voltage of the mag-
netic synthesizer on each half-period of the main fre-
quency is generated by combining six rectangular im-
pulses connected from the transformers with saturation
connected with each other like the investors with
stepped control principle. Although the magnetic syn-
thesizer does not contain any power half-conducting
elements performing the function of the voltage stabi-
lizer.

Nowadays there are several capacity theories, which
suggest mathematical description and treatise of the
capacity components in electric circuits with valve
inverters. It is worth noting that the accurate solution of
the task of harmonic compensation is possible due to:

- the knowledge of exploitation conditions and
technical characteristics of the energy sources,
distribution system and power service protector;

- the accurate knowledge of loads (harmonic
constituents of the current, consuming capacity, place of
their connection in the energy supply system);

- the usage of special measuring equipment for
experimental determination of the harmonic constituents
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of the current on different parts of the energy supply
distribution system.

It is obvious that the correct adjustment and
calculation of the currents of compensation require
distinct and true, physically and mathematically proved
information on the components of the capacity in three-
phase electric rings.

The active harmonic conditioner connected parallel
to the non-linear load is one of the most widespread
means of compensating higher harmonics of the current.

The operation principle of the active harmonic
conditioner is based on the analysis of current
harmonics of non-linear load and generation of these
current harmonics into the distributing net but with the
reverse phase. As a result, higher harmonic constituents
of the current are neutralized in the connection point of
active harmonic conditioner. It means that they do not
spread from the non-linear load into the net and do not
distort the current of the primary voltage source

Their classification and the main sense are given in
the works. Now we can determine three capacity
theories that are widely used for interpreting
components of three-phase capacity and, as a result,
suggest strategies of compensating the mentioned
inappropriate harmonics: Cross-vector theory, p-q
theory of instantaneous power and p-g-r theory of
instantaneous power. Although the analysis of the
above-mentioned theories is given many times, it is
worth mentioning that their main propositions,
advantages and disadvantages. The main propositions
according to which one can characterize these theories
are various determinations of the active and reactive
capacities of the three-phase system.

P-q theory of the instantaneous reactive power.

P-g theory of the instantaneous reactive power is
presented in the work as a fundamental theory for ana-
lysing features and physical processes in three-phase
systems, for application on solving problems relating to
higher harmonics, reactive power and asymmetry, for
calculation and control of the active filters. This theory
envisages transfer from the stationary system of coordi-
nates 4-B-C to the stationary system of coordinates a-f
based on the Clark's transformation. Hereby one should
notice that in the given theory the term «instantaneous
unreal powery is a synonym to the term «instantaneous
reactive power» and is determined as a part of the sum
of instantaneous three-phase voltages and currents that
does not perform any transfer of energy from one sys-
tem to another one in any time. Moreover, the physical
essence given to these values equals the following: it is
a part of the energy, which the system phases exchange.

Hereby one should notice that in the given theory the
term «instantaneous unreal power» is a synonym to the
term «instantaneous reactive power» and is determined
as a part of the sum of instantaneous three-phase volt-
ages and currents that does not perform any transfer of
energy from one system to another one in any time.
Moreover, the physical essence given to these values
equals the following: it is a part of the energy, which the
system phases exchange.

Some authors believe that the disadvantage of p-q
theory of instantaneous power is the lack of opportunity

of its application when analysing three-conductor nets
with zero wire and, in a range of cases, big values of
coefficients of unsinusoidality of the current after their
PAF correction on the nonsinusoidal net voltage. Al-
though, in the range of literature sources the author
finds and states other disadvantages of the studied the-
ory and even some discrepancy with the physical sense.

According to some sources instantaneous and reac-
tive p-q powers in the sense suggested do not allow
identify immediately all the processes of transforming
electric energy in the three-phase net. Firstly, instanta-
neous active power p is nothing else but an instantane-
ous power — value of the energy flow from the source of
supply to the load. Also believes that two names for the
same value can cause some obscurity and, what is the
most important, the value p is not related to the active
power P of the load. Thus, it exists independently of the
fact whether the load had an active power or not. Simi-
lar obscurities appear when reviewing instantaneous
power g and its physical content. Reactive elements in
the load are not responsible for appearance of g, since it
appears even in the clearly active load. The results of
the conducted modelling prove the remarks to the theory
are well founded: according to the expressions sug-
gested in some sources, in the three-phase system with
zero wire the «imagined» (i.e. calculated) reactive
power that does not comply with the physical content.

In general, according to the theory of electromag-
netic fields, the instantaneous reactive power g cannot
be presented as energy the net phases exchange with.

At the same time, many authors state the false thesis
of the p-q theory that the variable component of the
active power is always undesirable. It is supposed, if the
source voltage is asymmetrical but does not include the
main and, for example, the fifth harmonics, so the
power transferred to the load in the result will comprise
constant and variable components with the frequency
exceeding the net frequency in six times. Since the load
is exceptionally active, this variable component will not
influence its power coefficient in any way, i.e. the active
power equals the full (imagined) power. In addition,
there is no need in compensating this variable constitu-
ent in the result of it. This statement is fully proved be-
cause:

- when calculating the content of the instantaneous
power not all higher harmonics that appear in the spec-
trum of the instantaneous power when feeding from the
polyharmonic supply source are considered;

- expediency of compensating the variable
components of the three-phase power should be
assessed not only from the point of view of the value of
the reactive power in the system, since higher
harmonics of the power can influence not only the
coefficient of the load power — vibration and additional
loses in the rotary machines, increase of expenses in
transformers, worsening the operation of electric system
protection devices, etc
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Figure 1 — Diagram of compensating higher harmonics
of the load current and the reactive power realized
based on the p-g theory

Using p-q theory we can independently regulate on
the zero and phase currents, but we need to have an ac-
tive energy accumulator since instantaneous powers
and interdependent.

p-g-r theory of power.

This theory uses three systems of coordinates: a-b-c,
a-f-0 and p-g-r, the first two are motionless relating to
each other, and the third system p-g-r rotates round the
axle 0 together with plane that is perpendicular to the
plane a-g. Position of the axle p is determined with the

load vector U, in the plane a-f and the load vector of
the zero sequence.
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Figure 2 — Diagram of compensating higher harmonics
of the load current and the reactive power realized
based on the p-g-r theory

The advantage of this theory is its ability to suggest
calculation of powers that depend on each other line-
arly. The main disadvantage of this theory is in case of
distorted and asymmetrical voltages of the net with the
part of variable components in the instantaneous active
and reactive powers remain uncompensated even when
the currents in the net remain symmetrical and sinusoi-
dal. The PAF control system built based on p-g-r theory
allows regulating separately zero and phase currents
without energy accumulator but even if the net currents
are sinusoidal and symmetrical, a part of the variable
components in the instantaneous active and reactive
powers remains uncompensated. Considering that, the
three components of the current can be compensated
with three independent regulators without the energy
accumulator.

Cross-vector theory.

Cross-vector theory or «generalized theory of
instantaneous reactive power» can be applied to
calculate both sinusoidal and nonsinusoidal three-phase
systems with or without voltage/current of zero
sequence. We suggest the scheme of the device for
compensating the reactive power of the load current
harmonics based on the cross-vector theory. The
compensator is suggested to be made based on the
voltage inverter with wide-impulse modulation
connected parallel to the load. The results of the
modelling prove the efficiency of the compensation
system of harmonics, reactive power and currents in the
zero wire with the help of the control schemes built
based on cross-vector theory.
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Figure 3 — Diagram of compensating higher harmonics
of the load current and the reactive power realized
based on the cross-vector theory

As shown in the work, the results of the modelling
prove the efficiency of the compensation system of
harmonics, reactive power and currents in the zero wire
with the help of the control schemes built based on
cross-vector theory.

Cross-vector theory does not allow controlling cur-
rents in the zero wire independently on the phase ones
and does not ensure full compensation of the current in
the zero wire if the currents have zero sequence.
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The main differences of the described theories lie in
their efficiency when compensating currents in the zero
wire on nonsinusoidal and asymmetrical net loads:

- cross-vector theory does not allow controlling cur-
rents in the zero wire independently on the phase ones
and does not ensure full compensation of the current in
the zero wire if the currents have zero sequence;

- using p-q theory we can independently regulate on
the zero and phase currents, but we need to have an ac-
tive energy accumulator since instantaneous powers
interdependent;

- the PAF control system built based on p-g-r theory
allows regulating separately zero and phase currents
without energy accumulator but even if the net currents
are sinusoidal and symmetrical, a part of the variable
components in the instantaneous active and reactive
powers remains uncompensated.

CONCLUSIONS. Quality of electric power deter-
mined with the amplitude, frequency and distortions of
the form of the signal from the supply system. While the
amplitude and the supply frequency are determined by
energy-supplying companies, the wave form (of the
voltage or current) is distorted by consumers (of the
power) or loads. Linear loads as well as asynchronous
engines, electric bulbs, resistive heating devices or ca-
pacitor banks consume sinusoidal current that is in ac-
cordance to the wave of the power supply. On the other
hand, nowadays most typical loads are non-linear, for
example VSD (variable-speed drive), equalizers,
sources of non-stop supply, computers, TV sets, energy
saving (fluorescent) lamps, photocopying machines, etc.
These loads consume the source current that does not
correspond to the form of the voltage wave and distort
its form. Distortions are caused by harmonics formed
with non-linear devices. These harmonics are an in-
creasing problem for suppliers and consumers of the
electric energy.

The active harmonics capacitor connected parallel to
the non-linear load is one of the most widespread means
of compensating higher harmonics of the current. The
operation principle of the active harmonic conditioner is
based on the analysis of current harmonics of non-linear
load and generation of these current harmonics into the
distributing net but with the reverse phase. Nowadays
there are several capacity theories, which suggest
mathematical description and treatise of the capacity
components in electric circuits with valve inverters. On
the current stage, we can differentiate three theories of
power: cross-vector theory, p-q theory of instantaneous
power and p-g-r theory of instantaneous power.
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N3zyyena pabora Tpex(asHBIX 3JIEKTPUUECKUX CETEH, YTO XapaKTEPHU3YeTCsl NMPHCYTCTBHEM HEAKTUBHBIX COCTaB-
JSIFOIIMX MOIIHOCTH, TAKUX KaK: PEaKTHBHAsI MOIIHOCTh M IIEPEMEHHBIC COCTABIISIONINE aKTHBHOW MOIIHOCTH, a TaKXe
BBICIIINE TaPMOHUKH, BBI3BAaHHBIE HE CHMMETPHUEH HIIM HECHHYCOHJIAIbHOCTHIO HArpy3KH. AHAIHM3 IMOKa3as, 9TO 3TH
HEKENaTeIbHBIC COCTABIIIONINE 3HAYUTEIBHO CHIDKAIOT 3¢ (EKTUBHOCTD MEpeadn U MpeoOpa3oBaHust SHEPTruH. Takum
o0pa3zoM Ha IpeoOpa3zoBaHKUE MOTPEOICHHOHN AMEKTPHIECKON SHEPTUU B MEXaHUIECKYIO C HCHOIB30BAHUEM THPUCTOP-
HOTO 3IJIEKTPONPHUBO/A, HAIWYHE BBICIIMX TAPMOHHK W IIEPEMEHHON COCTAaBIIIONIEH B mOTpedisieMolt Tpex(da3HoH ak-
TUBHOM MOILITHOCTH CHIDKaeT 3(p(heKTHBHOCTH JIEKTPOMEXaHHYECKOro peodpa3oBaHus sHeprun. B podore Obu10 onpe-
JIEJICHO, YTO TapMOHUKH MPUBOIST K CEPbE3HBIM Mpo0ieMaM, TaKUM KaK: CHIDKEHHIO 3()(eKTHBHOCTH DHEPronoTpeo-
JICHUsI; TieperpeBa KabeneH, sJeKkTpoaBuraTenaed u TpaHcopMaTropoB; cpabdaThIBAaHUIO aBTOMATHUECKHX BBIKIIIOUATE-
JIel; meperpeBa U BBIXOJIa U3 CTPOsI KOHJCHCATOPOB; Meperpy3ku HEUTpaIbHBIX NMPoBOAOB. IloaTOMy Ha ceronHsAImHUI
JIeHb TepsieT CBOIO aKTYyaJIbHOCTh 3a/laya KOMIIEHCAIlUU BBICIIMX FAPMOHUYECKUX COCTaBJIIONUX TOKa. AHanu3 ompe-
JIEJINN, YTO CaMbIM PacCIpOCTPAHEHHBIM CPEACTBOM KOMIEHCAIMH BBICIIUX TAPMOHUK TOKA SIBJIAETCS aKTUBHBIM KOHAU-
LUOHEP TapMOHUK, NOJKIIOYAIOLIUICS MapajiebHO HEJMHENHOW Harpyske. IIpuHuumn nelcTBUs aKTUBHOTO KOHJIU-
IIMOHEpa TAPMOHMK OCHOBAaH Ha aHAJIM3€¢ 'APMOHMK TOKA HEIMHEWHON HArpy3Kd M T€HEpPAIMd B PACHPEACIUTEIBHYIO
CeTh TeX K€ TAPMOHHUK TOKa, HO MPOTUBOIOI0XKHOH (hazoi. [Ipobiema kadecTBa 3IMEKTPOIHEPTHN B HACTOSIIEE BPEMS
SIBISIETCSI OY€Hb OCTPOH. B mepByro odepenp 3TO BBI3BAHO TEM, UTO IKCIUTyaTHPYEMbIE CETH (PU3NYECKH W MOPAIBHO
ycTapesu, a HHBECTHIIMHM Ha UX BOCCTAHOBJIEHHE HENOCTaTOYHbI. Harpyska Ha KOTOpYIO OHH OBUIH PAacCUUTAHBI, 3a 110-
CJIEZIHUE HECKOJBKO JIET BhIpocin B 1,5-2 pa3a. HeoOXoauMo Takke yHMOMSHYTb, YTO 3NEKTpH(UKanus B YKpauHe,
MPOBOANNIACH YCKOPEHHBIMH TEMIIaMH, YTO HE MOIJIO HE OTPA3HTCs Ha KayeCTBE CETEH M yCTaHaBIMBAaEMOI'o 000py10-
BaHUs.

KaioueBble ci10Ba: peakTHBHasi MOLIHOCTh, aKTHBHAs EMKOCTb, aKTUBHBIE TAPMOHUKH, TpaHC(HOPMALIHSL.

Crarrs Hagimuia 14.05.2018.
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