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Purpose. Generalization of the results of studies of the electric drive features with indirect speed measuring asso-
ciated with the presence of the positive current feedback, with the significant voltage feedback pulsations in DC mo-
tor, with display of instability of the induction motor, and consideration of their practical use to improve the control
quality.

Methodology. The methods for improving of the control quality through: full compensation of droop mechanical
characteristics of the motor at a certain average temperature of the windings with the assumption of overcompensation
by the temperature changes; reducing of the inertia of the voltage sensor by a digital smoothing its signal in the micro-
processor control system in DC drive; sustain of stability of the induction motor in AC drive.

Findings. Defined the fields of stability of control system at positive current feedback in DC drive and at active cur-
rent feedback in asynchronous electric drive. Defined the fields of stability of control loop with thyristor converter at
digital smoothing of feedback signal. Defined the fields of stability of the induction motor as a function of the coeffi-
cient of the magnetic flux scattering, electromechanical time constant, time constants of the stator and rotor. Substanti-
ated the control structures and system parameters that provide quality control of the electric drives.

Originality. Methods of choosing the parameters of the speed controller at the positive current feedback. Condi-
tions of stability of control loop with thyristor converter at digital smoothing of feedback signal. Stability boundaries
of the induction motor subject to the coefficient of the magnetic flux scattering, electromechanical time constant and
the time constants of rotor and stator. Improvement of the control structures of electric drives with the indirect speed
measuring.

Practical value. Implementation of the results of research in electric AC and DC drives produced by Zaporizhia

Electrical Apparatus Plant and Science Research Institute of the Power Electronics.
Keywords: electric drive, control system, stability, thyristor converter, induction motor

Introduction. Expending of possibility of speed
control of electric drives (ED) without speed sensors is
an important scientific and practical task. Indirect speed
measuring by calculating current and voltage encounters
the problem of stability of circuit of compensation the
static error of the speed control. In addition, the DC ED
(DCED) has problem of stability of the voltage loop, in
asynchronous ED (AED) arises the problems of stability
of the induction motor (IM) and providing its stability
without loss of static control accuracy.

Analysis of the studies. Compensation static error of
the speed control with increasing of load of electric motor
(EM) is realized by the positive feedback (FB) — on cur-
rent in the DCED and on the active current in AED [1].

By increasing of the positive FB in DCED static error
can be reduced to zero at a certain average value of the
temperature EM with the assumption overcompensation
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of static error of the speed control (see under “overcom-
pensation”) with the temperature decreasing of ED re-
sistance, so you can improve the static accuracy of con-
trol. If neglected the influence of FB on ED EMF which
characterized electromechanical time constant T),, then
at full compensation of static error of the automation
control system (ACS) is on the stability boundary. It is
received an expression for the limit in terms of sustaina-
bility overcompensation that takes into account the influ-
ence FB on EMF [2]. Expression is obtained without ac-
count of inertia of the voltage sensor. Since the inertia of
the voltage sensor can only worsen sustainability of
ACS, in DCED invited to minimize it, to reduce the rip-
ple of the voltage sensor output signal is proposed to use
digital smoothing of this ripple by repeated reading the
signal and its averaging over the period of converter dis-
crete by microprocessor control system (MPCS). The
above expression gives the possibility to choose the con-
troller parameters by which the allowable amount of

99




EJEKTPOTEXHIYHI KOMNNEKCU TA CUCTEMMHU

overcompensation of static error more then arising from
temperature changes of the EM resistance.

However, the controller parameters are chosen based
on the possible instability of the internal control loops.

In DCED while reducing of inertia of voltage sensor
most critical to oscillations associated with the discrete of
control of converter is voltage control loop. Conditions
of stability at digital smoothing of FB signal [2] substan-
tially restrict the voltage loop gain, which in turn limits
the performance of the speed control.

IM considering FB of EMF is also a closed control
loop, in which oscillations of current and speed can oc-
cur. The presence of positive FB of active current in
AED with indirect speed measuring can contribute to the
emergence of self-oscillation, which could not be shown
at negative FB or in its absence. Investigating the stabil-
ity of IM by method of frequency characteristics analysis
in the linearization of differential equations system con-
ducted A.A. Bulgakov, V. Lyon, LI. Epshtein and other
scientists, allow only qualitative to study the stability.
Another method to study electromechanical self-
oscillations arising in IM is the mathematical modeling
of the complete system of differential equations of IM,
which contain the products of variables. In this case the
boundary of stability of IM was determined by multiple
automatic sorting options of calculation using a special
algorithm [2].

Among possible ways to suppress electromechanical
self-oscillation mode is selected applying FB of reactive
current component to the impact on the frequency f, as
this does not degrade the speed control accuracy.

By maintaining by a constant rotor magnetic flux
expression for the allowed value for overcompensation
in DCED is true for AED, if processes are considered in
relation to the active component of the stator current
[2].

The purpose of this paper is to summarize the results
of studies of stability of control system of drives with in-
direct speed measuring and consideration of their practi-
cal use.

Material and research results. Determination of
the stability field of loop with thyristor converter at digi-
tal smoothing of FB signal. Availability of digital signal
smoothing of FB distinguishes stability analysis of stud-
ies conducted by N.A. Beresten, V.P. Shipillo and other
authors. Taking the period of discrete converters T con-
stant, the transfer function of the digital filter can be rep-
resented as

G,(p)=A—exp(—=pT))/ p-

As a result of the study of contour stability by
Z-transform is defined the tolerance range of system gain
Kpu in dependence on the time constant of the voltage
sensor Tyg

~T/Tys
K [TLY_ 1 ]<K1 <[1_1le+es+TVS,(1)
w 1 pu

T/Ty. -T/Tyg
T e — 2T;nl l—e ™ Tint

where tint — integration time constant of circuit.
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Stability boundaries of the control contour according
to the expression (1) are shown in Fig. 1, the dashed lines
indicate the boundaries of the known from works by V.P.
Shipillo stability boundaries for thyristor converter (TC)
controlled by methods PWM-I and PWM-II. From a
comparison of the curves on Fig. 1 one can see, that the
ACS with TC at digital smoothing of FB signal for sta-
bility occupies an intermediate position among the point-
ing known controled methods.

To improve speed regulation accuracy the coefficient
K, required to increase, that is possible, as shown in
Fig. 1, while increasing of the time constant of the volt-
age sensor T,,. However, it deteriorates dynamics and re-
duces allowable value of overcompensation caused by
temperature changes.

K pu

O = k2 e b L

15 L/

Fig. 1. Stability boundaries of ACS with TC at digital
smoothing of feedback signal (in compared at the
known methods of TC control PWM-I and PWM -11)

ACS stability at overcompensation of static error of
the speed control. Structure of the most common single
integrating ACS at indirect speed measuring (Fig. 2) con-
tains: a control loop current /d with PI current controller
CC, thyristor converter TC; EM armature circuit with a
time constant 7, resistance R,; current sensor with pa-
rameter Rcg; voltage U, sensor with parameters Tyg, Kys;
voltage controller VC with a coefficient K;; current
compensation circuit with coefficient K. At constant of
magnetic flux the speed V" and the EMF E proportional to
each other, E,,, V,, are set values of £ and V. I;5 is
steady-state current of EM. Dotted bond is not consid-
ered and it will be discussed further.

As noted above, a large inertia of voltage sensor re-
duces the possibility of full compensation with consider-
ing overcompensation at the temperature change of the
resistance of EM. At the same time, low inertia of volt-
age sensor does not affect to the processes of the speed
change. Taking Tys = 0 and neglecting dickretion of TC,
processes in the system can be described by a differential
equation of the third degree, which allows to obtain the
condition of the system stability in an analytical form.
This condition is obtained with respect to the overcom-
pensation coefficient &, which determines the relative dif-
ference between the calculated resistance of the motor
circuit R, .. for calculation of compensated voltage drop
and the real resistance R, , which depend on temperature
changes

k= (RA.calc -Ry

VR, @)
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Stability condition in speed ACS of has the form (3)

integral K; and proportional Kp parts of the controller.
From this the total stability condition individual cases

1+ K, 1+ Ky )Tim v La can be determined
TM T;nt
2
(1+KPU(1+KPU)§EM+ZZ:AJ - k< TimT , for Kpy =03 “)
. T TM[HAJ
— 4Ky, (1+ K pyy ) 2int T
k< Tor » (3)
2Kp“
<0, for T . 5
where Tint = T/ K;; — integration time constant of the k<0 T /Ty =0 ©)
voltage loop; K;y = Kys KuKiKrc , Kpy = Kys KuyKpKre
— gains of the open voltage loop with accountancy the
» K, — TC
pT
+ P u Ud
» CC > Krc |
— +
> Kp
A 1
KVS D pTy +1 ]
Res
RA
E
< L P RA [d 1 ‘Ud
" Pl + pT, +1 +
Rylys E

Fig. 2. Control structure of DCED with the indirect speed measuring

Stability condition (5) means that if you do not con-
sider FB in motor EMF (Ty; — ), that is sometimes ac-
ceptable, then the system is unstable at full compensation
and overcompensation is not allowed in general. In fact,
thanks to the FB in motor EMF full compensation and
overcompensation at temperature change can be provid-
ed. Expression (3), which accounted FB in EMF, allows
selecting the appropriate of controller parameters under
which a real possibility overcompensation coefficient is
less than a valid value.

With regard to (1) it is advisable to choose the pro-
portional gain of the voltage circuit close to the maxi-
mum allowable at the Ty5< 0.5 T': Kpy = 1. Fields of sta-
bility for K,,, = 1 according to (3) are shown in Fig. 3.

At that gain from the condition of the possible over-
compensation at a temperature change in resistance of the
motor circuit at 20 % (k = 0.2) from the expression (3)
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and graphs (fig. 3) can be determined that the integration
time constant circuit must equal 7;,, = (0.2 .. 0.3)T), at a
time constant of the armature circuit 7, = (0.1 .. 0.4)Ty, .
Choosing a time constant 7;,, more, it can increase the
stability margin of the system. However, the system be-
comes more inertial. So the correct is setting for systems
with not full compensation in one part of the temperature
range, which reduces the overcompensation in the second
part of the temperature range.

Better control in DCED with indirect speed meas-
uring. The stability condition (1) for voltage control
circuit limits the performance of speed control. Due to
positive current FB when choosing the correct ratio of
the current compensation gain Kgy this performance
limit can be compensated. If it divide the positive FB in
two components, one of the components shifting to the
input of restriction circuit as shown by the dotted line in
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Fig. 2, the remainder of the positive current FB will be
responsible only for the current compensation, and
transferred part will eliminate static error of the voltage
control. For small deviations from the speed set value
the positive and negative current FB on input of CC
compensate each other, and ACS turns into astatic
speed regulator. For the large signal error of control the
current set value is limited by restriction circuit on the
level Ij;, . Moreover, due to the action of positive cur-
rent FB the level of restrictions is reached earlier, and
the output from limitations occurs later. Current varies
with the maximum rate for a longer time, thereby im-
proving performance of control. Upon entering to the
active zone the transitional process occurs at relatively
low values of the input signal. This reduces the over-
shoot (Fig. 4).

k

0,4]T; —

08 Bpu= 1 0.2 Ty |
02
L=

0 02 04 0é 0

I;m_/ y M

Fig. 3. Boundary values of the overcompensation co-
efficient of the static error of the speed control
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Fig. 4. Oscillogram of the transition process in
DCED at a jump of the voltage set value

Stability fields of IM. Suppression of self-oscillation.
Carried on the mathematical model calculations systematize
as the stability fields in the coordinates: the scattering coef-
ficient of the magnetic flux between stator and rotor ¢ and
mechanical time constant 1, relative to the stator time con-
stant 1y (z,,/7; = 7’,) at the ratio of the time constants of the
rotor and stator 7, / 7; = t’; (Fig. 5) [2]. Calculations were
performed for dependence between voltage and frequen-
cy with the normal magnetic flux of IM.

Given that the time constants are inversely proportional
to resistances the curves (Fig. 5) show to such an extent of
the field of instability increases with increasing resistance
of the stator circuit, including the removal of IM from the
frequency converter (FC) over long distances.
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Fig. 5. Stability boundaries of IM

Fig. 6 shows photographs taken from the oscillograph
screen, which displayed the phase current IM A02-81-
4U3 in power 40 kW with a pulse-width modulation of
the sinusoidal stator voltage with frequency f;; = 7 Hz and
nominal magnetic flux in the system without FB (Fig. 6,
a) and with FB on reactive current component in the FC
(Fig. 6, b). Out of one cell in the vertical — 40 A, in the
horizontal — 100 ms.

By simulation revealed that the oscillations on IM can
be suppressed by the negative feedback of the active
component of the current, so oscillations can not be
shown at the AED having this FB. A preferred method to
suppress the self-oscillation is the introduction of posi-
tive FB of reactive current component Iy (Fig. 6, b), us-
ing its variable component does not change the static
control accuracy.

Speed control in AED. Structure of speed control
system of AED at a constancy of the rotor magnetic
flux is similar to that shown in Fig. 2 for DCED. This
structure can be reduced to Fig. 7 for the variables in

relative terms, where [z, Iy . are the active compo-

nent of drive current towards EMF of rotor and its
steady-state value; T, T, are current controller pa-
rameters, T is the equivalent time constant of the sta-
tor circuit. The parameters of controller for which the
system at full compensation of slip (K = 1) has a suffi-
cient margin of stability can be determined from for-
mula (3) or from the graphs Fig. 3 with the corre-
sponding renaming of parameters. The variable com-

ponent of the positive FB of reactive current TXE sup-

presses the possible oscillations of IM and practically
does not effect to the control process. The active com-
ponent of the rotor current is determined according to
measuring currents of two phases. Because of possible
non-identical of sensors the error of determine current
is greater than in the DCED, and calculated values can
differ during the period of output frequency, thus peri-
odically changing the values of the active current
component occurs and the proportional part of the PI-
controller can cause frequency instability even in
steady-state mode of FC. Therefore, it is advisable to
use an integral-controller (7} = 0), which turns into in-
ertial link by FB and averages variation in the measur-
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ing of the active component of the rotor current. In
this case the stability condition takes the form (4) with
the difference that it should bear in mind the equiva-
lent time constant of the stator circuit 7. instead of the
time constant of armature circuit 7.

This condition implies that it should choose integra-
tion time constant 7}, which is comparable to the me-

£ B 58 .anl)
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chanical time constant of motor 7), to ensure sufficient
stability margin.

The considered control system is implemented on the
basis of microcontrollers KR196CA, dsPIC30F,
dsPIC33F in electric drives of AC and DC produced by
Zaporizhia Electrical Equipment Plant and Ukraine Sci-
ence Research Institute of the Power Electronics.
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Fig. 6. Oscillograms the IM phase current with the sinusoidal pulse width modulation of the stator voltage, modu-
lating frequency — 7 Hz at nominal magnetic flux: a — without FB,; b — with FB on reactive current component
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Fig. 7. Control structure of AED with the indirect speed measuring

Conclusions. Using the proposed control structure
and methods of determining of the controller parameters
gives the opportunity to improve the quality of control of
electric drives with indirect speed measuring - to improve
static accuracy of speed control and improve the dynam-
ics by choice of parameters of controller with given sta-
bility margin.
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Merta. Y3aranbHeHHS pe3yibTaTiB IPOBEACHHUX JOC-
JHDKEHb 0COOMBOCTEH PETyTIOBAHHS EIEKTPONPHUBOIIB
3 HENpPSMHUM BUMIPIOBAHHSIM IIBUAKOCTI, MMOB'I3aHUX 13
HasBHICTIO JIONATHOTO 3BOPOTHOTO 3B'SI3KY 3a CTPYMOM,
3HAYHAMU ITyJTBCAIlIIMA CHTHATY 3BOPOTHOTO 3B'S3KY IO
HAaIpy3i B €JIEKTPOIIPUBOAL MOCTIHHOTO CTPYMY, IPOSIBOM
HECTIKOCTI aCHHXPOHHOTO €JICKTPOJIBUT'YHA, 1 PO3TIIS
iX IPaKTUYHOTO BUKOPHCTAHHS JJIS IiIBUIIEHHS SKOCTI
peryaroBaHHA
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Metoau. Po3risiHyTO MeTOAM MiJBUIIEHHS SKOCTI
PETYIIOBaHHS 32 PaxXyHOK: IIOBHOI KOMITEHCAIlii cTaTu3Ma
MEXaHIYHOI XapaKTEpPUCTUKH €JIEKTPOJIBUIYHA IpH Je-
AKil cepenHii TemrepaTypi 0OMOTOK 3 JIOIYIICHHSM Ie-
pexoMmmeHcalii Nnpu 3MiHI TeMIeparypH; 3MEHIICHHS
IHepUIHHOCTI JaTYMKa Hanmpyrd npu HU(poBOMY 3riia-
JUKyBaHHI ITyJIbCcalliii MiKpPOIIPOLIECOPHOIO CHUCTEMOIO
YIPAaBJIiHHS B €IEKTPOIPHUBOII MOCTIHHOTO CTPyMYy; 3a-
Oe3meyeH s CTIHKOCTI aCHHXPOHHOTO JIBUTYHA B €JICKT-
POIIPHUBO/I 3MiHHOTO CTPYMY.

Pe3yabTaTn. BuznaueHi o0macTi CTIHKOCTI CHCTEMH
peryIroBaHHS IPH AOAATHOMY 3BOPOTHOMY 3B'SI3KYy 3a
CTPYMOM B €ICKTPONPHBOI MOCTIHHOTO CTPyMy Ta 3a
AKTHBHOIO CKJIQJIOBOIO CTPYMY B aCHHXPOHHOMY €NICKT-
ponpuBoi. BusHaueHi 00sacTi CTIHKOCTI KOHTYpY pe-
TYJIIOBaHHSI 3 TUPUCTOPHUM MEPETBOPIOBAYEM IPH I[H-
(poBOMY 3riIaKyBaHHI MyJIbCAlliii CHTHAITY 3BOPOTHO-
ro0 3B's3Ky. Bu3HadeHi 001acTi CTIHKOCTI aCHHXPOHHOTO
€JIEKTPOJIBUTYHA B 3aJIS)KHOCTI Bia KoedirieHTa po3ci-
FOBaHHS MArHITHOTO TOTOKY, €JIEKTPOMEXaHIdHOiI IOC-
TiIHHOI Yacy, MOCTIHHUX Yacy cTtaropa i poropa. O6-
IPYHTOBaHI CTPYKTYpHI CXeMH Ta IapaMeTpH CHUCTEMH,
mo 3a0e3NnevyloTh SKICHE PEeryJIOBaHHS €JEKTPOIpH-
BOAY.

HaykoBa HoBm3Ha. Meronuka BHOOpY mHapaMeTpiB
perynaTopa IIBHUAKOCTI TPH JOJATHOMY 3BOPOTHOMY
3B'SI3KY 3a CTpyMOM. MexXi CTiHKOCTI KOHTYpY peryito-
BaHHS 3 THPHUCTOPHHUM IIEPETBOPIOBAYEM HpH IHU(POBO-
My 3TJ1aJpKyBaHHI IyJIbCaliii CUTHAIY 3BOPOTHOTO 3B'SI3-
Ky. Mexi CTIfKOCTI aCHHXPOHHOTO JIBUTYHA B 3aJIEKHOC-
Ti BiJ KoeilieHTa pO3CIIOBAaHHS MArHITHOTO IOTOKY Ta
MOCTIHUX Yacy poTopa, CTaTopa, €JIeKTPOMEXaHiuHOi.
VYI0CKOHaNEHHsSI CTPYKTYPHHX CXE€M CHCTEMH pPEeryJIio-
BaHHS EJICKTPOIPUBOJIB 3 HENPSIMUM BHUMIPIOBAaHHSIM
IIBUIKOCTI .

IMpakTuyna 3HAYUMicTb. BripoBaKeHHs pe3ynbTa-
TiB JOCHIKEHDb B €JICKTPOIPUBOAX MOCTIHHOTO ¥ 3MiH-
HOro cTpyMmy, mo Bumyckatotecs [TAT ,3amopizpkwii
eJICKTpOANapaTHUH 3aBOJ", B EJICKTPONPUBOAAX, BHITY-
menux BAT H/I , ITeperBoproBau.

KuarouoBi ciioBa: enexmponpusoo, cucmema pezynio-
6AHH5, CMILIKICMb, MUPUCOPHULL NEPEMBOPIOBAY, ACUH-
XPOHHULL e1eKMPOOBUSYH

Heab. ObOoOImEeHNE Pe3yNIbTaTOB NPOBEACHHBIX HC-
CJIC/IOBAHMH OCOOEHHOCTEH pPETYIMPOBAHUS JIIEKTPO-
TIPUBOJIOB C KOCBEHHBIM M3MEPEHHEM CKOPOCTH, CBSI3aH-
HBIX C HAJIMYUEM IOJOXKUTEIbHOH O0OpaTHOM CBA3M MO
TOKY, 3HAUUTEJIFHBIMU IYJIbCALUSIMHI CUTHAJa 0OpaTHOM
CBSI3U TI0 HANPSDKEHUIO B 3JIEKTPOIIPHUBOE MOCTOSHHOTO
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TOKa, IIPOABJICHUEM HeyCTOI\/’I'-II/IBOCTI/I ACUHXPOHHOI'O
3NICKTPOABUIATENS], U PACCMOTPEHUE UX IPAKTUYECKOTO
WCIIONIb30BAHMS Ul MOBBILIEHUS KadyecTBa PErysupoBa-
HUSL.

Meroabl. PaccMOTpeHB! MeTO[b! IHOBBIMIEHUS Kaue-
CTBa PEryJIMPOBAHUS 3a CUET: MOJHOW KOMIIEHCAIUU CTa-
TH3Ma MEXaHHMYECKON XapaKTEPUCTHKH AJICKTPOIBUIATEIs
MPU HEKOTOPO# CpelHel TeMmeparype OOMOTOK C JOmy-
IIEHWEM TEPEKOMIICHCAIINN TIPU W3MECHEHUH TEMIIEpaTy-
PbI; YMEHBIICHUS] MHEPIMOHHOCTH JATYMKA HATPSDKCHUS
npH M(PPOBOM CITIAXHUBAHWY ITyJIbCAIUH MHKPOIIPOIEC-
COPHOIl CHCTEMOI! ynpaBieHHs B AJIEKTPONPUBOAE MOCTO-
SIHHOTO TOKa; o0ecreyeHuss yCTOHINBOCTH ACHHXPOHHOTO
JIBUTATENSA B HJICKTPOIIPHUBOE IEPEMEHHOTO TOKa.

Pesyabrarel. Omnpenenensl 00JacTd YCTOWYHBOCTH
CHCTEMBI PETyIHPOBAHUS IPH IOJOXKHUTEIbHOI 00paT-
HOM CBSI3H T10 TOKY B 3JICKTPONIPUBOAEC MOCTOAHHOTO TOKa
U IO aKTHBHOW COCTaBIAIOIIEH TOKa B ACHHXPOHHOM
anekTponpuBoae. OmnpeneneHsl 00JacTH yCTONYMBOCTH
KOHTYpa PETyJIMPOBaHUSA C THPHCTOPHBIM IIpeoOpa3oBa-
TeJIeM MU HU(POBOM CIIaXMBaHUM MYJIbCAIIMH CUIHANA
obpaTtHOW cBs3u. OnpeneneHbl 001aCTH YCTOHYMBOCTH
ACHHXPOHHOTO 3JIEKTPOJABUIATENS B 3aBUCUMOCTH OT KO-
a¢pdunmeHTa paccessHUs MarHUTHOTO ITIOTOKA, 3JIEKTPO-
MEXaHUUECKOHW MOCTOSIHHOW BPEMEHH, NMOCTOSHHBIX Bpe-
MeHH cTatopa u poropa. OOOCHOBaHBI CTPYKTYPHBIC
CXEMBI U MapaMeTpPbl CUCTEMBI, KOTOpbIe 00ECHEeUNBAIOT
Ka4eCTBEHHOE PETYINPOBAHUE HICKTPOIPUBOIA.

Hayuynasi HoBu3Ha. MeToauka BbeIOOpa mapameTpoB
peryiaTopa CKOpOCTH TIPH TOJIOKUTEIBHONH 0OpaTHOM
CBSI3M 1O TOKY. 'paHUIIBI yCTOHYMBOCTH KOHTYpa pery-
JUPOBAHHSA C THUPUCTOPHBIM MpeoOpa3oBaTesieM MpH
U(GPOBOM CTIIaKUBAHUM IYJIBCAIIMHA CHUTHANAa 00paTHOM
CBsI3H. rpaHI/IHBI yCTOﬁqHBOCTH ACMHXPOHHOI'O IBUTATEC-
71 B 3aBHCHUMOCTH OT Ko3(duimenTa paccesHus Mmar-
HUTHOT'O IMOTOKAa U IMOCTOAHHBIX BPEMEHHU pOTOpPA, CTATO-
pa, anekTpomexaHuueckoil. CoBEpIIEHCTBOBAHUE CTPYK-
TYPHBIX CXEM CHCTEMBI PETYJINPOBAHUS 3JIEKTPONPHUBO-
JIOB C KOCBEHHBIM U3MEPEHHEM CKOPOCTH.

IIpakTnyeckas 3HAYUMOCTBL. BHenpeHue pesyinbra-
TOB HCCIIEZIOBAaHUH B 3JIEKTPONPUBOJAX MOCTOSHHOIO U
MEPEMEHHOr0 TOKa, BblmyckaeMbIx I[TAO ,;3anopoxckuii
3JEeKTpoanmnapaTHselii 3aBOJ", B 3JEKTPOIPHUBOJAX, BbI-
mymenasix OAO HUN |, ITpeobGpa3oBaTens .

KatoueBble ciioBa: arexmponpugoo, cucmema pezy-
JUPOBAHUS, YCMOUYUBOCb, MUPUCTOPHBIL NPEodpa30-
sameb, ACUHXPOHHBIL INIEKMPOOBUSAMENb

Pexomenoosarno 0o nybnikayii Ookm. mexH. HAYK
A.B. Boaxosum. Jlama naoxoooicenns pykonucy 16.07.13.
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