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Purpose. Development of analytical expressions which allow determining the relation between the parameters and
voltage amplification factor of the converter for impulse frequency-current slip-power recovery scheme.

Methodology. Solution of a set of second order linear differential equations based on the analysis of transients
under switching of power gates in the converter for impulse frequency-current slip-power recovery scheme.

Findings. A system of electric drive for impulse frequency-current slip-power recovery scheme is proposed. It
combines positive features of classic system for impulse control and slip-power recovery scheme with improved per-
formances of power efficiency. The calculation procedure for amplification factor and parameters of the frequency-
current slip-power recovery drive is developed. At desired voltage amplification factor, it allows finding transforma-
tion ratio for matching transformer. The expression is obtained which allows determining the minimum value of the
time delay of the inverter of the converter, at which a stable operation during start-up is provided. The dependence of
voltage amplification factor on equivalent resistance of the converter for frequency-current slip-power recovery
scheme is found.

Originality. The relation between voltage amplification factor and equivalent resistance value of the converter for
frequency-current slip-power recovery scheme which allows determining its best level of energy efficiency is estab-
lished.

Practical value. The procedure for preliminary determination of the parameters of the converter for frequency-
current slip-power recovery scheme is developed. It allows selecting the value of voltage amplification factor of the
converter rationally and finding transformation ratio for matching transformer. The expression is obtained which al-
lows determining the minimum value of the time delay of the inverter of the converter, at which a stable operation
during start-up is provided. These findings can be used in engineering design of the converter for frequency-current
slip-power recovery scheme both for high-voltage electric drives applied in stationary fan installations for the main
lines of mine ventilation and low-voltage drives for materials-handling machines.

Keywords: converter, amplification factor, motor, power-efficiency, switching, frequency

Introduction. Application of automated controlled
electric drive is considered as the most topical and effec-
tive means of power saving [ 1, 2]. The main losses (up to
90 %) account for power-consumption area, and just
here, the main efforts into rational power-consumption
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must be concentrated [3, 4]. So, electric drives in all de-
veloped countries consume as much as 70 % of all gen-
erated electrical energy. The most essential economy of
it can be achieved by application of controlled electric
drives in combination with automation of production
technologies [5]. For example, one of the most power-
intensive electric drives is fans for the main ventilation
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of coal mines. The average installed capacity of fan
drives is in the range of 1000 to 1600 kWt, but for the
most powerful installations, it comprises as much as
4000 kWt. In such systems the wound-rotor induction
motors (WRIM) are used as driving motor [6]. That is
why nowadays electric drive systems with WRIM are of
essential interest; they also find wide application in ma-
terials-handling machines and conveying systems. Use
of modulating regulation in modern electric drives sig-
nificantly reduces power consumption and mechanical
loads, wear of mechanism components that substantial-
ly enhance reliability of the systems.

Analysis of the recent research. There are a number of
engineering solutions that allow forming the character-
istics with invariable torque of the drives based on
WRIM and providing soft starting with constant accel-
eration. These most commonly used systems include
classical slip-power recovery schemes (SPRS) [6], in-
ductive-capacitive converters (ICC) [7] as well as cur-
rent pulse control systems for WRIM rotor. The short-
comings of such systems are all-known. Among the
main disadvantages of ICC there can be denoted the
absence of possibility to change the current value and,
consequently, torque of driving WRIM. SPRSs have a
low power factor as well as increased inductance of
matching reactor. The pulse control system provides low
efficiency and also leads to overvoltage of the rotor
winding in the process of gate switching in rectified
WRIM rotor current.

In [8] the system of pulse frequency-current control
for slip-power recovery scheme is proposed. It combines
positive control characteristics of pulse control with
possibility to regenerate power into the power network.
Compared to ICC, the proposed system allows main-
taining constant current in the rotor, irrespective of
changing WRIM parameters in subsynchronous range
of the rotor rotation [9]. This system shows itself to ad-
vantage in electric drives for materials-handling ma-
chines and can be effectively used in powerful high-volt-
age electric drives for ventilating installations, where
application of high-voltage frequency converters leads
to significant increase in their cost. Available current
(torque) source in converter rotor for control by fan
loads enables, at predetermined air head, to automati-
cally select working point of discharge-head character-
istic of the object to be ventilated or hydro supply at vari-
able discharge value. The converter also allows enhanc-
ing operating efficiency as well as power efficiency of the
electric drive for installations and mechanisms of differ-
ent industries [9].

Unsolved aspects of the problem. The distinctive fea-
ture of the converter for pulse frequency current slip-
power recovery scheme is available pulse regulator in the
rectified rotor current circuit represented as pulse con-
verter for stepping-up voltage. It is known that increas-
ing output voltage in a converter under changing pulse
ratio is limited by the losses in the converter. Further-
more, increase in output voltage is possible when de-
creasing the current load. In the process, the converter
efficiency increases. Thus, it is necessary to find optimal
value of the converter amplification factor providing its
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high efficiency as well as to determine relationship be-
tween its value and installed power of the converter cir-
cuit components.

Objectives of the article. The purpose of this work is
investigation of electromagnetic processes in the pulse
frequency-current control system of slip-power recovery
scheme aimed to develop analytical expressions which
allow determining the relation between the parameters
and voltage amplification factor of the converter for
pulse frequency-current slip-power recovery scheme.

Presentation of the main research. Fig. 1 represents
the pulse frequency-current control system for slip-
power recovery scheme.

The distinctive feature of this system involves avail-
able pulse regulator in rectified rotor current circuit rep-
resented as a pulse converter of stepping-up voltage
(PCSUYV). A capacitor (C) allows eliminating overvolt-
age across rotor winding caused by frequent switching of
a chopper (K). Diode (VD) precludes appearance of re-
verse current from the capacitor, when the chopper is
closed. As the chopper is closed, the energy stored in the
rotor winding as well as part of slip energy, according to
relationship between electromotive forces of the rotor
and invertor (/), is regenerated into the electrical net-
work at a constant inversion angle of the low power in-
verter that provides minimal consumption of reactive
power from the electrical network and allows increasing
power factor of the drive over all range of the rotor rota-
tional speed. Matching of electromotive forces of the ro-
tor and inverter can be performed with the help of trans-
former or autotransformer. The transformation ratio is
determined by output voltage of PCSUV.

Simplified circuit of PCSUV is shown in Fig. 2.
The load in the circuit is represented as resistance R,,,;
that, for the converter being investigated, characterizes
amount of energy being regenerated into the electrical
network. As it is known from [10], the transfer ratio of
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Fig. 1. Converter for pulse frequency-current slip-power
recovery scheme
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R Uy

PCSUV

Fig. 2. Simplified model of pulse converter of stepping-up
type

ideal PCSUYV is described by the following relation-
ship

K:Uout: 1 .
u, 1-y

n

Kt
1

out

where 1, U,,, are average values of the PCSUYV output
current and voltage, respectively; /;,, U,, are average val-
ues of the PCSUYV input current and voltage, respec-
tively; y = /T is the pulse ratio equal to relation of the
on-state duration ¢ to repetition cycle 7

From Fig. 2 it follows that PCSUYV input voltage is
found as follows

(jin:Ed_Iin'R

where [, is the average value of the input current; R,, is

equivalent resistance of the converter; E; is the average

value of the motor rotor electromagnetic force (e.m.f.).
Output voltage of the converter is

Uout:K'Ed_K2'lload'Req’ (1)

where /,,,, is the average value of the load current.

At variable value of e.m.f. the motor energy that is
regenerated into the electrical network depends on the
rotor slip, then it is reasonable to write expression (1) as
follows

eq>

P -s

Un:K.EdO.S_Kz, n .qu; (2)
UOMI
P s
I =—r—, 3
T 3)

where P, is nominal power on the motor shaft; s is the
motor slip; U, is rectified voltage in DC circuit of the
motor rotor circuit.

Equation (2) can be written in relative units

2 *
N _K ~Req.
Uy=K-s ; @)
KE
R
Ry==" (5)
Rload
E2
load P ( )
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Ky=—-. (7)
Ey
Maximal transfer ratio of the converter can be found
from the following expression

K

__2E
max * 0
2R,

Accordingly, maximal amplification ratio does not
depend on the slip. As seen from (2—3) and (4—7) equiv-
alent resistance R,, imposes principle limitation on the
reachable level of the PCSUYV output voltage. There-
fore, in order to select optimal value of the amplification
factor, the circuit parameters should be selected cor-
rectly, i. e. the value of R,, should be determined.

Fig. 3 shows equivalent circuit for the rectified rotor
current subcircuit (PCSUYV block) of the converter for
frequency-current slip-power recovery scheme.

Let us determine the equivalent circuit parameters

3%, S
_ 75,
Ry=r,+2-r.+ p—

R :2-(r;’+rm)~s+2-rr+3.x’ 'S;
T
L=2-L,;

L2=Lch+2.LT7

where r;, is resistance of the invertor reactor; L, is leak-
age inductance per one phase of the motor rotor; L;, is
the inductance of the invertor reactor; r, is resistance per
one phase of the motor rotor; | is resistance per one
phase of the stator reduced to the rotor winding; r,, is the
reluctance of the motor magnetic circuit; rris equivalent

.xr.s

resistance per one phase of the transformer; is

the equivalent resistance resulted from switching of the

TS

. 3-x . . .
rectifier valves; —=—— is the equivalent resistance re-
T

sulted from switching of the invertor valves; x; the
equivalent inductive reactance per one phase of the
transformer.

Leakage reactance per one phase of the motor is

Xy=xt+x,=2-n-f-(Li+L,),

where L; is total inductance per one phase of the stator
reduced to the rotor; L, is total inductance per one phase
of the rotor.

R L VDD| Ry L,
i c i3
/ K—— ©
Uy i) Usrr cos B

Fig. 3. Fquivalent circuit for the rectified rotor current
subcircuit of the converter
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In accordance with a switching feature of the power
chopper (K), the main stages of the circuit operation
should be outlined. A certain equation of switching
transients will correspond to each stage.

The main stages of the converter operation are repre-
sented in Fig. 4. The first (initial) stage of the converter
operation is characterized by charging the capacitor (C)
up to the value of voltage U= U, cos 3, when the chop-
per (K) is in open position, during the time span equal to
t = t, — t,. The charging circuit of the capacitor for this
time span is C - R, — L, — C. In the process, the gates
of the invertor (I) will be applied by control signals to
avoid change of state of the invertor at the moment when
it is triggered. At this instant, the process of slip-power
regeneration is impossible (here Uy < U, - cosp).

According to Fig. 3 at the first stage of the circuit
operation the charging current through the capacitor
and the voltage across it will vary according to the peri-
odical law

uc(t) = Uy cosP - e sin (wyf);
ih()=C- uc(t) (8)
where
6 — R2 .
2-L, ’

1 R Y
o, = - =1
21, C \21,

To make the converter come into the second stage of
its operation, it is necessary to find delay time of the in-
verter triggering, after lapse of which the condition of
regeneration U-> U, ;- cos P will be fulfilled.

The minimal value of the converter triggering delay
time is defined by the charging time of the capacitor.
Since during the charging of the capacitor the charging
current decreases, to find its charging time, equation (8)
should be set to zero. Hence, the minimal value of the
converter triggering delay time is evaluated according to
the following expression

8+ 0} +8°
Zaretg = s
t = 0 2-arctg) ——"——1|. (9)
@ @y
\U
UCmax ——————————————————————
| |
| |
| |
Ulen ********* i*** ‘ **‘i***
| | |
| | |
VR /I
| | |
| | |
N :
L h L b o

Fig. 4. Operation stages of the converter
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At the second stage, the converter comes into the
main operating duty. The second stage of the converter
operation is characterized by charging of capacitor (C),
when chopper (K) is in closed position, during the time
span equal to f =, — f;. The energy that was dropped by
the capacitor is regenerated into the electrical network
via the gate of invertor. This time span will be corre-
sponded by the circuits Ry, - L, - K — R, and C —
— R, — L, — C (Fig. 3).

Set of the differential equations for this state of the
circuit is

di,

Riiy+ L =L =135-U,, -5 (10)

Uc(t:tl)—UZT-COS(ﬁ)=R2~i3+L2~%. (11)

Let us consider the third stage of the converter op-
eration during the time span equal to ¢ = #; — #,, when
power chopper (K) is in open position. In the process, a
part of slip-power, namely, trapped in the rotor winding
caused by sharp change of the rectified current, is re-
leased to the capacitor (circuit R, — L, — C— R)). The
remainder of the slip-energy is regenerated into electri-
cal network via the reactor and invertor (circuit R; —
—-L,—>VD—>R,— L,—R)).

Differential equations for this state of the circuit are
as follows

R+ L=t —j dt=135-U,-s;  (12)

R 1+L1—+L2dl3+R iy =1.35-U,, -s+U,, -cosp; (13)

i1:i2+i3. (14)

Differential equations (10—14) can be reduced to a
set of linear algebraic equations that enable to determine
the main parameters of the converter.

Resistance of the invertor reactor can be found from
the following expression

y-(UzT cos[?)—Ea,)—ldav R

r = T 2= )
where
y-(UZT cosB—Edj
Loay = R+R, ; (16)
E,=135-U,-s, (17)

where 1,,, is average value of the motor rotor rectified
current; y is the pulse-duration ratio at pulse-width con-
trol.

Inductance of the invertor reactor can be found from
the following equation

T-y-UypcosB-(1-y)-Al,- L, 2L (18)
T

Lir =
Al
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AL = y~U2Tcos[3-(l—y)
o Je '(Ll +L2)

where Al is the ripple swing value of the rotor rectified
current; f; is the switching frequency of the power chop-
per.

The capacitance value of capacitor must be selected
so as to ensure release of the energy trapped by the rotor
winding to the capacitor

) (19)

2
Ll '(Idmax_ldmin)z (UCmax _UCmin) c

L < .C, (2
; ki ; 20)
where
Al
[dmin :[dav _Td’ (21)
Al
Ia’max = Idav +Td; (22)
Ucmin = Uy cOsP _w; (23)
Ucmax =Usr(o)cOsP +U2TL2BAUC‘ (24)

The pulsation value of the voltage across the capaci-
tor in relative units can be found from the following ex-
pression

_UyrcosP

AU =1 (25)

Uc

The capacitance value of the capacitor, according to
(20), can be found from the following expression

> Ll '(]dmax _[dmin)2 'fk '
(UCmax _UCmin )2

Thus, equivalent resistance of PCSUV can be found
from the following expression

(26)

R,=2(Rg+R,)s+2-R +2n- f, (L, + L))+ R, +

+RT+3~xM~s+3~xT-s‘ (27)
T

All other variables in expressions (9, 15—27) are ei-
ther output parameters of the converter or its ratings.
Derived expressions allow determining the parameters
of the converter for pulse frequency-circuit slip-power
recovery scheme at the stage of its designing, to find re-
quired transformation ratio of the matching transformer
as well as optimal value of PCSUYV amplification factor,
at which the converter has the most power efficiency.

Conclusions and recommendations for further re-
search. Pulse frequency-current slip-power recovery
drive system having improved performances in respect
to power efficiency is proposed. Calculation procedure
for amplification factor and parameters of pulse fre-
quency-current slip-power recovery drive is developed.
At desired voltage amplification factor, it allows deter-
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mining transformation ratio of the matching transform-
er. The expression, which allows determining the mini-
mum value of the time delay of the inverter of the con-
verter providing a stable operation during start-up are
obtained. Relation between voltage amplification factor
and equivalent resistance of the converter for slip-power
recovery scheme is established. Derived findings can be
used in designing of the converter for slip-power recov-
ery scheme both for high-voltage electric drives applied
in stationary fan installations for main lines of mine ven-
tilation and for low-voltage drives for carrying and lift-
ing machines.
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Meta. Po3pobka aHaIiTUYHUX BUPA3iB, 1110 103BO-
JITIOTH BCTAHOBUTHM 3B’SI30K 1 BU3HAYUTH TTapaMeTph i
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Koe(DillieHT MOCWICHHS 32 HAaIIPyToIo TIepeTBOPIOBaYa
3a CXEMOIO iMITyJIbCHOTO YaCTOTHO-CTPYMOBOTO aCHX-
POHHO-BEHTUJIBHOTO KacKamy.

Metonuka. Ha miacraBi aHamizy nepexigHUX Ipo-
1IeCiB ITPU KOMYTallil CUJIOBUX KJTIOUiB TTepeTBOpIOBava
3a CXEMOIO iMITyJIbCHOT'O YaCTOTHO-CTPYMOBOT'O aCUHX-
POHHO-BEHTUJBHOTO KacKaay BUKOPHUCTOBYETHCS Me-
TON PO3B’SI3aHHSI CUCTEMU JIiHiIHHUX AudepeHIiaab-
HUX PiBHSIHb JPYTOrO MOPSIAKY.

Pe3ynbTaTu. 3amporoHoBaHa cUCTeMa EJIeKTpPO-
MPUBOMAY 32 CXEMOIK IMIYJIbCHOTO YaCTOTHO-CTPYMO-
BOTO aCHHXPOHHO-BEHTUJIBHOTO KacKafy, IO TTOETHYE
B c00i MO3UTHUBHI BAACTUBOCTI KJTACUYHOI CUCTEMU iM-
MYJIBCHOTO PETYJIIOBAaHHS Ta aCHHXPOHHO-BEHTWIHHO-
ro Kackamy 3 TOJIMIIEHUMH IMOKa3HUKaMM €HEeproe-
(exTuBHOCTI. POo3p0bieHa MeTomnKa po3paxyHKy Koe-
(imieHTa mocuiaeHHsS i mapaMeTpiB €JIeKTPONPUBOILY
3a CXEMOIO iMITyJIbCHOT'O YaCTOTHO-CTPYMOBOT'O aCUHX-
POHHO-BEHTUJBHOTO KacKaidy, IO J03BOJISIE MpU Oa-
>KaHOMY Koe®illiEHTi MOCUJIEHHS 32 HAIPyro BU3HA-
YUTU KoedillieHT TpaHchopMallil MOroaxKyBaabHOTO
TpaHchopMaropa. OTpruMaHO BUpa3, 110 AJO3BOJISIE BU-
3HAYUTHU MiHIMaJIbHE 3HAYeHHs Yacy 3aTPUMKU BKITIO-
YeHHS iHBepTOpa IepeTBOPIOBaYa, 3a SKOro 3abe3Ie-
4y€eThCS CTAOUIBHUN peXXuM pOOOTH IIif Yyac Horo Imyc-
Ky. BusHaueHO 3B’s130K KoedillieHTa MOCWUJIEHHS 3a
HAIIPYTOI0 3 €KBiBaJICHTHUM OIIOPOM II€PETBOPIOBaUa
3a CXEMOIO iMITyJIbCHOTO YaCTOTHO-CTPYMOBOTO aCUHX-
POHHO-BEHTUJIBHOTO KacKamy.

HaykoBa HoBu3Ha. BcTaHOBIIeHO 3B’5130K Koedilli-
€HTa MOCWJICHHS 3a HAIIPYTolo 3 eKBiBaJEHTHUM OIO-
pPOM MepeTBOpIOBaya 3a CXEMOIO iIMIYJIbCHOTO YaCcTOT-
HO-CTPYMOBOTO aCHMHXPOHHO-BEHTUJIBHOTO KacKauy,
110 JO3BOJIIE BU3HAYWUTU HOTrO HaMKpaliuil piBeHb
eHeproe(eKTUBHOCTI.

IIpakTHuna 3HaUMMicTh. PO3po06iieHa meTonuka rno-
TepeIHbOTO BU3HAYCHHS ITapaMeTpPiB MepeTBOpIoBava
32  CXEMOIO IMITyJIbCHOTO YacCTOTHO-CTPYMOBOTO
ACMHXPOHHO-BEHTUJILHOTO KaCcKafy, 10 JO3BOJISIE pa-
LiOHATBHO MMimiOpaTy BeIUYMHY KoedillieHTa IMOoCHU-
JIGHHSI 32 HaIlpYTroo MepeTBOpIoBava ii BUSHAYUTH KO-
edilieHT TpaHcdopMalii MOTroAKyBaabHOIO TpaHC-
dbopmaTtopa. OTpruMaHO BUpa3, 110 AO3BOJISIE BU3HA-
YUTU MiHIMaJIbHE 3HAYEHHSI Yacy 3aTPUMKU BKJIIOUEH-
Hsl iHBepTOpa MepeTBOploBaya, 3a SIKOro 3ade3mneyvy-
€TbCS CTAOUTBHUI PeXXUM POOOTHU Mill Yac HOro MycKy.
Pesynbrat poGOTH MOXYTh OyTH BUKOPUCTAHI MPU
MIPOEKTYyBaHHI IIEPETBOPIOBAYA 32 CXEMOIO iMITyJIBCHO-
T0 9aCTOTHO-CTPYMOBOIO aCHHXPOHHO-BEHTWJIHLHOTO
Kackamy SK IJISI BUCOKOBOJIBTHUX €JIEKTPOIIPUBOIIIB
CTallioOHAapHUX YCTAaHOBOK BEHTWJISITOPIB MaricTpalii
TOJIOBHOTO TIPOBITPIOBAHHS IIAXT, TaK i A1 HU3bKO-
BOJIBTHUX €JIEKTPONPUBO/IB MiNi{OMHO-TPAHCIIOPT-
HUX MeXaHi3MiB.

KmouoBi cioBa: nepemeopiosau, koeghiuienm nocu-
JNeHHs, 08U2YH, eHepeoepeKmUsHiCmb, KoMymauis, uac-
moma

Ieab. Pa3paboTka aHaJIUTUYECKUX BBIPAXKEHUI,

TO3BOJISTIONINX YCTAHOBUTH CBSI3b U OIIPEACINTD TTapa-
METpBl U KO3(G(UIINEHT YCWICHUS 10 HAIPSLKEHUIO
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Impeobpa3oBartesisd MO CXeMe MMITYJIbCHOTO YacTOTHO-
TOKOBOT'O aCMHXPOHHO-BEHTUILHOTO KacKaza.

Metomuka. Ha ocHoBaHUM aHaiu3a IEPEXOIHbBIX
MPOIIECCOB MPU KOMMYTAIIMU CUJIOBBIX KJIIOUEH Tpe-
00pa3oBaTeJIs MO CXeME MMITYJIbCHOTO YaCTOTHO-TOKO-
BOI'0 aCUHXPOHHO-BEHTWJIBHOI'O KacKaaa UCIOJIb3yeT-
Csl METOJI pellIeHUsI CUCTeMbl TMHEWHBIX AUddepeHIn-
aJIbHBIX YPAaBHEHUI BTOPOTO MOPSIIKA.

PesynbTatel. [IpemioxkeHa crcTeMa 3JIEKTPOIIPH-
BOIa IO CXEMe WMITYJbCHOTO YaCcTOTHO-TOKOBOTO
ACMHXPOHHO-BEHTUJIBHOTO KacKana, KOTopasi COBMe-
IIaeT B ceOe MOJIOXUTEIbHEBIC CBOMCTBA KIIACCUUECKOM
CHCTEMBbI UMITYJIbCHOTO PETYIMPOBAHUS U aCMHXPOH-
HO-BEHTUJILHOTO KacKaja ¢ YIyJIIeHHBIMM TTOKa3aTe-
JIIMU 9HeproaddekTuBHOCTU. Pa3paboTraHa MeTonMKa
pacuera kod(pdulLIMEHTa YCUJIEHUS M MapaMeTpoB
5JIEKTPOIIPUBOAA TI0 CXEME HMITYJbCHOTO YacCTOTHO-
TOKOBOI'O aCMHXPOHHO-BEHTUJIBHOTO KacKaja, Io3B0-
JISTIoILAast IPU KeJlaeMoM KoaGhdUIIMeHTe YCUIeHUS IO
HAIPSDKEHWIO ONpeneuTh Ko3(hGUIIMEeHT TpaHchop-
Maluu cormacyoliero tpaHcdopmaropa. [lomyyeHo
BBIpaKCHME, ITO3BOJISIONIEE OIPEICIUTh MUHUMATh-
HOE€ 3HAaYEHUE BPEMEHU 3a[ePXKKU BKIIIOUEHUS] UHBEP-
TOpa Ipeobpa3oBaTeIs, IPU KOTOPOM 00CCIIeYNBACTCS
CTAOMJIBHBIA peXUM pabOTHl BO BpEeMSI €ro ITyCKa.
OrmpeneneHa cBsI3b KO3 hUIIMEHTA YCUJICHUS 110 Ha-
MIPSDKCHUIO ¢ SKBUBAJICHTHBIM COIIPOTUBJICHUEM TIpe-
00pa30BaTeJIs MO CXeMEe MMITYJIbCHOTO YaCTOTHO-TOKO-
BOT'0 aCMHXPOHHO-BEHTUJIBHOTO KacKasa.

Hayunas HoBH3HA. YCTaHOBJIEHA CBSI3b KOG bUIIM-
€HTa YCUJIEHMsI IO HAIPSDKeHUIO C 9KBUBAJICHTHBIM
COIPOTUBIIEHNEM IIpeoOpa3oBarTeiisi IO CXeMe WM-
IyJIbCHOTO  YaCTOTHO-TOKOBOTO  aCMHXPOHHO-BEH-
THJIBHOTO KacKaza, IT03BOJISIONIAs OIPEIeUTh €ro
HAWJIYYIINI YPOBEHb 93HEProd(h(HEeKTUBHOCTH.

IIpakTHyeckas 3HauuMocTh. PazpadboraHa metonu-
Ka TIpeIBapUTEIBHOTO OIPEACICHNSI ITapaMeTpOB
ImpeoOpa3oBaTesis M0 CXeMe UMITYJIbCHOTO YaCTOTHO-
TOKOBOIO aCHMHXPOHHO-BEHTWJIBHOI'O KackKafia, II0-
3BOJISIIONIAS] PAllMOHAIIBHO MOI00paTh BEIUUYMHY KO-
3G GULIMEHTa YCUICHMS 110 HATIPSIKEHUIO TIpeodpaso-
BaTesisl U OMNpeneauTh Koa(pGUuuueHT TpaHchopMa-
1IMKA corjacylouero TpaHcdopmaTtopa. IloiaydyeHo
BbIpaXXE€HUE, MO3BOJISIONICE ONMPENETUTh MUHUMAITb-
HOE 3HayeHWe BPEMEHM 3alep:KKM BKIIOUCHUS WH-
BepTopa MmpeobpazoBareisi, TP KOTOPOM obecIeun-
BaeTCSI CTAOVUTBbHBIN PeXXUM PabOThI BO BpeMsI €T0 ITy-
cka. PesyabTaThl paOOTEI MOTYT OBITH MCIIOJIb30BAHbI
IIPY TIPOCKTUPOBAHMU IIpeoOpa3oBaTeisd IO CXeMe
HUMITYJIbCHOTO YaCTOTHO-TOKOBOTO aCMHXPOHHO-BEH-
TWJIBHOTO KacKala Kak IS BHICOKOBOJIBTHBIX 3JICK-
TPOIIPUBOAOB CTAllMOHAPHBIX YCTAHOBOK BEHTUJISITO-
POB MarucTpaju IJIaBHOTO MPOBETPUBAHUS IIIAXT, TaK
U JJIS1 HU3KOBOJIBTHBIX 3JIEKTPOIIPUBOAOB ITOABEMHO-
TPAHCIOPTHBIX MEXaHU3MOB.

KmoueBbie ciioBa: npeoopazosamens, Kodghguyuenm
ycuneHus, 0sueamens, dHepe0IPHeKmueHoCmb, KOMMY-
mayus, uacmoma
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