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THE ANALYTIC-FIELD METHOD FOR CALCULATING THE SQUIRREL-CAGE
INDUCTION MOTOR PARAMETERS

Purpose. In the existing methods for calculating induction motors, such parameters as the coefficient of flattening of the of the
air-gap field curve, the differential scattering coefficient and the saturated values of the inductive scattering resistances are calcu-
lated according to empirical formulas, the calculated values of which differ significantly from the experimental ones. The aim of
the article is to develop methods (based on field calculations) which take into account eccentricity, saturation, and higher harmon-
ics and is necessary when designing asynchronous motors.

Methodology. By expanding the Fourier series of the magnetic induction distribution curve in the air gap of a saturated squir-
rel-cage induction motor obtained by calculating the field by the finite element method, higher harmonics are determined taking
into account the saturation and the rotor axis eccentricity relative to the stator axis and the exact values of inductive resistances.

Findings. A technique has been developed that increases the accuracy of the calculation of an induction motor, which elimi-
nates errors from empirical formulas and takes into account eccentricity, saturated values of differential and groove scattering,
saturation harmonics, and a flattening of the field curve in the gap, and ultimately improves the energy performance of induction
motors.

Originality. The proposed technique for improving the calculation of induction motors in starting conditions allows determin-
ing the values of starting currents and torques on the motor shaft, which differ from the experimental ones by no more than the
measurement error. The research results create the prerequisites for the development of an improved methodology for calculating
an induction motor in all modes of its operation, which will allow us to design highly efficient motors that meet world require-
ments.

Practical value. Application of the proposed methodology for calculating the parameters of induction motors can increase the
efficiency of electromagnetic calculations, reduce design errors, and reduce additional costs in the manufacture of prototypes.
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Introduction. When designing induction motors, it is nec-
essary to ensure that their characteristics meet the require-
ments of the technical specifications and current standards.
For this, it is necessary to achieve a coincidence of the calcu-
lated and experimental data. According to the existing com-
puter program [1] for calculating induction motors, inductive
resistances are not calculated accurately enough. Groove scat-
tering and saturation coefficient are calculated by the equiva-
lent slot open, which is calculated by empirical formulas,
sometimes giving an absurd result (opening of the slot is more
than tooth step). The inductive resistance of differential scat-
tering is also calculated by the empirical formula, which far
from always gives a reliable result.

Literature review. The method development for calculating
inductive resistances is necessary for the induction motors de-
sign, taking into account eccentricity, saturation and higher
harmonics.

A lot of works have been devoted to the uneven air gap in-
duction motors calculation. So in [2], the air gap eccentricity
influence on the electromagnetic parameters and transients in
the induction motor windings is considered. The paper [3]
presents electromagnetic behavior of Induction Motor through
the modeling and analysis by applying multiphysics coupled
Finite Element Analysis (FEA). Prediction of the magnetic
flux, electromagnetic torque, stator and rotor losses are the
most important issues during its design. In [4] a methodology
for calculating the induction motor inductive resistances tak-
ing into account mixed eccentricity is presented. The article
|5] presents a refined equivalent circuit of a synchronous re-
luctance motor, which allows calculating the motor torque and
stator current with high accuracy, a method for determining
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the longitudinal and transverse resistance when solving the
problem using the finite element method is proposed.

The theoretical bases of calculation of electromagnetic
quantities and time-phase relationship are presented in [6].
This is done by numerical calculations of the magnetic field in
the software environment package FEMM (Finite Element
Method Magnetics). A program which controls calculations
and organizes the issuance of the results to a text file is created
on the algorithmic language Lua. In [7] the aim is to substan-
tially reduce the length of the transient response time in time-
stepping finite element (TS-FE) simulation of induction mo-
tors. This goal is pursued by means of two different techniques
introduced in this paper. In the first technique, an initial guess
of the magnitudes and distribution of the rotor bar currents
under steady-state operation is obtained using the motor’s
T-equivalent circuit.

The article [8] suggested a novel method for offline induc-
tion motor parameter estimation based on sparse grid optimi-
zation algorithm. The estimated motor parameters can be fur-
ther refined by using any local search method.

The work [9] contains the induction motor study results by
numerical field analysis methods, which, in turn, are used for
analyzing design data. But, the most problematic issues when
designing induction motors were not considered, namely the
eccentricity influence on starting characteristics, the inductive
resistances refinement, which affects the electromagnetic cal-
culations accuracy.

Taking into account saturation and eccentricity, it is pos-
sible to calculate the field in the air gap and in the magnetic
circuit using high-performance software for modeling two-di-
mensional and three-dimensional electromagnetic fields
ANSYS Maxwell [10]. At the same time, it seems possible to
obtain induction values in the form of an array of points on
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predetermined lines (the air gap circumference or the stator
and rotor grooves middle lines) depending on the angle in
Fig. 4 or the groove height in Fig. 5. Then, the induction har-
monics in the air gap are determined by the formulas
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where Bg, B and B, are the sinusoidal, cosine compo-
nents and the »” harmonic amplitude, respectively; p is the
sum of motor poles pairs.

Since the function B(w) is specified numerically, to calcu-
late the field harmonics, it is necessary to replace the integrals
with the sums
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where B, is the induction value at the i point with the angle
value o;; C= 1000 is the sum of points.

Saturation has a large effect on inductive resistances. At
the start-up time, the inductive scattering resistance decreases
due to magnetic circuits saturation along the scattering flux
paths, and the mutual induction inductive resistance increases
to an unsaturated value.

New possibilities in the induction motors electromagnetic
field calculation were obtained using the finite element method
for the field calculations. This method quickly spread among
electric machines developers. Its main advantage is that instead
of directly solving the electromagnetic field differential equa-
tions, one can study the energy functional at an extreme. The
solution is simplified by many times, while the solution accu-
racy remains high. In other words, the boundary-value prob-
lem of the partial differential direct integration equations is re-
placed by the variation one. The problem of vibrational state-
ment in the energy functional study makes it possible, firstly, to
obtain a solution easier and, secondly, to talk about the finite
element method as a more accurate one for calculating electro-
magnetic forces and torques in induction motors, in compari-
son with traditional grapho-analytical methods based on pie
charts and an idealized electric machine assumption.

To calculate according to [10], it is necessary to set the ec-
centricity value. The air gap in induction motors AIR80 is
0.25 mm. If we assume that the tolerances on the locking sur-
faces dimensions, the hubs for the bearings, the clearance in
the bearings themselves and the core bore eccentricity relative
to the bed locking surfaces are such that each of them leads to
an increase in the rotor axis eccentricity relative to the stator
axis, then the latter will be 0.22 mm, i.e. 88 % from the air gap.
In the field calculation, an 80 % eccentricity is adopted.

Purpose. The aim of the article is, based on field calcula-
tions, to develop methods necessary in the design of asynchro-
nous motors, which take into account eccentricity, saturation,
and higher harmonics.

Results. It is convenient to set the currents for calculating
the field for that moment in time when the current is equal to
zero in one phase, and the currents are equal in the other two
phases

. . T

=1, -sm(;)-SP =0.866-1,,,. " S,
where i, is the total current value in the slot when the phase
current magnitude is equal to 0.866 - 7} .. i may 1S the phase

current maximum value; S, is the number of conductors in the
slot.
Current distribution in the rotor slots is
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where n =0, 1, 2,..., Z,— 1 is the rotor slot number; 7,, is the
rotor current in the n” slot; 15, the rotor current first harmon-
ic effective value reduced to the stator; m is the number of
phases; W} is the effective number of stator winding phase
turns; Z, is the number of rotor slots; p is the number of motor
poles pairs.

Electric angle in degrees between stator and rotor currents
is

Xy ) 180
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where the designations are shown in Fig. 1.

As an example in Fig. 2 shows the stator currents and
squirrel-cage rotor distribution with numbers indicating their
size and direction for the ADB160L6/18 two-speed elevator
motor with a ratio of pole numbers 6/18, with separate wind-
ings, with a power of 3 and 1 kW, respectively, for a synchro-
nous speed of 1000 and 333 rpm/min.

The motor data and the six-pole winding are as follows:
the outer stator core diameter is 272 mm, the inner stator di-
ameter is 180 mm, the core length is 145 mm, the air gap is
0.4 mm, the number of stator slots is 54, the number of rotor
slots is 42, the number of conductors in the stator slots is 20.

The magnetic field lines distribution is shown in Fig. 3,
and the induction distribution curve in the air gap in the short
circuit mode at the pole division at the minimum gap at an
80 % eccentricity is shown in Fig. 4 (under the magnetic in-
duction distribution curve shows the stator and rotor teeth
relative position).

In the short circuit mode, there is a very strong magnetic
circuit saturation and saturated inductive resistances values.
The induction distribution curve over the entire circumference
was expanded in a Fourier series.

T

Fig. 1. Induction motor equivalent circuit taking into account
the resistance of the higher harmonic components
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Fig. 3. Magnetic field lines in the starting mode

At the field first calculation in the air gap, higher harmon-
ics currents are not introduced into the rotor slots. This is
equivalent to the fact that the harmonics rotor branches are
open. Therefore, these harmonics induction values are due to
the stator current flowing through the magnetizing branches
inductive resistances Xuv (Fig. 1).

With the known induction amplitude values of higher har-
monics obtained when calculating the field in the air gap and
expanding the induction distribution curve in a Fourier series,
the inductive resistances values can be calculated by the formula
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where Xuv is the inductive resistance of the magnetizing v
harmonic branch; B,, K, are the v harmonic induction am-
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Fig. 4. Short-circuit induction distribution curve in the air gap

plitude and winding coefficient, respectively; 1 is the pole divi-
sion; W, is the number of turns in the winding phase; /; is the
core length; v is any odd number.

The winding differential scattering inductance is equal to
the inductive resistances sum of all the harmonics magnetizing
branches Xp.

Therefore, the stator differential scattering coefficient can

be represented as
3B X (k X (1
ch:(E ;}( )]_ )l;( )’

k=1 Ay ul

where k is any odd number.

When describing the energy conversion process in the in-
duction motor, the main attention is paid to the air gap be-
tween the machine stationary and moving parts, since the
main electromagnetic field is concentrated here. For de-
scription convenience, an induction machine is idealized
and all the electric and magnetic variables that characterize
the field in the air gap appear to be sinusoidal dependent on
temporal and spatial coordinates. But in reality there is an
infinite spectrum of field harmonics in the inductions ma-
chine air gap.

The induction motor field harmonic composition contains
winding harmonics of order 6 - k £ 1, order stator tooth har-

k-Z,

monics +1 (these harmonics winding coefficients are

equal to the first harmonic winding coefficient), rotor tooth

k-Z,

harmonics of order +1 (k is any positive integer), satu-

ration harmonics, which are caused by the nonlinear depen-
dence between magnetic induction and magnetizing current
(including, among others, the non-coils harmonics that are
multiples of three).

Saturation harmonics rotate with a synchronous speed,
and winding harmonics — with a speed equal to the ratio of
the synchronous frequency to the order of harmonics. Of
the saturation harmonics, the third harmonic is the largest
in amplitude (other harmonics that are multiples of three 9,
15, 21, and so on, can be neglected because of their small-
ness). It is the third harmonic that mainly determines the
magnetic induction curve flattening in the air gap. The
third harmonic in all three winding phases induces the
same magnitude and time phase EMF. This EMF is present
in phase voltages. When connecting the windings into a
star, there is not third harmonic in the line voltages (usually
it tries to avoid connecting the windings to a triangle, as this
leads to additional losses and an increase in the windings
overheating).

The third harmonic, like all higher harmonics, including
winding ones, is damped by the rotor winding. The damping
degree depending on the slip was determined experimentally.
A frequency analyzer was connected to the winding phase and
at a frequency of 150 Hz the EMF was measured in the slip
range from 0 to 7 % (nominal slip — 3.9 %). In this case, the
third harmonic EMF decreased from 2.5 to 1.2 % i.e. by more
than 2 times. It follows that with increasing load, flattening
decreases and the induction distribution curve in the air gap
approaches a sinusoid.

For winding harmonics

K. (6-k+1 K. (6-k-1
4 Pisks1yp (6 k+1) Pisk-1yp (6 k-1)
. 74. . .
g T A2 S
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for k =0, the second term (1) in square brackets is 0.
For stator tooth harmonics
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The rotor axis eccentricity relative to the stator axis has a
great influence on the engine operation. Eccentricity signifi-
cantly affects the performance of the motor and can quickly
bring it into an inoperative state.

According to field calculations, not only the differential
scattering coefficient can be determined, but also the inductive
resistance from the slot scattering flux. By calculating, using a
computer program [10], the induction tangential components
in the rotor slot (Fig. 5) and the stator (Fig. 6), were deter-
mined in the investigated motor.

The distribution of magnetic induction in the form of a
point coordinates two-dimensional array was determined
along the rotor slots ab and the stator slots AB. Then the in-
ductive resistance from slot scattering can be determined by
the formula

h
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Fig. 5. The tangential component of induction in the groove of
the rotor
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Fig. 6. The tangential component of induction in the groove of
the stator
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where O1; are the ordinates of the curve points array in Fig. 5
and Fig. 6; h, , — the height of the stator slot — 1 or rotor
slot — 2. C1 is the number of rows in the O1 array.

Inductive parameters obtained by the field calculation re-
sults, taking into account saturation, eccentricity and flatten-
ing for the motor ADB160L6 are given in Table. 1. Also, com-
parisons were made of the ADB160L6 induction motor start-
ing characteristics obtained using the existing methodology,
using the saturation estimation technique proposed in the ar-
ticle and with experimental data.

The results are presented in Table. 2.

Practical testing of the technique. In the specialized design
bureau UKRELEKTROMASH (Kharkiv), an experiment was
conducted using a special laboratory bench (Fig. 7). On two,
four, and six-pole motors, the eccentricity gradually changed,
the phase EMF of tooth harmonics, the current, and the pow-
er consumption were measured.

The principle of operation of the laboratory bench. Racks 2
are fixed on the frame 7, on which sliding bearings are in-
stalled 3. The grease of the bearings is carried out using two cap
grease nipples 4. The carriage is fixed on the frame on the rails 5.

Table 1

Dependences of the harmonics of an induction motor
on the eccentricity of the rotor

= Total winding harmonics Tooth harmonics, T

ks and saturation

% E harmonics, T’ Stator Rotor

R I U R O T T B P S N I 2 O I 7.

0 1.055 | 0.078 0 0.08 0.36 | 0.274 | 0.08
0.1 | 1.055 | 0.078 0 0.08 0.36 | 0.275 | 0.08
0.2 | 1.055 | 0.078 | 0.012 | 0.079 | 0.368 | 0.28 | 0.079
0.3 | 1.053 | 0.074 | 0.018 | 0.076 | 0.378 | 0.288 | 0.076

Table 2

Comparison of the results of the calculated starting

characteristics with experimental

Starting Starting
moment, Nm | current, A
1 | Existing calculation method 114.6 61.6
2 | The proposed calculation method 91.2 53.7
3 | Test results 95.4 52.3

Fig. 7. The engine laboratory bench
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The stator of the tested motor is mounted on the carriage 6. The
rod 7 of the indicator clock abuts the carriage and by adjusting
the eccentricity of the screw &, the indicator clock 9 shows the
offset value. The division price of the indicator clock is 0.01 mm.

Experimentally, using a special laboratory stand, it was
found that:

- on bipolar motors due to eccentricity, steel losses in-
crease by 25 %;

- on four-pole motors, there are practically no changes;

- on six-pole motors, large spurious moments occur and
even at no-load the motor stops.

With eccentricity, the tooth harmonics sharply increase,
and the winding harmonics change insignificantly, which is
completely consistent with [11].

Conclusions. The existing methodology and program used
many empirical formulas, which often led to large errors. With
an advent of ANSYS Maxwell, a high-performance software
for modeling two-dimensional and three-dimensional electro-
magnetic fields, it became possible to increase the calculation
accuracy to eliminate errors from empirical formulas and take
into account eccentricity, saturated values of differential and
groove scattering, saturation harmonics, flattening the field
curve in the gap and, ultimately, improving energy perfor-
mance of induction motors.
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AHAJIITUKO-NOJIbOBUIA PO3PAXYHOK MapameTpiB
ACHHXPOHHHUX IlBI/II‘yHiB 3 KOPOTKO3aAMKHCHUM
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Mera. B icHyrouux MeToAMKax po3paxyHKy aCMHXPOH-
HUX IBUTYHIB TaKi mapamMeTpu K KOedilliEHT CTUIOLIEHHS
KPUBOI MOJIs1 B MOBITPSIHOMY 3a30pi, KoedillieHT nudepeHili-
aJbHOTO PO3CiIOBaHHS I HaCWUYEHi 3HAYEHHS iHIYKTUBHUX
OINOPiB PO3CiIOBaHHSI PO3PaXOBYIOTbCS 3a EMITipUYHUMU
(opmynaMu, po3paxyHKOBi BEIMYMHM 33 SIKUMHU iCTOTHO Bifl-
PI3HSIOThCS Bill €KCIepUMEHTaIbHUX. METO0 CTaTTi € po3-
pobKa MeTOIMKM (Ha OCHOBi MOJIbOBOTO PO3PaxyHKY), IO
BPaXOBY€ €KCILIEHTPUCUTET, HACUUEHHS i BUILLi TApMOHIKHU Ta
HeoOXiTHOI MPpY MPOEeKTYBaHHI aCUHXPOHHUX IBUTYHIB.

Metomuka. Posknananusm y psin @yp’e KpruBoi po3moi-
JIy MarHiTHOI iHIYKIii B TOBITPSIHOMY 3a30pi HACUYEHOIO
ACUHXPOHHOTO JIBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM,
OTPUMAHOI PO3PaXyHKOM IT0JISI METOAOM KiHLIEBUX eJIeMEH-
TiB, BU3HAYAIOTbCS BUIII TAPMOHIKM 3 ypaxyBaHHSIM Hacu-
YEeHHs Ta eKCLIEHTPUCUTETY OCi POTOpa 100 OCi cTatopa i
TOYHIi 3HaYEHHS iHAYKTUBHUX OMOPiB.

Pesyabratn. Po3pobieHa Metoauka, 110 MiABUIILYE TOY-
HiCTh PO3PaxXyHKy aCUHXPOHHOTO JIBUTYHA Ta MO3BOJISIE BU-
KJIIOYUTU TIOXUOKM Bif eMITipuuHUX (DOPMYJI i BpaXxoByBaTU
EKCLEHTPUCUTET, HACUUEHI BEJIMUUHU NU(DEPEHIIaIbHOTO i
Ma30BOi PO3CilOBaHHS, TapMOHIKM HACUYEHHSI, CIJIOIIECHHS
KPUBOI MOJIS B 3a30pi Ta, Y KiHIIEBOMY PaxXyHKY, ITOKpaIlyBa-
THU €HEePreTUYHI MOKa3HUKU AaCUHXPOHHUX TBUTYHIB.

HaykoBa HoBM3HA. 3a1TpOITOHOBAHA METONMKA YTOUHEHHST
PO3paxyHKiB aCMHXPOHHMX IBUTYHIB Y ITyCKOBUX PEXXUMaX 10-
3BOJISIE BU3HAYATH BEJIMIMHU ITyCKOBHMX CTPYMiB i MOMEHTIB Ha
BaJly IBUTYHA, 110 BiIPi3HSIOTHCS BiJl eKCIIEPUMEHTATbHUX HE
OisbllIe HiX Ha MOXUOKY BUMiptoBaHb. Pe3yibTatu 1oCIimKeHb
CTBOPIOIOTH MEPEAYMOBU JI0 PO3POOKM YTOUHEHOI METOAMKU
PO3paxyHKy aCUHXPOHHOTO IBUTYHA y BCiX peXUMax Horo po-
00TH, 1110 TO3BOJIUTh MMPOBOAUTU MTPOEKTYBaHHSI BUCOKOE(hEK-
TUBHUX JABUTYHIB, SIKi BiIMIOBIAAIOTH CBITOBUM BUMOTaM.

IIpakTHyHa 3HAYMMICTb. 3aCTOCYBaHHS 3allPOMOHOBAHOL
METOIMKM PO3PAaXyHKY IMapaMeTpiB aCUHXPOHHUX JBUTYHIB
JIO3BOJISIE MiABUIIUTU €(heKTUBHICTb €JIEKTPOMArHiTHUX pO3-
PaxyHKiB, 3SMEHIIUTH ITOXMOKY TTPU IMTPOEKTYBaHHI, CKOPOTH -
TH 10JaTKOBI BUTPATU TTPYU BUTOTOBJIEHHI JOCTiIHUX 3pa3KiB.

KuouoBi ciioBa: nyckosuil i makcumanbHuii MOMeHmMu, nyc-
Ko8Ull cmpyMm, 8Uuji eapMOHIKU, HACUYEH] 3HA4eHHs IHOYKmMUG-
HUX onopis, ckic nasige, excueHmpucumem, OughepeHyianvhe
PO3CII0BAHHA
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eas. B cyuiecTByommx METOAMKAX pacyéTa aCUHXPOH-
HBIX IBUTATEJIC TaKKe TTapaMeTphl KakK KO3 (GUITMEHT yILIO-
IIEHUsI KPUBOI MOJI B BO3AYLIHOM 3a30pe, KoadduimeHt
nuddepeHINaTbHOTO pacCesiHUS M HaChIIIIeHHbIE 3HAUeHUS
WHIYKTUBHBIX COMPOTUBJICHUI pacCesTHUS paCCUMTHIBAIOTCS
10 SMITUPUYECKUM (hOpMYyJIaM, pacUE€THBIE BETUYMHBI ITO KO-
TOPBIM CYIIECTBEHHO OTIMYAIOTCS OT SKCIIEPUMEHTATBHBIX.
Llenpto ctaThu sIBASETCS pa3paboTKa METOAMKU (Ha OCHOBE
TTOJIEBOTO Pacyéra), YIMTHIBAIOIICH 9KCIIEHTPUCUTET, HAaChl-
IIEHWE U BBICIIIME TAPMOHUKU, U HEOOXOTUMOI MPU MPOEK-
TUPOBAHUY AaCUHXPOHHBIX IBUTATEICH.

Meroauka. Paznoxennem B psg Pypbe KpUBOI pacipe-
JIeJIeHS] MAaTHUTHOM MHIYKIMY B BO3AYIITHOM 3a30p€ HAChI-
IIEHHOTO aCUHXPOHHOTO ABUTATENIsI ¢ KOPOTKO3aMKHYThIM
POTOPOM, TIOJIY4EHHOM PacyEéToM TI0JIsI METOIOM KOHEUHbBIX
3JIEMEHTOB, OMPEICNSIIOTCS BBICIIME TAPMOHUKU C YYETOM
HACBIIIEHUS ¥ 3KCLIEHTPUCUTETA OCA POTOpPA OTHOCUTEIIBHO
OCHU CTaTopa M TOYHbIC 3HAYEHMSI MHAYKTUBHBIX COMPOTUB-
JICHUA.

Pesyabratel. PaspabGotaHa MeTonuKa, MOBBIILIAMOIIAS
TOYHOCTh pacuyéTa aCMHXPOHHOTO IBUTATEIIS, TIO3BOJISIIONIAS
HUCKJIIOYUTD MOTPELIHOCTU OT OMIIUPUYECKUX (POPMYJT U YUH -
THIBaTh 9KCIEHTPUCUTET, HACHIIIICHHBIC BEJTMYMHBI TU(de-
PEHIIMATBHOIO 1 Ma30BOT0 PacCesiHUSI, FTApMOHMKU HaChIIIE-
HUS, YIUIOLIEHNE KPUBOI TIOJISI B 3a30p€e U, B KOHEYHOM CUE-

T€, YJIydYIaThb DHEPreTUYECKUe I10KA3aTeJd aCHMHXPOHHBIX
JIBUTaTEJICH.

Hayunas HoBu3Ha. [1penioxkeHHAsT METOIMKA YTOYHEHMST
pacyeToB aCMHXPOHHBIX IBUTATENIeil B MYCKOBBIX PEXMMax
[TO3BOJISIET OIIPEAEIATh BEIMYMHBI IIYCKOBBIX TOKOB U MO-
MEHTOB Ha BaJly IBUTATeJIsl, OTJMYAIOLINXCS OT IKCIIEPUMEH-
TaJIbHBIX He 0oJiee YeM Ha ITOrPeIlHOCTh M3MepeHMii. Pe-
3yJIbTaThl MCCIIEOBAHMI CO3MAaIOT MPENITOChIIKM K pa3pa-
0OTKE YTOYHEHHOI METOAMKU PacyeTa aCMHXPOHHOTO IBH-
ratejisi BO BCeX peXXuMax ero paboThl, YTO MO3BOJIUT ITPOBO-
IUTh MPOEKTHUPOBAHUE BBICOKOA((MEKTUBHBIX ABUTATEIICH,
KOTOPBIE COOTBETCTBYIOT MUPOBBIM TPEOOBAHUSIM.

IIpakTuyeckas 3HaYUMOCTD. [IprMeHeHUE MTpeaIaraeMoi
METOIMKM pacyeTa MapaMeTpOB aCMHXPOHHBIX IBUTaTeJCi
[T03BOJISICT ITOBBICUTH 3(P(EKTUBHOCTD 3JIEKTPOMATHUTHBIX
pacyeToB, YMEHBIIUTh MOTPEITHOCTH ITPU MTPOEKTUPOBAHUH,
COKPATUTh JOIOJHMUTEIbHBIE 3aTPAThl IIPU M3TOTOBIECHUM
OINBITHBIX OOPa31OoB.

KiroueBbie Cl10Ba: 1nycK060l U MAKCUMANAbHBIL MOMEHMbL,
NYCKO080I MOK, 8biCUUUE 2APMOHUKU, HACLIUEHHbLe 3HAYEHUS UH~-
OYKMUBHBIX CONPOMUBACHU, CKOC NA308, IKCUEHmMpUcumem,
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