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Purpose. To develop a method of decomposition of a signal of electromotive force induced in stator windings
in an induction motor with rotor broken bars after disconnection of the motor from the network.

Methodology. Methods of comparative analysis, mathematical modeling and forecasting were used.

Findings. A mathematical model was developed using finite element method for computation of electromag-
netic field in cross-section of induction motor with rotor broken bars. It was proposed to use wavelet-transform of
winding electromotive force (EMF) signal in order to determine the number and mutual displacement of rotor
broken bars. A method for decomposition of electromotive force signal of induction motor stator winding to elec-
tromotive force signals of active sides of winding coils was developed using the theory of reverse z-transform. This
allows one to increase accuracy of induction motors rotor broken bar diagnostics via singling out information
features from electromotive force signal of one active side of winding coil We have proposed a method for calcula-
tion of electromagnetic field in the cross section of an induction motor with the use of a mathematical model
based on the finite element method enabling assessment of broken rotor bars influence on generation of electro-
motive force in stator windings after disconnection of the motor from the network. The performed analysis of
structural features of induction motors allowed us to find out that generation of electromotive force signal in stator
winding elements can be influenced by such design factors as the number of pairs of poles, the circuit of connec-
tion of coil groups in the winding phase, the type of stator winding. We have proposed to use the theory of reverse
z-transform to realize the method of decomposition of the signal of stator winding phase electromotive force.

Orriginality. For the first time we have developed a method of decomposition of a signal of stator winding
phase electromotive force with use of the theory of reverse z-transform. This method makes it possible to improve
the reliability of diagnostics of induction motor rotor broken bars by means of singling out information features in
the signal of electromotive force of one side of the coil.

Practical value. We have developed a software module for automated calculation of electromagnetic field in
the cross section of an induction motor.
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Introduction. Squirrel-cage induction motors
(IM) are the most common type of electric machines
(EM). As a rule, conditions under which IMs operate
are characterized by factors that have negative effect
on IM technical state, predetermine untimely aging of
the equipment and decrease its life. About 20—25 % of
IMs fail annually. According to statistics, about 5 % of
IM failures occur due to broken rotor bars.

Analysis of the recent research. There exist dif-
ferent methods of IM broken rotor bars diagnostics
[1—=7]. Most of them require removing the motor from
the technological process and its disassembling. Con-
ventional methods of IM broken rotor bars diagnostics
under the operational condition, e.g. the method of
current spectral analysis [5], do not take into account
mains supply voltage quality influence on the diagnos-
tics results. A number of methods enable taking into
consideration the influence of the quality of the mains
supply [6] and obtaining more reliable diagnostics re-
sults [7]. Besides, the mentioned methods [5—7] do
not provide satisfactory results when broken rotor bars
are revealed under no-load condition. Moreover, the
analysis of the results of the Fourier transform of cur-
rent signals does not make it possible to determine the
damage rate and relative position of broken rotor bars
unambiguously.

Paper [8] offers a diagnostic method for broken ro-
tor bars in an induction motor (IM) based on a wavelet
analysis of the electromotive force (EMF) signal in the
stator phase after disconnecting the motor. In this case
EMF conditioned by current attenuation in the wind-
ings of turning rotor is induced in stator windings. The
form of EMF signal in the winding conductors reflects
the character of magnetic induction distribution in the
IM air gap. Presence of slots in IM stator and rotor is
known to result in tooth spatial harmonics in magnetic
field [9]. Tooth kinks, caused by these harmonics and
present in the stator winding EMF signal, enable com-
parison of magnetic field lines and geometric position
of the teeth. In their turn, broken rotor bars condition
distortions of magnetic field in IM air gap. So it can be
supposed that stator winding EMF signal contains in-
formation about both magnetic field nonuniformity
conditioned by stator and rotor teeth and field distor-
tion caused by presence of broken rotor bars.

Unsolved aspects of the problem. This supposi-
tion was confirmed by experimental research for IM
with broken rotor bars; test coil was inserted in its sta-
tor slots within a pole pitch. The experiments were car-
ried out when the motor was disconnected from the
mains. The results of the experiments showed that spe-
cific distortions corresponding to broken rotor bars are
present in the signal of EMF induced in the test coil
(Fig. 1, b); there are no distortions in the signal of
EMF of the healthy IM (Fig. 1, a).

Thus, the signal of EMF induced in the stator
windings by attenuating currents of the rotor after dis-
connection of the motor from the mains can be used as
a diagnostic one. However, when analyzing the men-
tioned diagnostic signal, it is necessary to take into ac-
count that such design factors as the number of motor
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Fig. 1. Experimental signals of EMF in the test coil
at the stator of healthy (a) IM and IM with
broken rotor bars (b) after disconnection of the
motor from the mains

poles pairs, the type of interconnecting coil groups in
the winding phase (series, parallel, series-parallel con-
nection), stator winding type can influence the forma-
tion of winding phase EMF.

Thus, when stator phase winding EMF signal is
analyzed, difficulties connected with reciprocal over-
lapping of informational features corresponding to
breakages of particular rotor bars may occur. It is due
to the fact that IM stator winding coils are distributed
across its inner surface with a shift by an angle equal to
vy = 2n/Z,, where Z; is the number of stator slots and,
consequently, stator winding phase EMF is the sum of
this winding coils EMFs.

Objectives of the article. The paper proposes to
improve the reliability of IM broken rotor bars diag-
nostics on the basis of the wavelet analysis of EMF sig-
nal of one active side of a stator winding coil singled
out from the total EMF signal, using inverse z-trans-
form [10].

Presentation of the main research. To estimate
the influence of the above mentioned factors on for-
mation of the stator winding phase EMF and distor-
tion of informational features, the computer simula-
tion of the magnetic field in the healthy IM cross-sec-
tion and that of the IM with broken rotor bars was
performed using the finite element method (FEM).

The design characteristics of the analyzed IM (P =
= 1.5 kW, n = 1395 rev/min, n = 0.77, cose = 0.81),
were taken into consideration during the simulation.
IM winding parameters were: winding type was a one-
layer lap winding; number of poles 2p = 4; number of
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stator slots Z, = 36; number of slots per pole and phase
g = 3; number of winding parallel paths a = 1; winding
pitch in slots y = 9; number of slots between the coils of
winding adjacent phases A = 6. Each phase of the stator
winding consists of two coil groups, each of them, in
its turn, contains three coils. A winding phase coil is
formed by a group of turns connected in series and in-
serted in the same slots.

Let us consider formation of IM stator winding
phase EMF.

Coil EMF is determined by expression [9]

Ec = mcEt, (1)

where ®, is a number of coil turns; £, is winding turn
EMF.

A coil group contains a number of coils with an
equal number of turns situated in adjacent slots. Coils
are connected in series and belong to one winding
phase (Fig. 2, a). Coil group coils are shifted by an
electrical angle y, accordingly, EMFs of these coils are
shifted by the same angle (Fig. 2, b).

Coil group EMF E, is equal to the vector sum of
EMPFs of separate coils of this group (Fig. 2, ¢).

Designations used in Fig. 2 are as follows: B is am-
plitude of magnetic induction of the fundamental har-
monic of the field in the gap; t is a pole pitch; o is a
phase zone angle.

In a general case, the stator winding phase EMF is
equal to the vector sum of EMFs of all coil groups
making this phase.

For the analyzed IM the winding phase EMF is
equal to the sum of EMFs of six coils

Eph :ZECi’ (2)

where E, is EMF of the i-th coil; / is a coil number.

As coil EMFs are shifted in relation to each other,
as it was stated above, informational features existing
in signals of EMF of each separate coil and condi-
tioned by the presence of broken rotor bars, overlap
when EMFs are summed up.

To analyze the information value of signals of EMF
induced in one active side of a coil, a coil, a coil group
and a stator winding phase, it was proposed to develop

a mathematical model of 2D magnetic field in IM
cross section using the finite element method [8].

Computation of IM magnetic field is made in a
batch with the use of a LUA-script. Command set for
the LUA-script can be changed in accordance with the
problems posed by the computation. The obtained
model can be used for research of IM of any required
H.P. and different dynamic operation conditions de-
termined only by initial values of currents in the stator
and rotor slots. In this case the decrease in the rotor
speed after disconnecting the motor from the supply
mains is taken into consideration.

Instantaneous values of the vector magnetic poten-
tial (VMP), flux linkage and EMF of one active side of
a coil, a coil, a coil group and a stator winding phase
were determined as a result of magnetic field calcula-
tion.

The IMF signals obtained as a result of field calcu-
lation are shown in Fig. 3.

The analysis of the obtained results demonstrated
that the signal of EMF of one active side of a coil
(Fig. 3, a) contains both tooth kinks and distortion of
the signal form caused by broken rotor bars. Visual
analysis proves that informational features, revealed by
distortions of signal form, can be hardly seen in EMF
signal of a coil (Fig. 3, b), and they are practically ab-
sent in the signals of EMF of a coil group and a wind-
ing phase (Fig. 3, ¢, d).

Thus, the signal of stator winding phase EMF does
not contain explicit features typical of the state with
broken rotor bars, unlike the signal of EMF of one ac-
tive side of a coil. To confirm this fact an analysis of
the obtained signals was carried out using continuous
wavelet transform (Fig. 4). The following designations
are used in Fig. 4: Ca stands for wavelet scale coeffi-
cients; Cb stands for wavelet shift coefficients.

The analysis of wavelet transform results showed that
the wavelet spectrum of the signal of EMF of one active
side of a stator winding coil (Fig. 4, a) contains specific
sections corresponding to the location of broken rotor
bars. At the same time these sections are doubled in the
coil EMF spectrum (Fig. 4, b). It can be explained by
summing up of EMFs of two active sides of the coil
shifted in the space in relation to each other by the angle
equal to /2. Therefore, the sections with wavelet coef-

c d

Fig. 2. Magnetic induction of coil group (a), coil group in magnetic field (b), coils EMF (c) and vector dia-
gram of determining coil group EMF (d) of IM stator winding
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Fig. 3. EMF signals of one active side of a coil (a), a coil (b), a coil group (c) and a stator winding phase (d)

of IM with broken rotor bars

ficients characterizing breakages are also shifted in the
wavelet spectrum by the same spatial angle.

The analysis of the wavelet spectra of the signals of
EMF of the coil group (Fig. 4, ¢) and the winding
phase on the whole (Fig. 4, d) demonstrated that, due
to summing up EMF signals, there occurs a splatter in
wavelet spectra of specific sections reflecting rotor bar
breakages. Thus, when determining the IM stator
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winding phase EMF, informational features overlap
and make reliable determination of broken rotor bar
location more difficult.

Therefore, it is proposed in the paper to analyze the
signal of EMF of one active side of the stator winding
coil, the signal being singled out from the total signal
of the winding phase EMF. In this case the signal of
EMF of the winding phase is first divided into the sig-
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Fig. 4. Signals of EMF of one active side of a coil (a), a coil (b), a coil group (c) and a stator winding phase
(d) of IM with broken rotor bars and their wavelet spectra, respectively
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nals of EMFs of this winding coil groups. Then the
signal of EMF of one of the coil groups, when angles
of shear between the coils in the stator slots are known,
is divided into the signals of coil EMFs. The signal of
EMF of one active side of a coil, which was obtained
after division of the signal of winding coil EMF, is the
final result. It is proposed to single out the signal of
EMF of one active side of a stator winding coil using
reverse z-transform [6], whose analytical expression is
represented as follows

e(k)=Z'[E(2)], 3

where Z~! is the reverse z-transform operator.

The use of signal delay for n samples allowed one to
take into account shear angles between EMF signals in
stator windings units.

Thus, for the case of investigated IM one coil group
consists of three coils, mutually sheared in the space of
stator circle by the value of one slot, or 21t/ Z, electrical
degrees. The EMF of the coil group is formed as a sum
of EMF of these three coils. Under the assumption
that coils are identical and mutually sheared by previ-
ously known and equal angles, using reverse z-trans-
form it is possible to single out an EMF signal of all
three coils from the given EMF signal of the coil group.

Fig. 5 contains a block diagram of a mathematical
model of singling out a stator winding coil EMF signal
from the total signal of EMFs of the winding coil group.

Designations in Fig. 5 are: E.(z), E.,, E,,(z) are
z-images of discrete signals of stator winding coils
EMFs; m — number of winding coils; £,(z) — z-ima-
ge of discrete signal of stator winding coil group EMFs;
k — is a discrete number corresponding to the angle of
shear between the coils in the stator slots.

According to the block diagram represented in
Fig. 5, one of the EMF signals of coil group E,(z),
derived as a result of decomposition, is splitting into
EMF signals of single coils £,,,(z) (Fig. 6).

In the analogous way, the signal of EMF of one ac-
tive side of the winding coil is singled out from the sig-
nal of EMF of the coil. Comparison of the initial sig-
nal of EMF of one active side of the coil and the one
singled out from the total signal of stator winding coil
EMF is presented in Fig. 7.

The signals analysis showed that signal of EMF of
one active side of the coil, obtained as a result of sin-
gling out from the total signal of stator winding phase
EMF, corresponds to an analogous EMF signal ob-
tained as a result of magnetic field calculation.

E;(2)

Ex@) | 7 S

EGZ(Z) EC‘Z(Z) Ecm )

Een(2)

Fig. 5. Block diagram of a mathematical model of
singling out stator winding coil EMF signal from
the total signal of EMFs of the winding coil group

Thus, the signal of EMF of one active side of the
stator winding coil, singled out from the total signal of
winding phase EMF, can be used for diagnostics of
broken IM rotor bars.

To identify local specific features of the signal of
EMEF in the stator windings the wavelet analysis of the
signal of EMF of one active side of the stator winding
coil, singled out from the total signal of stator winding
phase EMF, was carried out (Fig. 8).

As it can be seen in the obtained wavelet spectrum,
EMF signal distortions, corresponding to the location of
broken bars, are also reflected in the wavelet spectrum.

Experimental research. To confirm the results of
simulation of the IM magnetic field, considering the
broken rotor bars, the experimental research with the
use of the developed computerized measuring com-
plex was done. It consists of voltage and current sen-
sors sets, an analog-digital converter and a personal
computer for the results analysis. Experimental re-
search was done for a healthy IM and an IM with one,
two or three broken rotor bars.

During the experiment IM was off the mains; stator
phase voltages were measured by the sensor set. The
analysis of the obtained results is demonstrated in
Fig. 9, a, b.

The analysis of the experimental signal of stator
winding phase EMF showed that the wavelet spectrum
does not contain distinctive sections corresponding to
the location of broken rotor bars.

Therefore, in accordance with the proposed meth-
od, using reverse z-transform, the EMF signal of one
active side of the stator winding coil was singled out
from the experimental signal of the winding phase
EMF. The obtained EMF signal of one active side of
the stator winding coil and its wavelet spectrum are
presented in Fig. 10, a, b, c.

The obtained results showed that it is possible to
determine the location of broken rotor bars on the ba-
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sis of the analysis of the singled out signal of the EMF
of one active side of the coil.

Thus, the experimental research results (Fig. 10, b, ¢)
correspond to the results of simulation (Fig. 8, a, b).
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Fig. 7. Initial signal of EMF of one active side of
the stator winding coil and the signal singled out
[from the total signal as a result of z-transform
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Fig. 10. EMF signal of one active side of the coil singled out, as a result of z-transform, from the experimen-
tal signal of stator winding phase EMF, (a), (b) and its wavelet spectrum (c)

Some differences of the singled out signal of the EMF
of one active side of the coil, obtained on the basis of
experimental data, from the data of simulation are
connected with multiple transforms of discrete sig-
nals.

Conclusions and recommendations for further
research. Use of the wavelet analysis of the signal of
electromotive force of one active side of the induction
motor stator winding coil, obtained by singling out
from the total signal of the winding phase electromo-
tive force, makes it possible to improve the reliability
of broken rotor bar diagnostics.

The experimental research, carried out on the de-
veloped computerized measuring complex, confirmed

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2016, N2 4

the efficiency of the proposed method for IM rotor
broken bar diagnostics.
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Meta. Po3pobka MeTony NeKOMITO3ULIii CUTHATY
enexktpopyuiifiHoi cuiu (EPC), 110 HaBoauThCS B 00-
MOTKaX cTaTopa aCMHXPOHHOIO JABUTYHa 3 TOIIKO-
JDKEHHSIMU CTPMXKHIB pOTOpa ITic/sl BiIKIIOUEHHS
JNIBUTYHA Bi MepexXi XUBJICHHS.

MeToamuka. 3aCTOCOBaHI METOIM MOPiBHSIIBHOTO
aHaJi3y, MaTeMaTUYHEe MOIEIOBAaHHSI, TIPOTHO3YBaH-
He.

Pe3ynbsraTn. Po3pobieHa MaTeMaTUuHa MOAEIb 3
BUKOPUCTAHHSIM METONY KiHLEBUX €JIEMEHTIB s
pPO3paxyHKy €JIeKTPOMArHiTHOIO I0JIsI B MOIEPEUHO-
My nepepiszi aCMHXPOHHOTO IBUTYHA 3 MOLIKOMKEHHSI-
MU CTPMIKHIB poTopa. 3alporoHOBaHE BUKOPUCTaH-
HsI BEWBJIET-TIEPETBOPEHHSI CUTHAJTy €JIEKTPOPYILLili-
Hoi cunu (EPC) oOMOTKM 151 BUBHAUEHHSI KiJIbKOCTI
Ta B3aEMHOIO pO3TalllyBaHHSI MOLIKOMKEHUX CTPUK-
HiB poTopa. Po3po06aeHo MeTo 1€ KOMMIO3UIlii CUTHa-
y EPC ¢a3u 0OMOTKH cTaTopa aCHHXPOHHOTO JIBU-
ryHa Ha curHain EPC akTMBHMX CTOPiH KOTYIIIOK 00-
MOTKM 3 BUKOPHCTAaHHSIM TEOPil 3BOPOTHOTO Z-TIepe-
TBOpeHHs. lle mo3BoJisIE MiABUILUTU AOCTOBIPHICTH
JIIarHOCTUKU MOLIKOMXEHb CTPUXKHIB pOTOpa aCUHX-
POHHUX ABUTYHIB IUISIXOM BUIiJICHHS iH(oOpMalriii-
HUX 03HaK, IpucyTHix y curHaii EPC ogHiei akTuBHO1
CTOPOHM KOTYIIKHW. 3alpoIrlOHOBaHAa METOAMKA PO3-
paxyHKy eJIeKTPOMAarHiTHOro TIOJiI B MOIMEPEeYHOMY
nepepizi aCMHXPOHHOIO JBUTYHA 3 BUKOPUCTAaHHSIM
MaTeMaTU4YHO1 MOJIeJIi HA OCHOBI METOIY CKiHUeHHUX
€JIEMEHTIB, IO MO3BOJISIE OLIHWUTUA BIUIMB ITOIIKO-
IKEHBb CTPIDKHIB poTopa Ha ¢opmyBaHHsI EPC B 00-

60

MOTKax cTaTtopa Iicjsl BiIKJIIOUeHHS IBUTYyHA BiJ Me-
pexi xxuBneHHs1. [IpoBeneHuii aHaji3 KOHCTPYKTUB-
HUX 0COOIMBOCTE aCMHXPOHHMX IBUTYHIB JO3BOJINB
BCTaHOBUTH, 1110 HAa (popmyBaHHs curHany EPC B ene-
MEHTaxX OOMOTKHU CTaTopa MOXYTh BIUIMBATH TakKi
KOHCTPYKTHUBHI (haKTOPH, SIK: KiJIbKiCTh Tap MOJIOCIB,
cxeMa 3’€IHaHHS KOTYLIKOBUX Ipyn y (a3i 0OMOTKHU,
TUIT OOMOTKH CTaTopa. 3alporOHOBAaHO BUKOPUCTAH-
HsI Teopil 3BOPOTHOTO Z-TIEPETBOPEHHS IS peatizaliii
Metony nekomnosulii curHanty EPC ¢da3u odmoTku
craropa.

HaykoBa HoBHM3HA. Yriepiiie po3po0JeHO METo
JIEKOMITO3MI11il CUTHAIY €J1EKTPOPYILLiliHOI cryiu (hazu
OOMOTKM CTaTOpa 3 BUKOPUCTAHHSIM TEOpii 3BOPOT-
HOTO Z-TIEPETBOPEHHS, 1110 T03BOJISIE MiABUIIIUTH 10-
CTOBIpHICTh AIarHOCTUKU MOIIKOIKEHb CTPUXKHIB
poTOpa aCMHXPOHHUX JBUTYHIB ILIUISIXOM BUILIEHHS
iH(popMaLifHUX O3HAK Y CUTHAJI €IEKTPOPYIIiiiHOT
CUJIU OJHI€T CTOPOHU KOTYILIKMU.

ITpakTuuna 3HauMMicTb. Po3po0biieHo nmporpam-
HUII MOOYJNb [IJIsI aBTOMATU30BAHOTO PO3PaxXyHKY
€JICKTPOMATHITHOTO TTOJISI B MOIIEPEYHOMY Iepepisi
ACUHXPOHHOTO JIBUTYHA.

KimouoBi cioBa: acunxpouuuii 0eucyH, éelié-
nem-nepemeopettsi, NOULKOONCCHHS CIPUICHIE PO-
mopa, 360pOMmHe Z-NepemeopPeHHtsl, eaeKmpopyuLitl-
Ha cunra

IHennb. PazpaboTka MeToma 1eKOMMIO3UILIMU CUT-
HaJia 2JICKTPOIBVIKYIIEH CUIIbI, KOTOpasi HABOIUTCS B
00OMOTKax cTaTopa aCMHXPOHHOIO ABMUTIaTeNsl ¢ TO-
BPEXICHUSIMU CTEPXKHE poTopa Mmocjie OTKII0UEHUS
JIBUTATEJIsI OT CETH.

Metomuka. [IpuMeHeHbI METOIBI CPABHUTETBLHO-
ro aHaJIM3a, MaTeMaTU4ecKoe MOIeIUPOBaHUE, TIPO-
THO3UPOBAHME.

Pe3yasraTtnl. PazpabotaHa maTemaTtuyeckass Mo-
IIeJIb C UCTIOIb30BAHNEM METOIa KOHEYHBIX 3JIEMEH-
TOB IIJISI pacyeTa 3JCKTPOMArHUTHOIO TIOJISI B ITOIIC-
PEYHOM CEYCHMU ACHMHXPOHHOIO IBUTATENISI C I10-
BPEXICHUSIMU CTepKHell poropa. IlpemnoxeHo uc-
MOJIb30BaHUE BeMBJIET-TIpeoOpa3oBaHMUsI CUTHaja
snekTpoaBukyieit cuibl (BC) 0OMOTKHU AJisI oTpe-
JIeJIEHUsI KOJIMYEeCTBa M B3aMMHOIO PACIOJOXEHUS
MOBPEXAEHHBIX CTep>KHEeil poTopa. Pa3paboraH me-
Ton aekomno3unuu curHaia DAC da3bl 0OMOTKU
cTaTopa aCUHXPOHHOTO ABUTaTesss Ha curHaibl S C
AKTUBHBIX CTOPOH KaTYIIeK OOMOTKH C MCIIOIb30Ba-
HUEM TEeOpMU OOpaTHOTO Z-TpeoOpa3oBaHUS. DTO
MTO3BOJISICT TIOBBICUTH JOCTOBEPHOCTH IUATHOCTHKU
MMOBPEKACHUN CTEPXKHE pOTOpa aCUHXPOHHBIX TBU-
raTeyieil ImyTeM BbIIeeHUsT MH(GOPMAIIMOHHBIX TTPH-
3HAKOB, NMTPUCYTCTBYIOIMX B curHajie DJ1C onHoit ak-
TUBHOI CTOPOHBI KaTymiku. [IpenmoxeHa MeTonuka
pacyeTa 3JIEKTPOMArHUTHOTO IIOJIsI B IOMNEPEYHOM
CEYEHUU aCMHXPOHHOTIO ABUTATENISI C UCITOJIb30BAHU-
€M MaTeMaTUYEeCKOW MOJeIM Ha OCHOBAaHWUM METoa
KOHEYHBIX 3JIEMEHTOB, KOTOpasi TTO3BOJISIET OIIEHUTh
BJIMSTHUE TIOBPEXIECHUN cTepxkHell poTopa Ha (dop-
mupoBaHue DJIC B 06MOTKax craTopa Mmociie OTKIII0-
YeHUSI IBUTATeNISI OT ceTW. IIpoBedcHHBIN aHaINU3
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EJEKTPOTEXHIYHI KOMNANEKCU TA CUCTEMMU

KOHCTPYKTUBHBIX OCOOCHHOCTEI aCMHXPOHHBIX IBH-
raTeyieii TMO3BOJIMII YCTAHOBUTH, YTO Ha (popMHpoOBa-
Hue curHana DJ1C B aeMeHTax 00MOTKHU CTaTOPa MO-
TYT BIMSATH TaKe€ KOHCTPYKTUBHBIC (DAKTOPHI, KaK:
KOJIMYECTBO Map MOJIFOCOB, CXeMa COCIMHEHMS KaTy-
IIEYHBIX TPYII B (paze 0OMOTKM, TUTT OOMOTKM CTATO-
pa. [IpemioxkeHoO UCTIOIB30BaHUE TEOPUU OOPATHOTO
Z-IpeoOpa3oBaHus Uil peaau3aliyd MeTona AEKOM-
no3uumu curHana BJ1C ¢a3bl 0OMOTKM cTaTopa.
Hayuynas HoBu3Ha. BriepBbie pazpaboTtaH MeTon
TEKOMITO3UIINY CUTHAaJIa 3JCKTPONBIIKYIIEI CHITBI
¢da3bl 0OOMOTKM CTaTOpa C MCMOJb30BaHUEM TEOPUU
oOpaTHOro z-npeodpazoBaHusl, KOTOPHIN MO3BOJISIET
TMOBBICUTh TOCTOBEPHOCTh TUATHOCTUKU ITOBPEXKIIE-
HUI CTEpXKHEW poTOopa aCHUHXPOHHBLIX ABUraTeend
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IyTeM BBIIEICHUS MHMOOPMAIIMOHHBIX ITPU3HAKOB B
CHUTHAJIe 3JICKTPOABIIKYIIIECH CUJIBI OOHOI CTOPOHBI
KaTYIIKH.

IIpakTuyeckas 3Ha4MMOCTb. PazpaboTaH npo-
rpaMMHBIA MOMIYJIb JJIsI aBTOMAaTU3MPOBAHHOTO pac-
YyeTa 2JIEKTPOMarHMTHOTO MOJISI B TTIONEPEYHOM ceue-
HUM aCUHXPOHHOTO IBUTATENSI.

KiioueBbie ciioBa: acuHXpoHHblil d8ueamenv,
gelienem-npeobpazoeanue, N08PeINCOeHUs CImepic-
Hell pomopa, obpamHoe Z-npeobpazosarue, 31eK-
mpoosuicyuyast cuna

Pexomendosano 0o nybaixayii dokm. mexH.

nayk B. II. JIawenxom. Jlama Haoxo0xceHHss pyKo-
nucy 26.05.15.
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