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AHHoTauumsa. CpecTBaMu CTPYKTYPHOIO KOMMbIOTEPHOIro MOAENIMPOBaHUA pa3paboTaH
M UccnedoBaH MeTod NOCTPOEHMA naeHTUPUKaTopa COCTOAHUA U NapaMeTPoOB CXeMbl
3aMeLLLeHNs aCMHXPOHHOIo ABMraTensa. MeTo oCHOBaH Ha UCMOMb30BaHWM PAa3HOCTHbIX
YPaBHEHUI 3MIeKTPUYECKOro paBHoBeCKA ABuraTens B3aMeH anddepeHumanbHeix. Mog
cocToAHMEM OBUraTena B npouecce aeHTUGMKALMU NOHUMAIOT AUHAMUYECKYIO OLEHKY
KOMTMOHEHT MOTOKOCLLeNeHNsA poTopa U CKOPOCTU BpalleHMA Bana. Ucnonb3oBaHue
naeHTUdUKaTOpa NOTOKOCLLEMNSIEHUA NO3BONIAET U36eraTb TPYOAHOCTEN NPAMOro U3MepeHus
KOMIMOHEHT MarHUTHOTO MoJiA, KOTOpble Ha MpaKTUKe onpegenAlTCcA C MOMOLLbIO
3NEKTPUYECKUX CUFHAMOB U 3HAYEHUIN CKOPOCTH, B TO BPEMA KaK TPYLHOCTM NOCTPOEHMUA
naoeHTMGMKaTopa COCTOAT NMULLb B pOPMUPOBAHMUM HaYabHbIX YCI0BUIA MOTOKOCLEMNIEHMA.
KpoMe Toro, 0oBOIbHO YacTo Heob6X0ANMO peannsoBaTh 6e30aTUMKOBbLIA BapuaHT, Npu
KOTOPOM [aTUMK CKOPOCTU U3 KOHCTPYKTUBHOM CXEMbI 3/IEKTPONPUBOAA NOSTHOCTHIO UCKITIOUEH.
Mpu 3TOM NapaMeTpbl CXeMbl 3aMeLLEHMNA MaLUMHbI BCNIeACTBUE HarpeBa 06MOTOK M 3¢ deKTa
BbITeCHEHWSA TOKA NoJBepHKeHbl U3MEeHEHUI0, YTO OTPaXKaAEeTCA Ha TOYHOCTM OLLEHKM CKOPOCTH
CXeMbl 3aMeLLeHNA MaLlLUHbI. C Lesiblo peLleHUs YKasaHHbIX Npo6sieM ¢ MOMOLLbI0 CpeacTB
MMUTALMOHHOIO MofenupoBaHua B MatLab nccnegosanucek nogpo6bHoOCTU peanunsaumm
naeHTUPMKaTopa NOTOKOCLENJIeHNA B TpeX BapMaHTax coYeTaHWini BXOL4HbIX CUrHamoB,
JOCTYMHbIX A7 oueHKW. NpoBeaeH aHanu3 TOYHOCTU NpeanoxeHHoro nogxoga. Caenax
BbIBO/ O Lie/1eco06pa3HOCTM UCMO/b30BaHWA Ha BbIXode AeHTUdMKaTopa HU3KOHACTOTHOIrO
GunLTpa c Manoi NoCTOAHHOM BpeMeHU OJ1A KOMIMEeHCaL/ MM BbICOKOYACTOTHBIX COCTaB/AILLIMX
3aLUYMJIEHHOI 0 HAaNPAMHEHUA, NUTAIOLLEr0 aCMHXPOHHbBIN ABWUraTesib 0T UHBepTopa. MpoBeaeHo
Mo[esiMpoBaHue BapuaHTa naeHTUdMKaTopa CKOPOCTM Ha Pa3HOCTHbLIX YPaBHEHUAX C yHETOM
apeida napameTpoB cxeMbl 3aMelLieHus. MNpoBedeH cpaBHUTENbHbLIN aHaNn3 pe3ynbLTaTos,
NoNyYeHHbIX Ha OCHOBE NpeaJSIOKeHHOr0 MeTOAa, C pe3ynbTaTaMu, NoyYeHHbIMU NOCPeACTBOM
MeTo4a MAEeHTUPUMKALMKN, OCHOBAHHOIO Ha NpUMeHeHUW auddepeHLManbHbIX ypaBHEHUN
N CKONb3ALLMUX pernMoB. PaccMoTpeHHble Noaxoabl K MOCTPOEHUID CUCTEMbI OLLEHKM
napaMeTpoB W COCTOAHUA ABUraTesis MOMHO MCMOSb30BaTb B MHGOPMAaLIMOHHbBIX CUCTEMAX
NPV NPOEKTUPOBAHUM MAEHTUPUKATOPOB B 6€34aTHYMKOBOM aCUHXPOHHOM 3IEKTPONpUBOJE.
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Abstract. The article uses structural computer modeling to study the digital method for
constructing an identifier of the state and parameters of the equivalent circuit of an induction
motor. The method is based on the use of difference equations of electric equilibrium of the
motor instead of differential equations. In the identification process, the state of the motor
is understood as an assessment in dynamics of the rotor flux linkage components and the
shaft rotation speed. The use of a flux linkage identifier is caused by the difficulties of direct
measurement of the magnetic field components. In practice, signals of electrical variables
and speed are used for this purpose, and the difficulties of constructing an identifier consist
only in the formation of the initial conditions of flux linkage. If the speed sensor must be
excluded from the design scheme of the electric drive, a completely sensorless version is
implemented. In this case, the speed estimate is affected by changes in the parameters of
the equivalent circuit of the machine due to heating of the windings and the effect of current
displacement. The use of simulation modeling tools in MatLab made it possible to analyze
the details of the flux linkage identifier implementation in three variants of combinations of
input signals available for assessment. The errors arising in the identification process are
analyzed. The necessity of using a low-pass filter with a small time constant at the identifier
output for compensation of high-frequency components of the modulated voltage feeding
the induction motor from the inverter is revealed. The speed identifier variant is simulated
on difference equations taking into account the drift of the equivalent circuit parameters. The
results are compared with the identification method based on the application of differential
equations and sliding modes. The considered approaches to the construction of a system for
estimating the parameters and state of the motor can be used in information systems when
designing identifiers in a sensorless induction electric drive.

Keywords: structural modeling, parameter identification, discrete identifier, difference equations, induction
motor, theory of generalized electric motor, equivalent circuit parameters, optimization

For citation: Rozhkov V., Fedotov V., Trofimenko S., Prokimnov N. Modeling of flux linkage identifier,
velocity and parameters of an induction motor based on a system of difference equations. Prikladnaya
informatika=Journal of Applied Informatics, 2025, vol.20, no.3, pp.125-143 (in Russian). DOI: 10.37791/2687-
0649-2025-20-3-125-143

BesepneHue
omnpocaM AMHAMHYECKOW HIICHTH(HU-
B Kalluu UJIKM OLCHUBAHUA IMMapaMETpOB
nu HepeMeHHLIX aCI/IHXpOHHOFO ABUTa-

tenst (Al) B 9aCTOTHO-PETYIMPYEMOM DJICK-
TPONPHUBOJE MOCBSILIEHO MHOXECTBO IYy-

Oonukanuii. IMeeTcst psig TUTYIBHBIX padboT
oTedecTBeHHBIX [1, 2] u 3apy0OexHbIX [3, 4]
uccreoBaresnei MpoLueccoB OLEHUBAHMUS Mepe-
MeHHBIX. MHOTHE pabOThl B UCHHOM CMBICTIE
MIPOJIOJIKAIOT U Pa3BUBAIOT OTEUECTBEHHYIO
IIKOJY MJSHTU(UKAIIMU IEPEMEHHBIX MPO-
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