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AHHOTauua. B cTtaTbe paccMmaTpuBaloTCA MeTod, MaTeMaTu4yeckaa Monenb
N KOMMbIOTEPHAA NPOrpaMMa 3KCMyaTauMoHHOM ONarHOCTUKM 3/IEKTPOMEXaHNYECKON
cuctembl (IMC). B xope akcnnyatauun 3MC B pe3ynbTate 3KCMyaTaLMOHHOIO
CTapeHuA U3MEeHAIOTCA CBOWCTBA NnapaMeTpuUYecKnx MaTpumy, 06MOTOK M, KaKk pe3ysbTar,
CBOMCTBa BeKTopHoro npoctpaHctea IMC. [Mepmoamyeckoe TeCTUPOBaHWE BEKTOPHOIO
MpOCTPaHCTBa NO3BOMAET NOJSYYNTb aKTyaslbHble U [OCTOBEPHbIE CBEAEHUA O TEKYLLEM
TEXHMYECKOM COCTOAHUM IMC, 0 ero M3MeHeHUAX B XO4e IKCMJTyaTaLmm 1 0 pUCKax NnoTepu
paboTocnocobHocTH. B KavecTBe 06beKTa MCCIefoBaHMA B CTaTbe paccMaTpuBaeTcs
ACUHXPOHHBIN 3neKkTpoasuratenb (A3[). ABToMaTM3aLMA NPOLLECCa OLEHKN TEKYLLLero
coctoAHnA A3, a TaKke opraHM3auna XxpaHeHns MHGOpPMaLMM O ero COCTOAHMAX Ha
Pa3/IMYHbIX 3Tanax }U3HEHHOI O LMKIIa ABNAETCA aKkTyaslbHOM 3adadent. [1nA ee pelueHus
Ha A3blKke Python 6bino paspaboTtaHo nporpaMMHoe obecniederue (M10), no3BonsioLlee
OCYLLLEeCTBATL HAKOMIeHME 3KCMNyaTauMoHHOM MHPOPMaLIMK U MPOM3BOAUTL OLLEHKY
OCHOBHbIX TEXHMYECKUX MoKasaTenen A3[. B ocHoBy paboTel gaHHoro N0 3anoxeH
TONONOrNMYEeCKNA NoAxXod K OMArHOCTMKe, KOTOPbIM OCHOBAH Ha aHanM3e TOKOBbIX
peaKkLuin 06MOTOK poTopa ABMraTesiA Ha UMMNYJbCHble BO3AENCTBUA GpasHbIX HANPAMHKEHWN.
YKasaHHoe [0 no3BonseT onpenenAT NoKkasaTesiv TeMna 3KCMNyaTaLMoHHOro CTapeHus
n3genus, BepoOATHOCTU COXpaHeHUsa paboTocnocobHOCTU U OCTAaTOUHOrO pecypca
n3genusa, nonyyatb AOCTYN K UCTOPUYECKUM [aHHbIM NpeablaywimMx OUArHOCTUK,
a TaKKe BM3yanun3npoBaTb AMHAMUKY M3MEHEeHMA YKa3aHHbIX TEXHUYECKMX NOoKasaTenemn
B Xxoe 3Kcnnyataunn. PaspaboTtaHHoe N0 MoeT 6bIiTb MCMOSb30BaHO A/ NMOBbILLEHWA
3¢ deKTUBHOCTM NpuMeHeHna A3 [, nnaHMpoBaHNA TEXHOSOMMYECKUX U PEMOHTHBIX paboT.
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Abstract. The paper presents a method, a mathematical model, and a computer program for
the operational diagnostics of an electromechanical system (EMS). During EMS operation, service
aging changes the properties of the parametric matrices of the windings and, as a consequence,
the characteristics of the EMS vector space. Periodic testing of the vector space offers relevant
and reliable data on the current health of the EMS, its changes during operation, and the risk of
loss of function. The object of the study is an asynchronous electric motor (AEM). It is urgent to
automate the process of assessing the current health of an AEM and to organize the storage of
information on its states at different stages of its life cycle. To solve the problem, software (SW)
for accumulation of information on AEM operation and for evaluation of its basic performance
metrics has been developed in the Python programming language. The SW is based on the
topological approach to diagnostics, which implies the analysis of the current responses of
motor rotor windings to phase voltage pulses. The SW enables one to determine the rate of the
service aging of an item, the probability of its survival and residual life, to obtain access to the
history of previous diagnostics, and to visualize the in-service history of the above-mentioned
performance metrics. The developed SW can be used to increase the AEM operation efficiency
and to plan engineering or repair work; it can also be used as an information source for re-
engineering and modification of existing AEMs. The described SW can be extended to perform
operational diagnostics based on the topological approach of devices of various types. Also, this
SW can be considered as a separate information component of the digital twin of a complex EMS,
which will allow us to study the main indicators of its reliability, fault tolerance and operational
efficiency at all stages of the life cycle.
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BBepeHue

ckux cuctem (OMC) B pe3yibTare dKc-
IUIyaTaIlHOHHOTO CTapeHUS W3MEHS-
IOTCS CBOWCTBA IMapaMeTPUUIECKUX MaTpHIl 00-
MOTOK H, KaK pPe3yjbTaT, CBOMCTBa BEKTOPHOTO
npoctpanctBa OMC. Ilepuoanyeckoe TecTu-

B XOJIe IKCIUTyaTally JIeKTPOMeXaHude-

poBaHHe BeKTOpHOro npoctpancrea IMC no-
3BOJISICT MOJIYYUTh aKTyaJbHBIE U JOCTOBEP-
HbIE CBEJICHHUS O TEKYIEM TEXHHUECKOM COCTO-
st DOMC, 0 ero U3MEHEHHSIX B XOJI€ IKCILTya-
TaIlAX ¥ O PUCKaX MOTEPH pabOTOCTIOCOOHOCTH.
IIpennoxxenusiit B [1, 2] Tonogoruuyeckuit moj-
XOJI SIBIISIETCS. OCHOBOM /ISl pa3pabOTKH COBpe-
MEHHBIX METOIOB OLIEHUBAHMS U TUArHOCTUKU

MHcTpyMeHTanbHble cpeactBa B> 3pdeKTUBHbIE anropUTMbI
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