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Abstract. The article presents a method of fuzzy cognitive modeling for heterogeneous
electromechanical systems (HEMSs) in the management of innovative design solutions.
During the operation of the HEMSs, as a result of their operational aging, the properties
of the windings parametric matrices and the HEMSs vector space properties change.
Periodic testing of the HEMSs vector space allows obtaining reliable information about the
current technical condition of the HEMSs, about its changes during operation and about
the risks of operating capability loss. At the same time (I) the presence of proportional
changes in signals during sequential testing indicates the homogeneous operational aging
of the HEMSs and its rate; (Il) a disproportionate change in one of the signals indicates the
damage or the development of a heterogeneous aging process; (lll) a change in signals
with a change in the angular position of the rotor indicates worn bearings or damage
of the HEMSs rotor. The article presents the HEMSs model, describes the method for
the topological research of the vector space and the method for forming the diagnostic
matrices. The deviations of their elements are fuzzy due to the uncertainty of the load,
influencing environmental factors and unstable supply voltages. Therefore, for predictive
estimation of the HEMSs state, it is proposed to use fuzzy relational cognitive models
that allow implementing a completely fuzzy approach to modeling problem situations
in these systems. The presented data confirm the growth of the HEMSs heterogeneity
under conditions of uncertainty of external influences. The proposed method for predictive
estimation of the HEMSs state, based on fuzzy relational cognitive models, provides
resistance to an increase in the uncertainty of the estimation results for various models
of system dynamics due to a reasonable set of fuzzy vector-matrix operations.
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AnHoTauua. CtaTbA npepcraBnAeT MeTO[ HEYETKOr0 KOFHUTUMBHOIO MOLEeNIMpoBaHuUA
HeOLHOPOAHBIX 3N1eKTpoMexaHnyeckux cucteM (HIMC) npu ynpaBneHUn MHHOBALMOHHBIMM
NPOEeKTHbIMK peLleHuAMU. B xoge akcnnyataumm HIMC B pesynbTaTe Mx 3KCMyaTaLMoHHOI0
CTapeHus U3MEHAIOTCA CBOMCTBA NapaMeTpUYecKMX MaTpuL, 06MOTOK 1 CBOMCTBA BEKTOPHOMO
npoctpaHctea H3IMC. lMNeprnogunyeckoe TecTMpoBaHWe BEKTOPHOro npoctpaHctea H3IMC
No3BoJIAET NOy4YUTb LOCTOBEPHbIE CBEAEHMA O TEKYLLLEM TEXHUYECKOM cocToAHuM HIMC,
0 €ero M3MeHeHMWsX B X0[e 3KCMyaTaLlmm 1 0 pUcKax notepu pabotocnocobHocTu. Mpu 3TOM
(I) HannuMe NponopLMOHaNbHbLIX U3MEHEHUI CUFHANOB NPY NOCNeA0BaTeSIbHOM TECTUPOBaHUM
cBMAETeNbCTBYeT 06 0AHOPOAHOM 3KCMyaTauMoHHOM cTapeHun HIMC un o ero temnax;
(Il) HenponopuMoHanbHoe M3MEHeHME OJHOMO U3 CUFHANO0B FOBOPUT O MOBPEHOEHUN UK
0 pasBuUTUM NpoLecca HeoaHopoaHoro ctapenus; (Ill) M3MeHeHWe cUrHaNoOB MpU U3MeHeHUK
Yr7I0BOrO MOJOMEHUA POTOPA YKa3bIBAET HA U3HOLLIEHHOCTb MOALLUMMTHUKOB UM Ha NOBPEMHAEHUA
potopa H3IMC. B ctatbe npeactaBneHa mogenb H3IMC, onucaHbl MeTo TOMOSIOMMYECKOro
MCCNefoBaHNA BEKTOPHOI 0 NMPOCTPAHCTBA M CNocob ¢OopMUPOBaHMA OMArHOCTUYECKUX MATPULL.
OTKOHEHUA UX 3NTIEMEHTOB HOCAT HEYETKUI XapaKTep U3-3a HeonpeaesieHHOCTU Harpy3Ku,
BO30ENCTBYIOLLMX PAKTOPOB BHELLHEN cpedbl U HeCTabUSIbHbIX MUTAIOLLMX HAMPAKEHWUN.
MoaToMy onA NporHo3Horo oueHnBaHUA coctoaHuA HIMC npeanorKeHo UCnosib30BaTh HEYETKUE
penALMOHHbIE KOTHUTMBHbIE MOJENW, KOTOPbIE NMO3BOJIAKT Peasniv30BaTh NOSIHOCTHI0 HEYETKUN
noaxon K MoaesIMpoBaHMio NPo6eMHbIX CUTYaLmiA B 3TUX cucTeMax. [NpeacTaBneHHble OaHHbIe
NoATBepHOaloT HapacTaHue HeogHopodHocTM HIMC B ycnoBuAX HeonpeaeneHHOCTM BHELLHUX
Bo3gencTeui. MNpednaraembii METOL NPOrHO3HOIO oLeHMBaHWA cocToAHnA HIMC, ocHoBaHHbIN
Ha HeYETKMX PeIALMOHHBIX KOrHUTUBHBLIX MOENsX, 06ecneymBaeT yCTONYMBOCTL K BO3pPaCcTaHMIo
HeonpeesIeHHOCTU pe3ysibTaToB OLEHKU OJ1A pasfIMYHbIX ModeNe CUCTEMHOM AMHAMUKK 33
c4yeT 060CHOBAHHOI 0 Habopa HeYEeTKUX BEKTOPHO-MATPUYHBIX OMepaLImii.
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Introduction and, as a result, the properties of the HEMSs vec-
uring the operation of the heterogeneous  tor space change. Periodic testing of the HEMSs
electromechanical systems (HEMSs), as  vector space allows obtaining reliable information
aresult of their wear and possible damage, about the current technical state of the HEMSs,

the properties of the parametric winding matrices  about its changes during operation and about the
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