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Pedepar:

1. O6’exTOM OCTiI)KEHHS B IUCEPTaLliliHiil po6OTi € IpOlieC BUBHAYEHHS [IOTOYHOTO CTaHy rajabMiBHOTO KOJIa
[I€PETBOPIOBAYA YaCTOTHO-KEPOBAHOIO ACMHXPOHHOTO €JIEKTPOIIPMBOJA Ta IIPOLEC BU3HAYEHHS CTYIIEHS Or0
HaOJIMKEHHS [10 aBapiiiHOro cTaHy. MeTOoo LOCIiIpKeHHS € MiIBUIIeHHS HaliiHOCTi poOOTH YaCTOTHO-KEPOBAHUX
ACUHXPOHHMX €JIEKTPOIPUBO/IB IIJISIXOM BIOCKOHAJIEHHS METO/iB i 32C00iB JjiarHOCTYBaHHSI iX rajlbMiBHHUX KiJl.
Merony nOCIiI)KEHHS: METOIU TEOPii €JIEKTPOIPUBOJA [JISI NOCIIIPKEHHS IIPOLECIB B CUCTEMI YaCTOTHO-
KEPOBAHOTI'0 aCUHXPOHHOI'O eJIEKTPOIIPUBOZA, METOAM TeOopii BEeHBJIeT-06pOOKY CUTHAJIIB AJ1s1 OO PYHTYBaHHS
CII0CcO0Y BelBJIeT-[liarHOCTYBaHHS TaJIbMiBHUX KijJl YaCTOTHO-KEPOBAaHUX ACUHXPOHHUX €JIEKTPOIIPUBO/iB, METOAU
Teopii J10riko-4yacoBUX PYHKUIN 11 CUHTE3y MOZesell AiarHOCTyBaHHS rajlbMiBHUX KiJl IPUCTPOIB 4aCTOTHO-
KEPOBAHUX ACUHXPOHHUX €JIEKTPOIPUBOIB, METOLU TEOPIii KIHLIEBUX aBTOMATIB [JI1 CUHTE3Y CTPYKTYPU IIPUCTPOIO

IiarHOCTYBaHHS Ta CTBOPEHHS [IPOTrpaMy KepyBaHHS MiKpOIIPOLIeCOPHUM KOHTPOJIEPOM, a TAaKOX YHCEJIbHI MeToIu



PO3B’I3aHHS 337124 i KOMITIOTEPHA MAaTEMAaTHKA JIJIs1 CTBOPEHHS KOMITIOTEPHUX MOZesiel PO3PO6IEHUX ITPUCTPOIB
IiarHOCTyBaHHS. B mucepTaniiiHiil poboTi OTpUMaHi Taki HayKoBi pe3ysibTaTh: PO3p0o6yieHO MaTeMaTUYHy MOZEJIb
BEUBJIET-[iJalrHOCTYBAHHS IaJIbMiBHUX KiJI [I€PETBOPIOBAYIB YACTOTHO-KEPOBAHUX aCUHXPOHHUX €JIEKTPOIIPUBO/B,
3aCTOCYBaHH4 £KOi, 103BOJIsSIE BU3HAYATU CTYMiHb HAOJIMKEHHS CTaHy rajJbMiBHOTO KOJIa 10 aBapiHOro B IPOLECi
pObOTH €JIeKTPONPUBO[IA; Briepiue, 3 BUKOPUCTAHHSAM MaTeMaTHUYHOIO anapary JIOriKko-4acoBUX QPYHKLIH,
3aMIPOMTIOHOBAHO METOJ, T MATEMATUYHY MOJEJb ISl IiarHOCTYBaHHS rajJibMiBHUX KiJjl IEPETBOPIOBAaYiB YaCTOTHO-
KEPOBAaHMX ACUHXPOHHUX €JIEKTPOIPUBO/iB, 3aCTOCYBaHHS! SIKUX, JO3BOJISIE CYTTEBO CIIPOCTUTHU aJITOPUTM
BM3HAYEHHS CTYIEHS HAOIVDKEHHS IOTOYHOTO CTaHy rajlbMiBHUX KiJl IEPEeTBOPIOBAYiB YaCTOTHO-KEPOBaHUX
ACHMHXPOHHMX €JIEKTPOINIPUBO/IIB IO aBapiliHOTO; YIOCKOHANIEHO MAaTEMATUYHY MOZEJIb IJ1s1 AiaTHOCTYBaHHS
raJIbMiBHUX KiJI IEPETBOPIOBAYIB YaCTOTHO-KEPOBAHMX ACUHXPOHHUX €JIEKTPOIIPUBO/IB, 3aCTOCYBAHHS SIKOI
IO3BOJISIE, B [TPOLECi pOOOTHU €JIEKTPONPMBOA BU3HAYATU CTaH rajIbMiBHOTO KOJIa, BpaXOBYIOUM HAINPYTy Ha
KOHZeHcaTopi (PisibTpa JIaHKU MOCTIIHOrO CTPyMy NIEPETBOPIOBAYA YaCTOTH; PO3p06I€HO MaTEMAaTUYHY MOJIEJIb
CHACTEMH [IiarHOCTYBaHHS KOHJIEHCATOPIB JIAHKU IIOCTIHHOTO CTPYMY IIEPETBOPIOBAYIB YaCTOTH, 5IKA, BPAXOBy€E
IVHaMiKy 3MiHU eKCIlyaTalliHoro koe@ilieHTa B 4yaci Ta 3HaK HOro MOXigHoi, 110 J03B0JIsI€ YHUKHYTU IPUMHSTTS
CHCTEMOIO XMOHMX pillleHb. [IpakTU4YHe 3HaUeHHS OJlep>)KaHuX pPe3ysbTaTiB: Ha 0CHOBI MaTeMaTUYHOI MOAEJi
IiarHOCTYBaHHS raJIbMiBHUX KiJl IEPETBOPIOBAUIB YaCTOTHO-KEPOBAHUX aCUHXPOHHUX €JIEKTPOIIPUBOJB i3
3aCTOCYBAHHSIM JIOTiKO-4aCOBUX (PYHKIIiil po3pobsieHa CTPYKTypHa CXxema IPUCTPOIO, 3aCTOCYBAHHS SKOi, 103BOJIsIE
3MiICHIOBATH [IiarHOCTYBAaHHS raJIbMiBHUX KiJl IEPETBOPIOBAYIB YaCTOTHO-KEPOBAHUX ACUMHXPOHHUX
€JIEKTPOIIPMBOZIB B IIpoLeci po60TH eeKTponpuBoia; Ha oCHOBI MaTeMaTUYHNUX MOJieiel [IiarTHOCTyBaHHS
raJibMiBHHUX KiJl YaCTOTHO-KEPOBAaHMX ACHUHXPOHHUX €JIEKTPOIIPUBOJIB i3 3aCTOCYBaHHSIM JIOTIKO-4aCOBUX (QYHKILii
Ta MaTEMaTUYHOI MOZEeJIi BEMBJIET-1iarHOCTYBAHHSI TaJIbMiBHUX KiJl 4aCTOTHO-KEPOBAaHUX ACMHXPOHHUX
€JIEKTPOIIPUBO/IiB PO3POOJIEHO ATOPUTMHU Ta (PYHKIIOHATIbHI CX€MU MIKPOIIPOLIECOPHUX 3aC00iB, 5IKi MAlOTh
posuupeHi PyHKLIiOHATIbHI MOXKJIMBOCTI Ta 3aCTOCYBaHHS SIKMX JO3BOJISIE 3 BUCOKOIO JOCTOBIPHICTIO BU3HAYATU
TEXHIYHUI CTaH raJibMiBHUX KiJI [IEPETBOPIOBAYiB YaCTOTHO-KEPOBAHUX ACUHXPOHHUX €JIEKTPONPHBOAiB; Ha 0CHOBI
MaTeMaTU4HOI MOJIeJli AiarHOCTYBaHHS KOHJEHCATOPIB JIaHKU IIOCTIMHOTO CTPyMYy II€PETBOPIOBAYA YaCTOTHU
PO3p0o6JIeHO anropuTM Ta GyHKI[IOHAIBHY CXEMY MIKPOIIPOLIECOPHOTO 3aCO0Y, SIKUI Ma€ pO3LIMPEHi
dyHKIiOHATBbHI MOXJIMBOCTI, @ HOTO 3aCTOCYBaHHS I03BOJISIE 3/1iICHIOBATH [IiarHOCTYBaHHS KOH/EHCATOPA JIAaHKU
IIOCTIFTHOTO CTPYMY [1IEpPETBOPIOBAaYa YACTOTH T4, 3 BUCOKOIO IOCTOBIPHICTIO, BUBHAYaTU TEXHIUHMII CTaH
eJIeKTpoobagHaHHs; Ha 0CHOBI MaTemMaTH4HOI MOIeJli iarHOCTYBaHHS IaJIbMiBHUX KiJl IEPETBOPIOBAYiB YaCTOTHO-
KEPOBAHUX ACMHXPOHHUX €JIEKTPOIIPUBOZIB i3 3aCTOCYBaHHSM JIOTIKO-4aCOBUX (PYHKLiN 3aIIPOIIOHOBAHO
peastisalilo IPUCTPOIO IiarHOCTYBAHHS IaJIbMiBHUX KiJI I€PETBOPIOBAYiB YaCTOTHO-KEPOBAHUX aCUHXPOHHUX
esiekTponpuBogiB i3 Bukopucranuam [1IIC. Taka peasiszanis go3BoJige CyTTEBO MigBULINUTY MIBUAKOLIIO IIPUCTPOIO,
3MEHIIMTU MOTO €HEeProCIIOKUBAHHA Ta po3Mipy; Po3po671€HO KOMITIOTEPHI MOZeJli 4aCTOTHO-KEPOBAHOTO
ACMHXPOHHOTO €JIEKTPOINIPUBOJA Ta IIPUCTPOIB 11714 IiarHOCTYBAHHS rajJIbMiBHUX Kijl 4aCTOTHO-KEPOBAHUX
ACUHXPOHHUX €JIEKTPOIIPUBO/IIB, SIKi aJeKBATHO BilOOPa’KalOTh 3alIpOIIOHOBAaHI MaTeMaTU4Hi MOJIeJi Ta iX TeXHiYHi
peasisanii. 3 ypaxyBaHHSAM [TIOMUJIOK IIEPUIOTO i APYTOro poay 3a METOLOM MiHIMAJIbHOTO PU3UKY 34iIICHEHO
BM3HA4Y€HHS BipOTiZHOCTI AiarHOCTYBaHHS raJbMiBHUX KiJl IEPETBOPIOBAYiB YaCTOTHO-KEPOBAHUX aCUHXPOHHUX
€JIEKTPOIIPMBO/iB CUHTE30BaHUMU NPUCTPOsIMU. CTYIiHb BIIPOBAIPKEHHS — Pe3YyJIbTaTU JUCEPTaLliiiHOi po6OTH,
BIIPOBAIKEHO Y 37ilicHeH0 Yy BMKII «BiHHUIAMICBKII(T» Ta B HAaBYaJIbHUM NpoLeC BiHHUIIBKOrO HalliOHAIBHOTO

TEXHIYHOT'O YHIBEPCUTETY.

2. The object of the research in the dissertation is the process of determining the current state of the brake circle
of the frequency-controlled asynchronous electric drive converter and the process of determining the degree of
its approach to the emergency state. The aim of the study is to increase the reliability of frequency-controlled
asynchronous electric drives by improving the methods and means of diagnosing their braking circles. Methods of
research: methods of the theory of electric drive for the study of processes in the system of frequency controlled
asynchronous electric drive, methods of wavelet signal processing theory for substantiation of the method of
wavelet diagnostics of brake circles of frequency controlled asynchronous electric drives, methods of the theory of
logic-time functions for the synthesis of diagnostic models of brake circuits devices frequency controlled



asynchronous electric drives, methods of the theory of finite automata for synthesis of the structure of the
diagnostic device and the creation of a program for microprocessor controller. In the dissertation work the
following scientific results were obtained: The mathematical model of wavelet diagnostics of brake circles of
converters of frequency controlled asynchronous electric drives was developed, application of which, allows to
determine the degree of approaching of the state of the brake circle to the emergency during the operation of the
electric drive; For the first time, using the mathematical apparatus of logical and temporal functions, a method and
a mathematical model for the diagnosis of brake circles of converters of frequency controlled asynchronous
electric drives, the application of which, allows to significantly simplify the algorithm for determining the degree of
approximation of the current state of the brake circles of the converters of frequency controlled asynchronous
electric drives to the emergency; The mathematical model for diagnostics of brake circuits of converters of
frequency-controlled asynchronous electric drives is improved, application of which allows, in the process of
electric drive, to determine the state of the brake circle, taking into account the voltage on the condenser of the
filter of the DC link of the frequency converter; The mathematical model of the system of diagnostics of
condensers of the DC link of frequency converters is developed, which takes into account the dynamics of the
change in the operating coefficient in time and the sign of its derivative, which avoids the adoption of false
solutions by the system. The practical value of the results: Based on the mathematical model of diagnostics of
brake circles of converters of frequency controlled asynchronous electric drives with the use of logical and
temporal functions a structural diagram of the device was developed, application of which allows to diagnose the
brake circles of converters of frequency controlled asynchronous electric drives during the operation of the
electric drive; On the basis of mathematical models of diagnostics of brake circuits of frequency controlled
asynchronous electric drives, algorithms and functional schemes of microprocessor devices with expanded
functionality and application which allow to determine with high reliability the technical condition of brake
circuits of converters of frequency controlled asynchronous electric drives are developed; On the basis of the
mathematical model of the diagnostics of the condensers of the DC link of the frequency converter, an algorithm
and a functional scheme of the microprocessor means having expanded functionality are developed, and its
application allows to diagnose the condenser of the DC link of the frequency converter and, with high reliability, to
determine the technical state of the electrical equipment; On the basis of mathematical model of diagnostics of
brake circles of converters of frequency controlled asynchronous electric drives with the use of logical and
temporal functions, implementation of a device for diagnosing brake circles of converters of frequency controlled
asynchronous electric drives with the use of FPGA; The computer models of the frequency controlled
asynchronous electric drive and devices for diagnosing the brake circuits of frequency controlled asynchronous
electric drives are developed, which adequately reflect the proposed mathematical models and their technical
implementations. Taking into account the errors of the first and second kind by the method of minimum risk, the
determination of the probability of diagnosing the brake circles of the converters of frequency controlled
asynchronous electric drives by the synthesized devices was carried out. The degree of implementation - the
results of the dissertation, implemented in Vinnitsa municipal communal enterprise "Vinnytsymisklift" and in the
educational process of Vinnitsa National Technical University.
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