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2. Scientific bases of controlled startup of powerful electric drives, optimized for energy efficiency

Pedepar:

1. TTyckoBi mpolecy NOTY>KHUX €JIEKTPOIPUBO/IiB CTBOPIOIOTh 3HAYHMI BIIJIMB HA TEXHIKO-€KOHOMIiUHi IOKa3HUKU
HiANpUEMCTBA, 1[0 MOB'SI3aHO 3i 3HAYHUM 301/IbIIEHHSIM PECYPCHUX BUTPAT y MYCKOBUX peskumMax. CKaHU,
0araToOBEKTOPHUII XapaKTep BIUIUBY, L0 YAHUTBCS IIyCKOBUMMU IIPOLIECAMU, 3yMOBUB BiJICyTHICTb TEOPETUYHUX
PO3pOOOK, IIPUCBSIYEHNX KEPYBAHHIO [TyCKOBUMH ITPOLIeCaMU 1 anapaTHoi peasizallii MyCKOBUX IIPUCTPOIB, sIKi
ONTUMI3YIOTh IIyCKOBI IIPOLIECH IOTYKHUX €JIEKTPOIPUBOZiB. YHIBEPCAJIbHUM TEXHIYHUM PilIEHHSIM, 1O JO3BOJISIE
BILJINBATU Ha PECYPCHI BUTPATHU I1yCKOBUX MPOLIECIB, € BAKOPUCTaHHS [IyCKOBUX IIPUCTPOIB €JIEKTPOIIPUBO/LIB,

napaMeTpu i pesxuMm poOOTH SIKMX BILIMBAIOTh HA TEXHIYHUI pecypc 00J1affHaHHS BCiX BUJIB, HA IIE€PiOJUYHICTD



IIJIAaHOBUX PEMOHTIB, YHEMOJKJIMBIIIOE HEPAL[iOHA/IbHE €HEPTOCIIOKUBAaHHA. [lucepTraliiHa poboTa NprUCBsiYeHa
PO3B’I3aHHIO aKTyaJIbHOI HAyKOBO-TIPAKTUYHOI ITP06JIeMr CTBOPEHHSI HayKOBOTO IiATPYHTS AJ1s1 ONTUMI3alii
€HepreTNYHoi e(peKTUBHOCTI IIPOLIECIB ITyCKY IIOTY>KHUX €JIEKTPOIIPUBOJB 3 BAKOPUCTAHHSIM OIlepaLlifiHOro
aHaJli3y KOMIJIEKCY PECYPCHUX BUTPAT i CYKYITHOTO Pe3yJIbTaTy IPOLECY IIYCKY, 10 3a6€3[1€YUTb MOXKJIMBICTD
CTPYKTYPHOI Ta NapaMeTPUYHOI ONTUMi3allii TyCKOBUX KOMIUIEKCIB i CUCTeM 3a KpuTepieM e(peKTUBHOCTI IpoLecy
nycky. Y nucepTauii po3risiHyTo ¢isuyHi 3acaiid IPUCKOPEHOI0 3HOMIYBAHHS Y IIyCKOBUX PEXXUMAaX, YyCTaHOBJIEHO,
110 HAa3HAYHIIIMMHU CKJIaJOBUMU PECYPCHUX BUTPAT MIPOLECY MTYCKY € CIIOKUBAHHS €JIEKTPOEHEPTii, TEXHIYHUI
pecypc eleKTPOMExXaHiYHOro 061aiHaHHSI Ta 10AATKOBi EKOHOMIUHI pU3UKHY, IOB'S3aHi 3 NOPYILIEHHSIMU po60TH
Yyepe3s JIOKaJIbHE 3HKEHHS SIKOCTI HalIpyTH >KUBJIEHHS. Y AucepTaLiiiHiil po6oTi epeKTUBHICTh NPOoLecy MIyCKy
PO3IJISIIAETHCS SIK KibepHETUYHA KaTeropis, sika BUBHAYA€EThCS CIIiBBiIHOIEHHSIM PECYPCHUX BUTPAT i OTPUMAHOT0
CYKYIIHOTO P€3yJIbTaTy, @ TAKOX TPUBAJIICTIO IIpoLecy MycKy. OGI'PyHTOBAaHO HEOOXiIHICTb PO3BUTKY Cy4aCHUX
MaTEMATUYHUX MOJIEJIEN €JIEKTPOMEXAHIYHUX CUCTEM 10 PiBHS PECYPCHOI MOZETI, IKa Ma€ BU3HAYaTU PECYPCHI
BUTPATU Ta CTBOPEHNY KOPUCHUN CYKYITHUI PE3yJIbTAT ITyCKOBOTO MIPOLECY, & TAKOK MOT0 TPUBAJICTD. Y gUcCepTallii
PO3B’3aHO 3aBJAaHHS CTBOPEHHS MaTeMAaTUYHUX MOJleJIell BUBHAYEHHS KiJIbKiCHUX XapaKT€PUCTHUK
€HEProCIIOKMBAHHS, 3HOLIYBAaHHS 00JIafHAHHS Ta JOATKOBUX €KOHOMIYHMX PU3MUKIB 32 3HAYEHHSIMU TEXHIYHUX
3MiHHUX CTaHy B MIPOLIECi 3aMycKy. [lyisi arperyBaHHs BCiX TUIIB PeCYpPCHUX BUTPAT B OAMH KJIaC 3aCTOCOBAHO
CHCTEMY CIIiBCTaBHUX OAMHMIb. MaTeEMaTUYHMM MOJEJIOBAHHSM BCTAHOBJIEHO, 11O IJ1s1 PO3IJISIHYTUX THUIIB
€JIEKTPOIPUBO/IB 30i/IbIIEHHS TPUBAJIOCTI TyCKY CYIIPOBOKYETbCS 301/1bIIEHHSIM €HEPTOCIIOKUBAHHS Ta
3MEHILIEHHSIM 3HOIIYBaHHS €JIEKTPOMEXaHIYHOro 06JIaiHaHHS, a 3aJIEKHICTb iHTerpabHOI OLIHKMA PECYPCHUX
BUTPAT NPOLECY IIyCKY Ma€e eKCTPEMaJIbHUI XapakTep. Yepiue po3po6aeHo KpUTepii epeKTUBHOCTI poLecy
IIyCKY, SIKUJ BU3HAYAE€ThCA BiIHOLIEHHIM KBaipaTa €KCIIEPTHOI OLIIHKY KiHETMYHOI eHeprii 3a BUpaxyBaHHAM
€KCIIEPTHUX OLIIHOK CIIOXKUTOI €JIEKTPOEHEePrii, 3HOLIYBaHHS YCTAaTKyBaHHS Ta JOJATKOBUX €KOHOMIYHUX PU3MKIiB Ha
MOMEHT 3aBepIleHHS IPOLeCy IYCKYy 4O NOOYTKY eKCIIEPTHUX OLIIHOK KiHETUYHOI eHeprii Ta 3HOIyBaHHS
o6J1alHaHHS Ha KBaJIpaT TPUBAJIOCTi IIPOLIECY MYCKY. YCTAHOBJIEHO, 110 3aJIEKHICTh TOKa3HMKA €(DEKTUBHOCTI
IIPOLIECY IYCKY [IJIs1 €JIEKTPOIIPUBO/IB Pi3HUX TUIIIB BiJl BIIJIMBY KEPYBaHHS. Ma€ €IUHUI MaKCUMYM, SIKUI BU3HA4Ya€
HaMKpamui 4ac mycKy esexkrponpusoga. CPpopmMyIbOBaHO ONTUMIi3alliliHe 3aBAAHHS KEPYBAHHS IIyCKOM IIOTY>KHUX
€JIEKTPOIIPUBO/IiB SIK OGHOKpUTEpialbHE OJHOBUMIDHE 3aBJIaHHS 3 6€31I€PEPBHUMU TUIIOM 3HAYEHb Ta
0OME>XEHHSIMU BILJIMBY KEpyBaHHS. 3allpONIOHOBAHO CTPYKTYPY MOIYKOBOI €KCTPEMAJIBHOI CUCTEMU KEPYBaHHS
IIPOLIECOM IYCKY IOTY>KHUX €JIEKTPOIIPUBO/IiB 32 KpUTEpieM 10ro e(peKTUBHOCTI. PO3p061€HO METOAUKY BUGOPY
€JIEKTPOMEXaHIYHOro 06JIalHaHHS CUCTEM KEPOBAaHOT'O IIYCKY Ha MifCTaBi IOPiBHAJIBHOTO aHai3y [1OKa3HUKA
eeKTUBHOCTI. Y AucepTallii BCTAaHOBJIEHO, 110 3alIpOIIOHOBAHUI TIOKa3HUK €(PEeKTUBHOCTI 30iraeThCsi 3 KEPYBaHHSIM
3a MBUAKOJIEIO i 3a MiHIMyMOM BTpParT i Mae mupuly cepy 3aCTocyBaHHS. BUKOHaHO JOCIIiIKEHHS BIIJIUBY
IMOBIpHICHUX NPOLECiB Ha BUBHAYEHHS I0KAa3HUKA e(PEKTUBHOCTI IIyCKYy, OTPUMAHO aHAJIITUYHI BUpa3u AJ1s
BM3HAUYEHHS] MaTeMaTUYHOTO OYiKyBaHHS Ta AUCIEPCii T0Ka3HMKa ePeKTUBHOCTI IIYCKY, IiJIbHOCTi PO3NOAiNy I
iHTerpasibHOI QPyHKLii po3Mn0oiny NoKa3HMUKa e(PEKTUBHOCTI ITyCKY. 3 METOIO MiJBUIIEHHS IIBUIKOZIi IOLTYKOBO]
CHACTEMU KE€PYBaHHS IPOLECOM IIyCKY 33 KpUTepieM HOro €(peKTUBHOCTI y JUCepTaliliHiil pO60Ti 6yJI0 PO3BUHYTO
MEeTOJ] AMHAMIYHOI ifeHTndiKaii akTUBHOTO OIIOPY €JIEKTPOIBUTYHIB 3MIHHOTO CTpyMy. YIiepiue OTPUMaHO BUPa3
17151 064K CJIEHHS aKTMBHOTO ONOpPY a3y eJIEKTPOJBUTYHA 3MiHHOTO CTPYMY $IK BiJHOLIEHHS CEPEIHbOTO 3HAYEHHS
iHTerpanpHOI PyHKLii HANIPYTU 1O CEPelHbOrO 3HaYEHHS iHTerpasbHOI QyHKLIi cTpyMy. OCHOBHI TEOpETUYHI
pe3yJbTaTH, OTPUMaHi B AUCepTaLiliHill pOOOTi, IePEBipeHi Ha CTBOPEHUX MAaTEMATUYHMX MOZEJISIX Ta
eKCIlepUMeHTasNbHO. KiTl04oBi cy10Ba: KepOBaHU MyCK, ONepaLiiHUN HiIXil, peCypCcHa MOJ€Jlb, [IPUCKOPEHE

3HOLIYBaHHS, NOJATKOBi EKOHOMIYHi pU3UKH, I0Ka3HUK €(PEKTUBHOCTI, ileHTU]iKallisl akTUBHOTO OIIOpY.

2. Thesis for a Doctor’s degree in Engineering Science for the specialty 05.09.03 - Electrotechnical complexes and
systems (141 - Power engineering, electrical engineering and electromechanics). Kremenchuk Mykhailo
Ostrogradskiy National University Ministry of Education and Science of Ukraine, Kremenchuk, 2019. The start-up
processes of powerful electric drives have a significant impact on the technical and economic performance of the
enterprise, which is associated with a significant increase in resource costs in startup modes. The complex, multi-
vector nature of the influence exerted by the starting processes, led to the lack of theoretical development,



dedicated to the control of the starting processes and hardware implementation of starting devices that optimize
the starting processes of powerful electric drives. The dissertation is devoted to the solution of the actual
scientific and practical problem of creation of scientific basis for optimization of energy efficiency of processes of
start-up of powerful electric drives with the use of operational analysis of a complex of resource costs and the
cumulative result of the process of start-up, which will provide an opportunity for structural and parametric
optimization of start-up complexes and systems based on start-up efficiency. It has been established that the most
significant components of the resource costs of the start-up process are electricity consumption, technical
resource of electromechanical equipment and additional economic risks associated with disruptions due to the
local decrease in the quality of the supply voltage. The efficiency of the start-up process is determined by the ratio
of resource costs and the cumulative result obtained, as well as the duration of the start-up process. The necessity
of development of existing mathematical models of electromechanical systems to the level of the resource model,
which should determine the resource costs and created a useful cumulative result of the starting process, as well
as its duration, is substantiated. For the first time, the criterion for the efficiency of the start-up process is
developed, which is determined by the ratio of the square of the expert estimate of kinetic energy, minus the
expert estimates of consumed electricity, equipment wear and additional economic risks at the moment of
completion of the start-up process, to the product of expert estimates of kinetic energy and the wear of the
equipment by the start-up process. The optimization problem of controlling the start-up of powerful electric
drives is formulated as a one-dimensional one-criterion problem with a continuous type of values of control
effects and limitation of control influence. The structure of the search engine of the extreme control system of
process of start-up of powerful electric drives by the criterion of its efficiency is offered. The technique of
selection of electromechanical equipment of the managed start-up systems based on the comparative analysis of
the efficiency index is developed. In order to increase the speed of the search engine to control the process of
start-up by the criterion of its efficiency in the dissertation, a method of dynamic identification of the active
resistance of AC motors was developed. The main theoretical results obtained in the dissertation are tested on
mathematical models created and experimentally. Keywords: controlled start-up, operational approach, the
resource model, accelerated wear, additional economic risks, efficiency indicator, identification of the active
resistance.
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