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Tema guceprauii:
1. CuHTE3 cuCTEM ONTHMAJIbHOTO KEPYBAaHHS €JIEKTPONIPMBOJAMHU 3i 3MiHHMMU [TapaMeTPaMU Ta IPYKHUMU

3B’93KaMU.

2. Synthesis of systems for optimal control of electric drives with variable parameters and elastic connections.

Pedepar:

1. O6’eKTOM IHMCEPTALITHOTO JOCiIKEHHS € IIPOLIECH B €JIeKTPOMEeXaHiYHMX CUCTeMax MiliOMHUX KPaHiB Ta
IIAXTHUX CKINOBUX MiTOMHUKIB 3 €JIeKTPOIIPHMBOJAMU 3i 3MiHHUMU IIapaMeTpaMu i IpyKHUMU 3B's13Kamu. MeTa
IYCEePTaLifHOTO AOCIIIPKEHHS NIOJISITA€ Y MiIBUILIEHHI TOYHOCTI Ta €(PeKTUBHOCTI (PYHKLIOHYBaHHS
€JIEKTPOMEXaHIYHMX CUCTEM MiIMOMHUX KPaHiB 1 CKiNOBUX MiAMOMHUKIB 3 €JIEKTPOINIPUBOIAMU 3i 3MiHHMMU
rapaMeTpami i Ipy>KHUMHU 3B’s13kamu. [Tin yac poboT Hax AucepTalielo BUKOPUCTOBYBAINCh METOIY NOCIIiIPKEeHb,
sKi 6a3yBasiics Ha: TeOpii aBTOMAaTUYHOTO KEPYBaHHSI, TEOPii CUCTEM KEPYBaHHS €J1IeKTPOIIPUBOJAMU, TEOPil
MOJEJIIOBAaHHS TUHAMIYHUX CUCTEM, TeoPii AudepeH1ialbHUX PiBHIHb Ta METOLAX MATEMATUYHOI (Pi3UKU.
TeopeTuyHi pe3ysbTaTy: 3aIIPOIIOHOBAHO MeTox izeHTudikalii MaTeMaTuyHOI MOJeJIi OJHOTO KJIacy JIiHIHHNAX

IAHAMIYHUX CUCTEM 3i 3MIHHMMU [TapamMeTpaMH, B IKOMY, Ha BiIMiHY Bif, iCHIOUMX pillleHb, BPaXOBaHO 3MiHHICTb B



Yaci IpMBEAEHOr0 MOMEHTY iHepILii MaxOBUX MaC i 3MiHHICTb B 4aCi MOMEHTY HaBaHTa)KEHHS TATOBOTO
€JIEKTPOJBUIYHA IIpY MigHIMaHHI (0IlyckaHHI) BaHTa)Ky BaHTaXOIiTiliMabHUM MexaHizMoM. [Insaxom
MIOPiBHAJIBHOTO aHaJli3y JOBEAEHO 10 BUKOPUCTAHHS KJIACUYHOIO PiBHAHHS TUHAMIKA CUCTEMU €JIEKTPOIIPUBOIA,
SIK€ MICTUTb CTaJIMil MOMEHT iHepLil i CTaIuiI MOMEHT HaBaHTAKEHHSI, IPUBOIUTD [10 CYTTEBUX IIOXUOOK; yIEpIIe
30iICHEHO CMHTE3 CUCTEMHOI MaTeMaTUYHOI MOZEJIi Ta CTBOPEHO aJITOPUTM MOJEIOBAHHS IIPOLECY IEePEMIlleHHS
BAaHTAXY MiJMOMHMM KPaHOM, 3 BAKOPUCTAaHHSM CUHTE30BaHOI MOJIEJI 110, Ha BiIMiHY BifJ iCHYIOYMX Pilll€Hb,
BpaxoBye i 3MiHy [1apaMeTpiB MaTEMAaTUYHOI MOZEJIi LIbOTO IIPOLLECY Y Yaci, 3yMOBJIEHY 3MiHaMU IIPUBEIEHOTO
MOMEHTY iHEepLii CUCTEMU €JIEKTPOIIPUBOLA TA MOMEHTY HAaBAHTAXKEHHS, 1 BILIVB I1I03[J0BXXHIX KOJIMBAHb, SIKi
BMHMKAIOTh y TPOCi, HAa KW MiJBIIYETbCS BAHTAXX; HA OCHOBI CUHTE30BaHOI MaTEeMAaTUYHOI MOJIEJIi IIPOLIECY
[epeMIIIEHHS BaHTaXYy iAOMHUM KPAaHOM IIPOBEAEHO KOMII'IOTEPHE MOJEJIIOBAHHS JUHAMIKY CUCTEMU
€JIEKTPOIIPMBOJA IIPY PO3TOHi, TaJIbMyBaHHi, ycTasieHil IBUAKOCTI. [II18X0M 3icTaBleHHS OTPUMAaHUX PE3YJIbTATIB
MOJIEJIIOBAHHS 3 Pe3yJIbTaTaMU €KCIIEPUMEHTAIbHUX TOCIIIKEHD LIbOTO X KJIaCy JUHAMIYHUX CUCTEM, OTPUMAHUX
IHIIMMU aBTOpaMH, JOBEIEHA aJl€KBAaTHICTb CUHTE30BaHUX MAaTEMAaTUYHUX MOJI€JIEN; yIIepIIe CUHTE30BaHO 3aKOH
ONTUMAaJIbHOIO KEPYBAaHHS OJHMM KJIaCOM O0’€KTiB 3 IapaMeTpaMy, 3MiHHMMHU B 4yaci Ta IpOCTOpi, peasizalielo
SIKOTO € IOCSITHEHHS TaKUX XapaKTEPUCTUK MPOLECY NTEPEMillleHHSI BAHTaXKIB, SIKi YHEMOXKJIMBJIIOIOTh PYMHYBaHHS SIK
BaHTAXiB, TaK i MAalJAaHYMKIB, Ha SIKUX Ii BAHTAXXi BCTAaHOBJIIOIOTLCS; YIIEPIIE NOBEAEHO, IO CTAaTUYHA
XapaKTepUCTHKa TpaHC(POopMaTopa CTPyMY € He NIPOCTO HEJHIMHOI0 3 HACUYEHHSIM, SIK BBXKAJIOCh paHillle, a
HEJIIHIMHOIO 3 TI0YaTKOBUM JIiHITHMM HAPOCTaHHAM Ta HACTYIIHOIO CMAIHOIO [iISHKOIO, BHACIILOK YOT0 OJHOMY i
TOMY XX CTPyMY IIEPBUHHOI 0OMOTKM TpaHC(OpMaTOpa CTPyMy (PAaKTUYHO BiMOBIIAIOTH [Ba Pi3HNUX 3HAYEHHS
CTPYMY y IOT0 BTOPMHHIl OOMOTII], Ha 1110 HiXTO 3 HAYKOBLB, sIKi [OCiAKyBaiy poliecy B TpaHchopMaTopax
CTpPYMy, paHillle He 3B€pTaB yBaru. [IpakTU4Hi pe3ysbTaTy MOJISITaloTh Y pO3po0Lli 3aKOHY ONITUMAJIBHOTO KEPYBAHHS
OJIHMM KJIaCOM O0'€KTiB 3 IapaMeTpamMu, 3MiHHUMH Yy Yaci Ta IpPOCTOpi, Ta y 3aCTOCYBaHHi 1Oro B CUCTEMax
KEPYBaHH$ €JIEKTPOINPUBOIAMYU BaHTKOMITINMaIbHOI TEXHIKU J7151 JOCATHEHHS XapaKTEPUCTHUK MPOLECY
IepeMIlleHHS BaHTaXIB, SKi YHEMO>KJIUBIIIOIOTh PYHHYBAHHS SIK BAHTAXIB, TaK i MalJaH4YMKIB, Ha SIKUX 1Ii BAHTaXI
BCTaHOBJIIOIOTbCS1, OCKIJIBKY MTPOLIEC NIEPEMIlLEHHSI BAHTaXY 3LiMICHIOETbCA 6€3 IX yIapHUX CIiBIOTHKIB,
CIIPUYMHEHUX BUHUKHEHHSM IIOB3I0BXHIX KOJIMBAHb B TPOCI, 10 SIKOrO MifBilleHN BaHTX. OTpHUMaHi pe3yjbTaTu
IIOTIOBHUJIM TaKOX IMPOrPaMU TaKUX HaBYaJIbHUX IUCIUILIIH, SIK «MaTeMaTu4Hi Metonu imeHTudikanii Ta
oNnTUMi3allii JUHAMIYHMX CUCTEM», 110 BUKJIAJAEThCS CTyJleHTaM OakanaBparty, Ta «MeTo[0I0ris Ta opraHizallis
HAayKOBUX JOCJIIPKEHDb», 0 BUKJIALAEThCS CTYAEHTAM MariCTEpPChKOI MiAroroBku. CaMe 1ji pe3ysbTaTu
MMCEePTALifHOTO TOCJiKEeHHS], IO HalliJIeHi Ha PO3B’s13aHHS KOHKPETHUX 33124 PO3POOIEHHS Ta BUKOPUCTAHHS
€KBiBaJIECHTHUX MOJieJIel [IPOLECIB B peasIbHUX €JIEKTPOIIPUBOIaX BAHTAXKOMILiIMAJIbHOI TEXHIKY, IepefaHi 1S
BIpoBamkeHHs y AT «XMesnbHULBKOOIEHEProy, «I1 CTapokocTsiHTUHIBCbKUI jicrocn», TOB «IlInon IlleneTiBka»
ta TOB «Benec-Arpo JITI».

2. The object of the dissertation research is the processes in electromechanical systems of cranes and mine skip
hoists with electric drives with variable parameters and elastic connections. The purpose of the dissertation
research is to increase the accuracy and efficiency of electromechanical systems of cranes and skip hoists with
electric drives with variable parameters and elastic connections. During the work on the dissertation research
methods were used, which were based on: the theory of automatic control, the theory of control systems of
electric drives, the theory of modeling of dynamic systems, the theory of differential equations and methods of
mathematical physics. Theoretical results: a method of identification of a mathematical model of one class of linear
dynamical systems with variable parameters is proposed, which, in contrast to existing solutions, takes into
account the time variability of the moment of inertia of flywheels and the time variability of the traction motor
during lifting and lowering. mechanism. By comparative analysis it is proved that the use of the classical equation
of dynamics of the electric drive system, which contains a constant moment of inertia and a constant moment of
loading, leads to significant errors; for the first time a system mathematical model was synthesized and an
algorithm for modeling the process of moving a crane was created, using a synthesized model that, unlike existing
solutions, takes into account changes in the parameters of the mathematical model of this process over time due
to changes in the inertia of the drive system. and the effect of longitudinal oscillations that occur in the cable on



which the load is suspended; on the basis of the synthesized mathematical model of the process of cargo
movement by a crane, computer modeling of the dynamics of the electric drive system during acceleration,
braking, steady speed was carried out. By comparing the obtained modeling results with the results of
experimental studies of the same class of dynamical systems obtained by other authors, the adequacy of the
synthesized mathematical models is proved; for the first time the law of optimal control of one class of objects
with parameters variable in time and space was synthesized, the realization of which is to achieve such
characteristics of the cargo movement process that prevent destruction of both cargoes and sites where these
cargoes are installed; It is proved for the first time that the static characteristic of a current transformer is not
simply nonlinear with saturation, as previously thought, but nonlinear with initial linear increase and subsequent
decreasing section, as a result of which two different values of current in its secondary correspond to the same
current. winding, to which none of the scientists who studied the processes in current transformers, previously
did not pay attention. The practical results are to develop a law of optimal control of one class of objects with
parameters variable in time and space, and to apply it in control systems for electric drives for lifting equipment to
achieve characteristics of the process of moving goods that prevent the destruction of both cargo and sites which
these loads are installed, because the process of moving the load is carried out without their impact contacts
caused by the occurrence of longitudinal oscillations in the cable to which the load is suspended. The obtained
results also complemented the programs of such disciplines as "Mathematical methods of identification and
optimization of dynamical systems", taught to undergraduate students, and "Methodology and organization of
research”, taught to master's students. It is these results of the dissertation research, which are aimed at solving
specific problems of development and use of equivalent process models in real electric drives of lifting equipment,
transferred for implementation in JSC "Khmelnitskoblenergo”, "Starokostiantynivsky Forestry", LLC "Shpon
Shepetivka" and «Veles-Agro LTD».
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