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1. Y po60Ti po3IyISIHYyTO MUTAHHS CUHTE3Y €JIEKTPOIIPUBOJY 3 YPaXyBaHHSIM IIPUTAMaHHUX MOMY HeJIiHITHOCTEH, 10

BUHUKAIOTb BHACJIIOK OCOOJIMBOCTEN €J1eKTPOMEXaHIYHOTO IEPETBOPEHHS €HEeprii, XapaKTEePUCTUK CUJIOBUX
MepeTBOPIOBAYiB, 0OMeKeHb BUKOHABUMX MPUCTPOIB, a TAKOXK HEJIiHIMHUX BJIACTUBOCTEN MEXaHiYHOI YaCTUHU
npusoy. [IpoBeieHO aHasi3 OCHOBHUX IKepeJl HEJIHIMHOCTEN, BKIII0Yal04Y HACUYEHHS MarHiTHOI CUCTEMU

€JIEKTPUYHOI MALlIMHU, CyXe TePTs, JIOPTH MEXaHIYHMX Ilepead, 0OMEKEHHS CTPyMY Ta Hallpyry, a TaKOX

HeJIiHIIHI XapaKTepUCTHKY €JIeMEeHTIB CUCTEMU KepyBaHHS. Ha OCHOBI MaTeMaTUYHOTO OINKCY 00'€KTa KEPYBaHHS

BMKOHAHO CHMHTE€3 CUCTEMU PEryyIoBaHHS, 110 3abe3redye HeoOXiiHI TOKa3HUKY SIKOCTi IepeXifHUX IPOoLeCiB B

YMOBax BIUIUBY HEJiHIMHUX (akTopiB. JOCaiIpKeHO JUHAMIYHI XapaKTEePUCTUKHU €JIEKTPONIPUBOAY NIPY Pi3HUX

peskumMax pobOTH Ta HaBaHTaKEHHSIX, IPOBEIEHO OLiHKY CTIMKOCTi, TOUHOCT] peryJioBaHHs Ta WIBUAKO/I CUCTEMH.

Oco061By yBary npujisieHo BU60py CTPYKTYpU Ta IIapamMeTpiB peryssTopis, o JO3BOJISIIOTh MiJBUIIUTU



e EeKTUBHICTb (PYHKLIOHYBAaHHS €JIEKTPONPUBOJY Ta 3HM3UTU BIIMB HEJIiHIMHOCTI Ha SKiCTh KEpyBaHHs. B nepmomy
pO3aiJi ArcepTaniiiHoi po60TH MPOaHai30BaHO, SIKi HEJTiHIHOCTI Mae eeKTponpuBo/l. BuseieHo, ki npobieMu
HEJIHIMHOI IMHAaMIYHO] KOPeKLii MaloTh €JIEKTPOIPUBOIY. TaKk0oX IPOBENEHO aHali3 CXEM €JIEKTPOIIPUBO/IB 3
JliHeapu3alli€lo HeJIiHIMHOCTEN i Ha 110 BILJIMBAIOTh HEXTYBaHHS HUMU. C(POPMOBAHO METY Ta IOCTAHOBKY 3aadi
IOCIigKEHHS. B 4pyromy po3zii npoBefeHo NOPiBHAJILHUI aHali3 JIiHIMHUX i HEHINHNUX CUCTEM KEPYBaHHS,
BU3HAYEHO BILIMB HEJIIHINHOCTEN JIAHOK Ha JMHAMIUHI BJIACTUBOCTI €JIEKTPOIPUBO/IB, TOCIII)KEHO CTIMKICTh
CHACTEMU KepyBaHHsI. ByJio po3IJIsIHYTO HEJliHiMHI CUCTEMU KEPYBAaHHS €JIEKTPOIIPUBOJOM MAIIMHU IIOCTIHOTO
CTPYMY HE3aJIEXXHOTO 30y)KEHHS TPETHOTO i 4eTBEPTOro MOPSKIB, B IKMX 32 PaXyHOK BBOZY HEJIHIIHUX €JIEMEHTIB
y KaHaJli 3BBOPOTHOTO 3B'SI3KY B [IPOLECi PEeryJloBaHHs, 3a6€e3I1e4yeThCs MiABULIEHHS MBUAKOIII IPY BETUKUX
BiIXWJIEHHSX Ta YCYHEHHS [I€PEPETYIII0BAaHHS N1PY JOCATHEHH] BCTAHOBJIEHOTO PEXXUMY. PO3IVISIHYTO BpaxyBaHHS
30HU HEUYTJIMBOCTI CXeMHU (POPMYBAHHSI HEJIIHITHOTO 3BPOHBOTO 3B'I3KY, a TAKOXX CUCTEMH 3i 3MiHHUM
neMmrndyBaHHIM Y IPSIMOMY KoOJIi. PO3riisiHyTO cuctemu 3i 3MiHHUM KoedilieHToM nepenadi 17151 36i/1bIeHHs
TOYHOCTI 32 I0IIOMOr0I0 KoedillieHTa IOCUJIEHHS CUCTeMU. PO3IJISIHYTO [iesiki 0COOIMBOCTI pO3PaXyHKY
aBTOMATUYHUX CUCTEM, Y IKMX 3[iICHEHO KOPEKLUil0 AMHAMIYHKX I1apaMETPiB JIAHOK 3i 3MiHHOIO iHEPLIIHICTIO, a
TaKOX HaBeJEeHO HEOOXiAHI po3paxyHKOBi (popmysn. HaBeneHa maTeMaTyHa MOJIeJb €JIEKTPOIIPUBOZA 3
HEeJIHITHUMY NIEPEMUKAIOUMMU CUTHAJIAaMU. B TpeTbOMY pO37ii IpoBeeHe JOCIiIKEHHS KOMITeH Callii
HEJIIHITHOCTEN eJIEKTPOIIPUBO/A 3a PAXyHOK BBEJ,EHHS KOPUTYBAJIbHUX CUTHAJIIB B KOJIO IIOMUJIKU CUCTEMU.
Po3paxyHKu po6JThCs y IOPiBHSIHHI €(PEKTIiB Takoi KOMIIEHCcallii 3 BUKOPHUCTAaHHSIM TrajbMiBHO] i IPOCIN3Y040i
mydTu. [IpoBenieHO aHasi3 MaTeMaTUYHOI MOJiesli KOpeKLii iHepuiiiHoCTi gBUryHa mydramu. JloBeieHO
eeKTUBHICTb BUKOPUCTAHHS KOPEKIIii NepeMuKaloyuMy CUrHallaMu. B yeTBepToMy po37isi IpOBeLeHO CUHTE3
€JIEKTPOIIPMBOA 3 CYXUM TEPTSIM LIJIIXOM PO3POOKHU Ta [OCiIP)KEHHSI METOAiB 10ro KOMIIEH allii, 1110
3a6€311e4yIoTh IiIBUIIEHHSI [IJIABHOCTI PyXy, TOYHOCTI O3ULIOHYBAaHHS Ta CTiIIKOCTi CUCTEMU KePyBaHHS. B m'aTomy
PO37iJi TPOBENIEHO €KCIIEPUMEHTAJILHE NOCIIIKEHHS €JIEKTPONIPUBOLY 3 HEJIIHINHUMU XapaKTEPUCTUKAMMU.
[IpoBeneHo CUHTE3 Ta JOCHIIKEHHS CUCTEMU aBTOMAaTUYHOIO KEPYBaHHS €JIEKTPOIIPMBOJOM 3 HEJIIHIMHUMU
KOPUTYIOUMMU [IPUCTPOSIMUA HA OCHOBI IMHAMIYHUX NI€PEMUKAIOUUX CUTHAJIB, SIKUM CIIPSIMOBAaHO Ha [TOKPAIlEeHHS
IIOKA3HUKIB SIKOCTi pEryJIl0BaHHS, 3MEHIIEHHS BIUIMBY HeJliHiIHOCTe 06'eKTa KepyBaHHS Ta MiIBULLEHHS

ePeKTUBHOCTI QYHKIiOHYBaHHS CUCTEMU B IIePEXiJHUX Ta yCTAIEHUX PEXXUMaX.

2. The paper considers the issue of synthesis of an electric drive taking into account its inherent nonlinearities that
arise due to the peculiarities of electromechanical energy conversion, characteristics of power converters,
limitations of actuators, as well as nonlinear properties of the mechanical part of the drive. An analysis of the main
sources of nonlinearities is carried out, including saturation of the magnetic system of an electric machine, dry
friction, backlash of mechanical gears, current and voltage limitations, as well as nonlinear characteristics of the
elements of the control system. Based on the mathematical description of the control object, a synthesis of a
control system was performed that provides the necessary indicators of the quality of transient processes under
the influence of nonlinear factors. The dynamic characteristics of the electric drive under different operating
modes and loads were investigated, the stability, control accuracy and speed of the system were assessed.
Particular attention was paid to the choice of the structure and parameters of the regulators, which allow to
increase the efficiency of the electric drive and reduce the impact of nonlinearity on the quality of control. In the
first section of the dissertation work, it was analyzed what nonlinearities the electric drive has. It was identified
what problems of nonlinear dynamic correction electric drives have. Also, an analysis of electric drive circuits with
linearization of nonlinearities was conducted and what is affected by neglecting them. The goal and statement of
the research problem were formed. In the second section, a comparative analysis of linear and nonlinear control
systems was conducted, and the impact of nonlinearities of links on the dynamic properties of electric drives was
determined, and the stability of the control system was investigated. Nonlinear control systems for the electric
drive of a DC machine of independent excitation of the third and fourth orders were considered, in which, due to
the introduction of nonlinear elements in the feedback channel in the process of regulation, an increase in speed is
ensured at large deviations and the elimination of overshoot when reaching the set mode. Consideration of the
dead zone of the nonlinear feedback formation scheme, as well as systems with variable damping in a direct loop,



are considered. Systems with a variable transmission coefficient are considered to increase accuracy using the
system gain. Some features of the calculation of automatic systems in which the dynamic parameters of links with
variable inertia are corrected are considered, and the necessary calculation formulas are given. A mathematical
model of an electric drive with nonlinear switching signals is given. In the third section, a study of compensation of
the nonlinearities of the electric drive by introducing corrective signals into the system error loop is carried out.
Calculations are made by comparing the effects of such compensation using a braking and slipping clutch. An
analysis of the mathematical model of engine inertia correction by clutches is carried out. The effectiveness of
using correction by switching signals is proven. In the fourth section, a synthesis of an electric drive with dry
friction is carried out by developing and studying methods for its compensation, which ensure increased
smoothness of movement, positioning accuracy and stability of the control system. In the fifth section, an
experimental study of an electric drive with nonlinear characteristics is carried out. A synthesis and study of an
automatic control system for an electric drive with nonlinear corrective devices based on dynamic switching
signals is carried out, which is aimed at improving the quality of regulation, reducing the impact of nonlinearities
of the control object and increasing the efficiency of the system in transient and steady-state modes.
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