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Pedepar:

1. Inceprauiiina po60Ta NpUCBSY€HA BUPIIEHHIO aKTyaIbHOI HAyKOBO-TEXHIYHOI 3a/1a4i, [TOB'513aHOI 3 pO3POOKOI0
HOBOI Ta yIOCKOHAJIEHHSIM iCHYIOYMX METOUK CUHTE3Y KBAa3iHEUPOPETYIATOPA [JI JBOMACOBOI
€JIEKTPOMEXaHIYHOI CUCTEMU 3 IIPY)KHUM KiHEMAaTUYHUM 3B'SI3KOM i HeJliHINHUM QPUKLIAHAM HaBaHTOKEHHSIM, 110
3abesnevye ycyHeHHs GPUKLIiIHNX aBTOKONUBaHb. O6’€KT OCIiIKEeHHS — AUHAMIYHI IPOLIECH Y IBOMAaCOBIi
€JIEKTPOMEXaHIuHil cucTeMi 3 Bil eMHNM B'I3KMM TEPTSIM Ta CUHTE30BAHUM KBa3iHEHPOPETYJIATOPOM, 10 YCYBae
dpuKLiliHi aBTOKONMMBaHHA. [IpegMeT JoCliIyKeHHs — IBOMacoBa eJIeKTPOMeXaHiuHa CUCTEMA 3 IIPY>KHUM 3B's1I3KOM
Ta QPUKLIHUM HAaBaHTAXKEHHSIM i KBa3iHEHPOPETYISTOPOM, IPEACTAaBIEHA Y MOIU(IKOBAHMX y3araJbHEHUX
6e3po3MipHUX TapaMeTpax. MeTa po60Ty — CTBOPEHHSI METOAMKYM CUHTE3Y Y MOAU(IKOBAHUX y3arajlbHEHUX

6e3p03MipHHUX [TapaMeTpax JBOMACOBOI €JIeKTPOMEXaHIYHOI CUCTEMHU 3 NIPY>KHUM KiHEMaTUYHUM 3B'SI3KOM i



HeJIiHINHUM QPUKLITHMM HaBaHTAXXEHHSIM Ta KBa3iHEMPOPETySITOPOM, 110 3abe3nedye yCYHeHHs! PPUKLIHUX
aBTOKOJIMBaHb. 3a pe3ysbTaTaMU JOCiIKeHb OTPUMAaHO HACTYIIHI HAyKOBi Pe3yJIbTaTh: — PO3PO6IIEHO
MaTeMaTU4HYy MOJIeJb IBOMACOBOI €JIEKTPOMEXaHiuYHOI cucTeMHU B MOIN(IKOBAaHUX y3arajJbHEHUX 6€3p0o3MipHUX
IapaMeTpax 3 ypaxyBaHHsIM (PPUKLIIHOI HeJliHIHOCTI Ta KBa3iHENPOPETYIITOPOM; — HA OCHOBI MeToLy D-
PO3OUTTS OTPMMAHO aHAJITUYHI CHiBBiIHOIIEHHS /1711 BU3HAYEHHS MEX CTIMKOCTi CUCTeM, 110 103BOJINIIO
nepeBipuTy pobOTy CUCTEMHU Ha MeXKi CTIMKOCTI NpYU BUHUKAHHI (PUKLIMHNX aBTOKOJIMBaHb; — BUBEIEH] aHaITUYHI
CIIiBBiJHOLIEHHS JJIs1 PO3PaxXyHKy BaroBux KoeillieHTiB KBa3iHepoperyasiTopa y MOAU(pIKOBaHUX y3araJbHEHUX
6e3po3MipHUX NTapaMeTpax, sKi 3a6e3Me4yloTh 33JaHi TOKA3HUKY PETyJI0BAaHHS (IPU MepeMillleHHi po6040i TOUKU
I10 Iafialovii OinsHIi MeXaHiYHOI XapaKTepUCTUKU PPUKLIMHOrO HaBaHTaXXEHHS) Ta CTIMKICTh CUCTEMU; —
3aIPOIIOHOBAHO CTPYKTYPY KBaziHeMpOperyssiTopa i3 3HaueHHsIMU HOTo BaroBux Koe@illieHTiB 3a Oflep>KaHUMU
AQHAJIITUYHVMIU CIiBBiIHOLIEHHSIMY, SIKA 3a0€311e4ye YCYHEHHS (PUKLIMHAX aBTOKOJIMBAHb i3 BUKOPUCTAHHSM JIMIIE
OJIHi€l KOOPJMHATH JI71s1 3BOPOTHOTO 3B$13Ky — MIBUJKOCTi APYTroi MacH; — Pe3yJIbTaTU MOJIE/IIOBAHHS Y CEPEIOBUIL
MATLAB /Simulink po3iMKHeHOi Ta 3aMKHYTOi CHUCTeMU 3 KBa3iHEIPOPETryJsiTOPOM y TUIIOBUX PEXXUMaX pod0OTU
NiATBEPAWIY aJ€KBATHICTb PE3yJIbTaTiB TEOPETUYHUM I1OJIOKEHHSIM POOOTU Ta (i3MUHIN CYTHOCTI JOCTiIKYBaHUX
IVHAMiYHUX npoueciB. [IpakTUYHe 3HaY€HHS] OTPMMAHUX PE3YJIbTATiB MOJISITa€ Y HACTYIIHOMY: — PO3p00JieHa
METOJIMKa CUHTe3y KBa3iHelpoperysTopa 3abe3rnedye MOKIMBICTb BIPOBAIKEHHS KePyBaHHS Y IIPOMUCIIOBUX
CHACTEMaxX aBTOMaTU30BAHOIO €JIEKTPOIIPUBOAY, [I€ CYTTEBO IIPOSIBIIIOTHCS MIPY>KHI BIACTUBOCTI KIHEMATUYHUX
3B'S13KiB Ta HASIBHICTb M1a1AI040] OiISIHKY MEXaHIYHOI XapaKTePUCTUKN HaBAaHTAKEHHY (IIpU 1031, IPOKOB3yBaHHi Ta
in.). KBasineitpoperysiatop, CUHT€30BaHUI1 32 PO3POOJIEHOI0 METOAMKOIO, 3a6e3euye YCYHEeHHs] QPUKLIHIX
aBTOKOJIMBaHb, 5Ki € HEIIPUIHITHUMHU B YMOBaX €KCIIyaTallii; — BAKOPUCTaHHS MOIM(]iKOBaHUX y3arajibHEHUX
0e3p03MipHUX NTapaMeTpiB 3a0e31edye MOXIMBICTb BUKOPUCTAHHS 3alIpOIIOHOBAHOI METOIVKY [J1s1 LIMPOKOTO
KJIaCy eJIeKTPOIPUBO/IiB MALIMH i MEXaHi3MiB; — CTBOPEHA B pOOOTi KOMITIOTEPHA MOJIeJIb Y CepelOBUIL]

MATLAB /Simulink moske 6yTy BUKOPUCTaHa IIPU IPOEKTYBaHHI CUCTEM eJIEKTPOIIpHBOJA 3
KBa3iHEMPOPEryysITOPOM; — PE3yJIbTaTh KOMITIOTEPHOT'O MOJIEJIIOBaHHS Ta aHAJIITUYHI BUCHOBKUA MOXYTb OyTU
BAKOPUCTaHI y HaBYaJIbLHOMY IIPOLECi TEXHIYHUX YHIBEDCUTETIB y Kypcax 3 aBTOMaTU3alii, Teopii KepyBaHHA Ta

eJIeKTPOMeXaHi‘{HI/IX CHUCTEM €JIEKTPOIIPpUBOJA.

2. This dissertation is devoted to solving a scientific and technical problem related to the development of new and
the improvement of existing methods for synthesizing a quasi-neuroregulator for a two-mass electromechanical
system with an elastic kinematic connection and a nonlinear frictional load, aimed at eliminating friction-induced
self-oscillations. The object of the research: Dynamic processes in a two-mass electromechanical system with
negative viscous friction and a synthesized quasi-neuroregulator that eliminates frictional self-oscillations. The
subject of the research: Methods and tools for synthesizing a two-mass electromechanical system with elastic
coupling, frictional load, and quasi-neuroregulator, represented in modified generalized dimensionless
parameters. The aim of the dissertation is to develop a synthesis method in modified generalized dimensionless
parameters for a two-mass electromechanical system with an elastic kinematic connection, nonlinear frictional
load, and a quasi-neuroregulator that ensures the elimination of friction-induced self-oscillations. The study has
produced the following scientific results: - a mathematical model of a two-mass electromechanical system was
developed in modified generalized dimensionless parameters, taking into account frictional nonlinearity and a
quasi-neuroregulator; - using the D-decomposition method, analytical expressions were derived for calculating
the stability boundaries of the system depending on generalized dimensionless parameters; - analytical
expressions were derived for calculating the weighting coefficients of the quasi-neuroregulator in modified
generalized dimensionless parameters, which ensure specified control performance indicators (when the
operating point moves along the descending section of the mechanical friction characteristic) and system stability;
- a structure of the quasi-neuroregulator was proposed with weighting coefficient values obtained from the
derived analytical expressions, which ensures the elimination of frictional self-oscillations using only one
coordinate for feedback - the velocity of the second mass; - the results of simulations in MATLAB /Simulink of
both open-loop and closed-loop systems with the quasi-neuroregulator under typical operating modes confirmed
the adequacy of the results with the theoretical foundations of the work and the physical nature of the studied



dynamic processes. The practical significance of the obtained results is as follows: - the developed synthesis
methodology for the quasioneuroregulator makes it possible to implement control in industrial automated
electricodrive systems in which the elastic properties of kinematic couplings and the presence of a fallingoslope
segment in the mechanical load characteristic (e.g., stiction, slip, etc.) are significant. The quasioneuroregulator
synthesized according to this methodology ensures elimination of frictionoinduced selfooscillations that are
unacceptable in service; — the use of modified generalized dimensionless parameters allows the proposed
methodology to be applied to a wide range of electricodrive systems for machines and mechanisms; - the computer
model created in the MATLAB /Simulink environment can be used in the design of electricodrive systems with a
quasioneuroregulator; - the results of the computer simulations and the analytical conclusions can be incorporated
into the curricula of technical universities in courses on automation, control theory, and electromechanical drive
systems.
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