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1. luHamiyHe KepyBaHHS IPUBOJAMU aBTOMATHU30BaHOIO KpaHa-MaHIIyJsTOpa.

2. Dynamics control of electrical drives for the bridge crane with manipulator.

Pedepar:

1. . O6’eKT IOCiA)KEHHS: €JIEKTPOMAarHiTHI IPOLLECH B CUCTEMAX YaCTOTHO-PEryJIbOBAHOTO €JIEKTPOIIpUBOAY. MeTa
pO6OTH MifBUILEHHS WBUAKOIII i TOUHOCTI O3ULIOHYBAHHS €JIEKTPOIIPUBO/IiB KpaHy-MaHINyJsiTOpa pu
BiZJ[TpalLllOBaHHi TEXHOJIOTIYHOTO MIPOLECY Y CKJIAJi YCTAHOBKY Je3aKTUBAllil palioaKTUBHUX METAJIIB IIJIIXOM
CHHTE3y CUCTEM aBTOMaTUYHOTO KEPYBAHHS 3 ypaxyBaHHSM JMHaMiYHOI 3MiHM XapaKTePUCTUK HAaBaHTaKEHHS
€JIEKTPOIIPUBO/IB KpaHy. MeTonu NoCiiipKeHHsT METOIU TEOPil €JIEKTPUYHUX KiJI i €JIEKTPOMArHiTHUX IOJIiB;
METOJIM KJIACUYHOI Ta Cy4acHOi TeOpii aBTOMaTUYHOTO KEPYBAHHSI, B TOMY YMCJIi METOIY ITOJIIHOMiaJIbLHOTO CUHTE3Y
CHCTEM 3 PETYJIATOPAMU Ta CIIOCTEPirayaMy CTaHy ITIOBHOTO MOPSIKY; MaTEMAaTUYHE MOZEJIIOBAHHS B CEPEIOBUILI
MATLAB Ta #toro gopartkiB Simulink Ta SimMechanics. TeopeTuuHi Ta IpakTUYHi pe3yJIbTaTH i HOBU3HA: BIEpPIIE
PO3pO6JIEHO BipTyaslbHy MOJI€JIb €JIEKTPOMEXaHIYHOI IPUBOIHOI CUCTEMU KpaHa-MaHiIlyJIsiTopa Npy NnepeMillieHHi

BAaHTAXYy LJISIXOM peasi3allii B MOZEJIi 3aJ1€5KHOCTI MOMEHTY HaBaHTaKE€HHS, BEJIMYMHA SIKOTO 3MiHIOETHCS B IIPOLIEC]



nepeMillleHHs, 1110 Ja€e 3MOTy BpaxyBaTy JUHAMIYHY 3MiHy HABaHT)KEHHS; BIOCKOHAJIEHO METO]], KEPYBaHHS
KPaHOM-MAaHINyJIaTOPOM 151 ONITMMAJIbHOTO 32 MBUAKOLIE€I0 TaCiHHS KOJIMBAHb BAHTAXY MPY NEPEMIIEHHI KpaHy,
3 ypaxyBaHHSAM 3MiHM JOBXVHM KaHATA, IKUH I0JISITa€ Y CUHTE3i CUCTEMU MOJAJIBHOTO KEPYBAHHS 3i 3BOPOTHUM
3B'I3KOM 32 BEKTOPOM CTaHy i criocTepirauem crany JlloeHbeprepa TpeTboro NOpsIKY, SIKUH BiJHOBJIIOE KyT
BiIXMJIEHHS BaHTaXYy BiJl BEPTUKAJIi Ta 10r0 KYTOBY IIBUAKICTb; pO3PO6IEHO HOBY MaTEMAaTUYHY MOJIEJIb
€JIEKTPOMEXaHIYHOI YaCTVHU CUCTEMHU €JIEKTPOIIPUBOY BaHTAKOMIAMOMHOIO MIPUCTPOIO KpaHa-MaHilyssTopa
YCTaHOBKHU J1€3aKTUBallii palicaKTUBHUX METAJIB, B Kill BpaxOBaHO 3MiHy MOMEHTY CTaTUYHOTO HaBaHTa>)KEHHS,
3YMOBJIEHY Ji€l0 BULITOBXYBaJIbHOI CUJIM NIPU 3aHYPEHHI BAHTAXKY Y TEXHOJIOTIYHY BAHHY OOMEKEHOTO 00‘eMY 3
PioMHOIO, Ta 3MiHY MOMEHTY iHEPIIii MPUBOMY MiCJIsl JOCSATHEHHS BAHTAaKEM JIHA BAHHU; BOCKOHAJIEHO METO],
KEPYBaHH$ 3a I10JIOKEHHSM €JIEKTPOIIPUBOLOM BaHTAKOIIAMOMHOIO IIPUCTPOIO KPaHa-MaHINyJsaTopa, IKUi
NigBuUILye MWBUAKOAIIO i TOUHICTD MO3ULIOHYBAHHS BAHTAXKy KPaHa Ta I0JIAra€ Y CUHTE3i CUCTEMU ITO3ULIIMHOTO
KEPYBaHHS 3 IPUCTPOEM 3aBIAHHS YCTAJIEHOTO 3HAUE€HHS KyTOBOTO IOJIOKE€HHS, IPONOPLiITHO-IHTErPpaJIbHUM
PETyJIITOPOM MIBUIKOCTI Ta JIiHINHUM MPOINOPLiMHUM PETYJISITOPOM NOJIOKEeHHS. [Ipeamer i cTymiHnb
BIIPOBA/)KEHHSI: OCHOBHI I10JIOKEHHSI AUCePTaLiliHO] pob0TH (MOJ€Jli MEXaHIYHOI CUCTeMU KpaHa-MaHINyssTopa,
aJITOPUTMHU aBTOMAaTUYHOT'O KePyBaHHS €JIeKTPOIIPUBOAAMU KpaHa) 6ysu BukopucTtadi HT® «TEMC» npu
CTBOPEHHI CUCTEMU MO3ULIHHOIO KEPYBAHHS €JIEKTPONIPHUBOJIAMU MOCTOBOTO KpaHa-MaHIIlyJIsITOpa y CKIIazi
YCTaHOBKHU Jle3aKTUBalii pagioakTuBHUX MeTasiB Ha [II1 «HanioHasbHa aTOMHa €HeproreHepyoda KOMIIaHis
«Eneproarom» BII «PiBHEHCbKa aTOMHA €JIEKTPOCTaH1is1». EQEKTUBHICTh BIIPOBa/I>)KEHHS: MiIBUILIEHHS
IIPOYKTUBHOCTI 06J1aHaHHS, 30i/IbIIE€HHS IKOCTi KEPYBaHHSI, 3MEHIIEeHHS a6COIOTHUX Ta BiTHOCHUX IIOKA3HYKIB
CIIO)XKMBaHHS esiekTpoeHeprii. Cdpepa BUKOPUCTaHHS: CHCTeMa ITO3ULiITHOTr0 KepyBaHHS €J1eKTPOIIpUBOJaMU

MOCTOBOTO KpaHa-MaHiNyJIsaTopa y CKIaji yCTaHOBKY J€3aKTUBallii paflioaKTUBHUX METAaIiB.

2. The object of research is electromagnetic processes in frequency controlled electric drive. The dissertation
purpose is increasing speed and accuracy of electric drives positioning for the crane manipulator at working in
technological process as a part of installation of radioactive metals decontamination by synthesis of automatic
control systems taking into account dynamic change of load characteristics applied to drive. The Methods of
research are theory of electric circuits and electromagnetic fields; methods of classical and modern theory of
automatic control, including methods of polynomial synthesis of systems with regulators and of the complete
order state observers; mathematical modeling in MATLAB and its applications Simulink and SimMechanics.
Theoretical and practical results and innovation for the first time a virtual model of the electromechanical drive
system was developed. In which movement of cargo by crane-manipulator realized in model of dependence of load
moment which size changes in the course of movement. That allows to consider dynamic change of loading;
improved the method of optimal speed control damping of cargo oscillations when crane is moving, taking into
account the change of rope length, which consists in the synthesis of modal control system with feedback on the
state vector and third-order Luenberger state observer from the vertical and its angular velocity; a new
mathematical model of electromechanical system electric lifting crane-manipulator install decontamination of
radioactive metal, which takes into account the change static moment load caused by the action of strength when
immersed in technology cargo bath limited volume of fluid, and change the moment of inertia of the drive after the
load reaches the bottom of the bath; improved method of position control by electric drive of the hoisting device
for the crane-manipulator, which increases the speed and accuracy of positioning of the crane load and consists in
synthesis of position control system with the device of setting the angular value, proportional-integral speed
regulator and linear proportional position regulator. The subject and the degree of implementation: the results of
research performed in the dissertation (models of the mechanical system of the crane-manipulator, algorithms of
automatic control of electric crane drives) were used by NTF TEMS LLC for creation positional control system of
electric drives for the bridge crane-manipulator. This crane used by energy company "Energoatom" SE "Rivne
Nuclear Power Plant", which is confirmed by the relevant act. The implemented system has proven itself in use.
The effectiveness of the implementation: increase of productivity of the equipment, increase of quality of
management, decrease in absolute and relative indicators of consumption of the electric power. The sphere of
usage: system of position control of electric drives of the bridge crane-manipulator as a part of installation of



decontamination of radioactive metals.
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