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1. MCTO,HI/I CHUHTE3Y Ta aHaJli3 BUCOKOTOYHUX CUCTEM HOSI/IL{iI‘/'IHOI‘O KE€pYyBaHHI HEBU3HAY€HNMU 6araToMacoBHUMU

00'eKTaMu

2. Synthesis methods and analysis of high-precision position control systems of uncertain multimass objects

Pedepar:

1. O6'exT mOCHiIKeHHs - AMHAMIYHi IIpollecu B HEBU3HAaYeHUX 6araToMacoBux 06'ekTaxX. MeTa IOCiI>KeHHS -
PO3p0OKa METOIiB CUHTE3Y Ta aHaJli3 BUCOKOTOYHNX CUCTEM NO3ULIITHOTO KEPYBAaHHS HEBU3HAYEHUMU
6araToMacoBUMU 06'€KTaMU 3 ITIOKpaIleHUMHU TOYHICHUMHU Ta AUHAMIYHUMU XapaKTepucTukamu. Metonu
IOCJiI)KeHHSI - MeTOJ, [IPOCTOPY CTaHiB, Teopis QinbpTpallii, 30KkpemMa, ClIOCTePEeXKHUKIB, METOIU MOJIaJIbHOTO
KEepyBaHH$, Teopis CTilKOCTi pyxy O.M. JIayHOBa, TEOPisi CUHTYJIIPHO 30ypeHux AudepeH1iiaabHuX PiBHIHb, METOT,
YMCEJIbHOTO MOZEIOBaHHs. AnlapaTtypa [ JOCiIKEHb - [IEPCOHATIbHUN KOMIT'I0TEp. TeopeTuyHi Ta IpaKkTUYHi
pe3yJbTaTy - po3pobiieHi meTonu ineHTHdiKaLii BEKTOpa HEBU3HAYEHOCTI, BEKTOPA CTaHy, METOJ, CUHTE3Y
CIIOCTEPE’KHUKIB Ta QIFOPUTMIB KepyBaHHS 3a0e311euyloTh 6a)kaHi I0Ka3HUKU SIKOCTi CUCTEM KEPYBaHHS, 110
IOJIiNIye NAHAMIYHI XapaKTE€PUCTHKU CIIOCTEPEXKHUKIB Ta CUCTEM KEPYBAHHS B 1IiJIOMY; BUKOPUCTAHHS
CHHTE30BaHUX CIIOCTEPE>KHUKIB 3MEHIIYE KiJIbKiCTh AATYMKIB, HEOOXIIHMX [1J11 KEPyBaHHS, 11O MiABUILY€E HATINHICTD

po6OTH Ta 3MEHIIY€E BapTiCTh KEPYIOUMX cucteM. HaykoBa HOBU3Ha - 1) 17151 06'€KTa, 110 OMUCYETHCS MAaTPUYHUM



IvdepeHLiabHMM PiBHSIHHSAM IPYroro NOpsaKy, pO3po6JI€eHO HOBUM CIIOCTEPEKHUK [1J1S OL[iHKM BEKTOPIB
IIBUJIKOCTEN Ta HEBU3HAYEHOCTEH, SIKMI BUKOPHUCTOBYE SIK BUXiTHY iHdOpMalLlilo iniie BeKTOP MO3ULIIHUX
CHTHAJIIB; Ha BiIMiHY Bifl METOZiB OTPYMaHHS BEKTOPA MWIBUIKOCTEH 32 JOIIOMOIOI0 aCUMIITOTUYHOTO
Iv(epeHLioBaHHS a60 eKCTPaNoJIALii, 3alIPOIIOHOBAHN METO]], BAKOPUCTOBYE MOZE/b 00'ekTa KepyBaHHS (OK),
BHACJIiZIOK YOTO BiH OibIIl TOYHUI; 2) AJIS1 IBOMACOBOI IIPY>KHOI CUCTEMH, SIKa CKJIAZAETHCS 3 €J1IeKTPOIBUTYHA,
npyxHoi TpaHcMicii Ta OK, rnpu BinoMux cTpymi, MBUAKOCTI IBUTryHA Ta nepemimeHHi OK, po3pobeHo HOBUM
CIIOCTEPEKHUK HEBU3HAYEHOCTI, IKa CKJIAIAE€TbCS 3 HABAHTAKEHHS, TEPTA B ABUTyHI Ta OK, iHepuifiHoi cuiwy,
00yMOBJIEHOI HETOYHICTIO 3HAHHS iHepLilHOI xapakTepucTuky OK; BUKOPUCTAaHHS 3a3HAY€HOI OLiHKA
HEBU3HAYEHOCTi B KOMOIHOBAaHOMY 3aKOHi KepyBaHHS J03BOJISIE MiABUIMTY TOYHICTh KEPYBaHHS Ta 3a0e311e4nTr
OakaHi MOKa3HUKU SKOCTi IepexifHUX [IPOLeCiB; 3) 151 eJIeKTPOJBUIYHA ITOCTIHHOTO CTPYMY IIPU BilOMUX CTPyMi
Ta IIBUIKOCTI IBUTYHA BIEPILIE 3aIPONIOHOBAHO ileHTU(IKATOP €KBiBaJIEHTHOTO CyMapHOTo ONOPY SKipHOTO K0JIa,
SIKMI1 BpaXOBY€ [TIOXMOKM NIEPETBOPIOBAYA HANPYTU, HETOYHOCTI 3HAHHS iHAYKTUBHOCTI Ta aKTUBHOTO OMOPY
SIKIpPHOT'O K0J1a, a TakoX KoedillieHTa ABUTYHA; BUKOPUCTAaHHS OTPUMAHO] OL[iHKY OIIOpY B KOMOIHOBaHOMY 3aKOHi
KEPYBaHH$ J03BOJISIE MTiABUIMTY TOYHICTb KEPYBAaHHS Ta 3a0€3[1€4YNUTH O6akKaHi IOKa3HUKU SIKOCTI IepexifTHuxX
IIPOLIECiB; 4) AJ1s1 ONKUCAHOI B 1. 2 CUCTEMH 32 BiZICYyTHOCTI T€PT B ABUTYHI 3 BUMiPIOBAaHHSM JIALIE CTPYMY [IBUTYHA
Ta nepeMimeHHs OK Breplie 3aIpONIOHOBAaHO CIIOCTEPEKHUK, SIKUH OLiHIOE€ MBUAKICTD i NEpEMIillleHHS ABUTYHA Ta
€KBiBJIEHTHUI CyMapHUii oIip sIKipHOTO K0J1a, SIKAi1 BpaXx0OBYye MOXMOKY I1€PETBOPIOBaYa HAIIPYTryd, HETOYHOCTI
3HAHHS iHAYKTUBHOCTI Ta aKTMBHOI'O OIIOPY SIKiPHOTO KOJI4, 8 TAaKOX KoedillieHTa IBUTyHA; BUKOPUCTAHHS
OTPMMAaHUX OLIiHOK y KOMOIHOBAaHOMY 3aKOHi KepyBaHHS J03BOJIsIE MiIBUIIATY TOUYHICTh KEPYBAHHS Ta 3a0€3M€4YNTH
Oa’kaHi MOKa3HUKMU SIKOCTi ITepexifHUX MpoleciB. Pe3ysbTaT LOCiIKeHb JOCTaTHHO MTOBHO BIIpoBamykeHi B [II1
JIbBIBCBKMI HAYKOBO-[OCIIAHUI palioTEXHIYHUI IHCTUTYT IIPU PO3POOLIi CUCTEM KEPYBAHHSI arperaTaMy pyxoMUx
Ha3eMHHUX 00'€KTiB, a TAKOX I1JIAHYE€TbCSI BAKOPUCTAaHHS OTPUMaHUX pe3ysbTariB y HBIT "Xaprpon-lOkom" (M.
3anopixoks) Ta y KazenHomy nignpuemMctsi "HaykoBo-Bupo6HUYMi KomIteke "Ickpa” (M. 3arnopixks), mo
IiATBEPAKEHO aKTaMU PO BIIPOBApKeHHs. HayKoBi Ta IPaKTUYHi pe3yJibTaTu JACEPTaLliliHOi po60TH MOXKYTb OyTU
BMKOPKCTaHI: B HaBYaJIbHUX 3aKJIaJjaX Ta OpPraHisallisx, 1o NPOBOISTh NOCiIKEHH Brajaysi po3pobKu
BUCOKOTOYHHUX CUCTEM KEPYBAHHS; y Tajly3sx MalIMHOOYAiBHOI Ta METaTyPriliHOi NPOMUCIIOBOCTI, Y CUCTEMax
KepyBaHHS KOCMIYHMMU arlapaTaMu, paflioJlOKaTOpaMy Ta 030POEHHSIM, Y IPOKAaTHOMY BUPOOHUITBI; y
HaBYaJIbHOMY IIpOLeCi IPU MifroToBli (paxiBlLiB y ranysi eJ1eKTpoMeXaHiYHUX CUCTEM aBTOMaTH3allii Ta

€JIEKTPOIIPUBOJA.

2. Research object - the dynamic process in uncertain multimass objects. The purpose of the work is the
development of synthesis methods and the analysis of high-precision position control systems of uncertain
multimass objects with improved precision and dynamic characteristics. Research methods: the state space
method, the theory of observers, modal control method, Lyapunov's movement stability theory, the theory of
singularly disturbed differential equations, the method of numerical simulation. Research apparatus: personal
computer. Theoretical and practical results - designed identification methods of uncertainty vector and state
vector, observer and control algorithm synthesize method provide desired control system performance indices, it
improves observer and control system dynamical characteristics at all; the using of synthesized observers reduces
the number of encoders that need for controlling, it increases the work capability and decreases the price of
control systems. Novelty - 1) for object, that described by second-order matrix differential equation, a new
observer for state and uncertainty vectors estimation, which uses as initial information just position signal vector,
was developed; proposed method in spite of methods of speed vector obtaining by asymptotical differentiation or
extrapolation uses control object model, it provides better accuracy; 2) for two-mass elastic system, that consist of
motor, elastic transmission and control object (CO), at known current, motor speed and CO position the new
observer of uncertainty, which includes load, friction in motor and CO, inertial force, was developed; the using of
obtained uncertainty estimation in combined control law allows to increase control accuracy and provide desired
transient performance indices; 3) for direct current motor at known current and motor speed firstly equivalent
summary resistance identificator was offered; this resistance includes voltage converter errors, uncertain known

of inductive and active resistances, and motor coefficient; the using of obtained resistance estimation in combined



control law allows to increase control accuracy and provide desired transient performance indices; 4) for wrote in
p. 2 system at motor friction absence and with measuring of only motor currenr and CO position firstly observer
that estimates CO speed and position and equivalent summary resistance, which includes voltage converter errors,
uncertain known of inductive and active resistances, and motor coefficient, was offered; the using of obtained
estimations in combined control law allows to increase control accuracy and provide desired transient
performance indices. Research results introduced in State Enterprise Lvov Science-Research Radiotechnical
Institute during control system of surface mobile object aggregates design, and the use of obtained results in SPE
"Hartron-Yukom" (Zaporizhzhya) and in PE "Science-Production Complex "Iskra" (Zaporizhzhya) is planned, it's
confirmed by the acts of introduction. Science and practice results of the thesis may be used by educational
establishments and organizations, that deals with development of high-precision control systems; in the field of
machine-building and metallurgical industries, in control systems of space object, radio-locators and armaments,
rolling production; in education process during the automation electromechanical system and electrodrive
specialists training.
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