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Pedepar:

1. Mimenko M. ]JI. KepyBaHHS 3a TPOrHO3HOIO MOJEJLIIO Y JIIHITHUX IUCKPETHUX cucTeMax. — Kpasidikaniiina
HayKoBa Ipalisl Ha IIpaBax pyKonucy. Jlucepralis Ha 3100yTTs HAYKOBOTO CTyIeHs loKTopa ¢inocodii 3a
crieianpHicTio 01.05.04 «CucTreMHM aHasi3 i Teopis onTuManbHUX pilieHs» (124 — CucteMHuU aHamiz). —
HanjionasnbHOro TexHiyHUM yHiBepcuTeT YKpainu «KuiBCbKuil MosiTeXHIYHUN IHCTUTYT iMeHi Irops CikopcbKoro»,
2024. MeTo10 IucepTaLiifHOro AOCIiIKEHHS € peaJlisallis TepMiHaJIbHOTO KEPYBaHHS, sIKe 6 BUKOHYBAJIO 3aBIaHHS
crabinizauii. JJocigsKkeHHs MPUCBSIYEHO pO3POOJIEHHIO albTePHATUBHUX aJIrOPUTMIB cTabimizanii JICIY Ha ocHOBI
IiAX0[y KepyBaHHS 332 MPOTHO3HOI Moaesuno (KITIM). Bin nosidrae B reHepyBaHHI CUTHAJIB KEPYBaHHS MIJISIXOM
BUOOPY Ti€i NOCIiZOBHOCTI CUTHAIIB, SIKA BiJIIOBiJjae HAKpaIOMYy (32 IEBHUM KpUTEPieM) IPOTHO3Y TPAEKTOPIi

CTaHy CHCTEMU Ha OOMEXEeHOMY ropr30HTi. Ha mpakTuli e 3miliCHIOETHCS 3 TOIIOMOTIOI0 PO3B'SI3aHHS 3aBIaHHS
y y 1 e 37, i 11,



onTHMi3allii, 1iIb0OBa (PYHKIIiS SIKOTO 3aJIE5KUTh Bifl IPOrHO30BAHOTO MailOyTHBOTO CTAaHY. 3aCTOCYBaHHS METOZIB
onTuMizallii 3aMiCcTh MaTEMaTUYHOTO arapaTry Ha OCHOBI IlepeTBOpeHHs JIopaHa 103BOJIsSIE YHUKHYTU [IOTpedu
PY4YHOTO JOHAJIAro/I>)KEHHs alropuTMy. Lle TakoxX 103B0JIsie reHepyBaTy WBUIKI cTabinisaliiiHi TpaekTopii 3a
PaxyHOK BUKOPUCTaHHS €BOIOLiMHOrO piBHAHHA 1711 JICIY sIK npeguKTopa MaibyTHBOTO CTaHy y CKJIaJi LiIbOBO]
¢dyHK1ii, a 0OMeKeHb Ha KePyBaHHS — SIK OOME>X€Hb 3aBIaHHs OoNTUMi3alii. ¥ pesyabTati JOoCHiIpKeHHsSI OTPUMaHO
HOBUU KJIaCc METOZiB, 3JaTHUX 0 TEPMiHAJIbHOTO CcTabisizaliiiHoro KepyBaHHs. [HaKIIe KaKy4u, BOHU 31aTHi
IIPUBOAUTU CTaH JIiHiIHOI cucTemu 0 HyJ s (ab0 B pasi HasIBHOCTI 30ypeHb — [I0 I0r0 0K0J1y) 3a CKiHU€HHMH yac i
yTPUMYyBaTH MOro TaM Hagai. BOHM MOXYTb CTabisi3yBaTU HE TiJIbKM CTPOTO CTiliKi CUCTEMaMH, a 11 HaliBCTilKi Ta
HECTIliKi, 30KpeMa I B yMOBaX HasIBHOCTI BUIIaIKOBUX 30ypeHb Ta 3 ypaxyBaHHIM OOMEKEHOCTI pecypcy KepyBaHHSI.
Lli MeToau MOKHA 3aCTOCOBYBaTH JJ1s1 KEPYBAaHHS SIK TEXHIYHUMMU, TaK i Oy[ib-sSKMMH iHIIMMU CUCTEMaMHU, SIKi
onucyoTbes y Gopmi JICAY. Y xoai focaigKeHHs 3's1CyBanocs, 1o 37e6iab1I10ro onTuMabHa crabinisanitHa
TPAEKTOPIisl He € YHIKaIbHOIO, TOOTO, MOXKJIMBO OOUPATH MiXK ONTUMAaJbHAMU TPAEKTOPISIMU 3apaiv TOKPAIlEeHHS
SKOTOCh JIPYrOPSIAHOrO MOKa3HMKa. Jlo TOro X, sIK IPUKJIAZ, SIKUM € LiIHHUM caM c06010, y po60Ti OKpeMO
PO3IJIIHYTO CTabili3allilo iMITyJIbCIiB y JiHIAHMX KOTHITUBHUX KapTax. byly4n NpuKiIajaMu JiHiHHUX CUCTEM Y
IVCKPETHOMY 4aci, JiHiHI KOTHITUBHI KapTy JOINYCKAaIOTh 3aCTOCYBAaHHS 100 iX iIMIIyJIbCIB TUX CAMUX CTPATETIN Ta
QJITOPUTMIB K€PYBaHHS. AJie SKIIO ONyCTUTH IPUPOAY KOTHITUBHUX KapT, IXHil CTaH MOYMHAE ITIOCTYIIOBO
3MiHIOBaTHUCS B HEMepe16avyBaHOMY HAIPSIMKY I1iJl TUCKOM 30BHIlIHIX BUIIQJKOBUX 30yPEHb (IIYMY) IIOIPH T€, 110
cTabiNi3yl04nii KOHTPOJIEP NPUAYINYE iX BIJIMB Ha iMITyJIbCY KOTHITMBHOI KapTU. 3aTHICTD MiIX0Ay KEPYBaHHS 3a
IIPOTHO3HOIO MOZEJIII0 BPAaXOBYBATH IPYrOPsAHI Lijli [03BOJINIA YCYHYTU Lie e(eKT MPUHAIMHI 4aCTKOBO MIJISIXOM
1isiecrpsiIMOBaHoi cTabisizalii KOrHiTUBHOI KapTH 6iJis JesKoro Harepes 00paHoro cTaHy. Takox y poooTi
[IPOJEMOHCTPOBAHO, 1O 3 YChOI'O IIPOCTOPY CTaHiB KOTHITMBHOI KapTH JIMIIE JiesKa rinepIuIomHa B Hill €

IIOCSDKHOIOOTHOYACHO 3i cTabisnizaliieto iMmysibCiB.

2. Mishchenko M. D. Model predictive control in linear discree systems. - Qualifying scientific work. Manuscript.
Thesis for a Doctor of Philosophy degree in specialty 01.05.04 “System analysis and theory of optimal solutions”
(124 — System analysis). — National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
2024. The aim of the dissertation research is to develop a terminal control process intended for system
stabilization. The research is dedicated to development of alternative model predictive control (MPC) based
stabilization algorithms for discrete-time linear systems. The core idea of the MPC is to generate control signals by
choosing a control sequence which corresponds to the best (by some criterion) trajectory prediction on a limited
horizon. In practice, it is done by solving an optimization problem, whose objective function depends on future
state’s prediction. Usage of the mathematical optimization apparatus instead of the Z-transform allows to avoid
ad-hoc controller tuning. It also allows to generate fast stabilization trajectories by using the classic linear system’s
evolutionary equation as a future state predictor and constraints on controls as optimization problem’s
constraints. A new kind of algorithms capable of terminal stabilization control emerged from results of this
research. These algorithms are able to bring system’s state to zero (or at least into its neighborhood in
nondeterministic case) in finite time and keep it there indefinitely. They can stabilize not only strictly stable
systems, but also semi-stable and unstable ones while respecting control resource constraints. They are capable of
it even if there are random perturbations affecting the system. These methods are applicable to controlling
technical and any other systems describable in linear discrete-time form. During research it became apparent that
in most cases an optimal stabilization trajectory is not unique, i.e. it is possible to choose between optimal
trajectories to improve some kind of secondary objective. In addition, as an example which is valuable by itself,
stabilization in linear cognitive maps is discussed separately. Being an example of discrete-time linear system,
linear cognitive maps are susceptible of application of the same control strategies and algorithms to their
impulses. But if nature of linear cognitive map is disregarded, their state starts to wander under pressure of
external random perturbation (i.e. noise) even though stabilizing controller mitigates their influence on cognitive
map’s impulses. Ability of the MPC approach to consider secondary objectives allowed to mitigate this effect at
least partially. In particular, it is achieved here by seeking a particular objective cognitive map state as a secondary
objective in search for a stabilization trajectory. It is also demonstrated here that only a certain hyperplane in



cognitive map’s state-space is reachable under assumption, that its impulse is zero at the end of trajectory.
Jep>kaBHHH peecTpaniliHuil Homep JiP:
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