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1. KepyBaHHs 3a IPOTHO3HOIO MOZEJIIIO Y JIHIMHUX JUCKPETHUX CUCTEMAX

2. Model predictive control in linear discrete systems

Pedepar:

1. Mimenko M. [I. KepyBaHHSI 32 IPOTHO3HOIO MOJIEJIJIIO Y JIIHIMHUX JUCKPEeTHUX cucTemax. — Kpasidikaniiina
HayKOBa Ipalsl Ha IpaBax pyKonucy. Jluceprauis Ha 3000yTTs HAYKOBOTO CTYIIEHs OKTopa (inocodii 3a
crnenianbHicTio 01.05.04 «CructeMHuMii aHali3 i Teopist ONTUMabHUX pilleHby (124 — CucTeMHuUi aHanis). —
HanjionasnbHOro TexHiyHUN yHiBepcuTeT YKpainu «KuiBCbKuii MOJIITEXHIYHUN iHCTUTYT iMeHi Iropst CikopcbKoro»,
2024. MeTo10 ucepTalLiiiHOro JOCIiIKEHHS € peasisallis TepMiHaJIbHOTO KEPYBAHHS, sIKe 6 BUKOHYBAJIO 3aBIaHHS

ctabinizauii. JJocmigkeHHS MTPUCBSIYEHO PO3POOJIEHHIO albTEPHATUBHUX aJITOPUTMIB cTabinizauii JICIY Ha ocHOBI



IiAX0y KepyBaHHS 33 MPOTHO3HOI Moaesuno (KIIM). Bin nosirae B reHepyBaHHI CUTHAJIIB KEPYBaHHS MIJIIXOM
BUOOPY Tiel MOCiNOBHOCTI CUTHAJIIB, sIKa BifIOBifae HallKpauomy (3a IIEBHUM KpUTePieM) IIPOTHO3Y TPAEKTOPIi
CTaHy CUCTEMU Ha OOMeXXeHOMY r'OpU30HTi. Ha mpakTulii 1ie 37iiCHIOEThCS 32 JOTIOMOTOI0 PO3B’s13aHHS1 3aBIaHHS
onTuMmiszallii, inboBa (PYHKIiS SIKOTO 3aJI€KUTh BiJl IPOTHO30BAaHOI'O MaliOyTHBOTO CTaHy. 3aCTOCYBAaHHS METO[IIB
OnTHMi3alii 3aMiCTb MaTEMATUYHOTO allapaTy Ha OCHOBI IIepeTBOPeHHs JIopaHa [103B0JIsie YHUKHYTU OTPEOU
PY4YHOTO JOHAJIATrO/>KEHHS allropuTMy. Lle TakoxX 103BOJIsie reHepyBaTy WBUIKI cTabinisaliliiHi TpaekTopii 3a
PaxyHOK BUKOPUCTaHHS €BOJOLifHOro piBHsAHHA 1711 JICIY siK npeauKTopa MalibyTHBOTO CTaHy y CKJIafli LiIbOBO]
dyHK1ii, a oOOMeskeHb Ha KepyBaHHS — SIK 0OMeXXeHb 3aBIAHHS ONTUMI3allii. Y pe3ysnbTaTi JOCiIKeHHS OTPUMaHO
HOBUH KJIaC METOZIB, 3TaTHUX [0 TEPMiHAJIbPHOTO CcTabini3aniiiHoro KepyBaHHs. [HaKIIe KaKy4du, BOHU 31aTHI
IIPUBOAUTU CTaH JIiHiHOI cucTemu 10 HyJs (a60 B pasi HasIBHOCTI 30ypeHb — [I0 1I0ro 0K0J1y) 3a CKiHU€HHUH yac i
yTPUMYyBaTH MOro TaM Hazgasi. BOHM MOXYTb CTabii3yBaTU HE TiJIbKM CTPOTO CTiliKi CUCTEMaMH, a 11 HaliBCTilKi Ta
HECTIliKi, 30KpeMa i B yMOBax HasIBHOCTI BUIAIKOBUX 30ypeHb Ta 3 ypaxyBaHHIM OOMEKEHOCTI pecypcy KepyBaHHSI.
Lli MeToau MOXKHA 3aCTOCOBYBATH JJ1s1 KEPYBAaHHS SIK TEXHIUHUMMU, TaK i Oy[ib-sSKMMU iHIIMMU CUCTEMaMHU, SIKi
onucyioTtbes y Gopmi JICOY. V xoni mociipKeHHs 3'1CyBanocs, o 30e06i/bIIoro ONTUMabHa cTabismizaliiHa
TPAEKTOPIisl HE € YHIKaIbHOIO, TOOTO, MOXJINBO OOMPATH MK ONTUMAJIbHUMU TPAEKTOPISIMU 3apaZy IOKPALEHHS
SIKOTOCh JIPYTOPsIIHOTO IMOKa3HUKa. [lo TOro X, sIK IPUKJIA, SIKUH € LiHHUM caM co00I0, y pOOOTi OKpEMO
POBIJISIHYTO CTabiizalilo iMIysbCiB y JIiHIMHMX KOTHITUBHUX KapTaxX. byyun npukiaagamu JiHiMHAX CUCTEM Y
IVICKPETHOMY Yaci, JiHilHI KOTHITMBHI KaPTU JOMYCKAaIOTh 3aCTOCYBAaHHS MO0 iX iIMIyJIbCiB TUX CAMUX CTPATETIN Ta
aJITOPUTMIB K€PYBaHHS. AJie SKIIO ONyCTUTHU IIPUPOAY KOTHITUBHUX KapT, IXHIM CTaH [M0YMHAE ITOCTYIIOBO
3MiHIOBaTHCS B Hellepen6auyBaHOMY HAIPSIMKY Iifl THCKOM 30BHILIIHIX BUNAIKOBUX 30ypeHb (1IyMy) IIOIIpU Te, 1110
cTabiNi3yl04nii KOHTPOJIEP NPUAYIIYE iX BIJIMB Ha iMITyJIbCY KOTHITUBHOI KapTU. 31aTHICTD IiIX0/y KEPYBaHHS 3
IIPOTHO3HOIO MOJEJIJII0 BPaxOBYyBaTU IPYropsAHi 11ili JO3BOINIIA YCYHYTU el epeKT NPUHANMHI YaCTKOBO LIJISIXOM
LiziecrpsiIMOBaHoi cTabini3alii KOrHiTUBHOI KapTH 6iJis JesKoro Harepen 00paHoro cTaHy. Takox y po6oTi
[IPOJAEMOHCTPOBAHO, L0 3 YChOTO IIPOCTOPY CTaHiB KOTHITUBHOI KapTH JIMIIE JesKa rinepIuIOlHA B Hill €

IOCSDKHOIOOJIHOYACHO 31 cTabisizalielo iMIyJibCis.

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.
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KepiBnHuKk Bigginy YKpIHTEI, mo €

BiZNOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi

OisIIBHOCTI

Januinos Banepin SIkoBn4

Hanunos Banepiit SIkoBu4

Muxaino JImutpoBud MillleHKO

VKpIHTEI

Opuenko TersiHa AHaToOJIiBHA



