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V. BimomocTi npo guceprauiio
Mosga guceprarii:
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Tema gucepranii:
1. MeTop psaziB Ta BibHUX anredp B aHAi3i HeMiHINHUX KEPOBAHUX CUCTEM

2. Method of series and free algebras in the analysis of nonlinear control systems

Pedepar:

1.V npuceprauii 3anipOnIOHOBAHO i pO3BMHYTO METOAM aHaJIi3y HEJIiHIMHNX KEPOBAHUX CUCTEM, OCHOBaHI Ha
300pa’KE€HHI CUCTEMU Y BUTJISIT PSly €JIEMEHTIB BiJIbHOI airebpu i OCIiIKeHHI CTPYKTYP y Lill BiJIbHIl anre6pi, ki
IOPOJKYe cucTeMa. Po3risgaloTees HeMiHilHI IificHO-aHaiTUYHI cucTeMH, JIiHiNHI a60 aiHHi 32 KepyBaHHSM, i
BiZIOBIHI Py iTEpOBaHUX iHTErpasliB ab0 HEMiHIMHUX CTEeNeHeBUX MOMEHTIB. ITepoBaHi iHTerpasnu abo HemiHilHi
CTeIleHEBI MOMEHTH He 3aJIeKaTh BiJl CUCTEMHU i yTBOPIOIOTH BiJIbHY I'PalyliOBaHy acoOLiaTUBHY anreopy.
KoediuieHTr psay NopoaXyloTh IIEBHI CTPYKTYPU B Lili anre6pi. LieHTpasibHUMM 00'€KTaMU NOCIIiIKEHHS €
BBe[leHa B AucepTalil spepHa niganre6pa Jli i oHOCTOPOHHI ifear, sKuil BoHa nopokye. OTpUMaHuil TOBHUHN
OIIMC yCiX OJHOPiNHUX allpoKCcUMallill i IpUBiNefioBaHMX KOOPMHAT, 3aIIPOIIOHOBaHI METOAM 100YA0BU
anpoKCHMMYIOYMX CUCTEM. BCTaHOBIIEHN 3B'130K OGHOPIAHOI arlpokcrMalii i anpokcumaltii B CEHCl MBUAKOLII,
SIKUI 03BOJIsSIE OTPUMATH OINTHMAJbHi 60 Maike ONTUMaJbHi KEPYBaHHS [71s1 HEJIiHIITHOI CUCTeMU, PO3B'SI3yI04U

3HAYHO MPOCTILY 3aa4y MBUAKOLII 1714 i ogHOPigHOI anpokcumalii. Kpim Toro, po3risHyTo Aeski 3agadi



BiZ0OpaKyBaHOCTI B Kj1aci C™1, a TaKOXK [1JI11 CUCTEM OJJHOTO KJIaCy OTPMMAHO IIOBHUI ONUC YCiX MOKJIMBHUX

OIITMaJIbHUX 3a I_HBI/IILKO,ILielO Ke€pyBaHb.

2. In the thesis, methods of analysis of nonlinear control systems are proposed and developed based on the
representation of a system in the form of a series of elements of a free algebra and studying of structures in this
free algebra which are generated by the system. Nonlinear real-analytic control-linear and control-affine systems
are considered. For control-linear systems, the initial value problem with a fixed starting point (for convenience, it
is zero) and an expansion of the end-point map into the series of iterated integrals are considered. For control-
affine systems, the steering problem to a fixed equilibrium (for convenience, it is zero) and an expansion of the
initial-point map into the series of nonlinear power moments are considered. In both cases, coefficients of series
are constant vectors which contain all the (local) information on a concrete system while iterated integrals or
nonlinear power moments do not depend on a system and form a free graded associative algebra. Coefficients of
the series generate certain structures in the algebra. The central objects of the study are a core Lie subalgebra and
a one-side ideal generated by the core Lie subalgebra, which are introduced in the work. It is proved that core Lie
subalgebras are responsible for the homogeneous approximation, a coordinate-free definition of a homogeneous
approximation is given and a complete classification of homogeneous approximations is obtained. Methods are
proposed for constructing of homogeneous approximating systems and privileged coordinates. The developed
approach allows solving several close problems: to find complete description of all privileged coordinates, to
develop methods of construction of approximating systems, to study properties of homogeneous regular systems
etc. Also, properties of core Lie subalgebras for regular and homogeneous systems are studied. A connection of a
homogeneous approximation and an approximation in the sense of time optimality is studied; this allows obtaining
optimal or almost optimal controls for a nonlinear system by solving much more simple time-optimal control
problem for its homogeneous approximation. Besides, some problems of mappability in the class C™1are
considered. Also for systems of one special class (dual to linear systems) the set of all possible time optimal
controls is completely described.
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