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BospTeppu B 4aCTOTHIlN 06J1acTi

2. Methods and Tools of Nonparametric Identification for Nonlinear Dynamical Systems Based on Volterra Models
in Frequency Domain

Pedepar:

1. Inceprariiiny po60Ty IIPUCBSIYEHO PO3B’SI3aHHIO BXKJIMBOI HAYKOBO-TIPAKTUYHOI 33/1a4i, sIKa MOJIsIrae B
MigBUIIEHHI TOYHOCTI i 06YMCITIOBAIBHOI CTIMKOCTI METOIB IeTepMiHOBaHOI ineHTudiKalil HeiHIHHUX TUHAMIYHUX
CHCTEM Yy BUIJISIA] PSALIB Ta MOJIHOMIB BosibTeppy B 4aCTOTHIN 00J1aCTi HA OCHOBI €KCIIEPUMEHTAIBHUX JAHUX
CIIOCTEPEKEHb «BXiJl - BUXiJl» 3 BUKOPMCTAHHSIM TECTOBUX I10JIiIrApMOHIYHUX CUTHAJIIB T ypaxyBaHHSIM [TOXUOOK
BMMipIOBaHb BiITYKiB; B CTBOPEHHI Ha OCHOBI TEOPETUYHUX JOCiIKeHb e(PEKTUBHUX 00YNCIIIOBAJIbHUX Ta
IIPOrpaMHUX 3ac06iB BU3HAYEHHS 6araTOBUMipHUX YaCTOTHUX XapaKTEPUCTUK B YMOBax HEIOBHOI allpiopHOi

iHpopMalii mpo cuctemy, o NOCAiTKyeTbCcsl. MeTo, ineHTudikalii 3 BUKOpUCTaHHIM MOJIiHOMIB BosbTeppu nae



MOJKJIMBOCTI MOJIE€JIIOBAHHS CYTTEBO HEJHIMHMX CUCTEM Y 3aJJaHOMY IHTEpBasli aMIIITy[] BXiIHUX CUTHAJIIB, 3a
MeXelo pagiycy 36iKHOCTI psany Bosbreppu. s nigBUILEHHS 3aBaJOCTIMKOCTI OTPUMAaHUX Pe3ysbTaTiB
inentudikanii BUKoprucTaHo BeliByieT-dinbTpalio. Po3pobieHo anapaTHO-IIPOTpaMHi 3aco6M aBTOMATU30BaHOTO
yIPaBJliHHS NIpoLecoM ifeHTu(ikalii B yacTOTHiN 061acTi Ha 6a3i komm'otepis IBM PC, siki anpo6oBaHoO AJ1st
BU3HA4YEHHS OJHOBUMIipHO] Ta nepeTuHiB 1BoBUMipHOi AUX KaHasy 3B’13Ky peajibHOi TeJIeKOMYHIKaLiliHOi CUCTEeMU
YKX-piana3oHy i OTPMMAaHO JOCTOBipHI pe3yJbTaTy. KyI04oBi C10Ba: HEJIiHINHI IMHAMIYHI CMCTeM, HElTapaMeTPUYHi
MogeJi, psgu Bosbreppy, nosinomu BosbTeppy, 6araToBUMipHi 4aCTOTHI XapaKTE€PUCTUKHY, TI0OJIirapMOHIYHi

CUTHAJIM, OOUMCIIIOBAJIbHI METOIM ineHTudiKallii, a1ropuTMivHi Ta mMporpamHi 3acobu ineHTudikarii.

2. The dissertation is devoted to the solution of important scientific and practical problems. The first one is to
increase the accuracy and computational stability of deterministic identification methods for nonlinear dynamic
systems in the form of Volterra models in frequency domain based on experimental data from «input-output»
observations, taking into account computational errors. The second one is to create, based on conducted
theoretical studies, effective computational and software tools for estimating multidimensional frequency
characteristics in the context of incomplete a priori information on the system under study. The aim of the thesis
research is to improve the efficiency of deterministic identification methods for non-linear dynamic systems based
on Volterra models in the form of multifrequencys characteristics by creating new and developing current
computational methods and software tools for their estimation according to the data of «input-output»
experiments that are resistant to external noise and errors measurements. Efficiency refers to the accuracy and
computational robustness of frequency characteristics. The object of the study is the process of nonparametric
identification of nonlinear dynamic systems based on Volterra models in the frequency domain. The subject of the
study are methods, algorithmic and software tools for the deterministic identification of non-linear dynamic
systems based on Volterra series and polynomials in the form of multidimensional amplitude and phase
characteristics. The paper presents a number of new scientific findings and results. For the first time was
developed method for constructing of an approximation model for a nonlinear dynamic system in the form of
Volterra polynomial in frequency domain using polyharmonic test signals of different amplitudes. In proposed
method, unlike in known ones, for decomposing responses to partial components regularized least squares
method is used and optimal amplitude of the test signal selected. This improves the accuracy and computational
stability of the identification procedure and enables the simulation of systems in a given range of input amplitudes,
beyond the radius of convergence of the Volterra series. For the first time was, developed a method of
deterministic identification of nonlinear dynamical systems based on a model in the form of Volterra series in the
frequency domain. Method differs from the existing ones by using regularized compensatory method of
identification, which use amplitudes of test signal as regularization parameters for decom-posing responses to
partial components. It allows to improve accuracy and computational stability of identification procedure and at
the same time to reduce its numerical complexity. The method for constructing an approximation model of a
nonlinear dynamical system in the form of Volterra polynomial in the frequency domain was improved. The
method differs by use of wavelet filtration for smoothing the estimates of obtained multifrequency characteristics
in conditions of a real experiment, taking into account measurement errors. This improves accuracy and ensures
the smoothness of identification results. The method for constructing a model of a nonlinear dynamic system in
the form of Volterra series in the frequency domain was further developed. The method is aries by determining the
optimal amplitudes of the test polyharmonic signals and the corresponding scaling factors in the linear
combination of response signals identifiable system. At that minimized methodological errors evaluating
multifrequency characteristics. The scientific results of the dissertation work extend variety of methods of
identification for nonlinear dynamic systems and their mathematical models. The practical importance of the work
lies in creation of software tools that implement computational algorithms for deterministic identification of
nonlinear dynamical systems based on Volterra series and polynomials in the form of multidimensional amplitude
and phase characteristics, and their implementation in scientific research and educational process. Based on
developed methods and algorithms, as well as efficient use of the Matlab system platform, there were developed
hardware and software tools for constructing Volterra models in the frequency domain with automatic



identification process control functions. These tools were used to determine the multidimensional amplitude and
phase characteristics of the telecommunication system's communication channel in VHF range, according to
«input-output» experiments using polyharmonic test signals. Keywords: nonlinear dynamical systems,
nonparametric models, Volterra series, Volterra polynomial, multidimensional frequency characteristics,
polyharmonic signals, computing identification, numerical algorithms, identification tools.
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