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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi CleliaJi30BaHOI BYEHOI pasu): [l 26.194.02

ITloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT KibepHETHKY imMeHi B.M. [nymkoBa HanjioHanbHoi
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii
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Kopg 3a €IPIIOY: 02070921
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dopma BaacHOCTI:
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 27.29.21

Tema guceprauii:
1. BudHaueHHs napaMmeTpiB MaTEMAaTUYHUX MOJeJIEN TMHAMIUHUX CUCTEM 32 CKAJIIPHOIO YaCOBOIO MOCiIOBHICTIO

2. Determining parameters of mathematical models of the dynamical systems from scalar time series

Pedepar:

1. B pucepTaliii po3rasgaeTbcsa BU3HaUE€HHS NTapaMeTpiB CUCTEM 3BUYaNHUX AudepeHIiiabHUX PiBHSIHb 3
[OJ1iHOMIaJIbBHUMU ITPaBUMM YaCTHMHAMU 34 CKaJIIPHOIO YaCOBOIO MOCIiLOBHICTIO. [IjIs BUSHAYEHHS PO3MIPHOCTI
BKJIQJICHHS 3alPOTIOHOBAHUI METOI JJaMaHUX, SIKMI 3aCHOBAaHUU Ha anrpokcumallii ¢pa3oBoi TpaeKTopii 1aMaHO0
JIiHi€0 3 IOJaBIINM IIOIIYKOM CaMOIIEPETHHIB lamaHoi. MeToz, 6yB 3aCTOCOBAaHU 1151 3HAXOI)KEHHSI PO3MiPHOCTI
BKJIQJIEHHS TEOPETUYHUX CUCTEM HU3bKOI Ta BUCOKOI PO3MIPHOCTI 32 HAsIBHOCTI Ta BiJCYyTHOCTI MIyMiB Ta 10
peaIbHUX YaCOBUX MOCJINOBHOCTEMN. Y BCiX BUIAIKaX Pe3yJIbTaT METOy JIAMaHMX HE MEHIIUH 3 JIifiCHE 3Ha4€HHS
PO3MIpHOCTI BKJIaJleHHS. [IoKa3aHo, 0 pe3yIbTaT METOAY JIAaMaHUX 3aJIEXKUTh Bifl 4aCOBOTO 3CYBY, ajie HaliMEeHIIe
OTPMMAaHe 3Ha4YE€HHH CIiBNagae 3 OiiCHOIO PO3MiPHICTIO BKJIaAEHHS. PO3IJIIHYTO BUKOPUCTAHHS aHATITUYHUX
criBBiHOLIEHb MK KOe(illieHTaMU OPUTiHAJIBHOI Ta CTAaHAAPTHOI cUCTeMH [J15 (POPMYBAHHS TTIOBHOI MHOXKUHU

cucreM-KaHgupaTiB. CriBBifHOMEHHS 6YJIM OTPMMaHI AJIs1 Kjacy cucteM gudepeHLiaJbHUX PiBHSIHb TPETHOIO



MOPAIKY 3 TPbOMA HEJIIHIMHMMU CKJIQLOBYMMMU B [IPABUX YaCTHMHAX PiBHAHD. [IpOgEeMOHCTPOBAHUN IIPUKJIIAL,
AQHAJIITUYHOTO MOUIYKY BCiX MOKJIMBUX CTPYKTYP OPUTIiHAJILHOI CUCTEMHU, SIKi MOXKYTb BiITBOPIOBATU NOCiIKyBaHy
4acoBY IOCJIiJOBHICTb. 3alIpOIIOHOBAHU METOJ, BUDOPY CUCTEMU 3 MHOXKMHU KaHJMATiB HA OCHOBI [10€JHAHHS
AQHAJIITUYHUX JOCIII)KEHb Ta MOKJIMBOCTI BIUIMBATU HA AOCJIIKyBaHy CUCTEMY. 3alIpOIIOHOBAHUI METO],
NEPCIEKTUBHUX KOe(ilieHTiB 1151 IOWYKY CTPYKTYPH HEBiZOMOI CMCTEMMU 3 MiHIMaJIbHOIO KiJIbKiCTIO HEHYJIbOBUX
KoedilieHTiB B TpaBUX YacCTUHAX PiBHSHb 32 BiJICYyTHOCTI 10JATKOBOI iHdopMallii Ta MOXJINBOCTI BIJIMBATH HA
IocaimKyBaHy cuctemy. [TokazaHo, 10 3a CKaJIIPHOIO YaCOBOIO IOCJIiJOBHICTIO MOKHA OJJHO3HAYHO BU3HAYUTHU
YMCJIOBi 3HAUYEHHS! YaCTUHY KOedilieHTiB cUCTeMN 3BUYAlHUX NU(EPEHLiaIbHUX PiBHSIHb, a OJ1S1 PELITU

KoedilieHTiB MOKHA BUBECTH CIIiBBITHOLIEHHS], SIKi [I0B'SI3yIOTh iX MiXK CO60I0.

2. The thesis considers parameters estimation of the ordinary differential equations systems with polynomial
right-hand sides by use of scalar time series. The polygonal lines method is proposed for determining embedding
dimension. The method is based on phase trajectory approximation by polygonal line and further search of the
polygonal line self-intersections. Method was used for embedding dimension determining of the low-dimensional
and high-dimensional theoretical systems with noise and without noise, and for real time series. In all cases
polygonal lines method results were not less than real value of the embedding dimension. It was shown, that
polygonal lines method results depend on time delay, but the least obtained value coincide with real embedding
dimension. Using of the analytical relations between coefficients of the original and standard systems for
determining a complete family of candidate systems is considered. Relations for third-order differential equations
systems class with three nonlinear terms in the right-hand sides of equations were obtained. Example of the
analytical search of all possible original system structures, that can reproduce time series under investigation, is
demonstrated. The method for system choosing from the candidate family, based on combination of analytical
investigations and possibility to interact with system under investigation, is proposed. The perspective coefficients
method for the search of the unknown system structure with minimal number of nonzero coefficients in the right-
hand sides of equations, in case of the absence of additional information and possibility to interact with system, is
proposed. Possibility to determine exactly the values of the part of the model coefficients from the scalar time
series is demonstrated, and relations that connect the remaining coefficients may be obtained.
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