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Pedepar:

1. Inceprauiiina po60oTa IpucBsYeHa o6yJ0Bi riOpUIHNX aJIfOPUTMIB HAa OCHOBI METOZIB Ta MOJieJIell MAaIIMHHOIO
HavyaHHS Ta KJIACUYHUX aJITOPUTMIB YacOBUX psALiB. PesynbTaTu gucepTauifiHOi poOOTH € MigIPYHTIM [JIs1
[OQ/IBIINX TEOPETUYHMX i IPAKTUYHMX HAYKOBUX PO3POOOK Y AOCIIIPKEHHI riOpUAHUX aIrOPUTMIB IIOOYJOBU
MIPOTrHO3Y AJ151 PiHAaHCOBUX YAaCOBUX PALiB. [lucepTallis CKJIaJaeTbCs i3 BCTYIY, YOTUPbOX PO3ijliB, BUCHOBKIB,
nepeJiiky BUKOPUCTaHUX JIKepeJi Ta JOAATKy. Y BCTYII OOIPYHTOBAaHO aKTYyaJIbHICTh TEMU OCIII>KEeHHS,
cpopMyIbOBAHO METY, 3aBJJaHHS, IpeAMET, 00'EKT Ta METOLIU JOCJIiJKEHHS, BKa3aHO HAayKOBY HOBU3HY,
TEOpPETHUYHE Ta IPAKTUYHE 3HAYEHHS] OTPMMAHUX PE3yJIbTaTiB, IPOAHaJi30BaHO 3B’130K POOOTHU 3 HAYKOBUMU
IOCJIiIKeHHSIMU Ta 0COOMCTUM BHECOK 3700yBaya, a TakKoK HaBeJIeHO BimoMocCTi mpo anpobariio Ta mybJikarii
OCHOBHUX pe3yJbTaTiB aucepTalii. OnucaHo CTPYKTypy Ta 00Csr JucepTalifiHoi poboTu. Y nepmomy po3aisi



30iICHEHO OIJIA7, HAYKOBOI JIiTEpaTypu, MPHUCBAYE€HOI OCHOBHUM HallPSIMKAM JOCIIIKEHb YaCOBUX PALIB BLIIOMY Ta
(iHaHCOBUX YaCOBUX PSAJiB 30KpeMa, PO3TJISIHYTO KJIIOYOBI BiTOMOCTI 3 Teopii 4acoBuX psifiiB Ta METOIB
MAaIIVHHOI'O HaBYaHHS, HaBEJEeHO ONMC OCHOBHUX HAIIPSIMIB JOCIIIPKEHD Ta BUSHAYEHO 3aBJIAHHS, IKUMU
3alIMaeThCs TEOPisl YaCOBUX PSIiB BKJIIOYAIOYM OCHOBHI IIPO6GsIEMHU NTOOY0BY IPOTHO3Y (piHAHCOBUX YACOBUX PSIAiB.
[TpoBeneHO AeTanbHUM OIS, OCHOBHUX KJIACUYHUX aJITOPUTMIB IIOGYZOBU IIPOTHO3Y [1JIs1 4aCOBOTO Py, 30KpeMa,
a TakoX ix cdepu 3aCcTOCyBaHHS. JleTaJbHO IPOaHali30BaHO XPOHOJIOTiI0 PO3BUTKY TEOPii 4acOBUX PsIiB Ta YMOBHI
[epiofy yCKIagHEHH MOJeled. Y IpyromMy po3ziji JaHOTO PO3iny PO3IJIIHYTO OCHOBHI MOJEJII ITYYHOTO
iHTesIeKTy Ta MAlIMHHOTO HaBYaHHS [1JIs1 aHaJli3y 4aCOBUX PSI/IiB, OIMCAHO TOMOJIOT] HEMPOHHUX MEPEX, SIKi OyAyThb
BHMKOPHCTOBYaTHCS NIPU MOOYIOBI ri6pUAHUX alrOPUTMIB. Y IPYromMy po3ziji IpoBeneHo OOCTiIKeHHS riopuIHUX
MOJIeJIEN, B IKUX OCHOBHU NIPOLIEC OLIIHIOBABCS HA OCHOBI MOZEJIi YaCOBOTO PSAY,  3aJIMIIKM MOZEJIi OLiHIOBAJIMCS
Ha OCHOBi HEPOHHUX MEPEX. BUKOPUCTaHHS TaKOTo MigX04y 1aJI0 3MOTY PO3ILIUPEHHS! BAUKOPUCTAHHS KJIACUYHUX
MOJeJIeN YaCOBUX PsZiB HA BUMNAOK BiICYTHIOCTI TOMOCKEZACTUYHOCTI y 3aJIUIIKAX Ta BilCYTHOCTI HE3AJIAXKHOCTI
3aJIMIIKIB 4aCOBOTO psy. A came I0Ka3aHo, 110 YacoBi psayu POHAOBUX iHIEKCIB MiCTSTh SIK JIiHilHY, TaK i He
JIiHIAHY CKJIaJIOBY, a OTK€, OKpeMO JiiHiliHa Monesb ARIMA Ta HesiniliHa Mmozgenib ANN He MOKYTb AT TOYHY
OIIiHKY TaKMX YaCOBUX PSAIiB; pO3p0OJIEHO TibpUIHY MOAEb MOJIeJli aBTOperpecii-koB3HOI cepegHboi Ta ITyYHO]
HEPOHHOI MepeXi MPOrHO3yBaHHS YacOBUX PALiB GOHIOBUX iHIIEKCIB; JOBEIEHO, K0 YaCOBUH Psifi € CTPOTrO
cranjoHapHuM, To ARIMA mopesb € 6ibll aJileKBaTHOIO 715l TayCCiBCbKUX PsiiB B po3po06JieHilt riopuHii monedi.
3[1i¥ICHEHO MOPIiBHSJIBHUAY aHaJIi3 3aIPOIIOHOBAHOTO AJIFTOPUTMY i3 KJIACUYHUMU aJITOPUTMaMU OLiHKU IIPOTHO3Y
(iHaHCOBMX YaCOBUX PSIZiB, B PE3yJIbTaTi YOr0 PO3pPOO6JIEHMI METO/L, IPOJEMOHCTPYBAB OifIbLly TOYHICTb IIOPiBHSIHO
3 iHIIMMU Tri6PUAHUMY MOJEJISIMU, OCKIJIBKY PSIJ JAaHUX PO3KJIaAA€THCSl HA KOMIIOHEHTH 3 HU3bKOIO Ta BUCOKOIO
BOJIATWJIBHICTIO (JIiHIMHY Ta HeJiHilHY), a OT)Ke CyMapHa [T0XUOKa MOJIeJli € HU3bKOI0. Y TPETbOMY PO3Lii
POBIJISIHYTO 3B'SI30K XaOTUYHUX TMHAMIYHUX CUCTEM Ta 4acOBUX. [I[poaHasi3oBaHO OCHOBHI MiAX0Y 40 BU3HAYEHHS
IeTEPMiIHOBAHOTO Xa0Cy Ta OCHOBHI METOJIY BPaXyBaHHS HASIBHOCTI AE€TEPMiHOBAHOTO Xa0CYy IIPU OLiHIIi IPOTHO3Y
¢diHaHCOBOro 4acoBoro psiny. [lj1s1 BUBHaY€HHsI iCHyBaHHS XaoCy B CUCTeMi Oy IpeCcTaBjleHi YOTUPU METOLMU:
nepersopeHHs Oyp’e; NOKa3HUK JIANyHOBA; NOKa3HUK ['epcTa; ¢ppakrasnbHa po3MipHicTb. OCHOBHUM MiTXOO0M IJIs1
3aCTOCYBAHHS TEOPIi Xaocy, a came JEeTePMiHOBAHOIO Xa0Cy, € BUKOPUCTAHHS TEOPEMU BKJaleHHs TakeHca, 3rifHo
SIKOi CTPYKTYPY XaOTUYHOI'O AeTEPMiHOBAHOTO IIPOLIECY MOXKHA CIIPOCTUTU BUKOPHUCTOBYIOYM PO3OUTTSI BEKTOPHOTO
npoctopy (X(t),...,x(t+T)). MeTon, peKoHCTPyKIii (pa30BOro NpOCTOPY BUKOPUCTOBYETHCS /151 PEKOHCTPYKIIii TOUOK
(pa3oBOro MPOCTOPY 3 XaOTUYHUX YACOBUX PS/IiB 3 BAKOPUCTAaHHIM PO3MipHOCTI BKJIaIEeHHS D Ta 4acoBOi 3aTPUMKU
T. BinnoBigHO 10 MEeTOLy PEKOHCTPYKLii (ha30BOro IpOCTOPY, TOUKH (a30BOr0 IPOCTOPY BiATBOPIOIOTh KITIOYOBI
XapaKTePUCTUKU BUXiJJHOTO YaCOBOTO psny. s niATBepAKeHHs €(peKTUBHOCTI 3alIPOIIOHOBAHOI METOIUKY B
IAHOMY PO3#ii 6yJI0 JOCiIKEeHO TpU Pi3Hi KJIaCHYHI XaOTUYHI 4acOBUX pii:, Makkes-I'siecca, J0ricTUYHOroO T2
EHo. 3anporioHOBaHMI METO[; 06'€AHYBABCS 3 T€EHETUYHUMU aJITOPUTMaMU JJ1s1 IOKpalleHHs pe3ysbTaTiB
[IPOTHO3YBaHHs. bys0 oKa3aHo, 1110 HOBUI METOJ, IPOTHO3YBAHHS, [IOKPAILEHU 33 TOIOMOrow GA, IEMOHCTPYE
BM3HAuHI pe3ysbTaTu. [IopiBHSIHHS pe3yJIbTaTiB 3alIPOIIOHOBAHOI METOAMKY 3 PE3yJIbTaTaMU, HaBE€JJEHUMU B
JliTepaTypi, OGIPYHTOBYE e(PeKTUBHICTh 3aIIPOIIOHOBAHOTO METOY. Y po31ii 4 mocaimKeHHo 1Bi ribpuaHi Mozgeri,
SIKi 'PYHTYIOTbCSI HA MOJIEJISIX YaCOBUX PsAiB. [lepina mozess siBisie COO0I0 HeNepepBHUI Ta HeJIiHIMHMI aHaior
KJIaCUYHOI JiHiliHOi ARMA Mogerti, Apyra Mojieb s1BJjige CO000 y3araabHeHHs kiacuiHoi LSTM HelipoHHOI Mepesxi
i3 BpaxyBaHHSIM JIOBiJIbHOI CKiHY€HHOI nepepicTopii. [lepma mozgesnb 6a3yeTbCsl HA HOBOMY METOJi OL[iHKY IIPOTHO3Y
npoueciB GiHaHCOBUX PUHKIB B OCHOBI SIKOTO JIEXKAaTh MOZEJ CTOXAaCTUYHUX JU(ePeHIiaTbHUX PiBHSIHB i3

3aMi3HEHHSIM.

2. The dissertation is devoted to the construction of hybrid algorithms based on methods and models of machine
learning and classical time series algorithms. The results of the thesis are the basis for further theoretical and
practical research developments in the study of hybrid forecasting algorithms for financial time series. The thesis
consists of an introduction, four chapters, conclusions, a list of references and an appendix. The introduction
substantiates the relevance of the research topic, formulates the purpose, objectives, subject, object and methods
of the research, indicates the scientific novelty, theoretical and practical significance of the results obtained,
analyses the relationship of the work with scientific research and the personal contribution of the applicant, and



provides information on the testing and publication of the main results of the dissertation. The structure and
scope of the dissertation are described. The first chapter reviews the scientific literature in the main areas of
research on time series in general and financial time series in particular, considers key information on time series
theory and machine learning methods, describes the main research areas and identifies the tasks that time series
theory deals with, including the main problems of building a forecast for financial time series. A detailed overview
of the main classical algorithms for building a forecast for a time series is provided, including their scope of
application. The chronology of the development of time series theory and conditional periods of model complexity
are analysed in detail. The second section of this chapter discusses the main models of artificial intelligence and
machine learning for time series analysis, describes the topologies of neural networks that will be used in the
construction of hybrid algorithms. In the second chapter, the author investigate hybrid models in which the main
process is estimated on the basis of a time series model. Model residuals are estimated on the basis of neural
networks. The use of this approach allowed us to extend the use of classical time series models to the case of the
absence of homoscedasticity in the residuals and the absence of non-smoothness of the time series residuals. The
man results are: time series of stock indices contain both linear and non-linear components, and therefore, a linear
ARIMA model and a non-linear ANN model alone cannot provide an accurate estimate of such time series; a hybrid
model of an autoregressive moving average model and an artificial neural network for forecasting time series of
stock indices is developed; it is proved that if the time series is strictly stationary, the ARIMA model is more
adequate for Gaussian series in the developed hybrid model$ a comparative analysis of the proposed algorithm
with classical algorithms for estimating the forecast of financial time series is carried out, as a result of which the
developed method demonstrates greater accuracy compared to other hybrid models, since the data series is
decomposed into components with low and high volatility (linear and nonlinear), and therefore the total error of
the model is low. The third chapter considers the relationship between chaotic dynamical systems and time series
systems. The main approaches to the definition of deterministic chaos and the main methods of taking into
account the presence of deterministic chaos when assessing the forecast of a financial time series are analysed.
The main approach to the application of chaos theory, namely deterministic chaos, is to use the Tuckens
embedding theorem, according to which the structure of a chaotic deterministic process can be simplified by
using a partition of the vector space (x(t),...,x(t+T)). The phase space reconstruction method is used to reconstruct
phase space points from chaotic time series using the embedding dimension D and time delay T. According to the
phase space reconstruction method, the phase space points reproduce the key characteristics of the original time
series. In order to confirm the effectiveness of the proposed methodology, three different classical chaotic time
series were studied in this section: McKay-Glass, logistic and Eno. The proposed method was combined with
genetic algorithms to improve the forecasting results. It was shown that the new forecasting method improved
with GA demonstrates outstanding results. Comparison of the results of the proposed method with the results
reported in the literature substantiates the effectiveness of the proposed method. In chapter four, the author
examibes two hybrid models based on time series models. The first model is a continuous and nonlinear analogue
of the classical linear ARMA model, while the second model is a generalisation of the classical LSTM neural
network with an arbitrary finite backwardation.
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