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napamertpis. [luceprallisi Ha 3000yTTsl HAYKOBOTO CTyIIeHs JoKTopa (pinocodii 3a crenianpHicTio 122 — KoMIt'toTepHi
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TOYHOCTI Ta CTabiJIbHOCTI IPOTHO3YBaHHS HECTallioHApHUX YaCOBUX PsiAiB. B yMoBax 3pocTaioyoi CKIagHOCT]
(iHaHCOBUX PUHKIB KJIaCM4Hi cTaTUCTUYHI MeTogu (ARIMA, SARIMA) Ta AMCKpUMiHAaTUBHI HeipoMepeXKeBi Migxoau
(RNN, LSTM) 1eMOHCTPYIOTb CUCTEMHI OOMEXEHHS: (PiKCOBaHI IapaMeTpy MOZEJEN He afaNTyIOThCs 1O
IVHaMiYHUX 3MiH PUHKOBUX PEXMMIB, a BiiCcyTHICTh MexaHi3MiB iHTerpatii skicHoi indopmauii yHeMOXINBITIOE
BPaxyBaHHS! HOBUHHOTO (POHY Ta PUHKOBOTO CEHTUMEHTY I1pY (OPMYyBaHHi IIPOTHO3iB. METOI0 pO6OTH €
NiABUILEHHS TOYHOCTI IIPOTHO3YBAaHHS YaCOBUX PSZiB 3aC00aMU reHEPaTMBHO-3MarajabHUX HEMPOHHUX MEPEX 3
HEYITKOIO aJianTalielo napamerpis. It HOCATHEHHS IIOCTABJIEHOI METU BUKOHAHO HACTYIIHI 3aBIaHHS: IPOBENEHO

CHACTEMHUI aHaJIi3 CydaCHUX METOJiB IIPOTHO3yBaHHS HECTAlliOHAPHUX YaCOBUX PSiB, T0OYA0BAaHO HEYITKUI



MOJYJIb JIOTIYHOTO BUBEIEHHS IJ1s1 AIANITUBHOIO BU3HAUYEHHS IIapamMeTpa BiKHa IPOrHO3YBaHHS, CIIPOEKTOBAHO
ribpunHy HelipoMepeskeBy reHepaTuBHy Mogesb TimeGAN-FL 3 nincucteMoro iHTerpaliii puHKOBOTO CEHTUMEHTY,
PO3p006JIEHO aJITOPUTM HaBYaHHS 3alIPOIIOHOBAHOI apXiTEKTypU Ta IPOBeAeHo ii Basigaljiio. Y nepumomy poszini
3[1iICHEHO CUCTEMATUYHUI OIJISAT, T NOPiBHSIBHUI aHaJli3 METOIiB IIPOrHO3YBAaHHS HECTAL[iIOHAPHUX YaCOBHUX
psniB — Big KnacuyHUX ctaTucTudHuX Mmopesent ARIMA ta SARIMA 10 IMCKpUMIiHAaTUBHUX HEMPOMEPEKEBUX
apxitektyp (RNN, LSTM) Ta reneparuBHo-3maranbHux Mmepex (GAN, TimeGAN). [TpoananizoBaHo MeTogu
aJaNTMBHOrO YIIPaBJiHHS IapaMeTpaMy MOAEJIEN Ta MifX0oAU [0 iHTerpalii pUHKOBOIO CEHTUMEHTY 4epe3
tpanchopmepHi mogesi (FINBERT). BusiBneHo Tpu pyHOameHTalIbHi 0OMeskeHHs icHytounx GAN-apxiTekTyp:
BHUKOpHCTaHHS (iKCOBaHOI TOBXXMHU BiKHA CIIOCTEpeXXeHHs 6e3 afanTallii 10 IOTOYHOrO0 PUHKOBOTO PEXUMY,
BiZICYTHiCTb MeXaHi3MiB iHTerpauii sikicHoi iHopmaliii Ta JeTepmiHoBaHu Nifoip rinepnapameTpis. Jpyruil po3ain
MiCTATh IOBHUI MAaTEMATUYHUI anlapaT HEYiTKOTO MOJYJIS O 1711 JalITUBHOTO BU3HAYEHHS [1apaMeTPa BiKHA
CIIOCTEPEKEHHS. BBEIEHO BEKTOP PMHKOBUX iHAMKATOPIB, 110 BKJII0YAE PEasli30BaHy BOJIATUIILHICTh, HOPMOBaHUN
HaIpsIMOK TPEHJy, HOPMOBAHUI1 OOCST TOPTiB Ta BOJATUbHICTh CEHTUMEHTY. [106yJ0BaHO CUCTEMY CUI'MOITHUX
(YHKLi Hase>XXHOCTi, cpopMOBaHO 6a3y 3 BiCiIMHAZLSATH IIPaBUJI CUCTEMU MaMIiaHi Ta peasi3oBaHO aJrOpPUTM
BUBEJICHHS 3 Aedasudikalielo MeTOLOM LEeHTpoifa. Bepugikalis Ha peasbHUX JAHUX MiATBEPAUIA KOPEKTHICTD
MOJYJIS: cepelHs abCOJII0THA I0XUOKa BU3HAUYEHHS BikHaA CTaHOBUTD 1,10 KpOKH, 36ir 3 HezasieskHOIo kiacudikaliieo
PUHKOBUX PEXXUMIB — 86%. TpeTiil po3isn onucye noBHY apxXiTekTypy TimeGAN-FL, mo iHTerpye He4iTKUi MOLYJIb O
Ta CEHTUMEHTHUI MoAyJb S Ha ocHOBi FINBERT y mopgu@ikoBanuil TimeGAN uepes Tpu (popManbHO crienndikoBaHi
inTepdeiicu. Po3pobseHo 4oTUpUpiBHEBUII KOHBEEP 0O6POOKH sIKiCHOI iHpopmalii: nakeTHuil iHpepenc FInBERT o
IO €HHUI iHEKC TOHAJIbHOCTI 0 BOJIATUJIbHICTh CEHTUMEHTY 0 CEHTUMEHTHUI BEKTOP 3 MEXaHi3MOM aJallTUBHO]
yBaru. Moau@ikoBaHO BXiJHUI BEKTOP reHepaTopa Yepe3 KOHKATeHAllil0 LIiHOBUX Ta CEHTHMEHTHUX O3HaK.
BBeneHO aBTOPCHKY CKIaoBy QyHKIiI BTpaT L_sentiment, e koediljieHT 3B'13Ky BU3HAYA€TbCS aHAJIITUYHO 3
HaBYaJIbHUX JaHuX. OnucaHo n'aTudasHuil aJIrOPUTM HaBYaHHS 3 KOCUHYCHUM CIalaHHSIM HaBYaJIbHOI IIBUIKOCTI
Ta MEXaHiI3MOM JJOCTPOKOBOT'O 3y[IMHEHHS. Y YETBEPTOMY PO3JiJi IPOBEIEHO [IOBHE EMIIIPUYHE AOCIiI>KEHHS
edekruBHOCTI apxiTekTypu TimeGAN-FL y nopiBHsHHi 3 I'siTbMa 6a3oBuMu Mogensamu (ARIMA, LSTM, TimeGAN,
TimeGAN-S, TimeGAN-F) Ha n'stu ¢pinaHcoBux aktuBax (AAPL, GOOGL, META, TSLA, S&P 500) 32 ropu30HTOM
2019-2025 (1760 ToproBux AHiB). HeuiTkuit Monysb 0 € Halle(eKTUBHIIIMM aBTOPCbKUM KOMITIOHEHTOM: TimeGAN-F
3abesrneyye cepeHe MOKpalleHHs cepeiHboi abCOIOTHOI oxuoku Ha 40,5% BigHOCHO 6a30Boro TimeGAN 3
Halikpamumu pesyabratamu ajst TSLA (+49,4%) ta S&P 500 (+54,2%). CeHTUMEHTHUI MOy b MiIBUAIILY€E TOYHICTD
BM3HAYEHHS HAIIPSIMKY LIIHOBOTO PyXYy y IHI 3 BUPQ)KEHUM CEHTUMEHTOM 10 68,3% npoTu 57,1% niist 6a30BOro
TimeGAN. Yci BapianTu GAN 1eMOHCTPYIOTh piBeHb 3HaUyLOCTi KpuTepito Koamoroposa-Cmupsosa p o [0,70; 1,00],
HiATBEPAXYIOYM 30ATHICTb BilTBOPIOBATY CTAaTUCTUYHI BIACTUBOCTI PeajbHUX YaCOBUX PsfiB. [IpakTUYHA
IPUAATHICTG MiATBEpAKeHa: yac HaByaHHs 30-35 XB Ha aKTUB, Yac MIOJEHHOI0 3aCTOCYBaHHS MeHIIe 1 CeKyH M.
KrrouoBi cy10Ba: 4acoBi psay, MallMHHE HAaBYaHHS, HEUPOHHI MepeXu, HediTKa JIOTiKa, TeHepaTUBHO-3MarajbHi
mepexi, RNN, Besuki moBHi Mogesi (LLM), TOYHICTb IPOTHO3YBaHHS, MOJI€JIb IIPOTHO3YBAHHSI, TEKCTHA IPUPOJHOIO

MOBoOIO, Kyacudikanis tekctis, BERT, momesntoBanHs, nporpaMHe 3abe3nedeHHs, iHpopMaliiliHi TEXHOJIOTIi.

2. Pertsev Y. O. Time Series Forecasting Methods in Generative Modeling with Fuzzy Parameter Adaptation.
Dissertation for obtaining the degree of Doctor of Philosophy in specialty 122 “Computer Science” (12 - Information
technology). - Ukrainian State University of Science and Technology, Dnipro, 2026. The dissertation addresses the
relevant scientific and applied problem of improving the accuracy and stability of forecasting non-stationary time
series. Under conditions of growing complexity in financial markets, classical statistical methods (ARIMA, SARIMA)
and discriminative neural network approaches (RNN, LSTM) demonstrate systematic limitations: fixed model
parameters fail to adapt to dynamic changes in market regimes, and the absence of mechanisms for integrating
qualitative information prevents the consideration of news background and market sentiment when generating
forecasts. The objective of the research is to improve the accuracy of time series forecasting using generative
adversarial neural networks with fuzzy parameter adaptation. To achieve this goal, the following tasks were
completed: a systematic analysis of modern forecasting methods for non-stationary time series was conducted, a
fuzzy inference module for adaptive determination of the forecasting window parameter was constructed, a hybrid



neural network generative model TimeGAN-FL with a market sentiment integration subsystem was designed, a
training algorithm for the proposed architecture was developed and validated. The first chapter presents a
systematic review and comparative analysis of forecasting methods for non-stationary time series - from classical
statistical models (ARIMA, SARIMA) to discriminative neural network architectures (RNN, LSTM) and generative
adversarial networks (GAN, TimeGAN). Methods for adaptive parameter control and approaches to integrating
market sentiment through transformer models (FinBERT) are analyzed. Three fundamental limitations of existing
GAN architectures are identified: fixed observation window length without adaptation to the current market
regime, absence of qualitative information integration mechanisms, and deterministic hyperparameter selection.
The second chapter presents the complete mathematical apparatus of the fuzzy module o for adaptive
determination of the observation window parameter. A vector of market indicators is introduced, comprising
realized volatility, normalized trend direction, normalized trading volume, and sentiment volatility. A system of
sigmoid membership functions is constructed, a base of eighteens rules for the Mamdani system is formed, and a
centroid-based defuzzification inference algorithm is implemented. Verification on real data confirmed the
correctness of the module: the mean absolute error of window determination is 1,10 steps, agreement with
independent market regime classification is 86%. The third chapter describes the complete TimeGAN-FL
architecture, integrating the fuzzy module o and the FinBERT-based sentiment module S into the modified
TimeGAN through three formally specified interfaces. A four-level qualitative information processing pipeline is
developed: FInBERT batch inference o daily sentiment index o sentiment volatility o sentiment vector with an adaptive
attention mechanism. The generator input vector is extended to through concatenation of price and sentiment
features. An authorial loss function component L_sentiment is introduced, where the coupling coefficient is
determined analytically from training data. A five-phase training algorithm with cosine learning rate decay and
early stopping is described. The fourth chapter presents a complete empirical study of the TimeGAN-FL
architecture compared to five baseline models (ARIMA, LSTM, TimeGAN, TimeGAN-S, TimeGAN-F) on five
financial assets (AAPL, GOOGL, META, TSLA, S&P 500) over the period 2019-2025 (1760 trading days). The fuzzy
module o is the most effective authorial component: TimeGAN-F achieves an average MAE improvement of 40,5%
over the baseline TimeGAN, with the best results for TSLA (+49,4%) and S&P 500 (+54,2%). The sentiment module
improves directional accuracy on days with pronounced sentiment to 68,3% versus 57,1% for baseline TimeGAN.
All GAN variants demonstrate Kolmogorov-Smirnov test significance levels p o [0,70; 1,00], confirming their ability
to reproduce statistical properties of real time series. Practical applicability is confirmed: training time of 30-35
min per asset, daily inference time under 1 second. Keywords: time series, machine learning, neural networks,
fuzzy logic, generative adversarial networks, RNN, large language models (LLM), forecasting accuracy, forecasting
model, natural language texts, text classification, BERT, modeling, software, information technologies.
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InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llunkapenko BikTop IBanHoBKY

2. Viktor I. Shynkarenko

KBasigikamis: 1. 1. n., npodecop, 01.05.03

InenTudgikarop ORCID ID: 0000-0001-8738-7225

JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHUYHOI OCOOH: YKpAIHCHKUIA IEPKABHUI YHIBEPCUTET HAYKY i TEXHOJIOTIH
Kopg 3a €IPIIOY: 44165850

Micuesnaxo,zm(eunﬂ: ByJ1. JIazapsHa, JIHinpo, IHinpoBcekun p-H., 49010, YkpaiHa

dopma ByracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Ocrposceka Karepuna IOpiiBHa

2. Kateryna Y. Ostrovska

KBasigikamis: . . 1., gou., 01.05.02

Imentudikarop ORCID ID: 0000-0002-9375-4121

JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii
Kopg 3a €IPIIOY: 44165850

MicueSHaxo,vieHHﬂ: ByJ1. JIazapsiHa, [IHinpo, JIHinposcekunt p-H., 49010, Ykpaina

dopma BracHoCTi:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



VIII. 3akr04Hi BimoMocTi
ByiacHe IlpizBumie Im's ITo-6aThKOBI 'yna Auton Iroposud

TOJIOBH paju

BaacHe Ilpi3Bume Im'st ITo-6aTbKOBI 'yna Auton Iroposu

rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY ITepues tOpiit OsnekciifioBny
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




