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Pedepar:

1. Y pucepraliiiHiilt po60Ti PO3B’s13aHO aKTyasIbHy HayKOBY 33/jauy IiIBUIIEHHS TOYHOCTi KOPOTKO- Ta
IOBrOCTPOKOBOTO ITPOTHO3YBAHHS YaCOBUX PSIJIiB i3 BUKOPUCTAHHSIM MOZeJIel IIIMOMHHOTO HaBYaHHS MIJIIXOM
PO3pO6JIEHHS Ta yIOCKOHATIEHHS] METO/IB MIONePeIHbOrO ONPALIIOBAHHS IAHUX i apXIiTeKTyp ITYyYHUX HEPOHHUX
MepeX, 110 3a6e311e4yioTh Oiblll [IOBHE BpaxyBaHHS 6araToMaciuTabHoi, ClIeKTPasbHOI Ta CTPYKTYPHOI opraHisariii
yacoBUX psfiB. Po3pobiieHi Ta ygocKkoHaeHi METOIM OPieHTOBaHI Ha e(PeKTVBHE BUiJIEHHS 6araToMaclTabHUX
3aKOHOMIipHOCTEN y JaHuX, popMyBaHHS iHPOPMaTUBHUX 03HAK Y YACTOTHIlN 0671aCTi Ta NiiBUILLEHHS TOYHOCTI
Pe3yJIbTaTiB IJ1s1 Pi3HUX TOPU30OHTIB IIPOTHO3YBaHHS B Pi3HUX NPUKJIAAHUX Tany3sax. [JuceprauiiiHa po6oTta
CKJIaIA€ThC 31 BCTYIy, YOTUPHOX PO3JiJiB, BUCHOBKIB, CIIMCKY JIiT€PAaTYPHUX [IKEPEJ Ta JOLATKIB. Y MePIIOMY
PO3[ii MPOBENEHO aHali3 iICHYIOUMX METOJiB Ta PO3IJISIHYTO IIOCTAaHOBKY 33Jja4i IPOTHO3YBAHHS YaCOBUX PSITB,
0XapaKTepr30BaHO KJIIOYOBI BJIACTUBOCTI HEJiHIMHYX | HECTAlliOHAPHUX IIPOLECIB, 2 TAKOK OOI'PYHTOBAHO MOTPEDyY

y 3aCTOCYBaHHI IIOIlepeHbOr0 OIPAIIOBAHHS JAaHUX IJIs MM BUIIEHHS TOYHOCTI IPOTHO3Y. BUKOHAHO TeopeTUyHUN



Ta €KCIIEPUMMEHTAJIbHU aHaJli3 e()eKTUBHOCTI Cy4YaCHUX HEMPOMEPEXKEBUX MOJEJIEN, METOIIB T apXITEKTYP MJIS
IIPOTHO3YBAHHSI YaCOBHUX PSJIiB, 30KpeMa apxiTeKTypHu Ha OCHOBi TpaHCHOPMEPIB i CyMillli eKCIIePTiB.
[IpoanamnizoBaHO HELOJIIKM ICHYIOYMX METO/IB IIONIEPEIHBOTO ONPALIIOBAHHS IAHUX HA OCHOBI IIBUKOTO
nepetBopeHHs Dyp’e Ta BeiiByeT nepeTBopeHb. CHOPMYIbOBAHO METY i BUKOHAHO MIOCTAHOBKY 33/1a4 JJOCJIiIPKEHHSL.
Y opyromy po3ziji yoOCKOHAJIEHO METOAM IiBUIIEHHS TOYHOCTI JOBIOCTPOKOBOTO IIPOrHO3YBAHHS YACOBUX PSIiB
i3 BUKOpUCTaHHIM IIBUIKOr0 riepeTBopeHHs Pyp'e. BUKOHaHO afanTaliio apxiTekTypu TpaHcdopmepa 1o 3anadi
IIPOTHO3YBAaHHS YaCOBUX PSJIiB Ta OOIPYHTOBAHO BUOIp NpoLeNyp HaBYaHHS i MeTOLy ONTUMi3alii Liei apxiTeKTypu.
YIOCKOHAJIEHO METOM MOIIePeIHbOrO OTIPAII0OBAHHS JAHUX Y YACTOTHIM i 4acOBO-4aCTOTHIN obnacTsx. [lepumit
MeTOoJ iepef6avyae 3aMiHy YaCOBUX BifJIiKiB IOBHUM (a30BO-aMILIITYIHUM IIOJaHHSIM CIIEKTPaJbHUX KOMIIOHEHT
SIK BXiJIHUX O3HaK [1711 00paHOi apXiTeKTypHu MITYy4YHOI HepOHHOI Mepexi. Ipyruil MeTo NoJISITa€e y JONIOBHEHHI
4aCOBMX BiIJIiKiB BiIIOBiJHOIO CIIEKTPAIbHOIO iH(OPMALIiEIO 3 METOIO 30€PESKEHHS YaCOBOI CTPYKTYPU CUTHAIY.
Taka oprasi3aliis criekTpajbHUX O3HaK 3a6e3redye ix 6e3rnocepesHe BUKOPUCTAHHS MOAEIIII0 6e3 HeOOXiTHOCTI
BiZJHOBJIEHHS CUTHAJIy 3 4aCTOTHOI o6s1acTi. Lle cpouiye iHTerpaijiio y HelipoMepesKeBy apxiTeKTypy s 3a1ay
IIPOTHO3YBaHHS Ta 3MEHIIye BTpaTy iHpopMallii Ha eTanax NpOMDKHUX IEPETBOPEHD. YAOCKOHAJIEHI METOU
3a26€311e4yI0Th IiIBUIIEHHS] TOYHOCTI JOBTOCTPOKOBOT'O IIPOrHO3YyBAHHS 4YaCOBUX PSIAIiB, IO MiATBEPIKEHO
pe3yJbTaTaMu eKCIIePUMEHTaIbHUX JOCiIKeHb 1 MOPiBHAJIbPHUM aHaJi30M Ha pi3HUX HabOpax JaHuX. Y TPETbOMY
PO37iJsi po3p06sIeHO MeTOoJ, IOoTIepeIHbOTO OIIPAIIOBAHHS YaCOBUX PsI/iB HA OCHOBI BelBJIeT-I1IepeTBOPEHb,
Opi€HTOBAaHMIA HA BUJIIJIEHHS JIOKAJIbHUX Yy Yaci Ta MaciuTabi 3aKOHOMIpHOCTEN. B 10ro 0OCHOBI IOKJIaIEHO
(opMyBaHHS BEIBJIET-03HAK i3 BUKOPHUCTAHHSIM CTalliOHaPHOTO BEIBJIET-NI€PETBOPEHHS TA Pi3HUX CIMENCTB
BeliBsieTiB. Takuii niaxin 3abesneydye MigBUIIEHY YyTIUBICTD 10 KOPOTKOYACHUX 3MiH i CTPYKTYPHUX 3J1aMiB y
yacoBuX psgax. Takoxk yIOCKOHATIEHO METO], BiI0OPY €KCIIEPTIB y HEMPOMEPEXKEBil apXiTeKTypi CyMillli €KCIIEPTIB,
KU 3a6e31evye 6isbll OOI'PYHTOBAHMI BUOIp MiIMHOKMHYU €KCIIEPTIB 1J1s1 PO3B'sI3aHHS IIOCTABJIEHO] 3a1a4i Ta
CIIpPOIIy€ ITpoLiec HaBYaHHS Liel apXiTeKTypu. YIOCKOHaJIeHa TaKUM YMHOM MOJIeJib 3a6e3redye MigBUILeHHS
TOYHOCTI IPOTHO3YBaHHS [IJIS Pi3HUX FOPU3OHTIB IIPOTHO3Y, IO MiATBEPAKEHO aHaJi30M €KCIIEPMMEHTAILHUX
PEe3yJIbTaTIB Ta pe3yJibTaTaMU MOPiBHSJIBHUX JOCJIiI)KEHb Ha Pi3HUX Habopax fgaHux. [1o1aHo CTPyKTYypHO-
(yHKIiOHaJbHI CXEMH, OIIMCAaHO OCHOBHI KpOKM (POPMYyBaHHSI O3HAK, HABYaHHS MOJeJIeN i 3aCTOCYBaHHS
PO3pO6JIEHOr0 METOoAY Ta Y 0CKOHAJIEHOI MOJIeJli 1715 MiABUILEHHS TOYHOCTi IIPOTHO3yBaHHS YaCOBUX PsLiB. ¥
4YETBEPTOMY PO3/iji po3p0o06JIeHO IPOrpaMHUil KOMIIJIEKC 1711 PO3B’s13aHHSI IIOCTaBJIEHO] y POOOTi 3a71ayi, a TAaK0X
BUKOHAHO anpoballilo po3po6JIeHUX i yIOCKOHATIEHUX MeTOAiB. ONKICaHO apXiTeKTypy 6i61i0TeKn MeTOiB
[IOTIEPEIHBOTO OIPALIOBAaHHS YAaCOBUX PSZiB HA OCHOBI YaCTOTHUX IE€PETBOPEHB Ta ii PyHKLIOHATIBHI MOXJIMBOCTI,
30KpeMa MiAroTOBKY JaHuX, POPMYBaHHS CIIEKTPaJIbHUX O3HAK, MiITPUMKY Pi3HUX CclieHapiiB HaBYaHHS MopeseH i
3aco0y BiITBOPIOBAHOTO €KCIIEPUMEHTYBaHHS. Peasi3oBaHO KOMILJIEKCHY apXiTeKTypy HEpoMepeKeBoi cymili
€KCIIepTiB, Y 5Kiil OKpeMi ClieKTpasbHi XapaKTepUCTUKU, CHOPMOBaHI METOZAMU, OTIMCAHUMU B po3finax 2 Ta 3,
BHUKOPHCTOBYIOTHCSI HE3aJIe’KHO B KOXXHOMY eKcIiepTi. [IpoBesieHO eKclieprMeHTasIbHe OLiHIOBaHHS Ta anpobaliiio
IIPOrpaMHOr0 KOMIJIEKCY Ha Habopi JaHUX JJ1s1 IPOTHO3YBAHHS €KCTPEMAJIbHUX TEMIIEPATYyp Ha TepuTopii YKpainu.
BMKOHaHO NOPiBHSHHS 3 IOIIMPEHUMU 0a30BUMU MOZEJISIMY, IIPU LIbOMY MiABUILEHHS TOYHOCTI IPOTHO3yBaHHS
HiATBEPAKEHO pe3ysibTaTaMy eKCIIepUMEHTAIbHUX JOCIIIIPKEeHb i IIOPIBHSJILHOTO aHAaJi3y, 110 OGIPYHTOBYE
IOLIiJIbHICTh BUKOPUCTAHHS PO3PO0JIEHUX Ta YIOCKOHAJIEHUX METOiB Ta MOZeJi y IPUKJIagHUX iHpopMaLlifHUX

CHUCTEMAX aHaJIiBy Ta [IPOTrHO3yBAHHS JdHUX.

2. The dissertation solves an important applied research task of improving the accuracy of short- and long-term
time series forecasting using deep learning models is addressed by developing and refining data preprocessing
methods and neural network architectures that account for the multiscale, spectral, and structural organization of
time series. The developed and improved methods are aimed at effective extraction of multiscale patterns from
data, formation of informative features in the frequency domain, and improvement of forecasting accuracy for
different prediction horizons across various applied domains. The dissertation consists of an introduction, four
chapters, conclusions, a list of references, and appendices. The first chapter considers the formulation of the time
series forecasting task, characterizes the key properties of seasonal and non-stationary processes, and
substantiates the necessity of data preprocessing to improve forecasting accuracy. A theoretical and experimental



analysis of the effectiveness of modern neural network models, methods, and architectures for time series
forecasting is carried out, including transformer-based architectures and mixture-of-experts models. The
limitations of existing data preprocessing methods based on the fast Fourier transform and wavelet transforms are
analyzed. The research objective is formulated and the research tasks are defined. In the second chapter, methods
for improving the accuracy of long-term time series forecasting using the fast Fourier transform are refined. The
transformer architecture is adapted to the time series forecasting task, and the choice of training procedures and
optimization methods for this architecture is substantiated. The data preprocessing methods in the frequency and
time-frequency domains have been improved. The first method involves replacing time-domain samples with a
complete phase-amplitude representation of spectral components as input features for the selected artificial
neural network architecture. The second method consists in augmenting time-domain samples with
corresponding spectral information in order to preserve the temporal structure of the signal. Such an organization
of spectral features enables their direct use by the model without the need to reconstruct the signal from the
frequency domain. This simplifies integration into neural network architectures for forecasting tasks and reduces
information loss at intermediate transformation stages. The improved methods provide higher accuracy of long-
term time series forecasting, which is confirmed by experimental results and comparative analysis on various
datasets. In the third chapter, a time series preprocessing method based on wavelet transforms is developed,
aimed at extracting patterns localized in time and scale. It is based on the formation of wavelet features using the
stationary wavelet transform and different wavelet families. This approach provides increased sensitivity to short-
term changes and structural breaks in time series. In addition, a method for expert selection in the neural network
mixture-of-experts architecture is improved, ensuring a more justified selection of an expert subset for solving the
given task and simplifying the training process of this architecture. The improved model thus ensures increased
forecasting accuracy for different prediction horizons, which is confirmed by the analysis of experimental results
and comparative studies on different datasets. Structural and functional diagrams are presented, and the main
steps of feature formation, model training, and application of the developed method and improved model for
enhancing time series forecasting accuracy are described. In the fourth chapter, a software system for solving the
task addressed in the dissertation is developed, and the developed and improved methods are experimentally
validated. The architecture of a library of time series preprocessing methods based on frequency transformations
and its functional capabilities are described, including data preparation, spectral feature generation, support for
different model training scenarios, and tools for reproducible experimentation. A comprehensive neural network
mixture-of-experts architecture is implemented, in which individual spectral characteristics formed by the
methods described in Chapters 2 and 3 are used independently within each expert. Experimental evaluation and
validation of the software system are conducted on a dataset for forecasting extreme temperatures in Ukraine. A
comparison with widely used baseline models is performed, and the improvement in forecasting accuracy is
confirmed by experimental studies and comparative analysis, substantiating the feasibility of using the developed
and improved methods and models in applied information systems for data analysis and forecasting.
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