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Pedepar:

1. Y nuceprauiiiHOMy IOCJIiIKEeHHI PO3B’si3aHa 33a4a IiABUIEHHS aleKBaTHOCTI MaTeMaTUYHNX MOJesei
HeJTiHITHMX HecTalioHapHUX HiHaHCOBO-€KOHOMIYHUX MTPOIECiB Ta TOYHOCTI BiJITOBiTHUX ITPOTHO3IB, MIJITXOM
3aCTOCYBAaHHS CYYaCHUX METO[IiB iHTE€JIEKTYaJIbHOTO aHali3y JaHUX 10 CTATUCTUYHUX JAHUX, IPEACTABIEHUX Y
BUIJISIZ] 4acOBUX PsAiB. B po60Ti BU6GpaHO, PO3IJISIHYTO i OMMCAHO KJIACH HeJliHIHUX HeCTallioHapHUX MTPOLIECIB, 110
BUKOPMCTaHI JJ151 MOJI€JIIOBAHHS Ta IPOTHO3YBAHHS, @ TAKOK BUKOHAHO ONKC MAaTEMAaTUYHUX MOJIeJIEN Ta MiAXOMiB,
110 Ha 6a3i CTAaTUCTUYHUX JAHUX Y BUIJISIZII YACOBUX PSJliB, BAKOPUCTOBYIOTHCS [IJIs1 OIMCY iX IMHaMiku. BubpaHo

TUIIY NIPOLECIB IJIs1 AOCIIIIKEHHS], TaKi SIK: iIHTerpoBaHi, FeTePOCKENACTUYHI ITPOLIECH, ITpoLecH Jlesi, npouecu 3i



CTOXaCTUYHUM TPEHIOM, IIPOLIECH JIOTICTUYHOTO TUIy. B po60Ti BU6paHO Kilac (PpiHAHCOBO-€KOHOMIYHUX IIPOLIECIB,
copMyIbOBaHO 3asiavy ix MPOorHo3yBaHHs. OfgHAK pO3p0o6IeHY METOAUKY MOXKJIMBO 3aCTOCOBYBATH i B iHIINX
crucTtemax (TeXHIYHUX, MeIMYHUX, TOILO) 3 Bi[I[IOBiAHOIO BU3HAYEHOIO JUHAMIKOIO. [I7151 IPOrHO3YBAaHHS PO3IJISIHYTO
MiAxig NpegyUKTUBHOI aHAJIITUKY 3 BAKOPUCTAHHAM METOJIIB iHTEJIEKTYalbHOTO aHalli3y JaHuX. MeTomoI0riYHOo0
OCHOBOIO POOOTH € CyyacHa aHaliTuuHa MeTogoJiorist SEMMA. 3i6paHo CTaTUCTUYHI JaHi 17151 eKCIIEPUMEHTIB Ha
6a3i npopaxiB marasuHy Walmart, npoaxis npoTuiabeTUYHUX MIpernapariB B ABCTpailii, npojaxy naubHoro B CIIA
L7151 33CTOCYBaHHSI PO3PO6JIEHOI METOMKY HA PEAJIbHUX CTATUCTUYHUX AAHUX. [I71s1 IEPBUHHOIO aHali3y JaHUX
3aMPONOHOBAHO MigX0Y CTATUCTUYHOTO Ta rpadiyHOro aHasli3y, a TAKOK CTATUCTUYHI TECTH /1J1s1 BUSHAUEHHS
HeJIiHIHOCTI Ta HeCTaliOHAPHOCTI ITpoLiecy: BUOGpPaHO TeCT YaiTa /Jis llepeBipku Ha HeJliHikHicTh Ta TecT KPSS nyis
IIepeBipKU Ha HECTallioOHAPHICTb SIK OCHOBHI. PO3IJISIHYTO METOLM 1J1s1 BUSIBJIEHHSI Ta 0OPOOKM aHOMAJIbHUX Ta
IIPOIYIEHUX 3HA4YEHb. [lJ1s1 BUMIJIEHHS LIYMOBOI CKJIa[IOBOi 3 4aCOBOTO psify po3risiHyTo ¢inpTp KanmaHa Ta MeTO[,
€KCIIOHeLiTHOrO 3ryampKyBaHHs. [Tinxoau nudposoi ¢inbTpalii BapTo 3aCTOCOBYBATH 06€PEKHO, HE 3aBXKIU K
HeoOXiHMI eTarl npolecy No6yJ0BY MOIeli, a SIK MOXJIMBUI BapiaHT, 0O0BSI3KOBO I1epeBipsiou B KiHIIi Tpolecy
MOJ€JIIOBaHHS SKiCTb OTPMMAHUX [IPOTHO3iB 3 Ta 6€3 BUKOPUCTaHHS NonepeaHboi ¢pinbprpauii. B pobori
3aMIPOMIOHOBAHO METOJ, TOOYI0BY MO eiel HesliHiMHUX IIPOLIECiB, 10 BiAPi3HIEThCS 3aCTOCYBAaHHIM OKPEMUX
NpoLenyp [Jis ONTUMIi3allii CTPYKTYPH JIiHIMHOI Ta HEJiHIMHOI CKIag0BUX MOJE 3 iX HACTYITHUM aJUTUBHUM
00'eJTHAaHHSIM B €JMHY MOZEJIb, 10 3a0e3Ieuye IiABUILIEHHS aleKBaTHOCTI MOZeJli i TOYHOCTI ITPOTHO3iB y LiJIOMY.
Po3rsgayTO pi3Hi MeTOAM KOMOIHYBaHHS OLIiHOK IIPOTHO3iB Pi3HMX MoZesel, BUOpaHO METO[, OYCTIiHTY SIK OCHOBHUM
IJ1S1 BAKOPUCTaHHS B po60Ti. OnmcaHo minxif, fs1st BULisIieHHs Ta MOJEJIIOBaHHS JIiHIMHOI CKJIaf0BOi IpoLecy Ha 6a3i
perpeciiiHux mogesei, a TakoX MiAxin 3 BAKOpUCTaHHs OTpuMaHoi Moesti AR 11t popmyBaHHS OL[iHOK [IPOTHO3iB,
POBIJISIHYTO i BUOpaHO KpPUTEPIi AJ1s OL[iHKY afleKBaTHOCTi OTPMMaHUX Mojiesiel, Taki gk BIC. [l o1iHOK SIKOCTi
MIPOTHO3iB N0OYI0BaHO KpUTEpiasbHy 6a3y Ha 6a3i kpurepiiB MSE, MAE, RMSLE. [lns onucy HesiHiiiHOI CK1ag0Boi
POBIJISIHYTO aBTOpPEerpecuBHU niaxin Ha 6a3i ARIMA, 3 alropuTMOM aBTOMAaTHUYHOI TOGY0BU MOJIEIi, 8 TAKOXK
nigxony Ha 6a3i pekypeHTHUX (RNN) i sropTkoBux (CNN) HelIpOHHUX MepesK, TpoaHasi30BaHo iX repesaru Ta
HenoJiKy. [1711 HEMPOHHUX MEPEX ITPOaHasi30BaHo IiAXoayu 4O ONTHMMIi3alii mapaMmeTpiB MOZEJi, 3aIIPOIIOHOBAHO
anroputm Adam, siK Hal6inb ePeKTUBHUI. PO3rsiHYyTO Pi3Hi Migxoau 1J1st 6araTOKPOKOBOTO IPOTHO3YBAHHS 32
IIOTIOMOTOI0 HEMPOHHUX MepeX, BUOpaHOo MifixXif, i3 3acTocyBaHHSIM multi-output Mepesx sIk OCHOBHUH. PO3IJISIHYTO
HEOOXiJIHICTh aJaITUBHOI I06Y0BU MOJieJIeH [ IPOTrHO3yBAaHHS HEJIiHIHMX HecTalioHapHUX IPOLieCiB, OCHOBHI
NIPUHLUIN aIanTalii TaKux Mogesier. PO3IVISIHYTO BifIOBIIHI Migxony 00 aganrtauii sik 1Jisi JiHIHHUX MOJeseN, TaK i
1711 HEUPOHHUX MepexX. [l1g ananTanii TiHilHUX MoZesiel yAOCKOHAJIEHO METO], OLiHIOBaHHS IapaMeTpPiB Ha
OCHOBI MeTozly MoHTe-Kapso 11 MapKiBCbKUX JIaHUIOTIB. [IpoBeeHO NMOPIBHAIBHUI aHAJI3 OTPUMaHUX [IPOTHO3iB
3 pe3ysbTaTaM/ BUKOPMCTAHHS BilOMUX MiIXOiB Ta METOIB. 32 pE3yJIbTaTaMU BCiX IPAKTUYHUX €KCIIEPVMMEHTIB
0yJ10 TI0Ka3aHo, 110 BUKOPUCTaHHS po3pobieHoro ninxony AR-CNN 1no3BoJisie OTpUMyBaTy aieKBaTHI MOIesTi Ta

TOYHI IIPOTHO3M IPU BiTHOCHIN NPOCTOTi MOOYI0Bi Ta HEBEJIUKUX OOUKCIIOBAIbHUX BTpaTax.

2. In the dissertation study, the problem of increasing the adequacy of mathematical models of nonlinear
nonstationary financial and economic processes and the accuracy of corresponding forecasts is solved by applying
modern methods of intellectual data analysis to statistical data presented in the form of time series. In the work,
the classes of nonlinear nonstationary processes used for modeling and forecasting was selected, considered, and
described, as well as a description of mathematical models and approaches that are used to describe their
dynamics based on statistical data in the form of time series. Types of processes are selected for research, such as
integrated, heteroskedastic processes, Levy processes, processes with a stochastic trend, and logistic-type
processes. In the work, a class of financial and economic processes was selected, and the problem of their
forecasting was formulated. However, the developed methodology can be applied in other systems (technical,
medical, etc.) with the corresponding defined dynamics. For forecasting, the approach of predictive analytics using
methods of machine learning is considered. The methodological basis of the work is the modern analytical
methodology of SEMMA. Collected statistical data for experiments based on sales of the Walmart store, sales of
antidiabetic drugs in Australia, and sales of fuel in the USA to apply the developed methodology to real statistical
data. For exploratory data analysis, statistical and graphical analysis approaches, as well as statistical tests for



determining process nonlinearity and nonstationarity were proposed: White's test for nonlinearity and KPSS test
for nonstationarity were chosen as the main ones. Methods for the detection and processing of anomalies and
missing values were considered. To extract the noise component from the time series, the Kalman filter and the
exponential smoothing method were considered. Digital filtering approaches should be used carefully, not always
as a necessary stage of the model building process, but as a possible option, necessarily checking at the end of the
modeling process the quality of the obtained forecasts with and without the use of preliminary filtering. The thesis
proposes a method of building models of nonlinear processes, which is distinguished by the use of separate
procedures for optimizing the structure of linear and nonlinear components of the model with their subsequent
additive combination into a single model, which ensures an increase in the adequacy of the model and the
accuracy of forecasts in general. Different methods of combining estimates of forecasts of different models were
considered, and the boosting method was chosen as the main one for use in the work. An approach for the
selection and modeling of the linear component of the process based on regression models was described, as well
as an approach for using the obtained AR model to form forecast estimates, criterion for assessing the adequacy of
the obtained models, such as BIC, was considered and selected. A criterion base based on the MSE, MAE, and
RMSLE was built to assess the quality of forecasts. To describe the nonlinear component, an autoregressive
approach based on ARIMA, with an algorithm for automatic model building, as well as approaches based on
recurrent (RNN) and convolutional (CNN) neural networks were considered, and their advantages and
disadvantages were analyzed. For neural networks, approaches to optimization of model parameters were
analyzed, and the Adam algorithm was proposed as the most effective. Different approaches for multi-step
forecasting using neural networks were considered, and the approach using multi-output networks was chosen as
the main one. The need for adaptive construction of models for forecasting nonlinear nonstationary processes, the
main principles of adaptation of such models were considered. Appropriate approaches to adaptation for both
linear models and neural networks were considered. To adapt linear models, the parameter estimation method
based on the Monte Carlo method for Markov chains has been improved. A comparative analysis of the obtained
forecasts with the results of the use of known approaches and methods was carried out. According to the results
of all practical experiments, it was shown that the use of the developed AR-CNN approach allows for obtaining
adequate models and accurate forecasts with relative ease of construction and small computational losses.
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