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1. Pomaniok O.C. HelipomepeskeBe TPOTrHO3yBaHHS HECTalLliOHAPHUX MOCTifoBHOCTeN. — KBanidikaniiiHa HaykoBa
Ipaisl Ha IpaBax pykonucy. Jlucepratisi Ha 30006yTTs CTyIeHs foKropa ¢inocodii 3a crenianpHicTio 122
«Komm'rorepsi Hayku» (12 - IndopmatiiiHi TexHosorii). — XapKiBCbKMIl HalliOHAJIbHUI YHIBEPCUTET
pazioenekTpoHiku, MinicTepcTBo ocBiTU i Hayku YKkpainu, Xapkis, 2021. JlucepratiiiHy po60Ty NPUCBSIYEHO
aKTyaJIbHOMY 3aBIAHHIO CTBODEHHSI MaTEMAaTUYHMX MOJEJIEN, METOIIB, aJITOPUTMIB Ta IPOrpaM, OPi€eHTOBAHUX Ha
PO3B’13aHHS 33/1a4 IPOrHO3YBAaHHS HECTAL[iOHAPHUX I1OCIiJOBHOCTEH, SIKi € CKJIQJOBUMH CY4aCHUX KOMITIOTEPHUX
TEXHOJIOTIN. ¥ AucepTaLiiiHiil po6OTi Ha OCHOBI OTPMMAHUX TEOPETUYHUX | €KCIIEPUMEHTAJIBHUX JOCIIiIKEHb
BUpilIeHa 3a/1a4ya 100yL0BYU HelpOMepeXeBUX METOiB IPOrHO3YBAaHHS HECTAllilOHAPHUX [TOCIIIOBHOCTEH, SIKi Ha
BiZIMiHY BiJl iCHYI04UX, IPUCKOPIOIOTH [IPOLIE€C IIPOTHO3YBAaHHS Ta 30i/IbLIYIOTh OrO TOYHICTh B YMOBaXx alpiopHOI i
[IOTOYHOI HEBU3HAYEHOCTI i HAsIBHOCTI 3aBaf,. MeToI0 IucepTaniiHoi po60TH € po3poOKa HENPOMEPEKEBUX METOIIB
i MoZiesiell IPOTHO3YBaHHS HECTAlliOHAPHUX ITOCIIiTOBHOCTEN 3 IMiBULEHOI0 TOYHICTIO 32 HASIBHOCTI allpioOpHOI i

IIOTOYHOI HeBU3Ha4YeHOCTi. O6'€KT LOCIIIPKEHHS — [IPOLjeCH ITPOTHO3YBaHHS HeCTallioHapHUX YaCOBUX PSIiB.



[IpepmeT DOCIIiIKEHHS — METOAM Ta MOJIEJIi IPOTHO3YBAaHHS HECTAL[iIOHAPHYX YaCOBUX PSJIiB HA OCHOBI IITYYHUX
HEPOHHUX MepeX. MeTony NoCliIkKeHHs. B pob0Ti BUKOpHCTaHi METOAU Teopii 06YMCIIIOBAJIBHOTO iHTEJIEeKTY, a
came, MeTOIY TeOPil ITYYHUX HEUPOHHUX MEPEXK, IO JO3BOJIUJIO CUHTE3YBATU HEMPOMEPEKEBI MOJIEIi Ta
OTpUMAaTH NPOLENYPH iX HABYAHHS; METOIY TEOpii ONTHUMI3allii, 3a IOMOMOTOIO SIKUX OyJIM CUHTE€30BaHi
IIBUIKOZ{IOYi poLelypy HAaBYaHHS; METOIY POOACTHOIO OLIiHIOBAHHS, HA OCHOBI SIKMX OYJIM CUHTE30BaHi po6acTHi
NpoLeIyPU HaBYaHHS HEMPOMEPEKEBUX MOJEJIEN; METOAM IMITal[iiHOrO MOJIE€/IIOBAHHS, 1110 JO3BOJIAIN
niaTBEpAUTY €(EeKTUBHICTb OTPMMAHUX PE3YJIbTATiB Ta PO3POOUTU PEKOMEHALI 100 iX TPaKTUYHOIO
BUKOPUCTaHHS. EKCIepUMeHTaIbHi JOCIiIPKEeHHSsI IPOBOUINCS B 1aOOPAaTOPHUX YMOBAX i HA peaslbHUX 00'e€KTax.
HaykoBa HOBU3Ha AucepTaLiliHOI poOOTH MOJIAra€e B TakoMy: 1. Briepiie 3arrporioHOBaHO BUKOPUCTAHHS [IJ1s1
HaBYaHHS IITYy4YHOI HEMPOHHOI Mepexxu AJJAJITHU B 3apavi oLiHIOBaHHS IIapaMeTPiB, SIKi OIIMCYIOTbCS MAPKiBCbKOIO
MOJEJIJIIO NIEPILIOTO MOPSIKY, PEryJsipU30BaHuX anroputMmis Kaumaka Ta Harymo-Honu. BuzHaueHo ymoBU
30DKHOCTI Ta OTPUMAHO HEACHMIITOTUYHI OIiHKM TOYHOCTI IJUX aJITOPUTMIB, 10 03BOJISI€ BCTAHOBUTH IIOTEHLIITHO
MOJKJIMBUM BUTPALl BiJl iX BUKOPUCTAHHS. 2. Briepiie 3apornoHOBaHO BUKOPUCTAHHS B 337ja4aX IIPOTHO3YBAHHSA
KOMOIHOBaHOTO (PYHKLiOHAJY, SIKUH CKJIAIA€ThCs 3 KPUTEPIIO YETBEPTOTO CTYIEHS i MOJYJIBHOTO, Ta IPAflieHTHY
npouenypy uoro Minimizanii. JlocaimkeHo yMOBY 30KHOCTI IPOLeIypY B CEPEIHBOMY i CEPEIHbOKBALPATUYHOMY.
OTpUMaHO aHaJMITUYHI OLiHKA HEACUMIITOTUYHUX Ta ACUMIITOTUYHUX 3HAaYE€Hb IIOMUJIKU OLIiHIOBAHHS IIapaMeTpiB
MogeJii Ta TouHOCT] ii ineHTudikarnii, o 3a6e3neynso podbacTHICTh OLiHOK LIYKAaHUX [1apaMeTPiB Mepexi. 3.
OTpumaB NOJAJbIINN PO3BUTOK HEMPOMEPEKEBUI METOJ, TPOTHO3YBAHHSI SIKUM, Ha BiIMiHY Bifl iCHyI0UNX
BUKOPUCTOBYE PEKYPEHTHY (POPMY 1-KPOKOBOI ITPOEKIiHOI IpoLieAypy HaBUYaHHS, 10 JO3BOJIUIIO MigBUILIUTU
IIBUJIKICTh HAaBYaHHS IITYYHOI HEPOHHOI Mepexki. 4. YIOCKOHaJIEHO MeTOo, BU60OpY ONITUMAaJIbHUX 3HAUY€Hb
IlapaMeTpiB NpoLieAyp HaBYaHHS, 110 403BOJIsIE€ 3a0€3M1€YNT MAaKCUMAJIbHY IBUKICTb 301KHOCTI poLenyp i ixHIo
CTIiMKiCTh Ta MONEPEeNHbO OLiHUTU JOCIiAHNUKY MOXKJIUBOCTI Ta €(PEKTUBHICTD MPOLENYP, sIKi BUKOPUCTOBYIOTHCS,
Mif] Yac BUPiIeHHS TPAaKTUYHUX 3aBAaHb. 5. OTprMaB MOJaJbINI PO3BUTOK MeToH, hakTopu3aiii I-kpokoBUx
Ipolielyp HaBYaHHS WITyYHUX HEMPOHHUX MEPEX, 10 J03BOJIMIO MOJIMNIIUTY iX 064K CII0Ba/IbHI BIACTUBOCTI Ta
NiABUIMTY CTIMKICTb. Y IUcepTaLiiiHiil pob0Ti IPOBEAEHO aHai3 CTaHy NPobIeMU IPOrHo3yBaHHs. Ha 0CHOBI
CUCTEMHOTO IIiAX01y IIPOAHAII30BaHO iCHYI0YI MiAX0AM 40 3aCTOCYBAHHS HEMPOHHUX MEPEX [JIsl BUPILIEHHS 3a7a4i
IIPOTHO3YBAHHSI i ONIMCaHi OCHOBHI TUIIH, SKi IIPY 11bOMY BUKOPUCTOBYIOTbCS, CPOPMYJIbOBAHO METY Ta 3a1adi
JocigxeHHs. [IponoHyeThCsl BUPilIEHHS] KOMIIEKCY B3a€MOIIOB'SI3aHUX 3aBIaHb, SIKE 110JIsIra€e y po3pooLii MeTO/iB
Ta MOJieJIEN IPOTHO3YBAHHS HA OCHOBI LITYYHMX HEMPOHHUX MePEX. PO3IJISIHYTO IUTaHHS 3aCTOCYBaHHS
HEMPOHHUX MEPEX [J151 BUPIIIEHHS 3aBJlaHb IPOrHO3YBAaHHS HECTAliOHAPHUX YaCOBUX PSAiB i ONMCaHi OCHOBHI
TUIIY IITYYHUX HEMPOHHUX MepesX. PO3IyIsIHYTO 6araTolapoBUil IEPCENTPOH B SIKOCTI HEMPOMEPEsKeBOi MOIei AJ1s
IIPOrHO3yBaHHs. ONMCaHO NPOoLeAypPy BUOOPY MOro CTPYKTYPH Ta 3allpOIIOHOBAHO NPOLENypy HaB4aHHS. BuBueHo
YMOBH ii 361KHOCTi Ta OTPMMaHO BHPAa3 [JIs ONITHMaJIbHOTO 3HAaYEHHS [apaMeTpa 30KHOCTI, 110 103BOJISE
3MEHIINUTY YaC HaBYaHHS MepexXi. 3alIPONIOHOBAHO Ta JOCJIII)KEHO BUKOPUCTAHHS 711 HABYAHHS ITYYHOI
HerpoHHOI Mmepexxu AJIAJIIHY B 3apaHHi OL[iHIOBaHHS [TAPaMETPIB, SKi ONUCYIOTbCA MAPKiBCbKOIO MOJEJLIIO
IEPIIOTO MOPSIKY, peryisipu3oBaHux anroputmis Kaumaxka ta Harymo-Honu. 3 MeTO0 OTpUMaHHS po6aCTHUX
OIIiHOK IIyKaHUX NIapaMeTpPiB LITyYHUX HEMPOHHUX MEPeXX BUKOPUCTAaHO KOMOIHOBaHUH (PYHKIIOHAJ, 110
CKJIQIA€THCS 3 KPUTEPIIO YETBEPTOT'O CTYIIEHS Ta MOAYJIBHOTO KpUTEPIit0. JJOCIiIPKEHO IpalieHTHY IPOLENYPY
MiHiMi3auii pyHKIioHaNy.

2. Romaniuk A.S. Neural Network Prediction of Non-Stationary Sequences. - Qualification scientific work as a
manuscript copyright. Thesis submitted for the degree of Doctor of Philosophy in the specialty 122 "Computer
Science" (12 - Information Technology). - Kharkiv National University of Radio Electronics, Ministry of Education
and Science of Ukraine, Kharkiv, 2021. The thesis is devoted to the current problem of creating mathematical
models, methods, algorithms and programs focused on solving the tasks of predicting nonstationary sequences
that are the part of modern computer technology. Based on the theoretical and experimental studies obtained, the
thesis solves the problem of constructing neural network methods of non-stationary sequences prediction, which,
unlike existing ones, accelerate the prediction process and increase its accuracy under the conditions of a priori
and current uncertainty and the presence of interference. The aim of the thesis is to develop neural network



methods and models for predicting non-stationary sequences with improved accuracy under a priori and current
uncertainty. The object of the research is the prediction processes of non-stationary time series. The subject of
the research is the methods and models of non-stationary time series prediction based on artificial neural
networks. Research methods. The paper uses the methods of the computational intelligence theory, namely the
methods of the artificial neural networks theory, which made it possible to synthesize neural network models and
obtain procedures for their training; methods of optimization theory, by means of which the high-speed training
procedures have been synthesized; robust estimation methods, on the basis of which the robust training
procedures for neural network models have been synthesized; simulation modeling methods, which made it
possible to confirm the effectiveness of the obtained results and develop recommendations for their practical use.
The experimental studies have been carried out under laboratory conditions and on real objects. The scientific
novelty of the thesis is as follows: 1. It has first been proposed to use the regularized algorithms of Kaczmarz and
Nagumo-Noda for training the artificial neural network ADALINE for the task of estimating the parameters
described by the Markov model of the first order. The convergence conditions have been determined and non-
asymptotic estimates of the accuracy of these algorithms have been obtained, which makes it possible to establish
the potential gain from their use. 2. The use of a combined functional consisting of a fourth-degree criterion and a
modular degree criterion in prediction problems and a gradient procedure for its minimization have been
proposed for the first time. The convergence conditions of the procedure in the mean and the RMS have been
investigated. The analytical estimates of non-asymptotic and asymptotic values of the model parameter estimation
error and accuracy of its identification have been obtained, which ensured the productivity of the estimates of the
required network parameters. 3. The neural network prediction method has been further developed, which, unlike
the existing ones, uses a recurrent form of 1-step projection training procedure, which enabled to increase the
training rate of the artificial neural network. 4. The method of choosing the optimal values of the parameters of
training procedures has been improved, enabling to provide the maximum rate of convergence of the procedures
and their stability and to preliminarily estimate by the researcher the possibility and efficiency of the used
procedures when solving practical tasks. 5. The method of factorization of I-step procedures for training artificial
neural networks has been further developed, which has improved their computational properties and stability.
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TOJIOBH paju

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
roJIOBYIOYOrO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

Mamranip Cepriit Bonogumuposuy

Mamrranip Cepri Bonogumuposud

IBaHoBa Osiena OsiekcanapiBHa

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



