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Hucepraniitna po0OoTa MNpUCBAYEHA JOCTIIKEHHIO BUKOPHUCTaHHSA Ta
aBTOMaTHU3allli METOAIB KOHCTPYKTUBHO-NPOAYKIIIMHOTO MOJEIIOBAaHHS ISt
BIJIHOBJICHHSI [TapaMETPUYHOI KOHCTPYKTUBHOI MOJIEN1 HasIBHOTO YacoBOro psiay. B
MeXaxX I[bOTO0  JIOCHIPKEHHS  PO3MVISIIAETbCS  PO3MIUPEHHS  3aCTOCYBaHHSA
KOHCTPYKTHBI3MY Il BHpIIIEHHA OOEpHEHOi 3ajadi MOJICTIOBaHHS, a came
BU3HAYCHHS KOHCTPYKTHBHUX MOJICIICH JIJIs1 BJKE BiIOMUX 3HAYCHB YaCOBOTO PSY.

YacoBuit psin siBiasie cob0r0 Hallp MOCHIIOBHUX CIHOCTEPEXKEHb 3HAYEHBb
MIEBHOI BETMYMHU 200 CTaHIB CUCTEMH, PO3TAIIOBAHUX Y XPOHOJIOTTYHOMY HOPSAIKY
BIIMOBIAHO 7O BHM3HAYCGHOrO0 IHTEpBaNy dacy. YacoBl psAad IIHPOKO
BUKOPUCTOBYIOTHCA Y PI3HUX MPUKJIAAHUX cPepax, TAKMX SIK EKOHOMIKA, MEIUIIMHA,
IHKeHepis Ta 1HII. BOHM J03BOJISIIOTH BUSBIATH HasBHI 3aJ€KHOCTI MIXK
3HAQYCHHSMH CIIOCTEPEKEHb Ha BIAMOBIIHOMY MPOMIKKY dYacy, IO JIa€ 3MOTY
BU3HAYATH MMOTOYHI TEHACHIII1, CE30HH1 KOJMBAHHS Ta IUKIIYHI IPOIIECH.

[TomynsipHICT,  JOCHIPKEHh 4YacCOBUX PsIIB 3yMOBJICHAa HacaMIiepen
3pOCTaOUMMU MOTpedamMu B aHaTI31 JaHUX Y PEaIbHOMY 4Yacl Ta MPOrHO3YBaHHI iX
NOJAIBIINX 3HAYCHb. 3aJ€KHO BiA chepu 3aCTOCYBaHHS KIHIIEBA MeTa aHaIi3y
MOKE BIJIPI3HITHCS, IPOTE 3arajibHa KOPUCTH TOJISATAE Y MOXKIIUBOCTI BUSIBIICHHS
KJIFOUOBHUX TEHJICHIIINA 3MIHM JaHUX Ta TepeadaudeHHs iX po3BUTKy. Lle mo3Bosse
3a3qaneriib OOIPYHTOBYBATH pIIIEHHS, ONTUMI3YBaTH IIOTOYHI TIPOIIECH Ta

M1IBUIIYBaTH €(DEKTUBHICTh YIPABTIHCHKAX YA BUPOOHUYMX PIIICHb.



CydacHl METOJIM JOCIHIKEHHS YacCOBUX PSIIB JTO3BOJSIOTH BUSBISTH SK
JMiHIAHI, TaK 1 HEMHIAHI 3aKOHOMIPHOCTI, aHai3yBaTH TPEHIW JaHUX Ta
3MIMCHIOBATH MPOTHO3YBAaHHS HA PI3HUX YacoBUX 1HTepBaiax. Po3BUTOK
OOYHUCITIOBAILHUX TEXHOJIOTIN CIPOIIY€E €Tanu JOCHIKEHHS Ta BIPOBAJKEHHS
METO/IIB, a 301IBIICHHS OOCATIB JaHUX PO3IIMPIOE MOXKIMBOCTI Ui BepHQiKarii
MOJIEJIeH Ta MiJBUILEHHS TOYHOCTI MPOTHO31B.

MeTonu KOHCTPYKTUBHO-TIPOAYKIIIHHOTO MOJICTIOBAHHS B)KE OYJIH YCITIIITHO
BUINPOOYBaHi y chepl MOJENOBaHHS (PpaKTaIbHUX YACOBUX PAJIIB PI3HOI CTPYKTYpHU
Ta TOBEAIHKU, 30KpeMa JCTEPMIHOBAaHMX 1 CTOXacTUYHUX. BTiM, po3B’s3aHHs
o0epHEHO1 3aJadl, a caMe BU3HAYEHHS KOHCTPYKTHMBHOI MOJENl Ta ii Habopy
napaMmeTpiB JJIs 3aIaHOT0 YAaCOBOTO PsIIy — SIK CHHTETUYHOTO, TaK 1 peajbHOro —
3AIIMIIAETHCS BIKPUTUM 1 MaJIOIOCIIIPKEHUM MTUTAHHSM.

Y 1poMy OOCHIKEHHI PO3MISAAIOThCS Ta TMPOMOHYIOThCS MIAXOAU O
oprasizailii mporecy BiJIHOBJIEHHSI KOHCTPYKTHBHOI MOJIeN1 Ta HAOopy 1i mapameTpiB
JUISI BU3HAYEHOTO 4YacOBOTO psATy. 30KpeMa, BIPOBADKYETHCS TOCTYITOBUN
ITEpaTUBHUN TMPOIEC KOHTPOJHOBAHOTO MiAOOpPY MapameTpiB MOl 3 METOIO
moOyI0BH psTy, MAaKCUMAJIBHO HAOJMIKEHOTO 0 BXiHOTO. JIOCATHEHHS PIIICHHS
MOCTAaBJIEHOI 3a/layul BKIIIOYA€ PO3IIMPEHHS, YHI(IKAIl0 Ta aJanTalild METOJIB
KOHCTPYKTHUBHO-TIPOAYKIIIHHOTO MOJICTIOBAHHS JIJI1 OITUCY MPOIIECY BITHOBIICHHS.

Mertoro auceprailiiinoi poboTu € po3podKa, TeOpEeTUYHE OOTPYHTYBAHHS Ta
JTOCJIDKCHHST METOJIy BIJTHOBJICHHSI TapaMeTpiB KOHCTPYKTHUBHO-TPOIYKIIIHHUX
MoOfIeNiel 4YacoBUX psAAiB pizHOi mpupoxu. I[linxim O6a3yeTbcsi Ha CTBOpPEHHI
YHIBEPCAIBHOTO  IHCTPYMEHTapito, 110  JO03BOJIIE  MpamoBaTH  SK 3
JETEPMIHOBAaHUMH, TaK 1 31 CTOXaCTUYHHMH JIaHWUMH, BHUKOPHCTOBYIOUU
MaTeMaTUYHUW  amapar KOHCTPYKTHBI3MY IS  BUSIBJICHHS  MPUXOBAHHUX

3aKOHOMIPHOCTEH BIMOBIHO 10 BHYTPIIHIX (PpaKTaTbHUX BIACTUBOCTEN JaHUX.



OO0’eKTOM  JOCHIPKEHHSI  BUCTYNAalOTh MPOIECHM  MOJEIIOBaHHSA  Ta
BIJTHOBJICHHS ITapaMETPiB YaCOBUX PSJIIB PI3HOI MPUPOIH, & TPEIMETOM — METOIH,
MOJICNII Ta aJrOPUTMIYHI 3aCO0M PEKOHCTPYKIIT KOHCTPYKTHBHO-POIYKIIHHUX
Mojenel. Y Mexax IMOCTaBleHUX 3aaad (opMalli3oBaHO OOEpHEHMM IMpoliec
MOJIETIIOBAaHHS, PO3POOJIEHO HOBI KOMIIOHEHTH JUJISl aHANi3y CTOXaCTHMYHUX PAIIB,
CTBOPEHO MacmTaboBaHe TMporpamMHe 3a0e3leueHHs JJig  aBTOMaTu3allii
EKCIIEPUMEHTIB Ta TMPOBEACHO OIHKY aJeKBaTHOCTI OTPUMAHUX MOJeNed Ha
pEaIbHUX JTaHUX.

HaykoBa HOBHU3Ha pe3yibTaTiB MOJISATa€ y BIEpIIE 3aIPOINOHOBAHOMY
ITEpaTUBHOMY MIJXOJ1 JI0 BIJHOBJIEHHS NapameTpiB, IO JO3BOJISIE OTPUMATH
CTPYKTYpHY  MaTeMaTWU4YHy MOJENb  3aMICTh  KJACHYHOI  ampOKCHMAIIi.
dopMai3oBaHO CUCTEMY KOHCTPYKTOPIB JIJIsi BIATBOPEHHS JIOTIKU TeHeparii psLy
3a MOro 3HAaYeHHSIMU. Y JOCKOHAJIEHO METO/| OLIIHKU 0IM3bKOCTI ((piTHEC-PYHKIIIIO)
JUISI CTOXACTMYHHUX JIAaHUX Ha OCHOBI aHCamOJIEBOIO 3ICTaBJICHHS peajizailiii, 1o
MIJBUILYE TOYHICTh PEKOHCTPYKII, a TaK0X OINTUMI30BAHO AapPXITEKTYpy
TEHETUYHOTO QJITOPUTMY Yepe3 MEXaHI3M 130JIbOBAHOTO  MacIITaOyBaHHS
00YHCIIECHb.

[Toganpioro po3BUTKY HAOYyJIM METOJU TIOPUAHOTO KOJTYyBaHHS CKJIQIHUX
XPOMOCOMHHX CTPYKTYp, SIKI TIOE€IHYIOTb CHMBOJBHI TpaBwia L-cucrem 13
Oe3nepepBHUMHU  YHCJIOBHUMH  TMapamMeTpaMu. TakoX pO3MIMPEeHo — amapar
(opMabHUX TpaMaTUK [JIsl ONUCY B3a€EMOJIT (paKTaJbHUX Ta CTOXACTHYHHUX
KOMITOHEHTIB, 10 JI03BOJIWJIO 1HTETPYBaTH 3aCO0M T€HETUYHOTO MOIIYKY SK 0a30Bi
MOJIYJI1 y 3arajbHy CUCTEMY IMITALlITHOTO MOJIETIOBAHHS.

VY neproMy po3aiii MpoBeaeHO KOMIUIEKCHUN aHalli3 CyYaCHUX MIXOIB 110
JOCITIIKEHHST YaCOBUX PSAIB Pi3HOT MpUpoau. Po3risiHyTO SIK KJIaCH4HI JIIHINHI Ta
HEeJIHIMHI MoJeni, Mo 0a3yrThCsl Ha aHali3l BHYTPILIHIX B3a€EMO3B'SI3KIB MIXK

BIJUTIKAMH, TaK 1 cHOemu(piydl MAXOAM — 30KpeMa, PEKypeHTHHM aHali3 Ta



KOHCTPYKTHUBHO-IIPOJYKIIiiHE  MojentoBaHHA.  JloCHDKEHO  iXHI  KJIIOYOBI
0COOJIMBOCTI, TMepeBaru, HEAONIKM Ta crneuudiky MNPaKTUYHOTO 3aCTOCYBaHHS.
PesynbraroM 1poro eramy crtajio (QOpMyBaHHA aKTyaJlbHOTO aHAJIITUYHOIO
IHCTPpYMEHTApIIO Ta OKpecIeHHs (PyHIaMeHTaIbHUX OOMEXXKEHb 1ICHYFOUMX METO/IIB.

Y apyroMmy po3aim BUKIAJAEHO TEOPETHUYHI 3acamu AociipkeHHsI. OCHOBHY
yBary TmpuaieHo Qopmaiizaiii KOMIUICKCY CIeIiadi3oBaHUX KOHCTPYKTOPIB,
iXHpOro (QYHKIIOHATY Ta TMpaBWJI B3a€EMOJIl I 3a0€3MEUCHHS MPOICITyPH
BIIHOBJICHHSI MapaMeTpiB KOHCTPYKTHBHOI Mojeii. BignmoBigHo A0 oOpaHuX
MIIXOMIB  JICTAIBHO TMPEJACTABICHO IIpOIleCH OOpOOKH JETEpMIHOBAHUX Ta
CTOXACTUYHUX CUHTETUYHHUX PSAIIB 13 BUAUICHHSAM IXHIX KIIOUYOBUX BiJAMIHHOCTEH
Ta HEOOX1THUX aNTOPUTMIYHUX MoaubiKaIliii. Pe3yapTaToM po3/iity € y3arajibHeHa
METO/IMKa POOOTH 3 pealbHUMU Habopamu JaHuX i 1AeHTH(IKAIIl mapamMeTpiB
iXHIX KOHCTPYKTHBHUX MOJENEH.

Y TperboMy pO3MiTl MPEACTABICHO EKCIEPUMEHTANIbHI JOCIHIKEHHS, 1110
0a3yl0ThCs Ha BUKJIQJICHOMY paHille TeopeTHuHoMy Oaszuci. OKpeMo JOCIIIKEHO
Ipolec  MOJICNIIOBAaHHS ~ CHHTETUYHUX  JETEPMIHOBAaHUX,  CHHTETUYHHUX
CTOXaCTUYHUX Ta peaTbHUX YacOBUX psiaiB. sl KOXKHOTO THUITy HaHUX OYyJIO
BU3HAYECHO crenudiyHi 0coOJMBOCTI OOpOOKH, HABEAEHO pENpEe3eHTATHUBHI
IPUKJIAJAN BUOIPOK Ta y3araJbHEHO OTPUMAaHI pe3yIbTaTH.

Y derBepTOMy pO3ILIl PO3MJISHYTO Pi3HI MIAXOAUM JO apXITEKTYpPHOI
peanizaiiii  MpPOrpaMHOrO  pIIIEHHS, MPU3HAYEHOro JUIsl  aBTOMAaTH3allii
EKCIIEpUMEHTAIILHUX BHUMPOOYBaHh Ta TOJAJBIIOr0 BIPOBAHYKCHHS CHCTEMHU.
BianoBigHo 10 €BOJTIONIT 3aBAaHb AOCIIIKEHHS 0YJI0 pO3p00JIeHO Ta MPOTECTOBAHO
TP  TapagurMd  MOOYJOBM  apXITEKTypU:  MOHOJITHY  OJHONOTOKOBY,
MyJIBTHAT€HTHY Ta MiKpocepBicHY (6e3cepBepHy). KoxkeH 13 1ux miaxoiB Oyio
MIOCJTITOBHO BIPOBADKEHO JIJISI JOCATHEHHS MaKCHUMaJbHOI OOYMCITIOBANBHOI Ta

9acOBOi €()EKTUBHOCTI CHCTEMHU.



BignoBigHo, y aucepTariiiiHiii poOOTI TPEJACTABICHO 3aBEPUICHUM ITUKII
HAyKOBOTO JOCTIKEHHS — B TEOPETUYHOTO OOTIPYHTYBAHHsS KOHLEMIIi 70 ii
MPAKTUYHOTO BTUICHHS Y BUTJISAI MPOrpaMHOro KoMiuiekcy. OTpumani pe3ysibTaTtu
BHU3HAYAIOTh HOB1 MOXJIMBOCTI JUIsl 3aCTOCYBAHHSI KOHCTPYKTUBHO-IIPOIYKIIIMHOTO
MOJIETIIOBAHHS JIJIsl aHANI3y CHHTETUYHHUX Ta pealbHUX 4acOBUX psiaiB. [IpakTuuny
I[IHHICTh OTPMMAaHUX BUCHOBKIB Ta CTBOPEHHUX ITPOTPAMHHMX MOAYJIIB M ATBEPXKEHO
iXHIM BUKOPHUCTaHHSM y MeXaX 3a3HaU€HUX HayKOBO-TOCIITHUX POOIT.

KurouoBi cioBa: ¢pakranbHl 4acoBl PsiM, KOHCTPYKTHUBHO-IPOAYKIIIHHE
MojentoBanHs, L-cuctema, KOHCTpyKTOp, (hOpMasibHI TpaMaTUKH, T€HETHYHUN
QIrOpuTM, IporpamMHe 3a0e3neyeHHs, 1HQOpPMAIiiiHI TEXHOJOrll, XMapHI
oOuKcCIIeHHs, TOKa3HUK [ 'epcTa.
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ABSTRACT

Zhadan A. A. Constructive-synthesizing modeling of time series fractal
components. Qualifying scientific work as a manuscript.

Dissertation for the degree of PhD in specialty 122 "Computer Science" -
Ukrainian State University of Science and Technology, Dnipro, 2026.



The dissertation is devoted to the study of the application and automation of
constructive—synthesizing modeling methods for reconstructing a parametric
constructive model of a given time series. Within this research, the extension of
constructivist approaches to solving the inverse modeling problem is considered,
namely, the determination of constructive models for already known values of a time
series.

A time series represents a sequence of observations of a certain variable or
system states arranged in chronological order according to a specified time interval.
Time series are widely used in various applied domains such as economics,
medicine, engineering, and others. They enable the identification of dependencies
between observed values over time, allowing for the detection of current trends,
seasonal fluctuations, and cyclic processes.

The growing interest in time series research is primarily driven by the
increasing demand for real-time data analysis and forecasting. Depending on the
application domain, the goal of analysis may differ; however, the overall benefit lies
in the ability to identify key patterns in data evolution and predict their future
behavior. This makes it possible to justify decisions in advance, optimize ongoing
processes, and improve the efficiency of managerial and operational decisions.

Modern methods for time series analysis allow the identification of both linear
and nonlinear patterns, the analysis of trends, and forecasting across different time
horizons. Advances in computational technologies simplify the research and
implementation processes, while the growth of available data enhances model
validation capabilities and improves forecasting accuracy.

Constructive—synthesizing modeling methods have already been successfully
applied to modeling fractal time series of various structures and behaviors, including

both deterministic and stochastic ones. However, solving the inverse problem —



namely, determining a constructive model and its parameter set for a given time
series, whether synthetic or real — remains an open and insufficiently studied issue.

This research proposes approaches to organizing the process of reconstructing
a constructive model and its parameter set for a given time series. A gradual iterative
process of controlled parameter selection is introduced to generate a series that
closely approximates the input data. Solving this problem involves the extension,
unification, and adaptation of constructive—synthesizing modeling methods to
describe the reconstruction process.

The dissertation aims to develop, theoretically substantiate, and investigate a
method for reconstructing the parameters of constructive—synthesizing models for
time series of various nature. The approach is based on creating a universal toolkit
capable of handling both deterministic and stochastic data by employing the
mathematical framework of constructivism to identify hidden patterns in accordance
with the intrinsic fractal properties of the data.

The object of research is the processes of modeling and parameter
reconstruction of time series of different nature, while the subject is the methods,
models, and algorithmic tools for reconstructing constructive—synthesizing models.
Within the scope of the study, the inverse modeling process is formalized, new
components for analyzing stochastic series are developed, scalable software for
automating experiments is created, and the adequacy of the obtained models is
evaluated using real data.

The scientific novelty of the results lies in the proposed iterative approach to
parameter reconstruction, which enables obtaining a structural mathematical model
instead of a classical approximation. A system of constructors is formalized to
reproduce the logic of series generation based on its values. The fitness evaluation
method for stochastic data is improved through ensemble-based comparison of

realizations, increasing reconstruction accuracy. Additionally, the architecture of the



genetic algorithm is optimized through a mechanism of isolated computational
scaling.

Further development is achieved in hybrid encoding methods for complex
chromosomal structures that combine symbolic L-system rules with continuous
numerical parameters. The formal grammar framework is also extended to describe
the interaction between fractal and stochastic components, allowing the integration
of genetic search mechanisms as core modules within a general simulation modeling
system.

The first chapter provides a comprehensive analysis of modern approaches to
time series research. Both classical linear and nonlinear models based on internal
dependencies between observations and specialized approaches such as recurrence
analysis and constructive—synthesizing modeling are considered. Their key features,
advantages, disadvantages, and application specifics are examined. The result of this
stage is the formation of a relevant analytical toolkit and the identification of
fundamental limitations of existing methods.

The second chapter presents the theoretical foundations of the research.
Special attention is paid to the formalization of a set of specialized constructors, their
functionality, and interaction rules to support the parameter reconstruction
procedure. According to the chosen methodology, the processes of handling
deterministic and stochastic synthetic series are described in detail, highlighting their
key differences and required algorithmic modifications. The result of this chapter is
a generalized methodology for working with real datasets to identify parameters of
their constructive models.

The third chapter presents experimental studies based on the proposed
theoretical framework. The processes of modeling synthetic deterministic, synthetic

stochastic, and real-world time series are examined separately. For each type of data,



specific processing features are identified, representative samples are provided, and
the obtained results are summarized.

The fourth chapter discusses various approaches to the architectural
implementation of the software system designed to automate experimental studies
and support further deployment. In accordance with the evolution of research tasks,
three architectural paradigms are developed and tested: monolithic single-threaded,
multi-agent, and microservice (serverless). Each approach is successively
implemented to achieve maximum computational and time efficiency.

Thus, the dissertation presents a complete cycle of scientific research — from
theoretical justification of the concept to its practical implementation in the form of
a software system. The obtained results define new possibilities for applying
constructive—synthesizing modeling to the analysis of both synthetic and real time
series. The practical value of the findings and developed software modules is
confirmed by their application within the framework of the specified research
projects.

Keywords: fractal time series, constructive-synthesizing modeling, L-system,
constructor, formal grammars, genetic algorithm, software, information
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