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2. Intelligent control of a sugar factory’s process complex based on non-linear dynamics

Pedepar/anoTamis:

1. Inceprauis npucBg4YeHa s NigBUILEHHS Pe3yJIbTaTUBHOCTI pO60TH BUPOOHNYIOTO KOMILJIEKCY LIyKPOBOTO
3aBojly. BinnoBigHO 3a paxyHOK KoMbiHalii ABox nigxomnis. [lepiuii nependayae Nomyk i gikcariio Tux giasiHOK
TEXHOJIOTIYHOrO IIPOLIECY, SKi € HAaNOibII IEPCIIEKTUBHMMY 3 TOUKU 30py MTOTOYHOI CUATYyallii, 10 1a€ 3MOTY
3aCTOCOBYBATU KePYBaHHS Ha OCHOBI CLi€HapiiB Ta BIPOBA)KEHHSI CUHEPTE€TUYHOTO peryssitopa. JIpyruil 6asyeTrbcst
Ha WIBUJKIN aHAMITUYHIN 06pOOLi BEJIMKUX MACUBIB IaHUX i3 BUKOPHUCTAHHSIM iHTeJIeKTyalbHUX aJITOPUTMIB, 1110
I03BOJIsIE (POPMYBATH Ta BIIPOBAKYBAaTU CTpATerii yIpaB/iHH, CIIPSIMOBaHi Ha MiHiMi3allilo CTIO>KMBaHHS peCYpCiB.
Y po60Ti npoBeieHO aHali3 TEXHOJIOTIYHOTO KOMILJIEKCY IIYKPOBOTO 3aBOAY SIK CKJIaHOI HEJIiHIHOI CUCTEMY, 110
OXOIJIIOE B3aEMOTIOB'SI3aHi MificcTeMU 36epiraHHs CUPOBUHU 3 aKTUBHOIO BEHTUJISIIIEIO, TiIPaBIiYHOTO
TPaHCIIOPTYBaHHS, MUTTS, IOAPiOGHEHHS, AU(Y3iliHOTO eKCTparyBaHHs, KapOoHi3allii, BunapioBaHHs, KpUcTalisalii,
(dyryBaHHs1, CyLliHHS Ta [IaKyBaHHS LyKPY. BU3HAa4eHO KJII0YOBi TEXHOJIOTIUHI NIapaMeTpH, 10 6€3110CEPENHBO
BIUIMBAIOTh HA €(PEKTUBHICTb IEPEPOOKU LIYKPOBUX OYPSIKiB Ta SKiCTb KiHLeBOi npoaykuii. O6IpyHTOBaHO

HeOOXiJIHICTh 3aCTOCYBAaHHSI MiIXOiB 10 KEPYBaHHS CKIaAHUMU HeJIiHIMHMMU cUCTeMaMu, 30KpemMa



CUHEPIreTUYHOrO, CLIEHAaPHOIO aHaJli3y, METOMIB HEJIiHIMHOI AUHAMIKK, BpaXyBaHHs IE€TEPMiHOBAHOIO XaoCy Ta
YYTJMBOCTI O NOYaTKOBUX YMOB. Briepie Ha OCHOBi KOMIIJIEKCHOTO aHaJli3y MOBEAiHKY TEXHOJIOTIYHOTO KOMILJIEKCY
LIyKpPOBOTO 3aBOJY, SIKUI 6a3yeTbCsl HA BUKOPUCTaHHI METO/IiB HeJIiHiHOI AUHAaMiKy, BCTaHOBJIEH] s1BUIIA
CaMOOPpraHisallii B IoBeliHLi 00’eKTa KEPYBaHH4, 10 JO3BOJIU/IM BUSIBUTY CUTYalliHO-3HAUYli 30HH, B SIKUX
3a6e31evuyeThCs ONTUMAalbHE (PYHKI[IOHYBaHHS B YMOBaxX CTOXaCTUYHOI Ta XaOTUYHOI HEBU3HA4YEHOCTI. Biepiie
3[iICHEHUI CUHTE3 IHTEJIEKTyaJIbHUX CUHEPreTUYHUX CUCTEM KEPYBaHHS, SIKAM I1OJISITA€E Y ONIEPaTUBHOMY
IIPOTHO3YBaHHI Ta OLiHIi BAHUKHEHHS B IOBEIiHIIi CKJIaAHUX 00'€KTiB KEPYBaHHS 3aBASKHU IX caMOOpraHisariii
6araToo6pasiB-aTpakTopiB, NOAANBLIOI ieHTAdIKaLil B 30Hi aTPAKTOPiB HEJIHIMHMX MAaTEMAaTUYHUX MOZEJEN, Ha
OCHOBI SIKMX 3[IiICHIOETbCS MIOIIYK Ta OPraHi3allis pecypCcoolaHMUX KEPYBAJIBHUX il i iX peanisauis y Burssmi
HEeYIiTKUX NpaBul, OTPUMAHUX LUISIXOM JIIHI'BICTUYHOI allpoKCcUMaliii, 3aBIsiK1 YoMy 3a0€3I1€4yI0ThCsl OIITUMAIbHi
peXuMHU (PYHKLIOHYBAHHS 00’€KTa. YIOCKOHAJIEH] aJITOPUTMU KEPYBAHHS TEXHOJIOTTYHUM KOMIIJIEKCOM LIyKPOBOTO
3aBOJly B YMOBAaX HEBU3HAYEHOCTI, SIKi JO3BOJIMIIY IIOJIIIINUTU SIKICTh NPOAYKUi, iABUIIUTYA IPOAYKTUBHICTh
BUPOOHHUIITBA Ta 320€31eYNTH €KOHOMIIO pecypciB; OTpuMany NoJajbIlivil PO3BUTOK METOAU Ta aJITOPUTMHU
IIPOTHO3YBAaHHS PO3BUTKY 00'€KTiB KEPYBAHHS HA OCHOBi KOMIJIEKCHOT'O iHT€JIEKTYaJIbHOTO aHaJli3y 3a IPUHLUIIAMU
HeJliHiNHOI fruHaMiky. Ofepskaim MoaNbIIni PO3BUTOK MATEMATUYHI MOZEJIi TEXHOJIOTIYHOTO KOMILJIEKCY
IIyKPOBOTO 3aBOZY y BiZITIOBIIIHOCTI 3 0COGJIMBOCTSIMU BPaxXyBaHHS SIBUIL, CaMOOPraHizallii Ta IposBiB aTpakTUBHOI
NIOBEJiHKY 00’eKTa. YI,0CKOHAIeHa CTPYKTYpa aBTOMAaTU30BaHOI CUCTEMH K€PYBaHHS TEXHOJIOTIYHUM KOMIIJIEKCOM
LIyKpPOBOTO 3aBOZY 32 PaxyHOK BBEJ,E€HHS CUHEPTeTUYHOTO KEPYBAHHS, IHTE€JIEKTYaJIbHUX TEXHOJIOTIH Ha 6a3i
Cy4acHUX iH(popMaliiiHO-ynpaBisodux niaatdopm. Kiaro4yosi cioBa: cucteMa KepyBaHHS, imiTallis, 4acosa
HelpOHHA Mepesxa, JIIJMHO-MallMHHUY iHTepderic, InaycTpis 4.0, anani3 [aHUX, METOAU [IPOTHO3YBaHHS, HediTKa

CHCTeMa KEPYBaHHsI, CUCTEMA KEPYBaHHSI, MOZEJIb, LIYKOP, PeryasTop, [11/]-KoHTposnep, Mogesnb, NapaMeTpy.

2. The thesis is dedicated to improving the performance of a sugar factory’s production complex. This is achieved
through a combination of two approaches. The first involves identifying and pinpointing those sections of the
technological process that are most promising in light of the current situation, enabling the application of
scenario-based control and the implementation of a synergistic regulator. The second is based on the rapid
analytical processing of large data sets using intelligent algorithms, which allows for the formulation and
implementation of control strategies aimed at minimising resource consumption. The study analyses the
technological complex of a sugar factory as a complex non-linear system comprising interrelated subsystems for
the storage of raw materials with active ventilation, hydraulic transport, washing, grinding, diffusion extraction,
carbonisation, evaporation, crystallisation, de-moisturisation, drying and packaging of sugar. Key technological
parameters that directly influence the efficiency of sugar beet processing and the quality of the final product have
been identified. The necessity of applying approaches to the control of complex non-linear systems has been
substantiated, in particular synergistic and scenario analysis, methods of non-linear dynamics, and consideration
of deterministic chaos and sensitivity to initial conditions. For the first time, based on a comprehensive analysis of
the behaviour of a sugar factory’s technological complex using methods of nonlinear dynamics, phenomena of self-
organisation in the behaviour of the controlled system have been identified, enabling the identification of -
significant zones in which optimal functioning is ensured under conditions of stochastic and chaotic uncertainty.
For the first time, a synthesis of intelligent synergistic control systems has been carried out, which consists of the
operational forecasting and assessment of the emergence, in the behaviour of complex control objects, of attractor
manifolds due to their self-organisation, followed by the identification within the attractor region of non-linear
mathematical models, on the basis of which the search for and organisation of resource-efficient control actions
are carried out, and their implementation in the form of fuzzy rules obtained through linguistic approximation,
thereby ensuring optimal operating modes for the object. Improved algorithms for controlling the technological
complex of a sugar factory under conditions of uncertainty, which have made it possible to improve product
quality, increase production efficiency and ensure resource savings; Methods and algorithms for forecasting the
development of controlled systems based on comprehensive intelligent analysis according to the principles of
nonlinear dynamics have been further developed. Mathematical models of the sugar factory’s technological
complex have been further developed in accordance with the specific features of accounting for self-organisation



phenomena and manifestations of the system’s attractive behaviour. The structure of the automated control
system for the technological complex of a sugar factory has been improved through the introduction of synergetic
control and intelligent technologies based on modern information and control platforms. Keywords: system
control, simulation, temporal neural network, human-machine interface, Industry 4.0, data analysis, forecasting
methods, fuzzy control system, control system, model, sugar, regulator, PID controller, model, parameters.
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HayKOBa (HayKOBO—TEXHi‘{Ha) Hpo,uyKuiﬂ: TEXHOJIOTii; METOIU, TeOpii, rinoresun

ComniasibHO-€KOHOMIYHA CIPSIMOBAHICTh: €KOHOMisi EHEPrOPECYPCIB; 3MEHIIEHHS 3HOCY 06JIa{HAHHS;

NiABUILEHHS IPONYKTUBHOCTI Npalli; MifiBUILLEHHS aBTOMaTU3allii BUPOOHMYMX NIPOLECIB

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagykeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0112U001085, 0112U001496, 01070000223

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kumensko Bacuib JIMutpoBud

2. Vasil D. Kyshenko

KBasigikamis: . r. u., npodecop, 05.13.07

InenTudgikarop ORCID ID: 0000-0003-2805-5065

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: HauioHanbHMil yHIBEDCUTET XapYOBUX TEXHOJIOTII
Koz 3a €JIPIIOY: 02070938

MicuesnaxomerHﬂ: ByJI. Bomogumupceka, Kuis, 01601, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odililfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Ocapgyun Ceprii1 IBaHoBUY

2. Serhii 1. Osadchyi



KBasigikamis: n. 1. n., npodecop, 05.13.07
InenTudikarop ORCID ID: 0000-0002-1811-3594
JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOH: l]eHTpaNbHOYKPAIHCHKUF HALliOHAIbHYI TEXHIYHUIA

yHiBepCUTET

Kopg 3a €IPIIOY: 02070950

Micue3Haxoa>KeHHSI: npocr. YHiBepcuterchkuii, Kponusauiibkuit, Kponisuuipkuii p-H., 25006, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im's I10-6aThKOBI:
1. BnaceHko Jligis OnekcangpisHa

2. Lidiia O. Vlasenko

KBasigikanis: k.r.u., no,, 05.13.07

Imentudikarop ORCID ID: 0000-0002-2003-6313

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepKaBHUII TOPrOBEIbHO-E€KOHOMIYHMIA YHIBEPCUTET
Kopg 3a €APIIOY: 44470624

Micue3HaxoaKeHHS: ByJ. Kioro, Kui, 02156, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tlonynan Bonogumup BosoguMuposud

2. Volodymyr V. Polupan

KBasigikanis: . . u., gor., 05.13.07

InenTudikarop ORCID ID: 0009-0007-8076-1369

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: HauioHanbHMil yHIBEDCUTET XapYOBUX TEXHOJIOTIIA
Kog, 3a €IPIIOY: 02070938

MicuesnaxomerHﬂ: ByJI. Bosmogumupcska, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxasHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Cigneupkuit BikTrop Muxanniosny

2. Viktor M. Sidletskyi

KBasigikanis: . . 1., gou., 05.13.07

Imentudikarop ORCID ID: 0000-0003-2606-3651
JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HaioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

Micqesﬂaxon)KeHHﬂ: ByJI. Bonmopumupceka, Kuis, 01601, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI
Biacue IlpisBume Im'st [To-6aThKOBI Bamora Cepriit Mukonanosu

TOJIOBH pajgu

Bnacue IpizBume Im'a [T0-6aTbKOBI Bamora Cepriit Mukosaosu

TOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasibHuUI 3a MiATOTOBKY MenbHuk Harartis
00JIiIKOBHX JOKYMEHTIB

Peec-rpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBnHuKk Bigginy YKpIHTEI, mpo €
BiAIIOBiZaJILHUM 32 peecrpauiro HayKOBO'l' Opuenko TerssiHa AHaTOJIiBHA

OisiILHOCTI




