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Pedepar:

1. IHTENeKTyanbHe CLIEHAPHO-CUHEPTETUYHE KEPYBAHHS TEXHOJIOTIYHUM KOMILJIEKCOM LIyKDOBOTO 3aBOAY —
KsanigikauiiiHa HaykoBa Ipalisl Ha IpaBax pykonucy. Jlucepraris Ha 30006YyTTsI HAYKOBOTO CTYIIEHS CTYIIeHs
IokTopa (dinocodii 3a crienianpHicTio 151 «ABTOMaTHU3allisi Ta KOMITIOTEPHO-iHTErpOBaHi TEXHOJIOTI» —
HauionasnbHuil yHiBEpCUTET XapuOBUX TE€XHOJIOTiN MiHiCTEPCTBO OCBiTH i HayKu YKpainu, Kuis, 2023. Po6oTa
IIPUCBSIYEHA TMTAHHSM 30i/IbLIEHHS €(PEKTUBHOCTI POOOTH TEXHOJIOTIYHOTO KOMILJIEKCY LIyKPOBOTO 3aBO/y LIISIXOM
BM3HAUEHHS aTPaKTUBHUX CUTYallilHO-3HAYyIIMX 30H 715 33/1a4 CLIEHAPHOTO KEPYBAHHS, i HA OCHOBi OIl€PaTUBHOI
iHTesIeKTyabHOI aHAITUYHOI 0OPOOKM IAaHUX peaidyBaTu e(PEKTUBHI peCcypCcooLafHi cTpaTerii yrpaBaiHHS 3
BUKOPUCTAHHSM iHTEJIeKTyallbHUX MeXaHi3MiB. [[poaHai3oBaHO TEXHOJIOTIYHMIA IPOLIEC LIyKPOBOTO BUDOOHUIITBA
SIK CKJIaIHUI 00’eKT KepyBaHHS, OLliHKA PiBHS CMCTeM aBToMaTtu3allii Judys3iiHOro, COKOOUUCHOTO i BUTIAPHOTO
BigaineHb. CPopMyIbOBAaHO TPOGIEMHU KEPYBaHHS MaTepialbHUMU IIOTOKAMU LIyKPOBOTO 3aBOLy. OKpeCjIeHO
[IEPCIIEKTUBY PO3BUTKY TEXHOJIOTIYHOIO KOMILJIEKCY LIyKPOBOT'O 3aBOJY Ha OCHOBI IPUHIMIIIB i METOZIB Cy4aCHOI

Teopii aBTOMaTUYHOrO YIIPaBJliHHS OpraHizalilHO-TeXHIYHUMU 00'€KTaMU. BU3HauyeHo, 1110 Ipoliec BUPOOHUILITBA



LIyKPY Ma€ XapaKTEPUCTMKU CKJIAIHOI TEXHOJIOTTYHOI CUCTEMU. BapTo MiKpeCInuTH, 110 iCHYIOTh IIPOLIECH 3
pizHUMHU Di3UKO-XIMIYHUMU SIBUIAMU, 6araToaKTOPHICTIO, HECTALIOHAPHICTIO, BUCOKOIO HEBU3HAYEHICTIO,
HEJIiHIHICTIO Ta CKJIaf{HICTIO. XapaKTep noBeiHKU. [li xapakTeprucTuKy 06'eKTiB BUMaraloTh BUKOPUCTAHHS
nepefoBUX TEOPETUYHUX i MPAKTUYHUX METO/IB 1 6a3yI0ThCS Ha CydyacHUX iHPOpMaLIiiHUX TexHOJOorisX. IInaxom
CHCTEMHOTO aHaJli3y, EKCIIEPTHUX ONMTYBaHb Ta KOTHITUBHOTO MOJEJIIOBAHHS BU3HAYMIIN [IPIOPUTETHI TEXHIYHI
YUHHUKY, SIKi [IOKPALIYIOTh SIKICTb IPOAYKL{l, IIiIBUILIYIOTh IPOAYKTHUBHICTb O6JIalHAHHS Ta 3HMKYIOTb TUTOMI
BUTPATU MaTepiaJibHUX PeCypCiB y BUPOOHULTBI LIyKpy. IIpoBeieHnii aHai3 4aCcoOBUX PsZiiB OCHOBHUX 3MiHHUX
npouecis nedexocarypauii. 3xnificHeHo (inbTpaliio YyacoBUX PsLiB, Oflep>KaHUX 3 peaIbHOro 00'eKTa. Bu3Havanuch
MTOKa3HUKY JISIyHOBA $IK KijIbKicHa Mipa. Lli MOKa3HUKY € OOHVMMU 3 HaWBKJIUBIIIMX XapaKTEPUCTUK aTPaKTOPa,
BOHHU [I03BOJISIIOTh BUBHAUUTHU: ® EHTPOIIiI0 JMHAMIYHOI cucTeMu; ® PpaKTajbHy PO3MIPHICTh aTPaKTOPa; ®
XapaKTepHUH 4yac rnepe6adyBaHOCTi CUCTEMY; ® [TOBEiHKY cucTeMU. [TokazHuKY JISIyHOBA CIIYTYIOTh Mipoio
XAOTWMYHOCTI IMHAaMI4HOI cucteMu. Lli MOKa3HUKU B NOCIIIKYBaHUX YaCOBUX AAIOTh 3pO3yiMUM Te, 110 MOBEiHKA
CHACTEMMU € HE BU3HAYEHOIO, XaOTUYHOI0. [IpOBEI€HO PEKOHCTPYKIiI0 XaOTUYHUX aTPAKTOPiB CUCTEMHU BiAIIOBiIHO
Io Teopemu TakeHca. AHazi3 CKIaQHOTO MOBEiHKY 00'€KTa, SIKUH B CBOIO YEPTY BKJIIOYAE XAaO0TUYHi [IPOsIBU
[TIOBOJKEHHS, IPOBOJUTLCS 3a IOKA3HUKAMU KOPEJIALiITHOI pO3MIPHOCTI CUCTEMU, KOPEJIALINHOI €eHTPOIIil
KosnmoropoBa, nokasHuka Xepcra i ppakranbHoi po3amipHOCTi. OTprMaHi pe3yabTaTy J03BOJIUIN 3POOUTH
BHACHOBOK ITPO HasIBHICTb [iJITHOK Y 4aCOBUX PAJAX 3 IPOSIBAMU IE€TEPMIHOBAHOTO MIOBEIHKM i 3 IEPEXOaMU B
XaOTUYHUI 260 CTOXaCTUYHUI PEXUMU, TOOTO YTBOPEHHSIM JIUCUNIATUBHUX IIPOCTOPOBO-YACOBUX CTPYKTYP.
TexHIYHMI KOMIJIEKC IIYKPOBOTO 3aBOZy CUHTE30BAHO 3 CUCTEMOIO CIIIJILHOTO KepyBaHHA. ToMy opraHisaiiisa
pecypco36epiralounx Kepyl4ux BILUIMBIB 32 3aJJaHMMU aTPaKTOPaMu 3abe3redye BioOpakeHHs ONTUMAIbHOTO
pexumy poboTu 06’eKTa. 3 BUKOPUCTAHHSIM CY4aCHUX iHPOPMaLiIHUX T€XHOJIOTINl CTBOPEHO CTPYKTYPY, JITOPUTM
Ta IPOrpaMHe 3a0€3MeYEeHHS CUCTEMU aBTOMAaTH3Aallii yIIPaBJliHHS TEXHOJIOTIYHAM KOMIJIEKCOM LIyKPOBOTO 3aBOJY.
ImiTanifiHe MOZeJII0BaHHS Ta BUPOGHUYI BUITPOOYBaHHS 3aIIPOIIOHOBAHOIO TEXHIYHOIO PillleHHS [TOKa3ajH, 1o
IIOKpaIllyeThCs SIKICTh MPOAYKLi, IiABUILIyeTbCS eeKTUBHICTb BUPOOHULITBA Ha 1,9%, 3MeHIIyeTbCsl €eHEpProBUTpaTa
Ha 3,6%, 3MEHIIYIOTbCS BTpaTy LyKpy Ha 0,08%. Po3pobiieHe ajropuTMiyHe Ta MporpaMHe 3a6e3MedeHHs epeiaHo
10 BIipoBaJKeHH Ha BAT KammnepiBcbkuil LlyKpOBUi1 3aBOJ,. TakoX MaTepiany BUKOPUCTOBYETbCA Y HABYAJILHOMY
npoueci B HallioHasJIbLHOMY yHIBEpCUTETI Xap4OBUX TEXHOJIOTIN. Taka noBifgKa gomaeTtbcs. Kiro4dosi ciosa:
ClLieHapHO-CHHEepreTUyHe KepyBaHHs, aBTOMaTU30BaHUI TEXHOJIOIYHUI KOMILIEKC, SIKiCTh, iHTeJIeKTyasbHa
crCTeMa KepyBaHHs, BifiieHHs nedekocaTypalii, CUCTeMH YIIpaBJIiHHS, LYKOP, ineHTudiKalis, aBToMaTn3alLis,
MaTeMaTHU4HA MOJIeJib, TEXHOJIOTIYHUI TIPOLEC, BEVBIIET IEPETBOPEHHS, MATEMAaTUYHE MOJEIOBAHHS, MOZEJIb,
HEWPOHHI Mepexi.

2. Intellectual scenario-synergistic management of the technological complex of a sugar factory - Qualification
research paper with manuscript rights. Dissertation for obtaining the scientific degree of candidate of technical
sciences in specialty 151 "Automation and computer-integrated technologies" - National University of Food
Technologies of the Ministry of Education and Science of Ukraine, Kyiv, 2023. The work is devoted to the issues of
increasing the efficiency of the technological complex of the sugar factory by determining attractive situationally
significant zones for scenario management tasks, and on the basis of operational intelligent analytical processing
of data to implement effective resource-saving management strategies using intelligent mechanisms. The
technological process of sugar production as a complex object of management, the assessment of the level of
automation systems of diffusion, juice cleaning and evaporation departments is analyzed. The problems of
managing the material flows of the sugar factory are formulated. The prospects for the development of the
technological complex of the sugar factory based on the principles and methods of the modern theory of
automatic management of complex organizational and technical objects are outlined. It was determined that
technological processes of sugar production have characteristic features of complex technological systems, among
which it is worth highlighting the presence of processes with different nature of physico-chemical phenomena,
multifactoriality, non-stationarity, high degree of uncertainty, nonlinearity, complex nature of behavior. Such
features of the object require the application of advanced methods of theory and practice, as well as their
implementation on the basis of modern information technologies. By means of system analysis, expert surveys and



cognitive modeling, priority technical factors that improve product quality, increase equipment productivity and
reduce the specific costs of material resources in sugar production were determined. The analysis of time series of
the main variable processes of defecosaturation was carried out. Time series obtained from a real object were
filtered. Lyapunov indices were determined as a quantitative measure. These indicators are one of the most
important characteristics of the attractor, they allow you to determine: * entropy of the dynamic system; ¢ the
fractal dimension of the attractor; * characteristic time of system predictability; * system behavior. Lyapunov
indices serve as a measure of the chaoticity of a dynamic system. These indicators in the studied time periods
make it clear that the behavior of the system is undefined and chaotic. Reconstruction of chaotic attractors of the
system was carried out in accordance with Takens' theorem. The analysis of the complex behavior of the object
with intermittency, which includes chaotic manifestations, was carried out according to the indicators of
correlation dimension, Kolmogorov correlation entropy, Hurst index and fractal dimension. The technical complex
of the sugar factory is synthesized with a joint control system. Therefore, the organization of resource-saving
control influences according to the given attractors ensures the display of the optimal operating mode of the
object. With the use of modern information technologies, the structure, algorithm and software of the automation
system for managing the technological complex of the sugar factory were created. Simulation modeling and
production tests of the proposed technical solution showed that product quality improves, production efficiency
increases by 1.9%, energy consumption decreases by 3.6%, and sugar losses decrease by 0.07%. The developed
algorithmic and software was transferred to the JSC Kashperiv sugar factory for implementation and is used in the
educational process at the department of automation and intelligent control systems of the National University of
Food Technologies, as evidenced by relevant certificates. Key words: scenario-synergistic control, automated
technological complex, quality, intelligent control system, defecosaturation department, control systems, sugar,
identification, automation, mathematical model, technological process, wavelet transformation, mathematical
modeling, model, neural networks.
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OxopoHHi gokymeHTH Ha OIIIB:

BukoHaHHS
TexHiYHMI KOMILJIEKC LIYKPOBOTO 3aBOZy CUHTE30BAHO 3 CUCTEMOIO CIIIJILHOTO KepyBaHHA. ToMy opranisariid
pecypco3bepiralourx Kepymouurx BIJIMBIB 32 3aJJaHUMU aTpaKToOpaMu 3abe3redye BifoOpakeHHs
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CTPYKTYpPY, QJITOPUTM Ta IPOrpaMHe 3a6e3redyeHHs] CUCTeMU aBTOMAaTHU3allii yIIpaBJiHHS TEXHOJIOTTYHUM
KOMILJIEKCOM LIyKPOBOTO 3aBOfly. IMiTaliiiHe Moie/1I0BaHHS Ta BUPOOHUYI BUIPOOYBaHHS 3aIIPOIIOHOBAHOTO
TEXHIYHOTO pillleHHsI 10Ka3aJIy, 110 [IOKPALYEThCS SKICTbh MPOAYKLIi, MifBUIYyeThCS €(PEKTUBHICTD
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BrnpoBaz>keHHS pe3yJIbTaTiB AHCEPTaLii: [liaHyeTbes 10 BIPOBaIKEHHS

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

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kumensko Bacumnb JIMuTpoBuy

2. Vasil D. Kyshenko

KBasigikamis: . r. u., npodecop, 05.13.07

Imentudikarop ORCID ID: He zactocoyerbcs

JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIiA
Kopg 3a €IPIIOY: 02070938

MicueSHaxo,vieHHﬂ: ByJI. Bononumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH | HAayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Bon6ort Irop MuxaiinoBuy

2. Igor Bolbot

KBasigikamis: n. 1. ., npodecop, 05.13.07
InenTudikarop ORCID ID: 0000-0002-5708-6007
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: HauioHnansHuii yHiBepcuTeT 6iopecypcis i

[IPUPOJOKOPUCTYBAaHHS YKpaiHu



Kopg 3a €IPIIOY: 00493706

Micue3Haxoa KeHHS: By [epoiB O60ponu, 6y1. 15, Kuis, 03041, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Ocapguun Cepriit IBaHoBUY

2. Serhii Osadchyi

KBasigikamis: 1. 1. n., npodecop, 05.13.07

InenTudikarop ORCID ID: 0000-0002-1811-3594

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: JIboTHA aKaziemis HaljioHabHOTO aBialifiHoOro yHiBepcuTeTy
Kopg 3a €IPIIOY: 37939527

Micue3Haxoa>KeHHs: Bys. Crenana Yobany, 1, Kponusuuupkuii, KponiBHuibKuil p-H., 25005, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CmiTiox SIpocnaB Bosogumuposry

2. Yaroslav V. Smityuh

KBasigikanis: k.r.u., nor,, 05.13.07

InenTudikarop ORCID ID: 0000-0001-5124-8653

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: HauioHanbHMil yHIBEDCUTET XapYOBUX TEXHOJIOTI
Kopg 3a €IPIIOY: 02070938

Micuesnaxomxeunﬂ: ByJI. Bonmopumupcska, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Cipneupkunt Bikrop Muxaiinosuy

2. Victor M. Sidletskyi



KBasigikanis: k.r.u., gor,, 05.13.07

InenTudikarop ORCID ID: 0000-0003-2606-3651

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMIl yHIBEPCUTET XapYOBUX TEXHOJIOTIH
Kopg 3a €IPIIOY: 02070938

Micueanaxo;perHﬂ: ByJI. Bonmopumupcska, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Jlyupka Hatanis Mukosnaisna
rOJIOBH pagu

BnacHe IlpizBuie Im's [10-6aTbKOBI Jlyupka Haranis MukonaisHa
rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUM 32 MiATOTOBKY Menbhuk Hartasmis

00JIIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaToJiiBHA

OisIIBHOCTI




