O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMEP: 0825U002580
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamnii: 02-07-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OmenbueHko OnekcaHap CraHiciaBoOBUY

2. Oleksandr S. Omelchenko

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cHIeniaIbHOCTI: 151

Ha3Ba HayKoBOIi CIeniaIbHOCTI: ABTomMaTH3allis Ta KOMITIOTEPHO-HTErPOBaHi TEXHOJIOTI

FaJIy3b / ralesi 3HaHb: aBTOMAaTU3allisl Ta NPUIALO0yAyBaHHS

OCBiTHbo—HayKOBa mporpama 3i CIeniaJIbHOCTI: ABToMaTu3allis Ta KOMII'IOTEPHO-iHTErpoBaHi

TEeXHOJIOTi]

Jara 3axHcTy: 28-08-2025

CrneniaJbHICTh 32 OCBITOIO: ABTOMaTH3allisl Ta KOMIT'IOTEPHO-iHTErPOBaHi TEXHOJOTi

Micue po60oTH 34,00yBaya: ToBapuCTBO 3 06MEXKEHOIO BiNoBiganbHicTIO «Enam aifpkurans

Kopg 3a €IPIIOY: 44420385

Micue3HaxoaKeHHS: ByJ. [IpaxoBux Cim'i, 6ynunok 54, Kuis, 01033, Ykpaina

dopma BsracHOCTI: IIpuBarHa,/HenepkaBHa
Cdepa ynpasiriHHS:

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYU€HOI pagHy (pa30Boi creniaai3oBaHOi BYEHOI pagu). PhD 10011
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMIl yHIBEPCUTET XapYOBMX TEXHOJIOTIH
Kopg 3a €IPIIOY: 02070938

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

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

Micue3HaxoaKeHHS: ByJI. Bonmonumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau remaTHYHHX py6an: 28.23.29, 28.23.35, 50.47, 65.45

Tema gucepranii:
1. ABTOMaTM30BaHa CUCTEMA MOHITOPUHIY [IPOLECiB BUPOOHULITBA CIIUPTY Ta 6i0€TaHOJIY HA OCHOBI BipTyasIbHUX
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Pedepar:

1. PoboTa npucasueHa nifiBuileHHI0 e(peKTUBHOCTI CUCTEMU aBTOMATHU30BaHOI'O MOHITOPUHTIY Ta KEpyBaHHS
TEXHOJIOTIYHUMHU NIPOLIECaMHU CIIUPTOBOi IPOMUCIIOBOCTI, 30KpPEMA BUPOOHHULITBA CIIUPTY Ta 6i0€TAHOJTY IIJISIXOM
BUKOPUCTaHHS BipTyaJbHUX iIHCTPYMEHTIB KOHTPOJIIO. B riepimomMy po3pijii Ha OCHOBI aHasi3y HayKOBOI JIiTepaTypu
PO3IJISIHYTi 0COOJIMBOCTI TEXHOJIOTIYHUX IIPOLieCiB BUPOOHUIITBA CIIUPTY Ta 6ioeTaHOJ1y, KJIIOYOBi TpobieMu
aBTOMaTHU3alil Ta epCreKTUBY BIIPOBAJ)KEHH iHHOBaLil IHaycTpii 4.0. BignoBigHO 10 BUSABIEHUX ONTUMI3ALiMHAX
po6JieM 31iICHEHO MTOCTAaHOBKY 337124 JOCJIiIPKEHHS, 1110 BKJIIOYa€ PO3POOKY MAaTEMATUYHUX MOJEJIel, CUHTE3
BipTyaJIbHUX CEHCOPIB Ta aBTOMATU30BAHOI iHTEJIEKTyaIbHOI CUCTEMU KEPYBaHHS IIPOLi€CaMU CIIUPTY Ta
6ioeTaHoiy. Y Ipyromy posfiiji MpoBeJeHO CUCTEMHUI aHalli3 TEXHOJIOTIYHUX BifJliJleHb CIMPTOBOIO BUPOOHHULITBA
Ta PO3POO6JIEHO MPUKJIAJIHY OHTOJIOTII0 MAaTEMAaTUYHUX MOZEJIEN, Y MEXKax SIKOi NOCIIiIP)KEHO BUKOPUCTaHHS
BipTyaJIbHUX CEHCOPIB [1JIs1 MOHITOPUHIY TEXHOJIOTIYHMX 3MIHHUX 3 ypaXyBaHHAM BiJIIOBIZHOCTI iCHYIOYMX MOJEJeN

IIO TIOCTaBJIEHUX 337124 JOCJIiI>KEeHHsI. 3alIpONOHOBAHO aJrOPUTM Ha OCHOBI Gaussian Mixture Model mis



BUSIBJIEHHS O3HAaK HECTabiJIbHOCTI TEXHOJIOTIYHUX MIPOLIECIB B p€aIbHOMY 4Yaci. Y TPETbOMY PO3/ijli BAKOPUCTAHO
NARX-mopesni 1714 IpOrHo3yBaHHS HEBUMIPIOBAaHUX 3MIHHUX, 1O O3BOJIMJIO NOSICHUTHU 99% Bapialil 1inboBoi
3MiHHOI IIPM IIPOTHO3YBaHHi KOHLEHTpAaLii eTaHoJy. byJslo JOCIiIKeHO BIUIMB 3MiHU rineprnapamMeTpiB NARX-
MOJIeJIEN Ha iX MPOJYKTUBHICTh. Takoxk 6ys10 BUKOHAHO NopiBHAHHA MeToziB XGBoost, Decision Tree, Gradient
Boosting, RNN Ta NARX 717151 MOHITOPHHTY POGOTH Ta KOMIIEHCALii BiiMOBU CEHCOPiB. 30Kpema: ® MOJIe/II0BaHHS
JIaT4vKa BUTpaTy Opaxkku i3 TouyHicTio R?=0,96; * Moze/t0BaHHS TUCKY B KOJIOHI 6PaXkKU i3 TOuHicTIO0 R?=0,98; ¢
nepenoadyeHHs TEMIIEPAaTyPHOro ceHcopa i3 TouHicTio R?=0,972. Po3po6sieHo ajirOpuTMHU ONTUMIi3allii pe>KuMiB
po60TH 6POIUIIBHOTO BillIiJIEHHS 3 BUKOPUCTAHHSIM JIEPEB PETpecii 1 MOIIYKYy ONTUMAJIbHUAX HAJIAMITYBAHb
BiITIOBiTHO [10 TIOCTaBJIEHOI ONTUMI3aLIiIHOI 334a4i, 1110 [O3BOJINJIO MiIBUIIUTY BUXIi] €TaHOJy Ha 8,4% abo
CKOPOTUTHU 4ac 6poniHHA Ha 12,2%. V yeTBepTOMY PO3[ijli peasyi3oBaHO iHTeJeKTyalbHy CUCTEMY KEPYBAHHS 3
BUKOPUCTAHHSIM MeTogiB Reinforcement learning. Hatikpauii pesysibTaTu nokasas areHT Soft Actor-Critic (Entropy
weight 1), o 3a6e3neYnB BUCOKY TOUHICTb peryoBaHHs (<0,1%), HU3bKy JUHaAMiuHy OXUOKY (21-26% Bif
11i7IbOBOTO 3HAY€HHSI) i HAalIMEeHIIly CyMapHYy IIOMUJIKY 3a iHTerpajbHO-KBaJpaTUYHUM Kputepiem. Byso
3aIIPOIIOHOBAHO apXiTEKTyPy aBTOMAaTU30BaHOI CUCTEMU MOHITOPUHIY 3 BAKOPUCTAHHSM BipTyaJIbHUX CEHCOPIB i
IIPOrpaMHO-TeXHIYHUX KoMIeKciB Unity Pro, Node-RED, InfluxDB, Grafana Ta iHCTpyMeHTiB MalIMHHOTO
HaBYaHHS. 3alpoINIOHOBaHAa apxiTeKTypa 3abe3Ieuye iHTerpaliio BipTyaJbHUX iIHCTPYMEHTIB Y BUDOOHNYY CUCTEMY
Ta 0OMiH iHpopmaliielo B peasibHOMY 4Yaci. HaykoBa HOBU3HA pOOOTH NOJIsAIra€e B po3pooLii HOBOi KOHILIENIIii
aBTOMAaTM30BaHOI CUCTEMU MOHITOPMHIY Ta KEPYBAaHHS BUPOOHMYMMMU NIPOL€CaMU CIIMPTY Ta 6i0€TaHOJIy Ha OCHOBI
BipTyaJIbHUX iHCTPYMEHTIB KOHTPOJIIO. 3alIPOIIOHOBAHO OHTOJIOTIYHY CTPYKTYPY MOJEEN i3 BKIIOYEHHAM
BipTyaJIbHOT'O CEHCOPA SIK KJIIOYOBOTO €JIEeMEHTA [1J1 IPUUHSATTS pillleHb. B poOOTi 3HANIIIM OJAJIbIINK PO3BUTOK
CHACTEMU MOHITOPUHIY Ta aBTOMAaTU30BaHOI0 KEPYBaHHS TEXHOJIOTTYHMMH MTPOLLECAaMU BUPOOHUIITBA CIUPTY Ta
6ioeTaHOJIy, IO 3aCHOBAHi HA BUKOPUCTAHHi BipTyaJIbHUX CEHCOPIB i MaTeMaTMYHUX MOJIEJISX, SIKi 3[[iICHIOIOTh
aHaJli3 CTabiIbHOCTI IPOLIeCiB, IPOTHO3YBaHHS Ta ifeHTUdIKallilo KII0YOBUX IIapaMeTpiB Ha OCHOBI CYIyTHIX
3MiHHUX, ONITUMI3allil0 PeXXUMIB Ta iHTeJIeKTyasIbHEe yIpaBJliHHA. Brepie cqpopMOBaHO OHTOJIOTIYHY CTPYKTYPY
MaTeMaTU4YHUX MOJIeJIel TEXHOJIOTIYHUX NPOLECIB i3 BKJIIIOYEHHSM BipTYaJIbHOTO CEHCOPA SIK KJII0UOBOTO €JIEMEHTA,
KA CJIyTye iIHCTPYMEHTOM MigTPUMKU MPUIHSATTS pillleHb Mifl Yac BUOOPY aIeKBATHUX MOjieJieil, 3abe3nedye
LinicHu# nigxiz Ko ix knacudgikaii Ta aHasi3y, CKoOpodye yac IOLIYKY peJjleBaHTHUX pillleHb i IoJIeruye iHTerpartio
HOBUX 3HaHb y HasIBHiI CUCTEMU MOJe0BaHHS. [IpakTU4He 3HaU€HHs1 OTPUMAaHUX PE3YJIbTAaTIB [10J1ra€e y CTBOPEHHI
€(EeKTUBHMUX IHCTPYMEHTIB NiITPMMKU MPUIAHSTTS pillleHb i MigBUIIEHHS HAAIMHOCTI BUPOOHULITBA CIIUPTY Ta
6ioetaHosy. Po3po6sieHa OHTOJIOTIS MaTeMaTUYHUX MoZesiell 3a6e3redye 3py4Hy CTPYKTypHU3allilo 3HaHb Ta
IIBAJIKUH OCTYII 10 PeJIeBAaHTHUX IiZX0MiB MOZeI0BaHHs. Mogesnp kinacudikaliii o3Bosisie ornepaTuBHO
OLIiHIOBAaTU CTa0/IbHICTD IIPOLIECIB B peaIbHOMY 4aci, BUSIBJISIIOYM HECTAOIIbHICTh HA PaHHIX eTanax. 3acToCyBaHH
MAaIIMHHOTO HAaBYaHHS 118 [lepei6adeHHs] HeBUMIpIOBaHMX 3MiHHUX NifBuILye iHpopMaliliHy 06i3HaHICTb [IPO CTaH
00'eKTa Ta [103BOJISIE€ 3BMEHIIUTU TEXHOJIOTiYHi BTpaTh. OnTUMIizallifiHi aIrTOpUTMU 3a0€311eYyI0Th THY4YKe
HaJIAIITYBaHHS PE>KUMIB BiITIOBIHO [10 3MiHU CHPOBUHHU. [HTEJIEKTyabHA CUCTEMa KEPYBAHHS Ha OCHOBi RL-
areHTiB 3a6e3ne4yye BUCOKY TOUHICTb PETYJIIOBAHHY i CTabibHICTL pO60TU 06s1agHaHHS. OTpUMaHi pe3yabTaTu
3HANIIIIM [IPAKTHUYHE 3aCTOCYBaHHS B OCBITHPOMY IpOLieci Kadepy aBTOMATHU3aLlil Ta KOMITIOTEPHUX TE€XHOJIOTIN
CHCTEM yIpasiliHHA iM. Tpod. A.I1. JlanaHoka Ta B yMOBaxX BUPOOHUIITBA Ha «MapuiliBCbKOMY CIIMPTOBOMY 3aBO[Ii»,
11O MiATBEPIKYE iXHIO IPUKJIALHY LiHHICTb.

2. The study is dedicated to enhancing the efficiency of the automated monitoring and control system of
technological processes in the ethanol industry, particularly in the production of ethanol and bioethanol, through
the use of virtual control tools. In the first chapter, based on an analysis of scientific literature, the features of
technological processes in ethanol and bioethanol production, key automation challenges, and prospects for
implementing Industry 4.0 innovations are examined. According to the identified optimization challenges, the
research objectives are formulated, including the development of mathematical models, the synthesis of virtual
sensors, and the creation of an automated intelligent control system for ethanol and bioethanol production
processes. In the second chapter, a systemic analysis of technological units in ethanol production is conducted,
and an applied ontology of mathematical models is developed, within which the use of virtual sensors for



monitoring technological variables is studied, taking into account the suitability of existing models for the research
objectives. An algorithm based on the Gaussian Mixture Model was proposed for real-time detection of indicators
of technological process instability. In the third chapter, NARX models are used to predict unmeasurable
parameters, allowing for the explanation of 99% of the variation in the target variable when forecasting ethanol
concentration. The impact of NARX model hyperparameter variations on their performance is investigated. A
comparison is made between XGBoost, Decision Tree, Gradient Boosting, RNN, and NARX methods for monitoring
system operation and compensating for sensor failures. Specifically: *» modeling the mash flow rate based on other
sensor readings achieved a coefficient of determination R? = 0.96; * forecasting pressure in the concentration
column reached R? = 0.98; » temperature sensor prediction yielded R? = 0.972. Algorithms have been developed for
optimizing the operating modes of the fermentation section using regression tree models to find optimal process
settings according to the defined optimization task, enabling an average increase in ethanol yield by 8.4% or a
reduction in fermentation time by 12.2%. In the fourth chapter, an intelligent control system based on
Reinforcement Learning methods is implemented. Among various agents, the Soft Actor-Critic (SAC) agent with
Entropy weight 1 demonstrated superior performance, ensuring high control accuracy (<0.1%), low dynamic error
(21-26% of the target value), and the lowest total error according to the integral squared error criterion. The
architecture of an automated monitoring system for ethanol and bioethanol production was proposed, integrating
virtual sensors and implemented using software and hardware platforms such as Unity Pro, Node-RED, and cloud-
based tools (InfluxDB, Grafana, Grafana Machine Learning). This architecture enables the incorporation of virtual
instruments into the production system and facilitates real-time exchange of production data. The scientific
novelty of the study lies in the development of a new concept for automated monitoring and control of ethanol and
bioethanol production processes based on virtual control tools. For the first time, an ontological structure of
mathematical models for technological processes has been formulated, incorporating the virtual sensor as a core
element. The study advances methods for creating virtual sensors using machine learning to estimate and predict
key parameters in dynamic systems, allowing for fault detection, data loss compensation, and improved control
reliability. The practical significance of the research is reflected in the creation of decision support tools and the
increased reliability of technological systems in ethanol and bioethanol production. The proposed solutions enable
effective compensation for sensor failures, optimization of operating modes, and intelligent control of non-
stationary processes. The results have been practically implemented in industrial conditions at Marylivsky
Distillery and in educational practices at the Department of Automation and Computer-Integrated Control
Systems named after Prof. A.P. Ladanyuk.
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