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2. Control System for a Beet Pulp Drying Complex with a Decision Support Subsystem

Pedepar:

1. Y nuceprauiiiniii pob0Ti po3B’s13aHO HAyKOBO-TIPMKJIATIHY 3a/1a4y MiJIBUIIEeHHS € PEeKTUBHOCTI KepyBaHHS
IIPOLIECOM CYIIIHHS JKOMY B YMOBAaX iHEPLiHHOCTI TEXHOJIOTTYHOrO MPOLECY, 3MIHHOCT] XapaKTEPUCTHK CUPOBUHU
Ta BiICyTHOCTI 3aC006iB 6€3[1epePBHOrO MPSIMOTO BUMiPIOBAaHHS BUXiIHOI BOJIOTOCTi. Y poOOTi MPOBEIEHO aHai3
SKOMOCYIINJIBHOTO KOMILTIEKCY SIK 00’€KTa KEPYBaHHS Ta IOCJIiI>KEHO 0COGIMBOCTI TEIIIOMacOOOMIHHUX IIPOLIECB,
TPaHCIOPTHUX 3alli3HeHb, IHEPLiMNHOCTI Ta HEeJiHIMHUX 3a71€e>)KHOCTEN MK TEXHOJIOTIYHUMU IapaMeTPaMU.
[TokaszaHo, 110 iCHYI0Ui NigX04M 10 KOHTPOJIIO BOJIOTOCTI )KOMY XapaKTepU3yIOTbCsl 3HAYHUMU YaCOBUMU
3aTPUMKaMU Ta He 3a0€3I1e4yI0Th ONePAaTUBHOIO KEPYBAHHS MIPOL,ECOM CyMiHHSI. OGI'PYHTOBAHO NOLi/IbHICTh
BHUKOPHCTaHHS MiTXOiB, [0 6a3yI0ThCS Ha aHaJli3i BUPOOHNYNX IAaHUX. PO3pO6IEHO METOIMKY TiIrOTOBKH
TEXHOJIOTIYHUX JIaHUX, sIKa BKJIIOYAE iX 36ip, OUMILEHHS, CTPYKTYpHU3aliio Ta GOPMYyBaHHS PO3LIKPEHOTO IIPOCTOPY
03HAaK 3 ypaxyBaHHSM 4aCOBUX 3aJIeKHOCTeN Ipolecy. Po3po6sieHo KackaiHy MOJieJlb IPOTHO3YBaHHS
TEXHOJIOTIYHMX [TapaMETPIiB HAa OCHOBI METOIiB MAIIMHHOIO HaBYaHHS, y 4Kl Ha IIEPUIOMY €Talli 3[iICHIOETbCS

IIPOTHO3yBaHHS TEMIIEPATYPU Ha BUXO[li CyIIMJILHOTO 6apabaHa, a Ha ApPyromMy — IPOTHO3yBAaHHS BOJIOTOCTi )KOMY 3



BUKOPUCTAHHSM OTPUMAHOTrO [IPOTHO3Y TeMIiepatypu. [IpoBeieHO aHasli3 BaXXJIMBOCTi O3HAK Ta OLiHEHO TOYHICTb
Mopenei 3a nokadHukamu MAE, RMSE ta koedinienToM getepminatiii, mo migTBepanio MOKIUBICTD iX
IIPAKTUYHOTO BUKOPUCTAHHA. JI7151 pOpMyBaHHS KEPYIOYMX PEKOMEHAILiH PO3POOJIEHO MMiCUCTEMY MiITPUMKU
IPUMHATTS pillleHb Ha OCHOBI HEYITKOI JIOTiKY, sIKa BUKOPHUCTOBYE ITPOTHO30BaHI 3HAYEHHSI TEMIIepaTypH Ta
BOJIOTOCTI /1J11 BUBHAYE€HHSI PEKOMEH/I0BAHOI II01a4i )KOMY [I0 CylIMJIBHOTO 6apabaHa. 3alipONOHOBAHO CTPYKTYPY
CHACTEMMU KEPYBAHHS )KOMOCYIIMJILHUM KOMIIJIEKCOM i3 iHTEerpali€lo NifiCMCTeMH NMiATPUMKY IPUNAHSTTS PilleHb y
IIPOMUCJIOBY iHQpacTpPyKTypy nianpuemctsa. PeanizoBano B3aemogito Mk PLC, Node-RED, InfluxDB, Grafana,
aHasiTn4HUM Monysiem Python ta SCADA-cucremorlo, mo 3abesnedye 36ip, apXiByBaHHsI, IPOTHO3yBAaHHS,
dhopmMyBaHHS peKOMEeHalliil Ta iX Bifo6paskeHHs orepaTopy. 3alpollOHOBaHa CUCTeMa peastizye IPUHLINII
BUIIEPE/I>KYyBaJIbHOTO KEPYBaHHSI Ta KOHLETIIiI0 «OIIEPATOP Y KOHTYPi», 1[0 [03BOJISIE MiABUILATHA OOI PYHTOBAHICTh
IPUMHATTS pillleHb 6e3 BTpy4aHHs y 6a30Bi KOHTYPU aBTOMATUYHOTO PEryyioBaHHS. Pe3yabTaTtu
€KCIIEpUMEHTAJIbHUX JOCTIIKEHb Ha PeaJIbHUX BUPOOHUYMX JAHMX I10Ka3aJlHy, 110 IPOTHO3YBAHHS 3 TOPU3OHTOM 10
30 XB € IOCTaTHIM [1J1s1 IPaKTUYHOTO BUKOPUCTAHHSI Ta O3BOJISIE MiTBUIUTU CTAGIMBHICTh TEXHOJIOTIYHUX
IIapaMeTpiB, SIKiCTb TOTOBOTO MPOAYKTY Ta 3HU3UTHU MMUTOMI BUTPaTU €HepreTUYHUX pecypciB. OpepskaHi pe3yibTaTu
MO>XYTb 6YTY BUKOPUCTaHIi IPU MOJI€PHI3allii iCHYI0UMX CUCTEM aBTOMATHU30BAaHOTO KEPYBAHHS CYIINIbHUMU
KOMIIJIEKCAMM Ta B iHMINX iHEPIUIMHUX TEXHOJIOTIYHUX MPOLIECax 3 0OMEKEHOI0 BUMiPIOBAHICTIO BUXITHUX
rapaMeTpiB.

2. The dissertation solves the scientific and applied problem of improving the efficiency of automated control of
the beet pulp drying process under conditions of process inertia, variability of raw material characteristics, and the
absence of continuous direct measurement of the output moisture content. The study analyzes the beet pulp
drying complex as a control object and investigates the features of heat and mass transfer processes, transport
delays, inertia, and nonlinear relationships between technological parameters. It is shown that existing approaches
to moisture control are characterized by significant time delays and do not provide effective real-time control of
the drying process. The feasibility of using approaches based on industrial data analysis is substantiated. A
methodology for technological data preparation has been developed, including data collection, cleaning,
structuring, and the formation of an extended feature space considering the temporal dependencies of the
process. A cascade forecasting model of technological parameters based on machine learning methods has been
developed. At the first stage, the model predicts the outlet temperature of the drying drum, while at the second
stage it predicts beet pulp moisture using the obtained temperature forecast. Feature importance analysis was
performed, and the model accuracy was evaluated using MAE, RMSE, and the coefficient of determination,
confirming the possibility of practical application. A decision support subsystem based on fuzzy logic has been
developed to generate control recommendations using forecasted temperature and moisture values in order to
determine the recommended beet pulp feed rate to the drying drum. The structure of an automated control
system for the beet pulp drying complex with integration of the decision support subsystem into the industrial
infrastructure of the enterprise has been proposed. Interaction between PLC, Node-RED, InfluxDB, Grafana, the
Python analytical module, and the SCADA system has been implemented, providing data acquisition, archiving,
forecasting, recommendation generation, and visualization for the operator. The proposed system implements the
principle of predictive control and the “operator-in-the-loop” concept, which improves the validity of decision-
making without interfering with the basic automatic control loops. The results of experimental studies based on
real industrial data showed that forecasting with a prediction horizon of up to 30 minutes is sufficient for practical
application and allows improving the stability of technological parameters, product quality, and reducing specific
energy consumption. The obtained results can be used for modernization of existing automated control systems
for drying complexes, as well as in other inertial technological processes with limited measurability of output

parameters.
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