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AHHoTaums. [pefcTaBneHbl pe3ynbTaThbl UCC/IEA0BAHMA, LIENbI0 KOTOPOro ABMAIOC CO3AaHUe
WHTeNNeKTYanbHOM CUCTEMbI MALLIMHHOMO 06yYeHus AS1F MOLAeIMPOBaHWA NPOLLeCCOB arfioMepaLmm
LUMXTbI Npy 0bpaboTke docdaTHOro pyaHoro ceipbA. AKTyaNlbHOCTb UcCiefoBaHWA 060CHOBaHa
He06X0AMMOCTbIO COBEpPLLEHCTBOBaHNA MHPOPMALMOHHOro obecrneveHVA NPOLLECCOB yNpaBieHna
TEXHOJI0MMYECKUMI CUCTEMAMU B YCII0BUAX LMPPOBOI TpaHChopMaLmMm NPOM3BOACTBEHHON Cpebl,
NMpPOBOAMMOM B paMKax YeTBEPTOM NPOMbILLIEHHOM PEBOIOLUM U XapaKTepu3yemMon MaccoBbIM
BHEAPEHMEM HAYCTPUaNbHOMO MIHTepHeTa BeLLei, YTo NPUBOOMT K TaBUHOOBPa3HOMY yBENTNYEHMIO
06BEMOB TEXHONIOMMYECKMX [aHHBIX. VX 06paboTKa coBpeMeHHbIMM MeTo4aMu aHanun3a, B TOM Y1ce
MeToAaMW UCKYCCTBEHHOMO MHTESNIEKTA, CNOCOBHA MOBLICUTL KAYECTBO NMPUHUMAEMBIX PELLEHUI
1 06ecrneynTb KOHKYPeHTHbIE NpenMyLLiecTBa. HayyHylo HOBU3HY pesynbTaToB UcciieoBaHuA
COCTaBJIAET CTPYKTYpa NPenSIoKEHHOW rMOPUAHOM UHTENNEKTYaNbHOW CUCTEMbI MALLMHHOMO
06yyeHus AnAa MogenupoBaHua npoueccoB 06paboTkm GocdaTHOro pyaHOro Chipbs, B OCHOBE
KOTOPOW NEMUT COBMECTHOE MPUMEHEHWE AMHAMUYECKON MOAENM arfloMepaLMoHHOro npowecca
B cpeae Simulink v rny6oKoi HepoOHHOM ceTW. APXUTEKTYpa HEMPOHHOM ceTy pa3paboTaHa C y4eToM
cneuunrKM MaTeMaTUYECKOr0 ONMCaHUA NPOLLeCca arfoMepaLm U BKII0YaeT BXOAHbIE NMOSIHOCBA3HbIE
crlou, NPUHUMaIOLLIME pe3ybTaThbl U3MEPEHUI NepeMeHHbIX TEXHOMOMMYECKOr0 MPOLLECCa, a TaKKe
PERYPPEHTHbIV C/1014, 0bpabaTbIBaloLLMii 06beAeHHYI0 NOCIeA0BaTENbHOCTb C BbIXOA0B MOSHOCBA3HBIX
cnoes. NHTerpauma Simulink-Moaenu 1 rny6oKon HeMPOHHOM CETU ienaeT BO3MOMKHBIM ObICTPYIo
afanTaumio UHTEeIEKTYanbHON CUCTEMbI NOA KOHKPETHYIO arfiIoMepaLMOoHHY0 MaLUMHY 3a cHeT
NPUMeHeHUA ABYX3TarnHow npoLeaypbl MaLLMHHOMO 06yYeHNA: CHaYana Ha UMUTALMOHHOM MOAeNu
Simulink, a 3aTeM Ha peanbHOM 0bBbeKTe. YunTbIBaA 3HAUUTESNIbHYIO MHEPLMOHHOCTL NPOLLECCOB,
CONPOBOXAAOLLNX arfioMepauuio, Tako noaxon obecneymMBaeT onepaTUBHOE U3MEHEHUE
HaCTPOMKM MMOPULOHON UHTENNIEKTYaIbHON CUCTEMbI MALLMHHOMO 06y4eHMS NOA HOBbI COCTAB ChipbA
W TeXHONOrMYeCcKMe NapaMeTpbl. PaspaboTaHa nporpaMMa, NpeocTaBnAoLLan yaobHbIN rpadmyeckuin
nHTepdenc 4nA NoAroToBKU U MPUMEHEHUA UHTENIEKTYaslbHON CUCTEMBI, @ NPoBedeHHbIe
WMUTaLMOHHBIE KCMEPUMEHTbI MOKa3asnu, YTo npoLecc ee fooby4eHWA Mo HoBble TEXHOOrMYeCKMe
napameTpbl NPOXOAUT 3HAUYUTESIbHO bbiCTpee NepBUYHOIro 06yYeHUA NpPY COXPaHEHUW BbICOKOM
TOYHOCTW NOJTyYaEMbIX Pe3YIbTaTOB MOOE/IMPOBaHMA.

KnioueBble cnoBa: nepepaboTka pyaHoro chipbA, LMGPOBbIE MOLENM arfloMepaLm, MHTENNEKTYanbHbIE CUCTEMB
MaLLMHHOr0 0BYy4eHNA, FyOOKKE PEKYPPEHTHBIE HEMPOHHBIE CETU, CUCTEMBI YNIPaBIIEHUA TEXHONOMMYECKMM
npoueccamu
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Abstract. The results of a study are presented, the purpose of which was to create an intelligent
machine learning system for modeling the processes of charge agglomeration during processing
of phosphate ore raw materials. The relevance of the study is justified by the need to improve the
information support of technological systems management processes in the context of the digital
transformation of the production environment, carried out within the framework of the Fourth
Industrial Revolution and characterized by the massive introduction of the industrial Internet
of things, which leads to an avalanche-like increase in the volume of technological data. Their
processing using modern analysis methods, including artificial intelligence methods, can improve
the quality of decisions made and provide competitive advantages. The scientific novelty of the
research results is the structure of the proposed hybrid intelligent machine learning system for
modeling phosphate ore processing processes, which is based on the joint use of a dynamic model
of the sintering process in the Simulink environment and a deep neural network. The architecture of
the neural network was developed taking into account the specifics of the mathematical description
of the agglomeration process and includes input fully connected layers that receive measurement
results of process variables, as well as a recurrent layer that processes the combined sequence
from the outputs of fully connected layers. The integration of a Simulink model and a deep neural
network makes it possible to quickly adapt an intelligent system to a specific sintering machine
through the use of a two-stage machine learning procedure - first on a Simulink simulation model,
and then on a real object. Taking into account the significant inertia of the processes accompanying
agglomeration, this approach ensures prompt changes in the settings of the hybrid intelligent
machine learning system for the new composition of raw materials and technological parameters.
A program has been developed that provides a convenient graphical interface for preparing and
using an intelligent system, and simulation experiments have shown that the process of additional
training for new technological parameters is much faster than initial training while maintaining
high accuracy of the obtained modeling results.
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BeepneHue docdop), BocTpedboBaHa BO MHOTHX OTPaCIIsiX
ponyKIus, monydaemast u3 Gocdar- MPOMBIILICHHOCTA U CEIbCKOTO XO3SHCTBA.
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