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AHHoTauuA. NHTennexkTyanbHble CUCTEMbI YIPaB/EHUA TEXHONOMMYECKMMM NpOoLLeccamm
Mo3BOJIAKT HAa KA4YeCTBEHHO HOBOM YPOBHE aHaNM3upoBaTh NOCTyMnatoLLylo MHpopMaLuo 06
06BbeKTe yrpaBneHna U BHELUHEN Cpeie U Ha 3TOM OCHOBE MOBbILLATL 3$GEKTUBHOCTL BCEMO
npoussofcTBa. B cTaTbe NpeacTaBneHbl pesynsTaThl UCCAeL0BaHNA, Lieslbio KOTOporo bbina
pa3paboTKa NporpaMMHOI MOLENW UHTENIEKTYaNlbHOW CUCTEMbI YIPaBIIeHUA CII0MHbIMU
npoueccaMu nepepaboTKM MefIKOpyAHOro cbipbA. CAIOKHOCTb NPOLLECCOB 3aK/o4aeTca
BO B3aWMOCBA3M MHOIMMX MePEMEHHbIX, XapaKTepPU3YIOLLMX TEXHOSIOrMYeCKUe arperarhl,
yyacTByloLLMe B nepepaboTKe. MaTeMaTnyecKmMe MofeNn Taknx B3aMMoOCBA3eln NO3BONAIT
C BbICOKOW TOYHOCTbIO OMUCbIBATh NPOLLECChI, HO MPUBOLAT K C/TOMHbIM BbIK/1afiKaM, KoTopble
3aTPYAHUTENIBHO MPUMEHATD B peasibHbIX YCIoBUAX. icnonb30BaHne HOBbIX BbIMUCTUTESTbHBIX
anropuTMOB U3 FPYNMbl UHTENIEKTYasbHbIX METOL0B MO3BOJINII0 MPEOLONETh 3TO 3aTPYAHEHNME,
obecrneymB, C 04HON CTOPOHbI, XOPOLLYI TOYHOCTb PELLEeHWIA, a C ApYror — CAenaB BO3MOMKHbBIM
aBTOMaTM3aLMI0 HACTPOMKM CUCTEMBI YIPaB/IEHUA HA U3MEHAIOLLMECA BXOOHbIE BO3OENCTBUA
1 BHeLHWe ycnoBuA. OcHOBY NpensioxeHHOM NporpaMMHOI Modenn cocTaBnaeT rnybokas
HeMpOHHasA ceTb JOTON KPAaTKOCPOUYHOM MaMATH, peLlaloLLan 3a4advy perpeccum npu aHanmse
BXOLHbIX aHHbIX M pacyeTe ynpaBnAloLLmMX Bo34encTBUA. HoBU3HY pe3ynbTaToB nccie[oBaHuA
COCTaBNAET CTPYKTypa NPOrpaMMHON MOLENN UHTENNEKTYalbHOM CUCTEMBI YNIpaB/eHNA,
BKJII04Al0LL,aA HEMPOHHYIO CETb KaK PerynaTop u nepapxuyecKkyto CUCTEMY HEHYETKOMO BbIBOAA
ANnA 0606LLEeHHON OLEeHKM KayecTB yrpaBneHus. OpuUrMHanbHoOM 0Co6eHHOCTbI0 NPOrPaMMHOM
CTPYKTYpbl ABNAETCA NPUMEHEHNE BbIYUCINTENA NPOU3BOLAHBLIX Pa3HbIX MOPALKOB AJIA
noJayv Ux Ha BXo[ HEMPOHHOM CeTH, YTO CNocobCTBYET pacLUMPEHUIO ee peLenTUBHOIMO
MoJsif U NoBbILLAET TOYHOCTb ee pe3ynbTaToB. AnNpobupoBaHMe NpeasioKeHHOM CTPYKTYpbI
nporpamMMHoi MoZenu nposoaunock B cpeae MatLab-Simulink. PesynstaThl UMUTaLWOHHOMO
3KCMepuvMeHTa Nnokasanu, 4To, B otnmnuune ot MNIO-perynatopa, npuMeHeHue rnyboKoi
HEeMPOHHOW CETU KaK perynATopa No3BoJiAeT YCNeLHO KOMNEHCUPOBATb BIMAHWE BHELLHWUX
¢$aKTopoB Ha Ka4yecTBO yrpaBeHus.
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HEYETKME CUCTEMBI, nepepa60THa MENKoANCINepCcHOro pyaHoro CobipbA
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Abstract. Intelligent process control systems allow analyzing incoming information about
the control object and the external environment at a qualitatively new level and, on this basis,
increasing the efficiency of the entire production. The article presents the results of a study
aimed at developing a software model of an intelligent control system for complex processes of
small-scale ore processing. The complexity of the processes lies in the interrelationship of many
variables describing the technological units involved in processing. An analytical description
of such interrelations allows describing processes with high accuracy, but leads to complex
calculations that are difficult to apply in real conditions. The use of new computational algorithms
from the group of intelligent methods made it possible to overcome this contradiction, ensuring,
on the one hand, good accuracy of solutions, and on the other hand, making it possible to
automate the adjustment of the control system to changing input effects and external conditions.
The basis of the proposed software model is a deep neural network of long short-term memory,
solving the regression problem when analyzing input data and calculating control effects. The
novelty of the research results is the structure of the software model of the intelligent control
system, including a neural network as a regulator and a hierarchical system of fuzzy inference for
a generalized assessment of the control qualities. An original feature of the software structure
is the use of a calculator of derivatives of different orders to feed them to the input of the neural
network, which helps to expand its receptive field and increases the accuracy of its results.
Testing of the proposed structure of the software model was carried out in the MatLab-Simulink
environment. The results of the simulation experiment showed that, unlike the PID controller, the
use of a deep neural network as a regulator allows for successful compensation of the influence
of external factors on the quality of control.
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BeepneHne
EXHOJIOTHYECKHE MPOIECCh Iepepa-
OOTKH METKOPYIHOTO (METKOAUCIIePC-
HOTO) CBIPbSl XapaKTEPUYIOTCS Kak
OOJIBIIMM PACXOJOM HETIOCPEICTBEHHO Ca-
MUX PYIHBIX PECYpCOB, TaK M 3HAYUTEIb-
HBIMU 3aTpaTaMU TEIJIOBON W dJIEKTpUYe-

ckoif sHepruu [1, 2]. 3T0 006CTOATETHCTBO
MPUBOANT K HEOOXOAMMOCTH 00€CIIeUnBaTh
BBICOKOE Ka4eCTBO yNPaBICHUS TEXHOJIOTU-
YECKMMU arperaraMu U MpoleccaMu, Tak
KaK J1aykKe€ HE3HAYUTEIIbHbIE OTHOCUTEIbHBIC
OTKJIOHEHHS OT ONTUMAJIbHBIX PEXKUMOB UX
paboThl CIOCOOHBI TPUBECTH K CYIIECTBEH-

Jla6opaTopua B> MopenupoBaHue NpoLIECCOB U CUCTEM
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