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AHHoTauus. MpefcTaBneHbl pesynsTaThbl UCCeA0BaHWM, LieSbio KOTOpbIX bbina paspaboTka
MHOMOYPOBHEBbIX aNIFOPUTMOB MPUHATUA PELLIEHUI MO YNPAB/IEHWIO SHEPTrETUHECKON U peCypCHOM
3G PEKTUBHOCTBIO, TEXHOMEHHOM U 3KOJIOrMYECKOM 6e30MacHOCTLI0 KOMIIEKCHOM MHOrOCTaaMMHOM
cucTeMbl nepepaboTKku MenKogucnepcHoro pygHoro cbipba (MCIMMPC). OTnuuuTenbHowm
0CO6EHHOCTbIO TaKOM CUCTEMbl ABNAETCA €e MHOFOMEePHOCTb M MHOrOMaclUTabHOCTb,
NPOABNAKLLAACA B HAJIMYMM [OBYX BapMaHTOB peann3aumu TeXHONOrMYEeCKMX NpoLeccoB
nepepaboTN MeTKoAUCNepPCHOro pyaHoro ceipba (MPC), He06X0AMMOCTU yyeTa B3aMMOLENCTBISA
BXOZALLMX B CUCTEMY arperaToB, a TaK¥He nepapxum onmMcaHnA NpoL,eccoB, NPOTEKAOLLMX B HUX, —
MeXaHU4eCKMX, TeNodU3nNYHeCKUX, MAPOaAUHAMUYECKIMX, GU3MKO-XMMUYeCKMX. Takoe pasHoobpasue
MPOLLECCOB XapaKTepU3yeT MEKAUCLUMMIIMHAPHOCTb UCCIe[0BaHUM U CJIOKHOCTb MOJTyYeHUA
aHaNUTUYEeCKMX, B3aMMOYBA3aHHbIX MaTeMaTUYeCKMX Modesien. 3Ta CUTyauma MHCIMpupoBana
NpMMeHeHWe 4NA ONMCaHNA W aHanM3a NpPoL,eccoB MeToAbl UCKYCCTBEHHOMO MUHTEIEKTA, TaKue
KaK rnyboKoe MalLMHHOe oby4yeHue 1 HeveTKana noruka. HayuHas coctaBnAioLLan pesynsraTtoB
1ccnedoBaHWA 3aKsTiovaeTcA B paspaboTaHHo 0606LLeHHon cTpyKType MCIMPC, KoHuenTyasnbHoM
OCHOBE MHOMOYPOBHEBbIX 27IFOPUTMOB OLLEHKM W MPUHATUA PELLEHII M0 OMTUMAarbHOMY YrPaBIeEHNIO
3TOM CUCTEMOMN, NpeasIoHEHHOM COCTaBe NapaMeTpoB U popMe KpuTepua onTuMM3aumum. 3adaya
nccnefoBaHMA COCTOANA B MPOBEAEHWUWN aHa/IM3a BO3MOXKHbBIX BapuaHTOB nepepaboTku pyaHoro
Cbipbf, BblpaboTKe KoHLenumu nocTpoeHmsa MCIMPC, oonycKatoLein Bo3MOMKHOCTb ONTUMM3aLmm
ee GYHKLMOHMPOBAHWA MO KpUTEPUIO 3HepropecypcoddGeRTUBHOCTM Npu obecneyeHnm TpeboBaHU
3Konornyeckom 6esonacHocTu. AHOHCMPOBAHO NPUMEHEHNE 3BOJTIOLMOHHBIX afrOpUTMOB AS1A
peLleHuna 3aga4m ontummsaumm MCINIMPC no Kputepuio MUMHUMYMa 3HepropecypconoTpebneHus
N KOHKPEeTU3MpPOBaHbl ee 3Tanbl. [peacTaBneHa CTPYKTypa 6/10Ka HepoHeYeTKOro aHanusa
nHpopMaumm o napameTpax npoueccos B MCIIMPC, B ocHOBe KOTOPOIro SIeHUT UCMOIb30BaHMe
rNyBOKMX PEKYPPEHTHBIX 1 CBEPTOUHBIX HEMPOHHBIX CETEN, @ TAKHKE CUCTEMBI HEYETKOMO JIOMMYECKOro
BbiBoga. [puBefeHbl pe3yrbTaThl MUMUTALMOHHOMO 3KCNepUMeHTa Mo anpobaLmm nporpaMMHoN
peanunsaumm aaHHoro 6510Ka B cpene MatLab.
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Abstract. The results of studies aimed at developing multi-level decision-making algorithms for
management of energy and resource efficiency, technogenic and environmental safety of a complex
multi-stage system for processing fine ore raw materials are presented (MSPFORM). A distinctive
feature of such a system is its multidimensionality and multiscale, which manifests itself in the
presence of two options for implementing technological processes for processing finely dispersed ore
raw materials, the need to take into account the interaction of the aggregates included in the system,
as well as the hierarchy of describing the processes occurring in them - mechanical, thermophysical,
hydrodynamic, physical and chemical. Such a variety of processes characterizes the interdisciplinarity
of research and the complexity of obtaining analytical, interconnected mathematical models. This
situation inspired the analyze use of artificial intelligence methods, such as deep machine learning
and fuzzy logic, to describe and analyze processes. The scientific component of the research results
consists in the developed generalized structure of the MSPFORM, the conceptual basis of multilevel
algorithms for evaluating and making decisions on the optimal control of this system, the proposed
composition of the parameters and the form of the optimization criterion. The task of the study was
to analyze possible options for the processing of ore raw materials, to develop a concept for the
construction of the MSPFORM allowing the possibility of optimizing its functioning according to the
criterion of energy and resource efficiency while meeting the requirements of environmental safety.
The application of evolutionary algorithms for solving the problem of optimizing the MSPFORM
according to the criterion of minimum energy consumption is announced and its stages are specified.
The structure of the block of neuro-fuzzy analysis of information about the parameters of processes
in MSPFORM is presented, which is based on the use of deep recurrent and convolutional neural
networks, as well as a fuzzy inference system. The results of a simulation experiment on approbation
of the software implementation of this block in the MatLab environment are presented.
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BBe,ElEHMe COB Ha OJHOTO 3aHSTOr0 B JOOBIUE MOJE3HBIX
HCKOIMAaeMbIX COCTaBNgeT 72,5 TOHHBI yCJIOB-

OpPHOpYZIHAs TPOMBIILIEHHOCTh OTHOCUTCST  HOTO TOTLIMBA, YTO OoJiee 4eM B JIBa pasa mpe-

r K 4MCIly HauOoJee SHEProeMKUX OTpaciell  BBIIIAET aHAJIOTMYHBIN [T0Ka3aTelNb AJIsl OTPACIIN
skoHOMHKH Poccuiickoil @enepannu: o- MPOU3BOJICTBA U pacpeAeSICHUS JIEKTPOIHEP-
TpeOeHne TOMIMBHO-PHEPTETHUECKUX pecyp- T'HH, 3aHUMalollell BTOpOe MECTO B 3TOM pei-
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