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AHHoTauusa. lNpeacTaBneHa NporpaMMHas Moaesb CIIOMHbIX NPOLLECCcoB NepepaboTHu
MeNKOPYAHOro CbipbA Ha 0CHOBe 0by4yaeMoro AepeBa CUCTEM HEYETKOr0 JIOrMYeCKoro
BbiBoAa. [lepepaboTKa Takoro cbipbA obecneynBaeT He TOJSIbKO MOJSIyYEHUE LLEHHOrO
KOHeYHOro NPOAYKTA, HanpUMep TaKoro, KaK KenTolii pocdop, Ho U cnocobCTBYeT peLleHuto
npo6neMbl yTMAM3aLnmM pyaHbIX 0TX0A0B, MeNKoAUCMEPCHble GpaKLMM KOTOPbIX HAHOCAT
3HAYMTESIbHbIV SKONOrMYECKNI YLLLepb TEPPUTOPUAM, NPUErAIOLLIMM K FOPHO-060raTUTENIbHBIM
KoMbuHaTaM. TexHonoruyeckasa cuctTeMa nepepaboTKU MENIKOPYAHOr0 Cbipbf COCTOUT
N3 3HEepropecypcoeMKMX arperatos, NO3TOMY faKe He3HaYUTeSIbHOe OTHOCUTEsIbHOE
CHUMKEHWe 3aTpaT pecypcoB U SHEPrUM NPUBOOUT K 6O/bLLON SKOHOMUN B abCOMIOTHbLIX
umodpax. Takoe CHUMKEHME MOXET OOCTUraTbCA 3a CYET ONTUMWU3ALMM ynpaBrieHUA
arperatamu, CUHTE3 KOTOpOro TpebyeT Hanuuus Moaenein TeXHOOrMYECKMX NPOLLeCCOB,
Mo3TOMY COBEpLLEHCTBOBaHWE METOLOB U MHCTPYMEHTapus MoLenupoBaHuA ABAsAeTCA
aKTyanbHOM UcCnefoBaTeNbCKon 3aaaven. 0cobeHHOCTbI0 NPeASIOKEHHOM MoAeNV ABNAETCA
TO, YTO ee BXoJaMu ABNAIOTCA He TONIbKO NepeMeHHble, onNucbiBaLLMe npeobpasoBaHuA
pecypca, HO 1 NepeMeHHble, 0TparKaloLLMe 3Hepro3aTpaThbl OTAENbHbIX TEXHOIOMUYECKMX
arperatoB. 3To N03BOMIAET MPUMEHATb MOJeSb AN1A pacyeTa sHepropecypco3dPpeKTUBHOCTU
nepepaboTKKN MefIKopyaHOro cbipbA. Mlepapxnyeckan CTPYKTYpa HeYeTKO-NI0rMYECKoro aepesa
cnocobHa oTparkaTb B3aMMOCBA3b NPOLLECCOB Pa3/IMYHON NpMpoabl, CONMPOBOKAAIOLLNX
nepepaboTKy MefIKOpYLHOro Chipbf, @ TaK¥e CrnocobCcTBYeT NoBbILLEeHMI0 3QPEKTUBHOCTU
ee obyyeHuA 3a cyeT pa3bMeHUs NMPU3HAKOBOIo NMPOCTPAHCTBA 60JbLLOW pa3MepHOCTU
Ha HEeCKOJIbKO rpynmn, Ha KOTopblX obyyalTcA oTAesbHble Y3nbl Aepesa. [porpamMma,
pa3paboTaHHan B cpefe MatLab u peanusyiowas npeanoxeHHyl Modesb, Nokasana
BbICOKYI0O TOYHOCTb PErpeccumn Ha CUHTETUYECKOM Habope BXOAHbIX OaHHbIX, YTO MOMET
CBMAETENIbCTBOBATL O L,eneco0bpa3HoOCTM NPUMEHEHMA NPeaSIOKEHHON ModeNy B 3aa4ax
ONTMMU3ALUKN CUCTEM YrpaBfieHNA NepepaboTKOM MeNKOPYOHOro Cbipbf MO KPUTEPUIO
3Hepropecypco3peKTUBHOCTH.
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Abstract. The article presents a software model of complex processes of small-scale ore
raw material processing based on a trainable tree of fuzzy logical inference systems. Processing
of such raw materials not only provides a valuable end product, such as yellow phosphorus,
but also helps to solve the problem of ore waste disposal, the fine fractions of which create
significant environmental damage to the territories adjacent to mining and processing plants.
The technological system of small-scale ore raw material processing consists of energy-
intensive units, so even a slight relative reduction in resource and energy costs leads to large
savings in absolute figures. Such a reduction can be achieved by optimizing the control of
units, the synthesis of which requires the availability of process models, so improving the
methods and tools for modeling is an urgent research task. A feature of the proposed model
is that its inputs are not only variables describing resource transformations, but also variables
reflecting the energy costs of individual technological units. This allows using the model to
calculate the energy and resource efficiency of small-scale ore raw material processing. The
hierarchical structure of the fuzzy-logical tree is capable of reflecting the interrelationship
of processes of various natures accompanying the processing of small-scale raw materials,
and also contributes to increasing the efficiency of its training by dividing the feature space of
large dimension into several groups on which individual tree nodes are trained. The program
developed in the MatLab environment and implementing the proposed model showed high
regression accuracy on a synthetic set of input data, which may indicate the feasibility of using
the proposed model in problems of optimizing control systems for processing small-scale raw
materials according to the criterion of energy and resource efficiency.
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BesepgeHue

JTHUM U3 HCTOYHUKOB MEJIKOPYIHOTO
CBHIPBS SIBIIICTCS MEJTKOIUCIIEPCHAs
bpakuus 0TX010B 0OOTalIeHUs Py

Ha TOPHO-000TaTUTEIIBHBIX KOMOWHATAX. DTH

OTXObI B OOJBIINX 00bEMaX CKAIIMBAIOTCS

Ha MPWJIETAIONUX K KOMOMHATaM TePPUTO-

pusX U 6e3BO3BPATHO TEPSAIOTCSA B pE3yib-
Tare BETPOBOM U BOJHOM 3PO3HH, OKA3bIBAS
CYILIECTBEHHOE HETAaTUBHOE BIIMSIHUE HA ITPH-
ponHyto cpeny [1]. IToaToMy akTyanbHO uc-
CJIEI0BATENIbCKON 3a/1auel SIBIISIETCS CO3/a-
HUE TEXHOJIOTHH YTUIM3ALNN 3TUX OTXOJOB,
a Taroke pa3paboTka 11 Hee MH()OpPMAIIOH-
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