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AHHoTauuma. lNpeacTaBneHbl pe3ynbTaTel UCC/IEQ0BAHUA, Lesblo KOTOPOro ABMAOCh
MocTpoeHMe NPorpaMMHOI Mofesi MHOFOCTaAUAHON KOMIJIEKCHOW CUCTeMbI NepepaboTKu
MeJIKOAMCTIEPCHOI 0 PYAHOT 0 ChipbA. B posivi TaKoro chipbA MOMYT BbICTYNaTh OTX0AbI NepepaboTKu
Ha FropHO-060raTUTeNbHBIX KOMBMHATaX anaTUT-HepeMHOBLIX U APYrMX BUOOB pyd, B 60/bLUMX
o6beMax cKarnMBaloLLMecs B XBOCTOXpaHUIULLax. OHM CO3L4aI0T 3HAUYMTESIbHYI0 SKOSIOMMYECKYIo
Yrpo3y Ha NpusIeramoLLmMX K KoMbMHaTaM TeppUTOpPMAX 3a CHET BbIBETPUBAHWA, Mblie0bpasoBaHus,
NPOHVMKHOBEHUA B MOYBY Y BOLAOHOCHbIE FOPU30HTbI OMAcHbIX A4J1A 340P0OBbA YeNoBeKa XUMUYECKUX
coeZMHeHU 1 BellecTB. [03TOMYy coBepLUeHCTBOBaHUE CYLLECTBYIOLLMX MPON3BOACTBEHHbIX
MpoL,eccoB, pa3paboTKa HOBbIX TEXHOMOMMYECKUX CUCTEM AJ1A FOPHO-060raTUTe NbHBIX KOMOUHATOB,
BK/TIOYaA NpYMeHeHWe NPUHLMMOB 3KOHOMMKM 3aMKHYTOI0 LMKIa, BTOPUYHON NepepaboTHu
0TX0[0B, 060CHOBbIBAET aKTyaslbHOCTb BbIGPaHHOIro HanpaBsieHUs ucciefoBaHuin. B ocHose
npeaJ1orKeHHOM NPOrpaMMHOM MO IEHMUT NMpUMeHeHKe obyYaeMbIX fepeBbeB cUcTeM (6/T0KOB)
HeYeTKOro BbIBOAA NEPBOro M BTOPOro TUMOB. Takoi noaxon No3Bonn U3bemaTb U3NIULLHEro
YCNOMHEeHWA 6a3 NpaBus1 HEYETKOr 0 BbIBOAA MPY UCMOSb30BaHUM TOJTbKO OAHOIM0 HEYETKOr o 6J10Ka
MpUY NOCTPOEHUI MHOOMapaMeTpUYeCcKo Moesv BCceil MHOr0CTaAMMHOM KOMIIEKCHOM CUCTEMBI.
MprMeHeHWe HeCKOSbKMX GITOKOB HEYETKOIr0 BbIBOA, OMUCHIBAOLLMX MOBeAeHWe OTAeNbHbIX
arperatoB CUCTeMbI M UX KOHGUIYPUPOBaHUE B COOTBETCTBUM C PU3MHECKON CTPYKTYPOM CUCTEMBI,
MO3BOJIAET UCTOSIb30BaTh OTHOCUTENBHO NPOCTbIE HAabopbl NpaBui oTAesbHbIX 6510K0B. COBMECTHBbIN
noa6op Mx napaMeTpoB Npu 06y4YeHUN fepeBa HeYeTKUX 6JI0KOB NO3BOMAET LOCTUIaTb BbICOKOM
TOYHOCTY NOJTyYaeMbIX peLieHni. HoBr3HY pe3ynbTaToB UCCiejoBaHWA COCTaB/IAET NpeJioHeHHas
MporpamMMHas He4eTKOJIOrMYecKas Moeslb KOMIMJIEKCHOM CUCTEeMbI NepepaboTKU MeSTKOOMCTIEPCHOr 0
pyAHoro chipbA. MpeAcTaBneHbl pe3ynsTaThl MUMUTALMOHHOIO SKCMepUMEHTa, NMPOBELEHHOMO B cpefe
MatLab ¢ ncnonbsoBaHneM creHepupoBaHHoro B Simulink cMHTeTUYecKoro Habopa JaHHBbIX.
Pe3ynkTaThbl NMoKasanu, 4To oby4YeHHasa HeYeTKoTIorMyeckan Mogesb obecnevmBaeT XopoLUylo
TOYHOCTb BOCMPOM3BeAeHUA NapaMeTpoB U NepeMeHHbIX U3 TeCTOBOM YacTU CUHTETUYECKOrO
Habopa. Hay4HanA HoBM3Ha NpedniaraeMoro afiropMTMa 3aKJllo4aeTcA B pacLUMpeHUM NepLenTUBHOro
nosiA A1 KarKOoW 13 ceTeil 3a CYET B3aMMHOro NpeobpasoBaHuA U306parKeHUin 1 BpeMeHHBbIX
nocnenoBaTeNlbHOCTeN Apyr B Apyra. 3a CHeT 3TOro Kawaan us cetei obyyaeTcs Ha bosblueM 06beMe
JaHHbIX U BbIABNAET 60/IblLe 3aKOHOMepHOCTeN. 3TO B KOHEYHOM UTOre MPUBOAMT K MOBLILLEHWIO
KayecTBa KnaccuduKaLmMm, YTo NOATBEPKAAETCA pe3ysTaTaMu anpobrpoBaHnA NpeasioHKeHHOro
anropuTMa C UCrosib30BaHWeM paspaboTaHHoro B cpefe MatLab nporpaMMHoro npunokeHus.
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Abstract. The results of the study, the purpose of which was to build a software model
of a multi-stage integrated system for processing finely dispersed ore raw materials, are
presented. The role of such raw materials can be processed waste at mining and processing
plants of apatite-nepheline and other types of ores, which accumulate in large volumes in
tailing dumps. They create a significant environmental threat in the territories adjacent to the
plants due to weathering, dust formation, penetration into the soil and aquifers of chemical
compounds and substances hazardous to human health. Therefore, the improvement of
existing production processes, the development of new technological systems for mining and
processing plants, including the application of the principles of the circular economy, waste
recycling, justifies the relevance of the chosen research area. The proposed program model
is based on the use of trainable trees of systems (blocks) of fuzzy inference of the first and
second types. This approach made it possible to avoid unnecessary complication of the bases
of fuzzy inference rules when using only one fuzzy block when building a multi-parameter
model of the entire multi-stage complex system. The use of several fuzzy inference blocks that
describe the behavior of individual units of the system and their configuration in accordance
with the physical structure of the system allows the use of relatively simple sets of rules for
individual blocks. The joint selection of their parameters when training a tree of fuzzy blocks
makes it possible to achieve high accuracy of the solutions obtained. The novelty of the research
results is the proposed software fuzzy model of an integrated system for processing finely
dispersed ore raw materials. The results of a simulation experiment conducted in the MatLab
environment using a synthetic data set generated in Simulink are presented. The results
showed that the trained fuzzy model provides good fidelity of the parameters and variables
from the test part of the synthetic set.
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BBepneHue

BICOKHE TEMITbl HAKOIIJICHUS IIPOMBIIII-

B JICHHBIX, OBITOBBIX U JIPYTUX BUJIOB OTXO-
JIOB B Pa3BUTHIX CTPAHAX JIENAIOT 3aaqy

uX nepepadOTKY U YTHIIN3AlNHU 3a1a49el TIepBO-

CTEINICHHOW Ba)KHOCTH, 0€3 yCIIEIIHOTO PeIleHHs
KOTOpO# B OmkaiimieM OyaylieM MHOTHE pe-

THOHBI 3E€MIIN KIyT CEPhE3HbIE IKOJIOTHIECKHUE
npobnemsl. Poccus 31ech He HCKITIOUSHHE: TakK,
B 2019 roay B cTpane oOpa3oBalicsi peKOPIHBII
00bEeM TIPOU3BOICTBEHHBIX OTXOA0B — 7,75 MIIpH
toHH. [lo cpaBuenmto ¢ 2002 romom, HaYHU-
Has ¢ KOTOPOTO BEAYyTCs HAONIOAEHUS 3a MPo-
M3BOJIUMBIMHU OTXOJIaMH, UX 00BEMBI, TIO JaH-
HBIM aHAJTMTUYECKOHN CITY>KOBI MEXTyHAPOIHOM

MHdopMaLmoHHanA 6e3onacHocTb B> 3awmta MHpopmauum
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