NPUKNAOQHAA UHOOPMATUKA / JOURNAL OF APPLIED INFORMATICS
[ Vol. 17. No. 6. 2022 ]

DOI: 10.37791/2687-0649-2022-17-6-94-101

Using population algorithms to optimize
the temperature regime of roasting
phosphorite pellets

V. Bobkov', 0. Bulygina”, E. Vereikina*
'Branch of the National Research University “MPEI” in Smolensk, Smolensk, Russia
’National Research University “MPEI”", Moscow, Russia
"baguzova_ov@mail.ru

Abstract. The problem of rational energy resource use is especially acute for energy-
intensive industries, which include high-temperature processing of mining chemical raw
materials (for example, the production of phosphorite pellets from apatite-nepheline ore
waste by drying and roasting). In this regard, the temperature modes of roasting conveyor
machine should ensure not only the completion of the ongoing chemical-technological
processes and the required product quality, but also energy and resource saving. Thus, there
is an urgent scientific and practical task of optimizing charge heating modes based on the
results of modeling heat and mass transfer processes occurring in various zones of the
roasting conveyor machine. The impossibility of carrying out expensive full-scale experiments
leads to the need to use computer simulation methods. Nonlinearity, large dimension of the
search space, high computational complexity make it difficult to use traditional deterministic
search methods. Under these conditions, the stochastic methods that deliberately introduce
an element of randomness into the search algorithm show good results. Today, population
algorithms based on modeling the collective behavior of living organisms and characterized
by the ability to simultaneously process several options have become widespread. To solve
the optimization problem, it is proposed to use a modified Cuckoo search algorithm (by
introducing fuzzy elements), which provides a comprehensive account of a huge number of
parameters set for each vacuum chamber of the roasting conveyor machine. The control of the
chemical-energy-technological system for the processing of apatite-nepheline ores waste,
taking into account the obtained data and based on the existing neural network model of the
high-temperature process, will make it possible to minimize the amount of return and provide
energy-saving conditions for the operation of roasting units.
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AHHoTauus. Npobnema paLMoHanbHOro UCNoNb30BaHWUA 3HEPrOpPeCcypPCcoB 0COBEHHO OCTPO
CTOWT Nepes 3HeProeMKMMM NPOU3BOACTBaMU, K KOTOPbIM OTHOCATCSA BbICOKOTEMMepaTypHasn
06paboTKa roOpHO-XMMUYECKOI0 ChipbsA (HanpuMep, Npon3BoACcTBO GOCHOPUTOBBIX OKAThILLENH
13 0TX0[0B anaTUT-HepeMHOBLIX PyA MyTEM CYLLKU U 06¥Kura). B 3ol cBA3U TeMnepaTypHble
PerUMbI GYHKLMOHUPOBaHMA 0OXUFOBOM KOHBEMEPHOWM MalUMHbI JOJTHKHbI obecrneynBaTh
He TOJIbKO 3aBepLUeHHOCTb NMPOTEKALWMNX B HE XMMUKO-TEXHOJIOMMYECKMX MPOLLeCCOB
n TpebyemMoe KayecTBO NPOAYKLMU, HO U 3HepropecypcocbepereHne. TakuMm obpasoM,
BO3HMKAET aKTyasibHasA Hay4YHO-TNpaKTMYecKas 3afada onTUMU3aLMn PEeXHUMOB Harpesa
LUMXTbl HAa OCHOBE PEe3y/bTaTOB MOLENIMPOBaHUA TeMI0- U MacCOOOMEHHBIX MPOLLECCOB,
MpOTeKaLUX B Pa3fiMYHbIX 30HaX 06MKMUIOBOM KOHBEWEPHOM MalluHbI. HeBO3MOMHOCTb
npoBeAeHNA [OPOroCTOALUMX HATYPHBIX 3KCMEPUMEHTOB MPUBOAMUT K HEOOXO4MMOCTH
MCMoSIb30BaHUA METO0B KOMMbIOTEPHOIO MOAENMpoBaHuA. HenuHeMHocTb, 6onblias
pa3MepHOCTb MOMCKOBOMO NPOCTPAHCTBA, BbICOKAA BbIYMCINTESIbHAA C/IOMHOCTb 3aTpyaHAIOT
npUMeHeHue TPagULMOHHBIX MeTO40B LeTePMUHUPOBAHHOIO NMoucka. B aTux ycnosuax
XopoLuve pe3ynbTaThl MOKa3blBAT CTOXaCTUYeCKUe MeToAbl, MpefHaMepeHHo BBoALLME
3/1eMEHT CJly4aHOCTU B MOWCKOBLIN anroput™. CerofHA LIMPOKOE pacrnpocTpaHeHue
MoSTyYUIN NONYNALMOHHBIE a/ITOPUTMbl, OCHOBaHHbIE HA MOJENIMPOBAaHWUM KOJITIEKTUBHOI O
noBeJeHUs MUBbIX OPraHU3MOB W OT/IMYAKOLLMECH BO3MOMHOCTbIO OJHOBPEMEHHOM
06paboTKM HECKOBKUX BapuaHTOB. B KauecTBe pelLeHnsa NocTaBIeHHOW ONTUMM3aLMOHHOM
3a[a4yu NpeaJsioKeHo UCMoJib30BaHUe MOAUPULMPOBAHHOIO airOPUTMa KYKYLLKUHOIO
noucka (MyTem BBe4EHWUA 3/IEMEHTOB HEYETKOCTM), KoTopoe 0becreynBaeT KOMMIEKCHbIN
y4YeT OrPOMHOI0 YMC/a pa3HOTUMHbLIX NapaMeTpoB, 3a4aBaeMbIX O/ KarKO0N BaKyyM-
KaMmepbl 06KMUIroBOM KOHBEMNEPHOM MaLLMHBbI. YpaBsieHWe XMMUKO-3HEPrOTEXHOIOrMYeCKoi
cucTeMol nepepaboTKM 0TXOA0B anatuUT-HepesIMHOBLIX Pyf C y4eTOM MOoJTy4YeHHbIX OaHHbIX
11 Ha OCHOBE MMelOLLLeNCA HeMPOCeTeBOM Moesiv BbICOKOTEMMEPATYPHOI 0 NpoLLecca No3BosiuT
MaKCUMasnbHO CHU3WUTb KOJIMYECTBO BO3BpaTa 1 obecrneuntb aHepropecypcocbeperaioLume
ycnoBus GyHKLMOHMPOBaHWA 06XUIOBbIX arperaTos.
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