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AHHoTaumA. NepcneKT1BHBIM Coco60M obecneveHA KOHKYPEHTOCNIOCOBHOCTH MPOMBILLINIEHHO
NPOAYKUUW ABNAETCA MOBbILUEHWE 3Hepro3dPeKTUBHOCTU TEXHOOMMYECKUX MPOLLeCCoB
3a CYET CHUMKEHUA 06BEMOB NOTPE6/IEHMA TOMNMBHO-3HEPreTUYECKMX pecypcoB. [nA Takoro
3HEpropecypcoemMKoro NpomM3BoACTBA, KaK XMMUKO-TEXHOSIOMMYeCKas cnucTeMa nepepaboTku
0TX040B 060ralleHUa pyaHOro chbipbA, AaHHaA 3aadva CBOAMTCA K ONTUMU3ALUKN PEHMMOB
paboTbl KOHBEMEPHBIX 06MIOBbLIX MaLLUWH, OCYLLECTBIAIOLLMX TEPMUYECKYIO NOArOTOBKY ChIpbA
K nepennaBke. BbicoKanA BbIMMCNTENbHAA CIOMHOCTb 3a4a4u, BbI3BaHHAA HanM4MeM o6LIMPHOro
Habopa ynpaBnfAeMbIX NapaMeTpoB TEXHONOMMYECKOM NIMHWUU U NONUPPAKLMOHHOCTBI0 PyaHOMO
CbIpbA, OFPaHUYMBAET BO3MOXKHOCTU NMPUMEHEHNA aHanNUTUYeCKUX MeTodoB. lNpegnaraetcA
MCMosib30BaTb NPMPOLAOBAOXHOBIIEHHBIN METOA, MOCTPOEHHbIM Ha MPUHLMNAX COLMabHOMO
noBefeHUA KOMOHWI TapakaHoB. Ero cneundura npusena K cnegywowuM MoanduxkaLmnam
6asoBoro BapuaHTta Cockroach Swarm Optimization: Bo-nepBbIx, A1A Cy*eHWA NPOCTPaHCTBa
MOMCKa MCMoJIb3yeTCA MYJIETUKOIOHUAbHBIV MOAXO0A, MPeAnonaraloLLuii pacCMOTPeHWe BapuaHTa
MHOIOC/TIOMHOM YK/IaAKWN pPa3HOPa3MepHbIX AMCMEePCHBIX COCTABAAIOLLMX PYAHOMO ChipbA B paMKax
OTAEIbHOM KOJTIOHWW; BO-BTOPbIX, AJ1A NMOBBILLEHWA CKOPOCTU CXOAMMOCTM a/ITOPUTMA MPEAJI0HKEHO
BBEJEHWE B HEro 3/1IEMEHTOB TEOPUM HEUETKUX MHOMECTB ON1A onpefefieHnA «CBOOOAHBIX»
napameTpoB (pPacCTOAHUA «BOCMPUATUAY, 3aa0LLEr0 MAaKCUMASIbHYIO0 YAANIEHHOCTb OT NyYLLNX
peLLeHW; pa3mepa LLara nepeMeLLeHWA areHToB B NMPOCTPaHCTBE MOUCKA B HANPaB/IEHWUM K NyYLLIUM).
Pa3paboTaHHbI HEYETKUI MYNBTUKONOHWANBHBIN MeToA 6bIS1 peanu3oBaH B BUAE NPorpaMMbl 414
IBM c ncnonb3oBaHMeM A3bika Python. PesynsTaThl BEIMMCAUTENBHBIX SKCNEPUMEHTOB NMOKa3asu
CX0OMMOCTb NpefiaraeMoro MeTofa onTUMMU3aLUM PEMMOB paboThbl KOHBENEPHOW 06XNIOBON
MaLLMWHbI, @ X CPaBHEHWE C ee HOMUHAJIbHBIM PEXMMOM — MePCreKTUBHOCTL MCMOJSIb30BaHUA AN1A
ynpaBieHNA XMMUKO-TEXHOSTOMMYECKMM MPOLLECCOM TEPMUYECKOI NOAr0TOBKM NOINMGPAKLIUMOHHOTO
PYAHOIO ChipbA K NeperiaBKe.

KnioueBbie cnoBa: TEpMMYECKAA NOAroToBKa PyAHOro CblpbA, FIOJ'II/IdeaI-(LI,l/IOHHaH MHOI0C/I0MHaA Macca,
HOHBeﬂepHaH 06}KMroBan MalLMHa, MHOrOMEepHaA ONTMMM3aLnA pexinma, HEeYeTKUN ﬂpVIpO,D,OBJJ,OXHOBJ'IEHHbIVl
MeTo[, MyanMHOﬂOHMaJ'IbeIVI rnoaxon
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Abstract. A promising way to ensure the competitiveness of industrial products is to improve
the energy efficiency of technological processes by reducing fuel and energy consumption.
For energy-intensive production such as a chemical-engineering system for processing ore
beneficiation waste, this task boils down to optimizing the operating modes of conveyor roasting
machines that thermally prepare the raw material for remelting. The high computational
complexity of the problem, caused by the extensive set of controlled process line parameters
and the polyfractional nature of the ore raw material, limits the applicability of analytical methods.
It is proposed to use a nature-inspired method based on the principles of social behavior in
cockroach colonies. Its specific has led to the following modifications to the basic Cockroach
Swarm Optimization. Firstly, a multicolony approach, which involves considering a multi-layered
arrangement of dispersed ore components of different sizes within a single colony, is used to
narrow the search space. Secondly, to improve the algorithm’s convergence rate, it is proposed to
introduce elements of fuzzy set theory into it to determine the “free” parameters (the “perception”
distance, which defines the maximum distance from the best solutions; the step size of agent
movement within the search space toward the best solutions). The developed fuzzy multicolony
method was implemented as a computer program using Python. The results of computational
experiments demonstrated the convergence of the proposed method for optimizing the operating
modes of a conveyor roaster, and a comparison with its standard operating mode demonstrated
its potential for use in controlling the chemical-engineering process of thermally preparing
polyfractional ore raw materials for remelting.
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