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AHHoOTauumaA. B HacToALLee BpeMA 0CTpo CTOMT Npobiema yTUnmM3auum pyaHbIX OTXOL0B
ropHO-060raTUTeNIbHbIX KOMBMHATOB. 3TW OTX0Abl B 3HAYUTESIbHBIX 06'beMax CKanIMBaloTCA
Ha npuseranLwmx K KOMbUHATaM TeppUTOPUAX U MPeAcTaBNAIT Cepbe3HyI0 Yrpo3y Ans
3Konoruu. B aTol cBA3M co3aaHne TEXHOOMMYECKUX CUCTEM NepepaboTKM pyaHbIX OTXOL0B
M COBEpLUEHCTBOBaHWE UX MHbOPMaLMOHHOIO obecneyeHMA NpeacTaBAAT akTyabHoe
HanpaBfieHne uccnefoBaHuit. MpuMepoM TaKoM CUCTEMbI ABNAETCA C/IOMHAA XUMUKO-
3HeproTexHoslorMyecKan cMcTemMa NPoOU3BOACTBA HenToro pochopa M3 0TXOL0B anaTUT-
HedennHoBbIX pya. Llenblo npoBoanMoro UccieoBaHuA ABNANAck paspaboTka Mogeny cbopa
LaHHbIX 0 MapaMeTpax NpoLLeccoB TepMUYecKoi 06paboTKM OKOMKOBaHHOIo dochaTHOro
PYOHOIO ChipbA B TaKOM CUCTEME, a TaKKe MeToa BblAB/IeHUA 3aBUCUMOCTEN Me Oy 3TUMU
napameTpamu. BeisBieHve 3aBucuMocTeit B MUHGOPMALMOHHOM obecrneyeHnr CUCTEMb
MpPoOM3BOACTBA enToro pochopa NO3BOSUT NOBLICUTL KAYECTBO ee PYHKLMOHMPOBAHUSA
C TOYKM 3pEHUA KpUTEPUEB YTIPaB/IeHUA, SHEPreTUYECKOoM 1 pecypcHol apdeKTMBHOCTU. [nA
LOCTUMKEHMA YKa3aHHOW LieSIM peLlanuch 3a4a4umn Bbibopa MaTeMaTUYeCKOoM KOHLLeNuuy ans
OCHOBBbI pa3pabaTsiBaeMoro MeToa, NoCTPOEHUA anropmMTMa M co3faHnA NPorpaMMHOro
obecneyveHus, peanmsyioLLiero AaHHbIA MeTof, NpoBeAeHUA MOLENbHbBIX 3KCMEPUMEHTOB.
B ocHoBe MeToda NeXUT NpUMeHeHUe ryBOKNX PeKYPPEHTHbIX HEMPOHHBLIX CeTel
LOJIFOM KpaTKoCpOoYHOM NaMATK, obflafaloLmx BbICOKOW obobLiatoLLeid cnocobHoCTbio
Y NPUMEHSAEMbIX MPU peLLeHnn 3a4a4 perpeccum 1 KnaccudmKaLm MHOrOMEpPHbLIX BpEMEHHbIX
nocnefosaTefnibHoCTeN, B popMe KOTOpPbIX, KaKk NpaBuso, U NpeacTaBsieHbl NapaMeTphl
XMMUKO-3HEeproTeXHOMorM4ecKon cucteMbl. MeTo] peannsoBaH B BUAE NPUITOMKEHUA,
co3faHHoro B cpefe MatlLab 2021. MHTepdelic npunoKeHUs No3BoNAET B UHTEPAKTUBHOM
peunMe NpoBOAUTL IKCMEPUMEHTBI C Pa3fIMYHbIMU HabopaMu BXOLHbIX U BbIXOLHbIX
napaMeTpoB L7151 BbIABIEHWA B3aUMOCBA3M Me Y HUMMU, a TaKKe U3MeHATL r1neprapaMeTpbi
HeMpOoHHbIX ceTel. B pe3ynbTaTe paboTbl NPUIOMKEHWA CO34aeTCA Perno3nuTopuii 06yYeHHbIX
HeMpOHHBIX CeTel, KOTopble MOAENPYIOT HalAeHHbIe B3aUMOCBA3M MeM Yy YKa3aHHbIMU
napaMeTpamm TeXHOJIOrMYEeCKOWM CUCTEMbI U MOTYT 6bITb MPMMEHeHbI B CUCTEMaX NoaAepHKM
MPUHATUA peLleHni, yrpaBiaeHUA U UHMUHUPUHIa.
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Abstract. Currently, there is an acute problem of waste disposal of mining and processing
plants, which accumulate in significant volumes in the territories adjacent to them and pose
a serious threat to the environment. In this regard, the creation of technological systems for
processing ore waste and the improvement of their information support represent an urgent
area of research. An example of such a system is a complex chemical and energy technology
system for the production of yellow phosphorus from waste apatite-nepheline ores. The
purpose of the study was to develop a model for collecting data on the parameters of the
processes of heat treatment of pelletized phosphate ore raw materials in such a system, as
well as a method for identifying dependencies between these parameters. The identification
of dependencies in the information support of the yellow phosphorus production system
will improve the quality of its functioning in terms of management criteria, energy and
resource efficiency. To achieve this goal, the tasks of choosing a mathematical concept for
the basis of the method being developed, constructing an algorithm and creating software
implementing this method, conducting model experiments were solved. The method is based
on the use of deep recurrent neural networks of long-term short-term memory, which have
a high generalizing ability and are used in solving problems of regression and classification
of multidimensional time sequences, in the form of which, as a rule, the parameters of
a chemical and energy technology system are presented. The method is implemented as an
application created in the MatLab 2021 environment. The application interface allows you to
interactively conduct experiments with various sets of input and output parameters to identify
the relationship between them, as well as change the hyperparameters of neural networks.
As aresult of the application, a repository of trained neural networks is created that simulate
the relationships found between the specified parameters of the technological system and
can be applied in decision support systems, management and engineering.
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BBepneHue

| cpMUuYICCKas 06pa60TKa OKOMKOBaHHOTO

(hocdaTHOro pymaHOTO CHIPHSI SBISETCS O~
HUM M3 3TAloOB TEXHOJOTHYECKOTO IMPO-
Imecca MONy4YeHHsT razoobpaszHoro docdopa
13 OTXO/IOB amaTuT-HedennHOBbIX pyx [1, 2].
Takne orxoabl GOPMUPYIOTCS B pe3ylbTaTe Jie-

SATENBHOCTH TOPHO-000TaTUTEIBHBIX KOMOMHA-
TOB U CKIIQJUPYIOTCS B BHJIE XBOCTOXPAHUIIHIIL
Ha MPUJICTAIINX TEPPUTOPHUAX, YTO CO3JACT
3HAYUTENIBHYIO SKOJIOTHUECKYIO YIPO3y, IPOsIB-
JISTIONIYIOCS. B 3aXJIaMJICHUW MTPUPOHBIX JIaHI-
magTOB, BRIBETPUBAHUH ¢ 00pa30BaHUEM ITBLITH
C TSDKEJBIMU METaJJIaMH, 3arps3HEHUH OJIn3-
JIeKAIMUX HA3eMHBIX U MOA3EMHBIX BOJHBIX

MHCprMEHTaHbeIe cpeactsa B Mogenu n MeTogmkm

[63]



