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AnHoTanus: Pabora nocesiieHa ucciea0BaHUI0 OCHOBHBIX aCTIEKTOB MPUMEHEHHS YKCIEPTHBIX
CUCTeM B OTpacid Metauryprud. [lpuBeneH 0030p HMEIOMMXCS aKTyaldbHBIX MpoOJIeM
MPOU3BOJICTBA, & TAKXKE PACCMOTPEHBI TEPCIEKTUBBI PA3BUTHS ABTOMATHUYECKHX CHCTEM
NPUHATHS PEIICHHH Ha OCHOBE (POPMAIM30BAHHBIX SKCIIEPTHHIX 3HAHHWHA C HCIIOJIH30BAaHHEM
COBPEMEHHBIX CPEJICTB 00PaOOTKH JTaHHBIX.
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D¢} PexTUBHOCTh NPOU3BOACTBEHHBIX IPOIECCOB HANPSMYIO 3aBUCHUT OT
KAauecTBa CHCTEMBI YNpaBieHUs. Pa3zBUTHE COBPEMEHHBIX CpPEICTB KOHTPOJS U
YIOpPaBICHHs, A TAakK€ COBEPIICHCTBOBAHWE NPOTPAMMHBIX  aJrOPUTMOB
YIPABJICHHUS CO3LAKOT YCIOBMS Ul BHEAPEHHUS ABTOMAaTUYECKUX CHUCTEM
ynpasieHus. OQHAKO UMEETCS PSAJ TEXHOJIOTUH, I/I€ BHEIPEHNE aBTOMATUYECKUX
CUCTEM OIPAaHMYEHO BBHMJY CIOXHOCTM IPOLECCOB, IPOTEKAIOUIUX B
TEXHOJIOTHYECKHX arperarax Hapsiy ¢ CyLIECTBEHHBIM BIMSHUEM IIOMEX.

K TakuMm MHOromapaMeTpuyeckum mpoleccaMm, IUIOXO MOIJAOIMIMMCS
aBTOMAaTU3ALUM, OTHOCATCA METAJUIyprHyecKkoe Ipoueccel. B OonblInHCTBE
METaJypruyecKUX arperaToB OJHOBPEMEHHO MPOMCXOAST pas3iinyHble (PU3MKO-
XUMHUYECKHE TPOIIECChl, COMPOBOXAAIOIIMECS Iepenayeil u mnpeodpa3oBaHUEM
SHEPruM, Macco U TEIIOOOMEHOM, XUMUYECKUMHU MPEBPALIEHUSIMH, MHOXKECTBOM
IIOMEX M IOIPEIIHOCTEW KOHTPOJSA OCHOBHBIX ITapaMeTpoB mpouecca. B 3tux
YCIIOBUSIX OCHOBHBIM 3BEHOM YIIPaBJICHHUS OOBIYHO SIBJISIETCS UYE€IOBEK-ONEPATOP.
OTr ero ombiTa, YCTOWYMBBIX HABBIKOB YIIPABJICHHUS 3aBUCIT SKOHOMHYECKHUE,
TEXHOJIOTUYECKHE M MPOU3BOJICTBEHHbIE IOKa3aTeln padOThl arperara, Lexa U

3aB0OJIa B 11€JIOM. Y CTOMYUBBIE HABBIKK 3()(PEKTUBHOTO YIIPABJICHUS B METAIypPruu
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dbopMHpyIOTCS TOAAMH W TEpeNaloTcsa M3 IMOKOJEHUs B MokoseHwe. OmHako
OMBITHBIX OMNEPAaTOPOB HEMHOro, kak mnpaBwio, 20-30% ot oOuiero umcna
pabortatomux Ha nupeanpustud. [Ipudyem He ¢akT, YTO OMBITHBIC OMEPATOPHI
YIPaBJISIOT IIPOIIECCOM aOCOIIOTHO OOBEKTUBHBIM U ONITUMAIBHBIM 00Pa30M.

B cBs3u ¢ 3TUM, B METAJUTypruM BcerjJa akTyaJdbHOW OCTaeTcs 3ajada
NOATOTOBKM U  TMEPENOJArOTOBKM  OMEPATOPOB  CJIOKHBIX TEXHOJOTHYECKHUX
IpOLIECCOB, HAmpUMep, TaKUX, KaK JIOMEHHOE TMPOU3BOJCTBO YYIyHa,
AJIEKTPOCTAJIEIIIABUIIBHOE U KOHBEPTEPHOE MPOU3BOJICTBO CTAJIH.

Cy1ecTByOIME TEXHOJIOTHH OOYUYEHHs OCHOBBIBAIOTCSI B OCHOBHOM Ha
TPaJUIIMOHHBIX METOJIaX O0yUeHHUs: Mepeiadya 3HaHUN U YMEHUN B BUJE JICKIUN U
MPAKTUYECKUX ayAUTOPHBIX 3aHATUN, MPUOOPETEHNE HOBBIX HABBHIKOB YIIPABICHUS
Ha peajbHOM paloTarolIeM TEXHOJOTMYECKOM arperare MeETOJIOM «Ipod u
OIMOOK», B Jy4IlIeM cliydae Mo HaOJ0I€HUEM OMBITHOTO orneparopa. B cBs3u ¢
ITUM, MPUOOPETEHUE HABBIKOB YIPABJICHUS SIBISICTCS JOJTUM M SKOHOMUYECKU
3aTPaTHBIM MPOILIECCOM. 3HAYUTENBHO COKPATUTh BPEMEHHBIE U SKOHOMHUYECKHE
3aTpaThl IS TPUOOPETCHHWS HABBIKOB YIIPABICHUS BO3MOXKHO 3a CUET
UCIIOJIb30BAHUSI ~ KOMIBIOTEPHBIX  TPEHAXKEPOB U aBTOMATHU3UPOBAHHBIX
UH(OPMAIMOHHO-00yYatOUIUX CUCTEM.

«ITnoHepamu» TPEHAXKEPOCTPOEHUS B METALIypruM OblUIa  IIKOJA
npodeccopa B.II. Lpmmbana 3 «CubUpCKOro MeTayulypruueckoro MHCTUTYTay,
kotopas B 70-80-e rr. mpouuioro Beka paspaloTana, BHeApwuia B Yy4eOHbIN
IpolecC BBICIIMX W CPeAHUX MNPOGECCHOHANBHBIX YYEOHBIX 3aBEIICHUN
METaJTypruyecKoro npo@uis, a TakKe B OTJeJaX TEXHUYECKOro oOydeHus psja
3aBoJIOB YKkpauHnbl, Ypana u Kysoacca. Tak, 6p110 pazpabotano u BHEAPEHO OoJiee
30 TpeHaxepHbIX KOMIUIEKCOB C MCIOJIb30BAHUEM peallbHON anmnaparypsl 1 9BM,
00ecTeunBaOIIMX MOJICIMPOBAHUE OCHOBHBIX METAJLTYPTrHUYECKUX MPOIIECCOB.

B mnocnegnue ronpl, B CBSI3M C PACTyIIMM HMHTEPECOM K TPEHAXKEPHBIM

KOMIIJICKCaM CO CTOPOHBI HpG,Z[CTaBPITeJIeﬁ IMpOU3BOACTBA U pa60TOﬂaT€HCﬁ, Ha
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pPBIHKE MPOTpaMMHBIX MPOAYKTOB nisi DOBM mosBWINMCH HOBBIE pPa3pabOTKH
npukiaaHoro I[1O, yuuTeiBaromme 0COOEHHOCTH MPOU3BOACTBEHHBIX IPOLIECCOB
Pa3IMYHBIX METAJUTYPrUYECKUX IPEANPUATUN.

Hampumep, Tpenaxep paspaboTaHHbIN 101 pyKOBOACTBOM mpodeccopa C.A.
3araiinoBa [1], cranmemnaBuibHble TpeHaxkepsl Gupmbl OO0 «KC Ilmroc» [2],
pa3paboTku yuenbix «Cubupckoro emepanbHOTO yHUBEPCUTETa» ISl LBETHOM
MeTaTypruu [3], HoBble pa3paboTku coTpyaAHuKoB mKoJbl B.I1. I{pimbana [4, 5].

AHanu3 npeacTaBiIEHHBIX padOT W TEHIAEHLUS PACUIMPEHMs] pbIHKA cObITa
IPOrPAMMHBIX MPOJYKTOB IMO3BOJIAET ClIeJaTh BBHIBOJ O TOM, YTO pa3paboTKa U
IPOU3BOJCTBO TPEHAXKEPHBIX KOMILJIEKCOB, B HACTOAILEE BpEMs, OCTaeTCs
aKTyanpHOM  3amadedd. OJgHaKO WX  HUCHOJb30BaHUME  TpeOyeT  3HaHUU
BBICOKOKBAJIM(DUIIMPOBAHHBIX TPEHEPOB-KOHCYJIBTAHTOB, TaK KaK B MPOTHBHOM
cilydae mporecc o0ydeHHUs: CBOJUTCS K 3aTPaTHOMY METOAY «Mpo0 M OIMIHOOK»,
cHmkas 3pHEKTUBHOCTH M KAYECTBO Mpoliecca o0ydeHus [6].

PemenueM 3Toil mpoOiieMbl MOXKET CTaTh pa3paboTka poOOTHU3MPOBAHHBIX
TPEHAXKEPHBIX  KOMIUIEKCOB, HCIIOJIB3YIOIIUX  OJKCIIEPTHBIE CHUCTEMBI IS
yHnpaBieHUsT mpoueccoM oOydyeHus. Bmecte ¢ Tem, M3BECTEH alrOpuT™M padoThl
oreparopa Npu yupaBlIeHUH TEXHOJIOTHYECKUM IpolieccoM (puc. 1), oTpaxaromuii
paboTy onepartopa JUisl HIUKIMYECKOro MpoLecca.

— OIlepaTop IOJIy4aeT 3aJaHue Ha TEXHOJIOIMYECKUI Nepro (TIaBKY):

— coOupaer CBEACHUS O TEXHOJOTMYECKHX OrPAaHUYECHUSIX M HaYdaJIbHBIX
yCIOBUSIX (HAaUMEHOBAHME W HAJUYM€ IIMXTOBBIX MAaTEpHUANIOB, XUMHUYECKUU
cocTaB M (PU3MYECKHE XapaKTEPUCTHKU IIUXTHl, TEXHUYECKOE COCTOSHUE
arperara);

— C WUCHOJIb30BaHMEM COOpaHHBIX CBEJEHUN NPUHUMAET peUIeHUuEe Ha
YIPABJIEHHE IPOLIECCOM, OCHOBBIBASICh HA TEXHOJOIMYECKON HHCTPYKIIHH,

JIMYHOI'O U KOJUICKTUBHOI'O OIIbITa KOJUJICT-OIICPAaTOPOB,
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— peanu3yeT NPUHSTOE pElIeHUEe U ciaeAuT (coOupaer MHPOPMALUIO O XOIE
npouecca yepes KUII, BuzyanpHOe M ayauo HaOMIOACHHUE) 3a peanu3anuen
00BEKTa Ha 3TH BO3JACHUCTBUS,

— MO0 XOJy MpOoIEecCa BBISBISIET BO3HUKAIOIIUE OTKIOHEHHUS OT 3aJaHus U
KOMIIEHCUPYET UX YIPaBISIONIMMU BO3ACHCTBUIMU;

— MO0 JOCTIXKEHMIO 3a/JIaHHBIX TexHoJornueckux mapamerpoB (mo KUII)
MPOU3BOJIUT 3aKJIIOUUTENIHHBIC ONEPALIMU TEXHOJIOTHUYECKOTO KA.

C Buay aiaropuT™M HeE SBISETCS CIOXHBIM, OJIHAKO, BCE TOMIBITKU
peanu3oBaTh ero 0e3 ydyacTusl 4YesiOBeKa OKazalauch OesycrnemHbMU. OOBIYHO
aBTOMATUYECKUE CHUCTEMbI, MOCTPOCHHBIE HAa OYEHb XOPOIIUX MATEMATHYECKUX
MOZENSIX W YHHMBEPCAJIbHBIX QJITOPUTMAaX, PAaHO WM IMO3JHO CTAJIKUBAKOTCA C
HETMPEBUICHHBIMHU [0 XapaKTepy WIM aMIUIMTYJe MOMEXaMH, YTO MPUBOJUT K
BBINTYCKY OpakOBaHHOMW MPOJYKIIMH WU JaKe K CO3JaHHUIO0 aBapUHHOMN CUTYaIIUH.
YuuthiBas BBICOKYID CTOMMOCTb TaKUX OIIMOOK YIpaBJICHUS, BHEApPEHUE
aBTOMAaTHUYECKUX CHCTEM Ha METaJUIypru4ecKuX arperarax, IOKa OCTaeTcs
IPOOIEMHBIM.

Bmecre ¢ Tem 3a pyOexxkoMm, B mepByr ouepenbr B CeBepHON AMepuke,
YCHENIHO BeayTCcs paboThl MO pa3padOTKe M BHEIPEHUIO B MPOU3BOJICTBO TaK
Ha3bIBaeMbIX 3KcHepTHBIX cucTeM (DC), OCHOBAHHBIX Ha HCIIOJIb30BAaHUU OIIbITA
AKCHEPTOB-ONEPATOPOB MPH YIPABICHUM MPOLECCOM [7]. DKCIEPTHBIE CUCTEMBI,
aBTOMAaTUYECKU pemiasi psifi MHTEUIEKTyalbHbIX 3a7a4, OTHOCATCS K CUCTEMaM C
HCKYCCTBEHHBIM UHTEJLIEKTOM.

[IpuMeHUTENPHO K  METAJUIyPrHUYE€CKOMY  MPOU3BOJCTBY, HalpUMeEp
CTaJICIUIaBWJIBHOMY,  OJIOK-CXeMa MOXET ObITh  TpeJCTaBlieHa B  BHJIE,
MPUBEICHHOM Ha puc. 2. B mpuBeIeHHON cXeMe K MHTEJUICKTyaJIbHBIM OJIOKaM
MO>XHO OTHECTH: OJIOK OIICHKHM TEXHOJIOTMYECKOW CHUTyaluu; OJOK MPUHATHUS

peuienuii, 6aza 3nanuii (b3), 6J10k CMHTE3a KOMMEHTApPUEB.
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Puc. 1. — YHUBEpCcanbHBIN aITOPUTM pabOTHI OTIEpaTopa

DKCIEpT — OMBITHBIN ONEpaTop, BAAACIOUINNA 3HAHUAMU 110 PACIIO3HABAHUIO

Pa3JIMYHBIX TEXHOJOTMYECKUX CUTyalUuld, WCHOJb3YIOIUNA CUCTEMY IPaBUII
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NPUHATHS YIPABIEHYECKUX PEIICHUN, a TaKKe UMEET CIIOCOOHOCTh OOBSICHUTH U
apryMEHTHPOBATh CBOU JEHCTBHUSI.

Ha cerogHsmHuil JeHb NPUMEHEHHE HKCIEPTHBIX CHCTEM B METAJUTYypPIHH
CBSI3aHO C PAIOM MPOOJIEeMHBIX TpyAHOCTeH. OCHOBHBIM MPOOJIEMHBIM OJIOKOM B
NpUBEACHHOU cpene siBnsieTcsa 0aza 3HaHui. Pa3paboTka CTpYKTYphl M HANIOJHEHUE
b3 cucrtemoil mpaBua s paclio3HABaHUS CUTyallMd WM NPUHATHS PELICHUN Ha
yIPaBJIEHUE CBSA3aHO C PELICHUEM psJia 3a1a4:

— 1oa00p 0OBEKTHUBHO 3HAUMMBIX IKCIIEPTOB-HOCUTENICH 3HAHUN;

— pa3paboTKa MpoleaAypbl U3BJICUEHUS 3HAHUU (IKCIEPThl HE XOTAT U HE
BCErJa MOT'YT Iepe/iaBaTh 3HAHUA);

— (¢opManuzainus MoJy4YeHHbIX 3HAHUM 11 XpaHeHus B b3;

— pa3paboTKa CUCTEMbI MOKCKa HY>KHbIX 3HaHUH U3 b3;

— pa3paboTKa MMOJCUCTEeMbI MOMOTHEHUS 3HAHUM (caMoo0ydeHue).

N3 ombiTa paspadotkm OC 3a pyOeKOM H3BECTHO, UYTO IS CO3JaHUS
CIIELMAIN3UPOBAHHONW SKCIEPTHOM CHUCTEMBbI, HANpUMEpP MJi1 KOHBEPTEPHOTO
NPOU3BOJCTBA CTajH, MOTpedyercs pa3padoTKa psAga HOBBIX MaTEMaTHYECKHX
MojeNel mpolecca, MoaAdOp H3BECTHBIX WM pa3padOTKa HOBBIX CIOCOOOB
(dbopmanuzalu 3HaHU, B TOM 4Kciie, pa3padboTka ceupuyeckoi cTpykTypsl b3,
a TaK)Ke OpraHu3alys XpaHEHUS U U3BIICUCHUS 3HAHUHN 13 0a3bl.

OTaenbHO CTOUT BONPOC HANOJHEHHUs 0a3bl 3HAHUM B XO0JI€ IKCIUTyaTaluu
DKCIIEPTHBIX CHCTEM. 3apyO€KHbIE SKCIEPTHBIE CUCTEMbl OPUEHTHPOBAHbBI Ha
UCIIOJIb30BAaHUE CPEAHUX W Jaxe Oonpiux MommHoctedr DBM, uro ompenenser
BBITEKAIOIIIME OTCIOJIa TPOOIEMBbI peann3alnu FKCIepTHhIX cucteM B Poccuu [8].

Hecmotpss Ha 3TO, B OTEYECTBEHHOW IUTEpaType BCTpEUaroTCs paboThl,
MOCBSIIICHHBIE PEIICHUIO MPoOJeM pa3palOTKU M HCIOJb30BAaHUSA IKCIIEPTHBIX

cucteM B mpou3BoAcTBe [9]. EcTb mMHTEpecHbIE NMPENTIOKEHUS IO H3BICUCHUIO
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3HAHUM Yy OJKCIEPTOB CIOCOOOM CXKaToW QopManu3alnuu 3HAHUH, a TakKe

00cykaarTcst IpobieMbl TporpaMMHON peasin3anuu Ha 9BM [10] u T.1.
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Puc. 2 — O600mienHas 6J10K-cxeMa IKCIEPTHON CUCTEMbI

Takum  00pa3oM, aKTyaJbHOCTh pa3pabOTKU  SKCHEPTHBIX  CHCTEM
OPUMEHUTEIBHO K METAUIyprUd SIBJISIETCSI HECOMHEHHOH, HO HMMEET CBOIO

cnenu@uky 1 TpedyeT pelieHus 1eJIoTro psijia HEMPOCTHIX 3a/1ay.
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