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Annomayua: B cOOTBETCTBHH C NPHOPHTETHBHIMH TEHICHIMSMH M BEI30BAMH B MHHEPAIbHO-CHIPHEBOM CEKTOpE
U CTpaTerrneil TOpHO HayKH JUTs COXPaHEHHUsI YCTOHYMBOCTH aBTOMATH3aIIH KpaifHe BaYKHO OPraHU30BaTh YCUIICHHBII
KOHTPOJIb, IPOTHO3MPOBAHNE U 00ecIeueHre 0e30IIaCHOCTH IIPON3BOACTBEHHBIX 00BEKTOB U HX (D)YHKIIHOHHPOBAHHS.
CoBeplIeHCTBOBaHNE KOHTPOJIS 0a3 TaHHBIX, HOPMAaTUBHBIX CBSI3€H, YPaBIeHUs, IOTUCTUKH U NIPUHIUIIOB yCTONYIH-
BOTO Pa3BUTHS B TOPHOM JIeJi€ TIO3BOJIAET CHU3UThH TEXHOJIOTNIECKHEe OTKIIOHEHNS U aBapUHHOCTh HA KPYITHBIX TOPHO-
000TraTHTENBHBIX KOMOMHATAX.

BonmbIIMHCTBO TEXHOTOTHUECKUX HAPYIIEHUH U aBapHil HA OTKPBITHIX U MOJ3EMHBIX PyIHUKAX IPOUCXOJNUT H3-3a He-
KBaIM(HITUPOBAHHBIX ICHCTBHI ONEPaTOPOB TEXHOJIOTUUESCKUX IPOLECCOB. YIIepOd B 3TOM CIydae MOXKET OBITH 3Ha-
YHUTEIBHBIM, OCOOCHHO IO CPAaBHEHHMIO C 3aTpaTaMH, CBSI3aHHBIMU C KAY€CTBEHHBIM 00yYEHHEM U ITOCTOSIHHBIM Pa3BH-
THEM IIepCOHaa, 3aHATOr0 AUCTICTYSPCKUM yIpaBJICHUEM B cOOPOM TaHHEIX i d¢dekTiBHON paboTel SCADA-cu-
CTEM B paMKaxX aBTOMaTH3aLUH TOPHO-000raTHTEIBHBIX KOMOHHATOB.

Omnpenenenne DUQGPOBBIX CUCTEM M UX B3aUMOCBSI3U C MHOTOYPOBHEBBIM aBTOMATH3UPOBAHHBIM YIIPABICHUEM MOXKET
OBITH HEKOPPEKTHBIM. O030p HOBBIX IPHHITUIIOB MOXKET MPOOYANUTH HHTEPEC K KOHIETITyaTN3alliH IPOLIECCOB II(pO-
BU3ALIUH C UCTIOJIb30BAHMEM TAKUX MOHATHH, KaK: YUCICHHBIE MOJIETH, CHMYJISTOD, HCKYyCCTBEHHBIN HHTEIIEKT. YacTo
puUMeHsAeMble (HOPMYITHPOBKY W MPUHIUIBI HUPPOBOH MOJETN MOAMEHSIOTCA 06e3 000CHOBaHUS (PyHKIMOHAIBHBIX
cBsizeit. C apyroit CTOPOHBI, 10T IU(POBOIT CHCTEMOI CEroIHS MOXHO TOHHUMATh pOOOTH3UPOBAHHBIC JINHUU U IPYTHE
YHCIJIOBBIE MOJICNIN ¥ HHTEIIEKTYalIbHbIC TEXHOJIOTUH, HallpuMep, 00pabaThIBaOIINE CTAHI[MH C YHCIIOBBIM IIPOTPaMM-
HBIM ympaBieHneM. HeoOXoIuMo oIpeieNuTh MpakTHIEeCKYI0 3HAYNMOCTh KOHIETITYalI3alii U I pOBOH TpaHC-
(opmanny 00EKTOB MUHEPAIBEHO-CHIPHEBOTO CEKTOPA C MCHoNb30BaHueM Big Data, moHsTh, Kak IU(pOBOH TBOHHUK
MOXKET HOBIIUATH Ha H3MEHYHMBYIO TEXHOJIIOTHIECKYIO CHTYaIIHIO, 00ECIIeYNTh OTIepaTHBHOE IIPOrHO3UPOBAHHE, YCTPa-
HUTPH aBapHIO, COXPAHUTH (PU3UUCCKUI OalaHC BO BCEW MPOM3BOJACTBEHHOH cucTeMe. [ TakuX MHTEIUIEKTYaIbHBIX
1 THOKHX TIPOU3BOACTB OCOOEHHO HEOOXOAWMBI KOMIBIOTEPHBIE CHMYIISITOPEI U IU(POBBIE ABOWHUKH, OCHOBAHHBIE
Ha TexHonoruax Manyctpun 4.0-paciinpeHHO# 1 BUPTyalbHOU pearbHOCTH Ha 0a3e mudpoBeIx nBoWHUKOB. Lludpo-
BBI€ IBOIHMKH MO3BOJISAIOT MAKCUMAILHO HMHTHPOBATh PEANBHYIO AESTEIFHOCT OIIEPATOPOB TEXHOJIOTHIECKHX MPO-
1eccoB. HaBBIKH, TOTydeHHBIE TEPCOHATIOM ITOCIIE TAKOTO CUMYJISLIUOHHOTO 00YUESHHsI, TO3BOJISIOT ONlepaTopamM 0CBO-
UTh ONTUMU3UPOBAHHBII MOPSAIOK AEHCTBHI B aBapUIHBIX CUTYaLUsIX PH A00bIYE U epepaboTKe MOJIe3HBIX HCKOMa-
eMbIX. B naHHOl paboTe MpUBOANTCS MPUMEp TUCTAHIIMOHHOTO OOYYEHHs U YIPaBICHHs] TEXHOJIOTHYECKHMH IOTO-
KaMH, YTO aKTyaJTbHO B COBPEMEHHOI MEXyHapOIHOH CUTyaInH.

Knrouesvie cnosa: TopHO-00OTaTHTEIbHAS MPOMBIIUICHHOCTh, HU(PPOBOH ABOWHHK, CHUMYISTOpP, TpaHChOpManus,
nHTeIuekTyaibHas cucrema, SCADA-cuctema, 6e30macHOCTb MPOU3BOJICTBA, 00yUeHHe, paclIupeHHas peajbHOCTb,
JMHAMUKA.
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Abstract: According to the top-priority trends and challenges in the mineral sector, and as per the mining science
strategy, it is highly critical to arrange enhanced control, prediction and safety of production objects and their
functioning for the preservation of automation sustainability. Improved control of databases, regulatory bonds,
management, logistics and principles of sustainable development in mining makes it possible to reduce technological
deviations and accidents at large mining and processing plants.
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Most procedural violations and accidents in surface and underground mines occur because of the unskilled actions of
process flow operators. Damage in this case can be considerable, especially as compared with the expenses connected
with qualitative training and persistent development of personnel engaged with supervisory control and data acquisition
for the efficient operation of SCADA-systems within the automation framework of mining and processing plants.
Definition of digital systems and their interrelation with multilevel automated control can be incorrect. The review of
new principles can awaken interest in the conceptual assessment of digitalization processes using such notions as:
numerical models, simulator, and artificial intelligence. Often applied formulations and principles of a digital model
are substituted without justification of functional connections. On the other hand, a digital system today can be assumed
as robotic lines and other numerical models and smart technologies, for instance, machining stations with numerical
program control. It is necessary to define the practical significance of conceptual modifications and digital
transformation regarding objects of the mineral sector, using Big Data; to understand how a digital twin can influence
a changeable process situation; to provide prompt prediction; to eliminate an accident; and to preserve the physical
balance in the whole production system. Such intelligent and flexible productions particularly need computerbased
simulators and digital twins based on technologies of Industry 4.0—extended and virtual reality on the basis of digital
twins. Digital twins allow maximal simulation of real-life activity of process flow operators. The skills acquired by
personnel after such simulation training enable operators to master the optimized procedure for functioning in
emergency situations in mineral mining and processing. This paper exemplifies the remote training and control of
process flows, which is of concern in the current international situation.

Keywords: mining and processing industry, digital twin, simulator, transformation, intelligent system, SCADA-system,
production safety, training, extended reality, dynamic modeling.

Beenenne

WHTemiekTyanbHble CUCTEMBI M MHTEIUIEKTYalIbHbIE TEXHOIOTUU CTAIH PEATBbHOCTBIO B CEKTOPE
J00BbIUM MOJIE3HBIX UCKOMAEMBIX, YTO TpeOyeT IepecMoTpa MOJX00B K HHKEHEPHOMY M MaTeMaTHye-
CKOMY MOJICJIUPOBAHUIO ITPU Pa3pabOTKe HOBBIX IPOIYKTOB U MPOEKTUPOBAHUH BEICOKOIIPOU3BOAUTEIb-
HBIX NPOU3BOJICTBEHHBIX JIMHUHA, OCOOCHHO B paMKaX MHOTO(YHKIIMOHAJbHOW TEXHOJIOIMYECKOH CH-
CTE€MbI TOPHO-000TaTUTENEHOTO KoMOuHara [1-7].

PacnpoctpanenHbIM 1 HauOosee 3((eKTUBHBIM METOJOM OOy4YeHMs ONEpPaTHBHOIO HEepCOHaa
B HACTOsIIEE BpeMsI SIBJIETCSI KOMITBIOTEPHOE MO/IEIMPOBaHKE, KOTOpOe IpecTaBisieT co0oil addexTus-
HBIIl HHCTPYMEHT IOATOTOBKHU OIEPaTOPOB MAIIMH K PabOTe B IITATHBIX, aBAPHIHBIX ¥ HEIUTATHBIX MPO-
U3BOJICTBEHHBIX cUTyaunusx [8, 9]. Bo Bcex pa3BUTBIX CTpaHaX MCIOJIB30BAaHHE CHELMATM3UPOBAHHBIX
TPEHAXXEPOB SBJISIETCS 3aKOHOJATEIbHO O0S3aTEIbHBIM I ONACHBIX MPOU3BOACTBEHHBIX OOBEKTOB
(B ropHO#OOBIBatOIIEH M 00padaThIBAIOIIEH IPOMBIIUIEHHOCTH, B METAJULYPIUU, XUMUYECKOW IPOMBIILI-
JICHHOCTH U T.J.). YeTBepTasi POMBILIICHHAS PEBOJIIOLHS TpeOyeT 0ojiee BBICOKOTO YPOBHS 3HAHHUH IS
peanu3aiyy Bce 00Jiee CI0KHBIX MPOIIECCOB HA HOBOM YPOBHE B3aMMOJIEHCTBHS 000PY0BaHMS, aBTOMA-
THKH ¥ 4eroBeka. HoBbIi mpuHIMI pabOThl TEXHOJIOTHYECKUX OOBEKTOB JIOJDKEH CTaTh MIOBCEAHEBHBIM
MHCTPYMEHTOM JIF0O0Tr0 MHXEHEpa B CiIydae JIFo00ro NpoayKTa Ha MPOTSKEHUU BCEH €ro KU3HH, YTOOBI
Bo3MoxkHOCTH MHnycTpun 4.0 6111 MCTIONB30BaHbI B ostHOM Mmepe [10, 11].

MonenrpoBaHue yXKe He SBISIETCS PEAKOW TEXHOJIOTHEH, TPUMEHIEMON UCKIIOYUTEIBHO IIPU CO-
3[JaHUHU CJIO0XHBIX KOMMEPUYECKUX MPOJAYKTOB. B Hacrosiee BpeMsi MOJAECIMPOBAHUE SBISETCS HEOTHEM-
JIeMBIM TiporieccoMm Jrodoro HoBoro npoekta HUOKP u HazbiBaetcst undpoBoii Tpanchopmanuei B mpo-
MBILUIEHHOCTH. [0 HETaBHETO BPEMEHU NIPUMEHEHHUE METOI0B MOJIEIMPOBAHHsl OTPAaHUYUBAIOCH OJTHUM
apaMeTpoM: OJlHa AUCUUILIMHA, OJJHA JI€Tallb, OJHO IPOEKTHOE pelleHne. B HacTosiee BpemMs MHOTHE
BapHUaHThI IPOEKTUPOBAHUS I TEXHOJIOTUH U3YUYaAIOTCS HA YPOBHE PELICHUS MEKAUCLIUILIINHAPHBIX 3a-
J1a4d B TOPHOI00BIBAONIEH IPOMBIIITIEHHOCTH. BaxkHO, 4TO MOeIMpOBaHNE MPUMEHSETCS KaK Ha CTaiuu
HUOKP, Tak 1 Ha NPOTSIKEHUU BCETO CPOKA CITY>KOBI MIPOIYKTa — HAUMHASL C BBISIBICHUS MOTPEOHOCTEN
pBIHKA U MPOEKTHPOBAHMs MPOTOTUIIA U 3aKaHUMBAsl YAOBIETBOPEHUEM CIIPOCa M yTWIM3ALUEH Ipo-
nykTa. VIHBIMM CI0BaMH, HHXEHEPHOE MOJICTMPOBAHUE M TEXHOJIOTHS IUPPOBBIX IBOMHUKOB pHoOpe-
TAIOT Bce OoJiee MIMPOKOEe IPUMEHEHHE Oaroapsi CBOEMy MOJOKHUTEIHHOMY BIUSHUIO HA MHHOBALIUH,
POCT J1I0XOJ0B U JIbI'OTHI JUIsl KOHEUHOTI'O IIOTPEOUTEIS.

AKTUBHO INPUMEHSISIC B MHOTOCTYIIEHYaTOM IIPOU3BOJICTBE, MOJECIUPOBAHNE TOBBILIAET €0 (-
(EKTUBHOCTb, 3KOHOMUYHOCTb ¥ THOKOCTh. C NOMOIIbIO yJAJIEHHBIX CUCTEM cOOpa OOJIBIIMX JAHHBIX,
AQHAJIMTUKU ¥ CUCTEMHBIX CUMYJISITOPOB HHKEHEPHI CO3/1aI0T LU POBBIE IBOMHUKU OOBEKTOB U COOpPYIKe-
HUH, MO3BOJIAIONIME IIPOTHO3UPOBATh OCTATOYHBIA PECYPC KOHCTPYKTUBHBIX 2JIEMEHTOB U ONTUMHU3UPO-
BaTh TEXHUYECKOE OOCITYXKHUBaHNE U pEMOHT. Vcrionp30BaHNe HMUTALIMOHHOTO MOJECITUPOBAHNUS C BUPTY-
QIBHBIMU CHCTEMaMH U CHMYJISTOpPaMH OCOOEHHO A3(QQEKTHBHO, KOIJa HEBO3MOXKHO HCIIOJIb30BaTh
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¢uznyeckuit 00BEKT, WIM €r0 OCMOTP U KCIUTyaTalusi OrpaHUYEHbl, 0OCOOEHHO B YCIOBHSIX 3aMKHYTBIX
[IPOCTPAHCTB NMOoA3eMHbIX waxT [12, 13].

Ceroaus TeXHOJIOTHA IU(PPOBOTO IBOMHUKA HAXOJUTCS HA CTaIMU CTAHOBJICHUS U ABJISETCS OJTHUM
n3 KoMroHeHToB Muayctpun 4.0, BKIIto4aromiei B ceds, IOMUMO ITPOYEro HHTEIUIEKTYalIbHOE IPOU3BO/I-
CTBO, TI00anpHBIN HTEpHET Bemiel u MaTepHeT Bemel u HTepHeT ycyr, a Takke 00JIadHble BBIUUC-
JICHHS B OTJIIOKEHUAX. MOIeTMpOBaHNE CTAHOBHUTCS YAacThIO MPOLIECCa, B KOTOPOM IU(PPOBOI JTBOWHUK
IUIOTHO MHTErPUPYETCS B IPOEKTUPOBAHNE U IKCILTyaTALMIO IPOLEAYpPhl HAPSAAY ¢ UCKYCCTBEHHBIM HH-
TEJJIEKTOM M MAIIMHHBIM 00y4eHHEM.

MudpoBbie CUMYIATOPBHI

CucrtemMbl JUHAMMUYECKOTO MOJCIMPOBAHMS U TPEHAXKEPhl OllepaTopa y>Ke 1aBHO IPUCYTCTBYIOT
Ha pbIHKE. 3a MOCieIHue 5 JeT, aKTUBHO Pa3BUBAIOTCS TaKUE TEXHOJOTUH, KaK KOMIIbIOTEpHBIE pac-
YeThl, IPOrpaMMHOE 00ECIICUeHNE U HHCTPYMEHTHI aHAJIH3a, HOJTYUMUIH CTPEMUTENbHOE pa3BuTHe. Cu-
MYJISTOPBI MIUPOKO MPUMEHSIOTCS BO MHOTHX OTPACIISAX MPOMBIIUIEHHOCTH. TpeHaxepsl CiIyXat I
MOATOTOBKM MUJIOTOB, KOCMOHABTOB, ONEpaTopoB A-cTaHiui. TpeHaxepbl paboTalOT Ha IUIABYYHX
COOPYKEHMSX AJs 100bIYM, MOJTOTOBKH, XpaHEHHs] U NEPEBAJIKU YIJIEBOJAOPOJOB, Ha TEpMMHajIaxX
CIII', Ha 3aBO/Iax O KOHBEPCHUH Ta3a B )KUIKOCTh, HA He(TenepepadaThIBAIOMIKUX 3aBOAaxX U T.1. Me-
TOJIbI MOJICTTUPOBAHUS MOTYT OBITH IUIOIOTBOPHO MPUMEHEHHI B I00bIYE U epepabOTKe MOJIe3HBIX UC-
KOIIa€MBIX.

B cBs13u ¢ OypHBIM pa3BUTHEM TEXHOJIOTUM, UCIIOIB30BAHUEM BBICOKOIPOU3BOIUTENBHBIX KOM-
NBIOTEPOB U COBPEMEHHOTO MPOTPAMMHOTO oOecreueHus I YAOBIETBOPEHHS MOCTOSHHO PacTy-
IIETO CIpOca CO CTOPOHBI MOTpeOuTeNe HeOOXOAUMO CO3/IaHNe HOBOW MHTEPAKTUBHOM Cpeabl s
KOMIIBIOTEPHBIX CHUMYJISITOPOB, BKJIIOYAONIEH NeTalbHOE MOJCIMPOBAHUE TEXHOJOTHYECKUX MOTO-
KOB, BXOJSIIMX B IMPOU3BOJCTBO B PEKUME PeallbHOro BpeMeHHU. Vcrosib3oBaHUE TaKOro MOAX0/a
U CIICNHATU3UPOBAHHOTO MPOrPAMMHOI0 00ECTICUeHHsI BUPTYaIU3alUH TIOMOXKET PEeUIUTh TaKHEe aK-
TyaJbHBIE 3aJ]a4H, KaK MOJEIHPOBAHUE M MPOU3BOJCTBO BO3MOXKHBIX CIICHAPUEB TEXHOJIOTHUECKHX
npoueccoB. ITono6HbIe cucTeMbl 6€30MaCHOT0 00Y4YeHUs, UCIOIB3YIONME KOHTEKCTHYI0 HHpOpMa-
LU0 U IU(POBBIE MOJENIN MOJHOTO MOrpyXKeHHUs, 00ecrieunBa0T ONEepaTOpOB pealbHBIMU Ipodec-
CHUOHAJIbHBIMH KOMIETCHIMSIMU B PEIICHUHM HEIITATHBIX CUTYallMid M B MPEJOTBpAIlleHUH HeOJaro-
NPHUATHBIX YCJIOBHI MPOTEKAHUS MPOIECCOB, BEI3BAHHBIX MPOU3BOJICTBEHHBIMU HIIM TEXHOTC€HHBIMHU
dakropamu [14-17].

OcHoBHO¥ TTpoOIEMOil TpH 00YYEHUH TIEPCOHAJIA MIAXT SBIAETCS HEBO3MOXKHOCTh BMEIIATEIb-
CTBa 00y4aeMoro B TEXHOJIOTHYECKHI nporecc. M3 onpiTa MOArOTOBKU M MIEPENOATOTOBKH MIEPCOHAA
MOJKHO YTBEPXKIaTh, YTO MPOIecC 0OyUYeHHs INOO HE CBA3aH C PEaIbHBIM TEXHOJIOTUYECKUM TpOIleC-
COM U HaBBIKM HE MPUMEHHMMBI Ha NIPOU3BOJICTBE, JINOO Ipolecc o0yuyeHus: nacCUBeH U 00ydaeMblii
MOJKET TOJbKO HaOII0AaTh 3a JEHCTBUAMHU MacTepa Wiu MHCTpyKTOopa. Ilo omenkam skcnepros, mo-
cleqHUI MeTo KpaiiHe Hed(p(PEeKTUBEH, 3aHMMAaeT MHOTO BPEMEHHU M, YTO CaMO€ CTpalIHOe, HE Y4H-
THIBaeT HEIITATHbIC M aBAPUIHBIC CUTYaIllUU, XapaKTePHBIC JJIsi TOPHOW M XUMUYECKOW MPOMBIIIIICH-
Hoctu [18, 19].

HeomnbiTHBIE OnepaTopsl rnociie NpoGOpUEeHTAIIMOHHOTO 00yYeHHUSI MOTYT MO0 HAPYIIUTh TEX-
HOJIOTUYECKUH mpoiecc 03 cepbe3HbIX MOCIEACTBHIA, B JIyUIlEeM cllydae, 1100, B XyAILIeM, CTaTh MpU-
YMHOM CEepbe3HON aBapuM ¢ TPaBMaMU U CMEPTSAMHU Ha JAEHCTBYIOLIMX IIaXTaX WIM XUMUYECKUX 3aBO-
nax [20]. IToaTomMy HeoOXOIMMO HCHOIB30BATh CHENHAIM3UPOBAHHBIE OOYyYAIOUINE TEXHOJIOTHH
U CpeJCTBa, CIOCOOHBIE BCECTOPOHHE MOJEIMPOBATh TEXHOJIOTHYECKHH Mpolecc Ha pabodyeM mecTe
olepaTopa Uiu UHTep(elc Ioab30BaTeNs.

Taxue nuugppoBble MOAEIN B COUETAHUU C TEXHUYECKUMHU CPEJICTBAMU (TPEHAKEPAMHU) NIPEACTAB-
JAI0T co00#l eanHyI0 cucTeMy OOy4YeHHUsS MEpCOoHaNa, KaKk B IITATHOM pPEXHME, TaK U B aBaApUHHBIX
cUTyanmsx, 6e3 ymepoa st TeXHoJoTHIeckux npomeccos (puc. 1). TpeboBanus k mHGOPMAIIIOHHBIM
TPEHAKEPAM 3aKJIIOYAIOTCA B UMUTALMU TEXHOJIOTHYECKOT0 000pYJOBaHMSI, MOAEIUPOBAHUH (PU3HUKO -
XMMHMUYECKHUX IPOLIECCOB, TOUHON peanu3aliy yNpaBlICHHUs Ha ONEpPaTOPCKUX CTaHIMIX, 00y4yeHUH
B Pa3IMYHBIX PEeKUMAaX PeanbHOT0 WIH MOJEIHHOI'0O BPEMEHH, a TaKXKe INIAHWPOBAHUH CLIeHapHeB 00Yy-
YEeHMUS.
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Puc. 1. [Ipumep cuMyISIIMOHHOMN CHCTEMBI, COBMEIIEHHOM C TEXHOJIOTHYECKUM MPOLIECCOM

aq)q)eKTI/IBHOCTB KOMIBIOTCPHBIX TPEHAKEPOB BO MHOI'OM OIIPECACIACTCSA 3HAHUAMU U HABBIKAMHA
CIICOHAJINCTOB B 00J1aCTH TEXHOJIOTHH U YIIpaBJICHHA TEXHOJIOI'MYCCKUMU MIpOoLeCCaM, KBaJIHq)HKaHHeﬁ
MepcoHaa, a Takke BHEAPEHUEM, SKCIUTyaTalle u 00CIyKHBaHHEM TpeHakepoB [21].

Hudposbie 1BOHHUKH /151 TOPHO-000raTUTEIbHBIX KOMONHATOB

[Mudpossle NBOMHUKHN B 10OBIYE U epepabOTKe MOJIE3HBIX HCKOMAeMbIX BIIEPBbIC MPEIHA3HAUCHBI
JUISL SKCTIEPUMEHTOB HE C TEXHOJIOTHYECKUM MPOIIECCOM HITH 000pyI0BaHUEM, a ¢ OoJiee ynoOHBIM pe-
cTaBiieHHeM — 1 poBoil Moaensio. KpoMe Toro, 3a cuet UCoiabp30BaHus HU(POBOM MOJIENN B KaYECTBE
TpeHaXkepa HapajlIeJIbHO pelaercs npobiiemMa, CBsi3aHHas ¢ OOy4EHHEM TEXHOJIOIOB M OIIEpaTOpOB
TrOpHO-000TaTUTENLHOTO KoMOMHaTa. CucteMbl kKoMmbioTepHol cumysisiiinu (CKC) npeaHa3sHadeHbl 1ist
00y4eHus IepcoHalia ¥ MPOBEPKH KBATHU(PHUKALNU B aBTOMAaTU3UPOBAHHOM ITPOU3BOJICTBE.

OnHOM 13 TPUOPUTETHBIX 3a/1a4 HU(POBBIX CUCTEM JIJIS IAXT SIBJISIETCS aHATTU3 TMHAMUYECKHX T1a-
paMeTpoB B paMKax TEXHOJIOTMYECKOH cXeMbl. B kauecTBe mpuMepa MOXKHO MPUBECTH 3Tal (ppe3epoBa-
HUS — caMblil SHEPrOEMKHI MpoLiece B axTax. B HacTosiee BpeMsl, ydUThIBasi KpUTHUECKUN XapaKTep
3G PEKTUBHOCTH MPOLIECCA, HATEKHBIE U BHICOKOTPOU3BOAUTEIBHBIC METO/IBI IPOOJICHHS i U3MEIIbYCHUS
HAXOATCS B IEHTPE BHUMAHUS KPYITHBIX HTPOKOB OM3HECA.

JluHaMuyeckoe MOJIIETMPOBAHNE TIpoIlecca M3MeNlbueHsT B 0apabaHHBIX TpOOWIIKax, HAIpUMeED,
MO3BOJISIET PEaIn30BaTh YIPABICHNUE CKOPOCTHIO BpalleHus 0apabaHa ¢ 1eTbI0 ONTUMHU3AIMH CYILECTBY-
IOLLEro npouecca u3menpdeHus. [Ipernmyiiectsa, CBA3aHHbIE C HAIEKHOCTBIO, KOMIUIEKCHBIM (DYHKIIMO-
HUPOBAaHUEM, CHIDKEHHUEM H3HOCA MEJIbHUYHBIX JTHU(PTOB U TEXHUYECKOTO OOCITYy’)KUBAaHHUS, MOTYT OBITH
JOCTUTHYTHI TIPH UCTIOIB30BAaHUH TIEPEIOBBIX TEXHOJIOTHI YaCTOTHO-PETYIMPYEMbIX MPUBOJIOB U TMHA-
MUYECKOT0 MOJIEJIMPOBaHusl. BHeIpEeHNE TaKUX CUCTEM MOKET BBIBECTH MPOLIECC U3MEBbUEHNS Ha HOBBIN
yYpPOBEHB 00Jiee BHICOKOH MPOU3BOIUTENHFHOCTH U peHTabenbHocTH [22, 23].

['maBHBIN BONpOC, Ha KOTOPBIA JOJKEH OTBETUTh KaXKAbld MHXKEHEP-KOHCTPYKTOP MPOU3BOJI-
CTBa: KaK IMOJyYUTh MAaKCHUMaJbHYIO NpUOBLIL Ipu O6apabanHOM m3MenbueHuu? Takue mapameTpsl,
KaK pacxoJl BOJAbI, pa3Mep U KOJUYECTBO IIAPOB, MOJadya Marepuasa, MOTYT ObITh OTPEryJHUpOBaHbI
TakuM 00pa3oM, 4yTOObl ONTUMHU3MPOBATH MPOU3BOAUTEIBHOCTh Pa3MoibHOH 1enu. OgHaKo Takas
HacCTpoiiKa Bcerja 3aHMMaeT MHOTO BPEMEHH, MPEANoiaraeT uCroiab30BaHHe TEXHOJIOTHYECKON ycTa-
HOBKHU IIPH HACTPOWKE M MPUBOAMT K M3HOCY MM MPOCTOI0 obopynoBaHus. Takum oOGpasom, mapa-
METpPBI, KOTOPBIE MOTYT OBITh OTPETyJIMPOBAHBI JIJISl JTOCTHKEHHUSI MaKCUMAIIBbHON 3D PEeKTUBHOCTH H3-
MeJbYEHUS, OOBIYHO OCTAIOTCS HEU3MEHHBIMU. B TO ke BpeMs Takue rnapaMeTpbl MOTYT OBbITh JIETKO
U3MEHEHBI, 03 JIMIIHUX 3aTpaT BPEMEHU U MpoOieM, CBA3aHHbIX ¢ u3HocoM. IIponecc pa3mona B oc-
HOBHOM 3aBUCHUT OT CKOPOCTH JIBHXKEHHS APOOUIIKH, KOTOpAas OMpPENENsieT THII ChHIPbsl M OKa3bIBaeT
HENOCPEICTBEHHOE BIMSHNE Ha TaKHe EPEMEHHBIE MPoIecca, KaKk CKOPOCTh pa3pylIeHus, 00beMHbII
BBIOPOC M MPOU3BOJMUTENBHOCTh APOOMWIKU. B HTOre M3MeHsieTcsi pa3Mep BBIXOJHOIO MPOJIYKTa H,
COOTBETCTBEHHO, NPOU3BOAUTENBHOCTh JApoOmiku. L{udpoBoit IBOWHHMK MMOIYyaBTOMAaTHUYECKOM
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JTPOOMIIKM COCTOUT U3 HECKOJIBKUX CTaIUN U MOKET ObITh peain30BaH C MOMOILbIO CIIEIHATIN3UPOBAH-
HBIX TIporpamm [24-28]. B nanpHeiineM mory4eHHbIC Pe3yJIbTaThl MOTYT OBITh HAMPABICHEI B CpEIy
JUHAMHYECKOTO MOJEIHPOBAHUS TEXHOJIOTUIECKUX MTPOLIECCOB.

JAnnamMudeckoe MoJeTUPOBAHHE

[TpumepoM TUHAMUYECKOTO MOJCIUPOBAHUS SBJIAETCS CUMYISATOpP Ha 06a3e IporpaMMHOro obdec-
nedenus Schneider Electric, paspadoranusiii B ['opHoM yHUBepcutete. [IpenmyriiecTBoM TpeHaxepa sSB-
JSIeTCS TO, YTO ONEpaTOpbl MPOXOIAT OOyUeHHE B PEKUME YCKOPEHHOTO MOJICIUPOBAHUS U B PEKHME
peanbHoro Bpemenu [29, 30]. 1o cocoOCTBYET pa3BUTHIO HABBIKOB paOOTHI B aBAPUIHBIX CUTYAIIHSIX.
B ciyyae BO3HUKHOBEHHUSI aBapUIHOM CUTyallnu HEOOXOAUMO BBITIOJIHHUTH PSJ 33JaHHBIX CIICHAPHUEB, YTO
MO3BOJISIET MIOJIYYHUTh OMBIT MOBEJICHUS B HEIITATHBIX cuTyarusix [31].

B kauectBe macTep-cpensl 6buta BeiOpana DYNSIM kak npakTuyecku anpoOUpOBaHHOE M UHTE-
IPUPOBAHHOE [IPOrPaMMHOE OOecIieueHHE AJIsl IMHAMUYECKOI0 MOAEIMPOBAHNUS, I03BOJISIONIEE 030~
BaTEII0 PeIIaTh 33/1a4M MPOESKTUPOBAHUS U 0€30IaCHON IKCIUTyaTallui COBPEMEHHBIX TEXHOJIOTHYECKIX
ycTaHOBOK. CHCTEMBI AMHAMUYECKOT0 MOJIEIIMPOBAHUS TEXHOJIOrn4eckux notokos B DYNSIM onucanst
B [32-34].

KomOuHupys BCTpoeHHBIE MOJIEIH 000PYAOBaHHS C TOYHBIMH TEPMOJIUHAMUYECKUMHU MOJIEISIMU
3JIEMEHTOB YIPABJICHUS H JIeKTpruuecKkumMu MoersiMu, DYNSIM no3BosisieT MOAEeTHpOBaTh pa3InyHbIe
TEXHOJIOTUUECKUE YCTAHOBKH, BKJIFOUasi CUCTEMBI yIpaBJIeHUs], OJIOKHUPOBKU OTKIIIOYEHUS U JIEKTPOIH-
tarusi. Kpome toro, DYNSIM mosxer [35-37]:

* 100aBIATH YPAaBHEHHUS U IPYTHE MOJIb30BATEIBCKUE OOBEKTHI;

* 100aBIAThH pa3IU4YHble OMOIMOTEKH U YPAaBHEHHSI KHHETUKHU PeaKIUii;

* pa3pabaThIBaTh CIIELHUAIbHBIC PEXKUMBI YIPABICHUS TEXHOIOTHIECKOH YCTaHOBKOM.

[IpencraBnennas Y CC mopenupyeT yIpoIIeHHBIH Mpolece crymenus u ¢puiastpanmu. Ha rmaBHOM
JHCIUIee omeparopa OoToOpakaeTcss MHeMocxeMa (HIBTPAlM ¢ BO3MOXKHOCTBIO BBI30BAa PAa3IMYHBIX
BCIUIBIBAIONINX OKOH JUIsl HACTPOHKH KOHTPOJLIepoB u 3 dekTopos (puc. 2).

———
-

Puc. 2. lucnneii oneparopa

AnanornuHeIM 00pazoM BKITIO4YaeTcs pabodee mecto TpeHepa (puc. 3). Pabodyee mecto TpeHepa
npecTaBisieT co0oi HabOp HHCTPYMEHTOB JJISi OJTHOBPEMEHHOTO YIIPABICHHUS U 00YUEeHHUSI HECKOIBKHX
OIIEPaTOPOB, a TAKXKE BKIIOYAET B C€0sI OIICHIIIMKH HABBIKOB.
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Puc. 3. lucnnieit Tpenepa

Tpenep MokKeT 0THOBPEMEHHO 33JaBaTh PEATH3ALNIO CLIEHAPUS TEXHOJIOTMYECKOI0 MPoLecca ¢ aB-
TOMAaTHYECKUMH O0YYarOIIMMH YIPAXKHEHUSIMH WA ¢ MOHUTOPUHTOM 00y4yeHus. B aTom pexume neit-
CTBHS OIIEPATOPa OIMUCHIBAIOTCS C IOMOIIBIO PA3IMYHBIX OIEHOK Y(P(PEKTUBHOCTH MM BECOB, a TPEHEP
CHOCOOEH HEeNMPEAB3ATO OLIEHUTD IEATEIbHOCTh OIIEpaTOpa, MPOCIEANUTD 3a €ro AEUCTBUSAMU U YIIPABISTH
nporeccoM o0ydeHusl.

JuHamuyeckne MOJENIH TEXHOJIOTMUYECKON YCTAHOBKY UHTETPUPYIOTCSI C IPOTrpaMMoOil MOJIETTUPO-
BaHMsI COOTBETCTBYIOLIEH CUCTEMBI yipaBiieHusl. OCHOBHOW CpeAoy SIBIIAETCS MOAYJbHOE POrpaMMHOE
obecrieyeHue A1 JUHAMUUECKOro MOAETIMPOBaHus. MolylIbHast apXUTEKTYpa 03BOJISET pa3padaThIBaTh
MaciuTaOupyeMble HHTETpUPOBaHHbIE CUCTEMBI TAKETOB MOATOTOBKY oniepaTopoB [38].

Cpena pa3paOoTKu, BKIHOYas UCIIOJHUTEIBHOE IUHAMUYECKOE MOJIETMPOBAHHUE, MOKET NEPEKITIO-
4aThCsl Ha Pa3IMYHbIE MOIPOLECCH, TAKWE KAK UMUTALIMOHHBIE MOJEIH, SIMYJISILIUOHHBIE MOJIETIU CUCTEM
yIpaBJICHUS, SMYJISIHS TPOTPAMMHUPYEMBIX JIOTHYECKHX KOHTPOJUIEPOB, Tpaduyeckuii uHTepeiic momib-
30BaTelsl, MPUIOKCHHS BHEITHUX TocTaBIIMKOB (Hampumep, Excel) u maorue apyrue [38, 39]. Bes cu-
cTteMa oO0beuHeHa o0IIeH cpesioi, KOTopasi CHHXpOHHU3UPYET Nepeaady JaHHbIX (puc. 4).

sSM PLC

DM Excel

Gul

Puc. 4. MoayneHas cuctema auHamudeckoro Monenuposanus: DE — cpena paspabotku; CS — cuctema ynpaBiieHHs;
PLC — nporpammupyemsiii nornueckuii koutposuep; C Ul — rpadudeckuii nutepdelic mons3oBaTens;
DM — nunaMuueckoe MozenupoBanue; SM — CUMYJISILIMOHHBIE MOJIENIN

OMHOBPEMEHHO C Pa3BUTHEM IHU(PPOBBIX TEXHOJIOTMHA MPOUCXOJUT MOAECPHHU3AIUS KOMIIBIOTEP-
HBIX CUMYJIATOPOB. Bce Oosiee MOITHBIE KOMIIBIOTEPH! U MPOTPECCUBHOE MPOrpaMMHOE o0ecrieueHue
MO3BOJIAIOT OCYHIECTBIATH 3D-BU3yanu3anuio, pacIMpeHHYI0 U BHPTYaJbHYIO PEaJIbHOCTb, B3aHMO-
JieficTBHE pa3IuYHbIX MporpaMM. [lepe1oBbie TEXHOIOTUH CTAHOBATCS O0Jiee TOCTYIHBIMU U SKOHOMH-
yeckH 3 (PEKTUBHBIMU M 00ECTIEUNBAIOT KOPPEKTHYIO pabOTY TPEHAKEPOB B CIOKHBIX IPOU3BO/ICTBEH-
HBIX YCJIOBHUSX.
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DYNSIM unTerpupyetcs ¢ nporpaMmoi MoeIupoBaHus craumoHapHsix mnpoueccoB PRO/II kom-
nanun Schneider Electric u BKIr09aeT MOMyJIbHBIE TEPMOJUHAMHYCCKUAE TPUHITUIBI, PAMKH U aJro-
puTMBL. Mcronb3ys o0LIyt0 apXUTeKTypy, IporpaMMHOe 00ecTiedYeHne JIETKO HHTETPUPYETCS C pa3iny-
HBIMHM CHCTEMaMH YIpaBIEHUs, 4TO 00ecreunBaeT miaTgopmy sl MHKEHEPHBIX pPelIeHUI, HaCTPOUKH
ynpaBJeHHs U pa3paboTKu Oojiee HaIeKHOTO MPOrpaMMHOT0 oOecreyeHns, BKIYasi 00yueHHue ornepa-
Topos [40, 41].

[Tomo6HbIe MH(OPMAIIMOHHBIE TEXHOJIOTMH MOTYT 3aMEHHTD allapaTHbIe 3JIEMEHTHI pealbHON CH-
CTeMBbI YIpaBJIeHUS (TEXHOJIOTHUYECKas CXeMa, KOHTPOJUIEPhl, KOMIIbIOTEPHI) HA MPOrpaMMHBIE YKBHBA-
JICHTBl B TOPHOW MPOMBIIIJICHHOCTH [42-45]. DT0, B CBOIO OYepe/b, MOXKET MO3BOJIUTH CO3AaTh OoJiee
KOMITaKTHBIE, MOOMJIbHBIE U TIPOCTHIE OTIEPALMOHHBIC TPEHAKEPHI.

BriBoabI

LTudpoBoe 1BOMHOE MOJETHMPOBAHHUE — ITO FOPa3io OOJIbIIE, YEM IPOCTOE CO3AAHUE JOCKU OIepa-
TOpa. DTOT NOJAXOJ UMEET pellarollee 3HaYeHHe I ONTUMU3ALMK YIIPaBJIECHUS KaK B TOPHOA00bIBatO-
1IeH, TAK U B XUMUYECKOH IIPOMBIIIICHHOCTH. J[aHHbIE U3MEPEHUH, CTATUCTUKA U YACICHHOE MOAEIUPO-
BaHME SBJIAIOTCS] OCHOBOM 11 MallIMHHOTO 00y4eHust. Habop yHupUIUMpOBaHHBIX HU(PPOBBIX ABOHHUKOB
MOXeET OBITh ONITUMU3UPOBAH B paMKax €MHOMN CUCTEMbI YIIPaBICHUS.

Taxue TexHOJIOrUHU, KaK BUPTYyalIbHAs M pacIIUpEeHHasi peajbHOCTb Ul BU3yaIU3allui IPOEKTHBIX
peLIeHHUH U CKPBITBIX 2JIEMEHTOB TEXHOJIOTHYECKUX IPOLIECCOB, IOMOTal0T B 00Y4YEeHUH NIEPCOHANA U T10-
BBILIEHUH 0€30MaCHOCTHU TPYAA, TaK KaK 00eCIednBaoT BU3yalbHOE NPeICTaBlIeHHe U OyKBaJIbHO BITyC-
KaloT 00Yy4YaroIuXCs U ONEpaTOpPOB B peajbHbIH TEXHOJIOTHUECKHH MPOLECC MM MPOU3BOJCTBEHHBIN
00BEKT, HaXOsICh IPU 3TOM JUCTAHLMOHHO U B Y4eOHBIX KJjlaccax, 4TO B HACTOALIEE BPeMsl OCOOEHHO
aKTyaJIbHO.

BHaenpenue nnpoBbIX TEXHOJIOTHN B FTOPHOA00BIBAIOLIYIO U IIEpepadaThIBAOILYIO IPOMBIIIIICH-
HOCTb — 3TO HEOOXOIUMOCTb CETOJHSIIHETO HSA. PYKOBOJICTBO MHOTMX TOPHOA0OBIBAIOIINX KOMIAHUI
MIOHUMAET, YTO LHU(POBBIE TEXHOIOIMU MOTYT NPUHECTH peallbHble IPeUMyIlecTBa U npuobuib. Kon-
nenus uppoBoi TpaHchopMalK MO3BOJSET NEPEOBbIM TEXHOJOTUSAM CTUMYJIMPOBATh MPO3pad-
HOCTb U IOXOTHOCTb PEAJIbHOTO CEKTOpa 3KOHOMUKHU. DTO MPOUCXOAUT Oslarofapsi BUPTyaIn3aluy Ousz-
HEC-CUCTEM, BU3yalIM3alluy JAaHHbIX U 3HAHUH O pecypcax (IOJE3HBIX UCKOMAeMbIX, 000PYAOBaHHH,
paboueii cuie), akTyaau3aluy JaHHBIX B PEKUME pPealbHOr0 BPEMEHH, COBEPIICHCTBOBAHUIO IIPOCKT-
HBIX PELICHHUH, MJITABHOMY KOHTPOJIIO, @ TAK)KE aHAIM3Y U aBTOMATH3AIUHU IPUHATHUS yIIPaBICHUYECKUX
pEUICHUN.

Jlnst 5 PeKTUBHON M SKOHOMHUYHOH SKCIUTyaTallid HOBOIO OOOPYHOBAHUS CYIIECTBYIOIIHE CH-
cTeMbl 00y4YeHHs U pa3BUTHUS NIEPCOHAIA Hel0CTaTOYHbI. [Ipn 3TOM BO Ii1aBy yriza CTaBATCS HABBIKH OIle-
partopa 1o yrnpaBjIeHHIO KOHKPETHBIM MIPOLIECCOM MM 000pYyJOBaHHUEM, & OHU MOTYT HE 3aBUCETh OT KBa-
nuduKanuu, TEOPeTHYECKUX 3HAHUI U ONbITa pabOTHI onepaTopa.

Pemenuem 370i mpoGnemsl sBisieTcsl pa3paboTka oOyuaromero Habopa Ha OCHOBE MaTeMaTH4e-
CKOM MOJIeNIN, MAaKCUMAaJIbHO MPUOIMKEHHOM K pealbHOMY OOBEKTY.

Hcnonb30BaHNe KOMIIBIOTEPHOTO MOJECIUPOBAHUS IT03BOJISIET 3HAYUTEIBHO HMOBBICUTh ITPAKTUYE-
CKHUE 3HaHMS U HABBIKU BBIIIYCKHUKOB BY30B, MOJIOJBIX CHELMAIMCTOB M NEPCOHANA B 00JIACTH 100BIYM
MOJIE3HBIX UCKOMAEMBIX, UTO, B CBOIO OYEPEJIb, MOKET CYIIECTBEHHO NTOBBICUTH O€30I1aCHOCTh IPOU3BOJI-
ctBa. KBanudukanus nHxeHepoB, cepTU(UIIMPOBAHHBIX 110 pe3yibTaTaM paboThl B 00JaCTH KOMITBIO-
TEPHOTO MOJEIMPOBAHUS, MOXKET ObITh IIPU3HAHA BO BCEX CTPaHax MUPA. AKTYaJIbHOCTh TaKOH BBICOKO-
npogecCUOHAIbHOM CepTU(UKALUK CIIEHUATUCTOB, OCOOCHHO TE€X, KTO HEJABHO IMOJIyYWJ TUILIOMBI
0 BbICcIIEM 00pa30BaHUU, 0OYCIIOBIEHA OCTPBIM JE(PHULUUTOM KBAIU(UIHPOBAHHBIX KaJpOB B TOPHOIO-
ObIBarOIEl MPOMBIIIJIEHHOCTH, OCOOEHHO C Y4€TOM HCKJIIOUMTENBHBIX CTAaHIApTOB OE€30MacCHOCTH MPO-
W3BOJICTBA.

JloxazaHo, 4TO 1M(pPOBbIE ABOMHUKH, OCHOBAaHHBIE HA YMCICHHOM MOJEINPOBAaHUU U COBPEMEH-
HOM IPOTrPaMMHOM 00€CNe4YeHUH, IPUMEHUMBI B JIFOO0OH OTpACIM: TPAHCIOPT, SHEPreTUKA, TPOU3BOJI-
CTBO, aBUalys U T.4. HekoTopble KOMIAHUU YK€ 3KOHOMAT MUJUIMOHBI JAOJIJIAPOB 33 CUET MHTErpaluu
nHpOpManuH, U pPOBOro MOAETUPOBAHUS, IIAT(HOPM UMUTAITIOHHOTO MOJIETUPOBAHNS, O0JIAYHBIX TEX-
HOJIOTM ¥ MAIlIMHHOTO 00YyYeHusI.

Cmambsi onybnukosaHa 8 omkpbimom docmyine o nuyeHsuu CC BY 4.0 7



DOI: 10.17580/em.2020.02.12

JIUTEPATYPA

Awvailabe at; http://static.government.ru/media/files/WXRSEBj6jnRWNrumRkDakLcqfAzY 14VE.pdf (accessed: 27.03.2020)
Available at: http://www.garant.ru/products/ipo/prime/doc/70484380/#ixzz4aP1zXHhy (accessed: 27.03.2020)
Available at: https://spmi.ru/sites/default/files/imci_images/univer/bloks/napr_iiul_2019_s.pdf (accessed: 27.03. 2020)

4. Litvinenko V.S. Digital Economy as a Factor in the Technological Development of the Mineral Sector. Natural Resources
Research. 2019. Vol. 28, Iss. 28. pp. 1-21.

5. Litvinenko V.S.The Role of Hydrocarbons in the Global Energy Agenda: The Focus on Liquefied Natural Gas. Resources.
2020. Vol. 9, Iss. 59. DOI: 10.3390/resources9050059

6. Berman S. Digital transformation: Opportunities to create new business models. Strategy & Leadership. 2012. Vol. 40,
Iss. 2. pp. 16-24.

7. Gukovskiy Y.L., Sychev Y.A. and Pelenev D.N. The automatic correction of selective action of relay protection system
against single phase earth faults in electrical networks of mining enterprises. International Journal of Applied Engineering Research.
Research India Publications. 2017. Vol. 12, Iss. 5. pp. 833-838.

8. Rylov S.A., Sofiev A.E., Tarakanov Yu.V. Mobile computerbased simulator for training process flow operators. Pribory.
2010. No. 3. pp. 19-24.

9. Dozortsev V., Nazin V., Oboznov A., Mironova A. Structural knowledge as an evaluation instrument of trainess progress
in learning. 11th IEEE International Conference on Application of Information and Communication Technologies. 2017. Vol. 2.
pp. 275-279.

10. Alvarez A., Fernandez E., Prokofeva E.N., Vostrikov A.V. The building of effective systems of training and development
for mining engineers with the basis of digital technologies. Eurasian Mining. 2019. No. 1. pp. 49-52. DOI: 10.17580/em.2019.01.12

11. Gurskaya T.V., Krasavin A.V., Fedorova S.V., Khudyakov P.Y. Practice-oriented approach to mining engineer training.
Gornyi Zhurnal. 2018. No. 2. pp. 97-103. DOI: 10.17580/gzh.2018.02.14

12. Dozortsev V.M., Kreidlin E.Y. State-of-the-art automated process simulation systems. Automation and Remote Control.
2010. Vol. 71, Iss. 9. pp. 1955-1963.

13. Dozortsev V.M. New Challenges to industrial safety — Will computer simulators help? Bezopasnost’ Truda
v Promyshlennosti. 2019. No. 9. pp. 31-38.

14. Corbetta M., Grossmann I.E., Manenti F. Process simulatorbased optimization of biorefinery downstream processes under
the Generalized Disjunctive Programming framework. Computers & Chemical Engineering. 2016. Vol. 88. pp. 73-85.

15. Alekseenko V.A., Pashkevich M.A., Alekseenko A.V. Metallisation and environmental management of mining site soils.
Journal of Geochemical Exploration. 2017. Vol. 174. pp. 121-127.

16. Pashkevich M.A., Petrova T.A. Development of an operational environmental monitoring system for hazardous industrial
facilities of Gazprom Dobycha Urengoy. Journal of Physics: Conference Series. 2019. Vol. 1384. pp. 1-7.

17. Koptev V.Y., Kopteva A.V., Improving paraffin deposits detection methodology for better ecological safety during
hydrocarbon transportation. International Journal of Applied Engineering Research. 2017. Vol. 12(5). pp. 618-621

18. Katuntsov E.V., Kultan Y., Makhovikov A.B. Application of electronic learning tools for training of specialists in the field
of information technologies for enterprises of mineral resources sector. Journal of Mining Institute. 2017. Vol. 226. pp. 503-508.
DOI: 10.25515/PM1.2017.4.503

19. Dozortsev V.M. Computer-based simulators for training process flow operators. Moscow : SINTEG, 2009. pp. 29-31,
42-44,

20. Sganzerla C., Seixas C., Conti A. Disruptive Innovation in Digital Mining. Procedia Engineering. 2016. \Vol. 138. pp. 64-71.

21. Rylov S.A., Sofiev A.E. Applicaton of Virtual Machine Technology in engineering of computer-based simulators for
training of process flow operators. Pribory. 2020. No. 5. pp. 22-25.

22. Skorych V., Dosta M., Hartge E.-U., Heinrich S. Novel system for dynamic flowsheet simulation of solids processes.
Powder Technol. 2017. Vol. 314. pp. 665-679.

23. Vasilyeva N.V., Nikitina L.N. Using Modern Technologies in Research Complexes and Laboratories of Saint-Petersburg
Mining University for Improving the Preparation Efficiency of Specialists in the Mining Industry. IOP Conference Series: Materials
Science and Engineering. 2020. Vol. 753. DOI: 10.1088/1757-899X/753/6/062031

24. Monov V., Sokolov B., Stoenchev S. Grinding in ball mills: Modeling and process control. Cybernetics and Information
Technologies. 2012. Vol. 12, Iss. 2. pp. 51-68.

25. Cleary P.W., Owen P. Effect of operating condition changes on the collisional environment in a SAG mill. Minerals
Engineering. 2018. DOI: 10.1016/j.mineng.2018.06.027.

26. Kiangi K., Potapov A., Moys M. DEM validation of media shape effects on the load behaviour and power in a dry pilot
mill. Minerals Engineering. 2013. DOI: 10.1016/j.mineng.2013.03.025.

27. Cleary P.W., Owen P. Effect of particle shape on structure of the charge and nature of energy utilisation in a SAG mill.
Minerals Engineering. 2019. Vol. 132. pp. 48-68.

28. Beloglazov I.1., Stepanyan A.S., Feoktistov A.Yu., Yusupov G.A. Disintegration process modeling for a jaw crusher with
complex jaws swing. Obogashchenie Rud. 2018. No. 2. pp. 3-8. DOI: 10.17580/0r.2018.02.01.

29. Savchenkov S.A., Nikitina L.N., Bazhin V.Y. Experience of mining specialists training at the chair of process and
production automation of the mining university. Eurasian Mining. 2017. No. 1. pp. 42-44. DOI: 10.17580/em.2017.01.11

30. Voronina M.V., Tretyakova Z.0., Krivonozhkina E.G., Buslaev S.I., Sidorenko G.G. Augmented Reality in Teaching
Descriptive Geometry, Engineering and Computer Graphics — Systematic Review and Results of the Russian Teachers’ Experience.
Eurasia Journal of Mathematics, Science and Technology Education. 2019. Vol. 15, Iss 12. DOI: 10.29333/ejmste/113503

31. Dong P., Shi L. Emergency pressure relief simulation of diesel hydrogenation unit. Petroleum Refinery Engineering. 2019.
Vol. 49, Iss. 11. pp. 55-59.

32. Available at: https://download.schneider-electric.com/files?p_enDocType=Customer+success+story&p_File_Name=
SuccessStory_SE-LIO-SimSci_Intermountain-Power_11-16.pdf&p_Doc_Ref=Intermountain_Power (accessed: 27.03. 2020).

wnN e

8 Cmambsi onybnukosaHa 8 omkpbimom docmyine o nuyeHsuu CC BY 4.0


http://static.government.ru/media/files/WXRSEBj6jnRWNrumRkDakLcqfAzY14VE.pdf
http://www.garant.ru/products/ipo/prime/doc/70484380/#ixzz4aP1zXHhy
https://spmi.ru/sites/default/files/imci_images/univer/bloks/napr_iiul_2019_s.pdf
https://download.schneider-electric.com/files?p_enDocType=Customer+success+story&p_File_Name=SuccessStory_SE-LIO-SimSci_Intermountain-Power_11-16.pdf&p_Doc_Ref=Intermountain_Power
https://download.schneider-electric.com/files?p_enDocType=Customer+success+story&p_File_Name=SuccessStory_SE-LIO-SimSci_Intermountain-Power_11-16.pdf&p_Doc_Ref=Intermountain_Power

DOI: 10.17580/em.2020.02.12

33. Dave D., Arnold W., Timothy S., Reed M. Dynamic simulation studies for boiler draft. Applied Thermal Engineering.
2017. Vol. 121. pp. 255-293.

34. Gani R., Soerensen E.L., Perregaard J. Design and analysis of chemical processes through DYNSIM. Industrial &
Engineering Chemistry Research. 1992. Vol. 31, Iss.1. pp. 244-254.

35. Corbetta M., Grossmann |.E., Manenti F. Process simulatorbased optimization of biorefinery downstream processes under
the Generalized Disjunctive Programming framework. Computers & Chemical Engineering. 2016. VVol. 88. pp. 73-85.

36. Potapov A.l., Kulchitskii A.A., S morodinskii Ya.G., Smirnov A.G. Evaluating the Error of a System for Monitoring the
Geometry of Anode Posts in Electrolytic Cells with Self-Baking Anode. Russian Journal Nondestructing Testing. 2020. Vol. 56.
pp. 268-274.

37. Slastenov |., Tasanbaev S., Dozortsev V. First principles simulation model identification based on real industrial process
data. 21st European Concurrent Engineering Conference. 2015. pp.11-14.

38. Marcano L., Haugen F.A., Sannerud R., Komulainen T. Review of simulator training practices for industrial operators:
How can individual simulator training be enabled? Safety Science. 2019. Vol. 115. pp. 414-424.

39. Patle D.S., Manca D., Nazir S., Sharma S. Operator training simulators in virtual reality environment for process operators:
a review. Virtual Reality. 2018. DOI: 10.1007/s10055-018-0354-3

40. Kluge A. The acquisition of knowledge and skills for taskwork and teamwork to control complex technical systems:
A cognitive and macroergonomics perspective. Springer, 2014. 196 p.

41. Overchenko M.N., Marinin M.A., Mozer S.P. Quality Improvement of Mining SpecialistsTraining on the Basis of
Cooperation Between Saint-Petersburg Mining University and Orica Company. Journal of Mining Institute. 2017. Vol. 228. pp. 681-687.

42. Litvinenko V.S., Tsvetkov P.S., Dvoynikov M.V., Buslaev G.V., Eichlseder W. Barriers to implementation of hydrogen
initiatives in the context of global energy sustainable development. Journal of Mining Institute. 2020. Vol. 244. pp. 428-438.
DOI:10.31897/PMI.2020.4.5

43. Boikov A.V., Savelev R.V., Payor V.A., Erokhina O.O. The control method concept of the bulk material behavior
in the pelletizing drum for improving the results of DEM-modeling. CIS Iron and Steel Review. 2019. Vol. 17.
DOI: 10.17580/cisisr.2019.01.02

44. Golubev V.0, Chistiakov D.G., Brichkin V.N., Litvinova T.E. Systems and aids of mathematical modeling of the alumina
refinery methods: Problems and solutions. Nonferrous Metals. 2019. No. 1. pp. 40-47. DOI: 10.17580/nfm.2019.01.07

45. Beregovoi D.V., Younes J.A., Mustafin M.G. Monitoring of Quarry Slope Deformations with the Use of Satellite
Positioning Technology and Unmanned Aerial Vehicles. Procedia Engineering. 2017. Vol. 189. pp. 737-743.

Cmambsi onybnukosaHa 8 omkpbimom docmyine o nuyeHsuu CC BY 4.0 9





