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PACYET JOCTATOYHOCTHU OBOPYIOBAHUA
IHOJA3EMHOI'O MEJHO-IMHKOBOI'O MECTOPOXJIEHUSA

Jémunu A.I'. (Cankr-IleTepoypr)

IIpeanochbIIKU K CO3TaHUIO MOIEJIH

KpymHble pyAHUKA UMEIOT CUIIBHYIO CTPYKTYPHYIO U (yHKIIMOHATIBHYIO CBA3HOCTh U
napaMmeTpsl UX paboThl TPYAHO MOAAIOTCS pacueTy. 3a MOCIeIHHE HECKOIbKO JIECATHICTUI
HAKOITNJICA onpeneneHHmﬁ OIIBIT HpI/IMGHGHI/IH METOAOJOTHUYCCKUX IMMOAXO0OJ0B U MO[[GJ'IGﬁ 1A
pacuera U ONTUMU3ALUU TOPHOIPOXOaUecKUux cucteM. [lo ykpymHeHHOU Kinaccuduxanmm —
3TO METOMBI:

® AHATUTUYECKUN JETEPMUHUPOBAHHBIN, T.€. paCUET MO aHATTUTHIECKUM (PopMyIam;

® AHAIUTUYECKUI BEPOSTHOCTHBIN, B OCHOBHOM, TEOPHUS MACCOBOT'O OOCTY>KUBAHUS;

e rpaduyecKuil, MOCTpOeHUE MiIaHa-Tpaduka paboThl pyJHUKA WK TpaduKa OTKATKU
TOPU30HTOB;

® UMHTAIIMOHHOE MOJICIUPOBAHUE.

Ha npakTuke Takue METOIbl HE BCErJa MCMIOJIb30BAINCH KOPPEKTHO. CyllecTBOBAIN
paSHBIe HaquHe IIKOJIBI, KOTOpBIG MOTJIN HpHI[Gp)KI/IBaTLCH paBJ'[I/I‘IHI)IX, B TOM 4YHUCJIIC U
MIPOTUBOIOJIOXKHBIX B3TJsA0B. Hanmpumep, mapameTpbl 60JIBIINX MHOTOYPOBHEBBIX PYIHUKOB
IIBITAJINCH paCCLII/ITI)IBaTB KakK HpOCTI)IG CUCTEMBI MAaCCOBOT'O O6CJ'IY)KI/IBaHI/I$I, XOTdA B ysnax
OOJIBIIYIO POJIb UTPAET YIPABICHUE TEXHUKOM.

Jlo cux mop B MHCTPYKIMSIX MO pacueTy HEOOXOAMMOTO YHCia TEXHOJOTHMYECKOTO
000py0BaHUs B PYJIHUKAX OCHOBY COCTABIISIIOT JETEPMUHUPOBAHHBIE (OPMYIIBI, XOTS OHU
HE MOTYT Y4Y€CThb BIIUSHUE CIydyallHBIX IMpOLECcCOB. Takke HOpMY J0ObIUHM B PYJIHUKAX
OTIPEICIIAIOT MO TUIaHy-TpaguKy, XOTS 3TOT METOJ He OToOpaskaeT CiIydailHble MPOIECCH, a
B€Ob OHHU CYHIGCTBGHHO BIIMAKOT Ha BGJ'II/I‘-II/IHy Me)KOHepaHI/IOHHBIX HpOCTOeB. B03MO)KHBIC
OIIMOKY TPU MPUMEHEHUU ITUX METOJIOB IOCTUTAIOT CYIIECTBEHHBIX BETUYHH.

B HACTOAIICC BpeMH BAXXHOCTH KOppeKTHOFO HpI/IMeHeHI/ISI METOA0B pacqua
CYIIECTBEHHO Bo3pacTtaeT. Mcxons ©3 3TOro, HEOOXOJUMO  BBIMIOJHUTH  aHAIH3
CYH_IGCTByIOH_II/IX HpOI‘paMM )41 aJ'II‘OpI/ITMOB TCXHUKO-3KOHOMUYCCKOI'O MO,Z[GJII/IpOBaHI/I}I n
ONTUMU3AINH TOPHOPYIHBIX padoT.

Onucanue OM3Hec-3a1a4Un

3aKa3uuK — POCCHICKOE TOPHO-METAUTYPTUYECKOE XOJIIMHTOBOE TMPEATNPUSITHE,
I[OGBIB&IOH.IGC LHHpOKyIO FaMMy IICHHBIX METAJIJIOB.

OCHOBHBIMU TIEJISIMU CO3JaHUsT UMHUTAIIMOHHON Moaenu (MIM) ssaisitores:

® ONTHMU3ALNS TPAHCTIOPTHBHIX MMOTOKOB B PYJHUKAX;

® OQIICHKa 3(1)(1)6KTI/IBHOCTI/I HCIIOJIB30BAHUS U onpeaeneHHe OIITUMAJIBHOT'O KOJIMUECTBA
TEXHUKU;

® OIIEHKA MPOU3BOIUTEIHLHOCTH Py THHKA.

CozgaHHas MOJIeNb JTOJDKHA:

L] OHPGIIGJI}ITL OIITUMAJIBbHOC KOJIHUMYCCTBO TCXHHMKHU KaXJI0I'0 THUIIA, €C XapaKTepI/ICTI/IKI/I
U 3arpys3Ky;

® BLUIBISITH MOTCHIMATIBHBIE «Y3KHE MECTa» B CYIIECTBYIOUICH cxeme paboThI
py/IHUKA;

® OMNpeACTATh TEKYIIYI0 U MIPOTHO3HPYEMYIO 3arpy3Ky OOOpYIOBaHHS C YICTOM THIIA
MIPOU3BOCTBA, TEXHOJIOTHUHU JOOBIYH U 33ICCTBOBAHHBIX PECYPCOB, 000PYI0BAHNS;

® TIPEICTaBIATh PE3yJIbTAThl MOJCTUPOBAHUS B BHJE aHUMAIIMH Tpoliecca, rpadHKoB,
AJIEKTPOHHBIX TAOJIUIL;
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® BBINOJHATh ONTHUMHU3AMOHHBIC YKCIICPUMEHTHI IS pacyeTa MapuIpyToB Ha OCHOBE
BXOJIHBIX JaHHBIX;

® T[I03BOJIATH BBOJWTH HWCXOJHBIC [aHHBIC, MEHATh KPHUTECPUU ONTUMHU3AIMK Oe3
NpUMEHEHHUS CpeAcTB IPOrPaMMHPOBAHUS B ONEPaTUBHOM  pEXUME Ha
CMEHHBIN/CYyTOUHBII/HECTHHBIA TOPU30HTHI;

® TIPOBOJMTH MHOTOKPATHBIC SKCIIEPUMEHTBI C KOPPEKTUPOBKOH MMapaMeTpoOB COTJIACHO
aKTyaJbHBIM JIaHHBIM O paboTe pyJAHWKA, C JeTalIM3aluedl /0 CMEH, B YCIIOBHSX
NIEPEMEINAIONIMXCS BO BPEMEHH U IPOCTPAHCTBE OYMCTHBIX padoT;

e o0ecreynBaTh BO3MOXHOCTh aBTOMAaTH3MPOBAHHOIO OOMEHa JAaHHBIMH  CO
CHeNHATU3UPOBAHHEIMUA WH(pOpMaoHHbIME  cuctemamu  (MineShed, Surpac, Deswik,
Micromine);

® [IPOTHO3MPOBATH CIICHAPUM PAa3BUTHUA COOBITUH, CBA3aHHBIX C IOJOMKaMH,
HETIpEe/IBUICHHBIMH MTPOCTOSIMHU, aBapHSIMHU, OTCYTCTBHEM NIEpCOHANA U T.11.;

e 0TpabaTbIBaTh CICHAPHH OTKa3a W TUIAHOBBIX OCTAHOBOK OOOPYHOBaHMUS, TEXHUKH C
OLIEHKOM X BIUSHHA HA pabOTy PyAHUKA;

e OTOOpakaTb JBI)KEHHE TOPHOW TEXHUKM Ha TPEXMEPHOW CXeMe, BKIIOYas
nepeMeIeHre OT MECT CTOSIHKU 10 320051 ¥ OT 320051 0 PyIOCITyCKa;

e ompenensate Haubosee 3PPEKTHBHbIE KOMOWHAIIMKM PECYpCOB M IPOIIECCOB,
YUUTBIBasE OIOJKETHI, TPOU3BOIUTEIIEHOCTE 000OPY/I0BAaHUS, OTPAaHUYEHHS HA pabodyre CMEHBI,
pacrnicanne paboTel 000PyI0OBAHNS;

® pAacCUMTHIBaTH O0BEMBI JIOOBIYM C  KCIOJB30BAaHHEM  CYIIECTBYIONIETO U
NEePCIEKTUBHOTO MapKa 000pyI0BaHUS;

® MPOBOAWTH  pacyeT  MapIIPyTOB  TPAHCIOPTHPOBKHM  TIO  CYMIECTBYIOIICH
TPAHCIIOPTHOM CXeMe;

® BHU3yaNM3UpOBaTh paboOTy 3a00eB, JBMKEHHWE TPAHCIIOPTA, 3aMOJHEHHOCTH
neperpy304HbIX TUIOMIAI0K, IBUKECHUE TI0€3/I0B;

JKCHEePUMEHTHI B MO/IeJIH
NMUTAIIMOHHBIN 3KCTIEpUMEHT TO3BOJISIET 3aJaBaTh KOHPUTYpAallMOHHBIE HACTPONKU

mozaenu, e€ mapamerpel. [lpoctoir («uto, ecnu?») HWMHUTAMOHHBIA OSKCIEPUMEHT,
pealM30BaHHBIM B paccMaTpUBacMON MOJENH, MO3BOJIAET WHUIUAIM3UPOBATH MapaMeTphbl
MOJIEJIM Ha OCHOBE 3HAYCHWH, BBEJCHHBIX uepe3 MHTepdeiic moap30BaTeNst TMO0 CUNTAHHBIX
u3 0a3pl nanHbIX. [locne mpoBeneHus OgHON HWTepanuu pabOThl MOJIENU BBIYUCICHHBIE U
cOoOpaHHBIE CTATUCTHYECKHE NaHHBIC, MPEJCTABISIONIAE BBIXOJBI MOJEIH, OTOOpa)karoTCs
JUTSI IPUHSTHS PEIICHUS O MPOBEACHUU CIIEIYIOIeH UTEPALIUU.
[epen 3ammyckoM SKCIEpUMEHTA B MOJIEITb 3aTPYKAIOTCS CIIEAYIONINE JaHHbIC:

aTpuOyTHI BCEX OCEH TOPHBIX BBIPAOOTOK;

KOOPJMHATHI PyA0CIYCKOB;

KOOpJMHATHI KOHBEHEPOB;

KaJIeHJAApHBIN TUTaH JOOBIYH;

TUIOTHOCTD MO MOA3TaXaM;

KOJINYECTBO 000pYyI0BaHMS 10 T'OJlaM B IIIT.;

XapaKTepUCTUKH 000pYIOBAHUS.
Wutepdeiic Momenn TMO3BONSIET W3MEHHTH BpPYYHYIO CIEAYIOIIUME TapaMeTphl
UMUTAIIMOHHOTO SKCIIEPUMEHTA!
MPOIOJDKUTEIHHOCTh MOJICTTMPOBAHUS;
KOJIMYECTBO MAIIHH /sl OypeHus Kamep;
KOJINYECTBO MaIIHH JJIsi OypeHUs OpTOB;
KOJIMYECTBO 1IaXTHBIX aBTocamocBaios (ILIAC);
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® KOJIMYECTBO MOTPY304HO-I0CcTaBOUYHbIX MaluH ([1JAM);
® HOpPMO-4achl TeXHUYECKOro oociyxuanus (TO) o kaxaoMy BULy TEXHUKY;
® TIPOU3BOJUTENLHOCTh KaXKI0M MallIHBI.

Puc.1. [Ipumep sxpaHa 3amycka HMUTALIMOHHOTO YKCIIEPUMEHTA

PezynpraToM  paboOTBl ~MMHTAllMOHHOTO  OKCIEPHMEHTA  SBJIAIOTCS  JaHHBIE,
npeJcTaBieHHble B Buae Tabmuisl B ¢opmare Excel, co cremyrommmu mnoka3aTensiMu MO
Ka)KJ0N €TUHUIE TeXHUKH:

¢ MUHHMMAaJbHas, MAaKCUMAJIbHAsL U CPETHSSI IPOM3BOANUTEIHLHOCTD 32 CMEHY M HEpPHO
MOJICIINPOBAHHS;
YHCIIO PEWCOB 32 CMEHY U MTEPHOJI MOJICINPOBAHMS,
TOHHAX U 00BEM PYAHON MAcCChl, IEPEBO3UMBIIA 32 CMEHY H MIEPUO]T MOJCITUPOBAHHS;
JUTATEIIEHOCTB TIEPUOJIOB TIPOCTOST 000PYAOBaHUS;
HPOJIOJKUTEIBHOCTD BBITIOJIHEHHS TIPON3BOICTBEHHBIX OTIEPAIIHIA;

e rpadUKM  3aBHCHUMOCTH  TIPOM3BOJIUTEIBHOCTH  OOOpYJOBaHHS  OT  JUIMHBEI
TPAaHCTIOPTHPOBAHHS PYIHON MACCHI IT0 MECSIIIaM 3a MEPUO MOJCITUPOBAHMS;

e 100b4a (00BEM U Macca) 3a MOJICTTUPYEMBIN TIEPUOT;

® CTAaTUCTHKA JBIKCHHS: NpoOerm C TPy30oM H TIOPOXKHBIE, YHCIO IUKJIOB
HOTPY3KH/pa3rpy3Ku, 00bEM NepeBe3EHHON PyAbl, CPEAHNI BeC U 00BEM pY/Ibl WU TIOPOIBI B
KOBIIIE;

® TIPOIYKTHBHOE BpeMs pabOTHI.

Kpome mnpocToro HMHUTAIMIOHHOTO OSKCIIEPUMEHTa MOJENb TaK K€ COACPKHUT
ONITUMH3AIMOHHBIN SKCIIEPUMEHT, MO3BOJISAIOMIUN OINPEIEIUTh ONTHMAJIbHOE KOJHMYECTBO
TEXHHKH JJIS BHITTOJIHEHNS 33/IaHHOTO CIICHAPHSI.

CrpykTtypa Mmoaenan
Mogenp paboTaeT B BHIE aBTOHOMHOTO Java-pUJIOXKEHHS, SKCIIOPTUPOBAHHOTO M3
cpenpl paspabotku moneneid AnylLogic. B ocHOBE apXHUTEKTYypbl MMHUTAIMOHHOW MOJIETH
JeXaT AareHTHBI W JUCKPETHO-COOBITHHMHBIM MeToabl MoaenupoBanus. OOa Mertona
JOTIOJIHAIOT OPYT Ipyra, ONpeAcisis CTPyKTypy M OpraHM3alyl0 MMUTALIMOHHOW MOJEIN KaK
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IPOrpaMMHOT0 MPOAYKTa, BOCHPOU3BOSIIETO IOBEJCHHE MOJEIMPYEMONM CHUCTEMBI BO
BpPEMEHHU.
Tunsl areHTOB NPECTABISIOT OCHOBHBIE CTPYKTYpPHBIE 3JIEMEHThl MMHMTALMOHHON
MO/IEJIN, ONMHUCHIBAIOIINE TIOACUCTEMBI MOJCITUPYEMOI CUCTEMBI:
® KOHBEHEpPHAs CETh;
® JIOpO’KHAs CETh;
® TOIBEMHBIA COCY/, NMPEIHA3HAUCHHBINA IS TPAHCIIOPTHPOBAHHUSI TIOPOIBI WITH PYIbI
Ha noBepxHocTh (CKUII);
® TOYKa IIPHEMa PY/IbI;
TOYKA MPpUEMa TTOPO/IBL;
TOYKA MePerpy3Ku;
HIAC;
Camoxonnas OypoBas ycranoBka (CbY) o nmopone;
CBY no kamepe;
[1IM;
PYIOCITYCK.
[TomMuMO KacCOB areHTOB MMHTALIMOHHAs MOJENIb MOXKET BKJIIOYATh Java-Kiacchl,
KOTOPBIE OTHCHIBAIOT MTACCHBHBIEC AJIEMEHTHI MOJICITUPYEMOI CHCTEMBI, TAKUE KaK:
e OJIOK IOPOJIbI — OMPEENIeT XapaKTePUCTUKH TOPHOM MacChl MOPOIbL;
e OIIOK KaMepbl — OMpPEAEIAeT XapaKTEPUCTUKU yUacTKa PY/Ibl IPH OUHUCTKE.
Hepapxudeckass MOAENb CO3JaeTcs IMyTeM T00aBIEHUS B areHTOB JK3EMILISPOB
JIPYTUX KJIacCOB areHTOB. JTO IMO3BOJISIET MPOU3BOIUTH JEKOMIO3MIIMIO MOJENN Ha Jrboe
KOJIMYECTBO TOPU3OHTOB JeTanu3anuu. VIMUTalMOHHAs MOJENbh MPEICTaBIseT Cco0oi
UEPAPXUUECKOE JIEPEBO aKTUBHBIX 0OBEKTOB, BIOXKEHHBIX IPYT B ApyTa.

[OpPW3OHTbI

Kamepl [Pynal

[Mopopal

Puc. 2. Uepapxus UMUTAIMOHHOW MOJIENN

PesyiabTaTsl IpoekTa
PazpaboTtanHas MMUTAIIMOHHAS MOJENb PYIHHMKA HCIOJIB3YETCS Ha MECTOPOKICHUU
JUISL:
IPOTHO3UPOBAHUS U OLEHKH 3()(h)EKTUBHOCTH HOBBIX TEXHOJIOTHYECKHUX PEIICHU;
aHaJM3a TeKYIIUX U NePCIEKTHBHBIX IUIAHOB U TPaHUKOB BHIMOJIHEHUS paboT;
BBISIBJICHUS «Y3KUX MCECT» B TPAHCIIOPTHBIX IMOTOKAX;
® ONpCACICHUA CKPBITBIX PE3CPBOB B CYHICCTBYIOIIUX IMPOHCCCAX W TPAaHCHOPTHBIX
onepanusx;
® OLCHKH BIUSHHS ONTUMHU3ALMK (pa3MepoB Mapka 000pyAoBaHUs, IpaMKOB CMEH U
4acoB pabOThl, TEXHUYECKOT'O OOCITY>KUBAHHSI) HA TPOU3BOAUTEIIEHOCTE MECTOPOKIACHNUS;
® OLCHKH PUCKAa BOBHUKHOBCHUA aBapHﬁHBIX chyaquI.
TexHosorus nHTErprpoBaHa B OO poIiecc NPOEKTUPOBAHUS TOPHBIX OOBEKTOB.
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Puc. 3. ®parment 3D-aHuManuu padoTaromieil Moaeu

Pe3ynbraTamMu BBIOJHEHHS IPOEKTA CTaJINU:

e BepuUIMPOBAHHAS UMHUTALMOHHAS MO/JIEIb, CO3/IaHHAsI B COOTBETCTBHHM C 3a/1a4aMu
3aKa34yMKa, B KOTOPBIX peajn30BaHa paboTa CaMOXOIHOTO OOOpYAOBaHHS, pPEIbCOBOTO
TPAaHCIOPTA U CKUIIOBBIX NOJbEMHHUKOB;

® BO3MOXXHOCTb IPE3EHTAIlMM TEXHOJOTHYECKUX IpoleccoB pyaHuka Ha 3D u 2D
aHUMalWH;

e BHEJpPEHHas U TIepeJaHHass Ha COMNPOBOXKICHHE CHUCTEMA HMHUTALIMOHHOTO
MOJIEJIUPOBAHMS;

e o0ecreyeHWe HAAEXKHOTO, KOHTPOJIMPYEMOTO XpAaHEHHS W  BOCCTAaHOBJICHUS
CO3/1aBa€MOI'0 UCXOAHOI0 KOJla U HAOOPOB TaHHBIX.
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