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B pe3ynbTate npoBefeHUA UMUTALMOHHbIX SKCTIEPUMEHTOB
10 MOAENPOBAHMIO M/IaHa PAa3BUTUA FOPHbIX pabOT Ha Mos-
3EMHOM PYLAHWUKE OblIO YCTAaHOBAEHO, YTO OfHUM U3 Y3KUX
MECT ABAAETCA rapameTp «Konm4yecTso BeepoB 3a CTaAunio
B3DbIBa», KOTOPbIVI ONPEAENAET CPEAHEE KOIMYECTBO BEe-
OB, B3DbIBAEMbIX 3@ OUH A3, OKa3bIBAKOLMX BINAHME Ha
SKCIIyaTaLMOHHYIO MPOU3BO[NTENBHOCTb BHYTPULLAXTHO-
ro TpaHcropTa.
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BBEAEHUE

MNoBblweHKe 3KCNNyaTaLMOHHON NPOU3BOAUTENBHOCTU
BHYTPMLIAXTHOrO TpaHCMopTa NocpeacTBOM ONTUMM3a-
UMy pacnpegeneHmnsa Norpy3oYHO-A40CTaBOYHbIX MaLIVH 1
LIAXTHbIX aBTOCAaMOCBaNOB MO MYHKTaM MOrpy3Ku, Makcu-
MaJibHbIN YYeT CTOXaCTUYECKOro xapakrepa norpy3oyHo-
TPaHCNOPTHbIX NPOLECCOB, X OMUCAHUE 1 ONTUMU3ALMUA
paboTbl BHYTPMLLAXTHOFO TPAHCMNOPTa BO3MOXHbI MPU 1C-
NOSb30BaHMN MMUTALUOHHOIO MOAENNPOBaAHNA, KOTOpOE
nosbiwaeT 3¢ HeKTUBHOCTb JMCMNeTYepr3aLmm npouecca
[006bIUM MONE3HOrO UCKOMAEMOTO 1 ABNAETCA aKTyallbHOM
3apauen.

C 31O uenbio B paboTe NpeasiokeHa MMUTALMOHHAA MO-
aenb gobblum pyabl B NOA3EMHOM KanunHOM pygHuke [1].
[MaBHOW LieNnblo ee co3aHnA ABNANOCL obecrneyeHne mMak-
CIManbHOM NPON3BOANTENbHOCTY NMPU 3a4aHHON nocneno-
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BaTeNbHOCTM BbINOJSIHEHMA NPON3BOACTBEHHbIX MPOLIECCOB 1
onepaumii Ha OCHOBE ANCKPETHO-COObITUNHOIO MOAENVPOBaA-
HUA TPAHCMOPTHbIX MOTOKOB NOA3EMHOro pyAHuKa. [na pe-
anu3aLmmn ANCKPETHO-COOBITUNHOIO MOAENMPOBAHMA TPAHC-
MOPTHBIX MOTOKOB MOA3EMHOr0O pyAHVKa Obina nprHATa ba-
30BaA nporpammHas cpega AnylLogic.

OMUCAHUE NPOrPAMMHOW CPE[bI AnyLogic

B ocHoBY rpaduyeckoi cpefbl CO3gaHnA mogesnel 3ano-
MeHbl BCE BO3MOXXHOCTW COBPEMEHHOIO O6BEKTHO OpUEH-
TMPOBaHHOrO A3blka Java. [pn cosgaHum mogenu B AnylLogic
CO3[aloTCA nepapxmyeckn yBasaHHble Java-Knaccbl akTuB-
HbIX 06EKTOB MOAENNPOBAHNA N ONPeAeNnAlOTCA CIOXKNB-
wueca oTHoweHua mexagy Humu. CpopmupoBaHHaa Mo-
fenb MOXeT ObITb peann3oBaHa IOKaJbHO MO0 B pexu-
Me «Java» — annneT nog ynpasneHnem 6paysepa. OcHoB-
HoOW 6a30BOI CYLWHOCTbIO MPU 3TOM ABNAETCA aKTUBHbIN
006bEKT CO CBOEW BHYTPEHHEN CTPYKTYPOW 1 TEXHONOMM-
YeCKUM NoBefeHneMm, KOTOPbIN, B CBOIO 0Yepefb, MOXKeT
6bITb MHKaNCYNMPOBaH Kak 31eMeHT APYruX akTUBHbIX 06b-
eKToB. [1py 5TOM aBTOMaTUYECKN ONpPeAenaTCca CTPYKTY-
pa 1 CBA3M aKTUBHOMO U MHKaNCy1MPOBaHHOrO 06beKToB.
TexHonornyeckoe noBefeHne, B CBOIO oYepeab, onpepe-
nAeT peaKkuMio akTUBHOIO 06beKTa Ha KOMMNEKC BHELLHNX
COOLITUN — COBBLITUIHYIO NIOTUKY €ro AeCTBUN C yYeToMm
dakTopa BpemeHu.

DOyHKUMOHaNbHan CTpyKTypa AnyLogic moxKeT peannso-
BaTb MPOM3BOJSIbHOE YNCSI0 YPOBHEN NepapxXnveckomn CTpyK-
Typbl 06beKTa MOAEIMPOBAHUA N BNOXEHHOCTW COCTOAHUN,
YTO NO3BOJIAET affeKBAaTHO OTPaXKaTb CTPYKTYPHYIO 1 NoBe-
[AEHYECKYI0 CTOPOHbI epapXnm CITOXKHbIX TEXHOIOMMYEeCKMX
cucTem.

MOJAEJINPOBAHUE

B HacTosLee Bpemsa CYLLEeCTBYIOT TPU CMNOCO6a IMUTALUOH-
HOrO MOAENUPOBAHNA CJIOXKHbIX AVHAMUYECKMX TEXHOMOT -
yeckmx cucTem [2, 3, 4], npepcraBneHHbIx B AnyLogic, uto ge-
NaeT ero yHMBepcasabHbIM B ICMONb30BaHWM MO CPABHEHWMIO C
APYTMIMU MHCTPYMEHTaMM UMUTALMOHHOIO MOAENNPOBaHNUSA.

B kauecTBe nHTENNEKTYyanbHOro areHTa B AnyLogic noHnma-
eTca 00beKT ¢ GYHKUMAMY BHYTPEHHENO NMOBEAEHMA 1 BO3-
MO>KHOCTbIO B3aUMOZENCTBUA C APYrMMIM aHANOTNYHbIMN
areHTamu, Npu 3TOM Ka)<Abl OTAENbHO B3ATbIA areHT Xapak-
TEpUW3YeTCsA HEMOJSHOW M HETOUYHOW MCXOAHON UHpOpMaL-



el 1 HafesnleH OrpaHNYeHHbIMU BO3MOXK-
HOCTAIMU NS peanvsauun oben 3aga-
yn, YTO peanmsyeTca NOCPeACTBOM ABHO
onpepesieHHbIX UHTePPeNCcoB.

B mopenupyemoin TexHonornyeckom
cucTeMe NoA3EMHOrO PyAHMKa Bbigere-
Hbl iBa TMa NPOW3BOLACTBEHHbIX MPO-
L|eccos:

— HenpepbIBHbIE MPOU3BOACTBEHHbIE
npotecchl (TPaHCMOPT PyAbl MO KOHBEN-
€PHOW NIHWW, HAaNONIHEHUE U Pa3rpy3-
Ka MPOMeXYTOUYHbIX OYHKEpOB, BbleM-
Ka ropHoW maccbl KombaiHamu u ap.
[5, 6, 7, 8]) - nx mogenmpoBaHme ocy-
LeCcTBNAETCA C MOMOLLbIO ANCKPETHO-
COGbLITUIAHOTO NoAXoAa;

— BVCKPEeTHble NMPOU3BOACTBEHHbIE
npouecchl (TpaHCNOPTUPOBaHUE pyabl
CaMOXOJHbIMY BaroHamu, 06ciyrBaHme
N PEMOHT rOPHOA0ObIBAOLLEN TEXHUKMY,
BbIMOJIHEHUE PErfTAMEHTMPOBAHHBIX TEX-
HOJMOMMYECKMX NPOU3BOLCTBEHHBIX Ore-
pauui 1 gp.) — X MOAENMpPOBaHUe oCy-
LEeCTBNAETCA NOCPEeACTBOM areHTHOro U
OVNCKPETHO-COObITUINHOIO NOAXOAO0B.

[aHHbIV BbIOOP 06YCNOBIEH, B Nep-
BYI0 ouepenb, Heo6XoANMMOCTbIo obe-
crieyeHus Npuemnemon CKopocTu pe-
ann3aum n NporpamMmmHoro obecneyve-
HuA AnyLogic.

Kpome 3Toro cnegyeTt oTMeTUTb, UTO
cornacHo [9] KauecTBo 1 afleKBaTHOCTb
uHTepderica 3agayam npegmMeTHom 0b-
NacTV CTAHOBATCA ONpeensowum na-
pameTpoM Bbibopa NPOrpamMmMHOro npo-
LOYKTa AN KOMMbIOTEPHOW NOAAEPXKKY
KOHKpeTHOM opraHu3sauunun. B aton cea-
31 B JaHHOW paboTe MpeAcTaBnAlTCA
OCHOBHbIE PEeLLEHNA MO MOJIb30BaTesb-
CKOMY MHTepdelicy crucTeMbl UMUTaLU-
OHHOro mogenupoBaHua (CUM).

NCCJNIEAOBAHUA

B KauecTBe 06beKTa UCCefoBaHMI b1 NPUHAT PYAHUK
«KOMCOMONbCKUIN», YTO MO3BOINIIO 06ecrneynTb UMUTALUOH-
HOe MOoZieNMPOBaHMe TEXHONOMMYECKIMX NPOLIECCOB HEOOXO-
AVIMbBIMU NCXOAHBIMU A@HHBIMU C YYETOM peasibHbIX TOPHO-
reosiormyeckmx YCNoBUM N TEXHUKO-IKOHOMUYECKNX MOKa-
3aTenen Nof3eMHON pa3paboTKy MNONIE3HOrO NCKOMAEMOTO.

[InAa KoOppeKTHOro pacyeTta B MOAENN LMKII0B NPOnN3BOJ-
CTBEHHOrO MpoLecca Jobbluun pyabl ObUIY NPUHATBI CyLLe-
CTBYIOLLME NMapaMeTPbl pacnucaHna paboTbl obopynosaHus
pyOHMKa.

Pexkum B3pbiBaHMA — OOVH pa3 B CYyTKMU.

MpofomKNTENBHOCTD LMKIIa B3PbIBHBIX PaboT ¢ yueTom
NpPOBeTPMBaHNA — 3 u.

B pe3synbrate npoBefeHUA MMUTALMOHHbIX SKCMEPUMEH-
TOB MO MOZENUPOBaHUIO MJIaHA PA3BMTUA FOPHbIX PaboT Ha
waxte «CKanucTasn» 6bin yCTaHOBEHDI CieflyoLLue 3aBUCK-
mocTu (puc. 1,2, 3).
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Puc. 1. 3asucumocms npobeza om Kosiuyecmad eeepos 8 cmaduu 83puied

Puc. 2. 3asucumocms 06vema 006bI4U OM KOJIUYeCmea 8eepos

Puc. 3. 3asucumocms 06vema 006bi4U OM Kosiuyecmaa 83pbleaeMeblx seepos

3AKJTIOMEHUE

MmutauroHHOe MofenupoBaHme No3Bosniao ONTUMU3N-
poBaTb MAapK CaMOXOAHOro 000PYAOBaHNA C yYeTOM Pas3finy-
HbIX BapUAHTOB N3MeHeHUs1 06bemMoB [06bIBaEMOro nones-
HOro nckonaemoro, «KonnuyecTso BeepoB B CTagun B3pbiBa,
a TakXe onpeaenuTb NX MAHMMANbHO JOMYCTUMbIE 3HaYe-
HWA, MOBBILIAKLME PUCKU HEBLINMONIHEHUS NMPOU3BOACTBEH-
HOro MnaHa.
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Abstract

As the result of simulations of an underground mine development plan,
it was found that one of the bottlenecks is the parameter specified as “the
number of fans per blast phase”that determines the average number of fans
blasted at a time, which affect the operational efficiency of in-mine transport.
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