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BBEOEHUE

C Uenblo CHUKEHNA KannTasioeMKOCT U MaTepuanoeMKo-
CTV Ha 3Tane NPoeKTNPOBaHNA GYHKLNOHANbHBIX CTPYKTYP
TEXHONOMMYECKMX CUCTEM Yriefo0biBaloWMX NPesnpuaTUil
nogJsieXkaT yuyeTy TOJIbKO Te afibTePHATUBHbIE BAPUAHTbI TEX-
HOJTIOTMYECKIMX, TEXHUUECKUX U OPraHN3aLVOHHBIX PELLUEHN,
KOTOpble CUHTE3NPYIOTCA B ONTMMasbHbIN (PauMOHanbHbIN)
BapPUWaHT C MCMOJIb30BaHNEM ONTMMU3aLMOHHBIX NpoLeayp Ha
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OCHOBE NPOAYKUMOHHbBIX NpaBw. O6Lenpr3HaHHbIM hakTom
ABNIAETCA TO, UTO TOJIbKO Ha 6a3e 1CMonb30BaHMA NpoLeaypsbl
LUIMPOKOMACLUTAOHOro MOAENNPOBAHMA FOPHbIX PAbOT prCK
NPUHATUA HENPABWUTbHbIX 1 HEOOOCHOBAHHbIX TEXHOOTMYe-
CKMX, TEXHUYECKUX U OpraHnN3aLNOHHO-YNpaBleHYeCcKux pe-
LUEHWI B 06N1ACTV NPOEKTUPOBAHNUSA U PAa3BUTNA TOPHOTEXHW-
YyecKux CCcTeM CBOANUTCA K MUHUMYMY. U 3aeck npeBanupyto-
Lee npeanoyTeHVe OTAAeTCA Npoueaypam NMMUTaLUOHHOTO
MoZenmpoBaHuA. KoHeuHble pe3ynbTaTbl UMUTALMOHHOTO MO-
[enPOBaHUsA CNTYXKaT JOCTOBEPHOM, 00 EKTMBHOMN 1 HaJEX-
HOW NepBOOCHOBOW ANA MPUHATUA CTPAaTEMMUYECKNX peLLeHNIA
B 0611acTV ONTUMMU3aLMM GYHKLIMIOHANbHBIX CTPYKTYP TEXHO-
NOrMYECKUX CUCTEM YTe06bIBaOLLMX MPEeANPUATIN, TaK KaK
B 3TOM CJ/lyyae YCTaHaB/MBAKTCA KOHKPETHbIE MPUYNHHO-
CflefCTBEHHbIE LIEMOYKY, OOYC/IaBNMBatoLLMe OCHOBHbIE UC-
TOYHVKN U NPUYNHBI He3PPEKTUBHOTO MCMOSb30BaHMA Nac-
CUBHOW 1 aKTUBHOW YacTe OCHOBHbIX GOHAOB, NpUBOAsALLME
K 3HAUUTENbHbIM 3KCMJTyaTaUUOHHbIM U3[epPXKKaM.

METOAUYECKUIA NOAX0.,

K UMUTALMOHHOMY MOAENTMPOBAHUIO

OYHKLUMOHAJIbHON CTPYKTYPbI TEXHOJIOTUYECKUNX

CUCTEM YIEAOBbIBAIOLWUX MPEQMPUATUNA

MmuTaumoHHyio mogenb GYHKLUUOHANbHOW CTPYKTYpbI
TEXHONOMMYECKON cUcTeMbl yriegobbiBatoLlero npeanpus-
TVA B paMKax 3asB/IEHHOr0 noaxoda Hanbonee paunoHanb-
Ho cdopMMpOoBaThb B BMAE KOMIIEKCa (CUCTEMBI) B3aUMOy-
BA3aHHbIX MALUIWHHbIX aITOPUTMOB U KOAOB, KOTopble obe-
cneyrBaloT peanvsaumio npoueaypbl UMUTaLMK C UCMOMb-
30BaHMem DBM noBepeHUA OTAENbHbBIX 3/1IEMEHTOB 1 NPO-
N3BOACTBEHHbIX MOACUCTEM rOPHOAOObIBAOWNX Npeanpus-
TUI N MPUYUHHO-CNEACTBEHHbIX CBA3EN MEXAY HUMMU C yye-
TOM 3aflaHHbIX OrPAHNYEHMI C YYETOM CUCTEMHOW AVHAMUKIA
(3apaHHbIN BPEMEHHOW MHTEPBAN MOAENNPOBaHMA), a TakKe
06ecneunBaloT BO3MOXHOCTb OTC/IEXUBATD 1 U3MEPATb KO-
NINYECTBEHHbIE 3HAUEHUA X LieNIEBbIX MHANKATOPOB (Xapak-
TEPUCTUKM 1 NapameTpsbl) [1, 2, 3,4, 5, 6, 7, 8]. OduunanbHbii
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canT «National Society of Simulation Modeling» B HacTosiLee
Bpems npepocTaBnseT faHHble o 6onee 500 nporpaMmMHbIX
NPOoAYKTOB UMUTALMOHHOIO MOAENNPOBaHUSA, KOTOPble OT/N-
YaTCA HAaMOJIHEHVEM BHYTPEHHEN KOHPUIypaLuum 1 A3bika-
MU nporpammupoBaHus. Cpefm Hanbonee N3BECTHbIX MOX-
Ho Bbigenutb EXTEND, ITHINK, VENSIM, POWERSIM, PILIGRIM,
PROCESS, CHARTER, ANYLOGIC, MVSTUDIUM, SIMSCRIPT I,
RDO-STUDIO u np.

Mopgenupyemas npegmeTHas 0611acTb B 3TOM Ciyyae npeg-
CTaBNAETCA B BUJE PaLMOHaNbHO YBA3aHHOW BO BPEMEHN 1
NPOCTPaHCTBE CUCTEMBI C 06 bEKTHOBM3UPOBAHHBIMI YPOB-
HAMY, CLUEHAPUAMM, SIKCNEPUMEHTaMI, CErMEeHTaMK, y3namu
1 MmappyTtamm B ceTke koopauHar X, Y, Z. [Npoueaypa nnaHu-
|pOBaHUsi 06BEMOB A06bLIUN MOJIE3HOTO NCKOMAEMOTO B paM-
Kax MMUTaALMOHHOW MOAENN peanm3yeTca NTepaTUBHbIM 3a-
NMYCKOM MMUTALIMOHHbIX SKCMePUMEHTOB, aIeKBaTHO OTpaa-
oKX CNeLndrKy Npon3BOACTBEHHbBIX MPOLECCOB FTOPHOAO0-
6bIBalOLLIErO NPEANPUATIA Ha ONePEeXKatoLWni 3aAaHHbIN Bpe-
MeHHoI nHTepBan. o pesynbraTtam SKCNeprMeHTanbHOM Ya-
CTV B aBTOMATUYECKOM PEXMME NPONCXoANT GOpMMpPOBaHUE
OTYETOB O XOf€ BbIMOSIHEHHbIX NPOLEAYP MOAENNPOBAHNA U
KOMMMANpPYeTCa BECb 06beM AaHHbIX, HEOOXOAUMBIX 4fs pe-
LIEHMA CnedyoLWnX NOCTaBEHHbIX 3afa4 NIaHMPOBaHKA rop-
HOro NPOV3BOACTBA.

(Mopmanr3oBaHHO UMUTALMOHHaAA MofeNb CTPOUTCA Ha
6a3e 3/1eMeHTOB MHOIOMOAXOAHOM NPOLIECCHOW cpefibl MPo-
rPaMMHOI0 UHCTPYMEHTapUA MMUTALMOHHOIO MOAENMPOBa-
HuA KomnaHuu AnyLogic. [1na mogenmpoBaHna HenpepbIBHbIX
NPOW3BOACTBEHHbIX NPOLECCOB GYHKLMOHANBHOWN CTPYKTY-
Pbl TEXHOJIOTMYECKOW CUCTEMbI TPAHCMOpPTa NCMNOb30Bar-
CA ANCKPETHO-COObITUIHDIV noaxod. OCHOBHbIE U BCMTOMO-
ratesibHble NPoLEeCcChl MapLpyTU3aunum MogennpoBanuch C
MCNOJIb30BaHNEM aJITOPUTMUYECKOTO NOAXOAA Ha B3BELUEH-
HbIX rpadax, a conyTCTBYIOLME OCHOBHbIE 11 BCOMOraTesib-
Hble NpoLeCcCbl OPraHM3aLMOHHO-YNPaBIEHYECKOro Xapak-
Tepa MoAennpoBanuch C NpMBeYEHNEM annapaTa AUHamu-
YecKmnx CoObITUI.
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Puc. 3. AHanumuuyeckas uHpopmayus (KoHe4Hble pe3ysibmamsi) cucmemsl UMUMAYUOHHO20 MOOe/IUpO8aHUs

MOTOKM AaHHbIX NPU NMUTALMOHHOM MOLENNPOBAHUN
npeacTaBeHbl Ha puc. 1. Pabounin pparMeHT CUCTEMHO-
ro UMMUTALMOHHOIO 3KCNEePUMEHTA NOKasaH Ha puc. 2. AHa-
nuTnyeckaa nHoopmMauma (KOHeYHble pe3ynbTaTbl) CUCTe-
Mbl UMUTALVNOHHOTO MOAENIMPOBaHUSA, KOTOPasi O4HO3HAUYHO
YKa3bIBaeT Ha KOHKPETHbIe pe3epBbl MOBbILEHUS TEXHUKO-
3KOHOMUYECKON 3P PeKTNBHOCTM yriefobbiBatoLLero npea-
npuATMA B 0611aCTN NPON3BOACTBEHHO-NIOTUCTNYECKON CU-
CTeMmbl, MpeacTaBieHa Ha puc. 3.

3AKJTIOMEHUE

OCHOBHbI€e HanpaBJieHVA NOBbILWEHWA PEHTAOENTbHOCTY NPOo-
uecca fo6blumM NosesHbIX MCKOMaeMbIX CBA3aHbl C MEXaH3a-
uuen, aBToMatusaumnen 1, B NocnegHne rogpl, C UCNosib30Ba-
HMEM TEXHOMOTI UCKYCCTBEHHOTO MHTEMNNEKTA 1 LdPOBbIX
[BOVHWKOB rOPHOW cpefbl, MaLUWH, MEXaHWU3MOB, TEXHONOM-
yecKnx npoueccos u np. Mpn 3Tom HaxoxaeHne onTMMab-
HOTO COOTHOLLEHUA PEXMMOB PabOoTbl, NEPEYHs TEXHONOM-
yeckoro o6opynoOBaHMA, MalUVH U MEXaHU3MOB MO3BOMSET

0b6ecneumnTb Tpebyemble SKOHOMUYECKME NOoKa3aTenn pabo-
Tbl yrnego6biBatoliero npeanpuatus. MpeanoxeHHasa npo-
uelypa UMWUTALVOHHOIO MOAENIMPOBaHNA MOXET ObITb 3asB-
JIeHa B BMUAe Hay4yHO-MeToamn4veckoro o6ecnequvm npw Bbl-
60pe, 060CHOBAHNN 1 NMPAKTUYECKON peann3aunmn cBoeBpe-
MEHHbIX CTPATErMYECKMX Mep Mo COBEPLLIEHCTBOBAHMIO 1 Pas-
BUTUIO (I)yHKLl,VIOHaﬂbeIX CTPYKTYP TEXHONOTMYECKUX CUCTEM
ropHoA00bIBaOWMNX NPEANPUATUN C LeNblo NMOBbILWEHUA UX
TEXHVKO-9KOHOMMUYECKOTO YPOBHS 11 KOHKYPEHTOCMOCOOHOCTM.
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Abstract

The procedure of optimization of functional structures of technological
systems of mining enterprises with the use of simulation modeling is pro-
posed. In the simulated system it is proposed to distinguish two classes
of fundamental production processes: continuous cycle production proc-
esses — the process of their simulation is implemented using the discrete
event approach; production processes of discrete and organizational and
management cycle - the process of their modeling is implemented using
agent-based combined approach (algorithmic on weighted graphs and
elements of system dynamics). The functional structure of the proposed
simulation model can adequately simulate the required number of appro-
priate levels of the hierarchical stochastic structure of a particular simulation
object and take into account all the technical and technological nesting
of their states, taking into account the system dynamics, which allows to
objectively and reliably reflect the behavioral side of complex technological
systems of mining enterprises with the identification of “bottlenecks” and
development of preventive measures to eliminate them.

Keywords
Mining enterprise, Functional structure, Technological system, Simulation
modeling, Discrete event approach, System dynamics.
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