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SIMULATION MODELING IN MINING

M. Salamova
A. Mouraov

Summary. The article analyzes the peculiarities of simulation modeling
in mining. Development of simulation model is considered on an
example of management of work of ventilation system of mine, for
this purpose functioning of system has been presented in the form of
two-component technological scheme. Categories of information flows
necessary for development of a simulation model are also allocated.
Separately, the graph of states of information management tasks of the
mine ventilation system was formalized.
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neunduka QGYHKLMOHNPOBAHUA TFOPHOAOObLIBA-

IOWKX NPeanpusTAin, pasHoobpasne ropHo-reo-

Nornyeckmx ycsioBuin, 6onblume 3aTpaTtbl Ha pe-
anu3aumilo TEXHONMOTMYECKMX W TEXHUYECKUX pPeLleHuni
B AoOblYe MONE3HbIX WCKOMAaeMblX OMPeAensoT posib
UMUTaLMOHHOIO MOAENNPOBaHMA B 060CHOBaHUN 1 NPO-
FTHO3MpPOBaHNA MNOCNEACTBUA MPUHMMAEMbIX PELEHWNN
B OeATENbHOCTV MpeanpusaTuin ropHopobbiBalowen oT-
pacnu. iIMnuTaunmoHHoe mopennpoBaHve MO3BONAET CO-
34aTb MoAesib, KOTOpas ONWCbIBaeT U BOCMPOU3BOAMT
npouecchl BbIMONHEHUS TOPHbIX PaboT, NoBeaeHue ane-
MEHTOB UCCNelyemblX 06 beKTOB Ha BbIOPaHHOM FrOpPU30H-
Te NAaHMpPOBaHNUA.

CoBpemeHHOe yrosibHOe npeanpuATie npeacTaBnaeT
Cco60W1 CNOXKHYI0 CMCTEMY, YPAB/IEHME KOTOPOW MPOKCXO-
OUT C MOMOLLbIO afanTUBHbBIX CUCTEM OMepaTUBHO — AUC-
neTYEpPCKOro yrnpaBneHus, KOTOpble peann3oBaHbl Ha 6ase
UHpOpPMaLUK, BO3HUKAIOLWEN B npouecce GyHKLUOHUPO-
BaHMA OCHOBHbIX TEXHONOIMYeCcKMxX npoueccos [1]. bonb-
Woe KOoNN4YecTBO WHPOPMALMOHHBIX MOTOKOB, Mepap-
XMYHOCTb WX NpefcTaBneHua TpebyeT oT AMCNeTYepoB
NCNOJMb30BaHMA MHOMMX BapUaHTOB pelueHna 3adayd u ux
ONTVMMM3aL IO B Pa3fNYHbIX NPOU3BOACTBEHHbIX CUTYaL M-
AX.
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AnHomayus. B cTaTbe npoaHanu3upoBaHbl 0COOEHHOCTU MMUTALUOHHOMO
MoZen1poBaHnA B ropHom Aene. lpoLecc co3aaHna MMUTALNOHHON MoAeNN
PaccMOTPeH Ha npumepe ynpasneHua paboToil BeHTUNALMOHHON CUCTEMb
WaxTbl, ANA 3T0r0 GYHKLMOHMPOBAHME CUCTEMbI BbIN0 NPeCTaBNeHO B BUAe
ABYXKOMMOHEHTHOI TeXHONOrNYeckon cxembl. Takxe BblJeneHbl KaTeropuu
NHOOPMALMOHHBIX NOTOKOB, HeobX0AMMbIE ANA pa3paboTKi UMUTALMOHHON
mogenu. 01aensHo popmani3oBaH rpad CocToAHMIA MHGOPMALIMOHHDBIX 3aay
ynpaBneHnA BeHTUAALNOHHOM CMCTEMON LUAXTI.

Knouesble c/108a: IMUTALMOHHAA MOAENb, LIAXTA, BEHTUNALIMOHHAA CUCTEM,
UHOOPMALMOHHBIN MOTOK.

Tak, Hanpumep, KPUTUYECKN Ba)KHbI ANA WaxTbl yya-
CTOK BEHTUNALUN 1 CMCTeMa ero 6e3onacHoro GyHKUMOHK-
poBaHuA (BTB), Kak npakTnyeckmn n Bce gpyrne npovsBoa-
CTBEHHbIE CMCTEMbI, CNIOXEH C OPraHM3auMOHHON TOYKMK
3peHna BC/IeACTBME MHOMOMIAHOBOCTY pellaeMblX UM 3a-
Jau. NosTomy agekBaTHaA emy mMofenb Mpu3BaHa cylle-
CTBEHHO CHM3UTb 3TY CNOXKHOCTb. Ha cpepgHecTatucTmye-
CKOW WaxTe nonoxeHme o6 yyactke BTb pernameHtupyet
CeMb ero KJloueBbix 3aay 1 37 6a30BbiX TEXHONOrMYECKMX
byHKUMA. [JOKyMeHTOO60pOT BO BHYTPEHHEN U BHeLl-
Hen cpepe onucbiBaeTcA 32 OCHOBHbIMU MOJIOKEHMAMM,
a TaKXXe pAAOM aKTOB M peLleHnil, KOTOpble MPUHUMAOTCA
B C/lyyae Heo6XO0AMMOCTU. DT 0COBEHHOCTU onpeaensioT
CXeMY M Pa3MepHOCTb MHPOPMALMOHHBLIX MOTOKOB, Npu
3TOM OKOJIO 50% M3 HMX NpeacTaBsioT COO0N 31EeMEHTbI
C obpaTHOI CBA3bIO, T.€. OCYLLECTBNAETCA [BYCTOPOHHUN
06MeH fJaHHbIMU 1 UHOPMALMEN MeXaY YYaCTHUKamu [2].

OTCyTCTBME OfHO3HAUHbIX OOBEKTMBHBIX KPUTEPUEB,
METOZIOB MX OLIEHKU, a TaKXe psf CyObeKTMBHbIX $akTo-
POB, 3aBUCALUX OT YPOBHA OCBEAOMJIEHHOCTU U BO3MOX-
HOCTU NepepaboTKn NHPOpMaLMN YEeNOBEKOM, He BCerga
NPUHMMAIOWNM Haunyyllre pelleHus, onpepensdeT He-
06X04MMOCTb CO3JlaHNA CMCTEMbl aBTOMaTU3MPOBAHHOTO
ynpasneHusa BTB, koTopasa MuHMMmM3npoBana 6bl 3TO Hera-
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Puc. 1. TexHonoruyeckas cxema ,D,O6bILWI yrna n BEHTUNNPOBaAHMA WaXThbl

Puc. 2. Tunosasa cTpyKTypa MHGOPMaLMOHHBIX MOTOKOB B MpOLIecce yrnpaBieHUsa CUCTEMO BEHTUAALNN
WwaxTbl

TUBHOE BNUAHNE B pa3pe3e BCero nepapxmnveckoro ynpas-
NNeHYeCKOro KOHTypa.

OnbIT 1 NpakTUKa CBMAETENbCTBYIOT O TOM, UTO B Kaue-
CTBE OCHOBbI CICTEMbI aBTOMAaTU3NPOBAHHOTIO YNpaBneHns
BTB, uenecoobpasHo Mcrnonb3oBaThb anmnapat MMUTALMOH-
HOro mogenupoBaHua. HeobxogmmocTb 6onee geTanbHoO-
ro M3yYyeHMA BO3MOXHOCTEN MMUTALMOHHOW MOAenu, ee
orpaHunyeHusa n cneuyndrka NocTpoeHnsa npegonpenens-
0T BbIGOP TeMbl JaHHOWN CTaTbW.

3HaunTeNbHbIV BKNag B CCIe[OBaHNe BONPOCOB pa3Bu-
TUA MHPOPMALIMIOHHOFO OBecneyYeHNs CMCTEMbI yNPaBIeHNA
npeanpuATUAMK Pas3INYHbBIX OTPAC/EN MPOMbILIEHHOCTU
BHEC/IM Takue yueHble Kak: [opogHoB A.T., KopHunos B.10.,
®epopos E.10., Wang, Hexu; Xie, Fei; Li, Jing.

O6ocHOBaHMIO CTPYKTYypbI VMUTALNOHHON Moaenm pe-
weHnAa 3afay ynpasneHna OCHOBHbIMU MPOU3BOACTBEH-

HbIMW MpoLecCcaMn YrofibHOW LaxTbl MOCBATUIWN CBOWU
Tpyabl PoinbHukoBa M. B., Bnacos A.B., Makees M.A., Mu-
xannos W.[., Banees A. ®., Pang, Wenhua; Hou, Jinrui; Wu,
Zenghai.

OpHako, HeCMOTPA Ha UmMeloLmecsa TPyAbl U HapaboT-
KW, pag npob6nemHbIXx BOMNPOCOB TPebylT oOTaenbHoro
BHUMaHuA 1 6onee yrny6neHHoro aHanmsa. B yactHocTty,
3aflaya YCTaHOBJMIEHNA HOBbIX 3aBUCUMOCTEN, YUUTbIBato-
WX BAUAHKE BEPOSATHOCTHBIX CBA3EN MeXAy KOHTPOu-
pyeMbiMK MapameTpamu pPaboTbl YrOfbHOWN LWaXxXTbl NyTem
MCMoMb30BaHKA NpoLeaypbl UMATALVOHHOTO YACIEHHOTO
MopenupoBaHua TpebyeT Gonee AetanbHOro 060CHOBa-
HUA BO3MOXHbIX BAPMAHTOB peLleHus.

Takum 06pasom, Lesb CTaTby 3aKNOYaeTca B Paccmo-
TPeHNUM 0COBGEHHOCTEN VMUTALVOHHOIO MOAENUPOBAHMSA
B FOPHOM flefle Ha NpuMepe KOHTPONs 3a paboTon BeHTH-
NALUN YTOSIbHOM LWaXTbl.

94 Cepusa: EcmecmeeHHble u mexHu4eckue Hayku N210-2 okmabpe 2022 2.




UHOOPMATUKA, BbIYUCITUTEJIbHAA TEXHUKA U YINPABJIEHUE

Puc. 3. Tpad coctosHni MHGOPMALMOHHDBIX 3aiay yNpaBneHna BEHTUAALMOHHON CUCTEMON LLaXTbl

KoHTyp $YHKLUMOHMPOBaAHNA CUCTEMbl BEHTUNIALUN
YrOJIbHOW LUAXTbl MOXHO OTPa3UTb B BUAE 4BYXKOMIMOHEHT-
HOW TEXHONOIMMYeCKOM CXeMbl: OfHA YacCTb OTPaXaeT Kiove-
Bble MOTOKM paboT HemocpeaCTBEHHO B BbipaboTKe LWaxThl,
a BTopaA — UHPOPMALMOHHbIe MOTOKM, MpoLeaypbl cbopa,
06pabOTKM U XpaHEHUSA AaHHbIX C MpMeHeHnem IBM [3].

Ha ocHoBaHWM aHanN13a ropHO-reoNornYeckux ocobeH-
HOCTel, TEXHWKO-IKOHOMMYECKUX MoKasaTenen pasnny-
HbIX LUAXT aBTOPOM BbIMOJIHEHA KNacCMbuUKaLma no xapak-
TEPHbIM Mpri3HaKaM TEXHOMOMMUYECKMX CXemM Ao6blun yrns
N COOTBETCTBEHHO OpraHmM3aummn cuctem BeHtTunAuum Oc-
HOBY KJlacCMduKaLuuy COCTaBUAN TPU rPYNMbl NPOLEeCCoB,
oTpaxatlme oco6EHHOCTM 3aneraHusa MacToB, CUCTEM
BEHTANAUNM 1N CUCTEM Pa3paboTKM WaXTHbIX MONen, CXem
1 BMAOB NOA3EMHOrO TpaHcnopTa yrasA u nopogbl (puc. 1.).

Cuctema uHbOpMaLMOHHOTO obecnedyeHns paboTbl
BEHTUAALMNN WaXTbl ABNAETCA MEPAPXUYECKOW, T.K. BbIMOJ-
HAOTCA 6a30Bble MPaBWIa Uepapxmun: He NPesycMoTpeHa
npsMas nepepada AaHHbIX OT UCMONHUTENEN HA HU3LLUX
YPOBHAX B 610K 1 U OTCYTCTBYEeT MOLYMHEHHOCTb PYKO-
BOAWTENA WUV UCNOSTHUTENA HA OQHOM GYHKLMOHANbHOM

YPOBHe ipyromy.

AHanu3 MHPOPMALIMOHHBIX MOTOKOB, ObGecrneyrnBaio-
WX paboTy BEHTUNALMOHHOW CUCTEMbI LWAXTbI, MO3BOANN
onpeaenuTb TPY KaTeropumn npuopuTeToB Ana GopmMmpo-
BaHMA COOTBETCTBYIOLWMX TPYMNMN AaHHbIX MMUTALUOHHOM
mMopaenu:

a) K MepBoWi rpynmne OTHOCATCA laHHble 06 SKCTPEHHbIX
CUTYauUUsAX C rMaBHbIMK U BCMOMOTraTefIbHbIMU BEHTUNIATO-
pamu. B nepByto ouepeab 3T0 BbIXxog U3 cTpoa obopyao-
BaHVA, npefdesibHble 3HaYeHWA 3ara3oBaHHOCTM, OTKa3bl
B NPOTOUYHO-TPAHCMOPTHOW Cxeme U T.4. Ana 3Ton uHdop-
mauuu Bpemsa 06paboTku t,q, = 0;

b) Ko BTOpOW rpynne oTHocMTCA MHPOpPMaLUA, UCNOSb-
3yemMas [l HaCTPOWKU 1 KOPPEKUUN PeXMMOB paboTbl
OCHOBHOI0 060PYAOBAHVA BEHTUASILMOHHON WaxTol. Mpu
3TOM BpeMms NepeHacTPONKK tnep onpeaenaeTca Bbipake-
Huem:

thep = Loop T tmex T Lou

rae t,;,, — Bpema o6paboTkn MHPopMaLun Nepso
rpynnbl 4AHHbIX;

{,.cc — BPEMSA NEPECTPONKN TEXHONOTMYECKMNX MEXAHU3-
MOB PaboTbl BEHTUNIALVNOHHOW LLaXTbl;

t,,— Bpema oxugaHua o MOMeHTa, Korga bydeT naysa
B TEXHOJIOMMUYECKOM npoLecce 06CNy>KMBaHNS BEHTUALN-
OHHOro obopynoBaHus.

C) TpeTbs rpynna — 3TO JaHHble, KOTOpble onpenens-
0T WHPOPMaLMI0O BCMOMOraTesibHbIX TEXHONOrMYeCcKnx
npoueccoB paboTbl BEHTUAALMOHHOTO 060pPYAOBaHMA.
Meproabl X NOCTYNNEHNA B CUCTEMY YTPaBNeHNs 3aBUCAT
OT KOHKPETHbIX YC/IOBUI BCMOMOTaTENbHbIX MPOLECCOB,
KOTOpble AO/MKHbI HEMPEPBIBHO OTC/IEXMBATLCA B pealb-
HOM MacLwTabe BpemeHu [4].

MaTemaTnyeckyto Mogesib KOHTYpa NOAAEPXKKMN 3afiaH-
HOW YINIOBOW CKOPOCTY BETPOBOMO Koslieca BEHTUIALMOH-
HON YCTAaHOBKM LWAXTbl MOXHO MPEACTaBUTb CNIefyoLWmnm
obpazom:

Ug . <0
t

d
|a)(t) — Wonrlky * Uy (t), ecin
Aw =

du
|a)(t) — Wogrlky * Uy (t), eciin
2T
Usapp () =k, - Aw +f Awdt
0
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roe Aw — pasHuLa MeXay 3a8aHHbIM 1 TEKYLIMM 3Ha-
YeHuneMm yrinoBomn CKopocTy;

@ g — 3HAYEHME ONTUMANBHON CKOPOCTM BpaLUEHUS;

@(t) — 3HaueHue YrinoBOWN CKOPOCTU B TEKYLYUIA MO-
MEHT BpemeHy;

ky — Ko3ddMUMEHT nepeaaun No CKOPOCTU BEHTUNSA-
LIMOHHOTO BO3AYLIHOIO NOTOKA;

U, (f) — 3HaueHme cKOpOCTV BEHTUNALMOHHOIO BO3-
AYLWHOrO MOTOKA B TEKYLUMIA MOMEHT BPEMEHY;

dug .
dt

Npon3BOAHAA OT CKOMb3AwWwero 2T 3HaUeHMA CKOPOCTH
BEHTUALVNOHHOIO BO3AYLIHOrO NOTOKa;

Use0(t) — NpeaenbHblil ypoBeHb Harpysku 060pyaoBa-
HUA BEHTUAALNOHHON CUCTEMbI B TEKYLLMIA MOMEHT Bpeme-
HY;

k., — k03ddULMEHT Nepeaaun no yrnoBol CKOPoCTU
BpalleHnA Koneca;

T — nepuog BpalleHUs BETPOBOro Koseca.

O603HauMB Kaxaoe COCTOAHME BEHTUNALMOHHOW Cu-
CTeMbl LIAXTbl TPEXPA3PAAHBIM ABOUYHBIM KOAOM, MOMy-
yaem Tpu 6uTa MHPopmaumn, NPy 3TOM KaxkAblin paspsg
3TOro Kofa 03HauyaeT BXOAHYI0 MHPOPMaLMI0 COOTBETCTBY-
towew rpynnol. CriegoBaTenbHO, Npolecc 06paboTky AaH-
HbIX B CMCTEME YNpaBieHUs ONMCbIBaeTcA rpapom ¢ Boce-
Mblo BepLrHamu (puc. 3).

B KaKa bl MOMEHT BpeMeHU CMcTeMa HaXOANTCA TONbKO
B OJJHOM COCTOSIHWU, BEPOATHOCTb KoToporo (P,i = 1,8)
MCMNONIb30BaHa B KauecTBe KOppeKTupyowero kosoouuu-
€HTa HepaBHOMEPHOCTU PaboTbl BEHTUNALMOHHOIO 060-
py#oOBaHMA LWaXThl.

Po(A1 + A3 + A3) = Py + Pz + Pyuy
(U2 + A4 + A1) = PoAy + Pspigq + Pty
Py (As + py + A19) = P14 + P3is + Pgiugg
P3(uz + ps + Ag) = PoAz + PAs + Prug
Py = PyAy + Pspg + Py
Ps(pg + p11) = P1Aqq + Poity
Pg(u7 + p10) = PaAq0
Py+P,+P,+P;+P,+Ps+Pg+P,=1

MonyueHHble, B pe3ynbTaTe pelleHuns BbilenpruBefeH-
HOW CCTEMbI YpaBHEHWIA, 3HaUYEHNA BEPOATHOCTEN MOXHO
MCMNONb30BaTb AJ151 OLEHKM BPEMEHHDBIX Y KOJTMYECTBEHHbIX
XapaKTEPUCTMK OCHOBHbIX TEXHONOTMYECKUX MPOLIECCoB
obecneueHna paboTbl BEHTUAALMOHHOIO 060pyAOBaHUSA.

Takum o6pa3om, B CTaTbe MNPeACTaBNEHO OnucaHue
VUMUTALMOHHON MOAENN YNPABAEHUA KOHTPONMPYEMbIMUA
napameTpammu paboTbl CUCTEMbI BEHTUAALMK YTrOSIbHOWA
waxTbl. icnonb3oBaHme Ha NpaKTMKe 3TON MOAENV NO3BO-
NINT NOBLICUTb 3PEKTUBHOCTb KOHTYpa OnepaTUBHO-ANC-
NeTYepPCKOro pearmpoBaHuns 1 MOHUTOPUHTA.
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