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OBOCHOBAHMUE BbIBOPA
BOPTOBOI'O COOEP>XAHUSA
ITOJIE3HBIX KOMIIOHEHTOB B PYJE
ITPU ITPOEKTUPOBAHNU KAPBEPOB
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Annomauyus: BoproBoe comepskaHme T0JI€3HOTO KOMIIOHEHTA B Pyjie, JOObIBAEMOIi B Kapbepe,
YCTaHaBIMBAETCS B Pe3yJibTaTe PaCCMOTPEHNS BAPMAHTOB Peau3alMu MPOEKTHBIX PEeIeHMId,
C YYETOM TOPHO-TeOJOTMYEeCKIX, TOPHOTEXHNUECKUX M SKOHOMUYeCKNX ¢aktopos. IIpu or-
KPBITOM CIIOCOGe OTPabOTKY PYIHBIX MECTOPOKAEHNI MUHUMAJIbHOE ITPOMBIIIIJIEHHOE COmep-
SKaHMe MOJIE3HOTO KOMITOHEHTA U GOPTOBOE COfiepIKaHue 11eJIeCO0OPasHO OIPENESITh C YIETOM
K03 buUIMEeHTa BCKPBIILU MOACYETHOrO PygHOro 6moka. OnTuMaabHOe 3HaueHyue GOPTOBOTO
copepykaHus SIBISIeTCsT GYHKIMEN YMCTOrO JUCKOHTMPOBAHHOTO JOXOAA OT peanan3aluy Ipo-
€KTa OTKPHITONM Pa3pabOTKy MECTOPOKIEHMSI U TIOMJIESKUT TIEPUOINIECKOMY TIEPECMOTPY TP
KOPPEKTUPOBKE MTPOEKTHON JOKYMEHTAIMY U TUIAHOB Pa3BUTHUSI OTKPBITHIX TOPHBIX PaboT, IIpu
Te0JIOTMYUEeCKOM IKCIUTYaTallOHHOM JTOpa3BenKe MeCTOPOKAEHNS, IPY OOHOBJIEHUM U JTOTIOJN-
HeHVM GJIOYHOV MO PYJHOTO MeCTOPOKIEHMS, IPU VI3MEeHEeHUV TeXHOJIOTUY U3BJIeYeHNsT
" 06OraIleHust MMoJIe3HOrO MCKomaemMoro. Ha ocHOBe MpOBeNeHHbIX MCCIeNOBaHNUI JOKa3aHO,
YTO MPU CUCTEMHOM aHaJIM3e MapaMeTpoB U MoKasaresieil Kapbepa, 60pTOBOe COfiepsKaHue Mo-
JIE3HBIX KOMIIOHEHTOB MOKET OBITh NMPUHATO TOJIBKO MPU YCIOBUM, UTO B XOZe PacuetoB Gy-
JeT YUUTHIBATHCSI TAKOJ TIOKA3aTeslb OTKPBITBIX TOPHBIX PaboT, KaK KO3(hOUIMEHT BCKPBIIIN.
VYMmeHblileHre GOPTOBOTO COMEPIKAHMUSI B PY/Ie MO3BOJISIET MOBBICUTH BEJIMUMHY UMCTOTO JMC-
KOHTMPOBAHHOI'O IOXOZa, HO MIPU 3TOM COKPaTUTh OOIIIMEe AOXOAbI OT Pean3aluy IPORYKIUU
6e3 yueTa IUCKOHTUPOBAHMUSI.

Kntouessle cnoea: MecToposkaeHne, pyaa, OTKPbITask pa3paboTka, MPOeKTUPOBaHue, GOPTOBOE
cofepskaHue MoJIe3HOr0 KOMITOHEHTA, YMCThIN IMCKOHTUPOBAHHBIN JOXOM, IPAHMIIbI Kapbepa,
SKOHOMMYECKASI OIleHKa.
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Abstract: A cutoff grade in open pit mining is set based from the analysis of alternative design
solutions with regard to geological, geotechnical and economic factors. In open pit mining, the
minimum economically rational content of a useful component, or a cutoff grade is expedient
to be found with allowance for a stripping ratio in an estimation ore block. The optimized cutoff
grade is a function of the net present value of the open pit mine project implementation, and
is to be periodically revised during adjustment of project documentation and open pit mining
plans, in operational geological re-exploration, in amendment and updating of the block model
of ore deposits, and upon modification of mineral mining and processing technologies. The
implemented research proves that in the system analysis of parameters and performance of an
open pit mine, the cutoff grade can only be adopted given the stripping ratio is taken into ac-
count. A lower cutoff grade allows higher NPV but reduced general income received from the
product sales unadjusted for discounting.

Key words: mineral deposit, ore, open pit mining, design, cutoff grade, net present value, open
pit limits, economic evaluation.

For citation: Fomin S. 1., Govorov A. S. Validation of the chosen cutoff grade value in open pit
mine design. MIAB. Mining Inf. Anal. Bull. 2023;(12):169-182. [In Russ]. DOI: 10.25018/0236

1493 2023 12 0_169.

BBepeHue

OLZHUM U3 KNHOYEBbIX BOMPOCOB, KOTO-
pbl HEOOXOAMMO peLlaTb NPy NPOeKTU-
pOBaHMU KapbepoB sIBNSeTCs pa3paboTka
paLMOHanbHOM CTpaTerMu yrpasneHus 6op-
TOBbIM COAEPXXaHMEM MOJE3HbIX KOMMO-
HeHTOB B fobbiBaemou pyae. boptosoe
copepXXaHue — 3TO Takoe CoaepkaHue
MONIE3HOMO KOMMOHEHTA, KOTOPOE NMPUMEHSI-
eTCs ANs pasfeneHust AByX CTpaTerMm uc-
MO/b30BaHWSt KOHKPETHOrO copTa pyabl [1].

Onpepenexve onTuManbHoro 6opToBo-
ro COLEPXKAHUS ABNSETCS BaXKHOM 3a4a4en
Npu NPoeKTUpPOBaHUN POPMUPOBaHUS pa-
6ouei 30HbI Kapbepa. [11s OKOHTYpYBaHUS
PYZLHbIX T€N U MIaHUPOBaHMS UX OTpaboT-
KK, cnenyet obocHOBaTb GOPTOBOE comep-
YKaHWe Mone3Horo KOMMoHeHTa B J0ObIBae-
mow pyae [2—5]. MNpu noBbILLeHWN LieH Ha
PbIHKE MUHEPaNbHOrO Cbipbs LLEenecoob-
pa3HO YBE/NIMYEHWE 3aTPaT Ha BCKPbILUHbIE
paboTbl, NOBbILLEHWE TeKYLLEro kKoadduLm-
€HTa BCKpbILLK, CO3AaHNe pe3epBa QpOHTa
[06bIYHbIX paboT, obecneymBatoLLee Mpo-
LOMKUTENBHOCTb peHTabenbHoM 0TpaboT-
ku MectopoxxaeHus. CHuxeHue bopToBo-

170

ro COLEpXXaHus B NMepuoabl BOCXOASLLMX
LIEHOBbIX TPEHZOB Ha PbIHKE MUHepasibHO-
ro Cblpbsl A3aeT BO3MOXHOCTb YBENNUNUTD
CPOK pa3paboTKu MecTopoXaeHUs 1 obec-
MeynTb CO34aHMe 3anaca MUHepPanbHOro
CbIpbs AN NOAAEPXKaHUS HOPMbI AOXOAHO-
CTU B MEPUOAbI CHUXEHMS LieH [6].

MpuHsTUE pelLeHns Npy NPOeKTUPOBa-
HMM Kapbepa Mo 3Ha4YeHWo 6opToBOro Co-
LEepXXaHWUs CnefyeT OCYLLeCTBASTb C yye-
TOM KO3 MLUMEHTa BCKPbILLMY, NMPOU3BOA-
CTBEHHOM MOLLHOCTW rOpPHOZ0ObIBAOLLIErO
MPeAnpUSTUS, MPOU3BOLUTENBHOCTM Mepe-
pabaTbIBatOLLLEro0 NMPOM3BOACTBA, SKCMIya-
TaLMOHHbIX 3aTpaT, LeHbl KOHEYHOMN Mpo-
DYKUMW NPeanpusTUs Ha pbiHKe MUHepasb-
HOrO CbIpbs.

OnpepeneHve rpaHunL, KapbepoB Ha Ko-
HeL, 0TPaboTKM MeCTOPOXKAEHMS UMEET 60J1b-
LLIO€e 3Ha4YeHUWe, TaK Kak OHW OMpeaensioT
00bEM MPOMbILLNIEHHBIX 3aMacoB pyAabl U
BCKPbILUHbIX MOPOS, B KOHTYpax Kapbepa.
KoHeuHble KOHTYpbI Kapbepa MCMosb3y-
OTCS AN PaCYETOB MPOU3BOAUTENIBHOCTH
M CPOKa CNY>KObl KapbepoB, KOHTYPbI OT-
paboTKM MECTOPOXAEHMS BNUSIIOT Ha Bbl-



60p cnocoba BCKPbITUS, MECTA 3a/10XKEHUS
BCKPbIBAKOLLMX W MOLrOTOBUTENbHbIX Bbl-
paboToK, PacroNiOXXeHUsI BCEX HA3EMHBbIX
KOMMYHMKaLMN.

MpoekTHble KOHTYpPbI Kapbepa MOXHO
pa3fenvTb Ha CIeAyHoLLMe KaTEropum:

* KOHEYHbIE;

* MepCcrneKTUBHbIE;

* npomexyTouHble [7—10].

KoHeuHble KOHTYpbl — 3TO NMPOEKTHbIE
KOHTYpbl Kapbepa Ha KOHeL, oTpaboTku,
Ha KOTOpble AOMKHbI BbINTU FOPHble pabo-
Tbl B KOHLLE OTPaboOTKM MECTOPOXAEHMS.
Takow BUA rpaHuL, cnefyeT yCTaHaBAu-
BaTb C BbICOKOM CTEMEHBI TOYHOCTY.

MepcnekTBHbIE KOHTYpbI — 3TO Ta-
KMe rpaHuLLbl Kapbepa, 40 KOTOPbIX 3KO-
HOMMYECKM LienecoobpasHa U TEXHUYECKH
BO3MOXKHa OTKpbITas pa3paboTka mMecTo-
poxaeHus. Takue rpaHULLbl Kapbepa onpe-
DEnsioTCs C MEHbLLEN CTENeHbH TOYHOCTM
M MpeTeprneBaloT KOPPEKTUPOBKM B Teve-
HWE Pa3BUTMS FOPHbIX paboT.

MpoMexxyToUHble KOHTYpbl — rpaHu-
Libl, KOTOpbIe AOCTUIatOTCS Ha OnpeseneH-
HOM 3Tane pa3paboTky MeCTOPOXAEHMS
KapbepoM.

B npouecce peanuzaumm npoekTa KoH-
TYpbl HEOAHOKPAaTHO MepecMaTpuBatoTCs
C YYETOM M3MEHEHWs BO BPEMEHM napa-
MeTpOoB pabouyei 30Hbl Kapbepa U MHOMUX
FOPHOTEXHUYECKMX, FOPHO-TE0N0rNYEeCKMX
(haKTOpOB U CUTYaLMU HA PbIHKAX MUHe-
pafbHOro cbipbs. [locToBEpHOCTb NPOEKT-
HbIX PELLEHWI 3aBUCUT OT hakTopa BpeMe-
Hu. B cnyyae, ecnm cpok 3Tana paspaboTku
MecTopoxaeHus coctasnset 12—15 ner,
TO KOHTYpbl Kapbepa OMNpeAenstoTCs Kak
MepCrneKTUBHbIE UM MPOMEXYTOUHbIE.

MeToab! ccnepoBaHus

LlenecoobpasHo npu ynpasneHum dop-
MUPOBAHWEM FPaHUL, pYLHOro Kapbepa npu-
HUMaTb BOPTOBOE COAEepXKaHMe Kak rpa-
HWYHOE B PYLOMOTOKE, UCMOMb3YHoLLEeecs
LN OMpeAeneHunsl MecTa pa3meLLeHus fo-
6bITOro obbema pyapl. [osTomMy Ha ropHom

NpeanpusTUM BO3MOXHO MPUHSATHUE He-
CKONbKMX BMAOB BGOPTOBLIX COAEPXKAHWN,
KaXKAblW CBA3aH C KOHKPETHbIM MOTOKOM
pyZAbl MK cnocoboMm onpeneneHus 3ana-
coB B Hegpax [11—13].

[ns oTpaboTaHHoro pypHoro 6noka
LOMKHO BbIMOHATCS MPaBWo: U3BEKae-
Masi LLEHHOCTb 3TOro 6510Ka JO/MKHa KOM-
MeHCUPOoBaTb 3aTpaTbl Ha Jo6bIYY, nepe-
paboTky u mapketuHr. ComepkaHue no-
Ne3HOro KOMMOHEHTa, KOMMEHCUpytoLlee
3aTpaTtbl (KpoMe BCKpbIWKM) — 3TO Ges-
ybbITOYHOE rpaHWMYHOE codepXKaHue mno-
Ne3HbIX KOMMOHEHTOB.

BHyTpeHHMI BOpT MCnonb3yeTcs Ans
610KOB, rae cofep>KaHue Nose3Horo KoM-
MOHeHTa B pyne OyaeT MeHblue 6e3ybbl-
TOYHOro. DTU BIOKM He Mornu Bbl BbITb
0TpaboTaHbl 13-3a UX HEOOMbLLUOKN LEEHHO-
cTu npu nzsnevyeHun. CooTBETCTBEHHO,
OHU U3B/IEKAOTCS KaK BCKPbILLIHbIE MOPO-
Abl AN TOro, Ytobbl obecneynTb AOCTYN
K HUXKENeXaLLmM 6/10KaM MonesHbIX UCKO-
naembix. KomneHcaums skcnnyaTaumMoHHbIX
3aTpaT Ha Aobblvy 3TUX BIOKOB MPOMUCXO-
OWT 33 CYET U3B/IEKAEMOM LIEHHOCTM BIIOKOB,
D06bIBaEMbIX C HUXKENEXaLMX FrOpU30oH-
TOB. DKOHOMMYECKAs OLLEHKa pe3y/bTaToB
L00bI4M NOJO6HBIX BIIOKOB He JOMKHA Yuu-
TbIBaTb 3KCMJyaTaLMOHHbIE 3aTpaThbl Ha OT-
paboTKy, a 3HauMT BOpTOBOE comepKaHue
MONe3HbIX KOMMOHEHTOB OYAET HUXE, YeM
nepBOHaYaibHOE OCHOBHOE.

Mpu onpeneneHnn BennUYnH BOPTOBO-
ro CoAepyaHus cneayeT yunuTbiBaTb (ak-
TOp BPEMEHM OTPabOTKM MECTOPOXKAEHMS.
OnTuManbHas cTpaTerusi USMeHeHWs BO Bpe-
MeHV GOPTOBOro COLEPXKaHMSI MONE3HbIX
KOMTMOHEHTOB OMNpenensieTcst npu NpoeKkTyU-
pOBaHUM U MIAHWPOBAHUU Pa3BUTUS TOp-
HbIX paboT.

Mcnonb3oBaHue Bro4HOM Mogenu me-
CTOPOXIEHMS B COBPEMEHHBIX MPOrpamM-
HbIX MPOAYKTaX AJif MPOEKTUPOBAHMUS Ka-
pbepPOB MO3BONSET BbIOPaTb ONTUMAbHbIN
BapMaHT MOCNEeLOBaTENbHOCTU OTPabOTKM
3amnacos pyabl.
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OueHka Bap1aHTOB pa3BuTMS pabouen
30Hbl Kapbepa [LO/MKHA 6a3MpoBaTbCs Ha
npeaBapuTeNbHbIX MPOEKTHbIX PELLEHUSIX
Mo BbIGOPY TEXHOMOr MM NPOMU3BOACTBA OT-
KPbITbIX TOPHbIX paboT, NapameTpax v no-
Ka3zaTensax NpUHATOM CUCTEMbI pa3paboTKy,
TUMOPa3MepoB BbIEMOYHO-MOrPY304HOr0
M TPaHCMopTHOro napka, cnocoba nepepa-
BOTKM M 0BOralLeHUs pyabl; CNYXUT ONs
MPOrHO3MpOBaHUS Hanbosnee BEPOSITHOMO
[ManasoHa 3KCMyaTalMOHHbIX 3aTpaT Ha
npoBeAeHue ropHbIX paboT M oboralleHus
pyabl [14—16].

Mpu BbIGOPE CTpaTernmn pasBMTUS pa-
6ouen 30HbI Kapbepa LenecoobpasHo npu-
HMMAaTb B KaYeCTBE MCXOAHbIX AaHHbIX Jn-
60 BbICOKME 3KCMIyaTaLMOHHbIe 3aTpaThl,
B0 MEHbLLME LIEHbI HA KOHEYHYHO NPOAYK-
LM rOpHOLOObIBAOLLErO NpeanpusTus B
nepBOHaYasibHbIV NMEpPUOA, a 3aTEM YMEHb-
LLATb 3TW 3aTpaThbl UM YBEJIMYMBATD LIEHI.

B koHe4yHOM uTOre Ha HauyasbHbIM Nepu-
0f, OTKPbITOM pPa3paboTKM MeCTOPOXKAEHUS!
MOXeT ObITb MPUHSATO BbICOKOE HOpTOBOE
cofepykaHue B pyAe U BbiCOKas U3Bnekae-
Mag LeHHOCTb. Ha panbHenwmnx atanax
0TPaboTKM MOXHO MPUHMMaTb Bosee HKz-
Koe BopToBOE comepykaHWe U U3BeKae-
MYO LLleHHOCTb BGJTOKOB pyabl.

OnTtumanbHoe 6opTOBOE COAepIKaHue B
pyZe He JOMKHO Ha OMpeAeneHHOM 3Tarne
0TpaboTKM MECTOPOXKAEHMS ObITb BobLLE
3Ha4yeHns BOPTOBOrO ConepPIKaHUs ANs Mo-
cnepyroLmx 3Tanos. B npoTuBHOM cnyyae
paHee OLEHeHHbIe BNOKU pyabl C HU3KUM
COAEpPXKaHMEM MOTYT OMpeaensaTbhcs Kak
BCKPbILLHbIE MOPO/b! C OTPULATENbHBIMM pe-
KOMEHAALMSIMU M0 U3BNIEYEHUIO MX U3 HELP.

[ns obocHoBaHMs LenecoobpasHoOCTH
yOaneHus TOpHOW MOPOAbI C HU3KUM CO-
LEP>KaHMEM MOJIE3HOr0 KOMMOHEHTa, AN
obecneyeHns [OCTyNa K HUXe 3aneraro-
LWMM 6ioKaM pyabl cneayeT NpuUHUMaTb
MeHblUee 3HayeHWe GOPTOBOro CoaepXKa-
HUS, ABNSOLLLEECS BHYTPEHHUM BOpTOM,
onpenensieMbiM 6e3 yyeTa 3KCrayaTaLMoH-
HbIX 3aTpaT Ha LobbIvY.
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3HaueHWe BOPTOBOro COAEpPYKaHMUs onpe-
LensieT 0ObeM 3aMacoB pyabl B KOHTYpax
Kapbepa U cpefiHee coAepyKaHue NonesHo-
rO KOMMOHEHTa, SIBNSIeTCS BaXKHbIM (haKTo-
pOM, KOTOpbIN CNiesyeT 060CHOBbIBATH Npu
NAaHUPOBaHUM Pa3BUTUS FOPHbIX paboT u
npoeKTMpoBaHUM kapbepos [17 —19].

Mpv nnaHupoBaHWM pa3BuUTUS paboyel
30Hbl KapbepoB CriefyeT NpefycMaTpuBaTh
pe3epB NMpOU3BOAMUTENBHOCTH MO BCKPbILLE
Ha cny4an:

* YMEHbLUEHUS MPOU3BOSUTENBHOCTU
Kapbepa Mo pyae v3-3a U3MEHEHUSI TOPHO-
reosiorMyeckux yCioBuM U AaHHbIX MO 3a-
nacam;

* MajeHus LEH Ha CbIPbeBbIX PbIHKaX;

* YMEHbLLEHUS CMPOCa Ha MPOLYKLMHIO
rOpHOA00bIBAIOLLEN KOMMAHUW;

* BPEMEHHOr0 CHUXEHWUs HopTOBOrO
ConepyKaHWs Mone3HbIX KOMMOHEHTOB B py-
[e Ona nofaepykaHus TpebyeMoro obbema
MPOU3BOACTBA KOHLIEHTpaTa.

PesynbTaTbl u 06cyxpeHue

OpHov U3 uenen NPoeKTUPOBaHUS Ka-
pbepa SIBNSIeTCS ONTMMU3aLmMs BopTOBOro
COLEepKaHUS MO KPUTEPUD MAaKCUMYM Ui~
CTOro AIMCKOHTUPOBAHHOMO J,OX0Aa OT pea-
NM3aLMKM NPoeKTa 0TPaboTKM MeCTOPOXKae-
Husi. OfHako pelueHue Bbibopa BopToBOro
COAEPXKaHUS JOMKHO UMETb CUCTEMHBbIN
XapaKTep, YUnUTbIBaTb psif, TEXHUKO-3KOHO-
MMYECKMX B3aMMHO BAMSIIOLLMX haKTOpPOB
(TeXHWMYeCKMe, IKOHOMUYECKUNE, SKOOMU-
yeckue, coumanbHbIe U ApYrue).

CooTHoLueHWe Mexay 60pToBbIM coaep-
>KaHWEM, MPOU3BOAUTENBHOCTbIO FOPHO-
[06bIBaOLLEro NpeanpusTHs 1 nepepaba-
TbIBAtOLLLErO KOMMJIEKCA, @ TakXKe 3aTpaTa-
MW Ha Jo6blvy ¥ NepepaboTKy, PbIHOYHOWM
CTOMMOCTbH peanin30BaHHOM MPOAYKLMM
Y MPUTOKOM LIEHEXHbIX CpencTs obycnas-
NMBAETCS U3MeHeHMeM BOpPTOBOro comep-
YKaHWS, CNefoBaTeNbHO, Nepes, NpUHSTUEM
MPOEKTHbIX PeLleHWU 3TO COOTHOLLEHUE
CneayeT NpoaHanyM3MpoBaTh C YUYETOM CTOXa-
CTMYECKOro XapaKTepa UCXOOHbIX AaHHBbIX.



YMeHbLeHMe GOPTOBOro CoaepXKaHus
MOXXET MOBbLICUTb YUCTbIN LUCKOHTUPOBAH-
HbIl goxoa, (Y1) oT peanvzaumm npoekTa,
HO MpY 3TOM YMEHbLUMTb 0bLLME [OXO0AbI OT
nponax 6e3 yyeTa AUCKOHTMPOBaHMS. YBe-
NnyeHre BOPTOBOrO COLEPXKaHUS BheyeT
33 coboM pasMeLLeHMEe Ha CKIafe HU3KO-
COPTHOrO Cbipbsi, NepepaboTka KOTOPOro
6bina peHTabenbHa. MNoaTomy Lenecoobpas-
HO PacCMOTpeTb BapuaHT CKaLMpPOBaHUs
3aMacoB MMHEPabHOTO Cbipbsi C 6onee HU3-
KUM COAEP>KaHWEM MOIE3HOr0 KOMMOHEH-
Ta B pyAe 415 nepepaboTKM BNOCIEACTBUN.

YnenbHas npubbinb OT NepepaboTku py-
Obl 3aBUCUT OT BOPTOBOrO CofepIKaHUs.

B cnyuae, ecnv npy NpoekTMpoBaHUM
MPUHSITO He ONTUManbHOE BopTOBOE Comep-
»KaHWe, U3MEHEeHWe 3amnacoB pyabl B KOH-
Typax Kapbepa MOXeT CHU3WUTb YAEeNbHYH
npubbinb OT nepepaboTkn A06bIBaEMOW
PYAbl UM YBENUYNUTL YObITKU, KOTOPbIX
MOXHO BbIn0 Bbl U3BEXATD.

YnenbHas npubbinb OT NepepaboTku py-
Obl C COflep>KaHMEM LIEHHOrO KOMIMOHEHTa Ol
ny=a‘cp' Kl/l. (u - 3TM) -

— (3, — 3, = 3). pyb./T;

0L, — CPe/iHee COAEpXKaHMe nosesHOro Kom-
noHeHTa B pyae, %; K, — KoapduumeHt
U3BneYeHus MeTanna s pyabl, %; Ll — pbl-
HOYHas LieHa KOHeYHOro NpoayKTa, pyo./T;
3., — YAenbHble 3aTpaTbl Ha TPAHCMOPTH-
pOBaHWE U MapKeTUHT, py6./T; 311 — yoenb-
Hble 3aTpaTbl Ha A06bIYY pyabl, pyb./T;
3, — yhenbHble 3aTpaTbl Ha nepepaboTky
pyabl, py6./T; 3, — YyAenbHble KOCBEHHbIe
M aMUHUCTPaTUBHbIE 3aTpaThbl, pyo./T.

Mpv nocnenoBaTeNbHOM peLleHUn Npo-
€KTHbIX 33434 MPOUCXOAUT NPUBMKEHME K
paLyOHaIbHOMY Pe3ynbTaTy B CO34aHWUM rop-
HOTEXHUYECKOW CUCTEMBbI-Kapbep, C 0boc-
HOBaHHbIMU OMTUMasIbHBIMM NapaMeTpamMu
1 nokasatensamMu. AHanu3 pesynbTaToB pea-
N3aLMKN MPOEKTOB OTKPbITON pa3paboTku
MEeCTOPOXAEHWIM MOKa3bIBAET, YTO HaAexX-
HOCTb PaboTbl FOPHOTEXHUYECKON CUCTEMDI
MpW 3TOM 3HAYMTE/IbHO MOBbILLAETCS, OLLe-

HMBAaEMOE KOJIMYECTBOM OTKa30B CUCTEMBI,
BO3HMKAOLLMX B MpOLECcCe ropHO-Kanu-
TasIbHbIX U FOPHO-CTPOUTENBbHbIX PaboT.

Mpv NpoeKkTUPOBaHUM KapbepOoB U MNa-
HWPOBaHUW FOPHbIX paboT onpeaensieTcs
Be/IMYMHa GOPTOBOro COAep>KaHUs nones-
HOro KOMMOHeHTa B pyade, KOoTopas ornpe-
LenseT napameTpbl Kapbepa, NPOU3BOA-
CTBEHHYH MOLLHOCTb FOpHO-Nepepabatbi-
BatOLLEro KOMMeKca, BEMMYUHY YMCTOrO
AMCKOHTMpoBaHHoro goxoza (Y4.4) ot pe-
anusaumm npoekTa. [pu 3aBepLUeHUN Kax-
[Oro 3Tana O0TpPaboTKM MECTOPOXAEHMS,
ornpeaeneHus MpUToKa CpeacTs, bopToBoe
COLep>KaHWe NOAJIeXUT NepecMoTpy B Npo-
eKTHOM [loKyMeHTauun. bopToBoe copepyka-
HWe NepecMaTpmBaeTCs Tak)Ke Npu Koppek-
TUPOBKE M/IaHOB Pa3BUTUS FOPHbIX paboT,
M3MEHEHWU Te0NOrUYECKUX UCXOLAHBIX CTO-
XaCTUYECKUX OaHHbIX B MPOLECCe 3KCMya-
TaLUMOHHOW pa3BeaKu, Npu OGHOBNEHUM
MOZLENN MECTOPOXIAEHWS, NMPU U3MEHEHUN
TEXHOMOruM A06bluM 1 NepepaboTKu, cu-
CTeMbl pa3paboTku M cnocoba BCKPbITUS
MEeCTOPOXAEHMS.

McxopHble NPOEKTHbIe AaHHbIE, TEXHU-
KO-3KOHOMMYECKME MOKa3aTeNn ABISHOTCS
CTOXaCTUYECKUMU, U CYLLECTBYET BEPOST-
HOCTb UX HEMOATBEPXAEHMS B pe3y/bTaTe
peanusaumm npoekTa.

MpuHUMaeMble NPOEKTHbIE pPeLLeHUS
JOMKHbI 0becrneymBaTb HEOBXOAMMYHO HOp-
MYy peHTabenbHOCTU rOpHOA0OLIBAIOLLErO
NpeanpusaTUS B TEYEHUE BCErO BPEMeHM
0TpaboTKM MECTOPOXAEHMS, U NMOITOMY
cnepyeT obecneynTb ONpeaesieHHy yCTon-
UYMBOCTb K M3MEHEHMWSIM BHELLUHUX YC/0-
Bun. [NpoekTpoBaHMe OCHOBbIBaeTCS Ha
pa3fMYHbIX MPOrHO3HbIX U 3KCMEPTHbIX
OLLEHKax NMepcrnekTUB PasBUTUS CUTYaLLMK
Ha pblHKE MWHEPAIbHOTO CbIPbsi, U3MEHE-
HMsIX haKTOPOB, CBA3aHHbIX C OTPabOTKOWM
MecTopoXaeHus. Takune nMporHo3bl U 3KC-
MepTHble OLEHKM MOFYT UMETb 3HaUUTE b-
Hble MOrPEeLIHOCTU, BEPOSTHOCTb OLLMOOK,
a TaKXKe HETOYHOCTb, Tak Kak OHW onupa-
FOTCS Ha CTOXacTUYeckue Basbl MCXOLHbIX
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DaHHbIX, HELLOCTATOUYHbIM OObEM reoso-
FMYECKOW U TEXHUKO-IKOHOMUYECKON WMH-
tdopmaumu, MHbopMaLMK 0 NepcrneKkTUBax
Crnpoca Ha AobbiBaeMble B Kapbepe rnosnes-
Hble MCKOMaeMble.

Ha HazeXxHOCTb NMpMHUMMaEMBbIX peLue-
HWI NpU peanunsaLMmn NpoeKkToB FOPHOAO-
ObIBatOLLMX MPEANPUSTUIA BAIUSIHOT psif, hak-
TOpOB:

1. TopHO-reonornyeckme UCXoaHble
DaHHbIE HOCAT CTOXaCTUYECKUIA XapaKTep.
YMeHbLLEHWE HeonpeaeeHHOCTH, BbI3BaH-
HOM 3TUMK AaHHbIMU, JOCTUraeTcs Mpwu
NpoBeAeHMM OeTaNbHOW 3KCMyaTaunoH-
How pa3senku. OLHaKO 3TO BbI3bIBAET yBe-
JIMYeHMe 3aTpaT Ha reosoropasBefoyHbIe
paboTbl.

2. OWwKnbKM B MPOrHO3MPOBAHUU AU-
HaMUKKU PbIHKOB MUHEPaNbHOMO Cbipbsl U
(DMHAHCOBbIX PbIHKOB, MOMUTUYECKOW CU-
Tyaumu.

3. HepnocTaTo4HO BbICOKMIA YpOBEHb
KBanudUKaLumM 3KCNepToB OCyLLeCTBAS-
FOLLMX MPOBEAEHUE IKCMEPTU3 NMPOEKTHOM
LOKYMEHTaLUK,

4. OTcyTCTBME aHaNM3a YyBCTBUTENb-
HOCTM MPOEKTHbIX MOKa3aTesien Ha M3Me-
HEHWe BHELLHMX YCI0BUN.

M3 BapuaHTOB MpUHMMAEMBIX MPOEKT-
HbIX PeLleHU NPeanoYTUTENbHbIMU SB-
NSKOTCS Te, KOTOPbIe OMepPaTUBHO afanTu-
PYIOTCS K AMHAMUKE PbIHKOB MUHepasb-
HOrO CbIpbs.

«bonee npegnoyYTUTENBHBIMK MOTYT
0Ka3aTbCsl MPOEKTbI U X BAPUAHTbI AaXe C
bonee BbICOKMMU MPSAMbIMU U3AEPXKKAMMU,
HO C HebGOoNbLINMM afanTaLMOHHbIMM 3a-
TpaTamu, T.e. peLleHust C 6ONbLLIMMK BO3-
MOXHOCTSIMWU TMBKOM MOACTPOMKM K U3Me-
HAIOLLMMCS BHeLLHKUM ycnosusm» [20].

HapexxHocTb peanusauum npuHuMae-
MbIX MPOEKTHbIX PELUEHUM PE3KO CHWXKa-
€TCs C YBe/MYEHUEM MNepuosa MporHo3u-
poBaHus Ha cpok bonee yem 15 ner.

OueHKy YyBCTBUTENBHOCTM MPOEKTHBIX
rokKasaTesien K U3MEHEHUSIM UCXOOHbIX AaH-
HbIX, MPUHATBIX B 6a3axX UCXOLHbIX AaH-
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HbIX, CNleAyeT MPOBOAUTL C MCMOMb30Ba-
HWEM BapWaHTOB CLEHApUEB peanvsauuu
MpOeKTa Kapbepa B Pas/IMyHbIX YC/IOBUSIX,
rnpesnonarasi U3MeHeHWe TEXHOMOMMYECKMX
YCIOBWM, KONMYECTBEHHbIX, KAYeCTBEHHbIX
M reoMeTpUYECKUX NapaMeTPOB PYAHbIX
3aNexen, LeH Ha pbIHKE MUHepasbHOro
Cblpbsi, 3aTpaT U T.4. Heobxoammo ycTaHo-
BUTb rpaHuLy obnacTu achdekTMBHOM pea-
Nn3aLMK NPOeKTa U pa3paboTaTb OpraHu-
3aLMOHHO-TEXHUYECKME PEKOMEHAALMM MO
BapvaHTaM CLEHapueB peanusauuu npo-
€KTa Kapbepa B pa3/NYHbIX YCIOBHSIX.

Kapbep Kak ropHOTEXHMYECKas cucTeMa
SIBNSIETCS KOHCEPBAaTUBHbBIM — MPUHUMAe-
Mbl€e peLleHus Mo napaMeTpaM 1 nokasare-
NSIM CUCTEMbI pa3paboTKM MOTyT peasnmso-
BaTbCsl YaCTO CO 3HAYUTENbHOW 3ahepXx-
KoW BO BpeMeHMU. [lnsi yBenuyeHusi rpaHumL,
Kapbepa npu U3MeHeHMU NPOEKTHOro bop-
TOBOIO COZEPXKaHMS MONE3HOTO KOMMOHEH-
Ta B pyae Heobxoanmo obecneuntb dop-
MMPOBaHMS paboyert 30Hbl C YYETOM 3aKO0-
HOMepHOCTEN ee pa3BUTUS.

BrnouHas unu kapkacHas mMogenb Me-
CTOPOXAeHMSI, pa3paboTaHHas Ha OCHOBE
DaHHbIX re0n0orMyeckomn passenku, Gaktu-
YeCcKue reonornyeckume, reoTexXHUYeckme
CBOMCTBA U TEXHUKO-IKOHOMMUYECKME MOKa-
3aTenu CyLeCTBEHHO OT/IMYAKOTCS OT Mpu-
HATbIX Ha Ha4aJibHOW CTaguu MPOEKTUPO-
BaHUS U TPeDYHOT MeproanYecKo Koppek-
TUPOBKM BO BPEMEHW Peanm3aLmm NpoeKTa.

BopToBbie coaep>kaHWs [OMXKHBI pery-
NSIPHO MepecMaTpmBaThCs B COOTBETCTBUM
C AMHAMWUKOM PbIHKOB MUHEPAIbHOrO Cbi-
pbsi, BOMATUNBHOCTBIO LIEH, 3KCMIyaTaLm-
OHHbIX W KanuTasbHbIX 3aTpar.

Mpwu yBennyeHun GopToBOro copepa-
HMSI MOXKHO AOCTUYb ONPELENEHHOMO yyy-
LeHWs GUHaHCOBO-3KOHOMMYECKMX MOKa-
3aTenen oTpaboTkm MecTopoxaeHus. Mpu
3TOM yBeNMYeHne BOPTOBOro ComepyKaHus
COKpaTUT Nepuog, OKynaeMoCTH KanuTasb-
HbIX BIOXEHWUN U BENMYMHY MPOEKTHOIO
pucka (BeposiTHOCTb nonyyeHns YA0<0),
CM. PUCYHOK.
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Diagram of variants of open-cut mining results with different values of cut-off grade of useful component and

average stripping ratio Ka

OpHako yBenvyeHve NposONXKUTENb-
HOCTU 0TPaboTKM MecTopoXaeHUs obec-
MeYynT paLMoHaNbHOE HeapPOMO/b30BaHue,
peLleHue CcoumanbHbIX Npobnem Ha perno-
HalbHOM ypoBHe (Hanoru, pabouune me-
CTa, UHDPACTPYKTypa).

[ns obecneyeHns onNTUManbHbIX 3KO-
HOMMYECKMX MoKasaTenen oTpaboTku Me-
CTOPOXAEHMUSI U PaLMOHaIbHON NPOLOS-
YKUTEIbHOCTU 3KCMyaTaummn Kapbepa Le-
NecoobpasHo B MepBOHaYasbHbIA Nepuos,
0TpaboTkM NpuHUMaTbL Bonee BbICOKOe Hop-
TOBOE COAEpPXXaHMWE, a 3aTEM MOCTEMNEHHO
YMEHbLUATb ero B mpoLecce pa3paboTku
Kapbepa, pa3MeLLast YacTb JOObITON pyabl
c 6onee HU3KMM COAEPXKAHMEM Ha CKNafax
LNt NoCNenytoLLeln nepepaboTku.

Mpu onTuMuzaumm GopToBOro copep-
>KaHUS C UCMONb30BaHUEM TEXHUKO-3KO-
HOMMYECKOW MOAENU Mo KpPUTEPUID MaK-

cumym YO npuMeHsOTCS orpaHnyeHus
Ha MCMoNb3yeMble B MOZENIN SKOHOMUYE-
CKMe nokasaTenu (KanuTanbHbIe UM 3KCM-
NyaTaLMOHHbIE 3aTpaTbl, MPOLEHTHas CTaB-
Ka, LieHa), Npou13BOAMTENbHOCTb MNepepa-
6aTbIBaKOLLErO KOMMJIEKCA M Kapbepa Mo
pyae, CNpocC U NpeLioXeHue.
PauumoHanbHbIMM BapuaHTaMu peanu-
3aLMMN NPOEKTHbIX PELLEHUN SBSOTCS Te,
KOTOpble OMEepaTUBHO afanTUpyrTCs K
OMHAMUKE PbIHKOB MUHEPANbHOMO CbIpbs,
BOMIAaTUIBHOCTYM LIEH Ha KOHEYHYH MPOoayK-
LMK FOpHOLOObIBAKOLWEro MpesnpusTus,
M3MEHEHUIO TOPHO-Te0NIOrMYECKUX U TOp-
HOTEXHUYECKUX JaHHbIX 06 0bbekTe.
MpuHsaTHE peLueHns 06 OTHeCEHWM rop-
HOM MaccCbl, U3B/IEKAEMOM U3 Kapbepa K
BCKpbILLE WK pyne, LenecoobpasHo npo-
BOLMTb, yUMTbIBas DOPTOBOE COAepIKaHue,
KOTOpOE YCTaHOB/IEHO MO FPaHWYHbIM 3a-
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TpaTaM, Npu KOTOPbIX 3KCMAyaTaUMOHHbIE
3aTpaTbl MOKPbLIBAKOTCS 3@ CYET peanvsaLmm
PYZbl C FPaHUYHbBIM COLEPXXaHWEM Mones-
HbIX KOMMOHEHTOB.

3HayeHWe yaenbHbIX 3KCMIyaTalnoH-
HbIX 3aTpaT Ha A06bIYy pyabl yBenMuU-
BAaeTCA Ha BEIMYUMHY YOE/bHbIX 3aTpaT Ha
BCKpbILUHbIE paboTbl B YCI0BUSX, KOTAA
n06biBaeTCs pyaa co CpeAHUM COLEepXKa-
HWMEM MOJNE3HbIX KOMMOHEHTOB BbILLIE 3Ha-
YeHUsi BOPTOBOro COAEPIKaHMS.

HeobxonnMmo 0TMETWUTb, YTO AUHAMU-
Ka LieH Ha pbIHKaX MUHEPAIIbHOTO CbIpbs
3HAUMTENIbHO BNIMSIET Ha BbIOOP CTpaTermu
onpezeneHuns BopTOBOro COAEP>KaHUS, YTo
B CBOIO O4epeib BAUSIET Ha OnpeaeneHue
npenenbHbIX KOHTYpoB KapbepoB. Mccne-
[OBaHMS MOKa3blBaKOT, YTO YBENUYEHUE
PbIHOYHbIX LLeH Ha MUHEpPaNbHOE Cbipbe
COMPOBOXAAETCS yBENUYEHMEM cebecTou-
MOCTM A06bIYHbIX U BCKPbILIHbBIX paboT
[21-23].

3aknoueHune

Pe3ynbTaTbl aHanu3a faHHbIX, NpencTas-
JIEHHbIX Ha PUCYHKE, MOKa3bIBatoT, YTO Mpu
HaMMeHbLLUEM BOPTOBOM COAEpXKaHUU B
pyae, kKoTopoe coctaenset 17%, noctura-
eTCs MWHMManbHasi cebecToMMOCTb KO-
HEYHOro MpoAyKTa M MakCUMMasbHOEe 3Ha-
yeHune Y/ 3a Becb cpok pa3paboTku me-
CTOPOXAEHMS OTKPbITbIM CMOCOBOM.

B npouecce npoekTMpoBaHWS KapbepoB
bopToBOE COomEpXKaHUS MONE3HbIX KOMMO-
HeHTOB OyneT Gonee [OCTOBEPHbLIM Mpwu
yuyeTe B pacyeTax koadduLmeHTa BCKPbILLI.

B utore mMacca KoHeYHOro nNpoasyKTa,
Mosly4aemMoro v3 JoObITOW pyabl, BO3pac-
TaeT Mpv NONOXMUTENbHOM MPUPOCTE 3Ha-

CIIMCOK JINTEPATYPbI

YEHWUW B FPaHUYHOM COLEPXKaHWUW, a Mpu
yBeNMYEHUN BOPTOBOrO COAEp>KaHUs Mno-
Ne3HbIX KOMMOHEHTOB B pyaAe pacTeT npo-
M3BOAUTENBHOCTb Kapbepa Mo BCKPbILLHbIM
nopoaam.

Mpy CHUXXEHMM LeH Ha pbliHKE MUHe-
pasIbHOrO Cbipbsl A1 06eCreyYeHUs 3KOHO-
MMYECKON LenecoobpasHOCTM OTKPbITOM
pa3paboTKy MeCTOPOXKAEHUS HEOBXOAMMO
CHU3WTb KanuTasbHble U 3KCMyaTaLMOHHbIE
3aTpaThl, TEKYLLMI KOIPPULMEHT BCKPbI-
LUK, YMEHbLUWTH MPOU3BOAUTENBHOCTb, U3-
MEHUTb CUCTEMY Pa3paboTKu UK BpeMeH-
HO 3aKOHCEpPBMPOBaTb paboTy MpeanpusaTUs
[0 bonee NO3NTUBHBIX BHELLHUX YCIOBUN.

Crpaterus, ucnonbsyemMas npu npoex-
TUPOBaHWUW Kapbepa, J,OMKHa OCHOBbIBATb-
CS Ha UCMONb30BaHWM B KayeCTBe WMCXOM-
HbIX JaHHbIX Bonee BbICOKMX 3aTpaT WUau
HM3KUX LeH Ha KOHEYHYO MPOLYKLUMIO B
Ha4afbHOM CTaAMM O0TPaboTKM MeCTOPOXK-
LEHWs, a 3aTeM A KaXAOW nocnenyto-
Len cTagum HeobXoaMMO YMeHbLUATb 3a-
TpaThbl UM YBEIMYMBATD LieHbI Ha MPOLYK-
MO FOPHOA0ObLIBAOLLErO MPesnpUaTHs.
B pesynbTaTe peanusaumm 3ToM CTpaTernm
Ha Ha4yanbHOW CTaguu BydeT NPUHATO Bbl-
cokoe 6opToBOEe coAepyKaHWe MONE3HOro
KOMMOHEHTA M BbICOKasl U3BNeKaeMasl LieH-
HOCTb pyZbl, @ KaXAas nocnenyoLlas cTa-
amns bynet uMeTb bonee HM3Koe BopToBOe
COLEPXKAHME U U3BNEKAEMYHO LIEHHOCTb [10-
ObITOM pyabl.

Bnarogapum konnekTus kacdenpbl pas-
paboTKM MeCTOPOXKAEHWUM MONE3HbIX UC-
konaembix CaHkT-lleTepbyprckoro rop-
HOro YHUBEPCUTETA 3a COAENCTBUE B NOS-
FOTOBKE CTaTbM K OMYyGIMKOBaHUIO.
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MOZJEJIMPOBAHHME U NCCJIEJOBAHUE HATIPSIX)KEHHO-ZE®OPMUPOBAHHOTI'O COCTOSITHUSA
TAHTEHIIAAJIBHBIX PE3IIOB OUMCTHBIX KOMBATHOB
(2023, Ne 5, CB 4, 12 c.)
HryeH Tx3 BuHb — acnupant, T HUTY «MUCUC», e-mail: nguyenthevinh@mail.ru.

MpencrasneHbl pe3ynbTaThl MOAEMPOBAHMS HaMpsXXeHHO-AeOPMMPOBAHHOTO COCTOAHUS PEXKYLLEN YacTu
TaHreHLUManbHOro pesLia OYMCTHOrO KoMBaHa nog AeMCTBMEM CU COMPOTUBAEHNS PE3aHMIO. AHAIU3 MOMYYeH-
HbIX LaHHbIX MO3BOIUA OMPEAENUTL B PE3LIE 30HbI C KOHLIEHTPALMEN HaMPSAXKEHWIA U OXapaKTepK130BaTb NPesno-
CbIIKM pa3pyLUEHWs TBEPAOCMIABHbLIX BCTABOK MPU TSXKENbIX YCIOBUSX pe3aHus. BbisieneHo, uto HanpsxxeHus,
BO3HMKaIOLLME B pe3Le B MPOLecce pesaHus yris, COCPefoTOYeHbl MPEMMYLLECTBEHHO Ha FPaHMLLE KOHTaKTa
TBEPLOCMNIABHOM BCTABKM M KOPyCa pe3Lia, YTo npu abpasmMBHO-YAaPHOM LMKIIMYECKOM Harpy>KeHus pesa Mo-
>KET BbI3BaTb Pa3pyLUEHME FONIOBHOM YaCTW KOPMyCa AepPXKaBKM C MOC/IEAYOLLIMM BblJIOMOM TBEPLOCMIABHOM
BcTaBku. OnpesaeneHbl paLMoHabHble COOTHOLLEHWUS KOHCTPYKTUBHbIX MNapaMeTpoB TBEPLOCM/IaBHOM BCTABKM,
Mpy KOTOPbIX BO3MOXXHO MUHMMM3MPOBATL HaMpsXKeHUs B Tesie TBEPAOCMIaBHOrO BOOPY>KEHMA M Kopryca.

KntoueBble CNoBa: OYUCTHOM KOMBaWH, LLIHEKOBbIV OpraH, TaHreHUManbHbIA pe3eL, CUa pe3aHus, KOH-
CTPYKTMBHbIE MapamMeTpbl, MOAENMPOBAHME, HaNpsXKeHO-AePOPMUPOBAHHOE COCTOSHME.

SIMULATION AND INVESTIGATION OF THE STRESS-STRAIN STATE
OF CLEANING COMBINES TANGENTIAL CUTTERS

Nguyen The Vinh, Graduate Student, Mining Institute, National University of Science and Technology «MISiS»,
119049, Moscow, Russia, e-mail: nguyenthevinh@mail.ru.

The article presents the results of modeling the stress-strain state of the cutting part of the tangential cutter
of a cleaning combine under the action of cutting resistance forces. The analysis of the data obtained made it
possible to determine stress concentration zones in the cutter and characterize the prerequisites for the destruction
of carbide inserts under severe cutting conditions. It is revealed that the stresses arising in the cutter during the coal
cutting process are concentrated mainly at the contact boundary of the carbide insert and the cutter body, which,
with abrasive-impact cyclic loading of the cutter, can cause destruction of the head part of the holder body with
subsequent breakage of the carbide insert. The rational ratios of the design parameters of the carbide insert are
determined, at which it is possible to minimize the stresses in the body of the carbide armament and hull.

Key words: cleaning combine, screw, tangential cutter, cutting force, design parameters, simulation, stress-
strain state.
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MOJEJIMPOBAHUE YPOBHSI TEXHOTEHHOT'O BOIOHOCHOI'O 'OPM30HTA B OTBAJIAX YI'OJIbHBIX PA3PE30B
(2023, Ne 6, CB 5, 20 c.)

Yeckupos Bacunuii Bnagmmmuposuy' — KaHA. TEXH. HayK, AOLEHT,

3aMecTuTenb AvpekTopa [opHoro MHCTUTYTa, e-mail: vcheskidov@misis.ru,

JlunuHa AnexcaHapa BanepbesHa' — cTaplumii npenogaeaTtesb,

KpacHousetos Makcum AnexkcaHaposuy* — acnupanT; * TU HUTY «MUCUC».

[lna yMeHblueHUs 3aTpaT NpoekTaMu KpYnHbIX Yrneao6biBatoLLImMx KOMMNaHW npeaycMoTpeHo hbopMmupoBaHme
BHELUHUX UM BHYTPEHHMX OTBAsIOB 3HAYUTENbHOM BbICOTbI. [1pM 3TOM 060CHOBaHMe NapaMeTpoB Hackiny (B nep-
BYIO OYepeb, FeHepasbHOro Yra, KOJIMYECTBA U BbICOTbI SPYCOB U ApYrve) B COBPEMEHHOM MPAKTUKE OCYLLECT-
BNSIETCS MpaKTUYeckn 6e3 yyeTa ruaporeonormiyeckmux yCaoBuii, KOTOpbIE 3HAYUTENbHO M3MEHSIOTCS B MpoLecce
oTBas006pa3oBaHuNs. MoaenmpoBaHue NoNoXKeHUa BOLOHOCHOMO rOPU30HTa B TeJIe U OCHOBaHMM OTBasIa Ha PasHbiX
3Tanax ero GopMMpPOBaHKS NO3BOISIET NMPOrHO3MPOBATb Er0 COCTOSHME, YPABAATb MPOLECCOM ero OTChIMKMU 1 No-
BblLIATb 6€30MacHOCTb 3KCMyaTaLumm rOPHOTEXHUYECKOTO COOPYXKEHUS.

KntoueBble cioBa: 4o6bIYa yrAs, OTBasbl, NOA3EMHbIE BOAbI, TEXHOM€HHbIM BOLOHOCHbIW FOPU3OHT, MOAENMPO-
BaHMe, rMapOreosiormyeckoe obecrneyeHre ropHbIX paboT, BCKPbILLHbIE MOPOab!, UHOUALTpaLMS.

MODELING OF THE TECHNOGENIC AQUIFER LEVEL IN COAL MINE DUMPS

V.V. Cheskidov*, Cand. Sci. (Eng.), Assistant Professor, Vice-Director, e-mail: vcheskidov@misis.ru,
A.V. Lipina*, Senior Lecturer; M.A. Krasnotsvetov*, Graduate Student;
! Mining Institute, National University of Science and Technology «MISiS», 119049, Moscow, Russia.

To reduce costs, the projects of large coal mining companies provide for the formation of external or internal dumps
of considerable height. At the same time, the substantiation of the parameters of the embankment (first of all, the general
angle, the number and height of the tiers, and others) in modern practice is carried out practically without taking into
account hydrogeological conditions, which change significantly in the process of dumping. Modeling the position of the
aquifer in the body and base of the dump at different stages of its formation allows you to predict its condition, control the
process of its dumping and improve the safety of operation of mining facilities..

Key words: mining, coal mining, dumps, underground waters, technogenic aquifer, modeling, hydrogeological
support of mining operations, overburden, infiltration.
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AHAJIN3 N3MEHEHN S ITOJAY HACOCOB KAPLEPHOI'O I'MIPABJIMYECKOI'O SKCKABATOPA
B ITPOLECCE PABOTBI
(2023, Ne 7, CB 7, 16 c. DOI: 10.25018/0236_1493_2023_7_7_3)

PaxyTuH Makcum [puropbesny' — [-p TexH. Hayk, npodeccop, e-mail: rahutin.mg@misis.ru,
Yan Barn Xuen — acrnivpant!; t HUTY «MUCuCo».

Ha npumepe kapbepHoro rugpasnunyeckoro akckaBatopa Komatsu PC2000-8 paboTatoLero Ha paspese Xa Ty,
KyaHr HuHb, Coumanuctuueckas Pecnybnvka BoeTHam npoBeaeH aHanms3 M3MeHeHWs Mogaym HacocoB B MpoLiecce
paboyero umkna. MNpeacTaBneHbl pacieTHble GOPMYbl U METOA HAbOAEHUS ANsi ONpeneneHus NPOAOIXKUTENBHOCTH
onepauuii paboyero Lykna 1 Noga4Yn Hacoca B TEKYLLMIA MOMEHT BpeMeHU. [1s KOMMbIOTEPHOrO MOAENMPOBAHMS U3-
MeHeHMs NoAaYM HaCoCOB UCMOb30BaNack pa3paboTaHHas MeToaMKa pacyeTa v nporpamma ans cpeabl Excel. Mpen-
JIOXKEH KPUTEPWIA YBENMYEHUS NPOLOIKUTENBHOCTM BbIMOHEHWE paboyeli onepaLim B pacCMaTpUBaEMbIX YCI0BUSIX,
XapaKTepu3yeMblil MPEASIOKEHHBIM KOIDDULMEHTOM KYBENUYEHUS MPOAOMKMUTENLHOCTH OMEPaLLUm».

KntoyeBble cnoBa: KapbepHbI rMAPaBANYECKUIA SKCKABATOP, NMOAAYa HaCOCOB, MMAPOLIMAMHAPDI, HabnoaeHKe.

ANALYSIS OF CHANGES IN SUPPLY OF PUMPS OF A QUARRY HYDRAULIC EXCAVATOR DURING OPERATION

M.G. Rakhutin', Dr. Sci. (Eng.), Professor, e-mail: rahutin.mg@misis.ru; Chan Van Hiep', Graduate Student,
! National University of Science and Technology «MISiS», 119049, Moscow, Russia.

Using the example of a Komatsu PC2000-8 hydraulic excavator operating at the Ha Tu section, Quang Ninh, Socialist
Republic of Vietnam, the analysis of changes in the pump supply during the working cycle was carried out. Calculation
formulas and an observation method are presented to determine the duration of the working cycle operations and the pump
supply at the current time. The developed calculation method and a program for the Excel environment were used for computer
modeling of pump supply changes. A criterion for increasing the duration of a working operation under the conditions
under consideration is proposed, characterized by the proposed coefficient of «increasing the duration of the operation».

Key words: quarry hydraulic excavator, pump feed, hydraulic cylinders, supervision.

180



OTIEJIBHBIE CTATBA TOPHOI'O NH®OPMAILIMOHHO-AHAJINTUYECKOI'O BIOJUIETEHS
(CIIEOUAJIbHDBIN BBIITY CK)

METOIUKA JIABOPATOPHBIX MCCJIEJOBAHU ITOBENEHUS TPEIIMHBI TUIPOPA3PHIBA,
WHULIMMPOBAHHOM 3AKAUKOM XUJIKOCTEN B ILIMPOKOM JIMAITIA3OHE UX BSI3KOCTEM
(2023, Ne 7, CB 8, 20 c.)
LlleBuoBa AHHa AnekcaHapoBHa — acnupaHT, CKONKOBCKMUIA MHCTUTYT HayKu 1 TexHonorui (Ckontex),
e-mail: Anna.Shevtsova@skoltech.ru.

MpeacTaeneHbl pesynsTathl 1abOPaTOPHOro UCCIeL0BaHUS NMapaMeTpoB TpeLLuHbI ruapopaspbiea (TI) v ux ocobeH-
HOCTE B 3aBUCUMOCTM OT BSIBKOCTU 3aKa4YMBAEMOM XKMAKOCTU. [TOKOCTOBCKMI rpaHUT Bbin BbIGpaH BBUAY OAHOPOLHOCTU
1 HU3KOW MPOHULLAEMOCTU, YTO UCKIHOUUT BIUSHUE NPUPOLHbIX HEOLHOPOAHOCTEN U YTeueK XXMAKOCTU Ha NoBeAeHue Tpe-
LUMHbI rapopa3pbiea. [ns usyyeHns ocobeHHocTen TI Bbina paspaboTaHa cneumanbHas 3KCNepUMeHTabHas METOAMKA.
MapameTtpbl T perucTprpoBanuch TpeMsi He3aBUCUMbIMU CUCTEMAaMK MOHWUTOpUHIa. CoveTaHMe HeCKONMbKUX He3aBUCH-
MbIX la6OPaTOPHbIX METOLOB MO3BOMSAET HAAEKHO OMPeLeNUTb MapaMeTpbl, KOTOPbIe MOTYT BbITb UCMO/b30BaHb! 418 Ba-
NMpaumMm Mogaenel ruapasnmyeckoro paspbisa nnacta (IPIT). CyliecTBytoLme TeopeTUyeckne Moaenu pacrnpocTpaHeHus
"PT vmetoT psf, orpaHUYEHWI NP MPOrHO3UPOBaHUM BAMsIHUS XuakocTer [PI Ha cBoiicTBa nnacTa. YCTaHOBNEHO, YTO
BA3KOCTb >KMAKoCTM PT1 BAUSIET Ha packpbITWE TPELLMHbI, CKOPOCTb PAaCMPOCTPAHEHMS U U3BUAUCTOCTb TpewmHbl IPTT.

KntoueBble cn0Ba: ruapopaspbiB NaacTa, pacnpocTpaHeHUe TPeLLMHbI FMAPOpaspbiBa, AMHaMMKa PpOCTa TPeLLMHbI, U3-
BUIUCTOCTb TPELLMHbI, aKyCTUYeCKas SMUCCUS, SKUAKOCTU FMAPOPa3pbIBa, PEONOrvs XKMAKOCTU rMapopaspbIBa.

METHODOLOGY FOR LABORATORY STUDIES OF FRACTURE BEHAVIOR INITIATED
BY INJECTION OF FLUIDS WITH A WIDE RANGE OF VISCOSITIES
A.A. Shevtsova, Graduate Student, Skolkovo Institute of Science and Technology, 121205, Moscow, Russia.

The results of laboratory study of hydraulic fracture parameters (HFP) and features depending on the viscosity of the injected
fluid are presented in this article. The granite was selected due to its homogeneity and low permeability, which eliminates the
influence of natural inhomogeneities and fluid leakage on fracture behavior. A special experimental technique was developed to study
the fracture characteristics. HFP were recorded by three independent monitoring systems. The combination of several independent
laboratory methods allows reliable determination of parameters that can be used for validation of hydraulic fracturing models (HFM).
Existing theoretical models of hydraulic fracture propagation have a number of limitations in predicting the effect of fracturing
fluids on reservoir properties. The obtained dependencies can be taken into account for the HFM, which can improve the efficiency
of hydraulic fracturing in field. Laboratory experiments can be considered as a reasonable alternative to testing new fluids, as they
provide comprehensive information on the properties of created fractures before applying the new fracturing technology in the field.

Key words: hydraulic fracturing, fracture propagation, fracture propagation dynamics, fracture tortuosity, acoustic emission,

fracturing fluids, fracturing fluid rheology.
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COBEPHIEHCTBOBAHME TEXHOJIOI'MM PEKOHCTPYKIMH IAXTHBIX CTBOJIOB B CJIOJKHBIX

TOPHOTEXHUYECKUX YCJIOBUSIX
(2023, Ne 8, CB 9, 20 c.)

MawumnH Anekcert Hukonaesny — reHepanbHbiv aupektop, AO «TpaHCUHXCTpon», e-mail: info@tinso.ru.

lMpencraeneH anropuT™ YMCNIEHHOrO MOLAENMPOBAHMS, NPeLyCMaTPUBAOLLMIA CTAAUIHBIN YUYET TeXHONorum pabot u
MOZENMPOBaHMe OKONOCTBO/ILHOrO MacCcMBa MOPOL C UCMonb3oBaHueM Mogenu Xoeka-bpayHa. PaspaboTtaHa TexHonormue-
CKasi CXeMa PEKOHCTPYKLMU LLIAXTHbIX CTBOMIOB, 06ECMEYMBAIOLLAS CHUXKEHME FEOTEXHUYECKMX PVUCKOB U MOBbILLEHHE 6e30-
MacHOCTH PaboT B CNI0XKHbIX FOPHOTEXHUYECKUX YCNOBUAX. BaxkHbIM NpenMyLLeCTBOM TEXHONOM MM SBNSIETCS COXPAHHOCTb
CYLLECTBYHOLLEN Kpenu Braroaapst MCMOMb30BaHUKO aHKEPHbIX OMOPHbIX CUCTEM C BbICOKOW HECYLLUEW CMOCOBHOCTbLIO.
MeTogamMu MaTemMaTM4Yeckoro MOLENMPOBaHUs YCTAHOB/EHbI 3aKOHOMEPHOCTH B3aWMOAEMCTBMUS CUCTEMbI KHOBAs Kperb—
CyLLEeCTBYtOLLAs Kperb—Ae3UHTErpupOBaHHbIA MOPOAHbIA MaccuBy», GOPMUPYEMO B MPOLLECCE PEKOHCTPYKLUMM CTBOAA;
BbISIBNIEHbI HEraTUBHble (HaKTOPbl, MPUBOAALLME K BO3HUKHOBEHUIO KOHLEHTPALMIA HANPSXKEHWIA B THOBMHIOBOM Kpenu,
MCKPUBNIEHHBIX B MPOLLECCe IKCMIyaTaLmm CTBOMOB U NPELNOKeHbl KOHCTPYKTUBHbIE PELLIEHUS MO MX KOMMEHCaLMu.

KntouyeBble cnoBa: BepTUKaNbHbINA CTBOJ, MOPOAHbIA MacCuB, Kpenb, BETOH, aHKEp, PEKOHCTPYKLMS, AedeKTbl, Ham-
pskeHus, fedopMaLLMm, YCTOMUYMBOCTb, HECYLLLAs CMOCOBHOCTb.

IMPROVING THE TECHNOLOGY OF RECONSTRUCTION OF MINE SHAFTS IN DIFFICULT MINING CONDITIONS

A.M. Mashin, General Director, JSC Transinzhstroy, Moscow, Russia, e-mail: info@tinso.ru.

The article presents a numerical modeling algorithm that provides for the stage-by-stage accounting of the work technology
and modeling of the near-wellbore rock mass using the Hoeck-Brown model. Further, a technological scheme for the reconstruc-
tion of mine shafts was developed, which provides a reduction in geotechnical risks and an increase in the safety of work in diffi-
cult mining conditions. An important advantage of the technology is the preservation of the existing lining due to the use of anchor
support systems with high bearing capacity. Using the methods of mathematical modeling, the regularities of the interaction of
the system «new lining-existing lining-disintegrated rock mass», formed during the reconstruction of the shaft, were established,
and negative factors were identified that lead to the emergence of stress concentrations in the tubing lining, curved in during the
operation of shafts and constructive solutions for their compensation are proposed.

Key words: vertical shaft, rock mass, lining, concrete, anchor, reconstruction, defects, stresses, deformations, stability, bearing capacity.
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MAPKMEﬁHEPCKOE OBECHE‘{‘]J:“.HI/IE MEP OXPAHBI YqAC_TKA 3EMHOM HOBEP)SHOCTI/I
TTPOMBIIIJTIEHHOT'O PAMOHA C CYIIECTBYIOIIEN UHOPACTPYKTYPOU
ITPY1 OTPABOTKE YI'OJIBHOTI'O ITJIACTA
(2023, Ne 6, CB 6, 16 c.)

Jlanun Hukuta Anekceesnd' — acnmpanr, e-mail: m141778@edu.misis.com,
becnanosa KOnus AnekceesHa' — acnupaHT, e-mail: trekbol3@mail.ru,
Tyxens ExatepuHa AHapeeBHat — poueHT, e-mail: tukhel.ea@misis.ru,
YHUTY «MUCUC».

MpoBeneHo 060CHOBaHME MAapaMeTPOB CABMYKEHUS 3eMHOI MOBEPXHOCTM NPU pa3paboTke YroNbHO-
ro nnacra. [ns 060cHOBaHMS BO3MOXHOCTM Be30MacHOM BbIEMKM Yrs Bbl1 NPOBEAEH MaTeMaTUYeCKUIA
npeapacyeT BAWSAHWS OYMCTHbIX PaboT Ha MOBEPXHOCTb U HAXOAALLMECS HA HEW 30aHMS U COOPYXKEHMS.
Bbin BbINONHEH pacyeT: NpeaensbHOM 1 be3onacHom rybuHbl BEAEHUS TOpPHbIX paboT Ans onpeneneHus
HEoBX0AMMOCTM NPUMEHEHUS MEP 3aLLUMTbI; YTIOB CABUXKEHMS, YINIOB MONHOTO CABMMKEHUS, FPaHUYHbIX
YF/I0B M OPUEHTMPOBOYHOIO BPEMEHM MPOTEKAHMUSA NPOLLECCa CABMXKEHMS. bbino ycTaHoBNEHO, YTO Npo-
eKTHas rnybuHa BeAEHUs FOpHbIX PaboT NEXMUT Hue Be3onacHomn rnybuHbl Ha 88 M, yTo no3sonsieT
BECTU FOpHble paboTbl 6e3 yrposbl HapyLUEHWUS KOHCTPYKTUBHOM LeNOCTHOCTU HECYLLMIM 3NEMEHTOB
(YHZAMEHTOB 34aHUI U COOPY>KEHMIM Ha MOBEPXHOCTU NMOLPabATbIBAEMOrO YYacTKa.

KntoueBble cnoea: Mynba CABUXKEHWS, Yrofb, NoA3eMHas pa3paboTka, fAedopMaLMmu 3eMHOM Mno-
BEPXHOCTW, Be3onacHas v npefenbHast rybuHa, Yribl CABUXKEHUS, 30HA OMACHOMO BAMSIHUS.

SURVEYING PROVISION OF MEASURES FOR THE PROTECTION OF THE EARTH SURFACE SITE
OF INDUSTRIAL AREA WITH THE EXISTING INFRASTRUCTURE DURING THE MINING OF COAL SEAM

N.A. Lialin*, Graduate Student, e-mail: m141778@edu.misis.com,

Y.A. Bespalova', Graduate Student, e-mail: trekbol3@mail.ru,

E.A. Tukhel', Assistant Professor, e-mail: tukhel.ea@misis.ru,

! National University of Science and Technology «MISiS», 119049, Moscow, Russia.

The purpose of this work is to substantiate the parameters of the earth’s surface displacement during the
development of a coal seam. To substantiate the possibility of safe coal mining, a mathematical pre-calculation
of the impact of cleaning operations on the surface and the buildings and structures located on it was carried out.
The calculation of the maximum and safe depth of mining operations was carried out to determine the need for
protective measures. In the course of the work, the calculation of the shear angles, the angles of full shear, the
boundary angles and the estimated time of the shear process was also performed. It was found that the design depth
of mining operations lies below the safe depth by 88 meters, which makes it possible to carry out mining operations
without compromising the structural integrity of the bearing elements of the foundations of buildings and structures
on the surface of the undermined area.

Key words: displacement trough, coal, underground mining, deformations of the earth’s surface, safe and
limiting depth, displacement angles, zone of dangerous influence

182



