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AHHOTALIUA.
AHanu3 paboThl TUAPABIMYCCKHX JKCKABATOPOB IMOKA3BIBACT, YTO HX

(hakTHYeCKas MPOM3BOIUTEIHHOCTh 3a4acTylo cocTaBisieT Bcero 50-70%
‘@ @ \ OT macmopTtHOd. MOXKHO MPEANOJOXKUTh, YTO TaKHe pPEe3YJIbTAThI

00yCIIOBJIECHBI HaY4YHO HE 000CHOBaHHBIMU napameTpamu

TEXHOJIOTHYECKUX CXEM, HEMOAXOJAIIUM COYEeTaHHEeM JKCKaBaTOPHO-
HNudopmanus o cratbe ABTOMOOWJIBHBIX KOMIUIEKCOB M HHU3KHM KadeCTBOM IOATOTOBKH
IMoctynuna: (mpobneHus) mopoJ K SKCKaBalMH. V3ydeHHE TEXHOJOTHYECKHX CXEM
24 mons 2024 1. MPUMEHEHUS THAPABINIECKUX HKCKaBATOPOB Ha pa3pe3ax I0Kas3ajlo, 4To

9KCKaBaTOPHI B OCHOBHOM Pa0OTAIOT C HIKHUM YEpIIaHWEM C MOTPY3KOH
Penensuposanue: Ha YpPOBHE WJIN HIDKE YPOBHS CTOSHHMS dKCKaBaTtopa. OmHAaKo HE BCerza
31 aBrycra 2024 r. co0ITIo1aeTCs ONTHMABHOE COUETaHHE HKCKaBaTOPa C aBTOCAMOCBAJIOM II0

€MKOCTH Ky30Ba aBTOCaMOCBaJa B 3aBHCHUMOCTH OT pPacCTOSHUS
IIpunsta k neyatu: TpaHCHOPTUpOBaHUS. B naHHOM paboTe paccMOTPEHBI BO3MOXKHBIE
09 cenrsopst 2024 r. BapHaHTBl CTPYKTYPHBIX CXeM paboThl KOMILJIEKCa 3KCKaBaTOpOB Ha

BCKPBIIIHBIX pab0oTax C KaphepHBIMH CaMOCBAJIAMU I'PY30I0bEMHOCTHIO
KuioueBble ciioBa: 220-240 Toun. IlockOMBKY OJHHUMH U3 OCHOBHBIX IapaMeTPOB
OTKpBITHIE TOPHBIE Pa0OTHI, TEXHOJIOTUYECKHX CXEM OTPaOOTKM BCKPBIIIHOTO YCTyNa SBISIOTCS
CTPYKTYpHas TEXHOJIOTHYECKAs MMpUHA 3aXOJKH IO IENHKY, BBICOTAa yCTyna M IOMpHHA pabouei
cXeMa, BCKPHBIIIHBIE paboTHl, IUIOLIAZIKK, ONpEAEIIoNMe Yrol oOTKoca pabouero Oopra, a
MeXJIoTaTa, THAPABIHIECKAs CJIEIOBATENIBHO, WM TEKYMHMH KO3(GHUIMEHT BCKPBIIIM, KOTOPBHIH B
Jionara, KapbepHBIH caMoCBall, KOHEYHOM CueTe BIHAeT Ha Ce0EeCTOMMOCTh JO00BIBAEMOTO  YIJIA,
myprHa pabodeil IomaiKy, ONTHMHU3AIMA 3THUX MapaMeTpoB SBIAETCS aKTyaJbHOH  Hay4HO-
BBICOTA yCTyTIa MpaKTHYECKON 3a/1aueii.
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BBenenue

OnbIT MPUMEHEHUS THIPABIMYECKIX YKCKABATOPOB HA OTKPBITHIX TOPHBIX paboTax MOKa3bIBACT,
YTO JJIS TOBBINICHUS 3()(PEKTUBHOCTH WX NPUMEHEHHS HEOOXOIMMO NPOBEACHHUE MU IOCTOSHHAS
aKTyaJln3alys Hay4YHBIX HCCIICIOBAHMN IO TAaKUM HANpaBICHHUSM, KaK OICHKA BIMSHUS (DU3UKO-
MEXaHHYECKMX CBOWCTB TIOPOJ HA MapamMeTpsl M MOKasaTeld TopHbIX paboT [1-4]; obGocHoBaHue
napamMeTpoB 3a00s B 3aBUCHMOCTH OT YCJOBUI BEJeHHS TOPHBIX pabOT W PEeKUMA YepHaHus
9KcKaBaTopa [5-7]; nccmemoBanne 3aBUCHMOCTH pabodyero muKiIa SKCKaBaTopa OT PekuMa depIiaHus
CXEMBI MOTPY3KH U BBICOTHI 32005 [8-10]; oOocHOBaHME PAIMOHATLHOTO COYECTAHHS aBTOMOOWIIBHO-
9KCKaBaTopHOro komruiekca [11-12]; uccnenoBanue 3aBUCUMOCTH MPOM3BOAMTEILHOCTH dKCKaBaTopa
OT MapaMeTpoB 3a00s1, pexkrMa depIanus u ciaokuoctH 3a00s1 [13]. Kpome Toro, TpebyeTces pazpaboTka
BapHAHTOB TEXHOJOTHYECKUX CXEM BEJICHHUS pabOT C MPUMEHEHHUEM THPABIMUECKUX IKCKAaBATOPOB IS
Pa3IMYHBIX YCIOBUIA MX MPUMEHEHHS Ha pa3pe3ax ¢ U3BECTHHIMU TOPHO-TEOJIOTUIECKUMHU YCIOBUSIMU
C MOCIEAYOMICH OLCHKOM uX dhdexkruBHocTH [14-16].
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OcHoOBHasl YacTh

OTpaboTKa BCKPBIIIHBIX YCTYNOB B OE3yroJIbHBIX 30HAaX KapbepHBIX IMOJIEH MOXET
OCYIIECTBIATHCS KaK 10 MATKUM TopojiaM (HaHOcaM), He TPEOYIOIUM MPEIBAPUTEIBHOTO PHIXJICHUS,
TaK ¥ TI0 KPETKUM TOPOAaM ¢ IpUMEHEHHEeM OYPOB3PHIBHBIX PaboT.

B kauecTBe mpuMepa B 1aHHOW pa00Te pacCCMOTPEHBI CTPYKTYPHBIE CXEMBI paO0Thl Pa3HOTUIIOBBIX
JKCKaBaTOpPOB (MexjionaTa, THAPOJIOINaTa, JparjiaiH) B KOMIUIEKTE C OJHUMH W3 HauOojee
pacIpoCTpaHEHHBIX Ha OTKPBHITHIX paboTax Mojened KaphepHBIX CaMOCBaJIOB T'PY30MOIbEMHOCTHIO
240 T — benA3-7531 u ero mogudukaimii, a Taxke bearA3-7530 (220 1).

Oco0eHHOCTHIO OTPAOOTKH YCTYIIOB MO MSTKHM ITOPOJIaM SIBJISETCS 3aBUCHMOCTH BBICOTHI YCTYTIa
0T (h)aKTUIECKOH MOIIHOCTH TOKPBIBAIOIIUX MOPOX (HAHOCOB), YTO OOYCIIaBIMBAeT HEOOXOANMOCTD
JISJICHUS YCTYTIa Ha CJIOUM C 0TPabOTKOM MX OJTHUM WJIH IBYMS SKCKaBaTOPaMU C ITOTPY3KOH Ha BEPXHIOO
Y HIDKHIOK paboyure TUIOIAIKU YCTYTIA,

IIpu oTpaboTke ycTyma OJHHUM 3KCKaBaTOPOM BBICOTA YCTyNa HE JOJDKHA IMPEBBIIIAThH
MaKCHMAJIbHYIO BBICOTY YEpITaHUs IS MPSMBIX JIOMAT W TIIyOMHBI Yeprianus Uisi OOpaTHBIX JIoMar, a
mapamMeTpbl pabouynX IUIOIMIAJ0K — OOEeCIedrBaTh OE30IMAacHBIM Pa3BOPOT KapbepHBIX CaMOCBAJIOB
rpy30H06eMHOCTBIO 220-240 T.

CTpyKTypHBIE CXeMbI OTPa0OTKH BCKPBHIITHBIX YCTYIIOB MO MATKHM TIOPOJaM MPUBEICHBI Ha PHC.
1-6.
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Pucynox 1 — Cmpykmypras mexnono2uyeckas cxema ompabomxu 6CKPbIUHO20 YCIMYNa no
MACKUM nopoéaM CO CK60O3HbIM I’lpO@S’()OM asmocamoceanoes
Figure 1 — Structural technological scheme of mining the overburden bench on quaternary
sediments with through passage of dump trucks
CxeMoil mpeycMOTpPEeHO OTpaboTKa yCcTyla OJHUM 3KCKAaBATOPOM HpsMasl JioraTa MpH BBICOTE
yeryna Hy = Hamax CO CKBO3HBIM TPOE3/IOM aBTOCAMOCBajia U CTaHAAapTHOW padouei moniaaku. Ha
ﬂaHHOﬁ CXEME DJKCKaBaTop pacmnojarac€rcsa Ha HIDKHEN miomaake ycrymna M OCYHICCTBIISACT €ro
0TpaboTKy € MOTPY3KOoH B aBTOcaMOocBall. [Ipr 3ToM aBTOCAaMOCBalN yCTaHABIMBAETCS MO/ IIOTPY3KY CO
CKBO3HBIM TIPOE3/IOM HJIM TYIMKOBBIM Pa3BOPOTOM B 3a0oe.
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Pucynox 2 — Cmpyxkmypnas cxema ompabomxu yemyna npu Hy, > H, max u ck6031om npoesode
asmompancnopma
Figure 2 — Structural scheme of bench excavation at Hy, > Hgigmax and through passage of
vehicles
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Ilo naHHO# cxeme BhICTyIa yCTyIIa IPEBBINIAET MAKCUMAJIBHYIO BBICOTY YepraHus, T.€. Hy > Hymax
MIPU CKBO3HOM IIPOE€3/1€ aBTOTPAHCIIOPTA.

BricoTa ycTyma nenuTcs Ha NBa CIOS, MPUYEM BHICOTAa HIDKHETO CJIOS paBHA MaKCHUMalbHOM
BBICOTE YEPHaHUs MOIIHOIO dKCKaBaTopa, T.e. Hi = Humax.

Bricota (MOUTHOCTH) BEpPXHETO CJOS MEHBIIC MAaKCUMAJIBHON BBICOTHI YEPITIAHUS MOIIHOTO
9KCKaBaTOpa M OTpalaThIBaeTCs THUAPABIMYECKUM DHKCKaBaTOpOM THMa oOOpaTHas Jjomara Wid
MEXJIOIATON C yIIIMHEHHBIM pabdo4YiuM OOOpYyIOBaHMEM C BEpXHEW MOrpy3KOH: HCIIOIB30BaHHUE
YAJIUHEHHOTO O0OpYIOBaHHUS WMEET BaKHOE 3HAYCHHWE W3-32 3HAYUTEIHHBIX rabapuTOB KaphepHBIX
CaMOCBaJIOB IPy30MObeMHOCTHIO 220-240 T.

OTtpaboTka ycTyma BeleTcs B CIeAYIOIeH MoCIe10BaTeNbHOCTH.

Bepxuwuii crmoit orpabaThIBaeTCsl ¢ ONMEPEKESHHEM HIDKHETO CJI0Sl ¢ TIOTPY3KO B aBTOCaMOCBal,
pacrosI0KeHHbIM Ha BEpXHEH Mionaake ycryna.

Hwxkuuii cnoit  orpabaTbiBaeTcsi MOIIHBIM HSKCKAaBaTOPOM C TMOTPY3KOH B aBTOCaMOCBA,
PacToI0KEeHHBIN Ha YPOBHE CTOSHUS IKCKaBaTOpPa CO CKBO3HBIM IPOE3IOM H TYIIHKOBBIM Pa3BOPOTOM
B MTPU3a00HOM MIPOCTPAHCTBE.
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Pucynox 3 — Cmpyxmypras cxema ompabomxu ycmyna 0OHUM MOWHBIM 9KCKABAMOPOM NPU
MYNUKOBOIL 3axX00Ke
Figure 3 — Structural scheme of bench mining by one powerful excavator at a dead-end stope

ITo naHHOM cxeme mpeaycMaTpuBaeTcsi OTpadOTKa BCKPBIIIHOTO YCTYIIA IPU TYITHMKOBOH 3aX0Ke
mpu Hy = Humax OZHUM MOILHBIM 3KCKaBaTOPOM C IOIPY3KOM B aBTOCAMOCBAJIbI, PACIIOIOKEHHBIE HA
YPOBHE CTOSTHHS 9KCKaBaTopa ¢ TYMUKOBBIM Pa3BOPOTOM B MPHU3a00HHOM MPOCTPAHCTBE.

Cxemsbl Ha puc. 4 U 5 aHaJIOTMYHBI CTPYKTYPHOH CXEME Ha puUC. |, OTIMYAIOTCA JIMIIb THUIIOM
3aX0JIKH (TYITUKOBOW) U TyTIHKOBOH ke cxqul‘/'I pa3BopoTa aBTOCAMOCBAJIOB TIOJT TOTPY3KY (puc. 4, 5).
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Pucynox 4 — Cmpyxkmypnas cxema ompabomxu yemyna npu H1 > Ho u mynuxogoii 3axooke
Figure 4 — Structural scheme of bench development at H; > H, and dead-end stope
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Pucynox 5 — Cmpykmyprnasa cxema ompabomxu ycmyna npu Hi = H> u mynukogou 3axooke
Figure 5 — Structural scheme of bench development at H; = H, and dead-end stope
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Ha pucynkax 6 u 7 mpuBeA€HBI CTPYKTYPHBIE CXEMBI IBYXCIOWHOW OTPaOOTKH YCTYTIOB M3 MATKUX
mopon. Ha cxemax mpuHATO, 4TO Ciiom mMeroT paBHyl Bbeicoty (Hi = H). Ilo ctpykType oHH

aHaJIOTUYHBI CXeMe Ha pHC. 5.
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Pucynox 6 — Cmpyxkmypnas cxema ompabomxu yCmyna 08ymMs CIOAMU. HUNCHUU CTIOU
ompabamvieaemcs MOWHbIM IKCKABAMOPOM CO CKBO3HbIM NPOE300M A8MOCAMOCEAN08, A GEPXHULL
opaenavinom npu Hy = H»

Figure 6 — Structural scheme of bench mining in two layers: the lower layer is mined by a
powerful excavator with through passage of dump trucks, and the upper one by a dragline at H, = H,.
JanHast cxema BCJEICTBHE HCIIONB30BAaHUS B HEW MOIIHBIX MEXJIONAT W JAparjaifHOB TaKxke
MOJpa3yMeBaeT NMPUMEHEHUE TKENBIX KapbepHBIX camocBalioB (Tpy3omoaxemHocTs 220-240 T u

bomee).
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Pucynox 7 — Cmpykmypras cxema ompabomxu ycmyna 08yMs CLOAMU: HUNCHULL CLOUL
0mpa6amb16aemc;1 MOUWHBIM IKCKA6ANMOpom C mynukoeolj cxemoul paseopoma asmocamoceailos, a
sepxHutl — opaznaiinom npu Hi = H

Figure 7 — Structural scheme of bench mining in two layers: the lower layer is mined by a
powerful excavator with a dead-end dump truck turning scheme, and the upper layer is mined by a
dragline at H; = Ha.

-
<

.
>

<
-

Hanee (puc. 8-15) mpuBeeHbI CTPYKTYpPHbBIE TEXHOJIOTHYECKHE CXEMbI OTPAOOTKH YCTYIOB IO
KpENKUM TIOpoJiaM ¢ IPUMEHEHHEeM OYPOB3PEIBHBIX paboT.
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Pucynox 8 — Cmpyxkmypras cxema ompabomxu ycmyna 00HUM MOUWHBIM IKCKABAMOPOM NPU
MYNUKOB0IL 3ax00Ke € NOSPY3KOU 8 ABMOCAMOCEANbL, PACNONOHCEHHbIE HA YPOBHE CIOAHUS
IKCKABAMOPA C MYRUKOBHIM PA3GOPOMOM NOO NOSPY3KY

Figure 8 — Structural scheme of bench mining by one powerful excavator at a dead-end stope
with loading into dump trucks located at the standing level of the excavator with a dead-end turn for
loading

Ilo maHHO TEXHONIOIMYECKOH CXeMe MPUHUMAETCS BBICOTA YCTyIa UCXO/d U3 paBEHCTBA pa3Baja
nopox (Hp) m MakcuManbHOM BBICOTHI YepmaHus dKckaBatopa, T.e. H, = Hymax. Ilpu aTOM mmpuna
paboueii mommaakyu onpeaensiercs no Beipaxkenuto: L, = B, + L, + Z, rne B, — mmpuna passana nopo,
M; L, — mmprHa npe1oXpaHuTeNbHOro Bana, M; Z — Oepma 0€30MacHOCTH, M.

[Hupura paboyeil MIoMaaKy B IEPBYIO O4ePeIb 3aBUCHUT OT HIMPUHBI pa3Bajia B30PBaHHOW TOPHOU
Macchl, HO TaKkXKe HeoOX0IMMa IMPOBEpKa 0 YCIIOBHIO 0€30T1aCHOTO pa3BOpOTa KAPHEPHOTO CaMOCBaIA.
B wactrOoCcTH, U1 BenA3-7531 u ero mogudukaiuii 3Ta BEIMYHHA COCTABIsAET HE MeHee 37,5 M.
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Pucynox 9 — Cmpyxmypras mexnono2uueckas cxema ompabomxu ycmyna npu mynuxkosou
3axo00Ke npu evlcome paseaia nOpO@bZ, HECKOJIbKO npeeblmarou;ez? MAKCUMATbHYIO 6b1COMY) Yepnanus
mowro2o sxckasamopa (Hy, > H.ma).

Figure 9 — Structural technological scheme of bench mining at a dead-end stope at the height of
rock dumping, slightly exceeding the maximum digging height of a powerful excavator (Hr > Haig.max).

[lo pmaHHON cXeMme BBICOTA BCKPBIIIHOIO YyCTylla OrpaHUYMBAETCS BBICOTOM pa3Baia,
CKJIaabIBaronieiicst u3 BeicoT Hi (I[J'IH OCHOBHOI'O MOIIITHOT'O 3KCKaBaT0pa) u Ha (17151 BcmomMoraTenbHOTro
3KckaBaTopa), npuaeM Hi > Hy, rne Hi1 = Humax, @ Ho = H, — Hu.

BcmomoraTenbHblil 5KCKaBaTOp TUMA 00paTHAasi THAPOJIONAaTa yCTaHABINBACTCS HA pa3Bajie Mopos
(BTOpOIA CITO¥) M OCYIIECTBIIICT OTPAOOTKY CJI0S C IOTPY3KOH BEIIIE YPOBHS CBOETO CTOSHHS. MOIITHBIH
9KCKaBaTOp padoTaeT aHaJOrMYHO cxeMe Ha puc. 8.
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Pucynox 10 — Cmpykmyprnas mexnonocuieckas cxema ompabomxu ycmyna ¢ mynukogou
saxookoul npu H1 = H>
Figure 10 — Structural technological scheme of bench mining with a dead-end stope at H: = H»
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ITo namHOM cxeme BhICOTa pa3Baia mopo paBHA 2Hgmax 1 MOXKET OTpabaTHIBATHCS MOOYCPETHO
OJIHUM U TE€M € MOIIHBIM SKCKaBATOPOM.

ITorpyska MOpoJBl 9KCKaBaTOPaMH BEACTCS B aBTOCAMOCBANBI, PACIIONIOKEHHBIE HAa YpPOBHE
CTOSTHHSI 9KCKaBaTOPa C TYMMMKOBBIM Pa3BOPOTOM B MPU3a00MHOM 30HE.
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Pucynox 11 — Cmpykmyphas cxema ompabomxu yCmyna 0OHUM MOWHbIM IKCKABAMOPOM NpU
3ax00K€ CO CKEO3HbIM npoe300M asmompancnopma
Figure 11 — Structural scheme of bench excavation by one powerful excavator at the stope with
through passage of dump trucks

B mnpennaraemoil cxeme BbICOTa pa3Bajia HE MPEBBIIAET MAaKCUMAaJbHYIO BBICOTY YE€pHaHUs
3KckaBaropa, T.e. Hp < Hy max.

OKCKaBaTOp OTTpy’aeT MOpOJy pa3Baja B aBTOCAMOCBAJIbl Ha YPOBHE CBOETO CTOSIHHS CO
CKBO3HBIM IPOE3/I0M, TYHNHKOBBIM, IETJIEBBIM WM KOJBLEBBIM Pa3BOPOTAMH aBTOCAMOCBAJIOB IO
MOrPY3Ky B 3aBHCUMOCTH OT IIIMPUHBI pa00YeH IIOIIAIKKA U pa3Bajia IOPO.
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Pucynox 12 — Cmpyxmypuas cxema ompabomxu ycmyna 0OHUM MOWHBIM U OOHUM
gcnomozamenvHuiM dKckasamopamu npu Hr < Hi
Figure 12 — Structural scheme of bench mining with one powerful and one auxiliary excavator at
Hz < H
TexHonoruss oTpabOTKH ycTyna aHaloruyHa cxeme Ha puc. 9. OTIMYUTENbHBIMU NMPHU3HAKAMU
SIBIISIFOTCS TOJIBKO O0Jiee MIMPOKHE BO3MOXKHOCTH MaHEBPEHHOCTH aBTOCAMOCBAJIOB TPH YCTAHOBKE MX
noj morpy3ky. Taxke TpeOyercss mpoBepka BO3MOXKHOCTU Pasrpy3Kd OOpaTHOM THAPOJIONATHl B
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KaphepHbIE CaMOCBaJIbl, YCTAHABIIUBAEMBIC BBIIIIE YPOBHS CTOSIHHA dKCKaBaTropa. C ydeToM TOTo, 9TO
rabaputHas BbicoTa benA3-7531 (rpy3omogbeMuocth 240 T) cocraBisier 6,7 M u oOecreUeHUS
0e30macHOro 3a30pa MEXAy KOBLUIOM H Ky30BOM, BBICOTa BEPXHErO CIIOA dalle Bcero He Oyner
NpeBhIMAaTh 3-4 MeTpa Ui HanboJee pacpoCTPAHSHHBIX MOJIENIEH THIIPOJIOTAT.
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Pucynox 13 — Cmpykmypuas cxema ompabomxu yCmyna MOWHbIMU dKCKABAMOPAMU npu
3axX00Ke CO CK8O3HbIM Npoe30om asmomparncnopma npu Hi = H
Figure 13 — Structural scheme of bench excavation by powerful excavators at the stope with
through passage of dump trucks at H; = H»

TexHonorust OTpabOTKH yCTyla aHAJIOTHYHA cxeme, MmokazaHHoi Ha puc. 10. Bricora paszBana
npuHumaetrcsi paBHOM 2Himax. HO cxema mno3BossieT A HIKHErO MNOAYCTyNa HCIOJIb30BaTh
MPAaKTUYECKH BCE BBl Pa3BOPOTa aBTOCAMOCBAJA MOJ MOTPY3KY BCIEICTBHE YBETUYEHHS IIUPUHBI
paboueii Iomaaku, kotopas onpezaensercs mo gopmyine: Uy, = By + ¢+ T+ 11+ Ly + Z, roe B, —
HIMpUHA pa3Balia MopPoJI, M; C — 3a30p MEXAy HWKHEW OpOBKOH pa3Balia M TPAHCIOPTHOM MOJIOCOH, M;
T — mupuHa TpaHCIOPTHOHM MoyOCkL, M; IT — mMupHHA TOJOCH ISl pa3MELIEHUs] BCIIOMOTaTEIbHOTO
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Pucynox 14 — Cmpyxkmypuast cxema ompabomxu ycmyna 08yMsi CAOSMU: HUNCHUL CLOT
ompabamleaemcst MOWHbBIM IKCKABAMOPOM, a 6epxHull opaznavinom npu Hy = Ho u ckéosnom
I’lp0€3a€ aemocamoceana

Figure 14 — Structural scheme of bench development in two layers: the lower layer is developed
by a powerful excavator, and the upper one by a dragline at H, = H; and through passage of a dump
truck.
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Pucynox 15 — CmpykmypHas cxema ompabomku yCmyna 08ymMs CLOSAMU, HUNCHULL CTOU
ompabamvléaemcs MOUWHbIM IKCKABAMOPOM, A 8ePXHUL OPa2IAlHOM NPU MYRUKOGOU 3axo0ke u Hi =
H,

Figure 15 — Structural scheme of bench mining in two layers, the lower layer is mined with a
powerful excavator and the upper layer with a dragline at a dead-end stope and H; = Ha.

Cxewmsl Ha puc. 14 u 15 mo cBoeil CTpyKType aHAIOTUYHBI cxeMme Ha puc. 13. OTIHYnuTeTHHBIMU
MpU3HAKAMH SIBIIIETCS OTpPabOTKa BEPXHETO CJOs JAparjiaifHoM C TOTrpy3KOHl B aBTOCAMOCBAJHI,

pacroiI0KeHHbIE Ha BEPXHEN IIIOMaIKe yCTya.
uprHa padovMX MIIOMAJ0K MOXKET OBITH OIpeieNicHa B OOBIYHBIX U CTECHEHHBIX YCIOBUX (PHC.
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Pucynox 16 — Cxema k onpedenenuio wiupunst pabodeil niowaoKu no KOPeHHbIM NOPOOam npu
MYNUKOBOU NOOaye asmompancnopma noo No2py3Ky a) — 6 HOPMAIbHLIX YCA08UsX, ) — 8 CMEeCHEHHbIX
yciaosusix
Figure 16 — Scheme for determining the width of the working site on bedrock at dead-end
delivery of dump trucks for loading: a) in normal conditions; b) in constricted conditions
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IIpu oTpaboTke KOPEHHBIX MOPOI C MOIHBIM (KOJBIEBBIM) Pa3BOPOTOM aBTO M TYIHKOBOM MOAYH
noJ morpysKy (puc. 16-a) npu ycnosuu By, > C + By, onpenensieTcs: U3 BoIpaKeHUS:

Mpmew = B, + IT+ B,
a ipu ycnosuu B, < C + By, onpenensercs: u3 BIpayKEHUS:

]-HanAH = C + szB + H + B:
rae Bys — mmprHa muomanky s pa3BopoTa KapbepHBIX aBTOCaMOCBaIoOB, M; B, — mmupuHa pa3Bana
B30pBaHHON TOpHON Macchl, M; C — 0e30macHoe pacCTOsSHUE MEXIy HIDKHEH OpOBKOW pa3Baia U
TPAHCIIOPTHOM MOJI0COH, M; b — mupuHa 6epMBI 0€30TTaCHOCTH, M.

Bennuuna OepMbl 0€30HacHOCTH CKJIaAbIBacTCd W3 NPU3MBI BO3MOXKHOTO OOpyIIEHHS U
MPEIOXPAHUTENHHOTO BaJIa:

b=72+0,2+0,5d,
rre d — mmpuHa TpenoXpaHuTenbHOro Banma (ompexpensercs cormacHo CIT 37.13330.2012
«[IpoMBIIINICHHBIH ~ TPaHCHOPT»), MPUHUMAETCS MaKCHUMalbHOE 3HayeHue Mo  Hauboiee
TPYy30H0bEMHOMY U TA0APUTHOMY MPEyCMOTPEHHOMY K IIPUMEHEHHIO CaMOCBAITy.

IIpu oTpaboTKe KOPEHHBIX MOPOJ B CTECHEHHBIX YCIOBHUSAX W TYIMKOBOW ITO/a4e TOJ IMOTPY3KY
(pucynok 16-6): npu ycnoeuu B, > C + By, onipesieniseTcs u3 BeIpaKeHUS:

H-[pnx.c = Bp + Ba

a mpu ycinoBur By < C + B!

]-Hprnc.c = C + BMHB + E,
r1e Buym — MUHUMaBHO BO3MOKHAS IIMPUHA TUIOIAIKY 715l Pa3BOPOTa KaphepHOTO TPAHCIIOPTA, M.

3akiouenne

Bricota ycTyma ompezensieTcss B MEpPBYIO OYepellb €ro YCTOMYMBOCTBIO, KOTOpas 3aBHUCHUT OT
MPOYHOCTHBIX CBOMCTB CJIAararolIiX €ro Mopo, MIPHUUEM yToJl OTKOCA YCTyIa IPUHUMAET JBa 3HAYCHUS
— pabouuii ¥ yroJ yCTOHYMBOTO OTKOCA, KOTOPBIH O0ECTIeYnBAET COXPAHEHHE YCTOMYUBOCTH yCTYTIa
MPOAOKUTENBHOE BpeMsl.

Takum oOpa3oMm, mpuzaaBasi yriy yCTOWYMBOTO OTKOCA 3HAYEHUs, MPUOIIKAIOIIMECS K YIIIy
BHYTPEHHETO TPEHUS, MOKHO OOECIIEUHUTh YCTOHUMBOCTH CKOJb YrOJHO BBICOKOI'O YCTyHa, T.€. OH
MOJET OBITh PaBHBIM TJIIyOWHE Kaphepa MpH ero mnorameHud. [Ipuganue TpeOyeMoro yriia oTKOCy
MOJKET OBITh 00ECTIEYECHO 3a CUET €r0 CTYIEHYATOCTH.

CrnenyroumM  (GakTopoM, BIMSIOIIMM Ha YCTAaHOBJIEHHE BBICOTBI YCTYMa, SIBISIOTCS
TEXHOJIOTHUYECKHE TTapaMeTphbl BEIEMOYHBIX CPEJICTB (BBICOTA U NITyOWHA YepIaHusl, paJanyc YepIaHus 1
pasrpy3ku). BnusiHue 5THX (akTOpoB CBSI3aHO C TexHOJOrHed oTpaboTkm ycrymna. Hampumep, npu
0TpabOTKE YyCTymna OJIHMM SKCKaBaTOPOM OJHHMM TOPHU3OHTAIBHBIM CJIOEM BBICOTA YCTyHa
OTrPaHUYMBAETCS MAaKCHMaJbHON BBICOTOW ueplaHMs OJKCKaBaropa, a IpHd oTpaboTKe ycTyma
HECKOJIbKMMH TOPU30HTAIBHBIMHU CIIOSIMH BBICOTA yCTyIa OTPaHUYUBAETCS TOJIBKO KOJIMYECTBOM CIIOEB
U UX MOIIHOCTBIO. IIpy oTpaboTke ycTyna KOMIUIEKCOM BBIEMOYHOTO OOOpYIOBaHHS BEPXHEro U
HIDKHETO YEpIaHUs €ro BBICOTa ONPEAEISIETCS TEXHOJIOTMYECKHMH BO3MOXKHOCTSIMH BBIEMOYHBIX
MallMH, BXOIAUIMX B KomIulekc. K BakHeHIIMM mapamerpaMm 3[€Ch MOYKHO OTHECTH pPaguyc H
BBICOTY/TIIyOMHY 4epIriaHus JKcKaBaTopa JJisi 00ecHedYeHHs, BO-TIEPBBIX, MOJHOTO MPOYEPILIBAHUS
32004, U BO-BTOPBIX, [UII BO3MOXHOCTU 0€30MacHON MOTPY3KH NPH PA3JIMYHBIX CXEMax B3aMMHOU
YCTaHOBKH 3KCKaBaTopa U KapbepHOro camocpaia. Hampumep, npu pa3paboTke pas3paja B30pBaHHOMN
TOPHOM Macchl ¢ HIKHEH MOTPYy3KO0il B caMOCBajl rpy30MoAbeMHOCTHI0 240 T HEOOX0AUM IKCKaBaTOP C
paamycoM pasrpy3ku 14 M u Ooree.

Cy1ecTBeHHOE 3HaUe€HHE B 0OOCHOBAaHHUHU BBICOTHI YCTYyIa B 0€3yroJIbHOM 30HE KaphEPHOTO MOJIS
paspesa OKa3bIBaeT 3aJ]aHHOE 3HAYCHUE TEKYIIEro K03 (UIMEeHTa BCKPBIIIH U COOTBETCTBYIOIIEE EMY
3HAaYeHUE Yrila OTKoca pabodero Oopra B YIVIEHACHINIEHHOW W 0e3yroibHbIX 30HaX. OT 3THX
NoKa3aTesned 3aBUCUT MUHMMAaJIbHO BO3MOXHAs IIMpUHA paboyuell IUIOMAAKA 1 COOTBETCTBYIOIIAs el
BBICOTA YCTyHa. YUHUThIBas, 4TO 0a30i sl BBICOTHI yCTyna B OE3yroJIbHOW 30HE SIBIISIETCS BBICOTA
yCTylla B YIJICHACHINIEHHOW 30HE, TO B TEPBYIO0 OYepeAb OHA W OIpeNeseTcs MO KPUTEPHSIM
MUHHUMAJIBHBIX [TOTEPb YIS,

OmnpenenuB BBICOTY YCTyNa B YIJICHACBIIIEHHOW 30HE, yCTaHABIMBAETCS Al MHHUMAaJbHON
HIMPUHBI pabovel IJIOIaIKKA YIoJl OTKOca pabodyero 0opTa B yriieHACHIIICHHOM 30He. BricoTa ycTyma
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B 0€3yToJIbHOM 30HE YCTaHABIMBACTCS PABHOM MIJIM KPAaTHOM BBICOTE YCTYIIA B YIJICHACKHIIICHHON 30HE.
3areM, myTeMm TmiepedOpa BapHaHTOB II0 BBICOTE BCKPBIINIHOTO yCTyna B O€3yrolbHON 30HE,
ompeJieNisieTcs yroil 0TKoca pabodero 6opra B 6€3yroibHON 30HE M HAXOAUTCS IS KaXKIO0TO BapHaHTa
TEeKyIIHiA KO3QQHUIMEHT BCKPHIIIH 10 TOPU3OHTAM OTPAOOTKH KapbepPHOTO TOJISL.

OKOHYATEBHO BBICOTA YCTYyTa B 0€3yroJiIbHOM 30HE YCTAHABITUBACTCS IPU JJOCTMYKCHUHU PAaBCHCTBA
Tekymero koddduimenTa BCKPHIIIM 3aJaHHOMY (IIPOSKTHOMY) 3Ha4eHUI0 K03(duimenTa BCKpBIITH
MIPH JOCTHYKEHNW TPAHUYHBIX KOHTYPOB TI0 THEBHOM MOBEPXHOCTH.
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ON DETERMINING THE PARAMETERS OF TECHNOLOGICAL
SCHEMES OF OVERBURDEN BENCH MINING BY DIFFERENT
EXCAVATORS AND DUMP TRUCKS

'Valery F. Kolesnikov, Yaroslav O. Litvin?, Dmitry M. Dubinkin’, Sergey O. Markov'

'T.F. Gorbachev Kuzbass State Technical University
2Branch of JSC «UK Kuzbassrazrezugol» Mokhovsky Open Pit Mine

Abstract.

Analysis of hydraulic excavators’ operation shows that their actual
‘@ @ \ productivity is often only 50-70% of the certified one. It can be assumed
that such results are caused by scientifically unsound parameters of
technological schemes, inappropriate combination of excavator-

Article info automobile complexes and low quality of preparation (crushing) of rocks
Received: for excavation. The study of technological schemes of hydraulic
24 July 2024 excavators’ application at the mines has shown that excavators mainly work
with bottom digging with loading at or below the level of excavator
Revised: standing. However, the optimal combination of excavator and dump truck
31 August 2024 is not always observed in terms of dump truck body capacity depending on
the transportation distance. In this paper we consider possible variants of
Accepted: structural schemes of excavator complex operation on stripping works with
09 September 2024 dump trucks with carrying capacity of 220-240 tons. Since one of the main
parameters of technological schemes of overburden face stripping are the
Keywords: open-pit mining, width of the approach along the intact rock massif, the height of the bench
structural technological scheme,  and the width of the working area, which determine the angle of slope of
stripping, mechanical shovel, the working flank, and, consequently, the current stripping ratio, which
hydraulic shovel, dump truck, ultimately affects the cost of mined coal, the optimization of these
working area width, bench parameters is an urgent scientific and practical task.
height

For citation Kolesnikov V.F., Litvin Ya.O., Dubinkin D.M., Markov S.0. On determining the parameters of
technological schemes of overburden bench mining by different excavators and dump trucks. Journal of mining
and geotechnical engineering. 2024;3(26):99-112. DOI: 10.26730/2618-7434-2024-3-99-112, EDN: ZERBOG

The work is financially supported by the Ministry of Science and Higher Education of the Russian Federation
under the agreement dated 07.04.2022 Ne 075-11-2022-016 with PJSC KAMAZ on the integrated project
"Development of high-tech production of autonomous mining dump trucks with a lifting capacity of 240 tons with
a domestic traction drive for operation in an open-source digital mining system", with participation of T.F.
Gorbachev Kuzbass State Technical University in terms of research, development and technological works.

References

1.  Markov S.O., Murko E.V., Nepsha F.S. Grain size distribution of waste rock masses of Kuzbass coal strip
mines. Gornye nauki i tekhnologii = Mining Science and Technology (Russia). 2021;6(4):259-266. (In Russ.)

2. Novinkov, A. Ensuring Seismic Safety of Underground Mines During Blasting Operations in Combined
Surface-Underground Deposit Development / A. Novinkov, S. Protasov, P. Samusev // E3S Web of
Conferences. 2020;(174):01016. DOI 10.1051/e3sconf/202017401016.

3. On the need to consider the lithological composition of overburden rocks in the design of waste water
treatment plants at open pit mines / E. Murko, Ju. Janocko, E. Makridin, M. Kapko // E3S Web of
Conferences. 2021;(315):02013. DOI 10.1051/e3sconf/202131502013.

4. Tashkinov A.S., Sysoev A.A., Tashkinov I.A. The comparative estimation of shovel's productivity at
extracting blasted materials // Bulletin of Kuzbass State Technical University, 2009;4(74):17-20.

5. Litvin O.1,, Litvin Ya.O., Tyulenev M.A., Markov S.O. On determining the parameters of face blocks during
mining operations with backhoes. Gornaya promyshlennost = Russian Mining Industry. 2021;(6):76-81. (In
Russ.). DOI: 10.30686/1609-9192-2021-6-76-81.

TEXHUKA U TEXHOJIOI'MA I'OPHOI'O JJEJIA. 111 ISSN 2618-7434
2024. Ne3. C. 99-112


http://creativecommons.org/licenses/by/4.0/

10.

11.

12.

13.

14.

15.

16.

Kolesnikov V., Litvin Ya., Dubinkin D., Markov S.
On determining the parameters of technological schemes of DOI: 10.26730/2618-7434-2024-3-99-112
overburden bench mining by different excavators...

Bezkorovainyi P. G., Shestakov V. S. Determining rational parameters for the impeller of a hydraulic
excavator with a crowding mechanism. Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = Minerals
and Mining Engineering. 2023;(1):25-35. DOI: 10.21440/0536-1028-2023-1-25-35

Komissarov A.P., Lagunova Yu.A., Nabiullin R.Sh., Khoroshavin S.A. Digital model of shovel work process.
MIAB. Mining Inf. Anal. Bull. 2022;(4):156-168. (In Russ). DOI: 10.25018/0236_1493_2022_4 0_156.
Litvin O.l., Markov S.O., Khoreshok A.A., Lapaev M.N., Tyulenev M.A. Determination of the area of
energy-efficient position of working equipment and effective digging radius of hydraulic excavators at open
pit mining. Mine Surveying and Subsurface Use. 2022;4(120):38-44. (In Russ.). DOI
10.56195/20793332_2022_4_38.

Janosevic D., Mitrev R., Andjelkovic B., Petrov P. Quantitative measures for assessment of the hydraulic
excavator digging efficiency // Journal of Zhejiang University: Science A. 2012;13(12):926-942.

Rakhutin, M. G. Quality management and technical audit tools for increasing of efficiency mining equipment
usage / M. G. Rakhutin, G. S. Rakhutin // Miner's week—2015: Reports of the XXIII International scientific
symposium, Moscow, 2015.

Khoreshok A.A., Katsubin A.V., Dubinkin D.M., Markov S.0. & Tyulenev M.A. Using the modular method
to calculate the indicators of mining of the coal-bearing zone at opencast mines. Ugol’, 2022;(S12):76-81.
(In Russ.). DOI: 10.18796/0041-5790-2022-S12-76-81.

Khoreshok A.A., Litvin O.l., Katsubin A.V., Dubinkin D.M., Markov S.0. & Tyulenev M.A. To determine
the rational area of application of excavation and loading equipment. Ugol’, 2023;3:91-95. (In Russ.). DOI:
10.18796/0041-5790-2022-S12-91-95.

Khoreshok A. A., Dubinkin D. M., Litvin la. O., Markov S. O., Tiulenev M. A. Changes in hydraulic backhoe
capacity under different schemes of overburden loading into the dump trucks. lzvestiya vysshikh uchebnykh
zavedenii. Gornyi zhurnal = Minerals and Mining Engineering. 2024;4:26-34 (In Russ.). DOI:
10.21440/0536-1028-2024-4-26-34

Rylnikova M.V., Vlasov A.V., Radchenko D.N. Changing the approach to designing mining engineering
systems for surface mining based on enhanced principles of rock mass quality management. Russian Mining
Industry. 2024;(1):78-85. (In Russ.) https://doi.org/10.30686/1609-9192-2024-1-78-85

Rylnikova M.V., Klebanov D.A., Rybin V.V., Rozanov 1.Yu. Control and management of geomechanical
state and stability of structural elements of mining engineering elements in open-pit mines based on Big Data
collection and  analysis. Russian ~ Mining Industry.  2024;(4):121-128.  (In  Russ.)
https://doi.org/10.30686/1609-9192-2024-4-121-128

Selection of Excavating Equipment for the Outpacing Development of the Coal-bearing Zone / A. Katsubin,
S. Markov, A. Khoreshok, M. Tyulenev // E3S Web of Conferences. 2020;174:01027. — DOI
10.1051/e3sconf/202017401027. — EDN QSHLYV.

Conflicts of Interest

The authors declare no conflict of interest.

© 2024 The Authors. Published by T. F. Gorbachev Kuzbass State Technical University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Information about the authors
Valery F. Kolesnikov, Dr.Sc.(Tech.), Professor of Open Pit Mining Department
e-mail: kvf.rmpio@kuzstu.ru

Dmitry M. Dubinkin, PhD (Tech.), Associate Professor of Mining Machines and Complexes Department
e-mail: ddm.tm@kuzstu.ru

Sergey O. Markov, PhD (Tech.), Associate Professor of Open Pit Mining Department
e-mail: markovso@kuzstu.ru

T.F. Gorbachev Kuzbass State Technical University
650000, Russian Federation, Kemerovo, 28 Vesennyaya St.

Yaroslav O. Litvin, Ph.D., Director

e-mail: litvinyao@kuzstu.ru

Branch of JSC «UK Kuzbassrazrezugol» Mokhovsky Open Pit Mine

Mokhovo settlement, Belovsky district, 652661, Kemerovo region, Russian Federation

ISSN 2618-7434 112 JOURNAL OF MINING AND GEOTECHNICAL

ENGINEERING, 2024;3(26):99


http://creativecommons.org/licenses/by/4.0/

