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Annomauyus: llenb BHeIpeHus: omepeskaroliieli TeXHOJOTHYM 3aK/II0YaeTcss B TOM, YTOGbI TPy
ee TMPUMEHEHUY MaKCYMaJIbHO TIOJTHO MCIOIb30BAIMCh TEXHOJOTMYECKME BO3MOXKHOCTHU IKC-
KaBaTOPOB Pas/IMUHBIX TUIIOB — MeXJIOMAaT M OGpaTHBIX I'MApPOoJIonar. Takke 3Ta TeXHOJIOT S
MoJTyunyia HaMEeHOBaHMe «IPeobpasoBaHMe YIJIEHACBIIIEHHOV 30HbI B 6€3YyTrOJIbHYIO MyTeM
MTOCJIONHOV OTPaBOTKY TTOPOIOYTOMbHBIX 6J10KOB». OBBIYHO Ha MPENIPUITHSIX IO JOObIUe YIJIs
OTKPBITBIM CITIOCOGOM BMECTUMOCTD KOBIIIA BBIEMOUHO-TTOTPY30YHOTO 060PYIOBaHMSI BApbUPY-
ercs B IIMPOKUX Tpeaesax. Ecyim ske 6paTh B pacyeT TOT MJIM MHOM TUIT 0OOPYAOBaHMS, TO TIO
BMECTMMOCTH KOBIIIa Haubosiee pa3HOOOPa3HbI OOpaTHbIE TUIPOJIOTATHI, UMEIOIIME K TOMY JKe
BO3MOKHOCTh 3aMeHbI KOBIIIa (6a30Bast MOZIeJIb MOYKET MMEeTh 0 TISITY BapMaHTOB KOMOMHAIINAM
IJTVIHBI PYKOSITY ¥ BMECTMMOCTM KOBIIIA). MeXJIomaThl Takoi BO3MOKHOCTY JIUIIIeHbI. [ToaTomy
HEOOXOAMMO OIpeNeINTb MOMEb TMIPaBINIYECKOTO 9KCKaBaToOpa, IVIAHUPYEMOTO K MCITOJIb30-
BaHMIO Ha JOOBIYHBIX paboTax, MOCKOJIbKY MeXJIomaTaM OTBOAUTCS MOJUMHEHHAs POJIb — OT-
paboTKa BCKPBIIIHBIX YCTYTIOB B 6€3yTroibHOI 30He. [[JIs1 9TOTO B TaHHO CTaThe paCCMOTPEHbI
MeToAMYeCKye MOJIOKEHNST BbIOOpa MOJEM 06paTHOM TMAPABIMYECKON JIOMAThI AJis TIpeBa-
PUTETIBHO MTOCIONHONM BhIEMKM YTOJIbHBIX IJIACTOB B OJIOKAX, a TAK)Ke BBITOJTHEHO MOJIEJIUPO-
BaHMe ITpeoOpa3oBaHMsl TTOPOIOYTOIbHbBIX 6JI0KOB B 6e3yrosbHble. ClesaH MpeaBapuTeIbHbIN
BBIBOJ] O TOM, UTO JJIHA TOIOBON MOATOTaB/IMBAaEMOM AJIMHBI GPOHTA paboT MO JT0ObIYe YIS
BO3pacTaeT Mo KBAAPATUYHON 3aBUCUMOCTHM C YBEeJIMYEHMEM YTJIa 3ajieTaHus MIacTOB.

Knrouesste cnosa: OTKpbIThIE TOPHBIE PAabOTHI, YIVIEHACHIIIIEHHAS 30Ha, 6e3yroJibHast 30Ha, 00-
paTHbIe IMAPOJIONATEI, TPSIMbIe MEXJIONAThI, OITePesKalolas BbieMKa, TOPOAOYTOIbHbIE TTaHesH,
CJIOKHOCTPYKTYPHbIE MECTOPOSKIEHMSL.
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Abstract: The advance cutting technology aims to maximize beneficial use of technological
capability of different type excavating machines— power shovels and hydraulic backhoes. This
technology is named as conversion of a coal zone into a no coal zone by means of layer-by-
layer cutting of coal-and-rock blocks. Bucket capacities of cutting and loading equipment em-
ployed in open pit mines vary in wide ranges. In terms of a certain type of cutting machines,
hydraulic backhoe excavators offer a variety of bucket capacities and, furthermore, replace-
ability of the bucket (the generic model of excavator can have up to 5 alternative combinations
of the arm length and bucket capacity). Power shovels lack such an option. Thus, it is necessary
to select a hydraulic backhoe model to be used in actual mining as power shovels are assigned
a subordinate part of stripping in the no coal zone. This article reviews some guidelines on
selection of a hydraulic backhoe excavator model for preliminary layer-by-layer cutting of
coal and performs modeling of coal-and-rock block conversion to no coal blocks. The tentative
conclusion states that the length of the coal mining front obeys the quadratic relation with the
dip angle of coal seams.

Key words: open pit mining, coal zone, no coal zone, hydraulic backhoe excavators, face power
shovels, advance mining, coal-and rock blocks, structurally complex deposits.

For citation: Katsubin A. V., Khoreshok A.A., Tyulenev M.A., Markov S.O. Technology of
advance cutting of sloping and steeply pitching coal seams using hydraulic backhoe excavators.
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BBeneHue

MN3yueHune dpakTnyecknx (HaTypHbIX)
LaHHbIX 0 paboTe 3KCKaBaTOPOB TOrO UK
MHOro BuAa (MexaHuW4eckasl v ruapas-
Nnyeckas fiornata) MO3BONSIET CAeNnaTb
npeaBapuUTeNbHbIN BbIBOL 06 MX Npeob-
nagarollen paborte.

[nsa obpaTHbIX ruapononaT Hanbonee
YacToe NPUMeHeHME — pa3paboTka CNox-
HbIX MOPOLOYrONibHbIX GMOKOB, BbleMKa
Yro/bHbIX NAaCTOB Masion U CpefHen MoLL-
HOCTM, BbleMKa MJ1acTOB CJIOXKHOMO CTpoe-

Husa [1—11].
[nsa MexnonaT ocHoBHOM BWpA pabo-
Tbl — pa3paboTka MOpPOAHbIX 3aXOMOK,

MPOXOAKa TpaHLUen Mo HaHOCaM M B30p-
BaHHbIM CKaJlbHbIM M MONYCKasbHbIM MO~
pogam [12 —15]. Takoke BcTpevatoTcs cny-
4aum MX WCMONMb30BaHWS Ha oTpaboTke
MOLLIHbIX YTrO/bHbIX NNaCTOB, NpenMyLLe-
CTBEHHO KpyTOro 3aneranus [16 —21].
[ns npambix rugpononat (HaumeHee
pacnpoCTpaHeHHbI TUM BbIEMOYHOTO 060-
pyznoBaHus B Ky3bacce) ocHoBHOM BUA, pa-
60Tbl — 0TpaboTKa MOLLHbIX MOPOAHbIX
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MexaynnacTuu [22], pexxe — BbleMKa Ha-
HOCOB, MpY Masioll BMECTUMOCTM KOBLUA —
D06bIYHbIE paboThbl.

MN3yueHne paboT 3apybexxHbIX YUEHbIX
[23 — 28] nonTBepAaeT BblLLenpuBeaeH-
Hble MOMOXEHWSI.

MprMeHeHWe MexnonaT B 6e3yronbHbIX
30Hax, Mo CyTH, He MMeeT Kaknx-nmbo or-
paHWYeHU, KpOMe 0becneyeHns COOTBET-
CTBWSI MapaMeTpOB 3KCKaBaTopa napameT-
paM oTpabaTbiBaemMoro ycTtyna (BbicoTa
yepraHusi 3KCKaBaTopa AOJIKHa KOppenu-
pOBaTb MO M3BECTHbIM 3aBUCUMOCTSM C
BbICOTOM OTpabaTbiBaeMoro yctyna). Ecnm
MPWHATb 3TO OrpaHUYeHMe Kak JaHHOE Mo
YMO/YaHWIO, TO B OCTaJIbHOM MEX/I0MNaThl
MOryT paboTaTb B JOObIX YCOBUSIX.

MeToabl

Mpu npepBapuTeNbHOM BbIEMKE YIONb-
HbIX MJacTOB Ha brioke 06paTHOM rnapo-
JI0NaToM BbINOJHAOTCS ClieqytoLlme pa-
60TbI:

* BbleMKa NMOpoAbl pa3pesHbiX TpaH-
LLIen No AJnHe bnokKa;



* BbIEMKA MOPOAbl MEXAYMNNACTUM NpU
6/1M3KOM PaCrONOXeHUN CMEXHbIX MJia-
CTOB;

* BbIEMKA YrOJibHbIX MaCTOB.

[ns BbinonHeHus TpebyeMoro obbema
FOPHOM MaccChbl MO NpeABapUTENbHOM Bbl-
€MKe Yro/ibHbIX N1acToB 0bpaTHas rmapas-
NMYeckas nonarta LO/MKHa ObiTb OCHaLle-
Ha KOBLLUOM C BMECTUMOCTbIO, 0becneyu-
BatOLLEW CMEHHYH MPOM3BOAUTENBHOCTb
QCMcp.Bz.

MpuHLMNUanbHoe NoNoXeHWEe TEXHO-
NOTUK MpeBapUTENbHOM BbIEMKM MIacTOB
npuBeAeHo Ha pvc. 1, meToamnyeckue no-
NOXeEHWs1 Bbibopa MOLENU BblEMOYHO-MO-
rpy304HOro 0bopyaoBaHWUs — Ha puC. 2.

Heobxoammas cpenHeB3BeLLeHHast CMeH-
Hasi NPOU3BOANTENBHOCTb OOpaTHOW rua-
paBnM4ecKoun nonarbl:

QCMcp.BB = VI'M/ NCM.I'

roe VrM — 00beM rOpHOM Macchl, BbINOA-
HAEeMbIA 3a rog Mpu npeaBapUTeNbHOM
BbleMKe M1acTOB C YC/IOBMEM BbIMOJHE-
HUS rOA0BOW NPOrpaMMbl Mo Aobbive, M3
N_, . — uucno pabounx cmeH obpatHou
rMAPABNNYECKOM IOMaThl B rof.
lopgoBon 06bEM rOpHOM Macchl npea-
CTaBNsIeT COBOW CYMMY:
V. =3V +V +V
™ n y Ay
roe ZVrI — 00beM oTpabaTbiBaeMOW Mo-
poabl AN obecrneyeHmss BbIEMKM MIacTa

Puc. 1. lpuHLMIMaNbHOE NOI0XKEHUE TEXHOMOr MM Pa3paboTKu yrIeHAChILLEHHOM 30HbI LUMPOKUMU B1OKaMU

c npeﬂBapMTGﬂbHOﬁ BbleMKOM YroJibHbIX NnaacTos

Fig. 1. Technological layout of coal zone cutting by wide blocks with preliminary extraction of coal seams
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Puc. 2. MeTogunyeckue nonoxeHus Bbibopa Moenn 06paTHOM ryapaBIMyeCcKom 10NaTbl A4J15 NpeaBapuTesb-

HOW MOCNIOKHOV BbIEMKM YrO/IbHbIX MA1acTOB B 6/10Kax

Fig. 2. Guidelines to select a hydraulic backhoe model for preliminary layer-by-layer cutting of coal in blocks

MpY CO3AAHWMMU pPa3pe3HbIX TpaHLlen, M3,
V — ropgoBoi 06beM [06bIBaEMOro yris,
M°; VAy — 0ObeM MOTEPSAHHOro Yrns npwm
nobblye, M.

CyMMapHas LnuHa pa3pesHblX TpaH-
Lwen ans obecriedeHus BbIEMKU FOLOBOIO
obbema yrns 3aBUCUT OT FOAOBOM MpoO-
M3BOACTBEHHOW MOLLHOCTU pa3pesa WMiu
y4acTKa, BbICOTbl OCHOBHOTO yCTyna (Mex-
Nonatbl), CyMMapHOM MOLLHOCTM MNacToB
(Em ) v yrna 3aneraHus nnacTos:

zl A sing
e

v, H, o 2m,

Mpv noacyeTe nopoaHbIX 06LEMOB BO3-
HMKAEeT BOMPOC: NPOXOAUTL Haf, YrofibHbIM

Puc. 3. Buabi 3aneranus nnactos B 610ke
Fig. 3. Types of coal occurrence in block
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MJ1IaCTOM TOJIbKO Pa3pe3Hyto TPaHLLE UK
MOJIHOCTbIO pa3pabaTbiBaTb MexXAaynna-
cTbe. [lns pelieHus 3Toro Borpoca 6b110
MCMNONb30BaHO MOHATME KpUTEepUs conm-
YXEHHOCTU CMEXKHbIX MacToB, BrepBble
npensiokeHHoro B [4].

CyTb NoHaTHS COAMYKEHHOCTM NIACTOB
coctouT B cnegytoweM. CONMKeHHbIMU
CYMTAIOTCS Yro/bHbIE MIACTbl HAKIOHHO-
ro M KpyTOro 3ajieraHusi, Koraa BbleMKa
O[HOr0 M3 HUX COMpPSXKEHA C TEXHOJIOMU-
YeCKMM BO3AENCTBMEM Ha CMEXKHbIN MNacT
(puc. 3). Ecnv 3To He nponcxoamT, To nna-
CTbl CYMTAIOTCS PaCCPEAOTOUEHHBIMM.

Kputepuem ouLEHKN CUYUTAETCS MUHM-
MaJibHasi MOLHOCTb MEXAYMNIacTbsl, Npu



3HaueHus KpuTepus conmxeHHocTu M
Close-spaced occurrence criterion M

min

BbicoTa ycTyna Yron 3aneraHus nAacTos ¢, rpag.
H,m 20 30 40 50 60 70
10,0 11,668 11,98 11,928 | 11,514 10,75 9,659
12,0 13796 | 14,076 | 13928 | 13357 | 12,381 | 11,028
15,0 16,989 17,22 16928 | 16122 | 14826 13,08

3HAYEHUM KOTOPOro BO3MOXKHA MPOX0AKa
pa3pe3HoM TpaHLUen Be3 HapyLLEHUS CMeX-
Horo (BepxHero) nmnacta. PaccumTaHHble
3HAYEHUS] KPUTEPUEB AN BbICOT OCHOB-
HbIX ycTynoB cocTtasnstoT 10—17 m (cm.
Tabnuuy).

Ons BoicoT yctynos 10—15 ™, nume-
tOLLMX MECTO Ha pa3pesax LEeHTPasibHOro
Kysbacca, no npuHATOMY KpUTEPUIO CMEX-
Hbl€ MaCTbl C MOLLHOCTBIO MEXAYMNIACTbS!
meHee 10—17 M aBnsatoTCA CONUKEHHBI-
mu. o 3TOMy KpUTEPUIO B MOPOAOYrOSb-
HbIX 6r1oKax, 0bpa3yeMbix B MpoLLecce pas-
BUTUS TOPHbIX PaboT B YrieHacbILLEHHOW
30He, BblAeNeHbl TPY FPyMbl B3aMMHOr0O
MOSIOXKEeHWSI NMAaCTOB: pacCPefOTOYEHHOE,
cbnunxeHHoe 1 cMmeluaHHoe [29].

[ns 3Tux rpynn paspaboTaHa mMozenb
npeobpa3oBaHMs NOPOAOYrOAbHbIX B0-
KoB B Ge3yronbHble. Mogenb BK/IOYAET:

* pacyeT AnWHbI O6bIYHOrO hpoHTa U
pacyeT NMOpPOAHbIX 0ObLEMOB;

* HeobXOOMMYH CpefHEB3BELUEHHYIO
CMEHHYO MPOU3BOAUTENBHOCTb OBpaTHOM
rMAPaBAMYECKOM NONaThl.

MopenupoBaHue npeobpasoBaHus

NMopoAoyroJibHbIX 6J10KOB

B 6e3yrosibHble

1. UcxonHble napametpbl: A, T/roa;
H M; Xm, M; @, rpag.; o, rpas.; b M.

2 PacquHme napaMeprl FOpMBOHTaﬂb-
Hasi MOLLHOCTb MacTOB: Zm Zm/sm(p, ;
rogoBOV O6BLEM YIS V A/y M3; onvHa
D06bIYHOro (hpoHTa:

Vy

[, =,
¥ H, Y m, -y,

M.

Cxema mogenu v opmysbi pacHeTa

rMoposHbIX 06beMOB

e Cxema mogzenu u dhopMysbl pacyeTa
MOpPOAHbIX 06BEMOB: paccpefoTOYeHHbIe
nnacTol

z\/n.pacc = 0’5 ’ Hy .ldzp X
x[Z ‘b, +H, (ctga, +ctg q))]

» Cxema mMogenv n dopMynbl pacyeTa
NMopoAHbIX 06bEMOB: CONMYKEHHbIE NAACTbI

Z n.cé _H
{[bmp ) H, (ctgoczn +ctg(p)}+

+i:il M(i—l)
T sing
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e Cxema mogenu u dopMynbl pacyeTa
MOPOAHbIX 06BEMOB: CMeLLAHHOe 3anera-
HWe NnacToB

Yuncno nnactoB — n; ymcno paccpe-
AOTOYEHHbIX NaCTOB — 1 YAC/O cbnu-
YKEHHBIX NNACTOB — N, =n — n__;4nucno
rpynn cONMKeHHbIX MNacToB — N 4MCno
paspe3HbIx TpaHwen — N_=n

O6beM nopogp! TpaHLuTé]ﬁ 2\7:;:
Zvn-mp = Hy ’ lmp
-[bmp +0,5-H, (ctga, +ctg (p)}

obbem nopoapl Mexxaynnactuin V. -

DV =
:Hy '(lqbp _lmp)'z

OJIVHa TpaHLLen (lTp):

npacc + nzp. c6

n

nrp.c6'

M

i-1
sing

[ =1

mp bp

CIIMCOK JINTEPATYPbI

Bcero obbem nopogpbl:

IV = ZVmp +IV
MokazaTenu:
V. =2V + Ar/yy ;

Heobx =
Q cM.cp.B3 VrM / NCM.I'

OrpaHuuerus:

Ar =0,25+2,5 maH 1/rog;

Hy =15m; Xm=2+16 ™m;

¢ =20+70°% a_=70°% pr =3Mm;
M L =fH;9;b,)

BbiBogbi

Mo pe3ynbTaTaM BbIMONHEHHbIX pacye-
TOB YCTaHOBNEHO, YTO A5 NOObIX rpynn
B3aMMHOTO MOJIOXKEHUS NNACTOB AJIMHA FO-
LOBOV MOArOTaBAMBaeMOW AUHbI HPOHTA
paboT no fobbiye yrns BO3pacTaeT Mo KBa-
LpaTUYHOM 3aBUCMMOCTU C YBESIMYEHUEM
yrna 3aneraHus nnactoB. JTO 0ObsCHS-
€TCS YMeHbLUEHWEM BCKPbIBaEMbIX 3ana-
COB YINsl C YBEJIMYEHUEM YT/1a 3a/eraHus
NAacTOB MPU OLHOW U TOW Xe MOLLHOCTU
nnacta. BeinonHsembii 06beM BCKpbILL-
HOM NOPOAbI CHUXKAETCS MO KBaAPaTUYHOM
3aBUCUMMOCTU C YBENIMYEHWMEM YT/1a 3ane-
raHWsi NacToB, YTO OOBLSACHSETCS YMEHb-
LEHMEM 0ObEMa pa3pe3HbIX TPaHLen ¢
YBENIMYEHWEM YI/1a 3a/1eraHus niacTos.
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lMpeanoxeHa MaTeMaTUyeckasl MoAeb, MO3BONAOLLIAS OMPEAenUTb NepeMeLLeHUs YacTuL, Cbinyye-
ro MaTepuana B MpOCTPAHCTBE B Npeaenax 30Hbl BAUSIHUS MYHKTOB BbIMyCKa B 3aBUCUMOCTU OT Mpo-
CTPaHCTBEHHOIO PAaCMONOXeEHMS OGO YacTULbl U BbIMYLLEHHOrO 0BbeMa cbinyyero Matepuana. Pac-
CMOTpEHbI pa3Hble MeTOAMKM MHAMBWAYaAbHOMO NMOAXO0AA K Pa3paboTke KUMBEpIUTOBbIX MeCTOPOXAE-
HUWIA NPU YCIOBUSX KPaHEro ceBepa, LLeHHOCTb a/IMa3HOro Chipbsl, FMAPOBPa3UBHaAs pe3ka CIoSIMU NS
KapaTocbepexkeHusl B pa3paboTke KUMBEPIUTOBbIX MECTOPOXKAEHUSIX.

Kntouesble cnoBa: noaseMHas pas3paboTka, CUCTEMbI C 0OPYLUEHUEM PyAbl U BMELLAIOLLMX MOPOA,
nepeMeLLieHKe YacTuL, CbiMy4ero MaTepuana, A03a Bbinycka, Gurypa Bbinycka, koabduumeHT, xapakTe-
PU3YHOLLIMI CbiMy4Me CBOMCTBA PYAHOM Macchbl.

OPTIMIZATION OF UNDERGROUND MINING

R.G. PepeleV, Cand. Sci. (Eng.), Assistant Professor, A.P. Eliseeva', Graduate Student,
" National University of Science and Technology «MISiS», 119049, Moscow, Russia.

A mathematical model is proposed that allows us to determine the movement of particles of bulk mate-
rial in space within the zone of influence of release points, depending on the spatial location of any particle
and the released volume of bulk material. Different methods of individual approach to the development of
kimberlite deposits under the conditions of the far North, the value of raw diamonds, hydro-abrasive cut-
ting layers for karatosberezheniya in the development of kimberlite deposits are considered.

Key words: underground mining, systems with collapse of ore and host rocks, movement of loose ma-
terial particles, release dose, release figure, coefficient that characterizes the bulk properties of ore mass.
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