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ABSTRACT
Purpose. To improve open pits planning and designing methods applicable to determination of
open pits performance by ore in case of stripping steep deposits that provides for variable direction
of sinking, that would take into account different intensity of mining at particular sites of the open
pit working area, as well as co-relation of development system parameters that ensure the basic
stock of ore in the open pit.

Methodology. The methodology of determination the open pit performance by ore is based on the
idea: open pit performance by ore is to be determined with regard to intensity of mining at particu-
lar sites of the open pit working area that meets the requirements of the established procedure for
bench development with respect to the pattern of mining operations. At that it is necessary to take
into account the co-relation of development system parameters that ensure the basic stock of ore in
the open pit, as well as the length of active mining operations front during the preparation period of
each level under development.

Results. The methodology for determination of open pit performance by ore for various methods of
mining operations with regard to the order and intensity of mining at particular sites of the open pit
working area has been developed.

Scientific novelty. The methodology proposed for determination of an open pit performance by ore
makes possible to take into account the co-relation of development system parameters that ensure
the basic stock of ore in the open pit, as well as the length of active mining operations front during
the preparation period of each level under development.

Practical significance. The results of the performed studies can be used by design organizations
and mining enterprises when determining performance of the open pit by ore.

Keywords: width of the work site, length of mining operations front, open pit performance, re-
serves ready to be removed
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YTOUHEHHUE METO/IUKN YCTAHOBJIEHUS CPEJHEI'O
KO®PUIIMEHTA BCKPBILIU ITPA OIIPEJAEJIEHUA KOHEYHbBIX
KOHTYPOB KAPBEPA
© N. Nesvitaylo

CLARIFICATION OF METHODOLOGY FOR DETERMINATION OF
AVERAGE STRIPPING RATIO WHEN DETERMINING THE FINAL PIT

PaccmoTpena HE0OX0AMMOCTh YTOUHEHHUS M JAJBHEUIIIEr0 Pa3BUTHUS METOJOJIOTUYECKHUX TMOJ-
XOJIOB K OMNPEJENICHUI0 KOHEUHBIX KOHTYPOB TIIYOOKHX KapbepOB. BBIIOIHEHBI HCCICIOBAHHUS IO
YCTAHOBJICHUIO BIHMSIHUSI HA BEJIMYMHY CpeaHero KoadduIreHTa BCKphI (GOPMBI U pa3MepoB KapbepHOTO
I10JIs TP PELLICHUH TVIOCKOM W MPOCTPAaHCTBEHHOH 3a/1a4, C LIEIbIO MTOJyYeHUs] HanboJiee TOUHBIX KOHEUHBIX
KOHTYPOB Kaphbepa.
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PosrisiHyTo HEOOXiAHICTh YTOUHEHHS 1 TOJAJBIIOT0 PO3BUTKY METOMOJIOTIYHUX MiIXOIIB 10
BU3HAYCHHS KIHIIEBUX KOHTYPIB IIMOOKHMX Kap'epiB. BuKOHaHI TOCHTIKEHHS IO BCTAHOBJICHHIO
BIUTMBY Ha BEIMYHHY CEPEAHBOTO KOe(illieHTa PO3KpUBY (POPMH 1 PO3MIpIB Kap’€pHOTO MOJIS TIPU
BUPIIIEHHI MJIOCKOI 1 IPOCTOPOBOI 3aJa4, 3 METOI0 OTPUMaHHsS HANOUIBII JTOCTOBIPHUX KIHIEBUX
KOHTYpIB Kap’epy.

BBenenue. B Teopun 1 MpakTUKE OTKPBITBIX TOPHBIX PAaOOT OTHOM M3 OCHOBHBIX
po0sIeM, KOTOpasi BOSHUKAET YXKE Ha CTAIUU MPOSKTUPOBAHMUS, SBISIETCS MpoliemMa
YCTAHOBIIGHUS KOHEYHBIX TPAHUIl KapbhepoB, pa3padaThIBAIOIIUX KPYTOIAa0IINe
MecTopoxkaeHus. Kak mokasbiBaeT aHalIU3 HAyYHO-UCCIIEI0OBATENbCKUX PaboT B ATOU
o0JlacTH, a TaKXKe MpPaKTHUKa MPOCKTUPOBAHUSI KApbEpOB, 3HAYUTEIHLHOE OOJIBIIHMH-
CTBO HUCCJIEIOBAaHUM MOCBAIIECHO PEIICHUIO JIAaHHOMW 3aJlayu C MCIIOJIb30BAaHUEM IPO-
(GUIBHBIX Pa3pe30B MECTOPOXKACHUS, T.€. PEIIaeTCs 3ajladya B MJIOCKOCTH, TaK Ha3bl-
Baemasi “tuiockas 3amada’. CpaBHUTEIBHO Mayio pabOT MOCBSIIEHO PEIICHUIO MPo-
CTpaHCTBEHHOU (00BeMHOI) 3ama4yn. [103TOMY BO3HHKAaeT HEOOXOIUMOCTh B yTOYHE-
HUU U JaJIbHEHIIEM PAa3BUTUN METOJ0JIOTUYECKUX MOAXOA0B K ONPEICICHUI0 KOHEY-
HOU r1yOMHBI Kapbepa U, B YaCTHOCTH, IIPU OMpPENeNIEHuU cpeHero koddduimenrta
BCKPBIIIH JIJIs1 YCJIOBUI OTKPBITOW pa3pabOTKHU IITOKOOOPA3HBIX 3aliexkel, Koraa hc-
MOJIb3YETCS MPUHIUI CPABHEHUS cpeaHero Kor(hdUIMEeHTa BCKPBIIIN C TPAaHUYHBIM,
T.€. K¢p < K,,. DTOT METOAOJIOTUYECKUAN TOAXOJ INPHUEMIIEM IIPU ONPEIEICHUU KO-
HEYHOU TITyOMHBI KapbePOB, pa3padaThIBAIONIUX 3aJI€KH BBHICOKOIEHHOIO MOJE3HOTO
MCKOTIAeMOT'0, TIPOCTHPAIOIIETOCS HAa OTHOCUTENILHO HeOoubInyto riayouny (mo 600-
700 M), KOr/1a MECTOPOKICHHE MOYKET OBITh ITOJHOCTHIO OTPAOOTAHO OJHUM U3 IBYX
CIOCOOOB: OTKPBITHIM UJTU TIOJI3EMHBIM.

N3noxenne ocHOBHOTo Matepuana. OCHOBHbIE UCXOAHBIE MOJOKEHUSIMU HPH
pEIIeHUH TPOCTPAHCTBEHHOM 3a/layM OMpe/eeHUs] KOHEYHOW TIIyOMHBI Kapbepa:
dbopma Kapbepa B IUIAHE MPUHUMAETCS MEPBOHAYAIBHO MPSAMOYTOJIBHON; MPU CII0XK-
HON (opMe KapbepHOro MOJs OHO pa30MBAETCS HA OT/ACJIbHBIE YYaCTKU; 00BEMBI
BCKPBIIIHBIX MOPOJ U MOJE3HOT0 MCKOMAEMOr0 OMPENEISIIOTCS WM aHAJTUTUYECKU
(mpu mpocToii (opMe KapbepHOIo TMOJsl), WIM Ha TMOTOPH30HTHBIX IUIaHaxX (mpH
CJIOKHOH (hopMe 3ajieraHus] MECTOPOXKJICHHUS); METOJ] pelIeHHs 3a1a4un — rpadoaHa-
JIUTUYECKUM.

Crnenyer OTMETUTD, UTO HUKTO U3 aBTOPOB MHOTOUYMCIICHHBIX MCCIIEOBAaHUI HE
JaeT peKOMEHJAIMN B KaKUX CIIydasx CleayeT peraTh 3ajady Kak IJIOCKYH0, a B Ka-
KHX — MPOCTPAHCTBEHHYIO, XOTs, 0€3YCIOBHO, NPHU PEUICHUU MPOCTPAHCTBEHHOM 3a-
Ja4d ToJpa3yMeBaiach 0oJiee BBICOKAsh TOYHOCThH MOJIy9aeMbIX Pe3yJbTaToB. Tak,
HampuMmep, B padotax [1,2] oTMedaeTcst, 9To “NpU ONpPEACIICHUN TITyOMHBI KOPOTKHX
¥ TIIyOOKHX KapbepoB C OTHOIIIEHHEM JUTHHBI K TyOonHe L/H,<4 monb30BaThCs more-
peUYHBIMU pa3pe3amMu He pekomeHayercs . Hubke npuBOASTCS HMCCIEAOBaHUS IO
YCTAHOBJICHUIO BIIMSHUS HA BEJIMUMHY CPEAHETo Kod(duimeHTa BCKpbIu GOpMbI U
pa3MepoB KapbepHOTO MOJIS PU PEIICHUH ITIOCKOW U MPOCTPAHCTBEHHOM 3a/1ad.

B nepBom ciyuae cpeanuii KodQ@PUIIMEHT BCKPHIIIN OMPENEISETCS UCXOIsl U3
npoduibHOro paspesa (puc. 1) mo popmye
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rae H, — xoHeuHas TiyOuHa Kapbepa, M; fc, — CpeIHHI yroi oTkoca Hepabounux 6op-
TOB Kapbepa, rpaj; M. — ropu3oHTaIbHAsl MOUTHOCTH 3aJ€XKHU, M; fs U f, COOTBET-
CTBEHHO YIJIbl OTKOCa HEpabO4YuX OOPTOB CO CTOPOHBI BUCSYErO U JIEKayero OOKOB
3aJIEXKHU.

B dopmyne (1) momHoCTs HAHOCOB H,, HE yYHUTHIBAjJach, a BeauduHa M, npu-
HUMAaJsach PaBHOU B,. 5 B« g

< —

Hk

Bs B

Me=Bd
Puc.1. TlpodunbHbIii pa3pes kapbepa: B,— MHUprUHA Kapbepa 1Mo MOBEPXHOCTH, M;
B,— mpurHa 1Ha Kapbepa, M; o — yroJl [aJIeHUs 3aJ1eXKu, Ipai.

Cpennuii K03 PHUIMEHT BCKPBILIN MPU PEIICHUN 00BEMHOH 3a/a4u OMpe/eIeH
TI0 CJICAYIONIEMY BBIpXKCHHIO (puC. 2).

Puc. 2. O0umii Bu1 kKapbepa B TPEXMEPHOM MPOCTPAHCTBE

S, H. +;Po H? ctgp,) +’3’H,§ .cgf, S, - H,

KC \ _ e nu_ s (2)
P V S[) : HK

rae V., u V,,— COOTBETCTBEHHO 00bEMbI TOPHOU MACChl U TOJIE3HOTO MCKOIAeMOoro,
W3BJICKAEMBIX M3 Kapbepa IIyOuHoun H,, M>; Sy 1 Py — COOTBETCTBEHHO IUIOIAIb U
TIEPUMETp JIHA Kapbepa, M.
C yyeroM TOro, 4to

S, =B, -L,;P, =2(B, +L,),
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B() .LK ‘HK +;2(Bd Ld)H;f 'Ctgﬁcp +;Z.H;§ 'Ctgzﬁcp _B() .LK .HK

Vv
Ko = B L -H B
o kMK

V3
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B,-L,

rae Ly — qrHa nHa kaphepa, COOTBETCTBYIOIIAS JITTMHE 3aJI€KHU 110 TPOCTUPAHUIO, M.
[Tpu BeIBONE hopmyinbl (3) 00BEM HAOCOB MOIIHOCTHIO ), 3ajerarommx Haju
miactoMm, 1.€. V, = H,-M.-L, He yduThIBajICsA Kak ¥ IPU PEIICHUM TUIOCKOM 3a7a4u.
I[To Beime npuBeaeHHBIM (Gopmynam (1) u (3) BBITOJHEHBI pacueThl IS CICTY-
IOIIMX UCXOJIHBIX YCIOBHIA:
L
1. ®opma KapbepHOTo HOJS MPsAMOYrojibHass ( MPU COOTHOIICHHH —~=1 —
0
KBaJpaTHas).
2. lllupuna qua xapwepa ( B,) NpUHATa PaBHON FOPU30HTAIBLHOM MOIHOCTH 3a-

nexu (M.,).

L
3. CooTHOI1IEHNE B—” n3Mmensercd B guamnaszone ot 1 mo 40.
0

4. Koneunas riryOuHa kapbepa (H,); TOpU30HTAIbHASE MOITHOCTD 3aiexu (M.) u
yroJI OTKOCa Hepabounx OOPTOB Kapbepa fcp NMPUHATHI MOCTOSTHHBIMYA BEJIMUMHAMU U
paBHBIMU cooTBeTcTBeHHO: 300 M; 200 M n 45°.

Pe3yabTaThl BBITTOJIHEHHBIX PACUYCTOB ISl KOHKPETHBIX YCIOBHH MpEICTaBICHBI
B Tabn. 1 u Ha puc. 3, U3 KOTOPBIX BHUJIHO, UYTO CPEIHUA KOAIDPHUIIMEHT BCKPHIIIH,
YCTaHOBJICHHBIN MCXOJsI U3 00bEMOB TOPHOM MAacChl B 3a/IaHHBIX KOHTYpax Kapbepa,
U3MCHSCTCSl B 3aBUCUMOCTH OT JIJTMHBI 3aJIeKH (KpUBOJIMHEWHAs 3aBUCUMOCTD). [Ipu
stom BenuunHa K., mis HeGombumx no mHe sanexeit (Lo/By = 1...2), kakumu
SIBJISTFOTCSL IITOKOOOPA3HbIC, 3HAYMTEIbHO mpeBbimiaeT (B 2...2,5 pasza) BenudyuHy
K.,°, OUpe/iesIeHHyI0 UCXO/I U3 PEINEHHs TUIOCKOH 3a1aud, T.e. MO MPOMHILHOMY
paspesy. llorpemHocTh A pemieHus IIOCKOW 3agayd MPU STOM COCTABIISICT
100...250%.

Tabmumna 1
Pesynbratel pacueToB Kod(puunentoB Bekpbimu K,® u K’

IToka3zarens JlnvuHa 3anexxu mo npocTupanuto, Ly,m

200 500 1000 | 2000 | 3000 | 4000 | 6000 | 8000
K.’ 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5
K.’ 5,3 3,0 2.3 1,9 1,8 1,7 1,6 1,53
K., K. 3,53 2,0 1,53 1,27 1,2 1,13 1,07 | 1,02
Lo/By 1,0 2,5 5,0 10 15 20 30 40
L./Bx« 1,0 1,4 2,0 3,3 4.5 5,8 8,25 10
A, % 250 100 53 27 20 13 7,0 2,0
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CrnenyeT OTMETHTh, YTO JuIs 3anexeil Oonbmoi mauHbl  (Lo/By>10) morpem-
HOCTh ompenenenus K,,° oTHOCHTENbHO HeGonmbIuas u coctapiser 2...20%, T.e. s
3HAUUTEIBHO BBITSHYTHIX 1O MPOCTHUPAHUIO KPYTOMATAIONUX MECTOPOXKICHUN
(>7000-8000 m) ompenencare K03(GUIIMEHTOB BCKPHIIIA MOXKET MPOU3BOIUTHCS T10
pO(GUITBHBIM T€0JIOTHYECKUM pa3pe3aM KapbepHOTO TOJI.

KoM

4,0 \

3,0 @ Ko

2,0 . e
1,0

0

1000 2000 3000 4000 5000 6000 7000 Ly,m
Puc. 3. I'paduku 3aBucumoctu K,° = fi(L,) 1 K,¥ = f2(Lo)

< R

A\ 4

Hk

_BCP

Puc. 4. [lpunuunuaibHas cxema KapbepHOIo MoJis PU pa3padoTKe
ITOKOOOpa3HOM 3a1eKu
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PaccMoTpuM BO3MOKHOCTH TTpHMeHeHUs: Gpopmyiasl (1) pu onpeneacHun cpe-
Hero Kod(hPuIMeHTa BCKPBIIIN JJis JIMH30 — WM IITOKOOOPA3HBIX MECTOPOKICHUM
(cM. puc. 4). B kauecTBe MCXOIHBIX NAHHBIX JJIS MPUMEpPA pacyeTa MPUHSITHL. M, =
100 m, B, = 35° H, = 300 M. Benmuuna K,,,° , onpenenennas no popmyie (1), (mioc-
Kas 3a71a4a) B OTOM Cllydae cocTasiser 4,26 M3 />,

Cpennuii ko3dduuuent BCkpbimm K., Ipu pemieHnd oObeMHON 3a1aud s
ITOKOOOPAa3HBIX 3aJexkel onpenensercs no popmyiie

V VZM _V}’lM
ch = —V ’ M3/M3, (4)
rae V., —o0beM ropHoi Macchl B Mpejiesiax KOHTYPOB Kapbepa, M3,
T
V2M=§HK(R2+r2+R-r) M (5)

rine R, r — cooTBeTCTBEHHO pajinyChl Kapbepa M0 MOBEPXHOCTHU U 110 JIHY, M;
OObEM TI0JIE3HOIO UCKOIAEMOTO B TIPEIEIaX KOHTYPOB Kapbepa, M>

V, =a’-H_, . (6)

Kop M3 7
A ”
7

’/
/ A d
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3 / /’/ >’,/
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2 '/ A Zz //
//// ,// / Z
e — 7
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1 L4 = e
A —T =0

P
=

100 200 300 400 500 600 700 H,, m
Puc. 5. I'paduk 3aBucumocreit K,,' (turpuxosas nunus) u K.,° (CIUIonHas JuHUs)
OT KOHEYHOM rimyOunsl Kapbepa: 1,2, u 3 — coorBerctBeHHO Mr=500, 700 u 900 m.

[ToxcraBuB Beipaxenwus (2.12) u (2.13) B (2.11), moryanm
v R*+R-r-2r’

cp = 3 r2 ! M3/M3 H (7)
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B kadecTBe mpumepa 1T TOPHOTEOJIOTHUSCKUX YCIIOBUN 3aJIeTaHus] KUMOEPJIH-
TOBOM TpyOKHn «KaToka» BBITIOJHEHBI PACUEThI 10 YCTAHOBIICHUIO 3aBHCHUMOCTH KO-
>¢dunnentos Bekpeimu K,,° u K., or KoHeuHoM TiryOuHbl Kapbepa H,. Pe3ynbraTs
pacueToB 1o ¢popmyaam (1) u (7) nmpeacTaBiacHbl Ha pUC. 5, U3 KOTOPOTO BUIHO, YTO
norpemHocts Mexay K.,' u K.,° 3HaunmTenbHas u coctapiser B cpeareM 300% npu
M.=500-900 m u H,=500 M. [TprunHO#l pacxokKaeHusi pe3yabTaTOB pEUIeHUs 'TUIoC-
KOW ¥ 00BbEeMHOM " 3a/1a4 110 ONPEACIICHUIO cpeiHero KodhPUIMeHTa BCKPHIIIH SBJIIS-
€TCs TO, YTO B TIEPBOM CJIy4dae HE YUYHUTHIBACTCS 00BbEMBI BCKPBIITHBIX TTOPOJI TOPIIOB
Kapbepa, YACIbHbBIN BEC KOTOPBIX C YMEHBIIICHUEM COOTHOIeHus1 L,/B, yBennunBa-
ercs, a ipu Ly/By= 1-2 popmyna (1) maet 3HauuTenpHyro norpemHocth 250-150%
(cM. Ta6n.l). CootHomenne L,/By=1 cooTBeTCTBYyEeT OKPYIJIoi (hopMe KaphepHOTO
MOJIST KaK W MPHU MITOKOOOPA3HBIX W JIMH3000Pa3HBIX MECTOpOXACHHUSIX. [loaTomy
IIPU OMPEEIIEHUU KOHEUYHOU ITyOUHBI Kapbepa 1o npuHuumny K.,< K., 3T0 HaJl0 y4H-
TBIBaTh, & MIPH OMPEICICHUN CPeIHEro Kod(duUIlMeHTa BCKPHIIIA HA MOJAO0HBIX Me-
CTOPOXKJICHUSX HEOOXOJAMMO OJHO3HAYHO pemniaTh MPOCTPAHCTBEHHYIO 3a7ady C Iie-
JIBI0 TIOJTYYCHHS HanboJIee TOYHBIX KOHEYHBIX KOHTYPOB Kapbepa.

Bonee toro, mpu yMeHbIIIEHUN TOPU3OHTAIIBHONW MOIIHOCTH 3aJI€KU, HAITPUMED
oT 900 M 10 500 M BemMUMHA TTOTPEIIHOCTH MEXKTY chv 5 KCPS COOTBETCTBEHHO CO-
crarisier 150% u 430%, T.e. yBesmuuBaetcs (puc.6). Kak BUIHO U3 TpecTaBICHHBIX
Ha pHC. 5 rpaduKoB, ¢ yBEIUUCHHEM KOHCUHOU TIIYOMHBI Kapbepa pasHHUIA MEXKTY
K., nK,® coorBerctBenno 5,5 u 1,7 m*/m> ipu riryOune xapsepa 500 m.

KCP/
\
3/ 3
M ll\g \
\
14 Y X
12 \\ \\

100 200 300 400 500 600 700 800 900 Mr »

Puc. 6. l'paduku 3aBucumoctu K., (mrpuxosas murus) u K.,° (CIulomHas TuHus)
OT TOPU30HTATIBHON MOIIHOCTH 3aJIeXkH: 1 U 2 COOTBETCTBECHHO
npu H, = 300 u 600 m.
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BbIBoABI. YTOUHEHA METO/IMKA ONPEIEICHUSI CPEIHETO KOA(PPHUIIMEHTA BCKPBI-
mu (Kz) OT IPUMEHUTEIBHO K MECTOPOXKICHHSAM, BBITSHYTHIM IO MPOCTUPAHUIO, a
TaKKe JUIS MTOKooOpa3HbIX. Benmmuunaa cpemnero koddduimenta BCKPHIIIHA IPH Pe-
IIEHHMH TUIOCKOH (IO reosiornueckum paspesam — K,°) M IpOCTPaHCTBEHHON 3a1au
(o o6bemam TOpHOIM Macchl — K,,') CYLIECTBEHHO OTIMYAKOTCA. TaK s OTHOCH-
TenbHO HeOombion 3anexu (Lo/B, = 1...2) BeauuuHa cpeaHero KodpduimeHTa
BCKPBIIIH, HCXOJIS U3 PEIICHHUs IPOCTPAHCTBEHHOU 3a1a4H, B 2...3,5 paza GombIiie mo
CPaBHEHHIO C BETMYMHOMN KOA((UIIMEHTA BCKPHIIIH, OTPEICICHHOM IO MOTIEPEYHOMY
pa3pe3y (Tutockas 3amava) T.e. morpemHocth coctaBisier 100...250%. Jlns 3anexei
OoubIioN muHBI o mpoctupanuio (L,/B,>10) norperHocts cocrasiser 2...20%.
[Morpemnocts Mexay K.,' u K,,° Ul IITOKO - ¥ JIMH300Pa3HbIX 3aJIEKEN COCTaBIIsA-
et B cpeanem 300%. IlosTomy mpu onpeaeneHun cpeaHero ko uineHTa BCKPHIIIH
Ha TOAOOHBIX MECTOPOXKIECHUSIX HE0OXOAWMO OJHO3HAYHO PElIaTh MPOCTPAHCTBEH-
HYIO 33/1a4y C IIeJIbI0 MOJIyYeHHUsI HanboJiee TOUHBIX KOHEUHBIX KOHTYPOB Kaphepa.
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ABSTRACT
Purpose. Clarification of the methodology for determining the average Stripping ratio in open de-
velopment steeply dipping deposits.

The methodology of the study was to establish the impact on the average Stripping ratio of the
shape and dimensions of career fields in the solution of planar and spatial tasks.

Findings. Consider the need for clarification and further development of methodological approach-
es to determining the final contours of deep pits. In the theory and practice of open cast mining one
of the main problems that arises already at the design stage is the issue of establishing final borders
of the pits that develop steeply dipping deposits. As the analysis of research works in this area, and
the practice of design quarry, a large majority of the studies devoted to solving this problem using
the relevant sections of the field, i.e. to solve the problem in the plane, the so-called “flat”. Relative-
ly few works devoted to the solution of spatial (volume) problem. Therefore there is a need to clari-
fy and further development of methodological approaches to the determination of the final depth of
the quarry and, in particular, when determining the average Stripping ratio for an open development
stolarskich deposits when you use the principle of comparison of the average Stripping ratio with
the boundary, i.e., Ksr < Ker.

Conclusions. When determining the average stripping ratio for steeply dipping fields needed to
uniquely solve a spatial task with the aim of obtaining the most accurate end quarries.

The originality lies in the development of a method to determine the average Stripping ratio, which
in contrast to the known, takes into account the ratio of length and width of the quarry along the
bottom, and geometric shape of the reservoir, which allows more accurate to determine the final
depth of the quarry.

Keywords: open pit mining, stage design, the final borders of quarries, stripping ratio, profile sec-
tions.
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