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CaxeTaK: Y 0BOM pagy pasMaTpa Cce onTuMu3aumuja KOHTypa NOBPLUMHCKMX Konosa kopuwhewem Lerchs-
Grossmann mofena y ABOAMMEH3MOHANHOM 06/uKy (2D). OnTwumMu3auuja rpaHuLa NOBPLUMHCKMUX KOMOBA
npeAcTaB/mba OCHOBHUM 334aTaKy MnaHupawy 1 NpojeKToBaky MOBPLUMHCKUX KOMOBA, ca LUbeM OCTBapu-
Barba Hajehe eKOHOMCKe BPeAHOCTU NIEXKMLITAa Y3 UCTOBPEMEHO NOLUTOBAaKE TEXHONOWKNX, 160 TeXHNUKINX
1 EKOHOMCKWX OrpaHuuera. Ypagy je 4aT OCHOBHM (TeopeTcku) okeup Lerchs-Grossmann anropuTma, Kao
1 nprkas moryhHocTu NpumeHe jeaHoc TaeHe 2D onTwumu3ayuje nomohy npolpama 3a TabenapHe npopavyHe
(y pagy je kopuwheH Microsoft Excel), Kpo3 npakTWYHW npumep.

KrbyuHe peun: ONTUMU3ALMNIA, KOHTYPE MOBPLUNHCKOI KOMA, BNIOK MOAEN, LERCHS-GROSSMANN, EXCEL

Abstract: This paper discusses the optimization of open pit contours using the Lerchs-Grossmann model in
two-dimensional (2D). The optimization of open pit boundaries is afundamental task in the planning and
design of open pits, with the aim of achieving the highest economic value of the deposit while complying with the
technological, geotechnical and economic constraints. The paper presents the basic (theoretical) framework of
the Lerchs-Grossmann algorithm, as well as apresentation of the possibilities of applying simple 2D optimization
using a spreadsheet programme (Microsoft Excel was used in the paper), based on apractical example.
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YBO/[, INTRODUCTION

MnaHupake NOBPLUMHCKUX KOMOBA jeflaH je of Planning of open pit mines is one of the key
K/bYYHUX KOpPaKa y py4apcTBy, O4HOCHO Y no- steps in mining, or rather in surface exploita-
BPLUMHCKO]j eKkcnioaTaumju. MNpaBunHo gegu- tion. Properly defined boundaries of an open
HMCaHe rpaHuLe NOBPLUMHCKOI Kona omoryha- pit mine allow for achieving maximum eco-

Bajy MOCTW3awe MaKCUManHOr eKOHOMCKOr nomic effect with optimal management of

123


mailto:sasac@kglgrad.com

Cawvna LiBnjuh, OunwmmumsaLmja KoHLWYpa MOBPUAVHCKUX Kouosa Lerchs-Grossmann 2D Mogenom, MpuMeHoM upoipama 3a wabenapHe npopavyHe (123-141)
Sasa Cviji¢, Optimization of Surface Mine Contours with the Lerchs-Grossmann 2D Model, Using Spreadsheet Programmes (123-141)

edekTa y3 ONTUMANHO yMpaB/bate TPOLUKO-
BUMa OTKPUBKE U eKcrnnoaTauuje. Y npuHLm-
ny, oNTMMK3aLmMja KOHTypa BpwKn ce nomohy
crnewymjann3oBaHNX NPOrpaMCcKMUX NakeTa, anu
Ce OCHOBHW aNroOpMTMK MOTY UMMIEMEHTUpa-
TV W Yy jefHOCTaBHMje anarte, NoNyT nporpama
3a TabenapHe npopadyHe, pagum 06pasoBHUX,
OMepaTMBHUX N UCTPAXKMBAYKMX CBPXA.

3HAYAJ ONTUMUNSALUNIE Y
MOBPLUMHCKOJ EKCII/TIOATALMIN

OnTumM3aumja KOHTYpa NOBPLUMHCKUX KOMO-
Ba MpefcTas/ba jeflaH Of OCHOBHUX npobnema
y NPOjeKTOBakYy U NnaHupawy pPyLapcKunx pa-
fosa. MNpumapHM UMb 0BOr Mpoleca je gegu-
HMCarbe ONTMMasHe 3aBpLUHE KOHTYpe MoBp-
LUMHCKOr Kona Koja 06e36efyje makcumanaH
npothnT pygapckor npojekrta. Mpu Tome, no-
Beharbe TPOLUKOBa OTKOMaBara, TPaHCMopTa
MK npepaje MoXe 6UTK NPUXBAT/LMBO YKOU-
KO BoAM Behem NpodunTy, a CXOAHO HaBeAEHOM,
CBW NapameTpm ce pasmaTpajy y PyHKUuju eKko-
HOMCKOr pesy/iTata, a He U30/10BaHO Y CMUCTTY
NCK/bYYMBOT CMarbeHa TPOLLIKOBA WK MaKCu-
MasIHOT McKopulihera MUHEPaTHNUX pecypcea.

MPEENEA METOOA ONTUMUMIALINIE

CaBpemMeHU MoAenn onTuMU3aLmje KOHTypa
MOBPLUMHCKUX KOMOBa Cy CBEOOYXBATHM 1 NOS-
pasyMeBajy npopayyHe Maca Ha OCHOBY pafHUX
M 3aBPLUHUX Yr0Ba KOCKHA, LieHe MUHEpasHe
CUpPOBMHE, TPOLLIKOBA eKCMaoartaumje, TPOLLIKO-
Ba npepage, nckopuwhewa y KONy v npepaau,
Kao 1 MOryhHOCT NMpoMeHa LieHa U TPOLLIKOBa
TOKOM BpemeHa. KoHayaH 1M360p onTuManHor
peLlerba CUCTEMATCKU Ce NOCTUXE eKOHOMCKOM
aHa/IM30M CBaKe reHepucaHe KOHTYPE, C LUbem
noctu3ara Hajseher moryher npogmTa.

Y AOMeHY cO(hTBEPCKM MOAPXKAHMX peLletsa 3a
ONTUMM3ALMjYy TFpaHMLA NOBPLUMHCKOr KOMa,
[BE HajuCTakHyTWje U Hajmpe npuxsaheHe
MeTofe cy MeTofa ,,nnuBajyher KoHyca™ n me-
Toga ,,Lerchs-Grossmann“

ONTUMN3ALIMIA KOHTYPA
MOBPLUMHCKWX KOINMOBA

OnTumusaumja rpaHuLa NOBPLUMHCKOr Kona
nma 3a uumb ogpehusarbe 0611Ka U JUMeH3Uja
124

discovery and exploitation costs. General-
ly, contour optimization is performed using
specialized software packages, but the basic
algorithms can also be implemented in sim-
pler tools, such as spreadsheet programmes,
for educational, operational and research
purposes.

THE IMPORTANCE OF OPTIMIZATION
IN SURFACE MINING

Optimization of open pit contours is one of the
fundamental problems in the design and plan-
ning of mining operations. The primary goal of
this process is to define the optimal final con-
tour of the open pit mine that ensures maxi-
mum profit for the mining project. In addition
thereto, an increase in the costs of excavation,
transportation or processing may be acceptable
if it leads to higher profits, and accordingly, all
parameters are considered in terms of econom-
ic results, and not in isolation in terms of exclu-
sively reducing costs or maximizing the use of
mineral resources.

OVERVIEW OF THE IMPLEMENTATION
METHOD

Modern models for optimizing open pitbound-
ary conditions are comprehensive and include
mass calculations based on working and finish-
ing slope angles, mineral raw material prices,
operating costs, processing costs, mining and
processing utilization, and the possibility of
price and cost changes over time. The final se-
lection of the optimal solution is systematically
achieved by economic analysis of each generat-
ed contour, with the aim of achieving the high-
est possible profit.

In the domain of software-supported solutions
for optimizing open pit boundary conditions,
the two most prominent and widely accepted
methods are the “floating cone” method and
the “Lerchs-Grossmannmethod.

OPTIMIZATION OF OPEN-MINE
CONTOURS

Optimization of open-pit mining boundaries
aims to determine the shape and dimensions of
an open-pit mine that will provide the greatest
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MOBPLUMHCKOT Kona Koju he 06e36eanTh Hajeehy
€KOHOMCKY fo6ut. Mpobnem ce cBoan Ha banaH-
cupare MpYxofa Of MUHepa/iHe CHPOBMHE Ca
YKYMHUM TPOLLKOBMMA KOjU HacTajy TOKOM OT-
KOMaBara, TpaHCnopTa W npepage pyze, Kao u
ynpas/batba jaIOBUHCKUM MaTepujanom.

OJEONHNCAHKE EPAHNLA NMOBPLUMHCKOE
KOMA 1 UWMBEBU OMTUMW3ALNIE

"paHMLUA NOBPLLUMHCKOr KOMa Huje MpPon3BO/b-
Ha, Beh 3aBucK og;

- TEONIOLIKMX YCNOBA Y NEXMULLTY,
- LieHe MUHepasiHe CUPOBYHE,

- CcTerneHa nckopuwhewa 1 TMNa npunpe-
Me (npepage) MUHepasiHe CUPOBHHE,

- TPOLUKOBA OTKOMaBakb-a v TPaHCMopTa,

- TPOLUKOBA ynpaB/bata U OTKOMaBaka
janoBuHcKor Matepujana (OTKPUBKa,
WHTepCcnojHa 1 MehycnojHa janoBuHa,
janoBMHCKe CTPYKType Yy Henpasun-
HUM PYAHUM Tennma),

- FeOMETPUjCKUX OrpaHuyera CTabuiHo-
CTW KOCWHa.

Mopes, HeNOCPeAHNUX recNOLKNX U TEXHUYKUX
napameTapa, Ha rpaHuue MoBPLUMHCKOI KoMa
3HAYajHO YyTMYUY M CNO/bHU akTopu. To YKbY-
yyje reorpadcke KapakTepucTuke (peke, noTo-
uu...), nocrojehy nHMpacTpykTypy (nyTesu,
npyre, Hacesba) 1 eKONOLLIKA M afMUHUCTPATUB-
Ha orpaHuyerba. KibyyHo je aa ce 0BY CMOSbHU
(haKTOpW MHTErpULLY y EKOHOMCKY aHanusy, jep
ce MOTeHLMjaIHN TPOLUKOBU HUXOBOT M3MeLL-
Takba UK ybnaxasara NpoLeryjy y 04HOCY Ha
€KOHOMCKe KOPUCTY Of MpUCTyna MUHEPSTHUM
pesepBama Koje Ce Haflase UCMOJ HuX.

EKOHOMCKW/ B/10K MOJAE
N KPUTEPWIYMW HETO BPEAHOCTU

Mpouec feuHucarba rpaHuLa NOBPLUMHCKOT
KOrMa 3aCHMBA Ce Ha KOHCTPYKUMju 3D noBpLUK-
Ha Koje npeAcTaB/bajy KOHTYpe U rpaHuLe no-
BPLUMHCKOI KOMa, Y OKBUPY €KOHOMCKOI 6/10K
mogena. Jlexxuiite ce Aev Ha MPeXy jeHaKnX
MWHWMGI0KOBA, NPY YeMy CBakK 610K HOCKU No-
[aTKe 0 CBOM MOJI0Xajy Y BPeAHOCTH, Y3 NOLUTO-
Batbe CTabUTHNX YI/10Ba 3aBPLUHMX KOCMHA.

economic benefit. The problem boils down to
balancing the revenue from mineral resources
with the total costs incurred during mining,
transportation and processing of the ore, as
well as the management of overburden.

DEFINING THE BOUNDARIES OF OPEN-PIT
MINING AND OPTIMIZATION GOALS

The boundary of an open-pit mine is not
arbitrary, but depends on:

- geological conditions in the deposit,
- the price of the mineral raw material,

- the degree of utilization and type of pre-
paration (processing) ofthe mineral raw
material,

- the costs of excavation and transportation,

- the costs of management and excavati-
on of overburden material (overburden,
interlayer and interlayer overburden,
overburden structures in irregular ore
bodies),

- geometric constraints on slope stability.

In addition to the immediate geological and
technical parameters, the boundaries of an
open pit mine are also significantly influenced
by external factors. These include geograph-
ical features (rivers, streams, etc.), existing
infrastructure (roads, railways, settlements),
and environmental and administrative con-
straints. Itis crucial that these external factors
are integrated into the economic analysis, as
the potential costs of their relocation or miti-
gation are assessed against the economic ben-
efits of accessing the mineral reserves beneath
them.

ECONOMIC BLOCK MODEL
AND NET VALUE CRITERIA

The process of defining the boundaries of a
surface mine is based on the construction of
3D surfaces that represent the contours and
boundaries ofthe surface mine, within the eco-
nomic block model. The deposit is divided into
a network of equal miniblocks, with each block
carrying data on its position and value, while
respecting stable angles of the final slopes.
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CBaku 610K gobuja prHaHCKjCKY BPEAHOCT,
Koja ce ofpefyje Kao pasnunka nsmehy npojek-
TOBaHe NpofajHe LieHe KOPUCHEe MUHEPa/THE Cu-
POBVHE 1 TPOLLKOBa OTKOMaBaka U Npunpeme
MVHepasiHe CUpOBUHE. BMIOKOBM ca MUHepan-
HOM CMPOBUHOM WMajy MO3UTWBHY BPeAHOCT
(npodunT), LOK 6/IOKOBM OTKPUBKE OAHOCHO ja-
NOBMHE UMajy HEraTUBHY BPe4HOCT (TpoLUak).

Lnmb onTumm3aunje je noseharbe yKynHe HETO
BpegHocTn (NV) NOBPLUMHCKOr KOMa, LWTO Ce
nocTmxe n36opomM ckyna 6/710KoBa KOju YMHe
ONTUMaHy KOHTYpY. 3a cBaku 610K oanyuyje
Ce [a /1 je YK/bYYEH UMW He, MPKU YeMy ce Mopa
MOLUTOBATM K/bYYHO OrpaHuyere: 60K MOXe
6UTK YKbYYEH CaMO aKo Cy CBW 6/10KOBU W3-
Haj tera, HEONXOAHW 3a OApXKaBakbe CTabun-
HOT yrfa KOCKHe, Takohe yK/byYeHM!.

OBe 3aBWCHOCTM u3Mmelly 06nokoea npeg-
CTaB/bajy ce nomohy ,,iyKkoBa“ nnm ,,ctpenmuya’
y rpagy, WTo omoryhasa npuMeHy anropuTa-
Ma Teopuje rpadosa. Ha Taj HauMH CNOXEHK
reoTeXHUYKK YCM0BY NPeBofe Ce Yy jefHOCTaB-
He mMaTemaTu4yke ogHoce, 6anaHcupajyhu mns-
mMehy npeumn3HoCTN 1 Bp3nHe NpopayvyHa.

KOHLIEENT KOE®NLMIEHTA OTKPUBKE

KoeuunjeHT OTKpuBKe MNpeAcTaB/ba OAHOC
n3mehy KonuuMHe OTKPMBKE KOja ce Mopa
YKIOHWTK 1 ofroeapajyhe KonnumnHe KOpUCHe
MuHepanHe cupoBuHe. OH je K/byYHU noKasa-
Te/b NPUPOSHNX N TEXHUUYKUX KapaKTepucTu-
Ka NexuLTa, jep ogpaxasa 06/MK, NONOXaj
N peb/bHy pyaHOr Tena, CBOjCTBa MUHEpasiHe
CUPOBVHE N OKOJTHUX CTEHA, Kao U KOHuUry-
paunjy TepeHa.

Y npakcu nocToje pasnnuynT 06anum Koegu-
UMjeHTa OTKPWBKE: CpefrM, KOHTYpPHU, rpa-
HWYHK, TeKyhW 1 NAaHCKKU, a npema NpuMeHu
Pa3NKyjy ce reoNoLWKN, eTaXHN 1 EKOHOMCKM
Koe(mumjeHT. TOKOM pa3Boja MOBPLUMHCKOT
Kona Koe(uuMjeHT OTKpMBKE 0O6WYHO pacTe,
jep ce ca wwmMpewem U Npoay6/buBakbeM Mo-
BPLUMHCKOI Kona Hajyewwhe npucTyna MuHe-
pasHAM CUMpOBMHAMa HUWXEr KBanuTeTa Y3
Behe KoOMMYMHe janoBuHe. OBa TeHAeHUM]a
nosehatra ANPEKTHO YTUYEe HA eKOHOMCKY MC-
nnaTMBOCT eKcnoartaymje.
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Each block is assigned a financial value, which
is determined as the difference between the
projected selling price of the useful mineral re-
source and the costs of mining and preparing
the mineral resource. Mineral resource blocks
have a positive value (profit), while overburden
or tailings blocks have a negative value (cost).

The goal of optimization is to increase the
total net value (NV) of the open pit, which is
achieved by selecting a set of blocks that form
the optimal contour. For each block, a decision
is made whether to include it or not, with a key
constraint that must be respected: a block can
only be included if all the blocks above it, nec-
essary to maintain a stable slope angle, are also
included.

These dependencies between blocks are repre-
sented by “arcs” or “arrows” in a graph, which
allows the application of graph theory algo-
rithms. In this way, complex geotechnical con-
ditions are translated into simple mathematical
relationships, balancing between accuracy and
speed of calculation.

CONCEPT OF THE OVERBURDEN
COEFFICIENT

The overburden coefficient is the ratio between
the amount of overburden that must be re-
moved and the corresponding amount of use-
ful mineral raw material. It is a key indicatoSr
of the natural and technical characteristics of
the deposit, as it reflects the shape, position and
thickness of the ore body, the properties of the
mineral raw material and surrounding rocks,
as well as the configuration of the terrain.

In practice, there are different forms of over-
burden coefficient: average, contour, bounda-
ry, current and planned, and geological, bench
and economic coefficients are distinguished
according to the application. During the devel-
opment of an open-pit mine, the overburden
coefficient usually increases, because with the
expansion and deepening ofthe open-pit mine,
lower quality mineral raw materials are most
frequently accessed with larger amounts oftail-
ings. This tendency for increasing directly af-
fects the economic profitability of mining.
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MPOIrPAMCKUW MAKETW 3A OMNMTUMIN-
SALUNIY KOHTYPA

MPErNEL CNEUNIANTIN3OBAHNX POEPAMA
KOJM CE KOPUCTE ¥ PYJAPCTBY

3a onTUMK3aLMjy KOHTYpa U NAaHnpame eKc-
nnoaraymje KOpMCTe ce cneunjann3oBaHmn nNpo-
rpamMcku naketu, Mefy Kojuma ce n3agajajy:

- Whittle Programming: Mo3HaT no cBOjuM
3D 1 4D mogenvma, Koju cy An3ajHMpaHm 3a
reHepucarbe ONTUMaIHUX EKOHOMCKUX KOH-
Typa nospLuMHCKor korna. 4D mogen je cno-
cobaH Aa yrpagu noTeHunjasiHe eKOHOMCKe
MPOMeHe TOKOM BPeEMEHa, LUTO ra YMHU no-
rofHVM 3a yropoYHO niaHupare eKcriioa-
Tauuje v gy6unHCKY aHann3y OCET/bUBOCTH.

- Maptek Vulkan: CseobyxBaTaH Mporpamcku
nakeT 3a MOZenmparbe MOBPLUMHCKUX KOMOBa.
Moceayje thnekcnbunHy 6a3y nogaTtaka Koja
omoryhaBa feTa/bHy aHam3y cagpxaja Mu-
HepasHWX CUPOBMHA, hopMMpatbe eTaxa u
onTUMM3aLujy nonpevyHux npeceka. Maptek
Vulkan nogpxasa 2D n 3D mogenupare 1
HY W KOPUCHWYKU NPUKa3 3a EKOHOMCKY Or-
Tummnsaumjy ca Whittle Pit Optimization.

- Lynx Geosystems (MMS & Micro Lynx+):
Lynx MMS je rpaduukn nakeT 6a3vpaH
Ha UNIX pagHum cTaHuuama. YK/bydyje
mofyne 3a obpajy WM aHanu3y nojaraka,
reofiolWKy WHTEpnpeTauujy, Mogenupare
MOBPLUMHCKNX KOMOBa W MiaHupamwe Au-
Hamuke npoussoAwe. Micro Lynx+ npyxa
peLlere 3a MepcoHa/IHE payyHape ca Mo-
LyNnMa 3a UCTPaXKMBAKLE NIEXULLITA U MOBP-
LUMHCKY eKkcnnoatauujy.

- Micromine: Hyan nakeT nporpama Koju
00yxBaTajy aHanM3y MCTPaXMBatba JEXM-
LUTa, Fe0OKO MOAENMpare, OKOHTYpeHe
MOBPLUMHCKOT KOMa, KOHTPO/Y KBa/InTeTa U
reogeTcke (Mepayke) pagose.

- Datamine Guide System: KapakTepuile
ra WHTEpPaKTUBHO Trpativuko OKpPYXerbe
KOje Oflakliaea nNpukKas v MaHunynayujy
nogaymma u3 6ylwoTnHa, 610K Mogenmma,
2D un 3D wireframe mogenuma (aurutanHu
TEPEeHCKM Mogen), Taukama U M30/nHNja-
Ma. Iogprkasa 3D Mofenvparse nexuiTa,
OKOHTYpere MNOBPLUMHCKOT KOMa W WHTe-
PaKTUBHO MaH1pake NPOU3BOLHHE.

CONTOUR OPTIMIZATION SOFTWARE
PACKAGES

OVERVIEW OF SPECIALIZED PROGRAMMES
USED IN MINING

Specialized software packages are used for con-
tour optimization and mining planning, with
emphasis on the following:

- Whittle Programming: Known for its 3D
and 4D models, which are designed to gen-
erate optimal economic contours for open
pit mining. The 4D model is capable of
incorporating potential economic changes
over time, making it suitable for long-term
mine planning and in-depth sensitivity
analysis.

- Maptek Vulkan: A comprehensive software
package for surface mine modelling. It has
a flexible database that allows for detailed
analysis of mineral content, formation of
layers, and optimization of cross sections.
Maptek Vulkan supports 2D and 3D mod-
elling and offers a user-friendly view for
economic optimization with Whittle Pit
Optimization.

- Lynx Geosystems (MMS & Micro Lynx+):
Lynx MMS is a UNIX workstation-based
graphics package. It includes modules for
data processing and analysis, geological
interpretation, surface mine modelling,
and production dynamics planning. Micro
Lynx+ provides a PC solution with mod-
ules for deposit exploration and surface
mining.

- Micromine: Offers a programme package
that includes deposit exploration analysis,
geological modelling, open pit contouring,
quality control, and surveying.

- Datamine Guide System: Features an in-
teractive graphical environment that fa-
cilitates the display and manipulation of
borehole data, block models, 2D and 3D
wireframe models (digital terrain models),
points, and contours. Supports 3D deposit
modelling, open pit contouring, and inter-
active production planning.

- Surpac Software International: Features a
unigue contour data structure that allows
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- Surpac Software International: Moceayje je-
OVHCTBEHY CTPYKTYpY nofartaka U3onnHuja
Koja omoryhaBa CBakoj Tauku ga nNpuxeaTu
BULLE aTpmbyTa nogataka, omoryhasajyhu
cBeobyxsaTHe 3D npeseHTauuje. Moapxxasa
OKOHTYpeH€e MOBPLUMHCKOT KoMa 1 ofara-
NNLWITa, reofdeTcKy (Mepayky) WHTepnpeTa-
LMjy TepeHa, aHa/In3y MPOU3BOHE U NNaHN-
parbe pekynTusaumje.

- Runge Mining (Talpac, XERAS): Pa3Buja
creumjann3oBaHe MakeTe 3a MNiaHMpare
MPOV3BOAHE, aHaM3y KanauuTeTa onpeme
(Talpac, 3a KaMMOHE 1 MexaHu3auujy) n ge-
Ta/baH NpopayvyH TpoLukoBa (XERAS), koju
YK/byuyje aHanusy ropmea, MHeyMaTuka, no-
TPOLUHWX U pe3epBHUX AeN0Ba, CBe npaheHo
KpO3 aHa/13y TOKa HOBLA.

- Geovariances International (Multipit): Mpo-
rpamcky nakeT [uM3ajHUpaH 3a reoctatu-
CTUYKY OMTUMMU3ALUNjY MOBPLUMHCKUX KO-
MoBa, CnocobaH da OnTMMK3Yje Ha OCHOBY
Pa3NNUUTUX EKOHOMCKUX (DYHKLMja U Tex-
HUYKMX NapameTapa nexuLuTa.

- YHuBepsauTeT y beorpagy (Pygapcko-reo-
NOWKKN (hakynTeT): [JonpuHeo je pas3Bojy
CUMYNaLMOHUX Mofena 3a KOHCTPYKUMjy
MOBPLLMHCKMX KOMoBa, thokycupajyhm ce Ha
KOMMO3WLUjy eTaXKHUX paBHU W Mojeny Ha
MUHWG/OKOBE.

YNOrA OnuwTnNX NPOrPAMA 3A TABEJIAPHE
MPOPAYYHE Y OMNMTUMW3ALNIN

WMako cy cneunjannsoBaHn copTBepu Koju ce
KOpWCTe y pyAapCTBY He3amMer MBI 3a CBEOOYX-
BaTHY 3D onNTUMM3aLMjy BENUKUX NEXULITA,
nporpamm ONTMATE HaMeHe OAHOCHO Tabenap-
Ha npopadyHe nonyT Microsoft Excel-., uMajy
3HaYajHy ynoryy pyaapcKom MHXeHepCTBY.

Microsoft Excel je, uTo he nokasaTn u npakTu-
YyaH npumMep norogaH 3a Lerchs-Grossmann 2D
MOfen, jep teroea CTpyKTypa omoryhasa:

- jacHO pasyMmeBatbe /I0TMKe anropuTma,

- pewasare npobnema Manmx pasmepa u
akagemckunx (06pasoBHMX) Npumepa,
- NpunpeMy 1 ynpae/bakbe nNofauuma,

- TpaHcnapeHTHO npahewe 1 NpoBepy npo-
pauyHa.
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each point to accept multiple data attrib-
utes, enabling comprehensive 3D presenta-
tions. Supports open pit and dump con-
touring, surveying, production analysis,
and reclamation planning.

- Runge Mining (Talpac, XERAS): Develops
specialized packages for production plan-
ning, equipment capacity analysis (Talpac,
for trucks and machinery) and detailed
costing (XERAS), which includes analysis
of fuel, tires, consumables and spare parts,
all monitored through cash flow analysis.

- Geovariances International (Multipit): A
software package designed for geostatisti-
cal optimization of open pit mines, capable
of optimizing based on various economic
functions and technical parameters of the
deposit.

- University of Belgrade (Faculty of Mining
and Geology): Contributed to the devel-
opment of simulation models for the con-
struction of open pit mines, focusing on
the composition of floor planes and the di-
vision into miniblocks.

THE ROLE OF GENERAL SPREADSHEET
PROGRAMMES IN OPTIMIZATION

Although specialized software used in mining
is indispensable for comprehensive 3D opti-
mization of large deposits, general-purpose
spreadsheet programmes such as Microsoft Ex-
cel play a significant role in mining engineer-
ing.

As shown in a practical example, Microsoft

Excel is suitable for the Lerchs-Grossmann 2D
model, because its structure allows for:

- clear understanding of algorithm logic,

- solving small-scale problems and academic
(educational) examples,

- data preparation and management,

- transparent monitoring and verification of
calculations.

Microsoft Excel cannot, on the one hand, re-
place specialized mining programmes, but
on the other hand, it is a valuable tool for
teaching and preliminary analysis, connect-



Cauna LiBnjuh, OnwmmunsaLmja KoHLWypa NoBpLUNHCKUX KouoBa Lerchs-Grossmann 2D Mogenom, MpuMeHoM MpTpama 3a WwabenapHe npopauyHe (123-141)
Sasa Cviji¢, Optimization ofSurface Mine Contours with the Lerchs-Grossmann 2D Model, Using Spreadsheet Programmes (123-141)

Microsoft Excel He MOXe ca jegHe CTpaHe 3amMeHu-
TV CMeumnjann3oBaHe nNporpame y pyaapcrsy, anm
ca fpyre CTpaHe NpeAcTaB/ba BpeAaH anar 3a no-
[lydaBatrbe 1 NpenMMUHapHe aHanunse, nosesyjyhu
TeopujcKe NPUHLMNE ca NPaKTUYHOM MPUMEHOM.

MNPUHLUMM MOAENA
LERCHS-GROSSMANN 2D

Lerchs-Grossmann anroputam (Hactao 1965.
rogvHe) npefctaB/ba MeTof 3a ogpehuBarbe
ONTUMA/IHUX KOHTYpa MOBPLUMHCKOT KOMa.
HberoB npmHLUMN ce 3acHMBA Ha:

1 Togena nexuwTa Ha 6/I0KOBE Y MpeEXmu
(2D nnu 3D).

2. [opersuBakby eKOHOMCKe BpefHOCTW CBa-
KOM 610Ky (NpUX0f4 0f MUHepasHe CUpo-
BUHE YMaeH 3a TPOLLKOBE OTKPUBKE).

3. TlocTaB/barby OrpaHmyetba CTabunHOCTY -
610K Ce MOXe eKCM/oaTucaTit caMmo ako Cy
YKNOHEHN CBU G/TOKOBY U3HAS, Hbera.

4. TlpumeHun Teopuje rpacgoBa, NexuiTe ce
Mofenyje Kao ycMmepeH rpad), rge 4Bopo-
BM MpeAcTaB/bajy 6/10KOBe, a rpaHe npej-
CTaB/bajy 3aBUCHOCTN.

5. TlpoHanaxewy MaKCMManHoOr noArpa-
tha KOju Makcumusyje cymy MO3UTUBHUX
BPEAHOCTU, LWITO AedMHULIE TpaHuLy Of-
TUMaHOT NOBPLUMHCKOT Kona.

OCHOBHE MPETIMOCTABKE U
MATEMATUYKN KOHLIEEMNT

Anroputam Lerchs-Grossmann je meToga 3a og-
pefjuBae ONTUMa/IHE KOHTYpe MOBPLUMHCKOT
KOMa, 3aCHOBaHa Ha eKOHOMCKOM 610K Mogeny
nexuwTta. CBakoM 650Ky Aofervyje ce Bpeg-
HOCT (NpOghUT MK Tpowak), fobnjeHa Kao pas-
NukKa n3mehy Nprxoga of MUHepaaHe CUPOBUHE
M YKYMHMX TPOLUKOBA ekcnjoatauuje v npu-
npeMe MUHepanHe cupoBuHe. Linmb anropntma
je MpoHanaxere KOHTYpe MOBPLUMHCKOP KomMa
Koja 06e36efyje MakcMManHy HETO BPeAHOCT
Y3 NOLUTOBaHE FEOTEXHUYKMX OrpaHnyerba, no-
cebHO CTabuIHUX YrnoBa KOCUHa.

MpegHocT Lerchs-Grossmann MeTofe je y ra-
paHunjn fga pgobujeHa KOHTypa npefacTaB/ba

ing theoretical principles with practical ap-
plication.

PRINCIPLE OF THE MODEL
LERCHS-GROSSMANN 2D

The Lerchs-Grossmann algorithm (developed
in 1965) is a method for determining the opti-
mal contours of an open pit mine. Its principle
is based on:

1 Dividing the deposit into blocks in a grid
(2D or 3D).

2. Assigning an economic value to each block
(revenue from the mineral resource minus
discovery overburden costs).

3. Setting stability constraints - a block can
only be mined if all blocks above it are
removed.

4. Applying the graph theory, the deposit is
modelled as a directed graph, where nodes
represent blocks and branches represent
dependencies.

5 Finding the maximum subgraph that
maximizes the sum of positive values,
which defines the boundary of the optimal
open pit mine.

BASIC ASSUMPTIONS AND MATHEMATICAL
CONCEPT

The Lerchs-Grossmann algorithm is a method
for determining the optimal contour of an open
pit mine, based on an economic block model
of the deposit. Each block is assigned a value
(profit or cost), obtained as the difference be-
tween the revenue from the mineral resource
and the total costs of mining and preparation of
the mineral resource. The goal of the algorithm
is to find the contour of the open pit mine that
provides the maximum net value while com-
plying with the geotechnical constraints, in
particular stable slope angles.

The advantage of the Lerchs-Grossmann meth-
od is that it guarantees that the resulting con-
tour represents an absolute mathematical max-
imum, i.e. no block can be added or left out in
order to increase the profit.

129



Cawvna LiBnjuh, OnwmmumsaLmja KoHLwypa NOBPUAVHCKUX Kouosa Lerchs-Grossmann 2D mMogenom, MpuMeHoM upoipama 3a wabenapHe npopavyHe (123-141)
Sasa Cviji¢, Optimization of Surface Mine Contours with the Lerchs-Grossmann 2D Model, Using Spreadsheet Programmes (123-141)

anconNyTHM MaTeMaTUW4YKN MaKCUMYyM, to jecr
HunjedaH 610K ce He MOXKe AodaTh Uam n3ocTa-
BMTK Aa 6w ce gogatHo nosehao npoguT.

Y Lerchs-Grossmann 2D mogeny npob6nem ce
CBOAM Ha MOMPEeYHM MNPEeceKk MeXuLITa, npu
yeMy je K/byyaH MapameTap yrao 3aBpLUHE
KocuHe ((3z), noBe3aH ca 04HOCOM AMMEH3Mja
6noka (p):

roe cy:
h - BucuHa 6noka [m];
b - wnpwnHa 6noka [m].

BucumHa 6noka ce Hajuewhe y3nmMa Kao BUCUHaA
eTaxe (y NpakTMUYHOM npumepy 5 meTapa), 40K
ce oCTane gnmMeHsuje ogpehyjy npema TexHoso-
ruju paga n ryCTuH/ NCTPaXKHUX nofartaka.

MPOLEAYPA PAJA LERCHS-GROSSMANN 2D
AJIEOPUTMA

Mpoueaypa paga Lerchs-Grossmann 2D anro-
puTMa 3a oapehuBarbe ONTUMANHUX KOHTYpa
MOBPLUMHCKUX KOMOBA 3aCHMBA Ce Ha KpuTe-
pUjyMy ONTUMaNHUX €KOHOMCKUX eekaTta u
nofesbeHaje y Tpu rnasHe ¢hase.

daza 1. YTBphUBake 4mcTor npodumTa cea-
Kor 6/10Ka.

MpeTnocTaBka MeTOAE je Aa ce NPoPUT MOXe
npunmucaTn ceBakom 670Ky noce6Ho, Kaga ce oH
npoBefe Kpo3 cBe (pase Npon3BOAHE Ma Ce Of
BPeAHOCTM rOTOBOI MpPoOM3BOAa 046WUjy yKyn-
HY TPOLLKOBW. [10 ONTUMasIHE TpaHUYHe ay6u-
He MOBPLUMHCKOr KOMa npeko npoguna gona-
31 ce NOCTYMKOM KOjU je nofesbeH y Tpu hase.
Y npBoj (ha3n ce, HAKOH AMMEH3MOHMCaHA
6noKa, yTBphyje uncTt npouT ceakor 610ka
MOMPEYHOr Ha OCHOBY HEroBe TEXWHE, Npu
Yyemy je HeraTuMBHa BPeLHOCT jefHaKa TPOLLKY.
Ha npumep, BpegHocT 6noka (V.) nsHocu [3]:

rae cy:
T - TeXXuHa 6noka [t];
C - npojajHa LieHa MUHepasiHe CMpOoBU-
He UK KoHueHTpaTta [RSD,
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In the Lerchs-Grossmann 2D model, the prob-
lem is reduced to the cross-section of the de-
posit, where the key parameter is the final slope
angle ((3z), related to the block dimension ratio

(P):

tan/;>_

where:
h - block height [m];
b - block width [m].

The block height is generally taken as the height
ofthe floor (in the practical example, 5 metres),
while the other dimensions are determined ac-
cording to the work technology and the density
ofthe exploration data.

OPERATION PROCEDURE OF
THE LERCHS-GROSSMANN 2D ALGORITHM

The operation procedure of the Lerchs-Gross-
mann 2D algorithm for determining the opti-
mal contours of surface mines is based on the
criterion of optimal economic effects and is di-
vided into three main phases.

Phase 1: Determining the net profit of each
block.

The assumption of the method is that profit can
be attributed to each block separately, when it is
applied in all stages of production and the total
costs are deducted from the value ofthe finished
product. The optimal depth limit of the surface
mine across the profile is reached by a process
divided into three phases. In the first phase,
after the block is dimensioned, the net profit of
each transverse block is determined based on its
weight, with a negative value equal to the cost.
For example, the value ofblock (V.) is [3]:

T-CS-P,,
K

where:
T - block weight [t];
C - selling price of mineral raw materi-
al or concentrate [RSD, €, ...];



Cauna LiBnjuh, OnwmmunsaLmja KoHLWypa NoBpLUNHCKUX KouoBa Lerchs-Grossmann 2D Mogenom, MpuMeHoM MpTpama 3a WwabenapHe npopauyHe (123-141)
Sasa Cviji¢, Optimization ofSurface Mine Contours with the Lerchs-Grossmann 2D Model Using Spreadsheet Programmes (123-141)

S- cTeneH uckopuwhera y npunpe-
MV MUHEpasHe CUPOBHUHE;

P .- npoueHaT meTanay 6/710Ky;

K - KBaNUTET MWHEpanHe CUPOBUHE
NN KOHLEHTpaTa.

3a napameTtpe S, P n Kynucyje ce geyumanHa
BpegHoCT y pacnoHy of 0 go 1 AKo Hema npu-
npeme MWHepanHe CUPOBWHE, OJHOCHO Huje
6uTaH npoueHaT KopucHe KomnoHeHTe (K)
ycBaja ce 1 lMonoxaj ceakor 6510ka ogpeheH
je Hymepuukmum cuctemom rge (i) npeacTas/ba
6poj pefa, a (j) npeacTas/ba 6poj KOMOHE.

"eHepasiHo, BpeHOCT 6/10Ka ce CBOAM Ha Mpo-
(hUT MUHYC TPOLUKOBW eKcnjoataunje n npe-
page (Npunpeme MUHepanHe CUPOBUHE).

Mocne n3pavyHaBakba NOYETHUX BPEAHOCTM 3a
CBaku 610K, 3a CBaKy KOJIOHY Ce BPLUWN pauyy-
Hatbe KyMynaTuBHe BpPeAHOCTU npodnTa, Npu
yemy ce BPeAHOCTMW CBAKOT 6/10Kay KOJIOHM [0-
[aJe BpegHOCT npeTxogHor 6noka. OBa cabpa-
Ha BpefHOCT NocTaje HOBa BPeAHOCT 3a MOCMa-
TpaHu 610K. Ha Kpajy oBe (hase gogaje ce pes.

Mpecek jegHOr ekoHOMCKOr 670K mojgena ca
KYMYNaTUBHUM Cymama (NpaKTUYHU Npumep)
npuvkKasaHa je Ha cuum 1

S- degree of utilization in the prepa-
ration of mineral raw material;

P - percentage of metal in the block;

K - quality of mineral raw material or
concentrate.

For the parameters S, P| and K, a decimal value in
the range from Oto lisentered. Ifthereisno prepa-
ration of mineral raw materials, i.e. the percentage
of useful component (K) is not important, 1 is
adopted. The position of each block is determined
by anumerical systemwhere (i) represents the row
number and (j) represents the column number.

In general, the value of a block is reduced to
profit minus the costs of mining and process-
ing (preparation of the mineral raw material).

After calculating the initial values for each
block, the cumulative value of profit is calcu-
lated for each column, whereby the value of
the previous block is added to the value of each
block in the column. This summed up value
becomes the new value for the observed block.
At the end of this phase, a row is added.

A cross-section of an economic block model
with cumulative sums (a practical example) is
shown in Figure 1

Cnuka 1, Mpecek eKoHOMCKOr 6710Ka Moaena ca KymynaTUBHIUM Cymama
Figure 1, Cross-section of an economic block model with cumulative sums

Y 1abenn 1 npukasaH je MpoLec m3padyHa-
Batba KYMyfnaTUBHe BPeAHOCTM npoduTa 3a
6/10KOBe yHYTap jegHe KonoHe (j=6) eKOHOM-
ckor 6710k mogena. MNpukasyje Kako ce npasa
BpPeAHOCT cBakor 6/10Kka CYKLECVMBHO [Aojaje
KYMynaTUBHOj BPefHOCTWM NPETXOAHOr 6/10Ka
YWUCTOj KONOHWU. HbeHa BpegHOCT je y TOMe LITO
jacHO npuKa3syje Kako ce TpaHchopMmuLy noje-
[IMHaYHe BPeAHOCTM 610KOBa y KyMynaTUBHe

Table 1 shows the process of calculating the
cumulative value of profits for blocks within a
single column (j=6) of an economic block mod-
el. It shows how the true value of each block is
successively added to the cumulative value of
the previous block in the same column. Its val-
ue lies in the fact that it clearly shows how the
individual values of the blocks are transformed
into cumulative sums, which is a key prereg-
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CyMe, LUTO je K/by4YHW MpeaycrioB 3a HapegHe
thaze anropmutma Lerchs-Grossmann.

uisite for the subsequent stages of the Lerchs-
Grossmann algorithm.

Tabena 1, Mpouec n3payyHaBarma KyMynallinBHe BpegHOCLUM KONOHEej=6
Table 1, Processfor calculating the cumulative value of column j=6

Peg [MpaBaBpegHOCT 6/10Ka
Row Actual block value

i=1 -4
i=2 7
i=3 7
i=4 7
i=5 7
=6 7
i=7 0
i=8 5
i=9 -4

Mo McTtomM nNpuHUMNY Kao 3a KOMoHy (j=6)
payyHajy ce KymynaTuBHE BpeAHOCTU 3a CBe
oCTane KonoHe. Kafa ce 3a CBe KONOHe 3aBpLUM
pavyHate KymynaTvBHe BpefHOCTU fofaje ce
peq i = 0, Koju cagpXu 6nokose BpegHocTn 0
(cnuka 2).

Cnuka 2, MNM3payyHaTa KymynaTusL

KymynaTuBHa BpeHOCT 6/10Ka
Cumulative block value

-4
3=-4+7
10=-4+7+7

17=-44+ 7+7+7
24=-4+T7+7+7+7

1 =-4+7+7+7+7+7
1=-4+7+7+7+7+7+0
6=4+7+7+7+7+7+0+5
PR=-4+7+7+7+7+7+0+5-4

Following the same principle as for column
(j=6), cumulative values are calculated for all
other columns. When the cumulative value
calculation is completed for all columns, row i
= 0 is added, which contains blocks of value 0
(Figure 2).

epeduocm 3a cee konoue u gogaTu peg i=0

Figure 2, Calculated cumulative valuefor all columns and added row i=0

dasa 2: Popmmpare Kymy/aTuBHe BPeLHO-
CTW 3a Lo NexxuLuTe.

Y o0B0j (ha3u, mM3payvyHaBa ce KyMynaTUBHU
npo¢uT no KonoHama (M ) Ha OCHOBY M3pasa

[31]:
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Phase 2: Formation of cumulative value for
the entire deposit.

In this phase, the cumulative profit is calculated
by columns (M ) based on the expression [3]:

3aq=1I. Z v |
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Tabena 2, Mpukas npnHLmMma hopMupara KyMynallMBHUX BPegHOCLLM
Table 2, Presentation of the principle offormation of cumulative values

Onwuc
Description

Mpouec nounke og 6noka B (1,1) (i=I, j=1).
The process starts from block B (1,1) (i=l, j=I).

AHannsmnpajy ce 0Ko/HM 6/10KOBU KOju ce 'y ogHocy Ha 6510k B (1,1) Hanase:

rope neso 6510k B (0,0),

neso 610k B (1,0) n

fone neso 610k B (2,0).

The following surrounding blocks are analyzed, i

being located in relation to block B (1,1): 0

upper left block B (0,0),
left unit B (1,0) and

lower left unit B (2,0). 2

Op aHanunsnpaHux6nokoBabupa ce oHaj ca Hajsehom BpegHowhy B (0,0).
Herosa BpefHOCT ce cabupa ca BpegHowhy noyeTHor 610ka B (1,1).
OBa 36upHa BpegHOCT ce ynucyje y 6nok B (1,1) ymecTo Herose
opuruHanHe spegHoctun. M3 6noka B (1,1) upTa ce cTpenuua Ka 6/10Ky ca
Hajsehom BpegHoLLhy.

From the analyzed blocks, the one with the highest value B (0,0) is selected.
Its value is added to the value of the initial unit B (1,1).

This sum value is written to block B (1,1) instead of its original value. An
arrow is drawn from unit B (1,1) to the unit with the highest value.

OBa aHa/nM3a ce HacTaB/ba 3a 0cTane 6/10KoBe
Y KOJIOHU, a 3aTuM Ce Lie0 MpoLec CNpoBOAU
3a CBaKy HapefHy KOMOHY (ca neBa Ha fJec-
HO). Ha Taj HauuH ce gobuja KymynaTuBHa
BPELHOCT 3a LEeno NexuiTe, a CTpenuue no-
KasyJy npasue npyxawa 610KkoBa ca Behum
cagp>xajeM KOpWCHe KOMMOHeHTe (Tabena 2
n cnuka 3).

This analysis is continued for the remaining
blocks in the column, and then the entire pro-
cess is carried out for each subsequent column
(from left to right). In this way, a cumulative
value is obtained for the entire deposit, and the
arrows show the directions of the blocks with a
higher content of the useful component (Table
2 and Figure 3).

Cnuka 3, Mi3pauyHaTa KymynalivMBHa BPeAHOCT 3a LieNo NexKuLLnie
Figure 3, Calculated cumulative valuefor the entire deposit
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daza 3. OgpehnBare oONTUMasiHE KOHTYype
NOBPLUMHCKOI KoMa.

Y nocnefm0j hasu nspadyHasa ce MakKCUManHu
npoguT (P ) A0 Heke Mmoryhe KOHTYpe NOBpPLUWH-
CKOr Koma Koju yK/byuyje 610K (i, j) Kao rpaHuy-
HW eNeMEHT, MOXe Ce NpeAcTaBMTK n3pasom [3]:

Phase 3: Determining the optimal contour of
the open pit.

In the last phase, the maximum profit (P ) is cal-
culated up to some possible contour of the open
pitthatincludes block (i,j) asaboundary element,
which can be represented by the expression [3]:

+MaxriPnr.j-i

Kako je r = -1, O, +1, omoryhaBa ce y3nMate
OHOr KymMynaTuBHOT npoduTa n3 KonoHe (j-1)
KOju je MakcumanaH. owTo ce ycBOju Bpes-
HoCT 3a (r), NpaBaLl, NpemMa Tako getMHUCaHOM
610Ky ce 03Hauu upTuuomM. Mpatehn npasue
onTUManHor npoduna jeAHOCTaBHO Ce A0nasn
[0 ONTYMa/He KOHTYpPe MOBPLUMHCKOT KOMa Ha
npoguay 1 kerose rpaHnyHe gybuHe. MowTo
ce ynopeje v ycknaje cav monpeyHu npodunu
NneXkuuTa onasn ce Ao HajsepoBaTHUjer onTu-
Ma/THOT Y34Y>KHOr npoguna, a 3aTum 1 4o on-
TUMa/IHe KOHTYpe NMOBPLUMHCKOT Kona.

Ha ocHOBY rope u13HeTor, aHann3npajy ce 6710Ko-
BM y npBom peay (i=l), c agecHe Ha neBy CTpaHy,
ca LUWbeM Hanaxera OHOr ca Hajsehom Bpef-
Howhy. HaupTaHe cTtpenuue ynyhyjy Ha gpyru
610K ca fiecHe cTpaHe (KofoHaj = 18, pegi = 1,
ca BpegHoLwhy +157). OBaj 610K je npBu Koju he
6UTK 3axBaheH 3aBPLLUHOM KOHTYPOM Ca JecHe
cTpaHe. MNpaherem npaBava CTpenula of 0BOr
6n1oka Hafjasbe, fobuja ce onTMMasHa KOHTypa
noBpLUIMHCKOr kona (cnuka 4). KymynaTuBHa
BPeSHOCT 0BOr 6/10Ka 3anpaBo NpeAcTaB/ba YKy-
naH Npuxof 3a ONTUMaHY KOHCTPYKUW]Y.

Sincer =-1,0, +1, itispossible to take the cumu-
lative profit from column (j-1) that is maximal.
After the value for (r) is adopted, the direction
towards the block thus defined is marked with
a dash. By following the directions of the opti-
mal profile, the optimal contour of the open pit
on the profile and its limiting depth are sim-
ply reached. After comparing and matching
all the transverse profiles of the deposit, the
most probable optimal longitudinal profile is
reached, and then the optimal contour of the
open pit.

Based on the above, the blocks in the first row
(i=1) are analyzed, from right to left, with the
aim of finding the one with the highest value.
The drawn arrows point to the second block
on the right (columnj = 18, column i = 1, with
the value +157). This block is the first to be
affected by the final contour on the right. By
following the directions of the arrows from this
block onwards, the optimal contour of the open
pit is obtained (Figure 4). The cumulative value
of this block actually represents the total reve-
nue for the optimal design.

Cnuka 4, OgpehuBarbe oULLIMMaNHe KOHLLYpe MOBPLUUHCKOT Kona
Figure 4, Determining the optimal contour of an open pit

Lerchs-Grossmann MeTogaje npBo6uLLIO pa3Buje-
Ha Kao rpagmuka 2D MeToa 3a py4yHy ynotpedy
Ha BepTUKanHUM npeceyymMa. OBako TpaHchop-
mucaH 610K Mofen omoryhasa jo6ujarbe CymapHe
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The Lerchs-Grossmann method was originally
developed as a graphical 2D method for man-
ual use on vertical sections. The transformed
block model allows obtaining a summary value
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BPEAHOCTM 3a Lie0 MPOCTOp OTKOMaBawa, cabu-
pajyhn camo BpeaHOCTU Y 6/10KOBMMA KOjU Niexe
Ha rpaHM4HOj NMHKUjK (MOBpPLUK) Koma.

MPEAHOCTN N OTPAHUYEHA
LERCHS-GROSSMANN 2D MOJENTA

MpegHocTh. [BoAvMeH3noHanHu Lerchs-Gros-
smann Mofen MMa 3HayajHe NpPesHOCTN Y of-
peheHnm cuTyaumjama. lMpe cBera, jeaHoOCTaBaH
je 3a nporpamupatse 1 pasymeBate y nopehewy
ca cnoXkeHnjum 3D mofenumMa. Ynpaso Ta jefiHo-
CTaBHOCT ra YMHW NOrofiHUM 3a 06pa3oBHe CBp-
Xe 1 32 UyCcTpaLujy OCHOBHUX NPUHLUMUNAE ONTU-
Mu3aLmje KOHTypa NoBpLUMHCKOr Kona. Mogen
omoryhaBa n gemHucarbe MUHUMaTHUX AUMEH-
3uja gHa NOBPLUMHCKOr Kona, yBogehn gofatHa
orpaHuyerba Kafaje noTpebHo. Mictopujcku rne-
[laHo, Herosa rpaguyka npupoga omoryhuna je
PYUYHY NPUMEHY Ha BEPTUKATHUM MpeceLumMa,
LUTO je MMano nocebaH 3Ha4aj rnpe Hero LWITO je
payyHapcTBO NOCTAsO LUMPOKO AOCTYIMHO.

OrpaHunyera. Mnak, Lerchs-Grossmann 2D Mo-
[en npeacTaB/ba MNOje4HOCTAB/LEHE  PeaHor
cTawa Ha TepeHy. OH nogpasymesa YyjefHade-
HO NeXULLTe N0 MpYXKaky, LUTO je PEeTKO Cyyaj
y npakcu. 360r Tora He MOXe Yy NOTNYHOCTW Ja
06yxBaTu TPOAMMEH3NOHA/IHE 3aBNUCHOCTU Mehy
6/10KOBMMA N YeCTO He fdaje rnobasiHo onTuMa-
HO pellere 3a CMOXeHa pyaHa Tena. Tako, Ha
npvMep, MeTofa KOHyca, Mako jeflHoCTaBHa 3a
MpUMeHy, YeCTO [OBOAM [0 KOMMpOMMca: Mpo-
(hmTabunHu 6/10KOBM MOrY OCTaTW M3BaH KOH-
Type, a HenpouTabmnHM 6710KOBU MOry 6UTK
YK/bYUEHN 3601 TEXHUUKMX OrpaHnyera. Takohe,
2D npucTyn He ycnesa fla MOBEXeE pa3nnunTe fe-
NIOBE NeXXMLLTa aKo Ce OHU NocmaTpajy OfABOjeHo.

Ca pa3Bojem payyHapcKe TEXHUKE, OrpaHuyera
TpogumeH3noHanHor Lerchs-Grossmann anro-
puTMa cy npesasufeHa. [laHac noctoje 6pojHK
cneuujann3oBaHn MPOrpaMcku NMakeTu 3acHo-
BaHW YMpaBo Ha 0BOj METOAM, Ca ayTOMaTCKMUM
aHa/IM3aMa eKOHOMCKe OCET/bMBOCTU U MOryh-
Howhy o6page BenvKor 6poja 6/10KoBa.

MPAKTUYAH MNMPUMEP

3a npakTuyaH npuMep y3eT je jeaaH npodun ca
NeXxunTa KepaMmnuke raviHe ,,[ipeH* kog Jlasa-
peBUa, Ha Kome npegysehe ,,Konyb6apa-Epahe-

for the entire excavation area, summing only
the values in the blocks lying on the boundary
line (surface) of the excavation.

ADVANTAGES AND LIMITATIONS OF
THE LERCHS-GROSSMANN 2D MODEL

Advantages. The two-dimensional Lerchs-
Grossmann model has significant advantages
in certain situations. First of all, it is easy to
program and understand compared to more
complex 3D models. It is precisely this simplic-
ity that makes it suitable for educational pur-
poses and for illustrating the basic principles of
surface mine contour optimization. The model
also allows for the definition of minimum di-
mensions of the bottom of a surface mine, in-
troducing additional constraints when neces-
sary. Historically, its graphical nature allowed
for manual application on vertical sections,
which was of particular importance before
computers became widely available.

Limitations. However, the Lerchs-Grossmann
2D model is a simplification ofthe real situation
in the field. It assumes a uniform deposit along
the strike, which is rarely the case in practice.
Therefore, it cannot fully capture three-dimen-
sional dependencies between blocks and often
does not provide a globally optimal solution
for complex ore bodies. For example, the cone
method, although simple to apply, often leads
to compromises: profitable blocks may be left
out of the contour, and unprofitable blocks may
be included due to technical limitations. Also,
the 2D approach fails to connect different parts
of the deposit if they are viewed separately.

With the development of computer technol-
ogy, the limitations of the three-dimensional
Lerchs-Grossmann algorithm have been over-
come. Today, there are numerous specialized
software packages based on this method, with
automatic economic sensitivity analyses and
the ability to process a large number of blocks.

PRACTICAL EXAMPLE

A practical example is taken from a profile
from the ceramic clay deposit “Dren” near La-
zarevac, which is mined by the company “Kol-
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BUHap* 4.0.0. J/lazapesay, u3 flasapesLia BpLUn
ekcnaoarayujy.

Kpenpatbe Tabene/matpuue  eKOHOMCKMX
BpeAHOCTM 6nokoBa (cnuka 5). Y Tabnuuy/
mMaTpuuy ce yHoce BpegHocTH 6/710KoBa (Hera-
TWBHE BPEAHOCTW MpeAcTaB/bajy 6/10KoBe ca
ryouTKoMm, NO3NTUBHE ca LOOUTKOM). 3aTuM ce
yCcrocTaBe rpaHuLLe 3ayc/iioBHO (hopmaTtumparbe
KOjU UCTUYY Hajno3nTUBHNje 6n10KoBe (y Npu-
mMepy -4 je Hajmaru, a 7 je Hajsehn npoduT).
LLinpnHa 6noka je 10 meTapa, a BucmHa (jeaHa-
Ka NpOojeKTOBaHOj BUCUHE eTaxe) 5 meTapa.

ubara-Gradevinar” d.o.o. Lazarevac from Laza-
revac.

Creating a table/matrix of economic values of
blocks (Figure 5). The values of the blocks are
entered into the table/matrix (negative values
represent blocks with a loss, positive values
with a profit). Then, the boundaries for condi-
tional formatting are established that highlight
the most positive units (in the example -4 is the
smallest, and 7 is the largest profit). The width
ofthe unitis 10 metres, and the height (equal to
the designed floor height) is 5 metres.

Cnuka 5, Tabena/malllpyua eKOHOMCKMX BpeAHOaun 6nokoea
Figure 5, Table/matrix of economic values of blocks

Tabena/matpuua KymynaTuBHor 36upa no pe-
fosuma (cnvka 6). Y henunjy Cl4 yHocuMmoO
,=C3“ OBa (hopmyna ce Konupa ¥ NoBnayun
[leCHO 1 ioNne 0K ce He nonyHu oncer D14:U14.

3aTum ce y hennjy 05 ynucyje ,,=C14+C4*
a oBa (popmyna ce nosnaym (Konupa) AecHO u
[lofie 0K ce He nonyHu oncer C15:U22.

a ¢ D t v G H 1 J
1T 4@ 1 2 3 4 5 6 7 5
1 4 4 4 -J -4 1 -4 J 4
2 S a a 3 3 3 3 a
P 3 ri2 12 1C 10
4 mit is -t 17 17 17 17 5
a 220 -20 li 24 24 24 24 2
s 34 2N IS 20 a 31 21
7 28 23 19 16 20 31 31
s = 32 =3 2 25 36 36 10
9 36 -3 27 17 21 | 32 32 6

13
13
20
16
21
17

Table/matrix of cumulative sum by rows (Fig-
ure 6). Into cell 0 4 we enter “=C3” This for-
mula is copied and dragged to the right and
down until range D14:U14 is filled.

Then we enter “=C14+C4” into cell 05 and
this formula is dragged (copied) to the right
and down until range C15:U22 is filled.

L M NiO P (@] R g r

10 11 12 15 M is 16 17 le 19

-d 4 [ 3 -d -4 -4 jd -4 d -d 1
3 31 3 -5 3 j 3 a -3
10 1 -1 10 1 12

13 2 13 5 t 5 [ -i it =$
3 T 9 -9 2 2 2 -9 20 20 |
20 3 16 -2 5 9 -2 -13 -id -2d |
16 5 12 12 -6 17 28 23 1
21 0 17 -3 8 1 -0 21 32 w1
17 6 J1z -7 4 3 14 -as 36

Cnuka 6, Tabena/malupuua KymynawnsHor 36upa 1o pegosuma
Figure 6, Table/matrix of cumulative sum by rows

Tabena/mMatpuua obpadyHaTor KymynaTuBHOr
npotuTta (cnuka 7) ce upahyje (o6payyHasa)
0f, neBe Ka fAecHoj cTpaHu. Hajnpe ce gopgaje
136

The table/matrix of the calculated cumulative
profit (Figure 7) is created (calculated) from
left to right. First, a row is added (in the ex-
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pea (y npumepy to je ped 25) ca BpeAHOCTMMA
0 (y oncery B25:U25), a 3aTum 1 KonoHa B (y
oncery B25:B34).

Y hennjy B26 yHocumo ,,=C14“ (npeHoLlehe
BpPe4HOCTKW, NPBU ped apyre Tabene/marpuue
KyMynaTuMBHM 36Up No pegoBmma). 3aTum ce
oBa (popmMyna nosnaum (Konupa) AyX Ko/oHe
By oncery B27:B34.

Y henunjy C26 ynucyjemo ,,=C14+MAX(B25:B27)".
OBa ¢opmyna ce nosnayn (kKonwupa) pgec-
HO 1 fone 40 NpeTnocnefwer pega y oncery
C26:U33.

Y nocneawem pegy y Tabenu, ogHOCHO y he-
nnjy C34 ynucyjemo ,,=C22+MAX(B33:B34)".
3aTum ce oBa hopMmyna nosnavm (Konupa) gyx
pefa 34y oncery C34:U34.

Tauka oTBaparba, OAHOCHO rpaHuLLa NoBPLUIWH-
CKOr KoMa npukasaHa je y hennju W26. To je
MaKc/MaiHa BpefHOCT BpefHOCTU M3 orcera
C26:U26 1 3a 0Baj npumep OHa M3HocK 157, Tako
[laje Tauka oTBapare ca fIeCHe CTpaHe npodnna
y (oceHueHoj) hennju T26. Y hennjy W24 Heon-
X0AHo je ynucatu ,,=MAX(C24:U24)",

m B c 0 E F G H 11
0 | 2 3 4 i 5 T 9
n 0 0 0 0 t 8 0 5 0
= w 4 w 4 4 2 6 3
8 w11 w I 12 6 3
t 12 a 24 1 2% z 9 » o 16
ke it 13 jk 1 ) 1 u. # LY 67
Y* > [B 2 [4 16 17 41 g2 el
M i 44 149 w7 i 43 17 B6

it W28 152 72172 17 7 3 77 Bl |
13 9 3B n M s8 21 » 21 B
1 5 |/| * [ 3 1 -re 3y ID e 77

[

11D
106

EEE§Bgo T -

126
131
127

ample, row 25) with the values 0 (in the range
B25:U25), and then column B (in the range
B25:B34).

In cell B26, we enter “=C14” (transfer ofvalues,
the first row of the second table/matrix is the
cumulative sum by rows). Then this formula is
dragged (copied) along column B in the range
B27:B34.

In cell C26, we enter “=C14+MAX(B25:B27)".
This formula is copied to the right and down
to the penultimate row in the range C26:U33.

In the last row in the table, i.e. in cell C34, we
enter “=C22+MAX(B33:B34)” This formula is
then copied along row 34 in the range C34:U34.

The opening point, i.e. the boundary of the
surface mine, is shown in cell W26. This is
the maximum value of the values in the range
C26:U26 and for this example it is 157, so the
opening point is on the right side of the profile
in the (shaded) cell T26. In cell W24, it is nec-
essary to enter “=MAX(C24:U24)”"

M N 0 f q L S T U
n 12 3 4 15 16 17 to
,JL

o 8 t g ¢ p o 1138 He*
Ne 92 112 131 Ul 121 1w Ib? 1M nsn
9% 115 128 145 15 158 161 156  15?

113 133 142 192 1S1 U4 184 IBS 153

1Z3 143 141 1» 143 163 117 161 K1
"t> 1 14t 141 151 i v W o ox e 1x7 141

137 153 151 153 176 165 149 133

136 153 1S9 171 176 174 161 141 uii

141 lie IH 167 _ _ 166 153 125 109

13 154 1M1 1, 364 J M1 117 wm

Cnuka 7, Tabena MalLpuLa obpadyHaLLor kymynaTusHol™ npodouLLa
Figure 7, Table of calculated cumulative profit matrices

Tabena/matpuua ogpehmBara KOHTYpa NoBp-
LUMHCKOI Kona Ha npoguny (cnuka 8). Y he-
nunjy C37 yHOCMMO:

,=IF(C26=$W$26;IF(AND(B27>=B26;B27>=
B25);l;IF(B26>=B25;2;3));|IF(OR(D38=3;D37

=2);IF(AND(B27>=B26;B27>=B25);1;IF(B26>
=B25;2;3));0))"

3aTum ce oBa hopmyna nosnaym (Konupa) gyx
pegay oncery C37:U37.

Table/matrix for determining the contours of a
surface mine on aprofile (Figure 8). In cell C37
we enter:

,=IF(C26=$W$26;IF(AND(B27>=B26;B27
>=B25); 1;IF(B26>=B25;2;3)); IF(OR(D38=
3;D37=2);IF(AND(B27>=B26;B27>=B25);1;
IF(B26>=B25;2;3));0))“

Then this formula is dragged (copied) along
the row in the range C37:U37.

137



Cawvna LiBnjuh, OunwmmumsaLmja KoHLWYpa MOBPUAVHCKUX Kouosa Lerchs-Grossmann 2D mMogenom, MpuMeHoM upcnpama 3a wabenapHe npopavyHe (123-141)
Sasa Cviji¢, Optimization of Surface Mine Contours with the Lerchs-Grossmann 2D Model, Using Spreadsheet Programmes (123-141)

3aTum y hennjy C38 ynucyjemo:

,=IF(OR(D37=3;D36=2;D35=I);IF(AND(B26
>=B25;B26>=B24);1;IF(B25>=B24;2;3));0).

Osa ¢opmyna ce nosnayn (Konupa) pgec-
HO W fofne A0 NpeTnocnefwer peja y oncery
C38:U44.

W Ha Kpajy, y nocnegtem pegy y tabenu, og-
HocHOo Yy hennjy C45 ynucyjemo ,==IF(OR(D
44=1;D45=2);IF(B34>=B33;2;3);0)*. 3atum ce
oBa (hopmyna noenaum (Konupa) gyx pega 35
y oncery D45:U45.

Pagn npernegHoCcTU, W3BPLUEHO je YCMOBHO
obnukoBare henuja y Tabenn rae cy oceHde-
He henuje Koje umajy BpegHocT henwuje Behe
og 0 (Hyna). Y cywTuHW, oceHdyeHe henuje
npeLCcTaB/bajy KOHTYPY NOBPLUMHCKOT KOMa Ha
npegMeTHOM npoduy.

[JoperseHe 6pojuaHe BpegHocTn y Tabenm (0,1,2,
3), Cy 3anpaBo 3aMeHa 3a CTpesmue 1 03Ha4aBajy:

- 0 - HeyTpanHa BpegHocT (npasHa henuja),
- 1- cTpenuuagunjaroHanHo Ha neso gone (),
- 2- cTpenuua Ha neso ( «- ),

- 3- cTpenuuafgmjaroHasHo fieBo Harope (™).

f G H 1

<

w
- o
~ o
w -

4 5 6 7 &

a 1 3 0 0 D —i 1c¢ 0 0
3 2 c 310 0 Q 1o 0 0
3 a 0 3 % s 10 0 0

L] 0 0 0 3 0 10 0 0

Q 5 0 0 0 t 3 D 0 0
6 0 0 n : 3 0 1

7 c 0 0 0 Q 0 3 0

q 4 0o 6 fF a '] 0 0 0
0 0 0 0 0 c 0 0

o o

o —on oo

Then in cell C38 we enter:

“=IF(OR(D37=3;D36=2;D35=I);IF(AND(B26
>=B25;B26>=B24);1;IF(B25>=B24;2;3));0).

This formula is dragged (copied) to the right
and down to the penultimate row in the range
C38:U44.

And finally, in the last row in the table, that
is, in cell C45 we enter “==IF(OR(D44=I;D4
5=2);IF(B34>=B33;2;3);0)". Then this formula
is dragged (copied) along row 35 in the range
D45:U45.

For clarity, conditional formatting of cells in
the table has been performed, where cells with
a cell value greater than 0 (zero) are shaded. Es-
sentially, the shaded cells represent the contour
of a surface mine on the profile in question.

The assigned numerical values in the table (0,
1, 2, 3) are actually substitutes for arrows and
indicate:

- 0- neutral value (empty cell),
- 1- arrow diagonally down to the left ( ~ ),
- 2- arrow to the left ( «),

- 3- arrow diagonally up to the left (" ).

L M N 0 p [o] R S

Ifl 11 12 13 14 19 1« 17 13 19
0 0 0 0 0 0 0 0 t 0
0 0 0 0 0 1 2 1 0 0
» 0 0 1 : * 0 > 0 0
0 ¢ jp, O ©m 0 o0 0 0 O
0 1 c 0 0 0 0 0 D 0
* 'mQ o " 0 Q a 0 0
0 c 0 0 0 Q 0 0 0 0
" D 0 < ) > 0 6 0 6
0 0 0 0 0 0 0 0 0 Ne

Cnvka 8, Tabena/malupuua ogpehrsarba KOHLYpa MOBPLUMHCKON Koua Ha npoduny
Figure 8, Table/matrixfor determining the contours of the surface mine on the profile

Tabena/matpuua nposepa henuja (6noka) (arn-
ica 9) Koje y4ecTBYyjy Y KOHTypama NOBPLUNH-
CKOT Koma Ha npoduny. Y nocneftem pegy, y
henmjun C56 yHocumo: ,=C45“ (NpeHoLLeHE
BpPegHOCTK, nocneawn pen Tabene/maTpuue
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Table/matrix for checking the cells (blocks)
(Figure 9) that participate in the contours of
the surface mine on the profile. In the last row,
in cell C56, we enter: “=C45” (transfer of val-
ues, the last row of the table/matrix for deter-
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ofpefuBarba KOHTYpa MOBPLUMHCKOr Kona Ha
npoduny). Osa ce hopmyna nonayu (Konmpa)
Ly pepa 56 y oncery D56:U56.

3atum y hennjy C48 ynucyjemo
,=IF(OR(C37>0;C49>0);1;0)*. OBa ¢hopmyna
ce nosnayn (Konupa) AECHO W Aone Ao npeT-
nocneaer pega (y Kojem cy Beh yHeTte hopmy-
Ne - ONMUcaHo y NPeTX04HOM nacycy) y oncery
C48:U55.

Pagun npernegHoCTyW, M3BPLLEHO je YCOBHO 06-
nukoatrbe henuja rae cy 6/10K0BU Koju ynase y
cacTaB MOBPLUMHCKOT KOMa OCEHYEHE jefHOM
60jom (6pojuyaHO O3HauyeHW 6Gpojem 1), a OHM
KOju He ynase gpyrom 6ojom (6pojyaHo o3Haue-
HK 6pojem Q).

mining the contours of the surface mine on the
profile). This formula is dragged (copied) along
row 56 in the range D56:U56.

Then in cell C48, we enter
“=IF(OR(C37>0;C49>0);1;0)". This formula is
dragged (copied) to the right and down to the
penultimate row (in which formulas have al-
ready been entered - described in the previous
paragraph) in the range C48:U55.

For clarity, a conditional cell formatting was
performed where blocks that are part of the
surface mine are shaded in one colour (numer-
ically designated as 1), and those that are not
part of the mine are shaded in another colour
(numerically designated as 0).

Cnuka 9, Tabena/maTpuua nposepa henmja (6noka) Koje y4ecTBYjyy KouTypama
noBpuaTCcKor Kona
Figure 9, Table/matrixfor checking the cells (blocks) thatparticipate in the contours
ofan open-pit mine

Tabena/mMatpuua MakcuMManHe BpeaHOCTU
nonpeyHor npoguna (cnmka 10). Tlactana je
Kopuwhewem nogataka u3 Tabene/matpu-
Lle eKOHOMCKUX BpeAHoOCTM 6/10KoBa (Cnmka
5) n Tabene/matpuue nposepa henuja (6n0-
Ka) (cnuka 9) Koje ydyecTBYjy Y KOHTypama
noBpLKHCKOr Kona. Y hennjy C59 yHocumo
,,==IF(C48=I;C3;”-")* OBa thopmyna ce Konu-
pa 1 NoBfiayu LecHO W [0Ne JOK Ce He NOoMyHU
oncer C59:U67.

YKynHy BpegHocT npoduna pgobuja ce y
hennju W59 y Kojy je yHeTa opmyna:
,»=SUM(C59:U67)“. Nobuja ce BpegHOCT 0f
157. OBa BpeHOCT je jefiHaKa Bpe4HOCTH Koja
je nobujeHa y Tabenu/matpuumn obpadyHaTor
KymynaTusHor npouta (cnuka 7) y henuju
W26.

Table/matrix of maximum cross-sectional val-
ues (Figure 10). It was created using data from
the table/matrix of economic values of blocks
(Figure 5) and the table/matrix of cell (unit)
checks (Figure 9) that participate in the surface
mine contours. In cell C59, we enter «==IF-
(C48=I;C3;»-»)». This formula is copied and
dragged to the right and down until the range
C59:U67 is filled.

The total value of the profile is obtained in cell
W59, where the formula: «<=SUM(C59:U67)» is
entered. The value obtained is 157. This value is
equal to the value obtained in the table/matrix
of calculated cumulative profit (Figure 7) in cell
W26.
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Cnuka 10, Tabena/malupuua MmakcMmanHe BpeHOCLLY MOMPeYHor upodiuna
Figure 10, Table/matrix of maximum cross-section values

N Ha Kpajy npvmepa Ha no4yeTHy Tabeny/ma-
TPULY EKOHOMCKMX BpefHOCTM 610K0Ba (CnKa
5) HaHehe ce rpaHuUa KOHTYpa MOBPLUMHCKOT
Kona 8 (nBumue 6ene 60je) WTO je MPMKasaHo Ha
cnvum 10.

\i \ 1 i 2 3 4 5 € 7 8
1 -t -4 -4 4 -4 -4 4 4
2 i| -4 4 7 7 7 7 4
3 -4 -4 7 7 7 7 4
4 -4 -4 41 7 7 7 7 7
5 -1 -4 5 7 7 7 7 7
6 -4 -4 -4 -4 -4 7 7 7
7 -4 -4 -4 i 0 0 0 4
e -4 -4 5 5 5 5 5
9 -4 -4 -4 4 -4 -4 4 4

e}

Ao AN 0w NN D

And at the end of the example, the boundary
of the open-pit mine contour 8 (white edges)
will be applied to the initial table/matrix of eco-
nomic values of blocks (Figure 5), as shown in
Figure 10.

to U 12 13 14 15 16 17 18 19
4 4 4 4 4 4 4 4 4 4
7 4 7 4 7 7 7 7 4 4
7 7 7 7 7 4 4 4 4 4
3 3 3 4 4 4 4 4 4 4
0 o |4 4 4 7 7 4 4 4
71 7 7 7 7 7 4 4 4 4
4 4 4 3 3 4 4 4 4 4
5 5 5 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4

Cnuka 11, Mprka3s paHuua nosBpLUMHCKOI™ Kona Ha
Tabenn/maTpuun eKOHOMCKIX BpeAHOCTU 6/10K0Ba
Figure 11, Display of the boundaries of the open-pit mine on
the table/matrix of economic values of blocks

Ca cnmke 11 jacHo ce youaBa ja je [eo eKo-
HOMCKM McrnnaTmeBux 6/10K0Ba 0CTA0 BaH KOH-
Typa NOBPLUMHCKOr Kona. MpumeHa Lerchs-
Grossmann 2D Mofena y KOM6WHaumju ca
nporpamuma 3a TabenapHe npopayyHe OMO-
ryhaBa ogpehuBawe ONTUMANHUX KOHTYypa
nojeguMHux npoduna, npu 4demy ce fobuja
KOMMNPOMUC U3MeRy eKOHOMCKEe BPeAHOCTU U
TEXHOJIOLLKMX YC1I0Ba OTKOMAaBakba.

3AK/bYYAK

Lerchs-Grossmann MeTof MpefcTaB/ba Moys3-
faH MaTeMaTuykum Mogen 3a ofpefuBarbe on-
TUMa/THUX KOHTypa MOBPLUMHCKUX KOMOBa.
Mako ce y npakcu Hajuyewhe KOpuUCTM Kpo3
cneymjannsoBaHe nporpamMcke nakete, moryhe
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Figure 11 clearly shows that a part of the eco-
nomically viable units remained outside the
contours of the open-pit mine. The application
of the Lerchs-Grossmann 2D model in com-
bination with spreadsheet programmes allows
the determination of the optimal contours of
individual profiles, thereby obtaining a com-
promise between economic value and techno-
logical conditions of excavation.

CONCLUSION

The Lerchs-Grossmann method is a reliable
mathematical model for determining the opti-
mal contours of open pit mines. Although in
practice it is generally used through specialized
software packages, it is possible to carry out
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je cnpoBecTu nojefHoCTaBbeHY 2D aHanusy u
y nporpaMvmMa 3a TabenapHe npopadyHe, LITO
je noce6HO 3HavajHO 3a 06pa3oBHE, ONepaTms-
He W MUCTpaxmBauke cepxe. lMpakTnyaH npu-
Mep npuKasaH y pagy nokasyje ga u ,,jefHo-
cTaBHu anatu“ (nonyT Microsoft Excel-r) mory
MOCAY>XMWTU 3a pasyMeBae U peLlaBakbe noje-
OUHMX ONTUMU3aLMOHUX METOAA Y PYLapCTBY.
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