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Purpose. To improve technological criteria for comparative evaluation of mine operation options which would
allow doing a complex evaluation of mining operations mode and mine productivity for ore extraction based not on
the changeable time and economic figures which are hard to predict but based on technical variables (ore mining
productivity, waste volume, mineral content). They are stable and depend only on geological structure of rock.

Methodology. The basis of technological criteria for mining operation mode and mine productivity for ore extrac-
tion complex evaluation includes the following idea: it is required to do comparative evaluation of mine operation
options based on annually extracted volumes of ore and waste considering technological variables of a mineral which,
contrary to time-controlled economic variables, are determined by nature and remain unchangeable. This idea is
realized by developing an analytical model of mining operations and ore mining productivity complex evaluation
parameter.

Findings. The technological criterion for mining operation mode and productivity complex evaluation has been
improved; this is the difference between annual volumes of rock extracted from mine and concentrate volume pro-
duced over the same period: maximum absolute value of this index will ensure the biggest economic effect from de-
posit development.

Originality. The proposed technological criterion allows evaluating the mining operation mode and ore mining
productivity in an integrated manner considering their interrelation. At that, the criterion, contrary to economic cri-
teria, includes not just price and production cost values but their correlation — it gives an opportunity to get accurate
comparative evaluation of mine operation options over the long period.

Practical value. The proposed technological criteria of mining operation options may be used by designing engi-
neers at the design stage in order to define the best open pit operation mode and ore mining productivity considering
their interrelation. By the example of Annovsk mine, SEVGOK PJSC the possibility to do the comparative evaluation

of mining operation mode and productivity based on the proposed technological criteria was proved.
Keywords: mine, mining operation mode, mine productivity, evaluation criteria

Introduction. Mining operation mode and ore min-
ing productivity are the main parameters for open-cast
mining: they define type and quantity of mining equip-
ment, buildings and premises construction volume,
headcount. Therefore, the correct solution of current
target has a significant value for mining & beneficiation
plants of Ukraine.

At present there are significant price and demand
fluctuations for ferrous metal ore products observed in
local and foreign markets. This fact impacts significantly
the operation of mining plants in general as well as sepa-
rate mines operating. Thus, mineral demand increase
results in increasing production volume while demand
decrease means decreasing mineral extraction volumes.
At that, ore mining productivity variation causes waste
extraction volumes variation [1]. It is related to the fact
that to increase ore mining productivity, it is often re-
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quired to develop additional open pit field areas with
higher stripping ratio. Therefore, stripping operations
are increased disproportionally to productivity growth,
i.e. stripping ratio is getting higher. At the same time
stripping ratio can be so high that it can cause decrease
in possible economic effect from ore mining productiv-
ity. Finally, it will be required to solve the following is-
sue: whether it is more profitable to operate with lower
productivity and stripping ratio or with higher produc-
tivity and higher current stripping ratio. At that, neither
minimum values of stripping ratio nor mine productivi-
ty value, taken separately, can be a sign of deposit devel-
opment efficiency.

Unsolved aspects of the problem. The total profit
from deposit operation over the specified time period is
used as a criterion for mining operations and ore mining
productivity evaluation. However, as experience of
mines operation shows when evaluating a plant opera-
tion over the long time period, the operational expenses
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as well as product cost are significantly variated (Table).
The change of these variables depends on many factors
which are hard to predict. The Table shows that the pro-
duction cost and the price of operation has changed on
average by 380 and 350 % accordingly over 9 years.
Therefore, economic evaluation of even the same min-
ing operation option based on target year values and op-
eration completion values will be incompatible. Hence,
it is almost impossible to get the accurate comparative
evaluation of quarry operation options by economic cri-
teria over the long time period. At that, expenses per
1 UAH of product have an insignificant value — from 2
to 30 %. Then while developing the criteria for compar-
ative evaluation of quarry operations with economic
value of operation being the basis, it is reasonable to
consider the correlation of price and production cost
values rather than price and cost values themselves — it
will help to increase the accuracy of calculation results.
Besides, when evaluating quarry operation options
by economic criteria there is a high probability to miss
the best option for mining operation mode and mine
productivity for ore extraction at the designing stage. It
is related to the fact that economic variables are estimat-
ed by economic departments of either Design Compa-
nies or Mining Plants. Significant volumes of estimate
and financial calculations are limited by the number of
considered options. As a result, there are only two or
three options of mining operation, proposed by mining
divisions, evaluated. At that mining specialists take these

Table

Economic variables of concentrate production
and sales at Mining Plants of Ukraine
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SEVGOK 2005 | 102.9 | 261.7 0.39
2010 | 216.7 | 430.5 | 0.50

2013 | 450.0 | 947.1 0.48

Poltavskyi GOK 2005 | 108.0 | 186.0 0.58
2010 | 263.0 | 329.5 0.80
2013 | 464.0 | 658.4 | 0.70
TSGOK 2005 | 141.6 | 265.0 | 0.53
2010 | 294.2 | 477.0 | 0.62
2013 | 589.1 | 954.0 | 0.62
UGOK 2005 | 107.7 | 154.6 | 0.70
2010 | 350.3 | 513.6 0.68
2013 | 510.0 | 750.0 | 0.68
InGOK 2005 | 113.6 | 145.3 0.78
2010 | 364.3 | 488.6 | 0.75
2013 | 729.3 1 979.3 | 0.74
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options for economic evaluation using technological
criteria separately taken for mining operation mode and
productivity without considering their interrelations
(stripping ratio, rock ratio, ore mining productivity).
Therefore, the natural intention is to design the higher
ore extraction productivity along with lower waste vol-
umes. As a result, only rational option of mining opera-
tion is selected, i.e. the best option out of ones offered
by design engineers, but the optimal option can be just
missed at the stage of designing.

In its turn, the main technological variables of a min-
eral which define economic variables of deposit develop-
ment (concentrate output, Fe content, deposit capacity
and shape, its location), are defined by nature and re-
main unchangeable. Therefore, for the complex evalua-
tion of mining operation mode and ore mining produc-
tivity it is the best to use the technological criteria [2]. In
this case along with the specified technology for ore ex-
traction and its processing at the specified plant and
other equal conditions, mining operation efficiency will
be determined by ore and waste volumes and their varia-
tions in time. However, in some cases the offered param-
eter may have negative values, which is contrary to log-
ics: variation between volumes cannot be negative.

Analysis of the recent research and publications. Is-
sues related to mining operation mode and productivity
have always been the center of attention of leading sci-
entists specializing in the field of open-cast mining. The
most significant contribution to solving these issues was
done by founders of mine designing theory: Rzhevs-
kiy V. V., Arsentiev A.l., Novozhilov M.G., Melni-
kov N.V., Khokhriakov V.S., Astafiev Yu.P., Yuma-
tov B. P. and their present-day followers Shapar A.G.,
Chetveryk M.S., Kovalchuk V.A., Blizniukova V.G.,
Drizhenko A.Yu., Gumenyk I. L., Panchenko V. V. and
others. Until recently there have been developed two
methodology groups for ore mining productivity deter-
mination: by mining-technical and economic factors.
To determine possible options for mining operation
modes and selection of the best one, the methods of
open-pit field geometric analysis are used [3]. At that,
the mining operation mode and mining productivity
have always been evaluated without considering their in-
terrelation. It was considered that the best option of
mining operation mode is to ensure the minimum value
of current stripping ratio through all life periods and the
highest mine productivity, selected with regard to above-
mentioned restrictions.

Objectives of the article. The objective of the current
work is to improve the technological criteria for quarry
operation options which can be used by designing engi-
neers at the stage of engineering and at the same time it
would allow carrying out the complex evaluation of
mining operation mode and productivity.

Presentation of the main research and results. The
economic base of technological criteria for evaluation
involves generally accepted variables of economic evalu-
ation, namely mine profit from deposit development.
This profit will be equal, UAH /year

P=A,-z—A,-a-A,-n-b,
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where a =a,+ a, is extraction production cost (a,) and pro-
cessing (a,) of one ton of ore into concentrate without costs
for stripping operations, UAH/t; z; is concentrate price,
UAH/t; A, stands for produced concentrate volume, t; A, is
ore extraction productivity, t; b stands for stripping opera-
tion costs, UAH/t; T'is evaluation period, years.
Economic criteria of the best option for mining op-
eration mode and mine productivity will be the maxi-
mum profit value over its entire life time. Discounted
profit of the evaluation period will be defined by formu-
la, UAH
P A A —-b-A y !
(G dmard, =bed, D

— max.

Having done transformation, we will get, UAH

Ve Yy
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where m = is rock ratio, t/t.

Rock mass ratio shows what volume of extracted ore
is required to produce one ton of concentrate.

Discounted profit of evaluation period will be de-
fined by formula, UAH

Pozod .[1_i.m]§; !
A N A =) ()

or
P =z .Ak~(1—x-m)-zT:K'%maX, (1)

k
t=1

a . . .

where X =— is physical rock volume ratio to concen-
zk

trate volume at its price (this ratio value is constant: it

was calculated based on design parameters and concen-

1
trate sale); K = ﬁ; FE is accepted rate of discount.
The (1) represents economic criteria for complex
evaluation of efficiency of mining operation mode and
concentrate production productivity. Here mining op-
eration mode specifies rock ratio variable.
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When switching to technological criteria, using their
properties, economic variables were excluded from the
(1). Thereafter

T
P —max with M =4, -(l—x-m)-ZK’ — max
t=1
or
P, — max,
with

a b
M:Ak—[—~A +—- A ~nJ—>max. )
14 P
zk Zk

The best combination of mining operation mode
and mine productivity over the long period is to be eval-
uated based on discounted variation of rock and con-
centrate volumes, t

P, — max,
with
Lo
M =;(1+E), .[Ak, ~(5,4,+5,-4, .n,)]%max’ )

a . . .
where & , = is physical rock volume ratio to concen-
Zk

trate volume at its price; 0, =Z£ is physical waste vol-
k

ume ratio to concentrate volume at its price; A, A, stand

for annual volume of concentrate and ore, t; ¢ is year

ordinal number, starting from estimation year; 7 is du-

ration of evaluation period, years.

The index in brackets represents variation between
annual concentrate productivity and rock productivity
over the i period of Plant operation. The higher this vari-
ation is, the higher is the current income (annual) of
Plant.

Here physical volumes of ore and waste at the price
of concentrate are correlated with physical volumes of
concentrate.

However the offered variable does not respond to
logic because rock volumes extracted from mine are al-
ways bigger than concentrate volumes produced at the
plant. Therefore, it is more logical when variable will
include variation between rocks and concentrate vol-

umes. For that it is enough to put “—” out of the brackets
in (2) or (3).

P, — max,
with

z, z,
or
P, — max,
with
T
Kk=z 1 '|:(63'Aar+6v'Apt'nt)_Aki:|_>min' ©)
1=l

(1+E)
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However, since rock mass volume is correlated with
concentrate volume at its price and in some cases the
value of this variable can be negative, it is required to
take the maximum absolute value of variation between
rocks and concentrate volumes as a criterion for evalua-
tion. Thereafter

P, — max,
with
r 1
K= §(1+E)’[(8ﬂ"4m +8v'Apt’nt)_A’“} —max. (6)

The variable in brackets (4, 5) represents the varia-
tion between the volumes of rocks and concentrate. The
lower the value of the criterion is, the higher current
profit the plant makes. At the same time, the higher the
absolute value of current variable is, the higher current
profit the plant makes (6), i.e. the physical sense of the
criterion has not changed.

By the example of Annovsk open pit “SEVGOK”
PJSC we calculate the value of technical parameter “M”
and “K,” along with different mining operation mode op-
tions and ore mining productivity, and will show M= f(A,)
relation to Kj, =f(A4,) which are represented in Fig. 1.

Initial data for calculating possible options of mining
operation mode and Annovsk mine productivity were
calendar plans of mining operations.

Fig. 1 shows that the curves which characterize the
variables of recommended technological criteria for
complex evaluation of mining operations and mine pro-
ductivity M =f(4,) and K, =|f(4,)| are completely equal.
In case when K = f(A4,) they are mirror-image of one
another. At that, boundary conditions of the compared
criteria (M and K) are opposite (in first case-criteria M
tends to maximum, in the second K, — to the mini-
mum). Therefore, we can talk about the identity of op-
tions evaluation based on criteria M, as well as K.

In order to prove the validity of using the developed
technological criteria of evaluating considered options

M, m.T1.;
K;, m.T

30

20 / \
N\ M =f(Ap);
K. =|f(4p)

10

20 4 Ky=f (4p)

=

12 13 14 15 16 Ap, m. t/year

Fig. 1. Graph of variation of evaluation technological
variable depending on Annovsk mine productivity
variation (A,)
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let us evaluate the operation of Annovsk mine for over
30 years based on the generally accepted economic vari-
able — “Net Present Value (NPV)”.

For clarity we will draw graphs of variations of NPV
and recommended technological criteria for complex
economic evaluation of mining operations and produc-
tivity of Annovsk mine considering all options (Fig. 2).

The graphs show that curves which characterize the
variable of NPV and recommended technological crite-
ria for complex economic evaluation of mining opera-
tions and mine productivity are placed in parallel — it
proves the identity of evaluation of options according to
economic and technological criteria.

Conclusions:

1. The technological criterion which allows doing a
complex evaluation of mining operation mode and ore
mining productivity has been improved. At that, the pa-
rameter of complex evaluation of mining operation
mode and mine productivity is a variation between an-
nual volume of rock extracted from pit and concentrate
produced over the same period. The higher the absolute
value of this parameter is, the higher economic effect
from deposit development is achieved.

2. The identity of complex evaluation of mining op-
eration mode and productivity based on economic vari-
ables and proposed technological variable has been
proved. It allows excluding the economic parameter
when evaluating the mining operation mode and mine
productivity.

3. The possibility and feasibility of replacing the com-
parison of mining operation options based on income pre-
sented to one estimation point by the comparison based
on production volumes variation presented to one estima-
tion point were proved analytically. The options ranking is
the same but the scope of work required to define the best
option for deposit development has decreased.

4. The proposed technological criteria for evaluating
mining operation options may be used by designing en-
gineers at the design stage to define the optimal mode of
mining operation mode and mine productivity.
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MeTta. Y10CKOHAJIUTU TEXHOJOTIYHU I KPUTEPil Mo-
PIBHSUILHOI OLIIHKM BapiaHTIiB poOOTH Kap’epy, IKUii 01
JI03BOJIMB 3IIMCHIOBATA KOMIUIEKCHY OLIIHKY PEXUMY
TipHUYMX POOIT i MPOAYKTUBHOCTI Kap’epy MO pyai He 3a
€KOHOMIYHMMMU ITOKa3HUKAMMU, 1110 3MIiHIOIOTHCS B 4yaci
1 BaXKO MPOrHO30BaHi, a 32 TEXHOJOTIYHUMHU MOKa3-
HUKaMu (TTPOAYKTUBHICTb MO PYIi, 0O0’€M PO3KPUBY,
BMICT KOPUMCHOTO KOMITOHEHTA), 1110 CTabiIbHI Ta 3aje-
JKaTh TiILKU BiJl F€OJOTTYHOI OYI0BU TipChbKUX MOPI/.

Metoauka. B OCHOBY TEXHOJIOTIUHOTO KPUTEPilO
KOMILJIEKCHOI OLIIHKM PeXHMY TipHUYUX POOIT i Mpo-
OYKTUBHOCTI Kap’€py I10 Py ITOKJIameHa ifest: opiB-
HSTHHS BapiaHTIiB poOOTH Kap’€py HEOOXiTHO 3MiiICHIO-
BaTU 32 PIYHUMU 00’ €EMAMU PYIU 1 PO3KPUBHUX TTOPIf,
110 BUHAMAIOTBCS, 3 YpaxyBaHHSIM TEXHOJOTIYHMUX I10-
Ka3HUKIB KOPUCHOI KOMAJWHM, SIKi, HA BiAMiHY Bif
MIiHJIMBUX Yy 4Yaci €KOHOMiUHMX ITOKa3HUKIB poOOTU
Kap’epy, BU3HAUYEHi MPUPOIOI0 1 TUCSIYONITTSIMU 3a-
JIMIIAIOThCST He3MiIHHMMU. Peanizatiiga miei imei 3miii-
CHIOBaJIacs 3a PaXyHOK PO3pOOKM aHaJiTUYHOI MOJei
MOKa3HUKA KOMIUIEKCHOI OLIIHKUA PEeXUMY TipHUYUX
PpOOIT i MPOMYKTUBHOCTI Kap’€py MO PyAi.

Pe3yabTaTu. YIOCKOHAJIEHO TEXHOJIOTIYHUU KpU-
Tepiii KOMIUIEKCHOI OLIIHKM peXUMY TipHUYMX POOIT i
MPOIYKTUBHOCTI Kap’€py — pi3HULS MK PIiYHUMU
00’eMaMU TipHWYOI MacH, IO BUTSITYETLCI 3 Kap’e€py
Ta KiJIbKIiCTIO KOHLIEHTpPATy, BUPOOJIECHOIO 3a TOU Xe
nepiof: MakCHUMaJbHe aOCOJIIOTHE 3HAYEHHSI 1IbOTO
MOKa3HUKa 3a0e3MeYuTh HalOUIbIIMN €KOHOMIYHUIA
eeKT Bil po3poOKU pOAOBUIIIA.

HaykoBa nHoBM3HA. 3anporoHOBaHUI TEXHOJIOTiY-
HUI KpUTEpiii JO3BOJISIE KOMIUIEKCHO OLiHIOBAaTU pe-
JKMM TipHUUYMX POOIT i MPOAYKTUBHICTh Kap’e€py 1O pyai
3 ypaXyBaHHSIM iX B3a€EMO3B’S3Ky Ta IIpH IIOMY, Ha
BiZIMiHY Bill EKOHOMIYHUX KPUTEPiiB, ypaxoByBaTu He
3HAYEHHS LiHU ¥ co0iBapTOCTI TOBApHOI MPOAYKIIii, a
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iX CIBBIOZHOILIEHHS, IO JAa€ MOXJIMBICTh OTPUMATU
TOYHY TOPiBHSJIBHY OLIIHKY BapiaHTiB poOOTH Kap’epy
3a TpMBaJIUii TIepio yacy.

IIpakTyHa 3HAYMMICTB. 3aTIPOITIOHOBAHUI TEXHOJIO-
TYHUN KpUTepili OLIIHKKM BapiaHTiB poOOTH Kap’epy,
MOX€ BHUKOPUCTOBYBATHUCS iHXXEHEPaMU-TIPOEKTYBaJIb-
HUKaMM BXE Ha CTalil MPOEKTYBaHHS ISl BUSHAYCHHS
ONTUMAJILHOTO BapiaHTa PeXKMMY TipHUYMX POOIT i Mpo-
TYKTUBHOCTI Kap’epy MO PyIi 3 ypaxyBaHHSIM iX B3a€EMO-
3B’s13Ky. Ha npuxnani TanniBcbkoro kap’epy I[IAT
,ITiBHI 3K noBeneHa MOXJIMBICTb MOPIiBHSIILHOI OLIiH-
K1 PEeKUMY FpHUYMX POOIT i MPOAYKTUBHOCTI Kap’epy 3a
3aIIPOITIOHOBAHUM TEXHOJIOTIYHUM KPUTEPIEM.

Kimouogi cioBa: kap’ep, pescum eipnuuux pobim, npo-
dykmueHicms Kap’epie, kpumepiii OUiHKU

Ieas. YcoBeplieHCTBOBaTbH  TEXHOJIOTMYECKUIA
KPUTEPUI1 CPAaBHUTEIBHOM OLIEHKU BApUAHTOB PaOOTHI
Kapbepa, KOTOPbIi Obl MO3BOJUI OCYILIECTBISITH KOM-
IUIEKCHYIO OLIEHKY peXXrMMa FOpHBIX pabOT 1 MPOU3BO-
JUTETBLHOCTHU Kaphbepa 1o pyae He MO U3MEHSTIOLIMMCS
BO BpeMEHU U TPYIHO MPOTHO3UPYEMBIM 3KOHOMUYE-
CKMM T10Ka3aTeJisiM, a 1Mo TEXHOJIOTMYECKUM MoKa3aTe-
JIsIM (TIPOM3BOAUTEIFHOCTB 110 pyIe, 00beM BCKPHIIIH,
comep:kaHNe TTOJIC3HOTO KOMITOHEHTA), KOTOPBIC CTa-
OMJIBHBI U 3aBUCAT TOJBKO OT TE€OJIOTUIECKOTO CTPOE-
HUSI TOPHBIX OO,

Metoauka. B 0CHOBY TeXHOJIOTMYECKOTO KPUTEPUST
KOMILIEKCHOM OLIEHKHU PeXXKMa FOpHBIX padoT 1 Mpo-
M3BOJIUTEIBHOCTU Kapbepa MO pyle MOoJIOXKEeHa WIes:
CpaBHEHMUE BapUMaHTOB pabOThI Kapbepa HEOOXOAUMO
OCYIIECTBJISITh MO TONOBBIM H3BJIEKAEMbIM 0O0beMaM
PYIAbl U BCKPBILIHBIX MTOPOJ, C YYETOM TEXHOJOTUYE-
CKUX MTOKa3aTteseii MoJIe3HOro UCKOMTaeMOro, KOTOPHIE,
B OTJIMYUM OT U3MEHSIOIIUXCS BO BpEMEHU 9KOHOMMU -
YeCKUX ToKa3aTejeil paboTHl Kapbepa, OIpeIeeHBI
TIPUPOIOI M THICSTUCICTUSIMU OCTAIOTCSI HEM3MEHHBI-
MH. Peanmm3anus 3Toit Maen OCYIIECTBIISUIACH 32 CUCT
pa3pabOTKU aHATUTUICCKON MOIEIM ITOKa3aTe ST KOM-
TJIEKCHOM OIICHKM peXMMa TOPHBIX PabOT U ITPOU3BO-
JIUTEJbHOCTH Kapbepa 1o pyae

Pe3ynbTatbl. YCOBepIlIEHCTBOBAaH TEXHOJOTUYE-
CKUI KPUTEPUII KOMILJIEKCHOM OLIEHKU peXuma Trop-
HBIX PabOT U MPOU3BOJAUTEIBLHOCTU Kapbepa — pa3Hu-
11a MeXAy TOJOBBIMU O0bEMaMU TFOPHOM MaccChl, W3-
BJIEKaeMOU U3 Kapbepa U KOJIWYECTBOM KOHIIEHTpaTa,
MPOU3BOAMMOIO 3a TOT K€ MEepUOoA: MaKCHUMaJbHOE
abCOJIIOTHOE 3HAYEHUE 3TOTO IToKasaTejisa O0eCITeUUT
HanOOJbIINI 3KOHOMUYECKUH 3P eKT OT pa3paboOTKu
MECTOPOXICHMUSI.

Hayuynas noBusHa. IIpemioxXeHHbIN TeXHOJIOTUYE-
CKUI KPUTEPUM ITO3BOJSIET KOMILUIEKCHO OLICHWBAaTh
PEeXUM TOPHBIX PAOOT U MPOU3BOAUTEILHOCTD Kaphepa
10 pyle C y4ETOM MX B3aUMOCBSI3M U IIPU 3TOM, B OT-
JINYMe OT SKOHOMUYECKUX KPUTEpPUEB, YIUTHIBATh HE
3HAUEHMSI LIEHBl U Ce0ECTOMMOCTH TOBAPHOI MPOMAYK-
LIMU, & UX COOTHOLLIEHUE, YTO AAET BO3MOXHOCTb MOJY-
YUTb TOYHYIO CPAaBHUTEbHYIO OLIEHKY BapUaHTOB pa-
0OTHI Kapbepa 3a JJIMTEIbHBIN Mepuoa BpeMEHU.

IIpakTuyeckasi 3HaYMMOCTh. [IpenoXeHHbI Tex-
HOJIOTUIECKUI KPUTSPUI OIIEHKN BapMAaHTOB PaOOTHI
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PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

Kapbepa, MOXET HCIIONIb30BaThCI MHXKEHEPaAMU-IIPO-
eKTUPOBIIMKAMU YK€ Ha CTAINH ITPOEKTUPOBAHUS TSI
OTIpe/ieJIEHNST ONTUMAILHOTO BapMaHTa peXuMa rop-
HBIX pabOT ¥ MPOU3BOIUTENILHOCTH Kapbepa 1o pyje ¢
y4eToM uX B3auMOCBs3u. Ha mpumepe AHHOBCKOTO
kappepa [TAO ,,CeB['OK“ nokazaHa BO3MOXHOCTb
CPaBHUTEIbHOM OLIEHKU PeKMMa TOPHBIX paboT U MPo-
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CTATUCTUYHI JOCIIIKEHHA ITPOAYKTUBHOCTI
OJHOKOBIIEBUX EKCKABATOPIB ITP1 HAI'PYXKEHHI
TTPHUYOI MACH PI3HOI AKOCTI JPOBJIEHHS

Purpose. Applying technical means to control excavator performance and quality of rock crushing by explosion.
Establishing the dependence of time consumption required for rock mass excavation on its particle size distribution
and mathematical description of this dependence as a function of two variables.

Methodology. The methodological basis to solve the problem is a comprehensive approach including research by
means of IGS-5M devices, applying mathematical statistics methods and analysing the results in the mathematical
package.

Findings. The possibility to maintain operational control of the time consumption required for rock mass excava-
tion and direct measurement of its particle size distribution at the same time has been implemented. The concept of
cycle rate has been introduced and its dependence on the mean diameter of the piece has been determined. The em-
pirical formula to determine excavator technical performance as a function of two variables that uniquely characterize
the quality of rock mass fragmentation has been obtained.

Originality. For the first time in the practice of mining the hardware specifically designed for operational control
of excavators and crushing of rocks by explosion has been used (IGS-5M devices is in the invention stage). A two-
parameter distribution function of the rock mass particle size distribution was proposed where one parameter is the
size of the dominant fraction, the other one is the fraction in the test volume of blasted rock. The formula to deter-
mine excavator technical performance as a function of specified parameters has been obtained.

Practical value. Applying specified devices while organizing and carrying out mining operations will allow using
technically feasible solutions at the design stage of mass explosions. Using the formula to calculate excavator technical
performance in specific conditions will help improve planning technological processes, especially the rational distri-
bution of freight flows. In the long view, the above mentioned formula will be a critical part of the mathematical
model while optimizing basic technological processes at the open pits.

Keywords: open pit, excavator, performance, particle size distribution, rock mass

Introduction. The priority trend to improve the ex-
traction and processing of rock minerals by opencast
mining is establishing and practically applying optimal
methods to control the main industrial processes.

It is well-known that production costs required for
performing the whole technological process greatly de-
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pend on the crushing quality of rocks developed by ex-
plosion, which is usually characterized by particle size
distribution of obtained rock mass, i. e. by the content of
individual cubs (fractions) in its volume. Intensive min-
eral crushing reduces the costs of loading and transport
operations and mechanical crushing, but results in in-
creasing costs of drilling and blasting operations (D&B).
Conversely, decreasing D&B costs contributes to coarse
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