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ABSTRACT

Drilling and blasting operations are one of the most important components of the mining
industry. Currently, further improvement and optimization of technological processes at mining
enterprises are possible mainly due to the determination and constant monitoring of the mining
and technological properties of the rock mass — their drillability, explosivity and exaviability. A
prospective assessment of the explosivity of rocks in the massif, which is the basis for designing
and calculating the parameters of the DBO, is currently possible only using the energy
parameters of technological work. The article provides information on methods for studying the
strength and elastic characteristics of rocks in natural occurrence. The results of the study of the
relationship between the specific energy intensity of drilling and explosive destruction of rocks
are presented. The correlation between the specific energy intensity of drilling and the
propagation velocity of elastic longitudinal waves is also considered. A comparative analysis is
carried out between the traditional calculation of the explosive index using the results of
laboratory studies on the physical and mechanical properties of the rocks of the Koktaszhal
deposit and the calculation of the explosive destruction index taking into account the energy
parameters of drilling. The validity of the use of the specific energy intensity of drilling as a
criterion characterizing the explosive destruction of rocks in the design of drilling and blasting
operations is shown.
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Introduction

drillability,  explosivity and exaviability. A
prospective assessment of the explosivity of rocks

Drilling and blasting operations are one of the
most important components of the mining
industry. Every year, the volume of exploding rocks
is only growing, which increases the demand for
technologies that accelerate the design process and
calculate the efficiency of the work performed.
Currently, further improvement and optimization of
technological processes at mining enterprises are
possible mainly due to the determination and
constant monitoring of the mining and
technological properties of the rock mass — their

in the massif, which is the basis for designing and
calculating the parameters of the DBO, is currently
possible only using the energy parameters of
technological work.

According to morphostructural features,
physical and geographical conditions and technical
and economic parameters, the Koktaszhal copper-

porphyry deposit is planned to be worked out in an
open-pit manner with a depth of 300 m.
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As shown in [1], the surface of the industrial
areas of the Koktaszhal mining and Processing Plant
is represented by a rocky base covered in areas
with covers with low power within 10-30 cm of
delvial-proluvial ~ deposits. The rocks are
represented by strong silica tuffs, plagiogranitic
porphyry and porphyry, silicic acid-invasive rocks,

monochrome and quartz-shimmering chlorite
rocks.

Components included in the mineral
composition:

1. Quartz 43-45%,

2. Sour plagioclase 31 - 33 %,

3. Chloride 9 - 11 %,

4. Hydrosluda 8-10 %,

5. Dolomite 2 — 3 %.

Zones of tectonic disturbances are mostly filled
with differently oriented quartz veins, which has a
positive effect on the stability of rocks. Ores and
host rocks of the deposit have the same strength
properties due to the fact that mineralization has
no pronounced boundaries and the mineral grains
of the rocks have a dense structural-crystallization
relationship between them. Groundwater within
the mountain drainage in the weathering crust
does not spread. In rock formations they are deep
enough (10 - 30 m) and do not affect the change of
engineering and geological properties of rocks. That
is why the category of complexity of engineering
and geological criteria for the development of the
Koktaszhal site, according to the "Methodological
guidelines for the study of mining and geological
conditions of deposits of solid minerals" belongs to
the simple. The contract area is characterized by
strong differences. Ores and rocks are not sensitive
to spontaneous combustion and swelling, are not
radioactive [1].

The experimental part

For blasting a rock mass under ideal conditions,
the main physical and mechanical characteristics of
rocks are: strength (Ock, Opacr.,Ocs), Strength
coefficient - f, elastic wave velocity - V,, density - y.
Tests on the strength and elastic properties of rocks
were carried out on the cores of six geotechnical
wells drilled along the contour of the quarry to its
design depth.

The determination of the tensile strength under
uniaxial compression was carried out according to
Gost 21153.2 -84.

Figure 1 shows the essence of the main method
for determining the maximum destructive force

(Pcx), which is applied to the ends of the sample of
the correct shape through steel flat plates.

Figure 1 - Testing of rocks for tensile strength under
uniaxial compression on a press

The compressive strength of the rock (o) for
each test sample was calculated by the formula:

P
o =k =910
CHC e FD s (1)

where - P is the total maximum load on the
sample at the time of its destruction, kN;

Fo=(rt/4)*d? - initial cross-sectional area of the
sample, cm?;

d —sample diameter, cm;

ks — the dimensionless height coefficient of the
sample, equal to 1.00 with the ratio of height to
diameter m = 2 + 0.5. For other values of the ratio
m, the coefficient k. was set according to Table 1.

Table 1 - Determination of the dimensionless coefficient kg

m | 0,7 0,80 { 0,90 | 1,00 | 1,20 | 1,40 | 1,60 | 1,80 | 2,00

ks | 0,68 | 0,72 | 0,76 | 0,80 | 0,86 | 0,90 | 0,94 | 0,97 | 1,00

Determination of the rock strength limit under
uniaxial tension was carried out according to GOST
21153.3 - 85.

Figure 2 shows the essence of the method,
which consists in determining the maximum
destructive force (Ppac) applied perpendicular to the
generatrix of a cylindrical rock sample, as a result of
which tensile stresses arise in the sample, leading
to its destruction in the plane of the longitudinal
section.

Figure 2 - Testing of rocks for tensile strength under
uniaxial tension
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The tensile strength of the rock (op) was
calculated by the formula:

P
o, =—2210

Pod-h ’ (2)

where — (Ppac) is the maximum load on the
sample at which the sample ruptured, kN;

d - is the diameter of the sample, cm;

h - is the height of the sample.

The coefficient of rock strength on the scale of
M.M. Protodyakonov and is determined on pieces
of rock with a size of 20-40 mm in the POK device
by dropping weights weighing 2.5 kg from a height
of 60 cm. The number of drops varies from 5 to 15.
After crushing, the material is sieved through a 0.5
mm sieve and the volume of the crushed material is
measured in a volume meter.

20xn

f= h (3)

where n — the number of kettlebell drops
during the test of one hitch;

h — the height of the column of the fine fraction
(after sieving on a sieve of 0.5 mm) in the volume
meter after testing five attachments, mm;

20 - an empirical numerical coefficient that
provides the generally accepted values of the
strength coefficient and takes into account the
work spent on crushing [2].

In preparation for measurements of elastic
parameters of rocks, the end surfaces of the core
were carefully sanded, their length strictly
corresponded to 100 mm, diameter 48 mm, the
ratio I/d > 2 was observed, where d - is the
diameter of the sample.

For laboratory studies of the propagation
velocity of longitudinal and transverse waves, the
measurement equipment and methods described
in the literature [[4], [5], [6]] were used. A MATRIX
Corp. high-frequency generator was used as
instruments. MFG-8216 and digital storage
oscilloscope (DSO) from ACUTE Tecn. DS 1002.
Piezoelectric converters PRIZ-12 [3], (Figure 3) are
used as converters.

«The main measurement parameter in
determining the elastic properties of rocks is the
acoustic delay time At of the front of the first half-
period of the received signal pulse, which, at a
constant value of the rock sample L = 100mm,
allows us to determine the propagation velocity of

DODDOOOOOOD

Figure 3 - Ultrasound examination method

the longitudinal wave Vp = L/ At. To determine
the velocity of propagation of a transverse wave, a
signal reception sensor (piezoelectric transducer -
emitting or receiving) was located on the sample at
an angle

90°Vs = L(90°)/ At, (4)

where L (90) - is the length of the sample,
taking into account the displacement of sensors on
the sample surface.

Figure 4 shows a block diagram of the
measurement of elastic parameters by the pulse
method».

Syecing

1 - generator;
piezoelectric converter; 4 -
converter; 5 - acoustic load - rock sample made of core
or reference; 6 - computer for data input and pulse
observation.

Figure 4 - Block diagram of elastic parameters
measurement by pulse method

2 - oscilloscope; 3 - radiating
receiving piezoelectric

«Laboratory tests for determining the density
of rocks were carried out according to Gost 8269.0-
97.

Also, the basic density in the framework of the
experiment was determined by measuring the mass
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Table 2 - Strength properties of rocks along the horizons

Horizon, m Ultimate strength Wave speed
720 705 2,75 82,1 8,0 20,2 12 4548 2697
705 690 2,75 82,1 8,0 20,2 12 4548 2697
690 675 2,78 79,8 7,9 27,5 12 4552 2686
675 660 2,78 79,8 7,9 27,5 12 4552 2686
660 645 2,76 72,8 7,0 27,6 11 4139 2536
645 630 2,76 72,8 7,0 27,6 11 4139 2536
630 615 2,80 65,1 6,8 33,6 1 4212 2576
615 600 2,80 65,1 6,8 33,6 1 4212 2576

of a unit volume of solid pieces of rock using
hydrostatic weighing scales.

The measurement of the average density (y) of
the test rock was carried out according to the
formula:

y=a/V, g/cm? (5)

where g — the mass of the sample, determined
on technical scales with an accuracy of 0.01, g;

V — sample volume determined by hydrostatic
weighing, cm3».

«3-5 parallel volume density determinations
were performed for each sample. The arithmetic
mean of all definitions was taken as the final test
result.

The true (specific) density (yy) was determined
by measuring the mass of a unit volume of crushed
dried rock according to the formula:

Vy= du/ Vu, g/cm? (6)

where g,— mass of the crushed sample (mineral
part of the rock), g;

Vu — volume of crushed rock (mineral part of
the rock), cm3.

Two parallel determinations of the true density
were made for each rock, then the average value
was calculated with an accuracy of 0.01 [2].

The results of the research are spread across
the horizons and summarized in summary table 2.

To destroy the rock mass in the quarry, a
drilling and blasting method is used, the main task
of which is to ensure the necessary lumpiness of

the rock mass (65% - dk < 300 mm). Primary
crushing is carried out by the method of borehole
charges (mass explosions). Blast wells with a
diameter of 215 mm are drilled using high-
performance ball drilling rigs of the DML LPE
1600/110 brand. The development of the deposit is
planned in an open way, with 15-meter ledges.
Cutting of oversized items is carried out by the
shpurov method, overhead and cumulative
charges. The calculation of the design specific
consumption of explosives was adopted according
to the methodology proposed by Academician V.V.
Rzhevsky [7]:

Qn=Q3KTK,u,Ko.n.H3KvKBB; (7)

where g5 - reference consumption of explosives [8]:

0>=K1(Ocx+0pct+0ca)+KavE, (8)

K: - coefficient that takes into account the
effect of fracturing of the mountain range,

Ks - coefficient that takes into account the
degree of crushing,

Ko.n. - correction factor that takes into account
the number of open surfaces,

K; - correction factor for the degree of charge
concentration in the array,

Ky - correction factor for the height of the
ledge,

Kes - correction factor for the consumption of
explosives, taking into account the required degree
of crushing,

K1 1 K, — empirical coefficients [7].
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Table 3 - Calculated values of the design specific consumption of explosives

Horizon, m
ds Kr Ka Ko.n. Ks Ky Kes Qn (g/cm3)
from to
720 705 0,124 0,69
705 690 0,124 0,69
690 675 0,124 0,69
675 660 0,124 o = > U = = 0,69
& a o S 8 | &
660 645 0,120 v ~ o [} S w 0,67
645 630 0,120 0,67
630 615 0,106 0,62
615 600 0,106 0,62

It follows from the data obtained that the rocks
forming horizons of 720-600 m at the Koktaszhal
deposit belong to the average degree of explosivity
and to the category of explosivity - I [9].

Discussion of the results

To substantiate the specific energy intensity of
drilling as a universal criterion for the strength of
rocks and massifs, it is necessary to compare it with
the specific energy intensity of explosive
destruction [10].

Comprehensive research in this direction in
production conditions in the 70-80-ies of the 20th
century was conducted by Professor I.A. Tangaev,
as a result, the following was noted:

1. the specific consumption of BB- g (kg/m?3)
of energy ge (Mcal /m3) is the coefficient of
proportionality between the energy of the
charge and its load, reflecting the strength
properties of the medium:

Q=qV (9)

2. the relationship between the specific
energy intensity of drilling - e (kW-h/m3)
and explosive destruction - ge (Mcal/m3) is
approximated by the linear equation:

0=0,15+0,011e (10)
in accordance with the value e, kW-h/m,
the value of the specific consumption of
explosive g, kg/m3, can be calculated by the
formula:

an=0,24e+0,16 (12)

There is an unambiguous dependence of the
explosivity on the velocity of propagation of
longitudinal waves in rocks.

This is due to the close correlation with such
characteristics of the medium as density, fracturing,
anisotropy, etc. [[10], [11]].

Applying data on the velocity of longitudinal
waves of rocks of the Koktaszhal deposit and
indicators of the specific energy intensity of drilling
of rocks similar in lithological, strength and elastic
properties, we determine the relationship between
them. (Figure 5).

1500 2500 3500

Vp, m/s

4500 5500

Figure 5 - The relationship between the specific energy
intensity of drilling and the propagation velocity of
elastic waves.

This dependence can be represented by the
following linear function:
€=0.0004V,+0,2967 (12)
Solving equations (12) and (11) together, we
obtain the value of the specific explosive

consumption q, kg/m3, taking into account the
specific energy intensity of drilling. Table 4.
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Table 4 - Calculated values of the design specific Conclusions
consumption of explosives

Comparative analysis shows good convergence

Horizon, m K% o of the results and suggests the legitimacy of using
s 3. § g 2. the specific energy intensity of drilling as a criterion
— = — P . .
Q & S @ 3 characterizing the explosive destruction of rocks.
o, ) e 3 o w
< 3 28 |2 }3 It should be noted that the data under
= [1°] 5 2. . . . .
9_'- o go |g = consideration on the strength and elastic properties
< = (3}
] - =3 o o . .
= 5 T a |2 8 o of rocks were obtained by laboratory means in
g g o g Wz | F samples, which does not guarantee their identity in
o «a,
> | . 5 2 |85 (52 |8 the array.
g ° s & .’:r EREER ? The use of specific energy capacities of drilling
w oS ~ . . . o . .
% = % E F o X and blasting makes it possible to obtain information
o 3 S % =0 for each well directly on the block and, in
3<, o g 3 °§ % accordance with the characteristics of the array, set
S g — w . .
3 g uE g, =< or adjust the energy and detonation parameters of
§ 5 a ° X charges and geometric parameters of the location
= o
3 3 g of wells.
720 | 705 | 4547,69 | 2,116 | 0,69 | 0,68 | -1,5 Conflict of interest
705 | 690 4547,69 2,116 0,69 0,68 -1,5
690 675 4552,46 2,118 0,69 0,67 -2,9 On behalf of all the aut:.hors, the .Corre.spondent
675 | 660 | 455246 | 2,118 | 0,60 0,67 | 2,9 author declares that there is no conflict of interest.
660 | 645 4139,51 1,952 0,67 0,63 -6,0
Acknowledgements
645 | 630 4139,51 1,952 0,67 0,63 -6,0
630 | 615 | 421192 | 1,981 | 0,62 064 | 32 The authors express their gratitude to the
management of Altai Polymetals LLP TGOC, who
615 | 600 | 4211,92 | 1,981 | 0,62 | 0,64 | 3,2 | supported our research and provided all possible
assistance.
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KeKTacKan KeH opHbl MbICa/ibiIHAA Tay XbIHbICTAPbIHbIH, YKapblafbiw 6y3biNybiH
CMNATTAWTbIH enwem peTiHae bypfblnayablH, MEHLWIKTI SHePrua CbiibiMAbINbIFbIH
Heri3aey

OuruH C.I. %, Yynyes U.K.2, Mycun P.A. L, Tan C.I. 1

1 KaparaHOobl TexHukanolk YHusepcumemi, KaparaHdel, KazakcmaH
2 KbIpFbi3 memaekemmik [eonoaus, may-KeH ici ¥aHe maburu pecypcmapdsl uzepy yHusepcumemi. akademuk 6. A. AcaHanuesa, Kbiprol3cmaH.

TYWIHAEME
Bypfblnay-»kapy KymbicTapbl Tay-KeH eHepkacibiHiH, MaHbI3abl Kypampgac 6eniri 6onbin
Tabblnagpl. Kasipri yakbiTra Tay-KeH KacinopblHAAapbIHAAFbl TEXHONOTUANBIK NpoLlecTepai oaaH

R 9pi KeTiNAipy *KoHe OHTaWNAHAbIPY, HEri3iHEH, Tay XblHbICTaPbl MAaCCUBIHIH, Tay — TEXHO/IOTUABIK,
Makana kengi: 03 kaHmap 2022

CapanTtamapgaH eTri: 18 kahmap 2022
Kab6binganabl: 16 aknan 2022 XoHe yHemi 6akbinay ecebiHeH mymkiH 6onaapl. BBP napameTpnepiH xobanay meH ecenteyaiH,

KacueTTepiH-onapablH, GYpPFblNaHYbIH, KapPbIIFbIWTHIFbIH KOHE 3KCABUPALMANAHYbIH aHbIKTAY

Heri3i 60bIN TabblNaTbIH MAaCCUBTET XKbIHbICTAPAbIH, XapbUIFbIWTLIFbIH NEPCNeKTUBaNbIK HaFanay
Kasipri yakbITTa TEXHONOMUANbIK YKYMbICTAapAbIH, SHEpreTUKanblK MnapameTpiepiH nainganaHy
apKbl/bl FaHa MyMKiH 60s1aabl. MaKanaga Tay XbIHbICTapbIHbIH, TaBUFK XaTbIC KesiHaeri 6epikTik

—— g4 ——
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JKOHe CcepniMAinik cunatTamanapblH 3epTTey d4icTepi Typanbl MINIMeTTep KenTipiarex.
BypfblnayAplH, HaKTbl HEPTUA CbIVbIMAbINbIFEI MEH Tay KbIHbICTAPbIHbIH, KapbliFbil Oy3blaybl
apacblHAafbl 6aliNaHbICTbl 3epTTey HITUXKeNepi KenTipinreH. BypfblnayAplH, HaKTbl SHeprus
CbIMbIMAbINbIFBI MEH cepnimai 6OMNbIK TONKbIHAAPAbIH, Tapany blgamaplfbl apacbiHAafbl
Koppenaumanblk, 6HainaHbic  KapacTbipbiFaH. "KekTacKan" KeH OpHbl  ¥KbIHbICTAPbIHbIH,
bU3MKanbIK-MeXaHUKaNbIK KacueTTepi GOMbIHWA 3epTxaHanblK 3epTTeynepaiH, HatTuxenepiH
nafanaHa oOTbipbIN, KapbINFbIWTbIK KePCETKIWiHIH, A3CTypni ecebi MeH OypfblnayablH,
SHEpPreTUKanblK NapaMeTp/iepiH ecKepe OTbIPbIMN, KapbIIFbILWTLIK KOPCETKILLiHIH, ecebi apacbiHAa

canbICTblpmanbl Tangay Kyprisingi. Bypfblnay-»Kapy »KymbiCTapblH Kobanay KesiHoe Tay
JKbIHbICTAPbIHbIH, KapbIAfbIW OY3blNyblH CUMATTANTLIH ©/WeM peTiHae BypfblnayablH, MEHLUIKTI
3HEeprusa cblibIMAbIIbIFbIH NaaanaHyablH, Heri3giniri kepceTinreH.

TyiiH ce3pep: bypfbinay, O6ypfbinayablH, 3HEPrUs  CbIbIMABIAbIFLI, KAPbIFLIWTLIK, Tay
JKbIHbICTAPbIHbIH, 6epiKTiri.
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O60cHOBaHMUe yAeNbHOW 3HeProeMKocTu 6ypeHus KaK Kputepus,
XapaKrepusylowiero B3pbiBHOE pa3pyLleHue ropHbIXx Nopoa Ha npumepe
mectopoxaeHua KoKracxkan

Ourun C.T. %, YyHnyes U.K.2, Mycun P.A. 2, Tan C.I. 2

1 KapazaHduHckuli TexHuveckuli YHugepcumem, KapazaHoa, KazaxcmaH
2 Kblpebizckuli 2ocydapcmeeHHblli yHUsepcumem 2eos02uu, 20pHO20 0esa U 0C80eHUSA NMPUPOOHbIX pecypcos UM. akademuka Y.A. AcaHanuesa,
KoipabicmaH

AHHOTALUMUA
BypoB3pbiBHble paboTbl ABAAIOTCA OAHOM M3 BaKHeWLMX COCTAaBAAOWMX ropHOAO6bIBaOLEi
MPOMbILNEHHOCTM. B HacToslllee Bpems JasibHelliee COBEPLIEHCTBOBaHME M ONTUMM3ALMA

TEXHO/IOTMYECKMX MPOLLECCOB Ha FOPHbIX NPEAnpPUATUAX BO3MOMXHbI NPEUMYLLECTBEHHO 33 CYeT
Moctynuna: 03 aHeaps 2022

PeueH3nposaHue: 18 aHeapa 2022
MpuHATa B nevatb: 16 pespans 2022 nopoa — WX 6ypMMOCTM, B3PbIBAEMOCTM W 3KCaBUMPYemMOCTW. [lepcnekTuBHas oOLeHKa

B3PbIBAEMOCTM MOPOA B Maccuse, SABAAIOWAACA OCHOBOW MNPOEKTUPOBAHMA W  pacyeTos

onpeageneHnAa U NOCTOAHHOINO KOHTPO/IA TOPHO-TEXHONOMNYEeCKUX CBOWCTB MaccuBsa FOPHbIX

napameTtpoB BBP, Ha faHHbI MOMEHT BO3MOXHA TO/IbKO C MCMO/Ib30BAHUEM IHEPreTUYECKUX
NapaMeTpoB TEXHONOTMMYECKUX PaboT. B cTaTbe nNpuBefeHbl CBEAEHMA O METOAAX W3y4YeHus
NPOYHOCTHBIX U YNPYrUX XapaKTEPUCTUK FOPHbIX NOPOA B eCTECTBEHHOM 3aseraHuu. MNpuseaeHsbl
pe3ynbTaTbl UCCNeAOBaHWUA B3aMMOCBA3U MeXAY YAEeNbHON 3HEeproemMkocTblo bypeHus u
B3PbIBHOrO Pa3pyLlleHUA FOPHbIX NOpoA. TakXKe paccMoTpeHa KOpPpenAaLMOHHaA 3aBMCUMMOCTb
MeXay YAENbHOW 3HEpProeMKOCTbl OYpPEHMA U CKOPOCTbIO  PACMpOCTPaHEHUA  yNpyrux
NPOAO/IbHbIX BOMH. [poBeAeH CPaBHWUTE/bHBIM  aHANN3 MeXAYy TPaAWLMOHHBIM pacyeTom
NnoKasaTenA B3pblIBAEMOCTU C UCNONb30BaHMEM Pe3yNbTaToB N1abopaToOpHbIX UCCNeA0BaHMI NO
bU3MKO-MEXaHUYECKMM  CBOMCTBaM MOPOA  MecTopoxaeHus «KoKTackan» U pacyetom
nokasaTe/is B3PbIBHOrO PaspyLUEHMA C Y4ETOM SHEPreTMYeckMx napameTpos bypeHus. MokasaHa
060CHOBAaHHOCTb  WUCMO/Ib30BAHWUA  YAENbHOM 3HEProemKoCTM BypeHus Kak  KpuTepus,
XapaKTepusyloWwero B3pblBHOE  paspylleHMe TOPHbIX NopoAd  NpU  NPOEKTUPOBaHMMU
6ypoB3pbIBHbLIX PaboT.

Kntouesble cnoBa: bBypumocTb, aHeproeMKocTb bypeHus, B3pblBaeMOCTb, MPOYHOCTb NOPOA,

WHpopmayusa o6 asmopax:
OxcuzuH Cepeeii feopauesuy Jlokmop mexHu4yeckux HayK, npogeccop. KapazaHOuHckuli TexHu4eckuli YHusepcumem,
KapaeaHda, KazaxcmaH. ORCID ID: 0000-0003-2432-3851. Email: 0sg62@mail.ru

Jokmop mexHuyeckux Hayk, npogeccop. Koipevisckuli eocydapcmeeHHbili yHUsepcumem

YyHyee Nwumbaii Kapoibaesuy 2e0/102UU, 20PHO20 0esna U OCB0EHUA MPUPOOHbLIX Pecypcos um. akademuKka Y.A. AcaHanuesa,
buwkek, KoipebicmaH. Email: ichunuev@gmail.com
MycuH Pasunb Anbmasosuy PhD, cmapwuli npenodasamens. KapazaHOuHckul TexHuveckul YHusepcumem, KapazaHoa,




Complex Use of Mineral Resources 2022; 321(2): 79-86 ISSN-L 2616-6445, ISSN 2224-5243

Kasaxcmax. ORCID ID: 0000-0002-1206-6889. Email: r.a.mussin@mail.ru

Tan CmaHucnas leopauesuy

LJokmopaHm, KapazaHduHckuli TexHuveckuli YHusepcumem, KapazaHda, KazaxcmaH. ORCID ID:
0000-0002-3566-1437. Email: info@geo-in.kz

(1]
(2]

(3]

(4]

(5]
(6]

(7]
(8]

(9]
(10]

(11]

References

Proekt promyshlennoj razrabotki mestorozhdeniya Koktaszhal [Industrial development project of the Koktaszhal
deposit]. TOO Altaj polimetally, 2014. [in Russ.].

Otchet po NIR po teme Issledovaniya ustojchivosti bortov kar'era Koktaszhal v svyazi s korrektirovkoj gorno-
geologicheskoj situacii [Research report on the topic of the study of the stability of the sides of the Koktaszhal quarry in
connection with the adjustment of the mining and geological situation]. NAO KarTU, Karaganda, 2020. [in Russ.].

Otchet o NIR po teme Provedenie laboratornyh testov dlya opredeleniya fiziko-mekhanicheskih harakteristik obrazcov
porod [Research report on the topic conducting laboratory tests to determine the physical and mechanical
characteristics of rock samples]. Ministerstvo industrii i novyh tekhnologij RK, Komitet promyshlennoj bezopasnosti
Filial RGP Nacional'nyj centr po kompleksnoj pererabotke mineral'nogo syr'ya RK, Institut gornogo dela imeni D.A.
Kunaeva, Almaty, 2014. [in Russ.].

Zurabishvili 1.1, Nadirashvili N.R., Mataradze E.D. Geofizicheskie issledovaniya napryazhenno-deformirovannogo
sostoyaniya gornogo massiva pri razrabotke rudnyh mestorozhdenij plastovogo tipa [Geophysical studies of the stress-
strain state of the rock mass during the development of ore deposits of the formation type]. Thilisi: Mecniereba. 1971.
120. [in Russ.].

Bajkonurov O.A. Metody kontrolya fiziko-tekhnicheskih parametrov podzemnoj razrabotki rud [Methods of control of
physical and technical parameters of underground ore mining]. Alima-Ata: Nauka AN Kaz.SSR. 1979. [in Russ.].

Savich A.l. i dr. Sejsmoakusticheskie metody izucheniya massivov skal'nyh porod (Seismoacoustic methods for studying
rock massifs). Moscow: Nedra. 1969; 240. [in Russ.].

Rzhevskij V.V. Otkrytye gornye raboty. CHast' 1 [Open-pit mining. Part 1]. Moscow: Nedra. 1985; 509. [in Russ.].

Kutuzov B.N., Belin V.A. Proektirovanie i organizaciya vzryvnyh rabot [Design and organization of blasting operations].
Moscow: Gornaya kniga. 2012; 416. [in Russ.].

Kutuzov B.N. i dr. Spravochnik vzryvnika (The Bomber’s Handbook). Moscow: Nedra. 1988; 511. [in Russ.].

Tangaev |.A. Burimost' i vzryvaemost' gornyh porod. (Drillability and explosiveness of rocks). Moscow: Nedra. 1978; 184.
[in Russ.].

Krasil'nikov V.A. Zvukovye i ul'trazvukovye volny v vozduhe, vode i tverdyh telah. (Sound and ultrasonic waves in air,
water and solids). Moscow: Fizmatgiz. 1960; 560. [in Russ.].



mailto:ORCID%20ID:%200000-0003-0116-1423
mailto:ORCID%20ID:%200000-0003-0116-1423

