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Increasing Efficiency of Copper-Molybdenum Ore Flotation
using Measurement of Pulp Absorption Capacity

V. V. Morozov8 &, Erdenezul Jargalsaikhan>%4, 1. V. Pestryak'E4

! National University of Science and Technology MISiS (NUST MISiS), Moscow, Russia, & dchmggu@mail.ru
2'ERDENET" GOK, Mongolia

Abstract: A promising line in development of reagent consumption automatic control systems is applying data on measuring
collector concentration in the pulp aqueous phase. For effective using data on the concentration of the nonionic collector —
allyl ester of amylxanthogenic acid — in the process of flotation, the studies were carried out and the method for analyzing its
residual concentration in the flotation pulp liquid phase was developed. The developed spectral technique for measuring the
concentration of amylxanthogenic acid allyl ester in the pulp agueous phase showed stable results in the temperature range of
10to 25 °C, pH range of 8.5 to 11.0. This allowed applying the technique to measuring residual concentration of AeroMX-
5140 collector in the operation of bulk sulphide flotation in copper-molybdenum ore beneficiation. The laboratory tests al-
lowed determining connection between the indicators of residual concentration with the main indicators of copper-molyb-
denum flotation. The studies showed that increasing the residual concentration of the non-ionic collector occurs with increas-
ing its consumption and pH of the pulp aqueous phase. It is shown that significant increase in metal recoveries is observed at
similar residual collector concentrations: for copper, in the range of 0.25 to 0.5 mg/l, and for molybdenum and pyrite iron, at
the concentrations from 0.25 to 1 mg/Il. The possibility of using the nonionic collector residual concentration as the informa-
tional indicator of the flotation process has been substantiated. It is proposed to use the ore absorption capacity in relation to
the collector applied as an indicator of the ore grade. It is shown that using this indicator reduces relative variance for the
dependences of the yields of individual ore types and increases the accuracy of determining the composition of the processed
ore as a mixture of typical ore grades. An algorithm for automated control of the consumption of flotation reagents based on
the advanced control of the processed ore elemental and mineral composition was developed and tested at Erdenet GOK
processing plant, with the calculation of the pulp absorption capacity in relation to the nonionic collector, including the bene-
ficiation process indicators determination using an economically-oriented optimization criterion. The expected economic ef-
fect from the reduction of metal losses amounted to USD 145 thous.

Keywords: copper-molybdenum ores, flotation, collector concentration, UV spectrophotometry, absorption ca-
pacity, regulation, optimization.

For citation: Morozov V. V., Jargalsaikhan Erdenezul, Pestryak I. V. Increasing efficiency of copper-molyb-
denum ore flotation using measurement of pulp absorption capacity. Gornye nauki i tekhnologii = Mining Science
and Technology (Russia). 2020;5(3):188-200. (In Russ.) DOI: 10.17073/2500-0632-2020-3-188-200.
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AnHoTamusi: [TepcrieKTHBHBIM HaIpaBlIeHHEM Pa3pabOTKH CHCTEM aBTOMATHYECKOTO YIPABJICHHS PACXO[aMHU PEareHTOB
SIBIISICTCS IPUMEHEHNE IAaHHBIX M3MEPEHHS KOHLICHTPAIIMN COOMpATEIisl B BOHOM (ha3e MyJibIibl. J{ist periens 3a1a4u npu-
MEHEHHsI JAHHBIX O KOHIIEHTPAIMH HEMOHOTEHHOTO COOMpaTeltsi — aJlTMIOBOrO A(pupa aMIIIKCAaHTOTEHOBOM KHCIIOTHI — B
niporiecce ¢roTaryy ObUTH MPOBENICHBI HICCIIEIOBAHMS U pa3padoTaHa METOJIMKA aHAITM3a €T OCTATOYHON KOHIICHTPAIIH B
XKUAKOU (haze (IIOTAIIMOHHOM MyJibIibl. Pa3paboTaHHas criekTpaibHash METOMKA M3MEPEHHS KOHIICHTPAIMK AJUTHJIOBOIO
3(pupa aMUIIKCAHTOreHOBOM KHCIIOTHI B BOJTHOM (haze ITyJIbITBI ITOKa3alia CTAOMIIbHBIE PE3YJIBTATHI B UHTEPBAIIE TEMITEPATYP
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10-25°C, unrepsaine pH ot 8,5 10 11,0, 4T0 HO3BOIMIO IPUMEHUTH €€ I M3MEPEHHUSI OCTATOUHOM KOHIICHTPALIMK COOU-
patenst AeroMX-5140 B oneparyyl KOJIEKTUBHOM CyT(PUIHON (hioTatuy mpu 000raIieHI MeHO-MOMOICHOBBIX PYI.
B pesynbrare npoBeneHs 1a00paTOpHBIX UCCIEI0BaHNY ObIIa YCTaHOBJICHA CBSI3b TTOKA3aTeNe OCTATOYHONW KOHIIEHTpa-
MY C OCHOBHBIMH TTOKA3aTEeISIMI METHO-MOMOIeHOBO# (oTarmm. [ [poBeieHHBIMI HCCITeTOBAHUSAMYI YCTaHOBJICHO, YTO
TMOBBILICHHE OCTATOYHON KOHIIEHTPAIIMA HEHOHOT'€HHOTO COOMpATeJIsi POMCXOAUT MPH YBEJMUESHUH ero pacxoa v pH Boj-
HOU (a3l mynbmbl. [TokazaHo, UTO CYIIECTBEHHBIH POCT U3BJICUCHUI META/UIOB HAOTFOMACTCS MPY OJIM3KMUX OCTATOYHBIX
KOHIIGHTpaIMsIX coOMpatess: il Meau B uaTepBasie ot 0,25 mo 0,5 mr/m, a 111 MOIMOIeHA W IIAPUTHOTO JKeJie3a — TIPH
koHueHTpauyy ot 0,25 10 1 mr/n. O6ocHOBaHa BO3MOKHOCTB MCIIONB30BAHHS OCTATOYHOM KOHIIEHTPAIIMA HEMOHOTEHHOTO
coOuparernsi B Ka4ecTBe MHPOPMAIMOHHOTO MapameTpa (IoTaroHHOro mporecca. [IpemniokeHo Hernoab30BaTh MOrIoTH-
TENBHYIO CITIOCOOHOCTB PY/IbI ITO OTHOIIIEHHIO K UCTIONB3YEMOMY COOMpATENTIO B Ka9eCTBE MapamMeTpa copTHocTH pypl. [o-
Ka3aHoO, YTO BKJIFOYEHHE JJAHHOTO MTapaMeTpa CHIDKAET OTHOCUTEIBHYIO JIFICTIEPCHIO TS 3aBICHMOCTEHN BBIXOIOB OT/EIb-
HBIX THIIOB PY/bl M YBEJIMYMBACT TOYHOCTH ONPEIEIICHHS COCTaBa MepepadaThIBaeMO Pyl KaK CMECH THIIOBBIX COPTOB
pyxn. Pazpaboran u poBepeH B ycmoBusix oooratutensHoi (adprku ['OKa «3pmaam (MOHTomist) anropuT™ aBTOMAaTH-
3WPOBAHHOTO YIIPABJICHHS PACXOIaMH (DIIOTAIIFIOHHBIX PEAreHTOB HAa OCHOBE OIIEPEKAIOIIETO KOHTPOIIS SJIEMEHTHOTO ¥ MH-
HEpaJIbHOIO COCTaBa MepepadaTbIBaeMOid Py/bI C pacyeTOM BEIMUYMHBI OTJIOTHTEIBHOM CIIOCOOHOCTH MyJIBIIBI IO OTHOILIC-
HHIO K HEHOHOTEHHOMY COOHMPATEITIO, BKITFOUAIOIINI OMpe/IeeHIE TapaMeTPOB MPOLIECCOB OOOTAIICHHS C HCTIONB30BaHHEM
SKOHOMHKO-OPHEHTHPOBAHHOTO KPUTEPHsI ONTHMIBAIH. OKUIaeMbIil SKOHOMHYECKUN 3P (EKT OT CHIDKEHHS TIOTEPH CO-
craBu 145 Teic. nomapos CILIA.

KiaroueBrble ciioBa: MeIHO-MOJIMOACHOBBIC PYbl, (DiroTalus, KOHIEHTpaIus cooupatens, Y D-cnekrpodoromer-
pHsl, IOTTIOTUTENbHAS CTIOCOOHOCTD, PEryTUPOBAHUE, ONITUMH3ALINS.

Jas uutupoBanusi: Moposos B. B., XKaprancaiixan Opmeua3yyn, [lectpsk U. B. [loBeimenue 3ppexTHBHOCTH
(bHOTaLII/II/I MEIHO-MOIMOIEHOBBIX PYA € KCIOJb30BAaHUEM H3MEPEHHUS MOTJIOTUTEIbHOU COCOOHOCTH I1YJIBIIBI

Topusie nayxu u mexnonoauu. 2020;5(3):188-200. DOI: 10.17073/2500-0632-2020-3-188-200.

Introduction

A promising line in development of reagent
consumption automatic control systems is applying
data on measuring collector concentration in the
pulp aqueous phase [1, 2]. For ionic collectors such
as xanthates and aeroflots, the techniques have been
developed and are applied, which involve direct UV
spectrophotometry of reagents in filtrates of the flo-
tation pulp liquid phase [3-5]. Flotation process
with the use of nonionic collectors, measuring of
which by direct spectrophotometric analysis is ra-
ther difficult, is more complicated [6].

At the Erdenet GOK processing plant
(Mongolia), nonionic collectors — allyl esters of
alkylxanthogenic acids — are used [7, 8]. For this
class of substances, UV-spectral analysis tech-
nique was previously developed, which involves
the extraction of esters of alkylxanthogenic acids
into acetone and the measurement of optical den-
sity of the resulting solution at wavelengths of
355-358 nm [9]. However, this technique has not

found practical application due to low precision
of the analysis. Therefore, development of a tech-
nique for measuring the concentration of allyl es-
ters of alkylxanthogenic acids, being the base ma-
terial of AeroMX-5140 collector, in the pulp
aqueous phase, which is effectively used in flota-
tion of copper-molybdenum ores, is very urgent
scientific and practical task.

Technique and findings of the spectral
studies

For effective using data on the concentra-
tion of the nonionic collector — allyl ester of
amylxanthogenic acid — in the process of flota-
tion, the studies were carried out and the method
for analyzing its residual concentration in the flo-
tation pulp liquid phase was developed. The spec-
tral analysis was performed using a PE-5400 UV
spectrophotometer. The basic technique of taking
spectra was used, which implies subtracting from
the absorption spectrum of the sample of the ana-

BENEFICIATION AND PROCESSING OF NATURAL AND TECHNOGENIC RAW MATERIALS
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lyzed solution the analogous spectrum of the con-
trol sample and the automated calculation of the
concentration of the substance from the difference
in absorption by UV radiation at fixed wave-
lengths [10].

The spectrally active fraction of AeroMX-5140
collector is characterized by three distinct absorp-
tion peaks, at 220, 255, and 273 nm, which are
connected with electron transitions in the esters of
alkylxanthogenic acids. For measurements, the
extraction technique was used, including the op-
erations of taking and purification of the liquid
phase, extraction of nonionic components of the
solution into an organic extractant, and producing
and analysis of the UV spectra of the extractant
with the extracted substances.

An important stage of research was selec-
tion of extractant, which ensures the most com-
plete extraction of allyl ester of amylxanthogenic
acid from the flotation pulp aqueous phase with-
out extracting other organic substances into it.
Both apolar and polar solvents: n-hexane, hep-
tane, acetone, and pyridine were studied as the
supposed extractants. As a result of the compara-
tive tests, n-hexane was chosen as the extractant.
Comparison of the measurement results showed
that the ratio of extactant/sample aliquot in the
range of 1:10 to 1:1, the use of n-hexane provides
almost complete transition of the collector from

0,25
0,2
0,15

0,1

OPTICAL DENSITY.

0,05

0 0,5

Science and Technology

the aqueous phase (by 94-96%). Analysis of the
IR spectra showed that no extraction of other or-
ganic compounds, in particular alcohols, which
form the base of the used frother - methyl isobutyl
carbinol — took place in the process [11].

Analysis of the calibration graphs shows
that in the concentration range of 0 to 1.5 mg/l,
close to linear dependence of the sample optical
density on the collector concentration is observed
at wavelengths of 220 nm and 270 nm (Fig. 1).
The range of the collector residual concentration
at its reliable analysis amounts to 0.2 to 1.5 mg/I.
In this range of values, the measurement error is
2.5-7.5%. At varying the ratio of extactant/sam-
ple aliquot in the range of 1:1 to 1:20, the reliably
measured collector concentrations in the analyzed
aqueous phase are in the range of 0.1 to 15 mg/l,
being quite consistent with collector concentra-
tions in bulk and selective flotation operations.

The developed technique was tested in rela-
tion to commercial pulps of bulk copper-molyb-
denum flotation and selective molybdenum flota-
tion. It was confirmed that the developed technique
provides the reliable measurement in the tempera-
ture range of 0 to 25 °C at pH from 8.5 to 11.0. The
results obtained allowed recommending this tech-
nique for measuring the residual collector concen-
tration in various flotation operations in the process
of copper-molybdenum ore beneficiation.

——220
—i—270

1 15

CONCENTRATION, MG/L

Fig. 1. Calibration curves of the AeroMX-5140 collector at 220 nm and 270 nm
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Techniques and findings of flotation studies

According to the developed technique for
analyzing the collector concentration, tests on the
flotation of copper-molybdenum ores were car-
ried out under the conditions of varied pH and the
collector consumption, which are the main param-
eters of the bulk copper-molybdenum flotation re-
agent regime [12].

The ore preparation flow sheet included fine
crushing an ore sample to the size of —2.5 mm,
grinding/comminution the ore in rod and ball mills
to 45-75% passing 65 pm. The comminuted ore
was fed to the bulk flotation, carried out at the mode
used at the operating processing plant of the Erdenet
GOK. Methyl isobutyl carbinol (as frother) and
AeroMX 5140 reagent as collector were added into
the bulk flotation operation. Caustic soda was used
as the pH regulator. The bulk flotation of sulfides
was carried out for 5 min in a mechanical flotation
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machine with the cell volume of 1 I. A sample of the
liquid phase was taken from the flotation tail, and
the liquid phase pH and the collector concentration
were measured.

The results showed that, with increasing pH
of the pulp aqueous phase, the residual concentra-
tion of allyl ester of amylxanthogenic acid, being
the main fraction of the collector used, also in-
creases (Fig. 2).

The dependence of the recovery of valuable
components on the collector concentration obtained
based on the test findings is similar in shape to the
dependences obtained with the use of ionic collec-
tor, xanthate [12]. Then increase in the collector
concentration in the pulp aqueous phase with in-
creasing pH is due to the action of hydroxyl ions on
the surface of minerals, as well as oxidation and hy-
drophilization of their surface [1, 2, 5].

]
|
L 2
]
*
4
9,5 10 10,5 11
PH

Fig. 2. Varying the residual collector concentration in the pulp agueous phase as function of pH
of the pulp aqueous phase:
1 — at the consumption of AeroMX-5140 of 10 g/t; 2 — at the consumption of AeroMX-5140 of 15 g/t
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Fig. 3. Graphic experimental dependences of the recovery of copper (1) and molybdenum (2) sulfides and pyrite (3)
on the consumption (a) and concentration (b) of AeroMX-5140 collector (pH 10.3)

This result substantiates the possibility
and expediency of using the measured residual
concentration of the nonionic collector as an indi-
cator of the flotation process for its optimization
or automatic regulation of the reagent treatment.

This conclusion is confirmed by the results
of the tests, in which the collector consumption in
flotation operation was varied. The flotation tests
were carried out at constant grain size of 63%
passing 74 um and pH 8.5. The results showed
that increasing recovery of copper minerals oc-
curs at the residual collector concentration of 0.25
to 0.5 mg/l, and that of molybdenum and pyrite
minerals, at the residual collector concentration
of 0.25 to 1 mg/l (Fig. 3).

The nature of the obtained dependences of
the minerals flotation abilities on the residual con-
centration fundamentally differs from the analo-
gous dependences obtained with the use of ionic
collectors [1, 12]. According to the data of foreign
and domestic researchers, the concentration of
xanthate required for complete flotation of sulfide
minerals of copper and iron in alkaline medium

differs by a factor of 10 or more [2, 13]. The sim-
ilar shape of the dependences "metal recovery - col-
lector concentration” for the considered sulfide min-
erals, showed in Fig. 3, allows concluding that the
most probable mechanism for fixing nonionic col-
lector such as allyl ester of amylxanthogenic acid is
interaction with an unoxidized sulfide surface [13].

According to the testing data obtained, in
the liquid phase of the bulk copper-molybdenum
flotation pulp, it is advisable to maintain the col-
lector concentration of at least 0.2-0.25 mg/I.
It should be noted that significant increase in the
residual collector concentration may be due to un-
satisfactory conditions for the collector interac-
tion with the surface of the floated minerals. In
this case, the nonionic collector residual concen-
tration will be determined by a combination of
factors and cannot be applied as basic criterion for
regulating the consumption or pH of the medium.
Therefore, to create effective systems and algo-
rithms for controlling the flotation reagent
scheme, additional studies are required.
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Another, more effective approach is the
flotation process control based on the on-line con-
trol of disturbing factors of the process. In our
study, the measured value of the residual collector
concentration was used in algorithms for control-
ling the flotation process based on controlling the
processed ore grade.

Determination of optimal flotation conditions
using the criterion of the pulp absorption capacity

The dependence of flotation ability of miner-
als on the residual concentration of the nonionic col-
lector can be used for adjusting the algorithms for
optimizing the flotation regime parameters, for ex-
ample, the collector consumption. A well-known
approach to controlling the collector consumption is
the calculation and use of the criterion of the pulp
solid phase absorption capacity (AC), calculated as
the quotient of the amount of absorbed collector (q)
by the weight of solid phase in the pulp (Q) accord-
ing to the following equation [14]:

AC = Ag/Q. (1)

The pulp absorption capacity in relation to
the collector in the course of flotation of hyper-
gene altered sulfide porphyry ores is to a greater
extent related to the mineral composition of the

Science and Technology

host rocks than to the composition of ore miner-
als. To determine the reasons for the increase in
the pulp absorption capacity, the tests were car-
ried out on the collector interaction with the main
rock-forming minerals of copper-molybdenum
ores. As seen from Table 1, sericite, which is the
main mineral of hypergene replacement (metaso-
matic sericitization process), has the highest ab-
sorption capacity in relation to the collector. The
least absorption capacity is characteristic for un-
altered porphyry minerals of granosyenite and
granodiorite. This difference in the ability to ab-
sorb the collector was first noted in the thesis re-
search of E. Zhargalsaykhan [15].

Analysis of data presented in Table 1 also
showed the pulp pH influence on the absorption
capacity of rock-forming minerals. Increasing pH
from 10.1 to 10.35 reduces the absorption capac-
ity of rock-forming minerals by 7-12%.

The use of the pulp absorption capacity as a
criterion for the flotation process is due to objec-
tive reasons, namely, significantly difference in
the capacity values for the individual groups of
primary and secondary minerals. These differ-
ences give grounds for using the pulp absorption
capacity as a criterion for revealing the processed
ore grade.

Table 1
Absorption capacity of rock-forming minerals in relation to AeroMX 5140 collector
at its initial concentration of 10 mg/l [15]

Minerals and rocks pH Collector absorption, mg/kg
Granosyenite and granodiorite 10.1 0.45
y g 10.35 0.41
. 10.1 0.55
Quartzite 10.35 050
. 10.1 1.77
Metamorphized quartz 10.35 157
Sericite 10.1 4.42
10.35 4.10
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Improvement of the algorithm for auto-
mated control of the flotation process using the
pulp absorption capacity parameter.

The best results in the automated control
of flotation processes are achieved when using
model-based control systems and algorithms
which use the results of determining the processed
ore composition and grade. Increasing the effi-
ciency of flotation reagent scheme automated
control systems is achievable on the basis of de-
velopment and application of economically ori-
ented combined criteria, in particular, by includ-
ing the optimization criteria in the control algo-
rithm [16]. This approach can be improved at the
expense of expanding the range of the flotation

|

process measured parameters, for instance, in-
cluding the collector concentration and the ab-
sorption capacity of the flotation pulp solid phase
in relation to the collector used.

Steps of the automated control of grinding
and flotation processes, shown in Fig. 4, includes
the operations of assessing the processed ore grade
and economically oriented optimization [17].

The flotation process is controlled at two
levels. The optimal parameters of the grinding and
flotation processes are calculated on the basis of
data on the ore grades, and the determination of
the reagent scheme parameters is carried out using
economically oriented optimization criteria [16].

Measuring ore grain size and parameters
of composition of solid and liquid phases of pulp

I

Calculation of flotation processing indicators

[

Mathematical modeling of flotation process

|

Assessment of the processed ore grade

I

Calculation of optimum parameters of grinding
and flotation of ore grades using economics-fo-
cused criteria

|

Calculation of optimum parameters of grinding
and flotation using ore grade indicators

]

Maintaining optimum ore grain size and reagent
consumption

I

Fig. 4. Steps of the flotation process control based on the ore grade assessment
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The prepositional task of the algorithm is to
select the optimal reagent scheme for processing
of typical ores. This work is carried out using rep-
resentative samples of different types of the ores
involved in processing. The optimal reagent
scheme for processing of the current ore is deter-
mined taking into account the advanced assess-
ment of its grade. This method was developed and
implemented at the Erdenet GOK, where X-ray
fluorescence and visiometric analysis data are
used to determine the ore properties [16, 17].

The algorithm for determining the ore grade
is described in detail in [15, 18] and involves de-
termination of an ore similarity with the main
metallurgical types of ores. The final task of de-
termining the ore grade is formulated as the task
of determining the shares of the main metallurgi-
cal ore types in it.

The calculation of the ore grade was carried
out using a multi-criteria method for calculating af-
filiation with the ore types [15, 17]. The area of find-
ing the task solution is represented by five typical
ore types. Mathematical part of the system provides
calculation of the supplied ore grade based on eight
or more significant parameters of the ore (the con-
tent of copper, molybdenum, and iron in the ore, the
weight fraction of oxidized, secondary sulfide cop-
per minerals in the ore, that of primary minerals of
copper, pyrite and sericite).

Science and Technology

Based on findings of the performed studies, it
was proposed to use the ore absorption capacity in
relation to the applied AeroMX-5140 collector as an
additional parameter of the ore grade, determined
using the basic equation (1) or its analogues, taking
into account the influence of the medium pH and the
ore grain size. To determine the absorption capacity
of the main identified ore types, the results of meas-
uring the residual collector concentration in the pulp
liquid phase in laboratory conditions (the results
were obtained in the course of flotation treatment of
these ore types) were used. When performing the re-
search and testing, a sample taken from the main
bulk flotation cycle was filtered, and the concentra-
tion of the spectrally active phase of the AeroMX-
5140 collector was determined in the liquid phase of
the sample using the developed technique, de-
scribed in Section 1. For calculation of the absorp-
tion capacity, tests were carried out in narrow ranges
of pH (10.3-10.4) and the collector consumption
(12-18 gft).

These studies have confirmed that the basic
types of ores processed at the Erdenet GOK pro-
cessing plant are characterized by unequal ab-
sorption capacity in relation to the collector. Anal-
ysis of the results of the research on bulk copper-
molybdenum flotation using the AeroMX 5140
collector showed that mixed oxidized and mixed
sericitized ores are most prone to the collector ab-
sorption (Table 2).

Table 2

Average collector concentration and pulp absorption capacity
in bulk flotation for typical ores

Flotation parameters
Processed ore type o Collector Collector concentration, mg/kg | Absorption capacity
P consumption, g/t initial residual (AC), %
1. MFO 10.35 15.0 7.8 2.6 66.7
2. MSSO 10.35 15.0 7.8 1.8 76.9
3.LPO 10.35 15.0 7.8 3.0 63.5
4. MOO 10.35 15.0 7.8 15 80.1
5. MSO 10.35 15.0 7.8 1.4 84.1

Note. MFO — massive fresh ores; MSSO — mixed secondary sulfidized ores; LPO — lean pyritized ores; MOO — mixed oxidized
ores; MSO — mixed sericitized ores
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Fig. 5. An example of assessing the ore component composition
in two-dimensional space "Copper grade - Absorption capacity of the pulp*:
1 — massive fresh ores; 2 — mixed secondary sulfidized ores; 3 — lean pyritized ores; 4 — mixed oxidized ores; 5 — mixed se-
ricitized ores; 6 (. ) — currently extracted ore; Si, Sy, Ss, S4, Ss — deviations of the currently extracted ore parameters from
the parameters of the typical ores

The applied method of calculating the ore
grade is based on determining the degree of its ““sim-
ilarity” to each of five types of ore. In proportion to
this similarity, the relative proportions of these five
ore types in the ore arrived for processing are deter-
mined [18]. The calculation algorithm initially deter-
mines the distance from the point, coordinates of
which correspond to the processed ore parameters, to
each of the points, coordinates of which correspond
to the basic types of ores. The closer the point corre-
sponding to the incoming ore (the sixth type) to any
of the points corresponding to the parameters of a
certain ore type (1-5) on the diagram, the higher the
relative proportion of the selected ore grade (type)
(1-5) in the ore currently mined (incoming).

Based on the findings of the studies, showing
significance of the pulp absorption capacity parame-
ter for the flotation process, it is recommended to use
this parameter for determining the ore grade. The al-
gorithm for recognizing the ore grade is explained us-
ing the example of the two-parameter system “"Cop-
per grade — Absorption capacity of the pulp in rela-
tion to the collector”, shown in Fig. 5. It should be

noted that the "Absorption capacity of the pulp in re-
lation to the collector" parameter is a completely in-
dependent parameter, as evidenced by the independ-
ent spatial distribution of the characteristics of the ore
types in the selected coordinate system.

As seen from Fig. 5, the ore arrived for
processing is clearly recognized as the mixture of
the selected ore types even in the two-parameter
system. In practice, the system comprising 8 pa-
rameters was used: the grades of metals, contents
of minerals, the ratios of minerals and mineral
groups, so that the task of determining the ore
grade was correctly solved with high degree of
certainty. By equipping the system with the collec-
tor concentration sensor and calculating the absorp-
tion capacity of the pulp in relation to the collector,
the ore grade recognition system (involving nine pa-
rameters) becomes even more accurate.

When determining the ore grade, in addition to
the absorption capacity, the parameters of the typical
ores are used, presented in Table 3 [15, 19].
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Table 3
Parameters of the typical ores used in determining the current ore grade [15, 19]
. Ore type
Indicator MFO | MSSO | LPO MOO | MSO
The ratio of the weight fractions of primary and secondary
copper sulfides 2.1 0.50 0.45 0.75 0.57
The ratio of weight fractions of primary and oxidized cop-
per minerals 18.5 154 21.4 104 17.6
The ratio of the weight fractions of chalcopyrite and pyrite | 0.77 15 0.45 0.86 0.67
Weight percent of copper in ore 0.53 0.57 0.39 0.55 0.52
Weight percent of molybdenum in ore 0.015 0.028 0.013 0.02 0.025
Weight percent of iron in ore 1.50 1.09 1.15 1.22 1.30
Weight percent of sericite in ore 0.12 0.15 0.1 0.17 0.34
Weight percent of porphyry minerals in ore 0.45 0.40 0.48 0.39 0.22
Absorption capacity in relation to collector, % 66.7 76.9 63.5 80.1 84.1
Table 4

Statistical characteristics of the dependences of the individual types (grades) proportions in the processed ore

Determinacy indicator R? Residual variance
o not taking into ac- | taking into account | not taking into ac- taking into ac-
re type count collector collector concentra- count collector count collector
concentration tion concentration concentration
MFO 0.77 0.81 0.26 0.22
MSSO 0.74 0.78 0.28 0.23
LPO 0.71 0.76 0.26 0.21
MOO 0.75 0.79 0.27 0.22
MSO 0.77 0.82 0.26 0.21

According to the algorithm used, after normal-
ization and assessment of the parameters signifi-
cance, the values of the relative proportions of the
typical ores in the processed ore are determined [18].

Initially, the normalized deviation (S;) of the
parameters of a mixture of ores (Z,) from the pa-
rameters of the typical ores (Zni) is calculated by
the following formula:

S|:(|Zn—Zn|l)/Zn| ,at|:15 (2)

Then the normalized values of the similarity
of the parameters of the mixture of ores S; with the
parameters of the typical ores are calculated using
the following formula:

Di=1/Sati=1...5. 3)

The value of the relative share of each type
of ore (yi) is calculated by the following formula:

Yi =kDi/ Y (kDy),ati=1...5, (4)

where k are the coefficients of significance of in-
dividual parameters of the ore.

To confirm the feasibility and possibility of
using the absorption capacity (AC) as an addi-
tional indicator of ore grade, the calculation and
analysis of the residual variance of the initial data
array in relation to the resulting function was used
when determining the incoming ore grade. Such
an assessment is based on the possibility of reduc-
ing random fluctuations and, correspondingly, the
accumulated relative variance by using an addi-
tional stable and adequate parameter.

The calculation results showed that the AC
parameter inclusion reduces the relative variance
when determining the dependences of the propor-
tions of individual ore types (grades) from 0.26-
0.28 to 0.21-0.23 (Table 4). The obtained result
evidences increasing the model adequacy and the
accuracy of determining the processed ore grade.
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The developed algorithm was tested in the
automated process control system of grinding and
bulk flotation processes at the processing plant of
the Erdenet GOK. The algorithm of automated
regulation provides for regulation of the con-
sumption of reagents, taking into account the ore
material composition and grade and the beneficia-
tion indicators [17].

The ore grade was assessed based on data
of the ground ore elemental composition analysis,
produced by the Amdel-ISA submersible X-ray
fluorescence analyzer installed at the cyclone
overflow, and the visiometric ore grade analyzer
at feeding finely crushed ore into the MShTs-1A

Science and Technology

mill of the grinding-flotation circuit of the pro-
cessing plant. The measurement of the collector
residual concentration was carried out in the lig-
uid phase of the scavenging bulk flotation tailings
sample, taken by the sampler of the PRO-1 system
of sample delivery of the AR-31 analyzer. The
collector was extracted from the sample by n-hex-
ane. The analysis of the collector concentration
was carried out by UV-spectral method.

The results of the of the processed ore grade
analysis, presented in the form of graphs of
changes in the relative proportion of the individ-
ual ore grades (types), shown in Fig. 6, were used
to calculate the parameters of the grinding and
bulk flotation processes.

- Massive fresh ores

- Mixed secondary sulfidized ores
- Mixed oxidized ores

- Mixed sericitized ores

- Lean pyritized ores

| 21.786 %
[ 18.226 %
19.336 %

r 21.808 %

18.753 %

Fig. 6. Graph of ore grade change on the feed conveyor of the MShTs-1A mill

The test results showed that the use of the
developed control algorithm, including applying
economically oriented optimization criteria, ena-
bles increasing efficiency of the copper-molyb-
denum ores beneficiation. The assessment of the
economic effect from the use of the system and
the updated algorithm was carried out by calculat-
ing the reduction of the normalized losses of val-
uable components per 1 ton of ore. The effect
amounted to 9 cents per 1 ton of ore. In terms of
the circuit productivity and taking into account

the reagent costs, the economic effect will amount
to USD145 thous.

Conclusion.

Using the spectral technique for measuring
the residual concentration of the spectrally active
fraction of the AeroMX 5140 nonionic collector
(allyl ester of amylxanthogenic acid) in the aque-
ous phase, the dependences of the nonionic col-
lector residual concentration on the collector con-
sumption and pH of the copper-molybdenum flo-
tation pulp aqueous phase were determined. The
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possibility of using the nonionic collector residual
concentration as the indicator of the flotation pro-
cess has been established. As an indicator of the
processed ore grade, it was proposed to use the
normalized absorption capacity of the ore in rela-
tion to the collector used, calculated as the ratio of
the difference between the calculated and meas-
ured collector concentration to the calculated dif-
ference. It is shown that using the pulp solid phase
absorption capacity as the indicator reduces the
relative variance for the dependences of the yields
of the individual ore types from 0.26-0.28 to 0.21-
0.23. This result confirms the conclusion about in-
creasing the model adequacy and the accuracy of
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Abstract: Hydraulic power cylinders are the main bearing elements of powered supports at mining enterprises, ensuring
reliable fixation of the roof in the required working position, as well as providing advancement of the support in the
face. Thus, hydraulic power cylinders ensure stoping safety, so strict requirements are im-posed on them both in terms
of workmanship and operational reliability. To ensure reliability and efficiency of powered support operation in
faces, it is necessary to ensure stable service life of their hydraulic props, which mainly depends on the quality of
manufacturing of mating surfaces and the accuracy of assembling functional joints. The required accuracy of hy-
draulic prop joints is achieved by selective assembly, which allows ensuring the specified technical requirements
and service life of the joints. At the same time, along with the issues of ensuring the accuracy of assembling the
props to provide proper safety of the face operation, it is extremely important to identify and analyze the causes of
dimensional wear of critical parts of the joints, leading to decreasing service life of the hydraulic props in the
course of exploitation. In the paper, using the methods of the analytical theory of bases, the reasons for formation
of positional variations of the parts of the powered support hydraulic prop joints in the course of assembling and
operation of the unit are identified and described. It was found that arising mismatches and formation of local
stress zones on the cylinders, pistons and rods, characterized by intense wear, occurs due to the uncertainty of
basing (positioning) of rod and piston in hydraulic cylinder. The dependencies allowing calculating deviation of
the rod axis from the required position, taking into account the initial clearance gap in the joints and the adopted
design parameters of the hydraulic cylinder, have been obtained.
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Bausinne HeomnpeaeJeHHOCTH 02a3MPOBAHNUS ITOKA THAPOCTOMKH
HA pa3MepHbI U3HOC ero 0a30BbIX MOBEPXHOCTEMH

Ban Tyan Hro

BreTHamckuii rocyaapcTBeHHbIN TexHnueckul yauBepcutet umenu Jle Kyit Jlona, Xanoii, Beetnam,
™ ngotuanctm@gmail.com

Annotanusi: /1y obecrieueHnst HaIe)KHOCTU U dPPEKTUBHOCTH IKCILTyaTalluK B 32005X MEXaHU3UPOBAHHBIX Kpe-
et HeoOX0AMMO 00€eCTIeYnTh CTa0MIIBHBIN pecypc paboThl BXOSIINX B MX COCTaB THIIPOCTOEK, KOTOPBIH TiaB-
HBIM 00pa30M 3aBHUCHUT OT Ka4eCTBa U3TOTOBJICHUS CONPSIKEHHBIX OBEPXHOCTEH M TOUHOCTH COOPKH (YHKLIMO-
HaJIBHBIX coearHeHnd. TpeOyeMasi TOUHOCTh CO€IMHEHNH THIPOCTOCK AOCTUTAETCS CEIEKTUBHOM COOPKOM, UTO
Mo3BOJISIET 00ECTIEYNTh 3aJJaHHbIE TEXHUYECKUe TpeOOBaHUS U pecypc coelMHeHni. Bmecre ¢ TeM Hapsy ¢ BO-
npocaMu obecrieueH st TOYHOCTH COOPKH JaHHBIX Y3JIOB JUIsl TapaHTHH JIOJDKHOM 0e301acHOCTH padoThl B 320051
Ype3BbIYaHO Ba)KHBIMU SBIISIIOTCS BBISIBIICHHE M aHAIW3 NMPUYMH Pa3MEPHOTO M3HOCA OTBETCTBEHHBIX JETaJel
COEIMHEHHH, TPUBOAALINX K YMEHBIIICHHIO pecypca THAPOCTOEK B TpoIlecce dKCIUTyaTtanui. B cratee mpu mo-
MOIIM METOJIOB aHAIMTHYECKON TEOPHH 0a3 BBISBICHBI M OMMCAHBI IPHYMHBI ()OPMUPOBAHHS MTO3UIIMOHHBIX OT-
KJIOHEHHH JeTaneil CoeqMHEHNH THAPOCTONKN MEXaHW3UPOBAHHOM KPENu B Ipolecce COOPKH U 3KCILTyaTaliu
y371a. Y CTaHOBJIEHO, YTO BO3HUKHOBEHUE IIEPEKOCOB U 00pa30BaHUE HA LIMIMHAPAX, IOPLIHAX U IITOKAX JIOKAJIb-
HBIX HaINPsDKEHHBIX 30H, XapaKTePU3YIOIMNXCS HHTEHCHBHBIM M3HOCOM, ITPOMCXOANUT BCIIEACTBHE HEONPEENEH-
HOCTH 0a3MpOBaHuUs IITOKA M MOPLIHS B ruapoumnuHape. IlomydeHsl 3aBUCUMOCTH, TIO3BOJISIIOIINE PACCUUTATD

MINING MACHINERY, TRANSPORT, AND MECHANICAL ENGINEERING



mailto:ngotuanctm@gmail.com
mailto:ngotuanctm@gmail.com
https://orcid.org/0000-0002-7219-0881
https://orcid.org/0000-0002-7219-0881

ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

2020;5(3):201-207 MISIS

National University of

GORNYE NAUKI | TEKHNOLOGH

Science and Technology

OTKJIOHCHHEC OCH IITOKa OT Tpe6yeMor O MOJIOXKCHUA C YUCTOM HCXOAHOI'0 3a30pa B COCAMHCHUAX WU MPUHATBIX

KOHCTPYKTHUBHBIX ITapaMeTPOB THAPOLMIHHIPA.

KuioueBble ci10Ba: MEXaHU3UPOBAHHAS KPETIb, THAPOCTONKA, TOUHOCTH COOPKH, U3HOC, HEOTIPEIEIIEHHOCTh 0a3n-

poBaHHus, CMeHa 0a3, MO3UIMOHHBIC OTKJIOHCHHSI

st umtupoBanusi: Hro Ban Tyan. Bnusiaue HeonpeneneHHOCTH 0a3upOBaHus IITOKA THAPOCTONKH Ha pa3Mep-
HBII U3HOC ero 6a30BBIX MOBEpXHOCTEN. I opHbie Hayku u mexnonocuu. 2020;5(3):201-207. DOI: 10.17073/2500-

0632-2020-3-201-207

Hydraulic power cylinders are the main
bearing elements of powered supports at mining
enterprises, ensuring reliable fixation of the roof
in the required working position, as well as
providing advancement of the support in the face.
Thus, hydraulic power cylinders ensure stoping
safety, so strict requirements are imposed on them
both in terms of workmanship and operational re-
liability. At the same time, the condition of work-
ing surfaces of the hydraulic cylinder elements
plays decisive role in ensuring proper service life
of the critical joints. General technical require-
ments for manufacture of hydraulic props of pow-
ered supports and the main parameters are regu-
lated by the standards [1-3].

As production statistics show, the main fail-
ures of mine supports in most cases are caused by
seal failure of the hydraulic cylinder joints due to
wear of the mating surfaces, which causes leakage
of the hydraulic fluid and, correspondingly, the loss
of the support bearing unit working ability. The lat-
ter can cause the roof collapse, emergency situation,
and even lead to casualties. All this requires system-
atic monitoring of the condition of sealing elements,
timely replacement of failed hydraulic cylinders
with new or repaired ones [4-6].

It is known that the remanufacturing of hy-
draulic power cylinders in the conditions of spe-
cialized repair shops is rather laborious and costly
process. At the same time, the quality of the re-
stored surfaces, for example, the cylinder bearing
surface, the rod working surfaces, should not be
inferior to the corresponding indicators of new

parts, since these surfaces determine the proper
service life and bearing capacity of the joints. The
required accuracy of the hydraulic props joints is
achieved by selective assembly using the methods
of group and inter-group interchangeability. This
assembly technique ensures compliance with the
specified technical requirements and the availa-
bility of the required joint service life [7-12]. At
the same time, along with the issues of ensuring
the assembly accuracy provide proper safety of
work in the faces, it is extremely important to an-
alyze the reasons for the change in the relative po-
sition of a hydraulic prop joint parts in the course
of operation, their positional variations from the
required position, arising mismatches under load,
which produce significant effect on the stress
state, the process of part wear, and the joint ser-
vice life [13, 14].

Due to the presence of a gap in the sliding
joints of hydraulic cylinder, the deviations of the po-
sition of the hydraulic prop rod are manifested as an
uncertainty of its basing, which occurs due to unor-
ganized change of bases resulting from elastic
movements and deformations in the hydraulic prop
under the load on its working surfaces.

To identify and unambiguously mathe-
matically describe the basing schematics for
parts and units, we use the method of identifica-
tion and modeling of bases [11, 12, 15, 16].

The coordinates of the position of a part
or unit supporting points can be divided into two
groups: plane coordinates (Xi, Yi, Zi), which de-
termine the supporting points location on three
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base surfaces (plan view of the base surface), which uniquely determines the basing sche-
and normal coordinates (4xi, 4yi, 4z;), defining matic and the location of points on the coordi-
the deviations of the supporting points in the di- nate planes.
rection perpendicular to the basing surfaces. The main bases of a hydraulic prop, which

If the normal coordinates of the support- determine its position in the powered support, are
ing points are grouped by base and written in the two hemispheres (Fig. 1), which allows the prop
sequence of decreasing points on the bases, then to self-align under the external load, thus provid-
we get a column matrix T of normal coordinates, ing the required kinematic flexibility.
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Fig. 1. Hydraulic prop elements basing schematics:
1 —cylinder; 2 — rod; 3 — piston; 4 — neck bush

This means that the prop is based accord- of which is played by the 0Z axis, and the compo-
ing to the schematic with the use of double guid- nents Azs, Aye are the normal coordinates of the
ing base (see Fig. 1), which is described by the supporting points of the supporting bases, which

rowed matrix: are X0Y (Azs) and X0Z (Ays) planes.

Self-alignment of the prop along the base is
ensured by the support points (Axi, Ays), and self-

According to (1), the components (Axi, Axz, alignment along the roof, by the support points
Ays, Aya) are the normal coordinates of the sup- (Axa, Aya)

porting points of the double guiding base, the role

T = (AX1, AX2, Ay3, Aya, Azs, Ays). @
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Table 1
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Position schematics and calculation formulas to determine the deviations of the rod and piston in the hydraulic prop

Schematic | Schematic of the piston and rod position in | Description of unorganized change of bases by ma-
No. the cylinder when changing bases trices of normal coordinates
Basing schematic:
T = (AX1, AXz, Ays, Aya, AZs, Ays);
values of normal coordinates:
Mo A1 = 0,5Sp; Ayz= 0,55,
I Ax2=0,5Sy; Aya= 0,55
| b F angle of the rod axis vertical deviation:

I
NER amzﬁ-(§T+S +5 )

1 ST

A(T]“

S

2 _.a

I
1
] I
2| [
B
-
Basing schematic:

3 a
+ T = (AX1,, AXZ', Ay3'7 Ay4', AZs, Ay6),
values of normal coordinates:
AXl': SBT; AyS,: SBT;
’ AXZ': SBT; Ay4,: SBT;
angle of the rod axis vertical deviation:

Basing schematic:

T = (AX1", AX2", Ays", Ays", Azs, AYe);
values of hormal coordinates:

AX1"=Sp; Ays'= Sp;

AX2"= Sp; Ays'= Sy,

angle of the rod axis vertical deviation:

My

'11

|
1
luz__H
>/]L->
A§§
Note. M, - bending momentum acting on the rod; F is the normal load on the joints parts, which increases as a result of the rod
mismatch; 1, 2 - supporting points — zones of critical loading on the joints parts.
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In turn, basing of the piston and rod in the
hydraulic cylinder is also carried out using a dou-
ble guiding base (Table 1):

T = (AX1, AX2, Ay, Aya, Azs, Ays),  (2)

where (Ax1, Ays) are the normal coordinates of the
supporting points, which determine the position
(centering) of the piston in the cylinder; (Axz, Aya)
are the normal coordinates of the supporting
points, which determine the position (centering)
of the rod in the neck bush.

With correct basing (see Fig. 1), each ele-
ment (Axy, Ays) is equal to a half of the diame-
tral clearance gap Sp between the piston and the
cylinder:

Ax1=0,5Sp; Ays= 0,5Sp, (3)

and the elements (Axz, Aya) are equal to half of the
diametric clearance Sr between the rod and the
neck bush:

AX2=0,5S; Aysa=0,5S:. 4)

However, under variable load, an unor-
ganized change of the piston and rod bases takes
place, which can be represented by three schemat-
ics presented in Table 1.

According to schematic No. 1, the unor-
ganized change of bases leads to one-sided con-
tact between the piston and the rod, when the
clearance gap is filled on one side, and the
equalities take place:

AX1 = Sp; Ayz = Sp; (5)

AX2=Sr; Aya=Sr. (6)

According to schematic No. 2, the unor-
ganized change of bases leads to the fact that the

basing of the rod and the piston takes place only
along the neck bush (points 1 and 2):

T = (AX1*, AX2*, Ays*, Aya, Azs, Ays), (7)

with one-sided contact of the rod with the neck
bush surface:

References

Science and Technology
AX1* = Sr; Ays* =Sy, (8)
AX2* = Sy; Ays* = Sr. €)]

The upper symbol "*" means that the ele-
ments of the matrix (7) determine the basing along
the neck bush (points 1 and 2).

According to schematic No. 3, the unor-
ganized change of bases leads to the fact that the
basing of the rod and the piston takes place only
along the inner surface of the cylinder:

T' = (AXY, AX2', Ay3', Aya, Azs, Aye), (10)

with one-sided contact of the piston with the cyl-
inder surface:

AX1' = SBT; AY3' = SBT; (11)
AXo' = SBT; Ay4’: SBT, (12)

where Sq; is the diametral clearance gap "cylinder
pocket - outer surface of the neck bush™ (“cylin-
der pocket - neck bush™).

Taking into account the numerical values
of the design parameters A, B, C, the vertical de-
viation of the rod axis o, o, o3, due to the unor-
ganized change of bases, can be calculated using
the formulas given in Table 1.

Conclusions.

It has been established that the presence of
gaps in the "cylinder - piston” and "neck bush -
rod" joints leads to uncertainty in the piston and
rod basing (positioning). Applying the analytical
theory of bases enables determining numerical
values of the angular and linear deviations of the
joints parts arising in this case, depending on the
adopted design parameters A, B, C.

With an unorganized change of bases, the
load acting in the hydraulic prop is transmitted
not along the working surfaces of the joint parts,
but through small (in area) support points, caus-
ing increased stresses at the contact points and,
as a result, local intensive wear, which leads to
decreasing service life of the hydraulic prop.
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Abstract: The subject of research was technogenic waste systems formed in the last century due to the activities
of presently closed mining enterprises in the Amur River Region and Primorye of the Far Eastern Federal District
of the Russian Federation. Experimental studies allowed to establish that toxic sulphidized mineral processing
waste accumulated for the 20th century in tailings storage facilities (TSF) in large quantities produce negative
impact on the environment. It was revealed that their conservation and reclamation were not carried out. However,
they pose huge threat not only to the environment, but also to public health. In this regard, the research goal was
to assess environmental hazard of the accumulated toxic waste and substantiate the possibility of mitigating their
negative impact on biosphere components and human health. Based on the research goal, the following tasks were
set: 1) analysis and generalization of the existing experience of studying the problem in Russia and abroad; 2)
identification of the main sources of crisis situations at closed mining enterprises, indicators and criteria for as-
sessing the environmental hazard of the accumulated mineral processing waste; 3) assessment of the environmental
hazard of the accumulated mineral processing waste; 4) development of principles and measures aimed at ensuring
environmental safety of TSF comprising toxic waste. The following methods were used: physical-chemical, bio-
logical, as well as mathematical modeling, GIS technologies, etc.Based on the study of the TSF current state,
assessment of the level of technogenic environment pollution, and patent search, the authors substantiate the need
for effective solution to this problem. It was found that the waste belongs to the second hazard class (highly haz-
ardous). The excess of 4 to 46 times above the regional background indicators (metal concentrations), and more
than 200 times above MPC was revealed. It has been proven that the TSF surface does not naturally run wild for
30 years. Patent search and our own experimental research allowed developing measures to ensure environmental
safety of sulfidized tin ore processing waste, novelty of which was confirmed by patents of the Russian Federation.
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OneHkKa 3K0JI0rM4ecKoi ONMacHOCTH HAKOIICHHBIX 0TX0/10B
nepepadoTKU MUHEPAJIBbHOIO ChIPbS 3aKPbITHIX FOPHBIX NPeANPUATHI
B [Ipuamypse u Ilpumopne

JI. T. Kpynckas 1202 2, A. M. Opaos?, /1. A. Ioay6es 12, K. A. Kono6anos 12, M. A. ®uaarosa 2

! lanbHEBOCTOMHBIN HAyYHO-HCCIIE0BATENBCKUI HHCTUTYT JIECHOTO X031 CTBa, I. XabapoBck, Poccus,
™ ecologiya2010@yandex.ru
>TUX00KEeaHCKHI TOCYIapCTBEHHBIN YHUBEPCHUTET, I'. XabapoBck, Poccust

Annoramusi: OOBEKTOM HCCIIEIOBAHUS SBUIINCH CHOPMHUPOBAaHHBIE B MPOIILJIOM BEKE AEATEILHOCTHIO HBIHE 3a-
KPBITBIX TOPHBIX MPEANPUATHA TPUPOTHO-TOPHOIIPOMBIIIUIEHHBIE TEXHOTeHHBIE cucTembl B [Ipuamypse u [lpu-
Mopbe JlampHeBocTOUHOTO (henepaitpbHOro okpyra Poccuiickoit depeparmn. DKCiepuMeHTaIbHBIE UCCIET0OBAHM
MO3BOJIMJIM YCTaHOBHTH, YTO CKJIAJUPOBAHHBIC B XBOCTOXPAHWININIA CYIb(OUANNPOBAHHBIE TOKCHYHBIE OTXObI
nepepaboTKH MIHEPAIFHOTO CHIPhS, HAKOTUIEHHBIE B IIPOIIUIOM BEKE B OOJIBIIIOM KOJIMYECTBE, HETATUBHO BIHSIFOT
Ha OKPYKAroIIyIo cpery. BhIsIBIEHO, UTO WX KOHCEPBALMS W PEKYJIbTUBAIUS HE ObIIH MpoBeAeHbl. OMHAKO OHI
MIPEJICTaBIISIIOT OTPOMHYIO YIPO3Yy HE TOJBKO I OKpY>Karollei cpebl, HO U JJIs 37I0pOBbsI HacesleHus. B cBs3u ¢
3THM IIeJIb UCCIIEIOBAHUS COCTOSIIA B OI[EHKE DKOJIOTUYECKON ONMACHOCTH HAKOTUICHHBIX TOKCHYHBIX OTXOJIOB U
000CHOBaHNY BO3MOXXHOCTH CHWKCHHS WX OTPUIATEILHOTO BIHUSHIS Ha KOMIIOHEHTHI Onoc(epsI U 310pOBbe Ue-
noBeka. Mcxoas u3 1enu ucciieI0Banusl, ONpeIeeHbl CleAyIoIune 3a1auu: 1) ananu3 u 0000IIeHHE CYIIeCTBYIO-
LIETO OIbITa U3yueHus mpobieMbl B Poccun u 3a pyOeskoMm; 2) BBISIBICHHE OCHOBHBIX UCTOYHHKOB CO3JIaHUS KPH-
3WCHBIX CHUTYaIlui Ha 3aKPBITHIX TOPHBIX MPEANPUATHIX, TOKA3aTENN U KPUTEPHUN OIIEHKH 3KOJOTHIECKOi omac-
HOCTH HaKOTUIEHHBIX OTXOJIOB MEePepad0TKA MUHEPAIBHOTO CHIPHS; 3) OIEHKa DKOJIOTHIECKON OMMACHOCTH HAKOII-
JICHHBIX OTXO/I0B NIEpepabOTKH MUHEPAIBHOTO CHIPHS; 4) pa3paboTKa MPUHIIUIIOB U MEPOIIPHUSATHIH, HANIPABICHHBIX
Ha o0ecreyeHne FKOJIOTHUECKO 0€30MacHOCTH XBOCTOXPAHMIIHII C TOKCHYHBIMU OTX0jaMH. VIcTIob30BaHkbI ciie-
IYIOIHE METOMABI: (PU3UKO-XUMHYECKHEe, ONMOIOTHYECKHE, a TAKKe MaTeMaTnieckoro MojenupoBanus, | UC-Tex-
HOJIOTHH U ap. B craThe Ha ocHOBeE HU3YUYCHHA COBPEMCHHOI'O COCTOSAHUA XBOCTOXPAHWIINII, OLICHKHU YPOBHA TCX-
HOTEHHOTO 3arpsA3HEeHUs] OOBEKTOB OKPYKAIOIIEH Cpe/ibl M MATeHTHOr'O TIOMCKa 000CHOBaHA HEOOXOIUMOCTH d(-
(heKTUBHOTO pelIeHHs Ha3BaHHON MPOOJIEeMBL. Y CTAHOBIIEHO, YTO OTXOABI OTHOCSTCS KO BTOPOMY KJIaccy (BBICO-
KOOTIacHbIE). BEISBIIEHO TIPEBHIIEHNE PETHOHANBHO (DOHOBBIX IMOKa3aTenei ot 4 1o 46 pas, a [11IK — 6omnee yem
200 pa3. [JokazaHo, 4TO MOBEPXHOCTh XBOCTOXPAHWIHIIl €CTECTBEHHBIM ITyTEM HE 3apacTaeT B TeueHue 30 JerT.
[laTeHTHBII IOMCK U COOCTBEHHBIE PKCIIEPHUMEHTAIBHBIE UCCIIEIOBAHMS MTO3BOIIMIHA Pa3padoTaTh MEPOIPUSATHUS
Mo 00eCIMEeYeHHI0 3KOJOTHUECKON 0e30MMacHOCTH CYNIb(QUIU3NPOBAHHBIX OTXOJIOB MEPEPabOTKH OJIOBOPYIHOTO
CBIPbsl, HOBU3HA KOTOPBIX MOATBEPKAEHA NaTeHTaMu PD.

KiroueBble ¢JIOBa: TOKCUYHBIE CYJIb(UIN3UPOBAHHBIC OTXOIbI IEPEPAOOTKU OJIOBOPYAHOTO ChIPhs, XBOCTOXPa-
HWINIA, TIOTEHIMA OMOJOTHYECKUX CHCTEM, 3aKPBIThIE TOPHBIE MPENNPUITHS, PEKyJIbTHUBAIM, KPH3HUCHBIE
CUTyaIun

BaaropapuocTu: VccnenoBanve BBIIOIHEHO Y (MHAHCOBOH mozzepskke Poccriickoro ¢onia GpyHIaMeHTaIbHBIX UC-
cnenosanmii (PODI) B pamkax Hayuroro rmpoekrta Ne 20-35-90021 u T'ocynapersennoro 3amanms Ne 075-03-2020-121/4

s uurupoBanus: Kpynckas JI. T., Opnos A. M., I'onyGeB /1. A., Konobanos K. A., ®unatoBa M. A. Onenka
9KOJIOTMUYECKON OMAaCHOCTH HAKOIJICHHBIX OTXOJ0B NEPepadOTKH MUHEPAILHOTO ChIPBS 3aKPBHITHIX TOPHBIX Hpe-
npusituit B [Ipuamypse u Ipumopsne. [opusie nayku u mexnonoeuu. 2020;5(3):208-223. DOI: 10.17073/2500-
0632-2020-3-208-223

Introduction certain negative trends have developed and are
The events that took place in tin mining in- steadily manifesting themselves [2]. The accumu-
dustry in the last century, as well as socio-eco- lated damage in the form of tailings storage facil-
nomic processes in Russia [1], could not but affect ities containing large amount of toxic pollutants
environmental safety of mining industry in the Far (historically generated by presently closed tin ore
Eastern Federal District (FEFD). In this sphere, enterprises) requires urgent organization of work
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on assessing and stage-by-stage elimination of its
environmental consequences [3]. This task is one
of the conditions for achieving the goal of the
Concept of long-term socio-economic develop-
ment of the Russian Federation until 2020 for im-
proving the environment quality and ecological
conditions of human life [4].

Analysis and generalization of domestic and
foreign experience in solving these problems indi-
cates that the problem of eliminating the conse-
quences of the accumulated (in the last century)
damage remains on the agenda for more than twenty
years. This is due to active and often uncontrolled
closure of mining enterprises and other hazardous
facilities both here in Russia and abroad. For exam-
ple, the paper of K. A. Gegiev et al. [5] considers
the current state of the Tyrnyauz TSF of the
closed Tyrnyauz Tungsten-Molybdenum Com-
bine (TTMC, Kabardino-Balkaria), which cur-
rently causes great concern. Active development
of erosion-landslide processes with the formation
of mudflows along the Gizhgit Rive takes place
now at the TSF.

Ivanova O. A. et al. [6] analyzed the state of
the most unfavorable part of the Baikal Natural
Territory, namely Zakamensk district of the Re-
public of Buryatia, where tungsten ores were
mined and large volumes of waste from their pro-
cessing were accumulated in the last century.

Ecological situation there is heavy and even
critical. All natural environment components have
been polluted. Oxidation of sulfide minerals of the ore
field with the formation of sulfuric acid and the re-
moval of environmentally hazardous chemical ele-
ments from the dumps by mine, open-pit and infiltra-
tion waters led to the pollution of a number of water-
courses in the Dzhida River basin, which are the most
polluted in the Baikal Lake basin. The authors believe
that a significant gap is the lack of such legislation in
the Russian Federation that would strictly prescribe re-
sponsibility for historical environmental damage.

Science and Technology

In the paper of Pashkevich M.A. et al. [7],
the results of the study and assessment of the land-
scape-geochemical situation in the area of the ap-
atite-nepheline processing plant TSF (ANOF-2,
Apatity) are presented. Violations were revealed
within the area affected by the studied production
facility. It is concluded that at heavy environmen-
tal situation in the territory under consideration
and urgent necessity to reduce the anthropogenic
load, the issue of developing a balanced strategy
for managing environmental safety of the func-
tioning ANOF-2 TSF becomes especially urgent.

Gurbanov A. G. et al. [8, 9] performed a set
of geochemical studies in the territory of the
Tyrnyauz  Tungsten-Molybdenum  Combine
(TTMC, Kabardino-Balkaria) and the Sadon
Lead-Zinc Combine (North Osetia - Alania), in-
cluding comprehensive analysis of various sur-
face waters by modern analytical and instrumen-
tal methods, soils of farmland and natural pas-
tures, buried industrial waste of TTMC, open pit
dumps. As a result of generalization of the data
obtained, taking into account the geological-geo-
chemical and physical-geographical features of
this region, the main sources of environmental
pollution were established, represented by two
groups: technogenic and natural. The researchers
have proven that for reducing the risk of human
losses, mitigating possible material damage from
natural and man-made disasters, and minimizing
negative environmental impact in the region and
on the protecting human health, it is necessary to
fully utilize the industrial waste accumulated in
the TTMC TSFs, with mandatory preliminary ex-
traction of economically valuable metals and
toxic elements from them. As priority measures
to reduce negative environmental impact in the
area of TTMC operation and adjacent territories,
it is proposed to create an integrated technique for
processing of the technogenic waste with their
gradual disposal, as well as to construct water in-
takes for streams, primarily those draining the
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Mukulansky open pit, with a series of purification
filters in the form of ion-exchange columns of
various types.

According to A. G. Gurbanov et al. [9], the
primary task for the Sadon Lead-Zinc Combine
(SLZC) is temporary isolation of polluted waters,
first of all, those discharged through a pipe from the
TSF into the Ardon River and Archondon River,
which are the main suppliers of toxic elements into
the Ardon River (with extraction, from the waters,
of a set of elements with concentrations above the
MPC for drinking water). Such a measure will sig-
nificantly reduce pollution of the Ardon River with
these elements and improve environmental situation
in the area of the SLZC operation and adjacent ter-
ritories. In addition, in the process of extracting the
set of elements, it is quite possible to simultaneously
obtain pure oxides of a number of valuable metals
(Pb, Zn, Cd, Sb, Bi, etc.), that will significantly in-
crease economic attractiveness of this measure.

Chigoeva D.N. et. al. [10] studied the state of
the Ardon River downstream of the discharge from
the TSF of the Sadon Lead-Zinc Combine. It was
revealed that long-term exploitation of the lead-zinc
deposits in the Sadon mining region has led to for-
mation of extensive aureoles of chemical pollution
of surface watercourses, which corresponds to the
category of "ecological disaster”. The necessity of
organizing their monitoring within the TSF-affected
area has been substantiated.

Kachor O.L. et al. [11] on the basis of geoe-
cological and geochemical monitoring revealed the
extent of pollution of three mining zones, located in
the Irkutsk Region and the Trans-Baikal Territory.
The expediency of using the ash of slime-lignine
(waste of the Baikal PPM) for neutralizing toxic soil
mixtures is shown. The possibility of sorption of re-
sidual (after treatment with the reagent) mobile
forms of arsenic using modified carbon sorbents for
the most complete extraction of the hazardous toxi-
cant to achieve its MPC values has been revealed.

Science and Technology

The results obtained are of great practical im-
portance for implementation of the method for
chemical immobilization of As mobile ionic forms
in the technogenesis zone. The same conclusions
were obtained by foreign scientists [12—14].

The paper of A. Romero et al. [15] is de-
voted to assessment of the risk of scattering toxic
microelements from the waste dumps of the Rio
Tinto mine (in the south-west of Spain). In this
study, a model was developed to delineate risk
zones, which are affected by atmospheric scatter-
ing of fine particles from the mine waste dumps,
assess their impact on the soil and population in
accordance with the concentration of compounds
of toxic chemical elements in them [16].

Zhigang H. et al. [17] studied the distribu-
tion of heavy metal compounds and estimated
soil pollution within the area affected by a lead-
zinc mine located in Inner Mongolia (China).
For this purpose, the Nemerov index and the in-
dex of potential environmental risk were used,
which allowed to identify high level of techno-
genic pollution.

The studies of Sung-Min Kim et al. [18] have
shown that closed mines in Korea are the most haz-
ardous. The studies of Rosario Garcia-Giménez et
al. [19] and Gbadebo A.M. et. al. [20] indicate that
mine tailings intensively pollute soils within the ter-
ritory of the abandoned Monica mine (Bustarviejo)
in the Autonomous Region of Madrid (Central
Spain), as well as in southwestern Nigeria.

The studies of Mayra Pefia-Ortega et al. [21]
are of great interest. They are devoted to environ-
mental assessment and calculation of soil erosion
at abandoned mine tailings storage facilities in the
semi-arid zone of northwestern Mexico. The re-
search was carried out using unmanned aerial ve-
hicles (UAVSs) in combination with geochemical
data to assess the erosion processes and taking
into account the indicators of pollution and hazard
from the TSFs containing compounds of toxic
heavy metals and arsenic.
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Research objectives and tasks

The research objective was to assess envi-
ronmental hazard of the accumulated toxic waste
and substantiate the possibility of mitigating their
negative impact on biosphere components and hu-
man health. Based on the research goal, the fol-
lowing tasks were set: 1) analysis and generaliza-
tion of the existing experience of studying the
problem in Russia and abroad; 2) identification of
the main sources of crisis situations at closed min-
ing enterprises, indicators and criteria for as-
sessing the environmental hazard of the accumu-
lated mineral processing waste; 3) assessment of
the environmental hazard of the accumulated
mineral processing waste; 4) development of
principles and measures aimed at ensuring envi-
ronmental safety of TSF comprising toxic waste.

Research area and methods

Field studies within the area affected by the
waste of the closed mining enterprise were carried
out during 2010-2018. The subject of research
was presented by technogenic waste systems
formed in the last century due to the activities of
presently closed mining enterprises in the Far
Eastern Federal District (located in the basin of
Amur River of Dbiospheric significance
(Solnechny GOK (Khabarovsk Territory), Khin-
gansky GOK (Jewish Autonomous Region),
Khrustalnensky GOK (Primorsky Territory)). Its
constituent parts include atmospheric air, water,
soil, plant and animal organisms, microorganisms
and humans, as well as mining waste, equipment
and technology.

In the course of the research, generally ac-
cepted physicochemical, chemical, biological,
and mathematical-statistical methods were used.

The assessment of the potential risks of soil
pollution by heavy metal compounds from a TSF
dump using the one-factor pollution index (PI)
and pollution load index (HLI) was carried out us-

Science and Technology

ing equations (1) and (2) (according to the meth-
ods described in the paper of Mari Luz Garcia-
Lorenzo et al. [22]):

Pl = Csoil : (1)

Cbackground

PLI = (Pl +Plg, +Pl,, + Pl +
+Ply,+Plg, +Pl +PL ", (2)

where P1 is a single factor, namely, pollution
index of each metal: Pl < 1 — not polluted;
1 <Pl <2 - slightly polluted; 2 <Pl <3 -
moderately polluted; P/ > 3 heavily polluted,
Csoil and Chackground are metal concentrations in
the soil sample and corresponding background
values, respectively (mg/kg); PLI is pollution
load index, and n is the number of assessed pollu-
tants (eight in our study: PLI < 2 — moderately
polluted to unpolluted; 2 <PLI < 4 — moderately
polluted; 4 < PLI < 6 — heavily polluted; PLI > 6
— very heavily polluted; Pl is a single pollution
factor for each metal.

In addition, Pl and PLI were also calculated
to assess the mobilization of potentially toxic ele-
ments (PTE) in water. The natural mobility of
PTE was studied by the method of water extrac-
tion, representing the soluble fraction. Natural
mobility indices for compounds of chromium
(NMincy), nickel (NMInni), copper (NMlIncy), zinc
(NMlnzy), strontium (NMlns;), tin (NMInsy), mer-
cury (NMInng), and lead (NMInp,) were calculated
as the ratio of a PTE concentration and its back-
ground value:

sample after water extraction ] (3)

NMIn, =

background after water extraction

Natural Mobility Index (NMI) is defined as
the nth root of the product of n indicators of natu-
ral mobility. In our case,

NMI = (NMI, -NMI, - NMI, - ML, -
NMIg, -NMIg, - Ml -Mi, [ (4)
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The research results are presented in the Ta-
ble, where the indicator values below 2 points
mean low mobility; the values from 2 to 4 present
moderate mobility; from 4 to 6, significant mobil-
ity; those above 6 indicate very high mobility.

The index of geoaccumulation in soils, pro-
posed by Mueller [24], was calculated (according to
the paper of Jiang F. et al. [23]) using the formula
(5)

' =108 75 BE "
where C, is the measured concentration of heavy
metal compounds in the sample; BEx is average
geochemical background value for the measured
elements.

The results of the calculation of the geoaccu-
mulation index (lge,) Will be shown in the Table with
highlighting levels: from less than O to more than 5,
indicating the degree of pollution: from practically
unpolluted to highly polluted materials.

The research results were processed in MS
Excel, the drawings, using Photoshop, MS Office
Picture Manager, Paint, MS Visio.

The findings discussion

Risk analysis in the study area is important as
a process of identifying individual sources of hazard
and predicting their possible negative impact on the
ecosphere to provide sustainable development of
the Far Eastern Federal District.

The research results allowed to identify the
following main factors causing crisis phenomena
leading to environmental risks of storing accumu-
lated mineral processing waste of the closed mining
enterprises: Solnechny GOK and Khrustalnensky
GOK: 1) the presence of toxic waste as sources of
intense negative impact on the ecosphere; 2) ecolog-
ical constraints of the territory and the peculiarities
of the orographic and bioclimatic conditions, as well
as the ecological capacity; 3) the degree of the terri-
tory development; 4) the population living within

Science and Technology

the territory affected by the TSFs; 5) imperfection
of environmental legislation and the absence of
mining-and-environmental monitoring of changes
in environment components within the toxic waste-
affected territory.

The study of the factors allowed to propose
the following classification of environmental crisis
situations: 1) technogenic-and-ecological, con-
nected with accumulation of environmental dam-
age; 2) technogenic impact, contributing to inten-
sive pollution of the ecosphere; 3) socio-ecological,
connected with the population living in a technolog-
ically polluted area.

The impact of the above negative factors may
lead in the near future to further aggravation of the
ecological situation in the investigated Solnechny
(Khabarovsk Territory) and Kavalerovsky (Primorsky
Territory) tin ore districts in the Far Eastern Federal
District, if urgent and effective measures are not taken
to solve the problems in the coming years. Any of
these risks can entail the following environmental and
economic problems of primary importance:

1) deterioration of the human and biota habitat;

2) the lack of responsibility:

- for the quality of the environment;

- for health protection of the population liv-
ing in the miner’s village;

- for compliance with safety measures (for
example, compensation claims);

3) costs for elimination of technogenic pol-
lution and its consequences;

4) inconsistency of technological solutions
used in the last century with current environmen-
tal standards;

5) incorrect solution of environmental prob-
lems and public discontent;

6) noncompliance with international standards.

Below we consider the environmental risks
at the closed mining enterprises of the Far Eastern
Federal District.
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1. Technogenic and environmental risks asso-
ciated with accumulated environmental damage.

Among the environmental reasons, the fol-
lowing are highlighted: first, the location of facili-
ties that are ecologically incompatible with the nat-
ural complex, and second, an erroneous assessment
or underestimation of the environmental conse-
quences of the natural landscapes transformation in
the process of mining in the last century.

Intensive mining activity in the Far Eastern
Federal District of Russia has led to the accumula-
tion of large amount of toxic sulfidized waste of
mineral processing, which produce very heavy im-
pact on the environment and human health. In the
last century, they were stored in tailing dumps,
which are currently uncontrolled and are considered
by us as manifestations of environmental damage.
These include: Solnechny GOK (Solnechny district,
Khabarovsk Territory), Khrustalnensky GOK (Ka-
valerovsky district, Primorsky Territory), Khin-
gansky GOK (Obluchensky district, Jewish Auton-
omous Region), Karamken GOK (Khasynsky dis-
trict, Magadan Region), etc.

Tin-sulfide deposits were developed here
by open-cut and underground mining. The mining
industry in Solnechny district functioned from
1957 to 2005. There were two processing plants
and three tailings storage facilities in the district,
covering an area of 80.8 hectares, with the amount of
the processing waste of 41.5 million tons. Their ma-
terial composition comprises (%): vein quartz — 37.5,
hornfels-sedimentary rocks — 45, tourmaline —
12.1, and sulfides (galena and sphalerite, pyrite,
pyrrhotite, arsenopyrite, chalcopyrite) — 3.8. They
contain the following valuable components (g/t):
Sn — 0.46, As — 0.629, Ag — 1.227, Pb — 0.123,
Zn —0.094, Bi — 0.03.

From 1941 to 2001, there were six mines
and four processing plants in the Kavalerovsky
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district. There are five tailings storage facilities in
the district of total area of 17.7 hectares, where
37.72 million tons of tailings have been accumu-
lated. They contain pyrite, pyrrhotite, galena,
sphalerite, arsenopyrite, chalcopyrite, quartz,
fluorite, tourmaline, chlorite, and other minerals.
Quantitative and semi-quantitative spectral ana-
lyzes of the tailings samples showed that the con-
tent of ore elements in them ranges as fol-
lows (%): Sn — 0.04-0.10; Cu — 0.0062-0.2600;
Pb—0.0039-0.0760; Zn —0.08-1.00; As —0.01-0.05;
N — 0.0014-0.0033; Co — 0.0002-0.0009; V —
0.0043-0.0100; Ag — 0.0003-0.0030; Ga — 0.0011-
0.0016; B — 0.01-0.05; Bi — 0.0001-0.0003; Sr —
up to 0.01; Ca—up to 0.1 [25].

It was found that the studied TSFs were haz-
ardous. Violations of the provisions of the federal
laws "On Safety of Hydraulic Structures”, "On Pro-
tection of Atmospheric Air", "On Production and
Consumption Waste", "On Protection of Environ-
ment", as well as the requirements of the Safety Rules
for hydraulic structures for accumulation of liquid
and industrial waste, regulatory and instructive doc-
uments of Russian Gosgortechnadzor, Water and
Land Codes of the Russian Federation were revealed.
For instance, no measures have been developed to
ensure industrial safety, protection of subsoil and the
environment and safety of the hydraulic structures for
the period of work suspension at hazardous produc-
tion facilities. The closed mining enterprises did not
comply with the directions of the supervisory author-
ities to eliminate violations of the industrial and envi-
ronmental safety requirements. The TSF embank-
ment (dams) was destroyed, and its repair is not per-
formed. Pulp lines, recirculating water conduits, and
equipment of the recirculating water station have
been dismantled, spontaneous flow and washout of
pollutants into the river network occur. There is no

SAFETY IN MINING AND PROCESSING INDUSTRY AND ENVIRONMENTAL PROTECTION




ISSN 2500-0632 (ON-LINE)

I Q MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEKHNOLOGI

2020;5(3):208-223 MISIS

National University of
Science and Technology

monitoring of the tailings storage facility safety in ac-
cordance with the regulatory requirements. Intensive
dust pollution of the habitat occurs, because
measures are not taken to reduce the TSF surface
dusting and pollution of the atmospheric air by re-
claiming the surface. Under specific local meteoro-
logical conditions, the TSF surface has undergone
wind and water erosion over the past years and be-
come intense sources of dust pollution of ecosystems,
since they contain particles less than 2 mm with high
content of toxic components. Here, for example, in
the pond and intermediate zones of the closed mining
enterprise Solnechny GOK, a dense network of ero-
sion potholes and gullies over 1 m deep and 0.3 to
1.2 m wide, turning into ravines, was revealed. This
is the result of the development of extreme natural
processes in recent years, namely: intense abundant
precipitation in the autumn of 2008 and during June
—July 2009, due to the monsoon nature of the climate
in the studied region. An equally important factor
was the slope of the TSF surface of more than 3°
from the beach zone to the pond zone. In addition, the
dam slopes are also prone to erosion processes.

2. Risks of technogenic impact, contributing
to intensive pollution of the ecosphere.

The prerequisite to arising environmental
risk from technogenic pollution of, for example,
atmospheric air, is the presence of the risk source,
including one characterized by the concentration
of a pollutant being harmful to the population and
biota [26]. In addition, the hazard affected zone
and the presence of pathways for the transmission
of harmful effects from the source to the living
beings are important. The key task is identifica-
tion of priority objects, being the sources of risks
capable to cause crisis situations with intensive
technogenic pollution of the environment. On the
basis of the collected information on the negative
impact of the mineral processing waste stored in

TSFs of closed mining enterprises Solnechny
GOK and Khrustalnensky GOK on the ecosys-
tems, it was concluded that the main sources of
the environmental risks capable to cause crisis sit-
uations include:

1) tailings storage facilities, processing plants
and sedimentation ponds left to their own devices as
a result of bankruptcy of the mining enterprises;

2) physical deterioration and unreliability of
the main process equipment and environmental
facilities used in the last century, as well as drying
plants and suction systems of processing plants,
ventilation systems, and smelting shops;

3) low level of process environmentaliza-
tion, for example, unregulated discharge of insuf-
ficiently treated wastewater (mine water, liquid
waste, dump water) into natural water bodies;

4) the use of outdated processes;

5) on the part of heads and nature protection
services of the mining enterprises operating in the
last century, inattention to environmental protec-
tion, decreasing the volume and efficiency of en-
vironmental measures was revealed,

6) imperfection of the environmental legis-
lation and the effective system of payments for
environmental pollution;

7) a sore point is the lack of demand for ex-
isting scientific and technical environmental de-
velopments, the lack of incentives for their imple-
mentation in mining sector.

Thus, the above indicates that mining activ-
ities are potentially hazardous [27, 28], and there
is always a potential of arising risks, including
that of negative technogenic impact, leading to in-
tensive pollution of the environment with waste
tailings and increase in population morbidity.

For instance, finely dispersed toxic dust, ris-
ing from the TSF surface into the air, forms vortex
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flows, and then is precipitated on the soil. In ad-
dition, it was found that atmospheric precipita-
tion, dissolving large amount of toxic substances,
form technogenic flows [29, 30], being one more
negative factor for the soil and vegetation cover.

The problem is complicated by the fact that as
a result of increasing precipitation of solid waste on
the soil, its properties and composition deteriorate at
an ever faster pace. The results obtained indicate
that the content of heavy metals in the studied soils
and waters is tens of times higher than the back-
ground values and MPC. Technogenic soils located
near the tailings storage facilities are characterized
by extremely high concentrations of HM and As
(from 31 to 300 mg/kg), exceeding, for example, the
MPC by 1.5 to 15 and more times.

Higher vegetation affected by the studied
tailings accumulates significant amounts of pollu-
tants (Zn, Cu, Pb, etc.). Man-made pollution with

heavy metal and arsenic compounds in soils and
vegetation was revealed even at large distances
from the TSFs, exceeding the regional back-
ground values by 2 to 6 times and more.

Tables 1 and 2 show the calculations of the
soils pollution by heavy metal compounds based
on the one-factor pollution index (PI) and the pol-
lution load index (PLI), calculated by the method,
described in [22], within the area affected by the
waste (TSFs) of the closed Solnechny GOK and
Khrustalnensky GOK.

The Miiller geoaccumulation index [24]
calculated for the soils is shown in Fig. 1. This
indicator is rather high for such toxic components
as arsenic, copper, antimony, and lead within the
area affected by the waste (TSFs) of the closed
Solnechny GOK and Khrustalnensky GOK.

Table 1

Calculations of the soils pollution based on the one-factor pollution index (P1) and the pollution load index (PLI)
within the area affected by the waste (TSFs) of the closed Solnechny GOK

Facility Name One-Factor Pollution Index (PI) Pollution Load
Co Cu Zn As | Mo Sn Hg Pb Index (PLI)

Tailings Storage Facility of
Solnechny GOK 135 | 187.1 | 16.2 | 59.0 | 11.8 | 12631.9 | 343.9 | 330.1 119.2

1 km distant from the TSF 2.2 10.0 5.6 7.9 5.1 2008.9 2314 | 45.8 22.6

2 km distant from the TSF 2.3 28.6 8.2 5.3 4.0 2135.0 116.8 | 43.9 21.8

3 km distant from the TSF 1.4 15.8 7.6 2.0 3.2 1216.3 30.9 74.3 14.8

Table 2

Calculations of the soils pollution based on the one-factor pollution index (PI) and the pollution load index (PLI)
within the area affected by the waste (TSFs) of the closed Khrustalnensky GOK

Facility Name One-factor pollution index (P1) Pollution Load
Cr Co Ni Cu Zn As Sh Pb Index (PLI)
Tailings Storage Facility of
Khrustalnensky GOK 25 | 19 | 27 45.7 6.0 159 56.4 | 104 11.6
1 km distant from the TSF 20 | 19 | 24 | 445 5.3 133.8 | 42.8 | 10.0 10.3
2 km distant from the TSF 1.7 | 14 | 21 16.8 2.8 15.9 84 | 59 4.3
3 km distant from the TSF 12 | 06 | 1.7 5.9 1.2 5.0 33 | 28 2.1
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Fig. 1. Calculation of the Miiller geoaccumulation index in soils (Y-axis) within the area affected by the waste (TSFs)
of the closed Solnechny GOK (SGOK) and Khrustalnensky GOK (KhGOK)

Table 3
Calculation of Natural Mobility Index
Natural Mobility Index (NMIn Natural
Facility Name Cr Ni cu 7n Sr sn Hg Pb Mob(lll\lltl\);I II)ndex
3rd Tailings Storage Facility | 500.3 | 463.2 | 217.4 | 42.7 3.4 0.1 0.1 1.0 8.7
of Khrustalnensky GOK
Tailings Storage Facility of | 5.4 | 13.3 | 631.2 | 129 13 | 2486 | 1.0 | 67389.6 43.3
Solnechny GOK
Gorny settlement, 3rd TSF, | 2.5 7.8 | 4883 | 8.1 1.0 1.0 1.0 | 53,6575 16.0
slurry water

According to the calculations (Table 3), the
assessment of mobility of heavy metal com-
pounds in watercourses near the TSFs is very
high, especially near the TSF of Solnechny GOK,
where Holdomi River flows, which runs into
Silinka River, which then runs into Amur River of
biospheric significance.

3. Socio-ecological risks connected with the
population living in a technologically polluted area.

The 1997 Law of the Russian Federation
"On Industrial Safety of Hazardous Production
Facilities” [31] (as amended on 29.07.2018) pro-
vides for that an enterprise being a source of
higher hazard is obliged to ensure measures to
protect the population and the environment from
hazardous effects. In this regard, there is a need
for a assessment of social-and-environmental
risks, implying not only their identification, pre-
diction of adverse consequences, determination of

harm to public health and environment compo-
nents, but also elimination of the risks. In addi-
tion, it is also envisaged to obtain quantitative and
qualitative indicators of crisis situations, as well
as prevent accidents.

Assessment of social-and-environmental
risks includes the following stages:

1) identification of emergency situations
connected with technogenic pollution of the envi-
ronment, and determination of environmental
damage to human health;

2) assessment of the cost of work on com-
plete elimination of environmentally significant
consequences caused by the crisis situation.

Our studies [32—34] indicate that the popu-
lation of mining settlements lives in conditions of
permanent exceeding the normative indicators for
pollutants in the atmospheric air within the area
affected by the TSFs. This results in a response in
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the form of physiological changes and environ-
mental pollution-caused diseases. The child pop-
ulation requires special attention, since children
are the most vulnerable and sensitive to the action
of chemical agents [35].

The obtained data on the environment state
based on the calculated hazard factors (HQ) and the
hazard index (HI) for pollutants (sulfur dioxide and
heavy metal compounds) show increasing incidence
rate with increasing the level of the ecosphere tech-
nogenic pollution. A relationship has been identi-
fied between the level of environmental pollution by
carcinogenic substances and initiation of malignant
neoplasms (MO). Hazard coefficient (HQ) calcu-
lated by the formula [35] for groups of substances
acting on the nervous system (Pb, Mn, and Co), is
equal to 80.7; 3.6, and 3.9, respectively. This indi-
cates high level of human environment pollution.
Calculation of the hazard index (HI) for the sub-
stances negatively affecting respiratory system (sus-
pended particles, sulfur dioxide, as well as copper
and chromium compounds) shows high value of the
index within the study area (HI = 71.88). Lead, man-
ganese, and cobalt compounds rank second in terms
of hazard of exposure, with the hazard index of 5.94.
A close correlation has been established between
the content of carcinogenic compounds, for exam-
ple, Sb, and respiratory diseases, as well as the neo-
plasm initiation [32-34].

The existing situation at mined ore deposits
in the Far Eastern Federal District requires devel-
oping principles of ensuring environmental safety
of the tailings storage facilities containing toxic
tin ore processing waste. The performed studies
allowed proposing the following principles for
normal functioning of technogenic objects within
the area affected by the waste (TSFs) of the closed
Solnechny GOK and Khrustalnensky GOK.

1. Rational safety as the need for the most
economically justified decreasing the likelihood

Science and Technology

of environmental emergencies and mitigation of
their consequences in conditions of closed mining
enterprises.

2. Preservation of the most important compo-
nent of life quality, favorable environment for biota
and health of the population of the miner’s village
in the conditions of closed mining enterprises.

3. Taking into account various natural haz-
ards and man-made impacts on the TSF ecosphere
(balanced risk principle).

4. Analysis of the "cost — risk”, "benefit — risk",
"cost - benefit” ratios (the principle of acceptable
risk). In international practice, this principle is known
as the ALARA (As Low Reasonable Achievable)
principle — i.e. as low as reasonably achievable.

On the basis of these principles, the follow-
ing measures have been proposed to ensure envi-
ronmental safety within the areas affected by the
tailings storage facilities (of the closed Solnechny
GOK and Khrustalnensky GOK) containing toxic
tin ore processing waste.

1. Creation of a commercial mechanism for
mitigating the risk of environmental damage from
emergency situations.

2. Creation of a new technique for reclama-
tion of the TSFS surface using an innovative ap-
proach (bioremediation), the novelty of which is
confirmed by patents of the Russian Federation
(2018, etc.) [36], and its implementation to reduce
the negative impact on the environment.

3. Development of a system for mining-
and-environmental monitoring of the state of en-
vironmental components within the area affected
by the TSFs of the closed mining enterprises
(Solnechny GOK and Khrustalnensky GOK).

4. Creation of a forest shelterbelt around the
tailings storage facilities and maximum landscap-
ing/vegetation of the territory of miner’s settlements
to prevent technogenic pollution of the ecosphere.

SAFETY IN MINING AND PROCESSING INDUSTRY AND ENVIRONMENTAL PROTECTION




ISSN 2500-0632 (ON-LINE)

I Q MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

2020;5(3):208-223 MISIS

National University of

GORNYE NAUKI | TEKHNOLOGI

5. Conducting medical-and-ecological ex-
amination of the population for its recovery taking
into account the environment pollution-caused
diseases here.

Conclusion

1. High ecotoxicity of the waste of the closed
mining enterprises (Solnechny GOK and Khrus-
talnensky GOK) has been identified, which un-
doubtedly contributes to intensive pollution of the
environment components and increasing the inci-
dence of diseases among the population of miner’s
villages in the Far Eastern Federal District.

2. Indicators and factors have been identi-
fied that have caused the crisis phenomena, lead-
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Assessment of applying VLF geophysical method
to determine the peat deposit thickness
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Abstract: Peat deposits accumulate large reserves of carbon and play an important role in formation of global
climate, biosphere, and hydrological conditions. High degree of knowledge of peat reserves is one of the prereg-
uisites for scientifically based and economically viable wetland management. For economically efficient commer-
cial activity, an enterprise developing a peat deposit must be confident in the availability of sufficient and high-
quality commercial peat reserves. Therefore, the topic of studying the thickness of peat deposits is quite relevant.
The paper analyzes the experience of using the geophysical method called VLF ("very low frequency") to study
the thickness of peat deposits. The method consisted of using a VLF receiver to measure the properties of VLF
emitted by the peat deposit and the underlying mineral ground. The study was carried out at the Beloe Lake peat
deposit in the Tukayevsky district of Tatarstan, at three peat areas of different depths: deep-lying (over 3 m),
intermediate (1.5 — 3 m), and shallow (up to 1.5 m). The depth was confirmed by direct measurements in the wells.
Low-frequency (VLF) measurements were carried out along the geophysical paths at each area of the peat deposit.
The data were processed using the NAMEMD (Noise Empirical Decomposition) method and converted to resis-
tivity and depth values using the specialized software. The study showed that the resistivity differs significantly
between the areas of deep-lying and shallow peat. The resistivity varies depending on the peat thickness and the
thickness of the buried wood horizons. In the horizons of deep-lying peat, the resistivity is strongly influenced by
the degree of peat decomposition, its natural density and moisture. The presence of peaks and their height on the
data interpretation plots characterizes the number and thickness of the horizons of buried wood in the peat deposit.
With increasing depth of peat occurrence, the resistivity increases significantly. However, in the shallow areas, it
does not show differences, being characteristic for the deep-lying peat area. This proves that the VLF method
works correctly in peat layers and is capable to indicate the peat thickness, the number and thickness of the buried
wood horizons.

Keywords: peat thickness, peat horizons, geophysical method, conductivity, VLF method, resistivity, ANOVA
method, Tukey's HSD test

For citation: Yakonovskaya T. B., Zhigulskaya A. I., Yakonovsky P. A. Assessment of applying VVLF geophysical
method to determine the peat deposit thickness. Gornye nauki i tekhnologii = Mining Science and Technology
(Russia). 2020;5(3):224-234. (In Russ.) DOI: 10.17073/2500-0632-2020-3-224-234

OueHka ucnoyb3oBanus reopusnyeckoro meroga VLF
JJIS1 OTpeaeJJeHUsI MOIIHOCTH TOP(PAHOT0 MeCTOPOK/IEHUA

T. B. SIxonoBckasi' ©' =2, A. . )Knry.nbcxaﬂl ,TI1. A. SIxoHOBCKHIT?

'TBepckoit rocy1apcTBEHHBIM TEXHUUECKUI yHUBEPCHTET, T. TBeps, Poccus, B thy81@yandex.ru
2«TGT Oil and Gas Servicesy, r. Kazanp, Poccust

AnHortanus: TopdsHble MECTOPOXKICHUS aKKyMYJIMPYIOT OOJIBIINE 3alachl YIIIEPOAa U UTPAIOT BaXKHYIO POJIb B
(dbopMHpOBaHUH TTI00ATLHOTO KIIMMaTa, Onocdepsl U ruIpoIorun. Beicokas cTerneHb n3yueHHOCTH TOP(hSHBIX 3a-
M1aCOB SABJISIETCS OJJHOW M3 MPEANOCHUIOK HAy9HO 00OCHOBAHHOTO M 5 KOHOMHYECKH 1E€7IECO00PAa3HOT0 YIPaBICHHS
BOJIHO-OOJIOTHBIMU YroabsMu. i 3kKoHOMHYecKd 3()(HEKTUBHON XO3sICTBEHHOM JESTENbHOCTH NMPEIIpUsITHE,
paszpabartsiBaroriee TOpQSHYIO 3aJ1€3Kb JOIDKHO ObITh YBEPEHO B HATMYWH JIOCTATOYHOTO M KAYECTBEHHOTO 00beMa
MPOMBIIIJICHHBIX 3armacoB Topda. [loaToMy TeMaTHKa HCCIIeJOBAHKS MOIIHOCTH TOP(MSHBIX MECTOPOXKIICHHUN SIB-
JISIeTCs IOCTATOYHO aKTyalbHOU. B cTaThe aHaIM3UPyeTCsl OMBIT UCTIOJIB30BaHUS Ie0(hU3nIecKoro MeToa, Ha3bl-
BaeMoro VLF («o4eHp HU3Kas 4acToTay), sl HCCIIEAOBAHUS MOIIIHOCTH TOP(SHBIX MEeCTOpOXkaeHU. Merton 3a-
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KITFOYAJICS B HCITOJIb30BaHuM npueMHnka VLF s uamepenus croiicts VLF, uzny4daeMbIx TopQsSHBIM MECTOPOK-
JNEeHUEM W TTOJICTHIIAIONNM MHHEPAIbHBIM IPYHTOM. MccnenoBanue ObLTO MPOBEICHO HA MECTOPOXKAECHUHU TOpda
«O3epo benoe» Tykaesckoro paiiona Tarapcrana Ha TpeX pa3HBIX 1O TIIyOWHE y4acTKax Topda: riry0oKo3aexk-
Horo (cBbimIe 3 M), cpegHesaneskoro (1,5-3 m) u menko3zanexxnoro (10 1,5 m). [myOuna Oblia moATBepKAEHA Tpsi-
MBIM U3MEpEHUEM IT0 CKBaKHHaM. HuszkodacroTHOe m3Mepenne VLF mpoBoanuioch BAOIL T€O(OH3NIECKUX TPACC
Ha KaXJI0M ydacTke TopdsHor 3anexu. Jlanapie Obun 00paboTaHsl ¢ rcnonb3oBanueM Metoga NAMEMD (aMm-
MUPHYECKas ICKOMIIO3UIIUS ITYMOBBIX CUTHAJIOB) U MPEOOPa30BaHbl B 3HAUCHHUE U TITyOUHY YACIBLHOTO COMTPOTHB-
JICHUS C UCHOJIBb30BAHUEM CIICIIUAIM3UPOBAHHOTO MIPOTPaMMHOr0 obecrieueHus. McciieqoBanre moka3ano, 4To
YAETHHOE COMPOTUBIICHNE 3HAYNTEIIEHO OTINYAETCS 110 YIaCTKaM TITyOOK03aJIe)KHOTO M MEJIKO3aJIeXKHOTO Topda.
Y aensH0e CONMPOTHBIICHUE H3MEHSETCS B 3aBUCUMOCTH OT TOJIIUHBI TOp(ha U MOITHOCTH TOPU30HTOB MOrpeOeH-
HOM JpeBecHHbBl. B ropu3oHTax Tiiy0oK03ae)kKHOTO Topda Ha BETHYUHY YACIHLHOIO CONMPOTHUBIICHUS OKA3bIBAIOT
CWJIbHOE BITUSTHUE CTENIEHb Pa3JIoKeHUs Topda, ero ecTeCTBEHHas MIIOTHOCTD U BIAXXHOCTh. Hanmmune mukoB u ux
BBICOTA Ha rpavikax MHTEPIIPETANN JAHHBIX XapaKTePU3YIOT KOJIMYECTBO U TOIIIUHY TOPU30HTOB ITOTPEOCHHOM
JPEBECUHBI B TOPPSTHOM MecTopoxacHuU. C pocToM TiyOuHBI Top(ha COMPOTUBIICHUE 3HAYUTENBHO pacTeT. OJ-
HaKO Ha MEJKO3aJIe)KHBIX YIaCTKaX OHO HE MPOSABISAET pa3Idnii, KaKk B 00JacTH IryO00K03aIexHOT0 Topda. ITo
noka3eiBaeT, yTo MetoA VLF mpaBuibHO paboTaet B ci10sx Topda 1 criocoOeH yKa3pIBaTh TONIUHY Topda, KOIu-
9YEeCTBO U MOIIHOCTh TOPU30HTOB MOTPeOSHHOM PEBECHHBI.

KiroueBble cjioBa: MOIIHOCTH TOP(da, TOPU30HTHI TOPPO3anexku, reohu3nIecKuii criocod, MPOBOAUMOCTD, METO]
VLF, ynensnoe conporusnenue, Mmetoq ANOVA, rect HSD Trroku

Jas uutupoBanus: Sxonosckas T. b., XKuryneckas A. U., Slkonosckwuii I1. A. Onenka ucrnonp3oBanus reohu-
3uueckoro meroga VLF 1yt onpeneneHus MOLTHOCTH TOP(GSHOTO MECTOPOXKICHUS. [ OpHble HAYKU U MEXHON02UU.
2020;5(3):224-234. DOI: 10.17073/2500-0632-2020-3-224-234

Introduction

Peat bogs are common elements of the min-
eral resources base of the regions of Russia. How-
ever, different constituent entities of the Russian
Federation differ in the degree of exploration ma-
turity of the peat resources. Peat deposits accumu-
late large reserves of carbon and play an important
role in formation of global climate, biosphere, and
hydrological conditions. High degree of
knowledge of peat reserves is one of the prerequi-
sites for scientifically based and economically vi-
able wetland management. For economically effi-
cient commercial activity, an enterprise develop-
ing a peat deposit must be confident in the availa-
bility of sufficient and high-quality commercial
peat reserves [1].

Notice that intensive geological exploration
of peat deposits was carried out only in the Soviet
period of Russia's development, whereas at pre-
sent time such studies are not carried out due to
their high cost and labor intensity. When prepar-
ing detailed design for the development of a peat

GEOLOGY OF MINERAL DEPOSITS

deposit, design organizations use an outdated in-
formation base of peat funds of 1952, 1989, and
2000. A great fault of the information contained
in the peat funds is the lack of data on the thick-
ness of a particular deposit (peat depth), its stump-
iness (the number and thickness of buried wood
horizons), and the type of underlying mineral
ground. For this reason, the amount of knowledge
about the number, scale, and thickness of peat-
lands in the Russian regions and their spatial var-
iability varies greatly by region. It is also likely
due to different standards, instruments, and meas-
urement methods.

Exploration maturity of peat resources in
Tatarstan is 78 %. The figures on the total area
and the number of peatlands in Tatarstan differ.
For example, in the peat fund of 1952, the area of
the supposed fund of peat reserves was 20 thou-
sand hectares, and the number of deposits
was 608. The 1989 peat fund data indicate the
area of 20.6 thousand hectares, whereas according
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to the 2000 peat fund, the area is already 30 thou-
sand hectares, comprising 900 deposits [1, 2].
However, the thickness and other characteristics of
peat deposits vary widely, and are not fully reported
for some deposits. In addition, many peat deposits
in Tatarstan border on hydrocarbon deposits.

In this research, the authors, when studying a
peat deposit, propose to use a geophysical method,
which allows determining the thickness of a peat de-
posit with high accuracy. The geophysical method
is based on the use of very low frequency electro-
magnetic wave, therefore it is also called the VLF-
EM method or simply the VLF method. The VLF-
EM method was originally developed for underwa-
ter navigation. However, it is also used for geophys-
ical exploration due to its ability to penetrate the
earth's surface and spread over very long distances.

VLF-EM propagation within the earth can ac-
tuate any underground conductor to generate sec-
ondary electromagnetic field that can be detected by
a VLF receiver. The VLF method actually uses
equipment that has the ability to receive and meas-
ure the difference between primary and secondary
electromagnetic radiation in terms of phase or po-
larization. The measured electromagnetic energy
emitted by an underground conductor depends on
its conductivity and resistivity. Peat, an underlying
mineral ground, and a buried wood layer have dif-
ferent conductivity and, therefore, will have differ-
ent polarization [3].

The purpose of this study was to assess the
possibility of using the VLF method to study the
variability of the peat occurrence depth and deter-
mine stumpiness of a peat deposit.

Research methodology

The research was carried out at the "Lake
Beloe" peatland located in the Tukayevsky dis-
trict of Tatarstan. This is one of the largest depos-
its in terms of reserves, the individual areas of
which differ in depth of peat occurrence, that is,
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A area — deep-lying peat (over 3 m), B — interme-
diate (relatively deep) peat (1.5 — 3 m), and C —
shallow peat (0 — 1.5 m) (Fig. 1). The "Lake Be-
loe" is a typical, for the conditions of Tatarstan,
high-ash deposit of lowland herbal group of lake-
type formation. This is the only peat deposit de-
veloped since 2009 for agricultural purposes.

The tools used in the research include: peat
auger, peat deposit map, GPS, VLF-EM receiver,
and computer with Inv2DVLF software installed
[4 — 6]. The main data collected were: peat depth
and VLF data. The VLF data consisted of in-
phase and quadrature signal components [7]. The
in-phase component of the signal is the magnitude
of the polarized angle of the secondary winding
field to the vertical primary field. In turn, the
quadrature component of the signal is the relation
of the elliptical axes to the plane of polarization
[6, 8]. The VLF measurements were consistent
with the general VLF geophysical survey method.
The measurement was carried out in 16 lines in
three directions of the research. At thow Areas of
the peat deposit (A, B), 5 lines were available,
whereas in Area C, 6 lines. The length of the geo-
physical survey line ranged 200 to 500 m, while
the intervals between the lines ranged 10 to 20 m.
The peat depth was measured by direct method, in
boreholes, which were located every 80 meters in
all the geophysical survey lines. In some locations
where the variability of peat depth increased dra-
matically, the spacing between the boreholes was
reduced (Fig. 1). The collected VLF data were an-
alyzed using the NAMEMD method to eliminate
the effect of noise in the observations [9, 10].
The denoised data was then inverted using
Inv2DVLF [6, 11] to obtain an estimate of 2D re-
sistivity along the lines of each peat Area.

Discussion of findings

Inv2DVLF software estimates in-phase and
quadrature values and predicts vertical sequential
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resistivity values along each geophysical survey
lines. The predicted resistivity dataset consists
of 8 vertical z-positions to depth: 0.5 m, 1.1 m,
1.52m,2.2m,2.58 m,3.15m, 3.6 m, and 4.72 m.
These depths can vary slightly depending on the
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frequencies used in the VLF method and the ini-
tial resistivity values. During the study, the initial
resistivity, according to the VLF method, was
15 ohmmeters. Fig. 2 shows the position of the
predicted resistivity by Inv2DVLF.
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Fig. 1. Map of the study territory and sampling Areas (A, B, C)

The predicted resistivity values for each geo-
physical survey line were interpolated vertically us-
ing geostatistical software to generate 2D vertical
planes. The result of interpolation, in the form of re-
sistivity, is shown in Fig. 3, and the peat thickness
is shown as a line on each graph. The peaks on the
line (green) show the number and thickness of the
buried wood horizons. Peat deposits in their natural
state are porous, moisture-saturated, varying in den-
sity with different inclusions (stumps, stones, lenses
of water, sand, clay, etc.) sedimentary rock, within
which very large variability of electrical conductiv-
ity is observed [3]. Correspondingly, electrical
conductivity of peat, various inclusions, and un-

derlying ground differs [11-14]. For example, dry
wood as high electrical resistance and is a dielec-
tric, whereas being in a peat deposit, wood is sat-
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urated with water and loses its dielectric proper-
ties. In addition, the resistance of different species
of wood is also different; for example, the re-
sistance of pine at moisture of 20% is 3 - 108
Ohm/cm, that of birch, 4.2 - 10 Ohm/cm; at
moisture of 100 %, the resistance of pine is
1.8-10° Ohm/cm, and that of birch, 2-10’
Ohm/cm. The higher the moisture content of the
deposit (80 — 90 %), the lower the resistance and
the higher the electrical conductivity [11]. Thus,
the specific electrical conductivity of peat has
strong correlation with its properties (moisture
content, degree of decomposition, stumpiness,
botanical and agrochemical composition, ash con-
tent, etc.). In view of the above, a reasonable ques-
tion arises: "How to distinguish the electrical con-
ductivity of peat, buried wood, and the underlying
mineral ground?" [15-17]. When studying the peat
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deposit by the VLF method, when interpreting the Basically, most graphs indicate that resistivity
obtained resistances on the graphs presented in Fig. decreases with increasing depth of the peat deposit
3, peaks appear, the height of which enables deter- occurrence. However, this does not correlate with
mining the thickness of the buried wood horizons. the peat thickness. At the same time, none of the

Visually, it is difficult to recognize the cor- graphs shows direct correlation between the thick-
relation between peat thickness and resistivity by ness of peat layers and the resistivity.
the VLF method (Fig. 3).

IT 1-5 —geophysical survey lines 372w

Fig. 2. Positions of measured resistivity values along cross-sections generated by Inv2DVLF software
(each VLF measurement point generates 8 points of the peat mass computational resistivity (these depths differ insig-
nificantly depending on the VLF frequency and the initial resistivity determined before the processing)
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The changes in resistivity are very different
across all three Areas of the peat deposit. In the
Area A, high resistivity (red) is more concentrated
in the upper layers, while in other layers it is
lower. In addition, most graphs show high resis-
tivity at the beginning of the lines. On lines 1
through 5 of the Area C, peaks in the realms of
high resistance jumps are highlighted in green that
indicates the presence of "islands" of buried wood
of average thickness of 0.5 m. On lines 4 and 5 of
the Area B, there are also peaks in resistivity,
which indicate that the layer of buried wood is in-
significant (compared to the Area C). It should be
noted here that 19 % of the territory of Tatarstan
is covered with forest, and on peat deposits, areas
of woody vegetation are found as "islands". In
view of this, peat deposits of Tatarstan have low
stumpiness. High stumpiness is found in shallow

Science and Technology

statistical description and assessment are pre-
sented in Table 1. For the statistical analysis, the
ANOVA method and Tukey's HSD test [18-20]
(the test of true significance) were used, which
tracks the frequency of false positive results with
correcting for the effect of multiple comparisons.
This means that if a check is performed at the 0.05
level, then for all pairwise comparisons, the prob-
ability of getting one or more false-positive re-
sults is 0.05.

On the whole, the average resistivity tends
to decrease as the peat layer thickness increases.
This is demonstrated by the data in Table 1. The
linear graph in Fig. 4a shows a tendency for resis-
tivity to decrease with depth representing three
Areas and the average of the total. The full lines
show similar declining trend, which can be inter-
preted using the equation:

deposits or "islands™ in the surface horizons of a Area A:
peat deposit, such as, for example, in the investi- y = —4,8491Inx + 35,709, R2=0,8421; (1)
gated "Lake Beloe" deposit. Peat at the Lake Be- Area B:
loe deposit is of lacustrine origin, and its greatest y = —6,305Inx + 40,915, R2=0,9453; (2)
depth of 5m was determined by direct method (in Area C:

the well in the center of the deposit). The Area A
with the depth of 4.72 m is located within the rel-
ict lake outline; therefore there are no horizons of
buried wood there. An explanation of the data on
the resistivity and thickness of peat, as well as the

y = —7,255Inx + 43,428, R2=0,9318; (3)
Average value:
y = —6,136Inx + 40,017, R2= 0,919, (4)
where y is the resistivity; x is the peat horizon
thickness, m.

Table 1
Predicted resistivity for the studied Areas of the "'Lake Beloe™ peat deposit
Area A Area B Area C
Depth Significance RMSD Significance RMSD Significance RMSD
(Std Dev) (Std Dev) (Std Dev)
0.5 33.72 50.92 39.94 49.56 41.98 48.98
1.1 33.97 44.41 37.49 43.56 40.26 41.88
1.52 30.75 33.95 32.82 33.44 35.28 32.57
2.2 26.01 22.11 28.60 23.10 28.01 22.24
2.58 25.06 23.96 25.48 21.24 24.97 18.22
3.15 21.57 18.42 22.93 22.75 21.92 16.27
3.6 14.81 9.85 16.90 11.16 16.61 9.09
4.72 18.58 6.57 17.58 6.81 16.89 5.43

GEOLOGY OF MINERAL DEPOSITS
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The graph shows that the deeper from the
surface the peat occurs, the lower its resistivity.
This means that the resistivity of the deep-lying
peat horizon is lower than that of the shallow peat
horizon. This is explained by the material density,
because the deep-lying peat horizon mainly con-
sists of dense peat with high degree of peat de-
composition and the underlying ground. The
higher the peat density, the easier the electric cur-

rent passes through it. Thus, the higher conductiv-
ity, the lower resistivity. The variability of the
peat thickness in the three Areas of the peat de-
posit (A, B, C) is shown in Fig. 4b.

By comparing the average resistivity value
between the depths of peat occurrence (Table 2)
and using the ANOVA statistical method, the sta-
tistically significant difference in the resistivity
was obtained.

Table 2
Data of the comparison of the average resistivity values for the peat Areas based on the ANOVA method
Comparison Sumofsquares | df | RMSD | F
Outside (between) the peat Areas 8387.9 2 4193.9 | 4.53
Within the peat Areas 5854862.5 6.323 | 926.8
Total 5863250.4 6.324
Table 3
Data of the comparison of the average resistivity values for the peat Areas based on the Tukey HSD test
5 —
Comparison between the peat areas Average difference | Std. error 95% probability
lower bound upper bound
A B -2.16 0.97 —4.44 0.12
C —2.68" 0.93 —4.85 -0.51
B A 2.16 0.97 -0.12 4.44
C -0.52 0.93 -2.7 1.65
C A 2.68" 0.93 0.51 4.85
B 0.52 0.93 -1.65 2.7

Note: Each value with an asterisk indicates significant difference in the peat depth variation and the trend of difference in resis-
tivity with depth

GEOLOGY OF MINERAL DEPOSITS
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Table 4
Data of the comparison of the average resistivity values for each peat Area based on the ANOVA method
Peat Area Comparison Sum of squares df RMSD F
Between peat 84481.2 7 12068.7 133
A depths
Within peat depths 1771570.5 1.952 907.6
Total 1856051.7 1.959
Between peat 127238.2 7 18176.9 20.3
B depths
Within peat depths 1743355.2 1.952 893.1
Total 1870593.4 1.959
Between peat 160056.2 7 22865.2 23.7
C depths
Within peat depths 1880673.3 1.952 963.5
Total 2040729.5 1.959
Table 5
Average resistivity by depth and Tukey HSD test result for each peat area
Depth, m Area A Area B Area C
0.5 33.7 39.9 41.9
1.1 33.9 37.5 40.3
1.52 30.7 32.8 35.3
2.2 26.0 28.6 28.0
2.58 25.1 25.5 24.9
3.15 21.6 22.9 21.9
3.6 14.8 16.9 16.6
4,72 18.6 1.6 16.8

The HSD test (Table 3) was carried out be-
tween Area A (deep-lying peat) and Area C (shallow
peat). However, there is no difference between
Area A (deep-lying peat) and Area B (intermediate
peat), and between Area C (shallow peat) and Area
B (intermediate peat). Comparison of the three lines
shows that the line representing the deep-lying peat
Area (blue line) is the lowest among the others, fol-
lowed by the lines of the intermediate peat Area and
the line of the shallow peat Area, respectively. This
difference is due to close relationship with peat wa-
tering and acidity. The peat thickness correlates with
its moisture and acidity. Peat Area A is more watered
than peat Area C. In addition, peat in Area A is more
acidic, and the higher water content of peat, the lower
Its resistivity.

The most important result is the data of
comparison between peat depths [21]. When the
resistivity is compared between different peat

GEOLOGY OF MINERAL DEPOSITS

depths (Table 4), statistical significance of the re-
sistivity difference between these depths also
takes place. The difference in resistivity between
the different peat depths (p <0.05) for all Areas
was determined based on the Tukey's test results,
presented in Table 5. The test results shows in de-
tail changing the resistivity with depth.
That is, the resistivity of the upper peat layer be-
gins to decrease and then demonstrates significant
change with depth (indicating the boundary be-
tween the peat and the underlying mineral
ground). The Table shows that in Area A, the re-
sistivity at depths of 0.5 m, 1.1 m, 1.52 m does not
differ statistically, but significantly changes start-
ing from depths below 4 m. In Area B, the resistivity
is statistically the same at depths of 0.5 m, 1.52 m
and 2.58 m, and starts to significantly change when
the depth is below 3 m. The difference, as shown in
the statistical test result, is closely related to the
characteristics of the peat Areas.
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Area A (deep-lying peat) has peat thickness
of 3 to 4.72 m, and the latter figure indicates the
boundary between the peat and the underlying
mineral ground. In turn, the depth of peat in Area
B (intermediate peat) ranges 1.5 - 3 m, so the av-
erage resistivity tends to decrease and demon-
strates significant change at the level of 2.8 m. In
Area C (shallow peat), the resistivity also mark-
edly decreases at the depth of the peat boundary
with the underlying mineral ground.

These facts indicate that the resistivity
measured by the VLF method is capable to indi-
cate depth intervals corresponding to peat layers.
The resistivity in the upper layer (close to the sur-
face) differs markedly from that at greater depths,
in layers lying farther from the surface. The abun-
dance of organic matter contained in peat and the
presence of water make peat porous and lighter in
density than mineral ground. Consequently, peat
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tends to demonstrate higher resistivity compared
with the ground.

Conclusion

The VLF method is applicable in geophysi-
cal study of peat deposits and shows variability of
peat resistance by depth. However, from the au-
thors’ point of view, it would be more informative
to use the GPR (Ground Penetrating Radar)
method as a supplement to VLF [22, 23]. The re-
sistivity measured based on the VLF method
tends to decrease as the depth of the peat deposit
increases. The average resistivity of deeper hori-
zons of the peat deposit is significantly lower than
that of shallow horizons of the deposit. With
depth (vertically) resistivity of peat in the Areas
of deep-lying peat (below 3 m) and intermediate
peat (1.5 — 3 m) remains statistically unchanged
until the depth at which the peat turns into the un-
derlying mineral ground (bottom).
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Abstract: Involvement of deep deposits in mining predetermined the trend of development of open pit mining
towards increasing the depth of open pits. The main limitation imposed on drilling and blasting in the near-contour
zone of an open pit is the need to protect the pit walls and engineering structures on the walls from seismic effects
of huge blasts. As practice shows, the most effective and proven method of protecting pit walls is the use of blasting
by presplitting method, creation of a shielding gap and a shielding layer of blasted rock mass, i.e. pre-splitting of
the pit walls, preceding the huge blast. Therefore, the study of stress-strain state of the near-contour rock mass,
determination of the parameters of blastholes for edge pre-splitting (preliminary shielding gap formation) in open
pits is an urgent task. The analysis of the pit wall design and stress-strain state of rock mass at Kokpatas deposit
exploited by Navoi Mining and Metallurgical Combine allowed to determine the model, as well as the method for
calculating stress-strain state of the rock mass. When assessing stability of the pit walls, an approach known as the
displacement method was used. Applying the boundary integral equations method allowed to develop an algorithm
for calculating stresses in the rock mass for the conditions of Kokpatas deposit. A technique has been developed
for experimental studies of blasting contour blasthole charges (blasting by pre-splitting method) using models,
allowing to study fracturing on volumetric models and wave interaction by the method of high-speed video record-
ing of the blasting process in transparent models, as well as to determine the parameters of stress waves during
blasting in samples of real rocks. A method for formation of stable pit wall slopes, an excavator method for bench
pre-splitting on ultimate envelope (contour) of a pit, and a method for initiating blasthole charges in the near-
contour zone of a pit have been developed and implemented in the industry.

Keywords: blasting, pit wall stability, pit envelope, pit wall control, blasting by presplitting method, zone of re-
sidual deformation, method for calculating effective parameters, blasthole charges, explosives
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dopMupoBaHue YCTONYHUBOCTH OOPTOB
NPHU BeJleHUN B3PbIBHBIX pa00T Ha Kapbepax KbI3bLIKYMCKOIro peruoHa

III. I11. 3anpos' ©) 2, I1I. P. Ypunos®, P. Y. Homaopos?

'Hapowuiickuii rocy1apCTBEHHBII TOPHBINA MHCTUTYT, T. Hasou, Pecry6inka V36ekucran, & sher-z@mail.ru
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AnHoTanusi: BosneueHne B pa3paboTKy INTyOOKO3aJNEralouIux MECTOPOXKICHUH MPEeaoIpeaeyio TeHACHLUIO
Pa3BUTHS OTKPBITOTO crioco0a J0OBIYM B HANPABICHHN YBEIUYEHHsI TITYOHHBI KapbepoB. OCHOBHBIM OTpaHUYe-
HHUEM, HaJlaraeMbIM Ha BeJleHHe OypoB3pbIBHBIX padoT (bBP) B nmpukoHTYypHOH 30HE Kapbepa, ABIseTCs He00X0-
JUMOCTb peoXpaHeHus OOPTOB Kaphepa U MHXEHEPHBIX COOPYKEHHH Ha OOpTax OT ceHCMUYeCKOro BO3ACH-
CTBHS MacCOBBIX B3pbIBOB. Kak Mmoka3pIBaeT MpakTrka, Hanoosee 3QEeKTHBHBIM U OMPOOOBAHHBIM METOIOM 3a-
HIUTHI OOPTOB Kapbepa sBISIETCS] IPUMEHEHHE KOHTYPHOTO B3pBIBaHUS, CO3/IaHUE dKPAHUPYIOIIEH IIeNn U dKpa-
HUPYIOLIETO CJIOSI B30PBaHHON FOPHOM Macchl, T.€. MPOBeIeHHE 3a0TKOCKH OOPTOB Kapbepa, MpeaIeCTBYIOImEeH
MaccoBOMY B3pbIBY. [loaToMy HccieoBaHUs HAPSHKEHHO-IE()OPMUPOBAHHOTO COCTOSIHUSI TIOPOJI MIPHKOHTYP-
HOT'O MAacCHBa, OIIPE/IeNICHHE MapaMeTPOB B3PHIBHBIX CKBKWH TPH TIPEIBAPUTEILHOM IIeiie00pa3oBaHUH Ha Ka-
pbepax sBIAeTCs akTyalbHOU 3afaueil. [[poBeneHHbIN aHaIM3 KOHCTPYKLUMH OOPTOB U HANIPSKEHHO-AeOPMUPO-
BaHHOT'O COCTOSHUS Mopoa MectopoxaeHusi Koknarac HaBoniickoro ropHo-MeTasypru4eckoro KOMOMHaTa mo3-
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BOJIMJI OTIPEICTTUTh MOJIEITh, & TAKXKE METOJ pacdyeTa HanpsHKEHHO-ISQOPMUPOBAHHOTO COCTOSIHHSI MacCHUBa rop-
HBIX opoz. Ilpu oreHKe yCTOWYMBOCTH GOPTOB Kaphepa MCIOIB30BaH MOIX0J], U3BECTHBIA KaK METOJ IepeMe-
mieHuii. VMcrnonp30BaHUEe METO/Ia TPAHUYHBIX UHTETPAIbHBIX YPAaBHCHHI IMO3BOJIMIIO pa3paboTaTh ajropuTM pac-
YyeTa HaNpsDKEHU B MacCUBe JIIs yCioBHi MecTopoxaeHus Kokmnarac. Paspabotana MeTonyka mpoBeACHHS SKC-
MEepPUMEHTANBHBIX UCCIIEOBAHUI B3PHIBOB KOHTYPHBIX CKBXUHHBIX 3apsAI0B HA MOJIEINAX, IIO3BOJISIONIAS UCCIIe-
JOBaTh TPEMIMHOOOpa30BaHNe Ha 00BEMHBIX MOJIEINISX ¥ BOJIHOBOE B3aUMO/ICHCTBIE METOAOM BBICOKOCKOPOCTHO
BHJICOPETUCTPAIIMH TIPOLIECCa B3PhIBa B MPO3PAYHBIX MOJECIAX, a4 TAKXKE OMPEICIUTh TapaMeTphbl BOJIH HaNpsKe-
HUH MPU B3pbIBE B 00pa3iiax peabHBbIX TOPHBIX NOpoj. Pa3paboTaHbl U BHEAPEHBI B IPOMBIILICHHOCTh CIIOCO0
(hopMHpOBaHUS YCTOMYMBBIX OTKOCOB OOPTOB Kapbepa, IKCKaBATOPHBINA CIIOCOO 3a0TKOCKHM YCTYITOB Ha MPEIETh-
HOM KOHTYpE Kapbepa M CIoCOo0 WHUITMMPOBAHMS CKBAKMHHBIX 3aps0B B3PHIBYATHIX BEIICCTB B MIPUKOHTYPHOM
30HE Kapbepa.

KuioueBsble ¢j10Ba: B3pBIBHBIE paOOTHI, YCTOMYUBOCTH OOPTOB Kaphepa, KOHTYp Kapbepa, 3a0TKOCKa YCTYIIOB Ka-
pBepa, KOHTYpHOE B3pBIBaHHE, 30HA OCTATOYHBIX Aedopmannii, MeToanka pacueTa 3h()EeKTHBHBIX apaMeTpoB,
CKBa)XMHHBIE 3apsi/bl, B3phIBUATHIC BEIIECTBA

st umrupoBanusi: 3aupos L. 111, Ypunos I1I. P., Homaopos P. V. ®opmupoBanue ycToH4nBOCTH OOPTOB MPH
BEJICHUH B3PBIBHBIX pabOT Ha Kapbepax KbI3bUIKyMcKoro peruona. I opusie nayku u mexronouu. 2020;5(3): 235-252.

DOI: 10.17073/2500-0632-2020-3-235-252

Introduction

Involvement of deep deposits in mining pre-
determined the trend of development of open pit
mining towards increasing the depth of open pits.
As known, in deep open pits, extraction of minerals
is carried out in difficult mining and geological con-
ditions, when it is necessary to reliably ensure the
stability of pit walls and their components.

In the course of blasting, as a result of dis-
turbance of the rock mass outside the pit contour,
rock mass weakening occurs due to changes in
fracturing, the appearance of residual defor-
mations, and decreasing rock strength at the con-
tacts of structural blocks. The main limitation im-
posed on drilling and blasting in the near-contour
zone of an open pit is the need to protect the pit
walls and engineering structures on the walls from
seismic effects of huge blasts. As practice shows,
the most effective and proven method of protect-
ing pit walls is the use of blasting by presplitting
method, creation of a shielding gap and a shield-
ing layer of blasted rock mass, i.e. pre-splitting of
the pit walls, preceding the huge blast.

To date, significant progress has been
achieved in the field of application of blasting by
pre-splitting method for pre-splitting benches in

MINERAL RESOURCES EXPLOITATION

open pits. However, a number of key issues on pre-
dictive assessment and selection of rational method
for bench pre-splitting, as well as improving the pa-
rameters of blasthole charges in the course of blast-
ing by pre-splitting method have not been resolved.
At the same time, it is necessary to continue re-
search of the stress-strain state of the near-contour
rock mass, improve blasthole parameters in the
course of edge pre-splitting (preliminary shielding
gap formation) in open pits, and develop a method
of experimental assessing the blasting by presplit-
ting method when shaping slopes.

Deposits of the Kyzyl Kum region are char-
acterized by complicated structure of ore bodies,
high variability of the useful components grades,
steep dip angles, and uneven thickness of the ore
bodies [1-3]. Such variability significantly af-
fects the efficiency of mining, significantly com-
plicating selection of technological parameters of
drilling and blasting operations.

In the conditions of the Kyzyl Kum region,
the formation of open pit walls with slope angles
up to 70° is possible only if their parameters are
determined by structural elements only, and not
by the rock mass stability. The change in the de-
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sign parameters of the pit wall slope angles is car-
ried out by doubling, tripling the bench height
with slope angles of 80-90° and the width of
berms of 10-15 m [4-8].

As a result of the research, a model and
method for calculating the stress-strain state of
rock mass for the conditions of Kokpatas deposit
exploited by Navoi Mining and Metallurgical
Combine have been developed.

Models and algorithms for assessing sta-
bility of open pit walls

When assessing stability of the pit walls, an
approach known as the displacement method was
used. The method is equivalent to minimizing the
total potential energy of a pit wall, expressed
through the displacement field; it led to the fol-
lowing sequence when performing calculations to
determine the stress-strain state and assess the sta-
bility of benches using the finite element method:

— partition of the pit wall section into finite
elements and assigning nodes in which displace-
ments are determined;

— determination of the relationship between ef-
forts and displacements in the nodes of the element;

— comparison of the system of algebraic
equilibrium equations;

— solution of the system of equations;

— determination of displacements and com-
ponents of the stress-strain state of the pit wall and
assessment of its stability.

It is believed that the most convenient
method for calculating the stress field for areas
with a complicated contour is the method of inte-
gral equations, which includes solution of the sys-
tem of Fredholm integral equations. The method
positive features include:

— decreasing the problem dimension;

— discretizing only the S area boundaries, in
contrast to the finite element method.

Let us consider the method of boundary in-
tegral equations and the algorithm for calculating
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stresses in rock mass for the conditions of Kok-
patas deposit. In the method of boundary integral
equations, a space (half-space) is considered, in
which the contour boundary is divided discretely
into a finite number of sections. Fig. 1 shows
loading diagram, and Fig. 2, the design skeleton
diagram presenting the determined boundary con-
ditions and volume forces.

The load intensity at each given section is
constant. The stresses within the S area can be rep-
resented as

5iJ'(t) = J.Rij,l (t’T)PIdS'

(I,j=x,p); teS;tedS (1)

where ki (t,7) is the fundamental solution for the
action of a concentrated force on a homogeneous and
isotropic half-plane; P — fictitious components of
surface forces along &S in the I-th direction; t — inte-
rior points of S area; t — boundary points &S.

When solving the elasticity problem, the con-
ditions at the boundary are determined as follows:

[ky(@1)R -0, (@)dS(r) =P (Q); Qreds, (2)

where n; is the cone of the angle between the nor-
mal to the boundary section and the coordinate

axes; o (Q) — specified loads on 6S.
Stresses in the S area, caused by the action

of forces concentrated on the contour S in the in-
finite half-plane, can be represented in the form

_pin (b +b,r7)+ pir, (b +byr?)

K, -P°= ;
xx,| | 47"_4
s (b 2 p 2) s ( 2 p 2)
«.ps = Pndbsry b0 )+ pyr, byr, +b,r, 3)
i 4nr? ’
« pS__ M (blrx2 +b2ry2)+ pirx(bzrx2 + blryz)
xy | | 4 4 ’
r
where p;,p, —are the components of fictitious

loads within the area S; ry, r,, are the x-, y-compo-
nents of the radius of vector drawn from the point
in &S to the point in S:
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Fig. 1. Loading diagram for the wall design and calculation of stresses in the rock mass of Kokpatas open pit:
Ny, N2, ..., Nj are the normals to the boundary of area 8S; Sy, So, ..., Si is the length of the boundary section &S;
Puut, Pen2, ..., Pssi are external loads from dumps and equipment applied along the length L; at a distance La, from the bench

edge; Fyi, Fyo, ..., Fyi are components of the gravity force in the i-th point of the S area.

b, = 3+L; b,=2- 1 b, =1+ 3v | Then,_based on fo.rmula (5), equation (2) as-
1—v 1-v 1-v sumes the final form of:
Whel’ev—ls POISSOHS r-atIO. - PiS/Z—i-Ikijl(Q,’C)PI nJ(Q)dS(’C)ZG?(Q),
At T — Q expression (2) has a feature, which F S
can be distinguished using the approach consisting i =X,y (6)

in considering a new contour bypassing the bound-

ary point, where T = Q. In this case For numerical implementation of the

method, the boundary of the area oS is divided

Ikm (Q,t)R -n;(Q)dS(x)= into N segments of arbitrary length 8Si. Then, at
® the midpoints of each segment 8Si we determine

. the resulting boundary values

= lim ki (€,7)P -n. (Q)dS(t) |+ )
aAiSE’OHaSIAaSU( i st )J Pi = _[ pds; P; = I pyds; P = _[ p,°dS;
AS; AS; AS;
{jkijl, (Q,7)P -nj(Q)dS(t)ﬂ. 4 P® = j p*ds, @)
os AS;

where 4S; — are the components of fictitious loads

on the boundary of the area oS.

Ialgg _[ ki (2, DR -n;(©)dS(1) - P /2, PyS /2. (5) Using the numerical trapezoidal method for
e evaluation of integral and formula (7), we can nu-

merically approximate expression (6):

It was shown in [9] that

i 3 2 3 s, ]
PS/Z 4 N (blrxijnxi +b2rxij ryijnxi +blrxijryijnyi +b2ryijnyi ) ij + AS r2 r2 -2 . Pas. (8)
xi _]7/( “)Z 2 3 3 ) S i\l T i) =Fas
};1 _+(b3rxij ryijnxi - bzryij r"xi + bzrxijnyi + blrxij ryijnyi ) : I:)yj |
B 2 3 2 3 s, ]
N ( r..r..n.+br..n.+br..r..n.—br..n.)P.+
S Xij yij" xi 27 yij xi 3 Xijyij yi 2°xij yi Xj 2 2 -2 DS
Py /2—]7/(47t)z b 2 3 b.r2 S AS; (rxij + ryij) =Pk ©)
}j _+( 2rxijnxi + blrxij r-yij nxi + blryijrlyi + 2rxij r-yijnyi ) ’ I:)yj N
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Initial data for the calculation and the formed boundary conditions

y

N — number of wall benches;
Hyi — height of the i-th bench, m;
Byi — width of the i-th berm, m

v
(o " , -
Y| —=+B, |+k,-H -{ZHW +2H } -
tg U’j - - 1 ’ o 2
N, = Integer ] /A
N i
_Z {B.w : ZH,W'J
L1 1
v
N. — number of points within the area
v
H — wall height, m;
A — distance between points, m;
Xi, i — boundary point coordinates;
ky — factor of the distance from the wall edge
n, =cos(n,X); n,=cos(n,,Y)
v
Nxi, Nyi — projections of normal to the boundary i-th point
-

ai— angle of i-th slope, degrees; p, — rock density, N/m3;
Si — length of i-th boundary section;
n; — amount of external load on i-th bench;

L . —distance of applying j-th load on i-th bench from the

ub, i

bench edge, m

At static load P, =0;

n, =cos(n,X); n,=cos(n,,Y)

| ¢
v*

Pyi, Py — external forces applied in the boundary i-th point

v

P —j-th specific load at i-th bench, N/m?;

YA

u — Poisson's ratio; E — elastic modulus, N/m?; a,8 — parameters of in-
herited creep;
Xii, Yii — coordinates of inner points of the area;
Xvi, Yvi — coordinates of volume forces in i-th point of the area;
Kt — number of time intervals of creep

S
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F, =p(g +a,); F, :p(g}%a}.)

Fxi, Fyi — projections of volume forces in i-th point of the area

!

C —rock adhesion coefficient, N/m?;
¢ — rock angle of repose (angle of internal friction), de-
grees; op, Gex — Ultimate compressive strength and ulti-
mate tensile strength, N/m?

v
N, =Integer{[ k, - H (L, -n_,) ]/ A} +9-N +

+Integer{Z[ %L,,,J }+10 Zn!

N: — number of boundary points

Y

dx Oy — gravity acceleration components, m/c?;
components of acceleration of quasi-static seis-

ax, 8y —
mic or hydrodynamic force, m/c?
I/mj = AZ
v
Vmi — area of inner zone (area), in the center of which the volume force is applied

-y

Fig. 2. Block diagram for calculating the pit wall design parameters
and stresses in rock mass at Kokpatas open pit

After calculating the fictitious loads PS " P (=1, N) the stress components in the area S are found

from the following formulas:

N —

Gxi = _1/(475);[ Xj xu (bl Xij +b2ryu )+ Py? yij (bs xij bzry.j ):| ( xij T ry,j) 2; (10)
N —

i = _1/(47[)Z|:P’; ryij( I’X'J +bZrYIJ )+ Py? Xij ( 21 xij bl yij )] (rxu + rylj) 2' (11)

=
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Using expressions (10) and (11), it is possi-
ble to determine the stresses at all points of the
rock mass, which is especially important when
studying the areas of its weakening.

In the study of the stress state of the near-
wall rock mass and its deformation, this area is
modeled by a half-plane, along the boundary of
which loads act, and inside the half-plane has
block structure.

At the first stage, the area boundary is di-
vided into sections, the number of which depends
on the boundary configuration (completeness of
information content) and the number of points
where the external load is applied to the contour.
The sections into which the boundary is divided
can be condensed and have an arbitrary length.

To construct isolines of stress components,
the internal area is divided by a coordinate grid
related to the coordinate system in which the area
boundary is described.

After formalization of the area boundary
and its internal part in the presence of external
forces at the area boundaries, they are also de-
scribed in the form of distributed or point load in
an analytical form.

Then, based on expressions (8) and (9), the
boundary integral equations are formed in the
form of matrices

8y 8y By,

| BBy by,
Cppe-Cppyy

Cy.-Cpd,...d

ndoad

The right-hand sides of equations (8) and (9)
represent the boundary conditions on the segments
0Si. In accordance with [10], to take into account the
gravitational field and the loads arising inside the
rock mass (for example, blasting or seismic action),
the right-hand side of the equations is supplemented
with integrals describing these actions. Then
expression (6) will assume the form of:

(12)

R*12+ [k, (@ 0)R -0, (Q)dS(r)=

MINERAL RESOURCES EXPLOITATION
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=of(Q)+ [ K, (t)-R(t)dv, i=xy, (13)

where K;(t,t) is the Green's function; Pi(t) —are

efforts arising at the i-th point of the area S.

To solve the resulting system of linear equa-
tions, iteration according to the method of Gauss
or Seidel [11] is used.

After calculating, using expressions (10)—(12)
the components of the stress tensor o, 6, and T,
the principal stresses are determined using the
known expressions:

Glz(cx+cy)/2+\/(cx—cy)2/4+rxy;

o, =(Gx+6y)/2—\/(ﬁx—Gy)2/4+’rxy;

Toax = (04 _62)/2- (14)

Justification of process operational dia-
grams and parameters of blasting operations
in an open pit

Analysis of the data on deformation of
rocks outside the rock mass contour in the course
of applying huge (single) blasts allowed conclud-
ing that, when approaching the ultimate pit enve-
lope (contour), it is necessary to change the drill-
ing-and-blasting process [12—15]. One of the cri-
teria for determining the amount of simultane-
ously blasted explosives was the value of the seis-
mic hazard measure, at which residual defor-
mations of the rocks composing the pit benches
and walls were practically excluded.

It is recommended to calculate the amount
of simultaneously blasted explosives taking into
account K., factor, numerical values of which de-
pend on the criterion involving type of displace-
ment, location of the protected object, type of
rocks, and type of fracturing (Table 1).

The amount of simultaneously blasted explo-
sives during the approach of blasting to the ultimate
envelope (contour) of the open pit is recommended
to be determined by the following formula:

Q= (r6/Kc)3, KT, (15)

where 15 is safe distance for the contour benches
from the blasting location to the protected object,
m; K. is the averaged value of the factor.
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Table 1

K. factor values for different conditions

Location of the protected object Average edge size of an ele- Ke
mentary block, m

Upto0.1 8.7

0.1-0.3 6.2

At the level of blasted bench 0.3-0.6 3.76
0.6-2.0 3.02

2.0 2.8

Upto 0.1 8.22

0.1-0.3 5.87

At the level above the blasted bench 0.3-0.6 3.56
0.6-2.0 2.85

2.0 2.65

Upto 0.1 7.89

0.1-0.3 5.61

Two levels above the blasted bench 0.3-0.6 3.42
0.6-2.0 2.74

2.0 2.54

The regularities of changing the residual de-
formation zone depending on the amount of simul-
taneously blasted explosives are shown in Fig. 3.

Thus, the data from Table 1 allow to deter-
mine the acceptable amount of simultaneously
blasted explosives depending on the rock mass
structure and the schematic of non-working
benches arrangement in the ultimate contour of
the pit wall.

Based on the need to ensure minimizing the
zone of severe deformation, the optimal specific
consumption and the amount of explosives per 1
m of the work front were determined. Based on
the established optimal explosive consumption,
allowing preventing peripheral (outside the pit
contour) rock mass deformation, the width of the
near-contour zone Ry; was determined, which is
the distance from the upper edge of the working
bench to the points towards the stationary wall:

R=A-(w+(n—1)b)¥ v, (16)

where A is an empirical coefficient (A = 11.5-18.0);
w is the width of the mined belt depending on the
line of resistance along the bottom, m; n is the num-
ber of rows of blastholes, pcs; b is the distance be-
tween the blasthole rows, m.

Expression (16) allows, at a specified dis-
tance from the blast location to the ultimate pit
wall contour, to determine the dimensions of the
blasted block along the work face (Fig. 4).

MINERAL RESOURCES EXPLOITATION

Thus, solutions have been recommended to
reduce the width of the residual deformation
zone, the parameters of the contouring charges
were established to create the shielding gap with
an increased protective ability, and the parame-
ters of blasting in the near-contour zone were se-
lected to ensure the creation of the shielding gap
with increased protective capacity and corre-
sponding limitation of stresses in the incident
compression wave.

A technique has been developed for calcu-
lating the effective parameters of drilling-and-
blasting in the course of blasting by presplitting
method taking into account the physical-mechan-
ical and mining-technological properties of the
rock mass [16-18].

It is recommended to determine the presplit-
ting blasthole charge diameter using the formula:

(90C2)7/12
d3 = 0,55 mdc, MM, (17)
where p, is the rock density, ka/m?; ¢ is velocity of
longitudinal (P) wave in the rock, m/s; pg, — is den-
sity of the explosive, kg/m?; D is the explosive deto-
nation velocity, m/s; c__ — is ultimate compressive
strength, Pa; d. is the blasthole diameter, mm.

The change in the diameter of the presplit-
ting blasthole depending on the explosive charge
density, the rock density, the rock ultimate com-
pressive strength, the longitudinal wave velocity
in the blasted rock, and the commercial explosive
detonation velocity was established (Fig. 5).
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Fig.3. The size of residual deformation zone R Fig. 4. The size of the near-contour zone width Rnc;
(m) as a function of the amount of simultaneously (m) as a function of the blasted bench length L
blasted explosives Q (t): along the work face (m)

1 — vertical displacements; 2 — horizontal displacements
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Fig. 5. Dependences of the presplitting blasthole charge diameterd; on the explosive density pss (),
ultimate compressive strength of rocks eex (b), longitudinal wave velocity ¢ (c),
and detonation velocity of explosive D (d) in different rocks:
0 — soft rocks; o — medium hardness rocks; A — hard rocks
Linear mass of the presplitting blasthole The change in the presplitting blasthole
charge is recommended to determine by the fol- charge linear mass depending on the blasted rock
lowing formula: density, the longitudinal wave velocity in the
. . . .
p=38-10"5 (poc?)” 12, (18) blaste_d rock, the explgswe density an_d detonation
’ (pBB)Y/3D*/3 (012 '€ velocity, the rock ultimate compressive strength,

where r is the blasthole radius, mm. and the presplitting blasthole radius in different
rocks was established (Fig. 6).
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It is recommended to determine the distance the blasted rock, the rock ultimate compressive
between the presplitting blastholes for edge pre- strength and tensile strenght, and the presplitting
splitting by the following formula: blasthole radius in different rocks (Fig. 7).
U8 Thus, the action of blasting the presplitting
a=0.064d poc’ol, M ) blasthole charges in the near-contour zone of open
’ ‘| 50 Y pits was established by determining the drilling-
where o _ is the rock ultimate tensile strength, Pa. and-blasting effective parameters taking into ac-
P - . count physical-mechanical and mining-techno-
The presplitting blasthole spacing was deter- logical properties of the rock mass
mined depending on longitudinal wave velocity in gical prop '
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Fig. 6. Dependences of the presplitting blasthole charge linear mass p on the longitudinal wave velocity
in the blasted rock ¢ (), , the explosive density pes (), detonation velocity of commercial explosivesD (c), ,
the rock ultimate compressive strengtheex (d), and the presplitting blasthole radius rc (€) in different rocks:
0 — soft rocks; o — medium hardness rocks; A — hard rocks
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Fig. 7. The presplitting blasthole spacing a was determined depending on longitudinal wave velocity
in the blasted rock ¢ (a), the rock ultimate compressive strength e..(b), the blasthole radius r. (c), and the rock ultimate
tensile strength ot (d) in different rocks:
0 — soft rocks; o — medium hardness rocks; A — hard rocks

Based on the result of studying various
techniques for forming slopes in the ultimate pit
walls, it has been established that the best results
are achieved when applying edge pre-splitting.

Studies of the mechanism of the peripheral
(beyond pit envelope) rock mass when blasting
the charge, a part of which is filled with inert ma-
terial, demonstrated that the blast causes asym-
metric fragmentation of the rock mass that de-
creased the blast impact towards the protected
rock mass due to energy absorption when using
the inert material.

Experimental research

Based on the result of the theoretical stud-
ies, a method for experimental studies of presplit-
ting blasthole charge blasting was developed. La-
boratory studies were carried out in the scientific
laboratory of the Navoi State Mining Institute.

MINERAL RESOURCES EXPLOITATION

The experimental studies of the stress wave
action in transparent bodies were carried out us-
ing the Olympus i-SPEED 2 high-speed video
camera and further in rocks by oscillography
method using the Rohde & Schwarz RTO1004
digital oscilloscope.

The research also used ZETLAB ZET 048-C
seismic station. High-speed video recording al-
lowed to simultaneously record the propagation of
waves and fractures in the zone of plastic and elastic
deformations without limiting the pressure ampli-
tude in the wave. The wave propagation speed and
pulse duration were also recorded.

Instrumental measurements using SV-10Ts
sensors and the oscilloscope allowed determining
the proportion of energy that is spent for rock rup-
ture. The nature of fracturing, i.e. the presence of
cutter breaks (wedges) going into the rock mass
or towards the free surface was determined by lin-
ear measurements.
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The methodology provided for three lines of
conducting experiments on models:

— research of fracturing on volumetric models;

— study of wave interaction by the method
of high-speed video recording of the blast process
in transparent models;

— determination of the parameters of stress
waves during the blast in samples of real rocks.

The study of fracturing was carried out on
volumetric models made of marble and sandstone.
The charge was placed into holes drilled in the rock.
The distance between the charges was modeled tak-
ing into account the geometric similarity.

The distance between the charges was
changed until the optimum one for a given diam-
eter of charges and a given rock was determined.
As the criteria for assessing the optimal distance,
the quality of the gap formed, the degree of frag-
mentation of the tested samples, and the presence
of cutter breaks (flaws) were taken.

The wave interaction was studied using the
data of video filming with the Olympus i-SPEED 2
high-speed camera, which allowed synchronizing
the studied process beginning with the record start.

As a first approximation, it was assumed that
the model and the rock mass behave like elastic
bodies until the moment of rupture/fragmentation.

The filming was carried out at frequency of
2000 frames per second. The process of rock frag-
mentation, depending on the medium acoustic
stiffness, was largely determined by the parame-
ters of the incident and reflected stress waves. To
measure the parameters of the interacting charges
stress waves in the models, SV-10Ts sensors with
recording in Rohde & Schwarz RTO1004 digital
storage oscillograph were used.

In the course of interpretation of the oscil-
lograms, nameplate data of the sensors were used.

When modeling, it was required to deter-
mine the optimal distances between the charges,
allowing obtaining high-quality gap with mini-
mum fragmentation of the tested samples. The

MINERAL RESOURCES EXPLOITATION

smallest possible charge diameter in the models
was 2.0-2.5 mm.

To reduce the degree of the sample disintegra-
tion, decked charges were modeled. With the use of
glass tubes, the charge was distributed along the en-
tire depth of the hole into four parts with three air
gaps. The distance between the blastholes varied
from 6.5 to 35 diameters of the charge.

Thus, the technique has been developed for
experimental studies of blasting contour blasthole
charges (blasting by pre-splitting method) using
models, allowing to study fracturing on volumet-
ric models and wave interaction by the method of
high-speed video recording of the blasting pro-
cess in transparent models, as well as to deter-
mine the parameters of stress waves during blast-
ing in samples of real rocks.

Based on the result of the conducted research,
the method of bench pre-splitting in near-contour
zone of an open pit has been developed, which pro-
vides decreasing the rock mass disturbances (frac-
turing and fragmentation), as well as minimizes for-
mation of talus and sliding (Fig. 8). According to
this method, when mining approaches the ultimate
pit contour (envelope) 1, the 10-m high benches 2
shall be doubled. On the upper bench, at a distance
of 1 m from the design contour of the open pit, a
number of inclined blastholes 3 of 190 mm in diam-
eter shall be drilled by Driltex-D25KS or URB-2A-
2B drilling rig with sub-drilling of 2 m. The pre-
splitting inclined blasthole spacing in a row is 2 m.

In the lower bench, three rows of vertical
blastholes 250 mm in diameter shall be drilled by
4 drilling rigs SBSh-250MN at 5x5 m grid with
sub-drilling of 1 m. At the distance of 3 m from
the third row of vertical blastholes, one more row
of additional barrier presplitting blastholes 5 with
diameter of 190 mm shall be drilled up to the pit
design contour using Driltex-D25KS or URB-2A-
2B drilling rigs. The vertical barrier presplitting
blasthole spacing in the row is 2 m.
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Fig. 8. Schematic of bench pre-splitting in pit near-contour zone:
1 — the pit ultimate contour; 2 — pit working bench; 3 - presplitting inclined blasthole;
4 — vertical break hole; 5 — vertical barrier presplitting blasthole

Charges in the presplitting blastholes at the
upper bench and in the vertical barrier presplitting
blastholes at the lower bench are formed in the
form of garlands of intermediate detonators of
Nobelite-216Z brand with diameter of 70 mm,
weighing 2 kg, and detonating cord of DSHE-12
brand at specific consumption of 2 kg/r.m.

The vertical barrier presplitting blastholes
at the lower bench are filled with continuous
charges of commercial explosives with specific
consumption of 0.4-0.6 kg/m:.

The charges in the presplitting blastholes at the
upper bench are detonated first, and then the charges
at the lower bench are detonated using short-delay se-
quential blasting after 35 ms interval from the exposed
bench surface to the design contour.

In any mining conditions, regardless of the
rock mass strength in the near-contour zone, the
initial angle of bench slope and its height, a bench
slope formed at any angle exceeding the angle of
repose will eventually collapse tending to take the
angle of repose. The use of natural conditions for

MINERAL RESOURCES EXPLOITATION

natural presplitting of bench slopes was the basis
for the development of the method for presplitting
of pit wall slopes using mechanical rupture of the
rock mass (Fig. 9), which allows ensuring the rock
mass stability in the pit design contour and relia-
ble controlling the presplitting parameters for the
life of mine, decreasing overburden volume, pre-
serving strength of the peripheral (beyond-con-
tour) rock mass and ensuring mining safety.
According to this method, when setting the
upper bench of 15 m high with slope angle of 60°
in the ultimate pit contour, the last row of vertical
blastholes is drilled at a distance of 1.5-2.5 m
from the design position of the lower edge of the
bench. The berm width is 17 m. When blasting
two rows of the vertical blasthole charges in the
near-contour zone, rock mass 1 is formed. The
blasted rock mass handling and the slope for-
mation is performed by two excavators in the fol-
lowing order: the lower excavator handles the first
cut 1, the upper excavator handles the upper part
of the bench 5 m high, and the rock is handled to
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the bench bottom 2; the lower excavator handles
the rock handled from the upper sub-bench 3, and
then handles the third cur, while forming the
lower part of the upper sub-bench 4.

A method of initiation of blasthole charges
in the near-contour zone of an open pit is recom-
mended (Fig. 10), which enables reducing the

Iv  Dm 2w
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Science and Technology

level of seismic vibrations and increasing integ-
rity (stability) of near-wall rock masses and engi-
neering structures in open pits — protecting them
from the blasting seismic actions [19-21].

2 1B
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Fig. 9. Schematic of bench formation by excavators in the ultimate pit envelope (contour):
a — intermediate excavator presplitting; b — design contour presplitting; 1 — rock mass at the first excavator cut;
2 — rock mass handled to the bench bottom; 3 — rock transshipped from the upper sub-bench;
4 — the lower part of the upper sub-bench; I — rows of vertical blasthole charges for fragmentation; Il — rows of vertical
blasthole charges in the near-contour zone

According to this method, in the block,
where rocks should be fragmented, 10 rows of
blastholes of 252 mm in diameter shall be drilled
at 5x5 m grid using SBSh-250MN drilling rig. At
the bench height of 15 m, the blasthole length is
17 m, the cut length is taken as 5 m, the charge
length is 12 m, the lower half of the blasthole is
filled with Nobelan 2080 commercial explosive
with density of charge of 1.25 g/cm?®, and the up-
per half with Igdanite commercial explosives with
density of charge of 0.85 g/cm®. Each blasthole
charge weighs 618 kg. Downhole blasting caps
are installed at the bottom of the blastholes (one
blasthole - one blasting cap). Delay intervals be-
tween the blasthole rows are taken as 67 ms, and

MINERAL RESOURCES EXPLOITATION

those between blastholes in a row, 42 ms.Se-
quence of blasting is from the exposed bench sur-
face towards the design contour. The initiation
of charges in the SINV system is carried out
by ED-8Zh electrical blasting caps and the main
wire of DSHE-12 detonating cord. The source of
the explosive pulse for the non-electrical SINV
initiation system is the SINV-START.

The developed methods for the formation of
stable slopes of the pit walls have been implemented
at the Kokpatas deposit. Applying the methods, the
recommended sequence and parameters of the
bench setting ensured the quality of bench presplit-
ting, complete integrity of the peripheral (beyond-
contour) rock mass and mining safety.
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Fig. 10. Blasting schematic in the method of initiation of blasthole charges in the pit near-contour zone:

1 — blasting machine; 2 — electric wires; 3 — instantaneous electric blasting caps; 4 — main wire of detonating cord; 5 — connec-
tion of detonating cord with waveguide; 6 — waveguide; 7 — vertical blastholes in plan view; 8 — surface connecting unit, inside
which blasting cap with delay interval of 0 ms is positioned; 9 — the same, with delay interval of 25 ms; 10 — the same,
with delay interval of 42 ms; 11 — actuation time of the surface connecting units not taking into account wave passing
hrough the waveguides, ms

Conclusions.

1. In various geological, mining, and climatic
conditions, it is possible to form a pit wall with slope
angle of up to 70°. Stability of benches in hard rocks
is determined by the rock mechanical-and-physical
properties, the length and orientation of fractures
relative to the slope, as well as adhesion, the angle
of internal friction at the contact, the fracture surface
roughness and the filler properties.

2. The pit wall designs and stress-strain
state of rocks at Kokpatas deposit have been in-

MINERAL RESOURCES EXPLOITATION

vestigated. The research findings enabled devel-
oping a model and method for calculating the
stress-strain state of the rock mass.

3. The change in the presplitting blasthole
diameter depending on the explosive charge den-
sity, the rock density, the rock ultimate compres-
sive strength, the longitudinal wave velocity in
the blasted rock, and the commercial explosive
detonation velocity was established. With in-
creasing the explosive charge density, the rock ul-
timate compressive strength, and the explosive
detonation velocity, the explosive charge diame-
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ter in various rocks decreases, whereas with in-
creasing the longitudinal wave velocity in the
blasted rock, the charge diameter increases.

4. The dependences of the presplitting
blasthole charge linear mass on the longitudinal
wave velocity in the blasted rock, the explosive
density, detonation velocity of commercial explo-
sives, and the rock ultimate compressive strength
have been established. With increasing the longi-
tudinal wave velocity in the blasted rock, the ex-
plosive density, and the presplitting blasthole ra-
dius, linear mass of the presplitting blasthole
charge increases, and with increasing the com-
mercial explosive detonation velocity and the
rock ultimate compressive strength, the charge
linear mass decreases.

5. The presplitting blasthole spacing was
determined depending on longitudinal wave ve-
locity in the blasted rock, the explosive density,
the rock ultimate compressive strength and tensile
strenght, and the presplitting blasthole radius in
different rocks. With increasing the longitudinal
wave velocity in the blasted rock, the rock ulti-
mate compressive strength, and the presplitting
blasthole radius, the presplitting blasthole spacing
increases, and with increasing the rock tensile
strength, the spacing decreases.
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Bonpochbl THHAMHKH MHOTOIBUIaTEJILHOI0 3JIEKTPONPHUBOIA
HA MpUMepe MeXaHU3Ma HAKJI0OHA KOHBepTepa

B. ®. bopucenko, B. A. Cugopos, A. U. 3emiusinckuii &

JIoHeIKui HAMOHAIBHBIN TEXHMYECKUIT yHUBEPCHUTET, T. JJonenk, & andrewiz@yandex.ru

AHHOTAIMs: MHOTOABHTAaTEIBbHBIM JICKTPOIPUBOAOM OCHAIICHBI MHOTHE TSDKEJIbIe MAIIWHBI M MEXaHH3MBI
TOPHO-METAJUTYPrHYeCKOH OTPACIIH, HAIPUMEP KUCIOPOIHbIE KOHBEPTEPHl. Y MEHBILICHNE BIMSHHS HEJJOCTATKOB,
XapaKTePHBIX JUIsl Pa3BETBICHHON MHOTOCBS3HON CUCTEMBI, BO3MOYKHO 33 CUET CO3/IaHHsI CUCTEM PEryJINPOBAHUS
Ha OCHOBE MaTEMaTHYECKHX MOJIENICii paccMaTpuBaeMbIX dneKkTpoMexannieckux cuctem (OMC). B monHoit ma-
TEeMaTHYECKOH MOJIETIH YIUTHIBACTCS YHCIIO 3IeKTpoaBurareneit 9MC, 3a30pbl B nepegadax, yIpyrocTs BaJonpo-
BOJIOB, BJIMSIHME TMCCUTIATUBHBIX CHJI U T.J1. HeocTaTkoM Takoro mojixo/ia sBisieTcs CIOKHOCTh TAKHX MOJIEIEH,
4YTO NPUBOJUT K 6OJ'II)HH/IM BBIYHCJIIMTCIIBHBIM U BpEMCHHBIM 3aTpaTaM IIpU UX peain3aluu. I[Hﬂ aHaJln3a JMHaMHU-
YeCKUX ITPOIECCOB, BOSHUKAIONINX B PEKUMAX Pa3roHa U TOPMOXKCHHUS IIEKTPOMEXaHUIECKOH CHCTEMBI MeXa-
HHU3Ma HaKJIOHA KOHBEPTEPa, PeIIaraeTcsl UCTIOIb30BaTh YIIPOIIECHHYIO SKBUBAJICHTHYIO PaCUeTHYIO MOZIEIb, KO-
TOpas y4uThIBaja Obl ©3MEHEHNE COOCTBEHHOH 4acTOThI Kostebanuit IMC m1st mo0oro peskuMa paboThl HA OCHOBE
TEXHOJIOTHYECKHUX U KOHCTPYKTUBHBIX 0COOEHHOCTeH. Ha ocHOBaHMM aHanm3a pacyeTHOI MOJIEIH ClIeNIaH BBIBOJ
0 HEOOXOTMMOCTH OIIEHKH MEXaHHYECKHX Harpy30K B CHCTEME METO/IOM CPaBHEHHMS MX TEKYIIUX M 0a30BbIX 3HA-
YeHUH, a TaKkKe y4eT AeMIIQUPYIOMNX CBOUCTB dNIeKTponprBoAa. s CHIKEeHUS] JMHAMHYECKUX HAarpy30K Mpe/i-
jaraercsi copMHpPOBaTh 3aKOH M3MEHEHUS YIIPABJISAIONIETO HAPSKCHHS C IIOMOIIBIO 3a/1aTYNKa HHTCHCUBHOCTH,
CHIDKAIOIIETO PHCKU BOSHUKHOBEHUS YIPYTHX MOMEHTOB, 3HAUUTEIBHO MPEBOCXO/SIINX JOITYCTHMBIE ISl TaH-
HOTO KJIacca MEXaHU3MOB. Pe3ysbTaThl TEpMO- M BUOPOAMATHOCTHKHU JIJIsl OILICHKH HEHCIPABHOCTEH OCHOBHBIX
3BEHBEB MEXaHH3Ma HaKJIOHA KOHBEPTEpa, a TAK)KE OIIeHKa IMOBEICHHS CUCTEMBI Ha 0a3e Moenu Matlab Simulink
IPU BapbUPOBAHUH YIPYTOCTH BAJIONPOBOIOB M MPHUBEICHHBIX 3a30pOB MOKA3aJIM CYIIECTBEHHOE BIHSHHE T10-
CIIeTHUX Ha JMHAMUYECKHE HAarpy3KH.

KnioueBble c10Ba: KOHBEpTEp, IEKTPOMEXaHMUYECKass CHCTEMaA, BAJOMPOBOJ, JMHAMMKA, pacueTHas cXeMma,
TEPMO- 1 BUOPOMATHOCTHKA

Jasi nutupoBanus: bopucenko B. @., Cunopos B. A., 3emmsinckuit A. Y. Borpocsl AMHAMUKYA MHOTOABUTA-

TENIFHOTO 3JIEKTPONPHBOJA Ha INpHMEpEe MEXaHH3Ma HaKJIIOHAa KOHBepTepa. [ OpHble HAYKU U MeXHOIOSUU.
2020;5(3):253-265. DOI: 10.17073/2500-0632-2020-3-253-265

Issues of Multi-Motor Electric Drive Dynamics
through the Example of Converter Tilting Mechanism

V. F. Borisenko, V. A. Sidorov, A. |. Zemlyansky &

Donetsk National Technical University, Donetsk, & andrewiz@yandex.ru

Abstract: Many heavy machines and mechanisms of mining and metallurgical industry, for example, basic-oxygen
converters (BOCs), are equipped with multi-motor electric drive. Reducing the influence of the disadvantages
characteristic of a branched multi-connected system is possible by creating control systems based on mathematical
models of the considered electromechanical systems (EMS). The full mathematical model takes into account the
number of EMS motors, gear backlashes, elasticity of shafting, the effect of dissipative forces, etc. Disadvantage
of this approach is complexity of such models, which leads to high computational costs and time expenditure for
their implementation. To analyze dynamic processes arising under acceleration and deceleration conditions of the
electromechanical system of the converter tilting mechanism, it is proposed to use a simplified equivalent simula-
tion model, which would take into account changing the EMS natural oscillation frequency for any operation
conditions based on process and design features. Based on the simulation model analysis, it was concluded that it
IS necessary to assess mechanical loads in the system by comparing their current and basis values, as well as taking
into account the damping properties of the electric drive. To reduce dynamic loads, it is proposed to form a law of
changing the control voltage using an intensity generator, which reduces the risks of occurrence of elastic moments,
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significantly exceeding those permissible for this class of mechanisms. The results of thermal and vibration diag-
nostics for assessing malfunctions of key units of the converter tilting mechanism, as well as assessing the system
behavior based on the Matlab Simulink model with varying shafting elasticity and normalized gear backlashes,

showed significant effect of the latters on the dynamic loads.

Keywords: converter, electromechanical system, shafting, dynamics, designh model, thermal and vibration diagnostics

For citation: Borisenko V. F., Sidorov V. A., Zemlyansky A. I. Issues of multi-motor electric drive dynamics
through the example of converter tilting mechanism. Gornye nauki i tekhnologii = Mining Science and Technology
(Russia). 2020;5(3):253-265. (In Russ.) DOI: 10.17073/2500-0632-2020-3-253-265

BBenenue

B nacrosiee BpeMs MHOTOJBUTATEIbHBIM
npuBOAOM (7Ba, 4YeThIpe MU 0OoJiee) OCHAIIEHBI
MHOTHE TSKEJIbIE MAIIMHBI K MEXaHU3MbI TOPHO-
METaJITypruuecKoil OTpaciu, HarpuMmep KUCIO-
ponHble KOHBepTepbl. [IpUBOA TakWx MalluH
npejcTaBisieT co00il pa3BETBIEHHYIO MHOIO-
CBSI3HYIO CHCTEMY BAJIOIPOBOJOB C CYMMHPOBa-
HUEM MOMEHTOB Ha o0mieil mectepue. Takas
CXeMa TIO3BOJISIET YMEHBIIUTh CYMMAapHBI MoO-
MEHT MHEPIIMN MEXaHU3Ma U CHU3HUTh JUHAMHYe-
CKH€ Harpy3KH B Iepeiadax Mo CpaBHEHUIO C OJI-
HOJ/IBUTATEJIbHBIM TIPUBOJOM U, CJIE€I0BATEIBHO,
CHU3HUTH MX Maccy u rabaputel. C npyroiut cro-
POHBI, YBEJIIMYEHHUE YHCIIa BaJONPOBOJOB IIPUBO-
JUT K TIOSIBIICHUIO JIOTIOJTHUTEIIbHBIX MEXaHUYe-
CKHX CBA3€H U, KaK CJIEJICTBHE, K POCTY 3a30POB B
3yOuaThIX Mepefadyax U HECHHXPOHHOCTH Harpy-
JKEHUS OTJENbHBIX BeTBel. Jlaxke HebombIIne 0T-
KJIIOHEHHUS B 3HAYEHHUSX MOMEHTOB HHEpIUU U
YKECTKOCTH BaJIOIPOBOJIOB MPUBOJIST K POCTY JIH-
HAaMHUYECKHX Harpy3ok, KojeOaTelbHOMY Xapak-
TEpY B HECTALIMOHAPHBIX peXKUMax padboThI (IyCK,
TOPMOXKEHHE, PEBEPC) U BO3MOXKHOMY IpexKJie-
BPEMEHHOMY OTKa3y 00Opy/I0BaHUSI.

AHanu3y moBeaeHUs] MHOTOCBSI3HBIX JJIEK-
TPOIIPUBOJIOB TMOCBSIICHO 3HAUYUTEIHHOE YHUCIIO
nyOnuKanuii. Pe3ynbTaTel TEOPETUYECKUX U IKC-
MEPUMCHTAIBHBIX ~ HMCCICIOBAaHUN  JIMHAMHKH
MHOTOMaccoBbix OMC paccMoTpeHsl B pado-
tax Koxxesaukosa C.H. [1], bompmakosa B.I.,
bynykuna B.B. [2-4], Kimouesa B.I1. [5], Bop-
moBa 0. A., Cokomnosckoro I'.I". [6].

Hacrosimas pabota mocssiiieHa uccieoBa-
HUIO MIOBEJICHUS AIEKTPOMEXaHUYECKOW CHCTEMBI
MHOTOJIBUTATEIbHOTO  TPUBOAA  MEXaHHW3Ma

HaKJIOHa KOHBEPTEpPA B TUIOBBIX PEKMMAX pa-
OOTHI C LENbIO OIpeIeTICHUS MyTeH JTOKaIu3aIuu
y3JI0B, TPEOYIOIUX PEMOHTA.

VYMeHbllleHre BIUSHUAS HEJAOCTAaTKOB, Xa-
PaKTEpHBIX ISl Pa3BETBIECHHOM MHOTOCBSI3HOMN
CUCTEMBI, BO3MOYKHO 3@ CYET CO3/IaHUSl CHUCTEM
peryaupoBaHusi HA OCHOBE MAaTeMaTUYECKUX MO-
JieJiel pacCMaTpUBAEMBIX 3JIEKTPOMEXAHUUYECKHUX
cuctem (OMC). B nonHoit MmaTemMaTuueckoil Mo-
JIeIM  YYUTBIBAECTCA YMCIIO 3JIEKTPOJABUTaTENEH
OMC, 3a30psI B iepegavax, ynpyrocTu Bajaonpo-
BOJIOB, BIIMSIHME JMCCUMATUBHBIX cuia U T.1. He-
JIOCTaTKOM TaKOTO MOJIX0/1a SIBJISIETCS CII0KHOCTh
TaKUX MOJIEICH. DTO MPUBOJMUT K OOJILIITUM BBI-
YUCJIUTEIIbHBIM M BPEMEHHBIM 3aTpaTaM IMpPU UX
peaM3alym, 4To 3a4acTyl0 HEIONyCTHMO B pe-
aIbHBIX YCIOBUAX MTPOU3BOACTBA.

JIns aHanu3a JUHAMHUYECKHX IPOLIECCOB,
BO3ZHMKAIOIIUX B PEKMMax pa3roHa U TOPMOXKe-
HUS DJIEKTPOMEXaHUYECKON CUCTEMBI MEXaHU3Ma
HaKJIOHa KOHBEpTepa, MpeiJiaraercs HCIOJIb30-
BaTh YIPOIIECHHYIO SKBUBAJICHTHYIO PAaCUETHYIO
MO/I€JIb, KOTOPasi YYUThIBaJIa ObI H3MEHEHUE CO0-
CTBEHHOMU 4acToThl kojedbanuit IMC aiis odoro
pexxkrma paboThl HA OCHOBE TEXHOJOTHYECKHX U
KOHCTPYKTHUBHBIX ocoOeHHocTell. Ha ocHoBaHuM
aHaJM3a pacueTHOM MOJENU CJENaH BBIBOJ O
HEO0OXOIMMOCTH OLIEHKH MEXaHWYEeCKUX Harpy-
30K B CHCTEME METOJIOM CPAaBHEHHS UX TEKYIIUX
1 0a30BBIX 3HAYEHUH, a TaKkke ydera neMnupy-
FOIIMX CBOMCTB AJIEKTpornpuBoa. [[ns npensapu-
TEJTbHOW OIEHKW JMHAMHKHA PacCMaTpUBAEMOM
CHUCTEMBI C TIOMOIIBIO TPOrPAMMHOTO TIaKeTa
Matlab Simulink BeImONHEHO MOACTUPOBaHKE
rpolecca pa3rosa.
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[TockonpKy aHanM3 TEKYIIMX CUTHAJIOB, MO-

CTynaromux OT CUCTCMbI 3JICKTPOIIPUBOJ0OB, HC
MIO3BOJIIET OLICHUTh €€ TEXHUYECKOE COCTOSHUE,
IpeJiaraeTcsl UCIoib30BaTh JIaHHBIE, MOJIYYEH-
HBIE B pe3yJbTaTe TEPMO- U BUOPOAUATHOCTHUKH.

Pacuernas cxema DOMC MHOroaBura-
TeJILHOT0 NPHBO/Ia HAKJIOHA KOHBepTepa

Jl1st  MHOTO/IBUTATENbHBIX  JIEKTPOIPHBO-
JIOB, COJEp)KaIllMX [Ba, 4eThIpe, LIecThb M Ooiee
IMPUBOAHBIX BHCKTpOI[BI/II‘aTCJIef/'I OCHOBHBIM HC€IO-
CTAaTKOM SABJIACTCA PA3JIMIMEC B KHHCMATHYCCKUX 3a-
30pax MO KaXJI0My U3 BajonpoBooB. [Ipu mycke
Takoi ciokHo OMC Oymyr HalmomaTbes
YYacTKH, COOTBETCTBYIOLME BBIOOPY 3a30pOB IO
KQKIOMY M3 BajlonpoBofoB. Ha mnpuBoguMbIx
HIDKe ocLuiuiorpamMax (puc. 1) xoporo npocie-
KHMBAETCsl HEOTHOBPEMEHHOCTh ITyCKa BaJIOIPOBO-
JO0B YCTBIPEXABUTATCIIBHOTO IIPHUBOJAa MEXaHHU3Ma
MIOBOPOTA U TOSIBIIEHUE ApaMETPUUECKOro pe3o-
HAHCA B pallOHE IIOJIOBUHHOM YacCTOThI BpAILlCHUS
(na 11-i1 cexyHze) Ipu ITyCKe U B Cilyyae peBepca

Ha 41-i1 u 51-i1 cekynaax. B kauectBe peructpupy-
€MBIX BEIMYMH TMPHHATHI YIPYTHE MOMEHTHI II0
KaXJIOMy W3 BaJONPOBOAOB (NIEPBBI — YETBEp-
TBIN), @ TAK)KE YaCTOTa BPAIICHUS M TOK TIEPBOTO
npurarenss. HeomHoBpeMEeHHOCTh BEIOOpa 3a30pOB
BUJIHA Ha XapaKTepe W3MEHEHHS YIPYTruX MOMEH-
TOB — M121, M122, M123, M124.

Uucno npuBOAHBIX JBUTATENICH MOMKET
nocturath 10—-16. IIpu Takom yucie npuBOAHBIX
JIBUTATENICH TMpuemiieMa X TPYNIHPOBKA B
OJIOKH TIO JIBa WJIM YETHIpE, a TaKkKe HeoOXOonu-
MOCTh YepeJOBaHMs OJIOKOB C IOCIIEIOBATEIb-
HBIM U TIapaJUICTbHBIM COSTMHECHUSIMH MaIIIVH.

Harpyska Ha nBuratenu y MexaHHU3MOB
MOBOPOTAa M KAHTOBaHUS Oy/IeT YCPEeIHAThCA B
YCTaHOBUBIIEMCSI PEXKUME JIBHKEHHUS, B ITyCKO-
TOPMO3HBIX PEXKHMaX U3-3a PA3NIUYHBIX YCIOBUI
BBIOOpA 3230pOB, HArpy3Ka Ha OT/CIIbHEIC IBHTA-
TEJIM MOXKET BO3pacTaTh OoJiee ueM B 2 pasa, aHa-
JIOTUYHASI CUTYAIlUs TIOBTOPSIETCS U JJISL YIIPYTUX
MOMEHTOB B BaJIonpoBojax [5, 6].
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Puc. 1. OcumuiorpaMMsl IMycKa 4eThIPeX/IBUTaTeIbHOr0 MPUBO/AA MeXaHU3Ma NOBOPOTA:
i — TOK SIKOpSI QJICKTPOBHUIATENS; N11 — YACTOTA BPAICHHUS |-T0 ANEKTPOBHUIaTEIS;
Ma21, M122, M123, M124 — yripyrue MoMeHTBI BJIOTIPOBOAOB (C 1-T0 110 4-if)

Fig. 1. Oscillograms of starting the four-motor drive of the tilting mechanism:
i. — electric motor armature current; ni; - speed of rotation of the 1st electric motor;
Ma21, M122, M123, M124 — elastic momenta of shafting (from the 1st to 4th)
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Puc. 2. 3aBHCHMOCTH CTATHYECKHX MOMEHTOB Ha Handge oT KOJUYECTBA METAJLIa B KOHBepTepe (a)
U B (yHKIHH yIJia IOBOPOTA 0. KOHBepTepa (0):
Ha a. 1 — rpaHnYHAast KpUBasi, COOTBETCTBYIOMIAS IOSBICHUIO IIUIAKA B CTAJIEBBIITYCKHOM OTBEPCTHH; 2 — TPAaHUIHAS
KpHBasi, COOTBETCTBYIOIIAs HAYATy CIIMBA [IIaKa Yepe3 FOpJIOBHHY KOHBEPTEPa,;
Ha 0. 1 — cimB cTany; 2 — BO3BPAT B HCXOAHOE TOJIOKEHNUE ¢ 44 T II1aka; 3 — HOBOPOT ITOPOXKHETO KOHBEpTEpa; 65° — Hayano
ciMBa cTanu; 85° — Hayaslo ciuBa IIJIaka Yepe3 TOpJIoBUHY; 95° — okoHUaHue civBa ctany; 120° — oKoHYaHHe CIIMBa [UTaKa

Fig. 2. First momenta on the trunnion as a function of the amount of metal in the converter (a)
and as a function of the converter tilt angle a (b)
in (a): 1 — boundary curve corresponding to appearance of slag in the steel-tapping hole; 2 — boundary curve corresponding to
the beginning of slag pouring through the converter mouth;
in (b): 1 — steel pouring; 2 — return to initial position with 44 tons of slag; 3 — tilting empty converter;
65° — start of steel pouring; 85° — start of slag pouring through the mouth; 95° — finish of steel pouring;
120° — finish of slag pouring
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Puc. 3. 3aBHCHMOCTH CTATHYECKOr0 MOMEHTA Ha nandax Kouseprepa 250 T ot npoduias KoHseprepa (a)
W yrJjia ero mosopora (0):

A', B', B' — 3arpy>xeHHBIe KOHBEpTOpPHI ¢ cankoit 125 (A), 190 (b) m 230 (B), ; A", B", B" — To *e 11 HOpOXKHUX
KOHBEPTOPOB; 1 — MOMEHT ITOPOKHETO0 KOHBEPTOPA C HOBOW (hyTEPOBKOH; 2 — MOMEHT OT CaJIKi B KOHBEPTOPE C HOBOH (yTe-
POBKOIf; 3 — CyMMapHBIi{ MOMEHT IIpH HOBOH (yTepoBKe; 4 — MOMEHT ITOPOXKHET0 KOHBEPTOpA C BBIrOpeBIIeH QpyTepoBKOH; 5 —
MOMEHT OT Ca/IKi B KOHBEPTOPE C BBHITOpEBIIEH (YTEPOBKOIL; 6 — CyMMapHBIii MOMEHT NP BBIrOpeBLIEH QyTepoBKe
Fig. 3. Dependence of the first moment on the 250-t converter trunnions on the converter profile (a)
and its tilt angle (b):

A', B', C' — loaded converters with load 125 (A), 190 (B) and 230 (C), t; A", B", C" — the same for empty converters; 1 — mo-
ment of empty converter with new lining; 2 - moment due to the load in converter with new lining; 3 — total moment at new
lining; 4 — moment of empty converter with burnt-out lining; 5 — moment due to the load in the converter with burnt-out lining;
6 — total moment at burnt-out lining
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MomMmeHT cun conpotuBieHus M. mexa-
HU3Ma HaKJIOHA KOHBEPTEpa CYIIECTBEHHO HU3Me-
HSIETCS B TIPOIECCEe OTPAOOTKU TEXHOJIOTHUECKUX
onepanuii [7-9]. OQHOBpEMEHHO ¢ U3MCHEHUEM
M. HaOnromaercs W W3MEHCHHE MPUBEICHHOTO
MOMEHTa WHEPILIUH:

J=mp?,

rjae M — mojHas mMacca MeTajljla U COOCTBEHHO
KOHBEPTEpa, p — pailyCc UHEPIUH.

DTO O4YEeBUAHO, TaK KaK B MpOIEcce
HAKJIOHa MU3MEHSETCS IOJIOKEHHUE LIEHTpa TsKe-
ctu. Hanbonpmme 3nauenus J(¢) OyayT uMmeTh
MECTO B CiIydae BBHIrOpeBIIeH (yTepOBKH II0
CpaBHEHHIO C TIOKa3aTeNsiMU Ui HOBOW (yTe-
POBKH. 3aBUCUMOCTH 1151 J(¢) Oy1eT B HEKOTOPOi
CTETNeHH TOBTOPITH KpuBYyI0 Mc(p). Xapaktep-
HBIE 3aBUCHMOCTH MOMEHTA CHJI COITPOTUBIICHUS
OT COCTOSIHHS ()YyTEPOBKM M Yrjla HAaKJIOHa KOH-
BepTepa JUIsl pa3iMyYHbIX CaJOK NPUBEICHBI Ha
puc. 2; BiusiHue TpoQuisi KOHBEpTEpa HA MOMEHT
IpPUBOJA MEXaHW3Ma HAKJIOHA W 3aBUCHMOCTb
M(o) mns Q =250 T — Ha puc. 3.

[lpu aHanm3e uccleOBaHUN MO TUHAMHUKE
NPHUBO/Ia HaKJIOHA KoHBepTepa [2—4] Obuto 3ame-
YEHO, YTO OCHOBHOH YIIOp JENAJICSl HAa W3Yy4EHHU
Harpy30K B BJIONPOBOAAX OT THXOXOJHOTO PEAYK-
TOpa K BEHLIOBOH IIECTEpHE, a TAKXKE CKIOHHOCTU
AJIEKTPOMEXAHNYECKON CHUCTEMBI K OneHusM. B ka-
YECTBE PACUYETHBIX CXEM MPUHUMAINCH SKBHBA-
JICHTHasl JByXMaccoBasi U MHOIOMaccoBasi, B KOTO-
PBIX MOJIETUPOBATIOCH U3MEHEHUE BPEMEHU MTPHIIO-
YKEHUS! JIBIKYIIIETO MOMEHTa K paccMaTprBaeMbIM
BaJIONPOBOJAM, YUUTHIBAJICS MPOLIECC PaCTOpMa-
*KUBaHUs puBOJIOB [ 1, 5, 10]. PeansHas pacuernas
cXema JO0JDKHA YYUTHIBATH CUCTEMY AIIEKTPOIPH-
BOJIa, CXEMY COEIMHEHHsI AJIEKTPOABUraTesiei, oc-
HOBHBIE )KECTKOCTH, 3a30PbI 110 JIMHUU KaX0T0 U3

BaJIONPOBOJIOB, XapaKTep H3MEHEHHsS MOMEHTOB
conpoTuBIEHUS Mc(Q) ¥ HHEPIMU Jxoms(Q) TPH
Haxyione kouBeprepa [11]. OcobeHHo crienyer BbI-
JIENUTh 30Hbl C MUHMMAJIbHBIMU W MaKCUMallb-
HBIMH 3HAYCHUAMU Mc U Jyons. IIpH ympomenHoM
mozaemupoBannn DOMC HakJioHa BO3MOXKHO 3aja-
HUE MEXAHUYECKOW XapaKTEPUCTHKH JIBUTATENs B
rpaduveckoM Buje win TabuudHo [12, 13]. Turo-
Bas CXeMa LIECTU/IBUTATENILHOIO OJIHOCTOPOHHETO
IIPUBOJIa MEXaHU3Ma HaKJIOHa KOHBEpTEpa MpHUBE-
JieHa Ha puc. 4.

[Ipy mycke MHOroJBUraTeIbHOrO IPHUBOJA
MEXaHM3Ma HaKJIOHa KOHBEpTepa Halmonaercs
HEOJHOBPEMEHHOE MOAKIIOYEHUE TPUBOTHBIX BET-
Bell K BeHIOBOW I1miectepHe [3, 14, 15]. IIpu stom
BO3MOXKHO PACCMOTPEHHE HECKOJBbKHX THUIOBBIX
CIly4aeB, K 4YHCIY KOTOPBIX CJEIyeT OTHECTH:
1) moaKIIFOUCHUE OJHOM MPUBOIHON BETBH K BEH-
LIOBOM IIECTEpHE B IEPBbI MOMEHT; 2) OJHOBpE-
MEHHO€ MOJIKJIFOYEHHUE JIBYX IIPUBOJIHBIX BETBEH U
3) NONKIIIOYCHNUE OCTABIIUXCS BAJIONPOBOJIOB K
BEHIIOBOH IIIECTEPHE MOCIIE BBIOOPA 3a30POB.

B nepBom cnmyuae [16] cobctBeHHas 4ya-
cTOTa KoyieOaHUil MOXKeT OBbITh HaliZIeHa KaK

(1)

HO)IKJ'IIO‘-I@HI/IC BTOpPOT'O BaJIOIIPOBOJA IpH-
BEACT K UBMCHCHUIO COOCTBEHHOM 4aCTOTHI

(3,+J,+3,)(C,+C,4) .

Q” —
1 (3,+3,)3,

(2)

B cnyuae moakiitoueHHsI BCeX BaJOMPOBO-
JIOB K BEHIIOBOM IIECTepHE COOCTBEHHAS 4acTOTa
OMC HakIiOHa, TpUBEACHHAS K JIBYXMacCOBOW,
HaXOJIUTCS U3 BBIPAKEHUS

mo_
le -

PaCCMOTpI/IM OTHOIIICHUE COOCTBEHHBIX YaCTOT KOJICOAHMIA:

(CLy+Coy+...4Ce ) (I, + 3, +... 4 I+ J,) @)
(3,+3,+...35)J, '
, 2
() (L+3)CL(3h+3,)d, @

(sz )2 J1J7 (‘]1 +‘]2 +oot ‘]7)(le7 +C2*7) .
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Puc. 4. PacueTHasi cxeMa MeXaHH3Ma HAKJIOHA KOHBEPTEPA C IIECThI0 MPUBOIHbIMY JABUTaTeNsIMH (a);
JBYXMAacCOBasi pacyeTHasi cxema (6); BbIpakeHHe [JIsi COOCTBEHHOM YaCTOTHI KOJIe0aHUIl TBYXMACCOBOI cHCTEMBI (8):
M; — MOMEHT, pa3BHBaeMBbIil i-M IPHBOIHBIM AIICKTPOABUTaTeNieM; Ji — MOMEHT HHEPIIUH i-i MacChl;

J7 — MOMeHT uHepIMu BeHI0BOM mectepHu; Ci7 — IKECTKOCTb I-r0 BAIOMPOBOAA; AQi — 3a30p B i-M BaIONPOBO/IC

Fig. 4. Design model of the converter tilting mechanism with six drive motors (a); two-mass design model (6);
expression for the two-mass system natural oscillation frequency (s):
Mi; is the moment (torque) developed by the i-th drive motor; J; is the moment of inertia (second moment) of the i-th mass;
J7 is moment of inertia of the ring gear; Ci7 is stiffness of the i-th shafting; Agi is gap in the i-th shafting

MOHO TPEIOJI0KHUTh, YTO B HICATLHOM
cirydae

Ji=J=...=Js,C17=Co7=...=Cs7. (5)

VYuuTeiBas NOpeaplAyNIME COOTHOIIEHHS,
MOJIY9UM

(Qiz)2 _ i+,
(%)2 2J,+J;

(6)

OTtHomeHrue COOCTBEHHBIX YacTOT KoJjeba-
HUW MPU TMOJAKIIFOYEHUN OJHON BETBH BaJONPO-
BO/JIa M BCEX BETBEU K BEHIIOBOW IIECTEPHE:

(Qiz)z _ J,+J,
(o )2 6J,+J,

OO0riee BeIpaXeHUE:

2
(%) 943, o, [3+3, @
(o )2 n,+J, Q \nJ+J,

(7)

To ecTs B poliecce pa3roHa cOOCTBEHHAs ya-
CTOTa KoJe0aHUH MHOTOMAacCOBOM CHUCTEMBI (IIpU-
BEJICHHOM K IByXMacCOBOM) OyJIEeT CTyIeHYaTo u3-
MEHSITBCS B (DYHKIMH TIOJKITFOYCHHUST BAJIOITPOBO-
JIOB K BEIYIIEH 1mecTepHe (BhIOOpa 3a30pOB B Mepe-
nadax). B MoMeHT okoH4aHus BbIOOpa 3a30pa Oy-
JYT IPOMCXOUTH yJap U BO30YKIeHUE KoneOaHui
B DJICKTpOMeXaHn4eckoit cucreme [17, 18].

OpnnHa U3 MPUYMH YBEIUYEHUS YHCIA MPH-
BOJIHBIX JIBUTATEJIell MEXaHW3Ma HAaKJIOHAa KOH-
BepTepa — CTPEeMJICHHE YMEHBIIUTh TrabapuTHBIE
pa3Mepsl KOHTAKTHBIX TIap BEAyIIas MEeCTepHs —
BEHI[OBAasI MIECTEPHS U, KaK CIIEICTBUE, CHU3UTh
TUHAMHYECKHE HArpy3KH Ha 3JIEMEHTHI MPUBOJI-
HBIX BETBEH B MyCKO-TOPMO3HBIX PEeKUMAX.

OueBUIHO, YTO YCTAaHOBKA MPUBOIHBIX OJI0-
KOB MEXaHHM3Ma HAKJIOHAa KOHBepTepa TpeOyeT BbI-
COKOM KBaTM(UKAMK HATATINKOB, HO TaXKe B
ATOM CITy4ae He YIaeTcsl HealbHO YCTAaHOBHTH 3a-
HeTUIeHHe B KOHTAKTHBIX Mapax. B mycko-Topmos-
HBIX peXHMMax Harpy3ka Ha BaJIOMPOBOIBI OyIeT
CYILIECTBEHHO Pa3JIMUaThCsl H3-3a PA3INIHBIX BEJIH-
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YHH 3a30pOB B KOHTAKTHBIX Mapax. Brimie ObL10 0T-
MEYEHO, YTO HauOoJbIIas Harpy3ka OyzeT Ha JIBH-
rarefb, 10 JIMHUM BaJONPOBOJA KOTOPOTO MMEET
MECTO MUHHUMAJIbHBIN 3a30p (UM OH OTCYTCTBYET),
T.€. TIEperpy3Kka o JIMHUK 3TON BETBU Oy/IeT Mak-
cuManbHOW. Bpemss mMakcumyma Harpys3ku Oyner
OTHOCHUTEJIBHO HEOOJIBIINM, TaK KaK OHO 3aBHCUT
OT BpeMEeHH BbI0Opa MUHUMAJIBHOTO 3a30pa IO JpY-
MM BeTBsM. B nanbHeliemM Harpy3Ku 1o KOHTaKT-
HBIM T1apaM OyIyT CHUKAThCs, M MPU YCTAaHOBHB-
[IeMCsl XapakTepe IBIDKEHHS OyAeT HaOIIoIaThCs
ux ycpensenue [19, 20].

B mpouecce BeiOOpa 3a30pa A@; IBUTATEND
pa3roHsAeTCs, JOIMYCTHUM, IPU MOCTOSHHOM YCKO-
pEeHHH; B KOHIIE BBIOOpa 3a30pa OH JIOCTUraeT
CKOPOCTH ®1yay, C KOTOPOH U MPOUCXOIUT yJap B
3alleryieHUH. 3anaceHHas KHHEeTUYEeCKasi YHePTrHs
YaCTUYHO PACCEMBAETCS B IIepeadax, a qpyras ee
4acTh WJAET Ha CO3AaHUE YNPYTUX nedopMaruid,
KOTOPBIE BBI3BIBAIOT JAOMOJHUTEIBHBIE HATPY3KH
B MEXaHMYECKOW CUCTeME. DTH Harpy3Kd MOTYT
OBITH OLIEHEHBI C TIOMOIIBIO THHAMUYECKOTO KO-
sbdunmenta Ky [4, 5], KOTOpEI mpeacTaBiser
c000i1 OTHOIIIEHHE MAaKCUMAaJIBHOTO YIPYTOro MO-
MeHTa Mynp vaxe K 0a30BOMY Mas!

K,:[I/[H = Mynp.MaKC / M6a3- (9)

B kauectBe 0a30BOro yg00HO NMpPUHUMATH
CPEIHIOI0 BEIMUYUHY YIPYroro MOMEHTa B Iepe-
nade Mynp.cp. A AByXMaccoBOM ymnpyrou cu-
CTeMbI ¢ BbIOpaHHBIM 3a30pOM U Winay BBIpaKe-
HUe Ui Ky TPUMET BUI

2 2
K :1+ 1+ C120‘)1Hal{

(10)

rae Ci2 — NMPUBEICHHAS KECTKOCTh ABYXMAaCCO-
BOI1 cuctembr; J1, J2 — MOMEHTBI MHEPIIUU TIEPBOI
Y BTOPOW Macc.

Jlnst paccMaTpuBaeMbIX, HAPUMeEp, IIECTH
MPUBOAHBIX JIBUTATeNeH (C OJWHAKOBBIMH TIac-
MOPTHBIMUA JAHHBIMH) W OJHOTHITHBIX JIMHHUI
CBSI3M C BEHIIOBOW IIeCTEpHEW B 00IEeM ciydae
MO>KHO 3aMucaTh ypaBHEHUS JBUKEHUS OJTHOTO U
TOTO K€ BUJA Il Kaxk10M BeTBU [20]:

2020;5(3):253-265 MISIS
Sere s vty
MlﬂB M17 - Mam - ‘]1 mdt;
MZHB M27 I\/I:‘527 - JZ dt’
.............................................. (11)
MGI[B_M67_M567 :Jsdmdt;
My, + My, +..+ Mg =M, =3, 407

YcnoBus CylecTBOBAHUS YIIPYTHX MOMEHTOB:

M, :Clz((P1_(P7);M17 =0, (Pl_(P7|SA(P17;

M, >01|(P1_(P7|2A(P17;

M., :C27((P2 _(P7);Mz7 =0,|0, _(P7|SA(P27;

M, > 0’|(P2 _(P7| 2 AQy; (12)
Mg, :Ce7((Ps_(P7)§Me7 =0,|04 _(P7|SA(P67;

Mg, > O!|(P6 _(P7| > AQg;.
YyeT qucCUIaTBHBIX CHJI B Tiepenavax (1 — 6):

My, =b(o, - ®;);
My, :b(mz_m7); (13)
M;s =b(0s—,).

[Tpu MoaenMpoBaHWHM MHOTOJIBUTATEIILHOTO
AIIEKTPOTNIPHUBO/Ia MEXaHN3Ma HAKJIOHA KOHBEpTEpa
BA)KHO YYECTh CXEMbI COSTMHEHUS TPYIII IIEKTPO-
JBUTATENIeN — IMOCIEeIOBaTENIbHOE, MapalljieNbHOE,
cMertanHoe. HeoOXouMo CTpeMUTRCSI K COKpaliie-
HUIO YHUCJIa TPYNN C TOCTEeIOBATEeIbHBIM WM TIa-
paUICNBHBIM COCIMHCHUEM JIBUTATENICH, UMes B
BUY WX HenocTaTku. Hanbonee GrnaronpusTHHIMU
TUHAMAYECKHUMH  yCJIOBUSAMHU OyayT o0Jiafarh
AIIEKTPONIPUBOBI C WHIWBUAYAJIbHBIM MHTAaHHEM
JBHUTATENel OT TUPHCTOPHBIX MpeoOpa3zoBaTenei,
KOTJ[a BOMPOCKHI TOKOOTPAaHUUESHHUS OYAYT periaTbCcst
B 3aBUCHMOCTH OT HArpy30K IO KaXKI0i 13 BeTBEi
MEXaHH4eCKoii cBsizu [5, 12, 21].

Jemndupyronme CBOWCTBA JIIEKTPOIPH-
BOJIa MOKHO OIIEHUBATH 1O BeMWYnHE KOdhpuiu-
€HTa AJIEKTpOMeXaHnueckon cBsizu — Kye. Jliis cu-
CTeMBI YIIPaBIIsEMbI MpeoOpa3oBaTellb — JBUTA-
tesb (YIT— 1) npu Top = 0 1 Kor = 0 Benmnunna K
HaXOJIUTCS U3 BhIpaxkeHus [5, 6, 9]
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K, = il STy
Jr(r=D)TE02 + T 1208

rae y=(J,+3,)/J,
HOTO MOMEHTA HHEPIHH.
Yacrota cBOOOAHBIX KoJeOaHMI Baia IBU-

— BCJIHMYHUHA OTHOCHUTCIIb-

rareiid npu JKECTKOM 3aJieIKe Bajla MEXaHH3Ma:

Q, = v (15)
vy-1

Cas13b Q12 ¢ Qo uepes v:

. (16)

Q12:Qo
v—1

Bemmunaa Ko mpu pa3nmudHOM COYETaHUU
MapamMeTpoB AJIEKTPONIPUBOAA ISl PA3OMKHYTOM
cucrtembl YII — JI MOXET U3MEHATHCS B IIUPOKUX
npenenax 0 < Ky < oo, /Inamazon m3meneHus Ksc
IpejyIaraeTcsl paccMaTpuUBaTh B TPEX MHTEpBaJaXx,
cootBeTcTBYROMUX cmadoi (0 < Ky < 0,2), cyme-
crBeHHOM (0,2 < Ky < 2) u sxectkoil (Ko > 5) anek-
TPOMEXaHUYCCKOW CBSI3M, JBHUrareib oOiagaer
JKECTKOM MEXaHWYECKON XapaKkTepUCTUKOWU. Mmes
KOHKpeTHbIe 3HaueHus1 Koe U1 CHCTEMBI, MOXHO
CYIUTH O AeMI(UPYIOIEH CIIOCOOHOCTH AIEKTPO-
NPUBOJA, T.€. O B3AUMOBJIMSHUH dJIEKTPHUECKON U
MexaHnueckon yacteit OMC [16].

KoHTpOJIb TEnJ0BOro COCTOSIHUSI U
BHOPOCIEKTPOB Y3JI0B MEXaHU3MA HAKJIOHA

[IpuBeneHHbIe BhIIIE CIOCOOBI OIIEHKU TEX-
HUYeckoro coctosuus OMC MexaHu3Ma HaKJIOHa
KOHBepTepa (10 BeJTMYUHE U3MEHEHHUS COOCTBEH-
HOM 4aCTOThI KOJIEOAHUI CUCTEMBI, BEJIUYUHE KO-
s punreHTa JMHAMUYHOCTH, BETTMUNHE KO3 Pu-
LMEHTa 3JIEKTPOMEXaHUUECKON CBS3HM) HE JAl0T
BO3MOYKHOCTH OLIEHUTH CTEIEHb HEUCIPABHOCTHU
OTJICIbHBIX 3BEHbEB cucTeMbl. [loaTOMY Hamu uc-
TI0JIb3YETCS OIMH U3 COBPEMEHHBIX METOJIOB KOH-
TPOJIE — METOJ OLICHKHU TEIUIOBOTO COCTOSIHUS
aneMeHTOB. C APYroil CTOPOHBI, MOKET OBITH TI0-
Jy4deHa IOCTOBEpHasi HHPOpPMAIIHS O COCTOSTHUU
y310B OMC MexaHu3Ma HaKJIOHAa KOHBEpTEpa C
MIOMOIIBI0 METOJIOB BUOPOIUATHOCTUKHU.

[Ipu pabote mMexaHu3Ma HaKJIOHA OCHOBHYIO
Harpys3Kky oT Beca KOHBepTepa BOCIPUHUMAET OTOp-
HbI noammHuk [17, 22-24]. Ha puc. 5, 6 noka-
3aHbI pa3pylIeHUE MOIIUITHUKA OMIOPHOTO KOJIBIIA,
TEpMOTpaMMa KOpITyca UCIPABHOTO MOAIIUITHUKA, &
TaKKe CIEKTP BHOPOYCKOPEHUS TOBPEKICHHOTO
noMnarKa. HeoOXoquMo KOHCTaTUPOBATh, YTO
XapaKTEePHbIM MPU3HAKOM IMOBPEKIACHUS MOIIUTI-
HUKA SIBJISIETCS] POCT BHICOKOYACTOTHON BHOPAIMH B
obmactu 2-4 kI'x [20, 25, 26].

Bo3MoxHBIN XapakTep pa3pylIeHHs IecTe-
pPEH peayKTOpOB, U3HOCA 3y04aToOro BeHIa MOKa-
3aH Ha puc. /, 8. Bun paspyiieHust mo3BoJjseT Cy-
JUTh O TUHAMUYECKOM XapaKTepe HarpyXeHus u

3HAYUTEIBHBIX CHJIaX B 3ameruieHuu [27].

Puc. 5. OnopHblii NOAIIMITHUK KOHBEPTEpa:
a — pa3pylIeHHE OIIOPHOTO KOJIbIa; 6 — TepMOrpaMMa KopItyca

Fig. 5. Converter backing bearing:
a — failure of the support rim; b — shell thermogram
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Puc. 6. CiekTp BUOPOyCKOpEeHUsI OBPEAKACHHOr0 MOAMITHMKA

Fig. 6. Vibration acceleration spectrum of damaged bearing

Puc. 7. PazpyumieHue nmecrepeH pe1yKTopoB

Fig. 7. Failure of reduction pinions

PesynbTaThl HMCCI€10BAHUS IMHAMHMKH
NPHBO/JAa HAKJIOHA KOHBEPTEpa HA OCHOBE Ma-
TeMaTH4YeCKOIr0 MO/IeJIMPOBAHUS

Jis oAHOTO W3 THUIOBBIX MEXaHU3MOB
HAKJIOHa KOHBEpPTEpPa C MHOTOJIBUTaTebHBIM
9JIEKTPONPUBOJOM C IOMOLIBIO MPOrPAMMHOIO
nakera Matlab BemmonHeno MmonenmupoBanue myc-
KOBOT'O PEKMMa C BapHalusIMU 3HaYEHUH NpUBe-
JIEHHOTO 3a30pa IIPH yCIOBUH OJIMHAKOBBIX JKECT-
KOCTEl BaJIONIPOBOJIOB. PaccMoTpeHsl OHOBpe-
MEHHBIE IYCKH JIBYX MPUBOIHBIX IBUraTeNIeH IPU
ycnoBud, uto A@1r = A@2 u C12 = C22 (puc. 9-12).

Puc. 8. IloBpe:xnenusi 3y64aToro BeHna

Fig. 8. Damage to gear rim

MOMEHT cuil CONPOTHBIIEHUSI HA 3Tare pas-
TOHA 33/1aBAJICS CTYNIEHYATON 3aBUCUMOCTBIO OT Mo
10 Mcrow. B KadecTBe cHcTeMBbl 3IIEKTPONPUBOAA
paccMarpuBajiach CUCTEMa THPUCTOPHBIN TIpeodpa-
30BaTeNb — JIBUTATENb IOCTOSIHHOTO TOKA C HE3aBH-
CHMBIM BO30Y)KICHHEM (METALTYPTUYECKOTO HC-
noHeHus1). [ ymoOcTBa oleHMBaHUS pe3yibTa-
TOB MOJICIIUPOBaHNE OBbLIO BBHINOJHEHO B OTHOCH-
TeNBHBIX eAuHUIax. Ha mnpuBOAMMBIX OCHUILIO-
IrpaMMax MOMCHTOB 1 YaCTOT BpaIlICHWA PaCYCTHBIX
Macc XOpOIIO MPOCTEXKUBACTCS yaap NMpU BbIOOpe
3a30pOB, 3HAUEHUS YIPYIHMX MOMEHTOB JOCTHTalOT
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MPAKTHYECKH TPEXKPATHOTO HOMHUHAIILHOTO 3HAYe- Mi2, M23, M4z — ynipyrue MOMEHTHI B BAJIOIIPOBO-
HUst (My). Konebanust ynpyrux MOMEHTOB 3aTyXaroT JlaX MEXIY IEKTPOJBUraTEIsIMU, BEHIIOBOU IIIe-
32 OTHOCHUTEIIHHO KOPOTKUI MPOMEXYTOK BPEMEHH. CTepHEH ¥ KOHBEPTEPOM.
B pamkax 3Toro mHTEpBajia BPEMEHU MPOUCXOIUT 3nech v Ha puc. 12! ®1, ¥4 — 9aCTOTHI Bpa-
3aTyXaHHUe 4acTOT BpaIlleHUs pacueTHbIX macc. 1o IIIEHHs HIEKTPOJBHTATENeH MPUBOJIOB; (2 — Ya-
OKOHYaHUM BHIOOpA 3a30pOB UMEIOT MECTO yaap U CTOTA BpALLCHHS BEHI[OBON IICCTEPHHU, M3 — Ya-
YaCTUYHOE CHIDKEHUE YaCTOThI BPAILICHUS [IPUBOJI- CTOTa BpAIEHNUs] KOHBEPTEPA.
HBIX JIBUTaTEJIeH.

3nech u Ha puc. 11: M1, M2 — MOMEHTHI,
pa3BHBacMbIe DSJEKTPOJBUTATEISIMU TPUBOJIOB;

3.5¢
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Puc. 9. I'paduxn MmomMeHTOB npu nmycke pa3serBiaeHHoii  Puc. 10. I'padpuku ckopocTeii npu mycke pa3BeTBJICHHOM
MHOromMaccoBoii Mogean IMC MexaHH3Ma HAKIOHA KOH- MHOroMaccosoii Mozean IMC MexaHH3Ma HAKJIOHA KOH-

BepTEpa 1IpHU paBHLIX 3a30pax B BETBAX BepTEpa 1Mpyu paBHLIX 3a30pax B BETBAX
Fig. 9. Graphs of momenta at starting branched multi- Fig. 10. Graphs of speeds at starting branched multi-
mass model of the converter tilting mechanism EMS at mass model of the converter tilting mechanism EMS
equal gear backlashes in the branches at equal gear backlashes in the branches

*

3 1 i i " A i N .02 " " i i
0 500 1000 1500 2000 2500 3 000 350 0 500 1000 1500 2 000 2500 3000 350
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Puc. 11. I'padpukn MOMEHTOB npHu nmycke pasBerBjeHHOl  Puc. 12. 'padukn ckopocreil npu mycke pa3BeTBJIeHHOI
MHoOromMaccoBoii mogean IMC MexaHH3MAa HAKJIOHA KOH- MHOromaccoBoii moaean IMC MexaHn3Ma HAKJI0HA KOH-

BepTEpa Npyu pasHbIX 3a30pax B BETBAX BepTEepa NnNpu pasHbIX 3a30pax B BETBAX
Fig. 11. Graphs of momenta at starting branched multi- Fig. 12. Graphs of speeds at starting branched multi-
mass model of the converter tilting mechanism EMS at mass model of the converter tilting mechanism EMS at
different gear backlashes in the branches different gear backlashes in the branches
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B cnyuae xorma A@r < A@2, IpaKTUYECKH
BCIO HArpy3Ky IPUHUMAET IEPBBIN JBUTATENb — B
MOMEHT yZiapa 3alaceHHas KUHETHYeCKas dHep-
rust TpaHcopMupyercs B YOpyruif MOMEHT B
IIEPBOM BAJIONPOBOJAE, YNIPYTUi MOMEHT JOCTH-
racT 4YeThIPEXKPaTHOIO HOMHUHAJIBHOIO 3Hayde-
Hud. [loaxnroyeHue BTOPOro ABUTATEINs NPUBO-
JUT K pOCTY 4acTOTHI BpallleHUs MEPBOTO (Iocie
IPOCAJAKU CKOPOCTH B pe3yibTaTe yaapa), a
TaKXke HaOJII01aeTcs epexo/1 BCel AIeKTpoMexa-
HUYECKOM CHCTEMBI B PEXKUM 3aTyXaHMsl KoJjeba-
HUH, KOTOPBIA MPOJOJDKAECTCS B TEUEHUE He-
CKOJIBKUX CEKYHJ.

BeiBOABI

1. Ileperpy3ku B MEXaHMUYECKHX Iepeadax
MHOT'OJIBUTATEIBHOTO  3JIEKTPOIPUBOJA MeEXa-
HU3Ma HaKJIOHA KOHBEPTEpa MPUBOJAT K BBIXOY
U3 CTPOSl NOJAIIMITHUKOBBIX Y3JIOB M IIECTEPEH-
HbIX map. Ileperpy3ku BO3HMKAIOT BCIIEICTBUE
HETOYHOCTU M3TOTOBJICHMSI MEXaHUYECKUX KOH-

Bbubauorpaduyeckuii cnucoxk

Science and Technology

TaKTHBIX Map, a TAK)Ke OTKIIOHCHHI TIPU IIPOBEJIC-
HUU MOHTQ)XHBIX OIEpAIMii TI0 YCTaHOBKE IMPH-
BOJIHBIX TPYIIII.

2. HeomHOBpeMEeHHOCTh BBIOOpA 3a30pOB
0 JIMHUU Ka)KJI0T0 U3 BAJIOMPOBOIOB MPUBOIUT
K IIepepacipe/IeIICHUI0 Harpy30K MEX1y IPUBOJI-
HBIMH 3JICKTPOJABUTATEISIMH, OOJIbIINE HArPY3KH
MPUHUMAIOT Ha ce0s JIMHUM Tiepenad ¢ MEHb-
IITUMH TPUBEIACHHBIMU 3a30PaMHU.

3. CyIeCTBEHHO CHU3UTh HarPy3KH B Iepe-
Jadax BO3MOXKHO 3a CYET IMPUMCHEHHUS JIBYXCTY-
MIEHYATOro 3aJaTunka HHTEHCUBHOCTH Usy(t), KO-
IrJla Ha Ha4aJIbHOM 3Tale pa3roHa BEIOOP 3a30pOB
MIPOUCXOIUT MPU MAJIOW 4aCcTOTE BpalllCHHUs, I10-
cie ux Beroopa temn Usy(t) Bo3pacraer no momy-
CTHMOTO 3HA4YCHHUs 110 YCIOBHSM OIPaHUYCHUS
YCKOPEHHUSI.

4. HenocpenctBennass uHpopMarust o0 Te-
KYIIIEM TEXHUYECKOM COCTOSIHUHU 3JIEMEHTOB 00b-
€KTa MOXET OBITH MOJIyYeHa C MOMOIIBIO TEPMO-
1 BUOPOIMArHOCTHKH.
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MeToabl HAEHTHPUKAIUN CUCTEMHBIX 32/1a4 CTPATErHY€eCKOT0 YIPaBJIeHUs
U NOBbIIEHUS 3(PPEeKTUBHOCTH I'e0J10ropa3Bel0YHbIX Pad0T HA MPeANPUATHH

J. H. Moagammu

AO HAK «Kazarommpom», r. Hyp-Cynran, Pecrry6nmka Kazaxcran

Annoranusi: ['eonoropasBeoyHoe NpeaNpusITHE — 3TO COBPEMEHHAs! [e0I0ropa3BeiouHas KOMIaHus, 0b1aaaro-
11as IepeIOBBIMI TEXHOIOTUSMH U OCYIIECTBIISIONIAS IIOJIHBIH KOMIUIEKC Ie0JI0ropa3Be0YHbBIX paboT BEICOKOTO
Ka4yecTBa 10 BCEM BHIAaM TBEPIBIX IOJE3HBIX HCKOMAEMBIX B COOTBETCTBUU C MUPOBBIMH CTaHAAPTAMH, SIBIISIO-
1Iascsi EHTPOM KOMIIETEHIIH B YPAaHOBOMW T'€0JIOTHH, a TaKKe MPEACTaBISIONIas CBOU YCIYTH B 00JaCcTH Te0JI0-
ropas3BeJOYHbIX pabOT MO TBEPABIM MOJIE3HBIM UCKOMaeMbIM. Ha ceroqHsmHamii 1eHb 0CTAIOTCA aKTyalbHBIMU 3a-
Jauy oOecredeH s BOCIIOIHEHUS Pa3BeJaHHBIX 3a1acOB MOJIE3HBIX HCKOIIAEMbIX, TOBBIIEHHUS 3()(PEKTUBHOCTH X
WCTIONBb30BaHMs, a TAKXKE YBEIMUCHHS TOXOJHOCTH M KaMTAIM3ALUK IPEANPUITHI MUHEPAIbHO-CBIPHEBOM OT-
pacmu. s peannzaniy KOMILIEKCa MEPONPHUATHH, MO3BOJSIOMIMX PelaTh Mpo0iIeMbl, CBI3aHHBIC C MOUCKOM,
Pa3BeIKoi 1 SKCIITyaTaIleld YpaHOBBIX MECTOPOKICHHIA, Ha 00JIee BRICOKOM Ka4eCTBEHHOM YPOBHE M B KpaTJaii-
LIMe CPOKH HeoO0XoauMa pa3padoTKa CIEAYIOIUX HOAX00B U METOJOB: PEKOHCTPYKLIHS U IIEPEBOOPYKEHHUE Me-
TOIMYECKOW M TEXHUYECKOW 0a3bl XUMHUKO-aHATUTHYECKOW Tab0opaTopuu ¢ 1eNblo MPUMEHEHUS] MUHEPaJIornye-
CKHUX H PaJIMOU30TOHBIX METO/I0B IOMCKOB MECTOPOXKICHHHI ypaHa; MPOBeACHUE padoT MO PACIIMPEHUIO 001aCTH
aKKpEIUTALUH, SKOJOTMUECKUX UCCICIOBaHUH U MMOJrOTOBKE CIIELHAINCTOB AJIS TIOJIEBBIX J1a00paTOpHii; co3na-
HUEe MH(POPMAIIMOHHOMN CHCTEMBI T'€0JIOTHYECKOro OaHKa JaHHBIX, TIO3BOJISIONIEH OpraHu30BaTh eAnHOE HH(POP-
MalqMOHHOC IPOCTPAHCTBO U 00eceynTh HaJIMIne HCO6XO)Z[I/IMI)IX JOCTOBEPHBIX JaHHBIX, @ TAKIKC UX COXPAHHOCTDH
U pa3rpaHuyeHue JocTyna K HuM. [IpoBeneHHbIe nccie10BaHus JIETIM B OCHOBY pa3padOTKU MEXaHU3MOB AOCTHU-
KEHHUS CTPATerHUECKHUX LeNeil U pealn3aliy CTpaTerHuecKuX 3a1ad npeanpustus. s odecriedeHus ycToiuu-
BOT'0 pOCTa KJIIOYEBBIX MMOKa3aTeNel AeATeNbHOCTH MPEANPHUITHS HE0OX0J1Ma HAIIEJICHHOCTh Ha JIOJITOCPOUYHYIO
YCHEmHY0 paboTy. DTO COMPSHKEHO € PECTPYKTypU3aIueil akTHBOB M qUBepcU(UKAIel HapaBIeHUH IeATeNb-
HOCTH MPEIIPHUSITHS, PA3BUTHEM HHHOBALMOHHBIX METOAOB M TEXHUUECKUX CPEICTB Ul IOMCKOBBIX padoT U Jia-
00paTOPHO-TEXHOJIOTHUYECKHX HCCIICAOBAHNN, COBEPIICHCTBOBAHHEM KOMIUIEKCA PaIMOIKOIOTHUECKIX HCCIIe0-
BaHMIA Ha pa3BEJOYHBIX y4acTKax re0JIoropa3BelouHbIX paboT 1 BHEIPEHUEM IIPUHIIMTIOB KOPIIOPATHBHOM U Tpa-
BOBOH KynbTypbl. O0ecrieueHre pacTylux MoTpeOHOCTeN JOOBIYHBIX NPEANPUATHIA B CTPYKTYpEe KOMIAHUH ITy-
TEM BOCIIOJIHEHHS PECYPCHOM 6a3bl ypaHa JI0JKHO 0a3upOBaThCs HAa aKTUBHOM MPOBEICHUH Pa3BEeJOYHBIX padoT,
MOUCKE U OTKPBITUM HOBBIX MECTOPOXKJICHHUH ypaHa, a Takxke (OPMHPOBAHHUH IITaTa MPo(ecCHOHATBHBIX BBICO-
K03 eKkTuBHBIX KaapoB. st moBbieHus 3QpPEeKTUBHOCTH YIPaBICHUS NPEAIIPUATHIO HEOOXOAUMO aKTUBH3H-
POBaTh M MOBBICUTH KAYECTBO I'€OJIOTOPa3BEA0UHBIX PA0OT, a TAKXKe MPOBECTH AUBEPCUPHUKALNIO ASSTEIBHOCTH
KOMITaHUHW U CHU3UTHb BO3MOXHBIC PHUCKH. Peanmaupm JAaHHOTI'O IMOJAX0/Ja BO3MOXHA ITyTEM q)OpMI/IpOBaHI/IH mrratra
MpodecCHOHANBHBIX BEICOKOA(M(EKTUBHBIX KaIpOB Ha OCHOBE MPU3HAHMUS BBICOKOH SKOHOMHYECKOH 3HAYMMOCTH
4eJI0BEeYEeCKUX pecypcoB. KpoMe Toro, He0OX0AMMO aKTHBHOE MPOBEIEHHUE Fe0I0ropa3BelouHbIX paboT Ha nep-
CIICKTHUBHBIX IUIOIIAJAX C HEJIbIO OTKPBITUA HOBBIX MeCTOpO)KI[eHI/Iﬁ 1 COOTBETCTBECHHO ITPHUPOCTA U BOCTIOJITHCHU A
3aIacoB ypaHa M YBEJIUYCHHUS aKTUBOB KOMIIAHHUH, YTO TIO3BOJIMT HPOJIUTH CPOK CIY:KOBI pyIHUKOB J10 2040 1. 3a
CUET NMPHUPOCTA JOPA3BEJAaHHBIX 3aI1aCOB.

Ki1roueBble cj10Ba: reojoropasBeoyHble paboThl, CTpaTerniecKre e, MoBbIeHne 3)(HEeKTUBHOCTH yIpaBiie-
HUS1, pECYPCHBIN MOTEHIINAN, 3a1achkl ypaHa

Jos umtupoBanusi: Monnamu /. H. MeTto/p! naeHTHPHUKAIIMY CUCTEMHBIX 32/1a4 CTPATErnIeCcKOro YIPaBIeHHUS
U TIOBBIIEHUS 3(PEKTUBHOCTH T'eOIOTOpa3BEAOUYHBIX PadOT HA NMPEANPUATHH. [ OpHble HAVKU U MEXHOI02UU.
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Methods for identifying system tasks of strategic management
and improving efficiency of exploration enterprise

D. N. Moldashi
Kazatomprom JSC NAC, Nur-Sultan, Republic of Kazakhstan

Abstract: A geological exploration company is a modern enterprise, possessing advanced techniques and carrying
out full range of high quality exploration for all types of solid minerals in accordance with world standards, which
is the center of competence in uranium geology, as well as provides its services in the field of exploration for solid
minerals. To date, the tasks of ensuring replenishment of explored mineral reserves, increasing efficiency of their
use, as well as increasing profitability and capitalization of enterprises of mining-and-processing industry remains
relevant. To implement a set of measures for solving problems associated with prospecting, exploration, and ex-
ploitation of uranium deposits, it is urgently required to develop the following improved approaches and methods:
modernization and re-equipment of methodological and technical base of the enterprise’s chemical analytical la-
boratory for implementation mineralogical and radioisotope methods of prospecting for uranium deposits; carrying
out work to expand the scope of accreditation, environmental research, and training of specialists for field labora-
tories; creation of an information system for geological data bank, which allows organizing a single information
space and ensuring availability of the necessary reliable data, as well as their safety/integrity and the data access
control. The conducted research formed the basis for the development of mechanisms for achieving strategic tar-
gets and implementing strategic objectives of the enterprise. To ensure sustainable growth of key performance
indicators of the enterprise, it is necessary to focus on long-term successful work. This is connected with restruc-
turing of assets and diversification of the company's activities, development of innovative methods and facilities
for prospecting and laboratory-and-technological research, improvement of the set of radioecological studies at
exploration areas, and introduction of the principles of corporate and legal culture. Providing growing demands of
affiliated mining enterprises for mineable resources by replenishing the uranium resource base should be based on
active prospecting, exploration, and discovery of new uranium deposits, as well as formation of highly efficient
professional personnel. To improve management efficiency, the enterprise should activate and improve the quality
of exploration, as well as diversify the company's activities and reduce possible risks. Implementation of this ap-
proach is possible through the formation of highly efficient professional personnel based on the recognition of high
economic value of human resources. In addition, it is necessary to actively conduct exploration in promising areas
for discovering new deposits and, correspondingly, increasing and replenishing the company's uranium reserves
and increasing its assets. This will allow prolonging the life of the company’s mines until 2040 due to increasing
additional explored reserves.

Keywords: exploration, strategic targets, improving management efficiency, resource potential, uranium reserves

For citation: Moldashi D. N. Methods for identifying system tasks of strategic management and improving effi-
ciency of exploration enterprise. Gornye nauki i tekhnologii = Mining Science and Technology (Russia).
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BBenenune [lo nmanaeM otuera World Exploration

Ha nepBom stamne uccnenoBaHusi nMpoBeieH
aHaJIN3 OCHOBHBIX TGHI[GHLII/Iﬁ Ppa3BUTHUA MCKIyHA-
POAHOIO PhIHKA 1 COBPEMEHHOI'O COCTOAHUSA B I'€O-
joropa3BenoyHor orpaciu Kazaxcrana. BeicTpbril
POCT MUPOBOW UHYCTPUATHU3ALIMN U PACTYILIHE 10-
TpeOHOCTH IMI00aTbHON SKOHOMHKH BBI3BIBAIOT BCE
Oonblee morpedaeHrne MUHEPAIbHO-CHIPbEBBIX pe-
CYpcOB. YPOBEHb BIIOXKEHUH B I€0JIOrOpa3Benoy-
HbIe paboThI 3a ocienHue 10 JIeT 3HaYUTETBHO BbI-
pOC BO BCEM MHUpE, HaYaJIOCh AKTUBHOE OCBOEHHE
c11aboM3y4EeHHBIX TEPPUTOPHUIL.
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Trends ot Metals Economics Group’s (MEG), 3a-
TpaThl Ha TEOJIOTOPA3BEIKYy B MHpE 3a IEPHOJT
2003-2013 T cpermHeM
3,1 mipn momut. CIIIA B tox. B mocnemyrorue

COCTaBHUIIN B

TOJIbl OTMEUAJICS €KETOIHBIM POCT YPOBHS 3aTpar,
KOTOpBIN TocTUT cBoero nuka B 2018 r. u coctaBui
14,4 mapn mosn. CIHIA [1-3].

Kanana, ABcrpamus u CLLA siBrisiroTest vie-
pamu 1o oObeMaM 3aTpaT Ha T€OJIOTOPa3BEIKy, Ha
ux jpomo npuxoautcs 39 % ot obmiel cymmbl. Pe-
ruoH Jlatunckoir Amepuku: Mekcuka, Ilepy,
Uumm, bpasunusa u Aprentuna — ¢ 1994 r. taxxke
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3aHMMaeT JIMAUPYIOIINE MMO3UIIMH IO 3aTpaTam, Ko-
TOpbIe cocTaBWIM 25 % 00IIero ypoBHS MUPOBBIX
3arpat B 2018 r. B Kazaxcrane BblieI€HbI CPECTBA
JUISL 3aTpaT Ha TeoJIOrOpa3BeKy U3 pPecIryOKaH-
ckoro Owjpkera B cymme 9,3 Mipj TeHre, WU
okoio 0,35 % o01eMUpOBBIX 3aTpart. 3a CUeT MpH-
MeHEHHsI 00Jiee TEXHOJOTHYHBIX U A((HEKTHBHBIX
METOJIOB U3y4YEHHS yIeIbHBIC 3aTPaThl HA F€0JIOr0-
pa3BenoYHbIe pabOTHI BO BceM Mupe pactyT. [Toka-
3arens Ka3axcrana Ha cerogHAIIHNUN IEHb OTHOCH-
TeNbHO HU3KUM U coctaBisieT 24 nomut. CHIA Ha
1 kB. KM, IO cpaBHEHHIO ¢ pacxogamu KaHaael Ha
yposHae 328 nomun. CHIA, Acrpanmuu — 311 gosi.
CIHA u Coenunennbix IlltatroB Amepuku —
149 nonn. CHIA. VYuuThiBas MEXIyHAPOIHBIMA
OIIBIT, JJIS1 BOCIIOJTHEHUS 3a11acOB MOJIE3HBIX UCKO-
naeMbix B PK HeoOxoauMo exeroaHoe acCurHoBa-
Hue nopsiika 180—200 mupa TeHre, 4TO COCTaBUT
oko110 3—4 % 0T 00IIEeMHPOBBIX 3aTPaT ¥ TIO3BOJIHUT
BBIITH Ha ypoBeHb Kutas, bpasumuu u [lepy [4—6].

OTMeyaeTcs TeHICHIUS POCTa CIpoca Ha 30-
JIOTO B CBS3U C MOBBIIIIEHHEM HHTEPECa CO CTOPOHBI
MHBECTOPOB U CIPOCA CTPaH U3-3a MOMOIHEHHS 30-
JIOTOBATIOTHBIX PE3EPBOB IS CTAOMIIN3AIIAH HAITH-
OHAJILHBIX YKOHOMHK, YTO MPUBEJIO K POCTY IIEHBI
Ha Metayul. B 2010-2018 rr. 3HauuTeNbHO BHIPOCIH
3aTpaThl Ha MPOBEJICHUE I'€0JIOrOPa3BEJOYHBIX pa-
00T 17151 IOUCKOB 30J10Ta. 3aTpaThl JECATU CTPaH:
Kanana, Ascrpamus, CILIA, Mekcuka, Poccust, Ku-
tai, [1epy, KomymOus, Bpazumus u Unmm — cocra-
BWJIM 2/3 Bcero o0bema 3aTpaT Ha IeoJ0rHuecKyro
pasBeKy 1o 3050Ty [7].

Menp, HUKENb U IUHK, BXOIAIINAE B TPYIITY
[IBETHBIX METAJUIOB, HAXOISATCS Ha BTOPOU IO3UIINN
10 MpUBJIEKaTeNbHOCTH AJ1s1 nHBecTopoB. C 2011 1.
TaKoKe ObUT OTMEUEH 3HAYUTEIBHBIN POCT MPOBeE/Ie-
HHS Te0JIOrOpa3BeJOYHBIX paboT MO JaHHBIM Me-
tautaM. B gactHocTH, JlaTuHCKass AMeprka akkKy-
MynupyeT okono 33 % Bcero Orokera 3aTpar 1o
NEePEYHCIICHHBIM METaJIJIaM.

Takxe 10 ypOBHIO TIPHBIEKATEIBHOCTH W
o0beMaM 3aTparT Ha IeoJOoropasBelKy JUAUPYIOT
arMasbl U IUIaTHHOBAs Tpynma. OTMevaercs pocT
WHBECTUIIMH HAa T€0JIOTOpa3BeOYHBIE PadOTHl Ha

EXPERIENCE OF MINING PROJECT IMPLEMENTATION

ypaH, JIMTUN U peIKO3eMeIbHbIE MeTalibl. Boico-
KU UHTEpEC COXpaHseTcs K cepedpy, oOHapyxe-
HHE KOTOPOTO 3a4acTyI0 WAET HOMYTHO C OOHApY-
YKEHHEM 30JI0Ta U MOJIUMETAILIOB.

Kak nokaspiBaeT aHaim3 MUPOBOW IIPAKTHUKHY,
PETHOHAITBHBIC TEOJIOTMUYECKUE UCCIICIOBaHUSI, KOTO-
pbIe HE SIBIISIFOTCS MIPUOBUTHHBIM BHIIOM JICSTEIIBLHO-
CTH Y TPeOYIOT 3HAYUTEIIHHBIX (PMHAHCOBBIX BIIOXKE-
HHH, YaIiie Bcero (PMHaAHCUPYIOTCS TOCYIaPCTBOM.

JluHamyKa oOIIeMHpPOBBIX 3aTpaT Ha Te0JIoro-
pa3BesiouHbIe pabOThI B 3aBUCHMOCTH OT CTaJiH Jie-
MOHCTPHPYET, UTO Ha HayalbHbIX craausix I'PP (pe-
THOHAIBHBIE, IOUCKOBBIEC U OLICHOUHBIE PaOOTHI) 3a-
TpaurBaercsa okoio 70-80 % obumx reonoropasse-
JIOUHBIX 3aTpar, TOrJa KaKk Ha pa3BEIKy BCEro
20-30 %. T'ocymapcTBO KOHTPOIMPYET Teojoruye-
CKOE U3yueHHe U (POPMUPOBAHKE T€OJIOTMUESCKUX 0a3
JIaHHBIX PECYPCHOTO TOTEHIMAIA BHYTPH CBOCH
CTpaHBbI U 3a4acTylo 3a pyoexom. B SAnonun u FOx-
Hol Kopee rocynapcTBo B JIMIIE HALIMOHAIBHBIX I'€0-
JIOTHYECKUX CITYyKO BBICTYIAaeT B POJIM KpEAUTOpa
WJIM UHBECTOPA JUISl HAIMOHATIBHBIX KOMITAHUH TIPH
pa3paboTKe MEePCIEKTUBHBIX TIPOSKTOB. Takm 00pa-
30M BBINOJTHSIETCSl SKOHOMHYECKas! IporpammMa pas-
BUTUSI CTPAHBI 1 00ECTICUNBAIOTCS IOITOCPOUHBIE TTO-
craBku TpeOyeMbIX pecypcos [8—10].

[To o6bemam U pazHOOOpPA3UI0 MUHEPATHHO-
CBIpBEBBIX pecypcoB PecryOnuka Kazaxcran 3amu-
MaeT O/IHO U3 Beaylux MecT B Mupe. Ha Gaze pasBe-
JTAHHBIX 3aI1acoB CO3/1aHa MOIIHAs HeTerazono0bl-
BAIOII[asl, YPAaHOBAsI M YTOJbHASI MPOMBIILICHHOCTb,
MIPOMBIIIIIEHHOCTh 10 J00bIYE U TepepaboTke pyia
YEPHBIX, I[BETHBIX M OJIATOPOIHBIX METAIIOB, pa3-
JIMIHBIX BUJIOB HEMETAJUTHIECKHX TOJIC3HBIX MCKOTIa-
embIx. OO0I1Iee KOJMYEeCTBO MECTOPOXKICHU COCTaB-
nsier 5 004, 13 HUX TBEpIbIE TOJIE3HBIE HCKOIaeMbIe
(TTI) — 839 (16,8 %), YrIIeBOIOPOAHOE ChIPHE
(YBC)—256 (5,1 %), nomzemusnie Bosl (I1B)—1 028
(25,7 %), oOmiepacmpocTpaHeHHBIE MOJIE3HbIE UCKO-
naembie — 2 624 (52,4 %). LleHHOCTD yTBEPKICHHBIX
3alacoB B HeNpax OICHWBacTCsI B 00BEME
9 155,2 miipn nomt. CIIA, mpu 3TOM TPOTHO3HBIX
PECYPCOB MPEMIONIOKHUTETBHO OKoio 45 600 mips
nost. CIHIA [11].
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Kazaxcran pacrnionaraer 3HaYMTENbHBIMU pe-
CypcaMd YEpHBIX METALIOB, IOCTATOYHBIMU IS
o0ecrieyeHus! yCTOMYHMBOrO Pa3BUTHS OTPACIH U yBE-
JTraeHns 00beMoB 100bau. Ha 6ase sxene3opyaHbix
MecTopoxxaeHui Kazaxcrana nelicTByeT 6 KpyIHbIX
KOMOMHATOB ¢ 10 pyTHMKaMu MPOEKTHOM MOIIHO-
CThO OKOJIO 80 MJIH T pyzbl B rofl. [IporHo3usiii mo-
TEHIMAJl pecyOIMKN B HECKOJBKO Pa3 MPEBbIIIIAcT
pa3Be/laHHbIC 3ar1achl YEPHBIX METALIOB.

Kazaxcran 3annMaer Juaupyromiee MecTo B
MHpe 10 3aracaM ypaHa. YHHKIBHOCTh Ka3ax-
CTaHCKOW CBHIPHEBOM 0a3bl MPUPOTHOTO ypaHa 3a-
KITI0YAeTCsl B TOM, YTO OCHOBHAS YacTh 3aI1acoB CO-
CpeloToueHa B TUIPOTEHHBIX MECTOPOXKICHHUIX
Oxnoro Kazaxcrana, mpuroaHsix AJisi OTpabOTKU
CIocoOOM MOI3eMHOT0 BhIlIenaunBanus. Ha rocy-
JApCTBEHHOM OayiaHce 3aracoB MOJIE3HBIX UCKOMa-
€MBIX yYTEHO 53 MEeCTOpPOXKICHHUS ypaHa, B TOM
yucie 3 ¢ 3abanaHcoBbiMU 3anacamMu. OTHAKO TPo-
THO3HBIM pECYPCHBIN OTEHIMAI YPAHOBBIX Py SIB-
JSIeTCSL TOCTaTOYHO BBICOKMM U TPEOYeT NabHei-
IIEr0 U3YYCHHUSL.

Ha ceromns B Kazaxcrane pasBenaHo
1 438 mecTOpOKICHHIA TTOJ3EMHBIX BOJ. YTBEp-
XKJICHHBIE 3arlachl MOJ3EMHBIX BOJ, HAXOMSIIMECS
Ha TOCYAapCTBEHHOM OajlaHce, COCTaBJISAIOT
42,1 MH M%/CyT, B TOM YHCIIe JUTSl IUTHEBBIX HeNeit
— 14,29 M M%/CyT, TEXHHYECKOTO BOJOCHAOKeE-
Hust — 2,02 MitH MY/cyT (4,8 %), OpOIIeHHs 3eMeb
— 20,92 mma M3/cyT, wmn 49,7 %, 1 KOMITIEKCHOTO
¥X ucrnons3oBanus — 4,9 MiH MY/cyT (11,6 %).

B nocnennue roael B Kaszaxcrane Ooblie
BHMMAaHUS CTAJIO YIENATHCS PA3BUTHUIO T€0I0ropas-
BeJI0YHOM oTpaciu. ExxeroqHo yBennuuBaercs Gpu-
HAHCHPOBAHUE TIPOBE/ICHHSI TEOJIOTHIECKOTO H3Y-
YeHus He/p. B 1emoM B paMKax reolorm4ecKux muc-
CIIEIOBaHHUH BBITIOHSAEMBIX 32 CUET CPEACTB pec-
MyOJIMKaHCKOTO OO/DKeTa M MPUBIICKAEMBIX HHBE-
CTUIIMH, TPOBOAATCS PAOOTHI 110 0OECIICUEHHUIO I'e0-
JIOTUYECKOTO U3YUYECHUS HEAP CTPAHbI, BHISIBICHUIO
NEe(UIUTHBIX BUAOB CBHIPbS M MOMJICPIKAHUIO 00-
1€l KOHKYPEHTOCTIOCOOHOCTH MUHEPATBbHO-ChIPh-
eBoi 6a3bl Pecryomuku Kazaxcran. Bmecre ¢ Tem
HBIHEIIHEE COCTOSHHE T€0JIOTUYECKON OTpacin He
OTBEYAET BO3POCIIM TPEOOBAHUSAM SKOHOMHYE-
CKOT'O Pa3BUTHSI.

EXPERIENCE OF MINING PROJECT IMPLEMENTATION

Pacmian CCCP u npekpariienue (GPuHaHCHPOBa-
HUSI T€0JIOTOpa3BeIOUHbIX padoT B cepearne 1990-x
IT. IOCTaBWJIM TE€OJIOTUUECKYIO CITYkO0y Pecryonmku
Kazaxcran B O4eHb TSDKENOE MOJIOKEHHE, KOTOpOe
XapaKTepU30BAJIOCh MACCOBOM MHUTpaLUed Crenua-
JIUCTOB TEOJIOTMYECKOM OTpaciyd B JIPYyrUe€ CTpPaHBbI
CHI'. CokpalieHre YMCcIEHHOCTH TPOIOIHKAIOCh JI0
koHma 1990-x rr. B mosieBbIX dKCOEIUIINAX YHCIIEH-
HOCTb CIICMATIMCTOB T'€0JIOTHYECKON U reodu3nye-
CKOM ciTy0 Takke cokparuiack. Takum o0pasom, K
HavyaTy BO30OHOBIICHUSI T€OJIOTOPa3BEI0YHBIX PadboT
COCTABE MOJIEBBIX IKCHEAMIINIA HAXOAMIIOCH IO IISITh-
IIECTh CIEIUATUCTOB TEOJOTMYECKOro TPOQUIIS.
JlanbHeliee pa3BUTHE JESTEIBHOCTU MO Pa3BEIKe
MECTOPOXK/ICHUI (Y4acTKOB) TpeOOBaNO JOMOIHHU-
TENBbHBIX CHJI. B KOpoTKue cpoku Ha paboTy ObLIM
TIPUTJIAIICHBI OBIBIIME CIICHUAIUCTHI TPEIIPUSITHIA
Te0JIOrOpPa3BEIOYHBIX CITY)KO, KOTOpBIE B KpaTdaid-
1M CPOK CMOTJIM IOCTAaTOYHO HAJIEKHO OCBOUTH Me-
TO/IBI PA3BEIKU IUIACTOBO-MH(DUIBTPAIIOHHBIX Me-
CTOPOXJICHUH. DTH CIEIMAIUCTHI CTAIM B HACTOS-
11ee BpeMst po(heCCHOHATTBHBIM T€0JIOTHUECKUM S1-
POM TPENPUSTHS, CIOCOOHOTO MOTHOCTHIO BBIOJI-
HSTH pabOThI IO MPOEKTUPOBAHUIO Pa3BEIOYHBIX pa-
60T, pa3pabaTbIBaTh TEXHUKO-3KOHOMUYECKHE 000C-
HOBaHUSI IIPOMBIIIIIEHHBIX KOHUIUI H UTOTOBBIE OT-
YeThI C TOJICYETOM 3aIlacoB YpaHa M TOIMYTHBIX TO-
JIe3HBIX KOMITOHEHTOB. JIJ1s1 TIOATOTOBKH CreIMaIi-
CTOB TaKOTO yYpOBHS HEOOXOIMMBI HE TOJBKO TEOpe-
THYCCKWE 3HAHWS, HO W TPAKTUYCCKHHA OIBIT H
HAaBBIKH, YTO TPpeOyeT JOCTATOUHO JUTUTENBHOIO Bpe-
MEHHU. YUUTHIBAsl YBEIMYEHHE O0OBEMOB Pa3BEIKU U
BO300HOBJIEHHE TIOUCKOBBIX paboT, MpEANpHsATHE 32
CYET COOCTBEHHBIX CPEJICTB HAYAJIO IMOATOTOBKY CIIe-
[UATIMCTOB YPAaHOBOTO Tpo(wiIs B BEAYIIMX IMPO-
(UIbHBIX yHUBEpCUTETaX M Koulepkax. M3-3a
OCTpOro JAeduIMTa Ka3axXCTAaHCKUX CIEIUAIICTOB
OypoBoro mipopmiiss OBUIO CO3MAaHO Ka3aXCTaHCKO-
poccHiickoe COBMECTHOE MPEIPUATHE C LIEbIO TPU-
BJICUEHHS] POCCHUMCKHMX CHEIMAIMCTOB, WMEIOIIHX
OOJIBIIION OIBIT B pa3Be/Ke M MOATOTOBKE K OCBOE-
HUIO MECTOPOXKICHHUHN TUIACTOBO-WH(MIBTPAIHOH-
HOTO THTIa. MeXTy TEM MPENNpHUsITHE OCTACTCS TUH-
crBeHHol B PecyOnuke Kazaxcran kommnanue, 00-
JIaTAOIIEH JOCTATOYHBIM OITBITOM M KBaTH(DUKAITIEH



ISSN 2500-0632 (ON-LINE)

I Q MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEKHNOLOGII

2020;5(3):266-284 MISIS

National University of
Science and Technology

JUTS TIPOBEICHUSI TIOIHOTO KOMILJIEKCa I'eosioropasse-
JIOYHBIX U TIOMCKOBBIX palOT MO ypaHy C MOCTaHOB-
KOH 3aracoB Ha OajaHc.

B Hacrositiee Bpemsi IpeAnpHATHE TIPOBOAUT
re0JIoropasBeiouHbIe paboThl, OypeHre pa3Benoy-
HBIX ¥ COOPY)KEHUE TEXHOJIOTHUECKHX CKBaXKHH, a
TaKKe OCYILECTBISIET PAJUOJIOIUYECKOE COMpO-
BOXKZIeHHe OypoBbIX paboT. Kpome Toro, B cocran
MPEANPUATHS BXOIUT IIEHTPAIbHAS OMBITHO-METO-
JYecKas OKCICHUIUS, JCATSIBHOCTh KOTOPOH
HaIlpaBJIeHa Ha TMPEIOCTABICHHUE CIEAYIOLUMX BH-
JIOB YCITYT': T€OJIOTMYECKOE U PaIHOIKOJIOTHIECKOE
COMNPOBOYK/ICHUE DPA3BEIOYHOr0 OypeHHs; paspa-
00TKa TEXHUKO-I)KOHOMUYECKHUX 0OOCHOBAHUH MO-
CTOSIHHBIX KOHJUIIMIA C TIOZCYETOM 3allacoB ypaHa
Ha OMBITHBIX y4acTKax u 3amuroi ux B ' K3PK; ko-
JMpOBaHKUE U TepeBol B mudpoByro Gopmy reo-
JOrO-reopr3MUecKoil MHPOPMAIMH T10 JaHHBIM
CKBQ)KWH M COCTaBJICHUE 0a3bl JAaHHBIX; JIAOOpaTOp-
HBbIC PA0OTHI 10 AHAIM3Y BEIIECTBCHHOTO U XUMH-
YECKOI'0 COCTaBa Py/I.

Bxopsiiee B cocraB npennpusTis yrpasie-
HHE MPOM3BOICTBEHHO-TEXHHUUYECKOT0 obecreye-
HUSI U KOMILJIEKTAIIUK TPEJCTaBIsIeT CO00M Kpyri-
HBI TPOU3BOJICTBEHHO-TEXHUYECKUI KOMILIEKC,
NpeIHa3HAUSHHBIH 17151 00ecTieueH s TIOJIHOTO TeX-
HUYECKOT0 00CTYXKMBaHUS OYPOBBIX pabOT, B TOM
YHCIIE U3TOTOBJICHHSI OYPOBBIX YCTaHOBOK U Oypo-
BOIO0 MHCTPYMEHTA; U3TOTOBJICHHS JKWIBIX U CIIe-
[IUATBHBIX OJIOKOB, TPAHCIOPTHBIX YHHBEPCATb-
HBIX KOHTEHHEPOB M Tp.; KalMTAILHOTO PEMOHTA
Te0JIOrOPa3BEJOYHOT0 00OPYIOBAHUS U CIICITEX-
HUKH.

CpaBHHUTEJbHBII aHAIN3 3apPYOEKHBIX U
Ka3aXCTAHCKHUX Te0JI0ropa3Bel0YHbIX KOMIa-
HMii (DeHUMAPKMHT)

[IpoBeneHHbIM aHATN3 3apyOSKHBIX TE€0I0TO-
Pa3BEIOYHBIX KOMITAHUI TIO3BOJIHI BBISSBUTH CIIC/TY-
IOIIMEe 0COOEHHOCTH (hYHKIIMOHUpOBaHwsL. [ eonoro-
pa3BeIouHbIe paboThl IO ypaHy B MUpPE TPOBOIH-
JIMCh B OCHOBHOM Ha PaHEE OTKPBITBIX OOBEKTaX.
HanGonee akTuBHBIMU OHU OBUTH B CTpaHax, KOTO-
pBIe TCCSTUIICTUSIMHA SIBJISIFOTCS. KPYITHBIMH TIOCTaB-
IIMKAMH ypaHa Ha MUpOBOH pbIHOK: Ka3axcraH, AB-
crpamusi, Kanama, Hamubus, Poccus. Bmecre ¢ Tem
BO3POXKJICHUE WMHTEpeca K aTOMHOW JHEpPreTHke B
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TIOCTIETHAE TOJIBI IPUBEIIO K BO300HOBNIEHHIO [ PP B
psane crpan EBponbl — HIBenuu, /lanum, OunisdH-
uu, Benrpuu. Kpome TOro, B Takux permoHax, Kak
Jlatunckast Amepuka u bkanii Boctok, Takue pa-
00Tl ObUTH (PaKTUYECKU OPraHM30BaHBI BIIEPBBIC
WM BO30OHOBIICHBI TIOCIIE JIONTHUX JECATUIETUI OT-
cyrcTBUsl akTuBHOCTH. PhiHOK ['PP, B KOTOpOM
Y4acTBYIOT MEXTyHApPOIHbIEC KOMIIAHUH, B OOJIbIICH
CTEIIeHH IIPeCcTaBIIeH KoMITaHusiMu 13 Kanazpsl, AB-
crpanuu, CIIA, ®panmmu [12-16].

1. Rio Tinto Group — aBcrpanmiicko-OpuTaH-
CKUI KOHIIEpH, KpPYIHEHINas B MUpPE TpaHCHAIHO-
HaJIbHAsl TOPHO-METAJUTYPrUYecKasi KOMIIaHUsl. 3aHu-
MaeTcsl Pa3BeNIKOM, TOObIYel U pea3almenl ypaHa,
YKEJe3HOM py/bl, OOKCUTOB, TNIMHO3EMa, MEIU, MO-
aubJeHa, 30J10Ta, AJIMA30B, YIVISL, TATAHA U Jp.

2. BHP Billiton — no0ObiBaer ypaH, OOKCHTHI,
YIOJIb, M€]Ib, MAPTaHELL, XKEIE3HYIO YAy, HUKEIIb, all-
Ma3bl, cepeOpo U TUTAHOCOAEpP KAIllMe MUHEPAIBI, a
TaKoKe He)Th ¥ MPUPOIHBIH Ta3. JloObIBaroIIHe MOIII-
HOCTU KOMIIAHMM COCpPEIOTOYEHBI B 25 CTpaHax,
cpeau kotopbix ABcTpanusi, Kanana, Y, Mozam-
ouk, FOAP, Komym6us, [Takucran, CILIA u ap.

3. Pocreosnorust — rocy1apCTBEHHbIN XOJIIUHT,
KOTOpbI OOBEIMHAET NPAKTHYECKH BCE Trocyap-
CTBEHHbBIE MPEATPUSTHS, 3aHUMAIOIINECS] T€0JIOro-
pasBenkor Ha Ttepputopun P®. IlpuopureTHBIM
HAITPaBJIEHUEM JEATEIILHOCTH ONPEAEIICHO TE0JIOTU-
YECKOE€ M3y4YEHHE M BBIIBICHUE PECYPCHOIO MOTEH-
Lyasa NepCeleKTUBHBIX TeppuTopuii PO.

4. Paladin Energy Ltd — opueHtupyetcst Ha
J0ObIYY U MPOM3BOJCTBO OKUCH ypaHa Ha MECTO-
poxnennu Langer Heinrich B ABcTpanuu.

5. Korea Resources Corporation (KORES),
IOxnas Kopess — rocynapcTBeHHas KOMIIAHMS,
obecrieynBaromasl TrapaHTUPOBAHHYIO ITOCTaBKY
LIECTH CTPATETMYECKMX MUHEPAIOB (yroib, ypaH,
JKEJIE30, MEJIb, IUHK Y HUKEIIb) 7151 OTEYECTBEHHON
MIPOMBIIIEHHOCTH, HM3y4aeT NPHUBIIEKATEIbHOCTD
HOBBIX MECTOPOKIECHUH 3a pyOeKOoM.

6. Japan Oil, Gas and Metals National Corpo-
ration (JOGMEC) coneiicTByeT pa3BHTHIO SITIOH-
CKOW MHAYCTPHUHU U )KU3HEHHOTO YKJIa[1a HAaCEIeHUs
ITyTEM MPEAOCTaBIEHHS TOCTOSHHBIX MTOCTABOK pe-
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cypcoB (He(Th, Ta3 U MeTaJlIbl) B cTpaHy. OCHOB-
HBIMU HAIpaBJICHUSIMU JIEITETLHOCTH SIBIISFOTCS
(dbuHAHCOBAS MOAICPIKKA STTOHCKIX KOMITAHUN TIPH
pa3paboTKe MECTOPOXKIACHUH, TEXHOJIOTUIECKOEe
pa3BUTHE U TEXHUYECKAs TTOIJIEPHKKA, CO3/IaHUE pe-
3€pBOB MHUHEPAIBHBIX PECYPCOB ISl SKOHOMHUKHU
CTpaHbl, cOOp U XpaHeHHne HH(OpMALIUHU, KOHTPOIIb
3arps3HEHUS] OKPYKAOILEH Cpebl, U3yYEeHUE Tep-
CIEKTUBHBIX MECTOPOXKIICHHI 32 PYyOEHKOM.

7. Bureau de Recherches Geologiques et
Minieres (BRGM) — ¢paniry3ckuii HalmOHATBHBIH
CEPBUCHBII OIIEpaTop, KOTOPBIM JEHCTBYET Kak
KOMMepYecKasi KOMITaHWsI Ha OTKPHITOM pbIHKE. B
pe3yabTare MpU COXPAHEHUH TOCYIAPCTBEHHOIO
y4acTHsl JIOCTUTHYTa BBICOKAsh WHBECTHLIMOHHASA
MPUBJIEKATEILHOCTh T€0JIOrOpPa3BeOYHbIX paloT.
Hayunplii 1 TexHnueckuii neHtp Haxoaurcst B Op-
neane, Opannus, o0pa3oBaHbl 32 PErHOHATBHBIX
areHTCTBA 10 TEOJIOTUICCKUM UCCIICIOBAHUSIM B 22
peruoHax @panuun u 4 3apyOeKHBIX MPEICTABU-
tenscTBa. BRGM aktuBen B 6omnee yem 40 crpanax.
Crparernueckue 3an1aun BRGM Brmouarot uzyde-
HUE re0JI0ropa3BeI0UHbIX ITPOLECCOB U COITYTCTBY-
IOIIUX PUCKOB, pa3pabOTKy HOBBIX METOIOJOTHIA U
TEXHOJIOTUH, MPEAOCTABIEHUE BbICOKOKAUYECTBEH-
HOW MH(pOPMAIK; pa3paboTKy U MPeJOCTaBICHUE
HEOOXOMMBIX MHCTPYMEHTOB MOBEPXHOCTHOTO U
MOJI3EMHOTO HCCIIEIOBAHMS, YIIPaBIIEHUE PECyp-
camu, TpeTyNnpex/IeHNe HACTYIIJICHUS PUCKOB U 3a-
TPA3HEHUS OKPYXKAOLIEH CPEIbL.

8. Federal Institute for Geosciences and Nat-
ural Resources (BGR) — repmanckuii rocymap-
CTBEHHBIM HAY4HBIA LEHTP, NMOJOTYETHBIM MHWHM-
CTEpCTBY SKOHOMHUKM U TEXHOJOIMH U SBIISIO-
IIMIACS YacThI0 HAYYHOM M TEXHMUYECKOW WHGpa-
crpyktypel. BGR mpenocraBisier He3aBHCUMYIO
WHGOPMAIIMIO TI0 TE€OJIOTUH M MHUHEPATHHBIM pe-
cypcam; OCYIIECTBIISIET KOHCYJIETUPOBAHHE TIPABU-
TEJIbCTBA [0 COXPAHEHUIO MOCTABOK 3HEPrOpeCyp-
COB; pa3pabaThIBaeT HOBBIE METOBI TIEPEBOIA Me-
CTOPOXKJIEHUI MUHEpPAIbHBIX PECYPCOB B CTAIUIO
MIPOMBIIUTEHHOMN TOOBIYM, B YACTHOCTH ISl METa-
JIOB, MCTIOJIb3YEMBIX B BBICOKMX TEXHOJIOTHSIX; Pa3-
palaTbIBaeT Hay4YHbIE METO/IbI MTOBBIIEHUS YPQek-
TUBHOCTH HWCIIOJIH30BAHMUS MMOJI3E€MHBIX BOJ;, 3aHH-

MACTCs BONPOCAMH YTHUIIM3alUKW PAJUOAKTHBHBIX
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OTXOJOB M 3arpsA3HEHUs] OKpYXaroLlel Ccpenpl;
HaJIAKMBACT MEXIYHAPOJHOE T'€OJIOTMYECKOe CO-
TPYJHUYECTBO; MPOBOAUT cOOp, aHAIM3 M XpaHe-
HHE Te0JIOTHYECKON HH(POPMAIIHH.

W3y4enne marepuasoB, TOCTYIIHBIX B OTKPbI-
TBIX UCTOYHHUKAX, Ja€T OCHOBaHUE I10J1araTh, 4TO B
MHpE HE CYLIECTBYET KOMIIAHHMH, aHaJIOTHMYHbBIX
paccMaTprBaeMOMYy IPEANPUSTUIO, CHELHUAIN3H-
PYIOIIMXCSI HEMOCPEACTBEHHO HA YPAHOBOM I'€0J10-
run. JloObua ypana B Kaname u ABcrpanuu B oc-
HOBHOM IPOBOJUTCS HIAXTHBIM CIOCOOOM, METO-
JIOM Ky4YHOTO BbIIIeJIauMBaHus1. B cBs3u ¢ 3TUM He-
BO3MOXKHO TIPOBECTH OCHUMApPKHHI C 3apyOex-
HbIMM KOMITAHUSIMU TI0 TAKUM IOKAa3aTessiM, Kak
KOJIMYECTBO MPOOYPEHHBIX CKBAKUH M CEOECTOM-
MOCTh OypeHHUsl.

IIpoBenenHbli aHamu3 (YHKIMOHUPOBAHUS
KOMITaHUH, TIPUCYTCTBYIOUIUX HA PhIHKE OYPOBBIX
paboT Ha ypaHOBBIX MECTOPOXKACHHUSAX U T'€OJIOrO-
pa3BenouHbIX paborax B Kazaxcrane, mo3Boimi
crenarb cieayronme BoiBobl. COCTOSIHUE PhIHKA
[0 COOPYKEHHUIO TEXHOJOIMYECKUX CKBAXKMH JUIS
M0/I3€MHO-CKBR)KUHHOT'O BBILLIEJIAYMBAaHKS ypaHa U
OypeHus1 HKCILTyaTallMOHHO-PAa3BEI0YHbIX U pa3Be-
JIOUHBIX CKBaYKMH OLICHUBAETCS KaK KOHKYPEHTHOE
U, CIIeI0BaTEIbHO, KaK HecTaOMIIbHOE IS IMpea-
MIPUSTHUS U3-32 HATUYHS CEPhE3HBIX HTPOKOB U BO3-
pacTaroIIero BIMSHUS PHIHOYHBIX MEXaHM3MOB Ha
nporiecc BhIOOpa 3aKa3uMKaMy TTOCTABIIMKOB pa-
oot u ycayr [17-19].

Jlors npeanpusTHs 0 OYpEeHHIO TEXHOIOrYe-
CKMX CKB@KVH Ha JAHHBIA MOMEHT COCTaBJIAeT 75—
80 %, a o OypeHuro pa3BenouHbIX ckBakrH — 100 %.

Ha peinke yeiyr o OypeHuto U COOpYKEHUIO
TEXHOJIOTUYECKUX CKBAKUH IS KOMITAaHWH B IIe-
70oM npucyTcTByeT 8—10 OYpOBBIX KOMIIAHUH, KO-
TOpPbIE HOTEHIMAIBLHO CIIOCOOHBI BBIOIHATH OKOJIO
20 % ot ob1ero ooGbemMa OYpOBBIX PadOT.

B cBsi3u ¢ BBeieHneM B Kazaxcrane 3akoHa o
roc3akyrnkax ®oH/1a HallMOHAJILHOTO OJIar0COCTOS-
HUSI JIOTOBOPHBIE OTHOIICHHS C 33aKa3uuKaMu
JIOJDKHBI PETYJIMPOBATHCS PHIHOYHBIMH MEXaHH3-
Mamu. [Ipy 5TOM KOMIaHUsSI HE IMEET BO3MOKHO-
CTH KOHTPOJIMPOBATH 0OBHEMBI, CPOKH, TICHOBYIO I10-
JIUTHKY, a TAKXKE KAYeCTBO BBITIOJHIEMBIX OYPOBBIX
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paboT YaCTHBIMU KOMITAHUSIMH, KaK 3TO MPOHCXO-
JIUT B OTHOILICHUH MPEINPUATHS, YTO CO3/1aeT N3HA-
YaJbHO HEPaBHBIC YCIOBHS JUIS OCYILECTBICHHUS
€ro JICITENILHOCTH U JACSTEIBHOCTH OYPOBBIX KOM-
IIaHWH Ha PBIHKE.

[Ipy >TOM nNaHHBIE KOMIIAHMM HMEIOT Pl
cialbbIX CTOPOH:

—OTCYTCTBUE COOCTBEHHOM MPOM3BOICTBEH-
HOH 1 collnabHON HHPPACTPYKTYpbI, 0OecrieunBa-
IOIIEH ONEpaTUBHYIO OpPraHU3alUIo MPOQUIAKTH-
YECKHX M KalUTaJbHBIX PEMOHTOB OCHOBHOI'O U
BCIIOMOTaTEeJIbHOrO 000pYJJOBaHUs, a TaKXKe Heoo-
XOIUMBIX U1l OypeHHs: ObICTPOM3HAIIMBAIOLINXCS
UHCTPYMEHTOB M METAJUTHUECKUX H3IEITHIA;

—OTCYTCTBUE CTALMIOHAPHBIX BaXTOBBIX IO-
CEJIKOB JUIl pabOTHUKOB, MPOBOAAIIMX OypOBBIE
paboThI, OTPUIATENIPHO CKA3bIBACTCSl HA TEMITaxX
npoBezieHns1 OypoBBIX paloT;

—OTCYTCTBUE CHELMAIM3UPOBAHHON TEXHO-
JIOTUYECKOM CITy’KOBI, KOTOpasi Obl ONEpaTHBHO
AQHAIM3UPOBAJIA, PEarUPOBaIa M BHOCHIIA TEXHOJIO-
TMYECKHE KOPPEKTUPOBKH MPU M3MEHEHHH YCIIO-
BUil OypeHus;

—OTCYTCTBUE COOCTBEHHBIX TIIMHCTAHIMNA H
CTICIIMAIMCTOB-TEXHOJIOTOB  TI0  TIPUTOTOBJIICHUIO
OypOBBIX PAacTBOPOB ONTHUMAIHLHOTO KadecTBa C
TpeOyeMBIMH MTapaMeTpaMu JJIsl CIIOKHBIX YCIIOBHIA
OypeHus;

—OTCYTCTBHE MPOTpaMM TOATOTOBKH COO-
CTBEHHBIX KaJJpOB, KOMILIEKTaIUsI OypOBBIX yCTa-
HOBOK MAIIMHUCTAaMM U MOMOIIHMKAMHU MaIIWHH-
CTOB OYypOBBIX YCTaHOBOK IPOWU3BOJUTCS 3a CUET
CITy4aifHbIX CHIEUAIIICTOB,;

—OTCYTCTBUE CKJIQJICKIX PE3EPBOB TOBApPHO-
MaTepHaIbHBIX IEHHOCTEN Ha MECSIYHBINA CPOK ISt
OecriepeboiiHOl paboThl KOMITAHUA.

VYKa3aHHblE OOCTOSATENbCTBA 3HAYUTEIBHO
CHIDKAIOT Ka4eCTBO BBINOJHEHUsI OypOBBIX padorT,
YTO B KOHEYHOM HUTOT€ HETATHBHO BIMSIET HA TPO-
W3BO/IUTEIIEHOCTh M CTAOMJIBHOCTH (DYHKIIMOHHUPO-
BaHUSI TEOTEXHOJOTUYECKOTO TOJS 3aKa34MKOB U
MOBBIIIAET CTOMMOCTh KOHEYHOTO Tpomaykra. Of-
HAKO OTMEYAETCs TeHACHIIMS €KEr0JHOTO YITydIle-
HMS KauecTBa OKa3bIBAEMbIX YaCTHBIMU KOMITaHH-
SIMH YCITYT.
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Kpome Toro, cebectonmMocts paboT y naH-
HBIX KOMITAaHUM HIKE, YeM y TPEIANpUsTHS U3-3a
psifa MPUYMH, B TOM YUCIIE€ OTCYTCTBUS COLHAIIb-
HOU Harpy3KH, MOOMJIBHOCTH M OTCYTCTBHUS COIIH-
ATBHBIX 00S3aTEbCTB HA PETHOHAILHOM YpPOBHE.
OrtcytcTBHE TpeOOBaHM 10 3aKYITKE MAaTEPUAIIOB C
Ka3aXCTAaHCKUM COZIEP>KaHUEM ITO3BOJISIET 3aKyNaTh
Marepuaibl JUid BeleHHUs padoT M0 HauMEHbIIeH
neHe. B Kazaxcrane ocHOBHOM 00BbeM reos1oropas-
BE/IOYHBIX pabOT BBIMOIHSIOT mopsika S0 crierpa-
JIM3UPOBAHHBIX OPTaHU3ALMI C HU3KOH MHBECTULHU-
OHHOM IIPUBJIEKATEIILHOCTBIO.

CylecTByroIIMe Ha Ka3aXCTAHCKOM DPBIHKE
re0JI0ropa3BeIOUHbIX YCIYT KOMIIAHUM HE MOTYT
o0ecIieunTh B TIOJTHOM 00beME BBITIOJTHEHHE BCEro
KOMILJIEKCa T'e0JIOropa3BeIouHbIX padoT. B cBoeit
JESATEIbHOCTH MHOTHE U3 HUX CIIEUUAIN3UPYIOTCS
Ha OIpPENEICHHOM BHJIE TOJIE3HBIX HCKOIAEMBIX:
TIIN, YBC wm nom3emusie Boabl. Hamboiee
KpYITHbIE U3 HUX, CO3/IaHHbIC HA 0a3e PEeruoHalb-
HBIX TOJIPA3/IeJICHUI COBETCKOTO BPEMEHH (peruo-
HallbHBbIE OOBEIUHEHUS, KPYIHbBIE SKCHETUINN
U JIp.) C COOTBETCTBYIOIIIMM TEXHHUYECKUM OCHAIIIE-
HUEM, BBINOIHSIOT PabOThI MO TEOJOTHMYECKOMY
W3YYEHUIO HEZIP B TPAAUIIMOHHBIX MECTaX JUCIOKa-
unu. Kaknas u3 3Tux KOMIIaHUH 3aHUMAET OIpeie-
neHHyro Huy Ha peiHke ['PP B Ka3zaxcrane, HO He
B COCTOSIHUM OKa3bIBaTh YCIYTU B 00beMax, TpeOy-
eMBIX IIpU JalbHeHnmeM pocre 3arpar Ha PP, a
TaKXe BBICTYIAaTh KOHKYPEHTaMu 00Jiee OCHAIICH-
Horo mpennpusatus. [lomydeHHble pe3ynbTaThl
CPaBHUTENILHOTO aHAIN3A JIETJIM B OCHOBY MOCTPO-
eaust Marpunbl SWOT-ananuza npennpuatus
(Tabm. 1).

Pazpaborka MexXaHH3MOB JOCTHKEHUSI
cTpaTernyecKux liejieid U peajM3aluM crpare-
THYEeCKMX 32124 NpeInpusiTus

[IpoBeneHHbIE WCCTENOBAaHMS JIETJH B OC-
HOBY pa3pabOTKH MEXaHM3MOB JOCTIDKEHUS CTpa-
TErMYEeCKHX LeJIeN U pealn3alnu CTPaTernuecKux
3aja4 npeanpusTis. Muccuen npeanpusTus sBis-
eTCsl TIPOBEJICHHE TI'eO0IOrOpa3BeIOUHbIX PadoT B
LENSAX PaCIIMPeHUsT M BOCHOJIHEHUS PECypCHOU
0a3pl ypaHOBOM OTPACITH U TBEP/IBIX TOJIE3HBIX UC-
kornaeMmbIx B PecriyOnuke Kazaxcran.
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Taéauna 1

SWOT-ananu3 1eaTeJIbHOCTH Ie0JI0r0pa3BeJOYHOr0 NpeanpusiTus

SWOT analysis of the activities of an exploration company

CuibHbIE CTOPOHBI

ypaHa MHPOBOTO 3HAYCHUSL.

Pa3JIMIHBIX TOPHO-TCOJIOT'MYCCKUX YCIOBUAX.

ypaHoBoit orpaciu B PecniyGinke Kaszaxcras.

KOH MX Ha rOCyapCTBEHHBIH OanaHC).

IIPOM3BOJICTBEHHOH NHPPACTPYKTYPHI.
Hannume kBannpuumupoBaHHbBIX KapOB.

r'COJIOTUYECKOI U TOPHOI0O0BIBAIOIICH OTPACIIH.

JIAPHOM OCHOBE

Kommanus sBisieTcs TE€O0JIOrOpasBE€AOIYHBIM IPEAIPUATHEM
C HTaBHUMHU TpaguOUSIMHU, OTKPBIBIIUM MECTOPOXIACHUSA

HmeeTcs OTpOMHBII OMBIT MPOBEACHUS OYpPOBBIX PadOT B

Kommanus sBisercs prHHeﬁHIPIM HUI'POKOM Ha PbBIHKE CO-
OpPYKCHHUS TCXHOJIOTUYCCKUX CKBAXWUH IJIA Hpe[{HpI/IﬂTI/Iﬁ

Komranust nMeeT BO3MOKHOCTb PEIOCTABIICHNUS [TOJTHOTO
KOMILJIEKCa Te0JIOropa3BeJOYHbBIX YCIYyT 110 BCEM BHIAM H
CTaIMsIM T€0JIOTOPA3BEAOYHBIX PadOT (OT MPOSKTHPOBAHUS

J10 COCTABJICHHUA OTYECTA C IIOACYCTOM 3a11aCoOB M ITOCTaHOB-

Hanmumne y KoMImaHWM TEpPUTOPHATIBHO pacIpeAeIeHHOH

Pa3paboTka CBOMX M HUCIIOJIb30BaHHE HOBBIX TEXHOJOTHIA B

ITpoBeneHNE HAYYHO-HCCICAOBATEIBCKUX PabOT Ha pery-

Bo3moxHOCTH
OO0ydJeHne UMEIOMUXCS KaIpOB U CTYICHTOB.
[IpuBneueHne crenuanrcToB co Bcex obmacter Kazax-
cTaHa U OJIDKHETO 3apyOeXbs 3a CUeT IOBBIIICHHUS 3apa-
OOTHOW IIaTHI B pE3YJIbTAaTE OBBIIICHHS TPOU3BOANTEIb-
HOCTH, YJIy4ILIEHUS COLMAIIBHBIX YCIOBHUH.
Hanume cripoca Ha MpoBeieHHE MOJHOTO [IUKJIA T'e0JI0T0-
pa3BeJOYHBIX paboT 1O BCEM BHUJAM IIOJIE3HBIX HCKOIIae-
MBIX, HE TOJILKO 110 YpaHy.
Pactymmii cnpoc Ha MUHEPaJIbHO-CHIPBEEBBIE PECYPCHI BO
BCEM MHPE.
Hamepenne rocynapcTsa yBeIn4nBaTh pacxoisl Ha MPoO-
BE/ICHHE Te0JI0Or0Pa3BeJOYHBIX PAOOT.
HeobxoaumocTs obecriedeHus cTpaTerndeckn BaKHBIMH
pecypcamu ISl Hy>KA SKOHOMHKH CTPAHBI

Cnalble CTOPOHBI
.
HHE MTOJTHOW MaTepUaIbHO-TEXHHIECKOi 0a3bl.

HexBatka OypoBoro o00pyzoBaHus.

HHUEC

HexBaTka ONBITHBIX CIICHHUAIIUCTOB I'€OJIOTUICCKOIO MMpOo-

HenocraroynocTs cOOCTBEHHBIX CpPENCTB Ha (hOpMHPOBa-

VYcrapesanne ctankoB st [ PP Ha ypan — Tpebyercs nopo-
TOCTOSAIIAs MOJEPHU3AIMS U TEXHHUECKOE IIEPEBOOPYXKe-

Yrpo3sl
Y nopoxaHue CTOMMOCTH | TOT. M COOpPYKEHHS TEXHOJIO-
THYECKNX CKBa)KHH.
YXynueHne KOHbIOHKTYPBI Ha PHIHKE MHUHEPAJIbHO -ChIPh-
€BBIX PECYPCOB.
DKOHOMUYECKHUI KpHU3HC.
Hcromenune MuHepanbHO-CHIpheBOit 0a3br PK.
Pacmmpsironieecs orpanudeHue (BIUIOTh A0 3ampeTa) yda-
CTHS TOCYJapCTBa B CEKTOPax 3KOHOMHUKH, T€ MPUCYT-
CTBYeT YaCTHBIH OH3HEC

Pa3paGoTrka MeXaHM3MOB IOCTH:KEHUS
cTpaTern4yecKux Iejeid W peaju3aluu crparte-
TMYeCKHUX 32124 NpeInpusTHsi

[TpoBeneHHbIE HCCIIENOBaHUS JIETJIHM B OC-
HOBY pa3pabOTKH MEXaHM3MOB JIOCTIDKECHHS CTpa-
TETMYECKUX LIeNIeld U PeaTM3alii CTPATernIecKuX
3a/1a4 penpusATrs. Muccuei npeanpusTus sBis-
eTcsl MPOBEJECHUE Te0J0ropa3BelouHbIX paboT B
HEJSIX PACIIMPEHUS] W BOCIONHEHUS PECypCHOM
0a3bl YPaHOBOW OTPACIH W TBEP/IBIX MOJIE3HBIX UC-
koraembIx B Pecriyonuke Kazaxcran.

Buoenue npeonpusmus x 2025 r. — coepe-
MeHHAA 8e0yuan 2e01020Pa36e004HaAA KOMNAHUS
B Pecnybmke Kazaxcran, oGnanaromasi rnepenio-
BBIMU TEXHOJIOTHSIMH M OCYILIECTBIISIOIIAS TIOJTHBIN
KOMILIEKC T'€0JIOrOpa3Be0uHbIX paboT BBICOKOTO
KauecTBa 110 BCEM BHJIaM TBEP/IBIX MTOJIE3HBIX HCKO-

EXPERIENCE OF MINING PROJECT IMPLEMENTATION

MAaeMbIX B COOTBETCTBHUHM C MHPOBBIMM CTaHIap-
TaMu, SBJIAOLIAsCS HEHTPOM KOMIIETEHIIH B ypa-
HOBOM I'€0JIOTHH, a TaKXKe MPEACTaBIISIONIAs CBOU
YCIIYTH B I'€0JIOropa3BeJOuHbIX paboTax Mo TBEp-
JIBIM TIOJIE3HBIM HCKOTIAEMBIM.

Ha nepuon no 2025 r. npennpusitue crpe-
MUTCA K JOCTHKECHUIO CIIEAYIOIIMX CTpaTernye-
CKMX Lenel: 1) yBenuueHne SKOHOMHYECKOW J10-
0aBJICHHON CTOMMOCTH KOMITaHUH; 2) 0OeCIIiedeHre
pacTyImux MOTPEOHOCTEH TOOBIYHBIX TIPEATPUATHIA
B CTPYKType KOMIIAHUM ITyT€M BOCIOJHEHHS pe-
CypcHoii 06a3bl ypana [20—-22].

JInst TOCTM>KEHUsS! YKa3aHHBIX CTpaTeruye-
CKUX LIeJIeH MpeAnpusiTUE ONpeneNsieT CIeaylo-
L[1e CTpaTernyecKue 3a1a4u.

Jlna moctvkeHus 1-i CTpaTernyecKoi e 1
COOTBETCTBEHHO YCTOIUMBOIO POCTA KIIFOUEBBIX I10-
Kazaresne IesITelIbHOCTH MPEANPHSITHS He00X0auma
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HAIIEJICHHOCTh Ha JIONTOCPOYHYIO YCIEHIHYIO pa-
6oty. Kpome TOro, He0OXOIMMO TIPOBECTH COOTBET-
CTBYIOLLYIO PECTPYKTYPHU3ALIMIO KOMIIAHMU. B CBsI3u
C 3THUM OIPE/IEIICHBI CIIETYIOIINE CTPATETHIECKUE 3a-
Ja9U: PECTPYKTYPH3AIMsl aKTUBOB M JUBEPCU(HKA-
IMs1 HATTPABJICHUH JeSTENBFHOCTH TIPEANPHATHS, Pas3-
BHTHE ITEPEIOBBIX ¥ THHOBAIIMOHHBIX METOJIOB U TEX-
HUYECKUX CPEJICTB TS TOMCKOBBIX padoT H j1abopa-
TOPHO-TEXHOJIOTHYECKUX ~ HMCCJICIOBAHUN; PEKOH-
CTPYKIMS U TIEPEBOOPYKEHHE TEXHUIECKOM 1 COBEp-
IICHCTBOBAHUE METOAMYECKON 0a3bl XMMHKO-aHAIU-
THYECKOM JTa00paTOpHK; CO3/IaHKE U COTIPOBOXKIICHUE
AIIEKTPOHHOTO OaHKa JIAHHBIX TEOJIOTMYECKOW HH-
dopmalmK 110 MECTOPOXKICHHUSAM U PYIONPOSIBIIC-
HUSIM; COBEPIIICHCTBOBAHKE KOMILIEKCA PaIM0IKOIIO-
TMYECKUX MCCIICNIOBAHHUI Ha Pa3BEIOYHBIX Y4aCTKaX
T'€0JIOrOPa3BEIOUHBIX Pa0OT; BHEIPEHHUE MPUHIIUTIOB
KOPIIOPATUBHOM U TIPAaBOBOM KYJBTYpbI [23, 24].

Hnst  pocTikeHust 2-M  cTpaTerHuecKoiu
e OIpPEEIICHBI CIIEAYIOIINE CTPAaTerHUecKue
3aJaui: MPOBEACHUE PAa3BEJOYHBIX pabOT; IIOUCK
U OTKPBITHE HOBBIX MECTOPOXKICHU ypaHa; (op-
MHUpPOBAHHE IITaTa MPOPECCHOHATBHBIX U BBICO-
K03 PeKTHBHBIX Kaapos [25].

B cooTBercTBIM € MOCTaBIEHHBIMU CTPATErH-
YEeCKHMH 33/1a4aMi HEeOOXOMMO aKTHBU3UPOBATH U
MIOBBICHTh Ka4eCTBO T'€OJIOTOPA3BEIOYHBIX PalOT,
MIPOBECTH TUBEPCU(PHKALINIO JIEITEINFHOCTH KOMITa-
HHU, YTO TTO3BOJIUT MTOHU3UTH BOSMOYKHBIE PHCKH, TIO-
BBICUTh (PEKTUBHOCTb MPOU3BOACTBA U COOTBET-
CTBEHHO TMONYYUTh SKOHOMHYECKYIO BbIromy. Ilo-
MHMO 3TOr0, TIOJIHBII KOMIUIEKC I'e0JI0ropa3Besioy-
HBIX pabOT BBHICOKOTO KauecTBa MPEAToiaracT Halu-
Yye COBPEMEHHOM XOpOILO OCHAIIEHHOM J1aboparo-
YU TS IPOBEICHUS COOTBETCTBYIOIIMX UCCIIEIOBA-
HHH CO CHEIMATIMCTaMH BBICOKOTO YpOBHS. B 1iemsix
JOCTIKEHUSI CTPaTeTMYeCKUX TEed TPeIpUSTHSI
HE0OXO/IMMO YCIIETITHO JISHCTBOBATH HA OCHOBE IPaK-
THUUYECKOTO OIbITA, YMEHUSI U 3HAHUW TP PEIICHUN
CTpaTETUUECKUX 33/1a4, ONTUMHU3UPOBATH BCE BHUIIBI
3aTpar U KaueCTBEHHO MOBLICUTH YPOBEHb YIIPaBIIe-
HUs KoMIianuu [ 26, 27].

B cBsi3U ¢ 3TUM 17151 TOCTYDKEHMS LIENE pei-
NPHUSATHS] HAMEYEHBI COOTBETCTBYFOIIHE CTPATETHIe-
CKHE 3a][a4M, PEIIeHHe KOTOPHIX Oy/IeT OCYIIecTB-

JBTBCS ITPU ITOMOIIK HYKEYKAa3aHHBIX MEXAHU3MOB.
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Pemmenue crparernueckoil 3a1a4n o pecTpyk-
TYpU3aLUH AKTUBOB MPEATIPUSATHS PETIONAraeT Mno-
crpoenre P(EKTHBHOM CTPYKTYphl KOMIaHWUH. B
LEJSIX ONTUMH3AIMS OM3HEC-TIPOLIECCOB, UCKITIOYe-
HHS HETIPO(IITBHBIX aKTHBOB U JAIBHENIIIETO PA3BU-
THS T€0JIOrOpPa3BEeJOYHOM JIesITeNIbHOCTH padoTa 1o
pecTpyKTypu3alyu OyaeT MPOBOAUTHCS IO CIIETYIO-
LM HaIpaBJICHUSM: UHTErPaLys B CTPYKTYpPY Hpe-
pusITHS. TPOGUIBHBIX KOMITaHHM; MpOJaXa YacTH
HENpO(WIBHBIX AaKTUBOB M BBIBOJ] U3 CTPYKTYpHI
TpEeNpUsTHs  OM3HEC-TIPOLIEcCa IO  COOPYKEHHIO
TEXHOJIOTMUECKUX CKBAXKUH.

Jlns KayecTBEHHOIO IPOBEIECHUS IIOJHOIO
LUKJIa paboT Ha MPEANPUATHH peaTn30BaHa IMpolie-
Jlypa UHTErpalii C KOMIIAHUSMH, OCYILECTBIISIO-
LIMMH CJIEAYIOLIUE BUbI IEATEILHOCTU: COCTABIIE-
HUE TOJIOBBIX MPOEKTOB IJIAHOB FOPHBIX paldoT 1Mo
IKCIUTyaTUPYEMbIM MECTOPOXKACHUSIM ypaHa, HX
COIJIaCOBAaHUE U YTBEPIK/IECHUE; pa3padboTKa rOpHOI
YaCcTH NPOEKTOB HAa NPOMBIIUIEHHYIO OTPabOTKY
HOBBIX MECTOPOXJIEHUI ypaHa; IPOBEJCHUE KOM-
TUieKca reopU3nYeckux HCCeOBaHUN Ha MECTO-
POXKIIEHUAX ypaHa; pa3paboTKa M BHEAPEHHUE CIie-
UATM3UPOBAHHOTO TeO(U3UIECKOr0 000pyI0Ba-
HUS JUIA TIOI3€MHOTO CKBAKMHHOTO BBIIIEIaYMBa-
HUS ypaHa U COOTBETCTBYIOIMX METOJWK HHTEp-
MIpeTaIy JAaHHBIX T€0(U3NIECKUX HCCIIeTOBAaHUN
CKBakuH. Llenbio MHTerpaiuu sSBIsyIoCh CO3JaHne
MOJTHOTO IMKJIA T€0JIOrOPa3BeJOYHbIX padoT, KOH-
TPOJIb METOAWKHU TPOBEAECHUSI U3MEPEHUN U TMOJ-
CUeTa JIMHENHBIX 3aI1acOB, a TAKXKE MIOBBILLIEHNE OT-
BETCTBEHHOCTH 32 IPOBEICHUE I'€0JI0rOpa3Benoy-
HBIX paboT. B pe3ynbrare npoBeneHHOH paboThI
OyJlleT TOCTUIHYTa HE3aBUCUMOCTb KOHTPOJIS Kaye-
crBa npotiecca Oypenus pezyasratamu I UC texHo-
JIOTUYECKUX CKBaXKHMH, 00€CIIeYe€HO YETKOE B3aUMO-
nericTBre OypoBOM M KapOTa)kKHOU CITyXO; yCIyru
I'MC oxBaTsAT MOMCKOBBIE, Pa3BEAOYHBIE, TOPHO-
MOATOTOBHUTEIIBHBIE pabOTHI, a TaKKe OyAyT 3a/1eii-
CTBOBaHBI B Ipoliecce J00bIYM ypaHa (KOHTPOJIb
TEXHUYECKOT0 COCTOSTHUS CKBaxkHH). Yciayru I'C
OyayT obecredeHbl COBPEMEHHBIM 000PY/I0BAaHUEM
Y ONTUMATBHON PEMOHTHOM 0a30# /7151 ero o0CITy-
*uBaHus U croumocts yciryr ['IC Bo3moxHO or1-
truMu3uposats [28—30].
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B pesynbraTe MHTErpanuu NpeanpusTue
CTaJI0 OKa3blBaTh IOJHBIA LIMKJI T€0JIOrOpa3Be-
JOYHBIX YCIYT, BKJIIOYAIOMINN Te0(PH3NUECKUue
UCCJIEJOBAHMSI CKBA)KUH, YTO I103BOJMUT IIOBBI-
CUTh JOCTOBEPHOCTb IOJYUYEHHBIX PE3YJIbTAaTOB
reoJIoropa3BeJOuHbIX padoT.

[Tponaxa HenpodUIbHBIX aKTHBOB OyneT
peanan30BaHa B LESIX MCKIIOYEHHUS HU3KOPEHTa-
OenbHOro OU3HEeca U3 CTPYKTYPHI IPEAIPUATHS, a
TaK)K€ B CBA3H C IOCTOSIHHBIMU OTPULIATEIbHBIMU
SKOHOMHUYECKUMHU IOKA3aTEISIMU U HETaTUBHBIM
BJIMSIHUEM HAa CTOMMOCTbh KOMITAHUU.

BbIBO M3 CTPYKTYpBI HpeAnpusTHs Ouz-
Hec-Iporiecca MO0 COOPYXEHHIO TEXHOJIOTHYe-
CKUX CKBaXMH 3aKJIOYaeTcs B cleayromeM. B
paMKax MporpaMMsl TpaHc(hopMaluyd KOMIIAHUU
[0 YBEJIWYEHHUIO SKOHOMUYECKOH CTOMMOCTH
kommannu (yBenmmuenne EVA) HeoOxoammo
HalTH ONTUMAJIbHBIE IyTU JOCTHKEHUS MOJIOKHU-
TeNbHBIX MoKa3zareneil EVA u nonoxutenbHOro
BJIMSHUS Ha MoKas3aTreau KommnaHuu. CoryacHo
IPOBEIEHHBIM HCCIEeI0OBaHUN ObUIO ClieNlaHo 3a-
KJIIOYEHUE, YTO MOHOMNOJIM3MPOBATH PHIHOK I10
COOPYKEHUIO TEXHOJOTMYECKUX CKBAXKHUH (TeX-
HOJIOTHYEeCKOe OypeHre) HeBo3MOoKHO. Ha priHke
IPUCYTCTBYET MHOKECTBO YacCTHBIX KOMIIAHUM,
BBIMOJHAIONIMX PabOThl MO TEXHOJIOTHYECKOMY
Oypenuto. B cBsizu ¢ 3TUM npeacTaBiseTcs BO3-
MO’KHOCTb BBIBEJICHHsI OM3HEc-IIpolecca Mo co-
OpPY’KEHHUIO TEXHOJOTUYECKUX CKBAXUH B KOHKY-
PEHTHYIO cpealy ITyTeM CO3JIaHMsI I0UepHuX Oypo-
BBIX KOMITaHU Ha 6a3e (puianaaoB ¢ JanbHenmen
YaCTMYHOW pealln3allud UX BHEIIHEMY WHBeE-
CTOpY.

[TonoxurenpHble CTOPOHBI TaHHOTO MpeJ-
JIOKEHUS: TIOJIHOE COXpPaHEHHWE MaTepHallbHOMN
0a3pl Bcex (QuIMaiIoB; OTCYTCTBHE HEOOXOAUMO-
CTH COKpallleH!s nepcoHaia GuiInaaoB; BO3MOXK-
HOCTb 3aKJIIOUEHHSI JOOBIUHBIMU MPEATPUATUAMHI
JIOTOBOPOB HAa COOPYKEHHE TEXHOJIOIMUECKUX
CKBAKMH C BHOBb CO3JaHHBIMHU HOPUINYECKUMHU
JUIIaMH  cOcoOOM M3 OJHOIO HCTOYHHMKA B
paMKax BHYTPHUXOJIJIMHTOBOM KOOIEpaluu; BO3-
MO>KHOCTb IE€peavu BHOBb CO3/IaHHBIM FOPUJIHU-
YECKUM JIMLaM O00s3aTeNbCTB MPEINPUSITUS T10

YKE€ 3aKIIIOYCHHBIM JOJITOCPOYHBIM JOTOBOpam
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nyreM o(OpMIIEHHs TIOTOBOPOB MEPEyCTYNKH; B
pe3yJibTaTe pean3alyy A0 MPEANPUATHS B CO-
3/1aHHBIX OypOBBIX KOMIIAHUSX B YacCTHBIE PYKH
Ha PhIHKE TEXHOJIOTUYECKOTO OYypeHHs CKBa)KUH
TOSIBSATCSL «CHJIBHBIE» HUTPOKH B 3TOH chepe Ou3-
Heca, IPUCYTCTBUE KOTOPBIX IO3BOJMUT HOILIEP-
’KUBaTh Ha JAaHHOM DPBIHKE HOPMAJIbHYI0 KOHKY-
PEHTHYIO CpeNly U UCKJIIOYHUTH CO CTOPOHBI ApY-
I'ux, 0osee «ciadblX» UIPOKOB MaHMITYJSALUHU C
TapuhooOpazoBaHUEM.

B pesynbrare npoBeneHUs MEPOIPHUATHH
10 PECTPYKTYpPHU3ALINUU TIOTAITHO KOJIMYECTBO J0-
YepHUX OpraHu3aluil OyJaeT TOBEISHO A0 HYJIS,
OyAyT MOJHOCTBIO OTCYTCTBOBATH HENPOQHIIb-
ueie opranusanuu (100%-e cokpamenue). [Ipu
9TOM IPOTHO3UPYETCS yiydllleHue (UHAHCOBO-
9KOHOMMUYECKHUX MOKa3aTeIel NpeanpusaTusl.

Jns pemieHus cTpaTernyecKkoi 3ajaadv 1o
JTUBEpCUPHUKAIMUA JIEATETLHOCTH OyIeT MpoBO-
JUTBCS pacIIupeHue cepbl ACATEIbHOCTH II0
re0JIOTOpa3BeJOYHBIM paboTaM Ha MECTOPOXKIE-
HUSIX TBEPIBIX MOJIE3HBIX UCKOMAaeMbIX. MaTepu-
aJIbHO-TEXHUYECKass 0aza, KaapoBBIH COCTaB U
OIIBIT B I'€0JIOrOPa3BEIKE MO3BOJISIOT BBINOIHATD
110J100HBIE PabOTHI C IMUPOKUM IPUMEHEHHEM KO-
JIOHKOBOTO OYpeHHUsI U BBICOKOIIPOU3BOAMTEINb-
HOTO MMIIOPTHOTO 00OpyJIOBaHMs. AHalIU3 IO-
TpeOHOCTEW KOMMaHUW-HEAPONOIb30BaTeNeH M0
TBEP/bIM MOJIE3HBIM HCKonaeMbiM B Kazaxcrane
nokasan, 4yTo 107 4YacTHBIX KOMHOAHHH TOTOBBI
PaccMOTPETh MPEUIOKEHUS TI0 COTPYIHUYECTBY.
W3 Hux 63 mectopoxaeHus 3010t1a, 19 mecro-
POKIEHUI Menu, 8 MECTOPOKIAEHU HUKes, 17
MECTOPOKIEHUH MOJIMMETAIIIOB U IPYTUX MOJIE3-
HBIX UCKOMaeMbIX. M3ydaercs BO3MOKHOCTb OKa-
3aHMSI YCIIYT IO T€0JIOrOpa3Be/iKe B IPYTUX CTpa-
Hax (V30ekucran, Keiprezcran, Kwuraiickas
Haponnas Pecny6muka, Monromnus). [Iposene-
HUE T'€0JIOr0pa3Be0YHbIX PadOT MO TBEPABIM IO-
JIE3HBIM HCKOIIAEMBIM IO3BOJIMT IOJIYYUTH JO-
MIOJIHUTENBHBIN 10X0 B pazMepe 3—4 MIIpJI TeHre
B rof. /lyist mpoBeieHus MOJIHOIO KOMIUIEKCa Ireo-
JIOTOpa3BEIOYHBIX pabOT MO JAPYTUM TBEPABIM
MOJIE3HBIM HCKOIMAEMBbIM Y MPEANpHUATHS HMe-
IOTCSI BCE€ BO3MOXHOCTH (OypoBasi ¥ BCIIOMOTa-
TeJbHAsI TEXHUKA, TPOM3BOICTBEHHO-PEMOHTHbIE
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0a3pl, XUMHUKO-aHAJUTHYECKas Jiaboparopus,
KBaJTM(DUIIMPOBAHHBIE CIICIUATHCTHI, HEOOX0 -
MBbI€ JIMLEH3UN HA MPOEKTUPOBAHUE U IIPOBEJE-
HHE TEXHOJIOTHYECKHUX paboT u T.1.) [31].

Pemienne crparerndyeckon 3anadd pasBu-
THS NEPENIOBbIX U MHHOBALMOHHBIX METO/JOB U
TEXHUYECKUX CPEJICTB JJisi IMOUCKOBBIX padoT
HEOOXOUMO JUIsl MOBBIIIEHUSI KadecTBa Ipeio-
CTaBJISIEMBIX yCIYT, 3 (HEKTUBHOTO MPOTHO3UPO-
BaHUS U BBISABJICHUS MECTOPOXKIACHUM ypaHa M
JPYTUX TBEPIBIX IOJIE3HBIX MCKOIIAEMBIX Ha OC-
HOBE COBPEMEHHBIX M HMHHOBAIL[MOHHBIX Ha3eM-
HBIX METOJI0B [TI0MCKA, JJIs OIIEPEKAIOLIUX Ha3eM-
HBIX METO/I0B IOMCKA OCPEACTBOM JIUCTAHLIUOH-
HOT'O 30HUPOBaHUs 3eMJIH. Takxke He0OX0AUMO
NpeyCMOTPETh (UHAHCHPOBAHHE MPOEKTa IO
CO3MaHUI0 J1a0OpaTOPUU [UISI MOJEIUPOBAHUS
TEXHOJOTMYECKUX IpoLeccoB OypoBOil CKBa-
JKUHBI ¥ MCTBITAHUS HOBBIX BHJIOB TEXHUYECKUX
CPEJICTB.

Peanuzanus B paMmkax cTparernueckoil 3a-
JlaYll PEeKOHCTPYKLHUH U IEPEBOOPYKEHUS METO-
JTUYECKONW M TEXHUYECKOW 0a3bl XMUMHUKO-aHAIU-
TUYECKOI 1abopaTOpHH — OJIHA U3 HanboJee Bax-
HBIX 33J1a4 B JOCTH>KEHHUH LIEJH 110 YBEIINYEHUIO
9KOHOMMUYECKON CTOMMOCTH KOMIaHuHu. B pam-
Kax BBIMOJHEHUS 3a/1a4Ml 10 YKPEIUICHUIO Hayy-
HOT'0 00€ecreyeH!s] OCHOBHBIX ITPOU3BOJICTB U pe-
IIEHNUs] KOMIUIEKCHBIX 3ajlay, CBSI3aHHBIX C IOUC-
KOM, Pa3BeIKOM M dKCIUTyaTalMell ypaHOBBIX Me-
CTOPOXKJICHHH, HEOOXOMMO CO3/IaHIE COBPEMEH-
HOW aHAUTHUYECKON CIY»XObl, OTBEUaIoIeil Mu-
POBBIM CTaHAApPTaM, CIOCOOCTBYIOIIEH OTKpHI-
THIO HOBBIX MECTOPOKJIEHUI U PACIIUPEHHUIO MU-
HEepalbHO-ChIpheBOH 0a3bI [32, 33].

B cBs3u ¢ 3TUM OyayT peann3oBaHbl cieny-
IOLUE TPOEKTHI: PEKOHCTPYKIHUS U MEPEBOOPY-
JKEHHE METOINYECKOH M TEXHUYECKOHW Oa3bl XH-
MHUKO-aHAJIMTHUECKOM JabopaTopuu ¢ IEJIbI0
NPUMEHEHNUS MUHEPAIOTUYECKUX M PaTUOU30-
TOIHBIX METO/I0B ITOMCKAa MECTOPOXKJICHUH ypaHa
Y TBEPABIX IOJIE3HBIX UCKOMAEMBIX; ITPOBEICHUE
paboT 1o pacuiMpeHuto 00JaCTH aKKpEIUTAIUN
(mpoBeneHNE aHATUTHYECKUX PabOT, TEXHOJIOTH-
YECKUX HCCIIEeI0OBaHUI, W3y4YeHHE BEIIECTBEH-

HOTO COCTaBa PYJOBMEIIAIOIINX TMOPOJI U PYA
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(MuHEepasiorust u nerporpadusi), SKOJIOTUUECKHE
HCCIIEI0OBaHMs, MOArOTOBKA CIELMAIUCTOB IS
MOJIEBBIX JTaOOPATOPH M MOBBIICHUE KBATH(H-
Kalli¥ aHAJTUTUKOB JIOOBIBAIOINX MTPEIIPUSATHI ).
Peanuzanus jaHHOrO KOMILIEKCA MEPOIPUSATHI
MO3BOJIUT peuIaTh MPOOJIeMbl, CBA3aHHbBIE C TIOUC-
KOM, pa3BEAKOM U IKCILTyaTallueil ypaHOBBIX Me-
cropoxkaeHuii 1 mectopoxxaenuid TIIN Ha 6omnee
BBICOKOM Ka4€CTBEHHOM YPOBHE M B KpaTdaliine
CPOKH.

Co3nanue nHPOPMALIMOHHON CUCTEMBI Ie0-
JOTMYeCcKOro OaHKa TaHHBIX TTO3BOJIHUT OPraHU30-
BaTh €IMHOE MH()OPMAIIIOHHOE MPOCTPAHCTBO U
00ecnevnT MoaydYeHHe JOCTOBEPHBIX M HE00XO-
JTUMBIX JaHHBIX, a TAK)KE UX COXPAaHHOCTh U pa3-
rpaHu4yeHre AocTymna. JlaHHas crpaTtermyeckas
3a/laya MpeArnojaraeT NpOBEIACHHE 0CTATOYHO
00beMHON pabOThI, YTO B KOHEUHOM MTOI'€ JacT
XOpOoIlIKe BO3MOKHOCTH KaK JJIsl aKI[MOHEpa, TaK
U A NOTEHUHUANbHBIX HMHBECTOPOB. B 3amaum
Te0JIOTUYECKOro OaHKa JaHHBIX OyIeT BXOAUTHh
CO3/IaHHE AJIEKTPOHHOTO apXHBa T'€0JIOTUYECKUX
JIOKYMEHTOB; 00ecIiedeHHe JT0JITOBPEMEHHOH co-
XPaHHOCTH TMOAJUHHUKOB T'EOJIOTUYECKON HH-
(dopmanuu (reosIorTH4ecKrue OTYEThI, TPOTOKOJIBI,
U3JIaHHbIE KapThl, TACIOPTa U Ap.) 32 CUET MPeJI0-
CTaBJICHUS T10JIb30BATENSAM 3JIEKTPOHHBIX KOIUI
3TUX JOKYMEHTOB B3aMe€H OyMa)KHbIX OpUI'MHA-
JI0B; coxpaHeHue uH@opmanuu o0 o0BeKTax B
Cllydae yTpaThl WJIM HEYCTPaHMMBIX MOBPEXe-
HUI OpUTHMHAIOB; oOecrieyeHue ObICTPOro J0-
cTyna K (poHJOBBIM MaTepuanaM Kak B JIOKallb-
HOM PEXHME, TaK U B PEKUME YAAIEHHOTO J0-
cTyna; obecredeHrne OBICTPOro MOMCKa MO KOM-
IJIEKCHBIM 3aIpocaMm IO Ie0JIOTUH U HEPOIOJIb-
30BaHHIO0; BO3MOXKHOCTh CO3JaHHUSI PE3EPBHBIX
(ctpaxoBbiX) Komuil (OHIOBBIX JOKYMEHTOB;
npeaocTaBiieHne WHpoOpManuu B yIOOHOM JIst
noTpeOuTens BUE.

[IpuBenenuslii nepedyeHb pabor Oyxper
obecrieunBaTh  MOAJIEPKKY  T€OJOTHYECKOTO
0aHKa JaHHBIX, KOTOPBII OyAeT MOCTOSHHO JO-
MOJIHATHCSA HEOOXOIMMBIMU JaHHBIMU. B pe3yib-
TaTe peaju3alliy MPoeKTa AJis aKIuoHepa OyJeT
o0ecrie4eH MOCTOSHHBIM MOHHUTOPHHI JESTENb-
HOCTH NPEANPUITUH B chepe HePONOJIb30BAHNUS,
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JUIsl TIOTEHUMAJIbHOTO HWHBECTOpAa — IMpO3pau-
HOCTb, OTKPBITOCTb M ONEPATUBHOCTH MOJTYUYECHUS
npaBa HEAPONOJb30BaHUs, a ISl YUCHBIX U HC-
ciiefioBaTelNel — OOIIMPHBINA JOCTYII K IIOJHOM MH-
dbopMmaruu 0 HeIpax U HEAPOMOIH30BaHUH Pec-
nyonuku Kazaxcran.

Pemienue crpatermyeckoi 3agayv Mo Co-
BEPIICHCTBOBAHUIO KOMILIEKCA PaJMO3KOJI0Ornye-
CKHMX HCCJIEIOBAHMI HAa pa3BEAOYHBIX ydacTKax
re0JI0TOPa3BEIOYHBIX PA0OT BO3ZMOXKHO CIIEAYIO-
mmM obpasom. C BO30OHOBIIGHHWEM U pacIIupe-
HUEM Da3BeIOYHBIX paboT OyneT NMPOBOAUTHCS
KOMILJIEKC PaJrO03KOJIOTUUECKUX HCCIEAOBaHUMH,
HEOOXOUMBIN Kak JiJIsl 00ecreueHns paauaiioH-
HOM M DKOJIOTUYECKOW 0e3011acHOCTU MpHU Beje-
Huu ['PP, Tak u ju1g noixydeHuss HEOOXOAUMBIX U
JIOCTaTOYHBIX PAaIM0’KOJIOTMYECKUX JAHHBIX IS
paszpabotku TOO u mocneayromux NPOeKTOB J0-
Ob1un ypana. C BO3pacTaHHEM POJIH SKOJOTUH B
JEATETbHOCTH KaXJA0ro MPEANpUsITHS HE00XO-
JTMMa pa3paboTKa HOPMATUBOB AMHUCCHI U IPUPO-
JIOOXPaHHBIX MEPOIPUATUN HA BECh )KM3HEHHBIN
ki BeaeHus ['PP: co3nanue ciyxOb1 panuanu-
OHHOM M DKOJIOTUYECKON O€30MacHOCTH AJIsl IPO-
BEJICHUS MPOU3BOACTBEHHOIO 3KOJIOIMYECKOTO
KOHTpOJIA, BKJIIOYasl PaJdallMOHHBIN KOHTPOIb,
oTOOp MpPOO OKpYXKAIOLIEH CPEeNbl; COOPYKEHHE
MecCT cOopa OTXOJIOB C MOCJIEAYIONIUM HX pa3Me-
[ICHUEM Ha MOJIMTOHAX 3aXOPOHEHUS; IPEIoie-
Bas IMOJATOTOBKA, BKJIIOYAIOIIAs TPHOOPETECHUE U
nemudpupoBaHre KOCMOCHUMKOB; Pagr0dKOJI0-
rudeckoe o0cleoBaHUEe C U3yYEHHEM TOYBEH-
HBIX pa3pe3oB, oT0opoM mpod OC; oleHka BO3-
nencreus ['PP Ha okpyxarolnyro cpeny ¢ paspa-
OOTKON MEpOIpPUITHH 10 PEKyJIbTUBALUU Hapy-
mIeHHBIX 3eMenb I'PP; cocraBimenme ortdera C
npeacrapienrneM napametpoB OC miig nocneny-
tomux 3TanoB ['PP, TOO u no6sum ypana.

B xommiekc I'PP tpagunuonHo Bxiroya-
I0TCSI AUCTAHIIMOHHBIE METO/bl 30HAUPOBAHUS C
MPUBJICYCHHEM Te0(PU3NIECKIX MaTepPHAIIOB, TO-
JYyYEHHBIX CTPYKTYPHBIMU METO/IaMHU T€O(U3HKU
B nponuibie Tojel [34, 35]. [l aToro Oyner BbI-
MOJTHSITHCS CIISAYIOIINI KOMIUIEKC paboT: pro0-
peTeHre MpOrpaMMHBIX CPEICTB ISl KOMILIEKC-
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HOHM 00paboTKH MUGPOBBIX TaHHBIX KOCMOCHUM-
KOB U T'€0JI0r0-Te0(hU3HIECKUX MAaTEPUAIOB IIPO-
LUTBIX JIET; pa3pabOTKa U BHEAPEHUE COBPEMEH-
HbIX MeToq0B ['PP; mpoBeneHne reopusnueckux
METOJI0B MCCIIEA0BAHHUS.

Bricokuii ypoBeHb KOPHOPATUBHOU KYJIb-
TYpHI SBIISE€TCS BaXXHBIM CTPATErHUYEeCKUM (PaKkTo-
POM, MOOMJIM3YIOLIUM BCE CTPYKTYPHbBIE 3BEHBS
KOPHOpAIMK U €€ OTACNIbHBIX Pa0OTHUKOB Ha JI0-
CTHKEHUE MTOCTaBJICHHBIX LI€JIeH B paMKax Ipo/ie-
KJIApUPOBAHHOM MUCCHUU KOMIIaHUU. J[i1s1 BHEApe-
HUs IPUHIUIIOB KOPIIOPAaTUBHOW M IIPAaBOBOM
KYJbTYpPbl HEOOX0IUMa peaanu3aius ClIeayoInuX
MEpOMpPUATHIL: (PopMHpOBaHHE KOPHOPATHBHBIX
LIEHHOCTE! U perjiaMeHTallui CTaHAapTOB IOBE-
neHus: paboTHUKOB uepe3 Komekc kopropaTus-
HOM 3TUKU U APYrHe€ BHYTPEHHUE JIOKYMEHTHI;
BHEJIPEHUE CTHJIA YIPABICHUS PYKOBOJSIIETO
COCTaBa, CO3JAIONIETO OJAroNMpUATHYIO aTMO-
chepy B KOJUICKTUBE U TOBBIIIAIOIICTO TPUBEP-
YKEHHOCTh Pa0OTHHKOB KOPIOPATUBHBIM IIEHHO-
CTSIM; pa3BUTHE BHYTPEHHUX KOMMYHUKAIUU U
B3aUMOJICCTBUH, CHCTEMBl OOpAaTHOW CBS3H,
YCUJIMBAIOIIUX KOMaHAHYI paboTy U crocoO-
CTBYIOIIIUX pealM3allli CTpaTeruu OOIIeCTBa,;
MOCTOSIHHOE YJIy4YIlIEHUE B3aMMOJIEUCTBHS C Op-
raHaMu yIpaBJeHHs 00IIecTBa U aKIIMOHEPAMH, B
TOM YHCJIE TyTEM MPEIOCTaBICHUS MAaKCUMAIILHO
MOJIHOM M mpopaboTaHHOM HHGOpPMALUU IS
MIPUHATHAS 0OOCHOBAHHBIX M B3BEIICHHBIX pEIIIe-
HUM; coOII0IeHNe 3aKOHHOCTH MPU OCYIIECTBIIe-
HUU JEATEIHHOCTH OOIIeCTBa B LIEJIOM U MPHUHS-
TAU OTAENbHBIX YIPABICHYECKUX pEUICHUN Ha
BCEX YPOBHSX; Pa3BUTHUE NPABOCO3HAHUS Kak
HEOTHEMJIEMOW COCTAaBHOM dYacTH mpodeccro-
HaJIbHBIX KOMITETCHIIMA KaXKJI0TO paOOTHHKA 00-
LIeCTBa, B TOM YHCJIE MOCPEACTBOM O0OyUEHUs pa-
O0THUKOB OOILIeCTBa 110 BOMPOCAM IpaBa; MOCTO-
SIHHO€ CTPEMIJICHHE K MHHUMH3AIUHU MPaBOBBIX
PUCKOB o00IIecTBa Kak HEOOXOAWMOE YCIOBUE
JUTSL OCYIIECTBJIEHUS €0 AESTEIbHOCTH.

B xauecTBe OCHOBHBIX MEXaHU3MOB JOCTH-
XKeHHs 2-i cTparerndeckoi nenu «ObdecrneueHne
pacTymux moTpeOHOCTeN MOOBIYHBIX TPEANPHUS-
THUW B CTPYKTYPE KOMIIAHUU ITyTEM BOCITOJTHCHUS
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pecypcHoi 6a3bl ypaHa» HeoOxoawma peau3a-
1S CIIEAYIOIUX 3a/1ay.

Tpebyercs npoBeaeHHE reoI0ropa3Be1oy-
HBIX pa0OT Ha MEPCIEKTUBHBIX IUIOMAAAX C IIe-
JbI0 OTKPBITUSL HOBBIX MECTOPOXKJIEHUN U COOT-
BETCTBEHHO NPUPOCTAa U BOCIOJHEHHUS 3aracoB
ypaHa U yBeJIMYEHUS! aKTUBOB KOMITAHUU. Takxke
MIPOBE/ICHHE MTOMCKOBO-OIIEHOYHBIX padoT k 2025
T. TO3BOJIUT MPOJJIUTh CPOK CIIYKOBI PYIHHKOB
koMmmanuu 110 2040 r. 3a cuet npupocra Jopasne-
JTaHHBIX 3a11acoB. B cBs3u ¢ 3TUM cTpaTternueckas
3aJa4a MPOBEACHUS Pa3BEJOYHBIX PabOT MpeIo-
Jaraet MpoBEACHUE PAa3BEIOYHBIX Pa0OT B LENIAX
BOCTIOJTHEHHsSI pECypCHOM 0a3bl ypaHa.

Peanuzanus crtpaternyeckoil 3amaym mo-
MCKa U OTKPBITHSI HOBBIX MECTOPOXKICHUI ypaHa
MO3BOJIUT 3HAUUTENBHO YBEIUYUTH JOOBIUY
ypaHa Ha MECTOPOXKICHHUSIX YpPaHOBOPYIHBIX
IPOBUHLUHN, YTO YK€ B OmkaiiiieMm Oyayliem
HEU30€KHO MPHUBEAET K HCTOLIECHUIO YPaHOBOMU
celppeBOil 0a3bl KaszaxcraHa, BCieaCTBUE 4YEro
BO3HHUKAET BOIIPOC O ee BO300HOBIeHUH. B HacTo-
AIIEM WCCIICJOBAaHUM TPEACTABICHBI TEPCIEK-
TUBBI U OCHOBHBIE HAIIPABIICHUS PA3BUTHSI yPaHO-
BOM ChIpheBOH 0a3bl B CBETE€ BO30OHOBJIEHUS U
OpraHM3aly TOUCKOBBIX M TOUCKOBO-OLIEHOY-
HBIX paboT MO ypaHy KaKk Ha COBEPIIEHHO HOBBIX
IUIOIIA/IAX, TaK U HAa y4acTKaXx, IO CYTH, SIBJISIO-
MIMXCS JaIbHUMU (pJIaHTaMU y’Ke U3BECTHBIX Me-
cTopokaeHui. OJHaKO MCTOIIEHUE 3a1lacoB Me-
CTOPOXKJICHHH, a TaK)Ke BKIIOYEHUE B OTPAOOTKY
OeTHBIX IO COJIePKaHUIO YPaHa, a TOTOMY HU3KO-
PEHTA0ETBHBIX 3aTEXKEH ITUX MECTOPOXKICHHH,
TpeOyeT cKopeiiero odecrnedyeHus: MUHepalb-
HBIMH PECypCaMi PYAHUKOB IOA3EMHOTO BBbIIlIE-
Ja4YMBaHHUS.

VYenex peanusanny CTpaTeruu MpEANpHUs-
THUS 3aBUCUT OT MPU3HAHUS BBICOKON 3KOHOMUYE-
CKOM 3HAUMMOCTH YEJIOBEUECKHUX PECYPCOB Ha
BCEX YPOBHSX YIPABJICHHUS KOMIaHUEH Kak Bax-
HOM COCTaBJIAIOIIEN €€ CTPATErMYeCKOro MOTEH-
ruana. Ctparernueckas 3agada mo (Gpopmupona-
HUIO I1ITaTa MPOQECCHOHANIbHBIX M BBICOKOA(-
(eKTHUBHBIX KaJJpOB — 3TO YaCTh peasln3aluy Kaj-
POBOW TOJUTHKHU, KOTOpas BKJIOYAET peau3a-
A0 CIEAYIONIUX MEPONPUSATHIA.
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Pa3BuTHe mpodeccrnoHalbHOTO KaApOBOTO
coctaBa. Cneun¢uka MPOU3BOJICTBCHHOHN esi-
TEJILHOCTU TPeOyeT MpuBIeUeHUs TpodeccuoHa-
JIOB ¢ OOJIBIIIUM OTIBITOM PaboOTHI B chepe reosno-
ropa3Bel0OuHBIX paboT ¥ BO3MOKHOCTH TMepeadn
3HAHUM U OTIBITa MOJIOJIBIM crerranuctam. Heo0-
XOJIUMO Y/IETUTH IeHCTBEHHOE BHUMAHUE MO0~
TOBKE, 1000y U HaliMy CIIEIIUAINCTOB, HEO0XO0-
JUMBIX JUIs OOECreueHUs] BBIMIOJHEHUSI YTBEp-
XKJICHHBIX 00EMOB paboT: OYpPOBUKOB, I€OJIOTOB,
reo(pU3UKOB M COOTBETCTBYIOIMX HAYYHBIX CO-
TPYAHUKOB.

[ToTpeOHOCTE B 4YEIOBEYECKHX pecypcax
OyZIeT peryjanupoBaThCs B COOTBETCTBUU C MPOU3-
BOJICTBEHHOI Iporpammoii obmectBa. B ciydae
yBenuueHus: o0bemoB ['PP u xonmyectBa mpno0-
peTaemMoro o0opyI0BaHus ITaTHAS YUCICHHOCTh
MIPOU3BOICTBEHHOTO ¥ aIMUHHCTPATUBHOTO TIEp-
coHaja Oy/eT yBEeJIMYUBATHCS B COOTBETCTBUU C
norpebHocTsIMU. B cBsi3u ¢ 3TUM OyAyT IPOBO-
JMTHCS Cleytolue Meponpustus [ 36]:

—TMpUBJICYCHUE PAOOTAIOMNX TPodeccho-
HajoB Ha pelHKe ['PP uepe3 co3panue cucreMsl
BO3HArPXICHUS ¥ MOTHBALIMH, a TaKKe MPEo-
CTaBJICHHE COLIMAJIBHOTO MakeTa padOTHUKAM Ha
KOHKYpPEHTOCIIOCOOHOM ypoBHE. byzaer yaeneHo
oco0oe BHMUMAaHUE BOMpPOCAM CO3JAaHUS Kaue-
CTBEHHBIX U KOM(QOPTHBIX YCIOBUI Tpyaa U Tpe-
OyeMoro ypoBHsI 6e30macHOCTH pabOTHHUKOB. Ta-
KOH MOJXO0J MO3BOJIUT 3aMHTEpPEcoBaTh U yAep-
’KaTh ONBITHBIX CIIENHAINCTOB B oOiactu I PP;

—CO3/]JaHM€ CHCTEMbl HACTaBHHUYECTBA JJIS
pemieHust npoOjeM HEXBaTKM M KayeCTBEHHOU
MOJITOTOBKH OITBITHBIX TEXHUYECKUX KaapoB. Jlis
9TUX ILIeJIed HEeoO0XoauMo pa3paboTarbh MPO-
rpaMMy TIPaKTHYECKOW MOJITOTOBKH MOJIOIBIX
cnenuanucro-reosoroB.  [Iporpamma  Oyner
BKJIOYATh OLIEHKY MOJIOJIBIX CIIEIUAIUCTOB I10
pe3yabTaTaM CTaKUPOBKM, Ha OCHOBE KOTOPOH
Oy/ieT NMPUMEHATHCS CUCTEMa MOTHMBALIUU U TIO-
OLIPEHUS JIUIsl HACTABHUKOB-TEO0JIOTOB;

—pa3paboTka 3pHEKTUBHON CUCTEMBI MO/~
060opa KaapoB, BKJIIOYAIOLIEH IUIaHUPOBaHHUE TO-
TPeOHOCTH B YENOBEYECKUX pecypcax, CBOEBpe-
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MEHHBIH 1MOI00p M MpUEM CIIEHHUAIICTOB COOT-
BETCTBYIOIIECH KBaNU(UKALUU ¢ HEOOXOTUMBIMHU
3HAHUSIMHM, HaBBIKAMH, JCIOBBIMH U JIMYHOCT-
HBIMHU Ka4eCTBAMU;

—COBEPILCHCTBOBAHNE CHUCTEMBl MOTHBA-
UM U TOBBIIEHUS 3P PeKTuBHOCTH Tpyna. Pas-
paboTka CHUCTEMBbl MOTHBAIMHM, OCHOBAaHHOW Ha
CJICAYIOMIMX MPUHIINAIIAX:

v/ yBsI3Ka CHCTEMbI MOTHUBALIUH C TTOJIHUTH-

KO OIIEHKH Pe3yJIbTAaTOB AEATEILHOCTH Ha

OCHOBE KIIIOUEBBIX IOKa3aTeJel, 4To I103-

BOJIMT MOBBICUTH 3 (PEKTUBHOCTH TPYAA, HA

OCHOBE MOHUTOPHHTA TOCTH)KEHUS CTpaTe-

THYECKUX IIeJIeH U BBIMTOTHEHUS 33134 MPH-

HUMAaTh CBOEBPEMEHHBIEC KOPPEKTUPYIOIINE

pelIeHus; OIIeHKa Pe3yJIbTaTHUBHOCTH KaX-

J0ro paboTHUKA OylIeT HampsMyl 3aBH-

CETh OT BBINIOJHEHUSI KOHKPETHBIX 33/1a4 U

VHIUBHIyaJIbHBIX [EIICH;

v/ MOBBIIICHHE YPOBHS MPOQECCHOHATD-

HBIX 3HAaHUH ¥ HABBIKOB PAOOTHHKOB, OTBE-

YaIMX UHTEpecaM M MOTPeOHOCTSIM 00-

IECTBA, YTO MTO3BOJUT YIYUIIUTh KAYECTBO

YeJI0OBEYECKHX PECYPCOB;

v/ peanuzais CHCTEMbI KaJpOBOTO pe-

3epBa, HalpaBJIEHHOTO Ha 3((eKTUBHOE

UCIOJIb30BaHUE KaJPOBOT0 MOTEHLUAIA U

IUIAaHUPOBaHHUE KaphepPHOTO pOCTa COTPY.-

HUKOB;

v/ pa3BUTHE YIPABICHYECKHX KOMIIETECH-

U ¥ JTUIEPCKOTO MOTEHIIMANIA PyKOBOJIS-

MUX PaOOTHUKOB, KaK 3aJOr MaKCHMH3a-

LMY JT0JITOCPOUYHOM cronmocTu Ob1ecTBa.

MeponpusTHs 10 PELISHNIO TOCTABICHHBIX
CTpaTeTHYECKUX 3ajay MpernoiaratoT AajbHen-
1Iee MPOBEJICHNE U YIIy4dllleHHe paboT mo obecrie-
YEeHUIO TPeOOBaHUM TEXHUKU OE30MacHOCTH, CO-
OJIFOZICHUIO MEp paauaIllMOHHON 0€301acCHOCTH U
OXpaHbl OKpyxaromen cpenbl. Hapsany c stum
npeaycMaTpuBaeTCcs psiji Mep B HEJsIX odecrede-
HUSl YCTOWYMBOTO PA3BUTHS MPEIIPUATHS ITyTEM
CHIDKEHHS DHEPTOEMKOCTH TIPU BBITIOJTHEHUH pa-
00T M MPEeNOCTaBICHUN YCIYT M, KaK CIEICTBUE,
pPOCT  KOHKYPEHTOCHIOCOOHOCTH, (UHAHCOBOI

EXPERIENCE OF MINING PROJECT IMPLEMENTATION

YCTOMYMBOCTH, PHEPreTHUYECKOM M HKOJOTHYE-
CKOM 6€301acHOCTH.

Co3nanue 310pOBBIX M 0€30MaCHBIX YCIO-
BUI TpyJa Ha MPEANPUATUU BEAETCA B COOTBET-
cTBUU C JKojoruyeckuMm koaexkcom PK u npy-
IMMH HOPMATUBHO-IIPAaBOBBIMU JIOKYMEHTaMH,
IIpaBUIAMU U TPEOOBAHUSAMHU.

Lenbto ynpaBieHus OXpaHOH Tpyna sBIIs-
eTcs obecrieueHue 0€301aCHOCTH XKU3HU U 370pO-
Bbs paOOTHHUKOB NPENNPUATHS, 00YCIOBICHHBIX
BO3JICICTBUEM  IPOU3BOJACTBEHHBIX  OIACHBIX
(akTOpOB Ha JIOAEH W cpely uX oOuTaHus. 3a-
Jlau B 3TOHM 00JIACTH HOCAT MHOTOILJIAHOBBIN Xa-
pakTep U AUPPEepeHIUPYIOTCS N0 CIeIYIOIUM
HanpaBJIeHUsAM 00ecrieyeHHsI TPOU3BOJCTBEHHBIX
IIPOLIECCOB: HKOJIOTU3ALMS TEXHOJIOIMH; 03]10-
POBJICHHE NPOU3BOACTBEHHON cpelibl; 00ydYeHue
nepcoHana 0e30macHbIM MeEToJaM padoThl; CO-
0JIt0JIeHNEe 3aKOHOJATENIbHBIX aKTOB B 00JIACTH
OT u Th, Pb u OOC. Bce 3t0 nocturaercs pea-
JU3alKMeN KOHKPETHBIX MEPOIIPUATUI ITPABOBOTO,
OpPraHU3alMOHHOI0, TEXHUYECKOI'0, CaHUTAPHO-
TMTUEHUYECKOr0, Je4eOHO-ITPO(UITAKTUYECKOTIO
U COLMAJIbHO-?)KOHOMMYECKOI'0 XapaKTepa.

[IpyopuTETHBIMM ~ HANpaBJICHUSMH U
HauboJiee Ba)KHBIMU MEpPONPUATUAMU JJIs TIpe-
npusaTHs Ha nepuoa a0 2025 r. sBISAIOTCS aKTya-
JAU3alusl HOPMAaTUBHO-TEXHUYECKON JTOKyMEHTa-
MM B CBETE HOBBIX 3aKOHOB PK, nHpekTMBHBIX
JIOKYMEHTOB U IMOJIOKEHUI; aKTyalln3alus cyliie-
CTBYIOILIEN CUCTEMBI YIPaBJICHUs OXPaHbl TpyAa
(CYOT) u mognep:kaHue ee B COOTBETCTBHH C
MexayHapoaHbiMu cTannaptamu ISO n OHSAS;
MIOCTOSIHHAsl KOPPEKTUPOBKA CYLIECTBYIOIUX Ha
MPEeANPUATHN UHCTPYKIMH 10 O€30MacHOCTH 10
BCEM BUAaM padOT U CIIELUATbHOCTSM B COOTBET-
CTBUHU C MOSBJISIOIIMMHCI U3MEHEHUSIMH B Tpebo-
BaHHUAX IO UX pa3paboOTKe; y)KeCTOUYEHUE OTBET-
CTBEHHOCTU II0 OXpaHE TpPyJa B JOJKHOCTHBIX
UHCTPYKLUHUSAX WHKEHEPHO-TEXHUYECKHUX, aJIMHU-
HUCTPATUBHBIX U PYKOBOJAALINX PaOOTHHUKOB 00-
IIECTBA COTJIAaCHO MX YIPABICHUECKUM (DyHK-
LUSM; TPOBEIEHNE aTTECTAllUU MPOU3BOJICTBEH-
HbIX OOBEKTOB MO YCJIOBHUSM TpyJa B yCTaHOB-
JICHHbIE 3aKOHOAATEJIbCTBOM CPOKH; yMEHbIIIe-

HHE CTCIICHU PUCKA BbBIXOJAd U3 CTPOA TCXHUKH N
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000pyI0BaHUS; TOCTOSIHHOE 00y4YEHUE, TTOBBIIIIE-
HUE KBaNU(UKALWU, TIEPENOATroOTOBKa pabOTHU-
KOB 00IIeCTBa.

JIeMiCTBEHHOE MCIIOJIb30BAHUE CHUCTEMBbI
KJIACCUYECKOTO yIPaBJICHUS OXPaHOW Tpy/a: aHa-
JN3 — OlLIEHKA — IJIAHUPOBAaHUE — OpraHu3alus —
KOHTPOJIb — MOTHUBAIMs (CTUMYJIHpPOBAHHE), SIB-
JSIeTCs TapaHTOM MIPETBOPEHMSI JaHHBIX TJIAHOB B
JICUCTBUE.

OCHOBHBIMU 3aJla4aMu pCHICHUA paaualluOH-
HOI 0€30IMMaCHOCTH M OXPaHBI OKPYXKAFOIICH CPEIIbI
NpCArpuATHA ABJIAOTCA IIPUBCACHHBIC HIKC.

[TonuTrKO# aKITMOHEPHOTO 00IIeCTBA B 00-
JacTu oOecHedeHuss KadecTBa pPaauallMOHHOMN
0€30MacCHOCTH M OXPaHbl OKPYKAIOLIEH CpPeJIbl
IIpU BeJIEHUU padoT ABIsETCS TrapaHTHs Oe3ormac-
HOCTU TIE€PCOHANA, HACEJICHHUS W OTCYTCTBHS
BPEIHOTO BO3ACUCTBUS HAa OKPYKAIOIIYIO Cpely
U YCTAHABIMBAIOTCS CIEAYIONIUE MPHOPHUTETHI:
HC IMPECBLIICHUEC NOIMYCTUMBIX ITPCACJI0B MHAUBU-
JyadbHBIX JI03 O0JydeHUS; 3alpeIIeHUe BCEX BU-
JIOB JIESTENIbHOCTH, CBSI3aHHBIX C HCIOJB30Ba-
HUEM pPaTUOAKTHUBHBIX BEIIECTB, MPH KOTOPBIX
MOJTyYeHHAas JUIsl YeJI0BeKa, O0IIecTBa U IPUPO/IbI
MOJIb3a HE MPEBBIIIAET PUCK BO3ZMOXKHOTO BPE/a,
MPUYNHEHHOTO JOTOJHUTEIBHBIM OOJTy4YeHHEM;
00s13aTeIbHOE TOBBINICHUE KayecTBa olecredye-
HUS paJuallMOHHON O€30MacHOCTH MEepCOHaNa;
pacliMpeHue HOMCHKIIATYPbl pagualiMOHHOI'O
KOHTPOJIS.

KitoueBbIM  HampaBlIieHHEM TPOTPaMMBI
9HEeprocOepeKeHMs U MOBBIIIEHUS Heprodpdek-
TUBHOCTH TPEINpPUATHS SBISETCS oOecreueHne
YCTOHYHMBOTO Pa3BUTHS ITyTEM CHUKEHHS YHEPIO-
€MKOCTH TIPH BBITTOJIHEHUH PabOT M IIPeI0CTaBIIe-
HUU yCIIYT |, KaK CJIEJICTBUE, pOCTa KOHKYPEHTO-
CIOCOOHOCTH, (PMHAHCOBOW YCTOWYHNBOCTH, SHEP-
TeTUYECKOH W DKOJIOTHYECKOW Oe30macHOCTH.
Buenpenne maHHO#N MporpaMMbl TO3BOJIUT CHHU-
3UTh WU NMPEAOTBPATUTH POCT Pacxojia BCeX BU-
noB TOP, ucnonb3yeMbIx Ha COOCTBEHHBIE U XO-
3sCTBeHHBIE HYXABl. bynyr paspaboTansl u
BHCIPCHBI MCXAaHU3MbI, CTUMYJIHUPYIOIIHUEC DHEP-
rocOepexxeHne U TMOBbIIIEHHE dHEProdPPeKTUB-

HoCcTH. B nanpreitmem Oyner copmupoBana cu-

EXPERIENCE OF MINING PROJECT IMPLEMENTATION

cTeMa yIpaBJIeHUs! DHEProcOepeKeHUEM U TIOBbI-
IICHHEM SHepreTudeckor 3¢p(HEeKTUBHOCTH TIO-
CPEICTBOM BHEJIPEHMSI CUCTEMBI JHEpreTHye-
CKOTO MEHEIKMeHTa. Jloysl 3HepreTuyeckux 3a-
TPAaT B CTPYKTYpe ce0ECTOMMOCTH MPeI0CTaBIIsIe-
MBIX YCIYT CHHU3HUTCS, YTO OOECIIEYUT IMOBBIIIE-
HUE KOHKYPEHTOCIIOCOOHOCTH U SHEPreTHUECKOM
O0e3zonacHocTH. JlampHeliee pa3BUTHE MPO-
rpaMMbl 3HeprocoepexxeHust noTpedyer Moaro-
TOBKU CIELUAINCTOB, a TAK)KE CO3JaHMsI MHTE-
IPUPOBAHHON MH(DOPMAIIMOHHOW CUCTEMBI B 00-
JaCTH HEProcOepeKeHUs U MOBBILICHUS YHEpre-
THYECKOH 3()(HhEeKTUBHOCTH.

[Ipu pa3paboTke BBIIMIEU3IOKEHHBIX MEPO-
NpUATAA U Mep JOCTUKEHHUS MOCTaBICHHBIX
CTpaTernueckux Iiesieid ObLIM OLEHEHBI PHCKH,
KOTOpPbIE€ MOT'YT HETATUBHO MOBJIMSTH HA peanun3a-
LUI0 cTpaTernyeckux 3anad. Llenp nanbHelimero
pPa3BUTHS CUCTEMBI YIIPaBJIECHUSI PUCKAMHU — MHU-
HUMHU3ALKS BEPOATHOCTU HACTYIUIEHUS HETaTUB-
HOTO COOBITHUS (PHCKA), BIUSIOUIETO HA TIOCTHKE-
HUE CTpPATErMuyeCKUX M OINEpPALMOHHBIX LeIen
NpEeANPUITHS.

Ha ocHoBe mpoBeneHHOro anamusza cgop-
MYJIMPOBAHbI CTPATETMUECKUE PUCKU TPEAIPHsi-
TUS: HEJOINOIY4YEHHE YUCTOrO 10XOAa, Mpedy-
CMOTPEHHOI0 IUIAHOM pa3BUTHA OOLIeCTBa Ha Ka-
JEHIapHBIA TOJl; HECAaHKIMOHUpPOBaHHBIE 3aba-
CTOBKM paOOTHUKOB, MECTHOTO HACEJIECHUS B Me-
CTaxX JUCIIOKAIlMU CTPYKTYPHBIX MOJpa3aeseHuil
o01ecTBa.

B cBs3u ¢ 3TUM HEO00XOAMMO peaan30BaTh
KOMIUIEKC CJIEIYIOIIUX MEPOIpPHUATHI: COBeEp-
meHcTBoBaHue metononoruu no CYP u CBK B
COOTBETCTBUU C MEXIYHAPOJIHBIMH CTaHAApTaMU
COSO wu ISO; coBepireHCTBOBAaHUE TPOIIECCOB
ynpasiennss CYP u CBK; noBsimenne kBanudu-
Kallul PHCK-MEHEIDKEPOB, BIIAJIENbIIEB PUCKOB,
HaJIM4re MEKIYHApOJIHBIX CEPTU(PUKATOB; aBTO-
MaTU3alusl CUCTEMBI YIIPABIECHUS PUCKAMH.

BrIBOabI

Takum o00pa3zom, pe3yibTaThl MPOBEICH-
HBIX MCCIIEIOBaHUH MO3BOJISIIOT OTMETHTD, UTO Ha
niepuon 10 2025 r. npeanpusTie CTpEMATCS K 10-
CTH)KEHHUIO CIIETYIOIIUX CTPAaTEerHuecKux Leseil:
1) yBenuuyeHHe SKOHOMHUYECKOW J00aBIEHHOMN
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CTOMMOCTH KOMIMAaHUH; 2) oOecreyeHue pacry-
X TOTPEOHOCTEH MOOBIYHBIX MPEANPUSITHI B
CTPYKTYpE KOMIIAHWU IyTEeM BOCIOJHEHHUS pe-
CypCHOIi 6a3bl ypaHa.

Hdns poctmkenust 1-M crpaTernyeckoi
1eau OyAyT peain30BaHbl CISAYIOIINE CTPATETU-
YECKHE 3aJ]a4M: PECTPYKTYpHU3AIUs aKTUBOB; JIH-
Bepcu(DUKaIMs HAIPABJICHHUH JEATEIbHOCTH; Pa3-
BUTHE TEPEIOBLIX ¥ MHHOBAITMOHHBIX METOIOB 1
TEXHUYECKUX CPEACTB JUISl MMOMCKOBBIX padOT U
1a060paTOPHO-TEXHOJIOTUIECKUX HCCIICIOBAHUM;
PEKOHCTPYKIIMS U TEPEBOOPYNKEHUE TEXHUYe-
CKOH U COBEPIICHCTBOBAHNE METOAMUECKOM 0a3bl
XUMHUKO-aHAJTUTHICCKOH JTaO0OpaTOPHUH; CO3/IaHNE
U COIPOBOKJICHHUE DJICKTPOHHOTO OaHKA JTaHHBIX
reoJIOTHYECKOM WH(OpPMAIUU 10 MECTOPOXKIIC-
HUSIM U PYIOIPOSIBICHUSM; COBEPILIEHCTBOBAaHUE
KOMILJIEKCa PaHMO3IKOJIOTHUECKUX HCCIIEI0BaHUI
Ha Pa3BEJIOYHBIX YYaCTKaX I'€0JOTOPa3BEIOYHBIX
paboT; BHEAPEHHE MPUHIIUIIOB KOPITOPATUBHOU U
IIPaBOBOM KYJIBTYPBI.

Kpyr 3amau nns noctukenus 2-il crpaTeru-
YEeCKOM 11enu 00ecneveHus pacTyux noTpedHo-
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