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Abstract: The Republic of Azerbaijan has significant potential in the oil and gas industry, which is the basic for the
country economy. Prospects for the development of oil and gas production technologies are largely determined by the
effectiveness of geological and geophysical surveys and exploratory drilling. The features of the geology and oil and
gas potential of the Azerbaijanian continental depression zones are considered for determining the targets for further
exploration for hydrocarbons (HC). The analysis of such studies shows that the Srednekurinskaya depression (the Azer-
baijani part) and the Guba-Divichinsky depression are superimposed with the corresponding features of the conditions
for the formation and survival of hydrocarbon accumulations. Low oil and gas potential of the Miocene-anthropogenic
strata of the discussed superimposed depressions is substantiated: this is due to low hydrocarbon potential of the rocks
(especially the Lower Pliocene ones), as well as low temperatures insufficient for the conversion of organic matter to
hydrocarbons. It is proposed to use poorly tectonized Jurassic and Cretaceous sediments, especially those overlaid by
oil and gas generating Paleogene-Miocene strata (commercial accumulations of Muradkhanli type) as the HC explora-
tion prospects.
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Hanoxennbie mporndb1 Azep0Oaiilzkana B CBSI3M € X HE(PTEra30HOCHOCTHIO
®DeiizyaeB A. A., Kouapau III. C., A66acosa C. B.

WucTtutyT reonoruu u reopusnkn HarmonanbHo# akageMuu Hayk A3epOaiikana,
r. baky, PecniyOninka AsepOaiimpkan

AnHoTaums: Pecry6nika AzepOaiimxan 001a1aeT 3HAUYUTEIbHBIM IOTEHIMAIOM He()TEera3oBoii OTpaciv SKOHOMHKH,
KOTOpasi AByIsieTcst 6a30BoM JuIsl cTpaHbl. [lepcreKTHBbI pa3BUTHSI TEXHOIOTMI TOOBIYM HE(TH U ra3a B 3HAUUTEIILHON
Mepe OnpeerstoTes 3P(PeKTUBHOCTBIO Te0JIOro-Te0(hU3MIECKUX HCCIIeIOBAaHUI 1 OMCKOBO-Pa3BEI0YHOTO OypeHus
paccMaTpuBaoTCs 0COOEHHOCTH TE€0JIOTHYECKOTO CTPOESHHSI M HETETa30HOCHOCTH JIETIPECCHOHHBIX 30H CYLIH A3ep-
OaiipkaHa C LeNbIo ONpeAeeHNs] HanpaBieH!s JalbHEHIINX TIOUCKOB yrieBogoponos (YB). [IposenenHsblil anamms
TaKHWX UCCIICIOBAHUH MOKa3bIBaeT, uto CpeHeKypUHCKas BliaauHa (azepOaiipkanckas yacts) U ['yoa-J{uBHanHCKui
Mporud UMEIOT HAJIOXKEHHBIH XapaKTep ¢ COOTBETCTBYIOMIMMH OCOOCHHOCTSIMH YCIIOBHIH (POPMUPOBAHHS U COXPaHe-
HUS YIJIEBOIOPOIHBIX CKOIUICHHH. OOOCHOBBIBAIOTCS HU3KHE NEPCIIEKTHBBI He(hTEra30HOCHOCTH MHOLIEH-aHTPOIIOre-
HOBOTO KOMIUTEKCA OTIIOKEHHUH YKa3aHHBIX HAIOKEHHBIX MPOTHOO0B, B CBSI3H C HEBBICOKHM YTIIEBOAOPOJHBIM MTOTEH-
IIAJIOM TIOPOJT (0COOEHHO HIKHETTMOIIEHOBBIX ), a TAK)KE HU3KUMHU TEMIIEpaTypaMH, HE0CTATOUYHBIMH [T Ipeo0pa-
30BaHMS OPraHNUYECKOro BeuecTsa B YB. B kauecTBe MOMCKOBBIX OOBEKTOB MPEIIOKEHO UCTIONB30BaTh €1ab0 TUCIIO-
LPOBAaHHbIE IOPCKHUE U MENOBbIE OTIIOKEHHUS, OCOOEHHO TEPEKPBIThIE HehTera3oreHepUpyOLIMMH HaleoreH-MHOLIE-
HOBBIMH KOMITJIEKCAMH (ITPOMBIIIUIEHHBIE CKOTIICHUS THIIa MypaxaHiib).

KuroueBble ¢j10Ba: TEKTOHUKA, HATOXKCHHBINA TPOTH0, Me30-KaiHO30MCKIE OTIIOKEHUS, Hecoraacus, HedTerazo-
HOCHOCTbH, A3epOaii/pkaH, IepephIB B 0CAIKOHAKOIUICHUH, 0ACCEHHOBOE MOJISITMPOBAHUE, YTIIEBOIOPO/IBI.

st uutupoBanus: Oeiizymiae A. A., Kougapnu L. C., A66acosa C. B. Hanoxxennsie nporu0s1 Azepbaiimxana
B CBSI3M C MX He()TEra30HOCHOCTHIO. [ opHule nayku u mexnorozuu. 2020;5(2):72-81. DOI: 10.17073/2500-0632-

2020-2-72-81.
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Introduction

The problems of assessing oil and gas po-
tential depending on the nature of inheritance or
superimposition of depressions are poorly stud-
ied, although there are some publications relative
to this matter by the way [2, 3, 5, 10].

In this regard, notice that most of the oil and
gas bearing depressions or oil and gas regions of
Azerbaijan, such as the South Caspian basin, Ap-
sheron region, southeastern Gobustan, Nizhneku-
rinsky and Yevlakh-Agjabedinsky depressions
(up to Upper Miocene) are characterized by pre-
dominant inheritance of depression and sedimen-
tation for the whole alpine orogenesis period.

In these depressions, which were founded at
least from the beginning of Jurassic period (the
supposed surface of the crystalline basement), the
thickness of the Meso-Cenozoic sediments is 10—
25 km or more, and they are characterized mainly
by the conformity of the structural plans of the
composing sediments.

Meanwhile, in the territory of Azerbaijan,
there are several oil and gas regions with clear im-
position of structural plans.

It is necessary to make a reservation that the
concept of "superimposed depressions” is used
here in two meanings: stratigraphic and structural.
The term "superimposition of folded zones of oil
and gas regions" (which in fact has genetic nature
similar to the depressions) is relatively rarer used.

In this paper, we consider two oil and gas
regions: Kurinsky basin and Caspian-Guba re-
gion, although, according to many researchers,
there are much more such depressions in Azerbai-
jan (this will be discussed later).

In this study, the features of geology and oil
and gas potential of the Azerbaijanian continental
depression zones are considered for assessing the
prospects of discovering new commercially pro-
ductive hydrocarbons.

Science and Technology

Research Findings.

Superimposed depressions of the Kurinsky
Basin

In the modern sense, the Kurinsky basin, as
a large structural element separating the meganti-
clinories of the Greater Caucasus and Caucasus
Minor, was formed in the post-Upper Miocene
time. This was first indicated by V.E. Hain and
A.N. Shardanov [9] as early as 1952. Later geo-
logical and geophysical studies [2, 5, 11] estab-
lished that in the Mesozoic time (Jurassic-Creta-
ceous), the territory of the Kurinsky basin (the
Azerbaijani part) was actually represented by the
following independent structural units: Nizhneku-
rinsky (NKD) and Yevlakh-Agjabedinsky depres-
sions, the Kura and Gabyrry interfluve (the south-
western side of lorsky depression), Ajinoursky
depression, and  Mugan-Saatly-Geokchay-
Mingechaursky uplift zone separating the depres-
sion areas (Fig. 1).

Paleotectonic  restructuring, sometimes
called inversion, began at the Upper Cretaceous —
Paleogene boundary and ended in the Late Mio-
cene, as mentioned above (Fig. 2).

Along with some common features, each of
these tectonic zones has its own specifics of de-
velopment and structure.

Among these depressions, only Yevlakh-
Agjabedinsky depression has full independence
(closureness) in the Azerbaijan territory, while
Nizhnekurinsky depression is the southwestern
gulf of the South Caspian Basin (SCB), and the
Kura-Gabyrry interfluve is the southwestern side
of the lorsky depression.

The nature of these depressions within the
present-day Kurinsky Basin was largely con-
trolled by the nature of the Mugan-Saatly-Geok-
chay-Mingechaursky zone of uplifts, which in
many respects coincides with the well-known
Talysh-Vandamsky gravitational maximum.

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS
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Fig. 1. Kurinsky basin. Mesozoic tectonic structure:
depressions: 1 — Yevlakh-Agjabedinsky; 2 — interfluve of the Kura and Gabyrry; 3 — Ajinoursky; 4 — Nizhnekurinsky;

uplift zone: 5 — Talysh-Saatly-Mingechaurskaya; -1 — geological profile crossing the Kurinskaya depression (see Fig. 3)
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Fig. 2. Location of Caucasus Mountains:
a — in the Mesozoic; b — at the present time
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Fig. 3. Geological profile crossing the Kurinsky basin from southwest to northeast
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The mentioned zone of uplifts, which ap-
parently existed from Paleozoic time, underwent
intensive erosion since the end of Upper Creta-
ceous up to the beginning of Upper Miocene, and
sedimentation was completely absent here. The
Nizhnekurinsky depression during this period de-
veloped together with the South Caspian Basin,
having the inherited character of the Mesozoic-
Cenozoic structural plans with the accumulation
of molasses of great thickness (more than 15 km).

Since Upper Miocene, the whole territory of
the central part of the Kurinsky Basin has undergone
intense subsidence and sedimentation, and superim-
posed Srednekurinsky depression (SKD) has
formed here, covering the Miocene-Pliocene-An-
thropogenic sediments of about 5 km thick (Fig. 3).

Consequently, superimposition in the Ku-
rinsky Depression took place only in its Sredneku-
rinsky part, whereas the Nizhnekurinsky depression
(NKD) has inherited downwarping nature.

The Adjinoursky region, especially its Ala-
zan-Agrichay zone, is also considered by a number
of researchers as a superimposed depression. If
that's the case, then the whole Adjinoursky region
should be classified as superimposed depression.

In a significant part of the SCD territory, the
post-Upper Miocene sediments are almost not af-
fected by folding, with the exception of the
Chatma-Geokchay anticlinorium zone, partly the
side part of the Yevlakh-Agjabedinsky depres-
sion, and the Adjinoursky region. In the NKD, as
in the SCB, these formations have been inten-
sively folded.

The question is: what is the nature of the oil
and gas content of the Miocene-Pliocene-Quater-
nary sediments in the superimposed depressions
of the Kurinsky Basin?

As is known, in the central part of SKD in
the superimposed complex of the Upper Miocene-
Pliocene-Quaternary sediments, steadily demon-
strating near-horizontal occurrence, no signs of

Science and Technology

oil and gas content were observed. Commercial
oil and gas potential or hydrocarbon manifesta-
tions have been identified in the underlying sedi-
ments of Upper Cretaceous-Paleogene (Murad-
khanly, Jafarly, Sovelyar, Zardob fields) and Oli-
gocene-Lower Miocene (Maykop  series)
(Gazanbulag, Ter-Ter, Naftalan fields).

In the Kura - Gabyrry interfluve, the pres-
ence of hydrocarbon accumulations was also es-
tablished in the lower structural level — Eocene
and the Upper Cretaceous in the Tarsdallar and
Gyurzundag areas. In the superimposed Maikop-
Upper Miocene-Pliocene complex, effective man-
ifestations of oil and gas have not been estab-
lished, with the exception of oil seepage in the
Upper Miocene sediments in the Chatminsky an-
ticlinorium zone.

In the NKD, which has an inherited origin
in the Cenozoic and possibly Mesozoic com-
plexes, oil and gas content was established mainly
in the sequence of the Lower Pliocene (productive
strata - PS), partially in the Upper Pliocene (Ak-
chagyl Formation) and Quaternary (Apsheron
Formation) sediments. The underlying sediments
(Miocene-Oligocene) have been partially pene-
treted, and it is too early to talk about their pro-
spects, although the preliminary findings are quite
encouraging.

Thus, the superimposed depression in the
Upper Miocene-Quaternary complex in SKD has
relatively lower oil and gas potential, whereas in
the NKD with the inherited nature of the structural
plan, the whole mentioned complex has oil and
gas content/or potential.

In this regard, oil and gas potential of the
lower structural level of the SKD — from Middle
Sarmatian to Upper Cretaceous — are of interest.

Three possible models of formation of HC
accumulations, characteristic not only of the
SKD, but also of other superimposed depressions,
are considered. These models are shown in Fig. 4.

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS
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Fig. 4. Variants of oil-gas pool formation in superimposed depressions

Fig. 4, a presents the pattern of accumula-
tion formation in underlying complexes, where
reservoir beds are almost not affected by ero-
sion and favorable conditions exist for the con-
servation of hydrocarbon accumulations.

Fig. 4, b shows the case of deep erosion
degree of reservoir beds with possible disturb-
ance of the accumulations and their preserva-
tion as a result of subsequent overlaying the un-
derlying complex by young formations
(Dzharly, Sor-Sor, Karadzhally fields, etc.

Finally, Fig. 4, c presents the model of
Muradkhanly field, where the eroded protrusion
of the Upper Cretaceous volcanic rocks is over-
lain by oil-and-gas-bearing Paleogen-Miocene
sediments.

The exploration in the Dzharly-
Karadzhally zone, located in the most elevated
and highly eroded part of the Kurdamir Bridge,

discovered no commercial accumulations of hy-
drocarbons. Even assuming oil and gas for-
mation in the Mesozoic, however, long-lasting
erosion in the Upper Cretaceous-Upper Mio-
cene did not favor the formation and conserva-
tion of hydrocarbon accumulations (the model
in Fig. 4, b).

The Muradkhanly field is an exception in
this case, since here the eroded surface of the
Upper Cretaceous is overlain by oil and gas-
forming Maykop-Eocene sediments with subse-
quent migration of hydrocarbons to the head
part of the Mesozoic nose. In this regard, one of
authors [6] based on paleogeological studies
substantiated an exploratory criterion for dis-
covering analogues of the Muradkhanly field —
these are the areas of overlaying volcanics by
oil and gas-forming Maykop-Eocene sediments.

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS
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The Khosrov-Agdash uplift zone and its
southwestern plunge, up to Amirirkhsky area,
comply with this condition.

Guba-Divichinsky superimposed depres-
sion (GDSD)

There are a lot of interesting, sometimes
conflicting opinions about the nature of this
unique depression, regarding both the history
of geological evolution and the modern structure
[1, 7, 8, 10]. Not considering the essence of these
studies, we should note that this depression is a
classic example of superposition of the Quater-
nary-Paleogene complex of sediments on the

Science and Technology

Mesozoic (Jurassic-Cretaceous) formations with
a long nondepositional hiatus from Middle-Upper
Jurassic to Paleogene-Miocene. There is also an
opinion [2] that GDSD in the Mesozoic is not a
typical synclinorium, most likely it is an uplift
zone with the loss of a number of stratigraphic
units of the Jurassic and Cretaceous from the se-
quence. Indeed, in the Jurassic — Cretaceous, this
zone occupied higher hypsometric position than
the zones of Tengi-Beshbarmasky anticlinorium
and Khyzinsky synclinorium, where relatively
complete sequence of these sediments is observed

(Fig. 5).

Sarmat sta
)" Quba

O

Telebi

a) - Upper Jurassic
b) B Lower Cretaceous

c) ! Sarmatian

d| | Pontian

hachma:

Middle Jurassic has been overlapped by:

Altyagach

Shurabad-Peniz

Sumgait e

Fig. 5. The Caspian-Gubinsky region. Paleogeological map of Middle Jurassic sediment overlapping

The tectonics of the eroded surface of the
Mesozoic sediments in the GDSD are far from
calm: here, according to geological, geophysical,
and exploratory drilling data, a number of anticli-
nal zones and separating them synclinal zones are
distinguished. In particular, in the north-west of
the region, local structures Gusar, Shirvanovka,

Yalama, Yalama Nothern, Khudat, etc. were iden-
tified, and in the south-east, local structures Guba,
Khachmas, Charkhi, Agzybirchala, etc. were
identified. Between these zones, poorly expressed
Zeykhur synclinal is located. In the south-west of
the region, the Talabi-Gaynardzha-Gyzylbu-
runsky anticlinal zone is linearly extended in par-

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS
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allel to the Siazansky monocline, and in the north-
eastern plunging part of the monocline, narrow
synclinal strip is located.

The extents of erosion and exposure of the
surface of the "underlying” (lower), i.e. the Mes-
ozoic complex in the region are quite different. It
should be noted that there are no Upper Jurassic
formations throughout the region. In some areas,
Middle Jurassic sediments through major uncon-

Science and Technology

formity are overlain by the Paleogene-Lower Mi-
ocene formations, in particular, by the Paleocene
in the Khachmaz area, by the Pontian in the
Agzybirchala area, and by the Lower Cretaceous
in the Yalama area. The maximum extent of the
break was observed in Gusar area, where borehole
No. 1, at a depth of 2448 m left the Upper Mio-
cene sediments and penetrated the Middle Juras-
sic interval of 220 m long (Fig. 6).

iazansky - Alych-Amirkhanlinsky Gaynardzha monocline

" S
monocline monocline depression 713 22

depression

>
4
pl
2
Afurdzha <
<
(%2}

Guba-Divichinsky depression

Gusar- Khachmas uplift
(Middle-Jurassic)
Khachmas uplift
5 1P

NS

Fig. 6. Geological profile in the direction of Afurdzha-Khachmaz (according to A. A. Suleymanov et al. [8])

In Talabi area, located closer to the center
of the Guba-Divichinsky Depression, borehole
No. 12 discovered black mudstones of Middle Ju-
rassic, underlying the Sarmatian sediments, prov-
ing superimposed nature of this depression as
well. About the same sequence was intersected in
borehole No. 15 in the same area.

Regarding tectonics of the superimposed
Paleogene-Miocene-Pliocene-Quaternary part of
the sequence in the region, one can say that ac-
cording to the latest geological and geophysical
data, almost all of them occur near-horizontally
without any structural complications, being gen-
tly dipping to the northeast, towards the Caspian
Sea, and therefore they do not have actual oil and
gas prospects.

Regarding the oil and gas potential of the
"underlying"” complex in the region, it should be
noted that in addition to the Siazansky monocline
fields, oil and gas occurrences were identified in
a number of areas in the region in the sequence of

Jurassic and especially Cretaceous sediments. In
particular, oil and gas occurrences were identified
in the Yalama area in borehole No. 1 during drill-
ing in the Turonian-Cognac sediments, and in
borehole No. 9 (the Barremian), 28—-30 m® of wa-
ter with oil and gas-condensate were obtained. Oil
and gas occurrences were also identified when
drilling boreholes in the Khudat and Khachmas
areas. Despite these positive facts, no commercial
accumulations of oil and gas were identified here.

The reason for this situation, in the opinion
of many researchers, lies in the insufficiency of
geological and geophysical studies, especially
deep drilling. Partially agreeing with this opinion,
we note that one of the reasons could also be se-
vere dislocation and greater exposure of the sur-
face of the Jurassic and Cretaceous reservoirs,
which contributed to the destruction of previously
formed accumulations (the model in Fig. 4, b).
Hydrocarbons formed in the lower structural level
could be destroyed by the time of formation of
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Miocene — Paleogene sediments [13]. In this re-
gard, the observed oil and gas occurrences or hy-
drocarbon inflows in boreholes may be the surviv-
ing remnants of the former accumulations. In any
case, only deep drilling exploration for such accu-
mulation may enable estimation of their reserves
and assessing profitability of their extraction.

Thus, in the GDSD, same to the SKD, oil
and gas potential of the deeply eroded Jurassic-
Cretaceous formations is assessed as low.

Conclusion

A comprehensive analysis of the findings of
historical geological and geophysical studies, ex-
ploration drilling and determination of oil and gas
potential of the Azerbaijanian continental depres-
sion zones was performed, and the following con-
clusions were made:

— the Srednekurinsky Depression (the Azer-
baijani part) and the Guba-Divichinsky Depres-
sion have superimposed nature;

— low oil and gas potential of the Miocene-
Quaternary complex of the discussed superimposed
depressions has been substantiated: this is due to the
low hydrocarbon potential of the rocks (especially
the Lower Pliocene ones), as well as low tempera-
tures insufficient for the conversion of organic mat-
ter to hydrocarbons. The latter is confirmed by the
results of oil and gas generation modeling per-
formed through the examples of the Khachmaz area
(Fig. 7) and the Yalama area (Fig. 8);

— it is proposed to consider the poorly tec-
tonized Jurassic and Cretaceous sediments as po-
tential HC exploration targets.
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Fig. 7. Oil and gas formation model for Khachmaz area
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— the eroded volcanic, volcanic-sedimen- In the light of the research findings, for fur-
tary rocks of the Mesozoic, overlain by the oil and ther exploration in the lower structural level, new,
gas generating Paleogene-Miocene complexes possibly unconventional geological and geophys-
(commercial accumulations of the Muradkhanly ical approaches and exploration methods should
type) should also be considered as HC promising be developed.
targets.
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About the Necessity for Changing the Methodical Approach
to the Calculation of Methane Release Rate in High-Performance
Working Faces of Kuzbass
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Abstract: It is traditionally believed that the use of high-performance mining equipment in collieries leads not only to
increasing productivity of the enterprise, but also to significant increasing release of methane into the mine air. Based
on this, the existing regulatory and methodological support for calculations allowed predicting the rate of methane re-
lease into the mine air and determining the required operating modes of the ventilation system to ensure mining safety.
The task of this study is to investigate in practice the laws of methane release as a function of the productivity of mining
equipment and to identify phenomena that affect the nature of these laws. Based on the data of air gas monitoring, the
results of statistical study of methane release in 101 working faces of 33 collieries of Kuzbass are presented. In 76
working faces, parabolic law of the dependence of the methane release on the productivity of mining equipment, having
peak points in relation to the rate of advance and productivity of the shearer were established with high confidence.
Using the law of A. Darcy and the equation of sorption of I. Langmuir, it has been theoretically established that methane
release from loose coal is a function inversely proportional to the linear hyperbolic dependence, and also has a peak
point in relation to the rate of advance and productivity of the shearer. Analysis of the established dependence of the
rate of methane release from the loose coal shows that the methane release significantly (quadratically) decreases with
decreasing the rotational speed of the cutting auger and the number of cutters in the cutting line or the number of blades
on the drum. Methane release also quadratically increases with increasing formation thickness and the shearer cutting
width. The extreme dependence of the rate of methane release from loose coal forms two areas of allowable rate of
advance and productivity of the shearer by gas factor.

Keywords: mine, coal seam, methane release, methane concentration, statistical analysis, permissible performance
of working face, gas content, shearer rate of advance, fractional yield.
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O Heo0X0AUMOCTH U3MEHEHUS METOINYECKOr0 MoaX0/1a
K pacueTy 1e0UTa MeTaAHA B BICOKONIPOU3BOANTEIbHBIX
ouncTHBIX 320051x Ky30acca

Opaun A. A.13, Tumomenxo A. M., Borsenko JI. B.*

lI/IHCTI/ITyT ropHoro gaenma uM. H. A. Ywunakana, Cubupckoe otaencHue Poccuiickoli akaJeMuu Hayk,
r. HoBocubupck, Poccus, BEordin@misd.ru;

2IHCTUTYT  BBIYMCIMTENBHBIX — TexHojorud, Cubupckoe otaenenne Poccuiickod — akaaeMun —Hayk,
r. HoBocubupck, Poccws;

%000 «Hayuno - npoekthslii nentp BoctHUW», r. KemepoBo, Poccus;

*Akonepuoe o0mectso «Hayunbiii ientp BocTHUU 10 MpOMBIIUIEHHON W 3KOJIOTHYECKON (GE30TacHOCTH B
ropHoit orpaciu», r. Kemeporo, Poccus

AHHoTanusi: TpaJulIMOHHO CUMTAETCS, YTO MCHOJIb30BAHUE BBICOKOIPOU3BOAUTEIILHOTO JOOBIYHOTO 000PYIOBAaHUS
Ha YTOJIBHBIX IIaXTaX MPUBOIUT HE TOJBKO K YBEIMYEHHIO MPOU3BOANUTEIBHOCTH MIPEANPUATHS, HO U K 3HAUUTETLHOMY
MOBBIIICHUIO BBIJICTICHHSI METaHa B PYAHIYHYI0 atMocdepy. Mcxoas 13 3Toro cyniecTByroiiee HOpMaTHBHO-METOTH-
4ecKoe oOecTieyeHre IS pacyeTa Mo3BOJIUIO MPOrHO3UPOBATh ACOUT METaHa B PYAHUUYHYIO aTMOc(epy U OIIpesesisiTh
HE0OXOMMBIE PEKUMBI Pa0OTHI CHCTEMBI ITPOBETPUBAHUS ISl obecriedeHrst 6€30MacHOCTH TOPHBIX padoT. B padote
MOCTaBJICHA 33/1a4a MCCIIEA0BaTh Ha PAKTUKE 3aKOHOMEPHOCTH METAHOBBIJIETICHHS OT IPOU3BOANUTENLHOCTH JOOBIY-
HOH TEXHUKH U BBISIBUTH SIBJICHUS], BIUSIOIINE HAa XapaKTep 3TUX 3aKoHOMepHocTel. Ha ocHOBaHMM JaHHBIX CPEeNCTB
a3pora3oBOro KOHTPOJIS IPUBEACHBI PE3YJIbTaThl CTATUCTUYECKOTO UCCIeN0oBaHsIMeTaHoBbLaeneHus B 101 ouncTHOM
3a00e 33 maxt Kys0acca. C BBICOKOI CTENEHbIO JOCTOBEPHOCTH B 76 OYMCTHBIX 320051X yCTaHOBIICHBI apadoIye-
CKHE 3aBUCHMOCTH METAHOBBIACIEHUS OT IPOM3BOJUTENIBHOCTU TOOBIMHON TEXHHUKH, UMEIOIIME TOUKH MAaKCUMyMa
OTHOCHTEIIFHO CKOPOCTH TOJaYH ¥ TIPON3BOJAUTENFHOCTH OYHCTHOTO KoMbaitHa. C ncrnons3oBanHmneM 3akoHa A. Jlapcu
1 ypaBHeHUs copOiuu M. JIeHrMropa TeopeTHYECKH YCTAaHOBJICHO, YTO METAHOBBIICIICHHUE U3 OTOUTOTO YIJIS SBJISICTCS
¢dyHKIMEH, 00paTHO MPOMOPIMOHATIEHON JTMHEHHO-THIEPOONINUECKON 3aBUCHMOCTH, & TaKkKe MMEET TOUKY MAaKCH-
MyMa OTHOCHTEJIBHO CKOPOCTH MOJA4YX ¥ IPOM3BOIUTEILHOCTH OUYHCTHOIO KOMOaiiHa. AHAJIN3 yCTAHOBJICHHOM 3aBH-
CUMOCTH I[G6I/ITa MEeTaHa U3 OTOUTOro YIJId ITOKAa3bIBACT, YTO METAHOBBIACIICHUE 3HAYUTCIIbHO, B KBaJIpaTHHCCKOfI 3a-
BHUCUMOCTH, CHHIKACTCA NIPU YMCHBIICHUMN YAaCTOThI BPpAICHUA MIHCKA U KOJIMYCCTBAa PE31OB B JIMHWUW PE3aHUA WA
KOJIMYECTBA JIONACTeH Ha IIHEKe. MeTaHOBbIIETICHHE TAKKE B KBAIPATHYECKOM 3aBUCUMOCTH PAacTeT C yBEIIMUCHUEM
MOIIIHOCTH IUIacTa M IMIMPUHBI 3axXBaTa KOMOaiiHa. DKCTpeMallbHasl 3aBUCUMOCTh AeOUTa MeTaHa U3 OTOUTOrO YIJis
(dhopMupyeT JBe 001aCTH JIOMYCKAEMBbIX 3HAYSHUI CKOPOCTH T0JIa4H 1 IPOU3BOIUTEILHOCTH OUMCTHOTO KOMOAHa 110

ra3oBoMy (akTopy.

KuioueBble c10Ba: 1maxTa, yroibHBIH IUIACT, METAHOBBIJICJICHNE, KOHIIGHTPALU MEeTaHa, CTATHCTHYECKUH aHa-
JU3, AOIyCKaeMast POU3BOUTENLHOCTh OYMCTHOTO 320051, Fa30BbIi (PaKTOp, CKOPOCTH MMOJIa4u KoMOaiHa, BHIXOJT
¢dpakuuii.

Jas murupoanus: OpauH A. A., Tumomernko A. M., boreenko JI. B. O HeoOX0quMOCTH U3MEHEHHSI METO/IH-

YECKOro MOJAX0JIa K pacyeTy Jiebrra MeTaHa B BEICOKOIPOU3BOIUTENBHBIX OUMCTHBIX 3a00s1x Kys0acca. Iopusle
nayku u mexnonozuu. 2020;5(2):82-91. DOI: 10.17073/2500-0632-2020-2-82-91.

Introduction. productivity exceeds 50 kt of coal per day. In Au-

Modern imported shearers used in Kuzbass
collieries are equipped with high-power electric
drives and have significant productivity and feed
speed. For example, Eickhoff SL-900 shearer
weighing 90 tons, used at Named after V.D.
Yalevsky colliery, has total power of cutting and
feed drives electric motors of 2104 kW. The
shearer feed speed reaches 48 m/min, and the

gust 2018, at the Named after V.D. Yalevsky col-
liery, in longwall 5004 400 m long while extract-
ing a seam 3.8 m long, world record in coal pro-
duction was achieved, 1627 kt.

However, at the same time, the operation
of modern auger shearers, scraper conveyors,
and crushers in the production faces leads to
overgrinding of coal. Under the conditions of
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Kostromovskaya colliery, 69.1 % of coal is pro-
duced in grain sizes "culm" (0—6 mm) and "flax-
seed coal" (613 mm). The similar picture of pre-
vailing fine coal fractions yield is present at
many other mines. This leads to a number of neg-
ative consequences: decreasing rank and, corre-
spondingly, wholesale price of coal, as well as
increasing yield of dust fractions and methane re-
lease from the loose coal in production faces.

Patterns of the methane release intensity
depending on productivity of mining equip-
ment at coal mines.

One of effective ways for reducing me-
thane release in production faces is increasing
productivity of auger shearers. Decreasing me-
thane release from loose coal at high perfor-
mance of a shearer was first recorded by special-
ists of Scientific Center "VostNII" in 2010 using
air and gas monitoring devices at '"Tagaryshskaya",
"Kotinskaya", "Taldinskaya-Zapadnaya-1" collier-
ies [1]. The essence of this phenomenon is that,
with increasing the shearer feed speed and
productivity, in the initial period methane release
from the loose coal increases, almost in accord-
ance with the estimates based on the approved

instructions and methods [2-4], and then, after

40,00

Science and Technology

reaching a certain maximum rate of methane re-
lease, at further increasing the shearer productiv-
ity, methane release decreases. Given high
productivity of a shearer (20-30 ktpd or more),
there is a significant discrepancy between the ac-
tual release of methane in the production faces
and the estimated release [1]. For example, at
Kotinskaya colliery, the discrepancy between the
estimated and actual (obtained by means of air-
gas monitoring) methane release data at the pro-
duction face is more than 5 times at coal produc-
tivity of 30 ktpd, whereas at the productivity of
37 ktpd the estimated methane release exceeds
the actual one by more than 15 times (Fig. 1)!

This phenomenon contradicts the approved
instructions [2—4] and requires more complete
theoretical and statistical investigation.

Based on the information obtained by de-
vices of air-gas monitoring, the authors con-
ducted a statistical analysis of the actual methane
release in 101 production faces of 33 Kuzbass
collieries. The analysis allowed determining,
with high confidence, based on 76 production
faces data, parabolic dependencies of methane
release rate on the shearer productivity, demon-

strating peak points (Table 1, Fig. 2).
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Fig. 1. Theoretical methane release curve in accordance with applicable instructions
and the factual methane release rate in production face 5203 of the Kotinskaya colliery
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The tendency to decreasing methane re-
lease from loose coal is individual for each seam
and production face. For example, for the S. M.
Kirov colliery, when extracting the Boldyrevsky
seam, the decrease in methane release starts at
the productivity of 6 ktpd for production face No.
24-40, 10 ktpd for production face No. 24-45,
and 11 ktpd for production face No. 24-57.

Thus, the statistical analysis conducted for
76 production faces confirms with high confi-
dence the trend of decreasing absolute methane
release from loose coal at high productivity of a
face.

Substantiation of methane release inten-
sity models for collieries. Experimental find-
ings and their discussion.

Science and Technology

A theoretical explanation of the decrease in
methane release from loose coal at high shearer
productivity was given by the authors in [6, 7].
The essence of this phenomenon is that increas-
ing the shearer feed speed and productivity re-
sults in changing the loose coal fractional com-
position. Namely, the yield of fine fractions de-
creases, whereas the yield of coarse fractions in-
creases. The dependences of the yield of size
fractions on the feed speed on the basis of the
statistical data [5] are linear, and the total me-
thane release rate from all fractions of the loose
coal in accordance with Darcy’s law is deter-
mined in this case by parabolic dependence on
the shearer feed speed:

Q(V) = = Riz - l,l,

where Kk is the number of loose coal fractions; v
is the shearer feed speed, m/min; m is the seam
thickness, m; r is the shearer cut (web) width, m;
ki is the coal permeability coefficient; P, Pa are
the pore pressure of the gas inside the coal parti-
cle and atmospheric pressure in the face, Pa, re-
spectively; p is absolute viscosity of the medium
along the methane filtration path, Pa's; Bi(v) is
the dependence of the i-th fraction yield on the
shearer speed, %; Rj is the average particle radius
of the i-th loose coal fraction, m; aj, b; are the
coefficients of the linear dependences of the
yield of fractions on the shearer feed speed,;
c, d are the coefficients of the parabolic depend-
ence of the total methane release rate on all the
coal fractions yield.

Thus, based on the statistical analysis of
air-gas monitoring data for 76 Kuzbass produc-
tion faces and taking into account the statistical
data on the yield of different coal size fractions,
the parabolic dependence of methane release
from the loose coal on the shearer feed speed and
productivity, with a peak value, was established.

180vmrk, (P -P,) Zk: B;(v) 180vmrk,(P—-P,) Zk: tav+h
2

=180mrku(P-P)(-ov* +d), (1)

i=1 i

Similar parabolic dependences were ob-
tained in [8] on the basis of the statistical analy-
sis of operation of production faces at the Mine
named after A.F. Zasyadko in Donbass.

It should be noted that all the parabolic de-
pendences of the methane release on the shearer
productivity were obtained using statistical
methods and, despite the rather high regression
confidence, still do not reveal the physics of this
phenomenon.

The statistics do not explain the physical
process of reducing methane release at high
shearer feed speed and productivity.

A theoretical explanation of this effect was
given by the authors in [7], in which, based on
Darcy law and Langmuir sorption equation, as
well as on the relationship between the feed
speed and the chip thickness and the auger (cut-
ting drum) rotation speed, extremum (having
peak points) dependences of the methane release
on the shearer feed speed (v) and productivity (A)
were derived:
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o(v) = 720mrk, (0.9X (1+bP, )—abP,) m*/min,
v h 0.25h?
ub(a-0.9X o+t P
(mnn, ) mnn, Vv )
Q(A)=mlq + 720k, (0.9X (1+bP,)—abP, ). m?/min,
A h 0.25yh?
ub(a-0.9X T >
y(mrzenn, )©  mrrnn, A
where a, b are Langmuir isotherm constants, de- blades in one cutting line; hp is the distance be-
termined for coal based on [10]: a = 49.3 m/t, tween the cutters on the auger blades; X is the
b=0.207-10"° 1/Pa; n is auger rotation frequency, coal natural methane content, m/t; L is the face
min~t; n1 is the number of cutters on the auger length, m; g — methane release rate from coal
seam, m®/min; y — coal mass density, t/m3.
Table 1
Regression dependences of methane release (Q, m3/min) from the loose coal
on the productivity (A, t/day) of a shearer
No. | Production Regressional dependence Approxim Regression Populati | Standar | Coefficient of
face ation coefficient, R on size d relationship
coefficient, deviatio reliability,
R? n, o k=Rl/o>3
S.M. Kirov Colliery
Boldyrevsky seam
1 24-40 Q=-1-107A?+ 0.0012A + 0.443 0.94 0.97 13 0.017 58.26
2 24-45 | Q =-3-10°A% + 0.0006A + 0.855 0.84 0.92 20 0.036 5.62
3 24-57 Q=-5-10%A?+ 0.0011A + 1.02 0.82 0.91 14 0.048 18.82
4 24-59 | Q=-1-107A%?+ 0.0019A + 2.42 0.69 0.83 25 0.062 13.40
Polenovsky seam
5 25-85 | Q=-3-10"°A% + 0.0008A + 1.225 0.89 0.94 20 0.025 38.35
6 25-86 | Q=-7-10"°A% + 0.001A + 0.654 0.9 0.95 18 0.024 40.25
Zarechnaya Colliery, Polysaevsky-1 seam
7 | 904 | Q=-210°%2+0.000A+0632 | 074 | 08 | 16 | 0.068 | 1323
Yesaulskaya Colliery, seam 26a
8 26-30 | Q=-1.5-10"A? + 0.0015A + 0.64 0.8 0.89 11 0.06 14.83
9 26-18 | Q =-3-10%A% + 0.001A + 1.341 0.8 0.89 10 0.063 14.14
Abashevskaya Colliery, seam 64
10 | 64-204 | Q=-1.56-107A2+0.0012A+061 [ 074 | 08 | 13 | 0072 | 1193
Taldinskaya-Zapadnaya Colliery, seam 67
11 | 67-04 [ Q=-1107A2+0.0017A+045 [ 085 | 092 | 15 | 0.039 | 238
Kotinskaya Colliery, seam 52
12 5203 Q =-7-10°A?+ 0.0003A + 3.02 0.17 0.41 52 0.115 3.6
13 5209 Q=-1-10%A2+ 0.0008A + 6.02 0.59 0.77 49 0.059 13.1
Named after V.D. Yalevsky colliery, seam 52
14 | 5210 | Q=-7-10°A2+0.0005A+164 | 063 [ 079 | 41 | 0058 | 1374
Named after 7 November Colliery, Baikaimsky seam
15 | 1380 | Q=-3-10°%A2+0.0007A+097 | 054 [ 073 | 26 | 009 | 815
Taldinskaya-Zapadnaya Colliery, seam 70
16 70-06 Q =-7-10°A%? + 0.0002A + 0.97 0.49 0.7 31 0.092 7.64
Raspadskaya Colliery, seam 10
76 | 4-1029 | Q=-3-10°A?+0.001A + 1.64 | 093 | 09 | 26 | 0014 | 70.25
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Fig. 2. Actual data and regression dependences of absolute methane release on the working face performance at the
MUK-96, Kolmogorovskaya-2, Oktyabrskaya, Yubileynaya, Kostromovskaya collieries
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Analysis of dependences (2) shows that
methane release from loose coal demonstrates
inversely proportional linear-hyperbolic depend-
ence on the shearer feed speed and productivity,
having a peak point (Fig. 3). As can be seen in
Fig. 3, this theoretical methane release curve (2)
describes well the data on the actual methane re-
lease in the face and differs significantly from
the normative dependence shown in Fig. 1. Me-
thane release from loose coal significantly
(quadratically) decreases with decreasing the ro-
tational speed of the auger (cutting drum) and the
number of cutters in the cutting line or the num-
ber of blades on the auger (drum). Methane re-
lease also quadratically increases with increasing
seam thickness and the shearer cutting width.

In connection with the existence of a me-
thane release rate maximum point, the methodol-
ogy for estimating permissible productivity (per-
formance) of a production face by gas factor

Science and Technology

0.6v,,,,Sk,,C

kK (0= 0o Ky
where Vmax = 4 m/s is the maximum air stream
speed in a face allowed by the safety rules [11];
S is the inner cross-sectional area, m?
Koz = 1.05 + 1.30 is the coefficient taking into ac-
count air leaks into the mined-out space; ¢ =1 %
is the permissible concentration of methane in the
return ventilation air from a longwall according to
the Safety Rules; q, go are the natural and residual
methane content of coal, m®/t, respectively;
Kwa is the coefficient taking into account
the coal natural moisture and ash content; ke is the
coefficient of natural coal mass outgassing in a
shearer cut.

As can be seen in Fig. 4, the extremum
function of methane concentration forms an area
of unacceptable values of the shearer feed speed
and productivity:

A<A ., = , t/min, (3)

Vmin <V<Vmax;
shoul(.j be changed. According to the eIX|st|ng in- A <A<A (4)
str_uc_tlons [2-4], j[h_e value of the maX|mu_m per- A =ymrv, .
missible productivity (Amax) Of a face is esti-
mated by the formula:
12
(=
€10 .
>~ 4
E. 8 i“f'*
g & & Tl
8 6 Ve v _—
s |/ R
Q4 g o
2 /0 ¢ o
= |
0w
0 5 10 15 20 25 30 35 40

Coal production, ktpd
4 Actual methane release
Theoretical methane release

Fig. 3. Theoretical dependence (2) and actual methane release in longwall 5203 of the Kotinskaya colliery
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Fig. 4. Dependencies of methane concentration in upcast in longwall 5005 of the Named after V. D. Yalevsky colliery
on shearer rate of advance for shuttle and benched process flow sheets

and, correspondingly, the area of the permissible
shearer feed speed and productivity by gas factor
is determined by meeting one of two conditions,
depending on the shearer capacity:

A<AninVA>Anax’ (5)
Where Vmin, Vmax, Amin, Amax are the boundary val-
ues of the shearer feed speed and productivity
based on the gas factor.

In particular, for longwall 5005 of the
Named after V.D. Yalevsky colliery, these
boundary values for the shuttle PFS are as fol-
lows (Fig. 4):

Vmin = 4.8 M/MuH, Vmax = 14.0 m/muH;

Anmin = 19.5 t/muH, Amax = 57 1/™MuH.
At the Named after V.D. Yalevsky col-

liery, the option of the maximum permissible
performance (productivity) of the production
face was implemented, and the extraction panel
of seam 50 was extracted at the shearer SL-900
speed exceeding 14 m/min and daily perfor-
mance of more than 50 ktpd.

It is obvious that the process safety of the
entire coal mining enterprise will depend on me-
thane release regimes. A significant number of
studies are devoted to this issue in Russia and
abroad, but solving the problems of process
safety always requires reliable methane release

estimation model based on the process parame-
ters of mining operations [10-20].

Conclusions

Based on the statistical analysis of air-gas
monitoring data for 76 Kuzbass production
faces, the parabolic dependence, having a peak
point, of methane release from the loose coal on
a shearer feed speed and productivity was estab-
lished with high confidence.

A theoretical explanation of the effect of
reducing methane release from loose coal at a
high productivity of the shearer is that increasing
the shearer feed speed and productivity results in
changing the loose coal fractional composition,
namely, the yield of fine fractions decreases
whereas the yield of coarse fractions increases.

It was theoretically established using
Darcy’s law and Langmuir sorption equation that
methane release from loose coal demonstrates
inversely proportional linear-hyperbolic depend-
ence on the shearer feed speed and productivity,
having a peak point.

Analysis of the established dependence of
the rate of methane release from the loose coal
shows that the methane release significantly
(quadratically) decreases with decreasing the au-
ger (cutting drum) rotational speed and the num-
ber of cutters in the cutting line, or the number
of blades on the auger (drum). Methane release
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also quadratically increases with increasing seam
thickness and the shearer cutting width.

The extremum dependence of the rate of
methane release from loose coal forms two areas
of permissible shearer feed speed and productiv-
ity by gas factor.

Thus, it is necessary to revise the existing
methodological approaches to estimating me-
thane release in high-performance production
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speed and productivity should be taken into ac-
count.
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Assessment of Gravity Dressability of Gold Ore — GRG Test
B. N. Surimbayev, E. S. Kanaly, L. S. Bolotova, S. T. Shalgymbayev

"State Scientific and Production Concern for Industrial Ecology "Kazmekhanobr" (Branch of Republican State
Enterprise "National Center for Integrated Processing of Mineral Resources of the Republic of Kazakhstan™),
Almaty, Kazakhstan

Abstract: Gravity methods are widely used for processing of gold ores. But many aspects of these processing techniques
require improvement. In the study, methods of fire assay, gravimetric, chemical, mineralogical analyses of gold ores
were used. In terms of sulfide sulfur content and degree of sulfur oxidation, the gold ore is assigned to the low-sulfide
type of ore in the primary zone. Mineralogical analysis showed the ore-bearing rock is represented by phyllite. Gold in
the ore occurs mainly in the form of free large and fine particles. The fine gold is closely associated with pyrite. GRG
test was carried out for assessing gravity dressability of the gold ore. The total gold recovery is more than 41 %. The
highest gold recoveries were achieved at the first stage at 100 % of —1.6 mm ore grain size, and at the third stage at 80 %
of —0.071 mm ore grain size. This indicates that both relatively large gold and fine free gold particles are present in the
ore. This is also confirmed by mineralogical analysis. The GRG test results showed that the gold ore can be effectively
concentrated using centrifugal concentrators. The level of gold recovery by gravity at the multi-stage ore grinding is
quite high. When developing the ore concentration process flow sheet, gravity separation in centrifugal concentrators
should be included.

Keywords: gravity separation methods, GRG test, gold ore, assessment of gravity dressability of gold ore, gold
ore concentration, centrifugal concentrators.

For citation: Surimbayev B. N., Kanaly E. S., Bolotova L. S., Shalgymbayev S. T. Assessment of gravity dressability
of gold ore — GRG test. Gornye nauki i tekhnologii = Mining Science and Technology (Russia). 2020;5(2):92-103.
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OueHka rpaBUTAlIMOHHON 000raTUMOCTH 30J10TOCoAep:xkamieii pyabl — GRG
Cypumbaes b. H., Kanaasi E. C., bogorosa JI. C., llaarsim6aes C. T.

Ounman PecnyOnmKaHCKOTO rOCyJapCTBEHHOTO TpeAnpusiTHs «HauoHamsHbIH EHTP 10 KOMIUIEKCHOH mepe-
paboTke MUHEPAIBHOTO ChIpbsi Peciyonuku Kazaxcran» ["ocynapcTBeHHOE HAyYHO-TIPOU3BOJICTBEHHOE 00b-
e/IMHeHNE IPOMBILIICHHOH sKoJorun «KazmexanoOp»

(®umman PI'TT «HL KIIMC PK» 'HITOIID «Ka3zmexanoOp»), r. Anmatsl, Kazaxcran

AHHoTanusi: [ paBUTAIIIOHHBIE METO/IBI ITMPOKO MPUMEHSIOTCS IIPU NiepepaboTKe 30510Tocoep)aimux pya. Ho muao-
THE aCTIeKThI 3TOT0 HaNpaBJIeHHs! 00OTaIlleH!s TPEOYIOT COBEPIIIEHCTBOBaHMS. B paboTe HCrob30BaHbl METOBI ITPO-
OMPHO-TPaBUMETPUIECKOT0, XUMHUUECKOT0, MUHEPATIOTMYECKOT0 aHATIM30B 30JI0TOCOAEp KalIei pyabl. 3010TOCOAED-
Kalas py/ia 1o CoJIep’KaHuio Cyab(UIHOM cepbl U CTETICHN OKUCIICHHS CEPhl OTHECEHA K YOOTOCYIIb(HAHOMY THITY
PYZbI IepBUUHOM 30HBL. [10 TAHHBIM MIHEPAIOTHYECKOT0 aHAJIN3a, Py/ia MPEACTaBIeHa ITTHHUCTO-CITFOIUCTHIMU CIIaH-
naMu. 30JI0TO B pyJax HaXOIUTCS B BUZIE CBOOOJHBIX KPYMHBIX U MEJIKHX 3€peH, MpeoOiasaeT 30J0T0 CBOOOTHOE.
MeJKoe 30J10TO TECHO acCOLMUPYETCSI C MUPUTOM. /1151 OLIEHKM IPaBUTALIMOHHOM 000TaTUMOCTH 30JI0TOCOIeprKalei
pyzet mpoBeaeH GRG-tect. CymmapHoe n3BiieueHue 30510Ta coctaBisieT ooee 41 %. Hanboee BrICOKHE ITOKa3aTeIH
W3BJICYEHMS 30J10Ta MOTy4EeHbI Ha epBoii craguu npu kpynHocTH 100 % knacca —1,6 MM 1 TpeTbeil cTaanu Ipy KpyTi-
HoctH 80 % kiacca —0,071 MM. D10 yKka3bIBaeT Ha TO, 4TO B PyI€ IPUCYTCTBYIOT U OTHOCUTENILHO KPYIIHBIE 30JI0TUHBL,
W MEJIKHE CBOOOIHBIE, YTO MOJTBEPIKAACTCS MUHEPAIOTHYECKUM aHanm3oM. Pesynbratel GRG-Tecta mokazanu, 4to
30J10TOCOIepKaIas pyaa d3pdexTnBHO oboramaeTcs Ha EHTPOOEKHBIX KOHIIGHTPAaTOpax. Y POBEHb M3BJICUCHHUS 30-
JIOTa TpaBUTalMEed NP CTaJUATILBHOM M3MENIBUCHUH PYAbl JOCTAaTOYHO BBICOK. [Ipm pa3zpaboTke TEXHOIOrMUecKOu
CXeMbI 00OTaIlleH!s Py/Ibl HEOOXOMMO TIPETyCMOTPETh TPaBUTAIIMOHHOE 00OTallleHNe Ha EHTPOOEKHBIX KOHIICH-
TpaTopax.

KiroueBble ciioBa: rpaButanronHsie Metoapl oboramenus, GRG-tect, 30morocoaepxkamas pyaa, oleHKa rpa-
BUTALIMOHHOW 000TaTUMOCTH PY/Ibl, 00OTallleHHE 30J10Ta, HEHTPOOEKHbIE KOHLIEHTPATOPHI.
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Introduction

Gravity separation is separation of minerals
based on difference in their density. Gravity separa-
tion methods are known and used for millennia [1, 2].
Despite widespread use of flotation beneficiation
methods, as well as magnetic and electrical separa-
tion, hydrometallurgical processes, gravity separa-
tion methods do not lose their relevance, and corre-
sponding process flow sheets and equipment are per-
manently being improved [3, 4]. All methods of
gravity separation are implemented at relatively low
capital and operating costs, being highly productive
and environmentally friendly. Gravity separation has
practically no alternative when processing ores of
placer deposits far removed from required infrastruc-
ture [5-7].

Over the latest decades, centrifugal facili-
ties for advanced processing of mineral raw mate-
rials are becoming more widespread. To deter-
mine the proportion of gold recoverable from ore
(sands) using gravity separation, a Knelson cen-
trifugal concentrator (Knelson) is used. This
method, which has become the standard in bene-
ficiation, provides valuable information on the
gold recoverability by gravity, as well as the abil-
ity to compare the dressability of different ores. In
such studies, not only the proportion of gravity re-
coverable gold is determined, but also its actual
particle size [8-14].

Gravity separation of gold ores may result
in gold losses at the grinding stage, as large parti-
cles of gold become overground and "stick™” onto
walls of the mill. For the first time, to reduce the
losses at the grinding stage, a special GRG test
(Gravity recoverable gold test) was developed by

Andre Laplante, professor at the McGill Univer-
sity of Canada. Later the technique was improved
by Knelson [15-22].

According to this technique, the amount of
gold recovered in the GRG test characterizes the
ore dressability by gravity methods. The GRG test
design is based on the fact that stepwise ore grind-
ing of allows the extraction of precious metals in
the course of their liberation without overgrinding
and abrasion of large metal particles. The GRG
test consists of three successive stages of the lib-
eration of minerals and three stages of beneficia-
tion. With stepwise grinding, the content of grav-
ity recoverable gold [17-19, 23, 24] is determined
as accurately as possible.

The study is aimed at assessing gravita-
tional dressability of gold ore using GRG test.

Research Subject and Methods

The research subject is gold ore of one of
Kazakhstani deposits, located in Kostanay Re-
gion. According to the results of fire assay with
gravimetric finish, the ore average gold grade is
1.60 g/t, and that of silver, 3.49 g/t.

For the analysis of other elements, chemical
decomposition and determination of the content
of the accompanying metals by atomic absorption
method were used. For phase analysis for sulfur,
chemical-gravimetric method was used. Chemical
composition of the ore is presented in Table 1.

Comprehensive mineralogical analysis was
carried out using X-ray diffraction (phase) analysis,
as well as microscopic and optical methods. The
samples were studied under the microscope in thin
sections, polished sections, artificial briquettes and
immersion media. Gold grains were studied using
the JEOL JXA-8230 Electron Probe Microanalyzer.
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Table 1
Chemical composition of gold ore
Component Percentage, % Component Percentage, %
Cu 0.004 K20 1.58
Ni 0.001 SiO, 67.29
Co 0.003 Al;O3 12.38
Zn 0.005 As 0.02
Pb 0.002 Sh 0.01
Fe 3.67 Stot 0.30
CaOo 1.96 Ssulfide 0.29
Mgo 110 Ssulfate 001
Na,O 2.07 Sulfur oxidation degree 3.33
Note.
Ore type:

— based on sulfur oxidation degree — primary;
— based on sulfide sulfur content — low-sulfide.

Comprehensive mineralogical analysis was
carried out using X-ray diffraction (phase) analysis,
as well as microscopic and optical methods. The
samples were studied under the microscope in thin
sections, polished sections, artificial briquettes and
immersion media. Gold grains were studied using
the JEOL JXA-8230 Electron Probe Microanalyzer.

X-ray diffraction analysis of averaged sam-
ples was performed using the DRON-4 diffractom-
eter with CuKa radiation, f filter. The X-ray diffrac-
tion (XRD) pattern producing conditions were as
follows: U = 35 kV; | =20 mA, shooting 6-26; de-
tector — 2 deg/min.

Semi-quantitative X-ray diffraction analysis
was carried out based on the diffraction patterns of
powdered samples using the method of equal sub-
samples and artificial mixtures. Quantitative ratios
of crystalline phases were determined. The X-ray
diffraction patterns were interpreted using the ICDD
card-index data: PDF2 (Powder Diffraction File)
powder diffraction data base and the diffraction pat-
terns of minerals free of impurities. For the major
phases, the content was estimated.

The gold ore gravity dressability was esti-
mated by the GRG test using the Knelson centrifu-
gal concentrator (KC-MD3) under the following
conditions: centrifugal acceleration - 60G; fluidiz-
ing water consumption — 3.5 dm¥min; solids

productivity — 0.5-0.6 kg/min; excess pressure of
the fluidizing water — 10-14 kPa; the solids content
in the pulp fed to gravity separation is 25-30 %.
GRG test design. The GRG test was con-
ducted using a 10-kg ore sample at the Knelson con-
centrator (KC-MD3). This test was carried out in
three stages. At the first stage, the ore weighing 10
kg was crushed to 100% passing 1.6 mm, and the
crushed ore was processed at the Knelson concen-
trator. Next, the tailings of the first stage were re-
ground to 80% passing 0.3 mm and processed at the
Knelson concentrator. At the 3" stage, the tailings
of the 2" stage were re-ground to 80% passing
0.071 mm. During the process, at all the stages,
samples were taken from the tailings for assays and
compiling the process balance. The obtained bene-
ficiation products (concentrates and tailings) were
analyzed by fire assay-gravimetric method [18, 23].
The GRG test design is given in Fig. 1.
Research Findings and Discussion
In terms of sulfide sulfur content and degree
of sulfur oxidation, the gold ore is assigned to the
low-sulfide type of ore in the primary zone.
Mineralogical analysis showed the ore matrix
is represented by phyllite, altered to different de-
grees: silicified, albitized, feldsparized, and carbon-
atized (Figs. 2-4).
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Initial ore — 10 kg
(100% passing 1.6 mm)
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1%t gravity separation stage — KC-MD3
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Concentrate Tailings
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Regrinding to 80 %
passing 0.3 mm
2" gravity separation stage — KC-MD3

v

Concentrate Tailings

v

—

Regrinding to 80 %
passing 0.071 mm

l

3 gravity separation stage — KC-MD3

\

Concentrate Tailings

Fig. 1. GRG test design

Fig. 2. Phyllite; thin section, x40
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Fig. 4. Silicified and dolomitized phyllite; thin section, x100:
1 — quartz; 2 — dolomite; 3 — muscovite
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Fig. 5. X-ray diffraction pattern of averaged sample
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Fig. 6. Pyrite: elongated, oriented along the rock bedding; polished section, x200

Fig. 7. Gold (1) in pyrite (2); polished section, X200

The identification of the mineral phases
based on the X-ray diffraction analysis data is
shown in the X-ray diffraction pattern (Fig. 5).

Mineralogical composition of the averaged
sample is as follows (%): ore minerals: pyrite —
0.5-1.0; arsenopyrite — 0.1-0.2; iron oxides and hy-
droxides — 6-7; chalcopyrite and lead sulfosalts -
occasional small particles; rock-forming minerals:
quartz — 46-47, kaolinite — 20-21, mica— 9-10, po-
tassium feldspar — 2, albite — 9-10, dolomite — 5-6.
Pyrite forms crystalline-granular aggregates in the
ore mass of the averaged sample, when the aggre-
gates contain elongated pyrite grains, oriented along

the rock schistosity (Fig. 6). It should be noted that
most of iron in the sample occurs in oxidized form.

Gold in the ores occurs in the form of free
large and small grains. Free platy gold grains 0.06
to 0.20 mm in size prevails. Fine gold is closely
associated with pyrite, forming inclusions of
0.005, 0.007, and 0.015 mm in size dispersed
within pyrite (Fig. 7).

According to the fire assay, chemical, and
mineralogical analyzes data, only gold is com-
mercially valuable component in the ores.

GRG test was carried out for assessing
gravity dressability of the gold ore. The GRG test
results are given in Table 2.
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Table 2
GRG test results
Yield .
Product g | % Au Grade (g/t) Au distribution, %
(0]
1st stage - 100% of -1.6 mm grain size
Concentrate 1 115.9 1.16 25.57 17.53
Tailings 1 9884.1 98.84 141 82.47
Ore 10,000.0 100.00 1.69 100.00
2nd stage — 80% of -0.3 mm grain size
Concentrate 2 113.8 1.15 17.60 14.48
Tailings 2 9,770.3 98.85 1.21 85.52
Feed (tailings 1) 9884.1 100.00 1.40 100.00
3rd stage — 80% of -0.071 mm grain size
Concentrate 3 119.6 1.22 17.15 17.10
Tailings 3 9,650.8 98.78 1.03 82.90
Feed (tailings 2) 9,770.3 100.00 1.23 100.00
Tot
Concentrate 1 115.90 1.16 25.57 17.48
Concentrate 2 113.78 1.14 17.60 11.81
Concentrate 3 119.56 1.20 17.15 12.09
Concentrates, total 349.24 3.49 20.09 41.38
Tailings 9,650.76 96.51 1.03 58.62
Ore 10,000.0 100.00 1.696 100.00
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Fig. 8. Recovery of gold by concentration stage
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Table 2 data show that the total gold recov-
ery is more than 41%. The efficiency of each stage
of the gravity separation (recovery at each stage)
in the GRG test is shown in Fig. 8.

The highest gold recoveries were achieved
at the first stage at 100 % ore particles passing 1.6
mm, and at the third stage at 80% passing 0.071
mm. This indicates that both relatively large gold
grains and fine free gold grains (from 0.06 to

0.20 mm) are present in the ore. This is also con-
firmed by the mineralogical analysis (Figs. 9-11).

Total percentage of gravity recoverable
gold depending on the ore grain size is presented
in Fig. 12.

Fig. 12 shows that the highest percentage of
gold recovery is achieved at ore grinding to 80 %
passing 0.071 mm.

Fig. 10. Platy gold (1), not fully released, in the plane of polished section, and pyrite (2);
heavy fraction of gravity concentrate, x200
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Fig. 11. Electron microprobe analysis for gold; composition (%6): Au — 96.54; Ag — 2.78; Fe — 0.68
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Fig. 12. Total percentage of gold recovered by gravity depending on the ore grain size

Conclusion gravity at the multi-stage ore grinding is quite

The GRG test results showed that the gold high. When developing the ore beneficiation pro-
ore can be effectively concentrated using centrif- cess flow sheet, gravity separation in centrifugal
ugal concentrators. The level of gold recovery by concentrators should be included.
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Abstract: One of the most problematic aspects in underground ore extraction in mining-disturbed rock masses is back-
filling of man-made voids, which affect origination and redistribution of stress-strain state of the rock mass. Their ex-
istence in the earth's crust provokes subsidence/collapse of the day surface and also contributes to arising geomechanical
and seismic phenomena. The purpose of the study is to substantiate environmental-friendly and resource-saving meth-
ods for backfilling of voids in underground ore mining based on revealing the features of rock integrity of the day surface
and life-sustaining activity of the population living in the mining-affected area. The main negative consequences of the
impact of mining on the environment and humans are high costs for conserving day surface and ensuring life-sustaining
activity of the population living in the mining-affected area, as well as removing large areas of land from human activity,
etc. Based on the study of a rock mass stress-strain state using geophysical and surveying methods, an environment-
friendly method for backfilling of man-made voids in disturbed rock masses is proposed. It enables ensuring the integrity
of the day surface and life-sustaining activity of the population living in the mining-affected area (in the vicinity of
mines, dumps, sites of backfilling complexes, preconcentration and heap leaching of metals from substandard ores,
tailings storage facilities, etc.). Combined geotechnologies are proposed for backfilling of voids during the development
of ore deposits by underground block leaching, and scientific and methodological and technical support was provided
for drilling and blasting preparation of hard ores and underground leaching of pilot blocks at the Michurinsky deposit
of GP VostGOK, Ukraine. The research findings can be used in underground mining of ore deposits of complicated
structure.

Keywords: disturbed rock mass, underground ore mining, environmental and resource-saving method, backfilling
of man-made voids.
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Pa3BuTHne NpupoI00XpPaHHBIX H pecypcocOeperaloumx TeXHoI0T il
MO/13¢MHOIi 100bIYH PY/A B JHEPrOHAPYIIEHHBIX MaCCHBAX

JIsimenko B. N.%, Xomenko O. E.2, Toauk B. 1.2

TocynapcTteennoe mpeanpusaTHe YKpPaMHCKMA HAayYHO-MCCIIEIOBATENBCKUM M MPOEKTHO-M3bICKATENbCKHUI
uHCTUTYT npombiiienHoi Texnonoruu (I'Tl « YkpHUITMWnpomtexnonorumy), . XKenteie Bonsl, Ykpanna,
’HanuoHanbHbIi TEXHUYECKUH YHUBEPCHUTET «J[HEMPOBCKas TIONMTEXHUKay, T. JlHenp, YKpauHa;
%Cesepo-Kapkasckuii ropao-metamryprudeckuii unctutyT (CKI'TY), r. Bnagukaskas, Poccus

AnHoTanusi: OTHUM U3 CaMbIX IPOOJIEMHBIX MECT IIPU MIOA3EMHON TOOBIYE Py B SHEPrOHAPYIICHHBIX MACCUBAX SIB-
JISIeTCsl TTOralleHue TEXHOT€HHBIX ITyCTOT, KOTOPhIE BIMSAIOT HA BOSHUKHOBEHHUE U IIepepaciipeieiieHIe HalpsKeHHO-
nedopmarmonnoro coctosiHusa (HJIC) maccuBa ropHBIX mopoj. WX cymiecTBOBaHME B 3eMHOW KOpPE MPOBOLMPYET
HapyIleHUE JHEBHON MOBEPXHOCTH, A TAK)KE CIIOCOOCTBYET BOHUKHOBEHHIO T€OMEXaHUIECKHUX U CEHCMHUYECKHX SIB-
nenuid. Llens uccnenoBanust (1 000CHOBaHHE MPUPOAOOXPAHHBIX M PECYPCOCOEPETaroNINX TEXHOJIOTHIA TOTaleH s
MYCTOT IPH MOA3EMHOMN J0OBIYE Py/] Ha OCHOBE YCTAHOBJICHHSI 3aKOHOMEPHOCTEH NPOSIBIICHHS TOPHOTO J]ABJICHHUS Mac-
CHBa TOPHBIX IOPOJ, YTO MO3BOJIHUT 0OECTICUUTh COXPAHHOCTh THEBHOM MOBEPXHOCTH U JKU3HENESTEIBHOCTD HAcee-
HUA, IPOKUBAIOLICTO B 30HC BIIMAHUA I‘OpHO}Z[O6I)IBa}OHICF O peruoHa. OCHOBHBIMHA OTPHUUATCIIbHBIMU MOCIICACTBUSAMU
BO3JICHCTBHS TOPHOM TEXHOJIOTUH HA OKPYKAIOIIYI0 IPUPOAHYIO CPEy M YeJIOBeKa SIBJISIFOTCS OOJIBILINE 3aTPaThl HA
COXPAHHOCTb JIHEBHOM ITOBEPXHOCTU M 00ecIieyeHHE )KU3HEACATEIbHOCTH HACENCHUs, TPOXKUBAIOLLETO B 30HE BIIHSA-
HHS TOPHBIX 0OBEKTOB, BBIBOJ OOJBIINX IIIOLIAAEH 3eMeb U3 SKOHOMUYECKOro odopota u 1p. Ha ocHoBe uccnenona-
Hust Mexannzma HJIC mMaccrBa mopost ¢ Ucnonb30BaHueM Te0(pU3NUECKUX U MapKIIEHISPCKUX METOIOB Tpe/IoKeHa
MIPUPOJOOXPaHHAs TEXHOJIOTHS MOTallICHNs] TEXHOTEHHBIX ITyCTOT B SHEPrOHAapyYIIEHHBIX MaccuBax. OHa MO3BOJIAET
00ecne4nTh COXPaHHOCTh AHEBHOM MOBEPXHOCTH U JKU3HEACSTEIIBHOCTD HACEJICHUS], IIPO’KUBAIOILETO B 30HE BIMAHUS
TOPHBIX OOBEKTOR (IIaXThI, OTBAJIBL, TPOMBIIUICHHBIC ILIOIMIAAKH TS 3aKJIaJT0YHBIX KOMILICKCOB, IPEIKOHIICHTPAIIN
Y KY4HOT'O BBIIIETIAYMBaHNSI METAJUIOB U3 HEKOHIUIIMOHHOTO PYAHOTO ChIPhs, XBOCTOXpaHWIHII U Ap.). [IpennosxeHsl
KOMOVHHMPOBaHHBIE T€OTEXHOJIOTHH MOTAIIEHHE MYCTOT IIPU Pa3pabOTKe PyIHBIX MECTOPOXKICHUN MOA3EMHBIM 0JI0U-
HBIM BBILIETAYMBAHIEM 1 OCYLIECTBIECHO HAyYHO—METOIMYECKOE COIIPOBOKACHNE M TEXHUUECKOE oOecreueHre Oypo-
B3PBIBHOH MOATOTOBKU CKAIBHBIX pyI U 0TpaboTku [IBB onbITHO—3KCIepuMEHTANBHBIX OJIOKOB Ha MUYYpHHCKOM
mectopoxkaenun I'TI «Boctl OK», Ykpanna. Pe3ynbTaTsr uccieoBaHuii MOTYT OBITH HCIIOJIE30BaHBI TIPH TIOA3EMHOI
pa3paboTKe PYAHBIX MECTOPOXKIACHHIA CIIOKHOU CTPYKTYPBL

KiroueBble cJI0Ba: SHEProHApYIIEHHBIA TOPHBIA MAaCCUB, MOJ3EMHAast 100bIUa Py, IPUPOIOOXPaHHAS U Pecyp-
cocOeperaroinas TEXHOJIOTHS, TOTAIICHHE TEXHOTEHHBIX MTyCTOT.

BaarogapHocts: B co3ganny, coBepIIEeHCTBOBAaHUN M BHEIPEHUH HAYUHBIX pa3paOOTOK NPUHUMANIN y4acTue U
OKa3bIBAJIM COJCHCTBHE CIEUATUCTHI CIEAYIOINX OpraHn3alni:
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CKUH MHCTUTYT npombliiieHHoN TexHonorum» (I'Tl «YkpHUIIMHWnpomTexHomorumy»), T. XKenrsie Bogpl, Ykpa-
VHa;

— l'ocynapctBenHoe npeanpusitue «BocTounsiii ropHo-oboraTutenbHbiid komOuHaT» (I'TI «Boctl OKy),
r. XKenteie Bonpl, YkpaunHa;

— HanmoHanbHBIM TEXHUYECKU YHUBEPCUTET «JlHEMPOBCKas NOIUTEXHUKA, I. JlHenp, YkpanHa;

— HNHcTutyT reorexunueckoil Mexanuku uMm. H.C. IlonskoBa HanumoHansHON akageMuu Hayk Y KpauHBI
(UI'TM HAH VYxpaunsr), r. {nenp, YxpanHa;
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— Axtnonepsoe o61ectBo «BHUMMy, r. Cankr-IletepOypr, Poccus;
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Introduction

The main indicators of effective under-
ground ore mining in the course of development
of deposits of complex structure are the rock mass
characteristics and technogenic mining conditions
[1, 2]. The key factor for ensuring day surface sta-
bility during ore mining is the factor of void fill-
ing [3, 4]. The problem is especially acute in con-
ditions of complicated deposits, in heterogeneous
rock masses with high rock strength and compli-
cated structure [5, 6].

Therefore, substantiation of environmen-
tally sound and resource-saving methods for
backfilling of man-made voids in the course of
underground ore mining on the basis of establish-
ing patterns of manifestation of rock mass pres-
sure to ensure vital activity of the population liv-
ing in the mining-affected districts is an urgent
scientific, practical and social issue requiring de-
velopment of effective solutions [7]. This study is
a continuation of the studies with the authors par-
ticipation, the main scientific and practical results
of which are most fully described in [8, 9].

Objective and tasks

The purpose of the study —is substantiation
of environmentally sound and resource-saving
methods for backfilling of man-made voids in the
course of underground ore mining on the basis of
establishing patterns of manifestation of rock
mass pressure to ensure stability of the day sur-
face and vital activity of the population living in
the mining-affected districts.

In the furtherance of this goal, it is neces-
sary to complete the following tasks.

1. To analyze the factors of rock pressure
manifestation in hard rock masses of complicated
structure with high intensity of faults/fractures.

2. ldentify the conditions for the formation
of residual bearing capacity in disturbed rocks un-
der triaxial compression.

EXPLOITATION OF MINERAL RESOURCES
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3. Determine the conditions of stump blast-
ing, reducing the fragmentation index while blast-
ing a rock mass layer in a closed volume and in-
creasing seismic effect of explosive vibrations.

4. Determine the parameters of seismic vi-
brations, the ore mass crushing quality and index
of fragmentation of the “fragmented” material.

5. Develop environmentally sound and re-
source-saving backfilling methods for under-
ground ore mining in disturbed rock masses of
complicated structure.

Basic Provisions

Review of existing solutions to the problem.
Review of man-made voids shows that with increas-
ing the depth of ore mining and the duration of stope
(void) existence, the frequency of collapsing rocks
in them increases. The review suggests importance
of the formation of man-made voids, which affect
the occurrence and redistribution of strain-stress
state (SSS) of a rock mass. Their existence in the
earth's crust provokes collapse (cave-in) of the day
surface, as well as effect of geomechanical and seis-
mic phenomena [10, 11].

Research Methods. In the course of the
study, we used the methods of complex analysis
and synthesis, practical experience and scientific
achievements in the fields of:

— geotechnology;

— methods and facilities for backfilling of
voids during underground mining of ores in dis-
turbed rock masses;

—theories and practices of explosive rupture
of solid media.

Using simulation methods based on equiva-
lent and optically active materials, we studied:

— the effect of disturbance (broken condi-
tion) of a rock mass on the stability of mining
workings, changing the factors of manifestation
of rock pressure with increasing depth of mining;
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—dependence of the strain-stress state of the
disturbed rocks on the overall dimensions of the
mine workings.

Methods of continuum mechanics, mathe-
matical statistics, and methods of studying wave
processes were also used [12, 13].

Study of stress and strain development mech-
anism in the zone affected by underground voids. In
the practice of using the techniques and facilities for
backfilling of voids during underground mining of
ores in disturbed rock masses, the following ap-
proaches are the most widespread (Fig. 1).

Isolating voids by bulkheads without
backfilling is used when extracting ore bodies of
small and medium thickness, flank and blind ore
bodies that do not affect underground facilities
and the earth’s surface [14, 15].

Filling voids by collapse of the enclosing
rocks is the most common way that is connected
with simplicity of the work organization, high
degree of possible mechanization, and low cost.
Its disadvantages include difficulties in
controlling the void filling completeness and
controlling the collapse process while decreasing
thickness of ore bodies at depths of more than
500-600 m.

When developing deposits at great depths,
the need to change to other methods of void filling
arises. The method of void filling by collapse of
the enclosing rocks is characterized by significant
losses, and dilution and rupture of the rock mass
up to the surface [16-18].

Backfilling by solidifying stowing (backfill-
ing) mix provides better performance of subsoil
use. Most of the voids is backfilled with mixes
while simultaneously extracting, by open-cut and
underground methods, thick steeply dipping ore
bodies of deposits located in intensely disturbed

EXPLOITATION OF MINERAL RESOURCES

rocks of medium stability. This approach ad-
vantages include minimal costs, relatively small
losses and dilution, controllability, integrity of the
enclosing rock mass and the earth's surface. The
method features include increased requirement for
detailed knowledge about a rock mass and perma-
nent geotechnical and seismic monitoring [19, 20].
Recently, in a backfill mix, cement is often re-
placed with crushed binders mixed with sand and
gravel materials. Backfill strength varies widely
depending on the purpose of the artificial rock
masses. In a number of deposits, a solidifying
backfilling mix is used because of the need to pre-
serve the day surface due to environmental condi-
tions and for improving health and safety in min-
ing regions [21, 22].

Combined backfilling of voids when devel-
oping ore deposits by underground block leaching
method (UBL, a kind of ISL — In-Situ Leaching)
is used in developed mining countries (Fig. 2).

During two-stage ore mining, the abutment
pressure is redistributed to the stopes of the second
stage, and the load on the structures is determined
by the mass of rocks inside the arising natural self-
supporting rock arch. Disturbed rocks within
the arch are being deformed, but can form rugged
structure and not interfere with the leaching process
[23, 24]. Promising geotechnologies enable winding
rich ores to the day surface, whereas the rest of ores
is processed in situ (Table 1).

UBL (ISL) development of ore deposits in-
volves the creation of areas of different strength
rocks in disturbed rock masses:

— the blocks are filled with ore material,
which is mobile and prone to compaction;

— the blocks are characterized by water sat-
uration and decreasing the rock strength;

— during leaching, mineral particles move.
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Fig. 1. The impact of voids on the earth's surface (schematics):
a — overlaying hard rock; b — flat roof at rock self-strengthening; c — rock collapse, not reaching the earth's surface;
g — rock collapse involving the earth's surface

Fig. 2. Combined development of an ore deposit:
1, 2 —rich and poor ores, respectively; 3 — complex for heap leaching of poor and off-balance ores ((heterogeneities);
4,5 — ore control and concentration plant (CCP) and processing plant (PP), respectively; 6 — stowing complex;
7 — shop for preparation of leaching solutions

EXPLOITATION OF MINERAL RESOURCES
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Table 1

Typification of underground block leaching processes

Process

Process parameters

Process Conditions

Ore crushing

Providing grain size ranging +20 mm to -50 mm

Uniform ore density. The possibility of
creating a compensation space for a
blast

pregnant solutions

Ore spraying Boreholes in an intact rock mass. The lack of impervious zones and chan-
Spraying from the ore surface. nels in the broken ore (muck)
Applying casing for boreholes within broken ores.
Applying fine-grained materials.
Hydraulic fracturing

Collection of | Impervious curtains. Prevention of leaching product access

Waterproofing of leaching areas.
Electrovacuum drainage of solutions.
Applying synthetic polymeric materials

to the environment

Process
intensification

trasonic vibrations,

Physical methods: injection of compressed air, ore blast- | Producing specified loosening.
ing, particle size reduction proportional to the concentra-
tion gradient, slabbing at variable line of least resistance | nent in pregnant solution to an accepta-
of charges, control of the release ellipsoid, analysis of ul- | ble value

electromagnetic treatment of solutions.

Chemical methods: washing with water with activating
additives, injection of chemical compounds.

Biological methods: applying bacterial strains

Increasing the content of useful compo-

Downhole methods: rock drilling for introducing monitor- | Representativeness of the samples and

Leaching
completeness ing devices, drilling through broken ore with sampling.
control Roadheading with sampling

measurements for the whole block

Creation of such areas provokes increasing
tensile stresses and loads on the elements of the
natural-technogenic system [25, 26]. The bal-
anced state of the ore-hosting rock mass is en-
sured if the UBL blocks are unloaded (to elimi-
nate critical stresses) by artificial and natural rock
masses.

The practice of preparing ore reserves
for underground block leaching

Assessment of a blast seismic effect on un-
derground and surface facilities. Recently, min-
ing conditions have become more complicated
due to increasing mining depth, extracting ore
bodies under built-up areas, and the presence of
protecting pillars in the immediate vicinity of the
earth's surface. An indispensable requirement for
mining operations under these conditions is, on
the one hand, providing complete integrity of fa-
cilities and the earth's surface and, on the other

EXPLOITATION OF MINERAL RESOURCES

hand, ensuring the required performance. Mining
safety largely depends on the nature and intensity
of wave propagation effects during blasting, the
state of the rock mass transmitting blasting
shocks, and the behavior of different facilities
when interacting with waves during blasting.

The main condition for maintaining a rock
mass stability at periodic dynamic stresses is
preservation of the medium volume, i.e. the mag-
nitudes of stresses arising from blasting should
not cause permanent deformations in the rock
mass. Then, based on the conditions of keeping a
rock mass integrity/stability, the values of relative
deformations caused by a blasting, Ee, should not
exceed the permissible levels, Ep, i.e.

Ee > E. 1)

Relative deformations caused by blasting,
taking into account the twofold factor of safety
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(FoS) of a rock mass, are determined from the ex-
pression:

E

Ue
= , 2
=%, 2)
where Ue is the displacement velocity during
blasting, cm/s; C, is the P-wave (compressional)

velocity in a rock mass, cm/s.

Science and Technology

Therefore, to ensure the stability and integ-
rity of a rock mass and the environment, the dis-
placement velocity during blasting should not ex-
ceed the permissible level Up, i.e. the following
condition must be met:

Up > Ue. €]

Permissible soil vibration velocities in the
base of structures of different classes in different
rocks are given in Table 2.

Table 2
Permissible vibration velocities for structures
Rock characterization Protodyakonov | P-wave (compres- | Permissible soil vibration velocity, cm/s, for
rock hardness sional) velocity, buildings of class
index, f km/s
| I 1| v

Regolith, debris 0.5-1.0 1-2 4.1 8.2 12.2 20.4
Highly fractured rocks of high
porosity with clay 1-3 2-3 6.8 13.6 20.3 34.0
Hard rock of significant natural
fracturing 3-5 3-4 9.5 19.0 28.4 475
Relatively monolithic  rocks
with some fractures and voids 5-9 4-5 12.2 24.4 36.7 60.0
Monolithic rocks, low-fractured 9-14 5-6 14.9 29.8 44.6 74.5
Very hard rocks, monolithic,
practically without fractures 14-20 6-7 17.8 35.6 53.3 89.0

As seen from the data of Table 2, subject to
observance of the specified parameters, the sur-
face integrity during underground blasting is en-
sured, and the buildings and structures built on the
surface will not be ruptured, since the permissible
displacement velocity (1-3 cm/s) for residential
buildings is much lower than the permissible ve-
locities for different rocks.

Assessment of the influence of geological
conditions on the blasting seismic effect. Review
of the historical site survey and geological data
showed that topsoil (Qas), loess-like loams
(I3 Q2-3), sandy loams and loams (N2>—Q1), and
Buchak fine-grained sands (f2 B) participate in the
site sequence (from top to bottom). Total thick-
ness of sedimentary rocks is 12—14 m. The sedi-
mentary deposits everywhere overlay the eluvium

EXPLOITATION OF MINERAL RESOURCES

of the weathering crust (P—M;) on the crystalline
Proterozoic rocks (RR1). The weathering crust is
represented by argillous-clastic material: primary
kaolin, silty/sandy medium gravel, sand-clay, de-
pending on the crystalline rock composition.
According to data from monitoring bore-
holes drilled along the strike of the ore body, the
lower boundary of the weathering crust between
the axes 61-69 is at a depth of 20-24 m from the
earth’s surface. The basement crystalline rock in
the studied areas until the depth of 60 m are rep-
resented by massive texture albitite of medium
strength, highly cataclastic and fractured. The
production blocks are located almost in the center
of the depression funnel, extending longitudinally
along the whole deposit. As a result of mining, the
groundwater level here drops by 20-30 m below
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the level of 210 m. The rocks are practically not
flooded. The crystalline rocks of production
blocks 5-84-86 and 5-88-90 are represented by
gray medium-grained (with porphyry aggregates
of feldspar crystals) biotite migmatite.
There are remnants of silicified biotite gneiss.
The rock is slightly fractured, compact, hard. Rare
fractures are in layers with carbonate having hard-
ness f = 14-15.

In terms of mining and geological condi-
tions, the blocks are located between two tectonic
faults. One of the fault is located to the south of
the blocks at a distance of 25-30 m, and the sec-
ond fault is located to the north of the blocks at a
distance of 40 m. The width of the tectonic faults
ranges from 5 to 10 m. The indicated tectonic
faults can serve both as a zone of seismic vibra-
tion absorption during passing waves across the
fault strike and as waveguides when seismic
waves pass along the faults.

In terms of mining and technical conditions,
both towards the protected facilities (houses of the
village of Kizelgur, Ukraine) and towards the In-
gul river, above blocks 5-84-86 and 5-88-90,
mined-out and backfilled blocks are located,
which, when blasting in the pilot block, will serve
as a zone of absorption and reflection of the seis-
mic waves. Each geological structure is character-
ized by common and local factors affecting seis-
mic wave propagation. The common geological
factors that can affect the intensity of blasting-in-
duced seismic waves include loose sediments,
tectonic faults (the latter can be considered as pos-
sible waveguides), and the rock dip angles. The
seismic wave propagation velocity is determined
by the degree of the rock mass fracturing.

When a seismic wave passes into the frac-
turing zones, its intensity may increase or de-
crease. Loose alluvial rocks are a kind of filter of
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vibrations in a seismic wave, when the latter is re-
fracted in them.

The vibration intensity depends entirely on
the sediment thickness: the higher the thickness,
the lower the seismic effect. In a rock mass that is
not affected by mining and does not have faults,
the seismic effect is enhanced. The seismic effect
decreases by 1.5-2.0 times when seismic waves
pass through the obstacle in the form of stope
mined-out space, mined-out and backfilled
blocks. The greatest effect on changing intensity
of seismic vibrations is exerted by technological
factors of a deposit development:

— in the back side of a blast, the rock mass
disturbance velocity is 1.5 times higher than in the
flank side, and 2 times higher than towards the
front;

— blasting in a block at the underlying level
after extracting the overlying blocks and their
backfilling leads to 2-fold decrease in the dis-
placement velocity within the seismic wave, and,
at blasting of borehole rows when forming blasted
slot, to the 1.5-fold decrease;

— passing the blast wave through the mined-
out space decreases the vibration velocity by 2
times.

In the case at hand, when preparing produc-
tion blocks 5-84-86 and 5-88-90 for under-
ground leaching, blast waves will pass through
the faults and the mined-out space, which reduce
seismic vibrations by 2 times and decrease the
seismic effect by 1.5-2.0 times, and through allu-
vial soils, which also reduce seismic vibrations in
about 2 times. Assessing the conditions for ex-
tracting production blocks 5-84-86 and 5-88-90,
it should be noted that physico-mechanical and
hydrogeological properties of the rock mass, the
presence of mined-out and backfilled blocks,
faults and alluvial soils contribute to keeping the
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integrity of the day surface and residential build-
ings in the village of Kizelgur, and are favorable
for blasting in the blocks.

Estimation of the permissible weight of ex-
plosive charges per a delay. The concentration of
blast wave energy in a layer rock mass with fan
pattern of borehole charges is unevenly distrib-
uted, and the minimum load falls on the ends of
the boreholes, whereas the maximum load, to cen-
tral part of the rock mass (closer to the collars),
that affects the crushing quality. Therefore, the
wave rupturing processes caused by blasting pro-
duce complicated picture, especially in the near
zone, not exceeding five radii of the being blasted
layer from its center.

Outside of this zone, it is possible to deter-
mine dependences of changing the displacement
velocities characterizing the disruptive effect of
the fan-pattern charges in the being blasted ore
layer (per a delay) on the charge spatial position
in relation to the protected facility and the dis-
tance to it. Since the fan-pattern charges are areal
with uneven distribution of energy concentration,
its spatial position in relation to the protected fa-
cility, along with the distance to the protected fa-
cility, is rather important.

The stability of protected underground and
surface facilities can be provided by the correct
establishing and observation of regulatory re-
strictions, i.e. establishing permissible displace-
ment velocities for each protected facility. A pro-
tected facility is protected from disruptive seismic
effects of vibrations of the rock mass and soil of
the day surface, provided that the actual displace-
ment velocity caused by underground blasting re-
mains below the permissible level, i.e. the follow-
ing condition is met:

U, <U... 4)
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Since the displacement velocity in the pro-
tected facility (within the rock mass in under-
ground conditions or on the day surface) is deter-
mined by the distance between the charge center
and the protected facility, the explosive weight
per a delay and the medium through which seis-
mic vibrations from underground commercial
blasting pass, then, to substantiate parameters of
safe charges in the conditions of Michurinsky de-
posit of SE VostGOK (Ukraine), pilot-plant stud-
ies were conducted. Ensuring the stability of pro-
tected facilities located in rock masses (various
underground mine workings, stopes, shafts) and
on the day surface is achieved by using the well-
known formula of M.A. Sadovsky [21], improved
by the authors, for estimating the rock mass dis-
placement velocities:

3/~2,08
U=K%%anm (5)

where U is the displacement velocity, cm/s; K is
the proportionality coefficient characterizing the
properties of the medium transmitting seismic vi-
brations and equal to 575 for the parallel arrange-
ment of fan-pattern borehole charges in relation to
the protected facility, and 145 for the end arrange-
ment; Q is the weight of charge per a delay, kg; R
is the distance from the center of the being blasted
(by the fan-pattern borehole charges) layer to the
protected facility, m.

Thus, depending on the position of the being
blasted layer relative to the facility, the depend-
ence is written as:

— at the parallel arrangement
3/ 2,08
U =575%, cm/s;
3Q2,08

— at the end arrangement U =145 REGE

cm/s.
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It can be seen from these dependences that
at the end arrangement, the energy decreases by 4
times that is used in estimating the permissible
charges per a delay. When estimating the permis-
sible charges per a delay when blasting balance
reserves of Michurinsky deposit production
blocks, it is recommended to take into account the
spatial position of the being blasted ore layer in
relation to the protected facility using the follow-
ing formulas:

Science and Technology

3 3
—atthe parallel arrangement Q = R® % kg,
1

where K1=545;

08

3
2

— at the end arrangement Q =R®

, kg,

where K>=145.

The maximum permissible charges (explo-
sive amount) per a delay for blasting the reserves
of production blocks 5-84-86 and 5-88-90 are
given in Table 3.

Table 3
The maximum amount of explosives per blast by block
Number of Level, m Borehole fan Delay series, ms I\gj:)(:g;:\l/?sapn;? lélndte?f
blast/block ' number '
lay, kg
1st blast 240-260 3 75 1771
2nd blast 225-240 1 25 2249
3rd blast 210-225 5+5a 150 2832
4th blast 210-263 1+1+1 50 5594
Block 5-84-86 225-210 8-8A 150 2777
Block 5-88-90 263-240 2 50 1969

The amounts of explosives per a delay dur-
ing counter-blasting with fan-pattern borehole
charges when estimating the displacement veloc-
ities of rock masses (underground facilities) and
the displacement velocities of soils at the base of
surface facilities are not summed up, since the di-
rection of the seismic vibration fronts after the
simultaneous blasting several layers in a rock
mass is mutually opposite. The maximum amount
of explosives per a delay in block 5-84-86 is
lower than the estimated permissible amount of
explosives for all protected facilities in the far
zone, except for nearby underground facilities:
Shaft 59, exploration drift in axes 59-71 (work-
ings, stopes, substations) located at distances of
22 to 35 m from the blast position (should be re-
stored if required). In block 5-88-90, the maxi-
mum amount of explosives per a delay is higher
than the estimated permissible level for the fol-
lowing facilities: Ingul river bed, residential

EXPLOITATION OF MINERAL RESOURCES

buildings, east drift at level 210 m, underground
electrical substation at level 210 m, Shaft 71 (92)
at level 280 m.

Blasting of reserves of production block 5—
84-86 based on the substantiated parameters of
drilling and blasting operations provides improve-
ment in the quality of crushing. The effect of frag-
mented medium due to stump blasting with the
optimal ore mass fragmentation indices in the
block is 1.30 on the average, and, for block 5-88—
90, 1.25. The increased (expected) compression in
the lower part of the mentioned block between
levels 260 and 240 m after blasting all the reserves
of the stope will produce favorable effect on the
process of ore leaching and obtaining pregnant so-
lution.

Thus, the combined control of geomechani-
cal state of disturbed rock masses is used in min-
ing of different-grade ores, for example, after ex-
traction of rich ores, when lean ores are leached
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in UBL blocks [28, 29]. Geomechanical stability
of a rock mass is ensured by dividing it into the
areas limited in terms of the condition the for-
mation of rock natural self-supporting arch main-
taining stable flat roof. Inside the isolated areas,
different underground ore mining methods can be
applied. Protection of the conjugate areas of the
deposit from the blasting seismic effects is en-
sured, for example, by shielding. The stress level
in a geomechanical system is regulated by engi-
neering activities [26, 27]:

— inclination of the artificial rock mass on
the ore mass reduces ore dilution by backfilling;

— protecting backfill rock mass at the border
of an ore body represents a protective wall that
enables extracting the bulk of reserves in favora-
ble mining conditions;- strengthening unstable
rocks with roof bolts and steel ropes provides bet-
ter ore recovery performance.

Thus, the rock mass management is carried
out by combined filling, including solidifying
backfill mixes and isolation, as well as technical
and technological supporting the filling processes
using environmentally sound and resource-saving
methods [28, 29].

Analysis of research results and general
recommendations

Based on the study of arising and redistribu-
tion of a rock mass stress-strain state using geo-
physical and surveying methods, an environmen-
tally sound method for backfilling of man-made
voids in mining-disturbed rock masses is pro-
posed [30, 31]. It enables ensuring the stability of
the day surface and life-sustaining activity of the
population living in the mining-affected area (in
the vicinity of mines, waste rock and off-balance
low-grade ore dumps, sites of backfilling com-
plexes, facilities for preconcentration and heap
leaching of metals from substandard ores, tailings
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storage facilities, etc.). The main negative conse-
quences of the impact of mining on the environ-
ment and humans are high costs for conserving
day surface and ensuring life-sustaining activity
of the population living in the mining-affected
area, as well as removing large areas of land from
human activity, etc. Therefore, funds must be pro-
vided for the following activities [32, 33]:

— advanced processing of technogenic
wastes (tailings), which demonstrate wide variety
of mineral forms in comparison with ordinary
ores;

— reclamation of industrial sites and adja-
cent territories after the mine closure;

— landscaping of the reclaimed territory
with grass and shrub;

— permanent monitoring of the environment
components in the zone affected by mining facil-
ities activity.

For processing of the technogenic waste
(tailings) it is necessary to develop new processes
to be based on the latest achievements of mining
science. The research aimed at reclaiming accu-
mulated waste of mining and metallurgical pro-
duction should be performed. Implementing ef-
fective methods for extraction of metals from the
waste will improve environmental situation in the
areas of their storage and provide additional vol-
umes of extracted valuable components. Large-
scale involvement of tailings in reclaiming, as
well as processing of off-balance ore dumps at
modular plants will contribute to obtaining an ad-
ditional source of valuable components and de-
creasing environmental impact in countries with
developed mining industry [32, 33].

It is also necessary to create protective for-
est belts along transport routes (automobile, rail-
way, slurry pipelines, etc.). The territories where
the maximum permissible concentration (MPC)
of pollutants is exceeded, should be transferred
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for sowing industrial crops; in polluted water bod-
ies, swimming, fishing, etc. should be banned [34,
35]. To prevent transfer of dusty contaminated
material outside mining facilities, sanitary protec-
tion zones and belts around them should be
planted with tall tree species that will inhibit wind
above these facilities. Such facilities include
mines, waste rock and off-balance low-grade ore
dumps, sites of backfilling complexes, facilities
for preconcentration and heap leaching of metals
from substandard ores, tailings storage facilities,
etc.). In this case, the dust will captured in these
forest stands and will not enter other territories,
including settlements [36, 37].

Conclusions

1. It is demonstrated that blasting stope re-
serves with a preset crushing quality to provide
efficient leaching a useful component requires in-
creasing the ore mass compression using stump
blasting, where the fragmentation index should be
in the range of 1.17-1.20. To achieve the desired
quality of crushing, the blasted slot must be lo-
cated in a block center for using counter blasting
when breaking the nearest (to the slot) layers by
blasting fan-pattern borehole charges.

2. It is demonstrated that to improve the
quality of crushing by increasing the explosive

References

Science and Technology

specific consumption for ore mass blasting up to
2.9-3.3 kg/m?®, it is advisable to use blast-hole
rings (at blasthole diameter of 85 mm), that allows
reducing the blasthole length and their deviation
from the preset direction between the levels. To
achieve effective crushing quality in a block,
stump blasting should be used when blasting of up
to eight layers is performed from two sides to-
wards each other, and, in this case, the fragmenta-
tion index should be in the range of 1.25-1.30.

3. It is proved that the use of counter blast-
ing of the ore mass to a blasted slot allows increas-
ing the amount of explosives per a delay by a fac-
tor of 2 due to decreasing the seismic effect of vi-
brations after simultaneously blasted two
blasthole fans separated by loosened rock mass in
the volume of the compensation space. In this
case, two fronts of seismic vibrations with mutu-
ally opposite direction of movement are formed.

4. The method of blasting the balance re-
serves of block 5-88-90 based on the estimation
of maximum explosive amount per a delay is rec-
ommended (using the data of measuring the ve-
locities of soil displacement on the day surface at
the base of the protected facilities during blasting
operations in block 5-84-86, at the permissible
rock mass displacement velocity up to 0.8 cm/s).

1. Borisov A. A. Pressure on horizontal working support. Moscow, Leningrad: Ugletekhizdat Publ.;1948.

104 p. (In Russ.).

2. Vetrov S. V. Permissible sizes of rock exposures during underground ore mining. Moscow: Nauka Publ.;

1975. 223 p. (In Russ.).

3. Borisov A. A. Rock Mechanics. Moscow: Nedra Publ.; 1980, 359 p. (In Russ.).
4. Fisenko G. L. Limit state of rocks around mine workings. Moscow: Nedra Publ.; 1980, 359 p. (In Russ.).
5. Sleptsov M.N., Azimov R. Sh., Mosinets V. N. Underground mining of non-ferrous and rare metals. Mos-

cow: Nedra Publ.; 1986. 206 p. (In Russ.).

6. Avdeev O.K., Pukhalsky V.N., Razumov A.N. Ore reserves mining in the zone of protective pillars under a

water body. Gornyi zhurnal. 1989;(9):28-30. (In Russ.).

7. Instructions for safe conduct of mining operations at ore and non-metallic deposits prone to rockburst.

Leningrad: VNIMI Publ.; 1989. 58 p. (In Russ.).

8. Lyashenko V. I., Khomenko O. E., Kisly P. A. Improving seismic safety of underground mining based on
applying new explosive charges. Ferrous metallurgy. Bulletin of Scientific, Technical and Economical Information.
2019;75(8):912-922. (In Russ.). DOI: 10.32339/0135-5910-2019-8-912-922.

9. Shtele V. I. The testing bench for modeling geomechanical processes in rock mass. Inventor's certificate

No. 1682559 Al (USSR); 1991. (In Russ.).

EXPLOITATION OF MINERAL RESOURCES




ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE MISIS
AND TECHNOLOGY (RUSSIA) 2020;5(2):104-118 Natioral Univarsiy of
GORNYE NAUKI | TEHNOLOGII ccienice ard Tachnolagy

10. Nguyen Ngoc Minh, Pham Duc Thang. Tendencies of mining technology development in relation to deep
mines. Mining Science and Technology. 2019;4(1):16-22. DOI: 10.17073/2500-0632-2019-1-16-22.

11. Mining and processing of uranium ores. Chernov A. P. (gen. ed.) Kyiv: Adef-Ukraine Publ.; 2001. 238 p.
(In Russ.).

12. Vysotskaya N. A., Piskun E. V. The main factors of adverse environmental impact of potash production
and methods of environmental protection. Mining Science and Technology. 2019;4(3):172-180. DOI:
10.17073/2500-0632-2019-3-172-180. (In Russ.).

13. Komashchenko V.1., Vasiliev P.V., Maslennikov S.A. Preparation of reliable resource base for under-
ground development of KMA deposits. lzvestija Tulskogo gosudarstvennogo universiteta. Nauki o zemle.
2016;(2):101-114. (In Russ.).

14. Dmitrak Yu.V., Kamnev E.N. JSC "Leading Design-and-Survey and Scientific Research Institute of In-
dustrial Technology" — 65 years of development. Gornyi zhurnal. 2016;(3):6-12. (In Russ.).

15. Ping Y. J., Zhong C. W., Sen Y. D., Qiang Y. J. Numerical determination of strength and deformability of
fractured rock mass by FEM modeling. Computers and Geotechnics. 2015;64:20-31.

16. Dold B., Weibel L. Biogeometallurgical pre-mining characterization of ore deposits: An approach to in-
crease sustainability in the mining process. Environmental Science and Pollution Research. 2013;20(11):7777-7786.

17. Eremenko V.A., Lushnikov V.N. Methodology for selecting "dynamic" support for workings at deposits
prone to rockburst. Mining Informational and Analytical Bulletin. 2018;(12):5-12. (In Russ.).

18. Reiter K., Heidbach O. 3-D geomechanical-numerical model of the contemporary crustal stress state in the
Alberta Basin (Canada). Solid Earth. 2014;(5):1123-1149.

19. Goodarzi A., Oraee-Mirzamani N. Assessment of the Dynamic Loads Effect on Underground Mines Sup-
ports. In: 30th International Conference on Ground Control in Mining; 2011. P. 74-79.

20. Sokolov I. V., Antipin Yu. G., Baranovsky K. V. Study of design and parameters of the combined system
for developing an inclined quartz deposit. Bulletin of the Tomsk Polytechnic University. Geo assets engineering.
2017;328(10):85-94. (In Russ.).

21. Sadovsky M. A. Geophysics and Explosion Physics. Moscow: Nedra Publ.; 1997. 334 p. (In Russ.).

22. Smirnov S. M., Tatarnikov B. B., Aleksandrov A. N. Selecting method of stoping with backfilling of mine
goaf depending on geodynamic conditions of ore mining area. Mining Informational and Analytical Bulletin.
2014;(11):45-51. (In Russ.).

23. Khani A., Baghbanan A., Norouzi S., Hashemolhosseini H. Effects of fracture geometry and Wittke W. Rock
Mechanics Based on an Anisotropic Jointed Rock Model (AJRM). Verlag: Wilhelm Ernst & Sohn; 2014. 875 p.

24. Shabanimashcool M., Li C. C. Analytical approaches for studying the stability of laminated roof strata.
International Journal of Rock Mechanics and Mining Sciences. 2015;79:99-108.

25. Wang D. S., Chang J. P., Yin Z. M., Lu Y. G. Deformation and failure characteristics of high and steep
slope and the impact of underground mining. In: Transit Development in Rock Mechanics-Recognition, Thinking and
Innovation: Proceedings of the 3™ ISRM Young Scholars Symposium on Rock Mechanics. USA; 2014. P. 451-457.

26. lofis M.A., Fedorov E.V., Esina E.N., Miletenko N.A. Development of geomechanics for solving the prob-
lems of subsoil conservation. Gornyi zhurnal. 2017;(11):98-104. (In Russ.).

27. Khasheva Z. M., Golik V. I. The ways of recovery in economy of the depressed mining enterprises of the
Russian Caucasus. International Business Management. 2015;9(6):1210-1216.

28. Golik V., Komashchenko V., Morkun V., Burdzieva O. Metal deposits combined development experience.
Metallurgical and Mining Industry. 2015;7(6):591-594.

29. Karaman K., Cihangir F., Kesimal A. A. comparative assessment of rock mass deformation modulus.
International Journal of Mining Science and Technology. 2015;25(5):735-740.

30. Golik V.1., Komashchenko V.I., Razorenov Yu. I. Activation of hardening mixture components at under-
ground ore mining. Izvestid Tul'skogo gosudarstvennogo universiteta. Nauki o Zemle. 2017;(3):113-123. (In Russ.).

31. Kaplunov D. R., Radchenko D. N. Design principles and selection of subsoil use technologies ensuring
sustainable development of underground mines. Gornyi zhurnal. 2017;(11):121-125. (In Russ.).

32. Rudmin M. A., Mazurov A. K., Reva I. V., Stebletsov M. D. Prospects for integrated development of the
Bakcharsky iron ore deposit (Western Siberia, Russia). Bulletin of the Tomsk Polytechnic University. Geo assets
engineering. 2018;329(10):87-99. (In Russ.).

33. Mukhametshin V. V., Andreev V. E. Improving evaluation of technologies aimed at optimizing use of
resource base of deposits with hard-to-recover reserves. Bulletin of the Tomsk Polytechnic University. Geo assets
engineering. 2018;329(8):30-26. (In Russ.).

34. Lyashenko V. I., Khomenko O. E. Enhancement of confined blasting of ore. Mining Informational and
Analytical Bulletin. 2019;11:59-72.

EXPLOITATION OF MINERAL RESOURCES




ISSN 2500-0632 (ON-LINE)

| Q MINING SCIENCE MISIS
AND TECHNOLOGY (RUSSIA) 2020;5(2):104-118 Naonal Uiverdiy of
GORNYE NAUKI | TEHNOLOGII ccienice ard Tachnolagy

35. Lyashenko V., Topolnij F., Dyatchin V. Development of technologies and technical means for storage of
waste processing of ore raw materials inthe tailings dams. Technology audit and production reserves.
2019;49(3):33-40.

36. Lyashenko V., Khomenko O., Topolny F., Golik V. Development of natural underground ore mining tech-
nologies in energy distributed massages. Technology audit and production reserves. 2020;51(1):10-17.

37. Lyashenko V. 1., Golik V. 1., Dyatchin V. Z. Stockpiling of tailings in underground mined-out space and
a tailing dump in the form of solidifying masses. Obogashchenie Rud. 2020;(1):41-47. (In Russ.).
DOI: 10.17580/0r.2020.01.08.

bubauorpadguyeckuii cnmcok

1. bopucoB A. A. /lasnenue Ha kpenv copuzonmanvhuix evipabomok. M., J1.: Yrnerexusnar; 1948. 104 c.

2. BerpoB C. B. Jlonycmumvie pazmepvl 0OHadCEHULl 2OPHBIX NOPOO NPU HOO3EMHOU paszpabomke pyo.
M.: Hayxka; 1975. 223 c.

3. Bopucos A. A. Mexanuxa coprvix nopoo. M.: Henpa; 1980. 359 c.

4. ®ucenxo I'. JI. Ilpedenvroe cocmosnue 2oprvix nopoo eoxpye svipabomox. M.: Henpa; 1980. 359 c.

5. Caernmo M. H., Asumos P. I1I., Mocunen B. H. Ilodzemnasn paspabomrxa mecmoposicoenuii Yy8emuuix u
peoxux memannos. M.: Henpa; 1986. 206 c.

6. ABzees O. K., ITyxansckuii B. H., PazymoB A. H. OtpaboTka 3anacoB py/isl B 30HE MPEIOXPAHUTEIBHOTO
1eTMKa 101 BogoeMoM. I opreiil scypran. 1989;(9):28-30.

7. Uncmpykyus no 6e30nacHomy 8e0eHUI0 20pHbIX pabom HA PYOHbLIX U HEPYOHbBIX MECIOPOA#COeHUAX (00beK-
max cmpoumenbCmed NOO3eMHbIX COOPYHCEHULL), CKIOHHbIX K 20pHbim Yoapam. J1.: BHUMMU; 1989. 58 c.

8. JIsmenxo B. U., Xomenko O. E., Kucasrii I1. A. IloBbllieHne celicMu4IecKoii 6€30MacHOCTH MOA3EMHOM
pa3paboOTKH CKaJIbHBIX MECTOPOKICHWHA Ha OCHOBE NPHMEHEHHS HOBBIX 3apsOB B3PBHIBUATHIX BEIIECTB.
Yepnas memannypeus. bronremenv nayuno-mexnuuecxoti u sxonomuuecxkou ungopmayuu. 2019;75(8):912-922.
DOI: 10.32339/0135-5910-2019-8-912-922.

9. llltene B. Y. Cmeno 014 modenuposarus 2eomexanuieckux npoyeccos 8 mouje 2OpHuix nopoo. ABTOpCKoe
cBHIeTensCTBO 1682559 Al (CCCP); 1991.

10. Nguyen Ngoc Minh, Pham Duc Thang. Tendencies of mining technology development in relation to deep
mines. Mining Science and Technology. 2019;4(1):16-22. DOI: 10.17073/2500-0632-2019-1-16-22.

11. Jlobviua u nepepabomka yparosguvix pyo. lloxg oom. pen. A. II. UepHosa. Kues: Aned-Ykpaunna; 2001.
238 c.

12. Briconkas H. A., [Tuckyn E. B. OcHOBHBIE (hakTOpBI HEOJIATOMIPUIATHOTO BO3ICHUCTBHUS HA OKPYIKAIOIIYIO
Cpely HeATeNbHOCTH KAIWHHOTO TPOM3BOJCTBA M CHOCOOBI ee 3amuThl. ['OpHBIE HAyKW ¥ TEXHOJOTHH.
2019;4(3):172-180. DOI: 10.17073/2500-0632-2019-3-172-180.

13. Komamienko B. U., Bacunbes I1. B., MacnennnkoB C. A. TexHOJOTHAM MOJI3EMHOM pa3pabOTKH MECTO-
poxaennii KMA — HaiexHYI0 CBIPBEBYIO OCHOBY. M36ecmus Tyibckozo 2ocyoapcmeenno2o yuusepcumema. Hayku
o 3emne. 2016;(2):101-114.

14. Imutpak 0. B., Kamues E. H. AO «Benyuiuit mpoeKTHO-U3bICKAaTENbCKUN U HAyYHO-HUCCIIEI0BATEIbCKUI
UHCTHUTYT MPOMBIIUICHHON TeXHOJIO0TuI» — [1yTh 1miHOM B 65 net. I opruuil scypran. 2016;(3):6-12.

15. Ping Y. J., Zhong C. W., Sen Y. D., Qiang Y. J. Numerical determination of strength and deformability of
fractured rock mass by FEM modeling. Computers and Geotechnics. 2015;64:20-31.

16. Dold B., Weibel L. Biogeometallurgical pre-mining characterization of ore deposits: An approach to in-
crease sustainability in the mining process. Environmental Science and Pollution Research. 2013;20(11):7777—-7786.

17. Epemenxo B. A., JIymaunkos B. H. Meronnka BeiOopa «IMHAMHYECKO» Kpery BHIPAO0OTOK AJIT MECTO-
POXICHUI CKIIOHHBIX W OIMACHBIX 10 TOPHBIM yaapam. [ OpHblil UHGOPMAYUOHHO-AHATUMUYECKUL O101emeHb.
2018;(12):5-12.

18. Reiter K., Heidbach O. 3-D geomechanical-numerical model of the contemporary crustal stress state in the
Alberta Basin (Canada). Solid Earth. 2014;(5):1123-1149.

19. Goodarzi A., Oraee-Mirzamani N. Assessment of the Dynamic Loads Effect on Underground Mines Sup-
ports. In: 30th International Conference on Ground Control in Mining; 2011. P. 74-79.

20. Coxomnos U. B., Auturud 1O. T'., Bapanosckuii K. B. UccnenoBanne KOHCTPYKIIMH U TaApaMeTPOB KOMOU-
HUPOBAHHOW CHUCTEMBI Pa3pabOTKH HAKIIOHHOTO MECTOPOXKICHUSI KBapua. M3gecmus ToMcKo2o noaumexHuyeckozo
yHueepcumema. Huocunupune ceopecypcos. 2017;328(10):85-94.

21. CanoBckuii M. A. I'eoghuszuxa u gpusuxa é3pwvisa. M.: Henpa; 1997. 334 c.

22. CmupaoB C. M., Tarapaukos b. b., AnekcannpoB A. H. Brusiaue reoJuHaMHUECKIX YCIIOBHH OTpaOOTKH
PYAHOTO y4acTKa Ha TEXHOJIOTHIO OUYUCTHBIX Pa0bOT € 3aKIIaJIKOW BBIPA0OOTAHHOTO MPOCTPAHCTBA. [ OpHbIll UHGOPMA-
yuonrno-anarumudeckuil ooiemens. 2014;(11):45-51.

EXPLOITATION OF MINERAL RESOURCES



http://giab-online.ru/catalog/12619
http://giab-online.ru/catalog/12619
http://izvestiya.tpu.ru/archive/issue/articleold?id=363626&journalId=&issue=363417
http://izvestiya.tpu.ru/archive/issue/articleold?id=363626&journalId=&issue=363417

ISSN 2500-0632 (ON-LINE)

| Q MINING SCIENCE MISIS
AN D TECHNOLOGY (RUSSIA) 2020'5(2)1 04-1 1 8 National University of
GORNYE NAUKI | TEHNOLOGII ccienice ard Tachnolagy

23. Khani A., Baghbanan A., Norouzi S., Hashemolhosseini H. Effects of fracture geometry and Wittke W. Rock
Mechanics Based on an Anisotropic Jointed Rock Model (AJRM). Verlag: Wilhelm Ernst & Sohn; 2014. 875 p.

24. Shabanimashcool M., Li C. C. Analytical approaches for studying the stability of laminated roof strata.
International Journal of Rock Mechanics and Mining Sciences. 2015;79:99-108.

25. Wang D. S., Chang J. P., Yin Z. M., Lu Y. G. Deformation and failure characteristics of high and steep
slope and the impact of underground mining. In: Transit Development in Rock Mechanics-Recognition, Thinking and
Innovation: Proceedings of the 3 ISRM Young Scholars Symposium on Rock Mechanics. USA; 2014. P. 451-457.

26. Hoduc M. A., ®enopos E. B., Ecuna E. H., Munerenko H. A. Pa3Burue reoMeXaHuKU AJIs PELICHHUS
npo0OJieM COXpaHeHus 3eMHbIX Heap. [ opuoiil scypran. 2017;(11):98-104.

27. Khasheva Z. M., Golik V. I. The ways of recovery in economy of the depressed mining enterprises of the
Russian Caucasus. International Business Management. 2015;9(6):1210-1216.

28. Golik V., Komashchenko V., Morkun V., Burdzieva O. Metal deposits combined development experience.
Metallurgical and Mining Industry. 2015;7(6):591-594.

29. Karaman K., Cihangir F., Kesimal A. A. comparative assessment of rock mass deformation modulus.
International Journal of Mining Science and Technology. 2015;25(5):735-740.

30. 'omuk B. U., Komamenko B. U., Pazopenos 1O. . AxTuBaiysi KOMIIOHEHTOB TBEP/CIOIIMX CMecei
npH MOJ3EMHON noObiue pyn. Hzeecmus Tyavckoeo 2ocydapcmeennozo yhusepcumema. Hayxu o 3emne.
2017;(3):113-123.

31. Kamutynos /l. P., Paguenko M. H. IIpuHIMIBEI IpOeKTHPOBaHMS M BHIOOP TEXHOJOTHIA OCBOCHHS HEIp,
00€eCIeynBaIOIINX YCTOHYMBOE PAa3BUTHE MOJ3EMHBIX PYIHUKOB. [ opubiul scypran. 2017;(11):121-125.

32. Pymmun M. A., Masypos A. K., Pera U. B., Cre6nerior M. [I. [lepcrieKTHBBI KOMILIEKCHOTO OCBOCHUS
Baxgapckoro >xenesopyaHoro mectopoxaeHus (3amagHas Cubups, Poccus). Ussecmus Tomckoeo noaumexnuue-
cko20 ynusepcumema. Hnocunupune 2eopecypcos. 2018;329(10):87-99.

33. Myxameriiua B. B., Anmpee B. E. IloBbimenne 3¢QpeKTHBHOCTH OLEHKH pPE3yJIbTaTUBHOCTH
TEXHOJIOTHiA, HAIIPABJICHHBIX HA PACIINPEHUE UCTIOIH30BAHUS PECYPCHON 0a3bl MECTOPOXKICHUHN C TPYIHOM3BIICKA-
eMBIMH 3amacaMu. M3zeecmusi Tomckoeo noaumexHuyecko2o YHUsepcumemada. HHDfCuHupuHZ ceopecypcoes.
2018;329(8):30-26.

34. Lyashenko V. I., Khomenko O. E. Enhancement of confined blasting of ore. Mining Informational and
Analytical Bulletin. 2019;11:59-72.

35. Lyashenko V., Topolnij F., Dyatchin V. Development of technologies and technical means for storage of
waste processing of ore raw materials inthe tailings dams. Technology audit and production reserves.
2019;49(3):33-40.

36. Lyashenko V., Khomenko O., Topolny F., Golik V. Development of natural underground ore mining tech-
nologies in energy distributed massages. Technology audit and production reserves. 2020;51(1):10-17.

37. JIsmenko B. U., T'omuk B. W., Hdaruun B. 3. CxiaaupoBaHus XBOCTOB B IIOJ3€MHOE BBIpaOOTaHHOE
IPOCTPAHCTBO M XBOCTOXPAHWIHIE B BHIC TBepacrommx Macc. Qboeawenue pyo. 2020;(1):41-47.
DOI: 10.17580/0r.2020.01.08.

EXPLOITATION OF MINERAL RESOURCES



http://www.rudmet.ru/catalog/journals/1/
http://www.rudmet.ru/catalog/journals/1/2017
http://www.rudmet.ru/catalog/journals/1/
http://www.rudmet.ru/catalog/journals/1/2017
http://izvestiya.tpu.ru/archive/issue/articleold?id=370215&journalId=&issue=370202
http://izvestiya.tpu.ru/archive/issue/articleold?id=370215&journalId=&issue=370202
http://izvestiya.tpu.ru/archive/issue/articleold?id=369064&journalId=&issue=369042
http://izvestiya.tpu.ru/archive/issue/articleold?id=369064&journalId=&issue=369042
http://izvestiya.tpu.ru/archive/issue/articleold?id=369064&journalId=&issue=369042

ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE MISIS
AN D TECHNOLOGY (RUSSIA) 2020‘5(2)1 19-1 30 National University of
GORNYE NAUKI | TEHNOLOGII Science and Technology

ORIGINAL PAPERS / OPUTUHAJIBHBIE CTATBbUA
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Ynpap/ieHue Ka4eCTBOM TOBAPHOH MPOAYKIUHA B YCJI0BUSIX 0TPAOOTKH
CJI0KHOCTPYKTYPHOI'0 YTO0JbHOT0 MECTOPOKIEHUS

Azes B. AL, ITonos JI. B.?

1000 «CYDK-Xaxkacus», r. UepHoropek, pecn. Xakacus, Poccus;
2000 «Bocrouno-belicknii paspesy, c. Kup6a, pecn. Xakacus, Poccus

Annoranusi: ['mobanu3zanus MUPOBOTO PhIHKA SHEPTETHYECKOTO CHIPhs PUBEIA K TOMY, UYTO B MOCTECTHHIE JeCs-
TUJIETHA CYILIECTBEHHO BO3pOcia AMHAMUKa U3MEHEHUI mapaMeTpoB pbIHKA SHepreTudeckoro yris. Mcromenue
«O0raThIx» MECTOPOKACHUI ITOJIE3HBIX UCKONIAEMBIX IPEATIOIAracT OCBOEHHE HOBBIX MECTOPOXKACHUH, MMEIOIINX
OoJiee CI0XKHBIC CTPYKTYPY U XapaKTepUCTUKU. B cTaThe mpeanaraeTcst HOBBIH MOIXO0/ K YIIPaBICHHIO Ka4eCTBOM
TOBapHOH MPOAYKLUUH MPU OTPAOOTKE CIOKHOCTPYKTYPHOTO YTOJIBHOTO MECTOPOXKACHUSI, TIOKa3aBIINKA CBOIO 3(-
(heKTUBHOCTH B ycIOBHSIX belickoro mecropokaenns. B ocHOBe Moaxo/a K yNpaBIeHUI0 Ka4eCTBOM TOBapHON
MPOAYKLHH JIEKHUT UIES O PEIEBAHTHOCTU MOBBIIICHUS Ka4eCTBA TEXHOJIOTMYECKUX MPOLIECCOB U uX auddepen-
uanry 1o KpUTCpUurO MaKCUMAaJIbHOT'O COOTHOIICHHUA IEHHOCTU U ce0ecTONMOCTH MMPOAYKIHH. HpellJIO)KeHI)I TH-
MOBBIC pEIICHHS U PE3YNbTaThl Pealn3aliy pa3pad0TaHHOTO METOANYECKOTO IMOX0/1a K YIPaBICHHIO Ka4eCTBOM
TOBapHOU mpoaykuuu Ha npuMmepe Boctouno-beiickoro yroiasHoro paspesa. I[lpuMeHEeHbl METOABI aHATIN3A TEX-
HOJIOTHYECKHX (PaKTOPOB, BIUSIOIINX HA BBIOODP MapaMEeTPOB TEXHOJIOTHUECKUX OINEPaliif, U 000CHOBaHHUE MPO-
LIECCOB TPH MMOATOTOBKE OJIOKOB, 3KCKAaBaIlMK, TPAHCTIOPTHPOBAHUH, CKJIaUPOBAHUH H MEPEePadOTKE MPOIYKIUH
IIPU OTKPBITOM CIIOCO0€ OTPAaOOTKH CIOKHOCTPYKTYPHOTO MECTOPOXKICHUS KAMEHHOT0 yriisl. Peannzanus paspa-
OOTaHHBIX TEXHOJOTHUECKUX PEIICHUH B ycIoBHAX BocTouHO-beiickoro kaMeHHOYTOJIBHOTO pa3pesa Mo3BoIria
IMOJIYYUTD IMOJIOKUTECIIbHBIC PE3YJILTAThI, BBIPAKAIOIIHUECA B POCTC KAYCCTBCHHBIX MoKa3aTeseH TOBapHOﬁ IMpoOayK-
mmu Ha 4—6 %.

KiroueBble cjI0Ba: KaueCTBO MPOAYKLMH, YIPABICHHE Ka4eCTBOM TOBAPHOM MPOAYKIHH, CIOKHOCTPYKTYPHOE
YTOJIbHOE MECTOPOXKICHHE, KAUeCTBO TEXHOJIOTMIECKUX MPOIIECCOB, IEHHOCTh MPOAYKIINHU, C€0ECTOMMOCTh TPO-
TYKIIUH.

Just nmruposanusi: Azes B. A., [lonos JI. B. YnpaBnenne kauecTBOM TOBapHOW NMPOIYKIMH B YCIOBHAX OTpa-

OOTKH CIIOKHOCTPYKTYPHOTO YTOJBHOTO MeCTOpoxaeHus. [ opnvie nayku u mexwonocuu. 2020;5(2):119-130.
DOI: 10.17073/2500-0632-2020-2-119-130.

Marketable Product Quality Management in Conditions of Coal Mining
at a Deposit of Complicated Structure

V. A. Azevi, D. V. Popov?

1L LC SUEK-Khakassia, Chernogorsk, Khakassia, Russia;
2LLC Vostochno-Beisky Razrez (East Bei Colliery), Kirba, Khakassia, Russia

Abstract: Globalization of the energy feedstock market has led to the fact that, in recent decades, parameters of the
thermal coal market significantly changed. Depletion of “rich” deposits implies development of new deposits of more
complicated structure and characteristics. The paper proposes a hew approach to managing quality of marketable prod-
ucts in the course of development of a coal deposit of complicated structure, which has demonstrated its effectiveness
in the conditions of the Beisky deposit. The approach to managing quality of the marketable products is based on the
concept of the relevance of improving the quality of technological processes and their differentiation according to the
criterion of the maximum ratio of value and cost of the products. Typical solutions are proposed, and the results of
implementation of the developed methodological approach to managing quality of the marketable products as exempli-
fied by the VVostochno-Beisky open-pit coal mine are presented. Methods of analysis of technological factors governing
the selection of parameters of the process operations were used, and the substantiation of the processes for preparation
of blocks, excavation, transportation, storage and processing of products in conditions of open pit mining of a coal
deposit having complicated structure was performed. The implementation of the developed technological solutions in
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the conditions of the VVostochno-Beisky open-pit coal mine allowed to obtain positive results, expressed in the growth

of quality indicators of the marketable products by 4-6 %.

Keywords: product quality, product quality management, coal deposit of complicated structure, quality of tech-

nological processes, product value, product cost.

For citation: Azev V. A., Popov D. V. Marketable product quality management in conditions of coal mining at a
deposit of complicated structure. Gornye nauki i tekhnologii = Mining Science and Technology (Russia).
2020;5(2):119-130. (In Russ.). DOI: 10.17073/2500-0632-2020-2-119-130.

AKTYaJIbHOCTh

HcTomenne «0Ooratbix» MECTOPOXKIACHHMA
MI0JIE3HBIX MCKOMAEMBIX IPEIOIAraeT OCBOCHHE
HOBBIX MECTOPOXKACHMI, UMeIoIuX OoJiee CIoXkK-
HBIE CTPYKTYpPY U XapaKTepUCTUKH. Tak, Harpu-
Mep, B yrosibHOU oTpacinu Poccum nons npomayk-
LMY, TPOU3BEACHHON Ha CJIOXKHOCTPYKTYPHBIX
MECTOPOXKACHUSIX, PACTIONOKEHHBIX B TaKUX pe-
ruoHax, kak Pecnybnuka Xaxacus (beiickuit
yroabHblil knacrep — Bocrouno-beiicknii, Kup-
OounHckuii, Maiipbixckuil paspessl u T.4.) u Pec-
nyonmuka bypsatus (Hukonbsckuit paspe3) k
2030 r. BeIpacteT B 3 pasza u cocrasut 11,7 %.

['moGanu3anus MEPOBOTO PhIHKA SHEPTETH-
YECKOT'O ChIPhS IIPUBEJIA K TOMY, YTO B IIOCJIETHUE
JECSATHIIETUSI CYIIECTBEHHO BO3pOcia JUHAMHKA
M3MEHEHUs IapaMeTPOB PbIHKA SHEPT€TUYECKOTO
yras. OuepenHoe MaJeHWE IIEH Ha YroJbHYIO
IPOAYKIIMIO JIJISl HEPTeTUKH Havdanoch B 2019 r.,
OHO OOYCJIOBJEHO TIJIaBHBIM 00pa3oM OTKa30M
cTpaH 3amajaHoil EBpombl OT «TpsA3HBIX» BUIOB
TOIUINBA. B TeueHne 0JHOro KaJeHJapHOTo roja
LIEHbl HA CTAHJAPTHYIO YTOJBHYIO MPOAYKLHIO
cHu3much B 1,5-2,0 paza. Kpusuc oboctpuin cu-
CTEMHBIE HECOOTBETCTBHUS, XapaKTEepHbIE JUIS
yroJbHBIX pa3pe3oB Poccunu, orpabaThIBarOMIMX
CIIOKHOCTPYKTYPHbIE MECTOpOXIeHHUs. Tpaau-
LIMOHHBIE IPOEKTHBIE TEXHUYECKHUE U TEXHOJIOTU-
YECKUE pEIICHHUsS OPUEHTHUPOBAaHbl Ha CTAOMIIb-
HBIN CIIPOC NPOAYKIIMHA U OPUEHTUPOBAHBI HA J10-
CTaTOYHO MOCTOSIHHBbIE 3HAUYEHHUSI OCHOBHBIX I1a-
pamMeTpOB TOPHOTEXHUYECKOW CHCTEMBI pa3pesa.
B macrosimmee Bpems asist oOecrieueHUs >KU3HE-
CIOCOOHOCTH TOPHOTO MPENpUsATHs, HE00XO-
JUMO BBIIEP)KUBATh MaJIEHUE CIIpOCca Ha yrojib-
HYI0 TpOAyKIHto, kotopoe mocturaer 20-30 %
Ha MPOTSHKEHUH ToJa, PU POCTE CTOMMOCTH Ma-
TEPUAIILHO-TEXHUUECKUX, DHEPreTHYECKUX pe-
CcypcoB, TapudoB iepeBo3unkoB Ha 5—15 %.

OnHOBPEMEHHO PBIHOK Y)KecTo4yaeT TpeOo-
BaHUS K Ka4eCTBY YrOJIbHOW MPOAYKIIUHU, OPUEH-
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TUPOBAHHOM HA DHEPIeTHUUYECKYIO OTPACib: Cpel-
HSsl 30JIbHOCTB OTrpyskaemoro yriasi B Poccun B
1991 r. cocrasmsina 18,2 %, B 2018 — 13 %.

VYpaBneHue Ka4eCTBOM YTOJIbHOM MPOIYK-
WY TpeAroaraeT BbIOOp, HOATOTOBKY U peau-
3alMI0 PEUICHUH 0 MOBBIIICHUIO COOTHOLIEHUS
LIEHHOCTH U ceOECTOMMOCTH, YTO HeceT B cede
PHUCKH MOTEPU YCTOWUYMBOCTU Hpennpusatus. Ilo-
ATOMY 3a/1a4a pa3paboTKH METOAMYECKOTO IMOJ-
X0/1a JUIsl yIIpaBJEHUsl KaYeCTBOM TOBApHOM IpoO-
OyKIUU YTOJIBHOTO pPa3pe3a B YCIOBUAX OTpa-
OOTKH CJOXHOCTPYKTYPHOTO MECTOPOKACHHUS
o0OperaeT 0co0yI0 aKTyalbHOCTb.

Lenbto pa®oThl ABIsSETCS OOOCHOBAHHE U
pa3paboTKa METOAMYECKOTO TIOX01a AJISl yIIpaB-
JICHUsI Kaue€CTBOM TOBAapHOM MPOAYKIMHU MpeJ-
MPUATHS C OTKPBITBIM CIIOCOOOM JOOBIYH B YCIIO-
BUSAX OTPaOOTKH CIOXKHOCTPYKTYPHOTO MECTO-
POXKJIEHHS] KAMEHHOT'O YTJIS.

I'noccapuit

CH0XXHOCTPYKTYPHOE YTOJIbHOE MECTOPOXK-
JIEHUE — MECTOPOXKACHHUE, UMEIOIIEE HECKOIbKO
YTOJBHBIX IUIACTOB M IPOIJIACTKOB C Pa3IMYHON
MOIIHOCTBIO U C CYIIECTBEHHBIMU OTJINYUAMU Ka-
YECTBEHHBIX XapaKTEPUCTHUK ITOJIE3HOIO MCKOIa-
emoro. CIIO)KHOCTPYKTYPHOE MECTOPOKIECHHUE
XapaKkTePU3yeTCsd HEPABHOMEPHOM U CUIIbHOM U3-
MEHYMBOCTBIO KAYECTBEHHBIX XapaKTEPUCTHUK I10-
JIE3HOTO MCKOIIA€MOTI'0, a TAaKXE €ro CIO0XKHOU
Mopdosoruei. TUTMYHBIM NPEICTaBUTENIEM Ta-
KMX MECTOpPOXKIECHMI sBiIsieTcs belickoe kameH-
HOYT'OJIBHOE MECTOPOXKIACHUE, PACIIONIOKEHHOE B
PecniyGnmke Xakacwusi.

KauecTBO TOBapHON NPOIYKIMU — COBO-
KYITHOCTb CBOMCTB ITOJIy4a€MOM Ha MPEIIpUATAN
MPOAYKLIMH, OIIPEAEISAIOIINX CTEIIEHD €€ IIPUr0JI-
HOCTH JJI UCIIOJIb30BAaHMS 10 Ha3HAYEHHUIO.

[leHHOCTH IPOAYKIIMM — Ba)KHOCTh, 3HAUU-
MOCTb CBOMCTB TOBapa WM yCIyTrH JIJs TOoTpeOu-
TeJIS C MO3UIMH YAOBJIETBOPEHUS €ro NoTpeOHO-
cTtu. TpagulIMOHHO B YrOJBHOW OTpaciau ImpuMe-
HAIOTCS CIIEAYIOINE KPUTEPUH OLIEHKH [IEHHOCTH
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MPOIYKIIMH: 30JIbHOCTh, TEIIOTBOPHAS CIIOCO0-
HOCTb, COZIEp)KaHUE MPUMECEH.

CebecToMMOCTh TPOAYKIIMH — COBOKYII-
HOCTb M3JEPKEK NPEANPUATHS Ha TPOU3BOICTBO
U pealii3aluio MPOAYKIIHH.

VYpaBieHue Ka4ecTBOM TOBaPHOM MPOIYK-
WA — JIeATEIbHOCTh MEepCOHANA MPEANPUSITHS,
HaIleJIeHHasl Ha o0ecrieueHrne Hauiay4IIero cooT-
HOIIICHUSI CPETHEB3BEIICHHOW 1IEHHOCTH U cebe-
CTOMMOCTH IPOJYKLIIMH HAa OCHOBE KOPPEKTHPO-
BOK W peanu3anuu (yHKIMH [JIaHUPOBAHUS U
KOHTpOJIsSI Ka4ecTBa, KOMMYHHUKaluu (MHpopma-
M), pa3pabOTKU MEPOINPUSATHI U peaTu3aluu
COOTBETCTBYIOIIMX TEXHOJIOIMYECKUX U OpraHu-
3al[UOHHBIX PELICHUMN.

KauecTBO TExHOIOrHUYECKOro mporecca —
YCTOMYMBAsi COBOKYITHOCTh MapaMeTpOB TEXHO-
JOTHYECKHX  Oomepanui,  00ecreurBaOIIuX
HaWJIy4llee COOTHOLIEHUE CpPEeIHEB3BEUICHHOMN
[EHHOCTH M Ce0eCTOMMOCTH MPOAYKIHMU Tpe.-
MPUSTUS B U3MEHSIOIIMXCS YCIOBUSIX.

Kparkuii 0030p ucciegoBanmuii B 00J1a-
CTH YNpPaBJEeHUS] TEXHOJOTHYEeCKMMHU mapa-
MeTpaMH U NPOECKTHPOBAHUS OTKPBITON pa3-
PadoTKH yroJibHBIX MECTOPOKIeHU it

B ocHoBe cymiecTByrOIMX METOAUK BbI-
Oopa W ympaBJCHHUS TEXHOJOTMYECKUMHU Iapa-
METpaMU OTKPBITOH yrienoObuu nexar QyHaa-
MeTaJIbHbIE TPUHITUITBI TPUHITUITBL, CPOPMYIIUPO-
BaHHble B. B. PxxeBckum, A. U. ApceHThEBBIM,
B. C. Xoxpskosbm [1-3].

Teopust MPOEKTUPOBAHUSI TOPHBIX MpeE-
NPUSTUN C MPUMEHEHUEM aHAIMTUYECKUX METO-
noB chopmupoBana B Tpyaax H. B. MenbHukoBa,
K. H. Tpy0euxkoro, /. P. Karutynosa, C. E. 'aB-
puriesa, [4—7].

3HaunTeNbpHAsT ~ 4YacTh  HCCIIegOBaTelei
BHECIIM CYUIECTBEHHBIH B pPEHICHUE CIOKHBIX
npoOJieM HE TOJIBKO TMPOCKTUPOBAHUS TOPHBIX
NPEANPUATHI, HO M TOMCKA KOMIUIEKCHBIX TEXHO-
JIOTUYECKUX PEHICHUN TpHU peaau3aiuul pa3pa-
OOTKH MECTOPOXKJIEHUH TOJE3HBIX MCKOMAEMBIX
OTKPBITOM CIIOCOOOM.

CyuiecTBEHHbIM BKJIAJ B PEIICHHE MPo-
0JieM, BOSHUKAIOIINX 110 MEPE Pa3BUTHUS TEOPUH
MPOEKTUPOBAHUS OCBOSHUS HEAp B 00JacTU OT-
KPBITBIX TOPHBIX paOOT, BHECIW HCCIICIOBAHUS
C. XK. Tamuesa, L.L. Coleman, K.P. Katen,
B. JI. SIxoBneBa, B. A. T'ankuna, B.B. Hcro-
muHa, A. B. Cokonosckuii, E. @. llemko, W. W.
Kaufman, A. M. Newman [8-18]. Jlocratouno
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MHTEPECHBIC TIOJXO0/bI B PELICHUN TEXHOJIOTHYE-
CKUX Ipo0JieM, B TOM YHCIIEe C IPUMEHEHHEM Ce-
JEKTUBHON OTpaOOTKH, YNpaBJICHUS KaYyeCTBOM
MOCPEJICTBOM CMEIIMBAaHUSA MPOAYKLHHU, pellle-
HUSl ONITUMHU3AIMOHHBIX 33/1a4 PEaNN3aluu TeX-
HOJIOTUU U MPOLECCOB JOOBIUU IMOJIE3HBIX UCKO-
MAeMbIX Ha OTKPBITHIX TOPHBIX PabOTaX MOMKHO
HaOmoaaTh B padotax yuensix CIIA, Yunm, Ka-
HaJibl, ABCTpanu U Ipyrux crpas [12-29].

Jis  AOCTHMXKEHMsI LeNH HUCCIETOBaHUS
B CTaThbe OBUIM HCIOJB30BAHBI TEOPETHUECKUE
U METOJUYECKHE IIOJIOKEHUSI  IOBBIIICHUS
KayecTBa U LIEHHOCTH MPOIYKIIMU YTOJIBHOTO pa3-
pe3a, chopmynupoBanHbie B padorax M. U. I1la-
noBa, B. b. AprembeBa, B. C. KoBanenko, Bu-
HuukuM JI. C., Bunuukum K. E., Kypxeit C. I1.,
lans P. P., [30-36].

bnarogaps ycunusMm uccienoBaTened U
MIPAKTUKOB CO3/1aHa HAYYHO-METOJMYecKas 0a3a
IO OTIPeACTICHUIO IPOU3BOIUTEIBHOCTH U TPAHUI]
KapbhepoB, PETYIUPOBAHHUIO PEKHMa TOPHBIX pa-
00T, pa3paboTaHbl CIOCOOBI BEACHHUS TOPHBIX pa-
00T B Pa3IMYHBIX TOPHO-TEOJOTHYECKUX YCIIO-
BUSX, KOTOpPBIE TOCTATOYHO IIMPOKO OTPAXKAIOT
BOIIPOC MOBBIIIEHUS 3(PPEKTUBHOCTH TPOU3BOI-
CTBa M KauecTBa MPOAYKIIMH Ha YTOJIbHBIX paspe-
3ax. OtpaboTKa CIOXKHOCTPYKTYPHBIX MECTO-
POXKIEHUIT MMEET CBOM TEXHOJOTHYECKHE OCO-
OEHHOCTH, a ITO O3HAYAET, YTO CIIOKHUBIITUECS ME-
TOJIbI YIPaBIEHUS KAYeCTBOM MPOAYKLIUU HYX-
JAf0TCS B YTOYHEHUH, a MPUMEHsIEMbIE Ha TIpe/I-
MPUATHIX TMPUEMBI U TEXHOJIOTUU BEICHUS TOp-
HBIX pabOT — B U3y4EHUH, 000OIIIEHUH U CUCTEMa-
TU3allMW, B YCIOBUSX HM3MEHUMBOCTH BHEUTHEH
CpEIbl.

OcHoBHOE conep:kanue

Wnes mogxona — obecrieueHue TpedyeMoro
YPOBHSI KauecTBa TOBAPHOM MPOJYKIMU YIIIEH0-
OBIBAIOIIETO TPEANPHUATHS B YCIOBHAX OTpa-
OOTKH CIIOKHOCTPYKTYPHOTO MECTOPOXKICHHS
KaMEHHOT'O — YTJIsI JIOCTUTAETCs IOBBIIIICHUEM Ka-
9YecTBa TEXHOJOTHUECKUX MPOLECCOB U UX AU(-
depeHIanyell MO0 KPUTEPHIO MaKCHMAaJIbHOTO
COOTHOILIEHUS IIEHHOCTH M ce0eCTOMMOCTH Ipo-
TYKIIHH.

Cxema pa3pabOTaHHOTO METOANYECKOTO

MoaXoJa K YIPaBICHUIO KadeCTBOM TOBApPHOU
MPOAYKIIUHU MPEINPUATUS B YCIOBUAX OTPAOOTKU
CIIOKHOCTPYKTYPHOTO MECTOPOXIACHUS KaMEH-
HOTO YIJIsl, IPeJCTaBlIeHHas Ha puc. 1.
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| HHTepechl U 1eJIH AKIINOHEPOB |

—>| BbI0op cTpaTerun pa3BuTHsI TOPHBIX padoT |
!

| MOHUTOPUHT PHIHKA YTroJIbHOM NMPOIYKIHH U OlIeHKA MapaMeTPoOB CIpoca |
+

| OueHka UMEIOLIMXCS 32MACOB M TEXHOJOTHYEeCKHX BO3MOKHOCTEI |
+

|Pacqu NMPOU3BOACTBEHHOI MOIIHOCTH ¢ y4eToM Ju(depeHIHALINH nponymmn|

; I p— )

Oco60 nennas Boicokonennas Hennas MaJioneHnHnast
Texnpouecc 1 Texnpouecc 2 Texmnponecc 3 Texnpouecc 4
OneHka Onenka Onenka Onenka
100. CTOMMOCTH 100. CTOMMOCTH 100. CTOMMOCTH 100. CTOMMOCTH
AOIL. 3aTpaT J0m. 3aTpaT J0M. 3aTpaT Jom. 3aTpaTt
PHCKOB PHMCKOB PHMCKOB PHCKOB
Boi6op pemennii i ¢popMHPOBAHNSA TOPHOTEXHMYECKHUX H TEXHOJIOTHYECKHUX YCJIOBUH
Peanu3anusi BHIOpaAHHBIX pelleHuii
| InaHupoBaHMe FOPHBIX PadoT C y4eTOM HOBBIX PelIeHHIl H OrpaHHYeHH i |
| Y4er H KOHTPOJIb Ka4ecTBA TEXHOJIOTHYECKHX MPOLECCOB |
| dakTHYecKas CTPYKTYPa HeHHOCTH MPOLYKIMHU |
v
| dakTHYecKas CTPYKTYpa Mpoaax |
v

YpoBeHb npudbLIM M pazMep I€HEKHOI0 OTOKA |

Puc. 1. Cxema MeTOANYECKOI0 MOAX0/1A K YIPABJIECHHUIO KA4eCTBOM TOBAPHOM NPOAYKIHHU
B YCJIOBHAX OTPAGOTKH CJI0KHOCTPYKTYPHOI'O YrOJbHOI0 MECTOPOKIEeHUS

Fig. 1. Diagram of the methodological approach to managing quality of the marketable products
in the conditions of open pit mining of coal deposit having complicated structure

OTIMYUTENBFHON OCOOEHHOCTRIO IOAXO0Ia
SIBJIAIOTCA:

— pacyeT MPOU3BOJICTBEHHOW MOIIHOCTH
OpPEeANpUATHS ¢ yueToM AuddepeHrauy HeHHO-
CTH MNPOAYKLUUU IO CIEAYIOLUUM KaTErOpHsM:
0c000 IIeHHast; BBICOKOIIEHHAs; [IEHHAsI; MaJIOIeH-
Has. Pacnpezenenne npoayKiyy 10 EHHOCTH 3a-
BUCHT OT OCOOEHHOCTEN MECTOPOXKICHUS U T10JIe3-
HOro nckomnaemoro. Hanpumep, muist ycnosus beni-
CKOTO MECTOPOXIECHHUS K 0CO00 LEHHOM ClieayeT

EXPLOITATION OF MINERAL RESOURCES

OTHOCHTH YTOJBHYIO TIPOTYKIIHIO C TETUIOTOH Cro-
panusi 6onee 5800 KKaJ/KT; K BBICOKOIIEHHOW —
5550-5800 kkan/kr; k 1iennoi 5400-5550; x ma-
norieHHOM — meHee 5400 kkai/Kr;

— (GOopMHUpPOBaHHE COOTBETCTBYIOIIUX KaXK-
JIOW KaTeropuu IEHHOCTH MPOYKIIUU MapaMeTpOB
TEXHOJIOTUYECKUX TPOIECCOB, BKIIIOYAs IOATO-
TOBKY, 9KCKaBaIlMIO, TPAHCIOPTHPOBAHUE, CKJIa-
JTMPOBaHUE U NepepadoTKy;
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— y4eT SKOHOMHYECKOH 11eJ1eCO00Pa3HOCTH
OCBOCHHSI HOBOTO TEXHOJIOTHYECKOTO Tpoliecca
Ha OCHOBE pacueTa pPasHOCTU MEXIY T00aBJICH-
HOM CTOMMOCTBIO, TOJIYYCHHOU B PE3YJIbTATE T10-
BBIIICHHUS KauyeCTBa MPOAYKIIMH, W JOIMOJHH-
TEJbHBIMH 3aTpaTaMy Ha PEATM3AINI0 MEPOTIPH-
SITUH 110 MOBBIIEHNIO KaUYeCTBa;

— y4eT BO3MOXKHBIX OTPAaHUYCHHH IMPOU3-
BOJIUTEIILHOCTH TOPHOTPAHCIIOPTHOTO 000pYyI0-
BaHWUs [Tl peasu3allii MEPOTIPUITHMA IO TTOBBI-
IICHHUIO KaYeCTBa;

— coOJII0IeHKE BBICOKOI'0 Ka4eCTBa TEXHO-
JIOTUYECKUX TPOIECCOB IyTEM y4YeTa, MOHHUTO-
pHUHTa U PETyIHUPOBAHMUS.

B pesynbraTte npoBenenusix B 2014-2019
IT. HCCIIEJOBAaHUH BBIABICHBI HamOolee cylie-
CTBEHHBIC TEXHOJOTHYECKHE (aKTOPHI, BIUSIO-
IIFe Ha BBIOOp M PEryJMpOBaHHUE NapamMeTpOB
TEXHOJIOTHYECKHUX IPOIECCOB W TEXHOJOTHYC-
CKHX PCIICHHHA TMPH TOJATOTOBKE, YKCKaBAIIWH,
TPaHCIIOPTUPOBAHUH, CKIIATUPOBAHUH U Tepepa-
00TKE MPOAYKIHH MPEANPUITHS OTKPBHITOTO
croco0a JA00BIUM B YCIOBUAX OTPAOOTKH CIIOXK-
HOCTPYKTYPHOT'O MECTOPOXKICHUS KaMEHHOTO
Y5, KOTOpPBIE TIpe/icTaBleHbl B Ta0m. 1.

JInst OLIEHKU palMoOHaTbHOCTH MpPUMEHE-
HUS  HOBBIX  TEXHOJIOTHUECKHX  PEIICHHA,
HaIpaBJICHHBIX HA TOBBINICHUE KadyecTBa IPO-
TyKIUH, pa3padoTaHa SKOHOMHUKO-MaTeMaTH4e-
CKasl MOJIeJb, MIPEICTAaBICHHAS HUXKE:

Vev I:)rev—i_vhv I:)rhv—i_vv I:)rv+vlv F)rlv > VCP PrCP
Ex, + (Ex, + Ex, + Ex, + Ex,) EX,

rae Vev, Vhv, Vv, Viv — 00BEMBI TPOIYKIINU TIO Ka-
TeropusiM «ocobo tennas — especially valuey,
«BbicokonienHas — high value», «uennas —
value», «mamnonennas — low value» coorser-
CTBEHHO, ThIC. T; Prey, Prny, Pry, Priy — mecua
(price) mpoayKIMuU MO KATETOPUSIM «0CO00 IICH-
Has», «BBICOKOIICHHAS», «IICHHAs», «MAaJIOICH-
Has» COOTBETCTBEHHO, PY0./T; Vo — 00BEeMbI
NPOAYKIIMK 70 peau3alliy PEIICHUI 10 MOBbI-
IICHUIO KauyecTBa yIJisl, ThIC. T; Pre, — 1ieHa To-
BapHOU MPOAYKIUHU (CpeaHsis — avarage) o pea-
JU3AIUU PEIICHUI MO TOBBIIICHUIO KayecTBa

EXPLOITATION OF MINERAL RESOURCES

yrisi, py0./T; EXa — cebecroumocts (COSt price)
TOBAapHOW MPOAYKIMHU (CpenHsst — avarage) mo
peanu3anuy peuIeHuid o MOBBIIICHNUIO Ka4yecTBa
yrist; EXev, EXhv, EXv, EXiv — mononHuTeIBHBIE 3a-
TpaThl (EXPENSES) Ha pean3aluIo TEXHOJIOrnye-
CKHMX PELICHUH IO MOBBIIICHUIO KayecTBa YIis
[0 KaTeropusiM «0co0o0 LeHHas», «BBICOKOLEH-
Has», «lIeHHas» U CH)XEHHUE LEHbl B KaTerOpUH
«MaJlol[eHHas» OTHOCUTEIBHO CpelHel 10 pea-
JAU3AIUU MEPONPUIATUH, pyO./T; EXd — momonHu-
TEJIBHBIE 3aTPAThl HA PEATU3aLNI0 TEXHOJIOTHYE-
CKHX PEIICHUH IO MOBBIIICHUIO Ka4ecTBa YTJIs
M0 KAaTeropusiM «0co00 IEHHAs», «BBICOKOIICH-
Has, «IICHHas» U CHUKEHUE [EHbI B KATETOPUH
«MallolleHHas» OTHOCUTEIBHO CpelHel N0 pea-
JIU3alUA MEPOTIPUSITHIA, PYO./T.

[IpoBeaeHHOE C MOMOIIBIO pa3paboTaHHOM
MOJIETT HKOHOMHKO-MAaTeMaTHYeCKOe MOJIEIIn-
pOBaHME TO3BOJMIIO ONPEAEITUTh Hauboee pa-
[HUOHAIBHBIC TEXHOJIOTHYCCKUE PEHICHUS IS
TIOBBIIICHHUS] Ka4eCTBa YrOJbHOW TPOIYKIUU B
Ka)kJIOM Ipoliecce U onmpodoBaTh UX B TEXHOIIO-
ruu 106s1yM yrig Ha Boctouno-beiickom yroms-
HOM paspese.

OcHoOBHBIC 3Tanbl OTPAOOTKH CJIOKHO-
CTPYKTYPHOIO YIroJbHOI0 MeCTOPOKIECHUSI
OTKPBITHIM CIIOCO00M

IToaroroBka yrisi K BbleMke. B pe3yinb-
TaTe TPOBEICHUS psAfa SKCIECPUMEHTATBHBIX
B3PBIBOB OBUIM YCTAHOBJIICHBI DPAIlMOHATLHBIC
CeTKa CKBaXHWH (pHC. 2, a) U KOHCTPYKLIHS 3a-
psana (puc. 2, 6) AJig ONTUMAIBHOTO IPOOICHHS
YrOJIBHOTO IUTACTa TO KPYMHOCTH KYCKa C
HAaUMEHBIIUM TEPEeMEIIMBAHUEM TOPOJHBIX
MPOCIIOEB ISl AJIbHEUIIEH CEJIEKTUBHOW BBI-
€MKH TI0JIe3HOT0 Hckomaemoro. [Tocie mposeze-
HUSI B3PBIBHBIX PabOT MPOBOIUTCS T€OJIOTOpa3-
BeJIKa C MCITOJIb30BaHueM dkckaBatopa PC-300.
B pesynbrare reonoropasBeKd KOPPEKTHPY-
I0TCS TE€0JIOTUYECKHE Pa3pe3bl CO CTPYKTYpPHOM
KOJIOHKOH Ha MPOTSKEHUU BCETO y4acTKa OTpa-
0aThIBAEMOT0 YrOJBHOTO TIIACTa, B KOTOPBIX
YKa3bIBaeTCSI MOIIHOCTH TIOPOJHBIX TIPOCIIOEB,
IIyOMHA UX 3aJIETaHUs U TPOTSHKEHHOCTb.
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Tabuuma 1

CBs3b GpaKkTOpPOB, NAPAMETPOB TEXHOJOTHYECKUX NMPOLECCOB H HEHHOCTH NPOAYKIUHA
(Beiickoe KAMEHHOYT0JILHOE MECTOPOKIEHHUE)

The relationship of factors, parameters of technological processes, and the product value (Beisky coal deposit)

TexHoJornyecKue NnapaMeTpsl U pelIeHus 1JIs1 TOCTUKEHUS
IIpouece TexHoJsioruueckuii gpaxkrop HEHHOCTH NPOAYKUHHU
Oco00 nennas | Bbicoxounennasi | Ilennas | MaJiouennas
KDVITHOCTE KYCKA — COTKa CKBAKHH CeTka CKBaXKHH CeTka CKBa)XUH
by Y 4%4 110 6X6 3%3 10 6%6
Paccpenorouen-
[ToaroroBka bea Paccpenorouen- | C mozaceimn- o
HBIN C YIETOM . . . C mozchImKoi
3acopeHne — KOHCTPYKIHSA 3apsiia HBIN C ITOJICBHIITKO KoM
TEXHOJIOTUH 0.5 0.2-0.4 m menee 0,2 M
Blast Maker ’ T
CenexTuBHas
CenexTuBHas
3acopeHue — celleKTHBHAsl BbIEMKa o OJIOKY U Banosas
10 CIJIOSIM
CJI0SIM
DKCKaBalus TodHOCTH CeNeKIMH — EeMKOCTh
MuHMMalIbHO BO3MOKHAsI Cpeansist | MakcumainbHas
KOBIIIA YKCKaBaTopa
KpynHocTs Kycka — €MKOCTh KOBIIa
MakcruManbHO BO3MOXKHAs Cpenusas | MuHMManbHas
9KCKaBaTopa
KpynHocTs Kycka — eMKOCTh Ky30Ba
TpaHcniopTHpoBaHue MakcumanbHO BO3MOXKHAs Cpennsist | MuHumanbHas
aBTOCaMocCBasa
3acopeHue — KoJuecTBo ITadenei 8 | 5 4 3
CxkiagupoBaHue . MaxkcumanbHBIA TEXHOIOTHYECKHU . o
I'nbxoctes — 00BeM mITAdENENH N Cpenanii | MUHHMANbHBINA
BO3MOIKHBII
3acopenue — crmocod oborameHns I'my6okoe IMopomoBriOopKa OTCcyTCTBYET
[epepaboTka
U OTTpY3Ka
N3menpyeHne — KOJIMYECTBO IEPECHI-
LoB MuHMManbHO BO3MOKHOE MakcumanbHOE

a) ceTka 6ypeHua

6) KOHCTPYKUUA 3apaga

HCKPAC  ~eey

B) reosioropassefKa c UCnoJibsosaHmem

nn-1147
10.9% 15,0%

103% 12,9%

Nn-1146

3apaz noapamwolt
— NT-N500

Tloacunxa s Gyposoro
wuta

Puc. 2. [Ipumepsl TeXHOJIOrHYeCKHX pellleHUH B Npouecce MOArOTOBKH YIisl K BbIEMKe

Fig. 2. Examples of technological solutions in the process of preparing coal for extraction

EXPLOITATION OF MINERAL RESOURCES
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6) cenektusHas (CTAJIO)

Puc. 3. IIpumepsbl TeXHOI0TMYECKHX PellieHUil B poLecce IKCKABALMH (BbIeMKH) YIJIsl

Fig. 3. Examples of technological solutions in the process of excavation (extraction) of coal

a) BbI/IO
/3
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6) CTA/IO
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Puc. 4. llpumepsl TEXHOJIOrHYeCKHUX PelIeHUI B Mpolecce CKJIATUPOBAHNUS YIJIsl

Fig. 4. Examples of process solutions in coal stockpiling

EXPLOITATION OF MINERAL RESOURCES




ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020;5(2):119-130 MISIS

National University of
Science and Technology

Boiemka yras. Ilocne cocraBieHust reo-
JIOTHYECKHUX Pa3pe30oB pa3padaThIBAETCs MPOCKT
CEJIEKTUBHOM BbIEMKH YTJIs (puc. 3), ONKUCHIBaIO-
MUK TEXHOJIOTHMYECKHE MapaMeTpbl U MOPSA0K
IIOCJIOMHOM BBIEMKH YIUISL WIM NOpoAbl. IIpoekt
pa3pabaTbiBaeTCsl MHAMBUAYAIbHO HA KaXKIbIi
oTpabaTeiBaeMbIii y4acToK (OJIOK) YroJIbHOTO
miacra.

CraaaupoBanue yrJs. [loBeimenue 3¢-
(EKTUBHOCTH YIIPABIICHUS KAUECTBOM B IOATIPO-
1[ecce CKJIaMPOBaHUS 3aKJII0YAaeTCs B €0 30HU-
pOBaHMM TIO TEIUIOTBOPHOH CIIOCOOHOCTH U
BKJIFOYACT YBEIMUYEHUE EMKOCTHU CKJIAZa U KOJIH-
yecTBa mrabenei (puc. 4).

MeToanka OLEeHKH KadecTBAa TeXHOJO-
rHYecKOro npouecca

[IpennaraeTcs METOUKA OIICHKH KayecTBa
TEXHOJOTHYECKOTO MpoIecca Ha MPEIIPUATHIX
OTKPBITOTO Crocoba T00bUM B YCIOBHUSAX OTpa-
OOTKH CIOKHOCTPYKTYPHOTO MECTOPOKIACHUS
KaMEHHOTO YTJIs, OTJIMYAIONIasicsi TeM, 4TO pac-
YeT, 4T ¥ MOHUTOPHUHT 3Ha4eHHI K03 duiu-
€HTa KaueCTBa TEXHOJOTMYECKHUX MPOILIECCOB YT-
neno6siBaromero npeanpusatus (KPQ) nmpousso-
JTCSL Ha OCHOBE OLIEHKHM COCTOSIHMSI paboumx
MECT U MPOLIECCOB IO CIEAYIOUIUM (GopMyIam:
KPQ = K1 Kp+ K> Ket K3 K+ K4 Kw+Ks: Ki+Ke' K,
rae Ki, K2, K3...Ke — BecoBbie K03 PUITUESHTHI
IIPOIECCOB TMOArOTOBKH (preparation), skckaBa-
002078 (excavation), TPaHCIIOPTUPOBKH
(transportation), ckmaaupoBanus (warthousing)
ropHOH Macchl, mnepepaboTku (recast) m or-
rpy3ku (Shipment) mpoaykinuu coOTBETCTBEHHO;
Kp, Ke, Kt...Ks— ko3ddumeHTs kauecTBa mnpo-
IIECCOB TIOJITOTOBKH, SKCKABAIMH, TPAHCIOPTH-
POBKH, CKJIaJPOBAaHUS TOPHOW MaccChl, rmepepa-
OOTKH M OTTPY3KH IMPOAYKIIUHA COOTBETCTBEHHO,
paccUUTHIBAIOTCS IO PopMyTIe:

PQ = Nrat/Ntotal,
rae Nrat — ¢akTudeckoe coOmoeHre paluo-
HAJTBHBIX TEXHOJOTUYECKUX TapameTpoB; Niotal —
o011ee KOJIMYECTBO TEXHOJOTUYECKUX IapaMeT-
POB IO CTaHIAPTy Mpoliecca.

Hcnonb3oBanne pa3pabOTaHHOW METO-
JUKHM TO03BOJISIET BBIOpaTh XapakTep BO3[eH-

EXPLOITATION OF MINERAL RESOURCES

CTBHUS Ha TEXHOJIOTHYECKUH MPOIECC U MEPHI pe-
TyJIUPOBAHUSL B 3aBUCUMOCTH OT IOJYYEHHOIO
IuanazoHa 3HA4YCeHW Kod(PQUIMeHTa KadecTBa
TEXHOJOTUYECKOTO Ipoliecca:

— 0,00-0,50 — HU3KOE KAauyeCcTBO TEXHOJIO-
THYECKOTO Ipoliecca, BbICOKass MHTEHCHUBHOCTD
BHEIIIHUX BO3JIEHCTBUI, HAIIPUMEP HAXOXKJICHUE
B YrojbHOM 3a00e MacTepa ydacTKa TeXHUYe-
CKOI'0 KOHTPOJISI, TOYAaCOBOIl OTUET TOPHOTO Ma-
cTepa O COCTOSIHUM U MTapaMeTpax yrojabHOro 3a-
6os;

—0,50-0,75 — cpegHue Ka4eCTBO TEXHOJIO-
TUYECKOr0 Mpoliecca U MHTEHCUBHOCTH BHEI-
HUX BO3/JIEHCTBUI, HallpUMeEp pa3paboTKa U pea-
JAU3alusl €KEHENETbHBIX U €XKEMEeCAYHBbIX Iia-
HOB MPUHSTHUS JAOMOJIHUTEIbHBIX MEp MO MOBHI-
LICHUIO Ka4eCTBa YrOJbHON MPOIYKIUH;

—0,75-1,00 — BBICOKOE Ka4eCcTBO TEXHOJIO-
TUYECKOTO TMpolecca, HU3Kas HWHTEHCUBHOCTH
BHEIIHUX BO3JICMCTBUI, HAIPpABJICHHAS HA MOM-
JepKaHue W Pa3BUTHE IMOJYYCHHBIX pPe3yJibTa-
TOB, Hampumep oOydeHHe MepcoHana Mmporpec-
CUBHBIM METOJIaM PadOTHI.

Hcnonb3oBanue npeioKeHHOTo MoKasa-
TeJsl OLEHKU KauecTBa TEXHOJIOTHYECKOTO Mpo-
1ecca U €ro CpaBHEHHE C Ka4yeCTBOM TOBApHOU
MPOAYKIIUUA — COOTHOIIEHHUEM IIEHHOCTHU U cebe-
crouMoctd Ha mpumepe padborsr OO0 «Bo-
CcTOYHO-belcKknil yroJibHbIA pa3pes3» 3a MEPUoL
SIHBapb—OKTs10ph 2019 r. mokas3ano BBICOKYIO
TECHOTY WX CBSI3U, BBIpOXKEHHYIO KOd(huImeH-
TOM JETEPMUHALINH, YTO IPEACTABICHO Ha PHUC.
5.

[Ipumenenue pa3pabOTaHHOTO METOINYE-
CKOTO TOJX0JIa K YIMPABICHUIO KauyeCTBOM TO-
BapHOU TMPOAYKIIMU HA TPEANPHUATUSIX OTKPHI-
TOTO CIToco0a T00BIUN, OTPa0aTHIBAIOIITUX CITOXK-
HOCTPYKTYPHOE€ MECTOPOXKIEHHE KaMEHHOTO
yTJIs, CO3/1a€T BO3MOKHOCTh MOBBIIIEHUS IKOHO-
MU4YeCKON 3P(HEKTUBHOCTH UX AESITEIBHOCTH H,
KaK CJeICTBHE, KOHKypeHTocmocoOHocTtu. B
yCIOBUAX pa3pe3a Bocrouno-belckuil exeron-
HBII SKOHOMHUYECKUH 3PGeKT oT peanusaruu
pa3paboOTaHHOTO METOJIUYECKOTO TOAXO0Ja CO-
craBisieT okosio 200 MitH pyo.
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CooTHOLIEHHE IEHHOCTH U €ce0eCTOMMOCTH NMPOAYKIUH, OTH. €/I.
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Puc. 5. B3aumocBsi3b KauecTBa YroJIbHOM NPOJAYKUMHM M Ka4eCTBAa TeXHOJI0IMYeCKOoro npouecca
(000 «Bocrouno-beiickuii pazpe3», pakt 10 mecsanes 2019 r.)

Fig. 5. The relationship between the quality of coal products and the work process quality
(Vostochno-Beisky Razrez LLC (East Bei open-pit coal mine), the factual data for 10 months of 2019)
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3axayu coBepIIEHCTBOBAHMS YIIPABJICHUSA U MOBBIILICHUSA 3(PPEKTUBHOCTH
(GyHKIIHOHMPOBAHUS TEXHOJOTHYECKUX 0JIOKOB PYyAHUKA
MOA3EMHOI'0 CKBA’)KUHHOI'O BBIIIICJIAYHBAHUA YpaHa
Moapesos /. P.

AO «HAK «Kazarommpom», ypanomo6siBatorree npennpustae TOO «Kapatay»,
r. [lIeimkenT, PecryOnmka Kazaxcran

AHHoOTanms: 3a7a4i HENPEPHIBHOTO MTOUCKA MPONU3BOJICTBEHHBIX PE3EPBOB, (PaKTOPOB MOBHILIEHHS 3P PEKTUBHO-
CTH, OITUMH3ALINH PACXOA0B Ha JOOBIUY U PACHIMPEHNE MUHEPAIBHO-CHIPLEBON 0a3bl TOPHOAOOBIBAIOIIETO MPE/I-
TPUATHS CTAHOBATCS KaK HUKOTIA aKTYaJbHBIMHU B CJIOKHBIIUXCSI HA CETOMHSIIHUN JI€Hb HETaTUBHBIX TCHICH-
[IUSX Ha MUPOBOM PBIHKE YPAHOBOTO ChIPhsl. OHUM U3 aKTyaIbHBIX ITyTel COXpaHEHHs CBOUX MTO3HIMH JIS TIpe -
MIPpUATHSA ABJIACTCA HEIIPEPBIBHOC COBEPIHICHCTBOBAHUEC IMTOAXO0J0B U METOJ0B YIIPABJIICHUSA TCXHOJIOTHUYCCKHUMU I10-
KazaTensaMu (pyHKIIMOHUPOBaHUS TOOBIYHBIX OJOKOB pyTHUKA 1 00ecnedeHrne He0OX0UMBIX 00BEMOB BCKPBITBIX
M TOTOBBIX K OTpabOTKe 3amacoB. B paboTe mpoBeneH TeopeTHKO-HHPOPMAIIMOHHBIN aHAIN3 TEXHOJIOTHIECKOI
CXEMBbI HpOMI)IHlJ'IeHHOI\/'I O'I'pa6OTKI/I 3aracoB ypaHa ME€TOJO0M NOA3EMHOI'0 CKBAXXMHHOT'O BbIIICIaYNBaAHU . Onpe-
ACJICHBI PErpECCUOHHBIC B3aMMOCBA3U OCHOBHBIX noka3artejiei (I)YHKHI/IOHI/IPOBaHI/ISI TEXHOJOI'MYECKUX IIHNKIOB
npeAnpusaTras U GOpPMATN30BaHA 33a]a4a YIPABICHUS TEXHOJOTMIECKUMHI OJIOKAaMH Ha CTAAMSAX 3aKHUCIICHHS, aK-
THUBHOTO BBIIIIEIaYMBaHUS, JOPAOOTKH 1 BBEIBOJIA U3 SKCILTyaTaluy. [lomydeHHbIe IO pe3ynbTaTaM BCKPBITUS PY-
HOT'O TeJla CTATUCTUUECKHUE XapaKTePUCTUKH SUEEK TeXHOIOTHUECKOro OJI0Ka U paclpeieIeH s 3aI1acoB ypaHa, a
TaKOKe aHAIHM3 TUHAMHUKH H3MEHEHHS JOOBIYH M CTETICHH M3BJICYECHUS I10 TEXHOJIOTMIeCKOMY OJIOKY, OanaHca mpo-
M3BOJMTEIFHOCTEH TEXHOJIOTHYECKOTo OJIOKA IO MPOAYKTHBHBIM M BBIIIEIAYHBAIONIMM PACTBOPAM MO3BOJIHIIH
paccunTaTh OCHOBHBIC T€OTEXHOJIOTHYECKHE MTOKA3aTeNt, KOTOPhIC JIETJIH B OCHOBY MOJYYEHHUS! PErpPeCCHOHHBIX
B3aMMOCBSI3¢eit MCKAY CTCIICHBIO U3BJICYCHUA ypaHa U COOTHOHICHHUEM KOJMYCCTBA IMOJAaHHOT'O BBIIICIIAYMBAIO-
IIEro pacTBopa K TOPHOPYIHOM Macce, a TakKe IS PAJOB TUHAMHUKH YACIbHBIX PAacXOI0B CEPHOI KHUCIOTHI U
AIIEKTPOIHEPTHH. DTOT MOIXO/ IIO3BOJIUII OTIPEISIUTh TPOOIEMHbBIE 30HBI U IEPCIIEKTUBHBIE HATPABJICHHUS COBEP-
IICHCTBOBAHMsI Mpoliecca yNpaBlieHUs U MOBBIIEHUS dPPEKTUBHOCTH (HYHKIIMOHUPOBAHUS TEXHOJIOTHYECKOTO
TOJINTOHA PYJHHKA TTO3EMHOT0 CKBaKMHHOTO BBINIETIaunBaHus. [ImaHupyemMble MEpOIIPUSATHS TIO3BOJIAT IIepe-
OLICHUTh PECYPCHBIN TOTEHIIMAN TEXHOJIOTHYECKOTO OJI0Ka ¢ OTHOBPEMEHHBIM 000CHOBaHHBIM IIPOrHO30M OCTa-
TOYHBIX 3aI1aCOB YpaHa B SKCILUTYaTUPYEMbBIX U BCKPLIBACMBIX 6HOKaX, CHU3UTH 3aTpaThbl Ha CTaAUKU T'OPHO-IIOATO-
TOBUTEJBHBIX PabOT, P CBOEBPEMEHHOM BBIBOJIE U3 SKCILTyaTally OJIOKOB CHH3HTH MOTPEOHOCTH B AIEKTPO-
SHEPTHHU, ONTUMHU3NPOBATH PACXO/I CEPHOM KUCIOTHI M B IIEJIOM ITOBBICUTH Ka4€CTBO NMPOTHO3UPOBAHUS U TIAHU-
POBaHMS MMPOU3BOICTBEHHBIX ITOKA3aTENeH C IeJIbI0 0€3yCIIOBHOTO BBITIOJIHEHHS TPOrpaMMbI 10ObIUn ypaHa. Pe-
3yJIbTaThbl MPOBCACHHBIX I/ICCJ'IG):[OBaHI/Iﬁ MOTYT 6BITL HCIIOJIb30BaHbI J1d COBEPIICHCTBOBAHMA KPAaTKO- U CPEIHE-
CPOYHOTO TUIAHUPOBAHUS TEXHUKO-I)KOHOMHUYECKHX MOKa3aTelell TOPHO-MOATOTOBUTEIBHBIX PadoT 1 00BN Ha
OCHOBE MPOTHO32 BEMYMHBI PYIHBIX HHTEPBAIOB Ha OTPabaTHIBAEMBIX OJIOKAaX, YTO CIIOCOOCTBYET YKPEIUICHHIO
pecypcHOi 6a3bl MPEANPUATHS U YBEIMUCHUIO KATUTATH3AIIIN KOMIIaHUH.

Ki1roueBble c/10Ba: NOA3EMHOE CKBAXKMHHOE BBIILEIAYNBAHIE, TEXHOJIOTHUECKAs CXeMa, MOBbIIEeHHE 3P PEeKTUB-
HOCTH yIpaBJICHHsI, TEXHOJIOTHYECKUH OJIOK, PeCypCHBII MOTEHIMAJ, 3arachl ypaHa.

s uutupoBanus: [Togpesor . P. 3agaun coBepieHCTBOBaHUS YIPaBICHHUS W MOBBIMEHUS 3()()EKTHBHOCTH
(YHKIIMOHUPOBAHUST TEXHOJOTHYECKHX OJIOKOB PYJHHKA IOJI3EMHOTO CKB2)XMHHOTO BHINIENAYMBAHKS YpaHa.
Topnvie nayku u mexnonocuu. 2020;5(2):131-153. DOI: 10.17073/2500-0632-2020-2-131-153.
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Issues of Improving Control and Increasing Efficiency of Production Blocks
at an ISL Uranium Mine

D. R. Podrezov
NAC Kazatomprom JSC, uranium mining enterprise Karatau LLP, Shymkent, the Republic of Kazakhstan

Abstract: The tasks of continuous optimizing production, looking for ways of increasing performance, cutting mining
costs and expanding mineral resource base of a mining enterprise are becoming more relevant than ever in conditions
of the current negative trends at the world market of uranium resources. Increasing enterprise competitiveness requires
permanent improvement of approaches and methods for managing performance of production blocks of a mine and
ensuring the necessary volumes of reserves prepared for production. In the study, a theoretical information analysis of
the process flow sheet of commercial ISL uranium production was carried out. The regression relationships between the
main indicators of the production process cycles were determined, and the task of controlling production blocks at the
stages of acidification, active leaching, completing operation, and decommissioning was formalized. The statistical
characteristics of a production block cells and the distribution of uranium reserves, obtained based on the data of ore
body drilling-in, as well as the analysis of the dynamic pattern of uranium production and recovery by production block
depending on time, the balance of production block productivity by pregnant and leaching solutions enabled calculating
key geotechnological indicators that formed the basis for calculating regression relationships between the uranium re-
covery and the ratio of the leaching solution amount to the rock mass amount, as well as for estimating specific con-
sumption of sulfuric acid and electricity depending on operation time. This approach allowed identifying the problem
areas and promising ways for improving the control procedure and performance of ISL mine wellfield operation. The
planned measures will allow re-estimating resource potential of a production block while simultaneously providing a
reasonable forecast of the residual uranium reserves in the being exploited and drilled-in blocks, reducing costs at the
main development stage, and, by providing timely decommissioning of the blocks, reducing power consumption, opti-
mizing sulfuric acid consumption, and overall improving quality of projecting and planning the production indicators
for achieving uranium production targets. The study results can be used for improving short- and medium-term planning
of technical and economic indicators of main development and production based on the forecast of ore interval sizes in
production blocks that contributes to strengthening resource base and increasing capitalization of a company.

Keywords: in situ leaching, process flow sheet, improving control efficiency, production block, resource potential,
uranium reserves.

For citation: Podrezov D. R. Issues of improving control and increasing efficiency of production blocks at an ISL
uranium mine. Gornye nauki i tekhnologii = Mining Science and Technology (Russia). 2020;5(2):131-153.
(In Russ.). DOI: 10.17073/2500-0632-2020-2-131-153.

BBenenue

HecmoTpst Ha ciiokuBIIMECS HA CETOTHSII-
HUW JIeHb HETaTUBHBIC TEHJACHIIUU MHPOBOTO
pBIHKA, 3aKJIIOYAIONIHNECS B CHIDKEHHUH CTIpOoca U
IIEHBl HAa ypaH, aTOMHAasl YHEPreTUKa UMEeeT XO-
poiiiee Oyayiiee U CyImecTBYeT MOTSHIHAIbHAS
BO3MOKHOCTH /11 TPOU3BOIUTENIEH ypaHa Hapa-
IMBaTh ero BeINyck [1, 2]. B cBs3u co cHmxke-
HUEM MUPOBBIX II€H Ha TPUPOJIHBIN YpaH U yXy/-
IIEHWEM PBIHOYHOW CUTYyaIluu JJIsl ypaHOI00bI-
BAIOIIUX TPEANPHUATUA BCE JOOBIYHBIE KOMIIa-
HUU BEYT pabOTHI IO ONTUMHU3AINHI TTPOU3BOJI-
cTBa U cokpamaroT pacxosl [3]. [Ipu aToM omHM
KOMITaHUU Y(P(HEKTUBHO BHEAPSIIOT B MPOU3BO/I-
CTBO METOABl U MOJEIN CHUKEHHUS MPOU3BOJI-
CTBEHHBIX 3aTpar, kak Cameco, a npyrue, Kak

EXPLOITATION OF MINERAL RESOURCES

Paladin Energy, Benyr m00bIuy Ha pyaHHKaX C
HHU3KO0H cebecTonMocThio [4, 5].

O6bem 100bIUM ypaHa B HOCT-PYKYyCHM-
CKOM INepUoie, HECMOTPS Ha CHUKEHUE CIIpoca,
13 rojJia B ToJ] pacTeT B OCHOBHOM 3a CUET OTpa-
OOTKM 3amacoB MECTOPOXKJIEHUH KpPYIMHEUIINX
ypaHoJoObIBalOMIUX KoMMIaHui [6, 7], 4to o0y-
CJIOBJIEHO CTPEMJIEHHMEM COXPAHUTH CBOIO JOJIO
Ha pbIHKE MPUPOIHOTO ypaHa. Takas TeHaEHIH
oOecrieuynBaeTcsl B MEPBYI0 OuYepe/b Pa3BUTOU
MUHEpaIbHO-CHIPHEBOIT 0a30if MECTOPOKICHUM.
B oxupaHum ynydmieHdss MUPOBOW KOHBIOHK-
TYpbl YpaHO100bIBAIOIINE KOMITAHUM C HE3HAYH-
TEJNBbHBIMH 3alacaMu U HEOOJIbIIMMH 00bEMaMH
JOOBIYU BBIHYKJIEHBI COKpAIaTh 00BEMBI CBOEH
MPOU3BOJICTBEHHOM jAesTeiabHocTH [8—11].
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B cBsA3M ¢ 3TUM BBINOJIHEHHUE MOCTABIICH-
HBIX TIepe]] yPaHOJ0OBIBAIOIIUM TPEATPUITHEM
CTPATETHYECKUX LEJNEH, KOTOPbIE HAIPaBICHBI
HAa YBEJIMYEHUE CTOMMOCTU KOMIIAHWUH, B TOM
YHUCJE 3a CYET AKTYAJIM3alHuu MTOKa3aTelnel Mu-
HEpaJbHO-CHIPbEBOIl 0a3bl MECTOPOXKIEHUS U
NOBbIIEHUS 3(P(EKTUBHOCTH, KadecTBa W
HaJIe)KHOCTU  MTPOU3BOJCTBEHHO-TEXHOJIOTHYE-
CKON JIeSTENbHOCTH, SBIISIETCS aKTyaJlbHOU
Hay4YHO-IIPaKTHYECKOH 3amaueii [12-14].

AHaJIU3 TEXHOJOTHYEeCKOH CXeMbl J0-
ObI4M ypaHa

Pemenne naHHOM 3anayv CONPSIKEHO C

s(dexkTuBHOrO YympaBneHus ¢GYHKIMOHUPOBA-
HUEM TMPEIIPHUATHS TPU TPOBEICHUU TOPHO-
MOATOTOBUTENBHBIX PAabOT, WHTCHCU(PUKAIHCH
npoiiecca J0OBIYH, MOBBIIICHHEM COJEPKAHUS
ypaHa B IPOJYKTUBHOM PacCTBOPE M CHIDKCHHEM
YPOBHS SKCIUTyaTallMOHHBIX 3aTpar.

C 5TOi# 11eNIbI0 HA MEPBOM 3Tall€ UCCIEN0-
BaHMUI OBLI MPOBEJICH BCECTOPOHHUN KOMILJIEKC-
HBI aHaJW3 TEXHOJOTHYECKOH CXEMbI OTpa-
OOTKH 3aMacoB ypaHa M BBITYCKAa TOTOBOW MPO-
TYKIIUU, KOTOPBIN TTO3BOJIMII BBIJCIUTD CIEIYIO-
e OCHOBHBIC CTAANH TPOU3BOACTBEHHBIX MPO-
ueccos (puc. 1) [15, 16].

HCO6XOI[I/IMOCTBIO obecrneueHus] MaKCHMAaJIbHO

Jo0bIYHOM KOMILIEKC

Pacnpenenenne BP

B YPBP T
1 \A
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| pacTBOpOB 1 |
| (LTIIIP) |
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I I
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| NPOU3BOJCTBO |
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[ T'otoBas npogyKuust |
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b ]

Puc. 1. YkpynHeHHasi TEXHOJIOTHYECKasi CXeMa NPOMBILIJICHHON 0TPadOTKH 3a11acOB ypaHa

Fig. 1. Outline flow chart of commercial ISL uranium production
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[Tpouecc noOkua ypaHa Ha reOTEXHOJIOTH-
YECKOM IIOJUTOHE COCTOUT U3 CIEAYIOLIUX CO-
CTaBJISIIOIIMX: TIOJ3EMHOE CKBXKMHHOE BbIIIENIA-
yuBaHue (IICB) ypaHa cepHOKHCIOTHBIMU pac-
TBOPAaMHU HAa TI'EOTEXHOJOTMYECKOM IIOJUIOHE
ckBaxkuH (I'TII); HacocHBI pacTBOPOIOIBEM
MPOJYKTUBHBIX PAaCTBOPOB U3 OTKAYHBIX CKBa-
YKUH; cOOp MPOJAYKTUBHBIX PaCTBOPOB B TEXHOJIO-
rudeckux ysnax npuema (YIIIIP); tpancnopru-
POBKa ypaHCOJEpKalluX pacTBOPOB IO cOOp-
HOMY KOJUIEKTOPY B IECKOOTCTOMHMKH IPOIYK-
TUBHBIX pacTBOpoB (IIP) ocHOBHOI NpOMBIIIIEH-
HOM ruiomanku pynHuka IICB; nonkucinenue
BO3BpPATHBIX PAaCTBOPOB B TEXHOJIOTMYECKUX V3-
JaxX MPUTOTOBIICHUS BBILIEIAYNBAIOUINX PACTBO-
poB (YIIBP) cepHoil kucnoTo#, mojmaBaeMoil ¢
PacIOI0KEHHOTO Ha MPOMBIIIJICHHON TLIOMIAAKE

I'TII

|

I'TII

!

Marounng

4 Copbina

copbuHH

pynnauka [1CB cknana; momaya pabounx (BbIIIe-
JIAYMBAIOIINX ) PACTBOPOB B 3aKAYHBIC CKBAKUHBI
JTOOBIYHBIX MOJUTOHOB Yepe3 y3Jbl pacrpeserne-
unus (YPBP) [17, 18].

[IpoayKTHUBHBIE PACTBOPHI C JTOOBIYHBIX
KOMIUJIEKCOB MOJTUTOHOB CKBaXMH MOCTYIAIOT Ha
YCTaHOBKY Ii€Xa MepepadOTKH MPOIYKTUBHBIX
pactBopos (LIIIIIP) mepepabarbiBaromero Kom-
IJIEKCAa — OCHOBHOW MPOMBIIIJICHHON IJIOIIAAKU
pyaHuka IICB. OcHOBHbIE TEXHOJIOIMUYECKUE
MpoIecChl MepepaboTKH ypaHCOAepKAIUX pac-
tBOpoB B LIIIIIP pyanuka [ICB 3akmitouarorcs B
cienyromeM (puc. 2): cOop U OCBETJIICHHE TIPO-
OYKTUBHBIX PACTBOPOB B MECKOOTCTOWHHUKE; TO-
nada [1P Hacocamu 1ieHTpaibHON HACOCHOU CTaH-
uu (ITHC).

:
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Puc. 2. YkpynHeHHasi TEXHOJIOTHYeCKasl CXeMa IepepadoTKH NPOAYKTHBHLIX pacTBopoB IICB ypana
H BBINYCKA NPOAYKIMH B BHJI¢ YPAHCO/IeP KAIero TOBAPHOIo gecopbara

Fig. 2. Outline flow chart of processing of uranium ISL pregnant solutions
and production of marketable uranium-containing Rich Eluate

EXPLOITATION OF MINERAL RESOURCES




ISSN 2500-0632 (ON-LINE)

| &

MINING SCIENCE
AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020;5(2):131-153

MISIS

National University of
Science and Technology

Jlanee npoucxoauT pereHepanys HachlIIeH-
HOH ypaHOM HMOHOOOMEHHOM CMOJIBI: IOHACHIIIIE-
HHE copOeHTa 0OOPOTHBIMH PACTBOPAMH B 30HAX
nonaceimenust | konmonn CJIK-1500; nonacerie-
HUE COpOCHTA YaCThIO0 TOBAPHOTO Jiecopbara B 30-
Hax poHaceimenus |l xkomonn CJIK-1500; nmpotu-
BOTOYHAsI HUTpATHAsA JecopOLusl ypaHa cO CMOJIbI
B 30Hax necopOruu koiaonH CJIK-1500; BeiBOS
ypaHCOAepKalllero ToBapHOro jaecopbara U3 Ko-
aoHH CIAK-1500 B cOOpHYIO €MKOCTB; TPOMBIBKA
OTIECOPOMPOBAHHOMN CMOJIBI OT UCXOHOTO JAECOP-
OHMpYIOIIETr0 pacTBOpPa B 30HAX OTMBIBKH KOJOHH
CAK-1500; mnpoTuBOTOYHAs JEHUTpALMs COp-
OeHTa pacTBOPOM CEPHOI KHUCIIOTHI B KOJIOHHAX
tuna [TMK-2000; npoMbiBKa OTpereHepupoBaH-
HOTO cOpOeHTa OT N30BITOUHOM KUCIOTHOCTH TEX-
HUYECKOW BOJIOM B OTMBIBOYHOM KOJIOHHE THIIA

L{TIMP

¥

TopapHH#
pecophar

1!

[TMK-2000; 3arpy3ka oTpereHepupoOBaHHOTO COp-
6enta B xonmonHel CHK-3M copOumonHOro oT/e-
nenus LIIITP; cOop ToBapHOrOo mecopbara u
HalpaBJICHUE €ro Ha JATbHEUIIYIO MepepaboTKy
Ha appuHAXKHOE Tpor3BoACTBO [19, 20].

[IpoekTHasi MPOU3BOIUTEIHLHOCTH Iepepa-
OarpiBatomeit ycranoBku LITITP — 2 000 T ypana B
roJl B BUJIE TOBApHOIO jJecopbara.

OcHoBHBIE TTOKa3aTeau paboThl 1iexa Mo Ie-
pepaboTke MPOAYKTHBHBIX PAacTBOPOB IPE/ICTaB-
JeHb! B Tabm. 1.

OCHOBHBIE ~ 3BEHbSI  TEXHOJOIMUECKOIO
nuKiIa ap@UHaKHOTO MPOU3BOACTBA MOXKHO Pa3-
JeNUTh Ha JBE CTAUU — OYMCTKAa TOBAPHOIO Je-
copbata oT mpuMecel U OCakJIeHUEe ypaHa U3 TO-

BapHOTro Aecopbara (puc. 3).
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Puc. 3. YkpynHenHasi TeXHOJI0OrH4ecKasi cxeMa apGpruHaKHOH 0YHCTKH TOBAPHOTIO Jecop0aTa U BBIIYCKA FOTOBOM MpPO-
AYKIUH B BH/Ie 3aKHCH-OKHCH MIPHPOIHOTO YPaHa

Fig. 3. Outline flow chart of refining Rich Eluate and production of marketable triuranium octoxide
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Tabmnma 1

OcHOBHbBIE MOKA3aTeJH paﬁoTu COpﬁ[[PlOHHOl"O OTACJICHUA 1LIexa nepepaﬁoTKn
IPOAYKTHUBHBLIX PACTBOPOB PYAHHKA IMOJA3€MHOT0 CKBA)KUHHOT0O BbIIICJIAYMBAHUA

Key performance indicators of sorption section of the area for pregnant solution processing of an ISL mine

IToka3zarenb Besimunna

06beM pacTsopos [P, IOCTYNMBLINX HA NIEPepabOTKYy, ThIC. M° 649,1
CocraB NpOTyKTUBHBIX PACTBOPOB!

cpenHee conepxkanue ypana B [1P, mr/a 303

pH pactBopos, ex. pH 2,0
[TosrygyeHO MaTOYHIKOB COPOIINH, THIC. M3 649,1
Iomyyeno ypana B [1P, xr 197 314
ConeprxaHne ypaHa B MaTOUHUKaX COPOIIUH, MT/TI 1,1
ITomryueno ypana B BP, kr 714
Koadpdrnument n3pneuenns ypana u3 [1P, % 99,6
[TomryueHo ypaHa B HACBIIICHHOM cMoJe (Ho0bua ypaHa), KT 196 600

OuucTtka TOBapHOTo Jiecopdara ot nmpumeceit
BKJIFOYAET OKUCIICHUE 2-BaJICHTHOI'O )Kene3a B 3-Ba-
JIEHTHOE COCTOSIHME MEPEKKUChI0 BOAOPO/Ia; HEUTpa-
JIA3ALUIO N30BITOYHOM KUCJIOTHOCTH TOBAPHOTO Jie-
copOara ¢ OCa)KIEHHEM >KeJle3a aMMHUAYHOM BOJION B
BUJIE TMJPOOKHCH; CTYLIEHUE OCAJIKa TMIPOOKHCH
Kese3a; (DUIIBTPALMIO CTYIICHHOM YacTh Ocajika
TUIPOOKHCH JKefe3a Ha (DUIIbTP-TIpecce; pacTBope-
HUE OCaJKa TUIPOOKUCH XKeJe3a B MaTOYHHKax
copOLuMu ¢ J0O6aBIEHUEM CEPHOM KUCTIOTHI; UCTIONb-
30BaHUE MOIYYEHHOT'O CEPHOKHCIIONO pacTBOpa Ke-
Je3a B Ka4ecTBE JIONOJHUTENBHOIO OKHMCIUTENS B
nporiecce [ICB ypana — HarpaBiieHre pacTBOPOB Ha
00beIMHEHNE C MATOYHUKaMU COPOLUH.

Ha craguum ocaxnenust ypaHa U3 TOBapHOTO
necop0ara MPOUCXOAAT CIIEIYIOUIME MHPOLECCHI:
OCaKJEHUE ypaHa NEPEKUCHIO BOJOPOA C MOJTyde-
HHEM IIEPOKCUA; KOPPEKTUPOBKA BEJIMYMHBI 3HA-
yeHus: pH mporecca ocakIeHUs aMMUA4HOW BO-
JIOM; CTYIIEHHE OCa/iKa MEepOoKCcuaa ypaHa; (puib-
Tpalysl CryIIEHHOM 4YacTu oOcajgka IepoKCuaa
ypaHa Ha QUIbTp-TIpeccax; HaIlpaBlI€HUE MaTOY-
HUKOB (PMJIbTPALIMU U MPOMBIBOYHBIX BOJ Ha 00b-
€IMHEHNE C MpOAYKTUBHBIMU pacTtBopamu [ICB
ypaHa; HalpaBJIEHUE MOIYYEHHOIO OCajiKa IEpPOK-
CHJla ypaHa Ha CTaJIMI0 MPOKAIKH; CyLIKa U Ipo-
KaJIKa 0CaJKa MEPOKCUA ypaHa 10 3aKUCH-OKHCH;
3aTapuBaHUE TOTOBOM MPOAYKIMHA B TPAHCIOPT-
HYIO Tapy.

[TpoexTHast MPOU3BOUTEIBHOCTH ahhrHAK-
Horo npou3BoacTtBa — 2000 T ypaHa B roj B BUJE
3aKUCU-OKHCH MPHUPOTHOTO ypaHa.

EXPLOITATION OF MINERAL RESOURCES

YrnpaBiieHHe OCHOBHBIMH BHIaMH padoT
HA TeXHOJIOTHYECKHMX 0JI0KaX PyJIHHMKA MOA3eM-
HOI'0 CKBA;)KMHHOT'O BbIIIEJIAYHBAHNS YPaHa

Hnst 3pdexkTuBHOrO MpUMEHEHHST METOI0B
CHCTEMHOI'0 aHa/In3a JUIs HaZeXHON U KayeCTBEH-
HOW IIPOMBIIUIEHHOW OLCHKM YPaHOBBIX MECTO-
POXKICHUM KpoMe IMOJIY4eHUs! HEeMOCPEICTBEHHO
CBEJICHUI O 3amacax He0OXOAUMO ITPOBECTU HUCCIIe-
JIOBaHUsI KauecTBa M COCTaBa Py/ibl, COOTHOILICHUS
MEX/1y IePBUYHBIMU U OKUCIICHHBIMUA YPaHOBBIMHU
MHHEepaJlaMi, MUHEPaJIOTHYeCKOr0 M XUMUYECKOT O
COCTaBa HEPYIHBIX COCTABISIOMINX, KOJTUYECTBA U
LEHHOCTH COITyTCTBYIOIIIMX KOMIIOHEHTOB B KOM-
IUIEKCHBIX Py/ax KaKk UCXOJHOM COBOKYITHOCTH Oa-
30BBIX MIOKa3aTeel HICHTU(PHUKALIUY CIIOKHBIX CH-
creM ynpasienus [21, 22].

Hcnonp3ys kiaccu(UKaLUIO  ypaHOBBIX
Pyl IO COAEPKAHHUIO, MOYKHO 3aMETUTh, YTO
B OCHOBHOM Ipeo0yiafialoT  OelHble  pPy.bl
(0,01-0,10 %), pexe BcTpeyarOTCs PAIOBBIC
(0,20-0,25 %) u cpeanue (0,25-0,5 %). Ypano-
BbIE MMHEpAJIbI B py/€ MIPEACTaBIEHBI JIETKO pac-
TBOPUMBIMHU B CEPHOKHCIIOTHBIX pacTBOpax ¢op-
MaMH, K TOMY € JIOKaJIM30BaHHBIMHU CpPEAU OC-
HOBHOM Macchl HEPACTBOPUMBIX U TPYAHOPACTBO-
pPUMBIX MUHepasioB. PyaHas MmuHepanuzaius, 60-
Jee WIM MEHEe paBHOMEPHO paclpe/elieHHas B
pynax, mpeactaBiieHa KOQGUHUTOM W HACTypa-
HoM. Kak mpaBuiio, ypaHoBble MUHEpabl HaXo-
JATCSL B TOHKOAUCTIEPCHON (hopme U JIerKo mepe-
XOJIIT B pacTBOP CJIa0OKOHIIEHTPUPOBAHHOM cep-
HOM KHCJIOTBL.
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Hcnonb3yst KOPPENsSIMOHHYIO 3aBUCUMOCTD
MEXIY TPaHyJIOMETPUYECKUM COCTaBOM U KO3(-
¢urmenramu prbtparyn (Kgp), JIerko 3aMeTHTh,
YTO JIMTOJIOTMUECKUE PA3HOCTH HMEIOT CIIEAYIOIIHE
yCpeaHEeHHbIE (PUITbTPALIMOHHBIE CBOMCTBA: MEJIKO-
3epHUCTBIN Tecok (K¢ = 5 M/CyT); cpenHe3epHH-
croiif necok (K¢ = 10 M/cyT); pa3HO3epHUCTHIN Te-
cok (K¢ = 19 M/cyT); pa3HO3epHUCTBII IECOK C Tpa-
BueM (K¢ =24 m/cyr).

XapakTepHbIMH OCOOCHHOCTSIMU TEXHOJIOTH-
YeCKOro OJIOKA M B LIEJIOM 3aJISKH MECTOPOXKICHUS
SIBJIAIOTCSL TIPUYPOYCHHOCTh OCHOBHBIX 3aIlacoB
ypaHa K IPOHHIIAEMBbIM ITOPOaM C BBICOKOH ILIO-
[IaHOM TMPOAYKTUBHOCTBIO PYyId M XOPOIIUMHU
(GUIBTPAIMOHHBIMU CBOWCTBAMU; HAJIMUME HAIOp-
HBIX BOJI; HU3Kasl KapOOHATHOCTh PY/A U BMEIIAl0-
[IUX MOPO; JOCTaTOYHO PAaBHOMEPHOE pacripesie-
JIeHHE ypPaHOBOTO OPYIEHEHUs MpPU OIHOPOIHOM
JIMTOJIOTHYECKOM CTPOSHHH PYAOBMEIIAIOIIETO T0-
puszonTta [23, 24].

Ha texHOmormueckoMm OJIOKE HCIONB3YETCS
reKcaroHajbHasi (sSUercTasi) cXema BCKPBITHS, SB-
nsrornascs HauOosiee 3(h(EKTUBHOW TpU paspa-
00TKe IIMPOKUX PYIHBIX 3a1exeil. OHa Mo3BoIseT
OTEPaTHBHO YIPABIATH MPOIECCOM IOI3E€MHOTO
CKBRKMHHOTO BBIIIENAUMBAHUS, JIETKO PaCIIUpS-
€TCsl B JIIOOYIO CTOPOHY, OTIMYAETCS] PABHOMEPHO-
CTbIO OTPaOOTKH PYTHOrO TOPH30HTA, Hamboiee

HOM M SYEUCTOM CUCTEMaMH PaCIOIOKEHHS CKBa-
KHWH OIHO3HAYHO IOKA3bIBACT, YTO MPHU TI'eKcaro-
HaibHOU cxeme oTHoreHue JK:T (oTHomeHue Ko-
JMYECTBAa TOAAHHOTO BBIIIEIAYMBAIOIIETO pac-
TBOpa K TOPHOPYIHOW Macce) MEHbIIIE, OJIOKH OT-
pabatsiBaroTcs ObicTpee U 3 dekTuBHEE, CpeTHIe
Y MaKCUMAaJIbHBIE COIEPKaHUS ypaHa B IPOTYKTHUB-
HBIX PAaCTBOPAX 3HAYUTEIBHO BBIIIE, a YJIEIbHbIC
pacxoibl CEpHOM KHCIOTHl Ha BbINIEIAYMBaHHE
HIDKE.

IIpu BBIOOpE CXEMBI BCKPBHITUSI YYaCTKOB U
OJIOKOB Ha 3Tarie MPOMBIIIICHHON OTPabOTKU Me-
CTOPOXKJCHUSI IOJDKHBI YUHTBHIBATHCS MOP(HOIIOTHS
PYIHBIX TEN B IUIAHE M pa3pe3e — PacHoIOKEHHE
PYIHOTO Tella B HECKOJIBKUX PYAHBIX MOATOPU30H-
Tax Y IIMPUHA TE€OJTOTUUYECKUX OJIOKOB; JIUTOJIOTO-
(UIbTpallMOHHBIE CBOWCTBA 3aJIeXKH; TMIPOIUHA-
MHYECKUH PEKUM OTKAYKH-3aKaYKH TEXHOJIOTHYE-
CKHX PacTBOPOB.

OCHOBHBIE T€OTEXHOJIOTHUYECKUE TTApaMETPhI
W TIPOTHO3HBIE MOKa3aTelnd (HYHKIMOHUPOBAHHUS
0J0Ka pyJHHMKA TOA3EMHOTO CKBAYKMHHOTO BBIIIIE-
JaYMBaHUS MIPEACTaBICHBI B TaOM. 2.

C ydeToM TreoNoro-rapOreoJOrnYecKux
YCJIOBUM PyJOBMEILAIOLIEr0 TOPU30HTA, INIOTHOCTH
nopoJ;, ko3duimenta 3pPeKTUBHON NOPUCTOCTH,
rokazarensi ckuH-3GdexTa Uit pacuera (PyHKIMO-
HUPOBAHMSI OTKAYHBIX CKBKUH TPHHUMAETCS JIe-

HaNpsDKCHHBIM  TMIPOJVMHAMUYECKHM  PEKUMOM. 6ut — 10 M/4, a IPHEMUCTOCTh 3aKAYHBIX CKBAKUH
AHanm3 pe3ynbTaToB dKCIUTyaTaluy OJI0KOB € psiji- COCTaBHT 0Ko1I0 2,2 M/4 (Tabi. 3) [25-27].
Tabmuua 2
I'eorexnonornyeckue napamerpsl 0s10xka pyasuka [ICB
Geotechnological parameters of an ISL mine block
Cpenusist npo- Cpenuss pyn- | Cpennee conep- | IIpoaykrus- | JddexkTuBnas Koa¢pduuuent
AYKTHBHOCTH | Hasi MOUMIHOCTH | jKAHUE ypaHA B | HOCTh B Me€T- | MOIIHOCTH 3a- ¢uabTpauun
PYAHOro TEja (m), m pyae (C), % porpoieHTe KHCJIS1eMOro PaCTBOpPOB B
(mu), kr/m? (mc), Mm% NPOAYKTHBHOTO PYAHOI YacTH
ropusonta (M), TOPU30HTA
M (Kg), m/cyT
14,9 11,28 0,077 0,8686 13,6 7,0
Tabnmma 3

I'eonoro-ruapoJiornyeckue ycJaoBus 0TPa0l0TKH TEXHOJIOrHYecKoro 010ka pyasnuka IICB
Geological and hydrological conditions for extraction of an ISL mine block

ILnoTHOCTH TIO-
POl pyTHOTO TO-
pusonTa (pPn),
Kr/M°

Koadpunment
3¢ peKTUBHOI 110~
pucroct (Ky)

Kommpeccus Ha
3aKaYHBIX CKBa-
xuHaX (Sy), M
BOJIL. CT.

Henpeccus Ha
OTKaYHBIX CKBa-
xuHaX (So), M
BOJI. CT.

ITokazarens
ckuH-3(pexTa

(S9)

Koadpunnenr uz-
BieueHUs (Kispa)

1,7

0,22

65

10

2,05

0,90

EXPLOITATION OF MINERAL RESOURCES
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Puc. 4. lnHaMuKka N3MEHEeHNs CTeNeHU U3BJICYEHHs] YPaHA U3 HeAp
(C1=1,4 — mapametp, onpenesilOUINil KHHETHKY NMpPoLecca BbIIEIAYHBAHNS YPaHa B sTueiike)

Fig. 4. Dynamics of uranium reserve recovery
(C1=1.4is a parameter that determines uranium leaching kinetics in a cell)
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Puc. 5. U3meHeHnne coaep:kanus ypaHa B NpOIYKTHUBHOM pacTtBope oT oTHomeHust K:T
(C1'= 4,95 — napamerp, onpeeJsiONHAii CKOPOCTh M3MEHEHHsI KOHIIEHTPAMY YPaHa B pacTBope)

Fig. 5. Uranium content in pregnant solution as a function of the Liquid : Solid ratio
(C1t = 4.95 — a parameter that determines the rate of changing uranium concentration in the solution)

AHajan3 IWHAMHMKH CTEIEHH HW3BIICYCHUS
ypaHa W3 HEJp MPH OTPabOTKE MECTOPOXKICHUS
MO3BOJIMJI TIOJYYUTh SKCIOHCHIIMAIBHYIO TEH-
JICHITAIO U3MEHEHUS TAHHOTO TTOKAa3aTelisi BO Bpe-
MeHH (puc. 4) [28].

C uCnoJb30BaHUEM 3HAUYCHHS MapaMeTpa,
OTIPEIEIIAIONIETO CKOPOCTh M3MCHEHHUsST KOHIICH-
Tpalliu ypaHa B pacTBOpeE, Obliia MOJIy4YeHa B3au-
MOCBSI3b COJCPXKAaHUS ypaHa B TMPOJTYKTHBHOM

EXPLOITATION OF MINERAL RESOURCES

pactBope ¢ cootHomenueM JK:T (puc. 5). ITomy-
YCHHbBIC 3aBUCHUMOCTH SBJJIAOTCA OAHUMHU U3 OC-
HOBHBIX COOTHOIIEHUI 0a30BBIX IOKa3aTeneit
nporecca MoA3eMHOI0 CKBRXKUHHOTO BBIIIEIAYH-
BaHUS.

JlaHHBIE B3aMOCBSI3H JIETJIM B OCHOBY pac-
4€Ta OCHOBHBIX ITPOTHO3HBIX ToKazarejei pa-
OO0TBHI TEXHOJIOTHYECKOTO Os10Ka (Tabi. 4) u mos3-
BOJIMJTH PACCYUTATh OCHOBHBIC TTOKA3aTEIH | T1a-
pameTpsl ero oTpadoTku (Tabda. 5) [29].
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Tab6muma 4
OcHoOBHbIE MPOrHO3HbIE MOKA3aTeaN Pad0THI TeXHOJIOrHYecKkoro 6;oka pynuuka IICB
The main performance targets of an ISL mine production block
KT, Bpems Bpems MaxkcumaJibHOe Cpennee YaeabHbli pacxosn
me/T 3aKUCJeHUs BbILIEJIAYUBAHNSA ( coJep;kaHue YpaHa coJep:kaHue KHCJIOThI HA MIepPuoJ
( T3aKch ), MHeil Tamu ), JIeT (Cmax ), Mr/i1 YpaHa AKTHUBHOI'O
(C ), M/ BbILIEJIaYUBAHUA
cpen /?
( ;Z[.aKTABLII.LI )’ KF/KF
1,9 62 2,6 1320 295 33,5
Tab6muma 5

OcHoBHbBIE pacueTHbIe MOKa3aTeJu GYHKIHOHUPOBAHHUSA TeXHOJIOrn4yeckoro 6joka pysnuka IICB

The main estimate indicator of an ISL mine production block

HaumenoBanue 3naueHue
MoKAa3aTes MoKa3aTes
XapaKTepuCTHKA ONMBITHOTO §JIOKA
IT011a/16 OMBITHOTO GJIOKA, THIC. M2 25,3
CpeiHss NPOyKTHBHOCTb, KI/M? 14,9
I'eosoruueckue 3amachel, T 343
CxeMa pacrosIoXKeHUs CKBAKUH I'ekcaronanpHast
Pannyc rekcaronanpbHOl suelKu, M 2 mo 45
2 mo 50

OO0111€€ KOIUYECTBO CKBAXKUH, IIT.: 24

OTKaYHBIX 4

3aKauHBIX 18

HaOII0MaTEIbHBIX 2
OTHOIIEHNE KOIMIECTBA 3aKAYHBIX CKBOKUH K OTKAYHBIM 4,5

2. lloka3zaTesu IKCIVIYATALMA TEXHOJIOTHYeCKOro 0/10Kka

Je6bUT OTKAYHBIX CKBAXUH, M°/d 10
IIpueMHUCTOCTh 3aKAYHBIX CKBAKMH, M%/4 ~25
JlaBieHne Ha ycThe 3aKkauyHOM ckBakuHbl, MI1a > 6,0
OrtHowenne XK: T, M3/t 1,9
l'opHOpyiHas Macca, ThIC. T 633
O6beM TEXHOJIOTMYECKUX PACTBOPOB, ThIC. M° 1202,7
TTpOU3BOIMTENLHOCTE OMBITHOTO 0J10Ka, M3/4 40
Bpewms 3akucnenus, naei 62
Bpems otpabotku, jer 2,6
O0beM PacTBOPOB HA 3aKUCIICHUH, ThIC. M3 59,5
O0beM PacTBOPOB Ha BhILIEIAYMBAHMUH, ThIC. M° 11432
Cpennee cojiep)kaHie ypaHa B IPOJYKTHBHBIX PacTBOpax, MIr/J 295
pH mpoaykTHUBHBIX pacTBOPOB, ea. pH 1,8-21
KuCI0THOCT BBIIIEIAYHBAIONIUX PACTBOPOB, T/

B TICPHO/T 3aKUCIICHHS 15-17

B IICPUO/] AKTUBHOTO BHINICIIAYHBAHUS 5-7

B IICPHO]] TOPAOOTKH 1-2
Y nenbHBIN pacxo KUCIOTHI, KI/KT:

B MIEPHUOJ aKTUBHOTO BbIIIEIaYMBAHUS 35,5

3a BECh MIEPUOJT OTPAOOTKU 51,5

3. [IapameTpbl 0TPA0OTKH TEXHOJOTHYECKOT0 0J10Ka

T'eonoruueckue 3anacel, T 343
M3Bnekaembie 3amachel, T 308,7
Iotepy, T 34,3
CrerneHp W3BJICUEHNSI ypaHa U3 Help, %0 90

EXPLOITATION OF MINERAL RESOURCES
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[Ipouecc ympaBieHHs HEMOCPEICTBEHHO
paboTaMu TEXHOJIOTHYECKOTO OJI0Ka Ha pyIHUKE
[ICB mnoppaznensiercs Ha HECKOJIBKO CTauil:
yIpaBJICHUE Ha CTAIUU 3aKUCIICHUS; YIIPaBICHUE
CTaJuell aKTUBHOTO BBIIIETAYMBAHUS; YIIpaBJe-
HUE Ha CTaAuM JOpabOTKU U BBIBOJA OJOKa U3
skcrutyararuu [30-32].

Breinenenue 3Tux crainii HOCUT HECKOJIBKO
YCIIOBHBIN XapaKTep, TEM HE MEHEE OHU 00YCIIOB-
JICHBl KOHKPETHBIMA M3MEHECHUSIMH T€OTEXHOJIO-
TMYECKHX MapaMeTpPOB U PEKUMOB, CBSI3aHHBIX B
OCHOBHOM C I10/1a4€ii OCHOBHOTO BbIIIEIa4HBAat0-
HIETO peareHTa — CEpHON KUCIIOTHI.

3akucieHre — 3TO HEMpPepbIBHBI BO Bpe-
MEHU TEXHOJOTMYECKUH IMPOIEeCC, HANPaBICHHBIN
Ha (OPMUPOBAHKE B PYJOBMEINAIOIIEM BOJIOHOC-
HOM T'OPH30HTE T€OXHUMHUIECKOM 00CTAaHOBKH, 00eC-
TICYMBAOIIICH MTEPEBOJT ypaHa B PacTBOp U oOora-
[ICHHE UM MPOIyLIUPYIOIIUX PACTBOPOB, CO3AHUE
3aKa4KOH ¥ OTKAUKOM TEXHOJIOTUYECKUX PACTBOPOB
THPOTMHAMUYECKUX YCIIOBUN MHTEHCUBHOTO Mac-
coneperoca. C yderoMm MOp(hOIOrHYecKUX Mapa-
METPOB PYAHBIX TeJl, BEIIECTBEHHOT'O COCTaBa Py
¥ BMEINAIOIINX TI0POJI, BOTHO-PH3HUYECKUX XapaK-
TEPUCTHUK MPOAYKTUBHOTO BOJOHOCHOTO TOPU30HTA
ONTUMAJTBHBIMU MTPUHSTHI 3aKUCIISIOIINAE PACTBOPHI
C COIEp)KAaHHEM CEpPHOM KHCIOThl TOPAIKA
15-17 r/n. Ilpu 3akucneHuu moaada pacTBOPOB B
3aKayHble CKBKUHBI MPOM3BOAMUTCS OIHOBpE-
MEHHO C HETPEepPBhIBHOW OTKAYKOM IJIaCTOBBIX BOJ
U3 OTKAYHBIX CKBKUH C COOTIOIEHHEM OOIIIETO 110
0J10Ky OajlaHca pacTBOPOB.

[Tepron orpaboTku y4acTkoB (6J0KOB) TOI-
paszensieTcs Ha JBE CTAJNH: aKTUBHOE BHIIIEIAuH-
BaHUE U JIOBBIIIEIAYMBAHNE 3AI1aCOB YpaHa.

Craiusi akTUBHOTO BBIIIIENAYUBAHUS XapakK-
TEpU3yeTCs] MHTCHCUBHBIM TEPEXOJO0M ypaHa B
o0oralamIuiics U MPOAYIUPYIOUIHA pacTBop, a
TaKKe MEPEeHOCOM €ro K OTKAYHBIM CKB)KUHAM.
BrnmenaunBanue ypaHa OCYIIECTBISICTCS MaTOY-
HUKaMH COPOINH, JOYKPEIUIIEMbIMA CEPHON KHC-
JIOTOM 70 3aaHHOM KoHUeHTpaumu. Kak B mepruon
3aKHUCITICHHS, TaK U HA CTa/IMM aKTUBHOTO BBITIIETIA-
YUBAHMS, HEOOXOIUMO COOIOIATh THAPOTAHAMI-

EXPLOITATION OF MINERAL RESOURCES

yeckoe paBHOBecue (OamaHc 0ObEMOB 3aKauyMBac-
MBIX ¥ OTKQYMBaEMBIX PACTBOPOB) KaK IO OTAECNb-
HBIM 0JIOKaM, TakK U 10 y4acTkaMm B 1esnoM. [Ipu co-
OJIFOJICHUH YKa3aHHOTO YCJIOBUS CUCTEMa CKBaKUH
0710KOB (Y4acTKOB) pabOTaeT B CTAIIOHAPHOM pe-
XKuMe (DUITBTPAITIH, YeM 00ECIICUNBAFOTCS JIOKAITH-
3aI¥sl 30HBI IIUPKYJISIIN PACTBOPOB B IUIAHE U Pa3-
pe3e pyJIOBMENIAIONIEro TOPU30HTa, MUHIMAITBHOE
pa3yOOXXMBaHHE TMPOMYKTUBHBIX PACTBOPOB H
YIIPaBISIEMOCTH MPOLIECCA B IIETIOM.

HopaboTka (10BbIIIETaYMBaHIE) FKCILTyaTa-
IIMOHHOTO OJI0Ka (yJacTka) — MPOIIeCC 3aBepIlaro-
niell cramuu OTPabOTKHM 3aracoB ypaHa OJioka
(yuacTka), XapaKTEpU3YIOIIMHCS, KaK IPaBHUIIO,
YCTOHUYMBBIM CHW)KEHHEM COJICpXKaHUs ypaHa B
MIPOTYKTUBHBIX PACTBOPAX IPH YBEITMUCHUN U3BJIC-
YEHUS 3aI1acoB ypana u3 Henp ot ypoBHs 60—70 %
1o tanoBoro 90 %. Ha aToif cTaguu KOHIIGHTpa-
must pabouyMx pacTBOPOB MO KHCIOTE JIOJDKHA
HEYKJIOHHO CHWDKAThCSl HE3aBUCHMO OT KapOOHAT-
HOCTH Pyl ¥ BMEIIIAFOIIMX TIOPO OT 5—3 T/J1 10 KUC-
JIOTHOCTH MAaTOYHHMKOB. MaTOYHBIMU PacTBOpaMHU
3aBepiaeTcst oTpaboTka 6yioka (yyacTka), JOCTUra-
eMasi IIPU ATOM IIeJTb — pa30aBlIeHUE B PYZIOHOCHOM
TOPU30HTE PACTBOPOB C TMOBBIIIEHHOW KUCIIOTHO-
CTBIO.

OTtpaboTKy Os10Ka (y4acTka) MOKHO CUUTATh
3aBEpIICHHON MPH HEOOPaTHUMOM CHMKEHUH CO-
JepkaHusl ypaHa B MPOAYKTHBHBIX PAacTBOpax IO
YPOBHSI HIKE MHUHHUMAIILHOTO MPOMBIIIUIEHHOTO —
30 mr/m.

Jlnst HaOmoIeH!st 32 TEXHOJIOTUYECKUMH T1a-
paMeTpaMu TPOIIECCOB 3aKHMCICHHST U BBIIIEIIAuH-
BaHMs, MOJIy4yeHUs: HH(popMaIuu o GopMUPOBAHUN
CTPYKTYPBI (PHIIBTPAITMOHHOTO TIOTOKA B paspese,
W3yUYEeHHUsl JUHAMHUKH 3aKUCIICHHS U BBIIIETAYNBa-
HUS ypaHa W3 PYAbl MEXIy 3aKaUHBIMU CKBaXKH-
HaMM T€KCaroHAILHOW CETH, a TaKKe KOHTPOJIS 3a
KOHTYPOM pacTeKaHHs BBIIETAYMBAOIIIX PACTBO-
POB B IUIaHE U pa3pe3e Ha TEXHOIOTHYECKOM IOJTH-
TOHE TIPEIyCMOTPEHBI HaOMIOJaTeNbHBIE CKBa-
KHUHBI, KOTOpbIE C YyYE€TOM OTCYTCTBHS IOBCE-
MECTHO Pa3BUTOTO HM)KHETO BOJIOYIIOPA H BO3MOXK-
HOCTH HE TOJIbKO TOPH30HTAJILHOTO, HO U BEPTH-
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KaJIbHOTO PACTEKAHUS TEXHOJOIMYECKHX PacTBO-
POB COOPY>KAIOTCSI HECKOJIBKO HUXKE PYTHOTO TOpH-
30HTA.

VYmpasnenue PEKUMHO-0ATTAaHCOBBIMH
HAOJIOJICHUSIMU U OMPOOOBAHUEM HAXOSIIUXCS B
paboTe TEXHOJOIMYECKUX CKBAXUH MPOBOJUTCS C
LIEJIBI0 KOHTPOJIS COZIEP’KaHus ypaHa B pacTBOpax,
HaOmronenus 3a xoqoM [ICB u xumMu3MoMm Bellle-
JIAYMBAHUS ypaHa.

[Iporecc onpoboBaHMs IEMUTCS HA PSIIT ATa-
OB, PA3IMYAOLIMXCS 1O COBOKYITHOCTH peliae-
MBIX 33Ja4, BUJAM U METOJMKAM BBINOJIHEHUS:
OMpoOOBaHNE CKBAKUH B IEPHUOJT TIOATOTOBKH 3a-
MacoB K 0TPabOTKe; ONPOOOBaHKE B MIPOLIECCE MPO-
BEJICHUSI OMBITHBIX paboT; OMPOOOBaHHE CKBAXKUH
nocJe 3aBepiuenus npouecca [1CB.

[lo pesynbratam HaOMIONEHUN M aHAIHM3a
00BEMOB TEXHOJIOTUYECKUX PACTBOPOB U UX OIPO-
OOBaHUS OCYILECTBIISIOTCS PacuyeT ¥ MOHUTOPHHT

NOObIUM ypaHa U 3aTpaT BbILIETAUMBAIOIIETO pea-
reHTa (CepHOM KHUCIIOTHI), a TAKXKE ONEpaTUBHBIN
KOHTPOJIb OajlaHCca MEXTy 00heMaMH OTKAYHBIX U
3aKauHBIX PACTBOPOB MO sfUEHKaM TEXHOJIOTHYE-
CKOT0 OJIOKA B LIEJIOM, SIBJISTFOLLIMIACS 00s13aTEbHBIM
yCIIOBUEM HOpMaJIbHOTO BesieHus nporecca [ICB u
OXPaHbI OKPY>KAOLLIEH CPeJIbl.

Ha nocnegnem stamne — mnociie 3aBepUIeHUs
niporiecca [ICB, BeImonHseTCS OMpoOOBaHUE CKBa-
KHUH KOHTPOJBHOTO OYpEeHHUS C IIEbI0 Ompesese-
HUS [TOJIHOTHI U3BJICUEHUSI ypaHa. 3a MPOBEICHHBIM
aQHAJIM30M PACMOJIOKEHUS TOATOPU30HTOB PYIHBIX
TENl U WHTEPBAIOB MOCAAKHA (PIIBTPOB 00CATHBIX
KOJIOHH T€XHOJIOTUYECKUX (OTKAYHBIX U 3aKAYHBIX)
Y HaONIOAATENbHBIX CKBKUH CIEAYET pacyueT IMo-
Kazarenel BCKPBITHS PYOHOIO Tela M COOTBET-
CTBEHHO BCKpBITBIX 3aracoB. (OCHOBHbIE Iapa-
METPBI TIEEK TEXHOJIOTMIECKOro OJI0Ka B IEJIOM U
pacrnpeieseH1Ie 3anacoB ypaHa B HUX IIPUBE/ICHBI B
Tal. 6.

Tabauna 6
XapakTepHucTHKa sTYeeK TeXHOJIOTMYeCKOro 0J10Ka M pacipe/esieHne 3aacoB ypaHa B HUX
MO pe3yJIbTaTaM BCKPBITHS PYHOTO TeJia
Characteristics of an ISL mine production block cells and distribution of uranium reserves
in them based on the findings of an ore body drilling-in
Homep Mromans Cpenusisi mpo- TI'opHopynnas
Homep . JYKTUBHOCTH 3anacel ypaHa Macca
N OTKAYHOI os10Ka (S),
STYeKH > PyAHOTO TeJia (Puy, T ('PM),
CKBA’KHHBI THIC. M 2
(mu), kr/m ThIC. T
1 0-2-1 6,83 20,33 137,1 164,6
2 0-2-2 5,33 16,08 86,2 111,2
3 0-2-3 5,09 9,85 52,1 92,7
4 0-2-4 6,50 13,68 87,6 173,5
[To TexHOJIOTHYECKOMY OJIOKY 23,73 23,75 363,0 542,0

Ha cnenytomem stane HeoOxoaumo ¢opma-
JM30BaTh 3a7a4dy yIPaBJIECHUS OCHOBHBIMU ITOKa3a-
TEJIIMU U3BJIEUEHUS ypaHa U3 HEAP, IIPU ITOM CTe-
NIeHb U3BJICUEHHS ONpeIeNsIeTCsl KaK pa3HuIia 3ama-
COB JI0 MPOBENIEHHs OMbITa (MOACYET MPOBOAUTCS
M0 TaMMa-KapoTaXxy IO BCEM CKBaXMHAM, BXOf-
M B TEOMETPUYECKUI KOHTYP) U IIOCIIE 3aBepIIe-
HHS pEe3Yy/IbTaTOB ONPOOOBAHUS KepHA KOHTPOJIb-
HBIX CKBaKMH. OlLIeHKa CTENIEHN U3BJICUEHHS ypaHa
10 KOHTPOJIHBIM CKBa)KMHAM OCHOBBIBAETCS HA CO-
MOCTABJICHUU PE3yJbTaTOB KEPHOBOIO OIMpoOOBa-
HUSI U TPUBEIEHHOTO PYJHOTO MHTEpBajia IO
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raMMa-aHOMaJIuM Yepe3 coepkanue pagus. B mo-
HSTHE MPUBEICHHOTO pyaHoro uHrepsana (P1) no
KOHTPOJIBHOW CKBaKMHE BIIOKEHO DKBHUBAJIEHTHOE
COXPaHEHHE COOTHOILICHUS KOHLIEHTPALWU DPaIus
JIO OTIBITA M TIOCJIE TIpOIecca BhIeNaunBanus [33,
34].

Pe3yabTaThl NPOMBILICHHBIX HMCIBITA-
HUl  (YHKIHOHMPOBAHUA TEXHOJIOIHYECKOI0
0JI0Ka PYJIHHMKA MOJA3¢MHOI0 CKBaKHHHOTO BbI-
eJ1aYMBAHUS

[IpoBenenHbIit aHanu3 onpeneneHus GaKTu-
YECKU 3aKUCJIEHHON TOPHOPYIHOM MaccChl, MPOU3-
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BE/ICHHBII 110 CKBaYKHHAM C YUETOM BCEX BUOB Jia-
OOpaTOpHBIX UCCIENOBaHUM Ha 0aze pe3yabTaToB
MHIyKIIMOHHOTO KapOoTaka, [O3BOJIWI OIPEAEIUTh
CJICIYIOIIUE COOTHOILICHHUS.

Cpennsisi MOITHOCTh (PAKTHUYECKU 3aKHUCIICH-
HBIX TOPOJI HA TEOTEXHOJIOrMYEeCKOM OJI0KEe CoCcTa-
Buina 13,26 M mpu cpeaHed MHE (QHIBTPOB
10,3 M. HuxHsist rpanniia pacrpocTpaHeHus BhIIle-
JAYUBAOLINX PACTBOPOB ONPAHUYMBACTCS JIOKAJb-
HBbIMH BOJIOYIIOPaMH IPOJYKTHBHOI'O TOPHU30HTA.
Bepxnsst rpanMia pacrosio)keHa B OTAEIbHBIX
CKBaXKMHAX BhIIIE (PUIIBTPOB Ha 5—6 M, UTO ompee-
JSIETCSI NPEXK/IE BCETO B3aUMHBIM PACIIOJIOKEHUEM
(GUIBTPOB TEXHOIOTHYECKUX CKBaKUH. [lnmomianmb
SYeifki B TEOMETPHYECKOM KOHType: 23 753 M.
OObeM  3aKUCIIEHHOM  TOPHOPYIOHON  Macchl:
23 753 x 13,26 = 314 964,8 m°. 3axucieHHas rop-
HopyaHas Macca: 314 964,8 x 1,70 = 535 440 .

JIeONTBI OTKAYHBIX CKBAXHH W TPUEMH-
CTOCTh 33aKaYHbIX, a TAKXKe MPOU3BOJUTEIBHOCTh
TEXHOJIOTMYECKOTO OJIOKA B LIE€JI0OM 10 OTKAYHbIM U
3aKa4HbIM PAcTBOPaM 3a BeCh MEPHO IKCILTyaTa-
UM OBLIM JJOCTATOYHO CTaOWiIbHEI [35, 36].

Hanmuuue pacxonoMepoB U peryiupyromeit
3aMOPHOM apMaTypbl Ha BCEX OTKAYHBIX CKBAKWHAX
B TEXHOJIOTUYECKUX y3JIaX MpUeMa MPOJTYKTUBHBIX
pactBopoB (YIIIIP) u 3akauHbIX B y3/1ax pacrpee-
JieHus BbllenaynBaronux pactsopos (YPBP) tex-
HOJIOTUYECKOro OJI0Ka MO3BOJISIIO CBOEBPEMEHHO

MIPUHUMATh MEPBI 10 TOBBIIMICHUIO 3(h(HEKTHBHO-
CTH, HAJIKHOCTH U M3MEHEHUIO PeKUMa pabOThI
BCEH CKBOKMHHOM CHCTEMBI JJIs1 KOHTPOJIS OaslaHca
OTKAYHBIX U 3aKaYHBIX PACTBOPOB.

Takum 00pa3om, B pe3ynbTaTe MPOBEICH-
HOIO aHalu3a IMoKa3zareneil (yHKIMOHUPOBAHUS
TEXHOJIOTMYECKOTO TIOJIMIOHA YCTaHOBIIEHO, YTO
BCETO 3a PACUETHBINA MEPHOJ MOJHITO HA MOBEpPX-
HocTh 714,7 THIC. M° ¥ [IOJIAHO B Heapa 709,8 Thic.
M®  pacTBOpOB; CpemHSS IIPOM3BOIUTENHLHOCT
0JI0Ka 1O OTKayHBIM pacTBopam cocraBwia 60,2
M3/4, 10 3aKauHBIM — 59,8 M°/4; cpeHmii 1eOHUT OT-
KAuHBIX CKBaXHH — 15,1 M%/u; cpemusis mpuemu-
CTOCTb 3aKAauHBIX CKBXMH — 3,3 M>/4. B memom
CpenHsisi 3a OTYETHBIN MEpUOJ MPUEMHUCTOCTh 3a-
Ka4HBIX CKB)XHUH K0JIeOaIach B IOCTATOUHO IIHPO-
KOM HHTepBaie — oT 1,5 10 6,4 M. Paborocro-
COOHOCTh CKBRXUH TOJJICPKUBATIACh TIPOBEJIEC-
HUEM 3pIU(THON MTPOKAYKK HATHETAEMBIM HA TITy-
6uny 60-90 M c3KaThIM BO3yXOM.

Bananc mpoyKTUBHBIX M BBIIIETAUMBAIOIINX
pPacTBOpPOB IO siYelKaM, Ha KOTOPBIX BBIBOJIMIIHCH
Jutst iposesieHnst PBP 3akauHble CKBaXKWHBI, TIOJIEP-
KUBAJICA TIepepacnpeneieHieM OOBEeMOB TOJIauu
PacTBOPOB B CMEXHBIE C HUMH CKBXUHBI [37, 38].

bananc mnpoayKTUBHBIX M BBIIIETAYUBAIO-
X PACTBOPOB 10 TEXHOJIIOTUIECKOMY OJIOKY IpH-
BEJICH Ha puC. 6.

BO === mmmm o e e e e e
IIpou3BoaUTENBHOCTD [P Bananc pacropos, | 9
6J10Ka, THIC. M3/Mec. TBIC. M3/Mec.
50
7
40 -5
30 3
-1
20
- -1
1
0 L3
Mecspl 0TpabOTKH TEXHOIOTHYECKOTo OJIoKa '2'8|
0 -5

1 2 3 4 5 6 7 8

10 11 12 13 14 15 16 17

Puc. 6. lunamuka 6anaHnca Npou3BOIUTEIbHOCTEH TeXHOI0ru4ecKkoro 6;10ka no npoayKkTuBHsIM (I1P)
u BhimesiaguBamum pacreopam (BP) (banaunc pacreopos = [IP-BP, Thic. m¥/mec.)

Fig. 6. Balance of productivity of a production block by pregnant solutions (PS)
and leaching solutions (LS) (Balance of the solutions = PS — LS, thous. m%/month)
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AHaM3 aHHBIX MOKa3al, YTO MOIbEM Ipo-
TYKTHBHBIX PACTBOPOB HECKOJILKO IPEBBICKI 3a-
Kauky B Henmpa BblmenaunBatonmx — Ha 0,69 %.
CBs13aHO 3TO B IIEPBYIO OUYEPE/IH C TEM, UTO CTaTUYE-
CKHM YpOBEHb IIOA3EMHBIX BOJI COCTaBIISIET ILTIOC 20
M U OoJiee OT MOBEPXHOCTU 3€MJIH, T.€. CAMOM3IIH-
BOM CKBQ)KMH M €CTECTBEHHOH MOATSKKOMN IL1ACTO-
BBIX BOJI, UTO, B CBOIO OY€pe/ib, IPUBEIIO K HEKOTO-
poMy pa3yO0KMBaHHIO IPOAYKTUBHBIX PACTBOPOB.

JlebanaHnc OTKauMBaeMbIX U 3aKaYMBACMBIX B
HEJpa pacTBOPOB B CTOPOHY pacTBOPONOIbEMa B
nporiecce nepepaboTKU MPOAYKTUBHBIX PacTBOPOB
JIMKBHJTUPOBAJICS 32 CUET UX UCIIAPEHUS B IIECKOOT-
croitaukax 1P u BP (3a rog c¢ 3epkana OGacceitna
(meckooTcTOlHMKA) mcmapsercs okoio 1400 MM
BOJIBI).

VYnpaBneHue OCHOBHBIMU  IOKa3aTEIIMHU
(YHKIIMOHMPOBAHUS TEXHOJIOTUYECKOrO OJI0Ka Ha
CTaJIMY 3aKWCIICHHS HAIIPABIICHO Ha ()OPMHUPOBAHKE
B HEMPEPHIBHOM BO BPEMECHU TEXHOJIOTHYCCKUM
HpolLecce B PyAOBMEIIAIOIIEM BOJOHOCHOM TOpH-
30HTE T€OXMUMHUYECKON OOCTAaHOBKH, 00€CIIeUHBal0-
ieil mepeBoj] ypaHa B pacTBOp M OOOralieHHe UM
MPOIYLIMPYIOIIUX PAacTBOPOB, CO3/IaHKE OaTaHCOM
OTKAUKU M 3aKaYKHU THIPOJMHAMUYECKHX YCIOBUI
JUIsl THTEHCUBHOTO MacCOIEpeHoca.

[lepen 3amyckoM TEXHOJIOTMYECKOro OoKa B
PEKHUM 3aKUCIIeHus Obla IPOBEAEHA TPOKayKa BCEX
TEXHOJIOTUYECKUX CKBAKUH B T€UeHUE 24 4 10 JI0-
CTHKEHHUS NIPOEKTHOW MPOMU3BOIUTENBHOCTH. Dak-
THYeCKHe 1eOuThl coctaBwim 20-25 M/u. [Ipu
OKOHYAHUM TPOKAuKH ObLIM OTOOpaHbl MpOOBI Ha
OTpe/ieNieHne cosiep kanus ypaHa u PH mmactoBoit
BoJibl. CpenHue 3HaueHHs MO TEXHOJIOTMYECKOMY
6noky cocraBumu: Cu < 1,0 mr/im; pH = 6,7 en.

Jnst co3manust OnaromnpusTHOW TUAPOAWHA-
MHYECKOW 0OCTAHOBKH B PyJTHOM TOPU30HTE JIO T10-
JTa4M KUCTIOTHI B TeUeHHe 7 THEW MpoBe/ieHa Impopa-
00TKa pyAHOTO TeNa TIACTOBOM BOJIOM IO 3aMKHY-
TOMY IUKITY C HEMPEPHIBHBIM PacTBOPOIOIHEMOM
13 OTKAYHBIX CKBKHH M TT0JIaUei BOJ] B 3aKaYHBIC.

Ha stom sTame omnpeneneH AeOUT OTKaYHBIX
cKBaKHH (TTopsiaka 15 M%/4) i mpremMmcTOCTh 3aKay-
HBIX (0KOMO 4,5-5,0 M>/4), ycTaHOBJEH OanaHc pa-
0OTHI CKBaXMH TIO pacTBOpaM. B cooTBeTcTBHU C

EXPLOITATION OF MINERAL RESOURCES

THIPOTEOTIOTMIECKUMH pacueTaMi HarOpHBINA Tpa-
uenT coctasui 1,1-1,2.

[loce mpoBeneHWS BBINICYKA3aHHOTO Tie-
peunst paboT OBUIO HAYaTO 3aKUCIICHUE OIMBITHOTO
ydactka. C yqeToM MOp¢OIOrHuecKrX rmapaMeTpoB
PYIOHBIX TeN, TOKa3aTeliell M IapameTpoB Bellle-
CTBEHHOTO COCTaBa pPyJ M BMEIIAIONIMX TIOPOJI,
BOJTHO-(PM3UUYECKUX XaPAKTEPUCTUK MPOTyKTUBHOTO
BOJIOHOCHOTO TOPW30HTa ONTHMAIbHBIMU OBLIH
TIPUHSTHI 3aKUCIISIOIINE PACTBOPHI C COIEPKAHNEM
16-20 1/11 cepHOIA KMCIIOTHI.

[Ipu 3akucnenun nopaya pacTBOPOB B 3aKay-
HBbIC CKBKHMHBI TPOM3BOIWIACH OJTHOBPEMEHHO C
HENPEPHIBHOM OTKAYKOH IIACTOBBIX BOJ M3 OTKAY-
HBIX CKB&KUH C COOJIIOJICHUEM OOIIEr0 TEXHOJIOTH-
Yyeckoro OanaHca, T.e. 3aKUCIICHHE TPOBOAMIOCH B
akTUBHOM pexume. B teuenue 10 gHelt kucior-
HOCTh paboumx (3aKUCIISIONINX) PACTBOPOB II0-
JTAIHO MOAHMMAIIACE ¢ 5 1o 20 1/11, nanee crabwim-
3upoBaach Ha ypoBHe 17—19 1/m. Konuenrparms
3aKUCIIAIOIIETO PEareHTa peryaupoBaiach B 3aBUCH-
MOCTH OT CKOPOCTH CHIDKEHHMs 3HaueHwi PH B oOT-
Ka4yHBIX pacTBopax mo coopHomy koswiekropy. [Ipu
JOCTIKEHUU Benmm4uHbl PH, paBroit 3,0-3,5, KOH-
LEHTpaIMsl KUCTIOTHl B 3aKHUCISIIONIMX PAaCcTBOpax
IUIaBHO yMeHbIIanack 10 15-12 r/n ¢ mocnemyro-
umM cHikerreM 1o 10-9 r/n nmpu pH = 2.5 exn. Ka-
JICHIAPHOE BPEMSI CTaJUH 3aKHCJICHUS COCTaBHJIO
65 mreit. CKopoCTh IBIKEHUS KUCJIOTHOTO (PpOHTA
nocrurana 0,7-0,8 mM/cyT u Oblia paBHOMEPHOM BO
BPEMEHH IS STYEEK OMBITHOTO y4acTka. OTHOIIEHHE
KT Ba cramum 3akucineHus cocraBwio 0,122,
Kpome Toro, He0OX0IMMO TaKkKe OTMETHTB, UTO HET
OJTHO3HAYHOTO OMpeeNIeHUs] TEPMUHA «OKOHYAHUE
CTauu 3aKuCIIeHUs». KOHIIOM cTagny 3aKUCICHUS
MOXKHO CUMTaTh IOSIBJICHHUE B pPAcTBOPAaX MUHH-
MaJTbHO PEHTA0ETBHOTO COJICPYKaHUS YpaHa, UHH-
BUIYAJILHOTO JJI51 KKJIOTO U3 OTpabaThIBAEMbIX Me-
CTOPOXKJICHUI, HE OPUEHTUPYACh Ha 3HaueHue pH
TIPOYKTHBHBIX PACTBOPOB. B 3TOM City4ae aurenb-
HOCTb 3aKUCIIeHHs yMeHbInaercs B 1,5-2,0 pasa, co-
OTBETCTBEHHO CHIDKACTCSI PACXOJl 3aKHCISIOLIETO
peareHTa, B TIOJIOKUTENTBHYIO CTOPOHY M3MEHSFOTCS
SKOHOMHYECKHE TIOKA3aTEIIH.

Taxum 00pazom, B pe3yibTaTe MPOBEICHHOTO
pacyera U aHaJM3a yJaJIoCh MOMYYHUTh CIICTYIOITHE
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COOTHOILIEHUS. 32 BECh IMEPUOJ] 3aKUCICHUS: MOA-
HATO HA MOBEPXHOCTh — 65,6 THIC. M° PACTBOPOB;
CpenHsisl NPOM3BOIUTENBHOCT TEXHOJIOIMYECKOTO
6I10Ka 10 OTKAYHBIM PAacTBOpaM cocTaBuia 44,5 M3,
cpesHuii 1e6UT OTKauyHBIX ckBaxkuH — 11,1 M3/4; B
HEZIpa 3aKa4yaHo 68,2 ThIC. M° PAaCTBOPOB; CPEIHSA
MPOU3BOIUTENHLHOCTD MO 3aKAYHBIM PacTBOPaM CO-
craBuia 45,7 M3/4; cpelHsAs MPUEMHCTOCTh 3aKau-
HBIX CKBaXKHH — 2,5 M%/4. Yuer pacxojia cepHoM KHc-
JIOTBI BEJICS TIO pe3yJbTaTaM aHaIM30B MPO0 3aKKC-
JSFOIIETO PacTBOpa U €ro o0beMaM, MOJaHHBIM B
PYZHBII TOPU30HT 110 KAYKIOM STYEHKE TEXHOJIOTUYe-
CKoro OJoka.

VYnpaBneHue OCHOBHBIMU  IOKa3aTeIIMHU
(YHKIIMOHUPOBAHUS TEXHOJIIOTMYECKOrO OJIoKa Ha
CTa/IM¥ BBIIENAYNBAHNS 3aKITIOYAIOCH B CIIEIYIO-
uiem. [IpoayKTUBHBIE pPaCTBOPHI CO CPETHUM COAEP-
»KaHMeM ypaHa ropsaka 240 mr/n u BemmamHoi pH
Ha ypOBHE 2,5 €. MOJA0TCs Ha COPOIMOHHOE H3-
BJICUCHHUE ypaHa B copOImonHyro komonny CHK-3m
— YCTaHOBKY IO IlepepadOTKe NMPOJYKTHBHBIX pac-
TBOpoB. Ha 3T0# cramum Onok mepeBoAUTCsS B pe-
KM aKTHBHOTO BBIIIENAYMBAHUS. JTa CTaJIUs Xa-
PaKTEpU3YyeTCs] MHTEHCUBHBIM IEPEXOIOM ypaHa B
NPOAYKTUBHBIN pacTBOP U NMEPEHOCOM €r0 K OTKad-
HBIM CKBa)XMHaM. PaboTa CKBa)KMHHOI CHUCTEMBI B
CTallMOHAPHOM pexuMe (UIbTpalu oOecrieunBa-
Jach JIOKAIM3ALMEeH 30HbI LIUPKYIISILIUK ITPOTyKTHB-
HBIX PacTBOPOB B IUIAHE U pa3pe3e pyJdOBMeEIIar0-
IIEr0 TOPU30HTA I 00eCHeYeHHs] MUHUMAIbHOTO
pa3zyOo’kiBaHUsl pacTBOpOB. KoHIeHTpanus BbIllie-
JAYMBAIOILETO pearceHTra Ha JTaHHOM JTale OTpa-
OOTKH peryarpoBaIach COriaacHo 3HaueHusM pH ot-
KauMBaeMbIX PACTBOPOB M TOMICPKUBATIACH Ha
ypOBHE 8 I/11.

Ha ocHoBaHuM TaHHBIX BXOJJHBIX TAPAMETPOB
00pabOTaHbI ¥ PACCUNTAHBI OCHOBHBIE TEOTEXHOJIO-
TMYecKHe MoKa3aTeny paboThl OJ10Ka Ha TaHHOM cTa-
qun. Ileprnon BeImenaumBaHus coctaBwi 14 mec.
Bcero 3a nepuoy BblIenauMBaHus MOAHATO HA I10-
BepXHOCTh 649,1 ThIC. M® PaCTBOPOB; CpeIHss MpoO-
U3BOJIUTENBHOCTD OJIOKa 10 OTKAYHBIM PAacTBOPaM
cocraBmia 63,6 M%; CpemHui 1eOUT OTKAYHBIX CKBa-
*WH — 15,9 M°/4; B Hepa 3akadaHo 641,6 Teic. M°
pacTBOPOB; CPEAHSS NPOU3BOAUTEBHOCTH OJI0KA 110

EXPLOITATION OF MINERAL RESOURCES

3aKaYHBIM PACTBOPAM COCTaBHIA 62,8 M>/; cpeTHssa
IPHEMHCTOCTD 3aKAYHBIX CKBAKUH — 3,5 M7/,

Jlunamuika 00beMOB 00BN ypaHa TI0 OJIOKY
B LIEJIOM, @ TaK)Ke€ U3MEHEHHS CTCTICHN U3BJICUCHUS
Mo MecslaM W C Havana paboT MpeACTaBICHBI
Ha puc. 7.

[Ipu ompeneneHun CTENEHH U3BICUCHUS
ypaHa NPUHUMAJIKCh 3amachl, MEpecYUTaHHbIE IO
pe3ysbTaTaM KOHTPOJIBHOTO OypPEHHsI CKBAYKHH.

Takum 00pa3om, B pe3yiibTaTe MPOBEICHHBIX
pacyeToB B IIEJIOM TIO TEXHOJIIOTHMYECKOMY OJIOKY
ObUIM TONYYEHBI CIeAyroume nokazaremy. Oomas
nobbrua ypana cocraBuiia 196,3 T, creneHs u3Bieue-
Hust — 49,5 %, 3T0 ¢ BBICOKOH CTEIEHBIO JOCTOBEP-
HOCTH COBIAJIa€T C PACYETHHIMHU MPOSKTHBIMU TTOKa-
3atensiMu. OTMeYeHHbIE paHee 0COOSHHOCTH BIIIIE-
Ja4MBaHUS ypaHa Ha TEXHOJIIOTHYECKOM OJ10Ke 00b-
SICHSIFOTCSI BBICOKFIMHU COJICPYKaHUSIMU ypaHa B PyJIe
1 OOJBIION YAENbHON MPOIYKTUBHOCTBIO, PaBHOM
16,68 xr/™m>.

Takast mocratouro 3¢dexTrBHas padoTa Tex-
HOJIOTHYECKOTro O110Ka CBsi3aHa ¢ PopMoil HaxoxIe-
HUSI ypaHa B pyJe, KOTopas OTJIMYaeTcs He TOJIbKO
COCTaBOM YPaHOBBIX MHHEPAJIOB, HO U XapaKTepoM
WX pacrpeieNieHns: — MOJaBIISIoNIas YacTh ypaHa B
pyAax TEXHOJIOTWYECKOro OJIOKa HaXOAWTCS B JieT-
KOHM3BJICKaeMO (pOpMe B PHIXJIOM, TIPOHUIIAEMOM,
JE3WHTETPUPYEMOM TTOPOBOM 3aIOJTHUTEIIE ITecya-
HBIX M [TECYAHO-TPABUMHBIX TIOPOJI, KOHIICHTPUPY-
eTcsl B BHJIE TICEBIOMOP(03 110 00YTJIEHHOMY PaCcTH-
TETTbHOMY JIETPUTY, B KaBEPHAX, MUKPOTPEIIMHAX U
MHKPOIIOPAX IMECYaHbIX U TPABUIHBIX 3€PEH U rajiek.
[TosToMy B miepBYIO OUepe/ib BBIIIETaYMBAHUIO MO~
BEPraroTcs JIETKOPacTBOPUMBIE MUHEPAJIBI M3 TIOPOT
C TIOBBIIIICHHOW MTPOHUIIAEMOCTBIO. 3aTeM B IPOIIECC
BKJTFOUAIOTCS  TPYTHOBCKPBHIBACMBbIE MHUHEPATBI C
BBICOKAMH COJICP)KaHUSIMH ypaHa, TIC ypaHOBBIC
MHUHEPAITBI TPEJICTABICHBI MUKPOTIIOOYIISIMH M Be-
PETECHOBUIHBIMU O0Pa30BaHUSMH, KOTOpPBIE B pe-
3yIbTaTe NePEKPUCTATLTH3AIIINH BEIIECTBA 00Pa3yIOT
TOYKOBHUIHBIE C(HEPOKPUCTATUIMUECKUAE arperaThl.
Ha pactBopeHue 3Tux MHHEpanoB HEOOXOIUMO JI0-
TIOJTHUTENTLHOE BpeMsi U TpeOYIOTCst O0siee BHICOKHE
KOHIICHTPAIIMH BBIIIEIAYHBAIOIIETO PearcHTa.
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Fig. 7. Production performance and recovery by production block — dynamic pattern as a function of time
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Figure 8. Uranium recovery from reserves and Liquid : Solid ratio in a production block depending on time

Ha ocHoBanuum ananusza u oOpabOTKU pe-
3yJIbTaTOB KOHTPOJBHOTO OYpEHHUS CKBOXHUH M
IPOBEIEHUS BCKPBIIIHBIX Pa0OT OMpeaeIeHbI
¢axtrueckue otHomenus JXK:T Ha suelikax Tex-
HoJlornyeckoro 6yoka. Pacyers: otHomenust XK: T
BBITMIOJIHEHBI C YU€TOM (paKTUYEeCKOro oobema 3a-
KHMCIICHHOM TOpPHOPYIHOM MAacChl, INEepecYUTaH-
HOM 1o pe3ynapTaTaM OypeHHsS KOHTPOJBHBIX
CKBaXXMH, 1€0MTOB OTKAYHBIX, IPUEMHCTOCTH 3a-
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KauHbIX CKBAKUH U IPOU3BOAUTEIILHOCTU TEXHO-
JOrMYecKoro OJ0Ka 1Mo MPOAYKTHUBHBIM U BBIIIIE-
JaYMBAIOIIMM pacTBOpaM B LienoM. B nenom no
TexHosoruaeckomy Osoky otnomenue X:T co-
ctaBwio 1,34, 3T0 BbIIIE TPOEKTHOTO MOKA3aTENS
Ha 61,4 %, 9yTO0 00BsACHIETCA 0O0OJIe€ BHLICOKHMHM
(aKTUYECKUMHU CpEeIHUMHU JeOUTaMU OTKAaYHBIX
CKBAKMH IO CPAaBHEHHUIO C IMPOEKTHBIMU, paB-
meivu 15,1 1 10,0 M%/4 cooTBETCTBEHHO, a TaKkKe

(haKTHYECKHU 3aKUCIIEHHON TOPHOPYAHOM Maccoii,
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KOTOpasi HECKOJIBKO MEHBIIE pacueTHor — 535,4
npoTuB 542 T.

[Tocne 0OpabGOTKU pe3yabTaTOB KOHTPOJIb-
HOTO OypeHUs] CKBRXUH U MPOBEICHUS KOMILICKC-
HBIX paloT onpe/eneHbl (aKTUUECKUE CTETICHN U3-
BJICYCHUS ypaHa U3 HeJIp Ha siYeKax U TEXHOJOTH-
4yeckoM Ojioke. PacueTbl BBINOJIHEHBI C Y4E€TOM
(aKTUYECKOro COCTOSIHUS 3allacoB HA HAyYalo pa-
00T B TEXHOJIOTMYECKOM OJIOKE; (haKTUIECKOTO
00beMa 3aKUCIICHHOW TOPHOPY/THON MacChl, TAK:KE
KaK M 3alacoB, MEPECYUTAHHBIX IO Pe3yJbTaTamM
KOHTPOJILHOTO OYpEHHSI CKBXKHH; ICOUTOB OTKAY-
HBIX, IPUEMUCTOCTH 3aKAYHBIX CKBAXHUH U MPOU3-
BOJIUTEIBHOCTH OJIOKA B IIEJIOM; BPEMEHH 3aKHCIIe-
HUSI; COJIEP KaHUM ypaHa B POIYKTUBHBIX PacTBO-
pax OTKAYHBIX CKBaKUH U OJIOKA B 11€IOM; BpEMEHHU
CTaJIuu BhIIIeaunBanms. 3a 14 mec. paboThl O10Ka
u3BneueHo 49,5 % (puc. §).

CreneHb U3BJICUYCHHS ypaHa U3 HEAP A0CTa-
TOYHO HEPaBHOMEpHA, MPU 3TOM BO3MOXKHO TIO-
CTPOUTH KOPPEJSIITUOHHYIO 3aBUCHMOCTH OT OT-
Homenus JK:T (puc. 9). [To maHHOM 3aBUCUMOCTH
90 % crerneHu U3BJICUCHUS YpaHa U3 HEAP TOCTH-
raercs npu otHomeHuu JK:T, 6im3kom k 3Haue-
HuAM 2,5-3,5. Bpems BolllleaunBaHus 10 10CTH-
xkeHus 85 % W3BNEUeHHUs ypaHa U3 HeAp Kojed-
netcs ot 2,0 1o 6,2 roaa.

[IpuHIMIBl yrIpaBiaeHus MOKa3aTeIsIMu pac-
X0/1a CEpHOM KHUCJIOTHI Ha BhIILIETaYUBaHHIE ONpeie-
JSUTACh UCXOMSI U3 KUCIIOTHOCTH BBILIE/IAYHUBAIO-
LIMX PaCTBOPOB, MX PACX0/Ia MO 3aKAYHBIM CKBAKH-
HaM KaXIOH STYEUKU U B LIEJIOM II0 TEXHOJIOTHYE-
ckomy Omoky. OOmMiA pacxo] CEpHON KHCIIOTHI
(100 %) u ynenbHbIA pacXxojl CEpHOU KHCIIOTHI Ha
BBIIIEJIAUMBAHUE ONPE/ICNIEH Ha OCHOBAHUU €€ pac-
X0JIa ¥ TIOIyTHOM A00bI4YM ypaHa (puc. 10).
Cpennuil yaenpHBIA pPacxoj] CEPHOM KHC-
JIOTHI Ha BBIIIETAYUBAHHUE 32 OTYETHBIN MEPHOJ] CO-
craBua 25,4 xr/krU. VYienbHbIE pacXobl CepHOM
KHCJIOTHI Ha 3aKHUCIIEHNE COCTaBIAIOT 1,5-3,2 Kr/T
I'PM; Ha BeimienauynBanue — 20—68 kr/xrU.
Konebanust B ymenbHBIX pacxoiax CepHOM
KHCJIOTHI TI0 OT/AENBHBIM SU€iiKaM U B II€JIOM I10
TEXHOJIOTUYECKOMY OJIOKY B TE€YEHUE OTYETHOTO
MepUo/ia CBSI3aHBI B MEPBYIO OUYEPEIh C pa3iidy-
HBIMHU COZICP>KaHUSIMU YpaHa B MPOYKTUBHBIX pac-
TBOpaxX 3a KaXIbIi KOHKPETHBIM Mecsl padoThI
0JI0Ka TIpU MPAKTUYECKU HEU3MEHHOM KOHIIEHTpa-
LIUH KUCIIOTHI B BBIIIEIAYMBAIOIIIX PACTBOPAX.
DaKTUYeCKUIl YAEIbHBI PacXoid SJIEeKTPo-
SHEPruM Ha PacTBOPOIOIBEM OIPEETICH Ha OCHO-
BaHUH MOKA3aHUI CYETYNKOB 1 0OEMOB MOHATHIX
Ha TIOBEPXHOCTh PACTBOPOB. YAEIbHBIE PACXOIbI
3MEKTPO’HEpruy Ha 1 M° TOMHATHIX PAcTBOPOB
(puc. 11) 3aBUCAT B OCHOBHOM OT TEXHUYECKOTO CO-
CTOSTHUSI OTKQYHOM CKBa)KMHBI — €€ 1e0uTa.
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Puc. 9. U3meHenne crenenu u3pjedenus ypana (CH), %, u3 Heap ot ornomenus K:T

Fig. 9. Uranium recovery from reserves (UR, %) as a function of Liquid : Solid ratio in a production block
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Puc. 10. Tunamuka pacxona (PK), kr, u yneabnoro pacxoaa (YPK), kr H2SO4/krU, cepuoii kuciaorsi (100 %6)
Ha BbIIEJa4YHBAHNE N0 TEXHOJIOTHYECKOMY 0JIOKY 32 BpeMsi 0TpaGoTKu

Fig. 10. Sulfuric acid (100%) consumption (SAC), kg, and specific consumption (SASC), kg H2SOa4/kg U for leaching in
a production block depending on operation time

V IenbHEIH pacxo 3J1eKTposHepruy, KB-u/m®

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Mecsitpl 0OTpaOOTKH TEXHOIOTHYECKOTO OJI0Ka

Puc. 11. /lunamMuka yeanHoro pacxoaa saekrposnepruu (YPJ), kBr-u/m3, na pacreoponoabem

Fig. 11. Specific power consumption (SPC), kW-h/m? for pregnant solution pumping out
as a function of operation time
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Tab6muma 7
OCHOBHBbIE I'€0TEeXHOJIOrHYECKHE MOKA3aTeIH PadoThl OJ10Ka

The main geotechnological indicators of a block operation

HaunmeHoBaHue 3HaueHHne
nmokasartejs norKasarteJjas

OO0 as XapaKkTepUCTHKA TEXHOJIOTHYeCKOro 0/10Ka

[Tnomans, Teic. M2 23,75
CpenHsisi IPONYKTUBHOCTB, Kr/m2 16,68
T'eomornueckue 3amacel, T 397
T'opHOpynHAs Macca, ThIC. T 5354
Cxema pachosioKeHHs] CKBAXKHH I'excaronanbHas
Konn4ecTBO TEXHOIOrHYECKUX CKBAYKHH, IIT.: 24
OTKAYHBIX 4
3aKauHBIX 18
HaOJIIoAaTeIbHBIX 2

Tloka3zaTeau cTaguH 3aKHCJIEHHS TEXHOJOIHYeCKOro 0JI0Ka

PexuM 3akuciaeHus AXTUBHBIN
KucinotHocTh pabouux pacTBOPOB, I/J1 17-20
Je6UT OTKAYHBIX CKBAXKUH, M°/d ~11,1
TpueMHICTOCTh 3aKAYHBIX CKBAKMH, M%/4 ~ 2,5
JlaByieHue Ha yCThe 3aKayHOl ckBakuHbI, MIla > 6,0
Bpewmsi 3akucnenus, THen 65
O6BeM 060pOTHEIX pacTBopos — IIP (BP), Teic. M° 65,6 (68,2)

XapaxkTepucTHKa NPOIYKTUBHBIX PaCTBOPOB Ha OKOHYaHME
CTaJMHU 3aKUCIICHHS:

COJIepXKaHUE YpaHa, MI/JI; 230

pH, exn. pH; 2,5

e¢H, MB 245
Ornomenue T npu 3akucienuu, M%/t 0,122
Pacxon cepnoit kuciotsl (100 %), T 1002
Y nenbHblit pacxon kucaoTsl (100 %), kr/t 'PM 1,9

IMoka3aTeu cTaANH BHIIIEJAYMBAHUS TEXHOJIOTHYECKOT0 0JI0KA

Bpewms BrIIeTaunBanms, Mec. 14
Je6bUT OTKaYHBIX CKBAXMH, M°/4 15,9
IIpreMuCcTOCTh 3aKaYHBIX CKBAXKHH, M3/a 3,5
JlaBneHue Ha ycTbe 3akauHOM ckBakuHbl, MIla >6,0
06beM NPOJYKTUBHBIX PACTBOPOB, ThIC. M° 649,1
CpenHee collep)KaHne ypaHa B MPOJYKTHBHBIX PACTBOPAX, MT/I 303
pH mpoaykTUBHBIX pacTBOpOB, ea. pH 2,0
KonmgecTBo ypaHa B MPOAYKTHBHBIX PACTBOPAX, T 197,306
OO0BeM BBHIIETAYHBAIOIINX PACTBOPOB, THIC. M3 641,6
Cpennee cosiepXaHHE ypaHa B BBINIEIAYMBAIOIINX PacTBOPAX, 11
MI/7 '
CpeHsisi KHCIOTHOCTD BBINIENAUYMBAIONINX PACTBOPOB, I/ 7,8
KonngecTBo ypaHa B BbINIENIAYMBAIOLINX PACTBOPAX, T 0,706
Jlo6bIua ypana, T 196,3
CrerneHp W3BJICUEHUsI ypaHa U3 Henp, %0 49,5
Orromenne JK:T npu Belena9uBaHuH (C Ha9aIa oIbITa), M/T 1,34
Pacxon cepnoii kucnotst (100 %), T 4989
Y nenbHbli pacxon kucnoTsl (100 %), kr/kr 25,4
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Takum 00pa3oM, B pe3yibTaTe HCCIeI0Ba-

HUH MOJTy4E€HbI OCHOBHEIE MTOKA3aTe ! MTPOBE/ICH-
HBIX B OTYETHBIN MEPHOA PadOT MO MOJ3EMHOMY
CKBXMHHOMY BBIIIEIAYMBAHNAIO YpaHA CEPHO-
KHCJIOTHBIMH PacTBOPaMH C MOJICYETOM T'€0JIOTH-
YECKHX 3amacoB (Tadu. 7).

BriBoabl

Pe3ynbTaThl BBITOJHEHHOTO aHAIM3A 1103~
BOJISIFOT CJIEJIATh CJICAYIONINE OCHOBHBIC BBIBOJIBI.

1. TlpoBeneHn aHanmM3 TEXHOJOTMYECKOU
CXEMBbl TPOMBIIUICHHOW OTpabOTKH 3amacoB
ypaHa METOJIOM TOJ3E€MHOTI0 CKBRXUHHOTO BBI-
menauuBanust. OnpeeneHsl CTPYKTYpPhl B3aHMO-
CBsi3el OCHOBHBIX ITOKa3aTesei (GyHKIIMOHUPOBa-
HUSl TEXHOJIOTHYECKUX IMKJIOB MPEIIPUATHSI U
(dopmann3oBaHa 3a/1aua yIpaBJIeHUs] TEXHOJIOTHU-
YeCKMMHU OJIOKaMU Ha CTaJIUsAX 3aKHUCJICHUS, aK-
TUBHOTO BBIIIEIAYMBAHUS, TOPAOOTKH U BHIBOJA
U3 DKCIUTyaTaIiH.

2. TlomyueHHbIE TIO pe3yJIbTaTaM BCKPHI-
THSL PYAHOTO TeJa CTaTUCTUYECKHE XapaKTepH-
CTHKH STYEEK TEXHOJIOTHYECKOro OJIOKa U pacmpe-
JICTICHHsI 3aI1acoB ypaHa, a TaK)Ke aHallu3 JUHa-
MUKH U3MEHEHHUS JOOBIYM M CTETICHHU U3BIICUCHUS
[0 TEXHOJIOTHYECKOMY OJIOKY, OanaHca Mpou3Bo-
JUTEIBHOCTEH TEXHOJIOTMUYECKOro OJI0Ka 10 MPo-
OYKTHBHBIM W BBHINICTAYHBAIOIIAM PacTBOpaM

bubanorpapuyeckuii cnmcox

MO3BOJIWJIM PAcCCYMTATh OCHOBHBIE I'€OTEXHOJIO-
rHYecKkue mokazaTtenu. llodydeHHble 3HAUYEHUS
JIETJIA B OCHOBY (JOPMHUPOBAHUSI PETPECCUOHHBIX
B3aMMOCBSI3€l MEXKIy CTENECHbIO W3BICUYCHUS
ypana u cootHoumieHueM JK:T, a Taxxe [U1s pAa10oB
JUHAMUKHU YJEJIbHBIX PACXO0/I0B CEPHOM KUCIIOTHI
U 3JIEKTPOIHEPIHHU, YTO MO3BOJIMIO OINPENEINTh
IpOoOJIEMHbIE 30HbI U NIEPCIEKTHUBHbBIC HalpaBile-
HUSl COBEPLICHCTBOBAHMSI MPOLIECCA YIPaBIECHUS
Y TIOBBIIIECHUS YPPEKTUBHOCTH ()YHKIIMOHUPOBA-
HUSI TEXHOJIOTUYECKOTO MOJIUTOHA PyIHUKA MO/~
36MHOT'0 CKBXMHHOTO BBIIIETAYBAHMUS.

3. [lomy4yeHHbIE B3aUMOCBS3H 1 OCHOBHBIE
Ie0TEXHOJOTMUECKUE I0Ka3aTeNu IO3BOJIMIN C
BBICOKOW CTENEHbI0 BEPOSATHOCTH IMPOrHO3UPO-
BaTh JajbHEHyo 3 PeKTUBHYIO OTPabOTKY Me-
cropoxxJeHus. I1o moxy4eHHbIM 1aHHBIM pe3yJib-
TaTOB MMPOMBIIIUIEHHON OTPAaOOTKH 3a11acoB ypaHa
Ha TexHoylornueckux Oiokax mpoueccsl [1CB
MOKHO OXapaKTEepPH30BaTh KaK JOCTATOYHO HH-
TEHCHBHBIEC, a pE3yNbTAaThl SKCIUTyaTallud pyI-
HBIX TeJ clefyeT MpHu3HaTh BechbMa 3((eKTuB-
HBIMU U ITPUBJIEKATEIILHBIMU KaK C TEXHOJIOTHYE-
CKOM CTOPOHBI, TaK M C 3KOHOMMYECKOW TOYKH
3peHMsI, UYTO CYIIECTBEHHO pacUIMpseT MHHe-
palIbHO-CBIPHEBYIO 0a3y OTPACIIH.
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OTciae:xxuBanue H3MEHEHH I TOMOJIOTHH 00bEKTOB JOOLIYM MOJe3HbIX HCKOIIAeMbIX
HA MPSIMOYTOJIbHBIX H IeKCATOHAJIbHBIX pelleTKax

Kpamapos C. O., MutsicoBa O. 1O.

CypryTckuii TOCyJapCTBEHHBIA yHUBEpCHTET, I. CypryT, Poccus;
SMmaoovo@yandex.ru

AnHoTanusi: TexHoJIoTHH TUCTaHITMOHHOTO 30HaNpoBaHus 3emin (/133) mpu pean3aiiuy reooropa3BeI0THBIX
paboT Bo MHOT'OM ompenenstoT ux 3¢dekTuBHOCTh. [103TOMY pa3zpaboTka HOBOTO METOANYECKOTO 0OecCIeueHHUs
WCTIONB30BaHMA JaHHbIX /33 B MPOrHO3UPOBAHNH TOPHO-TEOJIOTHUYECKHIX YCIOBHUH SBISIETCS aKTyaJIbHBIM HAIIPaB-
nmeHreM. McciemoBaHusl OCHOBBIBAIOTCS Ha aHATN3€ OIMEHKH WH(POPMAITMOHHOM, COMATBLHON W IKOHOMHUYCECKOU
3¢ GEeKTUBHOCTH MTpUMEHEHHUs JaHHBIX J[33 Ha MEeCTOPOXKICHUSIX MONE3HBIX UCKOMaeMbIX. OTMeUueHa pojib Ipu-
MEHEHHUS HOBBIX TEXHOJIOTHH (B TOM 4HUCJIC ,Z[I/ICTaH]_[I/IOHHLIX) B IIpOLECCC ONTUMU3AUN HaYaJIbHbIX CTaI[I/Iﬁ Ieo-
JoropasBeouHoro nporecca. [lokazanbl BO3MOKHOCTH HCTIONB30BaHUs NaHHBIX J[33 11 ornieHKH o0miero xapak-
Tepa, HaIPaBJICHHOCTH ¥ MacIITaboB M3MEHEHUS IPUPOTHOM CPEIbI IO BIVSIHIEM pa3paboTKU MECTOPOKIACHUH.
[pennaraeTcs METOAMKA, KOTOPYIO MOYKHO HCIIOJIL30BATH B ITPOIECCE OTCIICKUBAHMS M3MEHEHHI TOTIOJIOTHH 00'b-
€KTOB IPH JOOBIYE MOJIE3HBIX UCKOMTaeMbIX. PacCMOTPEHBI pa3indus B pe3ybTaTax, MOJIy9aeMbIX IIPU UCITOIB30-
BaHWU TpeJIaraéMoil METOIUKH 00pabOTKHU CITyTHHKOBBIX M300paXKeHHUN HA MPSIMOYTOIBHOM M T€KCarOHAIIbHOM
pactpe. OTMEYEHBI MPEUMYIIIECTBA IPUMEHEHHS IIECTUYTOJILHOM PEIIESTKHU JIJIsl OTCIICKUBAHUSI IPAHUI] 00bEKTOB
1 GopMUpOBaHUs PU3HAKOB. [IpHBeIeHBI MPaKTUYECKUE MPUMEPHI U3 YHCiIa 00paboTaHHBIX MIPY MIOMOIIY TpeI-
JIaraeMo¥ METOAMKY CITyTHHKOBBIX H300Pa)KEHH 3 OTKPHITHIX HCTOYHUKOB. Pe3ynpTaThl, HOTy4YeHHBIE B JAHHOM
HCCIICA0BAaHNH, ITO3BOJIAIOT OCYIICCTBIIATH HHTCJ’IJ’ICKTyﬂJII:HBIfI AHAJIN3 JAaHHBIX CITYTHUKOBBIX CHUMKOB C I1OCJIC-
nytomield uaeHTuguKanueid o0beKTOB 3¢MHOM MMOBEPXHOCTH, HHTEpECYOMMX uccuenaoBatens. [lokasan npumep
WCTIONF30BAHUS TTOTYYEHHBIX PE3yIHTaTOB COBMECTHO CO CHEIMATN3NPOBAHHBIMU MPOTPAMMHBIMH CPEICTBAMHU
(Taxumu kak kaptorpadudeckas reouHpopmarmonHas cuctema GIS INTEGRO ¢ Bo3aMOKHOCTSIME penieHHsI T€0-
JIOTUYECKHX 3aj7ayu WK 3apyoexHas cuctema ArcGIS) s mocTpoeHusI KOHTYPHBIX KapT TEPPUTOPHH H ITOJTyUe-
HUS €€ OIUCAHUS HAa OCHOBE TOIOJIOTMYECKUX OTHOIICHUH M METPUYCCKON HH(POPMAIIHH.

KiioueBble ciioBa: O6’BeKT, ,Z[O6LILIa IMOJIC3HBIX HMCKOIIA€CMBbIX, CHYTHI/IKOBLII\;I CHUMOK, JAHHBIC JUCTAHIIMOHHOI'O
3OHAUPOBAHUSA 3CMJ'H/I, 6I/IHapHOC I/1306pa)KCHPIe, KO CDpI/IMeHa, TOIIOJIOT .

Baaronapnocts: Pabota Bemonsena mmo ['oczamaamo XMAO — FOrper (CypryTckuii TocyTapCTBEHHBINM YHHBEPCUTET).

s uutupoBanusi: Kpamapos C. O., Mutscora O. 0. OtciexnBanne U3MEHEHUH TOIIOJIOTUH OOBEKTOB JI0-
ObIUM IOJIE3HBIX MCKOMAEMBIX Ha MPSMOYTOJIbHBIX U FEKCArOHAIBHBIX peIleTKax. [ OpHble HAYKU U MEXHOA02UU.
2020;5(2):154-161. DOI: 10.17073/2500-0632-2020-2-154-161.

Tracking Changes in Mining Object Topology on Rectangular and Hexagonal Grids
S. O. Kramarov, O. Yu. Mityasova

Surgut State University, Surgut, Russia;
SMmaoovo@yandex.ru

Abstract: The Earth remote sensing technologies (ERS) in exploration largely determine their effectiveness.
Therefore, development of a new methodological support for the use of remote sensing data in predicting mining
and geological conditions is a key priority area. The studies are based on the analysis of the assessment of infor-
mation, social, and economic efficiency of remote sensing data application at mineral deposits. The role of appli-
cation of new technologies (including remote ones) in the process of optimizing initial exploration stages is noted.
The possibilities of using remote sensing data to assess general nature, direction, and extent of environmental
changes due to mining activities are shown. A technique is proposed that can be used in the process of tracking
changes in the topology of objects in the course of mining. The differences in the results obtained using the pro-
posed technique for processing satellite images on rectangular and hexagonal grids (rasters) are considered. The
advantages of using the hexagonal grid for tracking the boundaries of objects and formation of signs are shown.
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Practical examples — a number of open source satellite images processed using the proposed method — are pre-
sented. The study findings allow applying intelligent analysis of satellite imagery data with the subsequent identi-
fication of the earth's surface objects of interest. An example of using the obtained results together with specialized
software tools (such as GIS INTEGRO geographic information system capable of solving geological problems, or
the foreign ArcGIS system) for constructing contour maps of the territory and obtaining its description based on

topological relations and metric information is shown.

Keywords: object, mining, satellite imagery, the Earth remote sensing data, binary image, Freeman code, topology.
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BBenenue

['eonoropasBenouHasi OTpacib — BaKHEHIIas
COCTaBHAasl 4YacTb MHUHEPAILHO-CHIPHEBOIO KOM-
IUIeKca, 0o0ecreurBaroliasi Co31aHue U BOCIPOU3-
BOJICTBO ChIPbEBOM 0a3bl JJIs1 yCHEIIHON padOThI U
NEPCIEKTUBHOIO pa3BUTHS J10OBIBAIOLIMX OTpac-
Jei. YpapjaeHue reo’ornueckuM U3y4eHeM Heap
SBJISIETCSI COCTABHOM YaCTbIO YIPABIICHUS HEIPO-
MOJIb30BaHHUEM.

OO11eii 1ebl0 Te0JI0ropa3Be0uHbIX PadboT
SBIISICTCS. HAYYHO 0OOCHOBAHHOE, IUTAHOMEPHOE U
KOHOMHUYECKHU P (PEKTHBHOE oOecIieueHre JT00bI-
BalOIIEH MPOMBIIIJIEHHOCTH pa3BeaHHbIMM 3ara-
caMU TOJIE3HBIX UCKOMAeMBbIX, U3y4EHHE CIIOCOO0B
UX TIOJTHOM, KOMITJIEKCHOM ¥ 9KOHOMUYECKH Pallo-
HAJIbHOW BBIEMKH B IPOLIECCE HKCIUTyaTalluu Me-
CTOPOXKACHUM C Y4ETOM OXpaHbl OKpYKarolen
cpensl. ['eonmormueckas cimyx0a, reojoruueckue
OpraHM3aluy TaKKe OKa3bIBAIOT YCIYTH 110 U3yde-
HUIO HEJp TPHU CTPOUTENBCTBE M AKCILTyaTalluu
MOJ3EMHBIX COOPYXEHUH, ISl HYK]I CEJIbCKOTO XO-
3s11icTBa.  IH)KEHEpHO-TEOJIOTNYECKOE U3Yy4YEHHE
OTAETbHBIX PailOHOB, TEPPUTOPUIl TaKkKe HEOOXO-
VMO JJIs1 IOATOTOBKHM IOA3EMHOIO 3aXOPOHEHUS
BPEIHBIX BEIIECTB M OTXOJOB IPOU3BOJICTBA,
cOpoca CTOYHBIX BOJ] M pEILIEHUsI IPYTHX BOIPOCOB.

Pa3Benxa mMecTOpOXKIEHNH MOJE3HBIX HUCKO-
maeMbIx [3, 5, 10, 12] oTHOCHTCS K CIIO)KHBIM U
KOMIUIEKCHBIM 3aj1auam, 1t 3 PEeKTHBHOTO perire-
HUSI KOTOPBIX CIEUHUANUCTy TpedyeTcs Makch-
MaJIbHO BO3MOKHBIN 00beM aKTyaJIbHOU HH(POpMa-
1UH 00 uccieryeMoM o0bekTe mim ydacTke [11].

MINE SURVEYING

I'eonormueckoe kaprorpadupoBaHUe, BKITIO-
Yaroliee M3y4eHUE SIICMEHTOB JIaHmmadra, pas-
JIMYHBIX 00pa30BaHMiA, HEJP, MOYKHO CUUTATh (DyH-
JAMEHTOM JIFO0OH  TI'eoJI0ropa3BeIouHON  TpO-
rpaMMBI. DTOT MPOIECC TaeT BO3MOXKHOCTH ITOJTY-
YUTHh HHPOPMAIHIO O PH3UIECKHX Tporeccax (hop-
MHUPOBAHUS U K3MEHCHHUS 3¢MHOM KOPBL. A C TIOMO-
IIpIO JIAHHBIX JIMCTAHIIMOHHOIO 30HIUPOBAHUS B
COYETaHHHU ¢ MH(OPMAIHEH U3 IPYrHX HCTOYHHUKOB
WCCJIEIOBATENH TTOJTyYat0T JOCTYI K TAKOW BaYKHOM
WHPOPMAITIH, KaK, HAIIPAMEP, CBSJICHUS O COCTaBe
Y BUJIOM3MEHEHHH MTOPOJI, IMTOJIOTHH, TOTorpadun
MIOBEPXHOCTH, reoMopdosnorun [11].

B Hacrosiiiee BpemMss MHOTOBapHAHTHAS CH-
cTeMa BHJIOB M CIIOCOOOB MOTyYEHHUSI U OTOOpaxke-
HUS TE€0JIOrYeCKOi MH(OPMALIUH, CPEH KOTOPOI
nHpOPMAIHS U3 KOCMOCa 3aHUMAET OJTHO U3 BEIly-
IIUX MECT, OTKPBIBAET BO3MOXKHOCTh JallbHEeUIIen
ONTUMHU3AINHA HAYAIIBHBIX CTaJUN Te0JIOropa3Be-
JOYHOTO Tporiecca. BHenpeHne MaTepraioB a’spo-
KOCMHUYECKHX ChEMOK B TEOPHIO U TIPAKTHKY T'€0JI0-
THHU TIPUBEJIO K COBEPIICHCTBOBAHUIO METO/IOB Pe-
THOHAIBHBIX TEOJIOTHUSCKUX HCCIICIOBAHUM, a
TaKKe K TMOBBIIMICHUIO KayecTBa KapT reojorude-
CKOT'O COJIEPIKaHUSI.

esn u 3apaun

B Poccun nmeercst moTeHman Jist mpuMeHe-
HUSI KOCMHYECKUX TexHoJorwi [ 18] B reonoropas-
Benke [3, 5, 10, 12, 17]. Pa3Butne TeXHONOTHIA, HC-
TOJIb3yEeMBIX TOPHOIPOMBIIIICHHBIMHI TIPETIPHSI-
THSMU [26], ¥ HOBBIX T€0JIOTHYECKHX MeTo10B [ 17],
B TOM YHCIIE TUCTAHIIMOHHBIX, TTO3BOJISIET B KOPOT-
KK CPOKH U 10 MAKCUMAIILHO OOJIBIIINM TEPPUTO-
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pUSIM J1aTh OLIEHKY MEPCHEKTUB OOHAPYKEHUs Me-
cTopokaeHuil. Pa3zBenka u3 KocMoca IO3BOJISIET
3HAYUTEIBHO ONTHUMU3HPOBATH MPOILIECCHI TTOMCKA
MOJIE3HBIX HCKOMaeMbiX. [IpumeHeHne MeTonoB
133 [6, 14] m03BONSET yMEHBIIUTH CTOUMOCTbH T'€0-
JIOropa3BeIouHbIX padoT B pe3yJIbTaTe NPOBEICHUS
KOMILIEKCHBIX UCCIIEIOBAaHMM OOIIMPHBIX TEPPUTO-
pHii, KOTOpbIE JOBOJBHO YacTO HEAOCTYIIHBI JUIS
TPaAULUOHHBIX METOIOB T'€0JIOrOPa3BEAKH 110 TEM
w1 uHbIM npudnHaMm [13]. Ognako, HeCMOTps Ha
9TO, TpeOyeTCs TOCYIAPCTBEHHAS M MHBECTUIIMOH-
Has noajepxka (puc. 1).

Ha rocynapctBeHHOM ypoBHE pa3zpabarbiBa-
IOTCSI CTPATEruu Pa3BUTUSI MUHEPALHO-CHIPHEBOI

0a3p1 Poccmiickoit @eneparmu. [locraBnena menn
CO3/IaHMs «YCJIOBUH JUISi YCTOMYMBOrO oOecreye-
HUSI MUHEPAIBbHBIM CBIPHEM COLUATEHO-IKOHOMH-
YECKOI'O Pa3BUTHS U MOAJIEPIKAHUS JTI0CTaTOYHOTO
YPOBHSI 3KOHOMHYECKOH M DHEPreTUYecKon 0e3-
onacHoctu Poccuiickoit ®denepammn» [23, 25].
B Poccun Ha reonoropassenxy B Oropkere 2016 r.
ObUTO BBIJICNICHO B LIEJIOM OKOJO 35 mupn pyo.
B 2018 r. Ha mpoBeieHNe reoJIoropa3Bea0YHbIX pa-
00T Ha YIIIEBOJOPOIHOE CHIPhE OBUIO HAIPABICHO
14,3 mupn py0. OFOIKETHBIX CPE/ICTB, HA TBEP/IbIC
TIOJIE3HBIE UCKOTIaeMbIe — 5,8 MIp1 pyo.

25
20 I @ Tsepapie

15 _l I TIOJIC3HBIC

HUCKOITaCMBbIS
10 ||| @VYrresozopoanoe
ChIpbE
5 p — —
0 - . .
2016 2017 2018 2019
a

450
400 [
350 || @ Trepapie
300 — IIOJIC3HLBIC
250 — UCKOTIACMBIC
200 || O VYraesozopoaHoe
150 B CBIPBE
100 —

50 —

0 T T

2016 2017

2018
o

Puc. 1. ®unancupoBanue padoT Mo reoJJIOrH4ecKoii pa3peake:
a — 3arpathl eaepanbHOTro OroKeTa, MIIpJ pyoO.; 6 — 3aTpaThl U3 BHEOIOPKETHBIX HICTOYHUKOB, MIIPJ PYO.

Fig. 1. Exploration funding:
a — federal budget funding, bln rubles; b — extrabudgetary funding, bin rubles.
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Puc. 2. McxoaHblil CHUMOK M3 OTKPBITHIX HCTOYHUKOB (CTaBponosabcekuii kpail, KpacHorsapaeiickuii paiion)

Fig. 2. Original image from open sources (Stavropol Territory, Krasnogvardeisky district)

JlaHHbIC JMCTAHIIMOHHOTO 30HIMPOBAHUS
UTparOT O0CcO0YyI0 pOJb B TNPOTHO3MPOBAHUHU
TOPHO-TEO0JOrHYecKuX ycyioBuil. ComocraBieHue
KapT reoAMHaMUYECKUX 30H (U 30H JIPEeBHUX pa3-
JIOMOB) C TUITAHAMH TOPHBIX PaboT IMTO3BOJISET CHIe-
JaTh BBIBOJ O TIPUYPOYCHHOCTH BBIBAIOB H JIPY-
THX TOPHO-TEOJIOTUIECKUX OCIIOKHEHNUHN K BEPTH-
KaJbHOH MPOEKIMH JIOKAIBHBIX 30H IOBBIIICH-
HOW TPEIMHOBATOCTH. Y CTaHOBIJIEHO, YTO OKOJIO
90 % BBIBAJIOB PACIIONIOKEHO B IMpeaesiax TaKUX
30H, npuueM 70 % npuypoueHo K UX mepecede-
HUSM (y37am).

Ha ocHoBe pa3nmyHOro poja MpOTHO3HBIX
peIIeH MOKeT OBITh OIICHEH HE TOJIBKO KOHO-
MHUYECKHH yIepO OT U3BATHS TEPPUTOPHHI MECTO-
POXIEeHUS U3 OOpaIleHHs, HO U OKHaeMasi PeH-
Ta0EeNBLHOCTH €r0 Pa3padoTKU.

Haubonee monHoe M panuvoHaIbHOE HC-
noJjb30BaHue JAaHHBIX J[33 BO3MOXKHO JHIIL B
KOMILJIEKCE C TPaJUIIHOHHBIMU T'€0JIOTUYECKUMH,
reo(pu3NYeCKUMU U TEOXUMHUECKUMH HCCIIEN0-

MINE SURVEYING

BaHUAMHU. B 3TOM HarpaBieHun HEOOX0AUMa pa3-
paboTKa YETKOro TEXHOJIOIMYEeCKOro Ipolecca
CHHTE3a MU 00pabOTKU pa3HOPOIHOM, HO OAMHAa-
KOBO Ba)KHOM B I€0JIOTHYECKOM U IOMCKOBOM OT-
HOILIEHUU MH(POpMAIUH.

Lenbto uccrnenoBaHus SBISETCS OLIEHKA
BO3MO’KHOCTH MCIOJIb30BaHUSI METOAMKH JJIsl OT-
CIIC)KMBAHUSI TPaHUI] OOBEKTOB Ha H300paxke-
HUSX, NOJy4aeMbIX C KOCMHUYECKHUX aIlaparos,
JU1s1 00pabOTKHU TaHHBIX AUCTAHIIMOHHOTO 30HAM-
pOBaHMsI B IPOrHO3UPOBAHUM FOPHO-TEOJIOTHYE-
CKHX YCIIOBHH.

Metoab! 1 X0 McCiIe10BAHUS

PaccmorpuM mpakTuyeckuii mpuMep pea-
TW3auu  pa3padoTaHHOro moaxona. Jms aToi
LIEJIH BBIOEPEM JIOCTYITHbIE TAHHBIE U3 OTKPBITHIX
ncrtouHukoB. Ha puc. 2 mpexacrasineH npumep
CHHMMKa, 00pabOTaHHBIN MTPU MTOMOIIH Mpeara-
eMoil metosuku [1].

CoxpaHeHHBIH CHUMOK ObUI 3arpyXeH B
CIEIIMAJIbHBIE MPOTPaMMBbl, B KOTOPBIX pean3o-
BaHa metoauka [ 1, 20] (puc. 3).
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Puc. 3. [IpeoOpa3oBaHHbIii K ABYXIPaJallUOHHOMY (0MHAPHOMY) BHAY UCXOJAHbIH CHUMOK, IlepeHeCceHHbI]
HA reKCaroHaJIBHYIO CEeTKY

Fig. 3. Original image converted to a two-gradation (binary) form, transferred to hexagonal grid

a)

0)

Puc. 4. Pe3yabTaThl 0TC/IKUBAHUS KOHTYPa 00beKTa:
a — Ha TIPSAMOYTOJIBHON CETKe; 6 — Ha ECTHYTOJIbHON CeTKe

Fig. 4. Object contour tracking results:
a —on rectangular grid; b — on hexagonal grid

CornacHo npennaraemoi metoauke [1, 20]
OTCIICKUBAIOTCS KOHTYPHI OOBEKTOB C HCIOJIb-
30BaHUEM LIENMHOr0 KoJa @prumMeHa 1o CBsI3HOCTH
6 (s TekcaroHanbHOTO pactpa [7, 19, 22]) unun
Mo CBSI3HOCTU 4 (11 IPSIMOYTOJIBHOTO pacTpa
[1, 20, 21]). Hanee onpenensroTcs KOOPAMHATHI
X, Y (Ha MECTUYTOIBLHON PEIIETKE ONPEeeIAeTCS
Tak)Xe KOOpAUHaTa Z = X + V) s KaXKI0H TOUKH,

NpUHAJIEeKAIEH KOHTYPY, U  BBIACISIOTCS
TOUYKM Hayasia 00Xoja KOHTYpOB, B KaueCTBE KO-
TOPBIX UCNIONB3YIOTCA KpaliHue. Ha Puc. 4 noka-
3aHbl IOJYYEHHBIE HA IPSIMOYTOJIbHOMN M IIECTH-
YTOJBHOW CETKax pe3yJbTaTbl OTCIIEKHBAHUS
KOHTypa 00beKTa, 3a11e4aTIEHHOT0 Ha TECTOBOM

M300pakeHHH.
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Pe3yabTaTsl

Tononornueckue [4] XapaKTepUCTUKHU
HNPOTSKEHHBIX (HAaIpUMeEp, IOJUTOHAJIBHBIX)
00BEKTOB «MOTYT OBITh MPEICTABICHBI B BUJIE
rpadoB MOKPHITUN U CMEKHOCTH. I'pad moKpsI-
TUSL TOMOMOpP(EH KOHTYpHOH KapTe COOTBET-
cTByloleld MectHocTu. Pebpa rpada — rpa-
HULbI PallOHOB, Y3JIbl — TOUKH CMBIKaHUS paii-
oHOB. CreneHb BEpIIMHBI Takoro rpada —
YUCJIO PANOHOB, KOTOPBIE B HEM CMBIKAKOTCH.
I'pad cmexHOCTH — 3TO Kak Obl BHIBEPHYTHII
Ha W3HAHKY rpa¢ mokpeiTHs. B Hem pailoHbl
oToOpaxaroTcst y3naMu (BepUIMHAMHU), a rapa
CMBIKAIOIIKUXCS pailoHOB — pebpamu» [2].

PaccmoTpenHsbie B peabllylieM pa3aese
pe3yabTaThl MO3BOJISAIOT MCIOJb30BATh UHTEI-

JeKTyanbHbld aHanu3 aaHHbix /(33 [16]. Pe-
3yJIbTAaThl MCCIEJAOBAHUS TaKXKE MOTYT OBITh
KCIOJb30BaHbl COBMECTHO CO CIEIHAIbHBIMU
MPOTrpaMMHBIMU (Hampumep,
ArcGIS wnu [15]) nns nmoctpoenus kapT (B TOM

CpelcTBaMu

Yyuclie 1 KOHTYPHBIX) COOTBETCTBYIOMICH Tep-
PUTOPHH H MOJYYSHHS TOMOJIOTHICCKUX MOJIC-
nei (puc. 5).

Tonosoruueckue MOJECIU HCIOJIB3YIOT,
KOTJIa pelIeHHe 3aJadd TIpejrnojaraeT Halu-
yue nH(HOpPMAIUU O TOTMOJIOTHYECKUX OTHOIIIE-
HUgX. C MOMOIIBIO MOJO0HOM MOJEINA MOKHO
JOCTaTOYHO TIOJIHO OMHUCATh MOACIUPYEMYIO
TEPPUTOPHUIO, UCIIOIB3YS KaK TOIMOJOTHYCCKUE
OTHOILCHHsSI, TAK U METPUUYECKYH HH{JOpMa-
LHIO.

@ Integro - Mpoexr korTypei._ip - [Mpoext Korrypsi] =R
@ oaiin Oxno [anmsie Hactpoiiki Momows |8 x].
Qlx-gldlzL ols e Macwra61: 208896.870155179 > >, ctrmath 18517 + @ Coxpanennsie npueszkn | |[BY B [£] . | & 40 || .| m O .
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s
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Puc. 5. Ucnosb30BaHMe KOHTYPHBIX H300paxkenuii u [15] 1J1s1 mocTpoeHus: KapT TEPPUTOPUH

Fig. 5. Applying contour images and [15] for creating a territory maps

3akarouenue

[TpocToTa mpeararaeMoro MeTo 1a Mmo3Bo-
Jser emie OoJiee MOJIHO W PalMOHAIBLHO HC-
MOJIB30BaTh JIAHHBIE, MOJIydaeMble ¢ KOCMUYe-
CKHUX anmapaToB. Y JIelIeBJIEeHUE T'€0JI0Tr0-Che-
MOYHBIX U MOMCKOBBIX PadoT (32 cUeT 4acTHUu-
HOH 3aMEHBI JOPOTOCTOAIMNX HA3EMHBIX IMOJIe-
BBIX HCCIeIOBaHUil Oojiee IEIIEBBIM KaMe-
panbHBIM JemupupoBaHUEeM H OoJiee paruo-

MINE SURVEYING

HaJIbHOW TMTOCTAaHOBKH Pa3BEAOYHBIX U IKCILITY-
aTaIMOHHBIX paboT), B CBOIO OYepeab, BHOCUT
BKJIQJ] B IMOJIy4€HHUE IKOHOMUYECKOTO d(PeKTa
OT mpuMeHeHus AaHHbIX /[33. MHoroBapuant-
HOCTb, BO3MOXKHOCTh NMPHUMEHEHUs HKCIpecc-
uHpopMaMM W OTHOCHUTENbHAs JICIIEBU3HA
JUCTAaHLIMOHHBIX METOJI0OB o0OecrneunBaoT 3¢-
(EeKTUBHOCTh UX IPUMEHEHHUS B COOTBETCTBUU
¢ TpeOoBaHUAMH JI000r0 HHBECTOPA.
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dPpPexkTUBHBIE MEKTYHAPOIAHbIE MOIX0bI
B IOCYJAapCTBEHHOM YIIPABJICHUM HePaMHU

Baiimumes P. H.

MuHuCcTepcTBO MHAYCTPUHN B HH(MPACTPYKTYpHOTO pazButus Pecyonmku Kazaxcran,
r. Hyp-Cynran, Pecrrybnmka Kazaxcran

AnHoramusi: Pa3Butue orpaciell SKOHOMHKH, CBSI3aHHBIX C FOPHONOOBIBAIONIEH W TOpHO-TIepepadaThIBaloIeH
MPOMBIIIJICHHOCTHIO BO MHOT'OM OTIpEeNsieTC HAIMOHATbHBIMH [TOJIX0AaMH B PErYJIMPOBAaHUH HEAPOIOIb30Ba-
uus. s PecrryOnmku Kazaxcran, o6magaromiei orpOMHBIM T€0IOTHIECKIM MTOTEHIIHAIOM, aKTyaJIbHO ¥ 3HAYNMO
BBIpab0TaTh M UCIONB30BaTh KOHKYPEHTOCIIOCOOHBIE B MUPOBOM MaclITade MoaX0 bl TOCYAapCTBEHHOTO YIIPaB-
neHus Heapamu. JlocTHKEeHUE JaHHBIX LeJel O3BOIseT yxKe B 0003puMoM OyaymieM copMUpOBaTh MOTEHIIUAI
MOCJIEI0BATENIFHOTO 1 FapaHTUPOBAHHOI'O y4acTHsl HAIMOHAIBHOM 3KOHOMHUKHU B PIHOYHOM B3aUMOJCHCTBUH C
BEAYIIMMH MUPOBBIMHU ITapTHEPAMHU Ha B3aMMOBBITOJHBIX yCIOBUSX. B paboTe caenaH akueHT Ha TO, YTO, He-
CMOTpsI Ha NMPOTHO3UpYEMbIC TIEPCIIEKTUBHBIC TEOJIOTHYECKHe JaHHble, B PecryOnnke Kazaxcran B Hacrosiee
BpeMsI KOHCTAaTUPYyeTCsl (hakT 3HAYUTEIHHOTO MPEBBIICHUSI 00bEMOB JOOBIYHBIX Pa0OT Hall I'eoJIoropa3Beroy-
HBIMHU pa0OTaMH, 4TO COMPOBOXKIAETCS HU3KMM HHBECTULMOHHBIM [TOTEHIIMATIOM B I€0JI0rOpa3BeOYHbII CEKTOP.
Jist perieHus HaKOTUIEHHBIX MPo0iieM B cepe Helpononb30BaHus B paboTe MPOBEICH aHAIN3 CIIOXKHUBILEHCS CH-
TyalliH, BBIABJICHBI IPUYWHBI BOSHUKIINX 00CTOSITENLCTB U Bblpa6OTaHbI MMPEAJIOKCHUA 10 COBCPUICHCTBOBAHUTIO
CUCTEMBI U TIOAXOIOB TOCYIaPCTBEHHOTO YIIPABJICHHS HeIpaMu, 000CHOBaHA UX 3P PeKTUBHOCTh. AHANH3 yOeIu-
TENBHO 0KAa3ajl, YTO B CBSA3U C IIPOBEACHHBIMH pepopmamu B cepe Heapomnonas3zoBanus Pecnyonuku Kasaxcran
Y BITUSTHUEM TEHACHIMI N3MEHEHHI MUPOBOM SIKOHOMUKH TPeOyeTCsl IEPECMOTPETh paHee PUMEHSIBLINECS MO
XOJIBI TOCYTAPCTBEHHOTO YIIPABIICHHS HEJIPaMU C IIeNTbI0 BEIPaOOTKH Hamboee 3 (heKTUBHOM CUCTEMBI TOCYyAap-
CTBEHHOT'O yNpaBlieHHs Heapamu. B paOore m3ydeH MEXIyHapOAHBIM OMNBIT FOCYJApCTBEHHOTO YIPAaBJICHHS
HEApaMU B CTpaHax, JOCTUTTIIUX HauOOJIBIIErO Pa3BUTHA B JAHHOM ACIICKTE, BBIABJICHBI OCHOBHBIC ITPUHIUIIBI ITPH
MOCTPOCHUH CHCTEMBI TOCYAaPCTBEHHOTO YIIpaBJIeHUs chepoil HEAPOIIOIb30BaHUS, POBEACH UCTOPUIECKUHN aHa-
T3 TIpU ONPEIENICHUN BIMSHUS BBIOPAHHBIX T'OCYAapCTBOM METOJOB M HOAXOJOB K YIPAaBJICHUIO HEApaMH Ha
Pa3HBIX dTalax pa3BUTHUA SKOHOMUKMU. Ha ocHose IMPOBCACHHOT'O NCCJIICJOBaHM BbIABJICHBI 30HBI PHUCKa HeS(l)(i)eK-
TUBHOT'O T'OCYJApCTBCHHOI'O YIIPaBJICHUA HEAPpaMHU, IMPEAJIOKEHBI ITOAXOAbI IO COBEPIICHCTBOBAHNIO CUCTEMBI U
coco00B roCyIapcTBEHHOTO yrpasiieHus Heapamu Pecrry6nuku Kazaxcras.

KiroueBble ciioBa: HHIOCKC HHBCCTHHHOHHOﬁ IMMPUBJICKATCIIbHOCTU, TOCYJAPCTBCHHOC YIIPABJICHUC HEAPAMU, CCK-
TOP MOJIC3HBIX HCKOIIa€MBbIX, C(bepa HEAPOIIOJIb30BaHt, CTPATCITUUCCKUC MPOrpaMMbl, CTPATCTHMUCCKUE MHUHC-
paJbl, TUICH3NKU HEAPOIOJIb30BaHUA, MHOCTPAHHBIC MHBECTUIIUN B HEAPOIIOJIb30BaAHUC.

s uuruposanus: baiimuies P. H. D¢ dexTuBHBIE MeXIIyHapOAHBIE TOIXO0IBI B TOCYIAPCTBEHHOM YIIPaBJe-
UK Heapamu. [ opuvie nayku u mexrnonoeuu. 2020;5(2):162-184. DOI: 10.17073/2500-0632-2020-2-162-184.

Effective International Approaches to Subsoil Public Administration
R. N. Baimishev

Ministry of Industry and Infrastructure Development of the Republic of Kazakhstan,
Nur-Sultan, the Republic of Kazakhstan

Abstract: Development of economic sectors related to mining and processing industries is largely determined by
national approaches to subsoil use regulation. For the Republic of Kazakhstan, having enormous geological po-
tential, it is relevant and significant to develop and use globally competitive approaches to public administration
of subsoil. Achieving these goals allows building in foreseeable future the potential for consistent and secure par-
ticipation of the national economy in market interaction with leading global partners on mutually beneficial terms.
In the paper, emphasis is placed on the fact that, despite forecasted promising geological data, significant excess
of the scope of mining work over that of exploration is observed in the Republic of Kazakhstan. This is accompa-
nied by low investment potential of the exploration sector. To solve the accumulated problems in the field of
subsoil use, an analysis of the current situation was carried out, the causes of the current circumstances were
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identified, and the suggestions were made for improving the system of and approaches to public administration of
subsoil, with justification of their effectiveness. The analysis convincingly showed that the reforms carried out in
the field of subsoil use in the Republic of Kazakhstan and the changing trends in the global economy strongly
require revising the previously used approaches to public administration of subsoil for developing the most effec-
tive system of public administration of subsoil. The study examined the international experience of public admin-
istration of subsoil in the countries that have achieved the greatest progress in this field, identified the basic prin-
ciples in building a system of public administration of subsoil use, conducted historical analysis to determine the
effect of the methods and approaches selected by state for subsoil administration at different stages of economic
development. Based on the study findings, the risk zones of inefficient public administration of subsoil were iden-
tified, and approaches to improving the system and methods of public administration of subsoil in the Republic of
Kazakhstan were proposed.

Keywords: index of investment prospects, subsoil public administration, mineral resources sector, subsoil use sector,
strategic programs, strategic minerals, subsoil use licenses, foreign investment in subsoil use.

For citation: Baimishev R. N. Effective international approaches to subsoil public administration. Gornye nauki i
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Hauny4ymmii MHpPOBOM ONBIT rocyaap-
CTBEHHOI'0 yIpaBJIeHUsI He[paMu

['ocynapcTBeHHOE yrpaBiieHHE — YHUBEp-
CaJIbHBIH IpolLIecC B TFOOOM rOCYIapCTBE, KOTOPbIi
MOJUICKUT TPABOBOMY peryiaupoBanuio. OqHAKO
HIOAQHCHI TaKOTO PETyJIMPOBAaHHUS MOTYT CYIIe-
CTBEHHO pa3jiMyaThbCsl B 3aBUCUMOCTU OT CTPAaHBbI.
B coBpemeHHBlIi1 Tepro OOIBIIMHCTBO TOCYJapCTB
MOJIBEPraroTCs CyILIECTBEHHOMY Pe(hOpMUPOBAHUIO
¥ TIPAaKTHYECKU OJTHOBPEMEHHO MPOBOASAT aJMUHH-
ctpatuBHbIe pedopmsl [57, C. 23].

TonoBbIMU FOPUCAUKIMSAMH MHpPA MO WHBE-
CTUIIMOHHOM MPUBJIEKATEILHOCTH SIBIISIOTCS:

1) Hesana (rat CIIIA), KoTopast oHsIIach
¢ 3-romecraB 2017 1.;

2) 3amanHas ABCTpaiusi, KOTopas Tepeme-
CTWJIACh Ha 2-€ MECTO MOCNe 5-T0 pPEeHTHHIOBOIO
mecta B 2018 roxy;

3) CackaueBan (urratr Kanasier), KOTOpBIi Tie-
peMecTuiics Ha 0JIHO MecTo — ¢o 2-10 B 2017 1. Ha
3-e820181.;

4) KBebOek, 3ansBimii 4-e mecto B 2019 rony;

5) Anscka, nepemectuBmasicst ¢ 10-ro mecra
B2017r.Ha 5-e B 2018 1.

B Ton-10 mo oruery Mucturyra dpeiizepa B
2018 r. Bonum Ymmwm, FOta, Apuzona, FOxon u Ce-
Bepo-3ananbie Tepputopuu [60, C. 1-2].

WHniekc MHBECTUIIMOHHOM MPUBJIEKATEIbHO-
ctu (puc. 1) mpencrapnsier co0ol COCTAaBHOM HH-
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JIeKC, OOBEMHSIONINIA J1Ba (haKTOpa: WHIEKC BOC-
MPUATHS TIOJUTUKU U MHAEKC MUHEPAIBHOIO I0-
TeHiuana. [Ipu 3ToM MHIEKC BOCHPUSATHUS IOJIH-
THKH BKJTIOYAET TakKe (PaKTOPbI, KAK CIIOKHBIE IIPO-
LeIypbl U IpaBuiIa B cdepe HeapoIoIb30BaHUs,
YPOBEHb HAJIOroOOJIOKEHHUS, KauecTBO HHppa-
CTPYKTYpBI U JIpyrue Bonpockl. IHBECTOPHI yKa3bl-
BatoT, 4To 40 % KX HMHBECTULIMOHHOTO PELICHUS
orpenensiercs: noautudeckumu paxkropamu, 60 %
OCHOBaHbI Ha OLIEHKE MUHEpPAIILHOrO MOTEHLMaa
FOPUCAMKIINY.

Hccnenosanue, nposeaeHHoe MHCTUTYTOM
@pelizepa, TMO3BOJSAET BBIABUTH CTPAHBl C
HaWIy4IlUM OIBITOM IOCYAAapCTBEHHOTO YIIpaB-
neHust Henpamu. Ha npoTsbkeHun MHOTHX JIET B
JECSTKY CTpaH ¢ 0JaronpusTHHIM MHBECTUIMOH-
HbIM KJIUMaTOM, IPU3HAHHYIO HHBECTOpPaMH,
BxoasaT Kanana, CIIIA, ABcrpanus, Unim. Kak
MBI BUJIUM M3 BBIIIETPUBEIECHHON TaOIUIIBI (CM.
puc. 1), Tpu mwrata Kanagsl (CackaueBan, Ke-
6ex, FOKOH) MpoJOIKAIOT OCTABAaThCSI CaAMbBIMH
MpUBJIEKATENbHBIMU PETHOHAMHU B MUDPE JJIST MH-
Bectunuii [60, C. 25].

Me:xyHapoIHbIE HAYYHbIE SKCIEPTHI MOJ-
TBepKJatoT, uto Kanana sBisiercs oHUM U3 JIU-
JIEpOB 1O NMPUBJIEUEHUIO HHBECTUIINI B TOPHOIO-
OBIBAIOIIYIO TIPOMBILIUIEHHOCTh U OJJHUM U3 MU-
POBBIX LIEHTPOB IO MPHUBJICUYEHUIO KaluTaua JJs
peain3alli TOPHOPYAHBIX MPOEKTOB IO BCEMY
mupy [26, C. 42].
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MHBECTULMOHHBIA MHAEKC
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Puc. 1. UHaexc HHBeCTMIIMOHHOI NPHBJIeKATeIbHOCTH — TON-10 cTpaH, NPU3HAHHBIX
Hanb6oJiee NPUBJIEKATeIbHBIMH /IS HHBECTHPOBaHNSA B HeAponoab3osanue B 2018 r. [60]

Fig. 1. Index of investment prospects — top-10 countries recognized as the most attractive

for investing in sub

B 2017 r. noObrya 1moyie3HBIX HCKOMAeMbIX
B Kanane cocraBuna npumepno 44 mipp T0JuIL.
Kanana nmoGeiBaeT oko0 60 BUAOB MUHEPAIOB U
MetauioB Ha 200 aeiicTByrommx maxtax u 7000
Kapbepax. CeKTop MOJIE3HbIX UCKOMAaeMbIX (KOTO-
pBI BKITIOYAET pa3BelKy, A0ObIUY MOJE3HBIX HC-
KOMAaeMbIX U CBSI3aHHbIE C HUMM BCIIOMOTaTellb-
HbIE€ MEPOTIPHUATHS, IEPBUUHYIO 00pabOTKy U MO-
clIeAyIolIee MPOU3BOACTBO MPOIYKIIMH) COCTaB-
asiet 19 % ot obuero BHyTpeHHero s3kcnopTa Ka-
Haabl U 5 % OT HOMHUHAJIBHOIO BaJOBOTO BHYT-
pennero npoaykra (BBII). Cextop nmosne3HsIx uc-
KOIAeMbIX SIBJISIETCSI OCHOBHBIM padoTOJaTeNeM,
npenoctasisigd 634 000 npsAMBIX 1 KOCBEHHBIX pa-
00YMX MECT IO BCEH CTpaHe B CENbCKUX, TOPOJI-
CKHUX M OTJaJICHHBIX paiionax [62, C. 1].

OxoHomuKka KaHanipl moiyyaeT 3HAYMTEINlb-
HBIE BBITO/IbI OT Pa3BUTHS OTEYECTBEHHOM TOPHOJIO-
ObIBarOIIEH POMBIIIIEHHOCTH C TOYKH 3PEHHUS KaK
MHOCTPaHHBIX MHBECTULIMH B CTpaHy, TaKk U OTeye-
CTBEHHBIX WHBECTUIMI B TOPHOPYAHYIO OTPACIb.
OTH BBITOJIbl BKIIOYAIOT CO3JaHHE HOBBIX PabOuMX
MecT, 00I11ee SKOHOMHUUYECKOE Pa3BUTUE U TOIOIHE-
HME rocyaapcTBeHHOro Oroypkera. Ilomydenue Ta-
KUX BBITOJ] CTAHOBUTCS BO3MOXHBIM Onarojiaps sic-
HOW M YECTHOM «TIOJINTHKE YCTOWYMBOTO PA3BUTHUS
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soil use in 2018 [60]

B 00J1aCTH HAJIOTOOOJIOKEHHUSI, 3alIUTHl OKPYXKAk0-
TIel cpeibl ¥ corpanbHOu cdepsl [26, C. 41].

OTHOCUTENTFHO YCHEUTHOCTA TOPHOPYAHOTO
cekropa CIIA cnemyer 0OTMETUTh, YTO CPEIHUI T10-
Ka3areslb HHBECTULMOHHON NMPUBJIEKATEILHOCTH
CIOA ymygyumics B 2019 rony. Ha ocHoBe nipoBo-
JIMMOM TIOJIUTUKY TI0 YIPABICHUIO HEJIPaMU U MUHE-
paTbHOTO OTEHIIHANIA HanboJIee MPUBIIEKATETbHBIM
LITaTOM JUIs OCYIIECTBIICHHsS MHBECTULIMI B pas-
Bezky siisiercst HeBana, koropast B 2019 roxy cuu-
TAeTcs CaMOM MPHUBIICKATEIBHON FOPUCIMKIUEH B
mupe. Micxonst U3 cpeaHero rnoxasaresis HHBECTUITU-
oHHOM TipuBJekarensHocTH, CoenuHennsie [lItaTs
3aHUMAIOT 3-€ MECTO B PEUTHUHIE IO UHBECTUIIMOH-
HOUW TIPUBJIEKATEILHOCTH B HEAPOMOIIL30BAaHUE BO
BceM mupe nocie Kananst u Ascrpanuu [60, C. 30].

[Ipn paccMOTpeHHH Kak MOJIUTHYECKOTO,
TaK 1 MUHEPAJILHOTO TIOTEHIINAJIa CTpaH ABCTpa-
JIMSI 32 TIOCJIETHUE 5 JIET COXpaHSET TUTYJI CAMOTO
MIPUBJIEKATEIILHOTO PETHOHA B MHPE I MHBE-
cTUIMK B Henponoib3oBanue. B 2018 r. 3aman-
Hasi ABCTpanusi CHOBa Obljia OIleHEHa KakK camasi
MIpUBJIEKaTeNbHAS IOPUCIUKIINS B PETHUOHE U BTO-
past HauOoJee MpUBIeKaTeIbHas IOPUCAUKIINS B
mupe [60, C. 33].

OTHOCHUTENIFHO TIPOBE/IEHHSI Te0JIoropasne-
JOYHBIX PAa0OT U Pa3pabOTKA MECTOPOXKICHHN B
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Ynii MHBECTOPHI OTMEYAIOT, YTO B YKa3aHHOU pec-
nyOluKe CYIIECTBYET TMOJMMTHYECKas TMOJUIeP)KKa
TOPHOJIOOBIBAIOIIECH JEATEILHOCTH Ha (enepalib-
HOM YpOBHE, KOTOpasi IMOJOXKHTEIBHO BIMSACT HA
npuHATHE peleHnii naBectopamu [60, C. 41].

PaccmarpuBass OHBIT TOCYJapCTBEHHOI'O
yIpaBJIeHUs] HeIpaMH B CTpaHax, JIOCTUITIHMX
HaWIy4yllluX pe3yJabTaTOB B pPa3BUTHH C(hepbl
HEJIPOII0JIb30BaHUs, Mbl IPEJCTABISAEM LIEJIeCco-
o0pa3HOCTh ero npumenenus B Kazaxcrane.

Crparernyeckue NporpaMMbl pa3BUTBIX
3apy0eKHBbIX CTPAH M0 YNPABJIEHHIO HeIPaMHU

Henpomone3oBanue mnpencraBiseT coOon
cneuuduyeckuii OOBEKT peryJupoBaHUs U
ylpaBiieHUs, TpeOyIOIUIl HAIUYUs yTBEpXKaae-
MBIX TOCYJapCTBOM CpEAHE- U JIOJTOCPOUYHBIX
porpaMM BOCIPOU3BO/ICTBA MUHEPAIbHO-ChIPh-
eBOi 0a3pl, MHOTO()YHKIIHOHAILHOTO TEKYIIETO
perynupoBanus (IIPaBOBOTO, OFOKETHOTO, HAJIO-
TOBOT0, TAMOXXEHHOTO, BAJIFOTHOTO, BHEIIHEIKO-
HOMHUYECKOTO U T.I.), YIPABJICHUS IBUKCHUEM
00BEKTOB  IOCYIapCTBEHHOW COOCTBEHHOCTH
(Y4acTKOB HeZp) U JI0OXOJaMH OT BIJIJICHUs 3TOM
COOCTBEHHOCTBIO; PBIHOYHOI'O PpEryJIMpOBaHUS
TakuX (GaKTOPOB U 3IEMEHTOB SKOHOMHUKH HEIPO-
NOJIb30BAHUSA, KaK BHEIPEHHE JIOCTHIKEHUH
HAYYHO-TEXHHYECKOTO Tporpecca, Co3aanne Ho-
BBIX paboYnX MECT, CTUMYJUPOBAHHE MHBECTH-
IIMOHHOM akTHBHOCTH U T.11. [21, C. 12].

AHaIIN3 CUCTEMBI LIeJe U MPUOPUTETOB B
cdepe ynpasieHUs: NPUPOIHBIMU pecypcaMu, Ha
JOCTH)KEHUE KOTOPBIX HAIIPaBJICHA 1A TEIbHOCTh
3apyOeKHBIX CTpaH M MEXJyHapOAHBIX OpraHU-
3allMi, OKa3bIBAaeT TECHYIO B3aUMOCBS3b IPOEK-
TOB M TIPOTPAaMM, CBSI3aHHBIX C BOCIPOM3BOJI-
CTBOM M HCIIOJIb30BaHHEM TPUPOIHBIX PECYPCOB
1 OXPaHOM OKPYKAOUIEN CPEIbI.

[TpropuTETHI CTPAaTETHUECKUX TOKYMEHTOB
ctpal — wieHoB OOCP u Mexn1yHapOoAHbIX Opra-
HU3alU{ B MPUPOTHO-pecypcHOl cdepe dopMmu-
PYIOTCSI MCXOJISl U3 aHAJINM3a JO0JTOCPOYHBIX TEH-
JICHIIMH Pa3BUTUS U JOJTOCPOYHBIX MPOTHO30B.
Tax, 8 OOCP pa3paboTaHbl 10JTOCPOYHBIE KO-
JIOTHYECKHE MTPOTHO3BI M TPOTHO3bI TOTPEOIICHUS
NPUPOIHBIX PECYPCOB, KOTOPHIE HCIIONB3YIOTCS
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Ui (OPMHUPOBAHUS CPEIHECPOUYHOH M JONrO-
CPOYHOM MOJIUTHUKA B IPUPOJHO-PECYPCHOU H
MPUPOJOOXPAHHON Ccdepe Ha HAUMOHAIBHOM M
HaJHallMOHAJIBHOM YPOBHSIX.

ObocHoBaHMe BBIOOpPa TNPUOPHUTETOB B
ctpanax OOCP pmns peanusanuu OpPOEKTOB B
cdepe NpUpoOI0NI0JIL30BAHUS CBA3AHO C BHIOOPOM
MEXJy pa3iIu4HbIMU HHCTPYMEHTaMH TIOCyAap-
CTBEHHOW INOJIMTHKH IJI1 TOCTHKEHUS KOHKpET-
HeIx neneii [30, C. 4].

B kauecTBe mpumMepa pacCMOTPUM OCHOB-
HBIE CTpaTernyecKue JOKyMEHTHI B cepe Heapo-
MOJIb30BaHMS, pa3padaTbIBa€MbIe U PeaTu3yOLIH-
ecs B crpaHax ODCP, mocturmmx HauOOJBIIETO
ycrexa B pa3BUTUH cepbl HEIPOI0JIb30BaHUS.

Tax, B Kanage Ha NOCTOSHHOH OCHOBE
(bopMHUpyeTCsl CPeHECPOUHBI CTpaTeruuecKuit
IIJIaH HAa MATWIETHUM NIEPUOJ, HAlIPABICHHBIN Ha
JaJIbHENIIee pPa3BUTHE TE0JIOrOpa3sBelKU. YKa-
3aHHBIN IIJIaH YYUTHIBAET AKTyallbHbIE COLIMAJIb-
HbIE U TEXHOJIOIMUYECKHUE IPOOIIEMBI.

CrpaTerndeckuil IIaH 10 T€0JIOTHYECKOMY
nzydenuto Ha 2018-2023 rr. (Geological Survey of
Canada, Strategic Plan 2018-2023) 3akpermiser
IITh TPUOPUTETHBIX HANPABIECHUH TI'€OJOrnye-
CKOr0O M3y4eHHus Ha Tepputopun Kanazel Ha nsaTu-
JIETHUH MIEPUOJI, B TOM YKCJI€ TIOMCKH U OLIEHKA I10-
JIE3HBIX HCKOIAEMBbIX, T'€0JIOTMYECKOE KapTUpOBa-
HUE, TE0IKOJIOTHUYECKOE U3ydeHue u T.1. [49].

Uro6s! momous Kanasie ctaTb MUPOBBIM JIN-
JepoM B 00JIaCTH yCTOWYMBOTO M OTBETCTBEH-
HOTO OCBOEHHS TOJIE3HBIX MCKOINAEMBIX MU 3aJ10-
KUTb OCHOBY JJISl JUIMTEJILHOTO yCIIEXa B CTpaHE
U 3a pyOeXoM, IPUHAT KaHa/ICKUH [IJIaH 110 MUHE-
panam u merauiaM (CMMP) B coTpynHudecTse ¢
MPOBUHLIMSMU U TeppUTOpUSAMHU. Meponpusrus,
MPEeyCMOTPEHHBIE B YKAa3aHHOM IUIaHE, HalpaB-
JIeHbl Ha 0OecreyeHre Toro, YTo0bl TOPHOA00BI-
BaOIasl MTPOMBIIIJIEHHOCTh OCYHIECTBIIsJIA 3HA-
YUTEJBHBIM BKJaJ B IPOLBETAaHUE KAHAJLEB, a
UMEHHO: ofecneueHre pabodyux MecT, TMOoj-
JiepKKa COOOIECTB, CONEHCTBIE UHHOBALIUSAM U
BHEJIPEHUE YUCTHIX TEXHOJOTUH, CO3/ITaHUE CHUJIb-
HOTO KaHAaJICKOTO OpeHJa U MpUBJIEUYEHUE WHBE-
cTunui [62].
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[To xaxIOMy M3 HEpPEUNCIIEHHBIX HAIPaB-
JeHU’ cTpaTternyeckuM rutanoM Kananel mo mu-
HepajaM U MeTajljlaM 3allJJaHUPOBAaHO JIOCTHIKE-
HUE OIpEIEICHHbIX Lener u 3agad. K npumepy,
JUIE SKOHOMHYECKOTO Pa3BUTHs WU TOBBIIICHUS
KOHKYPEHTOCIIOCOOHOCTH ~ ITPEeyCMaTpUBAOTCS
CJICAYIOLINE MEPOTIPUATHSL:

— k 2020 r. mocTHKEeHHE CTaOMJILHOCTH,
npeackazyeMocTd U 3(GGEKTUBHOCTH PEXKUMOB
pEeryIupoBaHus TOPHOAOOBIBAIOIIEH MPOMBIIII-
JIEHHOCTH;

—k 2022 r. pa3paboTKa COBMECTHOH reoHa-
YUHOH CTpaTeruy 1Mo pa3Be/Ke IOJE3HBIX MCKO-
[aeMbIX;

— Kk 2025 r. co3ganue HHPPACTPYKTYPHI IS
HOJJIEP)KKH Pa3pabOTKU MOJIE3HBIX MCKOMAEMBbIX
B IIEPCIEKTUBHBIX PErHOHAX.

[To utoram peanuszanuu ykasaHHBIX MEpO-
IPUATUN NPaBUTENbCTBO KaHanapl 0kMaaer, 4To
cpena 1 BeleHus Ou3Heca B €6 MUHEpabHOM
CEKTOpE CTaHET CaMOil KOHKYPEHTHOW W IIPUBJIE-
KaTeJIbHOW B MHBECTHLIMOHHOM acCIeKTe B MUPO-
BOM Macmtabe [62, C. 7].

B Kanazne Taxke cymiectByeT nporpamma
«PernonanpHas reojorus B Te0J0rOpa3BesIKe»
(The Targeted Geoscience Initiative) croumo-
cteto 8,8 mutH osut. CIIA/ron opueHTUpOBaHHAS
Ha TPOBEJCHHE TPEXMEPHOTO TIe0JIOTUYECKOTO
KapTUPOBaHUS, YTOOBI CTUMYJIMPOBATH JIOTIOTHU-
TEJbHBIE YaCTHbIE MHBECTHUIIMM B I'€0J0ropa3Be-
nounsie paboTsl (I'PP) B paiioHax nedcTByOMUX
JNOOBIYHBIX MPEANPHUATUN, UCIBITHIBAIOLINX MPO-
Onembl ¢ 3amacamMu. TpexmMepHoe KapTHpOBaHUE
MO3BOJISIET CHU3UTh I'€0JIOTHYECKHUE PUCKHU B MTPO-
necce nposenenus ['PP, a Taxke Oyner croco6-
CTBOBATh POCTY NMpodheCcCHOHATHHOM KBaTU(UKa-
IIUU Te0JIOTOPa3BEAUNKOB, pabOTaOIIUX C I[BET-
HeIMH MeTautamu [48, C. 36].

B ABcrpanaun B pamMkax Cxembl CTUMYJIH-
poBanus  pasBeaku (Exploration Inventive
Scheme) neiictByer Ilporpamma coBMecTHOTO
¢uHaHCcupoBaHus pas3BepouHoro Oypenus (Co-
funded Exploration Drilling Program). C wutons
2018 r. B pamkax CxeMbl MPaBUTEIbCTBO ILITaTa
Buktopus exerogHo Bbiaenser 10 muH g0
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CIJA nnst MeponpusiTUA MO CTUMYJIMPOBAHUIO
pa3BeaKHU.

[IporpamMma coBMeCTHOTO (UHAHCHPOBA-
HUS pa3BEOYHOTO OypeHHs HallelieHa Ha Ipo-
€KThl 10 HHHOBAIIMOHHOMY pa3Be0YHOMY Oype-
HHUIO, Tipeyiaras Bo3menienue 10 50 % 3arpar Ha
pasBegouHOE OypeHue:

— 110 150 T1eIC. momn. CIHA mis oOBIYHBIX
MHOT'OCTBOJIbHBIX ITPOCKTOB;

— 10 200 ThIC. KOMI. JUIsl IPOEKTOB, Mpe-
MoJlaraloMx OypeHue OJHOW TIIyOOKOW CKBa-
JKUHBI;

— 10 30 Thic. momn. CLIA i npoeKkToB 1o
CTapaTeNbCTBY.

Brimnara mo rpaHTy OCYIIECTBIISIETCS B Clle-
ayroteM nopsake: 80 % BbIILIauMBaeTCs IMOCIIE 3a-
BEpIICHUS OypeHUsI U MPEIOCTABICHHS TPOMEXKY-
TOYHOTO OTYETa O MPOBEIEHHBIX paborax, 20 % —
TIOCJIE C/Ia4M OKOHYATEIILHOTO oT4eTa [46].

Cpenu crparernueckux nporpamm CLIA B
cdepe Henpomonp3oBanus B 2018 r. mpunsita De-
JepalibHasl cTpaterus oOecriedyeHus 0e30IMacHO-
CTH M HAJIGKHOCTH TOCTABOK CTPATETHMYCCKUX
MUHEPAJIOB, MpeAyCMaTpUBAIOIIas IPOBEICHUE
MOJINTUKU, HAMPaBIEHHOW Ha OJaro amMepuKaH-
CKOTO Hapojia B 6€30MaCHOM U KOJIOTUYECKH YH-
cToM OyaymieM, myTeMm:

— BBISIBJICHHSI HOBBIX HCTOYHHKOB CTPATETH-
YECKUX MUHEPAJIOB;

— TIOBBINICHUS AKTUBHOCTH Ha BCEX YPOB-
HSX [ENOYKU MOCTaBOK, B TOM YHCIIE Pa3BeiKa,
no0bIua, odoraiieHue, paieieHue, JeTHpoOBaHue
U nepepaboTKa BaKHEUIINX MOJE3HBIX HUCKOMae-
MBIX;

— obecriedyeHus1 HEJPOIIOIb30BATENSIM DJICK-
TPOHHOTO JIOCTYTIAa K CaMbIM TME€PEIOBBIM TOIIOTPa-
(hrIecKUM, TEOJIOTUIECKUM F Te0(PU3MUECKUM JaH-
HbeIM Ha Tepputopuu CIIA B npenenax, pa3peliieH-
HBIX 3aKOHOM, U TIPU YCIIOBHH COOJIOACHUS COOT-
BETCTBYIOIIMX OTPAaHUYCHUN B LIENAX KOH(HIICH-
[UATTBHOCTH U 0€30MacHOCTH, BKJIIOYasi COOTBET-
CTBYIOIIME OTPAHUYEHUS JUTS 3aIlIUThI CTpaTeruye-
CKUX JaHHBIX HWH(PACTPYKTYPHI, CBS3aHHBIX C
HaIIMOHAJILHOM 0€30I1aCHOCThIO;
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— YHOPSA0YEHUS TIPOLECCOB JIM3UHTA U BBI-
Jlauu pa3pelieHuil A yCKOPEeHUs pa3BeiKH, J10-
Obrun, oOoramieHus, mepepaboTKH BaKHEHIINX
MoJIe3HBIX MckomaeMbix [59, C. 13].

MupoBoii onbIT 10 peau3aluy NPUHIUNA
roCyIapCcTBEHHOU COOCTBEHHOCTH HA Hepa

AHanu3 3apyOeKHOTO OIbITa rocyaap-
CTBEHHOT'O PEryJMpOBaHUS MUHEPAIbHO-ChIPbe-
Boro komiuiekca (MCK) mokaspiBaet, 4To B 00JIb-
IIMHCTBE 3apyOEeKHBIX CTPaH COXPAHSAETCS MIPABO
rOCyJapCTBEHHON COOCTBEHHOCTH Ha HEJpA.

Uckmouenuem spisitorest CLA, rie npaBo
YacTHOW COOCTBEHHOCTH Ha 3€MEJIbHBIA Y4aCTOK
pacmpocTpaHsieTcsl Ha HelIpa W HaxoJIslIuecs B
HUX TOJIe3HbIe UCKomaemble. TeM He MeHee Ui
pa3BeKU M JOOBIYM TOJE3HBIX MCKOIMAEMBIX
HEOOXOUMO TIONyYeHUE aTMUHUCTPATUBHOTO
paspemenus [9, C. 16].

[IpuHIMT TOCYTapCTBEHHOH COOCTBEHHO-
CTH Ha HeApa — OCHOBONOJATAOIIWK TPUHIIHII,
KOTOPBII OIpeaeNseT MOAXOAbl TOCYyIapCTBEH-
HOTO yMpaBieHUs Heapamu. B 3aBUCHMOCTH OT
dbopMbI IPUMEHEHHS YKa3aHHOTO MPUHIUIA BCE
rocy/apcTBa MOXHO pa3eliuTh Ha CIEAYIOLINe
TPYIIIBL:

— B IIEpBOIi IpyrIe cTpaH NpaBo cOOCTBEH-
HOCTH Ha HeJIpa SBISIETCS TOCYIapCTBEHHBIM, UTO
NPU3HAHO U 3aKPEIIeHO 3aKOHOM (ApreHTHHa,
bpasunusa, Mekcuka, Ilepy, Unnu, Ka3zaxcran,
Poccus u np.) [14, C.71];

— BO BTOPOM MpaBO TOCYJapCTBEHHOM CO0-
CTBEHHOCTH Ha He/lpa pacHpoCTpaHseTcs Ha 3e-
MeJIbHBIE YYacTKH, Haxosluecss B Tocyaap-
cTBeHHOM cobcTtBenHOCTH [ 14, C.71]. K mpumepy,
B Coemunennpix IlltaTax BiajgenpiiaMm 4acTHBIX
3eMelb IPUHAAJIEKAT TAKKE U MOJIE3HbIE HCKOTIa-
€MbIe Ha 3TOH 3emJie, eClIi, KOHEUHO, ITH 3eMJIU
HE SBISIFOTCS (peepaTbHBIMU 3eMIISIMHA. TeM He
MeHee B OONbIIMHCTBE ciiyyaeB B COeIMHEHHBIX
[ITarax pa3zpaboTka MECTOPOXKACHUH BeleTCs Ha
rOCYJapCTBEHHBIX 3€MJISIX, KOTOpBIE MpUHAJIe-
&Kar rocynapcTBy. Jlaxke B cilydasx ¢ 4acTHBIM
BJIaJIcHUEM TpeOyeTcsl pa3pelieHHe MpPaBUTENb-
cTBa, 4TOOBI 00eCTIeUnTh COOJTIOICHHUE IPYTUX 3a-
KOHOB, HallpuMep B OTHOIICHWH OKPY)KAIOIIEH
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Cpelbl, 3/[paBOOXpAaHEHUs, TEXHUKU Oe30MacHo-
cti U T. A. IlogoGHBIN MOAX0] B 3aKpeIUIeHUH
MPUHIIMIIA COOCTBEHHOCTH HA HEApa MPUMEHSIOT
Opannus, [epmanus, Snonus, BenukoOpura-
nus, Kanaga u np. [19, C. 9].

Crnenyer orMeTuTh, uto PecryOnmka Ywmm,
3aKpeTyB MPUHIIMII TOCYAAPCTBEHHON COOCTBEHHO-
CTH Ha HEJpa, Ha 3aKOHOJATEIIbHOM YPOBHE IPHU-
3HaJIa IPUOPUTET OTPACITH HEAPONOIb30BAHUS HAJl
3eMEIbHBIMU BOMPOCAMHU. YKa3aHHOE TOJIOXKEHHE
JTAET BO3MOXHOCTb HEAPONOJIb30BATENI0, ITOJIY-
YUBILIEMY IPABO HEIPOIIOJIb30BAHUS HA OCHOBAaHUU
KOHIIECCHH, B JIFOOOM CITy4yae MPOBOAUTH Pa3BEAKY
U J00BbIUY MOJIE3HBIX UCKOMAEMbIX, BHE 3aBUCHMO-
cTu OT 0OopMIICHHS COOCTBEHHOCTH Ha 3eMENTbHBIN
yuacTok. CuTyanusi, Korja Ha y4yacTKe HeAp Ume-
eTcsl IPYroi COOCTBEHHUK 3€MEIbHOTO YJacTKa (He
HE/IPOIIOJIb30BaTeNb), JETAILHO PETIaMEHTHPO-
BaHa U 3aKPEIUIsieT METOJMKY ONpEICSICHHs] CTOU-
MOCTH 3€MEJIBHOTO y4acTKa, KOTOPasi B BUJIE BO3ME-
IICHUS HEIPOIIOJIb30BATENIEM YILIAYMBACTCS COO-
CTBEHHUKY.

OcCHOBHBIE T0JIOKEHUS 10 PeryJIupoBa-
HUIO c(epbl HEAPONMOIb30BAHUS YCICIIHBIMH
CTPAHAMM B TOPHOPY/AHOM OTPacIu

I'ocynapcTrBeHHOe ynpasieHne HeApaMu
B Kanaje ocHOBBIBaeTCs Ha CJIEAYIONMIUX MPUH-
LUTIAX ¥ TI0JIX0/1aX.

PaBHOE OTHOITIEHHE K OTE€UECTBEHHBIM 1 HHO-
CTpaHHBIM HHBECTOpPaM TapaHTUPOBAHO 3aKOHOM.
HNHocTpaHHbIe U KaHAJICKUE KOMITAHUU UMEIOT OJTH-
HAaKOBBIM JIOCTYN K MH(OpMAIMU U CTaTUCTUYE-
CKUM JIaHHBIM 110 MUHEpaJlaM, Ha HUX PacrpocTpa-
HSIETCSI OJTUH U TOT 5K€ HAJIOTOBBIIM PEKUM U JIpyTrHe
opuandeckue Tpebosanus [26, C. 42].

B Kanane Takke mpenoctraBieHUE HEOp B
MOJIh30BaHNE OCHOBAHO Ha apeHIHO-TUIIEH3HOH-
HOH cucteme. Ha demepanbHbIX 3eMIIsX JTUIICH-
3Us BBIIAETCSI OJJHOBPEMEHHO HA F€0JIOTMYECKYIO
pa3BeAKy U Ha JKCIUTYaTallUI0 MECTOPOKIECHUSI.
OTKpbIBIIasE MECTOPOXKJICHUE KOMITAHMS MOJTY-
yaeT mpedepeHuanibHOe MPaBO Ha €ro paspa-
6otky. Ecnu B Teuenue 10 et mecTopoxxieHue
HE DKCIUTyaTHUPYETCs, TTpaBa Ha HETO MEePeIaroTCs
rocynapctBy. IlpoBuHIMKM 00Ja7aI0T TIOJHON
IOPUCIIUKITUEN HaJ TMPUPOIHBIMU PECypCaMH.
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OHM onpe eS0T MOJIUTHKY HEJPOTIOIb30BaHUS,
YCTaHABJIMBAIOT (PUCKAIBHYIO CHCTEMY, PELIAIOT
BOIIPOCHI Pa3BE/IKH, OCYLICCTBIISIOT JIMIICH3HOH-
HBIN IponecC U KOHTPOJIUPYIOT BBIIIOJIHCHUC JIN-
LIEH3UOHHBIX KOHTPAKTOB, MOI'YT PEryJIMpOoBaTh
00BEeMBI TOOBIYU ¥ BHIBO3a PECYPCOB U3 NMPOBUH-
Ui, B UX KOMIICTCHIINU HAXOJIUTCS peEIICHUE
NPUPOJOOXPAHHBIX BOMPOCOB. I[lpaBuTenbcTBa
CTHMYJIUPYIOT U3yYEHHE M TOUCK HCKOIAeMBIX
pecypcoB Ha COOCTBEHHBIX TeppuTOpusx. Kax-
Jasd MPOBUHIUSA HUMCCT COOCTBEHHEIE 3aKOHBI O
Henponois3oBanuu [38, C. 53-54].

B nesnax nosrydenus npasa HEPOIOJIb30Ba-
HUS Ha TIPOBEJICHUE T€0JIOrOPa3BEIOYHbBIX padbOT
B Kanane kommnaHus momaer 3asiBKy B COOTBET-
CTBYIOIIICE ~ MHHHCTEPCTBO  (ZIENapTaMeHT)
NPOBUHIIMU U COTJIACOBBIBAET COCTAB MPOCKTUPY-
EMBbIX pa60T. Kommanus-3asasurein JOJI’KHA
UMETh JIMIICH3UIO Ha TIPaBO BEJICHUS I'€0JI0ropas-
BEJIOYHBIX paboT. B kadyecTBe ruiaTexka 3a moib-
30BaHME HEApPAMU pPACCMATPUBAIOTCS 3aTPATHl,
MIOHECCHHBIC KOMITAHUEH Ha Te0JOrHYECKOe U3Y-

[ ] o [ ]
@ @
¥ * * * ¥ senior companies

2018 (si)
2017 (p)
2016
2015
2014
2013
2012
2011
2010
2009
2008

Science and Technology

yeHue. ExeromHo KommaHHsI-HEIPOIOJIb30Ba-
T€JIb MPEJOCTABIISIET B MPABUTEIICTBO OTYET O
MIPOBEICHHBIX T€0JIOTOPa3BEIOUYHBIX paboTax, 1Mo
pe3yJibTaTaM pacCMOTPEHUs KOTOPOTro IpUHUMA-
€TCsl PellieHUE O POJUIEHUHU NpaBa M0JIb30BaHU
Hefapamu. Ilpu BBIIBIEHHMM MECTOPOXKIICHUS,
MPE/ICTABIISAIONIEr0 3KOHOMUYECKOE 3HAueHUe,
(akT OTKpBITUS PErHUCTPUPYETCS, U KOMIAHHUS
M0JIy4aeT MPerMYILEeCTBEHHOE MPaBo Ha MoJTyye-
HUE JIUIeH3uU Ha 100b1ay [9, C. 16-17].

lNocynapcrBennast nonutuka Kanazasl opu-
EHTUPOBaHa B MIEPBYIO OUYEPE]b HA PEATIU3ALINIO
YaCTHOM MHUIIMATUBBI KaK OCHOBHOTO HHCTPY-
MEHTa pocTa B paMKax oOecreuyuBarolleil cra-
OWIIbHOE Pa3BUTHE CUCTEMBI 3aKOHOB U HOPM, K
npumepy [26, C. 45]. B cBs3u ¢ 3TUM cO3/1aHbI
YCIIOBUS JJIsl Pa3BUTHUS PhIHKA FOHUOPHBIX KOMITa-
Huid. O0 yKa3aHHOM CBHUCTEILCTBYET pHUC. 2, HA
KOTOPOM BHUJHO, YTO paclpeiesieHue pacxoioB
Ha pa3BelIKy M OLIEHKY MECTOPOXACHUM MEXIy
IOHUOPHBIMU M KPYHHBIMH KoMmmaHusiMu B Ka-
Haze 3a nocneanue 10 et B cpeaHeM 3HaAUYCHUU
nocturio 50 %.

Junior companies

0% 25% 50% 75% 100%

Puc. 2. IIpoueHTHOE pacnpe/eieHle pacxo 0B Ha pa3BeKy H OIIEHKY MeCTOPO:KIEHHIi MeKIy KWHHOPHbIMH
U KpyNnHbIMM KoMnanusiMu B Kanane 3a nocinennue 10 aer [62]

Fig. 2. Percentage distribution of investments in exploration and estimation between junior
and large companies in Canada over the past 10 years [62]

MINING PROJECT IMPLEMENTATION EXPERIENCE




ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020;5(2):162-184 MISIS

National University of
Science and Technology

Hasorosas nommntuka Kanamsr coOmromaer
0anmaHc MEXIy HEOOXOAUMOCTHIO CTUMYJIMPOBA-
HUS SKOHOMHYECKOTO pOCTa M HANOJHEHHUEM
Oropkera. JTOT OanaHc BKIIOYAET OTPaHUYCHUE
HAJIOTOBOTO OpeMEeHH AJisi KOMIAHWHA YacTHOTO
CEKTOPa, 3aHMMAIOLIUXCS F€0JI0rOpa3BeIKoH, 10-
ObIuell OJIE3HBIX UCKOIMIAEMBbIX U IPOJaXKe roTo-
BOM IIPOAYKILUH, U 0OecIIedeHne YpOBHS MOCTYII-
JeHU B OIOKET, HEOOXOIMMOIO AJIsl BBIIIOJIHE-
HUSI TOCYJapCTBOM CBOUX 00s3aTeIbCTB M IPO-
rpaMM. YHHUKQJIbHBIM TOCYAapCTBEHHBIM MeXa-
HU3MOM, HalpaBJICHHBIM Ha CTUMYJIMPOBAHUE UX
JeSITEIbHOCTH, SIBIISICTCS TPEJAOCTABICHUE BO3-
MOYKHOCTH Iepeajipecalliyd HaJIOTOBBIX JIB[OT C
HOMOIIIBIO CIIELUANIbHBIX akUi. B cooTBeTcTBUI
C 9TUM MEXaHHW3MOM KOMIaHWHU, HE UMEIOIUE B
oIpeielIeHHOM (PMHAHCOBOM TOJly HaJloroobia-
raeMoii 6a3bl, HO IMEIOIIHE TpaBa Ha OTPE/ICIICH-
HBIE JILTOTHI, MOTYT IIepeAaTh 4YacTh HEUCIIOIb30-
BAaHHOTO IIpaBa Ha HAJOTOBBIC BBIYETHI JAPYTUM
akuonepam [31, C. 106].

I'ocynapcTBeHHOe ynpaBJjieHHe HeApaMHu
B CHIA ocHOBBIBaeTCS Ha CIEIyIOMUX MPUHIIN-
nax ¥ rnojaxojax.

B CIIA npaBo 1moyib30BaHusI HeIpaMu MpH-
oOperaeTcs B MOPSAJIKE YAOBIECTBOPEHUS 3asBKU
Ha TIPOBENICHHE TI'eO0JOTOPa3BEIOYHBIX WM J0-
OBIUHBIX PaboT (Ha 3eMJISIX, HAXOJSIIIUXCS B (e-
JepaJIbHOW COOCTBEHHOCTH JINOO COOCTBEHHOCTU
IITATOB) WJIH TIOCPEICTBOM 3aKITIOYESHHUS CIIETIOK C
BJaJeNIbLIaMH TIpaB Ha IOJb30BAHUE HEIPAMHU.
[IpaBo moNB30BaHMS HEIpPaMU MOXKET OBITh
HaNpsMyIO0 MPEJOCTaBICHO TOJIBKO IOpHUIUYe-
ckuM junam u rpaxaadam CLIA. [lns storo tpe-
OyeTcs MmoyydeHHe MaTeHTa, KOTOPbIA BBIIACTCS
MECTHBIMU OpraHamu Bropo 1o ympasieHuto 3e-
MENIbHBIMH PecypcaMi MUHHCTEPCTBAa BHYTPEH-
Hux faen. [lateHT ygocToBepsieT Kak MpaBo COO-
CTBEHHOCTH Ha 3€MEJIbHBIM Y4acTOK, BKIJIIOYast
Helpa, TaK M HCKIIOYMTEIbHOE MpPaBO Ha pas-
BEJIKY M IOOBIYY 3THUX IOJIE3HBIX UCKOMIAEMBIX.

Jlnis mpoBeieHust paboT Ha 3eMJIsIX, HaX OIS~
muxcs B ¢eaepanbHON COOCTBEHHOCTH, a TaKkKe
Ha 3eMJISIX pe3epBalliii 1 BOCHHBIX 00BEKTOB Tpe-
OyeTcs MoNTydeHHe JMIEH3UH, HE TpeIycMaTpH-
BaIONICH IOJIydYeHHWE IpaBa COOCTBEHHOCTH Ha
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Heapa [9, C.16]. JluneHsuoHHas mporeaypa
CTPOro perjiaMeHTHpOBaHa B MPABOBOM OTHOIIIE-
HUW U WHCTUTYIIHOHAIBHO TMPEACTABISET cOOO0M
IIOCJIEI0BATEIbHBIN HepapXuyeckuil npouecce. B
COOTBETCTBUU C 3aKOHOJATENLCTBOM 1987 T. nu-
LIEH3UOHHbIE YYaCTKH 00s3aTeNIbHO JOJKHBI BbI-
CTaBJIATbCA Ha TOpru. Ha HEKOHKYypeHTHON oOc-
HOBE OHU MOTYT MPEACTABIATHCA TOJIBKO Ha (e-
JIEpAJIbHBIX 3€MJISIX B ClIy4ae HEyJauyd TOPTOB.
JlomyckaeTcsi IpOBEJIEHUE TOPrOB OTKPBITOTO U
3aKpBITOrO THUIIOB. 3aKPBITOCTh O3HAYAET HHYIO
MPOLIEYPY ¥ UMEET HEKOTOpYIo crieruduky. MH-
(dhopMalus o mpeaIMeTy TOProB MOJHOCTHIO JI0-
CTyNHA. 3aKOHOAATEJIIbCTBO OrPAHUYMBAET pa3-
Mep JIMLEH3UOHHBIX y4acTKoB. OH HE JOJIKEH
npesbimarh 23,3 kM? Ha Assicke u 10,36 km° B
OCTaJIbHBIX IITaTaX (KaK M3BECTHO, POCCUICKOE
3aKOHO/IATENbCTBO TMOJAOOHBIX OTpaHUYEHUN HE
COJICPKUT, HE OTPAHUUYUBAIOTCS HU KOJUYECTBO
y4acTKOB, HU 00BbeMbI 3amacoB). Topru mpoBo-
JSITCS TIPEUMYIIIECTBEHHO 1O OOHYCaM, KOTOpbIE
BBIMJIAYMBAIOTCS HAIMYHBIMU JI0 Hayasa JHOObIX
pabot Ha ydacTkax. Takke mpoOBOASTCS TOPTH MO
ypoBHIo posuttu [5, C. 15].

I'ocynapcTrBeHHOe ynpasiieHne HeApaMu
B Pecny0siuke YUniam ocHOBBIBaeTCA Ha CIEAYIO-
[IUX MPUHIINATAX U TTOIX0/1aX.

Konmeccust B orpacnu 100bUM HCKOTIae-
MBIX SIBJISIETCSI UMYIICCTBEHHBIM IPAaBOM. YKa-
3aHHO€ O3HA4YaeT, YTO BJIAJIETIEI] KOHIIECCUU MO-
JKET JleJaTh TO, YTO OH MOKEJAET, — 3aJ0KHUTh,
nepenats M T. 4., T. €. BCE TO, YTO MOXKHO OBLIO
OBl MpojenaTh ¢ COOCTBEHHOW HEIBHKUMOCTHIO.
NMytiecTBO MOXKET OBITH U3BATO TOIBKO C TOMO-
IR0 SKCIIpOIIpUaIuu. B cnydae skciponpuauu
JIOJDKHA BBITUIAYMBATHCS TOCTATOYHASI KOMIIEHCa-
[IUSI HATHYHBIMH, ¥ TIOJTHBIA BBIYET JTOJDKEH OTpa-
JKAThCSA Y BIAJENbIla B YUCTOM CTOMMOCTHU, PaB-
HOM HACTOAIIEH YNCTON CTOMMOCTH OYAYIIUX YH-
CTBIX CBOOOJIHBIX CPEJICTB.

OO6nagarens KOHIECCHHM HE TMPUBS3aH KO
BpEMEHH WK paboueil mporpamme, OH BOJIEH T0-
CTyMaTh ¢ UMYIIECTBOM TaK, KaK OH TOXKEJaeT.
Her onpenenennbix cpokoB mo KoHieccuu. OHa
MOXET TPHUHAIIEKATh HEOMPEIECICHHO JIOITO C
€XKErO/IHOM OIUIaTOM 3a KaXK]IbIi TeKTap.
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Cpoku Hayasia ¥ KOHIIa J€HCTBUS JIMLICH3UU
OTIPEICTISAIOTCS CYJAEOHBIMU OpraHaMu, HCKIIIO-
4asi, TAKUM 00pa30M, BMEIIATEICTBO MOJUTHYC-
CKHX CHJI U BBIHOC ITPOU3BOJIbHBIX MOJUTUYECKUX
pelIeHui 1 3aiumias mpaBa Ha UMYILECTBO.

Konneccus Ha pa3BeouHbie pabOThI SBIS-
€TCsl UCKJIIOUUTEIbHBIM MPABOM BHE 3aBHUCHMO-
CTH OT y4acTKa U OXBaThIBAET BCE MOJIE3HbIEC UC-
KOIaeMbl€ Ha IAHHOM Y4acTKe.

Konneccus Ha pa3BeqouHbie pabOTHI BbIIA-
ercsi Ha cpok B 2 rona. OHa JoJDKHA IpOiJie-
BaThCs OJIMH pa3 Ha clieAyrolue 2 roja IpHu ycio-
BUM, YTO BJIaJIeJel] OTKa3bIBAE€TCs OT MpaBa pas-
pabotku 50 % nuuen3unoHHou Tepputopu. [Ipo-
JUICHHE TaKXKe JIETKO MOYKHO TOJyYHUTh.

I'ocynapcTBeHHOe ynpaBiieHUe HeApPaMu
B ABCTpPaJMU OCHOBBIBACTCS Ha CIEIYIOIIUX
MPUHIUIIAX U TOX0/IaX.

ABCTpanusi yCTaHOBUJIA OYEHb KECTKYIO
MOJINTUKY 3a [TOCJIETHUE HECKOIBKO JieT. OHa 1mo-
CTOSTHHO CTPEMHUTCS BBECTH YJIYUIICHHUS BO BCEX
cdepax — IpaBoOBOii, T€OJOTHYECKOM, a TAKKE afl-
MUHUCTpaTuBHOM. Tak kak moObIBaroliasi OT-
pacip SBISETCS BaXXHOM YACThIO SKOHOMHKHU
CTpaHbl, MPABUTEJILCTBO IOCTOSIHHO IepecMaTpu-
Ba€T CBOE MIOBEICHUE U BO3MOKHOCTH I10 NPUBJIE-
YEHUI0 WHBECTUIIMN B JaJbHEHIINE pa3pabOTKHU.
OHO OHUMAET, YTO, JIJISI TOTO YTOOBI TTOAIEPKH-
BaThb YPOBEHb Pa3BEJOYHBIX pabOT, HEOOXOAUMO
OBITh KOHKYPEHTOCIIOCOOHBIM B MHPOBOM Mac-
mrtabe [20, C. 41].

JluueH3un Ha TONB30BAaHUE HEAPAMHU
MPEIOCTABISAIOTCSA 10 MPUHIUIY «IEPBBIM MPU-
e, nepBbiM nomyura» [25, C. 10].

Jlutien3un B ABCTpajuu BBIJAIOTCS HA TPU
BUJa ONEpalui MO HEAPONOIb30BaHUIO: T'€0JIO-
rUYecKoe U3yueHue Hellp, pa3Besika, JoObua.

['ocymapcTBoO BiajgeeT mpupoIHBIME peCyp-
cam¥, HaxOJSIIMMHUCS HaJ U TOJA 3emiiell (ecTh
WCKIIIOUEHHMSI, HalpUMep MHUHEpPAJIbl KPOME 30-
J0Ta, cepedpa U APYTUX AParoleHHBIX METaIOB
HaJT ¥ 1101 3eMuieH, otuyxaeHHo# 10 01.01.1899).

[IpaBo HempomoJgb30BaHUS TPEIOCTABIIS-
€TCs TI0 MPHUHIMITY MEePBON 3asBKU Ha BCE BUJIBI
MOJIE3HBIX MCKOMAEMBIX (KpOME YTJIEBOJOPO/I-
HOTO CBIPbS).

MINING PROJECT IMPLEMENTATION EXPERIENCE

[IpenycmoTpeHnsl BO3pacTaroliye apeHn-
HbIE JIATEXU U MUHUMAaJIbHbIE PACXO/Ibl Ha OIle-
paruu 1o pasBeqKe, YTOObl SKOHOMHYECKH CTHU-
MYJIUPOBAaTh OBICTPYIO TEOJIOTOPA3BEAKY WU HC-
KJIIOUHUTH YACPKAHUE y4acTKa B CIEKYJISATHUBHBIX
LemsX.

Boigaua nuieH3un Ha pa3BesiKy OCYIIECTB-
asieTcst o 6J0kaM (MaKCUMallbHOE KOJTMYECTBO B
paMkax ogHow jautieH3uH — 200 O6JI0KOB).

lMapantupoBanHoOe MpaBo nepexoia oT pas-
BEJIKH Ha J0OBITY.

ObecnieyeHa JOCTYITHOCTh TEOJOTHYECKHUX
JTAHHBIX B PEKMME OHJIAMH B PAMKaX COOTBETCTBY-
rolero 0aHKa JaHHBIX MUHEPAJIbHBIX PECYPCOB.

Pe:xuM HA10r000.10KeHUST HEAPOMOJIb30-
BaTeJiei

Hanoroob6noxxenne  ropHoao0bIBaroLIEi
OTpaciu TMPU3BAHO TapPaHTHUPOBATH IPaBUTEIb-
CTBY U HapoJy MOJIydeHUE CBOEH JI0JIM, CO3/1aBa-
€MOi1 Ipu pa3paboTKe MPUHATIEKAIINX TOCy1ap-
CTBY MCKOIAEMBbIX MPUPOJHBIX PEeCypcoB 100aB-
JeHHOU ctouMocTu. HamorooOGnoxeHune ropHo-
NOOBIBAIOIIECH OTpaciau TpedyeT NOoAepKAHU
MOCTOSIHHOTO PAaBHOBECHSI B CBSI3U C HAIMYUEM
00paTHOM 3aBHCHUMOCTH MEXIY YPOBHEM U Bpe-
MEHEM HaJIOTOBBIX IMOCTYIUIEHHWH, ¢ OJTHOM CTO-
POHBI, U1 YPOBHEM T'€0JIOTOPa3BEAOYHON U JOOBI-
BalOILEH IESITENBHOCTH — C APYTOil.

BrIcOKHI1 ypOBEHB HAJIOTOB BEJIET K CHUKE-
HHUI0 AaKTUBHOCTH YAacTHOro cekrtopa. Ecmum
HaJIOTU HaxoJATCS Ha HU3KOM YPOBHE, rocyap-
CTBO HE MOJIy4aeT CHpPABEMAJIUBYIO JOJIO MPUUHU-
Taromierocs emy aoxona [26, C. 48].

Bompocom 0anmaHca 3THMX HHTEpPECOB Ha
MPOTSHDKEHUM BCErO0 BPEMEHHM 3aJal0TCS  BCE
CTpaHbl MHUpPa, BMECTE€ C TEM Ha CETOIHSIIHHI
JIEHb TOJIBKO HEKOTOpBhIE pa3BUTHIE CTPaHbBI
CMOTJIM JIOCTUTHYTh YCII€Xa MyTeM IMOCTPOCHUS
yIaqyHOW CHCTEMBI HAJOTOO0OJIOXKEHHS, KOTopas
MpoCTa, MOHATHA U CIPABEIJINBA JUIsl UHBECTO-
POB, a TaK)Ke MPUHOCUT COOTBETCTBYIOIIMI He-
MPEPBIBHBIA JTOXOJ TOCYJapCTBY U €ro Hacele-
Huto. C 11eN1bI0 U3BJICYCHHS TTOJIOKUTETHHOTO MHU-
POBOTO OIBITA VISl HAIIEW CTpaHbl PACCMOTPUM
0oJsee MoApPOOHO HEKOTOPHIE U3 3apyOEKHBIX CHU-
CTEM HAJIOT000JI0KEHUS HEIPOTIONb30BaTEIICH.
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OcoObIli UHTEpEC MPEICTABISET 3apyOeikK-
HBIH OMBIT U3BATHS TOCYAapPCTBOM PEHTHBIX JO-
XOJIOB Y HEJIPOIONb30BaTENEH TaKUX CTpaH, Kak
CHIA, Kanana, ABctpanusi. YKa3aHHbIE CTPaHbI
OTIIMYAIOTCSI OOTaThIM OIMBITOM B JaHHOH cdepe,
MOCKOJIBKY (hOpMHpPOBaHUE CBOMX PHIHOYHBIX Me-
XaHU3MOB OCYIIECTBIISUIM HA MPOTSHDKEHUU JTH-
TEJIBHOIO MPOMEKYTKA BpeMeHU. [ TaBHbIM Mexa-
HU3MOM H3BATHUS PEHTHBIX JI0XOJOB B JaHHBIX
CTpaHax sBisieTcst dQPEeKTHBHAS HAJIOTOBas TO-
JIMTHKA, IOCPEACTBOM KOTOPOI TOCY1apCTBO OCY-
LIECTBIISIET PETYJINPOBAHUE AEATEIbHOCTU CBOUX
HEJPOIOJIb30BaTENICH.

Oco0eHHOCThIO HAJIOTOO0I0XKEHHUS HEAPO-
nons3oBatened B CIIA, Kanage u ABcTpanuu
ABIIsI€TCS apeHaHas popma JocTyma K pa3Beake u
no0brue nmoJne3Hbix uckonaemsix. B CIHA apenn-
HOU (hopMe YacTHOrO KamuTajia K pa3paboTke
HEJlp NPOTHUBOCTOUT CHCTEMA OTKPBITOrO J0-
CTyIla, YTBEP)KIACHHAsI NEPBOHAYAIBHO B 3aKOHE
«O ropHOomoObIUe» 1872 T., KOTOPBIN SBIAETCS
BaXHEHIIIMM 3aKOHOJATENbHBIM aKTOM, PEryJIH-
PYIOIIUM HCIIONb30BAaHHUE ONpPEACICHHBIX BHUJIOB
MUHEPATBLHOTO ChIPbS U TOILJIUBA.

Hanorossie cucremblr CIIA u crpan 3a-
nagHoi EBponbl opreHTHpOBaHbI Ha IPSMOE HAJIO-

rooOoxkeHne. Takoi peXxiuM B OTIIMYKE OT KOCBEH-
HOT'0 HAJIOr000JI0XKEHUSI SIBIISICTCSI JOCTATOYHO He3a-
BHCHMBIM OT KOJIeOaHHs [1eH Ha He()Th M MHUHEPaITh-
HBIE PECYpPChl HA MUPOBBIX PhIHKaxX. B ykazaHHbBIX
CTpaHaX ¢ OOBEKTOB MPOJIAXK YIIAYMBACTCS TOIBKO
OJIMH PEHTHBIN 11arex — postitu [27, C. 119].

B ABcTpanum 1o nuieH3un, BIIAHHON Ha
ONpEICNICHHYI0O  TEPPUTOPHUIO,  YILIAUMBAETCS
HAJIOTOBBIH IJIATEK — apeH/IHasl CTaBKa, KOTopas
npuMeHsieTcs U QepeHIMPOBaHO B 3aBUCUMO-
CTH OT BH/JIa OIlEpalMi 0 HEAPONOJIb30BAHUIO U
BPEMEHM NPOBEAECHUS pabOT U COCTOUT U3 TPEX
KaTeropuil B 3aBUCMMOCTH OT IIEPUOJA PA3BEIKU.
Jlannas mpakTuka npuMmeHneHa u B Kazaxcrane B
CBS3M C TMPOBEACHHBIMH pedopmamu B chepe
HEeJPONoIb30BaHus B paMkax npunatusa Kogekca
PecniyOnuku Kazaxcran «O Heapax u HeIpo-
IIOJIb30BAHUW» W BHEAPEHUEM aBCTPAIMICKON
MOJIENN YIIPABJICHUS HEAPaMHU.

OCHOBHBIM HAJIOTOM B HEAPONOJIb30BAHUU
ABcrpanuu siBisercst posuitu. B 3amagHoil AB-
CTPAIUHA OOBEKTOM OOJIOKCHHS POSUITH SIBIISICTCS
o0beM peanu3oBaHHOW mpoaykiuu. Cyie-
CTBYIOT TPU CTaBKH POSUITU B 3aBUCUMOCTU OT
CTeMeHH TepepaboTKh MHHEPATbHOTO ChIPhs
(tabm. 1).

Tab6muma 1

MexaHu3m pacuera positu B 3anaanoii Ascrpasuu [11]

Royalty calculation mechanism in Western Australia [11]

[IpenmymiecTBa BBINIEYKA3aHHOIO IOAXOAA
postITH:

— CTUMYJHMpPYET HEAPOIOJIL30BATENIEH CO3/1a-
BaTh ITyOOKUeE Mepeienbl;

— obneryaeT aJMUHUCTPUPOBAHUE;

— OKa3bIBACT IOJIOKUTENBHOE BIIMSHHE HA
MPUBJICUCHUEC I/IHBeCTI/IIII/II\/II.
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7,5
5
2,5

Taroke MBI curTaem, 9TO B 3aKOHO/IATENTHCTBE
PecniyOmuku Kazaxcran HeoOX0AMMO MPELycMOT-
peTh (UCKaTbHBbIE CTUMYJbI Ha OCHOBE IMOJIOXH-
TesnbHOro ornbita Kanaasl. Tak, 0CHOBHBIM HAJIOTOM
B Kanane sBnsiercss Hanmor Ha mpuObLIb, KOTOPBIN
IUIATUTCS Kak B OropkeT deaeparmu (o pUKCUpo-
BaHHOU cTaBke 28 %), Tak U B OIO/DKET MPOBUHITHN
(ctaBkM B KaX/JOW  MPOBUHIMU  Pa3HBIE).
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B coBokynHoctu onu cocrapisitor 40-50 % mpu-
ObLIM KOMIIQHHH.

B nanorosoit cucreme Kanazpl CylecTByrOT
pazHbIE BOBMOKHOCTH 3(P(PEKTUBHOTO MOOIIPEHUS
Te0JIOrOpa3BeOYHBIX PA0OT: TIEPEHOC OCHOBHOTO
HAJIOTOBOTO OpeMEHH Ha CTAIUIO KCILTyaTaIluH Me-
CTOPO’KIICHUS, B TOM YHCIIC TTOCTOSIHHBIE HAJIOTOBBIC
JIBTOTHI (BEJTMUMHA HAJIOTOBOM CTAaBKH MOKET M3Me-
HATBCS) JJIs1 TOPHBIX KOMITAHWH; BPEMEHHBIE HAJIO-
TOBBIE CKUKH; TIPEIOCTABICHIE HAJIOTOBBIX JILI'OT
WHBECTOpaM, (PUHAHCHPYIOIIUM T€0JIOrOpa3BeI0-
HBIE paboThl. B crpane meiictByer rubkas crcteMa
HAJIOrOO0JIOKEHUST HEIPOIIOIB30BAHUS: PETYIUPY-
IOTCSI CTaBKU HAJIOTOB, TPEIOCTABIIIIOTCS «HAJIOTO-
BbI€ KaHUKYJIbI», IPUMEHSETCS CUCTeMa CKUI0K. Po-
stITH 3MeHsttoTes B ipenenax 1-30 % u 3aBucsAT oT
IICH Ha He(Th, JeONTa CKBXHMH, KaueCcTBa HE(TH,
THUIA MECTOPOXKICHHIA, YPOBHS H3CPKEK Ha JIO-
OBIYy W TPAHCIIOPT, BPEMEHU OTKPBITHSI MECTOPOXK-
nenmii (o 1972 ., mocie 1972 1., mocne 1 okTsIOpst
1992 r.). Takoit MexaHnU3M MOOIMIPSIET TIOUCK U Pa3-
BE/IKY HOBBIX MECTOPOXKICHHW W IUIOLIAJeH, CH-
CTEMHO TIOBBIIMAET YPPEKTUBHOCTh HEDTESTOOBIYH.
HarnoroBas narpyska HepTenoOb4M B CTpaHe OTHO-
CHUTENBHO BbICOKa. Hajor Ha mpuObUTh COCTaBISIET
40,8-45,8 %, B ToM uncie denepanbHblii — 28 %, OT-
YHCJICHUST B TIPOBHHIMATBHBIN Oropker — 12,6
17,8 %. CoBokyrHast T0JIsl TOCYIapCTBa B JIOXOJaX
OT 00BIYY HE(TH 110 HKCIIEPTHBIM OIIEHKaM COCTaB-
astet 45-52 % [38, C. 54].

Opranu3anuoHHble CTPYKTYpPbl KOMIIe-
TEHTHBIX OPraHoOB M0 YIPABJIEHUIO HEIPaMH 3a-
PYOeKHBIX CTPaH

B ABcrpanmum i perynupoBaHusi cQepbl
T€OJIOTYH, HEJIPOITOIB30BAHUS U TIPOMBIITUICHHOCTH
KaK €MHON TOCIIEI0OBATEILHON 1IETIOUKH JCSITEIhb-
HocTu uHBectopa 1 utons 2017 r. Obu1 cozaan [e-
MapTaMEeHT TOPHOTO Jieia, PEryJHpPOBaHUS TIPO-
MbIDIeHHOCTH 1 O6e3onacHocTr (DMIRS), koTopsrit
pabotaer Hax obecrieueHreM O€30MacHOro, crpa-
BEIUTMBOTO M OTBETCTBEHHOTO OYIYIIETO AJIsl CO00-
IIECTBA, MPOMBIIIIEHHOCTH U PECYpCoB 3araIHOi
Ascrpammu. Creayer OTMETHTh, YTO TI0 YPOBHIO B
CHCTEME TOCYJIQpPCTBEHHOTO VIIPABJICHHS YKa3aH-
HBII JIeNapTaMeHT CX0K ¢ MUHHUCTepPCTBaMH B Pec-
nyomke Kazaxcran W MOJ0TYETEH TPABUTEIIBCTBY
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ABctparmuu. [lemapramMeHT Takke OTBedYaeT 3a cOop
POSUITH M UTPAET BEAYILLYIO POJIb B IPEIOCTABICHUH
Te0JIOTMYECKO HayYHOW MH(OPMALIUH, TTOIEPKH-
BACT YaCTHBIC MHBECTUIINH B Pa3BEKY M Pa3pabOTKy
pecypcoB. HanexHoe perymupoBaHue jaenapra-
MEHTa, IPEeIOCTaBJICHUE IeOJIOTMUECKUX JaHHbIX U
MHHOBALIMOHHOE YIPaBJIEHHUE CIIPaBEAIMBOM 1 0e3-
OITIACHOM CHCTEMOM Ha3BaHWM ITIOMOTaeT 3aragHoi
ABcTpanuu OCTaBaTbCsl IPHBJIEKATENIbHBIM TOCY-
JIAPCTBOM ISl MHBECTULMHA. DTOT MOAXOH TaKXKe
MOUIEP)KUBAET  PAa3BUTUE  CEKTOpPA  PECYPCOB,
KOTOpPBII JIGKUT B OCHOBE SKOHOMMKH 3arajHoi
ABctpanuu.

DMIRS obecrieunBaeT HOPMaTUBHBIN U TI0-
JIMTUYECKUI HAJ[30p 32 CEKTOPOM MUHEPAIBHBIX U
SHEPreTUYECKUX PECYPCOB ITyTEM KOHTPOJIS COOIIO-
JIEHHs1 OTPACIIEBBIX SKOJIOTMYECKUX CTaHAAPTOB, CU-
CTEM INPUCBOCHUSI Ha3BaHUH PECYPCOB, OXpPaHbI
Tpy/a ¥ TEXHUKU 0€3011acHOCTH, ()YHKIIMI Te0I0TH-
YECKOM HayKU U 3aKOHO/IaTENbCTBA 00 OMACHBIX IPY-
3ax. TakuM 00pa3oM, BBIIICYKa3aHHBIN aBCTPAIUii-
CKMH JiermapTaMeHT o0ecreunBaeT CoOMoAeHe
NPUHIMIIA «OHOTO OKHA», O0BEMHHUB BCE BO3MOXK-
Hble (DYHKIMH, HEOOXOAMMBIE ISl FOCYJapCTBEH-
HOT'O PETrYJIMPOBAHHUS '€0JIOTUH, HEAPOIIOJIb30BAHUS
U TIPOMBIIIIEHHOCTH, B €JMHOM TOCYJAPCTBEHHOM
opraHe (CTpyKTypa JiernapTaMeHTa Mpe/cTaBieHa B
puc. 3). Takxe cienyer OTMETUTB TOT (aKT, YTo CO-
OTBETCTBYIOLLIMMU CTPYKTYPHBIMHU T10Ipa3ZieieHH-
ssmu  nenapramerta Apctpamuun (DMIRS) ocy-
IIECTBIISIETCS TOCYIapCTBEHHOE YIIpaBJICHUE HeTe-
ra30BOM M TOPHOPYAHOU oTpacisivu [11].

B Kanage ocHOBHYIO poiib B (efepaibHOM
YIIPABJIEHUU UTPAKOT MUHUCTEPCTBO IPUPOIHBIX pe-
cypcoB (Natural Resources Canada—NRCan), kypu-
pyro11Iee BOIPOCH! pecypcHoro 3HaueHus, u Harpo-
HaBHBIA coBeT 1o 3Hepretuke (National Energy
Board — NEB), ocymiecTBISIOIINIi HETOCPEICTBEH-
Hoe perymuposanue [31, C. 105].

Muccuen ykazanHoro munucrepersa NRCan
SBJISIETCSI pa3pabOTKa MOJUTHKU U MPOTrPaMMBl, KO-
TOpPbIE MOBBIIIAIOT BKJIAJ CEKTOpa MPUPOAHBIX pe-
CYPCOB B 3KOHOMHKY, YJIyUILIAIOT KQ4eCTBO KU3HU
BCEX KaHA/IIEB U MPOBOST HHHOBALIMOHHYIO TTOJTH-
TUKY Ha IpeAprsATHsIX 10 Beekt Kanazne st renepu-
POBaHUs UEH U Nepeiaul TEXHOIOTUI.
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Puc. 3. KopnoparuBHasi cTpykTypa JlemapraMmeHnTa ropHoro jejia, peryJiipoBaHus MPOMbIILIEHHOCTH
u 6e3onacHoctu (DMIRS) [11]
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Fig. 3. Corporate structure of the Department of Mining, Industry Regulation and Safety (DMIRS) [11]



ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020;5(2):162-184 MISIS

National University of
Science and Technology

MUHHCTEPCTBO OCYIIECTBIISET TOCyIap-
CTBEHHOE YIPaBJICHUE B CIECTYIOLINX 00IACTSIX

— HCTOYHMKH SHEPTHHU U pacIipeiesieHue;

— JIeca M JeCHOE XO3SHCTBO;

— TI0JIe3HBIE UCKOMAaeMBbIe M JOOBIYA TOJIE3-
HBIX UCKOTAeMBbIX;

— HayKH o0 3emJie;

— 3HeprodpHEeKTUBHOCTH;

— HayKa U JIaHHBIE.

MWUHHCTEPCTBO  TPUPOAHBIX  PECYPCOB
Takke mpeacraBiusier Kanany Ha MexayHapo.-
HOM YPOBHE JIJIsl BHITIOJHEHUS TI100aIbHBIX 005-
3aTeNbCTB CTPAaHbl B OTHOUICHUH YCTOWYHBOTO
pPa3BUTHUS IPUPOJIHBIX PECYPCOB.

YacTb cexkTopa HayK 0 3emiie MUHUCTEPCTBA
MPUPOJIHBIX PECypcoB npecTaniseT DenepanbHas
reonornueckas cimy:xx6a Kanamer (GSC), kotopas
Obuta co3nana B 1842 r. Ha nayanbHOM 3Tane oc-
HoBHOM 3aayelt GSC cTau paboThI MIPUKIIATHOTO
Xapakrepa Uil TOMJCPKKH TPOMBIIIIEHHOCTH,
HAllpUMep TIIOWUCKH YTOJBHBIX MECTOPOXKIACHHMA.
Opnnaxo yxe ¢ konra 1850-x rr. GSC 6pu1a Harle-
JIeHa Ha MPOM3BOICTBO PETHOHAIBHBIX PadOT, CO-
CTaBJICHUE T'€OJIOTUUECKUX KapT, CO3[aHUE U MOJ-
JIEP’KKY T€0JIOTHYECKOTO MY3€sl.

Cpa3zy nocne Bropoii MUpOBOi1 BOWHEI Ja-
6oparopun GSC HayanM OCHAIIATHCS COBPEMEH-
HOM anmnapaTrypoi, a B I€0JIOTHYECKUX HCCIIENNO0-
BaHUIX CTAJIM MIMPOKO HCIIOJIb30BAThCS TaHHBIE
a’pOreoPuU3NIECKIX ChEMOK.

B 1970-e rr. kapTupoBaHue Bceil TeppuTO-
puu Kana el ObLI10 3aBEpPIIEHO HAa PEKOIHOCIIMPO-
BOYHOM YPOBHE, IIOCJIE€ 3TOT0 HAa4yajI0ch OOHOBIIE-
HUE reoJIoTHYeckoil HGOpPMAIIUU Ha IPUOPUTET-
HBIX TCPPUTOPHSIX.

Cerogass @enepanbHasi TreoJOrHYECKast
cyx6a Kanager (GSC) dunancupyercs deme-
pabHBIM TIPAaBUTEILCTBOM W HCCIEAyeT deme-
palibHbIE 3eMJIH (TEPPUTOPUU U TIETb() U 3eMITU
OPOBUHIMK (COBMECTHO C TI€OJOTHYECKUMHU
cnyx6amu (I'C) npoBunnuit). I'C Kanagsl BbI-
HOJIHSET TEOJIOTHYECKOEe KapTUPOBAaHUE KpPYII-
HOT'0, CPEJHETO M MEJIKOro Macuitada, a’sporeo-
¢uznyeckue chreMKH, paboOThl MO CTaHIApPTHU3a-
nuu 0a3 JaHHBIX M YIPaBIECHUIO UMH, PaOOTHI,
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CBA3aHHBIE C MOHUTOPMHIOM W MNpPEIynpexie-
HUEM TIPUPOAHBIX KaracTpod, Treo’KoIoruye-
CKHE, TUIPOTeOJIOTHUECKUE, J1abOpaTOpHbIE HC-
CIIEZIOBAHMS, a TAKKe reo(hu3nYecKoe U3yueHHe
IyOOKHX TOPU30HTOB 3€MHON KOpbI. UucieH-
HocTh GSC cocrainsier okoio 600 yenosek. B co-
ctaB GSC BXOIAT HIECTh PETHOHAIBHBIX MOAPA3-
JIeJICHUM, pacnoyiokeHHbIX B I. OtraBe, Cunnee,
Bankysepe, Kanrapu, Ksebeke, JlaptmyTe u 1Ba
TEMaTUYECKUX OT/IEICHMSI: PETMOHAIbHBIX HUCCIIE-
JIOBaHUIl M MHUHEpalIbHBIX pecypcoB (Minerals
and Regional Geoscience Branch) u ocagouHoit u
Mopckoit reonorun (Sedimentary and Marine
Geoscience Branch).

OtneneHre pernoHaIbHBIX UCCIICAOBAHUMN 1
MHUHEPAIbHBIX PECYPCOB IMPOBOAUT FEOJIOIHYECKOE
kaptupoBanue Kanazackoro mmura n Kopauibep,
KapTOCOCTABHUTEIILCKHE PA0OTBI, TpaBUMETpHYE-
CKYIO M a3pOMAarHuTHYI0 cheMKU. [1o KoHTpakTam ¢
yacTHbIMM KommaHusiMu ['C BBINOJNIHSET U KOH-
TPaKTHBIE a9POMArHUTHbIE, PETMOHAIBHBIE T€OXU-
MUYECKHE€ M BO3IYLIHBIE PaTUOMETPUYECKUE
cbeMKu. BropbiM HanpaBiieHreM paboT OTAeIeHuUs
SIBJISIETCSI MCCIIEOBAHUE MECTOPOKICHUN IOJIe3-
HBIX UCKOIAEMBIX, BKIIFOYasl IIPOTHO3HBIE ITOCTPOE-
HUS 1 pa3paboTKy MHHOBALMOHHBIX METOJIOB U TEX-
Honoruit ['PP. Tperbe HanpaBiieHne paboT OpueH-
THUPOBAHO HA U3yYEHNE U MOHUTOPHHT 3eMIIeTpsice-
HUM, BYJIKAHWYECKHX W3BEPKECHHUW, OINOI3HEH W
JPYTUX OMACHBIX T€OJIOTMYECKUX SIBICHUN U MPO-
neccos [48, C. 34-35].

Ha ocHOBaHMM BBIIIEN3TI0KEHHOTO MBI BH-
nuM, uto B Kanane yetko paszrpaHuyeHsl (yHK-
LIUU MEX]y T€0JIOTUYECKOM CiIy>KOON U yIOJIHO-
MOYEHHBIM OPraHoM [0 HEAPONOIb30BAHUIO.
I'eonoruueckast cinyx0a oCyIiecTBIsSET I€0JIOTU-
YecKoe KapTUpPOBAHHE TEPPUTOPUH CTpPaHbl U
OKa3bIBaeT HAYYHO-KOHCYJIbTAI[MOHHYIO TOMOIIb
YaCTHBIM KOMMAaHUSAM B 00JaCTH U3y4eHUS HEJp,
JN00BIYM U TepepadOTKU MHUHEPAIBHOTO CHIPbS
[31, C. 104]. ITpu sToM, Tak e Kak 1 B ABCTpa-
muv, B KaHajne rocynapCcTBEHHOE YIpPaBIIEHUE
HEJpaMu OCYUIECTBIIIETCS €IUHBIM Trocyaap-
CTBEHHBIM OpPraHOM, U €ro MOJHOMOYHS BKJIIO-
YaloT BOINPOCHI TEOJIOTUH, HEAPOINOIb30BAHUS
SHEPreTUYECKUX U MUHEPAJIbHBIX PECYPCOB.




ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020;5(2):162-184 MISIS

National University of

CIIA. ®enepanpuas I'C CIHA (United
States Geological Survey — USGS) ObL1a ocHOBaHa
B 1879 r. kak rocynapcTBeHHasi CTPYKTYpa, POBO-
JSIIIast «KJIACCU(PUKAIMIO HAIIMOHAIBHBIX 3€MEJlb,
UCCIIEJOBAaHUE MX TE€OJOTMYECKOro CTPOEHH,
OLIEHKY HAIlMOHAJIbHBIX MHHEPAIBHBIX U TOILIMB-
HBIX pecypcoB». C 1882 r. Hayanuch pabOTHI IO CO-
cTaBiieHHI0 reojiorudeckoit kapTel CILIA 6e3 pas-
neneHus Ha (enepaibHble, pETHOHATIbHBIE U YacT-
Hble 3eMid. COCTaBICHUE TOMOTPAQUIECKUX KapT
U MOHHUTOPUHI BOJIHBIX PECYPCOB IPOBOAMINCH
yxke B 1880-x rr. [48, C. 40].

B nacrosiee Bpems I'C sBnsieTcss 4acTbro
muHucTepcTBa BHyTpeHHux nen CIIA u Bxuiro-
yaeT OMoJIoTUYecKoe, reorpaduueckoe, reooru-
YEeCKOe U TUAPOoNIoTHYecKoe noapasaencHus. O0-
11asi YUCICHHOCTh HAYYHBIX COTPYIHUKOB U TEX-
Hudeckoro nepconaina USGS cocraBiseT 0koJo
10 TbIC. yenoBek. OOIIEe KOJINYECTBO HAYUHBIX U
PErMOHANbHBIX IIEHTPOB, MOJIEBBIX CTAHIIUI U UH-
dopmarmonnsix odrcos —400. PaboTel reonoru-
yeckoro nogpazaenenus USGS ocyiiecTBisroTCs
CUJIAaMHU Y€ThIPEX Hay4HBIX [IEHTPOB (HALMOHAIb-
HOTO M TPEX PErHOHANIbHBIX), KaXABIH U3 KOTO-
pBIX KypupyeT paboTel mo rpymnmne mraros (3a-
naaHbii, LlenTpanbublii 1 BocTOuHBIE PETHOHBI).
Kpome toro, Ha Bceit teppuropun CIIA, B Tom
ymcie Ha ['aBaiisix u Ansicke, Haxonsatcs 12 nepu-
bepuiiHbIX oTAEneHU (puc. 4).

PaszBuras reosioruueckasi HHQpacCTpyk-
Typa 3apy0e;KHbIX CTPaH /ISl IPUBJIeYeHUsT UH-
BECTHLMHI B c(pepy HEAPOIOIb30BAHUSA

bank nannbix ABcrpasmu. B Ascrpanuun
JefcTByeT OaHK JaHHBIX B BHJE MHTEPAKTUBHOU
KapTbl, B KOTOPOI €CTh BO3MOKHOCTb IIPOCMOTPETh
CBEJIEHUSI 110 OT/IEJIbHBIM MECTOPOXKICHUSIM T10 BCEl
ABctpammn. JlanHas WHQpOpMAIMIOHHAS CHCTEMa
naseBaercs AUSGIN Geocience Portal, ona npejy-
cMaTpuBaeT OJOYHYIO CETKY Ha BCei TeppHUTOpHUU
ABCTpaIMM M TPEAOCTAaBISET BO3MOXHOCTb HE
TOJIBKO BBIOpaTh CBOOO/IHBIN y4acTOK Hep 1o 6J10-
KaM ¥ 03HAKOMUTHCS C TEOJIOTMYECKUMU TaHHBIMU
y4JacTKa, HO U PacCMOTPETh reorpadryeckue J1aH-
HBIC y4acTKa, a TAKKe OMPEIeTUTh, CBOOOIEH MO0
3aHAT caM 3eMeNbHBIA ydacTok. Kpome Toro, AUS-
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GIN Geocience Portal comepsxut nrdopmariuro o 3a-
HSATBIX Y4acCTKax HEJp, IOJHOCTHIO PACKPBIBAET CTa-
TYC pa3pabOTKU JAHHOTO Y4acTKa, pa3Mep WHBECTH-
LIMOHHBIX 3aTpaT U BJIAZEIbLEB COOTBETCTBYIOIIUX
JMLIEH3UI Ha Heslpornob3oBanue [ 18].

Bank JaHHBIX MHHePAJbHBIX pecypcoB
mrara Buxkropusi, ABcrpamus. C 2011 r. geit-
CTBYeT 0oJiee YCOBEPIIIEHCTBOBaHHAS 0a3a JaHHBIX
MHUHEpaJbHBIX pecypcoB B IuTare Buxropus (3a-
najHas ABcTpaiusi). OTO MPUIOKEHUE aJisi Oec-
TUIATHOTO BEO-COMOCTABIICHHUS, KOTOPOE MO3BOJISIET
MOJIb30BATESIM ~ MCKaTh  I'€ONPOCTPAHCTBEHHBIE
0a3pl TaHHBIX U OTOOpa)kaTh Pe3yNIbTAaThl B BHUJIE
KapT win Tabnui. YpoBHH JaHHBIX GeoVic BKITO-
YaloT CIeyIoIIee:

— MUHEpaJIbHbIE, HEPTAHBIC U TOOBIBAIOIINE
oTpaciy;

— Ie0JI0TMYECKUE KapThl U UHTEPIIPETALUU B
pa3IMYHBIX MacIITadax;

— JTaHHBIE 3€MJIETIONIb30BAHUS;

— adpooTochemKa,

— TpaHMIbI OOpTOBOH  Teo(H3UUECKOM
ChEMKU;

— I'PaBUTALIMOHHBIC, MATHUTHBIE U PATHOMET-
pHUYECKUe N300paXKeHus;

— reo(U3UYecKHe JaHHbIE HCCIIEI0BAHUS
CKBaKHH;

— pe3ynbTaThl FEOXMMHU TOBEPXHOCTH;

— PYABI 1 MHHEPAITHI,

— JIaHHBIE O BO30OHOBISIEMBIX MCTOYHHMKAX
SHEPrUM (HaIpUMep, COJTHEUHbIE, Te0TepMaIbHbIC
Y BETpOBbIE) [2].

Tabmuma Data Layers comepkut noapodHoe
OIMCaHKE CII0eB, NOCTYNHBIX B GeoVic. B undop-
MaronHou cucreMe GeoVic Takxke UMeeTcs pas-
nen Mining Licenses Near Me (MLNM) — unctpy-
MEHT OHJIAWH-TIOMCKA, KOTOPBIA MO3BOJIIET HAUTH
JIMLIEH3UH Ha 100BIYY TBEP/BIX MOJIE3HBIX HCKOMa-
eMbIX U Heptu B mrare Bukropus. MLNM omnpe-
JeTsIET TOYHOE MECTO B ITate Bukropust:

— Y4acTKOB C JIMIIEH3UEN Ha pa3BeaKy, yAep-
’KaHHe U JOOBITY TBEP/BIX MOJE3HBIX HCKOMAEMBIX;

— YJaCTKOB C JIULIEH3HEN Ha pa3BeJIKy, XpaHe-
HUE U 100bI1y HePTH;

—pAacIoJIOKEHNS KaphepOB.
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MHWHHUCTPA IO HAYKE U

YnpasieHue 3amecTUTEJIsI
MHHHCTPA [0 BONPOcam
yHpaBJIeHHs U cJy:KeOHOI

siiepHOoii 0e30I1acCHOCTH JHepreTuke eSTeNBHOCTI
| |
| | | |
Haunonanbhas Ynpasnenue HanmoHanbHbIi COBET MO Ynpasnenue
aAMHHHCTpAIlHs HAYKH nabopaTopHbIM paboTam SHCPIETHHECHOY
10 AAEPHOH nadopmanun CIHA
0e30mmacHOCTH
CI;?MOH-[HHK Vripassienue || Oduc kpeautHbx
peTaps 1mo IPOrpaMM
BOMpOCAM HACJICIUEM
Samectutesns >Hepro’pHeKTHBH
aJIMUHHCTpaTopa OCTH | Pa3Benka u
0 00OPOHHBIM KOHTPpPAa3BeIKa
porpaMmmam DKOHOMHYECKOE
S CT— Y COLIMATIbHOE
ceKpeTapst 1o pasHooGpasue DHepreTudeckas
3aMecTuTelb UCKOIIaEMbIM e IIOJIUTHKA 1
aIMUHUCTpATOpa UCTOYHUKAM CHCTEMHBIN aHAIN3
IO sIACpHON 9HEPrUuu I'naBubIit
000poHe MHPOPMAIIMOHHBI
i ounep || OneHkn
TTOMOLIHHK IIpenpusaTuii
3amecTuTenb CeKkpeTaps 1o
aAMHHICTPATOpa [IOCTaBKaM [naBmbri DUHAHCOBBII
10 YIPaBJICHUIO 3JEKTPOSHEPTHH CIICIAITHCT LI0 | JIAPEKTOP
uHpopmManuei SHEpreTHIECKOii YEI0BEUECKOMY
Kamurany
== ["enepasHbIil CoBET
3amecTHTENb Homorxuk
aJIMUHHCTpaTOpa CekpeTaps 1o Cnymanus u TTOMOILIHHIK
10 BOIIPOCAaM AACPHOU aneJuIILuNn m
yTIpARTICHHS 1 SHEpreTHKe roccekperapsi 1o
6roKeTa MEXTyHApOIHOMY
3amecTUTeNb COTPYIIECTEY
OHepreTndeckast cexpeTapsi 110
[TOJHTHKA H BOIIpOCam Hcnons3oBanue
3aMecTHTEIDb HpOrpaMMbl pannMoHaJILHOTO == MaJIOTO U CPEIIHETO
aIMHUHHUCTpaTOpa Wnpn NIPUPOJIOIIOJIE30B ou3Heca
10 BOIPOCaM aHus
0e30MacHOCTH,
uHGbPACTPYKTYphI Hamzop 3a |__| locynapcteennbie
U 3KCIUTyaTaIiu yTIpaBICHHEM nena
MPOCKTAMHU U
OIICHKH
Ilepenoseie
3amecTurens =l  HCCIICJIOBAHMS
aIMHHHCTpATOPa DHEPreTHKU
IO BHEIITHUM
CBSI3SIM

Puc. 4. CTpyKkTypa rocy1apcTBeHHOr0 OpraHa, ocylecTBisiomero ynpasjienne Heapamu 8 CLIA [50]

Fig. 4. Structure of the public subsoil administration body in the USA [50]
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[[Inpokwmii CrIeKTp TeoJ0oTHYecKor HHGOP-
MalluH, OTHOCSIIEHCS K TaTty BUKTOpHs, 10CTY-
neH yepe3 MHTepHeT-MarasuH Earth Resources
Online, BKITIOYas TeOJIOTMYECKUE KapThl IIITATa,
OTYEeTHl W Jpyrylo mudpoByro wuHDOpMAIHIO.
Kpome Toro, omnaitH-kaprorpadpuueckas cu-
ctema GeoVic MOXXeT OBITH MCIIOJNIB30BAHA JUIS
OTYETOB IO TOUCKY OTKPBITHIX (PailIOBBIX KOMIIa-
HUW ¥ JIOCTYIa K I'€0JOTMYECKUM KapTam U rop-
HBIM IIJIaHaMm [2].

[Tomo6HbIe MH(DOPMAIMOHHBIE CHUCTEMBI C
0a30if NaHHBIX IO MHHEPAIBLHBIM pecypcam, a
TaK)Ke C aBTOMATH3UPOBAHHBIMH OM3HEC-TIPOIIEC-
caMU I10 B3aUMOJEICTBUIO C TOCYAAPCTBEHHBIMU
OpraHaMu CO3/1aHbl U B JAPYI'MX pPa3BUTHIX CTpa-
Hax, Takux kak Kanama, CILIA u ap.

B pe3ynbTrate aHanu3a BBISBICHBI OCHOB-
HbIC (PYHKIIMOHATHHBIC BO3MOXHOCTH HHOCTPAH-
HBIX CUCTEM:

— HWHTEpPaKTUBHAs KapTa T'€OJOTMYECKHX
0JI0KOB ¢ HH(pOpPMAILHEH 11T UHBECTOPOB;

— BBITPY3Ka JaHHBIX B IU(PPOBBIX opMarax;

— To0Jaya OHJIAWH-3asBOK Ha IOJIyYECHHE
IpaBa HEAPOIOJIb30BaAHNUS;

— OHJIAITH-KOHKYPC/ayKIINOH;

—npenocrasieHue otuetHoctu JIKY;

— JIOCTYTI K JIaHHBIM B COOTBETCTBHH C TIpa-
BaMH MOJIL30BATEIICH U ITOUTHKOM 0€30I1aCHOCTH;

— kpocc-targopmenHoe perienue (Windows,
OS X, Android, 10S).

Bbank J1aHHBIX MHHEPAJIbHBIX PecypcoB
Kanansl. B Kanane uHbopManuoHHBIN 37€K-
TPOHHBIN NOPTaI AAHHBIX 10 HEIPOTIOIb30BAHUIO
Ha3biBaeTcs Atiac Kanazpl.

Atnac KanHanpl mo3BOJISIET O3HAKOMHUTBHCS
CO CIICYIOIIUMU JaHHBIMHU:

— CBOOO/IHBIMU U 3aHSTBIMH TEPPUTOPUAMU
JUTSL TIPOBEZICHUSI OTIEPAIIUiA TI0 HEIPOTIONIH30BAHHIO;

— Tre0JIOTUYECKON HH(pOPMAITUE 10 BCEM BH-
JlaM TIOJIE3HBIX MCKOIMAEMBIX U TE€OXPOHOJIOTHYE-
ckoii nH(opMarmelt (B TOM YUCIIE C TEOJIOTHeN KO-
PEHHBIX NIOPOJ, UCCIIEAOBaHHBIX enle B 1956 1.);

— BOJIOHOCHBIMH CIIOSIMU ¥ PECYpCaMH TO]I-
3€MHBIX BOJ;

— Tonorpaduieckoil nHpopMaluen;
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— uHpopManmen 0 pecypcax W pa3BUTHH
UHQPPACTPYKTYPHI;

— TEPPUTOPHUSMH, OTIACHBIMH JJIsI IIPOBEJIC-
HUs Ollepaluil 110 HEIPOIIOIb30BAHMIO;

— (usnueckoii reorpaduei;

— uHOU nH(pOpMaIre, mo3BoJIsIoIIeH chop-
MHPOBaTh UHBECTOPY HanOoJIee TIOJHOE MPECTaB-
JIeHHe 00 MHTEepecyroIeM yJactke Hemp [1].

3akii0ueHue

Takum oOpazom, B paboTe U3YyYEHBI CH-
CTeMa U METObl TOCYJapPCTBEHHOTO YIPABICHHS
He/paMH 3apyOeKHBIX CTpaH, TOPHOPYAHBIH CeK-
TOP KOTOPBIX JOCTUT HAWIYUIIUX PE3yJIbTaToB,
WCCIICZIOBAaHbl TEOPETHYECKUE W TPAKTHYCCKUE
npoOJieMbl  ISHCTBYIOIIEH MOJACIH Tocyaap-
CTBEHHOTO YIIPABJICHUSI.

[To pe3ynbTataM MpoBEACHHONH PaOOTHI MBI
MIPUIILIA K CIICAYIONUM BBIBOJIAM.

Ot >(p¢eKTUBHOTO yIpaBICHHUS ToOCynap-
CTBEHHBIM MMYILIECTBOM — OOTaTCTBAMH HEJp — 3a-
BUCHT Onarococtosinue crpanbl. CerofHs rocynuap-
CTBO BBICTYIIACT B KAQUeCTBE CYOBEKTA YIIPABIICHUS,
OCYILICCTBIISIET YIIPABJICHUE CBOUM HMMYIIIECTBOM —
rOCYJIapCTBEHHOM (DOHIIOM HEJIP, BBICTABIISIS TEPPH-
TOPHIO JUIs [IPE/IOCTaBIIEHHS ITpaBa HEIPOIIOIb30Ba-
HUSI M BBIJIaBas JIMIIEH3UU Ha MTOJIb30BaHME HEIPAMHU.
I'ocynapcTBeHHOE IMYIIIECTBO KaK OOBEKT YIIpaBIIe-
HUSL TIPEJIOCTABIISIETCS. BO BPEMEHHOE TI0JIh30BAHHE
MHBECTOpaM, U (haKT MPeIOCTABICHUS TIPaBa TI0JTb-
30BaHUsl OGOPMIISIETCSl CHEIUATBLHBIM TOCYAAp-
CTBEHHBIM pa3pelleHHeM B BHJE JHIECH3UU. B mm-
LeH3UH (UKCUPYIOTCS TIpaBa U 00S3aHHOCTH WHBE-
CTOPOB, Ha 3aKOHO/IATEIbHOM YPOBHE OIpe/IeIeHbI
YCJIOBHS TTOJTb30BAHMUS HEIPAMHL.

AHaM3 IEWCTBYIOMIMX CTPATErHUECKUX TPO-
rpaMM TOKa3al, 9TO B Ka4eCTBE OCHOBHOM 3aa4u
JUTSL BOCTIOJIHEHUSI MWHEPAITLHO-CHIPhEBOM  0a3bl
npeycMaTpruBaeTcsl (PHHAHCHPOBAHHE TE0JIOropas-
BEJIOYHBIX pabOT UCKITIOUUTENBHO U3 OromkeTa Pec-
myonvku KazaxcraH, 4To He MOKET SIBISITHCS €WH-
CTBEHHOM CTpaTernyecKoil 1ebIo rocy1apcTBa.

B cBsi3u ¢ 3THM Ha OCHOBaHHWH TPOBENCH-
HOTO HCCIICZIOBaHUsI KOHKYPEHTOCIIOCOOHBIX MH-
POBBIX ITOJIXO/IOB TIPU CTPATETHUECKOM ITITAHUPO-
BaHWH Ha CPETHECPOUHBINA TIEPHOJ MPEAIaracTcs
3aKPENUTh CIIEAYIOIINE [ENTN U 3a/1a9H:
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— TMPUBJICYEHHNE YACTHBIX MHBECTULIMI B reo-
JIOTHYECKOEe HM3YUCHHE M TeOJIOrOpPa3BENKy ITyTeM
YIIPOLIEHHSI M COBEPIICHCTBOBAHUS TPOLICAYP IS
IOHHOPHBIX KOMITAHUI M YBEJIMYEHHUE 3aTpar 10 H3Y-
vennoctd Ha | kM? 10 45 nomt. CIIA 2025 1.;

— pa3BUTHE TI'EOJOTrMYECKOM HWH(pacTpyK-
TYpbl, a TAaKXe MEePEOPUEHTUPOBAHUE T'EOJIOrHNYe-
CKOM ciyx0bl Kazaxcrana Ha ycuiieHue npeaBapy-
TEJbHBIX HCCIICIOBAHUM, KapTUPOBAHUs, aHAIM3a
HCTOPUYECKUX JAHHBIX HA IIOCTOSTHHOM OCHOBE. [ Ipn
3TOM TIE€PBBIE MOJIOKUTENBHBIC PE3YIBTAThI JOJKHBI
ObITh yxe o uroram 2020 r.;

— CO3JIaHH€ HALMOHAIPHOTO OaHKa JAHHBIX
MHHEPAIBHBIX PECYPCOB C UCIOJIB30BAaHUEM COBpE-
MEHHBIX MHHOBAIIMOHHBIX MOJXO/I0B M BO3MOXHO-
creii k 2021 r.;

— OCBOOOK/IEHHE T'e0JIOropa3Be KU OT HaJIO-
TOBBIX HArpYy30K JUIsl TTOBBIIICHNS! KOHKYPEHTOCIIO-
cobHocTH cdepbl Henponoik3oBaHus Kazaxcrana
710 MUpoBOro ypoBHs B 2020 1.;

— pa3BUTHE KaJPOBOTO MOTEHIHAIA B T€OJIO-
T'MYECKOM OTpaci ¢ y4eTOM Iepexo/ia Ha MeXIyHa-
POJIHBIE MO/IXO/IbI TIOJICUETA 3aaCOB OJIE3HBIX HC-
KOIIA€MbIX Ha IIOCTOSIHHOI OCHOBE.

Bbubamnorpaguyeckuii cnucox

Science and Technology

Buenpenne u peanusanus npeuiaraeMblx B
HacToAlIel paboTe MUPOBBIX MPAKTHUK U3MEHEHUS
1 COBCPLICHCTBOBAHUA I'OCYJAPCTBCHHBIX ITOAXO-
A0B IIpU roCyaapCTBCHHOM YIIPABJICHHUU HEAPAMUA
OKXYT CIEAYIOIINI MOJOKHUTENbHBIN 3()(eKT:

— POCT MHBECTUIMH 32 CYET COBEPIICHCTBO-
BaHUS AJMHHHUCTPATHBHBIX IIOJIXOJIOB TOCYAap-
CTBEHHOTO yIpaBieHus Heapamu Pecrryomuku Ka-
3axCTaH, 00ecHeyeHus MPO3payHOCTH HH(POpMa-
U, IOAACPKKU HOBBIX CTAHAAPTOB, YIIPOILICHUSA
MOJIY4YCHUA IIPpaB HEAPOIOJIb30BaAHUAA,

— CHIDKEHHE KOPPYIIIMOTEHHOCTH B cepe
T€OJIOTMH W HEIPONOJIb30BaHUS U COKpaleHHE
TPYZ03aTpaT Ha pealn3alMi0 TOCYIapCTBEHHBIX
(bYHKIMI 33 CYeT CO34aHHs COBPEMEHHOW Ieoio-
TMYECKON HHPPACTPYKTYPHI U TPUMEHEHUS HHHO-
BalIMOHHBIX BO3MOXKHOCTEH ITPU pean3aliiy KOH-
TPOJILHBIX (DYHKITI KOMITIETCHTHBIX OPTaHOB,;

— obecrieyeHne CIpaBeUIMBON JTOXOIHOCTH
IUIsL TOCYZapcTBa OT IOCTYHAIOUIMX HAJIOroB, a
TAKKC IIOJIYYCHUC HWHBCCTOpaMH CHpaBCI[HHBOﬁ
OT/Ia4¥ OT CBOMX WHBECTUIIHH.
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