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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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CURRENT CONDITION AND OUTLOOKS OF SUSTAINABLE
DEVELOPMENT OF CHROMITE UNDERGROUND MINING
AT LOWER HORIZONS OF MINES OF THE DONSKOY MINING
AND PROCESSING PLANT

Abstract. The article considers the issues of current condition and outlooks of development of underground
mining of Donsk chromite mines. With the transition of mining operations to deeper levels, the geomechanical situa-
tion is getting considerably more complicated, especially for the development of stope sills that poses the need to
solve the issues of developing measurements ensuring the increase in working stability. One of the most radical mea-
sures is the development of designs of artificial stope sills according to the option of development systems accepted
for lower horizons of the “Ten Years of Independence” mine.

Based on the analysis of the methods for the creation of artificial stope sill on the draw and delivery level, it is
proposed to develop the design with reinforced concrete stable support platform of the artificial stope sill made of
concrete consolidating stowing in systems of uncontrolled block caving. At the draw and delivery level there is a
bearing structure of the element of the development system that can bear extremely high mine pressure and ensure
enhanced stability and reliability of transport crosscuts for the delivery of ore mass with the use of self-propelled
equipment. The targeted solution of the development issue is essential at the development of chromite reserves with
combined geotechnology for safe and sustainable development of underground ore mining at deep levels of deposits
Millionnoye and Almaz-Zhemchuzhina of the Donskoy mining and processing plant.

Keywords: development field, technogenic collapses, underground technology, the extraction of chromium,
uncontrolled caving, mass, mine technical and mining geological conditions, geomechanical conditions of the massif.

Introduction. Donskoy mining and processing plant develops chromite deposits of the South-
Kempirsay massif in Western Kazakhstan, which ranks second with the reserves and is one of a kind in
terms of quality, thus totally providing for the Republic’s own needs in chromite raw materials and the
needs of the post-Soviet countries and exporting the ore and its concentrate to foreign countries.

At present, the main volume of ore at the Donskoy mining and processing plant is produced under-
ground at mines “Molodezhnaya” and “Ten Years of Independence” commissioned in 2001. The “Ten
Years of Independence” mine hosts 84% of chromite ore of the Donskoy mining and processing plant.
Only its small part occurs at the depth of from 250 to 400 m from the surface. According to the existing
classification, the major volume is located at medium (up to 600 m) and deep (from 600 to 1,500 m) levels
[1-3].

Taking into account geomechanical and geotechnical particularities of mining of ore deposits at deep
levels and especially ore bodies of the mines “Millionnoye” and “Almaz-Zhemchuzhina” of the mine “Ten
Years Of Independence”, the important factors are the study of the mass behavior in the process of sto-
ping, pattern of formation of caving areas, development of geomechanical processes, formation of
pressure on supports of mine workings as well as the selection of the most rational process charts of ore
deposits mining.

Great thickness of ore bodies of chromite deposits developed underground and weak stability of the
ore mass and host rocks once determined the selection of the system of uncontrolled caving of ore and
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superincumbent rock. At present, it is applied at both mines. However, the major reserves of the “Ten
Years of Independence” mine occur at deeper levels that of “Molodezhnaya” and their development is
related to high pressure in less stable rocks. As mining operations go deeper in the deposits of Donsk chro-
mites and nears 400 + 600 m, the ore and rock masses with high fracturing are classified as unstable [4-6].

In these conditions, one of the significant drawbacks of the used method of technology unavoidably
results in the worsening of the geomechanical situation and distribution of mine pressure in stope sills.
Due to this reason, the structural elements of draw workings of the mined block are located in the zone of
high (bearing) mine pressure arising and rising with the increase in the development depth and length of
the stoping front. And this complicates and raises the price of maintenance and operation of the draw level
[7-9].

The methods of research. In harmony with the further development of underground mining at the
Kempirsay chromite deposit, there is an interest in generalization of the current condition of the chromite
ore mining at the mines. For underground mining of chromite ore, the Donskoy mining and processing
plant uses the technology of ore uncontrolled caving [10-12] (figure 1), which is classified as class two of
the development system according to Prof. V.R. Imenitov’s classification [10].

Figure 1 — Classical option of the system of ore uncontrolled block caving:
1 — Dome of the uncontrolled caving area; 2 — cutoff holes; 3 — lateral raises; 4 — drilling cuts;
5 — discharge cones; 6 — scraper drift; 7 — connecting crosscut; 8 — haulage crosscut

In spite of rather typical requirements within the technology, it provokes great interest among mining
production engineers in its application due to its cheapness and simplicity since there is no need to drill
holes for breaking, driving sublevels and lifting drilling and other equipment onto them. At that, it allows
saving on explosives and materials, on supports of workings, ventilation and other expenses. Therefore,
this technology in modern conditions remains the most appropriate and low-cost in terms of economy,
efficiency and safety.

The case history of the technology at underground mines of the company De Beers (South Africa)
revealed that the cost of mining is commensurate with the open-cast mining cost. In addition, of special
interest is the practice of those working using this technology and belonging to the authors [11], as well as
the description of experience of efficient operation of several foreign mining companies: diamond mines
“Finch”, “Premier” and “Koffiefontein” (South Africa), copper-nickel mine “North Sparks” (Australia),
copper-molybdenum mine “Henderson” of the company “Climax” (USA) and mine “El Teniente” (Chili)
as well as iron deposits in Ukraine in the Krivoy Rog basin.

With the transition of mining operations to deeper levels of ore mining at “Millionnoye” mine, the
KAZGIPROTCVETMET project has corrected the procedure of preparation and development of reserves
of the deposits of the second order of construction at the Millionnoye and Almaz-Zhemchuzhina mines.
From the border of separation of applied development systems it will be mined using the system of down-
rising horizontal layers using cut-and-fill stoping and self-propelled equipment.

With regards to the development system involving uncontrolled ore caving, the KAZGIPRO-
TCVETMET project provides for the creation of artificial (concrete) stope sill (figure 2) at the height of
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Figure 2 — System of ore block caving with artificial stope sill made of consolidating filling

12 m for the system of block caving by means of developing the reserves of the stope sill with three 4-m
high filling layers. This is done with the purpose of reducing mine pressure and conserving all reserves of
the block of development and face headings in the period of mining [13].

To drive and maintain development headings driven in the filling mass and to examine the strain-
stress state of the filling mass and stability of headings there is very little information today related to the
mining practice (at underground mines of the Arctic branch of joint-stock company “GMK” Norilskiy
Nickel” in Talnakh and Octyabr deposit) [14].

One of the perspective directions of development and improvement of process charts of preparation
for blocks is allocation of development headings in the filling mass. To this end, a 1,000 m deep working
was driven in the filling mass at mine 2 of the Octyabrskiy deposit, which is around 248 m long.

The deformation process of the contour mass of the heading at the development of underworking
span is progressive. And as the driving increases, the deformation intensity of contour mass of workings
also rises, especially in the 50-m second zone. This is accompanied with the fracturing in the concrete.
Shears at the contour of the working increase and reach around 40-50 mm. In the third zone, which is
around 120 m long in the filling mass, there is a sharp displacement up to 80 and more mm at the contour
of the working and in the concrete there starts a process of fracture emergence and extension, fractures of
layers of the filling mass. Destruction of the filling mass come in the form of sloughing zones in the sides
of the working, earth spring, slip formation in the layers of the filling mass and caving of detached con-

— 90 ——
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crete slabs. Such kinds of destructions took place mainly at the sections of the working fixed with a
combined support.

There are also destructions of the working walls driven in the filling mass at the mine “Taymyrskiy”
of the Arctic branch of joint-stock company “GMK” Norilskiy Nickel” [15]. The most part of destructions
in the working walls driven in the filling mass were in the middle of the working wall. At that, the wall
bent inward the mass, which is evident from the wooden pole the lower part of which rests against unde-
stroyed working wall. Figure 3a shows the initial stage of destruction of the working wall. The change of
the form is accompanied by the destruction of the contour part of the filling mass. The depth of the wall
destruction is around 40 cm, which is seen by the length of parts of anchors protruding from the wall
(anchors are 1.8 m long). Fractures are formed in the lower part of the wall which has not yet detached
from the main filling mass. Figure 3b shows on a larger scale the subsequent stage of the wall destruction
with a net of large and small fractures parallel to the sidewall of the working.

Figure 4a shows “final” stage of the wall destruction in the filling mass of the working driven far
from junctions. If the mine technical situation changes, the destruction of the filling mass in this place of

a b

Figure 3 — Stages of destruction of the working wall driven in the filling mass:
a — Initial stage of destruction of the working wall; b — Subsequent stage of the wall destruction

a b

Figure 4 — Final stage of destruction of the filling mass in the wall of the working:
a— Workings driven far from the junction; b — Workings driven in the filling mass
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the wall can continue. At that, the depth of the wall destruction is around 2 m, which is evident from the
wooden pole set at the initial contour of the wall.

Figure 4b shows the destruction of the filling mass at the section of junctions of the mine workings
along the whole contour of the wall where only the roof with the incumbent lump of the filling mass is not
destroyed. Besides, it was noted that staged destruction of concrete filling took place despite the fact that
this exposure was fixed with horizontally established concrete bars and is inefficient since the bars turned
out to be parallel to the layering. They did not connect the layers and did not enhance the stability of the
concrete scour.

Based on the above-given illustrations of destruction of the filling mass and operational practice of
driving the working in the filling mass at the underground mines of “Norilsk Nickel” in the Talnakh and
Octyabr deposit, at the present time it is possible to mention only just-begun scientific research and
practical works.

Field of application of research results. It is necessary to note that based on the research results, the
most complicated in terms of geomechanics in the system of uncontrolled ore caving is workings driven in
the stope sill [16-18].

In spite of a three-layer support of scraper workings, SVP 27 (interchangeable special profile) with
quite dense setup of frames has not always been reliable and stable. Therefore, in the conditions of mining
at lower levels of Donskoy mining and processing plant it is necessary to go over to the creation of
artificial concrete stope sill [19, 20].

Widespread development of thick fractured fields resulted in the urgent need to improve the designs
of stope sills with the view of considerable enhancement of their strength characteristics, stability, able to
bear high dynamic loads posed by large volumes of caved ore mass. As previously noted, conventional
funnel-shaped and then trench designs of stope sills in the system of uncontrolled ore caving do not
demonstrate reliable resistance to both caved mass and mounting mine pressure.

At the same time, there was a need in alternative to gravity ore drawing through funnels and draw
points, which is a bottleneck in highly productive caving systems. With the purpose of intensification of
ore drawing process domestic mining companies have adopted vibrating mechanisms that played positive
role in the growth of mining productivity.

To tackle the issues of designing artificial concrete stope sills, the staff of the Mining Institute after
D.A. Kunayev developed the design of artificial concrete stope sill [21] on a stope sill-support basis ensu-
ring sufficient reliability, stability and operability of scraping drifts.

To illustrate the process of erection of support structural elements and subsequent analytical cal-
culations, the major working of the stope sill was considered - scraping drift with the optimal clearance of
2,:~2.0 m situated at the depth of 800 m. At the first stage, in harmony with the mine technical conditions
of the ore deposit development as well as thickness and accepted parameters of stopes, in particular their

Figure 5 — Principle diagram of the concrete stope sill and sequence of its erection
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height hx, the value caved rock arch ho6 is calculated, which form the load on the support of workings in
the stope sill. To this end, functional dependence h..~f (h,,) is used based on the relation:

Next, based on the established plastic range of stress, the advisability of erection of artificial stope sill
is established using the parameter hos > 90-100 m.

The principle diagram of the concrete stope sill and sequence of its erection are represented in figu-
re 5 with a side cut for clarity of processes [22].

Discussion of results. At the erection of the design, at first service roadways I and II are driven
stagewise for subsequent erection of support structures by means of filling the working s with concrete
mixture with estimated bearing capacity. The design width of roadways I and II is accepted based on
maximum probable loads (which will be mentioned later), namely m=2 meters or r8=1.0 m. In line with
table 1, specific pressure at kH=1.0 for this working driven at the depth of H=800m in the rock mass will
amount to q,,=15.9 t/m”, and for solid ore qyn=20.4 t/m’. As a result, the number of framer per running
meter in the first case will equal NII=1.0 pc/running meter, in the second case NII = 1.36 pc/running
meter. This is true in the tough operating conditions of support SVP 22 (interchangeable special profile).
The need to ensure such conditions is explained by the possibility of preliminary relief of excessive
pressure caused by the formation of plastic range of stress by activating the yielding units. Later, this
process favorably affects the operation of concrete supports. Thus, depending on the host rock mass (ore
solid and rock mass) the permissible density of installed support frames of interchangeable special profile
SVP-22 is 1.5-1.0 pc/running meter.

After driving and supporting the roadway I, it is filled with concrete mixture. At that, straight arches
are installed in places of design location of draw points for the formation of the cavity of required
dimension. To perform subsequent analytical calculations the following parameters have been accepted:
the length of one support section=5.0m, the distance between the axis of draw points = 7.0 m (figure 4.1).
Operations in roadway II are performed according to the similar chart.

After completing the operations on the workings of the first and second stage and on concrete curing
during 28 days, it is possible to start operation on working III (third stage) with base width n = 6.2 m. The
calculations of the support reveals that in this case to support the working it is necessary to setup a two-
layer support made of interchangeable special profile SVP-27. For rock mass — 6 pc/running meter, for ore
solid - 7 pc/running meter. It is necessary to note that at this stage an experimental option is considered
with maximum height of caved rocks equaling h,s; = 500 m. At lesser values of ho6 within 250-
300 meters, structural parameters of the stope sill significantly change. The developed methodical chart
allows hands down designing of calculations for real conditions.

After erecting the support, it is necessary to thoroughly cleanse the base of the working from the sides
of roadways of stages I and II, to lay metal screen and lay and fasten bars of rolled steel to improve
strength of ceiling of stage IV roadway (scraping drift) and improvement of connection with bearing
supports [23].

Conclusions. With the transition of mining operations to deeper levels, the geomechanical situation
is getting considerably more complicated, especially for the development of stope sills that poses the need
to solve the issues of developing measurements ensuring the increase in working stability. One of the most
radical measures is the development of designs of artificial stope sills according to the option of
development systems accepted for lower horizons of the “Ten Years of Independence” mine.

Based on the analysis of the methods for the creation of artificial stope sill on the draw and delivery
level, it is proposed to develop the design with reinforced concrete stable support platform of the artificial
stope sill made of concrete consolidating stowing in systems of uncontrolled block caving. At the draw
and delivery level there is a bearing structure of the element of the development system that can bear
extremely high mine pressure and ensure enhanced stability and reliability of transport crosscuts for the
delivery of ore mass with the use of self-propelled equipment.

The targeted solution of the development issue is essential at the development of chromite reserves
with combined geotechnology for safe and sustainable development of underground ore mining at deep
levels of deposits Millionnoye and Almaz-Zhemchuzhina of the Donskoy mining and processing
plant.
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JAO6H KBK IAXTACBIHJAYBI JKEPACTBI TAY-KEH ) K¥MbICTAPBIHbBIH
KA3IPI'T )KAFJIAUBI MEH JAMBITY MOCEJIECI

AnHoranus. Makanaga JIOH XpoMHUTTI mIaXTachIHBIH JKEPACThl Tay-KCH YKYMBICTAPBIHBIH Ka3ipri jKaFJaibl
MeH OoJlaliaKTa JaMbITy Maceseci KapacThlpblIraH. JKepacTbl Tay-KeH >KYMBICTApBIHBIH TEpeH JEeHIrelKueKTepe
TOPU3OHHTApAA KYPTi3ilyiHe OaiaHbICTHI T€OMEXaHUKANBIK JKaFjail KypIelieHe Tyceli, acipece OJIOKTHIH TYIKi
Ka30anapeIH/ia, TYBIHAAFaH MOCeIeNIep i ey MaKCcaThIHAa Ka30anapAblH OpPHBIKTBUTBIFBIH apTTHIPYIbI KAMTaMachl3
€TeTiH ic-mapanxapabl OHIAacTRIPY KaXETTUIIr TysIHIaWasl. EH paanukanmsl mapanapabH Oipi )KacaHIB! TYII Ka30aibl
OJIOKTBIH KOHCTPYKIMACHIH 93ipiey OonbIll TaOBUTafgsl, KaOBUITaHFaH Ka3y JKyieciHiH Hyckacsl «Kazakcran
TOYEJICI3AIriHE OH JKbUD» HIAXTACHIHBIH TOMEHT1 ACHIeiDKUEKTEpiHEe apHAIFaH.

Herisri Tanuayra cyiieHe OTBIPBII, ACHIEIDKHEKTE yKacaH/Ibl TYI Ka30asbl OJIOKTBIH KEH IIbIFAPY MEH JKETKI3y
TOCUTACPIH Kypy OOMBIHIIIA MOCcEJeNeH] Mmiemyre OCTOHIBI-KATIANbl TOJTHIPMAJIbl TEMipOCTOHIbI MIaT(hopMabl
TYPaKTHI-TIpEK KOHCTPYKIMSCHIH d3ipiiey YChIHBUIAbl, KEHHIH KabaTapajblK ©3/iriHeH Kyjiay KyieciHne, KeH LIbl-
Fapy MeH JKeTKi3y JIeHI'eiKMeriHAeri Ka3y »KYHeciHiH cajMaK TYCeTiH KOHCTPYKUMSJIBIK AJIEMEHT PEeTiHIe KoJjaa-
HBLIAJBI, ©3/ITIHCH JKYPETIH JKaOIBIKTapIbl KOJIIaHYMEH KEH JKETKi3y Ke3iHIle, KONIKTIK KBEepIUIarTepIiH >KOFaphl
TYPaKTBUIBIFBI MEH CEHIMIIITIH KAMTaMAachl3 €Te/i.

JOH, maxraceiHbiH AnMaz-)KemuyxuHa jkoHe MWIIHOHHOE KEHOPBIHIAPBIHBIH TEPEH JACHIeiKHeKTepiHaeri
TOPU3OHTTAPBIHAAFEI KEH/II KEePaCThl TOCUTIMEH Kayilci3 jKoHe TYpaKThI OHIIPIM alyasl JAMBITY OOWBIHIIA XPOMHUT
KOpJIapBIH apajac TeOTEXHOIOTUSIMEH MBICHIKTayFa OaFbITTAIFaH ©3€KTi MOCENICHI IIeNIyTe apHaIIFaH.

Tyiiin ce3aep: Ka3y xyiieci, TEXHOTCHIIK OIBIPbUTY, KEPACThI TEXHOJIOTHSCHI, XPOM OHAIPY, ©3IITIHEH KyJiay,
clieM, Tay-KeH TeXHHKAChI, Tay-KeH I'eOJIOTHsUIIbIK KaF/al, ClIeMHIH reoMeXaHHKaJIbIK JKaFaibl.

. K. Bexdeprenos, I'. K. /Izkanrynosa, b. K. Bekryp
WuctutyT roproro aeno um. /1. A. Kynaesa, Anmatsl, Kazaxcran

COBPEMEHHOE COCTOSIHUE U IEPCINEKTUBbI YCTOMYHUBOI'O PA3BUTHUS
MOJ3EMHOM JOBBIYY XPOMUTOB HA HUKHUX 'OPU3OHTAX IIAXT JIOHTOKA

Abstract. B cTaTbe paccMaTpHBarOTCsl BOIPOCH COBPEMEHHOT'O COCTOSHHS U NEPCIEKTUBBI PAa3BUTHA IOJ3EM-
HBIX TOPHBIX paboT max JOHCKHX XpoMHTOB. C Imepexo oM ropHBIX paboT Ha TTyOOKHe TOPH30HTHI T€OMEXaHUIEC-
Kasi CUTyaIlusi 3HAYUTEILHO OCJIOKHSCTCsI, OCOOCHHO JIJIsl BBIPAOOTOK JTHHMINA OJIOKA, YTO MPEIONPEICTUT HEOOX0-
JIMMOCTB pEIIEHUE BOIPOCOB 0 pa3pabOTKe MEPONPHATHH 00eCHeYMBAIOIINX MOBBIIIEHHE YCTOHUYMBOCTH BBIPAOO-
Tok. OHUM U3 HauboJiee paJuKaIbHBIX MEp SBJSIETCs pa3paboTKa KOHCTPYKLMI UCKYCCTBEHHOTO IHUIIA OJIoKa, 1o
NPUHATOMY BapHaHTy CHCTEM pa3pabOoTKH JJIsl HIKHUX TOPU30HTOB IIAaxXThI «JlecsTh jieT HezaBucuMocTH Kazaxcranay.

Ha ocHoBe ananmm3a criocoOOB 1O CO3/IaHMIO HA TOPU30HTE BBIYCKA M JJOCTaBKHM HCKYCCTBEHHOTO JHUINA K
peLIeHUIO TaHHOW TPOOIIeMbI IpesIaraeTcst pa3padoTKa KOHCTPYKIMU C yCTOWYHNBOOIIOPHOH Kelle300eTOHHOH IuiaT-
(hopMoOif MCKYCCTBEHHOTO THUINA OJOKOB M3 OETOHHO-TBEPACIOUICH 3aKIIAAKH, IPU CHCTEMaX 3TaXHOTO caMooOpy-
IICHUS] PYIBl, HA TOPU3OHTE BBITYCKA M JOCTaBKU HCIIONB3YETCS KaK HeCyllas KOHCTPYKLHS DJIEMEHTa CHCTEMBI
Pa3paboTKH, BBIAEPKUBAIOILNE SKCTPEMAIILHO BHICOKOE TOPHOE JaBJeHHE, 00EeCIIeYBAOINE OBBIICHHYIO YCTOMN-
YHUBOCTBH M HaJISKHOCTH TPAHCIIOPTHBIX KBEPIILIATOB, JUIS JOCTABKU PYAHON MAcChl C HCTIOIb30BAHMEM CaMOXOIHOTO
obopynoBanus. HanpasnenHoe penieHre npooiaeMbl pa3paboTKH aKTyalbHO IIPH OTPabOTKE XPOMHUTOBBIX 3aIIacoOB C
KOMOWHUPOBAHHOW T'€OTEXHOJOrHeH IJIsi 0S30MacHOr0 M YCTOHYMBOrO Pa3BUTHS MOJ3EMHON MOOBIYM Pyl Ha
rIIy0OKUX TOPU30HTaX MECTOpOXKAeHUH MuiumronHoe 1 Anmas-XKemuyxuHa maxtel JJon'OKa.

KaroueBble ciioBa: cucrema pa3pabOTKH, TEXHOTEHHbIE OOPYIIEHHMsI, OJ3eMHAasi TEXHOJIOTHS, JOObIUa XpoMma,
caMo00pyIIEHHEe, MacCUB, TOPHOPY/AHAs TEXHHWKA, T'OPHO-TEOJOTHYECKHE YCIIOBHS, I'€OMEXaHHYECKOE COCTOSHHE
MaccuBa.

Information about authors:

Bekbergenov Dossanbay, candidate of technical sciences, head of the laboratory, Integrated development
of mineral resources, D. Kunaev Mining Institute, Almaty, Kazakhstan; kdbekbergen@mail.ru;
https://orcid.org/0000-0001-5946-6137

Jangulova Gulnar, candidate of technical sciences, assistant professor, Department of Cartography and
Geoinformatics, Al-Farabi Kazakh National University, Almaty, Kazakhstan; gulnarzan@gmail.com;
https://orcid.org/0000-0002-7866-1031

Bektur Bakytbek, Master of Engineering Sciences, Lecturer of the Mining Department, Kazakhstan
National Research technical University after K. Satpayev, Almaty, Kazakhstan; bekturbek@bk.ru;
https://orcid.org/0000-0003-0510-4995




ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2019

REFERENCES

[1] Edilbaev L.B., Bitimbaev M.Zh., Zherebko L.N., Isaev M.A. Development of the Caved Zone in the Superincumbent
Rock at the Development of Ore Deposits Using the System of Uncontrolled Caving at Fields of Don Chromites. Scientific and
Technical Provision of Mining Production // Collection of Proceedings of the Mining Institute after D. A. Kunayev, No 68, Part I.
Almaty, 2004. P. 64-66.

[2] Edilbaev 1.B. Revival (1995-2005). Almaty, 2004. 274 p.

[3] Development of New Highly Efficient and Safe Technologies of Underground Mining of Ferroalloy Raw Materials at
Great Depth. Stage: “Development of the Operating Procedure...” // Report on R&D, subject No 15, Mining Institute after
D.A. Kunayev, Almaty, 2005. 72 p.

[4] Report on R&D “Theoretical Basics of Management of Geomechanical Condition under Pressure of Mining Operations”
(final) // Head of the assignment, Doctor of engineering L. S. Shamganova, Mining Institute after D. A. Kunayev, Almaty, 2011.
P. 30-35.

[5] Vozhdaev A.V., Aimbetov M.M., Tretyak A.V. Improvement of Technological Processes of Underground Mining at
Mines of the Donskoy Mining and Processing Plant // Materials of the II International Scientific and Practical Conference
“Current Conditions and Outlooks of Development of Mining Branches of Industry”. Rudnyi, 2004. P. 35-37.

[6] Freidin A.M., Neverov A.A., Neverov S.A., Philippov P.A. Problems of Deposit Development at Great Depths. Novo-
sibirsk, press of the Siberian Department of the Russian Academy of Sciences. 2008.

[7] Guidelines on Claculation of Loads on the Support of Mine Workings in the Conditions of Mines of the Donskoy mining
and processing plant. Karaganda, 2002. 44 p.

[8] Zherebko L.N., Dzhangulova G.K., Pivovarova L.M. Formation of Cave Roof in the Superincumbent Rock Represented
by Layers of Various Thickness // Scientific and Technical Provision of Mining Production. Collection of Proceedings of the
Mining Institute after D. A. Kunayev, 2008. Vol. 75. P. 18-21.

[9] Zherebko L.N., Dzhangulova G.K., Pivovarova L.M. Formation of Mine Pressure in the Mass Under Caved Rocks //
Proceedings of the International Conference — Press of the Institute of Physics and Rock Mechanics of the National Academy of
Sciences of the Kyrgyz Republic — Bishkek, 14-15 June 2006. P. 265-267.

[10] Imenitov V.R. Processes of Underground Mining Operations at the Development of Ore Fields. M.: Nedra, 1978. 528 p.

[11] Kuzmin E.V., Uzbekova A.R. Uncontrolled Caving of Ore at the Underground Ore Mining: Tutorial. M.: Press of the
Moscow Mining University, 2006. 283 p.

[12] Lomonosov G.G. Production Processes of Underground Development of Ore Fields: Tutorial for higher educational
institutions. M.: Mining Book, 2013. 520 p.

[13] Correction of the Project: Explanatory Note. Vol. 2, Book 3, Part — Technological Solutions (mining, mining mecha-
nical). KAZGIPROTCVETMET. Ust-Kamenogorsk, 2011. 118 p.

[14] Zvezdikin V.A., Smolov K.V., Nagovitcin [u.N. Particularities of Deformation and Maintenance of Workings Driven in
the Filling Mass // Mining Magazine. 2004. N 12. P. 58-60.

[15] Habulov O.Yu. Analytical Method of Determining the Ultimate Stress Limit of the Filling Mass in the Scours of Mine
Workings // Mining Magazine. 2010. N 6. P. 78-82.

[16] Baikonurov O.A., Rykov A.T. Improvement of Stope Sills at Mines. M.: Nedra, 1977. 159 p.

[17] Bekbergenov D.K., Dzhangulova G.K., Aimbetov M.M., Tretyak A.V., Kabdeshev A.N. Problems and Outlooks of
Uncontrolled Caving Technology with Artificial Stope Sill in the Conditions of Deep Horizons of mines of the Donskoy mining
and processing plant / Mining Magazine of Kazakhstan. 2014. N 3. P. 26-30.

[18] Bekbergenov D.K., Dzhangulova G.K.,Kasymhanova K.M., Toktarov A.A., Bektur B.K. Perspective Technology of
Developing Ore Reserves at Kazakhstan Mines Using the System of Uncontrolled Caving // Bulletin of the RK National Academy
of Sciences. Almaty, 2016. N 6. P. 109-116.

[19] Bekbergenov D.K., Kasenov B.S., Kabdeshev A.N. Geomechanical Particularities in the Conditions of Underground
Deep Mines of the Donskoy mining and processing plant // Problems and Ways of Innovative Development of Mining Industry:
Materials. The Sixth International Scientific and Practical Conference. Almaty, 2013. P. 155-157.

[20] Theoretical Basics of Management of Geomechanical Condition of the Mass at the Formation of Mine Structures and
Forecast of Its Behavior under the Impact of Mining Operations // Report on R&D. Funds of the Mining Institute after D. A. Ku-
nayev. Almaty, 2009. 95 p.

[21] Author’s Certificate No 79933 with regard to the Method of Erection of the Artificial Stope Sill at the Development of
Unstable Ore Deposits at Great Depth. The authors of invention No 27669: Dzhangulova G.K., Zherebko L.N., Pivovarova L.M.
Patent holder: Branch State Enterprise Mining Institute after D. A. Kunayev of the Republican State Enterprise “National Center
for Integrated Mineral Recycling” of the Committee of Industry of the Ministry of Industry and New Technologies of the
Republic of Kazakhstan. (21) 2012/0241.1 (22) 27.02.2012.

[22] Kaplunov D.R., Rylnikova M.V., Eks V.V. Major Directions and Outlooks of Development of Energy-Efficient and
Environmentally Safe Geotechnologies at the Development of Fields at Great Depths / Mining Information Analytical Bulletin
(Scientific Technical Magazine). 2014. N 6. P. 5-10.

[23] Zherebko L.N., Dzhangulova G.K., Pivovarova L.M. Development of the Design of the Stope Sill at the Development
of Unstable Ore Bodies at Great Depths // Bulletin of the RK National Academy of Sciences. 2013. N 4. P.77-80.




ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2019

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBumna opopmiieHUs cTaThU I My OJIMKALUK B )KypHaJle CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://www.geolog-technical.kz/index.php/en/

Bepctka /. H. Kankabexogoi

IToxmwucano B meuats 06.02.2019.
®dopmar 70x881/8. Bymara odcernas. [leuats — pusorpad.
16,7 .. Tupax 300. 3aka3z 1.

Hayuonanvnas akademus nayx PK
050010, Armamur, ya. [llesuenko 28, m. 272-13-19, 272-13-18



