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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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3D MODELING FOR ESTIMATION
OF ENGINEERING-GEOLOGICAL CONDITIONS
OF OPERATING MINERAL DEPOSITS

Abstract. The article is devoted to the nowadays actual problem - ensuring the safe and rational operations of
mineral deposits in the underground working conditions of existing mining production. In recent years, progressive
technologies have introduced actively to the mining industries with using the latest high-performance mining
equipment, automation and complex mechanization of mining drift and stope. Their introduction was not sufficiently
substantiated by specially conducted engineering-geological studies. As a result of such approaches, in areas
operated with new technology using self-propelled equipment, were formed the vast zones of exposure of the roof
and huge voids of the worked-out space with a large number of supporting interchamber pillars. On formalization of
pillars were designed without taking into account the engineering and geological conditions of the underground
excavation field, there were cases of their mass destruction, which led to the rock massifs collapse, shifting the
overlying roof stratum under the built-up territory and environmental disasters.

As purpose to solve this problem, on researching works were made to quantify the engineering and geological
conditions of thin-vein gold ore deposits using three-dimensional modeling on platform of modern computer
technologies. The research used the results of the latest theoretical and methodological work in the field of
engineering geology, as well as the results of a comprehensive survey of the state of the rock mass during exploration
and operation on the example of the existing Beskempir gold deposit.

Key words: Engineering-geological conditions, 3D modeling, database, gold ore deposit, rock massif, stability
of mine workings.

Introduction. The success of the development and exploitation at this level of the country's mineral
resource base requires a modern and integrated approach to the operation of mineral deposits. In this
regard safety, rationality, and the efficiency of mining ore bodies in the bowels play an important role. It is
determined by the degree of knowledge and assessment of engineering and geological conditions of
deposits, which in turn is also of great importance during mining operations in mining productions. This
will let maximize the volume of ore mining and reduce dilution of the rock mass.

The main point of engineering and geological research conducted to address the assessment of the
sustainability of the mine workings is determined by the principle and purpose of the work.

The fullness and self-sufficiency of studying and forecasting the engineering and geological
conditions (hereinafter as EGC) of mineral deposits is achieved if these studies are synchronized with
geological exploration at the stages of exploration and operation of the deposit. It should be borne in mind
that the content, volume, accuracy and confidence level of the received data on EGC should be sufficient
to solve the tasks. In the future, the obtained data will be used in the construction and operation of a
mining production, its underground mine workings.

Engineering and geological studies were carried out at the Beskempir thin-vein gold ore deposit. The
selection of the fundamental teaching methods and research methods, the combination of which will allow
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us to implement a rational set of field, laboratory and cameral studies of EGC. They are dictated by the
need to solve the following problems:

— The study of EGC on the basis of special field geological studies and purposeful processing of the
entire known information of geological database;

— Assessment of forecast parameters for the development of geotechnical conditions and processes
during field operation. Achieving this goal will be based on 3D modeling of the geological environment,
with the help of which the tasks of assessing the quantitative parameters of the EGC deposit will be
successively solved.

Analysis and discussion of research results. An objective assessment of all the components that
make up the Engineering and geological conditions of the Beskempir gold ore deposit makes it possible to
make the most reliable and objective forecast of the stability of the rock massif. The main engineering and
geological components of the selected ore bodies and host rocks are due to their petrographic composition,
the presence of structural and tectonic elements, crushing zones with varying degrees of crushing of the
rocks and the development of joint systems that form weakening zones, and physical-mechanical
properties [1,6,7].

Geological and structural structure of the deposit. The Beskempir deposit is localized within the
Akbakai ore field, located 3 km northeast of the Jambyl fault, one of the regional faults of the Jalair-
Naiman geostucture [2-4]. It is clearly limited in space by the Kashkimbai Fault from the southwest,
Kengir Fault from the northeast, Kyzyljartas Fault from the north and South-Kengir Fault from the south.
The length of the Fault along the strike is 15 km with a width of 3.5-4 km. From the north-west, the ore
field is overlapped by Devonian volcanics filling the Kyzyljartas graben-syncline.

The Beskempir deposit is essentially the eastern flank of the Akbakai field, shifted 1800 meters
eastward along the Beskempir post-ore fault and 300 m higher relative to Akbakai.The fault falls
southward at an angle of 75-85° and borders the field at a depth of about 400-500 m (Porechin et all.,
1986). The deposit area is composed of rocks of the Kyzyljartas (earlier-middle Devonian) gabbro-diorite
complex, which is represented by several intrusive phases.

To the first phase of introduce includes sub-consonants with stratification, less often cutting small
bodies, composed of diabases, diabase porphyrites, diabases and diorite porphyrites. A detailed study of
these intrusives on the Olympic field showed that diabase porphyrites have a quenching zone in contact
with diorite porphyrites of biotite and biotite-hornblende composition, i.e. the formation of these small-
sized intrusions occurred in two stages.

They clearly differ in natural radioactivity. The second phase of introduce includes gabbro-diorites of
intrusive appearance, which components of the Kengir stock. Actually, the Kyzyljartas intrusives
completes the formation of the complex. It is composed of rocks that vary in composition from gabbro-
diorites through quartz diorites and granodiorites to adamellites and granites. The main part of the
intrusives is composed of granodiorites, on which siliceous-potassium metasomatism is imposed under the
influence of Jeltau granites. According to previous studies, Kyzyljartas granodiorites are characterized by
a higher potassium content in comparison with standard ones.

A dyke series of rocks consisted with the composition of microdiorites, diorite porphyrites and quartz
diorite porphyrites is associated with the Kyzyljartas complex. Single dykes of this composition are
known in the Kyzyljartas and Kengir stocks; their difference from later dykes is hornfelsification under
the influence of Jeltau granites.

Two main and two secondary ore veins are known at the deposit. Main veins: Beskempir (acclivous
dip), Surprise (steep dip). One of the secondary veins of Surprise-2 (steep dip) is controlled by dykes, and the
other Berezitovaya (acclivous dip) is not connected with dykes and is distinguished by poor gold grade.

Engineering and geological particular qualities of the rock massif. Ore bodies are represented by
veins of a quartz-berezite or substantially berezite composition, occurring in the contacts of diorite
porphyrite dykes, less often in the dykes and ore-quartzed, chloritized dykes. A variety of ores is singled
out that control sections of the rocker entry of ore-controlling dykes. In this case, the ore body is
metasomatically quartz granodiorites, which have acquired a porphyritic appearance, dissected thin quartz
veins with highly gold grade.

The contacts of quartz veins with berezites and berezites with host granodiorites or dykes are clear
and often represented by tectonic seams with mirrors sliding. Ore bodies with steep (70-80°) and acclivous
(40-55°) dip angles.

— 20 ——
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The host rocks and ores are characterized by high predictive indicators, that is, they are highly stable,
with the exception of areas with weakened contacts of ore bodies with rocks. Almost all of the
underground mine workings were completed without supporting of rock massif. Only in some rare cases,
in areas of local increase in the thickness of the fracture crushing zone, rock stability was low. In such
areas, was required continuous underground supporting of individual intervals of mine workings. Minor
tectonic faults do not have a significant negative effect on rock stability [1,8-15].

Strength values coefficients of rock massif in deposit according the table prof. M.M. Protodyakonov
are: for quartz ores — 16-18; berezites — 11-14; lamprophyre dykes — 11-12; granodiorites — 14-16;
terrigenous rocks — 11-12. The weakest are the areas of interfacing of quartz veins, as well as their
contacts with ore-controlling dykes.

Ores are not prone to caking, soaking, swelling, spontaneous combustion.

The natural radioactivity of the rocks is within the background values, mcR/h: diorite porphyrites —
10-15; granodiorites — 25-31; ore bodies — 20-30.

The volume mass of ores and host rocks varies from 2.69 to 2.83 t/m’, the loosening coefficients are
the same and is 1.6. The natural moisture content of ores and rocks does not exceed 1.5%. More detailed
information about the physical-mechanical properties presented in table.

Characterization of the physical-mechanical properties of the Beskempir deposit rocks

Identified by laboratory tests
Lithological type of rocks Density Water absorption The limit of compressive Strength coefficient
(volume mass), N i strength (in dry condition),
3 % from-to
g/cm MPa
Loam with inclusion of Density (volume mass) 2.73 t/m”,
gravel and crushed stone . .
N coefficient of loosening 1.4-1.6
up to 15%
Granodiorites 2,7 1,5 138 14-16
Hornfelsific sandstones 2,7 1,5 1629 11-12
Quartz ore 2,73 1,5 170 16-18
Berezites 2,73 1,5 127,8 11-14
Lamprophyres 2,73 1,5 91,8 11-12

Estimation of jointing. The study of jointing is of great practical importance in the development of
deposits since joints violate the continuity of rocks and reduce their strength in the massif. Under the
conditions of the Beskempir deposit, the study of rock mass joints both in ore bodies and in host rocks in
underground mines was carried out by visual inspection and using special tools (measuring tape,
surveyor’s compass, special laser equipment, etc.). In addition, such work was carried out on cores of
geotechnical and production exploration holes. When performing work, special attention was paid to the
following components of the engineering geological conditions: rock type, blocks of massif, number of
joint systems, distance between joints, frequency, extent, thickness, filling and macro-roughness of joints, etc.

On the whole, the massif of rocks is moderately jointed, in some places there are crushing intervals,
composed of rocks with rigid structural bonds belonging to the class of very strong and strong rocks. The
regime of spatial variability of the properties of the massif can be attributed to stable both in strike and in
dip. Tectonic structures control the degree of fragmentation of the massif and the intensity of fracturing, as
well as the development of jointing systems in the rock massif. It should be noted that ore bodies are
characterized by varying degrees of intensity, rock jointing, and ore-bearing granodiorites are mainly
characterized by the lowest intensity of jointing. The main aspects that determine the formation of jointing
and the development of their intensity, as well as the orientation of joints in the rock mass within the entire
deposit, are ore-forming processes and tectonic faults, developed almost across the strike of ore bodies.
This is evidenced by the existence of three main systems of jointing according to the fall and strike of ore
bodies, and across their strike. In areas of discontinuous faults, joints are developed more intensely.

Joints breaking the massif of rocks, mostly oblique, chipped with mirrors and slip strokes. Joint fillers
are: friction clay, vermiculite, chlorite, kaolinite. As a rule, processes of carbonatization, berezitization,
sulfidization, and sericitization are developed along joints. Jointing system leads to anisotropy of the
properties of the massif and block structure, for example joints of different orientations in the rock mass
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intersecting mutually add up different separate shapes (rectangular, prismatic, tiled, etc.) and sizes. The
greatest joint voids are confined to the areas of development of tectonically disturbed rocks. The presence
of weakened zones is the result of unloading of rock masses. A decrease in the average values of rock
strength in weakened zones and zones of increased jointing is noted.

The database — fundamental basis of 3D modeling in assessing the engineering and geological
conditions of deposits (the necessary source data for the formation of the database). The fundamental
basis for creating a three-dimensional model of the geological environment, then using it to assess the
engineering and geological conditions of the deposits, is the geological database and the database of
engineering and geological conditions, which should be constantly updated on maintenance of mining
operations. The formation of databases is carried out as a result of exploration and operational exploration
work with data collection. These data reflect the actual state of the rock mass in accordance with specific
systems. On documentation of core from hole, the aforementioned types of databases are created in one
spatial coordinate field and their required tables collar (coordinate file) and survey (inclinometry file)
should be the same.

A geological database is needed to build a 3D model of ore bodies and host rocks of the hanging and
bedding walls in three-dimensional space. There are additional interval tables in this database such as
assay (sample data file) and lithology (lithology data file) [10-15].

The database of engineering and geological conditions is designed to visualize the results of
documentation and research on engineering and geological study of rock mass and their use in the
interpolation of quantitative parameters into a block model (evaluation in a three-dimensional
environment) with using modern computer technologies. This type of database is compiled in two forms,
the first one is for documentation of underground mining workings (geotech drive), and the other is for
documentation of core samples frome hole (geotech drillhole). To generate the geotech drive and
geotech_drillhole files, data are needed on the following important components of the engineering-
geological conditions, which are used to interpolate (estimate) by the value of the Burton rating (figure 1):

— Lithological code (ROCK).

— Water cut of the rock (Jw): 1 — no water inflow, dry rocks; 0.66 — wet rocks; 0.5 — casing, wet
rocks; 0.33 — light water inflow; 0 — noticeable water inflow.

— Water cut of the rock (Jw), Rat, the value is determined depending on Jw: when Jw = 1 (Jw),
Rat="10", Jw = 0.66 (Jw), Rat="7", Jw = 0.5 (Jw), Rat ="4", Jw = 0.33 (Jw), Rat ="0".

— Rock strength (UCS), MPa, set by the device.

— Strength category, the value is determined depending on the UCS: within 1-5 MPa, the value is
"R1" (very weak); 5-25 MPa value of "R2" (weak); 25-50 MPa value of "R3" (medium strength);
50-100 MPa value "R4" (durable); 100-250 MPa value "R5" (very strong); greater than 250 MPa, the value
of "R6" (extremely durable).

— Rock Quality Designation (ROD) in m, the sum of the lengths of whole pieces over 10 cm in the
documented interval.

— ROD (Rat), the value is determined depending on (RQD), %: at (RQD), % 90-100 the value is
"20", 75-90 the value is "17", the 50-75 value is "13", 25-50 value of "8", less than 25 value of "3".

—  Number of jointing systems (Jn): 0.5 —no joint, 1 — random joints, 2 — one jointing system, 3 — one
jointing system + random joints, 4 — two jointing systems, 6 — two jointing systems + random joints,
9 — three jointing systems, 12 — three jointing systems + random joints, 15 — four or more jointing systems,
20 — crushing zone.

— Number of joints (NJ) for a specific interval.

— The distance between the joints (SD).

— The distance between joints (SD00) Rat, the value is determined depending on (SD): with a
smaller 0.06 value of "5", 0.06-0.2 value of "8", 0.2-0.6 a value of "10", 0.6-2 a value of "15", greater than
2 a value of "20".

— Roughness of the walls of the joints (Jr): 0.5 — polished flat, 1 — smooth flat, 1.5 — flat rough,
2 — smooth wavy, 3 — wavy rough.

— Joint wall friction (Ja).

— Burton Rating Index (Q).

— 20 ——
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— Class category according to the Barton system, the value is determined depending on Q: when
Q is less than 1 — the value is "V", 1-4 — the value is "IV", 4-10 — the value is "III", 10 — 40 — the value of
"II", 40-1000 — the value of "I".

— Characterization of the massif according to the Barton rating index (Q): when Q is less than 1, the
value is "very unstable", 1-4 values are "unstable", 4-10 values are "medium-stable”, 10-40 values —
"stable", 40-1000 values — "very stable".
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
S Bes M37_GT 010 0 1 1  GRD 1 10 R4 86 7 0 0 3 12 4 0,02 5 1,5 2 0 \Y very unstable
1 25 1.5 GRD 1 10 R4 85 7 0,26 17 3 3 6 0,02 5 1,5 2 4333 I medium-stable
2,5 29 04 LPH 1 10 R4 84 7 0 0 3 3 3 0,02 5 1,5 2 0 \ very unstable
29 3,7 0,8 GRD 1 10 R4 75 7 0,28 35 8 9 8 0,15 8 1,5 2 2917 IV unstable
3,7 84 4,7 GRD 1 10 R2 22,1 5 0,37 8 3 9 8 0,15 8 1,5 2 065 V very unstable
84 9,1 0,7 GRD 1 10 R3 40 4 0 0 3 20 3 0,02 5 3 2 0 v very unstable
9,1 10 0,9 GRD 1 10 R4 55 7 0.4 44 8 3 2 0.4 10 3 2 22,22 11 stable

Figure 1 — An example of a geotech_drillhole filled file

After the database was formed in the conditions of the Beskempir field it was checked for integrity,
systematical errors, etc. in the mining and geological information system Micromine. Further, all possible
errors are eliminated using the software. As a result of the work performed, we obtained a reliable
database, which, in turn, was used in modeling and interpolation of quantitative parameters in three-
dimensional space.

3D modeling and with its help an estimate the engineering and geological conditions of the
Beskempir gold ore deposit. When three-dimensional modeling was taken into account the features of the
geological and structural structure of the deposit, its knowledge degree and geological exploration
methods. Then, in the Micromine software were used standard 3D modeling methods and techniques of
ore mineralization within the deposit. The order of execution of the work consisted of the following steps:

— Loading the geological database. Successfully implemented the creation 3D models of ore bodies
and host rocks of the hanging and bedding walls.

— Visualization of the results of engineering geological mapping. Constructed 3D models of
discontinuous faults in three-dimensional space;

— Block modeling. At this stage, realized the creation of a blank block model within the boundaries
of the deposit and coding of the block model with structural domains (ore bodies, enclosing rocks,
discontinuous violations);

— Import a database of engineering and geological conditions. The data was visualized and verified
in three-dimensional space in order to verify the readiness of the base for interpolating the quantitative
parameters of the components of the engineering and geological conditions of the field into a block model.

— Estimation of engineering and geological conditions of the deposit. To carry out the estimate, was
used inverse distance weighting — IDW interpolation method, beacause this method is most suitable for the
Beskempir deposit. There is a clear structural control of mineralization, and the breakdown into structural
domains was carried out only according to geological criteria. For this, of course is used the IDW-method
(inverse distance weighting). Difference from other methods, here the weighting coefficient is calculated
not only to the nearest indicator, but also to all neighboring indicators. In this case, the weighting
coefficient is inversely proportional to the distance raised to a power from a point to a neighboring
indicator. Naturally, the nearby indicator will have the high weight, the influence of other indicators is
also taken into accounting.

As results, we obtained an experimental 3D block model of the deposit, which clearly shows the
engineering and geological conditions of the geological environment in real time in three-dimensional
space (figure 2).
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C) the classification of the category of stability

A) sectional view

Strength category RQD BUI:EZ):R(?;)HE category | Legend
very unstable 90-100 40-1000 |
unstable 75-90 10-40 1l
medium-stable 50-75 4-10 1}
stable 25-50 1-4 v

- - very unstable

3 ——-
S w—

Figure 2 — Fragment of a 3D block model: A) sectional view; B) plan view;
C) the classification of the category of stability according to the Barton system with certain colors

Conclusion. In mine workings, engineering-geological phenomena include the following:
deformation of rocks in the walls and at the bottom of mine shafts, swelling (blowing, extrusion) of rocks
in the soil of workings, displacement and various types of rock collapse in the roof (inrushing, creating
domes, collapsing of the false roof), emissions of rocks and minerals, inrushing and caving in zones of low
stability and at the borders of changing stability classes, etc.

To prevent the occurrence of hazardous processes, it is necessary to use effective methods that ensure
the safe and rational conduct of underground mining. In general, predicting the development of
engineering-geological processes during field development under certain geological conditions, with a
limited amount of information available, is a very difficult task due to the ambiguity and versatility of
mutually affecting factors.

Nowadays, to solve the above problems, an estimation of the engineering and geological conditions
of the Beskempir deposit has been implemented based on 3D modeling of the geological environment.
During the work, data were collected on real criteria formulated according to the results of a
comprehensive analysis of the geological, structural-tectonic, engineering-geological features of the
deposit. A 3D model of the engineering and geological conditions of the deposit at the mine will serve as
valuable material in the way of achieving the maximum safe, rational and efficient mining of ore bodies in
the bowels.

Acknowledgement. The work carried out within the program-targeted financing theme of the
Republic of Kazakhstan 2018/BR05233713 «Integrated geological study of the subsurface for the
development of the resource base and new sources of ore raw materials in Kazakhstany.
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OHAIPICTEI'T KEH OPHBIHBIH NTHXXEHEPJIIK-I'EOJIOT UAJIBIK
JKAFJTAVBIH BATAJIAYFA APHAJIFAH 3D MOJIEJJIEY

AnnHotanus. FeuteiMu skympIc OyTiHAE ©3eKTi Mocenere — maigansl Ka30a KeH OpBIHAApBIH KAyimci3 >KoHe
YTBIMAIBI OHAIPY KOHE KYMBIC ICTEN TYpPFaH KEH OHIIpICi calachIHIAFBl OHEPKOCIITIH JKepacThl KE€H YHriMmenepi
TYPaKTBUIBIFBIH KaMTaMachl3 €Tyre apHajFaH. Ocipece, COHFBI XbUIAAPhl KE€H OHAIPICI calachblHA KaHa >KOFaphl
OHIMII KEeH TeXHUKANAPHIH KOJIAaHy AapKbUIBI TPOTPECCHBTI TEXHOJIOTHSUIAp OCJCEHMOl CHTI3LImi, KepacThl KeH
YHTIMeNepiH Ka3y jkKoHe Tazayay >KYMBICTaphl KeIIeHAI MeXaHHKAJIAHBIPBULIBI KHEe aBTOMATTaHABIPbULILL. YKaHa
TEXHOJIOTHSUTAPIBIH OHIIPICKe SHTI31Tyl MHKEHEePIIiK TeOJIOTHIIBIK 3epTTeyJiep HETi3iHAe KETKUTIKTI HeTi3aenMei.
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Hotmxecinge jxaHa TEXHOJIOTHIIAPAbI KOJJAHY apKbUIbl JKep KOHHAYBIHBIH OOIIKIIENepiHae Tay KbIHBIC MacCHBI
KaOBIHBIHBIH ayKBIMJIBI aliMaKTa allblIybl )KOHE OHAIPY >KYMBICTapBIHAH KEHiH KeNTereH KaMepaapajblK Tipeyirr
KeHTIpeKTepi Oap yJIKeH 00C KEHICTIrl KalbIITacThl. OHIIPIC alaHbIHBIH HHKCHEPJIK-TCOJOTHSUIBIK JKAFIailbIH
ecerike anMail KamepaapalblK Tipeyill KeHTIpeKTep/IiH JaibIHIa ybl OJIapAbIH JKarai Oy3buTybIHA HeTi3 OOoJ/Ibl, all
OHBIH Cajlapbl Tay JXbIHBIC MACCHUBIHIH OIBIPBUIBII KYJIayblHA, YKOFapFbl KaOAThIHBIH JKepJiH OeTki KabaTbiHa
KBUDKYBIHA )KOHE IKOJIOTHSIIBIK allaTTapra OKeJ/Ii.

Benrini 6ip yakpIT apaibIFblHIA JKETEKII OIEeM/IIK KOMIAHHUsIIApD TeOJIOTHSUIBIK Oapiiay jKoHe KeH eHjipici
calajapblHia YIIOJIIeMi MOJeNbAeyl KOJIJaHy apKbUIbl OHIIPY >KYMBICTApBIHBIH THIMIUINH KeTepyre,
AHAJIMTUKAIIBIK JKOHE CTATHCTHKAJBIK €CENTepre KETETiH yaKbITThIH YHEeMJEyiHe, FeOJIOTHSIIBIK JKOHE OHIPICTIK
Oapinay ®yMmbIcTapbl OOMBIHINA TEPEKKOPABIH AYPHIC KAJBINTACYbIHA XKOHE TOJBIFYbIHA, COHBIMEH KaTap 3epTTeNeTiH
aliMaKThIH MH)XEHEPJIIK-Te0IOTHSUTBIK JKaFJalibIH TOJIBIFBIpAK OaranayFa KOJl XKeTKi3/Il.

COHFBI KbUIIAPBl KEH-T€OJIOTHSl CajlaChlHAa KOMITBIOTEPJIIK TEXHOJOTMSUIAPbIH KOJJIAHBLIYbl elliMi3zie je
KEHIHEH OpPbIH aJiblll Kelie/li. KeH OpbIHIapbiH alllbIK )KOHE KePacThl TICUIIEPMEH OH/IpY OapbIChIHAa KEH JeHEeNepiH
3D mopenbaey coTTI Ky3ere acbipbiiya. JlereHMen, OYTiHIT KyHI K€H OpPBIHAAPBIH MaKCHMAIIbl Kayirci3 jKoHe
YTBIMJIbl WI€PY JKOJbIHIA YJKEH MNpPaKTHKaJIbIK MoHre ue 3D Mojenbley apKbUIbl T'€OJIOTHSUIBIK OpPTaHbIH
MHKEHEPJIIK-T'€0JIOTHSIIBIK JKaFAaiiapblH OaFranayFa TOJBIFBIMEH KOJ KETKI31IMeIi.

Ywenmemai opraga Kasipri KOMIBIOTEPIIIK TEXHOJOTHSUIAPIbl KOJJaHy apKbUIbl KEH OpBIHAAPbIHBIH
MHKEHEPJIIK-Te0JIOTHSIIBIK KaFIainapbiH Oaranay OOMbIHILA IIETEIIIK MaMaHAap/blH Toxipubeci 3epuenenmi. bi3
OCBIHZIAN XYMbICTApIbl beckeminip anThlH KeH OPHBIHA KYPIi3[iK )KOHE MaKCAaThIMbI3 T€OJOTHSUIBIK OPTAHbIH (KeH
JICHEeNepi, CHIMBICTBIPYILBI TAY JKBIHBICTAP, TEKTOHUKAIBIK XKapbUlbIMAAp xoHe T.0.) 3D MoelniH KoiJaHy apKbuUIbl
OChI K€H OPHBIHBIH HHXCHEPITIK-Te0JIOTHsUIIbIK JKaF/iailiapbiH OaraiaibiK.

ATKapbUIFaH KYMBICTAP KEH-T€OJOTHSUIBIK aKIapaTThIK JKYHelle YIIONIeMIl MOICNbAep TYPFbI3y/a )KOHE KeH
OPHBIHBIH HMHXEHEPJIIK-TeO0JIOTHSIIBIK JKaFqaiiapblH Oaranay Ke3iHJe YJIKeH MaHbI3Fa He TOMEHJETifed 3eprrey
CaThlUIapblH KAMTH[IbI: JKYMBIC ayJaHbIHBIH TI'€OJIOTHSIIBIK-TEKTOHUKAJIBIK KYPBUIBICHI K€H OPHBIHBIH T'€OJOTHSIIBIK
epeKIIeTIKTePiH 3epTTey; KeH YHrIMeNnepiHaeri KYPbUIbIMABIK TEKTOHHKAJIBIK JJIEMEHTTEP/; Tay )KbIHBIC MaCCHBIHIH
WHKEHEPJIIK-TEOJIOTHSIIBIK €PEKIICTIKTEPi; KeH MKOHE ChIMBICTHIPYIIbI TAy JKBIHBICTAPbIH 3aTTHIK KYPaMbl JKOHE
onapAblH (U3MKAaIbIK-MEXaHUKANBIK KaCHETTepl Kallibl JEpeKTepAl JKyleney JKOHe >KMHAKTAy; Tay >KbIHBIC
MaCCHUBIHIH KEPHEYJIIK KYHIH TeKCepy; ®KapbIKIIAKThl 0arajay; >KepacThl KEH YHIIMeJEpiH/e Tay JKbIHBIC MACCUBIHIH
OMBIPbLTY, OY3bUTY KaFiaiiblH Oaranay; jKapbIKIIaK )KYHECIHIH Tay bIHBIC MACCHBIHIH TYPaKThUIBIFbIHA dCEPI KOHE
OHBI €CelKe aiy; AEPEeKTep KOPbl — KEH OPBIHIAPBIHBIH HWHKEHEPIIK-TeOJOTHSIIBIK JKaraaiapblH Oarayiay/arbl
3D mozenbaeyaiH ipresi Heri3i (IepekTep KOPbIH Kypy YIIIH KaXETTI MOIIMETTep); JKepacThl KEH YHIIMEIepiH xKoHe
reOTEXHUKAIIBIK, OHIPICTIK Oapiay yHFbIMaJapblHbIH KEPHIH MHKEHEPIIK-Te0JIOTHsIIBIK KyKaTTay; bapToH xkyiieci
OolibIHINA Tay JKBIHBIC MACCHUBI KIKTEJIIMIH/ET] KJIACThl aHBIKTAY; TaJ/Iay JKOHE MOJEIbIEYTe IepeKTep AaiblHIay —
Te0JIOTHSIIBIK JKOHE MHKEHEPITIK-Te0JI0T UsUIbIK IePEKTEP KOPBIH KYPY.

Beckemriip KeH OpHBIHBIH JKEpacThl YHTIMeENepiHe KYPri3iuireH FhUIBIMHU-3€PTTEY KYMbBICTAPhl HOTHIKECIHE
reoJIOTHsUIBIK OpTaHbl 3D Mojenbaey apKbUibl KEH OPHBIHBIH HWHXKEHEPIIK-TeoJIOTHSIIBIK KaFnailnapelH Oaranayra
Kou1 skeTki3ini. Ken eHaipy eHepkociOiHae OChl MOJENb KEH OPHBbIH MaKCHUMAJ/bl KAYIlCi3, YThIMbI KOHE THIMII
urepy OJbIHAA KYHJIbI MaTepHal PeTiie KbI3MET eTe/li, COHbIMEH Karap 0acka yKcac KeH OpBIHIAphI YIIiH JalblH
TOKIpUOE TYpiH/IE KOJIIaHyFa YChIHBLIA b

Tyiiin ce3aep: uHKEHEPIIK-TEONOTHSJIBIK Karnai, 3D Mozenbaey, ManiMeTTep 0a3achl, AIThIH KEH OPHBI, Tay
KBIHBIC MaCCHBI, Tay-KEH Ka30alapblHbIH TYPAKThUIBIFBL.

A. B. Baiibatma', A. Muszyﬁskiz, T. K. Iaiisiaxmert’, I'. C. Illakuposa’
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3D MOJIEJIMPOBAHME /1151 OIEHKUA UHKEHEPHO-TEOJIOTMYECKHUX YCJIOBUI
PA3PABATBIBAEMBIX MECTOPOX/JIEHUI

AnHoTanusi. Pabora mocBsieHa akTyajabHOW Ha CErOIHSIIHUMN IeHb MpodiieMe — o0ecrieueHno 0e30MacHoi 1
palMoHaNBbHOM pa3paboTKU MECTOPOXKICHUH TOJIE3HBIX HCKONAeMbIX M YCTOWYHMBOCTH IOJ3EMHBIX TOPHBIX
BBIPA0OTOK JEWCTBYIOIIMX T'OPHOAOOBIBAOIIMX NpeanpusiTuidi. OCOOCHHO B MOCJEAHUE TOJbI B TOPHBIE OTPACIA
OBUTH aKTHBHO BHEIPEHBI MPOTPECCHBHBIC TEXHOJIOTMH C MPHMEHCHHEM HOBEWIICH BBICOKOIPOM3BOIUTEIBHON
TOPHOHM TEXHHKH, aBTOMATH3aIUs M KOMIUICKCHAsI MEXaHM3aI[Usl TOPHOIIPOXOMYCCKUX M OYHUCTHBIX pabor. BHempe-
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HHE MX HEe ObUIO JOCTATOYHO OOOCHOBAHO CIIEIHMAIBLHO MPOBEICHHBIMU HWH)KEHEPHO-T€OJOIMYECKUMH HCCIIEI0Ba-
HUSMH. B pesynpraTe Takux MOAXOJOB Ha yYacTKaX, OTPaOOTAaHHBIX IO HOBOIl TEXHOJOTWH C IPUMEHEHHEM
CaMOXOJIHOTO 00OpPYIOBaHUs, OOpa30BaUCh OOLIMPHBIC IUIOMIAAM OOHAKEHHS KPOBIM M OTPOMHBIE MYCTOTHI
BBIPAOOTAHHOTO MPOCTPAHCTBA C OOJBIINM KOJMYECTBOM MOAICPKUBAIONINX HEIUKOB. [Ipu oopmireHnn MexayKa-
MEpPHBIX I[EJIHKOB 0€3 ydeTa WH)KEHEPHO-T€OJNIOTHYECKUX YCIOBHUN BBIEMOYHOTO ITOJISI MPOWCXOAWIH CIIydal WX
MacCOBOT'0 pa3pyLICHHs, YTO MPUBEIO K OOPYIIEHNIO TOPHOI MacChl MOPOJAHOTO MAacCHBa, CIIBIXKEHUIO HaJleraromien
TOJIIH JIO BHIXOJIA HA THEBHYIO TIOBEPXHOCTh U SKOJIOTMYECKUX KaTacTpod.

Ha nmpoTskeHnu ompeneneHHOro BpeMEHH BEAYIIIe MHPOBBIE KOMIIAHWN Te0JI0r0pa3BeJOYHON B TOPHOI00BI-
Baroliel cdep ASATETHPHOCTH C MPUMEHEHNEM 00BEMHOTO TPEXMEPHOTO MOAETHPOBAHUS JOCTUIIH CYIIIECTBEHHOTO
NOBbIIIeHUs 2P PEeKTHBHOCTH JOOBIYHBIX PA0OT U YKOHOMHH BPEMEHHU Ha aHAIMTHYECKUE U CTATHCTHYECKHE pacde-
ThI, KOPPEKTHOCTH (OPMHUPOBAHMS W MOIOJHEHUs] 0a3bl JAHHBIX IO T'€OJIOTOPA3BEAOYHBIM M IKCILTyaTal[IOHHO-
pa3BeloYHBIM padoTaM, B TOM 4HCIIE MOAPOOHOIN OLIEHKH WH)KEHEPHO-T€OJOrMYEeCKUX YCIOBUH Ha HM3ydyaeMOM
ydacTKe.

B mocnenHue rosibl KOMIBIOTEPHAs TEXHOJIOTHSI B TOPHO-TEOJIOTHYECKON cdepe Bce MIMpe MPUMEHSETCS U B
HaIed cTpaHe. YCHEIIHO OCyIIeCTBIsAeTcs npuMeHeHrne 3D MoaenmpoBaHus pyIHBIX Te IMPH JOOBIYHBIX paboTax
KaK OTKpBITOM, TaK M MMOJ3EMHOM CIIOCO0ax pa3paboTKH MecTOpokaeHHi. Ha ceropHsHuii JeHb MOKa MOJHOCTHIO
HE peajn30BaHa OICHKa WH)KEHEPHO-TE€OJIOTHYECKUX YCIOBUH T'€OJOTHYEeCKON cpensl ¢ moMorneio 3D momenmpo-
BaHUS. MoJenupoBaHue B CBOIO OYepelb NMEeT OOJBIIOe MPAKTHIECKOe 3HAUEHUE [UIS JOCTHKCHHUS MAKCHMAaJIbHO
0e301acHOM U pallMOHANBHON pa3paboTKU MECTOPOIKACHHH KaK OTKPBITBIM, TaK U MOJ3EMHBIM CIIOCOOOM.

W3ydeH TeopeTHyYecKHid ¥ NPAKTUYECKUH OMBIT 3apyOCKHBIX CHENHAINCTOB IO OICHKE HWHXKEHEPHO-
T€OJIOTHYECKUX YCIOBUI MECTOPOXACHUH B TPEXMEPHOU Cpejie C MCIIOIb30BAHUEM COBPEMEHHBIX KOMITBIOTEPHBIX
TexHosnoruii. HamMu Takume mccienoBaHus MpOBEACHB! Ha 30JI0TOPYIHOM MecTopokaeHnu beckemmmp. Llens pabot
3aKJII0YANIaCh B OIIGHKE HHXKEHEPHO-TEOJOTHYECKUX YCIOBUH MECTOpPOXIeHHs ¢ mpuMmeneHuem 3D momemun
T€0JIOTUIECKOH cpeapl (PyIHBIX TEJl, BMEIIAOIINX IIOPOJI BUCAIETO U JISKAUEero OOKOB, TEKTOHHYECKNX HaPYIICHUI
U 30H ApoOieHus W 1p.). BeimosHeHHBIE pabOTHI COCTOSUTM W3 CIEIYIOIMX Ba)KHBIX 3TamoB pabot: I'eoyoro-
CTPYKTYpHOE CTpPOEHHE pailoHa pPaboT: HM3Y4eHHE TI'eOJIOTHYECKHX OCOOSHHOCTEH MECTOPOXKICHHUS; H3yUeHUE
CTPYKTYPHO-TEKTOHWYIECKHUX AJIEMEHTOB B Mpeeax FOpPHBIX BEIPaOoTOK. MHkeHepHO-TeoIornieckne 0co0eHHOCTH
MacCHBa TOPHBIX TOPOA: 0000IIeHNe, CHCTEMAaTH3aNA JaHHBIX O BEIIECTBEHHOM COCTaBe Pyl M BMEIIAIONINX OPOL
1 X (PU3MKO-MEXaHWYIECKHX CBOMCTBAX; OOCIEAOBaHIE HAIPSHKECHHOTO COCTOSIHUS MAacCHBa TOPHBIX MOPOJ (pyIHBIE
Tena, MaCCHUBHI B JIe)KayeM H BHcAYeM Ookax); OIeHKa TPEUIMHOBATOCTU: OIIEHKa OOPYIIaeMOCTH, HAPYIIEHHOCTH
TOPHBIX HOPOJ B IMOJ3EMHBIX TOPHBIX BHIPA0OTKAx; y4eT M BIUSHHE CHCTEM TPEIIMHOBATOCTH HAa yCTOWYHBOCTH
MacCHBa TOPHBIX TOPOJ; HHKEHEPHO-TEOJOTHUYECKass IOKYMEHTAINsl TMOA3EMHBIX TOPHBIX BBIPAOOTOK M KepHa
TEOTEXHIUUECKUX M SKCIUTyaTallMOHHO-Pa3BEJOYHBIX CKBAXHH; KIACCH(UKAIMA W ONpEeNiCHHE Kiacca MacCHBa
TOPHBIX TMOpPOJ MO cucteMe bapToHa; aHanmW3 W MOATOTOBKA JAaHHBIX K MOJIETHUPOBaHMIO, (HopMHUpOBaHHE 0a3
T€OJIOTHIECKUX W WH)KEHEPHO-T€O0JIOTHIECKUX JaHHBIX; 3D MomennpoBaHue U € €ro MOMOIIBIO OIEHKA HH)KEHEPHO-
T€0JIOTHYECKHUX YCIIOBHHA MECTOPOKICHNN Ha IpUMepe 30JI0TOPYTHOTO MeCTOpoxaeHUs beckemmup.

B pesynpTate Hay4YHO-HCCIEIOBATENBCKUX pabOT, MPOBEACHHBIX B TOPHBIX BBIPAOOTKAX 30JI0TOPYIHOTO
MeCTOpOXXIeHHs beckeMInp, JOCTUTHYTa OLIEHKA €r0 MH)KEHEPHO-TE€0JIOTHUECKUX YCIOBHHA ¢ mpuMeHeHneM 3D mo-
JIENIMPOBAHMSI TeOJOTMYecKor cpensl. Ha ropHomoObIBaromeM MpEANpUSATHH IaHHAs MOJENb OyIeT CIyXHTh
[IEHHBIM MAaTEpPHAIOM JJIsi JOCTH)KCHHS MaKCHUMAaJIbHO 0e30I1acHOM, paroHaibHOW W 3P (GEKTUBHOH OTpabOTKU
PYZIHBIX TEII, a TAK)KE XOPOIINM OIBITOM JJISI aHATOTUYHBIX MECTOPOXKACHUI.

KiroueBble cj10Ba: WH)XEHEPHO-TeOJIOTHIECKHE ycioBusi, 3D MoxmenupoBanue, 6a3a JTaHHBIX, 30JI0TOPYIHOE
MECTOPOXKJICHHE, TOPHBII MaCCHB, YCTOMYMUBOCTH TOPHBIX BEIPAOOTOK.
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