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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 ofthe rock mass.

The main point of engineering and geological research conducted to address the assessment of the
sustainability ofthe 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 ofthe 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 ofthe Beskempir gold ore deposit makes it possible to
make the most reliable and objective forecast of the stability ofthe 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 ofthe 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.
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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 I'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/m3, 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 . The limit of compressive -
g P (volume masg),  Vater ag)/sorpnon, strength (in dry condition), Strengfth coirfﬁuent
g/em3 0 Pa Tom-to

Loam with inclusion of

gravel and crushed stone Density (volume mass) 2.73 tm3

coefficient of loosening 1.4-1.6

up to 15%

Granodiorites 2,7 15 138 14-16
Hornfelsific sandstones 2,7 15 1629 11-12
Quartz ore 2,73 15 170 16-18
Berezites 2,73 15 1278 11-14
Lamprophyres 2,73 15 91,8 11-12

Estimation ofjointing. The study ofjointing 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 ofjoints, 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 ofthe 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 ofjointing. The main aspects that determine the formation ofjointing
and the development oftheir intensity, as well as the orientation ofjoints 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 ofjointing 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 ofthe 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 (RQD) in m, the sum of the lengths of whole pieces over 10 cm in the
documented interval.

- RQD (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 ofjointing systems (Jn): 0.5 - nojoint, 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 ofjoints (NJ) for a specific interval.

- The distance between thejoints (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 avalue 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.

- Jointwallfriction (Ja).

- Burton Rating Index (Q).
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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 "l1I", 10 - 40 - the value of
"11", 40-1000 - the value of "I".

- Characterization ofthe massifaccording 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 25 15 GRD 1 10 R4 8 7 02 17 3 3 6 002 5 15 2 4333 I medium-stable
25 29 04 LPH 1 10 R4 84 7 0 0 3 3 3 002 5 15 2 0oV very unstable
29 37 08 GRD 0 R4 75 7T 028 3B 8 9 8 015 8 15 2 2917 IV unstable
37 84 47 GRD 1 10 R2 221 5 037 8 3 9 8 015 8 15 2 0656 V very unstable
84 91 07 GRD 1 10 R3 40 4 0 0 3 20 3 002 5 3 2 0o v very unstable
91 10 09 GRD 0 R4 55 7T 04 44 8 3 2 04 10 3 2 22 1 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 ofthe work consisted ofthe following steps:

- Loading the geological database. Successfully implemented the creation 3D models of ore bodies
and host rocks ofthe 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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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 «lIntegrated geological study of the subsurface for the
development ofthe resource base and new sources of ore raw materials in Kazakhstan».
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OHAO1P1CTENM KEH OPHbIHbLW, MHXEHEPALW-TEONOTIANBLL
XAIQAVbIH BATANAYTA APHAJITAH 3D MOJAENAEY

AHHOTaumsa. Fb imh Xx™MbIC 6YTiHAe €3eKn Macenere - naiiganbl Kas3ba KeH OpbIHAAPbIH Kaylla3 >K3He
YrbIMAbl €HAIPY >K3HE X" MbIC HOTen TApraH KeH eHfipici canacblHAarbl eHepKaCLUTLL XepacTbl KeH YHrimenepi
TAPaKTbIbIrbIH KaMTaMachl3 eTyre apHasiraH. Japece, COHrbl Xblifapbl KeH eHZipici canacbiHa aHa >Xorapsbl
EHIMAI KeH TexHWKanapblH KONaHy apKblibl NPOrpeccuBn TexHonorusnap OenceHfi eHn3wga, >kepacTbl KeH
YHrimMenepiH Kasy >3He Tasanay X MbICTapbl KeLleHAI MeXaHMKanaHgbIpbIAbl XX3He aBTOMaTTaHAbIpbigbl. YKaHa
TeXHONOrnANapAbIH eHAIPICKe eHrisinyi HXeHepiK recnorus/biK 3epTTeynep Henswae XeTKinikTi Herizgenmesi.
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HaTmxecwuze aHa TeXHONOrMANapabl KOMAaHy apKbiibl Xep KoWiHaybiHbIH GenikiienepiHge Tay >KbIHbIC MaccuBi
XabblHbIHbIH ayKbIMIbl aliMakTa allbliybl X3HE eHAIpY X MbICTapblHaH KeliiH KenTereH KamepaapanblK Tipeyilu
KeHTipekTepi 6ap Y/keH 60C KewCcTw KanbinTacTbl. OHAIPIC anaHbIHbIH WMHXEHEP/LW-Te0N0rnsanblK XKargaibiH
ecenke a/iMain KamepaapasblK NpeyLl KeHTIpeKTepAiH AaiblHAanybl 0napablH Xxannai 6”3bliybiHa Heriz 6onpl, an
OHbIH Cafapbl Tay >XbIHbIC MACCUBIHIH OMbIPbUILIN K¥NaybiHa, »Koraprbl KabaTblHbIH XepAaiH 6eTkl kabartbiHa
XbIDKYbIHA XX3HE 3KOMOTMASbIK anarrapra sKenL,

Benrini 6ip yakbIT apanbirbiHAa XeTeKii 3aneMik KOMMaHWUAnap reonoruanbik 6apnay >KaHe KeH eHgipici
cananapbiHia Ywenwemai MogenbAeydi KongaHy apKbiibl eHAIpY K MbICTapbiHbLy, TWMALWMH KeTepyre,
aHAJIMTUKA/IBIK JK3HE CTAaTUCTUKA/IbIK eCenTepre KeTeTL YaKbITTbIH YHeMAENYiHe, reonoruanblK XaHe eHgipicTikK
6apnay X" MblcTapbl 60/bIHLLIA AePeKKOPAbIH A" \PbIC Ka/lbINTacyblHa X3HE TO/bIFYbIHA, COHbIMEH KaTap 3epTTeneTiH
aliMaKTbIH MHXEHEP/IK-reoorManbIK XarjalibiH TONbIrbipak 6aranayra Ko XeTKisgi.

COHrbl XbIfapbl KeH-reosiorns canacbliHAa KOMMbIOTEPNIK TEXHOMOTUANApAbIH KOMAaHbUTybl efiMisge fe
KeHiHeH OpbIH anbin Kenefi. KeH opbIHAapbIH allbIK XX3He XKepacTbl TaCiNgepMeH eHaipy 6apbICbiHAa KeH AeHenepiH
3D mopfenbaey CaTT Xy3ere acbipbinyga. [ereHmeH, 6YTIHI Kyl KeH OpblHAApPbIH MakCuMangbl Kayincis »aHe
YrbIMAbl  Urepy >XONblHAA Y/IKEH NPakTUKaIblK M3Hre ue 3D Mofenbfey apKbiibl FeonorusnbiK OpTaHbiH
VHXXEHEPAIK-Te0NornsanblK XargainapblH 6aranayra TONbITbIMEH KON XETKI3inmesi.

Ywenwemai optaga Kasipri KOMNbHOTEPNIK TexHonoruanapabl KonfaHy apkblibl KeH OpblHAapbIHbIH
MHXXEHEPNIK-TeoNorvsanbIK XargainnapbiH 6aranay 6oiblHLLIA LWeTeNAiK MamaHaapabiH Taxipubeci sepgeneHar bis
OCbIHAal X MbICTapabl beckeMmip anTblH KeH OpHbIHAA XY Pri3fiK )X3He MaKcaTbIMbI3 reonornsabik opTaHbiH (KeH
[eHenepi, CbIbICTbIPYLLbI Tay >XbIHbICTAP, TEKTOHMKa/IbIK XapblabiMaap >xaHe T.6.) 3D mogen KongaHy apkbibl
OCbl KEH OPHbIHbIH MHXEHEPDK-TE0N0rNAMbIK XarainapbiH 6aranagbL,

ATKapblIiraH X MbICTap KeH-reofiormabiK aknapaTTbik Xyiiede Yilenwemai Mofenbaep T \proidyja daHe KeH
OPHbIHbIH VHXEHEeP/LL-re00rnANbIK XarjannapbiH 6aranay keswge YNKeH MaHbl3ra ve TemeHAengen 3eptrey
caTbliapbliH KaMTUAbL: XMbIC ayfaHbIHbIH Fe0N0TUSAMbIK-TEKTOHUKAIbIK K¥PbI/bICbl KEH OPHbIHBIH ME0N0rvANbIK
epeKLUe/mKrepLL 3epTTey; KeH YHriMenepiHaeri K¥pblibiMAbIK TEKTOHUKAbIK 3/IEMEHTTEPAI; Tay >KbIHbIC MACCUBLLILL,
VHXXEHEPNIK-Te0N0rMANbIK epeKLUenikTepi; KeH >K3He CbIMbICTbIPYLLbI Tay >KbIHbICTAPAbIH 3aTTbiK K¥pambl >X3He
onapfblH  PM3NKaNbIK-MEXaHUKANbIK KAaCUETTepi ainbl [epekTepAi XKylieney >SHE >XMHAKTAy; Tay >KbIHbIC
MacCUBIHIH KepHeynik KYVAiH TeKcepy; XapbIKILaKTbl Garanay; )epacTbl KeH YHFiMenepiHze Tay bIHbIC MaCCMBLLILL
onbIpbINY, 673bINy XarfaiibiH 6aranay; xapbIKLLaK XYVIeCiHiH Tay XbIHbIC MACCUBLLLL T PaKTbIbIrbIHA 3CEPi XKIHE
OHbl ecernke any; AepeKTep KOpbl - KeH OpbIHAAPbIHbIH WMHXEHEP/LL-re0NorManbIK XargainnapblH 6aranaygarsi
3D mofenbaeyaiH ipreni Herisi (gepekTep KOpbIH K¥pY YLUiH KaXeTn M3fiMeTTep); XepacTbl KEH YHriMenepiH XaHe
reoTexHUKa/bIK, eHAIpICTiK 6apnay AbiManapbiHbIH KEPHiH VHXEHep/K-TeoNornanbIK K¥xarTay; BapToH XYVeci
60libIHLLIA Tay XKbIHbIC MACCUBI XIKTENIMIHAErT KNacTb aHblKTay; Ta/fay X3He Mofe/baeyre AepekTep AaibiHaay -
reosIorvAbIK XX3He NHXEHep/iK-reonornanbiK AepekTep KOpbIH K¥py.

Beckemnip KeH OpHbIHbIH »epacTbl YHriMenepiHge »YPrisinreH roiibIMU-3epTTey X MbICTapbl HITWKECIHAE
reonorusAnbik optaHbl 3D Mofenbaey apkblibl KEH OPHbIHbIH MHXXEHEP/ILL-Fe0orMANbIK XarjainnapbiH 6aranayra
KON XeTKwwga. KeH eHaipy eHepkacibiHge oCbl MOAeNb KEH OPHbIH MakcUManpbl Kayincis, yTbIMAbl XX3He TUiMAj
nrepy XonblHaa K¥B[pl MaTepuan peTBae KbI3MeT eTefi, COHbIMEH KaTap 6acka ~Kcac KeH OpbiHAapbl YLLiH AaiiblH
THK1pWBe TYpiHLe KongaHyra CbiHbINabl.

TyLWH ce3aep: MHXeHepPNiK-reonorusanbik xargan, 3D mogenbaey, ManiMeTTep 6a3achl, alTblH KEH OpHbI, Tay
XbIHbIC MACCVBI, Tay-KeH Ka30anapblHbIH T PaKTbI/IbITbI.

A. B. baitbatwal, A. Muszynski2 T. K. WaiiblaxmeTl, I'. C. Laknposal

1Satbayev University, Anmartsl, KasaxcTaH;
2Adam Mickiewicz University, No3HaHb, MonbLua

3D MOAE/IMPOBAHME ANA OLEHKM MHXXEHEPHO-FTEONIOTMYECKWX YCTOBUIA
PA3PABATBIBAEMbIX MECTOPOXAEHW

AHHOTauwms. PaboTa nocBsLLeHa akTyanbHOW Ha CEeroAHSLLHWIA AeHb Npobieme - 06ecneyeHNo 6e30MnacHon u
pauMOHaNbHON  pa3paboTKM  MECTOPOXKAEHUIA MOME3HbIX WCKOMAaeMbIX W YCTOMYMBOCTM MOL3EMHbLIX TOPHbIX
BbIPabOTOK [EWCTBYIOLMX FOPHOA06bLIBAIOWMX NpeanpusaTuid. OCOBEHHO B MOCAE4HVE TOAbl B TOPHbIE OTpacam
OblMM aKTMBHO BHeApPEHbl MPOrPeccUBHbIE TEXHOMOMMM C MPUMEHEHUEM HOBENLLE/ BbICOKOMPOU3BOAUTENLHOA
FOPHOI TEXHWKW, aBTOMAaTM3aLMs U KOMMIEKCHas MexaHW3alms ropHOMpPOX0AYECKUX U OUUCTHBIX paboT. BHegpe-
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HUE MX He Bbl10 AOCTATOMHO OBOCHOBAHO CMELManbHO MPOBEAEHHBIMU WHXXEHEPHO-Fe0N0rMYecKUMU UCCef0Ba-
HusMKU. B pesynbTaTe Takux MOAXOAOB HAa y4yacTKax, OTpPaboTaHHbIX MO HOBOW TEXHOMOTUM C MPUMEHEHUEM
CaMOXOfHOro 060pyf0BaHUsA, 06pa3oBanvCb O6LUMPHbIE MOLWAAM OBHAXKEHWUS KPOBAU W OFPOMHblE MYCTOTbI
BbIpaboTaHHOrO NPOCTPAHCTBA C 6O/bLUMM KOMMYECTBOM MOAAEPXKMBAIOLLMX LIeNNKOB. [Mpr oopMaeHn MexayKa-
MEpHbIX LEeMKOB 6e3 yuyeTa WMHXEHEPHO-Teo/IorMyYeckKUX YCNOBWIA BbIEMOYHOTO MOAS MPOMCXOAWAUN CAyvanm KX
MaccoBOro paspyLUeHus, 4To NPUBENO K 0OPYLLEHWIO FOPHOI Macchl MOPOAHOIrO MaccyBa, CABUXEHWIO HasleraroLLeli
TOALLM [0 BbIX0AA Ha AHEBHYHO MOBEPXHOCTb M 3KOMOMMYECKMX KaTacTpod.

Ha npoTsXeHun onpeseneHHOro BpeMeHU Beflyllve MUPOBbIE KOMMAaHUM re0oropassefouHoil U ropHOA00bI-
BatoLLeli cthep AeATeNbHOCTM C NPUMEHEHUEM 06BEMHOIO TPEXMEPHOr0 MOAENNPOBAHNS JOCTUTN CYLLECTBEHHOTO
NOBbILLIEHUS 3PEKTUBHOCTM J06LIYHBIX PAa6OT U 3KOHOMMWW BPEMEHW Ha aHAIMTUYECKUE U CTaTUCTUYECKME pacye-
Tbl, KOPPEKTHOCTM (DOPMMPOBAHUSA 1 MOMO/HEHNS 6a3bl JaHHbIX MO re0n0ropassefoyuHbIM U 3KCMITyaTalMoHHO -
pasBefoYHbIM paboTam, B TOM 4KC/ie MOAPOOHOA OLEHKU WHXXEHEPHO-Te0NorMYecKUX YCIOBUIA Ha M3y4YaemMoM
yuacTke.

B nocnegHue rogbl KOMMNbHOTEPHAs TEXHONOTMS B FOPHO-FE0NIONMYECKO cihepe BCe LUMpE MPUMEHSIETCA U B
Halleld CTpaHe. YCreLHo OCyLIeCTBASETCS NpuMeHeHe 3D MOfenMpoBaHus pyAHbIX Tefl Npy A06bIYHBIX paboTax
KaK OTKPLITOM, TaK 1 NOA3eMHOM CMoco6ax pa3paboTKM MeCTOpOXAeHUIA. Ha CerofHsLWLHUA feHb NOKa MOMHOCTLI0
He peasM3oBaHa OLEHKa WMHXXEHEPHO-TeoNornM4ecknX YCnoBMiA reonornieckoil cpeabl ¢ nomoLLso 3D Mogenunpo-
BaHMs. MofenupoBaHue B CBOKO OYepefib UMeeT 6G0/bLIOe NMPaKTUYECKOe 3HAYeHWe Ans AOCTUXKEHNS! MaKCUMasbHO
6e30MacHO 1 paLMoHaIbHON Pa3paboTKy MECTOPOXKAEHMIA KaK OTKPbITbIM, TaK 1 MOA3EMHbLIM CMOCO60M.

MN3yueH TeOpeTMYeCKWiA U MNpaKTUYECKWA OMbIT 3apyOeXHbIX CMeLMaiucToB MO OLEHKE WHXEHepHO-
reosIornyecknX YCnoBumiA MECTOPOXKAEHMIA B TPEXMEPHOI cpefie C MCMO/b30BaHWEM COBPEMEHHBIX KOMMbHOTEPHBIX
TexHoNoruiA. Hamn Takue uccnefoBaHus NpoBeAeHbl Ha 30/10TOPYAHOM MecTopoxaeHun Beckemnup. Llenb pa6ot
3aKMoYaiach B OLEHKE WHXEHEPHO-Te0I0rMYecknX YCMOBUA MEeCTOPOXAEHUS C npumeHeHnem 3D  mogenu
reosorMyeckoi cpefsl (PyAHbIX Tesl, BMELLAOLLMX NMOPOA BUCAYEr0 U Nexadero 60K0B, TEKTOHNYECKUX HapyLLEHWi
M 30H ApobneHns u gp.). BbinonHeHHble paboThl COCTOSNM M3 CRefyHOLMX BaXKHbIX 3TanoB paboT: [eonoro-
CTPYKTYpHOE CTpOeHMe palioHa paboT: W3y4YeHMe TreolorMYecKUX OCOBEHHOCTEA MECTOPOXKAEHMS; W3yUeHue
CTPYKTYPHO-TEKTOHUYECKMX 3/IEMEHTOB B Mpejenax ropHbIX BblpaboToK. VHXeHepHO-reonormyeckme 0Co6eHHOCTH
MaccrBa FopHbIX Nopog: 0606LLeHMe, cucTeMaT3aLMs JaHHbIX O BELLLECTBEHHOM COCTaBe PYJ U BMELLAOLLMX MOpos,
1 UX U3NKO-MEXAHNHECKUX CBOWCTBAX; 00Ce0BaHME HAMPSHXKEHHOrO COCTOSHMS MacCBa FOpHbIX Nopog (pyaHble
Tena, MaccvBbl B neXxadeM 1 BucAYeM 60kax); OLeHKa TPeLLMHOBATOCTM: OLeHKa 0BpyLIaeMOCTH, HapyLLEHHOCTK
rOpHbIX NOPOJ, B MOA3EMHbIX FOPHbIX BbIPabOTKax; yYeT W BAUSHUE CUCTEM TPELLMHOBATOCTM Ha YCTONUMBOCTb
MaccmBa FOpHbIX MOPOJ; WMHXEHEPHO-reonornyeckas LOKyMeHTauus MOA3EMHbIX TOPHbIX BbIPAOOTOK U KepHa
reoTEXHNYECKUX U 3KCMIyaTalMOHHO-Pa3Bef0YHbIX CKBAXWH; KacCu(mKalms v OnpefeneHue Kiacca MaccuBa
rOpHbIX NOPOA MO cucTeMe bapToHa; aHanWM3 M MOAFOTOBKA AaHHbIX K MOAENVMPOBaHWIO, (opmupoBaHue 6a3
reosIorMyecknX 1 MHXEeHEPHO-TeonornueckrxX AaHHblx; 3D MOAeNMpoBaHWe 1 C ero NMOMOLLbI OLEHKA MHXXEHEPHO-
reosIornyecknX ycnoBuiA MECTOPOXKAEHUIA Ha NpYMepe 30/10TOPYAHOr0 MECTOpOXeHNs Beckemnvp.

B pesynbTaTe Hay4HO-WMCCMEA0BATENLCKMX PabOoT, MPOBEAEHHBIX B FOPHbIX BbIpabOTKaX 30/10TOPYAHOMO
MeCTOpOXaeHUs BeckeMnup, JOCTUrHYTa OLEHKA er0 MHXEHEPHO-Teonornyeckrx yCnoBuii ¢ npuMeHeHnem 3D Mo-
[eNMpoBaHUsA TeonorMyeckoin cpefbl. Ha ropHopo6biBaloLLEeM MpeanpuaTiM AaHHas Mofenb OYAeT CAyXWTb
LEHHbIM MaTepuasioMm A1 AOCTVXKEHUS MaKCUMasibHO 6e30MacHoi, pauvoHanbHOW U 3heKTMBHOW OTPaboTKM
PYEHBIX Tef, a TAKKe XOPOLUKM OMbITOM A/ aHAIOMMYHbLIX MECTOPOXAEHWIA.

KntoyeBble cnoBa: MHXeHepHO-reonoruyeckue ycnosus, 3D mogennposaHue, 6a3a AaHHbIX, 3010TOpyAHOe
MECTOPOX/EHNE, FOPHbIA MaccuB, YCTONYMBOCTL FOPHbLIX BIPAOOTOK.
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