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Structural features of a rock massif are one of the most important factors determining the geomechanical processes.
The method of their study was limited mainly to the direct measurements in outcrops at the surface, on the slopes of quar-
ries and mines by a mining compass. Nowadays, mine surveying employs modern electronic devices such as 3D scanner
and others. A laser scanner can be used to capture possible fracture if the device is arranged within 300 meters from the
massif. One of the major advantages of the laser scanning is the possibility of obtaining information on the status of dip
fractures and the size of structure blocks without direct contact of the worker with the massif. In addition, the laser scan-
ner can be used in iron-ore opencast mines, unlike the mining compass.

Purpose. Development of the surveying method based on 3D laser scanning in opencast mines, which will reduce the
measurement time and allow creation of three-dimensional models of ore bodies taking into consideration their structure.

Methodology. The research employed the surface laser scanning of rock fractures in opencast mines, collecting data
in real time and computer analysis of the results.

Findings. Methods of terrestrial laser scanning for obtaining data on geometrical parameters of opencast mines, crack
occurrence and faults have been developed.

Originality. The new method of surveying the structural features of a rock massif based on 3D laser scanning allows for
instant three-dimensional visualization of the survey results with a high information content, precision and productivity.

Practical value. The new method is intended to create a 3D model of a dip fracture, fault and ore body reflecting its
structure.

Keywords: geomechanical processes, rock massif structures, rock fractures, occurrence of cracks, laser scanner, 3D

modelling

Introduction. At present, specialists of the mining in-
dustry have become increasingly convinced that solving
issues such as pressure and displacement of rocks, stabil-
ity of pit walls is impossible without considering the struc-
tural features of massif — one of the most important factors
that determine the geomechanical processes.

In many careers with sufficiently large area of outcrop
of rocks, the direct method with a mountain compass was
used to study the structural features and the size of the usu-
al building blocks was measured with a tape measure [1].

The rapid development of technologies in the mining
industry leads to growth of mining operations, which in
turn leads to the need to create more perfect technologies
of maintenance of mining operations, as well as increase
in secure surveying. Technological progress has affected
the tasks of surveying services in the quarries significantly
over the last decade.

Terrestrial laser scanning has simplified the work of a
surveyor multiplying the speed and accuracy of surveying
and simplifying the processing of the results. In this paper,
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we propose a new way of surveying disturbance array
tested in the Akzhal and Akbakai quarries [2, 3].

Mining of polymetallic deposits of the Akzhal deposit is
done by the Central opencast which reaches a maximum
depth of 240—245 m. Ore-bearing and enclosing rocks are
represented by rocky-fractured rocks. To survey the struc-
tural features of the near edge zone massif, the pits have a 3D
scanner implemented which is the most considerable techno-
logical innovation at the beginning of the 21st century in
surveying, geodesy and a number of related industries. The
laser scanning technology have solved the problem of dis-
creteness shooting due to the extremely high density of sur-
veyed points the number of which can be tens of millions.

This density allows obtaining a ‘natural’ three-dimen-
sional model of the object, even at the stage of surveying [4].
In this regard, the use of 3D scanning is relevant, providing
instantaneous three-dimensional visualization, high accura-
cy and detail, high productivity, favourable conditions of
field work, available results under various lighting condi-
tions, and safety of surveying objects difficult to access.

Analysis of research and publications. Studies of sta-
bility of boards and ledges at open working include the study
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of the geological structure and the structure of the rock mass
as well as engineering-geological conditions of deposits.

Based on our previous studies of the structural features
of rocks of 7 deposits (Chulaktau, Aksay, Zhanatas, Ak-
bakai: Akzhal, Rodnikovoie, Vasilkovskoie) of Kazakh-
stan, the obtained results were successfully implemented
for the purpose of solving the issues of the sustainability
of ledges and sides of the pits [5, 6].

On the basis of studying the structure of rock massif
using modern instruments, the results allowed the employ-
ees of the Department of Surveying and Geodesy
KazNITU to perform the classification of geotechnical
rock complexes in terms of stability of pit walls of Ka-
zakhstan, based on the nature and extent of the fracture, as
well as resistance to plastic deformation (creep) [7].

To study the structural features of rocks of near edge
zone massifs and their 3D modelling, the principles of the
laser scanner and the possibility of its use in the practice of
open pit mining are discussed.

Problem Statement. The aim of the research is to de-
velop and introduce a new way of surveying high struc-
tural features of rock massif using a 3D laser scanner to
create 3D models of ore bodies and the main geological
features of the Akzhal field.

The technique involves the use of a method of opera-
tion of terrestrial laser scanning of fracturing of rocks in
quarries, collecting data in real time and electronic result
processing. Laser scanning is a technology that allows
creating a digital three-dimensional model of the object by
presenting it as a collection of points with spatial coordi-
nates. The technology is based on the use of new survey-
ing instruments such as laser scanners, which measure the
coordinates of points on the surface of the object at a high
speed of several tens of thousands of points per second.

After that a point cloud is created with superimposed
photos on the computer using Maptek I-Site Studio soft-
ware. Then the volumetric electronic version of the near
edge zone massif is processed on the computer in order to
obtain the parameters of occurrence of cracks and faults:
strike and dip angles, dimensions of the structural units
formed by cracks.

The data acquisition module is responsible for collecting
data in real-time measurement and control of the measure-
ment cycle, the allowable values by monitoring messages.

The analysis module is responsible for the analysis of
the measured data, reporting, editing and post-processing.
Data and results are shown in numerical and graphical
forms of the three-dimensional model of the object, plane
drawing, a set of cross-sections, the surfaces, etc.

At the present time, issues such as pressure and dis-
placement of rocks under the influence of underground
mining, the stability of pit walls, cannot be considered
without the structural features of the array, which is be-
coming increasingly clear for mining specialists.

Structural features of the array make one of the most
important factors determining the geomechanical process-
es [1, 2]. In the study of fracture, two different survey me-
thods are recommended. They are:

1) the method of point mass measurements of dips of
planes of weakness;

2) the method of areal structural survey.
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The choice of a certain method from these methods
was determined by the complexity of the structure of the
rock mass of the studied deposit part. Thus, the structure
of rock deposits of Chulaktau and the northern pit wall of
Aksay, which has a more sustained character, was studied
by the method of point mass measurements elements of
crack occurrence.

The point method of mass measurements of fracture
can yield positive results for rocks having a simple struc-
ture, characterized by consistency of exceptional item oc-
currence of planes of weakness, both regarding the area
and the depth of a career, with the number of systems
which do not exceed 3—4.

With the complex structure of the array with unsus-
tainable elements of occurrence, the point method for
studying the structure cannot be used to determine the na-
ture of the overall structure of the deposit, since in this
case it is not possible to establish a connection to the same
system according to several measuring points.

The method of the areal structural survey is used on de-
posits with unsustainable and complex structure of rocks with
tectonic dislocation of rocks. The main purpose of surveying
is to establish the regularity of distribution and consistency of
the basic systems or groups of planes of weakness, the bound-
aries of weathered rocks, disjunctive dislocations, etc.

The technique of the areal structural survey is based on
interval surveying of structural elements outcropping of
scarps on each horizon of a career. The length of the interval
can be various depending on the nature of the variability of
the structure. Surveying is conducted by using a tape measure
and the compass. The main fracture systems on the basis of
spot measurement of occurrence elements, the sizes and
shapes of structural blocks, the degree of roughness of weake-
ning surface, length of the cracks as well as material for fill-
ing out weakening surfaces are established for each interval.

Regarding open-pit workings on a sufficiently large
area of outcrop of rocks, the method of direct measure-
ments that received widespread practice and extensive
coverage in the works are surface mines appears to be the
most effective [3, 4].

Methods of measuring fractures of rocks are reduced
mainly to the direct measurements in outcrops at the sur-
face, on the slopes in open pits, along the walls of pits and
mine workings, to observations on the core samples of
geological wells. On the open cast mining works with a
sufficiently large area of rock outcrop, the most effective
method is the method of direct measurements (mass or
profile lines) with the help of a mountain compass [4].

On opencast deposits of Zhanatas production associa-
tion, deposits of Karatau and Central, the survey of frac-
tures was carried out with a mountain compass of 2003.
The dimensions of structural blocks (the distance between
fractures) were measured with a conventional tape mea-
sure, while incidence angles and azimuths of fractures and
their trending were measured with a mountain compass.

The main material and results. Currently, in the ma-
nufacturing practices of surveying and geodesic works
there are modern electronic devices such as a 3d scanner,
a tacheometer and others. During surveys these devices
allow obtaining an object in electronic form. Laser scan-
ning is a technology that allows you to create a digital
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three-dimensional model of the object, presenting it with a
set of points with spatial coordinates. This technology is
based on the use of new surveying instruments such as
laser scanners that measure the coordinates of points on
the surface of the object with high velocity of several tens
of thousands of points per second [5].

The ground laser scanning method is widely used to ob-
tain data on the geometric parameters of the quarries, the
elements of occurrence of cracks and rupture destructions,
rock dumps, tailing pits and other objects placed on the sur-
face. The accuracy of the survey parameters is determined
by the distance between the device and the subject surveyed.

Using the results of the survey with a laser scanner to
get elements of occurrence of cracks and the size of the
structural blocks is possible when the distance between
the device and near edge zone massif is up to 800 meters.
Thus, there is unique possibility get information on the
status of massif without a performer’s direct contact [6].
The proposed method of studying elements of the occur-
rence of rock cracks using a laser scanner is as follows:

- on the career a point is selected for surveying cracks
at near edge zone massif where a tripod and the laser scan-
ner are set to conduct a survey of massif (Fig. 1). It is
worth mentioning that the point should allow surveying
exposed part of the near edge zone massif structure to the
greatest possible extent. The surveying distance in this
case should not exceed 800 meters;

Fig. 1. Survey of near edge zone massif of a career with
laser scanner Leica HDS4400

- the scanner is switched on and the survey of slope
surface of structural features of near edge zone massif is
conducted through the established scanning step;

- then a point cloud is created with superimposed pho-
tos on the computer using Maptek I-Site Studio software;

- an obtained volumetric soft copy of the massif is pro-
cessed on the computer (Fig. 2) in order to obtain the pa-
rameters of occurrence of cracks and rupture distractions,
namely, the angles of incidence and bedding, the size of
the structural blocks formed by cracks (Fig. 3).

The dimensions of the rock blocks between fractures
are calculated by the difference between the coordinates
of points taken at rates between fractures, while elements
of crack occurrence, angles of inclination and bedding are
determined as a result of building the surface of cracks.

The values of directional angles and inclination angles
of weakness can be calculated through the coordinates of
the points taken at the fracture surface (Fig. 3).

Obtaining a digital model of near edge zone massif of
the career is possible due to the use of Maptek I-Site Stu-
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Fig. 2.Investigation of rock fracturing of a career: a —
cracks in the slope of the ledge; b —elements of crack
occurrence

Fig. 3. Identification of elements of crack occurrence

dio software (Fig. 4), where the values of the elements of
crack occurrence are calculated: the trend azimuth, inci-
dence angles and size of rock blocks. In this case, the
digital model contains complete information about near
edge zone massif rocks. By using the software processing
the data on rock fracturing, it is possible to determine frac-
ture systems, the block sizes with the purpose of applying
the min passports of strength regarding the massif. The
results of processing fractures of rocks by observation sta-
tions and comparing their measurements done with a
mountain compass to those obtained with the laser scanner
gave 3—4 %,discrepancy which is allowable.
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Fig. 4. Identification of elements of crack occurrence at
stations with the help of Maptek I-Site Studio soft-
ware

In the processes of studying rock fracture, a great
amount of data on field measurements is accumulated. At
the first stage of processing the results of measuring mass
crack occurrence, different pie charts and stereographic
grids, which have a number of drawbacks, were used. Sta-
tistical processing of a scatter chart involves counting the
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number of cracks, which are located at certain intervals of
area, that is smoothing is produced, and then isolines of
crack concentration are drawn. All stereographic grids are
inconvenient, since it is very difficult to decipher fracture
systems concentrated in the centre of grids. In addition,
smoothing is complicated on the stereographic grids due
to different-sized areas of the trapezoid. The rectangular
diagram does not feature these drawbacks.

This article describes the methodology of selecting ac-
tive conjugated fractures (system of fractures) according
to the data of field observations with application of GIS-
technologies on the basis of using database of geological-
surveyor information.

Methods of rock fracture measurement basically repre-
sent the direct measurements on surface uncovering, open
pit slopes, at boring pit walls and mine working walls, and
observations of core samples of earth bores. At the open
working explorations with a rather big area of uncovering of
rocks, the most effective method is the method of direct
measurements (mass measurements) with the help of min-
er’s compass or with phototheodolite. During fracture obser-
vation a large number of measurements are accumulated.
The processing and summarizing of these measurements are
performed with the help of pie charts, square diagrams and
fracture stereograms. On the basis of these graphs the struc-
ture sections and maps for fractures are being constructed.

Square diagrams allow defining the number of conju-
gated fractures by each gage station and by open pit as a
whole, as well as defining the domination of certain con-
jugated fractures, elements of their bedding.

The term ‘conjugated fractures’ is usually referred to
multiple fractures situated approximately parallel to some
definite axis. Let us specify the amount of mentioned defi-
nition for the formalized description within a coordinate
system of trend azimuth and angle of incidence. From the
definition it can be seen that, first, the conjugated fractures
consist of separate fractures the attitude of which is uni-
quely defined by two parameters — trend azimuth and an-
gle of incidence. In the coordinate system the trend azi-
muth and angle of incidence are reflected by a point and
further we shall call them observations.

Second, the conjugated fractures have an axis the atti-
tude of which is also defined by two parameters — its trend
azimuth (A4) and angle of incidence (8). Due to the fact that
the axis of conjugated fractures is shown as a point we
shall further call it as a centre of conjugated fractures.

Third, all fractures which are present in the conjugated
fractures should be approximately parallel to its axis, that
is the difference between the values of parameters of the
centre and parameters of observations should not exceed a
definite value within the limits of which they can be con-
sidered parallel. Now, taking into account the mentioned
specification we shall formulate the problem description
for selecting conjugated fractures according to the field
observations data.

Problem Description. On the basis of data received dur-
ing the field observations it is necessary to identify the conju-
gated fractures in accordance with the following criteria:

- the position deviation of separate observations from
the centre of conjugated fractures should not exceed a
definite given value (the condition of parallelism);
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- the number of observations united into system of ob-
servations should not be less than a definite critical value
ensuring the reliability of the received data (the condition
of representativeness).

Mathematical Problem Statement. In order to formu-
late the mathematical problem statement for selecting
conjugated fractures on the basis of filed observation data
we shall introduce the following designations.

Relationship between the objects of the analyzed set
(points of observation) of Z is determined by the square
diagram for fractures (XOY). The axis OX embodies the
values of trend azimuth (A4), the axis OY has the values of
angle of incidence (8), and the position of observation
point can be uniquely represented by the regular discrete
function of the following kind

Z=f(x, y,1), (M

where x, y are current values of trend azimuth and angle of
incidence of observation point Z; ¢ is the number of frac-
tures registered at this observation point, that is, the coef-
ficient of significance (density).

For notational convenience, further we shall call this
parameter as the significance of observation point. # reflects
the actual number of fracture traces with the values of trend
azimuth equal to X and an angle of incidence Y which have
been registered during the process of field observations.

Today, having the advanced level of development of
scientific and technical progress, thanks to wide implemen-
tation of computer techniques into practical works the solu-
tion of issues of processing the results of mass measure-
ments of fracture bedding elements has turned into a pro-
cess with new qualitative approaches. The methodology for
automated drawing of square diagram for fractures has
been developed and its block diagram is shown in Fig. 5.

The methodology for automated drawing of “Fractu-
ring Diagram” that we have developed is a computer tech-
nology of modelling structural features.

The main idea of the algorithm is in the following. At
the first stage it is aimed at detecting the areas with the
biggest concentration of observation points and these ar-
eas are further used for finding the optimal way of break-
ing down the initial set of point into conjugated fractures.
After that, on the basis of adaptive adjustment of coordi-
nates of the conjugated fractures centre and on the basis of
the composition of the objects included into it the search
for ‘real’ position of these classes at the coordinate space
is being conducted, that is called the optimization of pa-
rameters of conjugated fractures.

The statistical treatment of fracture measurements is
done by program in three stages. At the first stage the
screening out of ‘random’ measurements, which do not
fall into the accumulation of measurements and, therefore,
do not relate to the conjugated fractures, is conducted.

At the second stage, by grouping the available mea-
surements the selection of conjugated fractures and clas-
sification of concrete measurements into systems is perfor-
med. The third stage is a period of obtaining values de-
scribing the statistical characteristics of conjugated frac-
tures.

After that, through interpolation between the grid node
points we create the broken lines which are smoothed with
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Fig. 5. Block Diagram for algorithm of automated methodologyfor Fracture Diagram drawing

the help of splines (curves which pass through all given
density points). The complex is implemented with the
help of the Golden Software Surfer 8.0 program. The
Golden Software Surfer 8.0 program is intended for oper-
ations with geological, topographic maps and we used it
for modelling structural features of rock massif.

Fig. 6 has a square diagram of fractures where the re-
sults are imaged in two ways: in isolines (Fig. 6, a) and in
three-dimensional image (Fig. 6, b, c).

Thus, after automated (computerized) drawing of
Fracturing Diagrams, it is defined that for Akzhal depos-
it the existence of 4 main conjugated fractures is charac-
teristic, with the following average values of bedding
elements (azimuth, angle of incidence): 1 (30, 55°), I
(125, 81°), 11 (220, 75°) and IV (310, 89°).

The ‘diagram of fracture’ is used to enter the primary
information measurements of cracking, their statistical pro-
cessing, construction and printer output diagrams of fracture
of the object of study for their subsequent interpretation and
use to calculate the parameters of sustainable pit walls.

The modern level of development of science and tech-
nology involves the use modern research methods in the
mining area which are based on applying computer tech-
nologies. There are a number of foreign software products
that implement the three-dimensional modelling of deposits:
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DataMine (the United Kingdom), Techbfse (the USA), Sur-
pac (Australia) and others [7—11]. Perfection of research
methods lies in increasing number of necessary parameters,
complicating the test models and their approximation to the
actual mining and geological situation of the investigated
field. A crucial step in this direction is transition to the three-
dimensional modelling of deposits. Working with such
models does not only allow solving technical mining tasks
quickly, but also opens up broad prospects for researchers to
use modern analytical and numerical methods.

Currently, 3D models of deposits are applied in spe-
cialized commercial software systems for a variety of
mining tasks for mining operations (Fig. 7).

Fig. 7. 3D model of the quarry in the GEMCOM system

Three-dimensional modelling carries significant ad-
vantages for research in the field of geomechanics and
geometrization of deposits:

- completeness of the analyzed data is closest to the
actual mining and geological situations;

- there are possibilities to assess the relative influence
of spatial elements of the model;

- development and application of geomechanical me-
thods are possible, taking into account the volumetric dis-
tribution of loads;

- clarity and descriptiveness of the model allows re-
vealing hidden problem areas and determining their pa-
rameters.

The initial data for modelling are the results of explo-
ration, the primary operational and geological and graphi-
cal information. It can involve stratigraphic sections, data
from wells, and the results of approbations, geological
sections and horizontal plans.

Three-dimensional modelling of ore bodies for inves-
tigation the geomechanical situation was carried out in the
Akzhal deposits (Fig.8). Taking into consideration the
complexity of the issues and the advantages mentioned
above, it was decided to create a digital three-dimensional
model of the geological situation of deposits [4].

The first stage of modelling is to classify and primary
processing of raw data, to select the necessary and suffi-
cient volume of geological and graphic data and to bring
them to a common format that allows for correct alignment.

The final stage of modelling was a three-dimensional
approximation of the geometric parameters of the struc-
tural elements of the model. In this case, the analysis of
their relative position and interpolation of contour form-
ing, which creates a wireframe model of the ore bodies,
was conducted (Fig. 9).
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Fig. 8. Three-dimensional model of Vostochnyy quarry
of Akzhal deposits

Fig. 9. Wireframe model of the ore bodies of the Central
part of Akzhal deposit

Based on a wireframe model spatial triangulation is
performed resulting in a three-dimensional surface of the
ore bodies (Fig. 10).

Fig. 10. 3D model of the surface of the ore bodies of the
Central part of Akzhal deposit

Developing 3D models of deposits is a very relevant
scientific and practical task, the successful solution of
which depends on the efficiency of the mining companies
on the basis of the widespread introduction and use of
modern computer technology in solving mining-technical
and mining-geometric problems [5].

Conclusions. As a result of the research, 3D digital
models of ore bodies and the main geological elements of
Akzhal deposits were obtained that allows integrating them
into modern apparatus and program complex systems for
solving urgent problems of mining.
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CTpyKTypHIi 0COOIHMBOCTI MaCUBY — OJIFH 3 HalBaXKIIH-
BIlIMX YMHHUKIB, [0 BU3HAYalOTh I'€OMEXaHIYHUI Npo-
nec. MeTon X BUBYECHHS 3BOJIMBCS, B OCHOBHOMY, J10 0€3-
MOCEepe/IHIX BUMIPIB B OTOJICHHSX Ha IMMOBEPXHI, HA YKOCAX
y Kap’epax i TipChKUX BHPOOKaX, 3a JOMOMOTOIO TipChKO-
ro KoMnaca. ¥ JaHWH 4ac y MpakTHIll BUKOHAHHS MapK-
MeHIePChKO-TEONe3NIHNX  pOOIT 3’ SBHIUCS CydacHi
eJNeKTPOHHI mpuianu, Hanpukiazn 3D ckarep Ta inmi. Bu-
KOPHCTAHHSI JIA3€PHOTO CKaHepa Ul 3HOMKH TpIIIUHYyBa-
TOCTI MOYKJIUBE TIPU 3HAXOPKCHHI MPHIAAy Bif MpHOOp-
TOBOTO MacHBy Ha BiacraHi g0 300 merpiB. OqHuUM 3 Haii-
BOKJIMBIIINX IE€PEBar Ja3epHOro CKaHyBaHHS € MOXJIH-
BICTh OTPHMAaHHs iH(pOpMaIii PO IOJIOKEHHS EIEMEHTIB
3aJsiraHHsl TPILMH 1 PO3MIpIB CTPYKTypHHUX OJIOKIB 0Oe3
0e3rocepeIHbOr0 KOHTAKTy BUKOHABIIS POOIT 3 MAaCHBOM.
Cu1ijt 3a3HAYNTH, 10 Ha 3aJ1I30PYTHHAX Kap’€pax TipHUYAM
KOMITACOM HEMOXKJIMBO 3[IHCHUTH 3HOMKY, TOAI 5K Ja3ep-
HUH CKaHep 3 UM CHPABIISETHCS YCITIIITHO.

Mera. Po3poOka crtocolOy 3HOMKH CTPYKTYPHHAX 0C0O0-
JMBOCTEH TipchbKHUX MOPix 3 BUKOpUCTaHHAM 3D ckaHepa,
IO JO3BOJIAE CKOPOTUTH Yac Ha MPOBEACHHS BHMIpPIO-
BaJILHUX POOIT 1 CTBOPIOBATH TPUBUMIPHI MOJIEI PYITHUX
TLJI 3 ypaxyBaHHSM CTPYKTYpH.

Metoauka. MeTox Ha3eMHOIO JIa3€pHOIO CKAHYBaHHS
TPILIMHYBATOCTI TIPCHKUX MOPIJ] HA Kap’epax, 30ip JaHuX
y PeXUMI pealibHOro 4acy Ta oOpoOKa pe3yibTaTiB Ha
KOMII FOTEPI.

PesyabraTu. Po3pobiena meroanka Ha3eMHOTO Jia-
3€pPHOTO CKaHYBaHHS JUIsI OTPUMaHHS JIaHUX PO TeoMe-
TPHUYHI MapaMeTpu Kap €piB, CIEMEHTIB 3ajsTaHHS Tpi-
IHH 1 PO3PUBHUX MOPYIICHB.

HaykoBa HoBH3Ha. [lomsrae B po3po0O1ii HOBOTO cro-
co0y 3MOMKH CTPYKTypHHUX OCOONHMBOCTEH MacWBYy Ha
OCHOBI JIa3€pPHOT0 CKaHyBaHHSI, 1110 J03BOJISIE BUKOHYBAaTH
MHTTEBY TPUBUMIPHY Bi3yasi3allilo pe3ysibTaTiB 3HOMKH 3
BUCOKOIO 1H(OPMATHBHICTIO, TOYHICTIO Ta MPOLYKTHB-
HICTIO 3HIMAaJBHUX POOIT.

IMpakTnyna 3naunmicts. [lonsirae y crBopenni 3D
MOyIeNel eIeMEHTIB 3aJIsITaHHs TPILMH, PO3PUBHHUX ITOPY-
IICHb 1 PYIHUX TLT 3 YpaxyBaHHIM CTPYKTYpH.

Kitro4oBi ciioBa: ceomexaniuni npoyecu, cmpykmypu
macugy, mpiwury8amicme 2ipcoKux nopio, elemeHmu 3a-
Jisl2aHHs mpiwun, 1azepruil ckaunep, 3D mooeniosanns

CTpyKTypHBIE 0COOCHHOCTH MacCUBa — OJHMH H3 BaXK-
HEHIUX (PaKTOPOB, OIMPEIOCIAIONINX TCOMEXaHUIECKIH
nporiecc. MeTox UX M3y4deHHsT CBOAMIICS, B OCHOBHOM, K
HETIOCPECTBEHHBIM M3MEPEHUSM B OOHAKEHHUSIX HA II0-
BEPXHOCTH, Ha OTKOCAX B Kaphepax M TOPHBIX BHIPAOOT-
Kax, ¢ IOMOIIbIO TOPHOTO KoMITaca. B Hacrosiiee Bpems B
MPAKTUKE TPOBEACHUS MapPKIICHICPCKO-TCOAC3HUSCKUX
padoT MOSIBIIIUCH COBPEMEHHBIC JIEKTPOHHbBIC MTPUOOPHI,
Hanpumep 3D ckanep u apyrue. Mcmons3oBanue ma-
3epHOT0 CKaHepa Ui ChEMKHU TPEIUHOBATOCTHA BO3MOXK-
HO TP HAXOXJICHUH MPHOOpa OT IPHUOOPTOBOTO MaCCHBa
Ha pacctossHuu 10 300 MeTpoB. OOHUM M3 BaXKHEHIINX
MPEUMYIIECTB JTa3epPHOTO CKAHHPOBAHUS SBISICTCS BO3-
MOYXHOCTh TTONyYCHHUS MH(POPMAIH O TOJOKCHHIH dIe-
MEHTOB 3aJICTaHHUS TPEIIMH M Pa3MEpOB CTPYKTYPHBIX
0710K0B 0€3 HETTOCPEICTBEHHOTO KOHTAKTA HMCIIOTHHUTEIS
pabot ¢ maccuBoM. CremyeT OTMETHTb, YTO Ha JKEJIe30-
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PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

PYIHBIX Kapbepax TOPHBIM KOMITACOM HEBO3MOXKHO ITPO-
W3BECTH CBHEMKY, TOTZA KakK JIa3epHBI CKaHep C ITHM
CIIPABJISIETCS YCIICIIHO.

Hean. Paspaborka crocoba chEMKH CTPYKTYpPHBIX
0COOEHHOCTE FOPHBIX OPOJ C HCIONb30BaHHeM 3D cka-
Hepa, MO3BOJISAIOIIETO COKPAaTUTh BPEMsl Ha IPOBEICHHE
WU3MEPUTENBHBIX paboT U CO3aBaTh TPEXMEPHBIE MOJICITH
PYAHBIX TEJ C y4eTOM CTPYKTYPBL.

MeTtoauka. MeToj1 Ha3eMHOTO JIA3€pPHOT0 CKaHUPOBa-
HUSI TPELIMHOBATOCTH TOPHBIX MOPOJ Ha Kapbepax, coop
JIAHHBIX B PEXKHUME PEalbHOr0 BPEMEHHU U 00paboTka pe-
3yJIBTaTOB Ha KOMIIbIOTEPE.

PesyabraTbl. Pa3zpaborana mMetoanka Ha3eMHOTO Jia-
3€pHOr0 CKAHUPOBAHMS ISl ITOJTYUEHHS JaHHBIX O TeoMe-
TPUYECKUX MapaMeTpax KapbepoB, HJIEMEHTOB 3aJIeTaHUs
TPEIINH 1 pa3pbIBHBIX HapYIICHHUH.
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Hayunas HoBu3Ha. 3akiouaercs B pa3paboTke HOBO-
TO c1oc00a CheMKH CTPYKTYPHBIX 0COOSHHOCTEH MaccHBa
Ha OCHOBE JIa3€PHOT0 CKAaHUPOBAHMUSI, TIO3BOJISIOLIETO BbI-
MOJIHATh MTHOBCHHYIO TPEXMEPHYIO BU3YyaJH3allUI0 pe-
3yJBTaTOB ChEMKHU C BBICOKOW HMH()OPMATUBHOCTHIO, TOU-
HOCTBIO U MIPOU3BOIUTEIFHOCTHI0 ChEMOYHBIX PAa0OT.

IpakTHyeckasi 3HAYUMOCTh. COCTOUT B CO3JaHHUU
3D mopeneii 3IEMEHTOB 3aJeTaHus TPEIINUH, Pa3phIBHBIX
HApPYUICHHUI U PYAHBIX TEIl C yY4ETOM CTPYKTYPBI.

KiroueBbie clIOBa: 2eomexanuueckue npoyeccsi,
CMPYKMypbl MACCUBA, MPEWUHOBANMOCHIL 20PHBLX NOPOO,
INleMeHmbl 3a71e2anusl mpewjun, iazepHulil ckanep, 3D mo-
oenuposaniue
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