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Study of rock mass structural features based on laser scanning results
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ABSTRACT

Monitoring of pit slopes benches stability and pit walls plays the important role in the safety of
mining operations. Slope stability assessment and risk management are mandatory to ensure safe
and efficient operation of pits. Laser scanning technology is one of the base methods of geospatial
data collecting for building of man-made objects models. Laser scanning is widely used in mining
when performing survey work, measurements, monitoring, and studying structural features on the
outcroppings of the rock mass. The article describes the technological chain: the collection of
geospatial data, the processing of the obtained data with the construction of a terrain model and
the further use of the resulting model to solve practical tasks. The choice of optimal laser scanning
parameters should be based on the technological features of a pit, the technical characteristics of
used equipment and scanning density required to solve the tasks. The article demonstrates the
use of the obtained model for determining the necessary geometric parameters of the structural
features of the rock mass to conduct kinematic analysis of potential bench failures at the object of
study. Based on the results of kinematic analysis, recommendations were developed for further
mining operations and potential bench failures risks reducing. The proposed technology can be
used and adapted for laser scanning, followed by the construction of a terrain model at various
mineral deposits to solve a wide range of tasks and ensure the safety of open-pit mining. Due to
the inclusion of laser scanners in the register of measuring instruments in Kazakhstan, high
reliability of measurement accuracy is ensured. The technology allows both to obtain generalized
data on the sides of the quarry, as well as detailed scans of individual ledges. A significant
advantage is the automatic generation of a point cloud during scanning, which reduces in-house
processing.

Keywords: laser scanning, geospatial data, digital terrain model, kinematic analysis, pit, rock mass
structure.
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Introduction

Scientific and technological progress in the field
of digital technologies has led to the improvement
of methods for studying rock mass in the mining
industry. This made it possible to take into account
a larger number of parameters for constructing
structural models that are as close as possible to the

actual mining and geological situation of the studied
field [[1], [2], [3]]. Using three-dimensional modeling
of deposits has significantly influenced the entire
mining process and the adoption of design decisions.
The most important stage in creating models of a
rock mass is the collection of initial data [[4], [5]].
Ground-based laser scanning is used for subsequent
modeling of a pit and its individual elements. Pit
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slopes are potentially dangerous objects. The use of
laser scanning makes it possible to remotely obtain
data on the structure of rock outcroppings on the
surface of the open pit walls of pits, which ensures
the safety of personnel conducting measurements.
The efficiency of the work is an important advantage
of this technology. Based on the constructed
models, a wide range of applied mining tasks can be
solved at a pit [[6], [7], [8]].

The problem of quickly performing three-
dimensional surveys to account for mining, monitor
the condition of rock slopes, and control reserves in
mining requires a lot of effort and resources, placing
special requirements on measuring instruments.
Aerial photography and laser scanning technologies
are suitable for the effective solution of these tasks.
Ground-based laser scanning is superior to aerial
photography in terms of accuracy and detail,
especially in the study of complex geometric shapes
and small cracks. However, aerial photography is
more convenient for covering large areas and
operational surveys, but is inferior in terms of
measurement accuracy and detail of the resulting
model [[9], [10]].

The article describes in stages the methodology
of laser scanning for geospatial data collecting,
subsequent processing of the obtained data with the
construction of a digital terrain model, the study of
structural features and their parameters. Kinematic
analysis was also carried out to assess the
probability of landslides.

The object of the study was the potentially
dangerous section of the northern open pit wall of
Chiganak pit of the barite deposit (Zhambyl region,
Republic of Kazakhstan). The engineering and
geological conditions of Chiganak deposit are
classified as difficult. The geological structure of the
deposit is characterized by a large tectonic
disturbance (the presence of disjunctive and
plicative disturbances) and the occurrence of rocky
and semi-rocky dislocated fractured rocks with the
presence of crushing and weathering zones.

Experimental part

The study of the elements of rock mass structure
always begins with the selection of the scanning area
where there are clearly visible structural elements
on the outcroppings. To set and coordinate the
position of the scanner, it is necessary to determine

at least two solid points for cross-surveying the pit
area under study and creating an overlap of scans.

The scanning density (scanning grid) is
determined by the assigned tasks, the solution of
which will be performed according to the resulting
model. To achieve the stated density of the point
cloud, even in blind spots, an increase in scanning
density due to overlapping scans will not be taken
into account. The initial data for calculating of the
optimal parameters of the scanner installation are
the size of the investigated section of the open pit
wall of the pit, the required density of the point
cloud, the technical characteristics and equipment
of the scanner, as well as the technological features
of the pit that affect the installation of the scanner.

To study the structural features of the
potentially dangerous section of the northern open
pit wall of Chiganak field pit, a minimum scanning
density of 10*10 mm was adopted. Based on this,
the optimal installation parameters of the Leica HDS
8800 3D scanner were determined. To obtain scans
with an overlap of at least 80% and the scanning grid
density of 10¥10 mm, the distance between solid
points was 35 meters, with the scanning range of
about 30 m (Figure 1).
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Figure 1 - Scheme of ground laser scanning of the
studied section of the pit benches

The Leica HDS8800 scanner, which is a
comprehensive laser scanning surveying system
specially designed for use in the mining industry, was
used to perform the study. The Leica HDS8800 has
adaptive scan density and can scan in five modes. In
scanning mode No. 16, a high level of detail of 21
mm is achieved at a distance of 100 mm, which can
be increased by reducing the distance to the
scanned object. The dependence of the scanning
density on the selected mode and the scanning
range from 14 to 30 meters is calculated (Table 1).
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Table 1 - The dependence of the scanning density on the
selected mode and the scanning range

Scanning range, m.

48.86 55.84 62.82 69.8 76.78 83.76 90.74 97.72 104.7

24.36 27.84 31.32 34.8 38.28 41.76 45.24 48.72 52.2

12.18 13.92 15.66 17.4 19.14 20.88 22.62 24.36 26.1

6.02 6.88 7.74 8.6 9.46 10.32 11.18 12.04 12.9

>
Q
S 14 (16 | 18| 20| 22 | 24 | 26 | 28 | 30
1
2
4
8

16 2.94 3.36 3.78 4.2 4.62 5.04 5.46 5.88 6.3

The creation of a survey justification begins with
an analysis of the existing state geodetic networks
(SGN) in the area of the studied object. Our analysis
showed the presence of 11 SGN points, the
coordinates of which were re-determined using
GNSS (Global Navigation Satellite System)
technologies. GNSS measurements by the receiverin
static mode made it possible to re-obtain the
coordinates of SGN points in the local coordinate
system and perform a comparative analysis for a
sample of points with high data reliability. The
transformation of coordinates from the world
system (WGS84) to the local system and network
alignment were performed using the transformation
file (transition key) of the Leica Infinity software,
which is loaded into the GNSS receiver controller
and makes it possible to immediately obtain
coordinates in the local system.

GNSS technology was also used to determine
the coordinates of solid points in static mode in
conjunction with total station survey. The need to
use a total station survey to create a planned
altitude justification is dictated by the difficulty of
satellite signal passing inside the pit, and as a result,
the occurrence of measurement errors.

The result of ground-based laser scanning is a
spatial model formed by a point cloud, each point of
which is characterized by coordinates (X, Y, Z) and
color. Subsequent desk processing of the resulting
point cloud including the processes of combining
scans and filtering them was performed using the
Maptek I-Site Studio software.

When creating accurate three-dimensional
models of objects, combining scans allows reducing
the number of blind spots that are formed due to
equipment limitations or geometric features of the
object. Each scan is performed from different angles
to maximize the coverage of the object's surface,
then the results of several scans are combined into
a single point cloud. This approach allows getting a
detailed and complete model of the object.

The data filtering process is necessary to remove
noise and unwanted elements to create an accurate

and reliable model, as well as, if necessary, reduce
the amount of data while preserving information
about the geometry of the object. One of the main
point cloud filtering methods based on measuring
distances to neighboring points is to remove outliers
that are far from the main surface of the object.

Coloring the points of the cloud in real colors
allows decrypting the studied section of the pit using
a three-dimensional model. The coordinates of the
points, determined with an accuracy of 10 mm,
make it possible to carry out the necessary
measurements of the geometric parameters of
cracks, rock boundaries and discontinuities with
sufficient accuracy.

The geometric parameters of the structural
features of the rock mass were also measured in the
Maptek [-Site Studio software. The following
geometric parameters of the structural elements are
determined: the fall, the direction of the fall, the
average distance between the cracks and the
coordinate reference of the measurement sites
(Figure 2).

Figure 2 - Measuring process of structural elements
geometric parameters

The obtained crack occurrence parameters are
exported to Excel spreadsheet, the fragment of
which is shown in Table 2.

Table 2 - Results of determining of cracks occurrence
elements

Fall Fall
No. | Y,m X, m Zm ! direction,

degree

degree

1 33437.581 | 19307.788 | 354.510 | 78.360 354.074
2 33437.631 | 19307.933 | 355.042 | 48.442 151.849
3 33435.970 | 19308.274 | 354.721 | 50.302 15.276
4 33436.087 | 19308.168 | 355.399 | 45.830 166.297
5 33438.774 | 19307.319 | 353.699 | 85.607 212.191
6 33446.847 | 19306.707 | 354.949 | 85.156 30.809
7 33447.120 | 19306.913 | 355.350 | 37.122 184.027
8 33447.620 | 19306.556 | 354.919 | 81.196 179.346
9 33457.285 | 19305.269 | 355.323 | 62.497 30.894
10 33457.465 | 19305.359 | 355.935 | 34.136 185.924

—— 74 ——
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Kinematic analysis based on rock jointing
measurements.

The analysis of the condition of separate
benches is based on the study of the properties of
the rock formations composing them, structural
elements and their features, the presence of weak
rock contacts, faults, natural rock jointing, the
degree of negative impact of drilling and blasting,
weathering and oxidation processes. All of these
factors, from the point of view of sustainability, have
a negative impact to one degree or another. The task
is to identify the dominant risk factors that can lead
to local bench failure and deformations [[11], [12],
[13], [14]].

The benches of the Chiganak deposit are
composed of rocky and semi-rocky soil, broken by
cracks of various orientations and intensities.
Instability in such rock mass occurs by shifting along
cracks or by overturning blocks. The possibility of
such cases is determined by the spatial orientation
of crack systems and man-made outcroppings of
slopes. The complex of issues related to the study of
the potential for crack stability violations with the
fulfilment of the conditions of a special limit
equilibrium is called kinematic analysis.

The Rocscience software package provides a
special product named Dips for interactive analysis
of geological data based on the orientation of crack
systems to perform kinematic analysis and risk
assessment of planar and wedge-shaped
displacements (Figure 3).

Figure 3 - The crack systems in Dips
Rocscience software

The program uses stereographic projection and
is a set of tools for various applications and analysis
of geological data. The input data affecting the
probability of bench failures are the orientation of
the slope and crack systems, the slope angle of the
bench and the angle of friction along the cracks. As

a result of kinematic analysis, the probabilities of
rock mass failure modes are determined in Dips
[[15], [16], [17]].

There are three types of possible bench failures:
Planar Sliding, Wedge Sliding, and Toppling [[16],
[17]]:

1. Planar Sliding. A bench failure in the form of a
flat slide is possible if the direction of fall of the crack
system and the slope surface correspond to the
developed space. In this case, the angle of incidence
of the crack system is less than the angle of
incidence of the slope surface, but exceeds the value
of the angle of internal friction along the cracks. If
these conditions are met, then the fragments of the
bench limited by systems of cracks in the form of
blocks have the potential to shift towards the
developed space. The data and assessment of the
possibility of flat sliding is shown in Figure 4.

Figure 4 - Planar Sliding analysis

2. Wedge Sliding. This type of bench failure can
occur in the open pit walls of pits, when two
diagonal systems of cracks falling about the slope
form a wedge, which is capable of shifting in the
direction of the space left after mining. The
condition for the possibility of such a displacement
is the slope of the line of intersection of these planes
towards the mining space, exceeding the value of
the angle of internal friction along the cracks. Under
these conditions, the displacement of the rock block
in the form of a wedge occurs under the action of
gravity. Kinematic analysis of wedge-shaped bench
failure is an important tool for assessing the risks of
bench failure in pits. It allows making preliminary
calculations and identifying areas of increased risk of
bench failure, which makes it possible to take
appropriate measures to ensure the safety of mining
operations. The data and assessment of the
possibility of wedge sliding are shown in Figure 5.
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Figure 5 - Wedge Sliding analysis

3. Direct Toppling. This type of bench failure
occurs when a rock mass fall along a vertical plane
perpendicular to the slope surface. Direct toppling is
often registered in pits where the slopes have a
steep angle and the rocks have low strength. An
important condition contributing to direct toppling
is a decrease in the strength of the contour zone as
a result of weathering, erosion, the influence of
drilling and blasting, seismic activity and other
factors. Direct toppling monitoring at a pit is
essential to ensure the safety of workers and
prevent devastating accidents. The data and
assessment of the possibility of direct toppling are
shown in Figure 6.

Figure 6 - Toppling analysis

The sensitive analysis of the «slope angle»
parameter was realized to assess the actual
condition of the benches of the open pit wall of the
pit and make design decisions. The results of the
analysis showed that a further increase in the slope
angles is impossible due to a sharp increase in the
risk of bench failure. The probability of direct
toppling with the current slope angle parameters of
40 degrees already has a fairly high probability, and
with an increase of 5 degrees, it doubles and has an
extremely high value [[20], [21], [22], [23], [24]]. The

potential risks for all types of bench failures with a
further increase in the slope angle and the walls of
the pit are shown in Table 3.

Table 3 - Impact of increasing slope angle on the degree
of potential risk of failure

:'I;,;: I.’It.vnar I{V_edge Dir.ect
degree sliding, % | sliding, % | toppling, %

40 16.7 1.28 29.17

45 37.5 5.43 58.33

>0 58 9.72 70.83

55 66.67 12.71 75

60 66.67 15.63 75

65 66.67 20.29 75

70 66.67 27.82 75

75 66.67 35 75

80 66.67 41.4 75

85 66.67 50 75

Results and Discussion

Laser scanning of the pit slope section of the
Chiganak barite deposit was carried out using a Leica
HDS 8800 mining laser. The survey justification for
this was created using GNSS technologies. The
density of laser scanning throughout the entire area
was 10 mm or higher. A representative volume of
geospatial data on structural elements of the rock
mass was collected in the form of an accurate three-
dimensional model. Based on this model,
measurements were made of the geometric
parameters of structural elements necessary for
conducting kinematic analysis: the dip, the direction
of dip, the average distance between cracks, and the
coordinate reference for measurement sites. A
kinematic analysis was then performed using the
Dips software package. The results showed the
probability of all three types of potential bench
failures at a current slope angle of 40 degrees. The
highest potential risk of failure is in direct toppling,
which amounts to 29.17%. To evaluate the design
solutions for increasing the slope angles, a thorough
analysis was conducted using the slope angle as a
parameter, with an interval of 5 degrees. This
analysis revealed that it is not possible to further
increase the angle due to the high probability of
direct toppling at the current angle of 40 degrees.
With an increase of just 5 degrees, the probability of
toppling becomes extremely high, doubling from the
current value.

Laser scanning is an excellent data acquisition
tool for building three-dimensional models of open
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pits and their elements. The three-dimensional Conclusions
models obtained apply to solving a wide range of
tasks, including studying the rock mass structural The proposed technique for geospatial data

features, assessing the open pit slopes' stability and collecting based on laser scanning and GNSS

analyzing possible failures. Laser scanners are technologies can be used to obtain three-
included in the register of measuring instruments of

the Republic of Kazakhstan, which makes it possible
to obtain measurements with the declared accuracy,
guaranteed by device verification certificates. Laser
scanning can be used as a method for generalized
data obtaining on the condition of the pit wall
section and detailed scans of individual sections of
its benches. The use of laser scanning technology
makes it possible to significantly reduce the stage of
desk processing, since a point cloud is generated
during the scanning process. The resulting point
cloud, in which coordinates and color are assigned
to each point, is immediately imported from the
scanner's memory into the software for further
processing. The resulting three-dimensional models
apply to solving a wide range of tasks. The proposed CRediT  author  statement: V. Yartseva:
technology for collecting geospatial data provides  Conceptualization, Writing  draft preparation; D.
the construction of a digital three-dimensional  ©Ozhigin: Software, Data curation; V. Dolgonosov:
model with a pixel size of 10 mm. The limitation of Methodology. Visualization; S. Ozhigina: Investigation.
using this model is based solely on its pixel size. S. Ozhigin: Validation, Supervision.

dimensional models that provide the required
accuracy. Laser scanning has no restrictions and is
applicable in pits for the extraction of any type of
minerals. The speed of three-dimensional model
obtaining and its accuracy make it possible to quickly
solve topical issues arising during mining operations.
It is planned to further develop data collection
technology based on laser scanning to construct a
more detailed digital three-dimensional model of
open pit elements to study microcracks and their
impact on the rock mass condition.
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Nasepnik cKaHepney Heri3iHAe Tay MAaCCUBIHIH, KYPbINbIMADbIK,
epeKLlenikTepiH 3epTrey

filpuesa B.®P., Oxxurun A.C., QonroHocos B.H., OxkuruHa C.b., OxkuruH C.I.

JbinKac CarbiHO8 ambiHOaFbI KaparaHObl mexHUKanblK yHusepcumemi, KaparaHosl, KazakcmaH

TYRIHAEME

Tay-KeH »KYMbICTapblHbIH, Kayinciairi maceneciHae KapbepaiH 6eTkeinepiHiH, TypaKTblIbIFbIH
6aKpl1ay MaHbI3Abl pen aTkapadbl. Kenbey TypaKTbibIKTbl baFanay aHe Tayekengepai 6ackapy
Kapbepsaepai Kayincis »KoHe TWimai nanganaHyabl KamTamacbl3 eTy YWiH MiH4eTTi 6onbin
Tabblnaapl. Jlasepnik cKaHepaey TEXHONOTUACHI TEXHOreHAIK 0BbeKTINepAiH, MoaenbaepiH Kypy

Makana Kkengij: 22 KaHmap 2025 YLLiH reOKeHiCTIKTIK AepeKTepAi }K1HayAblH, Heri3ri aaicTepiHin, 6ipi. Tay-KeH eHAipiciHae nasepnik
CapantamagaH etTi: 21 aknaH 2025 CKaHepJsiey TYCipiNim KyMbICTapbiHAQ, enweynepae, 6akbinaynapaa aHe Tay KblHbICTaPbIHbIH,
Kabbinganabi: 29 cayip 2025 6eTKelnnepiHiH, KypblbIMAbIK epeKwenikTepiH 3epTreyae KeHiHeH KosigaHbiiagbl. Makanaga

KapacTbIpblifaH TEXHONOTUANBIK Ti36EK: rEOKEHICTIKTIK AePEKTEPAI KUHAY, aNbiHFaH AepeKkTepai
OHAEY apKblIbl Kep beaepiHiH MoAeniH Kypy KaHe NPaKTUKaNblK macenenepai wewy yuwid
anblHFAH MoAenbAi ofaH api nanaanaHy. Jlazepnik CKaHepneyaiH OHTaWAbl NapameTpaepiH
TaHZAy KapbepaiH TEXHONOTUANIK epeKLLenikTepiHe, NaliAanaHblaaTbiH KababIKTbIH TEXHUKANbIK,
cMnaTTamanapbliHa, KOWbINFAH MIHAETTepAi LWelly VYWiH KaXeTTi CKaHepsiey Tbifbl3AblfbiHA
Herisaenyi Kepek. Makanaga 3eptrey oObeKTICiIHAEr bIKTMMan OnblipblaynapFa KMHEMATUKANbIK,
Tangay *Kyprizy MakcaTbiHA MACCUBTIH, KYPbIIbIMAbIK epeKLeNiKTePiHiH, KaXeTTi reoMeTpuANbIK
napameTpaepiH aHbIKTay YLWiH anblHFaH MoAenbAi KonaaHy KepceTinreH. KuHemaTuKanbik
TanpayapblH, anblHFAH HATUXKeNepi HerisiHAe Tay-KeH JKYMbICTapblH OfaH 9pi KYprisy aHe
bIKTMMan ONbIPbINY KaymniH a3aiTy 6OWbIHLWWA YCbIHbICTAP *Kacanapl. ¥CbIHbIIFAH TEXHOOMMUA KEH,

AyKbIMAbl Macenenepai WelLly *KaHe allblK 94iCneH eHAiIpYAiH, Kayinci3airiH KamTamachi3 eTy yLiH
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9p Typni nanpansl kasbanap KeH opblHAAPbIHAA KeWiHHeH ep Heaepi yAariciH cany apkplibl
Nasepnik CKaHepsey YWiH NaWganaHblaybl KaHe benimaenyi MymkiH. Jlasepnik ckaHepnepai
KasaKCcTaHHbIH eley acnanTapblHbiH, Ti3iniMiHe eHri3yAiH apKacbiHAa enwwey ASNAIMIHIH KoFapbl
ceHimajniri KamTamacsoi3 etinei. TexHONOrMA Kapbep XakTapbl 6OMbIHLIA KaMblnama gepekTepai
anyfa KaHe KeKe OMbIKTapAbl erken-Terxkeini ckaHepneyre MyMKiHAIK 6epegsi. MaHbi3apl
apTbIKLWbIbIFEI - CKaHepney KesiHae HyKTenepdid 6ynTbl aBTomaTtTbl TypAe »Kacanagpl, 6yn
KamepasnblK eHaeyAji azaintagpl.

Tyiiin ce30ep: nasepnik CKaHepsey, TEOKEHICTIKTIK AepeKTep, penbedTiH, caHAplK Moaeni,
KMHEMATUKaNbIK Tanaay, Kapbep, Tay MacCUBiHiH, KYPblibIMbl.
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UccnepoBaHue CTPYKTYPHbIX 0CO6EHHOCTEN FOPHOro MaccuBa
Ha OCHOBE N1a3epHOro CKAaHMPOBaHUA

fAilpuesa B.®., Oxkurun A.C., onroHocos B.H., OxxuruHa C.b., OxxuruH C.I.

KapazaHOuHckuli mexHu4eckuli yHusepcumem umeHu Abslakaca CaeuHosa, KapazaHda, KazaxcmaH

AHHOTAUMA

MOHWTOPUHT YCTOMYMBOCTU OTKOCOB YCTYNOB U BOPTOB Kapbepa MrpaeT BaXkHyIo po/b B BOMpoce
6e30MacHOCTU BefeHWA ropHbiX paboT. OLEHKa YCTOMYMBOCTM OTKOCOB U YNpaBieHMe pUCKaMu
ABNAOTCA 0bA3aTeNbHbIMKM A/iA obecniedeHns 6esomacHol U 3ddEKTUBHOM 3IKCnyaTaLmm
Kapbepos. TeXHOI0rVA Na3epHOro CKaHWPOBAHMA ABAAETCA OLHUM U3 OCHOBHbIX MeToL0B cbopa
reonpoCTPaHCTBEHHbIX AAHHbIX A1 MOCTPOEHWUA MOAeNei TeXHOreHHbIX 06bekToB. JlazepHoe
CKaHMPOBaHWE LIMPOKO MPUMEHAETCA B FOPHOM Aefie NPU BbINOJHEHUU MapKLLenaepcKux
paboT, U3MepeHNUI, MOHUTOPUHIA U U3YYEeHUA CTPYKTYPHbIX 0COBEHHOCTEN Ha BbIXOAAX FOPHOrO

maccvMBa. B cTaTbe paccMoTpeHa TexXHO/IOrMYeckas Lenodvka: cbop reonpocTpaHCTBEHHbIX
MNoctynuna: 22 aHeaps 2025

PeueHsuposanue: 21 gpespans 2025
MpuHAaTa B Nnevatb: 29 anpens 2025

[JaHHbIX, 06paboTKa MONYYEHHBIX AAHHBIX C MOCTPOEHUEM MOLENN MECTHOCTM, U Aa/ibHelwee
MCNONb30BaHME NONYYEHHOW MOAENW ANA PELUEHUA NPAKTUYECKUX 3a4a4. Bbibop onTMMmanbHbIX
napameTpoB /1a3ePHOr0  CKAaHWPOBAHWA [O/MKEH OCHOBbIBATbCA HA  TEXHONOMMYECKMX
0CcOB6EHHOCTAX Kapbepa, TEXHUUYECKUX XapaKTepUCTUKax Mcnosblyemoro obopynoBaHus, Ha
Tpebyemoil NNOTHOCTU CKAHWPOBAHMWA, HEOBXOAMMOW ANA pelleHMA NOCTaBNAEHHbIX 3ajay. B
CTaTbe MOKa3aHO MCMOoJ/b30BaHME MONYYEHHON MOAENN [ANA OnpefeneHuUs HeobXoAMMBbIX
reoMeTpPUYECKUX MapameTpoB CTPYKTYPHbIX OCOBEHHOCTE MaccuBa C LieNblo NpoBefeHus
KMHEMaTUYeCcKoro aHaav3a noTeHuManbHbix 06pyLieHnit Ha obbekTe uccneoBaHusa. Ha ocHose
NONyYeHHbIX Pe3ynbTaToB KMHEMaTUYeCKoro aHasiusa 6biav BblipaboTaHbl pekomeHZauuu no
JanbHenwemMy BefleHUIO FOpPHbIX PaboT U CHUNKEHWIO PWUCKOB MOTEHLMANbHbIX O0BpyLLIEHWUIA.
MpeanoxKeHHas TEXHONOTMSA MOXKET ObiTb MCMONb30BaHA M afanTMPOBaHa A/1f NpoBeAeHUs
Na3epHOr0 CKaHWPOBaHMA C MOCIEAYIOWMM NOCTPOEHNEM MOZLEM MECTHOCTU Ha Pas/iMyHbIX
MECTOPOXKAEHMAX MOIE3HbIX MCKOMAEMbIX [/ PELUEHUs LWMPOKOro Kpyra 3agay u obecneyeHus
6e30MacHOCTM OTKPbITbIX FTOPHbLIX PaboT. baaroaaps BKAOYEHMIO Na3epHbIX CKaHepoB B peectp
n3mepuTeNbHbIX Npubopos KasaxcTaHa, obecneumBaeTcs BbICOKAsA [OCTOBEPHOCTb TOYHOCTU
nsmepeHuit. TexHoNI0rMA NO3BOIAET KaK NosyyaTb 0606LLeHHble JaHHble 0 HopTax Kapbepa, Tak
W AeTaNn3npoBaHHbIE CKaHbl OTAE/bHbIX YCTynoB. CylecTBEHHbIM MPEUMYLLECTBOM ABIAETCA
aBTOMAaTMuyecKana reHepauusa obnaka TOYeK BO BpPeMsA CKAaHWPOBAHMA, UTO COKpalLaeT

KamepasibHyto 06paboTKy.
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