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ABSTRACT

Open-pit slope stability is one of the key factors determining the safety and efficiency of open-pit
mining operations. With increasing pit depth, growing complexity of rock mass structure, and in-
tensification of mining activities, the need for advanced methods for studying slope stability based
on digital technologies is steadily increasing. The aim of this study is to systematize and compara-
tively analyze modern methods for investigating open-pit slope stability, taking into account their
capabilities and limitations under mining conditions. The paper presents an analytical review of
computational geomechanical approaches, geodetic instrumental methods, terrestrial laser scan-
ning, UAV-based photogrammetry, and satellite radar interferometry (InSAR). A comparative anal-
ysis of these methods is performed based on key parameters, including data type, spatial coverage,
and capabilities for deformation analysis. The results show that each method has specific ad-
vantages and limitations related to data characteristics, observation conditions, and analytical po-
tential. It is established that none of the methods, when used individually, provides a complete
and reliable description of slope stability. The highest level of informativeness is achieved through
the integration of different methods within comprehensive analytical approaches. The results of
this study provide a systematic understanding of the role of modern digital methods in slope sta-
bility research and confirm the nepcnekTtusHoctb of developing integrated digital systems for mon-
itoring and assessing open-pit slope stability.

Keywords: Slope stability, Computational Method, Instrumental Method, Terrestrial Laser Scan-
ning, Earth Remote Sensing, Integrated Digital System.
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Introduction

Open pit slope stability is one the key factors de-
fining safety and productivity of open pit mining op-
erations. Increase of open mine depths, growing
complexity of rock massif structure and intensifica-
tion of mining operations lead to slope failures, dis-
turbance of production processes and significant

economic losses. In this regard, the study of the sta-
bility state of open pit slopes remains an actual sci-

entific and practical task in the mining industry.
Currently, a wide range of methods are used to

research the open pit slope stability, including com-
putational geomechanical approaches, instrumental
geodetic observations, and remote sensing meth-
ods. Digital technologies gained their momentum,
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these are terrestrial laser scanning, photogramme-
try based on unmanned aerial photography, SAR in-
terferometry and numerical modeling have been sig-
nificantly developed to obtain spatial data on the ge-
ometry of slopes and the development of defor-
mation processes.

Modern studies of the open pit slope stability
are increasingly based on the use of digital methods
that expand possibilities of assessing the condition
of open pit slopes and analyzing the development of
deformation processes. At the same time, the ap-
plied methods are focused on solving various prob-
lems of stability research, including assessment of
the current condition of slopes, identification of po-
tentially dangerous zones, analysis of deformation
mechanisms and justification of deformation devel-
opment forecast, which conditions need for their
comparative and integrated consideration.

The aim of this study is to systematize and com-
paratively analyze modern methods for investigating
the stability of open-pit slopes, taking into account
the capabilities of digital technologies and assessing
their applicability in open-pit mining conditions. The
study examines the capabilities and limitations of
computational, geodetic, and remote sensing meth-
ods, compares them according to key parameters,
and determines the role of their integration in the
analysis and prediction of deformation processes.

In this context, the following research questions
are addressed: which methods provide the most in-
formative description of open-pit slope stability,
what are the limitations of their application under
real mining conditions, and to what extent the inte-
gration of different approaches improves the relia-
bility of stability assessment and deformation pre-
diction.

Analytical Review of Modern Methods of
Studying the Open Pit Slope Stability

Computational Methods

Computational methods of assessing open pit
slope stability traditionally occupy a central place in
the practice of open pit mining operations design
and operation. Their basis is analysis of the limit
equilibrium of the rock massif with determination of
the stability coefficient for the assumed failure sur-
face. Classical methods, such as the methods of
Fellenius, Bishop, Yanbu, Spencer and their modifi-
cations, have become widespread due to their rela-
tive ease of implementation and normative confi-
dence [[1], [2], [3]].

Application of computational methods allows
for taking into account geometrical parameters of
slopes, physical and mechanical properties of rocks,
and influence of underground waters and external
loads. At the same time, these approaches, as a rule,
assume a priori setting of the failure surface shape
and use of averaged massif characteristics, which
significantly limits their applicability under the con-
ditions of complex geological structure and pro-
nounced structural heterogeneity of rocks [[2,
[[4]].

Introduction of numerical modeling methods,
including finite element, finite difference and dis-
crete element methods, has ensured further devel-
opment of classical design schemes. Numerical mod-
els allow for analyzing the stress-strain state of the
massif in two- and three-dimensional presentation,
for taking into account the layer-by-layer structure,
tectonic disturbances and stages of mining opera-
tions [[5], [6]]. The application of such approaches
expands possibilities of studying the mechanisms of
slope failure and assessing influence of various fac-
tors on their stability.

In one of the studies [7], computational meth-
ods are complemented by multiple-factor analysis
oriented at identifying key geological and geome-
chanical factors that determine slope stability. At
the same time, classification and empirical ap-
proaches based on the use of integral indices of the
massif state are used, which allow for performing
rapid assessment of stability, but they are of general
nature and expedient mainly for preliminary analysis
(81, [91].

A number of studies address risks and typical
methodological errors that occur in calculations of
open pit slope stability. It is noted that the reliability
of the obtained results is largely determined by the
quality of the input data, correctness of the choice
of the calculation scheme and validity of the ac-
cepted assumptions [4]. These aspects become par-
ticularly important when assessing stability in spe-
cific environments including layered massifs, man-
made formations and non-metallic mineral open pit
mines [[10], [11], [12]].

Computational methods provide a basic engi-
neering assessment of open pit slope stability and
remain an important tool for geomechanical analy-
sis. At the same time, their application is not ori-
ented at operative detection of deformations and di-
rect analysis of hazardous processes development.
In this regard, it is advisable to consider computa-
tional methods as a part of complex approaches that
provide for the integration of computational models
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with the results of instrumental geodetic observa-
tions and remote sensing data, which is discussed in
the following sections of this review.

Geodetic Instrumental Methods

Geodetic instrumental methods are widely used
in the study of the open pit slope stability as an in-
strumental basis for obtaining data on the defor-
mations of rock massifs. In contrast to computa-
tional approaches, geodetic observations make it
possible to record actual slope displacements in
time, which provides a transition from computa-
tional stability assessment to the analysis of its cur-
rent state [[13], [14]].

The tacheometric method is traditionally used to
study deformation processes in the zones of poten-
tial instability of open pit slopes. Repeated high-pre-
cision measurements of survey marker coordinates
allow for identifying directions and velocities of dis-
placements, and for assessing nature of defor-
mations, which is an important part of the rock mas-
sif stability analysis. At the same time, the point na-
ture of tacheometric observations and the need to
ensure direct visibility between the instrument and
the object of observation limit the possibilities of
spatial analysis of the slope condition, especially in
case of their considerable length and complex con-
figuration [[15], [16]].

Satellite geodetic methods based on the use of
GNSS technologies are applied in the studies of open
pit slope stability to form time series of displace-
ments and arrange quasi-continuous observations.
The use of stationary GNSS points allows for analyz-
ing dynamics of deformation processes and identify-
ing trends in their development, which is taken into
account when assessing massif stability under the
conditions of active mining operations [[17], [18]].
However, it should be emphasized that the accuracy
and reliability of GNSS measurements in deep quar-
ries can be reduced due to the screening of satellite
signals, reflection from the surfaces of mining equip-
ment and structures, and influence of dynamic
loads, which requires a reasonable choice of obser-
vation schemes [18].

The joint use of tacheometric and satellite geo-
detic measurements is applied in the studies of open
pit slope stability. This approach improves the relia-
bility of open pit slope stability assessment due to
mutual validation of data and compensating for the
limitations of individual methods. Geodetic data in
this case are used not only to record deformations,
but also to analyze compliance of the actual behav-
ior of the slope with the design geomechanical mod-
els [[13], [14]].

The scientific literature discusses the issues of
methodological support of the geodetic observa-
tions in the open pit slope stability studies, including
selection of the system of survey markers and work-
ing survey markings, justification of the frequency of
measurements and methods for the results pro-
cessing. Correct interpretation of geodetic data is a
key condition for their use in stability assessment
and in the process of making engineering decisions
[[16], [19]].

Geodetic methods play an important role in
studying the open pit slope stability, while providing
highly accurate reliable information on the actual
deformations of the rock massifs. At the same time,
the limited spatial coverage and point nature of the
observations necessitate their integration with
other numerical methods of stability studies to en-
sure a holistic understanding of the slope stability
condition.

Terrestrial Laser Scanning

Terrestrial Laser Scanning (TLS) has become
widespread in recent years in the study of open pit
slope stability due to the possibility of obtaining a
detailed three-dimensional representation of their
geometry. Unlike point geodetic measurements, TLS
provides a continuous description of the slope sur-
face with high spatial detailing, which significantly
expands the possibilities of analyzing their condition
[[20], [21], [22]].

One of the key areas of TLS application is the
study of geometric parameters of slopes and their
changes with time. Comparison of three-dimen-
sional models formed based on multiple measure-
ments by terrestrial laser scanning allows for detect-
ing spatial displacements of the slope surface, ana-
lyzing the distribution of deformations and localizing
zones of potential instability. Such data are used to
assess the nature of deformation behavior of slopes
and to clarify understanding of their failure mecha-
nisms [[22], [23]].

The main advantage of TLS is the possibility of
detailed analysis of structural features of rock mas-
sifs. Based on point clouds, the fracture systems, lay-
ering and other structural elements that determine
the kinematic conditioning of slope stability are
identified. The use of laser scanning data increase’s
reliability of stability assessment due to a more ac-
curate specification of the geometry and orientation
of structural disturbances in geomechanical models
[[24], [25]].

TLS data have been successfully used in the ver-
ification of computational models of open pit slope
stability. Comparison of the results of numerical
modeling and actual deformations detected by laser
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scanning data allows for refining the calculation
schemes and improve the validity of engineering de-
cisions [[20], [26]].

Application of terrestrial laser scanning has a
number of limitations. These include dependence of
the data quality on the observation environment,
presence of shadow zones, and the need for com-
plex processing and interpretation of point clouds. It
is noted that the TLS results themselves do not allow
for judging the stability reserve of slopes unambigu-
ously without the use of computational and analyti-
cal methods, which emphasizes the auxiliary, alt-
hough important, nature of this approach in the sys-
tem of stability studies [[23], [26]].

Terrestrial laser scanning is used for detailed
spatial analysis of the geometry and structural fea-
tures of open pit slopes, while providing a detailed
description of their geometry and structural fea-
tures. The greatest information content of TLS is
achieved when it is used as a part of complex ap-
proaches that provide for integration of laser scan-
ning data with the results of geodetic observations,
photogrammetry and computational geomechanical
analysis [[20], [22]].

Photogrammetry Based on Unmanned Aerial
Photography

In recent years photogrammetric methods
based on unmanned aerial photography have be-
come widespread in the studies of open pit slope
stability due to that they combine efficiency, high in-
formation content and ability to cover large areas.
Use of unmanned aerial vehicles (UAVs) allows for
obtaining detailed images of open pit slopes and ad-
jacent areas, based on which digital surface models
are formed; the latter are used to analyze the geo-
metric condition of slopes and identify signs of de-
formation processes [[27], [28]].

Photogrammetric processing of aerial photog-
raphy data is usually implemented using Structure
from Motion (SfM) methods, which ensures con-
struction of three-dimensional slope models and
their subsequent comparison in time. Multitemporal
analysis of digital surface models makes it possible
to detect changes in slope geometry, analyze
changes in the shape and volume of surface ele-
ments and record development of deformation pro-
cesses, which is important in the studies of open pit
slope stability [[29], [30]].

Numerical models allow for analyzing dynamics
of deformation processes and identifying prelimi-
nary potential instability zones. At the same time, it
is of fundamental importance to ensure sufficient
accuracy of the three-dimensional models and cor-
rectness of geodetic referencing, since these factors

determine the validity of the use of photogrammet-
ric data in slope stability studies [31].

A significant advantage of photogrammetry
based on unmanned aerial photography is the possi-
bility to perform surveys under the conditions that
are complicated or unsafe for ground-based obser-
vations. This makes it possible to obtain information
on the condition of slopes along their entire length
and in hard-to-reach areas, which expands the pos-
sibilities of spatial analysis of the open pit slope sta-
bility compared to point instrumental methods
[[27], [32]].

Studies show that photogrammetric methods
have a number of limitations for the performance of
open pit slope stability studies. These include de-
pendence of the results quality on meteorological
conditions, illumination, and survey equipment
characteristics, and the possible decrease in accu-
racy in areas with poor surface texture. Moreover,
three-dimensional models derived from UAV data
usually require verification by ground-based geo-
detic observations or laser scanning when they are
used for engineering stability assessments [[28],
[31]].

Photogrammetry based on unmanned aerial
photography is widely used for spatial analysis of the
condition of open pit slopes, especially at the stage
of identification and localization of deformation pro-
cesses. The greatest information content of this ap-
proach is achieved when it is integrated with terres-
trial laser scanning, geodetic observations and com-
putational geomechanical models, which ensures a
comprehensive study of the open pit slope stability
[[30], [32]].

Earth Remote Sensing Methods (InSAR)

Earth remote sensing methods based on satel-
lite radar interferometry (InSAR) have become wide-
spread in the studies of open pit slope stability due
to the possibility of detecting deformations of the
earth surface at large areas. Unlike ground-based in-
strumental methods, INSAR ensures spatial analysis
of deformation processes without the need to place
measuring instruments directly on the slopes, which
is especially relevant for large and hard-to-reach
mining objects [[33], [34]].

Modern interferometric approaches, including

permanent scatterer methods (PS-InSAR) and small-
basis methods (SBAS), allow for generating temporal
series of displacements and for analyzing the dy-
namics of deformation processes in open pit mines
over long periods of operation. The obtained data
are used to identify zones of stable and unstable be-
havior of massifs, and to assess trends in defor-
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mation development, which is of fundamental im-
portance when studying the stability of open pit
slopes [[35], [36]].

Use of InSAR methods is most appropriate for
early detection of deformation processes preceding
the development of dangerous stability failures.
Analysis of spatial and temporal patterns of displace-
ments allows for identifying areas with progressive
deformations and for using the obtained infor-
mation to justify engineering decisions aimed at en-
suring stability of open pit slopes [[33], [37]].

At the same time, there are difficulties with the
interpretation of InSAR data in the studies of open
pit slope stability due to a number of methodological
limitations. These include the single-component na-
ture of the measured displacements along the satel-
lite line of sight, influence of atmospheric effects,
and decrease in accuracy under the conditions of in-
tensive anthropogenic changes in relief. In this re-
gard, InSAR data require comparison with the results
of ground-based geodetic observations and other
sources of information on the rock massif condition
[[36], [38]].

Use of InSAR as a part of complex approaches al-
lows for increasing the reliability of the studies of
open pit slope stability due to the mutual comple-
mentation of spatial and point data, and refining of
models of deformation behavior of massifs [[33],
(38]].

Radar interferometry methods are widely used
for spatial analysis of deformation processes related
to the stability of open pit slopes. The greatest prac-
tical value of InSAR is manifested when it is used as
a part of integrated digital stability research systems
that provide for the joint use of satellite data,
ground-based instrumental observations and com-
putational geomechanical models, which creates
prerequisites for the transition from deformation re-
cording to analyzing and forecasting their develop-
ment [[34], [35]].

A comparative analysis of the considered meth-
ods shows that they differ in terms of the nature of
the data obtained, spatial coverage, and capabilities
for analyzing deformation processes. Computational
methods are focused on engineering assessment of
slope stability and allow the analysis of loading sce-
narios; however, they do not reflect the actual be-
havior of the rock mass. Geodetic instrumental
methods provide highly accurate measurements of
displacements, but are limited by the point-based
nature of observations. Terrestrial laser scanning
and photogrammetry enable the acquisition of spa-
tial data on slope geometry, although their applica-

tion depends on acquisition conditions and data pro-
cessing. Satellite interferometric methods (InSAR)
allow the analysis of deformation over large areas
and long time periods; however, they require careful
interpretation and comparison with ground-based
measurements. The results of the comparative anal-
ysis of the methods are presented in Table 1.

Table 1 - Comparative Analysis of Methods

Informatio

Spatial Main
Method Data type P nal L
coverage - limitation
capability
Computa . .
. P Model- Stability Assumptio
-tional Full
based assessment ns
methods
. Point Actual L
Geodetic . Limited
measure- Local displace-
methods coverage
ments ments
. Geometr
3D spatial Local to ¥ Shadow
TLS and
data near-full zones
structure
UAV Surface .
3D surface ) Acquisition
photogra Areal deformatio o
models conditions
m-metry n
Radar . )
. Wide- Deformatio Interpreta-
InSAR displace- .
area n trends tion
ments

Thus, none of the methods considered individu-
ally provides a complete and reliable description of
the stability state of open-pit slopes, which necessi-
tates their combined application within integrated
approaches.

Integrated Digital Systems and Prospects for
the Methods Development

Modern trends in the development of methods
for studying open pit slope stability are character-
ized by the transition from the use of separate in-
strumental and computational approaches to the
formation of integrated digital systems. Such sys-
tems combine data from geodetic observations, la-
ser scanning, photogrammetry, satellite interferom-
etry and computational geomechanical analysis,
which allows for considering slope stability as a dy-
namic state of rock massifs [[26], [39]].

The integration of heterogeneous data sources
significantly expands possibilities for studying the
open pit slope stability. The joint analysis of geospa-
tial and point measurements allows a more com-
plete description of massif deformation behavior,
while revealing the relationship between geometric
changes, structural properties and stress-strain state
of massifs [[40], [41]]. This approach contributes to
improving the reliability of interpretation of the ob-
served deformations and reduction of uncertainty in
the stability assessment.
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A separate innovative direction in the develop-
ment of integrated systems is associated with the
use of methods of data mining and elements of arti-
ficial intelligence. Approaches based on the applica-
tion of neural networks and machine learning algo-
rithms are increasingly used for predicting the stabil-
ity indicators for open pit slopes based on a set of
geological, geomechanical and monitoring parame-
ters [42]. Use of such methods allows for identifying
patterns in large amounts of data and more vali-
dated assessments of stability status.

Efficiency of the integrated digital systems is
largely determined by the quality of the input data
and correctness of the methodical organization of
their joint analysis. The difference of spatial and
temporal scales of observations, heterogeneity of
measurement accuracy and lack of unified data har-
monization procedures remain significant methodo-
logical limitations in the studied of the open pit slope
stability [[26], [39], [43]].

The integrated digital systems represent a prom-
ising direction in the development of methods for
studying open pit slope stability. Their use creates
prerequisites for transition from isolated recording
of deformations to complex analysis and forecasting
of deformation behavior of rock massifs, which is the
key task in ensuring the safety of open pit mining op-
erations [[42], [43]].

Conclusion

The paper presents the analytical review of
modern methods of studying open pit slope stability
from the point of view of introduction and develop-
ment of digital technologies. Computational geome-
chanical approaches, geodetic instrumental meth-
ods, terrestrial laser scanning technologies, photo-
grammetry based on unmanned aerial photography,
and satellite radar interferometry methods are con-
sidered. The analysis performed shows that each of
the considered approaches has specific capabilities
and limitations that determine specifics of their use
in the studies of the open pit slope stability.

It is shown that computational methods retain a
key role in engineering assessment of slope stability,
but under the conditions of complex geological
structure and dynamic development of deformation

processes, their use requires mandatory comparison
with instrumental observation data. Geodetic meth-
ods provide reliable information on actual slope dis-
placements, but due to the point nature of observa-
tions, they have limited opportunities for spatial
analysis of stability conditions. Digital methods
based on laser scanning, photogrammetry and Earth
remote sensing significantly expand the possibilities
of stability studies due to the formation of spatial
representation of slope geometry and the properties
of deformation processes development.

Analysis of literature sources indicates that the
greatest information content in the study of open pit
slope stability is achieved by integrating data ob-
tained by different methods. Formation of inte-
grated digital systems allows for considering slope
stability as a dynamic state of rock massifs, for taking
into account spatial and temporal peculiarities of de-
formation development and for increasing validity of
conclusions on the stability state.

At the same time, it was revealed that further
development of methods for studying open pit slope
stability is largely constrained by the lack of unified
approaches to the coordinated interpretation of the
data of different scales and complexity of their joint
use within a single methodological scheme. In this
regard, improvement of the analysis and interpreta-
tion the actual scientific and practical task remains
for digital monitoring data remain a relevant scien-
tific and practical problem, with the focus on the
transition from the fixation of deformations to a rea-
sonable analysis and forecasting of their develop-
ment.

Therefore, the results of the review confirm fea-
sibility of the integrated use of computational and
numerical methods in the study of open pit slope
stability and emphasize prospects for further re-
search focused on the development of integrated
digital approaches and improving the efficiency of
safety of open pit mining operations.
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Tay-KeH }XYMbICTapblH UM pAaHAbIPY KaFpabiHAa Kapbepnik 6eTKelnepain
TYPAKTbINbIfbIH 3€pTTey dAiCTepiHe aHANUTUKANDIK, LLIONY

*BuwHescKas H.A., Oxwuruna C.B., Oxwurun C.T., Ky6aiiaynnmua Y.A., Baitranm P.K., ba6axaHos P.T.

3binkac CarbiHo8 ambiHOaFsl KaparaHObl mexHuKansiK yHusepcumemi, KaparaHoel, Kazakcmax

TYRIHAEME

Kapbepnik eHicTepaiH TYPaKTbI/IbIFbl AlWbIK TAay-KeH }KYMbICTAPbIHbIH, KAYyinci3airi MeH Tuimainirid
aWKbIHAANTLIH Herisri dakTopnapablH 6ipi 6onbin Tabbinagbl. Kapbepaepdin TepeHaeyiHe, XblHbIC
MACCUBIHIH, F€ONOMMANBIK  KYPbUIbIMbIHBIH, KYPAENEHYIHE KOHE Tay-KeH KYMbICTapblHbIH,
KapKbIHAbINbIFBIHBIH, apTyblHa HGalnaHbICTbl LUOPAbIK TEXHONOIUANAPFA HEri3aenreH Kapbepnik
eHicTepAiH TYPaKTbINbIFbIH 3epTTey 9A4iCTepiH KoNAaHy KaxeTTiniri apta Tycyge. Ocbl 3epTTeyaiH,
MaKCaTbl — aLlblK Tay-KEH }YMbICTapbl }KaFAanblHAA KONAAHBUTY MYMKIHAIKTEPi MeH LeKTeynepiH
ecKepe OTbIpbIN, KapbepiK eHicTepaiH, TYPaKTbI/IbIFbIH 3epTTeyAiH 3aMaHayu a4icTepiH XKyreney
Makana kengi: 26 kaimap 2026 JKOHEe canbiCTbipManbl Tangay »Kyprisy. MymbicTa ecenTik reoMexaHUKanblK Tacingepre,
CapanTamapaH eTri: 22 cayip 2026 reofesunANbiK acnanTbIK a4icTepre, XepycTi a3epAik CKaHep/ey TEXHONOMMANaPbIHA, YLWKbILICHI3
Kabblnaanapi: 8 mameip 2026 yly annapaTrapblHa HerizgenreH GoTorpammeTpuasa, COHAaN-aK CNYTHUKTIK paanonoKaLmanbik,
HTepdepomeTpUuA aaicTepiHe aHaNUTUKa/bIK LONY YCbIHbIIFAH. DaicTepre AepeKkTep Typi,
KEHICTIKTIK KaMTy kaHe gedopmaumanbik npouectepai Tangay MyMKIHAIKTepi CUAKTbI Herisri
napameTpaep 6oMbIHLLIA CaNbICTBIPMANbI TaNAay *Kyprisingi. Opbip a4icTiH, KONAAHbINY canacbiH
aliKbIHAANTBIH ©3IHAIK apTbIKLWbIIbIKTapbl MeH LekTeynepi 6ap ekeHi KepceTinreH. MKeke
KapacTbIpblaFaH 9AiCTePAiH, eLWKAWCbIChl KapbepiK eHiCTEPAIH TYPAKTbIUIbIK KaFAalbIH TONbIK api
CeHimaj cunaTTalh anManTbIHbl aHbIKTaNAbl. EH KoFapbl aknapaTTbi/bIK 9PTYPAi 94icTepAi KeleHai
Tacingep anacbiHAa bipiKTipy KesiHae KON XeTKisinesi. ANbIHFaH HATUXKeNep Kapbepik eHicTepaiH
TYPAKTbINbIFbIH 3epTTeyaeri 3amaHayu LMpPAbIK saicTepAiH, OpHblI MeH peni Typanbl TyTac TYCiHiK
KaNbINTaCTbIPbIN, ONapAblH MOHUTOPWHT NeH Bafanayfa apHanfaH UHTerpaumanaHfFaH Luubpabik
KyWenepiH AambITyAblH NepcneKkTUBanbl eKeHiH aAanenaenai.

TyliiH ce30ep: 6GeTKeWHiH, TYpPaKTblAbIFbl, €CenTey aAiCi, acnanTbliK 34iC, Xepaeri fnasephik
CKaHepey, Mepai KalbIKTbIKTaH 30HATaY, MHTerpaumuanaHFad LMOpPAbIK sKyle.
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AHHOTALUMUA

YCTOWYMBOCTb KapbePHbIX OTKOCOB ABNAETCA OAHUM U3 K/toUYEBbIX GaKTOPOB, ONpeaenstowmx 6es-
0nacHOCTb M 3GPEKTUBHOCTb OTKPbITbIX FOPHbIX paboT. C yBenuyeHnem rnybuHbl Kapbepos,
YCNO¥KHEHUEM re0N0rMYecKoro CTPOEHUA MacCMBOB U MHTeHCUbMKaLMeN ropHbix paboT Bo3pac-
TaeT Heo6X0AMMOCTb MPUMEHEHUA METOA0B UCCNeA0BaHUA YCTOMYMBOCTM KapbepHbIX OTKOCOB,
OCHOBaHHbIX Ha MCNO/Ib30BaHUKN LUOPOBbIX TEXHONOTMI. LieIblo HAacTOALLEro UccnefoBaHUA AB-
NAETCA CUCTEMATM3ALMA U CPAaBHUTE/IbHBINA aHANU3 COBPEMEHHbIX METOA,0B UCCNeA0BaHUA YCTOMN-
UYMBOCTM KapbepHbIX OTKOCOB C YYETOM MUX BO3MOYKHOCTEN U OrPaHUYeHUit B YCI0BUAX OTKPbITBIX

Moctynuna: 26 aHeaps 2026 ropHbix paboTt. B pabote npeactaBneH aHaUTUYECKMI1 0630p PACHETHBIX FTeOMEXaHUYECKUX Noa-
PeueHsuposaHue: 22 anpens 2026 XOA0B, re0AE3NYECKUX MHCTPYMEHTANbHBIX METOAOB, TEXHOIOTUIN HA3EMHOTO 1Ia3E€PHOT0 CKaHW-
MpuHaTa B nevatsb: 8 masa 2026 poBaHusA, pOTOrpaMmeTpumn Ha OCHOBE BECMUNOTHOIN a3POPOTOCHEMKH, a TaKKe METOA0B CMYTHU-

KOBOW PafyMoNOKaLMOHHON MHTeppepoMeTpUM. BbINONHEH CPAaBHUTENbHBIV aHaNU3 MeToA0B Mo
KNIOYEBbIM MapameTpam, BK/OYAsA TUM SAHHbIX, MPOCTPAHCTBEHHBIN OXBAaT M BO3MOXKHOCTU aHa-
nu3a fedopmaumoHHbIX npoueccos. [oKasaHo, YTo Kaxablit U3 meTofoB obnasaeT cneumduye-
CKUMW NPEUMYLLECTBAMU U OTPAHUYEHWUAMU, ONpeaenstowmmmn 061acTb ero npuMeHeHus. Ycra-
HOB/IEHO, YTO HU OAMH U3 METOA0B, PACCMATPUBAEMbI OTAE/NbHO, He obecneynBaeT NosHOTO U
[LOCTOBEPHOrO OMUCAHMA COCTOAHMA YCTOMYMBOCTU KapbepHbIX OTKOCOB. Hanbonblias nHpopma-
TUBHOCTb AOCTUIAeTCA NPU MHTErpPaLym PasMyHbIX METOZLO0B B PaMKax KOMMNIEKCHbIX MOAX0A0B.
Mony4yeHHble pe3ynbTaTbl GOPMUPYIOT LESIOCTHOE NPeACTaBNeHUE O PONU COBPEMEHHbBIX Lndpo-
BbIX METOA,0B B UCCAEA0BAHUM YCTOMUMBOCTU KapbePHbIX OTKOCOB M MOATBEPKAAIOT NEPCNEKTUB-
HOCTb Pa3BUTUA. UHTErPUPOBAHHBIX LUPPOBbLIX CUCTEM MOHUTOPUHIA U OLEHKM UX YCTOMUYUBOCTM.

Knrouesvie cnosa: yCTOVIHMBOCTb OTKOCa, paC"IeTHbII‘;I meToa, MHCprMeHTaﬂbelﬁ meTosa, Hazem-
HOe Nla3epHOoe CKaHnpoBaHMe, ANCTaHUMOHHOE 30HAMPOBaHKUe 3eman, UHTErpnpoBaHHaA Ll,Md)pO-
BaA cuctema.
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