KomnnekcHoe Ucnonb3oBaHne MunepanbHoro Cbipba. Ne3(326), 2023

ISSN-L 2616-6445, ISSN 2224-5243

[=
g2 Crossref

DOI: 10.31643/2023/6445.23
Engineering and technology

@creative
commons

Modern data analysis technologies used for geomechanical monitoring. Review

!Besimbayeva O.G., !Khmyrova E.N., **'Tutanova M.S., ?Flindt N., ‘Sharafutdinov R.R.

!Karaganda Technical University, Karaganda, Kazakhstan
2Heidelberg University of Education, Heidelberg, Germany

* Corresponding author email: mikochkat1984@mail.ru

Received: August 25, 2022
Peer-reviewed: September 05, 2022
Accepted: October 12, 2022

ABSTRACT

The paper considers the possibilities of modern technologies and software that make it possible
to create continuity of geomechanical monitoring of man-made objects from shooting in
automatic mode, robotic surveillance systems, transmitting information over the Internet to
cloud storage, to performing stability calculations, determining the parameters of displacement
and deformation of slopes of ledges and sides of quarries. The development of modern
technologies for collecting and processing information allows the use of artificial neural networks
that are adapted for modeling geodetic deformations. Technogenic objects, which are very
complex systems, have a huge number of external factors affecting the stability of the mountain
range, so it becomes incredibly difficult to take into account and determine the amount of
displacement and deformation. Due to the complexity and variety of influencing factors, it
becomes necessary to use a new system for assessing the state of objects, called "neural
networks". The training of such a system is based on the already available research results
collected during the direct operation of industrial enterprises. Neural networks can become an
alternative to various methods of describing deformation processes, especially in the continuous
monitoring of man-made objects, where there is no a priori knowledge of the underlying
deformation processes. For effective monitoring and forecasting of deformation processes at a
mining enterprise, a multiparametric monitoring method is needed, which includes a
comprehensive system based on GPS measurements, supplemented with data from sensors for
changes in water level and changes in stresses and deformations of the array. The results of
automated survey and data recording sent to the cloud storage are distributed using "Big Data"
technology and analyzed by geoinformation systems. In turn, the adaptation of neural networks
to model deformations allows specialists to obtain a good alternative to the description of
structural deformations of the mountain range.

Keywords: The concept of the "Internet of Things", deformation monitoring, "Big Data", neural
networks, analytical models, modeling of deformation processes.
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Introduction

sensor data on magnetic drives. At this time, time

Application of the concept of the "Internet of =~ measurements were increasingly replaced by
things" in the organization of observations of the constant and continuous observations in time. The

object.

prerequisite for automatic measuring digital

The automation of geodetic observations began  systems in geodesy was the availability of suitable
in the 1980s, when personal computers and analog  software for touch control and data processing [1].
signal modems appeared, which were used by These strain monitoring systems have been
engineers to control electronic sensors and record  developed as isolated applications for individual
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personal or industrial computers with limited or no
network functions.

Even today, more modern systems lack such
functions as an open network and data interfaces
for machine-to-machine interaction with third-
party software, which makes it difficult to integrate
them into sensor networks [2]. To coordinate
measurements over large areas, monitoring
systems must be integrated into sensor networks.

The possibilities of the "Internet of Things"
concept and modern technologies make it possible
to simplify access to the network in engineering
geodesy and surveying without costs and technical
problems [3].

The emergence of small single-board
computers, such as the Raspberry Pi, made it
possible in a short time to create inexpensive
middleware for monitoring and controlling tasks
using rapid prototyping methods. These embedded
boards are full-featured computers with an ARM or
MIPS processor, memory, and 1/O interfaces. In
addition, any application, for example, the
monitoring software discussed, can be launched
(Fig. 1). The concept of embedded sensor nodes is
also applicable to portable Android devices such as
smartphones and tablet computers. They can
provide the necessary interfaces for connecting
sensors, as well as mobile Internet access via
3G/4G. The reuse of such universal devices can

GNSS receivers connected to the
network
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reduce the effort and cost of implementing sensor
networks [3].

At the moment, foreign research groups and
universities are already working on the
development of this direction. The result of such
work is a German system called OpenADMS [4]

It consists of several components:

- Open ADMS Control is a software for personal
computers designed to receive short—term data
from sensors.

- Open ADMS Web is a system designed to work
with a server, its main task is to work with a
complex of sensors and devices in the long term.

This system allows real-time observations of
the reference points of the observation stations of
the geomonitoring system and reflects on the
graph the displacement and changes in the
coordinates of the observation point, shown in Fig.
2.

The advantage of using this system can be
called the continuity of the work of the surveying
department. While specialists are in the field,
reproducing the shooting or it is performed
automatically by robotic surveillance systems, the
data obtained is immediately sent via the Internet
(or an internal LAN) to cloud storage. The data from
the repository is used to perform further
calculations of stability, the volume of work
performed, etc.

GPS

o? Total station connected to the
network

Figure 1 - The scheme of the "Internet of Things"
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Figure 2 - Observation of the displacement of the point coordinate using OpenADMS

Big Data and prospects of application in
desk work

The term "big data" (BD) was "officially"
introduced by the Oxford English Dictionary in
2013. He associates the term BD with a large data
set that is (almost) impossible to manage —
process using "traditional" tools [5].

BD can carry "big errors", such as lack of
consistency and reliability, "false" data, noise, lack
of representativeness, incomplete information, etc.

Currently, most of the "big data" consist of
spatial data, i.e. discrete representations of
continuous phenomena. Spatial data is represented
by the following basic models:

a) raster (grid): satellite images are good
examples of raster data;

b) vector: consists of points, lines, polygons,
and their combined (or multi-) analogs;

c) network: graphs consisting of spatial
networks form another important data type used to
represent road networks.

The problem of working with big data arises
when shooting large objects with a high level of
detail. The total amount of information about the
object can reach huge volumes, and every year it
will only grow exponentially. The main task of Big
Data is to work with such a volume of data, their
analysis, and processing. Within the framework of
this concept, cloud storage, database software,
machine learning, etc. are widely used.

Application of neural networks

The latest interesting developments in the
direction of software development are the method
of machine learning and the use of neural network
technology. Technogenic objects are very complex
systems that have a huge number of external
factors, which makes it incredibly difficult to take
them into account, so mathematical models have a
discrepancy with the established forecasts of their
condition [[6], [7]].

Due to the complexity of the influencing
factors, when trying to take into account most of
the conditions, a model is obtained that is difficult
to fully describe with dependencies. For this
reason, it becomes necessary to use new methods
for assessing the state of objects, using a system
called "neural networks" for this purpose. Though
they are in fact artificial neural networks, they are
often called neural networks or nets which are
basically IT systems that mimic biological neural
networks [ 8].

The training of such a system is based on the
already available research results collected during
the direct operation of industrial enterprises.
Artificial neural networks are adapted for use in
modeling geodetic deformations (Fig.3).

Surveyors and surveyors have long been faced
with the problem of finding effective solutions to
approximation functions that determine the
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Figure 3 - Neural network operation diagram

amount of displacement and deformation,
especially when working with continuously
controlled processes. Most solutions are obtained
in the time domain, since measurements are
currently obtained online in the form of continuous
or discrete time sequences.

This system has a number of features:

- The system constantly accumulates data and
improves itself, which over time will improve the
quality of creating an object model, and will allow
analysis under changing operating conditions.

- It will be impossible to make clear
dependencies within this system, since it is closed,
and does not allow the user to see on the basis of
which calculations such a calculation was obtained,
however, the user can still make a comparison
based on the data entered and the result obtained.

- The real physical model may not fully
correspond to the one that was built by the neural
network.

The adaptation of neural networks to model
deformations allows specialists to obtain a good
alternative to the description of structural
deformations. Certain parameters, in this case,
weights, inherently describe the mapping between
input and output data, but cannot be used in any
other way as a representation of a typical
mathematical function for the deformation process.
It is very important to note that the results of using
neural networks strongly depend on the choice of
both input and output data, as well as the
architecture of the network used, since they are
able to learn anything. Figure 4 shows graphs of
real measurements and models built by a neural
network trained by researchers from the Institute
of Geodesy and Photogrammetry of the
Braunschweig Technical University. In the left part
of the graph, the parameters are adjusted, after
which the neural network makes its own forecast

regarding further changes in the coordinates of the
geodetic point. On the graph, in the right part of it,
you can track a large degree of convergence of real
measurements and the model of changing the
coordinates of a point built by a neural network.
Neural networks also have a disadvantage,
which is that there is no single analogous solution
for any given set of input-output data, since the
parameters determined depend on various settings
performed during the learning process, which rely
solely on personal human judgment. However,
neural networks can become an alternative to
methods of describing deformation processes,
especially in the continuous monitoring of man-
made objects, where there is no a priori knowledge
about the underlying deformation processes. Thus,
they can serve as an addition to the existing
methodology for modeling deformation processes.

Organization of a comprehensive monitoring
system using the latest technologies

The issues of creating an automated
geomechanical monitoring system are considered
in order to study the state of stability of the
Western and Eastern quarries of LLP "JV "Alaigyr"
based on the use of GPS equipment and software.

The Alaigyr deposit is located in the eastern
part of the Uspenskaya crumple zone. Devonian
and carboniferous deposits, and subvolcanic and
dike formations take part in the geological
structure of the deposit [10]. Of the magmatic
formations within the deposit, the subvolcanic
body of ore-containing high-potassium liparite
porphyries is of the greatest interest. A total of 20
dyke bodies have been identified at the deposit.
The Alaigyr lead deposit is localized within the
subvolcanic body of liparite porphyries. Since the
ore  mineralization along the strike has
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Table 1 — Summary of the recommended parameters of the ledges of the Eastern quarry

Figure 4 - Graph of comparison of neural network data with real measurements

Cut Type of breed Slope angle of the Ledge height, m
ledge, degree

I-1 Clay 40 12
Weathering Crust 50 12
Carbonaceous-siliceous shales 65 24
Terrigenous siltstones 65 24
1I-11 Clay 40 12
Rhyolite porphyries 65 30
- Weathering Crust 50 12
Rhyolite porphyries 65 30
Beresitized porphyry 65 30
Tufopeschaniki 50 12
V-1V Weathering Crust 50 12
Rhyolite porphyries 65 30
Beresitized porphyry 65 30
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interruptions, the deposit is conditionally divided
into three sections: Western, Middle, and Eastern.
During the exploration of the deposit, 11 major
tectonic disturbances were revealed [10]. The most
ancient discontinuous disorders complicating the
folded structure consonant longitudinal
(sublatitudinal)
interplastic disruptions. Violations of this type are

are

violations such as thrusts or
characteristic of the entire Assumption crumple
zone. A linear type weathering crust has been
developed at the deposit, confined to crushing
zones of the type of inter-plastic breakdowns
between liparite porphyries and host rocks.
rocks are represented by

intensely fractured rocks, often decomposed to the

Weathering crust
state of structural and structureless clays.

The stability of the sides and ledges of the
Alaigyr deposit is influenced by a huge number of
the
disturbances, a developed zone of weathering crust,

factors, such as presence of tectonic

intense fracturing of rocks, waterlogging of the
deposit, physical and mechanical properties of
rocks, technological features of mining, etc.

In 2018, Mining Research Group LLP carried out
work on the geomechanical justification of the
parameters of the quarries of the mining complex at

the Alaigyr deposit. Analysis of the simulation
results shows that the least stable areas are the

[ W
QI
)84 - - N
{ Profile lines of GPS monitoring stations
for monitaring open pit walls
Limit contour of
quarrying

Projected bridge for the

location of a robotic electronic

total station

AL

upper ledges composed of clays (SRF = 0.63), which
indicates the instability of the sides and ledges of
the Eastern Quarry. The simulation results are
summarized in Table 1.

Based on the Alaigyr field development project,
a combined scheme for monitoring the stability of
the sides of the quarry and ledges was chosen.

To monitor the stability of the sides, a GPS base
station will be used, which is installed on the roof of
the production and administrative building. Four
observation profiles and eight scoring reference
points are fixed on the sides of the quarries to
install a GPS receiver. (Figure 5, 6)

Also, based on the geomechanical justification
of the quarry parameters, the location of the
robotic electronic total station is selected.

Geomechanical control at the quarries is carried
out in order to obtain reliable information about
the condition of the sides of the quarry at various
stages of field development. One of the ways to
is to conduct instrumental
the of the
implementation of which the adequacy and

ensure such control
observations, on reliability

timeliness of decision-making on emerging
deformations of the instrument array depends.
Untimely response to emerging deformations can

lead to the death or loss of the working capacity of

people and increase production costs.

Figure 5 - Layout of profile lines for monitoring the stability of the eastern side of the quarry
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Figure 6 - Layout of profile lines for monitoring the stability of the western side of the quarry

Currently, there is a large amount of data, both
in the field of hardware layout of observational
surveying networks, and software products that
provide analysis and processing of incoming
information from deformation sensors. One of the
main manufacturers whose GPS equipment is used
in the creation of information collection and
processing systems (GPS receivers and
communication equipment) are Leica Geosystems,
Trimble, Garmin, etc [9].

In the field of software that allows you to fully
automate the control mode of deformation sensors,
collect and archive statistical data, process data in
real-time, as well as notify about exceeding
permissible values of deformations, the following
companies have achieved the greatest success:
InteTrak (Orion Monitoring Systems, Inc); 3D
Tracker (Condor Earth Technologies); GPS RTK
software (Geodetic Research Laboratory (GRL) at
UNB) [11].

Using high-precision equipment operating
around the clock in real-time with an advanced
warning system helps to secure mining operations
(for example, to remove equipment and field
workers from the zone of probable collapse). In
view of the fact that the mountain range is usually
heterogeneous, the function of the development of
the deformation rate is often not linear in nature. In
this regard, high-precision instrumental
observations with short intervals between
measurements are necessary to determine the

transition point of ordinary displacements to the
critical zone [1].

This multiparametric remote monitoring system
can monitor various characteristics of an unstable
landslide on a large scale before it collapses in
various aspects, which gives the geomechanical
service of the enterprise valuable time to prepare
anti-landslide measures [12]. According to the
different slope characteristics, different parameters
can be combined and different types of sensors can
be selected. Then the data is transmitted to the
control room using wireless communication
technology. In the control room, correct conclusions
are given through the system's data analysis system
and the expert's experience analysis, which can play
a real role in predicting and predicting deformation
processes.

To reproduce the real effect of monitoring and
forecasting on an unstable slope, a multiparametric
monitoring method is needed [[13], [14]]. Based on
the ideas presented, a combination of several
monitoring methods is proposed [15]. A
comprehensive monitoring system based on GPS
monitoring is  being created, which s
complemented by touch monitoring [16].

Firstly, the stability of the slope of the ledge is
influenced by many factors. To collect information
affecting the stability of the slope, a
multiparametric and multi-device monitoring
system based on the Internet of Things is proposed.

Secondly, the monitoring cycle of the slope
monitoring project is long, so it requires little real-
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Figure 7 - Geomechanical monitoring system

time data. However, due to the specifics of the
monitoring environment, it has high requirements
for energy conservation, scalability, and reliability of
the wireless transmission network [[6], [7]].

Thirdly, the efficiency and accuracy of
monitoring data play an important role in predicting
the stability of the slope of the ledge and the side of
the quarry [17]. Therefore, the data must be
properly processed and classified. The key to the
data management process is to extract useful data
from the array of monitoring data that are useful
for the forecasting process [18]. Monitoring data is
transmitted to the remote monitoring information
management center using ZigBee technology. A
large-scale information management system for
slope monitoring is being created (Fig.7). They
manage a database of ground and deep
displacements, a database of attributes of water
level changes, and a database of attributes of stress
and strain changes. Through Internet technologies,
geomechanics can view data in each database. To
make it easier for users to manage the application,
connection, device, and other contents of the
intermediate service components of the Internet of
Things, an Internet-based web services system is
used [[19], [20], [21], [22]].

Wireless sensor network data transmission and
middleware  management are implemented
respectively. The Access database stores
information about hardware, information about
applications, and so on. The Wireless Sensor
Network Data Interface (APl) packages wireless
sensor data into an interface and provides a call to
the user. It is economically feasible to use such a
system at large facilities where there is a large
amount of data and work performed. Due to the
automation of the process with the help of robotic
devices and sensors, data acquisition is possible in
automatic mode [[23], [24]]. The results of the
survey and data recording sent to the cloud storage
will be distributed using the "Big Data" technology,

after which further work with them is possible using
geoinformation  systems. Potentially, neural
network technology can be included in this
complex, but training the system will take time and
require large computing power [25].

Currently, a database is being created in order
to obtain reliable information about the condition
of the sides of the quarry at various stages of field
development, taking into account the complex
mining and geological conditions of development
and the results of instrumental observations of the
developed integrated monitoring system based on
GPS monitoring, which is supplemented by sensor
monitoring.

A similar approach can be applied to large
facilities such as the Ekibastuz basin coal pits, the
Vasilskovskoye gold deposit, the deep pits of the
Sokolovo-Sarbay Mining and Production
Association, and other enterprises of the mining
industry of the Republic of Kazakhstan [26]. In the
end we should not forget that beyond the
advantages big data has it is also like "(...) the new
plutonium. In its natural state it leaks,
contaminates, harms. Safely contained & harnessed
it can power a city" [27].

Conclusions

Modern technologies and capabilities of the
"Internet of Things" concept make it possible to
simplify access to the network in engineering
geodesy and surveying without costs and technical
problems. The German OpenADMS system, based
on working with a complex of sensors and devices,
allows real-time observations of the reference
points of the observation stations of the
geomonitoring system and reflects on the graph the
displacements and changes in the coordinates of
the observation point.

The total amount of information about the
object can reach huge volumes, and every year it
will only grow exponentially. When shooting large
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objects with a high level of detail, the main task of
Big Data is to work with such a volume of data, their
analysis, and processing.

Monitoring of man-made objects includes
taking into account the complexity of influencing
factors, while most of the conditions are difficult to
fully describe with dependencies. For this reason, it
becomes necessary to use new methods for
assessing the state of objects, using a system called
"neural networks" for this purpose. The adaptation
of neural networks to model deformations allows
specialists to obtain a good alternative to the
description of structural deformations.

Neural networks can become an alternative to
methods of describing deformation processes,
especially in the continuous monitoring of man-
made objects, where there is no a priori knowledge
about the underlying deformation processes. Thus,
they can serve as an addition to the existing
methodology for modeling deformation processes

The technology of the "Internet of Things" and
"Big Data" can really improve the situation, simplify
the way of data collection, bringing desk work to
almost automatic execution, but the use of these
technologies does not yet have a sufficient practical
basis.
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technologies used for geomechanical monitoring. Review. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of
Mineral Resources. 2023;326(3):05-15. https://doi.org/10.31643/2023/6445.23

FeomexaHUKaNblK MOHUTOPUHITI OPbIHAAY YLWiH KONAAHbINATbLIH Kasipri
3aMaHfbl AepeKTepai Tangay TexHonoruanapol. LWony

!pecumbaesa O.I., XXmbipoBa E.H., TyraHosa M.C., 2daung H., LWapadyramuHos P.P.

KaparaHdbl mexHuKasnsiK yHusepcumemi, KaparaHdsl, Kazakcmax
2Xelidenvbepe 6inim 6epy yHusepcumemi, lalidenvbepe, lepmaHus

TYWIHAEME

KymbICTa  aBTOMaTTbl peXUMAe TyCipyZeH, poboTTaHabIipbiifaH 6akblnay KyenepimeH
TEXHOTeHAiK OBBbEKTINepaiH, reomexaHuKanblK MOHUTOPUHTIHIH, Y34iKCI3AiriH KypyFfa, UHTEpPHET
»enici boiblHIWA aknapaTTbl BYNTTbl KoMMaFa Bepyre, OPHLIKTbINbIK eCcenTeynepiH oOpbIHAAYFa,
KapbepsepaiH, Kemepnepi MeH epHeynepi eHiCTepiHiH, KblKY *KoHe pedopmaums
napameTpaepiH aHblKTayfa MYMKIHAIK 6epeTiH Kasipri 3amaHfbl TexHO/NOrMANap MeH
bafmapnamanbiK KamMTaMacbi3 eTyAiH, MYMKIHAIKTepi KapacTbipbingbl. AKNapaTTbl KMHAY MeH
OHAEYAIH 3aMaHayy TEXHONOTUANAPbIH AaMbITy reofesuansbik aepopmaumnanapabl mogenbaeyre
beiiimaenreH »KacaHOpl HEMPOHAbIK Keninepai nanpanaHyFa MymKiHAiK 6epepi. ©Te Kypaeni
Kyienep 60sbin TabblnaTblH TEXHOrEHAIK 06beKTinepae MacCUBTIH, TYPaKTbUIbIK KafaalibiHa
ocep eTeTiH KenTereH CbIpTKbl dakTopnap 6ap, COHAbIKTaH Ko3fanbic neH AedOopMaLUAHBIH,
MeJILIepiH eCcKepy XaHe aHblKTay eTe KUblH. I9cep eTywinepaiH, Kypaeniniri meH anyaH
TypainiriHe 6ainaHbicTbl "HEMPOHABIK Keninep" pnen aTanaTtblH O6GBEKTINEpPAiH *KafaaWblH
6afanaygblH, KaHa JKYMeCiH KongaHy KaxkeT. MyHAal KyheHi OKbITy eHepKacinTik
KacinopblHAAPAbl TiKeNen nafanaHy KesiHAe uWHanfaH Konga 6ap 3epTrey HaTuKenepiHe
HerisgenreH. HeWpoHabIk, Keninep paedopmauumsanbik npouecTepai cunaTTayablH, apTypAi
opicTepiHe 6anama 6ona anagpl, acipece onapaplH HerisiHge XaTkaH pedopMaumsanbiK
npouectep Typasbl anpuopAblK 6inimi oK TexHoreHaik o6beKTiiepai y3aikcis 6akbliay KesiHae.
Tay-KeH KacinopHbiHAA Aedopmaumanblk npouectepai TMiMai 6akblnay xaHe 6oskay ywiH GPS-
e/weynep HerisiHae KelweHai XyneHi KAMTUTbIH MOHUTOPUHITIH, Ken napameTpAi a4ici KaxeT, on
Cy [AeHreiHiH, e3repy [aTYMKTEpPiHIH [OepeKTepiMeH »K9He MACCUBTIH, KepHeynepi MeH
AedbopmaumanapbiHblH, — ©3repyimeH  TOMbIKTbIpbLIadbl.  BynTTbl  Kolmafa  »KibepinreH
aBTOMATTaHAbIPbINFAH  TyCipiniMm  KaHe  AepekTepdi »Kasy Hatwkenepi "Big  Data"
TEXHO/IOTUACBIHbIH, KOMEriMeH TapaTblaZibl XKaHe reoaknapaTTbIK KylenepmeH TangaHagbl. 63
KeseriHae HeMpoHAbIK Keninepai mogenbaepaiH aebopmaumanapbiHa beiimgey mamaHgapfa
MaCCUBTIH, KypblibiMapblK AedopmMauuanapbliH cUNaTTayFa Kakcbl 6anama anyfa MyMKIHAIK
bepegi.

TyiiiH ce30ep: «3aTTapAblH, MHTEPHETI» TYCiHir, Aedopmauna MOHUTOPUHTI, «YIKEH AepeKTep»,
HeMpOHAbIK Xeninep, aHaAUTUKaNbIKk Mogenbaep, sedopmauma NpoLecTepiH MOAEeNbaeY.
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AHHOTauuA

B paboTe paccMOTPEHbl BO3MOMKHOCTU COBPEMEHHBIX TEXHONOTMIA U NPOrPamMmMHOro
obecneyeHunn, nossonsloWMe C€O34aTb HEpPaspbIBHOCTb [EOMEXaHMYECKOro MOHWUTOPUHIa
TEXHOTeHHbIX OOBLEKTOB OT CbEeMKM B aBTOMATUYECKOM pexume, pPobOTU3MPOBAHHBIMU
cuctemamu HabaogeHua, nepesaduvm MHGOPMaLMU MO CETU UHTEPHET B 061a4HOe XPaHUAULLE,
[0 BbINO/IHEHUA PACcYETOB YCTOMYMBOCTH, ONpeaeNeHns NapameTpoB CABUMKEHNA U aedopmaunii
OTKOCOB YCTynoB U 60pToB KapbepoB. Pa3Butne coBpemeHHbIX TexHonormin cbopa n 06paboTku
nHbopmaLuMmM  NO3BONAET  WCMONb30BaTb  UCKYCCTBEHHbIE  HEMPOHHbIE CETW, KOTOpble
afanTUPOBaHbl AN MOAEAMPOBAHUA reofesnyecknx gedopmaunit. TexHoreHHble OBbBEKTbI,
npeacTasnsowme coboli o4eHb CNOXKHbIe CUCTEMbI, 06/1a4at0T OrPOMHBIM KOIMYECTBO BHELLUHWUX
$aKTOpOB, BAMUAKOLWMX Ha COCTOAAHWME YCTOMYMBOCTM TOPHOTO MAaccuea, MO3TOMY Y4ecTb M
onpeaenvUTb BEANYUHY CABUXKEHUA U Aedopmaumn CTaHOBUTLCA HEBEPOATHO CHOXHO. M3-3a
KOMMIEKCHOCTM W pa3Hoobpasusa BauAOWMX GAKTOpoB, BO3HMKAET HeobxogumocTb
MCNO/Nb30BaTb HOBYKD CUCTEMY OLLEHKM COCTOSIHUA OOBEKTOB, HA3blBAaEMYK «HEMPOHHbIMMU
cetamuy. ObydyeHMe NOAOGHOM CUCTEMBI, OCHOBLIBAETCA Ha YXKE WMMEIOLMXCA pesy/bTaTax
nuccnenoBaHwWii,  COBpaHHbIX  NPW  HEMoOCPeACcTBEHHOW  3KCMAyaTauMM  MPOMbILAEHHbIX
npeanpuaTMit. HeMpoHHble ceT MOryT CcTaTb anbTepPHATUBOM pa3HOOBpasHbIM MeToaam
onucaHua  AedopMaLMOHHBIX MPOLLECCOB, OCOBEHHO NPU  HENPEPLIBHOM MOHWUTOPUHIE
TEXHOTeHHbIX 06bEKTOB, r4e HEeT anpPUOPHBIX 3HAHWUI O NeXKall X B X OCHOBe AedpOopMaLMOHHbIX
npoueccax. [Ana 3pPHeKTMBHOrO MOHWUTOPUHFA UM MPOrHO3UPOBaHUA  AePOPMALUOHHBIX
NPOLLECCOB HAa TOPHOM MPeanpPUATUM HEOHXOAMM MHOFONAPAMETPUYECKUIA METOL MOHUTOPUHTA,
KOTOpPbIV BKAKOYAET B ceba KOMMIEKCHYIO cucTeEMy Ha ocHoBe GPS-usmepeHwit, gononHsaercs
OAHHbIMU [ATYMKOB M3MEHEHUA YPOBHSA BOAbl U U3MEHEHWI HanpsKeHuin u aedpopmaumin
maccuBa. PesynbTaTbl aBTOMaTU3MPOBAHHON CbEMKM M 3aMUCU  AaHHbIX, OTNpPaBfeHHble B
06/1a4HOE XpPaHUAULLE, PacNpPeaensatoTca C NOMOLLbI0 TexHonormmn «Big Data», v aHanusupyoTca
reouHdopmMaLMOHHbIMK  CUCTeMaMW. B cBOK ouyepeab aganTauma HEMPOHHbIX ceTer K
Aedopmaumam mogenelt MNO3BOAAET CMEUManncTam MNOJIyYMTb XOPOLUYH  anbTepHATUBY
OMMUCaHUNIO CTPYKTYPHbIX AepopMaLLmii rOpHOro MaccuBa.

Kniouesbie cnoea. KoHuenuus «WHTepHeTa Beliein», MOHUTOPUHT aedopmauun, «bonblune
OaHHble», HEMPOHHble CeTW, aHa/NUTUYeCKMe MoAenu, MmoaenuposaHue aedopMaLMOHHbIX
npoLLeccos.
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