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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics 
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research databases. The 
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources 
Citation Index demonstrates our dedication to providing the most relevant and influential content 
of geology and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. 
Web of Science предлагает качество и глубину контента для исследователей, авторов, 
издателей и учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

«Қазақстан Республикасы Ұлттық ғылым академиясы» РҚБ-нің президенті, АҚ «Д.В.  Сокольский 
атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, Қазақстан)              
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Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын-
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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FIBER-OPTIC SYSTEM FOR CONTROLLING OPEN PIT SIDE ROCK DIS-
PLACEMENT

Mekhtiyev Ali — Candidate of Technical Sciences, Professor Department of Electrical Equipment Operation, 
NCJSC «S. Seifullin Kazakh Agro Technical Research University», Astana, Kazakhstan
E-mail: barton.kz@mail.ru, https://orcid.org/0000-0002-2633-3976;
Yugay Vyacheslav — PhD, head of the Automation of Production Processes Department, NCJSC «Abylkas 
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Abstract. The article deals with the development of a fiber-optic system for mon-
itoring the displacement of open pit side rocks based on the use of optical-digital intelli-
gent analysis of the optical parameters of fiber-optic sensors. The results are presented in 
a series of experiments aimed at establishing the pattern of changes in optical parameters 
under mechanical action on an optical fiber. In the experiments, the optical fiber has been 
stretched. It has been established that as the mechanical load on the optical fiber increas-
es, there increase additional losses that can be converted into a unit of displacement. 
Experiments have shown that at different displacement values   there is an increase in the 
number of white pixels that are formed due to mechanical action. The results obtained are 
explained by the inverse relationship between the amount of displacement and the num-
ber of white pixels. The control system performs an intelligent optical-digital analysis 
and transforms displacements into a pixel pattern. The greater the displacement, the more 
white pixels there are on the computer screen. Thanks to this technology, it is possible to 
determine with high accuracy the force of mechanical external impact on an optical fiber, 
which causes it to stretch, while the magnitude of the impact is directly proportional to 
the displacement. This principle is used to monitor soil deformations, to detect landslides, 
to monitor the condition of mines and the other objects where it is important to monitor 
soil movement. There are proposed a layout of fiber- optic sensors above a growing crack 
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and a data processing unit for monitoring the displacement of rocks on the open pit sides.
Keywords: open pit, displacement, rock, fiber-optic sensor, geotechnical condi-

tion
Financing: This research has is funded by the Ministry of Trade and Integration of 

the Republic of Kazakhstan (Grant No. BR19980899 “ Development of a system for moni-
toring the geotechnical state of mine workings and quarries based on intelligent fiber-optic 
sensors”).
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Аннотация. Бұл мақалада оптикалық-талшықты датчиктердің оптикалық 
параметрлерін оптикалық-цифрлық интеллектуалды талдауға негізделген карьер 
бортындағы тау жыныстарының жылжуын бақылаудың оптикалық-талшықиы жүйесін 
әзірлеу мәселесі қарастырылады. Нәтижелер оптикалық талшыққа механикалық әсер 
ету кезінде оптикалық параметрлердің өзгеру заңдылығын анықтауға бағытталған 
бірқатар тәжірибелермен ұсынылған. Тәжірибелерде оптикалық талшық созылды. 
Оптикалық талшыққа механикалық жүктеме шамасы өскен кезде қосымша шығындар 
көбейетіні анықталды, оларды ығысу бірлігіне айналдыруға болады. Тәжірибелер 
нәтижесінде, әртүрлі орын ауыстыру мәндерінде механикалық әсерге байланысты 
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пайда болатын ақ пикселдер санының артуы байқалады. Алынған нәтижелер орын 
ауыстыру мөлшері мен ақ пикселдер саны арасындағы кері байланысқа байланысты. 
Басқару жүйесі интеллектуалды оптикалық-цифрлық талдауды орындайды және 
орын ауыстыруларды пиксель үлгісіне айналдырады. Ығысу шамасы неғұрлым 
көп болса, компьютер экранында ақ пикселдер саны сәйкесінше көп болады. Осы 
технологияның арқасында оптикалық талшыққа механикалық сыртқы әсердің 
беріктігін жоғары дәлдікпен анықтауға болады, бұл оның созылуын тудырады, 
ал әсер ету мөлшері ығысу шамасына тура пропорционалды болады. Бұл принцип 
топырақтың деформациясын бақылау, көшкіндерді анықтау, шахталардың және 
топырақтың қозғалысын бақылау маңызды басқа объектілердің жағдайын бақылау 
үшін қолданылады. Карьер бортындағы тау жыныстарының жылжуын бақылау 
үшін өсіп келе жатқан жарықшақтың үстіне оптикалық-талшықты датчиктерді және 
деректерді өңдеу блогын орналастыру схемасы ұсынылады.

Түйін  сөздер: карьер, орын ауыстыру, тау жынысы, оптикалық-талшықты 
датчик, геотехникалық жағдай
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Аннотация. В данной статье рассматривается вопрос разработки 
волоконно-оптической системы контроля смещения горных пород бортов карьера, 
основанной на использовании оптико-цифрового интеллектуального анализа 
оптических параметров волоконно-оптических датчиков. Результаты представлены 
серией экспериментов, направленных на установление закономерности изменения 
оптических параметров при механическом воздействии на оптическое волокно. 
В экспериментах оптическое волокно подвергалось растяжению. Установлено, 
что при росте механической нагрузки на оптическое волокно увеличиваются 
дополнительные потери, которые можно конвертировать в единицу смещения. 
Эксперименты показали, что при различных значениях смещения наблюдается 
увеличение количества белых пикселей, которые формируются вследствие 
механического воздействия. Полученные результаты объясняются обратной 
зависимостью между величиной смещения и количеством белых пикселей. 
Система контроля выполняет интеллектуальный оптико-цифровой анализ и 
трансформирует смещения в картину пикселей. Чем больше смещения, тем 
больше белых пикселей на экране компьютера. Благодаря этой технологии можно 
с высокой точностью определить силу механического внешнего воздействия 
на оптическое волокно, которая вызывает его растяжение, при этом величина 
воздействия прямо пропорциональна смещению. Такой принцип применяется для 
отслеживания деформаций грунта, обнаружения оползней, контроля за состоянием 
шахт и других объектов, где важно отслеживать движение грунта. Предлагается 
схема размещения волоконно-оптических датчиков над растущей трещиной и 
блока обработки данных для контроля смещения горных пород бортов карьера.

Ключевые слова: карьер, смещение, горная порода, волоконно-оптический 
датчик, геотехническое состояние
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Introduction
At present, the development of open pit mining of mineral deposits is characterized 

by modernization, the use of new technologies and technical solutions, which allows you 
to optimize the mining process, make it safer and more profitable. The key role is played 
by the technologies used to control the stability of the quarry side, since the technical 
and economic indicators of production and labor safety depend on this (Baibatsha et al., 
2020). Due to the enormous size of quarries, it is necessary to constantly monitor their 
stability, especially during the mining process (Kamenev et al., 2014 ; Kim et al., 2015). 
To ensure safety at mining enterprises, it is necessary to introduce a system of automatic 
monitoring of the stability of quarry sides. Figure 1 shows  that open pit side collapse can 
pose a danger to people and equipment.
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.

Figure 1 – A coal open pit

As an alternative to expensive and complex methods of geoscanning and the use 
of ground penetrating radar, it is proposed to use fiber optic sensors to create a safety 
monitoring system in quarries, and switching to the use of fiber-optic sensors as a simpler 
and less expensive means of control (Madi, 2022).

In foreign countries, studies are actively underway to develop fiber-optic 
displacement sensors (FODS), which play an important role in the mining industry, 
providing the reliable and accurate monitoring of the condition of rocks and structures 
(Buymistryuk, 2005). Their application helps improving the efficiency and safety of 
operations in this industry (Osório et all, 2017;  Wang et al., 2016). FODS can accurately 
measure rock deformation and displacement in real time (Yiming et al., 2016). Chinese 
scientists T. Li, C. Wang, Y. Chao and Y. Ning have developed a safety system for 
underground mines that includes methane, pressure and temperature sensors (Liu et al., 
2009). An integrated data fusion system was also developed to provide self-diagnosis and 
statistical analysis of sensor status, visual, audio and mobile text information (Liu et al., 
2018; Su et al., 2016).

Displacement data helps identifying potential collapse zones, which allows tak-
ing preventive measures. Early detection of changes in rocks helps prevent accidents and 
collapses. The sensors developed by the authors can be installed in hard-to-reach places, 
providing continuous monitoring without the need for human intervention. Fiber-optic 
sensors are resistant to aggressive environments, moisture and temperature changes, 
which makes them ideal for the use in mining. They have a long service life and require 
minimal maintenance. The use of optical fiber reduces the cost of replacing and repairing 
equipment (Alkina et al., 2022). Fiber-optic sensors provide high measurement accuracy 
and are able to record even minor changes in the rock structure. The sensitivity of the 
sensors allows for a detailed analysis of the mine working state (Yurchenko et al., 2018; 
Mekhtiyev et al., 2023; Neshina et al., 2023).

Research methods
Experiments to study the developed sensors were carried out in laboratory condi-

tions at the air temperatures from 22 oC to 23 oC with relative humidity within 60 %. The 
sensor used was quartz optical fiber type D/G.652 “Single Mode Corning SMF” with a 
core diameter of 9 microns and a cladding diameter of 125 microns. The quartz optical 
fiber is coated with a protective layer of acrylic varnish, which increases its thickness 
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to 245 microns. Between the fiber-optic sensor and the laser, there is a 400 meter long 
optical fiber reel and a 30 meter long fiber optic patch cord. The connection of all the 
elements of the fiber-optic circuit is made using FC optical connectors. A diagram of the 
experiment to study the rock displacement sensor is presented in Figure 2. 

1 – radiation source, 2 – optical connector, 3 – patch cord, 4 – coil, 5 – optical conductor, 6 – sensor, 7 – elastic 
element, 8, 9 – disks, 10 – guides, 11 – crossbar, 12 – bushing, 13 – crossbar, 14 – input coupling, 15 – output 

optical device, 16 – optical module, 
17 – conductor, 18 – computer

Figure 2 – A diagram of the experiment to study the rock displacement sensor

A new monitoring system is proposed, which is based on the analysis of changes in 
the light signal passing through the optical fiber under mechanical influences on it, such as 
bending or pressure. The method proposed below does not use an optical interferometer or 
reflectometer, as well as the effect of Bragg gratings, since these methods have already been 
sufficiently studied. The method is based on analyzing changes in the size of the light spot 
using optical and digital technologies. This allows you to determine the amount of load on 
the optical fiber and determine the exact location where bending or stretching occurs. The 
signal processing system uses artificial intelligence algorithms to analyze changes in the 
light spot. This allows you to accurately determine the force of impact on the optical fiber. 
The laser beam from radiation source 1 passes through the sensor and enters the optical 
module. A semiconductor laser with a power of 30 mW and a wavelength of 650 nm, which 
operates in continuous mode, is used as a radiation source 1. The direction of movement of 
the light beam is indicated by solid arrows. Solid arrows show the direction of movement 
of optical radiation. Optical connectors 2 of the FC type are used for switching. In the ex-
periment, the laser beam passed through fiber-optic patch cord 3 thirty meters long, and reel 
4 with an optical fiber 400 meters long. Next, the beam passed through optical conductor 
5 and hit the sensitive element of  sensor 6. The sensitive element is made of a piece of 
single-mode optical fiber of the G.652 standard, which is wound into two parts of divided 
cylindrical coil 8 and 9 (half-disks), between them there is elastic element 7. The elastic ele-
ment provides tension on the optical fiber wound on two parts of the divided cylindrical coil. 
Moving part 9 moves on two guides 10. Two half-disks 8 and 9 have the radius of 1 cm; the 
use of a smaller radius is unacceptable due to the critical radius, which leads to damage to 
the OF when it is bent. In this case, moving part 9 moves when crossbar 11 located in guide 
sleeve 12 moves. Half-disk 9 is rigidly connected to crossbar 11. The sensor has housing 13 
that contains two input couplings 14. At the output of the sensor, output optical device 15 is 
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installed to form an optical spot on the surface of the photomatrix located in optical module 
16. The optical module contains a photomatrix and a graphics processor for converting the 
optical parameters of laser radiation into a digital signal. The optical module is connected 
using conductor 17 (USB cable). The data is processed using software installed on personal 
computer 18. Optical digital intellectual analysis is divided into three main phases A, B, C. 

The A phase flows in the optical module, and the optical spot is transformed into 
a digital signal. When exposed to sensitive element 6, when crossbar 11 extends from sen-
sor body 13, when an optical wave passes through element 6, its properties change. These 
changes are translated into changes in the pixel pattern displayed on the computer screen 
18. The B phase is associated with the transformation of the positive images of the optical 
spot into negative ones, since the OF core is excluded from the analysis. The proposed sen-
sor is an amplitude-type sensor, but unlike existing analogues, the change in the amplitude 
of additional losses formed in the OF shell is controlled. In the process of studies, it was 
established that under mechanical impact on the optical fiber (bending, torsion, stretching), 
part of the radiation leaves the core into the shell, which is the loss of the parental radiation 
power. It is recorded by the hardware-software complex installed on personal computer 18. 
The final C phase is associated with analyzing changes in the negative image of the optical 
spot and the formation of a pixel pattern. The further crossbar 11 slides along sleeve 12 lo-
cated in housing 13, the more white pixels are formed on the computer screen. The crossbar 
creates a mechanical effect on the optical fiber through half-disk 9 with which it is rigidly 
connected; thus, the length of the optical fiber wound on two half-disks 8 and 9 changes. 
The lengthening of the optical fiber can be expressed through ΔL, the intensity ∆I and the 
paternal losses ∆A recorded by the photomatrix change. If a crack opens, the crossbar will 
move out, and the initial optical parameters will change when setting up the sensor. If one 
fixes body 13 on one benchmark, and the end of crossbar 13 on another benchmark and 
place these benchmarks above the growing crack, then one can record its growth. It is pos-
sible to give theoretical foundations that are associated with changing the distance between 
the fastening points by an amount ΔL, causing a joint displacement of the crossbar and the 
extension of the OF wound on half-disks 8 and 9 between which there is elastic damper 7. 
When exposed to the force  caused by the elongation of the crossbar and its movement as-
sociated with the deformation of the massif and the opening of a crack, the tension force of 
the optical fibers  and the tension force of the spring are formed. The relationship of forces 
can be represented as follows: .

The tension force of optical fibers is as follows:

,
where   is number of the OF windings,

 is the coefficient of the OF elasticity,
  is the OF elongation.
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Figure 3 shows a laboratory sample of the FODS that was used in the research.

1 – laser; 2 – optical connectors of the FC type; 3 – fiber-optic patch cord; 4 – reel with optical fiber; 
5 – fiber-optic sensor; 6 – optical module; 7 – personal computer.

Figure 3 – A laboratory sampl3e of the FODS
Results and discussion 
Tests were carried out to determine the number of white pixels produced by 

mechanical stress (stretching) on   an optical fiber. The results showed that stretching the 
optical fiber leads to a decrease in the optical power of the radiation passing through the 
sensitive element of the fiber-optic sensor at different values   of the displacement ΔL. Fig-
ure 4 shows a graph showing the dependence of the number of white pixels on the offset 
value.

Figure 4 – Analysis of the relationship between the number of white pixels and the displacement value 
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To monitor the movement of rocks in quarries, it is proposed to use a scheme for 
placing FODS over a growing crack and a data processing system (Figure 5). Four to thir-
ty two FODS are connected to data processing unit 1 with the use of optical patch cords 2 
ten to thirty m long. The FODS is installed on fixed benchmark 6, and its sensing element 
is secured by crossbar 4 that is installed on movable benchmark 5. Benchmarks 5 and 6 are 
installed above growing crack 7 located in ground 8. When crack 7 expands, benchmark 5 
moves and applies mechanical force to the system sensor through crossbar 4. 

1 – data processing unit, 2 – fiber-optic conductors (patch cords), 3 – FODS, 4 – crossbar, 5 – movable 
benchmark, 6 – fixed benchmark, 7 – crack, 8 – soil

Figure 5 – A diagram of placing fiber-optic sensors over a growing crack and 
a data processing unit

Figure 6 shows photographs of the practical testing of a fiber-optic sensor installed 
above a growing crack. The photo shows the installed processing unit and the data process-
ing module.

Figure 5 – Practical testing of a fiber-optic sensor installed over a growing crack
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Conclusions
The developed system of optical-digital intelligent control of the open pit sides al-

lows controlling rock displacement using a network of FODS. Сhanges can be monitored at 
multiple points simultaneously. The system uses artificial intelligence to analyze changes in 
the parameters of an optical wave passing through fiber-optic displacement sensors. The key 
feature of the proposed system is its ability to work in real time and transmit received data 
over long distances via radio channels to a control station. The FODS has a fairly simple 
design and is highly sensitive compared to electrical sensors. It also does not require power 
to operate.

The system provides the multi-channel processing of data from several sensors and 
allows making changes to settings online. The simplicity of the FODS design and its low 
cost make the system easy to use and allows for remote measurements with high accuracy. 
The system proved its performance during field tests at the Akzharyk Komir LLP. 

This research has is funded by the Ministry of Trade and Integration of the Repub-
lic of Kazakhstan (Grant No. BR19980899 “ Development of a system for monitoring the 
geotechnical state of mine workings and quarries based on intelligent fiber-optic sensors”).
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