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Abstract. The relevance of the use of fiber-optic sensors for monitoring the technical condition of mining machines in
the coal mines of the Karaganda coal basin is extremely high, because they are extremely categorical and dangerous
for a sudden explosion of coal dust and methane gas during mining operations in dangerous conditions of mines.
The author describe the idea of using an optical fiber of the ITU-T G. 652.D standard for monitoring the mountain
range of coal mines, which is very promising, since the fiber-optic sensors developed on its basis have a sufficiently
high accuracy, measurement speed and have good linearity of characteristics. To test the methods of monitoring
and measuring the geotechnical parameters of the workings, a simulation laboratory stand based on fiber-optic
sensors was developed. The author used a quartz single-mode optical fiber 9/125 microns (0S2) Corning SMF-28e+©.
The article offers systems in two versions, depending on the tasks and functionality. In the first variant, the well-
known optical reflectometry method OTDR (Optical time domain reflectometer) is used. In the second variant, the
values of additional losses caused by mechanical action on the optical fiber are controlled. When the optical fiber is
mechanically affected, micro- and macrobends occur, leading to additional losses of the optical signal in the fiber.
These losses can be measured and the pressure values on the optical fiber can be set, and the displacement value can
also be determined.

Keywords: attenuation, losses, information and measurement system, optical fiber, safety, mining operations, array
defects, fiber-optic sensor.

Introduction operating costs and high safety requirements.
The design and planning of an underground mine | The mining system requires an interdisciplinary
is aimed at creating an integrated system in which | engineering structure and coordination of its work
the extraction and processing of useful minerals [1-9]. One of the important aspects of the functioning
is carried out for a certain market with minimal = of a complex mine system is the safety of mining




operations. Undoubtedly, underground mines are
one of the most difficult and tough environments for
people to work in.

Problem statement

Taking into account the analysis, a thorough study
is necessary to better understand the geomechanical
behavior of rocks and to ensure higher productivity
together with a safe working environment for workers
and mechanisms. One of the important points is
the control of the rock pressure on the walls of the
workings and the prediction of their sudden collapse.
As an object of research, the model of mining of the
mine of the Karaganda coal basin is considered.
The relevance of the use of fiber-optic sensors (FOS)
for monitoring the technical condition of mining
machines in the coal mines of the Karaganda coal
basin is extremely high, because when mining
operations are carried out in dangerous conditions
of mines belonging to super-categorical, dangerous
for a sudden explosion of coal dust and methane gas.
Therefore, reliable systems for measuring, monitoring
and monitoring the condition of mine workings and
equipment with increased requirements for spark
and explosion hazard are required. Neglecting
these factors, it is possible to create conditions for
the occurrence of serious accidents with significant
human casualties. Information and measurement
systems based on fiber-optic sensors meet all safety
rules and can be used in the mines of the Karagandy
coal basin [10].

Laboratory research

The first stage of the development of an
information and measurement system based on fiber-
optic sensors (IMS FOS) is to conduct an analytical
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study of the existing achievements in this field, based
on a systematic approach and solving the problem
as a whole. The results of the literature analysis
made it possible to use the accumulated experience
to develop an information and measurement system
based on fiber-optic sensors that can work effectively
in mines that are dangerous for sudden release of
meth and dust. To develop methods for monitoring
and measuring geotechnical parameters of workings,
a laboratory model for conducting research was
developed, shown in figure 1.

In real conditions, it is desirable to have an
intensive monitoring program for support pressure
using modern continuous monitoring systems on an
electronic gadget in order to evaluate and store data
at the required time intervals.

A  modern communication system for
underground mines can be wired or wireless. Both
types of systems can fail when faced with fires, a
falling roof, an explosion and a power failure.

The implementation of miniature integrated
circuits, a suitable design of secure power supply
systems and microelectronics for data storage and
transmission can be useful in the development of
cost-effective continuous monitoring systems.

An optical fiber is intrinsically safe if the light
energy transmitted through the fiber is at or below
a certain power level. They are not affected by noise,
lightning, interference from RF, EMF, electromagnetic
interference, common in the mining industry [11-15].
The use of fiber optics for reliable communication
during monitoring, analysis and management of
equipment and objects during the mining process
will increase the safety and efficiency of production.
Fiber-optic communication is uniquely suited for
connecting real-time data from environmental sensors

Mining model

Optical fiber reel

Figure 1 — The appearance of a laboratory stand for practical testing of theoretical research results
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and equipment to ensure maximum performance
while meeting the highest safety standards. Fiber-
optic cables must be properly designed so that they
remain operational under the following conditions:
the movement of underground vehicles, the collapse
of an underground roof, flooding of underground
water, the impact of a pressure wave resulting from
underground explosions.

A simulation laboratory stand was developed
for testing the design of an information and
measurement system based on fiber-optic sensors
(figure 1). Corning SMF-28e+® quartz single-mode
optical fiber 9/125 microns (OS2) with a low «water
level» (ITU-T G. 652.D standard) was used. It is not
advisable to use a fiber with the Ultra series, since
it has a lower sensitivity to bending. The opto-
fiber has a primary coating of 245 microns (with
an outer shell). To determine the values of optical
radiation power and losses, the VIAVI optical
power meter (JDSU) SmartPocket OLP-38 was used,
operating in the dynamic range from -50 to +26
dBm, with a wavelength range of 780-1650 nm. The
SmartPocket OLS-34/35/36 with built-in Auto-A and
Multi-A options was used as a radiation source, the
SmartPocket OLP-38 can automatically measure the
power level and insertion losses in a single-mode
and multimode optical cable. The connection to the
optical fiber was made through a universal UPP 2.5
mm adapter and optical connectors of the FC type.

The length of the compensation coil is 2 km of
optical fiber ITU-T G. 652.D standard).

The second experiment was carried out using the
Yokogawa AQ1200E optical reflectometer (figure 2,
b).

Results of numerical simulation

With the help of the developed laboratory
stand, a number of experiments were carried out to
determine the losses of an optical fiber at different
pressure values.

__— Pressure point

Compensation Optical fiber

coil with optical

Optical wattmeter

The numerical study of the FOS model was
carried out using the Wolframalpha program, which
is an interactive system for processing experimental
results and is focused on working with data arrays.

Boundary condition: the pressure energy on
the fiber is from 0 to 15 Nm, the step interval is 2.4
Nm, only 7 steps, the temperature in the laboratory
room is 25°C. Movement along the axes until the
pressure is applied OX=0m; OY=0m; OZ=0m. As
a result of automated data approximation, one-
dimensional mathematical models were obtained.
Each measurement was performed 10 times.

Optical fibers with a wavelength of 1310 and 1550
nm were studied. The graph of the dependence of
the loss value of an optical fiber with a wavelength
of 1310 nm with a step-by-step increase in pressure is
shown in Figure 3.

During the automatic approximation, the
following results were obtained:

1. 0,0718438P+25,2616=¢ the approximation is linear;
2. 0,000022611P*-0,000522694P>+0,0749118P+25,2589
=¢ approximation of the third degree (cubic);

3. +0,0000237653P>+0,0721934P+25,2609=¢
approximation of the second degree (quadratic).

Since the best mathematical model is considered
to be the model with the lowest value of the AIC
criterion  (Akaike Information Criterion), the
dependence of the loss values in the optical fiber is
better represented by a quadratic approximation, in
which the Akaike information criterion is —53.6639.

To determine the distance to the place of violation
of perimeter security, a YOKOGAWA AQ1200 OTDR
reflectometer was used. The reflectogram (figure 4)
clearly shows on which part of the optical fiber the
loss change occurs.

The reflectogram shows that in the range of 1,989-
2,03079 km, the return loss of the optical fiber was
0.066 dB, which indicates that the pressure on the
optical fiber is higher than normal at this interval.

Compensation coil
with optical fiber /

B

Point of Applied
Pressure

/
Optical fiber

)
Optical fiber G-652

Optical Time Domain
Reflectometer

Figure 2 — Block diagram of the laboratory stand of an information and measurement system based on fiber-optic

sensors: a — with an optical wattmeter; b — with an optical reflectometer
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Figure 3 — The value of losses of an optical fiber with a wavelength of 1310 nm with a step-by-step increase in
pressure
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Figure 4 — Reflectogram

Development of an information and be measured and the pressure values on the optical
measurement system based on fiber-optic sensors fiber can be set, and the amount of displacement can

When the optical fiber is mechanically affected, | also be determined. An important advantage of this
micro and macro bends occur, leading to additional | measurement system will be its complete spark and
losses of the optical signal in the fiber. These losses can | fire safety. The energy passivity of the sensors allows 249 |
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you to switch off power sources directly located
in the coal mining zone. The water management
System is capable of monitoring the mining workings
around the clock. The system can be presented in two
versions, depending on the tasks and functionality. In
the first variant, the well-known optical reflectometry
method OTDR (Optical time domain reflectometer) is
used. In the second variant, the values of additional
losses caused by mechanical action on the optical
fiber are controlled.

The area of operation of the IMS FOS is about 50
km, which is quite enough for transmitting signals
within the mine workings and feeding them to
the surface. The WATER AIS can have more than a
hundred channels and measurement points. The
waters are located directly in the mine workings. The
connection is carried out through optical connectors
to the main optical cable, and the photo receivers,
laser and analyzer are located in the safe zone of the
near-trunk yard or on the surface. The IIS shown
works as follows: a light source (a semiconductor
laser) generates short probing pulses of the required
duration (from 5 ns to 20 microseconds), with
wavelengths of 1310 nm and 1550 nm. The pulse
passes through the splitter via an optical cable
to the FOS located in the mine workings. When
the sensor's optical fiber is mechanically affected,
additional losses occur, and part of the signal is
reflected and enters the photodetector through the
same conductor. The splitter provides the passage of
light reflected in the window to the optical radiation
receiver for its registration and measurement. The
sensitive photodetector has a device for primary
signal processing and accurately measures the levels
and time delays of all reflections that appear as the
probing light pulse passes along the fiber. Measuring
all the reflections from a single probing light pulse will
not allow you to get a reliable picture of the pressures
and movements of the rocks of the mine, since the
laser creates a low-power pulse and a large amount
of random noise is created when it is reflected, so it
is necessary to perform measurements within 10-30
seconds and send thousands of probing light pulses
to the fiber and measure the reflection of each of
them. After that, it performs averaging, analysis and
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display of the results with the help of an analyzer
and a computer, on which all information about
the measurement of pressure and displacements
that occurred in the mine during the specified time
(days, months) will be stored. An important point is
the operation of the analyzer, which reads the time
of passage of the forward and reverse (reflected)
light pulses through the optical fiber, calculates
the distance to the pressure application point at a
known speed of light. The level of the reflected signal
amplitude determines the additional losses and,
accordingly, the values of the applied pressure to the
water. The IMS FOS is shown, it is more simplified in
terms of the equipment used (photodetector, optical
splitter) and has a lower cost, since the analyzer is
made simpler with less processing power of the
processor. The laser beam passes through the direct
optical fiber to the FOS and returns along the reverse
to the photodetector. With a mechanical effect on the
FOS, for example, an increase in the pressure on the
support or the displacement of the plates, additional
losses increase, which are recorded by the analyzer.

The measurement of rock pressure and rock
movements are two important parameters that can
be used to quantify the effectiveness of supporting
the roof of a mining operation in a given state of
geoengineering.

Discussion and conclusion

The use of optical fiber of the ITU-T G. 652.D
standard for monitoring the mountain range of coal
mines is very promising, since the systems developed
on its basis have a sufficiently high accuracy,
measurement speed and have good linearity of
characteristics. It is undesirable to use the fiber of
the ITU-T G. 652.D Ultra series, since it has a lower
sensitivity to bending. The water IIS allows us to
ensure high safety requirements when conducting
mining operations in hazardous conditions of mines
that are classified as ultra-categorical for a sudden
explosion of coal dust and methane gas, reliable
systems for measuring, monitoring and monitoring
the condition of mine workings and equipment with
increased requirements for spark and explosion
safety are required.
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YKcacmeipreiwumel 6akbinay ywiH G-652 maawbiKmbel onMUKanblK, maaweiKkmapsiH nailidanady

MEXTUEB Anu [ixcasaHwuposuyd, m.f.K., KaybiMOacmeolpblaraH npogeccop, barton.kz@mail.ru,
C. CelichynnuH ameiHOarbl Ka3ak aepomexHuUKanslK yHusepcumemi, Kazakcmax, 010011, Hyp-CyamaH, HeHic
OaHFbisnbl, 62.

AHOAamna. KaparaHOobi Kemip bacceliHiHiH KemMip waxmanapsbiHbIH May-KeH MauwuHanapbiH6IH MexXHUKAAbIK 1al-KkyliH
b6aKblaay ywiH manwelKmoel-onmuKaneblk 0amyukmepoi Koa0aHyOblH 63eKkminiei eme xorapel, elimkeHi onap waxma-
NapObIH Kayinmi #ardalinapbiHOa may-KeH HYMbICMapbIH Xypai3y Ke3iHOe KeMip WaHbl MEH MEMAH 203biHbIH, KEHEM-
meH Hapolaysl 6olibiHWa aca maynel #aHe Kayinmi 60a6in mabelianadsl. Aemop ITU-T G. 652.D cmaHAapmbIHbIH orl-
MUKasbIK ManwblFbiH NaltioanaHy udesceiH Hezizoelidi, Kemip waxmanapsiH6lH May-KeH MmaccusiH 6aKbiaay yuwiH eme
nepcriekmuearol, 6limKeHi OHbIH Hezi3iHOe HaCcanFraH masawblKMmbl-OMMUKAbIK CEHCOPAAp eme HoFapsl 03710iKMNeH,
enuiey HblndamobiFbiMeH ylnecedi ¥aHe cunammamanapobiH HAKCbl Cbi3bIKMbiFbiHA Ue. Ka3banapobiH 2eomexHu-
KanblK napamempsepiH 6aKblnay #aHe eauwey adicmepiH nbicbiIkmay yWwiH maawelKmbl-onmukanelk bepziumep He-
2i3iHOe UMUMAUUANbIK 3epmXaHasbiK cmeHO a3ipneHdi. Asmop 9/125 mkm (0S2) Corning SMF-28E+® keapuymeol 6ip
pexumoi ONMuUKasbIK manaubiKkmsi Kon0aHObl. Makanada KolibiaFaH miHOemmep mMmeH hyHKUUOHAAObIAbIKKA balina-
Hbicmbl eki Hyckaoda xcylienep ycwiHbiaraH. bipiHwi Hyckada OTDR (Optical time domain reflectometer) onmukasnsik
pedriekmomempusHolH 6enzini adici KondaHbinaodsbl. EKiHWI HYcKa0a onMmMUKasbiK MaawbIiKKG MEXAHUKA/bIK acepoeH
MmybIHOAFAH KOCLIMWA WblFbIHOAPObIH MaHOepi 6aKbinaHadel. ONMUKAbIK MAAWbIKKG MEXAHUKASbIK acep emy Ke3iH-
0e MUKpo- ¥aHe makpouinicmep nalioa 60aa0bl, 6y MAAWbLIKMA ONMUKASbLIK CU2HAA0bIH KOCbIMUWA HOFAYbIHA 3Ke-
neoi. byn welFblHOAPObI ONMUKALIK MAAWbLIKKA KbICbIM MaHOEPIH enwey2e ¥aHe opHamyfa 601a0bl, COHbIMEH Kamap
bIFbICY MaHIH aHbIKMayFra 601a06l.

Kinm ce30dep: ceHy, #oFrany, aknapammelk-esawey xcyleci, onmuKasabiK maawsiK, Kayincizdik, may-KeH ¥ymsicmapel,
maccusmiH, aKayaapsl, MaawblKMel-onmMuUKasabiK 0amyuK

Ucnonb3osaHue 80/10KOHHO-0MMUYECKUX 80/10KOH G-652 0219 KOHMpPOAA udeHmugukayuu

MEXTUEB Anu [»casaHwuposu4, K.m.H., AcCoyuuposaHHs.lli npogeccop, barton.kz@mail.ru,
Kazaxckutli aepomexHuyeckuli yHusepcumem um. C. CelipynnuHa, KazaxcmaH, 010011, Hyp-CyamanH, np. *eHuc, 62.

AHHOMayua. AKmyassHOCMb UCMOMb308AHUA 80A0KOHHO-0MMUYECKUX 0amyuKo8 0718 KOHMPOAA MexHUYecKozo co-
CMOAHUA 20PHbLIX MAWUH Yy207bHbIX Waxm KapaeaHOUHCKo20 y20a1bH0o20 bacceliHa KpaliHe 8biCOKA, MOMOMY KAK OHU
OMHOCAMCA K CBEPXKAME20PUYHbIM U OMACHbIM M0 8HE3AMHOMY 83pbl8Y Y20/1bHOU MblAU U 2030 MemaHa npu rnpose-
OeHuu 20pHbIX pabom 8 OnacHbIX Ycao8uax waxm. AeBmopom ob60cHo8bIsaemMca Udes UCMoAb6308AHUA OMMUYECKO20
80/10KHa cmaHOoapma ITU-T G. 652.D 019 KOHMpPOs 20pPHO20 MACCUBA Y20sIbHbIX WAXM, YMO A8/9emcs eecoma nep-
CreKmMuUBHbIM, MAK KaK pa3pabomaHHbie HO e20 OCHO8e 80/10KOHHO-0MMuYeckue 0amyuku 0b6aadarom 0ocmamoyHo
8bICOKOU MOYHOCMbIO, CKOPOCMbIO U3MepeHUsA U UMeom Xopowyr AuHelHOCMb xapakmepucmuk. aa ompabomku
Memo0oo8 KOHMPOA U U3MepeHUsa 2e0mexHUYecKUX napamempos 8bipabomok bbia paspabomaH UMUmMayuoHHs.Il aa-
60pamopHbIli cmeHO Ha OCHOBe B80/TOKOHHO-0MMUYeCKUX 0am4uKo8. ABMOopoM UCMO163080/10Cb K8Apyesoe 00HOMOOO-
soe orimuyecKoe 80s10KkHO 9/125 mkm (0S2) Corning SMF-28e+®. B cmamebe rpednoxceHbl cucmemel 8 08yX 8apuaHmax
ucrnosnHeHUsA 8 3a8UCUMOCMU OM NOCMAsseHHbIX 3a0a4 U (hyHKUUOHAAbHOCMU. B nepsom sapuaHme ucrosns3yemcs
uzsecmHoili Memoo onmuyeckol pegpnekmomempuu OTDR (Optical time domain reflectometer). Bo emopom eapuaHme
KOHMpPOoAupyromcsa 3Ha4yeHus 00noaHUMenbHbIX Momeps, 8bI380HHbIE MEXAHUYEeCKUM 8o30elicmeuem Ha onmuvecKoe
80/10KHO. [Tpu mexaHu4yeckom so3delicmauu HO ONMUYECKOE BO0KHO BO3HUKAM MUKPO- U MAKpou32ubbl, npusoos-
wue K 0onosHUMesbHoIM MomepAM 0NMUYeCcKOo20 CU2HA/A 8 B0/IOKHE. YKA3AHHbIE Tomepu MOXCHO U3Mepume U ycma-
HOBUMb 3HAYeHUA 0aBAEHUA HO ONMUYECKOe BOI0KHO, MAKME MOMCHO Onpedeanume 8eauyuHy cmeweHus.

Kntouesoble cnoea: 3amyxaHue, nomepu, UHHOPMAYUOHHO-U3MePUMesNbHAs cucmemMa, onmu4ecKoe 80/10KHO, bezonac-
HOCMsb, 20pHble pabomsi, 0egheKmbl MACCUBA, 80I0KOHHO-0NMuUYecKuli 0amyuk.
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