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2 Clarivate
Analytics

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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
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MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
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© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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A.D. Mekhtiyev!, Y.N. Abdikashev?’, Y.G. Neshina?, P.A. Dunayev’,
Z.D. Manbetova'

IS. Seifullin Kazakh Agrotechnical University, Astana, Kazakhstan;
2Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan.
E-mail: 1 _neg@mail.ru

MONITORING THE GEOTECHNICAL CONDITION OF UNDERGROUND
MININGS USING DIGITAL TECHNOLOGIES

Abstract. This article discusses one of the methods of monitoring the state of the
geotechnical state of mining in real time. One of the problems of operating reference
stations is the constant inspection by the marker services for the technical condition of
the mine workings. The authors describe the developed fiber-optic monitoring sensor
capable of monitoring and warning about abnormal situations of the geotechnical state
of underground mining. A detailed analysis of the use of such devices and scientific
achievements in mining enterprises is presented. Fiber-optic sensor design. A fiber-optic
sensor for the displacement of rocks of the mine workings and a measurement system
were developed. The work uses a unique method for controlling changes in the properties
of a light wave passing through an optical fiber, which significantly reduces the cost of
measuring a single point. The research included monitoring the condition of the mining
workings of the Tentekskaya mine. According to the results of the research, a graph of
the dependence of optical losses on the displacement value was obtained, an automated
approximation of the data was carried out, all changes are recorded by the hardware
and software control complex and displayed on the screen. The developed fiber-optic
displacement sensor together with the hardware and software control complex have
proven their operability and safety of operation in mining enterprises.

Key words: Fiber optic sensor, monitoring system, rock displacement, safety, optical
fiber, deformation, safety.
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AJI. Mextues!, E.H. Aonikames?’, E.I. Hemmua?, IL.A. Tynaes’,
K. Maun6erona'

'C. Ceitymnun atbiagars Kazak arpoTeXHUKAJIBIK YHUBEPCUTETI,
Acrana, KazakcraHn;
2906inkac CarsiHOB ATbiHAarbl Kaparanasl TexHukansik YauBepcuteti, Kaparaubl,
Kazakcran.
E-mail: I neg@mail.ru

IUA®PIBIK TEXHOJIOT USLTTAPIBI ITAUJTATTAHATBIH )KEP ACTHI KEH
KA3BAJIAPBIHBIH TEOTEXHUKAJIBIK KAF JAWMBIH BAKBLIIAY

AnHoTtanus. byn makanana HakThl yakpIT peXHMiHIE Tay-KeH Ka3OaslapbIHBIH
TEOTEXHUKAIBIK JKarnaiiblH Oakpuiay ojicTepiHiH Oipi  KapacTeIpbuiazbl. Tipek
CTaHIUSNIAPBIH  MaiianaHy  npoOjeManapblHblH — Oipi-Tay-KeH  Ka3z0alapbIHBIH
TEXHUKAJBIK JKal-KYWiH MapKIIeHIepIiK KbI3METTEpIiH YHEMi TEKCepill OTBIPYHI.
ABTOpIAp KEpacThl Tay-KeH Ka30anapbIHBIH T'€OTEXHHUKAIBIK JKaFJaibIHBIH INTATTHIK
eMec JKarnaiyapblH OakbliayFa KOHE €CKepTyre KaOijeTTi d3ipJieHreH TalIbIKThI-
OINTHKAJIBIK OaKblIay JaTYMTiHIH cUNarTamachlH Oepeni. Tay-KeH KoOCIMOpPBIHIAPHI
JKaFIalblHAa OCBIHAAN KYPBUIFBUIAP MEH FBUIBIMHU XKETICTIKTEP/Ii KOJIIAHY/IbIH erKeii-
TErKEMITI Tanaaybl YChIHBUIFAH. TasllbIKThI-ONTHKAIBIK CEHCOPABIH Ju3aiiHbl. Tay-
KEH KBIHBICTAPBIHBIH BIFBICYBIHBIH TaJIIBIKTHI-ONTHKAIBIK CEHCOPBI JKOHE OJIIIeY
KyHeci xkacanpl. JKyMbIcTa ONTHUKAIBIK TAJIBIK APKBUIBI OTETiH JKapPbIK TOJKBIHBIHBIH
KaCHUETTEPIHIH e3repyiH OakpUIayIblH Oipered oici KOJJaHbLUIaabl, Oy Oip HYKTEHI
eJIIIey KYHBIH alTaplbIKTali TOMEHAeTyre MYMKiHAiK Oepexi. 3eprreynep « TeHTEK»
[IAXTAaChIHBIH Tay-KeH Ka30aJapbIHBIH JKal-KyHiH OaKbulayJAbl KaMTBIIBL. 3epTTey
HOTHXKeJepi OOMBIHINA ONITUKAIBIK HIBIFBIHAAP/IBIH OPBIH ayBICTHIPY MOHIHE TOYEIAUIIT
rpaduri anblHIBI, IePEeKTepl aBTOMATTAHABIPBUIFAH KAKBIHAATY JKYPTi3iiai, OapibiK
e3repicTep ammaparThiK-OargapiaMaliblk Oakbulay KEHICHIMEH TIpPKeNil, 3KpaHa
KepceTisieti. O31pJIeHTeH TaIIbIKThI-ON THKAIIBIK OPBIH aybICTBIPY JAaTUUT] arapaTThiK-
OarmapiaMaiblK OaKblUiay KEIICHIMEH Oipsiecin, Tay-KeH KCIOPhIHaphl JKaFIalbIHIa
JKYMBIC KaOIJISTTIIIN MEH Maijaiany Kayirci3airid JoyiesIei.

Ty#inai ce3mep: TaNIIBIKTBI-ONTHKAIBIK CEHCOp, OakbUIay IKyheci, Tay
JKBIHBICTAPBIHBIH KbUTXKYbI, KAYIIICI3/1K, ONITUKAJIBIK TAJIIBIK, 1e()opMaIius, Kayirci3iik.
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AL Mextues', E.H. Agnukames?’, E.I. Hemuna?, IT.A. [lynaes’,
K. 1. Man6erona'

'Kazaxckwuii arporexundeckuii ynusepcutet um. C. Celidymnna, Acrana, Kazaxcraw;
*KaparaHIUHCKUIT TEXHUYECKUI YHUBEPCUTET UMeHN AObUikaca CarnHoBa,
Kaparanna, Kazaxcras.

E-mail: I _neg@mail.ru

MOHHUTOPHUHI TEOTEXHUYECKOT'O COCTOSIHUS ITOJA3EMHBIX
T'OPHBIX BBIPABOTOK C UCIIOJIb30OBAHUEM ITU®POBBIX
TEXHOJIOI' UM

AHHOTanMs. B naHHON cTarbe pacCcMaTpUBAETCs OJUH U3 METOI0B MOHUTOPUHIA
re0TEeXHNUECKOTO COCTOSHHS TOPHBIX BBIPA0OTOK B peKMMeE peaibHOro Bpemenu. OnHa
13 mpo0IeM JKCIUTyaTalui perepHbIX CTaHIMH — TO MOCTOSIHHBIA CMOTpP CIyKOamu
MapKIIeIepOB 32 TEXHUUECKUM COCTOSTHIEM FOPHBIX BEIPA00TOK. ABTOPaMU MPHBOTUTCS
onHcaHue Pa3pabOTaHHOTO BOJOKOHHO-ONTHYECKOTO JaTdhKa KOHTPOJIS, CIIOCOOHOTO
KOHTPOJIMPOBaThb W IPEAYNPEXIaTh O HEWTATHBIX CUTYalUsX TIEOTEXHUYECKOIO
COCTOSIHMSA TIOJI3EMHBIX TOpPHBIX BbIpaboTOK. IlpencraBmeH moapoOHBIA aHANN3
MIPUMEHEHUsI TOAOOHBIX YCTPOMCTB M HAy4HBIX JOCTHMKEHHH B YCIOBHSX TOPHBIX
npennpuatuii. KoHCTpykuns BOJOKOHHO-ONTHYECKOTO JaTdnka. bwin paspaboran
BOJIOKOHHO-OTNITHYECKHH NaT4NK CMEILIEHHs] TOpOjA TOPHOW BBIPAOOTKM M cHUCTEMa
m3MepeHuid. B paboTe ucnonp3yeTcs: yHUKAIbHBIA METOI KOHTPOJIS N3MEHEHHSI CBOMCTB
CBETOBOM BOJIHBI, IPOXOASAIIIEH 1O ONITUYECKOMY BOJIOKHY, YTO MO3BOJISIET 3HAYUTEIILHO
CHU3UTh CTOMMOCTh HM3MEpEeHHs] ONHOM ToukHu. McciemoBaHus BKIIOYaId B ceOs
KOHTPOJTb 32 COCTOSIHUEM TOPHBIX BBIPaOOTOK maxThl « TeHTekckasy». [1o pe3ynsratam
WCCIIEZIOBaHUN TONy4YeH rpaduk 3aBUCUMOCTH ONTHYECKUX IOTEPh OT 3HAUYEHUS
CMELIEHU, TPOBEIEHA aBTOMATU3UPOBAaHHAs allIPOKCUMALMS JaHHBIX, BCE U3MEHEHHUSI
(PUKCUPYIOTCST amNmapaTHO-NPOrPaMMHBIM KOMIJIEKCOM KOHTPOJISI U OTOOpa)karoTcs
Ha 3kpaHe. PazpaboTaHHBIA BOJOKOHHO-ONTHYECKHH JaTYMK CMEIIEHUSI COBMECTHO C
anmapaTHO-IIPOrPaMMHBIM KOMITJIEKCOM KOHTPOJIS JOKa3aJIi CBOIO Pa0OTOCTIOCOOHOCTD
1 6€30TaCHOCTh AKCIUTYaTallMK B YCIOBHSIX TOPHBIX MPEANIPUITHH.

KuroueBble €JI0Ba: BOJIOKOHHO-ONTHYECKMM JaTyuK, CUCTEMA MOHHUTOPHUHIA,
CMeIIeHUE MOPOJIbI, 0€30MaCHOCTh, ONTHYECKOE BOJIOKHO, e opMaliys, 6e30MacHOCTb.

Introduction. The fiber optic displacement sensor can be used to control the
displacement of rocks in coal mines that are dangerous for the sudden outburst of coal
dust and methane gas. In these types of workings, an explosive atmosphere is formed
that can ignite from any spark formed in electrical circuits during switching or their
damage. The consequences of the explosion of coal dust and methane gas are a real
disaster, and it leads to the most tragic consequences associated with the mass loss
of life. The mines of the Karaganda coal basin are classified as super-category mines,
which makes them extremely dangerous in terms of the likelihood of an explosion. On
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this basis stringent requirements are imposed on all the equipment in terms of intrinsic
safety and explosion safety. Accordingly, all the electrical circuits must be protected
against the impact of the mine atmosphere. This requires an explosion-proof design
of any equipment, primarily the presence of a sealed metal shell that makes it quite
massive and expensive.

One of the problems in the development of coal deposits by the underground method
is destruction of the mine working support due to changing the pressure of rocks during
the movement of the face whem mining coal. When the longwall face moves, the rock
pressure is redistributed near the stope, and the load on the working support near the
longwall face increases greatly. This leads to deformation of the elements of the support
and its destruction, which causes a number of problems associated with the movement of
people and equipment, and can also cause the danger of a sudden collapse of the working
arch. The collapse of the workings can cause a serious danger to the miners and even
their death. So, the development of methods and means of controlling the displacement
of rocks caused by changes in the rock pressure is relevant. Figure 1 shows the case of
deformation of a metal arched support with changing the rock pressure. It is seen that
this situation becomes a significant problem for the movement of process equipment
and causes a danger to workers, forms a threat of blockage in the mine. Elimination of
the consequences requires a significant amount of material and human resources.

Figure 1 — Deformation of the metal arch support with changing the rock pressure

Relevance and problem definition

A timely reaction to the displacement of rocks with changing the rock pressure will
make it possible to detect arch support in emergency zones in advance and to prevent
its destruction. Displacement control will not only reduce the cost of support but also
will permit to avoid tragic consequences in the event of a sudden collapse of the mine
working roof.
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Given the above, it can be noted that the use of electrical sensors is severely
limited by safety regulations, since electric current can provoke a spark that causes an
explosion. There is a rather complicated system of certification of electrical measuring
systems operating in the conditions of mines dangerous for the explosion of coal dust
and methane gas, as long enough tests are required, as well as approvals from various
regulatory authorities. On this basis, at the present time, mechanical benchmark stations
are used in mines to control the displacement of the mine working rocks caused by
changes in the rock pressure. Their design is quite simple, it ensures their relatively low
cost and relatively high reliability. One of the problems in the operation of benchmark
stations is the need for periodic inspection by specialists of the marketing service
followed by recording the results of control in a log. The outdated control system of
the last century requires serious modernization and digitalization of the process of
measuring the displacement of the mine working rocks. Therefore, the main task is to
find new control methods that allow carrying out all the measurements remotely, while
the explosion safety conditions must be ensured. One of the solutions can be a fiber optic
displacement sensor of mine workings, since during its operation no electric current is
used, and a light wave is transmitted through its core. Then, even if it is damaged, the
possibility of an explosion of methane gas and coal dust is completely excluded.

Analysis of literature and scientific achievements in the field of using optical
fiber as sensors

In sources (Yurchenko et al., 2013 Mekhtiev et al., 2020), all the advantages of
using optical fiber as sensors are considered in detail. When analyzing various articles
published in cited international scientific journals (Chotchaev 2016; Buimistryuk, 2013),
there can be made a preliminary conclusion that the use of OF as rock displacement
sensors is very promising. Such studies are dealt with by scientists in several countries
of the world (Liu et al., 2013). A significant number of scientific studies that are close to
the topic of this article is given in source (Yiming et al., 2016). Significant achievements
in the field of improving the safety of mining operations using fiber optic sensors (FOS)
belong to scientists from China and other countries of Southeast Asia (Kim et al., 2015;
Buymistryuk, 2005; Wu et al., 2009; Qian et al., 2005; Wang et al., 2016). Analyzing
work (Wang et al., 2016), it can be noted that the authors solve similar problems, since
a sufficient number of coal mines are concentrated in China (Baibatsha et al., 2020). It
can also be noted that there are publications that describe methods of controlling the
rock pressure, as well as providing the information of the FOS design and presenting
research results. The relevance of using FOS instead of mechanical and electrical
systems for controlling rock displacement when the rock pressure changes, is beyond
doubt (Kersey et al., 1997). There are publications with positive results of studying
FOS and their practical approbation in the mines of China (Hong et al., 2016). The
work at developing new types of FOS is being performed in Europe, Japan and Russia
(Guo et al., 2019; Buymistryuk, 2011; Buimistryuk, 2013; Volchikhin, 2001). There is
a positive experience of using FOS in various fields of industry including the aerospace
industry, and quite effective fiber optic security systems have been developed on their
basis (Kamenev et al., 2014). All the FOSs have a common essence of functioning,
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since a light source, an optical fiber, a photo-detector and a data processing device are
used in all of them. Concluding the analysis, it can be said that the use of FIS to control
the displacement of rocks in the working roof is very relevant, but there are a number
of problems that need to be solved for their widespread use. All the FOSs use fairly
well-known methods in their operation, and they can be grouped according to a certain
principle of operation. On the basis of FOS, it is possible to build measuring systems of
various types, for example, point, quasi-distributed, distributed ones. FOSs are based
on the use of optical interferometers and reflectometers, fiber Bragg gratings, and long-
period fiber gratings.

Developing a fiber optic rock displacement sensor and a measurement system

The above methods, for example, the use of FOS based on Bragg gratings, require
the use of expensive equipment and have certain technological difficulties when used in
coal mines that are dangerous for gas explosions. The cost of one measuring point also
remains quite high. Therefore it was decided to use a different method for controlling
changes in the properties of a light wave passing through the optical fiber. At the exit
from the optical fiber, the light falls on the surface of the television matrix, while the
spot contains a significant amount of noise, which sometimes makes it impossible to
recognize changing the shape when the pressure on the optical fiber changes. It is known
that at the exit from the OF a light spot is formed, the shape of which obeys the normal
Gaussian distribution. It is natural that the single-mode fiber conducting through the
core forms a lot of noise. The level of noise and phase shift of the propagation of a light
wave depends on many factors, in particular on the temperature. When the temperature
of the OF changes even by 1°C.

The refractive index can change and the operation of the measuring system as a
whole can be disrupted. So, the temperature correction should be mandatory, and it
is also necessary to evaluate the dynamics of changes in the pixel pattern against the
background of constant noise. The use of a different method from the already known
ones will simplify the design of the measuring system and sensors, as well as reduce the
cost of one measuring point, which is extremely important for implementation.

Figure 2 shows the scheme of the experiment, where the main elements of the FOS
are shown with the help of symbols. Light source 1 is a semiconductor laser with the
wavelength of 650 nm and the power of 10 mW. A single-mode optical fiber of the
G652 type is used as sensitive element. The frame for fixing the sensor is placed on a
flat surface of the table, the load on the optical fiber is provided by two rotating tension
couplings 8, between which load meter 10 is fixed that moves in the direction shown
by the arrow. Between the 4" and 6™ discs there is elastic damper 5. It is necessary
to return the FOS to the initial position of measurements, and to prevents damage to
the OF. Tension pin 3 has the M6 thread for fastening the discs and the damper into a
single unit. Connecting ring 7 of one of tension couplings 8 is fixed on fixed support 9,
which provides tension. The light wave from source 1 passed through OF 2 and hit the
surface of the television matrix installed in pre-processing unit 11 that is connected to
computer 12. The program windows for processing measurement data are displayed on
the computer screen. The experiments have been carried out indoors at the temperature
of 22°C.
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1 - light source, 2 - sensing element, 3 - tension pin, 4 - movable disk, 5 - damper, 6 - fixed disk,
7 - connecting ring, 8 - tension coupling, 9 - fixed support, 10 - load meter, 11 - television matrix,
12 - computer
Figure 2 — Diagram of the experiment

Figure 3 shows the photos of the equipment used, as well as the design of the
tensioner. The computer screen displays the windows of the program, which can give
a numerical value of the load on the OF. The displacement is simulated by tightening
the tension couplings. The optical fiber undergoes microbending, which changes the
refractive index between the shell and the core, as a result of which the properties of the
light wave at the exit from the optical fiber change. Changes in the properties of light
relate to the intensity and phase of propagation, which is reflected in changing the shape
of the light spot. In the process of fiber microbending, the well-known photo-elasticity
effect arises; accordingly, the higher the pressure on the fiber, the greater the additional
losses of propagating radiation. It is known that this is accompanied by the output of the
light mode outside the shell and the loss of a part of the optical power. All the changes
are recorded by the hardware-software complex and displayed on the screen.

The program has several windows for its configuration and operation. During the
operation, the screen displays not only the numerical values of the load, by which
the displacement is calculated but also the signal indicators, green, yellow and red,
which are necessary to warn of a danger or vice versa of the normal operation of the
system. With a sharp fluctuation in pressure and increasing the displacement parameter,
a warning signal is given and a yellow indicator turns on indicating that the roof rocks
have begun to move due to increasing the rock pressure.

Figure 3 - Equipment used
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If the rate of pressure growth during a certain period of time exceeds the allowable
value, then the alarm is activated and the red indicator lights up, which indicates the
danger of a sharp collapse of the mine working. The program is initially set up for various
measurement and triggering parameters depending on changing the pixel pattern of the
light spot at the exit from the optical fiber (Figure 4). The data processing and noise
reduction are also important. The source of noise is the laser, the fiber itself, and the
ambient temperature. Without taking into account these circumstances, the operation
of the measuring system is impossible due to the significant noise level. The number of
channels of the measuring system is practically unlimited at the theoretical level but in
practice it depends on the capabilities of the equipment used and the number of strands
of the fiber optic communication cable. At the moment the system is able to work with
4 FOSs simultaneously. All the obtained data are stored in the computer memory and
can be retrieved, if needed.
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Figure 4 — Changing the pixel pattern of the light spot

Figure 5 shows the program setting window. There is also shown a light spot falling
on the surface of a television matrix installed at the output of the optical fiber. The photo
clearly shows that the core forms a lighter, and the shell a darker area. At the interfaces
between the core and the shell, microfluctuations are visible that blur the outlines of the
light spot. The same can be seen on the outer disk of the light spot.
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Figure 5 — Program setting window

As mentioned earlier, individual bursts that are interference, are determined by the
hardware-software complex to exclude false alarms. To control the shape of the light
spot, the capabilities of machine learning are used. They allow adapting the system
to any conditions of the mining enterprise. The system is able to control changing the
rock pressure and the displacement of the roof rocks by changing the level of additional
losses, changing the intensity of the light wave incident on the surface of the photo-
detector. The intelligent processing of the spot image allows tracking changes in the
intensity of individual pixels. The hardware-software complex is capable of tracking the
rate of changing the derivative of the light wave intensity over time.

The system can also step by step change its sensitivity. Initially it is set to the
maximum sensitivity to control the initial displacements and to give warning signals to
the operator, after which the parameters are automatically coarsened to accurately fix
the displacement and to eliminate false measurements.

Conclusions. The system can step by step change its sensitivity. Initially it is set to
the maximum sensitivity to control the initial displacements and to give warning signals
to the operator, after which the parameters are automatically coarsened to accurately
fix the displacement and to eliminate false measurements. The FOS has a fairly linear
characteristic and is highly sensitive to any change in the displacement parameters when
the pressure on the sensor changes. False alarms can be eliminated using software with
a mandatory temperature correction.

The proposed fiber optic displacement sensor and quasi-distributed rock pressure
monitoring system can be used in coal mines that are dangerous for the explosion of
coal dust and methane gas. The hardware-software complex proved its efficiency. The
proposed FOS is completely explosion-proof, since no electric current is used during
its operation.
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