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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.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY 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
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
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

ZHOLTAEYV 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

PANFILOYV 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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© National Academy of Sciences of the Republic of Kazakhstan, 2023
Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.

5




ISSN 2224-5278 2.2023

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 2, Number 458 (2023), 160-167
https://doi.org/10.32014/2023.2518-170X.291

UDC 622:004.896

© Y.G. Neshina', A.D. Mekhtiyev?, V.V. Yugay!, A.D. Alkina!, P.Sh. Madi', 2023
'Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan;
’S. Seifullin Kazakh Agrotechnical University, Astana, Kazakhstan.
E-mail: barton.kz@mail.ru

DEVELOPING A SENSOR FOR CONTROLLING THE PIT WALL DISPLACEMENT

Neshina Yelena — Candidate of Technical Sciences. Head of the Energy Systems Department. Abylkas Saginov Karaganda
Technical University

https://orcid.org/0000-0002-8973-2958. E-mail: 1 neg@mail.ru;

Mekhtiyev Ali — Candidate of Technical Sciences, Professor of the Electrical Equipment Operation Department, S. Seifullin
Kazakh Agrotechnical University

https://orcid.org/0000-0002-2633-3976. E-mail: barton.kz@mail.ru;

Yugay Vyacheslav — PhD, head of the Automation of Production Processes Department. Abylkas Saginov Karaganda
Technical University

https://orcid.org/0000-0002-7249-2345;

Alkina Aliya — Master of Engineering. Senior Lecturer of the Information Technologies and Security Department. Abylkas
Saginov Karaganda Technical University

https://orcid.org/0000-0003-4879-0593. E-mail: alika_1308@mail.ru;

Madi Perizat — Master of Electrical Engineering. Senior lecturer of the Energy Systems Department Abylkas Saginov
Karaganda Technical University

https://orcid.org/0000-0001-5930-8112. E-mail: peri@mail.ru.

Abstract. The work deals with developing a pit wall displacement sensor. The analysis of the existing
solutions has been carried out, their advantages and disadvantages have been given. An imitation laboratory
bench has been presented with which use there were studied rock displacement sensors. The sensor has been
developed on the basis of a new method of controlling additional optical losses. A source of coherent optical
radiation with the wavelength of 1310 or 1550 nm has been used in the experiments. The sensor has a plastic
case with two input adapters for optical connectors. One of them moves, the other does not move, and an elastic
element is located between them. The light wave generated by the radiation source passes through the sensor
and returns to the optical power meter. The sensor has been calibrated using a measuring scale with a division
value of 1 mm. Depending on the distance between the ends of the optical fiber, the losses vary linearly. The
use of a single-mode optical fiber for determining the displacement of the sides of a quarry is very promising,
since the fiber-optic sensors developed on its basis have a sufficiently high accuracy, measurement speed, and
good linearity of characteristics. The geotechnical parameters of the displacement of the sides of the open pit,
which determine the danger of collapses that occur during the operation of technological equipment in the
course of mining, are considered.

Keywords: fiber optic sensor, monitoring system, rock displacement, safety, optical fiber,
deformation, safety

© E.I'. Hemuna', A.JI. Mextues?', B.B. IOraii', A.JI. Anbkuna’, TLIIL. Maau', 2023
'O6inkac CarsinoB Ateinnarsl Kaparanasl Texuukansik YausepcuteTi, Kaparanmpl, Kazakcran;
2C.Ceiiymmun ateiHaarsl Kazak arpoTeXHUKaIbIK YHUBEpCHTETI, Actana, Kasakcran.
E-mail: barton.kz@mail.ru

KAPBEP BOPTTAPBIHBIH bIFbICYBIH BAKBLIAWMTHIH JIATUUKTI 93IPJIEY

AnHotamus. byn makana kapbep OOpPTBIHBIH CCHCOPBIH d3ipiieyre apHairaH. KosimaHbICTarbl
HIenIMIepAiH JKYMBICHIHA Tallfay >Kacallfbl, OJaplblH apTHIKIIBUIBIKTAPEl MEH KEMILIUTIKTEpl KEeNTipiimi.
MUTaMSIIBIK, 3epTXaHANIBIK CTEH] YCHIHBUIABI, OHBIH KOMETIMEH Tay JKBIHBICTAPBIHBIH OPBIH ayBICTBIPY
CEHCOpBIHA 3epTTeyep Kyprizuigi. CeHCOp KOChIMINA ONTHKANIBIK IIBIFBIHAAPAbI OaKbLIAYbIH KaHa 9.IiCi
HeTi3iHge skacanraH. Toxipubenepne TOAKbIH y3bIHABIFEI 1310 Hemece 1550 HM OonaTbIH KOTEpEHTTI
ONTUKANBIK CoyJieNieHy Ke3i Konaaneliabl. CeHcopaa ONTHKANBIK KOCKBIITApAbl KOCYFa apHaJFaH eKi Kipic
ajanrepi 6ap IIaCTUKAIBIK Kopiyc 0ap. bipeyi Ko3Fanasl, €KiHIINICI KO3FaIMaiIbl )KOHE OJIapIbIH apachiHia
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ceprimai anemeHT 6ap. CoyieneHy Ke31 TYIbIPaThIH KaPHIK TOJIKBIHBI CEHCOP apKBIIBI OTII, ONTHKAIBIK KyaT
enmierimiae opamansl. JlatumkTi kKaymOpiey 1 MM Oeny OarachIMEH eJIIIey IIKajgackl OOMBIHIIA
JKYPTi3i/1i.ONTHKAJIBIK TAIIIBIKTHIH YIITaphl apaChIHIAFbl KAIIBIKTHIKKA OalIaHBICTHI IIBIFBIHAAP CHI3BIKTHIK
3aHFa coiikec e3repeni. Kapbeprepmin OYHipiiK >KbUDKYBIH aHBIKTay YIOiH Oip peXHMAlI ONTHUKAIBIK
TaJIIBIKTEl MaigagaHy eTe MEPCIEeKTUBAjbl, OWTKEHI OHBIH HETI3IHJEC >KacajafaH TaIbIKThI-ONTHKAJIBIK
aTIUKTEP OTE KOFAPHI JIIIKKE, OISy KbUIIaMIBIFbIHA U JKOHE OHIMIUTIKTIH aKChl CHI3BIKTHIFBIHA HE.
[Natinaner ka3z0amapael OHAIPY MPOIECIHIE TEXHOJOTHIIBIK a0 bIKTHIH JKYMBICHI KE3iHJE Maiaa OOoNaThiH
KyJ1ay KaymiH aHbIKTalThIH Kapbep OOpTHIHBIH JKbUIKYBIHBIH T€0TEX HUKAJIBIK TapaMeTpiiepi KapacThIPhLIaIbl.

Tylin ce3aep: TaNIIBIKTHI-ONTHKAIIBIK JaTYMK, OaKplIay Kykeci, Kapbep OOPTTApbIHBIH BIFBICYHI,
KayIICi3/IiK, ONTUKAIBIK TAIIIBIK, Ae(opMarus, Kayirci3mik

© E.I'. Hemuna', A.JI. Mextues*, B.B. IOraii', A.JI. Anbkuna!, ILII. Maau!, 2023
'KaparannnHCKuii TeXHUUECKH yHUBepcuTeT nMenn AGbuikaca Carunosa, Kaparanna, Kazaxcraw;
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AnHoTanusl. JlaHHAas CTaThs MOCBSIICHA Pa3paboTKe JaTInKa CMEIICHUS 00pTOB Kaphepa. IIpoBeneH
aHaJM3 pa0oT CYIIECTBYIONINX PEIICHUH, TPUBEICHBI UX ILTIOCKHI M HemocTaTky. [IpencTarieH MMUTaIIMOHHBIN
JTa0OPATOPHBIA CTEHII, C TOMOIIBID KOTOPOTO OBLIM MPOBEACHBI HCCIICIOBAHMS JaTYNKA CMEICHUS TOPHBIX
mopox. Jlatuuk pa3paboTaH Ha OCHOBE HOBOI'O METO/a KOHTPOJIS ITOMOJIHHUTEIBHBIX ONTHYECKUX HOTEph. B
SKCIIEPUMEHTAX KUCIOJIb30BANICS UCTOYHUK KOT€PEHTHOTO ONTHYECKOr0 U3MyUYeHUs ¢ AMUHOM BOIHBI 1310 nnu
1550 HM. JlaTuMK MMEET MJIACTUKOBBIA KOPIYC C ABYMsS BXOJHBIMH aJanTepaMu i TMOAKIIOYCHUS
ONTHYECKNX KOHHEKTOpOoB. OIWH M3 KOTOPBIA JBUTAETCS, APYTOH — HET, a MEXKIY HAMHU PACIIOIOXKEH
ympyruit anemedT. CBeToBas BOJIHA, T€HEpHpyeMash UCTOYHUKOM H3IyUCHUS, MPOXOJHUT UYepe3 NaTIUK H
BO3BpAIlaeTCsl K U3MEPUTENI0 ONTHYECKON MOIIHOCTH. KanmnOpoBka maTymka BBIMOJHSIIACH MPH TTOMOIIH
M3MEPUTEITHLHOM IITKAIBI C IICHOM JefieHus 1 MM. B 3aBUCHMOCTH OT pacCTOSIHUAS MEXKTY TOPIIAMH OITHYECKOTO
BOJIOKHA TIOTEPH U3MEHSIOTCS 10 IMHEHHOMY 3aKOHY. MCroib30BaHe OJHOMOAOBOTO ONTHYECKOTO BOJIOKHA
TUTS MIEHTU(UKAIIIY CMETIEHHsI 00PTOB KaphepOoB SBISIETCS BEChMa MEPCIEeKTUBHBIM, TaK KaK pa3paboTaHHbIC
Ha €r0 OCHOBE BOJIOKOHHO-ONTHYECKHE MATYMKHA O0JIATAIOT JOCTATOYHO BBICOKOH TOYHOCTBIO, CKOPOCTHIO
M3MEPECHHUSI M UMEIOT XOPOIIYI0 JHHEHHOCTh XapaKTEePUCTHK. PaccMOTpPEeHBI T€OTEXHUYECKUE MapaMeTphl
cMmelieHus: OOpTOB Kapbhepa, OIpeNeNsollie OMacHOCTh OOpYyIIEHWH, BO3HHUKAIONIMX TIpu padboTe
TEXHOJIOTHYECKOT0 000PYAOBaHUS B MPOIIECCEe JOOBIYH MOJIE3HOTO HCKOMAeMOTO.

KiioueBble c€ji0Ba: BOJIOKOHHO-ONTHYECKUN JATYMK, CHCTEMa MOHHTOPHHTA, CMEIICHHE OOpPTOB
Kapbepa, 0€30MacHOCTh, ONITHYECKOE BOJIOKHO, AedopMarius, 0€30MacHOCTh

Introduction

The pits are characterized by high labor productivity, low production costs, integrity of mining,
optimal and relatively safe working conditions. Full development and extraction of minerals should be
accompanied by the minimum amount of overburden. Vice versa, it is possible to achieve the minimum cover
layer in a pit only when the problem of ensuring stability of the pit walls is solved.

The advantages of fiber-optic sensors and technologies in relation to stability of open pit walls are as
follows: the use of these systems to control geotechnical parameters, which make it possible to ensure the

161


https://orcid.org/0000-0002-8973-2958
https://orcid.org/0000-0002-2633-3976
https://orcid.org/0000-0003-4879-0593
mailto:alika_1308@mail.ru
https://orcid.org/0000-0001-5930-8112

ISSN 2224-5278 2.2023

required level of safety in mining operations with minimal energy consumption; no need for multiple power
supplies; explosion hazard to ensure that the optical fiber must not cause sparks; high corrosion resistance;
they eliminate the effects of electromagnetic interference; optical fiber sensors are more sensitive and stable,
easy to reuse in communication lines. Unlike traditional instrumental observations and new methods (scanning
the pit walls), fiber-optic sensors have a number of significant advantages in terms of measurement speed and
are insensitive to many external effects. At the same time, energy consumption is ten times lower than the
information transmission over the air or a copper cable.

At present, the development of coal mines and quarries is characterized by modernization, the
acquisition of new mining technologies, the use of new technological solutions, which lead to improving
mining operations. In this case, open pit mining will play a special role in reliably explaining, presenting and
monitoring the stability status of pit walls.

The modern scale of mining requires in-depth research and constant monitoring of geotechnical
processes occurring on the pit walls during the pit operation. It is desirable to equip every pit with an automated
system for monitoring the wall stability.

Under the conditions of open pit mining, geomechanical processes (Nizametdinov et al., 2015: 1; Reed
et al., 2015: 2) are understood to mean various kinds of deformations in the pit. Many scientists have been
studying the deformations of the pit walls and their classification (Chotchayev, 2016: 3; Buymistryuk, 2011:
4; Baibatsha et al. ,2020: 5; Mekhtiev et al., 2021: 6).

Relevance and problem definition

The pit wall stability is determined by the power state of the rocks. The deformation conditions and
the stress state of the near-edge massif are made up of a combination of various factors, which are divided into
two categories: natural and mining. Natural factors include the climate (air temperature, precipitation, wind
potential, temperature conditions of rocks); geology (composition, structure, condition and nature of rocks);
hydrogeology (presence of surface waters and aquifers, flood contact and structural disturbances). Mining
factors are the method of developing the site, the development complex, the method of crushing the rock massif
of the pit, the method of dumping layers and geometric parameters.

The most significant factors that affect pit wall stability are physical and mechanical properties of
rocks and contacts with rocks; the structure and design characteristics of the array of devices; geometric
parameters of the slope; stress-strain state of the array of devices; The first two factors of production
technology are natural and inherent factors of this particular field. They cannot be changed and must be studied
and taken into account when calculating the stability of the side. The third and fourth factors are related to the
mining technology used and must be determined in the process of solving the problem of ensuring the stability
of the pit wall.

A number of Kazakhstan and foreign scientists are engaged in studying the impact of drilling and
blasting on the made of rock and semi-rock pit slope stability (Buimistryuk, 2013: 7; Volchikhin, 2001: §;
Kamenev et al., 2014: 9; Liu et al., 2013: 10; Yiming et al., 2016: 11; Kim et al., 2015: 12; Wu et al., 2011:
13; Mekhtiev et al., 2020: 14). However, due to the diversity of the mining and geological features of the
deposits and the mining conditions developed in the pits, the solutions proposed in these works cannot always
be used in the other pits. In addition, all the works on this issue are aimed at studying the effect of large-scale
explosions on the state of non-working (stationary) pit walls stability, as well as the effect of pit walls on the
profile of the production limit.

Analyzing the existing methods of calculating open pit slopes stability, it should be noted that quite
reliable calculation schemes have been developed that correspond to various mining, geological and mining
conditions prevailing in the field. Various geological characteristics of the developed fields exclude the
existence of a universal solution to this problem. The work of scientists from different countries has attracted
attention in the field of deformation measurement of the underground infrastructure, including that in the
mining industry (Kamenev et al., 2014: 9; Liu et al., 2013: 10; Yiming et al., 2016: 11; Kim et al., 2015: 12;
Wuetal., 2011: 13; Mekhtiev et al., 2020: 14; Chaulya et al., 2016: 15), where the measurement of deformation
over the almost infinite length allows fixing the deformation field caused by underground work in the
excavation deformation field.

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

Since 2006, in the mining industry there has been introduced the optical fiber technology for strain
detection (Nizametdinov et al., 2015: 1; Reed et al., 2015: 2). The world manufacturers of fiber-optic sensors
are the Siemens, the ABB, the Rockettes, the Waterford, the Bedhess, the Halliburton, the Schlumberger
companies, as well as the Russian companies such as the Intel-Systems, the Omega, the Optolink. The analysis
of the world experience in the development of fiber optic sensors in Western Europe and the USA, as well as
the developments of scientists from the CIS countries, shows that the work is aimed at improving and
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developing various fiber optic technologies for controlling, monitoring and measuring (Buimistryuk, 2013: 7;
Volchikhin, 2001: 8; Kamenev et al., 2014: 9; Liu et al., 2013: 10; Yiming et al., 2016: 11; Kim et al., 2015:
12; Wu et al., 2011: 13; Mekhtiev et al., 2020: 14). The issues related to the production of optical fiber are
considered. The studies are being carried out on the use of fiber optic sensors to develop an internal fiber optic
network in order to collect information in conditions of increased risk of sparking and explosion hazards. In
particular, a lot of work (Yiming et al., 2016: 11; Kim et al., 2015: 12; Wu et al., 2011: 13) deals with the use
of fiber optic sensors as a promising tool for monitoring, measuring and controlling parameters in national
defense, aerospace, aviation, transport, oil and gas industries, as well as in construction and medicine.

The development of a hardware-software complex for security control based on the use of optical fiber
will make it possible to abandon the use of equipment for measuring technical parameters and switch to the
use of fiber-optic sensors. Fiber optic sensors are widely used in various industries around the world. For
example, an optical fiber sensor was used for current measurement, as well as in buildings and structures. The
optical fiber technology was also introduced in the mining industry for strain detection, detection of
underground gases such as methane and monitoring the underground environment (Volchikhin, 2001: §;
Kamenev et al., 2014: 9; Liu et al., 2013: 10; Yiming et al., 2016: 11; Kim et al., 2015: 12; Wu et al., 2011:
13). Chinese scientists T. Li, Ch. Wang, Yu. Chao, and Yu. Ning developed an integrated hazard detection
system consisting of methane sensors, pressure sensors, and temperature sensors installed in underground
mines (Wang et al., 2016: 16; Manbetova et al., 2021: 21; Alkina et al., 2017: 17). An integrated data fusion
system was also developed to provide self-diagnosis and statistical analysis of the state of sensors, visual,
sound and mobile text information. Experimental studies were very successful, and then the authors began to
develop a method of determining seismic energy.

At present, the development of pits is characterized by the improvement of new processes and
acquisition of new tools, the latest technological solutions in the extraction of mineral deposits for smooth and
safe operation of mining enterprises. In this regard, a special role is assigned to reliable justification and
ensuring safety in monitoring the open pit walls stability.

The proposed sensor is based on the previously proposed principle of pressure measurement using the
method of controlling additional losses in the optical fiber under mechanical action. One can be familiarized
with the patent (Chaulya et al., 2016: 15; Orazbayeva et al., 2022: 20). The basis of the proposed method is
assessing additional losses in an optical fiber during its deformation, which use was considered in (Lanciano
et al., 2020: 18; Orazbayeva et al., 2022: 22; Yakubova et al., 2016: 19). The principle of operation and design
of a fiber-optic sensor for monitoring rock pressure in underground workings are given in (Yugay et al., 2020:
20). The considered sensor has basically an optical fiber of the G 652 standard.

Developing a fiber optic rock displacement sensor and a measurement system

For practical implementation of the studies carried out, to test the scientific hypothesis put forward
about the use of optical fiber to build a complex for monitoring wall displacements, an imitation laboratory
bench has been developed. Figure 1 shows a laboratory sample of a fiber optic pit wall displacement sensor.
The source of optical radiation is SmartPocket OLS-34/35/36 with built-in Auto-A and Multi-A options,
SmartPocket OLP-38, which can automatically measure the power level and insertion loss in a single-mode
and multimode optical cable. The connection to the optical fiber is made through a universal UPP 2.5 mm
adapter and optical connectors of the SC type.

Figure 1 — Laboratory sample of a fiber optic pit wall displacement sensor
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When the ends of the ferrules into which the optical fiber is inserted, diverge up to 15 mm, the
measurement range can be extended up to 100 mm, if needed. So far, there are limitations associated with the
parameters of the used ferrules, which edged the ends of the OF and the tube in which the ferrules move. One
can connect several sensors in series or use a transmission mechanism to increase the divergence distance of
the OF. When the ends of the fiber move away from each other, additional losses increase, which are recorded
by an optical wattmeter. The farther the optical fiber ends diverge from each other, the greater the level of
additional losses and loss of optical power. The scheme of the laboratory bench is shown in Figure 2.

A source of coherent optical radiation with the wavelength of 1310 or 1550 nm has been used in the
experiments. The sensor has a plastic case, with two input adapters for optical connectors, one of which moves,
the other does not move, and an elastic element is located between them. The light wave generated by the
radiation source passes through the sensor and returns to the optical power meter.

k-

1

1 - radiation source of the invisible range 1550 nm; 2 - optical SC convector; 3 — fiber optic patch cord; 4 - fixed part of the
fiber-optic displacement sensor; 5 — moving part of the fiber-optic displacement sensor; 6 - spring; television matrix, 7 - tension clutch;

8 - displacement report scale; 9 - base; 10 - pin for adjusting the position of the moving part of the sensor; 11 - nut; 12 — optical power
meter; 13 - a loop of fiber-optic patch cord 30 meters long

Figure 2 - The experiment design

The results of the experiments are presented as a graph of the optical losses dependence on the value of displacements (Figure
3).

40
35

30

R?=0,9712

Average loss value, dB

-2 0 2 4 6 8 10

Fiber ends divergence, mm

Figure 3 - Graph of the optical losses dependence on the value of displacements
The sensor was calibrated using a measuring scale with a division value of 1 mm. Depending on the

distance between the ends of the optical fiber, the losses vary linearly. The considered sensor has basically an
optical fiber of the G 652 standard.
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At the present time, the control of the displacement of the walls is performed with the help of
benchmarks, as well as visual and instrumental observations with participation of mine surveyors. The
accuracy of control is affected by the human factor; it is also necessary to take into account the suddenness of
changes in rock pressure in certain areas and the formation of emergency zones of collapse. Long-term
monitoring changes in rock pressure shows a rather acute problem of sudden collapse of the open pit walls that
leads to a danger to the life of personnel, equipment and significant financial costs. Therefore, there is a need
to develop a hardware-software complex for monitoring the pit wall stability using fiber-optic sensors, which
will provide more reliable data and remote monitoring in real time, preventing cases of sudden collapse of the
edge massif.

Figure 4a shows the block diagrams of the sensor in its normal position in the absence of rock
movement. Figure 4b shows the situation when there are displacements of the pit wall rocks and crack opening.

3 4 5 3
e

71N\,

a) at the initial moment of crack opening; b) the process of crack opening

Figure 4 - Sensor in normal and offset position:

1 - optical fiber, 2 - fixed connector, 3 - movable connector, 4 - ferrule, 5 - spring, 6 - base,
7 - fixed reference point, 8 - movable reference point, 9 - crack, 10 - soil

Using the results of the laboratory tests, a prototype sensor has been developed (see Figure 5).

a) in horizontal position b) in vertical position
Figure 5-A prototype of the sensor

The sensitivity of the developed sensor is several times higher than that of the applied mechanical
reference stations. At the same time, it should be taken into account that the operator controls the parameters
of the reference station visually and it is possible to notice the benchmark displacement by at least 5 mm,
which is the division price, while the sensor is capable of capturing changes of 1 mm, the measurements are
made remotely in real time. If needed, the measuring range of the sensor can be 0—100 mm. The sensitivity
threshold is 1 mm. The effectiveness of the proposed control system lies in the fact that this system is able to
control the initial displacements and to fix the initial moment of crack growth, which is important for making
decisions on controlling the pit wall stability.
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Conclusions

The work is aimed at solving production problems associated with improving the safety of mining
operations at the Kenzhem pit of the AC Altynalmas JSC. The use of the proposed sensor will make it possible
to control remotely stability of the pit walls in real time. The obtained results of laboratory studies allow stating
that the developed sensor has a fairly good linearity of characteristics and low power consumption, and is also
capable of operating at the distance of up to 30 km with a radiation source power of lower than one watt, which
is much lower compared to the existing traditional electrical measuring systems. The development of the own
circuit solutions and a hardware-software complex, as well as the use of standard telecommunications
equipment, radiation sources, photodetectors, connectors, can significantly reduce the cost of the sensor as a
whole, which can ensure its practical implementation.

This research has been funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP14869145 “Development of an intelligent fiber-optic
system for monitoring the geotechnical condition of mining pits and sections”).
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