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I 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 Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 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 UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU 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 aTbIHAaFb! XUMUS FBUIBIMIAPEI 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 KaybiMaacToiFbiHbIH Mylieci (ITexun, Keitait) 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 HCKomaeMbIX 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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© 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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©Y.G. Neshina', A.D. Mekhtiyev?", A.D. Alkina!, P.A. Dunayev?,
Z.D. Manbetova?, 2023
'Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan|;
2S. Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan.
E-mail: barton.kz@mail.ru

HARDWARE-SOFTWARE COMPLEX FOR IDENTIFICATION
OF ROCK DISPLACEMENT IN PITS

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

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

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

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

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

E-mail: alika 1308@mail.ru, https://orcid.org/0000-0003-4879-0593;

Dunayev Pavel — Candidate of Technical Sciences. PhD, acting Associate Professor. Head of the
Department of Radio Engineering, Electronics and Telecommunications. S. Seifullin Kazakh Research
Agrotechnical University

E-mail: dunayev.kz@mail.ru, https://orcid.org/0000-0003-0379-315X;

Manbetova Zhanat — Doctor PhD, Department of Radio Engineering. Electronics and Telecommunications.
S. Seifullin Kazakh Agrotechnical Research University

E-mail: zh.manbetova@kazatu.kz, https://orcid.org/0000-0002-6716-4646.

Abstract. This article deals with the development of a hardware-software complex
for identifying the pit rock displacement that allows measuring continuously several
parameters and notifying in a timely manner the personnel of mining enterprises that
carry out development by underground and surface methods. The software included
in the hardware-software complex is easy to use and allows making changes to the
information interface. The hardware-software complex collects, processes and analyzes
the data from fiber-optic sensors that control the geotechnical state of the adjacent
rock massif. The hardware-software complex is connected to fiber-optic sensors using
optical conductors, thus eliminating the use of an expensive copper cable. Fiber optic
sensors are intrinsically safe and explosion-proof, they also have a high immunity to
electromagnetic interference. The hardware-software complex with fiber-optic sensors
makes it possible to implement the monitoring of the pit workings geotechnical state.
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The hardware-software complex principle of operation is based on the comparison of
apertures and the intensity of light spots using a high-resolution photodetector. It has
been established that the diffraction spots and their pixel pattern do not change in the
absence of displacement of the adjacent rock massif. In the event of a displacement, the
light wave passing through the fiber-optic sensors changes its properties, the parameters
of the light spot change accordingly; after processing the data, the hardware-software
complex gives a numerical value of the displacement.

Keywords: pit, displacement, rock, adjacent rock massif, hardware and software
complex, fiber-optic sensor, geotechnical condition

© E.I. Hemuna!, A.JI. Mextues*, A.JI. Anbkunal, IL.A./lynaen?,
K. JI. Man6eroBa?, 2023
'O6inkac CarpiHOB ATbIHIarbl Kaparanael TexHUKANBIK YHUBEPCHUTETI,
Kaparanapl, Kazakcran;
*C. Ceii¢ymun ateinaarsl Kazak arpoTeXHUKAIBIK 3€PTTEY YHUBEPCHUTETI,
Acrana, Kazakcran.

E-mail: barton.kz@mail.ru

KAPBEPIEPIIH TAY JKbIHbICTAPBIHBIH, )KbLIKYbIH
COMKECTEHIIPY/IIH ATIIAPATTBIK-BAF IAPTAMAJIBIK KEIIEHI

Annoramusi. byn wmakana Kapeepnepniq Tay KbIHBICTapBIHBIH >KBUDKYBIH
COMKECTeHIIpYAiH anmaparThlK-OaraapiaMaiblK KEIIeHiH o3ipiey MoceleciHe
apHaJIFaH, oj OipHelIe mapaMeTpiep i Y3IIKCi3 eJIIeyre JKoHe JKep acThl )K9HE JKep YCTi
ozicTepiMeH Hrepyi *Ky3ere acblpaThiH Tay-KeH KOCIIOPhIHAapBIHBIH KbI3METKEpIIepiHe
yaKTBUIBl Xabapiayra MYMKiHAIK Oepeni. AmnmapaTThlK-OarAapiamaiblK KeLIeHHIH
KypaMmblHa KipeTiH OaraapiaMaHbl KaMTaMachl3 €Tyl aiianany OHai )koHe akapaTThIK
uHTEpQeElicKke e3repicTep eHri3yre MyMKiHIIK Oepeni. AmnmapaTTbIK-OargapiamMalibk
KEeIlIeH aclanThlK MAacCHBTIH TCOTEXHUKAJBIK >Kal-KYHiH OaKpLIaWTBIH TaIIBIKTHI-
ONITHKAJIBIK JaTYMKTEPACH ACPEKTepIi >KUHAyAbl, OHICYAl XKoHE TalJaylbl XKy3ere
aceIpaabl. ANNaparThIK-0araapiaaManblK KelleH ONTHKAIBIK OTKI3rLTepliH KoMeriMeH
TaJIIBIKTHI-ONTHKABIK NaTYUKTEpPre KOCHUIAAbI, OChUIalIIa KbIMOAT MbIC KaOeniH
naiinananyra o OepinmMeiini. TaqIbIKTHI-ONTUKANBIK JaTYMKTED YIIKBIH OTKI30CHTIH
KOHE )KapbUIBICKA TO31M/I1, COHBIMEH KaTap JIEeKTPOMarHUTTIK KeJeprijiepre TO3iMAiIiri
XKoFapbl. TalIBIKTHI-ONTUKANBIK JaTYMKTEPl Oap anmapaTThIK-Oar apiaMalblK KelleH
Kapbepnepain Tay-keH KazOalapblHBIH T'€OTEXHHUKAJBIK Kal-KyHiHE MOHHUTOPHHT
KYprizyre MyMKiHIiK Oepeli. AnnaparThIK-0aF qapiaMaliblK KeIIeHH1H )KYMBIC TPUHIHITL
KOFapbl aKBIPaTBIMABUIBIKTAFbl (DOTOAETEKTOPABIH KeMeriMeH auadparmaiap MeH
XKapblK JaKTapbIHBIH KapKbIHABUIBIFBIH CaNBICTBIpYFa HerizgenreH. Jludpakiusuibik
JaKTap MeH OJapAblH MHUKCENBIIK YJTici acmanTblK MacCHUBTIH Tay >KbIHBICTAPBIHBIH
OPBIH ayBICTBIPYBI OONIMaFaH Ke3/le ©3repMEiTiHi, OpBIH aybICTHIPY Maiina OoJiFaH Ke3zie
TaJIIBIKTHI-ONTHKAJIBIK JAaTYUKTEP apPKBLUTBI OTETIH KapbIK TOJIKBIHBI ©31HIH KACHETTEpiH
@3repTeTiHi, colikeciHiie JKapbplk HYKTECiHIH mapaMeTpiepi e3repeTiHi, AepeKTepai
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OHJICTEHHEH KeWiH ammapaTThIK-OaraapiaMalblK KeIIeH OPBIH aybICTBIPYIBIH CaHIBIK
MOHIH OepeTiHi aHBIKTaJIIbI.
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AHHoTanus. /lanHas cTaThs MOCBSILEHA BOIPOCY pa3pabOTKH arnapaTHO-IporpaM-
MHOT'O KOMIUIEKCAa HMICHTU(HKALUN CMEIIECHUS TOPHBIX MOPOXA KapbepoB, KOTOPBIH
[IO3BOJIACT U3MEPATH HECKOJIBKO TApaMETPOB HETIPEPHIBHO M CBOEBPEMEHHO YBEIOMIISTD
[IEPCOHAN TOPHBIX MNPENUPUSTHH, OCYLIECTBISIOMMX pPa3pabOTKy MOA3EMHBIM H
Ha3zeMHbIM criocoOamu. [Iporpammuoe o0ecrieueHue, BXOAALIEE B COCTAB allapaTHO-
IIPOTPaMMHOI'0 KOMITJIEKCA, SBJISIETCS] IPOCTHIM B UCIIOIb30BaHUH U TI03BOJISIET BHOCUTD
W3MEHEHUs] B MHGOPMAIMOHHBIM MHTepdelc. AnmapaTHO-IPOrpaMMHBIH KOMIIJIEKC
OCYILECTBISET cOOp, 00pabOTKY U aHAU3 JAHHBIX C BOJIOKOHHO-ONITUYECKUX JaTIUKOB,
KOTOpbIE KOHTPOJIHUPYIOT T€OTEXHUYECKOE COCTOSIHHE MPUOOPTOBOTO MaccuBa. Armma-
PaTHO-IPOTPAaMMHBIM KOMIUIEKC MOAKIIOYAETCS K BOJIOKOHHO-ONTHYECKUM JaTYHKaM,
IIPY HOMOIIX ONTHYECKUX MPOBOIHHUKOB, TEM CAMBIM HMCKIIIOYACTCSl MCIIOJIb30BAHHE
JOPOTOCTOALIETO MEOHOro Kademns. BoJIOKOHHO-ONTHYECKHE MAATYUKHU SIBISIOTCS
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I/ICKpO6630HaCHBIMI/I n B3pLIBO6630HaCHBIMI/I, a TaKK€ UMCIOT BBICOKYIO yCTOI\/'ILII/IBOCTL
K 3JICKTPOMAarHuTHBIM IMOMEXaM. AHHapaTHO—HpOFpaMMHLIfI KOMIIJICKC C BOJIOKOHHO-
OINNTUYCCKUMHU NAaTUYUKAMU TO3BOJIACT PCAIM30BaATh MOHHUTOPUHIA T'COTCXHUYCCKOI'O
COCTOAHUA TOPHBIX BLIpa6OTOK KapbCpoB. HpI/IHLII/IH paGOTBI armnaparHo-nporpaMmMHOro
KOMIIJICKCA OCHOBAH Ha CPAaBHCHHA allICPTYp U MHTCHCHUBHOCTU CBCTOBBLIX IATCH IPU
IIOMOIIIH q)OTOHpI/IeMHI/IKa BBICOKOI'O pa3spClICHUs. yCTaHOBJ'IGHO, 4gTo ,I[I/I(l)paKLII/IOHHBIe
MATHAa U WX MUKCEJIbHAsA KapTUHAa HC MCHACTCA MPU OTCYTCTBUU CMCHICHUSA TOPHBIX
nopong HpI/I60pTOBOFO MacCChBa, NIpHU BO3HMKHOBCHUH CMCIICHUSA CBCTOBasg BOJIHA
npoxofdiiasds 4€pe3 BOJOKOHHO-ONTUYCCKUM JOaTiYWKaM H3MCHACT CBOU CBOI7ICTB8.,
COOTBETCTBCHHO MCHAIOTCA IMapaMETpbl CBETOBOIO IIsITHA, MOCJC 06p360TKI/I JaHHBIX
aHHapaTHO-HpOFpaMMHI:IfI KOMILICKC BbIJACT YHCJICHHOC 3HAYCHNEC CMCIICHUA.

KiioueBnle ciioBa: Kapbep, CMEUICHUE, T'OpHas mopoAaa, HpI/I60pTOBOI>'I Mmac-
CHUB, aHHapaTHO—HpOI‘paMMHLIfI KOMIIJICKC, BOJIOKOHHO-ONITUYECKHI JaT4yuK, I'€oTCX-
HHUYCCKOC COCTOSAHHUC

Introduction

At present, in Kazakhstan, a large share of the mined minerals belongs to open-
cast mining. The open pits showed higher technical and economic indicators compared
to mines. One of the positions to ensure the minimum operating costs of mining is
to achieve the maximum slope angle, as this will ensure the minimum amount of
overburden. When the maximum slope angle is reached, there arises the problem of the
sides and ledges stability. To ensure the safety requirements for mining operations, it is
necessary to monitor constantly the geotechnical state of the mine working. The main
aspect of the work of any mining enterprise is the work safety, for which it is necessary
to have reliable information of the geotechnical state of the mine working, and in the
event of displacements, the personnel must be notified and appropriate measures must
be taken. Therefore, collecting the necessary information and timely transferring it to
the decision maker is one of the important problems that require attention.

The hardware-software complex (HSC) and fiber optic sensors (FOSs) are able
to measure the following parameters with high accuracy: rock displacements, air
temperatures, the stress-strain state of mine workings, gas contamination. Unlike
traditional electronic sensors, fiber optic sensors cannot create situations that lead to an
explosion or fire in a mine working, because they are not sensitive to voltage drops and
cannot create a short circuit. The use of HSC and FOSs will permit the mining enterprise
to move to implementing digitalization and to transfer to a new level of using digital
optoelectronic technologies. Earlier articles (Alkina et al., 2022: 1; Mekhtiyev et al.,
2023: 2) have already described in detail the problems of controlling stability of the pit
sides and slopes, the control methods used, and considered the FOS design, published
the results of studying and testing displacement sensors. In these publications, there is
presented justification for the use of FOS. This article is a logical continuation of the
previously published results of the FOS study (Mekhtiyev et al., 2023: 2; Neshina et al.,
2023: 3) and only HSC is considered in detail.

The purpose of this work is to develop a hardware-software complex for identifying
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the displacement of pit rocks to improve the mining operations safety and digitalization
of control and measurement processes in mining minerals. The object of the study is a
hardware-software complex designed to change the parameters of the geotechnical state
of a mine working and to warn the personnel about a sudden collapse of slopes.

Relevance and problem definition

The first step in the development of a hardware-software complex for identifying
the displacement of pit rocks, which is part of a new generation security system with
high technical characteristics and measurement speed, capable of operating in explosive
environments of mining enterprises based on optical sensors, is to carry out an analytical
study of the available results in this area based on systemic approach and problem
solving.

Fiber optic technology has been introduced into the mining industry for strain detection
since 2006 (Nizametdinov et al., 2015: 4). The world manufacturers of FOSs are the
Siemens, the ABB, the Roctest, the Weterford, the BackerHughes, the Halliburton, the
Schlumberger companies and the Russian enterprises: Omega, Optolink, Intel Systems.

The development of a safety system based on the use of optical fiber will make it
possible to abandon the use of equipment that measures technological parameters and
make the transition to the use of fiber-optic sensors. One solution to this problem is the
use of fiber optic sensors and technologies.

There is information of developing a system of monitoring rock displacement and
preventing the collapse of mine workings in coal mines in China (Liu et al., 2018:
5; Su et al., 2016: 6). There are considered fiber-optic vertical and horizontal seismic
receivers based on the Mach-Zehnder interferometer, where the authors propose an
original design of a sensitive element that provides a high threshold sensitivity of the
measuring device to seismic accelerations (Shadab et al., 2022: 7; Kamenev et al.,
2014: 8). Stability of the Mach-Zehnder interferometer is ensured by the use of active
stabilization of the operating point (Kim et al., 2015: 9). In the work by (Lanciano et al.,
2020: 10) it was possible to solve partially the important problem of reducing the fading
of the strainmeter output signal with changing the external temperature. Although the
use of a multi-turn sensing element (Fursa T.V. et al., 2019:11) in the design of FOS
can significantly improve the performance of FOS in strain measurements (Yiming et
al., 2016: 12), but they did not manage to get rid completely of the negative effect of
temperature (effects of thermal elasticity) on the measurement process.

The problem of a sudden collapse of a mine working leads to economic losses and
downtime of the enterprise, and provides a significant danger for the working personnel.
Analyzing some works (Fan etal.,2019: 13; Wuetal.,2011: 14; Rovera etal., 2023: 15)
showed that that problem was quite acute and had been partially solved. At the moment,
there are no own developments in Kazakhstan that are introduced into production and are
capable of controlling the geotechnical state of mine workings of a considerable length.
In the works of foreign authors, there is information of the rock massif stability to ensure
safety and long-term planning of mining operations in relation to the development and
distribution of fiber-optic technology for monitoring the structural state (Heo et al.,
2019: 16; Yerzhan et al., 2023: 17; Wu et al., 2011: 18).
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Developing a hardware-software complex

The idea of developing a hardware-software complex for identifying the
displacement of pitrocks using fiber-optic sensors consists in using a telecommunication
single-mode optical fiber as a sensitive element and a sensor in the control system.
The optical fiber takes on a mechanical action that causes changing the properties of
the mode light (phase, frequency, intensity) passing through its core. All the changes
are recorded on the photodetector of the signal processing and decision-making
device installed at the output of the optical fiber. Based on the studies, a version of
an intelligent hardware-software complex has been developed that allows estimating
the level of additional losses that occur in the optical fiber cladding with subsequent
conversion into a numerical value of the measured parameters in real time. Four FOSs
are connected to the hardware-software complex (HSC) to control the displacement
of rocks in the area where it is necessary to carry out observations. Figure 1 shows the
window of the developed HSC that is able to work simultaneously with four FOSs and
to control the displacement of rocks in four sites.
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1 - "start in background" button; 2 - "stop" button; 3 - block "settings"; 4 - block of "devices for
displaying measured values"; 5 - block "signaling and sending messages".
Fig. 1 - Window of the developed HSC

Laboratory and field tests of the HSC and FOS have shown their performance
and ability to adequately respond to the displacement of rocks. The HSC is capable
of measuring displacements with sufficiently high accuracy and linearity using FOS.
The research results have already been published previously (Alkina et al., 2022: 1).
The design and the principle of the FOS operation has already been discussed in detail
earlier (Mekhtiyev et al., 2023: 2; Neshina et al., 2023: 3), the information of the
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operation of the HSC is also given there. The FOS responded quite well to changes in
soil displacement parameters.

For the user, the interface is not difficult, since the HSC operates in a continuous
automatic mode and the operator does not need to configure it but only to monitor
the instrument readings. Since a person is involved in the control, not only numerical
indicators are displayed on the computer screen but also tracks of bars are presented,
which perform the function of visualizing changes in the parameters. Each measurement
channel has alarm indicators that are triggered by a sudden change in the offset
parameters of any channel. If the offsets increase only slightly, the green indicator
lights up. If changes have occurred and the offsets are growing fast enough, the red
indicator turns on. The yellow indicator lights up in the event of a slight increase in
displacements and is necessary to attract the operator’s attention. The yellow indicator
can light up during seismic activity, an industrial explosion, the passage of heavy
equipment near the FOS, vibration from drilling equipment or other impact on the
FOS, but this is only a warning to attract the operator’s attention.

Starting the HSC operation is carried out by pressing the "start in background"
button, position 1, while the green indicator lights up and the real-time control process
begins. To disable the HSC and to disable it for setting, use the "stop" button, position
2. After making changes to the setting, be sure to click the "apply" button. The
“settings” module, position 3, allows working with four FOSs, setting each in turn by
pressing the “camera” button. Each channel can be configured individually, for this
there are four buttons “camera 1-4” (Figure 2).
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Fig. 2 — The camera setting block

The first line "How many frames to take in one average value" serves to set a numerical
value for the number of frames recorded by the photomatrix per unit of time. The HSC
performs averaging the number of frames and forms one image, this is necessary to
reduce noise. On average, the photomatrix reads 30 frames per second, averaging 10
frames every 0.33 seconds. The HSC can be configured to average readings over a
period of time using the line “number of average readings over a period of time”. These
parameters directly affect the detection sensitivity and the HSC response time. The next
line is the threshold constraint "Threshold with which brightness the pixels will be white
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from 0 to 255". This parameter expresses the color value of a pixel in grayscale (from 0
to 255), at which a response will occur when a pixel changes from black to white, this is
necessary to calculate changes in the pixel pattern of the light spot and issue numerical
values of the measured value. This setting directly affects the detection sensitivity of
the HSC. Next there comes the setting of the lines “sensitivity threshold value”. This
is the setting of the numerical value of the motion detection threshold and the analysis
of the number of white pixels; when the setting is exceeded, the red indicator lights up.
The last line of the setting is "increasing the sensitivity threshold". Here the value of
increasing the sensitivity threshold by N is set, when registering changes in parameters
within a certain period of time.

Block 4 contains digital displays for displaying the measured values. Each channel
has a separate display. The signaling and message sending module, position 5, is
separately highlighted. The notification is sent through the Telegram cross-platform
instant messaging system (messenger).

The HSC has the ability to register the received data with time logging. It records
all the readings for the current run, all the values are stored in the computer's memory
(Figure 3).
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Fig. 3 — Block of registering the motion with entering logs over time

The HSC layout with the connection of the FOSs is shown in Figure 4. To control the
displacement of rocks, it is necessary to install the FOSs and to connect them to the data
processing unit, which, in turn, communicates with a personal computer or server via
a radio channel. The hardware part is located in the housing of data processing unit 4,
where there are four optical modules 6, radiation source 10 and communication module
12. Optical modules 6 are connected to Ethernet switch 3 using connecting wires. Each
optical module contains a photomatrix and a microprocessor from IP cameras, which
are located in a single housing. Each measuring channel with FOS is connected to its
own optical module. Ethernet switch 3 is connected to the communication module with
the help of Ethernet cable 11, through which information is transmitted to a personal
computer via cellular communication channels. The optical modules 6 are powered
from the Ethernet switch. Each optical module is equipped with an optical adapter 5,
type SC and a square optical waveguide 7. Optical % splitter with SC type connectors,
position 9, divides the light wave from radiation source 10 into four equal parts. For
switching FOS, radiation source and optical modules, optical patch cord 8 with SC type
connectors is used. Patented optical patch cords with convectors and adapters provide
a detachable connection, which is extremely important for field installation. The HSC
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can simultaneously work with four FOSs 1-4. The light wave from the radiation source
passes through the optical splitter, optical patch cord and reaches the FOS, this straight
direction 13 is shown by a solid arrow and a line. After passing through it, the light wave
returns in the opposite direction 14, which is shown by a dotted arrow and a line back to
the data processing unit, namely to the optical module.

1 - personal computer with software; 2 - communication and coordination module with a personal
computer; 3 — Ethernet switch; 4 - housing of the data processing unit; 5 — optical adapter of the SC type;
6 - photomatrices and microprocessors from IP cameras in a single housing (optical module), 7 - square
housing of the optical module (optical waveguide); 8 — optical patch cord with SC type connectors; 9 —
optical splitter /4 with SC type connectors; 10 — radiation source; 11 — Ethernet cable; 12 - communication
module; 13 - straight direction of the FOS; 14 - opposite direction of the FOS; 15 - section of the FOS
installation.

Fig. 4 - Scheme of the HSC layout with the FOS connection

Fig. 5 shows a prototype of the HSC.

1 — Ethernet switch with communication module; 2 - housing of the data processing unit; 3 — optical
adapter of the SC type; 4 - photomatrices and microprocessors from IP cameras in a single housing
(optical module), 5 - optical patch cord with SC type connectors; 6 — radiation source.
Fig. 5 — The HSC prototype

188



ISSN 2224-5278 3.2023

Results and discussion

When the button "start the camera in mode" is pressed, a window appears with the
image of a light spot and graphs. The work of the HSC is based on the method of
controlling the intensity and additional losses using an intelligent electronic optical
analysis of a light spot incident on the surface of a high-resolution photomatrix installed
at the output of the FOS. Figure 6 presents an explanatory diagram, which reveals the
essence of the method. The HSC processes the data associated with changes in the
properties of the light wave passing through the FOS. As mentioned earlier (Mekhtiyev
et al., 2023: 2; Neshina et al., 2023: 3), when mixed, the ends of the optical fiber diverge
from each other, additional optical losses increase. The HSC evaluates the changes and
gives the numerical value of the measured displacement value. In this case, changes
occur in the pixel pattern of the light spot, since transition of pixels from a valuable color
to white pixels begins. The method is based on comparing changes in the parameters of
the light spot over time and the process of transition of pixels from one state to another.
The greater the displacement, and hence the divergence of the ends of the optical fiber,
the higher the level of additional losses, therefore, the lower part of energy of the light
wave comes to the photomatrix, so, the spot becomes less intense. The value of the
formed additional optical losses during the divergence of the OF is directly proportional
to the number of formed white pixels. The shift causes changing the numerical pattern
of the pixels and their transition from black to white.
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1 — radiation source with the wavelength of 650 nm; 2 — optical patch cord; 3 - FOS; 4 — optical
connector; 5 — optical module; 6 — input device (optical waveguide); 7 — photodetector with
microprocessor; 8 — USB cable; 9 - personal computer with software; 10 - light wave propagating through
the core; 11 - light wave propagating along the shell.

Fig. 6 - Explanatory diagram

The light spot incident on the sensitive surface of the photomatrix has a positive
image, a bright core and a less bright shell, there is an interface between them. The
light spot resembles a Poisson spot, has the stepped Gaussian distribution profile,
since a single-mode OF is used. The light wavelength used is 650 nm. Its movement
from the radiation source to the FOS and the photomatrix is shown by arrows. The
positive image of the light spot is converted into the negative one by the program.
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Since the core is too bright and not informative, and contains a sufficiently significant
noise level, it is excluded from the intelligent optoelectronic analysis using the Python
program. Figure 7 shows a numerical picture of the growth of white pixels, when the
ends of the optical fiber diverge inside the optical ferrule of the FOS.

Fig. 7 — Numerical picture of the white pixels

The PC has built a graph that shows that the number of white pixels increases
from 86358 units to 86362 in 1 second when the ends of the fiber are shifted. In the
experiments, photomatrices with a lower resolution of the VGA format, 640x480, has
proved to be quite good, which gives a total of 307200 pixels that is enough to control
the displacement from 0 to 150 mm. When using a photo sensor with resolution of,
for example, 720p (HD), this is 1280 columns and 720 rows of pixels, which gives a
total of 921,600 pixels; the displacement can be controlled up to about 300 mm. The
experiments and field tests of the HSC show that with increasing the gap between the
ends of the OF, in the situation of the code, the FOS detects the rock displacement,
additional optical losses grow in proportion to the size of the gap, while the number of
white pixels also increases in proportion to the distance between the ends of the OF.

Close to minimum 3 Close to maximum

1 displacement / 2 1 displacement 2

1 - fixed end of OF; 2 - fixed end of OF; 3 - optical ferrule
Fig. 8 - Increasing the number of white pixels when the ends of the fiber diverge

This makes it possible to build a sufficiently accurate FOS with a high linear
characteristic to measure the displacement parameters depending on the change in the
properties of the light wave passing through the fiber core when their ends diverge
inside the optical ferrule.

Such complexes can be used wherever it is necessary to provide communication
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between devices without using an expensive cable, which is also intrinsically safe. It
is very convenient to use this complex to connect security sensors and actuators with a
control computer.

Conclusions

The hardware-software complex for identifying the displacement of pit rocks of
the developed system is able to evaluate changing the intensity of the light spot at the
exit from the fiber using artificial intelligence algorithms. The proposed method of
identifying the geotechnical state of mine workings is implemented by comparing the
apertures of light spots. The advantages of the hardware-software complex include the
ability to develop the configuration and to make changes online, the ability to change
failed equipment without turning off the power.

The developed hardware-software complex is designed for operational control of
sudden changes in the parameters that affect the pit walls strength with the prospect of
multi-measurements. The developed software provides multi-channel processing of the
data received from fiber-optic sensors.

The system can also change step-by-step its sensitivity. It is initially 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 fix accurately
the displacement and to eliminate false measurements. The fiber optic sensor used has
a fairly linear characteristic and is highly sensitive to any change in the displacement
parameters when the pressure on the sensor changes.

This research has is 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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