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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 xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
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

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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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!, V.V. Yugay?*, Y.G. Neshina?, N.B. Kaliaskarov?, P. Madi', 2024
IS. Seifullin Kazakh Agrotechnical University, Astana, Kazakhstan;
?Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan.
E-mail: slawa_v(@mail.ru

FIBER-OPTIC SYSTEM FOR CONTROLLING OPEN PIT SIDE ROCK DIS-
PLACEMENT

Mekhtiyev Ali — Candidate of Technical Sciences, Professor Department of Electrical Equipment Operation,
NCIJSC «S. Seifullin Kazakh Agro Technical Research University», Astana, Kazakhstan

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

Yugay Vyacheslav — PhD, head of the Automation of Production Processes Department, NCISC «Abylkas
Saginov Karaganda Technical University», Karaganda, Kazakhstan

E-mail: slawa_v@mail.ru, https://orcid.org/0000-0002-7249-2345;

Neshina Yelena — Candidate of Technical Sciences, Head of the Energy Systems Department, NCJISC «Ab-
ylkas Saginov Karaganda Technical University», Karaganda, Kazakhstan

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

Kaliaskarov Nurbol — PhD, Head of the Communication systems technologies department, NCJSC «Abylkas
Saginov Karaganda Technical University», Karaganda, Kazakhstan

E-mail: 90nurbol@mail.ru, https://orcid.org/0000-0003-3684-14205;

Madi Perizat — PhD, Senior Lecturer, Department of Electrical Equipment Operation, NCJSC «S.Seifullin
Kazakh Agro Technical Research University», Astana, Kazakhstan

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

Abstract. The article deals with the development of a fiber-optic system for mon-
itoring the displacement of open pit side rocks based on the use of optical-digital intelli-
gent analysis of the optical parameters of fiber-optic sensors. The results are presented in
a series of experiments aimed at establishing the pattern of changes in optical parameters
under mechanical action on an optical fiber. In the experiments, the optical fiber has been
stretched. It has been established that as the mechanical load on the optical fiber increas-
es, there increase additional losses that can be converted into a unit of displacement.
Experiments have shown that at different displacement values there is an increase in the
number of white pixels that are formed due to mechanical action. The results obtained are
explained by the inverse relationship between the amount of displacement and the num-
ber of white pixels. The control system performs an intelligent optical-digital analysis
and transforms displacements into a pixel pattern. The greater the displacement, the more
white pixels there are on the computer screen. Thanks to this technology, it is possible to
determine with high accuracy the force of mechanical external impact on an optical fiber,
which causes it to stretch, while the magnitude of the impact is directly proportional to
the displacement. This principle is used to monitor soil deformations, to detect landslides,
to monitor the condition of mines and the other objects where it is important to monitor
soil movement. There are proposed a layout of fiber- optic sensors above a growing crack
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and a data processing unit for monitoring the displacement of rocks on the open pit sides.

Keywords: open pit, displacement, rock, fiber-optic sensor, geotechnical condi-
tion

Financing: This research has is funded by the Ministry of Trade and Integration of
the Republic of Kazakhstan (Grant No. BR19980899 “ Development of a system for moni-
toring the geotechnical state of mine workings and quarries based on intelligent fiber-optic
sensors”).
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*O0inkac CarbiHoB AThiHIarbl Kaparanabl Texuukanslk YHuBepceuteti, Kaparauusi,
Kazakcras.
E-mail: slawa_v(@mail.ru

KAPBEP BOPTBIHJAFBI TAY KbIHBICTAPBIHBIH, )KbLI'KYBIH
BAKBLIAY IbIH TAJTIIBIKTBI-ONTUKAJIBIK KYHECI

MexTueB Aan JI:kaBaHIIMPOBMY — TEXHUKA FHUIBIMAAPBIHBIH KaHaunatel, «C.CelymnH aThIHIAFb!
Kazak arporexHuKaiblk 3eprrey yHHBepcuTeT» KeAK «Dnextp kabapIKTapblH naiaanaHy» xadeapachiHbIH
KaybIMIACTBIPBLIFaH podeccopsl, Acrana, Kasaxkcran

E-mail: barton.kz@mail.ru, https://orcid.org/0000-0002-2633-3976;
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YHUBEPCHUTETIHIH «OHMIPICTIK NpouecTepAi aBTOMATTaHABIPY» KadeapachlHbIH MeHrepymici, Kaparanmsl,
Kazakcran

E-mail: slawa_v(@mail.ru, https://orcid.org/0000-0002-7249-2345;

Hemmnna Enena I'eHHagbeBHA — TEXHWKA FHUIBIMIAPBIHBIH KaHAWAATHI, OOUIKac CarblHOB aThIHJAFBI
KaparanJpl TeXHHKAJIBIK YHHBEPCHTETIHIH «DHEPreTHKANBIK >KyHenep» KadeIpachHBIH MEHIepyIIici,
Kaparannsl, Kazakcran

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

Kannackapos Hyp6oa Baaradaesuy — PhD noxropsl, O6inkac CarbiHOB aThiHarsl KaparaHabl TEXHUKAIBIK
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E-mail: 90nurbol@mail.ru, https://orcid.org/0000-0003-3684-14205;
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AnHoTauus. byn Makanana ONTHKAIBIK-TAIMIBIKTEI AaTYUKTEPIiH ONTHKAJIBIK
napameTpliepiH ONTHKAJIBIK-IIM(PIBIK WHTEIIEKTYaN bl TaljayFa HETi3JeNreH Kapbep
OOPTBIHAAFBI TAY KBIHBICTAPBIHBIH JKBIJDKY BIH OaKbLTaY IbIH ON THKAJIBIK- T BIKHBI )KYHEeCiH
a3ipiey Maceleci KapacTeIpbulabl. HoTmkenep ONTHKAJBIK TaIIIBIKKa MEXaHUKAJIBIK 9Cep
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OipkaTap ToxipuOenepMeH YChIHBUIFAH. ToxipuOenepae ONTHUKAIBIK TaTIIBIK CO3BUIIBI.
OnTHKaNBIK TATIIBIKKA MEXaHUKAJIBIK )KYKTeME [IaMachl ©CKEH Ke37Ie KOCHIMIIIA MIBIFBIHAAP
KeOeieTiHI aHBIKTAJJIbI, OJIAP/bI BIFBICY OipiiiriHe adHaabIpyra Oonazapl. Toxipubenep
HOTHXXECIHAE, SPTYPIl OPBIH aybICTBIPY MOHJEPiH/IE MEXaHUKANIBIK dcepre OalIaHBICTHI
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naija OoNaThIH aK MUKCENIEP CAHBIHBIH apTybl OalKanaabl. AIBIHFAH HOTHXKEIEP OPBIH
ayBICTBIPY MOJIIIEPi MEH aK MUKCENIEp CaHbl apachIHIarbl Kepi OalTaHbICKa OaliIaHbBICTHI.
Backapy »xyiieci MHTEIEKTyalbl ONTHKAIBIK-IIU(PIBIK TaIIAyIbl OPBIHAAWIBI JKOHE
OpBIH ayBICTHIPYJIAp/Abl MHUKCENb YITiCiHEe aiHanabIpajsl. bIFpicy mamacel HEFYPIBIM
Kol 0oJica, KOMITBIOTEp SKpaHbIH/AA aK IMUKCEIep caHbl colikeciHine kem 0omael. Ockl
TEXHOJIOTHSIHBIH apKAaChIH/Ia ONTHKAIBIK TANIIBIKKA MEXaHUKAJBIK CBHIPTKBl JCEpIIiH
OepIKTIriH KOFaphl JSJJIIKIICH aHbIKTayFa 00dazibl, OYyJI OHBIH CO3BUTYBIH TYIBIPAIbI,
aJI acep eTy MeJIIIepi BIFBICY MaMachlHa Typa MPOMOPIHUOHAIAB 00maael. by mpuHImm
TOTIBIPAKTHIH JlehopMaIMsIChiH OakKbuIay, KOIIKIHAEpHi aHBIKTay, IIaxTallapJblH >KOHE
TOTIBIPAKTHIH KO3FAIIBICHIH OaKplIay MaHBI3NBI 0acka OOBEKTUIEp/IiH KaFIaiiblH OaKpuIay
YIIH KOnJaHbutaael. Kapbep OOpTHIHAAFBl Tay KBIHBICTAPBIHBIH JKBUDKYBIH OaKpuIay
YIIIiH ©CiM Kelle KaTKaH JKapbIKIIAKThIH YCTIHE ONMTHKAIBIK-TAIIBIKTEI TaTYUKTEPAl )KOHE
JepeKTepii OHJIey OJIOTHIH OPHAIACTHIPY CXeMAaChl YChIHBLIAIBI.

Tyiiin ce3mep: Kapbep, OPBIH ayBICTHIPY, TAY JKBIHBICHI, ONTHKAIBIK-TAJIIBIKTHI
JIaTYUK, T€OTEXHUKAJBIK JKarJai
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AnHoTanmsi. B JaHHOW craThe paccMaTpuBaeTCs BONIPOC Pa3pabOTKH
BOJIOKOHHO-ONITUYECKOW CHCTEMBI KOHTPOJISI CMEIICHHUS TOPHBIX MTOPOJT OOPTOB Kapbepa,
OCHOBAaHHOH Ha HCIOJIb30BAHUH OINTHKO-IIM()POBOTO HHTEIUICKTYaJbHOTO aHAIU3a
OINITUYCCKUX IMapaMETPOB BOJIOKOHHO-OINITHYCCKUX JaTYUKOB. Pe3yHLTaTBI IMpEaACTaBJICHBI
Cepﬂeﬁ OKCIICPUMCHTOB, HAIIPABJICHHBIX HAa YCTAHOBJICHUC 3aKOHOMCPHOCTHU U3MCHCHUA
ONTHYCCKUX MApaMeTPOB MPH MEXaHHMYCCKOM BO3IACHCTBHU Ha ONTHYECKOE BOJIOKHO.
B asKkcrepuMeHTax ONTHYECKOE BOJOKHO IOJBEPrajioch PAaCTSIKEHHUIO. Y CTAaHOBIICHO,
4TO IIpU POCTEC MeXaHUYeCKOM Harpys3kKkm Ha OITHUYCCKOC BOJIOKHO YBCIMYHBAIOTCIA
AOMNOJHHUTEIIbHBIC MOTEPH, KOTOPLIC MOXHO KOHBCPTHPOBATH B CAWHUIY CMCHICHUA.
3KCHepI/IMeHTI)I IMOoKasajr, 4TO IIpU pa3IuYHbIX 3HAYCHUAX CMCIICHUA Ha6.HIO}IaeTCf{
YBEIIMUCHHUE KOJMYECTBA OCJBIX THUKCENIeH, KOTOphie (OPMHUPYIOTCS BCICICTBHC
MEXaHMYeCKOro Bo3jehcTBUsA. [lojydeHHbIE pe3yibTaThl OOBSICHSIOTCS O0O0paTHOU
3aBUCUMOCTBIO MEXKAY BEITMYHUHOMN CMCIICHHUA W KOJHNYECCTBOM OeNbIX IHUKCETEH.
CucremMa KOHTPOJIS BBINOJHSIET WHTEIUICKTYAIbHBIH ONTHKO-IIM(QPOBON aHAIU3 H
TpaHCcHOPMHUPYET CMEIICHHMS B KapTUHY nHKcened. Yem OoJbllie CMEIICHHS, TEM
OoutbInie OeNbIX MHUKCEIeH Ha SKpaHe KOMIIbIoTepa. biiarogaps 3Toit TEXHOIOTHH MOXKHO
C BBICOKOM TOYHOCTBIO OIpPEACINTE CUJIY MEXaHUYCCKOTO BHCHIHCTO BOS}ICﬁCTBHS[
Ha OITHUYCCKOC BOJIOKHO, KOTOpas BBI3BIBACT €TI0 PACTAXKCHHUE, IIPU O3TOM BCIIMYHHA
BO3I[eI71CTBPI51 IpAMO MponopuroOHaJIbHa CMCIICHUTO. Taxon MIPUHIUIT TPUMECHACTCA IJId
OTCIICKUBAHUS eopMaliii rpyHTa, OOHAPYKEHHS OMOJI3HEH, KOHTPOJIS 32 COCTOSIHUEM
axT u Apyrux O6’I)eKTOB, TAC BAXHO OTCIICKHBATHL ABHXKXCHHUEC I'PYHTA. HpejlﬂaraeTcsl
CXeMa pa3MEUIEHUs] BOJOKOHHO-ONTHYECKUX JAaTYMKOB HAaJ pacTyued TpeuMHON U
0710ka 00pabOTKK JaHHBIX JJIsl KOHTPOJISI CMELICHHUS TOPHBIX TOPOo.1 OOPTOB Kapbepa.

KuaroueBbie cjioBa: Kapbep, CMEIICHNE, TOPHAS TIOPO/1a, BOJIOKOHHO-ONTHYCCKUI
JAaTYHK, TCOTCXHUYCCKOC COCTOSIHHEC

duHaHCMPOBaHWe: DTO HUCCIEI0BaHUE (PUHAHCHPOBAIOCH MHHHCTEPCTBOM
toproBiu U nHTerpanuu Pecyonuku Kazaxcran (I'pant Ne BR19980899 «Pa3paboTka
CUCTCMblI MOHUTOPUHI'A TCOTCXHUYCCKOTO COCTOSAHMA I'OPHBIX BLIpa6OTOK " Kapb€poOB Ha
OCHOBEC MHTCJIJICKTYAJIbHBIX BOJIOKOHHO-OIITUYCCKUX ):[aT‘-II/IKOB))).

KoHpaukT uHTEpECOB. asmopsl 3as161a10m 06 OmMcymcmeuy KOLpaukma unme-
pecos.

Introduction

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

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

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

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

Research methods

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

Fd  Fs+Fn

—----p
1

12

1 —radiation source, 2 — optical connector, 3 — patch cord, 4 — coil, 5 — optical conductor, 6 — sensor, 7 — elastic
element, 8, 9 — disks, 10 — guides, 11 — crossbar, 12 — bushing, 13 — crossbar, 14 — input coupling, 15 — output
optical device, 16 — optical module,

17 — conductor, 18 — computer
Figure 2 — A diagram of the experiment to study the rock displacement sensor

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

162



Reports of the Academy of Sciences of the Republic of Kazakhstan

installed to form an optical spot on the surface of the photomatrix located in optical module
16. The optical module contains a photomatrix and a graphics processor for converting the
optical parameters of laser radiation into a digital signal. The optical module is connected
using conductor 17 (USB cable). The data is processed using software installed on personal
computer 18. Optical digital intellectual analysis is divided into three main phases A, B, C.

The A phase flows in the optical module, and the optical spot is transformed into
a digital signal. When exposed to sensitive element 6, when crossbar 11 extends from sen-
sor body 13, when an optical wave passes through element 6, its properties change. These
changes are translated into changes in the pixel pattern displayed on the computer screen
18. The B phase is associated with the transformation of the positive images of the optical
spot into negative ones, since the OF core is excluded from the analysis. The proposed sen-
sor is an amplitude-type sensor, but unlike existing analogues, the change in the amplitude
of additional losses formed in the OF shell is controlled. In the process of studies, it was
established that under mechanical impact on the optical fiber (bending, torsion, stretching),
part of the radiation leaves the core into the shell, which is the loss of the parental radiation
power. It is recorded by the hardware-software complex installed on personal computer 18.
The final C phase is associated with analyzing changes in the negative image of the optical
spot and the formation of a pixel pattern. The further crossbar 11 slides along sleeve 12 lo-
cated in housing 13, the more white pixels are formed on the computer screen. The crossbar
creates a mechanical effect on the optical fiber through half-disk 9 with which it is rigidly
connected; thus, the length of the optical fiber wound on two half-disks 8 and 9 changes.
The lengthening of the optical fiber can be expressed through AL, the intensity A/ and the
paternal losses A4 recorded by the photomatrix change. If a crack opens, the crossbar will
move out, and the initial optical parameters will change when setting up the sensor. If one
fixes body 13 on one benchmark, and the end of crossbar 13 on another benchmark and
place these benchmarks above the growing crack, then one can record its growth. It is pos-
sible to give theoretical foundations that are associated with changing the distance between
the fastening points by an amount AL, causing a joint displacement of the crossbar and the
extension of the OF wound on half-disks 8 and 9 between which there is elastic damper 7.
When exposed to the force caused by the elongation of the crossbar and its movement as-
sociated with the deformation of the massif and the opening of a crack, the tension force of
the optical fibers and the tension force of the spring are formed. The relationship of forces
can be represented as follows: Fr=Fr +Fp

The tension force of optical fibers is as follows:

Fr=2-n-kg-l,

b

where is number of the OF windings,
KF is the coefficient of the OF elasticity,

Is is the OF elongation.
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Figure 3 shows a laboratory sample of the FODS that was used in the research.
- ¥

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

Figure 3 — A laboratory sampl3e of the FODS

Results and discussion

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

12

10 L
y = SE-05x - 0.0433
R® =01 8475

Displacement, mm

0 20000 40000 BO00D BOOOO 100000 120000

Nutmmber of white pixels, pes

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

1 — data processing unit, 2 — fiber-optic conductors (patch cords), 3 — FODS, 4 — crossbar, 5 — movable

benchmark, 6 — fixed benchmark, 7 — crack, 8 — soil
Figure 5 — A diagram of placing fiber-optic sensors over a growing crack and

a data processing unit

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

ing module.

Figure 5 — Practical testing of a fiber-optic sensor installed over a growing crack
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Conclusions

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

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

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