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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 Pecnybnukacer ¥immuolx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

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

3



I'naBHBIii penaxkTop

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

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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

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

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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G. Sapinov'*, A. Imashev', Z. Mukhamedyarova’
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CURRENT STATE OF THE PROBLEM OF MINING INDUCED
SEISMICITY AND PROSPECT OF USING SEISMIC MONITORING
SYSTEMS

Abstract. The paper reviews the literature on the state of the problem of
mining seismicity in the territory in the territory of Kazakhstan and Russia mainly
caused by rockbursts. Additionally it analyzes prospect of using special seismic
monitoring systems as rockburst control tool. Seismicity is the phenomena
that occur naturally from an earthquake or unnaturally by man-made activity.
Seismicity caused by human activity during mining operations is the subject of
the study. In the case of mining, a seismic event identified as a rockburst causes
the destruction of an excavation, equipment, staff hurt, and disaster. In terms of
safety, efficiency, and production, such effects as rockburst and seismicity may
have a significant impact on the development of mines. In spite of technical
developments, however, the rockburst estimation is still a challenging and
debatable procedure in the mining industry. The majority of seismically passive
and quiet mines are shallow and small, with a depth not exceeding 1 km. With the
increasing production period and depletion of mineral recourses, underground
mines have become deeper worldwide. This reality makes the issue of the mine
seismicity quite crucial. That is why microseismic monitoring system is becoming
more and more popular with current technical advancements, and this tool is
extensively used in the mining industry, particularly in in-depth underground
mining projects.

Key words: mine; seismicity; rockburst; microseismic; monitoring.
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I'. CanunoB'*, A. Umames', 3. MyxamenbsipoBa’

'KaparaHipl MEMJICKETTIK TEXHHUKAJIBIK YHHUBEpcUTeTi, Kaparansl, Kasakcran;
’Hazap6aeB Yuusepcuret, Hyp-Cynran, Kasakcran.
E-mail: gsapinov(@mail.ru

JKACAHJIbI CEHCMUKAJIBIK YPIIC ITIPOBJIEMACBHIHBIH
KA3IPI'1 ) KAFTAWBI )KOHE CEMCMUKAJIBIK MOHUTOPUHT
JKYWEJEPTH MAUJTAJAHYABIH KEJIEIIETT

Annoranus. Maxkanana Kazakcran »xoHe Pecei aymarbIHIaFbI Tay-KeH iCIMEH
0allTaHBICTBI CEMCMUKAJBIK OKHFallap JKOHE Tay JKBIHBIC COKKBICHI OCEpiHEH
OoiFaH ammarTapisl CUNATTAUTBIH ofcOueTTep KapacThipbuiaibl. COHBIMEH
Karap, oJl CECMUKANBIK OaKbLIAyIbIH apHAMbI )KYHECiH Tay KBIHBIC COKKBICHIHA
Kapchl Kypasad peTiHAe KOJJaHy TMEePCIEeKTUBACHIH Taimaabl. CercMUKaIbIK
OKHMFa — OyJ1 TaOuFfH TYple Kep CUIKIHyiHEeH HeMece TEXHOTEHJIK OpeKeTTep
HOTWKECIHIe Taiaa OomarbiH KyObuibicTap. OChI FRUIBIMHU JKYMBICTA Tay-KeH
KYMBICTapbl Ke3iHAET! aJlaMHBIH 1C-OpEKETIHEH TYBIHJIaFaH CEHCMHUKAIBUIBIK
oKuranmap 3eprreneni. Tay-keH eHAIpY >KaFdallbIHAA, Tay >KBIHBIC COKKBICHI
pETiH/IC AaHBIKTaJIFaH CEHCMUKAITBIK OKUFa Ka30aHbl, TCXHUKAHBI, KbI3METKEePIICP/Ii
KapakaTrTaiapl KOHE amarka okenenmi. Kayinci3nmik, THIMIUTIK >KOHE OHIIpIC
TYPFBICBIHAH Tay JKBIHBIC COKKBICHI MEH CEMCMHKAJIBIK OKHFajap MKepacThl
KYpBUIBIMBIHBIH JaMyblHa alTapiblKTaii ocep eryl MyMmkiH. Kasipri kesne
TEXHUKAIBIK KETICTIKTepre KapaMacTaH, Tay-KeH OHEPKICIOIHIIE Tay MKBIHBIC
COKKBICBIH OOJDKay ol JIe Kypesl >KOHE Jayiibl yAepic OOJBIN ecenTeNe/l.
OJjeM OOWBIHIIA CEWCMUKANBIK TACCUBTI KOHE «THIHBIID IaXTalap/IbIH
KOMIITITIHIH TepeHairi 1 km-aeH acmaiasl. bipak maimgansl Kaz0amapabl
OHJIIpy OapBICBIHIA KOHE JKEp acThl Ka30aChIHBIH TEPEHIIr! YJIFarobIMeH Oy
OOBEKTUIEp/IiH CEeHCMUKAJIBIK Kayll MPOMOPIHOHAIAB Typlae apraibl. by
Macesle MIaXTaHbIH FaHAa eMecC TyTacTall anraHia OYKiJd Tay-KeH aliMarblHBbIH
CEUCMUKANBIK JKaFlaiblH ©Te KayinTi Kyire okerneni. COHABIKTaH a Tay-KeH
OHEPKICIOIHIE MUKPOCEUCMHKAIBIK OaKblIay KYHECIHIH MaHbI3ABUIBIFBl YAKBIT
oTKeH apthin keneni. COHBIMEH Karap »KOrapblla alThulFaH OakpuIay Kykeci
Ka3ipri Ke3/ie TEXHUKAJIBIK JKaFbIHAH J1aMy YCTIH/IE, )KoHEe Oy Kypall KeH OHAIpy
OHEpKaCIOIHe, acipece KelleH 1 )KOHE TepEH Kep acThl Tay-KeH jkoOaiapbIHia
KEHIHEH KOJIJAaHbLIa k.

Tyiiin ce31aep: KeHim, CEHCMOOCIICEHIUTIK;, Tay JKBIHBIC COKKBICHI,
MHUKpOCEHCMUKA; OaKbLiay.
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COBPEMEHHOE COCTOAHUE ITPOBJIEMbI ITPOABJIEHUA
WHIYIIUPOBAHHONU CEUCMHAYHOCTH U TEPCIIEKTUBBI
HCHOJIB30BAHUSA CUCTEM CEUCMHUYECKOI'O
MOHUTOPHUHIA

AHHoTanusi. B cratbe mnpoBeneH 0030p JUTEpaTypbl MO COCTOSIHUIO
poOIeMbl TEXHOTEHHON CEHCMHYHOCTU TPU TOPHOPYOHOH NEsATETbHOCTH Ha
teppuropun Kazaxcrana u Poccun, B OCHOBHOM BBI3BaHHOW TOPHBIMH yAapaMH.
JIOTIOJIHUTENBHO aHAJU3UPYETCsl MEPCIEeKTHBA UCIOIb30BaHUS CHEIUATIbHbBIX
CUCTEM CEMCMHUYECKOTO MOHMTOPUHIA B KaYECTBE CPEACTBA KOHTPOJIS TOPHBIX
yaapoB. CeHCMMYHOCTb — 3TO SIBJIEHHE, KOTOPOE BO3HHMKAET €CTECTBEHHBIM
o0pa3oM B pe3ylbTare 3eMIIETPSICEHUs] WM HEECTECTBEHHO B pe3ylbTare
aHTPOIIOT€HHON JesTenbHOCTH. CelCMUYHOCTb, BBI3BAHHAS JESTEIbHOCTBIO
YyeJloBeKa BO BpPEMsI TOPHBIX paboT, SBISETCA NPEIMETOM HCCIEIOBaHMS.
B cnydae ropHeIx paboT celicMuUuecKoe COOBITHE B BHUJAE TOPHOTO Yyrapa
BBI3BIBAET pa3pyllie€HHE BbIPAOOTKH, BBIXOJ M3 CTPOsl 000pYyIOBaHMSA, TPaBMbI
pabouero nepcoHasia ¥ MOXKET CTaThb MPHYUHONH OCTAHOBKU MPOU3BOJCTBEHHON
NeSITeIbHOCTH Ha janurenbHoe BpeMmsa. C TOUKM 3peHus O0e30IacHOCTH,
3¢ (deKTUBHOCTH U JOOBIUU TakKe 3(PPEKThI, Kak TOPHBIE YIapbl U CEHCMUYHOCTD
MOTYT HMETh 3HAYMTEJIbHOE BIMSHUE Ha pa3paboTKy pyaHukKoB. OpmHaKo,
HECMOTpsI Ha TEXHUYECKHE Pa3pabdOTKH, MPOTHO3UPOBAHUE U NTPENYTIPEKICHNE
TOPHBIX YAApOB MO-TIPEKHEMY SIBISETCS CIOKHOM M aKTyalbHOU mpoOieMoil B
rOPHOJ00BIBAIOIIEH TPOMBIIITIECHHOCTH. BOJIBIIMHCTBO ceficMIUEeCKY TACCUBHBIX
U «TUXUX» PYIHUKOB SIBJISIFOTCS] MAJIONTYOMHHBIMHU, C TNTyOuHOI He O6osee 1 kM. C
yBEJIUYEHUEM NIeproia J00bIUYM U UCTOIEHHEM MUHEPAIBHBIX PECYPCOB ATH K€
MOJI3€MHbIE BEIPAOOTKH BO BCEM MUPE CTAHOBATCS BCE INTY0Xe 1, COOTBETCTBEHHO,
CEHCMUYHOCTh OTUX OOBEKTOB YBEIMUYWBACTCS MPOMOPIUOHAIBHO. JTa
pealbHOCTh JIeJIaeT BONPOC O CEHCMHUYHOCTH PyAHHMKAa U paifoHa 100bIYU B
LI€JIOM BeChbMa aKTyalbHbIM. VIMEHHO MO3TOMY cuUCTEMa MUKPOCEHCMHUECKOTO
MOHUTOPHHIA CTAHOBHUTCS BcCe OoJiee KPUTHYHOW B TOPHOAOOBIBAIOIIEH
MIPOMBIIIJIEHHOCTH. A B CBA3H C COBPEMEHHBIMU TEXHUYECKUMH J10CTHKEHUAMU
MoZ00HBIE anmapaTHO-IIPOrpaMMHbIE KOMIUIEKCHI CTau Ooliee TOCTYIHBIMHA U
MI03TOMY HIMPOKO HCIIOJIB3YIOTCS B TOPHOAOOBIBAIONIEH MPOMBIIIIICHHOCTH, B
0COOCHHOCTH B MPOEKTaX C ITyOOKO3aJIETAIOIIMMU IMTOA3EMHBIMU BBIPAOOTKAMHU.
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KuroueBble c¢ji0Ba: pyIHUK, CEMCMOAKTHUBHOCTB; TOPHBIA yaap; MHUKpPO-
ceiicMruKa, MOHUTOPHHT.

The seismic situation in local mining regions. Microseismic monitoring
systems are currently being designed to analyze and monitor the specific region of
the mine. The Bachat earthquake that occurred on June 18, 2013 in the Kemerovo
region (Russia) with a local magnitude ML = 6.1 is the world's strongest man-
made earthquakes associated with mining operations during the development of
the coal (Fig. 1). The maximum observed intensity of shaking was I = 7 points.
The earthquake was accompanied by an intense aftershock process. Bachatsky
coal mine, laid in 1948, - one of the largest coal mine in Russia, its dimensions
are 10 km in length, 2.2 km in width and 320 m in depth (at the time of the
Bachat earthquake). The average annual coal production is more than 9 million
tons. Coal production in this open pit continues and the planned depth of the
open pit is ~ 550 m. The results of these studies presented in (Emanov A.A. et.al,
2020), such as the spatial coincidence with the coal-mining area, the pulsating
nature of activation, the mechanism of the main shock, indicate the technogenic
nature of the Bachat earthquake. Also this paper presents the results of the last
years of observation, the time series and the history of seismicity in mining area.
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Fig. 1. The Bachat earthquake epicenter

The second largest induced seismicity observed in Zhezkazgan field in
Central Kazakhstan with magnitude MS = 4.6, mb = 4.8 (Fig. 2). It was a large-
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scale seismic event that killed 6 people and caused destruction many active
underground structures and buildings on the surface. The power of the earthquake
were so strong that they practically led to a complete work termination at one of
the mines, the closure of a number of mines and the transfer of surface structures
from the hazardous zone. Rail tracks were twisted, carriages were overturned
(Aristova L.L. et.al, 2013).
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Fig. 2. The Zhezkazgan earthquake epicenter

In the (Aristova L.L. et.al, 2020) the underground mine industrial explosions
study methodology and generalized results of long-term study registered in
Kazakhstan by a network of seismic and infrasound stations are described.

In (Geman V.I. et.al, 2007) information about man-made earthquakes induced
by mining operation on the Zhezkazgan copper deposit is given. This copper
deposit has been mined by a room-and-pillar mining method for several decades.
During this period, open stope space with a total volume of about 180 million m?
was excavated and supported by thousands of pillars. The gradual degradation of
the geomechanical situation at the field is expressed in an increase in the number
of destroyed pillars, as well as in an increase in the area of hazardous, instable
zones. Since the mid-90s of the last century, qualitative changes began to take
place in the geotechnical environment: individual weakened areas with destroyed
pillars were combined into large instable zones, and the collapse of the overlying
stratum over large areas began to be accompanied by induced earthquakes on
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the surface and air strikes in underground space. Currently, most reserves have
already been recovered and secondary mining is widely used, which makes the
problem of forecasting collapse more acute. At the same time, a significant part
of the workings has already collapsed or in unstable state. Many collapses have
a geomorphic effect (an surface area of about 5-6 km?). During 2007-2008 this
area increased about ¥4 km?.

On June 21, 2014 according to (Velkhanov A.E. et.al, 2015) all 1GI (The
Institute of Geophysical Research) seismic stations are registered a fairly strong
earthquake in Central Kazakhstanzh. Any earthquake in this region is a rare
event, and especially if it is a strong earthquake. Usually industrial blasting
works associated with the development of minerals are most often recorded in
Central and Northern Kazakhstan. The station closest to the epicenter of the
earthquake was the ISI Ortau station located at a distance of about 160 km.

The epicenter of the earthquake is located within Kazakh Upland, near the
southern border of the Karaganda coal basin. In connection with the location of
the source in the aseismic platform zone subject to intense technogenic impacts,
the question arose about the nature of this seismic event. Is it connected with the
work in the coal mines, intensive in this area? Is it natural or induced seismicity?

According to the information presented in (Velkhanov A.E. et.al, 2015) the
earthquake of June 21 is not a consequence of an explosion or simple rock
collapse, but was realized under the conditions of a regional stress field, under
the action of which a rupture occurred in the source. It can be concluded that this
is a tectonic earthquake. At the same time, it is not ruled out that the earthquake
could be provoked by active blasting activity in a nearest mine - Saranskaya
Underground Mine.

Rockburst control strategies. The rockburst issue can be overcome in two
ways: firstly, by controlling the damage caused by seismic activity, and secondly,
by controlling the location, time of occurrence and magnitude of the seismic
event. In the case of multiple exhibits and of high intensity, support systems
cannot prevent damage to the mines. If the potential harm is high and cannot be
handled primarily by the support system, then the latter solution is required. The
second approach to rockburst control is called a strategic approach, and it has
been found that certain forms of rockburst are triggered by mining sequences, stop
shapes or variations of these influences with geological structures. The strategic
approach focuses on modifying mining sequences, stopping and, in some cases,
discovering that the initial configuration of the mine is not convenient for a
rock mass response to mining activities (Graham G et.al). Recently, however,
an integrated solution that incorporates both preventive steps such as remote
mining, enhanced ground support, upgraded advanced support systems, and
reduced exposure to staff and equipment using a seismic monitoring system
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has been found to be more beneficial than the single implementation of each
individual element (Trifu C.I. et.al, 2009). If the rockburst occurred in several
isolated sections of the mine and remained life of the mine is short, then the
monitoring device is not needed. However, if the damage to the rockburst
occurs in the prevailing rock masses and near the footwall of the mine with a
long production period, then a seismic monitoring system is required(Graham
G et.al). The efficiency and accuracy of the microseismic monitoring system,
however, depends on the velocity model used for the calculation of seismic
source locations. The calculation algorithm for static input velocity assumes the
value of homogeneous rock mass, which is far from the actual one. In (Hachai
0O.A.2017) described how natural and man-made fractures of rocks affecting to
propagation of seismic waves. Such factors and operation leads to the primary
source of error which can result to an unacceptable outcome (Collins D.S. et.al,
2014). The source of the rockburst is one of the most complex and distinguishable
operations to describe. This phenomenon is also supported by Trifu and Suorineni.
According to their study, rockburst is hard to forecast, and the best way to solve
this issue is to classify potential rockburst areas using computational modeling
and experience (Trifu C.I. et.al, 2009). However, some researchers (Gerrman
V.I. 2014) from Russian Federation and Kazakhstan shows that using special
methods of rockburst prediction works precisely. In (German V.I. 2014) their
experience of the rockburst forecasting on the Zhezkazgan copper deposit is
described. Information about man-made earthquakes induced by mining on the
deposit is given. Also they showed that seismic monitoring is an effective tool to
control the current state of excavations. Finally, they considered that analysis of
the space-time and the energy distribution of recorded seismic events based on
modern physical concepts to the process of rock failure allows to forecast mine
collapses.

Rockburst prediction methods. During the extraction process of the
mineral resources, mining operations cause the change in geomechanical
situation, therefore, it is important to prevent dynamic forms of rock pressure
manifestation. To do this, it is required to predict the dangerous events and reduce
damage severity. A number of techniques have been developed based on the use
of various physical effects. Some types of statistical and adaptive methods can
be used to forecast large seismic events, however, the reliability of forecasting in
difficult mining and geological conditions does not exceed 75%.

During the analysis of catalogues of seismic events the significant increase
of seismic activity in a local area are traditionally considered as main signs of
hazardous situation. Such approach was used as the basic one for the assessment
of current situation in copper mines of mines in Norilsk, Zhezkazgan deposit,
Vorkutaugol JSC mine, mines of the Far East. In particular, in Zhezkazgan

167



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

deposit considerable activation of weak seismicity was regarded as the feature
for referring extraction units to weakened ones, and registration of seismic events
with energy release exceeding 104 Joules in some region gave reason to refer it
to instable area or to the area of intense shifts.

Concepts of multistage model of solid failure on the occurrence of downfalls
when defects reach some critical concentration are also used in prediction(German
V.I. 2014). Besides, for prediction of strong seismic events some researchers use
such parameters as the inclination of magnitude—frequency curve and fractal
characteristics of seismicity. However, in most cases these parameters cannot be
applied in practice of downfall prediction, as the number of preceding seismic
events is small and insufficient for reliable determination of the specified
characteristics.

In a number of cases the concentration parameter k can be used in the
evaluation of large downfall hazard.

Further development of ideas about interaction of defects in places of their
high concentration is the introduction of the parameter of contingence of seismic
events which represents the modification of the concentration parameter (German
V.I. 2015).

“Seismic gaps” of the first and the second type (areas of weak seismic activity)
as well as seismicity migration are additional important forerunners of a future
large downfall (Zhurkov S.N 1984). These two parameters have become widely
spread in seismology in earthquake prediction.

Thekinetic concept of strength became a physical foundation for the rock failure
study . The similarity of the rock-failure processes at different scale was proved in
(Zhurkov S.N 1984). However, at present only in the laboratory experiments, the
time and place of the main fracture are accurately predicted(German V.I. 2014).
Under real conditions, it is as yet impossible. The authors associate the problem
solution with the formalization of prediction, which results in more detailed and
complex processing of the available data with the help of mathematical statistics,
pattern identification theories, etc.

The prediction of large-scale failures consists of two stages:

* localization of microseismic events corresponding to nucleation of failure
focus;

* determination of failure time from the parameters controlled.

The failure nucleation region D must correspond to the place of crack initiation.
Therefore, we can assume that D will have a shape of ellipsoid, and as the failure
approaches, it will contract and tend to take the flatter form characteristic of
rupture. According to the hierarchical concepts, the larger is D, the greater is the
scale of failure.

The regions D are determined by means of two approaches:
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* estimates of experts;

* scanning of the object controlled by the permanent spatial window and
analysis of the selected prediction parameters.

The disadvantage of the first approach consists in subjectivity of an expert, as
a result of which formalization is impossible. In the second approach, we cannot
ensure the conformity between the shape of scanning window and the forming
focus of failure. In addition to it, even for the events of the same energy class, the
dimensions of D are not constant and can vary as demonstrated by the long-term
observations in the Severouralsk bauxite mine. The focus localization procedure
proposed in is based on the pattern identification theory and does not possess a
high stability of the results.

In problems of forecasting large collapses are considered on the example
of the Zhezkazgan copper deposit. The basic physical concepts of the process
of rock mass destruction are presented. A modified concentration criterion for
the rock mass destruction, which is the main approach for predicting collapses
at the Zhezkazgan field, is described and substantiated, data on additional
forecasting methods, on the organization of work to control mined-out spaces
at the Zhezkazgan field are given. An example of forecasting the occurrence of
collapse in one of the sections of the field is given.

In it is shown that the dynamic process of mining can be controlled using
the catastrophe theory. The control parameters can be values of blasting energy
and locations of explosions relative to an area under study or operation. The
kinematic and dynamic parameters of the deformation waves, as well as the
structural features of rock mass through which these waves pass act as internal
parameters. The use of the analysis methods for short-term and medium-term
forecast of rock mass condition with the control parameters only is insufficient
in the presence of sharp heterogeneity. However, the joint use of qualitative
recommendations of the catastrophe theory and spatial-temporal data of changes
in the internal parameters of rock mass will allow accident prevention in the
course of mining.

Conclusion. The literature review studied mining-induced seismic background
of Kazakhstan and Russia, microseismic activity in underground mines and
rockburst prediction methods. The Republic of Kazakhstan falls within the
top twenty of countries with highest reserves and production of most of these
minerals. Kazakhstan is the number one producer of the world’s uranium and
contains the world’s largest reserves of chromium.

Unfortunately, mine safety records in Kazakhstan are nothing to be proud
of. Kazakhstan has had a poor record in health and safety in the mining sector,
especially coal. This is partly attributed to the labor-intensive nature of the mining
sector in Kazakhstan. High labor-intensive activities increase the exposure of
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workers to hazards and their chances of getting injured. Continuing research in
this area will assist to improve worker safety in Kazakhstan mines nationally and
contribute internationally to worker safety. In Kazakhstan, most underground
mines are still less than 1.2 km deep, and while at these current depths, rockbursts
and seismicity may not be of immediate threat, cautionary measures must be put
in place in preparation for future deepening of these operations. As mining depths
increase, seismic and rockburst potential increases in frequency. It is critical to
understand how rock masses respond to mining at these depths. Additionally we
can conclude that in most cases the signal processing approaches are based on a
homogeneous rock mass assumption for a single velocity model or variable static
velocity models for a layered rock mass assumption. However, in-depth mines
with continuously changing ground conditions, depth, climate conditions and
dynamic backfilling geology involve an intensively-changing velocity model.
The development of a novel approach with paying respect to changes in complex
environments due to mining operations and to real-time monitoring of source
locations is therefore critical. However due to complex geological environment
and intensive acoustic noises from all kind of mining equipment it is a hard to
implement above mentioned source localization methods. All widely used wave
tracking methods highly depend on geological situation, equipment performance
and level of background noise. Consideration of the present-day views on rock
failure leads to the conclusion that each large defect is conditioned by the
accumulation of smaller defects (cracks, displacements) that can be registered
with currently available equipment. This gives evidence of the possibility of
failure prediction, including large-scale failure. Currently using mine collapse
prediction methods successfully proven by field approbation in Zhezkazgan
field and can be enhanced if monitoring equipment/software will be adapted.
And there is a weak point — small cracks generates high frequency and much
weaker acoustic waves which can not be registered using traditional seismic
monitoring systems. To create suitable tools to register those signals we have
to know wave parameters for each of seismic events and factors could affect to
signal propagation. Nowadays, in the era of cheap IOT technologies it will be
very absurdly miss a chance to use them for live-saving projects.
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