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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

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

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



Bbac pexakrop

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

PenaxkunuaablK alKa:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

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

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

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

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



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

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

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

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

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

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

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

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

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© National Academy of Sciences of the Republic of Kazakhstan, 2023
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© R.I. Yegemberdiev'", I.N. Stolpovskikh!, A.D. Kolga?, 2023
'Satbayev University, Almaty, Kazakhstan;
?Ural State Agrarian University, Yekaterinburg, Russia
E-mail: ryslan_kz@mail.ru

IMPROVEMENT OF THE SYSTEM OF EXPLOSIONS OF RING HOLES DURING THE
DEVELOPMENT OF LOW-POWER ORE DEPOSITS

Yegemberdiyev Ruslan Eldosovich — Ph.D candidate. Satbayev University, Almaty, Kazakhstan

E-mail: ryslan_kz@mail.ru, https://orcid.org/0000-0002-9632-2439;

Stolpovskikh Ivan Nikitovich — Doctor of technical sciences, professor. Satbayev University. Almaty, Kazakhstan
E-mail: stolpovskih_i@mail.ru, https://orcid.org/0000-0003-2893-5070;

Kolga Anatoly Dmitrievich — Doctor of technical sciences, professor. Ural state agrarian university. Ekaterinburg, Russia
E-mail: kad-55@yandex.ru, https://orcid.org/0000-0002-4194-2274.

Abstract. Due to the depletion of powerful rich mineral deposits and, accordingly, the transition to the
development of low-power ore deposits with a lower content of the useful component, it is possible to increase
the efficiency of underground mining by improving individual processes of the most effective development
systems that reduce the cost of production with high recovery rates. One of the most common systems for the
development of low-power ore deposits is the system of sub-level caving mining, which is widely used both
at domestic and foreign underground mines. Improving the efficiency of one of the main processes of this
system, which consists in carrying out drilling and blasting operations by improving fragmentation indicators
and improving blasting schemes, which can provide higher rates of excavation of rock mass and, consequently,
reducing the cost of loading, transportation and increasing the service life of the main nodes and components
of loading and unloading and transport equipment. In relation to the conditions of the polymetallic deposit of
the Strezhansky mine, studies were carried out on the factors of single blasting separation (SBS) of wells into
two parts in a sublevel collapse with the establishment of a rational value of sequential deceleration. It is
theoretically justified and experimentally confirmed that the improved SBS method gives higher crushing rates
and an increase in mineral extraction in addition to reducing vibration and rock impacts. Analysis of the results
of experimental studies allows us to formulate a conclusion that when using an improved method of blasting
wells, the percentage of mineral extraction increases by 5-10% compared to existing blasting methods.

Keywords: ore mining, sub-level caving mining, frontal discharge, disturbed flow, ore loss, dilution

© P.M. Eremoepauen'”’, U.H. Crosmosckux', A.JI. Koabra?, 2023
!Satbayev University, Anmarsl, KazakcTan;
2V pan arpapiblK MEMJIEKETTBIK YHUBepcuTeTi, EkaTepunOypr, Peceii.
E-mail: ryslan_kz@mail.ru

A3 KYATTbI KEH OPBIH/IAPBIH UTEPY KE3IH/IE TAPAMJIAN CAHBLJIAYJIAPIBIH
KAPBLTY )KYUECIH XKXETLLAIPY

AnnoTtanust. [Talimans! Kaz30amapaslH KyaTThl 0ail KeH OpBIHAAPBIHBIH CApKBUTYBIHA JKOHE, THICIHIIIE,
ananpl KypaMmaac 0elniri a3 KyaTThl KeH OPBIHIAPEIH UTePYTe KOITyiHe OaiIaHbICThI, A bl Ka30amapapliH
KepacTbl OHMIPICIHIH TUIMAUIITIH eHIIPYAiH >KOFapbhl KOPCETKIIITepi Ke3iHAe eHAIPYAiH ©31HIIK KYHBIH
TOMEHAETYl KaMTaMachl3 €TeTiH, HEFYPJIbIM THIMJI Urepy >KyHeJepiHiH *KeKellereH MPOLEeCTEePiH KeTUAipy
apKBUTBI apTTHIpYFa Oonaibl. A3 KyaTThl KE€H OpPBIHJApPBIH WTepyJiH €H KOIl TapallFaH KyienepiHiH Oipi-
OTaH/IBIK JKOHE LIETENIIK JKep acThl KeH OPBIHAAPbIH/IA KeHIHEH KOJIaHBUIaThIH KabaTThl KyJiay kyieci. byn
KYHEHIH Heri3ri mpouecTepiHiH OipiHiH THIMIUIIMIH apTTBIpy, Oy1 Tay >KbIHBICTApbIH alyAbIH OFapbl
KAapKBIHBIH KAMTaMachl3 €Te aJlaThlH KapbUIbIC ChI30ANIapbIH JKaKCapTy JKOHE XKETUIIIPY apKbUIbl OypFrbuIay-
XKapy JKYMBICTApBIH JKYPridy, JIeMEK, THEY, TachIMalliay UIBIFBIHIAAPBIH a3alTy KOHE THUEY-TYCIpy KoHE
TachIMaJ1ay >Ka0bIKTapbIHBIH HET13T1 KOMIOHEHTTEPi MEH KOMIIOHEHTTEPiHIH KbI3MET €TY MEP3iMiH apTTHIPY
0osbI TaObuTanel. CTpeKaH KEHINIHIH MOJUMETAI KCH OPHBIHBIH JKarJaiyiapblHa KaThICThI Oipi3mi
OastynaybIH YTHIMIBI IIIaMAChIH O OTBIPHII, JEHI'CHITIK ONBIPBUIBICTA YHFBIMAIAP/IbIH J)KEKE KapbUTYbIH

68


mailto:ryslan_kz@mail.ru
https://orcid.org/0000-0002-9632-2439
mailto:stolpovskih_i@mail.ru
https://orcid.org/0000-0003-2893-5070
mailto:kad-55@yandex.ru
https://orcid.org/0000-0002-4194-2274
mailto:ryslan_kz@mail.ru
https://doi.org/10.32014/2023.2518-170X.281

NE WS of the National Academy of Sciences of the Republic of Kazakhstan

(opmapern) exi 6ertikke 6oy pakTopiapbiHa 3epTTeyep Kypriziami. JKeTurmipinreH apbIK odici Jipiyl MEH Tay
COKKBUIAPBIH TOMEH/ICTYMEH KaTap, YCaKTay/bIH XKOFapbUIaybIH )KOHE MUHEPAJIbI OHIIPY/IiH KOFapbUIayblH
OepeTiHi TEOPUSUIBIK TYPFBIIAH HETI3JENIeH JKOHE IKCICPUMEHTAIABI TYPHIE pacTaifaH. DKCIECPUMEHTTIK
3epTTEYNICPAIH HOTIKEICPIH TANIay YHFBIMAHBI JKapy/IbIH KETULMIPIITCH OMICIH KOJIaHFaH Ke3/e Mmai1asl
Ka30anap el any MaibI3bl KOJJIAHBICTAFbI Kapy 9MIiCTepiMeH canbicThipranaa 5S—10 %-ra aprassl.

Tyiiin ce3mep: KeHI OHIIPY, KAOATTHIK KYJIATY, CHIPTHIH HIBIFApy, OY3bUIFAaH aFbiM, KCH IIBIFBIHBI,
KYHapChI3[Iany

© P.M. Eremoepaues’, U.H. Crosmosckux!, A.Jl. Koabra?, 2023
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COBEPHIEHCTBOBAHHME CUCTEMbI B3PbIBOB BEEPHBIX CKBAKHH ITPU OTPABOTKE
MAJIOMOIIHBIX PYJHBIX 3AJIEXKEN

AHHOTanus. B CBS31 ¢ HCTOIIEHUEM MOIIHBIX OOraThIX MECTOPOXKICHUI MOJIC3HBIX MCKOMAEMBIX U
COOTBETCTBEHHO IMEPEXO0J0M K pa3pa00TKe MAaJOMOIIHBIX PYIHBIX 3aJIeXkKeil ¢ 0ojiee HU3KUM COACpKaHUEM
TMOJIE3HOTO KOMITOHEHTA, MOBBICUTH 3()()EKTUBHOCTH TIOJJ3EMHOM JOOBIYH TIOJIE3HBIX HCKOMACMBIX MOXKHO 32
CYET COBEPIIICHCTBOBAHUS OTACIBHBIX MPOIIECCOB Hanboee 3hPEeKTHUBHBIX CUCTEM pa3pabOTKH, 0OecIeYrBa-
FOIUX CHIDKCHHE ce0eCTOMMOCTH JOOBIYH ITPH BRICOKHX IMTOKa3aTelsax u3BnedeHus. OmHo# n3 Hanbosee pac-
MPOCTPAHEHHBIX CHCTEM pa3pabOTKH MAIOMOIIHBIX PYIHBIX 3aJIeXKEH SBISCTCS CUCTEMA MOI3TAKHOTO 00py-
IICHHSI, KOTOpas IMHUPOKO HCIOJB3YETCsI KaK HA OTCUYECTBEHHBIX, TAK U 3apyOEkKHBIX MOJ3EMHBIX PYTHUKAX.
[Nosiienne 3¢ (hEKTUBHOCTH OJHOTO U3 OCHOBHBIX MPOLIECCOB 3TOM CHCTEMBI, 3aKJIFOYAIOIIET0Cs B IPOBEC-
HUU OYpOB3PBHIBHBEIX PalbOT 3a CYET YIydUIICHHUsS MOKa3aTellel (parMeHTaIl[Mii U COBEPIICHCTBOBAHMS CXEM
B3PBIBHBIX Pa0OT, KOTOPhIE MOTYT 00€CIEYHTh 00JIe€ BEICOKHE TEMITbl BHIEMKH TOPHOW MacChl U, CIIeIoBa-
TEJbHO, CHIDKEHHUE 3aTPAaT Ha IOrPy3Ky, TPAaHCIIOPTUPOBKY U YBEIIMYCHHUE CPOKA CIYKObI OCHOBHBIX Y3JIOB H
KOMITOHEHTOB IIOIPY30YHO-Pa3rPy30YHOr0 U TPAHCIIOPTHOIO 000pymoBaHus. [IpUMEHUTEIBHO K YCAOBHIM
MOJIMMETAIUTHYECKOTO MECTOpOKIeHUsT CTPEKAHCKOTO PYIHHUKA OBLIM MPOBEACHKI UCCIICOBaHUS (PaKTOPOB
pazaenenus: oquHOYHOTO B3phiBaHUs (POB) ckBaXkMH Ha JIBE 4acTH B OAYPOBHEBOM OOPYIIIEHUH C YCTAHOB-
JICHHEM PaIlMOHAIBHON BEIIMYMHBI TIOCICI0BATEILHOIO 3aMeIeHnsA. TeopeTnuecky 000CHOBAHO U SKCIIEPH-
MEHTAJILHO MMOATBEPIKIEHO, YTO YCOBEpIICHCTBOBaHHbBIN MeToa POB naet Oosiee BICOKHE TIOKA3aTeIu Ipoo-
JICHUS W YBEJIIMYCHHUE W3BIICUCHHUS MTOJIE3HOTO MCKOMAEMOT0 MIOMUMO CHIDKEHUSI BUOPAIMK U TOPHBIX YA3apOB.
AHaH3 pe3ynbTaTOB IKCIEPUMEHTAIBHBIX UCCIISIOBAHMIA ITO3BOISIET CHOPMYIIUPOBATEH BHIBOJT O TOM, YTO IIPH
HCIIOJIb30BaHMH YCOBEPIICHCTBOBAHHOIO METO/Ia B3pbIBaHUs CKBakMH POB IpOIICHT U3BJICUEHUS MTOJIE3HOTO
rcKomaeMoro noseiaercs Ha 5—10 % 1o CpaBHEHUIO C CYIIECTBYIOIUMU METOaMHU B3PhIBAHHUS.

KuoueBble cjioBa: J100bI4a Py, MOIITaAKHOE OOPYIICHHE, TOPLOBBIM BBIIYCK, HAPYIICHHOE TEYe-
HUE, IOTEPH PYbl, pa3y0oKuBaHUE

Introduction

During the underground mining of low-power ore deposits using the system of sublevel caving mining
(SLC) (Gangiang et al., 2019: 50), it was found that it has many advantages in terms of safety and the level of
mechanization. Due to this advantage over others, it has become widely used in mining at various mines around
the world for many years. With such a system, the block being worked out is divided into sub-stages, and the
sub-stages are worked out in descending order with diamond-shaped panels. The ore massif is drilled with
vertical or steeply inclined fans of ascending wells along the entire length of the panel of orts. Currently, the
SLC is also used in coal mines. (Wang et al., 2016: 12).

However, the SLC has certain disadvantages, such as (Shuai Xu et al., 2017: 63):

— instability of extraction indicators;

—relatively low technical and economic indicators;

— significant ore losses and dilution.

Ore losses in the mining process, which reach up to 20 %, are not uncommon for SLC (Zhang, 2016).
In addition, it is recognized that blasting plays a very important role not only in the extraction, but also in the
crushing of rock mass (Adrianus, 2006).

Quantitative assessment of fragmentation of rock mass as a result of explosion is useful in assessing
the effectiveness of drilling and blasting operations (DBO) in order to determine the actual destruction of rock
mass by explosion to a size acceptable for loading operations and not exceeding the diameter of the receiving
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part of the crusher. Improving the fragmentation parameters and ensuring the uniformity of fragmentation
throughout the DBO profile can provide higher rates of excavation of rock mass (Varcoe, 2019) and, conse-
quently, reduce the cost of loading, transportation and increase the service life of the main components and
components of loading and unloading, transport and crushing equipment.

Thus, it is important for the SLC to improve the indicators of fragmentation and extraction of minerals
by improving the schemes of blasting operations. (Volkov et al., 2018)

A significant indicator of what can have a negative impact on the stationarity of the ore crushing pro-
cess is its uncontrolled crushing during explosive breaking and, as a result, the appearance of oversized rocks
in the produced rock mass (DeCagné et al., 2005).

Like other methods of underground mining, SLC faces serious problems such as seismic events and
rock impacts with increasing mining depth. More and more studies show that many seismic events and rock
impacts initiated by explosions, especially massive ones (Eremenko et al., 2009: 6) indicate that the total
amount of explosive at each deceleration time should be reduced, however, this is a dilemma for mining oper-
ations. To reduce the amount of explosive in one deceleration, it is necessary to use more wells of smaller
diameter, or short wells of smaller diameter to replace long wells of larger diameter. If this is the case, then
drilling and development costs should be increased because more blast wells need to be drilled or the produc-
tion system needs to be improved to maintain a constant scale of production. Obviously, this is not the best
way (Volkov et al., 2019: 4).

Based on the results of the analysis of previously performed studies, it was found that if a long well is
divided into two parts, and they will be blown up with two different time decelerations long enough to avoid
overlapping voltage waves from both parts, then the amount of explosive at each moment of delay can be
reduced. This idea underlies the method of dividing a single blasting separation (SBS) into two parts in a
sublevel collapse. The SBS method was originally developed to reduce seismic vibrations at the Malmberget
mine in Sweden (Zhang et al., 2005: 17).

When the SBS method was initially applied to wells at the Malmberget mine in order to reduce rock
impacts, it was unexpectedly found that this method gives higher percentages of crushing and ore extraction
in addition to reducing vibration and rock impacts (Zhang, 2012: 9).

In connection with this positive result, the improved SBS method, by choosing rational deceleration
intervals, was tested at the Strezhansky polymetallic ore deposit owned by "Ridder Polymetal" LLP, located
in east Kazakhstan. Ore bodies of the Strezhansky deposit are low-power from 1 to 7 meters (Lisenkov et al.,
2016: 4).

Research materials and methods

In the drift No. 033 and No. 34 (at the Strezhansky mine) with electronic detonators, 18 drill rings
were blown up, nine drill rings by the standard method Fig. 1 A, then nine drill rings by the SBS method, Fig.
1 B, after which a comparison was made on the percentage of extraction, granulometric composition of the
beaten ore, as well as weighing of an underground dump truck with a payload.

In drift No. 033, with the standard method of conducting explosions in drill rings Ne 1-09, the delay
time between wells was 100 ms. The diameter of the wells is 105 mm.

In drift No. 034, with the method of conducting SBS explosions in drill rings Ne 10—19, the delay time
in the bottom part of the drill ring was 12 ms, and in the estuarine — 70 ms. The diameter of the wells is 85
mm.

Fig. 1 shows the locations of holes rings with two methods of blasting ring holes. With a large spread
in the response time of downhole detonators, in order to achieve the minimum seismic impact of a mass ex-
plosion, the deceleration intervals in downhole detonators were chosen longer than the time of their response
spread (Zhang et al., 2018: 9).
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Figure 1. Methods of blasting ring holes:
(A) — the standard method of blasting; (B) - an improved method of SBS blasting.
Scheme of the SBS method. The dotted BCDE line represents the middle line of the drill ring. Each drill ring of SBS is divided into
two equal parts by a dotted line FDG.

With the standard method of conducting explosions of a low-power ore body in the drift No. 033 Fig.
1 (A), pre-charged ring holes B1 and B2 explode sequentially with deceleration. After the explosion, the re-
captured rock mass near the cutting gap is unloaded. Then the whole process is repeated for the remaining ring
holes.

The extraction percentage for all drill rings in drift Ne 033 is shown in Fig. 2 in blue, which indicates
that the average percentage of ore extraction with the standard method is 64 %.

There are several ways to eliminate the low percentage of ore extraction with the standard method of
explosions in comparison with the advanced one (SBS). The main ones are (Shekhara et al., 2020: 8):

— optimization of methods (DBO);

—reducing the diameter of drilling wells with an increase in their number;

— application of advanced drilling schemes, including contour blasting;

— use of guide rods (to reduce well deflection);

— development of an improved technological process in order to optimize the DBO scheme and reduce
dilution.

The SBS method was tested experimentally in a low-power ore body in the drift Ne 034 Fig. 1 (C). The
pre-charged bottom parts (1,2) of the drill rings B2 and B3 explode with deceleration sequentially, and the
wellhead part (3,4) of the drill holes B2 and B3 also pre-charged with explosives explodes after the explosion
of the bottom parts with deceleration sequentially.

A method of forming a sectional explosive charge was used, including the placement of charges in
wells dispersed into sections by inert gaps, where each gap between the sectional charges was formed in the
form of a capsule, with cylinders with completed diagonal slots made of heat-resistant material placed in it,
and an initiator was installed in each sectional charge to carry out sequential detonation (Raskildinov, 1996).

To determine the length of the active bottom and wellhead parts of the charge, it is necessary to know
the observation point that will characterize the rational distance from the end of the borehole charge. In order,
to take into account the given distances at given points, it is necessary to bring the elongated charge to an
equivalent concentrated one. For this purpose, the mass of concentrated charges equivalent to elongated ones
was determined (Egemberdiev et al., 2019: 10).

After the explosion, the recaptured rock mass near the cutting gap is unloaded. Then the whole process
is repeated for the remaining ring holes.

The results of experimental studies
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The results of ore extraction indicators in the drift with the SBS method indicated that this method
gives the highest percentage of ore extraction, on average 105.4 %. The delay time in the upper part of the drill
ring SBS was 12 ms, and in the lower part — 70 ms. The reason for choosing a delay time of 12 ms. in the upper
part of the drill ring, the SBS was to try to achieve an effective superposition of stresses from two adjacent
wells.

To assess the impact of the changes received on the process of conducting DBO, it is necessary to
check the consequences of applying solutions in practice. Modern methods of measuring the fragmentation of
the exploded rock mass with the PortaMetrics device, serial number PM2136, using optical visualization and
proprietary artificial intelligence algorithms to determine the granulometric composition were applied. This
method was used in the face and on the surface in the bodies of underground dump trucks.

When analyzing with the "PortaMetrics" device, it was required that three images were taken at dif-
ferent angles at each sampling point, after which a general diagram of the granulometric composition of the
two methods of explosions in drill rings was created.

An example of "PortaMetrics" images taken from three different sampling points and the correspond-
ing diagrams of the granulometric composition are shown in Fig. 2 (a), (b).

Granulometric analysis by standard method Granulometric analysis by SBS method

-2

ofon .. | E

-m
8 100 - 200 m
| 200 - 400 mr

R« 20 - 100 mm
6%
® 60 - B0 mm

B 40 - 60 mn

IBCd ®20-40mm

W 20 - 40 s .

Figure 2. Analysis of the granulometric composition of the exploded mass.
a - is the standard method, b - is the SBS method.

It follows from the diagrams that the percentage of granulometric composition shown in Fig. (2 b), in
the range from 60 to 80 mm with the method of SBS explosion is significantly higher than the same values
with the standard method of explosion exceeding. The diagram also shows that very large fractions from 400
to 600 mm are absent.

The brightness of the lighting is one of the main factors affecting the correct reading of the PortaMet-
rics device. The question is whether larger fractions are illuminated and captured in the lens of the device, or
they are in an inaccessible area, which can lead to significant differences.

In order to minimize the percentage of error of the granulometric composition in underground condi-
tions, we additionally carried out measurements on the surface in the bodies of underground dump trucks, the
results of which are shown in Fig. (3). The photographs show that with the standard method of conducting
explosions, large fractions are present (fig. 1), and with the SBS method they are much smaller (fig. 2).
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Figure 3. Photos of mountain masses in the bodies of loaded dump trucks on the surface.
1 — with the standard method, 2 — with the SPS method.

One of the negative problems with the implementation of the SPS is that in most mining operations,
operators of underground loaders cannot constantly load dump trucks strictly up to the nominal load capacity,
dump trucks are either underloaded or overloaded. Conditions that prevent stable loading include variables
such as density, fractional composition and grade of the transported rock mass, such as empty rock during
preparatory, rifling operations and rich ore.

Thanks to data collection, monitoring and analysis, operations management can achieve the necessary
transparency of the transportation process, be able to establish and ensure compliance with its strategy of rules
for loading mining equipment (10-10-20) Fig. 4 (CAT®, 2020).

Durability
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Number of loads

3-

|
80 85 90 95 100 105 115 1
% of field rated payload

. 90% of loads should fall into this range

No more than 10% of loads should exceed 110% of the Field Rated Payload
R No loads should exceed the Maximum Allowable Payload

Figure 4. The 10/10/20 Caterpillar loading policy.

The weighing device can help in determining the actual load based on the fractional composition of
the rock mass, as well as further improve the following indicators of mining equipment, such as (Viewpoint,
2013):

- Determine the payload and increase performance;

- Increase the return on investment in the motor park;

- Improve operational efficiency;

- Reduce fuel consumption and reduce exhaust gas emissions;

- Reduce overall operating costs, including crushing equipment;

- Reduce maintenance costs;

- Extend the service life of loading and transportation, crushing and sorting equipment, components
and tires.
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To solve these problems, "Transcale AF400" scales were installed in the underground mine, consisting
of a stationary receiving device, a portable receiving computer device with remote weight fixation and two
weighing platforms. Brief technical specifications are given in Table 1.

Table 1. Brief technical characteristics of the "Transcale AF400" scale system.

Ne | Position Weight, kg Size, mm

1 Platform No. 1 4700 3400x2300x440
2 Platform No. 2 4700 3400x2300x440
3 Calibration group 2000 2550x2080x1000
4 | Stationary control system 15 500x400x300

5 Remote control system 0.5 240x100x40

6 The range of the percentage of error | 0,1 - 0,4%

The CAT AD30 dump truck (Table 2) was loaded in 5 cycles by the CAT R1300G loader with a bucket
volume of 3.1 m®. After that, the dump truck moved to the "Transcale AF400" weighing device. A total of 58
weighings were made, 29 weighings after the explosion by the usual method and 29 weighings after the SBS
method, Fig. 5.

Figure 5. The process of weighing an underground dump truck CAT AD30 in underground conditions.

Table 2. Brief technical characteristics of the underground dump truck CAT AD30

Loaded dump truck weight, tonnes | Load capacity, tonnes | Empty weight, tonnes | Body capacity, m?
60 30 30 14.4

Table 3 shows the actual data of the dump truck weighings, after four weighings of the empty dump
truck and calculating the average value, the weight of the empty car was 29.8 tons. At each subsequent weigh-
ing, the weighing device system minus the weight of an empty car from the total weight of the dump truck
with the output of the results of the actual weight of the cargo in the body.

Table 3. Actual weighing data of the CAT AD30 underground dump truck.

Loading of Loading of The difference
CAT Empty Dump CAT AD30 | Dump in overload read-
AD30 dump CAT AD30 d“mp truck dump truck | truck ings. The stand-
Date truck on scales. With
garage trugk the standard method overloads | on scales by | overloads | ard method of
number weight of explosions, t 10/10/20 | SBS explo- | 10/10/20 explosions and
i sions, t. SBS method, t
01 26/01/2020 | 29.8 39 Yes 31 No 8
01 26/01/2020 | 29.8 41 Yes 33 No 8
01 26/01/2020 | 29.8 38 Yes 34 No 4
01 26/01/2020 | 29.8 40 Yes 33 No 7
01 26/01/2020 | 29.8 36 Yes 32 No 4
01 26/01/2020 | 29.8 36 Yes 35 No 1
01 26/01/2020 | 29.8 34 No 31 No 3
01 26/01/2020 | 29.8 35 No 29 No 6
01 26/01/2020 | 29.8 38 Yes 36 Yes 2
01 27/01/2020 | 29.8 37 Yes 33 No 4
01 27/01/2020 | 29.8 38 Yes 35 No 3
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01 27/01/2020 | 29.8 41 Yes 32 No 9
01 27/01/2020 | 29.8 36 Yes 29 No 7
01 27/01/2020 | 29.8 39 Yes 35 No 4
01 27/01/2020 | 29.8 41 Yes 32 No 9
01 27/01/2020 | 29.8 34 No 31 No 3
01 27/01/2020 | 29.8 29 No 36 No -7
01 27/01/2020 | 29.8 33 No 34 No -1
01 28/01/2020 | 29.8 36 Yes 31 No 5
01 28/01/2020 | 29.8 37 Yes 33 No 4
01 28/01/2020 | 29.8 44 Yes 30 No 14
01 28/01/2020 | 29.8 39 Yes 32 No 7
01 28/01/2020 | 29.8 41 Yes 35 No 6
01 28/01/2020 | 29.8 37 Yes 31 No 6
01 28/01/2020 | 29.8 33 No 30 No 3
01 28/01/2020 | 29.8 35 No 35 No 0
01 28/01/2020 | 29.8 34 No 34 No 0
01 28/01/2020 | 29.8 39 Yes 31 No 8
01 28/01/2020 | 29.8 40 Yes 33 No 7
Discussion

As can be seen from the diagram in Fig. 6, with the standard explosion method, the loaded rock mass
exceeded the nominal value in terms of load capacity in almost all cases (in the range between the red zones),
which indicates that the fractional composition of the exploded mass was greater than permissible. On the
contrary, after the SBS explosion method, all the data after weighing were within the permissible limits of the
dump truck's load capacity (the range is from the green line to the red line).

i I 1 & 5 B 7 B 1 L i3 M3 M ITHN

Number of weightings 12
B Standard method MSBES

Figure 6. Diagram of underground dump truck loads.
(blue) for the standard method of explosions, (orange) for the SBS method.

T

Actual weight

A comparison of the results of the performed studies of the standard and improved (SBS) methods
showed that an increase in the extraction of minerals is achieved by the fact that more ore is available from the
upper part of each well with the SBS method than with the standard method, this helps to reduce dilution, since
the empty rock above the drill ring during the SBS explosion will flow down later than with the the usual
method. At the same time, the specific charge in the SBS wells is slightly higher than in conventional wells,
since the distance between the drill rings in the SBS is about 3.2 m, and in conventional from 3.6 to 4.0 m.

To mine steeply falling ore deposits (dykes) of low power from 1.5 to 3 m, located in areas with very
unstable host rocks, it is necessary to use a variant with sub-storey drifts and the formation of inter-chamber
pillars (Egemberdiev et al., 2019:12).

Conclusions

By the measurements carried out, it was found that with the standard method of blasting, the amount
of loaded rock mass exceeded the nominal value for the load capacity of the dump truck in almost all cases in
the range located between the red zones, this confirms the conclusion that the fractional composition of the
exploded mass was large-sized. On the contrary, with the SBS blasting method, all similar data after weighing
were within the permissible limits of the dump truck's load capacity.

According to the results of the conducted research, the following conclusions can be drawn:

- extraction of ore from drill rings with an SBS system is higher than with the standard method in low-
power ore bodies;
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- measurements of fragmentation of the exploded rock mass by the «PortaMetrics» device showed that
the percentage of granulometric composition in the range from 60 to 80 mm with the SBS explosion method
is significantly higher than the same values with the standard explosion method and exceed them by 1.8 times;

- the SBS blasting method has a great advantage, in addition to safety and a greater degree of extrac-
tion, the SBS results in a finer fractional composition of the rock mass compared to the standard blasting
method. This advantage lies in the fact that drill rings with the SBS method have a greater degree of extraction
due to a larger number of partially free areas, as well as a greater concentration of energy in their upper parts.
Such a high coefficient of swelling of the rock mass leads to a lower dilution, since the change in the volume
of rocks depends on the nature of destruction, their genesis, humidity, initial granulometric composition, as
well as the time they are in a loose state;

- in low-power ore bodies, the SBS method was successful in increasing the percentage of ore extrac-
tion and reducing lumpiness, this allows to significantly reduce operating costs not only for loading and deliv-
ery equipment, but also for crushing and sorting operations.
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