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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.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS

3



paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

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

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX 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, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

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

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

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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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

AGABEKOV 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
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Abstract. When developing rocks using drilling and blasting operations (DBO),
serious problems arise in terms of technological provision of safe conditions. This
article outlines the experience of performing a significant amount, analysis of the theory
and practice of blasting operations at the quarries of Almalyk and Navoi mining and
metallurgical plants, which allowed to establish the insufficiency of theoretical and
practical research on the development of safety system for blasting, management of
the magnitude of the striking factor, contributing to damage reduction. Consistently
disclosed the results of the study of the degree of technological risk at the plants for
the production of emulsion explosive compositions, set out the authors developed
classification of dangerous events in the operation of the plant of emulsion explosives
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with the presentation of a set of appropriate measures to prevent them. This work
recommends a comprehensive safety system for the operation of an emulsion explosives
(EME) plant, which allows for the safe production of EME at the plant while reducing
the existing risk level of the plant from 6.5 points to 4.0 points. Safe conditions for
blasting in deep quarries were recommended in terms of the introduction of radio control
of explosions, the development of a predictive assessment of blasting operations near
mining equipment and utilities in terms of the damaging effect of pieces of blasted rock,
which made it possible to increase the safety and efficiency of blasting operations in
deep quarries.

Keywords: quarry, blasting operations, emulsion explosives, integrated security
system, industrial safety, control of the magnitude of the damaging factor of the
explosion, scattering of rock pieces, rock blasting method, negative impact of the
explosion on the environment
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Annorauusi. bypreuay-xapy xymbictapeiH (BXOK) mnaiinamana orTeipein Tay
KBIHBICTAPBIH HMrepy Ke3iHAe KayilCi3 jKaraaimapAbl TEXHOJOTHSIIBIK KaMTaMachl3
€Ty TYPFBICBIHAH KYypAeJi Macenenep TyblHIainel. byn Oanta aiiTapisikrail kememui
OpBIHJAY TIXKipUOECi, KapbUTBIC )KYMBICTAPBIH JKYPTi3y Ke3iHIe Kayimnci3Iik >Kyiecin
o3ipey, 3anajibl a3aiTyFa bIKIal €TeTiH 3aKbIMAay (PaKTOPBIHBIH LIaMAachlH OacKapy
OOMBIHILIA TEOPHUSIIBIK JKOHE MPAKTUKAIBIK 3epTTEYJIEpAl KYPTi3yAiH KETKITIKCI3AIriH
aHbIKTayFa MYMKIHAIK OepreH Aunmanslk >koHe HaBom Tay-keH MeTamryprus
KOMOMHATTapbIHBIH KapbepiepiHe JKapbUIbIC JKYMBICTAPbIH KYPri3y TEOPHUSCH MEH
MPaKTUKAChIH Taljiay OassHOalFaH. OMYNbCUSUIBIK JKapbUIFBI KypaMaap OHIIpeTiH
3aybITTapAa TEXHOJOTHSJIBIK TOYEKeN IOPEkKeCiH 3epTTey HOTHKeNepi Kyhemi Typae
aIlbIIa Ibl, OJIAPBIH AJJIBIH ally OOMBIHINA THICTI ic-IIapajap KelIeHiH YChIHA OTBIPBII,
SMYJIBCHSJIBIK JKapBUIFBIII 3aTTap 3aybIThIH MaiifanaHy Ke3iHae KayilTi OKUFalapAblH
aBTOpJIAp O3ipJereH KikTeMeci OasHaananbl. By KyMbIC SMYIbCHSIIBIK >KapbUIFBIII
3artap (DXK3) 3aybITHIHBIH KYMBICHI YIIIH KayiNCi3IiKTiH KeIeH i )KyHeciH YChIHaIbI,
OyJ1 3ayBITTBIH KayinTi AeHreiin 6,5 Oamngan 4,0 OayFa NeifiH TOMEHIIETE OTBIPHII,
3aybITTa SMYJIbCUSUIBIK J>KapBUIFBII 3aTTaplbl Kayilci3 eHAipyre MyMKIHIIK Oepemi.
XKaprbuibicTapapl paanoOaKbUIaybl €HT13y, )KapbUIFaH Tay >KbIHBICTapbl OOIiKTepiHiH
3aKBIMJIAYILBI 9CEePi TYPFBICHIHAH Tay-KeH KaOIbIKTapbl MEH MHKEHEPIIK KeiIepIin
YKaHBIHJAFbl JKapbUIbIC JKYMBICTAPBIH OOJKaMIbl Oaranaydbl o3ipiey TYpPFBICBIHAH
TepeH Kapbepliep/e xKapy KYMBICTapblH KYPIi3ydiH Kayilci3 skaraainapsl YCHIHBUIIBI,
OyJ1 MYMKIHIIK Oeplii. TepeH KapbepiepAeri jkapy >KYMBICTApbIHBIH Kayilci3airi MeH
TUIMJIIUTITIH apTTHIpY.

Tyiiin ce3mep: kapbep, Kapy >KYMBICTapbl, 3MYJIbCHUSUIBIK JKapbUIFBIII 3aTTap,
KEIICH/1 Kayinci3mik *yHeci, eHepKICINTIK KayilCi3OiK, KapbUIBICTBIH 3aKbIMAAYILbI
(haKTOPBIHBIH IaMachIH OaKbLIay, Tay KBIHBICTAPBIHBIH IIALIBIPAYBI, Tay KbIHBICTAPBIH
XKapy 9Jlici, XKapbUIBICTBIH KOpIIAFaH OpTara Kepi acepi
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AnHoramus. [Ipu pa3paboTke TOPHBIX MOPOA C MPUMEHEHUEM OYpPOB3PBIBHBIX
pabor (BBP) Bo3HUMKaOT cepbe3Hble NPOOIEMBI TEXHOJOIMUECKOTO O0eCIIeUeHUs
0e30macHbIX yCJIOBUM. B MaHHOHN cTaThe M3JI0KEH OMBIT BBHITOJHEHHS 3HAYUTEIBHOTO
oObeMa, aHaiW3a TEOPUM W MPAKTHKH BEACHHUS B3PBIBHBIX pabOT Ha Kapbepax
Anmanbeikckoro ' HaBOMHCKOTO TOpHO-METATyPTHYECKUX KOMOWHATOB, KOTOPBIH
ITO3BOJIWII YCTAHOBUTH HEJIOCTATOUHOCTD MTPOBE/ICHUS TEOPETUUECKUX U MPAKTHIECKIX
WCCIIEZIOBaHUH TI0 Pa3padOTKe CHCTEMBI O€30ITaCHOCTH IPH BEJICHUH B3PBIBHBIX PadoT,
YIPABICHAIO BEIMYMHON IMOpa)karomiero (axkropa, CIIOCOOCTBYIONIMX YMEHBIICHUIO
ymepba. [locmemoBaTenbHO — pacKpBITBI  PE3YIBTaThl  WCCIIEAOBAHUS  CTETICHU
TEXHOJIOTUIECKOTO PUCKa HAa 3aBO/IaX IO MPOU3BOACTBY dMYIHCHOHHBIX B3PBIBYATHIX
COCTaBOB, M3JIOKCHA pa3paboTaHHAs aBTOpPaMH KiIacCH(DHKAITUS OMACHBIX COOBITHI
MIPH JKCIUTyaTalluy 3aBOJla AMYJIBCHOHHBIX B3pPBIBUATHIX BEIIECTB C MPEACTABICHUEM
KOMIIJIEKCA COOTBETCTBYIOLIMX MEPONPUATHNA MO MX NpenoTBpalleHuio. B gaHHOM
pabore peKoMeHJ0BaHa KOMILICKCHAsI CHCTeMa Oe30MacHOCTH DKCILTyaTalluy 3aBoja
SMYJIbCHOHHBIX B3pBIBYATHIX BellecTB (OBB), mo3ponsromas obecrieunts O0e3onacHoe
npou3BoacTBO DBB Ha 3aBojie pU CHIKEHUU CYNIECTBYIOIIETO YPOBHS PHUCKA 3aBOJA
¢ 6,5 6amna 1o 4,0 GannoB. PekoMeHioBaHbI Oe30MacHbIe YCIOBUSI B3PBIBHBIX padoT
B DIyOOKHX Kapbepax B YacTH BHEAPCHMS PaAMOyNpPaBICHHS B3PBIBOM, Pa3pabOTKH
ITPOTHO3HOM OIICHKU BEIEHUS B3PBIBHBIX Pa0OT BOJHM3U TOPHOTO OOOPYIOBaHUS W
WHXCHEPHBIX KOMMYHHUKAIMH B YacTH MOPAXKAIOIIETO JICHCTBHS KyCKOB B30pPBAaHHOMN
MTOPOJIbI, KOTOPBIE TTO3BOJIIIIN MOBBICUTh 0€30MaCHOCTh M 3(D()EKTUBHOCTH B3PBIBHBIX
paboT B yCIIOBUSIX TITYOOKHUX KapbepoB.

KuaroueBbie cioBa: kapbep, B3pbIBHBIE DPa0OTHI, AMYIBCHOHHBIE B3PHIBUATHIE
BEIIECTBA, KOMIUIEKCHAs CHCTeMa Oe30MacHOCTH, IPOMBIIIICHHAs O0e30MacHOCTb,
yIpaBlIeHne BEIWYMHON IMOpa)karoliero (axTopa B3pbiBa, pa3dpOC KyCKOB TOPHBIX
MOpPOJl, METOJ B3pPBIBAHHWS TOPHBIX TIOPOJ, OTPHIIATENIbHOE BIHMSHWE B3phIBA Ha
OKPY’KaIOIIYIO CPEy

Introduction

For the foreseeable period of time, blasting remains the most common means of
destroying rocky and semi-rocky rocks, despite their negative impact due to volley
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emissions of dust and gases, from which a dust and gas cloud is formed, rising to a
height of up to 800 m and spreading in the direction of the wind for tens kilometers,
which depresses flora and fauna and can lead to a decrease in the ability of fertile soil
to self-purify. There is also significant harm from the impact of volley emissions of dust
and gases on people. Therefore, the task arises of a gradual transition in open-pit mining,
first to environmentally friendly, and then to environmental blasting technologies. At
the same time, the assessment of the effectiveness and reliability of such technologies
should be based on the balance of economic and environmental interests of the enterprise,
which in the “mining production — environment” system is achieved by minimizing
the costs of implementing technological solutions and environmental damage in specific
mining conditions. From a technical point of view, the task comes down to optimizing
blasting technology and environmental protection methods.

A significant contribution to the development of the scientific and technical
foundations of drilling and blasting operations in quarries of the Republic of Uzbekistan
was made by L.P. Bibik, N.I. Kuchersky, O.N. Malgin, Yu.D. Norov, Yu.E. Petrosov,
B.R. Raimzhanov, V.R. Rakhimov, S.K. Rubtsov, N.P. Snitka, V.N. Sytenkov, P.A.
Shemetov and etc.

Despite the significant amount of research performed (Baron et al., 1972; Bibik et
al., 2008; Khakimov et al., 2021; Kechersky, 2007; Kutuzov et al., 1988; Malgin et al.,
2003; Norov et al., 2011, 2011, 2016; Petrosov et al., 2017; Raimzhanov et al., 2001;
Rakhimov et al., 2013; Tosltov et al., 1999; Shemetov et al., 2010, 2013; Snitka et al.,
2017, 2017; Zairov et al., 2018, 2020), an analysis of the theory and practice of blasting
in the quarries of the Almalyk and Navoi mining and metallurgical plants allowed us to
establish that insufficient theoretical and practical research has been carried out on the
development of a safety system when carrying out blasting, controlling the magnitude
of the damaging factor, helping to reduce damage.

Study of the degree of technological risk at factories producing emulsion explosive
compositions

It is known that the main technological and operational properties of EME depend
on the correct choice of the composition of the oxidizing agent, emulsifier, method of
producing the emulsion, the nature of the sensitizing additive and equipment for their
production. It has been established that the composition of EME, having a number of
advantages over other types of industrial explosives, has a number of features:

- there is a set of critical parameters of external influences, when exceeded, an initial
source (explosion) occurs;

- decomposition of EME occurs at the molecular level and does not require additional
reagents;

— EME are characterized by a high concentration and rate of energy release, which,
as a rule, ends in an explosive effect affecting the environment (devices, building walls,
neighboring buildings and structures, personnel).

Therefore, the production and use of EME requires strict regulation regarding
safety conditions. As such a condition, we can consider the level of average technical
(theoretical) risk, calculated as the sum of the criteria for the probability (frequency) of
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occurrence (B) (Table 1) and the severity of the consequences of undesirable events (P)
(Table 2) for the most serious events.

Table 1
Risk assessment based on probability of occurrence
Point Refusal Frequency of occurrence refusal per year
0 Almost unbelievable <10°
1 Rare 10410
2 Possible 102—10*
3 Likely 1-107
4 Frequent >1
table 2
Risk assessment based on severity of consequences
Point | Heaviness consequences of failure Consequences
1 Disdainfully small Do not fall into any of the following three categories
. There is no possibility of significant damage to the
2 Non-critical environment alrl)d propetr}t]y, theregis no threat to himan life,
.. Possibility of significant damage to the environment and
3 Critical .
property, threat to human life
4 Catastrophic Irreparable damage to the environment, significant
damage to property, death of people

The level of average technical (theoretical) risk of producing EME, similar to the
production of an EME plant, is calculated as follows. According to existing information,
29 events with catastrophic consequences occurred in the world over 40 years of
operation of similar industries (Snitka et al., 2017). The number of enterprises in the
world is approximately 150 (large and medium-sized). Failure rate per year amounts to

)
AT 407 5,000, (1
T 150

where AT - is the number of accidents per unit of time t on identical technical systems
and objects; T - is the number of identical technical systems and objects subject to a
common risk factor.

According to table. 1 B =2 points and table. 2 P=4 points. The risk level is

B+P=2+4=6 points. ()

The level of average technical (theoretical) risk for an EME plant is calculated as the
sum of the criteria for the probability (frequency) of occurrence (B) and the severity of
the consequences of undesirable events (P) for the most serious events. Dangerous events
during the operation of the EME plant and measures to prevent them are presented in
Table. 3. The most dangerous technological events are: pump explosion when pumping
hazardous products and chemicals; pump fire when pumping hazardous products and
chemicals; fire or explosion in mixers mixing oxidizing and oil solutions and emulsion
matrix, and gas-generating additives; fire (explosion) of mixing and charging machines
(MCM).
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As aresult of the research, a risk assessment was carried out for the two most serious
events with critical and catastrophic consequences that occurred at the plant during its
operation, which is in accordance with the assessment criteria (probability of occurrence
of2 . 7 s = 0.29, that is, corresponds to a probable failure (frequency of occurrence
1-102, B=3), and in terms of severity of the consequences - the first event is a pump
failure, rupture of pipelines, fire and spill of liquid nitrate in severity - critical P, = 3,
and explosion of a product pump — catastrophic P, = 4. Risk assessment based on the
probability of occurrence (Table 1) and the severity of the consequences (Table 2) gives

a summary result

2X(B,+D) (3+3)+(3+4)
n - 2 -

Based on the results of the assessment, it can be concluded that the overall level
of risk during the operation of the EME plant in the current conditions is acceptable,
as for a hazardous industrial facility, subject to technical and organizational measures
(safety system) aimed at reducing it. At the same time, the source of uncertainty in risk
assessment is the human factor and equipment failure.

6,5. 3)
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Despite the encouraging results of the theoretical calculation of the risk level, it
should be borne in mind that during the operation of the EME plant, two emergency
incidents occurred with critical (explosion of the pump of the oxidizing solution
preparation unit - spill of the oxidizer) and catastrophic (explosion of the matrix pump
and pipeline) consequences. Since the main dangerous event is the operation of pumps
and mixers, in 3 out of ten cases fire leads to an explosion (Table 4, Fig. 1 and 2). To
reduce the likelihood of failure, it is proposed that it would be advisable to introduce
additional interlocking and protection circuits for these units.

Table 4
Initial events of the “fault tree”
No. Event or condition Probability events
1. |Sensor failure 2x10°*
2. | Broken signal transmission circuits from sensors 1x10°
3 The operator did not switch the system to automatic control from manual 1x10°3
" | (operator error)
4. | Sensor power supply circuit interrupted 1x10-3
5. | Control system failure 1x10-¢
3 The operator did not see (was absent from the control room) the system 5x10°3
" | warning (operator error)
7. | The operator did not respond to the ACS warning signal (operator error) 1x10°3
8. | The operator did not pay attention to the system warning (operator error) 5x10°3
9. | Lack of reaction (incorrect reaction) of the operator due to stress. 1x10°3
10. | Open circuit of the pump electric drive control circuit (micromaster) 1x10°3
11. | Pump circuit breaker contact stuck 1x10°°

Note: mandatory (simultaneous) events, the occurrence of which is sufficient for the occurrence of
the main event (accident) (minimum missing events) and their probability: {5}=10%, {10}=107, {11}=10
5, {1x6}=10, {1x7}=2x107, {1x8}=10°, {1x9}=2x107, {2x6}=5x107%, {2x7}=10%, {2x8}=5x10°%,
{2x9}=10%, {3x6}=5x10°, {3x7}=10"°, {3x8}=5x10"°, {3x9}=10°, {4x6}=5x10"7, {4x7}=10", {4x8]=
5x107, {4x9}=10". A set of initial events that guarantees the absence of a head event provided that none of
them occurs (minimum cut-off states): {1x2x3x4x5x10x11} and {5x6x7x8x9x10x11}

Spread to adjacent equipment,
destruction of equipment

1)

Transition from
»| combustion to
04 ‘ With a g detonation
product

=]

Pipeline explosion,
detonation stops

fire >
. o Transfer of combustion to
) [ 1 ‘Without transition 05 A —
Pump or mixer > to detonation
overheating
Stopping the fire
or eliminating the accident
0,2
Destruction
v > No product of the pump or mixer

combustion

=3
~

Stop the pump and
eliminate the source of

- probability of an event overheating

Fig. 1. Event tree of accidents on product pumps or mixers
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o ®

5 The operator was
The blocking signal was Blocking The operator did not try unablg 10 stop the
not received disabled to stop the pump pump

L3

1, 2, 11 — initial events

Fig. 2. Failure tree of emergency overheating of pumps or mixers in case of emergency overheating, lack
of product in the supply tank (or closed pipeline valve) or increase in product pressure due to blockage of
pipelines

The analysis of the technological process of manufacturing EME and possible
sources of emergency situations allowed us to draw the following conclusion and
recommendations:

1. Technological equipment and pipelines for the processing of EME components
during its operation at the EME plant are exposed to corrosion, deformation and wear
due to mechanical, chemical, temperature and other influences with the formation of
various defects and damages. Of the total number of accidents with EME, in 35 %
of emergency cases the cause was pumps (pumping), in 16 % of cases - components
mixing devices, in 3 % of cases - MCM.

2. At the moment, the service life of the equipment in units of time, maintenance
periods, according to the proven parameters of the safe state, work and overhaul cycles
assigned and recommended by manufacturers of process equipment or developers of the
entire production complex for the production of EME are not included in the operational
documentation.

3. In the current situation, the operating organization (EME plant) must predict
the further duration of operation (determine the residual resource reserve) of aging
equipment based on an examination, taking into account modern methods of assessing
and technical diagnosing the condition of potentially hazardous areas.

4. At the stage of periodic maintenance, when drawing up a defective list, control
and measurement technical diagnostics of process equipment and pipelines should
be carried out, including the condition of housing walls, welds, shafts, rotating units,
bearings, electric motors, electrical and electrostatic grounding, electrostatic field
strength, insulation integrity.
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Thus, based on the research, the risk level of the plant was determined (3.5 points),
the analysis of which required the development of a comprehensive safety system for
the operation of the EME plant.

Integrated safety system for the operation of the EME plant

Based on research and analysis of the plant’s risk level, in order to unconditionally
ensure the safe production of emulsion explosives, a comprehensive safety system for
the operation of the EME plant has been developed (Fig. 3). It includes an active and
passive component. The active component of the security system includes:

— “Control and blocking by level”, “Control and blocking by temperature”, “Control
and blocking by pressure” - is carried out by an automatic control system (ACS) using
temperature, pressure measurement sensors, discrete level sensors. If the parameters
deviate from the specified values or exceed the set values, the control system warns of
a possible accident and stops the production process;

— “Control and blocking by vibration” — installation of vibration sensors is required;

— “Control and blocking based on the state of the actuators” — is carried out by
an automatic control system using programmable controllers. Data exchange with
actuators is carried out through appropriate means of interface with communication
lines and through digital or analog input-output interfaces (I/O cards). The control
signal is transmitted to the actuator, which through drives, valves, motors, switches, etc.
changes the state of the mechanism;

Operating safety system of the plant EME

Active Passive system
safety system security
Control and shutdown by -
temperature, control and le—]
blocking by pressure,
control and blocking of .
. . Introductory briefing and .
command by level Automatic Ensuring preliminarryy rminini of 0{1.!}13._]01)
fire uninterruptible 1 training and
alarm Y| ”| power supply for personne a coaching
Control command system. ACSs
blocking < i
by mass flow Use of Compliance with process Issuance of permits to
Sfe g] Use of personal regulations and —»  perform hazardous
safef and collective B B work
Vibration diaphragms |4 protective RSN
control and Nl and equipment fire safety N
blocking thermofuses Preparing
| equipment for
N o i k
- Use of IP54 Compliance with Maintaining repairwor
Control and blocking based electrical standards for equipment,
on the condition of the equipment loadi Slosi instrumentation and Collection, storage and
executive mechanics  [€ | ) a‘:i ‘llnreg E:E;;::i technological > disposal of waste.
products into communications
buildings in good Plant and
Automated control of Lightning condition | warehouse
automated control protection, static perimeter
systems for the sequence electricity | . security system
of technological process  f€— protection Changing the Monitori d s
execution design of . vionttoring an ]
equipment if eliminating the causes of ;
Lp| appropriate deviations from the Useo
documentation is normal flow of the > . quafl:tyn Is
Operator control of the available process raw materials
technological process |4
Periodic audits and risk g |
assessment of work

Fig. 3. Recommended integrated safety system for the operation of an EME plant
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—“Automated control of automated control systems for the sequence of technological
process execution.”

The matrix production process control system includes the following elements:

— automated control system with programmable memory with analog and digital
inputs and outputs;

— graphic control station;

- local interfaces with indicators;

— user software;

— database of production parameters.

Data transmission to the automated control system is carried out by receiving signals
about the current values of production parameters, which are measured and transmitted
by local sensors (such as temperature, pressure, mass flow, rotation speed, level gauges,
etc.) Data exchange is carried out through appropriate means of interface with lines
communications and via digital or analog input/output interfaces (I/O cards). The
system carries out:

— checking and displaying the position of valves and valves on the screen of the
graphic control station;

— checking the compliance of the parameters monitored by local sensors with the
value specified in the graphical control station;

— ensures maintenance of controlled parameters in a given range using actuators in
the case of automatic process control;

—warns the operator of the graphic control station about deviations in the technological
process;

— provides reports on the condition of mechanisms from the electronic archive.

— “Control of the technological process by the operator” — the progress of the
technological process for the production of EME requires constant monitoring of the
graphical interface by qualified personnel (shift foreman, operator for the production
of emulsion matrix of at least 8 categories), in order to timely implement preventive
and corrective actions to prevent the release of low-quality products and emergency
situations.

In addition to the active (instrumental) safety system existing at the EME plant, in
order to continue the safe and stable operation of the process equipment, it is proposed
to include the following elements in the modernization program:

— duplicate emergency stop button for production in the control room;

- sound signal (siren and beacons) for personnel evacuation when the emergency
stop buttons are activated;

the maximum temperature setpoint on mixers and pumps T _R402A01, T R402B01,
T R40301, T R50101 from 150 °C to 140 °C;

- additional installation of a protection system on the stators of Netzsch pumps;

—in addition to the fire alarm system, install “Flame Detectors” type AMETHY ST IP
329-5 01 in the premises for the preparation of oxidizing and oil solutions, packaging,
packaging and dispensing complex, which are triggered by the appearance of an open
fire with the output of the signal from the sensors to an audio signal (siren and beacons)
personnel evacuation.
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The passive part of the security system consists of a set of technical and organizational
measures. Technical measures of the passive part of the safety system include:

— “Automatic fire alarm system” — is a system of sensors installed in all production
and auxiliary premises of the EME plant with a fire signal output to the operator’s
security console;

—“Use of safety diaphragms and thermofuses” — safety diaphragms with an operation
limit of 12 bar and thermofuses with an operation limit of 150 °C are installed at the
outlet of the production pumps;

— “Use of IP54 class electrical equipment” — because all production premises are
classified as fire hazardous, the project provides for all electrical equipment to be P54
class (fireproof);

— “Lightning protection, protection against static electricity” — 8 lightning rods with
grounding loops must be installed on the territory of the plant;

— “Providing uninterruptible power supply for automated control systems” — in
cases of unauthorized power outage, the automated control system is powered using an
uninterruptible power supply with a 12-hour backup;

— “Use of individual and collective protective equipment” — no special protective
equipment is required when operating the plant or its components. Sufficient personal
protective equipment for each individual worker (suit made of cotton fabric, safety
glasses, apron, rubber gloves, gas mask grade B and BKF, petal). Medical first aid
kits with a small set of medications are located at workplaces and laboratories so that
workers can independently provide first aid. Additionally, in the operator room there
is a medical cabinet with an expanded range of medical supplies, as well as a sanitary
stretcher. An emergency shower is installed in the production building. The shower is
used for the initial treatment of injuries received by workers in contact with caustic
substances;

— “Compliance with standards for loading explosive and fire hazardous products
into buildings” — to prevent the accumulation of large quantities of explosive and fire
hazardous products in the premises, storage spaces are allocated and standards for their
loading are established;

— “Changing the design of equipment in the presence of appropriate documentation”
— changing the design of equipment is permitted only if there is appropriate design
documentation approved in the prescribed manner and agreed with the State Inspectorate
“Sanoatgeokontekhnazorat”.

Organizational measures for the passive part of the safety system include:
“Introductory briefing and preliminary training of personnel”, “Training and briefing
on the job” - each employee hired at the EME plant undergoes introductory briefing,
as well as preliminary safety training and initial briefing on the job place, according
to the “Regulations on the organization of training and testing of knowledge in labor
protection”. Compliance with technological process regulations and instructions on
labor protection and fire safety — each employee is obliged, of course, to comply
with all the requirements of technological instructions, instructions on labor protection
and fire safety. For violation of the requirements of these instructions, the employee
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bears disciplinary, administrative and criminal liability. Maintaining equipment,
instrumentation and technological communications in good condition — to maintain
equipment in good condition, scheduled preventive maintenance is carried out
in accordance with the approved schedule, operating instructions and developed
operational passports. Issuing permits to perform hazardous work - high-risk work
orders are issued for high-risk work (according to the approved list). A permit is issued
for hot work. Preparation of equipment for repair work - preparation of equipment and
premises for repair work is carried out according to technological maps developed
for each unit or unit. They provide measures for the safe cleaning of equipment and
premises. Employees who have undergone production and technical training, as well
as those instructed in the rules and precautions for repairs, are allowed to inspect and
repair equipment. Collection, storage and disposal of waste — collection, storage and
disposal of industrial waste is carried out in accordance with the developed “Waste
Disposal Instructions”. Security system for the perimeter of the plant and warehouses
— security of the plant is carried out by military forces in accordance with the law.
The use of quality raw materials is one of the main parameters for ensuring safety and
obtaining quality products. Raw materials and consumables are allowed into production
on the basis of incoming control data or certificates provided by the manufacturer. The
requirements for the quality of raw materials are set out in the technological process
regulations. Periodic audits and risk assessment of work — to monitor the safety of
work, compliance with technological discipline and assessment, inspections are carried
out in accordance with the requirements of current safety regulations.

Organizational measures for the passive part of the safety system are ensured by the
following.

1. Maintaining the equipment of the EME plant in technically sound condition.
For this purpose, maintenance and repair of equipment during operation, scheduled
preventive maintenance and metrological support are carried out. Servicing of the
equipment during operation is carried out by the shift personnel of the “EME plant”
section under the guidance of a foreman. Such work includes: removing and cleaning
filters on pipelines with EME components; replacement, adding coolant to the
equipment; maintenance of the cartridge machine; adding oil or distilled water to the
lubricating containers of stirrers and mixers; setting up and adjusting belt conveyors;
tightening flange connections and replacing gaskets on pipelines; cleaning bins, funnels
and containers; elimination of crystallization of pipelines with an oxidizing solution;
eliminating plugs in pipelines with oil solution; checking the heating system; keeping
all equipment clean.

2. Carrying out scheduled preventive maintenance, performed by qualified repair
personnel under the guidance of an electrician. These works include: replacement
of equipment stuffing boxes; replacement of pump stators; cleaning level sensors;
replacement of pumps and drives; cartridge machine repair; replacement of valve seals;
repair and replacement of shut-off and control equipment; dispenser repair; repair of
rotors and replacement of mixer seals; repair of tanks and pipelines; laying the heating
cable and adjusting the heating system; repair of the ventilation system; steam generator
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repair; repair and cooling systems; compressed air compressor repair; repair of screw
conveyors and drives; repair of belt conveyors and drives.

3. Ensuring that personnel comply with the requirements of technological regulations,
work instructions, technological maps and labor protection instructions.

4. Recruitment — conducting preliminary testing of employees upon hiring.

The recommended integrated safety system for the operation of the EME plant made
it possible to reduce the existing risk level of the plant from 6.5 points to 4.0 points.
Technical and organizational measures of the safety system that ensure the safety of
the production of EME are developed on the basis of the “Methodology for organizing
a system for the safe operation of hazardous production in the chemical industry” in
accordance with ILO standards.

Thus, a comprehensive safety system for the operation of an EME plant is
recommended, which allows for the safe production of EME at the plant while reducing
the existing risk level of the plant from 6.5 points to 4.0 points.

Recommendations for ensuring safe blasting conditions

Due to the decrease in the width of the working platforms and the high concentration
of mining equipment in the working area of the quarry, transport communications serving
several horizons fall into the places where the opening workings are transferred (vehicle
trenches and ramps) during drilling and blasting operations. During multi-day charging,
the blocking of sections of transport communications located near the charging blocks
on the upper horizons leads to a stop of the entire mining and transport complex located
on the underlying horizons. Due to the fact that the geological structure of rocks with the
deepening of the quarry is characterized by an increase in the system of technological
disturbances of varying power, a gradual collapse of blast holes drilled in the fault
zone occurs, the speed of which is up to several hours. During multi-day charging, a
significant part of the wells on the blocks often turn out to be littered and unsuitable for
loading, and their cleaning and restoration is impossible due to the lack of drilling rigs
nearby. In the case of water content in a mountain range, the situation becomes even
more complicated, and the measures taken (rubbing the walls of wells during drilling,
drilling such areas last, increasing the depth of overdrill and etc.) are ineffective. This
leads to a sharp deterioration in the development of a rock mass by blasting, the yield
of oversized materials increases, and in some cases, after partial mining of the blasted
block by an excavator, it is necessary to carry out repeated drilling and blasting.

When producing massive explosions using EME and non-electric means of initiation
(NMI), during multi-day loading in cramped mining conditions, when it is impossible
to move technological roads intended for transporting rock mass, the movement of
heavy dump trucks in the immediate vicinity of charged blocks is allowed, provided
that safety of vehicle operation. The technological road on the side of the charging unit
must be fenced with a reliable safety shaft made of rock mass with a height of at least
1 m, preventing vehicles from passing onto the charging unit. Along the road passing
near charged blocks, on the side of vehicle traffic, at a distance of at least 20 m from
the block, prohibiting road signs “Stopping is prohibited” must be installed. The end of
the area covered by this sign must be indicated by a road sign “End of all restrictions
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area”. In this case, only the maximum number of people limited by the mass explosion
regulations is allowed to be at a distance less than the charged wells 20 m. It is not
allowed 100 m to use open fire, smoke, or carry incendiary or smoking accessories
closer to the location of explosive materials. Measures must be taken to prevent the
formation of open fire. When using a non-electric initiation system, the danger zone is
introduced before connecting the mounted surface network to the source of the initiating
pulse.

When charging wells in areas with high water content and in zones of tectonic faults
provided for in the hydrogeological characteristics of the mass explosion project, in order
to avoid premature collapse of the drilled wells, it is allowed to charge them immediately
after drilling (from under the machine). These works should only be carried out when
carrying out measures that ensure safety, taking into account the actual conditions of the
workplace, providing for compliance with specific safety measures. Drilling rigs must be
installed on a planned site and located so that the undercarriage tracks are no closer 6 m
to the loaded (charging) wells. The minimum permissible distance between the machine
tracks and the charged wells is established by the massive explosion project. The live
flexible cable supplying power to the drilling machine must be routed so that it is not
located on the charged (charged) part of the unit. There should be no overhead power
lines on the charged unit. The horizontal distance from the outermost wires of overhead
power lines to the border of the charged unit must be at least 20 m. On the drilling rig
and Storage of flammable, lubricating and other combustible substances and materials
that can ignite from short-term exposure to a low-energy ignition source is not allowed
near it. On a drilling rig located less 20 m than the charged block, it is prohibited to carry
out repair work using welding and gas-cutting equipment. The drilling rig operator and
his assistant should not carry incendiary or smoking materials. They must not use open
fire. The drilling rig must be technically sound and clean; Contamination with oil or
other combustible materials is not allowed. It is unacceptable for personnel to work in
oily clothing. The work area where the drilling rig is located must be kept clean. The
machine must have primary fire extinguishing equipment.

The equipment set includes control panels (CP) and explosive devices (ED), which
ensure the transmission and reception of control commands under the condition of direct
visibility between the transmitting and receiving antennas of at least 6 km (Fig. 4).
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AFU AFU
Cp T -167.8 MHz \( ED

Stationa 8 km R
v > ED
CP
Stationary option The explosion location - 50-100 m
(control room building) Power supply battery
Power supply 220 V, 50 Hz 10 NKGTs-3.5, 12 V
AFU AFU
cp f=167.8 MHz ED
Mobile 6 km
N > ED
CP
Mobile option The explosion location - 50-100 m
Power supply from the vehicle's Battery power supply
on-board network is 10.8-15.6 V. type 10 NKGTs-3.5, 12 V

CP - control panel; ED - explosive device
Fig. 4. Explosion radio control equipment

The CP can be used both in stationary conditions and on moving objects. EDs are
installed directly at the site of work in a quarry at a distance of 50—-100 m from the block
being blasted. The equipment makes it possible to initiate blasted blocks remotely, with
one command with a given sequence and delay intervals, frees blasters from work on
laying pipelines to a safe area, reduces downtime of mining equipment, increases safety
and reliability during blasting operations, and reduces the cost of initiation means.

Due to the fact that the parameters are relative and dimensionless quantities, a
substantiation of the predictive assessment of blasting operations near mining equipment
and utilities in deep quarries was carried out in terms of the damaging effect of pieces
of blasted rock

= ra “4)
R, ange = 1250 - 13 ﬂlm’
where R, . — is a predictive estimate of the maximum range of dispersal of rock

pieces, m; 173 — coefficient of filling the hole with an explosive substance, equal to the
ratio of the length of the charge in the hole to the depth of the drilled hole; f'— rock
strength coefficient according to the prof. scale. MM. Protodyakonov; d — diameter
of the hole to be blasted, m; a — distance between wells in a row or between rows, m;
N=top - the coefficient of filling the well with the dam, equal to the ratio of the length
of the dam to the length of the upper part of the well free from charge. When the upper
part of the hole is completely filled with the stopper, ..., = 1; when blasting without
stopping, Mstep = 0.

A predictive estimate of the maximum scattering of rock pieces during the explosion
of borehole charges can be determined by the formula (Kutuzov et al., 1988; Barron et
al., 1972):
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Rr'ma_ga = lzﬁ'{fri} &EE{dQ}D‘i?. (5)
The influence of the size of the cutting on the range of scattering of rock pieces is
estimated by a reduction factor (“blocking coefficient”) in the form

1
f'l.r = > (6)
SEOP T (0.8+0.0020555 }

where K:op- is the coefficient of influence of the size of the stopping on the range
of scattering of rock pieces; L;ﬁ;i - length of the ram, expressed in charge diameters, m.

Wind drift of pieces of the exploded mass to the leeward side is recommended

AR =5-V (7)

where AR is the wind drift of pieces of the exploded mass to the leeward side, m;
V — wind speed, m/s.

Results and discussion

Taking into account the above, the maximum scattering range of pieces of the
exploded mass

REII = Rr'mz._ga : hrsrop +AR. (8)

Calculation of the maximum scattering range of pieces of blasted rock, given in
table. 5 shows that the scattering range of pieces of rock according to the developed
method, taking into account the use of stopping and wind drift, is lower, respectively, by
71.5 m and 46.5 m, which makes it possible to reduce downtime of mining equipment
due to a decrease in the distance of their transportation from the danger zone before and
after blasting.

Table 5

Calculation of the maximum scattering range of pieces of blasted rock
Rock strength coefficient on a scale prof.M.M.Protodyakonov f 13
Borehole charge diameter d, m 0.25
Distance between wells in a row a, m 6
Distance between rows of wells b, m 7
Ledge height H,m 10
Loading density p, g/cm3 0.9
Charge length L,m 6.7
Stopper length LS@, m 5
Specific consumption of explosives q, kg/m® 0.7
Mass of borehole explosive charge 0, kg 296
Wind speed V, m/s 5
Wind drift A 25
Maximum dispersion range of pieces according to the uniform rule
DBO formula. m 480
Dispersion range of rock pieces according to the developed method:
— excluding wind and cutting m 543
— taking into account the use of stopping m 408.5
— taking into account wind drift and the use of stopping m 433.5
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The development of safe conditions for blasting in large deep quarries in terms of the
introduction of a non-electric system for initiating borehole charges and radio control of
explosions, changes in the procedure for carrying out mass explosions, the development
of a predictive assessment of blasting operations near mining equipment and utilities in
terms of the damaging effect of pieces of blasted rock made it possible to increase safety
and efficiency of blasting operations in deep quarries by reducing downtime of mining
equipment and annual costs for blasting operations.

Thus, a method for conducting blasting in quarries using a non-electric system for
initiating borehole charges has been recommended, safe conditions for blasting in large
deep quarries have been developed in terms of introducing radio control of explosions,
developing a predictive assessment of blasting operations near mining equipment and
utilities in terms of the damaging effect of pieces blasted rock, which made it possible
to change the procedure for carrying out mass explosions, to increase the safety and
efficiency of blasting operations in quarries.

Conclusions

According to the results of the assessment, it can be concluded that the overall level
of risk in the operation of the EVV plant in the current conditions is acceptable as for a
hazardous industrial facility in compliance with technical and organizational measures
(safety system) aimed at its reduction. At the same time, the source of uncertainty of risk
assessment is the human factor and equipment malfunction.

Development of safe conditions of blasting operations in large deep pits in terms of
introduction of non-electric system of initiation of borehole charges and radio control of
blasting allowed to increase safety and efficiency of blasting operations in conditions of
deep pits by reducing the downtime of mining equipment and annual costs of blasting.

On the basis of research and analysis of the risk level of the plant with the purpose
of unconditional provision of safe production of emulsion explosives, a complex system
of safety of operation of the EVV plant was developed.

In general, the results of the study proposed a number of specific practical
recommendations.

1. A comprehensive safety system for the operation of an EME plant is recommended,
which allows for the safe production of EME at the plant while reducing the existing
risk level of the plant from 6.5 points to 4.0 points.

2. A method for conducting blasting operations in deep quarries using a non-electric
system for initiating borehole charges was recommended, which made it possible to
change the order of mass explosions.

3. Safe conditions for blasting in deep quarries were recommended in terms of
introducing radio control of explosions, developing a predictive assessment of blasting
operations near mining equipment and utilities in terms of the damaging effect of pieces
of blasted rock, which made it possible to increase the safety and efficiency of blasting
in deep quarries.
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