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

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
akazemuri, K.M. Corbaes arbiHiarel Kasak yITTBIK TEXHHKANIBIK 3epTTey yHUBepcuteTi (Anmarsl, Kaszakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUS AJIKACHI:

OBCOMETOB Momic Kyasicyabl (6ac  pemakTopAblH — OpbIHOAcapbl), I€OJOTUs-MHUHEPAIOTUst
FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #dHe TeXHHKAJBIK FBLIBIMAAP CEPHSACHD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTBIK FBUIBIM akaemusicb» PKB (AnMarsl K. ).
Kaszakctan PecrmyOnukachiHbIH AKmnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMHIH AKmapar KOMHTETiHIEe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuibiM TipKeyiHe KOWbUTY Typallbl KyalliK.
TakKbIPBINTBIK OAFBITHI: [ €on02us, 2udpoceonousl, 2eocpagus, may-KeH ici, MYHat, a3 JcaHe Memanioapobly
XUMUATIIK MEXHON0UANAPbL
Mep3iMaiiri: )KbUIbIHA 6 PET.
http://www.geolog-technical kz/index.php/en/
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHX Hayk, npodeccop, akagemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHN TexHmueckuil ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIHIMOHHASI KOJUIET' ASI:

ABCAMETOB Mauuc KyabicoBu4, (3amMecTHTeNlb [JIABHOTO  PEOAaKTOpa), JOKTOp  TI'e0JIoro-
MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosTaeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, Ipodeccop, IIOUYSTHBIH akaJIeMIK
HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnposanusiii mpodeccop, aupexrop Jlabopatopruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
TexHudeckoro ynusepcutera uMm. K.M. Carnaesa, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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CBHUIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYSCKOro IedaTHoro u3fgaHus B Komurere wnHbOpManuu
MunucreperBa HHGOpMAUUK U 00LIeCTBeHHOro pas3BuTust PecrnyOnukm Kaszaxcran Ne KZ39VPY00025420,
BeiganHoOe 29.07.2020 1.
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com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
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Abstract. Introduction. The paper presents the process of improving the design
features and technological capabilities of the basic device of a pneumatic mixer
for the production of various multicomponent mixtures using numerical modeling
of its operating modes in the SolidWorks Simulation software package. The
application of the pneumatic mixer capabilities to create dry building mixtures
used as injection solutions for filling technogenic voids in underground mining is
considered. When analyzing the design modifications of the structure, the intensity
of the vortex flow was taken into account due to additional tangential blowing to
eliminate stagnant zones. The results of research in the field of improving the device
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in order to intensify technological processes inside the mixing chamber of the unit
were the expansion of its technological capabilities, improved quality of mixed
components under various conditions and materials, increased gross productivity
for the finished product for all types of materials and relatively low energy costs for
their homogenization. The mechanisms of mixture movement under the action of
the air energy carrier and mixture particles of different sizes are explained.

Keywords: pneumatic mixer, mixing chamber, acrodynamics, two-phase flow,
speed, particle, energy carrier, multicomponent mixtures, injection solutions,
underground mining method.
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Annoranus. Kipice. XKympicra SolidWorks Simulation Oarmapnamanap
MaKeTIH/JC OHBIH JKYMBIC PEKUMICPIH CAaH/IBIK MOJCIbCY apKbUIbI dPTYPIi Kerl
KOMITOHEHTTI KOCTIaIap/ibl OHIipyTe apHaJIFaH THEBMaTUKAJIBIK apaIaCThIPFBIIITHIH
HETI3ri  KYPBUIFBICHIHBIH ~ JM3aiiH  epeKIIeNiKTepl MEH  TEXHOJOTHSUIBIK
MYMKIHAIKTEePiH XKeTUIAipy mporieci yeriHblUFaH. [lalinansr ka30amapasl eHAIpyIiH
KEpacThl ONICIMEH TEXHOTCHAIK KybICTap/Abl TONTHIPY YIIH HHBEKIUSITBIK
epITIHUIep peTiHAe KONAAHBUIATHIH KYpFaK KYPBUIBIC KOCHANApBIH jKacay YIIiH
MTHEBMATHKAJIBIK apajacThIPFBIIITEIH MYMKIHIIKTEPIiH KOJIAaHY KapacThIPBUIFaH.
KypbutbIMABIK MoauduKanusuiapabl Tajgay Ke3iHAe TOKbIpay aiiMaKTapblH KO0
YILIiH KOCBIMIIIA TAHTCHITHAJIIBI YPJICY aPKBLUTBI KYHBIH B! aF BIHHBIH KQPKBIH IBUTBIFbI
€CKepIli. ATperaTThlH apajacThIPFBIII KaMEePAChIHBIH IMTHIET] TeXHOIOTHSIIBIK
npoLecTepal KapKbIHIATYy MaKCaThIHAA KYPBUIFBIHBI JKETUIAIPY CalachIHIaFbl
3epTTeyIep/IiH HOTHXEIepi OHBIH TEXHOJIOT HSIIBIK MYMKIH IIKTEPiH KEHEHTY, 9pTYpti
JKarqaiiimap MEH MaTepuaniap Ke3iHJIe apalacThIpbUIATBIH KOMIOHEHTTEpPIiH
carachlH apTThIPY, MaTepUaIIap/IbIH OAPIIBIK TYpIepi YIIH JaibIH OHIM OOWBIHIIA
KaJIIbl OHIMIUTIKTI apTTHIPY JKOHE OJap/Ibl TOMOTEHU3ANMsIIAyFa CaIbICTHIPMAITBI
TYpJE TOMEH SHEPTHsl MIBIFBIHBI OOIBI. AyaHBIH SHEPTHsl TaChIMaJIayIbICEI MEH
OpTYpII MeJIIep/eri KOCHaHbIH OeJIIeKTEPiHiH 9CepiHeH KOCHAaHBIH KO3Fary
MeXaHU3Mepi TYCIHAIPiI.

Tyiiin ce3mep: NMHEBMAaTHKAJIBIK apalacTHIPFBIII, apaJacTHIPFBINI KaMmepa,
adpOIMHAMMKA, €Ki (ha3alibl aFbIH, )KbUIIAM/IBIK, O6JIIICK, SHEPTHs TaChIMAIIIAYIIIbI,
KeIl KOMIIOHEHTTI KOocIaiap, aijay epiTiHaijaepi, )KepacThl Ka3y 9Jici.
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AnHoTaums. Beeoenue. B paboTe mpencTaBieH MPOoIecc COBEPIICHCTBOBAHUS
KOHCTPYKTUBHBIX ~ OCOOCHHOCTEH M TEXHOJOTMYECKHX  BO3MOXHOCTEU
0a30BOTO  yCTPOWCTBA ITHEBMOCMECHTENSI ISl TIPOM3BOJACTBA  PA3TMYHBIX
MHOTOKOMITOHEHTHBIX CMECEH C OMOIIBIO YHCIEHHOTO MOJCINPOBAHUS PEKUMOB
ero paboTsl B makete nporpamm SolidWorks Simulation. Paccmorpeno npumenenune
BO3MOJKHOCTEH MTHEBMOCMECHUTENS ISl CO3AaHUSl CyXHX CTPOHMTENBHBIX CMECEi,
UCTIOJIb3YEMBIX B KaueCTBE WHBEKIMOHHBIX pAcCTBOPOB Ui  3arlOJHEHUs
TEXHOTCHHBIX ITyCTOT MPH MOA3EMHOM CIIOCO0E JTOOBIUHU MOJE3HBIX UCKOITAEMBIX.
[lpn anHamm3e KOHCTPYKTHBHBIX MOAM(MHUKAMKA KOHCTPYKIIMU YYHUTHIBAJIACh
MHTEHCUBHOCTH BHXPEBOTO MOTOKA 33 CYET JOMOJIHUTEIBHBIX TaHTCHIMAIbHBIX
MOATYyBOB JUISL yCTpaHEHH 3aCTOMHBIX 30H. Pe3ynbraramu nccieioBanuii B odnactu
COBEPLICHCTBOBAHHS YCTPOWCTBA € LENbI0 MHTEHCH(DUKAMHM TEXHOJIOTUYECKHX
MPOIIECCOB BHYTPH CMECHTEIHHOH Kamepbl arperara CTajd pacllupeHHe ero
TEXHOJOTMYECKHX BO3MOXKHOCTEH, IOBBIIICHHE KadyeCTBa IePEMEIINBACMbIX
KOMITOHEHTOB TIPH PA3JIMYHBIX YCIOBHSAX M MaTepuaiax, YBEIMUCHHE BalOBOU
HPOU3BOANUTEIBHOCTH TI0 TOTOBOMY HPOAYKTY JUI BCEX THIIOB MarTepHajioB
U CPaBHUTEJIbHO HHM3KHE 3HEPro3arparsl Ha HX romMoreHuzanuioo. OObsCHEHBI
MEXaHHM3MBbI IBH)KEHHS CMECH TIOJ] ICHCTBUEM 3HEPTrOHOCUTENS BO3AyXa U YaCTHIL
CMECH Pa3IMYHOro pa3Mepa.

KioueBble c10Ba: MHEBMOCMECHTEINb, CMECUTEIBHAS KaMEPa, a3pOJAMHAMHUKA,
nByX(}a3HBII MMOTOK, CKOPOCTh, YACTHIA, YHEPTOHOCHTENIb, MHOTOKOMIIOHEHTHBIE
CMeCH, HHBEKIIMOHHBIE PACTBOPHI, MOA3EMHBIH CII0CO0 pa3paboTKy.

Introduction. The transition from open-pit mining of mineral deposits to
underground mining implies the need to protect the earth’s surface from destruction,
which forces a multiple increase in the volume of construction materials used. The
volume of consumption of concrete mixtures in the mining industry increases due
to concrete for filling man-made voids, as well as dry construction mixtures (DCM)
used as injection solutions (Golik, et.al., 2017; Prischepa, et.al., 2023; Lesovik,
et.al., 2023). With an increase in the depth of mining operations, deformation of
the rocks of the rock mass occurs, and the intensity of deformation of the enclosing
rocks occurs significantly ahead of the growth of the development depth. Therefore,
it is important to consider a number of materials for strengthening disturbed sections
of massifs during underground mining operations. One of the possible methods for
solving this problem is the use of injection solutions to strengthen and stabilize
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rocks, prevent collapses and landslides (Nasyrov, et.al., 2024; Golik, et.al., 2021;
Berkovich, et.al., 2017). They can be used to fill cracks and voids, strengthen weak
zones, increase the strength and stability of rock masses, which leads to a decrease
in their stratification and a decrease in the risk of their destruction. Such solutions
are obtained by mixing dry construction mixture with water. In addition to the
component composition, the quality of SSS is determined by the technology of
their preparation, in which the main role is played by the use of high-performance
and energy-efficient mixing equipment. At enterprises of the building materials
industry producing multi-component mixtures (SSS; dry paints; fire-retardant
powder mixtures and materials, etc.), the use of rotor, blade, screw and pneumatic
mixers is popular (Tumanov, et al., 2022; Gendler, et al., 2021). In the production
of SSS for the creation of artificial massifs in underground conditions and the
production of injection solutions in order to increase the efficiency of products in
terms of mixing and homogenization of dispersed components, as well as reducing
the energy intensity of technological processes, pneumatic mixers are becoming
increasingly popular. In this regard, researchers are faced with the task of improving
such units, ensuring an increase in their gross productivity for the finished product
and a decrease in specific energy costs for production (Kharchenko, et.al., 2011).

It is known from work (Kuzin, et.al., 2015) that the most promising units for
homogenization of dispersed components of mixtures are continuous pneumatic
mixers, which, in comparison with the previously mentioned mixers, allow
producing mixtures with a high coefficient of homogeneity of the mixture (k = 0.8—
0.97), and the total energy consumption in this case can reach 10—16 kW h/t. To carry
out homogenization of dispersed powder materials by pneumatic mixers, an energy
carrier is required - compressed air. Pneumatic mixers designed in a special way
allow producing multi-component mixtures in a continuous cycle, i.e. on the same
flow of energy carrier, loading of components, their further mixing and unloading
simultaneously occur. As alternative studies have shown in work (Uvarov, et.al.,
2021), due to such a technological path in the volume of the mixing chamber of
the unit, high quality of the finished product is achieved. In this case, the specific
energy consumption for supplying compressed air, transporting components to the
mixing chamber and homogenization inside the chamber with unloading per ton of
conventional multi-component mixture depending on the components being mixed
will be significantly lower than that of rotary, blade or vortex mixers.

However, in view of the use in industry of a wide range of dry multi-component
mixture compositions, in order to increase the stability of rocks, it is necessary
to differentiate pneumatic mixers by their efficiency for a particular technological
task, to improve the process of mixing dry dispersed components in pneumatic
mixers depending on the type and purpose of the mixture, taking into account the
physical and mechanical characteristics of the materials being mixed, as well as
the method of mixing the components (Martirosyan, et al., 2025; Kukharova, et
al., 2024; Polekhina, et al., 2022). Therefore, improving the design of pneumatic
mixers in order to expand their technological capabilities is a very urgent task.
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A team of scientists has developed various designs of pneumatic mixers
(Orekhova, et.al., 2018), which meet wide requirements in the production of various
multi-component mixtures.

Materials and Methods. The objective of the study was to improve the design
of continuous pneumatic mixers for the production of multi-component mixtures
by numerical modeling in order to expand their technological capabilities, improve
the quality of the mixed components, and increase the gross productivity of the
finished product with the lowest values of specific energy consumption.

The object of the presented study is the original design of a pneumatic mixer,
the experimental sample is shown in Figure 1, which was improved due to the
need to perform various technological tasks in the field of production of dry multi-
component mixtures.

Fig. 1. Experimental sample of the basic design of a pneumatic mixer

To intensify the homogenization process inside the basic structure of the mixing
chamber of the unit (Figure 2), instead of non-adjustable blowing holes (pos. 5),
adjustable end blowing pipes are provided, shown in Figures 3 and 4 (pos. 8),
to eliminate stagnant zones with the selected original curvilinear geometry of the
chamber itself for mixtures of different densities.

compressed air

= compressed air
pressure pa

G, "

g

[campressed air

pressure pa

bsseeees

unloading the mixture

Fig. 2. Design of an experimental sample of the basic design of a pneumatic mixer, shown in
Figure 1 (Orekhova, et.al., 2018): 1 — accelerating pipe; 2 — homogenization chamber; 3 — supply of
mixture components; 4 — inclined aeration holes; 5 — blower holes to eliminate stagnation zones; 6 —

air supply chamber; 7 — supply of blowing air; 8 — aerating device; 9 — holes of the aeration device

130



ISSN 2224-5278 2.2025

Fig. 3. Structurally and technologically improved mixing chamber in accordance with
(Orekhova, et.al., 2018) (the mixing chamber is made with adjustable blower pipes)

In the process of homogenization, the acrodynamics of the mixing chamber, the
geometric characteristics of the particles of dispersed components (their sphericity
or windage), the speed modes of the unit, the required predicted quality of the
finished product (uniformity coefficient), the productivity and energy consumption
of the equipment have a special influence on the formation of the design and
technological features of the pneumatic mixer.

rrrrrs AN arsrresl ]
compressed air 1]
PR —— e — ——————— —
pressure p E
FFTEIEEEEEEETEETELEE S ;
[1]
W
4
87
compressed air compressed air with T
with pressure o pressure p2 g 1
oA weloading themisture

compressed air
pressure p
Fig. 4. Design of a continuous air mixer with adjustable blower pipes (Orekhova, et.al., 2018): 1 —
accelerating pipe; 2 —homogenization chamber; 3 — dispensers of mixture components; 4 — bins
for mixture components; inclined aeration holes; 5 — ejector; 6, 7 — additional ejectors; 8 — supply
of blowing air through the nozzles; 9 — adjustable nozzles; 10 — energy carrier injection chamber;
11 — energy supply
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The adjustment of the blowing nozzles should be carried out not only by the
angle of the flow swirl, but also by moving them along the radius of the end of
the homogenization chamber. This will increase the efficiency of the component
mixing process, completely eliminate stagnant zones on the periphery of the
homogenization chamber and increase the productivity of the pneumatic mixer for
the finished product. However, such nozzles for heavy dry mixes and mixtures
with reinforcing fillers have proven themselves unsatisfactory. Therefore, it is
necessary to improve the design, unify its technological capabilities for mixtures
with different bulk densities.

Research results.

In the pneumatic mixer designs (Orekhova, et.al., 2018) mentioned above,
various dispersed components and systems can be homogenized: dispersed-
reinforced mixtures, lightweight dry mixtures, activated cement with coloring
pigments, etc. The feasibility of modeling modern equipment with the planning of
underground mining makes it possible to check the design parameters, eliminate
problems and shortcomings of the equipment and the selected technology as a
whole (Antonov, et al., 2021; Kondratyev, et al., 2024). Figure 5 shows the results
of the numerical calculation model of the absolute velocity of the carrier phase - air
(Figure 5 a) and solid particles of the mixture with an average weighted particle
size of 25 um (Figure 5 b).

The trajectories of air and material flows inside the mixing chamber are shown
in the range of speeds: respectively, for the energy carrier — air — from 9 m/s to 37.5
m/s, for solid particles — from 8.624 m/s to 34.496 m/s.

e 120734

112410
112110 103.487
103.487 N
94863 e
i —

66.991
60.367
51.743
43118
34.496
25,872
17.248
8.624
0

68.991
60367
51743
43119
34.49
25872
17.248
8624

Velocity [rmis]

Velocity mis)

a) b)

Fig. 5. Speed parameters of the carrier phase movement (a) and solid particles (b) in a pneumatic
mixer for mixed components with pav = 2200 kg/m3

This result satisfies the requirements of the Navier-Stokes differential equation
system for three-dimensional particle motion, reflected in expression (1) for
numerical modeling of two-phase flows (Orekhova, et.al., 2018):
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where Vp, Wp, Up - are the radial, tangential and axial velocities of a particle
in a vortex two-phase flow, m/s; Vo, Wo, Uo are the radial, tangential and axial
velocities of the energy carrier, m/s; t - is the average simulated relaxation time of
the ground particle, s; 7 - is the calculated relaxation time of the average-weighted
particle in the energy carrier flow, s; p is the pressure created by the energy carrier,
Pa; r_-is the current radius of the mixing chamber of the unit, m; h - is the relative
axial coordinate of fixation of a solid particle in the air flow inside the mixing
chamber of the unit, m; g is the acceleration of gravity, 9.81 m/s.

Discussion. However, it should be noted that the intensification of the mixed
material flows is carried out in this design of the pneumatic mixer due to the
additional tangential supply of the energy carrier through the pipes diametrically
installed on the periphery of the mixing chamber, as shown in Figure 6. For example,
for mixtures with high bulk density (for example, heavy cement-sand mixtures),
tangential blowing of the energy carrier is simply necessary. It is the formation
of an intensive vortex flow inside the mixing chamber that makes it possible to
increase the productivity of the unit for the finished product, as well as improve
the quality of the mixture (increase the homogeneity coefficient to 0.85-0.9).
Additional tangential blowing also allows you to avoid possible stagnant zones in
the mixer, which can negatively affect the quality of the mixture and the efficiency
of the unit as a whole.

a) b)
Fig. 6. Speed parameters for intensifying mixing of heavy components
among themselves by blowing the energy carrier (air) from tangential opposite directions of
the peripheral part of the mixing chamber: a — general specifics of the dynamics of the air flow; b —
enlarged image of the influence of two injection points on the intensity of mixing of heavy mixtures
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An analysis of the speed parameters of air movement near the blower pipes
shows that the average speed of the energy carrier in this zone is 61 m/s, which, in
turn, is sufficient to intensify the mixing of components inside the mixing chamber,
and on the other hand, does not lead to additional overgrinding of the components.

120734 120734

Velocity [ms]

a) b)
Fig. 7. Speed parameters of the movement of the carrier phase (a) and solid particles (b) in a
pneumatic mixer for light mixed components with p_ = 2200 kg/m*

A similar picture of the aerodynamics of a two-phase flow is observed in the
mixing chamber of a pneumatic mixer when mixing the components of a mixture
with a bulk density of P, = 2500 kg/m?. The results of numerical modeling are
shown in Figure 7.

The speed modes of the unit’s operation are 1.15 times higher than the operating
modes on light mixtures with p,, = 2200 kg/m?. This is due to the special role of
gravity and the relaxation time of particles in the air flow. Analysis of the system of
equations (1) confirms this conclusion.

Figure 8 shows the results of numerical modeling of the technological process
of homogenization of a dispersed-reinforced mixture with a bulk density of Pep =

2720 kg/m?.

332785 332785
309.014
285.244

118.852
95.081
7131
47541
23770
0

Velocity [mis]

a) b)

Fig. 8. Speed parameters for intensifying mixing of heavy components with reinforcing fibers
(metal fiber) by blowing energy carrier (air) from tangential opposite directions of the peripheral
part mixing chamber: a — general specifics of air flow dynamics; b — trajectories of heavy particles
depending on the speed of the energy carrier — air
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For efficient mixing of heavy dispersion-reinforced mixtures using, for example,
basalt fiber, speed modes are required that are 2.8 times more intense than for light
mixtures. Here, the speeds inside the mixing chamber reach maximum values -
71 - 82 m /s, and on the acceleration track - up to 180 m / s. Various physical
and mechanical characteristics of SSS require the use of different speed modes for
mixing the components. Consequently, the speed indicators with an increase in the
bulk density of the mixture, different particle diameters, and volume concentration
in the energy carrier flow - grow. This means that in order to achieve a combination
of these indicators, it is necessary to ensure rational and sufficient operating modes
of the pneumatic mixer for efficient operation.

Conclusion. As a result of numerical modeling of the process of homogenization
of dispersed mixtures in the volume of the mixing chamber, rational modes of
operation of the pneumatic mixer were identified, and design and technological
changes in the mixing chamber were proposed in order to improve and unify the
pneumatic mixer.

As a result of numerical modeling, it was found that depending on the physical
and mechanical characteristics of the mixed components (average bulk density and
average weighted particle size), the rational mode of operation of the unit changes:
for light mixtures, the range of absolute velocity of the energy carrier is from 9 m
/sto 37.5 m/s, for solid particles - from 8.624 m / s to 34.496 m / s; for mixtures
with p_ = 2500 kg / m?, respectively, 1.15 times more than for light mixtures;
for heavy dispersed-reinforced mixtures - 2.8 times more than for light mixtures.
Thus, the use of an improved pneumatic mixer ensures a reduction in the energy
intensity of the technological process and an increase in the efficiency of mixing
and homogenization of dispersed components in the technology of producing dry
building mixtures for obtaining injection solutions. In turn, improving the quality of
injection building mixtures will ensure an increase in the stability of rock massifs.
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