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I Clarivate
Analytics

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

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

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

FplabiMu XaTiibl

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

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFb! XUMUS FBUIBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

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

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

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

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

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

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

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

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

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

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

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

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© National Academy of Sciences of the Republic of Kazakhstan, 2023
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© M.B. Nurpeisova'’, Z.A. Yestemesov?, V.G. Lozinsky?, A.A. Ashimoval,
S.S. Urazova?, 2023
'Kazakh National Research Technical University named after K.I. Satpayeyv,
Almaty, Kazakhstan;
Central laboratory for certification of building materials, Almaty, Kazakhstan;
*National Technical University «Dnipro Polytechnicy, Ukraine.

E-mail: marzhan-nurpeisova@rambler.ru

INDUSTRIAL WASTE RECYCLING - ONE OF THE KEY DIRECTIONS
OF BUSINESS DEVELOPMENT

Nurpeisova M.B. — Doctor of Technical Sciences, Professor of the Department of Mine Surveying and
Geodesy, Satbayev University

E-mail: marzhan-nurpeisova@rambler.ru, https://orcid.org/0000-0002-3956-5442;

Yestemesov Z.A. — “Central Laboratory of Tests and Certification Construction Materials”. Doctor of
Technical Sciences

E-mail: tselsim@mail.ru, https://orcid.org/0000-0001-8625-3735;

Lozinsky V.G. — Candidate of Technical Sciences (PhD). Professor of the Department of SM, National
Technical University "Dnipro Polytechnic", Ukraine

E-mail: lvg.nmu@gmail.com, https://orcid.org/0000-0002-9657-0635;

Ashimova A.A. — PhD student Satbayev University

E-mail: aashymova.a@gmail.com, https://orcid.org/0000-0002-2802-5459;

Urazova S.S. — Master of Technical Sciences. Central laboratory for certification of building materials,
Almaty

https://orcid.org/0000-0001-9458-5000.

Abstract. Article discusses preliminary work results carried out by the Kazakh
National Research Technical University (KazNIRU) named after K.I. Satpayev together
with the Central Laboratory for Certification of Building Materials (CLCBM) on
resource saving and recycling of industrial waste to obtain demanded building materials.
Processing of industrial wastes (wastes of enrichment and processing, overburden and
enclosing rocks), close in composition to natural and used in traditional areas, practically
does not differ from the industrial processing of natural mineral raw materials. Creation
of efficient technologies for processing of technogenic raw materials is urgent task,
which make it possible to obtain competitive products from it for various industries.
Utilization of waste from mining and metallurgical complexes makes it possible to
reduce technogenic load on the environment and ensure rational use of secondary
raw materials. Possibility of obtaining solutions for strengthening fractured rocks and
building structures has been studied. Study results of wastes of the Akshatau Mining and
Processing Plant are presented and the possibility of using them to strengthen fractured
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rocks is confirmed. With the help of strengthening, it is possible to slow down processes
of slacking and sloughing of rocks, to prevent ledges collapse and rocks sloughing
from surface of slopes. Rock mass hardening in the weakened areas is achieved by
substances injection into array cracks, which, after hardening and setting of rock,
significantly increase its resistance to shear. The most widespread among hardening
methods is cementation during mine workings (underground structures) in fractured
rocks. Significance of obtained results for construction industry lies in the expansion
and reproduction of raw material base of building materials industry through use of
MMC waste (concentration tailings) and development of resource-saving technologies.

Keywords: deposits development, open-pit, mine, rock massif collapse, concentration
plant, strengthening, mining waste, environmental safety, building materials, solutions

Acknowledgment. «Study was carried out with the financial support of the Science
Committee of the Ministry of Education and Science of the Republic of Kazakhstan
(Grant No. (I panm NeAP14871694).

© M.B. HypneiiicoBa'’, 3.A. Eremecos?, B.I. Jlo3unckuii’, A.A. Aimnmona’,
C.C. Ypa3zoBa?, 2023
'K.M.Cotbaen ateinaarsl Ka3ak yJITTHIK TEXHUKABIK 3€PTTECY YHUBEPCUTETY,
Anmarsl, Ka3akcran;
2KypbUTbIC MaTepHATIAPBIH CEPTUPUKAUSIIAY/IBIH OPTANBIK 3ePTXaHACHI,
Anmatsl, Ka3akcran;
3«JIHempoBCKast MOJUTEXHUKA» VITTHIK TEXHUKAIBIK YHUBEPCUTET, YKparHa.

E-mail: marzhan-nurpeisova@rambler.ru

OHJIIPICTIK KAJJABIKTAPABI KATA OHJIEY — KOCIHIKEPIIKTI
JAMBITYbIH HETI3I'T BAFBITTAPBIHBIH BIPI

Hypneiiicoba M.B. — TexHUKaIbIK FBUIBIMIPABIH JOKTOpBL, Mapkuieiinepus koHE TIeone3us
kadenpacsiHbIH Tpodeccopsl, Satbayev University

E-mail: marzhan-nurpeisova@rambler.ru, https://orcid.org/0000-0002-3956-5442;

EcremecoB 3.A. — «KypbUIbIC MaTepHaNIapblH CEPTUGUKALHMANAYIBIH OPTAIBIK 3EPTXaHACBIHBIHY
JUPEKTOPBIAUPEKTOPIIP , TEXHUKAJIBIK FHUIBIMIAPIBIH JTOKTOPBI

E-mail: tselsim@mail.ru, https://orcid.org/0000-0001-8625-3735;

Jlosunckmii B.I. — TexHuKanbIK FUIBIMAPABIH KaHauaatel, (PhD mokxTopsl, JHenpoBckas
MOJINTEXHUKA» YITTHIK TEXHUKAJIBIK YHUBEPCUTETI KYPIIbIC MaTepHaiaapsl KadeapachiHbIH
npodecconpsl, YKpanHa

E-mail: l[vg.nmu@gmail.com, https://orcid.org/0000-0002-9657-0635;

AmumoBa A.A. — PhD student Satbayev Universitynin PhD goxTopaHTbI

E-mail: aashymova.a@gmail.com, https://orcid.org/0000-0002-2802-5459;

Ypazosa C.C. —TexHuKa FEUIBIMa0PBIHBIH MarucTpsl, « Kypbuisic MaTepruaniapsia
cepTUdUKALUSIAYABIH OPTaIbIK 36PTXaHAChl MH)KEHEpi

https://orcid.org/0000-0001-9458-5000.

AnHoranmusa. Makamama K.M. CorbaeB arbiHmarbl Ka3zak YITTBIK TEXHHKAIBIK
3eprrey yHuBepcuteTiHiH (Kaz¥T3VY) Kypeuisic MarepuangapblH cepTH(HUKATTAY
optranblk 3eprxaHackiMer (LUEJICMIM)  Oipirin, pecypc YHeMIey XoHE KaKeTTi
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KYpPBUIBIC MaTepHaapblH IIbIFapyda TEXHOTCHIIK KaJABIKTapAbl Kopere OOHbIHIIA
KYPri3ill KaTKaH >KYMBICTAPBIHBIH aJIJbIH aja HoTWwkenepl kenripinred. Kypamsr
OolibIHIIA TaOUFUFA JKAKBIH KOHE JOCTYpIIi alMaKTapia KOJNAaHbIIaThIH ©HEPKACIIITIK
KaJABIKTapael (OaibITy XoHE eHJAeY KaJIABIKTaphl, apuly J>XoHE Kopluiama Tay
XKBIHBICTAPBI) OHACY TAOUFH MUHEPAAbI IINKI3aTThl OHEPKICINTIK OHIEYCH iC KY3iHAe
epekuienenOeriai. TexHOTeHAIK IIUKI3aTThl OHACYIIH OAaH op TYpJdl cajanap YIIiH
Oacekere KaOUIeTTi OHIM alxyFa MYMKIHIIK OepeTiH THIMIi TEeXHOJOTHIIAphIH Kacay
Ke3eK KYTTipMeHTiH Macene. Tay-KeH MeTalTyprusulblK KeIleHAEpAiH KalIbIKTapblH
KoJlere Kapary KOpIIaraH OpTara TEXHOTEHIIK )KYKTeMEHi a3aliTyra jkoHe KalTaiama
LIMKI3aTThl YTHIMABI aii1anaHyIbl KaMTaMachl3 eTyre MyMKiHIiK Oepeni. XKapbIKIak el
Tay JKbIHBICTApPhl MEH XEp acThl KYPBUIBIMIAPBIH HBIFAUTY YINIH epiTiHOinep amy
MYMKIHZITT 3epTTenii. «AKmiaray Tay-KeH OalbITy KOMOWHATBIHBIHY KaJJIBIKTApPbIH
3epTTey HOTHIKENEPl KENTIPIIreH KoHE OJapAbl JKapbIKIIAKTAIFaH Tay >KbIHBICTAPHIH
HBIFAUTy VIIIH epiTIHAUIepre nainaiaHy MYMKIHAIN gonennaeHnai. HeralTyasiy
KOMETIMEH Tay J>KBIHBICTAPBIHBIH YIUIy JKOHE TOrily MpouecTepin OaceHueryre,
Kapbep OeTKeiepaeri Tay KbIHBICTApPBIHBIH KYJIayblH OHE TeriuryiH OonappMmayra
Oonanpl. KapwepaiH ajicipereH ydackenepiHIeri Tay >KbIHBICTAPbl MaCCUBIH OepikTey
KEH MaCCHBIHIH KaTaliFaHHAH KCWiH OHBIH BIFBICYFa JETeH TO3IMIUIITIH apTThIPaThIH
3aTTaplbl KEH JKapbIKIIaKTapblHA €HT13y apKbUIbl KO KeTkizineni. OcbiHaaii Oepikrey
oflicTepiHiH iMiHAe eH KeH TapajfaHbl — KapBIKIIAKTHI Tay >KbIHBICTApBIH (KEP acThl
Ka30anapbIHIaFhl [a) LIEMEHTTEY

Tyiiinai ce3mep: KeH wurepy, Kapbep, KeEHIlll, Tay-KeH MAacCHBIHIH  KYJIaybl,
XKapbIKIIaKTap, OailbITy (abpukacel, OepikTey, Tay-KeH OHEpKICiOiHIH KaJIbIKTaphl,
SKOJIOTHSUIBIK KaYiMCi3/iK, KYpbhUIBIC MaTepruaiiapsl, epTiHIiIep
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AHHoTamma. B crarbe paccMaTpuBaIOTCS — MpeIBapUTENIbHBIE  PE3YJIbTaThl
pabot, mpoBomuMble Ka3zaXCKUM HAllIOHAJBHBIM HCCIIEIOBATEILCKIUM TEXHHUUECKUM
yauBepcuteroM (KasHUTY) wumenun K.M.CarnaeBa coBmectHO ¢ LleHTpanbpHOM
naboparopueii  ceprudukanuu  crpoutenbHbix  MarepuanoB  (L[eJICUM) 1o
pecypcocOepeXeHnI0 W yTUIM3AlMM TEXHOTEHHBIX OTXOAOB IS  TOIYy4YEeHHUS
BOCTpeOOBaHHBIX ~CTPOMTENBHBIX MarepuasioB. [lepepaboTka POMBIIUIEHHBIX
oTX0Z0B (OTXOABl oOOOTalleHHUsT W TIepPepadOTKH, BCKPBHIIIHBIE W BMEIIAIOIIHE
MOpOAbI), OJIM3KOTO MO COCTaBy K MPUPOIHOMY M HCIIONB3yEMOIO B TPaAMIUOHHBIX
HalpaBJICHHUSAX, TPAKTHYECKH HE OTIMYAeTCS OT TPOMBIIUICHHOW TiepepaboTKu
MIPUPOTHOTO MHHEPATIBHOTO CHIPbst. Co3nanue 3PPEKTUBHBIX TEXHOJIOTHH IIepepaboTKH
TEXHOTEHHOTO CBIPbsI, ITO3BOJIOIIMX IIOJly4yaTh M3 HETr0 KOHKYPEHTOCHOCOOHYIO
MOPONYKIMIO AJIsl Pa3IMYHbIX O0JacTeil MPOMBIIIICHHOCTH, SIBJSIETCS aKTYIbHOM
3amaveil. IlpuBeneHbl pe3yabTaThl HCCICHOBAHUS OTXOIOB «AKIIATAyCKOTO TOPHO-
000raTUTEIHHOT0 KOMOWHATa» M TOATBEP)KICHAa BO3MOXKHOCTH HCIIONB30BAHUS X
Il YKpEeIUIeHUsT TPELIMHOBATHIX TOPHBIX TOpol. C MOMOIIBI0 YKPEIUIEHUS MOXKHO
3aMeJISITh MPOLIECCH BEIBETPUBAHHS U OCBINIAHHS MOPOJ, IPENyNPexaaTh 0OpyIIeHHS
YCTYIOB U OCBIIIAaHUE MOPOJ C MOBEPXHOCTH OTKOCOB. YIIPOYHEHHE MacCHBa TOPHBIX
MOpO/A Ha OCIA0JICHHBIX YYacTKaxX JOCTUTAeTCs BBEJICHHEM B TPEIIMHBI MacCHBa
BEIIECTB, KOTOpBIE TIIOCJIE YINPOYHEHHsS W CXBAThIBAHHMSI IOPOABI 3HAYUTEIHLHO
MOBBIIIAIOT €€ YCTOMYMBOCTD K CABHUTY. Hanbomnblee pacipocTpaHeHue Cpeid METOI0B
YIPOYHEHHS TIOJTyYUIIa [IEMEHTAIHS TIPU MTPOBEICHUN TOPHBIX BEIPAOOTOK (TI0OI3MHBIX
COOPY’KEHHI) B TPEIIMHOBATHIX MOPOAaX. 3HAYUMOCTH MOTyUYEHHBIX PE3YNbTaTOB IS
CTPOMUTENFHON OTpAciH 3aKJII0YaeTcsd B PACIIMPEHHHM U BOCIPOM3BOJICTBE CHIPHEBOIL
0a3bl IPOMBIIIUIEHHOCTH CTPOUTEIHHBIX MAaTEPHAIOB 33 CYET UCIOIB30BAHUS OTXOJ0B
I'MK (xBocToB o0OoraiieHus) U pa3paboTKu pecypcocOeperaroiiux TEXHOIOTHH.

KuaroueBble ciaoBa: pa3paboTka MECTOPOXKICHUH, Kapbep, PYIHHUK, OOpYIIEHUS
TOPHOTO MacCHBa, TPEIIUHEI, 00oraruTenbHas (pabpHKa, YKperIeHue, OTXObl TOPHOTO
IIPOM3BOJICTBA, SKOJIOTHUECcKas Oe30MMacHOCTh ,CTPOUTEIbHBIE MaTEPHaIbl, PACTBOPHI

Introduction

At present, when intensity of human influence on the process of subsoil development of
the Earth is enormous, principles laid down by Academician K.I. Satpayev in his teaching
“On the integrated use of the subsoil wealth” sound more relevant than ever. Earth, subsoil
and environment are common concern of mankind. Special part of this responsibility is
assigned to scientists and specialists in the field of development of the earth's interior,
designed to ensure their rational use and environmental safety.

Scale of impact of industrial waste on the environment is comparable to geological
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processes. Obviously, development of human society is impossible without interaction
with environment, and, consequently, impact on nature without use of natural resources.
However, urgent need for fundamental restructuring of modern environmental management
technologies has become obvious, due to the manifestation of disparate environmental
impacts of various industries. This is due to fact that sectoral division of responsibility
for generated waste does not allow creating sufficiently effective system for integrated
management of production waste, which ensures maximum possible use of industrial waste
as additional materials (Baidzhanov et al., 2020: 4; Petlovanyi et al., 2019:14).

On the territory of the Republic, according to the State Cadastre, about 30 billion
tons are stored in dumps, tailings and storage facilities of mining enterprises. industrial
waste, including: 72 % — overburden and substandard ores, 20 % — tailings, 8 % — other
waste. With annual output of industrial waste of 1 billion tons no more than 100 million
tons are usefully used. The rest pollutes environment, gradually accumulating in it.

According to the data of the State control and supervision over natural resources, share
of used waste in the republic is 18-20 %. For example, in 2007, percentage of waste
disposal was 16 %, in 2008—18.98 %, and in 2009. — twenty %. However, this figure in
the recent past in the industry of the former USSR was 29 %. It remains extremely low
in comparison with world practice. In Western Europe (France, Germany, Italy, England)
this figure is up to 58%, in North America (USA, Canada) — up to 63 %, in Japan — up to
87 %, China - up to 37 % (Information on the organization...2018: 154; Rysbekov et
al., 2021: 4).

Thus, accumulated waste is, on the one hand, main environmental pollutants, and on
the other hand, they are valuable products that are potentially suitable for processing and
reuse to obtain commercial products with high added value.

In order to develop and implement effective environmental measures for waste
management, it is necessary to have reliable information about their impact on natural
ecosystems: surface and ground waters, air and land disturbance on an industry scale with
an increasing volume of production. Generalized materials will allow obtaining objective
information about ecosystems state in the region under study and identifying priority
environmental measures, implementation of which will help reduce harmful impact on
the environment.

Impact scale of wastes (technogenic mineral formations) of production on
environment is comparable to geological processes. Technogenic mineral formations
(TMF) are accumulations of waste from mining, metallurgical, energy and chemical
industries, containing useful components or minerals.

The bulk of mining waste in Kazakhstan is generated in mining enterprises (73 %),
processing plants (25 %) and metallurgical plants (2 %). According to modern estimates,
the enterprises of the mining complex of Kazakhstan have accumulated over 30 billion
tons of industrial waste and occupy vast territories (more than 150 square kilometers).
Annually, amount of industrial waste increases by about 1.5 billion tons, and at the
same time, level of use of TMF is currently low. Need for development (processing)
of TMF is dictated by the fact that TMF occupy vast areas of easily blown off material
and are a source of increased environmental risk for the regions of the MMC. Constant
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increase in the volumes of various types of waste generated in the mining and processing
industry and their storage in storage facilities and the experience of using such objects
in industry allows us to consider them as sources for obtaining secondary raw materials
and building materials (Kuldeyev et al., 2020: 4; Jiang et al., 2017: 8).

Comparative analysis. Growth in the scale of construction in Kazakhstan requires
a significant amount of minerals for building materials industry. Intensification in
this direction is associated with the use of industrial waste instead of primary natural
resources in order to reduce cost of building materials. Use of mining solid waste in
building materials industry is more economical than production of building materials
based on special extraction of mineral raw materials.

Review of existing scientific works in this area shows that there is significant world
practice of conducting research on use of technogenic mineral raw materials. So, in the
far abroad, mining wastes are used to produce bricks, concrete, etc. (Golik et al., 2015:
3; Lozynsky et al., 2018: 11).

With use of mining waste from processing of substandard raw materials, effective
binders for preparation of building mixtures have been developed. Building materials
were obtained from overburden rocks of the Tatar rare metal deposit in the Krasnoyarsk
Territory, where concentrates were used as filler for lightweight concrete, for preparation
of plaster mortars, and in environmental protection measures (Lygina et al., 2017 :5).

Similar studies on use of mining waste to obtain building materials are being
conducted in the Republic of Kazakhstan. Scientists from Central Laboratory for
Certification of Building Materials (CLCBM) have developed new environmentally
friendly technology for neutralizing granular phosphorus slags from hazardous gases
to obtain competitive binders and building products. The use of additives from tailings
of polymetallic ores increases property of cement mortars for strengthening fractured
rocks. It has been established that developed embedded mixtures with given high
adhesion strength based on enrichment tailings contribute to the creation of waste-free
technologies for processing mineral raw materials, reducing cost of both main industrial
products and production of building materials, and solving environmental problem
(Yestemesov et al., 2020: 9; Zhalgassuly et al., 2020: 6).

Thus, it can be argued that waste recycling is not only necessary condition for
environment protecting, but also means of global resource and energy conservation.

Rational organization of waste processing process, combined with efficient modern
equipment, makes it possible to obtain products from secondary raw materials with a
cost of 2-2.5 times lower than for similar products from primary raw materials, with a
comparable product quality.

The need to involve in production, namely tailings, is dictated by following
circumstances:

production, namely tailings, is dictated by the following circumstances:

- service life of tailings is limited, filling of many has already been completed or will
be completed in the coming years;

- tailings occupy vast territories and, due to fact that they are finely dispersed and
easily blown off material, are source of increased environmental risk for the regions
where mining and processing complexes operate (Yestemesov et al., 2022: 8).
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Since enrichment waste is finely ground product that does not require additional
grinding before use, this reduces economic costs. In addition, in the process of
enrichment of ores, the homogeneity of the material is ensured both in terms of chemical
and mineralogical composition.

One of enterprises where non-metallic rocks, enrichment tailings and waste waters
are formed is Akshatau Mining and Processing Plant JSC, which receives raw materials
from the Akzhal mine.

Research methods

Physical and chemical research. ldentification of initial raw materials was carried
out in accordance with requirements of physical and chemical analysis.

X-ray diffraction patterns were taken on modernized DRON-3M diffractometer using
Cu-Ka — radiation with software. X-ray diffraction patterns of materials (samples)
were obtained in the 20 range (angles) from 10 to 70 °. Preparations for shooting were
prepared as follows (sequentially):

Investigated substance (sample) was ground in agate mortar to state of powder;

Then prepared powder was poured into plexiglass cuvette, previously lubricated
with petroleum jelly, and pressed a little;

For remove texture, excess powder was cut off with blade.

IR spectra were recorded on «Specord M-80» spectrophotometer (Germany)
in the frequency range 4000-200 cm™ and on Fourier spectrometer « TENSOR-2»,
manufactured by «BRUKER». The analysis used tablets with tungsten consentrate
(KVG).

Physical and mechanical research. Cement tests were carried out in accordance
with technical requirements of relevant standards. Granulometric composition — size
modulus and grain size composition, physical property of tailings was determined in
accordance with GOST 8736-2015 «Sand for construction work».

Specific effective activity of natural radionuclides was determined in accordance with
the requirements of GOST 30108-94: « Materials and building products. Determination
of effective activity of natural radionuclides».

Physical and mechanical properties of embedded mortars and their testing were
determined according to GOST 28013-98: «Building solutions. General technical
conditions» and GOST 5802-86 «Building solutions. Test methods»

Research results

Study of composition of waste from processing plant of the Akzhal mine was carried
out using modern methods of physical and chemical research — X-ray, differential,
thermal, petrographic, chemical and related equipment. To study phase composition of
waste, methods of X-ray phase and differential thermal and chemical analyzes were used
on the latest installations of leading countries (Russia, Germany, Japan, Switzerland).

Results of workings survey at the Akzhal mine (in quarry and underground horizons)
showed that largest number of fallouts is associated with fractured rocks, and volume
of fallouts increases as workings stand. Observations of workings passed through
fractured rocks revealed that they are stable for a month. After two or three months,
stabs up to 10—15 cm in size are formed. Stinging and falls develop within six months,

199



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

roof collapse occurs in form of domes. This dramatically increases volume and labor
intensity of tunneling operations, as well as the cost of fixing and repairing workings.

To prevent collapse of workings passed through fractured rocks, anchor bolts with
metal mesh and sprayed concrete are used. However, rocks exfoliation roof of transport
drift and significant rocks destruction indicates that this support does not solve problem
of ensuring stability of workings and does not prevent the development of deformations.
As a result, after 2-3 years of standing workings, lining is destroyed and a major
overhaul is required.

Unsatisfactory condition of sides of open pits is due to the tendency of rocks to
destruction, which is shown in Fig.1. In this regard, a new approach is needed to the
development of methodological complexes to increase stability of pit walls and ways to
increase slope stability of ledges by strengthening and strengthening them (Bek et al.,
2022: 8).
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Fig.1 - Dependence of inclination angle of ledge on the standing time of ledges

The most well-known methods of strengthening fractured rocks in the massif
include use of grouting. Cement mortar is prepared on basis of cement and water. This
method of ensuring slopes stability and ledges of open pits is complex task, solution of
which should include not only parameters determination of stable slopes, but also their
management in order to achieve better economic results and natural resources. Here
main challenge is to develop hardening solutions at low cost, with high strength.

To achieve this result, raw materials were studied: Portland cement PC 400-D0
(M400) produced by JSC Central Asia Cement (Karaganda region, Kazakhstan),
tailings from the Akzhal processing plant, functional additive "Reparatur" produced by
the company "Ading" (Northern Macedonia) and polycarboxylate additive "Neolit 400"
(Russia).

Rationale for the choice of starting materials

Use of Portland cement PC 400-D0 is due to the location of the plant for its production
in the vicinity of the city of Balkhash, not far from the Akzhal mine. Tailings choice of
the Akzhal enrichment plant was carried out in order to improve ecological situation
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in the region's environment through their complete utilization with environmental and
economic efficiency and use of carbonate composition of tailings to develop special
cementing solutions for more effective hardening of rock fractures in underground
workings with them.

In this regard, main characteristics of waste from the Akzhal concentrating plant
were studied, the X-ray pattern and diffraction characteristics of which are shown in Fig.
2, from which it can be seen that they consist of calcite, therefore, reflections (peaks)
characteristic of CaCO3 are recorded on the X-ray pattern, with interplanar distances,
d/n, A: 3.8665; 3.3498; 3.0404; 2.8446; 2.496; 2.2847; 2.0952; 1.9127; 1.77; 1.6287,
1.60; 1.5236; 1.4393.

= & F & 4 B
=

L ST = =, . S

Fig. 2-X-ray of Akzhal mine tailings

Chemical analysis showed that the waste rock mainly consists of, %: CaO — 54.6;
CO2 - 39.4; SO3 — 2.0; MgO — 1.5; SiO2 — 2.5 %; Fe[S2] — about 0.18. Based on
the results obtained, it can be stated that the non-metallic rock of the Akzhal deposit
consists of limestone (CaCO3) — about 95 ... 97 % and silica (SiO2) — about 2.5 ... 3 %.

Thus, analysis of mineral and chemical composition of non-metallic rock of the
Akzhal lead-zinc deposit shows that it mainly consists of calcite — CaCO3 (about 95 ...
97 %) and silica — SiO2 (about 2.5 %); among them there are also impurity elements of
magnesium, iron, aluminum, zinc, lead, barium, etc., which are not of industrial interest,
since their total content does not exceed 1 %. The ore enrichment tailings of the Akzhal
PF mainly consist of calcite and silica, the oxide chemical composition of which is
represented by the following individuals: CaO — 54.3; CO2 — 40.5; SO3 — 2.3; SiO2 —
1.5; MgO — 1.4 and Fe[S2] - 0.13 %.

Mine and waste process water, respectively, have following characteristics: alkalinity
—0.45 and 0.8; hardness — 11 and 12; pH — 7.5 and 8.3. Moreover, mine is transparent,
and technological one is muddy, which includes ore dressing tailings, consisting mainly
of calcite - CaCO3.
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Discussion

The most promising areas of application of enrichment tailings are:

receiving on their basis without additional processing of plaster and mortgage mixes;

obtaining from them after firing at 1000°C lime used in various sectors of the
construction industry;

Obtaining filler for asphalt-concrete-bitumen mixture.

The composition of plaster and mortgage mortars based on enrichment tailings show
that:

solutions M 25...M 200 (~B2...B15) are light (1371...1449 kg/m3);

with increase in grade (class / solution), the content of cement and water in it
increases, and the consumption of tailings decreases.

It should be noted that by injection chemical additives, including superplasticizers, it
is possible to significantly improve physico-mechanical and technological properties of
solutions, which requires additional research.

From non-metallic rock you can get:

crushed stone used as a coarse aggregate for concrete grades up to 300;

crushed stone used as an underlying layer for the base in the construction of highways;

filler as a mineral additive in the preparation of bitumen mix.

Use of mine water and waste process water released during orve dressing. The
suitability of mine and process water was tested in accordance with the technical
requirements of GOST 31108-2016. At the same time, these waters were used as a
water filler for the cement-sand mixture. As a standard, a mortar mixture mixed with
ordinary water was taken, the results of which show that:

setting of cement paste on technogenic waters occurs faster (160 and 170 min) than
on ordinary water (180 min), which is positive effect;

water demand of cement paste on technogenic waters is somewhat higher (29.5 %
and 31.0 %) than on ordinary water (29.0 %);

The rate of strength gain of cement stone, regardless of type of water mixing, is
identical, however, strength of cement stone on process water is greater (44,4 MPa) than
on ordinary and mine water.

It follows from foregoing that mine and process water may well replace ordinary
water as thickener for mortar and concrete mixtures.

Based on the results obtained, we have proposed a solution for strengthening
fractured rocks containing filler, cement and process water. To reduce cost of solution as
a filler, it was proposed to use tailings of concentrating plants, which are a large-tonnage
production waste and large areas are allocated for their storage (Bek et al., 2022: 5).

The most well-known methods of strengthening fractured rocks of massif include
use of grouting. Here main challenge is to develop hardening solutions at low cost, with
high strength. To achieve goal, solution is proposed for strengthening fractured rocks,
containing filler, cement and water.

Additionally, a dry superplasticizer Neolit 400, which is produced by Neochim
(Russia), has a high water-reducing ability and makes it possible to reduce the water-
binding ratio in systems by more than 20%. With a decrease in the water-binding
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ratio, the durability and density of the developed mortar increase, with a simultaneous
decrease in shrinkage and creep deformations during the curing of mortars. The additive
is well compatible with Portland cements, cement — up to 37 %, tailings of processing
plants — up to 52 %, Superplasticizer Neolit 400—0.11-0.16 and the rest is water.

Shown ratio of components was obtained experimentally in laboratory conditions.
To find the strength of the mixture, samples of 4x4x16 cm are molded and compacted
on a vibrating platform for 45 seconds, after a day they are removed from the molds
and stored under humidity conditions for 28 days (starting value), and then physical and
mechanical tests are carried out, results of which are presented in table 1.

Table - Physical and mechanical properties of the solution

Solution composition, wt.% indicators
example | Cement | Concentration | Neolit | Waste water Ultimate Bending Cone
tailings 400 of EP compressive strength, | draft, mm
strength, MPa MPa
1 32 52 0,16 15,9 32,4 43 150
2 33,4 49,3 0,13 16,3 357 5,1 146
37 47 0,11 16,9 36,9 5,7 142

These studies confirmed that the proposed composition of the solution for
strengthening the fractured rock mass should be in the following ratio, wt. %: cement
32-37, tailings of processing plants 47-52, superplasticizer Neolit 400-0.11-0.16, the
rest is water.

All components are loaded into a concrete mixer and thoroughly mixed with the
addition of process water EP. Thus, the use of the solution described above ensures
the strengthening of the cracked sections of the boards and can significantly reduce the
harmful effects of waste processing plants on the environment.

The technical novelty of created solution was confirmed by the patents of the
Republic of Kazakhstan for invention (Utility Model Patent, 2016).

Thus, use of solution described above ensures strengthening of weak sections of
boards and can significantly reduce harmful effects of waste processing plants on the
environment.

Conclusions

Thus, it can be argued that recycling of MMC waste into building materials is aimed
at solving environmental and social problems in regions with developed mining and
metallurgical industry. Rational organization of waste processing process, combined
with efficient modern equipment, makes it possible to obtain products from secondary
raw materials with a cost 2-2.5 times lower than for similar products from primary raw
materials, with a comparable product quality. Economic efficiency of use of waste is
determined by fact that technogenic raw materials have already been extracted from
subsoil crushed to finely dispersed state and laid in dumps.
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