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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 2oinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeus scone
MEXHUKATLIK bLIBIMOAD CepUsiCbly blIbIMU JcypHaabinbiy Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHandwl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKkemenepee KOHmMeHm mepenoiei MeH canacvih Ycovliaovl. KP
¥F'A Xabapnapei. I'eonocus scane mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 03eKmi Jicane 6e0enol 2e0N102Usl HCIHE MEXHUKATBIK
2bLILIMOAp OOUbIHULA KOHMEHMKE A0ai0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexHuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOeKCUupo8aHuu HAxXO0UMcs 8 CMaoull paccmMompeHus
rxomnanueu Clarivate Analytics ons danvueiueeo npunsmus sicypHana é the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy KoHmenma 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 KOHMEHNY NO 2€0102Ul U MEXHUYECKUM HAYKAM ONsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTHS W YAyYIICHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbk». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTsAX 0Opa3oBaHMS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooXpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManne biarorBopuTenbHbIH GOHT « XaJIbIK» yrenseT 00pa3oBaTeIbHbIM
IporpamMmam, CUuTas 3TO HaIllPaBJIECHUE OJHUM W3 KIIIOYEBBIX B CBOEH JEATEIBHOCTH.
Oxka3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KadeCTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBYS
pOCTy uncIa JItoeH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OHM3HECY IMIKOJbHHUKOB
06110 BhIIeneHo Oosee 200 rpanToB. [y moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @oHII HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexXIyHapOJHOH 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 «Tamimrep», koropomy DoHI OKa3an HOAICPKKY, JIEIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnoMoOILIM MIKOJABHMKAM, ydallMMcs KoJulepkel u cryaeHTtaM DoHp
CUMTAET BaXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IIEAaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAaHUM OyayIHIMX MOKOJNeHHH KazaxcTanueB. [lpu mognepxke donna
«XanplK» B IOKHOH cToNMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHOll MHMUMATUBOH CTayl pealn3yeMblii MPOEKT MO OOy4YEeHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH MpernojaaBareield n3 BockMH obOnacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW I'PAMOTHOCTH H
MPEIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo0xomumyto nomoris @oHpa «Xajblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counaiabHOM 3alllUTBl HACEJIEHHsS aKTHBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENeH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TakKe 00eCIeUESHUIO HYKIAFOIINUXCS COIUATBHBIM )KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, JCTCKHE TUIOINAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xaiablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICPKKA B PA3BUTHU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKHU3HEHHO Ba)KHYIO TIOMOIIb biaroTBopuTeNbHbIN QOHT «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO Bpemsi HeaasHell nangemuun COVID-19. Torga,
B pasrap Tsbkenod 0ophObl ¢ KopoHaBUpycHOH nHpeknuerd @onn Beiaenni cbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO O0O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3alIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TpPOEKTaMH, HALCJICHHBIMM Ha MOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneiauTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoaHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB WU
MaruCcTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HAILLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMAAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTBIM akanemusicey PKB-niH npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFbl OTHIH, KaTallM3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmartsl, Kazakcram)
H=4

FplabiMu XaTHibl

ABCAJIBIKOB BaxsbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIiHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaiaplK ajdka:

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

JKOJITAEB Tepoii JKoaraiiyael (6ac pemakTopiblH OpBIHOAcAphI), TEOJNOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CaTnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPHI HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Ipumen, Ph.D, kaysiMaacTeipsutran npogeccop, Hebpacka yruusepcutetiniy Cy FbUIBIMIaPhI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

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

MMAH®UJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHUTETIHIH
npodeccopsl (Hauncu, @pannums) H=15

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

DOUILIEP Axkcean, Ph.D, [/Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLIFAH TIpodeccopsl
(Hpesnen, bepnun) H=6

KOHTOPOBHUY Aunekceii IMHIbeBHY, T'CONOTHSI-MHHEPATIOTUS FBUIBIMIAPBIHBIH JTOKTOPEL,
npodeccop, PFA akanemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJOTrusChl KHE reo(dusHKa
nactuTyTh (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baaguvup EHokoBHY, XUMUS FBUIBIMAAPBIHBIH JTOKTOpEI, benapycs ¥FA akamemuri,
JKana mMaTtepuanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJUIUH Credan, Ph.D, [[pe3neH TexHUKAIBIK yHUBEPCUTETIHIH KAy bIMaCThIPbUIFaH IIpodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymreci, K.J. CarraeB arsiaars! [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXxaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

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

D®PATTUHMU IMaoso, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TEXHHKAIBIK FBLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecyOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnnkachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3iMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKBIPBINTHIK OAFBITHL: 2€0102Us, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl ALy HCIHE ONAPObIH KOCLIHObLIAPbIHbIY MEeXHOIO2UACDL.
Mep3iMAiTiri: )KpIIbIHA 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 akagemusicky PKB, 2024
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I'naBHBIii peraxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuneT POO «HanmonansHol akagemun Hayk Pecryonmkn Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U aekTpoxuMun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTuTyT XnMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKHUX HayK, mpogeccop, akaaemuk HAH PK, mupextop MHCTHTYTa THAPOTE€OIOTHU U TEOIKOTOTUHT M.
Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO pEIaKToOpa), JOKTOP T'€OJOTOMHUHEpao-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomorndeckux Hayk nMm. K.M. CarmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHbIii mpodeccop, aupexrop JlabopaTopun BOAHBIX HayK YHHBE-
cutera Hebpacku (murar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIeI0BaHIH B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHN
M0JIe3HbIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yunsepcutera Hancn
(Haucu, ®pannusa) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropHoii reostornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconuanuy skonomudeckux reosoros (ITexun, Kurait) H = 25

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

KOHTOPOBUY Aunekceii DMuIbeBHY, OKTOp TI'e0OJIOTO-MHHEPAIOTHYECKHX HAyK, Ipodeccop,
akagemuk PAH, UuctuTtyr HedrerasoBoit reomormu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

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

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yauepcuret ([pesneH,
Bepmun) H = 20

CEMTMYPATOBA Diieonopa FOcynmoBHa, TOKTOp reonoro-MAHEPAIOIHYECKHX HayK, Tpodeccop,
aneH-koppecionnieHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kanuaii, Ph.D, accormmupoBannslii mpodeccop, Hazapbaes yausepcuter (Hypcynras,
Kazaxcran) H =11

DOPATTUHU IMaoso, Ph.D, acconmmmpoBanHBII mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28

«H3Bectust POO «<HAH PK». Cepusi reo/10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe o0mecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (1. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHbOpManuu
MunncTepcTBa HHpOpMAIK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHoe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul NnepepabomKu Hegmu u easa,
Heghmexumus, MmexHonI02UU U361eUeHUs MEMANNO08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakimu: 050010, . Anmarsr, yi. [lleuenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany», 2024
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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

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Abstract. The article is devoted to topical issues of injury prognosis in metallurgical
workshops of Kazzinc LLP, which is one of the largest metallurgical enterprises of
the Republic of Kazakhstan. The average injury rate at metallurgical enterprises and
workshops of this company is in the range of 18 to 22 accidents per year. Therefore, the
prediction of injuries in order to prevent and reduce this phenomenon is an important
component of the overall reduction in the level of injuries in this company. To solve
this problem, the accounting and analysis of injury indicators were carried out: that
made it possible to develop scientifically based criteria for occupational safety and
build mathematical models of injuries. Such models make it possible to identify trends,
make informed decisions to improve working conditions and technological processes.
The methodology of injury prediction is based on Holt's method of mathematical
modeling, which gives a real opportunity to predict accidents for the next 2—3 years.
Modeling is carried out by exponential smoothing of the time series taking into account
the growth factor (growth factor), or otherwise the trend (trend factor). To predict
injuries with sufficient reliability, the statistics of injuries at metallurgical enterprises
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of Kazzinc LLP for the period 2013-2020 were used. The Statistica 10 program was
used for the Holt method calculation, in which statistical data for the study period were
entered. Comparison of the results of injury forecasting at the studied enterprise for
subsequent years with the actual data shows high reliability (90 %). This contributes to
the timely adoption of the necessary organizational, psychophysiological, technical and
technological measures to prevent accidents, which leads to a reduction in injuries at
the enterprise.

Keywords: industrial injuries; prognosis; injury prevention; accident; metallurgy;
industrial safety; labor protection
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Annoramusi. Makana Kazakctan PecryOnuKacbiHbIH ipi  METaJLTyprHsUIBIK
KocinOpbIHAAPBIHGIH 0ipi 6ok TadbuTaThIH "KasMeipeiim" KIIC-HiH MeTaITy prisuIbIK
LEeXTapbIHAAFbl JKapaKaTTaHyAbl OOJDKay[IblH ©3eKTi Macenenepine apHairaH. Ochl
KOMIIaHUSHBIH METaJUTYPrUsUIBIK KOCIMOPBIHAAPHI MEH LEXTapblHAA jKapaKaTTaHyAbIH
opTalla CTaTUCTHKAJIBIK KOPCETKII JKbUTbiHA 18-1eH 22-re neifiH ka3aTaibIM OKuFa
mierin Kypauapl. COHOBIKTaH OyJ1 KYOBUIBICTBIH aJl/IbIH ajly JKoHE a3alTy MaKcaThIHIa
KapakarTaHy[bl OOJDKay OCHl KOMIAHMSAAFbl >Kapakar JACHTeHiH TOMEHIETYHiH
MaHBI3/bI Kypamaac 0ediri 0ombIn Tadbu1aabl. by MoceneHi menny yIiH kapakaTTany
KOPCETKIIITEPiH €cemKe any JKoHEe Tajjnay >KYpri3inai: Oyi eHOek KayilcCi3miriHig
FBUIBIMU HETI3IeNITeH KPUTEPUIiH d3ipiieyre jKoHe jKapaKaTTaHyIbIH MaTeMaTHKAIBIK,
MOJICNIBJIEPIH KYpyFa MYMKIiHIIK Oepai. MyHmaid Monenblep TEHICHIUSIAPIbI
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aHBIKTayFa, eHOCK KaFAaiIapbl MEH TEXHOJIOTHSUIBIK TIPOLIECTEP/I JKaKcapTy OOHBIHIIIA
HeTi3[enreH memimaep KaObuigayra MyMKiHIIK Oepexi. JKapakattanynbl Oomxay
omicreMeci XOJNTThIH MaTeMaTHKAIIBIK MOJICIIBJICY 9/IiCiIHE HET13/IereH, O alaarsl 2—3
JKBUIJIaFbI ’Ka3aTallblM OKUFaIap bl 0OJDKayFa HAKThl MYMKIHJIIK Oepei. Mozenbey ecy
¢axTopsin (growth factor) Hemece Oacka Tpenari (trend factor) eckepe OTBIPBII, YaKbIT
KaTapblH SKCIIOHEHUIHUANABI TETiCTey apKbUIbl XY3€re achlpbuiafbl. JKapakaTTaHybl
KETKUTIKTI ceHimaimiknen 6osrkay yurin 2013-2020 sxpuinap xkeseninge "Kazmpipbim"”
KUIC metamryprusiblK KOCIIOPbIHAAPBIHAA KapakarTaHy CTaTUCTUKAchl Maiana-
HbUIBL. XONT 9/1ici OOMBIHINA ecernTey yuriH Statistica 10 6armapiaMachl KOJIAaHBUIIBI,
OFaH 3epTTey KE3CHIHJErl CTaTUCTHKAIBIK MoHAep eHrizingi. KeiiHri kpuimapra
apHalFaH 3epTTENeTiH KOCIMOPBIHIAFBl JKapaKaTTaHyAbl OoJbKay HOTHIXKENIEPiH
HaKThl JIEPEKTEPMEH CalbICTBIPy KoFapbl ceHiMaimikti (90 %) xepcerenmi. by
KazaTailbIM OKHUFalapAblH alIblH aly OOWBIHIIA Ka)KeTTi YHBIMIACTHIPYLIBUIBIK,
MCUXO(U3UONOTUSIIBIK, TEXHUKAIIBIK >KOHE TEXHOJOTHSUIBIK ic-IIapajapAbl YaKTbUIBI
KaObUIayFa BIKMAJ €Te OTHIPHII, KICIOPBIH/IA KapaKaTTaHydbIH TOMEHICYiHe OKeIeIi.

Tyiiin ce3aep: eHAipiCTIK >KapakarTaHy; OoJbKay; jKapaKaTTaHYIbIH alIblH amy;
aBapysi; METAJUTYPIHsl; OHEPKACINTIK Kayinci3aiK; eHOeKTI Kopray
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AHHOTaLHA. Cratbs IMOCBAIIICHA aKTyaJIbHBIM BOIIPOCAaM IIPOTHO3a TpaBMaTu3Ma B
MCTAJUTYPTUYCCKUX LEXaX TOO «KaBLII/IHK», KOTOPOC ABJISICTCA OAHUM U3 prHHeﬁH.[HX
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MeTajuryprudeckux npeanpusituii PecryOnuku Kaszaxcran. CpeaHecraTucTuyecKui
MoKa3aTenb TpaBMaTU3Ma Ha METAJUTyPrUUYeCKUX NPEeNNpUsATHAX W LexaxX TaHHOU
KOMIIaHUW HaXOIUThCA B Tipenenax oT 18 mo 22 HecyacTHBIX ciydaeB B rof. [loatomy
MIPOTHO3 TPaBM C LENBIO MPEJOTBPAILICHHUSI 1 YMEHBIICHUSI STOTO SIBICHHS SIBIISETCS
B2)XKHBIM KOMIIOHEHTOM OOIIEro CHWKEHHS YPOBHSI TpaBMaTH3Ma B 3TOH KOMIIAHWHU.
Jnist perieHus AaHHOW MPOOJIEMBI TPOBENICH YUEeT U aHaJIM3 MoKa3aTeNe TpaBMaTu3ma:
YTO TIO3BOJIMIIO pa3paboTarh HaydHO OOOCHOBaHHBIE KpUTEpUH 0e30MacHOCTH TpyAa
U TIOCTPOUTH MaTeMaTH4YeCKUX Mojelnei TpaBM. Takue Mozienu MO3BOJSIOT BBISABISTD
TEH/ICHIINY, IPUHUMATh 0OOOCHOBAaHHBIC PEIICHHUS MO YITYyYLICHUIO YCIOBHH Tpyda U
TEXHOJOTMYECKHX TPOLECCOB. MEeTonoI0rus MpOrHo3a TPaBM OCHOBaHA Ha METOJE
MaTeMaTHYeCcKoro MOJETUPOBaHUS XOJITa, KOTOPBIH JaeT peajbHyI0 BO3MOXKHOCTD
MIPOTHO3MPOBATh HECYACTHBIE ClydaW Ha Omwkaiimme 2-3 roma. MopenupoBaHHe
OCYILIECTBIISIETCS IMTyTEM SKCIIOHEHIINAIBHOTO CIIaKUBAHUSI BPEMEHHOTO PsA/ia C yIEeTOM
¢axTopa pocta (growth factor), unu nnade Tpenna (trend factor). s nporaozupoBanus
TpaBMaTu3Ma C JOCTaTOYHOW HAAEKHOCTHIO MCIIOJIb30BaHA CTATHCTHKA TpaBMaTH3Ma
Ha Metautyprudeckux npeanpusatusx TOO «Kasmunak» 3a mepuon 2013-2020 rr
st pacyera mo Metoqy XoiTa MCHOIb30BaNach mporpamma Statistica 10, B KoTopyto
BBOJMJIUCH CTaTHCTHUECKUE JaHHbBIE 32 MCcclieyeMbli epuoa. CpaBHEHHUE pe3ynbTaToB
MIPOTHO3MPOBAHMS TPaBMaTU3Ma Ha HCCIIEAYeMOM NPEANpPUSATHH Ha MOCIEeTyIOIIHIe
rofbl ¢ (PaKTHMYSCKUMHU JIaHHBIMU [IOKa3bIBA€T BBICOKYHO J0CTOBEpHOCTH (90%).
3TO CcmOCOOCTBYET CBOEBPEMEHHOMY MPUHSITHIO HEOOXOJMMBIX OpraHM3alMOHHBIX,
MCUXO(U3UONIOTUIECKUX, TEXHHYECKUX M TEXHOJOTHYECKUX MEPONPHUITHH O
MpeAyNpeKICHUI0 HECUACTHBIX CIy4YaeB, YTO MPUBOIUT K CHW)KEHHUIO TpaBMaTH3Ma Ha
MPEANPHUATHH.

KiroueBble cjioBa: TPOM3BOACTBEHHBIH TpPaBMaTh3M; MPOTHO3; MPOQHIAKTHKA
TpaBMaTH3Ma; aBapus; METaJTyprusi; IPOMBIIIICHHAS 0€3011aCHOCTh; OXpaHa TpyAa

Introduction

Industrial injuries have been and remain a huge human tragedy, and are the cause of
serious economic losses, both for the state and for the employer. We can see the high
significance of the problem from the official data on occupational injuries.

Statistical monitoring and analysis of industrial injuries at metallurgical enterprises
shows that there are 2 main reasons why an industrial injury can occur, namely
(Ramatullayeva et al., 2021):

» material and technical — moving machines and mechanisms, high surface
temperature of equipment and processed materials, working area air; increased noise
and vibration levels; exposure to various radiations — thermal, ionizing, electromagnetic,
laser; dustiness and gas contamination of the air; unfavorable light environment. etc;

* organizational — factors such as low qualification of personnel and weak labor
discipline lead to violations of safety rules and regulations.

The analysis and assessment of the influence of the presented production factors
on the level of injuries allows us to conclude that noise and vibration of technological
equipment, exposure to thermal radiation play a significant negative role in production.
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In addition, it is also worth noting the negative role of a significant proportion of
manual labor and the peculiarities of the organization of intra-shop transport processes
associated with a variety of equipment types. All this together adversely affects the
workers of metallurgical workshops, requires them to pay increased attention and great
physical exertion. Such working conditions contribute to the creation of prerequisites
for violation of safety rules by employees and, as a result, increase in occupational
injuries (Ramatullayeva et al., 2022; Abdugaliyeva et al., 2016).

Consequently, the causes of industrial injuries in metallurgy, by and large, depend on
the material and technical conditions of production. But an important role is played by
workers' ignorance of the dangers inherent in production, as well as the lack of good-
quality technical supervision over the safe performance of work.

The reduction of injuries at the plant is a consequence of targeted preventive work,
namely: periodic certification of workplaces according to working conditions, the
implementation of a set of measures aimed at reducing the level of exposure to hazardous
factors of the production environment and the labor process (reducing the time of their
exposure) in workplaces with working conditions classified as hazardous according to
the results of certification of workplaces and the development of measures to improve
working conditions, periodic medical examination of employees of metallurgical plants
(Imangazin et al., 2017).

The purpose of this article is to forecast the regularity of the development of injuries
over time in order to assess the trend of a gradual decrease in the number of accidents
on the example of metallurgical plants of Kazzinc LLP.

Materials and methods

Kazzinc LLP is a vertically integrated polymetallic company, the largest producer
in Kazakhstan, which accounts for a significant part of the production of zinc metal.
Kazzinc LLP is also known for significant volumes of production of precious metals,
copper and lead.

The company was founded in 1997 by merging the assets of three major non-ferrous
metal producers in East Kazakhstan: Ust-Kamenogorsk lead-zinc plant, Leninogorsk
Polymetallic Plant and Zyryanovsky Lead Plant. As part of Kazzinc LLP, the main
metallurgical production is functionally distinguished, consisting of a lead plant, a
zinc plant, a copper plant, a plant for the production of precious metals, and auxiliary
production, including a sulfuric acid plant, a service shop and other divisions.

The main enterprises of Kazzinc LLP are located most of all in East Kazakhstan, as
well as Akmola and Karaganda regions of the Republic of Kazakhstan.

The company continues to grow, striving to take a stable place in the top five largest
enterprises of the world zinc industry with the lowest production costs. The company has
created and certified an integrated quality, environment, health and safety management
system. The first certificate of compliance with the international standard DIN EN ISO
9001 of Kazzinc LLP was received in 2004 for a quality management system. In 2006,
the environmental management system and the industrial safety management system
were certified in accordance with DIN EN ISO 14001 and BS OHSAS 18001.

The problem of reducing occupational injuries at metallurgical enterprises and
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workshops of Kazzinc LLP remains very relevant, on average from 18 to 22 accidents
per year. Therefore, the prediction of injuries in order to prevent and reduce this
phenomenon is an important component of the overall reduction in the level of injuries
in this company.

The first step in solving this problem is to take into account and analyze injury
indicators: only if reliable and sufficient statistical material is available, it is possible to
proceed to the development of scientifically based occupational safety criteria and the
construction of mathematical models of injuries. Such models make it possible to identify
trends, make informed decisions to improve working conditions and technological
processes. There is a real opportunity to predict the number of accidents for a given
period. The prediction of the injury rate, depending on the initial data, can be carried
out by one of three methods: extrapolation, mathematical and statistical modeling and
examination.

Extrapolation is a method of scientific research based on the dissemination of past
and present trends, patterns, relationships with the future development of the object of
forecasting. Extrapolation methods include the moving average method, the exponential
smoothing method, and the least squares method.

The exponential smoothing method is the most effective in developing medium-
term forecasts. This is acceptable for forecasting only a few periods ahead. Its main
advantage is the simplicity of the calculation procedure.

Exponential smoothing models for forecasting belong to the class of adaptive
forecasting methods, the main characteristic of which is the ability to continuously take
into account the evolution of the dynamic characteristics of the processes under study,
adapt to this dynamics, giving, in particular, the greater the weight and informativeness
of the available observations, the closer they are to the current moment in time. Adaptive
forecasting allows you to update forecasts with minimal costs.

The exponential smoothing method was independently developed by Brown (Brown,
1959) and Holt (Holt, 2004). Exponential smoothing, like the moving averages method,
uses past values of time series for forecasting (Hyndman et al, 2008). The essence of
the exponential smoothing method is that the time series is smoothed using a weighted
moving average in which the numbers obey the exponential law. A weighted moving
average with exponentially distributed numbers characterizes the value of the process
at the end of the smoothing interval, that is, it is the average characteristic of the last
levels of the series. It is this property that is used for forecasting. In our opinion, the Holt
method has sufficient reliability to predict injuries.

In the middle of the last century, Holt proposed to expand the model of simple
exponential smoothing by including a growth factor, or otherwise a trend factor. As a
result, the Holt model can be recorded as the following algorithm:

1. calculation of exponentially smoothed series;

2. determining the trend value;

3. execution of the forecast.

1. The calculation of the exponentially smoothed series is performed according to
the formula:
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Lt=kYt+ (1 - k)(Lt-1 + Tt-1), (1)

where L¢, Lt—1 are exponentially smoothed values for the current and previous periods,
respectively; k is the smoothing coefficient of the series; Y7 is the current value of the
series (for example, the number of accidents); 7t/ is the trend value for the previous
period.

The smoothing coefficient of the series £ is set manually, its value is from zero to one.
For the first period at the beginning, the exponentially smoothed series is equal to the first
value of the series (for example, the number of accidents in the first year) L/ = Y/;

2. Determining the trend value:

Tt=b (Lt — Lt-1) + (1 — B)Tt1, )

where 7% is the trend value for the current period; b is the trend smoothing coefficient.

The smoothing coefficient of trend b is also set manually (from zero to one). The trend
value for the first of a number of studied periods is zero (71 = 0).

3. The Holt method forecast for p forecast periods is equal to:

Yt+p = Lt + pTt, (3)

where Yt+p is the Holt forecast for the p—th period; Lt is the exponentially smoothed
value for the last period; p is the ordinal number of the period for which the forecast is
made; 7t is the trend for the last period.

Experimental forecasting of occupational injury indicators by the exponential
smoothing method in the industry aspect allowed us to establish the following basic
principles and forecasting procedure. To predict with sufficient reliability, it is necessary
to have injury statistics (including traumatic factors) for the longest possible period
(5-10 years). The time series for constructing the extrapolation curve should be 1.5-2
times longer than the forecast period.

For industry-specific forecasting of injury rates, in most cases it is recommended to
use the Y indicator as a forecasting function:

Y =a-ept, 4)
where o and f are the smoothing parameters determined by the least squares method;

t is a variable (the years of the time series and the predicted time period).

The proposed general principles of predicting occupational injuries by mathematical
extrapolation provide for the possibility and expediency of periodic adjustment of
forecasts.

Results

This article presents the results of using the Holt method to predict occupational
injuries in Kazzinc LLP for 2021-2022. based on statistical data for the period 2013—
2020. According to the actual data on injuries in Kazzinc LLP for 2019 and 2020, the
reliability of the forecast was assessed using the Holt method.

To predict injuries, the statistics of injuries at metallurgical enterprises of Kazzinc
LLP for the period 2013-2020 were used. (table 1). The Statistica 10 program was
used for the Holt method calculation, in which statistical data for the study period were
entered and the required data were obtained at the output (Table 2, Fig. 1).
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Table 1 — Injuries at metallurgical enterprises of Kazzinc LLP for the period 2013-2020

15

Ne Years Indicators
Average number of employees | Number of accidents at work
mn/m 1 2 3
1 2013 1493 14
2 2014 1498 19
3 2015 1503 14
4 2016 1500 14
5 2017 1499 18
6 2018 1505 24
7 2019 1507 20
8 2020 1497 24
9 2021
10 2022
Table 2 — Results of injury prediction by Holt method
Exponentially smoothing SO=13,429 TO=1,429 (Ctat. 2)
Case Lin. Trend, no season, Alpha=, 800 Gamma=,100)
VAR 1 Smoothed Series Resids
1 14.000 14.7142 -0.7142
2 19.000 15.5142 -3.4857
3 14.000 19.9531 -5.9531
4 14.000 16.3646 -2.3646
5 18.000 15.4577 2.5422
6 24.000 18.6798 5.3202
7 20.000 24.5498 -4.5498
8 24.000 22.1598 1.8401
9 25.0290
10 26.4261
Exp. smoothing: 50=13,29 T0=1,429
Lin trend,no season; Alpha= 800 Gamma=,100
VAR1
40 8
6
35
4
30
2
g 251 0 %
(a
2
20t
-4
15 |
-6
10 -8
0 2 4 6 8 10 12
— VAR1 (L) — Smoothed Series (L) —— Resids (R}
Figure 1. Holt's forecast curve: -------- - data graph, shown in blue; -------- - the forecast for the Holt
model is shown in red; ------ - green color shows the behavior of the residuals.
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According to Holt's forecast, the expected injuries are: in 2019-24 cases; in 2020-22
cases; in 2021-25 cases, in 202226 cases. Actual data on the number of accidents at the
enterprises of Kazzinc LLP: in 2019-20 cases, in 202022 cases.

Let's calculate the reliability of the forecast for 2019 and 2020 on average, knowing
the actual injuries over these years. According to the forecast, there were: 24 + 22 =
46 cases, and in fact it turned out to be 20 + 22 = 42 cases. In percentage terms, the
reliability was 91.3 %.

Conclusion

Quantitative values of the probability of injury on the example of metallurgical plants
of Kazzinc LLP, obtained by Holt's mathematical model and actual data on injuries of this
enterprise showed a fairly high convergence equal to 91.3 %.

Consequently, the Holt method allows predicting injuries at the investigated enterprise
quite accurately, with a reliability of more than 90 %, and based on the identity of the
equipment used and working conditions, also at similar metallurgical enterprises.
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