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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 Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvihaovl. KP
¥F'A Xabapnapwi. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0eNdi 2e0102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunwiii sicypran «zeecmuss HAH PK. Cepust eeonocuu u mexHuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUU HAXOOUMCS 8 CMAaOUull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiueco 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 yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuieckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2e0N02UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



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 aTbIHAaFBI XUMUS FBUTBIMIAPEI 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 KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) 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 PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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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 CKomaeMbIX 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)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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

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

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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B.T. Uakhitova'*, L.I. Ramatullaeval, I1.S. Irgalieva?, R. Zhakiyanova?,
ZH.U. Zhubandykova?

'South Kazakhstan University named after M. Auezova, Shymkent, Kazakhstan;
2Aktobe Regional University named after K. Zhubanov, Aktobe, Kazakhstan;
3JSC Academy of Civil Aviation, Almaty, Kazakhstan.

E-mail: Uakhitova BT@mail.ru

MODELING OF INJURY PROGNOSIS IN FERROALLOY PRODUCTION

Abstract. Metallurgical enterprises, in particular, metal production plants are
among the most dangerous from the point of view of ensuring safe working
conditions. The issues of the state of occupational injuries at industrial enterprises
are of paramount importance in assessing the efficiency of production activities of
enterprises, the degree of technical equipment and the organization of their production.
Ferroalloy production is characterized by exposure to dangerous and harmful factors,
which, in turn, is associated with the occurrence of risks of occupational injuries. In
order to reduce the risks of occupational injuries, it is advisable to use modern
methods of accounting, analysis and forecasting of injury indicators. As practice and
experience shows, statistical methods of data processing are more responsible for
this. This paper shows the possibility of determining the probability of injury at the
Aktobe ferroalloy plant using the Poisson probability distribution law.

The study takes into account statistical materials on injuries for the period from
2012 to 2020. The obtained polynomials of the fourth degree make it possible to make
a short-term (1-2 years forecast of injuries with a reliability of 93%. According to the
obtained probability values for a period of 9 years, the average probability value was
determined, which, according to short-term forecasting, can be taken as the forecast
value of the probability of injury at the Aktobe ferroalloy plant for the next 3 years.
This probability value corresponds to the number of accidents per year, equal to about
3 cases. In fact, in 2021, there were 3 accidents at the Aktobe ferroalloy Plant.
Therefore, the forecast for 2021 was 100% reliable. From the above, it can be
concluded that the forecast of the probability of injury using the probability
distribution of Poisson can be used quite effectively as a forecast of injuries in the
metallurgical complex of ferroalloy production of the Republic of Kazakhstan.

Key words: injury, danger, ferroalloy production, injury forecast, mathematical
model.

224


mailto:Uakhitova_BT@mail.ru

ISSN 2224-5278 6. 2022

B.T. Yaxurosa!”, .. Pamaryanaesa', I.C. Upraauesa?, P.E. Kakusinopa’,
JK.Y. KybanapikoBa?

'Onrycrik Kazakcran yausepeureti, M. Oyesos, [IIsivkent, Kazakcran;
2Akrebe eHipiik yausepcuteti K. JKybanos, Axkrebe, Kazakcran;
3«AzamarTeIK aBuanys akagemuscely AK, Anmarsl, Kazakcran.
E-mail: Uakhitova BT@mail.ru

®EPPOKOPBITHHA OHAIPICIHAEI'T /KAPAKATTAHY BOJI’KAMBIH
MOJIEJIBAEY

AHHOTanUs. MeTaJutyprus KocillOpBIHAAPHI, aTal aWTKaH/Aa, MeTajul OHIIpeTiH
3ayBITTap Kayinci3 eHOeK jKaFaaijaapblH KaMTaMachl3 €Ty TYPFBICBIHAH €H KayimTi
00BN caHasaabl. OHEPKACINTIK KOCIOPBIHIAP/IaFbl OHIIPICTIK )KapaKaTTaHyIbIH JKak-
KYHi Macenenepi KoCimopbIHAAPAbIH OHIIPICTIK KBI3METIHIH THIMAUIITIH, TEXHUKAJIBIK
KaMTaMachl3 €TUTY JOpEeXeCiH Oarayiay yKoHe oJjiapibl OHAIPYIl YHBIMIACTHIPY KE31HIIE
eH OipiHmi ke3ekTteri MaHpI3ra ne. @eppoKOpHITIIA OHIIpICI KAayiNTi jKOHE 3USHIBI
(dakTopiapIblH 9CcepiMEH CHIMATTaNaThiH OHJIpic, OyJI 63 Ke3eriHae OHIIPICTIK
JKapaKaTTaHy TOYCEKeNJEpiHiH maiina OoyybiMeH OalaHbICTBI. Toyekeimepli a3zaiTy
MaKCaThlHIa JKapakaTTaHy KOPCETKIIITEPiH ecenKe allyAblH, TalJaylblH >KoHE
OoJDKayIblH 3aMaHayd oJICTepi Tauam eTijie[i, KoHEe OFaH JepeKTepli OHICYMiH
CTaTHUCTUKANIBIK ojicTepi »kayan Oepeni. Byn skymbicra [lyacCOHHBIH BIKTHMAJIBI
TapaldyblH MaijaiaHy apKpUlbl AKTeOe (eppoKOphITIIa 3aybITHIHIA Kapakar any
BIKTUMAJIJIBIFBIH aHBIKTAY CUTIATTAMACHI KENTIpiIreH.

3eprrey 2012-2020 xpU11ap apaibIFbIHIAFE KapaKaTTaHy OOMBIHINA CTATHCTUKAIBIK
MarepuanapAbl Heri3re ayblll, TOPTIHINI ASpeKelli MOJIMHOMHAH albIHFaH >Kapakar
Typanbl Kbicka Mep3iMai (1-2 xbur), ceHimainiri 93% OomateiH Ooypkam >kacayra
MYMKIHZIK Oepemi. 9 JKbUl Ke3CHIHJIE ajblHFaH BIKTUMAJABIK MOHAEpl OOMbBIHINIA
BIKTUMAJIJIBIKTBIH OpTallla MOHI aHBIKTaJIJIBI, )KOHE OJI KbICKa Mep3iM/Ii O0JkaMFa coiikec
AxTebe (eppOoKOpHITIA 3aybITEIHAA Kelleci 3 JKbUIFa XKapakaTTaHy BIKTHUMAaJIIbIFbIHBIH
OomKamMIbl MOHI peTiHae Kapaiaabl. bIKTUMaNIbIKTBIH OyJ1 MOHI JKbLIbIHA IIaMaMeH
3 okarpmaiira TeH OOJIaThIH jKa3aTalibM OKUFaJiapJblH CaHbIHA CoMKec Kenemi. Ic
xy3inge 2021 xbutbl AKTe0e (heppoKOpHITIA 3ayBITHIHA 3 JKa3aTalbIM OKHMFa OOJIBL.
Conpgsixran 2021 xxeurra xxacanran 6omkam 100% kypanbl. XKorapeiga alTeuiFaHaapra
Kapar, [lyacCOHHBIH BIKTUMAJIbl TapallyblH TMaijajlaHa OTBIPBIN, JKapaKaTTaHy
BIKTUMAJABIFBIHEIH, ~ OommkaMbl  Kaszakctan  PecmyOnmkacweiHBEIH — (eppOKOpHITIA
OHJIIPICIHIH METaJUTypTUsUIBIK KEHICHIH/Ie KapaKkaTTaHy OoJbKaMbl pETiHJe KETKITIKTI
TYpIe THIMI KOJAaHBITYbl MYMKIH JIET€H KOPBITBIHIIBI JKacayFa O0Jabl.

Tyiiin ce3mep: kapakarTany, Kayin, (eppOKOpBITIIa ©HIpici, KapakaTTaHy
00JKaMbl, MaTeMaTHKAJIBIK MOJIEIb.
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MOJIEJIMPOBAHHME ITPOI'HO3A TPABMATU3MA B ®EPPOCIIVIABHOM
MNPOU3BOJIACTBE

AHHOTanus. MeTaqypruieckue TpPEeAnpusTHs, B YaCTHOCTH, 3aBOABI IO
MPOM3BOJCTBY METAIJIOB OTHOCSTCS K paspsmy HawOojee OMACHBIX C TOYKH 3PEHHUS
obecrieueHus1 Oe30MaCHBIX YCIOBHHA TpyAa. Bompockl cocTosHUS MTPOU3BOACTBEHHOTO
TpaBMaru3Ma Ha TMPOMBIIUICHHBIX MPEANPHATUSIX HUMEIOT IEPBOCTEIIEHHOE 3HAUYCHHE
npu otieHKe () HEKTHBHOCTH TPOU3BOACTBEHHON JEATEIbHOCTH PENPUSATHIA, CTETICHH
TEXHUYECKOM OCHAIICHHOCTH M OpraHu3alid WX TNpousBoncTBa. deppocruiaBHoe
MPOM3BOJACTBO XapaKTEPU3yeTCsl BO3ACHCTBHEM OINACHBIX M BpeaHBIX (HAKTOPOB,
4TO, B CBOIO OYEpellb, CONPSHKEHO C BOZHHUKHOBEHHEM PHCKOB IMPOM3BOACTBEHHOTO
tpaBMaruzma. C 1eJbl0 yMEHBIICHHS pHUCKOB TOSIBICHUS IPOU3BOJCTBEHHBIX
TpPaBM I€Ieco00pa3HO HCIOJIb30BAaHHE COBPEMEHHBIX METONOB yYeTa, aHalu3a H
MPOTHO3MPOBAHMS TOKa3aTeNe TpaBMartu3Mma. Kak rMmokasbplBaeT NMpPaKTHKAa W OIIBIT,
3TOMY B 0OJjbIlIEl Mepe OTBEYAIOT CTATUCTHUECKHUE METOAbI 00paOOTKU JaHHBIX. B
JaHHOW paboTe ToKa3zaHa BO3MOXKHOCTH OIPEIENICHHS BEPOSTHOCTH TpaBMaTHU3Ma
Ha AKTIOOMHCKOM 3aBojie ()eppOCIUIABOB C KCIIOJIBb30BAHHS 3aKOHA pacrpeesieHHs
BeposiTHOCTH IlyaccoHa.

B wuccienoBaHMM y4dTEHBI CTaTUCTUYECKHE MaTepHaibl IO TpaBMaTH3MYy 3a
nepuon ¢ 2012 mo 2020 r.r. IloiydyeHHble MTOTUHOMBI YETBEPTOI CTENEHH MO3BOJSIOT
Jenath KparkocpodHsiid (1-2 roma) mporHo3 TpaBmaru3Ma ¢ HanaekHOCThIO 93%. Ilo
MOJTYYEeHHBIM 3HAUCHHSM BEPOSATHOCTU 3a TepHol B 9 JieT onpenenuim cpeaHee
3HauEHHE BEPOSITHOCTH, KOTOPOE, COMTACHO KPATKOCPOYHOTO IMPOTHO3UPOBAHUS, MOXKET
OBITH B3ATO 32 NMPOTHO3HOE 3HAYCHHE BEPOSTHOCTH TpaBMaTH3Ma Ha AKTIOOMHCKOM
3aBojie (peppocmiiaBOB Ha MOCHEMyIONIHE 3 roma. DTOMY 3HAUEHHUIO BEPOSTHOCTHU
COOTBETCTBYET KOJMYECTBO HECUYACTHBIX CIy4aeB B IO/, PaBHOE OKOJO 3 CIy4aes.
daktruecku xe B 2021 romy Ha AKTIOOMHCKOM 3aBoje (eppociuiaBoB ObUIO 3
HecyacTHBIX ciaydast. [loatomy Ha 2021 rox mporxo3 B foctoBepHOCTH cocTaBmil 100%.
U3 M31m0)K€HHOT0 MOXKHO CJIeNiaTh BBIBOJI, YTO MPOTHO3 BEPOSTHOCTH TPaBMaTH3Ma C
WCITIOJIb30BAHUEM BEPOSTHOCTHOTO pactipereneHuss [lyaccoHa MOXET J0CTaTOYHO
3G PEKTUBHO MPUMEHSITHCS B KaueCTBE MPOTHO3a TPaBMAaTH3Ma B METAJUTyPrHYECKOM
KOMILIeKce (heppocIutaBHOTO MPon3BoAcTBa Pecrybnuku Kazaxcran.

KioueBble ciioBa: TpaBMarusM, ONAcHOCTh, (EPPOCILIABHOE IPOU3BOJICTBO,
MPOTHO3 TPaBMaTru3Ma, MaTeMaTHIecKasi MOJIEIb.
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Introduction. Occupational injuries (hereinafter referred to as Ol) as a consequence
of accidents and accidents at industrial enterprises is one of the urgent problems in all
countries of the world. According to the International Labor Organization (ILO), more
than 2 million people die, which is almost 5% of the total mortality rate on the planet,
270 million people are injured, 160 million people suffer from various diseases related
to production. To date, the level of Ol in Kazakhstan, as one of the CIS countries, is an
order of magnitude higher than similar indicators in countries such as the UK, Germany,
Canada, Japan, and the level of fatal injuries at work in our country is 2.5 times higher
than in the USA, 7 times higher than in Japan, 8.7 times - than in England (Imangazin
M.K. 2014).

Occupational injuries pose a serious danger to the health and life of people, especially
workers of hazardous production facilities. In our country in recent years, according to
statistics, there has been a slight decrease in the level of occupational injuries in the
industry as a whole. Enterprises of the metallurgical industry, characterized by a high
level of mechanization and automation of technological processes of production, are
distinguished by a significant level of indicators of the danger of industrial injuries.

Moreover, in the metallurgical industries, there is an increase in injuries, in some
cases with a fatal outcome. In this regard, the task of developing methods of preventive
protection of workers from accidents and reliable prediction of the likelihood of injury
at enterprises becomes relevant.

Practice shows that the main causes of injuries and accidents in the workplace are
most often associated with engineering omissions, shortcomings in the organization
of work on the operation of equipment, incorrect assessment of the state of affairs at
work. That is, there are grounds to assert that the reason lies in the person himself, the
so-called “human factor”. Both his own safety and the industrial safety of the enterprise
as a whole depend on the psychological stability of the employee. Only when using
an integrated approach to predicting injuries, taking into account the psychological
stability of production personnel, it is possible to significantly reduce injuries at the
enterprise and improve occupational safety, since psychological stability is the reserve
that is currently not fully used in practice. (Uakhitova et al., 2022:2).

In the production enterprises of the mining and metallurgical industries, there is an
established system of safe working conditions and the protection of the vital activity of
workers. Metallurgical enterprises, in particular, metal production plants, are among
the most dangerous from the point of view of ensuring safe working conditions. The
issues of the state of occupational injuries at industrial enterprises are of paramount
importance in assessing the efficiency of production activities of enterprises, the
degree of technical equipment and the organization of their production. The risks of the
likelihood of industrial injuries of varying severity increase significantly at enterprises
with low culture and production technology. Ferroalloy production is characterized
by exposure to dangerous and harmful factors, which, in turn, is associated with the
occurrence of risks of occupational injuries. In order to reduce risks, modern methods
of accounting, analysis and forecasting of injury rates are required, which is met by
statistical methods of data processing.
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The use of probabilistic methods for predicting injuries allows us to quantify the
degree of randomness of injuries. Probabilistic methods of injury analysis are based on
some initial statistical material. The more extensive this material is, the more reliable
the conclusions obtained.

Materials and methods. One of the approaches to solving this issue is to use the
fact that all dangerous events leading to injuries belong to groups of events that do not
overlap in time (with the exception of group accidents) and are not related to each other

Therefore, we can consider the sum of a given number of events that led to injury over
a certain period of time (decade, month, quarter, year, etc.) as a stream of random events.
An event stream is a sequence of events that occur one after another at a certain point in
time. The simplest (Poisson) is an event stream with the following three properties:

1) stationarity;

2) “lack of consequences”;

3) ordinariness.

Like any random process, traumatism can be stationary (unchanging in time) and
non-stationary (changing in time). The condition of no consequences, which is most
characteristic of the simplest flow, means that events occur independently of each other.
The ordinariness property means that the probability that more than one event will occur
in a short period of time is negligible compared to the probability that only one event will
occur. This means that events occur singly, and not in pairs or threes at the same time.

When adding (overlapping) a large number of ordinary, stationary or non-stationary
flows with almost any consequence, a flow is obtained, arbitrarily close to the simplest.
In practice, it is usually enough to add 4-5 threads to get a thread that can be operated on
as the simplest.

Let A - be the density of the flow (the average number of events per unit of time).The
probability that exactly m events will occur during the time t:

m

Pu(0) = 200 oMt =2 52 ()
In particular, the probability that the site will be empty (not a single event will occur)
will be
P(0) = e 2

The physical meaning of the parameter a = A-7 is the average number of dangerous
events during the time of 1, that is, their mathematical expectation.

Consider the case when A = const. Indeed, the intensity of injuries is not constant
over time. But even in this case, if the other two properties hold, we apply Poisson’s law.
If the event flow is non-stationary, its main characteristic is the instantaneous probability
density over a time interval (t, t + At).For such a flow, the number of events on a segment
of length 1, starting from the point t0, obeys Poisson’s law:

Po(tty) = - e?, (m=123...) 3)

m!
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where a is the mathematical expectation of the number of events in the area from t0
to t0 + 1, equal to

a= f;"“ A(D) at, 4)

Figure 1 shows graphs of the distribution of arandom variable X distributed according
to Poisson’s law, corresponding to different values of the parameter a.

1 | K 1 a 3 i T i
Figure 1 - Graphs of the distribution of a random variable X, where: a=3,5; 2; 1; 0,5.

This shows that the Poisson distribution can be applied if it is used to predict the
probability of injury for ferroalloy enterprises. The analysis of the above graph allows
us to establish the possibility of determining the probability of the distribution of
dependence on parameter a, i.e. the probability of industrial injuries.

Mathematical model of injury prognosis in ferroalloy production. The classical
Poisson formula from has the form:

Pal) =2+ e (5)

where A = n'p is the constant average number of occurrence of an event, which,
regardless of the number n, retains one value; n is the total number of employees of the
enterprise (average annual composition); k is the number of accidents per year.

Discussion. According to formula (5), injury probabilities were determined for the
enterprises of JSC “TNC “Kazchrome” in the period from 2012 to 2020. The data are
presented in the following tables 1, 2. (Uakhitova et al., 2022:1).

The essence of short-term forecasting lies in the fact that the calculated values of
injury probabilities for the period under study, i.e. for 9 years, determine the average
possible probability of injury p_., which can be used to determine the expected number
of accidents in the next 1-2 years. Then, according to Table 1, an approximate value of
the number of accidents is selected corresponding to the value of the average probability
obtained, and this number is inserted into a computer program to determine the
probability of injury. It is possible that such a selection will be carried out several times
until it completely coincides with the average probability. And when the output value of
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the probability coincides with the expected average probability, these calculations end,
the corresponding value of the expected number of accidents is taken as final and used
as the received expected forecast value of the number of accidents —k__

Results. Table 1 shows the actual values of injuries at the Aktobe ferroalloy Plant in
the period from 2012 to 2020 (Uakhitova et al., 2022:1).

These data were used to compile a probabilistic Poisson distribution in order to obtain
a functional dependence for short-term (no more than 3 years) forecasting of injuries at
this enterprise. For this purpose, on the basis of the above formulas, the values of injury
probabilities for these years were determined and by using the Microsoft Office Excel
program, the functional dependence for short-term forecasting of injury probability at
the Aktobe ferroalloy Plant for 2012-2020 was determined by the least squares method.

Table 1
Information on injuries at the Aktobe ferroalloy Plant in the period from 2012 to 2020
Ne Indicator The value of the indicator by year
n/n cators 2012 [ 2013 | 2014 [2015 2016 | 2017 | 2018 [ 2019 | 2020

Number of employees in
organizations, B, people.
2 | Number of accidents, A 7 4 2 1 1 2 2 6 7

3161 | 3311 | 3784 | 3872|3991 | 4236 | 4278 | 4402 | 4286

Table 2
Information on the probabilistic Poisson distribution for injuries at the Aktobe ferroalloy plant in the
period from 2012-2020 years

Ne Name of parameters The value of the indicator by year
n/m P 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
1 2 3 4 5 6 7 8 9 10
1 X 7 4 2 1 1 2 2 6 7
2 p 0,149 | 0,195 | 0,27 | 0,367 | 0,367 | 0,27 | 0,27 | 0,16 | 0,149

Table 2 shows the values of these probabilities or the Poisson distribution for 2012-2020 is given.
Using the data from the second row of Table 2, we will plot the functional dependence of the probability of
injury p on time T (Fig. 2), i.e. the period from 2012 to 2020 and determine the functional dependence in
an analytical form (in the form of a formula).

BeposTHocTHOE IlyacoHa Ha AKTIC M 3aBojie (b B TIEPHOI C
201210 2020 r.r.

0,4
a y = 0,0009x* - 7,3206x3 + 22135x? +7x +10

035 R?=0,9339
03 / \
0,25 // \>§\
02 / \\ ——5
0,15 *Q% —— MonnHomuanbHas (p)

01

0,05

0 T T T T T |
2010 2012 2014 2016 2018 2020 2022

Figure 2 - Probabilistic Poisson distribution at the Aktobe ferroalloy plant in the period from 2012 to
2020
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Fig.2 shows the functional polynomial dependence of the probability of injury
at the Aktobe ferroalloy plant in the period from 2012 to 2020. As we can see, the
approximation coefficient is quite high (R=0.9339), which indicates the high reliability
of a certain formula - a polynomial of the 4th degree:

y=0,0009x*-7,3206x3+22135x*+7x+10

Conclusions. In conclusion, we note that the Poisson distribution is a fairly common
method.The special property of equality of expectation and variance is often used in
practice to determine whether a random variable is distributed according to Poisson’s
law. Important is the fact that Poisson's law allows you to find the probability of an
event independent repeated trials with a large number of repetitions of the experiment
with a small unit probability

It is established that the probability of industrial injuries at enterprises of the
metallurgical industry can be represented as the simplest flow of events characterized
by stationarity; “absence of consequences”; ordinariness and is described by Poisson’s
law of probability

It is found that the probability of industrial injuries during the study period
is approximated by a fourth-degree polynomial of the form y=0.0009x4-
7,3206x3+22135x2+7x+10.

During the study period, the average probability of industrial injuries at the enterprise

= 0.244, which corresponds to the forecast value of the probability of injury at the
Aktobe ferroalloy Plant for the next 3 years.

The data obtained correspond to the actual values of the number of industrial injuries
at the Aktobe ferroalloy Plant for 2021, equal to three.

From the above, it can be concluded that the prediction of the probability of injury at
the enterprises of the metallurgical complex of ferroalloy production of the Republic of
Kazakhstan is recommended to use the Poisson probability distribution law.
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